
��������� 	
� ���
����������������������	������ 	 �"!#�%$&�('
���*) +,	-	
�.��/ 0 �1$2���
34	 �5� 6-�5��/879���
� :"�5�������;�<	
�=�;�����>� ����:?�&	 $2���%$&�.	
� 6@)A��$���� �

B<CEDGF.HJI8KMLONQPERSCUTWV�PEXOYAZ1X\[]IOCEX_^A`�LOabP<PSD�c

d C<e�HfC<Dhgi[]Fkj_[]lGmJn([]mJlGF.DQopPEqfC<l]PS[GC<lh^Er
s�F(HtPElh[Ge�F(X\[QCSu2ZQF.lGCEDGHtPEn(Fwv>XOxEgyXOF(F.lGgiXOxOr

zQXOg|{<F(lGDGg|[}^4CEu2`8gyn~IOgix\PEX�r�Z1XOXAZ1lhq�CEl.r�`8�
�\�J�U�<���������<�

�����}�w�1�|�*�U�.���(�\�����������*�E���}�¡ ¢���. ¢£¤�*���U�������(�}�������<¥5�<���U����¦_�*§]�©¨_§%�ª�����«���E���O�}¬S���|��§h�Q�(���«�¡­®�����<¥S 
£��ª§h��¦<���E�*�ª�J£����}�°¯��«�����*�i�.��¯b§G�.���*�t�.���p¦<����¦_�U���*¥°�|������§G�}���U�*��±�§G���U���*¥°�����.¥S ¢�_�«�.���ª�E�>§G��¯�¦®���E�*�¡�}�
�ª�w�.�«���U��¦<��§h�Q�}�S�*��¯��.�O¦<�������*§G�}���U� ��±S�����*¯��G²�³��E�´¥E�*�}���U�w�����}¬<§�������±S�����*¯µ���*¶S¬E�����*�&¦<���*¥<�ª§G�}���U�
�·�¡���ª�Q¥E�«�U�*����¦_�*¥@���<¥4�U�«���©¨\�*¥@�U�-���*���«�*�������E�.��¥E£¤�.���U²-¸��%±U�*�h­��«¹E�ª�����ª�E� �*¹¡¦_�«�h�ª¯��*�������º�ª�¡�U�*�· 
�������.�}�����<�&�}�E�.����¥E¥E���(�}�&�}�S�1�}�E�«��¯��U¯��*§��E���<�ª§h�������*��¦_�U�<���Q������§h�}���U�*��±5§G���U���*¥ �����E¥E£&�ª§���¦<���E�*�ª�G­
���«���(�h¥E���(�}�����f§G�����´§G�U�<������¬<§h�}���U��­®�.�����U�«��±»�ª�ª¯������*¥k�ª�w�S¬E¯Q�_�«�����<¥w�i�¡§]¬<��¦E�h�ª¯��(���ª��±��U�5�|�.�}���U¬S�
�_�*�E�«�S�����~²�¼·����¥<¥E���}���U��­2�}�E�
¯��*½·�������¾±4���
£��.��¿A���*���.���*¥8���-���E�����E�«�h¯���¯��(§��E�.�<�ª§G���p���*��¦®���<���
�.�������E¥E£&�ª§��@¦<���E�*�ª�G­º�ª�@���*�E�«�����y­��.�<¥@�«�U�*�À�}�E�(�´���*���.�·�(¥-���
¯��U�S�U�ª���}�<�ª§1¦E���E�*�ª�%�ª�%�}�E�«�����«�}�ª§G�.�
�.�<¥Á§G�U¯�¦<¬E���.�����U�E���t�ª�5�E�.�}¬S���U­�£&���}�Á�ª���������%���°�E���«¹¡¦_�*���ª¯��*�������®�(�.�ª�ª¥E�.�}������²�³¤�E��¦<���*���*�¡�&£¤����¿
¦E���*���*���}�1�«¹S¦_�«���ª¯��*�¡���.��¥S�.���@�|���»�}�E� �}�S�*��¯��U¯��*§��E���E�ª§G���p���(��¦_�U�E����������§h�}���U�*��±4§G���U���*¥�¯��«�����
�|���.¯Â�����<¥S£&�ª§h��¦<���E�*�ª�1ÃÅÄ@Æ�ÇSÈ2ÉÊ��Ë�²5Æf�������G­º�ª�<§G���E�*�º�i�.��¯;�����E¥E£&�ª§��À¦<���S�(�ª�
�.���5�}¬S�S½��*§G�·�(¥®­��S���
�«¹¡¦_�*���ª¯��*�������O¯��«�}�S�S¥E�G­O���k�}�E���U¬E���S ¢�}�E�~ ¢���<�ª§�¿S�E�*�}�M�}�S�*��¯��.���.���.¥<���*�¡���G­t¥E�~¨_�E�*¥Á�¡±5¨\¹¡�(¥Á���*¯1 
¦_�«���.�}¬S���°§G�U�<¥<�������U�<�����k��¦E¦®���}�����%�i�.§G�°�}�S�*�«�}�G²º�����}�w§G����¯�¦_�*¥��®��¬<�<¥E�(��±k§G���<¥<���}���U�E�G­<¦<���*�E�ª¥E�*¥
���E���U¬E�U���-�E�*�U�*�2���*����¨\¹¡�}¬E����¥E�*�}���U�E�*¥8���A¯��ª�<�ª¯���Ì]�w�}�E��§G�U¯�¯��U�Í§G�U�SÎ\�ª§G�����°�}�S�*��¯��.�2���<¥
¯��*§��E���E�ª§G���p�_�U¬<�<¥E�(��±8§G���<¥<���}���U�E���ª�Í�«¹S¦_�«���ª¯��*�¡���.�Ï�.¦<¦<�(���.�}¬<�G­��}�E�
Ä@Æ�ÇSÈ2ÉÊ�´�«¹E�<���<���1�U¬E�¾ ¢���Ð 
¦<�����E�%�_�*�<¥<�ª�E��¥E�«�i����¯��(�}���U��²2Ñ¤���¡�����U�O�.���}�S�*��¯��U¯��*§��E���E�ª§G���®¥E�«�i�.�h¯��(�}���U�k£&���}�<�ª�5���E��¦<���E�*�O�ª�
���E�*�À¥E�*¯��U�<���·���(���*¥
���E���U¬E�U�À�.§G�}���U��§h�¡���ª�ª�E�E­���§��<���«�U�*¥Á�S±Á¦\¬E¯�¦\�ª�E�k§G�U¯�¦<���*�}���*¥
�.���%�}�E���U¬E���
���E�»¯��«�����f�i���.¯Â§G�����U²5ÇS¬E�<���(¶¡¬E�*���}��±�­O�}�S�k�«¹¡¦_�*���ª¯��*�������f¯��«���}¬E���*¯��*�¡�}�&�(���k¬<���*¥
���Á¥E�«�U�*����¦
�
���*¶¡¬E�*�¡�}���.�ª��±@§G��¬E¦\���*¥A���E�«�h¯���¯��(§��E�.�<�ª§G����¨_�E�������*���*¯��(����¯��¡¥E�*�y²A³O�*¯�¦®�«���.��¬E���« ¢¥E�«¦®�*�<¥S�(���
¯��(���«�������º¥S�.���Á�ª�%�ª�E§]�ª¬<¥E�*¥@�ª�À���E�5¯��¡¥E�*�º�|���´�}�E�»�*�������}�ª§� ¢¦\���������ª§1���*���ª¯����(�E§G�U¬<�����«���(¥@�«¹¡¦_�*���© 
¯��*�������ª��±�²�Ñ¤�*���������J�·���}�E�´�¡¬<¯��«�h�ª§h���®§h�E�(����§G���«����Ì]�(�}���U������Ä@Æ�ÇSÈ2ÉÊ���ª�2�.��¬<�<¥S�*�������.�<¥<�ª�E�1�������E�
���*��¦_�U�<���w���>¯��«�������|����¯Ò¬<�<¥S�*���}�E�«�.�����.��¥<�ª�E�S²@³¤�E��¯��(���«�������Ï¯��¡¥E�*�Ï�i�������E�5�|����¯��ª�����.¿U�*�
�|���U¯��M���*�����*�º�����«¹S¦_�«���ª¯��(�����.�S¯��«���}¬S���*¯��*���}�f�.�J�}�E���}�E�«�(�¤���*��¦_�U�<��������¯��*�·���S�|���.¯5­�¦<���(�S�ª¥<�ª�E�
¥S�(�E�}���¾±� Ó¥E�«¦_�*�<¥E�*�¡�2���*���(�}���U�<�}�<��¦<���|���°¯��(���«�����������}�©ÔJ�E�*�}�����<¥
�������*�E���}��²M³¤�E�1�¡¬<¯��«���ª§G���t¯��¡¥E�*�
¦E���*�S�ª¥E�*���4���������ª�S ¢�·�(¯�¦_�«���.�}¬S���À�<�ª��������±��|���5Ä@Æ�ÇSÈ2ÉÊ�»¬<�<¥E�«�5���E���U¬E�U�S Å�}�E�~ ¢�}�<�ª§�¿S�E�*�}�5�}�E�«��¯����
�.���.¥<���*�¡���Q���E¥Í�}�E�Á���*�}¬<���}�´�.��� �}�E�*£&�4���@�.�.���«���U�«��±-£¤�(�ª�Ï£&�����Í�}�E�Á�«¹¡¦_�*���ª¯��*�������p¯��«���}¬E���~ 
¯��*���}�G²

Õ}ÖJ×yØ}ÙGÚ~Ø�ÛiÜ�Ý�ÜÓÞiÜßØ}×iàyá&â�ÞyÞiã ÞiÛiØ�ähÛßåæ<ç�èhé ×iãëê�á�Û àì�í}î}î}ï�ð ç ÞiÜ è á�ñ\ò~Ý®Ø�ó ç¾ô Ø�ä~Ù�â�ä�Ûiá ç ä é2õ òGö�Ø}Ø}Þ¾å÷ Ú]øGù ãëÞiá]ÜßÙ�ø é Ûiá]ÜtâJúªâJâ ô ã Û|á è Üß×iûºãëÞiÞiã ç äü ÷ × ç�ý ÜÓÞyÞ ç × ç�ý â�ÜÓ× ç Þ è Ø}àßÜ�þ¡ä~ê�ã ä~ÜÓÜÓ×iã ä]ê]åÿ ä]ã ��Üß×iÞiã Û é2ç�ý¡õ ãëàyá]ã ê}Ø�ä�åâJÞiÞ ç àÓã Ø�ÛyÜ�ñ~Ü¢ù ù çßô å*â�úªâJâ�åà ç ×y×yÜÓÞ è(ç ä]ÙGã ä~êÏØ�Ú]Û|á ç ×

� ç�ý í��
âJûºÜß×|ãëàÓØ�ä�ú�ä~Þ|Ûiã ÛiÚ]ÛiÜ ç�ý â�ÜÓ× ç ä~Ø�Ú]Û|ãëàÓÞOØ�ä~Ù�âJÞ|Ûy× ç ä~Ø�Ú]Û|ãëàÓÞ

46th AIAA/ASME/ASCE/AHS/ASC Structures, Structural Dynamics & Materials Conference
18 - 21 April 2005, Austin, Texas

AIAA 2005-1953

Copyright © 2005 by Joseph F. Rakow and Anthony M. Waas. Published by the American Institute of Aeronautics and Astronautics, Inc., with permission.



��� ��������	�

��������	��

�������������� "!$#&%'�(��)+*-,�./��0�!1��23!54607 98;:;<5!5��)+<
=?>-@BADC$E3FHG-ADI3JD@5KLJNMOI�PRQTS-ADMUP�VW>�MUVX>RYNG�@B@5Q[Z�MOVX>XJ\M]Y/I�P�@^I3_�JN>-@$C^I(Y`J\G-AD@5YDYNMUP�VaM]YDY�S-@1Y�MUPRJD>-@$E�QTb�E�P�KL@5C^@BP(J\I3_

>�c�G7@5ADYNI�P-M]K�bX@B>-M]KBFU@1YLdfe�MOP�KL@gJN>-@�@5E�ANFOcWh5iXj�kTlmYLn(o�MUJN>^JD>-@�Q-@Bb�@5FOI�G-C^@5PXJ�I�_;JN>�@/p&qsrtE�P�Qup&q�v�wWb�@5>-M]KLFO@5YBnXQT@1Y�MOVXP-@5QxJDI
KBE�G-MUJDE�FUMOy5@'IXP/JN>-@�Y�S-G�@BAzYNI�P-M]KfE�K5KLI�C^G�FUM]YN>-C^@BP(J�I3_�JN>-@?p\q�v�n�S�PXJDMOF�AD@5KL@5P(J�c�@1E3AzYLn1C$E3AD{�@5Q}|�c�JN>-@~Q-MOYNMOP(JN@BVXADE3JNMOI�PgI3_TJN>�@
YNG�E�KB@�YN>�STJ�JDFU@W�������T�^�B���$QTS-ADMOP-Vx>(c�G�@BAzY�IXP-M]K�AD@L��@BP(JNADc3n�JN>�@}JD@5Kz>-P�I�FOI�VXc�JDI�G�ANIXG7@5F�b�@B>�MOKBFO@5Y�>7E�Y�|7@5@BPWC^I�AD@gC$E3JNS-AD@
E3P7Q&C^I�AD@~YNS�KBKB@5YDY`_�S�FXJD>�E3P�JN>-@�JD@5Kz>-P-IXFOI�V�c}JNI�G-ADI3JD@5K�J�b�@5>-M]KLFO@5Y;_�ANIXC�JD>-@?AN@1Y�S�F�JDMOP-V-n1JNAD@BC^@5P�QTI�S7Y'E�@BADI�Q-c(P7E3C^M]K�>-@5E3J
FOIXEXQ-YLdu=?>�MOY&FUMOC^MUJDE3JNMOI�Pt>�EXY\C$E3P�M�_�@1Y`JD@5QRE3P�Q�QTIXC^MOP�E�JD@5QREtb�E�ANMO@BJ`c�I3_�E�YNG7@1K�JDY&I3_�>�c(G�@BAzYNI�P-M]K�b�@B>�MOKBFO@�IXG7@5ADE3JNMOI�P
� _�ANIXC�Z�MOV�>(J�G-F]E�P-P-MOP-V�JDIRbX@B>-M]KBFU@uC$E3MOP(JN@BP7E3P�KB@�JNIRZ�MOV�>(J�G�@BAN_�I�ADC$E3P7KL@$@5P(bX@BFOI�G�@5Y � @L�-E3C^G-FO@1Y\I3_�@5E�Kz>�E3AD@WEXY_�I�FOFOI�o
YBd��'FOMOV�>(J�G-F]E3P-P-MOP-V��
JN>�@�KB@BAzE3C^M]K/JD>-@BADC$E3FfG-ADI3JD@5K�JDMOI�P�YNcTY`JD@BC��6=���e-�}I�P[JN>�@�YNG�EXKL@�Y�>�STJNJNFO@xK5E3P-P�I3J/Z�c MOP
o�@LJ&o�@5E�JD>-@BA\|�@5K5E3S�YN@�I3_?MUJDY/>�c�V�ADIXYDKLI�G�MOK�Y�S-AN_�E�KB@3d$¡H@5>-M]KLFO@�C$E�MOPXJD@BP�E�P�KL@��}JD>-@$=���e[IXP�JD>-@uYNG�E�KB@�YN>�STJ�JDFO@3n'EXY\E
o�>-IXFU@�n-QTI�C^MOP�E3JN@5Y�JN>-@\C$E�MOPXJD@BP�E�P�KL@gAN@1¢XS�MUAD@BC^@5P(JDY�I�_�JD>-@\b�@5>-M]KLFO@3n�QT@BC$E�P�QTMOP-V�£(¤�nmk�kXk(¥?I�_�JD>-@�j3k-n kXk�k\C$E�PT�¦>�I�S-AzY
I3_"MOP�YNG7@1K�JNMOIXP�E3P7Q�AD@BG7E3MOA'AD@5¢(S-MOAD@5Q�|(c�JN>-@�bX@B>-M]KBFU@�|�@LJ`o�@B@BP�Z�MOV�>(JzYLdf�f@BAN_�I�ADC$E3P�KB@~@BP�bX@BFOI�G�@5YB�;I�P�MUJDYfAD@5KBI�AzQ���YN@LJNJNMOP-V
Z�MOV�>(J�E3|�I�b�@�§ EXKz>x¨-n(KBI�C^G�I�P-@5PXJzYfI3_�JN>-@gp&q�v�w$o�@5AN@?b�MOA�JDS�E3FOFOc\QT@5Y�JNADI�c�@1Q&o�>-@5P�YN>-ITKz{(��YN>-ITKz{&MOP(JN@5ADEXK�JNMOIXP�Y;G-MO@5ADKB@5Q
>-IXFU@1Y�MUPuJN>-@/MOP�KBI�P-@5F"E�MOA�_�AzE3C^@�n(Ex>-@5E3J
Y�MOP-{$=���e�d�©gY?MOFOFOS�Y`JDADE3JN@1Q�|(c�JD>-@5YN@\@L�-E�C^G-FO@5YHJD>-@&KLS�ANAD@BP(J�Y`JzE�JN@B�¦I�_]�6JD>-@L�sE3ANJ
MOPW=���e^JD@5Kz>-P�I�FOI�VXc�K5E3P-P�I3J�@Lª$KLMO@5PXJDFOc^C$E3P�E�V�@
JD>-@&QT@5C$E3P�QTMOP-VxAD@5¢(S-MOAN@5C^@BP(JDY~I3_f>�c(G�@BAzYNI�P-M]K
bX@B>-M]KBFU@}I�G�@BAzE�JDMUIXP�d

« P-@\KLIXP�KL@5GTJ�_�I�A
EXQTb�E3P�KB@5QtY�JNADS�K�JDS-ADE�F"JN>-@5ANC$E�F"G-ANI�JN@1K�JNMOIXPWYNcTY`JD@BC$YBnTE�P�QaJN>-@\IXP-@/JN>7E�J
G-ADI�C^M]YN@5Y~JN>-@\>-MOVX>-@5Y�J
C$E3VXP-MUJNS�Q-@^I3_�JN>�@BADC$E3F�FOIXEXQRC$E3P�E�V�@BC^@5P(JBnm¬$M]Y&E3P�E�K�JDMOb�@BFOc�KBI�I�FO@5Q[JN>�@BADC$E3F~G�ANI�JN@5KLJNMOI�P­YNcTY`JD@BCtnHMOP­o�>-M]Kz>­FUI(E�Q
|�@5E3ADMOP-V�Y`JDANS�KLJNS-AzE3F"C^@5C�|�@BAzY?E3AD@}MOP(JN@5V�AzE�JN@1Q$o�MUJN>tKLI�IXFOE�P(J�G�EXYNYDE3VX@5YBd�®gP-FOMU{X@gJD>-@&QTS�E�FU��KBI�C^G�I�P-@5PXJ?E3|-F]E3JNMOb�@g=���e
I�P�|�IXE�ADQWJD>-@�C$E�P-P-@5Q�KBE3G7Y�S-FO@1Y�I3_HJD>-@u¯�°B±N²B�T±�³�n
´�°B�x�]µ��On�E3P7Q[¶�·����]���WE�MUAzKLAzE�_]JgE�P�Q�S-P�FUMO{X@/JN>-@�QTS�E�F��sKLIXC^G7IXP-@BP(J
MOP�YNS-F]E�JN@1Q YNc�Y�JN@5C¸@BC^G-FOI�cX@5QtI�P�JN>-@^YNG�E�KB@xYN>�STJ�JDFO@3n�E3P[M]QT@5E�FfY�JNADS�KLJNS-AzE3F�JN>�@BADC$E3F�G-ANI�JN@1K�JNMOIXP�Y�cTY�JN@5C¸MOY/EWY�MOP-VXFO@L�
KLIXC^G7IXP-@BP(J?C�S�F�JDMU_�S-P�K�JDMOI�P�E�F7Y�JNADS�K�JDS-AN@/JD>�E�J�|�@5E�ADY?|�I3JD>WC^@1Kz>�E3P�MOK5E3F"E3P�QuJN>�@BADC$E3F�FOIXEXQ-YLd

='I[JD>-M]Y^G�I�MOP(J$MUP�JNMOC^@�n�>-I�o�@BbX@BA5n~JDANS-@�MOP(JN@5V�AzE�JDMUIXP¹E3P7Q�CxS-FUJNMU_�S-P7K�JNMOIXP�E3FOMUJ`c�>�E�bX@tP-I3J$|�@B@5PºE�Kz>-MO@BbX@5Q"d9©gP
@L�-E�C^G-FO@�I�_"E�»�AzY�J���V�@BP�@BAzE�JNMOIXP�E�KLJNMOb�@5FUc\KBI(IXFO@5Q�Y�JNADS�KLJNS-AzE3F-G7E3P-@5F-M]YHY�>-I�o�PxMOPx��MOV�S�AN@/h3dm¼u=?>�MOYfG7E3P-@5F-M]YHE\Y`JzE3P�Q-E�ADQ�n
>-IXP-@BcTKLIXC�|-��KBI�AD@5Q$YDE3P�Q-o�MOKz>aG�E3P�@BF�JD>�E�J
>�EXY�|�@B@BPtC^ITQTMU»�@1Quo�MUJN>�E�YN@BADMU@1Y�I3_HKLI�I�F]E3P(J�JNS-|�@5YgI�PWJN>�@\MUP7Y�M]QT@/I3_�JN>�@
@L��JD@BADP�E3F"_�EXKL@\Y�>�@B@LJ5d~=?>-@\G-ADI�|-FO@5C$Y�EXYNYNITKLM]E�JD@5Q^o�MUJN>aJN>�MOY�J`c�G�@\I3_fKLI�P7Y`JDANS�KLJNMOI�PWE3AD@/AN@1E�QTMOFOcxE�G-G�E�AN@5PXJ5�
h��W=?>-@�KBI�I�F]E3P(J;JDS-|7@1YfMOPXJD@BADANS�GTJ�JD>-@�G7E�JN>�_�I�AHYN>-@5E�A'FOIXEXQ/JNAzE3P7Y`_�@5A'|�@LJ`o�@B@5P&JN>�@�_�EXKL@?Y�>�@B@LJzYfE3P�Q&JN>-@�>-I�P�@BcTKLIXC�|
KLI�AD@3d

¤X�W§ E�Kz>-MOP-MOP-VgI3_�JN>-@�>-IXP-@BcTKBI�Cx|�E3P�Q�JD>-@�F]E�cX��S-G�I3_�JD>-@�G�E�P-@BF�JDI&E�KBKBI�C^C^ITQ-E3JN@HJD>-@5YN@?JNS-|�@5Y~KLAD@5E�JD@�Y�MOV�P�M�»�KBE3P(J
C$E3P�ST_�E�KLJNS-ADMOP-V�QTMUª$KLS�F�JDMO@5YBd

