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MOW B � DRB�FQF�HJIVhVja\^E_MZF B � K�BRD�EQBRL `'W'L'B�P EGj'B]W*`YgOg%j��*K�HJEGj'B�FQMZF�H^IVW'H gOMZW'| \JNUB 8 ��jYB.B � DRB�FQF
FQj'\JPQMZW'N�MOF_B�}^\JgZ`a\^EQBRLw\JFQFT`'[2MZW'Nz\ |*WYH hVW K5B�L'MONUPTBRByEQja\^E�L'B�EQBRPT[2MZW'BRF_EGjYBXPTBRgO\^EGMZHUW'FQjYMOK'F
\J[�HUW'NdEGj'B]\^@5BRD�EQBRL MZW'L'MZ}*MZL'`a\JgZF�\JW'L FTB�EGF�EGj'B2W�`'gOg
L'MOFiEGPTMOc'`YEQMOHUW 8=��H9htB�}UB�P Q
\qFQ\J[�K'gOB�L
K�BRL'MZNUPQB�Bq[2\�� DRHUW�EG\JMOW BRPTPQHUPTF 8 �aHUP_B � \J[�K'gZB QeK'`!Em\^EQMZ}UB.I>`'gZg�FQMZc'F2D�HU`'gZLwc�Bqj'\JgZI FQMOcYF2MrI
EGjYBRPQBXMOFf\�W'HUWYKa\^EGB�PQW'MrE���0^W'HUW'[2\^EQBRPQWYMZE��WQt\JW'L E�htH6j��*K5H^EGj'B�FQM ��BRL�`YW'PQB�g�\^EQBRL MOW'L'Mr}*MOL'`a\^gOF
DRHJ`'gOLqc5B �aPQFiE D�HU`'FTMOW'F�MZI EQj'BRPTB�MZF�\�g�\JDm|.H^I NUBRWYB�\JgZHUNUMODR\Jg MZWYI>HUPQ[2\^EQMOHUW 8�� EGj'B�P�FTHU`'PTDRBRF HJI
K�BRL'MZNUPQB�B�BRPTPQHUPTF MZW'DRgZ`'L'B�FThVMZEQDmj'BRL FQ\J[�K'gOB�F Q�L'`'K'gZMODR\^EGB�L{FG\^[2K'gZBRF Q5`'WYFQK�BRDRM �aBRL�\^L'HUKYEQMOHUW'F
\JW'LX[2\^EGMZW'NUFec�B�E�htBRB�W{PQB�g�\^EQMZ}JBRF QaB EGDV8
��W'MZL'BRW�EQM��aB�L{K�BRL'MZNUPQB�B�B�PQPTHUPQFVD�\^W{ja\�}UB�FQB�PQMZHU`'F�DRHUW'FTB���`'B�W'DRB�F I>HUPVgOMZW'| \JNUBSFTEQ`'L'MZBRF 8-	xI
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FQHJ[2BSMZW'L'MZ}*MZL'`a\JgZFthtBRPQB�[�HUPQB DRgOHJFQBRgr�yPTBRg�\ EGBRLyEQja\JW.EGjYBSK5B�L'MONUPTBRBSMZW'L'MODR\^EGB�L QYEQj'BRWdgOMZW'| \JNUB
PQB�FQ`'grEGF D�HU`'gZL c5B2B � \JNUNJBRPG\ EGBRL \^W'L EGj'B2PG\^EQByHJIeI�\^gOFQB2K5HJFQMZEQMZ}JBRF
htHU`'gZL c5B2MOW'D�PQBR\JFQB�L 8 	xI
FQHJ[2BSMZW'L'MZ}*MZL'`a\JgZF
htBRPTB
gZBRFQF�D�gOHUFTBRgr�]PTBRg�\ EGBRL.EQja\JWyEGjYB�K�BRLYMONUPTBRB;MZW'L'MODR\^EGB�L QYEQj'BRWdB�}*MZL'BRW'D�B
I>HUP_gZMOW'| \JNUB2DRHU`YgOL c5B.LYBRDRPTB�\JFTBRL \JW'L EGj'BdK�H9h%B�PfEQH�L'B�EQBRD�E�gZMOW'| \JNUB�h%HJ`'gOL c5B.PTBRL'`YDRBRL 8
*%H*BRj'WY|JBq\JW'LO�%H � �0X �%��s ��MOgOgZ`'FTEQPG\^EQBRL EQj'BqgO\^EQEQBRP DR\JFQBdEGjYPQHU`'NJj \�FQMZc!��Ka\^MOP La\ Em\�FQB�E�MZW
hVj'MZDmjd��K'`YEG\^EGMr}UB�I>`YgOgr�xFQMZc2Ka\^MOPQF htBRPQBSMZW2I�\JD Eeja\^gZI���FTMOc�Ka\JMZPQF 8B��j'B��]FQj'H9htBRL.EGja\ EeB�}*MZL'BRW'D�B
I>HUP
gOMOWY|^\^NUB_he\JF_MZW'DRPTB�\JFTBRL \ I8EGBRP
EGj'B2MOL'B�W�EQM��aDR\^EGMZHUW \^W'L DRHJPQPQB�D�EQMOHUW H^I�EGj'By[�MOFTFQK�BRD�M��aB�L
PQB�g�\^EQMOHUWYFQj'MZK'F 8
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�*Em\ EGMOFiEGMZD�\Jg�[2B EGj'H*L'F.I>HUPyL'B EGB�D�EGMZW'N [2MZFQFQK�BRD�M��aB�L PQBRgO\^EGMZHUW'FTj'MOK'F]ca\JFQB�L HJW NJBRW'HJE��*K�B
La\^EG\{ja\�}UB]c5B�BRW L'B }UBRgZHUK�BRL [�HUFTEQgZ� I>HUP�La\^EG\qI>PQHU[ FTMOc!�xKa\JMOP�L'B�FQMZNUW'F�� �%ja\J|�PG\Jc�HUPiE�� \^W'L

JMOWOX �%�UkU\ � ���HUPQMZW'N \^W'L�� EQE=X ����s � *%H*BRj'W'|^BX\JW'L��%H � X ����s � � j'[ \JWYL � \JNJW'BRP X �%�U� �
*%PTHU[]\^W \JW'L)� B�c5B�P=X �%�U� � �SgZFQHUW X �%�%� � 8)���HJPQMOWYN \JW'L � EQE �0X �%��s �
\JW'L *%H!B�j'W'|^Bq\^W'L
�%H � ��X �%��s ��D�HU[2KY`YEGB.EGjYBXgZMO|^BRgOMZj'H*H!L6HJI�EQj'BdHUc'FTBRPT}JBRL�NJBRW'HJE��*K�BdLa\^Em\ I>HUP I>`YgOgeHUP_j'\JgZI��
FQMZc�Ka\JMOPTFS`'W'L'B�P�EQj'BfW'H^�xMOW�EGB�PTI>BRPTBRW'D�Bf[2H*L'BRg 8R	�W�EGj'BfD�\^FQBfhVj'BRW \dFTMOczKa\JMZP;ja\JF�\dFQMOWYNUgOB
E��*K5B�L Ka\^PQBRW�E Q4���HJPQMOWYN \JW'LN�;ETE���X ����s �y\JgZFQH DRHJ[2K'`!EGB EGj'B�gZMO|JB�gOMZj'H!H*L D�HUW'L'MrEGMZHUWa\Jg;HJW
EGjYBXNJBRW'HJE��*K�BdHJI�EQj'BdKa\JPTBRW�E 8)��j'Bq\JK'K'PTH�\JDmj HJI'���HUPTMOW'N \JW'LO�;ETE ��X ����s ��MOF *%\9�JBRFTM�\JW 8
�aHUPfB�\JDmj�KY`YEm\^EQMZ}JBXI>`'gZgr�xFQMOc Ka\^MOP Q
EGj'B �w\JFQFTMONUWwK'PQMZHUPfK'PQHUc'\Jc'MOgZMZEQMOBRF
EGH6EQj'B{PTBRgO\^EGMZHUW'FQjYMOK'F
I>`'gZgr��FTMOc Q5ja\JgrI���FQMZc�\JW'Lz`'W'PTBRg�\ EGBRL Q)\^W'L EGj'B ��DRHU[�K'`YEQB EGj'BfK�HUFTEQBRPQMZHUPSK'PTHUca\Jc'MZgOMrEGMOB�F HJI
EGjYB
PQB�g�\^EQMOHUWYFQj'MZK'F�NUMZ}JBRWdEGj'B�La\^EG\K8 � ��j'BP*e\��UB�FQMO\JW \JKYK'PQH�\^Dmj{MOF�LYMOFQD�`'FQFTBRL MZWD,XD ()B�BR|2T UWU�XW8 �
��j'B�[2B EGj'H*LXHJI#*%H*BRjYW'|JB�\JW'L.�%H � �0X �%��s �%MZF�\JWa\JgZHUNUHU`'FeEQH2HJcYEm\JMZW'MOWYN2\fK�HUMOW�EVBRFiEGMZ[]\^EQB 8
��j'B ���aPTFTE D�\JgZDR`'gO\^EGB EGjYB%gOMZ|JB�gOMOjYH!H*L�HJI'EGjYB%HUc'FTBRPi}UBRL_NJBRW'HJE��*K�BeLa\^EG\�I>HUP)\�KY`YEm\^EQMZ}JBtI>`'gZgr��FTMOc
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Ka\JMZP Q�`'W'LYBRPeBR\JDmjyHJI�\�FQB E�HJI+K�HUFQFTMOc'gZBVPQBRgO\^EGMZHUW'FTj'MOK'F Q�Wa\J[�BRgZ� Q*I>`YgOgr�xFQMZc QUja\JgrI���FTMOc Q�`'W'PTBRgO\^EGB�L
\JW'L�,����xE�hVMZW 8 ��j'B � EQj'BRW MOWYI>B�PfEQj'BqEQPQ`'BXPQB�g�\^EQMOHUWYFQj'MZK I>HJP�EQj'BqK'\JMOPfc�� Dmj'H!HJFQMOWYN6EGjYB
HUW'B EQja\^ES[2\ � MO[�M ��BRFVEGj'B_gZMO|^BRgOMZj'H*H!L 8�� gZEQj'HU`'NJj PQBRgO\^EGMZHUW'FTj'MOKqBRFTEQMO[2\^EGMZHUW{MZFS\JW B�FQFQB�W�EGM�\^g
DRHJ[2K�HUW'B�W�E�H^I*EQj'B K'PQHJc'gOB�[2Q \JW�\JLYL'MZEQMOHUWa\^g^D�PQMZEQMODR\Jg^D�HU[�K5HUWYBRW�E�MOF EQj'B \Jc'MZgOMZE��VEQH�LYB�EGB�PQ[�MOW'B
hVj'B EGj'B�P HUP�W'HJE
Ka\JPTEQMOD�`'g�\JP�PTBRg�\ EGMOHJW'FQj'MZK'F�\JPQB2DRHU[�Ka\^EQMOc'gZB hVMZEQj6EGjYB]HUc'FTBRPi}UBRL NJBRW'HJE��*K�B
La\^EG\K8B	�W�Ka\JPiEGMZDR`'gO\JP QJEQj'BVj��!K�HJEQj'BRFTMOF EGBRFiEGMZW'N�\^K'K'PQHU\JDmj2MZF \JWfMO[�K5HJPTEm\^W�EAHUW'B Q�c�BRDR\J`'FQBVEGjYB
PQB�g�\^EQMOHUWYFQj'MZKyFQK�BRD�M��aB�LXc��yEQj'BSK�BRL'MZNUPQB�B;ja\JFV\ Wa\ EG`'PQ\Jg PQHJgOB;\^FeEGj'BSW�`'gZgCj��*K5HJEQj'BRFTMOF 8�� j'[
\JW'L � \JNUW'B�P ��X �%�J� ��K'PTHUK5HJFQBf\JWz\JK'KYPQH � MO[2\^EGB�gZ�qW'HUPQ[2\JgZgZ�XL'MOFiEGPTMOc'`YEQBRL�FTEG\^EGMZFTEQMOD�EQHdEQBRFiE
I>HUPSL'B }*M�\^EQMOHUW I>PTHU[ \.PQB�K5HJPTEGB�L6PTBRgO\^EGMZHUW'FQjYMOK HJI
I>`'gZgr��FTMOc K'\JMOP 8 ��H9htB�}UB�P QvEGj'B�MOP EQBRFTE�gZHUFQB�F
K�H htBRP%c5B�D�\J`'FTB;EGj'B�EGB�FTE�FiEm\^EQMOFTEQMOD�MONUWYHUPQB�FtEGjYB;\JgZgOBRgZB � I>PQB���`'B�W'D���MZWYI>HUPQ[2\^EQMOHUWfDRHJW�EG\JMOWYBRLyMZW
EGjYB�NJBRW'HJE��*K�B
L'\^Em\K8
	�W.EGj'MZFeKa\JK�BRP Q!htB �'PQFTEeB � EGB�W'LXEQj'B;gZMO|JB�gOMZj'H!H*L�D�\JgZDR`'gO\^EGMZHUW]HJIB���HUPQMZW'N \^W'L2�;ETE ��X �%��s �

\JW'LO*%H*BRj'W'|^B \JWYL �%H � ��X �%�Us � Qt\JW'L EGj'BXh%HUPT| HJI4� j'[ \JWYL � \JNUW'B�P �0X �%�U� ��EQH6[�HUPQB
NUB�W'BRPQ\Jg)PTBRgO\^EGMr}UB�Ka\JMOPTF 8��6B
EQj'BRW LYB�}UB�gOHUK{W'B�h~[�B�EGjYH!L'FVI>HUP�c5H^EGj{LYB�EGB�D�EQMOHUW H^I K5B�L'MONJPQBRB
BRPTPQHUPTF%\^W'L2B�FTEQMO[2\^EGMZHUW_HJI K'\JMOPihVMOFQB�PTBRgO\^EGMZHUW'FQjYMOK'F 8#,{\JKYK'MOW'N�FTEQ`'L'MZBRFt\JPQBVW'HJE
PTBRFTEQPQMZD�EGB�L2EQH
La\^EG\�I>PTHU[ FQMZc!��Ka\^MOP+L'B�FQMONJW'F QJ\JW'L
I�\^[2MZgOMOB�F+DRHUgZgOB�D�EGB�L
[2\���ja\�}UBt[2HUPTB
EQja\JW�E�h%H;NJBRW'B�PG\^EQMOHUW'F
hVMZEQj }^\JPQMZHU`'F K�BRL'MZNUPQB�BeFTEQPQ`'D EG`'PTBRF Q*B 
pN 
JEQj'HUFTB�MZW EGj'B
�
�+� XWX
�$�4�
��La\^EG\ � �!B�D�EGMZHUWfoA8 X � 8
��[�HUPQB%B � EGPTBR[�B�D�\JFTB�MOF EQj'B���`YETEGB�PQMZEQBeLa\^EG\ � �!B�D�EQMOHUW_oA8 T �)MZW hVj'MODmj_EQj'BRPTB�MOFAHUWYgZ�
\SFQMOWYNUgOB
I�\J[�MOgr�;NUMr}UBRW
c���\�X9k �xNUBRW'B�PG\^EQMOHUW�K�BRL'MZNUPQB�B
hVMrEGj \^c5HU`!E-X �WUWU�[�BR[�c5B�PQFvMOW�EGHJEG\Jg 8+�vH L'B EGBRD E
K�BRL'MZNUPQB�B_BRPQPTHUPQFSMZW�FQ`'DmjzLa\^EG\KQ+MZESMZF;W'B�DRBRFTFG\JPi��EGH.DRHJW'FQMZL'BRPSEGjYB_K'PQHUcYgOBR[ HJI
PQB�g�\^EQMOHUW'FTj'MOK
EGB�FTEQMOW'N_I>HUP�[�HUPQBSNJBRW'B�PG\Jg+PTBRg�\ EGMZ}JBSKa\JMZPQFeEGj'\JWdFQMOcdKa\^MOPQF 8H� BSI>H*DR`'FVHUWdFiEG`'LY�*MZW'N2K'\JMOPihVMOFQB
PQB�g�\^EQMOHUWYFQj'MZK'F MOWy\�K5B�L'MONJPQBRBV85�%HU[�Ka\JPQB�L2EQH_\ �THUMZW�Ee\JW'\JgZ�*FQMZF Q�HU`'Pt[2B EGj'H*L][2\��fgOHUFTB FTHU[2B
K�H htBRP 8#��H9htB�}JBRP Q�EGjYMOFAKa\^MOPThVMZFQB%\JK'K'PTH�\JDmj_PQB�FQ`'grEGF MZW [ `'DmjfFQMZ[2KYgOBRPvMO[�K'gZBR[�BRW�Em\^EQMOHUWYF)\^W'L
hVMOLYBRP�\JKYK'gOMZD�\^EQMOHUW'F 8B	�WyEQj'B;D�\^FQBSHJI�EGjYB
��`YETEGB�PQMZEQB;La\^EG\KQYMrEeMZF%DRHJ[2K'`!Em\^EQMOHUWa\^gOgZ� MOWYI>BR\JFQMZc'gOB
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EGH{L'MOPTBRD�EQgZ�6\JWa\^gZ� �RB]EQj'B]hVj'HJgOB]K�BRLYMONUPTBRB 8 *
� c'PTB�\J|�MZW'N�\{K�BRL'MZNUPQB�ByMOW�EGHqKa\JMZPQF QAhtByDR\JW
\JgZFQH ��`'MZDm|�gZ��gOH*D�\ EGBfEGj'B2BRPQPTHUW'B�HU`'F�MZW'L'Mr}!MZL'`a\JgZF�MOW�EGj'B2K5B�L'MONUPTBRB]\JW'L KYPQHUK�HUFQB2K'g�\^`'FQMZc'gOB
\JgrEGBRPTWa\^EQMZ}UB�FeI>HUPeEGjYB�gZH!DR\Jg FiEGPQ`YD�EG`YPQBRF 8
	�W EGj'BfW'B � ESE�htHXFQBRD EGMZHUW'F Q htBfMOW�EGPTH!LY`'DRB_[2\^EGjYBR[2\^EGMZD�\Jg�[�H!L'B�gOF I>HJP EGj'B_FTBRNUPTBRN�\ EGMOHJW

\JW'L EQPG\JWYFQ[�MOFQFTMOHUWqHJI Dmj'PTHU[2HJFQHU[�BRF 8�� B
c5B�NUMOWqhVMZEGj{FQMOWYNUgOB
gOH*DR`'F�MOW'jYBRPQMrEm\JWYDRB \^W'L EGj'B�W
DRHJW'FQMZL'BRPe[�`'gZEQMOK'gZB�gZH!D�M �THUMOW�EGgr�W8H��jYB;|�W'H9hVgOBRLYNUB;HJI�j'H9h NUBRWYB�EGMZD [2\^EGB�PQMO\Jg�MOF%K'\JFQFTBRLdL'H9hVW
EGjYPQHU`'NJjqNUB�W'BRPQ\^EGMZHUW'F�MZF�BRFQFTBRW�EGMO\Jg+EGHfK�BRL'MZNUPQB�BSMOWYI>B�PQBRWYDRB�`'FQMZW'N�NUBRW'B EGMZDS[]\JPT|JB�P�L'\^Em\K8
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��B�W'B�EQMODf[2\^EGB�PQM�\^g MOFSFiEGHUPTBRL6MOW EGj'BfDmj'PTHU[�HUFQHU[�BRFSH^IeB�}JBRPi��DRBRgZg 8 �aHUPSj�`'[2\JW'F QvEQj'BRPTB
\JPTB TWT2Ka\^MOPQF�HJIt\J`YEQHUFQHU[2\JgvDmj'PQHJ[2HUFTHU[�BRF;\^W'L�\yKa\JMZP HJI FTB � ��gZMOW'|^BRL Dmj'PTHU[2HJFQHU[�BRF QChVMZEQj
G�G I>HUPVI>BR[2\JgOB�F \JWYL.G�� I>HUP�[2\JgZBRF 8���j'B�NUBRW'B EGMZD�[2\^EGB�PQM�\^g�\^E BR\JDmj Dmj'PTHU[2HJFQHU[2\Jg�gOH*DR`'F
��\ Ka\^PTEGMZDR`'gO\JP�FTMZEQByHUW \ Ka\JMOP�HJI�Dmj'PQHU[�HUFTHU[2B�F ��[2\�� c�B.K5HJgZ�*[2HJPQK'j'MZD Q M 
lB 
 MOW LYMZ@5BRPQB�W�E
FTEG\^EGB�F 8#��j'B L'MZ@5BRPTBRW�E%FiEm\^EQBRF�\^PQB�D�\JgZgOBRL]\JgOgZBRgZBRF 8L��j'B E�htH_\JgZgOB�gOBRF
\^E%\
NJMZ}UB�WyDmj'PTHU[2HJFQHU[2\Jg
gOH*DR`YF�DRHUW'FiEGMrEG`YEQB
\_K�BRPTFQHUW��pF�NUBRW'H^E��!K�B
\^E�EGja\ EVgOH*DR`'F 8
��Mr}UB�W \qgZH!D�`'FSI>HUP
\JW6MZW'L'Mr}!MZL'`a\Jg Q EGj'B ,qBRWYL'BRgZM�\JWzMOW'jYBRPQMrEm\JWYDRBf[2H*L'B�g
FTK5B�DRM �aBRF�EGja\^E

HUW'Be\JgOgZBRgOB h%\JF MOW'j'B�PQMrEGBRL
I>PQHU[ EGj'BeI�\ EGj'B�P Q�\JWYLfEQj'BeHJEQj'BRPAh%\JF MZW'j'BRPTMZEQBRL�I>PTHU[~EQj'B�[�HJEGj'B�P 8
� \JDmjfKa\JPTBRW�EAEGPQ\JW'FT[2MrEGF HJW'gZ��HUW'B%HJI�MZEGFvE�h%H�\JgZgOB�gOBRF�EGH;\JW_HJ@5FQK'PTMOW'NAQ^B�\JDmj_hVMrEGj K'PTHUca\JcYMOgOMrE��
X 0WT%85�%HUW'FQMZL'BRP�BR\JDmj{MZW'L'Mr}!MZL'`a\Jg��lFtKa\^EQBRPQW'\JgOgr��� \JW'Ld[]\ EGBRPTWa\JgZgZ����MZW'j'BRPTMZEQBRLy\^gOgOB�gOB�F�\JF�c�BRMOWYN
PG\^W'L'HU[ }^\JPQMO\Jc'gZBRF 8
� FTB�ESH^I \JgOgZBRgZBRF�\JPQB
FG\JMZLqEGH]c5B
MOL'B�W�EQMODR\Jg)c��qFTEG\^EGB � 	0*$� ��MZI EQj'B��{\JPTB
HJI
EGj'BfFQ\J[2B�\JgZgOB�gOMOD�E��*K5BVQ \^W'LzEQj'B��z\^PQB_FG\^MOL EGHXc5BfMZL'BRW�EGMZD�\Jg c�� L'BRFTDRBRW�E�� 	0*�: � MrItEQj'B��
htBRPQB�MZW'j'BRPTMZEQBRLyI>PQHJ[ EQj'BSFG\J[�BS\JWYDRBRFiEGPQ\Jg+\JgZgOBRgZB 8 � �;c�}!MZHU`'FTgZ�WQK	0*�: MO[�K'gOMZBRF5	0*$�7Q'MZNUW'HUPTMOW'N
EGjYB2K�HUFQFTMOc'MZgOMrE��{HJI%[ `YEG\^EGMZHUW'F 8 � � B�MOgZgO`'FiEGPG\ EGB�EQj'B]\^c5H9}UB�L'B�FQDRPTMOKYEQMOHUWz`'FTMOW'N2� MONJ`'PQB=XW8 XW8
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a1

a1a1

a4 a3 a3

a3a3

genotype

father’s            mother’s

sib 1’s              sib 2’s

� MZNU`'PTBRXW8 XW6-�!MOW'NJgOB;gZH!D�`'F
,qBRWYL'BRgZM�\JWdMOWYj'BRPTMZEm\^W'DRB

	�WdEGj'MZF�B � \J[�K'gOBVQa\^E�EGjYBSNUMZ}JBRWXgOH*DR`'F QYEGj'B;I�\ EGj'B�P�j'\JFV\JgOgZBRgZBRF � X�\JW'L � oAQa\JW'L.EQj'B�[2HJEQj'BRP
ja\JFt\JgZgOBRgZBRF � k�\^W'L � kK8#��j'B�\JPTPQH9hVF%MZW�EQj'B�NJPG\JK'j2FQK�BRD�MZI8�fhVj'MODmj]\JgOgZBRgZBRFAhtBRPQB�EGPQ\JW'FQ[�MZETEGB�L
I>PQHJ[ EGj'ByK'\JPQB�W�EQF
EQH{EGj'B2HJ@5FQK'PTMOW'NA8E��[2HUWYNqEGjYB2I>HU`'P
\JgZgOBRgZBRF�HJIeEQj'B2E�htH FQMZc'F Q)M 
pB 
 � � XWQ
� kKQ � XWQ � k � Q5EQj'B�E�htH.Ka\^EQBRPQW'\JgOgr���xMOW'jYBRPQMrEGB�L � X_\JgZgOBRgZBRF�\JPQB 	0*�: ��\JgZFQH 	0*�� ��c�BRD�\^`'FQB EQj'B��
htBRPQB
c5H^EGjXMOW'j'B�PQMrEGBRL.I>PTHU[ EGjYB
FQ\J[2B � X \^gOgOB�gOB;H^I EGjYB�I�\ EGj'B�P QahVj'MOgZB;EGj'B�E�htH][2\^EGB�PQWa\JgZgZ���
MOWYj'BRPTMZEGB�L � k�\JgOgZBRgZBRFV\JPTB�	0*�� ��WYHJE�	0*�: ��c�BRDR\J`'FTB
EGjYB��.htBRPQB
MOW'jYBRPQMrEGB�LXI>PTHU[ L'Mr@CB�PQBRW�E � k
\JgZgOBRgZBRF�HJI�EGjYBy[2H^EGj'B�P 8.	�W KYPG\JD EGMOD�B QAFT`'Dmj MOW'jYBRPQMrEm\JWYDRB]MZWYI>HUPT[]\^EQMOHUW �8EGj'B.\^PQPQH9hVF MZW EGjYB
NUPQ\JK'j �)MZF HJI8EGB�W_W'HJE
\�}^\JMOgO\Jc'gZB 8+��j'BRPTB�\JPQB%E�htH�[]\JMZW�E��*K5B�F HJI�[2MZFQFQMZW'N;MZWYI>HUPQ[2\^EQMOHUW 8+�)MOPQFiE Q
hVj'B�W�EQj'B_NUB�W'HJE��*K5B_H^I%\yFTMOW'NJgOB�MZW'L'Mr}!MZL'`a\Jg�MZF;DRHUgZgOB�D�EGB�L c��{EGjYB `'FQ`'\JgA[�B�EGjYH!L QCMZE;MZF;W'HJE
K�HUFQFTMOc'gZBfEQHqLYMOFTEQMOW'NJ`'MOFTjzEQj'B2K'\^EGB�PQWa\JgZgZ����MZW'j'B�PQMZEQBRLz\JgZgOBRgZB�I>PQHJ[ EGj'B�[]\ EGBRPTWa\JgZgZ����MZW'j'BRPTMZEQBRL
\JgZgOBRgZB 8 �a`'PTEQj'BRPT[2HJPQB Q�W'H^E \JgZgAgOH*DRM)hVMOgOg c�B_E��*K5B�L I>HUP�\JgOg MOW'L'Mr}*MOL'`a\^gOF 8 	�WzEGja\^E�DR\JFQBVQ)EGjYB
	0*�: FTEm\ EG`'F�[]\�� WYHJE�c5BX`'Wa\J[�c'MONU`YHU`'FQgr� L'B EGB�PQ[�MOW'B�L 8O	�W EGj'Bq\Jc�H9}UBXB � \J[�K'gOBVQ%MZI�EGjYB
Ka\JPTBRW�EGF
h%B�PQB]WYHJE NUB�W'HJE��*K�BRL \^E�EGj'B2gOH*DR`'F Q)EQj'BRW c'\JFQB�L HUW EQj'B2NJBRW'HJE��*K�ByLa\^EG\XI>HUP�EGjYB
Dmj'MZgOL'PTBRW QYEQj'B4	0*�: FiEm\^EQ`'FVDRHU`YgOLdW'HJEVc�B�L'B�EQBRPQ[�MOWYBRLdI>HUP�BRMrEGj'B�P � X
\JgZgOBRgZB HUP � k�\JgOgZBRgZB 8
��j'B]LYMOFTEQPQMZc'`YEGMZHUWzHJI�	0*�:bFTEm\ EGBRF�I>HUP
\XKa\^MOP�HJI�MZW'L'MZ}*MZL'`a\JgZF Q 
 � ���������	�
����� � Q�hVj'BRPTB
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� � � ��� U]\JgZgOBRgZBRF�FQja\^PQBRL 	0*�: c��qEGj'B K'\JMOP � Q � � � � ��X_\^gOgOB�gOB�FQja\^PQBRL 	0*�: c��XEGj'B_K'\JMOP � Q
\JW'L � � � � � TV\JgZgOBRgZBRF�FQj'\JPQB�L 	0*�: c��
EQj'B%K'\JMOP � Q D�\JW c�B
`'FQB�L EGH;FT`'[2[2\JPTM �RB Ka\^MOPThVMZFQB
PQB�g�\ �
EGMZHUW'FTj'MOK'F 8��aHUPVB � \J[�K'gZB�
 � ��X � o � X � T � X � o � I>HUP�\fI>`'gZgr�xFQMOcdKa\^MOP Q'hVjYMOgOB 
 � ��X � T � X � T �9U �

I>HUP�\ ja\JgrI���FQMZc Ka\JMOP 8�J�MZW'FQjYMOK DRH*B ��DRMZBRW�E��bMOFf\JWYHJEGj'B�PfK5HUFTFQMZc'gOBdFQ`Y[2[2\JPT� HJI;K'\JMOPihVMOFQB
PQB�g�\^EQMOHUWYFQj'MZK'F 8#*tB�E�htBRBRWXE�h%HfMZW'L'MZ}*MZL'`a\JgZF�� \JWYL��;Q�� MZFeEGj'BSK'PTHUca\JcYMOgOMrE��_EGja\ E�\ PG\JW'LYHU[2gr�
FQB�gOB�D�EGB�L \JgZgOB�gOB I>PTHU[ MOWYL'MZ}*MOLY`a\Jg��t\JW'Lq\fPG\JW'LYHU[2gr�]FTBRgZBRD�EQBRL{\JgOgZBRgOB�I>PQHU[ MZW'L'Mr}!MZL'`a\Jg��]\JPTB
	0*�:R8;��HJEGBSEQja\^E	� MZF�\_I>`YW'D�EQMOHUWdHJIvEGj'B4	0*�: K'PTHUca\Jc'MZgOMrEGMOB�F Q
� � �	� � o	� ��� � T�8

���
� � .�% 
��,��%�	 %�� ��.$���, �)$	�� � 
�(* $� 	

,qBRMZHUFQMZF�MZF�\�L'Mr}*MOFQMZHUWXK'PQH*DRB�FQF LY`'PQMZW'N�hVjYMODmj \^W{BRNJN2HUP�\fFQK�BRPQ[ D�BRgOg+MZF�I>HJPQ[�BRL 8��SWYB
MO[�K�HUPTEG\JW�EAFTEQBRKfMOW_[�BRMZHUFQMZF MZF EGj'B�PTBRD�HU[ c'MZWa\^EGMZHUW�HJP DRPQHJFQFQH9}JBRP c5B E�h%B�BRW]\;Ka\JMOP)HJI�Dmj'PQHJ[2H^�
FQHJ[2B�F 8�:;`'PQMZW'Ny[�BRMZHUFQMZF QCBR\JDmj�Ka\JMZP HJI Dmj'PTHU[�HUFQHU[�BRF �aPQFiE�[2MZW'NUgOB�EGHJNUB�EQj'BRP EQH.B � Dmja\JWYNUB
NUB�W'B�EQMOD [2\^EGB�PQMO\Jgv\JDRD�HUPQL'MZW'N]EQHd\yFTEGH*Dmja\JFiEGMZD K'PQH*DRB�FQF Q EGj'B�W EGj'B � FQB�Ka\JPQ\^EGBf\JWYL EGPG\^W'FQ[�MZE
HUW'gr�_HUW'B�Dmj'PTHU[2HJFQHU[�B�FiEGPQ\JW'L]MZW2BR\JDmj]B�NUN�HJP
FTK5B�PQ[ EGH�EGj'B�W'B � EtNUB�W'BRPQ\^EGMZHUW 8H��j'B�EGPQ\JW'Fi�
[�MZEQEQBRLXDmj'PQHJ[2HUFTHU[�B
FiEGPG\^W'L{MZF \�[2M � EQ`'PQB�HJI)EGj'B
HUPQMZNUMOWa\^gCE�h%HK8�� \JDmj{Dmj'MOgZL{MOF�\�K'PQH*L'`'D E
HJIvE�h%H�MOWYL'BRK�BRW'LYBRW�E [�BRMZHUFQB�FVDRHUPTPQBRFTK5HJW'L'MOWYNfEQHAQ'PTBRFQK�BRD EGMr}UBRgr�WQaEGjYB�I>HJPQ[2\^EGMZHUWyHJI \�FTK5B�PQ[
DRB�gOg
\JW'LzEGj'BfI>HUPT[]\^EQMOHUW H^IV\JWzBRNUNqDRBRgZg 8 � MONU`YPQBEXW8 TdMZgOgO`YFTEGPQ\^EGB�FSEGj'B�PQBR\JgOM ��\^EQMOHUW'F HJIeI>HU`'P
MOWYL'BRK�BRW'LYBRW�E�[2B�MOHUFTBRF Q-, X Q�,.T�Q-,{k \JW'L ,qoAQ K'PTBRFTBRW�E�MOW \ FQMZ[2K'gZB]K�BRL'MZNUPQB�B 8 � 	�W EGjYB
K�BRL'MZNUPQB�B�NUPQ\JK'j QC\]F ��`a\JPTB L'B�W'HJEGB�F�\][2\JgOBVQ5\^W'L�\]DRMZPQD�gOB�L'BRW'H^EGBRF;\2I>BR[2\JgOBV8�	�W'LYMZ}*MOL'`'\JgOF
hVj'HUFTB�Ka\JPTBRW�EGF
\JPTBeW'HJE MZW�EGjYB�NUPG\JKYjf\JPQBeDR\JgOgZBRL�I>HJ`'W'L'B�PQF Q*\JWYL_MOW'L'Mr}*MOL'`a\^gOF�hVj'HUFQB�K'\JPQB�W�EQF
\JPTB MOW�EGj'B NUPG\JKYjy\JPTB D�\^gOgOB�L]W'HJWYI>HU`'W'LYBRPQF 8 � ��j'B;MZgOgZ`'FTEQPG\^EQBRLfI>HU`'P
[2B�MOHUFTMOFt\JPQB�I>HUP
EQj'B E�htH
W'HUW!I>HU`'W'L'B�PQF Q'M 
pB 
�EGj'B�E�h%HfFQMZc'F 8��)MONU`'PTBPX 8 T \JgZFQH
FQj'H9hVFVNUBRWYHJE��*K5B;L'\^Em\_\^EtEGj'PTBRB;LYMZ@5BRPQB�W�E
gOH*DRM'I>HJPt\^gOg'EGjYB�I>HU`YPtMZW'L'MZ}*MZL'`a\JgZF 8L� gOgZBRgZBRF
\^E
L'MZ@5BRPTBRW�EtgOH*DRM�\JgZHUW'N�HUW'B�Dmj'PQHU[�HUFTHU[2BVFiEGPG\^W'L
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a3 a3

b3

c4 c4

a1a1

b3

a1 a3 a3a4

b2 b2 b3

c4 c4 c5 c6

c5 c6

b3

b3

b2

haplotype

crossover
point

M1 M3 M2 M4

� MONU`YPQB XW8 T�65,qB�MOHUFTBRF QaD�PQHUFTFQH9}UB�P;\JWYLqja\^K'gOHJE��*K�B

crossover processes along the chromosome

0
1
2

IBD process along the chromosome

t

t

D(t)

I  (t)

I  (t)

I  (t)

I  (t)

M1

M2

M3

M4

�������������� "!$#&%'�)(+*)*)(-,+�.�0/21�35476'8:9���(<;=�.*�*)�.*
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DRHJW'FTEQMZEG`!EGB�\ ja\JKYgOHJE��*K�B Qa\JWYLd\JgOgZBRgOB�F%MZWyEGj'B;j'\JK'gOH^E��!K�B�\JPTB;FG\JMZLyEGH_c�BSMOW.K'j'\JFQBV85	�WdK'PQ\JD �
EGMZDRBVQac5B�D�\J`'FTB�MrE�MZFVW'HJE�K5HJFQFQMZc'gOBSEQH2L'MZFTEQMOW'NU`YMOFQj.EQj'B
K'\^EGB�PQWa\JgZgZ����MZW'j'B�PQMZEQBRLd\JgZgOB�gOB I>PTHU[ EGjYB
[2\^EGB�PQWa\JgZgZ����MZW'j'B�PQMZEQBRLq\JgOgZBRgZB�ca\JFTBRL�HUW EGjYBf\9}^\JMZg�\JcYgOB�NUBRW'H^E��!K�BfLa\^EG\.\^ESB�\^Dmj6gZH!D�`'F Q MrESMOF
L'M �2D�`'gZE�EQHfL'B�EQBRPQ[�MOWYB;EGj'B�K'ja\^FQB�HJIA\^gOgOB�gOB�F�\^EVL'Mr@CB�PQBRW�E�gOH*DRM 8
�aHUP \�NUMZ}JBRW PTB�\JgZM �R\^EGMZHUWdHJI \2[�BRMZHUFQMZF���B 
pN 
 ,qo � QC\�DRPQHJFQFQH9}JBRPSK�HUMOW�E Q�\JF�MOgZgO`'FiEGPG\ EGBRLdMZW

� MZNU`'PQB=X 8 T�Q�MZFSL'B �aWYBRL6EQHdc5B_EGjYB2K'gO\JDRB hVjYBRPQBfEGjYBRPQB�MOF�\.FihVMZEGDmj6c5B E�h%B�BRW EQPG\JWYFQ[�MOFQFTMOHUW
HJI EQj'B Ka\^EQBRPTWa\Jg":
��� \^W'L EGPQ\JW'FQ[�MOFTFQMZHUW{HJI EQj'B [2\^EGB�PQWa\^g":
�
� 87��j'BRW htB_D�\JW{L'B �aWYBf\
DRPTHUFQFTH9}UBRPSKYPQH*DRBRFTF � � � � � � Q�hVj'B�PQB!� � � �VMOF \JW MOWYL'MODR\^EGHUP Q�\^E;gZH!DR\^EGMZHUW � \^gOHUW'N�EGj'B
Dmj'PQHJ[2H^�
FQHJ[2BVQaHJI hVj'B EGj'B�P \^WqHJ@5FQKYPQMOWYN2MZW'j'BRPTMZEQBRLX\�NJMZ}UB�WqK'\JPQB�W�E �lF�Ka\^EQBRPQW'\Jg�\JgOgZBRgZB � � � � � � U �eHUP
[2\^EGB�PQWa\Jg
\JgZgOB�gOB � � � � � � X � 82��H^EGB2EQja\^E�EGj'B]DRPQHJFQFQH9}JBRP K'PTH!D�BRFTFQBRF I>HJP
L'Mr@CB�PQB�W�E�Dmj'PQHJ[2H^�
FQHJ[2B�FS\JPQB \JFQFT`'[2B�L EGHyc�B MZW'L'BRK�BRWYL'BRW�EShVMZEQj'MOW \][2B�MOHUFTMOF QC\JWYL EGj'B D�PQHUFTFQH9}UB�PSK'PQH*DRB�FQFTBRF
I>HUPtL'MZ@5BRPTBRW�E�[�BRMOHJFQBRF%\JPQB;\JgOFTH_\JFQFT`'[�BRLyEGH_c�B MZW'L'B�K5B�W'L'BRW�E 8��aHUP
Dmj'PQHJ[2HUFTHU[�BRF�, X Q;,DT�Q
,{ky\^W'L ,qoyMZWD� MZNU`'PQB XW8 T�Q �)MONU`'PTB X 8�k]LYBRK'MZD�EGF�EGj'B�DRHUPTPQBRFTK5HJW'L'MOWYNyDRPTHUFQFTH }JBRPSK'PTH!D�BRFTFQBRF Q
� � ��� � � � � Q � � ��� � � � � Q � � ��� � � � �.\JW'L � � ��� � � � � 8 �%HUWYFQMOLYBRP
E�htH gOH*DRM HJW \{Dmj'PTHU[2HJFQHU[�B Q

� � \^W'L � � 8 ��B�DRHU[ cYMOWa\^EQMOHUW c5B E�h%B�BRWwEQj'B.E�h%H�gZH!D�M%L'B�W'HJEGB�F�EQj'B.B�}JBRW�E�EGja\^E_EQj'Bd\JgZgOBRgZBRF
\^E � ��\JW'L � ��htBRPTBfMOW'j'B�PQMrEGBRL I>PTHU[ LYMZ@5BRPQB�W�E�HUPQMZNUMOW'F ��Ka\ EGBRPTWa\JgAHJPS[]\^EQBRPTWa\JgA\^gOgOB�gOB�F � Q5M 
pB 

� � � � � � Uq\JW'L � � � � � � XWQ)HUP�� � � � � � Xy\JWYL � � � � � � UK8/�aHUP�B � \J[�K'gOBVQ)MZW � MZNU`'PTB2XW8 T�Q
EGjYBRPQB�MOF
PQB�DRHU[ cYMOWa\^EQMOHUW�c�B�E�htBRBRW.EQj'B�E�htH gOH*DRM � \JW'L	��HJW]Dmj'PTHU[2HJFQHU[�B', XW8#��j'B PTBRD�HU[f�
c'MZWa\^EGMZHUW.I>PG\JD EGMZHUW�
fc�B�E�htBRBRW E�htHygZH!D�M+MOF�EGj'B�W L'B �aW'BRLqEGH]c�B�EGj'B�K'PQHJca\Jc'MZgOMZE��2EGja\ E�EQj'BRPTB
MOF�PQB�DRHU[�c'MOWa\ EGMOHJWXc�B�E�htBRB�W EGj'B�E�h%HygZH!D�M+L'`'PTMOW'N]\2FQMZW'NUgZB�[�BRMZHUFQMZF 8$��W'L'B�P;FQHU[�B�[2MZgOLX\JFi�
FQ`Y[2KYEQMOHUWYF Q�MZEAD�\JW�c5BVFTj'H9hVW�EQja\^E�
;ja\JF
\JWf`'K'K�BRP c�HU`'W'L�HJI"X 0WT �>FQBRB�B 
pN 
 ,XD ()B�BR|EX �%��� � 8

 � X � T
c5B E�h%B�BRWdE�h%HfgZH!D�M5MZ[2K'gZMOB�F EQja\^EV\^gOgOB�gOB�F%\^EtEGj'B gOH*DRM�FQBRNJPQBRNU\^EGBSMZW'L'BRK�BRWYL'BRW�EGgr�y\^W'L
\JPTBX`YW'gOMZW'|JB�L 8 &+MOW'| \JNJB.MOFfDmja\JPQ\JD�EQBRPQM �RB�L�c��

�� X � T�8 ��
 � U�MOFfDR\JgOgZBRL DRHU[�K'gZB�EGBdHUP
K�BRPTI>B�D�E�gOMZW'| \JNUBV8 �
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\JPQMZHU`'F�FTEQH!Dmj'\JFTEQMOD
[2H*L'BRgZF+ja\�}UBtc5B�BRW�KYPQHUK�HUFQB�L
EQH�L'B�FQD�PQMOc�BtEQj'B `'W'L'B�PQgr�!MZW'N�DRPQHJFQFQH9}JBRP
K'PTH!D�BRFQF 8'��j'B [�HUFiE;DRHJ[2[�HUW'gr�.`'FQB�L HUW'B MZF�DR\JgOgZBRLXEGj'B ��\JgOL'\JW'B�W'H^��MZW�EGBRPiI>BRPTBRW'D�B [2H*L'B�g 8
��WYL'BRPAEQj'MOFA[�H*L'BRg QJEGj'BtEGPG\^W'FQMrEGMOHJW K5HJMOW�EGFAH^I�EQj'B�DRPTHUFQFTH9}UBRP
K'PTH!D�BRFQF � � � � � �VI>HUPQ[ \
()HUMZFQFTHUW
K'PTH!D�BRFQF
hVMZEGj PG\^EQB.XyK�BRPR,qHUPQNU\JW ��\q`'W'MZE�HJI�NUB�W'B�EQMOD2L'MOFiEm\JW'D�B � 8 �%HUW'FTB���`'BRW�EQgZ�WQ � � � � � �
D�\^W c5B�}*MOB�htBRL \^F \qD�HUW�EGMZW*`YHU`'Fi� EGMZ[2B ,{\JPT|JH9} Dmj'\JMOW HJW FTEG\^EGB�F U{\^W'L�XWQvhVMZEGj � DRHUPTPQB �
FQK�HUW'LYMOW'N]EQHyNUB�W'B�EQMOD L'MZFTEG\JW'DRB ��MZW `'W'MrEGF H^I-,qHUPQNU\JW'F ��\JgOHUWYNy\]Dmj'PTHU[�HUFQHU[�B 8
,qHUPQNU\JW MOF
\.[2BR\JFQ`YPQBfHJItNUBRW'B EGMZD�LYMOFTEG\JW'D�B Qv\JW'L�MZE�MZFSL'B �'W'BRL6FQH.EGja\ E�EQj'BfMOW�EGB�W'FQMrE�� HJI
EGjYB�KYPQH*DRBRFTF
MOF�\JgZh%\��*F XW8.��`YW'D�EQMOHUW'F�EGja\ E FQK�BRD�MZI8��EGjYByPQB�g�\^EQMOHUW'FTj'MOKYF
c�B�E�htBRB�W NJBRW'B EGMOD2L'MOFiEm\JWYDRBy\^W'L
PQB�DRHU[�c'MOWa\ EGMOHJW�I>PQ\JD�EQMOHUW]\JPQB�D�\JgZgOBRL2[]\^K2I>`'W'D EGMZHUW'F 8B��j'B
� \^gOLa\JWYB W'H^�xMOW�EGB�PTI>B�PQBRWYDRB [�H*L'BRg
MO[�K'gZMOBRFt\ FQK�BRD�M��aDS[2\JKyI>`'WYD�EGMZHUW 6 
 � ��X � � �

� � � � T�Q!hVj'B�PQB�� � � � � � � ��� 8H� grEGj'HJ`'NUjyEGjYB
� \^gOLa\JWYB�W'H ��MOW�EQBRPTI>B�PQB�W'DRB�[2H*L'BRg�MZFtD�HU[2[�HUW'gr� `'FTBRL.MZWy\JWa\^gZ�*FQMZF Q�EGj'B \JD�EQ`a\Jg�La\^EG\
L'H�DRHUW!�
Em\^MOWyMZW�EQBRPiI>BRPQB�W'DRB � �%HUc'cYF
X ��sJ� � �*EG\J[ X ��s�� � ��HJFQF ��� ��� 
 X ���Uk � ,XD ()B�BR|.\^W'L/�!K�BRBRL X �%��n �
�Cja\JH ��� ��� 
+X �%��n � 8-	xE�ja\^F�c�BRB�W{FQjYH hVWqEGja\^EVEQj'B�� � [�H*L'BRg hVMrEGjXKa\JPG\^[2B EGBRP�� KYPQH9}*MOL'B�F
\_PQBR\JFQHUW'\Jc'gOB �'E�EGH_EGjYBSPQB�\^g La\^EG\K8��aHUPej�`'[2\JW'F QA&�MZWd\JW'L2�!K�BRB�L �0X �%�%� �
BRFTEQMO[2\^EGB�Ly}^\JgO`'B
HJI	� EQH�c�B�oA8#��j'MZF�MZF�L'MOFTDR`'FTFQB�LqI>`'PiEGj'B�P�MZW2�!BRD EGMOHJW.T%8 T�8poA8
�%HUW'FTMOL'B�PV\ K5B�L'MONUPTBRB;hVMrEGj�
qI>HU`'WYL'BRPTFV\JW'L
� W'HUWYI>HJ`'W'L'B�PQF ��B 
lN 
YEGj'BSFTMO[�K'gOB�K5B�L'MONJPQBRB

hVMZEQj T2I>HU`'W'LYBRPQF�\^W'L T]W'HUWYI>HU`YW'L'BRPTFSMOW � MZNU`'PTB XW8 T � 84��j'B�PQB�\JPTB T�� [�BRMZHUFQB�F;K'PQB�FQB�W�E�MZW
EGjYBSK5B�L'MONUPTBRBVQYE�h%HfI>HUP�BR\JDmjdHJI)EQj'BSW'HUW!I>HU`'W'L'B�PQF 8��aHUP%EQj'BSPQBR\JgOM ��\^EQMOHUW2HJIvEGj'B�� 	�� [�BRMZHUFQMZF Q
\yDRHJPQPQB�FQK�HUW'L'MZW'N.DRPTHUFQFTH9}UBRP�K'PTH!D�BRFQF � ����� � � �]DR\JW c5B_LYB �aW'B�L 8 ��jYB �THJMOW�E;K'PTH!D�BRFTF � < �>� � � Q
hVj'B�PQB
< �8� � � � � � � � � � � � � � � � 
 
 
 � � ��� � � � � � � � ��� � � � � Q^L'B�FQD�PQMOc�BRF�EGjYB
HJ`YEGD�HU[2B�F)H^I'\JgZgU[�BRMOHJFQBRF�MZW
EGjYB�K�BRL'MZNUPQB�B Q*\JW'L2MZE D�HUW�Em\JMZW'F DRHU[�K'gOB EGBVMOW!I>HUPQ[2\^EGMZHUW HUW�EGj'B�MOWYj'BRPTMZEm\^W'DRB�Ka\ EQEGB�PQW2MOWfEGja\^E
K�BRL'MZNUPQB�B 8 ��WYL'BRP�EGj'B ��\JgOLa\^W'B_W'H^�xMOW�EGB�PTI>BRPTBRW'D�Bf[2H*L'BRg Q � < �>� ���]htHU`'gZLzc�B�\.DRHUW�EGMZW�`'HU`'F �
EGMZ[2B�,{\JPT|JH9} PQ\JW'L'HJ[~h%\JgO|�HUW EQj'B%}UB�PTEQMODRB�F HJI�\
T�� � LYMO[�BRW'FTMOHUWa\^g!j��*K5B�PQD�`'c5B�� :;HUW'W'B�gOgOB �
X �U�Jk � 8"�aHUP \�Ka\JPTEQMOD�`'g�\JP�gZH!DR\^EGMZHUW ��� Q^< �8� � � � � � � � ��� � � � � � ��� � ��
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MOWYj'BRPTMZEm\^W'DRB;}JBRD�EQHUP�L'B �aWYBRL{c��E&�\JWYL'BRP�\JW'L.�SPQBRB�W �0X �U��s � 8
�)H
B � EGB�W'L]EQj'B�MZL'B�\�HJII	0*�: FTEG\^EGB�Fe\^Et\�FQMOWYNUgOB�gZH!D�`'F
I>HJPt\�Ka\JMZP HJI MZW'L'MZ}*MZL'`a\JgZF QJhtB DR\JW

L'B �aW'B�EQj'B�	0*�: K'PTH!D�BRFQF
�  � � � � Q�hVMrEGj  � � � NUMr}!MZW'NSEGj'B�W�`'[ c�BRP
HJI�\JgZgOBRgZBRF FTja\JPQB�L 	0*�: c��
EGjYB Ka\JMZP;\^ESgZH!D�`'F � \JgZHUW'N]\yDmj'PQHU[�HUFTHU[2BV84��HJEQB�EGj'\^E EQj'BR	0*�: K'PTH!D�BRFQF �  � � � �fMZF;DRHJ[f�
K'gZB�EGB�gZ�2L'B�EQBRPT[2MZW'BRLdc��yEGjYB �THUMOW�E�MZW'j'BRPTMZEG\JW'DRB K'PQH*DRB�FQF � < �8� ��� 85�%HUW'FQMZL'BRPeEQj'B;I>`'gZgr��FTMOcyK'\JMOP
FQjYH hVW�MOW � MZNU`'PTB'XW8 T�QJhVMZEQj_EGj'BVDRHJPQPQB�FQK�HUW'L'MZW'NSDRPTHUFQFTH9}UBRPtK'PQH*DRB�FQFTBRF Q � � ��� � � � � Q � � �	� � � � � Q
� � ��� � � � � Q � � � � � � � ��FQjYH hVW�MOW �)MONU`'PTB'XW8lkK8H�)MONU`'PTB'XW8lk ��c�HJEQEQHU[~Ka\JPTE � MOgZgO`'FiEGPG\ EGBRFvEGj'B�D�HUPi�
PQB�FQK�HUW'L'MZW'N4	0*�: K'PQH*DRB�FQF �  � � � ��EQja\^E MOF D�HUW'FiEGPQ`YD�EGB�L2I>PTHU[ EQj'B �THUMOW�E MZW'j'BRPTMZEG\JW'DRB�KYPQH*DRBRFTF
� < �>� ��� Q�hVj'BRPTB < �>� � � ��� ��� � � � � � �	� � � � � � �	� � � � � � � � � � � � 8B	�W]K'PQ\JD�EQMODRBVQ!WYBRMZEQj'BRP EGjYB�MZW'j'BRPTMr�
Em\^W'DRB�K'PTH!D�BRFTF � < �>� � ��W'HUPAEQj'B$	0*�:�K'PTH!D�BRFQF �  � � � ��MOF HUc'FQB�PT}JBRL 8�	�W�\JL'L'MrEGMZHUW�EGH;EQj'BeE��*K5B�F
HJI)MOW'D�HU[�K'gOB EGB;La\ Em\_L'BRFTDRPTMOc�BRL{MZW/�!BRD EGMZHUW X 8�kKQ!EGj'B�La\^EG\f\9}^\JMZg�\JcYgOB;\^PQBSNUB�W'BRPQ\JgOgr�yL'MZFQDRPTB�EQB
HUc'FTBRPi}J\ EGMOHJW'F Q�M 
pB 
+NJBRW'HJE��*K�BfLa\^Em\X\^E�\dg�\JPTNUB W�`'[ c�BRP�HJI%gOH*DRMvI>HUP�FQHU[�B_MOW'LYMZ}*MOL'`'\JgOF;MZWz\
K�BRL'MZNUPQB�B 8�� MZNU`'PQB XW8 T_MOgOgZ`'FTEQPG\^EQBRFV\�FQMO[�K'gZB�DR\JFQB�MOWXhVj'MODmjqHUW'gr�.EGj'PTBRB�gOH*DRM�\JPTB
NUB�W'HJE��*K�BRL
I>HUP�\JgZg%EGj'BdMZW'L'MZ}*MZL'`a\JgZF 8M	�WwEQj'MOFfB � \^[2K'gZB Q
ca\JFTBRL HJW'gZ� HJW EQj'BdNUBRW'H^E��!K�B{L'\^Em\ I>HUP_EGjYB
MOWYL'MZ}*MOLY`a\JgOF Q�MZEeDR\JW'W'H^E�c5B L'MOFTDRBRPTW'BRL.hVj'B EGj'B�P�EGj'B E�htH

�
o \JgOgZBRgOB�F%HJI+EQj'B E�htHfFQMOcYF�\JPQB�	0*$�

HUP5	0*�:RQ*\JW'LyMrE
D�\JW'WYHJE%c�B LYMOFQD�BRPTW'BRL]hVjYB�EGjYBRP%EQj'B � XWQ � T
\JW'L
�
o�\JgOgZBRgOB�F HJICEQj'B�I�\^EQj'BRPt\JPTB

MOWdK'j'\JFQBV8
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�)H LYB�EGB�PQ[�MOW'BqhVj'B�EQj'BRPd\ PTBRg�\ EGMOHJW'FQj'MZK MZF]DRHJW'FQMZFTEGB�W�E.hVMZEGjwEGj'B HUcYFQBRPi}UB�L NJBRW'HJE��*K�B
La\^EG\XI>HUP
\qK'\JMOP�HJI�MZW'L'Mr}!MZL'`a\JgZF Q�MZE
MOF�`'FTB�I>`'g EGHq|*WYH h EQj'B]gZMO|JB�gOMZj'H!H*L 8 �)H{D�\JgZDR`'gO\^EGB_EGjYB
gOMZ|JB�gOMOjYH!H*L Q5���HUPQMZW'N�\JW'LO� EQE ��X ����s �R*%H*BRj'WY|JB \^W'L��%H � �0X �%��s �_\JFTFQ`'[�B.EGja\ E�EQj'B/	0*�:
K'PTH!D�BRFQF)MOFB,{\JPT|JH9}��8hVMZEQj \JW
MO[�K'gOMZDRMZE \JFQFT`'[�KYEGMZHUW�HJI'W'H MZW�EQBRPiI>BRPQB�W'DRB �)\JWYL \JK'KYgZ��\�jYMOL'L'B�W
,{\JPT|JH9}�[2B EGj'H*L 8B��H9h%B }UB�P Q'B � D�BRKYE%MOW�\SI>B�h�FTMO[�K'gOB�DR\JFQB�F Q!EQj'B�	0*�: KYPQH*DRBRFTFtI>HUP
\�Ka\JMZP HJI
MOWYL'MZ}*MOLY`a\JgOF+LYH!B�F)W'H^E)j'\9}JB%EGjYB�,{\^PQ|JH9}�K'PTHUK5B�PTE�� QJB�}JBRW_MrIYW'H�MOW�EGB�PTI>B�PQBRWYDRB%MZFv\JFQFT`'[2B�L 8H�aHUP
FQ`YDmj{\ Ka\^MOP Q�htBSK'PQHUK�HUFTB�\ W'B�h K'PQH*DRB�FQFehVj'MZDmj.h%BSDR\JgOg�EGj'BS\^`'NU[�BRW�EGB�L.,q\JPQ|^H }]K'PQH*DRB�FQF Q
EGj'\^E;ja\^F EGj'B�[2MZW'MO[ `Y[ W*`Y[ c5B�P;HJI FiEm\^EQBRF;W'B�BRL'B�L EGH.c�HJEGj D�HUW�Em\JMZW \JgZgvEQj'B MOW!I>HUPQ[2\^EGMZHUW
HJI EQj'BR	0*�: K'PTH!D�BRFTF�\JW'L FG\ EGMOFiI8�dEGj'B ,q\JPQ|^H }{K'PQHJK5B�PTE��W8
	�W hVj'\^E;I>HUgZgOH9hVF Q�h%B��aPQFiESFQj'H9h
EGj'\^E
EQj'B 	0*�: K'PTH!D�BRFQF�I>HUP�\qKa\^MOP�MOF�NUB�W'BRPQ\JgOgr� W'HJE�\.,q\JPQ|^H }6K'PTH!D�BRFQF QA`'FTMOW'Nq\qFTK5B�DRM��'D
B � \J[�K'gZB
HJIA\JW \�}*`'W'D�`'g�\^P Ka\JMZP 85� B�EGj'B�W DRHUWYFTEGPT`'D�E [2MZW'MO[2\Jg ��FTEG\^EGB \J`'NU[�BRW�EQBRL ,q\JPQ|^H }
K'PTH!D�BRFQFTBRF�I>HUPV\_W*`Y[ c5B�PVHJI)E��*K�BRF�HJI)PQBRgO\^EGMr}UBSKa\^MOPQF 8
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�aHUP \{K'\JMOP�HJI�HU`!EGc'PTBRL PQB�g�\^EQMZ}JBRF Q D�\JgZg
EQj'BR[ MOW'LYMZ}*MOL'`'\JgOF X.\JWYL)T�Q EQj'B 	0*�: KYPQH*DRBRFTF
�  	 ��MOF \yFTEGH*Dmja\JFiEGMZD K'PQH*DRB�FQFSNUMr}*MOW'N�EGj'B_W�`'[ c�BRP HJI
\JgOgZBRgZBRF�FQja\JPTBRL 	0*�: c��{EQj'B Ka\JMZP;\^E
gOH*DR`YF � \JgZHUW'N_Dmj'PTHU[2HJFQHU[�BRF 8#��ja\^E�MOF Q

 	 � X�� � ��� � � � � X�� � ��� � � � � X�� � ��� � �
� � X�� � ��� � � � �

hVj'B�PQB X�� ��� � � ��� MOF�EQj'ByMZW'L'MODR\^EGHJP
HJI�EQj'ByB }UBRW�EfEGj'\^Ef\JgZgOBRgZB �;HJIVMOWYL'MZ}*MOLY`a\Jg�Xd\JW'L \JgZgOB�gOB
� HJISMZW'L'MZ}*MZL'`a\Jg
Tz\^EygZH!D�`'F � \^PQB.	0*�:RQ hVMrEGj�\^PQc'MrEGPG\^PT� gO\Jc5B�gOMZW'N�HJI;EGjYB{E�h%H \JgOgZBRgOB�FfHJI
\JW�MZW'L'MZ}*MZL'`a\Jg 8F�aHUPyHU`YEQc'PQB�L PQBRgO\^EGMr}UBqKa\JMOPTF Q  	_Em\J|^BRF.}^\JgO`'B�FyMOW � U � X � T �{I>HUPyB�\^Dmj � 8

	�W HUPTL'BRP�EGH DR\JgOD�`'g�\^EQB�EQj'BygZMO|JB�gOMZj'H!H*L�MOW EQj'B]DR\JFQB�F_HJI�I>`'gZgr��FTMOc�Ka\JMZPQF�\JW'L ja\JgrI���FTMOczKa\JMOPTF Q
���HUPQMZW'N�\JW'L � EQE ��X �%��s ��\JW'L.*%H*BRj'W'|^B_\JW'LD�%H � �0X �%��s ��[2\J|^B
EGjYB�\JFTFQ`'[�KYEQMOHUWXEGja\^E�EGjYB
	0*�: KYPQH*DRBRFTF �  	��]MOF ,{\JPQ|^H9}78E��H9h%B }UBRP Q \JF�W'HJEGB�L c�� :;HUW'W'B�gOgr� ��X �J�Uk �S\JW'L ��B�MOW'NJHUgOL
��X �%�Uk � Q EGj'B/,q\JPQ|^H } \JFQFT`'[2K!EGMOHJW I>HUP �  	��dI�\JMZgOF�EGH j'HUgZL MOW NJBRW'B�PG\Jg Q \JgZEQj'HU`'NUj MZE LYH!B�F
j'HUgZL6I>HUP�\qI>B�h FTK5B�DRM�\^gtDR\JFQB�F�� ,���� E�hVMOW Q Ka\JPQB�W�ET��H^@CFTK'PQMZW'NAQA`'WYPQBRgO\^EGB�L Q I>`'gZgr�xFQMOc Qvj'\JgZI��xFQMOc
\JW'LXNUPQ\JW'L'Ka\^PQBRW�Ei��NUPQ\JW'L'Dmj'MZgOL.Ka\^MOPQF � QYhVjYBRW{WYH2MZW�EQBRPiI>BRPQB�W'DRB�MZFV\JFQFT`'[2B�L 8
�)H�`'W'LYBRPQFiEm\JWYL2hVj��_EGj'MZF MOF FTHAQ%�aPQFiE
DRHUW'FTMOL'B�P
\JW]\�}*`'W'D�`'g�\^P Ka\JMOP 8H&+B�E EQj'BVMOW'L'Mr}*MOL'`a\^gOF

c�Beg�\Jc�BRgZBRL X�� ��\JFAMOWR� MONU`YPQB�T�8 X Q^hVMZEQj FQj'\JL'BRLfMZW'L'MZ}*MZL'`a\JgZF)k \JW'L ��I>HUPT[2MZW'NVEGj'B�\�}*`'W'D�`'g�\^P
Ka\JMZP 84��j'B ,{\^PQ|JH9} KYPQHUK�BRPiE�� PQB ��`'MOPTBRF;EGj'\^E Q+D�HUW'L'MrEGMOHJWa\Jg�HUW EGj'B 	0*�: }^\JgZ`'B! �� I>HUP EGjYB
\�}*`'W'DR`Yg�\JPXKa\JMZPd\^Eq\ gZH!D�`'F#" Q EQj'B 	0*�: }^\JgO`YBRFq\^EXgOH*DRM EQH EQj'B6PTMONUj�EdHJI�gOH*DR`'F#" \JPTB
MOWYL'BRK�BRW'LYBRW�EfHJI�EGjYB 	0*�: }^\JgO`'B�F \^E�gOH*DRM EGH{EQj'BygZB�I8E H^IVgOH*DR`'F!"P8D��j'By}*MOHJg�\^EQMOHUWzHJI�EGjYB
,{\JPT|JH9}qK'PQHUK�BRPiE��XMOWqEQj'B \�}*`'W'D�`'g�\^P�DR\JFQB_\^PQMOFTBRF�\JF�I>HJgOgOH9hVF 6%DRHJW'L'MZEQMOHUW'\Jg+HUWqEQj'B�W�`'[�c5B�P
HJI5\JgZgOBRgZBRF)FQja\JPTBRL 	0*�:�c��_MOW'LYMZ}*MOL'`'\JgOF kS\JW'L ��\^E gOH*DR`YF " Q�MZIaEQj'B " \JgZgOBRgZB%W'H^EAEGPQ\JW'FQ[�MZETEGB�L
I>PQHJ[ MOW'LYMZ}*MOL'`'\JgYo�EGH�MOW'LYMZ}*MOL'`'\Jg.��MOF FTja\JPQB�L 	0*�: c��fMOW'L'Mr}*MOL'`a\^gOF k�\JW'L�o �>D�\JgZgYEGjYMOF B�}JBRW�E
� � � QvEGj'B�W EGjYB2Dmja\^W'DRByMZF
MZW'DRPTB�\JFTBRL EQja\^E
MOW'LYMZ}*MOL'`'\JgOF�kq\JW'L �XFQja\^PQBy\^W \JgZgOBRgZB 	0*�: \^E
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(a1 a2) (a3 a4)

(a1 a3) (a2 ai) (a5 a6)

(a2 a5)

� MONJ`'PQB4T%8 XW6�(vBRL'MZNUPQB�B�I>HJPV\JWX\9}*`'WYDR`'gO\JPVKa\JMOP

\JW��6HJEGj'B�P gOH*DR`YF gOMZW'|JB�L EGH "P8 ��j'MOF�MOW'L'`YDRBRFf\qK5HUFTMZEQMZ}UB2DRHUPTPQB�g�\^EQMOHUW6MOW FTja\JPQMZW'N \^E gOH*DRM
gOMZW'|JB�L{EGH " Q5DRHUW'LYMZEGMZHUWa\Jg+HJWD	0*�: FTja\JPQMZW'N.\^E " 8�*t�XDRHUWYL'MZEQMOHUW'MZW'NfHUW{EQj'B�B }UBRW�E � � HUP
MZEQF DRHU[�K'gOB�[2B�W�E Q�h%B�FQjYH h MZW ��K'K�BRW'L'M � � EQja\^E
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Second individual’s genotype

Node: allele
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PG\ EGB T ��� �?X �fMZWwEQBRPQ[�F]H^ISNUBRWYB�EGMZD{L'MZFTEG\JW'DRBV8>��Em\JPiE.\^E2HUW'BqBRW'L�HJI EGj'BqDmj'PQHU[�HUFTHU[2B
\JW'LXg�\^c5B�gCEGj'B �aPTFTE�K�HUMOW�EVHJIvEGj'B�(vHUMOFTFQHUWXK'PQH*DRB�FQF�� �VQ'hVjYBRPQB�� �;MZF�Dmj'HUFQB�W{`'WYMZI>HUPT[2gr�y\^E
PG\^W'L'HU[ I>PTHU[ MZW�EGBRNJBRPQF � U � X � 
 
 
 � � � 8 �aHUP�\^gOg � � XWQ�gO\Jc5B�g)EQj'B ��EGjzK�HUMOW�ESHJI
EGjYB�KYPQH*DRBRFTF
��D�HU`'W�EGMZW'N�MZW2HJPQL'B�P
I>PTHU[ EGj'B�BRWYLyHJICEQj'B DmjYPQHU[�HUFQHJ[2B ��� � � � ��� � �>[2H*L � � X � 8H��jYBRW
B�}JBRPi��K5HUMZW�E;hVMZEQjzgO\Jc�BRgHU.MZF�\dD�PQHUFTFQH9}UB�P
K�HUMZW�E I>HUP;EGj'B I>HJ`'Pi�xFTEGPQ\JW'L�K'PTH!D�BRFQF 8 �)HXHUcYEG\JMOW
EGjYB�FTMOW'NJgOB �xFTEQPG\JW'L.D�PQHUFTFQH9}UB�P K'PTH!D�BRFTF Q�MOW'LYBRK�BRW'L'B�W�EGgZ�]EGj'MZWXBR\JDmjXK5HUMZW�EVHJI)EQj'BSI>HU`'P ��FTEQPG\JWYL
DRPTHUFQFTH9}UBRP�KYPQH*DRBRFTFthVMrEGjyDmja\^W'DRBRX 0WT�8#�%HJW'FQMZL'BRP%\�FQMZW'NUgOBVFiEGPG\^W'LyMOWYj'BRPTMZEGB�L]c��]\JW]HJ@5FQKYPQMOWYN
I>PQHJ[ MZEGFfKa\^PQBRW�E 8 �aHUP2\�NUMZ}JBRW�Dmj'PTHU[�HUFQHU[2\Jg�gZH!DR\^EGMZHUW � Q�L'B �'W'B�� � � � � ��� � � � ����� � � � Q
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hVj'B�PQB � � � � � � � I>HJP � � � � � � � � � Q � � c�BRMOWYNXEQj'B2K�HUFTMZEGMZHUW�HJIeEQj'B�� 	�� K5HUMZW�E
H^I%EGjYB
HUPTMONUMZWa\Jg (vHUMOFTFQHUW � T � � � X � �eK'PQH*DRB�FQF Q5\JW'L � � � � � X�MZI EQj'B�HJ@CFTK'PQMZW'N�MOW'j'B�PQMrEGBRL.EQj'B
NJMZ}UB�W
Ka\JPTBRW�E �pF�Ka\^EGB�PQWa\^g-:
�
� \JW'L UXMrItEQj'B2H^@CFTK'PQMZW'NdMOW'j'B�PQMrEGBRL�EGjYB�NJMZ}UB�W Ka\^PQBRW�E �lF�[]\ EGBRPTWa\Jg
:
��� \^ESgZH!DR\^EGMZHUW � 84��j'B�W � � � � � � � � � � � ��� � � ��MZF;\E,{\^PQ|JH9}{Dmja\JMOW hVMrEGj � � ��B � ESFiEm\^EQB
MOF ���7T ���AT � �I�%`YPQPQB�W�EfFTEm\ EGByMZF����+X ���7X � � � ���	� ��
 � ��
�
 �	� ��
 � ��
 Q hVj'B�PQB���� ��
 ��
�
 � � � ��
 ��
 � X]I>HUP
� � � U � X � 
 
 
 � � � X � Q � � � U � X � Q ��� � 
 ��
�
 � ��
 � 
 � X � TqI>HJP � ��� � � U � X � Q \JW'L \JgZgtH^EGj'B�P
BRW�EQPQMOB�F�\^PQB UK8 ��j'B2gOBR\9}*MZW'NqPQ\^EGB_I>HUP�BR\JDmj FTEG\^EGB�MOFPT � � �3X � 8 ��j'B2HUc'FQB�PT}JBRL La\ Em\qNJMZ}UB
Ka\JPiEGMO\JgeMOW!I>HUPQ[2\^EGMZHUW HUW � � � �_HJW'gZ� 8 ��j�`'F QeEGj'B.,{\JPT|JH9} Dmja\JMOW � � � � � � � � � � � � � � � � MOF
j'MZL'L'BRW 8 ��H9h D�HUW'FQMZL'BRPy\ Ka\JMOP2HJI�MOW'LYMZ}*MOL'`'\JgOF�MOW�\ K�BRLYMONUPTBRB 83:;B �aW'B FQ`YDmj \ jYMOL'L'B�W
,{\JPT|JH9}wDmja\JMOWwI>HUP2BR\JDmj�[�BRMOHJFQMOFfMZWwEGjYB K5B�L'MONJPQBRBVQV\JW'L�D�HUW'FTMOL'B�P2EGjYB{K'PTH!L'`YD�EE,q\JPQ|^H }
Dmja\JMZW � � � � � � � 
 
 
 � � � � � � � � � � � � � � � � � � � � � 
 
 
 � � � � � � � � � � � � � ��hVj'BRPTB � � � � � � ��� � � � � ��� � � � � �

MOF�EGj'BD,{\JPT|JH9}�Dmja\^MOWwI>HJP2EGjYB ��EQj�[2B�MOHUFTMOFfMOWwEGj'BqK5B�L'MONUPTBRBVQV\JW'L�EGjYBRPQB{\JPQB � [�BRMOHJFQBRF
MOWqEGHJEG\Jg 
7�!MZW'DRB�EGj'B [�BRMZHUFQB�FS\JPTB�MOWYL'BRK�BRW'LYBRW�E Q EQj'B�EGPQ\JW'FTMZEGMZHUW{KYPQHUca\^c'MOgZMZE��.[2\^EGPTM � MZF�EGjYB
��� I>HUgOL)JSPTHUW'BRDm|^BRP�K'PQH*L'`'D EfHJI�EGj'ByEQPG\JW'FTMZEQMOHUW K'PTHUca\JcYMOgOMrE��z[]\^EQPQM � I>HJPf\�FTMOW'NJgOBy[�BRMZHUFQMZF 8
	xI
NUBRWYHJE��*K5B_La\ Em\2I>HUP�EGj'B�Ka\JMOP�HJI
MOW'LYMZ}*MOL'`'\JgOFVMOF HUc'FQB�PT}JBRL Q EQj'BRW�MOW{K'PQMZW'DRMZK'gOB�EGj'BR*e\J`'[
\JgZNUHUPQMrEGj'[ D�\JW c�B.\JK'KYgOMOB�L6EQH{EGj'B]K'PQH*L'`'D E ,{\JPT|JH9} Dmja\^MOW EQH D�\JgZDR`'gO\^EGB�EGj'B]gOMO|^BRgZMOj'H*H!L 8
� F2MOW JSPQ`'NUgr��\J| ��� ��� 
 ��X ���%� � Q%\6PTBRL'`'D EGMZHUW MZW L'MZ[2B�W'FQMZHUWa\JgZMZE��6DRHU`'gZL c�B{\^Dmj'MOB }UBRL�c��
MOLYBRW�EGMrI8�!MZW'N�FiEm\^EQBRFeEQja\^EeLYMZ@5BRP%c��]HUW'B HJPe[2HJPQB MZW�EGBRPTDmja\JW'NJBRFeHJI+I>HJ`'W'L'B�PQF �YKa\^EGB�PQWa\^gOgZ��\^W'L
[2\^EGB�PQWa\JgZgZ��MOWYj'BRPTMZEGB�Ldja\JK'gZHJE��*K5B�F 8

?��Z? � , �t� / �!(���uv� � 3 $.
 
)� �!7+��4 $!� ��� 0

�)H PQB�L'`'D�B6EGjYBzD�HU[�K'`YEm\ EGMOHJWa\Jg cY`'PQL'B�W HJI
EGj'B�gZMO|JB�gOMZj'H!H*L QVHUW'B�FiEGPG\ EGBRN^� MOFyEGHw\JK!�
K'PTH � MZ[]\^EQByEGj'B/	0*�: K'PQH*DRB�FQF �  	 �{c�� \ ,{\JPQ|^H9} K'PQH*DRB�FQF � � 	�� Q
hVMrEGj EGj'BdK'PTHUca\JcYMOgOMrE��
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��� �  � � � ���  � � � � �;`'FQB�L \JF�EGj'BfEGPQ\JW'FQMrEGMZHUW�K'PQHUc'\Jc'MOgZMZE��XI>HUP � � 	 � Q�hVj'BRPTB � � \^W'L
� � gO\Jc5B�g'\JL �Q\JDRB�W�Et[2\JPQ|^BRPQF 8H��ja\^E
MZF Q � � 	 � MOF \�,{\JPT|JH9}�Dmja\JMZW�HJW]\SFQB E
HJI [2\JPQ|^BRPTF Q�hVMZEQj
� � � � � � � � � � � � �  � � � � ��I>HUP
\JgOg [2\JPT|JBRPTF � XWQ \JW'L � � � � � � � ��� � � � � � � �

� � �  � � � ���  � � � � ��I>HUP;\JgOg)\JL �Q\JD�BRW�E�[]\^PQ|JB�PQF � � \JW'L � �C8 ��j'MZF;h%HU`YgOL BRgZMO[�MOWa\ EGB
EGjYB�W'BRB�L2EGHSD�HUW'FiEGPQ`YD�Et\J`'NU[�BRW�EQBRL ,{\JPQ|^H9}_K'PQH*DRB�FQFTBRF I>HUP NUBRWYBRPG\^g'Ka\JMZPThVMOFTB�PQB�g�\^EQMOHUW'FTj'MOKYF 8
��j'B�gOMO|^BRgZMOj'H*H!L htHU`'gZL]EGjYBRW]c�B DR\JgOD�`'g�\ EGBRL�`'FTMOW'N � � 	 ��\JF
EGj'B�j'MZL'L'BRW=,{\JPQ|^H9}]Dmja\^MOW 8H��gr�
NUHUPTMZEQj'[2F�I>HUP;D�\^gODR`Yg�\^EQMOW'N�� � �  � � � ���  � � � � ��I>HUPSFTHU[2B_HJ`YEGc'PTBRLzPQB�g�\^EQMOHUW'FTj'MOKYF;\JPTB
L'MZFQDR`YFQFQB�L_MOWP:;BRW'WYMOFTEQHUW��0X ��sUn � Q ��j'HU[�K'FQHJW���X �J�U� �+\JW'LP��MZh%\JPQM*\JW'L � gOFTEQHUW��0X �%�%� � 8",qHUPTB
NUB�W'BRPQ\JgOgr�WQ!EQj'BSK'PTHUca\Jc'MZgOMrEGMOB�FtDR\JWdc5BSLYB�EGB�PQ[�MOW'B�L.I>PQHU[ � " �	 �
HUP � " ���	 � 8�� � KYgOMOD�MZEtI>HUPQ[ `Yg�\JB
\JPTB_L'BRPTMZ}UB�L c�� *%MZFQj'HJK6\^W'L � MOgOgZM�\J[�FQHJW ��X �%�WU ��I>HJP;I>`'gOg ��FQMZc QCj'\JgZI��xFQMOc Q Ka\JPTBRW�ET�xHJ@CFTK'PQMZW'NAQ
NUPQ\JW'L'Ka\^PQBRW�Ei��NUPQ\JW'L'Dmj'MZgOL QJ\�}!`YW'DR`'gO\JP \JWYL��aPQFiET�xDRHU`'FTMOW K'\JMOPTF 8"�6BeNUMr}UB
EGj'BeKYPQHUca\^c'MOgZMZEGMZBRF+MZW
� KYK5B�W'L'M � � I>HUP�ja\^gZI�� \�}*`'W'D�`'g�\^P Qvja\JgZI�� �aPQFiET�xDRHU`'FTMOW \JW'L ja\^gZI���FTMOc!�xK'gO`YFi� �'PQFTEi��D�HU`'FQMZW�Ka\JMOPTF 8
��H^EGB_EGja\ EP,����xE�hVMZW Q+Ka\JPTBRW�ET�xHJ@CFTK'PQMZW'NX\JW'Lz`'W'PTBRg�\ EGBRL�Ka\^MOPQFSj'\9}JB2LYBRNUB�W'BRPQ\^EGB 	0*�: K'PQH^�
DRB�FQFTBRF QVM 
lB 
AEGj'B�FQBXK'PQH*DRB�FQFQB�F.\JPTBXD�HUW'FiEm\JW�EyB }UB�PT��hVj'BRPTB 6 � �  � � � T �  � � � T � � XWQ

� �  � � � X �  � � � X � � X{\^W'L � �  � � � U �  � � � U � � XqI>HJPfEQj'BdEGj'PTBRB{DR\JFQB�F
PQB�FQK�BRD EGMZ}JBRgr�W8
�aHUPA\�}*`'W'D�`'g�\JP Q%�aPQFiET�xDRHU`'FTMOW QJja\JgZI���\�}!`YW'DR`'gO\JP Q ja\JgrI�� �aPTFTEi��DRHJ`'FQMZW_\JW'L j'\JgZI��xFQMOc*��K'gZ`'Fi� �aPQFiET�

DRHJ`'FQMZW6Ka\^MOPQF QvhtB�K5B�PTI>HUPT[ FQMO[�`'g�\^EQMOHUWqEGHXDRHU[�Ka\JPTBfEQj'B�gOMO|^BRgZMOj'H*H!L{D�\JgZDR`'gO\^EGB�L6`'FTMOW'NdEGjYB
\J`'NJ[2B�W�EQBRL ,{\JPT|JH9}_K'PTH!D�BRFTF ��DRHJPQPQB�D�E gZMO|JB�gOMZj'H!H*L �ChVMZEQj_EGj'BeMZW'DRHJPQPQB�D�E gZMO|JB�gOMZj'H!H*L�HUcYEm\^MOW'B�L
`'FTMOW'NdEGj'B ,{\JPT|JH9}6\JK'K'PTH � MZ[]\ EGMOHJW EGHdEGj'B 	0*�: KYPQH*DRBRFTF�\^F
L'B�FQD�PQMOc�B2\Jc5H9}JB 8=�;`'P�FQMZ[ `!�
g�\ EGMOHJWqD�HUW'FQMZFTEQF HJI$X U � PQB�K'gOMZD�\^EQBRFVI>HUP BR\JDmj HJI EQj'B��'}JB PQB�g�\^EQMOHUWYFQj'MZK'FVDRHUW'FTMOL'B�PQB�L QC`'FTMOW'Ny\
PQBR\JgOMZFTEQMODfFQB E HJIVk UWUq[�MOD�PQHUFQ\^EGB�gOgOMrEGB_[2\JPQ|^BRPTF
I>PQHJ[ EGj'B ,{\JPQFTj �aB�gOL [2\JK � *%PQHJ[]\JW ��� ��� 

X �%�J� � 8 ��j'B�FQBd[]\^PQ|JB�PQFf\JPTBy`'W'B }UB�W'gZ� FTKa\JD�BRLw\JgOHUWYN{EGj'B.NJBRW'HU[�B �>B � DRgZ`'L'MOWYN FQB � Dmj'PQH �
[�HUFQHU[�BRF � QV\JWYL�EGj'B � ja\�}JB L'MZ@5BRPTBRW�Ed\JgZgOBRgZB.I>PQB���`'B�W'D���L'MOFiEGPQMZc'`YEQMOHUW'F 8F�;`YE]HJISEGj'B X U �
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PQB�K'gOMZD�\^EQBRF Q�EQj'B [2\ � MO[ `'[ PTBRgO\^EGMr}UB�BRPQPTHUPQF�HJI EGjYB gOMZ|JBRgZMOj'H*H*LX`YFQMOWYN2EGjYB ,{\JPT|JH9} \^K'K'PQH � Mr�
[2\^EGMZHUW_\JPTB Q�PQB�FQK�BRD EGMZ}JBRgr�WQSX 
 T � X U � � Q;X 
 s � X U � � Q � 
 X � X U � � Q�� 
 X � X U � � \JW'L � 
&� � X U � �
I>HUPSEGjYB �'}JB]PTBRg�\ EGMOHJW'FQj'MZK'F 8 ��j'MOF�FQ`YNUNUBRFiEGF�EGja\^E Q \ E
gZB�\JFiE�I>HUP�EQj'B�D�\JFTBRF�D�HUW'FTMOL'B�PQBRL Q)EGjYB
,{\JPT|JH9} \JKYK'PQH � MO[2\^EGMZHUW�EGH EGjYB.gOMO|^BRgZMOj'H*H!LzMOF \JL'B���`a\ EGB 8 ��j'ByEQj'BRHUPTB�EQMOD�\^g%ca\JFTMOF H^I�EQj'MOF
PQB�FQ`'grEVI>HUP�NUBRWYBRPG\^g+Ka\JMOPihVMOFTB;PQB�g�\^EQMOHUW'FTj'MOKYF�W'BRB�L'F�EQHfc5B�B � \J[�MOWYBRL 8

 ��� � �+��	  $�������

�)H FTBRB EQja\^E]EQj'B \�}*`'W'D�`'g�\JP Q �'PQFTEi��D�HU`'FQMZW QVja\JgrI���FQMZc Qeja\^gZI�� �'PQFTEi��D�HU`'FQMZW Qeja\^gZI���FTMOc!�xK'gO`YFi�
�aPTFTET�xDRHU`YFQMOW 	0*�: K'PQH*DRB�FQFTBRFe\^PQBVW'HJE-,{\^PQ|JH9} QYMrEAhtHU`'gOL�FQ` �2D�B�EQH
KYPQH9}*MOL'B�\SDRHU`YW�EQBRPTB � \J[_�
K'gZB
MZW{B�\^Dmj D�\JFTB 8'��H9h%B }UBRP Q MOWqHUPQLYBRP�EQH]`'WYL'BRPTFTEm\^W'L EGj'B�\J`'NU[�BRW�EQBRL ,{\^PQ|JH9}qK'PQH*DRB�FQFTBRF
htB;MOW�EGPTH!LY`'DRBVQYMZEtMOFtW'BRD�BRFTFG\JPi�yEGH `YW'L'BRPTFTEG\JW'LyEGjYB;Wa\^EQ`'PQB;H^I EGj'B�}!MZHUg�\ EGMOHJW2HJICEGj'B4,q\JPQ|^H }
K'PTHUK5B�PTE�� Q'hVj'MODmjdh%B�W'H9h LYBRFQD�PQMZc5B�MOWd[�HUPQBSLYB�Em\^MOg 8
� MOPTFTE�D�HUW'FTMOL'B�P%EGj'B�\�}*`'W'D�`'g�\^P�D�\JFTB 8-�!`'K'K�HUFTB;EGj'BSNUB�W'HJE��*K�BRFV\^E�gZH!D�`'F " \JPTBS\JFeNJMZ}UB�W

MOW � MZNU`'PQB T%8 XWQ;hVjYBRPQBzEGj'Bz[2\^EGB�PQWa\JgZgZ�wMOW'jYBRPQMrEGB�L \JgZgOB�gOB HJI MOW'L'Mr}*MOL'`a\^g oAQ � � QSMZFdBRMZEQj'BRP

� � HUP � � 8 ��B�PQBVQVEQj'Bq\9}*`'WYDR`'gO\JP]Ka\^MOP�HJISMOWYL'MZ}*MOLY`a\JgOFfk6\JW'L �zFQja\^PQBDU6\JgOgZBRgZBRF 	0*�: \^E
gOH*DR`YF�" 8 �%HJW'FQMZL'BRP_\qW'B�\JPTc�� gOH*DR`YF!� EGHqEGj'ByPTMONUj�E�HJIVgOH*DR`'F�" Q gZMOW'|^BRL EQH " 8.�6B.\JPTB
MOW�EQBRPQB�FTEQBRL2EQj'B�L'MOFiEGPQMZc'`YEQMOHUW_HJI5EGj'BVW�`'[ c�BRP
HJIC\JgOgZBRgZBRF FQj'\JPQB�L 	0*�: c��fMZW'L'Mr}!MZL'`a\JgZF k�\JW'L �
\^E�gZH!D�`'F � D�HUW'L'MrEGMZHUWa\JgUHJW�EQj'B NUBRWYHJE��*K5B
MOWYI>HJPQ[2\^EGMZHUWS\^E�gZH!D�`'F " 8L� B [2\J|JBAEQj'BtPTBRgO\^EGMr}UBRgr�
htB�\J|w\JFQFT`'[�KYEGMZHUWwEQja\^E�EGj'B D�PQHUFTFQH9}UB�PyK'PTH!D�BRFQF]MOF2\ PQB�NU`'g�\^P�FiEm\^EQMOHUW'\JPT� K�HUMOW�E2K'PQH*DRB�FQF Q
hVMZEQjdDmj'M�\JFT[]\ MZW�EGBRPiI>BRPTBRW'D�B�K�BRPT[2MrEQEQBRL.c'`YE�hVMrEGjdW'HfDmj'PTHU[]\ EGMOL]MOW�EGB�PTI>BRPTBRW'D�B QaEGj'\^E�MOF QYEGjYB
Dmj'HUMZDRB�FtHJI Dmj'PQHU[2\^EQMOLfFTEQPG\JW'LYFtI>HUP L'Mr@CB�PQBRW�E
DRPTHUFQFTH9}UBRPTFV\JPQBVMZW'L'BRK�BRWYL'BRW�E�\^W'L]`'WYMZI>HUPT[28L	�W
EGjYB�B � \J[�K'gZB
FTj'H9hVW MOW.� MONU`YPQBPT�8 XWQ�MZI � � MOF � � Q�M 
pB 
�MrI EGjYB \JgZgOBRgZBSW'HJE�EGPQ\JW'FQ[�MZETEGB�LqI>PQHJ[ o
EGH �]MOF�FQja\^PQBRL 	0*�: c��qMOWYL'MZ}*MOLY`a\JgOF�ky\^W'L oAQ�EGj'B�W EGj'B
B�}UB�W�E�HJI�X_\JgZgOBRgZB�FQja\JPTBRL 	0*�: c��
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\JW'L �����! 2Q'c5B�D�\J`YFQB � � DR\JWXc5BSEGjYHU`'NUj�E�HJI \JFV\fI>`YW'D�EQMOHUWdHJI ��� 8

� �! � ��' 	�� (* $� ��� #+.$� 
� $	���� �-
/.$���,	��

� BqK5B�PTI>HUPT[ FQMO[�`'g�\^EQMOHUWYF EGH D�HU[2K'\JPQBXK5H9htBRPyH^I;EGj'B � �����RQ �����! .Q "$����� \^W'L
�����~EQBRFTEQF2I>HUPfL'B EGB�D�EGMZHUW HJI;[�MOFTFQK�BRDRM �aBRL Ka\JMZPThVMZFQBdPQB�g�\^EQMOHUW'FTj'MOKYF 8)� Bq\JgOFTH�MOW'D�gO`'L'BdMZW
EGjYB�D�HU[�Ka\JPQMZFQHUWyEQj'B �����~EGB�FTE�`'FTMOW'N_EGjYBSDRHUPTPQBRD E�\JgZEQBRPQW'\^EGMr}UB;PTBRg�\ EGMOHJW'FQj'MZK Q!hVjYMODmjdFQB EGF�\
c�BRW'Dmj'[2\JPT|�HJI�D�gOHUFTB EGH HUKYEGMZ[]\^g K�H htBRPdEGj'\^EXMOFdW'HJEdPTB�\JgZMOFTEQMODR\JgOgr� \^Dmj'MOB }J\^c'gOB�MOW K'PQ\JD �
EGMZDRB�hVj'BRW EGj'B6DRHUPTPQBRD E \^gZEGB�PQWa\ EGMZ}JB6PTBRgO\^EGMZHUW'FQjYMOK MOFd`'W'|�W'H9hVW 8 � (vH9h%B�P HJI������ `'FTBRL
j'B�PQB{MZFfFQgOMZNUj�EGgr� FQ`Yc5HUK!EGMO[2\Jg�c�BRDR\J`'FQBqHJI EQj'B{KYPQBRFTBRW'D�B HJI MOW�EGB�PTI>BRPTBRW'D�B Q�c'`!E2htB{B � K�BRD E
EGjYB]B�@5BRD E EGH{c5B]\JgO[�HUFTE�W'B�NUgOMZNUMOcYgOB 8/�*BRBE�!B�D�EQMOHUW)T%8 T�8poqI>HJP�EQj'ByB � EQBRW'FTMOHUW HJI%EGj'BygZMO|^BRgOM �
j'H*H!L�DR\JgOD�`'g�\^EQMOHUW EQHXEQj'BfD�\JFTB2H^I%MZW�EQBRPiI>BRPQB�W'DRBV8 ��	�W6HU`YP�MZW'MZEQM�\Jg)FQMZ[ `'g�\ EGMOHJW Q5htB2D�HUW'FTMOL'B�P
EGjYB�I>HUgZgOH9hVMOWYNyBRgZB�}UB�W PTBRg�\ EGMOHJW'FQj'MZK'F 6�,����xE�hVMOW QvK'\JPQB�W�Ei��HJ@5FQKYPQMOWYNAQ+I>`'gOg ��FQMZc Q ja\^gZI���FTMOc!�xK'gO`YFi�
�aPTFTET�xDRHU`YFQMOW Q'ja\JgrI���FQMZc Q�NUPG\^W'L'Ka\JPTBRW�ET�xNUPG\^W'L'Dmj'MZgOL QY\9}*`'WYDR`'gO\JP Q �'PQFTEi��D�HU`'FQMZW Q'ja\^gZI�� \�}*`'W'D�`'g�\^P Q
ja\JgrI�� �aPTFTEi��DRHJ`'FQMZW_\JW'Lf`'W'PTBRgO\^EGB�L 8"�6B�FQMZ[ `'g�\ EGB%[2\JPT|JBRP L'\^Em\ I>PTHU[ \^W2\^`YEGHUFTHU[2\Jg!NJBRW'HU[�B �
FQD�PQB�BRW I>HUPVhVj'MODmjqh%B�}^\JPi�dEGj'B�\JgOgZBRgOB;I>PTB���`'B�W'DRMZBRFS\JWYL []\^PQ|JB�P�PTBRFTHUgO`YEQMOHUW 8��;`'P�FQMZ[ `'gO\^EGB
FQD�BRWa\^PQMOHJF�MZW'DRgZ`'L'ByK'\JW'BRgZF_HJI�[2MZDRPQHJFG\^EQBRgOgZMZEQB2[2\JPQ|^BRPTF_B���`a\JgZgZ� FTKa\JD�BRLw\^EfPQB�DRHU[ cYMOWa\^EQMOHUW
I>PG\^D�EGMZHUW'F H^I'U 
 U�s�Q5U 
 X n \JWYLOU 
 TUn�Q hVMrEGj FQB � � \�}UB�PG\JNUB�L Dmj'PTHU[�HUFQHU[�B.gOB�W'NJEQj EG\J|JB�W I>PTHU[
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*%PTHU[]\^W ��� ��� 
 ��X �%�J� � Q�\JWYLqhVMZEQj{\^gOg+[2\JPQ|^BRPQF�ja\�}*MOW'NfEGj'B�\JgOgZBRgZB I>PQB �*`YBRW'D �{L'MZFTEQPQMOcY`YEGMZHUW Q
� U 
loCU �9U 
 T U �9U 
 T U � U 
 UUn �9U 
 U�n �9U 
 U�n �9U 
 U�n � 8M�6B \JgZFQH6FQMO[�`'g�\^EQBdFQMOWYNUgOBdW�`'DRgZBRHJEQMOL'BqK5HJgZ�*[2HJPi�
K'j'MZFQ[�F � �K��( F ��B���`a\^gOgZ�dFTKa\JD�BRL \^E�PQB�DRHU[�c'MOWa\ EGMOHJWXI>PQ\JD�EQMOHUW'FVHJI#U 
 U�X \JW'L.U 
 U�s�QahVMZEQjqEGjYB
FG\^[2B2\JgOgZBRgZB I>PQB���`'B�W'D��6L'MZFTEGPTMOc'`!EGMOHJW Q � U 
�s �9U 
�k � 8 ��j'B]\JgOgZBRgOB
I>PQB���`'B�W'DRMZBRF�I>HJP�EQj'BRFTByFQMZ[ `!�
g�\ EGBRLD�K��( \JWYL [2MZDRPTHUFG\^EQBRgZgOMZEQB;Ka\JWYBRgOF�\JPTB�Dmj'HUFTBRW FTH]EGja\ E�EQj'B�[2\JPQ|^BRPTF�htHU`'gOLqc5B
FQHU[�B �
hVja\^E�gZBRFQF�MZWYI>HUPT[]\^EQMZ}JB EGja\^WdEQj'B�MOL'BR\Jg Q!c'`YE�hVMrEGj'MZWyEGj'B�PG\^W'NUBSHJIvhVja\^E�[�MONUj�E�c�B;E��*K'MODR\Jg 8
�;`'P�PQB�FQ`'grEGFVFQjYH h EGja\^E�EQj'B�DRHUWYDRgO`YFQMOHJW'F�\Jc5HJ`YEVK5H9htBRPVDRHJ[2Ka\^PQMOFTHUW'FV\JD�PQHUFTF�EGj'B�FTEG\^EGMZFTEQMODRF
L'B�K5B�W'L }UB�PT� gZMZETEGgOBSHJW{EGj'B \JFQFT`'[2K!EGMOHJW'F;\Jc�HU`YE�EGjYB_\JgOgZBRgZB�I>PTB���`'B�W'D��{L'MOFiEGPQMZc'`YEQMOHUW'F 8'�;`'P
�aWa\^g+FQMO[�`'g�\^EQBRL.[2\JPQ|^BRPVKa\JWYBRg�MOF�ca\^FQBRLqHUW.EGj'B�[2\JPQ|^BRPTF \JD EG`a\^gOgZ��E��*K5B�L{MZWdEQj'BP�4�+� X X
�$�4�4� La\^EG\ � �*BRD�EQMOHUW{oA8 X � 8
��j'MOF�Ka\JW'B�g)MZF�[�HUPQB�PQBR\JgOMZFTEQMOD�c5B�D�\J`YFQB_[2\JPQ|^BRP�FQKa\JD�MOW'NJF;\JPTB
`'W'B ��`a\Jg hVMZEQjd\JWd\�}UB�PG\JNUB�MZW�EQBRPT[]\JPT|JB�PePQB�DRHU[ cYMOWa\^EQMOHUW2I>PG\JD EGMOHJWyHJI"UK8 X9kKQ'\^gOgOB�gOBVI>PQB �*`YBRW'D �
L'MZFTEGPTMOc'`!EGMOHJW'F�LYMZ@5BRP�\JDRPTHUFQF;[2\JPT|JBRPTF QC\JW'L FTHU[2B
[]\^PQ|JB�P La\ Em\y\JPTB�[�MOFTFQMOWYNA8
�6B�D�HUW'FTMOL'B�P
EGjYBSK5H9htBRP�HJI�EGjYBSj��*K�HJEGjYBRFQMZFeEGB�FTEGF�\^EeFQMONJW'M��aDR\JW'D�B;gOB }UBRgZFeHJI"UK8 U�n�QKUK8 U�XWQAUK8 UWU�n \^W'LEUK8 UWUKXW8
��j'BdFQMZNUW'M �aD�\JWYDRBygZB�}UB�geHJI�UK8 U�n{HUP U�8 UKXyhtHU`'gZL c5Bd\JKYK'PQHUKYPQM�\ EGB2I>HJPf\ FQMOWYNUgOB2j��*K�HJEGjYBRFQMZF
EGB�FTE 8���H9h%B }UBRP Q MOWXK'PQ\JD�EQMODRBVQ�htB�H^I8EGBRWqW'BRB�L{EGH2Dmj'BRDm|XI>HUPVK5B�L'MONJPQBRB�BRPTPQHUPTF MZW{\�[2H*L'BRPQ\^EGB
W�`'[ c�BRP
HJI K�BRLYMONUPTBRBRF hVMrEGj2\�gO\JPQNUBVW�`'[ c�BRP HJICKa\JMZPQF 8B��j'MOF DRPTB�\^EQBRF%\�K'PTHUc'gZBR[ HJIC[ `'grEGMOKYgOB
DRHJ[2Ka\^PQMOFTHUW'F 8B�vH
PTBRL'`'D�B�EQj'B�g�\JPTNUB�W�`'[ c�BRP HJI�I�\JgOFTB�K�HUFTMZEGMr}UB�FAEGja\^E htHU`'gZL2c�BVB � K5B�D�EQBRL QY\
gOH9htBRPAFTMONUWYM��aDR\JW'DRB%gOB�}JBRg!MOFAPTBRDRHJ[2[�BRW'LYBRL 8"	�WfEQja\^E D�\JFTB Q�EGj'B%FQMONJW'M��aDR\JW'D�BegOB }UBRg!HJI7UK8 UWU�n�HUP
UK8 UWUKXeD�HU`'gZL_c5B�`'FTBRL_EGH � � \JN �SKa\^MOPQF)EGja\^E \JPQBeKYPQHUc'gZBR[2\^EGMZD �>L'MOFTDR`'FTFQB�L2I>`'PiEGj'B�PAMOW �%ja\^KYEGB�P
o � 8
� gZg5FTMO[ `'gO\^EGMZHUW'F \JPTB K�BRPiI>HUPQ[�BRLy`YFQMOWYN
EGjYB � � MOW�EGB�PTI>BRPTBRW'D�BS[2H*L'B�g�I>HJPtD�PQHUFTFQH9}UB�PQF�hVMZEQj

