
�����������
	��
���������������������������������	�� �
�!�
	�	���	�����"$#&%('�)�)
*,+-#.�/'�0 12��3�"4� �5����687�9
)
*�:<;���3�	�����=���6?>�9
)
*

@BADCFEHGJI-KLGMCFNPORQTSUGMVXWZY,[,CUK

\^]�_a`cbedgfTh&h&]!i jlk�m nporqts�uvs s�k�wpxLylz�uv{Lq|{Mk(}-qtm jlu
~�� �����������!�����<��~��2���<�����<���5�<�����,�5�,���
�D������� �
�
�������|�����5���
� �5�����<�����
�,�T�� 
¡�¢ �¤£�£� -¥¦�(���< §~��!���©¨

ª¬«v�®°¯p±¤_�h¦²T_�iT³¤bci {�´,}�m s�µvm�wpxD{�k(}-qtm�jcu
¶·«l¸�±¤_��¹8_a_ º�ylz,}cxD{Mk(}-qtm�jcu
¯-«l»¼«ci¾½¿»¼«l�«v³�]�ir`c²r_ ´,yl{JycwpxHÀayÁnrqtz�À�´¤q|{Mk(}-qtm jlu
Âc�¤Ã
�<�Ä���!����¨M���<��Å����JÆ����!�,�Ç���,�5�,���
�� -�R~��
�a���
�����<�|���¤¨���È,� �<�Ä�� 
Å��<��Ã����5�2���� T�gÉ? &£<Ê���Ë ÌÎÍc��É

ÏÑÐ8Ò¤Ó�Ô�Õ-Ö�Ó
×rØ�Ù�Ú¤Û,Ü�Ý¤Û2Ù�ÞcßÄà
á Û2â�ã�äæåæÙ�Ý�å(ß-ç�Ý¤Û,Ù Û,Ü
ç�ä�å|Ù ßèÞÄÜ�ã à�ÞÄåæØ¤ÙDß�à
á�Û�â�ã�äæå|Ù�Ý�é/Ü
ç�êFÛ,ë&Ø¤Ü�ìMÞ�á ç<Þ�ßÄå|êFí�äæå|î Û2ß§ç�Ùaâ

é5ç�à�åæä|å|Þ�ç�ÞÄÛ2ß&Þ�á�Ûïç�í í�ä|å(à,ç�ÞÄåæØ¤ÙgØ�épçHêDã�ätÞ�åtÞ�ã â�ÛÇØ¤é§ç¤ÜÄð�å|ÞÄÜ
ç�Ü�ñ�à�Ø�Ù ß�Þ�Ü�ç¤å|Ù�Þ
ß&ç¤Ù âòßÄà
á�Û�â�ã�äæå|Ù ÝDá�Û2ã�Ü�åæßèÞÄå(à,ß
Ü�Û2ó�ã�åæÜÄÛ�âïÞ�ØïßÄà
á Û2â�ã�äæÛ¦å|Ùaß�Þ�ÜÄã à�ÞÄåæØ¤Ù ßpé/Ø�Ü�êFØ�â�Û,Ü�ÙHà,Ø¤êFí�äæÛ�ôHí�ÜÄØ�à,Û2ß�ßèØ�Ü�ß2õvö$à�Ø�Ù�Ú¤Û,Ü�Ý¤Û2Ù�Þpß�à
á�Û2â�ã ä|Û2Ü-åæß
à,Ø¤êFíaØ�ßèÛ�âFØ�éÁåæÙ â�Û,í�Û,Ùaâ�Û,Ù�Þríaç¤ß�ßèÛ�ß,÷�Û2ç¤à
á�åæêFí�äæÛ,êFÛ,Ù�ÞÄåæÙ�ÝHçÇá�Û,ã ÜÄå(ß�Þ�åæà4ÞÄá ç�Þ&ç¤â â�ÜÄÛ�ßÄßÄÛ2ß-çïí ç�ÜÄÞÄå(à�ã�ä(ç�Ü
í�Ü�Ø¤ð ä|Û2ê¾Ø¤Ürà�Ø¤Ùaß�Þ�Ü�ç¤å|Ù�Þ2õpø¦á�ÛJí ç�ßÄßÄÛ2ß-ßÄá ç¤ÜÄÛJçÇßÄå|êFí�äæÛ¤÷�à�Ø�êFêHØ�ÙFå|Ù�ÞÄÛ2Üèé5ç�à�Û¦Þ�á ç<ÞTç¤ä|äæØ<ëJß§ÞÄá ÛMßèíaç<ÞÄå(ç�ä
ç¤Ù â8ÞÄÛ2êHí�Ø¤Ü
ç�ä�í�Ü�Û�é/Û,Ü�Û,Ùaà�Û2ßcç¤ß�ßèØ�à,åæç�ÞÄÛ2â8ë4å|ÞÄáïÛ�ç¤à
á?åæÙ ß�Þ�ÜÄãaà�ÞÄåæØ¤Ù?Þ�ØMð�ÛTó�ã�Û,Ü�åæÛ2âÇç�ÙaâÇêFØ�â�åtî Û�âÁõlùúå|ÞÄá
Û�ç¤à
áÇá�Û2ã�ÜÄå(ßèÞÄå(à-å|Ùaâ�Û,í�Û,Ù â�Û,Ù�ÞÄäæñÇç�í�í�äæñ�å|Ù ÝJåtÞ
ßcß�à
á�Û�â�ã�äæå|Ù�Ý�à�Ø¤Ùaß�Þ�Ü�ç¤å|Ù�ÞvåæÙLßèãaà,à�Û�ßÄßÄåæØ¤Ùv÷2ÞÄá�ÛTî Ù ç¤ä¤Ü�Û2ßÄã�ätÞ
å(ßJçHërÛ2ä|ä�é/Ø�ÜÄêFÛ�âRåæÙ ßèÞÄÜ�ã à�Þ�å|Ø�ÙUß�à
á�Û�â�ã�äæÛ�Þ�á ç<ÞJå(ß4ç�ð ä|Û?Þ�ØFß�ç<Þ�åæßèé/ñûêFØ�ßèÞJØ�écÞÄá�Ûïà,Ø¤Ù ßèÞÄÜ
ç�åæÙ�Þ�ß2õ

ù�Ûòá ç�Ú¤ÛûåæêFí�äæÛ,êFÛ,Ù�ÞÄÛ�âüç�ßèÛ,ÞDØ�éMâ�åtý�Û,Ü�Û,Ù�ÞDíaç¤ß�ßèÛ�ßïÞ�á ç<ÞFç¤â�â�Ü�Û2ß�ßÄÛ2ßLß�à
á�Û�â�ã�äæå|Ù�Ý�à�Ø¤Ùaß�Þ�Ü�ç¤å|Ù�Þ�ß
ßÄã à
ágç�ß&í ç�ÜÄÞÄå|ÞÄåæØ¤Ù�åæÙ�Ýa÷�äæØ�ç�âûð ç¤äæç¤Ù à�åæÙ�Ý ÷�à,Ø¤êFêLã�Ù åæà2ç<ÞÄåæØ¤ÙRð ç�Ù â�ë4åæâ�Þ�áv÷�ç�ÙaâûÜ�Û,Ý¤å(ßèÞÄÛ,Ü&í�Ü�Û2ß�ßèã ÜÄÛ�õpþ&ñ
ç¤í�í�äæñ�åæÙ�Ý¿çXá ç¤Ù â�ÿ.ßèÛ2ä|Û�à�Þ�Û2âÁ÷-î ô�Û�â^Ø�Ü�â�Û2ÜÄåæÙ�Ý�Ø�éJÞ�á�Ûgíaç¤ß�ßèÛ�ßLë&Ûòç¤ÜÄÛòç�ð�äæÛgÞÄØ�Ø¤ð�Þ
ç�åæÙÎç�Ù ç�Ú¤Û2Ü�ç¤Ý¤Û
åæÙ à�Ü�Û2ç�ßèÛgå|ÙÑßÄíaÛ2Û2â�ã�í Ø¤Ù ç�Ü�Û�é/Û2ÜÄÛ2Ù à�Û � ÿ.à�äæã ßèÞÄÛ2Ü������.ù ç¤Ü�à
á åtÞ�Û2à�Þ�ã�Ü�ÛRØ�é	��
�Pë4á�Û,Ù à�Ø¤êFí ç¤ÜÄÛ�â
Þ�Ø���Û2ßÄØ¤äæå�� ß��¦×4× ç�äæÝ¤Ø�ÜÄå|ÞÄá�êU÷�� � � ë4á�Û2Ù�à�Ø�êFí ç�Ü�Û2âòÞ�Ø��Mö���÷Áç�Ù â�çRßÄíaÛ2Û2â�ã�í�Ø�é������ Ø<Ú¤Û,ÜMÞÄá�Û
Û,ô�å(ßèÞÄåæÙ�Ý�ßèí ç�à�Û,ÿ�Þ�å|êFÛÇßÄà
á Û2â�ã�äæÛ,Ü4Ø¤élÞ�á�Û��Jç�ë¼í ÜÄØ�à�Û�ßÄßÄØ¤Ü�õ

ø¦á Û,Ùv÷§ë&Ûûç�í�í�äæåæÛ2â¿ê�ç¤à
á�åæÙ�Û,ÿ�äæÛ2ç¤ÜÄÙ�åæÙ�ÝòÞÄÛ�à
á�Ù�å(ó�ã�Û2ßïÞÄØXç�ã�ÞÄØ¤ê�ç�ÞÄå(à,ç�äæäæñ�ßÄÛ2ç�Ü
à
á�é/Ø¤ÜLÝ�Ø�Ø�â�í ç�ßÄß
Ø�Ü�â�Û2ÜÄåæÙ�Ý�ß,÷§ë4á�Û2ÙüêFØ<Ú�å|Ù�Ý�ÞÄØ¿â�å|ý�Û2ÜÄÛ2Ù�Þ������.ù ç¤Ü�à
á�å|ÞÄÛ�à�Þ�ã�ÜÄÛ�ß,õ¿ø¦á�ÛUç�Ü
à
á�å|ÞÄÛ2à�ÞÄã�Ü�Û�ÿ.ßÄíaÛ�à�å|îaàûí ç�ßÄß
Ø�Ü�â�Û2ÜÄåæÙ�Ý�ßDñ�åæÛ,ä(âúßèí�Û,Û�â�ã�í ßûÜ�ç¤Ù�Ý¤åæÙ�Ý�é/ÜÄØ�ê���� � Þ�Ø"! #$� Ø<Ú¤Û2ÜFÞÄá�ÛXðaç¤ßÄÛ,äæå|Ù�ÛZØ�Ü�â�Û,Ü�õ$ø¦á�Û �,�Ä���
�
� �<�©�5���<���5�<� ßèÞÄã â�å|Û�ßDë&ÛRÜ
ç�ÙÎßèá�Ø<ë°Þ�á ç<ÞFØ¤ã�ÜFç�ã�ÞÄØ¤ê�ç�ÞÄå(à,ç�äæäæñ�Ý�Û,Ù�Û2Ü�ç�ÞÄÛ2â^Ø¤Ü
â�Û,Ü�å|Ù Ý�ßÇí�Û,ÜÄé/Ø¤Ü�ê ërÛ2ä|ä
ð�Û,ñ�Ø¤Ù â�Þ�á�Ûûð�Û,Ù à
á�ê�ç¤ÜÄì�ßÇØ�Ù ë4á�åæà
á¿Þ�á�Û,ñ�ë&Û,Ü�Û&% Þ�Ü�ç¤å|Ù�Û�â'�)(Dð�Û,Ù à
á êFç¤ÜÄì�ß?Þ�á ç<ÞDërÛ2ÜÄÛ�Ù�Ø¤ÞLåæÙ ÞÄá�Û
Þ�Ü�ç¤å|Ù�åæÙ�Ý¿ßèÛ,ÞFç¤ÜÄÛòë4å|ÞÄá�åæÙ+*�PØ�éJÞ�á�ÛUíaÛ2Üèé/Ø�ÜÄê�ç¤Ù à�ÛRÞÄá�Û2ñ^ërØ�ã�ä(â^Ø¤ð�Þ�ç�åæÙüáaç¤â Þ�á�Û,ñüðaÛ2Û,Ù å|ÙÎÞÄá�Û
Þ�Ü�ç¤å|Ù�åæÙ�Ý�ßÄÛ�Þ2õ

,.-0/$1 Ó�Ô�243�5MÖ�Ó�672 1

8:9�;=<=>@?�A�<CBED�9F;CAHG'I�J�?�KEBL9'MND�9FO0DPJ'IQ>@9ROSBEA�>CDUT�>CDVA�I�;@;=DU>@;WBL;SXYI�A�D�OSBE9'MZBE9�A�>CI�[U;CBL9'M�K]\^J�B]_WAQ?�KE<Q`a8:9
[UKEO0D�;C<b[UKEK�T�>@[UA�<CBLAQ[UKcBL9�;=<C[U9�A�I�;Qd.B]<bBE;�e�fhgiA�D�O0T�K]IQ<=IUdj[U9�JkB]<bDUlm<=I�9kln[UA�I�;oOp?�K]<CB]T�KEIqA�D�9r<=>H[UJ�BEA�<=DU>C\
A�D�9�;=<=>H[UBE9r<C;�djIU`sM'`WA�DPJ'IW;=I�tV?'I�9�A�I�;o<CG�[<uI�vVTYD�;=ISOSDU>CISBE9�;=<=>H?�A�<CB]D�9wK]IQxUI�K4T�[>H[UKEK]I�KEBE;@Ozym8:{|f~}b[UKE;=D
G�[�xUI�K]D�9'MUIQ>�KEB]xUI�>@[U9'MUI�;���G�BEAHG�BE9�J�?�A�IoG�BEM�G'IQ>	>CIQM�BE;=<=IQ>�T�>CI�;C;C?�>CIU`

� DkA�D�O0T�KEBEAQ[<=IWOS[<=<=IQ>H;Qd4;=T�[<CBE[UKh[>HA@G�B]<=I�A�<C?�>CI�;Qd�;C?�A@GZ[U;�AQKL?�;=<=IQ>CI�JN��{j8���;Qdc��[��������7d4��>@BEJ
T�>CDPA�I�;C;=DU>H;��s� �7d�[U9�J�8�{��bf�;��s��7d�J�BE;=<=>HB]X�?'<=I0<CG'I�BE>&A�D�OST�?'<CBE9'Mk>CI�;=D�?'>HA�I�;Q` � G'I�I�vV<=>@[wJ'IQMU>@IQI�DUl

�� '�)�)
*��pV�p�����è�����<������6<���������ï�
��6~�?�������
���-�
���|"J�
���M����3�	�����=������i�r�p	�	¤���s��=����l���������5���è6 �



� uvs�s k�w�����}�m s�µvm�wl´�ocw����rm�m��	��
H{Jy��yp´,k�wlncµvm

��������{ v d [Pd X
��������{ v d vYd X
��������{ \Ud Ad J
��������{ \Ud \Ud J
� ������{ �Ud IUd l
� ������{ �Ud �Ud l
�����b��� <Qd vYd \
� ���b��� <Qd <Qd �

yn[r}

1

2

3

4

5

6

7

8

2 MUL

7 ADD

4 MUL

6 MUL

8 ADD

1 MUL

3 MUL

5 MUL

ymX }

1

2

3

4

5

6

7

8

2 MUL

7 ADD

RCV

4 MUL6 MUL

RCV

1 MUL3 MUL5 MUL

8 ADD ynA�}

1

2

3

4

5

6

7

2 MUL

7 ADD

4 MUL

6 MUL

RCV

1 MUL

3 MUL

5 MUL

8 ADD

��B]M�?'>CIS��� ��9WI�vP[UO0T�K]I�DUlY<=>@[UJ'I�g7D�! XYIQ< ��IQI�9 T�[>@[UKEKEI�KEBE;CO [U9�J K]DVAQ[UKLB]<i\&D�9W;CT�[<CBE[UK�[>@AHG�B]<=I�A�<C?'>@I�;Q`
� G'IuA�DPJ'IuD�9"<CG�IqK]IQlm<�BE;	<=DSXYIq;CAHG'I�J�?�KEI�J�D�9 [SAQKE?�;=<=IQ>CI�J"[>@AHG�B]<=I�A�<C?'>@IU`#"�[UAHGkAQKL?�;=<=IQ>
ym>CIQT�>CI�;=I�9 <=I�J XV\ [ J�B$!YIQ>CI�9 <SA�D�K]DU>�}&G�[U;SD�9'I"ln?�9�A�<CBED�9�[UK	?�9�B]<Qd�[U9�J A�D�OSOp?�9�BLAQ[<CB]D�9
<C[�%UI�;uD�9'ISA�\PAQK]I0DUl~KE[<=I�9�A�\wJ�?'I&<=D�<CG'I'&:>CI�A�I�B]xUI)( BE9�;=<=>@?�A�<CB]D�9.`q8:9 yn[r}Hd�A�D�9�;=IQ>Cx[<CB]xUI
T�[>C<CB]<CB]D�9�BE9'M"<CG�[<&OS[$v'BEOSB*�QI�;pK]DPAQ[UKEB]< \ [U9�JZOWBE9�BEOSB+�QI�;uA�D�OSOp?�9�BEAQ[<CB]D�9�K]I�[UJ�;p<=Dw[U9
I�B]M�Gr<:giA�\PAQK]I0;CAHG'I�J�?�K]IU`b8:9�ymX }Hdj[MUMU>@I�;C;CB]xUI&T�[>C<CBE<CB]D�9�BE9'M G�[U;�G�B]M�GkA�D�OWO�?�9�BEAQ[<CB]D�9+>CI�g
t ?�BE>CI�O0I�9 <C;�[U9�JZK]I�[UJ�;�<=D+[U9�I�B]M�G <:giA�\PAQK]I�;@A@G'I�J�?�K]IU` � G'I DUT�<CBEOS[UK�;CAHG'I�J�?�K]IUd4BE9aynA�}Hd
<C[�%UI�;�D�9�KE\ ;=IQxUI�9kA�\VAQK]I�;)��B]<�BE;�[0AQ[>@IQlm?�Kj<=>@[UJ'I�g7D�!NXYIQ<i��IQI�9 K]DPAQ[UKEB]< \�[U9�J"T�[>@[UKEK]I�KLBE;CO�`

;CAHG'I�J�?�KEBL9'MWlm>CIQI�J'D�O <CG�[<o;C?�AHGw[>@A@G�BE<=I�A�<C?'>CI�;oBE9 <=>CDPJ�?�A�I&A�D�O0T�KEBEAQ[<=I�;b<CG'I0;CAHG'I�J�?�KLBE9'MST�>@DUX�K]I�O,�
A�D�OSOp?�9�BEAQ[<CBED�9�A�D�;C<C;&X IQ< ��IQI�9^J�BL;=<C[U9r<p>CI�;=D�?�>@A�I�;QdhA�D�OSOp?�9�BEAQ[<CBED�9Z>@I�;=D�?'>@A�I�A�D�9r<=I�9 <CB]D�9.d�[U9�J
BE9�A�>@I�[U;=I�J">CIQM�BL;=<=IQ>�T�>CI�;C;C?'>@IuO�?�;C<�XYIu<C[�%UI�9wBE9 <=D [UAQA�D�?�9 <Q`-�b;�;CG�D���9kBE9.��B]M�?'>@IW�d [U9 I/! I�A�<CBExUI
;CAHG'I�J�?�K]IQ>�Op?�;=<10�9�J�<CG'IuT�>@DUT IQ>	X�[UKE[U9�A�IoXYIQ<i��IQI�9"T�[>H[UKEK]I�KEBE;@O [U9�J K]DVAQ[UKLB]<i\U`

8:9�[UJ�J�B]<CB]D�9.d;=D�O0I�BE9�;=<=>H?�A�<CB]D�9�;|D�9�;=T�[<CBE[UK [>HA@G�B]<=I�A�<C?�>CI�;�G�[�xUI	;=TYI�AQB*0�A�;=T�[<CBE[UK >CI�tV?�B]>CI�O0I�9 <C;Q`
� G'I�;CIS>CI�tV?�B]>CI�O0I�9 <C;u[>@BL;=ISlm>CD�O < ��D+;=D�?'>@A�I�;Q`,��B]>@;C<Qd�;=D�O0I�K]D�[UJ [U9�JZ;=<=DU>CI�BE9�;=<=>@?�A�<CB]D�9�;oOp?�;=<
[UAQA�I�;C;�O0I�O0DU>@\�X�[U9�%V;WD�9F;=TYI�AQB*0�A"AQKE?�;=<=IQ>H;Qd�I�BE<CG'IQ>WlmDU> A�DU>C>@I�A�<C9'I�;C;�DU>WlmDU>WTYIQ>ClmDU>@OS[U9�A�I >CI�[$g
;=D�9�;0� �'d � �7`32VI�A�D�9�J.dY��G�I�9k[�x[UKE?'I&BE;�KLB]xUI�[UA�>CD�;@;o;CA@G'I�J�?�KEBE9'MW>CIQM�B]D�9�;Qd.B]<C;bJ'I40�9�B]<CB]D�9�;�[U9�Jk?�;=I�;
Op?�;=<~XYIbOS[T�T I�J�<=D0[0A�D�9�;CBL;=<=I�9r<	AQKE?�;=<=IQ>u� � �7`h�NIuAQ[UKEKYBE9�;C<=>@?�A�<CB]D�9�;���B]<CG <CG'I�;=Iu;CT�[<CBE[UK >CI�tV?�B]>CI�g
O0I�9 <C;6587:9;5�<$=?>@9BA'CED�FHGI7HJ�>KGICILMD�FH`,� MUDVDVJZ;CA@G'I�J�?�K]IQ>qOp?�;=<uXYIW;CI�9�;CB]<CB]xUI0<=D+A�D�9�;=<=>@[UBL9r<C;pBEO0TYD�;=I�J
XV\ T�>@IQT�KE[UA�I�J"BE9�;=<=>@?�A�<CB]D�9�;�BL9�DU>@J'IQ>�<=DSMUI�9�IQ>@[<=I�[0MUDVDPJ";CA@G�I�J�?�K]IU`

� ;CA@G'I�J�?�K]IQ>�[UKE;=D^ln[UA�I�;"J�B]_WAQ?�K]<CB]I�; X I�AQ[U?�;=INJ�B$!YIQ>CI�9r<�G'I�?'>HBE;=<CBEAQ; ��DU>N%R��I�KEKbl�DU>�J�B*! IQ>CI�9 <
<i\VTYI�;oDUl~MU>@[T�G�;�`O�cBEM�?'>CIW��J'IQT�BEA�<C;o<i��D >@IQT�>CI�;=I�9 <C[<CB]xUIWJ�[<C[ J'IQTYI�9�J'I�9�A�I0MU>@[T�G�;4���b>@[T�GFyn[r}
BE;0< \ T�BEAQ[UK�DUl�MU>@[T�G�;S;=IQI�9FBL9 9'D�9Pgi9V?�O0IQ>@BLA T�>CDUMU>@[UOS;Qd~��G�BEK]I �b>@[T�G ymX }&BE;0>@IQT�>CI�;=I�9 <C[<CB]xUI DUl
MU>@[T�G�;hA�D�OSBE9'Mql�>CD�O [T�T�K]\PBE9'MoK]DVDUTW?�9'>@D�KEKEBE9'Mb<=D�9V?�O0IQ>HBEA�T�>CDUMU>@[UOS;�`P��DU>�K]D�9�M'd 9�[>C>@D�� MU>@[T�G�;Qd
A�>@B]<CBLAQ[UK�g7T�[<CGZX�[U;=I�J^G'I�?'>@BL;=<CBEAQ;p[>CI�KEB*%UI�K]\w<=DN��DU>B% ��I�KEK `Q�'DU>0ln[<QdhT�[>@[UKEKEI�K�MU>@[T�G�;Qd4B]<&BE;&O0DU>CI
BEO0TYDU>C<C[U9 <4<=DqOSBL9�BEOSB*�QI~A�D�OSOp?�9�BEAQ[<CBED�90[U9�J0I�vPT�K]D�B]<4<CG'I�A�D�[>H;=I�g7MU>@[UBE9WT�[>@[UKEK]I�KLBE;CO�` � DoTYIQ>ClmDU>@O
��I�KEKYl�DU>�[>CX�B]<=>@[>@\ MU>@[T�G�;Qd�[0;CAHG'I�J�?�K]IQ>�O�?�;C<�G�[�xUIqOp?�K]<CBET�K]I�G'I�?'>@BE;C<CBEAQ;	BE9�B]<C;�[>H;=I�9�[UK `

� >@[UJ�B]<CBED�9�[UK';CA@G�I�J�?�KEBE9�Mol�>@[UOSIQ��DU>B%P;�G�[U9�J�K]I	A�D�9�R�BLA�<CBE9'MuA�D�9�;=<=>H[UBE9r<C;�[U9�JSG�I�?'>@BE;=<CBLAQ;4BE9S[U9�=?A
S L)>&OW[U9�9'IQ>�`UTo9'I [T�T�>CD�[UA@G^BE;q<=D+J�BE>CI�A�<�[UKEK�I/! DU>@<C;�<=D ��[>HJ^<CG'I O0D�;C<p;=IQ>HB]D�?�;uT�>CDUX�K]I�O�`V��DU>
I�v'[UO0T�K]IUdOS[U9 \u��8B2�Ww;CAHG'I�J�?�K]IQ>H;.l�DPAQ?�;|D�9X0�9�J�BE9'M~8�{�fk[U9�JqB]M�9'DU>@Ih>CIQM�BE;=<=IQ>�T�>CI�;C;@?'>CI�[UK]<=DUMUIQ<CG�IQ>�`
�b9'DU<CG'IQ>�[T�T�>CD�[UA@G"BL;	<=DS[UJ�J'>CI�;@;	<CG'IuA�D�9�;=<=>H[UBE9r<C;�D�9'Iu[<�[0<CBEOSI�BL9�[S;=I�tV?'I�9�A�IoDUlcT�[U;C;=I�;Q` � G�BE;

�



� ocw��cm ��ncm�wÁ}Q�ÁÀaµlm�jluvz�k�wln

s21

se6

s1

se7

s3

se8

s2

se9

s4

sea

s0

seb

s6

sec

s5

sed

sa

see

s9

sef

s8

sf0

s7

sf1

se

sf2

sd

sf3

sc

sf4

sb

sf5

s12

sf6

s11

sf7

s10

sf8

sf

sf9

s16

sfa

s15

sfb

s14

sfc

s13

sfd

s1a

sfe

s19

sff

s18

s100

s17

s81

s1e

s82

s1d

s83

s1c

s84

s1b

s85

s23

s86

s22

s87

s20

s88

s1f

s89

s27

s8a

s26

s8b

s25

s8c

s24

s8d

s2b

s8e

s2a

s8f

s29

s90

s28

s91

s92

s93

s2d

s94

s2c

s95

s96

s32

s97

s31

s98

s99

s30

s37

s9a

s36

s9b

s35

s9c

s9d

s3b

s9e s9f

s3a

sa0

sa1

sa2

s3f

sa3 sa4

s3c

sa5

sa6

sa7

sa8

sa9 saa

sab

sac

sad

s44

sae

saf

sb0

sb1

sb2 sb3

sb4

sb5

sb6

sb7

sb8sb9

sba

sbb

sbc sbd

s5b

sbe

s5a

sbf

s59

sc0

s58

sc1

s5f

s663

s5e

s659

s5d

s651s5c

s65f

s63 s653s62

s660s61

s655s60

s661

s67s657

s66

s662

s65

s64f

s64

s65e

s6b s14b

s6a

s160s69 s175

s68

s18a

s6f

s19f

s6e

s1b2

s6d

s1c5

s6c

s1d8s73 s1eb

s72

s14c

s71

s1fe

s70

s161

s77s76

s75

s74

s7b

s7a

s79

s78

s7f

s7e

s7d s7c

s24a

s80

sc2

sc3

sc4

sc5

s13e

sc6

s177

sc7

s1d9

sc8

s270

sc9

s101sca

s107

scb

s108

scc

s10c

scd

s10d

sce

s109

scf

s110

sd0

s103

sd1

s104

sd2

s116

sd3

s117

sd4

s11b

sd5

s11c

sd6

s118

sd7

s11f

sd8

sd9

sda sdb

sdc

sdd

sde

sdfse0

se1

se2

se3

se4

se5

yn[r}

s2

s2e s7

s2f

s5

s30

s4

s31

s3 s32

s6

s33

s8

s34

s9

s35

sa

s36

s4bs37

s4d

s38 s4c

s39

s51

s3a

s50

s3b

s4f

s3c

s4e

s3d

s55s3e

s54s3f

s53

s40

s52

s41

s59

s42

s58s43

s57

s44

s56

s45

s5b

s46

s5a

s47

s5d

s48

s5c

s49 s5f

s4a

s5e

sc2

s61

sc3

s60

sc4

s63

sc5

s62

sc6

s65

sc7

s64

sc8

s67

sc9s66

sca

s69

scb

s68

scc

s6d

scd

s6c

sce

s6bscf

s6a

s71

s70

s6f

s6e

s74

s73

s72

s76

s75

s78

s77

s7a

s79

s7c

s7b

s7e

s7d

s81

s82

s83

s84

s85

s86

s87

s88

s89

s8a

s8b

s8c

s8d

s8e

s8f

s90

s91

s92

s93

s94

s95

s96

s97

s98

s99

s9a

s9b

s9c

s9d

s9e

s9f

sa0

sa1

sa2

sa3

sa4

sa5

sa6

sa7

sa8

sa9

saa

sab

sac

sad

sae

saf

sb0

sb1

sb2

sb3

sb4

sb5

sb6

sb7

sb8

sb9

sba

sbb

sbc

sbd

sbe

sbf

sc0

sc1

s7f

s80

s1s0

sb

sc

sd

se sf

s10

s11

s12

s13

s14

s15

s16

s17

s18

s19

s1a

s1b

s1c

s1d

s1e

s1f

s20

s21

s22

s23

s24

s25

s26

s27

s28

s29

s2a

s2b s2c

s2d

ymXY}

��B]M�?'>CIq��� "4v'[UO0T�K]IkDUl�J�[<C[^J'IQTYI�9�J'I�9�A�I MU>@[T�G�;Q` e�DPJ'I�;�>CIQT�>CI�;=I�9 <�BE9�;=<=>H?�A�<CB]D�9�; [U9�JFI�J�MUI�;
>CIQT�>CI�;=I�9 <�J�[<C[ J'IQTYI�9�J'I�9�A�I�;~XYIQ<i��IQI�9 BL9�;=<=>@?�A�<CBED�9�;Q`