£(�W=?>-@�QTM]YDKLAD@B@BJ'P�E3JNS-AD@~I�_TJN>-@�KLI�IXFOE�P(J;G�E�YDYNE�V�@1Y�KBE�S�YN@5Y�Y�@5b�@BAD@HJD>-@BADC$E3F(Y`JDAN@1YNY'V�AzE�QTMO@5PXJzY"JN>�ANIXS-V�>-IXSTJ�JD>-@�G�E3P-@5F¦d
½��W¾�FOITKz{�E3VX@~MOP�QTM]YDKLAD@LJDMUy5@5Q&KBI�I�F]E3P(JfG�E�YDYNE�V�@1Y�FO@5EXQ-Y'JNI/FOITKBE3F�>-I�J~Y�G�I3JzYfI3_�AN@1QTS�KL@1Q�Y�JNAD@BP�V3JN>xMOP�JD>-@�FOIXEXQ��¦|�@5E�ANMOP-V
Y`JDANS�KLJNS-AD@3d

�-IXA
Y�S7KBKL@1YNYBn�YNS�Kz>aG�ANIX|-FO@BC$Y�C�S�Y�J�|7@\I�bX@BAzKLIXC^@
MOPaP-@B��J���V�@BP�@BAzE�JNMOIXPuE�KLJNMOb�@5FUc�KLI�IXFU@1Qu=���eaKBI�P�KB@BGTJzYLd

¿ �ÁÀB)­Â���0�Ã7��)+�� "!5<^Ä�Å��X����ÆÈÇ�:ÈÉÊ�X!1*-,�Ë�0�*-)ÍÌ�07�u#&%��X��)+*�,�./��07!5��23!14�0� Î8;:;<5!5��)+<
§�@LJzE3F�_�IXE3CÏYDE3P�QTo�M]Kz>WG�E3P�@BF]Y\��§ �HeT�
l Yz��G�ANIXC^MOYN@/ExJNADS-FOcuCxS-FUJNMU_�S-P�KLJNMOI�P�E�F�Y`JDANS�KLJNS-AD@/JN>7E�JgM]Y�o�@BFOFU��YNS-MUJN@1Q^_�IXA

JN>�@�C$E�P�E3VX@BC^@5PXJ�I3_�|�I3JD>uJD>-@BADC$E3F"E3P�QaC^@5Kz>7E3P-M]KBE�F�FOIXEXQ-YBd�©
PtE�KLJNMOb�@5FOcxKBI(IXFO@5Q$§ �HeT�ÈM]Y�E�YDE3P�Q-o�MOKz>uG�E3P-@5F�o�MUJN>
E3PRI�G�@BP-��KB@BFOFHC^@LJzE3Ff_�IXE�CÐKLIXAN@�MOP(JN@5V�AzE3FOFOcu|�I�P�QT@1QÑ��M¦d @�d �
|�ADE�yB@5Q7�
JDI�C^@LJzE3F�_�E�KB@$Y�>-@5@LJzYLd^Òº>-MOFO@�JN>-@^G�E�P-@BF~|7@1E3AzY
E3MOAN_�ADE�C^@xZ�MOV�>(J�FOIXEXQ-YLn�E�@BADI�Q-c(P7E3C^M]Kx>-@5E3J�I�P+JN>-@WG�E3P�@BF¦l Y�I�STJD@BA�Y�S�A�_�EXKL@$M]YxKLI�P7QTS�K�JD@5Q�JD>-ADI�S-VX>­JN>-@WI�S-JN@BA�_�E�KB@
YN>-@B@BJ?E�P�Q"nTo�MUJN>^JD>-@�EXYNYNM]Y`JzE3P�KB@
I3_�JD>-@\KLIXP�QTS�KLJNMOb�@�_�I(E3Ctn�MOPXJDI�KLI�IXFOE�P(J~G�E�YDYNMUP�V\JN>-ADI�S�V�>^JD>-@�KBI�AD@gI�_�JN>-@/G�E�P-@BF¦dH©
YDKz>-@BC$E3JNM]K
I�_'JD>-M]Y�E�ANAzE3P�V�@BC^@5P(J�M]Y?Y�>-I�o�PWMOPW��MOV�S�AN@\¤�d

§�@BJDE3F�_�IXE�Ctn7o�>-M]Kz>t|7@1E3AzY
C^@1Kz>�E3P-M]K5E3F�Y�>�@5E3A}FOIXE�Q�Y?o�M�JD>-MOPtJN>-@�§ �HeT�ºo�>-MOFO@&KLIXP�QTS�KLJNMOb�@5FOcuQTM]Y`JDANMO|-S-JNMOP-Vx>-@5E3J
_�ADI�CÓJN>-@&IXSTJN@5A}YNS-AN_�E�KL@\I�_fJN>-@&G7E3P-@5F�MOP(JNI$E3P7QWJN>-ADI�S-VX>-I�S-J�JN>-@�KBANI(YNY��sY�@1K�JNMOIXP�E3F�Z�I�oÔI3_fJN>�@�KLI�IXFOE�P(JBn-M]Y
E$KBANMUJNM]K5E3F
KLIXC^G7IXP-@BP(J\I3_?JD>-@$CxS-FUJNMU_�S-P�KLJNMOI�P�E�F'G7E3P-@5F6daÕsP­M�JzY/I�G�@BP+KB@BFOFf_�I�ADCtn'C^@BJDE3F�_�IXE3CÖ>�E�Y�E�Y�S-|-��Y�JNADS�K�JDS-AD@�YNMOC^MOFOE�A
JDI

í ç�ý í��
âJûºÜß×|ãëàÓØ�ä�ú�ä~Þ|Ûiã ÛiÚ]ÛiÜ ç�ý â�ÜÓ× ç ä~Ø�Ú]Û|ãëàÓÞOØ�ä~Ù�âJÞ|Ûy× ç ä~Ø�Ú]Û|ãëàÓÞ



_�IXE�CÏ_�I�S-P7Q MOP[YN@5E3J�KLS7Y�>-MOIXP�Y}E�P�Q G7E�Kz{�MOP-V$C$E�JD@BADM]E3F]YLn7|-STJ�JN>-@^YNS-|T�sY`JDANS�KLJNS-AD@�M]Y}C$E�QT@�I3_�EaC^@LJzE3FOFOM]K�E�FOFUI�cR��M¦d @3d �
E3FOS-C^MOP�S-Ctn�JNMUJzE3P-MOS-Ctn3MOP�KBI�P-@5F6n(KLI�G�G7@5Az��df��MOV�S-AD@�£&YN>-I�o
Y�E3P�IXG7@5P$KL@BFOF-C^@BJDE�FT_�IXE�CÊMOP^QT@LJzE3MOF¦d'ÕsP^G-AD@Bb�MOI�S�YHY�JNS7QTMO@5YBn
JN>�@�G-AD@5YN@BP(J}E�STJN>-IXADYg>�E�b�@&Q-@BC^I�P7Y`JDADE3JN@5QtE�P�Q Kz>�E�ADEXK�JN@5ANMOy5@5QuJN>-@�AN@1Y�G�I�P�YN@\I3_�C^@BJDE�F;_�IXE�C$Y�S-P�Q-@BA}YN>-@1E3AgFOI(E�QTMOP-V
JN>�ANIXS-V�>W@L�TG�@BADMUC^@5P(JDE�JDMOI�P�n �
P�S-C^@BADM]KBE�F�YNMOC�S-F]E3JNMOI�P�n���E3P7QWExC^M]KLADI�C^@1Kz>�E3P�MOK5Y`��|�E3YN@5QxE3P7E3FOcTY�M]YBd �

§�@BJDE3F�_�IXE�C9M]Y;KL@5P(JNAzE3F�JDI�JN>-@�MOC^G-ANI�bX@BC^@5PXJzY-I���@5AN@1Q/|(c/§ �HeT�
l Y�I�b�@BA�G�AN@5b(MOIXS�Y�E�KLJNMOb�@5FUc
KBI�I�FO@5Q�G�E�P-@BF�KBI�P�KB@BGTJzYL�
h��W=?>-@R_�IXE3C E3P�Q�_�E�KB@­Y�>-@5@LJzYtG-ANI�b�M]QT@�EÈC^I�P-IXFUMUJD>-M]K�ngYNMUP�V�FO@L��C$E�JD@BADMOE�F
Y`JDANS7K�JNS�AN@�o�MUJN>ÔP-IÑMOP->-@BAD@BP(JtMOPXJDADE3�
Y`JDANS�KLJNS-AzE3F"C^M]YNC$E�JDKz>uI3_�KBI�@Lª$KLMO@BP(JzY�I�_'JD>-@BADC$E3F"@B��G7E3P�YNMOI�P�d

¤X�W=?>-ANIXS-V�>-�6JD>-@L�¦JN>-M]Kz{�P-@1YNY�YN>-@5E�AuAD@5YNG7IXP�Y�@[E3P�QÑ>-@1E�JaJNAzE3P�Y�_�@BAWKBE3PÎ|�@[KBI�P(JNADI�FOFO@5Q�|�cÈKBI�P(JNADI�FOFOMOP-V JD>-@ _�I(E3C
QT@BP�YNMUJ`c3d

£(�W=?>-@�C^@BJDE3F�_�IXE�C KLI�AD@&G-ADI�b�M]QT@5Y
EuP-@LJ`o�I�AD{WI3_�P-IXPT��Q-MOYDKLAD@B@BJ}KLI�IXFOE�P(J
G�E�YDYNE�V�@1YLn�@BFOMOC^MUP7E�JNMOP-V�JN>-@�YN@Bb�@5ANMUJ`caI3_
FUITK5E3F�KLI�I�F]E�PXJ�|-FOITKz{�E�V�@�d

½��uÒºM�JD>�>-MOV�>RMUP(JD@BADP�E3F�YNS-AN_�E�KL@$E�AN@1EWG7@5A&S-P-MUJ&b�IXFOS-C^@W���¸h	��kXk�

�
�� �znfC^@LJzE3FH_�I(E3C _�EXKLMOFOMUJDE�JD@5Y}@L��JNAD@BC^@5FOc�>-MOV�>
Y`JDANS�KLJNS-AD@L�sKLI�IXFOE�P(J~MOPXJD@BAzE�KLJNMOI�P$G�@BA�S�P-MUJ
b�I�FOS-C^@�d

jX�aÕsP�E�Q-Q-M�JDMOI�PaJNIaKBI�P�Q-S�K�JDMUP�V$>-@5E3JBn�JN>-@�_�IXE�CÏKBI�AD@&MOC^G-ADI�b�@5Y�JD>-@�>-@1E�J}JNAzE3P�Y�_�@BA�KBE3G7E3|-MOFOMUJ`c^I3_HJN>�@�YNc�Y�JN@5CÓ|�c
KLAD@5E�JDMOP-V�JNS-AD|-S-FO@5P�KL@�MUPtJD>-@�KLI�I�F]E3P(J5n�@5b�@BP[E�J}FOI�o���@5c(P�I�F]Q-Y
P�S-Cx|�@BAzYLd/=?>-@�QT@5G�E3ANJNS�AN@�_�ANIXC F]E�C^MUP7E3A?Z�I�o
MUP(JDANITQTS�KB@5Y�E/P-I�P-�¦y5@BADIg@5Q�QTc�KBI(@Bª$KLMO@BP(JBn����&nXMOP(JNI}JN>-@�|�I�S�P�Q-E3ADc&F]E�c�@5A�@1¢XS7E�JNMOIXP�Y'_�I�A�Y�JN@5EXQTc3nXMUP7KLI�C^G�AN@1YNYNMO|-FO@
Z�I�o9o�MUJN>tKLIXP�Y�JDE3P(J?G-ADI�G�@BANJNMO@5YBnTo�>-M]Kz>aMOP�KBAN@1E�YN@5Y~JN>-@\AzE�JD@�I�_'>-@1E�J�Z�S-��n��� n-JNIxJD>-@&KLI�I�F]E�PXJ5n

����������! �#"%$&���}��')(*
',+.-

�`h��

ÕsP��`h��zn � n �! n�E�P�Q/"ÑE�AN@�JN>-@�QT@BP7Y�MUJ`c3n�YNG7@1KLMU»7K&>�@5E�J\E�J\KLIXP�Y�JDE3P(J�G-AN@1YNYNS-AD@3n�E3P�Q�JN>-@5ANC$E�F�QTM0�"S�YNMUb�MUJ`cuI�_�JN>�@
KLI�I�F]E3P(J5n(AD@5YNG7@1K�JDMUbX@BFOc3nTE3P7Q21435176 M]Y�JN>�@/JNMOC^@L�sE�b�@5ADE�V�@5Q�JD>-@BADC$E3F"V�AzE�Q-MU@5P(J~»�@5FOQaG�@BADG7@5P�QTM]KLS-F]E�A~JDI�JN>-@/Z�I�o/d�8

�$� #&%��(��)+07)¹�(2�%�*- �4�2�*�,:9u��<5Â~0� '<1�t07Ì
�a23!14�Ã7��,�:Ñ��0;0�,���Æ�ÉÊËg8;.);O<
=?>-@�G-AN@1Y�@5P(Jgo�IXAN{tQT@5C^I�P�Y�JNAzE�JD@5Y�E3P7Q E3P�E�FOc(y5@5Y
E^_�S-FOFUca_�S-P�KLJNMOI�P�MUP�V^G-ANI�JNI�J`c(G�@�EXK�JNMObX@BFOcuKLI�IXFU@1Qt§ �HeT��d"=?>�@

KLIXAN@�I3_�JN>-M]Y}o�IXAN{tM]Y}EuJN>�@BADC^IXY�JNADS�K�JDS-ADE�F�@B��G�@BADMOC^@BP(J}E�P�Q[E$»�P-MUJN@x@BFO@5C^@BP(J�E�P�E3FOcTY�M]Y�I�_�E3PR§ �HeT��o�M�JD>�MOP�KBI�P-@5F
_�E�KB@�YN>-@5@LJDY�E3P7QuE3PaMOP�KLIXP-@BF�_�IXE3C KBI�AD@}YNS-|=<`@1K�JN@1Q^JDIxEXK�JNMObX@gKLI�I�FOMOP-V\o�MUJN>aKLI�C^G�AN@1YNYN@5Q^E�MUA5dfÕsP�KLIXP-@BF¦nTKz>-IXYN@BP^_�IXA�MUJzY
G-ADI�b�@5PtY�JNADS�KLJNS-AzE3F;MOP(JN@5V�ADMUJ`c^S-P�QT@5Ag>-MOV�>t>-@1E�J
Z7ST�tE�P�Qt>-MOV�>�Y�JNADS�K�JDS-AzE3F�JD@BC^G�@BAzE�JNS�AN@1YLn�>7E�Y
YN@BADb�@1QWEXYgE�G-ADMOC$E3ADc
C$E�JD@BADM]E3FX_�I�A~Y�JNADS�K�JDS-AzE3F�KBI�C^G�I�P-@5PXJzY�I�P�G-AD@Bb�MOI�S�Yf>�c�G7@5ADYNI�P�MOK�E3MOAzKLAzE�_]JHY�S7Kz>�EXYfJN>�@gp\q�v�w�dHÕsP�JN>-@�@B��G�@BADMOC^@BP(JDYfE�P�Q
MOP JD>-@�P(S�C^@BADMOK5E3F;C^ITQT@5FfI3_�JD>-@�G-AN@1Y�@5P(J�o�I�AD{�n�JD>-@^Y�G�@5KBMOC^@BP�M]Y/Y�S-|><`@5K�JD@5Q JNI�E$JD>-ADI�S-VX>T�6JD>-@L�¦JN>�MOKz{�P-@1YNY�JN>-@5ANC$E�F
V�AzE�Q-MU@5P(J�S-P�QT@5A�C^@5Kz>�E�P-M]KBE3F�KLI�P7Y`JDADE�MUP(JzY�E3P7Q­JN>�@WAD@5YNG�I�P�YN@uI�_
JN>-@tG�E�P-@BF?M]Y�C^@5E�YNS-AD@5Q"d¹e�S�|�Y�@1¢(S-@BP(JNFOc�n~KLI�P(JDANIXF
I3_fJD>-M]Y
AD@5YNG7IXP�Y�@&JN>-ADI�S-VX> E�KLJNMOb�@\KLI�IXFUMOP-V�M]Y
QT@5C^I�P�Y�JNAzE�JD@5Q"d
=?>-@�AN@1Y�G�I�P7Y�@\I�_~§ �HeT��lmY�JDI$JN>�ANIXS-V�>T�¦JN>�@L�¦JN>-M]Kz{�P-@5YDY
JN>�@BADC$E3F�V�AzE�QTMO@BP(JzY
M]Y}KBANMUJDMOK5E3F�_�IXA/>(c�G�@BAzY�IXP-M]K\b�@5>-M]KLFO@&IXG7@5ADE3JNMOI�P EXY}@B��JN@BADP�E�F�Y�JNADS�K�JDS-AzE3FfC^@BCx|7@5ADY}E3AD@�YNS-|=<`@1K�JN@1Q
JNI YN@BbX@BAD@�JD>-ADI�S-VX>T�6JD>-@L�¦JN>�MOKz{�P-@1YNYgJN>�@BADC$E3FfV�AzE�QTMO@5PXJzY}Q-S-@�JNI E�@BADI�Q-c(P7E3C^M]K/_�ADMOKLJNMOI�P7E3F�>-@5E3JNMOP-VWI�PRJN>-@^IXSTJDYNM]QT@xI3_
JN>�@tKBADE3_]J�E�P�Q­JD>-@tP-@5KB@5YDYNE�ANMOFOc�KBI(IXFO@BA�KLI�P7QTMUJNMOI�P�Y&I�P�JN>-@WMOPXJD@BADMOI�A&I�_gJN>�@WKBADE3_]JBdÈe�S7Kz>¹JD>-@BADC$E3F�FOIXE�Q-MUP�V KBE3S7Y�@1Y
QT@B_�I�ADC$E�JNMOIXP$I�PW|7I�JN>WJN>�@\>-@5E3JN@5QtE�P�QuS�P->-@5E3JN@1QWYNM]QT@5Y�I�_fY�JNADS�K�JDS-AzE3F�KLIXC^G7IXP-@BP(JDYBd

ÕsPWJN>-@&_�I�FOFOI�o�MUP�V�YN@5K�JDMOI�P�n-MOP�KBI�P-@5F�§ �HeT��lmY
E�AN@&YNS-|=<`@1K�JN@1QWJNI�JD>-ANIXS-V�>-�6JD>-@L�¦JN>-M]Kz{�P-@1YNY�JN>�@BADC$E3F�V�AzE�Q-MU@5P(JDYBn�KLI�P-�
Y�JNAzE3MOP-@5Q�QT@B_�I�ADC$E�JDMUIXP�nXE�P�Q^E�KLJNMOb�@gKBI�I�FOMOP-V}o�MUJD>uKLIXC^G-AN@1YNYN@5QxE3MOA5df=?>�@�JN>-@5ANC^IXC^@5Kz>�E�P-M]KBE�F(AD@5YNG�I�P�YN@
I3_"JD>-@�KBI�I�FO@5Q
E3P7QaS�P�KLI�I�FO@1Q$G�E�P-@BF]Y?M]Y�KBE�GTJNS-AD@5QWo�MUJN>tY�JNAzE3MOPuV(E3V�@1Y�E3P�QtQTM]Y�JNADMO|-STJN@1Q^JD>-@BADC^ITKLI�S�G-FO@5YBdf=?>-@\AD@5YNS-FUJDY�Q-@BC^I�P7Y`JDADE3JN@
E3P[E3|-MOFOMUJ`c�JNIaKBI�P(JNADI�F�E3P�Q�n�S-P7QT@BA/KL@5A�JzE3MOP KLIXP�QTMUJNMOI�P7YLn7KBI�C^G-FO@BJN@BFOc$@5FOMUC^MOP�E3JN@}JN>-@�JN>-@5ANC^I(Y`JDANS7K�JNS�ADE�F�QT@L_�IXANC$E3JNMOI�P
I3_�JN>�@&§ �HeT��lmY�JN>-ADI�S�V�>tE�K�JDMOb�@/KLI�I�FOMOP-V-d

ÕsP�KBI�P�Q-S�K�JDMUP�V+JN>�MOYu_�S-FOFU��YDKBE�FO@�@L�TG7@5ANMOC^@5PXJ � E�P�§ �HeT�Óo�MUJN>�E¹JN>�ANIXS-V�>T�¦JN>�@L�¦JN>-M]Kz{�P-@5YDY�JD>-@BADC$E3F�V�AzE�QTMO@5PXJ5n
KLIXP�Y�JNAzE3MOP-@5Q[QT@L_�IXANC$E3JNMOI�P;n�E�P�Q�E�KLJNMOb�@�KLI�I�FOMOP-V � MUJ\M]Y/P-@5KB@5YDYNE�ANctJDI QT@LJD@BADC^MOP-@xE�G-G-ADI�G-ADM]E�JD@&Z�I�o KLI�P7QTMUJNMOI�P�Y}_�IXA
E�KLJNMOb�@�KLI�IXFUMOP-V�dx=?>-@1Y�@^@?��IXA�JzY\E3AD@^QTM]YNKBS�YNYN@5Q�MOP�JD>-@$E3G-G�@BP7QTMU��I3_�JN>-@^G�AN@1Y�@5PXJ\G�E�G7@5AA@�d^ÒºMUJN>-MOP[JN>�E3J&o�IXAN{�n;J`o�I
BDC_á]Ü ô\ç ×ió�à ç ä�ÛyØ�ã ä~ÜÓÙ1ã ä´Ûiá~Ü&Ø èGè Ü¢ä~Ùhã E ô Ø}ÞÏàßØ}×i×iãëÜÓÙ ç Ú]Û ô ã ÛiáQÛiá]Ü�à çhç�è ÜÓ×yØ�Û|ã ç ä ç�ý Û|á~×yÜÓÜ2ÚGä~Ù]ÜÓ×yê}×iØ}ÙGÚ~Ø�ÛiÜ�Þ|ÛiÚ]Ù]Ü¢ähÛiÞ¤ÚGä~Ù]ÜÓ×ÏÛiá~ÜÙGãë×iÜÓàÓÛ|ã ç ä ç�ý Û|á~Ü è ×yÜÓÞiÜÓä�ÛOØ�ÚGÛiá ç ×iÞ¾ò4C\á~Ü�Ø�ÚGÛiá ç ×iÞOØ}×yÜfê}×yØ�ÛiÜ ý ÚGùUÛ ç�F Ø�ä é ÚHG.Ú çJI í}î}î��LK åNMtÜ¢ä�OhØ�ùëØ}Þ I í}î}îDP?K å.Ø�ä~ÙJMt×iã ÞiÛiÜÓä õ�ç ä�Û#Q I í}î}îDP?Ký ç ×®à ç ä~ÙhÚ~à¢Ûiã ä]ê¤Û|á~ÜtÜRE è ÜÓ×iã û�Ü¢ähÛiØ�ù ô\ç ×ió*ò

� ç�ý í��
âJûºÜß×|ãëàÓØ�ä�ú�ä~Þ|Ûiã ÛiÚ]ÛiÜ ç�ý â�ÜÓ× ç ä~Ø�Ú]Û|ãëàÓÞOØ�ä~Ù�âJÞ|Ûy× ç ä~Ø�Ú]Û|ãëàÓÞ



