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n XAKD97U ��?APQabK�KD:!9"I�;BP"UJR�=�GJ?D\2?A=�[ aw97U�`Q?AG<I�`'[%`Q?DG2S]T���T GJ[]9%K��W[%GJKD9'=�X'��KD:!9��DGJKD9%? 	�% . �-� 0.(���,"$����,���M\2?A:
KAT'K	��T ��P!a &'[ ='�!VJK59%K�GJ[]9]K�W[%GJKD9'=YX+��9]?A: \2PQ?<9"@!\2?A: � � � Euc'� � � � i :!97I U�`Q?DG<I�`Q[%`'?AGJS%T���TR>:<;BT��5?JTQ?DG� &Q[]9]K_=
� � � � 	�� ��������" �#� �#% � � � � � 4 � /�� � � �0��: �&���� * � �

k KDV ���DP!= �WGJ?AC " �� 0����%��	�� � ���0� � �W=�K�R>:<T"9%?AG2a�KWE*" � � �Ye � E � � � R>KAP 
�T'[ =A9%?D:<CZ;BKAP'KDXD9"IJP'[%Cp9%?D:�X_[ =�GJS%TQ?D:
KD\��`Q[ �!=���\2P'?AC
9]K�KDP!= RB9"[%P���;BP"UJRW=�GJ?D\2?_=�
�T'9]KAC�9]?�G2=YX_P��<9"[%P'?�G2[�9%K�W[%GJK29Q=YX+��KA:!9 �DG2K29%?�9%?D:�KAT"9Qa RB9"PQ?DNO?D:
\2PQ?<9"@!\2?A:+� n N �DR>UH97UJC�\DP'?A[]\2[)�'[%P ��KDR�abKAC{9%?D:�K2V ���AP!= �WGJ?A: " ��KD\2K_= 9"[ a ��P'KAGJG2=�X'��;BP��2T'?�XAK_='; 
�P'?ZKAT��DVJ?���?
GJ[M9%?�G<I<X_?AC9%?D:5\2P'?J9"@!\2?A:+� n N �DRBU�97UJC�KATQK &'I<97UJRBUJC�9]?A:5KDV ���DP!= �WGJ?A: "#�oS%;B[ =W9"[]9"P'K	�$��T!=YXAI5\2?!VJ:!\JVJ?�(
X+�<97U<9%K ;BP��JTQ?A:�RB97UJT�;B[ =�P��<9"[%P'U�\2[%PQa�\J9 ��RBU�K2V<V���X_K29��,GJS%R>? �DPQ?,? ;BP��JTQ?DC [ a T'K_= �DS�V<9Q= R>9]?AC��,FHS]VJ?AC!E}?
KDV ���DP!= �WGJ?ACMKD:!9��DCZ[]XD9'[�VJ[ a 75	 ������� �� �HR>:��>XAP!a R>[ = CM;BKDPQKDXD97IJP���TMX_K29��5GJS%R>?��DPQ?��
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��� ��� ��� � ��� � ���������� ������ ��� � ����� ����� �

��������� � � 2���, $����4.�$������	� *  ),/ !� �=6 ��$5"��4.��

n \2PQ?DR�S � �W= RBU�9%?D:$2 �1� ( \2KAPQK2V<V<U<V2= R>GJ?A@ � "_E � � ;BP'UJR�=�GJ?2\D?A=�[%a�[%R�� 9'[]P!=YX+��\2KAP'KDV<V<U<V2= R>G���9 ��T�`Q:<KD`!=YX 
�T �WU�(
N�a���T 	�2 �1� %���9"UJC�VJS)�"UJC�9%?A:�:!\2?!VJ?��W= RB97I �W=�K�TQK,[]XA9"[]VJ[]R>9]?A@<T�\2?!V<VJS%C \2P�� �Q[ = C�I�VJ[%= 9%?D:<P �Wab[]C�\2KDP��DV<V<U<VJK��
� :<G��D?!V2a &'?A:<GJ[�
�9%?JT KAPQ= �WG��9 ��T `Q:<KA`Q=�X 
�T�NWUJNOa*��T
R�[�G2=�K�VJS �'U59%?A:�:!\2?!VJ?��W= RB9"I�� i :!97I�U59"[%;BT!=YXAI�S%;B[ =
�Wa T'[ =$S]TQKAC ��[]T!=YX+�AC�9"P��D\2?AC �W=�K TQK1\2P'?AR>?AGJ?_=�
�TQ?D:<GJ[�KD\JV��(G<U T'9"[]9"[%PQG2= T!= RB9'=YX+�(\2[]\2[%PQKDR>G2S]TQK KD:!9 �AGJKD9]K
	 ( �,� � :(��������" � � �#%�� � � � � � �1��� � .(���,"5��  � (�� � �$KDT'9'aAT'K�GJ[]9%K29"PQS]\2?A:<GJ[HKA:!9 ��R>[HT'9"[]9"[%P'G2= TQ= RB9Q=YX+� KD:!9 �AGJKD9]K��
FHK X_@<PQ=�K�\JVJ[%?JTQ[�XA97IJGJKD9%K�\2?D:�[%GJNOKDT!a*&Q[ =2KA:!97I�U�\2P'?AR>S � �W= RBU [ a TQKA=DU�K2\2V��<97U<9%K 97UJC!E_U []:<[]V2=*�QabK�97UJC�XAK_=A9]?
�<9'=�`'[%T
K2\2K_= 9"[ a�[%TQ`Q=*�DG2[]R>U�G2T"IJG<U 	��(�-2�. "���� �#�('�� �
n �DKAR�=YXAI
=�`QS%K�9]?A:M\2P 
 9]?A:�KDV ���APQ= �WG2?D: � * �16�� � %&� � �W=�K�R>:<T'9]?AG2abK�E��&% � ��� � [ a T'K_=JTQK�KDTQK2\DKDPQKDR>97IJR>[ =<97UJT

X_K29 �ARB9%KDR>U597UJC�KDTQK'&"I<97UJR>UJCR>KAT S]TQK�KDP!= �WG���X_K_=WR�[MX'��W[ �2IJG2K�KDTQK &'I<97UJRBUJCXA?ARB9'a &'[ =WS%T'K�G2=�XAP���KDP!= �WG��
KD\�5KAPQ= �OG<U<9'=YX_S%CMX_KA=_VJ?��W=�XAS%C�\2P�� �Q[ = C!E>S�9'R�= 
�R>9"[Z?A=BKAP!= �WGJ?_a�TQK5[ a T'K_=_KDP'X_[�9���GJ[ ���2VJ?_= �W=�K�TQK�\2KAPQKDRB9"IJR>[ =
�!VJ[%CZ9'= CM\D= �WKATQS]CZX_KD9]KARB9 �AR>[ = CM97UJCMKAT'K'&"I<9"UJRBUJC�� n \2?!VJ:!\JVJ?DX+�<97U<9%K�;BP��JTQ?D:
97UJCN �DR>UJC�\DP'?A[]\2[)�'[%P ��KDR�abKAC
[ a TQK_= 75	�	 � 8 
�� 
 �� � ��� �+;BP'UJR�=�G2?2\2?_=�
�T'9%KDC�75	 � 
�� 
 �+; 
�P'?WEA:!\D?��WS]9%?JT'9]KAC �<9'=B9%?5GJI<XA?ACl9%?A:�\2P'?J9"@!\2?A:
`Q[%T
[ a TQK_={GJ[ ��KDVJ@!9"[%P'?�KD\��9]? G<I<X_?AC�VJS)�"UJC�9]?A:�:!\2?!VJ?��W= RB9"I��,FHS]VJ?AC!E U�\D?!VJ:!\JVJ?2X+�<97U<9%K ;BP��JT'?A:�97UJC�N��ARBUJC
97UJC�KATQK &'I<97UJRBUJC�[ a TQK_= 75	 ��� � � � �MRB97U,;B[%=�P��J9"[%P"U�X_KA={GJS%RBU�\2[%P!a�\J9 ��RBUBE �2\2?A:�� � � � [ a TQKA=w?,;BP��JTQ?DC �W=�K�TQK
:!\2?!VJ?��Wa &'[ =A97UJTMG2[�9%KD9 �2\A= R>U I�G2=�K�KD\JV<I
\DP��'�"U�\�DT��(R>[lKAPQ= �OGJ?D@<C�9 ��T � 2 �#� % ;BP'UJR�=�G2?2\2?_=�
�T'9%KDC�9]?�G<I<X_?DC
VJS)�"UJCZ9 ��T�
 2 �1� % �
8ZP��AR>NOK29%KWEQS%TQKDC X_K_= TQ?D@<P �W= ?DC�KDV ���APQ= �WG2?DC [%GJNWKAT!a RB97U<X_[ \2?D:�?JTQ?DG� &Q[]9]K_='$  � ?�= ���: ( �,��:(��������" � � �#%�� � �

� � � � � �� ��* �#�('�	�$�( ��� � � c'� � � ��k KDV ���DP!= �WGJ?ACZKD:!9 �AC�\2PQ?DR>?AGJ?_=�
�TQ[ =BS%T'K�GJU�T"9"[]9"[%PQG2= T!= RB9'=�X'��GJ[]9]K�W[�(
GJKD9'=YX+� KA:!9 �DG2K29%? GJ[p97UJT �D?2I��W[ =�K�97UJCl9'[];BT!=YXAIJC32 �1� ( \2KAP'KDV<V<U<V2= R>GJ?A@+� k ;BP��2T'?ACp97UJCl\2P'?A[]\2[)�'[%P ��KDRWa�KAC+9]?A:
KDV ���DP!= �WGJ?A: $�( ���)[ a T'K_= 7$	 � 8 
��
 � �W=�K ����
 ;BP"UJR�=�GJ?D\2?A= 
�T"9%KAC 75	 � 
�� 
 � []\D=Y\JVJS%?JTZ; 
�PQ?�� k ;BP��JTQ?DC
97UJCMKAT'K'&'I<97UJRBUJCZ[ a TQKA= 75	 � � �+RB97U�;B[%=�P��J9"[%P"U�\2[%P!a�\J9 ��RBU�X_K_= 75	 ������� �� �pRB97U�GJS%RBU5\2[%PQa�\J9 ��RBU��

��������� � � 2���, $����4.�$ �  ��  !&�	 , �  �� $5" � . �

k K2V ���AP!= �WGJ?AC��+���� � " �2 � � 	 ��"&� � c ��� � ;BP'UJR�=�GJ?2\D?A=�[%aw9"[%;BTQ=�XAS%C
XAKD9%K2X_[%P'GJKD9'= R>GJ?A@+�
k X_K29%K2X_[%P'G2K29'= R>G�DC
[ a TQK_=pG2=�K KD\JV<I GJS �W?A`'?AC �W=�K T'KoK2\2?ANO@���[%=pXAKAT'[ a C�9%?JT 9'[�9'P'K	�$��TQ=�X'� KDP!= �WG�� R>:��>X_PQa R>[ ��T1;BKDPQK2XA97IJP���T
RB9'= C \D[]P!= R>R$�<9'[]PQ[%C�\2P'KDXA9'=YX_S%C
\D[]P!=Y\29 
�R>[ = C�� n �DKDRW=YXAI�=�`QS]K�9]?A:�K2V ���AP!= �WGJ?A: ��"3[ a TQKA=�TQK�:!\2?!VJ?��Wa &Q[%=w97U
R>:<T��DP'97UJRBU5XAKD9]KDX_[]PQGJKD9'= R>GJ?A@C	 * 0% * �#�('56�.�� � � �1�,�9� �W=�K�X+���W[ � (r?AG��A`'K�:!\2?AK2VJNOKAPQ= �WGJU<9'=YX_?D@�9]?A:�X_[ =�GJS%TQ?D:
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	 ��� ����	� ��
��� ��� ��� � ��� � ���������� ������ ��� � ����� ����� �

X_KA= TQK []VJS ��;B[ = KDT�KA:!97I1[ a T'K_=$a R>U GJ[�97UJT R>:<T��DP'97UJRBU1XAKD9]KDX_[]PQGJKD9'= R>GJ?A@ 9%?D:1\2PQ?<9"@!\2?A:+� n N �DRBU197UJC
\2PQ?D[]\2[)�Q[%P ��KAR�abKDC�9]?A:KDV ���DP!= �WGJ?A:
�	" K2\2K_= 9"[ a 7$	 � � ;BP��JT'?
[%T 
 UN �DR>UM97UJCHKAT'K'&"I<9"UJRBUJCpK2\DKA= 9"[ a 75	 � � �
;BP��JT'?5RB97U�;B[ =�P��<9"[%P'U
\2[%P!a�\29 ��RBU�� k G2S]R�?DCZKAPQ= �WG�DCMR>:��>X_P!a R>[ ��T;BKDPQKDXD97IJP���TZ9%?D: KDV ���DP!= �WGJ?A: �	" [ a T'K_=
75	 � 8 � � �
kM=A\2?!VJ:!\2VJ?2X+�<97U<9"[%C�;BP��2T'?A:MX_KA=A; 
�PQ?D:�9 ��T`!=�KAN �DP���T�KDV ��?APQa �OG#��TZ\2KAP'?A:<R�=��'&Q?JT"9%K_=2RB9%?JTM8Ma T'KDXAK � � c

�W=�K�97U�;B[ =�P��<9"[%P'U�XAK_=>GJS%RBU \D[]P!a�\J9 ��R>U��
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�� �� ��� � �� � ��� � � � � �� � �  � � �� � ��  � � � � � � � � � � ���  � � ! � �

" ��� � � �  ! � #� � �  � ��  � � � $ �� � �% � �� #� � �  � " � � &' � � % � � # ��  � ( � ' ! � �

# � � � �� �� � � �� � �� � % � ( ) % � � �� � �� � % �

*+ ,- - ./ 0 1234 365 1 7 8 


9: ; , - - ,

* : , 0 <= < - 0> , ?@ , 0 <= <

A * : , 0 <= < B - , 0 <= <

* : C , 0 <= < ,- ?34 3 <= <

DE , 0 <= < ,- <= <

* : E , 0 <= < ,- <= <

F+ , ,- - GHI @@ ,

E J . , 0 <= < 8K @L M - K @L M - K @L M , <= <

*N O : , 0 <= < ,- - GHI @@ , <= <

9 F , ,- , 0 - 
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	 ��� ����	� ��
��� ��� ��� � ��� � ���������� ������ ��� � ����� ����� �

����� ��� ������ ������� !�� �/��	��1	 ��	��
	��

� [�KD:!9"I�97UJT�\2KAP��	��P'KANO?�\2KDPQ?A:<R�=��'&'?A:<GJ[
97UJT�\2[ =�PQKDG2K29'=�XDI�G2[��O?D`Q?!VJ?��Wa�K,U�?D\2?AabK�;BP'UJR�=�GJ?2\D?A=�I���U<XA[ R>9]K
\2[ =�P��AGJK29%KMGJKAC�\2PQ?DXA[ =�G2S]TQ?A:pT'KZR>:��>X_PQa TQ?D:<GJ[ 9"UJTpK2\�A`Q?DRBUl9 ��TpKDV ��?DP!a �WG���T KATQK &'I<97UJRBUJC�KDVJNOKDP!= �WG<U<9'=�X 
�T �
kM=�\2KDP��AGJ[]9"P'?_=A\2?A:�\2[%PQ= ��P��DNO?A:<T97UJT�K2\ �D`Q?DR>U�9 ��T�K2V ��?APQa �WG#��T�[ a T'K_=B?_=>[)�'IJC#"

c#�pFH?�GJS ��[ �W?ACZ9]?A:�XA[ =�GJS%T'?A:_E

� �pFH?�G<I<X_?DC�9%?D:�\2P'?J9"@!\2?A:�XAK_=

�+�pFH?�GJS ��[ �W?ACZ9]?A: K2VJNOK��2I<9]?A:+�

� k�\���C ��T ��P!a*&Q?A:<GJ[QEQX_KAT'S%TQKDC$K2\�
9%?D:<CpKDV ��?DP!a �WG2?D:<C+`Q[]T�[ a TQKA=��DS�V<9Q= R>9]?ACHI ��[%T!=YX+�X_K2VJ@!9'[]PQ?AC �W=�K �!VJ[%C
9'= C+9"PQ[ = C+\D[]P!=Y\29 
�R>[ = C�� � :<TQ[]\ 
�C!EJ?X_@<P!= ?AC RB9 �<;B?AC+97UJC \2[ =�PQKDGJKD9'=�XDIJC+GJKAC$G2[�VJS]97U[ a T'K_=QT'K�R>:��>XAP!a T'?A:<GJ[ 97UJT
\2PQK2XA9'=�XDI�KD\�A`'?ARBU�9 ��T�K2V ��?APQa �WG#��T�R>[R>;BS%RBU�GJ[Z9]?�G<I<X_?ACM9]?A:�\DP'?<9'@!\2?D: � G2=YX_P���X_KA=WGJ[ ���2VJK�\2P��<9":!\2K��
X+�29 � KD\��`!=�KANO?DPQ[]9'=YX+��GJ[ ��S��WU�KDVJNWK��2I<9%?D: � I�9'@!\���T X_[%=�GJS%T ��T � �D\���C�9%?�`':<KA`!=YX+��K2VJN �#�2U<9%?WEOKDVJN����2U<9%?
GJ[ ��S �W?A:<CMe_E>K � �>V2=�X'��K2VJN �#�2U<9%?�X_K_=>KDVJN����2U<9]?� ( � E>9%K�?D\2?_a�K�S];B?A:<T�`!=�KANO?DPQ[]9'=YX+��;BKAP'KDXD9"UJPQ= RB9'=�X'���

��������� ���.=�!. 2 $5"�� $ &�� * 	 ,=$�� �!� �!.��

FHK�\2[ =�P��DGJKD9%K�[]XA9"[]VJS%RB97U<X_KDT$R>[ S%T'K ��.��
+&/1���� �@���� � � � GJ[ 9%KD;B@!9"U<9]KM;BPQ?JT!= R�GJ?D@Zc � � � * �JE!GJ[�" � ��2�" � �
X_KA=QS%T'KZRBXAV<UJP��M`Qa RBX_?MGJ[ ��S �W?A:<C � � c �&2 �{FH?ZVJ[ = 9%?D:<P �W=YX+�R>@<RB9"UJGJKMI<9%KDTp9%? �@�,/ �� �#% �*��� � j KD9 �Z97UZ`Q=*�DP'X_[%=�K
9 ��T5\2[ =�P'KAG��D9 ��TDE{?�:!\D?!VJ?��W= R>97IJC�GJKAC `'[%T�[]XA9"[]VJ?D@<R�[ �DV<VJ[%C �DKAP!=�S%C�[]P ��KAR�a�[%C���kM=w`Q?DGJS%C�`Q[]`Q?AGJS%T ��T�\2?A:
;BP'UJR�=�GJ?D\2?_=YI���U<X_KAT RB97UJT�GJ[]VJS]97U�GJKAC�I<9%KDT KD\2?��U<X_[]:<G2S]TQ[%CRB97UJT�XA@<P!=�K�GJT'IJG<U�9]?A:�:!\2?!VJ?��W= RB97I�X_K29 ��97UJT
`!=��AP"X_[ =�K�9 ��T�\2[ =�PQKDG�29 ��T�5FHS�VJ?AC!E ?_=wKDV ���APQ= �WG2?A={\2?A:�\2KDPQ?A:<R�=��AR>KAGJ[�\2P'?DU ��?A:<GJS%T ��C�S%;B?D:<T�:!VJ?D\2?A= U��O[%a
RB97UJT �>V�
�R>R>K \2P'?���PQKAGJGJKD9'= R>GJ?A@ � ( � � � � "�� � GJ[�?AGJ?_= ?���[]T'I(9"P��2\2? 
�R>9"[�U R>@��>X_P!= R>U 9]?A:<C�T'K [ a T'K_=
KAGJ[%P��!V<U<\J9"UBE{;BP"UJRW=�GJ?D\2?_=�
�T'9]KAC 9%?JT�G2[�9%K	�>V#� 979'= RB97I������ ! =�K�?DP!= R>GJS%TQ?D:<C KDV ���DP!= �WGJ?A:<C�;BP"UJRW=�GJ?D\2?_=YIJR>KAGJ[
9%?JT�X 
�`!=YX_K�\2?A:�\2KAP'?A:<R�=��'&Q[�9%K_=BRB9'= C�[%P ��KDRWa�[%C � &_E � �AEuc ��� � �
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Qa_M]`R8]BUX]�D`HKu d ]KU�Z8Y M c ]�^T]�|OZ8u Na_`]`R8]�QSFtQSR�iM_ f R(I d�	*+#.�Q Zou d ]�D`JB|OD�] d FtQS_M]KRTDVU G Y ZbH`ZKETZ8^hNa]KQeRhkMY * & ��A�e
J �S�32 f � � �54#4 e J . � � ����&6.(4$R�7 UX]XD .(4$R98�e R8J * P � �����
� fBP �:. �t� � f ����*�.SR98�e U�LtH M

CTMkc JILtLM]KHMLMW8Y r d R8JILMW8Y ~ J d ]K|IDVU G � Z8|TJ�_MW d J�N . �"? � f �"? � + ������&s�S�
� fBP � 	 f � �#? �SQ��� � R. + 	TQ%U �@V r d ]KY
FIHKJILMJONPD QSR�kMY . + 	TQ Zou d ]XDM_`D�]�_Mi Z ] d k�]KH G ZsHKZJEOZ8^�Na]�QeRhW8Y H`J�FpZbUKRTZsLMJ ltd |OD�]K\nJK^OZbRTDVUXW8Y Z d R8JILMWbY H f�d I
QSRbJ�u�|OD J�^TZ l _M]�|OZb|OJ�_MW d I d�M CEDKFIH`JILMJONPD QeRhW8Y H`JKF HK]KQau �OJ d R8]XDtQeR8J _MJ d RhWbLMJ . + 	
Q |TZ d Z8u d ]�D Z ^TkMQaD�_MJ�D
QaZ HKJILtLMWbY�Zb\n]�^T_MJONaW8Y M

� Mkc JILtLM]KHMLMW8Y r d RbJILMW8Y c JILtLM]KHML f � Zb|OJ�_MW d ] N . �"? � f �"? � + ������& �a�
� fBP �;. � ? � f � ? � Q$��� �)R<. +'. Q%U �!V r d ]KY
FIHKJILMJONPD QSR�kMY . +'. Q Zou d ]XDS_KDq]}_ti Z ] d k�]KH G ZbH`ZKETZ8^hNa]KQeRTWbY=H`J�F�ZbU�RhZbLMJ ltd H`JILtLM]KHMLMW8YpZ d R8JILMW8YEH f�d I
QaZ{H`JILtLM]KHML f ^OZ l _`]`R8]�|TZ8|OJK_MW d I d!M CEDIZbH`ZKEOZ8^�Na]�QeRhW8Y{R8JKF QSFtQeR�kM_`]`R8JKY ]�FIRbJ l LMZoD R8JKFt^hNaJ ltd ]�FIR GMd J�_M]
]�\nJ l W Z JKF d R�i d |ODqUKkzR8JKFtY _`J dTf |O] ZbLMWsN Z JKFcUX]�D�RbJKHKDVU�k _ d kM_ti M CED FIH`JILMJONPD QeRhW8Y�RhiMYBU�]KR�iINaJ�^Ou�]KY
]�FIR�kMYEZou d ]XDXUX]`R f LtLtitLMJXD�NPDq]cR�i d ZsH�uqLMFtQei�H`JILtL aGd Z8\n]K^O_MJON aGd�M CEDPZbH`ZKETZ8^hNa]KQSRhW8Y=Z dLG Y�QSFtQSR�kM_M]KRbJ�Y
. +'. Q LMZoD R8JKFt^hNaJ ltd ]�Q l N Z ^TJ d ] QSZ ] d RTu �nZbQSi[_MZBRbJ�FtY�FIH`JILMJONPD QeRTWbY 	 +'. Q�M V C�QSJ HKD Jm]�Q l N Z ^TJ d i
UX]XD Z ]KLM]K^Tk=Zou d ]XDIipQ ltd |OZbQSi�Z dLG Y . +#.�Q QSFtQeRhkM_M]`R8J�Y R G QSJ _MH`JK^OJ l _MZ d ]�_KDVL f _MZ NPDq] U�]KRb] d Zb_MiM_MW d i
ZbH`ZKEOZ8^�Na]�Qau�] M

~ Dq] ZoDq|IDVU�k�UX]KR�iINaJK^Iu�]pRJI d FIH`JILMJONPD QeR aGd 	 +#.�Q Zou d ]XD`JXD�|OD�]`R f EOZoD Y ZsHKZJEOZ8^�Na]�QeR aGd N ��& & ��A ��& P � ��� � P & �(UJM
CED{|IDq]KR f ETZoD Y}ZsHKZJEOZ8^�Na]�QeR aGd ZbU�RhZbLMJ ltd Q l N Z ^TJ d ]�_`D�]vUXJXD d k ]KU�JILMJ�FL�nu�]mH`^ f EOZJI d H fKd I QSZ?|IDq]�\nJK^OZbRTDVU f
|OZb|OJ�_MW d ] M�� D�|OD�]�D RhZ8^ G R�itR8]zR8JKFtY QSZpQ Z W8Qei}_MZER8JKFtY f LtLMJKFtYpFIHKJILMJONPD QSRhW8Y 	*+#.�Q HK^Iu QeU�ZbR8]�DnQeR8J}NaZsNaJ dLG Y
G RTDKQ Z Z8|ID f �TJ d R8]�DtNPDq] d ]�ZbUKRTZsLMJ ltd _`Z HKWsLtROD QSRbJBRh^ G H`J _KDq]BQSFONSUXZb^IDq_`W d ipJ�_ f |O]�]`LINaJ�^Ou �P_�I d�M r u d ]XDM|TitLM]�|hk
QSFtQeRhkM_M]`R8]mZoDq|IDVUXJ l UX]�D G1Z D NaZ d DqU�J l QSU�JKH`J lTM�� R�i d QSF d W Z Z8D�][R8JKF}UXZ8\P]KLM]Xu JKF?]KFIR8J l �P] H`]�^TJ�FtQaD f �OJKFt_`Z
R�i d ]K^ Z D RhZbUKR8J d DVU�kBR(I d |IDq]KR f EOZJI d ZbH`ZKETZ8^hNa]KQSR aGd!M
CEDXFIH`JILMJONPD QeRTWbY . +#.�Q _tHKJK^OJ ltd ZbHKu QeiMY d ]�R8]�EID d J�_ti�PJ ltd _`Z H f QSi�R�i d J�^�N f�d IGQeipUX]�DK|OD�] Z Zou�^OD Qei R�iMY

_ d kM_tiMY�R8JKFtYpQaZ=| l J�_`Z N f LMZ8Y=U�]KR�iINaJ�^Ou�Z8Y �
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��M�� HKJILMJONPD QSRhW8Y . +'. Q � D�]K_`J�D�^T]F� G _MZ d iMY ~ d kM_tiMY%N 	 ����& �� ;. � � P & A . +#.�Q . �t� � f ����U � � RbJ�FtY FIH`J10
LMJONPD QeRTWbY |OD�]K_`J�D�^T]F� G _MZ d iMY _ d kM_tiMY e HKJKF QSF ZedOf J d J�_ f �TJ d R8]�DeU�]XDeH`JILMFtZbH`ZKEOZ8^�Na]�QeRhW8Y�N � �"? � f ��& P � ��� R
� P & �(U G LMJ�D J�D�ZsHKZJEOZ8^�Na]�QeRhW8Y W Z J�F d H`^ G QFHK]KQSi}QaZ |IDq]�_MJXDq^O]�� G _`Z d i?_ d kM_tiz_MW8Q
I RhiMY�JKH`JXu�]�YENPu d ZsR8]XD
UX]XD i ZbHKDqU�JXD d I d u�][_MZbR8]�E l R8JKFtY M � ] |OZ8|TJ�_MW d ] ]`H`J!�aitUXZ l J d R8]XD QeR�i d |IDq]�_MJ�D�^T]F� G _MZ d ic_ d kM_tizUX]XD i
RT^TJKH`JKH`J�uViMQei RJI d |OZ8|TJ�_MW d I d ]�FIR aGd ]KH G W d ]EZbH`ZKEOZ8^�Na]�QeR�k=\P]Xu d J d Rb]XDhU�]XDOQeRbJ�FtY FIH G LMJXDVH`J�FtY ZbH`ZKEOZ8^ 0
Na]�QeRhW8Y MYc ]�^O]K|OZou Na_M]`R8]c|OD�]K_MJXDq^O]F� G _MZ d iMYE_ d kM_tiMY�Zou d ]XDaJXDn|OD f \nJK^OJXDSR l HKJ�D�FIH`JILMJONPD QeR aGd!	X����e 	 � +8e
	 . 4 N 	FA�� ��� ��& f � . � ? � f R 4& P � ��� � f ����UNe * & ��A 26R9.(4 e�* & ��A�R��Je U�LtH M

- M�� HKJILMJONPD QSRhW8Y . +#.�Q�� ]KRb] d Zb_MiM_MW d iMY ~md kM_MiMY�N Q f ����& f �a��� �� . � � P & A . +'. Q . �t� � f ����U � � RbJ�FtY
FIHKJILMJONPD QSRhW8Y?UX]KRb] d Z8_tiM_`W d iMY�_ d kM_tiMY e H`J�F QaF ZedTf J d J�_ f �OJ d Rb]XD UX]XD�H`JILMFtFIHKJILMJONPD QSRhW8Y N � � ? � f � P ��R
�P��� � & �(U G LMJXD�JXD�ZbH`ZKEOZb^hNa]�QeRhW8Y W Z J�F d R�i d |IDVU�kzRbJ�FtYBRbJKHKDqUKk _ d kM_tizUX]XD�i[ZbHKDVUXJ�D d I d u�] _MZbR8]�E l R(I d
ZbH`ZKEOZ8^�Na]�QeR aGd NPu d ZbRb]XD _MZBR�i d ] d R8]`LtLM]`NSk[_ti d Ft_ f RJI d _MW8Q
I RbJ�F[|IDVU�R l JKF |OD�]KQ ltd |OZbQSiMY�N f � � � &s� P �TR
� ���
� fBP � ��� � � P &	, UJM;� J[|Iu�UKRhFtJz|IDq]�Q ltd |TZ8QeiMY RJI d FIH`JILMJONPD QeR aGd _tH`J�^OZ8u d ][J�^�Na] d I@�PZouPQaZ |ID f \PJ�^OZbY
R8JKH`JILMJONPu�Z8Y G H#IGY |OW d |O^TJ N ��& � ��UNe |O]KUKR l L`D J N & f ����UNe H`LMW Na_`] N � & f  U U�]XDtR G ^OJKY N � P & �"�(UJM�c ]�^T]�|OZ8u Na_`]`R8]
UX]KRb] d Z8_tiM_`W d iMYE_ d kM_tiMYpZou d ]XDSJXD 	 4��&8 R�iMY +.1�.ye 4���& �#� P � R�iMY + � � ��? e	� A���� & �o����� R�iMY�
 ��� ��? e�. � f , P
f ����Pe ��*���� 5�� A���� & �o����� e U�LtH M V C�_�IGY G H#IGY �n]z|TJ l _MZ�H`]�^T]KU f RJI RbJz|Iu�UKRhFtJc|IDq]�Q ltd |OZ8QeiMYp_tHKJK^OZou
d ]�Zou d ]XDXUX]�DaW d ]�]KHML G RbJKHKDqU G |Ou�U�RhFtJ M

c Z8^OD QSQ G RhZ8^TZ8Y�LMZbHMRbJ�_MW8^OZ8D�Z8Y�NPDq] Rb] Z ]K^O]KUKR�iM^ID QeRTDqU f R(I d H`]�^ f LtLtitL�I d FIH`JILMJONPD QeR aGd HKJKFz] d ]�\nWb^O]�_MZ
H`^OJ`iINaJ�Ft_MW d IGY HK]K^OJKFtQPD f �TJ d R8]�DeQSRb]�H�D H`L`u�]  ���C � e ���� " M
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��Z ^TkMQei=R(I d HK]K^ f LtLtitL�I d UX]XDhUX]KRb] d Z8_tiM_`W d I d QSFtQeRhiM_ f RJI d Qa] d _MW8QSJENPDq]ER�i d H`]K^OJ Z k�FIH`JILMJONPD QS_ aGd F�Pi30
LtkMY�]`H G |OJKQeiMYENPDq][_MZsN f LM]z_MZsNaW(�aicZ8\n]K^O_MJON aGd W Z JKF d Z8^OZ8F d i�PZounZbUKRTZ d*a YpQeR8][RTZsLMZ8FIR8]�u�] Z ^ GMd D�] M V C�_�IGY
_MW Z ^IDnH`^ G QS\n]`R8] e R8][J�\PWbLti}]`H G ]KFIR�k d R�i d W8^TZ8F d ]}H`Z8^OD J�^Ou QSR�itU�] d QeR8] f RbJ�_M]zR8][JKH`JXu�]zZou Z ] d H`^ G QFHK]�Qei
QSZ _`Z N f LMZ8Y UX]�D�]KU�^ID HKW8Y FIHKJILMJONPD QSRTDVUXW8Y H`LM]`Rh\ G ^T_MZ8Y M$� kM_MZ8^T]Bi R f Qei�QSRbJ d HK]K^ f LtLtitLMJ�UX]�DKUX]`R8] d Z8_tiM_MW d J
FIH`JILMJONPD QS_ G _MZbRb]KUeD d Z8u R8]XDP]KH G RTD Y�ZoDq|IDVUXWbY FIH`Z8^TFIHKJILMJONPD QSRTDVUXW8Y�HMLM]KRh\ G ^O_MZ8Y�QaZp\ �Pi dTf QSFtQeRhkM_M]`R8]}NaZ d DVUXJ l
QeUXJ`HKJ l G H#IGY}ijQSFtQeR8JXD Z u�]wFIH`JILMJONPD QeR aGd H`J�F�]KH`JtRhZbLMZou Rb]XD ]`H G ZbH`ZKETZ8^hNa]KQeRTWbYckjQeR8]!�P_MJ l Y Z8^�Na]�Qau�]KY?k
H`JILMFtZbH`ZKEOZb^hNa]�QeRhW8Y M r HKDVH`LMWbJ d7e ]KU G _ti}UX]�D QeR�izH`Z8^IuqH`R(IGQei R(I d H`JILMFtZbH`ZKETZ8^hNa]KQSR aGd k f LtL�I d ]�^ Z D RhZbU�RbJ10
d DVU aGd HKZbLtRTD a QSZJI d R�iMYz]KH G |OJ�QeiMY�RJI d FIH`JILMJONPD QeR aGd?e imR f Qei HK^Iu QeUXZsR8]XD{QeR8J@Q Z Z8|IDq]�QS_ G QSF d |OZ8|TZ8_MW d I d
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QSF d 0 ZbH`ZKETZ8^hNa]KQeR aGd N ����� �t� � �� �� P R ��& P � ��� � P &JU H`JKF�H`^TJ�QeRTu �PZ d R8]�DnQeR8]cH`]�^T]�|TJ�QaD�]`U f QSFtQSR�kM_M]KRb]z_MZ�U f ^hRhZ8Y
ZbH`WbUKR8]�QeiMY M � FIR�k i _MZbR8]`Ueu d iMQei J�\nZ8u�LMZbRb]XDoUXFt^Iu'IGY{QeROD YyH`^ G QS\n]KRhZ8YgZKEOZbL`u�EOZoD Y{QSRb]�|IuqU�RhFt] F�PitLtkMY{R8] Zel RhitRb]�Y
UX]�DnR�i d HKZsLtRODDIG_MW d i}]KH G |TJ�QeicR(I d _`DVUX^TJ�ZbH`ZKETZ8^hNa]KQSR aGd U�]XDnRJI d QeR8]#�n_ aGd Z8^hNa]KQau�]�Y M � FIRhW8YBJ�D�ZKEOZsL`u EOZ8D Y
QeiM_M]Xu d J�F d)G RTDSi?QSFtQeR8J�D Z u�][FIH`JILMJONPD QeR aGd NPu d ZsR8]XDaW d ]?]KH`JtRhZbLMZ8QS_M]KRTDqU G _MW8QSJ?NPDq]}H`]�^ f LtLtitLMJ?U�]XDeUX]KRb] d Z�0
_tiM_MW d JmFIH`JILMJONPD QS_ G M V r d ]KY�]`U G _Mi QeiM_M] d RODVU G Y HK]K^ f NaJ d R8]KY Zou d ]XD i H`^OJtRhFIH`JKH`JXu iMQei[H`JILtL aGd Z8^hNa]`LMZou�I d
H`J�F Z ^TiMQaDq_MJKH`JXD J ltd Rb]XD ]`H G RTD Y H`]K^ f LtLtitLMZbYzZ8\n]K^O_MJONaW8Y M�c ]�^T]�|TZou Na_M]KR8]�RhWbRbJXDDI d HK^TJtR l H#I d Z8^hNa]`LMZou�I d
Zou d ]XD�i;H�D H`L`D J#�aktU�i H`Z8^ f QS_`]`R8JKY�_ti d Ft_ f R(I d .�� 
 N . ��� � �#����� � � � f ��� 
 � � � & � �t� ��U ���� - e���� - " U�]XDXi�NSL a QSQS]
H`]�^T]KLtLtitL`D QS_MJ l |OZb|OJ�_MW d I d N  ���� �LR ����& ��? ? ��? U ��� � N � f � ����� & � P & � ���S� � � P ��& ���WU  D& - " M�� H`^OJtRhFIH`JKH`JXu iMQei
UX]#�nD QeR f |OF d ]KR�k Rhi d ] dTf HMRhF�ETi e |TJKUXD�_tk U�]XDxZbUKRhWbLMZ8Qei R(I d Z8\P]�^T_`JON aGd QSZ�_`D�]vQSFtQSRbJXD Z u�]@FIH`JILMJONPD QeR aGd
UX]�D�QeR8J�RhZbLMZ8FIR8]�u J QeR f |ID J R�iB_MZbRb]�\PJ�^ f R8J�FtY _MZ L`u NSi RT^TJKH`JKH`J�uViMQei�H f�d I@QeRTD Y�]KH`J`U�LMZoD QeRTDVUXW8Y HK]K^ f LtLtitLMZ8Y
HMLM]KRh\ G ^O_MZ8Y M.� ]KU G LMJ�FL�aiEL`u QeR8]BFIH`JONa^T]�_M_`u �OZ8D`_MZ8^ODqU�J l Y ]KH G R8J�FtY L G NaJKFtY H`JKFpipQSFtQeR8J�D Z u�] FIH`JILMJONPD QeR aGd
Z ^TiMQaDq_MJKH`JXDqZou R8]�DaH`Z8^OD QSQ G RhZ8^TJcQSZ�Q Z W8Qei�_`Z R8J�FtYEZ8D�|ODqU�J l Y�H`]�^ f LtLtitLMJ�FtY FIH`JILMJONPD QeRTWbY  - � " �

� CEDyQeR8]#�P_`J�u Z8^�Na]�Qau�]KY�NPu d J d Rb]XDxJILMJKW d ]�UX]�DxR8] Zel RhZ8^TJXD M � ]KH G |TJ�Qei RbJ�FmQeRb]!�P_MJ l Z8^�Na]�Qau�]KYcW Z ZoD
]�F�ETi�PZouP|O^O]K_M]KRTDqU f QeR8]zRhZbLMZ8FIRb]Xu�] Z ^ GMd Dq]cUX]�Dn|IDVHMLM]�QaD f �OZbRb]XDPU f �PZ � � WJIGY - �c_Mk d Z8Y M � FIR G \n]�u d Z	0
R8]XD�]`H G R8JcNaZsNaJ d�G Y G RTDnQeRhi d ]MNaJ�^ f UXFIUKLMJ�\PJ�^OJ ltd R8] Zel RhZ8^TJXDnZsHKZJEOZ8^�Na]�QeRhW8Y�UX]�DP]KH`JtRhZbLMZ8QS_M]KRTDVUXJXu
HKJILMFtZsHKZJEOZ8^�Na]�QeRhW8Y�N 	�.�� UJM
� � JBZ l ^OJKY � aGd iMY R(I d ZbHKDqU�JXD d I d D aGd N � P � � ��� f � ��� fBP � ������ �� f  �� � U ] dTf _MZ8QS]�QeRbJ�FtY QSRb]!�P_MJ l Y Z8^hNa]�0
QPu�]�YE]KF�E f�d ZbR8]�DSU�]XDei�UX]!�PFtQeRhW8^TiMQeiSN ? ��� � �S�KA U _MZoD aGd ZbR8]�DaU�]!� a YEUX]XD d J l ^hNPDqZ8Y=RhZ Zed JILMJONPu�Z8Y�|ODqUKR l I d
UX]XDeH`^�I{RbJKU G LtL�I d FILMJKH`J�D J ltd R8]XDaQeR8]cRbJKHKDqU f |Ou�U�RhFt] M
� CEDPQSFtQeR8JXD Z u�Z8YpQeR8]#�n_ aGd Zb^hNa]�Qau�]�Y=Z8u d ]�DXH�D JcZ l U�JILMJ d ]?JILMJ`U�LtiM^�I@�PJ ltd QeR8]?FIH f ^ Z J d R8]�|Iu�UKRhFt]?]`H G
G RTDaJXDSZoD�|ODqU�JXueH`]�^ f LtLtitLMJXDeFIH`JILMJONPD QeRhW8Y M
� CEDnHK^TJ�Q
I{HKDqU�JXunQeRb]!�P_MJXu�Z8^�Na]�Qau�]KY�|TZ d^Z ^hiMQPDq_MJKH`JXD J ltd Rb]XDnR G QSJ}]`H`J�|OJtRTDVU f ]`H G R8J�FtY Z ^TkMQeRhZ8Y ePf ^O]
FIH f ^ Z ZoDS|IDq]!�PW8QaDq_ti�LM] d � f�d J�FtQS]�D Q Zel Y M
� � ] dOf HMRhF�ETi?Z8^�Na]KLMZou'I d NPD�]zR8JKFtYBQeR8]#�n_MJ l Y Z8^hNa]KQPu�]�Y�Zou d ]XDPHKD J a ^IDq_tizQSZ�Q Z W8Qeiz_MZ RbJ�FtYBZoDq|IDVUXJ l Y
HK]K^ f LtLtitLMJ�FtY=FIH`JILMJONPD QeRhW8YEUX]�DX]�FIR G J�\PZou�LMZbRb]XD�U�Ft^Iu�IGY QeR�i d WbLtLMZ8D �aiBH`^OJtR l H!I d H`J�F�FIH f ^ Z JKF d QSRb]
HKZb^ID QSQ G RTZb^O]?H`]K^ f LtLtitLM]�QSFtQeRhkM_M]`R8] M
� CEDyQSFtQeR8J�D Z u�Z8YzQeRb]!�P_ aGd Z8^�Na]�Qau�]KY?Z8u d ]�Dx\"�ai d WbY?UX]�DxZ l UXJILM]j|OD�]#�nWbQPDq_MZ8Y}QSZcQ Z W8Qeij_MZ�ROD YzZoD�|ODqU�W8Y
HK]K^ f LtLtitLMZ8Y�FIH`JILMJONPD QeRTDqU�W8Y�HMLM]`RT\ G ^T_`ZbY M
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� CED QaFtQeRbJXD Z u�Z8Ym_tH`J�^OJ ltd Z l U�JILM] d ] ZbH`ZbUKR8]#�nJ ltd UX]�D i Z IG^hitRTDqU G R�itRb]wR8J�FvU f �nZzU G _LHKJ�F�N � P  ���U
_MH`JK^OZouSZ l UXJILM] d ]�]�F�Ehi�PZou e Z NSUX]!�nD QeR aGd Rb]�YpZbHKDVH`LMWbJ d _ d kM_ti�k�ZbH`ZKEOZb^hNa]�QeRhW8Y M
� Z0HK]�QaDqU G ZbHKu�H`Z8|TJ e _KDq]�QSFtQeR8JXD Z u�]jZou d ]XD _KDq]�QSFILtLMJONSkm]`H G QSRb]!�P_MJ l Y?Z8^hNa]KQPu�]�YBk FIH`JILMJONPD QeRTWbYcH`J�F

Zou d ]XDP|IDq]�QSF d |TZ8|OZ8_MW d JXDn_MW8Q
I |ODqUKR l J�F M � QSFtQSRbJXD Z u�] QeR8]#�P_ aGd Z8^hNa]KQau�]�Y�Zou d ]XDaUX]KR f LtLtitLti?NPDq] Zb\n]�^T_MJONaW8Y
H`J�F |OZ d W Z J�F d F�PitLMWbY ]`HK]�D R�kMQSZoD YEZbHKDVUXJXD d I d u�]KY ]K\nJ l W d ]BR8J`HKDqU G |Ou�UKRTFtJ�W Z ZoDXF�PitLMWbY U�]!�PFtQeRTZb^TkMQSZoD Y UX]XD
Z ]�_titL G Z l ^TJ�Y � aGd iMY ZsH�DVUXJ�D d I d u�]�Y Mg�=d G _�IGY JXDXZ8\P]�^O_MJONaW8Y W Z JKF d F�PitLMWbY ]`HK]�D R�kMQSZoD YEZbHKDVUXJXD d I d u�]KY e R G RhZ
JXDXQSFtQeR8J�D Z u�ZbY=H`^OWbH`ZoD d ] ]KH`JtRTZsLMJ ltd Rb]XDX]`H G QeRb]!�P_MJ l Y�Z8^�Na]�Qau�]KY F�PitLtkMY=]`H G |OJKQeiMY U�]XDKRbJ?|Ou�U�RhFtJ d ] Zou d ]XD
_MZ}F�PitL G Z l ^TJ�Y � aGd iMYcU�]XD d ]vW Z ZoD Z ]K_MitLtk�U�]!�PFtQeRhW8^TiMQei M ~ D�]vRhWbR8J�D�]@QaFtQeRbJXD Z u�] _tH`J�^OZ8u d ]vH`]�^TW Z ZoD
Na^TkINaJK^OZ8Y UX]�DX]FEOD G H�D QSRhZ8Y=FIH`iM^TZ8Qau�Z8Y QeROD YEFIHKJILMJONPD QSRTDVU f ]KH`]XD R�itRTDVUXW8YEZ8\P]�^T_`JONaWbY ]`U G _M]BU�]XDXQSZ Zb\n]�^T_MJONaW8Y
_MZ�F�PitLMWbYE]KH`]XD R�kMQSZoD YpZbHKDVUXJ�D d I d u�]KY M
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~ Dq]mQSFtQeR8J�D Z u�]mk W d ] |IuqU�RhFtJ QeRb]!�P_ aGd Z8^hNa]KQPu�]�Y Zou d ]�D W d ]�Y Zou�|OJKY�H`]�^ f LtLtitLMJ�F}U�]XD U�]KRb] d Zb_MiM_MW d J�FzQSF�0
QeR�kM_`]`R8JKY=iBJ`HKJ�u�]B]`H`JMRhZbLMZ8u R8]XDX]`H G _KDq]�QSFILtLMJONSk |IDq]�QSF d |TZ8|OZb_`W d I d U G _LH!I d FIH`JILMJONPD QeR aGd H`J�F |OJKFILMZ l J�F d
_M]F�OuaQS] d _`D�]cJILMJKU�LtiM^ IG_MW d i H`iINSk�FIH`JILMJONPD QS_MJ lTM
V r d ]�Y U G _LHKJKYmFIH`JILMJONPD QeRhkMY N � P ���a��� � & � P  ���U _tH`J�^TZou d ] Zou d ]XD _`D�] _ti Z ] d k � |TitLM]�|hk e H`^TJ�Q
I{HKDqU G Y

FIH`JILMJONPD QeR�kMYmk QeR8]#�P_ G Y Z8^�Na]�Qau�]KY��Bk W d ]wQ l QeRhiM_M] H`JILMFtZbH`ZKEOZb^hNa]�Qau�]�Y � |TitLM]K|Tk e 	�.�� ��_`Z[_ d kM_ti e _MZ
LMZoD RbJ�Ft^�NPu�Z8Y r D Q G |TJ�F
	 r E G |OJ�F � r 	 r � UX]�Dh_MZxW d ] LMZoD R8J�Ft^�NPDqU G Q l QeRhiM_M] M�X Z d DVU f�e J G ^TJ�YxQSFtQeR8J�D Z u�]EQeiM_M]Xu d ZoD
G RTD QSF d |TW8J d Rb]XD | l J[k}H`Z8^ID QaQ G RhZ8^OJ�D FIH`JILMJONPD QeRhW8Y � kzU G _HKJ�D � _`]��Iu M CED U G _LHKJ�D _tH`J�^TZou d ] HK^Iu QeUXJ d Rb]XD QSZ
W d ] Z�a ^TJ k d ] Zou d ]�D ETZ Z IG^ID QSR f UX]XD d ] QSF d |TW8J d Rb]XD _MW8Q
I RbJKHKDVUXJ l |Ou�UKRTFtJKF N�� P � ��?� & � ��� � � � P &	, UJM
~ Dq]z|IDq]�QSF d |OZ8|TZ8_MW d i�QSFtQeR8J�D Z u�][FIH`JILMJONPD QeR aGd Z8_M\P] d u��OZbRb]XDaQa] d W d ]c_`J d ]�|IDVU G UX]�DnZ d Dq]Xu JcQ l QeR�iM_M][QSRbJ�FtY
Z ^TkMQeRhZ8Y�U�]XDSQSRTD YpZ8\P]�^T_`JONaWbY M@� ]K^ Z D RhZbUKR8J d DVU�k�_`Dq]�Y�RhWbRbJXDq]�YpQSFtQSRbJXD Z u�]�YEH`]�^TJ�FtQaD f �OZbRb]XDeQeR8J �rZ kM_M]�� M ��M
� ]�HK]KQPDVU f QSFtQeR8]KRTDVU f _`Dq]�YEQSFtQeR8J�D Z u�]zFIH`JILMJONPD QeR aGd Zou d ]XDXRb]cZKEhkMY��

��Mkc JILtLM]KHMLMJ�uaFIH`JILMJONPD QeRhW8Y�F�PitLtkMYE]KH G |OJ�QeiMY � G H#IGY � * �Me QeR8]#�n_MJ l Y�Zb^hNa]�Qau�]�Y k 	�.�� � �
- M � l N Z ^OJ d ]�LMZoD RbJ�Ft^hNPDVU f QSFtQSR�kM_M]KRb] � G H#IGY�H`Ft^Tk d ]�Y�N � f �
& P R ,�� & � ��? U �
CTM � u�U�RhFt]�k � D�]`U G H`RhZ8YEF�aitLtkMYE]KH G |TJ�QeiMY � G H!IGY�� � ������ ��� & ��� ��� � f � ��� f ���� ��� & ��� � UX]�D .SA�& f � � � �
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High Speed Network / Switch

Cluster Middleware

Sequential Applications Parallel Programming Environments

(Single System Image and Availability Infrastructure)

Parallel Applications

Net. Interface HW

Comm. S/W

PC/Workstation PC/Workstation

Comm. S/W

PC/Workstation

Net. Interface HW

Comm. S/W

PC/Workstation

Net. Interface HW

Comm. S/W

Net. Interface HW

�rZ kM_M] � M � � � ^ Z D RhZbUKR8J d DVU�k�_`Dq]�YEQSFtQeR8J�D Z u�]KY�QeRb]!�P_ aGd Z8^hNa]KQau�]�Y

� M��pf ^TRhZ8YE|ODqUKR l I d |OD�ZbH`]K\PkMY�N � � ��� P &�, 
 ��� � & � �t� ��*���&  "� R � 
 * �(U
�TMkc ^�I{R G UXJILtLM]�ZbHKDqU�JXD d I d u�]�Y UX]XDeFIHMiM^OZbQPD aGd � G H#IGY  �
� f�� � U�]XD � � ��� . ��� � �#����� �
�TM�� HKJK|OJK_Mk LMJONPD Qa_`DVUXJ l R�iMYpQSFtQeR8JXD Z u�]�Y�N *�? ��� � � & . f  " ? � ����& ��U

�FMkc Z8^OD H f LtLMJ d R8]�UX]XDMZ8^�Na]KLMZou�]pH`]K^ f LtLtitLMJKF�H`^OJONa^O]K_M_`]`RTD QS_`J l � G H#IGY _`ZsR8]`NSL�I{RTD QeRhW8Y e � 4�. N � ��& ��? ? ��?
4 f & � ����? . �t� � f ����U UX]XD .�� 
%N . ��� � �#��� ��� � � f � � 
 ��� � & � �t� ��U � M

� U f ^hR8]�|ODqUKR l JKF |OD�ZbH`]K\PkMY?LMZ8D R8JKFt^hNaZou{QS] d ZbH`ZKETZ8^hNa]KQSR�kMY�ZbHKDqU�JXD d I d u�]�Y�UX]�DxZou d ]XDgFIH`Z l �PF d i NPDq]vR�i
_MZbR f |TJ�QeiBUX]�DSR�i d Ltk �Pi H`]KU�WbRJI d |OZ8|TJ�_MW d I d ] dOf _`ZbQa]�QeR8JKFtYEU G _LHKJKFtY=R�iMY�QSFtQeR8J�D Z u�]KYp_`WbQ I |ODqUKR l J�F M
� JzLMJONPD QS_KDVU G ZbHKDqU�JXD d I d u�]�YpH`^OJKQa\PW8^OZ8Dn_`D�]}Na^TkINaJK^Ti?UX]XD�]�EID G HKD QeR�izZbHKDVUXJXD d I d u�]z_MZbRb]FE l RJI d U G _H!I d

R�iMYGQaFtQeRbJXD Z u�]�Y M$� F d k�"IGY e i QSFtQeR8JXD Z u�]E_MZxW d ] |Ou�U�RhFtJ G H#IGY{R8J�|Ou�UKRTFtJ . A�& f ��� � Z ^hiMQPDq_MJKH`JXDqZou�HK^ I{R G UXJILtLM]
ZbHKDVUXJXD d I d u�]KY G H#IGY�Rb] �t�
� f�� � ����� � �#����� NPDq]?Rb] Zel RhZ8^hi�ZbHKDqU�JXD d I d u�]?_MZbRb]FE l RJI d U G _LH!I d RhiMYpQSFtQeR8J�D Z u�]KY M
� FIHKJK|OJK_Mk LMJONPD QS_`DqU�J l R�iMY�QSFtQeR8J�D Z u�]KY=H`^OJ�QS\PW8^OZoD�R�i d |OF d ]KR G R�itR8]Bi�u�|IDq] QaFtQeRbJXD Z u�] d ]�\P]Xu d ZbRb]XD�QS] d

W d ]c_MJ d ]�|ODqU G U�]XDSZ d Dq]Xu J�H`]�^ f LtLtitLMJcQ l QeR�iM_`] Mrc ^ G U�ZoD R8]�DeNPDq]}ZoDq|IDVU G LMJONPD QS_KDVU G H`JKF�ZsH�D RT^TWbH`ZoDPR�i d Z d D�]�u�]
ZsNSU�]KR f QeR8]KQei=LMJONPD QS_`DqU�J l�e |OD�] Z Zou�^OD Qei�FIL`DVUXJ l UX]�DO]KH`J#�PitU�Z8FIRTDqU�J l Z�a ^OJKF e |IDq] Z Zou�^ID Qei RJI d |IDq]�\ G ^ I d H G ^�I d
UX]`R f R�i d ZsU�RhWbLMZ8Qei e
G H!IGY=NPDq]cH`]�^ f |TZoD Na_M] ���  * 
�� P �	,%����� ? P �a���Me U�LtH M
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� WbLMJ�Y e Rb]�H`Z8^OD H f LtLMJ d R8]EH`]�^ f LtLtitLMJKF H`^OJONa^T]�_M_M]KRTD QS_MJ l H`^OJKQS\nW8^TJ�F d _MZbR8]K\nW8^TQaD�_M]EUX]�DM]`H`JMRhZbLMZbQa_M]`ROD 0
U f Z8^hNa]`LMZou�] NPD�]ER�i d ] dTf HMRhF�ETi RJI d Z8\P]�^T_`JON aGd!M � WbR8J�D�]pZ8^�Na]KLMZou�]=Zou d ]XDhQSF d k�"IGY$H�D H`L`D J#�PktU�Z8Y H`Z8^ f QS_M]KRbJ�Y
_ti d Ft_ f R(I d N � ��� � �#��� ��� � � f ���0? f ��& ��& f ���(UNe ]KH`J�QS\P]KLM_M]KR(I{RTWbY0N  �� �a� ����� & �(U U�]XD�H`^OJK\�u�L ]KH G |OJ�QeiMY H`]�^ f LtLti30
L�I d H`^TJONa^O]�_M_ f R(I d N ��& P �"? � & �(UJM
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CEDPQSFtQeR8J�D Z u�ZbYpRb]FEOD d J�_MJ ltd R8]XDSQSZ=H`JILtLMW8Y�UX]`R�iINaJ�^Iu�Z8Y=Q l _M\ I d ]?_MZ=Rb]cH`]�^T]KU f RJIwU�^ID R�kM^OD�]  - � " �

��M�� |ID JKU�R�iMQau�] RbJ�FBU G _LHKJ�F N � P  �� P � ��� & � � f �WUJMg~ Z H f QeiBRbJ?UX^OD R�kM^ID J?]�FIR G JXDeQSFtQSRbJXD Z u�Z8Yp|IDq]KU�^Iu d J d R8]�D
QaZp| l JcUX]`RhiINaJK^Iu�Z8Y��y]KH`JKUKLMZoD QeRTDqUKkcQSFtQeR8J�D Z u�] N  ��� f � ��� �� ��? �"��� � &JU UX]XDa_tic]`HKJ`U�LMZoD QSRTDVU�k?QSFtQSRbJXD Z u�]
N � P �� ��� f � ��� �� ���? ����� � &JUJM)� ]`HKJ`U�LMZoD QSRTDVU�k[QSFtQeR8J�D Z u�] ] d ]K\nW8^TZbR8]�DnQeR8JzNaZsNaJ dLG Y G RTD U f �PZ�QSRb]!�P_ G Y
Z8^hNa]KQPu�]�Y�ZsU�RhZbLMZoua]KH`JKUKLMZoD QeRTDqU f Z8^hNa]KQau�Z8Y�Z dLG Y�H`]K^ f LtLtitLMJKF FIH`JILMJONPD QS_`J l�e Z dBa i�_Mi?]KH`J`U�LMZoD QeRTDVU�k
QaFtQeRbJXD Z u�]w] d ]�\nWb^OZbRb]XDgQeR8J G ROD{U f �PZ?QeR8]#�P_ G YzZ8^hNa]KQau�]�Y?ZbU�RhZbLMZ8u{RTD Y}U�] d J d DqU�W8Y�R8J�F�^TJ�FIRTu d Z8Y�UX]XD
Z ^TiMQaD�_MJ`HKJ�D�Z8uP_ GMd J�FtY R8J�FtYp]K|O^O] d Zou Y U l UKLMJ�FtY=R�iMY * � � NPDq] d ]�ZbUKRTZsLMW8QSZoDSH`]K^ f LtLtitLMZbY�Z8^hNa]KQau�Z8Y M

- M�� L`DqU G R8JKFcU G _LHKJ�F�N � P  �� � ��&  �����& ��UJM CED�QSFtQSRbJXD Z u�Z8Y�_tHKJK^OZou d ][]`HKJtRhZbLMJ ltd R8]�D ]KH G H`^TJ�Q
I{HKDqU�J l Y
FIHKJILMJONPD QSRhW8Y�k�]KH G QeRb]!�P_MJ l Y�Z8^hNa]KQPu�]�Y=k�]`H G _ti Z ] d W8Y�H`JILMFIHKZsHKZJEOZ8^�Na]�Qau�]KY G H#IGY=NPDq]cH`]�^ f |OZoD Na_`]
	 .�� � k�]`U G _tiBU�]XDe]KH G ZbHKD�_MW8^TJ�FtY�R8J`HKDqU f |IuqU�RhFt]SN � & f  UJM

CTM r u�|OJKY�R8J�F U G _LHKJ�F N � P  ��� P �e� �M��& ��� fBP � UJM5� JcUX^OD R�kM^ID Jc]�FIR G ]K\nJ�^ f QSR�i d ]K^ Z D RhZbUKR8J d DVU�k RbJ�F U f �PZ
U G _LHKJKF�R�iMY QaFtQeRbJXD Z u�]�Y M V r RTQaDXW Z JKFt_MZ RTD Y=J�_MJXD JONaZ d Zou Y QSFtQSRbJXD Z u�Z8Y0N � P � P ��� ��� P ��� ��? ����� � & �(U U�]XDKRTD Y
ZbRhZ8^OJONaZ d Zou Y�QaFtQeRbJXD Z u�Z8Y�N ��� � � & P ��� ��� P ���p��? �"��� � & �(UJM CED J�_MJXD JONaZ d Zou Y QaFtQeRbJXD Z u�Z8YBW Z JKF d U G _LHKJ�FtY�_MZ
HK]K^ G _`J�D�ZbY�]�^ Z D RhZbU�RbJ d DqU�W8Y � |hitLM]�|Tk eTG LMJXDSJXDeU G _LHKJ�DSW Z J�F d ROD Y u�|IDqZ8Y=Rb] Zel R�itRhZ8YpZbH`ZKEOZ8^�Na]�Qau�]KY�� e Z dBa
JXDnZbRhZ8^TJONaZ d Z8u Y�QSFtQeR8J�D Z u�ZbY�W Z JKF d U G _HKJKFtYEHKJKF?W Z J�F d |OD�]K\nJK^OZbRTDVUXW8YE]K^ Z D RhZbUKR8J d DVUXW8Y � |TitLM]K|Tk e"G LMJXD
JXDeU G _LHKJ�DaW Z JKF d |OD�]K\nJK^OZbRTDVUXW8Y R8] Zel R�itRhZ8YpZbH`ZKETZ8^hNa]KQPu�]�Y�� M
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	 G N I R�iMY�|IDq]!�PZ8QaDq_ G R�itRb]�Y�R(I d H`^OJtR l H#I d Z8^hNa]`LMZou�I d H`^TJONa^O]�_M_M]KRTD QS_MJ l�e JXD�QSFtQeR8JXD Z u�Z8Y0�PZJIG^TJ ltd Rb]XD�QS] d
_`D�] Z d ]KLtLM]KUKRTDqUKk@HMLM]KRh\ G ^O_M]wNPDq] H`]�^ f LtLtitLti@UX]XD U�]KRb] d Zb_MiM_MW d iwZbH`ZKETZ8^hNa]KQau�] M � Z ]�FIR�kwR�i d Z d�G R�itRb]
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H`Z8^ID Na^ f \PJ�Ft_MZ=_MZ8^ODqU f ]`H G Rb]}|TiM_MJ�\nDqLtkBZ8^hNa]`LMZou�] M
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� ] d kM_M]KR8]?Zou d ]XDXW d ]?|hiM_MJ�\�DVLMW8YEZ8^�Na]KLMZou JBNPDq]?Rb]�FIR G1Z ^OJ d J�H`^OJONa^T]�_M_M]KRTD QS_ G N � P�! �o��& &#" ! �%$�& P'& &)('*+* f,!�& U
QSZ QSFt_LHK]KRTDVU G � k ]KU�JILMJ�FL�nDq]KU G � FIHKJILMJONPD QSR�k UX]�D QSZ QSFtQeRhkM_M]`R8] HKJILMFtZsHKZJEOZ8^�Na]�Qau�]KY M � R8] QSFtQSR�kM_M]KRb]
H`JILMFtZbH`ZKEOZb^hNa]�Qau�]�Y e R8] d kM_M]KRb] Z ^TiMQaDq_MJKH`JXD J ltd Rb]XD U�Ft^Iu�IGY�NPD�] d ] ]�EID J`H`JXDVkMQaJKF d Rb]�FIR G1Z ^OJ d ] G LMJ�FtY RbJ�FtY
ZbH`ZKETZ8^hNa]KQSRhW8Y M � H G Rhi d[f LtLtim_MZ8^ID f QeR8]vQaFt_LHK]`RODVU f QSFtQeRhkM_M]`R8] e Rb] d kM_`]`R8] Z ^TiMQaDq_MJKH`JXD J ltd Rb]XDxNPD�] d ]
]FEOD JKH`J�DqkMQSJ�F d ]KH`JtRhZbLMZ8QS_M]KRTDVU f R8J�FtY}H G ^OJ�FtY?R8J�F�QSFtQeR�kM_M]KR8JKY M V r d ] f LtLMJ Z ]K^O]`U�R�iM^ID QeRTDVU G Zou d ]XD G ROD{i
|TiM_`D JKFt^hNPu�]�Z dLG Y d kM_`]`R8JKY}Zou d ]XDg\ �ai dLG RhZ8^Ti QSZ?Q Z W8Qei�_MZ�Rhi d |hiM_KD J�Ft^hNPu�]j_KDq]�Y?|IDqZ8^hNa]KQau�]�Y M�� ] d kM_M]KRb]
ZbHKDVUXJXD d I d J ltd _MZbR8]�E l RbJ�FtYp_MZ=R�i dRZ ^TkMQei R(I d |IDq]�_MJ�D�^T]F� G _MZ d I d _MZbRb]#H`LtitR aGd�M
� ] d kM_M]KRb][Zou d ]XDP_MZbRb]�\PW8^OQaDq_`]zU�]!� a Y FIH f ^ Z ZoDPRbJ H`^ G RhFIH`J}R�iMY�
 � � � �.-0/ 
218N � P & �#(�� ?3"+-4$5" &)(�� f,!�&

/FA%���6"7* 
 ! �6" & �8(t�9"�U H`JKF�LMWsNaZsR8]XD $��#:�&#"7(  ��<;���C �>= M � J}H`^ G RhFIH`Jz]�FIR G FIH`J�QeR�iM^Iu��OZoDPQaZEH`JILtLMW8Y�H`LM]`Rh\ G ^T_MZ8Y
G H#IGY�H`^TJ�Q
I{HKDqU�J l YBFIH`JILMJONPD QeRhW8Y e QeRb]!�P_MJ l Y Z8^�Na]�Qau�]KY e�/�.��� UX]�D�QSFtQeR8J�D Z u�ZbY FIHKJILMJONPD QSR aGd!M�� WbLMJ�Y e Rb]
d kM_M]`R8]cW Z J�F d]Z ^TiMQaD�_MJ`HKJ�D i�PZouPZbUKRhZ d*a Y�QeR�i d ] dOf HMRhF�ETiBZ8\n]K^O_MJON aGd UX]XDXLMJONPD QS_`DVUXJ l QSFtQeRhkM_M]`R8J�Y M

��������? @BADCEGFH��JILKGMONP�RQP��STM
UWVYXWZ�[��\�X+]
V

CED�H�D H`L`D J!�aktUXZ8YyH`Z8^ f Qa_M]`R8J�Y _ti d Ft_ f R(I d _M]KY ZbHKD Rh^OWsHKJKF d d ]=Na^ f \nJKFt_`ZxH`]K^ f LtLtitLM] HK^TJONa^ f _`_M]`R8]�NPD�]EU�]KR8]�0
d Zb_MiM_MW d ] QSFtQSR�kM_M]KRb] M r HKu QeiMY e JXD!H�D H`L`D J!�aktUXZbY=H`^OJ�QS\PW8^OJKF d ^OJKFIROu d Z8Y NPDq] Rhi d |OD�] Z Zou�^OD Qei�R8JKF H`Z8^OD H f LtLMJ d 0
R8JKY _ti d Ft_ f R(I d U�]XDI^TJ�FIRTu d Z8YGNPDq]pRhi d ]KH`JKQSRbJILtk�UX]�DOLtk �PiE_ti d Ft_ f RJI d!M$� R�i d H`]K^OJ l QS]E\ f Qei�FIH f ^ Z J�F d | l J
|TiM_MJK\�DVLtk�QaFtQeR�kM_M]KRb]}HKZb^ f QS_M]KRbJ�Yp_ti d Ft_ f R(I d NPDq]}ZbHKD QeR�iM_`J d DqU�W8Y�U�]XDS_ti Z ] d DVUXWbYEZ8\n]K^O_MJONaW8Y=H`J�F�Zou d ]�DSRbJ
� 4�. N �G(�&)(�? ?3"�?$4 f & � ��(�?$.^(t�_: f,! "�U`; � � =�]`H G RbJ -`(&, � f  & "��4(�� fBP�! (�? � (�� P &)(�� P & A UX]�D�R8J .�� 
 N .a"�� �)( & "
�G( � � f,!�& 
 ! �6" & �8(t�9"�Ub;���� - e ��� - = H`J�F JK^Iu QeR�itUXZ=]`H G R8J .�� 
 � P & ��* M
� J .�� 
yZou d ]XDKi H�D J�|OD�]K|OZ8|TJ�_MW d i�H`^ G RhFIHMi;H�D H`L`D J#�PktUKi�NPDq]BHKWb^O]�QS_M] _ti d Ft_ f R(I d HKJKF�_tH`J�^TZou d ] Z ^hiMQPD 0

_MJKH`JXD i�PZouMNPD�]�R�i d ] dOf HMRTF�Ehip_MZbR8]K\nW8^TQPDq_�I d H`^OJONa^T]�_M_ f R(I d H`Z8^ f QS_`]`R8JKY _ti d Ft_ f RJI d[Z ^hiMQaD�_MJKH`J�D aGd R8]�Y RTD Y
NSL a QSQSZ8Y H`^OJONa^T]�_M_M]KRTD QS_MJ l;* k � P & ��&)( ! M � J}HK^ G RTFIH`J .�� 
 JK^Iu��OZoDaQaF d R8]`U�RTDqU f UX]�DnQeiM_M]�QaD JILMJONPDVU f W d ]
Q ltd JILMJz]`H G QaF d ]�^hRhkMQSZoD Y%H�D H`L`D J!�aktU�iMY�H`J�F�Zou d ]XD Z ^hkMQaD�_MZ8YpNPD�]}R�i d Q ltd R8]�ETi�H`^OJONa^O]K_M_ f RJI d H`Z8^ f QS_M]KRbJ�Y
_ti d Ft_ f R(I d�M � J .�� 
p] d ]KHMR l1Z �PitU�Z ]KH G _`Dq]mUXJ�D d�G R�itRb] Z8^TZ8F d itR aGd J�DgJKH`J�u JXD HK^TJ�W8^ Z J d R8]�D ]`H G H`] d ZsH�D 0

� �
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c u d ]KU�]�Y � M � � V r d ]cQ ltd JILMJ?]`H G QSF d ]�^hR�kMQaZ8D Y .�� 

� F d ]K^TR�kMQSZoD Y .�� 
 � iM_`]KQau�]
����� �����
	 r UKUeu d iMQeiBR8JKF .�� 

����� �������������� � Z8^O_M]KRTD QS_ G RbJ�F .�� 

����� ���
��� ������� c ^OJKQS|ID JK^Iu �TZoD�R8J d ]�^ID �P_ G R(I d |OD�Z8^�Na]�QaD aGd
����� ���
��� ������� c ^OJKQS|ID JK^Iu �TZoD�R�i d QSZoDq^ f R�iMYpU�]KLMJ l Qa]KY�|IDqZ8^�Na]�Qau�]KY
����� ������� � RTWsL d ZoDSW d ]�_tk d Ft_M]
�����  ��"!
# 	 ]�_LH fKd ZoDeW d ]?_tk d Ft_M]