[T�T�>@D�[UA@G.d�G'D ��IQxUIQ>�d�BE9r<=>@DVJ�?�A�I�;|T�[U;@;|DU>@J�IQ>@BE9'M�T�>CDUX�K]I�OS;�d$[U;�J'I�AQBE;@B]D�9�;|OW[UJ'I�XV\o<CG'I�I�[>@K]\oT�[U;@;=I�;
[>CI�X�[U;=I�J"D�9 T�[>C<CBE[UK|BE9'lmDU>@OS[<CB]D�9"[U9�J AQ[U9 [UJ�xUIQ>@;=I�K]\�[ !YI�A�<�<CG'Ipt ?�[UKEB]<i\�DUlhJ'I�AQBE;@B]D�9�;�OS[UJ�IuX \
;C?'X�;=I�t ?�I�9r<uT�[U;C;=I�;Q`,� <CG�B]>HJ [T�T�>CD�[UAHGZBL;u<=Dk[<=<=I�OST�<�<=D+[UJ�J'>CI�;@;q[UKEK4<CG�IWT�>CDUX�K]I�OS;o<=DUMUIQ<CG'IQ>�`
�'DU>pI�vP[UOST�K]IUd|<CG�IQ>CI G�[�xUIWXYIQI�9 >@I�[U;=D�9�[X�K]I [<=<=I�O0T�<C;�<=D TYIQ>ClmDU>@O�BE9�;=<=>H?�A�<CB]D�9N;CAHG'I�J�?�KEBL9'M"[U9�J
>CIQM�BE;C<=IQ>�[UKEK]DPAQ[<CB]D�9 [<�<CG'IW;C[UOSIW<CBEO0I � �$�7`���D���IQxUIQ>�d4I�vP<=I�9�J�BE9'M";@?�A@G l�>@[UOSIQ��DU>B%P;u<=D+;C?'T�TYDU>C<
T�>CIQT�KE[UA�I�J�BE9�;=<=>H?�A�<CB]D�9�;	BE;	J�B]_WAQ?�K]<���9'DS;@?�A@G�I�vP<=I�9�;CBED�9�I�vPBL;=<C;	<=DPJ�[�\U`

� G�BE;4T�[TYIQ>hT�>@I�;=I�9r<C; >NLMD���947
	�9/DG F4> S 9NA�J < C D�	UdP[u>H[UJ�BEAQ[UK�J'IQT�[>C<C?'>CI�lm>CD�O <=>@[UJ�B]<CB]D�9�[UK�;CA@G�I�J�?�K�g
BE9'M O0IQ<CG'DPJ�;Q` W�D�9 xUIQ>CMUI�9 <�;@A@G'I�J�?�KEBE9'MSBE;�[SMUI�9'IQ>H[UK�;CAHG'I�J�?�KLBE9'M0lm>@[UO0IQ��DU>B%�<CG�[<�OS[�%UI�;�B]<�I�[U;=\
<=D�;=TYI�AQB]lm\ [>CX�B]<=>H[>C\"A�D�9�;=<=>@[UBL9r<C;o[U9�Jw;CAHG'I�J�?�KLBE9'M G�I�?'>@BE;=<CBLAQ;Q`6� A�D�9 xUIQ>CMUI�9r<�;CA@G'I�J�?�K]IQ>�BE;�A�D�O&g
TYD�;=I�J�DUl�BE9�J'IQTYI�9�J�I�9r<~T�[U;C;CI�;Q` "�[UAHG"T�[U;C;�BEO0T�KEI�O0I�9r<C;~[SG�I�?'>@BE;=<CBLA�<CG�[<�[UJ�J'>CI�;@;=I�;�[0T�[>@<CBEAQ?�KE[>
T�>CDUX�K]I�O ;C?�AHG"[U;	8:{|f DU>�>CIQM�BE;=<=IQ>�T�>CI�;C;C?�>CIU`

�bKEKVT�[U;C;=I�;4BL9�<CG�I�A�D�9rxUIQ>CMUI�9 <�;@A@G'I�J�?�K]IQ>4;CG�[>CI	[oA�D�OSO0D�90BL9r<=IQ>Cln[UA�IU` � G'I~BE9'T�?'<�DU>4D�?�<=T�?'<�<=D
I�[UA@G T�[U;C;�BE;4[uA�D�KEK]I�A�<CBED�90DUl.;=T�[<CBE[UK'[U9�JS<=I�O0TYDU>@[UK'T�>CIQlmIQ>CI�9�A�I�;hDUlYBL9�;=<=>@?�A�<CBED�9�;Q` �RT�[U;C;hDUT IQ>H[<=I�;
XV\p[U9�[UKE\���BE9�Mo<CG'I�AQ?'>C>@I�9r<4T�>@IQl�IQ>CI�9�A�I�;h[U9�JSO0DPJ�B]lm\PBE9'Mb<CG'I�O�` ��;h<CG'I�;CAHG'I�J�?�K]IQ>h[T�T�KEB]I�;�<CG'I	T�[U;C;
BE9S;@?�AQA�I�;C;CB]D�9jdr<CG'I�T�>CIQlmIQ>CI�9�A�I�J�BL;=<=>@B]X�?�<CB]D�9&A�D�9rxUIQ>CMUI�;�<=Dp[X0�9�[UK�;CA@G'I�J�?�K]I�<CG�[<�BE9�A�DU>CTYDU>@[<=I�;�<CG'I
T�>CIQlmIQ>CI�9�A�I�;cDUl�[UKLKr<CG'I	A�D�9�;C<=>@[UBE9 <C;c[U9�J�G'I�?�>@BE;=<CBEAQ;�`|fh>CIQlmIQ>CI�9�A�I�;4[>@I�>CIQT�>CI�;=I�9 <=I�Jp[U;4[�<CG'>CIQI�giBL9'T�?'<
ln?�9�A�<CB]D�9�<CG�[<�OS[T�;�[U9"BL9�;=<=>@?�A�<CBED�9.d';=T�[UA�IUd�[U9�J"<CBEO0Io<=>@B]T�K]I�<=D�[&��I�BEM�Gr<Q`

f�[U;C;=I�;&AQ[U9ZXYIW>@?�9ZO�?�K]<CB]T�K]I&<CBEOSI�;Qd4[U9�JZBL9 =�D��WDU>@J'IQ>�` � G ?�;�d���G�BEK]ISOSB]<CBEM�[<CBE9'M"DU>@J�IQ>@BE9'M
T�>CDUX�K]I�OS;hJ�?�I�<=D&G�[>@JWA�D�9�;=<=>@[UBE9 <C;QdP[qA�D�9 xUIQ>CMUI�9r<�;@A@G'I�J�?�K]IQ>�BE;�T�>CI�;=I�9 <=I�J ��B]<CGW[�KEBEOSBE<CK]I�;C;49V?�O&g
XYIQ>4DUl.K]IQM�[UK'T�[U;C;hDU>@J'IQ>@;Q`�8:9�B]<CBE[UKLK]\Ud��I�<=I�J�B]D�?�;CK]\�G�[U9�JPg7<C?�9�I�J&<CG'I�T�[U;C;hDU>@J'IQ>�` � G'I�9jdU��I�[T�T�KEB]I�J
OS[UAHG�BE9'ISK]I�[>H9�BE9'M�<=I�A@G�9�BEt ?�I�;o<=D [U?'<=D�OS[<CBLAQ[UKEK]\U0�9�J+MUD DPJNDU>@J�IQ>@BE9'M�;�lmDU>q[�A�D�9 xUIQ>CMUI�9r<&;CAHG'I�JPg
?�K]IQ>�`��I�AQ[U?�;CI�J�B*! IQ>CI�9 <uT�[>H[UKEK]I�Kh[>@AHG�B]<=I�A�<C?'>@I�;pG�[�xUI�?�9�BEtV?'IS;CAHG'I�J�?�KEBL9'M"9'IQI�J�;Qdc<CG'I�;=TYIQI�J�?'T�;
D�?'>�;C\V;=<=I�O BE;�[X�K]Io<=DWDUX�<C[UBE9�XV\�A�>@I�[<CBE9'MW[>@AHG�B]<=I�A�<C?'>@I�gi;=TYI�AQB*0�A�T�[U;C;�DU>@J'IQ>@BE9�M�;	BE;	BEO0T�>@I�;C;CB]xUIU`

�



� uvs�s k�w�����}�m s�µvm�wl´�ocw����rm�m��	��
H{Jy��yp´,k�wlncµvm

"�t ?�[UKLK]\ BEO0T�>@I�;C;CB]xUIwBE;�<CG'IwI�[U;=IN��B]<CGa��G�BEA@G�B]< 0�9�J�;�I/!YI�A�<CB]xUI ;=I�tV?'I�9�A�I�;Q` 8�9 KEI�;C;�<CG�[U9
<i��D J�[�\V;�d�?�;@BE9'MN[ O0DPJ'I�;=<CK]\�;CB*�QI�J AQKE?�;=<=IQ>SDUlb��DU>B%P;=<C[<CB]D�9�;Qd�D�?�>W;=\P;=<=I�O BE;0[X�KEI�<=D J�BE;CA�D xUIQ>
[>@AHG�B]<=I�A�<C?'>CI�gi;CT I�AQB+0�AS;=I�tV?'I�9�A�I�;q<CG�[<qT�>@DVJ�?�A�IS;=TYIQI�J�?'T�;�>@[U9�M�BE9'M�lm>CD�O ����� <=D�� � � D�xUIQ>pD�?'>
G�[U9�J'g7<C?�9'I�J�;=I�tV?'I�9�A�IUd�[U9�J�MUI�9'IQ>@[UKEKE\WD�?'<=TYIQ>ClmDU>@OS;1� � 2 � � ��[U9�J"f W W ���$�7`

� G�IuA�D�9r<=>@BEX�?'<CB]D�9�;~DUlc<CG�BE;�T�[TYIQ>�[>CIM�

� [W9'D�xUI�K�BE9r<=IQ>@lm[UA�IuXYIQ< ��IQI�9k;CA@G'I�J�?�KEBE9'MpT�[U;C;CI�;	X�[U;=I�J D�9���I�BEM�Gr<=I�J T�>CIQlmIQ>CI�9�A�I�;Qd

� [�9'D�xUI�K�[T�T�>CD�[UAHGW<=Dp[UJ�J'>CI�;@;4<CG'I�A�D�O�X�BE9'I�JST�>CDUX�K]I�OW;4DUl.AQKE?�;=<=IQ>�[U;C;CB]M�9�OSI�9r<QdV;CA@G'I�J�?�KEBE9'M'd
[U9�J�>CIQM�BE;=<=IQ>�T�>CI�;C;C?�>CIUd

� <CG�I�lmDU>@O�?�KE[<CB]D�9SDUlj[�;=IQ<�DUl.TYD ��IQ>Cln?�K�G'I�?'>@BE;C<CBEAQ;�<=Dp[UJ�J'>CI�;C;�X DU<CGWMUI�9'IQ>@[UK A�D�9�;=<=>@[UBL9r<C;�[U9�J
[>HA@G�B]<=I�A�<C?�>CI�gi;=TYI�AQB*0�AoBE;@;C?'I�;Qd

� [&J'I�OSD�9�;=<=>@[<CB]D�9 DUlj<CG'IbI/!YI�A�<CB]xUI�9'I�;C;~DUlcA�D�9rxUIQ>CMUI�9 <�;CAHG'I�J�?�KEBL9'MqA�D�O0T�[>@I�J <=D&<=>@[UJ�B]<CB]D�9�[UK
<=I�AHG�9�BEtV?'I�;Qd

� <CG�I ?�;=IWDUl~OW[UA@G�BE9�I K]I�[>@9�BE9'M�<=Dk[UJ�[T�<�A�D�9 xUIQ>CMUI�9r<0;CAHG'I�J�?�KLBE9'M�<=Dk9'IQ� [>@A@G�B]<=I�A�<C?'>CI�;pBE9
[U9 I/! I�A�<CBExUIq�~[�\U`

� G�Iq>CI�;=<bDUlh<CG�BL;���DU>B%"BE;�DU>CM�[U9�B*�QI�Jw[U;blmD�KEK]D���;Q` 2VI�A�<CBED�9+� BE9 <=>CDVJ�?�A�I�;�A�D�9 xUIQ>CMUI�9 <u;CA@G�I�J�?�K�g
BE9'Mw[U9�J�?�;=I�;&[U9^I�v'[UO0T�K]I�<=DNBEKEKE?�;C<=>@[<=I�;qG'D � B]<p��DU>B%P;Q` 2VI�A�<CB]D�9 �kJ'I�;CA�>HB]XYI�;q<CG'I�A�D�9 xUIQ>CMUI�9 <
;CAHG'I�J�?�KEBL9'M BE9 <=IQ>Cln[UA�I0XYIQ<i��IQI�9NT�[U;C;=I�;�` 2VI�A�<CB]D�9 ��J'I�;@A�>@B]XYI�;�<CG�ISA�D�KEK]I�A�<CB]D�9wDUl�T�[U;C;=I�;oAQ?'>@>CI�9r<CKE\
BEO0T�K]I�O0I�9 <=I�J BE9 D�?�>klm>@[UO0IQ��DU>B% ` � G'I�9.d 2VI�A�<CB]D�9 � J'I�;CA�>HB]XYI�;k�bI�9'IQ<CBEA�fh>@DUMU>@[UOSOSBE9�M'du<CG'I
OS[UAHG�BE9'I�giK]I�[>H9�BE9'M <=I�AHG�9�BEtV?'Ik��I+?�;=I <=D�I�vPT�K]DU>CIk<CG'I T�[U;@;:g7DU>@J'IQ>�;=D�KE?'<CBED�9F;=T�[UA�IU` 2VI�A�<CB]D�9�; �
[U9�J �WT�>CI�;CI�9r<�D�?'>oI�vPTYIQ>@BEO0I�9 <C[UKc>CI�;C?�K]<C;�dY?�;CBE9'M�X�[U;CBEApA�D�9 xUIQ>CMUI�9r<p;CA@G�I�J�?�KEBE9�M'd [U9�JN?�;CBE9'M IQxUDg
KE?'<CBED�9 ��B]<CG��bI�9'IQ<CBEA�fh>CDUMU>H[UOSOSBE9'M'` 2VI�A�<CB]D�9 � M�B]xUI�;p[U9ZD�xUIQ>CxPB]IQ� DUl�>CI�KE[<=I�JZ��DU>B%�`��cBL9�[UKEK]\Ud
2VI�A�<CB]D�9��0A�D�9�AQKE?�J�I�;Qd�;C?�OSOW[>@B*��BE9'Mp<CG'IuOS[UBL9"[UA@G�BEIQxUI�O0I�9r<C;�DUlcD�?'>���DU>B%�`

��-�� 2 1
	�� Ô� ��1 Ó��4Ö�� � 3�5��i6 1 
8:9 <CG'I�A�D�9 xUIQ>CMUI�9r< ;CA@G'I�J�?�KEBE9'M l�>@[UOSIQ��DU>B% d4T�[U;C;CI�;pA�D�OWO�?�9�BEAQ[<=I <CG�I�B]>pAHG'D�BEA�I�;0[U;&A@G�[U9'MUI�;0BE9
<CG'I�>CI�KE[<CB]xUI�T�>CIQlmIQ>CI�9�A�I�;�DUlhBL9�;=<=>@?�A�<CBED�9�;~l�DU>�AQKE?�;C<=IQ>@;�[U9�J <CBEO0I�;@K]DU<C;Q` � G'Iq;CT�[<CBE[UK|[U9�J"<=I�O0TYDg
>@[UK4T�>CIQl�IQ>@I�9�A�I�;oDUl�I�[UA@G�BE9�;=<=>@?�A�<CB]D�9w[>CIS>CIQT�>@I�;=I�9r<=I�J [U;o��I�BEM�Gr<C;�BE9N[�T�>CIQlmIQ>CI�9�A�ISOW[T��c[�T�[U;C;
BE9�R�?'I�9�A�I�;�<CG'Io;CA@G�I�J�?�KEBE9�MqDUl�[U9�BE9�;=<=>@?�A�<CB]D�9WXV\�A@G�[U9'M�BL9'M&<CG'I�O�`4��G'I�9�A�D�9rxUIQ>@MUI�9r<b;CA@G'I�J�?�KEBE9'M
A�D�O0T�KEIQ<=I�;QdY<CG'IpAQKL?�;=<=IQ>�[U9�J <CBLO0I�;CKEDU<bBE9 <CG'I&OS[Tw��B]<CG"<CG�IpG�BEM�G'I�;=<���I�B]M�G <b[>@IpJ'I�;@B]M�9�[<=I�Jw[U;
5�7B9��)9/7H7:9NA` � G'I�BE9�;=<=>@?�A�<CB]D�9ZBL;�[U;C;@B]M�9'I�J�<=DN<CG'I�T�>CIQlmIQ>C>CI�J^AQKE?�;=<=IQ>�dh[U9�J�<CG'I�T�>CIQlmIQ>C>CI�J�<CBEO0I�BE;
?�;=I�J [U;	<CG'IqBE9�;=<=>@?�A�<CB]D�9�T�>HB]DU>@B]< \WlmDU>�KEBE;=<	;CAHG'I�J�?�KLBE9'M'`

��B$!YIQ>CI�9 <pG'I�?�>@BE;=<CBEAQ;q��DU>N%N<=DwBLO0T�>CD xUIW<CG'I�;CA@G�I�J�?�K]IWBL9ZJ�B*! IQ>CI�9 <q�~[�\P;Q` � G'I >47HC GIC >N=�< 5 =MG S
FHGI7B9/D 	 G S 94D�CED 	 G'I�?'>HBE;=<CBEA^ynf	� � ��}Hd�l�DU>�I�v'[UO0T�K]IUd�I�vVT�>CI�;C;=I�;�[^T�>@IQl�IQ>CI�9�A�I+<=D %UIQIQT [UKEKb<CG'I BE9Pg
;=<=>@?�A�<CB]D�9�;�BE9�A�>HB]<CBEAQ[UKYT�[<CG�;�<=DUMUIQ<CG'IQ>�BE9�<CG'Iq;C[UOSIqAQKE?�;=<=IQ>�` � G'I >NL���� J D�C >N=MGIC L�D�� C D�C�� C��)= GICIL�D
G'I�?'>HBE;=<CBEA+y W T6�U�+}�<=>@BEI�;�<=DQ%UIQIQTRJ'IQTYI�9�J'I�9 <p9'I�BEM�GrXYDU>@BE9�MkBE9�;C<=>@?�A�<CB]D�9�;pBE9�<CG'I�;C[UO0I�AQKE?�;=<=IQ>�`
� G'I 587:9;5�<$=?>@9�� 94DG�G�I�?'>@BE;=<CBLA�ynf�{ �-W "~}bT�>CIQlmIQ>@;o<CG�[<qT�>CIQT�KE[UA�I�JNBL9�;=<=>@?�A�<CBED�9�;�[U9�JN<CG'I�B]>�9'I�B]M�GPg
XYDU>@;&[>CI�T�KE[UA�I�J^D�9^<CG'I�AQKE?�;=<=IQ>@;&;=I�K]I�A�<=I�J XV\ <CG�I�T�>CIQT�KE[UA�I�J^BE9�;C<=>@?�A�<CB]D�9�;�` � G'IU<$L)=?A! N=�<*=�D�>@9
G'I�?'>HBE;=<CBEASyn{PT �b�u}~>CI�J�?�A�I�;�<CG'IqT�>CIQlmIQ>CI�9�A�I�;�D�9 G�B]M�G�K]\�KED�[UJ'I�J AQKE?�;=<=IQ>@;�[U9�JkBE9�A�>CI�[U;CI�;�<CG'I�O D�9
<CG'IqKEI�;C;	K]D�[UJ'I�J�D�9�I�;Q` Tb<CG'IQ>�G'I�?'>@BE;C<CBEAQ;���BEKEK XYIuBE9 <=>CDVJ�?�A�I�J�BE9.2VI�A�<CB]D�9.�'`

��B]M�?'>@I �^;CG'D���;"G'D�� A�D�9rxUIQ>CMUI�9 <k;@A@G'I�J�?�KEBE9'M�DUTYIQ>@[<=I�;"D�9 [ ;@OS[UKEKoA�DPJ'I ;=I�tV?'I�9�A�INlm>CD�O
lmT�T�T�Tj`p8:9�B]<CBE[UKEKE\Ud.<CG'I0��I�BEM�Gr<C;�[>CISIQxUI�9�K]\wJ�BE;C<=>@B]X�?'<=I�JjdY[U;�;CG'D ��9NBE9FymX }H`0�NI�[T�T�K]\k<CG'IVD�LMC F)9

�



� ocw��cm ��ncm�wÁ}Q�ÁÀaµlm�jluvz�k�wln

yn[r}

22

16

17

28

29

30

25

26

15

3

4

31

32

6

10 14

19

21 9

82

13

18

20

5

7 12

33

11

27

124 023

ymXY} ynA�}

ynJ�} ymI } ymlH} ymM }

��B]M�?'>CIq��� W�D�9rxUIQ>@MUI�9r<�;CA@G'I�J�?�KEBE9'M�DUTYIQ>@[<=I�;�D�9S[uA�DPJ'I�;=I�tV?'I�9�A�I�lm>CD�O lmT�T�T�Tj` ��B]M�?'>@Iqyn[r}�;CG'D ��;
<CG'I	J�[<C[oJ'IQTYI�9�J'I�9�A�I�MU>@[T�G&>@IQT�>CI�;=I�9 <C[<CB]D�9&DUl�<CG�I~;@A@G'I�J�?�K]I�J&A�DVJ'IU`4e�DVJ�I�;�>CIQT�>CI�;=I�9 <
BE9�;=<=>@?�A�<CB]D�9�; �I�J'MUI�;4>@IQT�>CI�;=I�9 <4J'IQTYI�9�J'I�9�A�I�;cXYIQ<i��IQI�90BE9�;=<=>H?�A�<CB]D�9�;Q` � >HBE[U9'M�?�KE[>�9'DPJ'I�;
[>CI0T�>CIQT�KL[UA�I�J.dY��B]<CGwJ�B$!YIQ>CI�9 <�;@G�[UJ'I�;oA�DU>C>CI�;CT D�9�J�BE9'M <=D"J�B$!YIQ>CI�9r<oAQKE?�;=<=IQ>@;Q` �cBEM�?'>CI�;
ymX }igHymM }�;@G'D�� G'D�� <CG'I�A�D�9 xUIQ>CMUI�9 <b;CAHG'I�J�?�KEIqBE;�O0DPJ�B*0�I�J�X \�[W;CIQ>@B]I�;	DUl4T�[U;@;=I�;Q` � G�BE;
I�vP[UO0T�K]I�D�9�K]\ BEKLKE?�;=<=>@[<=I�;&;=T�[UA�I";CA@G'I�J�?�KEBE9'M'dh9�DU<p<CBLO0I�;CA@G'I�J�?�KEBE9'M'` "�[UA@G 0�M�?'>CI�BE9
�cBEM�?'>CI�;u�$X'g7M"BE;�[�AQKE?�;C<=IQ>oT�>CIQlmIQ>CI�9�A�I0OS[Tj` � >CD � >CIQT�>CI�;CI�9r<C;o[U9NBE9�;=<=>@?�A�<CB]D�9j` � G'I
>CD�� 9V?�O�XYIQ>@;~A�DU>C>CI�;=TYD�9�J�<=DS<CG�IuBE9�;=<=>@?�A�<CB]D�9�9 ?�O�XYIQ>@;~BE9 yn[r}H` � A�D�KE?�OS9�>@IQT�>CI�;=I�9 <C;
[qAQKE?�;C<=IQ>�` � G'I�A�D�K]DU>�DUl.I�[UA@G�I�9 <=>C\0>CIQT�>CI�;CI�9r<C;�<CG'I�K]IQxUI�K�DUl.T�>CIQlmIQ>CI�9�A�I�[U9�BE9�;C<=>@?�A�<CB]D�9
G�[U;	lmDU>�<CG�[<�AQKE?�;=<=IQ>�` � G'IuKLB]M�Gr<=IQ>�<CG'IuA�D�K]DU>�d�<CG�Iq;=<=>CD�9'MUIQ>�<CG'IuT�>CIQlmIQ>CI�9�A�IU`

C DGI7 LKA�J�>)GIC L�D G'I�?'>HBE;=<CBEA yne6Tb8B2 "�}o<=DwX�>CI�[�% ;=\POSO0IQ<=>C\Ud4>@I�;C?�K]<CBE9�M BE9RynA�}H` � G�BE;qG'I�?�>@BE;=<CBEA0G�I�K]T�;
BE9�A�>@I�[U;=IuT�[>@[UKLK]I�KEBE;CO XV\�J�BE;=<=>@B]X�?'<CBE9'MpBE9�;=<=>@?�A�<CB]D�9�;~<=D J�B$! IQ>@I�9r<�AQKE?�;=<=IQ>@;Q` � G'I�9.d'��Iq>@?�9'>)7@CIGIC >N=�<
5 =MG S FHGI7B9/D�	?G S 9/DCED�	oynf	� � �o}Hd���G�BEA@GqBE9�A�>CI�[U;=I�;|<CG'I���I�B]M�G <|DUlP<CG'I�BL9�;=<=>@?�A�<CBED�9�;jBE9o<CG�I�A�>@B]<CBEAQ[UK�T�[<CG
y;C
�
9
���
BE9�;=<=>@?�A�<CB]D�9�;��U�Vd�� � d � � d�IQ<CA` }SBE9�<CG'I60�>@;=<�AQKE?�;C<=IQ>�ynJ�}H` � G�I�9���Iu>H?�9�<CG'I >@L � � J D�C >N= GICIL�D

� CEDC � C��)=MGIC L�Day W-T6���w}p[U9�J^<CG'IQ<*L)= A  N=�<$=MD�>@9kyn{ T-���u}&G�I�?'>@BE;=<CBLAQ;Qd4>CI�;C?�KE<CBE9'MwBE9 ymI }H` � G'I�;=I
G'I�?'>HBE;=<CBEAQ;SKEI�[UJF<=D^;=IQxUIQ>@[UKbA@G�[U9�MUI�;4� <CG'I�0�>@;=< l�IQ� BE9�;=<=>@?�A�<CB]D�9�;W[>@I T�?�;@G'I�J D�?'< DUlo<CG'IU0�>@;=<
AQKE?�;C<=IQ>�dj[U9�JwMU>CD�?'T�;�DUl�BE9�;=<=>@?�A�<CB]D�9�;�;=<C[>@<u<=D"[U;C;=I�O�X�K]ISBE9w;=TYI�AQB*0�A�AQKE?�;=<=IQ>@;SyB9