G�E�ADE�C^@LJN@5ADY?E�AN@&Y�JNS�Q-MU@1QWo�M�JD>tAN@1Y�G�@5KLJ
JNI�JD>-@\JN>�@BADC$E3F;G�@BAN_�I�ADC$E3P�KB@}I�_fJN>-@�EXK�JDMUbX@BFOc$KLI�IXFU@1Qa§��fe-���'h���JN>-@�@L�"@5KLJ
I3_'_�IXE�C KLIXAN@\QT@5P�Y�MUJ`c�n-¤X�~JN>-@\@?��@1K�J
I3_�G-AD@5YDY�S-AD@/QTANIXGWE�P�Q"nTJD>-@BAD@L_�IXAN@�nTZ�I�oºAzE�JN@�d�ÕsPa@1E�Kz>WI3_'JN>-@&Y�JNS�Q-MU@1YLn-§ �HeT�
l Y
E3AD@&YNS-|=<`@5KLJN@1QWJNIuE�JD>-ADI�S-VX>T�6JD>-@L�¦JN>�MOKz{�P-@1YNY�JD>-@BADC$E3F;VXADEXQTMO@BP(J
E3P�QtE�AN@&KBI(IXFO@5QWo�MUJN>�KLIXC^G-AN@1YNYN@5QWE3MOA5d?=?>�@&AN@1Y�S�F�JzY
G-ADI�b�MOQ-@gE3PWMOP�QTM]KBE3JNMOI�P�I3_'JN>-@/E3MOANZ�I�oÑADE3JN@1Y�AD@5¢(S-MOAD@5Q�_�IXA�Y�S-|7Y`JzE3P(JNM]E3F"KLI�IXFUMOP-V\I�_�JD>-@/MUP7KLI�P�@BF"§ �HeT��lmY?E3P�E�FUc�y5@5Q^MOP
JN>�@\G-AN@1Y�@5P(J?o�I�AD{�d

ÕsP­Y�@1K�JDMUIXP[ÕNÕ�Õzn�EW»�P-MUJD@$@BFO@BC^@5P(J�C^ITQT@5F�M]Y&QT@BbX@BFOI�G�@5Q�JNI E�P�E3FOc�yB@xJD>-@$@L�TG�@BADMOC^@BP(JDE�FfEXK�JDMUbX@BFOc�KLI�I�FO@1Q�MOP�KBI�P-@5F
§ �HeT��S�P�QT@BA�JN>-@5ANC$E�FU��Y�JNADS�K�JDS-AzE3F1FUI(E�QTMOP-V�d;=?>-@�C^ITQT@BF�MOY�JD>-AD@B@L�sQTMOC^@BP7Y�MOI�P7E3F1o�M�JD>/JN@5C^G7@5ADE3JNS-AD@L�sQT@BG�@BP7QT@BP(J�@BF]E�Y�JNI��
G-F]E�Y�JNM]KBM�J`c�E3P7QWYN>-I�o
Y�@L�-KB@BFOFO@BP(J�E�V�AD@B@BC^@5P(J�o�MUJN>aJN>�@\@L�TG7@5ANMOC^@5PXJzE3F�AN@1Y�S�F�JzYLd

�T�7� �������������	�;����

�^���������X�T����
��T�`	��

��� ./��0;2���Æ������
=?>-@g@B�TG7@5ANMOC^@BP(JzE3F�JN@1Y`J?E3ANJNM]KLFO@�M]Y~YN>-I�o�P�MUP$��MOV�S�AN@�½�df=?>-@}§ �HeT�+M]Y�E&YD¢(S�E3AD@�G�E�P-@BF¦nXC^@1E�YNS-ADMUP�V/¤�iX¤���¤�iX¤����

�`hXh
-
j���h�h

-
j������znTKLI�C^G�ANM]YN@5Q�I3_�J`o�I�MOP�KBI�P-@5F;¨X¤�j&_�E�KB@\Y�>-@5@LJzYLn;h���� �6k

-
k3½�������JN>-M]Kz{�n-o�MUJN>tE3PWMOP�KLIXP-@BF�¨X¤Xj\_�I(E3C KBI�AD@

JN>7E�J
>�EXY
ExJN>-M]Kz{�P-@1YNY?I�_f¨
-
½���� �6k

-
¤�j�������n�E�AN@5FOE3JNMOb�@�QT@BP7Y�MUJ`c$I�_ � � � �$n7E3P�Q�¤�k�G�I�AD@5Y
G7@5A
MOP�Kz>�d~©
F]YNI^Y�>-I�o�PtMOP

��MOV�S-AD@g½�M]Y�JN>-@\KLI�IXFUMOP-V�C$E3P-MU_�I�F]QxJD>�E�J�o�MOFOF�|�@/S�YN@5QuJNI^QT@BFOMOb�@5A�JD>-@\KLI�I�FOMOP-V�E�MUA�JNIxJD>-@\KLI�AD@�I3_�JD>-@&§ �HeT��d���MOV�S-AD@
jtYN>-I�o
Y�JN>-@�JD@5Y�J�E3ANJNM]KLFO@�E3P�Q[JD>-@$KLI�I�FOMOP-VaC$E3P-MU_�I�F]Q�C^IXS-P(JN@1Q�MOP­EtKLF]E3C^G-MOP-Vu_�ADE�C^@�C$E�QT@�I3_�¨�©gFO½�¡ JNMUJDE�P-MOS-Ctd
=?MUJDE�P-MOS-C9M]Y;P�@5KL@1YNYDE3ADc
_�IXA;JD>-@�_�AzE3C^@�|�@5K5E3S�YN@HJD>-@�_�AzE3C^@HCxS�Y�J�>�E�b�@�E�FOI�o�@5A;KLI�@Lª$KLMO@5PXJ'I3_TJN>�@BADC$E3F3@B��G7E3P�YNMOI�P�JN>�E�P
JN>�@�JN@1Y`J~E�A�JDMOKBFO@�MOPxI�AzQT@BAfJDI\@BP�YNS-AD@
KLI�P(JzE�K�JH|�@LJ`o�@B@5P�JD>-@�_�AzE3C^@�E3P7Q�JD>-@
§ �HeT��JD>-ADI�S-VX>-I�STJfJD>-@
@L�TG�@BADMOC^@BP(JBd'=?>�@
_�AzE3C^@�>�E�Y�J`o�I�M]QT@BP(JDMOK5E3FfG-MO@5KB@5Y�JD>�E�J�E�AN@^KLF]E�C^G7@1Q JDI�V�@BJN>-@5A/JNI�G-ADI�b�M]QT@xE�KBF]E3C^G�@5Q |�I�S�P�Q-E3ADc�KBI�P�QTMUJDMUIXP[E�FUIXP-V
JN>�@W|�I�AzQT@5AxI�_
JN>�@t§��fe-��d~=?>-M]YxKBI�PT»7V�S-AzE�JDMUIXP+KLAD@5E3JN@5YxE�KL@5PXJDADE�F�YD¢(S�E3AD@aJN@5Y�J$Y�@1K�JDMUIXP+C^@5EXY�S�ANMOP-V�¤-h5¨���¤-h5¨����
� �
-
j��>�

-
j������zdfÕsPWEXQ-QTMUJNMOIXP�JNI�G-ADI�b(M]QTMOP-V&KBF]E3C^G�@5Q^|�I�S-P7Q-E3ADc$KLIXP�QTMUJNMOI�P7Y~E3ADI�S�P�Q^JD>-@/G7@5ANMOC^@LJD@BA�I3_'JN>-@�JN@1Y`J
E�A�JDMOKBFO@3n

JN>�@�_�AzE3C^@�E�F]Y�I^G-ADI�b�M]QT@5Y
EuFO@5E3{(��G-ADI(I�_�YN@5E�F�_�IXAgJD>-@�KBI(IXF]E3P(J
Z�I�o�MOP-V�JD>-ANIXS-V�> JN>-@x§ �HeT��d;©gQ-QTMUJDMUIXP�E3F�|7@5P-@L»-JzY�I3_
JN>�MOYgKLF]E3C^G-MOP-V�_�AzE3C^@3n7G�E3ANJNM]KLS�FOE�ANFOcxo�MUJN>�AD@5YNG7@1K�J�JNIu@L�TG7@5ANMOC^@5PXJzE3F"JD>-@BADC^I�C^@1Kz>�E3P-M]K5E3F�|�I�S�P�Q-E3ADcaKBI�P�Q-M�JDMOI�P�YBn�E3AD@
QTM]YDKLS�YDY�@1Q$MOPtQT@LJzE3MOF�|�c^JN>-@\G�AN@1Y�@5PXJ
E�STJN>-IXADY�MOPWG-AN@5b�MUIXS�Y�G-S-|-FOM]KBE3JNMOI�P7YLd"!�#"$

=?>-@t_�AzE3C^@B�¦G�E�P-@BF
EXYNYN@BCx|-FOc�M]Y$Y�S�|=<`@5KLJN@5Q�JDI­JN>-@5ANC$E�F�FOIXE�Q-MUP�V[MOPÎE­QTS�E�F���G-F]E�JD@BP�>-@5E3J$G-AN@1YNY^_�I�A$o�>-M]Kz>ÈJN>�@
JN@5C^G7@5ADE3JNS-AD@gI�_'@1E�Kz>$G-F]E3JN@BPaM]Y~G-ADI�VXADE�C^C$E3|-FO@�E3P7Q$C$E�c�|7@\KBI�P(JNADI�FOFO@5QxMOP�QT@5G7@5P�QT@BP(JDFUc�df© QTM]E�V�AzE3C I3_�JD>-@/G�E3P�@BFU�
_�AzE3C^@�E�YDY�@5C�|�FUc/MOPxJN>-@g>-@5E3J�G-AN@1YNYfM]Y�YN>-I�o�PxMOP���MOV�S�AN@�¨/o�MUJN>^E3P�MOC$E3VX@�I�_7JD>-@gEXK�JNS7E3F->-@1E�J�G-AD@5YDYHYN>-I�o�P�MUP^��MOV�S-AD@
%(d¹=?>�@uJDI�G¹G�FOE3JN@5P9��F]E3|�@BFO@1Q'&)(
I�J��~F]E�JN@5P+*�MOP¹��MOV�S-AD@u¨RE3P�Q���MUVXS-AD@�%3��G-ADI�b(M]QT@1Y&>-@1E�JDMUP�V�JNI[JN>-@aJN@1Y`J$E�A�JDMOKBFO@3n
YNMUCxS-F]E�JDMOP-V\JN>�@&@L��JN@5ANP7E3F;>-@1E�JDMUP�V�JD>�E�J}o�IXS-F]Qa|�@&@5P�KLIXS-P(JN@BAD@5QWMOP�E�>-MOV�>T�sYNG7@5@5QWE3MOA�b�@5>-M]KLFO@3d�=?>�@\JN@5C^G7@5ADE3JNS-AD@/I3_
JN>�@gJDI�GWG-F]E�JN@5P$M]Y�YN@LJ�JNIxI�P�@gI3_fY�@5b�@5ADE�F�G-AD@L�sQT@LJD@BADC^MOP-@5Q�JN@5C^G7@5ADE3JNS-AD@5YBnTE�Y?E�Q-Q-AN@1YNYN@5Q�|�@BFOI�o/dH=?>-@/|7I�J�JNIXC G-F]E�JD@BP
��F]E�|7@5FU@1Q,&.-�I�IXF"�~F]E�JN@5P+*X�HMOY�S-P7KLI�P(JDANIXFUFO@1Q�MUP$JN@BC^G�@BAzE�JDS-AD@3nT|-STJ�G-ADI�b�MOQ-@5YHJD>-@BADC$E3F"MOP-@5A�JDMOE\_�I�A�JN>-@/|�I3JNJNI�CÓY�S-AN_�E�KB@
I3_HJD>-@�G7E3P-@5F6dg=?>�@5YN@�KLIXP�QTMUJNMOI�P7Y?I�P�JD>-@�|�I3JNJNI�C¸YNS-AN_�E�KL@�I3_fJN>-@�JN@1Y`J/E3ANJNM]KLFO@\YNMUCxS-F]E�JD@gJD>-@�KBI�P�Q-M�JDMOI�P�Y?G-AD@5YN@BP(JgIXP
JN>�@uMOP(JN@BADMOI�A/I3_
E�>�MUVX>T�sY�G�@B@1QRE�MOA&b�@5>-M]KLFO@3d��-IXA\JN>-@aAN@5C$E3MOP�QT@5A\I3_?JN>�MOY�QTM]YNKBS�YDY�MOI�P;n;JN>-@WY�M]QT@^I�_?JN>-@aG�E3P-@5FU�6_�AzE3C^@
E�YDYN@BCx|-FOc�YNS-|=<`@5KLJN@1Q^JNIxQTMOAN@1K�J�>-@5E3JNMOP-V&_�ADI�C JD>-@}>�I3J?G-F]E�JN@5P$o�MOFOF�|�@�K5E3FOFO@5QxJN>�@}@B�(JD@BADMOI�A5n(E�Y�MOP^JN>�@}@B�(JD@BADMOI�A~I�_;JN>�@
b�@5>-M]KLFO@3d�=?>-@&YNM]QT@/I3_�JN>-@\G7E3P-@5F��¦_�AzE3C^@}EXYNYN@BCx|-FOc�P-I3JgYNS-|=<`@1K�JD@5QWJNI$Q-MUAD@5KLJ�>-@5E3JNMOP-Vt��M¦d @�d �HJD>-@�YNM]QT@/MUPtKLIXP(JDE�KLJ
o�MUJN>
JN>�@&KLI�I�F�G-F]E3JN@BP��~o�MOFOF"|7@&K5E3FOFO@5Q�JD>-@\MOP(JN@BADMOI�A5n(EXY?MUPaJN>�@\MUP(JD@BADMUIXA~I�_'JD>-@\b�@5>-M]KLFO@3d

© YDE3C^G-FO@}JN>-@5ANC$E�F�FOIXE�Q-MUP�V�G-ADI3»7FU@/S�YN@5QtMOPWJN>�@&@L�TG�@BADMUC^@5P(JDY?M]Y�Y�>�I�o�PWMOP���MOV�S-AD@H�Td�©�JgG�I�MOP(Jg©\n�JD>-@�§ �HeT��n
JN>�@xKBFOE�C^G-MOP-Vx_�ADE�C^@3n�E3P�Q�JN>-@x>-@5E3J�G�AN@1YNY�E3AD@&@5EXKz>�E�J�ANI�IXCÓJD@BC^G�@BAzE�JDS-AN@�d�¾�@LJ`o�@B@5P G�I�MOP(J�© E3P�Q�G�I�MOP(J�¾}n"JN>�@
>-I�J�G-F]E�JD@BP$I�_�JN>-@}>-@5E3J�G�AN@1YNY~MOY~>-@5E3JN@1Q^S-P(JNMOF�M�J�AN@1E�Kz>-@1Y�E&G�AN@1QT@L»�P�@5Q�JD@BC^G�@BAzE�JNS�AN@�df§�@1E3P�o�>-MOFO@3n3JD>-@�G�E3P-@5FU�6_�AzE3C^@
E�YDYN@BCx|-FOcuM]YgMOP(JN@5P(JNMOI�P�E�FOFUc^MOP�YNS-F]E�JD@5Qt_�ADI�C JD>-@�>-I3J/G-F]E�JD@BP�YNIuJD>�E�J/MUJ�AD@BC$E�MOP�Y
E�J/ADI(IXC JN@BC^G�@BAzE�JDS-AD@3d « P�KL@�JN>�@
JDE�ANVX@LJ�JN@BC^G�@BAzE�JDS-AD@$M]Y�AD@5EXKz>-@5Q�IXP­JN>-@W>-I�JxG-F]E3JN@BP;nHJN>-@W@L��JN@5ANMOIXA�Y�M]QT@aI3_�JD>-@aS�P�KLI�I�FO@1Q+§ �HeT��nHE�Y�o�@5FUF?E�Y�JN>�@
@L��JD@BADMUIXA�YNM]QT@}I�_;JN>�@}_�AzE3C^@�n�E�AN@�G-STJ�MOPaKBI�P(JDEXK�J?o�MUJN>$JD>-@/>-I3J?G-F]E�JD@BPaI3_;JD>-@/>-@5E3J?G�AN@1YNYBnTo�>-MOFU@
JN>-@/MOP(JN@BADMOI�A�Y�M]QT@}I3_
JN>�@g§ �HeT�+E�P�Q�_�ADE�C^@?E�AN@�MOP^KLIXP(JDE�KLJ�o�MUJN>xJN>-@}KLI�I�F-G�FOE3JN@5P�df=?>�MOYfITK5KLS-AzY�E�J�G7IXMUP(J�¾}d(¾�@LJ`o�@B@5P�G7IXMUP(J~¾�E3P�Q�G�I�MOP(J
-gn�E�QTc�P�E3C^M]KfJD>-@BADC$E3F�V�AzE�Q-MU@5P(J'QT@BbX@BFOI�G7Y;JD>-ANIXS-V�>�JN>-@�JD>-M]Kz{(P�@5YDY�I�_-JN>-@�§ �HeT��E�P�Q\JD>-@�JN@BC^G�@BAzE�JDS-AD@�I�_-JN>-@?G�E�P-@BF
MOP�KLAD@5EXY�@1Y�S-P(JNMOFTJN>�@BADC$E3FT@5¢(S-MOFOMO|-ADMUS�CÔM]YH@1Y`JzE3|-FOM]YN>-@5Q"n3o�>�MOKz>xITKBKBS-ADY~E�J~G�I�MOP(J/-gd(=?>-@gQ�E�JDE\KBI�FOFO@5KLJN@5Q�|7@BJ`o�@5@BP^G�I�MOP(J
¾ E3P7Q­G7IXMOPXJ0- AD@BG-AD@5YN@BP(J�JD>-@WAN@1Y�G�I�P�YN@uI�_gE3P�S-P�KLI�IXFU@1Q­§ �HeT�ÊJNI[JN>-ADI�S-VX>T�¦JN>-@B�6JD>-M]Kz{(P�@5YDY/JN>-@5ANC$E�F~VXADEXQTMO@BP(JDYBd
1
I�JN@�JD>�E�J�JN>-@}@5¢(S-MOFOMO|-ANMOS-CÔJD@BC^G�@BAzE�JNS�AN@�I�_�JD>-@g@B��JN@BADMOI�A�YNM]QT@�I3_"JN>�@}§ �HeT�+E�P�Q�I3_�JD>-@
@B�(JD@BADMOI�A�YNMOQ-@
I3_"JN>�@
_�AzE3C^@
E3AD@?|7@5FOI�o+JN>�@?JN@BC^G�@BAzE�JDS-AD@�I�_7JD>-@�>-I�J�G-F]E�JN@5P�dH=?>-M]YfMOYHE3J�JDANMO|-STJD@5Q�JNI/JD>-@?_�E�KLJ�JN>�E3JHJN>-@�@B�TG7@5ANMOC^@BP(JzE3FTY�@BJNS-G�M]YfP-I�J

P ç�ý í��
âJûºÜß×|ãëàÓØ�ä�ú�ä~Þ|Ûiã ÛiÚ]ÛiÜ ç�ý â�ÜÓ× ç ä~Ø�Ú]Û|ãëàÓÞOØ�ä~Ù�âJÞ|Ûy× ç ä~Ø�Ú]Û|ãëàÓÞ



MOP�YNS-F]E�JN@1Q�� >-@5E3JgM]Y
E3FOFOI�o�@5Q^JDI$@5YDKBE�G7@/JDI^JN>�@�E�JDC^IXYNG->-@5AN@�d�©�JgG�I�MOP(J -gn7JD>-@�KBI(IXFOMUP�V�M]Y
EXK�JNMOb�E�JD@5QtE3P7QtAN@5C$E3MOP�Y
E�KLJNMOb�E�JD@5Q"n"KBE3S7Y�MOP-V�JD>-@�JD@BC^G�@BAzE�JDS-AN@\I�_HJN>-@xE�YDY�@5C�|�FUc$JNIaQ-ANIXG�n�AD@5EXKz>-MOP-V^E^P-@5o JN>-@5ANC$E�F�@5¢(S-MOFOMO|-ADMUS�C ��G�I�MOP(J����
E�YDYNI�KBM]E�JN@1Q&o�MUJN>�JN>�@gE�KLJNMOb�@5FUc\KBI(IXFO@5Q�§��fe-��d(©�J�G�I�MOP(J���n�JD>-@�@L�TG�@BADMOC^@BP(J�M]Y�JD@BADC^MUP7E�JN@1Q"d'=?>-@
JN>-@5ANC^IXC^@5Kz>�E�P-M]KBE3F
AD@5YNG7IXP�Y�@gI3_�JN>�@}§ �HeT�¹o�M�JD>$E�KLJNMOb�@
KBI(IXFOMUP�V-n�KLIXC^G�E3AD@5Q�JDI&JN>7E�J�o�MUJD>-I�STJ�KLI�I�FOMOP-V-n(QT@BC^IXP�Y`JDADE3JN@1Y�JN>-@�@L�"@5KLJNMOb�@5P-@5YDY
I3_�JN>�@&E�K�JDMOb�@BFOc�KLI�I�FO@1Qu§ �HeT�ÑMOPWC$E3P�E�V�MOP-V\JD>-@BADC^IXY�JNADS�K�JDS-AzE3F"QT@L_�IXANC$E3JNMOI�P�d

=?>-AD@B@�@L�TG�@BADMUC^@5P(JDY�E3AD@�KBI�P�QTS7K�JN@1Q"n�@1E�Kz>�E�J�E}Q-M �"@BAD@BP(Jf»-�T@5Q�JN@5C^G7@5ADE3JNS-AD@�_�I�A�JN>-@�>�I3JHG-F]E�JD@BP���¤�¨�k�����nX£�£Xk	����n
j�½(k	�
��d~=?>-@�>-I�J?G�FOE3JN@5P^JN@5C^G7@5ADE3JNS-AD@5Y�E3AD@�Kz>-I(Y�@5P$|�EXY�@1Q^I�PuJN>-@/FOMOC^M�JzE�JDMUIXP�Y�I3_;JD>-@/MOP�Y`JDANS�C^@BP(JDE3JNMOI�Pt��M¦d @3d �HY�JNAzE3MOP
VXE�V�@1YD��E3P�Q+JN>-@t>-@1E�J�G-AN@1YNYBd¹=?>-@WC$E��TMOC�S�CÖYN@BADb(M]KB@^JN@5C^G7@5ADE3JNS-AD@uI�_
JN>-@tMOP�Y�JNADS-C^@BP(JzE�JNMOIXPRM]Y�P-@5E�Ax£X£�k � ��n�YNI
JN>�@/»�ADY�J?J`o�IxJD@BC^G�@BAzE�JNS�AN@1Y�@B�TG-FOI�AD@gJD>-@\ADE�P-V�@�I3_�C^@5EXY�S-AzE3|�FU@�Y`JDANS7K�JNS�ADE�F"Q-@L_�I�ADC$E�JDMOI�P�YBd�=?>-@/JD>-MOADQ$JN@5C^G7@5ADE3JNS-AD@
�6j3½Xk����\��M]Y�JN>-@�S-G-G�@BA�JN@5C^G7@5ADE3JNS-AD@
FOMOC^MUJfI�_�JN>-@�>-@1E�J�G�AN@1YNYBd�®
P�QT@5A~JD>-@/KLI�P7QTMUJNMOI�P�I3_'j3½Xk�����n�JN>-@/Y`JDADE�MOP^VXE3VX@5YHIXP
JN>�@�@L��JD@BADMUIXAgYNMOQ-@&I3_fJN>�@�JD@5Y�J�E3ANJNM]KBFU@/o�MOFOF;I�b�@5AN>�@5E�JgE�P�Q�|�@�QT@1Y`JDANI�cX@5Q"d (
I�o�@Bb�@5ABn�JN>-@�VXE3VX@5YgI�PtJN>�@�MOP(JN@5ANMOI�A�YNM]QT@
I3_�JN>-@�G�E�P-@BFfo�MOFOF'P�I3J\I�b�@5AN>-@1E�J�|7@B_�I�AD@�JD>-@�@L�TG�@BADMUC^@5P(JgM]Y�KBI�C^G-FO@BJN@3d�=?>�@BAD@L_�I�AD@3n;b�E�FUS7E3|-FO@&MOPT_�IXANC$E3JNMOI�P�C$E�ct|�@
KBE�GTJNS�AN@1QuIXPuJD>-@\MOPXJD@BADMOI�A?Y�M]QT@�I3_�JN>-@/JD@5Y�JgE3ANJNM]KLFO@�E�J?JN>-M]Y?@5FU@5b�E�JN@1Q$JD@BC^G�@BAzE�JDS-AN@�d