QeR�kM_KDq]}UX]�D
H�D JK_ti Z ] d u�Z8Y�UX]�DaFIH`JKQSR�iM^Ou �OZsR8]XDa]KH G G LMJKFtY�R8J�FtYpH`^OJK_Mi�PZ8FIRhW8YpFIL`DVUXJ lTM r HKu QeiMY e R8J .�� 
 Zou d ]XD
|IDq]!�PW8QaDq_MJ?QSZ H`Z8^OD QSQ G RhZ8^T] HK]K^ f LtLtitLM] FIHKJILMJONPD QSRTDVU f QSFtQeR�kM_M]KR8] � ]KH G FIH`JILMJONPD QeRTWbYE|IDq]�_MJXDq^O]�� G _MZ d iMY UX]XD
UX]`R8] d Z8_tiM_MW d iMYy_ d kM_tiMY _MW Z ^ODIUX]XDTQaFtQeRbJXD Z u�Z8Y FIH`JILMJONPD QeR aGd � M5� R�i d ZsH G _MZ d i Z dLG R�itR8]EH`]�^TJ�FtQaD f QSJ�Ft_MZGQ ltd 0
R8JK_M]�R�i d H�D H`L`D J!�aktU�i .�� 
 R�i d J`HKJ�u�] Z ^hiMQPDq_MJKH`JXD J l _MZ QSZ ]KFIR�k d R�i d |IDq]KRh^ID H`k M_c Z8^ID QaQ G RhZ8^OZbY HMLtiM^OJK\nJ�^Ou�Z8Y
Q Z ZbRTDqU f _MZ=R�i d H�D H`L`D J#�PktUKi .�� 
 _tH`J�^OJ ltd d ]�HK^TZ(�PJ ltd QeR8] H�D H`L`u�] ;���� - e ��C�Pe ��� - e ���� = M

6 �%$ & 
�� <�
 4��cA �  (' )+*

� H�D H`L`D J#�PktUKi .�� 
{]KH`JtRTZsLMZou R8]�D`H f�d Ij]KH G?� - � ^OJKFIRTu d ZbY ]KLtL f J�]�^OD �P_ G Y RJI d HK]�QaDVU aGd Z dOd JXD aGd Zou d ]�DtH`JIL l
_`DqU�^ G RhZ8^OJKY M ~ H`J�^TJ ltd�d ]z] d ]KHMRhF Z �nJ ltd HMLtkM^Ti�H`^OJONa^ f _M_`]`R8]}H`Z8^ f QS_M]KR8JKY _ti d Ft_ f RJI d�Z ^hiMQPDq_MJKH`JXD aGd Rb]�Y
_ GMd J�WKEIDS^OJKFIROu d Z8Y G H#IGYE\n]�u d ZbR8]�DSQeRbJ d]c u d ]KU�]0� M ��M
� RTD Y?ZsH G _MZ d Z8Y FIH`JKZ dLG R�itRhZ8YBH`Z8^ID Na^ f \PJ�Ft_MZ�RTD Y�HK]K^O]`H fKd I QSF d ]�^TR�kMQSZoD Y U�]XD ROD Y�HK]KQPDVUXWbY�W dOd J�D�ZbY�H`J�F

Zou d ]XDa]KH`]�^T]Xu R�itRhZ8Y�NPD�]}R�i d Q ltd Rb]FEhi?Q
IGQeR aGd UX]XDP]KH`JtRTZsLMZ8QS_`]`RTDqU aGd H`^OJONa^O]K_M_ f RJI d H`Z8^ f QS_M]KR8JKYp_Mi d Ft_ f 0
RJI d!M

���-,���� .<[G[0/ M�K�FRK [��\2143 C ����5\ FH�6587 ��K97;:�\<:>=G\@?BA 	P[�K97
VYX+Z

�pf �PZ H`^ G Na^T]�_M_M] .�� 
GHK^TWbH`ZoD d ] HKZb^IDqW Z ZoD�R8J ]K^ Z Zou J�ZbHKDqU�Z8\n]`L`u�|O]DC �E��!��
F"���HGI��J��LKNM8G � J�]K^ Z Zou J ��JO�LKPM
H`Z8^IDqW Z ZoDeJK^ID QS_MJ l Y=U�]XDe|TitL a QSZoD Y=H`J�FBZou d ]�DX]KH`]�^T]Xu R�itRhZ8Y NPDq]�R�i d _MZbR8]MNSL a R�ROD QSi?Z d�G Y H`^TJONa^ f _M_M]KRbJ�Y .�� 
 M
� J .�� 
 Z ^TiMQaD�_MJ`HKJ�D�Z8unQeR8]!�PZ8^ G Q Z kM_M]�NPDq]?R�i d J d J�_M]�Qau�]�RJI d ^OJKFIROD d*aGd R8JKF .�� 
 M V C=LMZ8YpJXDS^OJKFIRTu d ZbY

R8JKF .�� 
�]K^ Z u��OJ�F d _MZ�RbJmH`^ G �PZ8_M] GQ����� G U�]XD RbJ d ZbH G _MZ d J HK^ a R8J Z ]K^O]KUKR�kM^O] U�Z8\n]`LM]Xu JzNa^ f _`_M] M CED

�&
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FIH G LMJXDVH`JXD Z ]�^O]`U�R�kM^OZbYyR(I d H`Z8^OD QSQ G RhZ8^ I d R l H#I d |TZ8|OJK_`W d I d R8JKF .�� 
 Na^ f \PJ d R8]�DI_MZ UXZb\n]KLM]�u�] Na^ f _M_M]KRb] M
� ^TJ�FIRTu d ] ����� ������	 U�]KLMZou Rb]XDIH`^ID d J`HKJ�D�]K|TktH`JtRhZyUKLtkMQSip^TJ�FIRTD d*aGd .�� 
 M C QeU�JKH G YyRhiMY ^TJ�FIRTu d ]�Yy]�FIR�kMY

Zou d ]XD d ]pZbU�UXD d kMQaZ8DOR8J H`Z8^OD H f LtLMJ d .�� 
 M� U�LtkMQei�R�iMY ^OJKFIRTu d ]KY ���O� �E�O��	 H`Z8^ID QSQ G RhZ8^OJ�]KH G _`D�] \nJ�^ f UX]`R f
R�i d |ID f ^hUXZoDq]cZsU�RhWbLMZ8QeiMYpZ dLG Y�H`^OJONa^O]K_M_ f R8JKYpU�]KRb]KLtkINaZoDaQaZEQS\ f LM_M] M�� ^OJKFIROu d ] ���O� �������������� UX]KLMZ8u R8]XD
QeR8J�RTWsLMJ�Y R8JKFEFIH`JILMJONPD QS_`J l U�]XDtZbUKRTZsLMZout|ID f \nJK^OZ8Y Z8^hNa]KQau�Z8YyUX]!�P]K^ID QS_MJ l NPDq] d ]�RhZ8^T_M]KRTu QSZoDMRbJ H`Z8^OD H f LtLMJ d
.�� 
 M � Z d ZbU�RhZbLMJ ltd R8]�DnU�LtkMQSZoD Y .�� 
 H`^ID d R�i d U�LtkMQei}R�iMY ^TJ�FIRTu d ]�Y ����� ������	 U�]XD�_MZbR f R�i d U�LtkMQei}R�iMY
^OJKFIRTu d ]KY ���O� ���E����������� M CED�^TJ�FIRTu d Z8Y ���O� ������	 U�]XD ���O� �������������� HK^TWbH`ZoD d ]}U�]KLMJ ltd R8]�D�]KH G�G LMZ8Y�RTD Y
|IDqZ8^�Na]�Qau�Z8Y |IDq]�\PJ�^OZsRODVU f ipQSFt_tH`Z8^IDq\nJK^ f R8JKF .�� 
��P]�Zou d ]�DI]KH`^OJKQa|OD G ^ID QeR�i M@� Q ltd R8]�ETiER(I d | l JpH`]�^T]KH f�d I
^OJKFIRTD dBaGd NPDq]?R�i d* Zou d ]�DFIGY�ZJETkMY��

���	 ���O� �E�O��	 � ���	�� � ���"!��;!EM������	�	� � �	��#�


���	 ���O� ���E����������� � 


� ]zJ�^Ou QS_`]`R8] ������! UX]XD � ����# R�iMY ^TJ�FIRTu d ]�Y ����� �����
	 Zou d ]XDPJK^Iu QS_M]KRb]cNa^O]�_M_tkMY 0 |OD�]`R8]`NSkMY�R8JKF?H`^OJONa^ f _30
_M]KRbJ�Y * M$� ZbHKD RhF Z kMY ZbU�RhWbLMZbQSi�R(I d ^OJKFIRTD dBaGd ���O� �E�O��	 U�]XD ����� �������������� ZbHKD QeRh^OW8\PZoDyR�i d QSRb]!�PZ8^ f
����� ��������"��� |OD�]K\nJK^OZbRTDVU f W d ]vHK^TJKU�]!�PJ�^OD QS_`W d Jv]�^ID �P_ G QS\ f LM_`]`R8JKY M � F d ZsH a Y e W d ]vHK^ G Na^O]K_`_M] .�� 

W Z ZoDeR�i d ]`U G LMJ�FL�aiBRhFIHKDVU�k�|OJK_Mk �

C �E��!��
F"���HGI��J��LKNM8G

������ � ���	 � �	��!�� !M�������������#�����
��

����� �����
	 ��� � �	��!�� � ������#�
��
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� ]�UX] dOf L`Dq]�ZbHKDVUXJXD d I d u�]KY�N � P * *�� !Jf � (�� P & �JU^Z ^hiMQaD�_MJKH`J�D J ltd R8]XD{QeR8J .�� 
pNPD�]vZbHKDqU�JXD d I d u�Z8Y�]KH G QeiM_`Z8u J
QSZEQeiM_`Z8u J�N $ P f,! � R � P R $ P f,! �(U U�]XDPQSFILtLMJONPDVUXW8Y�N � P ? ?3"��
� f�� "�UJM V r d ]?U�] dOf L`DaZsH�DVUXJ�D d I d u�]�Y Z ^TiMQaDq_MJKH`JXDqZou R8]�DaNPDq]

� �
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d ] J�^Iu��OZoDGW d ] Q ltd JILMJ ]`H G |IDqZ8^hNa]KQPu�Z8Y}H`J�Fj_tH`J�^OJ ltdmd ] ZbHKDqU�JXD d I d J ltd _MZbRb]FE l RbJ�FtY M � JwQ ltd JILMJwR(I d
|IDqZ8^�Na]�QaD aGd Q Z iM_M]KRTu �TZoD _`D�][H`Z8^ID J Z k[ZsH�DVUXJ�D d I d u�]�Y N � P * * � !Jf � (�� fBP�!  P *+( f,! UJMSc LtiM^TJ�\nJK^Iu�Z8YpQ Z ZsRODVU f _MZ
RTD Y[HKZb^ID J Z W8Y ZbHKDVUXJXD d I d u�]KY}]KH`J!�aitU�Z l J d R8]�DyQeRTD Y _`ZsR8]#H`LtitRhW8Y[R8JKF�R l H`JKF ���O� ������ M � R8J .�� 
 FIH f ^ Z ZoD
W d ] ZJE?JK^ID QS_MJ l U�] dTf L`D�ZbHKDVUXJXD d I d u�]KY H`J�F}J d J�_ f �TZbR8]�D ���O� ������� ���� ���� R8J J`H`JXu JzH`Z8^IDVLM]�_LH f�d ZoD G LMZ8Y�RTD Y
|IDqZ8^�Na]�Qau�Z8Y�H`J�F�FIH f ^ Z J�F d QaZc_KDq]@H`]K^ f LtLtitLtimZ8\n]K^O_MJONSk M V C�_�IGY e FIH f ^ Z J�F d H`Z8^IDVHMR a QSZoD Y[H`JKF �nWsLMJ�Ft_MZ
d ]�H`^O]MNa_`]`R8J`HKJ�DqkMQSJKFt_`Z=ZbHKDqU�JXD d I d u�]?_ GMd J�QSZ�_`D�]?J�^OD QS_`W d i�J�_ f |O]�|IDqZ8^hNa]KQPD aGd?e |hitLM]�|hk d ]�J�^Ou QaJKFt_MZ=|IDVU f
_M]�Y=U�] dTf L`Dq]�ZsH�DVUXJ�D d I d u�]�Y M_c ^OJKY R8J�H`]�^ G`d7e H`]�^T]KU f RJI Z ^TiMQaD�_MJ`HKJ�D J l _MZ=RbJ ���O� ������� ���� ��	� QS] d;G ^OD QS_M]
UX] dOf L`DSZsH�DVUXJ�D d I d u�]�Y=QSZ G LMZbY�ROD Y�QSF d ]�^TR�kMQSZoD Y .�� 
 HKJKF ]KH`]XD R8J ltd W d ]�UX] dOf L`DXZbHKDqU�JXD d I d u�]�Y M

���-,���
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CEDMQaF d ]�^hRhkMQSZoD Y ����� ���
��� ������� U�]XD ����� ���
��� ������� Z ^hiMQaD�_MJKH`J�D J ltd R8]XDINPDq] d ]pH`^TJ�QS|ID JK^Iu��OJ�F d RbJ d ]K^ID �P_ G
RJI d |OD�Z8^�Na]�QaD aGd UX]XDgR�i d QSZoDq^ f R�iMY?U�]KLMJ l QS]KY�|OD�Zb^hNa]�Qau�]�Y�] d ROu QeRbJXD Z ] M�� Q ltd R8]�ETi RJI d | l JmH`]�^T]KH f�d I
QSF d ]K^TR�kMQSZJI d Z8u d ]�DTIGYEZKETkMY��
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� QSF dOf ^TR�iMQei ���O� ���
��� ������� ZbHKD QeRh^OW8\PZoDIQeR�i d _MZbRb]#H`LtitR�k ������� R8J d ]�^OD �n_ G RJI d |OD�Zb^hNa]�QaD aGd H`J�F ] d ktU�J�F d
QeR8JcU�] dTf L`DXZbHKDVUXJXD d I d u�]KY ! ���� M �pf �PZ�|IDqZ8^�Na]�Qau�] H`J�F ] d ktUXZ8DSQSZ�W d ]�UX] dTf L`DXZbHKDVUXJ�D d I d u�]KY�] d ]`N d IG^Iu �TZbR8]�D
_MJ d ]�|ODqU f ]`H G Rhi d QaZ8D�^ f RhiMY �"�
��� M�� QSZoDq^ f _`Dq]�Y |IDqZ8^hNa]KQPu�]�Y Z8u d ]�DKW d ]�Y ]`UXW8^T]XD JKY ]K^ID �P_ G Y H`J�FpUXFt_M]Xu d ZbRb]XD
]KH G@� _`W Z ^ID���� 71e�G R8] d FIH f ^ Z J�F d � |IDqZ8^hNa]KQau�Z8Y M ~ D�]v|IDqZ8^hNa]KQau�]v_MH`JK^OZou d ]jH`^OJ�QS|OD J�^Ou �OZ8D{R�i d QaZ8D�^ f
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QSFON Z ^OJ d D Qa_MW d Z8Y�N !
P�! �"? P �	, f,!�& U QSF d ]K^TR�kMQSZoD Y=NPDq]}]KH`J�QeRbJILtk UX]XDeLtk �Pi�_ti d Ft_ f RJI d!M
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� R8J .�� 
EJXD QSFON Z ^TJ d D QS_MW d Z8Y�QSF d ]K^TR�kMQSZoD YBNPDq]m]KH`J�QeRbJILtk k[Ltk �Pi _ti d iM_ f RJI d ZbHKD QeRh^OWb\nJ�F d R8J d WbLMZsN Z J
R8JKFtY G Rb] d i?ZbHKDqU�JXD d I d u�]cJILMJ`U�LtiM^ I@�nZ8u M CEDnQSFON Z ^TJ d D QS_MW d Z8Y�QSF d ]K^TR�kMQSZoD YENPD�]z]`HKJKQeR8JILtk�UX]XDaLtk �Pi�_ti d F�0
_ f R(I d QeR8J .�� 
 Z8u d ]�DaJ�D ���O� �����"� U�]XD �����  ��"!
# e ] d RTu QSRbJXD Z ] M � QaFON Z ^TJ d D QS_MW d i�QSF dOf ^TR�iMQei ���O� �����"�
ZbHKD QeRh^OW8\PZoD G R8] d R8J _tk d Ft_M] W Z ZoDKQSRb]KLMZouXQeRbJ d H`]�^T]KLtktHMR�i M@� Q ltd Rb]FEhi R�iMY=QSF dTf ^TR�iMQeiMY ���O� �����"� W Z ZoD�IGY
ZKEhkMY��
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G H`J�F

� "�F'$ Zou d ]XD�iB|IDqZ l �PF d QeiBR8JKF Z d |OD f _MZ8QSJ�F Z�a ^TJ�F ]KH`J!�aktUXZbFtQSiMY HKJKF�H`Z8^IDqW Z ZoDS|OZb|OJ�_MW d ]�H`J�FBH`^ G UXZoD R8]XD
d ]�QSRb]KLMJ ltd�M
� ! ��F���	 Zou d ]XDGJw]�^OD �n_ G Y R(I d QSRbJXD Z Z8u�I d R8JKFvR l H`J�Fj|TZ8|OJK_`W d I d HKJKF@JK^Iu��OZbRb]XDG]KH G R�i d H`]�^ f _MZbRh^OJ
��� 	�� 	 &�J�� H`J�FBH`Z8^OD�W Z J d R8]�DaQeR8J d Z d |OD f _`ZbQaJ Z�a ^OJ�]KH`J#�PktU�Z8FtQeiMY "�F%$ M
� ��� 	�� 	 &�J�� Zou d ]XD�J R l H`J�Y�|TZ8|OJK_`W d I d R8J�F .�� 
�NPDq] RbJmU f �PZBQeRbJXD Z Zou JmRbJ�F "�F%$ M � R8J dqc u d ]`UX] � M -
HK]K^OJKFtQPD f �TZbR8]�D i ] d RTD QeRbJXu Z iMQei�] dTf _MZ8QS]mQeR8JKFtY?R l H`J�FtY�|OZ8|TJ�_MW d I d H`J�F FIH`J�QeR�iM^Iu �TZoD RbJ .�� 
pUX]XD
R8J�FtY�R l H`J�FtY�|OZ8|TJ�_MW d I d H`J�F[FIH`J�QeR�iM^Iu��OZoD�izNSL a QaQS]mH`^OJONa^T]�_M_M]KRTD QS_MJ l * M�� iM_MZoD aGd JKFt_MZ G RTD QSRbJ
.�� 
EFIH f ^ Z J�F d | l J[R l HKJ�D |TZ8|OJK_`W d I d H`J�Fz|TZ d FIHKJKQeRhiM^Ou �TZoD * M CED R l H`JXD�]�FIR8J�u Z8u d ]�D JXD ���O� ( )�*	�
UX]XD ����� ��+���,��	� M C R l H`J�Y ����� ( )�*�� ] d RTD QeR8J�D Z Zou QSZ}W d ].- A�/6" N102- f /43(UJM C R l HKJKY ����� ��+��5,	�	�
] d RTD QeRbJXD Z Zou�QSZ�_`Dq]cQSFILtLMJONSk�|OZ8|TJ�_MW d I d HKJKF W Z ZoDS|TiM_`D JKFt^hNSi�PZouP_MZ�QSF d W d IGQei M
� �����	 Zou d ]XDMi�|OD�Zb^hNa]�Qau�]�H`]�^O]`LtktHMRhipH`J�F �P]BL f HKZoD`R8J�_tk d Ft_M] M@� HK]K^ f _`ZsRT^TJ�Y ]�FIR�k Zou d ]XDMi�QSZoDq^ f R�iMY
|IDqZ8^hNa]KQPu�]�Y H`]�^T]KLtktHMR�iBQeR�i d HKZb^ID J Z k ZsH�DVUXJ�D d I d u�]�Y H`J�F�J�^Iu��OZbRb]XD�]`H G R8J UX] dOf L`D`ZbHKDqU�JXD d I d u�]�Y !��
��� M
� 	"��� Zou d ]XD ZbRTDVUXWbRb] H`J�FzW Z ZoD�_`D�] ]KUXWb^O]XDq]zRTD�_tk UX]XD Z ^TiMQaDq_MJKH`JXDqZou R8]�D�NPDq] d ] |IDq]KU�^Iu d ZoDnRbJ�FtY�|IDq]�\PJ�^OZ	0
RODVUXJ l Y R l H`JKFtY�_ti d Ft_ f RJI d!M � ZbRTDVUXWbRb] 	"� � H`]Xu�^ d Z8D RTDq_MW8Y?]`H G � _MW Z ^ID ���O� *�+ 6 ��( H`J�F[Zou d ]�D _`Dq]
HK^TJKU�]!�PJ�^OD QS_`W d i QeR8]#�PZ8^ f R8J�F .�� 
 M
� RTDq_Mk�R�iMYEQeR8]#�nZb^ f Y ���O� *�+ 6 ��( Zou d ]�D�R8J�FIL f?Z D QeR8J d�C - e � �
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c u d ]`UX]�Y�� M - � ��d RTD QeR8JXu Z iMQeip] dOf _MZ8QS]EQeR8JKFtY R l H`J�FtY |TZ8|OJK_MW d I d H`JKF=FIH`J�QeR�iM^Iu��OZoDORbJ .�� 
 U�]XDOR8JKFtY R l H`J�FtY|OZb|OJ�_MW d I d HKJKF FIH`J�QeR�iM^Iu �TZoDXi *
� l H`J�YE|TZ8|OJK_MW d I d RbJ�F .�� 
 � l H`J�YE|TZ8|OJK_MW d I d R�iMY *
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���O� (�) *	�
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��� Zou d ]�D�RbJ�UX] dTf L`D�ZbHKDqU�JXD d I d u�]�Y HKJKF |IDq]�_MJXDq^ f �OZbRb]XDT]`H G RTD Y |OD�Zb^hNa]�Qau�Z8Yx]KH`JKQSRbJILMW8]�UX]�D�H`]K^O]KLtktHMR�i M
� QSFON Z ^OJ d D QS_MW d i}QSF dOf ^TR�iMQei ���O�  "�"!
# ZbHKD QeRh^OW8\PZoD G R8] d W Z ZoDnL f HKZoDaR8J[_tk d Ft_M]zUX]XDPW Z ZoD�] d RTD Na^O]K\nZou

R8J _tk d Ft_M] QeRbJ Z d |ID f _MZ8QSJ Z�a ^OJ[]KH`J!�aktU�Z8FtQeiMY�R8JKFcH`]�^O]`LtktHMRhi M)� Q ltd R8]FEhi}R�iMY QSF dOf ^hR�iMQSiMY ���O�  ��"!�#
W Z ZoD
IGYEZKEhkMY��
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G H`J�F

� "�F'$ Zou d ]XD`i |IDqZ l �PF d Qei�R8JKF�Z d |ID f _MZ8QSJ�F Z�a ^TJ�F�]KH`J!�aktUXZbFtQSiMY H`J�FpH`Z8^IDqW Z ZoDK|OZ8|TJ�_MW d ] _MZbR f R�i d Ltk �Pi
R8J�F�_ti dOl _M]`R8J�Y M
� ! ��F���	 Zou d ]�D�J _MWsNPD QeR8JKYE]�^ID �P_ G Y RJI d QeR8J�D Z Zou�I d R8JKF R l H`J�FB|TZ8|OJK_MW d I d HKJKF�JK^Iu �TZbR8]�D�]KH G R�i d H`]�^ f 0
_`ZsRT^TJ ��� 	"��	�& J�� H`J�F _tH`J�^TZou d ]�H`Z8^OD�W Z J d R8]�DaQeR8J d Z d |OD f _`ZbQaJ Z�a ^OJ�]KH`J#�PktU�Z8FtQeiMY "�F%$ M C ]K^ID �P_ G Y
RJI d |OZb|OJ�_MW d I d HKJKFzHK^T]`Na_M]KRTDVU f LM]�_LH f�d ZoD�H`^TWbH`ZoD d ] Zou d ]XD L`D N G RhZ8^OJ ]KH G RbJ d ]�^ID �P_ G !���F���	 M V ��d
G _�IGY�J�]�^OD �n_ G Y=RJI d |OZ8|TJ�_MW d I d H`J�F LM]K_LH f�d Z8DXZou d ]XDX_MZsNa]KL l RhZ8^TJ�Y ]KH G R8J�_MWsNaZ(�PJ�Y R8J�F�Z d |OD f _`ZbQaJKF
Z�a ^OJ�F�� !���F���	 �=R G RhZBZ8_M\n] d u��OZbRb]XD QS\ f LM_M] FIHKZb^ Z ZouqL`D QeiMY�U�]XD i QaF dTf ^hRhiMQei[ZbHKD QeRh^OWb\nZoD RbJmQS\ f LM_`]
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� ��� 	�� 	 &�J�� Zou d ]XD`J�R l HKJKY=|TZ8|OJK_`W d I d R8J�F .�� 
{NPD�]BRbJ _tk d Ft_M] M C R l H`J�Y ]�FIR G Y H`^OWbH`ZoD d ]�R8]KFIRTu �OZsR8]XD
_`Z R8J d R l H`J}|OZb|OJ�_MW d I d H`J�F J�^Ou �TZbR8]�DSQeR�i d QSF dTf ^TR�iMQei ����� ������� M
� ����F���!�� Z8u d ]�D�i[QaZ8D�^ f R�iMY�|IDqZ8^hNa]KQau�]�Y ]KH`J�QeRbJILMW8] RbJ�F[_ti dOl _M]KRbJ�YBQeR�i d H`Z8^OD J Z k[ZbHKDqU�JXD d I d u�]�Y�H`J�F
J�^Iu��OZbRb]XD ]`H G R8J UX] dTf L`DyZbHKDqU�JXD d I d u�]�Y ! ���� M � R�i d H`Z8^Ou�HMRJIGQei@HKJKF@i@HK]K^ f _`ZsRT^TJ�Y ����F���!�� W Z ZoD
J�^ID QSRhZoua_MZ=RTD�_tk ����� +���) ��� �� "� � R G RhZ=LM]�_LH fKd ZoDe_ti dOl _M]KRb]c]`H G JKH`JXD J�|TktH`JtRhZ=]`HKJKQeR8JILMW8] M
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W Z ZoDeRODq_tk ���O� + � ) *�+�6 R G RhZ=LM]K_LH f�d Z8DS_ti dTl _`]`R8]?_`Z=JKH`JXDq]�|hktHKJtRhZ RTDq_tk?ZsRODVUXWsR8]�Y M
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~ Dq]B_ti QaFON Z ^TJ d D QS_MW d i�QSF dOf ^TR�iMQei�ZbHKD QeRT^TW8\nZ8D�]�_MW8Q
IGY UX]�DKQSF d Z Z u��OZoD d ] ZbU�RhZbLMZ8u`R�i d ZbH G _MZ d ipZ d RbJILtk RbJ�F
H`^OJONa^ f _M_M]KR8JKY M�� Z�U f H`J�D�][_MZbR8]MNaZ d WbQSRhZ8^hi Z ^OJ d DqUKk}QeRTD Na_tk izQSF dTf ^TR�iMQei[ZbLMWsN Z Z8D�NPDq][Rhi d JILMJKUKLtkM^�IGQei
R�iMY}ZbHKDVUXJXD d I d u�]KY M CEDG_ti�QSFON Z ^OJ d D Qa_MW d Z8Y}QSF d ]K^TR�kMQSZoD Y?NPDq] ]`H`J�QeR8JILtkmU�]XDxLtk �Pim_Mi d Ft_ f RJI d QeR8J .�� 

Zou d ]XD JXD ����� �������"� U�]XD ����� �
����!�# e ] d ROu QeRbJXD Z ] M � QSF dTf ^TR�iMQei ���O� ��������� ZbHKD QeRT^TW8\nZ8DG] d ZKE f ^hRhitRb]m_MZ
R�i d JILMJKU�LtkM^ IGQei�R�iMY�ZbHKDVUXJXD d I d u�]KY M r d*a iBQSF dOf ^TR�iMQei ����� �����!�# ZbHKD QeRh^OW8\PZoDe]KU G _M]BUX]�DX] d |OZ d FIH f ^ Z ZoD
_tk d Ft_M] d ]�L f HKZoD M$� Q ltd Rb]FEhi RJI d | l J�H`]�^T]KH f�d IwQSF d ]K^TR�kMQSZJI d Zou d ]XDTIGYEZKETkMY��
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c ]K^O]KR�iM^TJ l _MZ=]`H G ROD Y H`]�^T]KH f�d I QSF d ]�^hR�kMQaZ8D Y G RTDnW Z JKF d H`]�^ G _MJXDq]cJK^Iu QS_M]KRb]}_MZpRTD Y�QSFON Z ^OJ d D Qa_MW d Z8Y
QSF d ]K^TR�kMQSZoD YcZsU�R G Y�]KH G W d ] G ^ID Qa_M] M�� J G ^OD QS_`]j]KFIR G Zou d ]�D R8J ����� F"���
	 H`J�F Z ^hiMQaD�_MJKH`J�D�Zou Rb]XDgNPDq]jRbJ d
WbLMZsN Z J�JILMJKU�LtkM^ IGQeiMY R�iMY ZbHKDqU�JXD d I d u�]�Y M CED�| l J HK]K^O]`H fKd IjQSF d ]K^TR�kMQSZoD Y _tHKJK^OJ ltd�d ]BZsLMWsN"EOJKF d NPDq]BR8J ] d
JILMJKUKLtiM^ a �aitUXZ�i?ZbHKDVUXJXD d I d u�]}_MZER�i dVZ ^TkMQei?R(I d QaF d ]�^hRhkMQSZJI d ���O� ������	 U�]XD ���O� *��"�
	 M � QSF dTf ^TR�iMQei
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	 H`Z8^OD�_MW d ZoD�_`W Z ^ID d ] JILMJKU�LtiM^ I@�PZou�i}ZbHKDqU�JXD d I d u�] M)� QSF dOf ^TR�iMQei ���O� *����
	 ZKETZbR f �OZ8D�] d i[ZbHKD 0
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LMJONPDVU�k}]`H f�d R�iMQei *� ���� k ��+	�"� � M � Z d H`]�^TJ�FtQaD f �OJKFt_MZpR�i d Q ltd Rb]FEhicRJI d QSF d ]K^TR�kMQSZJI d ]�FIR aGd |OD G RTD�|OZ d
RTD Y Z ^TiMQaDq_`J`H`JXD J l _`ZEQSF ZedTf QSZ�]�FIR�k R�i d |OD�]`Rh^ID H`k M

���-,���� � N =B= ? �%\ [�	 .! �\3[6?�\ M STM�/ 

� QSFILtLMJONPDVU�kYN � P ? ?3"�� / f � "�U ZbHKDVUXJXD d I d u�]zH`Z8^IDVLM]�_LH fKd ZoD�W d ] Q ltd JILMJ ]KH G |OD�Z8^�Na]�Qau�ZbY�QSZ Q Z W8Qei _MZ�R�i d ZbHKD 0
UXJ�D d I d u�]�]KH G QeiM_MZou J QSZ QeiM_`Z8u JBHKJKF�H`Z8^ODqLM]K_LH f�d Z8DK_ GMd JB| l J |IDqZ8^hNa]KQPu�Z8Y M � J Q ltd JILMJ�RJI d |OD�Z8^�Na]�QaD aGd H`J�F
J�^Ou �TZoDTR8JEU�] dOf L`DOZbHKDVUXJXD d I d u�]KYyQSFt_M_MZbRhW Z J�F d QeR�i d QSFILtLMJONPDVU�kEZsH�DVUXJ�D d I d u�] M � QaFILtLMJONPDVU�k=ZbHKDqU�JXD d I d u�]E_tH`J10
^OZ8u d ]�FILMJKH`JXD i�PZouS]KH G R8J d HK^TJONa^O]K_`_M]`ROD QSR�k Z ^hiMQPDq_MJKH`JXD aGd Rb]�Y=RTD YEQSF d ]�^TR�kMQSZoD Y ���O� �����"� UX]�D ���O�  ��"!�# M
V C�_�IGY e i H�D H`L`D J!�aktU�i .�� 
 HK]K^OW Z Z8D�W d ][Q ltd JILMJ[]KH G ZoD�|ODqU�W8YBQSF d ]K^TR�kMQSZoD Y QSFILtLMJONPDVU�kMYBZbHKDVUXJ�D d I d u�]KY M CED
QSF d ]K^TR�kMQSZoD YEZou d ]XDeJ�DSH`]�^T]KU f RJI �

� 	����
� �����
	�����������

� QSF dTf ^TR�iMQei�NPDq]?RbJc\n^ f Na_M]�Zou d ]XD�i ����� (�� ����� � � M.� QSF dOf ^TR�iMQei ]�FIR�k�QSFON Z ^OJ d u��OZoD�R�i d UX]KLMJ l QS]?|OD�Z8^ 0
Na]�Qau�] _MZ G LMZ8Y ROD Y |OD�Zb^hNa]�Qau�Z8Y H`J�F=H`^TWbH`ZoD d ]�U�]KLMW8QSJKF d R�i d QaF dTf ^hRhiMQeiE]KFIR�k Mx~ Z f LtLM]pL G NPD�] QaFON Z ^TJ d u �TZoD
G LMZ8Y�RTD Yp|IDqZ8^�Na]�Qau�Z8Y M�� Q ltd Rb]FEhi RhiMYpZou d ]�DFIGYEZKETkMY��

���	 ���O� ("������� ��� � ���O� ���
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� QSF dOf ^TR�iMQei NPD�]cR�i d ZsU�H`J�_tHMk�Zou d ]XDei ���O� (�! �"�
	 M � QaF dTf ^hRhiMQei�]KFIRhk?QeRhWbL d ZoDa|OZ8|TJ�_MW d ]?]`H G _`D�]z|OD�Z8^ 0
Na]�Qau�]�^Ou �T]BHK^TJ�Y G LMZ8Y=RTD YE|IDqZ8^�Na]�Qau�Z8Y H`J�FB_MZbRhW Z JKF d QeRbJ�U�] dOf L`DXZbHKDqU�JXD d I d u�]�Y M.� Q ltd R8]FEhi�R�iMY�H`]�^T]KH f�d I
QSF dOf ^TR�iMQeiMYEW Z ZoD
IGYEZKETkMY��

���	 ���O� (�! �"�	 � #��"��� �#"�F'$ �;���	 ! ��F���	 �4����� �"� 	�� 	�& J�� ��� 	�� 	�& J�� � ���	 ������	 �
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G H`JKF R8]=JK^Iu QS_M]KRb] "�F%$ �;!���F���	 UX]XD ����	"��	�&�J"� Zou d ]XD8H`]�^ G _MJXDq] _MZgRb]=J�^Ou QS_`]`R8] RJI d QSF d ]�^TR�kMQSZJI d ���O� �����"�
UX]�D ���O�  "��!�# M@� J G ^ID QS_M] ������	 Zou d ]XDXi�QSZoDq^ f R�iMY�|OD�Zb^hNa]�Qau�]�Y=^Ou �T]�Y M
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� QSF dTf ^TR�iMQei=NPDq] R�i d QSFILtLMJONSk�Zou d ]XDIi ���O� 6�� 	 M�� � M�~ Z R�ipQSF dOf ^TR�iMQeip]�FIR�kpQSFONSUXZ d Rh^ aGd J d R8]XDI|TZ8|OJK_MW d ]
]KH G G LMZ8YBRTD Y�|IDqZ8^hNa]KQau�Z8Y�HKJKF}_MZbRhW Z J�F d QeR8J U�] dTf L`D�ZbHKDVUXJXD d I d u�]KY�QeR�i d |IDqZ8^�Na]�Qau�][^Iu��O] M)� Q ltd R8]�ETizR�iMY
QSF dOf ^TR�iMQeiMYE]�FIR�kMYEZou d ]XDFIGYpZKEhkMY��

���	 ���O� 6���	�M"��� � #������ �������"��"�F'$ �;���	 �����"�"! ��F���	 � ����� �"� 	�� 	�& J�� ��������	�& J�� �
#������ �����"!
#�"�F%$ � ���	 ���"!
#�! ��F���	 � ���O� ����	"��	�&�J"� ����!�#�	�&�J"� � ���	 ����� 	 � ����� ���
��� ! ���� 


G H`J�F

� �������5"�F'$ Zou d ]XDnic|IDqZ l �PF d Qei}RbJ�F}Z d |ID f _MZ8QSJ�F Z�a ^OJKFc]KH`J#�PktU�Z8FtQeiMY R(I d |TZ8|OJK_`W d I d R�iMY�U f �PZ |OD�Z8^ 0
Na]�Qau�]KY M

� ��������!���F���	 Zou d ]�D`JB]K^ID �P_ G Y RJI d QeR8J�D Z Zou'I d RbJ�FpR l HKJKF |TZ8|OJK_MW d I d H`J�F�J�^Iu��OZbRb]XDM]KH G R�i d H`]�^ f _MZbRh^OJ
��������	 &�J�� H`J�FBH`Z8^OD�W Z J d R8]�DaQeR8J �������5"�F'$ R�iMY�U f �PZ |IDqZ8^hNa]KQPu�]�Y M

� ��������	 &�J�� Zou d ]XDaJ}R l H`JKY�|OZb|OJ�_MW d I d RbJ�F .�� 
 NPDq]}R8JzU f �PZEQeR8JXD Z Zou J RbJ�F �����"�5"�F'$ R�iMYpU f �nZp|OD�Z8^ 0
Na]�Qau�]KY M

� ���"!
#�"�F'$ Zou d ]XDgi�|OD�Z l �nF d QeimR8JKF�Z d |OD f _`ZbQaJKF Z�a ^TJ�Fm]`HKJ#�aktUXZ8FtQeiMY?R�iMYz|OD�Z8^�Na]�Qau�]KYc^Ou �O]KY�H`JKF��P]
HKZb^IDqW Z ZoDeR8]}|TZ8|OJK_`W d ]BR8]cJKH`JXu�]�QSFILtLMWsNaJ d R8]XDS]KH G G LMZ8Y�RTD Yp|IDqZ8^hNa]KQPu�Z8Y M

� ���"!
#�!���F���	 Zou d ]XDMJ�]�^OD �P_ G Y RJI d QeR8J�D Z Zou'I d R8JKFpR l H`J�Fp|TZ8|OJK_`W d I d ����!�#�	 &�J"� Rb]BJKH`JXu�] QSFILtLMWsNaJ d R8]XD
]KH G U f �PZ=|OD�Z8^�Na]�Qau�] M

� ���"!
#�	 &�J�� Zou d ]XD JwR l H`J�Y |OZ8|TJ�_MW d I d NPD�] R8J U f �PZ[QSRbJXD Z Z8u J RbJ�F ���"!�#5"�F%$ H`J�FvWbLM]#HKZ ]KH G U f �PZ
|IDqZ8^hNa]KQPu�] M

� ����� 	 Z8u d ]�DXi�QaZ8D�^ f R�iMYE|IDqZ8^hNa]KQau�]�Y ^Iu��O]�Y M

� ! �
��� Z8u d ]�DIR8J�U�] dOf L`DtZbHKDqU�JXD d I d u�]�YyHKJKF�H`Z8^IDqW Z ZoD G LMZ8Y RTD Y |IDqZ8^hNa]KQPu�Z8Y H`JKF�_MZbRhW Z JKF d QeR�i d QSFILtLMJONPDVU�k
ZbHKDqU�JXD d I d u�] M

� �
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c u d ]`UX]KY � M'C � c ^OJKU�]!�PJ�^OD QS_MW d J�D�RTZsLMZ8QeRTWbY�HK^ f EhiMY
� ZbLMZ8QeRhW8Y .�� 
 � iM_`]KQau�]
����� ��+�� ~ ZsNa]`L l RTZb^TiBRTDq_Mk
����� �O��� ~ DVUX^ G RhZ8^hiBRTD�_tk
����� ���� V � �P^OJ�D QS_`]
����� �� �� � X D dLG _MZ d J
����� ��+ ��� 	 JONPDVU G �� Q
����� � �� 	 JONPDVU G - �

� ������ � ����� �����  "$���	� �

� QSF dOf ^TR�iMQei�NPDq]}R�i d ] d ]MN IxNSk�Zou d ]XDai �����  �����F�! � M�� QSF dOf ^TR�iMQeic]KFIRhk?QSF d |TF f �OZ8DaR8][|TZ8|OJK_`W d ] G L�I d
RJI d |OD�Z8^�Na]�QaD aGd^Z ^TiMQaDq_`J`H`JXD aGd R8]KY�W d ] d RhZbLMZbQSR�k?HK^ f EhiMY�QSZ�_`D�]}RTDq_MkcHKJKF?]`H`J!�aitUXZ l ZsR8]XDPQSR�i d |IDqZ8^�Na]�Qau�]
^Iu��O] M CEDxH`^ f EOZoD Y�_tH`J�^OZ8u d ]�Zou d ]XD HK^ G QT�PZ8Qei e H`JILtLM]KHMLM]�QaDq]�QS_ G Y e _MZsNa]KL l RhZ8^hi RTDq_Mk e _`DVUX^ G RhZ8^hi RTDq_Mk e RbJ
LMJONPDVU G �� Q^e UKLtH M$� Q ltd Rb]FETi R�iMYEQSF dOf ^TR�iMQeiMYEZou d ]XDTIGYEZKEhkMY��
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G H`JKF R8]�J�^Ou QS_`]`R8] �����"��"�F'$ �4���"!�#5"�F%$ �;!���F���	 � ��� 	�� 	�& J�� �4������	 UX]�D ! ���� Zou d ]XD�H`]K^ G _MJ�D�] _MZ Rb]�J�^Iu 0
QS_M]KR8]}R(I d QSF d ]K^TR�kMQSZJI d H`J�F�W Z JKFt_`Z HK]K^OJKFtQPD f QSZoDa_MW Z ^IDPR a ^T] M � J G ^OD QS_`] ��J Zou d ]XDeJcRhZbLMZbQSR�kMYpH`^ f EhiMY
H`J�F[QSF d |TF f �OZ8D�Rb]m|OZ8|TJ�_MW d ] H`J�FzH`Z8^OD�W Z J d R8]XD�QeR8J �����"��"�F%$ ]`H G U f �PZB|OD�Zb^hNa]�Qau�] QSZ _`D�] RODq_tk H`J�F[]`HKJ�0
�aitUXZ l ZsR8]XDPQSRbJ ���"!
#�"�F'$ R�iMY�|IDqZ8^hNa]KQau�]�YE^Ou �T]�Y M � RbJ .�� 
 FIH f ^ Z JKF d H`^OJ`UX]!�PJK^ID QS_MW d J�DaRhZbLMZ8QeRhW8YpH`^ f EhiMY
_MZ8^IDVUXJ l Y�]KH G R8J�FtYEJ`H`JXu J�FtY HK]K^OJKFtQPD f �TJ�Ft_MZ=QeRbJ d]c u d ]KU�]0� M'CTM
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 � 4 -���/ < � � ����� <6<  < 4�� �	��4 < ������������
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� R�i |OD�Z � d k H�D H`L`D JONa^T]�\nu�] R�iMY�HK]K^ f LtLtitLtiMY�ZsHKZJEOZ8^�Na]�Qau�]KYBFIH f ^ Z JKF d H`JILtL f _MJ d RhWbLM] Rb]�JKH`JXu�] Z ^TiMQaDq_MJ10
H`JXD J ltd Rb]XDIQeR8J d H`]�^ f LtLtitLMJ=H`^OJONa^T]�_M_M]KRTD QS_ G M_c Z8^ID QaQ G RhZ8^OZbYyLMZbHMRbJ�_MW8^OZ8D�Z8Y{NPDq]pRb]E_MJ d RhWbLM]�H`]�^O]`LtLtitL`D QS_MJ l
] d ]�\PW8^OJ d Rb]XDS|IDqZKEOJK|IDVU f QSRbJ�H�D H`L`u J ; -�- = M r H`J�_MW d IGY e QeR�i d Z dLG R�itR8]z]KFIRhk�H`]�^TJ�FtQaD f �OJKFt_`ZEJK^ID QS_MW d ]}UXJXD dOf
H`]�^ f LtLtitLM]�_`J d RTWsLM]�Rb]cJKH`J�u�] Z ^TiMQaD�_MJ`HKJ�D J ltd R8]�DPQSF ZedOf"M
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� J�_MJ d RhWbLMJ=H`]K^ f LtLtitL�I d |OZ8|TJ�_MW d I d Zou d ]�DTW d ]=]KH G Rb]�HKD JE]KHML f H`]�^ f LtLtitLM] _`J d RTWsLM] M�� Z{]�FIR G R8JE_MJ d RhWbLMJ e
JXDSZ8^�Na]�Qau�Z8Y ]KH`ZoDVUXJ d u��OJ d Rb]XDXQeR8]`RTDqU f H f�d I QeROD Y |OD�Z8^�Na]�Qau�ZbY UX]�DXU f �PZ Z8^hNa]KQPu�]�ZbU�RhZbLMZouau�|OD�ZbY=H`^ f ETZoD Y�H f�d I
QSZm|IDq]�\PJ�^TZbRTDqU f |TZ8|OJK_MW d ] M.� FIR G R8J Zou�|TJ�Y HK]K^O]`LtLtitL`D QS_`J l HKJKFwW Z ZoD QS] d ]KH`JtRhWbLMZ8QS_M] R�i d ZsU�RhWbLMZ8Qei
H`]�^ G _MJXDDI d H`^ f ETZJI d H f�d I QSZ=|OD�]K\nJK^OZbRTDVU f |TZ8|OJK_`W d ]�Rb]�FIR G1Z ^OJ d ] J d J�_ f �TZbR8]�DKH`]�^O]`LtLtitL`D QS_ G Y=|TZ8|OJK_MW d I d
N�� ( /#( $O(��)(�? ?,"�? f 3#* UJM C/FIH`JILMJONPD QS_ G Y _MH`JK^OZou d ]wZbUKRhZbLMZou R8]�D QSZz|ID f \PJ�^TZ8Yz\ f QaZ8D YzUX]XDGR8]w|TZ8|OJK_MW d ]jH`J�F
ZbH`ZKETZ8^hN f �OZbRb]XDSQaZ�U f �PZ�|OD�]K\nJ�^TZbRTDqUKk�\ f QSi�_tH`J�^TZou d ]cZou d ]XDS|IDq]�\PJ�^TZbRTDqU f M V r RTQaD e J�DnFIH`JILMJONPD QeRODVUXWbY�\ f QSZoD Y
Z d ]KLtL f QSJ d Rb]XDhQSH`JK^O]�|ODqU f _MZ QSFON Z ^TJ d D QS_ G R(I d Z8^hNa]KQPD aGd k�_MZG] d ]�_MJ d k d W(I d |OZ8|TJ�_MW d I d NPD�]EZsHKZJEOZ8^�Na]�Qau�] M
� |OD f QSH`]KQSi?R8JKF�H`^OJ�H`LtkM_M]KR8JKY QSZEZ8^�Na]�Qau�ZbY HK]KQau �OZsR8]XDaQSF d k�"IGY QeRbJ Q Z kM_M]}R�iMY�U�]KR f Rh_tiMQeiMY |TZ8|OJK_MW d I d
N�� ( /#(`$O(�� / f / fBP�!Jf,!�& U ZbH`ZoDq|Tk=_KDq] D QSJ�_MZ8^TkMY UX]KR f RT_tiMQei=R(I d |TZ8|OJK_MW d I d QSF d ZbH f NaZbRb]XDt_`D�]�QeR8]KRTDVU�kE]`H`ZoDqU GMd D Qei
H f�d I QSRTD Yp|OD�Z8^�Na]�Qau�ZbY=UX]�DS_M]KY�HK]K^OW Z Z8DeU�]KLtk�D QSJK^O^OJ`HKu�] R8JKF�\PJ�^hROu JKF N ? P ( � - (�?,( ! �9"�UJM
� J[_`J d RTWsLMJ[H`]K^ f LtLtitL�I d |TZ8|OJK_MW d I d _tH`J�^TZou d ][FILMJKH`J�D i�nZ8u�QSZ QaFtQeR�kM_M]KRb] |IDq]�_MJ�D�^T]F� G _MZ d iMYp_ d kM_tiMY

UX]�DIQSZ QSFtQeRhkM_M]`R8]pUX]KRb] d Z8_tiM_`W d iMY _ d kM_MiMY M.� FILMJKH`JXu iMQei=RbJ�F�_MJ d RhWbLMJKF=]�FIRbJ l Zou d ]XDOUX]`R f LtLtitLti QaZ QSFtQSR�k30
_M]KRb]}UX]KRb] d Z8_tiM_`W d iMYE_ d kM_tiMY�NPD�]`RTuni?FIH`JILMJONPD QeRTDVU�kz|T^O]�QeR�iM^ID G R�itR8]cR�iMYpU f �PZ�|OD�Zb^hNa]�Qau�]�YEZbHKDVUXZ d RT^ aGd ZbRb]XD
UXFt^Ou�IGY QeR�i d |IDVU�k�RhiMY H`Z8^ID J Z k R8J`H�DVU aGd |TZ8|OJK_MW d I d UX]XD`i�ZbHKDVUXJ�D d I d u�]�RJI d |IDqZ8^�Na]�QaD aGd Z8u d ]�DKQ Z ZbRTDVU f QeH f 0
d Dq] M r HKDqHMLMW8J d7e i FILMJKH`JXu iMQei R8JKF _`J d RTWsLMJ�F H`]�^ f LtLtitL�I d |OZ8|TJ�_MW d I d Zou d ]�D�U�]KR f LtLtitLti Z8D�|ODqU f NPDq]�QSFtQSR�kM_M]KRb]
|IDq]�_MJ�D�^T]F� G _MZ d iMY�_ d kM_MiMY G R8] d ic|OD�] d J�_tk R(I d |TZ8|OJK_MW d I d Zou d ]XDa|IDq]�\nJK^OZbRTDVU�k�QSZp|IDq]�\PJ�^OZsRODVUXWbYE\ f QSZoD Y�RbJ�F
_MJ d RhWbLMJ�F M�X Z d DVU f R8J}_MJ d RhWbLMJ�]�FIR G J d J�_ f �TZbR8]�DXUX]XD / � .�Q N / f,!�& ?3" ��� P'& �)('* . � ? / f $"?3" Q`( /#(!UJM
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V r d ]KY H`]K^ f LtLtitLMJKY ]KLIN G ^ID �P_MJ�Y _tHKJK^OZou d ]�H`]K^O]�QeRb]!�PZouKQS] d Na^ f \nJ�Y |IDqZ8^hNa]KQPD aGd H`J�FpQS]�\ a Y Z ^TiMQaD�_MJ`HKJ�D�Z8u 0
R8]�DKNPD�] R�i d ]KH`ZoDVU GMd D Qei R(I d |OD�Zb^hNa]�QaD aGd�M5� RbJ _MJ d RhWbLMJ�Na^ f \nJ�Y |OD�Z8^�Na]�QaD aGd?e?Z ^TiMQaD�_MJ`HKJ�D J ltd R8]�DXJXDXQ Z W8QSZoD Y
_MZbR8]�E l R(I d |OD�Zb^hNa]�QaD aGd HK^TJKU�ZoD�_MW d J�F d ]p_MZoDDI@�PZouMRbJ�U G QeR8JKY R�iMY ZbHKDVUXJ�D d I d u�]KY M.� Jp_MJ d RhWbLMJp]�FIR GSZ ^TiMQaDq_MJ10
H`JXDqZou R8]�D`U�Ft^Iu�IGYyNPD�] d ]pL l QaZ8D`H`^OJ�H`LtkM_`]`R8] QSRb]BJKH`J�u�]piEHKJKQ G R�itRb] RJI d |OZ8|TJ�_MW d I d H`J�FEQSFtQ Z ZbRTu �TZbR8]�DK_MZ RTD Y
|IDqZ8^�Na]�Qau�Z8Y�Zou d ]XDP_`Z N f Lti}QSZ Q Z WbQSi}_`ZpR�i d HKJKQ G R�itRb] FIH`JILMJONPD QS_MJ l H`J�FcQaFtQ Z ZbRTu��OZbRb]XD�_MZ RTD Y |OD�Z8^�Na]�Qau�ZbY M
CEDG|IDqZ8^hNa]KQPu�Z8Yc]`H`ZoDqU�J d u �TJ d R8]�D QeR8]`RTDqU f WbRhQaD a QeRhZcRbJ@U G QeR8J�YcZbHKDqU�JXD d I d u�]�Y�_MZbR8]�E l RJI d |IDqZ8^�Na]�QaD aGd d ]
Zou d ]XDSZbL f?Z D QeR8J M ~ Z8^IDVUXWbYE\nJ�^TW8Y Z ^hiMQPDq_MJKH`JXDqZou Rb]XDni�]KH`JKU�Z d Rh^ I{RODVU�kSN�� "��9" ! /��_(�? f! " � U |TF d ]K_KDVU�k�]`H`ZoDqU GMd D Qei
H`J�F Z ^hiMQaD�_MJKH`J�D�ZouXHMLtiM^OJK\nJK^Iu�ZbY Q Z ZbRTDVU f _MZ R�i d |TJ�_tk�RbJ�F Na^ f \PJ�F�|IDqZ8^hNa]KQPD aGd UX]�D�Rhi d |OJK_tkBZbHKDVUXJXD d I d u�]KY
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RJI d |IDqZ8^hNa]KQaD aGd]a QSRhZ d ]?ZsLM] Z D QeR8J`H`JXDqZouPR8J�U G QSRbJ�Y�R�iMYpZbHKDqU�JXD d I d u�]�Y M
� H f ^ Z JKF d |ID f \PJ�^TZ8Y RTZ Zed DVUXW8Y NPDq]�R�i d _MZou'IGQSi R�iMY ZbHKDVUXJ�D d I d u�]KY HKJKF Zb\n]�^T_ G �OJ d R8]XDMQeR8J�_MJ d RhWbLMJ�Na^ f 0

\nJKF[|IDqZ8^hNa]KQPD aGd G H!IGY�im_MZou'IGQei RbJ�F G NSUXJ�FzU�]XD R�iMY�QaF Zed�G RhitRb]�Y�R�iMYcZbHKDVUXJXD d I d u�]KY _`Z R�i d ] l EhiMQei R�iMY
R8J`HKDqU G R�itRb]�Y�RJI d |OZ8|TJ�_MW d I d QaZ U f �PZ |IDqZ8^hNa]KQau�]�Z d*a i ]KH`ZoDVU GMd D QSi R(I d |OD�Zb^hNa]�QaD aGd HK]KQau �OZsR8]XDeQeR�i d |TJ�_tk
ZbHKDVUXJXD d I d u�]KY=_MZbR8]�E l R(I d |IDqZ8^hNa]KQaD aGd!M
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� J�_MJ d RhWbLMJB|OZJEO]�_MZ d kMY Z8^hNa]KQPu�]�Y Z ^TiMQaDq_MJKH`JXDqZou R8]�D G Rb] d JXDXZb^hNa]�Qau�Z8Y |OZ d Z8u d ]�D`N d IGQeRhW8Y ZbU RJI d H`^OJtRhW8^�I d7e
]KLtL f |TiM_`D JKFt^hNaJ ltd R8]�D`|TF d ]�_`DVU f UX]#� a Y ZsU�RhZbLMZou Rb]XD`i�Z8\P]�^T_`JONSk M X D�] d ] H`ZbR l1Z JKFt_`Z ZKEID QSJK^O^ G HMiMQSip\PJ�^hROu JKF
N ? P ( ��- (�?,( ! � f !�& U JXDaZ8^hNa]KQau�Z8Y�H`^OWsHKZ8D d ]?]KH`ZoDVUXJ d u��OJ d Rb]XDSQaZE|OD�Zb^hNa]�Qau�Z8YE|OF d ]�_`DqU f U�]!� a Yp|TiM_`D J�Ft^�NaJ ltd R8]XD
UX]`R f R�i d |ID f ^hUXZoDq]zZbU�RhWbLMZbQSiMY�R�iMYBZ8\n]K^O_MJONSkMY M V r RTQaD e QaZ ]�FIR G R8J _MJ d RhWbLMJ[|OZ d FIH f ^ Z ZoD�HK^TJ10 ]`HKZ8DqU G`d D Qei
RJI d Z8^�Na]�QaD aGd QeRTD Y |IDqZ8^�Na]�Qau�Z8Y M6� ]`H`ZoDqU GMd D QeicR(I d Zb^hNa]�QaD aGd _MH`JK^OZou d ] Z8u d ]�DnQSFONSUXZ d Rh^�I{RTDqUKk�N �9" ! /��_(�? f R
 " � U kz]KH`J`UXZ d RT^ I{RTDqUKk N�� "��9" ! /��)(�? f! " � UJM CED�Z8^hNa]KQPu�Z8Y�_MH`JK^OZou d ][]`HKJ#�aitUXZ l J d Rb]XD�QSZ�_`Dq] |OD�]K_MJXDq^O]F� G _MZ d i
L`u QeR8] G H#IGY JKFt^ f H`^OJtRhZ8^O]�D G R�itR8]KY e HKu d ]KUX]KY{UX]KRb]KU�Z8^O_M]KRTD QS_MJ l UX]�DI|OW d |O^OJ kE_tHKJK^OJ ltd d ]E]KH`J#�PitU�Z l J d Rb]XDIQSZ
_`D�]}U�]KRb] d Zb_MiM_MW d i�|OJ�_tk�|OZb|OJ�_MW d I d�M�� Z�]KFIR G R8Jz_MJ d RhWbLMJ e J�DnZ8^�Na]�Qau�Z8YE]`H`J!�aitUXZ l J d R8]XDaQSZ�_`Dq]z|OZKET]�_MZ d k
Z8^�Na]�Qau�]KY UX]XDMU f �nZ |OD�Zb^hNa]�Qau�] LM]�_LH fKd ZoD`_KDq] Z8^�Na]�Qau�] ]KH G R�i d |OZKET]�_MZ d k�UX]�D�QeRhi d QSF d W Z ZoDq]�H`^O]`Na_M]`R8JKH`J�D�Zou
R8J d ]KH`]XD RbJ l _MZ d JmFIH`JILMJONPD QS_ G"M � ]`R f R�i d |ID f ^hUXZoDq]zR�iMY�ZsU�RhWbLMZ8QeiMY _`D�]KY�Z8^hNa]KQPu�]�Y e J�D |OD�Z8^�Na]�Qau�ZbYB_tHKJK^OZou
d ] |TiM_`D J�Ft^�NSkMQSJ�F d}d W8Z8Y�Z8^hNa]KQau�Z8Y e JXD JKH`JXu�Z8YBH`^OJ�QeRTu �PZ d Rb]XDgQeR�i d |OZKET]�_MZ d k[Z8^hNa]KQPu�]�Y M � WbLMJ�Y e ] d Z8\P]�^ 0
_ G �TZbR8]�DaQeR8Jc_`J d RTWsLMJ?|TZKEO]K_`Z d kMY=Zb^hNa]�Qau�]�Y=]`H`JKUXZ d Rh^�I{RTDVU�kB]`H`ZoDqU GMd D Qei e R G RTZ=]KH`]XD RhZou Rb]XDaW d ]KY�]KLIN G ^ID �P_MJ�Y
] Zed u d Z8FtQeiMY RhZ8^O_M]`ROD Qa_MJ lTM C ]`LIN G ^OD �n_MJKY�]�FIR G YEW Z ZoDaQS] d QeUXJ`H G G LMZ8YEJ�De|IDqZ8^hNa]KQPu�Z8Y d ]?] d D Zed Z l QSJ�F d R�i d
JILMJKUKLtkM^�IGQei R�iMYEZ8\n]K^O_MJONSkMY � G R8] d Zou d ]�D f |OZoDq]?i�|TZKEO]K_MZ d k�Z8^hNa]KQPu�]�Y�� U�]XD d ]�RhZ8^O_M]KRTu QSJ�F d R�i LMZoD R8JKFt^hNPu�]
R8JKFtY M
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� J _MJ d RhWbLMJ QaF d R8J d D QSR�kMY 0�Zb^hNa]F� G _MZ d J�Y[]KH`JtRhZbLMZou R8]�D ]KH G | l J J d R G RhitRhZ8Y��vR8J d QSF d RbJ d D QeR�k UX]XD RbJ�FtY
H`JILtLM]KHMLMJ l YzZb^hNa]F� G _MZ d J�FtY M C QSF d R8J d D QeR�kMY Zou d ]XD{FIH`Z l �PF d J�YcNPDq]@R�i d |ID f QeH`]�Qei�R8JKFjH`^TJ#H`LtkM_M]KRbJ�YzQSZ
_`DqU�^OW8Y Z8^hNa]KQPu�Z8Y e NPD�] Rhi d |IDq] d J�_tk R(I d Z8^�Na]�QaD aGd ]�FIR aGd QSRbJ�FtY�Z8^�Na]F� G _MZ d JKFtY U�]XD NPDq] R�i d QSFILtLMJONSk
]KH`JtRhZbLMZ8QS_ f R(I d ]KH G R8J�FtY�Z8^�Na]F� G _MZ d JKFtYpNPDq] d ] H`]�^ f NaZoD�RbJ RhZbL`DqU G ]`HKJtRhWbLMZ8QS_M] RbJ�FzH`^OJ�H`LtkM_`]`R8JKY M CED
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Z8^�Na]F� G _MZ d J�DaZbUKRhZbLMJ ltd R�i d ]KU G LMJ�FL�ai�|IDq]�|ODqU�]�Qau�]}QSZpW d ]z]KHML G U l UKLMJ Z ^ GMd JKF � LM]K_H fKd JKF d _`D�][Z8^�Na]�Qau�] e
ZbH`ZKETZ8^hN f �OJ d Rb]XD�R�i d Z8^�Na]�Qau�]�UX]�Da]`H`J�QeRhWbLMJ�F d R8J}]`H`JMRhWbLMZbQa_M]�RhiMYpZbH`ZKETZ8^hNa]KQau�]�Y QeR8J}QSF d RbJ d D QeR�k M V r RhQaD e
i�ZbHKDVUXJXD d I d u�] LM]�_LH fKd ZoD Z�a ^O]�_ G`d J?] dOf _`ZbQa]�QeR8J d QSF d R8J d D QeR�k�UX]�DSQeRbJ�FtYpZ8^hNa]�� G _`Z d J�FtY M
� J�_`J d RTWsLMJ�QSF d R8J d D QeR�kMY 0yZb^hNa]F� G _MZ d J�Y _tH`J�^OZ8u d ] Z ^TiMQaDq_`J`H`JXDVkMQaZ8DSZ8u RTZ R�i d QSRb]KRTDVU�k�|IDq] d J�_tk N 34/#( / f �

? P ( � - (�?,( ! � f,!�& U kpR�i d |TF d ]K_KDVU�kp|OD�] d JK_Mk�N�� A ! ('* f � ? P ( � - (�?,( ! � f,!�& UJM@� R�i d H`^ a R�ipHKZb^Iu�HMR(IGQSi e i�|IDq] d J�_tk
RJI d Z8^hNa]KQaD aGd NPu d ZbR8]�DaQeR�i d ]K^ Z kBRbJ�F FIH`JILMJONPD QS_MJ lTMy� H`J�R�i d f LtLti�_MZ8^ID f'e i�|OF d ]K_`DqUKk |IDq] d J�_tk Z ^TiMQaDq_MJ10
H`JXDqZou R8]�D G R8] d JB]�^OD �n_ G Y R(I d Z8^hNa]KQPD aGd Zou d ]�D`_MZsNa]`L l RTZb^OJ�Y ]`H G R8J d ]�^OD �P_ G R(I d ZbH`ZKEOZb^hNa]�QeR aGd k G R8] d |OZ d
N d IG^Ou �TJ�Ft_MZ ]`H G R�i d ]K^ Z kBR�iMYpZ8\P]�^O_MJONSkMY=RbJ d ]�^OD �P_ G RJI d Z8^hNa]KQPD aGd�M
� J _MJ d RhWbLMJpQSF d RbJ d D QeR�kMY+0 Z8^hNa]�� G _`Z d J�YG_tH`J�^TZou d ]�NaZ d DVUXZbFIRTZ8uMQSZ W d ]�DqZ8^O]K^ Z DVU G _MJ d RhWbLMJ�QaF d R8J d D QSR�kMY

0 Z8^hNa]�� G _MZ d J�Y�N : f " �)(t�_: f � (�?�* (�3 /6" �+R�� P �	,'" �b* P � "�? UJM � RbJz] d*a RhZ8^TJ}ZbHKu�H`Z8|TJcR8JKF}DqZ8^O]K^ Z DVUXJ l _MJ d RhWbLMJKF�J
QSF d RbJ d D QeR�kMY�|OD�] d W8_MZoD�_MZsN f LM] U�J�_M_ f RTDq] Zb^hNa]�QaD aGd QeRbJ�FtY QSF d RbJ d D QeRhW8YBR8JKFz|OZ8FIRhW8^TJ�F�ZbHKDqH`W8|TJ�F}J�D J`HKJ�u JXD
|IDq]�_MZ8^Ou �TJ�F d U�]XD |IDq] d W8_MJ�F d RTD Y Z8^�Na]�Qau�Z8Y�QeR8JKFtY ] d RTu QeR8J�D Z J�FtY�Z8^hNa]��OJ�_MW d J�FtYER8JKFtY�UX]�D ZbHKu QSiMY U f �PZ�QSF d 0
R8J d D QeRhkMY?R8J�F |OZ8FIRhW8^TJ�F[ZbHKDqH`W8|TJ�F _MH`JK^OZou d ]�ZbU�RhZbLMW8QSZoDgU f H`JXDqZ8Y�Z8^hNa]KQau�Z8Y M � JvD�Z8^T]�^ Z DqU G _MJ d RhWbLMJ�Zou d ]XD
UX]`R f LtLtitLMJzQSZ QSFtQeR�kM_M]KR8] |IDq]�_MJXDq^O]�� G _`Z d iMYp_ d kM_tiMY k?UX]KRb] d Z8_tiM_`W d iMY�_ d kM_tiMYBZ8\ G QSJ d iz]KLtLtitLMZbHKu�|O^O]KQei
Zou d ]XD�| l J ZsH�DVH`W8|�I d N /�� P R��H(�A UNe |TitLM]�|hk}J QSF d R8J d D QeRhkMY�N d IG^Iu��OZoD G RTD�H`^TWbH`ZoD d ] |IDq] d Wb_`Z8D�Z8^hNa]KQPu�Z8Y U�]XD JXD
Z8^�Na]F� G _MZ d J�DKN d IG^Iu��OJKF dEd ]�LM]�_LH f�d J�F d Z8^hNa]KQau�Z8Y ]KH G RbJ d QSF d R8J d D QeRhk M
V C=R8] dQZ ^hiMQPDq_MJKH`JXD J l _MZ=R8J?_MJ d RhWbLMJ�QaF d R8J d D QSR�kMY 0yZ8^�Na]F� G _MZ d JKY HK^TWbH`ZoD d ]�LM]#HKJ l _`Z FIH G �ai G RODeJ�QSF d 0

R8J d D QeRhkMY |OZ d H`^OWsHKZ8D d ]�FIH`J�QeRhZou�QSFt_M\ G ^TiMQei�N - P / / ?3" ! "���,
U ipJ`HKJ�u�]�_tHKJK^OZou d ]�Z8_M\n] d D QeRhZou G Rb] d J�DKZ8^�Na]�Qau�ZbY
Zou d ]XD�H`JIL l _`DVUX^OWbY k G R8] d J�DeZ8^hNa]�� G _MZ d JXD�Z8u d ]�DXQ Z ZbRTDqU f Na^hkINaJ�^OJ�D M$� Z=]�FIR G R8J?_MJ d RhWbLMJ e i�|IDq]�QeH`J�^ f R(I d
Z8^�Na]�QaD aGd N & �)( ! � ?,(�� f / A
U H`^OWbH`ZoD d ][Zou d ]�DnRTWsR8JXDq] a QSRhZ�RbJ U G QeR8JKY�R8JKF}FIH`JILMJONPD QS_MJ l[d ]zUXFt^OD�]K^ Z Zou Rb]XD�]`H G
R8J�U G QSRbJ�Y�R�iMYp|IDq] d J�_tkMY=RJI d Z8^hNa]KQaD aGd UX]�DSRbJ?U G QeR8J�Y�RbJ�F QSFON Z ^OJ d D QS_`J lTM
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� R8J _`J d RTWsLMJ@|OD�]KQ I{Ltk d IGQeiMY J�DyZsHKZJEOZ8^�Na]�QeRhW8Y}J�^�Na] dBaGd J d Rb]XDxQSZ}_MZ8^IDVUXWbY}UX] d J d DVUXW8Y�|OJK_`WbY G H#IGYz]�FIR�k
R8JKFz|O]`U�RhFIL`u J�F�kzR8J�Fz|OD�|OD f QeR8]KRbJ�F}HMLMWsNa_M]KRbJ�Y M
	 Dq]�_MW8QSJKFz]�FIR�kMY�R�iMYBUX] d J d DVU�kMY |OJ�_tkMY�Rb] |TZ8|OJK_`W d ]z_MZ�0
R8]`UeD d J ltd R8]�Dg_MW8QS]mQeR�im|OJK_tk e _MZ U f �PZBZsHKZJEOZ8^�Na]�QeR�k d ]mZbUKRTZsLMZou W d ]mQSFONSUXZ8^OD�_MW d J Rh_tkM_`]mR�iMY�QSF d JIL`DVU�kMY
FIH`JILMJONPD QeRTDqUKkMYB|IDq]�|ODqU�]�Qau�]KY M X Z d DVU f QSZp]�FIR G R8Jz_MJ d RhWbLMJz_`Dq]zQaZ8D�^ f ]KH G ZbH`ZKEOZb^hNa]�QeRhW8YpQ Z iM_M]KRTu �TJ�F d _`Dq]
Na^O]K_M_KDVU�k�k�H`LMZ Na_`]`RTDqUKk}|IDq]�Q
I{Ltk d IGQSi G H`JKF�U f �PZpZbH`ZKEOZb^hNa]�QeR�kMYELM]�_LH f�d ZoDP_`Dq][QaZ8D�^ f ]KH G |OZb|OJ�_MW d ]c]`H G

&t�
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R8J d ]K^ID QeRhZ8^ G ZbH`ZKEOZb^hNa]�QeR�k e Rb]w_MZbR8]`Rh^OWbH`ZoD U�]KR G HKD d ZbH`ZKETZ8^hNa]KQPu�]�Y�UX]XDy_MZbR f QeRTWsL d ZoD Rb]w]KH`JtRhZbLMW8QS_M]KRb]
QeR8J d |TZKEID G ZbH`ZKEOZ8^�Na]�QeR�k M �pf �PZ ]�^ Z DVU�k RTDq_tk�H`JKFBZoD QSW8^ Z ZbR8]�DPQeR�i?|OD�]KQ
I{Ltk d IGQei�Ft\�u QeR8]`R8]�DP_`D�]?QSZoD�^ f ]`H G
_MZbR8]KQ Z iM_`]`RTD QS_`J l YBUX]�D�ZKEOW8^ Z ZbR8]�DWIGY�]`HKJtRhWbLMZ8QS_M][]KH G R�iz|IDq]�Q
I{Ltk d IGQei M C�HK]K^O]`LtLtitL`D QS_ G Y�H`^OJKW8^ Z ZbRb]XD
]KH G RbJ NaZsNaJ dLG Y G ROD`U f �PZ ZsHKZJEOZ8^�Na]�QeR�kMY R�iMY |IDq]�Q
I{Ltk d IGQSiMY ZbUKRTZsLMZouK_MZbRb]�Q Z iM_M]KRTD QS_MJ l Y R�i d u�|IDq]B]KU�^ID H a Y
QeRTD Na_tkz]KLtL f _MZE|OD�]K\nJ�^TZbRTDqU f |TZ8|OJK_`W d ] M�� R8Jz_MJ d RhWbLMJ}|OD�]KQ
I{Ltk d IGQeiMY�i?]KH`ZoDVU GMd D Qei�R(I d Z8^hNa]KQPD aGd H f�d I
QeR8JKFtY�ZsHKZJEOZ8^�Na]�QeRhW8Y=Zou d ]�DSQeRb]KRTDqUKk M
� ZKEOD QSJ�^O^ G HMiMQeiER8JKF�\PJ�^hROu JKF�Zou d ]XDMQSF dOf ^TR�iMQeiERhiMY |IDq]�QeH`J�^ f Y R(I d Z8^�Na]�QaD aGd!M V r RhQaD eFG QSJB_MZsNa]KL l RhZ8^hi