�
	
���

BE9�;=<=>H?�A�<CB]D�9�;
� �Vd����PdY�P�d�[U9�J �U�0BL9�AQKE?�;=<=IQ>���}H`

#



� uvs�s k�w�����}�m s�µvm�wl´�ocw����rm�m��	��
H{Jy��yp´,k�wlncµvm

e�I�vV<QdU��I�>@?�9qf�{ �-W "w[U9�Jpf�{ �-W "�f�� T�fcd ��G�BEA@GqX�BE[U;|BL9�;=<=>@?�A�<CBED�9�;|?�;@BE9'M�BE9�l�DU>@OW[<CB]D�9olm>CD�O
T�>CIQT�KE[UA�I�Jq9'DPJ'I�;Q` � G'I�>CI�;C?�KE<|BE;|;@G'D���9pBE9�ymlH}H` � G'I�T�[U;@;�AQ[U?�;CI�;�[bK]DU<cDUl�J�BE;=<C?'>@X�[U9�A�I�;4�.T�>@IQT�KE[UA�I�J
BE9�;C<=>@?�A�<CB]D�9�;�;=<=>CD�9'M�K]\�[<=<=>@[UA�<o9'I�BEM�GrXYDU>@;	DUl4T�>CIQT�KE[UA�I�JkBE9�;=<=>@?�A�<CB]D�9�;~<=D�<CG'I�B]>�AQKL?�;=<=IQ>@;Q`-TbX�;=IQ>CxUI
G'D �a<CG�I�MU>CD�?�Tw� � �V�P�oBL;�[<=<=>H[UA�<=I�J�<=D&AQKL?�;=<=IQ> �'` ��BE9�[UKEK]\&��I�>@?�9�>@L � � J�DCI>@=MGICILMD � C D�C�� C��)= GICIL�D
y W T6�U�w}~[U9'DU<CG'IQ>�<CBEO0IU` � G'I60�9�[UK.;CA@G�I�J�?�K]IuBE;	;@G'D���9 BE9 ymM }H`

W�D�9 xUIQ>CMUI�9 <�;CAHG'I�J�?�KLBE9'M0G�[U;	<CG'IolmD�KEK]D ��BE9'M&lmI�[<C?'>CI�;4�
�`�8�<C;�;@A@G'I�J�?�KEBE9'M&J'I�AQBE;CBED�9�;	[>CIqOS[UJ�I >NL)L@5�9/7:=MGIC �M9/< ��>H[<CG'IQ>�<CG�[U9 9��?>)< J�F@C ��94< �`
�V` � G'IWBE9 <=IQ>Cln[UA�I [UKEK]D ��;q["T�[U;C;u<=DkI�vVT�>CI�;C;qA�D�9�0�J'I�9�A�IW[XYD�?'<�B]<C;qJ'I�AQBL;CB]D�9�;Q` � T�[U;C;q9�IQI�J�;

9�DU<uOS[�%UIW[�TYD DU>o[U9�JN?�9'>CI�A�D�xUIQ>H[X�K]ISJ'I�AQBE;@B]D�9��=?�;C<bXYI�AQ[U?�;CISB]<oG�[U;�<=D OS[�%UIS[�J'I�AQBL;CB]D�9.`
To9�<CG'IoDU<CG'IQ>b;CBEJ'IUd�[U9 \ T�[U;C;�AQ[U9 ;C<=>CD�9'M�K]\�[ ! I�A�<�<CG'I60�9�[UK.AHG'D�BEA�IqBElc9'IQI�J�I�J.`

�V` W~D�9rxUIQ>CMUI�9 <o;CA@G�I�J�?�KEBE9�MSAQ[U9k9�[<C?�>@[UKEK]\�>CI�A�D xUIQ>blm>CD�O [S<=I�O0TYDU>@[>@\���>CD�9'MWJ�I�AQBE;CB]D�9kOS[UJ'I
XV\ D�9'I T�[U;C;Q`k8�9 <CG'I�I�vP[UO0T�K]IUd���G'I�9 ��I�[T�T�K]\N9'D�BE;CIW<=D ymX }Hd4O0D�;=<&9'DVJ�I�;�[>CI�BE9�B]<CBL[UKEK]\
OSD�xUI�JN[��~[�\+lm>CD�O <CG'I 0�>@;=<�AQKL?�;=<=IQ>�`X2P?'X�;CI�t ?'I�9 <CK]\Ud G'D���IQxUIQ>�dj9'DPJ'I�;b��B]<CGk;=<=>CD�9'M�<CB]I�;b<=D
AQKL?�;=<=IQ>hD�9'IUd ;C?�A@GW[U;�9'DPJ'I�;	� � � d [>@I�IQxUI�9r<C?�[UKEK]\&O0D�xUI�JWX�[UAB% dr��G�BEK]I~9'DVJ�I�;4��B]<CG'D�?�<�;C<=>CD�9'M
<CBEI�;Qd�;C?�AHG"[U;�9'DPJ'I �Pd�>@I�OS[UBE9�[��~[�\U`

�'` � D�;=<WA�D�OST�BEK]IQ>@;0[UKLK]D�� D�9�KE\ xUIQ>C\^KEBEOSBE<=I�JZI�v'A@G�[U9'MUI"DUloBE9'lmDU>@OS[<CB]D�9^[UO0D�9�MNT�[U;C;=I�;Q` 8:9
A�D�9 <=>@[U;=<Qd�<CG'Iu��I�B]M�G <:g7X�[U;=I�J BL9r<=IQ>Cln[UA�Iu<=DWA�D�9 xUIQ>CMUI�9 <b;@A@G'I�J�?�KEBE9'M&BE;~xUIQ>C\�I�vPT�>CI�;C;CBExUIU`

� ` � G'I�lm>@[UO0IQ��DU>B% [UKLK]D���;b[�G'I�?'>@BE;C<CBEAu<=D�XYIp[T�T�KEB]I�J"Op?�K]<CB]T�K]Iu<CBEO0I�;�d�I�B]<CG�IQ>�BL9�J'IQTYI�9�J'I�9 <CK]\
DU>�[U;�T�[>C<�DUlh[U9kB]<=IQ>@[<CB]xUI�T�>CDPA�I�;C;Q` � G�BE;�l�I�[<C?'>@I�BE;�?�;=IQln?�K.<=DWT�>CD�xPBEJ'IulmIQI�J'X�[UAN%�XYIQ<i��IQI�9
T�[U;C;=I�;�[U9�J�<=DW[�xUD�BEJ T�[U;C;	DU>HJ'IQ>@BE9'M&T�>@DUX�K]I�OS;Q`

� ` � G'Ib;@BEO0T�K]I�BL9r<=IQ>Cln[UA�ISymT�>CIQlmIQ>CI�9�A�I�OS[T�;H}4XYIQ<i��IQI�9�T�[U;C;=I�;�OS[�%UI�;	B]<�I�[U;=\WlmDU>�<CG�IbA�D�O0T�BEK]IQ>
��>@B]<=IQ>~<=DSG�[U9�J�KEI�9'IQ� A�D�9�;C<=>@[UBE9 <C;~DU>~J�I�;CB]M�9�9'IQ� G'I�?'>HBE;=<CBEAQ;Q`�f�[U;C;=I�;~lmDU>�J�B$!YIQ>CI�9 <~G�I�?'>@BE;:g
<CBLAQ;o[>CI&��>@B]<=<=I�9NBE9�J'IQTYI�9�J'I�9 <CK]\Ud�[U9�Jw<CG�IpI�vPT�>CI�;@;CB]xUIUdjA�D�OSO0D�9NBL9r<=IQ>Cln[UA�I&>CI�J�?�A�I�;oJ�I�;CB]M�9
A�D�OST�K]I�v'B]<i\U` � G�BL;�D�!YIQ>@;�[U9+I�[U;=\ �~[�\k<=D >CIQ<C[>@MUIQ<u[ A�D�O0T�BEK]IQ>�[U9�J+<=D�[UJ�J�>CI�;C;bTYI�AQ?�KEBE[>@B]g
<CBEI�;�DUl4<CG'Ip?�9�J'IQ>HK]\VBL9'M0[>@A@G�BE<=I�A�<C?'>CIU`�8�l d�l�DU>bI�v'[UO0T�K]IUd [U9k[>@AHG�B]<=I�A�<C?'>@IpBE;�[X�K]Iu<=D�I�vPT�K]D�B]<
[U?�<=DgiBE9�A�>CI�O0I�9 <pD�9ZO0I�OSDU>C\rgi[UAQA�I�;@;&��B]<CG [k;=TYI�AQB*0�ASBL9�;=<=>@?�A�<CBED�9.d|D�9'I T�[U;C;pA�D�?�KEJ <=>C\N<=D
%UIQIQTN<=DUMUIQ<CG�IQ>qO0I�O0DU>C\ gi[UAQA�I�;C;=I�;q[U9�JwBE9�A�>CI�O0I�9 <C;Qd.;=D�<CG�[<�<CG'I&;CA@G'I�J�?�K]IQ>���BEKEK�0�9�Jk<CG'I�O
<=DUMUIQ<CG�IQ>b[U9�J"��BEKEK XYIo[X�K]Io<=DSI�vPT�K]D�B]<	<CG�Iu[UJ'x$[U9�A�I�J BE9�;C<=>@?�A�<CB]D�9�;�`

��-�� 2 1
	�� Ô� ��1 Ó /$1 Ó � Ô��
Õ§Ö �
W�D�9 xUIQ>CMUI�9 <�;CA@G�I�J�?�KEBE9�MqDUTYIQ>@[<=I�;	D�9�BE9�J�B]xPBEJ�?�[UK�;@A@G'I�J�?�KEBE9'Mp?�9�B]<C;QdV��G�BLA@G�OS[�\�XYI�X�[U;CBEA�X�K]DPAB%P;Qd
<=>@[UA�I�;&��� �U�7d Gr\VTYIQ>CX�K]DPAB%P;u���U����IQ<CA`	8�<�;=<=DU>@I�;�T�>@IQl�IQ>CI�9�A�I�;�BE9"[W<CG'>CIQIqJ�BEO0I�9�;CBED�9�[UK.OS[<=>@B�v��
	�� �� �:d
��G'IQ>@I���;=T�[U9�;�D xUIQ>q[UKEKcBE9�;=<=>H?�A�<CB]D�9�;�BE9+<CG'Ip;@A@G'I�J�?�KEBE9'M�?�9�B]<Qd��uD xUIQ>u<CG'I0AQKE?�;=<=IQ>H;�BE9k<CG'I0[>@AHG�B�g
<=I�A�<C?'>CIUd [U9�J���D�xUIQ>b<CBEO0IU`h�NIq[UKLK]DVAQ[<=I�[U;�OS[U9 \ <CBLO0Iu;CK]DU<C;�[U;�<CG'IuA�>@B]<CBLAQ[UK�g7T�[<CG"K]I�9�MU<CG.`

8:9�B]<CBE[UKLK]\Ud'[UKEKY<CG'Iu��I�B]M�G <C;�[>CI�J�BE;=<=>@BEX�?'<=I�J�IQxUI�9�K]\U` � T�[U;C;	I�v'[UOSBE9'I�;�<CG'IqJ'IQTYI�9�J'I�9�A�IbMU>H[T�G
[U9�JF<CG'I"��I�B]M�Gr<�OS[<=>@B�v^<=DZJ�IQ<=IQ>@OSBE9'I <CG'I A@G�[>@[UA�<=IQ>@BE;=<CBLAQ;WDUl�<CG'IkT�>CIQlmIQ>C>CI�J ;CAHG'I�J�?�KEI";=D ln[>�`
� G'I�9jd�B]<�I�vVT�>@I�;C;=I�;�B]<C; T�>CIQlmIQ>CI�9�A�I�;�X \aOS[U9�B]T�?�KE[<CBE9'MN<CG�I+T�>CIQl�IQ>@I�9�A�I+OW[Tj` fc[U;@;=I�;�[>CIN9'DU<
>CI�tV?�B]>CI�J&<=D�TYIQ>Cl�DU>HO A@G�[U9'MUI�;�<CG�[<�[ ! I�A�<�<CG'I�T�>CIQlmIQ>C>CI�JW;CA@G'I�J�?�K]IU`c8 lY<CG'IQ\0[>CI�BL9�J�B$!YIQ>CI�9 <c<=D�D�9'I
DU>�O0DU>@IqA@G'D�BLA�I�;Qd�<CG'IQ\�AQ[U9,%UIQIQTk<CG'Iu��I�B]M�Gr<C;�<CG'Iu;C[UO0IU`

{|IQ<��~;=T�[U9"D xUIQ>oBE9�;=<=>@?�A�<CB]D�9�;Qd��oD xUIQ>oAQKE?�;=<=IQ>@;�d��~D�xUIQ>�<CBEO0I�gi;@K]DU<C;Q` � G'Iql�D�KEKED���BE9�MSBE9rx[>@BE[U9 <C;
[>CIqOW[UBE9r<C[UBL9'I�J��

*



� ocw��cm ��ncm�wÁ}Q�ÁÀaµlm�jluvz�k�wln

���������	��
��������� ��� �����
����
�� ��� � ��� � ��� �"!#�

��BExUI�9"[U9 BE9�;=<=>@?�A�<CB]D�9 �Cd���IqJ�I40�9'I�<CG'IulmD�KEK]D ��BE9'M�� #

$&%�'�()'�%	%�'+* ,�-/.0'1�-32 ! 4 %�5�. 476�8��9
 � � ��� � ��� ��:
$;%�'�(<'�%	%�'=* >=?/@BAC,�'D%E1�-)2 ! 4 %�5�. 476�8F�G
H� � � � � ��� � :
%�@&IBI&'�%�@B$ >=?/@BAC,�'D%E1�-)2 ! 4 %�5�. 476KJ �G
HL � � ��� ��� �+M�ON! $&%�'�()'�%	%�'+* >=?/@BAC,�'�%E1�-32QP>=RSI;TU*&'�IB>='1�-32 ! L � � ��� ��� V=W<X YZX�W)W<X�[ \�] ^=_)`�XaW�b/c dL � � � � ��� W<^=e�e=X�W)^=V \a] ^�_)`�XaW�b/c d

� G�IkT�>@IQl�IQ>C>@I�JRx[UKE?'I�;�[>CIw<CG'D�;CI+<CG�[<�OW[$vPBEOWB*�QIk<CG�Iw;@?�O DUl�<CG'IwT�>CIQlmIQ>CI�9�A�I�;�D�xUIQ> <CBEO0I
[U9�J�AQKE?�;=<=IQ>@;QdP��G�BLK]I�<CG�IuA�D�9�0�J'I�9�A�IoDUl�[U9"BE9�;=<=>@?�A�<CB]D�9�O0I�[U;C?�>CI�;�G'D � A�D�9�0�J'I�9 <	<CG'IuA�D�9 xUIQ>CMUI�9 <
;CAHG'I�J�?�K]IQ>~BE;�[X D�?�<�B]<C;�AQ?'>C>@I�9r<~;=T�[<CBE[UK [U;C;CBEM�9�O0I�9 <Q`c8�<~BE;�A�D�OST�?'<=I�J�[U;�<CG'I�>H[<CB]D�DUl|<CG'I���I�B]M�G <C;
DUl�<CG'Io<=DUT < ��D AQKE?�;=<=IQ>@;�` � G'IolmD�KEK]D���BE9'M&X�[U;CBEA�DUTYIQ>@[<CBED�9�;	[>CIq[�x$[UBEKL[X�K]IoD�9���I�B]M�G <C;4�

� �b9 \0��I�B]M�G < �
	�� � � hAQ[U9WXYI�BE9�A�>CI�[U;CI�Jgf$J'I�A�>CI�[U;=I�JWX \0[�A�D�9�;=<C[U9 <Qd DU>�O�?�KE<CB]T�KEB]I�JpXV\0[uln[UA�<=DU>�`

� � G'I�T�>CIQlmIQ>CI�9�A�IoOS[<=>@B�v DUl|D�9'IoBE9�;C<=>@?�A�<CB]D�9�AQ[U9�XYI�A�D�O�X�BE9�I�J <=D&<CG�[<	DUlc[U9'DU<CG'IQ>�BE9�;=<=>@?�A�g
<CBED�9.dj��B]<CGN[�>@I�KE[<CB]xUI0��I�B]M�Gr<ih y �kjlhmj ��}H` � G�BL;��~[�\w��I 5�7:L@5 = 	�=MG 9pG�B]M�GPgiA�D�9�0�J'I�9�A�I
J�I�AQBE;CB]D�9�;�<=D+9'I�B]M�G XYDU>@BE9'M�BE9�;=<=>H?�A�<CB]D�9�;Q`&�NI�9'IQxUIQ>qTYIQ>ClmDU>@O <CG�BE;ulm?�KLK�DUTYIQ>@[<CBED�9NXYI�AQ[U?�;=I
BE<�BE;�I�vVTYI�9�;CBExUIU`�8:9�;=<=I�[UJjd���I�D�9�KE\�J�DS<CG�BE;�[UK]D�9'MW<CG�I�;=T�[UA�IpJ�BEO0I�9�;CB]D�9.d'DU>bD�9�K]\���B]<CG�BE9"[
;@OS[UKEKY>@[U9'MUI�[UK]D�9'M0<CG'Iu<CBLO0IuJ�BEO0I�9�;CB]D�9.`

()Rn%F' 4 >poq1 �7�C� 2 �p���<r�� ��� �"s 1 �"t�u 2 ���)r=� �a� �wvxuG���3y+� ��� �
� � G'Ib;C\V;=<=I�O BL9�A�>CI�O0I�9 <C[UKEK]\ %UIQIQT�;�<=>@[UAN% DUl�<CG'I�;C?�OS;�DUl|<CG'I���I�B]M�G <C;�D xUIQ>�XYDU<CG�;=T�[UA�Io[U9�J

<CBLO0IUdj;=D�<CG�[<�<CG'IQ\kAQ[U9wXYI0J'IQ<=IQ>@OWBE9'I�J+BE9kzWy:��}�<CBEO0IU`u8�<o[UKE;=D�O0I�O0DU>HB*�QI�;b<CG'I&T�>CIQlmIQ>C>CI�J
<CBLO0Iu[U9�J�T�>@IQl�IQ>C>@I�J�AQKE?�;=<=IQ>�DUlcI�[UA@G+BE9�;C<=>@?�A�<CB]D�9.`

� � G'I T�>@IQl�IQ>CI�9�A�I�;�AQ[U9RXYIk9'DU>HOS[UKEB*�QI�JF<=D�M�?�[>@[U9r<=IQIwD�?'>�BE9 x$[>HBE[U9r<C; ��<CG'I+9'DU>@OS[UKLB*��[<CB]D�9
;@BEO0T�K]\WT IQ>@l�DU>@OW;4�

()Rn%F' 4 >poq1 �	�	�7�C� 2 �p� � � ��� � s ��� � ��� �L �a� � � ��� ��� �
�S{9| -/}'=I 4 I~' 6 $;%�'=A	A	-/RSI�,�R��U'K. 476 -/.0-���'+*���-Z,�oB-/I 4 % 4 I&5S'S���O�+��%�'�,�@;%�IBAF,�o&'K. 4E6 -�.K@B.�} 4 ?/@B'�%�' 4 >poB'=*��H��,�o&'' 6 $&%�'�A	A	-�RnI��n��oB-/?/'K�7� �n�0�=��-/Aw,�oB'"} 4 ?/@B'"R7(U,�oB'"} 4 %�- 4 �&?�'",�o 4 ,�. 476 -/.0-/�='=A�-Z, {�� R7%g-/I&AC, 4 IB>�'�. 4E6B�E�����#
��tO���=�-/A �E�E� �;��oB-/?/' 4 %�5g. 476B�+�����#
S�Kt��U�+� -/A �+�S� �&�U'=> 4 @BA	'�()Rn%",�o&'�} 4 ?/@B' ��!#�E�S� �&�9'�%�' 4 >Do�,�oB'F. 476 -/.�@B. �+�7�;{

�



� uvs�s k�w�����}�m s�µvm�wl´�ocw����rm�m��	��
H{Jy��yp´,k�wlncµvm

�h-�� 2�� � � Ö�ÓU6i2 1 2 ��� � 5JÔr6ÄÒ¤Ó�6ÄÖÁÒ
� G�BL;h;=I�A�<CB]D�9WT�>CI�;=I�9 <C;�[�A�D�KEK]I�A�<CB]D�9WDUlYG�I�?'>@BE;=<CBLAQ;4��IbG�[�xUIbBEO0T�KEI�O0I�9r<=I�JSl�DU>�A�D�9rxUIQ>CMUI�9 <	;CA@G�I�J�?�K�g
BE9'M'`�"�[UA@G^G'I�?�>@BE;=<CBEAW[<=<=I�O0T�<C;p<=DN[UJ�J'>CI�;C;�[k;@BE9'M�K]IWA�D�9�;=<=>@[UBE9 <p[U9�J D�9�KE\wA�D�OWO�?�9�BEAQ[<=I�;p��B]<CG
DU<CG'IQ>�G'I�?'>@BE;C<CBEAQ;cxVBE[�<CG�I���I�BEM�Gr<�OW[<=>@B�vY` � G'IQ>CI�[>CI�9�Do>CI�;=<=>@BEA�<CBED�9�;4D�90<CG'I�DU>@J'IQ>hDU>h<CG�I�9 ?�OqXYIQ>
DUl4<CBEO0I�;�I�[UA@GwG'I�?'>HBE;=<CBEAoBE;�[T�T�KEB]I�Jj`�8:9"D�?'> 0�>@;=<�I�vVTYIQ>@BEOSI�9r<C;Qd�G'I�?'>@BE;C<CBEAQ;�[U9�J <CG'I�B]>�DU>@J�IQ>���IQ>CI
OS[U9V?�[UKEK]\k<C?�9'I�J.d���B]<CG ["<=I�J�B]D�?�;o<=>HBE[UK�gi[U9�JPg7IQ>@>CDU>uT�>CDPA�I�;C;Q` 8�9 2VI�A�<CB]D�9 � dc��IWJ'I�;CA�>@BEX I0[kO0DU>CI
;=\P;=<=I�OS[<CBEAq[T�T�>CD�[UAHG"<=DSDU>@J�IQ>@BE9'M&T�[U;C;CI�;Qd'X�[U;=I�J�D�9w�bI�9'IQ<CBEAqfh>CDUMU>@[UOWOSBE9'M'`

��G'I�9'IQxUIQ>~9'I�A�I�;C;C[>@\UdV��I�>H?�9S9'DU>@OW[UKEB*��[<CB]D�9 [<�<CG'I�I�9�JSDUl.IQxUIQ>C\WT�[U;C;h<=D�I�9�;C?'>@I�<CG'I�BL9rx[>@B�g
[U9 <C;�J'I�;CA�>HB]XYI�J�BL9.2VI�A�<CB]D�9 �V` � G�BE;~;=<=IQT+BE;	BEO0T�KLBEAQB]<�BL9�<CG'IqJ'I�;CA�>HB]T�<CB]D�9�XYI�K]D��q`
��i&]5±�]�«c¸��ò]!»¼_�½�³�³�]�`pir»e_�ip±����
	��������ª������ 8�9�;C<=>@?�A�<CB]D�9�;4BL9&<CG'I�OSBEJ�J�K]I�DUl�<CG'I�J'IQTYI�9�J'I�9�A�I
MU>@[T�G�AQ[U9�9�DU<�XYIo;CAHG'I�J�?�K]I�J XYIQl�DU>@I�<CG'I�BE>�T�>CI�J'I�A�I�;C;=DU>H;Qd'9'DU>	[l�<=IQ>�<CG�I�B]>�;@?�AQA�I�;C;=DU>@;�` 2VD'd'B]l������
BE;4<CG�I�K]I�9'MU<CGSDUl.<CG'I�A�>@B]<CBLAQ[UK'T�[<CGW[U9�J.drlmDU>�[U9 \0BE9�;=<=>@?�A�<CB]D�9.d����uBE;4<CG'I�K]I�9'MU<CGSDUlY<CG'IbK]D�9'MUI�;=<�T�[<CG
lm>CD�O <CG'IW<=DUTZDUl~<CG'I MU>@[T�GN<=D+B]< ynKE[<=I�9�A�\NDUl~T�>@I�J'I�A�I�;C;=DU>pA@G�[UBE9 }Hdc[U9�J�����BE;o<CG'I�K]D�9'MUI�;=<qT�[<CG
lm>CD�O BE<u<=D+[U9 \ K]I�[lqynKE[<=I�9�A�\ DUl�;C?�AQA�I�;C;CDU>pAHG�[UBE9�}Hd�<CG'I�BE9�;=<=>H?�A�<CB]D�9 AQ[U9ZXYIW;CA@G�I�J�?�K]I�J D�9�K]\NBE9
<CG'I�<CBEO0Iq;CKEDU<C;�XYIQ<i��IQI�9 ���W[U9�J!�"���$#%� � `~8 l4[U9+BE9�;=<=>@?�A�<CB]D�9�BE;�T�[>C<�DUl4<CG'IpA�>@B]<CBEAQ[UK.T�[<CG.d�D�9�KE\
D�9'I�<CBEO0I�gi;@K]DU<~��BEKEK�XYI�lmI�[U;CB]X�KEIU` � G�BE;�T�[U;C;	;CtV?�[U;CG'I�;�<=D �QIQ>CDS[UKLK�<CG�Ib��I�B]M�G <C;~D�?'<C;CBEJ�I�<CG�BL;�>H[U9'MUIU`
� T�[U;C;�;CBLOSBEKE[>~<=DS<CG�BL;~D�9'IqAQ[U9"[UJ�J�>CI�;C;~<CG'Iuln[UA�<�<CG�[<�;=D�O0IqBE9�;=<=>@?�A�<CB]D�9�;�AQ[U9�9'DU<�XYIo;CA@G'I�J�?�K]I�J
BE9 [UKEK�AQKE?�;=<=IQ>@;WBE9 ;=D�O0I+[>@A@G�BE<=I�A�<C?'>CI�;Qd	;CBEOST�K]\ XV\ ;Ct ?�[U;CG�BE9'Mw<CG'I ��I�B]M�G <C;SlmDU>S<CG'Ik?�9'lmI�[U;CB]X�K]I
AQKE?�;C<=IQ>@;Q` (<R7%�' 4 >poq1 �	�C�'&)(+*-,��'.0/2143�t�(65E�	� 2 �F� � � �a� � sl�
	übp]�³�_7��ip±¤�b98&f�:�±�]�bci;��	=<>��¯9��?� � G�BE;&T�[U;C; BE9r<=>@DVJ�?�A�I�;0[ ;COS[UKLK	[UO0D�?�9 <WDUlo9'D�BE;=I"BL9 <CG'I
��I�B]M�Gr<�J�BE;=<=>@BEX�?'<CB]D�9.` � G�IS9'D�BE;=IWG�I�K]T�;�X�>CI�[�%N;=\POSO0IQ<=>@\+[U9�JZ;=T�>CI�[UJ�;uBE9�;=<=>H?�A�<CB]D�9�;�[>CD�?�9�JN<=D
ln[UAQBEKEB]<C[<=Iu;CAHG'I�J�?�KLBE9'M&l�DU>�T�[>@[UKEK]I�KLBE;CO�`