©gYuG-AD@Bb�MOI�S�YNFOc¹QTM]YNKBS�YDY�@1Q"n�JN>-@�JN@1Y`JtE3ANJNM]KLFO@tM]Y^»-JNJN@5Q9o�MUJN>ºE+C$E�P-MU_�I�F]Q­JDI�E�FUFOI�o _�I�AaKBI�C^G-AD@5YDYN@5QÑE3MOA^JDI¹|�@
G�EXYNYN@5Q�JN>�ANIXS-V�>ÔJN>�@¹KLIXAN@­I�_xJD>-@¹§ �HeT��d/=?>-@¹KBI�C^G-AD@5YDY�@1Q9E�MUA�M]Y�C$E�MOPXJzE3MOP-@1QºE�J�ADI�I�CÍJN@BC^G�@BAzE�JDS-AD@RS�P�QT@BA
¨
-
i	�
���"��h5k�kXk
���.�`��d'=?>-@}Z�I�oºAzE�JN@/E3P7Q^JN>�@�V(E3VX@gG-AD@5YDY�S�AN@}I3_�JD>-@\E3MOA�G�E�YDY�@1Q�JN>�ANIXS-V�>uJN>-@/G�E�P-@BF�E3AD@�AN@5V�S-F]E�JD@5QxJDI

|�@&KLI�P7Y`JzE3P(J�_�I�A�@1E�Kz>W@L�TG7@5ANMOC^@5PXJ��~£�k�����������E3P�Qt¨�i������"�`h1k
�����`�zd « P�KB@}JD>-ADI�S-VX>aJD>-@\G�E�P-@BF¦nTJN>�@&E3MOA?MOY�YNMOC^G-FOc
I�S-J���VXE�YDYN@5Q^JDIxJN>-@\F]E3|�I�AzE�JDI�ADc^Y�S-ADADI�S-P�Q-MUP�VXYBd

=?>-@tG�E�P-@BFU�¦_�ADE�C^@aE�YDYN@BCx|-FOc[M]YxMOP�Y`JDANS�C^@BP(JN@1Q+o�MUJN>ÑE�Y�@5ANMO@5Y�I3_/|�EXKz{X�¦JNI��¦|7E�Kz{­Y`JDADE�MOP¹VXE�V�@1Y�E�P�QÑQTM]Y`JDANMO|-STJD@5Q
JN>�@BADC^I�KBI�S-G�FU@1YgMOP[JN>-@uFUITK5E�JNMOIXP�Y}Q-@BG-M]K�JD@5Q[MOP���MOV�S�AN@�iTda=?>�@$Y`JDADE�MUP[VXE�V�@5Y�G-ADI�b�M]QT@�MOPT��G-F]E3P�@xQT@B_�I�ADC$E�JDMUIXP C^@5E3�
YNS-AN@5C^@BP(JDY\E�P�QRJN>�@u|�EXKz{X�¦JNI��¦|7E�Kz{�G�E�MUAzY\G-ADI�b�M]QT@^E3P�MOP�QTM]KBE3JNMOI�P[I3_
I�S-J���I3_]��G-F]E3P-@^QT@B_�I�ADC$E�JNMOIXP�da=?>-@WQTM]Y`JDANMO|-STJD@5Q
JN>�@BADC^I�KBI�S-G�FU@1Y�G-ANI�b�M]QT@�JN@5C^G7@5ADE3JNS-AD@\>-M]Y�JNI�ADMO@5Y�_�I�A
JN>-@x§ �HeT�ºE3P7Qu_�IXA
JD>-@\_�AzE3C^@3d?ÕsP E�Q�QTMUJNMOI�P�nTJD>-M]Y
P-@BJ`o�IXAN{uI3_
JN@5C^G7@5ADE3JNS-AD@/C^@5EXY�S-AD@BC^@5P(JDY�o�MUFOF;YN@BADb�@\E�Y�JN>-@/JD>-@BADC$E3F�FOIXEXQTMOP-VxMUP�G-STJ�_�I�A
JN>-@\»7P-MUJN@\@BFO@5C^@BP(J?E�P�E3FOcTYNMOY�I3_HYN@5K�JDMOI�P
Õ�ÕNÕzd

¿ � 9u��<1�',�!5<x*- �Æ��a46<52X�'<1<54607 
��MOV�S�AN@+h1k�E�P�Q9��MOV�S�AN@�h�h[YN>-I�o¸JD>-@�AN@1Y�G�I�P7Y�@[I3_�JD>-@RMUP7KLI�P�@BF\§ �HeT�Óo�>-@BP Y�S�|=<`@5KLJN@5QºJNIÎE�>-I3JtG-F]E�JD@BP

JN@5C^G7@5ADE3JNS-AD@�I3_g¤3¨Xk	�
� E3P7Q­£�£�k��
��nHAN@1Y�G�@5KLJNMOb�@5FUc�n�E3P�QRJD>-@BP+EXK�JDMUbX@BFOc KLI�IXFU@1Q"da=?>-@uMUP�M�JDM]E3FfG-F]E�JD@5E3SÑ��G�I�MOP(J�© JDI
G�I�MOP(Jf¾���AD@BG-AD@5YN@BP(JDY'JD>-@�JNMOC^@�|�@L_�IXAN@�JD>-@�G�E3P�@BFTM]Y�@L�TG7I(Y�@1Q\JDI/JN>-@?>-I�JfG�FOE3JN@5P�d « P7KL@�@L�TG7I(Y�@1Q"nXE3JfG�I�MOP(J�¾}n�E�Y�JNAzE3MOP
AD@5YNG7IXP�Y�@gADE�G-M]QTFOc&QT@BbX@BFOI�G�Y�I�P^|�I3JN>$JN>-@}>-I3J?E3P�Q^KBI(IXF7YNM]QT@5YHI�_�JN>-@}G�E3P�@BF¦df=?>�MOY~Y`JDADE�MUP�M]Y�E�KLI�Cx|-MOP�E3JNMOI�P&I�_�JN@5P�Y�MOFO@
JN>�@BADC$E3F"Y`JDADE�MUPaE3P�QaKLI�C^G�AN@1YNYNMOb�@?C^@5Kz>�E�P-M]KBE�F7Y�JNAzE3MOP$QTS-@�JNI�JN>�@}JDMUJDE3P�MUS�C _�AzE3C^@�df©}Y�MOY�KLFO@1E3A�_�ANIXC JN>-@�G-FOI3JzYLn�JN>�@
MOP(JN@BADMOI�A�E3P�QW@L��JD@BADMUIXA�YNM]QT@5Y�I�_'JD>-@&§ �HeT�È>�E�b�@\¢(S�E�FUMUJzE�JNMObX@BFOc�YNMUC^MOF]E3A~AN@1Y�G�I�P�YN@5Y�E3J
QTM0��@5AN@5PXJ�C$E�V�P-MUJNS7QT@5YBd

©gY�JD>-@uJDMOC^@uI3_}@L�TG7I(Y�S�AN@aJNI[JN>-@5ANC$E�F�FOI(E�QTMOP-V�MOP�KBAN@1E�YN@5YBn�JD>-@BADC$E3F�@5¢(S-MOFOMO|-ADMUS�C M]Y�AD@5EXKz>-@5Q�JD>-ADI�S-VX>-I�STJxJN>�@
G�E�P-@BF¦n;o�>-M]Kz>�JDADE�P�Y�F]E3JN@5YgJNItC^@1Kz>�E3P-M]K5E3F;@1¢XS�MUFOMO|-ADMOS-CÓQT@5C^I�P�Y�JNAzE�JD@5Q�|�c�JD>-@�G7@1E3{�G-F]E3JN@5E�S�AD@5YNG7IXP�YN@�E�J\G�I�MOP(J�-gd
=?>-@�Q-M �"@BAD@BP7KL@�|�@LJ`o�@B@BPÑJD>-@�Y�JNAzE3MOPÑFO@Bb�@5F]Y�IXPÑJN>-@�MUP(JD@BADMUIXA^E3P�QÑ@B�(JD@BADMOI�A$YNMOQ-@5Y�I3_/JD>-@�G�E�P-@BF¦n�JN>-ADI�S�V�>-IXSTJ$JN>�@
AD@5YNG7IXP�Y�@�nTMUP7QTM]KBE�JD@5Y�E�KLI�Cx|-MOP�E3JNMOI�P^I�_�JN>�@BADC$E3F"|7@5P�QTMOP-V�E3P�QaI3_�JN>�@BADC$E3F�Y�>�@5E3ADMOP-V&I�_'JD>-@/G�E3P-@5F¦dH=?>�@�C$E�V�P-MUJDS�QT@
I3_fJD>-M]Y
b�E3FOS-@\MOP�KBAN@1E�YN@5Y?o�MUJN>tJDMUC^@\S�PXJDMOF;JN>�@�Y�JN@5EXQTcaY�JDE3JN@�MOY
AN@1E�Kz>-@1Q"d
=?>-M]Y�MOP-MUJNM]E3F�AD@5YNG7IXP�YN@&KLS-ADb�@&MOP�Q-MOK5E�JD@5Y�JN>�@
AD@5YNG7IXP�Y�@/I�_�JN>�@\MUP7KLI�P�@BF�§ �HeT�Ño�MUJN>-IXSTJ
E3P�cuEXK�JNMObX@�KBI(IXFOMUP�V-d

©�_]JD@BA?JD>-@\G-F]E�JD@5E3SuAN@1Y�G�I�P�YN@�>�E�Y?|�@B@5PWAD@5EXKz>-@5Q�n(JD>-@\KLI�I�FOMOP-V&M]Y?E�KLJNMOb�E�JD@5QuE3J�G7IXMUP(J -ÎE�P�QuJN>-@\Y�JNAzE3MOPuFO@BbX@BF]Y�IXP
|�I3JN>aJN>�@}MOP(JN@5ANMOI�A�E3P�Qu@L��JN@5ANMOI�A�Y�M]QT@1Y~I�_;JN>�@�G7E3P-@5F"Q-ANIXGaQTAzE3C$E3JNM]KBE�FUFOc�d"ÕsPu_�E�KLJBn-G�I�MOP(J�� MOPa��MOV�S-AD@&h1k�E�P�Qu��MOV�S-AD@
h�h/MOP�QTM]K5E�JN@1Y�JN>�E3JBn�|�cuo?E�c$I�_fEXK�JNMObX@�KBI(IXFOMUP�V-n�JN>-@&Y�JNAzE3MOPaFU@5b�@5F�I�PWJN>-@\MOP(JN@5ANMOIXA�YNM]QT@/I3_�JN>-@\G�E�P-@BF�MOY?|�ANIXS-V�>(J�|�E�Kz{
JNIaMUJDY
MOP-MUJDMOE�F¦n-S-P->-@1E�JN@1Q�KBI�PT»�VXS-AzE�JNMOIXPa@5b�@BP JN>-IXS-V�>�JD>-@�YNG�@5KLMOC^@5P�MOY}Y`JDMOFUF�@L�TG7I(Y�@1QtJNIuJN>-@�»-�T@5QtJD@BC^G�@BAzE�JDS-AN@�I3_
JN>�@�>-I�J}G-F]E�JD@BP�dg=?>�MOYgM]YgE3P�MOC^G�I�ANJDE�PXJ
AD@5YNS-FUJBdg=?>�@�Q-E3JDE^MOP ��MOV�S-AD@^h5k$E�P�Q ��MOV�S-AD@^h�h�QT@BC^IXP�Y`JDADE3JN@/JD>�E�J/E�K�JDMOb�@
KLI�IXFUMOP-VxKBE�Pa@?��@1K�JNMObX@BFOc�C$E3P�E�V�@
JD>-@&Y�JNADS�K�JDS-ADE�F"JN@5C^G7@5ADE3JNS-AD@�E�P�QWQT@L_�IXANC$E3JNMOI�P$IXPuJD>-@\MOP(JN@BADMOI�A�Y�M]QT@�I3_'JN>-@\G�E�P-@BF
YNS�Kz>uJD>�E�J�JD>-@\@L�"@5KLJDY�I�_�@B��JN@BADP�E�F�>�@5E�JDMOP-VxE�AN@/P-I�FOI�P�V�@BA?G-AD@5YN@BP(J5d

©gYuMOP�QTM]KBE3JN@5QÈE3|�I�b�@�n�JD>-@�C$E3�TMUCxS-C�I�G�@BAzE�JDMOP-VRJN@BC^G�@BAzE�JDS-AD@�I3_/JN>-@[Y`JDADE�MUP�JNAzE3P7YNQTS7KL@BAzY^M]Y$E�G-G-ADI���MOC$E3JN@BFOc
£�£Xk	�
��dHÒº>-@5P^JN>�@
@L��JN@5ANMOIXA~Y�M]QT@�I�_"JN>-@}G�E3P-@5F�M]Y~YNS-|=<`@1K�JD@5QxJNI�j�½(k	�
��n-E�YHMOP�JD>-@
JD>-MOADQ�@B��G�@BADMOC^@BP(JBn�JN>-@�Y�@5P�Y�IXADYfIXP
JN>�@&JNIXG Y�M]QT@\I�_HJN>-@�G�E3P�@BF�|�@5KBI�C^@&QT@1Y`JDANI�cX@5QtE3P7QtG-ANI�b�M]QT@/P-I$S7Y�@B_�S-F�Q�E�JDE-d (
I�o�@BbX@BA5n-JN>-@�VXE�V�@5Y?IXP�JN>�@&MOPXJD@BADMOI�A
 O æ ñ õ"! O�ÛyØ�ä~ÙGØ}×yÙ æ Ú]ø]ã àfñ~ÜÓÜ¢Û è ÜÓ× õ ã ä�Ú]ÛyÜ

ï ç�ý í��
âJûºÜß×|ãëàÓØ�ä�ú�ä~Þ|Ûiã ÛiÚ]ÛiÜ ç�ý â�ÜÓ× ç ä~Ø�Ú]Û|ãëàÓÞOØ�ä~Ù�âJÞ|Ûy× ç ä~Ø�Ú]Û|ãëàÓÞ



YNMOQ-@�I�_'JD>-@&G�E�P-@BF�P�@Bb�@5A
AD@5E�Kz>W£�£Xk	����d�Õ�J
MOY?G�IXYDYNMU|�FU@�n�JN>-@5P�n�JDI^I�|TJzE3MOPaAD@5YNG�I�P�YN@/C^@5E�YNS-AD@BC^@5PXJzY�_�IXA?JN>-@�KLI�I�F;YNM]QT@
I3_fJD>-@�G�E�P-@BF'o�>-@BP JN>-@&>�I3J�YNM]QT@\M]Y
YNS-|=<`@5KLJN@1QtJNI$bX@BADcu>-MOVX>tJN@BC^G�@BAzE�JDS-AD@5YBd?©ÊC$E��TMOC�S-C JD@BC^G�@BAzE�JDS-AN@\I�_~j�½Xk����
M]Y?Kz>-IXYN@BPW|7@1KBE�S�Y�@�JD>-M]Y?MOY�JD>-@\C$E��TMOCxS-CÊJD@BC^G�@BAzE�JDS-AN@�I3_�JN>�@\>-@5E3J?G�AN@1YNY?S�YN@5QWMOPaJN>-@1Y�@/@L�TG�@BADMOC^@BP(JDYBd

��MOV�S-AD@�h�¤�Y�>�I�o
Y�JN>-@&AD@5YNG�I�P�YN@/I3_fJN>-@�MUP7KLI�P�@BF;§ �HeT�Ño�>-@5PtJN>-@�@L��JN@5ANMOI�A�YNM]QT@/I3_�JN>-@&G7E3P-@5F;M]Y
Y�S�|=<`@5KLJN@5QaJDI$E
JN@5C^G7@5ADE3JNS-AD@\I3_�j3½Xk�����d�©}Y
MOP�JN>�@&»�AzY`JgJ`o�I$@B�TG7@5ANMOC^@BP(JzYLn-JD>-@xMUP�M�JDM]E3F;Y�JNAzE3MOPtAN@1Y�G�I�P�YN@&I�_�JD>-@xG�E3P-@5F���G7IXMUP(J/¾ºJDI
G�I�MOP(J -?��MUP7KLAD@5E�YN@5Y;I�P&@1E�Kz>�YNM]QT@~I�_-JN>-@?§ �HeT��o�M�JD>-I�S-JfEXK�JNMObX@�KLI�I�FOMOP-V-n�S-P(JNMOF(@5¢(S-MOFOMO|-ANMOS-C9MOY�@5Y�JDE�|-FOMOYN>-@1Q^��G�I�MOP(J -?�zd
ÒºMUJN>-MOP�JN>-M]YfAD@5YNG7IXP�YN@3nX��MOV�S-AD@/h1¤}MOP�QTM]KBE3JN@1Y�JD>-@�G�I�MOP(JHE3J�o�>-M]Kz>�JD>-@gY�JNAzE3MOP�V(E3VX@5Y�I�PxJN>�@�@L��JN@5ANMOI�AHYNM]QT@?I3_�JN>-@�G�E�P-@BF
E3AD@�QT@5Y�JNADI�c�@1Q"d « P�KB@�JD>-@�S-P->-@1E�JD@5QR§ �HeT�ÔAN@1E�Kz>-@1Y
JD>-@BADC$E3Ff@5¢(S-MOFOMO|-ADMUS�CÓE�J\G�I�MOP(J�-gn�JD>-@^KLI�I�FOMOP-V$M]Y/E�KLJNMOb�E�JD@5Q
E3P7QuJD>-@&AD@5YNG7IXP�YN@�I�_fJN>-@&G7E3P-@5F�Kz>�E3P�V�@5Y�Q-ADE�C$E�JNM]K5E3FOFOc3n�@5b�@BP(JDS�E3FOFOc^AN@1E�Kz>-MOP-VxE�P-@Bo @1¢XS�MUFOMO|-ADMOS-C KBI�PT»7V�S-AzE�JDMUIXPaE3J
G�I�MOP(J���dX©gVXE3MOP�n3@5b�@5P�o�MUJN>�JN>�@?JN@BC^G�@BAzE�JDS-AD@�I�_"j3½Xk	� �ÎI�PxJD>-@�@L��JN@5ANMOIXA�YNM]QT@�I�_7JD>-@�G�E�P-@BF¦n�JN>�@
Y`JDANS�KLJNS-AzE3FTAD@5YNG�I�P�YN@
I3_"JD>-@gKLI�IXF7YNMOQ-@�I3_�JN>-@}G�E3P-@5F7K5E3P�|7@�KLIXPXJDANIXFOFU@1Q/JN>�ANIXS-V�>$EXK�JNMObX@?KBI�I�FOMOP-V�YNS�Kz>�JD>�E�J�JD>-@
@?��@1K�JDY~I3_�@L��JD@BADP�E3F->�@5E�JDMOP-V
E3AD@/P-I�FOI�P-VX@BA�G-AN@1Y�@5P(JBd

=?>-@1Y�@}AN@1Y�S-FUJzY~E3AD@g@B��JNAD@BC^@BFOc�G-ANIXC^M]Y�MOP-V�d
-�@BANJDE�MUP�FUc�nXE�J�YNI�C^@
@B�(JD@BADP�E3F7JN@5C^G7@5ADE3JNS-AD@gVXAN@1E�JD@BA�JD>�E3Ptj�½(k	�
��nTJN>�@
JN@5C^G7@5ADE3JNS-AD@�I3_�JN>-@^MOP(JN@5ANMOIXA�YNM]QT@���M¦d @�d ��JD>-@^G�E�c�FOIXEXQ�YNMOQ-@1�}I3_�JN>-@$EXK�JDMUbX@BFOc�KLI�I�FO@1Q[§ �HeT� o�MOFOFfANM]YN@xE�|7I�bX@�ANI�I�C
JN@5C^G7@5ADE3JNS-AD@
E3P7Q�JN>�E3J�YNM]QT@�I3_�JD>-@gG�E�P-@BF7o�MOFUF�@L�T>-MO|-MUJ~E3P$@5FO@Bb�E�JD@5Q�JN>-@5ANC^IXC^@5Kz>�E�P-M]KBE�F(AD@5YNG�I�P�YN@3d�ÕsP^JN>-M]Y�KBE�YN@3n(JN>�@
Z�I�oÎAzE�JD@
I3_'KBI�C^G-AD@5YDYN@5Q�E3MOA~KBI�S-F]Q^E3F]YNI\|7@�MOP�KLAD@5EXY�@1Q"d'Õ�J?M]Y�I�_;MUP(JD@BAD@5Y�J�JNI�@L��JN@5P�Q^JD>-@g@B��G�@BADMOC^@BP(JDY�MUP$JN>-@�G-AD@5YN@BP(J
o�I�AD{�JDI&V�AD@5E3JN@BA�@L��JN@5ANP7E3F-JD@BC^G�@BAzE�JDS-AN@1YLn�E3{�MOPxJNI&JD>-IXYN@g@B�TG7@5ANMO@BP7KL@5Q�MOP^@B�(JDAN@5C^@�>�c(G�@BAzYNI�P-M]K?@BP�b�MOANIXP-C^@BP(JzYLd�eTS�Kz>
o�I�AD{^MOY?P�@5KL@1YNYDE3ADcxJNI$¢(S�E�FUMU_�c^E�KLJNMOb�@5FOc�KBI�I�FO@5Qa§ �HeT��lmY?_�I�A�FOI(E�Q^|�@5E�ANMOP-V�JN>-@5ANC$E�F"G-ANI�JN@1K�JNMOIXPaYNc�Y�JN@5C$YLd

