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

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

����,����
��" �"!-�������$������.'/�"�.�0'

1�2

3�46587:9<;=3�4>5?9�@A7#BC9�DE7:7

FHGJILK?K?MON?PRQSP?IUTWVXKZY\[^]_I`P?P?MaGbIUVXc\QSN?P?ILQSdfegY^dih\dUdi]_MaVjP
TSekP?l^MmNRMan>Y^IUN?Ma]_MOV>PRKoegTjNAP?l^MEGJMapWNRMOMqTSe

r TJstPRTWN<TSeCuvl\IidUTjK?TWc^l6w
xzy TW]_c^Y^P?MON|{^s}IUMOV\sOMEQSV\Gb~vV^pjIiV\MOMONRIUV^p>�
IUVb�Al\ME��V^IU�WMaNRK?I`P8w�TSe.��IUs�l^IUpjQWV

�S�j�^�

r TJstPRTWN�QSd y TW]_]_IiPZP?MaMW�
F�K?K?ILK8P�QSV>P�uvNRTSegMaKRK?TWN<��QSNRw/{f�\��wJKZTjV#� y l\QSIUN
F�K?K?ILK8P�QSV>P�uvNRTSegMaKRK?TWNA�:TJG^GX���\F|Y\KZP?IUV
u�N?TWegMaKRKZTjNo��IUs�l\QWNRGb�q�^�oN?T��<V
u�N?TWegMaKRKZTjNo~�GJ�AQSN�G/{f� r Q=�6IUG\KZTjV
F�K?K?ILK8P�QSV>P�uvNRTSegMaKRK?TWN<{>P?Ma�WMOV��_�^�<MaIiV\l\QSN�G6P





��� @���� ��� �

� ��u��
	
� �� ��~ � ~��<����F �|r u�~��
��	q��� F � y ~�	�� r FC�kF y F y�� ~,F|� y�� � �<~ y �<�|��~o{����
~���u���	 � � �� ����~���	q������~�� ~���~ � y ~ y�� F|�|F y �<~�� � {J� � y {

[6w
� K?IUMOV�� � K?IiV�{6M QSV��#MaM

y l QSIUN?c MON�KZTjV#�v��QSNRw/{f�^��wJKZTjV

��IiV^IU]_I��aIiV\p�c T��oMON ��IiV s}NRMaQWK?IUV^p/c MON?egTWNR] QSV\sOMW�:QWV\G GJMOdUIi�jMONRIiV\pbM � M stPRIi�jM ]_Ma] TjN?w [\QSV\G^�<IUG6PRl�QSNRM PRT!�
G\Q=w#" KAc^NRIi] QWN?w_]_IUsON?Tjc^NRT6sOMaKRKZTjN�GJM KZIUpWVbpWT>QSdLKvegTjNAP?l^M�Ma] [ MaG^GJM G��^l^IUpWl$�zMaV\G�QWV\G�] Y^diP?IU] M GJILQ �oTWN&%JK8P�Q�PRIiTjV
] QWN'%jM}PRKa� � V PRl^IUK<G^IUKRKZMaNZP�Q�PRIiTjV#� � �<IidUd#GJILK?sOY\KRK�PRl^NRMOMq]_Q!(8TWNAG^Q�P�Q saQWs�l^M�QSN�s�l^IiP?M stP?Y\N?MqGJMaK?IipjV�TjcJP?IU]_I�� Q�P?IUTWV
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�<NRIiPZP?MaV�IiV l^IUpWl$�zdUMO�jMOdCdLQSV^pjY\QSpjMaKa�_�Al\N?TjY^pWl QX[ MOPZPRMONEY^V GJMON�K8P�QSV\G^IiV^p�TWe�PRl^M ]_MO]_TWNRw�NRM}egMaN?MaV\s}M_[ MOl\Q=�+�
IUTWN �\�oMEsOQWV�GJMaK?IUpWV�Q KZwJKZP?Ma]0PRl\Q�P|M )JMas}Y^P?MaK|Q�P|l^IUpWl\MON�c MON?egTWNR] QSV\sOMW�^�<l^IUdUM s}TjV\KZY\] IUV^p dUMaKRK�MaV^MONRpWwj�\QSV\G
G^MOdUIi�jMONRIiV^p_]_TWNRM�M*�fMas}P?IU�WM�]_MO]_TWNRw [\QWV\GJ�<ILG6P?l#�
�Al\MCh\N�K8P:c QSN?P:TSe6P?l\IUK.GJILK?K?MON?PRQSP?IUTWV�c^NRMaK?MOV>PRK#QWVmIiV$� GJMacJP?l s�l\QSN�QWs}P?MONRI,�aQ�PRIiTjV|TWe\G^Q�P�QA] Ma]_TWNRw�NRM}egMaN?MaV\s}M KO�

IUV\sOdiY\G^IiV^p/QSV\QWdiwJK?IUK<TWe K?MO] QWVjPRIUsEN?MapWIUTWVXQWsOsOMaKRKZM K<QSV\GX[ MOl Q=�>IUTWN<TWevG^Q�P�Q K8PRTWNRMaKa���Al^ILK|QWV\QSdUwJKZILKAdiM QWG^K<P?T�Q
V\MO� TjN?p>QSV^I,�aQSP?IUTWVETWe\PRl^M<G^Q�P�Q�saQWs�l^Mol^IUMON�QSN�s�l>wmsaQSdUdiM G �<MapWIUTWV�� [\QWK?MaG y QWs�l^MadiMOPRKa�k�<MapWIUTWV�� [\QWK?MaG y QWs�l^MadiMOPRK
QWN?M<saQSc\QW[^diMoTSefIU] c\N?T��6IUV^p�]_Ma] TjN?wmc MON?egTWNR] QSV\sOMATSe Ma] [ MaG^G^MaG_QSc^c\diILsOQSP?IUTWV\K.�<l^IUdiM�K?IUpWV^Iih sOQWV>P?dUwmN?M GJY\s}IUV^p
G^w>V QS]_IUs MOV\MONRpWw�s}TWV KZY^]_cJPRIiTjV#��NRMaK?Y^diP?IUV^p IUV�Q.- �+/ PRT10 �2/ Ii]_c^NRT��WMa] MaV>P�IiV�MOV^MaN?pjw+� GJMadUQ=w c^NRT6G^Y\stP
M 3 s}IUMOV\sOw�Y\K?IiV\p PRl^ILK�QSc^c\N?T>QWs�l#�

�\TWdUdiT��<IUV^p/P?l^ILKa� � �<IidUd�GJILK?sOY\KRKmQ/V\MO��sOQWs�l\M*� diI,%WM_K8PRN?Y stP?Y\N?Mj��P?l^M�{6PRQWs4%5�vQSdUY^M6�kIUdUM x TWN {����C�t�k�<l^IUs�l
[ T6TjKZPRK�c MON?egTWNR] QSV\sOM TSe�pWMOV\MON�QSd.c^Y^NRc T>KZM_QSc^c\diILsOQSP?IUTWV\Kq[6w�N?TjYJP?IUV^pXK8P�QWs4%�G^QSPRQ/N?MOegMONRMOV\sOMaK�P?TXQ/K?MOc QSN�Q�P?M
KZP?TjNRQWpWM�KZP?NRY\stPRY^NRM�TWcJPRIi]_I,�OMaG egTjN PRl^M�Y^V^ILn>Y^M s�l\QWNRQjstPRMONRIUKZP?ILsOK_TWeqPRl^M KZPRQjs4% NRM}egMONRMOV s}M K?Y^[\KZP?NRMaQW]b� �ow
Y^P?IUdiI,�OIUV^pXQ/sOY\K8PRTW]�KZP?NRY\stPRY^N?M egTWN�K8P�QWs4%XNRM}egMONRMOV s}MaKa� ��M_QSNRM QS[\diM P?T/IiV\sON?M QWK?M ]_MO]_TjN?wXdUMO�WMadkc QSN�QSdUdiMadiILKZ]X�
NRMaG^Y\s}Mq]_MO]_TWNRw dUQSP?MaV\s}wj�6QWV\G NRMaG^Y\s}M�T!�#� s�l^IUc�]_Ma] TjN?w QjstP?IU�6I`P8wj�C�Al^M�c MaNZegTjN?] QSV s}M�saQSV [ M�Ii]_c^NRT��WM G [6w
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: NRI`PRMO[\Qjs4% �<l^ILs�l sOQWV M � M stPRIi�jMOdUw IU]_c^N?T��jMAT��WMON�QSdUdJKZwJKZP?Ma]�c MON?egTWNR] QSV\sOMo[6w_KZl\I`e PRIiV^p�PRl^M��<NRI`PRIiV\pjKCTWe�G^IiN?P8w
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�Al\IUK<GJILKRKZMaNZP�Q�P?IUTWVXK?MOMO]_M G PRT [ MEQSVbMOV GJdiM K?Koc^IUdUpWNRIi] QSpjM|egTjN<]_MmIiV/P?l^Mm[ MOpjIiV\V^IiV\p\� : I`PRl^TWY^P|]_MOV>P?TjNRK
QWV\G�egNRIUMOV\G^Ka� � s}TjY^dUG�V^TSPqN?M QWs�l�] wXG^MaKZP?IUV\Q�PRIiTjV#� � PqIUK�] w�c\N?IU�6IidUMOpjMmP?T/l\Q=�WM ��QWN?w���wJKZTjV�QWK�] wbP?l^M KZILK
QjGJ�6IUK?TWN � ��QSNRw K?l\QWN?M KE�<IiP?l ]_M�l\IUK ]_QWV6w NRMaK?MaQWNRs�l ILGJMaQjKO� c^NRMaK?MOV>PRQSP?IUTWV�K'%>IUdUdUKa�.egN?IUMOV\G\KZl^IUc#�vQWV\G l^TWY KZM
[\Y^IidLGJIUV^p PRIic KO� V^TSP�TWV^dUw/] Q %WMaK�] wXuvl#� r � N?M KZM QSN�s�l�egNRY^IiPZegY^d [^Y^P�QSdLKZT MaV (8T�wjQW[^dUMW� � QS]�pWNRMaQ�PRdiw/IiV GJMO[JPRMaG
PRT�~�G r Q=�6IUG\KZTjV#���<l^TbpWY^ILGJMaG ]_M_IiV>P?T/P?l\M_G^TW]_M TWeosOTW]_c^YJPRMONmQSN�s�l^IiP?Mas}P?Y^NRMaK�IUV ����� =\� � M QSdLK?TbK?MONR�WM G
QjK ] w h\N�K8P_N?M KZM QSN�s�l QWGJ�6ILKZTjN QWV\G�c^NRT��6IUGJM G�]_MbQ NRMaK?MaQSN�s�l�QWKRKZILKZPRQSV>P�KZl^IUc�egNRTW] ����� =XPRT ����� -J� � QSdLKZT
�AQSV>PmPRT�M*)Jc^NRMaKRK�] w ] Q!)6IU] Y\]�pWN�Q�PRI`PRY\GJM_PRT�] w�egTjN?]_MaNm]_QWV\QSpjMONEQWdUK?T�QXc^N?IUV\sOIic\QWd�QSN�s�l^IiP?M stPEQ�P � V>P?Mad
y TjN?c TWN�Q�PRIiTjV#� ��dUQjGJIi]_IUN u MOV>P'%jT��6K'%6I �C�<l\T P�QSY^pjljP ]_MXl^T��$PRT [ M�K %jMOcJPRIUsaQSdATSeqQSV6w>P?l^IUV^p ��MXNRMaQWG QSV\G
l\T�� PRT [ M s}TW]_MmQ_pWT6TJG/N?M KZM QSN�s�l^MON � � P?l QSV$%b�:TJG^GXF�Y K8PRIiV#� �<ILs�l\QSN�G/�oNRT��<V#�^QSV GX{6P?MO�jMOVX�<MOIUV^l\QWNRGJP<egTWN
K?MONR�6IiV\p/IUV ] wXP?l^M KZILKms}Tj]_] IiPZPRMOM_QSV\G c^NRT��6IUGJIUV^p/]_QWV6w�c^N?M s}IUTWY\K�sOTW]_]_MOV>PRKqIUV ] w���TjN'%f� � QWdUK?T/P?l\QWV$%
� Q�PZP �\QWN?NRMOV\K QSV\G y l^NRILK
	 y��� � Ma�<[^Y^NRV egTWN P?l^MaIiN IiV KZIUpWl>PZegY\d�GJILK?sOY\KRKZIUTWV\K GJY^NRIiV^p TWY^N s}T6TWc MON�Q�PRIiTjV#� �
PRl\QSV % � MaKRKZM �\QWV^p egTWNAPRl^M � V>P?MOd��^MOdUdUT���KZl^IUcXGJY^NRIiV^p_] w dUQjK8P�wjMaQWNAQSP���IUs�l\Iip>QSV#�
�Al\MONRM QSNRM ] QWV>w egN?IUMOV G^KEQ�P ��IUs�l^IUpjQWV �<l^T�s}TjVjPRIiV6Y^M PRT %WMaMOc ] M/K?QWV^M egN?Tj]���QSNRIiTjY\KmKZPRQSpjMaKmTWeo] w

�oTWV GJMON?egY^dfP8�oT!� MOc^ILKZTJGJM�GJTJstPRTWN�Q�PRM�(8TjY^N?V\MOwW�Cu MaTWc^dUM|egNRTW]$Mac^ILKZTJGJM�TWV\M x �����j� PRT ����� -W�}� y l\Iil�� y l^IUMOl��#MaMW�
y l\IiMaV�� y l QSV^p��#IUY#� � Y\GJM_�<IU�WMON�Ka�f�AIUMOV$� uCQWT/{6l^IUl#� � � y l^MOV\p y l^MaV#�:u MaN?NRw : QSV\p\� � TWl^V�� r Q=�>ILG : MOdUdi] QWV#�
y l6Y\QWV�� � Y\Q y l\QWV^p\� � Y^V^p � ��Y^MaIC��Y#� � IUQ!� � QSV\p �#IUTWY:�:~vNRIUs � QWT\�:~�N?ILs ��T�wJG��ku T!� �vY^V^p y l\QSV^p � : QSdUMOMaG
��MOdUMOILKO� F�dUM*)^QSV\G^N?Mm~vILs�l^MaV>[ MONRpWMaNa�J�mQWN?MaVb�kTW] %WT �\�ql^MOIiP?l�F|[\QSV G^QSl�QSV GX{Jl^Iil$� � QST � Y\V^p\��u MaTWc^dUMqegN?Tj]
Mac^ILKZTJGJM�P8��T x ������� � �W�W�\� �t� �|I (8I�{JN?IUV^IU�=QjK?QWV#�J{>P?Ma�=QWV ��dUQWT��>ILsS�J��Y\NRQWdiIfF�V^V Q=�=QWNRQW]X�>��I,%6l\QSIUd�{6]_MOdUwjQSV K %6IUwW�
{JY^l6�oQWV ��IU]X� : MOI�� �^MOV �:IiV#� �oN?ILQSV � YJPRK?MOdUd � � QWpjQWNRQ!(ZQSV �mQWV\G^QjK?QW] wW�#�|QS] Y�u�w>NRMaG\GJwW���#ILK?Q : Y#���|Y^V
�:IiY:� {6l\QWT!� �#Y^V��#I:QWV\GX{6l6Y^T!� � Y^V\p � KZY:�
{Jc M s}ILQSd#PRl\QSV %6K|P?T�] wXs}TWdUdUMOpWMmNRT6TW]_] Q�PRMaK|{6l6w6l�� �mQSV^p y l QSV^p�QWV\G y l^I�� : MOI : QSV^p �\�<l^T�sOTWV6�6IiV s}MaG

]_M/P?T QS[\QWV\GJTWV�] w TWNRIipjIiV\QWdvc^dLQSV TWe�pWTjIiV^p�P?T : ILKRs}TWV KZIUV QSV G�(8TWIUV�P?l\MOIUN QjGJ�WMaVjPRY^NRMaK QSP ��ILs�l^IUpjQWV�IiV
TjNRG^MONAP?T K?l\QSNRMmQSVXQSc\QWNZPR]_MOV>P�QSpjQWIiV:�

� P?l\QWV$% QSdUd<TSe�] w [^NRIUdidUIUQWV>P � V>P?MadAegN?IUMOV G^K IiV\sOdiY GJIiV\p ~�]_IidUM � KZIUMOl:� : MOV�� � K?Y^V � QSV:� �vTWY^egMOV^p : Y#�
{Jl^Iil$� : MOI��:IUQWT\� � TWV^p : QSV^p �:uCQSY^d��fQWpjQjs4%>Iz� y l6Y^V^p!� y l^I : QSV^p �k{>PRMO�WM_�<KRQSIz�:�:NRY^V^p r IiMac#� r MOMac �oY\s�l
QWV\G ��I�%jM r �<wWMaNa�v�<l\TW] � dUMaQWN?V^M G Q diTWP egNRTW]X� � V c\QSN?P?ILs}Y^dLQSN �C] w�[ MaKZP egN?IUMOV\G QSV\G QSdLKZT ] w sOdiT>KZM K8P
c QSN?P?V^MaN�IUV P?l^M�MOV>P?IUNRM|u MOV>P?IUY^] � �'� GJMO�jMOdUTWc^]_MaVjP � � KZIUMOV$� y l^MaV^p
	R~v]_IidUM  � KZIUMOl:�>�<l\TEc\QWKRK?MaG Q=�AQ=w
(8Y\KZP�=
G\Q=w6K QSe P?MON � h\V^ILKZl\MaG ] wmTjNRQWd6G^M}egMOV KZM<QSV G dUM}e Pv]_M<KZTq] Y s�l pjN?IUM}efQSV\G N?MapWNRM}P.V^TSPCMO�jMOV l\Q=�6IiV\pqQqs�l\QSV s}MoP?T
K?l\QWN?M�] w QjsOsOTW]_c^dUIUK?l^]_MOV>P��<IiP?l l\Ii]X�C~v]_IUdiMj�WPRl^M|�oTWN&% �oM�l\QjG GJTWV^M�P?TWpjM}PRl^MON��<IidUd\[ M�PRl^M|[ MaKZP�PRN?M QWK?Y^N?M
TWe.] w dUI`egMEQWV\GbwWTWYb�<IUdid:QWdi�AQ=wJK�dUIU�WM�IiVX] w�l^M QSN?Pa�

� P?l\QWV$%�] w�l^IUpWl KRs�l^T6TWd>QSV\G s}TWdUdUMOpWM�[^Y\G^G^IiM KO�S�oIUV�� � Y^V^p��#IUV#� �vY^V^p � � Q y l^TjY#� y l^IUMOV�� �#ILQSV^p��#IUV#� � QWT!�
y l QST � TWV^p � � KZILQST � ���aY � Iz� : QWV�� �Al\QSI � K?Y/QSV G �<KZY\V^p!� �#IUV y l^MaV^p\�>�<l^T pjIi�jM�]_M�l\TWc M�QSV G IiV KZc^IUN�Q�P?IUTWV
sOTWV\KZPRQWV>P?dUw�QSV\Gbp>QSdU�=QWV^I,�OMq] Mm�<IiP?lbPRl^MOIUN��<IUdUG/IUG^MaQWKATjV\s}MEQ �<l^IUdUMW�

�.IUV\QSdUdUwW� � ��TjY^dUG�diI,%WMqPRT PRl\QSV % ] w e QW]_IidUw egTWNAPRl^MOIUN<Y^V\sOTWV\G^I`PRIiTjV\QSd#K?Y^c^c TWN?Pa� � PRl\QSV %�] w dUT��WMadiw �<IiegM
~�K8PRl^MON �#IUY#�vl\T��"dUY\s4%6w � QS]	PRT l\Q=�jM wWTjY �<I`PRl ]_M egTjN QWdid�P?l\MaK?M�wWM QSN�KO� � P?l\QWV$% ] w�wjTWY^V^pjMON K?ILK8PRMON
� Y^I�� �qIiV9�#MOM��<l^T QWdi�AQ=wJKvs�l^MaMON�Kv]_M�Y\c�GJY^NRIiV\p ] w_Y^c K�QWV\G GJT��<V\Ka� � P?l\QWV$%_] w_c\QWN?MaVjP�K y l^IUV^p � � KZIUY^V^p
�:MOMEQWV\G y l6Y^V\p!� � Y\Q �#I,%WT egTjN<pWIU�>IUV^p_]_M�diT��jM�QWV\G/c^N?T��6ILGJIUV^p �<l Q�P?Ma�WMaN � V^MaMaGXKZIUV\sOM�G\Q=w TWV^Mj�
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=\� � u MON�s}MOV>P�QSpWM�TSeC��MO]_TjN?w F�sOs}M K?K<��MOpWIUTWV KoegTWN|{Ju�~ y IUVjP �S�j�W� �m�m���m���m���m�m���m�q�m���m� � =
=\� = u MON�s}MOV>P�QSpWM�TSeC��MO]_TjN?w F�sOs}M K?K<��MOpWIUTWV KoegTWN���M GJIUQW[ MaV\s�l��q�m�m���m���m���m�m���m�q�m���m� � 7
=\� 7 r QSPRQ 	qsOsOY^c\QSV s}w���QSP?IUTjKAIUV�~�QWs�lb�<MOpjIiTjV�egTjN�Q r IUN?M stP'� ��QWc^c MaG � ;j�m� y QWs�l^M �m�q�m���m� � -
=\� - r QSPRQ 	qsOsOY^c\QSV s}w���QSP?IUTjKAIUV�~�QWs�lb�<MOpjIiTjV�egTjN�Q � � �oQ=w = � �m� y QWs�l\M0�m���m�m���m�q�m���m� � ;
=\� ; r QSPRQ 	qsOsOY^c\QSV s}w���QSP?IUTjKAIUV�~�QWs�lb�<MOpjIiTjV�egTjN�Q 7 � �oQ=w ; 7 �m� y QWs�l\M0�m���m�m���m�q�m���m� � 0
=\� 0 r QSPRQ 	qsOsOY^c\QSV s}w���QSP?IUTjKAIUV�~�QWs�lb�<MOpjIiTjV�egTjN�QSV�8 � �oQ=w �=� 8j�m� y QWs�l^MX���m�m���m�q�m���m� � 8
=\� 8 : MaIipjljPRMaGX�<MOegMONRMOV\sOM r ILK8P�QSV\sOMmTSe y Qjs�l^M �#IUV^MaKA[6wb�<MOpjIiTjV\K �m�m���m���m���m�m���m�q�m���m� ���
=\� � �<M}egMaN?MaV\s}M �^NRMan>Y^MaV\s}w�TSe y QWs�l^M �^N�QS]_M K�[6wb�<MOpjIiTjV\K x � - ;^� [$�OIUc � � �m���m���m�m���m�q�m���m� �S�
=\� � � �<M}egMaN?MaV\s}M �^NRMan>Y^MaV\s}w�TSe y QWs�l^M �^N�QS]_M K�[6wb�<MOpjIiTjV\K x ]_c Map � MOV\sOT6G^M �b�m���m�m���m�q�m���m� �S�
=\� �j� ~vV>P?NRTWc6w TSe y QWs�l^M �\NRQW] M K ���m���m�m�q�m���m���m�m���m���m�q�m�m���m���m���m�m���m�q�m���m� �J�
=\� �=� ~ )Jc M stPRMaG y QSc\Qjs}IiP8w ��Q�PRIiT_TWe �A�oT y QWs�l^M K��m���m�m���m���m�q�m�m���m���m���m�m���m�q�m���m� �J�
=\� � =�uvNRTW[\QW[^IidUIiP8w TWek�<NRI`PRIiV\p PRT Q G^IiN?P8w diIUV^MmIUV/M QWs�l9�:�A� K8P�QWs4% TSe � � QSV G � � saQWs�l^M K x {Ju�~ y � -j� � =
=\� � 7 uvNRTW[\QW[^IidUIiP8w TSem�<NRI`PRIiV^p P?T Q GJIUN?P8w dUIiV^M IiV,M QWs�l��:�A��KZPRQjs4% TSe<� � QSV\G�� � sOQjs�l^MaK x �

[ MaV\s�l^] QSN&%^� �m�q�m���m�m���m���m���m�m�q�m���m���m�m���m���m�q�m�m���m���m���m�m���m�q�m���m� � 7
=\� � - � TWNR] QSdUI��aMaG/V6Y^] [ MON<TWe.�<NRI`PRMaK<QWV\G�NRMO�<NRIiP?MaKoPRT Q G^IiN?P8w�dUIiV\MqIUVXMaQjs�lb���A�
� �k�o�HKZPRQjs4% � � -
7 � � y QWs�l^Mm��Ma] TjN?w 	�NRpjQWV^I,�aQ�PRIiTjV ���m�m�q�m���m���m�m���m���m�q�m�m���m���m���m�m���m�q�m���m� � 0
7 � � F ; �zP?N�QSV\K?IUKZP?TjN y � 	�{b{^��F|� s}Madid �m�q�m���m���m�m���m���m�q�m�m���m���m���m�m���m�q�m���m� � 8
7 � = F��WMaNRQWpWM �#IiegM {6c\QWV/TWe y Qjs�l^M �#IUV^MaKA[6w��<MapWIUTWV\KoegTjN���MaG^IUQW[ MaV\s�l0�m���m���m�m���m�q�m���m� = �
7 � 7 F��WMaNRQWpWM���MO]_TjN?w �<MapWIUTWVX��ILK?K��|Q�P?M KoegTWN���M GJILQS[ MOV\s�l&�m�q�m�m���m���m���m�m���m�q�m���m� = �
7 � - �#T���� c T��oMON y QWs�l^MmuCQWNZPRI`PRIiTjV^IiV\p_{Js�l\MO]_M����m���m�m���m���m�q�m�m���m���m���m�m���m�q�m���m� = �
7 � ; �<MOpjIiTjV��z[ QWK?MaG y Qjs�l^MOdUM}P�K �m���m���m�m�q�m���m���m�m���m���m�q�m�m���m���m���m�m���m�q�m���m� = �
7 � 0 u MON?egTWNR]_QWV\s}M y TW]_c\QWN?ILKZTjV�TWe ��Qjs�l^IUV^MaKA�<IiP?l��<MapWIUTWV�� [\QWK?MaG y QWs�l^MadiMOPRKb���m�m���m�q�m���m� = -
7 � 8 u T���MaN r IUKRK?Iic\QSP?IUTWV y TW]_c\QWN?ILKZTjV�TWe ��Qjs�l^IUV^MaKA�<IiP?l��<MapWIUTWV�� [\QWK?MaG y QWs�l^MadiMOPRK ���m�q�m���m� = ;
7 � � ~vV^MaN?pjw � r MOdLQ=w_u�N?TJGJY stP y TW]_c\QWN?ILKZTjV�TWe ��Qjs�l^IUV^MaKo�<IiP?l��<MOpjIiTjV�� [\QWK?MaG y QWs�l^MadiMOPRK��m���m� =+0
7 � � � F��WMaNRQWpWM�u MaNZegTjN?] QWV\s}Mj�=u T��oMONkQSV\G ~ r u�egTjN r I�� MaN?MaVjPv�<MapWIUTWV�� [\QjKZM G y QWs�l^MadiMOPRK ��QWs�l\IiV^M K

x �AQWK?MOdUIiV\MW� - � �oQ=w 7>� �m��� � � �m���m�m�q�m���m���m�m���m���m�q�m�m���m���m���m�m���m�q�m���m� = 8
7 � �j� y TW] [\IiV^IUV^p6�.IidiP?MaN y QWs�l\M��<IiP?l��<MapWIUTWV�� [\QjKZM G y QWs�l\MOdUM}PRK��m�q�m�m���m���m���m�m���m�q�m���m� = �
7 � �=� �<MOpjIiTjV��z[ QWK?MaG y Qjs�l^MOdUM}P�KA�WMaNRK?Y\KAQ y TW] [\IiV^M G �.IUd`PRMON y Qjs�l^M��<I`PRl��<MOpjIiTjV��z[ QWK?MaG y Qjs�l^MOdUM}P�K 7j�
7 � � =�u MON?egTWNR]_QWV\s}M�TSe\Q y TW] [\IiV^M G �.IUd`PRMON y QWs�l^M��<I`PRl �<MapWIUTWV�� [\QjKZM G y QWs�l^MadiMOPRK x �AQWK?MOdUIUV^MW�k{ 7 %+�

� 7 %+� = � � �<IiP?l�Q6- �=� �m�1� �� � � � � �q�m���m���m�m���m���m�q�m�m���m���m���m�m���m�q�m���m� 7\�
7 � � 7 u T���MaNv�<MaGJY stP?IUTWV�TSe#Q y TW] [^IUV^MaG6�.IUd`PRMON y QWs�l^M<�<IiP?l���MOpWIUTWV$�z[\QjKZM G y QWs�l^MadiMOPRK x �oQjKZMadiIUV^Mj�

{ 7 %+�8� 7 %+� = � � �<IiP?l�Q6- �=� �m�1� �� � � � �,���m���m�m���m���m�q�m�m���m���m���m�m���m�q�m���m� 7>�

�>IUI



7 � � - ~vV^MaN?pjw � r MOdLQ=w uvNRTJGJY\stP TSe�Q y Tj] [^IUV^M G �kIUdiP?MON y QWs�l\M �<I`PRl��<MapWIUTWV�� [\QjKZM G y Qjs�l^MOdUM}P�K
x �AQWK?MOdUIiV\MW�v{ 7 %+�8� 7 %+� = � � �<IiP?l�Q6- �=� �m��� � �$� � � � �m���m�q�m�m���m���m���m�m���m�q�m���m� 7 =

7 � � ;1�kIUdiP?MONRMaG�� � y Qjs�l^M��WMaNRK?Y\K��.IidiP?MaN?M G/�<MapWIUTWV�� [\QjKZM G y QWs�l\MOdUM}PRK��m���m���m���m�m���m�q�m���m� 7 =
7 � � 0 u MON?egTWNR]_QWV\s}M {Jc MaMaGJY^c TSe�Q �.IUd`PRMON y QWs�l^M �<I`PRl �<MOpjIiTjV�� [\QWK?MaG y Qjs�l^MOdUM}P�K��WMaNRK?Y\K�Q �.IidiP?MaN

y QWs�l^M��<IiP?l�Q y TWV6�WMaVjPRIiTjV\QSd y Qjs�l^M_�m�q�m���m���m�m���m���m�q�m�m���m���m���m�m���m�q�m���m� 7 7
7 � � 8�u T���MaN y Tj] c QSNRIUK?TWV/TSeCQ �.IUd`PRMON y Qjs�l^M��<I`PRlXQWV\Gb�<I`PRl^TWY^P|�<MOpjIiTjV��z[ QWK?MaG y Qjs�l^MOdUM}P�K ���m� 7 -
7 � ��� ~vV^MaN?pjw � r MOdLQ=w u�N?TJGJY\s}P y Tj]_c\QSNRIUK?TWV�TSekQ �.IidiP?MaN y QWs�l^M��<I`PRlbQWV\G��<IiP?l\TWYJP<�<MOpjIiTjV�� [\QWK?MaG

y QWs�l^MadiMOPRK����m�q�m���m�m���m���m���m�m�q�m���m���m�m���m���m�q�m�m���m���m���m�m���m�q�m���m� 7 ;
7 � �W� u MON?egTWNR]_QWV\s}M�{6c MOMaG^Y^c�TSe r M GJIUsaQ�PRMaGX�<MOpjIiTjV9�.IUd`PRMON y Qjs�l^MaK_�m�m���m���m���m�m���m�q�m���m� 7 0
7 � �^� u T���MaN y Tj] c QSNRIUK?TWV/TSe r M GJIUsaQ�PRMaGX�<MOpjIiTjV �.IUd`PRMON y Qjs�l^MaK �q�m�m���m���m���m�m���m�q�m���m� 7 0
7 � �j� ~vV^MaN?pjw � r MOdLQ=w_u�N?TJGJY stP y TW]_c\QWN?ILKZTjV�TWe r MaGJILsOQSP?M G/�<MapWIUTWV��.IidiP?MaN y QWs�l^M K��m���m�q�m���m� 7 8
-^� � �<Y^V��zP?IU]_ME��MO]_TWNRw�F�sOs}M K?K r ILK8PRN?IU[^YJPRIiTjVb[6w�F�sOsOMaKRK<��M}PRl^TJG^KAegTWN|{^u�~ y IUV>P �W�W�W� �q�m���m� - �
-^� � y QWs�l^M �^T6TWP?c^NRIiV>P<TSeC�<MOegMONRMOV\sOMaKA[6w��<MapWIUTWV\K x ��� 0J� c QSN�KZMaN�� �q�m�m���m���m���m�m���m�q�m���m� -!=
-^� = {>PRQjs4% r MacJP?l �vQWN?ILQ�PRIiTjV\K �m���m���m�m�q�m���m���m�m���m���m�q�m�m���m���m���m�m���m�q�m���m� - 7
-^� 7 	 �fK?M}P �:T6saQSdUI`P8w �<IiP?l\IiV �\Y^V\stPRIiTjV\K)�m�q�m���m���m�m���m���m�q�m�m���m���m���m�m���m�q�m���m� -!;
-^� - ��IUsON?T>QSN�s�l^IiP?Mas}P?Y^NRM�~ )6P?MOV KZIUTWVb�<I`PRl�Q_{6PRQWs4% �vQSdUY^M �.IidUM � ]_c^diMa]_MOV>PRQSP?IUTWV �m�m���m�q�m���m� - 0
-^� ; �#TjQjGb{^njY QWK?l^IiV\p {^s}MOV QSNRIiT_QSV\G/IiPRK�	�cJPRIi]_I,�aQSP?IUTWV ���m���m�q�m�m���m���m���m�m���m�q�m���m� - �
-^� 0 {6c MaMaGJY\cXu TWP?MaVjPRIUQWdUK�TSe ��TWNRc^l^IUV^p F�dUd:{>P�QWs4%�F�sOs}M K?K?MaK�PRT_��MOpWILKZP?MON<��T��jMaK x K?IUV^pWdUM*� c TjNZPRMaG

sOQWs�l\M ���m�m���m�q�m���m�m���m���m���m�m�q�m���m���m�m���m���m�q�m�m���m���m���m�m���m�q�m���m� ; �
-^� 8 {6c MaMaGJY\c u TWP?MaVjPRIUQWdUK�TSeo��TWNRc^l^IUV^pXF�dUd�{>PRQjs4% F|sas}MaKRK?MaK�P?TX�<MOpjIUKZP?MaNm��T��WM K x GJY\QSd�� c TjNZPRMaG

sOQWs�l\M ���m�m���m�q�m���m�m���m���m���m�m�q�m���m���m�m���m���m�q�m�m���m���m���m�m���m�q�m���m� ; =
-^� � � IUMON�QSN�s�l^IUsaQSd�u MON?egTWNR] QSV\sOM�F|V\QSdUwJKZILK x GJY QSd��zc TWN?P?M G/saQWs�l^M=� �q�m�m���m���m���m�m���m�q�m���m� ; 7
-^� � � y TW]_c\QSNRILKZTjV�TSe r I��fMONRMOV>P y QWs�l^M � ]_c^dUMO]_MOV>P�Q�P?IUTWV K �m���m�q�m�m���m���m���m�m���m�q�m���m� ; -
-^� �j� ��NRMaQ %JGJT��<V�TWe {2��� �<MOegMONRMOV\sOME��w6c MaK-�m���m���m�m���m���m�q�m�m���m���m���m�m���m�q�m���m� ; ;
-^� �=� u MON?egTWNR]_QWV\s}M � ]_c^N?T��jMO]_MOV>P�K�T��jMON<�AQWK?MOdUIiV\M���IUsON?T>QSN�s�l^I`PRMas}P?Y^NRM����m���m���m�m���m�q�m���m� 0 �
;\� � F�N�s�l^I`PRMas}P?Y^N�QSd#�odUT6s4% r ILQSpjNRQW]$TSe V^TWV�� [^dUTJs4%>IUV^p_sOQjs�l^MaKa�_�m�q�m�m���m���m���m�m���m�q�m���m� 0 7
;\� � FHu y K?wJK8PRMO]0QWNRs�l\I`PRMastPRY^NRMq�<IiP?l�F���u �#�m���m���m�m���m���m�q�m�m���m���m���m�m���m�q�m���m� 0!-
;\� = ~ )6P?N�Q�P?N�Q 3 s<[6w P?NRIUpWpWMaN?IUV^pm�<NRI`PRMO[\Qjs4% Y\c TjV�GJI�� MaN?MaVjPoY\KRQSpWM�K8P�Q�P?M KvegTjN�� � QSV G � � saQWs�l^M K

x {Ju�~ y � -j� ���m�q�m���m�m���m���m���m�m�q�m���m���m�m���m���m�q�m�m���m���m���m�m���m�q�m���m� 0 0
;\� 7 ��MO]_TWNRw_�oQWV\GJ�<ILG6P?l/uvNRTSh\dUM<[6w ���������
	��������	������������ egTjN�= r �qMOTj]_M}P?NRw_uvIUc MadiIUV^M x � T diIUpWl>P��58 �
;\� - ��MO]_TWNRw��AQSV GJ�<IUGJP?lXuvNRTSh\dUM�[>w�� ������� ����	����!�"����� egTWN
= r �qMaTW]_M}PRN?w/uvIUc MadiIUV^M x � T diIUpWl>Pt� 8 �
;\� ; �#TjQjG/��MaK?c TjV\KZMm�AIU]_M�egTWN � V^c^Y^P
�CMON?P?M*)/IiV = r �qMOTW]_MOP?NRw�uvIUc MadiIUV^M����m���m�m���m�q�m���m� 8 =
;\� 0 r IUNZP8w : � � � � PRT!� ��MO]��oQWV\GJ�<ILG6P?lb�<IiP?l = �W� �$# 7>�W� s}d,%6K � V (8Mas}P?IUTWV x � �!����� �oegTjN��qMOTj] MOP?NRw 8 -
;\� 8 r IUNZP8w : ��� � �zP?T � ��Ma]"�AQWV\GJ�<ILG6P?l/�<I`PRl � -!; � �$# = �W�W� s}d,%6K � V (8M stPRIiTjV x � ������� ��egTWN��qMaTW]_M}PRN?w 8 -
;\� � ��MO]_TWNRw��AQSV GJ�<IUGJP?l r ILK8PRN?IU[^YJPRIiTjVX[>w �%�&�����
	��'�(����	����!�"����� egTWN|{>PRN?M QS]_IiV\p_��MaN?V\MOd �m���m� 8 ;
;\� � � ��MO]_TWNRw��AQSV GJ�<IUGJP?l r ILK8PRN?IU[^YJPRIiTjVX[>w)� ������������	������������ egTWN|{>PRN?M QS]_IiV\p_��MaN?V\MOd��q�m���m� 8 ;
;\� �j� �#TjQjG �<MaK?c TWV\K?M��AIU]_M|egTjN r Q�PRQ �<MaQjG^K�IiVX{>P?NRMaQW] IUV^p ��MaN?V\MOd x � IUpWl\MON��^NRMan>Y^MOV s}w � V (8Mas}P?IUTWV ��8 8
;\� �=� � T6TW] � � V�TWe�P?l\M9�:TjQWG���MaK?c TjV\KZMb�AIi]_M�egTWN r QSPRQ ��MaQWG\K IUV {>PRN?M QS]_IUV^p ��MaN?V^Mad x � IUpWl^MaN