(<R7%F' 4 >poq1 �	�C���	� 2 �F����� ��� � s ��� � �a� �wv % 4 IB*�1a2 �A@�B�C�D EFB-G
dû�_ah¦¸�«H:�_�»¼_�ip±%��dû¹?½0I������ � G�BL;�T�[U;@;bBL9�A�>CI�[U;=I�;b<CG'Ip��I�BEM�Gr<�lmDU>oT�>CIQT�KE[UA�I�J+BE9�;C<=>@?�A�<CB]D�9�;�<=D
XYI�T�KE[UA�I�J�BE9�<CG'I�BE>�G'D�O0IoAQKE?�;=<=IQ>�`#2PBE9�A�I�<CG�BE;	A�D�9�J�B]<CB]D�9�BE;~>CI�tV?�B]>@I�J lmDU>�A�DU>C>@I�A�<C9'I�;C;Qd'<CG'Io��I�B]M�G <
BE9�A�>@I�[U;=IuBE;�KE[>@MUIU`���B]xUI�9"T�>CIQT�KE[UA�I�J�BE9�;=<=>@?�A�<CB]D�9 �Cd�K]IQ<��KJcy���}�XYIuB]<C;~T�>CIQT�KE[UA�I�J"AQKL?�;=<=IQ>�` � G�I�9.d(<R7%F' 4 >poq1 �g�L1 �2MN143PO�/2MNQ���� 2 �� ��� ��� � * b/�3d s �+�S�S� ��� ��� � * bZ�)d
dRfr³¤²e±¤b!RL]��³<±>Iò¸!fT³<±�_aS��RT�
Uü¯9�>��� 8:9SD�?'>�AQKE?�;=<=IQ>CI�JW�b{|8 � BL9'l�>H[U;=<=>@?�A�<C?'>@IUdr[U9WBE9 x[>@BE[U9 <�BE;
<CG�[<�[UKEKY<CG�I�J�[<C[0[>CIu[�x[UBEKE[X�KEI�BL9 <CG�I60�>@;=<	AQKE?�;C<=IQ>�[<	<CG'IoXYIQM�BE9�9�BE9�MqDUl|IQxUIQ>@\�;@A@G'I�J�?�KEBE9'Mp?�9�B]<Q`
�'DU>�<CG�BE;c[>@AHG�B]<=I�A�<C?'>CIUdU��I���[U9 <�<=D�M�B]xUI~[UJ'x[U9r<C[MUI	<=D�[b;CA@G'I�J�?�K]I�?�<CBEKEB*��BE9�M	<CG'I#0�>@;=<�AQKL?�;=<=IQ>�O0DU>CIUd
��G'IQ>@ISJ�[<C[ [>CI [UK]>CI�[UJ'\N[�x[UBEKE[X�K]IUd|xUIQ>@;@?�;u<CG'IWDU<CG'IQ>�AQKE?�;=<=IQ>@;Qd���IQ>CI A�DUT�B]I�;qOWB]M�Gr<qX IS9�IQI�J'I�J.`
�NIqI�vPT�>CI�;@;~<CG�BE;	T�>@IQl�IQ>CI�9�A�Iu[U;�lmD�KEK]D���;4�

()Rn%F' 4 >po 1 �	�	� 2 �	����� ��� V9s �XW �S��� � �a� V
Ig�]�±�]Y:�«l¸-dH«Á±�² ¯§±¤�_�ir`v±�²T_�ir]!ir`%��d�½"��Z=�?� � G�BE;cT�[U;C;c<=>@BEI�;�<=D6%UIQIQTW[UKEKV<CG'I	BE9�;=<=>H?�A�<CB]D�9�;�D�9S[
A�>@B]<CBLAQ[UK'T�[<CGky W	f�}4BL90<CG'I�;C[UOSI�AQKE?�;C<=IQ>�`�8 lYBE9�;=<=>H?�A�<CB]D�9�;hBL90<CG'I�T�[<CG�;�G�[�xUI�X�BL[U;4l�DU>�[uT�[>@<CBEAQ?�KE[>
AQKE?�;C<=IQ>�dP<CG'IoT�[<CG"BE;	OSD�xUI�J�<=DS<CG�[<�AQKE?�;=<=IQ>�`#T�<CG'IQ>C��BE;CI�<CG'IuKEI�[U;=<�K]D�[UJ'I�J"AQKL?�;=<=IQ>�BE;~;=I�K]I�A�<=I�Jj`h8 l
J�B$!YIQ>CI�9 <�TYDU>C<CB]D�9�;�DUlh<CG�I�T�[<CG�;bG�[�xUI0;=<=>CD�9'M�X�BE[U;�<=D��~[>@JNJ�B*! IQ>CI�9 <�AQKE?�;=<=IQ>@;&yB9

�
	
���

��G'I�9k<CG'IQ>CI
[>CI&<i��D�DU>uO0DU>CI&T�>@IQT�KE[UA�I�JwBE9�;=<=>H?�A�<CB]D�9�;�D�9+<CG'I&T�[<CG�}Hd.<CG'I0A�>@B]<CBLAQ[UK�T�[<CGNBE;bX�>CDM%UI�9wBE9+<i��D�DU>






� ocw��cm ��ncm�wÁ}Q�ÁÀaµlm�jluvz�k�wln

O0DU>CIWT�B]I�A�I�;u[U9�J %UIQT�<qK]DPAQ[UKEK]\+AQK]D�;=IS<=Dk<CG'IS>CI�KEIQx$[U9 <qG'D�O0I AQKE?�;=<=IQ>@;�`W{jIQ< � �Uy���}oX I0<CG�IWA@G'D�;CI�9
AQKE?�;C<=IQ>�l�DU>�<CG'I W~fc`

(<R7%�' 4 >poq1 ����/21 �C���C� 2 �F� ��� ��� ���DbZ�)d s��� � � �a� ���pb/�)d
Igbp»e»úf&ir]Y:�«v±�]�bci ª ]!ir]!» ]�� «Á±�]�bci � I><�ª¬ª ��� � G�BE;�T�[U;C;�>CI�J�?�A�I�;	A�D�OSOp?�9�BLAQ[<CB]D�9�K]D�[UJ�X \
BE9�A�>@I�[U;CBE9'Mp<CG'I���I�BEM�Gr<	lmDU>�[U9�BE9�;=<=>H?�A�<CB]D�9 <=D0X I�BE9�<CG'Io;C[UO0IuAQKL?�;=<=IQ>@;���G'IQ>@I�OSD�;=<~DUl�9'I�B]M�G XYDU>@;
yn;C?�AQA�I�;@;=DU>@;u[U9�J+T�>@I�J'I�A�I�;C;=DU>@;oBL9k<CG�I&J�IQT I�9�J'I�9�A�IpMU>@[T�G�}�[>CIU` � G�BE;�BE;�J'D�9'I&XV\k;C?�OSOSBE9'M <CG'I
��I�B]M�Gr<C;WDUlo[UKEK~<CG'I 9'I�BEM�GrXYDU>@;0BE9F[ ;=TYI�AQB*0�A�AQKE?�;C<=IQ>�d�[U9�J ?�;CBE9�M+<CG�[<S<=D ;:%UIQ� ��I�B]M�G <C;WBL9 <CG'I
A�DU>C>CI�A�<bJ�B]>CI�A�<CBED�9.`��NIpG�[�xUIp[UKE;=DWBEOST�K]I�O0I�9 <=I�J"[0x[>@BE[U9 <�DUl�<CG�BE;	<CG�[<�A�D�9�;CBLJ'IQ>@; 	 7 =�D8A��+5�=�7:94DG F
[U9�J 	 7 =MD�A��:> S C <$AM7:94D�d [U9�J���Iu?�;C?�[UKEK]\ >@?�9�B]<~<=DUMUIQ<CG'IQ>b��B]<CG.W-T6��� `

(<Rn%F' 4 >Doq1 �	�C�D�	� 2 ��� ��� ��� � s � ��� ��� � �
��� IB'=-/5no;�UR7%�A�Rn( � � � � �a� �

½�³�³¤]�`ci&»e_�ip±ú¯§±¤�_�ir`v±�²T_�ir]!ir`��
	��g¯ � �?� � G�BE;bT�[U;C;u;@BEO0T�K]\ X DVD�;=<C;�<CG'IWT�>CIQlmIQ>CI�9�A�I0lmDU>u<CG'I
T�>CIQlmIQ>C>CI�J�;@K]DU<	l�DU>�IQxUIQ>C\�BE9�;=<=>@?�A�<CB]D�9.` � G�BE;	BE;	?�;=IQlm?�K [U;�[SKE[U;=<	T�[U;@;Qd'X�?'<	[UKE;=DS[U;�[0OSBEJ�J�K]I�T�[U;C;Qd
XYI�AQ[U?�;=IWBE<u;=D�KEBEJ�B+0�I�;b<CG'IWAQ?'>C>@I�9r<oT�>@IQl�IQ>CI�9�A�IWOS[T�T�BL9'M�;Q`S{jIQ< � 		[U9�J � 	~XYI0<CG'IST�>@IQl�IQ>C>@I�Jw<CBEO0I
[U9�J"AQKL?�;=<=IQ>	lmDU>�BE9�;C<=>@?�A�<CB]D�9 �B�

(<R7%�' 4 >poq1 � 2 �p� ��� ���C� �� s �S� � � ���	� ���
dû�_ah¦¸�«H:�_�»¼_�ip±�dû�blh&«v`l«Á±�]�bpi ��dR¹8½0I��HdU0<Zd ��� � G�BE;cT�[U;C;�T�>CDUT�[M�[<=I�;hT�>CIQT�KE[UA�I�O0I�9 <4BE9Pg
lmDU>@OS[<CB]D�9�<=DS[UKEKYBE9�;=<=>@?�A�<CB]D�9�;Q` ��DU>�I�[UA@G"9�D�9Pg7T�>CIQT�KL[UA�I�J�BL9�;=<=>@?�A�<CBED�9��Cd'��IuJ�B]xPBEJ'IbB]<C;���I�BEM�Gr<	lmDU>
I�[UA@GkAQKE?�;=<=IQ> �bXV\ B]<C;	J�BE;=<C[U9�A�I�<=DS<CG'IoAQK]D�;CI�;=<	T�>CIQT�KL[UA�I�J�BE9�;=<=>@?�A�<CB]D�9�BE9�� `�{jIQ<������ �Qy��
� ��}�XYI�<CG�BE;
J�BE;C<C[U9�A�IU` � G'I�9.d

(<Rn%F' 4 >Do�1 �FN�L1 �2MN143PO�/2M Q������	� 2 �D� ��� ��� � s � � � ��� � ���H����� 1 �	�	� 2
¹8bl«H8�	U«l¸�«li�:�_���¹T<ò½�\!��� � G�BE;cT�[U;C;cTYIQ>Cl�DU>HOS;�K]D�[UJ&X�[UKE[U9�AQBL9'Mb[UA�>@D�;C;hAQKE?�;C<=IQ>@;Q`P"�[UA@G&��I�B]M�G <
D�9 [ AQKE?�;C<=IQ>"BE;�J�B]xPBEJ'I�JFX \a<CG'Iw<=DU<C[UKqK]D�[UJ�D�9�<CG�[<"AQKE?�;=<=IQ>�d�A�D�O0T�?�<=I�J [U;�<CG'I ;C?�O DUlp<CG'I
T�>CIQlmIQ>CI�9�A�I�;�DUl�[UKLK.BE9�;=<=>@?�A�<CB]D�9�;4�

(<R7%F' 4 >poq1 �	�C���	� 2 �p����� ��� �"s ��� � ��� �D� (������ 1 � 2
¹8_��p_�¸�\^]�³<±¤�]��¦fT±¤_ ��¹ � �S�F¹ ��� � G�BE;�T�[U;C;�J�BE;=<=>@BEX�?'<=I�;�BL9�;=<=>@?�A�<CBED�9�;~[<	<CG'Io;C[UO0I <+9 ��94< [UA�>CD�;@;
AQKE?�;C<=IQ>@;Q`���BExUI�9 BE9�;C<=>@?�A�<CB]D�9
�Cdc��I J'I40�9'I>�"!$#%!��=y���}u<=D"XYISB]<C;qJ�BE;=<C[U9�A�I0lm>CD�O�<CG'IWlm?'>@<CG'I�;=<o>CDVDU<Q`
{jIQxUI�KcJ�BE;C<=>@B]X�?'<CBED�9 G�[U;�<i��D MUD�[UKL;Q` � G'IuT�>HBEOS[>C\ MUD�[UK�BE;�<=D J�BL;=<=>@B]X�?�<=I�T�[>H[UKEK]I�KEBE;@O [UA�>CD�;C;bAQKE?�;:g
<=IQ>@;Q` � G'Iq;CI�A�D�9�J+MUD�[UKcBL;�<=D�OSBE9�BEOWB*�QIoTYDU<=I�9r<CBE[UKcA�D�OSOp?�9�BEAQ[<CBED�9.` � D <CG�BL;�I�9�J.d�<CG'IpT�[U;C;�<=>@B]I�;
<=DwJ�BE;=<=>@BEX�?'<=ISBE9�;C<=>@?�A�<CB]D�9�;u<CG�[<�[>CI�ln[>p[T�[>@<Qdc��G�BEK]I %UIQIQT�BL9'M <=DUMUIQ<CG'IQ>SBL9�;=<=>@?�A�<CBED�9�;o<CG�[<&[>CI
9'I�[>�I�[UAHG DU<CG�IQ>�`

� D0TYIQ>Cl�DU>HO <CG'IoJ�?�[UK�MUD�[UKL;~DUl�BE9�;C<=>@?�A�<CB]D�9�J�BE;=<=>HB]X�?'<CB]D�9S��B]<CG'D�?'<�I�v'A�I�;C;CB]xUIuA�D�OSOp?�9�BLAQ[<CB]D�9.d
BE9�;C<=>@?�A�<CB]D�9�;pD�9R[ K]IQxUI�K�[>CI T�[>C<CB]<CB]D�9�I�J BE9r<=D X�BE9�;Q`^8:9�B]<CBE[UKLK]\Udh<CG'I"X�BE9'& &l�DU>SI�[UAHGRAQKL?�;=<=IQ>��
A�D�9 <C[UBE9�;qBL9�;=<=>@?�A�<CBED�9�;b��G'D�;=IST�>CIQl�IQ>@>CI�JNAQKE?�;=<=IQ>�BE; �$d�[U9�J ��G'D�;=IWA�D�9�0�J'I�9�A�IWBL;�MU>CI�[<=IQ>�<CG�[U9 [
<CG'>CI�;@G'D�KEJ y �V` �r}H` � G'I�9.d'��IuTYIQ>Cl�DU>HO <CG'Iol�D�KLK]D���BL9'M��

!



� uvs�s k�w�����}�m s�µvm�wl´�ocw����rm�m��	��
H{Jy��yp´,k�wlncµvm

���������	��
 �����
	������ ( 
	�� ä�÷ 
	�� Ý
����� �.Ùaß�Þ�ÜÄã à�ÞÄåæØ¤Ù�����äæÛ,Ú�Û,ä �!��" �$#
%'&)(�*,+.-0/ ×räæã ßèÞÄÛ,ÜJà

�1�2�3���547698
��:;�=< ���0��> � ��? â�åæßèÞ�ç¤Ù à�Û@�!�BA�îaÙ â à�äæØ�ßÄÛ2ßèÞ ð�åæÙ����C"D"�EGFIH
J /LKNM�* � ��O�QP

6R� Ü�Ø¤ã�Ù â Ü�Ø¤ð å|Ù Ù�Û,ô�Þ ð�åæÙ��N"
� 8 �TSVU�W�UCX � ç�Ü�Ý�ê�ç<ô < �Y> ��: (¤â�å(ß�Þ
ç�Ù à,Û��!�BA 6 "BH
6R�36$Z � 8 �TSDU[W�U'X
� � �3� � 4 � 8 �\SDU�W[U'X
�Mí�â ç<ÞÄÛ �1:

� G�IkT�[>H[UO0IQ<=IQ>7]FA�D�9r<=>@D�KE;�<CG'IwOSBE9�BEOp?�O J�BE;=<C[U9�A�I+MU>@[U9V?�KE[>@BE<i\F[<���G�BLA@GR��INJ�BE;C<=>@B]X�?'<=I
BE9�;C<=>@?�A�<CB]D�9�;�[UA�>CD�;@;hX�BE9�;Q` � G�I�J�BE;=<C[U9�A�I�X IQ< ��IQI�9 [U9SBE9�;C<=>@?�A�<CB]D�9 �|[U9�JS[oX�BE9 & BE;�<CG�I�OSBE9�BLO�?�O
J�BE;C<C[U9�A�IoXYIQ<i��IQI�9 ��[U9�J�[U9r\�BE9�;C<=>@?�A�<CB]D�9�BE9 &�`

{ "h� "�{FAQ[U9 X I0[T�T�KEB]I�JwO�?�K]<CB]T�K]I�<CBEO0I�;o<=D"J�B$! IQ>@I�9r<uK]IQxUI�KL;Q` W~?'>C>CI�9 <CK]\"��IS[T�T�KE\kB]<�IQxUIQ>C\
lmD�?'>�K]IQxUI�KE;�D�9"��[��u` � G'IolmD�?'>�K]IQxUI�KL;�A�DU>C>CI�;=TYD�9�J [T�T�>CD�vPBEOW[<=I�K]\ <=DW<CG'I�OSBL9�BEOp?�O MU>@[U9 ?�KE[>@B]< \
DUl�T�[>@[UKEKEI�KEBE;CO <CG�[<���[�� AQ[U9"T�>CDM0�<C[X�KE\WI�vPT�K]D�B]<	M�B]xUI�9 B]<C;�A�D�OSOp?�9�BEAQ[<CBED�9"A�D�;=<Q`
dH«Á±�² dR�bchr«v`c«Á±�]�bci���d8½"�ZÎd�U0<Xd ��� � G�BE;�T�[U;C;	;=I�K]I�A�<C;�G�B]M�G�A�D�9�0�J'I�9�A�IuBE9�;=<=>@?�A�<CB]D�9�;~[U9�J
T�>CDUT�[M�[<=I�;�<CG�I�B]>�A�D�9 xUIQ>CMUI�9r<oOS[<=>HBEA�I�;�[UKED�9'M [WT�[<CG.` � G'IqA�D�9�0�J'I�9�A�Iu<CG�>CI�;CG'D�KEJ ��BE;�[U9+BE9'T�?'<
T�[>@[UOSIQ<=IQ>�`b{|IQ< �D^WXYIq<CG�Ip;=I�KEI�A�<=I�J+A�D�9�0�J'I�9 <bBE9�;=<=>@?�A�<CB]D�9j` � G'I�l�D�KEKED���BE9�MWA�DVJ�I�T�>@DUT�[M�[<=I�; �[^
[UK]D�9'M [SJ'D���9r�~[>@J"T�[<CG.` � ;CBEOSBLKE[>	lm?�9�A�<CB]D�9.dP��G�BLA@G�xPBE;CB]<C;~T�>CI�J'I�A�I�;C;=DU>H;Qd�T�>CDUT�[M�[<=I�;��[^W[UK]D�9'M
[U9"?'TV�~[>@J�T�[<CG.`

î Ù â��_�0�Y>Zßèãaà,à�Û�ßÄßÄØ¤Ü��!��`�" ? à,Ø¤Ù�îaâ�Û,Ù à,Û��!��"�aÑà�Ø�Ù�îaâ�Û2Ù à�Û�����`�"
J /LKNM�* ��� O�$b � # "
é/Ø�Ü4Û2ç�à
ác�Nd�A[e["1AVfhg!i X i 8_jlk.m #�fhg�i X i 8LnGk.m #�fhg\opi X i 8
îaÙ â��'qr�0�Cqs>UßÄã à2à�Û2ß�ßÄØ¤Ü����C" ? à,Ø¤Ù�îaâ�Û,Ù à,Û��!�Cq."_a à�Ø¤Ù�îaâ�Û,Ùaà�Û�����`�"
� j �Cq

��»¼h¦²r«v³¤]��_ Iò�]�±�]Y:�«l¸�dH«Á±�² \^]�³�±¤«li�:�_ � �Fª¬d�Z%Igd ��� � G�BE;ST�[U;C;�[<=<=I�O0T�<C;�<=D G'I�K]Ta<CG'I
A�D�9 xUIQ>CMUI�9�A�IoDUlj<CG'I�<CBEO0IbBE9'lmDU>@OS[<CB]D�9WX \SI�OST�G�[U;CB*��BL9'Mo<CG'I�K]IQxUI�K�DUl|I�[UA@G�BE9�;C<=>@?�A�<CB]D�9.` � G'IbK]IQxUI�K
DUl~[U9 BE9�;C<=>@?�A�<CB]D�9wBE;o[�MUDVDPJN<CBEO0IS[T�T�>CD�v'BEOS[<CB]D�9wXYI�AQ[U?�;CIWB]<uBE;���G�I�9w<CG'IWBE9�;C<=>@?�A�<CB]D�9wAQ[U9 XYI
;CAHG'I�J�?�K]I�J�BEl�[SOS[UAHG�BE9'IuG�[U;�BE9�0�9�B]<=I�>@I�;=D�?'>@A�I�;Q`�8�9"J�IQ<C[UBEK �(<R7%F' 4 >poq1 �	��� 2 �p� � � tvu wVu't)b/�3da� � s �XW �n� ��� tvu'wVu t)b/�)d � �
x�-cy���1 � ÓU6ÄÖ{z�Ôr2��Ô�Õ}|~|�6 1 
�'>CD�O D�9�IkMUI�9'IQ>H[<CB]D�9�<=D^<CG'I+9�I�vV<Qdb[>@A@G�BE<=I�A�<C?'>CI�;�BE9R<CG'IN;C[UO0I+T�>CDPA�I�;C;=DU>�ln[UOSBEK]\ OS[�\RG�[�xUI
I�vP<=>CI�O0I�K]\^J�B$!YIQ>CI�9 <&BL9r<=IQ>@9�[UK~DU>CM�[U9�B*��[<CB]D�9�;Qd�[U9�J^<CG ?�;WG�[�xUI ?�9�BEtV?'I�A�D�OST�BEKE[<CB]D�9 9�IQI�J�;Q`^�NI
G�[�xUI	<CG'IQ>CIQlmDU>CI	J'IQxUI�K]DUTYI�J&[bOW[UA@G�BE9�I�giK]I�[>@9�BE9�M�<=D D�KP<=Do[U?'<=D�OW[<CBEAQ[UKEK]\pAQ?�;=<=D�OSB*�QI�D�?'>hA�D�9 xUIQ>CMUI�9 <
;CAHG'I�J�?�K]IQ>p<=DN[U9r\ZM�B]xUI�9 [>@AHG�B]<=I�A�<C?'>CIU` � G'I <=DVD�K�MUI�9'IQ>@[<=I�;S[w;=I�tV?'I�9�A�I�DUl�T�[U;C;=I�;pl�>@D�O <CG�D�;=I
J'I�;CA�>HB]XYI�J�[XYD xUIU`

Tbl~<CG'I�OS[U9 \ [�x[UBEKE[X�K]I OS[UA@G�BL9'I�giK]I�[>@9�BL9'M�<=I�A@G�9�BEt ?�I�;Qd���I�A@G'D�;=I <=DkI�OST�K]D�\ �bI�9�IQ<CBEA f�>CDg
MU>@[UOSOWBE9'M�y7�of�}uX I�AQ[U?�;=I�BE<C;�[<=<=>@BEX�?'<=I�; 0�<�<CG�I 9'IQI�J�;pDUl	D�?'>0[T�T�KEBEAQ[<CB]D�9.`"{�B*%UI�OS[U9r\ DU<CG'IQ>
IQxUD�KE?'<CBED�9�[>C\w[UK]MUDU>@B]<CG�OW;Qd|B]<oBE;oX�[U;=I�JND�9N<CG'I0<CG�I�;CBE;o<CG�[<u[ A�D�O0T�?'<C[<CB]D�9�[UK4xUIQ>@;CB]D�9 DUl#0�<C9�I�;C;:g
X�[U;=I�J�;CI�K]I�A�<CB]D�9.dP>CIQT�>@DVJ�?�A�<CB]xUIbBL9�G'IQ>@B]<C[U9�A�Ib[U9�J�X�KEBE9�JWx$[>@BL[<CB]D�9�[UA�<CBE9'MS?'TYD�9�[&T DUT�?�KE[<CB]D�9 ��BEKEK

� k



� ocw��cm ��ncm�wÁ}Q�ÁÀaµlm�jluvz�k�wln

� F49��H5�7�� �*��� y����
	����	�����	�� � F)9 �/5�7�� � F49 �/5�7���}
� y����
��� � � =�7HC =� /<+9
� � F49��H5�7�� � F)9 �/5�7���}
� y � 5 = FNF��b}

� � =M7@C =� /<+9
� �*��������gh8�;�BEOqX�[UKE[U9�A�I�J
� �S�pg�8:;	lm[<
� �S�pg�8:;	��B]<CG�BL9 W~f�{
� � �0g�8:;	T�KE[UA�I�O0I�9 <	X�[UJ

� 5 = F@F�� �*����� �"!�#%$&� � ��'"(
)*)�� � � +�(�,�-�.�� � ��,/+�,�#*#�,�)".��
� � 0�(%!�1&� � � 0*.�2*.�0�� � � �"!%#�$*��3�(���� � � .%)"�%$�'%���
� � 4*.�-�#�� � � �*0*!"'�.�� � � �*0*!"'�.*��3�(���� � � 5�,63�-�#��

� [X�K]IS������>@[UOSOS[>�lmDU>�MUI�9'D�OSIq;:g7I�vPT�>CI�;C;CBED�9�;Q`

�h[>HBE[X�K]I � >@?�IuB]l
8:;�BEO�X�[UKE[U9�A�I�J <CG'IqJ�B$!YIQ>CI�9�A�IuBL9�K]D�[UJ�XYIQ<i��IQI�9"<CG'IuOSD�;=<�[U9�J�<CG�IuK]I�[U;=<�K]D�[UJ�I�J

AQKE?�;=<=IQ>�BL;�KE[>CMUIQ>�<CG�[U9 �67�8:9�; � �<9 � � !>=
8:;	ln[< <CG'I 9V?�O�X IQ>qDUl�BE9�J'IQTYI�9�J'I�9 <oA�>@B]<CBEAQ[UKhT�[<CG�;qBL;qKE[>CMUIQ>�<CG�[U9 <CG�I

9 ?�O�XYIQ>�DUlc<CBEK]I�;
8:;	��BE<CG�BE9,W~f�{ <CG'I�9V?�O�XYIQ>uDUl�BE9�;C<=>@?�A�<CB]D�9�;oBL9 <CG'I X�K]DPAB% BE;�;COS[UKEK]IQ>q<CG�[U9 <CG�I

9 ?�O�XYIQ>�DUlc<CBEK]I�;~<CBEO0I�;�<CG'IqA�>@B]<CBLAQ[UKYT�[<CG"K]I�9'MU<CG
8:;	T�KL[UA�I�O0I�9r<	X�[UJ <CG'I+9V?�O�XYIQ>WDUlOJ D�5�<*= >H9BAwBE9�;C<=>@?�A�<CB]D�9�;WBE; OSDU>CIk<CG�[U9RG�[UKElb<CG�I

9 ?�O�XYIQ>�DUl�BE9�;=<=>@?�A�<CB]D�9�;~BE9�<CG'IuX�K]DVAN%

� [X�K]Iq�����h[>@BE[X�K]I�;�?�;=I�J�XV\ D�?'>�;=\V;C<=I�O�` � G'I�BE>	x$[UKE?�I�;�AQ[U9"A@G�[U9'MUI�[lm<=IQ>�I�[UAHG"T�[U;C;�`

K]I�[UJ�<CG'IoBE9�J�B]xVBLJ�?�[UKE;4BE9�;C?�X�;=I�tV?'I�9r<�MUI�9'IQ>@[<CBED�9�;~<=D0[UJ�[T�<~<=D��~[>@J�XYIQ<=<=IQ>~TYIQ>Cl�DU>HOS[U9�A�I�BE9�<CG'I�B]>
I�9 xVB]>@D�9�O0I�9 <Q`

��f?� ;�[<=<=>@[UA�<CB]xUI&l�I�[<C?�>CI�;�BE9�AQKE?�J�IuB]<C;�[X�BEKEB]< \�<=D�I�vPT�K]DU>CIpG�B]M�GPgiJ�BLO0I�9�;CB]D�9�[UK.;=T�[UA�I�;QdYB]<C;bG�B]M�G
;CAQ[UKE[X�BEKEB]< \�ynB]<�AQ[U9W>H?�90I/!YI�A�<CB]xUI�K]\SD�9 [�J�BL;=<=>@B]X�?�<=I�JpAQKL?�;=<=IQ>�DUl.��DU>B%P;=<C[<CB]D�9�;�}HdP[U9�JS<CG'I�lm[UA�<�<CG�[<
B]<C;u;CD�KE?'<CB]D�9�;o[>@IWG ?�OS[U9Pg7>CI�[UJ�[X�K]IUd�A�D�O0T�[>CI�JN��B]<CG DU<CG'IQ>�[UK]MUDU>HB]<CG�OS;SymIU`sM'`�9'I�?'>H[UK49'IQ<i��DU>B%P;H}
��G'IQ>@Io<CG'Iu;=D�KE?'<CBED�9�BE;	I�O�X I�J�J'I�J�BE9�[0xUIQ>C\�A�D�O0T�K]I�v�;C<C[<=Iq;=T�[UA�IU`