« P-@�MUP(JD@BAD@5Y�JNMOP-V$E�YNG�@5K�J�I3_HJD>-@�AD@5YNG�I�P�YN@�KBS-ANbX@5Y}Y�>-I�o�P�MUP[�'MOVXS-AN@uh5kTn���MOV�S-AD@$h�h�n"E�P�Q���MOV�S�AN@$h�¤�M]Y
JD>�E�J�JN>�@
Y�JNADS�K�JDS-ADE�F;AD@5YNG7IXP�Y�@\M]Y�@1YNYN@BP(JDMOE�FOFUc^EXK�JNS7E�JN@1Qt|�cuJD>-@�E�KLJNMOb�@\KBI(IXFOMUP�V-d�='I$QT@5C^I�P�Y�JNAzE�JD@/JN>-@�KBI�P(JNADI�FOF]E3|�FU@}P�E�JDS-AD@\I3_
JN>�MOY�YNc�Y�JN@5Ctn"JN>-@xAN@1Y�S�F�JzYgI�_�E$P�I�b�@BFfYN@BADMU@1Y
I�_~@L�TG�@BADMUC^@5P(JDYgE�AN@�G-AD@5YN@BP(JN@1Q"d\ÕsP JN>�@5YN@x@B�TG7@5ANMOC^@BP(JzYLn7JN>-@xS-P�KBI(IXFO@5Q
G�E�P-@BF�M]Yg>-@1E�JD@5Q E�P�QtJN>�@�AzE3G-M]QtMOP-MUJNM]E�F;AN@1Y�G�I�P7Y�@&I�_�JN>�@x§ �HeT�9M]YgC^@1E�YNS-AN@1Q"n7M]QT@5P(JNM]KBE�F�JNIaJN>-@�»�AzY`J/Y�@BJ}I�_~@L�TG�@BAN�
MOC^@BP(JDYBd�ÒºMUJD>[JD>-@xJN@5C^G7@5ADE3JNS-AD@�I�_�JD>-@�>-I3J&G�FOE3JN@5P[KLIXP�Y�JDE3P(J/JN>�ANIXS-V�>-IXSTJ�JN>-@^@B��G�@BADMOC^@BP(J�E�P�QR|7@B_�I�AD@�AN@1E�Kz>-MOP-V
JN>�@BADC$E3F�@5¢(S-MOFOMO|-ADMUS�Ctn3JN>-@&KBI�I�FOMOP-V�M]Y�E�KLJNMOb�E�JD@5QWE3P�QuJN>-@�C$E3V�P�M�JDS�QT@}I3_�JN>-@�Y�JNAzE3MOPaAN@1Y�G�I�P�YN@\QT@5KBAN@1E�YN@5YBn-E�Y?|�@L_�I�AD@3d
=?>-@xKLI�I�FOMOP-V^E3MOA
M]YgKBcTKLFO@5QtIXP E3P�Q�I��'n"JD>-@�Y�JNAzE3MOPtFO@Bb�@5F]Y?Z�S�KLJNS�E3JN@�EXKBKBI�AzQTMOP-V�FOc3n�E�P�Q�E�KLJNS�E3JNMOI�P�I�_HJN>-@xY`JDANS7K�JNS�ADE�F
QT@B_�I�ADC$E�JNMOIXP�n3JN>�ANIXS-V�>uEXK�JDMUbX@
KLI�I�FOMOP-V�n�M]Y~QT@5C^I�P�Y�JNAzE�JD@5Q"dH=?>-@5YN@gAD@5YNG�I�P�YN@gKLS�ANbX@5Y~E�AN@}G-AD@5YN@BP(JN@1Q�MUPa�'MOVXS-AN@�h5£&E�P�Q
��MOV�S-AD@�h5½x_�I�A�@L�TG�IXYNS-AD@gJDI�JN@BC^G�@BAzE�JDS-AD@5Y�I3_H¤3¨�k���� E3P�QW£�£Xk	����n�AD@5YNG�@5K�JDMOb�@BFOc�d

�T�T��� ��� �	������� 

�����������X�T����
��T�`	��

ÕsP�JD>-M]Y}YN@5KLJNMOI�P�n�Eu»�P-MUJN@�@BFO@BC^@5PXJ}C^I�Q-@BF�I�_�JN>�@�@B��G�@BADMOC^@BP(JDE�F;G�E�P-@BFU�¦_�ADE�C^@&E�YDY�@5C�|-FOc$o�MOFOF�|�@�QT@BbX@BFOI�G�@5Q�E�P�Q
E3P7E3FOc�yB@5Q�d « P7KL@�b�E3FOM]Q-E�JD@5Q o�MUJD>RAD@5YNG�@5K�J/JDItJN>-@$@B�TMOY�JNMOP-Va@L�TG�@BADMUC^@5P(JDE3FHQ-E3JDE-n;JN>-@uC^I�Q-@BFHG-ADI�b�MOQ-@5Y�EW_�I�ADS-C _�IXA
MOP�b�@5Y�JNMOV(E�JNMOP-V�KLADMUJNM]KBE�F�Q-@5YNMUVXP�G�E3AzE3C^@BJN@BAzYHYNS�Kz>^E�Y�C$E3JN@5ANM]E3F]Y�E3P�Q�VX@BIXC^@LJNADc3nXMUP7KLFOS�QTMOP-V}_�IXE�C QT@5P�YNM�J`c�d�ÕsP$EXQ-QTMUJNMOIXP�n
E3P7Q[C^IXAN@xMOC^C^@5QTM]E3JN@BFOcaAN@5FU@5b�E3P(JBn;JD>-@^C^ITQT@BF�E3FOFOI�o
Y�_�I�A&_�S-A�JD>-@BA�MUP�bX@5Y�JNMOVXE3JNMOI�PtMOP(JNIWJN>-@$Q-I�C^MOP�E3P(J\QT@L_�IXANC$E3JNMOI�P
C^@5Kz>7E3P-M]YNC$YHJN>7E�J
G-ADITQTS�KL@1Q$JD>-@\@L�TG�@BADMOC^@BP(JDE�F7AD@5YNS-FUJDY�I�|7Y�@5ANbX@5Q$MOP�e�@5KLJNMOI�PWÕ�Õzd

=?>-@�G-ANMOC$E�ANc$MOP(JN@5AN@1Y`J}I3_HJN>�@�P�S-C^@5ANM]KBE�F�@L�"I�ANJ}M]Y�JDIaC^ITQT@5F;JD>-@�C^@1Kz>�E3P�MOK5E3F�AD@5YNG7IXP�YN@&I3_�JD>-@�EXK�JDMUbX@BFOcaKBI�I�FO@5Q
MOP�KLIXP-@BF�§ �HeT��lmYBd\=?>�@�@B��G�@BADMOC^@BP(JDE�F�JN@5C^G7@5ADE3JNS-AD@�>�MOY�JNIXANMO@1Y?I3_�JD>-@x§��fe-��E�P�Q�I3_~JN>-@�KLF]E3C^G�MUP�V�_�AzE3C^@a����MOV�S-AD@
�X��n(EXYHC^@5EXY�S-AD@5Q�|�c&JD>-@gQTM]Y�JNADMU|�STJN@1Q&JD>-@BADC^ITKLI�S�G-FO@5Y�MOP�JD>-@
@B��G�@BADMOC^@BP(JDYfQT@1YNKBANMO|�@5QxMOP^Y�@1K�JNMOIXP�ÕNÕzn�E�AN@?@BP(JD@BAD@5QxMOPXJDI
JN>�@^»�P-MUJN@u@BFO@BC^@5PXJ\C^ITQT@5FHJNI�YN@BADb�@$EXY/JN>�@$JN>�@BADC$E3FHFOIXEXQTMOP-V-da=?>�@5YN@^JN@5C^G7@5ADE3JNS-AD@^>-M]Y`JDI�ADMO@5Y/E3AD@$KBE�GTJNS-AD@5Q[_�ADI�C
CxS-FUJNMOG-FO@�G�I�MOP(JDY�I�P�JN>-@
§��fe-�­E3P�Q�I�P�JN>-@?_�AzE3C^@/��YN@B@���MOV�S-AD@?iX�zdH=?>-@?C^@5EXY�S�AN@1Q&@L�TG�@BADMOC^@BP(JDE�F�JD@BC^G�@BAzE�JNS�AN@?Q-E�JzE
M]Y�QTMOAD@5K�JDFOc�@BP(JD@BAD@5Q�MOP(JNI/JN>�@
»�P-MUJD@
@BFO@BC^@5P(J�MUP�G-STJ�»�FO@
MOPxJDE�|-S-F]E3A�_�I�ADCtdf=?>-@}Y`JDADE�MUP�AD@5YNG7IXP�YN@�I3_�JN>�@}§ �HeT��JDI&JD>-M]Y
JN>�@BADC$E3FHFOIXEXQTMOP-V-n;E�Y&G-AN@1QTM]K�JD@5Q[|(c�JN>-@aE3P�E�FUcTYNM]YLn�M]Y�JN>-@5P+KLIXC^G�E3AD@5Q JNItJN>�@^AN@1Y�G�I�P�YN@�C^@5EXY�S-AD@5Q[@L�TG�@BADMOC^@BP(JDE�FUFOc
E3P7QuG-AD@5YN@BP(JD@5QaMUPt��MOV�S-AD@�h1kTn���MOV�S-AD@xh�h3n�E�P�QW�'MOVXS-AN@xh1¤Td

�����W��07)+�(!5�1:���É ��<1%�� ¿ 07�� 'Æ�*T��:Ñ��0� 'Æ�4�!14�0� '<���*� 'Æ	��07*�Æ'46 �

=?>�@�@B��G�@BADMOC^@BP(JDE�F�FOIXEXQ/_�AzE3C^@~>7E�Y'J`o�I�G-F]E3P�@5Y'I3_�YNc�C^C^@LJDANc�o�MUJN>�AD@5YNG�@5K�JfJDI}VX@BI�C^@BJNADc3n�|�I�S-P�Q�E3ADc/KBI�P�Q-M�JDMOI�P�YBn

FOIXEXQTMOP-V-n-E3P7QtC^I�Q-@5Y�I�_HQ-@L_�I�ADC$E�JDMOI�P$JD>-ADI�S-VX>-I�STJ�JD>-@&@B��G�@BADMOC^@BP(JBd?=?>-M]Y
E3FOFOI�o
Y�_�I�A�JD>-@\»�P�M�JD@&@BFO@5C^@BP(J�C^I�Q-@BF�JDI
KLIXP�YNMOY�J?I3_�E�¢(S�E�A�JD@BA?I3_�JN>-@/G�E�P-@BFU�¦_�ADE�C^@}EXYNYN@BCx|-FOc3n�E�Y�YN>-I�o�PuMOPt�'MOVXS-AN@xh1jTd�¾�I�JN>aJN>-@&§��fe-�ÈE�P�QuJN>-@/_�AzE3C^@/E3AD@
C^ITQT@BFO@1Qa@5P(JNMOAN@5FOc^o�M�JD>tJN>-AD@B@B��Q-MUC^@5P�YNMUIXP�E3F"FOMOP-@5E�A?|-ANM]Kz{a@BFO@BC^@5PXJzY\� -�£�� �(�zn"S�Y�MOP-V�JD>-@�KBI�C^C^@5ADKBMOE�F�»7P-MUJN@&@5FU@5C^@BP(J

� ç�ý í��
âJûºÜß×|ãëàÓØ�ä�ú�ä~Þ|Ûiã ÛiÚ]ÛiÜ ç�ý â�ÜÓ× ç ä~Ø�Ú]Û|ãëàÓÞOØ�ä~Ù�âJÞ|Ûy× ç ä~Ø�Ú]Û|ãëàÓÞ



KLITQT@�n7©g¾?©���®�e�d7=?>-@&YNI�FOSTJDMUIXP$M]Y?I�|TJzE3MOP-@1Q$JD>-ANIXS-V�>tE^YN@5¢(S-@BP(JDMOE�FOFUc�KLIXS-G-FO@5QuJN>�@BADC$E3FU��Y�JNAD@5YDY~YNI�FOSTJDMOI�PuE�FUVXI�ADMUJN>-Ctn
MOPuo�>-M]Kz>^JD>-@/>-@5E3J�JDADE�P�Y�_�@BA?G-ADI�|-FO@BC M]Y?Y�IXFUbX@5Qx»�AzY�JBn-G-ADI�b�MOQ-MUP�V\P-ITQ-E3F�JN@5C^G7@5ADE3JNS-AD@5Y�_�I�A?@5EXKz>uP-ITQT@�MOP$JD>-@/C^I�Q-@BF¦d
=?>-@1Y�@�JD@BC^G�@BAzE�JDS-AN@1YHE3AD@?JN>-@5P$S�YN@5Qx_�IXA�JN>�@BADC$E3FTFOIXEXQTMOP-V}MOP�JD>-@gYNI�FOSTJNMOIXP�I�_�JD>-@
C^@1Kz>�E3P-M]K5E3FTG-ADI�|-FO@5Ctd'=?>-@
C^ITQT@5F
>�EXY�E3G-G-ADI��TMOC$E�JN@5FOc�£�¨��DkXk�k&@5FO@BC^@BP(JzY�E�P�QRh1¤ ���DkXk�k�Q-@BV�AD@B@1Y�I3_�_�AD@B@1QTI�Ctd

=?>-@�§��fe-�ÎM]Y�C^ITQT@BFO@5QWE�Y}E$YNI�FOM]Q"n-G�E3ANJNMUJDMUIXP-@5QaMOP(JNI�JN>�AN@5@&AN@5V�MOI�P7YLnTJ`o�I�_�I�AgJN>-@\_�EXKL@�YN>-@5@LJDY}E3P�QtIXP-@\_�IXA
JN>�@
KLIXAN@�d~=?>-@&KLIXAN@/E3P7QuJD>-@/_�E�KB@&Y�>�@B@LJzY�I3_'JN>-@�§ �HeT�Ñ@5EXKz>a>�E�bX@gJD>-AD@B@\@BFO@5C^@BP(JDY�JN>�ANIXS-V�>aJN>-@/JD>-M]Kz{�P-@5YDYLd�=?>-@/_�I(E3C
KLIXAN@}M]Y~C^ITQT@5FU@1Q$E�Y?E�>-I�C^IXV�@5P-@BIXS�YHM]Y�I�JNADI�G-M]K�YNI�FOM]QxJN>�E3J�>�E�Y�@L�"@5KLJNMOb�@gJN@5C^G7@5ADE3JNS-AD@L�sQT@BG�@BP7QT@BP(J�G�ANIXG7@5A�JDMU@1Y~|7E�YN@5Q
I�PÈ@L�TG�@BADMOC^@BP(JDE�F�C^@1E�YNS-AN@5C^@BP(JDY�KLIXP�QTS�KLJN@5QÈ|�c­JD>-@tG-AN@1Y�@5P(J^E�STJN>�I�AzYLd��g@BJDE�MUFO@1Q¹QTM]YDKLS�YDY�MOIXP­I3_�JN>-M]Y�E3P�QÈI�JN>-@5A
C$E�JD@BADM]E3F�MOYDYNS-@5Y?E3AD@/E�Q-QTAD@5YDYN@5QaMUPaJN>�@/_�I�FOFOI�o�MUP�V&Y�@1K�JNMOIXP�d

¾�I�S-P7Q-E3ADc$KLIXP�QTMUJNMOI�P7Y�_�IXA
E3FOF"P-ITQT@5Y�IXPa@1E�Kz>WG-F]E3P-@�I3_HYNc(C^C^@BJNADc^E3AD@�YNS�Kz>WJN>�E3J

��� � k�� �6¤X�

MOP�o�>-M]Kz> � � M]Y}JN>-@^KBI�C^G�I�P-@5PXJ�I3_�Q-MOYNG-F]E�KB@BC^@5PXJ
P�I�ADC$E3F'JNIaJN>-@�G-F]E3P�@�I3_?Y�c�C^C^@BJNADc3d&=?>-@�KLI�P�P-@5KLJNMOI�P |�@LJ`o�@B@5P
JN>�@&§ �HeT�ÎE3P�QuJN>�@/_�ADE�C^@}M]Y?C^ITQT@BFO@1Q$o�MUJN>tE�Y�@5ANMO@5Y�I�_�JNMO@\KLIXP(JDE�KLJDYBnT_�I�A�o�>-M]Kz>aJN>-@/_�AzE3C^@�P-ITQT@1Y�E3AD@}JD>-@\C$E�Y�JN@5A
P-ITQT@1Y�E3P�QaJN>�@&§ �HeT�ÈP-ITQT@5Y
E�AN@}JN>�@&Y�F]E�b�@}P-ITQT@5YBd~=?>-@1Y�@�JNMO@\KLIXP(JDE�KLJDY?AD@BG-AD@5YN@BP(J?G7@5A�_�@1K�J
|�I�P�Q-MUP�V-n�YNS�Kz>uJD>�E�J5n

��  	� ��

� � ������ � 
 
 ��£(�

E3FOIXP-V$JD>-@^@BP(JNMOAD@�MOP(JN@5A�_�EXKL@�|7@BJ`o�@5@BPRJN>-@�G�E�P-@BF�E�P�Q[JN>-@x_�AzE3C^@�dxÕsP�E�Q-Q-M�JDMOI�P�n;o�MUJN> + JDE�{�@BP[JNIt|�@�JN>-@$Q-MUAD@5KLJNMOI�PG�@BADG7@5P�QTM]KLS-F]E�A~JDI�JN>-@&YNS-AN_�E�KL@�I3_�JN>�@&§ �HeT��n
�� 6 � k ��½��

E3FOIXP-V&JD>-@\MOPXJD@BAN_�E�KB@}|�@LJ`o�@B@5PaJD>-@&KLF]E�C^G-MOP-V\_�AzE3C^@/E3P�QaJN>�@\>-@5E3J?G�AN@1YNY?G-F]E3JN@BP7YLd

¿ � É *T!1�(��46*-,�./��07Â~�(��!546�(<
=?>-@g_�E�KL@�Y�>�@B@LJzY�E�AN@gC$E�QT@�I�_;MUP7KLI�P�@BF7¨(¤�jTdf='@BC^G�@BAzE�JDS-AN@B��Q-@BG�@BP�QT@5P(J~Y`JDAN@1YNY���Y�JNAzE3MOP�KLS-ADb�@1YH_�IXA�MOP�KBI�P-@5F�¨X¤Xj\E3AD@

E�b�E3MOF]E3|-FO@}_�ANIXCÓC$E3JN@5ANM]E3F;Q�E�JDE�|�E�YN@5Y�¥���E3P�Q�E�AN@�Y�>-I�o�P�MOP ��MOV�S-AD@^h5¨-dgÕ�J}M]Y}KLFO@5E�A�_�ANIXC JD>-M]Y�»�VXS-AD@&JN>7E�JgJD>-@�FOMOP-@1E3A
@BF]EXY`JDMOK�AD@5YNG7IXP�Y�@?I�_"MOP�KBI�P-@5F-¨X¤Xj}Q-I(@1YHP-I�J~Kz>�E3P-VX@�Y�MOV�P�M�»�KBE3P(JDFUc/o�MUJN>�MUP�JN>�@?JN@BC^G�@BAzE�JDS-AD@�AzE3P�V�@?I3_"JN>�@�@L�TG7@5ANMOC^@5PXJzY
MOP�b�I�FObX@5Q$MOPWJN>�@�G-AD@5YN@BP(J
o�I�AD{[�6¤3½���� � £X£�k	�
�\��d
ÕsPtJN>-@�C^ITQT@BF¦n-JD>-@BP�n�JN>�@&@BF]E�Y�JNM]K�G-ADI�G�@BANJNMO@5Y�E�AN@&EXYNYNS-C^@1QuJDI$|�@
MOP�QT@5G7@5P�QT@BP(J?I3_;JD@BC^G�@BAzE�JDS-AN@gI�b�@BA~JN>-@�JD@BC^G�@BAzE�JNS�AN@
AzE3P�V�@
JDI�|�@/C^I�Q-@BFO@5Q"d��;MO{�@5o�M]Y�@�nXG-F]E�Y�JNM]K�QT@B_�I�ADC$E�JDMUIXP�MOY�P-I�J
E3FOFOI�o�@5Q$MOPWJN>�@\_�E�KB@�Y�>�@B@LJzY�|�@5KBE�S�YN@\JN>-@�C^@5E�YNS-AD@5Qa@L�TG�@BADMUC^@5P(JDE3F�Y�JNAzE3MOP�Y�QTM]QtP-I�J}QT@BJN@5KLJ
JN>�@&G-AD@5YN@BP�KB@\I3_HG-F]E�Y�JNM]K
QT@B_�I�ADC$E�JNMOIXP�dWÕ�JxM]Y/_�S-ANJN>-@5A�KLIXPT»�ADC^@5Q"n�JN>�ANIXS-V�>�JD>-M]Y\»�P-MUJD@$@BFO@BC^@5P(J/C^ITQT@5F¦n'JD>�E�J�JN>-@uY�JNAD@5YDY&FO@5b�@BF]Y/MOPRJN>-@u_�E�KB@
YN>-@B@BJDY�Q-I�P-I3J�E�G-G-ADIXEXKz>�JD>-@$C$E�JD@BADM]E3Ffc�MU@5F]Q�G�I�MOP(JBd��H�TG�@BADMUC^@5P(JDE3FfC^@1E�YNS-AN@5C^@BP(JDY�>�E�bX@�|7@5@BP+IX|TJDE�MUP�@5Q[|(c[JN>�@
G-AD@5YN@BP(J�E3STJD>-I�A�_�I�A�JD>-@\KLI�@Lª$KLMO@5PXJ�I3_'JN>-@5ANC$E�F7@B��G7E3P�YNMOI�P � -�=�����I3_�JD>-@�MUP7KLI�P�@BF�_�E�KB@�YN>-@B@BJDY?E3P7QuI�_;JN>-@�JDM�JzE3P-MOS-C
_�AzE3C^@&I�bX@BA�JD>-@�AzE3P-VX@&I3_HJD@BC^G�@BAzE�JDS-AN@1Y
@5P�KLIXS-P(JN@BAD@5QtMOPtJD>-@�G�AN@1Y�@5PXJ}@L�TG7@5ANMOC^@5PXJ5d
Õ�J�M]Y
_�I�S-P�Q�JN>�E3JgJN>�@5YN@�b�E3FOS-@1Y
E3AD@H"�� ��� � ��

� � h�¤

-
��� ��� �
� E�P�Q " 5 � � i -

k�� ��� ��� E3P�QtE�AN@&KBI�P�Y�JDE�PXJ
I�bX@BA�JN>�@\JN@5C^G7@5ADE3JNS-AD@\ADE�P-V�@/@5P�KLIXS-P(JN@BAD@5QWMOP
JN>�@\G-AN@1Y�@5P(J?@B�TG7@5ANMOC^@BP(JzYLdf=?>-M]Y?MUP-_�I�ADC$E�JNMOIXP^MOY�S�YN@5Qa_�IXA?JN>-@ -�=��ÈI3_fMOP�KLIXP-@BF"MOPaJN>-@&YNMOC�S-F]E3JNMOI�P�d
�;MO{X@�JN>-@a_�E�KB@aYN>-@B@BJDYBnHJN>-@a_�IXE�C�KBI�AD@uM]Y&C$EXQT@^_�ADI�C�MOP�KLIXP-@BF�¨X¤Xj�dR=?>�@aKLIXAN@a>�E�Y�¤3k G7IXAN@1Y�G�@BAxMOP�Kz>+E3P�Q¹E

AD@BF]E�JDMUbX@xQ-@BP�YNMUJ`c�I3_ � � � � �$d �~FOEXY`JDM]K�G-ADI�G�@BANJNMO@1Y/_�I�A�JN>-@$MOP�KBI�P-@5FH_�IXE�CÖMOP�JD>-@$C^ITQT@BF�E3AD@$YNK5E3FO@5Q[_�ADI�C @BF]E�Y�JNM]K
G-ADI�G�@BANJNMO@5YxJD>�E�Ja>�E�b�@t|�@B@BP�QT@LJD@BADC^MUP�@5Q�@L�TG7@5ANMOC^@5PXJzE3FOFOc[|�c¹JN>-@ G�AN@1Y�@5PXJWE3STJD>-I�AzYx_�I�AuE�FOS-C^MOP(S�C�_�IXE3C I3_/FOMO{�@
KLIXP�Y�JNADS�K�JDMUIXP�d � #"!�#"$ ©
G-G-ADI�G�ANM]E�JD@�YDKBE�FOMUP�V�AD@BF]E�JDMUIXP�YHJzE3{X@�IXPuJD>-@/_�I�FOFOI�o�MOP-V\_�IXANCt�

! � � � 
� ��� � ��

�
! � � � 
� �#" 
 � ��" 


� !%$ � � �'&� ��� � ��

�! $ � � �'&� �(" 
 � ��" 

�6jX�

=?>-@/MOP�KLIXP-@BF7_�IXE�C KLIXAN@�AN@5C$E3MOP�Y�KBI�C^G-FO@BJN@BFOcx@BF]E�Y�JNM]K?JD>-ADI�S-VX>-I�STJ�JN>�@}JD>-@BADC$E3F�FOIXEXQTMOP-V&>-M]Y�JNI�ADcxMUPuJN>-@/@B��G�@BADMOC^@BP(J
E3P7QtMUPWJD>-@&C^ITQT@BF¦d�ÕsP E�Q-QTMUJDMUIXP�nTJN>�@�MOP�KLIXP-@BF"_�I(E3CÏKLIXAN@\M]Y�E�YDYNS-C^@5QaJNI^>7E�b�@/JN>�@�YNE�C^@ -�=��ÎE�Y?JD>-@�MOP�KBI�P-@5F"_�E�KB@
YN>-@B@BJDYBn-o�>-M]Kz>aM]Y?E^KLIXC^C^I�P-FOc�E�KBKB@BGTJD@5QWE�YDY�S�C^GTJNMOI�PuAN@5VXE3AzQTMOP-V&C^@BJDE�F"_�IXE3Ctd ¥D¥

) ç�ý í��
âJûºÜß×|ãëàÓØ�ä�ú�ä~Þ|Ûiã ÛiÚ]ÛiÜ ç�ý â�ÜÓ× ç ä~Ø�Ú]Û|ãëàÓÞOØ�ä~Ù�âJÞ|Ûy× ç ä~Ø�Ú]Û|ãëàÓÞ



�$� 9a�(<1��,�!5<x*- �Æ��a46<52X�'<1<14�0� 
�'MOVXS-AN@Wh %aE�P�Q[��MOV�S�AN@Wh7�tYN>-I�o JD>-@^@L�TG�@BADMUC^@5P(JDE3FfQ-E3JDE�E3P7Q JD>-@^AN@1Y�S�F�JzY/I3_�JN>-@�»�P�M�JD@^@BFO@BC^@5P(J/YNMOC�S-F]E3JNMOI�P�d

=?>-@\G-FOI�JDY�MOP�QTM]KBE3JN@�b�@BADc^V�I�ITQWE3V�AD@B@5C^@BP(J�MOPtE3FOF"G->�EXY�@1Y?I3_�JN>-@\@B��G�@BADMOC^@BP(JBd
=?>-@�_�E�b�IXADE�|-FO@HP�E�JDS-AD@�I�_�JD>-@�E3V�AD@B@5C^@BP(J�|�@LJ`o�@B@5P�@B��G�@BADMOC^@BP(J�E�P�QxY�MOCxS-F]E�JNMOIXP�YN>-I�o�P�MOP���MUVXS-AD@gh %gE3P7Q���MOV�S-AD@

h7�}C$E�c�|7@�E�JNJNADMO|-STJN@1Q"n3MOP�G�E�A�J5n�JNI�JN>�@�_�EXK�J�JN>�E3JBn�o�>�MUFO@�EgF]E3ADV�@~G7IXA�JDMUIXP&I3_7JN>-@�Y�JNAzE3MOP&C$E�V�P-MUJNS7QT@�M]Y'Q-S-@�JNI}JN>-@5ANC$E�F
@L�TG�E�P�YNMUIXP�n1JN>-@?Y�MOCxS-F]E�JD@5Q}JN>-@5ANC$E�F�FOIXEXQTMOP-V�MOP\JN>�@�§ �HeT�RE3P7Q\MOP\JN>-@�_�AzE3C^@�M]Y�QT@L»�P�@5Q&|�c/JD>-@~JD@BC^G�@BAzE�JDS-AN@~>-M]Y`JDI�ADc
C^@5EXY�S�AN@1Q^@L�TG�@BADMUC^@5P(JDE3FOFOc3d�=?>�@/Y�JNAzE3MOPuQ-S-@�JNIxJN>-@5ANC$E�F"@L�TG�E3P7Y�MOI�P^M]Y�V�I�bX@BADP-@5Q$|(c$JN>-@ -�=���I3_�JD>-@/C$E�JD@BADMOE�F7E�P�Q
JN>�@$JN@5C^G7@5ADE3JNS-AD@uKz>�E�P-V�@�n�|�I3JD>+I3_
o�>�MOKz>­>7E�b�@$|�@B@5P+MOP�KLFOS�QT@1QRMUP�JD>-@WC^I�Q-@BF¦n?�$·�±����3�On�|�EXY�@1Q�I�P+@B�TG7@5ANMOC^@BP(JzE3F
C^@5EXY�S�AN@5C^@BP(JDYBd 1
IXP-@LJD>-@BFO@5YDYBn�JN>-@$YNMOC�S-F]E3JNMOI�PtKLFO@5E�ANFOctKBE�GTJNS-AD@5Y�JD>-@xJN>-@5ANC^IXC^@5Kz>�E�P-M]KBE�F�QT@L_�IXANC$E3JNMOI�P�G�AN@1Y�@5PXJ\MOP
JN>�@\@L�TG7@5ANMOC^@5PXJ5d

ÒºMUJN>WE3V�AD@B@5C^@BP(J�@5Y�JDE�|-FOM]Y�>-@1Q�|7@BJ`o�@5@BPuJN>-@�»�P-MUJD@g@BFO@5C^@BP(J�C^ITQT@5F�E�P�Q^JD>-@}@B�TG7@5ANMOC^@BP(JzYLn(JN>-@�AD@5YNS-FUJDY�I3_'��MOV�S-AD@
h1¤Tn(MOPao�>-M]Kz>�JN>-@/C$E��TMOCxS-C I�G�@BAzE�JDMOP-V\JN@5C^G7@5ADE3JNS-AD@gI�_;JN>�@�Y�JNAzE3MOP^VXE�V�@1Y�M]Y~@B�-KL@B@1QT@5Q�n�C$E�cxP-I�oº|�@�AN@5b(M]YNMUJN@5Q�E�P�Q
KLIXC^G-FO@LJD@5Q"d}=?>�@�AD@5E�Q-@BAgC$E�caAN@1KBE�FUF�JN>�E3JgJD>-@�AD@5YNS-FUJDY
I3_���MOV�S-AD@^h1¤^o�@5AN@�I�|TJzE3MOP-@5QtS�P�QT@BA�@L�TG�@BADMOC^@BP(JDE�F"JN>-@5ANC$E�F
KLIXP�QTMUJNMOIXP�Y�JD>�E�J
QT@1Y`JDANI�cX@5Q�JD>-@&Y�JNAzE3MOP$VXE�V�@1Y~IXPuJD>-@\Y�M]QT@�I3_'JN>-@&§ �HeT�ÑQTMOAD@5KLJNFOc�@B�TG7I(Y�@1Q$JDI�JD>-@/>-I3J�G-F]E3JN@BP;dH=?>�@
@L�TG�@BADMOC^@BP(J�o�EXY�G-S�ADYNS-@5Q�nTQ-@5YNG-MUJN@
JD>-M]YH_�EXK�JBnT|�@5K5E3S�YN@gb�E3FOS�E�|-FO@
Q-E�JzE�KBI�S-F]Q^Y�JNMOFOF-|7@�I�|-JDE3MOP-@1Q�I�P^JD>-@�MUP(JD@BADMUIXA
��M¦d @3d �
KLI�IXFU@5Az��YNMOQ-@�I�_'JD>-@&§ �HeT��d 1gI�o/n-o�MUJN>WJN>-@/»7P-MUJN@/@BFO@BC^@5P(J�C^ITQT@5F6n�Q-@L_�I�ADC$E�JDMOI�PuQ-E3JDE�_�I�A?JD>-@&@B�(JD@BADMOI�A?Y�M]QT@/I3_�JN>�@
§ �HeT�9C$E�c$|7@�I�|TJzE3MOP-@1QWJNIuKBI�C^G-FO@BC^@5P(J�JD>-@�Q�E�JDE$I�|TJzE3MOP-@5QW@B��G�@BADMOC^@BP(JDE�FOFUc�IXPtJN>-@�MUP(JD@BADMUIXA�Y�M]QT@&I�_fJN>-@�G�E3P-@5F¦d
=?>-@1Y�@/AD@5YNS-FUJDY?E3AD@\Y�>-I�o�PWMOPW��MOV�S�AN@xh5i-d

��� � �[	���� �`� �(�`	~� �

=?>-@�G-AN@1Y�@5P(J'o�I�AD{�QT@5C^I�P�Y�JNAzE�JD@5Y;E�P�Q&¢(S�E�PXJDMU»�@5Y"JD>-@�@L�"@5K�JDMOb�@BP�@5YDY;I3_�EXK�JDMUbX@BFOcgKBI(IXFO@5Q\§ �HeT�
l Y'MOP\G-ANI�b�M]QTMOP-V
JN>�@BADC$E3FHG-ADI3JD@5K�JDMOI�PRo�>-MOFU@�|�@5E�ANMOP-VWC^@5Kz>�E�P-M]KBE�F�FOI(E�Q"duÕsP�JD>-@$G-AD@5YN@BP(J&o�I�AD{�n�MOP�KLIXP-@BF~§��fe-��lmY&E3AD@$Y�S�|=<`@5KLJN@5Q[JDI
JN>�ANIXS-V�>T�¦JN>�@L�¦JN>-M]Kz{�P-@5YDY"JD@BC^G�@BAzE�JNS�AN@HVXADEXQTMO@BP(JDY�MOP�E
C$E3P-P-@5A;JD>�E�JfY�MOCxS-F]E�JN@1Y�KLIXP�QTMUJNMOI�P7Y"JNI}|7@�@L�TG7@1K�JD@5Q&MOP\G-ADMOC$E3ADc
_�S�YN@BF]E3VX@&G�E�P-@BF]Y
I�_�>-MOV�>T�sYNG7@5@5Q�bX@B>-M]KLFO@1YLd
ÕsP�JN>-M]Y�Y�@5P�Y�@�n�I�P-@xY�M]QT@&I�_�JN>�@�G�E�P-@BF�M]Y}KBI�P�YNM]QT@BAD@5QaJD>-@�@B��JN@BADMOI�A
I�_�JN>�@
b�@5>-M]KLFO@uE�P�Q¹M]Y�YNS-|=<`@5KLJN@1Q+JDI�E[G-AD@5QT@BJN@5ANC^MOP-@1Q�JN@5C^G7@5ADE3JNS-AD@3d�=?>�@WI�JN>-@5A^Y�M]QT@WI3_}JN>-@tG�E�P-@BF�M]Y�KLIXP�Y�M]QT@5AN@1Q�JN>�@
MOP(JN@BADMOI�A�I3_"JN>�@
b�@5>-M]KLFO@�� MUJDYfJD@BC^G�@BAzE�JNS�AN@?M]YHP-I�J~C^ITQT@BAzE�JD@5Q�|(cxE/>-@5E3J�YNI�S-AzKL@�d�=?>-M]YHMOP�b�@1Y`JDMUV(E�JDMUIXP&QT@BC^IXP�Y�JNAzE�JN@1Y
JN>7E�J�EXK�JNMObX@
KLI�I�FOMOP-V/KBE3P�@5FUMOC^MOP�E3JN@�@BFO@Bb�E�JD@5Q�JN@5C^G7@5ADE3JNS-AD@5YHE�P�QxJN>�@BADC^I�C^@5Kz>7E3P-M]KBE�F(Q-@L_�I�ADC$E�JDMOI�P�IXPxJN>-@}S-P->-@1E�JN@1Q
YNMOQ-@�I�_fE�P�§ �HeT� ��M¦d @3d �HJN>-@&MOP(JN@5ANMOIXA�I�_'JD>-@/_�S�YN@BF]E3VX@}G�E�P-@BF���_�IXA?JN@BC^G�@BAzE�JDS-AD@�@B�TG7I(Y�S-AD@\E�Y�>�MUVX>WEXY
j�½(k	�
� I�PWJN>�@
@L��JD@BADMUIXA
Y�M]QT@/I�_�JD>-@�G7E3P-@5F6d?ÕsP E�Q�QTMUJNMOI�P�nTJD>-@&JD>-@BADC^I�C^@1Kz>�E3P�MOK5E3F�QT@L_�IXANC$E3JNMOI�PaI�PtJN>�@&@L��JN@5ANMOIXA
Y�M]QT@\I�_�JD>-@&G�E�P-@BF
M]Y�V�AD@5E3JNFOc^AD@5QTS�KB@5QWb�M]ExEXK�JDMUbX@\KLI�I�FOMOP-V-d�Õ�J}MOY
AN@1E�YNI�P�E�|-FO@
JNIaKLI�P7KLFOS�QT@�JN>7E�JBn"MOPWJN@5Y�J
_�EXKLMOFOM�JDMO@5Y~K5E3G�E�|-FO@/I3_�E3G-G�FUc�MOP-V
>-MOV�>�@BA'JN@BC^G�@BAzE�JDS-AD@5Y�E3P�Q�V�AD@5E3JN@BAfKLI�IXFOE�P(J;Z�I�o+AzE�JD@5YBn�Y�S�Kz>�_�E�b�IXADE�|-FO@HG7@5A�_�IXANC$E�P�KL@�KLIXS-F]Q\|7@�QT@5C^I�P�Y�JNAzE�JD@5Q\S�P�QT@BA
C^I�AD@�@B�(JDAN@5C^@HJN>�@BADC$E3F(@BP�b�MUADI�P�C^@BP(JDYBn1YNS�Kz>�EXY;JD>-IXYN@~JD>�E�JHE3G�G-ANI(E�Kz>�JN>�@�JD>-@BADC$E3FXFOMUC^MUJzY"I3_-JD>-@�C^@BJDE�FUFOM]KfY`JDANS7K�JNS�ADE�F
C$E�JD@BADM]E3F��zd'ÕsP�EXQ-QTMUJNMOIXP}JDIgQT@5C^I�P�Y�JNAzE�JDMUP�V�JD>-@BADC$E3F�G-ANI�JN@1K�JNMOIXP�n5JD>-@5YN@~AD@5YNS-FUJDY;AN@5b�@5E�F�E3P�E3|-MOFOMUJ`c?JNI}EXK�JDS�E�JD@3n�JN>-ADI�S�V�>
E�KLJNMOb�@/KLI�IXFUMOP-V�nXJD>-@/JN>�@BADC^I�C^@5Kz>7E3P-M]KBE�F�QT@B_�I�ADC$E�JNMOIXP^I3_H§ �HeT��lmYLd

=?>-@�@L�TG�@BADMUC^@5P(JDE3F�AD@5YNS-FUJDY�E3AD@�KBI�C^G-FO@BC^@5P(JN@5Qxo�MUJN>tE�»�P-MUJN@�@BFO@BC^@5P(J�E3P7E3FOcTY�M]YBd�=?>-@�AN@1Y�S�F�JzY�I3_;JD>-@&Y�MOCxS-F]E�JDMUIXP
E3AD@tMOP¹b�@5ANc¹V�I�ITQ�E�V�AD@B@BC^@5P(J�o�MUJN>�JN>-I(Y�@tC^@1E�YNS-AN@1Q+@B��G�@BADMOC^@BP(JDE�FOFUc�_�I�A$E�FUF?G->7E�YN@5Y�I3_�JN>�@tJN>-@5ANC^IXC^@5Kz>�E�P-M]KBE3F
AD@5YNG7IXP�Y�@�n�o�M�JD>ÎE3P�QÑo�MUJN>�I�STJaEXK�JDMUbX@�KLI�I�FOMOP-V-dÔ®
G�I�Pº@1Y`JzE3|-FOM]Y�>�MUP�V[E3VXAN@5@BC^@5PXJ�_�IXA$AN@5F]E�JNMObX@BFOc�FUI�o JN@5C^G7@5ADE3JNS-AD@
@BP�b�MOANIXP-C^@BP(JzYLnLJD>-@~C^ITQT@5F�M]Y�YN>-I�o�P/JDIg|�@~S�YN@L_�S-FX_�I�A�MOP�b�@5Y�JNMOV(E�JNMOP-V~JN>-@~JN>-@5ANC^IXC^@5Kz>�E�P-M]KBE�F1AD@5YNG�I�P�YN@HI3_TJD>-@�§ �HeT�
l Y
S-P�Q-@BA?JN>�@BADC$E3F�@BP�b�MOANIXP-C^@BP(JzYHJN>7E�J
@L�-KB@B@5QuJN>�@\I�G�@BAzE�JNMOP-VxFOMOC^M�JzY�I�_�JN>�@\@L�TG7@5ANMOC^@5PXJzE3F"E3G-G7E3AzE�JNS7YLd

� �����}		� � ��
 ����� �;��� �

=?>-M]Y�o�I�AD{go?E�Y'Y�S-G�G7IXA�JD@5Q/|�cgJD>-@�eTG�E�KB@~¡H@B>�MOKBFO@f='@5Kz>�P-I�FOI�VXc
ÕsP�Y�JNMUJNS-JN@~S�P�QT@BA'V�AzE3P(J�1 - -�£3��iN��i-nA<`IXMUP(JDFUc
_�S-P�QT@1Q
|�c 1}©}eT©�E3P�Q �}I��ºo�MUJD>-MOP�JD>-@ 1}©}eT© -�IXP�Y�JN@BFOF]E�JDMOI�P�®gP-MOb�@BAzYNM�J`c\ÕsP7Y`JDM�JDSTJN@1Y���ADI <`@1K�J5n�o�MUJN> -�F]E3S�QTM]E�§�@BcX@BA~EXYfJN>�@
G-ADI <`@1K�J�C$E3P�E�V�@5ABd


 ú�ä~à ç ä~Ü¢ù�å ô ã Ûiá2Ø�û�Ü¢ù Û|ã ä~ê è*ç ã ähÛ ç�ý � �}î}î���
 å è ÜÓ× ý ç ×yû�ÜÓÙ¤ÞiÚ~àÓàÓÜÓÞyÞ ý Ú]ù ù é Ø�Û®ÛyÜÓû è ÜÓ×yØ�Û|Ú~×iÜßÞ ç�ý ) î}î���
 ç ä2Û|á~Ü���� � ï ò

� ç�ý í��
âJûºÜß×|ãëàÓØ�ä�ú�ä~Þ|Ûiã ÛiÚ]ÛiÜ ç�ý â�ÜÓ× ç ä~Ø�Ú]Û|ãëàÓÞOØ�ä~Ù�âJÞ|Ûy× ç ä~Ø�Ú]Û|ãëàÓÞ



� ��� �;�+�;�}� � �
� O*ò ð ò Ohà ç ÛiÛ|ã�ò C\á~ÜÓ×yû�Ø�ù è × ç ÛiÜÓà¢Ûiã ç ä�Þ é ÞiÛiÜßûºÞ ý ç ×<×iÜÓÚ]ÞyØ�ø]ùëÜOù Ø�Ú]ä~àyá ��ÜÓáGãëà¢ùëÜÓÞ¾ò����	��

�������
���	����������������� �!�#"$�	��%&��
��������	�'�(�*)��$+
���!, �!�.-

/ �'02143��'���!���65	�������65	,879�	�
:�� ���;�Åå'< ç ��ÜÓûfø*ÜÓ× í}î}î�� ò
=?> ò <fò=MtÜ¢ù ù é Ø�ä~Ù õ ò GEò#@<ù ç ÞyÞyÜÓ×ßò>âJà¢Ûiã ��Ü2à çhç ù ã ä~ê ý × ç ûÍÛ|á~Ü�Þ|ã E�ÛiãëÜÓÞºÛ ç <Jâ O ÷ ò47A�
���.���'�CB����$+
�6�	, ��:��D"$�	�EBF+������D5	,HGI� �	�J�;�����(�	�

���	�;�J���K�Åå�<Jâ Ohâ æ ÷ ! � � ï )
L � �	M!N íDP M å �?M	M í ò
OQP ò âfò(þ¡ù ù ãëÞßå=GEò GEò ÷ Ø}ê}Ü¢ù�åUØ�ä~Ù P ò õ ò Ohàyá~Ø}Ü�R*ÜÓ×¾ò P ÜßÞ|ãëê�ä
Ø�ä~Ù ý Ø�ø~×|ãëàÓØ�Ûiã ç ä ç�ý Ø�×iØ}ÙGãëØ�Û|ã ��ÜpØ}à¢Ûiã ��Ü¢ù é à çhç ùëÜÓÙ�á ç ä~Ü é à ç û�ø°ÞiØ�ä~Ù ô ãëàyáÞiÛi×iÚ]àÓÛ|Ú~×iØ�ù è Ø�ä~Ü¢ù ý ç ×\á é�è Üß×iÞ ç ä]ã àfØ�ã ×yàÓ×yØ ý Û¾ò CUÜÓàyá]ä]ã àßØ�ù�Ý®Ü è*ç ×iÛ æ Ý ! í M ï ) å�<Jâ O�â�å �?M ) � òS ð ò ñ\ò¾Ý®Ø�ó ç¾ô Ø�ä~Ù�â�ò õ òÓö�Ø}Ø}Þ¾ò	O�ã�QÓÜ<Ü�R*ÜÓàÓÛiÞ¡Ø�ä~ÙtÛiá~ÜEÞiá~ÜÓØ}×U×yÜÓÞ è(ç ä]ÞyÜ ç�ý Ø�ù Ú~ûºã ä�Ú~û ý©ç Ø}û2ò�0T�;�$+�5	�'�(�����."U0T5����!����5�, �Åå � ) I � K L í M ) N � � î åí}î}îDP ò V
ð ò ñ\ò~Ý�Ø�ó çßô Ø�ä]Ù&â�ò õ òGö�Ø}Ø}Þßò O�ã�QÓÜºÜ�R*Üßà¢ÛiÞJã ä>û�Ü¢ÛiØ�ù ý©ç Ø}û@à ç ×iÜßÞ ý©ç ×®ÞyØ�ä]Ù ô ãëàyá�ÞiÛi×iÚ~à¢Û|Ú~×yÜÓÞßò / 3 /W/YX �	�
���65�, å P�í I ) K L � ��� �$N � ��� ) åð Ú]ù é í}î}îDP ò