MOW�EQBRPTI>B�PQB�W'DRB�hVMZEGjqKa\JPQ\J[2B EGB�P � � o2I>HJP�j�`'[2\JW'F Q5D�HUPQPTBRFQK�HUW'LYMOW'N�EGHy\�N�\J[�[]\_FTja\JK�B�Ka\ �
PG\^[2B EGBRP
HJI�n�Q \JF�FQ`'NUNJBRFTEQBRL c��6EQj'ByPTBRFQ`YgZEGF�HJI�&�MZW \JWYL��!K5B�BRL ��X �%�%� � 8.� grEGj'HJ`'NUj MrE MOF
DRHJW�}JBRW'MZBRW�E EQH]\^FQFQ`Y[2B�W'H]MZW�EGBRPiI>BRPTBRW'D�B
MZWXEQj'B
LYB�}UB�gOHUKY[2B�W�E \JW'LqMO[�K'gOB�[2B�W�Em\^EQMOHUWyH^I EGjYB
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EGB�FTEQMOW'Nd[�B�EGjYH!L'F Q+EGj'Bf\JD EG`a\^g La\^Em\.L'HdD�HUW�Em\JMZWzMZW�EGBRPiI>BRPTBRW'D�B 8 ��j�`'F QvMOW�HUPTL'BRP;EQHXNJMZ}UBf\^F
DRgZHUFQB�\JW6MOW'LYMOD�\ EGMOHJW�\JF
K�HUFTFQMOcYgOB_HJIeEQj'BfK5B�PTI>HUPT[]\^W'DRB�HJI%EQj'Bf[2B EGj'H*L'F�HUWzPQB�\^g
L'\^Em\KQ+htB
FQMZ[ `'gO\^EGB EQj'B2L'\^Em\.hVMZEQj6MZW�EQBRPiI>BRPQB�W'DRBV8=��j'B�W*`Y[ c5B�P
H^IePQB�K'gOMZD�\^EQMOHUWYFS`'FQB�L6EGH{\JFQFTBRFTF
EGjYB
K�H htBRP2MOFEX{[�MOgZgOMZHUW 8M��j'B �'}UB{EQBRFiEGMOWYN6[�B�EQj'H!LYF]\JPTB{\^Wa\JgZ� ��BRL HJWwEGjYBqFQ\J[2B X{[�MOgZgOMZHUW
La\^EG\�FTB�EQFtMZW2BR\JDmj]DR\JFQBVQ![�MOW'MZ[2M �RMZW'N;\JW��fB @CB�D�EGFtHJI FQ\J[�K'gOMZW'N;}^\JPQMO\Jc'MOgZMZE�� 8+��HJP EQj'B �����! .Q
"$����� \JWYL ����� EGBRFiEGF QAEGj'ByWYHUPQ[2\Jg
\JK'K'PTH � MZ[]\ EGMOHJW6MZF�\JLYB���`a\^EQB]EGH \^FQFQB�F_FQMZNUW'M��'D�\JW'D�B 8
��j'MZF%L'H*BRFeWYHJE%jYHUgOL]I>HJP
EQj'B � ����� EGBRFiE Q*I>HUPthVj'MZDmjyFQMZ[ `'gO\^EGMZHUWfMOF%PTB���`'MZPQBRL2EGH_\JFTFQB�FQFeEGjYB
BR[�K'MZPQMODR\Jg�K!� }J\^gO`'BV8B	�W�EQja\^EADR\JFQBVQ;X U � PQBR\JgOM ��\^EQMOHUWYF)\^PQB%NJBRW'B�PG\^EQBRL 8#�aHUP�EGjYB �����! .Q�"$�����
\JW'L � �!��EQBRFiEGF Q htB D�HU[2K'\JPQB�EGj'B
K!�x}^\JgZ`'BRF�D�\JgZDR`'gO\^EGB�L{I>PQHU[ EQj'B�W'HJPQ[2\Jg \^K'K'PQH � MO[2\^EQMOHUW
EGH�EGj'HJFQB�DR\JgOD�`'g�\ EGBRLXI>PQHU[ EQj'B�B�[2KYMOPQMZD�\Jg+W�`'gZg�L'MOFiEGPQMZc'`YEQMOHUW'F�\JWYL{I>HU`'W'LqEGj'B�[ EQH]c�B
}JBRPT�
DRgZHUFQB ��PTBRFT`'gZEQF
WYHJE%FTj'H9hVW � 8H�6B�\JgOFTH�I>HU`YW'L�EQja\^E
EGj'B�L'MZFTEGPTMOc'`!EGMOHJW'F HJICEQj'BRFTB�EQBRFTEtFTEG\^EGMZFTEQMODRF
\JPTBe\JK'KYPQH � MO[2\^EGB�gZ��W'HUPT[]\Jg�B }UBRW_hVj'B�W_EGj'BeW�`'gZg!PTBRgO\^EGMZHUW'FQjYMOK�MOF WYHJEAEGjYB%EGPT`'B%PTBRg�\ EGMOHJW'FQj'MZK 8
� MONJ`'PQBtkK8 Xe\JW'L � \JcYgOBRF kK8 XWQUkK8 T�\^W'L_kK8lk NUMr}UB
FQHU[�B%HJIYEGj'BtPQBRFT`'gZEQFAHJI'EQj'B%K�H9h%B�PAFTEQ`'L'MZBRF 8

� MZNU`'PQB kK8 X EGH_FTj'H9h EQj'BSK5H9htBRPeH^IvEQj'B EQBRFTEQF ��\^EeFQMONJW'M��aDR\JW'D�B;gOB }UBRg UK8 UWUKX � I>HUPeHUW'B D�\JFTB Q'MZW
hVj'MZDmj2EGjYB NUB�W'HJE��*K5B�La\^EG\�\JPTB�FTMO[ `Yg�\^EQBRL_I>PQHU[ EQj'B �aPQFiET��D�HU`'FTMOW]PTBRgO\^EGMZHUW'FQjYMOK�\JW'LfEGj'B�W�`'gOg
j��*K5HJEQj'BRFTMOF
MOF \JFTFQ`'[�BRLfEGH�c�B�EGj'BVja\JgrI���FTMOc_PQB�g�\^EQMOHUWYFQj'MZK QJI>HUPAEQj'PQB�B�MZL'B�\^gOM ��BRL_[2\JK'F \JWYL�I>HUP
EGjYB �$�4�
� []\^K 8H��j'B�MOL'BR\JgOM �RB�Ly[]\^K'F�DRHUWYFQMOFiE�HJIv[2MZDRPQHJFG\^EQBRgOgZMZEQB�[2\JPQ|^BRPTF�B }UB�W'gZ�.FTKa\JD�BRL
\^E PQBRD�HU[ c'MZWa\^EQMOHUWdI>PG\JD EGMZHUW'F H^I5U 
 UUs�Q U 
 X n2\JW'L U 
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EGjYB�\^gZEGB�PQWa\ EGMZ}JBVHJI5EQj'BVNUPG\^W'L'Ka\JPTBRW�ET�xNUPG\^W'L'Dmj'MZgOLfPQB�g�\^EQMOHUW'FTj'MOK I>HJP
FTMONUWYM��aDR\JW'DRBVgZB�}UB�gSUK8 UWUKXW8
��j'B�HUPQLYBRPQMZW'N_HJIvEGj'B �'}JB
FiEm\^EQMOFiEGMOD�F�MOW.EGB�PQ[�FVHJI)EQj'BRMZP�K5H9htBRPVMOFeEQj'B�FG\J[�B�\JF�\Jc�H }JB 8
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FHWITVWIX<;A@l_�x[DA@K�MDGXkDGP�=KWHTV;AF<x[6EWHYG4p=KS5SK43DnxzS�=?43;>= ?�;>=�FI6{;ASl=�WHXV=?436vBEDGTMP3FH6�=?6C93;>=~;�BJ;ASK6P?�=?4�6
WHX�BJ@K6J;ASK6	WIX"PRDnx[6E@5=?6JX�93S =KD�^b6	SKTV;AFIF c @&6JS&Q3FI=KS X�DA= SK43DnxzXyj�:

�[Q3@K@&6JXp=?Fq_F?�DGQ3@ TM6E=K43D 9�SO9�DZX3D>=eQ3SK6 9<;>=?;0LN@&DGT =K436zSK6�	MB~4�@KDGTMDGSKDATV6ES : � P3Sl=?6JWIX�dJf g�h]i
c �>mGmGmpj SK4�Dtx.=K4<;>=��}\`FIWHX3�>6J9V9<;>=~;#B{;AX�P3@KDn|�WH936}SKDGTM6 WHX�LNDG@&T�;w=?WHDAX�=?D�93WISKBE@KWHTMWHX3;>=?6z;ATMDGX3Y
BJ6E@&=?;AWHX�SK6
	�\`SKPR6JBEWI�<B	=`_�Pb6ES}D>L2S&6JBJDAX39 \`9�6JYG@&6J6�@&6JFH;>=?WIDGX3SK4�WHP3S;:


<DG@[;	SKWIX3YGFI6}4p_�PbD>=?436ESKWHSO=?6ES&= ?�WI=OWIS+BEDGXp|G6JXp=KWHDGX<;>FR=KD�Q3S&6v;ZS&WHYGX�WI�<BJ;AX3BJ6 FH6�|G6EFbDAL m : mpo#DG@
m : m��F: 
yDA@29<;>=?;CSKQ�B~4�;AS�=?436z� 	 � ��9<;>=?; ?A=K436J@&6z;A@K65;}Fa;A@&YG6[X�Q3T�^R6J@ D>LyP<;AWH@&S�=KD0^b6[=K6JSl=?6J9�:
<543WIS BJ@&6{;>=K6JSe;CP3@&DG^3FI6JT�DALRT�Q3Fq=?WHP�FH6eBJDGTMP<;A@&WHS&DGX3S ?>6Ai Y3iA6�|G6EXMWqL<=?436[X�Q�FHF�4�_�PRDA=?4�6JSKWIS WHS8=?@KQ�6
WHXM;AFIF�BJ;ASK6ES ?�SKDGTM6�LN@?;AB�=?WIDGX�DALb=K4365P<;AWI@KS x+DGQ3FI9V^R656�	 PR6JBE=K6J9�=KD	4<;{|G6 P \ |>;AFIQ36JS ^R6JFIDtx m : mpo :
<8D�BJDAX�=K@KDGF5=K436"L ;>FHSK6�PRDGSKWq=?Wq|G6�@?;>=K6"=KD�^R6 ?�SK;{_�m : mGo ?[DGX�6�BEDGQ3FH9 ;AP3P3Fq_�=?4�6 �[DAX�LN6J@&@KDGX3W
BJDA@K@K6EBE=KWHDGX�;AX�9�Q3SK6�m�i mpo � � ;AS�=K436�=?4�@K6JS&43DGFI9J? xz436J@&6 � WHS�=K436kX�Q3T�^R6J@�D>Lz4�_�PRDA=?4�6JSKWIS
=?6ES&=KSZPR6J@lLNDG@KTM6J9J: H`X�DGQ3@0S&=KQ39�_ ?2P<;AWI@KS0WIX�;�PR6J93WIYG@K6E6V;>@K6�X3DA=#WHX�936JPR6JX39�6JXp= : <54�Q�S ?�=K43WHS
BJDA@K@K6EBE=KWHDGX:WHS�@?;w=?436E@"BEDGX3S&6J@&|>;>=KWI|A6 :2H`X.=?436�B{;>SK6�xz436J@&6 ��6EX3936JFIWa;AX:6J@&@KDG@&S�4<;{|G6�^R6J6EX
BJFI6{;AX�6J9J?�DGX36zTV;{_�^R6};>^3FH6�=KD#@&6J93Q�BJ6z=?436zSKW 8J6zDAL � ^p_�X�DA=OBJDGQ3Xp=KWHX3Y0=?4�6 P3;A@K6EX�=l\`D��bSKP�@KWHX�Y
P<;AWI@KSz;ASz93WISKBEQ3SKS&6J9sWIX�� Q3XJ?<�}^3X36E_";>X39 �"B{��6E6J��c WIX�P3@K6ESKS~j�:

7.436JX ;�P<;A@l=?WIBJQ3FH;A@�P<;>WH@kWISkDG^3S&6J@&|A6J9.=?D�4<;{|G6�S&WHYGX3Wq�<B{;>X�=k936E|�Wa;w=?WHDAX LN@KDGT WI=KSkX�Q3FHF
@K6EFa;>=KWHDGX�SK43WIPJ?�=?436�P3;>=K=K6J@KX:;ATMDGX3Y�D>=?436E@�@K6JFH;>=?Wq|G6ESkB{;AX.DAL�=K6JX.BJDAX��<@KT ;AX39.PRDGWHXp=�=KD�;
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FHWI�A6EFI_�6�	 P3FH;AX<;>=KWHDGX�LNDG@V=K436s�<X39�WHX3Y : 
yDA@�WHX�S&=~;>X3BJ6P?}BEDGX3SKWI936J@k;�L ;ATMWHFI_�xzWI=?4�;�SKWH^�SK43WIP
DAL SKW 8J6�r�c H�� �F? H�� ��;AX39 H���rpj#xzWq=?4�P<;>@K6JXp=KSMQ�X�=`_�PR6J9J: H L-H�� ��;>@K6k4<;>FILa\`S&WH^�=?D�=?4�6
DA=K436J@�=`x[D ?[=?436EX DGX�6�x+DGQ3FI9 6
	�PR6JB�=�=KD�936�=?6EBE=�;AX 6E@K@KDA@MWIX�=`x+D�9�W �b6J@K6EXp=�P<;>WH@KS�c H�� �F?
H�� �Gj�;AX�9:c H�� �F? H�� rpj�?e;AX39�X3DA=�6
	 Pb6EBE=�=?D�S&6J6�;�@&6JFa;w=?WHDAX3SK43WIP�TMWHSl�3=�WIX�P<;AWH@kc H�� � ?
H�� rpj@: � 	3;>TVP3FI6�DGX36�LN@&DGT�=?436M� 	 � ��9<;>=?;�9�WHSKBEQ3SKS&6J9�WHX�� 6EBE=KWHDGX�u :q���3=?S06
	�;ABE=KFI_s=K43WHS
B{;>SK6 : <54�Q3S;?�xz436JX�;>X�;AP3P<;>@K6JXp=56E@K@&DG@+WIS[936�=?6EBE=?6E9J?3^p_VBJDGX3S&WH936E@KWIX3Y�=?4�6CP<;>=&=?6E@KX�DALU@&6JS&Q3FI=KS
;ATMDGX3Y	T�Q3Fq=?WIP3FH65P<;>WH@KS LN@&DGT =?4�6}SK;ATV6 PR6J93WIYG@K6E6 ?�DGX36 T�;>X�_�^R6};A^3FH65=KDZ93WIS&=KWHX3YGQ�WHSK4V;0=?@KQ�6
@K6EFa;>=KWHDGX�SK43WIP�6J@K@&DG@ LN@KDGT�B~4<;AX3BE6}@&6��&6EBE=?WIDGXMDALb=K436 X�Q�FHF8: H`936J;AFHFq_F?G=?4�6}TM6E=K43D 9�S P3@K6ESK6JXp=K6J9kWIX
=?4�WHS8P<;APR6J@8SK43DGQ�FH9#^b6O6�	�=?6EX3936E9�=?DCS&WHT�Q�FI=~;>X36JDGQ�S8WIX�LN6J@&6JX3BE6+DAX�;}X�Q3T�^b6E@�DAL3@K6JFH;>=?Wq|G6ES ?w6Ai Y3i�?
;AX�6JXp=KWH@K6�S&WH^3S&43WHP�BEDGQ3FH9�^R6�BJDGX�SKWH9�6J@K6E9�S&WHT�Q�FI=~;>X36JDGQ�SKFI_�WHX�;�S&WHX3YGFI6�FHWI�A6EFHWH4�D D�9�;AX3;AFI_�SKWIS ?
@?;w=?436E@	=K4<;AX�SK6EP<;A@?;w=?6�BJDGX�SKWH9�6J@?;w=?WHDAX�D>L[P<;>WH@&xzWISK6�@&6JFa;w=?WHDAX3SK43WIP3S : �}Dnx[6�|G6E@ ? ;AS	93WISKBEQ3SKS&6J9
^R6ELNDG@&6 ?�=?D ��Q�WHB~��FI_�WI936JXp=?WqL�_s=K436VP�@KDG^3FI6JTV;>=?WIB�WHX�93WI|�WH9�Q<;AFHS0WIX�;"PR6J93WIYG@K6E6M;AX39�6���6EBE=KWI|G6EFI_
P3@&DGPbDASK6�PRDGS&SKWH^�FH6M;AFI=K6J@&X<;>=?Wq|G6ES ? ;�P<;AWI@&xzWISK6V;AP3P3@&Dp;AB~4�WIS#Q�SK6ELNQ�F8:4H`X�S&DGTV6MB{;>SK6JS�SKQ3B~4�;>S
=?4�6 � Q�=K=K6J@&WI=?6ES ? �&DGWIXp= ;AX<;AFq_ S&WHS�TV;{_�X3DA=z^R6	BJDGTMP3Q�=?;>=?WIDGX<;AFIFI_�LN6{;>SKWH^�FH6 :

� @K@KDA@KSV=K4<;>=k;A@K6�WHX3BEDGTVP3;>=?WI^3FH6kxzWq=?4 �"6JX3936EFHWH;AX WIX3436J@&WI=?;AX3BJ6s;A@K6"B{;>FHFH6E9 ��6EX3936EFHWa;>X
6J@&@KDG@&S ?R6Ai Y3ib;ML ;>=K436J@ 4<;AS}YG6JX3D>=`_ PR6�c g<��g��Gjz;AX39�;MTVDA=K436J@ 4<;AS YG6EX3DA=`_�Pb6�c�g��Vg��Gj�?yxz4�WHFH6
DGX36CDAL =?4�6JWH@+D��bSKP3@&WHX3YZ4<;AS�YG6EX3DA=`_�PR6�c�g���g�rpj�: <5436vP3@&6JSK6EX3BJ6	DAL ��6JX39�6JFHWH;AXk6E@K@KDA@KS�BJ;AXk^R6
=?4�6�@K6JS&Q3FI=	D>L+YA6JX3DA=`_�P3WIX3Y�6J@&@KDG@&S ?U^3Q�=#Wq=vTV;n_�;AFHS&D�^b6�;>X�WIX393WIB{;>=KWHDGX�DALOPb6E93WHYG@&6J6�6E@K@KDA@KS ?
6JS&Pb6EBJWH;AFHFq_�WIL =K436�FI6E|G6EF2DAL ��6JX39�6JFHWH;AX�6E@K@KDA@KSCWISC43WIYG4J: ��6JX�936JFIWa;AX�6J@K@&DG@KS}B{;AX�^R6�9�6E=?6EBE=K6J9
^p_.6�	 WHSl=?WIX3Y�SKDAL�=`x[;A@K6�SKQ�B~4 ;AS"��6E9y�[436EB~��c 	 � �[DGX3X�6JFHF	;>X39:7�6J6E��S��51413&pj@: �e���O� < WHS
936�|G6JFIDGPR6J9 S&Pb6EBJWq�<B{;AFIFI_�LNDG@�=?436�P3Q3@&PbDASK6"DALC9�6E=?6EBE=KWHX3Y�=?43DASK6"TVWISKSKPR6JBEWI�<6E9-@&6JFH;>=?WIDGX3SK4�WHP3S
=?43;>=+;A@K6 X3DA=+;AFI@K6{;>9�_�936�=?6JB�=?6E9k=?43@&DGQ3YG4M@KDGQ =?WHX�6 B~4�6JB~��S[LNDG@ ��6EX3936JFIWa;AXV6J@&@KDG@&S :R<54�Q3S;? =?4�6
P3@&DGYG@?;>T 93D 6ES�X3D>=�93Ds;AX�6�	 4<;>Q3S&=KWI|G6�SK6{;>@KB~4�LNDG@ ��6JX�936JFIWa;AX�6J@K@&DG@KS;:)H =�93D�6JS ?243Dnx[6�|G6J@;?
B~436EB~��LNDG@ ��6EX3936EFHWa;>X-6E@K@KDA@KS�=?43@&DGQ3YG4-6�	�;ATMWHX<;>=KWHDGX�DALC6E|A6J@&_�TMDA=?4�6J@l\ L ;>=?4�6J@l\ B~43WHFI9�=?@KWID :
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�[Q3@&@K6JXp=KFI_F? ��6JX�936JFIWa;AX�6E@K@&DG@KS}WHX�;MPb6E93WHYA@K6J6�;A@K6ZX3DA=}93WH@&6JB�=?FI_�=?;A�A6EX�WHXp=?D�;ABJBEDGQ3Xp=0WIX�=?4�6
4p_�PbDA=K436JS&WHSe=?6ES&=?SeLNDG@ P<;>WH@KS LN@&DGT�=K4<;>=OPb6E93WHYA@K6J6P: �}Dnx+6E|A6J@ ?�=?436EWH@ P3@&6JS&6JX3BE6CDG@O;A^3S&6JX3BE6C;>X39
Dn|G6E@?;AFIFbFI6E|G6EFbBJ;AX�P�@KDn|�WH936}WHTMPbDG@l=~;AXp=OBJFIQ36JSO=?DZPb6E93WHYG@&6J6 6J@&@KDG@&S�;AX39V=?DZ=K436CQ�X3936J@&S&=?;AX393WIX3Y
DALO=?436EWH@vFIWH�>6JFI_�B{;>Q3SK6ES :T<54�Q3S ?�=?D�9�6E=?6EBE=ZFHWI�A6JFq_"Pb6E93WHYG@&6J6�6E@K@KDA@KS ?�Wq=0WHSvQ�SK6ELNQ�F =?D�BJDGT�^3WHX36
=?4�6#WIX�LNDG@&T�;>=KWHDGXVDGX ��6JX39�6JFHWH;AX�6J@&@KDG@&SzxzWq=?4�=?4�6#4p_�PRDA=?436ESKWIS =K6JS&= @&6JSKQ�FI=?S;:
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<�D�WI936JXp=?WqL�_MYG6JX36�=?WIBv|A;>@KWa;w=?WHDAX�; �b6JB�=?WIX3Y�SKQ3S&BJ6EP�=?WI^3WHFIWI=`_M=?D�BEDGTVP�FH6�	�93WISK6{;>SK6 ?3=K436J@&60;A@&6

YG6EX36J@K;AFHFq_�S&6 ��Q36EX�=KWa;AF5Sl=~;AYA6JS�WIX�|ADGFI|A6J9J? LN@&DGT BEDp;A@&SK6 ?eYG6EX3DGTM6�\ xzWH936kFIWHX3�w;AYA6�;AX3;AFI_�SKWIS ? =KD
�<X36�TV;AP3P3WIX3Y ?O;AX39�=K436JX�=?D�PbDASKWI=KWHDGX3;AF+BEFHDGX�WHX3Y :���WIX3�w;AYG6�;AX3;AFI_�SKWIS�=`_�P3WHBJ;AFHFq_�FID DG��S�LNDG@
YG6EX36E=KWHBvTV;A@K�>6J@&S ?3;>TVDGX�Y�;�Fa;>@KYG6 X�Q3T�^R6J@5DAL�TV;A@K�>6J@&S[=`_�Pb6E9�=K43@KDAQ3YG43DGQ =[=?4�6vYG6JX�DGTV6P?3;>=
xz43WIB~4�=K436J@&6VWIS	;"S&WHYGX3Wq�<B{;>X�=	9�6E|�Wa;>=KWHDGX�DALO=?4�6WH�� ��;AFIFH6JFI6�\ SK4<;A@&WHX3YV^p_�; ��6EBE=K6J9�@&6JFH;>=?Wq|G6JS
LN@KDAT xz43;>=�6
	�PR6JB�=?6E9�Q�X3936J@Z=?436kX�Q3FIF+4p_�PRDA=?436ESKWIS :�c 
yDA@#=K436k936��<X3WI=KWHDGX�SZDALzFIWHX3�w;AYA6V;>X39
H����L?[;AX39 LNDG@VLNQ�@&=?4�6J@�YG6EX36E=KWHBJS�^3;AB~��YG@KDGQ�X39J?CS&6J6�� 6EBE=KWHDGX3S�� : r�;AX�9�� : u : j�<5436�WHX3Wq=?WH;AF
936�=?6JB�=?WIDGX�DAL8FHWHX��>;>YG6}=?;A�A6ESz=K436vLNDG@&T�DAL�;�4p_ PRDA=K436JS&WHS5=?6ES&= ?�WHXkxz43WIB~4"=K4360X�Q3FHFb4�_�PRDA=?4�6JSKWIS
WHS =?4<;w=v=?436E@K6�WISCX3D�FIWHX3�w;AYA6#^R6E=`x+6J6EX�=K436�TV;A@K�>6J@vS&WI=K6Z=?D�^R6Z=K6JSl=?6J9�;AX�9�;�SKQ3S&BJ6EP�=?WI^3WHFIWI=`_
FHD�BJQ�S LNDG@ =?4365=K@?;AWq= :8�CFI=K43DGQ3YA4�=K43WHSe;>P3P3@KDG;AB~4VWIS SKQ3BEBJ6ESKS&LNQ�F�WHX�PR6J@lLNDG@KTMWHX�Y	;	YA6JX3DGTM6�\ xzWH936
SK6J;A@KB~4�?2W i 6AiU��X3DnxzWIX3Ys;>P3P3@KD 	 WHTV;>=K6JFI_�=?436�FID BJ;>=?WIDGX�DAL[=K436�YG6JX�6 ?2Wq=	@?;A@&6JFq_�P3@&Dt|�WI936JS#T�;>P
@K6ESKDGFIQ�=?WIDGX-�3X36J@�=K4<;AX ��BE6JXp=?W ��DG@&Yp;AX�c B ��jMxz43WIB~4 BJDG@&@K6ESKPRDGX393Sk=KD�@KDGQ�YG43FI_:��TMWHFIFHWIDGX
� �}� ^3;ASK6#P<;AWI@KS#c ^�Pyj@:
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2WHX�6[TV;AP3P3WIX3YCQ�=KWHFIW98JWIX3Y FHWHX��>;>YG6+9�WHSK6 ��Q3WHFIWH^3@&WHQ3T c ���	j8WHS�DAL�=?6EX�Q3SK6E9�=?DCLNQ3@l=?436E@ X<;A@&@KDnx
93DnxzX�=K436�@K6EYGWHDGX�:�� � @K6�LN6J@&S#=KD�=K436MFa;AB~��DAL�WIX3936JPR6JX�936JX3BE6VD>L�;AFIFH6EFH6JSv;>=#FHD�BJW DGX�;�4<;AP \
FHD>=`_ PR6#@?;AX39�DGTVFq_�S?;>TVP3FI6J9�LN@KDGT�;MPbDAP3Q3Fa;w=?WHDAXJ:MH`TV;AYGWIX360=?436Z93WHS&6{;AS&6ZDA@KWHYAWHX<;>=K6J9J?<SK;{_�o>m
YG6EX36J@K;>=?WIDGX3S ;AYGD ? LN@KDGT�;MS&WHX3YGFI60T�Q�=?;>=?WIDGX�;>= ;�FHD�BJQ3S5WIX�;�4<;AFIP3FHD>=`_ PR6vxzWI=K4";MQ3X�W ��Q36	SK6�=
DAL TV;A@&�A6J@C;AFHFI6JFI6JS :X<5436JS&6�T�;A@&�A6E@C;AFIFH6EFH6JS ;A@&6�FIWH�A6EFI_k=KD�^R6�BED>\`WIX3436J@&WI=K6J9�xzWq=?4"=?436Z93WHS&6{;AS&6
;AFIFH6JFI6k^p_�=?436�; �b6JB�=?6J9-WHX39�WI|�WH93Q3;AFHS;: �[6JBJ;AQ3SK6"@K6EBJDGT�^3WHX<;w=?WHDAX�TV;{_�D�BJBJQ�@V;>TVDGX�Y�=K436JS&6
FHD�BJW�93Q3@&WHX3Y�6{;>B~4�TM6JWHDASKWHS;?U;AS0=?4�6�4<;AP3FIDA=`_�Pb6�WHSv=K@?;AX�SKTMWI=K=K6J9�WIX�=KD�=?436�LNDGFIFHDnxzWHX3Y�YG6JX36E@?;w\
=?WIDGX3S;?R=K436�B~4<;AX�BJ6�=K4<;>=0;>X�_�YGWq|G6JXsB~4<;A@?;>BE=?6E@KWIS&=?WIB�;AFIFH6EFH6	@K6ET�;AWIX3S WHX�=K436�SK;ATV6Z4<;AP3FIDA=`_�Pb6
936EBJ@K6J;ASK6ES�xzWI=K4�WHX�BJ@K6J;ASKWIX3Y�YA6JX36�=?WHB}93WHSl=~;AX�BJ6}LN@&DGT =?436}93WHS&6{;AS&6v;AFIFH6EFH6 ;AX39�xzWq=?4VWHX3BE@K6{;>SKWHX�Y
X�Q3T�^R6J@zDAL�YG6JX�6J@?;w=?WHDAX3S : 7.436EX�DGX�6#BEDGFHFI6JB�=?S59<;>=?;�;>L�=?6E@Co>m�YA6JX36E@?;>=KWHDGX3S;?<;AFIFH6JFI6JS5;w=}TV;AXp_
DAL8=?436ESK6#T�;>@K�A6E@zFHD�BJW�TV;{_k^R6	WHX3936EPb6EX3936EX�=}DAL2;AFHFI6JFI6JS5;>=5=K436	93WHS&6{;AS&6	FHD�BJQ3S;?y;>=5=?436	PRDGP3Q \
Fa;w=?WHDAX"FI6E|A6JF8?R;AX�9sDGX3Fq_";�|A6J@l_sS&T�;AFIF @K6EYGWHDAX�;A@&DGQ3X39"=?436#93WHS&6{;AS&6�FID BEQ3SzWHS FHWH�>6JFq_k=?DM@K6�=~;AWIX
=?4�60B~4<;A@?;>BE=?6E@KWIS&=?WIBv4<;AP�FHDA=`_�PR60;AX39�@K6ET�;>WHXkWIX�� � xzWq=?4�=?4�6v93WHS&6{;AS&60FHD�BJQ3S;: <5436J@&6ELNDG@&6 ?3LNDG@
FHD�BJWO=?4<;w=�;>@K6�FHWIX3�A6E9J?OQ3X3FH6ESKS�=?4�6"B~43;AX3BJ6�DAL}@K6EBJDGT�^3WHX<;w=?WHDAX�;ATVDAX3Y�=?436ET WHS�6
	�=?@K6ETV6EFI_
SKTV;AFIF8?p=?436�_VxzWIFHFyX3DA=[X36JBE6JS&S?;A@&WHFI_V^R6vWHX�� �L: <543WIS�93WHSl=?WIX3BE=KWHDGXV^b6�=`x[6E6JX�FHWIX3�w;AYG6};AX39���� WHS
WHTMPRDG@&=?;AXp=vWHX�9�6E|G6EFHDGP�WHX3Y�TV;AP3P3WIX3Y�S&=K@?;>=K6JYGWI6JS : �[6JBJ;AQ3SK6�FIWHX3�w;AYG6Z=?6JX�93S0=?D�DGPR6J@K;>=?6�Dn|G6E@
YG@&6{;>=K6J@�B~43@&DGTMDGSKDGTV;AFR93WHSl=~;AX�BJ6JS+=?4<;AX����L?�;�SK6 ��Q�6JXp=?WH;AF TV;AP3P3WIX3Y�S&=K@?;>=K6JYA_VWHXVxz43WHB~4�WHX�Wq\
=?WH;AF2FIWHX3�w;AYA6�;AX<;AFq_�SKWHS0WISvLNDGFHFIDnx[6E9�^p_���� T�;>P3P3WHX�Y ? WHS0D>L�=?6JX�Q3S&6J9J:W<5436�T�;>P�@&6JS&DGFHQ�=KWHDGX
;AB~43WI6E|A6J9�^p_�����T�;>P3P3WHX�YCWHS�YG6JX�6J@?;>FHFI_#T�Q�B~4M4�WHYG436E@�=K4<;AX�=?43;>= DG^ =~;AWIX36J9�=K43@KDAQ3YG4�FHWIX3�w;AYG6
;AX<;>FI_�SKWIS :O�UWHX3�w;AYG6	93WISK6 ��Q�WHFHWI^3@KWIQ3T ^b6�=`x[6E6JX�;�P<;AWI@5DAL FID BEW8?b��;AX�9�� ?<BJ;AX"^b6#SKQ3TMTV;A@KW 8J6J9
^p_�
�� >�
 ��
  ��� ? WqL�
 � m ? DG@ >�
 ��
  : � ? WIL�
 � m ?2xz4�6J@K6�
 WHSZ=K436k93WISK6 ��Q�WHFHWI^ \
@KWIQ3T P<;A@?;>TV6�=?6J@�936E�<X�6J9�;>S

 > * � ���

* � * �
: c�
 > m�WITVP�FHWH6ESZFIWHX3�w;AYA6�6 ��Q3WIFHWI^3@KWIQ3T): j


  ��� > � < � c * � c]�
�

*
�
j ? cl�

�
* � j * �

j@?�
  : � > ��g���c
�
* � * � ?

�
cl�
�

* � jJc]�
�

*
�
jKj�? * � �

WHSz=?4�6ZP3@&DG^<;A^�WHFHWq=`_kDAL ;AFHFI6JFH6	g�;w=CFID BEQ3S	��;AX39s;AFHFI6JFI6��#;w=}FID BEQ3SC�MD�BJBJQ�@K@KWIX3YMDGX�=K436�SK;ATV6



���������	��
	� � � �
�	
���� ��������� � &Am

B~43@&DGTVDASKDGTM6+Sl=?@K;AX39J?pW�i 6>iwP�@KDG^<;>^3WHFIWI=`_0DALy43;AP3FHD>=`_ PR6�g � ?p;AX�9�* � ;>X39�*
�
;A@&6+=K436+LN@&6 ��Q36JX�BJWH6ES

DAL2;AFHFI6JFI6JS5gk;>X39 � :
�}L�=K6J@ ;�SKQ3S&BJ6EP�=?WI^3WHFIWI=`_kFID BEQ3S54<;AS5^R6J6EX�FID BJ;AFHW 8J6E9�=?DM;�@?;>=K436J@5S&T�;>FHF�@&6JYGWIDGX�^p_�FHWIX3�w;AYG6

;AX<;>FI_�SKWIS�;AX39	�<X36OT�;AP�P3WHX3Y ?nDGX36eT�;{_0^R6O;A^3FI6e=KDzWH936EX�=KWIL�_CDGX36ODG@USK6�|G6J@K;AF�YG6JX36ES8xzWq=?43WIX0=?4<;>=
@K6EYGWHDAXJ: � |G6EX"WqLUDGX3Fq_MDGX36vYG6EX36vFIWH6JSOWHXV=?436v@&6JYGWIDGXJ? ;�Fa;>@KYG6 X�Q3T�^R6J@�DAL � � � PRDGFI_�TMDG@KP�43WHB
SKWq=?6ESVTV;{_�S&=?WIFHF56
	�WIS&= :K<5436sYGDG;AF5DALvPRDGS&WI=?WIDGX<;AF[BJFHDAX3WHX3Y�WHS�=KD�WH9�6JXp=?WqL�_�=?436�B{;AQ�S?;AFzSKWq=?6ES
;ATMDGX3Y�;AFHF�=K436sPRDGFq_ TMDG@&P343WHB�S&WI=K6JS�WIX ;�YG6JX�6 : �}Fq=?WHTV;>=K6JFI_ ?+DAX3FI_�^�WHDGFIDGYGWHBJ;AF�Sl=?Q39�_�BJ;AX
|G6E@KWqL�_"=K4<;>=CBJ6J@l=~;AWIX�YG6EX36E=KWHBZ|>;A@&Wa;>=KWHDGX"4<;AS =?436ZBJDGX�SK6 ��Q36EX3BJ6�DALeWIX3BJ@&6{;AS&WHX3YVSKQ3S&BJ6EP�=?WI^3WHFIWI=`_
=?D"93WISK6{;>SK6 : �}Dnx+6E|A6J@ ?2S&=~;w=?WHSl=?WIB{;AF ;>X<;AFI_�S&WHS	DALO=?436V;{|A;>WHFa;>^3FH6Z9<;>=~;�B{;>X�P3@&Dn| WI936MYGQ3WH93;AX3BJ6
DGX�xz43WHB~4�|A;>@KWa;>X�=KSzTV6E@KWI=5=K436#X36�	�=}FH6E|A6JF�DAL2^3WHDGFIDGYGWIB{;AFbS&=?Q�9�_F: �s;>X�_�Sl=~;>=KWHSl=?WHBJ;AFUTM6E=?4�D 93S
4<;{|G6�^R6J6EX�936�|G6JFIDGPR6J9�LNDG@z=?436��3@KS&=}=`x[D�Sl=~;AYA6JSvDAL =K436�P3@&D BE6JS&S ? W�i 6>iRFIWHX3�w;AYA6�;AX3;AFI_�SKWISC;>X39
�<X36VT�;>P3P3WHX�Y :�7�6VLND�BJQ3S#DGX�=K436V=K43WH@&9�Sl=~;AYG6P? ;AX�9�x+6�936ESKBJ@&WH^R6�436E@K6�;�X36�x Sl=~;>=KWHSl=?WHBJ;AF
;AP3P�@KDp;AB~4�=?D�YGQ�WH9360PRDGSKWq=?WIDGX<;AFbBJFHDAX3WHX3Y :

� ��� � � � � 1.���M�v/�� � � �M�	� ���

� Q3P3PRDGS&6�=K4<;>=�TV;AXp_�PRDGFI_�TMDG@KP�43WHBMSKWq=?6JS�43;n|A6�^R6J6EX�WH936EX�=KWI�<6E9�;AX39�YG6JX�DA=`_�Pb6E9-WIX�;
@K6EYGWHDAX�SK43DnxzWHX�Y�Sl=?@&DGX3Y�FHWIX3�w;AYG6VxzWq=?4�;�93WISK6{;>SK6�DG@�=K@?;AWq= :�7�6�;AS&SKQ3TM6k=?43;>=�=?436ESK6�SKWq=?6ES
;A@&60;AFHFR=?WIYG4p=?FI_MFIWHX3�>6J9�;AX39k=K4<;>=5=K436E_�T�;{_V^b60WIXkFHWIX3�w;AYG6C9�WHSK6 ��Q3WHFIWH^3@&WHQ3T�xzWq=?4�6{;>B~4"D>=?436E@
;AX39�xzWq=?4�=?436�S&Q3SKBE6JP�=KWH^3WIFHWI=`_sFHD�BJQ3S;:�7�6�x+DGQ3FI9�WH936J;AFHFq_�FIWH�>6�=?D�936E=K6J@&TVWIX36�xz43WHB~4�SKWq=?6�DG@
BJDAT�^3WHX3;>=?WIDGX�DALbSKWq=?6JS WIX�=?436z@&6JYGWIDGX�WHX��3Q36JX3BE6JSeSKQ�SKBJ6EP�=?WI^3WHFIWI=`_#=?D0=?4�6z=K@?;AWq= : <�D#;ABEBJDGTMP3FIWHSK4
=?4�WHS ?8x[6VX36J6E9�=?D�93WHSl=?WIX3YGQ3WISK4�=?436V;ABE=KQ<;AFeB{;>Q3S?;AFOSKWq=?6�LN@KDGT D>=?436E@ZS&WI=?6ESZ=K4<;>=�;A@K6MTV6E@K6EFI_
=?WIYG4p=?Fq_�FIWHX3�>6J9"DG@5WHX�FHWIX3�w;AYG6}93WHS&6 ��Q3WHFIWH^3@&WHQ3T xzWI=K4�=?436	B{;>Q3S?;AFUS&WI=K6 :

� @K6E|�WIDGQ3S}x+DG@&��DGXsSl=~;>=KWHS&=KWHBJ;AFUTV6�=?43D�93S5LNDG@ PbDASKWI=KWHDGX3;AF�BEFHDGX3WIX3YMDAL ��Q<;AXp=KWI=~;w=?WI|A60=?@?;>WI=?S
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WHX�BJFHQ�936 
<Q3FH�>6J@	dJfCg�h]iOc]�513131Gj@?���;A@&93DGX�;AX39��}^b6EB{;AS&WHSMc �>mGmGmpj�?�� DG@&Wa;�dJfCg�h`iOc��AmGmGmpj�?�� WI6JY>\
T�Q3X�9�dJf}g�h`i2c WIX�P3@K6ESKS?jC;AX39 �+Fa;AX3YA6J@KD�dJf}g�h`i2c WIX�P3@K6ESKS?j@:�<5436�;AP3P3@&Dp;AB~4�DAL 
<Q3FI�A6J@}dJf}g�h]i
cl� 13131pj}WISv936�|G6JFIDGPR6J9�WHX�=?436�BEDGXp=?6
	 =#DAL[;k|>;A@KWH;AX3BJ6�BJDGTMPbDAX36JXp=?S#;AP�P3@KDp;>B~4�=KD�BJDGT�^�WHX36E9
FHWIX3�w;AYG6[;AX39�;AS&SKD�BJWa;w=?WHDAX�;AX<;>FI_�SKWIS DAL ��Q<;AXp=?Wq=~;>=KWI|G6+=?@?;>WI=?S�WHX�S&WH^�P<;>WH@KS;: 
<Q3FI�A6J@ dJf g�h`iycl� 13131pj
PRDGWHXp= DGQ�=z=?43;>=}=K6JSl=?WHX�YVFIWHX3�w;AYG6vxz4�WHFH6	S&WHT�Q3Fq=~;AX�6JDGQ3S&FI_�TVD�936JFIWHX3Y�;>SKSKD�BJWH;>=?WIDGX�x[DGQ�FH9"P3@KD>\
|�WH936 ;0=?6ES&=ODAL�xz4�6E=?4�6J@e=?436 P3Q�=?;>=?Wq|G6 ��Q<;AXp=?Wq=~;>=KWI|G65=K@?;AWq=eFHD�BJQ3S c � <z�8j WHSO;0B{;>X393WH93;>=?6zDG@eWHS
TM6J@K6EFI_�WIXV9�WHSK6 ��Q3WHFIWH^3@&WHQ3T�xzWI=?4�;	=K@?;AWq=OFHD�BJQ3S;:R<543WHSOWH9�6{;	WHS LNQ3@&=K436J@+936E|A6JFIDGPb6E9�^p_���;A@K9�DGX
;AX39Z�C^R6JBJ;ASKWIS5c �>mGmGmpj�?wxz43Dv;AFHS&D}BEDGX3SKWI936J@8=?436OWHTMP3FIWHB{;w=?WHDAX3S�LNDG@�=?436OPRDGSKS&WH^3FI6+@K;AX3YG6ODALy;AFIFH6EFH6
LN@K6 ��Q36JX3BEWH6ESeLNDA@2=?4365BJ;AX393WI9<;>=K65FHD�BJQ3S;:%H`XM;vSKWITVWIFa;A@�BJDAX�=K6�	�=ODAL ��Q<;AXp=?Wq=~;>=KWI|G6�=K@?;AWq= ;AX3;AFI_�SKWIS ?
� DG@&Wa;�dJf+g�h`iUc��AmGmGmpjeX3DA=K6C=?4<;w=5WILU=K436J@&6vWHS�DAX3FI_MDGX36CB{;AQ3SK;AF�|>;A@&Wa;AXp=�WIX�;�@&6JYGWIDGXJ? =K436JX�FIWHX3�G\
;AYG6V;AX<;>FI_�SKWIS	=K4<;>=#WHS	PR6J@lLNDG@KTM6J9�BJDGX�93WI=KWHDGX<;>F DGX�=K436MTV6J;ASKQ3@&6J9�YA6JX3DA=`_�PR6JSZSK43DGQ�FH9�_ WI6JFI9
X3DM6E|�WH9�6JX3BE6#LNDG@zFIWHX3�w;AYG6P: <5436E_�Q�SK6	=?43WIS WI936{;�=KD�;A@&YGQ360=?43;>=z=?436	P3@&DA=?43@&DGT�^3WIX � �AmG� �nmA�
T�Q�=?;>=?WIDGX�; �b6JBE=KS#=K436�LNQ3X3B�=?WHDAX�DAL+=?436MP3@&DA=?43@&DGT�^3WIX�YG6JX36P:�� SKWITVWIFa;A@C;AP3P3@&Dp;AB~4�WHS0Q3S&6J9
WHX�S&WHT�Q�Fa;>=KWHDGX�Sl=?Q39�WH6JS0^p_���WH6JYAT�Q3X39�dJf0g�h`iecNWHX�P3@&6JSKS?j@: �[FH;AX3YG6E@KD�dJfCg�h`iOc��AmGmGmpj P3@KDGPRDGS&6
; ��;{_G6JS&Wa;AX�TMD 936EF SK6EFH6JB�=?WIDGX �A;{|G6E@?;AYAWHX3Y�TM6E=?4�D 9�LNDG@	PRDGSKWq=?WHDAX<;AF2BEFHDGX�WHX3Y�DAL ��Q<;AXp=?Wq=~;>=KWI|G6
=?@K;AWI=KS : <5436E_ 6�	�=?6EX39 =?436�BJFH;ASKS&WHB{;>F |>;A@&Wa;AX3BE6�BEDGTMPbDGX�6JXp=�TMD 936EF ;AX39�Q�=KWHFIW98J6 ��;{_G6ESKWH;AX
TM6E=?4�D 93S+=?D�6ES&=?WIT�;w=?6}=K436vPRDGS&=K6J@&WHDG@+P3@KDG^3;A^3WHFIWI=`_�=K4<;>=56J;AB~4�PbDAFI_�TVDA@KP343WIB}S&WI=K6vWHSO=?436C|>;A@&Wq\
;AXp= =?43;>=OWHS @&6JSKPRDGX3S&WH^3FI65LNDG@2=?4�6z|>;A@&Wa;>=KWHDGX�P3@K6ESK6JXp=+WHX�=K436zP3436JX�DA=`_�Pb6P: <54�6E_�BEDGX3SKWI936J@eDGX�FI_
;A939�WI=?Wq|G6k6���6EBE=KSV;w=�=?436�4p_�PRDA=?436ESKW 8J6J9�B{;>Q3S?;AF[SKWI=K6k^R6JB{;>Q3SK6�DALz=?4�6�BJDGTMP3Q�=?;>=?WIDGX<;AFe93W ��\
BJQ�FI=?WI6JS;: <5436�_�;AP3P3Fq_s=K436JWI@ ��Q<;AXp=?Wq=~;>=KWI|G6�X�Q3BEFH6EDA=?WI936�;AX<;>FI_�SKWISv=?Dk=?4�6 � ��7��t�kSKWIT�Q3Fa;w=?6J9
9<;>=?; ? WIX�xz43WHB~4�;�SKWHX�YGFH6k� �C��WHX�;�YG6JX36�WHX��<Q�6JX3BE6JS�=?4�6 ��Q<;AXp=?Wq=~;>=KWI|G6V=?@?;>WI=ZDALzWHXp=?6E@K6ES&= :
<5436	=?@&Q36�� �C��WHSzBEDG@K@&6JBE=KFI_�WIX�LN6J@&@K6E9s;AS WI=z43;AS =K436#43WHYG4�6JS&= PRDGS&=K6J@&WHDG@5P3@&DG^<;A^�WHFHWq=`_�;ATMDGX3Y
;AFIFb=?4�6M� &�� �}� S BEDGX3S&WH936E@K6J9�:


<DG@ ��Q3;AFHWq=~;>=KWI|G6�=K@?;AWq=?S;?�;�S&=?;>=?WIS&=KWHB{;>F TV6�=?43D�9�LNDG@	PbDGS&WI=KWHDGX<;>F BJFIDGX3WHX�Y"WIS	P3@KDGPRDGS&6J9�^p_
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�}DA@KWH�w;{x[;�dJf�g�h`i c��AmGmGmpj�: <5436E_�SKQ�YGYG6JSl=k;�TMD 9�WI�<6E9-;>SKSKD�BJWH;>=?WIDGX�S&=KQ39�_�WHX�xz43WIB~4-=K436E_
6�	�;ATMWHX�6}X3D>=�DGX3Fq_�=?436}93W �b6J@&6JX3BE6JS+WHXk;>FHFH6EFH65LN@K6 ��Q36JX3BEWH6ES�^b6�=`x[6E6JX�BEDGXp=?@KDAFHS�;>X39kB{;>SK6JS;?�^3Q =
;AFISKD�43Dnx�=?436�6�| WI936JX�BJ6�LNDG@0FHWIX3�w;AYG6ZWHSvP<;>@&=?Wq=?WIDGX36J9sWHX�P<;AWI@KSv9�6E�<X36E9�^p_�=K436�YG6EX3DA=`_�Pb6M;>=
=?4�6v� �}��=?D�^R6z=?6JSl=?6E9J: <5436E_VDG^3S&6J@l|G6}=K4<;>= ? Q3X�936J@O=?436 X�Q3FHFy4p_�PbDA=K436JS&WHS+DAL X3D�;ASKS&D BEWa;>=KWHDGX
^R6E=`x+6J6JX�;�P3;A@&=KWHBJQ�Fa;A@}� �}� ;AX�9s=?436#=?@K;AWI= ?RWqLe; �b6JB�=?6J9�S&WH^�P3;AWH@&SC;A@&6�BEFa;AS&SKWI�36J9�;ABEBJDG@&93WHX�Y
=?D�=K436�YG6JX3D>=`_ PR6�;>=�=?4�6�� �C�
?+=?436�DG^3S&6J@l|G6J9 FHD�9 SKBEDG@K6�SK43DAQ3FH9.^R6�93WI|�WH9�6J9.WHXp=?D�6J;AB~4
YG@&DGQ3P�P3@&DGPbDA@&=?WIDGX<;AFe=?D�xz43;>=�WHSZ6�	 Pb6EBE=K6J9-LNDA@�6{;>B~4-YG6EX3DA=`_�PR6�B{;>=K6JYGDG@l_�Q3X�936J@�=K436�X�Q3FHF
4p_�PbDA=K436JS&WHS;:�<5436E_"PR6J@&LNDA@KT S&WHT�Q3FH;>=?WIDGXk=?DV;AS&SK6JS&SC=?4�6ZP \ |>;AFHQ36	DAL�=?436#DG^3S&6J@l|G6J9sFHD�9�S&BJDG@&6
WHXs;VYG@&DGQ3P�WHX�xz43WHB~4�^RDA=K4sSKWI^3SC43;n|A6�=?4�6�;>=l\`@KWISK�kYA6JX3DA=`_�PR6pcNS~jC;>= =?4�6�� �}� =KD�^R6#=K6JSl=?6J9�?
;AX39-=?436�_-WI936JXp=KWIL�_�;�� �}� c �v�5� �C�2\`uprGj�=?43;>=�S&43DnxzS�SKWIYGX3WI�3B{;AXp=�;ASKS&D BEWa;>=KWHDGX�xzWI=K4-=?4�6
6E|�WI936JX3BE6#LNDA@5FHWHX��>;>YG6CxzWI=K4�=`_ PR6���9�Wa;A^R6E=K6JS :

� DGTM6�TV6�=?43D�93S�DA@KWHYAWHX<;AFIFI_�9�6E|G6EFHDGPR6J9�LNDG@�D>=?436E@�P3Q3@KPRDGS&6JSM;A@K6�BJDGX3BE6JP�=KQ<;AFIFI_�S&WHTMWHFH;A@
=?D-=?43DGS&6�936ESKBJ@&WH^R6J9�;A^RDn|G6P: 
<DG@�6
	�;ATVP�FH6 ? � @K6E6JX�^b6E@KY�c]�5131Grpj�SKQ�YGYG6JSl=�; P<;>@&=?Wq=?WIDGX36J9
;AS&SKD�BJWa;w=?WHDAX \`FIWHX3�w;AYG6V=?6JSl= ?�LNQ3@l=?436E@�936�|G6EFHDGPR6J9�^p_ �}D�93YG6�cl�5141Grpj@?[WHX�xz43WHB~4 ; ��6EBE=?6E9 SKWI^
P<;AWI@KS�;A@K6�P<;A@&=KWI=KWHDGX36E9-DAX =?436s^<;ASKWIS�DALC=?436�P�@K6JS&6JX3BE6�DG@k;>^3SK6EX3BJ6�DAL0;AX ;AS&SKD�BJWa;w=?6J9�;AFq\
FH6EFH6	WHX"=?436ZWHX39�6�	"B{;>SK6 ?�;AX39s=K436 H�� � SK4<;>@KWHX�Y�WHS ;AS&SK6ESKSK6E9�SK6JP3;A@?;>=K6JFq_�WIX�=K436�; �b6JB�=?6E9�SKWI^
P<;AWI@KSzxz436J@&6Z=K436�WIX3936�	"BJ;ASK6Z93D�6JSv;>X39�93D�6JS X3DA=}4<;{|G6�=K436�;>SKSKD�BJWH;>=?6E9�;AFIFH6EFH6 :M<5436Z=K6JSl=vWHS
DG@&WHYGWIX<;AFHFq_#P3@KDGPRDGS&6J9�;AS+;#x[;{_MDALU93WIS&=?WIX3YGQ3WISK43WIX3Y0FHD�BJW<X�6JBJ6ESKSK;A@&_VLNDG@ =?436 936E|A6JFIDGP3TM6JXp=�DALU;
93WISK6{;>SK6[LN@&DGT =?43DGS&6�=?4<;w= TM6J@K6EFI_#WHX�BJ@K6J;ASK6[SKQ3S&BJ6JP =?WH^�WHFHWq=`_F?>^3Q�= WIS2SKWITVWIFa;A@ =KDC=?4�65;AP3P3@&Dp;AB~436ES
936ESKBJ@&WH^R6J9"WHX �}DA@KWH�w;{x[;MdJf[g�h`i8c �AmGmAmpjOLNDG@5WI936JXp=?WqL�_�WHX3Y�|>;A@&Wa;AXp=?S5S&43DnxzWHX3YM;AS&SKD�BJWH;>=?WIDGXkxzWI=K4
=?4�6#6�|�WH936EX3BJ6	LNDG@5FHWIX3�w;AYG6P:

	vQ3@�TM6E=K43D 9�WHSZ936JS&WHYGX36E9�LNDG@	=?436�P3@KDG^�FH6JT D>L5PbDASKWI=KWHDGX3;AF BJFIDGX3WHX�YsS&=KQ393WI6JSZLNDA@ ��Q<;AFIWq\
=~;w=?WI|A6Z=K@?;AWq=?S : 	vQ3@C;AP3P3@&Dp;AB~4s=KD�=?43WIS}P�@KDG^3FI6JT�WHSz=?D�WH936EX�=KWIL�_�=K436�PRDGFI_�TMDG@KP�43WHS&TVS5xz43DGS&6
YG6EX3DA=`_�Pb6ES�BEDGQ3FH9�LNQ3FIFI_�6�	 P3Fa;>WHXJ?OWHX�=?436�Sl=~;>=KWHS&=KWHBJ;AF�SK6EX3SK6P?�=?436"DG^3S&6J@l|G6J9 FHWHX��>;>YG6�=?D�=?4�6
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@K6EYGWHDAXJ:�7�6�LN@?;ATM6�=?4�6 ��Q�6JS&=KWHDGXV;ASe;04p_�PbDA=K436JS&WHS =?6ES&= : 7�6�LND�BJQ3SeDGX�=K4365B{;AS&6zWHX�xz43WHB~4�x+6
;AS&SKQ3TM65=?4<;>=e=K436J@&6 WIS DGX3Fq_�DGX36zB{;>Q3S?;AF<PRDGFq_ TMDG@&P343WHB[SKWI=K65WHX�=?4�6 @&6JYGWIDGX�SK6EYG@K6EYp;>=?WIX3Y	WHX�=?4�6
S&=KQ39�_�PRDGP3Q�Fa;>=KWHDGXJ?txzWI=K4�;AFHFI6JFIWHBe436E=K6J@&DGYG6JX�6JWI=`_�;AFHFIDtx+6J9�:5cN7�65;AFISKD093WISKBEQ3SKSe;AX�6
	 =K6JX3S&WHDGX�=KD
T�Q3Fq=?WIP3FH65=?WIYG4p=?Fq_�\ FHWIX3�A6E9�PRDGFI_�TMDG@KP34�WHB SKWI=K6JS�WIX��<Q36EX3BJWIX3Y�=K436C=?@K;AWI= : j � X3936E@[=?436CSKWHX�YGFH6 \`SKWq=?6
;AS&SKQ3TMP�=?WIDGXJ?8LNDG@�;"YGWI|A6JX�PRDGFI_�TMDG@KP34�WHB�SKWq=?6MWHX�=K436�@&6JYGWIDGXJ?�=K436�X�Q3FIF+4p_�PRDA=?436ESKWIS�WHS#=?4<;>=
=?4�6#S&WI=K60BJDGX3S&WH936E@K6E9�WIS[=?436	S&DGFH60BJ;AQ3SK6	DAL�FHWIX3�w;AYG6 =?D�=?436	@&6JYGWIDGXJ:27�6	DG^3SK6E@&|A6#=K4<;>= ?�Q3X3936E@
=?4�WHS X�Q�FHF84�_�PRDA=?4�6JSKWIS ?R=?436ZBJDGX39�WI=?WIDGX<;AFU9�WHS&=K@KWI^3Q�=?WIDGX�DAL H�����S&4<;A@&WHX3YV;ATMDGX3YV=K436�; ��6EBE=?6E9
@K6EFa;>=KWI|A6JS ?bWHX"=?436�@&6JYGWIDGXJ?RYGWI|A6JXs=K436JWI@}YA6JX3DA=`_�PR6JS	;>=}=?436ZP3Q�=?;>=?Wq|G6�BJ;AQ3S?;>F2FHD�BJQ�S ?R93D 6ESvX3DA=
936EPb6EX39 DGX�=?436"YG6EX36E=KWHB�TVD�936EF�LNDG@�=?436�=?@K;AWI= :-��936EP<;A@l=?Q3@&6"LN@&DGT =?4�6�X�Q3FIF54�_�PRDA=?4�6JSKWIS
WHTMP3FIWH6JS =K4<;>=[=K436v4p_�PbD>=?436ESKW98E6J9�S&WI=?6CWHSOX3DA=[=K436vS&DGFH6}B{;AQ3S&6vDAL�FIWHX3�w;AYG6z=?DZ=?436v@&6JYGWIDGXJ: � Q3B~4
;�4p_�PbDA=K436JS&WHS�=K6JS&=�BJ;AX�^b6�Pb6E@&LNDG@&TV6E9�DGX�6{;AB~4�DAL5=K436�PbDAFI_�TVDA@KP343WIB�S&WI=?6ES�=`_�Pb6E9-WIX�=?4�6
@K6EYGWHDAX�DALzWHXp=K6J@K6ES&= :���BJDGX��3936JX3BE6�SK6E=�LNDA@Z=?4�6�=?@&Q36�B{;AS&Q<;AF+SKWI=K6kB{;>X�^b6kBEDGX3Sl=?@KQ�BE=?6E9-^p_
WHXp|A6J@&=KWHX3YM=?436Z4p_ PRDA=K436JS&WHS}=K6JSl= ?b=K4<;>=}WHS;?R^p_�WHX3BEFHQ39�WHX3Y�WHX"=?436ZBJDGX �<936JX�BJ6�S&6E=0;>FHF =?4�6�SKWq=?6ES
=?43;>=5;A@&6CX3D>=5@K6 �&6JBE=K6J9�^p_M=?436v4p_�PRDA=?436ESKWIS[=?6ES&=#cNWHX3BEFHQ393WIX3YZ=K43DGS&6vX3DA=+=?6JSl=?6E9yj@: <5436v@&6JS&Q3FI=KS
DAL�=?43WISC;AP�P3@KDp;>B~4sP3@&Dt|�WI936ZWIX�LNDG@&T�;>=KWHDGXV=?4<;>=}WHSz93W ��6E@K6EX�= LN@KDAT�=?4<;w=}P�@KDn|�WH936E9�^p_�=?6JSl=?S}DAL
FHWIX3�w;AYG6vDA@z;ASKS&D BEWa;>=KWHDGXJ:

<�DZWHTMP3FH6ETV6EXp=eDGQ3@+;AP3P3@&Dp;AB~4J?�x[6zLND�BJQ3S+DGXM=K436 SKWH^�\`P<;AWI@ S&=KQ39�_M936JS&WHYGXMxzWI=K4�SKWIX3YGFI65X�Q�\
BJFI6JDA=KWH9365PRDGFq_ TMDG@&P343WHS&TVS8=`_�Pb6E9VWIX�=K436z@K6EYGWHDGX�D>L�WIX�=K6J@&6JS&= ?�;AX39�x[6zBJDAX3SKWI936J@ =?6ES&=OS&=?;>=?WIS&=KWHBJS
=?43;>= ;A@K6v|>;A@&Wa;>=KWHDGX�S[DGX�=?4�60Q3SKQ<;>F�;AFHFI6JFH6 \`S&4<;A@KWIX3Y�TM6E=K43D�93S5Q3SK6E9"LNDA@�FHWIX3�w;AYG6vSl=?Q393WI6JS;: 	vQ3@
;AP3P�@KDp;AB~4�9�D 6ES[X3DA=[@K6 ��Q�WH@K6CSKPR6JBJWq�<B{;w=?WHDAX�DAL�TMD 9�6CDALUWIX3436E@KWI=?;AX3BE6v;>=+=?436}P3Q�=~;w=?WI|A6vB{;>Q3S?;AF
PRDGFI_�TMDG@KP34�WHSKT7: ��DA@K6JDn|A6J@ ?�DGQ�@vTV6�=?43D�9�;AFIFHDnxzSv;AX�;A@&^3WI=K@?;A@l_�;ATVDAQ3Xp=0DALO6JP3WIS&=?;ASKWISCxzWI=K4
DA=K436J@ZQ3X3FHWIX3�A6E9�BEDGXp=?@KWI^3Q�=KDG@&_�FHD�BJW�?8;ASZx+6JFIF[;ASZBJDG@&@K6EFa;>=K6J9�6EXp| WI@KDGX�TV6EX�=?;AFO6 �b6JBE=KS�xzWI=K43WHX
L ;ATMWHFIWH6JS;?w;AX39�YG6EX36�\ 6JXp|�WH@KDAX3TV6EXp=eWHXp=?6E@?;AB�=?WHDAXJ:87�6�6
	 =K6JX39�DGQ�@ TV6�=?43D�9�=KD0Fa;A@&YG6J@8SKWI^3SK43WIP3S ?
;AX39"x[6�;AP3P3Fq_�WI=z=?D�;M93;>=~;MSK6E=C936E|A6JFIDGPb6E9�WHX�=?4�6ZBEDGXp=?6�	�=CDALe;VPRDGS&WI=?WIDGX<;AF�BJFHDAX3WHX3Y�Sl=?Q39�_
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c � DG@KWI�w;nx[;kdJfCg�h[�AmAmGmpj@:	<54�@KDGQ3YA4�^bDA=K4�SKWIT�Q3Fa;w=?WHDAX�Sl=?Q393WI6JS	;AX�9�9<;>=~;�;>X<;AFI_�S&WHS ?Rx[6��3X39
=?43;>=[x+6v4<;{|G6CPbDnx+6J@[=KD�@K6 �&6JB�=5SKWq=?6JSO=?4<;w=�93D�X�DA= ?�DGX�=K436JWI@+DnxzXJ? 6�	 P3Fa;>WHXV=K436v6�| WI936JX�BJ6CLNDG@
FHWIX3�w;AYG6P?�6E|A6JX�xz436JX"=?436ESK6	SKWq=?6ESz;A@K6	^RDA=?4k=KWHYG4p=?Fq_�FIWHX3�>6J9";AX39�Sl=?@KDAX3YGFI_k;ASKS&D BEWa;>=K6J9�xzWI=K4";
SKQ�SKBJ6EP�=?WI^3WHFIWI=`_�FHD�BJQ3S;:
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7�6��<@KSl=�BJDGX�SKWH9�6J@V=K436�BJ;ASK6�D>L	SKWH^ P<;AWH@&S�SK;ATVP�FH6J9 ;>=k@K;AX393DAT LN@&DGT ;�PbDAP3Q3Fa;w=?WHDAXJ?
xzWI=K43DGQ�=C@K6EYp;A@K9"=?D�=K436JWI@CP34�6JX3DA=`_�PR6JS;:�c 
<DG@ SKWITVP3FIWHBEWI=`_F?3x+6�Q3S&6�SKWI^�P<;AWI@KSz=?Dk9�6JX3DA=K6�LNQ3FIFq\
SKWI^�P<;AWH@&S : j 
yDA@[=?43WIS5B{;AS&6 ?3x+6	936J@&WI|G60=K436093WHSl=?@&WH^3Q�=KWHDGX�DAL%H�� ��S&4<;A@KWIX3Y�^p_�;�SKWI^"P3;AWH@5;w= ;
P<;A@l=?WIBJQ3FH;A@e� �}�
?pBJDAX393WI=KWHDGX3;AF�DGX�=?4�6 S&WH^3S �pYG6JX�DA=`_�Pb6ES[;>= =K4<;>=[� �}�
:G7�6z=K436JXMBJDAX3SKWI936J@ =?4�6
B{;>SK6zWHX�xz43WIB~4M; ��6EBE=K6J9MSKWH^�P<;>WH@KS ;A@K65SK;ATVP�FH6J9�:�7�65SK43Dnx�=K4<;>= ?AQ3X3936E@e=K436zX�Q3FHF 4�_�PRDA=?4�6JSKWIS
=?43;>=Z;�P3;A@&=KWHBJQ�Fa;A@	� �C� WHSv=K436MSKDGFI6�B{;AQ3S&6VD>L[FIWHX3�w;AYG6�=KD�=?436�@K6EYGWHDAXJ?U=?436�93WIS&=?@&WH^3Q =?WHDAX�DAL
H�����SK4<;A@&WHX3Y�^p_";AX"; �b6JB�=?6J9�SKWI^�P<;>WH@ ?�BJDGX39�WI=?WIDGX<;AFbDGX�=?436	SKWI^3S �<YA6JX3DA=`_�PR6JSC;>=5=?4<;w=v� �C�
?
WHS5=K436ZSK;ATM6Z;>S}WIX�=K436#B{;AS&6�DAL2@?;AX39�DGT SKWI^�P3;AWH@&S :+7�6Z;A@KYGQ�6	=K4<;>=z=?4�WHSzWHS5=?@&Q36#@K6JYG;A@K93FI6JS&S
DALe=?4�6�TVD�936�DAL+WHX�436J@&WI=~;>X3BJ6�;>X39�6E|A6JX�WIX�=?436�P�@K6JS&6JX3BE6VD>L+6EP3WHSl=~;AS&WHSCxzWq=?4�Q3X3FIWHX3�>6J9�FID BEW8?
BJDA@K@K6EFa;>=K6J9�6EXp| WI@KDGX�TV6EX�=?;AF[6���6EBE=KS�xzWI=?4�WHX�L ;ATMWHFIWH6ES ?�;AX39�YG6EX36�\ 6JXp|�WH@&DGX3TM6JXp=�WHXp=?6E@?;AB�=?WIDGXJ:
<543WIS�@K6ESKQ3Fq=�;>FHFHDnxzS#Q3SZ=KD�=K6JS&=�LNDG@Z9�6E|�Wa;>=KWHDGX�LN@KDAT =K436�X�Q3FIFeBJDGX39�WI=?WIDGX<;AF 9�WHS&=K@KWI^3Q�=?WIDGX�DAL
H����:SK4<;A@&WHX3YZ^p_M; ��6EBE=K6J9kS&WH^MP<;AWH@&S[;>X39M=KD�BEDGX3S&=K@KQ3B�=5;	BJDGX �<936JX�BJ6vS&6E=+DALUPRDGFI_�TMDG@KP34�WHSKTMS
=?43;>=zBJDGQ�FH9�6�	 P3FH;AWHX�=?4�6#DA^3SK6E@&|G6E9�FHWIX3�w;AYG6C=KD�=?436	@K6EYGWHDAXJ:

&po
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�[DGX3S&WH936E@V=?4�6�BJ;ASK6�WHX�xz43WHB~4-SKWH^-P<;AWI@KSM;A@K6"93@K;nxzX�;>=M@?;AX39�DGT LN@KDGT ;�PbDAP3Q3Fa;w=?WHDAXJ?
@K6EYp;A@&93FH6ESKSeDAL�=K436JWI@eP3436JX�DA=`_�Pb6ES : 7�6z936E@KWq|G6z=?436 BJDGX�93WI=KWHDGX<;>F�93WIS&=?@&WH^3Q =?WHDAXMD>L�H����:SK4<;>@KWHX�Y
^p_�SKQ3B~4k;#S&WH^�P3;AWH@e;>=+;	P<;A@l=?WHBEQ3Fa;>@O� �C� ?�YAWI|G6EXV=K436zSKWH^�S ��YG6JX�DA=`_�Pb6ES�;>=e=?43;>=[� �C� : �v6EX3DA=K6
^p_��	;AX39��Z=K436v=`x[DV;AFIFH6JFI6JSODAL8=?436#� �}�
?<;>X39�FH6E=! @-�> c]�M�����nj@?" 4/�> cl�����Z�Gj@?# S�>�c]�
���V�Gj@?� 

7
> cl�������Aj@?� FV > c]�����V�Gjz;AX39$ �� > c �V�V�V�Gjz^R6Z=K436 � PRDGSKS&WH^3FI6#YA6JX3DA=`_�PR6

BJDAX��<YGQ3@K;>=?WIDGX3S5LNDG@�=K436ZS&WH^"P<;AWI@z;>=5=?436�� �}�
?3xz436E@K6Z=K4360�<@KSl=}=`x+D�WIXp=?6JYA6J@KSz@&6JP3@&6JSK6EXp=C=?4�6
YG6EX3DA=`_�Pb6 DAL�DGX36zSKWI^J?p=?436 Fa;ASl= =`x[DZWHXp=?6EYG6J@&Se@K6JP�@K6JS&6JXp=[=K436 YG6JX3D>=`_ PR6 DAL�=K436zDA=?436E@+S&WH^J?�;>X39
xz436E@K6�x[6�BEDGX3SKWI936J@v=`x+D�SKWI^ \`P<;>WH@CYA6JX3DA=`_�PR6�BJDGX��3YGQ3@?;w=?WHDAX3SC=?D�^R6�6 ��Q3Wq|A;>FH6JXp=0WqLe=?436�_�;A@&6
=?4�6MSK;ATM6�Q3P�=?D�WHXp=?6E@KB~4<;>X3YG6�DALe=?436�=`x+D�S&WH^3S	;>X39 �>DG@0WIXp=?6J@&B~4<;AX3YA6MD>LO=K436�=`x[D�;AFIFH6JFI6JS}DAL
6JWq=?436E@zSKWH^�: <�DVBJDGTMP3FI6E=?60=K436ZX�DA=~;>=KWHDGX�?3FH6�=&%�^b6	=?4�6#LN@&6 ��Q36JX�BE_"DALe;AFIFH6EFH6��F?yFI6E= * ^b6	=?4�6
@?;>X393DGT |>;A@&Wa;A^�FH65@K6EP3@K6ESK6EX�=KWHX3YZ=?436zSKWI^3S ��YG6EX3DA=`_�PR6}BEDGX��<YGQ�@?;>=KWHDGXV;>=e=?436C� �}��;AX39�=~;A��WHX�Y
|>;AFHQ�6JSeWHX C' 
- ?  3/ ? iIiqi ?  � E ?�;AX39MFH6�= 
 ^b65=?4�6 X�Q3T�^b6E@+DAL�;AFIFH6JFI6JS S&4<;A@&6J9>H�� �:^p_�=?4�6 P3;AWH@e;>=
=?4�6�� �}��FHD�BJQ3S;: <�;A^3FH6��#YGWI|A6JSz=?436#BJDAX393WI=KWHDGX3;AF 93WIS&=?@&WH^3Q =?WHDAX"D>L 3Vc 
 ( * j�:X<5436	LNDGFHFIDnxzWHX3Y
6 ��Q<;w=?WHDAX�WHFIFHQ3Sl=?@K;>=?6ESe=K436CBJ;AFHBEQ3Fa;w=?WHDAX�LNDA@O=K436CBJ;ASK6 xz436JX * >( @-�> cl���Z���tj�?�;>X39 
 >��F:
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 >��tj
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 > � j
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cl�MQ-% j / i

�}D>=?6�=?43;>=73�c�
�jV936EPb6EX393S�DGX =?4�6�@&6JFH;>=?WIDGX3SK4�WHP�DAL	=K436�=`x[D�WHX�93WI|�WH9�Q<;AFHS�;AX39 3Vc * ( 
�j
WHS�BJ;AFHBEQ3Fa;>=K6J9�Q3X39�6J@�=?436�;ASKS&Q3TMP�=?WIDGX-D>L �};A@K9�_p\ 7�6EWHX�^b6E@KY�6 ��Q3WHFIWH^3@&WHQ3T c �z7 �Oj@: � 7 �

TM6{;AX3S =K436 LN@K6 ��Q36JX3B�_	DAL�=?436 YG6EX3DA=`_�PR6+;w=8;�FHD�BJQ3S LNDG@ ;AX	WHX393Wq|�WH93Q<;>F8?�c g : g ) j�?t936JPR6JX39�S�DGX�FI_
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DGXM=?436 LN@K6 ��Q36EX3BJWI6JS�D>L =?436C;AFHFI6JFI6JS ?pW�i 6>i 3�c g : g ) j�> * /
� : WIL�<	> � ? ;AX39 3�c g : g ) j > ��* � : * � )

WIL�< �> � ?yxz436J@&6�* � : ;AX39 * � ) ;A@K6#LN@K6 ��Q36EX3BJWI6JSvD>Leg : ;AX39�g ) ;AFHFI6JFI6JS :�<54�6�BJDGTMP3Q�=?;>=?WIDGX"DAL
3Vc * ( 
�jOLNDA@z;�P3;AWH@5DAL�DGQ�=K^3@K6E9�WIX393Wq| WI93Q<;AFIS5;AP3PR6{;>@KSzWHX <543DATVP3S&DGX�cl�51p�AoGj@:
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;A@&6#6 ��Q3WI|>;AFI6JXp=�c�;AS&SKQ3TMWHX3Y�=K4<;>= 6�	�;AB�=CP \ |>;AFHQ36ESz;A@K6	Q3S&6J9yj�?RxzWq=?4�=?4�6#|A6J@KS&WHDGX"WHX"6 ��Q<;w=?WHDAX
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c � :I�tjz^b6EWHX3Y�6{;AS&WH6J@}=?D�B{;>FHBJQ�Fa;>=K6 : � Dtx+6E|A6J@;?�xzWq=?4�WIX3BJDATVP3FI6E=K6 H�����WIX�LNDG@KTV;>=KWHDGX"DG@}xz4�6JX
;VS&T�;>FHFUX�Q3T�^R6J@}DAL Fa;>@KYG6	L ;ATMWHFHWI6JS5;>@K6#S?;ATMP3FH6E9�;AX�9s=?436ZX3DG@&T�;AF�;>P3P3@KD 	 WHTV;>=KWHDGX�WHS Q3S&6J9
=?Ds;ASKS&6JS&S�SKWIYGX3WI�3B{;AX3BE6 ?�=?436M=?6ES&=Z^<;ASK6E9�DGX�6 ��Q<;>=KWHDGX�c � : �GjvWHS#P3@K6�LN6J@&@K6J9 c �0DGX3Y�;AX39��[D 	
�5131G�Gj@:
<5436vB{;>SK6CD>LUWHX3BEDGTMP3FH6�=?6-H���� WHX LNDG@KTV;>=?WIDGX�WHSO93WISKBJQ�SKSK6E9�WHXVTVDG@&6}9�6E=~;>WHFyWHXk� 6JB�=?WHDAX
� : u :[�}X3DA=K436J@ PbDASKSKWI^3FH60|>;A@&Wa;>=KWHDGXkx+DGQ3FI9s^R6	=KD�Q3S&6#=K6JSl=CSl=~;>=KWHS&=KWHB�� S ?<xz43WIB~4sWIS};>X<;AFHDAYGDGQ3S
=?D�=?4�6#FIWHX36J;A@�FIDGY���FIWH�A6EFHWI43D D�9 \ @?;>=KWHD	;AX39"WHS5D>L2=?4�6#SK;ATM6	LNDA@KT ;>S}6 ��Q3;>=?WIDGX�c � : �Gj@?<^�Q�= 436J@&6
hlc � j

�
h&c mpj�> FIDGY'& � : cl�#Q � � : � �: j + :�<5436�=?6ES&=#^<;AS&6J9�DGX�=?43WIS0S&=?;>=?WIS&=?WIB�WHSCX3DA=	6 ��Q3Wq|>;AFH6EX�=

=?D�6EWI=K436J@�D>LU=?4360P3@&6E|�WHDAQ3S�=`x[D�=K6JSl=?S ?<6
	 BJ6JP =C;>S&_�TVP =?DA=KWHB{;>FHFI_ :%<8D�;ASKS&6JS&S S&WHYGX�WI�<BJ;AX3BJ6P?�DGX�6
BJDAQ3FH9"Q3SK6ZSKWIT�Q3Fa;w=?WHDAX3S�=?DMDG^�=?;AWHX�=?436#6JTMP3WI@KWHBJ;AF 93WIS&=K@KWH^�Q�=?WIDGX�DAL =?4�6#=K6JS&=}S&=?;>=?WIS&=KWHB�� - ? � /
DG@�� S ?8BJDAX393WI=KWHDGX3;AF DGX�c * - ? * / ? i{i{i ? *	� j@: <�D"93D"=?43WIS ?�x[6MSKWIT�Q3Fa;w=?6

 :CBEDGX393Wq=?WIDGX<;AF DAX

* : LNDG@�6J;AB~4 <6?eQ3SKWIX3Y�=?436�93WIS&=K@KWH^�Q�=?WIDGX�DAL 3Vc 
 ( * j	YGWI|A6JX�WHX <�;A^3FI6 � :q�F:��}FI=K6J@KX3;>=?Wq|G6JFq_F?
DGX36�BJDGQ�FH9 ;AP�P3FI_-;�X3DA@KTV;AF ;AP3P3@&D 	 WIT�;>=KWHDGX�=?D�=?436sBJDGX39�WI=?WIDGX<;AF59�WHS&=K@KWI^3Q�=?WIDGX D>L �	- ? � /
DG@�� SO:�H`X�P�@KWHX�BJWHP�FH6 ?R=?436�=K6JSl=	BJDGQ3FI9�^b6Z=`x[D>\ SKWI936J9J: �}Dnx+6E|G6E@ ?Ux+6MX�DA=?6�=K4<;>=v=K436M� �}� WHS
;AS&SKQ3TM6J9�=?D�^b6�WIX�;�@K6EYGWHDAX�S&43DnxzWHX3Y"S&=K@KDGX�Y�FIWHX3�w;AYG6ZxzWI=?4�;�=?@K;AWI= :T<5436J@&6ELNDG@&6 ? �� � m�WHS
6�	 PR6JB�=?6J9�WqL�=?4�6	� �C��WIS+X3D>=[=?4�6CSKDAFH6CBJ;AQ3S&6vDALUFIWHX3�w;AYG65=KD�=?436}@K6EYGWHDGX�?�xz436E@K6J;AS �� � mZT�;{_
WHX�93WHBJ;>=?6zTMWHSKS&Pb6EBJWq�<B{;>=KWHDGX�DALb=?436};AFIFH6JFI6[LN@K6 ��Q36JX3B�_ %�DG@ |�WHDGFH;>=?WIDGX�DALb=?436 �C;A@&9�_p\ 7�6JWHX�^R6J@&Y
;AS&SKQ3TMP�=?WIDGXJ?3xz43WIB~4�WHSzQ3S&6ELNQ3F�WIX�LNDG@KTV;>=KWHDGX�^3Q =CWIS X�DA=}=K436Z;AFI=K6J@KX3;>=?Wq|G60DAL WIXp=?6J@&6JSl= : <54�Q3S;?
6E|A6JX�WqL2x+6#x+6J@&6Z=KD�Q3S&6�;�=`x[Dw\`SKWI936J9�=?6JSl= ?<x+6Zx+DGQ3FH9�x[;AXp=C=?DM93WIS&=?WIX3YGQ3WISK4"^b6�=`x[6E6JXs=K436JS&6
=`x+D�B{;>SK6JS;: <8D�BJDAX3S&=K@KQ3B�=k;�BJDGX �<936JX�BJ6�S&6E=MLNDG@�=?436�=?@&Q36�B{;AQ3SK;AFzSKWq=?6 ?Ox[6�Pb6E@&LNDG@&T =?4�6
BJDA@K@K6ESKPRDGX393WIX3Y"4�_�PRDA=?4�6JSKWISZ=K6JS&=ZDGX�6{;AB~4�DAL[=K436�� �C� S	=`_ PR6J9�WHX�=?436M@K6EYGWHDAXJ:�� c]�

�
�
j

BJDAX��<936EX3BJ6#SK6�=}=K436JX"WHX3BEFHQ39�6JSz;AFIF�=?436Z� �}� S =K4<;>= ;A@&6#X�DA=zSKWIYGX3WI�3B{;AXp= ;>=zFI6E|G6EF
�
:

GAQ3S&=};AS�LNDA@�=?6JSl=?SzDAL8FHWIX3�w;AYG6P? =?4�6J@K6	;>@K60TV;AXp_k93W ��6E@K6JXp=zPRDGSKS&WH^3FI60B~43DGWIBJ6JSzDAL�x+6JWIYG4p=?WHX�Y
L ;AB�=?DG@ � : LNDG@5=?436 <�=K4"L ;>TVWIFI_Mxz436JX�DAQ3@zS&=~;>X39<;A@&93W98E6J9sS&4<;A@&WHX3YMS&=?;>=?WIS&=?WIB � � WISzBJDGT�^�WHX36E9
;ABE@KDGS&SOL ;ATMWHFIWH6ES : <5436CDAP�=?WIT�;AF�x[6EWHYG4p=OLNDG@O;#P3;A@&=KWHBJQ�Fa;A@ L ;ATMWHFq_�9�6JPR6JX393S+DGX�=?436};ATMDGQ3Xp=ODAL
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WHX LNDG@KTV;>=?WIDGXsBEDGXp=~;AWIX36J9�WIX�=?436�DA^3SK6E@&|G6E9�YG6EX3DA=`_�PR6M93;>=~;�;>=0=K436M� �}�
:�
<DG@vWIX3S&=?;AX3BE6 ? =?4�6
x+6JWHYA4�= LNDG@ ;AXs; ��6EBE=K6J9sS&WH^"P<;AWI@zxzWq=?4"YG6JX�DA=`_�Pb6ZBJDGX��3YGQ3@?;w=?WHDAX  S > cl�M�����Gj�SK4�DGQ3FH9"^R6
8J6E@KD ?�SKWIX3BJ6z=?4�6J@K6 WHSeX3D	|>;A@KWH;>=?WIDGX�WHX�=?4�6-H�� � SK43;A@KWIX3YZYAWI|G6EXV=K43WHSeYG6EX3DA=`_�Pb6 BJDAX��<YGQ3@K;>=?WIDGXJ:
H`X�DA=K436J@	x+DG@K93S;?e;�P<;>WH@0xzWI=K4�YG6EX3DA=`_�Pb6�BJDGX��3YGQ3@?;w=?WHDAX�c]�s�����Gj	9�D 6ES�X3DA=ZP3@&Dt|�WI936k;AXp_
WHX LNDG@KTV;>=?WIDGX�Q�X3936J@eDGQ�@ TV6�=?43D�9J: 
<DG@2P<;AWH@&S xzWI=K4�=?436zDA=K436J@ �3|A6}YA6JX3DA=`_�PR6zBJDGX��3YGQ3@?;w=?WHDAX3S ?
DGX36MBJDAQ3FH9�B~43D DASK6�6 ��Q<;AFex[6EWHYG4p=?S;? � > �F?8DG@#B~43D DASK6Vx+6JWIYG4p=?S	=?4<;w=�936EPb6EX39�DGX�=?436VX�Q3FHF
BJDAX393WI=KWHDGX3;AFb|>;A@&Wa;AX3BE6JS;?<SKQ3B~4s;AS � > � � � DG@ � > � � :

7�6MPRDGWHXp=#DGQ�=	=?43;>=#DGQ3@0=?6ES&=ZWHS	X36JWq=?436E@#;�=K6JS&=ZDAL[FHWHX��>;>YG6�X3DG@#;�=?6JSl=�D>L�FHWIX3�w;AYG6�9�WHSl\
6 ��Q3WIFHWI^3@KWIQ3T):�� � �}��T�;{_�^R6k=?WIYG4p=?Fq_�FHWIX3�A6E9�DG@�WHX�S&WHYGX3Wq�<B{;>X�=�FIWHX3�w;AYA6k93WHS&6 ��Q3WIFHWH^�@KWHQ�T
xzWI=K4V=K436CBJ;AQ3S?;>FbPRDGFI_�TMDG@KP�43WHS&T)?A_A6E=[S&=?WIFHF<X3D>=[^R6v;A^�FH6z=?D	LNQ3FHFq_�6�	 P3FH;AWHXM=?436}FHWHX��>;>YG65SKWIYGX<;AF
DG^3S&6J@l|G6J9"WHXM=?436C@K6JYAWHDGXJ:%H`Xk=?436����������
	C93;>=~;�S&6E=5D>L��}DG@&WH�w;{x�;�dJf+g�h`iUc��AmGmGmpj�?3� �C� S �G� ?
�Ar ?G�Go ?�� � ?p�41C;AX39�r3&v;>FHF�SK43Dnx-SKWIYGX3WI�3B{;AXp= FIWHX3�w;AYA6+;>X39�FHWIX3�w;AYG6O93WHS&6 ��Q3WHFIWH^3@&WHQ3T c �}DA@KWH�w;{x[;
dJf5g�h`iR�AmGmAmpj@? ^3Q�= 6{;AB~4"WHS5@&6��&6EBE=?6E9�;AS5^R6JWIX3Y�=?436	S&DGFH60BJ;AQ3SK6	DAL�FHWIX3�w;AYG6C=KD�=?436	@K6EYGWHDAX�c SK6E6
� 6EBE=?WIDGX�� : �Aj 	vQ3@OSKWIT�Q3FH;>=?WIDGX3SzcNSK6J6C� 6EBE=?WIDGX�� :I�tj ;AFISKD	SK4�Dtx =K4<;>=e=?4�6J@K6};A@&6 BJ;ASK6ES[WIXMxz43WIB~4
;vL ;AFHS&65P3Q�=?;>=?Wq|G65B{;>Q3S?;AFR� �C��WIS ^bDA=K4�BJDGTMP3FH6�=?6EFI_ZFHWHX��A6J9�c ( > mpj ;AX39�WHX�BEDGTVP�FH6E=K6�FHWIX3�w;AYG6
93WISK6 ��Q3WIFHWI^3@KWIQ3T c ( 
�� ( > �tj}xzWI=K4�=?436�=?@&Q36�B{;>Q3S?;AFO� �C�
? ;AX39�_G6�=ZDAQ3@v=?6ES&=#S&=KWHFHF84<;AS	S&DGTV6
PRDtx+6J@�=KD�@K6 �&6JBE=�=K436�X�Q3FHF+4p_ PRDA=K436JS&WHS : 	CL BJDGQ3@&SK6P?OWqLz=`x[D�� �}� SV;>@K6kWIX�Pb6E@&LN6EBE=�FHWIX3�w;AYG6
93WISK6 ��Q3WIFHWI^3@KWIQ3T c W�i 6>i ( 
 � ( > ��xzWI=K4�=?436�BJDGQ3P�FH6J9�;AFHFI6JFH6ES}43;n|�WIX3YkWH9�6JXp=?WIB{;AF�;AFHFI6JFI6#LN@&6 ��Q36JX�\
BJWI6JS?j@? =?4�6JX�=?4�6E_�;A@K6kWIX393WIS&=?WIX3YGQ3WISK4<;>^3FH6�^<;AS&6J9�DGX�=K436k9<;w=~;�;AX�9�X3D�S&=?;>=?WIS&=KWHB{;>FOTM6E=K43D�9
B{;>X�S&6JP<;A@K;>=?60=K436JT7:
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<DG@v=?436�BJ;ASK6�DAL+TVDA@K6�=K4<;AX���; ��6EBE=K6J9�@&6JFH;>=?Wq|G6JS;? * x+DGQ3FH9�^R6�=?436�YG6EX3DA=`_�PR6VBEDGX��<Y>\

Q3@K;>=?WIDGX�;ATMDGX3YM=?436�; �b6JB�=?6E93S0WHXs=K436�L ;ATMWHFq_F?R;AX39 
 x+DGQ3FI9�^R6�=?436EWH@�H�� ��BJDGX��3YGQ3@?;w=?WHDAX
c <54�DGTVP�SKDGX �51G�>u�j@: 
yDA@�WHX�S&=~;>X3BJ6P? LNDG@�;AX�; ��6EBE=?6E9�SKWI^�=?@KWID�xzWq=?4�� �}��9<;w=~; ?2=K436J@&6�;A@&6
�nm�PbDASKSKWI^3FH6�YG6EX3DA=`_�PR6�BJDAX��<YGQ3@K;>=?WIDGX3SVc Q�P�=?D"WHXp=K6J@KB~43;AX3YG6VDAL[=K436M=K43@K6E6�S&WH^3S#;AX39 �>DG@#WHX \
=?6E@KB~4<;>X3YG6MDALe=?436�=`x+Ds;AFIFH6EFH6JSCDAL�;>X�_�SKWH^<jv;AX39�u7H�� � BEDGX��<YGQ�@?;>=KWHDGX3S;:L<8D�BJ;AFHBEQ3Fa;>=K6�=?4�6
BJDAX393WI=KWHDGX3;AFy93WHSl=?@KWI^3Q�=KWHDGXVDAL 3�c�
 (0* j LNDG@�;AX�; ��6EBE=?6E9�SKWH^V=?@KWID ?�DGX36vX36E6J93S�=K436vBEDGX393Wq=?WHDAX<;AF
93WIS&=?@&WH^3Q =?WHDAX�DALR3Vc * ( 
kj�;AX39�=?436	TV;A@KYGWIX<;AFb93WHSl=?@KWI^3Q�=KWHDGX�DALR3�c�
�j@: <54�6ZBEDGX393Wq=?WHDAX<;AF�9�WHSl\
=?@&WH^3Q =?WHDAX�DAL#3Vc * ( 
kj#;A@&6kYGWq|G6JX�WHX <�;A^3FI6 � : r :/<54�6kT�;>@KYGWIX<;AF 93WIS&=?@&WH^3Q =?WHDAX�DAL-3Vc 
�j0WHS
3Vc 
 > c]�t�k�t��rAu�jKj=> r � � � ?�3Vc 
 > cl�t�k�nrV�>u�j&j > � � � � ?�3Vc 
 > cl�t�k�t���ArGjKj�> � � � � ?
;AX39�3Vc 
 > cl�t�k�t�k�t�AjKj > � � � � : <2;A^�FH6 � : u�YAWI|G6ES"=K436�BJDGX�93WI=KWHDGX<;>FC93WIS&=?@&WH^3Q =?WHDAX DAL
3Vc 
 ( * j�?�;AX39W<2;A^�FH6 � : o0YGWq|G6JS =K436}X�Q3FIFyBJDGX39�WI=?WIDGX<;AF TV6J;AXV;AX39�X�Q3FIF<BJDGX�93WI=KWHDGX<;>F3S&=?;AX39<;A@&9
936�| WH;>=?WIDGXsD>L � ?yxz436EX � 	 � : ��� WISCQ3S&6J9J?�LNDA@C6{;>B~4�DAL =?4�6k�nmVYA6JX3DA=`_�PR6�BJDAX��<YGQ3@K;>=?WIDGX3S;:}7�6
4<;{|G6�9�6J@KWq|G6E9�SKWHTMWHFH;A@0@K6ESKQ3Fq=?S�LNDA@�SKWI^3SK4�WHP3S�xzWq=?4�uw\ � ; ��6EBE=?6E9�SKWI^3S�c @&6JS&Q3FI=KS�X3DA=�SK43DnxzXyj�:
7�6#43;n|A6	WHTMP3FH6ETV6EX�=K6J9�DGQ�@ TM6E=K43D�9kLNDG@z; �b6JBE=K6J9�SKWH^�SK43WIP3S5DAL�SKW98E6JS}�t\ � ;AX39"4<;{|G6Z;AP3P3FIWH6J9
WI=5=KD�=?436 ��������� 	09<;>=~;�S&6E= DAL �}DG@&WH�w;{x�;�dJf5g�h`i8c �>mGmGmpj0cNSK6J6Z� 6EBE=KWHDGXs� : �Gj@:
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<5436�6
	�=?6JX�SKWHDAX�DAL[DGQ3@0=?6ES&=?S#=?D�=?436�BJ;ASK6VDAL�WIX3BJDGTMP3FI6E=?6TH�� � WHX LNDG@KTV;>=?WIDGX�WIS#S&WHTMWHFH;A@
=?D�=?43;>=�LNDG@�=?436"Q3S&Q<;AF ;AFHFI6JFI6�\`S&4<;A@&WHX3Ys=K6JSl=?SMDALCFIWHX3�w;AYA6 : 
<DG@�=?436"Q3S&Q<;AF5=?6ES&=MDALvFIWHX3�w;AYA6 ?
xz436EX�=K436 �}�O�.SKBEDG@K6�S&=~;w=?WHSl=?WIBVDG@Z=?436kFIWHX36J;A@	FHWI�A6JFIWH43D�D�9�WIS�Q3S&6J9�xzWI=K4�WHX3BEDGTMP3FH6�=?6WH����
9<;>=?; ? � WHSV@K6JP�Fa;ABE6J9 ^p_ � � �$ & � (0* LNQ3FHF + ?5=?436�X�Q3FHF}6�	 Pb6EBE=K6J9 |>;AFHQ36�DAL � BJDGX�93WI=KWHDGX<;>F DAX
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