8:9&<CG'I	MUI�9'IQ>@[UK ��f lm>@[UO0IQ��DU>B% drBE9�J�BExVBEJ�?�[UKE;j[>CI�>CIQT�>CI�;=I�9 <=I�J0[U;4T�[>H;=I	<=>CIQI�;�ymDU>�I�t ?�BEx$[UK]I�9 <CK]\Ud
[U;q{|8:2'f F �B9 �/5�7:9/FNFHCIL�D�F=}H`W8:9ND�?'>�AQ[U;=IUd�<CG�I0T�[>@;=I0<=>CIQI�;q>CIQT�>CI�;CI�9r<u[";CI�t ?'I�9�A�ISDUl�A�D�9�J�B]<CB]D�9�[UKLK]\
I�vPI�AQ?'<=I�JqT�[U;C;=I�;Q` � [X�K]I��h;CG�D���;|<CG'I�MU>@[UOWOS[>|��I�?�;CIh<=D�J'I�;CA�>HB]XYI4T�[U;C;jDU>HJ'IQ>@;Q` � G'I?@ ��=�7HCI=� 4<*9>A
I�vPT�>CI�;C;CBED�9pBL;4?�;=I�Jp<=DuI�vP<=>@[UA�<hTYIQ>C<CBE9'I�9 <�BE9'lmDU>@OS[<CB]D�9&[XYD�?'<�<CG'I�;=<C[<C?�;�DUl <CG'I�;CAHG'I�J�?�KEIUd�[U9�J&<CG'I
;CG�[TYIuDUl4<CG�I�X�KEDVAN%�?�9�J'IQ>�[U9�[UK]\V;@BE;Q` � G�BE;�BE9r<=>@D�;=TYI�A�<CB]D�9 [UKEKED���;�<CG'I�;CAHG'I�J�?�KEIQ>�<=D�>@?�9"J�B*! IQ>CI�9 <
T�[U;C;CI�;�X�[U;=I�J D�9�<CG'I�;=<C[<=I�DUl�<CG'I�;CAHG'I�J�?�K]IU` � [X�K]I��k;CG'D ��;p<CG'I�l�D�?'>px[>@BE[X�K]I�;p?�;=I�JZXV\ND�?'>
;=\P;=<=I�O�`

� G�I�[UKEMUDU>@B]<CG�Oz;=<C[>C<C;0XV\ZA�>@I�[<CBE9'MN[U9 BE9�B]<CBL[UKP5 L@58J�<*=MGIC L�D�DUlb��� �w>@[U9�J�D�O I�vPT�>CI�;@;CB]D�9�;Q`N8�<
<CG'I�9�A�D�O0T�BLK]I�; [U9�JR>H?�9�; I�[UA@G DUlu<CG�I+XYI�9�AHG�OS[>B%P;�BE9FD�?�>�<=>H[UBE9�BE9'M�;=IQ<�l�DU>�I�[UAHG BE9�J�BExVBEJ�?�[UK
BE9�<CG'I�TYDUT�?�KL[<CB]D�9.` "�[UA@G BL9�J�B]xPBEJ�?�[UK�BE;&<CG'I�9 [U;C;CBEM�9'I�J [CB GID89/FNF�X�[U;=I�J D�9 G'D � lm[U;C<0I�[UA@G DUl
<CG'I+[U;C;=DPAQBE[<=I�JaT�>CDUMU>@[UOS; BE9 <CG�I GI7:=�CEDCED�	 F49)G�I�vPI�AQ?'<=I�;Q` 8:9 D�?�> AQ[U;=IUd�<CG'I.0�<C9�I�;C;WBE; ;CBEO0T�K]\

���



� uvs�s k�w�����}�m s�µvm�wl´�ocw����rm�m��	��
H{Jy��yp´,k�wlncµvm

<CG'IS[�xUIQ>@[MUI ;=TYIQI�J�?�T+lmDU>o<CG'I0XYI�9�AHG�OS[>B%P;oBE9+<CG'I0<=>@[UBE9�BE9'M�;=IQ<Qd�A�D�O0T�[>CI�Jw<=D"<CG'I0G�[U9�J'g7<C?�9'I�J
;=I�tV?'I�9�A�IS?�;CI�JNBE9+<CG'I0T�>CIQxPB]D�?�;�;=I�A�<CB]D�9j`p�NI [UKE;=D�>CIQ�~[>@J�5 =�7@F@C��OL�D��SXV\+M�B]xVBL9'M�T�>CIQlmIQ>CI�9�A�I&<=D
<CG'Iq;@G'DU>C<=IQ>�DUlc<i��DWDU<CG'IQ>@��BE;=IoI�tV?�B]x[UK]I�9 <CK]\ 0�<�;CI�t ?'I�9�A�I�;Q`

� G�I	��I�[�%UI�;=<�BE9�J�BExVBEJ�?�[UKE;�y �����W}4[>CI�J�BL;CAQ[>@J'I�J.d�[U9�J0>CIQT�KE[UA�I�JS��B]<CG09'IQ�FBL9�J�B]xPBEJ�?�[UKL;4� G�[UK]l�DUl
<CG'I�O A�D�OST�K]IQ<=I�K]\�>@[U9�J'D�OSKE\Ud�<CG'I	DU<CG'IQ>�G�[UK]l�A�>CI�[<=I�JWxVBL[�<CG�I�A�>CD�;C;=D xUIQ>�DUTYIQ>@[<=DU>�lm>CD�O <CG'I10�<=<=I�;=<
BE9�J�B]xVBLJ�?�[UKE;Q` � D&M�?�[>@J�[M�[UBL9�;=<�;=<C[M�9�[U9 <�TYDUT�?�KL[<CB]D�9�;Qd'��f DUlm<=I�9"?�;=I�;	Op?'<C[<CB]D�9.`#To9'I�T D�;@;CB]X�K]I
Op?'<C[<CB]D�9N;CBEOST�K]\�>CIQT�KE[UA�I�;o[�>@[U9�J'D�OSK]\"AHG'D�;=I�9N;C?'X�<=>CIQI&��B]<CG+[�9�IQ� >@[U9�J'D�O I�vPT�>CI�;C;CBED�9.` � G'I
��f [UKEMUDU>@B]<CG�OzG�[UK]<C;p��G'I�9^[w?�;=IQ>CgiJ'I40�9'I�J�9 ?�OqXYIQ>pDUl�B]<=IQ>@[<CBED�9�;�y � �Pd�BE9ZD�?'>0AQ[U;=I }pG�[U;&XYIQI�9
>CI�[UAHG'I�J.`

��-�� � Ò5 ��Ó�Ò����¿Õ-Ò6èÖ��X�¼Õ 1 3
	2Ó�5 1 � 3�� � 2 1�	
� Ô� ��1 Ó��¦Ö � � 3�5 � 6 1 

�NI�G�[�xUI&BEO0T�K]I�OSI�9r<=I�J�A�D�9 xUIQ>CMUI�9 <�;@A@G'I�J�?�KEBE9'M0BE9�< ��D�;=\P;=<=I�OS;4��<CG'Iq��[�� [>@A@G�BE<=I�A�<C?'>CI ������[U9�J
<CG'I W	G'DU>@?�;~AQKE?�;C<=IQ>CI�J���{j8�� BL9'l�>H[U;=<=>@?�A�<C?'>@IbJ'IQxUI�KEDUT I�J [< �"8 � �����$�7`

���hJ_��]!»e_�ip±¤«c¸ ��i �T]��bci&»¼_�ip± � � G'I���[�� OS[UAHG�BE9'I�T�>CDU<=DU<i\VTYI�G�[U;p� � <CBEK]I�;�BL9"[ �v � OSI�;CG.`
"�[UAHGw<CBEK]IpG�[U;�B]<C;bD���9wBE9�;C<=>@?�A�<CB]D�9+O0I�O0DU>C\Ud.J�[<C[�O0I�OSDU>C\Ud.>CIQM�BE;=<=IQ>H;QdYT�>CDPA�I�;C;=DU>�T�B]TYI�KEBE9�IUd�[U9�J
�b{ �b;Q`	8 <C;bBE9�;C<=>@?�A�<CB]D�9�;=IQ<�BE;	X�[U;=I�J D�9k<CG'I �"8:f 2"� � � � �P` � G�Iq<CBEK]I�;�[>CIpA�D�9�9'I�A�<=I�J xPBE[WT D�BL9r<:g
<=Dg7TYD�BE9 <Qd O0I�;CG 9'IQ<i��DU>B%P;Q`48:9S[UJ�J�B]<CBED�90<=D�[o<=>H[UJ�B]<CB]D�9�[UK7d���DU>HOSG'D�K]I�J�\V9�[UOWBEA~9'IQ<i��DU>B% dP��[��aG�[U;
[pT�>CDUMU>@[UOWOS[X�K]IUdPA�D�O0T�BEKEIQ>=giA�D�9r<=>@D�KEK]I�J.FHG =MGIC > D894G�� L�7���<CG�[<	AQ[U9�XYI�?�;=I�J <=Dp>@D�?'<=Io;CAQ[UKE[>	x[UKE?'I�;
XYIQ<i��IQI�9W<CG�I�>CIQM�BE;C<=IQ>#0�KEI&f ��{ ��;�D�9 J�B*! IQ>CI�9 <h<CBEKEI�;�ymlmDU>�J'IQ<C[UBLKE;Qd�T�KEI�[U;=I�>CIQlmIQ>�<=D�� � �m}H`h{|[<=I�9�A�\SD�9
<CG'IS;=<C[<CBLA09'IQ<i��DU>B%wBE;�<CG'>CIQISA�\PAQK]I�;olmDU>o<i��D 9'I�B]M�G XYDU>@BE9'M <CBEK]I�; �|I�[UA@G [UJ�J�B]<CB]D�9�[UK�G'DUTN<C[�%UI�;qD�9'I
I�vP<=>@[SA�\PAQK]IuDUl�KE[<=I�9�A�\U`

��[�� W W�d�<CG'I���[�� A�D�O0T�BEKEIQ>�d�<C[�%UI�;W[k;=I�tV?'I�9 <CBE[UK W DU> �'DU>@<=>@[U9^T�>CDUMU>@[UO [U9�JZT�[>@[UKLK]I�KEB*�QI�;
B]<q[UA�>@D�;C;&��[�� <CBEK]I�;�`�8�<�BL;uX�?�BLK]<oD�9 <=DUT�DUl	<CG'I � [UAHG�2 ��8;� BE9r<=IQ>HO0I�J�BE[<=IS>@IQT�>CI�;=I�9 <C[<CB]D�9������$�7`
��[�� W W J�B]xPBEJ'I�;�I�[UA@GFBE9'T�?'<qT�>CDUMU>@[UO BE9 <=D+D�9'I�DU>SO0DU>CI�;CA@G�I�J�?�KEBE9�M <=>@[UA�I�;Q` �'DU>SI�[UA@G <=>@[UA�IUd
��[�� W W�A�D�9�;=<=>@?�A�<C;	<CG�IuJ�[<C[0T�>CI�A�I�J�I�9�A�IuMU>@[T�G�[U9�J�TYIQ>Cl�DU>HOS;~;=T�[UA�I�g7<CBEO0I�;CA@G'I�J�?�KEBE9'MpD�9�I�[UAHG
MU>@[T�Gj` � G'I�9.d�B]<�[T�T�KEB]I�;~[0<=>@[UJ�B]<CB]D�9�[UKY>CIQM�BL;=<=IQ>�[UKEK]DPAQ[<=DU>�<=DW<CG'IuA�DVJ�IuD�9�I�[UA@Gk<CBEK]IU`

� G�I W~G'DU>@?�;�AQKE?�;=<=IQ>CI�J0��{j8�� ;C\V;=<=I�O BE;4[6R�I�v'B]X�K]I~A�D�O0T�BLK]IQ>Sf$;CBEOp?�KE[<=DU>�I�9 xVBE>CD�9�O0I�9 <Qd���G�BLA@G
AQ[U9�;CBEOp?�KE[<=IbOS[U9r\ J�B$!YIQ>CI�9r<�A�D�9�0�M�?'>H[<CB]D�9�;�DUljAQKE?�;=<=IQ>CI�J ��{j8�� OS[UA@G�BE9'I�;Q` � G'I�A�D�9�0�M�?�>@[<CB]D�9
��I�?�;CI�JZO0D�;C<pBE;p[+OS[UA@G�BL9'IW��BE<CG lmD�?'>&BEJ'I�9 <CBEAQ[UK�AQKE?�;=<=IQ>@;Q`U"�[UA@G^AQKE?�;=<=IQ>pG�[U;�lmD�?'>plm?�9�A�<CB]D�9�[UK
?�9�BE<C;4�jD�9'I�BL9r<=IQMUIQ> �b{ ��dUD�9'I�BE9 <=IQMUIQ> �b{ �if��"I�OSDU>C\Ud D�9�I1R�D�[<CBE9'Mg7TYD�BE9 <4?�9�B]<Qd�[U9�J&D�9�I	<=>@[U9�;=lmIQ>
?�9�BE<Q`�8:9�;=<=>@?�A�<CB]D�9 KE[<=I�9�AQB]I�;o[>CIpX�[U;=I�J+D�9+<CG'I � 8:f 2k� � � � �P` � G'I�<=>H[U9�;=lmIQ>b?�9�B]<�O0D xUI�;ox[UKE?'I�;
XYIQ<i��IQI�9+>CIQM�BE;=<=IQ> 0�K]I�;�D�9+J�B$!YIQ>CI�9 <�AQKE?�;=<=IQ>@;Q`~8�<�<C[�%UI�;�D�9'IpA�\VAQK]I�<=D�A�DUTV\ [W>CIQM�BE;=<=IQ>bx$[UKL?'Iulm>CD�O
D�9'IwAQKE?�;=<=IQ> <=D [U9'DU<CG'IQ>�` �"I�O0DU>@\F[UJ�J'>CI�;@;=I�; [>@IkBE9 <=IQ>@K]I�[�xUI�Ja[UA�>@D�;C;�AQKE?�;=<=IQ>@; lmDU>�OS[$v'BEOp?�O
T�[>@[UKLK]I�KEBE;CO"`P� I�O0DU>C\�DUTYIQ>@[<CB]D�9�;	AQ[U9 >CI�tV?'I�;=<	>CI�O0DU<=IpJ�[<C[Pd���BE<CG�[0TYI�9�[UK]<i\ DUl�D�9'IqA�\PAQK]IU`

� G�I W~G'DU>H?�;�A�D�O0T�BLK]IQ>�;CG�[>CI�;���BE<CG ��[�� W W <CG'Ip;@[UO0I�G�BEM�G K]IQxUI�K�;=<=>@?�A�<C?'>@IU`�{|B*%UIp��[�� W Wbd
B]<&BE;&BEO0T�KEI�O0I�9r<=I�JZD�9�<=DUT DUl �k[UA@G�2���8 ��`48 < 0�>@;=<pTYIQ>ClmDU>@OS;p;=T�[UA�I�g7<CBEO0I�;CAHG'I�J�?�KLBE9'M'd�l�D�KLK]D���I�J
XV\S<=>@[UJ�B]<CBED�9�[UK�;@BE9'M�K]I�giAQKE?�;=<=IQ>�>@IQM�BE;=<=IQ>	[UKEK]DPAQ[<CB]D�9N���/�U�7`��DU<CG���[�� W WR[U9�J�<CG'IXW~G'DU>@?�;�A�D�O0T�BEK]IQ>
I�O0T�KED�\�A�D�9�MU>@?'I�9�A�I~<=>@[U9�;Cl�DU>@OW[<CB]D�90[U9�J&[U9�[UK]\P;CBE;c<=DoBE9�A�>CI�[U;CI~[U9�J0[U9�[UK]\��QI�<CG�I�T�>CI�J�BEA�<C[X�BLKEB]<i\oDUl
O0I�O0DU>@\�>@IQl�IQ>CI�9�A�I�;p� � �7` � G�BL;�[U9�[UK]\P;CBE;	A�>CI�[<=I�;bT�>@IQT�KE[UA�I�J"O0I�OSDU>C\�>CIQl�IQ>@I�9�A�I�BE9�;=<=>@?�A�<CB]D�9�;~<CG�[<
Op?�;=<uXYIST�KL[UA�I�JND�9Z;CT I�AQB+0�A&<CBEK]I�;oDU>pAQKE?�;=<=IQ>H;Q` ��DU>pJ'I�9�;=IWOS[<=>@B]vwK]DVDUT�;Qd�<CG'IWA�D�9'MU>H?'I�9�A�IWT�[U;C;
?�;C?�[UKEK]\k?�9'>CD�KEKE;b<CG'I K]D DUT�;oX \w<CG'I 9 ?�O�XYIQ>oDUl	AQKE?�;=<=IQ>@;uDU>q<CBEK]I�;�` � G�BL;o?�9'>CD�KEKLBE9'M [UKL;=D BE9�A�>@I�[U;=I�;
<CG'I�;CB*�QI�DUl�<CG�I�;@A@G'I�J�?�KEBE9'Mk>CIQM�B]D�9�;Qdh;CD+<CG�[<&9�Dw[UJ�J�B]<CB]D�9�[UK�?�9'>CD�KLKEBE9'M BL;�9'I�A�I�;@;C[>C\ <=DNI�vPTYD�;=I
T�[>@[UKLK]I�KEBE;CO"`

���



� ocw��cm ��ncm�wÁ}Q�ÁÀaµlm�jluvz�k�wln

� C ������� E��
�	� B�
�� � @�� �
� ��B�D
�	� B�
��
� B ��
� B ���� @�� �
� �	��� �
� B ���� @�� �

��4E"E
� B ���� @�� �
�PE �	 
 �1 4 2

� C ������� E��
C�� ��� �� � @ ���
� B ��

��4E"E
�	� B�
��
�	� B�
�� � @�� �

��4E"E
�PE �	 
 �

1��U2
� [X�K]Iq��� �b[U9�JPg7<C?�9�I�J�;CI�t ?'I�9�A�I�DUlbG'I�?'>@BL;=<CBEAQ;p?�;=I�JZX \Z<CG'I�A�D�9rxUIQ>CMUI�9 <W;CAHG'I�J�?�KEIQ>plmDU>"yn[r}�<CG'I

��[�� OW[UA@G�BE9�Iu[U9�J ymX }�AQKE?�;=<=IQ>CI�J���{j8�� `

8:9SXYDU<CG�A�D�O0T�BEK]IQ>H;Qd���G'I�9 [ux[UKE?'I�BL;�KEB]xUIb[UA�>CD�;C;�O�?�K]<CB]T�K]I�;@A@G'I�J�?�KEBE9'Mo>CIQM�BED�9�;Qd BE<C;�J'I40�9�B]<CB]D�9�;
[U9�J"?�;=I�;	O�?�;=<	XYIuOS[T�TYI�J�<=DW[0A�D�9�;CBL;=<=I�9r<�AQKE?�;=<=IQ>�`#To9���[�� W Wbd'<CG�BE;	AQKL?�;=<=IQ>�BE;~<CG�IuAQKE?�;=<=IQ>�DUl
<CG'I 0�>@;=<�J'I40�9�B]<CB]D�9gf$?�;CIhI�9�A�D�?�9 <=IQ>CI�J&XV\u<CG'I~A�D�O0T�BEK]IQ> ��;C?'X�;=I�tV?'I�9 <�J'I40�9�B]<CB]D�9�;�[U9�J&?�;=I�;cXYI�A�D�O0I
T�>CIQT�KE[UA�I�J�BE9�;=<=>@?�A�<CB]D�9�;Q` ' T�9 W~G'DU>H?�;Qd�[UKEK�x[UKE?'I�;�<CG�[<�[>CI KEBExUI+[UA�>CD�;@;�O�?�KE<CB]T�K]I+;CA@G'I�J�?�KEBE9'M
>CIQM�B]D�9�;�[>CIqOS[T�T I�J�<=DW<CG'I60�>@;=<�AQKL?�;=<=IQ>�`
½�?:�²&]5±�_ :�±�fT�_��,³¤hJ_ :a]��2: Zü_�fT�]�³<±�]Y:�³ � � [X�KEI ��KEBE;C<C;o<CG'IWG'I�?�>@BE;=<CBEAQ;o?�;=I�J XV\w<CG'I A�D�9 xUIQ>CMUI�9 <
;CAHG'I�J�?�K]IQ>�l�DU>b��[�� [U9�J W~G'DU>@?�;�` � G'I�;CIqDU>@J'IQ>H;	��IQ>@I�G�[U9�J'g7<C?�9'I�J�<=D <CG'I�[>@AHG�B]<=I�A�<C?'>@I�;Qd���BE<CG [
<=>@BE[UK]gi[U9�JPg7IQ>C>CDU>	T�>CDVA�I�;@;Q` � G'IuG'I�?�>@BE;=<CBEAQ;~[>CIq>@?�9�BE9�<CG'IqDU>@J'IQ>�M�B]xUI�9j`

� G�IbA�D�9 xUIQ>CMUI�9 <�;CA@G�I�J�?�K]IQ>	BE9 <=IQ>Cln[UA�I�;~��B]<CG <CG'I�I�vPBE;C<CBE9'M&;CA@G'I�J�?�K]IQ>@;�[U;~l�D�KLK]D���;�` � G'I�D�?�<=T�?'<
DUlq<CG�IwA�D�9 xUIQ>CMUI�9 < ;CAHG'I�J�?�K]IQ>�BE;�;=T�KEB]< BL9r<=D^<i��D T�[>C<C;)�ay:��}�[^OS[T J'I�;CA�>HB]X�BE9'M <CG'IwT�>CIQlmIQ>C>CI�J
T�[>C<CBE<CB]D�9.d C

�
9
���
[U90[U;C;CBEM�9�O0I�9 <clmDU>4IQxUIQ>C\&BE9�;=<=>H?�A�<CB]D�9�<=Du[o;=TYI�AQB*0�A�AQKE?�;=<=IQ>�d�[U9�J"y ��}�<CG'I	<=I�O0TYDU>@[UK

[U;C;CBEM�9�O0I�9 <	DUlcI�[UAHG BE9�;=<=>@?�A�<CB]D�9j`
�DU<CG W~G�DU>@?�;�[U9�J0��[�� W W�?�;CI�<CG'I�;CT�[<CBE[UKP[U;C;CB]M�9�O0I�9r<C;�M�BExUI�90X \�<CG'I	A�D�9rxUIQ>@MUI�9r<�;CA@G'I�J�?�K]IQ>�`

W~G'DU>H?�;W?�;CI�; <CG�Ik<=I�O0TYDU>@[UKb[U;C;CBEM�9�O0I�9 <C; [U;�T�>@BEDU>@B]<CB]I�;Wl�DU>�<CG'IwKEBE;=<�;CA@G'I�J�?�K]IQ>�` ��DU>"��[�� W Wbd
G'D ��IQxUIQ>�do<CG�IN<=I�O0TYDU>@[UKo[U;C;CB]M�9�O0I�9r<C;�[>@I A�D�O0T�?'<=I�J BL9�J'IQTYI�9�J'I�9 <CK]\ XV\RB]<C;�D ��9 BE9�;C<=>@?�A�<CB]D�9
;CAHG'I�J�?�K]IQ>�`
	U_�i�:�²r»e«v�®-³ � T�?'>w;=D�?'>@A�I�;+DUl0XYI�9�AHG�OS[>B%P;kBL9�AQKE?�J'I <CG'I���[�� XYI�9�A@G�OS[>B% ;C?�BE<=Iay �C[UA�DUX�B d
KEB]lmI }"��� � �7d�eb[U;C[?� DUl 2VTYI�A �U�aynA@G'D�KEI�;:% \UdbxVT I�9 <C[Pd�[U9�JaO0vPO }Hdb[U9�J 2VTYI�A � � ym<=D�OWAQ[<=x�d�lmT�T�T�T'g
%UIQ>@9'I�Km}H` �cT�T�T�T'g %UIQ>@9'I�K�BE;�<CG�IpBE9�9'IQ>�K]DVDUT DUl�l�T�T�T�T <CG�[<�A�D�9�;C?�O0I�; � ��� DUl�<CG'I�>H?�9Pg7<CBEO0IU`62PG�[
BE;�[U9kBEO0T�KEI�O0I�9r<C[<CBED�9�DUl 2PI�AQ?'>CI �b[U;CG.�bK]MUDU>@BE<CG�O�` ��B]>�BL;�[O�c8�� 0�K]<=IQ>�`���X�;CDU>ClcBL;�[S��I�J ~KE[UAB%
2�T�� >CI�KE[$v'[<CB]D�9.` ��xPO�?�KhBE;q[ ;CBEO0T�KEI&OW[<=>@B�vNO�?�KE<CB]T�KEBEAQ[<CBED�9.`���?'xNJ'DVI�;q���  <=D��6��� A�D�K]DU>
A�D�9 xUIQ>@;CB]D�9.`�2PD�O0IWT�>@DUX�K]I�O ;CB+�QI�;�G�[�xUI XYIQI�9ZA@G�[U9'MUI�JZ<=DwAQ?'<�J'D ��9 D�9�;CBEOp?�KE[<CBED�9w<CBEO0IUd�X�?'<
<CG'IQ\WJ�Dp9'DU<~[ !YI�A�<	<CG'I�>@I�;C?�K]<C;�t ?�[UKEB]<C[<CB]xUI�K]\U` �'DU>	<=I�AHG�9�BEAQ[UKYKEBLOSB]<C[<CB]D�9�;�DUljD�?'>~A�D�O0T�BEKEIQ>@;QdP;=D�O0I
XYI�9�A@G�OS[>B%P;~��IQ>CI�9'DU<�[�x[UBEKE[X�K]I�l�DU>6W~G'DU>@?�;~DU>��-��� `
dH_a��èbc�»e«li�:�_ Igbp»¼h&«v�]�³¤bcir³ � �NI�A�D�O0T�[>CI�JZD�?'>&>CI�;C?�KE<C;u��B]<CG <CG'I�X�[U;=I�KEBE9�IW��[�� W W [U9�J
W~G'DU>H?�;�A�D�O0T�BEK]IQ>@;Q` � [X�K]I3��A�D�O0T�[>CI�;b<CG'IqTYIQ>ClmDU>@OS[U9�A�I�DUlhA�D�9rxUIQ>@MUI�9r<u;CAHG'I�J�?�KLBE9'M0<=D���[�� W W��{ @F4 � 
�
 *&RH'�Ag@&A	' ��� B 1 � -/IB5n?/' � , 4 ,�-/> B A	A	-/5nIB.0'=IH,D2�%�'=I 4 .0-/IB5�,�R�'=?/-�.0-/I 4 ,�'"( 4 ?�A	'�*;'=$U'=I�*;'=IB>�'=A=�S��o&-�>po0-/I�,�@&%�I%�'+*;@B>='=A ,�o&'=A	' $&%�'�$B? 4 >='�.0'=IH,�>=RSI&AC,	% 4 -/IH,�A {

� �



� uvs�s k�w�����}�m s�µvm�wl´�ocw����rm�m��	��
H{Jy��yp´,k�wlncµvm

� 4 A	' 
 RnI;}S'�%�5S'=IH,
� '=IB>poB. 4 %���� � -/?�'�A � � � ��� � � � ���>poBRn?/'=A��H� �S{/�=� �H{ �H� �;{ �
	 �&{ � � �n{ �n� ��{ �� �&{ 	n� ��{ ��,�Rn.0> 4 ,�} �S{/��� �n{ � � ��{ �� �;{ 	n� �n{ ��� ��{/�+� �;{ � � ��{/���}�$U'=IH, 4 �S{ ��� �H{ ��� �&{ �
� �;{ � � �n{ 	� �;{ ��� ��{ �� 	;{ �H�. 6 . �S{ ��� �H{ �S� �;{ �
� ��{ ��	 �n{ �	 ��{ �E� �&{ �n� ��{ ��()$B$&$B$ �S{ �7� ��{ �	 ��{/� � �;{ �� �n{ �� ��{ �7� �;{ ��� ��{ �	A	o 4 �S{/�S� �H{ ��� �S{ 	� ��{ �	 �n{ ��� �S{ � � �S{ ��� �S{ ���AC��-/. �S{ �� �H{ �7� �;{ �S� �;{ � � �n{ � � ��{ �	 �&{ �7� �;{ �n�
� 4 >=Rn�B- �S{ � � �H{ � � �&{/� � �;{ ��	 �n{ �S� ��{ �E� �&{ 	� 	;{ �n�?/-Z(<' �S{ ��� ��{ �S� ��{ �
� �;{ ��� �n{ �
� �;{ ��� �;{ �n� �S�S{ 	��

� [X�K]I6������[�� W W�;CT IQI�J�?'Tj` 2VTYIQI�J�?'T�BE;~>CI�KL[<CB]xUIu<=DSTYIQ>ClmDU>@OS[U9�A�IoD�9"D�9'Io<CBEK]IU`

0

2

4

6

8

10

12

14

ch
ole

sk
y

to
m

ca
tv

vp
en

ta
m

xm

fp
pp

p-
ke

rn
el

sh
a

sw
im

jac
ob

i
life

S
p

ee
d

u
p

Rawcc
Convergent

��B]M�?'>CI6����f�IQ>@l�DU>@OW[U9�A�I�A�D�O0T�[>@BE;=D�9�;jX IQ< ��IQI�9p��[�� W W [U9�J W�D�9 xUIQ>CMUI�9 <c;CAHG'I�J�?�KLBE9'M~D�9q[�� � g7<CBEK]I
��[�� OS[UA@G�BE9'IU`#2VTYIQI�J�?'T�BE;�>CI�KE[<CB]xUIo<=DSTYIQ>ClmDU>@OS[U9�A�IoD�9�D�9'Iu<CBEKEIU`

lmDU>�<i��DS<=D � � <CBLK]I�;Q` ��B]M�?'>CI6�0T�K]DU<C;	<CG'Iu;C[UOSIqJ�[<C[0lmDU>q� � <CBEKEI�;Q`4��I�;C?�KE<C;�;CG'D � <CG�[<�A�D�9 xUIQ>CMUI�9 <
;CAHG'I�J�?�KEBL9'MWA�D�9�;CBL;=<=I�9r<CKE\�D�?'<=TYIQ>Cl�DU>HOS;�X�[U;=I�KEBE9'I���[�� W W lmDU>o[UKEKj<CBLK]I�A�D�9�0�M�?'>@[<CB]D�9�;�lmDU>�OSD�;=<�DUl
<CG'IuXYI�9�AHG�OS[>B%P;QdP��B]<CG�[U9 [�xUIQ>@[MUI&BEO0T�>@D�xUI�O0I�9 <�DUlh�P� � lmDU>q� � <CBEKEI�;Q`

�k[U9r\�DUl�D�?�>0X I�9�A@G�OS[>N%V;&[>CI"J'I�9�;=I�OW[<=>@B�v�A�DPJ'I���B]<CG�T�>@IQT�KE[UA�I�J^O0I�O0DU>C\�BE9�;=<=>H?�A�<CB]D�9�;
lm>CD�O A�D�9'MU>@?'I�9�A�I	[U9�[UKE\V;CBL;Q` �'DU>4<CG�I�;=I~X I�9�A@G�OS[>N%V;Qd�A�D�9 xUIQ>CMUI�9 <�;CAHG'I�J�?�KEBL9'M�[UK]�~[�\P;�D�?'<=TYIQ>ClmDU>@OS;
X�[U;=I�KLBE9'I���[�� W-Wb` � G'I�>CI�[U;=D�9&BE;c<CG�[<4A�D�9rxUIQ>@MUI�9r<�;@A@G'I�J�?�KEBE9'MbBE;�[X�K]I~<=D�[UA�<CBExUI�K]\q<C[�%UI�[UJ'x[U9 <C[MUI
DUl.T�>CIQT�KE[UA�I�O0I�9 <�BE9'lmDU>@OS[<CB]D�9S<=D�M�?�BLJ'I	<CG'I�T�KE[UA�I�O0I�9 <�DUl.DU<CG'IQ>~BE9�;=<=>H?�A�<CB]D�9�;Q` � G�BE;�BE9'lmDU>@OS[<CB]D�9
K]I�[UJ�;�<=DSxUIQ>C\�MUD DPJ"9�[<C?�>@[UK.[U;C;CB]M�9�O0I�9r<C;�DUl�BL9�;=<=>@?�A�<CBED�9�;Q`

�'DU>�lmT�T�T�T�g %UIQ>@9'I�K.[U9�Jk;CG�[Pd�A�D�9 xUIQ>CMUI�9 <o;CA@G'I�J�?�KEBE9'M0TYIQ>ClmDU>@OS;���DU>@;CIq<CG�[U9 X�[U;=I�KEBE9�Iu��[�� W W
XYI�AQ[U?�;=IkT�>CIQT�KE[UA�I�JRBE9�;=<=>H?�A�<CB]D�9�;SJ�DZ9'DU<�;C?'MUMUI�;=<�OS[U9 \ MUD DPJa[U;C;CB]M�9�OSI�9r<C;Q` �~<=<C[UBL9�BE9'MZMUD DPJ
;=TYIQI�J�?'T�;�D�9S<CG'I�;=I�X I�9�A@G�OS[>N%V;4>@I�t ?�BE>CI�; 0�9�J�BE9'Mo[U9�J0I�vPT�K]D�B]<CBL9'M�xUIQ>C\ 0�9'I�g7MU>@[UBL9'I�J0T�[>@[UKLK]I�KEBE;CO"`
T�?'>uKEIQxUI�K4J�BE;=<=>@BEX�?'<CB]D�9kT�[U;C;oG�[U;uX IQI�9NKEI�;C;oIQ_WAQB]I�9 <uBE9w<CG�BL;�>CIQM�[>@Jw<CG�[U9N<CG�ISAQKE?�;=<=IQ>@BL9'M�A�D�?�9Pg
<=IQ>CT�[>@<~BL9 ��[�� W W�� ��I�I�vVTYI�A�<~<CG�[<�BE9 <=IQMU>@[<CBE9�Mp[&AQKE?�;C<=IQ>@BE9'MpT�[U;C;�<=DSA�D�9 xUIQ>CMUI�9r<�;CA@G'I�J�?�KEBE9'M
��BEKLK [UJ�J'>CI�;C;~<CG�BL;~T�>CDUX�K]I�O"`

� �



� ocw��cm ��ncm�wÁ}Q�ÁÀaµlm�jluvz�k�wln

Relative number of instructions whose preferred tiles have changed

Passes
PLACEPROP LOAD PLACE PATH PATHPROP LEVEL PATHPROP COMM PATHPROP

0

0.2

0.4

0.6

0.8

1 cholesky
tomcatv
vpenta
mxm
fpppp−kernel
sha
swim
jacobi
life

�cBEM�?'>CI � � W�D�9 xUIQ>CMUI�9�A�I�DUlc;CT�[<CBE[UKj[U;C;@B]M�9�O0I�9 <C;	D�9"��[��u`

��B]M�?'>@I � ;CG'D ��;~<CG'I�>CI�KE[<CBExUIb9V?�O�X IQ>~DUlcBE9�;=<=>@?�A�<CB]D�9�;h��G'D�;=I�T�>CIQlmIQ>C>CI�J <CBEK]I�;~[>CIoA@G�[U9'MUI�J�X \
I�[UA@GWA�D�9rxUIQ>CMUI�9 <4T�[U;C;cD�90��[��u` � G'I�T�K]DU<C;�O0I�[U;C?�>CI�;C<C[<CBEA~BE9�;=<=>@?�A�<CB]D�9�A�D�?�9r<C;Qd�[U9�J�<CG�IQ\qI�v'AQKE?�J'I
T�[U;C;CI�;u<CG�[<�D�9�K]\NO0DPJ�B]lm\ <=I�O0TYDU>@[UK�T�>CIQlmIQ>CI�9�A�I�;Q` �'DU>pX I�9�A@G�OS[>N%V;o��B]<CG ?�;=IQln?�K4T�>CIQT�KE[UA�I�O0I�9 <
BE9'lmDU>@OS[<CBED�9.d<CG'I�A�D�9rxUIQ>@MUI�9r<�;CA@G'I�J�?�K]IQ>4BE;�[X�K]I~<=DuA�D�9 xUIQ>CMUI�<=DoMUDVDVJ0;CD�KE?'<CB]D�9�;�tV?�BEAN%VK]\UdUXV\pT�>CDUT'g
[M�[<CBE9'M�<CG'IpT�>CIQT�KL[UA�I�O0I�9r<bBE9'lmDU>@OS[<CB]D�9k[U9�J+?�;CBE9'MW<CG'I�K]D�[UJkX�[UKE[U9�AQBE9'M G�I�?'>@BE;=<CBLA`	8�9kA�D�9r<=>@[U;C<Qd
T�>CIQT�KE[UA�I�O0I�9 <�T�>@D�xPBEJ'I�;�KEB]<=<CK]I�?�;=IQln?�KrBL9'l�DU>HOS[<CB]D�9�l�DU>�lmT�T�T�T'g %UIQ>H9'I�Kr[U9�J&;CG�[P` � G�I�;=I�XYI�9�AHG�OS[>B%P;
<CGV?�;�>CI�tV?�B]>@IuDU<CG'IQ>�A�>@B]<CBEAQ[UK.T�[<CG�;Qd�T�[>@[UKEK]I�KEBL;CO�d'[U9�J A�D�OWO�?�9�BEAQ[<CB]D�9 G�I�?'>@BE;=<CBLAQ;	<=D A�D�9 xUIQ>CMUI&<=D
MUDVDVJ"[U;@;CB]M�9�O0I�9 <C;Q`

2VD�OSI�T�[U;C;�DU>@J'IQ>HBE9'M�;hA�D�?�KLJS<C[�%UI�<CG'I�;@A@G'I�J�?�KEBE9'Mo<=D&K]DPAQ[UK�OSBE9�BEOS[Pd�X�?�<h<CG�BE;�J�BEJS9'DU<~G�[T�TYI�9
BE9ND�?�>�I�vPTYIQ>@BEO0I�9 <C;Q`V2VD�O0I A�I�9 <=>@[UK�T�[U;C;=I�;�d�B7`sIU`�f	� � �bf�� T�f DU>&{ "�� "�{hd�AQ[U9�O0D xUI�[kKE[>CMUI
T�[>C<oDUl	BE9�;=<=>@?�A�<CB]D�9�;bBL9wDU>@J'IQ>u<=Dk>CI�[UA@GZ[�XYIQ<=<=IQ>q;=D�KE?'<CBED�9.`Se�D�9�IQ<CG'I�K]I�;C;Qdc[,0�9�[UK4[MU>@IQI�O0I�9r<pBE;
>CI�[UAHG'I�J���BE9�[UKLKjAQ[U;=I�;Qd�<CG�IqKE[U;=<�f	� � �bf�� T�faJ'DVI�;�9'DU<�AHG�[U9'MUIqOS[U9 \�BE9�;=<=>H?�A�<CB]D�9�;Q`

��B]M�?'>@I � A�D�O0T�[>CI�; <CG'I+T IQ>@l�DU>@OW[U9�A�I"DUlqA�D�9 xUIQ>CMUI�9 <�;@A@G'I�J�?�KEBE9'M <=DZ<i��D^I�vPBE;C<CBE9'M [U;C;@B]M�9Pg
O0I�9 <nf$;CA@G�I�J�?�KEBE9�MW<=I�A@G�9�BEtV?'I�;�lmDU>�AQKE?�;=<=IQ>CI�Jk��{j8�� �	� �62Z� � �c[U9�J+f W-W ��� �7`b�NIp[U?�M�O0I�9r<�I�[UAHG
I�v'BE;=<CBE9'Mo[UK]MUDU>HB]<CG�O ��B]<CG&T�>@IQT�KE[UA�I�O0I�9 <4BE9'lmDU>@OS[<CB]D�9.`P�'DU> � �62 dU��I�OSDVJ�BEl�\u<CG�I W~f 2�WZG'I�?�>@BE;=<CBEA
J'I�;CA�>HB]XYI�JWBE9 <CG'IbDU>@B]M�BE9�[UK�T�[TYIQ>�<=DpM�BExUIb<CG�IbG�BEM�G'I�;=<�T�>@B]DU>@BE<i\&<=D&<CG'IoG'D�O0I�AQKE?�;=<=IQ>~DUljT�>@IQT�KE[UA�I�J
BE9�;C<=>@?�A�<CB]D�9�;�`X�'DU>qf W-WbdY<CG'I0[UK]MUDU>@B]<CG�O lmDU>oI�;=<CBEOS[<CBL9'M�;CA@G'I�J�?�K]I&K]I�9'MU<CG�;o[U9�JwA�D�OSOp?�9�BLAQ[<CB]D�9
A�D�;=<C;�T�>CDUTYIQ>@KE\p[UAQA�D�?�9 <C;�l�DU>�T�>CIQT�KE[UA�I�O0I�9 <�BE9'lmDU>@OS[<CBED�9.d�XV\SO0DVJ�I�KEBE9'Mo<CG'IbI�vP<=>@[qA�D�;=<C;~BE9�AQ?'>C>CI�J
XV\�<CG�IkAQKE?�;C<=IQ>CI�J ��{j8�� OW[UA@G�BE9�I"l�DU>�[ 9'D�9'giK]DVAQ[UK�O0I�O0DU>C\ [UAQA�I�;C;Q` W~D�9rxUIQ>CMUI�9 <�;CA@G'I�J�?�KEBE9'M
D�?'<=TYIQ>ClmDU>@OS; � �62k[U9�Jkf W W X \ �/� � [U9�Jw� � ��dY>CI�;=TYI�A�<CB]xUI�KE\Ud D�9+[ �giAQKE?�;=<=IQ>���{j8�� OS[UA@G�BE9'IU`
{|B+%UIbBE9���[��udP<CG'I�A�D�9rxUIQ>CMUI�9 <�;CAHG'I�J�?�KEIQ>�BE;�[X�K]Ib<=D&?�;=IbT�>CIQT�KE[UA�I�OSI�9r<~BE9'lmDU>@OS[<CB]D�9 <=D 0�9�JWMUD DPJ
9�[<C?'>H[UK4T�[>C<CB]<CBED�9�;olmDU>uD�?'>�J�I�9�;=ISOS[<=>@B]vwXYI�9�AHG�OS[>B%P;Q` ��B]M�?�>CI ��;CG�D���;q<CG'IS>CI�KE[<CBExUIW9 ?�OqXYIQ>
DUl�;C<C[<CBEAoBE9�;=<=>H?�A�<CB]D�9�;���G'D�;=I�T�>@IQl�IQ>C>@I�J <CBLK]I�;~[>CIoA@G�[U9'MUI�J"X \ I�[UA@G"A�D�9 xUIQ>CMUI�9 <�T�[U;C;�D�9.W~G�DU>@?�;Q`
f�[U;C;=I�;�<CG�[<�D�9�K]\�O0DPJ�B]lm\S<=I�O0TYDU>@[UK.T�>CIQl�IQ>@I�9�A�I�;�[>CIuI�v'AQKE?�J�I�J.`

Igbp»¼h¦]!¸�_ ��±�]!»e_^¯9:�«l¸�« �¦]!¸�]�±��H� �NI�I�v'[UOSBE9'I�J�<CG'I�;CAQ[UKE[X�BLKEB]<i\0DUl�A�D�9rxUIQ>CMUI�9 <�;CAHG'I�J�?�KLBE9'M'` 2PAQ[UK�g
[X�BEKLB]<i\ BE;�BEOST DU>@<C[U9r< X I�AQ[U?�;=Iw<CG'IQ>CINBE;�[U9 BE9�A�>CI�[U;CBL9'MZ9'IQI�JalmDU>"BE9�;=<=>H?�A�<CB]D�9F[U;@;CB]M�9�O0I�9 <�[U9�J
;CAHG'I�J�?�KEBL9'Mo[UK]MUDU>@B]<CG�OW;�<=D�G�[U9�J�K]I	KE[>CMUIQ>hX�KEDVAN%V;Q`�8:90ln[UA�<Qdr<=DqI�vP<=>@[UA�<�<CG'I�[UO0D�?�9 <hDUl.BE9�;C<=>@?�A�<CB]D�9Pg
K]IQxUI�K�T�[>@[UKEK]I�KLBE;CO 9'IQI�J'I�JFX \ O0DPJ'IQ>@9F[U9�J ln?'<C?'>CI OWBEA�>CDUT�>CDPA�I�;C;=DU>H;Qd�A�D�OST�BEK]IQ>@;W9'IQI�J <=DZ��DU>B%

��#



� uvs�s k�w�����}�m s�µvm�wl´�ocw����rm�m��	��
H{Jy��yp´,k�wlncµvm

0

0.5

1

1.5

2

2.5

3

3.5

4

vvmul rbsorf yuv tomcatv mxm fir cholesky

S
pe

ed
up

PCC
UAS
Convergent

��B]M�?'>CI � ��f�IQ>@l�DU>@OW[U9�A�IWA�D�O0T�[>HBE;=D�9�;bXYIQ<i��IQI�9 f W Wbd�� �62 dj[U9�J W~D�9rxUIQ>CMUI�9 <�;@A@G'I�J�?�KEBE9'M�D�9 [
�giAQKE?�;=<=IQ>���{j8�� `82VTYIQI�J�?'T�BE;	>@I�KE[<CB]xUIo<=DW[S;@BE9'M�K]I�giAQKE?�;=<=IQ>�OS[UA@G�BE9'IU`

Relative number of instructions whose preferred clusters have changed

Passes
NOISE FIRST PATH COMM PLACE+PLACEPROP COMM

0

0.2

0.4

0.6

0.8

1

cholsky
fir
mxm
tomcatv
vvmul
yuv

��B]M�?'>CI ��� W~D�9rxUIQ>CMUI�9�A�IqDUl�;=T�[<CBE[UKj[U;@;CB]M�9�O0I�9 <C;	D�9�W	G'DU>@?�;Q`

D�9wO0DU>CI0[UJ'x[U9�A�I�JwX�K]DPAB% >CIQT�>CI�;=I�9 <C[<CB]D�9�;�dY;@?�A@GN[U;�G \ TYIQ>CX�KEDVAN%V;b[U9�J+<=>CIQIQM�B]D�9�;�d.��B]<CG+[�KL[>CMUIQ>
;CAHG'I�J�?�KEBL9'Mp;@A�DUT IU`

��B]M�?'>@I � A�D�O0T�[>@I�;S<CG'I+A�D�O0T�BEK]I�g7<CBLO0I�DUloA�D�9rxUIQ>CMUI�9 <�;CA@G'I�J�?�KEBE9'Mw��BE<CG <CG�[<WDUl6� � 2 [U9�J
f W-W D�9 W~G'DU>@?�;�` �DU<CG A�D�9 xUIQ>CMUI�9 <�;CAHG'I�J�?�KEBL9'M�[U9�JNf W W ?�;=IS[U9NBL9�J'IQTYI�9�J'I�9 <bKLBE;=<�;CA@G'I�J�?�K]IQ>
[lm<=IQ>~BL9�;=<=>@?�A�<CBED�9W[U;C;CBEM�9�O0I�9 < � D�?'>~O0I�[U;C?'>CI�OSI�9r<C;~BE9�AQKL?�J'I	<CBEO0Ib;=TYI�9r<~BE9W<CG'Ib;@A@G'I�J�?�K]IQ>�` � G'I
0�M�?'>@I�;@G'D���;&<CG�[<WA�D�9rxUIQ>@MUI�9r<�;CA@G'I�J�?�KEBE9'M+[U9�J � � 2�<C[�%UIk[X D�?�<p<CG�I";C[UO0I"[UO0D�?�9 <0DUlb<CBEO0IU`
� G'IQ\wXYDU<CG ;@AQ[UK]I A�D�9�;@BEJ'IQ>@[X�KE\ XYIQ<=<=IQ>�<CG�[U9 f W-Wb`j�NI�9'DU<=IW<CG�[<&f W-W BE;qG�B]M�G�K]\+;=I�9�;CB]<CBExUIS<=D
<CG'IW9V?�O�XYIQ>uDUl	A�D�O0TYD�9'I�9r<C;�B]<uBE9�BE<CBE[UKEK]\ J�B]xVBLJ'I�;b<CG'IWBE9�;C<=>@?�A�<CB]D�9�;oBL9r<=D'`,W�D�O0T�BEKEI�g7<CBEO0I0AQ[U9 XYI
J'>@[UOW[<CBEAQ[UKEK]\0>CI�J�?�A�I�J�B]lj<CG'Io9V?�OqXYIQ>�DUl�A�D�O0TYD�9'I�9 <C;	BE; %UIQT�<	;COS[UKLK ` ��D ��IQxUIQ>�d���I60�9�JW<CG�[<~lmDU>
D�?'>cXYI�9�A@G�OW[>B%V;�d >CI�J�?�AQBE9'M	<CG'I~9V?�OqXYIQ>jDUl�A�D�O0TYD�9'I�9r<C;c[UKE;=D�>CI�;C?�KE<C;|BE9�O�?�AHGqTYDVDU>CIQ>�[U;@;CB]M�9�O0I�9 <
tV?�[UKEB]< \U`

�H*



� ocw��cm ��ncm�wÁ}Q�ÁÀaµlm�jluvz�k�wln

0.0001

0.01

1

100

10000

1000000

0 500 1000 1500 2000

Number of Instructions Scheduled

S
ch

ed
u

lin
g

 t
im

e 
(s

ec
o

n
d

s)

PCC
UAS
Convergent

��B]M�?'>CI � � W~D�O0T�[>@BE;CD�9�DUl�A�D�OST�BEK]I�g7<CBEOSIbxP;�BE9�T�?'<	;CB*�QIolmDU>�[UK]MUDU>@BE<CG�OS;~D�9�W~G�DU>@?�;Q`

� -�� � Ò5 ��Ó�Ò�� y���1 � Ó�6èÖ{z�Ô�2��Ô�Õ}|~|�6 1 
�NIb<=I�;=<=I�JWD�?�>~�bI�9'IQ<CBLA�fh>@DUMU>@[UOSOSBE9�Mul�>H[UO0IQ��DU>N%0D�9SD�?'>�AQKE?�;=<=IQ>CI�JW�b{|8 � BL9'l�>H[U;=<=>@?�A�<C?'>@IUdr[U9�J
��I~A�D�OST�[>CI�J&B]<|��B]<CG�f W WR���$�P[U9�J � �62 � � �7` � D�xUIQ>@B]lm\o<CG'I~��[�\qD�?'>cIQxUD�KE?'<CB]D�9�[>C\q;=\P;=<=I�O BE;c[X�K]I
<=DWK]I�[>H9�<=DSI�vPT�K]D�B]<	9'IQ� [>HA@G�B]<=I�A�<C?�>CI�;Qd���Io>@?�9�D�?�>�I�vVTYIQ>@BLO0I�9r<C;�D�9�<CG'>CIQIq9�IQ� A�D�9�0�M�?'>@[<CBED�9�;Qd
��G�BLA@G�[>CIqOSDVJ�B+0�AQ[<CB]D�9�;�DUl�<CG'IuX�[U;CI�KEBE9'I�?�;=I�J"BL9�<CG'IuT�>CIQxPB]D�?�;	;CI�A�<CB]D�9.`

	U«v³�_�¸!]�ir_ ���P: ¸ ��� � G�BL;�BE;�<CG'I�A�D�9�0�M�?'>@[<CBED�9 ?�;CI�J�BL9S<CG'IbT�>CIQxPB]D�?�;�I�vVTYIQ>@BLO0I�9r<C;�` � G'I�X�[U;CI�KEBE9'I
[>@AHG�B]<=I�A�<C?'>CINBE;�[ �giAQKE?�;C<=IQ>���{j8�� ��B]<CGF>HBEA@G�BE9 <=IQ>@A�D�9�9'I�A�<CBExVB]< \U` 8�9a<CG�BL; A�D�9�0�M�?'>@[<CB]D�9.d�<CG'I
AQKE?�;C<=IQ>@;�[>CI�lm?�KEK]\�A�D�9�9'I�A�<=I�JW��B]<CGW[3�v��pA�>CD�;C;=X�[>�` � G ?�;�dr<CG'I�AQKL?�;=<=IQ>@;�AQ[U9WI�v'A@G�[U9�MUIb?'TW<=D�lmD�?'>
��DU>@J�;pIQxUIQ>C\ZA�\PAQK]IU` � G'I�J'I�KE[�\ lmDU>p<CG�I�A�D�OSOp?�9�BLAQ[<CB]D�9^BE; ��A�\PAQK]IU` ��IQM�BE;C<=IQ> 0�K]IUd4lm?�9�A�<CB]D�9�[UK
?�9�BE<C;�[U9�JN{��&AQ[UA@G'IS[>CIS;CT�KEB]<bBE9r<=D�<CG'ISAQKE?�;=<=IQ>@; �"IQxUI�9N<CG'D�?'M�G+IQxUIQ>C\w[UJ�J'>CI�;@;�DUl�<CG'I0O0I�O0DU>C\
AQ[U90XYI~[UAQA�I�;C;=I�JSXV\�[U9 \&AQKE?�;=<=IQ> �u��B]<CG&[�TYI�9�[UK]< \qDUlc�	A�\VAQK]I	lmDU>h9'D�9PgiKEDVAQ[UKP[UJ�J'>@I�;C;=I�;Q` � G'I	AQ[UA@G�I
<C[�%UI�; � A�\VAQK]I�;�<=D&[UAQA�I�;C;	[U9�J <CG'Ib>CIQM�BE;=<=IQ> 0�K]I�<C[�%UI�;���A�\PAQK]I�;Q`48:9W[UJ�J�B]<CB]D�9.dVO0I�O0DU>C\W��>@B]<=I�;�<C[�%UI
�uA�\PAQK]IU` "�[UA@G AQKL?�;=<=IQ>�G�[U; � �SMUI�9'IQ>@[UK�g7T�?'>CTYD�;=I�>CIQM�BE;=<=IQ>H;�[U9�J � �OR�D�[<CBE9'Mg7TYD�BE9 <	>CIQM�BE;=<=IQ>@;�`

¹?]�» ]�±¤_ 8 	ZfT³!��� : ¸��A:�bp»e» ��� � G�BL;�[>HA@G�B]<=I�A�<C?�>CIqBE;	;CBLOSBEKE[>~<=D0<CG'IuX�[U;=I�KEBE9'Io[>@AHG�B]<=I�A�<C?'>@IUd�<CG'I
D�9�K]\�J�B$!YIQ>CI�9�A�I�XYI�BE9�MbBE9 <=IQ>=giAQKE?�;=<=IQ>cA�D�OWO�?�9�BEAQ[<CB]D�9&AQ[T�[X�BEKLB]<CB]I�;Q` � G�BE;c[>@A@G�BE<=I�A�<C?'>CI~D�9�K]\u>@D�?'<=I�;
D�9'I0��DU>@JNDUl~J�[<C[�TYIQ>uA�\VAQKEI0D�9 [�;CG�[>CI�J X�?�;Qd.��G�BEA@GwAQ[U9NXYIS;C9'DVDUTYI�J.d.<CGV?�;oA�>CI�[<CBE9'M"["X�[U;CBEA
X�>CD�[UJ�AQ[U;=<CBE9'M�AQ[T�[X�BEKEBE<i\U` �I�AQ[U?�;=Ip<CG�BE;�O0DVJ�I�K|G�[U;�KEBEOSB]<=I�J"X�[U9�J'��BLJ'<CG.d'<CG'Ip;=T�[UA�I�g7<CBEO0I&;CAHG'I�JPg
?�K]IQ>�Op?�;=<	XYIuO0DU>@IqA�D�9�;=IQ>Cx[<CB]xUIqBL9�;=T�KEB]<=<CBL9'MpA�D�OST�?'<C[<CB]D�9"[UA�>@D�;C;�AQKE?�;=<=IQ>@;Q`

¹?]�» ]�±¤_ 8 	ZfT³���� : ¸��A:�bp»e» ��� �b9'DU<CG'IQ>cI�vVTYIQ>@BEOSI�9r<|?�;=I�;|[U9�[>@A@G�BE<=I�A�<C?'>CI�<CG�[<�BE;�;C?'X�;C<C[U9r<CBE[UKLK]\
��I�[�%UIQ>�<CG�[U9S<CG'I�X�[U;=I�KEBE9'IU`c8�<�BE;4<CG'Ib;C[UO0I�[U;�OS[UAHG�BE9'I ��AQK]giA�D�OSO�dVI�vPA�IQT�<�B]<hD�9�KE\pG�[U;��uAQKE?�;=<=IQ>@;Q`

¹?]�» ]�±¤_ 8 U�_�`c]�³<±�_a�³ ��� :a¸ �,�_�`l³ ��� � G'I 0�9�[UK�OW[UA@G�BE9�I�A�D�9�0�M�?'>@[<CB]D�9�D�9���G�BEAHG ��I�<=I�;=<&D�?'>
;=\P;=<=I�O BE;4BLJ'I�9r<CBLAQ[UK <=Dq<CG'I~X�[U;=I�KEBE9�I~[>HA@G�B]<=I�A�<C?�>CIUd�I�v'A�IQT�<h<CG�[<4I�[UAHGWAQKE?�;C<=IQ>hG�[U;hG�[UK]l�<CG'I�9 ?�OqXYIQ>
DUl�>CIQM�BE;=<=IQ>H;qy �U�&MUI�9'IQ>@[UK]g7T�?'>CTYD�;=Io[U9�J �U� R�D�[<CBE9'Mg7TYD�BE9 <	>CIQM�BE;=<=IQ>H;H}H`