Z ð ò ñ\ò·Ý®Ø�ó ç¾ô Ø�ä~Ù�â�ò õ òßö�Ø}Ø}Þ¾ò C\á~Ü\Ü�R*ÜÓà¢Ûiã ��Ü_ãëÞ ç Ûy× ç�è ãëà_û ç ÙGÚ]ù ã ç�ý ×iØ�ä~Ù ç û\[]ø~× ç Ú~ÞSà ç û è*ç Þ|ã ÛyÜÓÞßå è ùëØ�ÛiÜÓù ÜÓÛ<à ç û è(ç Þ|ã ÛiÜßÞßå�Ø�ä~Ù ý ç Ø}û�ÜÓÙÞ ç ù ãëÙ]Þ¾ò�0]�;��+�5��'���!�^�." /�_	` 5	�6�;� _ 0]5	�J�!����5	, �^5	� _ ���������!���
� �!�Åå ��� I íLK L � ï �$N � ) � å í}î}îDP òa ñ\ò ÷ òhú�ä~àÓ× ç�è ÜÓ×yØºØ�ä~Ù P ò ÷ ò P Ü¢öQã Û|Ûßò�bc��� _ 5	�D���'�J5	, �d�."�%e�;5	�I5	� _ 0]5	�;�DB6� 5	�'�f"��!�¢ò ð ç á]ä�öQã ù Ü é Ø�ä~Ù O ç ä~Þ¾å�<JÜ ô FSç ×ió*å�< F å�[ ý Û|áÜÓÙGã Û|ã ç ä�å í}î}î}í ò
g ð ò ñ\ò�Ý�Ø�ó çßô Ø�ä~Ùpâ�ò õ ò·ö
Ø}Ø}Þßò�C\á~ÜÓ×yûºØ�ù*øGÚ~àyó�ù ã ä~ê ç�ý û�Ü¢ÛiØ�ù ý ç Ø}ûÁÞyØ�ä]Ù ô ãëàyá è Ø�ä~Ü¢ùëÞ ý ç ×<Ø}à¢Ûiã ��Ü¢ù é à ç�ç ùëÜÓÙ¤Û|á~ÜÓ×yû�Ø�ù è × ç ÛyÜÓà¢Û|ã ç ä�Þ é Þ !ÛiÜßûºÞ¾ò�â�àÓàßÜ è ÛiÜÓÙ ý ç × è ÚGø]ù ãëàÓØ�Û|ã ç ä&ã ä X �	�
���65�,c�."W�h

5��;�;���.5.";�I5	� _ji ���$k������Åò�lJ×iã ê�ã ä~Ø�ù ù é¤è ×iÜßÞiÜ¢ähÛiÜÓÙ�Ø�Û\â�úªâJâ P�ï Û|á.O�Ûy×|Ú~à¢ÛiÚ]×yÜÓÞ¾å O�Ûi×iÚ~à¢Û|Ú~×yØ�ùP é ä~Ø}ûºãëàÓÞßå~Ø�ä~Ù õ Ø�ÛiÜÓ×iãëØ�ùëÞ æ<ç ä ý ÜÓ×iÜÓä]àßÜ}å~â è ×iã ù í}î}îDP å ÷ Ø�ùëû O è ×iã ä]ê}Þ¾å æ â�å ÷ Ø è ÜÓ×�<�Ú~û�ø*ÜÓ×®â�úªâJâ ! í}î}îDP ! � ) � î å í}î}îDP ò
m ð ò ñ\ò«Ý�Ø�ó çßô ò�Bc+������D�	�D���$+�5	�'�(�;5	, i �!��

�	�'���C��"^0T�!�J5	,cbF�!5	���n5�� _	o �(��+*G�5	�6�!, ��"��	�d���������!���
� 5�,WBc+��!���D5	,FGI� �	�J�;�����(�	�T���	�;�J�!�j�

�f��%e��

�!�����	�'���T)���+����!, �!�Åò ÿ ä]ã ��ÜÓ×yÞ|ã Û é2ç�ýSõ ãëàiá]ãëê}Ø�ä�å í}î}î}ï ò P ç àÓÛ ç ×yØ�ù P ãëÞyÞiÜÓ×iÛiØ�Ûiã ç ä.ò
� p æ ò õ�ç�ç Þiø~×|Ú~ê}ê}ÜÓ×¾åGÜßÙhã Û ç ×ßò / ��, 5��^�."������ �!�;�;q������ 5	�f�r79�
� ` ���Åò¡â O õ ú�ä�ÛiÜß×|ä~Ø�Û|ã ç ä~Ø�ù�å í}î}î}í ò
��� õ ò ñ\ò«âJÞ|áhø é å�â�ò*þ ��Ø�ä~ÞßåF<�ò âfò*ñ�ù Üßàió(å=GSò ð ò Ö�ã ø~Þ ç ä�å ð ò öwò > ÚGÛyàyáGã ä~Þ ç ä.å�Ø�ä~Ù > ò <�ò Ö�ò«ö�Ø}ÙGùëÜ é òC0T�!�J5	,cbF�!5	�ts /vu �!�;� :��xw���� _ �¾ò

@<Ú]Û|ÛyÜÓ× ô\ç ×iÛ|á ! > ÜÓã ä~ÜÓû�Ø�ä]ä�å�@ ç ÞiÛ ç ä�å õ âfå í}î}î}î ò

M ç�ý í��
âJûºÜß×|ãëàÓØ�ä�ú�ä~Þ|Ûiã ÛiÚ]ÛiÜ ç�ý â�ÜÓ× ç ä~Ø�Ú]Û|ãëàÓÞOØ�ä~Ù�âJÞ|Ûy× ç ä~Ø�Ú]Û|ãëàÓÞ



� � ���;�}
g� �

¾�@L_�IXAN@~KBI�P�Q-S�K�JDMUP�V
E�_�S-FOFXJN>-@5ANC^I(Y`JDANS�KLJNS-AzE3F�AD@5YNG�I�P�YN@�@L�TG�@BADMOC^@BP(J�_�I�A'JN>-@�E�KLJNMOb�@5FUc�KLI�I�FO@1Q�§��fe-��n1MUJ'M]Y�b�E�FOS�E3|-FO@
JNI[E�KB¢(S-MOAD@^E ¢(S�E3FOMUJDE3JNMOb�@�S-P�QT@5ADY�JDE�P�QTMOP-VtI3_?JN>�@$JN>�@BADC$E3FHG�@BAN_�I�ADC$E3P�KB@xI�_
§ �HeT��lmY�YNI�JN>7E�J�YNcTY`JD@BC G�E3AzE3C^@BJN@BAzY
C$E�c+|�@�Kz>-I(Y�@5PÈE�G-G-ADI�G-ADM]E�JN@5FOc[_�IXA^JN>�@�@L�TG7@5ANMOC^@5PXJzE3F�YNG7@1KLMOC^@BPÑE3P�QÈG-ADITKL@1QTS-AD@3dÔ=?>�@�o�IXAN{¹EXQ-QTAD@5YDY�@1Q¹|�@BFOI�o
M]Y\E3P�MOP�b�@5Y�JNMOV(E�JNMOIXPWMOP(JNIWJD>-@^@L�"@5KLJDY\IXP[JD>-@�JN>�@BADC$E3FHG�@BAN_�I�ADC$E3P�KB@�I�_?§ �HeT�
l Y&I3_?b�E�ANc�MOP-VuJ`o�I�G-ADMOC$E3ADcWYNcTY`JD@BC
G�E�ADE�C^@LJN@5ADY � C^@LJzE3F"_�I(E3C QT@5P�YNM�J`caE3P�QtKLI�IXFOE�P(J�Z�I�o�ADE3JN@�d~=?>-M]Y?o�IXAN{$>7E�Y?|�@B@BP KBI�P�Q-S�K�JD@5QWMOPWKBI(IXG7@5ADE3JNMOI�Pao�MUJN>
JN>�AN@5@�S�P�QT@BADV�AzE�Q-S�E�JD@�Y�JNS�Q-@BP(JDYBn��~E3P�c�S �;S-I �¦¤3k�kX£X��n��/@5Pte-E3F]E�Y/�6¤�k�k�½(�zn-E�P�Q��/ANM]Y�JN@BPW§�I�P(JDy��¦¤3kXk3½(��d

��������Â��X��46)+�� "!5*-,�./��0�2���Æ'�'���
�'MObX@/§��fe-��lmY
E3AD@/S�Y�@1QtMOPuJD>-@�Y�JNS�QTc�n7YNG�E3P-P�MUP�V�E�AzE3P�V�@/I3_�_�IXE�CÓQT@5P�Y�MUJDMU@1Y�I3_ � � � j

-
j��!�

-
k��Di

-
k��1h5k

-
¤��5h1¤

-
¤ �$d

=?>-@xG�E3P�@BF]Yg>7E�b�@�JN>-@�YNE�C^@�KBANI(YNY���YN@5KLJNMOI�P7E3F;VX@BI�C^@BJNADcWEXY}JN>-@xMOP�KLIXP-@BFf§ �HeT��lmY\Y�JNS�QTMO@1QtJN>-ADI�S�V�>-IXSTJ}JD>-@�G-AD@5YN@BP(J
G�E�G7@5A � ¨

-
½���� KLIXAN@xJN>�MOKz{�P-@1YNY�o�MUJN>Ñh�����_�EXKL@$YN>-@B@BJ\JN>-M]Kz{�P-@5YDYBd^=?>�@^C$E�JN@5ANM]E�FOY}E3AD@x¨Xk�¨�hL�s=�¨aE�FUS�C^MUP�S-C _�IXA

JN>�@}_�EXKL@/Y�>�@B@LJzY?E3P�Qa¨-h5k�hL�s=�¨\E3FOS-C^MOP�S-C _�I�A�JN>-@/KLIXAN@�d�=?>-@}G7E3P-@5FOY�C^@5EXY�S�AN@}¤�k�£
-
£����ÓMUPaFO@BP-V�JN>uE�P�Qaj�k

-
�����ÓMOP

o�M]Q�JN>;d
=?>-@/@L�TG�@BADMOC^@BP(JDE�F7E3ANJNM]KBFU@1Y~E�AN@}JN@1Y`JD@5QWMOP$JN>�@&Y�@BJ���S-GWQ-@BG-M]K�JD@5QuMUPt��MOV�S-AD@�¤�kTd « P-@\Y�M]QT@�I3_'JN>-@/G�E�P-@BF�M]Y�>-@1E�JN@1Q

|�c�E�j3kXk
	 >-@1E�J\F]E3C^G�E�P�QRE3FOFfI3JN>�@BA&YNMOQ-@5Y�I3_�JN>-@^G�E�P-@BF�E�AN@�_�AD@B@$KLIXP�b�@5KLJNMOI�P�|�I�S�P�Q-E3ADMO@5YBd�=?>�@xG7E3P-@5FHMOY}»-JNJN@1Q
o�MUJN>�E$C$E3P-MU_�I�F]QtYNI^JN>�E3J/KBI�C^G-AD@5YDYN@5QtE3MOA
C$E�ca|7@xG�E�YDYN@5QWJN>�ANIXS-V�>�JD>-@&_�I(E3C¸KLIXAN@�E3P�Qt_�AD@B@5FOcaIXSTJ���VXEXYNYN@5QWJDI$JN>�@
E�JDC^IXYNG->-@5AN@�d9=?>-@ E3MOANZ�I�o M]Y�C^I�P-MUJDI�AD@5Q­|�c�E�PÑMUP-�¦FOMOP-@aZ�I�o C^@BJN@BA$E�P�QÑG-AD@5YDY�S�AN@WVXE�V�@3dÔ�-I�A$E�FOF�@L�TG7@5ANMOC^@5PXJzY
QTM]YDKLS�YDY�@1Q�|�@BFOI�o/n3JD>-@
>-@1E�J�F]E3C^GxM]YfANS�P$E�J~E\KLIXP�Y�JDE3P(J�G�I�o�@5A�Y�@BJ�JDMUP�V&E3P�Q�KLIXP�Y�JDE3P(J�@5FU@5b�E�JNMOIXPa�`h�%�k������fE3|�I�b�@�JN>�@
JNIXG�Y�S-AN_�E�KB@/I3_�JD>-@\JD@5Y�JgE3ANJNM]KLFO@5YBd�=?>�@/JN@BC^G�@BAzE�JDS-AD@}IXPaJD>-@\>-@1E�JN@1QtE3P�QaS-P->-@1E�JD@5QtY�M]QT@1Y�I3_�JN>-@\G�E�P-@BF�MOY�K5E3GTJDS-AD@5Q
o�MUJN>aJ`c�G7@B��� JN>-@5ANC^ITKLIXS-G-FO@5Y�E�JNJDEXKz>-@5QuJNI^E3Pt@5FU@1K�JDANIXP-M]K
M]KL@�G7IXMOPXJ5d

©�J�JN>�@�Y`JzE3ANJ
I3_fJN>�@\@L�TG7@5ANMOC^@5PXJ5nTJN>-@�G�E3P-@5F;M]Y
E�J}¤3½���� E�P�QaJN>-@&>�@5E�J
F]E�C^GaM]Y�JNS�ANP-@1QtI�Pto�MUJN>-IXSTJgE3P�cWE�K�JDMOb�@
KLI�IXFUMOP-V�d;=?>-@HJN@5C^G7@5ADE3JNS-AD@HI�P�JD>-@�J`o�I
Y�S�A�_�EXKL@5Y;I3_�JN>-@~G�E3P-@5F�M]Y"AD@5KLIXADQ-@5Q/E�J~h1k���MUP(JD@BADb�E�F]Y�EXY"JN>�@HJN@5C^G7@5ADE3JNS-AD@HANM]YN@5YBd
« P�KB@^JN>-@uJN@5C^G7@5ADE3JNS-AD@^I�P�JD>-@u>-@1E�JD@5Q­YNMOQ-@^AN@1E�Kz>-@1Y^h�h1k	�
��nHJN>�@aKLI�IXFOE�P(J�Z7I�o M]Y&EXK�JDMUb�E3JN@5Q�d�=?>�@^JN@5C^G7@5ADE3JNS-AD@
I�P+JN>-@WG�E3P�@BF�Y�S�A�_�EXKL@5Y�M]Y�KBI�P(JNMOP�S�E3FOFOc�C^I�P�M�JDI�AD@5QRS-P(JNMOF�JN>-@5ANC$E�F~@1¢XS�MUFOMO|-ADMOS-C M]Y�EXKz>-MO@BbX@5Q"d[=?>�MOY�@L�TG�@BADMOC^@BP(J&M]Y
KLIXP�QTS�KLJN@1QaIXPWE�FOF7»7b�@/G�E3P�@BF�QT@5P�YNM�JDMO@5Y?E3P�Qu_�I�A
Exb�E3ADMO@LJ`c^I�_�Z�I�o�ADE3JN@5YBd

¿ � 9u��<1�',�!5<x*- �Æ��a46<52X�'<1<54607 
��MOV�S-AD@u¤Th$QTM]YNG-F]E�cTY\Q-E�JzE�AN@1KLI�bX@BAD@5Q�_�ANIXC IXP-@$I�_�JD>-@5YN@u@B�TG7@5ANMOC^@BP(JzYLn�o�>-M]Kz>+Y�@5ANbX@5Y&EXY�E�VXI(ITQ�@B�TE�C^G-FO@�I3_

JN>�@�J`c�G�@�I3_~AD@5YNS-FUJDY}I�|�YN@BADb�@1Q�MOP�@1E�Kz> I�_~JN>�@x@B�TG7@5ANMOC^@BP(JzYLd&=?>-M]Y�G�E3ANJNM]KBS-F]E3A
@B��G�@BADMOC^@BP(JgMOP�b�IXFUbX@5QtEaG�E3P-@5FHo�MUJN>
� � � � � E3P7Q�� � � ¤3k

-
% � ����d�=?>-@/JD@BC^G�@BAzE�JDS-AN@/MOPaJN>-@&S�P�KLI�I�FO@1Q$G�E�P-@BF;ADM]Y�@1Y�@5¢(S-MOb�E3FO@BP(JNFOc�I�PW|�I3JN>tJD>-@\>-@1E�JN@1Q

E3P7Q­JN>�@aS-P�>-@5E3JN@5Q¹G�E3P�@BF¦d « P�KL@aJN>-@tKLI�IXFUMOP-V�M]Y�MOP-MUJNM]E�JD@5Q"nfJN>�@uJD@BC^G�@BAzE�JNS�AN@aI�P¹@1E�Kz>¹YNM]QT@uI�_
JN>�@aG�E�P-@BF�QTADI�G7Y
QTAzE3C$E3JNM]KBE�FUFOc�E�P�Qt¢(S-M]Kz{(FOc�@5Y�JDE�|-FOM]Y�>-@1Y~E�P-@5oºJD>-@BADC$E3F�@1¢XS�MUFOMO|-ADMOS-Ctd

« _fG�E3ANJNM]KLS�FOE�A�MOP(JN@5AN@1Y`J�_�I�A}E�K�JDMOb�@BFOc^KLI�IXFU@1QaY�JNADS�KLJNS-AzE3F�G�E�P-@BF]YBn-MOPWVX@BP-@5ADE�F¦n�M]Y�JD>-@\ANIXFO@}I�_�JD>-@\C^@LJzE3F"_�I(E3CÓKBI�AD@
MOP$JD>-@\>-@5E3J?JNAzE3P�Y�_�@BA�KBE�G�E3|�MUFOMUJNMO@1YfI3_�JN>-@\Y�JNADS�K�JDS-ADE�F�JN>-@5ANC$E�F�G�ANI�JN@5KLJNMOI�PaY�cTY�JN@BCtd�='I�MUFOFOS�Y�JNAzE�JD@?JN>-M]YBn�KLI�C^G7E3AD@
JN>�@
AD@5YNG7IXP�Y�@&Q-MOYNG-F]E�c�@1Q$MOP ��MOV�S-AD@�¤Th/JDI^JN>�E3J�YN>-I�o�PtMOP �'MOVXS-AN@&¤X¤x_�I�A�E3P�M]QT@BP(JDMOK5E3F�G�E�P-@BF�JN>�E3Jg>�EXY
P-I^_�I(E3CÏKLIXAN@&E3J
E3FOF¦n�I�P-FOcuE�PWE�MUA?V(E3G�d
�}S�E�FUMUJzE�JNMObX@BFOc3n(JN>-@�AN@1Y�G�I�P7Y�@1YgE3AD@&bX@BADcWQTM0�"@BAD@BP(JBd}ÕsP�JN>-@�S-P�KBI(IXFO@5QW_�IXE�C^@5QtG�E�P-@BF¦n7JN>-@�JN@BC^G�@BAzE�JDS-AD@&I�P |�I3JD>

YNMOQ-@5Y\I�_�JD>-@uG7E3P-@5F~ADMOYN@5Y\E�FOC^IXY�J/M]QT@5P(JNM]KBE�FUFOc�n�E�J�E�P+E�b�@BAzE3VX@�ADE3JN@^I3_gE�G-G-ADI��TMUC$E3JN@5FUctk
-
£ %�j�
��$ d ÕsP­JN>�@$S-P�KBI(IXFO@5Q>-IXFUFOI�o�G�E3P-@5F¦n7JD>-@�JD@BC^G�@BAzE�JDS-AN@�I�P�JD>-@�>�@5E�JD@5Q YNM]QT@&ADM]Y�@1Y�P-@5E�ANFOcaJ`o�M]KL@�EXY
_�EXY`J/E�Y�JD>�E�J/MOP�JN>�@�S-PT�¦_�IXE�C^@5QtG�E�P-@BF

��k
-
%�¤�
��$ �zn7o�>-MOFU@}JN>�@/JN@BC^G�@BAzE�JDS-AD@}IXPuJD>-@\S-P->-@1E�JD@5QtY�M]QT@�ADMOYN@5Y�AD@BF]E�JDMOb�@BFOcxY�FOI�o�FOc^E3P�QaC^ITQT@BAzE�JD@BFOc3dÕsPxJN>-@}KLI�P(JD@L��J�I3_">-I3J5nXS-P7KLI�I�FO@5Q�G�E�P-@BF]YBn3JN>-@
_�IXE3C^@1Q�G7E3P-@5F�E�KLJNS�E�FUFOc\G-ADI�b�M]QT@5YfE\QTM]YDE�QTb�E3P(JzE3V�@�MOP�G�@BAN_�I�ADC$E3P7KL@

|�c^E�YDY�M]Y�JNMOP-V/MOP�JN>-@�KLI�P7QTS�K�JDMOI�P^I3_;>�@5E�J�MOPXJDI\JN>�@gS-P->�@5E�JD@5QaY�M]QT@
I�_�JN>-@}G�E3P�@BF¦nXo�>-M]Kz>^o�I�S-F]Q�|�@
JD>-@}MOP(JN@5ANMOIXAHI3_�JN>�@
b�@5>-M]KLFO@3d
(
I�o�@BbX@BA5n�IXP�KL@\KBI(IXFO@5Q"n�JN>�@}_�I(E3C^@1QuG�E�P-@BF�G�ANI�b�M]QT@5Y�QTM]Y�JNMOP�K�J�E�Q-b�E�P(JDE3VX@5Y�Y�@5@BPtMOP$JD>-@5YN@\G-FOI3JzYLdH��MUAzY�JBnTJN>�@
_�IXE�C E�YDY�M]Y�JDY�MOP�KBI�P�Q-S�K�JDMUP�Vu>-@1E�J�_�ANIXCÓJD>-@�>-@5E3JN@1Q Y�S�A�_�EXKL@xI3_HJN>�@�§��fe-�9MOP(JNI^JD>-@�KLADIXYDY`�sY�@1K�JDMUIXPtI3_�JD>-@xKBI�I�F]E3P(J
Z�I�o/d^e�@5KBI�P�Q"n'o�M�JD>�AD@5YNG7@1K�J/JNIWJD>-@x_�E�K�J/JD>�E�J&§ �HeT�
l Y\E�AN@x|7@5MOP-VWKBI�P�YNM]QT@BAD@5Q�_�I�A\EuCxS-FUJNMU_�S-P7K�JNMOIXP�E3F�Y�IXFUS-JNMOI�PtJDI
JN>�@�G-ADI�|-FO@5CÓI�_f|�@5E�ANMOP-V$E�MOA�_�AzE3C^@/C^@5Kz>7E3P-M]KBE�F�FOIXE�Q�Y
E3P�QWJD>-@BADC$E3F'FOIXE�Q�YLn-JD>-@xG�E3P-@5F�o�MUJN>�I�STJ/E�_�IXE�CÏKBI�AD@\M]Y
P-I�J
E�Y`JDANS7K�JNS�ADE�FUFOc�b�M]E3|-FO@}KBI�C^G�I�P-@5P(JBd

� î ç�ý í��
âJûºÜß×|ãëàÓØ�ä�ú�ä~Þ|Ûiã ÛiÚ]ÛiÜ ç�ý â�ÜÓ× ç ä~Ø�Ú]Û|ãëàÓÞOØ�ä~Ù�âJÞ|Ûy× ç ä~Ø�Ú]Û|ãëàÓÞ



�-IXA�JN>�@&JN>�@BADC^IXY�JNADS�K�JDS-ADE�F�@L�TG�@BADMUC^@5P(JDY?I�P EXK�JDMUbX@BFOcuKBI(IXFO@5QaMUP7KLI�P�@BF�§ �HeT�
l YBn"M�J}MOY
P-@5KB@5YDYNE�ANcuJNI$M]QT@5PXJDMU_�c$JN>�@
JNAD@BP7Q-Y�MOPWJN>-@\JD>-@BADC$E3F�G�@BAN_�I�ADC$E3P7KL@�I3_�§ �HeT��lmY
QTS�@/JNI^_�I(E3CÓQ-@BP�YNMUJ`cuE3P�QtKBI(IXF]E3P(J?Z�I�o9AzE�JD@5YBd���MOV�S-AD@&¤3£�Y�>�I�o
Y
JN>�@\G-F]E�JN@1E3SuJN@BC^G�@BAzE�JDS-AD@5YBnTJN>-@/JD@BC^G�@BAzE�JNS�AN@1Y�EXYNYNITKLM]E�JD@5Q^o�MUJD>uJD>-@BADC$E3F�@1¢XS�MUFOMO|-ADMOS-C MOPaJN>-@\>�@5E�JD@5QWE3P�QtEXK�JNMObX@BFOc
KLI�IXFU@1Q­§ �HeT��lmYBn~I�P¹JN>-@W>-@5E3JN@1Q¹E3P7Q+S-P->�@5E�JD@5Q�Y�M]QT@1Y&I3_gJN>-@tG�E�P-@BF]Y\_�IXA^E3FOF�QT@5P�YNM�JDMO@5Y\JD@5Y�JN@1Q"d+Õ�J^MOYxKLFO@1E3A\_�ADI�C
JN>�MOYuG-FOI3J^JD>�E�J5n
S-P�QT@5AuJD>-@�KLIXP�QTMUJNMOIXP�Y�I3_/JN>�@�G-AD@5YN@BP(Ju@B��G�@BADMOC^@BP(JDYBn~JD>-@[Q-@BP�YNMUJ`c¹I3_/JD>-@ _�I(E3C QTI�@5Y$P�I3Ju>�E�bX@
E3P­E�G-G-AD@5KLM]E�|-FO@&I�A&KBFU@1E3ADFOctQ-@L»�P-@1QR@L�"@5K�J�I�P[JN>-@^JD>-@BADC$E3FfG�@BAN_�I�ADC$E3P�KB@�I�_?§��fe-��lmYLdWeTItEXY\P-I�J�JDI�o�EXY`JD@�@L�"I�ANJ
JDE�MOFUIXANMOP-VxJD>-@BADC$E3F'G7@5A�_�IXANC$E�P�KL@&b�M]E�_�I(E3C QT@5P�Y�MUJ`c�n"MUJ�MOY}b�E3FOS�E�|-FO@/JNIWMOQ-@BP(JNMU_�cWJN>�E3J}_�I(E3C¸QT@5P�Y�MUJ`ctM]YgP�I3J\E$C$E <`IXA
KLIXP�YNMOQ-@BAzE�JNMOIXPRMOP­JD>-@aJN>-@5ANC$E�F�G�@BAN_�I�ADC$E3P�KB@$I3_�§ �HeT��lmY�E3P�Q¹C$E�c3nfJN>-@5AN@B_�I�AD@3n~|�@tE�b�E3ADM]E3|-FO@$YNI�FO@BFOcRQT@L»�P�@5Q+|�c
C^@5Kz>7E3P-M]KBE�F7G�@BAN_�I�ADC$E3P7KL@gAD@5¢(S-MOAD@BC^@5PXJzYLd

�}M �"@BADMOP-V/G-AD@5YDY�S-AD@
QTADI�G�Y~E3AD@
AN@1¢(S-MOAN@1Q&JDI&@5Y�JDE�|-FOMOYN>xMOQ-@BP(JNM]KBE�FTZ�I�oÈADE3JN@1Y�MOP�G�E3P-@5F]YHI3_�QTM0�"@BAD@BP(JH_�IXE�C Q-@BP�YNMUJNMO@5YBd
=?>�S�YBn�MOP�Y�JN@1E�Q�I3_/@L�-E3C^MOP-MOP-V�JD>-@�@L�"@5KLJuI3_�Z�I�oÓADE3JN@tI�PÈJN>�@tJN>-@5ANC$E�F�G�@BAN_�I�ADC$E3P7KL@WI3_\§ �HeT��lmYLn�JN>�@ @L�"@5KLJ$I3_
G-AD@5YDY�S�AN@xQTANIXG�M]Y�MOP(bX@5Y�JNMOVXE3JN@1Q"d&�'MOVXS-AN@�¤�½tY�>�I�o
Y
JD>-@�@L�"@5K�J&I�_~G-AD@5YDY�S�AN@�QTADI�G�IXP JD>-@�G-F]E�JN@1E3S�JD@BC^G�@BAzE�JDS-AN@1YgIXP
JN>�@\>-@5E3JN@5QWE3P7QuS-P�>-@5E3JN@5QtYNM]QT@5Y�I3_HE3Pt§ �HeT�Èo�MUJN> � � � � �^d « P�KB@ � � � £�k�� ����nTMOP�KBAN@1E�YN@5Q$G�AN@1YNYNS-AD@�QTADI�GW>�EXY
I�P�FUc^C$E�ANVXMOP�E3F7@L�"@5K�J
IXP�QT@5KBAN@1E�YNMUP�V&JN>�@\G�E3P-@5F"JN@5C^G7@5ADE3JNS-AD@5YBdf=?>�S�YBn7E�P(cuG-AN@1YNYNS-AD@�Q-ANIXGaVXAN@1E�JN@5A�JN>�E�PuJD>-M]Y?b�E�FOS-@
YN>-I�S-F]Q�|7@$E�G-G-ADI�G-ADM]E�JN@�MUP[JN>�@�JD>-@BADC^I�C^@1Kz>�E3P�MOK5E3F;@B�TG7@5ANMOC^@BP(JzYLdxÕ�J/CxS�Y�J\|7@�P-I�JN@5Q[_�ADI�C ��MOV�S-AD@^¤�½aJN>�E3J&ANI�I�C
JN@5C^G7@5ADE3JNS-AD@��6¤�½ � �\��K5E3PW|7@\@1Y`JzE3|-FOM]Y�>�@5Q^IXPuJD>-@\S-P->-@1E�JD@5QtY�M]QT@/I�_�JN>�@\G�E3P-@5F;MU_ � � � %�k������7d

��� ç�ý í��
âJûºÜß×|ãëàÓØ�ä�ú�ä~Þ|Ûiã ÛiÚ]ÛiÜ ç�ý â�ÜÓ× ç ä~Ø�Ú]Û|ãëàÓÞOØ�ä~Ù�âJÞ|Ûy× ç ä~Ø�Ú]Û|ãëàÓÞ



���������
	���
�������������������� ���"!#��	%$�	%�
�&�'��()$*���'� ��+�	,���-�.(�(/��	%01���/$�	%�2�.()$��.	%���3
54

Normal Loads

Bending Moments

Shear Loads

Coolant Flow

Heat Flux

�����)��� 	76�
8�9�
�.:�	%;7�&� ���<(�=>�/$@?A�>B�CD���E�5�F���E���.� ��+/	,���1�.()()��	,01�/$�0-� ��G)H"	,�'� 	,0@�
(������ =I� �/;J	<K����):��F��(���0���


� í ç�ý í��
âJûºÜß×|ãëàÓØ�ä�ú�ä~Þ|Ûiã ÛiÚ]ÛiÜ ç�ý â�ÜÓ× ç ä~Ø�Ú]Û|ãëàÓÞOØ�ä~Ù�âJÞ|Ûy× ç ä~Ø�Ú]Û|ãëàÓÞ



25mm 6mm

0.5mm
www.recemat.com

���������
	���
�� � 	&$-��	,���>;J	3�
����= (��/; �.


Cooling Manifold

MFSP

� ���)��� 	���
�� :�	 		��� 	,�'� ;J	&$ � ���2�.()()��� $��@;7�/$���= (/� 0-�/$�01?A� B�C 


� � ç�ý í��
âJûºÜß×|ãëàÓØ�ä�ú�ä~Þ|Ûiã ÛiÚ]ÛiÜ ç�ý â�ÜÓ× ç ä~Ø�Ú]Û|ãëàÓÞOØ�ä~Ù�âJÞ|Ûy× ç ä~Ø�Ú]Û|ãëàÓÞ



Clamping Frame

Cooling Manifold

MFSP

�����)��� 	���
8?A�>B�C � $@�':�	J�3���/; ��� $�� =I� �/;J	�� �5�':*�':�	 �.(�(/��� $��@;J�/$���= (/��01�&�"� ���':�	%0�


Hot Platen

Cool Platen

Titanium Frame

Titanium Frame

Inconel MFSP

Cooling Manifold

Compressed
Air

O
ut

ga
ss

ed
A

ir

�����)��� 	���
 � �"�.:�	&;J�&�'��� (�= �.:�	7	 ����	,�'� ;7	%$��
��� ��	3�'��� = (/� �':�	%�.;J���>��(���0�� $��@(�= ?A�>B�C�� ���E���':1�.:��
(����):)! �.:�	�! �.:����
	�$�	,�"�
�':�	%�.;J�����/� ��0���	&$ �'� �/$�0@���'�'��+�	 �.(�(/��� $���


� P ç�ý í��
âJûºÜß×|ãëàÓØ�ä�ú�ä~Þ|Ûiã ÛiÚ]ÛiÜ ç�ý â�ÜÓ× ç ä~Ø�Ú]Û|ãëàÓÞOØ�ä~Ù�âJÞ|Ûy× ç ä~Ø�Ú]Û|ãëàÓÞ



Hot Platen

Cool Platen
Programmable Temperature Controls

�����)��� 	���
�� :�	J:�	3�&�F��� 	,�
�E�)�'��� ����	%0 � $@�':�	 ���'� ��+�	,���-�.(�(/��	%0-	 ����	,�'� ;7	%$�� ��


Time (s)

T
em

pe
ra

tu
re

(C
)

0 2000 4000 6000 8000
0

50

100

150

200

250

300

350

400

450

Heated Platen
Exterior Frame
Exterior MFSP
Interior MFSP
Interior Frame
Unheated Platen

A

B C D

B
D

C

C

D

�����)��� 	���
*B��/;7����	<	 ����	,�'� ;7	%$��
�����
	&;7��	,� �&�'��� 	 :���� � (/� �7(�= �.:�	 :�	,�&� ��� 	,�
� �����&�
	%$����)�.:�	 ��(���0 =I� �/;J	��)�/$�0��.:�	<?A�>B�C�


� ï ç�ý í��
âJûºÜß×|ãëàÓØ�ä�ú�ä~Þ|Ûiã ÛiÚ]ÛiÜ ç�ý â�ÜÓ× ç ä~Ø�Ú]Û|ãëàÓÞOØ�ä~Ù�âJÞ|Ûy× ç ä~Ø�Ú]Û|ãëàÓÞ



Y

X

Strain Gages
Thermocouples MFSP Clamping Frame

�����)��� 	���
 � �"�.:�	&;J�&�'���J(/=>�.:�	 ��(��.�&�'��()$��<(�= �.:�	 � �'� ��� $8��� ��	%� �/$�08�':�	%�.;J(��.()������	,�<	%; ����(&��	,0 � $8�':�	 		��� 	%� � ;J	&$ �'�.

� :�	 ��(��.�&�'��()$�� 0�	%�����'� 	,01��� 	 �)�'��� ����	%01(�$@G (��':1�"��0�	%�E(�=��.:�	 ���/$�	,�5!#=I� �/;J	 ���"�"	%; G���� 


Time (s)

M
ic

ro
st

ra
in

0 1000 2000 3000 4000 5000 6000
-200

0

200

400

600

800

1000

1200

1400

1600

1800

2000

2200

2400

2600

2800

3000
Exterior X
Exterior Y
Interior X
Interior Y

Cooling On

Heat On

A

B

C

D

C

�����)��� 	@����
�� 	,�
� ()$��"	7(�= �.:�	 ?A�>B�C �2G 	,= (/� 	7�/$�0 0 ���'� $��@���.� ��+/	 �.(�(/��� $�� � ��$�0�	,� ���':�� ()���):)! �':�	3! �':�� �
	�$�	%�"� �.:�	,�.;7���
�/� ��0���	&$ � � �5�.:*� ;J� ��� ;J��; � 	%; � 	,� �&�.���
	 (�= í � î � 
 


� � ç�ý í��
âJûºÜß×|ãëàÓØ�ä�ú�ä~Þ|Ûiã ÛiÚ]ÛiÜ ç�ý â�ÜÓ× ç ä~Ø�Ú]Û|ãëàÓÞOØ�ä~Ù�âJÞ|Ûy× ç ä~Ø�Ú]Û|ãëàÓÞ



Time (s)

M
ic

ro
st

ra
in

0 1000 2000 3000 4000 5000 6000
-200

0

200

400

600

800

1000

1200

1400

1600

1800

2000

2200

2400

2600

2800

3000

Exterior X
Exterior Y
Interior X
Interior Y

Heat On

Cooling On

A

B

C

C

D

�����)��� 	@����
�� 	,�
� ()$��"	7(�= �.:�	 ?A�>B�C �2G 	,= (/� 	7�/$�0 0 ���'� $��@���.� ��+/	 �.(�(/��� $�� � ��$�0�	,� ���':�� ()���):)! �':�	3! �':�� �
	�$�	%�"� �.:�	,�.;7���
�/� ��0���	&$ � � �5�.:*� ;J� ��� ;J��; � 	%; � 	,� �&�.���
	 (�= ���}î�� 
 


Time (s)

M
ic

ro
st

ra
in

0 1000 2000 3000 4000

-1000

0

1000

2000

3000

4000

5000
Exterior X
Exterior Y
Interior X
Interior Y

Cooling On

Heat On

Strain
Gages

Destroyed

A B

C

D

�����)��� 	@�%6�
�� 	,�
� ()$��"	7(�= �.:�	 ?A�>B�C �2G 	,= (/� 	7�/$�0 0 ���'� $��@���.� ��+/	 �.(�(/��� $�� � ��$�0�	,� ���':�� ()���):)! �':�	3! �':�� �
	�$�	%�"� �.:�	,�.;7���
�/� ��0���	&$ � � �5�.:*� ;J� ��� ;J��; � 	%; � 	,� �&�.���
	 (�= ïDP�î�� 
 


� ) ç�ý í��
âJûºÜß×|ãëàÓØ�ä�ú�ä~Þ|Ûiã ÛiÚ]ÛiÜ ç�ý â�ÜÓ× ç ä~Ø�Ú]Û|ãëàÓÞOØ�ä~Ù�âJÞ|Ûy× ç ä~Ø�Ú]Û|ãëàÓÞ



Time (s)

M
ic

ro
st

ra
in

0 1000 2000 3000 4000 5000

-200

0

200

400

600

800

1000

1200

1400

1600

1800

2000

2200

2400 Exterior X
Exterior Y
Interior X
Interior Y

Cooling On

Cooling On

Cooling On

Heat On

�����)��� 	A� ��
�� 	%;7()$�� �'� �&� ��(�$A(/= �':�	��.()$�� � (/� (�=F� �'�'���.�'��� ��� 0�	,= (/�.;J�&�'��()$ ��$�0�	%� ���':�� ()���):)! �':�	�! �':�� � 	�$�	,�
�J�.:�	,�.;7���
�/� ��0���	&$ � � �5�.:*� ;J� ��� ;J��; � 	%; � 	,� �&�.���
	 (�= í � î�� 
 


Time (s)

M
ic

ro
st

ra
in

0 1000 2000 3000 4000 5000
-200

0

200

400

600

800

1000

1200

1400

1600

1800

2000

2200

2400

Exterior X
Exterior Y
Interior X
Interior Y

Heat On

Cooling On
Cooling On

Cooling On

�����)��� 	A�	� 
�� 	%;7()$�� �'� �&� ��(�$A(/= �':�	��.()$�� � (/� (�=F� �'�'���.�'��� ��� 0�	,= (/�.;J�&�'��()$ ��$�0�	%� ���':�� ()���):)! �':�	�! �':�� � 	�$�	,�
�J�.:�	,�.;7���
�/� ��0���	&$ � � �5�.:*� ;J� ��� ;J��; � 	%; � 	,� �&�.���
	 (�= ���}î�� 
 


� � ç�ý í��
âJûºÜß×|ãëàÓØ�ä�ú�ä~Þ|Ûiã ÛiÚ]ÛiÜ ç�ý â�ÜÓ× ç ä~Ø�Ú]Û|ãëàÓÞOØ�ä~Ù�âJÞ|Ûy× ç ä~Ø�Ú]Û|ãëàÓÞ



� ���)��� 	�� ��
 � :�	 ��	3(�;J	3� � � (�=��.:�	<� $����
	 	%��	%;7	%$��<;7(�0�	%� 


Strain

S
tr

es
s

(M
P

a)

0 0.001 0.002 0.003 0.004 0.005 0.006 0.007
0

100

200

300

400

500

600

24 C

427 C

649 C

871 C

�����)��� 	�� ��
�� ��� 	%� � ;J	&$ � �������10�	�� 	,�.; � $�	,0-�
	&;7��	,� �&�'��� 	3!#0�	,��	%$�0�	&$ � ��� � 	,�
� !#��� � ��� $-�3��� +�	,� = (/� � $��.()$�	%� �/6 ��
����

�?M ç�ý í��
âJûºÜß×|ãëàÓØ�ä�ú�ä~Þ|Ûiã ÛiÚ]ÛiÜ ç�ý â�ÜÓ× ç ä~Ø�Ú]Û|ãëàÓÞOØ�ä~Ù�âJÞ|Ûy× ç ä~Ø�Ú]Û|ãëàÓÞ



Time (s)

M
ic

ro
st

ra
in

0 1000 2000 3000 4000 5000 6000
-200

0

200

400

600

800

1000

1200

1400

1600

1800

2000

2200

2400

2600

2800

3000

Exterior X
Exterior Y
Interior X
Interior Y
Simulation
Simulation

�����)��� 	@� ��
�� 	,�
� ()$��"	7(�= �.:�	 ?A�>B�C �2G 	,= (/� 	7�/$�0 0 ���'� $��@���.� ��+/	 �.(�(/��� $�� � ��$�0�	,� ���':�� ()���):)! �':�	3! �':�� �
	�$�	%�"� �.:�	,�.;7���
�/� ��0���	&$ � � �5�.:*� ;J� ��� ;J��; � 	%; � 	,� �&�.���
	 (�= í � î�� 
 


Time (s)

M
ic

ro
st

ra
in

0 1000 2000 3000 4000 5000 6000
-200

0

200

400

600

800

1000

1200

1400

1600

1800

2000

2200

2400

2600

2800

3000

Exterior X
Exterior Y
Interior X
Interior Y
Simulation
Simulation

�����)��� 	@� ��
�� 	,�
� ()$��"	7(�= �.:�	 ?A�>B�C �2G 	,= (/� 	7�/$�0 0 ���'� $��@���.� ��+/	 �.(�(/��� $�� � ��$�0�	,� ���':�� ()���):)! �':�	3! �':�� �
	�$�	%�"� �.:�	,�.;7���
�/� ��0���	&$ � � �5�.:*� ;J� ��� ;J��; � 	%; � 	,� �&�.���
	 (�= ���}î�� 
 


í}î ç�ý í��
âJûºÜß×|ãëàÓØ�ä�ú�ä~Þ|Ûiã ÛiÚ]ÛiÜ ç�ý â�ÜÓ× ç ä~Ø�Ú]Û|ãëàÓÞOØ�ä~Ù�âJÞ|Ûy× ç ä~Ø�Ú]Û|ãëàÓÞ



Time (s)

M
ic

ro
st

ra
in

0 1000 2000 3000 4000

-1000

0

1000

2000

3000

4000

5000

Exterior X
Exterior Y
Interior X
Interior Y
Simulation
Simulation

Strain
Gages

Destroyed

�����)��� 	@����
�� 	,�
� ()$��"	7(�= �.:�	 ?A�>B�C �2G 	,= (/� 	7�/$�0 0 ���'� $��@���.� ��+/	 �.(�(/��� $�� � ��$�0�	,� ���':�� ()���):)! �':�	3! �':�� �
	�$�	%�"� �.:�	,�.;7���
�/� ��0���	&$ � � �5�.:*� ;J� ��� ;J��; � 	%; � 	,� �&�.���
	 (�= ïDP�î�� 
 


Cooling Manifold

Compressed
Air

O
ut

ga
ss

ed
A

ir

Heat Lamp

Aluminum MFSP

���������
	76 ��
8B�	��.���-= ()� �':�	 ����� �/;J	3� �'���<� �'��0��*(�$ �':�	 �.:�	,�.;7��� ��	,� = (/�.;J�/$���	 (/=>?A�>B�C�� ��


í � ç�ý í��
âJûºÜß×|ãëàÓØ�ä�ú�ä~Þ|Ûiã ÛiÚ]ÛiÜ ç�ý â�ÜÓ× ç ä~Ø�Ú]Û|ãëàÓÞOØ�ä~Ù�âJÞ|Ûy× ç ä~Ø�Ú]Û|ãëàÓÞ



Time (s)

T
em

pe
ra

tu
re

(C
)

0 100 200 300 400 500
0

10

20

30

40

50

60

70

80

90

100

110

120

130

Heated Side
Unheated Side

Heat On

Cooling On

�����)��� 	86���
 B��/;7����	1����( � (�= �.:�	@�':�	%�.;J��� �
	%�"��()$���	1(�= �/$ ���'� ��+�	,��� �.(�(/��	,0D? � B�C�
��<	,� 	 ������� �	� ��

��� í ��� ��� �
��� � � í	� 
���� 


Time (s)

T
em

pe
ra

tu
re

(C
)

0 100 200 300 400 500
0

10

20

30

40

50

60

70

80

90

100

110

120

130

Heated Side
Unheated Side

Heat On

Cooling On

���������
	76/6�
 � :�	 	�� 	,�.�F(�=>� 	%;7(&+�� $��J�.:�	 = (��/; �.(/� 	 ()$ �.:�	<�.:�	,�.;7����� 	%�"� (�$���	 (�=��.:�	 ���/$�	,� 


í}í ç�ý í��
âJûºÜß×|ãëàÓØ�ä�ú�ä~Þ|Ûiã ÛiÚ]ÛiÜ ç�ý â�ÜÓ× ç ä~Ø�Ú]Û|ãëàÓÞOØ�ä~Ù�âJÞ|Ûy× ç ä~Ø�Ú]Û|ãëàÓÞ



Relative Density (%)

T
em

pe
ra

tu
re

(C
)

4 6 8 10 12 14
0

10

20

30

40

50

Heated Side
Unheated Side

� ���)��� 	76 ��
�� :�	 		��	,�'�F(�=>= (��/; 0�	%$��
�5��� � � � � (�$ �':�	 �.:�	,�.;J����	 � ��� ����G��'� ��; (�= �':�	J:�	3�&� 	,01?A� B�C 


Pressure Drop (kPa)

T
em

pe
ra

tu
re

(C
)

0 10 20 30 40 50 60 70 80
0

10

20

30

40

50

60

70

80

Heated Side
Unheated Side

�����)��� 	 6 ��
 � :�	7		� 	%�'�<(/= ��� 	,�
�
��� 	70�� (/��� �/$�0-K ( � � �&�
	�� ()$*�.:�	 �':�	%�.;J��� 	 � ��� ����G��'� ��; (�= �.:�	 :�	3�&� 	,08?A� B�C � ���':
����� �	� 


í�� ç�ý í��
âJûºÜß×|ãëàÓØ�ä�ú�ä~Þ|Ûiã ÛiÚ]ÛiÜ ç�ý â�ÜÓ× ç ä~Ø�Ú]Û|ãëàÓÞOØ�ä~Ù�âJÞ|Ûy× ç ä~Ø�Ú]Û|ãëàÓÞ