Zou d ]XDei�|IDq]�QeH`J�^ f R G QSJ}]KF�E f�d ZbR8]�DaJ?HK]K^O]`LtLtitL`D QS_ G YpQSR�i d |OD�]KQ
I{Ltk d IGQei M ��d RTu �PZbRb] e ] d i�|IDq]�QeH`J�^ f Zou d ]XD
H`JIL l _`DVUX^TkvR G RTZ[]KF�E f�d ZbR8]�Dyi@ZbHKD H f ^OF d QSivR�iMY ZsH�DVUXJ�D d I d u�]�Y[Z8\ G QSJ d JXD ZsHKZJEOZ8^�Na]�QeRhW8Y Z ^OZoD f �TJ d R8]�D d ]
ZbHKDVUXJXD d I d kMQSJ�F d NPD�] d ]�L f HKJ�F d�d Wb]�|TZ8|OJK_MW d ]�_MZbR f ]`H G _`D�]c_KDVUX^hk�|ID f ^hUXZoDq]�FIHKJILMJONPD Qa_MJ lTM
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CED |IDq]KR f ETZoD Y ZbH`ZKEOZ8^�Na]�QeR aGd N (�� �)( A $� P �9" 3 3 P � 3(U ] d ]�\PW8^ �aitU�] d HK^ a R8][]KH G R8JKFtY�� � !�& UX]�D � " f 36" � 3 P�! QSZ
f ^��P^OJpR8J�FtY RbJ ��& � �T; � - = Mx~ D�] |ID f R8]�ETiEZsHKZJEOZ8^�Na]�QeR aGd Zou d ]�DMW d ]�|Iu�UKRhFtJ ]`H G;G _MJ�D�] QSRbJXD Z Z8u�]�ZsHKZJEOZ8^�Na]�Qau�]KY
N $ � P �9" 343 f !�& "�?,"7*T" ! /43JU kmUXZsL`D f N �9"�? ? 3(U |IDq]�QSF d |OZ8|TZ8_MW d I d J�_MJXD G _MJ�^T\n]m_MZbRb]FE l R8JKFtY M � Jj|Iu�UKRhFtJm_tHKJK^OZou
d ]cZou d ]XDPJK^hNa] d IG_MW d J?QSZ _MJ d JK|ID f QeR8]`RTZbY�|OD�]`R f EOZ8D Y � G H#IGY�Na^O]K_M_KDVUXWbY�|OD�]`R f EOZ8D Y k?|IDq]KR f ETZoD Y�|O]`U�RhFIL`u J�F#� k
QSZc|OD�|OD f QSRb]KRhZ8Y}|OD�]`R f EOZ8D Y � G H!IGY�RhZbRh^O]`N I d DqU�W8Y e Rh^ID N I d DqU�W8Y}|OD�]`R f EOZoD Y?k�|OD�]`R f EOZoD Yc|OW d |O^TJ�F#� M�� ]vU�ZbL`D f
RJI d _MJ d JK|ID f QeR8]`RJI d |OD�]`R f EOZ(I d QSF d |TW8J d Rb]XD _MZ}RbJwHKJIL l _MW Z ^ID | l JY� l ^TZ8Y[_`ZzRb]@NaZoD RbJ d DqU f R8JKFtY U�ZbL`D f
_MW8Q
I R(I d J`H`JXu�I d ] d Rb]KLtL f QaJKF d |OZb|OJ�_MW d ] e Z dBa Rb]zUXZbL`D f RJI d |IDq|ID f QeRb]KRJI d |OD�]`R f EOZJI d QaF d |OW8J d R8]XDa_MZ�RbJ
H`JIL l _MW Z ^ODPRhW8QSQSZ8^ID Y � l ^OZ8Yp_MZER8]?NaZ8D R8J d DVU f U�ZbL`D f M�� ]cU�ZbL`D f Zou d ]XD G LM]zu�|OD�]?UX]XDa]KH`JtRhZbLMJ ltd R8]XDa]KH G ]`H`L f
UXFIUKL�IG_M]KRTDqU f QeR8J�D Z Zou�] G H#IGY�U�]KRb] Z IG^TitRhW8Y e ]!�P^TJXD QeRhW8Y e�Z IG^Ou Y�]�FIR G�G _�IGY d ] ]KH`JKUKLMZou�ZoD R�i |TF d ]`R G R�itR8]
l H`]�^�ETiMY�JIL G U�LtiM^�I d _`DqU�^OJKZbH`ZKEOZ8^�Na]�QeR aGd IGY�UXZbL`D aGd QSZ�_`Dq]c|OD f R8]FEhi�ZbH`ZKEOZb^hNa]�QeR aGd�M
� |ID f R8]�ETiEZsHKZJEOZ8^�Na]�QeR aGd ]KH`JtRTZsLMZouI_`D�]pH`]�^ f LtLtitLti�]K^ Z D RhZbUKR8J d DVU�k�H`JKF G LM]pR8]pUXZbL`D f ZbU�RhZbLMJ ltd Rhi d u�|OD�]

LMZoD RbJ�Ft^�NPu�]�_MZ |OD�]K\nJ�^TZbRTDqU f U f �PZ \PJ�^ f |TZ8|OJK_MW d ] M�� F d ZbH a Y e Rb] U�ZbL`D f _`D�]KY |OD f R8]�ETiMY ZbH`ZKETZ8^hNa]KQSR aGd W Z J�F d
G LM]�RbJ d u�|OD J Z ^OJ d D QS_ G UX]XDtLMZoD RbJ�Ft^�NaJ ltd Rb]�FIR G1Z ^OJ d ] WbRhQaD a QeRhZ QSZ U f �PZ FIH`JILMJONPD QeRTDqU G H`kM_M] d ]�FIH f ^ Z J�F d
| l J@\ f QaZ8D Y M�� _`D�]@\ f QSijZ8u d ]�Dxi@\ f Qei�R�iMY}R8J`H�DVU�kMY[_MZbRb]�\nJK^ f Y}|OZ8|TJ�_MW d I d �;kvZbHKDVUXJ�D d I d u�]F� ]`H G UXZbL`u
QSZ�U�ZbL`uPU�]XDPi f LtLti?Zou d ]XDaic\ f QSi�R�iMY�ZbUKRhWbLMZ8QeiMY�R(I d FIHKJILMJONPD Qa_ aGd _`WbQa]zQeRb][U�ZbL`D f M r H`JK_`W d IGY e G LM]zRb]
UXZsL`D f |OJKFILMZ l J�F d |TitLM]K|Tk=^OFL�P_`DqU f'e ZbH`] d ]KLtitHMRTDqU f U�]XDIH`]�^ f LtLtitLM] e R G QSJ)IGY H`^OJKY R8JKFtY FIH`JILMJONPD QS_`J l Y eTG QaJ
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Interface Unit

Host computer

Data output

Data input
Array Processor

�rZ kM_M] � M - � 	 ZoD RbJ�Ft^hNPu�]�R�iMYE|OD f R8]FEhiMYEZbH`ZKEOZb^hNa]�QeR aGd

UX]�DWIGY H`^OJKY R�i}_MZbRb]�\PJ�^ f |TZ8|OJK_MW d I d!M6� R8]KFIR G1Z ^OJ d i �;kcH`]�^ f LtLtitLti!� LMZ8D R8JKFt^hNPu�] G L�I d R(I d U�ZbL`D aGd R�iMY
|ID f Rb]FEhiMY�J�|hiINaZou�QSZ _MZsN f LMJ�FtY HK]!�P_MJ l Y H`]K^O]KLtLtitL`D Qa_MJ l UX]�D�QaF d ZbH a Y�QSZ�_`Z N f LMZ8Y�R8] Zel R�itRhZ8YBZsU�RhWbLMZ8QeiMY
RJI d FIH`JILMJONPD QS_ aGd�M�� ]K\Pk?HKZb^ID JK^ID QS_ G QeR�i d R8] Zel R�itRb] LMZoD RbJ�Ft^�NPu�]�Y�R8JKFtY e �nWsRTZ8D icR8] Zel R�itRb] ZbHKDVUXJXD d I d u�]KY
_MZbR8]�E l | l J�NaZoD R8J d DVU aGd UXZbL`D aGd�M
C+QSF d JIL`DqU G Y Z ^ GMd JKY�ZsU�RhWbLMZ8QeiMY�FIHKJILMJONPD Qa_MJ l QSZ�_`Dq]z|ID f Rb]FETi?ZbH`ZKETZ8^hNa]KQSR aGd Z8u d ]�DaRbJ f �P^OJ�D QS_`]zRbJ�F

Z ^ GMd J�F�FIH`JILMJONPD QS_MJ l |OZb|OJ�_MW d I d UX]XDXRbJ�F Z ^ GMd JKF�_MZbRb]�\nJK^ f Y�] dTf _MZ8QS]�QSRb]?NaZoD RbJ d DVU f U�ZbL`D f M
CEDP|OD�]`R f EOZoD Y�ZbH`ZKEOZb^hNa]�QeR aGd _MZ H f Qei RTD Yp]KH`]XD RhkMQSZoD Y _`Dq]�YEZ8\P]�^O_MJONSkMY Z IG^Ou �TJ d R8]�DXQaZ=| l J�UX]KR�iINaJK^Iu�ZbY��

QSZE|IDq]KR f ETZoD YpZoDq|IDVUXJ l QSU�JKH`J l N (�? &�P � f /#:�*�R 36$5"�� f �a� (�� �)( A�3JU H`J�F�Zou d ]XDeQ Z Z8|OD�]KQa_MW d Z8Y=NPDq]cR�i d ZbHKu�LMFtQei�Z dLG Y
QSFONSUXZ8^OD�_MW d J�F�]`LINaJ�^Iu �P_MJ�F U�]XDGQSZz|IDq]KR f ETZoD Y}NaZ d DVUXJ l QeUXJ`HKJ l N ��? (�343 R 36$5"�� f �a� (�� �)(�A�3(U HKJKF�_tHKJK^OJ ltd d ]
H`^OJKQa]K^O_MJ�QeRbJ ltd �;k d ]�HK^TJONa^O]K_`_M]`ROD QSRbJ ltd � QSZ�_`Dq]?UKL f Qei�]KLINaJK^Iu �P_#I d!M
� R8J �rZ kM_M]�� M - \n]Xu d ZbRb]XDXi0HK]�QaDVU�k�]K^ Z kBLMZoD R8J�Ft^�NPu�]KYE_KDq]�YE|OD f R8]�ETiMY�ZbH`ZKETZ8^hNa]KQeR aGd!M
~ Dq]j|ID f R8]�ETi ZbH`ZKEOZ8^�Na]�QeR aGd LMZoD RbJ�Ft^�NaZouxU f R(I ]`H G R�i d ZbH`JKHMRhZou�]�_`Dq]�Y?_`J dTf |O]KY?|OD�ZsHK]K\PkMY N f,! /6" � �8(t�9"

� !Jf /(UNe i�JKH`J�u�] H`]K^ f NaZ8D`QekM_M]KRb]BZbLMWsN Z JKFpU�]XDtR8] |TZ8|OJK_`W d ]pZoD Q G |TJ�F�N�� ( /#( f,! $a�'/(UNe Z d*a QSFILtLMWsNaZoD`Rb] ]KH`JtRhZ�0
LMW8QS_M]KRb] N�� ( /#( P �%/6$a�%/(UJM{~ Z f LtLM]BL G NPDq] e ]KH`JtRhZbLMZou�R�i NaW8\PFt^O]BZsH�DVUXJ�D d I d u�]�Y R�iMY=|ID f Rb]FEhiMY=ZbH`ZKETZ8^hNa]KQSR aGd
_MZ=R8J d UXZ d RT^ODqU G FIHKJILMJONPD QSR�k�N : P 34/ � P *T$a�%/6" �KUJM
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� Z}_`D�]@|ID f Rb]FETimZbH`ZKEOZ8^�Na]�QeR aGd Rb] |TZ8|OJK_`W d ]�ZoD Q G |OJ�F�Z8D Q f NaJ d Rb]XD e FIH G U�ZoD d R8]�DyZbH`ZKETZ8^hNa]KQau�]mUX]�D{QSRbJ
RhWbLMJ�Y�R8]j]`HKJtRhZbLMW8QS_M]KRb]�_MZbR8]K\nW8^TJ d R8]�DgQeRhi d _MJ dOf |O]m|OD�ZsHK]K\PkMY M � ZbHKDqU�JXD d I d u�] ]KFIR�k NPu d ZbR8]�Dg_MW8Q
I R(I d
]KU�^O]�u�I d UXZsL`D aGd R�iMY�|OD f R8]�ETiMY M�� l _M\ I d ] _MZ�RbJm_MJ d RhWbLMJ ]�FIR G'e i[]`H G |OJKQSi}_KDq]�YBRhWbRbJXDq]�Y�|ID f Rb]FEhiMYBZou d ]XD
f _MZ8QS]�ZJEO]�^hR a _`Z d i R G QSJE]KH G RbJ d�G NSUXJ G QSJ=UX]�DT]KH G RbJ d ^OFL�P_ G ZoD Q G |TJ�F RJI d |TZ8|OJK_`W d I d�M X D �`]�FIR G'e RhWbR8J�D J�F
Zou�|OJ�FtY |IDq]KR f ETZoD YmZ8u d ]�D UX]`R f LtLtitLMZ8Y U�Ft^Iu'IGY NPDq] R�i d FILMJ`H`JXu iMQei ]KLINaJK^Iu �P_#I d _MZm_MZsN f LMJ FIH`JILMJONPD QeRTDVU G
\nJK^TRTu JcU�]XD G1Z D�_MZpQSF d Z Z Z8u Y�|OD�]K|IDVUX]KQPu�Z8Y r D Q G |TJ�F
	 r E G |OJ�F � r 	 r � Mn� LtL`D a Y e ic]`H G |OJKQSi�_MZoD aGd ZbRb]XDnU�]!� a Y
R8]�UXZbL`D f �P]�HK]K^O]K_`W d J�F d ] d Z d Z8^hN f _MW Z ^OD d ]cZoD Qa] Z �PJ ltd Rb] d W8]?|TZ8|OJK_MW d ] M

6�� 7�� �  ��4���4�<%4 < � � 1:9� ����� - � :�	 � 12< < 4 ��� ��
�>>- :  �����
	�� �� ��� 9 9� �� ��
< � : 	 =>-

� Z�]�FIR�k R�i d Z d�G R�itRb] e H`]�^TJ�FtQaD f �OJKFt_`ZBR�i d _MZ(�PJ�|TJILMJONPu�]m]`HKZ8DqU G`d D QeiMY?U�] d J d DqU aGd N �#" & � ? (��JU UX]XD ZbH`] d ]�0
LtitHMRTDqU aGd N �#" $5" / f / f�� "�U ]KLINaJK^Iu �P_�I d QaZ?|IDq]KR f ETZoD Y?ZbH`ZKEOZ8^�Na]�QeR aGd�M � iM_MZoD aGd JKFt_MZ G RTDGJ�Dx]KLIN G ^ID �P_MJXDxH`J�F
FILMJKH`J�D J ltd R8]XDnD�|T] d DVU f ]KH G _`D�]z|OD f R8]�ETi?ZbH`ZKEOZ8^�Na]�QeR aGd Zou d ]�D G QSJ�DPH`Z8^IDqW Z J�F d _`Z N f LMJ}]K^ID �P_ G ZbH`] d ]`LtitHMROD 0
U aGd |OD�]K|IDVUX]KQPD aGd�M V � LtL�IGQeRhZ e imLMZoD R8J�Ft^�NPu�]mR�iMY}|OD f R8]FEhiMY?ZsHKZJEOZ8^�Na]�QeR aGd HK]�Qau �TZbR8]�DgQeRhi d ZbH`] d ]KLtitHMRTDqUKk
Z8\P]�^O_MJONSk ]KHML aGd H`^ f ETZJI d QSZ�_`Z N f LMZ8Y?|OJ�_MW8Y�|OZb|OJ�_MW d I d�M ��d RODVH`^OJKQ I{H`Z8FIRTDVUXJ�ux]KLIN G ^OD �P_`J�D{Zou d ]XDg]KFIR8JXu
H`J�F ]`HKJtRhZbLMJ ltd R8]�De]KH G \"I{L`D�]KQa_MW d J�FtY � P � HK^ G1Z J�FtY0N � P �6? P�P $�3JUJM
� UXJ`H G Y RhiMY |IDq]�|ODqU�]�Qau�]KY ]KH`ZoDVU GMd D QeiMY Zou d ]�DMi ] dTf �PZ8QeiERJI d |OD�]K\ G ^ I d ZbH`] d ]KLtk �PZJI d Z dLG Y ZbH`] d ]`LtitHMROD 0

UXJ l ]KLINaJK^Iu �P_`JKFBQSZ�|IDq]�\PJ�^TZbRTDqU f U�ZbL`D f'e WbRhQaD a QeRhZ d ]?FIH f ^ Z ZoD G QSJ�R8Jc|TF d ]`R GMd _MZsNa]KL l RhZ8^hi R8]�FIR G1Z ^TJ d i
LMZoD RbJ�Ft^�NPu�]mRJI d U�ZbL`D aGd UX]XD _KDVUX^ G RTZb^OJ�Y Z ^ G`d J�Y ZbUKRhWbLMZ8QeiMY�RbJ�F�HK^ G1Z J�F M[~ Z f LtLM] L G NPDq] eGd ] ]KH`ZoDVUXJ d D 0
QeR8J ltd JXDKZsH�Dq_MW8^OJKFtY ZbH`] d ]`Ltk �nZoD Y QaZ U�ZbL`D f'e WbRhQPD a QSRhZ R8]�NaZoD R8J d DqU f UXZbL`D fBd ]�ZbUKRTZsLMJ ltd FIH`JILMJONPD QS_MJ l Y H`J�F
] d R8]`LtL f QSJ�F d _MZbRb]FE l R8JKFtYc|OZb|OJ�_MW d ] UX]�DgH`JMRhW�| l J�FIH`JILMJONPD QS_MJXu{H`J�F ZsU�RhZbLMJ ltd R8]�DxQSRbJ u�|ID JmU�ZbL`u d ]j_ti
Z ^OZ8D f �OZbRb]XD d ]?ZbU�RhZbLMZ8QeRbJ ltd R8]�FIR G1Z ^TJ d ] M
� F d ZbH a Y e ic_MZ(�PJ�|TJILMJONPu�]}_`Dq]�Y ]KH`ZoDVU GMd D QeiMY�]KH`JtRhZbLMZou R8]�Dn]KH G | l J}QeR f |IDq] � R�i d ZKET]`N IxNSk�R8JKF�Na^ f \nJKF

ZKE f ^TR�iMQeiMY |TZ8|OJK_`W d I d N�� ( /#( � " $5" ! � " ! �9" & �)(>$O: U ]KH G R8J d ]KLIN G ^OD �P_`JpUX]�DIip]KH`ZoDVU GMd D Qei�RbJ�F=Na^ f \nJKF=ZKE f ^ 0
R�iMQeiMY |OZ8|TJ�_MW d I d H fKd I QaZ _`D�]�|ID f Rb]FETi=ZbH`ZKEOZb^hNa]�QeR aGd�M c ]K^ G _`J�D JXDI_MW(�PJK|OJXDI_tH`J�^TJ ltd d ] Z ^hiMQaD�_MJKH`J�D i�nJ ltd
NPDq]?R�i d ]`HKZ8DqU G`d D Qei�]KLINaJK^Iu �P_#I d QSZ�|IDq]KR f EOZoD YEZsHKZJEOZ8^�Na]�QeR aGd+; � - e � - � = M
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V r d ]KYgNa^ f \PJ�Y ZKE f ^TR�iMQeiMYx|OZ8|TJ�_MW d I d Z8u d ]�DoW d ]KYgUX]`RTZbFL�nF d�G _MZ d J�Y Na^ f \PJ�Y N�� f �#"�� /6" � & �)(>$O: U H`J�F H`]�^OD QeR fKd ZoD
RTD Y ZKEO]K^TR�kMQSZoD Y |TZ8|OJK_MW d I d Z d�G Y ]KLINaJ�^Ou �n_MJKF M V r d ]KY Na^ f \nJKY ZKE f ^TR�iMQeiMY ]`H`JMRhZbLMZ8u R8]XDM]KH G U G _HKJKFtY N !
P � " 3(U
UX]�Dt]KUX_MW8Y6N " � & " 3JUNe�G H`JKF U f �PZyU G _LHKJ�Y H`]K^ID QeR f�d ZoDt_KDq]pHK^ f Ehi=kpW d ]�FIH`JILMJONPD QS_ G U�]XDIU f �PZ ]`UX_tk�H`]�^OD QeR fKd ZoD
R�i d ZKE f ^hRhiMQei |TZ8|OJK_MW d I d ] dOf _MZ8QS]�QeR8J�FtYEFIH`JILMJONPD QS_MJ l Y M�X D�]�UX] d J d DVUXJ l Y UX]�DeZbH`] d ]`LtitHMRODVUXJ l Y�]KLINaJK^Iu ��0
_MJ�FtY e J Na^ f \PJ�Y�ZKE f ^TR�iMQeiMY��n]�Z8u d ]�D ZbHKu QeiMY?U�] d J d DqU G YBU�]XD _tH`J�^TZou d ] HK]K^O]KQSRb]!�PZoug]`H G W d ]m|OD�|OD f QeR8]KRbJ
HMLMWsNa_M] M � J}|OD�|OD f QeR8]KRbJzH`LMW Na_`]}u Q IGYpH`Z8^IDqW Z ZoDPZKEO]K^TR�kMQSZoD Y�ZbU�H`J�_tHMkMY�N - � P ( � � (�3 /(U6G H#IGY W d ]�Y�U G _LHKJ�Y d ]
_MZbR8]K|Iu�|OZoDe_`D�]?RODq_tk�HK^TJ�Y G LMJKFtY=R8JKFtYpU G _LHKJ�FtY M$� WsR8JXD J?HMLMWsNa_M]cH`J�FBH`Z8^OD�W Z Z8DaZKET]�^hRhkMQSZoD YEZbU�H`J�_tHMkMY�H`^OWbH`ZoD
d ]j_MZbRb]�Q Z iM_M]KRTu �TZbR8]�DGQSZ�R8JKHKDVU G Na^ f \nJ�ZKE f ^TR�iMQeiMY N ? P � (�? � " $ " ! � " ! �9" & �)(>$O: UQa QeRhZ d ]�H`Z8^OD�W Z Z8DG_ GMd J
R8J`HKDqU�W8Y ZJEO]�^hR�kMQaZ8D Y ] dOf _`ZbQa] QeR8J�FtY FIH`JILMJONPD QS_MJ l Y e ]K\nJ l i�|ID f Rb]FEhi ZsHKZJEOZ8^�Na]�QeR aGd FIH`J�QeR�iM^Iu �TZoDK_ GMd J�R�i d
ZbHKDVUXJXD d I d u�]?_`ZsR8]FE l RJI d NaZoD RbJ d DVU aGd UXZsL`D aGd!M V r RhQaD e J}_MZbRb]�Q Z iM_M]KRTD QS_ G Y�RbJ�F�]�^ Z DVUXJ l Na^ f \nJ�F QSZER8J`HKDqU G
Na^ f \nJ H`^O]MNa_`]`R8J`HKJ�D�Z8u R8]XDa] d RODVUX]#�nD QeR aGd R8]KY�ROD Y ZKET]�^hRhkMQSZoD Y�ZbU�H`JK_MHMkMYE_MZ=RbJKHKDqU�W8YpZKEO]K^TR�kMQSZoD Y M
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X D�]?Rhi d ]KH`ZoDVU GMd D Qei�R8JKF R8JKHKDVUXJ l Na^ f \PJ�FBZKE f ^hRhiMQeiMYEZ d�G Y�ZsHK] d ]`LtitH`RTDVUXJ l ]KLINaJ�^Ou �n_MJKF QaZE|OD�]`R f EOZ8D YEZbH`Z�0
EOZb^hNa]�QeR aGd ]KH`]�D R8J ltd R8]�D | l J H`kM_`]`R8] M)� JzH`^ a RbJ�H`kM_M] Zou d ]XDPiz] dOf �nZbQSicZbH`ZKEOZb^hNa]�QeR aGd N $ � P �9" 343 P �b(�3 3 f R
&�! *T" ! /(U U�]XDPRbJz|OZ l RhZ8^TJ H`kM_M]zZou d ]XDSi}] dTf �PZ8Qei Z ^OJ d JK|O^TJ�_MJIL G NSiMQeiMY�N 3 �):�" � �"?3" (�343 f3&�! *T" ! /(UJM ~ Z f LtLM]
L G NPDq] e RbJ[H`^ a R8J H`kM_`][ZKETZbR f �TZoDPQSZpHKJ�D J d ZbH`ZKEOZ8^�Na]�QeR�k �P][ZbUKRTZsLMZ8QeR8J ltd J�D�FIH`JILMJONPD QS_`J�u U�]XDPRbJ |TZ l RhZ8^OJ
H`kM_M]mZKETZbR f �OZ8D�H`JXD JXDgFIH`JILMJONPD QS_MJXux_tH`J�^TJ ltdcd ]mZbUKRTZsLMZ8QeR8J ltd R8]KFIR G1Z ^TJ d ] M V r RTQaD e NPDq] R�i d ] dTf �PZ8Qei[ZbH`Z�0
EOZb^hNa]�QeR aGdUZ ^TiMQaD�_MJ`HKJ�D J l _MZBR�i}Na^O]K_M_KDVU�kzH`^TJ#HKJILtk[QeR�i d JKH`J�u�] JXD U G _LHKJ�D�Z dLG Y�Na^ f \PJ�FcH`JKF HK^Iu QeUXJ d Rb]XD
QeR�i d u�|IDq]?Na^O]K_M_Mk�H`^OJ�H f LtLMJ d Rb]XDPkc] d ]`RTu �PZ d R8]�DPQSZ W d ]}ZbH`ZKETZ8^hNa]KQeRhk�R�iMY |OD f R8]�ETiMY�ZbH`ZKEOZ8^�Na]�QeR aGd?e G H#IGY
\n]�u d ZbR8]�DSQeRbJ �rZ kM_M] � M'C ]�^OD QeRTZb^ f M5X Dq]?R�i d ] dTf �PZ8Qei Z ^TJ d J�|T^OJ�_MJIL G NSiMQeiMY Z ^hiMQaD�_MJKH`J�D J l _MZER�iBNa^O]�_M_`DVU�k
Z ^OJ d J�|O^TJ�_MJIL G NSiMQei=QeR�i d J`H`JXu�]pJ�DMU G _LHKJXDIH`J�F HK^Ou QeUXJ d Rb]XDtQeR8JBu�|ID J�FIH`Z8^OZsH�uqH`Z8|OJ�N :�A $5" �#$"? ( ! "�U QeRbJ�Na^ f \nJ
|O^TJ�_MJILMJONaJ ltd R8]�DeU�]XDSZbH`ZKEOZb^hN f �TJ d R8]�D�QeR�i d u�|OD�] Z ^OJ d DVU�k�QeROD Na_Mk e G H#IGYE\P]Xu d ZbR8]�DeQSRbJ �rZ kM_M] � M'C |TZKEID f M
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T1

T2

T3

T4
T5 T6 T7

Hyperplane

�rZ kM_M] � M'C � � ^OD QeRhZ8^ f \n]�u d ZsR8]XDXiBNa^T]�_M_`DqUKk HK^TJ#HKJILtk U�]XDe|OZKEOD f \n]�u d ZbR8]�DeiBNa^T]�_M_`DqUKk Z ^OJ d JK|O^TJ�_MJIL G NSiMQei

6�� 7=7 � / 	 � � 1:9 � ��4p: 	 �

� Z�]�FIR�k R�i d Z d�G RhitRb]�J�^Ou �OJKFt_MZ J�^ID Qa_MW d ]mUXJ�D dTf _MWbRh^O]�]KH G |OJ�QeiMY�H`J�F ] d ]K\nW8^TJ d R8]�D QSZ�QSFtQSRbJXD Z u�Z8Y}]`H G
J�_MJ�D JONaZ d Z8u YEQSRb]!�P_MJ l YEZ8^�Na]�Qau�]KY M
C Z ^ GMd J�Y�� Z d�G Y HK]K^ f LtLtitLMJ�F�]KLINaJ�^Ou �n_MJKF JK^Iu �TZbR8]�D d ]�Zou d ]�DKiB_MWsNPD QeR�i Z ^OJ d DqUKk�|OD f ^TUXZ8D�]BH`J�F _tHKJK^OZou

d ] _MZ8QSJILM]#H`kMQSZoDg]`H G R�i d ZbU�UXu d iMQSizRbJ�F[]KLINaJK^Iu �P_MJ�FzQeR8J d H`^ a RbJmQeR8]!�P_ G Z8^�Na]�Qau�]KY�H`J�F �P]m]�^ Z u QaZ8D IGY
R8J d RTZb^O_M]KRTD QS_ G R8JKF ]KLINaJK^Iu �P_`JKFBQeR8J d RhZbLMZbFIR8]Xu J?ZbH`ZKEOZb^hNa]�QeR�kBH`J�F0�P]?JILMJKU�LtiM^ a QSZoDXRhi d ZbU�RhWbLMZbQSi RbJ�F M
� ZbHKD R f)Z F d QeiSN 36$5" " � ��$WU���� Z d�G Y HK]K^ f LtLtitLMJ�F�]KLINaJ�^Ou �n_MJKF H`J�F ZbU�RhZbLMZou Rb]XDeQSZ�� QeRb]!�P_MJ l YEZ8^�Na]�Qau�]KY

J�^Ou �TZbR8]�D d ] Zou d ]XD�J L G NaJKY R8J�F Z ^ GMd J�FcRbJ�FzR8] Zel RTZb^OJ�F[]`UXJILMJ�FL�nDq]KU�J l ]`LINaJ�^Iu �P_MJ�F�� G R8] d ZbUKRTZsLMZou R8]�D QSZ
W d ] d ]KH G R8J�FtYzQeRb]!�P_MJ l YzZ8^�Na]�Qau�]KY���H`^OJKYcR8J Z ^ GMd J�RbJ�FmH`]�^ f LtLtitLMJ�F ]KLINaJK^Iu �P_`JKFmQeR8JKFtY�� QSRb]!�P_MJ l Y
Z8^�Na]�Qau�]KY UX]�DaW Z ZoDPDq|O] d DVU�kBRTDq_tk�� M V r RhQaD e i�ZbHKD R f)Z F d Qei?JK^Iu��OZbRb]XDe]KH G R8J d R l H`J �

� �
	
���
� �

� � M � �

G H`JKF���BU�]XD�� � Zou d ]XD Z ^ GMd J�DgZbUKRTWsLMZ8QeiMY�RbJ�Fmu�|ID JKF ]`LINaJ�^Ou �P_MJ�F �;H`J�F FILMJKH`JXDqZou Rb]XDgNPD�]�]`UXJILMJKFL��Dq]KUKk[UX]XD
H`]�^ f LtLtitLti ZbUKRhWbLMZ8Qei!� QSZ � UX]�D�� QeR8]#�P_`J l YpZ8^hNa]KQPu�]�Y ] d RTu QeR8J�D Z ] M
� ]KH`J�|TJtRODVU G R�itR8] N "���� f " ! �KA U���� Z dLG YpH`]K^ f LtLtitLMJKF?]`LINaJ�^Ou �P_MJ�F H`J�F?ZbU�RhZbLMZ8u R8]XDPQaZ��jQeRb]!�P_MJ l YBZ8^ 0
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Na]�Qau�]�Y J�^Ou �TZbR8]�D d ]�Zou d ]XDMJ L G NaJKY RhiMY ZbHKD R f)Z F d QeiMY ��� H`^OJKY RbJ�HMLtk�PJ�Y RJI d QeR8]#�P_ aGd Zb^hNa]�Qau�]�Y��cUX]�DKW Z ZoD
Dq|O] d DqUKkBRTD�_tk �1e |TitLM]K|Tk �

��� 	
���
�

� � M - �

� ]`H`J�|OJtRTDVU G R�itR8] ��� JK^Iu �TZbR8]�DXZ d ]`LtLM]KUKRODVU f U�]XD
IGY�R8Jc_MWbRh^TJ?R8JKF�NPD d J�_MW d J�FBZbHKDq\ fKd ZoDq]�Y�ZsH�ueR8J dQZ ^ GMd J e

� � � 	
7 � �
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	 � � � � M'C �

r HKDqHMLMW8J d RbJ?NPD dLG _MZ d J � � � � J�^Ou �TZbR8]�D�UX]XD
IGY � ���� e |hitLM]�|hk e

� � �� 	
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	 ����� � � � M ���

� WbLMJ�Y e i�QSF dOf ^hR�iMQSipUKL`D�_ f U�IGQeiMY;N 3 � (�?,( - f ? f / A U |Ou d Z8DMRbJ Z ^ GMd J�ZbU�RhWbLMZbQSiMY RbJ�Fp]KLINaJK^Iu �P_`JKF=NPD�]�|IDq]�\nJ�0
^OZsRODVU f _`Z NaW(�aicH`^OJ�H`LtkM_`]`R8JKY e U�]!� a Y _MZbRb]#H f LtLMZbR8]�D�Jz]�^ID �P_ G YpRJI d QeR8]#�P_ aGd Z8^�Na]�Qau�]KY��j] dOf LMJONa]?_MZ�R�i
_MZbR8]�HKJILtkpR8J�F�_MZsNaW(�PJ�FtY RbJ�FEH`^OJ�H`LtkM_`]`R8JKY M@� QSF dOf ^TR�iMQeip]�FIR�k�_MZbRh^ f R�i�|OF d ]KR G R�itR8] RbJ�Fp]KLINaJK^Iu �P_MJ�F d ]
U fKd ZoD Z ^hkMQSipH`Z8^OD QSQ G RhZ8^ I d QeR8]!�P_ aGd Z8^�Na]�Qau�]KY QSZ H`Z8^IuqH`R(IGQei�H`JKF�]KF�ETi�PZoutR8JB_MWsNaZ �nJKY R8JKFpH`^TJ#H`LtkM_M]KRbJ�Y M
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LNM<OQPSRUTVR>WYXKZQM>[.\^]YO�_ Wa`^OcbdWQP*ef_g\QhiWQP*jYMGRUbdMk_ lm`^OQbi\c]*]*n*]YM>l<PS]YWc`^WQ_goYepMk_ lqOc]SrfWQbds t.j*uvXKWQ_.Wc`^WQs W�_w]Yx*XiWQP*XqRyW
`^bdT*z^]*nYj^O{OcXdOchio*R�nYe|nYlmO^]Y[.OQbd_ twjYn*Ri_}ZQ~vX��|bUnYew_gjYWc`^W�_}~vXiRyOQlqR�naepRyOcRi_}ZQoaZQO�_��iP*XdOQj^_}ZQo��S_gOQXiWQj*o�RyuvX�Z�Mk_gjY���
XiuvX^����`cs e|nYlS��`^biWYRUMks XdWcP*j^Mmj^_�O�ZQO�_ XdWcx*bUrw_gO�Pizcbd_��d_gZco{`cOcbd\^]*]*n*]*n�j^��t.Wc�dW�OQXdOchio*R�nYe|nYlK`^WQP{epP*Xd�iP*\QhdM>_�RyO
`Y]YM>WYXdMyZcR�oYj^O^R>OVR�uvX�jYM�twTc�iuvXKe|R>O^Ri_gZcoYlqZ�OQ_.�dP*XiOQj^_gZcoYl<�S_gOQXdWcj*oYl�`^bdW^Z�Mk_gjY�>XdWcP�XdOVjYMk_}~vepMk_�RUnYX�OcXS_ epWQbibdW*�
`cs�O�RyWQP�[.WQbURis WQP��C���Y�*� f��m� �*���*�p�>�i�<ZQO�_�RUnYX{M�`Q_ zc\QbiP*Xde|n�My`c_gZQW�_ XiuvXSs�OQl{�C�>� ���q  � f �k�S¡ f �Y�I�U¢*�k£�¤|���*�w�y��¥¦_
`^OQbiOc`^\QXUu§jY��twWQ�iW�_¨PS]YWc`^W�_ WQx*XiRyO�_ve|RUnYX�rp]*~vepefO©`^bdWdrfbdOcjYj^O^Ri_ epj^Wcx«ª�efMEepP*Xd�dP*Ocepj^T©jYMaR�nYX{zQ_ z^]^_ WYtwod�
ZQn©¬® 
 �¯¬���°�°±�S²*�«³�*°±° f �|² 
 �c¡´�k£±µC�*�>����¶�_gMy`^OQ[foI·GM>bd\cepj^O^R>WclV¸�nYXdx*jYO^R>WQl�¹�º���»*¼�� ��½*»�� ��¾*¼�� ��»*¾i¿ÀZ�O�_
MyZcRiM�]YWQx*XiRyO�_�`^\QXUuÁepMÂj^_�O�Z�OcRyOQXiM>j*nYj^�yXinKepP*e|R>WQ_ �ps�OaOc`^TEWcjYW�_ WdrfM>XiMks lÂe|R>OYtwj^Wcx*l<M>bUrfOcews�OQlm�C�k�   °´¡´�k£Ã�*µ³¤|�SÄ
� �*²*���|�k�   °ÃÅÆ�*£±ÇQ°±¡±�S¡ f �Y�p°��y�¨ÈÃ�y]YWQlS�Q`cOcbdWcP*ew_g\QhiWQP*jYMÉrw_�O�`cbU~¨R�n�[.WQbi\��>XdO�OQXiOc]YPSRi_}Z�T�jYW^XURU�y]YW�`cbiTYz^]YM>ÊfnYl
Oc`^Tc�dWQe|nYlq`^WcP®j*`^WQbiMks�XdO��|bUnYef_�jYWc`^WQ_ nSt.M>sËrw_�O�XdO®`cbiWYz^]Y�>ÊwWQP*jYMmRyWÌ�|bdTYXiW®M�ZQRU�y]YM>e|nYl{�Í�>Î����   ¡ f �Y�I¡ f�� �i�y�
R�nYXKMy`c_ RU\Q�|P*Xie|n��C°´Ï��k���   Ï.�ÆZ�O�_|`^OQbiTQjYW�_gOajY�yRUbdOEOc`^TQ�iWQe|nYlGrw_gOaRi_ l�`^Ocbd\c]*]*n*]YMyl¦PS]YWc`^W�_}oYepMk_ l�OQXdOchio*R�nYe|nYl
Oc]Y[wOQbd_ t.j*n*Ri_}ZQ~vXÂepMÉj^_�OqefP*e|RyW�_ �ps�O�O^`^TqWQjYWQ_ WdrfM>XdM>s lÐe|RyO^twjYWQx*lÐM>bUrfOcews�OQlS�Ë·Âbi�y`^Mk_^XiOqe|nYjYMk_}u³t.M>s�M>�i~©T*Ri_cW�_
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`^OQbi\c]*]*n*]YM>lÂPS]YW^`^W�_}oYefM>_ l¦Z�O�_|R>WaOQXdO^]YPSRi_gZQT�jYWYXiRU�y]YW�`^bdTYz^]YMyÊwnYlÂO^`cTc�dWcepnYlÀ`cWcPK`^OQbdWcP*ef_�\chdWYXiRyO�_�`^OQbdO^Z�\*�
Ryu OQXiOQ[.�ybdWYXiRyO�_pepRyW{`cbiTYz^]*nYjYOV`^bdWcefM�r|rw_ e|Rd_}ZQoYlmOQXiOQhio*R�nYe|nYl<Oc]Y[wOQbS_ twj*n*Ri_gZc~vXc�.OQ[.Wcx�R>W{`^bdTYz^]*nYjYO{OcPSRiT
Mks XdO�_�`c_ WErfMyXS_}Z�T�Oc`^T�RyWa`^bdT*z^]*nYj^O�R�nYl¦Oc`Y]*oYl¦OQXiOQhio*R�nYe|nYlÂO^]Y[.OQbd_ twjYn*Ri_}ZQ~vXmTc`Yuvl¦M7EinSrpoYepOcj^MGepRyWa`^bi~¨RyW
Z�My[.\c]YOQ_ Ww�

ÈÃW�Z�My[.\c]YOQ_ W�OcPSRUT�Mks XdO�_�WQb�rfOQXUuvj^�yXdW�uvl�M�EioYl5FmepR�nYXVMyXdT*R�n*R>OÌ¾��g¼�`^OQbdWcP*ef_�\chdMyRyO�_�jc_gO�epx*XiRyWQj*n®My`c_ �
e|Z�T^`^nYe|n¦ep�|MyRi_}Z�\�jYMÆPS]YWc`^WQ_goYepMk_ lÃOcXdOQhUo*R�nYepnYl Oc]Y[wOQbS_ twj*n*Ri_gZc~vXÃefMÆ�S_g\Q[.WcbdM>lv`^OQbi\c]*]*n*]YM>l OQbd�p_ RiM�ZQR>WYXd_gZQ�>lS�
LÆR�nYX{M>XdT*R�n*R>O�¾��g½�`^OQbiWQP*ef_�\chdWYXiRyO�_�Ri�yefepM>bd_ lE`^Ocbd\c]*]*n*]YMylEPS]YW^`cWQ_goYepMk_ laOQXiOQhUo*RUnYe|nYl�Oc]Y[wOQbd_ t.j*n*Ri_}ZQ~vX{epM
j^_�O¦ZQOcR>OcXdM>j*nYjY�>XUnGepP*e|R>WQ_ �ps�O�Oc`^T¦WQjYWQ_ WdrfM>XdM>s l e|R>OYtwj^Wcx*lNM>b�rfOQefs�Oclv`^WcPÃzcOQefs�hdWYXiRyO�_de|R>W<`^bdWdrfbiOQjYjYOcRi_ e|Ri_gZQT
jYWYXiRU�y]YW{epP*XiRyW^Xd_ e|R�oYl<�ÃMybUrfOQhiTQjYM>XiWQlK� � �*°´¡´�k£´Ä ÅÆ�*£±Ç*�k£y�y��LÆRUnYX�MyXdT*R�n*R>O{¾�� GV`^OcbdWQP*ef_g\QhiW^XUR>OQ_f`^Mk_gbdOQjYO^Rd_}Z�\
Oc`^W*RUMy]Y�>epjYOcRyO�R�uvXmRUM>epep\QbiuvX<`^OQbi\c]*]*n*]*uvX�PS]YWc`^W�_}oYepMyuvX<rw_gOERyOE`^bdW*z^]*oYjYOcR>O�Oc`Y]*oYlÂZQO�_�`^bdWQepM�r|rw_ epRi_}ZQoYl
OQXiOQhUo*RUnYe|nYlNO^]Y[.OcbS_ twj*n*Rd_}ZQ~vX^�¨LÆR�nYXÂM>XiT*RUn*RyOq¾��g¾Â`^bdW*RUMks XdWQP*jYM �>XdO�OQXiOc]YPSRi_gZQTmjYWYXiRU�y]YW<`^bdT*z^]YM>ÊwnYlNO^`^TQ�dW*�
e|nYl�rw_gOÂRi_ lÆ`^bdW*RUMk_ XdTQjYM>XiM>l¨`^OQbd\^]*]*n*]YM>l�PS]YWc`^W�_}oYepMk_ lS��ÈÃ��]YWQlS�*e|R�nYXÃM>XdT*R�n*R>O¦¾��g»Ã`^OQbdWcP*ef_�\chdWYXiRyO�_dOcXdOc]YPSRi_}Z�\
Oc`^W*RUMy]Y�>epjYOcRyOaOc`^T�R>WEtwMyuvbUn*Ri_gZQTEjYWYXiRU�y]YW�Z�OQ_pRyOaepPdrpZ�bds XdWcP*jYMÀjYMGRyOa`^Mk_�biOQjYOcRi_}Z�\�Oc`^W*RUMy]Y�>epjYOcR>Of�

:<;IH ?�Jm@CBLK�M<J<N<BON

·ÂOcbdTS]YW�`^WQP{�dMyXEPS`^\Qbi�|Mk_ `cbiWcnSrfWcx*j^MyXin{�iWQPS]YMk_g\�e|R�nYXaOcXd\c`YRUP�Ein{`^Ocbd\c]*]*n*]*uvX�Z�OQ_�ZQOcRyOQXdMyjYnYjY�>XUuvX�PS]YWY�
`^W�_}oYepMyuvXÂOQXiOQhUo*RUnYe|nYlNO^]Y[.OcbS_ twj*n*Rd_}ZQ~vXÐZ�\^Ryu©Oc`^TmRyWq`^M>bS_ zc\c]*]YWYXÐWQjYW�_ WdrfM>Xi~vXÀepRyO^twj*~vX¦M>bUrfOcefs�OQlS�Sj^MybS_}ZQo
Oc`^T�R�n�ep�|MyRi_gZco��>biM>P*XdO®e|R�nYXV`cMybS_ W*��o®`^OQbd\^]*]*n*]*nYl�OQXiOQhio*R�nYe|nYl�Oc]Y[wOQbS_ twj*n*Ri_gZc~vXVMks XdO�_ n�OcZ�TS]YWcPdtfn|�{¥
ªÆ£ f �|²*���*��Z�O�_ \^]*]YW�_³º}»*½�� ¼ Ñ � »*¼i¿³`^OQbdWcP*efs�OQepOcX�jc_gO�`cOcbd\^]*]*n*]*naPS]YW^`cWQs nYepnErw_�O�R>W�`^bdTYz^]*nYjYO�Oc`Y]*oYlmOQXdO*�
hio*R�nYe|nYl®Oc]Y[.OcbS_ twj*n*Ri_gZc~vX�`^WQP©PS]YWc`^W�_}oStfn*Z�Ma`^\cXiu epM{OQbd�p_ RiM�ZQR>WYXd_gZco«¡´£��*�p°´Ï   ¡´�k£U�QP%`^OQbd\^]*]*n*]*n«OQPSR�o
PS]YWc`^WQs}nYe|nEzcOcefs�hdM�R>O�_�e|R�n��dP*XiOQj^_}ZQoV�d_�OcXdWcjYo�Z�M>_�jY�>XUuvX�jYM�RUnYXKzcWcoStwMk_gO{R>WcP{j^WYXURi��]YWQPaepP*XUR>WYXS_ e|R�oYlm�ÐM>bk�
rfOQhiTQjYM>XiWQlS�³�v`cs e|nYlS�wepMGZQ\^twMÂM>b�rfOQhiTQjYM>XdWKn�PS]YW^`^W�s nYe|n�OQPSR�o��|binYef_�jYW^`cWQ_�M>sfR>WYXmOcZ�WS]YWcPdt._�O^Z�T�Oc]SrfTcbS_ twjYW
RÆ�1S*�k£´Ä ¬®�Q�*£±�V�TRÉ¬Ì�Nrw_�O�R�nYXqOQXiOQhUo*RUnYe|n|�

PVU   � f ��¤«º}»*¾i¿³�y�|Mk_wPS]YW^`cWQ_goYepMk_fOc]SrfWcbSs twj^WcP*l¦epxdrpZ�bS_ epnYl�OcZQWS]YWQPdt.s�Oclq�C°´��W   ���p�>�m�>� � Ïf�S£ f °´�Y�.�N`^WQP�Mks �
XdOQ_�`^OQbdO^]*]YO^rpo�R>WQP�`cbiWYz^]*oYjYOcRyWQla`^biWQepM�r|rw_ e|Ri_gZcoYl{OQXiOQhio*R�nYe|nYlaO^]Y[.OcbS_ twj*n*Rd_}ZQ~vX{`^\QXUu§epMaj^_gOI`^W�_}Z|_}]^s�O
`^OQbi\c]*]*n*]*uvX�PS`cWS]YWdrw_ epR�~vX^��Tc`Yuvl¦n��S_gOQjYWQ_�biOQhdTcjYM>Xin�Ocbd�p_ RUMyZcR>WYXS_}ZQo�ªÆ£���SYXGÄ ¬®[Z!\5Z��]VZQO�_pW�_w�ix*WEZQOcR>O*�
XdMyjYnYjY�>XiM>lÂOcbd�p_ RUMyZcR>WYXS_}Z��>l 
 �c¡´��� f _^fª;\5Z�5`�Z�OQ_��.ªba/RbcÀ�
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ÈÃ�y]YWQlS�cW ^ f ¡´¡ f ²mZ�OQ_c\^]*]YW�_.º � G d ¿�`cOcbdWcP*ews�OQepOQXÐj^_�O�`^OQbiOc]*]*n*]YW^`cWQs nYepn�M>XiTQlÃOc]SrfWcbSs twjYWQP<OQXi\c]YP*e|nYlÆzQ_ WY�
]YWdrw_}ZQoYlKO^Z�WS]YWQPdt.s�OQl�� ��f �Y���*² f �k�*�³°´��W   ���p�>���*�p�*� S�° f °y�É`^\QXUu e|R>WcP*lKPS`^WS]YWdrw_ e|Ri�yl+^Q��W   ���^¡'^�S ��� �k¡´£ S�Z�O�_

 �^¡´�����.SQÏ��k£��  |� �Y�{�v`cs epnYlS�vW X��SÏÁZ�OQ_ \c]*]YWQ_Æº �UÒ�� � �UÒ ¼i¿NZQO�_Æº ÒSÑ ¿NPS]YWc`^W�s nYepOQXa�>XdOcXaOc]SrfTcbS_ twjYW�epxdrpZ�bS_ �
e|nYlÂOcZQWS]YWQPdt.s�OclÐ`^\cXiu epMÐ�>XdO�`^OQbi\c]*]*n*]YW�PS`^WS]YWdrw_ e|R�o 
 �c¡´��� f _^pª;\5Z�5`KZ�OQ_�efMÀWQjYW�_ WdrfM>Xd�>lÐZ�O^R>OQXiM>j*nYjY�>XdW
epx*e|RUnYjYO�OQXURds e|RyW�_ �|Of��¥¦_|`^OcbdOc`^\cXiu©`cOcbd\^]*]*n*]YM>lÀPS]YW^`^W�_}oYefM>_ lÀzcOQefs e|R�n*Z�OQX¦e|RyWE�iP*XdOQj^_}Z�T�jYWYXiRU�y]YW�epP*XiRyWY�
XS_ epR�oYlÂ� M>bUrfOchdTcj^MyXdWQlÐZ�OQ_pepMÂZQ\^twMÂM>b�rfOQhdTcjYM>XdW��|bUnYew_gjYWc`^W�_ WQx*XqRyW^XmOc]SrfTcbS_ twjYWa�dP*XiOQj^_}Z�WQxm`cbiWdrfbdOcj^jYO^Rd_ �
epjYWQxmR�uvX'^ �Vf ¡±¤�Z�O�_��«�S¡´�k£ � �*�«º � ¾ � ¿�T^`YuvlÀRUbdW^`cW^`^W�_}oStwn*ZQMÃOc`^TKR>WYX��G�*¡´�Y¤«º G Ñ ¿�rw_gO�XiOKepPdrpZ�bds XdWcP*XÂ�dx*W
zQ_ WS]YWdrw_}Z��>l<O^Z�WS]YWQPdt.s�M>lS�
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+ ZQWS]YWQPdtwWQx*jYMqRyW�`^bdWdrfbiOQjYjYOcRi_ e|Ri_gZQTÌjYW^XURU�y]YW�epP*XiRyWYXS_ e|R�oYl��GM>b�rfOQhiTQjYM>XdWcl<rw_gOÌXiO�OQXiOc`YRUx�EdWcP*j^M�`^OQbd\^]d�
]*n*]YM>l�ZQO�_NZ�O^R>OcXdM>j*nYjY�>XdMyl�PS]YW^`cWQ_goYepMk_ l©OcXdOchio*R�nYe|nYl�Oc]Y[wOQbd_ t.j*n*Ri_}ZQ~vX«Z�\cR�u�Oc`^T R�nYX�zQ_ z^]^_ W^tfo*Zcn ¬� 

º � »*¼�� � ½*»�� � ¾*¼�� � »*¾d¿ � + PSRUT R>W jYWYXiRU�y]YW O^`cW*RUMy]YMks RyO�_NO^`cTÁ�yXdO e|R>OYtwj^TAM>b�rfOQefs�Ocl®epP*XUR>WYXS_ e|R�o ZQO�_Æj^_gO
epPS]*]YWdrpo�Oc`^Tae|R>OYtwj^Wcx*lmMybUrfOQefs�OQlÂM>b�rfOQhiTQjYM>XdWcP*lS�v¥§epP*XiRyW^Xd_ e|R�oYlm�|bUnYew_gjYWc`^W�_gMks RyO�_frw_gOVXdO��S_gOQjYM>bds epMk_wj^_gO
epPS]*]YWdrpo¦Z�Mk_gjY�>XdWcPÀepM �>XdO<epx*XdWS]YW�Oc`^T<�S_g\Q[wWQbdO¦j^_}Z�biTYRUM>biO¦PS`^WY� Z�M>s�jYM>XdO��C°  |� ¡´�>Î�¡¨�>�Y�������>¡ f �Y�p°y�y�Y�d_�OcXd�>jYMk_SRyO
PS`^WY� ZQMks�jYM>XiO�efMÐTS]YWQP*lÀR>WQP*lGM>bUrfOchdTQjYM>XiWQP*lÉZ�OQ_QRU�y]YWQlÂepPS]*]Y��rfM>_|RyO�RyWc`c_}Z�\�Oc`^W*RiM�]Y�>epj^O^R>O�Oc`^T�R>WcP*lÂM>bUrfO*�
hdTcjYM>XdWcP*lS�³¥¦_�M>b�rfOQhiTQjYM>XdWQ_SZ�P*bSsguvlÃMyZQRUMy]YWcx*XÂ�>XdOmOcZQWS]YWQPdt._�O^Z�TmOc]SrfTQbd_ twj^W�O^`Y]*oYlÐo�`^bdWQepM�r|rw_ epRi_}ZQoYlÀOQXdO*�
hio*R�nYe|nYlÉOc]Y[wOQbd_ t.j*n*Ri_}ZQ~vXÀ`^\cXiu�e|Ri_ lÐOQXiRis e|R>WQ_ �|M>lÃepPS]*]YWdrf�>lÉPS`^WY� ZQMk_�jY�>XUuvXÐRyWQP*l¦º � ¼ Ñ � �-,., � �-,/� � �.�-, � �-, GS¿ �
LÆRi_ lÂMy`^Tcj^MyXdM>lÐM>XdT*R�n*RUM>lÉ`^OQbdWcP*ef_�\chdWYXiRyO�_QWQ_Qe|RibiOcR�nSrw_}Z��>lÐ`cWcP¦zcOcefs�hdWYXUR>O�_cepRyW�epRyOcRi_}Z�T�Z�OQ_��dP*XdOcj^_gZQTKjYW^Xk�
RU�y]YWaepP*XUR>WYXS_ e|R�oYlG� M>bUrfOchdTcj^MyXdWQlS�

021435176 8:9�;=<?>A@B>DCFEHGJILKBMN>PORQSKT<VUSMW>AKBMDCYXZ>A[�\^]`_`aNb�@2cPG2dHe�MfK�\

g?hfikjfiSl mknBmpoqmDr=s�oqtkoWuwvfxDrzy{uYtD|/iD}fxDr^g?jkiP~�v���uY}��.|A��|

·ÂbiWcZQMk_�jY�>XiWQP�XdO{`^OQbiWQP*ef_�\cepWQP*jYMmR�n{e|R>O^Ri_gZco�PS]YW^`^W�s nYe|n{epP*XiR>WYXd_ e|RUoYlq�ÐMybUrfOQhiTQjYM>XiWQlS�fZ�\QXiWQP*jYM<Rd_ l�OcZ�T*�
]YWQPdtwM>lÃ`^OQbiOQ�dW*�|�yl5F ·Gbi~¨R>WYX^�cWQ_Qe|R>OYt.jYWQspMybUrfOQefs�OQlÉ�>�|WcP*XÂ�>XdOqOQXdOYrfXiuvbd_ e|Rd_}Z�T�����7��Z�OQ_cOcbS_ twjYWQx*XiRyO�_�O^`cT
� ��uvl�� � �dM>xSRUM>biWYXqR>O�PS`^WY� ZQMks�jYM>XiOVRUnYlmepPS]*]YWdrpoYlKjYOQlqM>s XdOQ_wZ�O^R>OcXdM>j*nYjY�>XdO{jYMyRyO�EixERyuvX��S_gOQ[wTQbUuvXKe|R>O^t|�
j*~vXVM>b�rfOQefs�OclKZ�O�_ËOc`^W^tfn*ZQM>x*WYXiR>OQ_ e|R>WcP*l�RyWc`c_}Z�WQx*l��Ss e|ZQWQP*lKR>WcP*l�ZQO�_�Ri��]YWQl�R>WÌ`^bdT*RUPS`^W�Z�OQ_ WÌOcbS_ twjYTQl
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RyuvXqOc`^W*RiP*�p_}~vXqo��S_gOQ[wWQbU~vX���Oc`^WYtwn*ZQM>x*WYXiRyO�_|e|RUnYXmZ�x*bS_gOajYXUoYjYn�epM¦TS]YWQP*l¦RyWQP*l<e|R>O^twjYWQx*l�M>b�rfOQefs�OclS�>P
e|RUbdOcR�nSrw_}ZQo��S_gOQjYM>bS_ efjYWcx�OQPSR�oYl�R�nYla`^bdWQep��r|rw_ epnYlEMks XiO�_�XiOÌ�S_gOQjYM>bds�hiMk_�WS]YTcZc]*nYbin�R�nYX�efPS]*]YWdrpo�Z�Mk_gjY�>XdWcP
epME�yXdOÌOcbS_ twjYT©O^`^TÌPS`^WY� Z�M>s�jYM>XdO�j^Mqzc\cepn�R>WYX{OQbd_ twj^T�R�uvX®e|RyO^twj*~vX®MybUrfOQefs�OQlS��ÈÃW�jY��rfM�twWQl�R>WcP�Z�\YtwM
PS`^WY� ZQMk_�jY�>XiWQP�Mks XdOQ_�������	� ��
�®�S_gOQ�iW*�p_gZQW�s �|OcbdO^ZQR�oYbdM>lERUnYl{`Y]*oYbdWcP*l�efPS]*]YWdrpoYl�Z�M>_�jY�>XiWQP����G`c\cbd�|Mk_
j^_�O{M�`Q_}Z�\^]YP*Êwn ��
��m�|OQbiOcZcRUoYbUuvX�`^biWYRUxS`^WQP�OcXd\QjYM>epOVepM¦�d_�Oc�dW*�p_}Z�\VPS`^WY� ZQMks�jYM>XiOE�Un*]YOQ�Uo|�wO^`^W^tfn*Z�M>x*WYXk�
R>OQ_�My`c_}`^]Y�yW^X�³� ��
��U�<�|OQbiOcZcRUoYbiM>lS�aLNP*XdMy`Y~vlS��n®e|R>O^Ri_gZco�PS]YW^`cWQs nYepn�epP*XiRyW^Xd_ e|R�oYl��ÂM>bUrfOchdTcj^MyXdWQl�`^WQP
WYXdWcj^\chdMyRyO�_���*��O^`cW*RUMy]YMks RyO�_�Oc`^T�RU�>epepM>bd_ l�[.\QepMk_ lS�aLÆR�nYX�`cbU~¨R�n�[.\Qe|n|�ËW�epP*XUR>WYXS_ e|R�oYl�MyZQ`^�>j*`^Mk_v� � £±�Y�dÄ
�p�k�*°´¡���RyW `^bdT*RUPS`^W Oc]Y[wOQbd_ t.j*n*Ri_}Z�TIZQO�_¨R>WYXÌOcbS_ twjYTIRyuvX�Oc`^W*RiP*�p_}~vX�o«�d_�Oc[.WQbU~vX��AepM{TS]YWcP*lVR>WQP*l�M>bk�
rfOQhiTQjYM>XiWQP*lS�ÁLÆR�nYX��dM>xSRUM>bUn�[.\cepn|��Z�\YtwMaM>b�rfOQhdTcjYM>XdWclE�d_�O*zc\QhdM>_¨R�nYX��S_}Z|_g\©RyWQP«epPS]*]YWdrpo«PS`cW*� Z�Mk_gjY�>XdWcP
Oc`^T RyWYXÌR>Wc`c_}Z�T �Ss e|ZQW e|R�nYX«ZQx*bS_gO jYXioYj*n|� LÆR�nYXÌRibds R�n [w\Qe|n|�ÉZ�\Yt.M{MybUrfOQhiTQjYM>XiWQlVMyZcRUMy]YMksÆepPdrpZ�bds epMk_ l
�|OQbiOcZcRUoYbUuvX��|bUnYef_�jYWc`^WQ_g~vXUR>OQl®�>XiO OcZQWS]YWQPdt._gOcZ�TIOc]SrfTcbS_ twjYW `^bdWQepM�r|rw_ epRi_}ZQoYl�OQXdOchio*R�nYe|nYl{Oc]Y[wOQbS_ twj*nd�
Ri_gZc~vX©rw_gO XiO `^OQbi\^rfMk_NR>WYXIOQbS_ twjYT R�uvX M>jY[.OcXSs epMyuvX^� LÆRUnYX©RU�yR>OcbiR�n [.\cepn|�ÂW epP*XiRyW^Xd_ e|R�oYl©epPS]*]Y��rfM>_
R>WYX«OQbd_ twj^TÁR�uvX©Myj^[wOQXds efM�uvX�Oc`^T Z�\Yt.M�M>b�rfOQhiTQjYM>XdWf� P8`cOcbdO^`c\cXiu PS]YWc`^W�s nYe|n ZQOcRyOQe|Z�M>P*\ce|RUn*ZQM{�yRUef_
~ve|RUM¦XdOaOcXiRi_}Z�O^t._ e|RyWQx*jYM<M>xSZ�WS]YOEM>XdO^]*]YOcZQRi_}Z�Wcx*lGOcZQWS]YWQPdt._gOcZ�Wcx*lÂOc]SrfWcbSs twjYWQP*lÂ`^bdWcefM�r|rw_ e|Rd_}ZQoYl<o�Oc`Y]*oYl
OQXiOQhUo*RUnYe|nYl�Oc]Y[wOQbd_ t.j*n*Ri_}ZQ~vXc�{LÆR>W©LN��oYjYOÌ¾�� � `^OcbdWQP*ef_g\QhiMyR>OQ_ËR>WÌ`^biTdrfbdOQjYjYO�rw_gOÌR�nYXa`^OQbd\^]*]*n*]*n®PS]YWY�
`^W�s nYe|n�� � jYM�R�nYX�zcW^oSt.M>_�O R�uvX«efP*XiOQbURUoYepMyuvX�¬� 
 �ÆLÆnYjYMk_g~vXiWQP*jYM�M>�i~ T*Ri_ n©ZQ]*oYe|nIR�nYl®�S_gOQ�d_gZQOQefs�Ocl
� ��� � �����������! ��#"$"��%�#&('!"��*)%"+'-,.'/&+'10+'!23�#4�5%&6"87 Z�O^]YMks�RyWYX�Oc]SrfTQbd_ twj^W R�nYl�`^bdWQepM�r|rw_ epRi_}ZQoYl�OQXdOchio*R�nYe|nYl
^%c+9��p¸ÌMG`^OcbdTQjYWQ_�OE�S_gOQ�S_}Z�Ocefs�OEZQOc]YWcx*j^MÀR>WQP*l<PS`^TS]YW�_}`^WQP*l�Oc]SrfWcbSs twj^WcP*l¦Oc`Y]Y\VO^]*]Y\QhdWYXUR>OQl¦jYTYXdW�R>WV`^bdT*�
twM>jYOm`^WQP¦Oc[.Wcbd\<e|R>WKTYXdWcjYO<RyWQP<Oc]SrfWcbSs twjYWQP��;:�_gOm`^Ocbd\Q�iMk_ rfjYOw�YOcXÃtw�y]YWcP*jYMNXdO<Z�O^]Y�>epWQP*jYM RyW^XÀOc]SrfTcbS_ twjYW
� ¬ RiT*RUMGZQOc]YWQx*jYMÐRUnYX��S_gOQ�d_gZQOQefs�O=< , � ���#�>�����! ���"$"��%�%&?'!"��*)*"�'-,.'/&('/0+'!2>��4@5*&6"A7 �
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R�nYl�MyZcRU�y]YM>e|nYl�MyXdTQl{`^Mk_gbd\cj^O^R>Wcl�rw_gOÁRUnYX�M�`Qs��dbiOQe|n«R>WQPIjYM�rf��twWQP*l�RUjYoYjYO^R>WQlI� � ���Q��ÇA° f �k�i��rw_gO Ri_ lÌ�dx*W
�dP*XiOQj^_}Z��>lÃjYM�twTQ�iWQP*lÃepP*XiR>WYXd_ e|RUoYlÉ�¨MybUrfOQhiTQjYM>XiWQlS�Ë��`c_}]Y�7EdOcjYMÐ�d_�\c[.WcbdM>lNRi_gj^�ylÀRUj*oYj^O^R>WclÐrw_gOKRd_ lG�dx*Wq�dP*XdO*�
j^_gZQ�>l¦PS]YWc`^WQ_goYepMk_ l< KZ�O�_|���ZQO�_|`^bdWQep�d_ WQbds efOcjYMGT*Ri_w�>XiOEjY��rfM�twWclÂRij*oYjYOcRyWQl¦Z�WYXURi\�e|R>WcP*l ����� ��`�`	� `�`�`
�|OQbiOcZcRUoYbiM>l¦`^OQbd�y�|Mk_fzc�y]*Ri_ e|R�n�Oc`^TQ�iWQe|n|�ÂÈÃO{`^OQbdO^Z�\^RyuA`cM>_�bi\QjYOcRyO®M�ZQRUMy]Y�>e|R�n*Z�OcX��|binYef_�jYW^`cWQ_g~vXUR>OclqR�nYX
`^OQbiOc`^\QXUu zc�y]*Ri_ e|R�n�Ri_�j*o®RUjYoYjYO^R>WQlKrw_gO�Ri_ l�PS]YWc`^W�_}oYepMk_ l��{Z�OQ_Ë���� + `^T�R>W�`^OcbdOc`^\cXiu `^Mks�bdOQjYO�`^OQbdO*�
R�nYbioYepOQjYMETYRi_¨n«�|Mk_gbdT*RUM>bin�Oc`^TQ�iWQe|nÌ`^bdW^Z�xS`YRUMk_�rw_�O«Ri_ l{`cWS]Yx�j^_}Z�bi�>laZ�OQ_¨j^M�rf\c]YM>laRi_gjY�>lVR>WcPÌRij*oYjYOcRyWQlS�
+ PSRUT�epP*jSzcOQs XiMk_^M�`cM>_��Uo<W�_Yjc_}Z�bi�>lÆRi_gj^�ylÃRyWQP¦RUj*oYj^O^R>WclÉOQP�Ed\cXdWcP*XÃR�n<�d_�O*� My`^M7EdM>b�rfOQe|Ri_gZco¦My`c_}Z�W�_ XiuvXds�O�� f �c¡´�k£´Ä

�.�.�
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·¦s XdO^Z�OQlq¾��g¼%Fq·ÂM>_�biOQjYOcRi_}Z�W�sË�|bdTYXdWQ_ËM�ZQRU�y]YM>e|nYl �¯epM��iM>PSRUM>bdTS]YM�`^RyO�¹Grw_gO�j^M�rf��twWQl�Z�Mk_gjY�>XdWcP{½*¬ R Z�OQ_�rw_gO�S_gOQ[wWQbiMyRi_gZQ\�j*o*Zcn�`cbiW*RixS`YuvX��|binYef_gj^W^`^W�_}~vXiR>Ocl¦R>WYXqO^]SrfTQbS_ twjYW+R �
� � � ·ÂOQb^� �G]YWc`p� � ¼ ½ G ¾ » Ò d¾  � � � � ¾*¾ , � Ò ,YÒ , � G dYÒ , �g½*¾*» , �g¼ Ò » , �g¼ Ñ�d , �g¼*»�G , �g¼*½ ,� � � � ¾*¾ � �g½*¾*¾ � �g¼ ,YÒ � � � G^¼ � � ,*Ñ., � � , ¾*¾ � � , ½*¾ � � , ¼ , � � � � ¾*¾ , �g»*¼*½ , � G^¼*» , �g½*¼*» , �g¼*»*» , �g¼ ��d , � ��Ñ » , � �UÒ ¾ ] � � � ¾*¾ , �g»*¼*¼ , � G ��Ñ , �g½ � ¼ , �g¼*¾*¼ , �g¼ , ½ , � ��d/� , � � » ,
�-,  � � � �.�.� , �g»*¾ Ñ , � G�G^¾ , �g½*¼*» , �g¼ Ò G , �g¼ Ò�� , �g¼�G^» , �g¼ , ¼� � � �.� ¼ � �g½ ��d � � �UÒ ½ � � �-,�d � � , ¾ Ò � � , ¼*½ � � ,., ½ , � Ñ�d*Ñ � � � �.� ¼ , �g» , ¼ , � G �.� , �g½ ��Ñ , �g¼*¾*½ , �g¼ � » , � ��Ñ/� , � � » Ñ ] � � �.�.� , �g¾ Ñ » , � G , ¾ , �g½ ,/� , �g¼�G Ò , �g¼ , ¾ , � ��d ½ , � � » ,½ ,  � � � ,�dYÒ , �g»�G , , � G^½�G , �g½ ��Ñ , �g¼*» Ñ , �g¼*»*» , �g¼*¼*» , �g¼ , ½� � � ,�dYÒ � �g½ ,YÒ � � � »*¾ � � �-, ¼ � � , ¾*½ � � ,/��Ñ � � ,.,/� , � Ñ�d » � � � ,�dYÒ , �g¾ Ñ., , � G , ½ , �g½ ,*Ñ , �g¼*¾ Ò , �g¼ �UÒ , � ��d » , � � » Ò ] � � ,�dYÒ , �g¾ d G , �g½ Ñ » , �g¼ Ñ » , �g¼�G^¼ , � ��ÑYÒ , � �UÒ ½ , � � ¾*¾» ,  � � � ��d ¼ , �g» Ñ�d , � G Ò ½ , �g½�G Ñ , �g¼ Ñ., , �g¼ dYÒ , �g¼ Ñ ¼ , �g¼*¼*¼� � � ��d ½ � �g½*¾*½ � � ��Ñ ¾ � � � ¼*¾ � � ,YÒ , � � , ½*½ � � ,/� ½ , � Ñ*Ñ » � � � ��d ½ , �g»*½ Ò , � G^½*¾ , �g½*¼ d , �g¼ Ò , , �g¼*¼*½ , � ��Ñ ½ , � �UÒ�� ] � � ��d ¼ , �g»*½ � , � G^¼ d , �g½ ��d , �g¼*»*» , �g¼ � ¼ , � �UÒSÑ , � � » �

Ïp£±���>��°±°´�*£À�>� ���m  � f �k�S¡ f �Y�w�y�pM>Xi~ÁWQ_fjYM�rf\^]YM>lÂRi_�jY�>l¦RyWQPKRUj*oYj^O^R>Wcl<`^Ocbd�>�|WcP*X�OcXS_ epWcbdbdW^`cs�O�R>WcP�[wWQbURds WcP��

s�� ��v �Nu nBm����.n2n����/��| �'t����khNhWmfhk� | g?hfikjfiSu xkn2�q��|

¥ ·Âs XdO^Z�OclÉ¾��g¼K�dMks �|XiMk_QR>WcP*lÂ�|bdTYXiWQP*lÃMyZQRU�y]YMyepnYlÐrw_�O�RU�>epepM>bdO��S_gOQ[wWQbiMyRi_gZQ\Kj*o*ZQnK`^bdW*RUxS`YuvXc�^rw_�O��S_gOQ[wWQbdM±�
Ri_gZQT�OQbd_ t.jYT�e|R>OYtwjY~vX¦MybUrfOQefs�OQlNZ�OQ_Yrw_gOKR>WYX¦Oc]SrfTcbS_ twjYWKOc`Y]*oYlÐOQXiOQhio*R�nYe|nYlÃOc]Y[wOQbS_ twj*n*Ri_gZc~vX<R��N�c�v`Qs e|nYlS�
R>W�LN��oYjYO{¾�� GE`^OQbdWcP*ef_�\chdMk_fMy`c_ R>Oc�|x*XdepMk_ lKepM¦ep�|�>e|nVjYM¦R>W{OcbS_ twjYTVRyuvX�e|R>OYtwjY~vX�M>b�rfOQefs�OclS�Æ� s XiO�_fepnYjYOcX��
Ri_gZQTVXdOaepnYjYMk_}u³twMks�T*Ri_.W�_fMy`c_ R>Oc�|x*XdepMk_ l�`cWcPEO^`^Mk_gZQWYXSs�hiWYXiR>OQ_|epRyW�LN��oYjYOV¾�� GVM>s XdOQ_fO^`^WYRU�y]YMyefjYOaRyWQP�jY�>epWQP
TQbiWQPmrw_gOERU�>epepM>biOE�d_�Oc[.WQbiMyRi_gZQ\�jYo*Zcn�`^bdW*RUxS`^uvX^�

� ¥G`YuvlEOcXdOQjY�>XiOQjYMd� RyO�Oc`^W*RiM�]Y�>epj^O^R>OÌO^`^TQ�dWce|nYl��dMks �|XiWQP*X�TYRi_�n�PS]YW^`^W�s nYe|n® ®�|binYef_�jYW^`cWQ_g~vXUR>Ocl�R�n
�dP*XiOQj^_}ZQo��d_�OcXdWQj*o�PS`^W*� Z�Mk_gjY�>XiuvX®Mks XiO�_³]^_ rfT*RUM>bdWIOc`^W*RUMy]YM>epjYOcRi_gZco«Oc`^T«Rd_ l�\^]*]YM>laRUbdMk_ l®PS]YW^`^W�_}oYefM>_ lS� P
PS]YWc`^WQs}nYe|n®�®�Ss XdMk_ËjYM�rfOc]YxSRUM>biW��|bdTYXiW�MyZcRi��]YM>e|nYl�ZQO�_ �|Ocj*n*]YTYRUM>bUn®My`c_ RU\Q�|P*Xde|n|� � ¥GR>OcX{W�OQbd_ t.jYTcl�R�uvX
e|R>OYt.j*~vX{M>b�rfOQefs�Ocl�OQP�Ei\QXdM>_�O^`^TÌ�>XdO�epM��dx*Ww� WÌ�|biT^XiWQl�MyZcRU�y]YM>e|nYlqrw_�O^� � ��`�j^MKRyWYXVOc]SrfTcbS_ twjYW R��
OQP�Ei\QXiMk_�Oc`^T � � �.� ¼�epM � �g½ ��d �iM>PSRUM>bdTS]YMy`YRyO�ZQO�_�n�My`c_ RU\Q�|P*Xde|n�jYMk_}~vXdMyRyO�_fefM d.,
	 � Ñ.,
	 �

�.� ¼
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BF search algorithm and n=3MB
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LN��oYjYOa¾�� G:F¨�v`c_ RU\Q�|P*Xiepn�R�uvXm`^OQbi\c]*]*n*]*uvX�PS]YWc`^W�_}oYepMyuvXmOcXdOchio*R�nYe|nYlÂOc]Y[wOQbS_ twj*n*Ri_gZc~vXqepMGepP*Xi\QbiR�nYe|n�jYMR>WYXmOQbS_ twjYTER�uvXqe|R>OYtwjY~vXqM>bUrfOcews�OQlÀrw_gOajY��rfM�t.WclGZ�M>_�jY�>XiWQPK½*¬ R �|binYef_�jYW^`cWQ_g~vXUR>Ocl<RyWYXqOc]SrfTcbS_ twjYW�R �

�v`Qs e|nYlS�Ân PS]YW^`^W�s nYe|n  �«�|bUnYef_�jYWc`^WQ_g~vXUR>OQlÌR�n e|R>O^Ri_gZco �d_�OcXdWcjYo PS`^WY� Z�M>_�jY�>XUuvX©`^OQbi�>�|Mk_NZ�O^]YxSRUM>bdO
Oc`^W*RUMy]Y�>epjYOcRyO�O^`^TÂRUnYXÃPS]YW^`cWQs nYepnÀ��� � ¥Âj*uvlS�*T*R>OQXÃW¦OcbS_ twjYTQl R�uvXÃepRyO^twj*~vXÀMybUrfOQefs�OQlvOQP�Ei\QXdM�R>O�_iOc`^T¦�>XdO
epM �ix*Ww�*W<�|biT^XiWQl�MyZQRU�y]YMyepnYl��dMyXÉj^M>_g~vXiMyR>OQ_YOcXiRi_ e|RUbdTc[wuvlÆOcXd\^]YWdrfOw���v`Qs e|nYlS�YnÂM�`Q_ Ri\c�|P*Xde|n<OQP�Ei\QXiMyR>OQ_dT*R>OQX
WÌOcbS_ twjYTQl�RyuvXVe|RyO^twj*~vX{M>bUrfOcews�OQlKOcP�Ed\cXdMyRyO�_�j^�y�|bS_Ë`^�>XURUMKe|R>O^twjYWQx*l�M>b�rfOQefs�OclqZ�OQ_ OQP�Ei\QXiMyR>OQ_�M�]YOQ[.bU~vl
jYMyRU\IO^`^T©OcPSRUT«RyWIe|nYjYMks Wf�IÈÃW«[.OQ_ XiTQjYM>XiW�OQPSRUT«WQ[.M>s�]YMyRyO�_�R�nYX�OcXS_ epWcbdbdW^`cs�O�RyWQPÌ[wWQbiRis WcP�M7EiO�_ Ris�OclER�nYl
[wR�uv��oYl�e|RibiOcR�nSrw_}ZQoYlK�d_�Ocj^MybS_ epjYWQxaRyWQPaZQMk_gj^�yXdWQP��<¸�M>bS_}Z�WQs�epRyO^twjYW�s�M>bUrfOcefs�OQl�`^WQPa�y�|WQP*X�]^_ rfT*RUM>bdO®PS`^WY�
Z�M>s�jYM>XdO�rw_gO XiO«MyZQRUMy]Y�>epWcP*X®OcXdOchio*R�nYe|n�Oc]Y[wOQbS_ twj*n*Ri_gZc~vX�twO«RUMy]YMk_}~vefWcP*X®RyWQP*l{PS`^WS]YWdrw_ epjYWQx*l{R>WcP*lV`c_ W
rfbioSrfWcbdO�Oc`^T�R>WQP*l¦\^]*]YWQP*lGZQO�_pe|RUnYXmepP*Xd�>�|Mk_gO�twO�`^OQbdOcjYMks XiWQP*X<OQ�ibdOQXiMks l�� f �p���i�y�

ÈÃ�y]YWQlS�ËR>O�`cM>_�biOQjYOcRi_}Z�\�O^`^WYRUMy]Y�yefjYO^R>O��iMks �|XdWcP*XET*Ri_ WQ_ PS]YW^`cWQ_goYepMk_ l���{Z�OQ_Ë ]�[wO�s XdWYXiRyO�_�XdO��>�|WQP*X
R�nYX®ZQOc]YxSRUM>bUnÌOc`^Tc�dWQe|n�efMEepxdrpZ�bS_ epn«jYMaRi_ l{\^]*]YM>lVPS]YW^`cWQ_goYepMk_ lS�ÁLNPdrpZ�MybS_gj^�yXdOw�¨n�`^biWQep��r|rw_ e|n� ]�`^OY�
bd�y�|Mk_ ep�|M>�iT^X{zc�y]*Ri_ e|R�n Oc`^Tc�dWQe|n|� + `^TIRyOÁOc`^W*RUMy]Y�>epjYOcR>Of�Éj*`^WQbdWcx*jYMVXdOI�dWQx*jYMVj^_gOÁepOQ[wo«jYMksguve|nIRyWQP
�|bdTYXiWQP�MyZQRU�y]YM>e|nYl�R>WQPEOc]SrfWcbSs twj^WcPET*RyOQX��|binYef_gj^W^`^W�_ Wcx*j^M�Ri_ lK`^OQbd\^]*]*n*]YM>l�PS]YWc`^W�_}oYepMk_ lK��EZ�OQ_. ]p�	: _gO
`^OQbi\Q�dM>_ rfjYOw�wrw_gO{jY��rfM�twWQl�Z�Mk_gjY�>XdWcPE½S¸��Â�prw_�O � � ��`VZ�OQ_frw_gO�RyWYX�O^]SrfTQbd_ t.jYW R��Æ� jYMk_g~vXiMyR>OQ_�W��|bdTYXdWcl
PS`^WS]YWdrw_ epjYWQxVO^`cT � � �.� ¼E�dM>PSRUM>biTS]YMy`YR>O{e|R�nYX�O^Z�WS]YWcPdt�_gOcZco��yZ��iWQe|naepM , � � » Ñ ZQO�_.epM , � � » , �dMyPSRiMybdTS]YMy`YR>O
e|Ri_ l�`^OQbi\c]*]*n*]YM>l�MyZQ�dTcefM>_ l{ �«Z�OQ_  ] OQXURis epRyW�_ �|Of�Ã�|binYef_gj^W^`^W�_}~vXiR>Ocl�RyWQP*l®WcZQR�~ e|R>OYt.jYWcx*l�M>b�rfOQefs�OclS�
¸ÌMÀ\c]*]YO�]YTdrw_gOw�|`^OQbiOcR�nYbdWcx*j^MÐT*Ri_|rw_gOEe|RyO^twM>bdT�jY��rfM�twWQlÀZ�Mk_gjY�>XdWcPKPS`^\Qbd�|M>_pj^_gOaOcXdOQjYM>XiTQjYM>XUnmOcXiRis e|RUbdWQ[fn
ep�|�>e|n�OQXi\QjYM>epOEe|RyW^X�`^OQbd\^]*]*n*]YW��|bdTYXdW�MyZcRi��]YM>e|nYlGZ�OQ_fe|R>WYXmOQbS_ twjYTER�uvXqe|R>OYtwjY~vXmM>bUrfOcefs�OQlS����`c_}`Y]Y�>WYXc�

�.� ½
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·¦s XdO^Z�OQl¦¾��g½%FÐ·ÂM>_�biOQjYOcRi_}Z�W�sw�|bdTYXdWQ_.MyZQRU�y]YMyepnYl �¯epMq�iM>PSRUM>bdTS]YMy`YRyO�¹Nrw_�O�jYM�rf��twWQl�Z�Mk_gjY�>XdWcPE¼�G^¬ R ZQO�_wrw_gO�S_gOQ[wWQbiMyRi_gZQ\�j*o*Zcn�`cbiW*RixS`YuvX��|binYef_gj^W^`^W�_}~vXiR>Ocl¦R>WYXqO^]SrfTQbS_ twjYW+R �
� � � ·ÂOQb^� �G]YWc`p� � ¼ ½ G ¾ » Ò d¾  � Ñ �g¼*½ Ò Gp� Ò5d ¾ ½��g¼*¾*½ ¼�� G d., ¼�� ,/�UÒ � � Ò ,/� � � G d » � �g½*¼ � ] Ñ �g¼*½ Ò Gp�g»�G^¼ ½�� ,*Ñ ¾ ¼��g½*½�G � � dYÒ ¾ � �g¾*¾ d � �g½*½ � � � � »*¾
�-,  � d � Ò ¼�G Gp�g» � ½ ½�� � ½ d ¼��g½ Ñ�d � � Ñ G�G � �g»�G d � � G^½ d � �g¼ Ò*Ò ] d � Ò ¼�G Gp� G^» , ¼�� Ñ » Ñ ¼��g¼*» , � � d.,/� � � G Ñ ¼ � �g¼ d/� � � � ½ ,½ ,  � d �g¾ � ½ Gp�g¾ � » ½�� ,YÒ ½ ¼��g½*¾*» � � Ñ/� G � �g»*¼ � � � G ,*Ñ � �g¼*¾�G ] d �g¾ � ½ Gp�g½ Ò ¾ ¼�� Ñ ¼*» ¼��g¼*¼*¾ � � Ò5d ¾ � � G Ò ¼ � �g¼*»*½ � � ,*Ñ ¾» ,  � Ñ �g¼ d G Gp� d*Ñ ¼ ½��g½*¼�G ¼��g¾*½ , ¼�� , ¾ Ñ � � Ò ½*» � �g¾ �-, � �g½�G , ] Ñ �g¼ d G Gp� Ò » Ñ ½��g¼ ,/� ¼�� G^¼ � � � Ñ »*¼ � �g»*½ � � �g½ Ò , � � ��Ñ�d

W�_ j^��t.Wc�dWQ_  ��Z�OQ_  ]�`^bdOYrfjYOcR>W^`^W�_ Wcx*X{ef�|My�dTYXaRU�y]YMk_gM>l�Z�OQj*`^xS]YM>l�My`c_ R>Oc�|x*XdepMk_ l�rw_�O�TS]YOÌRyO©j*o*Zcn�`^bdW*�
RUxS`YuvXaZ�OQ_ rw_gOÌTS]YWQP*l�RyWQP*l�e|R>O^twjYWQx*l�M>b�rfOQefs�OclS�ELNP*XdMy`Y~vlS�Ë`cMybS_ epepT*RiMybdWQl��|biTYXdWQlmZ�OcRyOQXiOc]*~vXdM�R>O�_�e|R�nYX
OQXiOQhUo*RUnYe|n�O^]Y[.OcbS_ twj*n*Rd_}ZQ~vX�`^OQbd\�e|R�nYXqMy`c_}Z�W�_ XiuvXds�O�jYMGR>WYXmepRyO^twjYTVM>b�rfOQefs�OclGepP*XiRyW^Xd_ e|R�oYlS�

� xfoRmk}�t �zh�uY} �kvB��nBmkr

: _�O XiOÁj^M�]YMyR�oYefWcP*jYM®R�nYXÌZQ]^_gjY\cZcuvepnIRyuvX«�dx*W `^biWYRUMk_ XdTcjYM>XiuvX�`^Ocbd\c]*]*n*]*uvX�PS]YW^`^W�_}oYefM�uvXÌ �©Z�O�_Æ ]p�
MyZcRiM�]YWQx*jYMmRyO�`^Mk_gbd\QjYO^R>O®j^MmR>W�O^Z�TS]YWcPdt.W{RUbdT^`^Ww�q·GWS]*]YOc`Y]YOQef_g\QhiWQP*jYMqW^ZQR�~ [.Wcbd�>l�R�nYXE`^Oc]^_g\�epPS]*]YWdrpo
Z�M>_�jY�>XiWQP���P Z�OQ_ XiWQx*b�rw_�O<epPS]*]YWdrpo<Z�Mk_gjY�>XdWcPÂMks XiO�_drfx*biu«e|RyOK¼�GY¸ �Â�*ÈÃOmOc`^W*RUMy]Y�>epjYOcR>O<rw_�O�R�nYXÀZ�OQ_ XiWQx*b�rw_�O
epPS]*]YWdrpo�Z�Mk_gjY�>XdWcPKOc`^Mk_}Z�WYXSs�hdWYXiRyO�_Qe|RyW^X�·¦s XdOcZQO�¾��g½KZ�O�_|e|R>WVLN��oYj^OE¾��g¾��

ÈÃO�Oc`^W*RiM�]Y�>epj^O^R>O{�iMks �|XdWcP*XKT*Rd_�WQ_��dx*W{`^OQbi\c]*]*n*]YM>l<PS]YWc`^WQ_goYepMk_ lmZQ]^_gj^O^ZQ~vXiWQP*XqZQOc]Y\V`^OQbiTS]YWV`cWcPERyW
jY��rfM�twWQlÀR>WQPKZQMk_gj^�yXdWQPmOQP�EUoStwn*ZQMÀW^ZQR�~Á[wWQbd�ylS�¨¥§�|bdTYXiWQlÐMyZQRU�y]YM>e|nYlÀrw_gO�� ���`�ZQO�_Qrw_�O�R>WYX�Oc]SrfTcbS_ twjYW
R�� jYMk_}~vXdM�R>O�_vepM � �g¼ Ò*Ò ZQO�_¨epM � � � ½ , �dMyPSRiMybdTS]YMy`YR>OÌrw_gOIRi_ l{PS]YW^`cWQ_goYepMk_ lV �ÌZQO�_³ ]�OQXiRis e|R>WQ_ �|Ow�ÆT*R>OQX
W©OQbS_ twjYTQlERyuvX�e|RyO^twj*~vX�M>b�rfOQefs�OclaMks XdO�_³W^ZQR�~É� �v`cs e|nYlS�ÆWQ_�M�`Q_ R>OQ�|x*XiepMk_ l{RyuvX��dx*W«jYM�twTQ�iuvX®OQP�Ei\QXiWQP*X
rfbdOcjYjc_}Z�\�T*R>OcXqW�OQbS_ twjYTQlÂR�uvXKe|R>OYt.j*~vXKMybUrfOQefs�OQlGOcP�Ed\cXdMyRyO�_��

021�� 143 ���5KD>feqQSO�X�dH@S>/@�� � Q�Q�� M � Q�b�K2a���� d	� M � Mf@2cA[S>�
�X�
�\ � Q� @�aDC�� d�
B>DCFE	� M

LNMNOcPSRUo<R�nYXGMyXdT*R�n*R>Om`^OcbdWQP*ef_g\QhiWQP*jYM RyOm`^Mk_gbdOQjYO^Rd_}Z�\mOc`^W*RUMy]Y�>epjYOcR>O�RyuvXG`^Ocbd\c]*]*n*]*uvXÐPS]YWc`^WQ_goYepMyuvXÀ�|bind�
ef_�jYW^`cWQ_g~vXUR>OclNWQbd_ epj^�yXdWQP*l�OcZQWS]YWQPdt._gOcZ�Wcx*lvOc]SrfWQbds t.jYWcP*l�O^`Y]*oYl Z�OQ_i`^bdWcefM�r|rw_ e|Rd_}ZQoYlÆOQXdOchio*R�nYe|nYl O^]Y[.OcbS_ t|�

�.� G
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BF search algorithm and n=24MB
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LN��oYjYOa¾��g¾%F¨�v`c_ RU\Q�|P*Xiepn�R�uvXm`^OQbi\c]*]*n*]*uvX�PS]YWc`^W�_}oYepMyuvXmOcXdOchio*R�nYe|nYlÂOc]Y[wOQbS_ twj*n*Ri_gZc~vXqepMGepP*Xi\QbiR�nYe|n�jYMR>WYXmOQbS_ twjYTER�uvXqe|R>OYtwjY~vX�rw_�OEj^��rfM�twWQlÂZ�M>_�jY�>XiWQPK¼�G^¬ R �|binYef_�jYW^`cWQ_g~vXUR>Ocl<RyWYXmO^]SrfTQbS_ twjYW+R �

j*n*Ri_gZc~vXc� ¦bUnYef_�jYWc`^WQ_goYepOQjYMÃR>WcP*lGOc]SrfWcbSs twjYWQP*lÐOc`^TKR>WcP*lG`^Mk_�biOQjYOcRi_}Z�Wcx*lÀ�|\cbiRUM>lÃ`cWcPq�>�|WcP*jYMÃZQOcRyOQe|Z�M>P*\*�
epMk_.e|R>O{ZQM>[.\^]YO�_gOa¼�Z�O�_f½�rw_gOVR>OV`^biWYz^]*oYjYOcRyOVOc`Y]*oYl<Z�O�_f`cbiWQepM�r|rw_ e|Ri_}ZQoYlqOcXdOchio*R�nYe|nYl¦Oc]Y[.OcbS_ twj*n*Ri_gZc~vXc�
ÈÃWILN��oYj^O©¾��g»Ì`^OQbiWQP*ef_�\chdMk_³M�`Q_ R>OQ�|x*XiepMk_ l{RyuvX®RiMyefep\cbiuvX�`cOcbd\^]*]*n*]*uvX®PS]YW^`^W�_}oYefM�uvX�epMaep�|�>e|n«jYMERyWYX
OQbd_ twj^TIRyuvX�e|R>OYt.j*~vX�M>b�rfOQefs�Ocl{�|binYef_gj^W^`^W�_}~vXiR>Ocl{R>WQP*l®Oc]SrfWcbSs twjYWQP*lVR�nYl�O^Z�bd_ zcWcx*l{OQXdOchio*R�nYe|nYl{Tc`Yuvl
� ^�������� ^�� Z�O�_ R �	�¦¬©�¨·ÂOQbiTQjYW�_gOw��R>W LN��oYjYO©¾�� Ò `^OQbiWQP*ef_�\chdMk_³M�`Q_ R>OQ�|x*XiepMk_ lVrw_�O«jY��rfM�twWclaZ�Mk_gjY�>XdWcP
¼ Ò ¬ RG���v`Qs e|nYlS��RyOaLN��oYjYO^R>O�¾�� d Z�OQ_�¾�� Ñ `^OQbdWcP*ef_�\chdWQP*XÀRd_ l¦My`c_ R>Oc�|x*XdepMk_ lÂR�uvX<`^Ocbd\c]*]*n*]*uvX¦PS]YW^`^W�_}oYefM�uvX
rw_gOVjYM�rf��tfnEZQMk_gj^�yXdWQP � �*¬ R ZQO�_f¼ Ò ¬ R OQXURds e|RyW�_ �|Oarw_gOaR>WcP*lmO^]SrfWQbds twjYWQP*l¦OcXdOchio*R�nYe|nYl¦Oc]Y[.OcbS_ twj*n*Ri_gZc~vX
jYM � Oc`^W*RUP*�ps�M>l�T^`^uvl�
;a�� R X¦ ZQO�_ ^��K� ÈÃ��]YWQlS��RyO©LN��oYj^O^R>O«¾�� �-, Z�O�_ ¾�� �.� `^OQbiWQP*ef_�\chdWcP*XERi_ lVMy`c_ RyOY�
�|x*XdepMk_ l�R�uvXÌPS]YWc`^WQ_goYepMyuvX�rw_�OIj^M�rf��tfn©ZQMk_gj^�yXdWQP�� �*¬ R Z�OQ_�¼ Ò ¬ R OQXiRis e|R>WQ_ �|OIrw_gOIRyWQP*l�Oc]SrfWcbSs twj^WcP*l
OQXiOQhUo*RUnYe|nYlÂO^]Y[.OcbS_ twj*n*Rd_}ZQ~vXmjYMD�{�S_gOQ[wWQbd�ylGTc`Yuvl
;a	���N� ¬��w¬ a 9�
�� � ¬ Z�OQ_f¬ X cÐ�

·Âbi�y`^Mk_cXiOKe|nYj^M>_gu³twMks�T*Ri_Qe|R>WcP*lÀO^]SrfWQbSs twjYWQP*l.^����R� ¬%Z�OQ_Q¬ X c `^OQbdO^R�nYbdMks RyO�_cj^_gOK�S_gOQ[wWQbiMyRi_gZco<efP*jd�
`^M>bS_g[.Wcbd\mOc`^TQ�iWQe|nYlNRyuvX¦PS]YW^`cWQ_goYepMyuvX � � ZQO�_%��¼�epMÉef�|�yepnmjYMNR>WcP*lÀ\^]*]YWQP*lÃOc]SrfWcbSs twj^WcP*lS�³LNPdrpZQM>bS_gjY�>XdOf�
n®PS]YWc`^W�s nYe|n ��¼�M>s XdOQ_�Z�Oc]YxSRUM>bUn�Oc`^T�R�nYXEPS]YWc`^W�s nYe|n�� � epM�TS]YWQP*lKRyWQP*l�e|R>O^twjYWQx*l�M>b�rfOQefs�OclS� + PSRUT�RyW
rfM�rfWYXdTclGWc[.Mksg]YMyR>OQ_�epRyWVT*Ri_|n�[w\Qe|nKR�nYl¦OQXiOQhUo*RUnYe|nYlÐRyuvXqO^]SrfWQbds twj*uvX�^����/� ¬ ZQO�_|¬ X c O^`cOQ_ RUMkspj^M�rf\Y�
]*n�`^WQepT*RUn*RyOÌ�|bdTYXiWQPVepM�ep�|�>e|n�jYMKRyWÌ�|bdTYXdW®My`c_}Z�W�_ XiuvXds�OclS��¸�MK\c]*]YO®]YTdrw_�Of�³W��|bdTYXdWclKMyZQRU�y]YMyepnYl�R�uvX
PS]YWc`^WQ_goYepMyuvX{Z�P*bd_�Ocbd�|Mks RyO�_�O^`^T«RyWYX®�|biTYXdWÌOcXdOQhUo*R�nYepnYl�`^OQbi\�Oc`^T�RUnYX�My`c_}Z�WQ_ XUuvXSs�Of��¥ÂepWYX{OQ[wWQbd\�epRi_ l
PS]YWc`^WQ_goYepMk_ l ��½EZ�OQ_>�>GV`^OcbdWQP*ef_g\QhiWQP*XmZQOc]YxSRUM>bUnEO^`^TQ�dWce|nET^`YuvlmMks��dOcj^MÀ`cbiWcnSrfWcP*j^�yXiuvl<e|R>WYX�Oc]SrfTcbS_ twjYW

�.� ¾
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QS search algorithm and n=13MB
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BNDM search algorithm and n=13MB
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LN��oYjYOa¾��g»%F¨�v`c_ RU\Q�|P*Xiepn�R�uvXm`^OQbi\c]*]*n*]*uvX�PS]YWc`^W�_}oYepMyuvXmOcXdOchio*R�nYe|nYlÂOc]Y[wOQbS_ twj*n*Ri_gZc~vXqepMGepP*Xi\QbiR�nYe|n�jYMR>WYXVOcbS_ twjYT�RyuvXaepRyO^twj*~vXVM>b�rfOQefs�Oclmrw_�O�j^��rfM�twWQl�Z�Mk_gjY�>XdWcP � ½S¸ ���|bUnYef_�jYWc`^WQ_g~vXUR>OQl�RyWQP*l�Oc]SrfWcbSs twj^WcP*l
� ^������ �0^�� Z�OQ_%R��	�¦¬

R��N�

:<;´: ���ND�� � !Ã@ KOM�� ��� !������ � �bM�������LN��"� J'M	���<B�N��

LÆRi_ lÐMy`^TQjYM>XdMylÉPS`cWcM>XdT*R�n*RUM>lÆtwOKOQXiOc`YRUx�EdWcP*j^M �>XdOmOQXiOc]YPSRi_gZQTmjYWYXiRU�y]YWqOc`^TQ�iWQe|nYl rw_gOqRi_ lÐ`^Ocbd\c]*]*n*]YMylÉPS]YWY�
`^W�_}oYepMk_ lÉ� �c��<ZQO�_S ]p� + Eds�hdM>_SXdOqe|nYjYMk_}u³twMkscM>�U~«T*Rd_Y�dMyXÀjYWYXiRUMy]YW^`cWQ_ WQx*jYM�RUnYXÀOc`^TQ�iWQe|nÂR�nYlÉ`^OQbd\^]*]*n*]*nYl
PS]YWc`^WQs}nYe|nYl� �EOQ[wWQx®OQPSR�o�n�`^bdWQep��r|rw_ epn�Mks XiO�_�`cOcbdTcj^WQ_�O�jYM�R�nYX�PS]YWc`^W�s nYe|n� ]��|bUnYef_�jYWc`^WQ_g~vXUR>OQl�R�nYX
zcMy]*Ri_}uvj^�yXin�jY��twWQ�iWE`^bdWcMy`^M7EdM>b�rfOQefs�OclÃ�S_gOQXdWcj*oYlGZ�Mk_gjY�>XdWcP��

�.� »
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BNDM search algorithm and n=27MB
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LN��oYjYOa¾�� Ò F¨�v`c_ RU\Q�|P*Xiepn�R�uvXm`^OQbi\c]*]*n*]*uvX�PS]YWc`^W�_}oYepMyuvXmOcXdOchio*R�nYe|nYlÂOc]Y[wOQbS_ twj*n*Ri_gZc~vXqepMGepP*Xi\QbiR�nYe|n�jYMR>WYXVOcbS_ twjYT�RyuvXaepRyO^twj*~vXVM>b�rfOQefs�Oclmrw_�O�j^��rfM�twWQl�Z�Mk_gjY�>XdWcPV¼ Ò ¸ ���|bUnYef_�jYWc`^WQ_g~vXUR>OQl�RyWQP*l�Oc]SrfWcbSs twj^WcP*l
� ^������ �0^�� Z�OQ_%R��	�¦¬

021405176 � afGBMfKHC _��P_�� paPK2e �2e��fe�aNb�@2X � @2\���� MP@2cW[B>�
�X�
�\ EH@5C�_ � C E5KHC M � M � @2\

: _�OIXdO«jYO^tfnYjYOcRi_}Z�Wc`^WQ_goYepWQP*jYM�Rd_ l®M�ES_ e|~vepMk_ l{`^WQPÌjYOclV�Ss XdWQP*XVRi_ l{OcXdOcj^MyXdTQjYM>XiM>l�Z�OcjY`^xS]YM>laMy`c_ RU\Q�|P*Xde|nYl
RyuvXÂ`^Ocbd\c]*]*n*]*uvXÀPS]YWc`^W�_}oYepMyuvXc�Y`^bd��`cM>_c`^bi~¨R>OqXdOqjYOYtwnYjYO^Rd_}Z�W^`^W�_}oYefWcP*jYMÃRi_ lÐM7Ed_ e|~vefM>_ lÐrw_gOqR>W��|biTYXdW<� �d�
�C� _ epTQ�iWQP��d� EdTc�dWQPY¹y�^rw_�O�RyW��|biTYXdWq`^bdWcMy`^M7EdMybUrfOQefs�OQlS�*rw_�O�RyW��|biTYXdW�OQXiOQhUo*RUnYe|nYlÃZ�OQ_^rw_�O�RyWE�|biT^XiWKMy`c_}Z�W�_ �
XiuvXds�OclS�SW�_SW^`^W�s�Myl �ds XdWcP*X RyWm�|biT^XiWÂMyZcRi��]YM>e|nYlÆWS]YTcZc]*nYbinYlvR�nYlNPS]YWc`^W�s nYe|nYlS��¥ �|bdTYXdWcl¨� �d�«M>s XdOQ_dOQXi\c]YWdrfWcl
jYMÂR>WVjY��rfM�t.Wcl¦R>WQP�ZQMk_�jY�>XiWQP�� + l¦PS`^W^tw�>epWcP*j^M¦T*Ri_	��
��
É��� �ÉMks XiO�_|n�efP*Xi\QbURUnYe|n�`^WS]YPS`Y]YWcZQTYR�n*RyOQl¦���d� n
Wc`^WQs�OK�ds XdM>_^R>WYX<OQbd_ twj^TKR�uvXGz^nYj^\^RyuvXÂrw_gO�XdO��S_gOYzcOce|RiM>sQj^_�O�epPS]*]YWdrpoqZQMk_�jY�>XiWQP�� � ��RUef_��|nqepP*Xd\cbiR�nYe|nq`^WS]YPi�
`Y]YWcZQTYR�n*RyOQl¦���d�Arw_gO{XdOE�S_gOYzcOQe|RUMkspnEepPS]*]YWdrpo�Z�M>_�jY�>XiWQP�Oc`^OQ_ RUMks��©`^bdWQe|`^My]Y\cefM>_ l<epRyW{�Ss e|Z�WEOQXiM7Ed\cbiR�n*R>O
Oc`^TVRyW^X�O^]SrfTQbS_ twjYW{OQXiOQhUo*RUnYe|nYl�Oc]Y[wOQbS_ twj*n*Ri_gZc~vXK`^WQPa�|bUnYef_�jYWc`^WQ_�Mks RyO�_�Z�\YtwM�[wWQbi\w� + X��IMks XdOQ_.W{jY�>epWQl

�.�UÒ
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SO search algorithm and n=13MB

P1
P2
P3
P4

LN��oYjYOa¾�� d F¨�v`c_ RU\Q�|P*Xiepn�R�uvXm`^OQbi\c]*]*n*]*uvX�PS]YWc`^W�_}oYepMyuvXmOcXdOchio*R�nYe|nYlÂOc]Y[wOQbS_ twj*n*Ri_gZc~vXqepMGepP*Xi\QbiR�nYe|n�jYMR>WYXÉOcbS_ twjYTÂRyuvXÉe|R>OYt.j*~vXÉM>b�rfOQefs�Ocl�rw_�O¦jY��rfM�t.Wcl�ZQMk_gj^�yXdWQP � ½S¸��«Z�O�_G� � �Ð�|binYef_gjYWc`^W�_}~vXiRyOQl��S_gOQ[.WcbdMyRi_}Z�\j*o*ZQn�`^bdW*RUxS`YuvXq�|bUnYew_gjYWc`^W�_}~vXiRyOQlÂRyWQP*l<Oc]SrfWcbSs twj^WcP*l<R XÂ ��
.a Z�OQ_�^��

�|bdTYXiWQlÐrw_gOaXiOEM�ZQRUMy]Y�>epMk_p�>XdOKz^oYjYOE���d�Ã�pRiT*RUMÂW��|bdTYXdWclÀ���d�Ã��� 
��
É�p�Ss XdMyRyO�_|Oc`^T�F
� 
��
 � � 
��
É��� � � � �	� �¯¾�� � ¹

+ XGW�[.TQbUR>WclÐMybUrfOQefs�OQl¦�ÍÅÆ�*£±ÇQ���Y�*�w���S_gO�_gbdMks RyO�_QO^Z�bS_ z^~vlÐj^M��{epRyO^twjYWQx*lÀM>bUrfOcews�OQlS�YRUT*RiMÃWK�|biTYXdWQlÉ���d� RyWQP
Z�\YtwMGe|R>OYt.jYWcx�MybUrfOQefs�OQlG�ds XiMyR>OQ_pO^`^T�F

� 
��
 � � � � 
��
 ��� �� �?� � 
T�U� � �¯¾��g¼Y¹
:ËXiuvbSs�hdWcP*j^M�T*Ri_ËepMKjYM>bd_gZQWQx*lqO^]SrfWQbds twjYWQP*lqOQXdOchio*R�nYe|nYlKOc]Y[wOQbd_ t.j*n*Ri_}ZQ~vX�OQbd�ps�hdMk_�O^`^T®R�nYX�[.\Qe|n{R�nYl

`^bdWcMy`^M7EdM>b�rfOQefs�Ocl{R>WQPI`cbiW*RixS`^WcPIZ�OQ_Ne|RUnYX©epP*Xd�>�|M>_�OAOcZQWS]YWQPdtwMksÆn [w\Qe|n R�nYlÌOcXdOQhUo*R�nYepnYlS� ¥ �|bdTYXdWcl

�.��d
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LN��oYjYOa¾�� Ñ F¨�v`c_ RU\Q�|P*Xiepn�R�uvXm`^OQbi\c]*]*n*]*uvX�PS]YWc`^W�_}oYepMyuvXmOcXdOchio*R�nYe|nYlÂOc]Y[wOQbS_ twj*n*Ri_gZc~vXqepMGepP*Xi\QbiR�nYe|n�jYMR>WYXÉOcbS_ twjYTÂRyuvXÉe|R>OYt.j*~vXÉM>b�rfOQefs�Ocl�rw_�O¦jY��rfM�t.Wcl�ZQMk_gj^�yXdWQPÉ¼ Ò ¸��«Z�O�_G� � �Ð�|binYef_gjYWc`^W�_}~vXiRyOQl��S_gOQ[.WcbdMyRi_}Z�\j*o*ZQn�`^bdW*RUxS`YuvXq�|bUnYew_gjYWc`^W�_}~vXiRyOQlÂRyWQP*l<Oc]SrfWcbSs twj^WcP*l<R XÂ ��
.a Z�OQ_�^��

`^bdWcMy`^M7EdM>b�rfOQefs�Ocl¦M7EdOcbiRU\cRyO�_.O^`^TVR>WYX�Oc]SrfTQbd_ twj^W�O^`^]*oYl�oa`^bdWcepM�r|rw_ e|Ri_gZcoYlKOQXiOQhio*R�nYe|nYl�Oc]Y[.OcbS_ twj*n*Ri_gZc~vX
`^WQP��|binYef_�jYW^`cWQ_ WQx*jYM�Z�\^twM�[.Wcbd\�epM�ZQ\^twM�M>bUrfOchdTQjYM>XiW�R�uvX®`^OQbi\c]*]*n*]*uvX{PS]YW^`cWQ_goYepMyuvX^�©LNP*jdzcWS]^s�hdWcP*jYM
� ��� � � � � � �p��R�nYX{epP*Xd\QbUR�nYepn®`^WS]YPS`Y]YWcZ�T*R�n*R>Ocl�`^biWQMy`^M7EiM>bUrfOcews�OQlqRyWQP�`^bdW*RUxS`cWcP®n�Wc`^WQs�O��ds XiMk_ËRyW^X{OcbS_ t|�jYTVRyuvX�PS`^WS]YWdrw_ e|Ri_gZc~vX�z^nYjY\cR�uvX�`cWcPEO^`^O�_ RUMks RyO�_wrw_gO�R�nYX�WS]YW^ZQ]*oYbiuve|n�R�nYlm[w\Qe|nYl�R�nYl�`cbiWQMy`^M7EiM>bUrfOcefs�OQlS�
� ��e|Ryu T*Ri_��mMks XdOQ_QW�j^�yefWclG�|biT^XiWQlNrw_gO�XiO�MyZQRUMy]Y�>epMk_c�>XdOmz^oYjYO�`^bdWQM�`cM�EdM>b�rfOQefs�OclS� ÈÃT*RUMÀW��|biTYXdWQlÃ`^bdWcMy`^M��
EdMybUrfOQefs�OQl � ��� � � �p�ds XiMyR>OQ_pO^`^T�F

� ��� � � � � ��� � � � � � �p��� �¯¾��g½Y¹

�.��Ñ
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LN��oYjYOq¾�� �-, F ��`c_ RU\c�|P*Xde|n<RyuvXG`^OQbi\c]*]*n*]*uvXÐPS]YWc`^W�_}oYepMyuvXÐOQXdOchio*R�nYe|nYlNOc]Y[wOQbd_ t.j*n*Ri_}ZQ~vXGepMNepP*Xi\QbiR�nYe|n<jYMR>WYXÉOcbS_ twjYTÂRyuvXÉe|R>OYt.j*~vXÉM>b�rfOQefs�Ocl�rw_�O¦jY��rfM�t.Wcl�ZQMk_gj^�yXdWQP � ½S¸��«Z�O�_G� � �Ð�|binYef_gjYWc`^W�_}~vXiRyOQl��S_gOQ[.WcbdMyRi_}Z�\j*o*ZQn�`^bdW*RUxS`YuvXq�|bUnYew_gjYWc`^W�_}~vXiRyOQlÂRyWQP*l<Oc]SrfWcbSs twj^WcP*l	
;a	���A� ¬��.¬ a 9�
�� � ¬ Z�O�_|¬ X c

¥��|bdTYXdWclq`^bdWcMy`^M7EdM>b�rfOQefs�OclqepMKZ�\YtwMKe|R>O^twjYT�M>b�rfOQefs�OclKMks XiO�_�s��d_ WQl�jYMKR�nYXa`^bdW^nSrfWQx*jYM>XinVM7ESs e|uve|n®OQ[.Wcx
�dMyXm�d_�Ocj^MybSs�hiWQP*jYMÃR>WE`^biTYRUPS`^WaO^]Y[.OcbS_ twj*n*Rd_}Z�Tf�

¥ �|biT^XiWQlÐOQXiOQhio*R�nYe|nYlÐM7EdOcbiRU\cRyO�_QO^`cTKR�nYX¦`^WS]YPS`Y]YWcZ�T*R�n*R>O�RyWQPKO^]SrfWQbSs twjYWQP�Oc`Y]*oYlÀom`^bdWQepM�r|rw_ epRi_}ZQoYl
OQXiOQhUo*RUnYe|nYlG`^WcP��|bUnYef_�jYWc`^WQ_ WQx*jYMÂZ�\YtwMG[.Wcbd\�epMGZ�\Yt.MGM>bUrfOchdTQjYM>XiWw�³LNP*jSzcWS]^s�hdWcP*j^M���� ��� � ��� ��� � � � �p�NR�nYXepP*Xd\cbiR�nYe|n�`cWS]YPS`Y]YW^Z�T*R�n*R>OQl{OcXdOchio*R�nYe|nYlVn«Wc`^W�s�OI�ds XdM>_¨RyWYX�OQbd_ twj^TIRyuvX�PS`^WS]YWdrw_ e|Ri_}ZQ~vX�z^nYjY\cR�uvX�`^WQP
Oc`^OQ_ RUMks R>OQ_ÃO^`^TÁ�>XdOÁO^]SrfTQbS_ twjYW Oc`Y]*oYl�oI`^bdWQepM�r|rw_ epRi_}ZQoYlÌOcXdOchio*R�nYe|nYl�O^]Y[.OQbd_ twjYn*Ri_}ZQ~vX^� + l��{Mks XiO�_�W
jY�>epWQl®�|bdTYXdWclarw_�OÁXiO MyZcRUMy]Y�>epMk_Æ�>XiO PS`^WS]YWdrw_ e|Ri_gZQT z^oYjYOÁOcXdOQhUo*R�nYepnYlS� ÈÃTYRUMd�ÃW �|bdTYXdWcl{OQXdOchio*R�nYe|nYlS�
�	� ��� � ��� �p�Ss XdMyRyO�_|Oc`^T�F

�	� �
� � ��� � ��� �
� � ��� ��� � � � �p�� �¯¾�� Gc¹
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LN��oYjYOq¾�� �.� F ��`c_ RU\c�|P*Xde|n<RyuvXG`^OQbi\c]*]*n*]*uvXÐPS]YWc`^W�_}oYepMyuvXÐOQXdOchio*R�nYe|nYlNOc]Y[wOQbd_ t.j*n*Ri_}ZQ~vXGepMNepP*Xi\QbiR�nYe|n<jYMR>WYXÉOcbS_ twjYTÂRyuvXÉe|R>OYt.j*~vXÉM>b�rfOQefs�Ocl�rw_�O¦jY��rfM�t.Wcl�ZQMk_gj^�yXdWQPÉ¼ Ò ¸��«Z�O�_G� � �Ð�|binYef_gjYWc`^W�_}~vXiRyOQl��S_gOQ[.WcbdMyRi_}Z�\j*o*ZQn�`^bdW*RUxS`YuvXq�|bUnYew_gjYWc`^W�_}~vXiRyOQlÂRyWQP*l<Oc]SrfWcbSs twj^WcP*l	
;a	���A� ¬��.¬ a 9�
�� � ¬ Z�O�_|¬ X c

�v`c_g`Y]Y�>WYXc�pWE�|bdTYXdWclGOcXdOQhUo*R�nYepnYlÀR>WQP�ZQ\^twMGe|R>OYtwj^Wcx�M>bUrfOcews�OQlÀ�Ss XiMyR>OQ_|Oc`^T�F

�	� �
� � ��� � � � ��� �
� � ��� ��� � � � �p�� �?�{� 
T�U�� �¯¾��g¾Y¹

¥ epP*XdWS]^_}Z�TclÀ�|biTYXdWQlÉM�`Q_}Z�WQ_ XUuvXSs�OQlÃj^_�OclÀ`^OQbi\c]*]*n*]*nYlÐPS]YWc`^W�s nYe|nYlÀM>s XdOQ_^RyW�\YtwbdW�_ efjYO��ix*W�efP*e|RyOcRi_gZc~vX�F
R>WcP��|bdTYXdWcPKZ�O^twP*e|RU�>binYe|nYl��C���S¡´���p�7S{¡ f � �i�NZ�OQ_pRyWQP��|bdTYXdWcPKjYMyRU\Q�iWQe|nYl��Í¡´£��*�p° �Vf °�° f �Y�V¡ f�� �i�y�Ã¥ �|bdTYXdWcl
Z�OYtwP*epRU�>bUnYe|nYlS�����QMks XdOQ_^�>XiOQlÉe|R>OYtwM>bdTclÐ�|biTYXdWQlÆMy`c_ zc\cbdP*Xde|nYlÃOQbi�p_gZQWc`^W�s nYe|nYlN`^WQP<�|bdM>_�\chdMyRyO�_Yrw_gOKXiOm`^bdWcM��
R>WQ_�jYOcepRUMkspn�Oc`^WcepRyWS]*o�M>XdTclÀj*nYXix*j^O^R>Wcl¦Oc`^T��>XdOcX¦epRyO^twjYTaM>b�rfOQefs�OclGepMG�yXdOQX¦\^]*]YWw�v¥ �|bdTYXdWclGjYMyRU\Q�iWQe|nYl
Mks XdO�_UOQXi\c]YWdrfWQlvjYMvR>W<jY��rfM�twWQlvR>WcPÀ`^bdW*RUxS`^WQP�� � � e|R�u�T*Rd_��{Mks XiO�_iW¦OcP�Ein*Ri_}Z�TQlv�|biT^XiWQlvjYMyRU\Q�iWQe|nYl OcXd\ � SQ¡´�Y�
LÆnYjYMk_}~vXdWQP*jYMmTYRi_ OQPSRUT�Mks XdO�_�epP*XUoStwuvlqepR�nYX�`^M>bSsg`^R�uve|n{`cWcPaR>W����������<ÈÃT*RiMmW��|biTYXdWQl�My`c_}Z�W�_ XiuvXds�OclS�

� ¼ �
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� ������� ��rw_�OEXdO�Oc`^WQe|R>O^]YWQx*X�� � Sc¡´��°G�iM>�dWcj^�yXdO �¯j*nYXdx*jYOcRyO�¹NWcbSs�hiMyR>OQ_�uvl¦M7EioYl5F
� ������� � � ��� � �¯¾��g»Y¹

0214051�� � Mf@SQBUD>kC E�[ ILKBMN>PeRQSK �2K	� 
�X�
 b C%@ >�
2M�� USMP@2dZC E�[ � C%@�MfK2d�[ � �5KD] EHe/C%dHO�M � M

+ XÉWQ_SepP*XdOQbUR�oYefM>_ l ��
��
É��� � � � ��� � � � � � �p�ËZ�O�_ ��� ��� � ��� ��� � � � �p� ZQO�_SW�_dRi_gjY�>l �
� ����� � �GZQO�_ �³Mks XdOQ_UrfXiuve|RU�>lS�RUT*RiM j*`cWcbdMks*M>xSZQWS]YOmXiO<MyZQRi_gjYnStwMksYW��|bdTYXdWclÆMyZcRi��]YM>e|nYlÆR�nYlÆ`^OQbd\^]*]*n*]*nYlNPS]YWc`^WQs}nYe|nYlÆ ¦Tc`Yuvl twO��dMks EdWcP*j^M
`^OQbiOcZ�\^RyuÉ�Ð�v`Qs e|nYlS� PS`^WYt.��R>WQP*jYMmTYRi_ � � � �	� � � � � ��
mZ�OQ_ � � Mks XdOQ_.W�_.�|biTYXdW�_f`cWcP�ZQOcRyOQXdO^]*~vXdWYXiRyO�_fefM<Z�\YtwMj^_�O«O^`cT�Ri_ la`^�>XURUM�[w\QepMk_ l�R�nYlVPS]YWc`^W�s nYe|nYlE �OcXiRis e|R>WQ_ �|Ow�ÌÈÃO«OcXdOc]YPSRi_}Z�\�ZQTQe|R�n �¯epM��|bdTYXdWQ¹<M>s XdOQ_ uvl
M7EUoYl5F

P�`^bi~¨R�nÌ[w\Qe|n�`^M>bd_g]YOcjdzc\QXdM>_ R>W«�|bdTYXiWÌMy`c_gZQW�_ XiuvXds�OQlKrw_gO�XdO�rws XdMk_ n�MyZQ`^WcjY`Yo®R>WcP�`^bdW*RUxS`^WQP®Oc]Y[.O*�
bS_ twj*n*Ri_gZQWQx�Z�OQ_fR>WcPEOcbS_ twjYWQx�RyuvX��d_�Oc[.Wcbi~vX �®epM<TS]YWQP*l¦RyWQP*l<e|R>O^twjYWQx*l�M>b�rfOQefs�OclS� ÂbinYef_�jYW^`cWQ_goYepOcj^M¦R�n
epP*Xd\cbiR�nYe|n�¬®�� RN�k�*°´¡�rw_�O�RUnYXaMyZQ`^WQj*`Yo�RyuvXV`Y]*nYbdWc[.WcbS_}~vX�`^WQP�WS]YW^ZQ]*nYbi~vXiMyR>OQ_ epM������� �«z^oYj^O^R>Of��LNM
Z�\YtwMÐz^oYjYOw�fj^s�Oao��dx*W�`^OQbd\^]*]*n*]YM>lÂ`^bd\�EdMk_ l<O^`cWce|R>WS]*oYl<MyZQRUMy]YWcx*XiRyO�_wOcXd\�e|R>O^twjYT{M>b�rfOQefs�OclS� ÈÃWEj^��rfM�twWQl
M>XiTQl�� `^biWYRUxS`^WQP�Oc]Y[wOQbd_ t.j*n*Ri_}Z�WQx�Mks XdO�_A� � SQ¡´��°ÂZQO�_.W{OcbS_ twjYTQl<RyuvX��S_gOQ[wWQbU~vXqMks XdO�_ � � SQ¡´�Y�GLNP*XdMy`Y~vlS�
n�MyZc`^WQj*`Yo�jYMyR>Oc[.�>biMk_��]��� � SQ¡´��°Ãe|R>WcP*l¦\c]*]YWcP*lH� 
w�ÂepRyO^twjYWQx*l¦M>b�rfOQefs�OclS�¨¥ �|biTYXdWQl � � rw_gOEOcPSR�oKR�nYX`^bi~¨R�n�[.\ce|n��Ss XiMyR>OQ_|Oc`^T�F

� � ��������� ��� � � � � � �U� ��� �¯¾�� Ò ¹
P �dM>xSRUM>bUn�[w\Qe|nÌM>s XdOQ_ W«epP*XdWS]^_}Z�TclE�|biT^XiWQl����d�§rw_�O�XiO��S_gOYzcOcepRUMks³WS]YT^ZQ]*nYbUn�n�efPS]*]YWdrpo�Z�Mk_gjY�>XdWcP

Oc`^T�R>WYXmRyWc`c_gZQTV�Ss e|ZQW�RyWQP�epP*XiR>WYXd_ e|RUo|� � s XdOQ_|rfXUuve|RiTET*Rd_fWaepP*XiRyWYXS_ e|R�oYlm�d_�O*zc\QhiMk_�RUn�epPS]*]YWdrpo�Z�Mk_gjY�>XdWcP
Oc`^T�R>WYX�R>Wc`c_}Z�T��Ss e|Z�W�epMK�S_g\Q[wWQbiOVRij*oYjYOcRyO�jYM�rf��twWcP*l ���+� � 
����|OQbdO^ZQR�oYbdMyl �Co � SQ¡´��°�¹y��LNP*XiMy`Y~vlS��W
epP*XiRyW^Xd_ e|R�oYlm�d_�O*zc\QhdM>_ � � SQ¡´��°ÂepP*XiWS]^_gZQ\aOc`^T�RUnYXqefPS]*]YWdrpo�ZQMk_�jY�>XiWQP��vÈÃT*RUMd�fWaepP*XdWS]^_}Z�Tcl��|biTYXdWQl ���Nrw_gO
R�n��dM>xSRUM>bUn�[.\ce|n��Ss XiMyR>OQ_|Oc`^T�F

����� �	� �¯¾�� d ¹
P RUbSs R�n�[.\Qe|n�`^M>bS_}]YOQjdzc\cXdMk_�R>WYX{�|bdTYXdW�My`c_gZQW�_ XiuvXds�OQl�rw_�O�XiOÌOc`^WQe|RyOc]YWQx*XETS]YOÌR>OÌRUj*oYjYOcR>O�O^`^T�R�nYX

epPS]*]YWdrpoaZQMk_�jY�>XiWQP�epM�TS]YWcP*lmRyWQP*lqMybUrfOQhiTQjYM>XiWQP*lS�Ð¥�efP*XUR>WYXS_ epR�oYlKO^`^WQe|RU�y]YMk_��>XiOaRUjYoYjYO�jYM�rf��twWQP*l ��� �
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epP*Xd\cbiR�nYe|n ��� ��� � ��� � ����8� �'�
k� � � � �p�¨rw_�O�W^`^W�_ Wc�io*`^W*RiMÉO^]SrfTQbd_ t.jYWKOcXdOchio*R�nYe|nYlÐO^]Y[.OcbS_ twj*n*Rd_}ZQ~vX^��ÈÃT*RUMWa�|biTYXdWQlÀOQXiOQhio*R�nYe|nYlÂjYOQhdsfjYMGRyWa�|biT^XiW�`cbiWQMy`^M7EiM>bUrfOcefs�OQl � � epMÂ�yXdO�epRyO^twjYTVM>b�rfOQefs�OclG�Ss XdMyRyO�_|Oc`^T�F

� � � � � � � � � � � �p��� � ��� �
� � ��� � � �� �+�{� 
T� � � � �p�� �¯¾��g¼ � ¹
P Ri��R>OQbUR�nK[.\ce|nq`^M>bS_}]YOQjdzc\cXdMk_QRyW��|biTYXdWKMy`c_}Z�WQ_ XUuvXSs�OclÃrw_gO�XdOqrws XdMk_QnqefPS]*]YWdrpo��®Oc`^W*RUMy]YM>epjY\cRyuvX<O^`cT

R�nYXqOcXdOQhUo*R�nYepnKOc]Y[.OcbS_ twj*n*Ri_gZc~vXqOc`^T�R>WQP*lZ��e|R>OYtwj^Wcx*l<M>bUrfOcews�OQlGRyOQPSRUT*�|bdWYXiOw�QB<\Yt.MGepRyO^twjYTQl<M>b�rfOQefs�Ocl
Oc`^WcepRU�y]YM>_�`cs e|u j^_gO Ri_�j*o��¯epR�nYX�`^M>bds�`YRyuve|nIjYOQlS�NRyW^X�OQbS_ twjYT R�uvXÌM>jY[.OcXSs epMyuvXS¹y� ¦bUnYef_�jYWc`^WQ_goYepOQjYMVR�n
epP*Xd\cbiR�nYe|nÌ¬�
� �Ã���   �>�Vrw_gO«XdO�epPS]*]Y�7EiWQP*jYM�R>O«Oc`^W*RUMy]Y�>epjYOcR>O�`^WQP�WS]YWcZc]*nYbi~vXdM�R>O�_ efM ����� � � z^oYjYOcRyOw�
LNP*XdM�`^~vlS� W©�|bdTYXdWclaMy`c_}Z�W�_ XiuvXds�Ocl ��
Vrw_gO XiO«efPS]*]YM�rfWQx*X�R>O O^`^WYRUMy]Y�yefjYO^R>O O^`^TI�>XiO«epRyO^twjYT M>b�rfOQefs�Ocl
�Ss XdMyRyO�_|Oc`^T�F

��
�� ������� ��� � � ��� �¯¾��g¼*¼Y¹
¥ epP*XdWS]^_}Z�Tclq�|biT^XiWQl�MyZQRU�y]YMyepnYl�R�nYlqe|R>O^Rd_}ZQoYlqPS]YWc`^W�s nYe|nYlKOQXiOQhUo*RUnYe|nYl�Oc]Y[wOQbS_ twj*n*Ri_gZc~vX � � ���|bUnYew_ �

jYWc`^W�_}~vXiRyOQlÂRyWQP*l���e|R>O^twjYWQx*l<M>b�rfOQefs�OclGMks XdOQ_|RyWV\^twbiW�_ epjYOER�uvXmRUM>epep\QbiuvX�[.\cepMyuvX�ZQO�_p�Ss XdMyRyO�_|Oc`^T�F
� � � � � � ���;� � � � ��
 �¯¾��g¼*½Y¹

021405140 pKkQBU �SQSKSEHGD> 
B>Pe�\ paPK2e �2e��fe�aNb�@2X � @2\ E5@HC � Mf@2cA[S>�
�X�
�\

: _�O�R�nYXqMyZcRi��]YM>e|n�RyuvXmRUM>epep\QbUuvX�`^Ocbd\c]*]*n*]*uvX�PS]YWc`^WQ_goYepMyuvX��|binYef_gj^W^`^W�_}oYefOcjYMÂR>WQP*l¦O^Z�WS]YWcPdt�_gOcZQWQx*lÀOc]d�
rfWQbds t.jYWcP*l/R�� � � ^�� � � ��^�� Z�OQ_�R��	�Â¬ rw_�O�R>W�`^bdT*z^]*nYj^O�O^`^]*oYlGOQXdOchio*R�nYe|nYlGO^]Y[.OQbd_ twjYn*Ri_}ZQ~vX�epMÀZ�\YtwM
M>b�rfOQhdTcjYM>XdWf�Ð�v`cs e|nYlS��rw_�O{RyW�`^biTYz^]*nYjYO�OQXdOchio*R�nYe|nYl<Oc]Y[.OcbS_ twj*n*Ri_gZc~vX�jYM ��O^`cW*RUP*�ps�Mylm�|bUnYew_gjYWc`^W�_}oYepOQjYM
R>WcP*l�Oc]SrfWQbds t.jYWcP*lYR X¦ � 
;a%ZQO�_ ^��K�Q: _gO R>WI`cbiTYz^]*nYjYO OcXdOchio*R�nYe|nYl{Oc]Y[.OcbS_ twj*n*Ri_gZc~vX�jYM � �S_gOQ[wWQbd�yl
�|binYef_gjYWc`^W�_}oYepOQjYM�RyWQP*lKO^]SrfWQbds twjYWQP*l 
;a	���k� ¬ ��¬ a 9�
�� � ¬(Z�OQ_.¬ X cÀ� ¥¦_.`cWS]YPS`Y]YW^Z�T*R�n*RiMylm`^bdWcMy`^M��
EdMybUrfOQefs�OQl ZQO�_�OQXiOQhio*R�nYe|nYlS� � � � � � � � � �p��Z�OQ_ ��� ��� � ��� ��� � � � �p�y�dR�uvXÆ`^OQbdO^`^\QXiuVOcZ�WS]YWcPdt._�O^ZQ~vXvOc]SrfWcbSs twjYuvX[.OQs XiW^XUR>OQ_�e|RyW^XE·¦s XiOcZQO®¾�� G®ZQO�_�jY`^WcbdWQx*XEXdO®�|binYef_gj^W^`^W�_ nStwWQx*X{e|R>W�OQXdO^]YPSRi_gZQT�jYWYXiRU�y]YW�`cbiTYz^]YM>ÊfnYlK`^WQP
`^OQbiWQP*ef_�\cepOQjYMÀ`^bdW^nSrfWQP*jY�>XUuvlS�

� ¼*»
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·Âs XdO^Z�OclG¾�� G:F¨·ÂWS]YPS`Y]YW^Z�T*R�n*RiMylG·ÂbiWQMy`^M7EiM>bUrfOcews�OQlÉZ�OQ_ + XdOchio*R�nYe|nYl
+ ]SrfTQbd_ twj^Wcl � ��� � � � � � �p� ��� ��� � ��� ��� � � � �p�R�� � � �

� ^ � ������� � �
� � � � �
^�� � ������� � �

R �	�¦¬ � ������� � �
R XÂ  � ������� �

;a � � ������� � �
^�� � � �������}���������� � � ��� �	��
;a	� �L�	�������}� � � ��� ¬ �
�����h� � � �;�¬ a 9�
�� � ¬ �����h�{� � ��¬ X c �
����� � �

:<;�� ���ND�� � !Ã@ K � � J�� ! �D����B�&�D�!¨D

LNMVOcPSRUo�R�nYX�M>XdT*R�n*R>O«`^OQbdWcP*ef_�\chdWQP*jYMEOQXdO^]YPSRi_gZQ\©O^`^WYRUMy]Y�yefjYO^R>O©rw_gOIR�nYX�MyZQRis�j*nYe|nÌR�nYl�PS`^WS]YWdrw_ e|Rd_}ZQoYl
epP*j*`cMybS_g[.WQbi\QlÂR�uvXqRUM>epef\cbiuvXmPS]YWc`^W�_}oYepMyuvXKOQXiOQhUo*RUnYe|nYl¦O^]Y[.OQbd_ twjYn*Ri_}ZQ~vX<rw_�OaRyOa`^bdW*z^]*oYj^O^R>OVO^`Y]*oYlÂZ�O�_
`^bdWcefM�r|rw_ e|Rd_}ZQoYl<OcXdOQhUo*R�nYepnYlGOc]Y[.OcbS_ twj*n*Ri_gZc~vXq�|binYef_gjYWc`^W�_}~vXiRyOQlÂR>W�t.M�uvbin*Ri_gZQTEjYWYXiRU�y]YWEOc`^TQ�iWQe|nYlS�

021�5176 pafK�X �DCYK2akCYX�dHG2\ >�� M��������������'EH@5C��

LNM�OQPSR�oYX{M>XdT*R�n*R>O«�iMks �|XdWcP*j^M�`YuvlaPS`^WS]YWdrws�hdWQP*jYM�Ri_ lVRi_�jY�>l ��� �
����� ��Z�O�_ �U�¨`^WQP��|binYef_gj^W^`^W�_ Wcx*XiR>OQ_¨epRyW
jYWYXiRU�y]YWqjYOclN`cbiTYz^]YM>ÊfnYlÉOc`^TQ�iWQe|nYlS��¥¦_cRi_�jY�>l � � �ÂZ�O�_ �Æj*`^WQbiWQx*XÐM>xSZ�WS]YOmXdOmMyZQRi_gjYnStwWcx*XGjYMNR>WYXGO^Z�TS]YWcPdt.W
RUbdT^`cW�F

� � ��� �
�

� � � � ��� � �� � � � � � � � �p� � � � � �
� � ������ ��� � ��� ��� � � � �p� �¯¾��g¼�Gc¹
LÆR>WYXÃ·¦s XiOcZQOÂ¾��g¾Â`^OQbdWcP*ef_�\chdWYXiRyO�_dWQ_*Ri_gjY�>lNRyuvX ��� �ÐZ�O�_ � �¯epMÆ�iM>PSRUM>bdTS]YMy`YRyO�¹�rw_gO<R>WYXÀO^]SrfTQbd_ t.jYW�Oc`Y]*oYl

OQXiOQhUo*RUnYe|nYlÂO^]Y[.OcbS_ twj*n*Rd_}ZQ~vX'R�� ZQO�_�rw_�OE�S_gOQ[.WcbdMyRi_}Z�\�j*o*ZQn�`^bdW*RUxS`YuvXc�
·ÂbiWcZ�M>_�jY�>XiWQP�XdOmzcbdWcx*jYMÐRi_ lÂRi_gj^�yl �©ZQO�_�����RUbd�7EiOQjYMÃj^MybS_}Z��>lÂO^`Y]Y�>lG�iWcZ|_gjY�>lÐÏ f �|²SÄ Ï��Y�|²q`^WcPKe|Ri��]YXdWQP*X

Z�OQ_ ]YOQjdzc\cXdWQP*Xa�>XdOÌOcbS_ twjYT«jYnYXiP*jY\cRyuvX{OcXdOcj^�yefO�efM��dx*W�epRyO^twjYWQx*lVMybUrfOQefs�OQlS�{ÈÃW©LN��oYjYO�¾�� � ¼��dM>s �|XdMk_
R>WcP*lÆOcXiRis e|R>W�_ �|WQP*lN�|biT^XiWQP*l�My`c_gZQW�_ XiuvXds�OQl³rw_gO<Oc`^WQe|R>WS]*oGZ�O�_U]*oYÊwnÂj*nYXiP*j^\^RyuvXÃ�|binYef_gjYWc`^W�_}~vXiRyOQlÆR�n¦�iWcZ|_gj*o

� ¼ Ò
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·Âs XiOcZ�OclÀ¾��g¾%F¨ÈÐ_gjY�>l¦RyuvX ��� �qZQO�_ �Ãrw_gOERyWYXqOc]SrfTcbS_ twjYW+R��
� � � �¾ d � dYÒ �¨� ,�d � ¼�� Ò*Ò �³� ,YÒ
�-, Ò � Ñ/� �¨� ,�d � ¼�� Ò ½S�³� ,YÒ½ , Ò � Ñ ¾S�¨� ,�d � ¼��g»*¾S�³� ,YÒ» , Ò � Ñ., �¨� ,�d � ¼�� Ñ ¾S�³� ,YÒ
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LN��oYjYOa¾�� � ¼%F�¥§�|biT^XiWQlÀMy`c_gZQW�_ XiuvXSs�OQlGRyWQPqÏ f �|²SÄ Ï��Y�|²

Ï f �p²SÄ Ï.�Y�p²Ã`^WcPÐO^`^WYRUMy]YM>s R>O�_UOc`^TÂ�ix*WÂ�S_gM>bUrfOcefs�M>l³T^`^WQPÉZ�\Yt.M��S_gM>bUrfOcews�OGMyZcRUMy]YMks R>OQ_iepMv�>XdOÀe|R>O^twjYT¦M>b�rfOQefs�OclS�
B<O�_�WQ_ �dx*W{�S_gM>b�rfOQefs�M>l��dMyXKZ�\QXiWQP*XqRisg`cW*RyO®\^]*]YW�Oc`^T{R>W�XdO�e|RU�y]YXdWcP*XKZ�O�_�XiOV]YOQjdzc\QXiWQP*XKj*nYXix*j^O^R>Of�¦ÈÃO
Oc`^W*RUMy]Y�>epjYOcRyO `^bdWcZQxS`YR>WQP*X�Oc`^TIRyW jY�>epW TQbiWIR�uvX �-,., EdM>��uvbd_ e|RU~vX�M�`cOcXdO^]*oYÊ.MyuvX^� ¦binYef_gjYWc`^W�_}~vXiRyOQl
R�nErfbiOQjYj^_gZcoVjYM�twTQ�iWQP�`cO^]^_ Xi�dbiTQj*nYe|nYlE�C� f �|���S£G£±�k²*£±��°�° f �Y�w�Ãrw_gO�XdOV`^bdWcefM�r|rws efWcP*jYM�jYM�j^_�O®M>PdtwMks�O�rfbdOQjYj*o
R�nYX�Z�OQj*`^xS]*n�RUnYlmMy`c_gZQW�_ XiuvXds�OQlS�|zcbio*ZQOQjYM¦Ri_ lqRi_�jY�>l �AZQO�_ �ÁW�_�Wc`^WQs�M>l<Mks XdO�_wW{�|bdTYXdWcl<ZQO^twP*e|RU�>binYe|nYl<Z�O�_
�|bdTYXiWQl�jYMyRU\Q�dWce|nYlaOQXi\ � Sc¡´��OQXURis epRyW�_ �|Of�©¥¦_�Ri_�jY�>la`^WcP�zcbd��twn*ZQOQX{Mks XdOQ_ , � ,.,., »*¼*½ Ò�� �iM>PSRUM>bdTS]YMy`YRyOÌZ�O�_
, � ,.,.,.,.,.,/��Ñ G d�d ¾��dM>PSRUM>biTS]YMy`YR>O�OQXURds e|RyW�_ �|OVe|RyWVPS`^WS]YWdrw_ e|Rd_}Z�Taj^OclÂ`^M>bS_ zc\c]*]YWYXc�

021�51�� � Mf@SQBUD>kC E
� ���5KD>PeRQSO�X�dH@S>/@

¥¦_|·¦s XiOcZQM>lÀ¾��g»KZQO�_|¾�� Ò `^OQbiWQP*ef_g\QhdWcP*X¦R>WQP*l¦�|biTYXdWQP*lÀMyZQRU�y]YMyepnYlÐrw_�O��S_g\Q[wWQbdMylÀRi_�jY�>l�� � �ÌZ�O�_ ���|binYef_gjYWY�
`^W�_}~vXiRyOQlÀRyWYX�O^]SrfTQbd_ t.jYWLR��©`^WQPm`^biWcZ�xS`YRyWQP*X¦Oc`^TKRi_ l¦M7Ed_ e|~vepMk_ lÂ¾�� � ¼��Q¾�� ��d Z�OQ_�¾��g¼*½�rw_gO�Rd_ lÂPS]YWc`^W�_}oYepMk_ l
��¼�� ��½{Z�OQ_ �>G�OQXURds e|RyW�_ �|Of�aÈÃO�LN��oYjYOcRyOÌ¾�� � ½��Ë¾�� � G®Z�O�_�¾�� � ¾{`^OQbdWcP*ef_�\chdWQP*X�Ri_ l�My`c_ R>Oc�|x*XdepMk_ l�rw_�O��S_g\Y�

� ¼ d
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·¦s XdO^Z�OQla¾��g»%F + XiOc]YPSRi_}Z�W�s��|bdTYXdWQ_�M�ZQRU�y]YM>e|nYl �¯epM®�iM>PSRUM>bdTS]YM�`^RyO�¹qrw_gOÁj^M�rf��twWQl{Z�Mk_gjY�>XdWcP�½*¬ R Z�OQ_vrw_gO�S_gOQ[wWQbiMyRi_gZQ\�j*o*Zcn�`cbiW*RixS`YuvX��|binYef_gj^W^`^W�_}~vXiR>Ocl¦R>WYXqO^]SrfTQbS_ twjYW+R �
� � � ·ÂOQb^� �G]YWc`p� � ¼ ½ G ¾ » Ò d¾ � � � � ¾*» � �g½ Ò ¾ � �g¼*¼ Ñ � � � ¾ Ò � � �.� ½ � � ,�d G � � , »*½ � � , G d � � � � ¾*» , �g¾ Ñ�d , � G , » , �g½ �-, , �g¼*¾*¼ , �g¼ � ½ , � ��d » , � � »*¾ ] � � � ¾*» , �g¾ d., , �g½ d*Ñ , �g¼ Ñ G , �g¼*½ Ò , � ��Ñ*Ñ , � �UÒ , , � � ¾ �
�-, � � � �.� ½ � �g½*½ d � � ��Ñ ¾ � � � ¼*½ � � ,�d., � � , ¾ � � � , ½ � � � ,/� » � � � �.� ½ , �g¾ Ò*Ò , �g½ Ñ/� , �g¼ Ñ*Ñ , �g¼�G^½ , �g¼ , » , � ��d., , � � » , ] � � �.� ½ , �g¾*¾ Ñ , �g½ Ò ¾ , �g¼ d ½ , �g¼*¼ d , � ��Ñ ¼ , � �UÒ ¼ , � � ¾*¼½ , � � � ,�d*Ñ � �g½*¼ Ò � � ��dYÒ � � �.��d � � ,YÒ » � � , G d � � , ¼ Ñ � � ,/� G � � � ,�d*Ñ , �g¾*»*¾ , �g½ d ½ , �g¼ Ñ ½ , �g¼*½ d , �g¼ , ¼ , � �UÒ » , � � ¾ Ò ] � � ,�d�d , �g¾�G Ò , �g½*» Ò , �g¼ Ò*Ò , �g¼*¼*½ , � ��dYÒ , � � »*¼ , � � G^¾» , � � � ��d ½ � �g½ Ò ½ � �g¼ ��d � � � G , � � ,*Ñ G � � , »*½ � � , G � � � , ¼�G � � � ��d ½ , �g» � ¼ , � G � ¾ , �g½ � » , �g¼*¾ Ò , �g¼ ��d , � ��Ñ., , � � » Ñ ] � � ��d ½ , �g¾ Ñ G , �g½ Ñ�d , �g½ ,., , �g¼�G^¼ , �g¼ , ½ , � �UÒ ¾ , � � ¾*¾