� �



� uvs�s k�w�����}�m s�µvm�wl´�ocw����rm�m��	��
H{Jy��yp´,k�wlncµvm

Speedup on 4cl−comm

Benchmark
vvmul rbsorf yuv tomcatv mxm fir cholesky AVG

S
pe

ed
−

up

0

0.5

1

1.5

2

2.5

3

3.5

4

4.5

0

0.5

1

1.5

2

2.5

3

3.5

4

4.5

Model PCC UAS Conv. Evolved

��B]M�?'>CI ��� 2VTYIQI�J�?'T�D�9 ��AQK�giA�D�OSO A�D�OST�[>CI�J ��BE<CGa��giAQKL?�;=<=IQ>WA�D�9 xUIQ>CMUI�9 < ;CAHG'I�J�?�KEBL9'M�ymDU>@BEM�BE9�[UK
;=I�t ?�I�9�A�I }H`�W T�e�� BE;o<CG'I X�[U;=I�KEBL9'IS;=I�tV?'I�9�A�I+ynG�[U9�JPg7<C?�9'I�JZBE9ND�?'>�T�>CIQxPB]D�?�;o��DU>B%�}Hd
[U9�JV"h� To{�� "�� BE;~<CG'IqT IQ>@l�DU>@OW[U9�A�I�DUlc<CG�Iu;=I�t ?�I�9�A�IuIQxUD�K]xUI�J l�DU>�<CG�BE;�[>@AHG�B]<=I�A�<C?'>CIU`

Speedup on 2cl−comm

Benchmark
vvmul rbsorf yuv tomcatv mxm fir cholesky AVG

S
pe

ed
−

up

0

0.5

1

1.5

2

2.5

0

0.5

1

1.5

2

2.5

Model PCC UAS Conv. Evolved

��B]M�?'>CIS� � � 2VTYIQI�J�?'T�D�9 �AQK�giA�D�OWO�`

�'DU>WI�[UA@G DUl�<CG'I�;=I�l�D�?�>&[>HA@G�B]<=I�A�<C?�>CI�;Qd���I�IQxUD�K]xUI�J [U9^[T�T�KLBEAQ[<CB]D�9PgiBE9�J'IQTYI�9�J'I�9 <q;=I�tV?'I�9�A�I
DUlqT�[U;C;=I�;4�ZD�?'> 0�<C9'I�;C;�ln?�9�A�<CB]D�9a>CIQ�~[>@Ja<CG'IwT�[U;C;�DU>@J'IQ>HBE9'M�;�<CG�[<�TYIQ>Cl�DU>HOS;W��I�KEKbD�9�[UKEKb<CG'I
XYI�9�A@G�OS[>B%P;Q` 0 ��I�;C?�K]<C;�[>CI0;CG'D���9kBE9U��B]M�?'>CI�; �Vd4� �Pd.[U9�J^�U�` � G'IqIQxUD�K]xUI�JN;CI�t ?'I�9�A�I�y�� � L�< ��9NA

�;{PB A�A 4 -�*��U'�()Rn%�'S� ,�o&'�TB,�I&'=A	A0.0' 4 A	@&%�'=A�,�o&' 4 }'�% 4 5S'iA	$U'='+*��a@B$ Rn(G,�o&'��U'=I&>Do&. 4 %���A�>=Rn.0$B-/?/'+* ��-Z,�o 4 5S-/}'�IA	'��H@B'�IB>=' {
�H




� ocw��cm ��ncm�wÁ}Q�ÁÀaµlm�jluvz�k�wln

Benchmark
vvmul rbsorf yuv tomcatv mxm fir cholsky AVG

S
pe

ed
−

up

0

0.5

1

1.5

2

2.5

3

3.5

4

4.5

5

0

0.5

1

1.5

2

2.5

3

3.5

4

4.5

5

Model PCC UAS Conv. Evolved

��B]M�?'>CIS�U���12VTYIQI�J�?'T�D�9,��AQK�g7>@IQM�;Q`

� ô�à,ä|ã â�Û2âgðaÛ2Ù à
á�ê�ç�Ü�ì
ð�Û,Ù à
á�ê�ç¤ÜÄì à
á�Ø¤äæÛ2ßÄì�ñ îaÜ ñ�ã�Ú ÞÄØ�ê�à,ç<Þ�Ú êHô�ê Ú�Ú�êDã�ä Ü�ð ßÄØ¤ÜÄé é/ã ä|ä
à
á�Ø�ä|Û�ßèì�ñ ������� ��õ)�H
 ��õ)�H
 ��õ)�H
 ��õ ��
 ��õ)� � ��õ)�H
 ��õ ��

î Ü �¤õ � # ���
	�� �¤õ � # �¤õ � # ��õ � # �¤õ � # �¤õ � # ��õ � #
ñ�ã�Ú �¤õs# � �¤õs# � �����	 �¤õs# � ��õ # � �¤õ)�H* �¤õs# � ��õ # �
ÞÄØ�ê�à,ç<Þ�Ú �¤õ * k �¤õ � # �¤õ � # ������� ��õ �U� �¤õs#�# �¤õ ��� ��õ � �
êHô�ê ��õ k � ��õ k � ��õ k � ��õ k � ������� ��õ � � ��õ k � ��õ ! *
Ú�Ú�êLã�ä ��õ)�H
 ��õ)�H
 ��õ)�H
 ��õ)�H
 ��õ ��
 ������� ��õ)�H
 ��õ ��

Ü�ð ßèØ�Üèé ��õ � � ��õ � � ��õ � � ��õ ��� ��õ � * ��õ ��� ���
��� ��õ � �
ç�Ú¤Û2Ü�ç¤Ý¤Û �¤õ ! k �¤õ 
�* �¤õ 
�* �¤õ 
�
 ��õ 
 ! �¤õ 
�! �¤õ 
�
 ��õ 
 *

� [X�K]I � ����I�;C?�K]<C;|DUl�A�>CD�;C;�x$[UKEBLJ�[<CB]D�9Wyn;=TYIQI�JPgi?�T }H` � G�I�G�B]M�G�KLB]M�Gr<=I�Jo9V?�O�XYIQ>@;j>CIQlmIQ>|<=D�<CG'I�XYI�9�AHGPg
OS[>N% I�v'AQKE?�J'I�J BE9�I�[UA@G <=I�;=<Q`

BE9w<CG'I 0�M�?'>CI�;H}�D�?'<=TYIQ>ClmDU>@O0I�Jw<CG'ISBL9�B]<CBE[UKc;=I�tV?'I�9�A�I y�� L�D��
�
BL9w<CG'I 0�M�?'>CI�;�}Hdj��G�BEAHG+��[U;�G�[U9�JPg

<C?�9'I�J"l�DU>�<CG�IoX�[U;=I�KEBE9�I�[>HA@G�B]<=I�A�<C?�>CIUd�DUl � � ��d|����� [U9�J �M� � BL9�<CG'Iu<CG'>CIQIu[>HA@G�B]<=I�A�<C?�>CI�;Q`
� G�I�IQxUD�K]xUI�JWA�D�9 xUIQ>CMUI�9 <	;CA@G'I�J�?�K]IQ>hD�?'<=TYIQ>ClmDU>@OS; � �620[U9�JSf W Wbd�I�v'A�IQT�<�BE9&<CG'I�AQ[U;=I�DUl.KEBEO&g

B]<=I�J�>CIQM�BE;C<=IQ>@;QdP��G'IQ>CIbTYIQ>ClmDU>@OS[U9�A�I�BE;~K]D���IQ>	XV\ � � [U9�J���� >CI�;=TYI�A�<CB]xUI�K]\U`4�NIu[>@I�BL9rxUI�;=<CBEM�[<CBE9'M
9'IQ� T�[U;C;=I�;b<CG�[<�[UJ�J'>@I�;C;�<CG�BE;�[U;CT I�A�<Q` �bKE;=D'd <CG'I�DU>HB]M�BE9�[UK�G�[U9�JPg7<C?�9�I�J ;=I�tV?'I�9�A�I&BE;�D�xUIQ>=g7<C?�9�I�J
lmDU>4<CG'I~X�[U;=I�KEBE9�I�[>@AHG�B]<=I�A�<C?'>@IUdr[U9�J&B]<4BE;cMUI�9'IQ>@[UKEKE\uD�?'<=TYIQ>ClmDU>@O0I�JpX \ � �62p[U9�J0f W WZBE9q<CG�I	DU<CG'IQ>
A�D�9�0�M�?�>@[<CB]D�9�;Q`

¹8_a« �c_ �,bcir_��,bpf�± Iò�bc³�³ �û«l¸!]Y8r«Á±�]�bpiN� �NI�[UKE;=Do<=I�;=<=I�JW<CG'I	>CDUX�?�;C<C9'I�;C;�DUlYD�?'>h;=\P;=<=I�O XV\p?�;CBE9'M
K]I�[�xUI�g7D�9'I�g7D�?'<�A�>CD�;C;	x[UKEBEJ�[<CBED�9.` � G'IoIQxUD�KE?'<CBED�9���[U;�>CI�g7>@?�9�I�v'AQKE?�J�BE9'MpD�9'IuDUlc<CG'Iq;=IQxUI�9�XYI�9�AHGPg
OS[>B%P;Qd�[U9�J�<CG'I~>CI�;C?�K]<CBE9'M�IQxUD�KExUI�J&T�[U;C;cDU>@J'IQ>@BL9'M��~[U;�<=I�;=<=I�J0[M�[UBE9pD�9p<CG'I�I�vPAQKE?�J'I�JpX I�9�A@G�OS[>N%�`
� G'I ;=IQxUI�9ZA�>@D�;C;:g7x[UKEBEJ�[<CB]D�9 IQxUD�KE?'<CB]D�9�;u>CI�[UAHG'I�J >@I�;C?�K]<C;qxUIQ>C\N;CBEOSBEKL[>Wym��B]<CG�BE9 � �S}�<=Dk<CG'IWln?�KEK
IQxUD�KE?'<CBED�9.d'l�DU>�<CG'IuI�v'AQKE?�J'I�J�XYI�9�AHG�OS[>B%P;~<=D Dwyn;=IQI � [X�K]I � }H`

�H!



� uvs�s k�w�����}�m s�µvm�wl´�ocw����rm�m��	��
H{Jy��yp´,k�wlncµvm

��B]<CGk<CG'I�;=I&BE9�B]<CBE[UKYI�vPTYIQ>@BEO0I�9 <C;Qd���IpxUIQ>@B*0�I�J <CG�[<�A�D�9rxUIQ>CMUI�9 <u;CAHG'I�J�?�KEBL9'MSBE;���I�KEK�;C?�B]<=I�J <=D
[�;=IQ<�DUl�J�B$! IQ>@I�9r<�[>HA@G�B]<=I�A�<C?�>CI�;Q` �b9+BEO0T�>CD xUI�Jk;CI�t ?'I�9�A�IqDUlhT�[U;@;=I�;�AQ[U9kXYIqlmD�?�9�J >@?�9�9�BL9'M&D�?'>
IQxUD�KE?'<CBED�9�[>C\&l�>H[UO0IQ��DU>N%0D�9 ���qJ�?�[UK�fcI�9 <CBE?�O��pOS[UA@G�BE9'I�;QdVBE9SK]I�;C;�<CG�[U9O� ��G'D�?'>@;�` To9�A�I�lmD�?�9�J.d
B]<�AQ[U9 X Io?�;CI�J"[U;�<CG'IuA�DU>@IuDUl4[U9"[>@A@G�B]<=I�A�<C?'>CI�gi;=TYI�AQB*0�Ao[T�T�KEBEAQ[<CBED�9PgiBE9�J'IQTYI�9�J�I�9r<�A�D�O0T�BEK]IQ>�`

��-�� � �èÕcÓ � 3�� 2TÔ��
2VT�[<CBL[UK	[>@A@G�BE<=I�A�<C?'>CI�;S>@I�t ?�BE>CI�AQKL?�;=<=IQ>W[U;C;@B]M�9�O0I�9 <Qd�;@A@G'I�J�?�KEBE9'M'd�[U9�J^>CIQM�BE;=<=IQ>W[UKLK]DVAQ[<CBED�9.` �NI
G�[�xUI�T�>CD�xPBEJ'I�JZ[ MUI�9'IQ>H[UK�lm>@[UO0IQ��DU>B% <CG�[<pAQ[U9�TYIQ>ClmDU>@O�[UKEK�<CG'>CIQI�<C[U;:%P;�<=DUMUIQ<CG�IQ> ymX \ [UJ�J�BE9'M
T�>CIQlmIQ>CI�9�A�IwOS[T�; lmDU>�>@IQM�BE;=<=IQ>@;�[U;���I�KLK�}Hd	X�?'< <CG'Iwl�DPAQ?�; DUlu<CG�BE; T�[TYIQ>�BL;S<CG'IN[T�T�KLBEAQ[<CB]D�9 DUl
A�D�9 xUIQ>CMUI�9r<�;CAHG'I�J�?�KEBL9'M�<=D AQKE?�;=<=IQ>�[U;@;CB]M�9�O0I�9 <Q`

�k[U9r\wA�D�O0T�BLK]IQ>@;�l�DU>u;=T�[<CBE[UK�[>HA@G�B]<=I�A�<C?�>CI�;u[UJ�J'>@I�;C;b<CG'I&<CG'>CIQI&T�>CDUX�KEI�OS;�;CIQT�[>@[<=I�K]\U` � ?�AHG
>CI�;=I�[>HA@GNG�[U;�lmDVAQ?�;=I�J+D�9N9'D�xUI�K��~[�\P;�<=D"J'D�AQKE?�;=<=IQ>o[U;C;CBEM�9�O0I�9 <QdjA�D�?'T�K]I�J+��B]<CGk<=>@[UJ�BE<CB]D�9�[UKcKEBE;=<
;CAHG'I�J�?�KEBL9'M�[U9�Jw>CIQM�BE;=<=IQ>q[UKLK]DVAQ[<CBED�9 O0IQ<CG'DPJ�;Q` � G'I0T�BED�9'IQIQ>@BE9'M���DU>B%+BL9NAQKE?�;=<=IQ>u[U;C;@B]M�9�O0I�9 <uBE;
 ��� � �U�7`  ��� ?�;=I�;�["< ��Dg7T�G�[U;=I�[UKEMUDU>@B]<CG�O�` ��B]>@;=<Qd�<CG'I [UKEMUDU>@B]<CG�O�<=>H[�xUIQ>@;=I�;&[kJ'IQTYI�9�J'I�9�A�I
MU>@[T�GSX DU<=<=D�O0gi?'TW<=D�T�>CDUT�[M�[<=IbBE9'lmDU>@OS[<CB]D�90[XYD�?'<hT�>CIQT�KE[UA�I�JSBL9�;=<=>@?�A�<CBED�9�;Q` � G'I�9.drB]<�<=>@[�xUIQ>@;CI�;
<CG'IkMU>@[T�G <=DUT'giJ�D���9a[U9�J MU>@IQI�J�BEK]\^OS[T�;WI�[UA@GaBE9�;=<=>@?�A�<CB]D�9 <=D <CG�I AQKE?�;=<=IQ> <CG�[< AQ[U9RI�vPI�AQ?'<=I
B]<&I�[>@KEBEI�;=<Q` � G'IV�k?�K]<CB*R�D�� A�D�O0T�BEKEIQ>&?�;=I�;&[wx$[>@BL[U9r<&DUl  �o� ��� � �7d���B]<CG'D�?'<p<CG'I";C?�T�TYDU>C<qlmDU>
T�>CIQT�KE[UA�I�J�BE9�;=<=>H?�A�<CB]D�9�;Q`

f W W BE;&[U9 B]<=IQ>@[<CBExUI"[U;C;CB]M�9�OSI�9r<0[T�T�>@D�[UA@G X�[U;CI�J^D�9^T�[>C<CBE[UK	A�D�O0TYD�9'I�9 <C;"���$�7`�8 <0X�?�BEKEJ�;
T�[>C<CBL[UK�A�D�O0TYD�9'I�9 <C;pX \ xPBE;CBE<CBE9'M�<CG'I�J�[<C[wJ'IQTYI�9�J'I�9�A�IWMU>@[T�GZX DU<=<=D�O0gi?'TjdhA�>@B]<CBLAQ[UK�g7T�[<CG'0�>@;=<Q`
� G'I�OS[$v'BEOp?�O ;@B*�QI�DUlc[�A�D�OST D�9�I�9r<	BE;�KEBEOSBE<=I�JSXV\ [�T�[>@[UO0IQ<=IQ>�d�� � ^P`48�<	?�;=I�;~;CBEO0T�K]I�G'I�?'>HBE;=<CBEAQ;
<=D0;=I�K]I�A�<~[px$[UKE?�I�lmDU>�� � ^�<CG�[<~X�[UKE[U9�A�I�;�<CG'Ib<=>@[UJ'I�g7D�!+X IQ< ��IQI�9�TYIQ>ClmDU>@OS[U9�A�I�[U9�J�A�D�O0T�BLK]I�g7<CBEO0IUd
[UK]<CG'D�?�M�GS<CG'I�I�vP[UA�<~O0IQ<CG'DPJSBE;�9'DU<�J�BL;CAQ?�;C;=I�J0BL9SJ'IQ<C[UBEK�BE90<CG'I�DU>@B]M�BE9�[UKPT�[T IQ>�` � G'I�A�D�O0TYD�9'I�9 <C;
[>CI	BE9�BE<CBE[UKEK]\o[U;C;CBEM�9'I�Jp<=DuAQKE?�;=<=IQ>@;cX�[U;CI�J&D�90;CBEO0T�KEI�K]D�[UJ&X�[UKL[U9�AQBE9'Mb[U9�J0A�D�OSOp?�9�BEAQ[<CB]D�9&A�>@BE<=IQ>@BE[P`
� G'I�[U;C;CB]M�9�OSI�9r<C;�[>CI�;C?�X�;=I�tV?'I�9r<CKE\pBEOST�>CD�xUI�JW<CG'>CD�?'M�G B]<=IQ>@[<CB]xUIbJ'I�;CA�I�9 <Qd XV\0A@G'I�AN%VBL9'M���G'IQ<CG'IQ>
O0D xVBE9�M&[&;C?�X'giA�D�O0TYD�9'I�9 <�<=DS[U9'DU<CG�IQ>�AQKE?�;=<=IQ>	BEO0T�>CD�xUI�;�<CG'Io;CAHG'I�J�?�K]IU`h��[�� W-WFKEIQxUIQ>@[MUI�;�<=I�AHGPg
9�BEtV?'I�;	J'IQxUI�KEDUT I�J"l�DU>�Op?�K]<CBET�>CDPA�I�;C;=DU>	<C[U;:%�MU>@[T�G�;@A@G'I�J�?�KEBE9'M"� � �7` �b;C;CBEM�9�O0I�9 <�BE;~TYIQ>Cl�DU>HO0I�J�BE9
<CG'>CIQIu;C<=IQT�;4� >)< J�FHG 947@C D�	uMU>CD�?'T�;�BL9�;=<=>@?�A�<CBED�9�;�<CG�[<�G�[�xUI�KEB]<=<CKEIbT�[>@[UKEK]I�KEBL;CO � � 947
	 CED�	q>CI�J�?�A�I�;	<CG'I
9V?�OqXYIQ>�DUl~AQKE?�;=<=IQ>@;b<CG'>@D�?'M�GNO0IQ>CM�BE9�M �	5�<*= >@9 �O94DGhOS[T�;oAQKE?�;=<=IQ>@;�<=D�<CBLK]I�;Q`���?'>HBE9'M�T�KE[UA�I�O0I�9 <Qd
��[�� W W�[UKL;=DSG�[U9�J�KEI�;	A�D�9�;=<=>@[UBE9 <C;�lm>CD�O T�>CIQT�KE[UA�I�J�BE9�;=<=>@?�A�<CB]D�9�;Q`

8:9 ���K� �7d~<CG'I+;=D�KE?'<CBED�9 J�B$!YIQ>@;0lm>CD�O <CG'I+[XYD�xUIk[T�T�>CD�[UA@G�I�; BE9 <CG'I"DU>@J'IQ>HBE9'MNDUloT�[U;C;CI�;Q`R8�<
TYIQ>ClmDU>@OS;�;CA@G'I�J�?�KEBE9'M X IQlmDU>CIw[U;C;CB]M�9�O0I�9r<Q` � G'I+[U;@;CB]M�9�O0I�9 <�T�[U;C;�?�;=I�;�[�OSBE9PgiAQ?�<�[UK]MUDU>HB]<CG�O
[UJ�[T�<=I�J l�>@D�O�AQB]>@AQ?�B]<�T�[>C<CB]<CB]D�9�BE9'M�<CG�[<q<=>HB]I�;o<=DkOWBE9�BEOSB+�QIpA�D�OSOp?�9�BLAQ[<CB]D�9.` � G�BE;u[UK]MUDU>HB]<CG�O�d
G'D ��IQxUIQ>�d J'DVI�;�9'DU<�J�BE>CI�A�<CK]\ [<=<=I�OST�<�<=DSDUT�<CBLOSB*�QIo<CG'IuI�vPI�AQ?'<CB]D�9 K]I�9'MU<CG�DUl�BE9'T�?�<~�-����;Q`

� D�[�xUD�BEJwT�[U;@;�DU>HJ'IQ>@BE9'M T�>CDUX�KEI�OS;Qd�>@I�A�I�9r<���DU>B%V;oG�[�xUI&T�>CDUTYD�;=I�J+A�D�OqX�BE9'I�Jw;=D�KE?'<CBED�9�;Q`�{|I�g
?'TYIQ>@;	J'I�;@A�>@B]XYI�;�[U9 BE<=IQ>@[<CB]xUIqA�D�O�X�BE9'I�J [T�T�>CD�[UAHG.d�X�[U;CI�J"D�9 ;@BEO�?�KE[<=I�J�[U9�9'I�[UKEBL9'M'd�<=DSTYIQ>ClmDU>@O
;CAHG'I�J�?�KEBL9'M�[U9�JpT�[>@<CB]<CB]D�9�BE9�M�D�90[b�b{|8 � �62'f ��� � �7` � �62qT IQ>@l�DU>@OW;�[U;C;@B]M�9�O0I�9 <4[U9�J&;CA@G'I�J�?�KEBE9'M
<=DUMUIQ<CG'IQ>~XV\&BL9r<=IQMU>@[<CBL9'Mq[U;C;CBEM�9�O0I�9 <�BE9 <=Dq[qA�\PAQK]I�giJ'>@BExUI�9WKEBE;C<h;CA@G'I�J�?�K]IQ>�� � �7`#W �b� 2&T IQ>@l�DU>@OW;h[UKEK
<CG'>CIQIb<C[U;:%P; � [U;@;CB]M�9�O0I�9 <QdP;CA@G'I�J�?�KEBE9'M'd [U9�JW>@IQM�BE;=<=IQ>	[UKEK]DPAQ[<CB]D�9 � BE9 D�9'I�;=<=IQTjdVX \ BE9r<=IQMU>H[<CBE9'M
XYDU<CG"[U;C;CBEM�9�O0I�9 <�[U9�J�>CIQM�BE;C<=IQ>�[UKEK]DPAQ[<CB]D�9"BE9 <=DS[SO0DPJ�B*0�I�J�A�\PAQK]I�giJ'>HB]xUI�9"KEBE;C<~;@A@G'I�J�?�K]IQ>q��� �$�7`

{|IQ>@9'IQ> T�>CDUTYD�;=I�; [U9 BE9 <=IQ>CI�;=<CBE9'MRBE9r<=IQ>@lm[UA�IZ<=DaJ�B*! IQ>CI�9 <"T�[U;@;=I�; X�[U;=I�J D�9 	M7:=@5 S 7B9 58<$= >H9 �
� 9/DG	�s����7` ��BL;b[T�T�>CD�[UA@GwI�9�[X�K]I�;�BE9�J'IQTYI�9�J�I�9r<CK]\�J'I�;@B]M�9'I�JwJ�[<C[$g R�D � T�[U;C;=I�;b<=D�XYI&A�D�O0TYD�;=I�J
[U9�J^>@?�9Z<=DUMUIQ<CG�IQ>�` � G'I�A�D�O0TYD�;=I�J^T�[U;C;0BL;0[X�K]I�<=D [UA@G�BEIQxUI�<CG'I�T�>CI�AQBE;@B]D�9 DUl�B]<=IQ>@[<CBL9'MNBE9�J'I�g
TYI�9�J'I�9 <�T�[U;C;=I�;QdhX�?'<���B]<CG'D�?'<p<CG'I�A�D�O0T�BEKEI�g7<CBEO0I A�D�;C<0DUl�B]<=IQ>@[<CBED�9.`N8�9^[UKEK�<CG'I�;CI�[T�T�>CD�[UA@G�I�;Qd

� k



� ocw��cm ��ncm�wÁ}Q�ÁÀaµlm�jluvz�k�wln

G'D ��IQxUIQ>�dPIQxUIQ>C\0J'I�AQBL;CB]D�9SBE;�B]>C>CIQxUDPAQ[X�K]I�[U9�J 0�9�[UK `c8:9SA�D�9r<=>H[U;=<QdVA�D�9 xUIQ>CMUI�9 <	;CA@G'I�J�?�KEBE9'M�T�>@D�xPBEJ'I�;
[0MUI�9'IQ>H[UK.l�>H[UO0IQ��DU>N%�<CG�[<�[UKEK]D ��;	J'I�AQBE;CBED�9�;~<=DSXYIoTYD�;=<=TYD�9'I�J�DU>�>CIQxUIQ>@;CI�J.`

f�[U;C;qDU>@J'IQ>@BE9�M"BE;C;C?'I�;uD�9 AQKE?�;=<=IQ>@I�J [>@A@G�B]<=I�A�<C?'>CI�;pBE;u[�>@I�KE[<CB]xUI�K]\w9'IQ� [>@I�[ ��[kO0DU>CIWAQKL[U;C;CB�g
AQ[UK�T�[U;C;bDU>@J�IQ>@BE9'M T�>CDUX�K]I�O DPAQAQ?'>@;�BE9+;CAQ[UKE[>oDUT�<CBEOWB*��[<CB]D�9�;Q`X2VD�O0I0[T�T�>CD�[UA@G'I�;oBL9 <CG'D�;CI&[>@I�[U;
;CG�[>@I�;CBEOWBEKE[>	MUD�[UKE;�[U9�J l�I�[<C?'>@I�;���B]<CG A�D�9 xUIQ>CMUI�9 <�;@A@G'I�J�?�KEBE9'M'`-W�DVDUTYIQ>�IQ<�[UK `�?�;=I�Jk[��bI�9�IQ<CBEA
�bK]MUDU>@B]<CG�O�;=D�KE?'<CB]D�9 <=D IQxUD�K]xUI�<CG'I DU>@J'IQ>qDUl~T�[U;@;=I�;��s�P�Q�7` � G'I�B]>q[T�T�>CD�[UA@G 0�9�J�;�MUD DPJ MUI�9�IQ>@[UK
;=D�KE?�<CB]D�9�;QdP[U9�J�B]<�TYIQ>Cl�DU>HOS;�IQxUI�9�X IQ<=<=IQ>���G'I�9�<CG'I�IQxUD�KE?'<CB]D�9�BL;�[T�T�KEB]I�J�BE9�J'IQTYI�9�J�I�9r<CK]\&D�9�I�[UAHG
XYI�9�A@G�OS[>B% ` T�?'>b>CI�;=I�[>@AHGNI�vP<=I�9�J�;�<CG�BE;b��DU>B%kBL9kOS[U9 \k;@B]M�9�B*0�AQ[U9 <b��[�\V;Q` ��B]>@;=<QdYD�?'>uKEI�[>@9�BE9'M
>CIQT�>@I�;=I�9r<C[<CBED�9�[UKEK]D���;~l�DU>�A�D�9�J�B]<CB]D�9�[UK�I�vVI�AQ?�<CB]D�9�DUl|T�[U;C;=I�;QdP��G�BLK]I�<CG�I�B]>@;~J'DVI�;	9'DU<Q`#2VI�A�D�9�J.dP��I
;CBEOp?�K]<C[U9�IQD�?�;CK]\�<=>@[UBE9kD�9wO�?�K]<CB]T�K]IoXYI�9�AHG�OS[>B%P;�<=D�A�>@I�[<=I0MUI�9'IQ>@[UK�g7T�?�>CTYD�;=Iq;=D�KE?�<CB]D�9�;Q` �cBL9�[UKEK]\Ud
D�?'>0�bI�9'IQ<CBEA fh>CDUMU>@[UOWOSBE9'M�>CIQT�>CI�;=I�9 <C[<CB]D�9Z[UKLK]D���;q?�;u<=D+;=I�[>@A@G�;=D�KE?�<CB]D�9�;oDUl~x[>@BE[X�K]ISKEI�9'MU<CG��
XV\�>@IQ��[>@J�BE9'M0T�[>@;@BEO0D�9 \Ud'��IqAQ[U9�0�9�J�xUIQ>@\�A�D�OST�[UA�<b;CD�KE?'<CB]D�9�;�dV��G'I�9�TYD�;C;CB]X�K]IUdPDU>�O0DU>CI�A�D�O&g
T�K]I�v0;=D�KE?�<CB]D�9�;���G'I�9W;CBEO0T�KEI~;CI�t ?'I�9�A�I�;�[>CI�9�DU<�;C?�B]<C[X�K]IU`PT�9S<CG'I�A�D�9 <=>@[>C\Ud�W�D DUTYIQ>>� ;�[T�T�>CD�[UAHG.d
X�[U;=I�J^D�9 �bI�9�IQ<CBEA,��KEMUDU>@B]<CG�O�dhBL;pKLBEOSB]<=I�J <=D ;=D�KE?'<CB]D�9�;qDUlb[ 0'vVI�J^;CB+�QIU` �NI�XYI�KEB]IQxUI�<CG'I�A�D�9Pg
xUIQ>CMUI�9 <S;CA@G�I�J�?�KEBE9�Mk;=D�KE?�<CB]D�9Z;CT�[UA�I�BE;&O0DU>CI�BE9 <=IQ>CI�;=<CBE9'M+<CG�[U9�<CG�[<&DUl�[U9�DU>@J�BE9�[>C\NX�[UAN%rg7I�9�J.`
� G'I�;=\POSO0IQ<=>C\S[U9�J�?�9�;=I�K*0�;@G�9'I�;C;4DUl�A�D�9rxUIQ>CMUI�9 <�;CAHG'I�J�?�KLBE9'MuT�[U;@;=I�;~BEO0T�KEBEI�;h[U9�BE9r<=IQ>@I�;=<CBE9'M&[U9�J
BEOSOSI�9�;=Io;=D�KE?'<CBED�9�;=T�[UA�IU`