�^NRMan>Y^MOV s}w � V (8M stPRIiTjV �H�m���m���m���m�m�q�m���m���m�m���m���m�q�m�m���m���m���m�m���m�q�m���m� 8 8
;\� � =1�#TjQjG/��MaK?c TjV\KZMm�AIU]_M�egTjN r QSPRQ_�<M QWG^KAIUV�{>P?NRMaQW] IUV^p ��MONRV^Mad x �#T��oMON>�^NRMan>Y^MaV\s}w � V (8Mas}P?IUTWV ��8 �
;\� � 7 � T6TW] � � V TSeqP?l^M �:TjQjG �<M KZc TWV\K?M��AIi]_MXegTjN r Q�P�Q��<MaQjG^K IiV {>PRN?M QS]_IUV^p���MONRV^MOd x �:T���MaN

�^NRMan>Y^MOV s}w � V (8M stPRIiTjV �H�m���m���m���m�m�q�m���m���m�m���m���m�q�m�m���m���m���m�m���m�q�m���m� 8 �
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�� 1�� �
� � � {Ju�~ y y u�� � - [ MaV\s�l^] QSN&% ���m���m�m�q�m���m���m�m���m���m�q�m�m���m���m���m�m���m�q�m���m� -
� � � {Ju�~ y y u�� �S�j�W� [ MOV s�l^] QSN&%��m���m�m�q�m���m���m�m���m���m�q�m�m���m���m���m�m���m�q�m���m� ;
� � = ��MaGJILQS[ MOV s�lb[ MOV s�l^] QSN&% �m���m���m�m�q�m���m���m�m���m���m�q�m�m���m���m���m�m���m�q�m���m� ;
� � 7 �H[ MaV\s�l^] QSN&% �q�m���m�m���m���m���m�m�q�m���m���m�m���m���m�q�m�m���m���m���m�m���m�q�m���m� 0
7 � � ~vV^MaN?pjw � r MOdLQ=w_u�N?TJGJY stPAegTWN���M GJILQS[ MOV\s�lX�<IiP?l r I��fMONRMOV>P|�<MOpjIiTjV�� [\QWK?MaG y QWs�l^MadiMOPRK �m���m� = 8
-^� � uvNRT6sOMaKRKZTjNo��T6G^MOdLKO���m�m���m���m���m�m�q�m���m���m�m���m���m�q�m�m���m���m���m�m���m�q�m���m� ; �
-^� � ��MO]_TWNRw��kNRQ!3 s|egTjN|{>PRQjs4% y QWs�l\MqQWV\G�{2��� K?s�l^Ma]_MaK x � �m�<� �m���m���m���m�m���m�q�m���m� ;+0
-^� = ��MO]_TWNRw��kNRQ!3 s|egTjN|{>PRQjs4% y QWs�l\MqQWV\G�{2��� K?s�l^Ma]_MaK x 7 �m�<� �m���m���m���m�m���m�q�m���m� ;+0
-^� 7 ��MO]_TWNRw��kNRQ!3 s|egTjN|{>PRQjs4% y QWs�l\MqQWV\G�{2��� K?s�l^Ma]_MaK x 8j�m�<� �m���m���m���m�m���m�q�m���m� ; 8
-^� - ��MO]_TWNRw��kNRQ!3 s�TjV y TjV>P?M*)6P|{6�<IiPRs�l^M K �m���m���m�m���m���m�q�m�m���m���m���m�m���m�q�m���m� ; �
;\� � {6Y^]_] QSNRw TSe.P?l^ME�AQjKZMadiIUV^M�uvNRT6sOMaKRKZTjNo��T6G^MOdz���m�m���m���m�q�m�m���m���m���m�m���m�q�m���m� 0 8
;\� � �:Q�PRMOV\sOw��.QS[^dUM x IUV�s}TWNRM�s}wJs}dUMaK���TSe.P?l^ME�AQWK?MOdUIUV^MmuvNRT6sOMaKRKZTjNa�<�m�m���m���m���m�m���m�q�m���m� 0 �
;\� = u MON?egTWNR]_QWV\s}M�TSev{Ju�~ y � - �oMOV\s�l^] QWN'%JKa� x : � [^Y��fMON ��� �^~�� � 7 �	�m���m�m���m�q�m���m� 8 �
;\� 7 {6Ii] Y^dLQ�P?M GXs}wJs}dUMaKATWe�= r �qMOTW]_MOP?NRw�uvIUc MadiIUV^Mj� �m�m���m���m�q�m�m���m���m���m�m���m�q�m���m� 8 �
;\� - �<MaK?TWY^N�s}M � Q �aQWNRG � ]_c^N?T��jMO]_MOV>PATSe = r �qMaTW]_M}PRN?w�u�Iic MOdUIUV^MW�-�m���m���m���m�m���m�q�m���m� 8 �
;\� ; ��MO]_TWNRw��kNRQ!3 s � V!(8MastPRIiTjV�PRT = r �qMaTW]_M}PRN?w u�Iic MOdUIUV^MW� x ~�QSpjMON���Y^MaY^M � 7 � ���m�q�m���m� 8 =
;\� 0 {6Ii] Y^dLQ�P?M GXs}wJs}dUMaKATWe {>PRN?M QS]_IiV\p_��MaN?V\MOdz�����m���m�m���m���m�q�m�m���m���m���m�m���m�q�m���m� 8 7
;\� 8 �<MaK?TWY^N�s}M y TWV K8PRNRQWIiV>P � ]_c^N?T��jMO]_MOV>PATSev{>P?NRMaQW]_IiV^p ��MaN?V^Mad � x : NRI`PRMO[\Qjs4% [^Y��fMON ��� �b���m� 8 -
;\� � ��MO]_TWNRw��kNRQ!3 s � V!(8MastPRIiTjV�PRT�{>P?NRMaQW]_IiV^p ��MaN?V^Mad � x ~�QSpjMON���Y^MaY^M � 7 �����m�m���m�q�m���m� 8+0
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F �<MOpjIiTjVb�<MOegMONRMOV\sOM �^NRMan>Y^MOV s}w TWeC{Ju�~ y �W�W�W� IiV>P �m���m���m�q�m�m���m���m���m�m���m�q�m���m� � ;
� �<MOpjIiTjVb�<MOegMONRMOV\sOM �^NRMan>Y^MOV s}w TWe ��M GJILQS[ MOV\s�l �m�m���m���m�q�m�m���m���m���m�m���m�q�m���m� � 8
y �^T6TSPRc^N?IUV>P<TSe r QSPRQ y QWs�l^M�[6w��<MapWIUTWV\K �m���m���m�m���m���m�q�m�m���m���m���m�m���m�q�m���m� �a�^�
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�\TWdUdiT��<IUV^p<PRl^MoNRQWc^IUGEc^N?TjpWNRMaKRKZIUTWVmQWV\GmIUV^V^T���Q�PRIiTjVEIiV P?l^MoKZMa]_IUsOTWV\GJY stP?TjNkIUV\GJY K8PRN?wj�=P?l^Mo]_IUsON?Tjc^N?TJsOMaKRKZTjN
] QWN'%jM}P<IUK�pWN�QWGJY\QWdidUw s}TjV6�WMONRpWIUV^p IiV>P?T_P8�oT_] Q (8TWN<K?MOpj] MaV>PRKa�v�Al^M�h\N�K8P�K?MOpW]_MaVjP<ILK�GJNRIi�jMOVb[6w P?N�QWGJIiP?IUTWV QSd
l\Iipjl��zc MON?egTWNR] QSV\sOM ]_IUsON?Tjc^N?TJsOMaKRKZTjNRKqY\K?MaG�IUV�IUVJegTWNR] Q�P?IUTWV K?MONR�WMaNRKa�kKRs}IUMOV>PRI`h s�s}TW]_c^Y^PRQ�PRIiTjV#� KZIU] Y^dLQ�PRIiTjV��
[ QWK?MaG_MOV\pWIUV^MOMaN?IUV^pEQSV G_MO�WMaN�sOTW]_c^dUIUsaQ�P?M G_s}TWV>PRMOV>P � N?ILs�l_] Y^diP?IU]_MaGJILQ QWV\G_pWN�QSc\l^IUsaK� TWNRIUMOV>P?M G QSc\c^diILsOQSP?IUTWV\Ka�
�Al\MqK?MasOTWV\G K?MOpj] MaV>P�ILK�pjN?T��<IUV^p�egNRTW]"P?l^MqMO]_MaN?pjIiV^p QSc^c^dUILsOQ�PRIiTjV ] QSN&%WMOP�IiV�MO] [ MaG\GJMaG/QSV\G K?c Mas}ILQSd c^Y^N'�
c TjK?M c\N?TJs}M K?K?TWN�Ka�^MW� p\�|G^IipjI`P�QSd KZIUpWV\QWd:c^NRTJs}M K?K?IiV\p x r {Ju��|c^NRT6sOMaKRKZTjNRKa�<�Al^MaK?M c\N?TJs}M K?K?TWN�K<QSNRMETj] V\Iic^NRMaK?MOV>P
IUV�TjY^NAG^QSIUdiw_dUI`egMj�6egN?Tj]�] Tj[^IUdiMqs}TW]_c^Y^P?MON�Ka�>c MON�K?TWV\QWd GJIUpWIiPRQWdfQjK?K?ILK8P�QSV>PRK x u r F��t�6] Y^d`PRI � c^Y^NRc TjK?M|l\QWV\G^K?M}PRKa�
P�QS[^dUM}Pqs}TW]_c^Y^P?MON�Ka�^M}P�sS�U�^P?T�IiV6�6IUK?IU[^diMm]_ILs}NRTJs}TWV>PRN?TjdidUMON�KoMO] [ MaG\GJMaGXIUV�l^TWY KZMal^TWdLGXQSc^c^dUILQSV\sOMaKa���Al^M GJM KZIUpWV
egTJsOY\KZM K.TSe^PRl^IUK.c^NRTJs}M K?K?TWN.sOQ�PRMOpjTWNRwqQWN?M�e QWKZP?MON GJM KZIUpWV sOwJs}dUM�egTjN:PRIi]_M*�zP?T �z] QWN'%jM}Pa�=dUT���MOV^MaN?pjwms}TWV KZY^]_cJPRIiTjV#�
]_TjN?Mms}TjV\KZP?N�QSIUV^MaG/GJIiMmQWN?M QE[^Y\G^pWM}P �\QSV G��\M )JIi[^dUM�IiV>PRMOpWN�Q�PRIiTjV�sOQWc\QS[\IidUI`P8wj�^QSdUd��<l^IUdiMmQWs�l\IiMa�>IUV^p N?M QWK?TWV\QW[^dUM
c MON?egTWNR] QSV\sOMW�J] Q!%6IUV^p P?l^Ma]0] Y\s�l�GJI �fMONRMOV>PAegNRTW]0Q PRNRQjGJI`PRIiTjV\QSdfl^IUpWl$�zc MON?egTWNR] QSV\sOM�c^NRTJs}M K?K?TWN<GJM KZIUpWV#�
u�N?TJsOMaKRKZTjN:QSN�s�l^IiP?Mas}PRK.QSV\GEN?M KZM QSN�s�l^MON�K�IUVEP?l\M�c\QjK8PCGJM sOQWG^M�l\Q=�jMv[ MaMOV c^NRIi] QSNRIUdiw�egTJs}Y\K?MaG TWVEPRl^M�egTWdUdiT����

IUV^pbGJMaK?IipjV K?c\QWsOMW�AIiV K8PRN?Y\s}P?IUTWV�dUMO�jMOdkc\QSN�QSdUdiMadiILK?]b� ]_MO]_TWNRwbdiMa�WMOd.c\QWNRQWdidUMOdUIUK?]X�\]_MO]_TjN?w/P?l^NRTWY\pWl^c^Y^Pa��QSV\G
dUT���MOV^MaN?pjw GJM KZIUpWV KO� ~v��QSdUY\QSP?IUTWV ]_M}PRN?ILsOK�MO]_c^l\QjKZILKv�oMONRM�QSdLKZTm��QWN?IUMaG egNRTW]�s}wJs}dUMaK�c MaN�IUV\KZP?NRY\stPRIiTjV xzy u � �}�
IUV\KZP?NRY\stPRIiTjV\K_c MON�sOw6sOdiM x � u y � P?T ]_TWNRMXN?M s}MOV>P MOV\MONRpWw+� G^MOdLQ=w c\N?TJGJY\s}P x ~ r u��}� P?T�Ma] c\l\QWK?I��aMbG^I �fMONRMOV>P
G^MaK?IipjVbpjTjQWdUK�egTWN�G^I �fMONRMOV>P<] QSN&%WM}P�K?MOpj] MaV>PRK<Q�P�GJI��fMONRMOV>P<P?IU]_MaKa�
~�V>P?MONRIUV^p PRl^M �����W� Ka�jP?l^M�c MON'� PRNRQWV\KZILKZP?TWNAs}T>K8PA�AQWKoV^T_diTjV^pWMaN<Q NRTjQjGJ[^dUT6s4% PRT_sOTW]_c^dUM*)�GJM KZIUpWV K<GJY^MqP?T

K?IUpWV^Iih sOQWV>P QWGJ��QWV\s}Ma] MaV>PRKmIUV KZMa]_IUsOTWV\GJY stP?TjNE] QSV6YJe QjstP?Y\N?IUV^p�QSV G�GJMaK?IipjV P?Mas�l\V^TWdUTWpjwW�:c\N?TJs}M K?K?TWNEQWNRs�l\I �
PRMas}PRKC�oMONRM�pjIi�jMOV QSV MaV^TWNR]_TWY\K.V6Y^] [ MaNCTSe^PRNRQWV\KZILKZP?TWN�K.TWV QqK?IUV^pWdUM�c\N?TJs}M K?K?TWN s�l^IUc PRTmGJMO�jTSP?M�P?T�M )>PRNRQjstPRIiV^p
IUV\KZP?NRY\stPRIiTjV�dUMO�jMOd\c QSN�QSdUdiMadiILKZ] x � �ku���QSV\G MOV^l\QWV\s}IUV^pmPRl^MqdiTJsOQWdiIiP8w_TSe#]_MO]_TjN?w N?MOegMONRMOV\sOMaKa� {JY^c MaNRKRsOQWdUQWN�QWN �
s�l\I`PRMastPRY^NRMaK�QWV\G_� � { y GJM KZIUpWV c^l\IidUTjK?TWc^l6w�� ; ��� �oMONRM�QWsOsOMOcJPRMaG_QWKvP?l^M�egY^V\G^QW] MaV>PRQSd\MOdUMO]_MOV>PRKvegTWNv[\Y^IidLGJIUV^p
l\Iipjl��zc MON?egTWNR] QSV\sOM � �:u�c^NRT6sOMaKRKZTjNRKa� � V PRl^M/G^TW] QSIUV TSeqQ�GJw6V\QS]_ILs � �ku�c^NRTJs}MaKRK?TWN GJM KZIUpWV:� P?l^MbpWT>QSd�ILK
PRT ]_Q!)JIi]_I,�OMbP?l^M�V6Y^] [ MaN TSeqIiV\KZP?NRY\s}P?IUTWV\K_K?Y^c^c^dUIiM G c MaN s}wJs}dUMbegN?Tj] P?l^MXegNRTWV>P � MOV G c^IUc MadiIUV^Mj� � V^V^T���Q �
PRIi�jME]_IUsON?T>QSN�s�l^IiP?Mas}P?Y^N�QSd PRMas�l^V^TjdiTjpWIUMaK�P?T��AQSN�G^KoPRl^IUK|MOV\Gb�oMONRMmc^NRTWc TjK?MaGbQSV\GXK?MO�WMaNRQWd�TSe.P?l^Ma]�l Q=�WM�[ MaMOV
IU]_c^dUMO]_MOV>P?M G�IUVXs}TW]_]_MON�s}ILQSd ]_IUsON?Tjc^NRT6sOMaKRKZTjNRKCP?T c^N?T��6ILGJM�QWV M*�fMas}P?IU�WMqIiV K8PRN?Y\s}P?IUTWVbKZY^c\c^diw P?T P?l^MqM*)JMasOY��
PRIiTjVbsOTWNRM��jP?l^M KZMqIUV\s}dUY\GJM�QSpjpWNRMaKRKZIU�WM<[^N�QSV s�l c^NRMaGJILstPRTWN�K	� 8 �
� � 8 7�� � �a� 7�� � �=�S��� �=P?N�QWsOM�saQWs�l^M K	� - 7�� � 8 ; � � � - � � �W� - � �
��QWdiY^M_c^NRMaG^IUs}P?TWN�K�� 7 ; � � 0 ��� QSV\G K?Ii] Y^d`P�QSV^MaTWY\Kq] Y^d`PRI`PRl^NRMaQWG^IiV^p� = 8 � � �a����� �_F�dUdCTSe�P?l^M KZM PRMas�l^V^TjdiTjpWIUMaKqQSIU]
QSP IiV\sON?M QWK?IiV\p IUV\K8PRN?Y stP?IUTWV P?l^NRTWY\pWl^c^Y^P_QSP_QWV M*)6PRNRQ l\QSN�GJ�AQSNRM�s}T>K8P �vMOIiP?l\MON egN?Tj]-Q K?IUV^pWdUM/c\N?TjpWN�QS]	TWN
egNRTW]0] Y^diP?IUc^dUM�sOTWV\sOY^NRN?MaVjPAc^NRTWpjNRQW]�PRl^NRMaQWG\KO� � VXQWG^GJIiP?IUTWV:�JV^MO�,P8w6c MaKATWekIUV\K8PRN?Y stP?IUTWV KoK?Y\s�lXQWKoc^NRMaGJILsOQSP?M
IUV\KZP?NRY\stPRIiTjV\K�� - - � � = ��� � = = � � ] Ma]_TWNRw l\IiV>P�� = 7�� � � ; � �.TjN [\NRQWV\s�l l^IUV>P�� = = � IUV\KZP?NRY\stPRIiTjV\K ��MaN?M/IiV\sOTWNRc TjNRQSP?M G
IUV>P?T�NRMasOMOV>PmIiV K8PRN?Y\s}P?IUTWV�K?M}P QWNRs�l^IiP?M stPRY^N?M KO� ��MaQSV6�<l^IUdUMW� KZMa�WMON�QSd � �ku diIU]_I`P KZP?Y GJIiM K�� �S��� � ; ��� � 0 = � � 8 8 � � �W� ���
�oMONRM c^Y^[\diILKZl\MaG P?T QjG^GJNRMaKRKqP?l^M dUIU] IiPRK QSV\G c TSPRMOV>P?ILQSdvILKRKZY^M KmTSeAIUV^l^MONRMOV>PEIUV\KZP?NRY\stPRIiTjV dUMO�jMOdvc QSN�QSdUdiMadiILKZ]X�
c\N?IU] QSNRIidUw�egTWN�IUV>P?MOpjMONmQSc\c^diILsOQSP?IUTWV\KqPRl\Q�Pm�oMONRM %6V^T��<V egTWN�PRl^MOIUNml^IUpWl egN?M njY\MOV\sOw�TSeo[^NRQWV\s�l IUV\KZP?NRY\stPRIiTjV\K
QWV\GXK?saQSV>P8w IUV\K8PRN?Y stP?IUTWVXdUMO�jMOd�c\QWNRQWdidUMOdUIUK?]X�
��MO]_TWNRw K?Y^[\K?wJK8PRMO]�G^MaK?IipjV\KCl\Q=�jMAQWdUK?Tm[ MOMOV M )6P?MOV KZIU�WMadiw K8PRY\GJIUMaG_IUV\s}dUY\GJIUV^pEV^Ma� saQWs�l^M<TjN?p>QSV^I,�aQSP?IUTWV\K
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QWV\G�NRMOc\dUQjs}MO]_MaVjPqc TjdiILs}IUMaK�egTjN�]_TWNRM M 3 s}IUMOV>P�QWV\G�M � M stPRIi�jM IUV\KZP?NRY\stPRIiTjV QSV\G G^Q�P�Q ] QSV QSpWMa]_MOV>Pa� � V�PRl^M
M QSNRdiw�G\Q=w6K�TSeoKZIUV^pWdUM*� ILK?K?Y^M c\N?TJs}M K?K?TWNqGJMaK?IUpWV\Ka�fP?N�QWGJIiP?IUTWV QSd sOQWs�l\MaK���MaN?M Ii]_c^dUMO]_MOV>PRMaG egTWN�N?M GJY\sOIiV^pbMO�jMON
l\Iipjl^MON�]_Ma] TjN?w/dUQSP?MaV\s}wj� � TWV�� [^dUT6s4%6IUV^p sOQjs�l^MaK<�oMONRMmdLQ�P?MaN�c^NRTWc TjK?MaG/IiV � ;+0 � P?T�IiV\sON?M QWK?M�M*)JMasOYJP?IUTWV�s}TjV��
sOY^NRN?MaV\s}w TSe P?l^M�IUV\KZP?NRY\stPRIiTjV\K PRl\Q�P�QWN?M<IUV\GJMac MaV\GJMOV>P�TWe IUV�� �\IUpWl>P�sOQjs�l^M<]_IUKRKZM KO� F|KCP?l^M|G^MO�6IUQSP?IUTWV_[ M}P8�oMOMOV
c\N?TJs}M K?K?TWNAs}TjN?MqKZc MOM G/QWV\G r ��F��&K?c MOMaG/IUV\s}NRMaQjKZM KO�>] Y^diP?I�� diMa�WMOd�saQWs�l^M KoQWN?M�[ M s}Tj] IUV^p_IUV\s}NRMaQjKZIUV^pWdUw_c Tjc��
Y\dUQWNa� �kTJG^Q=wW��KZMa�WMON�QSdAs}Tj]_] MaNRsOIUQWd�l\Iipjl c MON?egTWNR] QSV\sOM�]_IUsON?Tjc^NRT6sOMaKRKZTjNRK QSNRMbGJM KZIUpWV\MaG �<IiP?l P?l\N?MaM/dUMO�jMOd
saQWs�l^M K � = ��� � 7>��� � - ��� � �j�a��� �:~��WMaV P?l\TWY^pjlb]_Ma] TjN?w dLQ�PRMOV\sOw�sOQWV^V^TWPA[ MEs}Tj]_c^diMOP?Madiw/MOdUIi]_IUV\Q�PRMaG��^NRMaK?MaQWNRs�l\MON�K
l Q=�WM_GJMO�jMOdUTWc MaG IiV>P?MadidUIUpWMOV>P�l\QSN�GJ�AQSNRM QWV\G K?TSe P8�AQSNRM*� [\QjKZM G�G^Q�P�Q/c\N?MOegM}PRs�l\IiV^pb]_Mas�l\QWV^ILKZ] K�� � = � � � ; � QWK�Q
]_M QSV\K�P?T IU]_c^N?T��6IUV^p ]_MO]_TWNRw�dUMO�jMOdkc\QSN�QSdUdiMadiILK?] [6w/dLQ�PRMOV\sOw/l^ILGJIUV^p\�<�<M s}MaVjPRdiwbNRMaK?MaQSN�s�l^MaNRKol\Q=�jMEK8P�QSN?P?MaG
PRT IiV6�jMaKZP?IUpjQ�PRM�V^MO��P?M s�l^V^ILnjY\MaKAegTjN<M*)Jc^dUTWIiP?IUV^p_] Ma]_TWNRw N?MOegMONRMOV\sOMmdiTJsaQSdUI`P8w egNRTW] P?l^MEc MON�K?c M stP?IU�WM�TWe G^QSPRQ
PRMO]_c TWN�QSdUI`P8wj�\PRl^N?TjY^pWlXl\QWNRG^�oQWN?MmQSV G #=TjN|KZTWe P8�oQWN?M�]_TJGJIih sOQSP?IUTWV\Ka�<�:M s�l^V^ILnjY\MaK�c\N?Tjc T>KZM G/IUV � 7���� � ; ��� � � = �
sOdUQjK?K?Iiegw G^QSPRQq[\QWK?MaG TjV PRl^MOIUNCPRMO]_c TjNRQWdiIiP8wETWe c^NRIUTWNCNRM}egMONRMOV s}MAc\Q�P?P?MaN?V\KCQWV\G P?l^MaV GJMOc TjK?IiP�G^Q�P�Q�TWefG^I �fMONRMOV>P
s�l QSN�QWstPRMONRIUKZP?ILsOK.IUV>P?TmGJILK8PRIiV\s}P�sOQjs�l^M�#�] Ma]_TWNRw�KZP?NRY\s}P?Y^NRMaKa�k�Al^NRTWY\pWl^TjYJP P?l^ILKCGJw6V\QS]_ILsAs}dLQWKRKZIih sOQSP?IUTWV#�SP?l^M KZM
PRMas�l^V\IUn>Y^M K<QSNRM�QS[\diM�P?T_QSdUdiMa�6IUQSP?M�P?l^M�M*�fMas}PRKATWeks}TjV �\ILstPA] ILKRKZM KoQWV\G IU]_c^NRT��WM|l\I`P<N�Q�P?IUTjKo[6w c^NRM}egMaN?MaVjPRIUQWdidUw
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c MON?egTWNR] QSV\sOMW� y l\QWcJP?MaN�0 s}TWV s}dUY\GJMaKoPRl^ILK�GJILK?K?MON?PRQSP?IUTWV/QWV\GXGJILK?sOY\K?K?MaK�egYJPRY^NRMmN?M KZM QSN�s�l/GJIUN?M stPRIiTjV\KO�
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TjY^N [\QjKZMadiIUV^Mbc^N?TJsOMaKRKZTjN K?Ii] Y^dUQSP?TjN_QWV\G [ MaV\s�l^] QSN&% KZY\I`PRMaKa� �Al^M�GJMOPRQSIUdUMaG KZIU] Y^dLQ�PRIiTjV ]_TJGJMOdLK_Y\K?MaG IiV
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sOTWNRN?M KZc TWV GJIiV\p s�l\QWcJP?MaNa�
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� 	��&� � Q V^TWV�� c^NRTSh^P|sOTWV\K?TWN?P?IUY^]��<l^TjK?Mm]_MO] [ MON�K�IUV\sOdiY\G^MEN?M KZM QSN�s�l^MON�Ka�JIiV\G^Y\K8PRN?ILQSd:l\QSN�GJ�AQSNRMq�jMOV\G^TWN�K�QSV\G
K?TSe P8�AQSNRMq�WMOV GJTWN�KO� �Al^Mq] QSIUV/c^Y\N?c TjK?M�TWe:PRl^IUKA[ MOV s�l^] QSN&% IUKoPRT c^NRT��6IUG^MqQ s}Tj] ]_TjV/[\QjKZILK�egTWN<s�l\QWNRQjstP?MaN �
I,�OIUV^p�PRl^M c MON?egTWNR] QSV\sOM TSe�GJI�� MaN?MaVjP ��TjN'%JKZPRQ�PRIiTjV�� diMa�WMOd ]_ILs}NRTWc^NRTJs}MaKRK?TWN�KO� � Iipjl�c MaNZegTjN?] QWV\s}M sOTW]_c^YJPRMON
IUV\GJY K8PRN?IUMaK.P8w6c^ILsOQWdidUw�Y\KZM<{Ju�~ y V6Y^] [ MaNRK QWK:P?l\Mo] Q!(8TWN.IiV\G^IUsaQ�P?TjN:PRTqn>Y\QWV>P?IiegwmP?l^MaIiN ] QWs�l\IiV^Moc MON?egTWNR]_QWV\s}M
QWV\G s}TW]_c\QWN?M�c MaNZegTjN?] QWV\s}M��<I`PRl ] QWs�l^IUV^M K:egNRTW]�G^I �fMONRMOV>P �WMOV GJTWN�KO���^TWNCQ�c^NRT6sOMaKRKZTjN:Y^V GJMONCGJMa�WMOdUTWc\] MaV>Pa�
QWNRs�l\I`PRMastP�K|c\N?T (8MastPqQSV\G c^Y^[^dUIUK?l�PRl^M_{^u�~ y P�QSNRpWMOP|c MaNZegTjN?] QWV\s}MEV6Y^] [ MaNRK�IUV TWN�GJMaN�P?TbGJMO]_TjV\K8PRNRQSP?MmPRl^M
c MON?egTWNR] QSV\sOM�Tj[�(8Mas}P?IU�WM�QWKA�oMOdUd�QWKoMO��QSdUY\QSP?MmQSV\G<(8Y\KZP?Iiegw P?l\MOIUN<V^MO��]_Qjs�l^IUV^MqG^MaK?IipjV#�C~v�WMaN?w = P?T - wWM QSN�KO�
PRl^M {Ju�~ y sOTWV\K?TWN?P?IUY^]$�<IUdid�NRMO�6ILKZM|P?l^Mm[ MOV\s�l\]_QWN'% sOTWV>P?MaV>PRK�P?T N?M
�\Mas}P�Q ]_TWNRMqN?Mac^N?M KZMaV>PRQ�PRIi�jM�sOTWdUdiM stP?IUTWV
egTjN<P?l\MEK8P�Q�P?M �zTWe � PRl^M*� QSN?PoQWc^c^dUIUsaQ�PRIiTjV\KO�
�Al\Mo{Ju�~ y y u�� � - x {Ju�~ y � -W� [ MOV s�l^] QSN&%qK?Y^IiP?M	� =+0 � l QWK#[ MOMaVE�<ILGJMOdUw�Y\KZM Gm[6w�NRMaK?MaQWNRs�l\MON�K�QSV\GEQWNRs�l\I �

PRMas}PRK<egTjN�PRl^MEdLQWKZP<h\�WMmwjMaQSN�Ka� � V�K?TW]_MmTSeCTWY\N�MaQWN?dUIiMaN<N?M KZM QSN�s�l��oTWN&%�IUVXP?l^ILK|G^IUKRKZMaNZP�Q�PRIiTjV#�^�oMmc MaNZegTjN?]_MaG
PRl^M K?Ii] Y^dLQ�P?IUTWV K_Y\KZIUV^p {Ju�~ y � - [ MOV\s�l^] QWN'%f� �Al^M {Ju�~ y � -�[^IUV\QWN?IUMaK_Y\K?MaG IUV P?l^ILK GJILK?K?MON?PRQSP?IUTWV ��MaN?M
sOTW]_c^IUdiM GXY\K?IiV^p_PRl^M {6IU]_c^diM={JsOQWdUQWN�� y<y s}TW]_c^IUdUMON<PRl\Q�P�pjMOV^MaNRQSP?MaK<sOTJGJMmIiVbPRl^M u � {^F�egTWNR]_QSPa���.QS[\diM � � �
G^MaKRs}NRIi[ MaKAM QWs�lb[ MaV\s�l^] QSN&% c^NRTWpjNRQW]b� �Al^M {Ju�~ y y u�� � - [ MOV s�l^] QSN&% �oQjKoN?MOP?IUN?M G/QSP � Y^dUwW� �W�W�j� �
�Al\Mb{Ju�~ y�y u�� �S�W�j� [ MaV\s�l^] QSN&% � -!= � ILKEPRl^M�]_T>K8P N?M s}MOV>PRdiw c^Y^[^dUILKZl^M G {Ju�~ y [ MaV\s�l^] QSN&% QWKmPRl^M

K?Y\sas}MaKRK?TWN�TWe.PRl^MENRM}PRIiNRMaG�{Ju�~ y�y u�� � - [ MOV\s�l^] QWN'%f� : M c^N?IU] QSNRIidUw�Y KZMmPRl^MOIUN|IUV>P?MapWMON|[ MaV\s�l^] QSN&%/K?Y^IiP?M
PRT c MON?egTWNR]�TjY^N�NRMaK?MaQWNRs�l egTjN�KZP?Y\GJw6IUV^p l\Iipjl c MaNZegTjN?] QSV s}M�c^NRTJs}M K?K?TWN�K.P?l\QSPoQWN?M�V\TSP�P�QSNRpWMOP?MaG egTjN�KRs}IUMOV>P?Iih s
sOTW]_c^YJPRIiV\p\�v�Al^Mq[^IUV\QSNRIiM K�TWe#P?l\Mm{^u�~ y,y u�� �W�W�W� [ MaV\s�l^] QSN&%_Y\KZM G�IUV PRl^ILKoG^IUKRKZMaNZP�Q�PRIiTjV ��MaN?M�s}Tj]_c^IidUMaG
Y KZIUV^p_P?l\M y TW]_c\Qjn F�dUc^l\Q sOTW]_c^IUdiMaN<�<I`PRl�TWcJPRIi]_I,�aQSP?IUTWVXdiMa�WMad = QSV\GXQWYJP?Tj]_QSP?ILsqdiT6TWcXY^V\N?TjdidUIiV\p MOV\QW[^diM G��
�Al\M�IUV^c^YJPoh\dUMaK�egTWNoTWY\N�M )6c MONRIU] MaV>PRKoQSNRM|MOIiP?l\MON�PRQ!%jMOV egNRTW]�NRM}egMaN?MaV\s}M�IiV^c\YJPAK?M}PATWN�P?N�QSIUV^IUV^p IUV^c^YJP�K?M}PAQWK
M )Jc^dUQWIiV\MaGbIiV KZILGJMqP?l^MEs�l QScJPRMON�KO�C�.QS[^dUM � � � G^MaKRs}NRIi[ MaKoPRl^MEQ�P?P?NRIi[^Y^P?MaK�TSekM QWs�lb[ MaV\s�l^] QSN&% c^NRTWpjNRQW]X�
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�Al\M���MaGJILQS[ MOV\s�l/[ MaV\s�l^] QSN&% K?Y^I`PRM��AQWKAsOTWdUdiM stP?M G�QWV\G [^Y\V\GJdUMaG/[>w NRMaK?MaQWNRs�l\MON�K�Q�PoP?l\M��|V^IU�WMON�K?I`P8w TWe

y QWdiIiegTWNRV^ILQ Q�P��#TjK|F�V^pjMOdUMaK � 0 ��� ����MaGJILQS[ MOV\s�l��AQWK�GJMaK?IUpWV^M GbegTWN�[^NRILGJpWIUV^p PRl^M p>QSc�QS]_TWV\p_P?l^M s}TW]_c^IUdUMON
sOTW]_] Y\V^I`P8wj�^MO] [ M G^GJM G/c\N?TJs}M K?K?TWNAQSN�s�l^IiP?M stPRK<QWV\G/MO] [ MaG\GJMaG�K?TSe P8�AQSNRM�GJMa�WMadiTjc MaNRKa�C�Al^Mmc^NRTWpWN�QS] K�egN?Tj]
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G\Q�PRQ �oTWY^dLG NRMaK?IUG^M�IUV ���A��K8P�Q�PRMaK TSe�saQWs�l^M/diIUV^MaK �<l^IUdUMb]_T>K8P TSe�PRl^M �:�A�0dUIUV^MaK_s}TjV>PRQSIUV l^M QSc G^Q�P�Q^�
� P Ii]_c^dUIUMaKmPRl\Q�P l^MaQWc G^Q�P�Q�QSNRM diM K?KmegN?M njY\MOV>P?dUw TjNEY^V^dUI,%WMOdUw P?T�[ M c^NRTW]_TSPRMaG QSp>QSIUV P?T�PRl^M/���A� KZPRQSP?M
TjV\s}M_PRl^MOw l\Q=�jM [ MOMaV GJMO]_TWP?MaG PRT�V^TWV$� ���A�$KZPRQSP?MaKa� � V e QjstP �:PRl^IUK c^NRT��>ILGJM KmKZTj] M_Y\K?M}egY\d�IUVJegTWNR] Q�P?IUTWV
egTjN l^MaY^NRIUKZP?ILsOK�PRl\Q�P M*)Jc^dUTWIiPEpWMOV\MON�Q�P?IUTWV QSdC[ MOl\Q=�6IUTWNEIUV sOQjs�l^MaKqPRT�MOIiP?l^MaNENRMaGJY\sOM c T���MaNEs}TWV KZY^]_cJPRIiTjV TWN
MaV^l\QWV\s}M_sOQjs�l^M l^IiP�NRQSP?IUT\� �^TWNqM*)^QW] c\diMj�f�mQ!)JIiN�QWK|M}PmQSdz� � ; - � c^NRTWc TjK?MaG Q P?M s�l^V^ILn>Y^M PRl\Q�P�NRMaGJY\sOMaKqK8P�Q�PRIUs
dUMaQ %�QSpWM c T��oMON�[>wXp>Q�P?IUV^p T � K?Y^c^c\diwX�WTjd`P�QSpjM�� �c� TWeCP?l^M � �"�"� � � � �"� � � � � 	����� �fV\QW]_MOdUwW� P?l^T>KZM diIUV^MaK|P?l Q�P
QWN?M��jMONRw Y^V^dUI�%jMOdUw P?T_[ MmN?MaY\K?MaG/IiVbP?l\MmV^MaQWNAegYJP?Y^NRMW�

� � � � ��* � � ���.� � � � � (�������* � � ��� � � � �
��� � ��* �)* � ��� �	�.�%�)� �/�
�4���B�7� � 7k5 ��� �J70� � 7 �R7��^7:9X�f7 � 5?4 �6BC9D�f7

: MEl\Q=�jMmKZl^T��<VbPRl\Q�P|KZPRQjs4%/G^QSPRQ_TWY^PRKZP?NRIicbP?l\METSPRl^MON|G\Q�PRQ_IUVbP?MaN?] K<TWe NRM}egMaN?MaV\s}MmQjstP?IU�6I`P8wbQSV\GXsaQWs�l^M
TJsas}Y^c\QWV\s}wj� � V PRl^ILK K?MastPRIiTjV#�.��M �<IUdid�IiV6�jMaKZP?IUpjQ�PRM_P?l^M/Q=�WMON�QSpjM saQWs�l^M dUIUV^M dUT6saQSdUI`P8wj�:IUV\s}dUY\GJIUV^p�PRMO]_c TWN�QSd
QWV\G�K?c\QSP?ILQSd\dUTJsOQWdiIiP8wW�>egTWN�MaQjs�l N?MapWIUTWV#� 	�Y^N�pWTjQWd\l^MaN?M�IUK�P?T Y^V\GJMaNRKZPRQWV\G l^T��,TWe P?MaV�MaQjs�l IiV GJIi�6ILGJY\QWd saQWs�l^M

� 7
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�.IipjY^N?M =\� 7 � r Q�P�Q 	qsOs}Y\c\QSV\sOw���QSP?IUTjKAIUVX~�QWs�lb�<MOpjIiTjV�egTjN�Q r IUN?M stP � ��QWc^c M G � ;W�m� y Qjs�l^M

dUIUV^M�TSekQ c\QSN?P?ILs}Y\dUQWNoG^QSPRQ N?MapWIUTWV ILKANRM*� QWsOsOMaKRKZM G GJY^NRIiV\p M )6M s}YJPRIiTjV#�C�:T ]_MaQjKZY^NRM�PRl^M�N?MOegMONRMOV\sOM�dUTJsOQWdiIiP8w_IiV
Q n>Y\QSV>PRI`P�Q�P?IU�WMq] QSV^V\MON �>�oM�G^M}h\V^MmQWV\G�saQSdLs}Y^dLQ�PRM�P?l\M � ��	 � � ��� � � �=����� ����"� � 	 ��� � ��"� egTWNAMaQjs�l�G^QSPRQ N?MapWIUTWV#�
: M QjK?K?Y^]_MmPRl\Q�P�� Z

����� �5�
GJMaV^TSPRMaK|P?l^MmPRTSP�QSd:V6Y^] [ MaN�TWeC] Ma]_TWNRw�NRM}egMONRMOV s}MaKa� QjsOsOY^] Y^dLQ�PRMaGbegNRTW]�QSdUdkG^QSPRQ

NRMOpjIiTjV\Ka�SQ�P.P?l^M�P?IU]_Mo�<l\MOV P?l^M�� P
	 ]_MO]_TWNRw�IiV\KZP?NRY\s}P?IUTWV QjsOsOMaKRKZM KksaQWs�l^M�diIUV^M���IUV NRMOpWIUTWV� � �Al^Mo��MaIipjl>P?MaG
NRM}egMaN?MaV\s}M�G^IUKZPRQWV\s}Mj�jGJMaV^TSPRMaG_[6w������� x �m�.egTjNvNRMOpWIUTWV�� ILK�sOTW]_c^YJPRMaG QjK.egTWdUdiT���Ka� �qIU�WMaV P?l^MaN?M|QWN?M���saQWs�l^M
dUIUV^MaK QWsas}MaKRK?MaG �<I`PRl^IUV�P?l^M�diIiegM}PRIi]_M�TWe|Q�c^NRTWpjNRQW]b�kQSV\G PRl^MONRM�QWN?M�� � N?MOegMONRMOV\sOMaK�egTjN M QWs�l�sOQjs�l^M diIUV^M���<IiP?l\IiV�NRMOpjIiTjV�� �o�Al^METW[$(8MastPRIi�jMmIUK<P?T TW[^PRQSIUV�QSV�Q=�jMON�QSpWMqGJILK8P�QSV\sOME[ MOP8��MaMOVbP8�oT KZY\sas}M K?K?Ii�jMmQWsOsOMaKRKZM KoP?T
PRl^M KRQS]_M saQWs�l^M dUIiV^Mj��egTWNmQWdidCsOQjs�l^M diIUV^MaK�IUV QSV IiVJh V^I`PRMOdUw�dLQSNRpWM saQWs�l^Mj� F�K�diTjV^pbQjK�P?l^M_]_MO]_TWNRw�QWsas}M K?K
K?Man>Y^MaV\s}MAILK.P?l^M<KRQS]_MW��Iz� MW�.V^T�TWYJP'�zTWe �zTjNRGJMaNkM � M stP ��P?l^MATjV^diw sOQWs�l\M�c\QWNRQW]_M}P?MaN:PRl\Q�PvsOTWY^dLG s�l QSV^pjM�������� x �m�
ILKAPRl^MEsOQjs�l^M�diIUV^MmKZI,�OMj�v�Al^M�egTWNR] Y\dUQ IUK|KZl^T��<Vb[ MOdUT��m�

������� x �m� �
� �
� RtV

��� �Z�RtV x � Z ����� ��� ! � Z�¿eV
����� ���
�

� �
� RoV
x � � ! � �

�.IipjY^N?M =^� 8/IidUdiY K8PRNRQSP?MaK�PRl^M_��MaIipjljPRMaG N?MOegMONRMOV\sOM GJILKZPRQSV s}M egTWN�MaQjs�l G^QSPRQ/N?MapWIUTWV Y KZIUV^p�{Ju�~ y IiV>P �W�W�j�
[ MOV s�l^] QSN&% � �Al^M|saQWs�l^M<dUIUV^M�KZI,�OM|Y\KZM G IiV_PRl^IUK�M*)Jc MONRIi]_MOV>PvILK = � [6w>P?M KO� � TWP?M<PRl\Q�P�P?l^M|G^IUKZPRQWV\s}M<TjV PRl^M�w+�
Q!)JIUKa�WNRMOc^NRMaK?MOV>PRMaG [6wEP?l\M�V6Y^] [ MONvTWe�] Ma]_TWNRwEN?MOegMONRMOV\sOMaKCIUV�� [ MOP8��MaMOV � s}TjV\K?Mas}Y^P?IU�WM�QWsas}M K?K?MaK.PRT�P?l^M|KRQS]_M
saQWs�l^M dUIiV^Mj�#ILK�c^diTWPZPRMaG TWV Q/dUTWpXK?saQSdUMW� F�KqP?l^M h\pjY^N?M_K?l^T���KO�fPRl^M_��MaIipjl>P?MaG N?MOegMONRMOV\sOM G^IUKZPRQWV\s}M TSeAK8P�QWs4%
saQWs�l^ModUIiV^M K.IUK ]_TjKZP?dUwm[ MOdUT�� �a�j� QSV GEl\QjK.Q�l\QWN?]_TWV\IUs�] M QSV ��QSdUY^M�TWe ; ;\�k�Al^MATjV^diwmTjYJP?dUIUMON IUK �=� ;^� pjsas P?l Q�P
M )Jl^Ii[\I`P�K�QqdiTjV^pWMaN"�����#� x �m�t�jsOdiT>KZMoPRT �a� � �W�j� � � V sOTWV>P?N�QWKZPa�=PRl^M��oMOIUpWl>P?M G NRM}egMaN?MaV\s}M<GJILK8P�QSV\sOMATSefl^MaQWc saQWs�l^M
dUIUV^MaK KZl\T���KEQ�] Y s�l�pWNRMaQ�PRMON$���%��� x ����egTWN QWdid�P?l^M�[ MaV\s�l^] QSN&% c\N?TjpWN�QS] KO�X�Al^M����%��� x'& �mTSeAPRl^M�pjdiTj[\QSd
KZPRQSP?ILs�G\Q�PRQ�KZc\N?M QWG�IUV��z[ M}P8�oMOMaVmP?l\TjK?M�TSe\KZPRQjs4%mQSV\Gml\MaQSc G^Q�P�Q�wWMOP.QWN?M�sOdiT>KZMaN#PRT�P?l\M�������� x'( ��TSe K8P�QWs4%�G^Q�P�Q^�

� -
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0 1

�kIUpWY\N?M =^� -J� r Q�P�Q6	qsas}Y^c QSV\sOw���Q�PRIiT>KAIiV�~�QWs�l/��MOpWIUTWV/egTWN�Q � �z�AQ=w = � �m� y QWs�l^M

�Al\M�NRMaK?c M stPRIi�jM�l\QSNR]_TWV^ILs<]_MaQWV\KvTWe�P?l^Mq�oMOIUpWl>P?M G_N?MOegMONRMOV\sOM|GJILK8P�QSV\sOM�QSNRM ; ;^�2; � =\� � ;^� = 8+0J�WQSV G � � 7���� egTWN
KZPRQjs4%f�JpWdUTW[\QWd#K8P�Q�P?ILsS�Jl\MaQSc�QWV\G��JNRMaQWG��zTjV^diw G\Q�PRQ NRMOpjIiTjV\KO�C�Al^ILK<GJILK8P�QSV\sOMEsOQWV/[ MmN?MapjQWNRGJM G�QjK<Q ]_MOP?NRIUs�TWe
NRM}egMaN?MaV\s}M dUT6saQSdUI`P8w�TjN�N?M � QjsOs}M K?K�GJILK8P�QSV\sOM egTjN�saQWs�l^M dUIiV^M K�IiV MaQjs�l NRMOpWIUTWV Y^V\GJMaN�P?l^M s}IUN�s}Y^] KZPRQSV s}MaK|P?l Q�P
V\T N?Mac^dUQjs}Ma] MaV>PAl QWKAMO�jMONATJsOsOY^N?NRMaG/IUV�PRl^MEsOQjs�l^MW�

�4���B�=� � 9�5�� ��7 � 7�� � �� � # �4� � ��7 ��7 �\7:9X�f7:4 �� ��7 ��5 ��9

�.IipjY^NRM�=\� � QSV G �.IUpWY^NRM =^� �a� KZl^T�� P?l^M�Y^V\IUn>Y^Mm]_MO]_TjN?w [\diTJs4% x TWN<sOQjs�l^M�diIUV^M �oNRM}egMaN?MaV\s}M Ko[>w�N?MapWIUTWV\K
egTjN � -!;\� [$�aIic � QSV\G�]_c Map � MaV\s}TJGJM�N?M KZc Mas}P?IU�WMadiwj�.�Al^MqIUVjPRMOV>P?IUTWV�TSe�P?l\IUKAs�l\QWNRQjstP?MaN?I,�aQSP?IUTWV_ILK�PRT Y^V GJMON�K8P�QSV\G
PRl^M�GJILK8PRN?IU[^YJPRIiTjV TWeqsOQjs�l^MbdiIUV^M�QWsas}MaKRK?MaG�IUV M QWs�l N?MapWIUTWV#�v]_M QWK?Y^N?M G [6w P?l\MbV6Y^] [ MaN TSeqN?MOegMONRMOV\sOMaK egTWN
M QWs�l Y^V\IUn>Y^M�] Ma]_TWNRw [^dUTJs4% GJY^NRIiV^p M*)JMasOYJP?IUTWV#� F�Y^V^ILnjY\M|]_MO]_TWNRw [\diTJs4%_IUK�MaKRKZMaV>P?ILQSdUdiw_GJILK8PRIiV^pjY^ILKZl^M G [6w
PRl^M_egN�QS]_M QWG^GJNRMaKRKqTSeAQbsaQWs�l^M dUIiV^Mj�:Iz� Mj� P?l^M_P�QSpXQWG^GJNRMaKRKqc^dUY\K�P?l\M IUV\GJM ) QjG^GJNRMaKRKO� F�dUd�sOQjs�l^M dUIUV^MaKEQWN?M
P�QSpjpWMaGbQSV G/K?TWN?P?M G [6w P?l\MOIUN<V>Y\] [ MON�K�TWe.NRM}egMaN?MaV\s}M KO� 	�V/P?l^M )2� Q )JIUKa�6MaQjs�l/s}Y\N?�jM�NRMOc^NRMaK?MOV>PRIiV^p MaQjs�l/G^QSPRQ
NRMOpjIiTjV_IUKCc\diTWPZP?M G_TWV Q�dUTWpmK?saQSdUMAegN?Tj]�PRl^M<]_TjKZP�N?MOegMONRMOV\sOMaG sOQjs�l^M<diIUV^Mj�WTWNvP?l^M ���&� � ����� sOQjs�l^M<diIUV^Mj�jKZPRQSN?P?IUV^p
egNRTW]�Q Y\V^IUn>Y^M ] Ma]_TWNRw/[^dUTJs4%/ILGJMaVjPRI`h sOQ�PRIiTjV�V6Y^] [ MON � Q�P|P?l^M diMOe Pa� P?T PRl^M dUMaQjK8P�N?MOegMONRMOV\sOMaG�sOQjs�l^MmdUIiV^Mj�
�Al\M�w+� Q!)JIUK c^diTWPRKEP?l^MbV6Y^] [ MON TSe|QWsas}M K?K?MaKmTjV Q�dUTWp KRsOQWdiM/QWKE�oMOdUdz� �|K?IUV^p5�.IipjY^NRM =^� � QWK QSV M )^QS]_c^dUMW�
PRl^M_s}Y^NR�WM K|TWe�K8P�QWs4%f� pjdiTj[\QSd KZPRQ�PRIUs QSV\G�N?M QWG2� TWV^dUwXG^Q�P�Q�QSdUd GJN?Tjc n>Y^IiP?M_K8PRMOMOc\diwj���\TWNqIiV\KZPRQWV\s}Mj��Q�e P?MaN|PRl^M
PRTWc �a�j� ]_TjKZPmN?MOegMONRMOV\sOMaG�KZPRQjs4%�sOQWs�l\M dUIiV\MaKa�fP?l^M_V6Y^] [ MON�KqTSeAQWsOsOMaKRKZM K�PRT/M QWs�l TSe�PRl^M_N?M K8PmKZPRQWs4%�saQWs�l^M
dUIUV^MaK_QSNRM�QWdid���Madido[ MadiT�� � � � �W�j� PRIi]_M KO� � T��oMO�jMON �:PRl^M�l^M QSc saQWs�l^M�diIUV^MaK GJMa] TjV\KZP?N�Q�P?M/Q��WMaN?w GJILK8PRIiV stP
[ MOl Q=�>IUTWN egN?Tj]�PRl^M TWP?l^MaN NRMOpWIUTWV KO���Al^M PRN?MaV\G TSe<PRl^M�l\MaQSc sOY^NR�WM_egTWdUdUT���Km�WMaN?w s}dUTjK?MOdUw�PRT�P?l\QSP TWeoPRl^M
	RQSdUd�QWsas}M K?K?MaK  sOY^NR�WMW� � V TWP?l^MaNm��TjNRG^Ka�:QSe P?MONEP?l^M_PRTWc � � �W�j� ]_TjKZPENRM}egMONRMOV s}MaG sOQjs�l^M_diIUV^M KO�.]_TjKZP�TWe�PRl^M

� ;



bzip2 crafty eon gap gcc gzip mcf parser twolf vortex perlbmk vpr average 
0

10

20

30

40

50

60

70

80

90

100

110
Read-Only

Heap

Global

Stack

Read-Only

Heap

Global

Stack

Read-Only

Heap

Global

Stack

Read-Only

Heap

Global

Stack

1 23
Way
0

�kIUpWY\N?M =^� ;^� r Q�P�Q6	qsas}Y^c QSV\sOw���Q�PRIiT>KAIiV�~�QWs�l/��MOpWIUTWV/egTWN�Q 7 �z�AQ=w ; 7 �m� y QWs�l^M

NRMaKZPmTSevPRl^M_N?MOegMONRMOV\sOMaKa��KZc^NRMaQjG Qjs}NRTjKRK|Q/dUQWN?pjM V6Y^] [ MONmTWe�sOQjs�l^M diIUV^MaKa��pWT/P?T/P?l\M l\MaQSc:� � M QSc G^Q�P�Q^��[6w
QWV\G dUQWN?pjMW��TJsOsOY^c6w Q/dUQWN?pjM saQWs�l^M_]_MO]_TWNRw�IU]_QWpWM Q�PmNRY^V��zP?IU]_MW� : I`PRl^TWY^PEN?MapjQSN�G�PRT�s}TWV �\IUs}Pm] ILKRKZM KO�#IiP
ILKqKZMaMO]_IiV\pWdUw/PRN?Y\MEP?l Q�PqQWNRs�l\I`PRMastP�K�QWN?M GJMaK?IipjV^IUV^p�QSV MO�WMaN|dLQSNRpWMaN|sOQjs�l^MmegTWN�e QWsOIidUIiPRQ�PRIiV\p�l^M QSc G^QSPRQ\���Al^M
TWP?l^MaNE{Ju�~ y �S�W�j� IUV>P|QSV\G ��MaGJILQS[ MOV s�l QSc\c^diILsOQSP?IUTWV\KqQSdUdCGJMO]_TjV\K8PRNRQSP?M Q��jMONRwbK?Ii]_IUdUQWNqP?NRMOV\G QWKqGJMOc^ILstPRMaG
IUV�F�c^c MOV GJI )�FHQSV G/F|c^c MaV\GJI�)X�q�

�4���B��� �j9 � � ���"B��J5"��9 � ��9 �J7:9 � � � � BL�~��7�� �^B��"7 � �X� �\7:464j7k4
� V P?l^ILK K?Mas}P?IUTWV#� �oM�K8PRY\GJw P?l\M�IUVJegTWNR] Q�P?IUTWV sOTWV>P?MaV>P IiV\l^MONRMOV>PEPRT�P?l^MbG^Q�P�Q�NRM}egMONRMOV s}MaKETSe�c^NRTWpjNRQW]_K

�<NRIiPZP?MaV�IiV�l\Iipjl��zdUMO�jMOdCdLQSV^pjY\QSpjMaKa� � VJegTjN?] Q�PRIiTjV P?l^MaTWNRw � ����� l QWKm[ MOMaV��<IUGJMadiw Y\K?MaG P?T�]_M QWK?Y^N?M_PRl^M IUV��
egTjN?] QSP?IUTWV�s}Tj] c\diM )6IiP8w�TWe sOTW]_c^YJPRIiV\p�QSV\GXsOTW]_] Y^V\IUsaQ�P?IUTWVXK?w6KZP?Ma] KO� � QS]_]_MON�KZP?NRTW]�QWV\G r Q=�6ILG^K?TWV� - ���
G^MO�WMadiTjc M GXKZMa�WMON�QSd�M K8PRIi] QSP?IUTWVbP?M s�l^V^ILnjY\MaK<[\QjKZM GbTWVXIiV^egTWNR]_QSP?IUTWVbP?l\MOTWNRw egTjN�QSV\QWdiw2�aIiV^p PRl^MEIUVJegTWNR] Q�P?IUTWV
sOTWV>P?MaV>PATWek]_MO]_TjN?w QjG^GJNRMaKRKZIUV^p\� � VbTWN�GJMONoPRT Y\V\GJMON�KZPRQSV G P?l\MmN?MadUQSP?IU�WMqIiVJegTjN?] QSP?IUTWV/sOTWV>P?MaV>Pa�JTWN ��� � � � � � �
TWe.G^QSPRQ_QWsas}M K?KoK8PRN?M QS] K�egTWN<M QWs�l�NRMOpjIiTjV#�6��M�QSc\c^diw P?l^MqegY^V\G\QS]_MOV>PRQWd#s}TjV\s}MacJPRKoTSe.IiV^egTWNR]_QSP?IUTWV/P?l^MaTWNRw_P?T
PRl^MEG^QSPRQ QWG\GJN?M K?K?MaKoNRM}egMaN?MaV\s}M G��6Y\KZIUV^p_PRl^MEsOQjs�l^M|egN�QS]_MEQjG^GJNRMaKRKoQjK<Q NRQWV\GJTW]0�=QWN?ILQS[\diMj�

�:M}P�� x�� � �A[ M�PRl^MEc^NRTW[ QS[^IUdiIiP8w TWe Q_sOQjs�l^MqegNRQW]_MEQWG^GJNRMaKRKa� � � �^[ MaIiV\p N?MOegMONRMOV\sOMaGXGJY^NRIiV\p_Q_c\N?TjpWN�QS]�" K
dUIiegM}P?IU]_MW� �Al^M/IUVJegTjN?] Q�PRIiTjV�� x�� � � sOQWN?NRIiM G [6w�MaQWs�l � � IUK PRl^MOV�s}Tj] c\YJP?M G QWK dUTWp
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�.IipjY^N?M =\� 0J� r Q�P�Q 	qsOsOY^c\QSV s}w ��QSP?IUTjKAIUVX~�QWs�lb�<MOpjIiTjV�egTjN�QSV 8 � �oQ=w �=� 8W�m� y Qjs�l^M

]_Ma] TjN?w K?TWY^N�s}M � �
� K?w6KZP?Ma] b �>P?l^M�IiV^egTWNR]_QSP?IUTWV�sOTWV>P?MaV>P�TWN�MOV>P?NRTWc6w_sOQWN?NRIiM G egTWNoMaQWs�l saQWs�l^M�egNRQW] MqQWG^G^N?M K?K
ILK � x�� � � � � x�� � �t�v�Al^MaN?MOegTWNRMW�6PRl^MEQ=�WMaNRQWpWM�MaVjPRN?Tjc6w�� x���� �m��TSe MaQjs�lbG^QSPRQ NRMOpWIUTWV���ILK<GJM}h V^MaGXQWKa�

� x���� �m����	�
� � � �

� x�� � � � dUTWp
	�� 
����b �
!

�
� � � �

� x�� � � � dUTWp�
 � � � �b

��KZIUV^pXPRl^IUKEMan>Y\Q�PRIiTjV#�:�oM sOQWdUsOY^dUQSP?M QSV G c\diTWPmP?l^M�� x��� ����egTjNEMaQjs�l NRMOpjIiTjV �0IiV �.IipjY^NRM =\� �j� � F�s �
sOTWN�GJIUV^p P?T�c^NRIiTjN QSV\QWdiwJK?IUK_QWV\G�GJIUKRs}Y K?K?IiTjV#��IiP�ILK_M*)Jc MastPRMaG PRl\Q�P PRl^M�MOV>P?NRTWc6w�TWeql^M QSc,G^QSPRQ QWG^G^N?M K?K?MaK
saQSV [ M ] Y\s�l l^IUpWl\MONmPRl\QSV PRl^TjK?M TSeoP?l^M�TSP?l\MONmNRMOpWIUTWV KO��F�KEK?l^T��<V#�kP?l^M Q=�jMON�QSpWM MOV>PRN?Tjc>w�� x���� ���" �� �
ILK|QWc^c^NRT )JIi] Q�PRMOdUw = PRIi]_MaK�l^IUpWl^MaN<P?l QSV�� x��� ( �  ����^�<QSV G�� x���� ( �  �%���O�t� � QS]_MOdUwW� l^MaQWc�G^Q�P�Q QWG^G^N?M K?K?MaK
sOTWV\K?ILK8P�TWe.] Y\s�lXN?ILs�l^MON<IUVJegTjN?] Q�PRIiTjV�PRl\QSVXPRl^MmTSPRl^MON�P8��T_] Q (8TjN�G^Q�P�Q QjG^GJNRMaKRKAN?MapWIUTWV\Ka� : MEV^T���G^IUKRs}Y\KRK
l\T�� P?l\IUK�sOTWY^dLGbIi]_c\QjstPAP?l\MEsOQWs�l\M�K?I,�OMaKa�
y TjV\K?IUGJMaNvP8�oT GJILK?sON?MOP?MqsOQWs�l\MaK egTjNoG^QSPRQEKZP?TjNRQWpWM<IUV�NRMOpjIiTjV��&QSV\G����<I`PRl P?l\MOIUN�]_IiV\Ii] Y^] sOQjs�l^M|K?I��aMaK

TWe�� z QSV G�� � P?T�KRQ�PRIUKZegw/P?l^MaIiNqG^Q�P�Q sOQWc\QWsOI`P8wj� : M GJMOh\V^M Q ] MOP?NRIUs sOQSdUdUMaGbP?l\M � � � �"����� � �"� � � ��	�� ��� � � 	�� �� � � �#P?TX[ M ¼ �
¼"! � �Al^M_MOV>P?NRTWc6w�� x���� �m��N?Mac^NRMaK?MOV>PRK|P?l^M_]_IUV^Ii] Y^]�V6Y^] [ MaNmTSe�[^IiPRK�V\MOMaG^MaG P?TXs}TWV6�jMOw

IUVJegTjN?] Q�PRIiTjV/V\MOMaG^MaG/egTWN<NRMOpjIiTjV�� �v�Al^MaN?MOegTWNRMW�>P?l^MmM )Jc M stP?M GXsOQSc QWs}IiP8w N�Q�PRIiT TSe.P?l^M KZM�P8�oT_sOQWs�l\MaK<sOQWV/[ M
NRMOc\N?M KZMaVjPRMaGbQWKoegTjdidUT���KO�

� � � � ! �
�$# � � � z �
� # � � � � � � � � # � � � z � ¿ # � � � � �2�
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�.IUpWY^NRM =^� 8^� : MOIUpWl>P?M Gb��M}egMONRMOV s}M r ILKZPRQSV s}MmTSe y QWs�l^M �:IiV^M K<[6w��<MapWIUTWV\K

�:M}P � x��� � �ATWe NRMOpjIiTjV �	[ M Q_] Y^diP?IUc^diM � x QSdUc^l\Q>�ATSe � x��� � �ATSeCNRMOpjIiTjV � � �<l^MaN?MEP?l^M K?I,�OM � � ILK
M n>Y\QSd�PRT � � � �Al\MOVX��MEsaQSVXGJMONRIU�WM

� � � ��� � �*« ¿eV �

�.IUpWY^NRM6=^� � � c^diTWPRKqPRl^M M*)Jc MastPRMaG sOQWc\QWsOI`P8w�N�Q�PRIiTb�<I`PRl �=QWN?IUMaG � QSV G ��� �^TjNmIiV K8P�QSV\sOMW�#�<l^MaV � IUK =
x �<l^ILs�l/ILK<QSc^c\N?T )JIU]_QSP?M<PRT_�<l\Q�PA��Mq]_MaQjKZY^NRMaG�IiV/P?l\M�[ MOV\s�l\]_QWN'%^��QSV\GbQWKRK?Y^]_MqQ � �m��KZPRQWs4% saQWs�l^M x Iz� Mj�
� � �a� �AsaQSV�KRQ�P?ILKZegw�IUVJegTWNR] Q�P?IUTWV/egTWN�K8P�QWs4%�NRMOpjIiTjV#��F�sOs}TjNRG^IiV^p PRT �kIUpWY\N?M<=\� �=� �J�oMmV^MOM GXN?TjY^pWl^dUw�Q � ���
l\MaQSc saQWs�l^M<IUV_TWN�GJMON PRTEK?QSP?ILK8egw P?l^M<V^MaMaGJM G_QWG^GJNRMaKRK IUVJegTWNR] Q�P?IUTWV_IUV_l^MaQWc NRMOpjIiTjV#� � TSPRMAP?l\QSPvP?l^M<w+� Q )JILK IiV
PRl^MqpWN�QSc^l Y\K?MaKoQEdUTWp K?saQSdUMW� �Al>Y K��<l^MaV � IiV s}NRMaQWK?MaK�diIUV^M QSNRdiwj�WPRl^M�~ y � QWs}P?Y\QWdidUw_pWNRT���KCM*)Jc TWV^MaVjPRIUQWdidUw IiV
� � �Al Q�P�ILKO�WP?l^M|M*�fMastPRIi�jM|sOQjs�l^M�K?I��aM�M*)Jc\QWV\G^KCM )6c TWV\MOV>P?ILQSdUdiw MO�jMOV_I`e�PRl^M�MaVjPRN?Tjc6w IUV\s}NRMaQjKZM K TWV^dUw dUIiV\MaQSNRdUwW�
y Tj] [^IUV^M G �.IipjY^NRM�=^� �W� QSV\G �.IipjY^N?M�=^� � � �j�oM�pjM}PAQ c^ILstPRY^NRM�TWe#P?l^MqNRMOdLQ�P?IUTWV KZl^IUc [ M}P8�oMOMaV�IUVJegTWNR] Q�P?IUTWV

sOTWV>P?MaV>P��<IiP?l NRMaK?c M stP�P?TbPRl^MOIUNmM*)Jc MastPRMaG sOQjs�l^M_sOQSc QWs}IiP?IUMaKa�_F|KqP?l\M N?M KZY^diPRK�K?l^T��m��PRTXQjs�l^IUMO�WM P?l\M_KRQS]_M
M � M stP �SP?l\Mol\MaQSc N?MapWIUTWVEV\MOMaG\K.QWV M )Jc TjV^MOV>P?ILQSdUdUwqdLQSNRpWMaN.KZP?TjNRQWpWMosOQSc QWs}IiP8wqP?l\QWV PRl^M<K8P�QWs4%mQSV GEpWdUTW[ QSdJK8P�Q�PRIUs
G\Q�PRQ_NRMOpjIiTjV\Ka�

� ��� ( �X��*������+� � � � * ���
� + ���
� � �	� ��� �
: M�M )6c\diTjN?MbP?l\M s�l\QSN�QWs}P?MaN?ILK8PRIUsaK TSeEsOQjs�l^MXdiIUV^M��<NRI`PRMaK IUV�P?l\IUK K?Mas}P?IUTWV#� y QWs�l^M�dUIUV^M��<NRI`PRMaK s�l\QWV^pWM

PRl^M�QWNRs�l^IiP?M stPRY^NRQWdCK8P�Q�P?M_TWeo]_MO]_TjN?w�IU] QSpjM_QWV\G N?M njY\IiNRM_M*)6P?N�QbdiTjpWILsEPRT�]_QWIiV>P�QSIUV ]_MO]_TjN?w sOTWV\K?ILK8PRMOV\sOwW�
�A�oTb�<N?IiP?M c TjdiILs}IUMaKqQSNRM c Tjc^Y^dLQSNRdiwXMO]_c^dUT�wWM G�IUV ]_TJGJMONRV ]_ILs}NRTWc^NRTJs}MaKRK?TWN|QWNRs�l^IiP?M stPRY^N?M K�egTjNqP?l^M pWMaV^MON�QSd
]_Ma] TjN?wXP8w6c MaK 
 �<NRI`PRMO[\Qjs4%XQWV\G �<N?IiP?M � PRl^N?TjY^pWl:�E�Al^MONRM QWN?M QSdLKZTbTSPRl^MON�]_MO]_TjN?wbP8w6c M KmQ=��QSIUdUQW[^diMj�fMW� p\�
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Y\V\sOQjs�l^MaQW[^diMj�\K?c M s}Y^dLQ�PRIi�jMm�<N?IiP?M � sOTW] [\IiV^IUV^p TjN��<N?IiP?Mmc\N?TWP?Mas}P?M G � = ��� GJM KZIUpWV^M G/egTWN|K?c M s}ILQSd.G^Q�P�Q_]_QWV^IUc^Y��
dLQ�PRIiTjV#� F � ��	�� �.����� � � � � � saQWs�l^M<K?Ii]_c^dUw �<NRI`PRMaK.PRl^N?TjY^pWl PRl^M<MOV>P?IUNRMo]_Ma] TjN?w KZY^[ KZwJKZP?MO]�Y^c TWV Q�G^Q�P�Q��<N?IiP?M
PRT ] QSIUVjP�QSIUV/Q_s}TjV\K?IUKZP?MaVjP<]_MO]_TjN?w KZPRQSP?MW� � P�sOTWY^dLG PRl^NRTSPZPRdiM�PRl^M�]_MO]_TWNRw [^Y\Ka�^QWKAIiP<pWMaV^MON�Q�PRMaK�P?T6T_] Y\s�l
[\Y\KoP?N�Q 3 sS�6Iiek]_MO]_TjN?w_[\QWV\GJ�<ILG6P?lbIUKodUIi]_IiP?M G�� � V\KZP?M QWG TWe:Y^cfG^Q�PRIiV\p PRl^MqMOV>P?IUN?Mq]_MO]_TWNRw l^IUMON�QSN�s�l6w Ma�WMONRw
PRIi]_MqQEsOQjs�l^M<diIUV^M��<NRIiP?M<TJsOsOY^NRKa�jQ � ��	�� ���"� �"� saQWs�l^M�GJM KZIUpWV\MaG P?TEQWdidUMO�6ILQ�PRM�M*)^s}M K?K?IU�WMoP?N�Q 3 s<[6w QjK?K?TJs}ILQ�PRIiV^p
Q GJIiN?P8w [^I`P P?T�M QWs�l�sOQjs�l^M diIUV^Mj� : l\MOV^Ma�WMON Q�G^Q�P�Q��<NRI`PRM TJsOs}Y\NRK�PRT QX]_MO]_TWNRw dUTJsOQSP?IUTWV egTWY\V\G IiV PRl^M
saQWs�l^Mj�CP?l\MbGJIUN?P8w [\I`P_IUK_K?M}P � �Al^IUK GJIUNZP8w saQWs�l^M/diIUV^Mb�<IidUdAV^TSP_[ M/c^NRTWc QSpjQSP?M G�GJT��<V�P?T P?l\M/dUT���MaN dUMO�jMOd
]_Ma] TjN?w l^IUMON�QSN�s�l6w Y^V>P?IUd I`PAIUK�N?Mac^dLQWs}M G GJY^M|P?T Q s}TWV �\IUs}P�]_ILK?K�TWNoQEs}TjVjPRM*)6PoK?�<IiPRs�l#� r Y\M|PRTEI`P�K�Y\c G^QSP?IUV^p
]_M s�l\QSV^ILK?]b�>PRl^M�dUT��oMON�dUMO�jMOd ]_MO]_TWNRw_�<IidUdfV^TSPAQSdU�oQ=wJK�sOTWV>PRQWIiV/Q s}TjV\K?IUKZP?MaVjPAK8P�Q�PRMW�>P?l^MaN?MOegTWNRMW�6Q K?V^T6TWc^IUV^p
c\N?TWP?TJs}Tjd\V^MaMaG^KvP?T [ M|IU]_c^dUMO]_MOV>P?M G �<l^MaV TSPRl^MON�QWpWMaVjP�KvTjV_P?l^MqKZwJKZP?MO]X�>MW� p\� Q K?l\QSNRMaG��z]_MO]_TjN?wE] Qjs�l^IiV\MW�
V\MOMaGXQ_s}Tjc6w TSe.P?l^ILK�GJIUN?P8w�G^Q�P�Q^�
�Al\MqpjTjQWd TWe:PRl^MmQSV\QWdiwJK?IUKol^MaN?MqIUKoPRT_IiV6�WM K8PRIip>Q�PRM|PRl^Mms�l\QSN�QWs}P?MONRILK8PRIUsaK�TWe 	ZdUIU�WMOdUIUV^MaKRK g  TWe.Q_GJIUNZP8w saQWs�l^M

dUIUV^MW� : M_M*)^QS]_IUV^MaG P?l^M c\N?Tj[\QS[^IUdUI`P8w�TWeoNRMO�<NRI`PRIiV\pbQXGJIUNZP8w diIUV^M_IiV�QXK?M}P � QWKRK?T6sOIUQSP?IU�WM sOQWs�l\M �<l^MaV I`PE�AQWK
IUV�QXpWIU�WMaV KZPRQ�PRM x ���A�"PRl^N?TjY^pWl �:�A�q��egTWN�P?l\M�{Ju�~ y � -�[ MaV\s�l^] QSN&% QSV G�egTjY^NEQSc^c\diILsOQSP?IUTWV\KqegNRTW]�PRl^M
��[ MaV\s�l^] QSN&%/K?Y^IiP?Mj�A�Al\MEc^NRTW[\QW[^IidUIiP8wW� � �0 �¿ � �*�P2l x�� �t� ILK|GJMOh\V^MaGXIUVXP?l\MEegTWdUdUT��<IiV^p �o�qIU�WMaV�QSV�� � � ��� KZMOP �
QjK?K?TJs}ILQ�PRIi�jM|sOQjs�l^M|IUV��<l^ILs�l PRl^MONRM�QWN?M ��sOQjs�l^M|dUIUV^MaK�egTWNoMaQjs�l�sOQjs�l^M|K?M}P �vF|KRKZY^]_MqQ � �"����� � �"�"��� � � � � ��� �
x �:�A���mN?Mac^dUQjs}Ma] MaV>P�c TWdUILs}w 
)ILKmMa] c\diT�wjMaG IiV P?l\M sOQWs�l\MW� y TWV\sOMOcJPRY\QSdUdUwW�:�oM sOQWV sOTWNRN?M KZc TWV\G QXY\KRQSpWM
KZPRQSP?M IiV�PRMONR] K�TSe 	?N?M s}MaV\s}w  P?T/Q c\QWNZPRIUsOY^dUQWN|sOQjs�l^MEdUIiV\M IUV�MaQjs�lXK?M}P ���\TWN|IUV\KZPRQWV\s}Mj�\PRl^M saQWs�l^MmdUIiV\MEP?l Q�P
ILK�(8Y\KZPEQWsOsOMaKRKZM G��<IUdid [ M ILGJMaVjPRI`h MaG QWK�P?l^M � ����� � �"����� � � � � ��� � x ���A����dUIiV^Mj� F�V G�PRl^M_diIUV^M_Y\K?MaG�PRT/[ M
IUV ���A��KZPRQSP?M IUK|P?l^MaV G^N?IU[^[^dUMaG TWV^M K8P�Q�P?M_GJT��<V P?T PRl^M K8P�Q�PRM NRIipjl>P�V^M )>PqP?TX���A�E�fTjN 	 � � �����  KZPRQSP?M
egTjN�K?l^TWN?Pa� : M GJMaV^TSPRMEPRl^MEV6Y^] [ MON�TSevMaVjPRNRQWV\s}M K<TSevQ G^IiN?P8wbsaQWs�l^MmdUIUV^M�� PRl\Q�P�MOV>P?MaNRK�Q c\QSN?P?ILs}Y\dUQWN�Y\KRQSpWM
KZPRQSP?Mj� � �^QWK	��
 x �a�t�C�Al^Mqc^NRTW[\QW[^IidUIiP8w TWe#N?Ma�<N?IiP?IUV^p Q GJIUNZP8w_dUIiV\M|egTjNoQ c\QSN?P?ILs}Y^dLQSNoK8P�Q�PRM � IUK�P?l\MOV/sOTW]_c^YJPRMaG
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Probability of rewriting to a dirty line in each LRu stack of L1 cache (Spec95 Benchmark)
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Probability of rewriting to a dirty line in each LRu stack of L2 cache (Spec95 Benchmark)
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Normalized L1 data writes w.r.t. MRU->LRU stack 

MRU - # enter dirty

MRU - # re-dirty

MRU -1 - # enter dirty

MRU -1 - # re-dirty

LRU+1 - # enter dirty

LRU+1 - # re-dirty

LRU - # enter dirty

LRU - # re-dirty
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�.IUpWY^NRM 7 � 8^�Cu T���MaN r ILK?K?Iic Q�P?IUTWV y Tj] c QSNRIUK?TWV TWe � QWs�l^IUV^MaKA�<IiP?l��<MapWIUTWV�� [\QjKZM G y QWs�l\MOdUM}PRK

PRl^M�= � �m� saQWs�l^Mj�.u MaNZegTjN?] QWV\s}MAIUV\s}NRMaQjKZM K N?MadUQSP?IU�WMAP?T QSdUd^[\QWK?MOdUIUV^M|sOQjs�l^M�GJM KZIUpWV egTWN � 	 � � � � � 	 � � � QWV\G � �	 � �
�\TWN<PRl^M = � �m�,s}TjVJh\pjY^NRQSP?IUTWV\K�PRl^IUK�sOQWVb[ MEGJY^M�PRT_P?l^M IiV\sON?M QWK?MaG/T��WMaNRQWdid�sOQjs�l^MmKZI,�OMj���Al^MaN?MmILK�Q_NRMOdLQ�P?IU�WM
c MON?egTWNR] QSV\sOM IU] c\N?T��jMO]_MOV>P TWe|QS[ TWYJP = / egTWN P?l^M KZMbQSc^c\diILsOQSP?IUTWV\K �<I`PRl N?M KZc Mas}P PRT�P?l\M 7>� �m��saQWs�l^M/QWK
�oMOdUdz� �Al^ILK K?c MOMaG��zY^c c^N?IU] QSNRIidUw s}TW]_M KEegNRTW]	N?M GJY\sOIiV^p P?l^MbQWsas}MaKRKmPRIi]_M�P?T TjV^M/sOwJs}dUM�QSV\G KZM s}TWV G^QSNRIidUw
egNRTW]�N?M GJY\sOIiV^p K?M}P�s}TjV �\ILstP�K�QS]_TWV\p GJI��fMONRMOV>P|G^Q�P�Q N?MapWIUTWV\Ka�

�kIUpWY\N?M 7 � 8 GJMa]_TWV\KZP?N�Q�PRMaK P?l^Mbc T��oMON_GJILK?K?IUc\Q�PRIiTjV TSeqG^Q�P�Q�NRM}egMONRMOV s}MaK IUV QSdUd<sOQjs�l^MaKa���Al^MbQ=�jMON�QSpjM
NRMOdLQ�PRIi�jMEc T���MaN|GJILK?K?Iic Q�P?IUTWV�TWe P?l^M N?MapWIUTWVX[\QWK?MaG�saQWs�l^M IUK�KZIUpWV^Iih saQSV>P?dUw/NRMaG^Y\s}M GbP?T - ; / � 7 - / � QWV\G =+0 /
TWe�PRl^M6= � �m� r ��� = � �m� 7 �z�AQ=w�QSV\G 7j� �m� - �z�AQ=w�GJMaK?IUpWV\K�NRMaK?c M stPRIi�jMOdUwW� �Al\M ] Q!(8TWN�c T��oMON�NRMaGJY stP?IUTWV
TJsas}Y^N�K.egTWNCKZPRQWs4%EQWV\G pWdUTW[\QWd6KZPRQSP?ILs�NRM}egMaN?MaV\s}M KkP?l\QSP �oMONRMoN?M �zNRTWYJPRMaGEP?TqP?l^M<K?] QSdUdiMaN KZPRQjs4%EQSV\G pWdUTW[ QSdJK8P�Q�PRIUs
saQWs�l^MadiMOPRKa�Cu T���MaNvK?Q=�6IUV^pjK�QSNRM|KZIUpWV\I`h saQSV>P?dUw diT��oMON�egTWN � �� �	 � � � �	 � � �� � ��������'� � � QSV\G � 	 � � � �v�Al^ILK�ILKoGJY^M
PRT_P?l^MmY\V>Y KZY\QWdidUw l^IUpWlXTJsOsOY^NRN?MaV\s}M K�TWekl^M QScXQWsas}MaKRK?MaKAKZl\T��<V/M QSNRdiIUMONAIUV��.IUpWY^NRM =^� =^�
y Tj] [^IUV^IUV^p�PRl^MXN?M KZY\d`P�K IUV.�.IUpWY^NRM 7 � 0�QSV\G �.IipjY^N?M 7 � 8^�CPRl^MX~vV^MaN?pjw � r MOdLQ=w u�N?TJGJY\s}P ��QSP?IUTjK TSe�PRl^M

NRMOpjIiTjV�� [\QWK?MaG sOQjs�l^MOdUM}P�K GJMaK?IUpWV,�WMaNRK?Y\K PRl^M�[\QjKZMadiIUV^M�] QWs�l\IiV^M K QSNRM�c^dUTSP?P?MaG�IUV �.IipjY^NRM 7 � � � �Al^ILK c^dUTSP
ILKEV\TWNR]_QWdiI,�OM G P?TXP?l\M�~ r u TSeAP?l\M [\QWK?MOdUIUV^M GJMaK?IUpWV\K � diT��oMONE~ r u N�Q�PRIiT>K�T6sas}Y^N �<l^MOV PRl^M NRMOpWIUTWV$�z[\QjKZM G
saQWs�l^MadiMOPRKCKRs�l^MO]_M<ILK.P?l^M|[ MOPZP?MaN�sOQjs�l^M<GJMaK?IUpWV 
 P?l^M<dUT��oMON.P?l^M�~ r u �=P?l^M<[ M}P?P?MON�P?l^M�G^MaK?IipjV#�.�Al\MAQ=�jMON�QSpjM
~ r u�N�Q�PRIiT_TWekPRl^MmN?MapWIUTWV�� [\QjKZM G�sOQjs�l^MOdUM}P�KAIUK � � - 7 s}TW]_c\QWN?M G PRT Q6= � �m�,G^IiNRMas}P � ]_QWc^c MaGb[\QWK?MOdUIUV^MmsOQWs�l\MW�
� � 7 -EsOTW]_c\QSNRMaG PRT Q = � �m� 7 �z�AQ=w � � [\QjKZMadiIUV^M�saQWs�l^Mj�>QWV\G � � =20�s}Tj]_c\QSNRMaG PRT PRl^MqQWd`PRMONRV\Q�PRM 7>� �m�1- � �oQ=w
� � sOQjs�l^MqG^MaK?IipjV#�
�Al\MaK?M�M*)Jc MONRIi]_MOV>P�KCIiV GJIUsaQ�PRM<P?l\QSPoQ�NRMOpjIiTjV��z[ QWK?MaG sOQWs�l\MOdUM}PRK�GJMaK?IipjV s}TjV\KZILKZP?IUV^pmTSe#Q 7 �m� K8P�QWs4% sOQWs�l\MW�

Q 7 �m��pWdUTW[ QSdkKZPRQSP?ILs saQWs�l^M QSV\G�Q = � �m� � � sOQjs�l^ME�<IUdidCQjs�l^IiMa�WMmPRl^M_K?QW] M M*)JMasOYJP?IUTWV c MaNZegTjN?] QSV s}M QjK�Q
7>� �m�q� - � �AQ=w_saQWs�l^M��<l^IUdUMEQWs�l^IUMO�6IUV^p Q ] Y\s�lX] TjN?MqMOV\MONRpWw M 3 sOIiMaV>P�Ii]_c^dUMO]_MOV>P�Q�P?IUTWV:�
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�X���B�=� ��� !�# ��5 �^5Z9 � � 7:465 ��9�@ !|BP�f7 � � ��7 ��5 ��9<;"�|BC4>70� � BP�~��7�#Z7��^4
� V P?l^ILK�KZM stPRIiTjV#��Q�K?c M stP?NRY^]�TWe�N?MapWIUTWV�� [\QjKZM G�sOQWs�l\MOdUM}PRK�GJMaK?IUpWV s�l\TWILs}MaK|IUKqIUV6�WMaKZP?IUpjQSP?M G�� � V QSdUd.sOTW] �

c QSNRIUK?TWV\Ka� ��M Y\K?MEP?l\M 7>� �m�q�#- �z�AQ=w/saQWs�l^M c^NRMaK?MOV>P?M G�IiV {6Mas}P?IUTWV 7 � -J� � QWK|P?l\M [\QjKZMadiIUV^M egTWN�s}TW]_c\QWN?ILK?TWV#�
: M M*)^QW] IUV^M K?MO�WMaV G^I �fMONRMOV>PENRMOpWIUTWV$�z[\QjKZM G�sOQjs�l^MOdUM}P�K�s}TWV^h\pWY^N�Q�PRIiTjV\KqIiV �.IUpWY^NRM 7 � �a� ����QWN?w6IUV^p�PRl^M K?I��aMaK
TWe�P?l\M/KZPRQWs4%�QWV\G�pWdUTW[ QSd�KZPRQSP?ILs NRMOpjIiTjV\KO� ~�QWs�l saQWs�l^Mbs}TjVJh\pWY\NRQSP?IUTWV Y\K?MaK Q5= � �m�q�kGJIUN?M stP'�z] QSc\c M G � �
saQWs�l^M x NRMOc\N?M KZMaVjPRMaG�QjK �  �t�#M )JsOMOcJPqegTWNqPRl^M_diMOe P?]_TjKZPm[\QSNq�<l^ILs�l Y\K?MaK�Q = � �m�q� 7 � �oQ=w�sOTWV6�WMaVjPRIiTjV\QSd�� �
saQWs�l^M x N?Mac^NRMaK?MOV>P?M G QjK�� � IUV P?l^M K?w6] [ TWd �t� : M Y\K?M_P?l\M egTWdUdiT��<IUV^pXV\QW] IUV^p�sOTWV6�WMaVjPRIiTjV\K�IUV P?l^M_h\pjY^NRMW�
�Al\M � �� � KZw6] [ TWdLK<NRMOc^NRMaK?MOV>PAP?l\M KZI,�OMmTWe.NRMOpjIiTjV�� [\QWK?MaGbsOQjs�l^MOdUM}P�KO�vQWV  �m� {6PRQWs4%bsOQjs�l^MEQSV\GXQWV � �m�
�qdUTW[ QSd K8P�Q�P?ILsEsaQWs�l^M � �<l^MaV �"IUKqQS[ KZMaVjP �^PRl^MONRMEILK|V^T�pWdUTW[\QWd � K8P�Q�PRIUs�NRMOpjIiTjVXsaQWs�l^M QSV\GXpjdiTj[\QSd.K8P�Q�P?ILsEG^QSPRQ
QWN?M�N?TjYJP?M G P?T P?l^M � � saQWs�l^Mj���\TWNoM*)^QS]_c^dUMW�jP?l\M�NRIipjl>P?]_TjKZP�s}TjVJh\pjY^NRQSP?IUTWV�� ��� � � �  � � sOTWV\K?IUKZPRK�TSe:Q � �m�
KZPRQjs4%�sOQjs�l^MmQSV\GbQ 7 �m�,pjdiTj[\QSd�KZPRQSP?ILsmsOQWs�l\M�QWV\GbQ = � �m�q�JGJIUN?M stP�] QSc^c MaG�� � saQWs�l^Mj�

�.IUpWY^NRM 7 � � � K?l^T���KCPRl^MqQ=�jMON�QSpjMoc MON?egTWNR] QSV\sOM|K?c MaMaGJY^c:�Jc T��oMON�N?M GJY\stPRIiTjV�QSV G MOV^MaN?pjw+� GJMadUQ=w c^NRT6G^Y\stP
N�Q�PRIiT egTWN ��MaGJILQS[ MOV s�l#� �.QS[^dUM 7 � � diILK8P�KEPRl^MbMOV^MaN?pjw � GJMadUQ=w c^N?TJGJY stP N�Q�PRIiT�egTWN M QWs�l QWc^c^dUIUsaQ�P?IUTWV IiV�PRl^M
[ MOV s�l^] QSN&% x Y\KZM G P?T saQSdLs}Y^dLQ�PRMXP?l^M Q=�jMON�QSpjM �t���Al^M � �m�0K8P�QWs4% saQWs�l^M�QWV\G � �m� pWdUTW[\QWd|K8P�Q�PRIUs�saQWs�l^M
x { � � � � G^] � � �AGJMa]_TWV\KZP?N�Q�PRMaKoP?l\Mm[ M K8P�G^MaK?IipjV/IUV�~ r u NRQSP?IUT\� � P�sOTWV\K?Y^]_MaKATjV^diw/TWV^MqPRl^IiN�GbTSe.P?l^M c T��oMON
IUV,Q - �z�AQ=w 7j� �m�$s}TWY\VjPRMONRc\QSN?P �<l\IidUM�QWs�l^IUMO�6IUV^p ���+/ TWe|P?l\M�M*)JMasOYJP?IUTWV c MaNZegTjN?] QSV s}MW��	�V^dUw�P?l^NRMOMXTWe
PRl^M QWc^c^dUIUsaQ�P?IUTWV K<l\Q=�WMm~ r u�N�Q�PRIiT>K<QS[ T��WM � � - � �<l^IUdUM 0 TSe.P?l^M ��� QSc^c\diILsOQSP?IUTWV\K<l Q=�WMm~ r u�NRQSP?IUTjK<TWe.dUMaKRK
PRl\QSV � � �S� �<�Al^ILK|K?l^T���KAPRl\Q�P�P?l^M T��WMaNRQWdid�c MON?egTWNR] QSV\sOMEQSV\G�MaV^MONRpWw/M*3 s}IUMOV s}wbTSeCN?MapWIUTWV�� [\QjKZM G/saQWs�l^MadiMOPRK
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Tjc^c TjK?MaGXPRT/Q�sOTWV6�WMaV>P?IUTWV\QWd#]_TWV^TjdiIiP?l^ILs G\Q�PRQ�sOQWs�l\M �<l^MaV Q Y^V\I`h\M GXh\diP?MaNqsaQWs�l^M IUKqQSc^c\diIUMaGXPRT�[ TSPRl#� � V
PRl^ILK�h\pjY^NRMW� !  ��� � � � $ N?Mac^NRMaK?MOV>PRK�Q ] Ma]_TWNRw/l^IUMON�QSN�s�l6w P?l Q�P�ILK|sOTW]_c TjK?MaGXTSe�Q h\d`PRMONqsOQWs�l\METWVXPRTWc�TWe
Q_NRMOpjIiTjV�� [\QWK?MaG/sOQWs�l\MOdUM}PRK<G^MaK?IipjV#�  � K?Ii]_c^dUw�NRMOc^NRMaK?MOV>P�KoQ sOTWV6�WMaV>P?IUTWV\QWd ]_TjV^TWdUI`PRl^ILsmsOQWs�l\Mq�<IiP?l�Q h d`PRMON
saQWs�l^Mj�.�Al\M<[\QSN�K N?Mac^NRMaK?MOV>P.MaIipjl>P�GJI �fMONRMOV>P�GJIUNRMastP'�z] QWc^c M G h\d`PRMON�saQWs�l^M K KZI,�OM G egNRTW] � � 8|[6w>P?M K P?T 8W�m�q� � V
Q=�jMON�QSpjMW�=P?l\M<N?MapWIUTWV�� [\QWK?MaG sOQjs�l^MOdUM}P�K Ii]_c^NRT��WMAc MON?egTWNR]_QWV\s}MAIUV\K?IipjV^I`h sOQSV>PRdiwj�WQ�Pv]_TjKZP�=^� � / �S�<l\MOV P?l^M�KZI,�OM
TWe P?l^M h\d`PRMONqsOQWs�l\MmIUK�K?] QSdUdiMaNa�A�Al^MaN?M QWN?MEK?TW]_MmTjYJP?dUIiMaNRKa� K?Y\s�l�QWK  ����� � ��� � ����� TWN � �&��� � �\�<l^ILs�l�QWs}P?Y\QWdidUw
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�.IUpWY^NRM 7 � � 7 �Au T���MaN��<MaGJY stP?IUTWV TSevQ y Tj] [^IUV^MaG �.IUd`PRMON y QWs�l^Mm�<IiP?l �<MOpjIiTjV��z[ QWK?MaG y QWs�l^MadiMOPRK x �AQWK?MOdUIiV\MW�
{ 7 %+� � 7 %+� = � � �<IiP?l�Q6- � � �m��� ���� � � �

K?l^T��Hc MON?egTWNR] QSV\sOM GJMapWN�QWG^QSP?IUTWV�IUV�P?l^M N�QSV^pjM TSe�= / P?T �+/ �m�Al^M ] Q (8TjNqsaQSY\K?MW��QjK|GJILK?sOY\KRKZM G QS[ T��WMj� ILK
G^Y^M|PRTEPRl^M 7 �m� saQSc\Qjs}IiP?IUMaK�TSe�PRl^MqKZPRQjs4% QWV\G pjdiTj[\QSd K8P�Q�PRIUs�sOQWs�l\MaKCPRl\Q�P<QSNRM�Y^V QS[^dUM|PRT QjsOs}Tj]_] TJG^QSP?M<PRl^M
MaV>P?IUN?M �oTWN&%6IiV\pXK?M}P KZI,�OM KmTSeAP?l\MaK?M�QSc^c\diILsOQSP?IUTWV\K��<l^ILs�l h^P V\IUsOMOdUw IUV>P?T Q 7>� �m�H]_TWV\TWdUI`PRl^IUs�G^Q�P�Q�sOQWs�l\MW�
V\MO�WMaNZPRl^MOdUMaKRKa� : l^MaVEP?l\M�h d`PRMONCsOQjs�l^M�ILK:dLQSNRpWMj� P?l^MANRMOpWIUTWV$�z[\QjKZM G�sOQWs�l\MOdUM}PRK.KRs�l^MO]_Mol\QWKkdiT��oMON.c MON?egTWNR]_QWV\s}M
PRl\QSV/Qms}TWV6�jMOV>P?IUTWV\QWd^sOQjs�l^M�GJMaK?IUpWV#� F|KvP?l^M � P
	 dUMO�jMOd saQWs�l^M<IUV\sON?M QWK?MaKa��P?l^M�sOQWs�l\M<TWNRpjQSV\I�� Q�P?IUTWV K IiV_PRl^M � £ P
dUMO�jMOdfsOQjs�l^M|c^dLQ=w QEdUMaKRK�K?IUpWV^Iih sOQWV>P�NRTWdUM�IiV�P?l^MqT��WMaNRQWdid\c MaNZegTjN?] QSV s}MW� F|KAQ N?M KZY^diPa�>PRl^M�K?c MaMaGJY\c\KAs}TWV>PRIiV6Y^M
PRT G^Mas}NRMaQjKZM�QjKvPRl^M�h\d`PRMONAsOQjs�l^M�ILK�pjNRQjGJY\QSdUdUw MaV^dUQWN?pjMaG�� : l^MaV P?l^M�K?c MaMaGJY^cbGJNRTWc\K�[ MadiT��,TjV^MW�6QE] Q (8TjN?IiP8w
TWeAP?l^M_egNRMan>Y^MaVjPRdiw Y\K?MaG G^Q�P�Q�sOQWV [ M�saQScJPRY^N?M G [6w P?l^M h d`PRMON saQWs�l^M �<l^IUdUM G^Q�P�QX��TjN'%6IUV^pbK?M}P h^PRKmIUV>P?T�Q
dLQSNRpWMaNA] TjV^TWdUIiP?l^ILsmsOQjs�l^M�[ M}P?P?MaN<P?l\QWV�KZc MasOIUQWdiI,�OM G�wjM}P|K?]_QWdidUMONANRMOpjIiTjV��z[ QWK?MaG�saQWs�l^MadiMOPRKa�

�.IipjY^N?M 7 � � 8/sOTW]_c\QSNRMaKqNRMOdLQ�PRIi�jM c T���MaNms}TWV KZY^]_cJPRIiTjV TWeoQXsOQjs�l^M QSN�s�l^IiP?Mas}P?Y^NRM �<I`PRl Qbs}TjV6�WMOV>PRIiTjV\QSd
saQWs�l^M_GJM KZIUpWV QWV\G�NRMOpjIiTjV�� [\QWK?MaG�saQWs�l^MadiMOPRKa��[ TWP?l �<IiP?l Q�h\d`PRMONmsOQjs�l^MW�mF"NRMOpWIUTWV$�z[\QjKZM G�sOQjs�l^MOdUM}P�K�GJM KZIUpWV
sOdiM QSNRdiw GJMO]_TWV K8PRNRQSP?MaK�PRl^M Y\K?M}egY^dUV^MaKRK�TSeAKZ] QWdidUMON�h\diP?MaNEsOQjs�l^MaKqIUV PRMONR] K�TSeoQjG^GJIiP?IUTWV\QWdCc T��oMON�NRMaGJY stP?IUTWV
PRl^NRTWY^pjl h\d`PRMONRIiV\p Q�] Q (8TjN?IiP8w TSe�sOQjs�l^M NRM}egMONRMOV s}MaK IiV>PRT KZ] QWdidUMON sOQWs�l\MOdUM}P KZP?NRY\stPRY^NRMaKa���Al^IUK QWG^�=QWV>PRQSpjMW�
l\T���Ma�WMON �^GJIU]_IiV^ILK?l^MaK|�<l^MOVbP?l\M KZI,�OMmTWekPRl^Mmh\diP?MaN|sOQjs�l^MmILK�QS[ TWYJP � �m� IUV�KZTj] MmTWe.TjY^N�M )6c MONRIU] MaV>PRKa���ow
QWV\G dLQSNRpWMj�jGJI�� MaN?MaV>P�NRMOpWIUTWV$�z[\QjKZM G_sOQWs�l\MOdUM}PRK�s}TWV^h\pWY^N�Q�PRIiTjV\KvK?l^T���N?TjY^pWl\diw �S�2/ PRT - �2/ c T���MaN�NRMaGJY stP?IUTWV
IUV QWG^GJIiP?IUTWV�P?Tb�<l\Q�PmsOQWV�[ M TW[^PRQSIUV^M G�egNRTW]�Q h d`PRMON�sOQWs�l\M IU] c\diMa] MaV>PRQ�PRIiTjV �<l^MaV�PRl^M K?I,�OM TSeCP?l\M h d`PRMON
saQWs�l^MAILKCNRMaQWK?TWV QS[^dUwEKZ] QWdidz� : l\MOV P?l^M�K?I,�OM<TSe P?l\MAh\d`PRMON�saQWs�l^MAILK Man>Y\QWdJP?T�TWNC]_TjN?MoP?l QSV 7 �m�q�=P?l\M<N?MapWIUTWV��
[ QWK?MaG�saQWs�l^MadiMOPRKoQSNRM|dUMaKRK�M � M stPRIi�jM|PRl\QSVbQ sOTWV6�WMaVjPRIiTjV\QSd ]_TWV^TjdiIiP?l^ILsqsOQWs�l\MW� �Al^IUKoILKAsOQSY KZM G [6w QWG^GJIiP?IUTWV QSd
� � saQWs�l^Mmc T���MaN�sOTWV\K?Y^]_cJP?IUTWV�IUV�NRMOpjIiTjV��z[ QWK?MaGbsOQWs�l\MOdUM}PRK|�<l^MOV�P?l^M K8P�QWs4%/QWV\G�pjdiTj[\QSd:saQWs�l^MadiMOPRK�sOQSV\V^TSP
QjsOsOTW]_]_T6G\Q�P?MXPRl^MOIUN NRMOpjIiTjV�G\Q�PRQ\� y TjV\KZILGJMaN [ TWP?l,c MON?egTWNR]_QWV\s}M�QWV\G c T��oMON NRMaG^Y\stPRIiTjV#� �.IUpWY^NRM 7 � ���
Ma��QSdUY\Q�PRMaK PRl^M�MaV^MONRpWw+� GJMOdLQ=w�c^NRT6G^Y\stP�K TSeEGJILKZP?IUV\stP/G^MaK?IipjV,c TjIiV>PRKa� � P/K?l^T���K_P?l Q�P/Q h\diP?MaN/saQWs�l^M��<IiP?l
NRMOpjIiTjV�� [\QWK?MaG/sOQWs�l\MOdUM}PRKAILK<Q [ MOPZPRMON|GJM KZIUpWV/egTWN<]_T>K8P|saQWK?MaKo�<l^MOVbPRl^M�h\diP?MON�sOQWs�l\M�ILK�K?]_QWdidUMONoPRl\QSV 7 �m�q�
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�.IUpWY^NRM 7 � � -J�:~�V^MONRpWw+� r MadUQ=wEu�N?TJGJY\s}PvTSe#Q y TW] [^IUV^MaG6�.IUd`PRMON y Qjs�l^MA�<I`PRl��<MapWIUTWV�� [\QWK?MaG y QWs�l\MOdUM}PRK x �AQWK?M*�
dUIUV^MW��{ 7 %+� � 7 %+� = � ���<I`PRl�Q - � � �m��� ���� � � �
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�.IUpWY^NRM 7 � � 0J� u MON?egTWNR] QSV\sOM_{Jc MaMaGJY^c�TWe�Q �kIUdiP?MON y QWs�l^M_�<IiP?l ��MOpWIUTWV$�z[\QjKZM G y Qjs�l^MOdUM}P�Km�WMaNRK?Y\KmQ �.IidiP?MaN
y Qjs�l^M��<I`PRl�Q y TWV6�WMaVjPRIiTjV\QSd y QWs�l\M

������������� � � � � � � � � � � ��� � � � ��� � � ���� � � � ��� � �
� � ��# � � � � ��

F�K�K?l^T��<V�IUV �kIUpWY\N?M =^� 7 IiV�{6M stP?IUTWV�=^� � � � �>PRl^Mm] Q (8TWNRIiP8w TSe:PRl^MEsOQjs�l^MmKZc QWs}M�QSc\c M QSN�KoP?T_[ MmTJsas}Y^c^IUMaG
[6w K8P�QWs4% G\Q�PRQ\� : l\MOV P?l\M�KZI,�OM TWe�QXY^V^Iih\MaG h\diP?MaN saQWs�l^M QSc\c^N?T>QWs�l^M K�TWNmILKEpjN?M Q�P?MaNqP?l\QWV P?l^M�K?I,�OM TSe�Q
NRMOpjIiTjV�� [\QWK?MaG/K8P�QWs4%�saQWs�l^MadiMOPa�6P?l\M�h\d`PRMON�saQWs�l^Mms}TjY^dLG/[ MmIUV^M*�fMas}P?IU�WMm[ MasOQWY\K?Mq�<l Q�P�ILKA] ILKRKZM G/IUVbP?l^M�h d`PRMON
saQWs�l^M IUK|�WMONRw�dUI,%WMOdUw/P?T [ M ]_ILK?K?MaGXIUVXP?l^M V^M*)6PqdiMa�WMOdkK8P�QWs4%XsOQWs�l\MOdUM}Pa� � V K?Y\s�l�Q saQWs�l^METjN?p>QSV^I,�aQSP?IUTWV#�6PRl^M
h d`PRMON saQWs�l^M_ILKmdiM K?K�Y KZMOegY^dCegTWNEh\d`PRMONRIiV\pXKZPRQjs4% G^QSPRQ^� � eA�oM diM Q=�WM P?l^M KZPRQjs4% sOQjs�l^MOdUM}PEQWK�ILKEQWV\G GJMaGJILsOQSP?M
PRl^M h\d`PRMON�sOQjs�l^MmP?T�P?l^M dUQWN?pjMON � � saQWs�l^M x ] QSIUV^diwbegTjN|l^M QSc G^QSPRQ>�t�f��M ] IUpWl>Pq[ M_QS[^dUMmPRT/QWs�l\IiMa�WM Q ]_TjN?M
M � M stPRIi�jMXh\d`PRMONRIiV\p M � M stP PRT�N?M GJY\s}MXc T���MaN s}TWV KZY^]_cJPRIiTjV#� � V P?l^ILK K?MastPRIiTjV#�o��MXIUV>�jMaKZP?IUpjQSP?M/P?l^M�GJM KZIUpWV
Tjc^c TWN?P?Y^V^IiP?IUMaK<egTWN�GJM GJIUsaQ�PRIiV^p PRl^M�h\diP?MON�sOQWs�l\M|PRT Q c QSN?P?ILs}Y^dLQSNANRMOpWIUTWV:�

�.IUpWY^NRM 7 � �S� �!�.IipjY^N?M 7 � �^� QSV\G �.IipjY^NRM 7 � �W� MO��QSdUY\QSP?MAP?l\M�c MaNZegTjN?] QWV\s}M<K?c MaMaGJY^c:�jc T���MaNCN?M GJY\s}P?IUTWV QSV\G
MaV^MONRpWw+� GJMOdLQ=w�c\N?TJGJY\s}P�egTWN�K?Y\s�l�GJMaK?IUpWV\Ka���Al^M V6Y^] [ MaNRK|��MaN?M Q=�WMON�QSpjMaG�egTWN|P?l^M MOV>P?IUN?M ��MaGJILQS[ MOV s�l QSV\G
V\TWNR]_QWdiI,�OM G�PRT/PRl^M_[\QWK?MOdUIUV^M sOQWK?MW�fPRl^M_diMOe P?]_TjKZPm[\QSN � �Al\M [ QWK?MOdUIiV^Mj�#NRMOc^NRMaK?MOV>P?M G�[6w  	��
����� � � IUV P?l^M KZM
s�l QSN?PRKa� ILK�Q h\diP?MON�sOQjs�l^ME�<IiP?l Q_h\�WM �z�AQ=w 7>� �m��]_TWV^TjdiIiP?l^ILs sOTWV6�WMaV>P?IUTWV\QWd:sOQjs�l^MW�|F|diTjV^p��<IiP?l P?l^M � � �
� � � 	 � � �  	��
����� �:P?l^Maw QSNRMEPRl^M KRQS]_M saQWs�l^M s}TjVJh\pWY\NRQSP?IUTWV\K�c^NRMaK?MOV>P?M G�IUV {6M stPRIiTjV 7 � -^� 7 � � � : M_M )6c\diTjI`P
PRl^NRMOM�GJI�� MaN?MaVjP_NRMOpWIUTWV h\d`PRMON sOQjs�l^MaKa�vM QWs�l TWe�P?l^Ma]-ILK M )^s}dUY\KZIU�WMadiw G^MaGJILsOQSP?MaG P?T TWV^MXK?MO] QSV>P?ILs/N?MapWIUTWV#�
IUV\sOdiY\G^IiV^p � � � ��� �"� �  	��
����� egTWN l^M QSc G^Q�P�Q^� � � � � � � �����  	��
� ��� egTWN K8P�QWs4% G^QSPRQ\��QSV G � � � �
� � ���"�&�	 	�� � ��� egTWNEpjdiTj[\QSd�G^Q�P�Q^��{6MO�jMOV h\diP?MaN sOQjs�l^M KZI,�OM KE��QSNRIUMaG egN?Tj] �=� 8X[6w>P?MaKmP?T58j�m���oMONRM Y\KZM G IiV
PRl^MaK?M M*)Jc MaN?IU]_MOV>PRKa���Al^M dLQ�PRMOV\sOIiM K|TWe�G^Q�P�Q�sOQjs�l^M QjsOs}M K?K?MaK�P?l\QSPq[6w6c\QjK?K�P?l^M_GJMaG^IUsaQ�P?M GXh\diP?MaNqsaQWs�l^Mj� Iz� Mj�
QjsOsOMaKRKZIUV^p Q_GJI �fMONRMOV>P�NRMOpjIiTjV#�JsOQSVb[ MmN?M GJY\s}M G�� � T��oMO�jMON �6I`P|sOTWV\K?Y^]_MaKA]_TWNRM�c T��oMONoPRl\QSV�Q Y^V^Iih\MaGbh d`PRMON
saQWs�l^M��<IiP?lXNRMOpWIUTWV$�z[\QjKZM G�saQWs�l^MadiMOPRKAQWK<K?l^T��<VbIiV �.IipjY^NRM 7 � �^� �

: l\MOV P?l^M�K?I,�OMATSe P?l^MAh\diP?MaN�sOQjs�l^MoIiV\sON?M QWK?MaK.Y^c P?T 7 �m��TWN 8W�m�q��M njY QSd6P?T�TjNCpWNRMaQ�PRMONkP?l\QWV P?l^M�K?I��aMaK TWe
PRl^M�K8P�QWs4%_QSV\G pjdiTj[\QSd sOQjs�l^MOdUM}P�K x 7 �m� IUV PRl^MaK?M�saQWK?MaK��t�6Q GJM GJIUsaQ�PRMaG_h\diP?MaNosaQWs�l^M�P?T l\MaQSc G\Q�PRQ QSc^c MaQWNRKvP?T
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�.IUpWY^NRM 7 � � 8^�Cu T��oMON y TW]_c\QWN?ILKZTjV�TWe.Q6�.IidiP?MaN y QWs�l^M��<IiP?l�QSV G/�<IiP?l\TWYJP|�<MapWIUTWV�� [\QjKZM G y QWs�l\MOdUM}PRK

[ M�QE[ MOPZP?MaNoG^MaK?IipjV QWK�K?l^T��<V IUV �.IipjY^NRM 7 � �W� � � V PRl^MaK?M|sOQjKZM KO�WP?l^MqK8P�QWs4%_QSV\G_pjdiTj[\QSd sOQjs�l^MOdUM}P�K P?l^Ma] KZMadi�jMaK
[ MOl Q=�WMmdUI�%jM�h\d`PRMON|saQWs�l^M KO�^P?l6Y\K<IiP�K?MOMO] KANRMaGJY\V\G^QSV>P<PRT l\Q=�WMmQ_Y^V\I`h\M G/h\d`PRMONqsOQWs�l\MqIUVXegNRTWV>P�TSe.P?l^M K8P�QWs4%
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: l\IidUM PRl^M h\d`PRMON�sOQjs�l^M QSc\c^N?T>QWs�l^M K 7 �m��TjN|dLQSNRpWMON �^PRl^M N?MapWIUTWV�� [\QWK?MaGXsaQWs�l^MadiMOPRK��<IiP?l Q�GJM GJILsOQ�PRMaG�l\MaQSc
h d`PRMON|saQWs�l^M x � � � � � �"� �  	��
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QSP�MaQjs�l/dUMO�jMOdz� : Mm[^NRIiM
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y Qjs�l^MOdUM}P�K

N�Q�PRIiV\pXQ�= � � MOV>P?NRw�K8P�QWs4%�saQWs�l^Mj�_�Al\M_KZPRQjs4% sOQjs�l^M_IUKqPRl^M c^NRTJs}MaKRK?TWN " K�TWV^dUw G^QSPRQXsOQjs�l^MW� ��TjN?M NRMas}MaV>P?dUwW�
NRMaK?MaQWNRs�l\MON�K � � 8 � � 0!- � l\Q=�WMXc^NRTWc TjK?MaG KZIU]_IidLQSN ]_MOP?l^TJG^K P?l\QSP IiV\sOTWNRc TjNRQSP?MXQ dUQWN?pjM�K8P�QWs4%+� saQWs�l^M/]_MO]_TWNRw
KZP?NRY\s}P?Y^NRM<P?T QSdUdiMa�>ILQ�PRMAP?l^M�s}TjKZPvTSe�] Y^d`PRI � c TWN?P?MaG saQWs�l^M�G^MaK?IipjV\KO� �Al^MaIiNvpjTjQWd^�oQjK.P?TEIU]_c^NRT��WM<c MON?egTWNR]_QWV\s}M
TWe.�<ILGJMmILK?K?Y^MmK?Y^c MaNRKRsOQWdUQWNAc^N?TJsOMaKRKZTjNRK 
 V^TWPoPRT N?M GJY\sOMqc T��oMON<GJILK?K?Iic Q�P?IUTWV:�

�:IiV\M�[^Y$� MaNRK x TWNA[^dUT6s4% [\Y�� MaN?IUV^p6��QWV\G�K?Y^[�� [\QSV %>IUV^p�� 7 0 � � � � 0 � l\Q=�jM|[ MOMOVbc^NRTWc TjK?MaG_PRT_N?M GJY\s}Mqc T���MaNa�
�kT_M*)Jc^dUTWIiPAK?c\QSP?ILQSdfdiTJsaQSdUI`P8w QSV G NRMaGJY\sOM�c T��oMON �>dUIUV^M�[^Y��fMON�K�l\TWdLG ]_TjKZPoNRMasOMOV>P?dUw QWsas}M K?K?MaG saQWs�l^MqdUIiV^M K�egTWN
c TSPRMOV>P?ILQSd�l^I`P�Km[6w K?Y^[\K?Man>Y^MaVjPEQjsOs}M K?K?MaKa�_�Al^M sOQjs�l^M_IUKmV\TSPmM*)JMON�s}ILK?MaG �<l^MOV�QXsOQjs�l^M QWsOsOMaKRKql^I`P�KmIUV PRl^M
dUIUV^M|[^Y$� MaNRKa�C��IiV MOPoQWd �CGJM K?sON?IU[ M G QEK?Ii]_IUdUQWNvP?M s�l^V^ILn>Y^M � ; ; � [6w_IiV\K?MON?P?IUV^p QE�WMONRw_KZ] QSdUd � �
����� ����� � � QWKCPRl^M
h NRKZP � diMa�WMad x � � �|sOQjs�l^MmP?T�P?l^M y u�� � �Al\MEh\diP?MaNqsaQWs�l^M G^MaK?IipjV QSc^c\N?T>QWs�l�K?Qjs}NRI`h s}MaK�sOQjs�l^MEc MON?egTWNR]_QWV\s}M IiV
M )^s�l\QSV^pjMmTSe c T��oMON'� K?Q=�6IUV^p QjKAP?l\Mmh\diP?MON�sOQWs�l\Mml\QWK<c T6TWNRMON�G^QSPRQ dUTJsOQWdiIiP8wW� � V���IiV " K�KZP?Y\G^wW�\[6wbMO]_c^dUT�w6IiV^p
G^IiNRMas}P � ]_QWc^c MaG � - ; � [>w>PRM�h\diP?MaN � � saQWs�l^M�QSV G�h d`PRMON r � saQWs�l^Mj�6P?l^Mmc T���MaN<s}TWV KZY^]_cJPRIiTjV/ILK<NRMaGJY s}MaG/[6w -!8 /
�<l\IidUMmN?M GJY\sOIiV^p_c MON?egTWNR] QSV\sOMq[6w �^� / �
{JY^[�� [\QSV$%6IUV^p�ILK�KZIU]_IidLQSN�P?Tbs}TjdiY^]_V ] Y^diP?IUc^dUM*)JIiV\p � �W����� %6V^T��<V�P?T/�|F|��GJMaK?IipjV^MON�K<egTjN�NRMaG^Y\s}IUV^p PRl^M

V6Y^] [ MaN TSe K?MOV KZMoQS]_c\Ka� 	�V^dUw�P?l\MoK?Y^[�� [\QSV %6KkPRl\Q�PCs}TjVjP�QSIUVEPRl^M�NRMan>Y^M K8PRMaG G^Q�P�Q�QWN?MoQWsOsOMaKRKZM G��kF�K Q|NRMaK?Y^diPa�
c T��oMON�ILK�NRMaGJY s}MaGX[6wbMOdUIi]_IUV\Q�PRIiV\p Y^V^V^M s}M K?KRQSNRw�QWsas}M K?K?MaKa�o�Al\Mmh\N�K8P|]_ILs}NRTWc^NRTJs}M K?K?TWNAIUVXP?l^M_{>P?NRTWV^p>F|���
e QW]_IidUw � 8 � � ��PRl^M {JF>� �W� � ��MO]_c^dUT�wJK�Q/K?Y^[�� [\QSV %>IUV^pb]_Mas�l\QWV^IUK?]�[6w�MOV QS[^dUIiV\pbTjV^dUw 7 �AQ=wJK|TWe�IiPRK = � � �oQ=w
saQWs�l^MEegTWN|M QWs�l�saQWs�l^M QjsOsOMaKRKO���Al^M c^NRT6sOMaKRKZTjN|QSdLK?T IiV\sOTWNRc TjNRQSP?M K�Q sOQjs�l^M K?Y^[�� [^dUT6s4%XsOQjK8PRTWYJP�] M s�l\QSV\IUK?]
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� V>PRMOd " KC{>PRN?TjV^pjF�����{JF
� �j�W� � c^NRT6sOMaKRKZTjN � -!8 � �=[\QjKZM GETWV P?l^M<{JF
� �j�a� sOTWNRMW�=IU] c\diMa] MaV>PRK Q|]_IUV^I�� saQWs�l^M�IiV
QjG^GJIiP?IUTWV�P?T P?l^M�] QSIUV/G^QSPRQ sOQWs�l\M�egTWN<KZP?TjN?IUV^p KZP?NRMaQW]_IiV^p G^Q�P�QE�<l^ILs�l/G^MO]_TWV\KZP?N�Q�PRM|dUI`P?P?dUM�TWNoV^T PRMO]_c TWN�QSd
dUTJsOQWdiIiP8wW� r QSPRQ sOQjs�l^MaQW[^IUdiIiP8w�IUK sOTWV>P?NRTWdUdUMaG�PRl^NRTWY^pjl s}TjV>P?NRTWdAN?MapWILK8PRMON�KO� �Al^IUK G^MaK?IipjV ILK Q ] Y^diP?I��zdLQ�PRMON�QSd
saQWs�l^M G^MaK?IipjV QWc^c^NRTjQWs�l � 7���� � ; ��� � � = � ��[^YJP IiP QWs}P?Y\QWdidUw IUV\sON?M QWK?MaK�GJw6V\QS]_ILs_c T��oMONEK?IUV\s}M [ TSPRl ]_IUV^I�� saQWs�l^M
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QWV\G ] QSIUV sOQjs�l^M QSNRM_c^N?Tj[ M G IiV�c QSN�QSdUdiMad �b��MadidLQWKEM}P QWd � � � = � c^NRTWc TjK?MaG Q�GJw6V\QW]_IUs_IUV\KZP?NRY\stPRIiTjV sOQWs�l\IiV^p
KRs�l^Ma] MbPRT GJMOP?MaN?]_IUV^IiV\p �<l\QSP_P?T [ M�sOQjs�l^MaG IiV KZILGJMXQ ]_IUV^I
� � � saQWs�l^MbQWK_QSV M*)6P?MaV\KZIUTWV P?T P?l\M/ILGJMaQ TWe
IUV\KZP?NRY\stPRIiTjV h d`PRMONEsOQjs�l^MW� ��w�NRMaKZP?NRILstP?IUV^p/P?l^M_Y\K?M TSe�PRl^M_]_IiV^I�� sOQWs�l\M PRT/TjV^diw ] T>K8PqegNRMan>Y^MOV>PRdiw�M )JMas}Y^P?MaG
[\diTJs4%JKO�6PRl^M�P?TWPRQWd�V>Y\] [ MON<TSe.]_IiV^I�� sOQWs�l\M�QjsOsOMaKRKZM K�ILKANRMaGJY\sOMaGbQ�PAP?l\MEK?QW] MqPRIi]_M�P?l\Mq]_IUV^I�� saQWs�l^M�l^IiPRK�QWN?M
IUV\sON?M QWK?MaG��
F|di[ TWV\MaK?IJIiV�� = � c^N?Tjc T>KZM G Q�l^TWNRI,�OTWV>P�QSdUdiw�c\QWNZPRI`PRIiTjV^MaG sOQWs�l\MoGJM KZIUpWV P?l\QSPvsOQSV_GJILK?QW[^dUMoQqKZY\[\KZMOPCTSe saQWs�l^M

K?M}PqdiIUV^M K�IUV Q K?M}P � QWKRK?T6sOIUQSP?IU�WMmsOQjs�l^Mm�6IUQ � {JF�QWV\GX]_IUsON?T>QSN�s�l^I`PRMas}P?Y^N�QSd#K?Y^c^c TWN?P|�<l^MaV Q_egY^dUd.saQWs�l^MmILK�V^TSP
sON?IiP?ILsOQWd\PRT T��jMON�QSdUd^c MaNZegTjN?] QWV\s}Mj� �Al\IUKos}TjV\s}MacJP�ILK�saQSdUdiM G 	?u MaNZegTjN?] QWV\s}M�	�V�� r MO] QSV\G  s}TjIiV^M G [6w �qMOTWNRpWM
y QWI.QSP � V>P?Mad y TWNRc#���Al^M IUG^MaQ ILK|P?T PRY^NRV�TWV�PRl^M_GJIiM QSNRMaQ V\MOMaG^MaGXPRT/KRQ�P?ILKZegw/PRl^M c MaNZegTjN?] QSV s}MEpjTjQSdkTSe�Q
NRY^V^V\IiV^p QSc^c\diILsOQSP?IUTWV#� y TW]_c^IUdiMaN�QWV\G_c^NRTSh\dUIiV\pmP?T6TWdLK�saQSV [ M|Y\K?MaG P?T GJMOP?MaN?]_IUV^M|�<l^MaV QSV\G l^T���]_QWV6w K?M}P
IiP?Ma] K�sOQWVb[ MEGJILK?QW[^dUMaG�egTWN<c T���MaN � K?Q=�6IUV^pjKa�
��TWNRM�NRMas}MaV>P?dUwW� � Y QSV^p�Q�PCMOdz� � - ; � s}Tj] [^IUV^M GETWY\Nkc^NRTWc TjKRQSd>�<IiP?l_Q|c\K?MOY GJTqK?M}P'� QjK?K?TJs}ILQ�PRIi�jM�sOQjs�l^M�GJM KZIUpWV

PRT_egY^N?P?l^MaN<N?M GJY\s}Mmc T��oMON<s}TjV\KZY\] c^P?IUTWVbIiV�G^QSPRQ_sOQjs�l^MaKa�

����� � ��* � ��� � ' ��� � * ���
� V P?l\IUK s�l\QWcJP?MaNa���oM�l Q=�WM�c\N?Tjc T>KZM G Q�V\MO� � � � 	�� ��� �"����� � � � � � ��� ��� � GJMaK?IipjVEPRl\Q�PvsOQWV M � M stP?IU�WMadiwmNRMaG^Y\s}M

PRl^M_c T��oMON�GJILK?K?IUc\Q�PRIiTjV TSeAQ/G\Q�PRQbsOQjs�l^M TjN?p>QSV^I,�aQSP?IUTWV��<l^IUdUM NRM}P�QSIUV^IUV^p PRl^M_M*)JMasOYJP?IUTWV c MaNZegTjN?] QSV s}M TSe�Q
sOTWV6�WMaV>P?IUTWV\QWdvsOQWs�l\M GJMaK?IipjV#�X�Al^IUK IUK QWsOsOTW]_c^dUIUK?l^M G [6w c\QSN?P?IiP?IUTWV\IiV^p�G\Q�PRQXNRM}egMaN?MaV\s}M Km[\QjKZM G TjV�KZMa]_QWV��
PRIUsaQSdUdiw GJMOh\V^MaG ]_Ma] TjN?w N?MapWIUTWV\K�IUV>P?T G^IUKZP?IUV\stP sOQWs�l\MaKa�b{>P�QWs4% NRM}egMaN?MaV\s}M KEQSV G pjdiTj[\QSd�K8P�Q�P?ILs NRM}egMaN?MaV\s}M KO�
�<l\IUs�l M*)Jl^IU[^IiP�Q/l^IUpWl G^MOpWNRMOM TSevPRMO]_c TWN�QSd QSV\G KZc\QSP?ILQSd dUT6saQSdUI`P8wj��QSNRM NRTWYJPRMaG�PRTbK?c Mas}ILQSdUI,�OMaG x QSV G K?] QSdUdL�
saQWs�l^MbK8PRN?Y stP?Y\N?M KO� {6IUV\s}M 0 �2/ TSe�PRl^M/NRM}egMaN?MaV\s}M KEl^IiP IiV P?l^MXKZPRQWs4%�QWV\G�pWdUTW[ QSdAK8P�Q�P?ILs�G\Q�PRQ NRMOpWIUTWV:�kPRl^M
T��jMON�QSdUd�G^QSPRQ sOQWs�l\M�c T���MaN s}TjV\K?Y^]_cJP?IUTWV sOQSV [ MXKZIUpWV\I`h saQSV>P?dUw N?M GJY\sOMaG�� {6IUV\s}M 7 �m�"KZPRQWs4%�QWV\G pjdiTj[\QSd
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KZPRQSP?ILs saQWs�l^M K�QWs�l^IUMO�jM Q ���+/ l\I`P�NRQSP?Mj�\M*)JM s}YJPRIiTjV�c MaNZegTjN?] QSV s}MEILK�V^TWPqGJMapWN�QWGJM G��<F|G^G^I`PRIiTjV\QSdUdiwj� [6wXc\QWN �
PRI`PRIiTjV^IUV^p_P?l^MEsaQWs�l^M�IUV>P?T NRMOpWIUTWV KO�Js}TjV �\ILstP�K�QSNRM�MadiIU]_IiV Q�P?M Gb[ MOP8��MaMOVXN?MapWIUTWV\Ko] Q!%6IUV^p_I`P�]_TjN?MqegMaQjKZIU[^dUM�P?T
IU]_c^dUMO]_MOV>P�MaQWs�l�saQWs�l^M �<I`PRl�diT��oMONqQWKRKZTJsOIUQSP?IU�>IiP8wW���oY^IUdLGJIiV\p/K?]_QWdidUMON�KZMapWNRMOpjQSP?M GbsaQWs�l^MadiMOPRK�QSdLKZT c\N?T��6ILGJMaK
]_TjN?M��\M )JIi[^IUdUI`P8w IiV�IUV\s}NRMaQjKZIUV^p T��WMaNRQWdidAG^Q�P�Q�K8PRTWN�QSpjM�PRl\QSV�MOV\dUQWN?pjIiV^p�Q K?IiV^pjdiM�]_TjV^TWdUI`PRl^ILs�sOQWs�l\MXK?IUV\s}M
saQWs�l^MmGJM KZIUpWV KoG^T V\TSP<V^MOM G PRT GJTWY^[\diMqIiV�K?I��aM�TjN<IiV s}NRMaQWK?M�QjK?K?TJs}ILQ�PRIi�6IiP8w_P?T pWNRT��m� 	�Y^N<NRMaK?Y^diPRKAK?l^T��,P?l Q�P
QXNRMOpjIiTjV�� [\QWK?MaG sOQWs�l\MOdUM}PRK�GJM KZIUpWV�saQSV N?M QWs�l QSV Q=�WMON�QSpjM c T���MaNEGJILK?K?Iic Q�P?IUTWV NRMaGJY\s}P?IUTWV TSeo[ MOP8��MaMOV - �2/
QWV\G 0 �2/ s}Tj] c QSNRMaG PRT ]_TWNRM�PRNRQjGJIiP?IUTWV\QWdfG^MaK?IipjV\KO�
�Al\M c T��oMONmsOQWV [ M_egY^NZPRl^MONmNRMaG^Y\s}M G�Iieo�oM QWc^c^dUw�M*)JILK8PRIiV\p�PRMas�l^V^ILn>Y^MaKmK?Y\s�l QWK�h\diP?MaNEsOQWs�l\MaKqTWNmK?Y^[��

[ QSV$%6IUV^p\�fTWNqIie�KZ] QWdidUMON�sOQjs�l^MOdUM}P|dUIUV^M K?I,�OMaKqQSNRM Y KZM G��mF�n>Y\QSV>PRI`P�Q�P?IU�WM QSV\QWdiwJK?IUK|TSevPRl^M h\d`PRMON�sOQjs�l^M M � M stP
�AQWK QWdUK?T c^NRMaK?MOV>P?M G IUV PRl^ILK s�l\QSc^P?MON �,�|K?IiV\p�TWY^N NRMOpjIiTjV��z[ QWK?MaG saQWs�l^MadiMOPRK KRs�l^MO]_MX�<I`PRl,QSV�QWG^GJIiP?IUTWV QSd
Y\V^I`h MaG h\diP?MaN saQWs�l^Mj�k�oM egTWY\V\G P?l\QSP �oM sOQWV egY^NZPRl^MON N?M GJY\sOM c T��oMON s}TWV KZY^]_cJPRIiTjV�[6w QWK ] Y\s�l QjK 7j�2/
�<l\IidUM�l\Q=�6IUV^p��WMaN?w dUIiPZP?dUM IU]_c\QWs}P TWV�PRl^M�T��WMaNRQWdidAc MON?egTWNR] QSV\sOMW� �\Y^N?P?l^MaN?]_TWNRMW�o�oM QSV\QWdiw2�aMaG l^T��0PRl^M
NRMOpjIiTjV�� [\QWK?MaG sOQWs�l\MOdUM}PRKmsaQSV MOV^l QSV\sOM Q/]_Ma] TjN?w KZwJKZP?MO]&GJMaK?IipjV �<I`PRl Q/h\diP?MaN sOQjs�l^MW�:IiV P?MaN?] K�TWeA~ r u
M 3 s}IUMOV\sOwW�AF|K��oMmM*)Jc Mas}P?MaG#�^P?l\MEN?MapWIUTWV�� [\QjKZM G/saQWs�l^MadiMOPRK<GJM KZIUpWVX�<IiP?l Q �=� 8 � [6w>P?M�h\d`PRMONqsOQWs�l\MEsOQSVXNRMaQjs�l
QWc^c^NRT )JIi] Q�PRMOdUw � P?IU] M K�GJM KZIUpWVbM*3 s}IUMOV s}w�IUV�~ r u �
�Al\MqNRMOpjIiTjV�� [\QWK?MaG/sOQWs�l\MOdUM}PRKAGJM KZIUpWVXQSdLK?T l\QjKoP?l^M�c TSPRMOV>P?ILQSd�PRT_N?M GJY\s}M�c T���MaNAIiVb] Y^diP?I�� c TjNZPRMaGXsOQjs�l^MaK

egTjN�l^Iipjl�c MON?egTWNR]_QWV\s}M ]_IUsON?Tjc^N?TJsOMaKRKZTjNRKa���\TWN�Q ] Y\d`PRIic^dUM_IUKRK?Y^M c^NRTJs}M K?K?TWN|P?l\QSPqILK?K?Y^M K|] Y^d`PRIic\diM ]_MO]_TWNRw
IUV\KZP?NRY\stPRIiTjV\K.IiV P?l^M<KRQS]_M�sOwJs}dUMW��NRMOpWIUTWV$�z[\QjKZM GmsOQjs�l^MOdUM}P�KkGJM KZIUpWV T!�fMON�KkQWV QSdiP?MaN?V Q�P?IU�WM�P?l\QSP QWdidUT���K#[\Y^IidLGJIUV^p
K?] QSdUdiMaN c T��oMON'�zM s}TWV\TW]_IUs_NRMOpjIiTjV sOQjs�l^MaK IiV diIUMOY TWe�Q�]_TjV^TWdUI`PRl^ILs x c T��oMON'�zl6Y^V^pjN?w^�q] Y^d`PRI � c TWN?P?MaG sOQWs�l\MW�
��Y QSV>P?IiPRQSP?IU�WMmQSV\QWdiwJK?IUKoTWekPRl^IUK|QSc^c^dUILsOQ�PRIiTjV\KoIUK|KZY^pjpWM K8PRMaG/IiV y l\QSc^P?MON�0J�
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� V�TWN�GJMONCPRT QWs�l\IiMa�WM<MO�jMONvl\Iipjl^MON�c MaNZegTjN?] QSV s}M<IUV ] ILs}NRTWc\N?TJs}M K?K?TWN�Ka����M|sOTWV>P?IUV6Y^M<PRT KZMaM|QSV IUV\sON?M QWK?M<IiV
sOTW]_c^dUM*)JIiP8wbTWeCP?l^M ]_IUsON?T>QSN�s�l^I`PRMas}P?Y^N�QSd#GJM KZIUpWV KO�|�kT�l\MOdUc�] QSV\QWpWMmPRl^IUKqs}Tj]_c^diM )JI`P8wXQSV\G QWs�l^IUMO�jMEGJMaK?IipjV\K
PRl\Q�PqegY^V\s}P?IUTWV�IUV�]_TWNRMENRMaKZP?NRIUs}P?IU�WMmPRIi]_M s}TWV K8PRNRQWIiV>PRKa�\c\N?TJs}M K?K?TWN�QSN�s�l^I`PRMas}PRK�l Q=�WMmNRMOdUIiM G�]_TWNRMEl^MaQ=�6IUdiwbTWV
Q P?M s�l^V^ILnjY\M TSe�K?Y^[fGJIU�>ILGJIUV^p�pjMOV^MaNRQWd:KZP?NRY\stPRY^N?M K�IUV>P?T�] Y^diP?IUc^diMj�f] TjN?M KZc MasOIUQWdiI,�OM G�K8PRN?Y\s}P?Y^NRMaKa� �<l^IUs�l sOQSV
[ M Ii]_c^dUMO]_MOV>PRMaG ] TjN?M M*�fMastPRIi�jMOdUwW�m~ )^QW] c\diM K�IUV\s}dUY\GJM c^NRMaGJILstPRIiV^p/IiV GJIiNRMas}Pq[\NRQWV\s�l^MaK|Y\K?IiV^pbQ/G^MaGJILsOQSP?MaG
l\IUKZP?TjN?w [^Y��fMON�� � - � QSV\G KZc MasOY^dUQSP?IU�WMadiw c^NRTJs}MaKRK?IiV^p�dUTjQjG^K �<I`PRl pWT6TJG���QSdUY^M�dUTJsOQWdiIiP8w � 8 ��� � F|K GJILK?sOY\K?K?MaG
IUV {6Mas}P?IUTWV1=^� � �v]_Ma] TjN?w QWsOsOMaKRKZM K saQSV [ MXc\QWNZPRI`PRIiTjV^MaG IUVjPRT�QWG^GJNRMaKRK N?MapWIUTWV\K IUV\s}dUY\GJIUV^p P?l^M�pjMOV^MaNRQSP?M G
IUV\KZP?NRY\stPRIiTjV�s}TJGJMW�.dUI`PRMON�QSdCc T>Tjd � KZPRQ�PRIUs G\Q�PRQ\�kGJw6V\QW]_IUs KZPRQjs4% QSV\G l^M QSc NRMOpWIUTWV KO� �Al^ILKmc\QWNZPRI`PRIiTjV^IUV^p�sOQSV
PRl^MOV [ M�M*)Jc^dUTWIiP?MaGqPRT�NRMOTWNRpjQWV^I,�OM.P?l^MosOQjs�l^MvK8PRN?Y stP?Y\N?MCPRT�IU] c\N?T��jMCc MaNZegTjN?] QSV s}MW�.{6MOc\QWNRQSP?MvIUV\KZP?NRY\stPRIiTjVEQSV\G
G\Q�PRQ�saQWs�l^M K.QWN?M�egTWY\V\G IUV_QSdU] T>K8PCQSdUdJc^NRTJs}MaKRK?TWN�KO��QSV G NRMasOMOV>P?dUwm��Mol\Q=�jMoK?MOMaV QWNRs�l^IiP?M stPRY^N?M K:c\N?Tjc T>KZM GmP?l Q�P
IUV\sOdiY\G^M�K8P�QWs4% QWV\G V\TWV�� K8P�QWs4%msOQjs�l^MaK � � 0 � � � 8 � ��QjK ��Madid^QjK.P?MO]_c TWN�QSdJQSV G V\TWV��zP?Ma] c TWN�QSdJsaQWs�l^M K � 7���� � ; ��� � � = � �
~�QWs�l TWe�P?l^M KZM�GJMaK?IUpWV\K�Y\KZM K�Q s}TWV6�jMOV>P?IUTWV\QWd saQWs�l^M�TjN?p>QSV^I,�aQSP?IUTWV QSV G QWs�l^IUMO�jMaKCIU]_c^NRT��WMaG_c MON?egTWNR] QSV\sOM�[6w
MaV\QS[\diIUV^pqc\QSN�QSdUdiMad>QjsOsOMaKRKZM K�P?T�P8�oT�sOQjs�l^M�KZP?NRY\s}P?Y^NRMaK.QSV\G#=TWN.NRMaGJY\sOIiV\p�s}TjV>P?MOV>PRIiTjVEIiV sOQjs�l^M�dUIiV\MAQWdidUTJsOQSP?IUTWV#�

� VbPRl^IUK|s�l\QScJPRMON �J��MqegTJs}Y KATWV�Q l^Iipjl�� c MaNZegTjN?] QSV s}MqIi]_c^dUMO]_MOV>P�Q�P?IUTWVX[6w TjcJP?IU]_I��aIiV^p_PRl^Mmc MON?egTWNR]_QWV\s}M
TWekPRl^MEKZPRQWs4%�] Ma]_TWNRw N?MOegMONRMOV\sOMaKa� : Mmc^NRTWc TjK?M�Q l QSN�GJ�oQWN?M�KZP?NRY\stPRY^N?MmsaQSdUdiM G/Q {>P�QWs4% �vQWdiY\M �.IUdiM x {2���C�}�
�<l\IUs�l ILK�Y\KZM G_P?T M*)Jc^dUTWIiP�PRl^M|Y^V\IUn>Y^Mqs�l\QSN�QWs}P?MONRILK8PRIUsaKCTSe:KZPRQjs4% NRM}egMaN?MaV\s}M KO� �Al^Mq{���� IUKoQEV\TWV�� QSN�s�l^IiP?Mas}P?M G
NRMOpjIUKZP?MaN<h\dUM s}TjV>PRQSIUV^IUV^p_P?l\M G^QSPRQ_V^M QSN�PRl^MmPRTWc�TSevKZPRQjs4% x � 	�{\�t� �<l^IUs�l�ILK�V\TWNR]_QWdidUw�l\MOdLGXIiV�]_MO]_TjN?w/TWN
PRl^M G\Q�PRQ�sOQWs�l\M x K��t�<F|did.N?MOegMONRMOV\sOMaKAPRT P?l\MaK?MEdiTJsaQ�P?IUTWV K|QSNRMEGJIU�WMaNZPRMaGbP?T P?l^M_{2��� IiV K8PRMaQWGXTWeCP?l^M � � G^QSPRQ
saQWs�l^Mj�

� �
� ' ��* � � � ��� � � � �
��� � ��* �)* � ��� �	��� ��� �/�
{6PRQWs4%qNRM}egMONRMOV s}MaKkQWsas}TWY\VjP:egTWN QSV QWc^c^NRMas}ILQS[\diMvc TWN?P?IUTWVmTWe\QSdUdj]_Ma] TjN?wqNRM}egMONRMOV s}MaKkQWKkGJIUKRs}Y K?K?MaGmIUV y l\QWc��

PRMON =^��QSV GqP?l^MaIiN.Y^V^ILn>Y^M�s�l\QWNRQjstPRMONRIUKZP?ILsOK�QWdidUT�� P?l^Ma]�PRT�[ M�l\QWV\GJdUMaGm]_TWNRMvM � M stP?IU�WMadiw�P?l QSVEpjMOV^MaNRQWdS]_MO]_TWNRw
NRM}egMaN?MaV\s}M KO� � V_P?l\M�K?Y^[\K?Man>Y^MOV>P�GJILKRs}Y\KRKZIUTWV:�W�oM��<IidUd G^MO]_TWV\KZP?N�Q�PRMAP?l\QSP�KZPRQWs4% N?MOegMONRMOV\sOMaKvQWN?M�QE��TjNZPRl>w PRQWN �
pjM}P_egTWN TjcJP?IU]_I�� Q�PRIiTjV#� {6IUV\sOM/PRl^MXP?M s�l^V^ILn>Y^M�GJMaKRs}NRIi[ MaG IiV PRl^IUK s�l QScJPRMON egTJs}Y\K?MaK TWV l^IUpWl�� c MON?egTWNR]_QWV\s}M
c\N?TJs}M K?K?TWNAK?MOpW]_MaVjP �>P?l^MaN?MOegTWNRMW�>P?l^M y Tj] c QWn_F�dUc^l\Q_QSN�s�l^IiP?M stP?Y\N?MqQSV\G P?l^ME{Ju�~ y IUVjP �S�j�W� [ MOV\s�l\]_QWN'% QWN?M
Y KZM G/IUVXTWY^N<M )Jc MaN?IU]_MOV>PRKoPRl^N?TjY^pWl\TWYJPAP?l\IUK�s�l QScJPRMON �
��MO]_TWNRw QWsas}M K?K?MaKqe QWdidvIUV>P?T�K?MO�jMON�QSdvGJI�� MaN?MaV>P sOQ�PRMOpjTWNRIiM KO�:QjsOsOTWN�GJIiV\p�PRTXP?l^M NRMOpjIiTjV TWeo]_Ma] TjN?w�P?l^Maw

QjsOsOMaKRK.QWV\GmPRl^M<QWsas}MaKRK.]_M}P?l\T6G Y\K?MaG�� �Al^M y TW]_c\QjnmF�dUc^l\Qqc^NRT6sOMaKRKZTjNkQWdidUTJsOQ�PRMaK QqKZwJKZP?MO] � GJM}h V^MaG QS]_TWY^V>P
TWe\KZc QWs}MvQWdidUTJsOQSP?MaG�PRT<P?l^MoK8P�QWs4%f� �<l^IUs�lmpjN?T���K�G^T��<V�PRT��oQWNRG\Kf�>IUN?P?Y\QWdjQWG\GJN?M K?K � egN?Tj]�Q<]_ILG2� NRQWV^pWMvQjG^GJNRMaKRKO�
�Al\M���� ��c TWIUV>P?MON GJw6V\QW] ILsOQWdidUwq]_QWIiV>P�QSIUV\K#PRl^MAKZI,�OM�TSeJP?l\MoKZPRQjs4% �=�<l^ILs�lmegTjN?] K.Q�dUT���MaN:GJw6V\QS]_ILsv[ TWY^V G^QSNRw
TjV QWG\GJN?M K?K|N?MOegMONRMOV\sOMaKAPRT PRl^M KZPRQjs4% ���Al^M ]_ILG^GJdUM QWG\GJN?M K?K|NRQWV^pWMm[ MOwjTWV\G�P?l^M K8P�QWs4%f� �<l\IUs�l�ILK|QWdidUTJsOQSP?MaG
G^Y^N?IUV^p s}Tj] c\IidLQ�PRIiTjV#�vIUV\s}dUY\GJM K PRl^MXN?M QWG2� TWV\diw�G^QSPRQ�NRMOpjIiTjV x � N�G^Q�P�Qj�t�vP?l^M�s}TJGJMbNRMOpWIUTWV x � P?M*)6Pt�t��QWV\G�PRl^M
pjdiTj[\QSdkG^Q�P�Q_N?MapWIUTWV x � G^Q�P�Qj�t�<��Ma]_TWNRw IUK�GJw6V\QS]_ILsOQWdidUw/QWdidUTJsOQ�PRMaGb[6w PRl^MEc^NRTWpjNRQW]$egN?Tj] PRl^MEl^M QSc#� �<l^IUs�l
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Read-only

Heap

Global (%gpr)

Global (%gp)

Stack (%gpr)

Stack (%fp)

Stack (%sp)

�.IipjY^N?M<-^� � � ��Y^V��zP?IU] ME��MO]_TWNRw�F|sas}M K?K r IUKZP?NRIU[^YJP?IUTWVX[6w/F�sOsOMaKRK<��M}PRl^TJG^KoegTWN|{Ju�~ y IUV>P �S�j�W�

pjN?T���K�Y^c6�oQWNRG egN?Tj]�PRl^M�P?TWc�TSe#PRl^M�]_ILG^GJdUMqQjG^GJNRMaKRK�N�QSV\pWMW�.�Al^ILK�c QSN?P?IiP?IUTWV^IUV^p ILKoGJMOc^ILstPRMaG�IiV9�kIUpWY\N?M�=^� � �
�\TWNmPRl^M y Tj] c QWn�F|dic^l Q�uvNRTJs}MaKRK?TWN �fP?l^M�KZPRQjs4%�] Q=w [ M�QWsas}M K?K?MaG [6w K?MO�WMaNRQWdC]_MaQSV KO�E�6ILQbP?l^M/K8P�QWs4%

c TWIUV>P?MaN x�� � � �t�JPRl^M�egN�QS]_M�c TjIiV>P?MaN x�� � � �t� TWNAPRl^N?TjY^pWlbpWMaV^MON�QSd�� c^Y^NRc T>KZM�N?MapWILK8PRMON�K x�� � �� �}�
�kT�Y\V\GJMON�KZPRQSV GXP?l^M [^NRMaQ!%JGJT��<VXTWe�]_MO]_TWNRw/NRM}egMaN?MaV\s}M K�[6wXN?MapWIUTWV\K|QSV\G�QjsOsOMaKRK�]_M}PRl^TJG��fIiV QWG^GJIiP?IUTWV

PRT PRl^M K?Ii]_c^dUME]_MO]_TjN?wbN?MapWIUTWV�GJILK8PRN?IU[^YJPRIiTjV K?l^T��<V�IiV �.IUpWY^NRM =\� � � Q ]_TjN?MEGJMOPRQWIidUMaG�sOdUQjK?K?Iih sOQSP?IUTWVX[\QWK?MaG
TjV�PRl^MEGJILK8PRN?IU[^YJPRIiTjV\KATSe QWsas}MaKRKo]_M}P?l\T6G\K<IUK<K?l^T��<V/IiV �.IipjY^NRM -^� � �.~�QWs�lb[\QSNAIUV9�.IUpWY^NRM<-J� � ILK<V^TjN?] QWdiI,�OM G
PRT PRl^M PRTSP�QSd|V6Y^] [ MaN/TWeE]_MO]_TWNRw IUV\KZP?NRY\stPRIiTjV\Ka� �^TjN�PRl^MaK?M [ MOV\s�l\]_QWN'%JKa��QSV Q=�jMON�QSpWMXTWe 7>� / TSemPRl^M
IUV\KZP?NRY\stPRIiTjV\KoM*)JMasOYJP?M G�QjsOs}M K?K�]_MO]_TWNRwW�v{>P�QWs4%_NRM}egMONRMOV s}MaKoQWsas}TjY^V>P�egTWN<QWV/Q=�WMaNRQWpWM<TWe�-!; / TSekQWdid ]_MO]_TWNRw
QjsOsOMaKRKZM KO� �<l^IidUM pjdiTj[\QSdkG^Q�P�Q N?MOegMONRMOV\sOMaK�QjsOsOTWY^V>P�egTjN|TWV\diwXQS[ TWYJP �J� / QSV G�Q ] Q (8TjN?IiP8w�TWeCP?l^M N?Ma]_QWIiV\IiV^p
QjsOsOMaKRKZM K�QWN?M P?T/P?l^M_l^M QSc#� �Al^M � KZc$�zNRMOdLQ�PRIi�jM QWG^G^N?M K?K?IiV\p�]_TJGJM_IUK�P?l\M_G^TW]_IiV QSV>P�QjsOsOMaKRK|]_M}PRl^TJG�PRT�PRl^M
KZPRQjs4%f�^QWsOsOTWY^V>PRIiV^p egTjN
8 � / TSe.QWdid#QjsOsOMaKRKZM K�PRT_P?l^MEKZPRQjs4%f�JTWN 7 ; / TSe.P?TWPRQSd�]_Ma] TjN?w/QWsOsOMaKRKZM KO�
{JIiV\sOM KZPRQjs4%XN?MOegMONRMOV\sOMaK|QWN?M KZTbs}Tj] ]_TjV QSV\G � K?c�� N?MadUQSP?IU�WM QjG^GJNRMaKRKZIUV^p ]_TJGJM IUK|P?l^M_GJTj] IUV\QWVjPmQWsas}M K?K
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c T6TWNRdiw�I`e.P?l^MmV6Y^] [ MaN�TSe GJILK8PRIiV\s}P|dUT6saQ�PRIiTjV\KAQWsOsOMaKRKZM G�c MON�KZPRQjs4%�QWG (8Y\K8PR]_MOV>P�IUK<QWdUK?T_dUQWN?pjMW�
�Al\M/G^QSPRQ�c^NRMaK?MOV>PRMaG�IUV�P?l\IUK KZY\[\KZM stPRIiTjV QSV\G�dLQ�PRMON � IiV {JMastPRIiTjV -J� -J�CK?Y^pWpjMaKZPRKEP?l\QSP c TSP?MaV>P?ILQSdodiT>K?K?MaK

G^Y^M�P?T ] QSV QSpWIUV^p TWV^dUw�K?c\Q�PRIUQWd�diTJsaQSdUI`P8w �<IiP?lXNRMaK?c M stP<P?T PRl^ME� 	�{f�JNRMOdLQ�P?IU�WMqPRT ] QWV\QSpjIiV^p TWV\diw PRMO]_c TWN�QSd
dUTJsOQWdiIiP8w �<IiP?l�Q P?Ma] c TWN�QSd#saQWs�l^Mj�^QSNRM�]_IUV^IU]_QWd#IiekPRl^M {2��� IUK|QWGJM njY Q�P?Madiw/KZI,�OM G��

� V�K?Y^]_] QSNRwW�6P?l\MEK8P�QWs4% NRM}egMONRMOV s}Mms�l\QSN�QWs}P?MaN?ILK8PRIUsaKvPRl\Q�P<PRl^M {2��� M*)Jc^dUTWIiPRK�IiV\sOdiY GJM�P?l^M�egTjdidUT��<IUV^p\�
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$',.V�-=E�I/,vI=,.C�I/,.-/,.V2G+1HG=< d2,.V�,.-/- 	YG=*�,v-/1�34C�F><>V�#0<>-ag�1�-/,.^)$�V G/*",0(/*]1�V�#�,.-~$�}]G=*�,A-=G/1�(+: C�$�<>VYG=,.I~I/1HG/*",7I
G=*]1�VB$�V G/<>34,oC_,.I=<>$;^�!

- -



10

20

30

40

50

60

70

80

90

100

10 100 1000 10000

C
ul

m
ul

at
iv

e 
pe

rc
en

ta
ge

 o
f 

st
ac

k 
ac

ce
ss

es

Offset in Bytes

Stack Offset Locality

bzip2.program
crafty

eon.cook
gap

gcc.integrate
gzip.graphic

mcf
parser
vortex

perlbmk
vpr

�.IUpWY^NRM<-J� 7 ��	 �fK?M}P �:TJsOQSdUIiP8w �<I`PRl^IiV �\Y^V\s}P?IUTWV\K

�
{>P�QWs4%�NRM}egMONRMOV s}MaK�l\Q=�jM M*)6PRN?Ma] MadiwXpjT>TJG�P?MO]_c TWN�QSd QSV\G KZc Q�P?ILQSd dUTJsOQSdUIiP8wW�<�^Y\NZPRl^MONR]_TWNRMW� P?l^M_QWs}P?IU�WM
c TWN?P?IUTWV TSeoP?l^M saQWs�l^M IUK QSdU] T>K8P g QSdU�oQ=wJK�IiV�QXKZIUV^pjdiM s}TjV>P?IUV>Y\TWY\K�NRMOpjIiTjV Q�PmPRl^M_P?Tjc TWe�PRl^M K8P�QWs4%f�
�Al^ILKAs}TWV>PRIipjY^I`P8w_]_MaQWV\K�P?l\QSPoc\QWNZPRI`PRIiTjV^IUV^p Q sOQjs�l^M|IUV>P?T ] Y^diP?IUc^diM�[^dUTJs4%JKO�>MaQjs�l �<I`PRl/IiPRKoT��<V P�QSp �>ILK
Y^V^V\Mas}M K?KRQSNRw �JP?l\M {2��� saQSV�[ METWNRpjQWV^I��aMaGbQWK�Q KZIU]_c^diM N?MapWILK8PRMON<h\dUM KZP?NRY\stPRY^NRM�P?l\QSP|IUK�GJw6V\QS]_ILsOQWdidUw
] QSc^c MaG P?TqPRl^M<s}TWV>PRIipjY^TWY\KkNRMOpWIUTWV Q�P.P?l^MoPRTWc TSe\PRl^M<K8P�QWs4%f�k�Al\MAQjsOsOMaKRK:l^IiPvN�Q�P?M�egTWN.PRl^IUKCsOTWV>P?IUpWY\TWY\K
NRMOpWIUTWV/�<IidUd:QWc^c^NRT )6IU] Q�PRM|PRl\Q�P�TWe Q_KZPRQWs4% saQWs�l^MmGJM KZIUpWVbTSe.P?l\MEK?QW] MmK?I��aMW�

�
�Al^Mmh NRKZP�N?MOegMONRMOV\sOMqP?T M QWs�lb��TjNRGbIUVXQ_V\MO� N?MapWIUTWVbTSe.P?l^M K8P�QWs4% x I � MW�U� Q_V\MO� QWstPRIi��QSP?IUTWVXN?M s}TjNRG\�oILK
�&�  �&�"� QWdi�AQ=wJK|QbK8PRTWNRMW�E�Al^ILKq]_MaQSV K|PRl\Q�PEQWV>w�GJMa] QSV\G2� GJNRIi�jMOV�dUIUV^M QSdUdiTJsOQSP?IUTWV�IUV Q�s}TjV6�WMOV>PRIiTjV\QSd
sOQjs�l^M IUKqdUI�%jMOdUwXP?Tb[^N?IUV^pbIiV ] QSV6w���TjNRG\K�PRl\Q�Pm�<IUdid [ M T��jMONR�<N?IiPZPRMOV�TjV�PRl^MOIUNqh\NRKZP�N?MOegMONRMOV\sOMW� �Al^ILK
�AQWKZP?MaK�[^Y\K�[\QSV GJ�<IUGJP?l [6w_[^NRIiV^pjIiV\pEIiV � � � � G^QSPRQm��QSdUY^M KO��	�Y^NA{2��� TjN?p>QSV^I,�aQSP?IUTWV MOdUIi]_IUV\Q�PRMaK�P?l^ILK
Y\K?MOdUMaKRK P?N�Q 3 s<[6w TWNRpjQSV\I��aIiV^pqPRl^M�G^QSPRQ��oTWN�G^KCIUV>P?T QmK?IiV\pWdUM�N?MapWILK8PRMON h\dUM��<IiP?l�Q���QWdiILG_[^IiPoQWKRK?T6sOIUQSP?M G
�<IiP?lXMaQjs�l��oTWN�G��v{>P?TjN?M�]_IUKRK?MaKAV^MaMaG/V^TSP<NRM}egMONRMOV s}M�]_MO]_TWNRw QSV\G�P?l\MmNRQWN?MqIiV K8P�QSV\sOMqTWe.Q dUTjQWG/]_IUKRK
K?Ii]_c^dUw [^NRIiV^p>K�Q K?IiV^pjdiM���TjNRG egN?Tj]$l^Iipjl^MONodUMO�WMadUK�TSe:P?l^Mq]_MO]_TWNRw KZwJKZP?Ma] x I � MW� PRl^M � � sOQWs�l\M �t�C�Al^ILK
K?IipjV^I`h sOQSV>PRdiw_NRMaGJY\sOMaK�P?l^MqNRMaQWG P?N�Q 3 s|IUV\sOY^N?NRMaG [>w KZPRQjs4% NRM}egMaN?MaV\s}M�]_IUKRKZM KoIiVbs}TWV6�jMOV>P?IUTWV\QWd saQWs�l^M KO�

�
r Q�PRQ�egN?Tj]	G^MaQSdUdUT6saQ�PRMaG�KZPRQWs4% egN�QS]_MaK GJT V^TWP l\Q=�jM P?T [ M/�<N?IiPZPRMOV [\Qjs4% PRT�]_MO]_TWNRw �<l^MOV G^MaQSd��
dUT6saQ�PRMaG�� � GJMOV>P?Iiegw6IiV\p�IiV6��QSdUILG�GJIiN?P8w G\Q�PRQXIUV P?l\M/{2����NRMaGJY\sOMaK�PRl^M �<NRI`PRMO[\Qjs4%�P?N�Q 3 s_IUV\s}Y\N?NRMaG [6w
s}TjV6�WMOV>PRIiTjV\QSd�sOQjs�l^MaKa�

�
��T>K8PmK8P�QWs4%XNRM}egMONRMOV s}MaK�Y\K?M QWV � K?c�� N?MadUQSP?IU�WM QjG^GJNRMaKRKZIUV^p/] TJGJMj�E�Al^M_KZIU]_c^diM_QWG\GJI`PRIiTjV#�K?Y^[JPRNRQjstPRIiTjV
TSe�Q K8P�QWs4% GJILKZc\dUQjs}MO]_MaVjP sOQWV [ M�GJTWV\MbM QSNRdiw�IUV P?l^MXc^IUc MadiIUV^Mj��PRl^MONRMO[6w NRMaGJY s}IUV^p QjsOsOMaKRK dLQ�PRMOV\sOw
egTWN�KZPRQWs4%XNRM}egMaN?MaV\s}M KO� �^Y^N?P?l\MONR] TjN?Mj� [6w�GJIUNRMastPRdiwbPRNRQWV\KZdLQ�PRIiV\p P?l\M dUMaQjK8P�KZIUpWV^Iih saQSV>P�[^IiPRKqTWevP?l^M egY^dUd
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�.IipjY^NRM -^� -^�v��IUsON?T>QSN�s�l^IiP?Mas}P?Y^NRM�~ )6P?MOV KZIUTWVb�<I`PRl�Q_{6PRQWs4% �vQSdUY^M<�.IidUM � ]_c^diMa]_MOV>PRQSP?IUTWV

QWG\GJN?M K?K IiV>PRT QSV {���� IUV\GJM*)��.egY^dUd<QWG^GJNRMaKRK saQSdLs}Y^dLQ�PRIiTjV QSV\G G^Q�P�QXPRQWp s}Tj] c QSNRIUK?TWV ILK MadiIU]_IiV\QSP?M G��
�Al^ILK<NRMaGJY\sOMaKoPRl^Mms}IUNRsOY^I`P|G^MaK?IipjVbsOTW]_c^dUM*)JI`P8wj�

� V/QWG^GJIiP?IUTWV_PRTmP?l\MaK?M|c TWIUVjP�KO�>Iie#N?MOegMONRMOV\sOMaK PRT QEKZPRQjs4% KZP?NRY\stPRY^N?M|[ M s}TW]_M�V\MaQSNRdUw QjK�s�l^M QSc QWK�N?MapWILK8PRMON�KO�
PRl^MOV PRl^MONRMAIUK.dUMaKRK V^MOM GEPRTql Q=�WM�]_TjN?MAQSN�s�l^IiP?Mas}P?Y^N�QSd6NRMOpjIUKZP?MaNRKa� � V\KZP?M QWG TSe\IU]_c T>KZIUV^pqP?l^M<GJM KZIUpWV_s}TjV\KZP?N�QSIUVjP
TWe�Q dLQSNRpWMON_V6Y^] [ MaN TSeqQWNRs�l\I`PRMastPRY^N�QSdoN?MapWILK8PRMON�K TjV QWdidAegY^P?Y^NRM�GJMaK?IipjV\Ka�vP?l\M�s}TW]_c^IUdUMON sOQWV QWdidUTJsOQ�PRM�PRl^M
egNRMan>Y^MaV>P?dUw � NRM}egMONRMOV s}MaG ��QSNRIUQW[^dUMaKkP?l\QSP�GJT�V^TSP h^PvIUV QSN�s�l^IiP?Mas}P?Y^N�QSd6NRMOpjIUKZP?MaNRK.V^M QSN.P?l^MAPRTWc_TSe P?l^M�KZPRQjs4%f�WQSV\G
IU]_c^dUMO]_MOV>PRQSP?IUTWV\Ko] Q=w_��QSNRw �<IiP?l/N?M KZc Mas}P�PRTEPRl^M�V6Y^] [ MaNATSekKZPRQjs4% dUTJsOQ�PRIiTjV\K�P?l^Maw_P?NRMaQ�Po]_TWNRM|M*3 sOIiMaVjPRdiwj�
� T���Ma�WMaNa�<�oM GJT V^TSPbc^N?Tjc T>KZM Q�V^MO��KZPRQjs4% ] Qjs�l^IiV\M QSN�s�l^IiP?M stP?Y\N?M�l\MONRM��q��M IiV,e QjstPbc^N?Tjc T>KZM Q V^Ma�
]_ILs}NRTjQWNRs�l^IiP?M stPRY^NRQWdSs}Tj] c TWV\MOV>Pa�=KZc MasOIUQWdiI,�OM G�egTWN�PRl^MCY^V^ILn>Y^M�s�l\QWNRQjstP?MaN?ILKZP?ILsOK TSe^KZPRQWs4%|N?MOegMONRMOV\sOMaKfTWVmsOY^N?NRMOV>P
c\N?TJs}M K?K?TWN<QWNRs�l^IiP?M stPRY^N?M KO�6Mj� p � P?l^M y Tj] c QWn F�dUc^l\Q_c\N?TJs}M K?K?TWNAIUV�PRl^ILK�K8PRY\GJwj�

� � � ' ��* � � � * �.�
� � ��� � � � ����(��
�Al\M�KZPRQjs4% ��QSdUY^M|h diM�ILK<KZc MasOI`h saQSdUdiw_P�QSIUdiTjN?M G PRT TjcJP?IU]_I��aM�KZPRQjs4% N?MOegMONRMOV\sOMaKa�C�Al^IUKAK?Mas}P?IUTWVbc^N?T��6ILGJMaKoQSV

T��jMONR�6IiMa� TSeCIiPRK�] QSIUVXegMaQ�PRY^NRMaKa�o�Al^M {2��� ILK|Q_NRMOpWILKZP?MON�h\diM dUQWN?pjMmMOV^TjY^pWlbP?T�l^TWdLGbP?l^T>KZMEKZPRQjs4%�dUTJsOQ�PRIiTjV\K
V\MaQSN�P?l^M � 	�{�� F�NRN�Q=w6KA�<IiP?lXPRl^TWY K?QWV\G^K<TWe NRMOpjIUKZP?MaNRKAl Q=�WM�[ M s}Tj] M N?M QWK?TWV\QW[^diM�P?T�[^Y^IUdUGbPRT6G\Q=wW�A��M sOQWY\KZM
PRl^M {2���,KZP?TjN?M K�dUT6saQ�PRIiTjV\K�PRl\Q�Pq��TjY^dLG�TSPRl^MONR�<IUK?ME[ M IUV�PRl^MEh NRKZP � diMa�WMad.saQWs�l^Mj� QWV\G�QSdUdUT���K<P?l Q�PqsaQWs�l^M P?T
[ M Y\K?MaG ]_TWNRM_M*�fMas}P?IU�WMOdUwW�kI`P IUKmNRMaQjKZTjV\QS[\diM P?T�[ TWNRN?T���KZTj] M_TWe�PRl^M_h\N�K8P'�zdUMO�jMOdvsOQjs�l^M " KmQSNRMaQ\� �Al^M�{2���
saQSV�[ M ] TjN?M QSNRMaQ_M*3 sOIiMaVjPq[ M sOQWY\KZM I`PqV^MOM G^KqQSdU] T>K8PqV^T P�QSp/K?c\Qjs}M QWV\G�sOQWV�[ M GJIUN?M stP'�z] QSc\c M G�IiV K8PRMaQWG
TWe QjK?K?TJs}ILQ�PRIi�jMW� � P�]_Q=w/QSdLKZT_QSdUdiMa�6IUQSP?MqP?l^MmV\MOMaG/egTjN�GJY\QSd�� c TjNZPRIiV^p PRl^M�h\N�K8P'�zdUMO�jMOd�sOQjs�l^MW�
�Al\M {2��� ILK�QSN�s�l^IiP?M stP?Y\NRQWdidUw�IUV6�>ILK?Ii[^dUMW� diM Q=�6IiV^p PRl^M GJM KZIUpWV\MON��<IiP?lXPRl^MmegNRMOMaG^TW]�P?T�s�l^T6T>KZMmQSV�QWc^c^NRT!�

c\N?ILQ�PRM�diMa�WMad\TSe:K?Y^c^c TWN?PvegTjN�KZPRQWs4% NRM}egMONRMOV s}MaKv�<I`PRl^TWYJP�P?l^Mqs}TjV\K8PRNRQWIiV>P�KCTSe#QmdLQSNRpWM|QWNRs�l\I`PRMastPRMaG NRMOpWILKZP?MONvh\diMj�
��M}egMONRMOV s}MaKmP?T�sOQjs�l^MaQW[^diM_dUTJsOQ�PRIiTjV\KmQSdUdUT6saQ�PRMaG IiV P?l\M QWG^GJNRMaKRK�N�QSV^pjM sOT��WMONRMaG [6w�P?l\M�{2����QSNRM_G^Ii�jMON?P?MaG
egNRTW]�P?l^M_h\N�KZP � diMa�WMOd sOQjs�l^M_QWKmGJM K?sON?IU[ M G IUV�{6Mas}P?IUTWV -J� =^� � �fP?l6Y\K�NRMaG^Y\s}IUV^pbI`P�K�[\QSV\G^�<IUG6PRl#�ksaQSc\Qjs}IiP8w�QSV\G
QjK?K?TJs}ILQ�PRIi�6IiP8w GJMO] QWV\G^Ka� � KZc�� NRMOdLQ�P?IU�WM_NRM}egMaN?MaV\s}M KmQSNRM N?M s}TWpjV^I,�OMaG MaQWN?dUw�MaV^TWY^pjl P?T Q=�jTWILG�PRl^M�QWG\GJMaG dLQ �
PRMOV\sOw PRl\Q�P pWMOV\MON�QSd�QjG^GJNRMaKRKmsOQSdLs}Y\dUQSP?IUTWV\KmNRMan>Y^IUNRMW�b{�����N?MOegMONRMOV\sOMaKEQWN?M NRMOV\QW]_MaG diI,%WM pjMOV^MaNRQWd � c^Y^NRc TjK?M
NRMOpjIUKZP?MaNRKoPRl^NRTWY^pjl�PRl^MmN?MapWILK8PRMON<QSdUILQWKoPRQW[^dUMW�JegY^N?P?l\MON�NRMaGJY s}IUV^p GJMOdLQ=wJK<QSV\G/M*�fMas}P?IU�WMOdUw�IU]_c^dUMO]_MOV>P?IUV^p G^QSPRQ
egTjN?�AQSN�GJIUV^p\� �.IipjY^NRM -^� - K?l^T���KoTWY^N<NRM*� QSN�s�l^IiP?M stP?M G TjYJP � TSe � TWN�GJMONoc^IUc MadiIUV^Mj��	|P?l^MaN<N?MOegMONRMOV\sOMaK�P?T_dUTJsOQ�PRIiTjV\K
IUV PRl^Mm{2��� QSNRM�G^M}P?M stPRMaG Y\K?IUV^p Q [ TjY^V\G�s�l\Mas4%f� {JY\s�l NRM}egMONRMOV s}MaK�QSNRM�GJIU�WMaNZPRMaG egNRTW]"P?l\M|h\N�KZP�dUMO�WMad saQWs�l^M
QSP|Q ] TJGJM K8P�c MON?egTWNR] QSV\sOM�c MOV QSdiP8wW�\QjK<GJMaKRs}NRIi[ MaG/IUV	{6M stP?IUTWV -J� =^� � �
�Al\M {2��� ILK�Q s}IUN�s}Y^dLQSN<[^Y$� MaNa� �<I`PRl�] Ma]_TWNRw�dUT6saQ�PRIiTjV\KA] QSc^c MaGbPRT/{2��� NRMOpWILKZP?MON�K<QWsas}TjNRGJIUV^p P?T_PRl^M

dUT��oMaKZP � TWN�GJMON�QWG^G^N?M K?Kq[^IiPRKa� y l\QSV^pjMaKqPRT/PRl^M KZPRQWs4%�c TWIUV>P?MaNEQSNRM GJMOP?M stP?M G��kQWV\G diM QWG P?T�G^QSPRQb]_T��WMO]_MaVjP
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ILGJMaVjPRI`egw�G^IiN?P8wbG\Q�PRQ P?l\QSP�V^MaMaG^K|P?T [ M c\Y\KZl\MaG�TjVjPRT P?l\M KZPRQWs4%f�>�vQWdiILG�QSV G�GJIiN?P8wb[^I`P�K|]_IUV^IU] I,�OM TWN�GJMOdLQ=w
PRNRQ!3 s��<l^MaV/Q � 	�{ QWG (8Y\KZP?]_MaVjP<QSV G QSVX{2��� T��jMON �\T�� TjN�Y^V GJMON �\T��,] Q!%jMaKvIiPAV^MasOMaKRK?QWN?w P?T GJN?IU[^[^dUMqTWYJP
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pjN?M Q�PRMON<GJMOc^P?l#�

�4���B�7� � � ��!D�|5?9��0@ �JBP� ��;"� ��5?9 �67�� � BC4>70� ��7 ��7 �^7:9D�f7:4
F|V M )>PRMOV\G^MaG�c\N?M � GJM s}TJGJM s}IUNRsOY^I`P�IUV�egM}P�s�l KZPRQWpWMEILK�QWG^GJM GXP?TbILGJMOV>P?Iiegw�KZPRQWs4%Xc TWIUV>P?MONq[\QjKZM G�]_MO]_TWNRw

NRM}egMaN?MaV\s}M K QSV G PRT GJMOP?MONR]_IiV\MXP?l^MaIiN/Ii]_]_MaGJILQ�PRM�T!��KZMOP���QSdUY^MaKa��F�KZc MasOIUQWd|QWG^G^MON IUV P?l^M G^Mas}TJGJM K8P�QSpWM
MaV\QS[\diM K�e QjK8P<QWG\GJN?M K?KosOQWdUsOY^dLQ�P?IUTWV/Y\K?IiV^p P?l\IUKoc^NRMaGJM s}TJGJM G IUVJegTWNR] Q�P?IUTWV:� u�N?IUTWNoK8PRY\GJIUMaK � ��� � 8 � l Q=�WM�QWdiNRMaQjGJw
G^MO]_TWV\KZP?N�Q�PRMaGbKZIU]_IidLQSN<�6ILQS[^dUMqP?M s�l^V^ILnjY\MaKa�

� V_TjY^N�GJM KZIUpWV#�jQ�c^Iic MOdUIUV^M<IiV>PRMONRdiTJs4%EIUV\s}TjN?c TWN�Q�PRMaG IiV PRl^M|GJM s}TJGJM�KZPRQSpjM<sOQSV_KZPRQSdUd^IUV\KZP?NRY\stPRIiTjV_G^Mas}TJGJIUV^p
Iie P?l^MEKZPRQjs4% c TWIUVjPRMON�Y\c G^QSP?MmNRMan>Y^IUN?M KAN?MapWILK8PRMON�KoTSP?l\MON<PRl\QSVXIiPRK?MOdie8�^TWN�sOTW]_c^dUM*)/Tjc MaNRQSP?IUTWV\Ka�JMW� p\�����������
	
���
	��� �:�Al^M KZMoQSNRMvV^TWP.s}Tj]_] TjV#�=l^T��oMO�WMaNa�:{JIiV\sOM�]_TjKZPkTWeJP?l^M � K?cmY^cfG^Q�PRMaK.QSNRM�KZIU]_c^dUw�QjG (8Y\KZP?]_MOV>P�K:�<IiP?l
QWV�Ii]_]_MaG^IUQSP?M s}TjV\KZPRQSV>P �k�oM sOQWV c MON?egTWNR]�PRl^MaK?M�s}Tj]_c^YJPRQSP?IUTWV\KEIiV P?l\M�GJMasOTJGJM�KZPRQSpjM_MaQSNRdUw�[6w5%WMaMOc^IUV^p
Q K?c M s}Y^dLQ�PRIi�jM � KZc N?MapWILK8PRMON_s}TWc6w�IUV PRl^M�GJMasOT6G^MXKZPRQWpWMj� F�dUdAP?l^MbegTWdUdUT��<IiV^p � K?c�� [\QWK?MaG�NRM}egMaN?MaV\s}M KEegMOPRs�l
� KZc s}TWV>PRMOV>P egNRTW]	P?l\IUK_K?c M s}Y^dLQ�PRIi�jM�s}Tjc>w PRT IUV\GJM*) PRl^MOIUN {2��� NRMOpjIUKZP?MaN �8r � � e�PRl^Mb[^NRQWV\s�l�ILK sOTWNRN?M stP?dUw
K?c Mas}Y\dUQSP?MaG#�:M*)JM s}YJPRIiTjV sOTWV>P?IUV6Y^MaKa� � T��oMO�jMON � IieoP?l^M [^N�QSV s�l ILK�]_IUK?c^NRMaGJILstPRMaG��:P?l^MaV PRl^M K?c M s}Y^dLQ�PRIi�jM � KZc
sOTWc6wb�<IidUd:[ M NRMasOT��WMONRMaG/�<IiP?l�PRl^ME��QSdUY^MmegNRTW]�P?l^M QSN�s�l^IiP?Mas}P?Y^N�QSd � K?c�[ MOegTWNRMmP?l^M c^Iic MOdUIUV^M NRMaKZPRQWNZP�K�Q�P�PRl^M
sOTWNRN?M stPE[^N�QSV s�l c\QSP?l#�XF�dUd�TWP?l^MaN � K?c Y^c G\Q�P?M KENRMan>Y^IUN?M QXNRM}egMaN?MaV\s}M PRT�TSP?l\MONEpjMOV^MaNRQWdCc^Y^NRc T>KZM NRMOpjIUKZP?MaNRK
x M*)^s}MacJP_egTWN �OMaN?T N?MapWILK8PRMON � N4= � IUV F|dic^l Qj�t� � V P?l\TjK?MbsaQWK?MaKa� P?l^MbIiV>PRMONRdiTJs4%�K8P�QSdUdUK_GJM s}TJGJIUV^p P?T c\N?Ma�WMOV>P
egTjdidUT��<IUV^p_IiV\KZP?NRY\s}P?IUTWV\KoegNRTW] NRMaQjGJIUV^p Q KZPRQWdiMm� 	�{bQWG\GJN?M K?Ka�

	�V s}M�PRl^M ]_MO]_TWNRw QWG^GJNRMaKRK��<IiP?l�� � � � x�� � �f��QWG\GJN?M K?K?IUV^p�] TJGJM x IU]_] M GJILQ�P?M T!��KZMOP egNRTW] K8P�QWs4%
c TWIUV>P?MaN���ILKms}TW]_c^Y^P?MaG IUV PRl^M GJMasOTJGJM K8P�QSpWMj�fP?l^M QjG^GJNRMaKRKqIUKms�l^M s4%WM G�QSp>QSIUV\K8PqP?l\M NRQWV^pWM TSeoKZPRQjs4%�]_MO] �
TjN?wXs}Y\N?NRMOV>P?dUw�l\MOdLG�IiV�P?l^M_{2���o� � e�Q l^IiP�ILK|GJMOP?Mas}P?M G�� P?l^M IiV\KZP?NRY\s}P?IUTWV�ILK�]_TWNRc^l^M GXIiV>P?TbQ NRMOpWILKZP?MON'� ] T��jM
Tjc MaNRQSP?IUTWV�QWV\G�GJILKZc Q�PRs�l\MaGXPRT P?l\M NRMaK?MONR�=QSP?IUTWV�KZPRQSP?IUTWV#�|�Al\M dUT����zTjNRGJMaN�[^IiPRK�TSeCPRl^M QjG^GJNRMaKRK�QSNRMEY\K?MaG QWK
PRl^M NRMOpjIUKZP?MaN �8r P?T IiV\G^M*) IUV>P?TXPRl^M/{2����� �Al^M KZM QWNRs�l^IiP?M stPRY^NRQWdidUw+� PRNRQWV\K?c\QSNRMOV>P�NRMOpjIUKZP?MaN �8r K sOQSV [ M�s}TjV��
K?ILGJMONRMaGbQWKAQSVbM*)6PRMOV\K?IiTjV�TWekpWMaV^MON�QSd�� c^Y^NRc T>KZM�NRMOpjIUKZP?MaN �8r Ka�v�Al^M�l\QSN�GJ�AQSNRM|NRMOpWILKZP?MONoNRMOV\QW] MaN<sOQSV/N?MaV\QS]_M
M QWs�l QWstPRIi�jM {2���,NRMOpWILKZP?MONqIUVjPRTbQbs}TjN?NRMaK?c TWV\GJIUV^p MaV>P?NRw�IiV P?l^M_c^l6wJKZILsOQWdkNRMOpjIUKZP?MaNRK|TSe�P?l^M N?MaTWN�GJMON�[^Y��fMON �
F�e P?MaNmP?l^M G^IUK?c\Q�P�s�l�K8P�QSpWMj�#QSdUdCP?l\M ]_TjN?c^l\MaG � K?c dUTjQjG #�KZP?TjN?M IiV K8PRN?Y\s}P?IUTWV\K��<IUdUdvl\Q=�WM [ MOMOV ] QSc\c M G IUV>P?T
NRMOpjIUKZP?MaN�K?c\QWsOMW���Al6Y\K�G^MOc MOV\GJMaV\s}IUMaK�TWV�P?l^M KZM {2��� NRMOpjIUKZP?MaNRK�QSNRMmP?NRMaQSP?MaG6(8Y\K8P�dUI�%jM QSV6wXNRMOpWY\dUQWN�N?MapWILK8PRMON
G^MOc MOV\GJMaV\s}wj�
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{JIiV\sOM TjV^dUwb]_Ma] TjN?wXNRM}egMaN?MaV\s}M K|IUV\GJM )6M G�[6w�K8P�QWs4%Xc TWIUVjPRMON�QSNRM GJMac T>KZIiP?M G�IUV>P?T/P?l^M {2���o��KZPRQWs4%�G^QSPRQ

NRM}egMaN?MaV\s}M K PRl^N?TjY^pWl�TWP?l^MaN�]_MaQWV\K K?Y\s�l QWK P?l^M�egN�QS]_M�c TWIUV>P?MaN�TWN�pWMOV\MON�QSd�c^Y\N?c TjK?M�N?MapWILK8PRMON�K ] Y K8P�[ M
G^IUKRQS] [^IipjY\Q�PRMaGbQSV\GbNRMaGJIUNRMastPRMaG�IiV>P?T_PRl^M {2����egTWN�G\Q�PRQ_sOTWV\K?IUKZP?MaV\s}wj�

�\TWNkMaQWs�lEKZPRQjs4%+�zc TWIUV>P?MONk[\QWK?MaG�NRM}egMaN?MaV\s}M�] TjN?c\l^MaGmIUV>P?T<PRl^M�NRMOpjIUKZP?MaN:]_T��WMvegTWNR]b� P8�oT�]_IUsON?T �zTjc MaNRQSP?IUTWV\K
x Y^TWc KR�|QSNRMmpWMOV\MON�Q�P?M G/QSe P?MaN|IUV\K8PRN?Y stP?IUTWV�G^Mas}TJGJIUV^p �>	�V^M Y^TWc�ILK<PRl^M s}TjV6�WMON?P?M G�NRMOpjIUKZP?MaN�]_T��WMj�^�<l^IUdiMmPRl^M
TWP?l^MaN|TjV^MEsOQWN?NRw6IiV^p PRl^M M QSNRdiw/N?M KZTjdi�jMaGbK8P�QWs4%/QjG^GJNRMaKRK<ILK�MOV njY\MOY^M GXIiV>P?T_PRl^M �:TjQjG #S{>PRTWNRM ��Y^MOY^M x �k{ ���}�
�Al\MvY^TWcmIUV�P?l\M��k{ � ILK�Y\K?MaGqegTjN:GJILK?QW] [^IUpWY\QSP?IUTWV�c^Y^NRc TjK?MaK�[ M}egTjN?M PRl^Mv]_TWNRc^l^M G�N?MOegMONRMOV\sOMaK�QSNRMvs}Tj]_] IiPZPRMaG
PRTqP?l^M�{2����� � efQSV6w�dUQSP?MaN.dUTjQjGEIUV\KZP?NRY\stPRIiTjV s}TjdidUILGJMaK.�<IiP?l P?l^M KZMoY^TWc KkIUV P?l^M��k{ � ��NRMOpjY^dLQSNkKZP?TjN?M�egTWNR�AQSN�GJIiV\p
�<IUdUd#[ Mmc MON?egTWNR]_MaG��
F|dido]_MO]_TWNRw IiV\KZP?NRY\s}P?IUTWV\KEP?l\QSP NRM}egMONRMOV s}M PRl^M/KZPRQjs4% ]_MO]_TjN?w N?MapWIUTWV P?l\N?TjY^pWl�NRMOpjIUKZP?MaNRKmTWP?l^MaNEPRl\QSV

PRl^M�KZPRQWs4%�c TWIUV>P?MaN l\Q=�WM/P?l^MaIiN/QWG^GJNRMaKRK?MaK s�l^Mas4%jMaG QWpjQWIiV\KZP P?l^M�sOY^N?NRMOV>P K8P�QWs4% N�QSV\pWM�IUV P?l^M {����o���Al^M
dUTjQjG #�KZP?TjN?MqTWc MON�Q�PRIiTjV�ILKAP?l\MOVXN?M �zNRTWY^P?MaG P?T�{2��� Iie Q ] Q�P�s�lXIUK<GJMOP?M stP?M G��
�Al\MONRM/ILK TWV^MXc\QWNZPRIUsOY^dUQWN sOIiN�s}Y\]_KZPRQWV\s}MbIUV �<l^ILs�l Q K?Ii]_c^dUMXN?M �zNRTWYJPRIiV\p TWc MON�Q�PRIiTjV sOQWV^V^TWP_sOTWNRN?M stP?dUw

] QWIiV>PRQWIiV G\Q�PRQ�G^MOc MOV\GJMaV\s}wj���Al\IUK l QSc^c MOV\K�[ M sOQWY\KZM�TWe�PRl^M�NRMOdLQ�PRIi�jM/PRIi]_IUV^p TWe��<l\MOV�N?MOegMONRMOV\sOMaK QWN?M
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i1 lda a1, 16(sp) i1 lda a1, 16(sp)
i2 bsr ra, func1 i2 bsr ra, func1
i3 lda sp, -16(sp) i3 lda sp, -16(sp)
i4 stq a1, 8(sp) i4 stq a1, 8(sp)
i5 ldq t0, 8(sp) i5 ldq t0, 8(sp)
i6 stq v0, 0(t0) i6 stq v0, 0(t0)

.. ..
i7 lda sp, 16(sp) i7 lda sp, 16(sp)
i8 ret i8 ret

.. ..
i9 lda t0, 16(sp)

i9 ldq v0, 16(sp) i10 ldq v0, 0(t0)

�.IUpWY^NRM<-J� ;^� �#T>QWGX{Jn>Y\QWK?l^IUV^p {Js}MaV\QSNRIUT QWV\G�IiPRK�	�cJP?IU]_I�� Q�P?IUTWV

G^M}P?MaN?]_IUV^MaG P?T QjsOsOMaKRKmP?l\Mb{2����� : l^MaV Q�KZP?TjN?M P?l^NRTWY^pjl Q�pjMOV^MaNRQWd � c^Y^NRc T>KZM_NRMOpjIUKZP?MaN ILKmegTWdUdUT���M G [>w�Q
sOTWdUdiILGJIUV^pXdiT>QWG P?l^NRTWY\pWl KZPRQjs4%�c TWIUVjPRMON ��P?l\M diT>QWG saQSV N?MOP?NRIiMa�WM_QXK8P�QSdUM ��QWdiY^M egNRTW]�PRl^M�{2�����kQWKqegTWdUdUT���KO�
�Al\MbKZP?TjN?M/IUK M*)JM s}YJPRMaG dLQ�PRMW� IiP GJT6MaK V^TSP QWsas}MaKRKmPRl^M�{2��� Y\VjPRIidoPRl^M/M )JMas}Y^P?IUTWV KZPRQWpWM [ MasaQSY\K?MbI`P_Y\K?MaK
Q�G^I �fMONRMOV>P QWG\GJN?M K?K?IUV^p/]_TJGJMj���Al^M dUTjQWG#��P?l^TjY^pWl IiPmegTWdUdiT���KqPRl^M KZP?TWNRM_IiV c^NRTWpjNRQW]�TWN�GJMON �:sOQWV M*)JMasOYJP?M
[ M}egTjN?M�PRl^MEKZP?TWNRMW�JK?IiV s}M � K?c�� N?MadUQSP?IU�WM�diT>QWG^KAM )6M s}YJPRM�MaQSNRdUwW�JIUV/PRl^MEGJM s}TJGJMmK8P�QSpjMW�
�Al\IUKos}TjV\GJIiP?IUTWV ILKAGJM}PRMastPRMaG IUV PRl^M �k{ ���<l^MaV P?l\MqKZP?TjN?M�M )JMas}Y^P?MaKa�CF c^IUc MOdUIiV^MmKRn>Y\QWK?l#�jK?IU] IUdLQSN�P?TEPRl^M

NRMasOT��WMaN?w egNRTW]0Q ]_MO]_TWNRw TWN�GJMaN?IUV^p �6IUTWdLQ�PRIiTjV#�JIUKAIUV6�WT %WMaG P?T Q=�WTjIUG/Q s�l QSIUV�TSe.IiV s}TWNRNRMastP<G^QSPRQ_GJMOc MOV GJMOV>P
IUV\KZP?NRY\stPRIiTjV\Ka���Al^ILK|c\N?Tj[^diMa]�saQSV�[ M Q=�jTWILGJMaGb[6wXIiV>PRN?TJGJY\sOIiV\p�Q NRMaGJY^V G^QSV>PqG^MOc MOV\GJMaV\s}M P?l\QSP|egTjNRsOMaK<PRl^M
dUTjQjGbP?T [ M M )JMas}Y^P?MaGXdLQ�PRMW���Al^M � K?c�� N?MadUQSP?IU�WM�diT>QWGbILK|[^NRT %jMOVXIUVjPRT P8�oT IiV\KZP?NRY\s}P?IUTWV\Ka���Al^Mmh\N�KZPa�fGJMaK?IipjV^MaG
PRT pjT�P?l^NRTWY\pWl P?l\M�M*)JM s}YJPRM/KZPRQSpjMW� c MON?egTWNR]_KEP?l^MbQWG^G^N?M K?K sOQSdLs}Y\dUQSP?IUTWV x�� KZc�c\diY\K T!��K?M}P��}� �Al^MbKZM s}TjV\G��
G^MOc MOV\GJMaV>P�TWV/P?l^M�h\N�KZPa�Jc MON?egTWNR]_K�PRl^MmdiT>QWG�I`P�KZMad`e8�\QSP�Q PRIi]_M��<l^ILs�l/ILKApWY QSN�QSV>P?MaMaG PRT_[ MmQ�e PRMONAPRl^MmK8PRTWNRMW�

� MO�jMON?P?l^MadiM K?Ka� P?l^ILK�K?n>Y\QjKZl saQSV�[ M MOdUIi]_IUV\Q�PRMaG [>wXIUV\K?MON?P?IUV^p/Q/N?M GJY^V\G\QSV>PqGJMac MaV\GJMaV\s}M �<I`PRl TjV^M QjG2�
G^I`PRIiTjV\QSdkIiV\KZP?NRY\s}P?IUTWV�[ M}egTWNRMmPRl^M GJMac MaV\GJMaVjPqdiT>QWG��A�Al^M s}TJGJMETjV/PRl^M dUM}e P'�zl QSV\G�K?IUG^MEIiV��kIUpWY\N?M -^� ; K?l^T���K
PRl^M_K?sOMOV\QWN?IUT_P?l\QSP�dUMaQjG^K<PRT/Q dUTjQjG�K?n>Y\QjKZl^IUV^p � � V\K8PRN?Y stP?IUTWV���� s}Tj] c\YJP?M K�PRl^M QjG^GJNRMaKRK|QSV G�QWKRKZIUpWV\K|I`P�P?T
NRMOpjIUKZP?MaN ���j� �Al^MOV ��� IUKmKZP?TjN?M G�TWV>PRT�PRl^M_V^MO�"K8P�QWs4%XegN�QS]_M QSV\G��	��IUKqdLQ�P?MaNEK8PRTWNRMaG�P?T/P?l\QSP QWG^GJNRMaKRKqQWK
K?l^T��<V IiV
��� ��F<e PRMONqP?l^M egY^V stP?IUTWV N?MOP?Y^NRV\KqQSV\G�P?l^M TWdLG�KZPRQjs4%/egN�QS]_M IUKqNRMaKZP?TWNRMaG#�\PRl^M dUTjQjG x ��6��N?MadiT>QWG^K
PRl^M ��QSdUY^M P?l\N?TjY^pWl � K?c IiV>P?T���� � �Al^M QSdUILQWK?MaG ] Ma]_TWNRw GJMOc MOV GJMOV\sOw [ M}P8�oMOMaV�����QWV\G����sOQWY\KZM K���bP?T
[ M_K?n>Y\QjKZl^M G���F|V TjcJP?IU]_I��aMaG��jMON�KZIUTWV�sOT6G^MEP?T/c^NRMO�WMaV>P�P?l^M_KRnjY QWK?l^IiV\p egN?Tj]�l\QSc^c MOV\IiV^p/IUK|P?T/IiV KZMaNZPqTWV^M
QjG^GJIiP?IUTWV\QWd^IUV\K8PRN?Y stP?IUTWV_[ M}egTjN?MoP?l\M<diT>QWG_QWKCK?l^T��<V IiV P?l\M<N?IUpWl>P � l\QWV\G K?ILGJM<TSe P?l^MAh pWY^NRMW� � V P?l^ILKCV^Ma� sOT6G^MW�
���IUK�IUV\KZMaNZPRMaG�QjK|QSV�QjG^GJNRMaKRK�sOQWdUsOY^dLQ�P?IUTWV�IUV\KZP?NRY\stPRIiTjV#���Al^M ] Ma]_TWNRw/GJMac MaV\GJMOV s}wX[ MOP8��MaMOV������ QWV\G����
ILK<V^T���N?M KZTjdi�jMaG�IiVbP?l\M<�k{ �HI`e����_IUK<KZP?IUdUd#IiV$� �\IUpWl>P��<IiP?l^TjYJP<PRQ %6IiV^p_TjV�PRl^MEK?n>Y\QjKZl\IiV^p c MOV\QWd`P8wj�
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~�QWs�l {2��� N?MapWILK8PRMONms}TjVjP�QSIUV\K�P8��T�KZPRQSP?Y\K�[^IiPRKa� �Al^M GJIUNZP8w [^I`PEILGJMaVjPRI`h MaKqP?l\M KZY^[ KZMOP�TWeoQWdidCdUTJsOQ�PRIiTjV\K
[ M}P8�oMOMaV PRl^M_V^MO�"QSV\G TWdLG � 	�{�P?l Q�PmV^MOM G�PRT/[ M GJNRIi[\[^diM G�TjYJPmY^c TjV QX� 	�{ QWG (8Y\KZP?]_MaVjP�PRTb] QWIiV>PRQWIiV
G\Q�PRQqs}Tjl^MONRMOV s}MW�.�Al^MAGJIiN?P8wm[^IiP.ILK KZMOP.�<l\MOV I`P�K.sOTWNRN?M KZc TWV GJIiV\p�{2����N?MapWILK8PRMON.IUK.�<NRI`P?P?MOV:�SQSV\G s}dUMaQSNRMaGE�<l^MOV
PRl^M_G^Q�P�Q�ILK|�<NRIiPZP?MaV [\Qjs4%f�q�Al^M ��QSdUIUG [^I`P�IUV\GJILsOQ�PRMaK��<l^M}PRl^MON�dUTJsOQ�PRIiTjV\K�M )Jc T>KZM G�[6w�Q�� 	�{�QjG (8Y\KZP?]_MOV>P
V\MOMaG/PRT [ M�N?M QWG��C�Al^M���QSdUILG�[^IiP�ILK<KZMOPA�<l\MOVXG^Q�P�Q ILKA�<NRI`P?P?MOVbIUV�PRl^M {2���o�^MaI`PRl^MON<Y\c TjVbQ �<NRI`PRM|egNRTW]$PRl^M
c\N?TJs}M K?K?TWNAs}TjN?M�TWNAQEh did egNRTW]$]_MO]_TWNRwW� � PAIUKAsOdiM QSNRMaG egTjN�dUTJsOQSP?IUTWV\Ko[ M}P8�oMOMOV�P?l^MqV^Ma� QSV\G/TWdLG � 	�{ �<l^MOV
PRl^M � 	�{ IUKmQjG (8Y\KZP?MaG x [ TWP?l�KZl\N?IUV$%6IiV\pbQWV\G pjN?T��<IUV^p6�t� � e<QSV�{2��� dUTjQWG QWsas}MaKRK?MaK�QSV IiV6��QSdUILG NRMOpjIUKZP?MaNa�#Q
G^N?IU[^[^dUM*� IiVXILKoP?NRIipjpWMaN?M G��
�Al\MaK?MEK8P�Q�P?Y K<[^IiPRK�IU]_c^NRT��WM�c MaNZegTjN?] QWV\s}MqegTWN�P?l^M {���� GJMaK?IipjV/IUV�K?MO�WMaNRQWd��oQ=wJKa� �.IiN�K8P �^PRl^MEGJIUNZP8w/[^I`P�K

Q=�jTWILGX�<N?IiP?IUV^p/[\QWs4%Xs}dUMaQWV G^Q�P�Q^��{6MasOTWV\G�� PRl^M ��QWdiILG�[^IiPRKqQ=�WTjIUG�Q�[^Y^N�K8PqTSevY^V^V\Mas}M K?KRQSNRwbN?M QWG^K|�<l^MOV�PRl^M
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`a,.V2G/<>E"3 S[S=SvC"I/$Y(7,.-=-/$�I 	<>V�(.F>E�^�<>V�#B(71�(+*",�F�1HG=,.V�(bWq1�V"^q-=G=$�I/,L}�$�I=rA1�I=^�<>V�# ^�,.F�17WX<>VXG=*�, C�<>C�,.F><>V�,�!

; �
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4-wide 8-wide 16-wide 16-wide (gshare)

�.IUpWY^NRM9-^� 0J�_{Jc MaMaGJY^c u TSPRMOV>P?ILQSdLKmTSe|��TWNRc^l^IUV^p F�dUd<{>PRQjs4% F�sOs}M K?K?MaKEP?T �<MOpjIUKZP?MaN ��T��jMaK x KZIUV^pWdUM*� c TWN?P?MaG
saQWs�l^M=�

�
GJILK?QW] [^IUpWY Q�P?IUV^p_K8P�QWs4% NRM}egMaN?MaV\s}M K�P?l^NRTWY^pjl/M )JIUKZP?IUV^p_N?MapWILK8PRMON�QWdiILQWK�PRQW[^dUM

�
MOdUIU] IUV\QSP?IUV^p_P?l^MEKZPRQjs4% N?MOegMONRMOV\sOMaKATjV�PRl^MEG^Q�P�Q_sOQWs�l\Mqc TWN?PRK

�Al\M dLQ�PRMOV\sOwbTWevP?l\M KZPRQjs4%/]_MO]_TjN?wXNRM}egMONRMOV s}MaKqsOQWV�[ M NRMaGJY s}MaG�I`evPRl^M {2���,MaV>P?NRIiM K�saQSV�[ M QjsOsOMaKRKZM G
dUI,%WM�NRMOpjIUKZP?MaNRKa�:�Al^M�p>QSIUV\K.egNRTW]�PRl^MaK?M�IU]_c^N?T��jMO]_MOV>P�KCQSNRMAn>Y\QWV>P?Iih\MaG IUV �kIUpWY\N?M -^� 0�QSV G �.IUpWY^NRM -J� 8^� �Al^M KZM
h pWY^NRMaK�GJMO]_TWV K8PRNRQSP?MmPRl^M c TSPRMOV>P?ILQSd.c MaNZegTjN?] QWV\s}Mmp>QSIUV\K<egNRTW]�Ii]_c^dUMO]_MaVjPRIiV\p/QSV {2��� �<IiP?l�IUVJh\V^IiP?M {2���
c TWN?PRKqegTjN��=QWN?IUTWY K|pjMOV^MaNRQSP?IUTWV\K�TSe�c\N?TJs}M K?K?TWN�Ka� QjK?K?Y^]_IiV\pbQWdid.P?l\M_KZPRQjs4%XN?MOegMONRMOV\sOMaK�sOQWV [ M ]_TjN?c^l\MaG�IUV>P?T
NRMOpjIUKZP?MaN �zP?T � {���� ]_T��jMaKa���\TWN M*)^QS]_c^dUM IUV �.IipjY^N?M9-J� 8^�kP?l^M�h\NRKZPEPRl^N?MaM [\QWNRK KZl^T���Q=�WMaNRQWpWM K?c MaMaGJY^c K TWe
� � �j� � � � ��� � QWV\G � � = � egTWN 7 � �<ILGJMW� 8 � �<ILGJM QWV\G � ;!�z�<ILGJM ]_Qjs�l^IUV^MaK�N?M KZc Mas}P?IU�WMadiwj� �<IiP?l Q�GJY QSd��zc TWN?P?M GXh\N�K8P
dUMO�jMOd:G\Q�PRQ_saQWs�l^M�QSV\GXQ c MON?egMastP�[\NRQWV\s�l/c\N?M GJIUs}P?TjNa�
�Al\M 7 �R��8 ��QSV\G � ;!�z�<ILGJM_KZc MOM GJY^c\KmQWN?M_QSdUdCNRMOdLQ�P?IU�WM P?T�Qb[\QjKZMadiIUV^M_�<I`PRl Qbc MON?egMas}P�[\NRQWV\s�l c^NRMaG^IUs}P?TWN �

�Al\MmdUQjK8P|sOTWdUY^]_VXK?l^T���K � ; � �<IUGJM�K?c MaMaGJY^c K��<IiP?l�Q_pjK?l\QSNRMq[^NRQWV\s�lbc^N?M GJILstP?TjN � 8 ��� �JN?MadUQSP?IU�WMqP?T Q [\QjKZMadiIUV^M
�<IiP?l�p>KZl QSNRM c\N?M GJIUs}P?TjNa� �Al^M/Q=�WMON�QSpjM K?c MaMaGJY\c egTWNEQ�s}TjVJh\pjY^NRQSP?IUTWV �<I`PRl�Q�GJY\QSd�� c TjNZPRMaG sOQWs�l\M IUK � � � -J�
{JTW]_MA[ MaV\s�l^] QSN&%msOQWK?MaK.K?l^T�� Q�pWNRMaQ�PRMON.KZc MOM GJY^c �<I`PRl p>KZl\QWN?Mj� � V P?l^M KZMAsOQjKZM KO�W{2����" K.dLQ�P?MaV\s}w+� KZl\TWN?P?MOV\IiV^p
[ MOV\M}h^P�KmQSdUdiT���[\NRQWV\s�l^MaK|P?Tb[ M NRMaK?TWdU�WM G�MaQWN?dUwW�fNRMaGJY s}IUV^p�PRl^M_[^N�QSV\s�l�]_ILKZc\N?M GJIUs}P?IUTWV c MaV\QSdiP8wW� � T���Ma�WMaNa�
PRl^M�]_TjN?M NRMaQWdiILKZP?ILs [^N�QSV\s�l�c^NRMaG^IUs}P?IUTWV�TSe�p>KZl QSNRM N?M GJY\s}M K�P?l\M�M*�fMas}P?IU�WM/[\QWK?IUs [^diTJs4% KZI,�OMj� N?M GJY\s}IUV^p�PRl^M
c TSPRMOV>P?ILQSd�KZPRQjs4%�c\QSN�QSdUdUMOdUIUK?]-QSV\G diM QWGJIUV^p P?T�Q KZ] QWdidUMON_Q=�WMaNRQWpWM p>QSIUV P?l QSV egTWN_P?l\Mbc MON?egMas}P c^N?M GJILstP?IUTWV
saQWK?MW�

; �
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�.IUpWY^NRM5-J� 8^� {6c MaMaGJY\c u TSP?MaV>P?ILQSdLK_TSem��TWNRc^l^IUV^p F�dUdq{6PRQWs4% F|sas}MaKRK?MaK P?T ��MOpWILKZP?MON/��T��WM K x GJY\QWd � c TWN?P?MaG
saQWs�l^M=�

�4���B�=� 3�587 �^B �a�~�|5��fB #|�X7 � � � ���"BC9X�f7 � 9�B�#  �465Z4

�kT Y^V\GJMaNRKZPRQWV\G�PRl^M�c MON?egTWNR]_QWV\s}MbpjQWIiV IiV,Q n>Y\QSV>P?IiPRQSP?IU�WMb] QSV^V^MaNa� �.IUpWY^NRM -J� � K?l^T���K l^IUMON�QSN�s�l^ILsOQSd
c MON?egTWNR] QSV\sOM/IU]_c^NRT��WMO]_MaVjP�K Y\V\GJMON GJI��fMONRMOV>P_sOTWV\KZP?N�QSIUV>PRK egTWN Q � ; � �<ILGJM�] QWs�l\IiV^Mj� {>P�QSN?P?IUV^p egNRTW] PRl^M
[ QWK?MOdUIiV^Mq] QWs�l^IUV^M�] TJGJMad�GJMaKRs}NRIi[ MaG�IiVb�kQW[^dUM�-J� � �6�oM|NRMOdLQ )_P?l\M�] QWs�l\IiV^Mqs}TjV\K8PRNRQWIiV>P�KvegTjN�M QWs�l [\QWN�IUV PRl^M
h pWY^NRMW�

�.IUNRKZPa�kP?l\M h\N�K8PEdUMO�jMOd�G\Q�PRQ sOQWs�l\M KZI,�OM ILK GJTjY^[^dUMaG x egN?Tj] ; 7 �m� PRT � � 8W�m�<���<I`PRl^TWYJP IiV\sON?M QWK?IiV\p/PRl^M
QjsOsOMaKRKvdLQ�P?MaV\s}wj�.F�K�K?l^T��<V IUV �.IipjY^N?M -^� � �SPRl^M�K?c MaMaGJY\c\KCegNRTW]"MOV^dLQSNRpWIUV^p<� � KZI,�OM�egTWN�QWdid\P?l^Mq{Ju�~ y IiV>P �W�W�j�
[ MOV s�l^] QSN&%6K QSNRM V^MapWdUIipjIi[^dUMW���Al\IUK diM QWG^KEP?T P?l^M�egTWdUdiT��<IUV^p�s}TjV (8Mas}P?Y^NRMaKa�5�.IUNRKZPa� IU] c\N?T��6IUV^p�T��WMaNRQWdidvc MON'�
egTjN?] QWV\s}M�egTWN {Ju�~ y IiV>P �W�W�j� [ MaV\s�l^] QSN&% [6w QjG^GJIUV^p ]_TWNRM � � G^QSPRQ saQWs�l^M/KZc\Qjs}M/IUK diM K?K s}T>K8P'�zM � M stPRIi�jMW�
{JMas}TjV\G�� � � ] ILKRKAdUQSP?MOV s}IUMaK�QWN?M�P?TjdiMaNRQSP?MaG/�oMOdUd�IiV�QSVbTWY^P � TSe � TWN�GJMONA] QWs�l^IUV^Mj�

� V PRl^M V^M )>P sOTWVJh pWY^N�Q�PRIiTjV#�#�oM N?Ma] T��jM QjG^GJNRMaKRKms}Tj] c\YJPRQSP?IUTWV IiV K8PRN?Y\s}P?IUTWV\KqegTjN QSdUd�KZPRQjs4%�N?MOegMONRMOV\sOMaK
x GJMOV\TSP?M G_QWK���� ������� � ��� � �EIiV P?l\MopjNRQWc^l �}�=P?l^MaN?Ma[>w MOdUIi]_IUV\Q�PRIiV^p�P?l\MOIUNvGJMOc MOV\G^MOV\sOIiM KO� �Al^ILKCGJMOc MOV\G^MOV\sOw
NRMaG^Y\stPRIiTjV [ MaV^M}h^P�K�K?TW]_M�[ MOV s�l^] QSN&%6K�KZY\s�l QjK � -!;^� [$�aIic � �W�<l^ILs�l IU] c\N?T��jMaKC[6w �W� / �C{6IUV\s}M�TjY^N�c\N?TJs}M K?K?TWN
]_TJGJMad\KZY\c^c TjNZP�K.TWYJP'�zTWe �zTjNRGJMaNkM )JMas}Y^P?IUTWV �<IiP?l Q � - ; � MOV>P?NRwm�o���E�=PRl^M�QWG^G^N?M K?K.sOQWdUsOY^dUQSP?IUTWV s}TWY\dUG [ MAM QWK?IidUw
l\IUG^G^MOV [6w TSPRl^MON IUV\GJMOc MOV GJMOV>P IiV K8PRN?Y\s}P?IUTWV\Ka�CQSV\G P?l^M/T��WMaNRQWdidoKZc MOM GJY^c ILK TWV^dUw = / � �Al\IUK TW[\K?MONR��Q�PRIiTjV
sOTWV\sOY^N�KC�<I`PRl P?l^M�NRMaK?Y^diPRK NRMOc TWN?P?M G IUV�� ��� �<l^MaN?MAPRl^MOIUN �OMaN?T � sOwJs}dUM�dUTjQjG PRMas�l^V\IUn>Y^M<c TjKZP?M G K?IUpWV^Iih sOQWV>PvpjQSIUV\K
TjV^dUw egTWN<IUV�� TWN�GJMONA] QWs�l\IiV^M KO�
��TjKZP�TWe�PRl^M_c MaNZegTjN?] QSV s}M [ T6TjKZPEs}Tj] M K�egN?Tj]�P?l^M IU]_c^diMa]_MOV>PRQSP?IUTWV TSe�PRl^M K8P�QWs4%���QSdUY^M h\dUMW�#c TjKZP?IUV^p

QWV IiV\sON?Ma]_MOV>PRQWdvIi]_c^NRT��WMa]_MOV>PmTSe � 8 / � : M K?l^T���PRl^M K?c MaMaGJY^c Km�<I`PRl Q�KZIUV^pjdiM �zc TWN?P?M G {2����QjK���Madid�QWK
Q/GJY\QWd � c TjNZPRMaG {����o��F�GJY\QWd � c TWN?P?MaG {2��� TWV Q � ;!�z�<ILGJME] Qjs�l^IiV\M x �<l\IUs�l�pjIi�jMaK�QSV�IUV\s}NRMO]_MaVjP�QSdkpjQSIUV�TWe

; =
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�.IipjY^NRM -^� � � � IUMON�QSN�s�l^IUsaQSd�u MON?egTWNR] QSV\sOM�F|V\QSdUwJKZILK x GJY QSd��zc TWN?P?M G/saQWs�l^M=�

� 0 / � c MON?egTWNR] K�QSdU]_TjKZPvTWV c\QWN��<IiP?l Q � ; � c TjNZPRMaG {2��� egTjNv]_TjKZP�TSe�PRl^M�{Ju�~ y IUV>P �S�j�W� [ MOV\s�l^] QWN'%JKa�.�Al^ILK
K?Y^pjpWMaKZPRKoPRl\Q�PqQ dUIU] IiP?M GXV6Y^] [ MON�TWe.c TWN?PRK|s}T��WMaNRKo]_TjKZP�TSe.P?l\Mmc TWP?MOV>PRIUQWd:pjQWIiV:�JM*)^s}MacJP<egTWN � - � � MaTWV#�v�Al^ILK
[ MOV s�l^] QSN&%XK?MOMa] K<P?T/l\Q=�WMm] QWV>wX]_TWNRM sOdiY\KZP?MaN?M G�K8P�QWs4%bN?MOegMONRMOV\sOMaK�P?l\QSP�dUIiM TWVXP?l\M s}NRIiP?ILsOQSdkc\Q�PRl�TSeCPRl^M
c MON?egTWNR] QSV\sOMW�WsOTWV\K?Man>Y^MaV>P?dUwW�SQ�KZIUV^pjdiMAc TWN?P?MaG_{2����] QWs�l^IUV^M<QWs}P?Y\QWdidUwEQWs�l\IiMa�WMaK.dUMaKRK c MaNZegTjN?] QWV\s}M�P?l\QWV PRl^M
[ QWK?MOdUIiV^M<]_TJGJMj� F dUQWN?pjMON V6Y^] [ MONvTWe�{���� c TjNZP�KCQWsas}TW]_]_TJG^Q�PRMaK.PRl^IUK�[^Y^N�K8P8w K8P�QWs4%ENRM}egMaN?MaV\s}M<c QSN�QSdUdiMadiILKZ]X�

�4���B��� @ � � ��4 � @ �JBP� � � BP�a��7
��������� ��� ) � ������� � � ��� �

F�N?MadUQSP?MaGXQWc^c^NRTjQWs�l:�6P?l^M GJMasOTWY^c^dUMaGXKZPRQjs4%/sOQjs�l^M�� � 8 � �^ILK|sOTW]_c\QSNRMaGbQSp>QSIUV\KZP�TWY^N�{���� K?s�l^Ma]_M QSdUTWV^p
�<IiP?lbPRl^Mm[\QWK?MOdUIUV^M�] ILs}NRTjQWNRs�l\I`PRMastPRY^NRMW� �Al^MmK8P�QWs4%�saQWs�l^MqIUKAIU]_c^dUMO]_MOV>P?M GXQWK<Q_GJIUN?M stP � ] QSc^c MaGbsOQjs�l^MmQSV\G
l QWK�P?l^MqK?QW] MqsOQWc\QWsOI`P8w x 8j�m�A�vQWKvTjY^NAK8P�QWs4% �=QWdiY\M<h\dUM x �a�j�!7 MOV>P?NRIUMaK�� 8E[>w>PRMaK��t� �.IipjY^N?M -J� �a� K?l^T���KCPRl^M
sOTW]_c\QWN?ILKZTjV�TSe�P?l^M {2���o�#K8P�QWs4%�sOQjs�l^M_QSV\G [\QWK?MOdUIiV\M QWc^c^NRTjQWs�l �<I`PRl GJI��fMONRMOV>Pmc TjNZPEs}Tj] [^IUV\QSP?IUTWV\Ka� �Al^M
! � � � $ K?w>] [ Tjd�N?Mac^NRMaK?MOV>PRKoPRl^M s}TjVJh\pjY^NRQSP?IUTWV/�<I`PRl�� �	��NRMOpjY^dLQSN
� � saQWs�l^M�c TWN?PRK�QWV\G
�����A{2��� TWN�K8P�QWs4%
saQWs�l^M�c TjNZP�KO� �Al\M x 7 � � �msOTWVJh pWY^N�Q�PRIiTjV Y KZM K Q�dUTWV\pWMON G^Q�P�Q�sOQjs�l^M l^IiP dLQ�PRMOV\sOw x 7 sOw6sOdiM KEIUV\KZP?MaQjG TSe =
sOwJs}dUMaK���P?l\QWV x � � {^�*" KA[ MasaQSY\K?M�TSe:PRl^MmdLQSNRpWMONAV6Y^] [ MaN<TSekc TWN?PRKa�v�Al^M�c MON?egTWNR]_QWV\s}MqV6Y^] [ MON�KoegTWNAPRl^M {2���
KRs�l^Ma] Mm�oMONRMqpWMOV\MON�Q�P?M G�[6w PRl^MEs}Tj]_c^diMOP?MmIU]_c^diMa]_MOV>PRQSP?IUTWVXGJMaKRs}NRIi[ MaGbIUVX{JMastPRIiTjV -J� =^�
�Al\M [\QWK?MOdUIiV\M x 7 � � ��]_IUpWl>PE[ M_M )6c Mas}P?M G PRT�TWYJPRc MaNZegTjN?]�P?l^M x � � � ��[ MasOQWY\K?M PRl^M_egTWY\NmY^V^IU�WMON�KRQSd � �

G\Q�PRQ sOQjs�l^Mqc TjNZP�K�IUV x 7 � � ��saQSV/K?MONR�6IUsOM�egTjY^N<s}TWV s}Y^NRN?MaV>P�]_MO]_TWNRw_N?MOegMONRMOV\sOMaKa�6V^T ] QSPZP?MaNA�<l^IUs�l/]_MO]_TWNRw
NRMOpjIiTjV\KCPRl^MaK?M�NRM}egMaN?MaV\s}M K�QSNRM<pWTjIiV\pmP?T �j�<l^MaN?M QWKvP8��Tm]_MO]_TjN?w N?MOegMONRMOV\sOMaK�TWYJP�TWe�P?l^M x � � � � ] Y\K8Po[ M|egN?Tj]
KZPRQjs4%f�\TSPRl^MONR�<ILKZM�PRl^M c TWN?PRK�QWN?M diMOe P|Y^V6Y\K?MaG�� � T���Ma�WMON �JIUV KZMa�WMaNRQWd#sOQWK?MaKa�JPRl^M {2����K?s�l^Ma]_MmTWYJPRc MaNZegTjN?] K

; 7
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�.IUpWY^NRM<-J� �a� � y Tj] c QSNRIUK?TWV/TSe r I�� MaN?MaVjP y Qjs�l^M � ]_c^diMa]_MOV>PRQSP?IUTWV\K

PRl^MX]_TWNRM��\M )JIi[^dUM�s}TjVJh\pWY\NRQSP?IUTWV#�Cw6IUMOdLGJIiV\p Q 72/ IU]_c^NRT��WMO]_MaVjP IiV T��WMaNRQWdidz� 	�V^MXN?M QWK?TWV ILK P?l^MXdUTWV^pjMON
dLQ�PRMOV\sOw�IiV x 7 � � �t�E�Al\M TWP?l^MaN�ILK�P?l\QSPqIUV^c^YJPEG^QSPRQ/TSe�IUV\KZP?NRY\stPRIiTjV\K�TWV�PRl^M_s}NRI`PRIUsaQSd c\Q�PRl saQSV�[ M GJIiNRMas}P?dUw
NRMaQjG egNRTW]0P?l^Mmc\l>wJK?IUsaQSd�NRMOpjIUKZP?MaNRKoIUV/PRl^ME�A�|� �^IiV GJM*)JMaG/PRl^N?TjY^pWl/P?l\MEN?MapWILK8PRMON<QSdUILQWKoPRQW[^dUMW�v~v�jMOV/P?l^TjY^pWl
PRl^M�KZP?TWNRM*�zegTWNR�AQSN�GJIiV\p�] M s�l\QSV\IUK?]�M*)JILK8P�K IUV�Q sOTWV6�WMaV>P?IUTWV\QWd�]_ILs}NRTjQSN�s�l^IiP?M stP?Y\N?Mj�CwWM}P_IiP_�<IUdUdAPRQ!%jMbK?TW]_M
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QjG^GJNRMaKRKO�C�Al^MEKZPRQjs4% sOQjs�l^M�IUKAPRl^Mmc^NRTJs}MaKRK?TWN�K ">TWV^dUw�G^QSPRQ_sOQjs�l^MW�
��MOpWILKZP?MON �<IUV\GJT���K � 0 � � 8 = � � 8 - � � �W� 7�� TjN P?l\M�N?MapWILK8PRMON KZPRQWs4% MOV^pjIiV^M x �|{J~o��� = = � QWN?MXY\K?MaG IUV�K?TW]_M�TWe

PRTJG^Q=w " K|l^Iipjl�� c MaNZegTjN?] QSV s}M�]_IUsON?Tjc^N?TJsOMaKRKZTjNRK�P?T�MOdUIi]_IUV\Q�PRMEc^NRT6sOMaGJY\N?MEsaQSdUdkQSV GXN?MOP?Y^NRVXT��WMONRl^M QWG^Ka��~ )>PRNRQ
IUV\KZP?NRY\stPRIiTjV\K ]_Q=w [ M�V^MaMaGJM G��vMj� p � ��� � � QSV\G ������� �&� � IiV {Ju�F|� y � � � TjN � ��� �!� IUV � F
� ; 7 � �Al\IUK pWMaV^MON�QSd
QWc^c^NRTjQjs�l�ILK<c\QSN?P<TSekP?l^MEQWNRs�l^IiP?M stPRY^N?Mj�JV^TSP (8Y\KZP�PRl^MmIi]_c^dUMO]_MaVjP�Q�PRIiTjV#�
�Al\MONRM l Q=�WM_[ MaMOV�K?MO�WMaNRQWdCc^NRTWc TjKRQSdLK|egTjNmMaQWN?dUw QWG\GJN?M K?K�NRMaK?TWdUYJPRIiTjV�P?T�IU]_c^NRT��WM_]_MO]_TWNRw�IUV\K8PRN?Y stP?IUTWV

dLQ�PRMOV\sOIiM KO� �Al\MaK?MXP?Mas�l\V^IUn>Y^M K_MOV\QW[^dUMbTjY^N�{2����GJM KZIUpWV [6w c^NRT��6IUGJIUV^p�Q ]_Mas�l\QWV^IUK?]�egTjN MaQSNRdUw QWG^G^N?M K?K
NRMaK?TWdUYJPRIiTjV#��F�Y\KZP?IUV#�|u�V^MO�6] Q�PRI�%�QSP?TjK�QSV\G {JTWl^I � 8 � IUVjPRN?TJGJY s}MaG Q e QWKZP/QWG\GJN?M K?K N?M KZTjdiYJPRIiTjV K?s�l\MO]_M�[6w
c\N?M GJIUs}P?IUV^p M � M stPRIi�jM QWG\GJN?M K?K?MaK�MaQWN?dUw IUV,PRl^M c^IUc MOdUIiV^Mj�"�Al\MOw egTWY^V G�P?l\QSPb�<IiP?l�KZIU]_c^diM s}Tj] c\IidUMONXQSV\G
dUIUV$%WMaN KZY\c^c TjNZP �#PRl^M c^NRMaGJILstPRIiTjV QjsOsOY^NRQjs}w�N�QSV\pWMaK�egNRTW] ; � P?T ���+/ � � V � ��� �.F�Y\KZP?IUV QSV G {JTWl^Ivc\N?Tjc T>KZM G
QWV\GbMO��QSdUY\QSP?MaG/c^IUc MadiIUV^MEGJM KZIUpWV KoP?T KZY\c^c TjNZP
�aMONRT!� s}wJs}dUM|dUTjQjG^Ka� F|d`PRl^TWY\pWlbP?l^MEK?c MOMaG^Y^c\K<QSNRM�MOV\sOTWY^N�QSpjIiV\p
egTjN�IiV�� TWN�GJMaN�c^NRTJs}M K?K?TWN�KO� P?l\M_K?c MOMaG^Y^c\KqegTWN�dLQ�PRMOV\sOw �zP?TjdiMaNRQWV>P|TWYJP'�zTWe �zTjNRG^MONqc^N?TJsOMaKRKZTjNRK�QSNRM pWMaV^MON�QSdUdUwbdUMaKRK
PRl\QSV � �+/ � � V � � � � � � V>P?Mad\NRMaK?MaQWNRs�l^MaNRKkc^NRTWc TjK?MaG QqP?M s�l^V^ILnjY\M�GJY^[^[ MaG � � � 	 ��� ���$� � � �"�&	�� � egTjNCMaQSNRdUwE]_MO]_TWNRw
QjG^GJNRMaKRK N?M KZTjdiY^P?IUTWVEegTjNCTWc MON�Q�PRIiTjV\K TSe P?l^MAegTjN?]�NRMOp ��Ii]_]�IUV P?l^MAegNRTWV>P'�zMaV\G c\Iic MOdUIiV\MW�C�Al^MOw GJMO]_TWV K8PRNRQSP?MaG
PRl\Q�PoP?l\IUK�P?M s�l^V^ILnjY\M|NRMaGJY\sOMaK�diT>QWG2�zP?T �zY KZM<dLQ�PRMOV\sOIiM KvPRTEP?l\M�G^QSPRQ saQWs�l^M|[>w_M )6c MONRIU] MaV>P?IUV^p Q GJMOMac c^IUc MadiIUV^M
PRl\Q�P|sOTWV>PRQWIiV K>8 KZPRQWpWM KA[ MOP8��MaMOVXGJMasOT6G^MEQSV\G/M*)JMasOYJP?IUTWV:�
�Al\MmV>Y\] [ MON�TWe saQWs�l^M�c TWN?PRKA[ Mas}Tj]_MaK<]_TWNRMms}NRY\s}ILQSd#QjKAP?l\Mmc^N?TJsOMaKRKZTjN " KoIUKRKZY\Mq�<ILG6PRl�pWM}P�KA�<IUG^MON��<IiP?l

]_TjN?MoQSpWpjN?M K?K?IU�WMvQSV GEQWsas}Y^N�Q�PRMv] Y^diP?IUc^dUM�[\NRQWV\s�lEc^NRMaGJILstPRIiTjVE]_Mas�l\QWV^ILKZ] Ka� � VE]_TWNRM�NRMasOMOV>Pk�oTWN&%�� � 8 � � y l\T\�
�vMa� QSV G �#MaM|c^NRTWc TjK?MaG Q G^Q�P�Q � GJMasOTWY^c^dUMaG�QSN�s�l^I`PRMas}P?Y^NRM<P?l Q�P�c QSN?P?IiP?IUTWV\K�]_MO]_TWNRw NRM}egMaN?MaV\s}MqK8PRN?M QS] KvIUV>P?T
P8�oT G^I �fMONRMOV>PoK?Y^[\KZP?NRMaQW] K�QSV G egMOM G^K�P?l^Ma]�P?l^NRTWY^pjl GJMasOTWY^c\diM G ]_MO]_TWNRw_c^Iic MOdUIUV^MaK�egTWNoM*)JMasOYJP?IUTWV:� � V P?l^ILK
KRs�l^Ma] Mj�SPRl^MOw_K8PRY\GJIUMaG P?l\M�c MaNZegTjN?] QWV\s}MAIU] c QWstP�TSe�GJMasOTWY^c^dUIUV^pmdiTJsaQSdJ��QSNRIUQW[^dUMaKCQSdUdUT6saQ�PRMaG TWV P?l\M�N?Y\V�� PRIi]_M
KZPRQjs4%f� �Al^Maw�s}TWV s}dUY\GJMaG�P?l\QSP Q K?] QSdUd � �m�"diTJsOQWd���QSNRILQS[^dUM/saQWs�l^M x � � y � QWs�l^IUMO�jMaK Q ���2/ l^I`P_N�Q�P?M egTWN
]_T>K8P�TWefP?l^M�{^u�~ y � -�[ MaV\s�l^] QSN&% c^NRTWpjNRQW] K.QWV\G QWK�Q�N?M KZY^diPa�jdiM Q=�WM K ] TjN?M<l\MaQWG^N?T6TW]�egTWNvIUV\sON?M QWK?IiV^pmG^QSPRQ
saQWs�l^M [\QSV\G^�<IUG6PRl#� � VXP?l\MOIUN�egTWdUdUT����zY^c��oTWN&% � � 0 � �^P?l^MawbIUV>P?NRTJGJY\s}M GbP?l^M V^TSPRIiTjV�TSevQWsas}MaKRK<NRMOpjIiTjVbdUTJsOQWdiIiP8w
QWV\G_c^NRTWc TjK?MaG QSV QWsas}M K?K NRMOpjIiTjV c^NRMaG^IUs}P?IUTWV PRQW[^diM x F|��u����.IiV_PRl^M<egMOPRs�l K8P�QSpjM�PRTEc^NRMaGJILstPv�<l\IUs�l_NRMOpWIUTWV_QSV
IUV\KZP?NRY\stPRIiTjVXIUKANRM}egMaN?MaV\s}IUV^p\� � VbP?l\MEGJMasOT6G^M�KZPRQWpWMj�6P?l^M�]_MO]_TWNRw Tjc MaNRQSP?IUTWVbIUK<GJIUNRMastPRMaG/IiV>PRT_P?l^Mmc^NRMaG^IUs}P?MaG
NRMOpjIiTjV/c\Iic MOdUIiV\M�egTWNAegYJPRY^N?Mmc\N?TJs}M K?K?IUV^p\�
��wJKZTjV QWV\G F|Y\KZP?IUV � �W�j��� GJMa�>ILK?MaG Q�]_Mas�l QSV^ILKZ]�P?l\QSP�c MON?egTWNR] K�]_MO]_TWNRw�N?MaV\QS]_IUV^pXGJw6V\QS]_ILsOQSdUdUw�P?T

NRMaG^Y\s}Mb]_MO]_TWNRw P?N�Q 3 sS� F�]_MO]_TWNRw GJMac MaV\GJMOV s}w�c^NRMaGJILstPRTWN IUK_Y KZM G�P?T c^NRMaGJILstP P?l\MbNRMOdLQ�PRIiTjV\K?l^Iic TSe�Q
c\N?TJGJY\sOMON x K8PRTWNRMaK�� QSV\G,Q s}TjV\K?Y^]_MON x diT>QWG^K��t� �Al\M�c^N?M GJILstP?TjN Y\K?MaK_PRl^ILK IiV^egTWNR]_QSP?IUTWV P?T�IUV\GJM ) Q V^TjV��
QWNRs�l\I`PRMastPRMaG ��QSdUY^Mbh\diMbegTjN diT>QWG^Ka� �Al\MOw Ma] c\diT�w Q s}TjVJh GJMaV\s}MX]_Mas�l QSV^ILKZ] PRT�s}TWV>PRN?Tjd�PRl^M�c^NRMaGJILstPRIiTjV#�
�Al\MOIUN|KZIU] Y\dUQSP?IUTWVXKZl^T���K � ; / c MON?egTWNR] QSV\sOMqIU]_c^NRT��WMO]_MaVjPATWVXQ=�WMaNRQWpWMj�
��Ii�jMON�K MOP QSdz� � �!7�� IUGJMaV>P?Iih\MaG dUIi]_IiPRQ�PRIiTjV\K_TSe�M*)JIUKZP?IUV^p ] Y\d`PRI � c TjNZPRMaG sOQjs�l^M/GJM KZIUpWV K QSV\G c^N?Tjc T>KZM G Q

�:TJsOQSdUIiP8w � �AQWK?MaG � V>P?MaN?dUMaQ=�jMaG y Qjs�l^M x �k� � y �<PRl\Q�P�] Y^diP?I�� c TjNZP�K�Q�diIUV^M [\Y�� MaN�IiV\KZP?M QWG�TWevP?l\M MOV>PRIiNRM saQWs�l^M
[ QSV$%/P?T M )Jc^diTjI`P<PRl^M K?c\Q�PRIUQWd:dUTJsOQSdUIiP8w�TSevQ saQWs�l^MmdUIiV\ME�<l^IUdiMENRMaG^Y\s}IUV^p_P?l\M s}T>K8P�TWe [\Y^IidLGJIUV^p�Q_PRN?Y\Mm] Y^diP?I��
c TWN?P?M GXsOQWs�l\MW�
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� V PRl^IUK �oTWN&%f�S�oMoc MON?egTWNR]�Q�GJMOPRQSIUdUMaG QSV\QWdiwJK?IUK.TSe�KZPRQWs4%mNRM}egMaN?MaV\s}MA[ MOl\Q=�6IUTWN ILGJMOV>P?Iiegw6IiV\pEKZMa�WMON�QSd>Y^V^ILn>Y^M

s�l QSN�QWstPRMONRIUKZP?ILsOK�NRMOpjQWNRG^IiV^p/l^T��HPRl^M K8P�QWs4%�ILK�QWsOsOMaKRKZM G�� �Al\MaK?M_s�l QSN�QWstPRMONRIUKZP?ILsOK|diM G Y\K�P?TXc^NRTWc TjK?M QbV^Ma�
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]_ILs}NRTjQWNRs�l^IiP?M stPRY^NRQWdWMaV^l\QSV s}MO]_MaVjP �=P?l^MAKZPRQWs4%���QSdUY^M�h\dUM x {2���C�t�SG^MaK?IipjV^MaG�PRT�TjcJP?IU]_I��aM�PRl^MAK8P�QWs4%�N?MOegMONRMOV\sOMaK
IUV\GJY s}MaGX[6w l\Iipjl��zdUMO�jMOdfdLQSV^pjY\QSpjMqsOTWV6�WMaVjPRIiTjV\Ka�
�Al\MEs}TWV>PRN?IU[^YJPRIiTjV\KoTSe.P?l^ILK<NRMaK?MaQSN�s�l�QWN?MqP?l\N?MaM}egTWdLG��

� � : M<IUGJMaV>P?Iih\MaG_K?MO�WMaNRQWdJs�l\QSN�QWs}P?MONRILK8PRIUsaK:TWefKZPRQjs4%mN?MOegMONRMOV\sOMaK.P?l Q�P�GJI�� MaN egN?Tj]�pWMaV^MON�QSd^G\Q�PRQqNRM}egMaN?MaV\s}M KO�
�Al^M KZM<IUV\s}dUY\GJMj�CQmKZIUV^pWdUM�s}TjV>P?IUpWY^TjY\KvQWsas}M K?K NRMOpjIiTjV x MOdUIi]_IUV\Q�PRIiV^pEP?l^M�V^MOM G egTjNvP�QSpjK��t�jQm] Y\s�l_l^IUpWl\MON
c MON�s}MOV>P�QSpWM TWe�h NRKZP NRM}egMONRMOV s}M KZP?TWNRM TWc MON�Q�PRIiTjV\K x ] Q %>IUV^p�c MON ��TjNRG ��QSdUIUG [\I`P�K Q�P?P?N�QWs}P?IU�WM �}�:egN�QS]_M
GJM QSdUdiTJsOQSP?IUTWV\KoIUV6�=QWdiILG^QSP?M�GJIiN?P8w�G^QSPRQ QS[ T��WM�P?l^M�V^Ma��� 	�{ x ] Q!%6IUV^p �<N?IiP?Ma[\QWs4%JKoY^V^V^M s}M K?KRQSNRw^�t�JQSV\G
]_TjKZP�N?MOegMONRMOV\sOMaK<Y KZMEQ K?IUV^pWdUM � K?c�� N?MadUQSP?IU�WM�QWG^GJNRMaKRK<]_TJGJM x ] Q %>IUV^p e QjK8P|QjG^GJNRMaKRK<sOQWdUsOY^dUQSP?IUTWVbegMaQjKZI��
[^dUM �}�

� � : M|c^NRTWc TjK?MaG_QmV^Ma��] ILs}NRTjQWNRs�l\I`PRMastPRY^N�QSd^KZP?NRY\stPRY^N?Mj�SPRl^Mq{2���o�WPRTEM*)Jc^dUTWIiPvP?l\TjK?M|s�l\QSN�QWs}P?MaN?ILK8PRIUsaKCQSV\G
K?l^T�� l\T�� IiP�sOQWV [ M�IUV>P?MOpjNRQSP?M G IUV>P?TmM*)JILK8PRIiV\pmc^N?TJsOMaKRKZTjN.c\Iic MOdUIiV\MaKCPRTmIi]_c^NRT��WM<saQWs�l^M�QjsOs}M K?K dLQ�PRMOV\sOw
QSV G�NRMaGJY s}Mm]_MO]_TWNRw_P?N�Q 3 sqNRMan>Y^IUN?Ma] MaV>PRKa�

=^� : MoMa��QSdUY\Q�PRMaG TWY^N K?s�l\MO]_MW�WsOTW]_c\QWN?IUV^p|IiP P?TmQ�c^N?Ma�6IiTjY\K sOQWs�l\M*� TWNRIiMaVjPRMaGmQWc^c^NRTjQWs�l\MaK:P?Tqc\QSN?P?IiP?IUTWV^IUV^p
KZPRQWs4%/N?MOegMONRMOV\sOMaKa���Al^M KZMmNRMaK?Y^diPRK�K?l^T���P?l\QSP�QSV {���� sOQSVXTj[JPRQWIiV�Q �!72/ Q=�jMON�QSpjM�c MON?egTWNR] QSV\sOMmIi] �
c^NRT��WMa] MaV>PoegTjN�s}TjV>�jMOV>P?IUTWV QSdf]_IUsON?T>QSN�s�l^I`PRMas}P?Y^NRMaKa�6�<l^IidUM K?IipjV^Iih sOQWVjPRdiw�N?M GJY\s}IUV^p_]_MO]_TWNRw�T��jMONRl^MaQjG
P?N�Q 3 sqT��WMaN<G^Q�P�Q � GJMasOTWY^c^dUMaG/K8P�QWs4% #=V\TWV�� K8P�QWs4% sOQjs�l^MaKa�

�\Y^N?P?l^MaN?]_TWNRMW�>TWY\No]_ILs}NRTjQWNRs�l^IiP?M stPRY^N?M�G^MaK?IipjV P?N�QSV K8egTjN?] KoK8P�QWs4%_c TjIiV>PRMON'�z[\QjKZM G_]_MO]_TWNRw QWsOsOMaKRKZM K�IUV>P?T
NRMOpjIUKZP?MaN �zP?T �zNRMOpjIUKZP?MaN�]_T��WM KO�m�Al^ILK�IiV s}NRMaQWK?MaK|M*)Jc^dUTWIiPRQW[^diM IUV\K8PRN?Y stP?IUTWV$�zdUMO�jMOd.c\QSN�QSdUdiMadiILK?]�[6w�QjG^GJIUV^p/c TWN?PRKa�
T � � dUTjQWG^IiV^p_[\QWV\GJ�<ILG6P?lbegNRTW]0P?l^M�h\N�KZP � diMa�WMOd#G\Q�PRQ saQWs�l^Mj�^QSV\GbNRMaGJY s}IUV^p P?l^MmdLQ�PRMOV\sOw�TSe.P?l\MEQWsOsOMaKRKO� �\TWN�Q
� ; � �<IUG^Mm]_Qjs�l^IUV^MW� P?l^ILK�IUV\sON?M QWK?MaK<c MON?egTWNR] QSV\sOM�egTWN|QWV {2��� TSeCIUVJh\V^IiP?M KZI,�OM QSV\GXc TWN?PRK|[>wbQSV�Q=�jMON�QSpWM�TWe
= � / egTjNAP?l^M {^u�~ y IUV>P �W�W�W� [ MaV\s�l^] QSN&%JKO�

	��jMON�QSdUd �SP?l^M KZM<c MON?egTWNR] QSV\sOM<N?M KZY^diPRKv]_Q %WMAPRl^M|KZPRQWs4% ��QSdUY^MAh\dUM|QSV Q�P?P?N�QWs}P?IU�WM�GJM KZIUpWV_TWc^P?IUTWV#�j[ T6TjKZP?IUV^p
c MON?egTWNR] QSV\sOM��<I`PRl^TWYJP|K?IUpWV^Iih sOQWV>PAIUV\sON?M QWK?MaKAIUVXQWN?M Q TjN�s}Tj] c\diM )6IiP8wW�v�Al\MEGJIiMEQWN?M Q QWdidUTJsOQSP?MaG�P?T_PRl^M {2���
saQSV [ MqN?M QSdUdiTJsOQSP?M G egNRTW]$K?c\QWsOM�PRl\Q�PoTSP?l\MONR�<IUK?M��oTWY^dLG l\Q=�jM�pWTjV^M<P?T QmdLQSNRpWMON�h\N�K8P'�zdUMO�jMOd saQWs�l^Mj�.�Al\Mq{2���
ILK|G^IiNRMas}P � ]_QWc^c MaG��\saQSVX[ M KZIUV^pjdiM �zc TWN?P?M G��^QSV\G�saQSVXMaQjKZIUdUw [ M [\QSV$%jMaG�� � P�Y\K?MaK<V^T_P�QSp QWN?M Q dUI,%WMmIiPRK�saQWs�l^M
sOTWY^V>PRMONRc\QSN?Pa�
�Al\MoQjG^GJIiP?IUTWV\QWd>sOTW]_c^dUM*)JI`P8wqegTjN:PRl^MA{����XILKkn>Y^IiP?ModiIU]_I`PRMaG�� � K?c�� N?MadUQSP?IU�WM�KZPRQjs4%�NRM}egMaN?MaV\s}M KkQWN?M�IUGJMaV>P?Iih\MaG

M QWK?IidUw �SPRl>Y K.P?l^MaIiN�K?c Mas}ILQSdJl QSV\GJdUIUV^pmGJT6MaK V^TWPCQjG^G ] Y\s�l_s}Tj] c\diM )6IiP8wW� �<MOegMONRMOV\sOMaK.P?TqPRl^M�K8P�QWs4%m�<IiP?l^TjYJP�QSV
� KZc$�zNRMOdLQ�PRIi�jM�QWG\GJN?M K?K?IUV^p ]_TJGJM�QSNRM�IUVJegNRMan>Y^MOV>P �^KZT_QWG^G^MaG NRMasOT��WMaN?w_s}T>K8PAIUKoNRMaQjKZTjV\QS[^dUw QS]_TWN?P?I,�OM G�� y QWs�l^M
P�QSp_KZc QWs}M�IUKoMadiIU]_IiV\QSP?M G IUV/c^NRM}egMaN?MaV\s}M|P?T_QEc MONA�oTWN�G ��QSdUIUG�[^I`P �JN?M KZY\d`PRIiV^p IUV�dUI`P?P?dUMqTjN�V\T QjG^GJIiP?IUTWV\QWd G^QSPRQ
KZP?TjNRQWpWM T��WMaN?l^M QWG N?MadUQSP?IU�WM P?T�QXK8P�QWs4% saQWs�l^M_IU]_c^diMa]_MOV>PRQSP?IUTWV#� �\TWNm]_TWNRM GJMOMac^diw c^Iic MOdUIUV^MaG c^NRTJs}M K?K?TWN�KO�
PRl^M ��QWdiY^M�TWemMaQSNRdUw QWG^G^N?M K?K sOTW]_c^YJP�Q�PRIiTjV ILK IUV\s}NRMaQjKZM G�QSV\G TWY\N P?M s�l^V^ILnjY\M KZl\TWY^dLG�GJMOdUIi�jMON IUV\sON?M QWK?IiV^p
c MON?egTWNR] QSV\sOM�pjQSIUV\Ka�
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y Qjs�l^MaK QWN?M��WMONRwmM*�fMas}P?IU�WM<Q�P NRMaGJY\sOIiV\p�]_MO]_TjN?wm[^Y K.P?N�Q 3 s�[6wEIUV>P?MaNRsOMOcJPRIiV^p�QSV G l\QWV\GJdUIiV\p�]_TjKZPCTSe^PRl^M
NRMaQjG�QSV\GX�<NRIiP?MENRMan>Y^M K8P�K<pWMaV^MON�Q�PRMaGb[6w�PRl^MEc^NRTJs}MaKRK?TWN �o{6Y^c\c TjNZP�egTWN��<NRI`PRMaK x KZP?TWNRMaK��oPRMOV\G^K�P?T [ M K?Ii]_c^dUM
� TjVbQ KZP?TjN?M�P?l\MEG^Q�P�Q_I`PRMO]0ILKAMOIiP?l\MON��<NRI`P?P?MaVbIUV>P?T_[ TSP?lXPRl^MEsOQjs�l^MmQSV\G�P?l\N?TjY^pWl/P?l^MEsaQWs�l^M�l^IUMON�QSN�s�l6w_P?T
PRl^M ]_MO]_TWNRw x NRM}egMaN?NRMaG P?T�QjKqQ � ��	���������� � � � � � c TWdUILs}w^�t�kTWN�I`PEILK��<NRI`P?P?MOV IUVjPRTbP?l^M sOQjs�l^M_M*)^s}dUY\K?Ii�jMOdUw�QSV\G
PRl^M_G^Q�P�Q IiP?MO]�ILK|�<NRIiPZP?MaV�TWY^P|P?T/]_MO]_TWNRwXTWV^dUw/�<l\MOV�PRl^M saQWs�l^M diIUV^M IUK|MO�6IUs}P?M G x %6V^T��<V�QjK�Q � ��	�� ���"� �"�
c TWdUILs}wW� �
y Qjs�l^MaKqMa] c\diT�w6IUV^pbQb�<NRI`PRM*�zP?l^NRTWY\pWl c TWdUILs}w�pjMOV^MaNRQSP?M ] Ma]_TWNRwXP?N�Q 3 s MO�WMaN?wXPRIi]_M QXK8PRTWNRM TJsas}Y^N�KqIiV

PRl^M c^NRTWpjNRQW]X��{6IiV s}M IiPE��TjY^dUG dLQSNRpWMadiw G^M}egMaQSPmP?l^M�c^Y^NRc T>KZM_TSeAl\Q=�6IUV^p�Q�sOQWs�l\M IieAP?l^M�c^N?TJsOMaKRKZTjNql QWG P?T
[\diTJs4% TWV MaQjs�l K8PRTWNRM�Y^V>P?IUd^PRl^M|�<NRI`PRM|s}Tj]_c^diMOP?M G��j�<NRIiP?M*�zP?l\N?TjY^pWl_sOQjs�l^MaKCY KZM|Q K8PRN?Y\s}P?Y^NRM
%6V^T��<V QWK�Q ��� � � �
�.���%��� TjN � ��	�� � ��������� � �a� = � P?TX[^Y��fMON �<N?IiP?M KqP?TX]_MO]_TWNRwW� : l^MOV\MO�WMaNEQb�<N?IiP?M_TJsOsOY^NRKa��PRl^M G^Q�P�QbI`PRMO]�ILK
�<NRIiPZP?MaV IUVjPRT [ TSPRl P?l^M�sOQWs�l\M|QSV\G PRl^ILK�KZP?NRY\stPRY^NRMW�6QSdUdiT��<IUV^p�P?l\M|c^NRTJs}MaKRK?TWN P?T s}TjVjPRIiV6Y^M|M*)JMasOYJP?IUV^pE�<IiP?l^TjYJP
[\diTJs4%6IiV\p x Y^V>P?IUdkP?l^M KZP?TjN?M�[^Y$� MaN|[ Mas}Tj]_MaKAegY^dUd �t�<�Al^M KZP?TjN?Mm[^Y$� MaN|�<IUdid:K?MOV GXI`P�K|s}TjV>P?MOV>P�KAP?T ]_MO]_TjN?wbQWK
K?T6TWVXQWKoPRl^Mm[^Y\K<ILKAILGJdiMj�

: NRI`PRMO[\Qjs4% saQWs�l^M KO� TjV P?l\M/TWP?l^MaN l\QWV\G��CpjMOV^MaNRQSP?M�]_Ma] TjN?w PRNRQ!3 s�] Y\s�l diM K?K egN?M n>Y^MOV>P?dUwW� : l^MaV Q
KZP?TjN?M�TJsOsOY^N�K�IUVXQ �<NRI`PRMO[\Qjs4% sOQjs�l^M|PRl^MEG^QSPRQ �=QWdiY\MqILKA�<NRI`P?P?MOVbIUVjPRT P?l^Mms}TjN?NRMaK?c TWV\GJIUV^p diIUV^M�IUV�PRl^MmsOQWs�l\MW�
�<l\IUs�lXILKoP?l^MaV�]_QWN'%jMaG � 	���� � � : NRIiP?MaKoPRT ]_MO]_TWNRw TJsOs}Y\N<TWV^dUw �<l^MaVXQ dUIiV\Mm]_QWN'%jMaG � 	���� � ILKAMO�6ILstPRMaG/egN?Tj]
PRl^MEsOQjs�l^M x Y\K?Y\QWdidUw/GJY\M�PRT Q_sOQWs�l\Mq]_ILK?K���IiVXTjNRGJMaNAP?T_] Q!%jMqNRT6TW]$egTjNAP?l^MmIUV\sOTW]_IiV\p_G\Q�PRQ IiP?Ma]b�

: l\MOV^Ma�WMONkP?l\MONRM�QSNRMv] QSV6wms}TjV\K?Mas}Y^P?IU�WMv]_ILK?K?MaK x saQSY\K?MaGm[6wms}TjV>P?M*)6P KZ�<IiPRs�l^M KO��TjN:�oTWN&%6IiV^p�KZMOP.s�l\QWV^pWM KO�
TjNm[6w�QSdUpWTWNRIiP?l^] KqIiV s}MaNZP�QSIUV pjNRQWc^l^ILsOK�QSc\c^diILsOQSP?IUTWV\Ka�fegTWN�M )JQW]_c^diM=�|P?l^M �<NRI`PRMO[\Qjs4%�sOQjs�l^M saQSV h\V\G I`P�KZMad`e
[\diTJs4%WM G �oQWI`PRIiV^pbegTjNEQ�GJIiN?P8w�dUIiV\M_P?T�[ M �<N?IiPZPRMOV P?T�]_MO]_TjN?wj� �Al^IUKEIUK�PRl^M KRQS]_M_c^N?Tj[^dUMO]�e Qjs}M G [6w�PRl^M
�<NRIiP?M*�zP?l\N?TjY^pWl�saQWs�l^Mj�>QWV\G saQSV [ MqG^MaQSdiP��<IiP?l/IiV/] Y\s�l P?l^M�K?QW]_M|] QSV^V\MONo[>w QjG^GJIUV^p Q �<N?IiP?Ma[\QWs4% [^Y��fMON �
� T���Ma�WMaNa��PRl^MONRM�QSNRM<s}MaNZP�QSIUV_sOdUQjK?K?MaK.TWefc\N?TjpWN�QS] K.�<l^IUs�l K?Y��fMONCegNRTW]�] Ma]_TWNRw GJMOdLQ=wEc MOV\QWd`PRIiM KCPRl\Q�PvMa�WMOV Q
dLQSNRpWM|�<N?IiP?Ma[\QWs4% [^Y��fMONAsOQSV\V^TSP�MadiIU]_IiV Q�P?Mj� �^TWN�M*)^QS]_c^dUMW�>] QSV6w V^MO�oMON�QWc^c^dUIUsaQ�PRIiTjV\K x MW� p\� = r pWN�QSc^l^ILsOKvTWN
] Y^diP?IU] M GJILQj�Cl Q=�WMAMOV^TjN?]_TjY\KCIUV\s}Tj] IUV^pEG^QSPRQmKZP?NRMaQW]_Ka� � V PRl^MaK?M�c^NRTWpjNRQW] KO�=PRl^M|KZP?NRMaQS]�TSe�IUV\s}Tj] IUV^pEG^QSPRQ
IiP?Ma] K|sOQWV�sOQSY KZMm] QSV6wbs}TWV �\IUs}P|sOQjs�l^M�] ILKRKZM K�QSV\GbPRN?IUpWpjMONoP?l\MEMO�6ILstP?IUTWVXTWe ] QWV>w/GJIiN?P8w�dUIUV^MaKa�o�Al\IUK�G^IiN?P8w
�<NRIiP?MO[ QWs4%bP?N�Q 3 sE] Y\KZP�sOTW]_c MOP?M egTWN�Q=��QSIUdUQW[^diM ]_MO]_TWNRwX[\QSV\G^�<IUG6PRl �<IiP?l P?l^M QSNRNRIi�6IUV^p�G^QSPRQ^��QWV\G�TSe PRMOV
IU]_c M GJMaKoPRl^M�GJMOdUIi�jMONRw_TSe#PRl^MqG\Q�PRQ P?T P?l\MqsaQWs�l^Mj� �\TWNoc^NRTWpWN�QS] K��<l^MONRM|T��jMON�QSdUd\c MON?egTWNR]_QWV\s}M�IUKo[ TWY^V G [6w
]_Ma] TjN?w�[\QSV\G^�<IUG6PRl#�JPRl^IUK|s}TW]_c M}PRI`PRIiTjV/egTjN<[\QSV GJ�<IUGJP?l�sOQWVbl Q=�WM�Q K?Y^[\KZPRQWV>P?ILQSd�V^MapjQ�PRIi�jM�Ii]_c\QjstPa�

� V P?l^ILK s�l QScJPRMON �oM c^NRTWc TjK?M�Q�]_TJGJIih sOQSP?IUTWV TWe<P?l^M/�<N?IiP?Ma[\QWs4% c TWdUIUsOw �<l^ILs�l K?c^NRMaQWG\KETWY^P ]_MO]_TWNRw
QjstPRIi�6IiP8w,[>w,K?MOdUMas}P?IU�WMOdUw��<N?IiP?IUV^p KZTj] M GJIUNZP8w�dUIiV^M K/P?T ] Ma]_TWNRw �<l^MaV^MO�jMON/P?l^M [^Y\KbILK egNRMOMj�|IUV\KZP?MaQjG TWe
�AQSIiP?IUV^p Y\VjPRIidkP?l\TjK?MEdiIUV^M K|IUV�P?l\M sOQjs�l^M QSNRMENRMOc^dLQWsOMaG��<�Al^ILK�MaQSNRdUw��<NRI`PRIiV^p�TSe�GJIUNZP8wbdUIiV^M K<PRT P?l\ME]_MO]_TWNRw
K?wJK8PRMO]	N?M GJY\sOMaKmPRl^M c TSPRMOV>P?ILQSd�Ii]_c\QjstP TWeA[\Y^NRKZP8w NRM}egMaN?MaV\s}M KZP?NRMaQW] KO� QSV\G�saQSV M*�fMas}P?IU�WMadiw N?M � G^IUKZP?NRIi[\YJP?M
QWV\Gb[\QSdLQSV s}MqP?l^Mm]_Ma] TjN?w�[\QSV\G^�<IUG6PRl�QSV\G/Ii]_c^NRT��WM�K?w6KZP?Ma]0c MON?egTWNR] QSV\sOMW�
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�.IipjY^NRM ;\� � �CF�N�s�l^I`PRMas}P?Y^N�QSd#�odUT6s4% r ILQSpWN�QS]0TSekV\TWV�� [^dUT6s4%6IUV^p_sOQWs�l\MaKa�
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y Qjs�l^MaKvP?l\QSPoMa]_c^diT�w_QE�<NRIiP?MO[ QWs4% c TjdiILs}w_NRMaGJY\sOM�]_MO]_TWNRw P?N�Q 3 s<[6w GJMOdLQ=w6IiV\pmP?l^M�P?N�QSV K8egMaN�TSe:G\Q�PRQEP?T

]_Ma] TjN?w�QWK#diTjV^p�QWK�c TjKRK?Ii[^dUMW�.��TjKZP#]_TJGJMONRVm]_IUsON?Tjc^N?TJsOMaKRKZTjNRK Y\K?IiV\p�Q<�<N?IiP?Ma[\QWs4%�sOQWs�l\MCc TjdiILs}wqIiV s}TWNRc TWN�Q�P?M
Q/�<NRI`PRMO[\Qjs4% x TWN�sOQjK8P'�zTjYJP��|[^Y��fMON �#�<l^ILs�l ILKqY\K?MaG QWK|P?MO]_c TWN�QSNRw�K8PRTWN�QSpjM KZc QWs}M egTWN�l^TjdUG^IiV^pXGJIUNZP8w�saQWs�l^M
dUIUV^MaKq�<l^IUdiM P?l\M G^QSPRQ NRMan>Y^M K8P�P?l\QSP�saQSY\K?MaG�P?l^M MO�6ILstP?IUTWV IUKqKZMaN?�6ILs}M G��q�|c TjV Ma�>ILstPRIiTjV#��Q�GJIUN?P8wXsaQWs�l^M diIUV^M
ILK�GJMac T>KZIiP?M G�IUV>P?T_PRl^Mm�<N?IiP?Ma[\QWs4% [\Y�� MaNa�\�<l^IUs�lbY\K?Y\QSdUdUw l\QWKoPRl^Mml^IUpWl^M K8P<[^Y K�K?s�l\MaGJY^dUIUV^p_c^N?IUTWNRIiP8w QS]_TWV^p
QWdidAP8w6c MaK_TWe|V^TWV$�zNRMaQjG�[^Y\K PRNRQWV\K?QjstPRIiTjV\KO�1	�V\s}M/P?l^MX�<NRI`PRMO[\Qjs4%�[^Y��fMON_h\dUdLK Y\c#�oK?Y^[\K?Man>Y^MaV>P_GJIUN?P8w�diIUV^M
NRMOc\dUQjs}MO]_MaVjP�K sOQWV^V^TSP P�Q!%jMbc\dUQjs}MW� F�K Q N?M KZY\d`P ��PRl^MOIUN�sOTWNRN?M KZc TWV\G^IiV^p G^Q�P�Q�GJMO] QWV\G egM}PRs�l�Tjc MaNRQSP?IUTWV\K
saQSV^V\TSP_[ Mbs}TW]_]_IiPZP?M G IUV>P?T P?l^MXsOQjs�l^MW�CQSV G�P?l\M/c^NRTJs}M K?K?TWNEc\Iic MOdUIiV\MbKZPRQWdidLK �AQSIiP?IUV^p egTWN P?l^MXGJMOc MOV GJMOV>P
G\Q�PRQ\�

� P_ILK c TjKRKZIU[^dUM PRT QSdUdUMO�6IUQSP?M PRl^ILK c^NRTW[\diMa] K?TW]_Ma�<l\Q�P [>w M )>PRMOV\G^IiV^p sOQjs�l^M l\QWNRGJ�AQSNRMW� � �&� � ��� �!�"�&	�� �
�"��� � ��� �<l^ILs�l�Y\KZM�Q�K?M}P TWe  	 �"���"���&� � � � �&� � 	���� � � � 	 ��� ���"� x � { � �|KR� P?T�] QSV\QWpWM�K?MO�WMaNRQWdATWYJP�K8P�QSV\GJIUV^p
saQWs�l^M�]_ILK?K?MaKAl\Q=�jM�[ MOMaVXc^N?Tjc T>KZM G�[6w���NRTSe P � ;+0 � � : l^MaVXQ_saQWs�l^M�]_IUKRKATJsOsOY^NRKoIUV�Q V\TWV�� [^dUT6s4%6IUV^p_sOQWs�l\MW�
IiP�ILKqQSdUdiTJsOQSP?M GbQWV�MO]_cJP8wX� { � �HMOV>PRN?wj��	�V\s}MmPRl^M � { � �HMaV>P?NRw/ILK|QWdidUTJsOQ�PRMaG�� c^NRTJs}MaKRK?TWN<M*)JM s}YJPRIiTjV�sOQSV
sOTWV>P?IUV6Y^MW� � eAV^TWV^M_TWe�P?l\M_� { � ��K QSNRM Q=��QSIUdLQS[^dUM x I � MW�_QXK8PRN?Y stP?Y\NRQWd.l Q!�aQWNRG � - � � M*)JILK8P�KmGJY^M P?TXNRMaK?TWY^N�s}M
sOTWV � IUs}PRK��t�JPRl^Mmc^NRT6sOMaKRKZTjNAl\QWKoPRT [\diTJs4% Y^V>PRIid:QWV�� { � ��MaVjPRN?w�[ M s}TW]_M KoegN?MaMW�
�ow QjG^GJIUV^p�G^Q�P�Q h\MOdLG^K_PRT PRl^M�� { � ��Ka��IiP ��TjY^dLG [ M�c T>K?K?IU[^diMbPRT�Y\KZMbPRl^MO] P?T P?Ma] c TWN�QSNRIUdiw KZP?TjN?M

NRM}PRY^NRV^IiV\p�saQWs�l^ModUIiV^M KO� �Al^ILKC�oTWY^dLG QWdidUT�� egMOPRs�l^M G G^QSPRQ�P?T�[ M<Ii]_]_MaG^IUQSP?MOdUwmegTjN?�AQSN�GJMaGEP?TqP?l\MAQWc^c^NRTWc^NRILQ�P?M
G^MaKZP?IUV\Q�PRIiTjV N?MapWILK8PRMON�KO�>QSV\G l^MOdUc T��WMaNRsOTW]_MoP?l^MqKZIiP?Y Q�P?IUTWV��<l^MONRM<P?l\MqsaQWs�l^M|saQSV^V\TSP�[ M|�<NRI`P?P?MaV P?T [ M sOQSY KZM
PRl^M �<NRIiP?MO[ QWs4% [^Y��fMON�ILK egY\didz� � T���Ma�WMON ��P?l^ILK/KRs}MaV\QSNRIUT G^MOdLQ=w6K/� { � ��GJMaQWdidUTJsOQSP?IUTWV,QSV\G sOQSV,dUMaQjG P?T
c\N?TJs}M K?K?TWN_KZPRQSdUdLK TjV Q sOQjs�l^M�]_ILK?K [ MasOQWY\K?M/TWe|P?l\MONRM/[ MOIUV^p V^T egNRMOMX� { � ��Ka� �.IipjY^NRM9;\� � IidUdiY K8PRNRQSP?MaK_Q
V\TWV�� [^dUT6s4%6IUV^p sOQjs�l^M�TjN?p>QSV^I,�aQSP?IUTWV#�

� V QjG^GJIiP?IUTWV#�jIiV Q�]_TJGJMONRV sOTW]_c^YJPRMON�K?wJK8PRMO]�]_Ma] TjN?w [\QSV GJ�<IUGJP?l_IUKvV^TSPvM )JsOdiY KZIU�WMadiw G^MaGJILsOQSP?MaG P?T�PRl^M
l\TjKZP�c^NRT6sOMaKRKZTjNa�k�Al^MONRM�QSNRM<TSe PRMOV_] Y^diP?IUc^dUM|QSpjMOV>PRKvTWV P?l^M|[^Y\K x KZY\s�l QjKCpWN�QSc\l^IUsaKCQWsas}MOdUMON�Q�PRTWN�K:TjNv] Y\d`PRIic^dUM
c\N?TJs}M K?K?TWN�K��AIUKRK?Y^IiV\p�NRMan>Y^MaKZPRK|P?Tb]_MO]_TWNRwXT��WMaN�Q�K?l^TjNZPqc MaN?IUTJG�TSe�P?IU] Mj�EF�P8w6c^ILsOQWd.K?wJK8PRMO]�QWNRs�l^IiP?M stPRY^N?M
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�.IUpWY^NRM ;^� � �CFHu y KZwJKZP?MO]�QSN�s�l^I`PRMas}P?Y^NRM��<IiP?l�F���u �

TWe Q_sOTWV>P?Ma] c TWN�QSNRw u y KZwJKZP?Ma] IUK�IidUdiY K8PRNRQSP?MaG/IUV��.IUpWY^NRM ;^� � �
� VEQ|s}TWV>PRMO]_c TjNRQWN?w�u y c^dUQSPZegTjN?]��<I`PRl QSVmF|sas}MadiMaNRQSP?MaGm�qN�QSc^l\IUsaK:u TWN?P x F���uo�fIiV>PRMON?e QWs}M � � ��� NRY^V^V^IUV^p|Q

pjNRQWc^l^ILsOK � sOMOV>P?NRILs�QSc\c^diILsOQSP?IUTWV#�SegTWNCM*)^QW] c\diMj��P?l^M<pjNRQWc^l^ILsOK QWsas}MadiMaNRQSP?TWN K?l\QSNRMaK.KZwJKZP?Ma]�]_MO]_TWNRwm[\QWV\GJ�<ILG6P?l
�<IiP?l P?l\Mbl\TjKZP c^NRTJs}M K?K?TWN [>w sOTWV\KZPRQWV>P?dUw�N?MOP?NRIiMa�>IUV^p pWN�QSc^l^ILsOK s}Tj] ] QWV\G^K_QSV\G P?M )>PRY^NRM/] QSc K egNRTW] PRl^M
K?wJK8PRMO]	]_MO]_TWNRwW��F�K K?l^T��<V IiV �.IUpWY^NRM ;^� � �:P?l^M�KRQS]_M K?wJK8PRMO]�]_Ma] TjN?w KZMaN?�jMaKmQjK�P?l^M IUV\KZP?NRY\stPRIiTjV QSV\G
G\Q�PRQ_NRMOc TjK?IiP?TWNRw_egTWN<[ TSPRlbP?l^Mmc^NRTJs}M K?K?TWNAQSV\GbpjNRQWc^l^ILsOKAQWsas}MOdUMON�Q�PRTWN �

� V/Q s}Tj]_] TjV = r pWN�QSc\l^IUsaKvQSc\c^diILsOQSP?IUTWV#�jegTWNoIUV\K8P�QSV\sOMW�jP?l^Mqc^NRTJs}MaKRK?TWNvNRMaQjG^KvIUV\KZP?NRY\stPRIiTjV\K�QWV\G_PRN?ILQSV^pjdiM
�jMON?P?ILs}M KO�.c^NRT6sOMaKRKZM KmQSV\G PRl^MOV KZP?TjN?M KqP?l^Ma]&�<IiP?l N?MaV\GJMONRIUV^p�K8P�Q�P?M/s}TW]_] QSV G^Km[\Qjs4% IUVjPRT�F���u ]_MO]_TWNRw
K?c\Qjs}MW�<�Al^M pWN�QSc^l^ILsOK|QWsOsOMOdUMON�Q�PRTWNoP?l^MaV�NRMaQWG\KAP?l^M KZM s}TW]_] QSV G^K<TWY^P|TSevF���u,]_MO]_TjN?w�egTWN|N�QWKZP?MaN?I,�aQSP?IUTWV#�
� V�QjG^GJIiP?IUTWV P?TXPRl^M s}Tj] ] QWV\G�PRNRQ!3 sS��PRl^M pWN�QSc\l^IUsaK�QWsOsOMOdUMON�Q�PRTWN�QSdLKZTXNRMaQWG\KqQXdLQSNRpWM_QS]_TjY^V>P�TWe�PRM*)6P?Y\N?M
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Execution Timeline

Mini-Geometry Kernel: Baseline Writeback (wb=1, mshr=8)

Baseline FrontsideBus Bandwith
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Execution Timeline

Mini-Geometry Kernel: Eager Writeback (wb=1, EQ=4, mshr=8)

Eager WB FrontsideBus Bandwith
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Load Resolution Time Comparison (wb=1, EQ=4, mshr=8)

Baseline
Eager Writeback
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Execution Timeline

Mini-Geometry Kernel: Eager Writeback (wb=1, EQ=4, mshr=8) 320 Bytes per 400 clks injected 

EagerWB Dirty Writebacks Bandwidth on Frontside Bus
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Execution Timeline

Mini-Geometry Kernel: Eager Writeback (wb=1, EQ=4, mshr=8) 2560 Bytes per 3200 clks injected 

EagerWB Dirty Writebackes Bandwith on Fronside Bus
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Execution Timeline

Cache_walk Kernel: Baseline Writeback (wb=1, mshr=8)

Baseline FrontsideBus Bandwith

�.IipjY^N?M ;\� � � ��MO]_TWNRw��AQSV\G^�<IUG6PRl r ILK8PRN?IU[^YJPRIiTjVX[>w �%�&�����
	��'� � ��	����!�"� �"� egTjN|{>P?NRMaQW]_IiV^p ��MaN?V^Mad

0

200

400

600

800

1000

1200

1400

1600

0 2e+06 4e+06 6e+06 8e+06 1e+07

M
By

te
s p

er
 se

c

Execution Timeline

Cache_walk Kernel: Eager Writeback (wb=1, EQ=4, mshr=8)

Eager WB FrontsideBus Bandwith
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# 
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s

cache line sequence

bzip2.graphic

all accesses
stack

global
heap

read-only
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1e+06
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1e+08
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# 
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cache line sequence

crafty.ref

all accesses
stack

global
heap

read-only

1
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1e+06
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1e+08
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cache line sequence

eon.cook

all accesses
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global
heap
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cache line sequence

gap.ref

all accesses
stack

global
heap

read-only
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gzip.log

all accesses
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global
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mcf.inp

all accesses
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cache line sequence

gcc.cp-decl

all accesses
stack

global
heap

read-only
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cache line sequence
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all accesses
stack

global
heap

read-only
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cache line sequence

twolf.ref

all accesses
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cache line sequence

vortex.ref

all accesses
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read-only
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cache line sequence

perlbmk.scrabbl

all accesses
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global
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read-only
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cache line sequence

vpr.ref

all accesses
stack

global
heap

read-only
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cache line sequence

cjpeg

all accesses
stack

global
heap

read-only
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# 
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cache line sequence

djpeg

all accesses
stack

global
heap

read-only

1

10
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1e+06
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cache line sequence

epic

all accesses
stack

global
heap

read-only

1

10
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# 
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cache line sequence

unepic

all accesses
stack

global
heap

read-only

�8|



1

10

100

1000

10000

100000

1e+06

1e+07

1 10 100 1000

# 
of

 a
cc

es
se

s

cache line sequence

g721decode

all accesses
stack

global
heap

read-only
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cache line sequence

g721encode

all accesses
stack

global
heap

read-only
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# 
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cache line sequence

mesa.mipmap

all accesses
stack

global
heap

read-only
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cache line sequence

mesa.osdemo

all accesses
stack

global
heap

read-only

1
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cache line sequence

mesa.texgen

all accesses
stack

global
heap

read-only

1
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cache line sequence

gs

all accesses
stack

global
heap

read-only

1

10
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# 
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cache line sequence

mpeg2decode

all accesses
stack

global
heap

read-only

1

10
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cache line sequence

mpeg2encode

all accesses
stack

global
heap

read-only
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cache line sequence

pegwitdecode

all accesses
stack

global
heap

read-only

1
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10000

100000

1e+06
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# 
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cache line sequence

pegwitencode

all accesses
stack

global
heap

read-only

1

10
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cache line sequence

pgpdecode

all accesses
stack

global
heap

read-only

1
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cache line sequence

pgpencode

all accesses
stack

global
heap

read-only

1

10
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cache line sequence

rawdaudio

all accesses
stack

global
heap

read-only

1
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# 
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cache line sequence

rawcaudio

all accesses
stack

global
heap

read-only

1

10
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# 
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cache line sequence

rasta

all accesses
stack

global
heap

read-only
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