[.WcbdM>l�Ri_�jY�>l �ÁZQO�_��I�|binYef_gj^W^`^W�_}~vXiR>OclKR>WYXaO^]SrfTQbd_ t.jYW R�� `^WQPa`^biWcZ�xS`YRyWQP*X�Oc`^T®RyO�`^Mk_gbd\cj^O^R>O�Z�OQ_ËO^`cT
Ri_ l�M7ES_ ep~vepMk_ l�¾�� � ¼���¾�� ��d ZQO�_�¾��g¼*½Erw_gO�Ri_ l�PS]YWc`^W�_}oYepMk_ l ��¼�� � ½VZQO�_ �>G®OQXiRis e|R>WQ_ �|Ow��� s XdO�_ e|nYjYOQXURd_}Z�T®XdO
e|nYjYMk_g~vepWcP*j^M T*Rd_SWQ_SMy`c_ R>Oc�|x*XdepMk_ lN`^WcPGOc`^Mk_}Z�WYXds�hdWYXUR>O�_Ue|R>O�LN��oYjYOcR>O�Mks XdO�_iOc`^W*Ri��]YM>epj^OÂRyWQPÀj^�yefWcPGTcbdWQPÉrw_gO
RU�>epepM>bdO��S_gOQ[wWQbiMyRi_gZQ\aj*o*ZQnE`cbiW*RixS`YuvX^� + `^T{R>WcP*lm·¦s XdO^Z�M>lÂZQO�_.R>O®LN��oYjYOcRyO®`^OcbdOcR�nYbiWQx*jYM¦T*Rd_�PS`^\cbd�|WQP*X
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`cbiWQe|`^�y]YOQe|nYl¦jYXioYj*nYl�� � � � �*£ S{�*�k�>��°±°G°´Ï��k���w�y�

��
 M>s XdOQ_d�>XiO��ds�ZcRiP*W¦�d_�Ocepx*Xd�dMyepnYlÀ� f �c¡´�k£��>�Y�p�p���>¡ f �Y���|�k¡ Å �*£±Çp� rw_gO�RyWQP*lNe|R>OYtwj^Wcx*lÉM>bUrfOcefs�OQlS�dTc`YuvlÆRyO
�Ss�ZcRUP*O �p�*°´¡.c�¡±¤|�k£��|�k¡Ão + ÈÉ¸ ��Tc`^WQP�WQ_pepx*Xi�dM>epjYW�_pMy`c_gZQW�_ XiuvXds�OQlÀOQXi\QjYM>epOEepMÂW^`^W�_ Wc�io*`^W*RiMÀhdM>xdrfWcl
epRyO^twj*~vXKM>b�rfOQefs�OclG�>�|WcP*X�R�nYXKs��S_gO�RyOQ�|xSR�n*R>O�� � �*�p�|Å f �p¡±¤w�y�

LNx*jY[wuvXdOEjYMÂR>WYXq`^bdW^nSrfWQx*jYM>XdW�WQbd_ epjYTw�wOQX<R>W{�SsgZQRUP*W�Oc`^W*RiM�]YMks R>OQ_wOc`^TE�>XdOEefx*XiWS]YWVWQjYWQs�uvX�epRyO^twj*~vX
M>b�rfOQefs�OclS� RUT*RUM�RyW«efx*e|R�nYjYO«Mks XiO�_ WcjYW�_ WdrfM>Xi�>lS���v`Qs e|nYlS�v�>XiOÌMyRUM>biWdrfM>Xd�>l��ds�ZQRUP*WÌj*`^WQbiMks�XiOÌ��uvbS_ e|RUMks¨epM
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�dx*W�ZQOcR�nSrfWQbds�M>l5F �>XdO�O^`cW^ZQ]YMk_ epRi_}Z�T�epx*epR�nYjYO��C�|��� f �k�S¡´���{°IS�°´¡´� � �NTc`^WQP�Z�\^twMÐe|R>O^twjYTQl¦MybUrfOQefs�OQlÐMyZQRUMy]YMks
Oc`^W^ZQ]YMk_ e|Ri_}Z�\ÌM>b�rfOQefs�MylKM>XdTclK`^OQbd\^]*]*n*]YWQPVPS`^WS]YWdrw_ epjYWQx®Z�OQ_Ëj*n�Oc`^WcZc]YMk_ e|Ri_gZQT�epx*e|RUnYjYOÁ�C�|�Y��Ä �|��� f �k�S¡´���
°IS�°´¡´� � �ÐT^`^WQP�Z�\Yt.M¦e|RyO^twjYTQl�M>bUrfOcews�OQl¦MyZcRUMy]YMksfRi_ l�Z�OcXdWYXS_}Z��>lÀR>WQP�bdWcPSRis XdMylÂZ�O�_f�|binYef_gj^W^`^W�_gMks.jYTYXdWaRyWQP*l
OQ�ibdOcXdMks lKZQxSZQ]YWQP*l�R�nYlVªN a rw_�O«XiO�MyZQRUMy]Y�>epMk_Ë`cOcbd\^]*]*n*]YM>l�M>bUrfOcews�M>lS��LNMEOcPSRUTÌR>W�Z�M>[w\c]YOQ_ WÌ�|binYef_gjYWY�
`^W�_ Wcx*jYM¦�>XdO�Oc`^W^ZQ]YMk_ e|Ri_}Z�Ta�ds�ZcRiP*W�Oc`^T�MyRUM>bdWdrfMyXdMks lÂe|RyO^twjYWQx*l<M>bUrfOcefs�OQlS�

21��5176 I Oq>Paf@

ÈÃO jY�yRUbdO � � �k¡´£ f �k°���zcW^nSt.\cXdMVrw_gOAXiOÁepPdrpZ�bSs XdWcP*j^M{ZQO�_NXdOÁ�|OcbdO^ZQR�nYbSs�hdWQP*jYMa`^Ocbd\c]*]*n*]YOÁPS`^WS]YWdrw_ e|Ri_}Z�\
epP*e|RUoYjYO^R>Ow� ÈÃO jY�yRUbdOÁ`^WQPI`cOcbdWcP*ew_g\QhiWQP*jYM®efM�OQPSR�oÁR�nYXIMyXdT*R�n*R>O WQbds epR�n*ZQOQX�Z�OQ_Ã�UnYjYWQef_�MyxSRUn*ZQOQX«epM
`^bdW^nSrfWQx*jYM>XinÃMybUrfOQefs�Oqº � » Ñ ¿ �ËÈÃOÂjY�yRUbdOÂ�d_�O^Z�bSs XdWYXiRyO�_kepM¨jY�yRUbdOÂ�|OcbdOcZcR�nYbS_ epjYWQx<�C��¤f�S£��*�>¡´�k£ f ���S¡ f �Y� � �k¡´£ f �k°��
Z�OQ_fjY�yRUbiOEO^`cTc�dWcepnYlq�ÍÏ��k£±µÍ�*£ � �*�f�>� � �k¡´£ f �k°��y�

� � o��/t���t��/tkvDoqm��Wu n2}�i �

: _�O�XiOÌPS`^WS]YWdrws epWQP*jYM�R>W�zc\QbiWQl��dx*XiOQj*nYl��ÍÏ��UÅÆ�k£KÅ � f ²Y¤^¡���jYMyRyO�Eix®R�uvX{epRyO^twj*~vX�M>bUrfOcews�OQl�WcbSs�hiWQP*jYMqRyW
`^OQbiOcZ�\^RyuÁO^`Y]YTEjY�yRUbdW�uvl¦M7EioYl5F

� � ���¦�
� ��� � � ��� � p �q��� � � � � �
�K��� � � � � �¯»�� � ¹

Tc`^WcP + Mks XdO�_cjc_gO�M>[.OcbdjYWdrpo�Z�O�_ �q��� � � � ��Mks XiO�_QW��|biT^XiWQlÐMyZQRU�y]YMyepnYlÉrw_gO�RyWYX�PS`^WS]YWdrw_ epjYTER�nYlÀM>[.OcbdjYWdrpoYl
+ e|R>W<e|R>OYt.jYT<M>b�rfOQefs�Ocl � � �³¥ RUxS`^WQl »�� � �iMks �|XdMk_iTYRi_iRyWGzc\QbdWclv�dx*XdOcj*nYl�MyXdTQl�e|R>OYt.jYWcxGM>b�rfOQefs�Ocl¨OQXdOc[.�>biMk_
R�nYXaPS`^WS]YWdrw_ e|Ri_gZco�RyWQP{R>Oc�|xSR�n*R>OÌepMKep�|�>e|n�jYMKR>W®R>OQ�|xSRUM>biW�e|R>OYtwj^T�M>bUrfOcefs�OQlqepRyW��ds�ZQRUP*Wf�OP Ri_gj*o�RyWQP
zc\QbiWQP*lÂ�ix*XdOcjYnKMks XiO�_�]^_ rfT*RUM>bin�O^`cT�o�s e|n�j^MÀRUnYX � �

: _�OmXdO<PS`^WS]YWdrws efWcP*jYMÆR>Wm�|bdTYXdW¦MyZcRU�y]YM>e|nYlNM>XiTQlÆPS`^WS]YWdrw_ e|Ri_}Z�WQx¦ZQWQjYjYOcRi_ WQx��C�>� � Ï   ¡±�S¡ f �Y�f�*�|°´�k² � ���c¡��
�in*]YOc�io|�¨�|biMk_g\QhdM�R>O�_³XiO�PS`^WS]YWdrws efWcP*jYMER�n�RyOQ�|xSR�n*R>O �C°±Ï.�k���.�y�¨`^WcP�epP*jdzcWS]^s�hdM�R>O�_¨jYM	��
�M>XdTcl�RyOQ�|xSRUM>biWQP
e|R>OYt.jYWcx�M>bUrfOcews�OQl�MyZQRUMy]*~vXUR>OclaRi_ lEzcOQef_}Z��>la`^bi\�EdM>_ lVj^_�OclVM>[wOQbdjYWdrpoYl�`cWcPÌWQbds�hiMyR>OQ_³Oc`^T©R�nYX®OcZQTS]YWQPdtfn
M7Eds epuve|n
F

��
 � �������
 �

�¯»��g¼Y¹
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Tc`^WcP �<M>s XdOQ_f�yXdOaPS`^WS]YWdrw_ e|Ri_}Z�T{Z�Wcj^jY\^Rd_��������k�ÐMks XdOQ_fj^s�OEepP*Xd\QbUR�nYepn�`^WS]YPS`Y]YWcZQTYR�n*RyOQl��C�>� � Ïf���>Î f ¡ S{µ   �p�yÄ
¡ f �Y�w�À`^WQP{�Ss XdMk_.RyWYXEOcbS_ twjYT®R�uvX�zcOQef_}ZQ~vX�`^bd\�EiMyuvX�epMq�>XiO®PS`^WS]YWdrw_ e|Ri_}Z�TÌZ�WcjYj^\^Ri_ ZQO�_  � Mks XiO�_�W®�|bdTYXdWclMyZcRi��]YM>e|nYlÂR>WQP �ÂepRyWYXqR>Oc�|xSRiMybdW�epRyO^twjYTVM>b�rfOQefs�OclGe|R>WV�ds�ZcRiP*Wf�

¦bUnYew_gjYWc`^W�_}~vXiRyOQlGR�nYX<R>Oc�|xSRUn*RyOERyWQPKR>Oc�|xSRUM>bdWcPKe|R>O^twjYWQxqM>bUrfOcews�OQlS� ��
���jY`^WcbdWQx*jYMÀXdO�PS`^WS]YWdrws�hdWcP*jYM
Ri_ lqRyOQ�|xSR�n*RUM>lmR�uvX�\^]*]*uvXKe|R>OYt.j*~vX�M>bUrfOcefs�OQlÂRyWQPEefP*e|R�oYjYOcRyWQlS��`^WQPEepP*jSzcWS]^s�hdWYXiRyO�_.jYM � � � � � � ���	�	� ��� ¹y�
�|binYef_gjYWc`^W�_}~vXiRyOQl¦R>W�zc\QbdWclÂ�dx*XiOQj*nYlGuvl¦M7EUoYl5F

� � � ��
 � � � � � �� ���	�	� ��� �ÂZ�OQ_������� �¯»��g½Y¹
Tc`^WcP � � M>s XdOQ_�RyWÀzc\QbiWQl¨�dx*XiOQj*nYl³R>WcP � � � � �vRief_��YOc`^TÀR�nYXNM�ESs e|uve|nG»��g½��dWÂ�|bdTYXdWcl³MyZcRi��]YM>e|nYlvRyWQPÃZ�Wcj^jYO^Rd_ WQx
�EefM�Wc`^WQ_ WQ�Uo*`cW*RUM�Oc`^WcZc]YMk_ e|Ri_gZQT�epRyO^twjYTIMybUrfOQefs�OQl � � �!��� ���J��¹<`cWcP�epP*jdzcWS]^s�hiMyR>OQ_¨j^M � � �
	 ���S� � � ¹y�j*`^WQbdM>sfXiOEPS`^WS]YWdrw_ e|RUMkswuvl<M7EUoYl5F

� �
�
	 ��� � � � �
� �������

� 
 � � �
� �����k�

� � �¯»�� Gc¹
ÈÃW � � ��	 t.M�uvbdMks RyO�_pWaOc`^OQ_ R>Wcx*j^MyXdWQl¦�|biTYXdWQlGªN a rw_�O�R>WEZQWQjYjY\cRi_��

LNP*XdMy`Y~vlS�.W�`^Ocbd\c]*]*n*]YWcl<�|bdTYXdWcl�M�ZQRU�y]YM>e|nYl�M>XdTcl�ZQWQjYjYOcRi_ WQx �qjY�>e|u R>WQPEMyRUM>bdWdrfMyXdWQx*l<�d_gZcRix*WcP?���q�
`^WQP�epP*jdzcWS]^s�hiMyR>OQ_fjYM � � �
	 �C� � ���¦�y�fj*`cWcbdMkspXdO�PS`^WS]YWdrw_ e|RUMks.uvl¦M7EioYl5F

� �
�
	 ��� ����Ì� � �������

� � � � � � �
�¯»��g¾Y¹

Tc`^WcP � � � � � � � M>s XdOQ_SnmPS`^WS]YWdrw_ e|Ri_}ZQom��uvbin*Ri_gZQT*RUn*RyOq`^WQP¦`^bdW^Z�xS`YRUMk_^O^`^TmR>WYXÀ\^twbdWQ_ epj^OmRyuvXGRyOQ�|PSR�o*RyuvXÂR�uvX
EdMy��uvbS_ e|R�~vXqe|R>OYtwjY~vXqM>bUrfOcews�OQlÐ`cWcP��|binYef_gj^W^`^W�_ Wcx*XiR>OQ_we|R>Wa�Ss�ZcRUP*Ww�

� � o��/t��Vj����/iDnBmkr

P My`c_ RU\Q�|P*Xde|n{�C°´Ï��k���   Ï.� �|bUnYew_gjYWc`^W�_gMks RyO�_�rw_�O�XdO�`^WQepW*Ri_gZQWc`^W�_}oYepMk_pRyW�ZQ�>bd�iWQlÐOc`^TQ�iWQe|nYlGO^`^T��yXdO�`^OQbd\^]d�
]*n*]YWaPS`^WS]YWdrw_ epjYTVj^_gOQl¦M>[wOQbdjYWdrpoYl + epMÂep�|�>e|n�j^MÀR>WYXmPS`^WS]YWdrw_ epjYTVR>WcP�epMÂj^_�OEjYnY�|OcXioKRyWQP�MyRUM>biWdrfM>XdWcx*l
�S_}ZQRUx*WcP��>P My`c_ RU\c�|P*Xde|n�M>XdTclÂMyRUM>bdWdrfMyXdWQx*lÀPS`^WS]YWdrw_ epj^WcxE�ds XiMyR>OQ_pO^`^T�F

�������Â��� ��� � � ��� � p �K��� � � � � �
�q��� ������ �¯»��g»Y¹

� G�G
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Tc`^WcP©È � + �?P��¦¹�Mks XdOQ_�WÁepP*XdWS]^_}Z�Tcl®`^Ocbd\c]*]*n*]YWcl{�|bdTYXdWcl�MyZQRU�y]YM>e|nYlVrw_gO R�nYX�M>[wOQbij^Wdrpo + epM P��m�vZ�O�_
È � + � � � ¹ÃM>s XdOQ_�Wa�|biT^XiWQlÀMyZQRU�y]YM>e|nYlÂR�nYl¦M>[wOQbdjYWdrpoYl + epMÂe|R>O^twjYTVM>b�rfOQefs�Ocl � � ����� � ��������� � �

+ `^TQ�iWQe|nÌ�Í����� f ���p�7Sp�ÂoEzcOYt.jYTclK�|bioYe|nYlV�   ¡ f � f ���S¡ f �Y�w�ÀM>s XdOQ_ jc_gO®j^��RibUnYe|n{R>WQPV`^WcefWce|R>WQxa�|bdTYXdWcP�rw_gO
R�nYX¦Wc`^W�s�OqnKj*nY�|OcXiomMks XiO�_cO^`^OQep�|WS]*nYjY�>Xinme|R>WYXÂ`^OQbd\^]*]*n*]YWKPS`^WS]YWdrw_ epjYTw� LNP*XdMy`Y~vlS�QWmzcO^twjYTQlÐ�|bioYe|nYlÀRyWQP
`^OQbi\c]*]*n*]YWQPqPS`cWS]YWdrw_ efjYWcx�R�nYl¦M>[wOQbdjYWdrpoYl + epMÂOc`^W^ZQ]YMk_ e|Ri_}Z�TaM�RiMybdWdrfM>Xi�>lÂ�SsgZQRUP*W�WQbds�hdM�R>O�_�uvl¦M7EUoYl5F

� � � �E���Â�
� � � � � � �

�¯»�� Ò ¹

¥ `^bdW^nSrfWQx*jYM>XiWQlÀRUxS`^WQlG�dMks �|XiMk_|TYRi_|OQX¦n�My`c_ RU\c�|P*Xde|n�Mks XiO�_�jYM�rfO^]YxSRiMybinKO^`^T�R�nYX��dx*XdOcj*nqR>WcP�epP*epR�oYjYOcRyWQl
�C°IS�°´¡´� � �>� � Ï   ¡ f �|²qÏ.�iÅ �k£>� � � � � � � � �QRiT*RUMÐW�PS`cWS]YWdrw_ efjYTclÂ`cOcbdWcP*ew_g\QhiMk_Qj^_gOEPS`^M>bk� rfbdOQjYj^_}ZQomMy`c_ RU\Q�|P*Xde|n�C°   Ï��k£�� f �|���S£É°´Ï��k���   Ï.� epMÂ�>XiOEO^`cW^ZQ]YMk_ epRi_}Z�TEMyRUM>bdWdrfM>Xi�>lG�ds�ZcRiP*Wf�

��;
	 � D�������.N������������<J���@¯J�B��³@�� Fa@ D ���ND vJ�! N�B�N ����#VD�É@%$'&<N�!É@ K)(*�

LNM�OQPSR�o�R�nYX{M>XdT*R�n*R>O�`^OcbdWQP*ef_g\QhiWQP*jYMKjYTYXdW�R�nYXaRU�yRyOQbiR�n�PizcbS_g�S_}ZQo�PS]YWc`^W�s nYe|n{rw_�O�OcXdOchio*R�nYe|n�O^]Y[.OcbS_ t|�
j*n*Ri_gZc~vXÌepMVMyRUM>bdWdrfMyXd�>lVepx*e|R�nYjYOw� ¥¦_�\c]*]YM>lVRUbiMk_ l{`^OQbd\^]*]*n*]YM>l{PS]YWc`^WQ_goYepMk_ l�Mks XdOQ_vO^Z�bd_ z^~vl�s��S_gM>l{Tc`Yuvl
`^M>bS_ rfbd\Q[fn*Z�OcXae|R>W«`^bdWcnSrfWcx*jYM>XdW�ZQM>[.\^]YO�_ W�RUnYlE�S_gOcRUbS_ z^oYl�j^OclS��·Gbd�y`^Mk_�XiO�e|nYj^M>_g~vepWQP*jYM�M>�i~ T*Ri_�n�RU���
R>OcbiR�n Pizcbd_��d_gZco PS]YW^`^W�s nYe|n epM�WcjYW�_ WdrfM>Xi�>l®efx*e|R�nYjYO �dM>X�j*`^WQbiMksÆXdOÁMy[.OQbijYWQe|RUMksÆOc`^W*RUMy]YM>epjYOcRi_}Z�\Áe|R�nYX
Z�OQ_ XiWQx*b�rw_�O Ocbd�p_ RUMyZcR>WYXS_}ZQo©R>WcP MyRUM>biWdrfM>XdWcx*l®epP*e|R�oYjYOcR>Wcl�Z�OQ_�rw_gOAOcPSRUT R>W ]YTdrfW `cbiW*RiM>s XdWcP*jYM{jc_gO Xd�>O
PizcbS_g�S_}ZQo�`^Ocbd\c]*]*n*]*nKPS]YWc`^W�s nYe|n|�

21435176 8:9�;�����aDC��kC EHG ILKSMW>PORQSK <VUBMN>/KSMkCYXZ>A[�\ ]�_`aWb�@�cfG2dHe�MPK2\

P Xi�>O�OQPSR�o�PizcbS_g�S_}ZQo<PS]YWc`^WQs}nYe|n<epP*XiRyWYXS_ e|R�oYlÉ��M>b�rfOQhiTQjYM>XdWcl epP*Xi�dP*\QhiMk_*R>Om`Y]YM>WYXiMyZQR�oYjYOcRyOmRyuvXÀRibd_g~vXÐ`^OY�
bd\^]*]*n*]*uvXÃPS]YWc`^W�_}oYepMyuvX �¯�Un*]YOQ�Uo|�*Rd_ lÃRUbiMk_ lNPS]YW^`cWQ_goYepMk_ lÐepM WQjYW�_ WdrfMyXd�>lNepx*e|R�nYjYO�¹³`^bdWcZQMk_gj^�yXdWQPÐXdO�jYMk_}~vefM>_
R�nYXVOQXd_ epWQbibdWc`cs�O�R>WcP�[.WQbURis WQPVZ�OQ_ËR�nYX{My`c_ zc\QbdP*Xie|n�M�`Q_}Z�WQ_ XUuvXSs�OQlS��P�Xd�>O�OQPSR�o�PS]YWc`^W�s nYe|nVzcOQefs�hiMyR>OQ_ epM
j^_�Oazc�y]*Ri_ e|R�n�e|RUbdOcR�nSrw_}ZQoa�S_gOQXdWcj*oYl�R�nYlqepPS]*]YWdrpoYl�Z�Mk_gjY�>XdWcP�naWc`^W�s�OVMyZQRUMy]YM>s R>O�_�e|RyOcRi_gZQ\w�<LÆR�nYX�My`^TQjYM>XUn
PS`^WQM>XiT*RUn*RyO�`^M>bd_ rfbd\c[.WcP*j^MÐR�n�zc��]*Rd_ epR�nEe|RibiOcR�nSrw_}ZQo��S_gOQXiWQj*oYlGZQMk_�jY�>XiWQP��

� G^¾
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s�� ��v �Nu nBm����.n2n����/��| �'t����khNhWmfhk� | g?hfikjfiSu xkn2�q��|

¥A·Âs XiOcZ�Ocl¨»�� � �iMks �|XdMk_dRyWQP*l �|bdTYXdWcP*l�M�ZQRU�y]YM>e|nYl�rw_gO<e|R>O^twM>bUoGRi_gjYoD� � �ÐZ�O�_S�d_�Oc[.WcbdMyRi_}Z�\Gj*o*ZcnG`^bdW*RUxS`YuvXc�
rw_gO®�d_�Oc[.WcbdMyRi_}Z�TVOcbS_ twjYT�e|R>OYtwjY~vX�M>b�rfOQefs�Ocl<ZQO�_wrw_gO{R>WYX�Oc]SrfTQbd_ twj^W{`^bdWcepM�r|rw_ e|Ri_gZcoYlKOQXiOQhio*R�nYe|nYl�Oc]Y[.O*�
bS_ twj*n*Ri_gZc~vX'^
c�9��Q¥ ·¦s XdO^Z�OQlÆ»��g¼m�iMks �|XdMk_*R>WcP*lG�|biT^XiWQP*lÉMyZcRU�y]YM>e|nYlNrw_�O�e|R>OYtwM>bdTKj*o*ZQWQlÃ`cbiW*RixS`^WcP�� ���`
Z�OQ_|�S_gOQ[.WcbdMyRi_}Z��>lÃRi_�jY�>lÂRyWQP �arw_gO�RyWYXmO^]SrfTQbS_ twjYW+^
c�9����v`Qs e|nYlS�|RyWVLN��oYjYOE»��g¾K`^OcbdWQP*ef_g\QhiMk_�My`c_ R>Oc�|x*XdepMk_ l
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LN��oYjYOÂ»�� G:F�·ÂMk_gbdOcjYOcRi_gZQW�s��|bdTYXdWQ_UM�ZQRU�y]YM>e|nYl�rw_gOGR�nYXNPS]YWc`^W�s nYe|n ��½ÀepM¨ep�|�>e|nÐj^M¨RyWÂjY��rfM�twWQl¨R>WcPÉRij*oYjYOcRyWQlrw_gOa�S_gOQ[wWQbiMyRi_gZQTEOcbS_ twjYTae|R>OYt.j*~vXKMybUrfOQefs�OQlS�Qrw_gOajY��rfM�twWcl<ZQMk_gj^�yXdWQPq¼ Ò ¸ � ZQO�_3� � � �¯OQbd_ e|RUM>bd\Q¹ÆZ�O�_�rw_gOjY��rfM�twWQlÂZQMk_gj^�yXdWQPq¼ Ò ¸ � ZQO�_/� ���` �¯�iM7ES_g\�¹
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·¦s XdO^Z�OQl�»�� � F�·GMk_gbdOQjYO^Rd_}Z�WQs*�|bdTYXdWQ_YM�ZQRU�y]YM>e|nYl �¯epMÉ�dM>PSRUM>biTS]YMy`YR>OQ¹Ërw_�OmjYM�rf��twWQlNZQMk_�jY�>XiWQP � ½S¸�� Z�OQ_%� � �rw_gOa�S_gOQ[wWQbiMyRi_gZQ\�j*o*Zcn�`cbiW*RixS`YuvXm�|binYef_�jYW^`cWQ_g~vXUR>OclÂR>WYXqO^]SrfTQbS_ twjYW ^%c�9
� � � ·ÂOQb^� �G]YWc`p� � ¼ ½ G ¾ » Ò d¾ � � ¼ � � , ¼*¾ �-, �g¾�G^» Ò � ,�d�d Ñ � ��Ñ ½ Ò �g½ d*Ñ »��g¼*»*¾ ¾��g½ Ñ�d Gp� Ò G d

� ¼ ¼ , � d ¾ , � ¼��g½*¼ � d �g½ Ñ ½ Ò � � G Ñ »��g¼*¾�G ¾�� G^½ Ñ Gp� Ñ ¼ d Gp�g¾*½ Ò
� ½ ¼ , � d.,/� �-, � Ò ¼ Ò Ò � ��Ñ G »�� , ¼ � ¾��g¼ � » Gp�g»�G^¾ Gp� ,�d*Ñ ½�� Ò ¼ ,
� G ¼ � � , ¼*¾ �-, �g¾�G^» Ò � ,�d�d »�� �-,�d ¾��g¼*» , Gp�g»*½ d Gp�g¼ , ¾ ½�� Ò »*¾

�-, � � ½ Ñ � G , » ��Ñ �g» Ñ » � ½�� �UÒ » � »�� d G Ñ � ½�� d ½*½ �.� � G � ½ Ñ � ÒSÑ/� d �g¾ dYÒ
� ¼ ½ Ñ � G , ¾ ¼ � �g» ,�d � Gp� Ò ½�G � ¼�� G^» d �-, � d*Ñ » Ñ � G^»*½ d �g¾*½*½ Ò � d ¼ d
� ½ ½ Ñ �g¼ d ¾ ��Ñ � Ñ » Ñ � ½��g½ ÒSÑ �.� � �UÒ ¼ Ñ �g» Ò ½ d � G^» d Ò �g» , ¼ »�� d/� G
� G ½ Ñ � G , » ��Ñ �g» Ñ » � ½�� �UÒ » �.� �g¼�G � Ñ �g»*» � d � G^¾*» Ò �g» , ½ »�� d ¾ ,¼ , � � Ò »��g½*½ Ò ½ d � � » d ¼*¾�� G dYÒ ½*¼�� G^½�G ¼*¾�� Ñ ¼*» ¼ � � d/� ¼ ��d � Ò , ¾ � »��g½ dYÒ
� ¼ Ò »�� G Ñ ¼ G , � � ¾*¼ ¼ Ò �g¼ Ò G ¼*¼�� Ñ » d ��Ñ � Ñ G � �UÒ �g½ ,*Ñ � ¾��g¾*»*½ � Gp�g¼*½*»
� ½ Ò »��g¼�G d ½ d � G Ñ/� ¼*¾�� Ò G�G ¼ � �g¾*¼�G ��d �g» ,�d � »��g¼*»*¾ � Gp� G d ½ � ½�� ,*Ñ�d
� G Ò »��g½*½ Ò ½ d � � » d ¼*¾�� G dYÒ ¼ � �g¾*¾ � ��d �g¾*½ � � »��g¼ � G � Gp�g¾*¼*½ � ½�� , »*»½ , � � �.� ½��g» � G ¾*»�� d/� ¾ ½ Ò � Ñ ¼*½ G d � ,.,., ½ d �g½ Ñ ½ ½*¼�� � G Ñ ¼ Ò �g¾ Ñ ¾ ¼�Gp� � »�G
� ¼ �.� ½�� Ñ., ½ ¾ d � dYÒ�� ½ Ñ � Ñ ¼ Ò ½*½��g¾*½*¼ ¼ Ñ �g¼*½ Ò ¼*¾��g¼*»�G ¼*¼�� Ò , ¼ ¼ , �g» Ò ½
� ½ �.� ½��g¾*¾ , ¾ Ò � ��Ñ*Ñ ½ d �g¼*½ Ñ ½ � � ÑYÒ�� ¼ Ò �g»*¾ � ¼�Gp� � G�G ¼ � �g¾�G d ��Ñ � G�G Ñ
� G �.� ½��g» � G ¾*»�� d/� ¾ ½ Ò � Ñ ¼*½ ½ � � dYÒ ¾ ¼ Ò �g½*»*» ¼*½�� Ñ »*¼ ¼ � � G^¼ Ñ ��Ñ �g¼ Ñ ½» , � � ¼*¼�Gp� ,YÒ*Ò �.� ¼�� , » , Ò Gp� Ò ¾*½ Ñ Gp�g¾*» , Ò ¾��g»�G�G »*½��g¾ ,., ¾�Gp� dYÒ G G d � �.� G
� ¼ ¼*¼�Gp� Ò*Ò ½ �.� Gp�g½*½ , Ò*Ò � G � ¾ »*¾�� , ¾*» ¾*»��g¾*» Ñ G d � ��ÑYÒ G^½��g¼*½ d ½ d � Ò ¾�G
� ½ ¼*¼�Gp� � ¼*½ �.� ¼��g¾*» Ò Ò ¾��g½ ,�d »*¼�� Ñ ¼*½ ¾�Gp�g½ Ñ ¼ G Ò �g½ � G G^¼�� , ¼�G ½ Ò � d., ¼
� G ¼*¼�Gp� ,YÒ*Ò �.� ¼�� , » , Ò Gp� Ò ¾*½ »*¼�� Ò*Ò , ¾*½�� d ¼ Ñ G Ò �g½ Ñ » G^¼��g½�G d ½ d � G^¼ ,

epMmepP*Xi\QbiR�nYe|nEj^M¦RyW^X�OcbS_ twjYTVRyuvX�e|R>O^twj*~vX�M>bUrfOcews�OQl¦�|bUnYew_gjYWc`^W�_}~vXiRyOQl�R>WYX�Oc]SrfTQbd_ twj^W ^%c�9 �f� s XiO�_.e|nd�
jYOQXURd_}Z�TmXdO�e|nYj^M>_gu³twMks�T*Ri_^WQ_cMy`c_ RyOQ�|x*XiefM>_ lÀ`^WQP¦O^`^Mk_gZQWYXSs�hiWYXiR>OQ_Se|R>W�LN��oYjYOq»��g¾<OQbd_ e|RUM>bd\mMks XiO�_YOc`^W*Ri��]YM>epj^O
R>WcP�j^�yefWcP�TQbiWQPmrw_gOa`^�>XiRUMÂ�d_�Oc[.WcbdMyRi_}Z�\�j*o*ZQn�`^bdW*RUxS`YuvXmZ�OQ_fe|RyW{LN��oYjYOV»��g¾��dM7Ed_�\EMks XiO�_|Oc`^W*RU�y]YM>epjYOERyWQP
jY�>epWQP�TcbdWQP�rw_�O�Ri�yefepM>bd_ l<�S_gOQ[wWQbdM�Rd_}Z��ylÀRi_�jY�>l¦RyWQP ���

� ¥G`YuvlqOQXiOQjY�>XiOQjYMd�pR>O�Oc`^W*RUMy]Y�>epjYOcRyO{Oc`^TQ�iWQe|nYl<�dMks �|XiWQP*XKT*Ri_wnVPS]YW^`^W�s nYe|n � � �|bUnYef_�jYWc`^WQ_g~vXUR>OQl�R�nYX
e|R>O^Rd_}ZQoÂepRUbiOcR�nSrw_gZcoÂMks XdOQ_U]^_ rfT*RUM>bdW<O^`cW*RUMy]YM>epjYOcRi_}ZQoÀOc`^W¦Ri_ lN\c]*]YMyl�RUbdM>_ lÆPS]YW^`cWQ_goYepMk_ lNe|RUnYXÉ`^M>bds�`YRyuve|nÂRyWQP
MyRUM>biWdrfM>XdWcx*lÐepP*e|R�oYjYOcR>WclS�¨�v`Qs e|nYlÀOc`^TKR>W�LN��oYjYO�»��g¾m`^OQbiOcR�nYbdWcx*jYMNT*Rd_�PS`^\cbd�|Mk_Qj^_gO�Oc`^T*R>WQj*n�`YRU~ve|nqepRi_ l
Z�Ocj*`cxS]YMyl�R�uvX®M�`Q_ R>OQ�|x*XiepMyuvX{RUnYlEPS]YWc`^W�s nYe|nYl � � epRyWQP*l�Ri�yefepM>bd_ lVe|R>OYtwj^Wcx*laM>b�rfOQefs�OclS��ÈÃW�[.O�_ XdTcjYM>XdW
OQPSRUT�WQ[.M>s�]YMyRyO�_�epRyW�rfM�rfWYXdTclKT*Rd_ PS`c\cbd�|Mk_�j^_�O�OcXS_ epWcbdbdW^`cs�O{R>WcP�[wWQbiRis WcPVM7EdOQ_ Ris�OclKRUnYl�[wR�uv��oYl�RiMy�|XS_}ZQoYl
�S_gOQjYM>bd_ epjYWQx�ZQMk_�jY�>XiWQP�`^WQP��|bUnYef_�jYWc`^WQ_goStfn*Z�M�e|R�nYX�PS]YW^`cWQs nYepnt� � ��¸ÌM�\c]*]YOÌ]YTdrw_gOw��W�OQb�rfTQl�epRyO^twjYTQl
M>b�rfOQefs�OclÃRUMy]YM>_g~vXiMk_c`^\QXUR>OKRUMy]YM>PSRyO�s WQlÐe|R�nYX�OcXdOchio*R�nYe|nmO^]Y[.OcbS_ twj*n*Rd_}ZQ~vXÂZQO�_QPS`^\cbd�|Mk_Qe|nYjYOQXURi_gZQTQlÐ�|bdTYXdWcl
OQ�ibd\cXdMk_gOQl�rw_gOÂR>WcP*l�RyOQ�|xSRUM>bdWcP*l e|RyO^twjYWQx*lÆMybUrfOQefs�OQlvepM��yXdOÂMyRUM>biWdrfM>Xd�ylv`^M>bd_ zc\^]*]YWYXc���v`Qs e|nYlS�*nÀPS]YWc`^W�s nYe|n

� ¾ ,
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·¦s XdO^Z�OQlÃ»��g¼%F¨·GMk_�biOQjYOcRi_}Z�WQsQ�|bdTYXdWQ_�MyZQRU�y]YMyepnYl �¯epMG�dMyPSRiMybdTS]YMy`YR>OQ¹vrw_gOEjYM�rf��t.WclGZ�M>_�jY�>XiWQP � ½S¸�� ZQO�_�� �
��`�rw_�OE�S_gOQ[wWQbdM�Rd_}Z��ylÀRi_�jY�>l¦RyWQP ���|binYef_gj^W^`^W�_}~vXiR>OclÂR>WYXqO^]SrfTQbd_ t.jYWY^
c�9

� � � ·ÂOQb^� �G]YWc`p� � ¼ ½ G ¾ » Ò d
� � � ½ Ñ � G d ¾ ��Ñ �g» Ñ » � ½�� ��Ñ » � »�� d G d � ½��g¾*»*¼ �.� � G^½ Ò Ñ � d ¼ , d �g» ,*Ñ

��¼ ½ Ñ � G�G^¾ ¼ � �g»*¼ Ò � Gp� Ò�� ¼ � ¼��g¾*¼ Ñ �-, � Ñ.,�d Ñ � G d�d d �g¾*½*¼ Ò � d ½�G
��½ ½ Ñ �g½�G�G ¼ , � , ¼ d � ½�� G^¼ Ñ �.� � ��Ñ G Ñ � Ò�� ½ d �g» Ò ½ Ò �g»*¾ Ñ »�� d ¼ �
�>G ½ Ñ � G d ¾ ��Ñ �g» Ñ » � ½�� ��Ñ » �.� �g½ � » Ñ � Ò ½ d d �g¾ Ñ*Ñ Ò �g»*» � »�� d ¼*¾½ � � ½ Ñ � G , » ��Ñ �g» Ñ » � ½�� �UÒ » � »�� d G Ñ � ½�� d ½*½ �.� � G � ½ Ñ � ÒSÑ/� d �g¾ dYÒ
��¼ ½ Ñ � G , ¾ ¼ � �g» ,�d � Gp� Ò ½�G � ¼�� G^» d �-, � d*Ñ » Ñ � G^»*½ d �g¾*½*½ Ò � d ¼ d
��½ ½ Ñ �g¼ d ¾ ��Ñ � Ñ » Ñ � ½��g½ ÒSÑ �.� � �UÒ ¼ Ñ �g» Ò ½ d � G^» d Ò �g» , ¼ »�� d/� G
�>G ½ Ñ � G , » ��Ñ �g» Ñ » � ½�� �UÒ » �.� �g¼�G � Ñ �g»*» � d � G^¾*» Ò �g» , ½ »�� d ¾ ,» � � ½ Ñ � G^» Ò ��Ñ � Ò , ½ � ½��g¼ ,/� � »�� d » , � ½�� G Ñ » �.� � G � » Ñ � d/� » d �g» , ¾
��¼ ½ Ñ � G^¾ � ¼ � �g» , ¼ � Gp� Ò�� ½ � ¼��g¾*½�G �-, � Ñ.,�d Ñ � G^» d d �g¾�G � Ò � d/��d
��½ ½ Ñ �g½*¾ d ¼ , � , ¼ d � ½�� G�G d �.� �g¼ ,/� Ñ � Ò��-, d �g» Ò*Ò Ò �g»*»*¼ »�� d/��d
�>G ½ Ñ � G^» Ò ��Ñ � Ò , ½ � ½��g¼ ,/� �.� �g½ � » Ñ � Ò ¼ Ò d �g» � ¾ Ò �g»�G^» »�� d ½�GÑ � � ½ Ñ � Ò ¼*» ��Ñ � d ¼*¼ � ½��g¼ d/� � »�� Ñ ¾*¼ � ½��g¾ Ñ/� �.� � G Ò5d Ñ � d G^½ d �g»*¼�G
��¼ ½ Ñ �g» Ñ » ¼ � � Ò ¾�G � Gp� ÒSÑ*Ñ � ¼��g» , ¼ �-, � Ñ G^¾ Ñ �g¾*½*» d �g¾ d ½ Ò � d ½*½
��½ ½ Ñ �g¾ Ñ ½ ¼ , � � G � � ½��g¾ � ¼ �.� �g¼*» Ñ Ñ � Ò*Ò G d � Ò ¼ d Ò � Ò�� ½ »�� d ¼*½
�>G ½ Ñ � Ò ¼*» ��Ñ � d ¼*¼ � ½��g¼ d/� �.� �g½ d/� Ñ � Ò5d ½ d �g»*¾*» Ò �g» Ñ/� »�� d ¾ ,

��¼ �|bUnYew_gjYWc`^W�_}~vXiRyOQl®RUnYX«�iP*XdOQj^_}ZQo©�S_gOQXiWQj*oIPS`cW*� Z�Mk_gjY�>XiuvXÌ`^Ocbd�>�|Mk_�Z�Oc]YxSRUM>biO Oc`^W*RUMy]Y�>epjYOcRyOÁOc`^T R�nYX
PS]YWc`^WQs}nYe|n � � e|R�nYXE`^M>bds�`YRyuve|n{R>WcPVMyRUM>biWdrfM>Xd�>lmepP*epR�oYjYOcRyWQlS��ÈÃ�y]YWclS� R>O�`^Mk_�biOQjYOcRi_}Z�\®Oc`^W*RUMy]Y�>epjYOcR>O®W�_
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LN��oYjYOa»��g¾%F¨�v`c_ RU\Q�|P*Xiepn�R�uvXm`^OQbi\c]*]*n*]*uvX�PS]YWc`^W�_}oYepMyuvXmOcXdOchio*R�nYe|nYlÂOc]Y[wOQbS_ twj*n*Ri_gZc~vXqepMGepP*Xi\QbiR�nYe|n�jYMR>WYXÉOcbS_ twjYTÂRyuvXÉe|R>OYt.j*~vXÉM>b�rfOQefs�Ocl�rw_�O¦jY��rfM�t.Wcl�ZQMk_gj^�yXdWQP � ½S¸��«Z�O�_G� � �Ð�|binYef_gjYWc`^W�_}~vXiRyOQl��S_gOQ[.WcbdMyRi_}Z�\j*o*ZQn�`^bdW*RUxS`YuvX �¯OcbS_ e|RUM>bd\Q¹ Z�OQ_A� ���`��|binYef_gjYWc`^W�_}~vXiRyOQl¦�S_gOQ[wWQbiMyRi_gZQ�>lÀRi_gj^�yl<RyWQP � �¯�dM�ES_g\�¹

� ¾ �
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PS]YWc`^WQ_goYepMk_ l ��½ÐZQO�_ � GG[.OQs XiW^XUR>OQ_�XiOÂ�>�|WcP*X R�nYXÆZ�O^]YxSRUM>binÃO^`cTc�dWcepnÃepMvepxdrpZ�bd_ e|nGjYM³Ri_ lÆ\^]*]YM>lvPS]YWc`^W�_}oYepMk_ lS�
�v`cs epnYlS�ÃWQ_ÆPS]YWc`^WQ_goYepMk_ l���½©ZQO�_C�>G �ds XdWcP*X®RyWQP*l®j^_gZQbdT*RUM>bdWcP*l{�|bdTYXdWcP*lVMyZQRU�y]YMyepnYl{ZQO�_�Ri_ l®P*Êwn*]YT*RUM>biM>l
My`c_ RyOQ�|x*XdepMk_ lEO^`cT{Ri_ l�PS]YWc`^WQ_goYepMk_ l � � Z�OQ_A� ¼{T*RyOQX�`cbiWQe�tw�yR>WcP*jYMqe|R�n�epP*e|R>WQ_ �ps�O�MyRUM>bdWdrfMyXdMks lmepRyO^twjYWQx*l
M>b�rfOQefs�OclG�in*]YOc�io�jYMyRU\�R>WYXmRUbSs RyWae|R>OYtwj^TaM>bUrfOcews�OQlS�

ÈÉ~vbdOÀM7EdMyRU\chdWQP*jYMËRUnYXÆOc`^TQ�iWQe|nÉRyuvXÆ`^Ocbd\c]*]*n*]*uvX�PS]YWc`^WQ_goYepMyuvX?��¼���� ½ÉZQO�_h� Gp� + `^TÀRyOÂOc`^W*RUMy]Y�>epjYOcRyO
`^OQbiOcR�nYbdWcx*j^M�j^_gOIepOQ[foÌjYMksguvepnÌepRyWI�|biTYXdW�MyZcRi��]YM>e|nYlER>WcPÌOc]SrfWcbSs twjYWQP ^%c�9 T*R>OcX®�|bUnYef_�jYWc`^WQ_ WQx*jYMaRi_ l
RUbdMk_ l<`^Ocbd\c]*]*n*]YMyl¦PS]YWc`^W�_}oYepMk_ lS�(: _gOa`^OQbd\c�dMk_ rfj^Of��rw_�O � � ��ZQO�_/� � ��`|�wj^M>_g~vXiMyR>OQ_.Wa�|biT^XiWQlÂM�ZQRU�y]YM>e|nYl
Oc`^TA½ Ñ � G , »Á�dM>PSRUM>biTS]YMy`YR>O epR�nYXIOcZ�WS]YWcPdt._�O^ZQo ��Z��dWce|nÁepM Ò � d ¼ d �¦»�� d/� G Z�OQ_É»�� d ¾ , �dM>PSRUM>biTS]YMy`YR>OAepRi_ l
Z�O^R>OcXdM>j*nYjY�>XdMyl¨PS]YWc`^W�_}oYepMk_ l?��¼��@��½ÃZ�O�_G� GGOQXURis epRyW�_ �|Of�*�|binYef_gjYWc`^W�_}~vXiRyOQl RyWQP*l�WcZcRU~�e|R>OYt.jYWcx*lÆM>b�rfOQefs�OclS�
¸ÌM¦\^]*]YOE]YTdrw_gOw�wOc`^TERyWQP*l<·¦s XdOcZQM>lÀ`^OcbdOcR�nYbiWQx*jYMÂT*Ri_prw_gO{epRyO^twM>biTVjY��rfM�twWQl¦epPS]*]YWdrpoYl<Z�Mk_gjY�>XdWcP�PS`c\cbd�|Mk_
j^_�O®OQXiOQjYM>XiTQjYM>XinEOQXURis epRUbiWQ[wnaep�|�>e|n�OQXd\cjYM>epO{epRyWYXE`^OQbi\c]*]*n*]YW��|bdTYXdW{M�ZQRU�y]YM>e|nYlqZQO�_ e|R>WYXEOcbS_ twjYT�R�uvX
e|R>OYt.j*~vX«M>b�rfOQefs�OclS� � ¥ÂepW^X�Oc[.Wcbd\«R>W j*o*Z�WQl{RyWQPI`^biWYRUxS`^WQP�`^OQbiOcR�nYbdWcx*jYM{TYRi_ÆPS`^\cbd�|Mk_Æj^_gOÁe|nYj^OcXiRi_}ZQo
My`cs��ibdOcepnIe|R�nYXIO^`cTc�dWcepnIRyuvX«RUbS_}~vX©PS]YW^`^W�_}oYefM�uvXc� LNPdrpZ�M>bd_�jY�>XiOw�Æz^]Y�y`^WcP*j^M�T*Rd_Ærw_gO epRyO^twM>biT OcbS_ twjYT
e|R>OYt.j*~vX�M>b�rfOQefs�Ocl�WV`^Ocbd\c]*]*n*]YWcl<�|bdTYXdWcl�M�ZQRU�y]YM>e|nYl<RyuvX�PS]YWc`^WQ_goYepMyuvX�OQP�Ei\QXiMyR>OQ_fZ�OYtf~vlmOcP�Ed\QXiMyR>OQ_fRyW
j*o*Z�Wcl�RyWQPa`^bdW*RUxS`^WQP�� � ¥ÂjYuvlS��W{�|bdTYXdWcl�M�`Q_}Z�WQ_ XUuvXSs�OQl<Mks XiO�_w`^M>bds�`^WQP�W�s��d_ WQlmepMmTS]YM>l<Ri_ lq`^M>bd_g`YR�~vepMk_ lqrw_gO
�>XiO��iM>�dWcjY�>XdW�jY��rfM�twWclÀZ�M>_�jY�>XiWQPqOc[.Wcxmn�My`cs��dbdOce|nqR>WcPKj*o*Z�WcP*lGR>WcPq`^bdW*RUxS`cWcPKe|R�nYXmMy`c_}Z�WQ_ XUuvXSs�O��iM>X<Mks XiO�_
RUTQepW®epnYjYOcXiRi_gZco|��LNP*XdM�`^~vlS��W�]YTdrfWQlmR>WQP{�|biTYXdWQPEPS`^WS]YWdrw_ epj^Wcx{`cbiWQlqRyW��|biT^XiW{My`c_gZQW�_ XiuvXds�OQlmM7EdOcbiRU\cRyO�_
Z�P*bds�uvlÂO^`^T�RyWVj*o*Z�WQlÀR>WQPK`^biWYRUxS`^WQPKZQO�_pOQP�Ei\QXdM�R>O�_�T*RyOQXmRyWaj*o*Z�WclÂR>WcPK`cbiW*RixS`^WcP�OQP�Ed\cXdMyRyO�_��

�v`Qs e|nYlS�.Oc`^TaR>WcP*l�·Âs XiOcZ�MylG`^OQbdO^R�nYbdWQx*jYMÂT*Ri_.PS`^\Qbi�|Mk_wj^_gO{e|R>O^twM>bUoaep�|�>e|nEOQXi\QjYM>epOae|R>W��|biT^XiWaMyZcRU���
]YM>e|nYlÀZQO�_QRyW^X<OcbS_ twjYT�R�uvX��d_�Oc[.Wcbi~vXD����LNP*XiMy`Y~vlS���dMyX¦PS`c\cbd�|Mk_��d_�Oc[.Wcbd\Ke|R�nYX<Oc`^TQ�iWQe|nqR�uvX<`^Ocbd\c]*]*n*]*uvX
PS]YWc`^WQ_goYepMyuvXErw_gOÌ�d_�Oc[.WQbiMyRi_gZQ�>lqRi_gj^�yl�RyWQPv�«ZQO�_ËW�_ jYMyRUbUoYefM>_ lEjYOcl�M�`Q_ zcM�zcOQ_g~vXiWQP*XER�nYXEtwMyuvbUn*Ri_gZco�`^WS]YPi�
`Y]YWcZQTYR�n*RyO©RyWQP�Oc]SrfWcbSs twjYWQP��iP*XdOcjc_}Z�Wcx�`^bdWdrfbiOQjYjYOcRi_ epjYWQx ^%c�9�º � G^¾i¿ � ÈÃW©[.O�_ XdTcjYM>XdW«OQPSRUT«epMa`^WS]*]Y�>l
`^M>bS_}`YR�~vefM>_ l�Mks XiO�_�My`c_ twP*j*n*RUT�Tc`^WcPa�>XiO{TQbS_ W®e|R�nYX�Rd_gj*oVR>WcP �Ì�iM>X�Mks XiO�_wrfXUuvepRUT�MyZ�RyuvX�`^bdW*RU�>biuvX^�Â�v`c_ �
`Y]Y�>WYXc�|WQ_�RibiMk_ l¦PS]YW^`cWQ_goYepMk_ l<`^biO^rfjYOcRyWc`^W�_ Wcx*X�]YWdrw_}Z��ylÂMy`c_ R>Oc�|x*XdepMk_ l¦rw_gOETS]YWcP*lÂR>WQP*lGepRyO^twjYWQx*l<M>b�rfOQefs�OclS�
: _�O�`^OQbd\c�dMk_ rfj^Of�*rw_�O���� �¦ZQO�_Y�S_gOQ[.WcbdMyRi_}Z�\<j*o*ZQn¦`^bdW*RUxS`YuvXÀ�y�|WQP*jYMNOQP�EiOQXiTQjYM>XdMyl�ZQOQj*`^xS]YM>lÉMy`c_ R>Oc�|x*XdepMk_ l
jY�>�|bS_S¾��g¾*¼��Y¾�� d »ÐZ�OQ_S¾�� Ñ., e|Ri_ lNZ�O^R>OQXiM>j*nYjY�>XdM>lvjYM�twTQ�iWQP*l ��¼���� ½ÀZ�O�_a�>GÂOQXiRis e|R>WQ_ �|O�epRyWQP*lNW^ZQR�~�epRyO^twjYWQx*l
M>b�rfOQefs�OclÀ`^WQP�Mks �|OcX�RyW�twMyuvbUn*Rd_}Z�T�zc\QbiWQlÂ�ix*XdOQj*nYlGR�uvXq¾��g½*¾��p¾�� Ñ., Z�OQ_|¾�� ÑYÒ �
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� xfoRmk}�t �zh�uY} �kvB��nBmkr

: _�O�XdO<jYMy]YMyR�oYepWQP*jYM�RUnYXÉZc]^_�jY\cZcuve|nÂRyuvXÃRUbS_}~vXÐ`^bdW*RUMk_ XdTcj^MyXiuvXN`^OQbi\c]*]*n*]*uvXÉPS]YWc`^WQ_goYepMyuvX ��¼���� ½ÀZ�O�_@�>Gp�
Z�O^R>OcepZQM>P*\QepOcj^MÃR>O�`^Mk_�bi\QjYOcRyOajYMGRyWaOcZQTS]YWQPdtwW�RUbdTc`^Wf�v¶�_g`Y]YOQef_g\QhiWQP*jYMGR�nYX�`^O^]^_�\EefPS]*]YWdrpo�ZQMk_gj^�yXdWQP�� P
Z�OQ_ XiWQx*b�rw_�OÀefPS]*]YWdrpoÀZ�Mk_gjY�>XdWcPÉMks XiO�_krfx*biu�epRyO¦¼ Ò ¸ �Â�UÈÃOÂO^`cW*RUMy]Y�>epjYOcRyO¦Oc`^TÂR>OÂ`^Mk_gbd\cjYOcR>OGOc`^Mk_}Z�WYXSs�hdWYXiRyO�_
e|R>WcP*la·¦s XdOcZQM>l�»��g½�ZQO�_�»�� G�Z�O�_³e|RyW LN��oYjYO«»��g»��ÌÈÃO«Oc`^W*RUMy]Y�>epjYOcR>O«�iMks �|XdWcP*XVT*Rd_³WQ_�RUbdMk_ lE`cOcbd\^]*]*n*]YM>l
PS]YWc`^WQ_goYepMk_ lEZQ]^_gj^O^ZQ~vXiWQP*XEZQOc]Y\�`^OcbdTS]YWÌ`^WQP�R>W«jY��rfM�twWQl�R>WcP�ZQMk_�jY�>XiWQP�OQP�EUoStfn*Z�M��dx*WÌ[wWQbi�>l �¯�in*]YOQ�Uo|�
�S_}`Y]YOQef_g\Qe|R�n*Z�MÆn�epPS]*]YWdrpo<Z�Mk_gjY�>XdWcPY¹y�³¥¦_^�|bdTYXdWQ_YM�ZQRU�y]YM>e|nYlÆrw_gO=��� �¦Z�O�_ � ���`�j^M>_g~vXiW^XUR>OQ_^epM � ¾��g½�G^½��
� ½��g» , ¾�ZQO�_ � ½��g»*½�GÌ�dM>PSRUM>biTS]YMy`YR>OÌrw_�O�Ri_ lVPS]YW^`^W�_}oYefM>_ l ��¼��C� ½�Z�O�_;� G�OQXiRis e|R>WQ_ �|O«T*R>OQX�W�OcbS_ twjYTQlaR�uvX
e|R>OYt.j*~vXmM>bUrfOcews�OQlÐMks XiO�_QW^ZQR�~É�¨�v`cs epnYlS�pWQ_|My`c_ R>Oc�|x*XdepMk_ lÂR�uvXmRUbS_}~vX<j^M�t.Tc�iuvX<OQP�Ei\QXiWQP*XGrfbdOcjYjc_}Z�\�ZQO^tf~vl
WGOcbS_ twjYTQl³R�uvXÆe|R>OYt.j*~vXNMybUrfOQefs�OQl³OcP�Ed\QXiMyR>OQ_�� � ¥Âj*uvlS�dW�_kZ�OQj*`^xS]YM>l¨My`c_ RU\c�|P*Xde|nYlvOQP�Ed\cXdWcP*X¨My]YOQ[wbi~vl�ZQO^tf~vl
OQP�Ei\QXiMyR>OQ_ËR>W«jY��rfM�twWcl�RyWQP®Z�Mk_gjY�>XdWcP���LÆnYjYMk_}~vXdWcP*jYM�T*Ri_�WQ_³My`c_ R>Oc�|x*XdMk_ lERyuvXVRUbS_}~vX{jYM�twTQ�iuvX{M>s XdOQ_�`^WS]Yx
Z�WYXURi\Ie|R>WÁ_g�dOcXS_}Z�T«zc\cbdWcl{�dx*XdOcj*nYlVR>WQP©epP*e|RUoYjYO^R>WQlS� � � ��� � � � � rw_gOÁTS]YWQP*lVRyWQP*l®e|R>O^twjYWQx*l®M>b�rfOQefs�OclS�ÈÃW©[.O�_ XdTcjYM>XdWÌOcPSRUTIM>jY[wOQXSs�hdMyRyO�_�T*RyOQX{R>WIj^��rfM�twWQlERyWQPÌZQMk_�jY�>XiWQP®Mks XiO�_³OcbiZ�M�Ri\�jYM�rf\^]YWIjYMEOc`^W*Ri��]YM>epj^O
XdO�M�ZQRUMy]YWQx*XUR>OQ_ `^OQbd\^]*]*n*]YOÌ`^OQbd\�`cWS]Yx�PS`cWS]YWdrw_ efjYWQs�OcXdOQhUo*R�nYepnYl�epM�ZQ\^twM�e|R>O^twjYT«M>bUrfOcefs�OQl�`^OQbi\ÌR�nYX
My`c_}Z�W�_ XiuvXds�OÌjYM�R>W«epP*XiRyWYXS_ e|R�o|� � ¥Âj*uvlS�¨n�My`c_ zc\cbdP*Xde|n�My`c_gZQW�_ XiuvXds�OQl�OcXd\QjYM>epOÌe|RyW©epP*XUR>WYXS_ e|R�oÌZQO�_ RyWQP*l
M>b�rfOQhdTcjYM>XdWcP*lÀOcP�Ed\QXiMyR>OQ_�My]YOQ[wbi~vlGZQO^tf~vlÂOcP�Ed\QXiMyR>OQ_QR>WVjY��rfM�t.WclGR>WcPKZ�Mk_gjY�>XdWcPKOc]*]Y\�n�My`c_ zc\QbdP*Xie|n�OQPSR�o
�dMyXK[.OQs XdM�R>O�_fXdOVM�`^nYbiM>\QhiMk_we|R�nYX�epP*XdWS]^_}ZQoEOc`^TQ�iWQe|n�RyuvX�`^OQbi\c]*]*n*]*uvXKPS]YW^`cWQ_goYepMyuvX^�ÀLNP*XdMy`Y~vlS��WE]YTdrfWQl
R>WcPG�|biT^XiWQPÃPS`^WS]YWdrw_ epjYWQxÂ`^bdWcl�RyW^XÃ�|biT^XiWÂMy`c_}Z�W�_ XiuvXds�Ocl�M>s XdOQ_iOcbiZ�M�Ri\GP*Êwn*]YTQlS�ËÈÃ�y]YWclS�*epM OcPSRUoÀR�nYXÉj^M�rf\c]*n
epPS]*]YWdrpo�Z�Mk_gjY�>XdWcPqR>O�Z�Oc]YxSRUM>biO�Oc`^W*RiM�]Y�>epj^O^R>OEOc`^TQ�iWQe|nYlG`^bdW^Z�xS`YR>WcP*XmjYMGRi_ l�jYM�twTQ�dWcP*l ��½KZ�OQ_3�>Gp�

21�� 143 ���5KD>feqQSO�X�dH@S>/@�� � Q�Q�� M � Q�b�K2a���� d	� M � Mf@2cA[S>�
�X�
�\ � Q� @�aDC�� d�
B>DCFE	� M

ÈÃWÁLN��oYjYO »�� Ò `^OQbiWQP*ef_�\chdMk_�My`c_ R>Oc�|x*XdepMk_ l�epM{ef�|�yepnIjYMVR>WYXÌOcbS_ twjYT RyuvXÌe|R>OYtwjY~vX�MybUrfOQefs�OQl{�|binYef_gjYWY�
`^W�_}~vXiRyOQl�R>WcP*l�O^]SrfWQbds twjYWQP*lKR�nYl�OcZQbS_ zcWQx*lKOcXdOchio*R�nYe|nYl�Tc`Yuvl � ^ � � � � ^���ZQO�_ R��	�Â¬I�Ë·ÂOQbiTQjYW�_gOw��RyW
LN��oYjYO�»�� d `^OQbiWQP*ef_�\chdMk_�M�`Q_ R>OQ�|x*XiepMk_ lqrw_gO®jY��rfM�t.WclmZQMk_�jY�>XiWQP�¼ Ò ¬ RÂ�.��`cs e|nYlS� R>O®LN��oYjYOcRyO�»�� Ñ Z�OQ_I»�� �-,
`^OQbiWQP*ef_�\chdWcP*XÃRi_ lÃMy`c_ RyOQ�|x*XiefM>_ lNrw_�Omj^M�rf��tfn¦Z�Mk_gjY�>XdWcP=� �*¬ RÁZQO�_*¼ Ò ¬ R OcXiRis e|R>W�_ �|O�rw_gOmR>WcP*lÉOc]SrfWcbSs twj^WcP*l
OQXiOQhUo*RUnYe|nYl Oc]Y[.OcbS_ twj*n*Ri_gZc~vXÀjYM?��O^`^WYRUP*�ps�M>lÆT^`^uvl�
.a �!R X¦©Z�OQ_!^��K�iÈÃ�y]YWQlS�*RyOKLN��oYjYOcRyOm»�� �.� ZQO�_Â»�� � ¼
`^OQbiWQP*ef_�\chdWcP*XÃRi_ lÃMy`c_ RyOQ�|x*XiefM>_ lNrw_�Omj^M�rf��tfn¦Z�Mk_gjY�>XdWcP=� �*¬ RÁZQO�_*¼ Ò ¬ R OcXiRis e|R>W�_ �|O�rw_gOmR>WcP*lÉOc]SrfWcbSs twj^WcP*l
OQXiOQhUo*RUnYe|nYlÂO^]Y[.OcbS_ twj*n*Rd_}ZQ~vXmjYMD�{�S_gOQ[wWQbd�ylGTc`Yuvl
;a	���N� ¬��w¬ a 9�
�� � ¬ Z�OQ_f¬ X cÐ�
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·¦s XdO^Z�OQl�»��g½%F�·GMk_gbdOQjYO^Rd_}Z�WQs*�|bdTYXdWQ_YM�ZQRU�y]YM>e|nYl �¯epMÉ�dM>PSRUM>biTS]YMy`YR>OQ¹Ërw_�OmjYM�rf��twWQlNZQMk_�jY�>XiWQP¦¼ Ò ¸�� Z�OQ_%� � �rw_gOa�S_gOQ[wWQbiMyRi_gZQ\�j*o*Zcn�`cbiW*RixS`YuvXm�|binYef_�jYW^`cWQ_g~vXUR>OclÂR>WYXqO^]SrfTQbS_ twjYW ^%c�9
� � � ·GOQbc�C�G]YWc`p� � ¼ ½ G ¾ » Ò d¾ ��¼ G � � Ò » d ¼�Gp� G^½ Ñ � »��g»*¼ , � ½�� Ñ*Ñ*Ñ � ¼��g¼*¾ Ò �-, � d ½*¼ Ñ � d/� G d � Ñ G�G

��½ G^½�� � ¾*¼ ¼ � � G^¼ Ñ � Gp�g½*»*» � ¼�� , G^½ �-, � G �-, Ñ �g¼ � G d � �UÒ , Ò � G �-,
�>G G^»�� � ¼*½ ¼*½�� d ¾ d � Gp�g¾ �UÒ � ¼��g¾ � ½ �-, � Ò G^¼ Ñ �g½ Ñ ½ d � G d ½ Ò �g¾*»*½

�-, ��¼ Ò5d � Ñ ½*¾ G^½�� , » Ò ¼ Ñ � � ¼ � ¼�Gp�g¾�G d ¼ � �g¼*½ d ��d � Ò*Ò ¼ � »�� d G Ñ � ¾��g½�G^½
��½ d., � � G � ½ Ñ � Ñ/�UÒ ¼*»�� Ò�� ¾ ¼*¼��g½�G � ��Ñ �g¼ d G � »�� Ñ.,YÒ � ¾�� � ¼*» � ½��g» , ¾
�>G d/� � d »*» G^¼��g»*¾*½ ¼*»��g½*¾ � ¼*¼��g¾ , ½ ��Ñ �g½ � ¼ � »�� d*Ñ/� � ¾��g¼ ,., � ½��g»*½�G¼ , ��¼ � ¾*½��g¼*» , d., � ,YÒ�� ¾*½�� Ñ*Ñ*Ñ G^¾�� � ¾*» ½ Ñ � � G , ½�Gp�g¾ ,�d ½ , �g¾ Ñ G ¼ Ò � Ò »*¾
��½ � ¾�Gp�g¼*¼ d Ò »�� Ñ G^¼ ¾ � � G � ¾ G^¼�� Ñ*Ñ » ½ Ò � , »*» ½*¼�� G^¾*¾ ¼ d � Ñ., ½ ¼*»�� ,*Ñ*Ñ
�>G � ¾*¾��g¾ Ñ*Ñ ÒSÑ � Ò5dYÒ ¾ , � Ñ*Ñ�d G^½�� �-,., ½ Ò � ,., G ½*¼�� G , ½ ¼ Ñ � ,/� G ¼*»�� , ¾*½½ , ��¼ ¼*¼ d �g½ ,*Ñ �.�UÒ � G Ò ½ ÒSÑ � ,/��d »*»�� ,*Ñ G ¾ Ò � , ¼ � ¾ , �g¼ , ½ G�Gp�g» �.� G , �g½*¾ d
��½ ¼*¼ d � Ñ*Ñ ¾ �.� Gp�g½*¼ � Ò »��g½*¾ Ò »*½�� d�d., ¾*¾�� ,*Ñ » G d �g¼*¼*½ G^¼�� Ñ*Ñ*Ñ ½ d � ÒSÑ/�
�>G ¼*½ , � � ¼ � �.�UÒ � � »*½ Ò ¾�� d ½*¾ »*½�� Ò ¾*½ ¾�Gp� Ò , ½ G Ò � d�dYÒ G^¼�� d ¼*¾ ½ d � G^»*»» , ��¼ G^¾ , � �UÒ5d ¼*¼ d �g¼�G Ò � ¾*½�� �UÒSÑ � ¼ d � , ¾ � �.�-, � G ÒSÑ Ñ »��g¼ dYÒ d »��g½*½*» Ò*Ò � Ñ., G
��½ G^¾ , �g¾ Ñ�d ¼*¼*¾�� , ½*½ � ¾ , �g½*¼*½ � ¼*¾��g¾ Ò » �-,�d � ��d » Ñ Gp� G�G Ò d ½�� Ñ » Ò Ò ¾��g¾ d »
�>G G^¾ � �g¾ �-, ¼*¼ Ò �g» Ò*Ò � G Ñ �g¾ , ¼ � ¼*¾�� G^»*» �-,YÒ �g»*¼*» Ñ Gp� d/�-, d Gp�g»*½ d Ò »��g¾*½�G

+ `^T�R>O�`^OQbdO^`^\QXiu©O^`cW*RUMy]Y�>epjYOcRyOEe|nYjYMk_}~vXdWcP*j^MÐT*Ri_|nqOc`^TQ�iWQe|nqR�nYlÀPS]YWc`^W�s nYe|nYl ��¼q�|bUnYew_gjYWc`^W�_}~vXiRyOQl
R>WcP*l�Oc]SrfWcbSs twj^WcP*l � ^�� � � � R��	�Â¬�� 
.a � 
;a	� ZQO�_ ¬ a 9�
�� � ¬#�dMyX�`^OcbdWQP*ef_g\QhiMk_�RUnYX�Z�O^]YxSRUM>binaefP*jd�
`^M>bS_g[.Wcbd\�Z�OQ_|Mks XiO�_�epOQ[f~vl¦�|Mk_�biT*RiMybinqZQO�_|Oc`^T�R�nYXqPS]YWc`^WQs}nYe|n � � �¨ÈÃW�rfM�rfWYXdTQlÀOQPSRUT�WQ[.M>s�]YMyRyO�_|e|R>WaT*Ri_pW

·¦s XdO^Z�OQlÃ»�� G:F¨·GMk_�biOQjYOcRi_}Z�WQsQ�|bdTYXdWQ_�MyZQRU�y]YMyepnYl �¯epMG�dMyPSRiMybdTS]YMy`YR>OQ¹vrw_gOEjYM�rf��t.WclGZ�M>_�jY�>XiWQPq¼ Ò ¸�� ZQO�_�� �
��`�rw_�OE�S_gOQ[wWQbdM�Rd_}Z��ylÀRi_�jY�>l¦RyWQP ���|binYef_gj^W^`^W�_}~vXiR>OclÂR>WYXqO^]SrfTQbd_ t.jYWY^
c�9

� � � ·ÂOQb^� �G]YWc`p� � ¼ ½ G ¾ » Ò d
� ��¼ Ò5d � d G�G G^½�� � ½*¼ ¼ Ñ � � ¾ d ¼�Gp�g¾*¾�G ¼ � �g½ d ½ ��d � d ½*» � »�� ÒSÑ ¼ � ¾��g½*¾*½

��½ ÒSÑ � Ò��-, G , � Ò G � ¼ Ò �g¾*½ , ¼*½��g½ � G ¼ , � � ¾ , �UÒ �g» dYÒ � ¾�� Ñ »�G � Gp�g» , ¾
�>G d ¼��g¼*¼�G ½ Ñ �g¾ dYÒ ¼*»�� G^¼ , ¼*¼�� Ò�� ¼ ��Ñ �g¾*¼ � �UÒ � �UÒSÑ � ¾��g¼ d G � ½�� Ò�� »½ ��¼ Ò5d � Ñ ½*¾ G^½�� , » Ò ¼ Ñ � � ¼ � ¼�Gp�g¾�G d ¼ � �g¼*½ d ��d � Ò*Ò ¼ � »�� d G Ñ � ¾��g½�G^½
��½ d., � � G � G , � d ¾*¾ ¼ Ò �g» � » ¼*½��g½�G d ¼ , � ��Ñ., �UÒ � d�d G � »�� ,.,*Ñ � Gp�g¾ ÑYÒ
�>G d/� � d »*» ½ Ñ � G Ñ G ¼*»��g½*¾ � ¼*¼��g¾ , ½ ��Ñ �g½ � ¼ � »�� d*Ñ/� � ¾��g¼ ,., � ½�� Ò���d» ��¼ Ò5d � d�d/� G^½�� � ¾*½ ¼ Ñ � � ¾ � ¼�Gp�g¾*¾ , ¼ � � G ,., ��d � d ½ , � »�� d.,�d � ¾��g½*¾�G
��½ ÒSÑ � Ñ »�G G , � ÒSÑ�d ¼ Ò �g¾*¾ , ¼*½��g½*½*¾ ¼ , � �UÒ » �UÒ � Ò ,/� � ¾�� ÑYÒ ¾ � Gp�g»*¼ ,
�>G d ¼��g¼ d*Ñ ½ Ñ �g» , G ¼*»�� G , ¼ ¼*¼��g» �UÒ ��Ñ � G�G d �UÒ � ��d/� � ¾��g¼ Ñ ¼ � ½�� Ò ¼*½Ñ ��¼ ÒSÑ �g½ Ò » G^½��g½ Ò » ¼ Ñ �g½ � G ¼�Gp�g» Ñ�d ¼ � �g¾*½ � ��d � ÑYÒ » � »�� d*Ñ G � ¾��g½*» �
��½ d., � Ò G^¼ G � � �.� ½ ¼ Ò � Ò*Ò , ¼*½�� G Ñ*Ñ ¼ , �g½ ,YÒ �UÒ � d/��d � »�� ,YÒ ¼ � Gp� Ò G d
�>G d ¼��g¾ Ò ½ ½ Ñ � d ¼*¼ ¼*»��g¾*»*¾ ¼*¼�� Ò ¾�G ��Ñ �g¾�G d �UÒ �g¼ d ¾ � ¾��g½ Ñ ½ � ½�� Ò��UÒ

� ¾�G
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LN��oYjYOa»��g»%F¨�v`c_ RU\Q�|P*Xiepn�R�uvXm`^OQbi\c]*]*n*]*uvX�PS]YWc`^W�_}oYepMyuvXmOcXdOchio*R�nYe|nYlÂOc]Y[wOQbS_ twj*n*Ri_gZc~vXqepMGepP*Xi\QbiR�nYe|n�jYMR>WYXÉOcbS_ twjYTÂRyuvXÉe|R>OYt.j*~vXÉM>b�rfOQefs�Ocl�rw_�O¦jY��rfM�t.Wcl�ZQMk_gj^�yXdWQPÉ¼ Ò ¸��«Z�O�_G� � �Ð�|binYef_gjYWc`^W�_}~vXiRyOQl��S_gOQ[.WcbdMyRi_}Z�\j*o*ZQn�`^bdW*RUxS`YuvX �¯OcbS_ e|RUM>bd\Q¹ Z�OQ_A� ���`��|binYef_gjYWc`^W�_}~vXiRyOQl¦�S_gOQ[wWQbiMyRi_gZQ�>lÀRi_gj^�yl<RyWQP � �¯�dM�ES_g\�¹

�|bdTYXiWQlÃOQXiOQhio*R�nYe|nYlÉRyuvX�Oc]SrfWcbSs twjYuvXGOQPSR�~vX¦Mks XiO�_c`^Ocbd\q`^WS]Yxqj^_}Z�biTQlÐefMÐep�|�>e|nKjYMÃR>WYX¦�|bdTYXdWqMy`c_gZQW�_ XiuvXSs �
OQlS� + [wWQxÂWQ_^`^OQbiOc`^\QXUu�Oc]SrfTcbS_ twjYW�_YMks XiO�_*R>OQ�|xSRUM>biW�_YOc`^TmRyWQP*lÃOc`Y]YWcx*lÉOcZ�WS]YWcPdt._�O^Z�WQx*lÆOc]SrfWQbds t.jYWcP*lNTc`Yuvl
^%c+9 ��^���� � ¬ Z�OQ_S¬ X cÐ�^LNP*XdM�`^~vlS�YW<]YTdrfWQl R>WQPG�|bdTYXdWcPÀPS`^WS]YWdrw_ epjYWQx¦`^bdWclÆR>WYXÐ�|bdTYXdW¦My`c_}Z�WQ_ XUuvXSs�Ocl R�nYl
PS]YWc`^WQs}nYe|nYl.��¼mM>s XdOQ_^`^WS]Yx��|OQj*n*]YTQlS� ÈÃ�y]YWQlS�cTQepWYXGOc[.WQbi\mR�nYXÂepP*j*`^M>bS_g[.Wcbd\mR�uvX¦PS`^WS]YW�s�`YuvXÂPS]YW^`^W�_}oYefM�uvX
� � �6��½�ZQO�_J�>GEMks XiO�_ps��d_�O�Tc`Yuvl¦�>�|WcP*j^MÐ`^OQbdWcP*ef_�\cefM>_|rw_gOERyW^XmOc]SrfTcbS_ twjYW ^%c+9��

��;´: ���ND�� � !Ã@ KOM�� ��� !������ � �bM�������LN��"� J'M	���<B�N��

LNMÉOQPSR�o�R�nYXÂM>XdT*R�n*R>OqOQXdO^`YRix*epepWQP*jYMÉ�>XiOqOcXdOc]YPSRi_}Z�Tmj^WYXURi��]YWq`^bdTYz^]YMyÊwnYlÉOc`^Tc�dWQe|nYlÆrw_gO�XdO�`cMybS_ rfbi\QÊ.WcP*jYM
R�nYX<PS`cWS]YWdrw_ epRi_}ZQo�epP*j*`^M>bS_g[.Wcbd\KRyuvX¦RUM>epep\QbUuvXÂ`cOcbd\^]*]*n*]*uvX¦PS]YWc`^W�_}oYepMyuvX¦OQXiOQhio*R�nYe|nYlÐOc]Y[.OcbS_ twj*n*Ri_gZc~vXc�
ÈÃWKjYWYXiRU�y]YW�`cWcP¦`cMybS_ rfbi\Q[.M�R>O�_^M>�i~«M>s XdOQ_Y]^s rfWq�S_gOQ[.WcbdMyRi_}Z�T�Oc`^TqRyWKjYW^XURU�y]YWqepMÃWQjYW�_ WdrfM>Xd�>lÉepx*e|R�nYjYO�OQ[.Wcx
]YOQjdzc\cXdWQP*jYMÀPS`cTcÊwn�j^_gOaXi�>OEOcbd�p_ RUMyZcR>WYXS_}ZQo�T^`YuvlÂR>WaM�RiMybdWdrfM>Xi�>lÂepx*e|RUnYjYOf�

� ¾*¾
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LN��oYjYOa»�� Ò F¨�v`c_ RU\Q�|P*Xiepn�R�uvXm`^OQbi\c]*]*n*]*uvX�PS]YWc`^W�_}oYepMyuvXmOcXdOchio*R�nYe|nYlÂOc]Y[wOQbS_ twj*n*Ri_gZc~vXqepMGepP*Xi\QbiR�nYe|n�jYMR>WYXVOcbS_ twjYT�RyuvXaepRyO^twj*~vXVM>b�rfOQefs�Oclmrw_�O�j^��rfM�twWQl�Z�Mk_gjY�>XdWcP � ½S¸ ���|bUnYef_�jYWc`^WQ_g~vXUR>OQl�RyWQP*l�Oc]SrfWcbSs twj^WcP*l
� ^������ �0^�� Z�OQ_%R��	�¦¬

21405176 � Mf@SQBUD>kC E�[ ILKBMN>PeRQSK �2K	� 
�X�
 b C%@ >�
2M <?>/@S>kC E�[ �^QSK �5K � 
�X�
 <VUSMW>AKBMDCYXZ>A[�\^]`_`aA]
b�@2cPG2dHe�MPK2\

�G`^W^tw�yRyWQP*jYMÃTYRi_ � � � ���y� � � ZQO�_ �	
GM>s XdOQ_cWQ_c�|bdTYXiW�_*`cWcP�ZQOcRyOQXdO^]*~vXdWYXiRyO�_*epMÉZ�\^twMÉO^`cT�Ri_ lÀRU�>epepM>bS_ lG[.\cepMk_ lR�nYl¦PS]YWc`^W�s nYe|nYlD� � OQXiRis e|R>WQ_ �|Ow�¨ÈÃOEOQXiOc]YPSRi_gZQ\�ZQTQe|R�n �¯epM¦�|bdTYXdWQ¹ Mks XdOQ_|uvl¦M�EioYl5F
P�`^bi~¨R�nÌ[w\Qe|n�`^M>bd_g]YOcjdzc\QXdM>_ R>W«�|bdTYXiWÌMy`c_gZQW�_ XiuvXds�OQlKrw_gO�XdO�rws XdMk_ n�MyZQ`^WcjY`Yo®R>WcP�`^bdT*RUPS`^WQP®Oc]Y[.O*�

bS_ twj*n*Ri_gZQWQx ZQO�_ÆR>WcP OQbd_ twj^Wcx RyuvXIOc`^W*RUP*�p_g~vX�oÁ�d_�Oc[.WQbU~vX � epM�TS]YWcP*l�R>WcP*lÌe|R>OYt.jYWcx*l�M>bUrfOcews�OQl�`^WQP
`^M>bS_}]YOQjdzc\cXdWYXiRyO�_Æe|R�nYX«My`^M7EdM>b�rfOQefs�O OQXdOchio*R�nYe|nYl�O^]Y[.OcbS_ twj*n*Rd_}ZQ~vX^� ¦bUnYef_�jYWc`^WQ_goYepOQjYM�R�nYX©epP*Xi\QbiR�nYe|n
¬�
� RN�k�*°´¡Nrw_gO�R�nYX<MyZQ`^WcjY`YomRyuvX¦`Y]*nYbdWQ[wWQbd_g~vXÂ`^WQPmWS]YWcZc]*nYbi~vXdM�R>O�_cefM ������� �Vz^oYjYOcRyOw�³ÈÃW�jY��rfM�twWQlÀM>XdTcl

� ¾*»



���������
	�� �������	��������������������
� !��#"�$%��� �'&%�(	�)+*�	�,�"�-���$��.)/�
�0	1���32546��-7� 8:9;*<$%���/-�� �%�&���*D@��;B�C�$�-��D4�	

0

1

2

3

4

5

6

1 2 3 4 5 6 7 8

S
pe

ed
up

Number of workstations

QS search algorithm and n=27MB

P2
P3
P4

0

1

2

3

4

5

6

1 2 3 4 5 6 7 8

S
pe

ed
up

Number of workstations

RF search algorithm and n=27MB

P2
P3
P4

1

1.5

2

2.5

3

3.5

4

4.5

5

5.5

6

1 2 3 4 5 6 7 8

S
pe

ed
up

Number of workstations

SO search algorithm and n=27MB

P2
P3
P4

0

1

2

3

4

5

6

1 2 3 4 5 6 7 8

S
pe

ed
up

Number of workstations

BNDM search algorithm and n=27MB

P2
P3
P4

LN��oYjYOa»�� d F¨�v`c_ RU\Q�|P*Xiepn�R�uvXm`^OQbi\c]*]*n*]*uvX�PS]YWc`^W�_}oYepMyuvXmOcXdOchio*R�nYe|nYlÂOc]Y[wOQbS_ twj*n*Ri_gZc~vXqepMGepP*Xi\QbiR�nYe|n�jYMR>WYXVOcbS_ twjYT�RyuvXaepRyO^twj*~vXVM>b�rfOQefs�Oclmrw_�O�j^��rfM�twWQl�Z�Mk_gjY�>XdWcPV¼ Ò ¸ ���|bUnYef_�jYWc`^WQ_g~vXUR>OQl�RyWQP*l�Oc]SrfWcbSs twj^WcP*l
� ^������ �0^�� Z�OQ_%R��	�¦¬

� `^biWYRUxS`^WQPEOc]Y[wOQbS_ twj*n*Ri_gZQWQxEMks XiO�_P� � SQ¡´��°¦ZQO�_�W�OQbd_ t.jYTclmRyuvX�Oc`^W*RUP*�p_g~vX�o{�d_�Oc[.Wcbi~vX �ÌM>s XdOQ_ � � SQ¡´�Y�
LNP*XdM�`^~vlS�cnKMyZc`^WQj*`YoqjYMyRyOQ[.�ybdMk_��u�w� � SQ¡´��°Ée|R>WcP*lÂ\c]*]YWcP*l5��
 �Âe|RyO^twjYWQx*lÂM>b�rfOQefs�OclS�¨¥ �|bdTYXdWcl � � rw_gOR�nYXm`^bi~¨R�n�[w\Qe|n��Ss XdMyRyO�_|Oc`^T�F

� � ��������� ��� � � � � � �U� ��� �¯»�� Ñ ¹
P �dM>xSRUM>bUn�[.\Qe|nmMks XiO�_^W�j^�yefWclÀ�|biTYXdWQlN���d� rw_gO�XdOq�S_gOYzcOQe|RyWQx*XÂR>O�OcXiRis e|R>W�_ �|O�PS`cW*� Z�Mks�jYM>XdOmj^M�rf��twWQP*l

� � � �>� � � 
y�{�|OQbiOcZcRUoYbiM>l�Oc`^T�R>WQP*l�R>W^`Q_}Z�Wcx*lV�Ss e|ZQWQP*lER�uvX��d_�Oc[.TcbiuvXVe|R>OYtwjY~vX®M>b�rfOQefs�OclS�ÌÈÃT*RiMi�vW
�|bdTYXiWQl �	�Nrw_�O�R�nYXq�dMyxSRiMybin�[w\Qe|n�Mks XdO�_�uvl¦M7EUoYl5F

����� ���	� � ��� � p
� � � ���(�{� 
 �� � 
��
 � � � �¯»�� �-, ¹

� ¾ Ò
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LN��oYjYOa»�� Ñ F¨�v`c_ RU\Q�|P*Xiepn�R�uvXm`^OQbi\c]*]*n*]*uvX�PS]YWc`^W�_}oYepMyuvXmOcXdOchio*R�nYe|nYlÂOc]Y[wOQbS_ twj*n*Ri_gZc~vXqepMGepP*Xi\QbiR�nYe|n�jYMR>WYXÉOcbS_ twjYTÂRyuvXÉe|R>OYt.j*~vXÉM>b�rfOQefs�Ocl�rw_�O¦jY��rfM�t.Wcl�ZQMk_gj^�yXdWQP � ½S¸��«Z�O�_G� � �Ð�|binYef_gjYWc`^W�_}~vXiRyOQl��S_gOQ[.WcbdMyRi_}Z�\j*o*ZQn�`^bdW*RUxS`YuvXq�|bUnYew_gjYWc`^W�_}~vXiRyOQlÂRyWQP*l<Oc]SrfWcbSs twj^WcP*l<R XÂ ��
.a Z�OQ_�^��

Tc`^WcP®� � 
��
 � � M>s XdOQ_f��uvbUn*Ri_gZQTYR�n*RyOV� �d� R>WcPEMyRUM>biWdrfM>XdWcx*l¦epP*epR�oYjYOcRyWQlmTYRyOQXm�|binYef_�jYW^`cWQ_�M>s R>O�_�WaepRyO^twjYTQl
M>b�rfOQefs�Ocl �p�

P%RUbSs R�n©[.\cepn©Mks XdOQ_�WIj^�yefWcl��|bdTYXdWcl{OQXdOchio*R�nYe|nYl{Oc]Y[wOQbS_ twj*n*Ri_gZc~vXÌepP*j*`cMybS_}]YOQjdzcOQXiWQjY�>XdWcP�Z�OQ_�RyWQP
�|bdTYXiWQPE`^biWQMy`^M7EiM>bUrfOcews�OQl<�S_gOQjY�>epWcPVR>WQP{M�RiMybdWdrfM>XiWQx*lqepP*e|R�oYjYOcR>WclS� B<\^twMqe|RyO^twjYTQl�M>b�rfOQefs�Oclm`^bd�y`^Mk_�XdO
MyZcRiM�]Y�>epMk_dR�nYXÐ`^bdWcMy`^M7EdMybUrfOQefs�OÀR>WcPG`^bdW*RUxS`^WQPÀZQO�_Se|R�nYXÀepP*Xi�>�|Mk_gO�XiO¦OQXiOQhin*R�oYepMk_S�>XiO�� `^bdT*RUPS`^WmO^]Y[.OcbS_ t|�
j*n*Ri_gZQTEepMG�yXdO�PS`^WY� ZQMks�jYM>XiW�j^M�rf��twWQP*l � � � �>�C� � 
w�¦�|OQbiOcZcRUoYbUuvXc��P `cWS]YPS`Y]YW^Z�T*R�n*R>O�`cbiWQMy`^M7EiM>bUrfOcefs�OQl
`^WQPÀMyZQRUMy]YMks RyO�_*epM�ZQ\^twM�epRyO^twjYTmMybUrfOQefs�OQl¨rw_�O¦R>W�� `^biTYRUPS`^W�MyZ�[wbd\QhiMyR>OQ_iO^`cT¦R�nYXÃepP*Xd\QbUR�nYepn�� � � � � � � � �p�Z�OQ_fn�`^WS]YPS`Y]YWcZ�T*R�n*R>O{OcXdOchio*R�nYe|nYlÂ`cWcP�MyZQRUMy]YMks RyO�_fefM¦ZQ\^twMÂM>b�rfOQhdTcjYM>XdW�epM<�>XdOEPS`cW*� Z�Mks�jYM>XdW�MyZ�[wbd\chdMyRyO�_
Oc`^T�R�nYXmepP*Xd\cbiR�nYe|n ��� ��� � ��� � � �� �+� � 
 � � � � �p�Ærw_�OEWc`^W�_ Wc�io*`^W*RUMGOcZQWS]YWQPdt._gOcZ�T�O^]SrfTQbS_ twjYW�OQXdOchio*R�nYe|nYl

� ¾ d



���������
	�� �������	��������������������
� !��#"�$%��� �'&%�(	�)+*�	�,�"�-���$��.)/�
�0	1���32546��-7� 8:9;*<$%���/-�� �%�&���*D@��;B�C�$�-��D4�	

1

1.5

2

2.5

3

3.5

4

4.5

5

5.5

6

1 2 3 4 5 6 7 8

S
pe

ed
up

Number of workstations

BYP search algorithm, n=27MB and k=3

P2
P3
P4

0

1

2

3

4

5

6

1 2 3 4 5 6 7 8

S
pe

ed
up

Number of workstations

TU search algorithm, n=27MB and k=3

P2
P3
P4

1

2

3

4

5

6

7

1 2 3 4 5 6 7 8

S
pe

ed
up

Number of workstations

SO search algorithm, n=27MB and k=3

P2
P3
P4

LN��oYjYOq»�� �-, F ��`c_ RU\c�|P*Xde|n<RyuvXG`^OQbi\c]*]*n*]*uvXÐPS]YWc`^W�_}oYepMyuvXÐOQXdOchio*R�nYe|nYlNOc]Y[wOQbd_ t.j*n*Ri_}ZQ~vXGepMNepP*Xi\QbiR�nYe|n<jYMR>WYXÉOcbS_ twjYTÂRyuvXÉe|R>OYt.j*~vXÉM>b�rfOQefs�Ocl�rw_�O¦jY��rfM�t.Wcl�ZQMk_gj^�yXdWQPÉ¼ Ò ¸��«Z�O�_G� � �Ð�|binYef_gjYWc`^W�_}~vXiRyOQl��S_gOQ[.WcbdMyRi_}Z�\j*o*ZQn�`^bdW*RUxS`YuvXq�|bUnYew_gjYWc`^W�_}~vXiRyOQlÂRyWQP*l<Oc]SrfWcbSs twj^WcP*l<R XÂ ��
.a Z�OQ_�^��

Oc]Y[wOQbd_ t.j*n*Ri_}ZQ~vXc�¨ÈÃT*RUMd�pW��|bdTYXdWcl � � rw_�O�RUnYXm[.\cepn�OcXdOchio*R�nYe|nYlÂOc]Y[wOQbS_ twj*n*Ri_gZc~vXm�ds XiMyR>OQ_fO^`cT�F
� � � ���	�

�
��� �

p � ��� � � � � � �p� � ��� ��� � ��� � � � � �>�(�{� 
T� � � � �p�� �	� ��� � ��� � � � �¯»�� �.� ¹
Tc`^WcP{� �	� ��� � ��� � � M>s XdOQ_�nE��uvbUn*Ri_gZQTYR�n*RyOVOQXiOQhio*R�nYe|nYlÂO^]Y[.OQbd_ twjYn*Ri_}ZQ~vXqRyWQP�MyRUM>biWdrfM>XdWcx*lÂepP*epR�oYjYOcRyWQl�T*R>OQX�|binYef_gjYWc`^W�_gMks R>OQ_wWEepRyO^twjYTQl<M>b�rfOQefs�Ocl �p�

ÈÃ�y]YWQlS�^n<RU�yR>OcbiR�nq[w\Qe|n<`^M>bS_}]YOQjdzc\QXiMk_*R>W��|bdTYXiWmMy`c_}Z�WQ_ XUuvXSs�OclÆrw_�OqXdOKepPS]*]YM�rfWcx*XH�VOc`^W*RiM�]Y�>epj^O^R>O�O^`cT
R�nYX�OQXdOchio*R�nYe|naO^]Y[.OcbS_ twj*n*Rd_}ZQ~vXK`^WcPaMyZcRiM�]Y�>e|RUn*ZQOQX�e|R>O�OcXiRis e|R>W�_ �|O�PS`^WY� ZQMks�jYM>XiOVOc`^TVRyWQP*l �«epRyO^twjYWQx*l
M>b�rfOQefs�OclÀ`^OQbi\c]*]*n*]YOw� B<\^twMGe|R>OYtwj^Tcl<M>bUrfOcews�OQlÀepRU�y]YXiMk_f`cs e|u j^_�O�Ri_�j*o �¯e|RUnYXm`cMybSs�`YR�uvepn�jYOclÂR>WYXqOcbS_ twjYT
RyuvXGM>jY[.OQXds epMyuvXS¹y� ¦binYef_gjYWc`^W�_}oYepOQjYMNR�nYXÂepP*Xd\QbUR�nYepn<¬®�� �Ã���   �>�Ãrw_gOKXdOmepPS]*]Y�7EdWcP*j^MNRyOKOc`^W*RUMy]Y�>epjYOcRyO

� ¾ Ñ



���������
	�� �������	��������������������
� !��#"�$%��� �'&%�(	�)+*�	�,�"�-���$��.)/�
�0	1���32546��-7� 8:9;*<$%���/-�� �%�&���*D@��;B�C�$�-��D4�	

0

1

2

3

4

5

6

1 2 3 4 5 6 7 8

S
pe

ed
up

Number of workstations

TUD search algorithm, n=13MB and k=3

P1
P2
P3
P4

1

2

3

4

5

6

7

1 2 3 4 5 6 7 8

S
pe

ed
up

Number of workstations

WM search algorithm, n=13MB and k=3

P1
P2
P3
P4

1

1.5

2

2.5

3

3.5

4

4.5

5

5.5

6

1 2 3 4 5 6 7 8

S
pe

ed
up

Number of workstations

MULTIWM search algorithm, n=13MB and k=3

P1
P2
P3
P4

1

1.5

2

2.5

3

3.5

4

4.5

5

5.5

6

1 2 3 4 5 6 7 8

S
pe

ed
up

Number of workstations

MYE search algorithm, n=13MB and k=3

P1
P2
P3
P4

LN��oYjYOq»�� �.� F ��`c_ RU\c�|P*Xde|n<RyuvXG`^OQbi\c]*]*n*]*uvXÐPS]YWc`^W�_}oYepMyuvXÐOQXdOchio*R�nYe|nYlNOc]Y[wOQbd_ t.j*n*Ri_}ZQ~vXGepMNepP*Xi\QbiR�nYe|n<jYMR>WYXÉOcbS_ twjYTÂRyuvXÉe|R>OYt.j*~vXÉM>b�rfOQefs�Ocl�rw_�O¦jY��rfM�t.Wcl�ZQMk_gj^�yXdWQP � ½S¸��«Z�O�_G� � �Ð�|binYef_gjYWc`^W�_}~vXiRyOQl��S_gOQ[.WcbdMyRi_}Z�\j*o*ZQn�`^bdW*RUxS`YuvXq�|bUnYew_gjYWc`^W�_}~vXiRyOQlÂRyWQP*l<Oc]SrfWcbSs twj^WcP*l	
;a	���A� ¬��.¬ a 9�
�� � ¬ Z�O�_|¬ X c

`^WQP�WS]YW^ZQ]*nYbi~vXiMyR>OQ_|efM ����� � ��z^oYjYOcRyOw��LNP*XiMy`Y~vlS�pWE�|biT^XiWQl �	
Ârw_�OEOQPSR�o�R�nYXq[w\Qe|n�Mks XiO�_Quvl<M7EUoYl5F

��
�� ������� ��� � � ��� �¯»�� � ¼Y¹

¥ efP*XiWS]^_gZQTQl¦�|biT^XiWQlÂM�ZQRU�y]YM>e|nYl¦R�nYl�e|RyOcRi_gZcoYlmPS]YW^`^W�s nYe|nYl¦OQXdOchio*R�nYe|nYl¦Oc]Y[wOQbS_ twj*n*Ri_gZc~vXc��� � �f�|bUnYew_ �
jYWc`^W�_}~vXiRyOQlÂRyWQP*l���e|R>O^twjYWQx*l<M>b�rfOQefs�OclS��Mks XdOQ_|RyWV\^twbiW�_ epjYOER�uvXmRUM>epep\QbiuvX�[.\cepMyuvX�ZQO�_p�Ss XdMyRyO�_|Oc`^T�F

� � � � � � ���;� � � � ��
 �¯»�� � ½Y¹

� » ,



���������
	�� �������	��������������������
� !��#"�$%��� �'&%�(	�)+*�	�,�"�-���$��.)/�
�0	1���32546��-7� 8:9;*<$%���/-�� �%�&���*D@��;B�C�$�-��D4�	

0

1

2

3

4

5

6

1 2 3 4 5 6 7 8

S
pe

ed
up

Number of workstations

TUD search algorithm, n=27MB and k=3

P2
P3
P4

1

2

3

4

5

6

7

1 2 3 4 5 6 7 8

S
pe

ed
up

Number of workstations

WM search algorithm, n=27MB and k=3

P2
P3
P4

1

1.5

2

2.5

3

3.5

4

4.5

5

5.5

6

1 2 3 4 5 6 7 8

S
pe

ed
up

Number of workstations

MULTIWM search algorithm, n=27MB and k=3

P2
P3
P4

1

1.5

2

2.5

3

3.5

4

4.5

5

5.5

6

1 2 3 4 5 6 7 8

S
pe

ed
up

Number of workstations

MYE search algorithm, n=27MB and k=3

P2
P3
P4

LN��oYjYOq»�� � ¼%F ��`c_ RU\c�|P*Xde|n<RyuvXG`^OQbi\c]*]*n*]*uvXÐPS]YWc`^W�_}oYepMyuvXÐOQXdOchio*R�nYe|nYlNOc]Y[wOQbd_ t.j*n*Ri_}ZQ~vXGepMNepP*Xi\QbiR�nYe|n<jYMR>WYXÉOcbS_ twjYTÂRyuvXÉe|R>OYt.j*~vXÉM>b�rfOQefs�Ocl�rw_�O¦jY��rfM�t.Wcl�ZQMk_gj^�yXdWQPÉ¼ Ò ¸��«Z�O�_G� � �Ð�|binYef_gjYWc`^W�_}~vXiRyOQl��S_gOQ[.WcbdMyRi_}Z�\j*o*ZQn�`^bdW*RUxS`YuvXq�|bUnYew_gjYWc`^W�_}~vXiRyOQlÂRyWQP*l<Oc]SrfWcbSs twj^WcP*l	
;a	���A� ¬��.¬ a 9�
�� � ¬ Z�O�_|¬ X c

214051�� � Mf@SQBUD>kC E�[ ILKBMN>PeRQSK �2K	� 
�X�
 b C%@ � UBMf@2dZCFEHO�\ � QSK �2KHCF[�X�e/CY\*<VUBMN>AKBMDCYX >W[�\^]�_`aA]
b�@2cPG2dHe�MPK2\
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[.bi\QhiMyR>OQ_wOc`^TVR�nYX�epP*Xd\QbUR�nYepn ��� �
� � ��� ��� � � ��� � ��
��U� � � � �p�Àrw_�O{W^`cWQ_ WQ�Uo*`^WYRUM�Oc]SrfTcbS_ twjYW{OQXdOchio*R�nYe|nYl
Oc]Y[wOQbd_ t.j*n*Ri_}ZQ~vXc�¨ÈÃT*RUMd�pW��|bdTYXdWcl � � rw_�O�RUnYXm[.\cepn�OcXdOchio*R�nYe|n�Oc]Y[wOQbS_ twj*n*Ri_gZc~vXm�ds XiMyR>OQ_fO^`cT�F

� � � ���	�
�
��� �

p � ��� � � � � � �p� � ��� ��� � ��� ��� � � ��� �p� 
T�U� � � � �p�� �	� ��� � ��� � � � �¯»��g¼ d ¹

Tc`^WcP{� �	� ��� � ��� � � M>s XdOQ_�nE��uvbUn*Ri_gZQTYR�n*RyOVOQXiOQhio*R�nYe|nYlÂO^]Y[.OQbd_ twjYn*Ri_}ZQ~vXqRyWQP�MyRUM>biWdrfM>XdWcx*lÂepP*epR�oYjYOcRyWQl�T*R>OQX�|binYef_gjYWc`^W�_gMks R>OQ_wWEepRyO^twjYTQl<M>b�rfOQefs�Ocl �p�
ÈÃ�y]YWQlS� n�RU�yRyOQbURUn�[.\ce|n�`^M>bd_g]YOcjSzc\cXdMk_�R>W��|biT^XiW�My`c_}Z�WQ_ XUuvXSs�Oclqrw_�O�XiOÌepPS]*]YM�rfWQx*XER>O�Oc`^W*RUMy]Y�>epjYOcRyO

R�nYlmOcXdOchio*R�nYe|nYl¦Oc]Y[.OcbS_ twj*n*Ri_gZc~vXKOc`^TaRyWQP*l���e|R>OYtwj^Wcx*lmMybUrfOQefs�OQlS��ÈÃTYRUMd�wWV�|biT^XiWQl �	
qM>s XdOQ_ws��S_ Wcl<j^M¦RyW
��
<R�nYl¦PS]YWc`^WQs}nYe|nYlD� � Z�OQ_fWcbSs�hdMyRyO�_�uvl¦M7EioYl5F

��
�� ������� ��� � � ��� �¯»��g¼ Ñ ¹

¥ epP*XdWS]^_}Z�TclÂ�|bdTYXdWclÀM�ZQRU�y]YM>e|nYlÀR�nYlÂPizcbd_��d_gZcoYlÂPS]YWc`^WQs}nYe|nYlÂOcXdOchio*R�nYe|nYlGOc]Y[wOQbd_ t.j*n*Ri_}ZQ~vXc� � � �p�|bUnYew_ �
jYWc`^W�_}~vXiRyOQlÂRyWQP*l���e|R>O^twjYWQx*l<M>b�rfOQefs�OclS��Mks XdOQ_|RyWV\^twbiW�_ epjYOER�uvXmRUM>epep\QbiuvX�[.\cepMyuvX�ZQO�_p�Ss XdMyRyO�_|Oc`^T�F

� � � � � � ���;� � � � ��
 �¯»��g½ , ¹

¥¦_�`^WS]YPS`Y]YWcZQT*RUn*RUM>l�`^bdWQM�`cM�EdM>b�rfOQefs�Ocl<ZQO�_ OQXiOQhUo*RUnYe|nYlS�	� ��� � � � � � �p�GZ�OQ_ ��� ��� � ��� ��� � � � �p�y� rw_gO®RyWQP*lOc]SrfWcbSs twjYWQP*lÂ`^WQP��|binYef_gjYWc`^W�_}oYepOQjYM<epRyOV`^Mk_�bi\QjYOcRyOaZ�OQ_f�|bUnYef_�jYWc`^WQ_ WQx*XUR>O�_wepRyW{jYW^XURU�y]YWa`^bdT*z^]YM>ÊwnYl¦O^`cT*�
�dWce|nYlÆMks XdO�_is��d_�M>l jYM�RyW^XÉ·Âs XdO^Z�OÀ¾�� GÂ`^WQPÐ`cOcbdWcP*ew_g\Qe|R�n*Z�OcXÉe|R>W<`cbiWcnSrfWcx*j^MyXdWGZQM>[.\^]YO�_ Wf��P `^WS]YPS`Y]YWcZQTYR�n*RyO
OQXiOQhUo*RUnYe|nYlÀrw_gOERyWYXqOc]SrfTcbS_ twjYW ^%c�9IM>s XdOQ_�� �v�

� »*»
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��;�� ���ND�� � !Ã@ K � � J�� ! �D����B�&�D�!¨D

LNMÃOQPSR�o�RUnYX¦MyXdT*R�n*R>OK`^OQbiWQP*ef_�\chdWcP*j^M R>O�OQXiOc]YPSRi_gZQ\qO^`cW*RUMy]Y�>epjYOcRyOKRyuvX¦RUM>epep\QbiuvXÀ`cOcbd\^]*]*n*]*uvXÂPS]YWc`^W�_}od�
epMyuvXm`^WcPK`cbiWcZQxS`^RyWQP*X�Oc`^T�R>Wa`^bdW*RUMk_ XdTcj^MyXdW�jYW^XURU�y]YW�`^biTYz^]YM>ÊfnYlG`^WQPK`^OQbiWQP*ef_�\cepOQjYMÀ`^bdW^nSrfWQP*jY�>XUuvlS�

21�5176 pafK�X �DCYK2akCYX�dHG2\ >�� M�� EH@HC �

¥¦_Ë`^Ocbd\QjYMyRUbiW�_ � Z�OQ_ � `^WQP{�|bUnYew_gjYWc`^W�_ WQx*XiRyO�_�e|R�nYXVOcXd\c]YP*e|n{O^`^TQ�dWce|n�Mks XiO�_0] � ������
 `5]��dMyPSRiMybdTS]YMy`YR>O
Z�OQ_�� � ���� 
 `!Z��iM>PSRUM>bdTS]YM�`^RyO�OcXiRis e|R>W�_ �|O�epRyWYXVPS`^WS]YWdrw_ e|Rd_}Z�T�jYOcl�`^M>bd_ zc\^]*]YWYXc��¸ÌMyRUbUoYefOcjYMqZ�OQ_ epPS]*]Y���
EdOcjYM�Ri_ l�Ri_�jY�>lVOcPSRU�>lE�|bUnYef_�jYWc`^WQ_g~vXUR>OQl�R>WÌ`^Mks�bdOQjYO�Ï f �|²SÄ Ï��Y�|²�rw_�O«�>XiOÌWQbd_ epj^�yXdW�OQbd_ twj^T�M�`cOcXdO^]*oYÊ.MyuvX
�¯�|binYef_gjYWc`^W�_}oYepOQjYM �-,., ¹ rw_�OE�S_gOQ[wWQbdM�Rd_}Z�\�jYM�rf��tfn�j*nYXdP*jY\^RyuvXc�

21�51�� � �2afK2\ �	�BMP@2d�
2\ EH@HC�
V@���D>�
B>A@

ÈÃW®PS`cWS]YWdrw_ epRi_}Z�T®zc\cbdWclq�dx*XiOQj*nYlm`^Ocbd�>�|Mk_ j^_gO�jY�>e|n�OQXiOQ[wWQbd\aOc`^TQ�iWQe|nYlm`^M>bd_g]YOcjSzc\cXdWYXiRyOQl�RUnYX�MyRUM>biWdrf���
XdM>_�O�RyuvXVepP*e|R�nYjY\cRyuvX^��ÈÃW�zc\QbiWQlK�ix*XdOcjYnYlqMks XiO�_ j^_�O�efP*Xi�dP*OcepRi_}ZQo�jY�yRUbinYe|n{RyWQP{`^bdWdrfbd\cjYj^O^R>WclqZ�OQ_�R�nYl
epP*e|R>W�_ �ps�OQlÃPS`^WS]YWdrw_ e|R�~vXc���ÂMyuvbiWQx*jYM�TYRi_*R>Wmj^��rfM�twWQlÆR�nYlÉjYXioYj*nYlÉMy`YnYbdMy\QhdM>_dRUnYXÐMyZcRi��]YM>e|nÂR�nYlÉM>[.OcbdjYWdrpoYl
OQXiOQhUo*RUnYe|nYlÂO^]Y[.OcbS_ twj*n*Rd_}ZQ~vX�Z�OQ_pM>s XdOQ_|�>XdOclGZ�x*bd_ WQlG`^Ocbd\^rfWYXUR>OQlGOc`^TQ�iWQe|nYlÂOQbi�p_ RUMyZQRyWYXS_}ZQoYlS�

LÆR>O{`^Mk_gbd\QjYO^R>O�jYOQlS�.RyO�Oc`^W*RiM�]Y�>epj^O^R>O��|bdTYXiWQP�R�nYlqOQXiOQhUo*RUnYe|nYl�Oc]Y[wOQbS_ twj*n*Ri_gZc~vX�e|R>W®�Ss�ZcRUP*WVjYMyRUbiod�
tfn*Z�OcXV�|binYef_gj^W^`^W�_}~vXiR>Ocla�d_�Oc[.WQbiMyRi_gZQ\�jYM�rf��tfn®Z�Mk_gjY�>XdWcP�� P�Oc`^TQ�iWQe|n�ef�|M�Rds�hdMyRyO�_�\cjYM>epOÌjYM�RyW�j^��rfM�twWQl
R�nYlKjYXioYj*nYl�epMmZQ\^twMme|RyO^twjYT�M>b�rfOQefs�OclS�¦¸ÌM¦zc\Qe|nVR>WYX�RUxS`cW®»�� � ��jYMyRUbioStfn*Z�OcX�Z�O�_.`^OcbdWQP*ef_g\QhiW^XUR>OQ_�epRyWYX
·¦s XdO^Z�O<»��g¾¦R>O�jY�>e|nÂzc\Qbin<�ix*XdOcjYnYlS� � ¥G]YOqR>Om`cM>_�bi\QjYOcRyOKMy`^OQXiOc]*oY[ftfn*ZQOQXÃ�d�yZQOq[wWQbd�ylNepMÉ�>XdOmOc`^WcZc]YMk_ e|Ri_gZQT
epx*e|RUnYjYOf�©ÈÃO«O^`cW*RUMy]Y�>epjYOcRyOI�iMks �|XdWcP*XVT*Ri_¨RyO�zc\cbin��dx*XdOcj*nYl�`^OQbi�>jYMk_ XdOQX{e|RyO^twM>bd\«OcX�RyW«j^��rfM�twWQlaR�uvX
�dMy�dWQjY�>XUuvX¦RUnYl¦My[.OQbijYWdrpoYlÂjYOQlÂo*R>OcXqe|R>OETQbd_�O�R�nYl�jYXUoYjYnYlS�

ÈÃ�y]YWQlS�^WQ_YRyOQ�|xSR�n*RUM>l � 
��
 ZQO�_ � � ��� � ��� RyWQP¦R>Oc�|xSRiMybdWQP¦e|RyO^twjYWQx<M>bUrfOcefs�OQlvrw_�OqTS]YOmR>Omj*o*ZQn¦`^bdW*RUxS`YuvXZ�OQ_Q�S_gOQ[wWQbiMyRi_gZQ�>lÉRd_gjY�>lÀRyWQP ���QMyZQRUMy]*~vXUR>OclÐR�nYX¦M>[wOQbdjYWdrpo�R�nYlÀ`^bdWcefM�r|rw_ e|Rd_}ZQoYlGOQXdOchio*R�nYe|nYlÃOc]Y[.OcbS_ twj*n*Ri_ �
ZQ~vXmMks XiO�_�Z�bds ef_�jYW�_p`^OQbd\cjYMyRUbdW�_Qrw_gOVXdO�`^bdWYz^]Y�yÊ.WQP*jYMÐR>WQP*l<�|biT^XiWQP*l¦ªN a R�uvXKPS`^WS]YWdrw_ e|Rd_}ZQ~vXKZQWQjYjYOcRi_}~vX
epMÉ\c]*]YWcP*lÉepRyO^twjYWQx*lÐM>bUrfOcefs�OQlS� ¥¦_cRyOQ�|xSR�n*RUM>lÃjYMyRUbioStfn*Z�OcXÐrw_gOK�S_gOQ[wWQbdM�Rd_}Z�\�jYM�rf��tfn<Z�Mk_gjY�>XdWcPGZ�OQ_^`YoYbdOcjYM
R>WYX¦jY�>epW�TQbiWKOc`^TKRyWKRixS`^W�»��g¼�Tc`YuvlÐ`^OcbdWQP*ef_g\QhiW^XUR>OQ_ce|R>WcP*lÀ·¦s XdO^Z�M>lÉ»��g»��c»�� Ò ZQO�_Q»�� d rw_gOKRd_ lÂPS]YWc`^W�_}oYepMk_ l
� � �a�>Gp�C� ¼�Z�O�_;� ½�OQXURds e|RyW�_ �|Of��·Âbi�y`^Mk_�XiO�epnYjYMk_}~vepWQP*jYMaMy�i~ TYRi_³jYMyRUbioYepOcj^M�Ri_ laRyOQ�|xSR�n*RUM>l �	
��
 Z�O�_

� » Ò
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·¦s XdO^Z�OQlÆ»��g¾%F �É\cbin��dx*XiOQj*nYlÉRyuvX¦�dx*WmRixS`YuvX¦e|R>OYtwjY~vX¦MybUrfOQefs�OQlÆrw_gOK`cbiWQepM�r|rw_ e|Ri_}ZQoKOcXdOchio*R�nYe|nmO^]Y[.OcbS_ t|�j*n*Ri_gZc~vX
�G]YW^`cWQs nYepn ����c¡ f� p� ¬�¬ � ����c¡ f� p�

� � � , �g¾ Ñ ¾
��¼ � , �g¾ d ¾
��½ � , �g¾ d�d
�>G � , �g¾ Ñ ¾

� � �
� � ��� rw_gOmZQ\^twMÆ`^OQbi\c]*n*]*n¦PS]YW^`^W�s nYe|n EdM>��uvbd_ e|Ri\�rw_�OmXdOm`^biWYz^]Y�>ÊwWQP*jYM jYMÉO^Z�bSs zcMk_gO<RyWYXG�|bdTYXiW�M�ZQRU�y]YM>e|nYlrw_gOa�S_g\Q[wWQbiO�PS`^WS]YWdrw_ e|Ri_}Z�\VZ�WcjYj^\^Ri_�Of�

21�5143 � Mf@SQBUD>kC E
� ���5KD>PeRQSO�X�dH@S>/@

¥¦_Q·¦s XdO^Z�M>lÃ»�� Ñ ��»�� �-, �Q»�� �.� ZQO�_Q»�� � ¼m�dMks �|XiWQP*XGRyWQP*lG�|biTYXdWQP*lÃMyZcRU�y]YM>e|nYlÐrw_gO��S_g\Q[wWQbdMylÃRi_gjY�>l �v���«�$�EZQO�_-�
�|binYef_gjYWc`^W�_}~vXiRyOQl RyWYXÉOc]SrfTQbd_ twj^W ^%c�9a`^WQPÃ`^bdW^Z�xS`YR>WcP*XNOc`^TÂRi_ lÆM�ES_ e|~vepMk_ lN»�� � ½��i»�� ��Ñ �i»��g¼*¾ÀZ�OQ_i»��g½ , rw_�OÂRi_ l
PS]YWc`^WQ_goYepMk_ lD� � �J��¼��J��½qZQO�_$�>G�OcXiRis e|R>W�_ �|Ow�¨ÈÃW�LN��oYjYOE»�� � ½q`^OcbdWQP*ef_g\QhiMk_cRi_ l¦My`c_ RyOQ�|x*XdepMk_ lGrw_�O��S_g\Q[wWQbdMyl
Ri_�jY�>l �v�N�«�8�®ZQO�_q���|binYef_gj^W^`^W�_}~vXiR>Ocl�RyWYX�Oc]SrfTQbd_ twj^W ^%c�9 `^WQP�`^bdWcZQxS`YR>WQP*XqOc`^TVR>OV`^Mk_gbd\cj^O^R>OVZQO�_.O^`cT
Ri_ lqM�ES_ e|~vepMk_ lm»�� � ½�ZQO�_.»��g»Krw_gOVRUnYX�PS]YW^`^W�s nYe|n � � �É·ÂOcbdTcj^WQ_�O�R>O�LN��oYjYOcRyO{»�� � Gp�.»�� � ¾�Z�OQ_w»�� � »��dMks �|XiWQP*X
Ri_ lKMy`c_ RyOQ�|x*XiefM>_ lq`^WQP�`cbiWcZQxS`^RyWQP*XKO^`^TVR>O{`^Mk_�bi\QjYOcRyOVZ�OQ_.Oc`^TVRi_ lKM7Ed_ e|~vepMk_ lK»�� ��Ñ �.»��g¼*¾���»��g½ , Z�O�_w»��g»�rw_gO
Ri_ l�PS]YWc`^WQ_goYepMk_ l ��¼�� ��½VZ�OQ_8�>G�OQXURds e|RyW�_ �|Of�q� s XiO�_�e|nYjYOQXiRi_}Z�T�XdO�e|nYjYMk_}~vefWcP*jYMKT*Rd_ WQ_�M�`Q_ R>OQ�|x*XiepMk_ l�`^WQP
Oc`^Mk_}Z�WYXds�hdWYXUR>O�_|e|R>O�LN��oYjYO^R>OVMks XdOQ_fO^`cW*RU�y]YM>epjYOaRyWQP�j^�yefWcP�TQbdWcPqrw_�OE`c�yXiRUM¦�S_gOQ[wWQbdM�Rd_}Z�\�j*o*ZQn�`^bdW*RUxS`YuvX
Z�OQ_�rw_gO�RU�>epepM>bS_ lE�S_gOQ[wWQbdM�Rd_}Z��ylqRi_�jY�>l�R>WcPt���V�v`cs e|nYlS�¨e|nYjYMk_g~vXiWQP*jYM�M>�i~ T*Ri_�PS`^\Qbi�|WQP*XEjc_}Z�bi�>l��S_gOQ[wWQbd�yl
OQXi\QjYM>epO�epRi_ l¦`^Mk_gbdOcj^O^Ri_gZQ�>lÂZ�OQ_pOcXdO^]YPSRd_}Z��ylGRi_�jY�>lS�

21�51�� ���5KD>feqQSO�X�dH@S>/@�� � Q�Q�� M � Q�b�K2a���� d	� M � Mf@2cA[S>�
�X�
�\ � Q� @�aDC�� d�
B>DCFE	� M

ÈÃO{LN��oYjYOcRyOV»�� �UÒ �w»�� ��d �w»�� ��Ñ ZQO�_w»��g¼ , `^OQbiWQP*ef_g\QhdWcP*X�Ri_ lmMy`c_ R>Oc�|x*XdepMk_ lm�|binYef_gj^W^`^W�_}~vXiR>Ocl¦R>WQP*l�Oc]SrfWcbSs t|�
jYWQP*lKR�nYl�OcZQbS_ zcWQx*lmOQXdOchio*R�nYe|nYlqO^]Y[.OQbd_ twjYn*Ri_}ZQ~vXETc`Yuvl � ^�� ��� � ^�� ZQO�_6R��	�Â¬#`^WQPV`^bdW^Z�xS`YR>WcP*XEO^`cT
R>O�`^Mk_gbd\QjYO^R>O{Z�OQ_�O^`^T�Ri_ lqM7ES_ e|~vepMk_ l8»�� � ½��.»�� ��Ñ � »��g¼*¾aZQO�_�»��g½ , rw_gO®Ri_ l�PS]YW^`^W�_}oYefM>_ l=� � � ��¼�� � ½EZ�O�_A�>G
OQXURis epRyW�_ �|Of�Ã·ÂOQbiTQjYW�_gOw�|RyO�LN��oYjYOcR>O�»��g¼ � �w»��g¼*¼��.»��g¼*½�Z�OQ_w»��g¼�GE`^OQbdWcP*ef_�\chdWQP*X�Ri_ lqMy`c_ RyOQ�|x*XiefM>_ lK�|binYef_gjYWY�
`^W�_}~vXiRyOQl¦R>WcP*l�O^]SrfWQbds twjYWQP*lÀRUnYl<OcXdOQhUo*R�nYepnYlGOc]Y[.OcbS_ twj*n*Ri_gZc~vXqjYM ��Oc`^W*RiP*�ps�M>lÂT^`^uvl R XÂ ��
;a§Z�OQ_�^��K�

� » d
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·¦s XdO^Z�OQlG»��g»%FÆÈÃOQ�|xSR�n*RUM>l �¯epM¦�|OQbdO^ZQR�oYbdMyl¦OQXdOE�dM>PSRUM>biTS]YMy`YR>WQ¹Nrw_gOa���d� ZQO�_wOcXdOchio*R�nYe|n�Oc]Y[.OcbS_ twj*n*Ri_gZc~vXR>WcPKR>Oc�|xSRiMybdWQP�e|RyO^twjYWQx�M>bUrfOcefs�OQlÃrw_�O�Ri_ l<PS]YWc`^W�_}oYepMk_ l	� � ZQO�_6�>G
� � 
��
 � � ��� � ���¾ �UÒ »*½*½ � ¼�Gp� d*Ñ ½*¼ � G , ½*¾�� Ò5d
�-, ¼ ��dYÒ ¾*» , Gp� Ñ�d ½�G^½ � » Ò , �g½�G^½¼ , ¼*¼ � ¼ Ò G�G Ò � Ò5d ½*¾�G d*Ñ., »�� Ò ¼ �½ , ¼*¼*»*½*»*¼ �UÒ � Ò�� ½*¾ Ò5d.,., »��g¾*» d» , ¼ , »*¾*»*»*»*¼�� �.� ½*»*¼ Ñ ¾ �UÒ � Ò ¼*¼

� � 
��
 � � ��� � ���� ¼ � »*½*¼*»*¼ Ò � Ñ ½�G^¼ �.�.�UÒ �g¼*»*¾½ ¼ ��dYÒ ¾*» , ¾ ½�G^½ � » Ò , �g½�G^½» ¼ ��d ¾ , ¾*¼ Ò �g¾ ½�G^¼ ,/� ½ , � d ¼ ÑÑ ¼ � ¾ Ñ ¼ Ñ ½ d � � ½�G , ½*½ � ¼��g» Ò

·¦s XdO^Z�OQlG»�� Ò FÆÈÃOQ�|xSR�n*RUM>l �¯epM¦�|OQbdO^ZQR�oYbdMyl¦OQXdOE�dM>PSRUM>biTS]YMy`YR>WQ¹Nrw_gOa���d� ZQO�_wOcXdOchio*R�nYe|n�Oc]Y[.OcbS_ twj*n*Ri_gZc~vXR>WcPKR>Oc�|xSRiMybdWQP�e|RyO^twjYWQx�M>bUrfOcefs�OQlÃrw_�O�R�nYXqPS]YWc`^WQs}nYe|n ��¼
� �	
��
 � � ��� � ���¾ ½ Ñ ¾*½*» ��d ½��g¼ Ñ ½*½ , G�G ,., � G d ½
�-, ¼ Ñ G^» d G^¼ � � �UÒ ½�G d.,., » Ò �g½ Ñ*Ñ¼ , ¼ Ñ ¼ Ò G d » � �g¼*¼ ½*¾*»�G dYÒSÑ �g»*¼ �½ , ¼ Ñ/��d G^¾ d�d �g»*¼ ½*¾ d ½ �UÒ5d � �.� ¾» , ¼ d ¾ d ¼�G^¾ , � d ½ ½*»*¼*¾ d ½*»��g»

� � 
��
 � � �
� � ���� ¼ Ñ G^»*½*»*» � �g» � ½�G d., ½�G^»��g¾�G^»½ ¼ Ñ G^» d G^¼ � � �UÒ ½�G d.,., » Ò �g½ Ñ*Ñ» ¼ Ñ G^» ÒSÑ ¾ d �g½ Ò ½�G ÒSÑ ¼*¼ Ò �g»*»*»Ñ ¼ Ñ G^»�G Ñ*Ñ., �g» ½�G^¾ Ò ½ Ñ ½�� d�dYÒ

·¦s XdO^Z�OQlG»�� d FÆÈÃOQ�|xSR�n*RUM>l �¯epM¦�|OQbdO^ZQR�oYbdMyl¦OQXdOE�dM>PSRUM>biTS]YMy`YR>WQ¹Nrw_gOa���d� ZQO�_wOcXdOchio*R�nYe|n�Oc]Y[.OcbS_ twj*n*Ri_gZc~vXR>WcPKR>Oc�|xSRiMybdWQP�e|RyO^twjYWQx�M>bUrfOcefs�OQlÃrw_�O�R�nYXqPS]YWc`^WQs}nYe|n ��½
� � 
��
 � � ��� � ���¾ ½ Ñ�d G d�d*Ñ�d � � ¾ ½*¼*¾�G ��ÑYÒ �g½ Ñ/�
�-, ¼ Ñ »*»*»*¼ ,/� � , ¾ ½�G^¾ dYÒ�� ¾��g» Ò��¼ , ¼ Ñ G^½ d., ¼*¾�� Ò*Ò ½*¾*¾ Ñ ¼ ÒSÑ � ,., ¼½ , ¼ Ñ ½�G^» Ò ½*¼��g¼ ½*¾ d ½*½*¼ , �g½*»*»» , ¼ Ñ/�-,YÒSÑ�d »��g¾ d ½*»*¼ Ñ ¼ ÒSÑ � ,�d ¼

� �	
��
 � � �
� � ���� ¼ Ñ G^½ ,/�-, ½��g¾*½ ½�G^»*¾ Ò ¾ d �g¼ Ò ½½ ¼ Ñ »*»*»*¼ ,/� � , ¾ ½�G^¾ dYÒ�� ¾��g» Ò��» ¼ Ñ ½ Ò ¾�G , ½��g½ d ½�G^¾ ÑYÒ�� ¼��g½*»*¼Ñ ¼ Ñ ¾*¼*½*¾*¼�Gp�g½ Ò ½�G^½*¼*¼ d ¾�� ÑYÒ*Ò

ÈÃ�y]YWclS� RyO«LN��oYj^O^R>OÌ»��g¼*¾�� »��g¼*»���»��g¼ Ò Z�OQ_ »��g¼ d `^OQbiWQP*ef_�\chdWcP*X�Ri_ lEMy`c_ R>Oc�|x*XdepMk_ lE�|binYef_�jYW^`cWQ_g~vXUR>Ocl�RyWQP*l
Oc]SrfWcbSs twjYWQP*lÆR�nYlÃOQXiOQhio*R�nYe|nYlNO^]Y[.OQbd_ twjYn*Ri_}ZQ~vXÀj^M?���d_�Oc[.Wcbd�>l Tc`Yuvl 
;a	���q� ¬ ��¬ a 9�
�� � ¬ ZQO�_Y¬ X cÐ�

+ `^T�RyO�`^OQbdO^`^\QXiu `cOcbdO^RUnYbiWQx*jYMKT*Ri_ËRyO�`^Mk_�biOQjYOcRi_}Z�\�Oc`^W*RiM�]Y�>epj^O^R>O�R�uvXV`^OQbd\^]*]*n*]*uvXEPS]YW^`^W�_}oYefM�uvX
rw_gO«RyWQP*l�Oc]SrfWcbSs twj^WcP*l�`^WcP��>�|WcP*jYM��|bUnYef_�jYWc`^WQ_goYepMk_¨My`c_ zcM�zcO�_}~vXdWYXiRyO�_�O^`^TÌR>OÌtwMyuvbin*Ri_}Z�\�Oc`^W*RUMy]Y�>epjYOcRyO
R>WcP�jYW^XURU�y]YWQP�jYOQlÀ`cbiTYz^]YM>ÊfnYlÂOc`^Tc�dWQe|nYlG`^WcPK`cOcbdWcP*ew_g\QepOcj^MÐ`^bdWcnSrfWcP*jY�>XiuvlS�

� » Ñ
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·¦s XdO^Z�OQlÀ»�� Ñ F + XdO^]YPSRi_gZQW�sp�|bdTYXdWQ_pM�ZQRU�y]YM>e|nYl �¯epM¦�dM>PSRUM>biTS]YMy`YR>OQ¹ rw_�OVjY��rfM�t.WclÂZ�Mk_gjY�>XdWcP � ½S¸ � ZQO�_3� � �rw_gOa�S_gOQ[wWQbiMyRi_gZQ\�j*o*Zcn�`cbiW*RixS`YuvXm�|binYef_�jYW^`cWQ_g~vXUR>OclÂR>WYXqO^]SrfTQbS_ twjYW ^%c�9
� � � ·ÂOQb^� �G]YWc`p� � ¼ ½ G ¾ » Ò d¾ � � ¼ � � dYÒ , �-, � Ñ ½*» Ò �g¼ Ñ/� Ñ � �-,YÒ Ò �g¼ d » »�� ,YÒ ¼ ¾��g¼ , ¾ Gp�g¾*¾*¾

� ¼ ¼ , � d » Ò �.� � ÑYÒ5d d �g¾*¾ d Ò � G^» , »��g»*»*¾ »�� , »�G ¾��g¾ Ñ ½ ¾��g¼ � G
� ½ ¼ � � ��d/� �-, � Ò , ¼ Ò � �UÒ ¼ »�� , ¼*½ ¾�� ��Ñ ¾ Gp�g¾ Ò , Gp� ,�d ½ ½��g» Ñ/�
� G ¼ � � dYÒ , �-, � Ñ ½*» Ò �g¼ Ñ/� »�� ,YÒ » ¾��g¼ ,�d Gp�g¾*¾ Ò Gp� , ¾ � ½��g»�G^»

�-, � � G , � � G^» ¼ , � ,YÒ ½ � ½��g½ d ½ � »�� d »*½ � ½�� G Ñ/� �.� �g¼�G^½ Ñ �g»*½ Ò d � G^½*½
� ¼ ½ Ñ � G^½*» ¼ � �g½*¼ � � Gp� d ¼*» � ¼�� Ò�� » �.� � ��Ñ ¾ �-, � , G Ò Ñ � � ¾ � d � G^½ ,
� ½ ½ Ñ �g» Ò G ��Ñ � Ñ G Ñ � ½��g½*½ Ò �.� � �UÒ , Ñ �g» � ½ d � G�G � Ò �g¾*¼*» »�� ÒSÑ ¼
� G G , � � G^» ¼ , � ,YÒ ½ � ½��g½ d ½ �.� � � » d Ñ �g¾ d ¼ d �g½ Ñ., Ò � G^»*½ »�� Ò ¼ ,¼ , � � Ò*Ò � , ¾*½ ½ d �g¾*¼ Ò ¼*¾��g» d ¾ ½*¼�� G^»*½ ¼*¾�� ÑYÒ�� ¼ � �g»�G^½ ��d �g¾*¾ � � »��g¼*½*½
� ¼ Ò »��g¾*» � ½ Ñ � d�d » ¼ Ò �g¼ , ½ ¼*½�� , ¾*¾ ¼ , � ,YÒ ¼ �UÒ � d ¼*¾ � »�� ,YÒ�� � Gp�g»*»�G
� ½ Ò »��g» Ò5d ½ d � G^¾ � ¼*¾��g» Ò ¼ ¼ � � G Ò ½ ��d � G^¾ Ñ � »�� ��Ñ/� � Gp� G^¼ � � ½�� ,., ½
� G Ò*Ò � , ¾*½ ½ d �g¾*¼ Ò ¼*¾��g» d ¾ ¼ � � G�G�G ��d � G , ¾ � »�� � ¼ � � Gp�g½�G � � ¼�� Ñ/� ¾½ , � � �.� Gp�g½*¼ Ò ¾ Ò � � »�G ½ d � �.�-, G d � , ½ Ò ½ d � G^½ , ½*¼�� , ¼*» ¼ Ò � G^¾ � ¼�Gp� , ¼ ,
� ¼ �.� Gp� , ¼ Ñ ¾ d �g»*¼ , ½ Ñ �g» Ñ ½ ½*½�� G^» Ò ¼ d � Ñ*Ñ*Ñ ¼*¾��g»*½ Ò ¼*½�� ,/� » ¼ , � Ñ/� ¾
� ½ �.� Gp� , ¼*¼ ¾ Ò � � ¼*½ ½ d � �.��Ñ ½ � � Ñ/�.� ¼ Ò � G�G^» ¼�Gp� ,�d., ¼ � � G^¾*½ ��Ñ �g½�G�G
� G �.� Gp�g½*¼ Ò ¾ Ò � � »�G ½ d � �.�-, ½ � � d., ½ ¼ Ò �g¼ dYÒ ¼*½�� d*Ñ ¾ ¼ � �g¼*¾*¼ ��Ñ � � ½*»» , � � ¼*¼�Gp� d�d ¾ �.� ¼�� G�G�G Ò Gp� Ñ »�G Ñ Gp�g»�G^» Ò ¾�� Ò��UÒ »*½�� ,*Ñ*Ñ ¾�Gp� ,�d ¾ G Ò �g½*¼*¾
� ¼ ¼*¼�Gp� Ñ ½ � �.� Gp� ,YÒ*Ò Ò »��g»*» Ò »�Gp�g½*» Ò ¾*¾��g¾�G , G d � d*ÑYÒ G^½�� Ò��UÒ ½ Ñ �g¾*»*¾
� ½ ¼*¼�Gp� Ò ,*Ñ �.� ¼�� G^» Ò Ò ¾�� ,/� ¾ »*¼��g»*¾�G ¾*½�� ÒSÑ ¾ G Ò � � ½*¾ G � � Ñ G�G ½ Ò � Ò5d »
� G ¼*¼�Gp� d�d ¾ �.� ¼�� G�G�G Ò Gp� Ñ »�G »*¼��g¾ Ò G ¾*½��g» Ñ*Ñ G Ò � , ¼ Ñ G � � d ½*½ ½ Ò �g» Ò��

1

1.5

2

2.5

3

3.5

4

4.5

5

1 2 3 4 5 6 7 8

S
pe

ed
up

Number of workstations

SEL search algorithm, n=13MB and m=10

Experimental
Analytical

1

1.5

2

2.5

3

3.5

4

4.5

5

1 2 3 4 5 6 7 8

S
pe

ed
up

Number of workstations

SEL search algorithm, n=13MB and m=10

Experimental
Analytical

LN��oYjYOa»�� � ½%F + XiOc]YPSRi_}ZQo�Z�OQ_p`^Mk_gbdOcjYOcRi_gZco�My`c_ RU\Q�|P*Xiepn�epM¦epP*Xd\cbiR�nYe|n�j^MÀR>WYXKOQbd_ twj^T�RyuvXKe|RyO^twj*~vXKM>bUrfO*�efs�OclÀrw_�O�R�nYXqPS]YWc`^WQs}nYe|n � � �|binYef_gj^W^`^W�_}~vXiR>OclÂR>WYXqO^]SrfTQbd_ t.jYWY^
c�9

�UÒ ,
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·¦s XdO^Z�OQl »�� �-, F + XiOc]YPSRi_gZQW�s��|bdTYXdWQ_kMyZQRU�y]YM>e|nYl �¯epM³�iM>PSRUM>bdTS]YMy`YRyO�¹wrw_gOÂjY��rfM�twWQl³ZQMk_�jY�>XiWQP � ½S¸��ÌZ�OQ_ � ���`rw_gOa�S_gOQ[wWQbiMyRi_gZQ\�Ri_gjY�>l¦R>WQP �{�|bUnYef_�jYWc`^WQ_g~vXUR>OQl¦RyW^XmOc]SrfTcbS_ twjYW ^%c+9
� � � ·ÂOQb^� �G]YWc`p� � ¼ ½ G ¾ » Ò d
� � � G , �g¼ Ò ¾ ¼ , � � ½ d � ½�� G^¼*» � »�� Ñ »�G � ½��g¾ Ò ¼ �.� �g½ �-, Ñ �g» Ñ ¾ d � G d ½

��¼ ½ Ñ � G^½*½ ¼ � �g½*¼ , � Gp� d ¼*¾ � ¼�� Ò�� G �.� � ��Ñ ½ �-, � , G^¾ Ñ � � G d d � G^¼ d
��½ ½ Ñ �g¾ Ñ�d ��Ñ � Ñ/�.� � ½��g½ �.� �.� � � ¾ d Ñ �g» ,*Ñ d � G�G � Ò �g¾*¼ Ñ »�� ÒSÑYÒ
�>G G , �g¼ Ò ¾ ¼ , � � ½ d � ½�� G^¼*» �.� �g¼ ,*Ñ Ñ �g»*¼ , d � G^¼*» Ò � G Ñ » »�� Ò ¾ �½ � � G , � � G^» ¼ , � ,YÒ ½ � ½��g½ d ½ � »�� d »*½ � ½�� G Ñ/� �.� �g¼�G^½ Ñ �g»*½ Ò d � G^½*½
��¼ ½ Ñ � G^½*» ¼ � �g½*¼ � � Gp� d ¼*» � ¼�� Ò�� » �.� � ��Ñ ¾ �-, � , G Ò Ñ � � ¾ � d � G^½ ,
��½ ½ Ñ �g» Ò G ��Ñ � Ñ G Ñ � ½��g½*½ Ò �.� � �UÒ , Ñ �g» � ½ d � G�G � Ò �g¾*¼*» »�� ÒSÑ ¼
�>G G , � � G^» ¼ , � ,YÒ ½ � ½��g½ d ½ �.� � � » d Ñ �g¾ d ¼ d �g½ Ñ., Ò � G^»*½ »�� Ò ¼ ,» � � G , �g¼ d., ¼ , � � G , � ½�� G^¼ d � »�� Ñ ¾*½ � ½��g¾*»*½ �.� �g½ , ½ Ñ �g» d*Ñ d � G Ò5d
��¼ ½ Ñ � G�G^» ¼ � �g½*¼*» � Gp� d ¼ Ñ � ¼�� Ò��UÒ �.� � ��Ñ » �-, � , G d Ñ � � ¾ � d � G^½ ,
��½ ½ Ñ �g»*» Ò ��Ñ � Ñ G^» � ½��g½*½*¾ �.� � �UÒ ¾ Ñ �g»*¼*¼ d � G^¾ � Ò �g¾*½ Ò »�� d., G
�>G G , �g¼ d., ¼ , � � G , � ½�� G^¼ d �.� �g¼ ,*Ñ Ñ �g» ��Ñ d � G^¼*¾ Ò � G Ñ G »�� Ò G ÑÑ � � G , � G d ½ ¼ , �g¼�G^¼ � ½�� G Ñ ¾ �UÒ � , » � � ½��g»*¾ , �.� �g½ Ò ¾ Ñ � Ò ¾ � d �g¾*½*¼
��¼ ½ Ñ �g» Ñ ¼ ¼ � � G�G Ñ � Gp� Ñ/�.� � ¼�� Ò5d » �.� �g¼*¾�G �-, � ,*Ñ*Ñ Ñ � ��Ñ » d � G Ò��
��½ ½ Ñ � ÑYÒ5d ¼ , � �-,/� � ½�� G^½ d �.� �g¼*¾ d Ñ �g» Ñ/� d �g¾ �.� Ò �g¾ d*Ñ »�� d ¾ ,
�>G G , � G d ½ ¼ , �g¼�G^¼ � ½�� G Ñ ¾ �.� �g¼*» d Ñ �g» Ò�� d � G Ò�� Ò �g¾*½*» »�� Ò5dYÒ

·¦s XdO^Z�OQlÆ»�� �.� F + XiOc]YPSRi_gZQW�s^�|bdTYXdWQ_cMyZcRi��]YM>e|nYl �¯epMÃ�dMyPSRiMybdTS]YMy`YR>OQ¹¨rw_gO�jY��rfM�twWQlÉZQMk_�jY�>XiWQP<¼ Ò ¸ � ZQO�_*� � �rw_gOa�S_gOQ[wWQbiMyRi_gZQ\�j*o*Zcn�`cbiW*RixS`YuvXm�|binYef_�jYW^`cWQ_g~vXUR>OclÂR>WYXqO^]SrfTQbS_ twjYW ^%c�9
� � � ·GOQbc�C�G]YWc`p� � ¼ ½ G ¾ » Ò d¾ ��¼ G � � Ò ½�G ¼*½�� Ñ G^» �UÒ � �-, ¾ � Gp� Ñ.,*Ñ � ½��g½*¼ , � ¼�� �.��d �.� � �UÒ » �-, � G ��d

��½ G^½��g½*»*¼ ¼ � � G , G � Gp�g½�G�G � ¼�� , G�G �-, �g½ d�d Ñ � � G , d � � »�G Ò �g½ d/�
�>G G^½�� Ò G , ¼ � � dYÒ�� � Gp�g¾ d/� � ¼�� � ¾ , �-, � G � G Ñ � �.� ¼ d � ,*Ñ*Ñ Ò �g¼ d*Ñ

�-, ��¼ Ò5d � dYÒ ½ G^¼��g»*½*½ ¼ Ñ �g»�G � ¼*¾�� G^¼ � ¼*¼��g½ d., ¼ , � ,�d G ��d �g¼ Ñ., � »�� d ¾ ,
��½ ÒSÑ �g½�G d ½ Ñ � d*ÑYÒ ¼*»��g» Ò ½ ¼*¼��g½*½ d ��Ñ �g¼*¼*¾ � »�� d�d., � ¾�� , ¾ , � ½��g¾ d ½
�>G d., �g¼ Ñ ¼ G , � � G^» ¼*»�� Ò »*¾ ¼*¼��g½*½�G ��Ñ � � »*¼ � »�� Ò*ÒSÑ � Gp� Ñ ¼�G � ½�� G^½ d¼ , ��¼ � ¾*½�� � ¼*¼ ÒSÑ � Ò » � ¾�Gp�g½ Ñ ¾ G^»�� ,*Ñ*Ñ G , � � ½�G ½*¾��g»�G , ½*¼�� � ½*¼ ¼ Ñ �g½ �UÒ
��½ � ¾*½��g½*¾ Ò Ò »�� Ñ., ¼ ¾ � �g½�G^¼ G^¼�� Ñ G^¾ ½*»�� Ñ/�UÒ ½*¼��g½ d., ¼ d � d G � ¼*»�� ,., G
�>G � ¾�Gp� �-,YÒ Ò*Ò � , ¾�G ¾ � �g½ Ò , G^¼�� d�dYÒ ½*»�� d.,*Ñ ½*¼��g¼�G , ¼ d �g» d., ¼*¾�� d ¼ d½ , ��¼ ¼*¼ d � , ¾ d �.�UÒ �g¼*½ � ÒSÑ �g½ Ò » »*»�� Ñ ¼*½ ¾ Ò � Ñ�d�d ¾ � �g¼*»�G G^»�� , ¼*¼ G � � d ¼ ,
��½ ¼*¼ d � , G�G �.� Gp�g¼�G^¾ Ò »��g¼*½ d »*½�� d ¼ , ¾�Gp� d*Ñ., G d � � ¾ Ñ G^¼�� Ñ., G ½ d �g» dYÒ
�>G ¼*¼ d �g»*¾*¾ �.� Gp�g½*¼ d Ò »��g¼*¼ , »*½��g» , ¾ ¾�Gp�g¾ Ò ½ G Ò � Ò5dYÒ G^¼��g¾ , ½ ½ d �g¼ Ò ,» , ��¼ G�G Ñ � d »*¼ ¼*¼ d � � G^½ � ¾*½��g½*¼�G � ¼ d � Ò ¼�G �.�.� � ,YÒ , ÑYÒ � Ò5d G dYÒ � G^¼�G ÒSÑ � �.��Ñ
��½ G�G Ñ � G ��Ñ ¼*¼�Gp� Ñ ½*¼ � ¾ , � , ¼ Ñ � ¼*¾��g½ ,YÒ �-,YÒ �g¾ d*Ñ Ñ Gp�g¼*» d d ½�� d�dYÒ Ò ¾��g¾ Ò��
�>G G�G Ñ � Ò*Ò , ¼*¼�Gp� d�dYÒ � G Ñ � Ñ ¼*¾ � ¼*¾�� � G^» �-,YÒ �g½ Ñ » Ñ Gp� , ¾*» d ½��g»*»�G Ò ¾��g½*½ Ñ

�UÒ��
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·¦s XdO^Z�OQl »�� � ¼%F + XiOc]YPSRi_gZQW�s��|bdTYXdWQ_kMyZQRU�y]YM>e|nYl �¯epM³�iM>PSRUM>bdTS]YMy`YRyO�¹wrw_gOÂjY��rfM�twWQl³ZQMk_�jY�>XiWQPN¼ Ò ¸��ÌZ�OQ_ � ���`rw_gOa�S_gOQ[wWQbiMyRi_gZQ\�Ri_gjY�>l¦R>WQP �{�|bUnYef_�jYWc`^WQ_g~vXUR>OQl¦RyW^XmOc]SrfTcbS_ twjYW ^%c+9
� � � ·ÂOQb^� �G]YWc`p� � ¼ ½ G ¾ » Ò d
� ��¼ Ò5d � d » Ò G^¼��g»*½ , ¼ Ñ �g»*½ Ñ ¼*¾�� G �UÒ ¼*¼��g½ Ò » ¼ , � ,�d., ��d �g¼ d » � »�� d G^¾
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M7Ei\QbiR�nYe|nYlÃ�dM>�iWQjY�>XUuvXm�C�p�S¡±�q�|�kÏ����p�|���p�>�Ã²*£��SÏf¤w�Ãº Ò ¼i¿ �v¥¦_QOc]SrfTcbS_ twjYW�_c`^WcPmO^`cM>_gZQW^Xds�hiW^XUR>OQ_Ye|Ri_ lÀ�S_gOcRU\�EiMk_ l
My`^M7EiM>bUrfOcepR�~vX¦OcXio*Z�WcP*X¦epMG�dx*W�ZQOcR�nSrfWQbds�M>l5F � ¹Æ�dP*XiOQj^_}Z�WQx<`^bdWdrfbiOQjYjYOcRi_ epjYWQxqZQO�_|¼Y¹ ��f ¡ � `cOcbdO^]*]*n*]^_ epj^Wcx��

ÈÃW�Z�M>[w\c]YO�_ W�OQPSRUT�Mks XiO�_��S_gOQb�twbiuvjY�>XdWmuvlÂM7EioYl5F³epR�nYX<My`^TQjYM>XUnKM>XiT*RUn*RyO�`cMybS_ rfbi\Q[.WcP*jYMÐRyWQP*lÃzcOcef_gZQWQx*l
Oc]SrfWcbSs twjYWQP*l��dP*XiOQj^_}Z�WQxE`cbiWdrfbdOcj^jYO^Rd_ efjYWcx{rw_gO�RyO�`^bdWYz^]*oYjYO^R>OÌO^`^]*oYl�ZQO�_ `cbiWQepM�r|rw_ e|Ri_}ZQoYl�OQXdOchio*R�nYe|nYl
Oc]Y[wOQbd_ t.j*n*Ri_}ZQ~vXc�NLÆR�nYXKM>XdT*R�n*R>O Ò �g½�`cMybS_ rfbi\Q[.WcP*jYMGR>WcP*lmO^]SrfWQbSs twjYWQP*l ��f ¡ � `^OQbiOc]*]*n*]^_ epjYWQx��NLÆRUnYXqM>XdT*R�nd�
R>O Ò �g¾E`^OcbdWQP*ef_g\QhiWQP*jYM<�>XdOcXKOc`Y]YT�Oc]SrfTcbS_ twjYW ��f ¡ � `^OQbiOc]*]*n*]^_ epjYWQx�rw_�O{R�nYX�]Yx*epnaR>WQPE`cbiWYz^]*oYjYOcRyWQl 9³ª;^��
LÆR�nYX�M>XiT*RUn*RyO Ò �g»Ì`^OcbdWQP*ef_g\QhiWQP*jYMEj^_gO epx*XiRyWQj*n©My`c_ e|Z�T^`^nYe|n©ep�|MyRi_gZQ\ jYME`^biWcnSrfWQx*jYM>XiM>lV�d_�O^Ri\�EdMk_ lVMy`^M��
EdMybUrfOQe|R�~vXÀrw_gO�R>OK`^bdW*z^]*oYj^O^R>O�Oc`Y]*oYlÃZ�OQ_c`^bdWQepM�r|rw_ epRi_}ZQoYlÂOcXdOchio*R�nYe|nYlÐO^]Y[.OcbS_ twj*n*Rd_}ZQ~vXÂZQO�_QjYO^Z�bdxSRUM>bUnYl
Z�WQ_ XUoYl�PS`cWcOcZQWS]YWQPdt.s�OclS�VLÆR�nYX{M>XiTYR�n*RyO Ò � Ò �ds XiWQP*jYMmRyWQP*l�rfbd\Q[wWQP*l�M7Ei\QbURUnYe|nYl��dMy�dWQjY�>XUuvX�rw_gO�RyWQP*l�Oc]d�
rfWQbds t.jYWcP*l��iP*XdOcjc_}Z�WcxV`^bdWdrfbdOcjYj^O^Ri_ epj^Wcx�ZQO�_ ��f ¡ � `^OQbiOc]*]*n*]^_ epjYWQxVrw_gOÌR>WÌ`^bdT*z^]*nYj^OÌR�nYl�`^bdWQepM�r|rw_ epRi_}ZQoYl
OQXiOQhUo*RUnYe|nYl�Oc]Y[wOQbd_ t.j*n*Ri_}ZQ~vXc� �v`cs epnYlS�Àe|R�nYX«s��S_gOÁM>XiTYR�n*RyO `^OQbdWcP*ef_�\chdWQP*jYMarfbi\Q[.W M7Ed\cbiR�nYe|nYl®�iM>�dWcjY���
XiuvX�rw_�OVRyW^XqOc]SrfTQbd_ twj^WVR�nYl�jYOcZ�bixSRUM>binYl¦Z�WQ_ XUoYl¦PS`^WQOcZQWS]YWQPdt.s�OclS�ÃLÆR�nYX�M>XdT*R�n*R>O Ò � d `^OQbiWQP*ef_g\QhdWcP*jYMGR�nYX
�S_gOQ�d_gZQOQefs�O®Oc`^Mk_}Z�TYXd_ e|nYlKRUnYl�[w\Qe|nYl�RUnYl�OcXdOQhUo*R�nYepnYlmRyuvXVO^]SrfWQbSs twj*uvXa�iP*XdOQj^_}Z�Wcxa`^bdWdrfbdOcjYj^O^Ri_ epj^Wcx{Z�O�_
��f ¡ � `cOcbdO^]*]*n*]^_ epj^Wcx<efMÃ�d_�O^Ri\�EdMk_ lÐM�`cM�EdM>b�rfOQe|R�~vXc���v`cs e|nYlS�Q`^OQbiWQP*ef_g\QhdWcP*jYMN�S_g\cRyO�Ein�My`^M7EiM>bUrfOce|RU~vXÃrw_�OKRyWYX
Oc]SrfTcbS_ twjYW 9�ª;^ �

� ;IH ���GF+M�É@ $'& ��@�� � �ND&m@ K)�� � ���NF?�ND& &�D�!Ã@CB�& ��

LNM�OQPSR�oÂR�nYXÉ`cOcbd\YrfbdOQ[wWG`^M>bS_ rfbd\Q[wWQP*jYM¨`c_ WqOcXdOc]YPSRi_}Z�\ÂRyWQP*lÆO^Z�WS]YWcPdt�_gOcZQWQx*l�Oc]SrfWcbSs twj^WcP*lÆ�iP*XdOQj^_}Z�WcxÐ`^bdW*�
rfbdOcjYj^O^Ri_ epj^Wcx<rw_gOqR�nYXÂ]Yx*e|n<RyuvXÂ`^bdW*z^]*nYj^\^RyuvXÂO^`Y]*oYlÐZQO�_^`^biWQepM�r|rw_ e|Ri_gZcoYlÀOcXdOchio*R�nYe|nYlÉOc]Y[.OcbS_ twj*n*Ri_gZc~vXc�

� 1��5176 � QBb�G2akC ��d K�\ ��@2X CYX�d O�MfK2\ XZ>�
�M � QS@2X�X C E�[�� �BX�


� ¥G`YuvlÃrfXUuvbSs�hdWQP*jYM �>XdOclÉOc]SrfTQbd_ twj^WclÃOQXdOchio*R�nYe|nYlÉOc]Y[wOQbS_ twj*n*Ri_gZc~vXÂOc`^W*RUMy]YMks RyO�_cO^`^TK�dx*Wm[.\QepMk_ l5F³R�nm[w\Qe|n
R�nYl®`^biWQMy`^M7EiM>bUrfOcews�OQl�Z�O�_¨R�n [w\Qe|n�R�nYl�OcXdOchio*R�nYe|nYlS�QP8[w\Qe|n«R�nYl�`^biWQMy`^M7EiM>bUrfOcews�OQl�`cMybS_}]YOQjdzc\QXiMk_�R�n
epPdrpZ��>XURUbiuve|n�`^]*nYbiWQ[wWQbSs�OQlÀrw_gOVR>WV`^biTYRUPS`^Wa`^WQP�j*`^WQbdM>s.XdOE�|binYef_�jYW^`cWQ_ nStwMks.rw_�O{j^_gOarfbioSrfWQbUn�PS]YWc`^W�s nYe|n
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e|R�n�[.\Qe|nmRUnYl¦OcXdOchio*R�nYe|nYlS� + `^T�R�nYXm\^]*]*n�jYM>bS_g\w�cn�[.\Qe|nmRUnYl¦OcXdOchio*R�nYe|nYlÀ`^M>bS_}]YOQjdzc\cXdMk_�Mks RUMÐRUnKef\cbiuve|n
R>WcPqZ�M>_�jY�>XiWQPqoKR�nYX<Z�O^R>OQe|ZQM>PSoKM>XiTQlÐ`Qs XdO^Z�O��dP*XiOQj^_}Z�WQx<`^bdWdrfbiOQjYjYOcRi_ epjYWQxqrw_gOEXiOKzcbiM�twWQx*X<TS]YM>lÂWQ_|Oc`Y]Y�>l
o�`^biWQepM�r|rw_ e|Ri_gZQ�>laMyj^[wOQXds efM>_ lERyWQP�`^biWYRUxS`^WQP®jY�>epO«epRyW�Z�Mks�j^MyXdWw��LNP*XdM�`^~vlS�³efM�OQPSR�o®nÌ[w\Qe|n�zcOcefs�hdM�R>O�_
e|R�nYXmZ�O^R>OcepZQM>PSoKRyWQP�`cs XdO^Z�O��dP*XiOQj^_}Z�WQx�`^bdWdrfbdOcjYj^O^Ri_ epj^Wcx����

� �DnBm � �/iD� jk�
	/�
� �2tDn lYtDr

B<OcRU\aR�n��S_g\QbUZ�Mk_gOER�nYl�[.\cepnYl¦`^bdWcMy`^M7EdMybUrfOQefs�OQlÀRyWVOc]Y[wOQbd_ t.j*n*Ri_}Z�T���ZQuv�d_gZQWc`^W�_gMks R>OQ_f`^\QXUuAefM¦�yXdOa�|\cbiR�n
jYXioYj*nYl �'f ¡ � My`c_}`^�>�dWcP�� �'f ¡ Ä ���k¢*��� � � � �*£ S � �SÏ.��� RyuvX � ��� �����}¹ ��f ¡±°U��Tc`^WQP ����� Mks XiO�_�R>WÌjY��rfM�twWcl�RyWQP
Oc]Y[wOYz^o*RyWQP��NÈÃW{�|\cbiR�n�j^XUoYj*nYlmj*`^WQbiWQx*jYM¦XdOaRyWYX��dWQx*jYM¦epOQXq�S_g�S_g\Qe|R>O^R>WV`cs XiOcZ�O ��f ¡ � M�`Q_}`^�>�dWcP�Tc`^WQP�Z�\YtwM
rfbdOcjYjYo�OcXiRi_ e|R>WQ_ �|Mks|epMÉ�>XdOm�|OQbdO^ZQR�oYbdO<R>WcP�`^biWYRUxS`^WQPÂZQO�_YZ�\^twMÉe|R�o*]*nqOcXiRi_ e|R>WQ_ �|Mks�epMÃ�>XdOm�|OQbiOcZQR�oYbiO�RyWQP
Oc]Y[wOYz^o*RyWQP�� LNP*XdMy`Y~vlS�|n�e|R�o*]*n ���� �|rw_gOt� � � � ����� �pZ�biOcRU\QMk_�R�nYXm`Y]*nYbiWQ[.WcbSs�O�RyWQP �S� WQe|R>Wcx��|OcbdO^ZQR�oYbdO
R>WcPVOc]Y[wOYz^o*RyWQP���`^WQP�twO®epP*jdzcWS]^s�hiMyR>OQ_ j^M�� � �¦ÈÉn{e|R�o*]*n � �� j*`^WQbiWQx*jYMmXiOVR�n{�dWcx*j^M�epOQX��S_g\QXiP*epj^O ��f ¡ �My`c_}`c�y�dWQP®RyuvXz� ��f ¡±°�Tc`^WQP®R>W �¯� WQe|RUT ��f ¡��³rw_�O � ��� � �«�v�in*]YOQ�Uo�RyW � �
	 � Z�bdO^RU\QMk_ R�nYX�`Y]*nYbdWQ[wWQbds�O
ep�|MyRi_gZQ\ÌjYM�R>W �S� WQe|RUTÌ�|OQbiOcZQR�oYbiO�� � ZQO�_ËR�nYXV�¯� WQe|R�o�t.�yepn�RyWQP�`cbiW*RixS`^WcP�� P zcOQef_}ZQo�`Y]*nYbdWc[.WQbds�O�`^WQP
j*`^WQbdM>spXiO�Z�OcRyO^rfbiOQ[.M>sQMks XiO�_�OcX<RyW �S� WQe|RUTa�|OcbdO^ZQR�oYbdOqRyWQP�O^]Y[.OYz^o*RyWQPmMks XiO�_�s��S_ W�jYMÀR>W �¯� WQe|RUTE�|OcbdO^ZQR�oYbdO
R>WcP�`^biWYRUxS`^WQP��f�Un*]YOQ�io�OcXqMks XdOQ_ � � ��� � �bP [w\Qe|n�R�nYl�`^bdWcMy`^M7EdMybUrfOQefs�OQlÀZQOcRyOQe|Z�M>P*\chdMk_|R>Wa�|\QbiR�n�jYXioYj*nYl
� Z�OQ_|WaOc]SrfTcbS_ twjYWQlÂ`^OQbiWQP*ef_g\QhdM�R>O�_|e|R>WYX + ]SrfTQbd_ twj^W Ò � � �
���� � � ����� ��� ��� �
���� � ������ ��� �

� ��	 ��� ���
�� � � � � �"!$#&%(' � ��	 ��� `(�

%(' �
%(' �

�Vh � ���Wu � }�iDr*),+�-/.�0 \ce|n�`cbiWQMy`^M7EiM>bUrfOcefs�OQl

1 OcjSzc\cXdWYXiRyOQlÀefOcXqO^]Y[.\Yz^n*RyWaOcXdOQ[wWQbi\QlÃR>WVepx*XdWS]YW��|OQbiOcZcRUoYbUuvX a����´ª � �<c Mks XdO�_|O^`^]YTEXdO�PS`^WS]YWdrws}�
hdWcP*jYMÐRi_ l<Oc`^OQ_ R�oYefM>_ l<j^XUoYj*nYlGR>WcP �'f ¡ � �|\cbiR�n ��� � �vRUef_ ����� � ��]32 Z�OQ_|efP*XiMy`Y~vlÂW��|\QbiR�nYlÂjYXUoYjYnYlGM>XdTcl�4
`^bdW*RUxS`^WQPÐOc`^O�_ RUMks � »5476 � Sc¡´��°U�³¥¦_SepP*XdWS]^_}Z��>l�Oc`^O�_ RUoYepMk_ lN��~vbdWcPÐM>s XdOQ_8�
4
����� � ���a� � Sc¡´��°��*PS`^W^tw�yR>WYXUR>OQl T*Rd_
�>XiOQlG�|OcbdO^ZQR�oYbdOclÃZcuv�S_}Z�W^`cWQ_�M>s R>O�_|epMG�ix*W � SQ¡´��°��¨�v`cs e|nYlS�fnK[.\Qe|nm`cbiWQMy`^M7EiM>bUrfOcefs�OQlÃj*`^WQbiMks|XdO�MyZQRUMy]YMyepRUMks
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`^M>bSsg`^WQPKepM 4
�����^z^oYjYOcRyOw�
P Oc`^TQ�iWQe|nmRyWQPmOc]SrfWQbds t.jYWcPmj*`^WQbiMks�XdOmzcMy]*Ri_}u³twMks|OQX<Mk_ ep\^rfWcP*jYMÀj^_gO�M�EdMk_g�S_}Z�M>P*jY�>XUnq�d_�MyPdt.P*Xief_ WQ�iTYR�nYe|n

�C°´Ï���� f �*� f °´�����*�p�p£±��°±° f �p²c�¨RU�yR>WQ_�O�~ve|RUMÀ�yXdOQlÐ�|OQbiOcZcRUoYbiOQlÉXiO�Oc`^Mk_}Z�WYXSs�hdMyRyO�_c\cjYM>epO�epR�nYX¦Z�O^RU\c]*]*n*]*nmepR�o*]*n
R>WcP<�|\QbiR�n¦jYXUoYjYnYlS��¸�_gOmRU�yR>WQ_�Om�S_gM>PdtwP*Xdef_ Wc�dT*R�nYepn�j*`^WQbiMks^XiO�`^\cbdMk_*R�nYXGjYWQbi[wo¦j^_gOQlÉepP*Xd\cbiR�nYe|nYlÉOc`^Mk_}Z�TYXS_ �
e|nYlm� � �SÏpÏ f �p²¦µ   �f�>¡ f �Y�w�¨M>XdTclÉ�|OQbiOcZQR�oYbiO � � R>WQP�Oc]Y[wOYz^o*RyWQP �Â� 4��-�³��� � ���Ã�y��M�`Q_ epRUbi�>[.WYXiRyOQlÃR>WYXÂOcbS_ twjYT
e|R�o*]*nYlÀR>WcPq�|\cbiR�n�j^XUoYj*nYlS�¨·ÂM>bd_ epefT*RUM>biM>lÉ]YMy`YR>WQjY�>biMk_gM>lÐrw_gOKR�nYX¦efP*Xi\QbURUnYe|nmOc`^Mk_}Z�TYXS_ epnYlÃ`^OQbiWQP*ef_�\chdWYXiRyO�_
e|R�nYXqM>b�rfOQefs�O�º ÑYÒ ¿ �

·ÂOcbdOcZQ\cR�u �Ss XiMyR>OQ_w�>XiOa`^OQbi\Q�dM>_ rfjYOErw_�OVR�nYXqZQOcRyOQe|Z�M>PSo�RyWQP��|\QbiR�nEjYXioYj*nYl ���ÉÈÃW{O^]Y[.\*z^n*R>W � Mks XiO�_
p ��� � �g� �g� �}� � jYM ������� ��� ÈÃW `^biTYRUPS`^W O^]Y[.OQbd_ twjYn*Ri_}Z�T�� Mks XdOQ_ 
*� �p� ��
 jYM�4 � ]p� LÆR>WYX�·Âs XdO^Z�O Ò � �
`^OQbiWQP*ef_�\chdMyRyO�_|Wa�|\cbiR�nYl¦jYXioYj*nYl ��f ¡ � My`c_g`^�>�iWQP ���

·¦s XdOcZQOQl Ò � � F ¦\cbiR�nYlÂjYXioYj*nYl ��f ¡ � M�`Q_}`^�>�dWcP �
� � � � � �� , � � � �
� � , � � �
� � , � � �� , � � � �

�VjPhWx�� |/t��RxfoRmknBm �Vh��Ht��Nu � }fmfoNuwv ��|

¥!Oc]SrfTQbd_ twj^Wcl��dP*XdOcj^_gZQWQx�`^bdWdrfbdOcjYj^O^Ri_ epj^Wcx«rw_gO R�nYXÌOc`Y]*oIOQXiOQhio*R�nYe|n©Oc]Y[wOQbS_ twj*n*Ri_gZc~vXÌMks XdO�_ s��d_ WQl�jYM
R>WYXVO^]SrfTQbd_ t.jYWÌ�iP*XdOcjc_}Z�WcxV`^bdWdrfbdOcjYj^O^Ri_ epj^Wcx�rw_gO�R�nYXV`^bdWcefM�r|rw_ e|Rd_}ZQo�OQXiOQhUo*RUnYe|n�O^]Y[.OQbd_ twjYn*Ri_}ZQ~vXVjYM �
Oc`^W*RUP*�ps�M>lGTc`^WQPKRyW ��� `|� �N]Y�y`^MÂe|R�nYXqMy`^TQjYM>XUn�M>XiTYR�n*RyOw�

� �/iDn2� � � u nSoNuwvfx � |/t��RxfoRmknBm �Vh�� t��Wu � }fmkoWuwv ��|^}�� � �VjfiPo ���5lF�.r

�G`^WS]YWdrws�hiW	�*j�
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c=map(t j,S)
Di,j =min{Di−1,j−1+Ri,c ,Di,j−1+1,Di−1,j+1}
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Di−1,j
Di−1,j−1

Di,j Di,j
Di,j

tout =t in
c=map(t in ,S)
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D1in
D2in

D1out
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D2out
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D=min{D2in+Ri,c ,D+1,D1 in+1}
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tj

tj

c=map(t j,S)

Dvi,j−1Dhi−1,j

Dvi,j Dhi,j

Dvi,j =min{1,Ri,c−Dhi−1,j ,Dvi,j−1−Dhi−1,j+1}
Dhi,j =min{1,Ri,c−Dvi,j−1 ,Dhi−1,j−Dvi,j−1+1}

tin
Dhin Dhout

tout tin tout

tout =t in
c=map(t in ,S)
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Dv=min{1,Ri,c−Dhin ,aux−Dhin+1}
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k=map(y j,S)

yout =yin

10 m

0 m

0 m

0 m

0 m y10

0 m y10

0 m y10

0 m y10

0 m y10

LCSi,j−1

DLNi,j−1

LCSi−1,j

ci−1,j

yj
ci,jLCSi,j

0 m y10

yin yout yin youtcin cout cin cout
inLCS

outLCS

DLN=(c in+aux+(aux AND M i,k )) OR (aux AND MN i,k )

cout =c in+aux+(aux AND M i,k )) mod 2

else if M =1 and NOT DLN =1 then LCS =LCS  OR 0i−1Mi,k i,j i,j i−1,j i,k
m−i0

DLNi,j =(c i−1,j+DLNi,j−1+(DLN i,j−1  AND M i,k )) OR (DLN i,j−1  AND MN i,k )

if ci,j =0 then LCS i,j =LCSi,j−1

else LCS i,j =LCSi−1,j

ci,j =(c i−1,j+DLNi,j−1+(DLN i,j−1  AND M i,k )) mod 2

if cout =0 then LCS=LCS

else if M i,k =1 and NOT DLN=1 then LCS=LCS in  OR 0i−1Mi,k 0m−i

else LCS=LCS in
LCSout =LCS
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\ U M�xmgTb:F`f�L%WLlPEOW U P U fT{+F`KNM g�Q�H B N U P�LJGL^Jx
H xmKO{SW U KQP�C�PRKSGT^ P U f�LJz%^JM ^dz%KO}LM E U f�FmM }nKQ\a}S^%W[M]\_{�E~KNMZG[M]\_^a�
x`\_^RPa^a��J

k }nf�C }Q^7ECxm}#L�F`^�EC}S^ag~\JK+O U�B%U C ^Jg U g[}S^a��K<C W U M W UYU W U P%}n�1xmxm^Jg1z%KC{QW U z U D:H%z U }LM]\�L�z%^%WL}n{ B ^YPRf�L w B K�v
Q�H�E U P�LJGL^Jx
H�E=bcM U }#H%WhPRfT^1}nKNM W�LazRKQW"H�PRfL^TbVf U z%z U }LM@M�LazRKQW"H U f�FmM }LKq\J}S^%WTMZ\�N
JSR ^~z U D:H%z U }LM]\�Lez%^%WL}n{ B ^HPR^Jg
PRfT^1}nK<C WL^Jg1z%Khz1PR^JfTK+CXW U PRfT^ w B {�Q*KNM }�H%Weg[PR^ B ^TbcM x`}LMZ\�NFxmg1z1PRKSf[M@O*^af�ITL B lXWH}QlXW U�B bV^af�C Dcz1lXW U W U M"N1}�H%x
H�E
U�B O U fTM D*z�H1}LM]\7UXWoPR^aghz%PR^afTK<CmW U KQ\J}nK B {QxVKSM
HhPRfL^TbVf U z%z U }LM@M�LazRKQW"H U f�FmM }nKQ\a}S^%W[M]\7N
J

V GL^Jz�NY}Q^JgY\_K�O U�B%U C ^Jg U g[}Q^J��K<C W U M,H�KQI"N�E p x`}�H%W�KqP�Laz%KSW"H�KQW�L1}�H1} U P U fT^ag1xcM@I7MLKQ} U MWH�KSW[M U C U�U f�FmM v
}nKQ\J}Q^%W[M]\7NH}�H�EjG[M@Ia} U I"H�EhKQPRKSILKSfnb U x`}#UXW�JYX�}�H%W�KSW"L%}�H1} U[Z J £ PRKSf[M bVf�I7Oc^Jg1z%Kt}�H%W U f�FmM }nKQ\a}S^%W[M]\7NH}Q^JgH\�I�DcK
KQPRKSILKSfnb U xm}�NSNs\_K B M ^J��}�H�E G[M@Ia} U I"H�E�JWX�}#H%WEKSW�L1}�H1} U4Z J \tP U fL^Jg1xVM@I7MTKq} U M�H=z U D:H%z U }LMZ\�N U W�I B g1x
H U P�LJGL^Jx
H�E
bcM U }�H%W�PRfT^TbVf U z%z U }LM-M"LJz%KSW#H U f�FmM }nKQ\a}S^%W[M]\7N
J,R { B ^7E[¡Jxm}�H%W=KSW�L1}�H1} U]Z J@^=P U fT^ag1xVM-I�MTKQ} U M7HyKqPJM w K w U C�lXx
Ht}Q^Jg
z%^%WL}n{ B ^Jg U P�LJGL^Jx
H�Euz%KE} U PRKNM�f U z U }LM]\�I U PR^1}LK B {Sxmz U } U bcM U }#H%WsPRfT^TbVf U z%z U }LM-M"LJz%KSW#H U f"FmM }nKQ\J}Q^RWTMZ\�N
J

_ <a` bdcfej>hgfikjlgPm)n >ojSpqgPrtsvu >xw5gXBlyPrls{z�|ti}yfi,c DCBs@~g=��n

R ^�XfF�N%z U�Z J��YO U C WTKQ} U M�H U f�FmM }nKQ\a}S^%W[M]\7NH}�H�EtbVf U z%zaM]\7N�EyPRfL^TbVf U z%z U }LM@M�LazRKQW"H�EtGTM-IR} U I"H�EhKQPRKSILKSfnb U xm}�UXW�J
V P U f U P�IJWnl GT^az�NO}�H�E U f�FmM }nKQ\a}S^%W[M]\7N�EhPRfT^a{Q\_g�QcK U P�L�}�H%W�K�O U fLz%^Tb$NO}�H�E�z%K.D�LJGT^ageG[M U z%KSf[M xVz%{SW#H�Ejg B ^%v
PR^�C H%x
H�E��@���`¡W������� ¡�zRM U EtPR^_M]\`M B C U E U�B bV^af�C Dcz%lXW U W U M#N1}�H%x$H�E U�B O U f[M Dcz�H1}LMZ\�UXW�J�X|K�L B K+Eo}TM EyPaKQf[M]PR}�UXxmKNM E[¡
Hhz%{.Dc^JGL^7E U g[}�Ny\ U }n{ B H%ITK xmKEGTM U }"IaITKNM EuKQPRKSITKQfnb U x`}�UXW�z%Kr}�H%WtC GTM UjU f"FmM }nKQ\J}Q^%W[M]\7N`¡_\ U M_{Q}nxVM:OV}#IJx U z%K xm}Q^
xmg1z1Pa{Qf U xmz U L1}LM*zRM U GTM-IR} U I"H�KQPRKSITKQfnb U x`}�UXWtK+C W U McM]\ U W"NhbcM U }�H%W U PR^1}nK B KSxmz U }LMZ\�N�Kq\J}n{ B KSx
H�zRM U Es\ B IJx
H�E
U�B bV^af�C Dcz1lXW U W U M#N1}�H%x$H�E U�B O U f[M Dcz�H1}LMZ\�UXW��A� �K�1��� � � � � �N���V�u�m���_� ����� �1� � ��� � � � J�k B La\ B H%f#H~H U f"FmM }nKQ\J}Q^%W[M]\7N
PRfT^axVGTM ^Jf�C x`}#H1\JK U P�L�}#H�GTM U G[M]\ U x:C UCU PaKSMZ\7LRWTM x
H�EuPR^JghP U fT^ag1xVM-Iax U z%Kux`}S^�PRfT^�H[bV^J�1z%KSWL^�\JK+O�I B%U M ^V¡mKSW"Ud} U
F U f U \a}#H%fTM x`}LMZ\7I=}qlXWEKQPRKSILKSfnb U xm}�UXWfN�}qlXWr\_K B M@UXW PRfT^JxmGTM ^Jf�C�MT^%Wn} U M U P�L=}LM E U P U M }�N%xmKNM E }QlXWrxVgTbm\JKSf[MZz%{SWLlXW
U�B bV^af�C Dcz1lXW=PR^Jghxmg1z1PRKSf[M B%U z w IaWT^%WL} U M`x`}#H%Wo\ B IJx
H
J

V GTM-IR} U I"H U Pa^1}nK B K<C } U M U P�L�������N�GT�1^YbVf U z%zaM]\_{�E�GT^azR{�E�}QlXW��8x`}S^_M F`K<C�lXW~KQPRKSITKSf�b U x:C U E��oX����Q¡
LaP%lPE]O U C WLKQ} U M¢x`}S^�XfF�N%z U�Z J��tbcM U �����$J~�XP7C x
H�E[¡ g[P�IJf�F`^ag1WY�`� �¡�¢� � KQPaM]P B {Q^RW�G[MZKQP U Oc{+E���£�� v(¤2¥�¦
�§� M x$LJGL^Jg�£�� I�LaGT^Jg vk¤©¨`�V�m�.¥�¦u�`� �V�`�.� PR^Jgu}Q^aPR^�DcKQ}Q^J�1WL} U M U W�Iaz%KSx U x`}LM E GT�1^=G[M U }#IJILKNM E�\ U M�F`f"H%xVMZzR^RPR^_M ^a�1W�v

��\�ª
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XfF�N%z U]Z J�� p�� f U z%zaM]\7N=PRfT^TbVf U z%z U }LM-M"LJz%KSW#HsG[M@Ia} U I"H=KQPRKSILKSfnb U xm}�UXW bcM U GTM-I�O*^JfL^Jg�E U�B bV^Jf�C Dcz%^Jg�E U W U M"N1}�HTvx
H�E U�B O U f[M Dcz�H1}LMZ\�UXW

} U M�bcM U W U~U P B ^RPR^_M N%xV^ag1WC}LM EjKQPaM]\_^_M WLlXW�C K+EtGTKSGL^Jz%{SWLlXWhPR^JgHz%KQ} U Oc{SfT^ag1Wj}�HOGTg U G[M]\7N U W U P U f�Iaxm} U x
H�}qlXW
F U f U \a}#N%fnlXW \_KNMZz%{SWT^agu\ U M%} UyU PR^%}nK B {QxVz U } U � ���PN � �a� � KQPaM]PR{SGT^ag U�B�B ItxmK|\ U zRM-I=PRKSf�CZPR}qlXx
HtGLKSWrKq\J}nK B ^J�1W
g[PR^ B ^TbcM xmz%^J��E�JPV KQP�IJWLl G[M@Ia} U I"Ho}S^ag]XfF�N%z U }S^�E Z J��SF`f#H%xVM�z%^aPR^JM�K<C } U M_bcM U }�H%WsKQ\J}n{ B KQx$Ho}QlXW U�B bV^af�C Dcz%lXW
� ��� v P U f U�B�B H B M xmzR^a�Hz%K U PR^1}ng�F$C K+Et\ U M G[M U Oc^JfL{+EoPR^Jg U WL}LM x`}S^JM F`^J�1W�xm}Q^YKQP�C�PRKSGL^��f���`¡ KSW"U HH\7Ia}ql G[M@I%v
} U I"HjKQ\a}nK B K<C$L B ^Jg�Eu}S^ag�E�KSg1{ B M]\J}Q^Jg�E U�B bV^af�C Dcz%^Jg�E U W U M#N1}�H%x$H�E U�B O U f[M Dcz�H1}LMZ\�UXWa¡`PRKSf[M B%U z w IaWT^%WL} U EE}Q^Jg�E
U�B bV^af�C Dcz%^Jg�E GTg1W U zRMZ\J^J�sPafL^TbVf U zRz U }TM xVz%^a�_¡ � ��� v P U f U�B�B H B M xmz%^J�=PR^Jg U WL}LM x`}S^JM F`^J�1Wox`}S^�KQP�C�PRKSGT^�� � �r\ U M
���
	1J�k�M�KQPaM]\_^_M WLlXW�C K+EtK<C W U M¢z%^%W�LJGLfT^azRK�Etz%KQ} U IT��}qlXW�bVKNM }Q^%W[M]\7UXWC\JK B M UXWC\ U M*bVKNM }S^%WTMZ\�UXW�z%^%W�IJGnlXW]��£�� v
¤2¥�¦~J

_ <�� bdcfej>hgfikjlgPm)n >ojSpqg��n¡z�|ti}yfi,cXDCB=@~gf��n

� M U }Q^hx$F`KSG[M U xmz�Ly}�H�E PRfT^TbVf U z%z U }LM@M�LJz%KSW#H�E U f"FmM }nKQ\J}Q^RWTMZ\�N�ErKQITKQ}#IJx U zRK }TM E U P U M }�N%xVKSM EE}QlXWu\JK B M UXW~� LaP%lPE
KNM x$LaGT^Jg�E�v KSI"LJGL^Jg�E[¡Vz%W"N%z�H`¡¢\ U } U F_lXf"H1}n{+Es\ U M*PRf"IJITKSM E�� xmK=zRM U PR^_M]\`M B C UeU�B bV^af�C Dcz1lXW U W U M"N1}�H%x
H�E U�B O U v
f[M Dcz�H1}LMZ\�UXWY\ U M xmg1z1PRKSf[M B IJz w U z%KHg B M]\�L z%{Sx U x`}Q^ \_K B C {Q}nxVM�UXx`}LKHW U g[P�IJf"F`KNMXbVf#N[bV^Jf#H�KQ\J}n{ B KQx$H�}qlXW
U�B bV^af�C Dcz1lXWo\ U McxmgTb:F`f�L%WnlPE=W U G[M U }�H%f#N%xV^ag1z%KE}�H%WhKSg1K B MZI�C U J k��SC W U \ U E Z J��oP U fL^Jg1xVM@I7MTKSMV}LM E U P U M }�N%xmKNM E
}QlXW=\_K B M UXW=bcM U GTM-I�O*^afT^Jg�E U�B bV^af�C DczR^ag�E U W U M#N1}#H%x
H�E U�B O U f[M Dcz�H1}TM]\7UXW�J
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�� �� ��� ��� � � � � � � � � � � � � � � � � � ��� �� � � � � � � �� � ! � � � � � � " �� #� # � � � � �� �  ! #� � � � �

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

, � � � �� � �� � ! � - �� �� � * � � � . / / 0 1 � � � � � � � ! � � ! # � 2 � � $ �  �� #

, � � � �� � �� � ! � - � � �� � � + � . 3 3 0 4 � � �� �� � ! � � ! # � 2 � � $��  �� # 2 � � ��* � � � �

, � � � �� � �� � � � � 5�6 78 9 . / / 0 4�:<; => ? � � � � �� � ! � � ! # � 2 � � $��  �� # 2 �� � �� �� # 2 � � � * � � �

@AB 1 � �� � �� . / / 0 1 � � �� � � � ! � � ! # � 2C D

@AB 1 � �� � �� ! � - �� �� � * � � � E -F G H . -F I -F G 0 1 � � �� �� � ! � � ! # � 2C D 2J KL

@AB 1 � �� � �� ! � - � � � � �� + � E -F G H . -F M -F G 0 N � � �� �� � ! � � ! # � 2C D 2J KL

O PQ . 3 3 R 4S T; S UV ; => ? � � � � � � � ! � � ! # � 2C D 2J KL 2 � � $��  �� # 2 � � � �� ��

O O P Q . / / R 4S T; => ? � � � � � � � ! � � ! # � 2C D 2J KL 2 � � $��  �� # 2 � � � �� ��

��\��



���������
	�� ��������������	�����	���� �"!#�$��%�&(')�+*,�-�.�0/1�2$%.� /�3���� 	4'5�
�
#�76-8���:9<;='>%�	7��3��#&�?�&";=')�
��	#�7�@8��1&��+� /$A(%

V U f"FmM }nKQ\J}Q^RWTMZ\�No}Q^Jg=PafL^TbVf U zRz U }TM@M�Laz%KSWT^ag=x`}Q^_M F`K<C ^agyKQPRKSILKSfnb U x�C U ES�oX���� P U fT^Jg1xVM@I7MLKQ} U MJx`}S^�XfF�N%z U
Z J@��J�R U w U xVMZ\7I z%{Sf#H }Q^Jg x`}S^JM F`K<C ^agdKQPRKSITKSf�b U x:C U EeK<C W U M�Hdz%^%W�IaG U PRfT^aKQPRKSITKQfnb U x:C U E����m� � �V���J� ����� �K¨��
� ���m� ���L� ¡u^ U PR^a\alXG[M]\_^aPR^JM H1}#N�ETF U f U \J}�N%f U v�G[MZKS��Dcg1WTx
H�Ed�A��� � � � �S� � �~� � � ���`� ����� � � �S��� � � � ¡5Hd}S^aPaM]\7N
z%W"N%z�H�}Lg�F U C U EsPRfL^Jx`PR{ B%U x
H�E � � � v KqPJM]PR{SGT^age� � �J� �1� � ��� � �����1���
	����� ¡�HCzR^%W"IJG U K B {qb:F`^agO�A�S��¨R� ��� � �$¨V��� � ¡$H
U fTM Dcz�H1}LM]\7N=z%^%W�IJG U � � �q����� � � ��� �|�$¨V��� � \ U M1^_M1PR^ B g[P B {Q\J}nK+E�� � � � ����� �����_� � �q� ¡1Pa^agEPRKSf[M bVf�I7Oc^%WL} U M[P U f U \�Ia}ql=J

��� ^%W�IaG U �ufL^JKQPRKSILKSfnb U x:C U E p V zR^%W"IJG U�U g[}#N�F`f"H%xVM�z%^RPa^JM�K+C } U M�bcM U W U g B ^aPR^_M N%xmKNM�}#H O�IJx
H�PRfT^aK�v
PaKQITKSf�b U x:C U EtG[M U O�LJfnlXW U�B bV^Jf�C Dcz1lXW U W U M"N1}�H%x
H�E U�B O U fTM Dcz�H1}LM]\7UXW�J�X|gTbm\_KSfTM�z%{SW U ¡1Hez%^%W�IaG UeU g[}�N
PafL^%v U Pa^�D:H1\_KS�1KNM*}nfLKNM EyPR^Jx$L1}�H1}LK�E]LaP%lPEt}S^~z%{qbVK.Dc^7Et}Q^Jg U�B O U w N1}S^Jg������ ¡ }Q^�z�N1\_^�Et}S^ag�PRfT^1}n�[PR^Jg
� \ U M�H=} U g[}#L1}�H1} U }S^ago\_K B M ^J�����c¡_PR^ag4F`f#H%xcMZz%^aPR^_M ^J�1WL} U MJbcM U }#H%WsKQ\a}n{ B KSx
Ho}�H�E)O�IJx
H�E PRfT^JKqPaKQITKSfNv
b U x:C U E�J

��� PR^a\alXG[M]\_^aPR^JM H1}#N�E�� U f U \a}�N%f U v! jM�KS��Dcg1WLx$H�E p � U f U }�H%fL^J�1z%K L1}TM[}Q^ofLKS�1z U \_KNMZz%{SWT^agr}S^agSXfF�N%z U }Q^7E
Z J@��PR^Jg�z%KQ} U O*{SfLKNMV}Q^%WhGTg U GTMZ\7L�\�UXG[M]\ U }Q^Jg�F U f U \J}�N%f U \JKNM�z%{SWL^Jg#"�$�F`f#H%xVM�z%^aPR^JM�K<C } U M¢x U WtK<C xm^JGT^�E
bcM U }S^%W U PR^a\alXG[M]\_^aPR^JM H1}#N%� U f U \a}�N%f U v& jM�KS��Dcg1WLx$H�E�Jtk U Pa^R\JlXGTMZ\J^aPR^_M H1}�N�EtK+C W U M¢^Jg1xVM U x`}LMZ\7I~zRM U
PafL^TbVf U zRz U }TM@M�Laz%KSW"HHg B ^RPR^�C H%x
Heg B MZ\J^J��}�H�Ehxmg1W�IJfn}�H%x$H�E U PRKNMZ\7L%W[M x
H�E��('*)��+"�$!,-� � JYV {SIL^JGT^�Eo}Q^Jg
U PR^a\alXG[M]\_^aPR^JM H1}#NjK+C W U M7H�G[MZKS��Dcg1WTx
Hh��}S^ag]F
IJfL}�Hjz%W"N%z�H � ��� v KQPaMZPR{SGL^Jg/.�N10{J

� R ^aPaMZ\�N � W#N%z�H�R g�F U C U E �EfT^Jx`PR{ B%U x$H�E32|��� v � PaM]PR{SGT^ag p V }Q^aPaMZ\�Nez%W"N%z�H � � � v KqPJM]PR{SGT^ag U PR^�D�H1\JKS�1KNM
zaM U bVf U zRz�N%.54 \ U M6074 ¡}�#89��8 ��¡ U P�L�}Q^Jg�E�F
IafL}nK+E=z%W"N%z�H�E � ��� v KQPaMZPR{SGL^Jg#.�\ U M60 U WL}"C x`}S^JM F U J
X|g1WTKQP�UPE[¡ }S^Yz%{qbVK.Dc^�Ey}#H�Eh}Q^aPaMZ\�N�EjzRW#N%z�H�E�K+C W U M������ � ��� � \ U MkHOG[MZKS��Dcg1WTx
HHPR^Jg U P U M }nK<C } U M�bcM U W U
PafL^Jx`PRK B IJxmKNM�xmKyzRM U zRW#N%z�HeK<C W U M¢z%KqbV{.Dc^Jg�E��;:=<>����� � ��� � J@? U z w IaWT^%WL} U Eog[P�L�Q�H�}Q^�P U f"IJGTKSM bVz U }Q^Jg
\7UXG[M]\ U F U f U \a}#N%fnlXW�A5B)¤ �(¦�C5D ^JM U P U M }�N%xmKNM E�}�H�Es}Q^aPaM]\7N�E�z%W"N%z�H�EsK<C W U M��FEHG � �a� ��� U W�Ij\_K B CKJ

��� ^%W�IaG U � B {qb:F`^ag p V z%^RW"IJG U K B {qb:F`^ag U PR^%}nK B K+C } U M U P�LY{SW U W�z%KQ}nf"H1}�N�PRfL^TbVf�IJz%z U }Q^7EO���m���I�1� � �
�S�%�:¨R� � � � ¡¢zRM U zRW#N%z�H�PRfL^TbVf�IJz%z U }Q^7Ej���m���I�1� � �J� � � �1��� � \ U MV{SW U W U PR^a\JlXGTMZ\J^aPR^_M H1}�N�KSWn}S^ B UXW��A�K¨_�
� � ���m�S������¨K� � �S��� � � � J k'zRKq}Lf#H1}�N�EuPafL^TbVf�IazRz U }S^7EEG�C WLKNMJ}�HjG[MZKS��Dcg1WTx
Hh}�H�E�KSWL}Q^ B N�EuPR^JgtPRf�LR\_KNM } U MmW U
KQ\J}nK B KSx`}nK<CKJWV z%W#N%z�HtPafL^TbVf�IazRz U }S^7E U PR^�D:H1\_KQ�1KNMJ}LM EsKSWL}Q^ B {+EuKSW"L7ErPRfL^TbVf�IJz%z U }Q^7E5NyKSW�L�E U�B bV^af�C D`v
zR^ag=\ U MJ^ U PR^a\JlXGTMZ\J^aPR^_M H1}�N�E KSWn}S^ B UXW U PR^R\JlXG[M]\_^RPR^_MZK<CR}LM EuKQWL}S^ B {�E }Q^JgsPafL^TbVf�IazRz U }S^7E \ U MaP U f"IRbVKNM
x$N%z U } U K B {�b:F`^JgobcM U }�H%WtKq\J}n{ B KSx
Hh}�H�E�KSWL}Q^ B N�E�J

��� f[M Dcz�H1}LMZ\�N�z%^RW"IJG Ucp V U fTM Dcz�H1}LM]\7N�z%^%W�IaG UYU PR^%}nK B K+C } U M U P�LY}�H%W U fTM D*z�H1}LM]\7NY\ U M B ^TbcM]\7NYz%^%W�IaG U
� � ������� � � ��� � � ¨L� ���I�%� �MA)¨V����� � �NA � \ U MR}S^ag�E \ U } U F_lXf#H1}L{�E bVKQW[M]\_^J��x`\J^aPR^J��J}V � �NA KQ\a}LK B K<CR}LM E
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XfF�N%z U>Z J@� p kuf[M xmz�L7E�}S^agh\_K B M ^a�obcM U }�H%W=PRfT^TbVf U z%z U }LM@M�LJz%KSW#HhG[M@Ia} U I#HjKQPRKSITKSf�b U x`}�UXW

Paf"IJILKNM E�PRf�LJx�DcKSx
H�E[¡ U O U C fLKSx
H�E[¡Lz%KQ} U }#LaPaM x
H�EX\ U Mnz%KSfTMZ\J{+E B ^TbcMZ\J{+E�PRf�IJILKNM E LRPRlPE �+BG¦���� � BMC���¦ 	E� J
k�Mn\ U } U F_lXf"H1}n{+E bVKSWTMZ\J^J�|x`\J^aPR^J� U PR^�D:H1\_KS�1^ag1W KQWTG[M@IJz%KSx U U PR^1}nK B {Sxmz U } U LaP%lPE�� ,���� ,��
	�� ,�&, '����
\ U M1xmg1W"N�DVlPE xmg1WTGL{S^%WL} U M�IJz%KSx U zRK }S^oG[M@IJGTfL^Jz%^�GTKQGT^Jz%{SWnlXW�JkV U f[M Dcz�H1}LMZ\�N U g[}�N�z%^%W�IJG U K<C W U M[KQP U fNv
\7N�EubcM U {SW U xm�1WT^ B ^�KQg1{ B MZ\a}QlXW U�B bV^Jf�C Dcz1lXW U W U M"N1}�H%x
H�E U�B O U f[M Dcz�H1}LMZ\�UXW�J�i kuz1lPE[¡czRM U�U fTM Dcz�H1}LM]\7N
zR^%W"IJG U z%KrKQPaMZP B {S^%WsGTg1W U }#L1}#H1}nK+Erz1Pa^afTK<C_W U F`f"H%xVM�z%^RPa^JM H�DcK<CVxmKrzaM U G[M@Ia} U I"HtKQPRKSITKSf�b U x`}�UXWu\ U }"I B v
B H B HjbcM U I B�B ^Jg�E U�B bV^Jf�C Dcz%^Jg�E�J

� �u^ B g[P B {Q\J}nK+E p i kE} U WhKQPaM B {qbVKQ} U M {SW U E U�B b:LJf[M Dcz%^7EsbcM U Kq\J}n{ B KSx
H�P�IaWLl xm}�H%WjG[M@Ia} U I#H`¡¢^_M*PR^ B g[P B {�v
\J}nK+EsKNM x$LJGL^Jgh\ U McKSI"LJGL^Jg~OcfT^%WL}"C�ML^Jg1WsW U KQPaM B {SIL^Jg1W=} U \ U }#I B�B H B%U \ U W"I B M U KQPaM]\_^JM WnlXW�C U Eu} U ^RPa^7C U
zRKq} U Oc{SfT^ag1W U PR^%}nK B {QxVz U } U � ���(N � �J� � v KQPaM]Pa{QGT^Jg�J

_ <�� bdnfw����u@~r b |�����m=@�rts D�> B�g rln�� cfm D>c�B����=BGg >! "���ti,nPr bdcfej>hgfikjlgPm)n >$#
jSp

X|K U g[}�N�}�H%WCKSW"L1}#H1} U~U W U�B �1^Jg1z%K�}#H%W U P�LaGT^Jx
HC}#H�EyPRfL^TbVf U z%z U }LM@M�LazRKQW"H�E U f�FmM }nKQ\a}S^%W[M]\7N�E=P�IJWLl xVKoKQPRK�v
ITKQfnb U x`}n{+E�bVKSWTMZ\J^J��x`\_^RPR^J� LaP%lPE&% � ¨a��� � � J � G"U PRKSf[M bVf"I7Oc^Jg1z%K�GT�1^ zR^%Wn}L{ B%U U P�LaGT^Jx
H�E p R ^ PRf"U�}Q^
z%^%WL}n{ B ^ U W U�B �1KSM }�H%W U P�LJGL^Jx
He}�H�ECPRfT^TbVf U z%z U }LM-M"LJz%KSW#H�E�GTM-IR} U I"H�EjKQPRKSITKQfnb U x`}�UXW�xmKj{SW U KQPRKSITKSf�b U x`}�N
\ U Mm}Q^�GLKS�[}nKSfT^jz%^%WL}n{ B ^ U W U�B �1KNMJ}�H%W U P�LaGT^Jx
HyP�IaWLl xmKuzRM U bVf U zRzRM]\7NjGTM-IR} U I#HjKQPRKSITKQfnb U x`}�UXW�J
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X|K U g[}�Nh}�H%WtKQW�L1}�H1} U F`f"H%xVM�z%^RPa^JM ^J�1z%Ku}Q^Jg�E�P U f U \�IR}Ql P U f U z%{Q}nfT^ag�E p

����������� ¡R^ U f[M Dcz�L7E }QlXWuPRf�IaITKQlXW PR^Jg U P U M }S^a�1WL} U M U P�Lt}�HtO�Iax
H=PRfL^JKQPRKSILKSfnb U x�C U E KSW�L�E|^aPR^_M ^Jg1G"N1PR^1}nK
U�B b:LJfTM DczR^ag U W U M"N1}�H%x
H�E U�B O U fTM Dcz�H1}LM]\7UXWR¡

���
	 ���������������� ¡%^ U fTM D*z�L�E }QlXW PRf�IaITKQlXW|PR^ag U P U M }S^a�1WL} U M U P�Lu}�HSO�Iax
H U W U M#N1}�H%x$H�E KSW"L7EX^aPR^_M ^Jg1G"N1PR^1}nK
U�B b:LJfTM DczR^ag U W U M"N1}�H%x
H�E U�B O U fTM Dcz�H1}LM]\7UXWR¡

����������� ¡m^ U f[M Dcz�L7Eu}qlXWyGTKSGL^Jz%{SWnlXWuPa^aghz%KQ} U O*{SfL^RWn} U M ¡
����������� ¡m^Cz%{Sxm^7ESF`f"L%WT^7E bcM U W U KQ\J}nK B KSx`}nK<Cm{SW U w N%z U PRfT^aKQPRKSITKQfnb U x:C U E[¡
����	 ����������������� ¡m^�zR{QxV^�ESF`f�L%WT^�ErbcM U W U KQ\a}LK B KSx`}LK+CV{SW U w N%z UCU W U M"N1}�H%x
H�E[¡
����������� ¡m^�z%{Sxm^7ESF`f�L%WL^7ErbcM U z%KQ} U O*^af�IjGTKQGT^Jz%{SWnlXW�\ U M
��� ¡V^ U f[M Dcz�L7E�}qlXW � ��� � xVKEzaM U>B {QI"Hh}S^aghKQPRKSITKQfnb U x`}�N
J

k�M P U f"IJz%KQ}nfT^JM � ����� � ¡ �
	 ��������!������� \ U M � ������� KQI U fn}�UXWL} U M U P�L�}S^%W U�B b:LJf[M Dcz%^�\ U M U P�L�}�H%W�z%{.Dc^JGT^
U PRKNM]\�L%WTM x
H�E[¡`KSW"U ^_M_P U f"IJz%KQ}nfT^JM ������� � ¡ ��	 ���������������� ¡ ��������� \ U M � KQI U fn}�UXWL} U M U P�Lh} U F U f U \J}�H%fTM x`}TM]\�Ih}Q^Jg
KQPRKSILKSfnb U xm}�N
J

�ufTM WrG[M U }ng[P�UXxV^ag1z%K�}S^yz U D�H%z U }TM]\�LtzR^%Wn}L{ B ^sbcM U {SW U KQPRKSILKSfnb U x`}#NE\ U M[bcM U zRM U GTM-IR} U I"HsKQPRKSILKSfnb U xm}�UXW
\�IaWT^ag1zRK�}�H%WYg[P�L�DcKSx
H�L%}LMX\�I�DcK�KqPaKQITKSf�b U x`}�N�EHKQPRKSITKSf�b:I7MLKQ} U MX{QW U }nz�N%z U � �V� �_�" � U P�L � F U f U \J}�N%fTK�E
PRfT^1}n�[PR^Jg_¡)LJxm^ K+C W U M�}S^ zR{�bVK.Dc^7E�}�H�E B {SI#H�E�}S^agdg[PR^ B ^TbcM x`}#N
J � K�I B�B%U B LTbcM U ¡5L1} U W�^JM U�B b:LJf[M Dcz%^_M
� ��� v P U f U�B�B H B M xmzR^a��\ U M*^ U�B b:LJfTM DczR^�E=}�H�Eoz U \_fL�[}LKQf"H�E�\_^JM W#N�E=g[PR^ U \_^ B ^ag�D�C U EsKQPaM B {qbV^%WL} U MVbcM U W U KQ\a}nK�v
B KSx`}S^a�1W�x`}�H%W~PRfT^TbVf U z%z U }LM@M�LJz%KSW#H U f"FmM }nKQ\J}Q^%W[M]\7N�z1PR^JfT^a�1WeW U \�IJWL^Jg1W�F`f"N%x
H�}Q^Jg�KSx`l�}nKSf[M]\_^a��P U f U�B v
B H B M xmz%^J��}QlXW � ���jPRf�IaITKQlXWez%{Sx U xmK�zRM U B {SI"H�}S^Jg�KQPRKSILKSfnb U x`}#N
J  ~H B%U G"N`¡ xmg1WTKSW#UXWT^Jg1z%K�}TM E � }LM�z%{+E
� ��� v KQPaMZPR{SGL^JgHxmKhzRM U�B {SI#He\ U M�KSW#H%zRKQf"UXWT^ag1z%Kt}LM E�}LMZz%{+E U g[}n{+EjzRKhzRM U z�LRWL^~PRf�IaI"H
J>R ^�P U f U P�IJWLl P B KQ^%v
WT{q\J}�H%z U }�H�E~F`f#N%x
H�EtKSx`l�}nKSf[M]\_^a�CP U f U�B�B H B M xmz%^J��GTKSWjz1PR^JfTK+C¢W U F`f"H%xVMZzR^RPR^_M H�DcK<C¢bcM U }S^ag�E U�B bV^af�C DczR^ag�E
GTg1W U zRM]\_^J�jPRfT^TbVf U z%z U }LM xmz%^J�_¡ U P B IexmKo\�I�DcKoKQPRKSILKSfnb U x`}#NYD U Kq\J}nK B ^J�1Wn} U M¢^_M U�B b:Laf[M Dcz%^_M U \J^ B ^Jg�D*M U \�I
xmK � F U f U \J}�N%fTK+E }S^aghPafL^1}L�[PR^ag�J
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kdF`f�L%WL^7EtKq\J}n{ B KSx
H�EobcM U }Q^%W�g[PR^ B ^TbcM xmz�L�}QlXW U�B bV^Jf�C D*z1lXW U W U M"N1}�H%x
H�E U�B O U f[M Dcz�H1}TM]\7UXWCxmKt{SW U WjKQPRK�v
ITKQfnb U x`}�Ny}�H�EuPRfT^TbVf U z%z U }LM-M"LJz%KSW#H�E U f"FmM }nKQ\J}Q^RWTMZ\�N�E U PR^1}nK B K<C } U M U P�LCGL�1^>LafT^Jg�E p

��. ������� K<C W U M`^�xmg1WT^ B M]\�L�EGF`f�L%WL^7EEPR^Jg U P U M }nK<C } U MmbcM U }�H%WoKQ\J}n{ B KSx
Hh}�H�ESO�Iax
H�EuPafL^JKQPRKSILKSfnb U x:C U E�J�k
U f[M Dcz�L7Eh}qlXW�Paf"IJILKQlXW�PR^ag U P U M }Q^J�[} U M bcM U }�H%W�KQ\J}n{ B KQx$HH}�H�EYO�Iax
H�EjPRfL^JKQPRKSILKSfnb U x�C U E�bcM U L B ^Jg�E
}S^Jg�E U�B b:LJfTM D*z%^ag�E U W U M"N1}�H%x
H�E U�B O U fTM D*z�H1}LM]\7UXW=K<C W U M_PRKSf�CZPa^ag4� ��� � w N%z U } U L1} U Ws}S^Cz%{qbVK.Dc^7Eu}Q^Jg
PafL^1}L�[PR^ag�} U MZf[M@I7MTKSM*xmK=zRM U�B {SI"Hj}S^ag�g[PR^ B ^TbcM x`}�N
JSX�}�H%WyPRf�IaI"H`¡cxmP�IaW[M U xVg1z w U C WTKSMV}S^ez%{qbVK.Dc^�E=}Q^Jg
PafL^1}L�[PR^agCW U } U M�fTM-I�MTKNMcxVKszRM U�B {SI"Hj}S^agCKqPaKQITKSf�b U x`}�N
J i �X}LxVM1L1} U Wt}S^Hz%{qbVK0D*^�E�}S^JgjPRfT^1}n�[PR^JgjK<C W U M
Pa^ B ��z%Kqb:I B ^V¡m}"L1}nK U P U M }S^J�1Wn} U M�/ � 021 PRKSf�IaxVz U } U }qlXW � � ��� � J � KQW[M]\�Ic¡m^�F`f�L%WT^�EuPafL^JKQPRKSILKSfnb U x:C U E
G�C WLKQ} U M U P�L p

. ����� � � ���������!��������� ���3/ �
�
1 � ��� � � ������� � � Z J��#�

��.�	 ����������������� K+C W U MT^sxmg1WT^ B M]\�L7E�F`f�L%WT^�E U W U M"N1}�H%x
H�EXbcM U W U KQ\J}nK B KQxm}nK<C[{QW U E U�B b:Laf[M Dcz%^7E U W U M"N1}�H%x
H�E
U�B O U f[M Dcz�H1}LMZ\�UXWuxmK {QW U W KQPRKSILKSfnb U xm}�N
JWX�}S^%W �SC W U \ UtZ J@�sP U fT^Jg1xVM@I7MLKQ} U Ma^txmg1WL^ B MZ\7L7E U fTM D*z�L�E }qlXW
Paf"IJILKQlXWd� �
	 ����������������� � PR^Jg U P U M }S^J�1Wn} U M bcM U W U KQ\a}LK B KSx`}S^J�1W�GTM-I�O*^JfL^_M U�B b:LJfTM D*z%^JM U W U M"N1}�H%x
H�E
U�B O U f[M Dcz�H1}LMZ\�UXWoz%Kr}�H%W=g[P�L�DcKSx
H]L1}LM`}Q^�z%{qbVK.Dc^�Er}S^agyPRfT^1}n�[Pa^agtK<C W U M_zaM]\_f"L1}LKQfT^ U P�L � J � KSWTMZ\7Ic¡J^
F`f�L%WT^�E U W U M"N1}�H%x
H�EEG�C WLKQ} U M U P�L p

.�	 ���������������� � �
	 ��������!������� ��	 ����������������� � Z J@���

k U \_^ B ^ag�D*M U \�L7E�F`f�L%WT^�EyKQ\J}n{ B KQx$H�EybcM U {SW U ^RPa^JM ^JG#N1PR^%}nK U�B b:LJf[M Dcz%^ U W U M"N1}�H%x
H�E U�B O U f[M Dcz�H1}LMZ\�UXW
K<C W U M_}Q^�I�DcfL^_M xmz U }qlXWyGT�1^jP U f U P�IJWLl LJfnlXW=\ U M`G�C WTKQ} U M U P�L p

. 	 �54 � . ����� � � .�	 ����������������� � Z J £ �

�������76 �
	������������������������������8+9�!;:<9=��*>!�%?�<"#�$� %��@&?'�!��+*BAC	

k xVg1WL^ B MZ\7L7E�F`f�L%WT^�E KQ\J}n{ B KSx
H�E bcM U }�H%W�g B ^RPa^7C H%x$HtG[M U O�LJfLlXW U�B bV^af�C Dcz%lXW U W U M"N1}�H%x
H�E U�B O U f[M Dcz�H1}LMZ\�UXW
xmKuzRM U PRfT^TbVf U z%z U }LM-M"LJz%KSW"HyG[M@Ia} U I"HjKQPRKSILKSfnb U x`}#UXW U Pa^1}nK B K<C } U M U P�Lj}LfLKNM ElLJfL^Jg�E p
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�SC W U \ U E Z J@� p k U f[M Dcz�L7Ey}QlXW�PRf�IJILKQlXW U W U M"N1}�H%x
H�EobcM U GTM-I�O*^JfL^Jg�E U�B bV^af�C DczR^ag�E U W U M#N1}#H%x
H�E U�B O U f[M D`vz�H1}LMZ\�UXWtxmKu{SW U KQPRKSILKSfnb U x`}#N
� B b:LJf[M Dcz%^7E �
	 ����������������
 hg1W�J��ufT^TbVf�J�z%KG� U PR^1}ng�F$C K+E � �3/ � 0 1 � �
 hg1W�J��ufT^TbVf�J�z%KG�HG[M U Oc^JfL{+E � �3/ � 0 1 � �
 hg1W�J��ufT^TbVf�J }S^ag  � � � � � �3/ � 0 1 � �
2|��� v P U f U�B J � �3/ � 021 �
2|��� v P U f U�B J�z%KG� U PR^%}ng�F$C�K+E � �3/ � 021 � �
2|��� v P U f U�B J�z%KG�HGTM U O*^afT{+E � �3/ � 0 1 � �
��� 	 � �3/ � 0 1 � �
� � � 	 � �3/ � 0 1 �

��. ������� K<C W U M�^ xmg1WT^ B M]\�L�E�F`f�L%WL^7E�PRfT^aKQPRKSITKQfnb U x:C U EhbcM U W U O*^Jfn}QlWDcK<C�}S^ PRf"L%}ng[PR^ U�B O U f[M Dcz�H1}LMZ\7L
\ U M xm}�H%W�xmg1WT{+F`KSM U W U \ U } U x`\JKSg U x`}nK<C ^ U WL}"C x`}S^JM F`^7E�F
IJfL}�H�EOz%W"N%z�H � ��� v KQPaM]Pa{QGT^Jg LRPRlPE~^_M . N
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q^vKg{�[� s
z^Q{B^|^J S*qx�^vxwCN)NkZPL�\x\MJ^N^_i� q^�xvxv^\AJ^d]\,��B��xq]��n o

�x�^qys
B�F S m P8vxwCN)NYq^vxv�g{�P���IH Q{B�F^\{n qM�WvWmas

�
BKF�S*qM~^wPn o g{L�\PORQIJ[H��x�Ts

HVQ�B�F]\xvxCxJM|W\AL��T� w]�ys
mIv�g{�IH Q{BKF]\esr�

Jx|IH�J o
?Mv�g{�[�K�]qts
\^mMN^DI@MGIH Q{BKF]\Mv�mP��?es
CMJx|W\ALP�KGAHVQ�B�F]\xvxCxJM|W\ALP�p�6\AJ^d]\a�rB��Mq]�]�M�VgP�]q]��� s
HVQ�B�F^\Mv ��E � Sr\^mMN^DI@MGIH Q{BKF]\e` CMJx|W\MLP�KGAH Q�B�FW\{n s
HVQ�B�F^\Mv ��E � S HVQ�B�F^\e`�CxJM|�\IL��T� q^�{� ��n�s
B�F SUHVQ{BKF]\xvxvxCxJM|�\IL��T� q^�{�R�PnbmIv��8H �tSxS6g{�IH Q{BKF]\{n ` ?�n�s
JM|AH�J o

B�F�Sr\WmANWD[@MGAHVQ�B�F]\A~^CxJM|W\ALP��GIHVQ�B�F^\{n H Q{B�F^\Mv��&E � S H Q{B�F^\e`WS mI���]n]n�s
mIvMwts

�
�
BK�xvPH Q{BKF]\es

�
XxOW@Kmx_M\MvKg�LW\[ORQ[JIHps

�

2436573 � �������
	�� 9���
�<; >��

?A@AB�CEDWgAQPGAH�JxLWNPOVQeS ORQPL�N XRZPL�\x\MJ^N^_ ` ORQ[LWNcX�\AJ^d]\e` BR_A\ug,`fBR_M\k_a`fBR_M\lXxO�@�mx_M\{n
o

BR_A\YC � E�G�H1IQJM�ys
T����
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BR_A\lBp`DBe`rqy` g{L�\PORQIJ[H�vMwys
L X4ZANMJ�ZMNA@IO�J[H]H]BR_&M�Z]QPLAH�J X L
FM@^NtS*q^vMwys�qM~QE&G�H,IKJTsrq]�]��nfC � q]�]vKg,s
FM@^NtS*q^vMwys�qM~Vg{�P�7srq^�x��njC � ZPL�\x\MJ^N^_i� q^�x�xv�g{�^qM�P�7s
L XYH�JxLWN[ORQ{BV_�M�ZxQPLAH�J X L
B�vKg��P�7s
z]Q{BW|]J S B^~WvW_ n o

BMv[B}s�q]v�g{�P�7s
z^Q{B^|^J S*qx�^vxwCN)N \AJ^d]\a� BA�]vxv�ZPLW\]\AJWN^_��8q]�Pn o qM�]�ts B[�x� s��
BKF�S*qM~^wPnfg�LW\[ORQ[JIHK�]�Ts
BK�xvxC �6\MJ]d]\a�rBK�x�Ts

�
XxOW@Kmx_M\MvKg�LW\[ORQ[JIHps

�

2436573�� �������
	�� 9���
�����

?A@AB�C �[HWGIHKJML�NPORQTSUOVQPLWNYXRZ[LW\]\AJ^NW_a`bORQPL�NcXK\MJ]d^\e`fBR_M\hgi`jBV_A\k_a`fBV_A\lX]OW@�m]_A\�n
o

BR_A\YC��}�FE&G�H,IKJx�Ts
BR_A\lBp`rqt`DB ` g{L�\PORQIJ[H�vMwys
L X4ZANMJ�ZMNA@IO�J[H]H]BR_&M�Z]QPLAH�J X L
FM@^NtSUBKvMwys*B^~QE&G�H,IKJTs B��]��nfC��}�rBK�xv�gP�{�7s
FM@^NtSUBKvMwys*B^~Vgis BK�x�Pn<C��}� ZPLW\]\AJWN^_���B��]�xvKg��ABps
L XYH�JxLWN[ORQ{BV_�M�ZxQPLAH�J X L
B�vMwts

T����
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z]Q{BW|]J S B^~�_ n o
BMv[B}s�q]vxwys
z^Q{B^|^J S*qx~Rg N�N \AJ]d^\,� BA�xv]vWZ[LW\x\MJ^NW_�� q^��n o q]�x�ysDBM�x�Tsr�
BKF�S*q]v]vKg�nfg{L�\PORQIJ[H��x�Ts
BK�xvxC��}� \AJ]d^\,��B��Kg[�x�ys

�
XxOW@Kmx_M\MvKg�LW\[ORQ[JIHps

�

2436573�� �������
	�� 9���
�<; > �

?A@AB�CEDWg�HWGAH�JxLWNPOVQeS ORQPL�N XRZPL�\x\MJ^N^_ ` ORQ[LWNcX�\AJ^d]\e` BR_A\ug,`fBR_M\k_a`fBR_M\lXxO�@�mx_M\{n
o

BR_A\YCxJM|�\ILP�p� E�G�H1IQJM�y` \xC{�}�FE&G&H1IKJx�Ts
BR_A\ Be` Bp`rqy` g{L�\PORQIJ[H�vMwys
L X4ZANMJ�ZMNA@IO�J[H]H]BR_&M�Z]QPLAH�J X L
FM@^NtSUBKvMwys*B^~QE&G�H,IKJTs B��]��n o

CxJM|W\ALP�p�rB��]vKg,s
\xC{�}��B��]vKgP��� s

�
FM@^NtSUBKvMwys*B^~Vg{�P�7s��]�[BAn o

CxJM|W\ALP�p� ZPL�\x\MJ^N^_i�rBK�x�xv�g{�MB^�I� s
\xC{�}� ZPL�\x\AJWN^_i�rB��]�xv�g{�ABps

�
L XYH�JxLWN[ORQ{BV_�M�ZxQPLAH�J X L
B�vMwts
z]Q{BW|]J S B^~�_ n o

BMv[B}s�q]vxwys
T����
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z^Q{B^|^J S*qx~Rg N�N \AJ]d^\,� BA�xv]vWZ[LW\x\MJ^NW_�� q^��n o BA�x�ysrq^�x�Tsr�
BKF�S*q]v]vKg�n o g�LW\POVQ[JIHK�x�ys��
BK�xv ��E � S�CMJx|W\ALP�}� \AJ^d]\,��B���g{�I�R�x�y` \xC{���6\MJ]dW\,�rBK��g[�x�[n�s

�
XxOW@Kmx_M\MvKg�LW\[ORQ[JIHps

�

2436573�� �������
	�� 9���
��� =

H�\]N^m�OK\ G�\ILW\MJ o
BR_A\ |^J�_&M]\^Q ` H mIFT`6Z[@IHps
ORQPL�N \AJWN�g7BR_PL]|ts

�ts
\��WZ[J^CMJ]F H�\xNWm{O�\ GW\ALW\AJ G���E��)JTs
BR_M\ H�\ALW\AJxGAO�@�mx_M\AJWNe`8ZIJ^N[BW@]Cys
G��)E	��JlH�\ALW\AJIHt� �AX ��G�H,IKJM���^�ys
BR_M\ \xNALK_7H � ��G�H1IQJM� � E&G&H1IQJM�Ts
BR_M\�
�����yS BR_M\uZa` G��)E	�)JcH�\IL�\AJIHt�8�y` BR_M\ \xNALK_{Ht� ��G�H,IKJM� � E�G�H1IQJM�Pn
o

BR_A\ NTs
NMvPHR\IL�\AJMGMOW@Kmx_A\MJ^Nx�x�Ts
g�J�g7ORZ�ySr\]NIL�_7Ht� NM�y` \xNALK_{Ht� ZA�y`�E&G�H1IQJPX]H]B��xJ]@^FtS BR_M\{n^n�s
H�\IL�\AJIHt�6Nx����HVmIF]vPHR\ILW\MJ[H � ZI����H mIFts
H�\IL�\AJIHt�6Nx��� Z[@[H�vPHR\ILW\MJ[H � ZI��� ZI@[H s
NAJ^\WmANW_YNes

�

T����
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BR_M\ G������yS ORQ[LWN XVZPL�\x\AJWN^_ ` BR_M\ugi` G��)E	��JlH�\ALW\AJIHt�6�T` BV_A\ \]NILK_{Ht� �&G�H,IKJx�a� E�G�H,IKJM�Pn
o

BR_A\lBp`�L�Nx\e`*BR_�BK\e`r|xLAH�\e`6Za`��T` NTs
ORQPL�N Lts
LWNx\xvPHR\ILW\MJMGMOW@�m]_A\MJ^NM�]�Ts
BR_{B�\Mv[H�\IL�\AJxGAOW@Kmx_M\AJ^Nx�x�ys
H�\IL�\AJIHt�rBV_{B�\M����HVmAFxvAL�Nx\Ts
|xLIHR\MvIBR_{B�\es
FM@^NtSUBKvKg{�[� s*B^�^vxwysr�x�ABMn o

LWvWZPL�\x\MJ^N^_i�rBK�Ts
ZAvA|xLAH�\Ts
�]vPH�\ALW\MJMGAO�@�m]_A\AJWNM�]�Ts
HR\ILW\MJ[H � �x����|^J�_�M^\^QAvPH�\ALW\MJ[H}� ZI��� |^J�_�M]\WQI�P� s
HR\ILW\MJ[H � �x��� ZI@[HKv[H�\ALW\AJIHt� ZI� � Z[@IH���� s
z^Q{B^|^J S Z!P8vIBR_{B�\ N)N \]NIL�_7Ht� ZI� � L^�]vxvxwPn o

\xNALK_{Ht� ZA�a� L^�xv��Ts
ZIv[H�\ALW\AJIHt� ZI����HVmAFTs

�
BKF�Sr\xNALK_{Ht� ZA�a� L^�xv]vMw[n o

\xNALK_{Ht�rBV_{B�\M�a� L^�]v��Ts
H�\ALW\MJ[Ht� �x���*HVmAFxvIBR_{B�\es

�
Jx|IH�J

B�F SUH�\IL�\AJIHt� ZA��� |]J�_&M]\WQI�{�Vvxv[H�\MLW\AJIH � \xNMLK_{Ht� ZI�a� LW�]��� |]JK_�MW\^Q n
H�\IL�\AJIHt� �]����HVmIF]v]\]NILK_{Ht� ZI�a� L^�ts

JM|AH�J o
NMv
����	�ySr\]NIL�_7Ht� ZI� � L^�y` HR\ILW\MJ[H ` \]NILR_7HMn s
H�\IL�\AJIHt�6Nx��� |]J�_&M]\WQIvPHR\IL�\AJ[H � ZM��� |]J�_�M]\WQA��� s
H�\IL�\AJIHt�6\]NIL�_7Ht� ZI� � L^�]����HVmIF]v]Nys

T����
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H�\IL�\AJIHt� �]����HVmIF]v]NTs
z]Q{BW|]J S Z P8vMLWN]\ N)N HR\ILW\MJ[H �6\xNALK_{Ht� ZA�a� L^�x����|^J�_�M]\^Q

�^v H�\ALW\MJ[Ht� NM����|]JK_�M^\^Q n o
\xNALK_7H � ZA�a� LW�xv^Nes
ZIv[H�\IL�\AJIHt� ZA����HVmIFys

�
�
|xLAH�\xv��Ts

�
HR\ILW\MJ[H � |xLAH�\x���8\MJ^NKg BR_[Lx|Wv{�{s
ZAvA|xLAH�\Ts
z^Q{B^|^J S Z!P8vIBR_{B�\{n o

ZIv[H�\ALW\AJIHt� ZI����HVmAFTs
H�\ALW\MJ[Ht� ZI���8\AJWN�g7BR_PL]|^v�� s

�
NAJ^\WmANW_ BR_�BK\es

�
?A@AB�C NxFAGIHKJML�NPORQTSUOVQPLWNYXRZ[LW\]\AJ^NW_a`bORQPL�NcXK\MJ]d^\e`fBR_M\hgi`jBV_A\k_a`fBV_A\lX]OW@�m]_A\�n
o

BR_A\lBp`rqt` HVQ�B�F^\e` BV_{B�\e` HR\IL�\AJy` H�\MLW\MJMG^LKmIdys
BR_A\ug�LW\[ORQ[JIHKvxwys
L X4ZANMJ�ZMNA@IO�J[H]H]BR_&M�Z]QPLAH�J X L
g�J�g H�JW\ySr\]NIL�_7Hp`�wy`��AX�S6gP���[n^X,E�G&H1I1JPXxH]B��MJx@^F S BR_x\{n]n�s
g�J�g H�JW\yS HR\IL�\AJ[H�`rwt` �AX S8g[� �[nWXxH^B��]Jx@^FtS�G���E���J�nxn7s
H�\IL�\AJxGAOW@Kmx_M\AJ^Nxv{�7s
Z[J^N[BW@^CxvKg,s
L XYH�JxLWN[ORQ{BV_�M�ZxQPLAH�J X L

T��,T
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B�vMwts
BR_{B�\Mv�G�� � �yS ZPLW\]\AJWN^_a` gi` H�\IL�\MJIHp`8\xNALK_�HMn�s
z]Q{BW|]J S B^~WvW_P�Vgpn o

q^vKg{�[� s
HR\ILW\MJ]vIBR_{B�\es
H Q{B�F^\Mv�gis
z^Q{B^|^J SxSUH�\ALW\AJxGxL�mIdxv^\xNALK_7H ��HR\ILW\MJ]�e�6\MJ]dW\,�rBK�xq^�x�[n P6vMwIn o

H�\ALW\MJ]vPHR\IL�\AJMG]LKmAdTs
B�F SUH�\IL�\AJIHt��HR\IL�\AJ]���8\MJ^N�g7BR_[Lx|An o

Z[J^N[BW@^CxvPH Q{BKF]\es
HVQ{BKF]\xvMqys

�
qM�]�ts

�
BKF�S*qM~^wPn o g{L�\PORQIJ[H��x�Ts HVQ�B�F]\xvWZIJ^NPB�@]Cys��
BK�xvPH Q{BKF]\es

�
XxOW@Kmx_M\MvKg�LW\[ORQ[JIHps

�

2436573 � �������
	�� 9���
�����

?A@AB�ClHK@MGIHKJML�NPORQTSUOVQPLWNYXRZ[LW\]\AJ^NW_a`bORQPL�NcXK\MJ]d^\e`fBR_M\hgi`jBV_A\k_a`fBV_A\lX]OW@�m]_A\�n
o

BR_A\lBp`bqy` g�LW\POVQ[JIHKvMwts
mx_7H^B1M�_[J]CYBR_M\ |AB g,` �,�FE&G�H,IKJx�T` HR\IL�\AJys
L X4ZANMJ�ZMNA@IO�J[H]H]BR_&M�Z]QPLAH�J X L
FM@^NtSUBKvMwys*B^~QE&G�H,IKJTs B��]��n �a�rB��]v���wys
|AB g[vMwts

T����
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FM@^NtSUBKvMwy`�q]v�� s BW~Rg,s B��]�T`�qM~x~Wv��^n o
�a� ZPL�\x\MJ^N^_i�rBK�x�)N]v���qys
|MB g�� vMqts

�
|AB g[v��{S |ABUg{�]�P�]n s
L XYH�JxLWN[ORQ{BV_�M�ZxQPLAH�J X L
H�\IL�\AJ^v��Kwts
FM@^NtSUBKvMwys*B^~�_as BK�x�Pn o

HR\ILW\MJ]v S H�\ALW\MJM~x~[�]n�� �,� \AJ^d]\ �rB��]�ys
BKF�S H�\ALW\MJM~x|MB g�n g{L�\POVQ[J[H��x�ys

�
XxOW@Kmx_M\MvKg�LW\[ORQ[JIHps

�

243657385�� ��� � �
	�� 9  � �<;����=>

?A@AB�CED]_ICKg�GIHKJMLWN[ORQTSUORQ[LWN XRZ[LW\]\AJ^NW_a`bORQPL�NlXK\MJ]d]\T` BR_M\ugi`fBV_A\k_a`fBV_A\lX]OW@�m]_A\�n
o

BR_A\lBp`rqt`8Z[@IHp`r|xLIHR\e` g{LW\[ORQIJ[HKvxwys
mx_7H^B1M�_[J]CYBR_M\
	,� E�G�H,IKJM�ys
mx_7H^B1M�_[J]CYBR_M\�� ` g{LAH�Be` g{LIH�B �7s
L X4ZANMJ�ZMNA@IO�J[H]H]BR_&M�Z]QPLAH�J X L
g{LIH�BAv�� s
FM@^NtSUBKvMwys*B^~QE&G�H,IKJTs B��]��n	a�rB��]vMwts
FM@^NtSUBKv{� s*B^~WvKgis*B��]�T` g�LIH�B[~x~Wv��^n�	,� ZPL�\x\AJWN^_i� g{�MB����R�x���6v�g{LIH�B s
L XYH�JxLWN[ORQ{BV_�M�ZxQPLAH�J X L
Z[@[H�vMwts

T�� U
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g{LIH�B �Vv{� s
g{LIH�B ��~x~^v�g{�[� s
z]Q{BW|]J S Z[@IHW~^v�_P�Vgpn o

|]LIH�\xvMq^vKg{�[� s
�Mv��Kwts
z^Q{B^|^J S �"P8vxwPn o

�&N]v 	a�6\AJ^d]\a� Z[@IHK�xq]�x�ys
qM�]�ts
B�F S]S �&N�g{LAH�B �^n P6vMwPn

B�F�S*qx�]w[nu|xLIHR\Mvxqys
JM|IHKJ�g{L�\PORQIJ[H��x�Ts

�[~]~^v�� s
�
ZI@[HK�]vA|]LIH�\Ts

�
XxOW@Kmx_M\MvKg�LW\[ORQ[JIHps

�

243657385 5 ��� � �
	�� 9  � �=< �

� CxJ]FIBR_[J ���

� CxJ]FIBR_[J��l�����
	��P�����
?A@AB�CCBxNIGIHKJML�NPORQTSUOVQPLWNYXRZ[LW\]\AJ^NW_a`bORQPL�NcXK\MJ]d^\e`fBR_M\hgi`jBV_A\k_a`fBV_A\lX]OW@�m]_A\�n
o

BR_M\EQxZ `8QM\e`�Cy` Bp`rqy` g{L�\PORQIJ[H�vMwys
Cxv�� s
FM@WNyS B�v{�7s BW~Rgis*B��]��njCxv S�CA~]~ �{n��� s
QA\xvWQ]ZIvMwts

T��  
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FM@WNyS B�vMwts BW~Rgis*B��]��n o
Q]ZIvtS]S Q]ZP~x~ �7nR�WZPL�\x\MJ^N^_i�rBK��n ��ts
QM\MvtS]S QM\I~x~ �7nR�]\AJ^d]\a�rB��Pn���ts

�
FM@WNyS B�vMwts BW~^vW_[�Rg,s B��]��n o

BKF�S QA\xvxv�QxZ n o
FM@WNyS�q]vMwtsrqx~Rg N�N \AJ^d]\,��B��xq]�xv]vWZ[LW\x\MJ^NW_�� q^�Ts�q]�x�Pn s
B�F S�qM�^v�gpnfg�LW\[ORQ[JIHK�]�Ts

�
QM\MvtS QA\x�tS �]~x~ �7n���\AJ^d]\,��B��IX�C[n��� s
QM\MvtS]S QM\I~x~ �7nR�]\AJ^d]\a�rB���gP�Pn���ts

�
XxO�@�m]_A\Mv�g{L�\PORQIJ[H�s

�

'�( � �������	��
 +~> I �������� -��	� > +�� � >���� � G�� - -�> G�� > �������� I	 � �"!WG�! � �#�%$
&(' � � 
�)*� � �

243 : 385 �������
	�� 9���
�<;>=
?A@AB�CEDAFAGIHKJML�NPORQTSUOVQPLWNYXRZ[LW\]\AJ^NW_a`bORQPL�NcXK\MJ]d^\e`fBR_M\hgi`jBV_A\k_a`fBV_A\ Be`fBR_A\lX]OW@Kmx_A\�n
o

BR_A\lBp`rqt`�|t` g{L�\PORQIJ[H�vMwys
FM@^NtSUBKvMwys*B^~�_P�Rg,s BK�x��n o

Fx@^NyS*|^vxq]v{�7srqx~Rg N)N |x~WvKg,srq]�]��n
B�F S ZPLW\]\AJWN^_��8q]�-P8v]\MJ]d^\,�rBK�Mq^��nj|W�x�Ts

BKF�S |x~WvKB{nfg{L�\PORQIJ[H��x�Ts
�

T�� �
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� CxJ]FIBR_[J�Z �x|^@�M�g ���
� CxJ]FIBR_[J g{L^dMGRg�G��1B7� �P�
BR_M\kZ^g.� ��w]w]� � g{LWdAGVg{G��,B �V�Ts
BR_M\ \�g.� ���^wxw]wxw]� � ���]�Ts
?A@AB�C |�?IGIHKJML�NPORQTSUOVQPLWNYXRZ[LW\]\AJ^NW_a`bORQPL�NcXK\MJ]d^\e`fBR_M\hgi`jBV_A\k_a`fBV_A\ Be`fBR_A\lX]OW@Kmx_A\�n
o

BR_A\lBp` NT`rqy`6Da` �{� ` � � ` g{L�\POVQ[J[H�vMw s
BR_A\kZ �x|]|ts L X4Z �x|]|^v �	�{S*|x�P�^nuX L
L X4ZANMJ�ZMNA@IO�J[H]H]BR_&M�Z]QPLAH�J X L
FM@^NtS Z �x|x|Wv{�7s8Z �]|x|]~^vKg,s8Z �x|x|MXKv��[n

|^J^?AJx|P��GKZPL�\IG]LK_PL]|��PH]BMH7S Z[LW\^\AJ^NW_ ` gi`FB `6Z �^|x|[n s
L XYH�JxLWN[ORQ{BV_�M�ZxQPLAH�J X L
FM@^NtS ���RvMwts ���K~^v�_P�Vgis��]�����]n
Fx@^NtS � �Wv{�7s � �]~^vQBA�{�7s��]��� �In
\Kg � ���R� � � �W�xv�gP�{�7s

NMvMq^vMwts
FM@^NtSUBKvMwys*B^~WvW_P�Vgis �x�[BMn o

DAvMwys
BKF�SUB^~^qPn

g�JWN�MxJ S8g,`DBe`8ZPL�\x\MJ^N^_ ` \MJ]d]\T` Bp` Ny`rqy`�N�D7n�s
BKF�S DP~,BA���]n o
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NMvIB}s
J]d^\AJK_ICtS6gi` B `8Z[LW\]\AJ^NW_a` \AJ]d^\e`*B}`DNMqy`�N�D7n�s
B�F S DP~^vQB7nfg�LW\[ORQ[JIHK�]�Ts

�
�
XxOW@Kmx_M\MvKg�LW\[ORQ[JIHps

�
g�JWN�MxJ SUBV_A\4gi`fBR_M\ B `jORQ[LWNcXVZPL�\x\AJWN^_ ` ORQ[LWNlX�\AJ]d^\e` BV_A\lBp`fBR_A\ NT`fBR_M\ qy`fBR_M\lXRD]Z n
o

BR_A\kDAv[XVDxZas
BR_A\YCy`�Fy`��Ts
FM@^NtS �]v{� s \�g.�6NM� � �]�A~^vIB^��Nes��]���Pn�s
Cxv��ys
Fxv{�7s
z]Q{BW|]J S�PKS DIvxvQBA��� � � C]vxvKBM� � � ��SUBK�WZ^g.�rBW�WNM� �8F]�A�]qSN)N \Kg � NM�a�6Cx�]vxvKg[�{�^nxnxn o

BKF�SUB���Z^g.�rB^��NM� �8Fx�M�WNx�]\�g.�6Nx�a�8C]�Pn o
\�g.�rBK�a�8�]�WDA�xv]\Kg � NM�a�6Cx�M�}SUBW�WN�n�s
�x�]CTs

� Jx|IH�J
BKF�SUB���Z^g.�rB^��NM� �8Fx�M~WNx�]\�g.�6Nx�a�8C]�Pn o

\�g.�rBK�a�8�]�WDA�xvWZWg ��B^�WNx�a�6Fx�Ts
�x�]FTs

� Jx|IH�J o
BKF�S ZPL�\x\MJ^N^_i� ZWg �rBW�WNx�a�8F]�x�-P8v]\MJ^d^\,� B���Z^g��rB^��Nx� �8F^�x�Pn

\�g.�rBK�a�8�]�WDA�xvWZWg ��B^�WNx�a�6Fx�Ts
�]�xFTs �x�]CTs
�

�
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XRDxZAvWD s
�
J]d^\AJK_ICtS BR_M\�gi`fBV_A\ Be`fORQPL�NlXRZ[LW\x\MJ^NW_a` OVQPL�NlXK\AJ^d]\T` BR_M\lB}`fBR_M\lXWqKZa`fBR_M\cXRD]Z n
o

BR_A\ q^v[X�q�Za`6DIvIXRDxZ s
z]Q{BW|]J S DP~,BA�{�?N)NYqM�MB^~Vgpn o

�]�Mqys
BKF�Sr\AJ^d]\a� q]�-P8v�ZPLW\]\AJWN^_��8qM�MB���n

\�g.�rBK�a�8�]�WDA�xvMqx�ABps
�
XWq�ZAvMqts XRD]ZIv�Das

�
|]JW?AJx|P�KG�ZPL�\IGxL�_PL]|���H^BMH7SUORQ[LWNkXVZPL�\x\AJWN^_ ` BR_M\ugi`jBR_M\CB `jBV_A\kZ �]|x|In
o

BR_A\kZ �x| `�|ABUgi`r|AB g �t` �{� ` � � ` B}` Ne` qy`6Das
Z �x|WvWZ �x|x|MX � s
|AB g[vWZ �x|]@KMKg L Z �]|AX��AX3BM�{�7s
B�F�S |MB g��Rg{��Z �]|x|[n |ABUgPv�g{�KZ �x|]|ts
|AB g �^vM|AB g,s
B�F�S |MB g �x~��MX3BM�{�]n |ABUg��Wv �AX�BA��� s
FM@^NtS ���RvWZ �x|]|ts ���K~WvWZ �]|x�[� s��]�	���]n
Fx@^NtS � �Wv{�7s � �]~^vM|AB g �ts �x�����[n

ZWg � ���R� � � �W�xv�gP�{�7s
NMvMq^vWZ �x|x| s
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FM@^NtSUBKvWZ �]|x| s B^~WvWZ �x|x�[� s �x�[BMn o
BKF�SUB^�WvKg�n<DANMJML1Bes
DAvMwys
BKF�SUB^~^qPn

ZPL�\IGVg�J^N)MMJ}S ZPL�\x\MJ^N^_ ` g,` B}` Ne`�qy`DNWDa`r|MBUgpn7s
BKF�S DP~]|ABUgpn o

NMvIB}s
ZPL�\IG^J]d]\MJ�_ACtS Z[LW\]\AJ^NW_a` gi` Bp` Nxqy`DNWDa`r|MBUgpn7s

�
�

�
ZPL�\IGVg�J^N)MMJ}SUORQ[LWNYXRZ[LW\x\MJ^NW_a` BV_A\ug,`fBR_A\lBp`fBR_M\ Ne`fBR_M\ qy`jBR_M\cXRD]Za`fBV_A\ |ABUgpn
o

BR_A\kDAv[XVDxZas
BR_A\YCy`�Fy`��Ts
FM@^NtS �]v{� s \�g.�6NM� � �]�A~^vIB^��Nes��]���Pn�s
Cxv��ys
Fxv{�7s
z]Q{BW|]J S�PKS DIvxvM|ABUg � � C]vxvA|MB g[�{� � ��SUBK�WZ^g.�rBW�WNM� �8F]�A�]qSN)NEZWg � NM�a�6Cx�]vxvKg[�{�^nxnxn o

BKF�SUB���Z^g.�rB^��NM� �8Fx�M�WNx�WZ^g.�6Nx�a�8C]�Pn o
Z^g.�rBK�a�8�]�WDA�xvWZWg � NM�a�6Cx�M�}SUBW�WN�n�s
�x�]CTs

� Jx|IH�J
BKF�SUB���Z^g.�rB^��NM� �8Fx�M~WNx�WZ^g.�6Nx�a�8C]�Pn o

Z^g.�rBK�a�8�]�WDA�xvWZWg ��B^�WNx�a�6Fx�Ts
�x�]FTs

� Jx|IH�J o
BKF�S ZPL�\x\MJ^N^_i� ZWg �rBW�WNx�a�8F]�x�-P8vWZ[L�\]\AJ�N^_i�rB��WZ^g.��BW�WN]�a�6Fx�^��n
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Z^g.�rBK�a�8�]�WDA�xvWZWg ��B^�WNx�a�6Fx�Ts
�]�xFTs �x�]CTs
�

�
XRDxZAvWD s

�
ZPL�\IG^J]d]\MJ�_ACtSUOVQPL�N XVZPLW\]\AJWN^_a`bBR_M\ugi`fBR_M\lB}`fBV_A\lXWqKZa`fBV_A\lXRD]Za` BV_A\ |MB gpn
o

BR_A\ q^v[X�q�Za`6DIvIXRDxZ s
z]Q{BW|]J S DP~]|AB g N)NYqM~Vgpn o

�]�Mqys
BKF�S ZPL�\x\MJ^N^_i� q^�5P8v�ZPL�\x\AJWN^_i� qM�MBK�Pn

Z^g.�rBK�a�8�]�WDA�xvMqx�ABps
�
XWq�ZAvMqts XRD]ZIv�Das
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� CxJ]FIBR_[J E&G�H,IKJ�� ���
� CxJ]FIBR_[J �&E ��� ��� �x�Rw
?A@AB�C \WmPGIHKJML�NPORQTSUOVQPLWNYXRZ[LW\]\AJ^NW_a`bORQPL�NcXK\MJ]d^\e`fBR_M\hgi`jBV_A\k_a`fBV_A\ Be`fBR_A\lX]OW@Kmx_A\�n
o

BR_A\ L ` Bp`rqy` HVQ�B�F]\T`8Q `8_[J �T` g{LW\[ORQAJ[H�vMw s
BR_A\ NMJMLWC	�,�FE&G&H1IKJx�T` Ca� ��E ��� ���M�a� E&G&H1I1JM�Ts
L X4ZANMJ�ZMNA@IO�J[H]H]BR_&M�Z]QPLAH�J X L
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FM@^NtS LWvMwysrLx~QE&G�H,IKJTs�L^�]��n NMJML^C��,� L^�xv�gP��� s
FM@^NtS LWvMwysrLx~QE&G�H,IKJTs�L^�]��n
Fx@^NtSUB�v S8g��1B7n s BW~^vKg,s BK�x��n
C �rB�� � LW�xvKg��1Bes

FM@^NtSUBKvKg{�[� s*B^�^v�� s*B^�x�In o
Fx@^NtS*q]v^NAJxL^C	�a� Z[LW\x\MJ^NW_��rBK�x�x�P�7srq]�^v ��E�� SUB��{�7` gP�1B7n s�qx�x�An
C � q]� � Z[LW\x\MJ^NW_��rBK�x�]vMqM�MB}s

NAJMLWC	�a� ZPL�\x\MJ^N^_i�rBK�x�xv��&E��tSUBK���7` gP�1B{n�s��
L XYH�JxLWN[ORQ{BV_�M�ZxQPLAH�J X L
q]vKg,s
z]Q{BW|]J S�qM~WvW_ n o

QAvMqys*B�v�gis8_IJ��]vMwys
H Q{B�F^\Mv�g{�1Bes
z^Q{B^|^J SUBW�]w N�NE_[J��M~^vQB7n o

B�F S B^�^v�g{�,B7nEH Q{BKF]\Mv��8H��yS H Q{BKF]\e`WS�C �rB�� �6\MJ]dW\,� QA�]�Pnxn7s
B�F S�\AJ]d^\,� QI�5P6vWZ[LW\x\MJ^NW_��rBK��nb_IJ��x�]�Ts
B^�]�ts6QP�x� s

�
BKF�S _[J �A~WvKB7n o g�LW\POVQ[JIHK�x�ys��
q^�xvPH Q{BKF]\es

�
XxOW@Kmx_M\MvKg�LW\[ORQ[JIHps
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\��WZ[J^CMJ]F H�\xNWm{O�\cB�C]dW_[@^CMJ o
BR_A\ @^FxF[H�J^\Ts
H�\xNWm{O�\cB�C]dW_[@^CMJ XV_[J^d]\es

� LK_I@]CxJys
?A@AB�CED�^ZPGAH�JxLWNPOVQeS ORQPL�N XRZPL�\x\MJ^N^_ ` ORQ[LWNcX�\AJ^d]\e` BR_A\ug,`fBR_M\k_a`fBR_M\ B `jBR_M\cXxO�@�m]_A\{n
o

BR_A\lBp`rqt`r@]F]F{�7` g{L�\POVQ[J[H�vMwts
LK_[@^CMJ L]|KZ]QPLe�DG�H,IKJM�ys
BR_A\lO�@�m]_A\7�p��G&H1IKJx�Ts
LK_[@^CMJ XWLKZM\xNes
L X4ZANMJ�ZMNA@IO�J[H]H]BR_&M�Z]QPLAH�J X L
FM@^NtSUBKvMwys*B^~�G�H1IQJes*B��x�Pn o

L]|KZxQ[Le��B���� @]F]FPH�JW\MvM�P� srLx|�ZxQILe�rBK��� _[JWd]\xv�� �����Ts OW@Kmx_M\7�}��B��]vKgis
�
FM@^NtSUBKv{� `�q]v�G�H1IQJes*B^~^v�gis*B��x�Pn o

O�@�mx_M\7�p�rB��]v&G&H1IKJTs
BKF�S Lx|�ZxQ[Le� Z[LW\]\AJ^NW_���B��x��� @^FxFPHKJW\xvxvx�P�^njLx|�ZxQPLT� Z[LW\x\MJ^NW_��rBK�x��� @]F]FPHKJ^\Mv�g��MB^�I� s
Jx|IH�J o

LKZM\xNxvALx|�ZxQ[Le� Z[LW\]\AJ^NW_���B��x��� _IJ]dW\es
Lx|�ZxQ[Le� Z[LW\]\AJ^NW_���B��x��� _IJ]d]\xv)NMLx|RZxQPLT�8q^�x�^�Ts
Lx|�ZxQ[Le� Z[LW\]\AJ^NW_���B��x��� _IJ]d]\A�x�^@]F^FPH�JW\xv�g{�xB^�[� s
Lx|�ZxQ[Le� Z[LW\]\AJ^NW_���B��x��� _IJ]d]\A�x��_[JWd]\MvML�ZM\xNys

�
�
OW@�m]_A\{�}� g��P�V�xvKg,s
L XYH�JxLWN[ORQ{BV_�M�ZxQPLAH�J X L
FM@^NtSUBKv{� s*B^~WvW_as*B��]��n o
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BKF�SxS*@^FxF��RvtS*LKZM\xNMv�NAL]|KZxQ[Le� \AJ]d^\a��B��^��nK�x�W@]FxF[HKJW\{nj�WvMw[n o
OW@Kmx_M\7�}��SUBK�M@]F]F{�^n3N � � � � � �^�A�]�ts
FM@WNyS*LKZA\]NMvMLKZA\]NI�]�K_[J^d]\Ts�LKZM\xN5P8v�� ��� �TsrLKZx\xNxvALRZA\xNA�]��_[JWd]\�n

OW@�m]_A\{�}�KS B��MLKZA\]NI�]�]@]F]FPHKJ^\{n�N � � � � � �]�A�]� s
�
BKF�SUOW@Kmx_M\7�}��B1N�� � � � �
�]�A~WvKB{n g{LW\[ORQIJ[HK�]�Ts
O�@�mx_M\7�p�rB1N�� � � � �
�]�]vKgis

�
XxOW@Kmx_M\MvKg�LW\[ORQ[JIHps
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� CxJ]FIBR_[J �&E	�
 � �
� CxJ]FIBR_[J �8HQG �&E�� 
 � w
� CxJ]FIBR_[J J �)G����]w��
?A@AB�ClHK@MGIHKJML�NPORQTSUOVQPLWNYXRZ[LW\]\AJ^NW_a`bORQPL�NcXK\MJ]d^\e`fBR_M\hgi`jBV_A\k_a`fBV_A\ Be`fBR_A\lX]OW@Kmx_A\�n
o

mx_7H^B1M�_[J]CYBR_M\ H�\IL�\AJt`r@^?MJ^NxFA|]@�z ` g{LIH�B `r|AB g,`r@�?�g�LIH
B s
mx_7H^B1M�_[J]CYBR_M\ �,� ��E ��G����M�Ts
BR_A\
	T` \	�^Z[Jt` Bp`rqy` g{L�\PORQIJ[H�vMwys
L X4ZANMJ�ZMNA@IO�J[H]H]BR_&M�Z]QPLAH�J X L
\��^ZIJ]v��8HQG �&E�� 
 � s
B�F�S �MX3BI�Rgpn o

\	�^Z[J^v ��E	� 
 � s BAvKg��1Bes
�
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	Mv[OW|]@KM �}S�BA���]n���� s
B�F�S8g���� ��� � L X L 	PX L n ZAN[BR_A\xFtS��.JxN]NA@WN �K_���n s
|AB g[vKBI~x~}S]S8g��P�]nWX 	�n�s
@^?�g�LIH�BAvMwts
FM@^NtSUBKv{� s*B^~WvKgis*B��]��n<@^?Kg{LIH�BAv S*@^?Kg{LAH�B[~]~ 	�n ��SV�K~]~}S 	A�P�^nxn�s
B�F�Sr\	�^ZIJ]vxv��&E�� 
 � n

Fx@^NyS B�vxwys BW~���E �&G ���es B��]��n �a�rB��]vMwts
JM|IHKJ o

|MB gP�]v{��~x~}S]S8g��P�]nWX 	�n�s
Fx@^NyS B�vxwys BW~���E �&G ���es B��]��n �a�rB��]vM@W?�g{LAH�BI�x�}S 	I�[�]n�s

�
FM@^NtS*q^v{� `*B�v�� srqx~^v�gis BW~x~Wv 	e`�q^�]��n o

BKF�Sr\��WZ[J^vxv ��E	�
 � n
�,� ZPL�\x\AJWN^_i� q]�]�x�]v[B}s

Jx|IH�J
�,� ZPL�\x\AJWN^_i� q]�]�)N]v��^Bps

�
B�F�S8g7X 	xvxv � ��� �7n g�LIH�BAv���wys
JM|IHKJ4g{LAH�BMv[B^�[� s
L XYH�JxLWN[ORQ{BV_�M�ZxQPLAH�J X L
B�F�Sr\	�^ZIJ]vxv��&E�� 
 � n o H�\ALW\AJ^vMwtsr@^?MJ^NxFA|]@�zAvxwys��
JM|IHKJ o HR\IL�\AJ]v�g{LAH�B&N �K@W?�g{LAH�Besr@^?MJ^NxFA|W@WzAvx@W?Kg{LMH�Bes��
FM@^NtSUBKv{� s*B^~WvW_as*B��]��n o

HR\ILW\MJ]v SxS HR\IL�\AJM~]~ 	�n��	�a�6\MJ]dW\,�rBK�]�Pn3NRg{LAH�BTs
@W?AJ^NxFA|^@WzAv SxS�@^?AJWNMFM|]@WzI~x~ 	{n ��S HR\AL�\AJQNM@W?�gPLIH�B{n]n�NKgPLIH�B s
HR\ILW\MJ�N]v��K@W?�g�LIH�Bes
BKF�Sr\��WZ[J^vxv ��E	�
 � n o

BKF�SxSUH�\IL�\AJ �8@^?MJ^NxFA|]@�z7nK�^vA|MB g�n g{LW\[ORQIJ[HK�]�Ts
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Jx|IH�JYB�F�SxSUH�\ALW\AJ �8@W?AJ^NxFA|^@Wz7nK~x|MB gpn g�LW\[ORQ[JIHK�]�Ts

�
XxOW@Kmx_M\MvKg�LW\[ORQ[JIHps

�
BR_M\lO^|^@�M �pSUBV_A\ dPn
o

BR_A\lBKvMwts
z]Q{BW|]J}S�dA�pSR��~x~ABMnxn4B��]�Ts
NAJ^\WmANW_ B}s

�

'�(�� �������	��
 +~> & �������� -��	� > +�� � >���� ��� � - -�> � � > �������� &  � �"! � ! � �#�%$
� > &�� � ��� �

243 � 385 �������
	�� 9���
���
	 �
� CxJ]FIBR_[J �&E ��� ����Gc�]��w
� CxJ]FIBR_[J �8H �tS L `8Da`*OAnlS Lx~�D n�� SxS*Lx~AOMn�WL���OMn
�KSxS D[~AOMn�RD���OMn
?A@AB�ClHKJM|xGAH�JxLWNPOVQeS ORQPL�N XRZPL�\x\MJ^N^_ ` ORQ[LWNcX�\AJ^d]\e` BR_A\ug,`fBR_M\k_a`fBR_M\ B `jBR_M\cXxO�@�m]_A\{n
o

BR_A\lBp`rqt`�Je` C[BWLKMT` g{L�\PORQIJ[H�vMwys
BR_A\��,� ��E � � ����G^�Ts
L X HV_�BK\[B^Lx|MB��MLW\PB�@�_ X L
FM@^NtSUBKvMwys*B^~WvKgis*B��]��n�i��B��xvIB}s

T����



�����������
	������� ��������� ���������! "�$#&%&'��)(+*,���! -�� .�)/,01�
	324	��5�$#&64���)�7*,�8	1�9� �&�! 

L X 
ML]|AOVmP|xL�\PB�@�_ @^F \^QIJ �cLWNxNAL��lX L
FM@^NtS*q^v{� s�qM~WvW_as�q]�]��n o

CIB^LKM]vMwts
Fx@^NyS B�v�� s BW~^v�gis BK�x�Pn o

B�F S ZPLW\]\AJWN^_���B��]vxv]\MJ]d^\,� q^��n
JMvxCIB^LQMTs

JM|AH�J
JMvtS��8H��yS �,�rBW�P�R�y` �,�rB��y`�CIB^LKMPnxnV�{�7s

C[BWLKM]v �i��B��ys �i��B��]v�Jes
�
L X 
KQ[JIO�B�BV_�Mk\WQ[JY|xLAH�\ NM@Wz @^F \^Q[J C L�NxNIL��cX L
B�F�S �i� g[�A~WvKB7n g{L�\PORQIJ[H��x�Ts

�
XxOW@Kmx_M\MvKg�LW\[ORQ[JIHps

�

243 � 3;: �������
	�� 9���
��� � � � = =
� CxJ]FIBR_[J �&E ��G�H,IKJ��Rwxw
� CxJ]FIBR_[J �8H �tS L `8Da`*OAnlS Lx~�D n�� SxS*Lx~AOMn�WL���OMn
�KSxS D[~AOMn�RD���OMn
?A@AB�CcOVmA\A@^FxFMGIH�JxLWN[ORQeS ORQ[LWN XRZ[LW\]\AJ^NW_a` OVQPL�NcXK\MJ]d]\T` BR_M\ugi`jBR_M\E_a`jBV_A\ B `fBV_A\lX]OW@�m]_A\�n
o

BR_A\kZ]_a`*B}`rqt`�CIB^LKMy`�JT` g{L�\POVQ[J[H�vMw s
BR_A\�
e� ��E �&G&H1IQJM�Ts
Zx_IvQBA��� s
FM@^NtSUBKvMwys*B^~WvKgis*B��]��n 
 ��B��xvIB}s
FM@^NtS*q^v{� s�qM~WvW_as�q]�]��n o

T����



�����������
	������� ��������� ���������! "�$#&%&'��)(+*,���! -�� .�)/,01�
	324	��5�$#&64���)�7*,�8	1�9� �&�! 

CIB^LKM]vMwts
Fx@^NyS B�v�� s BW~^v�Zx_as*B��]��n o

B�F S ZPLW\]\AJWN^_���B��]vxv]\MJ]d^\,� q^��n
JMvxCIB^LQMTs

JM|AH�J
JMvtS��8H��yS 
e�rBW�P�R�y` 
e�rB��y`�CIB^LKMPnxnV�{�7s

C[BWLKM]v
 ��B��ys

 ��B��]v�Jes

�
z^Q{B^|^J S 
e� Z]_I�A�,B7nfZx_P�]�ts
BKF�S Zx_Avxv�gpnfg�LW\POVQ[JIHK�x�ysrJx|IH�J Zx_A�x�ys

�
XxOW@Kmx_M\MvKg�LW\[ORQ[JIHps

�

243 � 3�� �������
	�� 9���
��� @
� CxJ]FIBR_[J �&E ��G�H,IKJ��]��w
� CxJ]FIBR_[J ��� ��J��
� CxJ]FIBR_[J ��E �&GQJYw
BR_M\km�� �&E ��G�H,IKJM�y` ?a� �&E��&G&H1IKJx�T`8zi� �&E ��G&H,IKJ]�Ts
?A@AB�C M�ZPGIHKJML�NPORQTSUOVQPLWNYXRZ[LW\]\AJ^NW_a`bORQPL�NcXK\MJ]d^\e`fBR_M\hgi`jBV_A\k_a`fBV_A\ Be`fBR_A\lX]OW@Kmx_A\�n
o

BR_A\lBp`rqt` O}` CT`�Jy` O�@M| `�FT`�MT` Ne`�Fx@�m^_ICy` z[BK\^Q `6D `8D7� `6D �}`8D �t` HKJys
BR_A\�
e� ��E �&G&H1IQJM�a� �^�y` �]NAJ]FIB�d � �&E��&G&H1IKJx�a� �&E ��G�H,IKJ]�Ts
BR_A\ug�LW\[ORQ[JIHKvxwys
L X4ZANMJ�ZMNA@IO�J[H]H]BR_&M�Z]QPLAH�J X L

T����



�����������
	������� ��������� ���������! "�$#&%&'��)(+*,���! -�� .�)/,01�
	324	��5�$#&64���)�7*,�8	1�9� �&�! 

FM@^NtS�C]v{� s CA~Vgis�C]�x�Pn o
BKvMwys
z^Q{B^|^J SUBK�xCM~Rgpn o

O�v�� s
z]Q�B^|^J SUB��IO��]CA~^v�g N�NEZPLW\]\AJWN^_���B��IO��xv]vWZ[LW\x\MJ^NW_��rBK�[O��xC]��n OK�x�Ts
FM@WNyS�q]v{�7srqx~^v[Opsrq^�x��n��xNMJ]FIB�da��B��xq]�a��B��xq]�xC]�xvIO^�]qts
B��]v[Ops

�
�
L XYH�JxLWN[ORQ{BV_�M�ZxQPLAH�J X L
FM@^NtS�C]vA�P�7s�CM~^vKBes�C]�x��n o


e�8Cx� � �V�xvA� � � �ys

e�8Cx� ���W�xvA�[� s

�
FM@^NtS*J^vMwys�JM~WvKBA��� s�J]�x�Pn o

?a� J]�]vMwts zi�8J]�]vMwys
�
D��Rvxwys6D �^v�� s6D �]v��ts
FM@^NtS*q^vMwys�qM~WvW_P�VgP�QB srq^�x�Pn o


e� �P�V�a� D��R�]vMqts NMvxwys
Fx@^NyS�J]vxwysrJx~^vQB srJ^�x�Pn o

CxvxqM�^Jys
B�F S�J]vxvxwPnEO�@M|WvMqys
JM|AH�J O�@M|^v��&E��tS 
e� Jx�P�R� � D �^�x��� ` 
 � Jx�[�V�a� D �^�x�P� ` 
e�8Jx�P� �a� D�� ��n�s
H�J^v[O�@M|^��� s
FM@Kmx_ACxv �)E �&GQJes
z]Q�B^|^J SP8Fx@�m]_IC�n o

z�BK\WQIvWz�BK\WQ{BV_eSUO�@M|W�{� ` B `�N]Ne`6ma`8?{n s
B�F�S�zPBK\WQ n o

T����



�����������
	������� ��������� ���������! "�$#&%&'��)(+*,���! -�� .�)/,01�
	324	��5�$#&64���)�7*,�8	1�9� �&�! 

F]v]?,� NM�M�AOW@x|ts
M]v	�xNMJ]FIB�da��OW@x|^�{���^C]�a�rO�@M|W�{�K�Kz,� NM�^�Ts
BKF�S�Fxv]v)MPnEOW@x|^�xv]FTs
Jx|IH�J o

OW@x|^�xv��8H�� �}SrFT`�M�n�s FM@Kmx_IC]v	� � �)Jes��
�
JM|IHKJ B�F�S OW@M|]�^CM~Rg N�N \AJ]d^\,��OW@M|W�{�V�xvxv�ZPL�\x\AJWN^_i�rOW@x|W���K��Cx�Pn

OW@M|W�x�ys
JM|AH�J FM@Kmx_ACxv	� � ��Jes

�

 �8J]� � D��V�xv��8H � �}S OW@M| ` g[�xC�n s
B�F S 
 � J^�a� D��R�]vxv�gP�xC N)N 
e� Jx�P�R� � D �^�A~VgP�]C�n g{L�\PORQIJ[H��x�Ts
B�F S�?,� J^�A�Wv
 �8J]� � D��V��n

B�F�S*J^vxvxwPn m��8J]�]vMq]��� s
JM|IHKJum��8J]�xv��&E�� �}S m��8J]�T` ?,�8JM�P�V�x���]n7s

JM|AH�J o
?,� J^�xv�
 � J^�a� D��R�ys
zi� J^�xv]CTs
B�F�S*J^vxvxwPn m��8J]�]vMq]��� s
JM|IHKJum��8J]�xv��&E�� �}SUH�Jt` ?,�8JM�[�R�x���]n s

�
�
DAvWD��7s8D �RvWD �ys6D �]v�D � s8D �WvWD s

�
XxOW@Kmx_M\MvKg�LW\[ORQ[JIHps

�
z�B�\^Q�BR_eS BR_M\k\e`fBV_A\ Be`fBR_A\lX�NIG�ZA\xNT` BR_M\km��6�T`fBR_M\ ?,�6��n
o

z]Q{BW|]J S XKNAGKZA\]NI~WvKB N�N \I��?,�rX�NIG�ZA\xNx��nlSUXKNAGKZM\xN{nR�x�ys

T�� �



�����������
	������� ��������� ���������! "�$#&%&'��)(+*,���! -�� .�)/,01�
	324	��5�$#&64���)�7*,�8	1�9� �&�! 

B�F�SUX�NIG�ZA\xNA�1B{n NAJW\^mMN^_eS ��E ��GQJ�n�s
JM|IHKJ B�F S�\I�^v�m���XKNIG�ZA\]NM��njNAJW\^mMN^_eS ��� �&J{n s

JM|AH�JkNMJ^\^mMN^_ S ��E ��GQJ�n�s
�

243 � 3�� �������
	�� 9���
��� �
� CxJ]FIBR_[J ��� ��J��
� CxJ]FIBR_[J ��E �&GQJYw
?A@AB�CcOW|xGIHKJML�NPORQTSUOVQPLWNYXRZ[LW\]\AJ^NW_a`bORQPL�NcXK\MJ]d^\e`fBR_M\hgi`jBV_A\k_a`fBV_A\ Be`fBR_A\lX]OW@Kmx_A\�n
o

BR_A\ JK_IC � �&E��&G&H1IKJx�T`r|e� ��E ��G�H1IQJM�t`�|^@IO � �&E���G&H1I1JM� � E)G�H1IQJx�ys
BR_A\ \T`�L ` Hp` Ne`�qy` NWmx_]_{BR_&MT` g{LW\[ORQAJ[H�vMw s
L X4ZANMJ�ZMNA@IO�J[H]H]BR_&M�Z]QPLAH�J X L
FM@^NtS LWvMwysrLx~Wv)E&G&H1IQJes�LW�x�Pn o

|^@IOy� gP���R�a� L^�]vKgP���ts
|^@IOy� gP���^�a� L^�]vKgP���ts
Fx@^NySUHKv�gis H��^v�� s H��x�In o

B�F S ZPLW\]\AJWN^_��rHK�]vxvALIn |]@IOt��H��a� LW�xv[Hps
JM|AH�JY|^@IOy�rHK� � L^�]vA|^@IOy�rHK���R�a� L^�ys

�
�
L XYH�JxLWN[ORQ{BV_�M�ZxQPLAH�J X L
J�_IC � w^�xvKg,s |T� w]�]vKg[�{� s
\MvMwts
FM@^NtS*q^v{� s�qM~WvW_as�q]�]��n o

NxvMwys
T����



�����������
	������� ��������� ���������! "�$#&%&'��)(+*,���! -�� .�)/,01�
	324	��5�$#&64���)�7*,�8	1�9� �&�! 

NWmx_x_�BR_&Mxv	� � ��Jes
z^Q{B^|^J SrNWmx_]_{BR_&M�n o

B�F S�NI�W\�n�J�_ACa� NM�xv�gis
JM|AH�J

B�F�S |T�6Nx�xvxvxwPn�JK_IC �6NM�]�x�ys
JM|IHKJ o

H�vA|]@AOy�8J�_IC �6Nx�A�x|T�6Nx�x� �W�a� \AJ]d^\a�8q]�^�Ts
BKF�S HW~WvMJK_ICa� NM�]�{�]n J�_ACa� NM�xv[HW�[� s
Jx|IH�J
B�F�S�NM���K~^v^\ N)N |T�6Nx�{�R�-P8vxwPn4JK_IC �6NM�]�x�ys

�
B�F S�J�_IC �6Nx�A�^v�gpn o

N^mx_]_{BV_�Mxv ��E ��GQJTs
J�_IC �6Nx�xvKg,s

�
NM�]�Ts

�
\xv]NI�[� s
|T� w]�]vMJK_ICa�8w]�]�{� s
Fx@^NyS�NMv�� s NA~^v^\es Nx�x�Pn |T�6Nx�xvMJK_IC �6NM�M�]JK_ICa� NI�[�R�Ts
BKF�Sr\I�WvKg��1B7n g{L�\PORQIJ[H��x�Ts

�
XxOW@Kmx_M\MvKg�LW\[ORQ[JIHps

�

243 � 3 � �������
	�� 9���
��� > >

H�\ALW\[BxO BV_A\�� s
H�\ALW\[BxO BV_A\lXKG���E 	e` X ��)E 	es
H�\ALW\[BxO OVQPLWNlX�
��)E 	es

T��1T



�����������
	������� ��������� ���������! "�$#&%&'��)(+*,���! -�� .�)/,01�
	324	��5�$#&64���)�7*,�8	1�9� �&�! 

H�\ALW\[BxO BV_A\kZ[@�z �e� ��w]w]�y`8Z[@�z �T� ��w]w]�ys
H�\ALW\[BxO BV_A\lX � �&E �,� � ���^�Ts
H�\ALW\[BxO BV_A\ H�JKMT` NAJ�g,` H g{L^dys
H�\ALW\[BxO�?M@IB�C G���E��)JyS�NAJKM[BMHR\AJWN BV_A\ B[L�ZPL `>NAJKM[BMHR\AJWN BR_M\lB�C]dT` NMJ�MIBMH�\MJ^N BR_A\ @IH�\T` NAJKM[BxH�\AJWN BV_A\lOWLWN{n
o
NAJKM[BxH�\AJWNcBR_M\ NMC]dT`6Z �ys

B�F�S BILKZ[Lx~ �{n o
NxCxdxvIB�C]dx�WZI@Wz �e� BILKZ[L^�Ts
BILKZPLW�xv�� s
Z �]vWZI@Wz�� � BILKZ[L^�Ts
BKF�SUO^L�NI~^wPn o

@[HR\M�]v �AXVZ �ts
G��)E	��JyS BILKZ[Lt` BKCxdy`r@[HR\e`U�]n�s
G��)E	��JyS BILKZ[Lt` NxCxdy`r@[HR\e`U�]n�s
G��)E	��JyS BILKZ[Lt` BKCxd]�xvWZ �y`�@[H�\T`rw[n�s
G��)E	��JyS BILKZ[Lt` NxCxd]�xvWZ �y`�@[H�\T`rw[n�s
G��)E	��JyS BILKZ[Lt` BKCxd]�WZ �t`r@IH�\e`r�P�^n�s
G��)E	��JyS BILKZ[Lt` NxCxd]�WZ �t`r@IH�\e`r�P�^n�s

�
Jx|IH�JYB�F�SUOWLWNA�]wPn o

G��)E	��JyS BILKZ[Lt` BKCxdy`r@[HR\e`U�]n�s
G��)E	��JyS BILKZ[Lt` NxCxdy`r@[HR\e`U�]n�s
G��)E	��JyS BILKZ[Lt` BKCxd]�xvWZ �y`�@[H�\T`rw[n�s
G��)E	��JyS BILKZ[Lt` NxCxd]�xvWZ �y`�@[H�\x�WZ �y` �]n�s
G��)E	��JyS BILKZ[Lt` BKCxd]�WZ �t`r@IH�\e`r�P�^n�s
G��)E	��JyS BILKZ[Lt` NxCxd]�WZ �t`r@IH�\M��Z �t`rwIn�s

�

T�� �



�����������
	������� ��������� ���������! "�$#&%&'��)(+*,���! -�� .�)/,01�
	324	��5�$#&64���)�7*,�8	1�9� �&�! 

Jx|IH�J o
@[HR\M�]vWZ �ts
G��)E	��JyS BILKZ[Lt` BKCxdy`r@[HR\e`U�]n�s
G��)E	��JyS BILKZ[Lt` NxCxdy`r@[HR\e`U�]n�s
G��)E	��JyS BILKZ[Lt` BKCxd]�xvWZ �y`�@[H�\T`rw[n�s
G��)E	��JyS BILKZ[Lt` NxCxd]�xvWZ �y`�@[H�\x�WZ �y` �]n�s
G��)E	��JyS BILKZ[Lt` BKCxd]�WZ �t`r@IH�\e`r�P�^n�s
G��)E	��JyS BILKZ[Lt` NxCxd]�WZ �t`r@IH�\M��Z �t`rwIn�s

�
�
JM|IHKJ o

G���E 	a�rBKCxdx�]vM@IH�\es

���E 	a�rBKCxdx�]v[OWLWNes

�
�
?A@AB�C �)J����)EtS�NAJ�MIBMHR\AJ^NYBR_M\CB[L�ZPL ` NAJKM[BxH�\AJWN BV_A\lB�C]dT`>NMJ�MIBMH�\MJ^NcBV_A\ H m^gpn
o

NAJ�MIBMHR\AJ^N BR_M\kZ �ys
B�F�S BILKZ[Lx~ �{n o

BILKZPLW�xv�� s
Z �]vWZI@Wz�� � BILKZ[L^�Ts
�)J����)EtS�B[LKZ[Lt`*B�Cxdy` H m^g{�[�]n s
�)J����)EtS�B[LKZ[Lt`*B�Cxd]�xv�Z �y` HVmWgpn7s
�)J����)EtS�B[LKZ[Lt`*B�Cxd]�WZ �y` H m^g[�{�Wn�s

�
JM|IHKJ

����E 	a�rBKCxdx�]v ����E 	a�rBKCxdx���R�]v �	��E 	a��BKCxd^� �W�xvIHVm^g,s
�

T�� U



�����������
	������� ��������� ���������! "�$#&%&'��)(+*,���! -�� .�)/,01�
	324	��5�$#&64���)�7*,�8	1�9� �&�! 

?A@AB�Ckz�gxg{GAH�JxLWNPOVQeS ORQPL�N XRZPL�\x\MJ^N^_ ` ORQ[LWNcX�\AJ^d]\e` BR_A\ug,`fBR_M\k_a`fBR_M\ B `jBR_M\cXxO�@�m]_A\{n
o

BR_A\lBp`�CIB3B s
NAJ�MIBMHR\AJ^N BR_M\lXMHp`*X^L ` XRD ` Op`8Za`*B�dy` OKNT` XxH�\IL�Da`�LK_{HRz]Nes
NAJ�MIBMHR\AJ^N ORQ[LWNlXxO�\IL�Das
NAJ�MIBMHR\AJ^N BR_M\lXMHKCy` ?[B}s
BR_A\lXQGt`*XKGQJTs
BR_A\ug�LW\[ORQ[JIHKvxwys
L X4ZANMJ�ZMNA@IO�J[H]H]BR_&M�Z]QPLAH�J X L
�Av��ts
Z[@Wz�� �8w]�xv�� s
FM@^NtSUOKv{� s*O^~Wv �A��� s*O��x�PnbZ[@�z � ��O��]v��IXVZ[@�z � ��O^�[�R�Ts
Z[@Wz �e�8w]�xv�Z[@�z � � �A���R�Ts
FM@^NtSUOKv{� s*O^~Wv � s*O��]��n Z[@�z �e��O��]v �AXVZ[@�z �e��O^�[�R�Ts
G���E 	Mv SUBR_M\ XMnjg{Lx|]|]@AO�S H^B��xJx@]F SUBV_A\{nWXRZI@Wz �T� �x��n s

���E 	Mv SUORQ[LWN XAnjg{L]|x|^@IO�SUH]B �MJx@^FtS ORQPL�N{nWXRZ[@�z �y� �M��n7s
���E 	Mv SUBR_M\ XMnjg{Lx|]|]@AO�S H^B��xJx@]F SUBV_A\{nWXRZI@Wz �e� �x�{�V��n7s
FM@^NtSUOKvMwys*O^~Wv �ts*O��]��n?G��)E	�)JtS*wt` O}`U� `*O^�P�^n�s
��J��	��E S*wy`�wy`�wPn�s
H�J�M]vtS6g{�P�^n L �A�{�7s
NAJ�g[vPHKJ�M[X �[�Vgis
HUg{LWdxv�� s
FM@^NtS LWvMwysrLx~Wv � srL^�]��n�HUg�L^d[XKv��ts
DIvtS BR_M\cXAnjg�Lx|x|^@IO S H]B �MJ]@]FtS BR_M\{n^XQG�H � �&EIXxHKJ�M[n�s
FM@^NtS LWvMwysrLx~�G�H � �&Eys�L^�]��n o
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� �&E��a� LW�xvWD s
Fx@^NyS ZIvxwys8Z[~Rg,s8ZI�]v �{n o

LK_{HRzxNMvMwts
B�v�ZI� � s
B�F S6g{~ABMnEB�v�gis
FM@WNyS B^�x� s BW�^vWZ s BW�x�[n LK_{HRzxNMv �MX^L�_7HRzxNM� S L P6vtS ZPLW\]\MJWN^_,�rBK��n^n�s
XRDA�x� v LK_{HRzxNPXMH g{LWdTs

�
�
HUg{LWdA�Wv �ts
L XYH�JxLWN[ORQ{BV_�M�ZxQPLAH�J X L
G^vtS BR_M\cXAn g{Lx|]|]@AO�S H^B��xJx@]F SUBV_A\{nWX�SUH�JQMx�{�^n]nR�{�{s
GQJMv�G^� S H�JKMA�[�]n�s
C[B3BMvKBM� � s
HKCxv�G^� S B[�[�]n L � s
FM@^NtS H�v&Gx�[� s HW~^v[HKCys HK�]��n XxHKvPH g{LWdTs
?PB�v S H�CA�)GW�{�^n^X �es
H�\IL�DIv�G���E 	es
OK\IL�DIv�
���E 	es
FM@^NtSUBKv{� s*B^~WvW_as*B��]��n o

LWv	����E��a�6\AJ^d]\a�rB��]�Ts
O�NMvMwts
H�v&Gts
z^Q{B^|^J S H�~^v[HKC�n o

B�d]v[XWL^�x�k� XxHh�cOKNTs
OKNxv[O�\ILKDi�rBKdx�Ts
XMH��x�]vPH�\ALKDi�rB�d]�Ts

�

T����
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BKF�Sr?PBKvxvQB N)NlH�~^v&G1J{n o
B�d]v[XWL^�PH g{LWdx�[O�Nes
X��]�PH�CxvPHR\IL�D��rBKdx�ys
?PBK�xv �A�[O�\IL�D��rBKdx�ys

�
Jx|IH�J o

?PBK�xvIOKNes
z]Q�B^|^J Sr?PBW�^CIB3B7n<?PBW�^v ����E 	,�rXxHKCM�x�^�ys

�
BKF�S HKC]vxv�GQJ N�N ?PB^~WvKB{nfg{L�\PORQIJ[H��x�Ts

�
B�F�S H�Cxv]v&GQJ�n o

H�vPHKCys
LWv	����E��a� w]�]�tS GQJI��G[n s
Fx@^NyS B�vxwys BW~WNMJ�gis*B��]��n o

B�d]v[XWL^�[XxHps
XMH�vPHR\ILKDi�rBKdx�Ts
?PBK�xvIOK\IL�D���B�dx�ys
B�F S�?PB^~WvKB{n g{L�\POVQ[J[H��x�ys

�
�
XxOW@Kmx_M\MvKg�LW\[ORQ[JIHps

�

243 � 3�� �������
	�� 9���
� @ �j= 2
� CxJ]FIBR_[J �&E ��G�H,IKJ��Rwxwxw
� CxJ]FIBR_[J �&E ���]��w
� CxJ]FIBR_[J � E&G � G&H1IKJl��wP�
� CxJ]FIBR_[J E&G�H,IKJ�� ���
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� CxJ]FIBR_[J � � ��� ����� �[�
� CxJ]FIBR_[J ��� ��J��
� CxJ]FIBR_[J ��E �&GQJYw
H�\]N^m�OK\E_[|ABMHR\ o

H�\xNWm{O�\E_P|MBMH�\ XR_[J^d]\Ts
mx_7H^B1M�_[J]C |]@K_�MCBIJ��es
BR_A\ HR\IL�\AJys

�ts
H�\]N^m�OK\E_{H�\IL�\AJ o

BR_A\ GT� ��E �x�ys
�ts
H�\]N^m�OK\E_[|ABMHR\cXRQ[LIH QA\IL�D�� � E&G � G&H1IKJx�Ts
H�\]N^m�OK\E_[|ABMHR\cXR_]Zas
H�\]N^m�OK\E_{H�\IL�\AJ OxH�\ALW\AJe� ��E �&G&H1IQJM�Ts
BR_M\�
�mMN,� ��E �]�Ts
?A@AB�CEZACxFAL]GIHKJMLWN[ORQTSUORQ[LWN XRZ[LW\]\AJ^NW_a`bORQPL�NlXK\MJ]d]\T` BR_M\ugi`fBV_A\k_a`fBV_A\ Be`fBR_A\lX]OW@Kmx_A\�n
o

BR_A\ L�mA\a� �&E��&G&H1IKJx�a�FE&G�H,IKJx�Ts
BR_A\kZ{H�\ALW\AJt` HR\ILW\MJy`6_7H�\ALW\MJy` Bp`rq ` Op` OK@M|t` FM|]LKMts
mx_7H^B1M�_[J]C |]@K_�MCBIJ��es
BR_A\ug�LW\[ORQ[JIHKvxwys
H�\IL�\AJ^vWZ7HR\IL�\AJ]vxwys
FM@^NtSUBKvMwys*B^~WvKgis*B��]��n4OMHR\ILW\MJ �rH�\IL�\AJ^��� GT�rBK�xv[Bps
FM@^NtSUOKvMwys*O^~QE&G�H,IKJTs O��]��n<L�mA\,�rH�\ALW\AJ^�a��O��xv � � ��� �����Ts
FM@^NtSUBKv{� s*B^~WvW_as*B��]��n o

_{H�\IL�\AJ^vALKmM\,�rH�\IL�\AJ^�a�6\MJ]d^\,� B��x�ys
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BKF�S _7HR\IL�\AJ]v]v ��� ��� �����{n o
Z[JWNMFx@^N�g�GIHR\AJ�ZTS Z[LW\x\MJ^NW_a` g,` \MJ]dW\,�rBK�y`*OMHV\IL�\AJT��H�\AL�\MJ]� � GIn�s
BIJ��Mv^NIL^CIB�dMGAOW@K_A?MJ^N�H^BW@K_eS8g,` BMn�s
_7HR\IL�\AJ]v[H�JxLWNPOVQeS�BIJ���n�s
B�F S _7H�\ALW\MJ]vxv � � ��� ������n o

Z7H�\ALW\MJ]�x�ys
_7H�\ALW\MJ]vWZ{H�\ALW\AJts
BR_7HKJ^N]\yS BAJ��T`8_7HR\IL�\AJPn s
FM@^NtS*q^vMwys�qM~WvKgis�q]�]��n4OMHR\ILW\MJ � _7H�\ALW\MJ]����Ge�8q]�xv�
�mMN,� q^�ys
FM@^NtSUOKvMwys*O^~QE&G�H,IKJTs O��]��n LKmM\,� _7H�\ALW\MJ]�a��O��]v � � ��� �����Ts

�
LKmM\,�rH�\IL�\AJ^�a�6\MJ]d^\,�rBK�x�]vW_7HR\IL�\AJ s

�
HR\ILW\MJ]v�_7H�\ALW\MJys
BKF�SUOMHR\IL�\AJ �rH�\ALW\AJ^����Ge� g[�A~WvKB7n g{LW\[ORQIJ[HK�]�Ts

�
XxOW@Kmx_M\MvKg�LW\[ORQ[JIHps

�
?A@AB�CEZIJ^NMFx@^NKg{GIHR\AJKZeSUOVQPL�NYXVZa`fBV_A\ugi`fOVQPL�N \AJ^d]\POVQa` BV_A\�
e� �&E��x�Pn
o

BR_A\lBp`�JT`�C[BWLKMys

�mANa� w^�xvMwts
FM@^NtSUBKv{� s*B^~WvKgis*B��]��n o

BKF�S Z���B��]vxv]\MJ]d^\PORQ7n 
KmANa�rB��]v
e�rB^�[�R�ys
Jx|IH�J 
�mANa�rBK�xv �4H �tS 
 ��B^�[�R�x��� ` 
�mANa�rB��P�V�x�P� ` 
e��BK�x�P�]n s

�
�
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H�JxLWN[ORQeS mx_{H]B1M�_[J^C |^@�_�M BIJ���n
o

FM@^NtS _]ZIvWQ[LIH QA\IL�D�� QPLIH QeS�BIJ���nR�ys8_^Z P6v�� �����Ts6_]ZIvK_xZ[�x�R_[J]d^\�n
BKF�S BIJ��Mv]vW_xZ[�x�,BIJ���n<NMJ^\WmAN^_k_xZP�]�IHR\ILW\MJys

NAJ^\WmANW_c�P�7s
�
BR_{H�JWNx\yS mx_{H]B1M�_[J^C |^@�_�M BIJ��T`fBR_M\k_7H�\ALW\MJPn
o

mx_7H^B1M�_[J]CYBR_M\kQPLIH QA?ALx|ts
_xZIv S HR\xN^m�OK\h_P|ABxH�\cXMnjg{L]|x|]@AO�SUH]B��xJx@^FtSUXV_xZ7nxn�s
B�F�S _]ZIv]v�� � ��� � ��S _]ZP�]�1BIJ��Mv[H�\xNxCWm]ZeS BAJ���nxn�v]v�� ��� �{n

NMJ^\^mMN^_c�[� s
QPLIH QA?ALx|^v�QPLAHVQeS�BIJ��{n�s
_xZP�]�1BAJ��MvQBIJ��es
_xZP�]�IHR\ILW\MJ]v�_7H�\ALW\MJys
_xZP�]�K_IJ]d]\xvWQ[LIHVQM\IL�D�� Q[LIH QA?IL]|W�ys
QPLIH QA\ALKD�� QPLAHVQA?ALx|W�xvW_]Zas
B�F�S _]ZP�]�IH�\ALW\MJ]vPHR\xNxCWmxZTS _{H�\IL�\AJIn�v]v�� ������n NAJW\^mMN^_c�[� s

�
NILWC[BKdAGAO�@�_M?AJ^NPH]B�@�_eS BR_M\<gi`fBR_M\ qPn
o

BR_A\lBp` H m^gis
HVm^g[vMwts
FM@^NtSUBKvMwys*B^~WvKgis*B��]��n

H m^gP�]v
KmAN,��B��IXRZ[@�zIJWNySR�]� ` g{�xBAn�s
NAJ^\WmANW_ S H m^g �� � ���Pn s

� ���
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�
Z[@�zIJWNySUBV_A\hDPLIHKJy`fBV_A\ JQBx\{n
o

BR_A\lBp`8Z s
ZIv{�7s
FM@^NtSUBKv{� s*B^~WvMJQBx\es*B��x�Pn

Z�X�vWD[LIHKJys
NAJ^\WmANW_ Zas

�
QPLAHVQTS mx_{H]B,MW_[J^C |^@�_&MCBIJ���n
o

NAJ^\WmANW_ S BAJ��� � E�G � G&H1IQJ{n�s
�
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� CxJ]FIBR_[J E&G�H,IKJ�� ���
� CxJ]FIBR_[J �&E ��G�H,IKJ��]��w
� CxJ]FIBR_[J ��� ��J��
� CxJ]FIBR_[J ��E �&GQJYw
BR_M\ J�_ACT` HR\IL�Nx\es
?A@AB�C \WmICAGAH�JxLWNPOVQeS ORQPL�N XRZPL�\x\MJ^N^_ ` ORQ[LWNcX�\AJ^d]\e` BR_A\ug,`fBR_M\k_a`fBR_M\ B `jBR_M\cXxO�@�m]_A\{n
o

BR_A\ L ` Bp`rqy`rLKmIqy` OVQa` Ne` \M@�Z ` OW@x|t`�|xLAH�\IOW@M| `*Op`8_AJ]d^\e` C[B^LQMys
BR_A\ NMJMLWC	�,�FE&G&H1IKJx�T` � @ � �&E��&G�H,IKJ]�T` � � �&E ��G&H,IKJ]�Ts

� � �
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BR_A\YC � ��E �&G&H1IQJM�a�FE&G&H1IKJx�T`6DPL^C � �)E ��G�H3IKJM� �FE�G�H3IKJx�Ts
BR_A\kD[L^CMGAOW@x|KmWgA_7H�` H Q{B�F^\es
BR_A\ug�LW\[ORQ[JIHKvxwys
L X4ZANMJ�ZMNA@IO�J[H]H]BR_&M�Z]QPLAH�J X L
FM@^NtS LWv{� srLx~Wv)E&G&H1IQJes�LW�x�Pn NAJMLWC	�a� L^�]vKg[�{� s
FM@^NtS LWv{� srLx~Wv)E&G&H1IQJes�LW�x�Pn

Fx@^NyS B�v�g{�1Bes BW~^vKBes BK�x��n
Ca��B�� � L^�]vKg,s

FM@^NtSUBKvKg{�[� s*B^�^v�� s*B^�x�In o
Fx@^NyS*LKmIq]v]NMJMLWC	�,� ZPL�\x\AJWN^_i�rB��]�M�[� s�LKmIqM��v �&E�� S B��P� ` g{�3B7n�srL�mIqM�^�[n
C � LKmIq]� � ZPL�\x\MJ^N^_i�rBK�x�xvMLKmIqM�xB}s
NMJML^C��,� ZPLW\]\AJWN^_���B��]�xv ��E � SUB����7` g{�3B7n s

�
FM@^NtSUBKv{� s*B^~ �&E ��G�H,IKJes*B��]��n

Fx@^NyS*LKmIq]v{�7s�L�m[qM~QE&G&H1IKJTs�L�m[q]�]�Pn
DPLWCa��B��a� LKmIq]�xv���� �&Jes

FM@^NtSUOVQIv �rL��]s ORQ[~^v � � �]s OVQI�x�Pn
Fx@^NyS B�v�� s BW~^v�gis BK�x�Pn o

FM@WNyS*LKm[q^vtS B^�1B{n�srLKm[qx~^v SUB��QB7n s�LRm[q]�]�Pn
B�F�SUOVQIv]vWZPL�\x\MJ^N^_i� L�m[q]�Pn DPL^C �rBK�a�rOVQI�]v ��E ��G1Jes

�
L XYH�JxLWN[ORQ{BV_�M�ZxQPLAH�J X L
q]vKg,s
z]Q{BW|]J S�qM~WvW_ n o

NxvMqys*B�v�gis8D[L^CMGAOW@x|KmWgA_7H�vMwts HUQ{B�F^\xv�gis
z^Q{B^|^J SUBW�1B N�NEDPL^CMGAO�@M|KmWgA_{HW~^vQB7n o

B�F S B^�^v�g{�,B7nEH Q{BKF]\Mv��8H�� �}SUHVQ�B�F]\T`�C �rB�� �6\MJ]dW\,�6Nx�]�Pn�s
B�F S DPL^C �rBK�a�6\MJ]d^\,�6Nx�x�Pn D[L^CMGAOW@x|KmWgA_7H��x�ys

� �QT
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B^�]�ts NI�x� s
�
BKF�S DPLWCAGMOW@M|�m^gM_7HW~WvKB{n o

H�\ALWN]\MvMqx�Rg��1BA��� s
B�F SUH�\IL�Nx\A~^vMw[nEHR\ILWN]\Mv�� s
J�_ACxv[H�\IL�Nx\x�KgP���AX�BA�{�7s
g{L�\POVQ[J[H��xv[H�JML�NPOVQ{ORmM\yS ZPLW\]\AJWN^_e` \AJ^d^\T` ga`rJK_ICx�IH�\AL�N]\e`FB7n s
q]vxq]��gP�{�7s

�
Jx|IH�Jkq]vMq^� ��E �tS��8H�� �}S�BA��� ` BK�{�^n�` H Q{B�F]\�n�s

�
XxOW@Kmx_M\MvKg�LW\[ORQ[JIHps

�
H�JxLWN[ORQ{OVmA\tSUORQ[LWNYXRZ[LW\x\MJ^NW_a` OVQPL�NlXK\AJ^d]\T` BR_M\ugi`fBR_M\k_a`fBV_A\ B7n
o

BR_A\lBp` NT` \A@KZa`*O}`�Cy` g�LW\POVQ[JIHKvMwts
BR_A\�
e� ��E �&G&H1IQJM�Ts
FM@^NtSUBKvMwys*B^~WvKgis*B��]��n 
 ��B��xvIB}s
\A@�ZAvKBM�{� s
FM@^NtSrNxvPH�\ALWN]\es NA~^vxJ�_ICys Nx�x��n o

OKvMwys
Fx@^NyS B�v�� s BW~^v^\A@�Z s BK�x��n o

B�F S ZPLW\]\AJWN^_���B��]vxv]\MJ]d^\,�6Nx��nfC]v[O}s
JM|AH�J C]vtS��4H �tS 
 ��B^�[�R�T` 
 ��B��T`*OAn]n��{�7s
O�v�
 ��B��Ts 
 ��B��xv]CTs

�
z^Q{B^|^J S 
e�6\M@�ZI�M�1B{n \A@KZP�]�ts
BKF�Sr\A@KZIv]vKgpn o g�LW\POVQ[JIHK�x�ys��
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Jx|IH�Ju\A@�ZA�x�ys
�
NAJ^\WmANW_Eg{L�\PORQIJ[H�s

�
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� CxJ]FIBR_[J �&E ��� ����Gc�]��w
� CxJ]FIBR_[J E&G�H,IKJ�� ���
BR_M\ H�\ALWNx\T`rJK_ICTs
?A@AB�ChgMmP|W\[B�z�g{GIHKJML�NPORQTSUOVQPLWN XVZPL�\x\AJWN^_ ` ORQ[LWNlX�\AJ]d^\e` BV_A\ug,`fBR_A\k_ `fBR_M\ B `fBR_M\lXxO�@�mx_M\{n
o

mx_7H^B1M�_[J]CYBR_M\ H�\IL�\AJts
BR_A\lBp`rqt` Hp`*O}` \e` 	T` g�LW\POVQ[JIHKvMwts
mx_7H^B1M�_[J]CYBR_M\ |AB g,` �a� E&G&H1IQJM�Ts
mx_7H^B1M�_[J]CYORQ[LWNkZPL�\,� �&E ��� ����G^�ys
CM@�m]DP|^JEN7�7s
L X4ZANMJ�ZMNA@IO�J[H]H]BR_&M�Z]QPLAH�J X L
N7�Rv S8g L S BM�{�^nxn�s
\MvMwts
O�vMwts8Z[LW\,��O��]�x�xv �����xs
	MvtS�BA���]n�s
FM@^NtSUBKv{� s*B^~Wv]N7�7s BK�x��n o

\x�x�Ts HKv^\es
Fx@^NyS�q]vxwysrqx~1BM�{� s�q]�]��n o

ZPL�\,��O��x�]�xv�ZPLW\]\AJWN^_��rHK�ys
HK�]v]N{� s

�
� � U
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�
ZPLW\a�rOK�xv ���]w��xs
FM@^NtSUBKvMwys*B^~QE&G�H,IKJTs B��]��n �a�rB��]v���wys
|AB g[vMwts
FM@^NtSUBKv{� `�q]v�� s BW~^v�gis BK�x�y`rqM~]~Wv��]n o

�a� ZPL�\,��B��x�]v	�a� ZPL�\,��B��x��N���qys
|MB g�� vMqts

�
|AB g[v��{S |ABUg{�]� 	{n s
L XYH�JxLWN[ORQ{BV_�M�ZxQPLAH�J X L
H�\IL�\AJ^v��Kwts
FM@^NtSUBKv{� s*B^~WvW_as*B��]��n o

HR\ILW\MJ]v S H�\ALW\MJM~x~ 	{n�� �,� \AJ^d]\ �rB��]�ys
BKF�S H�\ALW\MJM~x|MB g�n o

H�\ALWN]\Mv[BW�P�V�]N7���Rg��1B s�J�_ACxv[BW�P�V�KgI�KB[�[�7s
B�F SUH�\IL�Nx\A~^vMw[nEHR\ILWN]\Mv�� s
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