� >@I�A�I�9r<~��DU>B%SXV\��u?�K*%[>@9�B�IQ<~[UK7`Y�s�U�$�.J'I�;CA�>HB]XYI�;�9'IQ��<=I�A@G�9�BEtV?'I�;�<=D0BEOST�>CD�xUIb<CG'IbIQ_WAQB]I�9�A�\
DUlc�bI�9�IQ<CBEA �bK]MUDU>@BE<CG�OS;Q` � G'I�B]>�>CI�;C?�KE<C;�OSB]M�G <�>@I�J�?�A�Ib<CG'I�<CBEOSIb9'IQI�J�I�JW<=D&;=I�[>@AHG D�?�>�DUT�<CBLOSB*�QI�J
T�[U;C;�DU>@J'IQ>@BE9�M�;Q`

��-�� 2 1 Ö �i5�Ò672 1 Ò

� BEOSI�g7<=DgiOS[>B%UIQ<bT�>CI�;C;C?�>CI�;�OS[�%UIpB]<�J�B]_ AQ?�K]<~<=DWI/!YI�A�<CB]xUI�K]\�<C[>CMUIQ<�9'I�vP<�MUI�9'IQ>H[<CB]D�9"T�>@DVA�I�;C;CDU>@;Q`
W�D�9 xUIQ>CMUI�9 <�;@A@G'I�J�?�KEBE9'M � ; ;CBEO0T�KEI"BE9r<=IQ>@lm[UA�Iw[UKEK]IQxPBE[<=I�;�;C?�A@GaA�D�9�;=<=>H[UBE9r<C; XV\ lm[UAQBLKEB]<C[<CBE9'M >@[T�BEJ
T�>CDU<=DU< \ T�BE9'MWDUl�T�[U;C;=I�;Q` ��;�;CG�D���9.d A�D�9rxUIQ>@MUI�9r<u;CAHG'I�J�?�KLBE9'MW;CBLO0T�KEB*0�I�;	A�D�O0T�BEK]IQ>bJ'I�;CB]M�9kXV\�T�>CDg
xPBEJ�BE9'M�[�A�D�OSO0D�9NBE9 <=IQ>Cln[UA�I0X \k��G�BEAHG+BL9�J'IQTYI�9�J'I�9 <�T�[U;C;CI�;oAQ[U9NA�D DUTYIQ>@[<CB]xUI�KE\ I�v'A@G�[U9'MUIW<CG'I�B]>
 N94< C 9��@F�[XYD�?'<�<CG'Ip;=T�[UA�I�g7<CBEO0Ip;CA@G�I�J�?�K]IU`1�bKE;=D'd�[U9 \�T�[U;C;bAQ[U9kX Iq>@?�9�lm>CIQI�K]\�XYIQl�DU>@IqDU>�[lm<=IQ>o[U9r\
DU<CG'IQ>�d�;=DN;CBEO0T�KEB]lm\VBE9�M�<CG'I�A�D�;=<0DUl�J'IQT�K]D�\PBE9'Mw[U9�J�<=I�;=<CBE9'M [w9'IQ� A�D�OST�BEK]IQ>�` e�D�9'IQ<CG'I�KEI�;C;Qdh��I
;CG'D � <CG�[<�D�?�>�A�D�9rxUIQ>@MUI�9r<�;CA@G�I�J�?�KEBE9�MpA�D�O0T�BEK]IQ>�BE;�;C<CBEKEK lm[U;C<�[U9�J�I/!YI�A�<CB]xUIU`

T�?�>S��DU>N%^;@G'D���;W[UKE;=D G'D � OS[UAHG�BE9'I�giKEI�[>@9�BE9'Mw<=I�AHG�9�BEtV?'I�;SAQ[U9FX Ik?�;=I�J <=D [U?�<=D�OS[<CBEAQ[UKEK]\
;=I�[>@AHG�<CG'IWT�[U;@;:g7DU>@J'IQ>p;=D�KE?'<CB]D�9Z;=T�[UA�IU`UTo?'>&�bI�9�IQ<CBEAWf�>CDUMU>@[UOSOSBL9'M"<=I�A@G�9�BEtV?'I [UKEKED���I�JZ?�;q<=D
I�[U;CBEKE\ >CI�g7<C[>CMUIQ< 9�IQ� [>HA@G�B]<=I�A�<C?�>CI�;QdbX \aJ�BE;CA�D xUIQ>@BE9'M O0DU>CIwI/!YI�A�<CB]xUI ;=I�tV?'I�9�A�I�;�` ��A�D�O0T�BEK]IQ>
AQ[U9aXYI <C?�9'I�JR<=D^[�9�IQ� [>@AHG�B]<=I�A�<C?'>@IkXV\ >@?�9�9�BE9'MND�?'>�IQxUD�KE?'<CBED�9�[>C\ ;=\P;=<=I�O l�DU>�A�D�9 xUIQ>CMUI�9 <
;CAHG'I�J�?�KEBL9'M'`PW�>@D�;C;hx[UKEBEJ�[<CBED�9&<=I�;=<C;�;@G'D��R<CG�[<�TYIQ>ClmDU>@OS[U9�A�I�BLO0T�>CD xUI�O0I�9r<�BE;h9'DU<�KEBEOSB]<=I�J&<=D�<CG'I
XYI�9�A@G�OS[>B%P;	D�9���G�BLA@G�<CG'Iq;CI�t ?'I�9�A�IqBE;	<=>@[UBL9'I�J��4<CG'IuD�9�I�g7<CBEO0IuIQxUD�KE?�<CB]D�9���BEKLK�>@IQ<C?'>@9"[0MUI�9�IQ>@[UK
T�?'>@T D�;CIbA�D�O0T�BEK]IQ>�<C?�9'I�J�<=D0<CG'Io9'IQ� [>@AHG�B]<=I�A�<C?'>@IU` � G�BE;�T�>CDPA�I�;C;	AQ[U9�XYIb>CIQTYI�[<=I�J�lmDU>�[U9r\�9'IQ�
OS[UAHG�BE9'IUd�[UJ�J�BE9'M'd�B]lc9'IQI�J'I�J.d�;=D�OSIq[>@A@G�B]<=I�A�<C?'>CI�gi;=TYI�AQB*0�A�T�[U;C;=I�;	<=DW<CG'Iulm>@[UO0IQ��DU>B%�`

� G�Ip>@I�;C?�K]<C;�;CG'D ��;�<CG�[<oA�D�9 xUIQ>CMUI�9r<p;CA@G�I�J�?�KEBE9�M BE;bI/!YI�A�<CB]xUISD�9N[�x$[>HB]IQ<i\+DUl�[>@AHG�B]<=I�A�<C?'>@I�;Qd
D�!YIQ>@;~t ?�BLAB%SA�D�O0T�BLKE[<CB]D�9kynA�D�OST�[>@[X�K]Ib<=DpDU<CG'IQ>	O0DVJ�IQ>@9 A�D�OST�BEK]IQ>@;�}Hd [UJ�[T�<C;�<=D&J�B$!YIQ>CI�9 <�[>@AHG�B�g
<=I�A�<C?'>@[UK�A�D�9�0�M�?'>H[<CB]D�9.`S�NI X I�KLB]IQxUISA�D�9rxUIQ>@MUI�9r<&;CA@G�I�J�?�KEBE9�M�BE;q["9'D�xUI�K7d�I/!YI�A�<CB]xUI [T�T�>CD�[UA@G <=D
A�D�O0T�BLKEBE9'Mpl�DU>�O0DVJ�IQ>@9�OS[UA@G�BE9'I�;Q`

�U�



� uvs�s k�w�����}�m s�µvm�wl´�ocw����rm�m��	��
H{Jy��yp´,k�wlncµvm

ÏúÖ�� 1 2���� � 3  � | ��1 Ó�Ò
� G�BL;���DU>B%�I�vP<=I�9�J�;�[U9�J BE9r<=IQMU>H[<=I�;�D�?'>�>@I�;C?�K]<C;QdPT�>@IQxVB]D�?�;CK]\ST�?�X�KEBE;CG�I�J [U;q�s�U�'d�� �U�7`h�NIu�~[U9 <�<=D
<CG�[U9�% 2PG�[U9'IX2V��I�9�;=D�9.d�� [>@<CBE9,� [>C<CBL9.d'[U9�J ��9�[$g �k[�\VT � ��I�BEKEK]\&lmDU>�<CG�I�B]>	A�D�9r<=>@BEX�?'<CB]D�9 <=D&<CG�BE;
T�>CD �=I�A�<Q`

� � � � Ô ��1 Ö � Ò
����� � ` � [�\VK]DU>�d���` �uBLO�d���`��kBEKEK]IQ>�dV�p` �NI�9 <:��KE[ !�d���`���G'DPJ'>@[<Qd�b`'��>CIQI�9r�~[UKEJ.d���` ��D�!YOW[U9.d��'` g

� ` {|IQIUd fc`���D�G�9�;=D�9jd�� `V{jIQIUd �q`�� [Pd �q` 2P[>@[l�d�� ` 2VI�9'I�;B%VB d eq`�2'G�9�BEJ�OW[U9.dU��` 2V<=>@?�O0TYI�9.d
� ` �'>H[U9�%�d 2 `���OW[>@[U;CBE9'M�G�IUd|[U9�J'��` ��M�[>C��[UK7d & � G'IS� �|� �kBEA�>CDUT�>CDPA�I�;C;=DU>K�3� W~D�O0T�?Pg
<C[<CBED�9�[UK ��[X�>@BEA lmDU>O2PDUl�< ��[>CI�W	B]>@AQ?�B]<C;�[U9�J �bI�9'IQ>@[UK~f�?'>CTYD�;=I f�>CDUMU>@[UOS;�d (���� � �	� C >47:Ld
T�Tj`�� � �V� � d	�k[>@A@G9f ��T�>HBEK|��� ���V`

�s� �p�q`�eb[M�[>@[ �=[U9jd �0`	2P[U9�%[>@[UKEBE9'M�[UO"d��p` ~?'>CMUIQ>�d [U9�JU2 ` �oI�AB%PK]IQ>�d &:� �bI�;CBEM�9U2VT�[UA�I "hx[UKE?Pg
[<CBED�9�DUl��b>@BEJ�f�>CDVA�I�;@;=DU>-��>@A@G�BE<=I�A�<C?'>CI�;Qd (W��� �'�`

�s� � ��` g;2 ` �uBLO [U9�J
��`�"�`2POSB]<CGjd &:�b9�8:9�;=<=>@?�A�<CBED�9 2VIQ<�[U9�J �kBEA�>CD�[>HA@G�B]<=I�A�<C?�>CIol�DU>	8:9�;=<=>H?�A�<CB]D�9
{|IQxUI�K.��BE;=<=>@B]X�?'<=I�J�fh>CDPA�I�;C;CBE9�M'd (pBL9��17 LK>@9N9NA�C D�	�F L �XG S 9���MG S �@DG 9/7HD�=MGIC L�D�=M<���� � 5 L FHCEJ � LMD
� L��-58J G 947�� 7:> S C G 9N>)GIJ 7:9Qd�yI�b9�A@G'DU>H[MUIUd8�b{c}Hd�k[�\ ��� ���V`

� �����`��u`"�KEKEBE;�d��-J <E<*A L 	���� � L � 5�C <*947��4L�7���������� 7:> S CIG 9B>KGIJ�7B9HF�`#� 8 � f�>CI�;C;Qd�� � �M� `

� � � 2Y`|{|[>@;CI�9 [U9�J 2Y`���OS[>H[U;CBE9'M�G'IUd &:8�9�A�>CI�[U;CBE9'Mk[U9�J �bIQ<=I�A�<CBE9'M �"I�OSDU>C\'��J�J'>CI�;C; W~D�9'MU>@?Pg
I�9�A�IUd (+BL9�� 7:L)>@9@9BA�C D�	MF L �! " MG S �@DG 947@D�= GICIL�D8=�< � L�D �)9/7B9/D�>H9,L�D#� =�7:=�< <*94<$� 7 > S C G 9N>)GIJ 7B9HF =�D8A
� L��-58CE<*=MGIC L�D&%89B> S D�C(')J9HF*)+�,� ��%�- d|y W~G�[>HK]DU<=<=I�;=xPBEKEK]IUdV� �o}Hd	2PIQT�<=I�OqXYIQ>���� ���V`

� � ��� `�{|IQIUd��q` ~[>@?�[Pd8� `���>@[U9�% d��p`	2V>HB*% >HBE;CG�9�[Pd��'` �[X�Xjd��p`	2P[>B%[>�d�[U9�J�2 `�bOS[>@[U;CBL9'M�G'IUd
&N2PT�[UA�I�g � BEO0I62PA@G�I�J�?�KEBE9�MoDUlj8�9�;=<=>@?�A�<CB]D�9'gi{jIQxUI�K fc[>H[UKEK]I�KEBE;@O D�9 [p�-�����k[UA@G�BL9'IUd (&BE9.�17 L��
>H9N9NA�CED 	�F'L �UG S 9 �1C 	 S G S � �/� � L�D �)9/7B9/D�>H9 L�D0� 7 > S CIG 9B>)GIJ 7:=�<1��J 5 5 LM7HG �/LM7��17 L 	 7 =���� C D�	
� =�D�	 J�= 	�9HF =MD�A32 5�9/7:=MGIC D�	!��� F/G 9�� FHd�y 2'[U94�UD�;=IUd	W ��}Hd�T�Tj`�� � � � � d�T�A�<Q`|� ��� � `

� ���p�q`��"DU< ��[U9�B7d �0`Y��`jf�[UK]I�O"d.��` 2P[>B%[>�dj[U9�J 2Y` ��IQ\UI�9.d-&NW�D�O�X�BE9�BL9'M���IQM�BE;=<=IQ>X�bKEK]DPAQ[<CB]D�9
[U9�J�8�9�;=<=>@?�A�<CB]D�9.2'A@G'I�J�?�KEBE9'M'd ( � I�AHG.`���IQTj`�W 2 g � e�g � � g �U�Vdc� ��� � `

� � � "�` T �QIQ>�d 2 ` ~[U9'IQ> �CBE[Pd�[U9�J � ` � ` W�D�9 <=IUd &:�b9�B*0�I�J �b;C;CB]M�9^[U9�J 2'A@G'I�J�?�K]IM� � e�IQ� ��T'g
T�>CD�[UA@G�<=D 2PA@G'I�J�?�KEBE9'MplmDU> W~KE?�;C<=IQ>CI�J���IQM�BE;C<=IQ> ��BEK]IX�kBEA�>CD�[>@AHG�B]<=I�A�<C?'>CI�;�d (WBE94�@DG 947@D8=MGICILMD�=�<
� � � 5 L�F@C J � L�D��QCI>)7 L)=M7 > S C G 9N>)GIJ 7B9�d T�Tj`���� � �V�P� � d4� ��� � `

��� �0�&` �bI�;=D�KEB7d &:8:9�;=<=>@?�A�<CB]D�9.�b;C;CB]M�9�O0I�9r<�l�DU>XW~KE?�;=<=IQ>CI�J"��{j8�� �X2Pf W�D�O0T�BEK]IQ>@;4� � e�IQ� ��T'g
T�>CD�[UA@G.d ( � I�AHG.`���IQTj`���f�{.g � � g@���Vd ��IQ��K]IQ<=<�f�[UAB%[>@J {�[XYDU>@[<=DU>@B]I�;Qd5��[U9V?�[>C\w� ��� � `

��� �$����` ��` �cBL;CG'IQ>�dO& � >@[UA�I 2PA@G�I�J�?�KEBE9�M�� � � I�AHG�9�BEtV?'I lmDU> ��K]DUX�[UK �kBEA�>CDPA�DVJ'IQW�D�O0T�[UA�<CBED�9.d (
��� � �6%�7:=�D�F4= >)GIC L�D�FOL�D � L � 5�J�G 9/7@FHd�xUD�K `8W�g ���Pd�T�Tj`���� � �?�����Pd,��?�K]\+� � � �`

���U��� 2Y`8��`�� [UG�K+%UIUdY�p` Wb`Y{|BE9jd�� ` �p` W~G'I�9jd �q`8"�` �b[U9�% d.[U9�Jw�u`	�q` �>@BE9'M�OW[U9�9.d#&:" ! I�A�<CBExUI
W~D�O0T�BEK]IQ> 2P?'T�TYDU>C<�l�DU>0f�>CI�J�BEAQ[<=I�J "4vPI�AQ?'<CB]D�9 �b;CBE9'M+<CG'I���\VTYIQ>CX�K]DPAB% d (NBE97�8MG S � D�D�J�=�<
�@D�G 9/7HD�=MGIC L�D�=�<9��� � 5 L F@C J � LMD�� C >47:L)=�7:> S CIG 9B>KGIJ�7B9�)(�4� �/:;29- d'T�Tj`�� � � � �'d�� ���U�V`

���



� ocw��cm ��ncm�wÁ}Q�ÁÀaµlm�jluvz�k�wln

����� �p�p` �k[��QIUdV&NW�D�O0T�BEKE[<CB]D�9a8:9'l�>H[U;=<=>@?�A�<C?'>@I+lmDU>"��{j8�� �k[UA@G�BE9'I�;Qd ( �k[U;=<=IQ>>� ; <CG'I�;CBE;Qd6�k[U;:g
;@[UA@GV?�;=IQ<=<C;�8�9�;C<CB]<C?'<=I�DUl � I�AHG�9'D�K]DUMU\Ud�2VIQT�<=I�O�X IQ>b��� �'�`

����� � � `��p`82POWB]<CG.d &B� [UAHG�BE9'I 2 ��8 ��d (SBE9�� =MGIC L�D�=�< � L � 5�CE<+9/71�@D �H7 = F/GI7@J�>KGIJ�7B9
%�J�G L�7@C =�<P=MG � �����
������$d���?�9'Iq��� � �P`�Gr<=<=T �3fUf �����u`sIQI�AQ;Q` G�[>Cx$[>HJ.`sI�J�?gf$GV?'XYIU`

���/��p{�`��bIQDU>CMUIq[U9�J,�q`'� `��T�TYI�K d &:8�<=IQ>@[<=I�Jk��IQM�BE;=<=IQ> W�D�[UK]I�;CAQBE9�M'd (SBE9
� �/� %�7:=�D�F4= >)GIC L�D�F LMD
�17 L 	M7:= � � C D�	.��=�D�	 J�= 	�9/F =�D�A.��� FHG 9 � FHd�xUD�K `�� � d�� ��� � `

��� � ����` ~[X�Xjd�� ` �'>@[U9�% d �p`�{|IQIUd�"�`�� [UBE9'MUD�KLJ.d �q` ~[>@?�[Pd � ` � [�\VK]DU>�d ��` �uBEO�dM2 `��bIQx$[X�G�[�% <C?�9�B d
[U9�J'�q`���M�[>C�~[UK d & � G'IS�-��� �I�9�A@G�OW[>B% 2P?�B]<=IM� W�D�OST�?'<C[<CB]D�9 2V<=>H?�A�<C?'>CI�;olmDU>p�bI�9�IQ>@[UK
f�?'>CTYD�;=I W�D�O0T�?�<CBE9'M'd (oBE9 ��� � � � � � 5 L�F@C J � L�D�� C 94<$A�� � 7:L 	 7 = � �O=� 4<*9 � J�FHG L � � L � 5�J�GICED�	
� = > S CED89/FHd�yneb[T�[0�h[UKLK]IQ\Ud8W �o}Hd��T�>@BEK�� ��� � `

��� � �pfc`j{|D���9'IQ\Ud 2 `��'>CI�?�J'I�9rXYIQ>CMUIQ>�d � ` �u[>N�QI�;Qdj� `|{|BEAHGr<=I�9�;=<=I�BE9.d|�q`je�B]v d ��` T � �bD�9�9'I�KEK7d|[U9�J
��`.��?'<=<=I�9 XYIQ>CM'd1& � G'IO� ?�K]<CB*R�D � � >@[UA�I 2PAHG'I�J�?�KEBL9'M W�D�OST�BEK]IQ>�d (�BE9
	 LMJ�7HD�=�< L � �JK5�9/7:>NL � �
58J GIC D�	�d�T�Tj` � � ���/�r�Vd/��[U9.`j� ���U�V`

���K��� ��`�W~[T�B]<C[U9�BED'd e�` ��?'<=<Qd'[U9�J �q`Ve�BEA�D�KL[U?.d &=f�[>C<CBE<CB]D�9'I�J���IQM�BE;=<=IQ>1��BEK]I�;�l�DU>���{j8��a;4� � f�>CI�g
KLBEOSBE9�[>@\3��9�[UK]\V;@BE;�DUl � >@[UJ�IQD�!Y;Qd (pBE9��8MG S �@DG 947@D�= GICIL�D8=�<���� �-5�L F@C J � LMD � C >47:L)=�7:> S CIG 9B>KGIJ�7B9
)(�4� �/:;29- d'T�Tj`����U� �V��� �Pdc� ���U�V`

��� � �p�q`�{jI�?'TYIQ>@;�d�&:8�9�;C<=>@?�A�<CB]D�9 2PAHG'I�J�?�KLBE9'Mbl�DU> W	KE?�;=<=IQ>CI�Jp��{j8�� �62'f�;Qd (uBL9*�@DG 9/7HD�=MGIC L�D�=�< � L�D �
�)9/7B9/D8>@9 LMD � =�7:=�< <*94<�� 7:> S CIG 9B>KGIJ�7B9 =MD�A � L � 5�C <*=MGICILMD %89B> S D�C '4J9HF�d'ynf�G�BEKE[UJ�I�K]T�G�BE[Pd f8��d�� 2 �o}Hd
ToA�<Q`���� � �P`

��� � � �S` �u[UBEKL[U;Qd �0`�"hX.AQB]DUM�KE?jdr[U9�J �q` �0`���MU>@[��~[UKE[Pd &NW �b� 2	��� e�IQ� W~DVJ'I��bI�9'IQ>@[<CB]D�9 �'>H[UO0I�g
��DU>B%�lmDU>6W	KE?�;=<=IQ>CI�J"8�{�faf�>CDPA�I�;C;=DU>@;Qd (�BE9��)G S �@DG 947@D�= GICIL�D8=�< ��� �-5�L F@C J � L�D�XC 	 S �-9/7��4L�7 �
�O=�D8>@9 � L � 5�J�G 9/71� 7:> S CIG 9B>KGIJ�7B9!)� � �/� -$dVT�Tj`j���U� ���/�r�Vdj��� �'�`

�s���$� 2Y`�{|IQ>@9'IQ>�d���`���>CD�xUIUd	[U9�J Wb` W~G�[UOqXYIQ>@;Qd &NW�D�O0TYD�;CBE9'Mw��[<C[�R�D�� ��9�[UK]\V;CI�;0[U9�J � >H[U9�;:g
lmDU>@OS[<CBED�9�;Qd (SBE9 % S 9 ��MG S � �/� ����� � ����� � ����� � ��% ��� � 5 L F@C J � L�D4� 7HCED�>)C 58<*9/F L ���17 L��
	 7 =���� C D�	*� =�D�	MJ�= 	�9HF*)(�12 � � ����  - d4ynfcDU>C<CKE[U9�Jjd�Tb>CIQMUD�9�}Hd���� ���V`

�s�P��� �S` W�DVDUTYIQ>�dV�p`�2P?'X�>H[UOS[U9�BE[U9.d�[U9�J {�` � DU>@A/�QD�9.d &:�bJ�[T�<CB]xUIXTbT�<CBEOWB*��BE9'M3W�D�O0T�BEK]IQ>@;�l�DU>�<CG'I
�P�Q;C< W�I�9 <C?'>C\ d (�	 LMJ�7HD�=�< L � ��J 5�947 >@L � 5�J�GICED�	�d�xUD�K7`��U�Vd�T�Tj`�� �V�U�Vd8��?�M�?�;=<���� ���V`

�s�U� �pfc` �u?�K+%$[>@9�B d�2 `���BL9'I�;Qd��'`���BE;CIQ>�dV�p`P��G�[UKEK]IQ\Ud��'`P��[�xPBEJ�;=D�9.d'[U9�J��p`��UD�9'I�;�d &:��[U;C< 2VI�[>@A@G�I�;
lmDU>3" ! I�A�<CB]xUI,TbT�<CBEOWB*��[<CB]D�9Nf�G�[U;=I 2VI�tV?'I�9�A�I�;Qd (3� �/� ����� � � ���udjxUD�K `����VdcT�Tj`h�K�V� ��� � �Vd
�k[�\"��� ���'`

�s�U� ��� `{jIQIUd��p`$f�?'T�T�BL9.d 2 `M2V��I�9�;=D�9.dU[U9�J 2 ` �bOS[>@[U;CBL9'M�G'IUd�&NW�D�9 xUIQ>CMUI�9r< 2PAHG'I�J�?�KLBE9'M'd (bBE9 �17 L��
>H9N9NA�CED 	�F L ��� 8MG S �@DG 947@D8=MGICILMD�=�< ��� � 5 L F@C J � L�D�� C >47:L)=�7:> S CIG 9B>KGIJ 7:9#)+��� �/:�29-$d�ym8:;=<C[U9 X�?�K d
� ?'>B%UIQ\�}Hd���� ���V`

�s� ��p�p` f�?'T�T�BE9.d�� `�2V<=IQT�G'I�9�;CD�9.d�2 `�bOS[>@[U;CBL9'M�G'IUd�� `8�k[>C<CBE9.d�[U9�JV��` g � `�T � ��I�BEKLK]\Ud &:��J�[T�<:g
BL9'MQW~D�9rxUIQ>CMUI�9 < 2PAHG'I�J�?�KEBL9'M��b;CBE9'MQ�k[UA@G�BE9�I�gi{jI�[>@9�BL9'M'd ( BE9 � 7:L)>H9N9BAMCED�	MF.L �,G S 9
 ��MG S �@D �
G 947@D8=MGICILMD�=�<��.L�7��KF S L@5 L�D#��=�D 	MJ�= 	�9/F =�D�A � L � 5�C <+9/7@F �4L�7 � =M7 =�< <+9/< � L��-58J GIC D�	 )(� �/� � - d
y W~D�KEK]IQMUI 2V<C[<CB]D�9jd ��� }Hd���� ���V`

� �


