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� 1:95";� "<$&$&���5��";�#!#�($=�%�#"%��>?��45����!A@B������#CED���FD	G,HB"<���3-I".�� J
K�L�M NPO�QRO�S�OUTWV XYXPXPX XPXPXYXPXPX XPXPXYXPXYXPXPX XPXPXYXPXPX XPXPXYXPXPXYXPX XPXPXYXPX Z
K�L\[ ]_^E`UabQEcedfa�g?dih<j.V#^Wk=lmV#anQ*XPXPX XPXPXYXPXYXPXPX XPXPXYXPXPX XPXPXYXPXPXYXPX XPXPXYXPX Z
K�L\o p2V�TrqbstQuXPXPXYXPXPX XPXPXYXPXPX XPXPXYXPXYXPXPX XPXPXYXPXPX XPXPXYXPXPXYXPX XPXPXYXPX v

/ 1:95";wx�B-IyB"%�z!|{~}.0x�Y����#"bG��#CE>�"<HB".���".��AD	G,HB"<���3-I".�� }
�%L�M NPO�QRO�S�OUTWV XYXPXPX XPXPXYXPXPX XPXPXYXPXYXPXPX XPXPXYXPXPX XPXPXYXPXPXYXPX XPXPXYXPX �
�%L\[ ��`|anQEVRh%QEceN�V#j.V#a�gbV#anQ�dih<j.V#^Wk=lmV#abQ�T�XPXYXPXPX XPXPXYXPXPX XPXPXYXPXPXYXPX XPXPXYXPX M��
�%L\o ��`|anQEVRh%QEceN�V#j.V#a�gbV#anQ���^�O�k=abk=a%�?�f^E`%�RV�gbq%^EV X XPXPXYXPXPX XPXPXYXPXPXYXPX XPXPXYXPX MUM
�%L�K ��O�a%�Uq�O��UVY��`%gbVRs�XPXPXYXPXPX XPXPXYXPXYXPXPX XPXPXYXPXPX XPXPXYXPXPXYXPX XPXPXYXPX M�o
�%L\� p2V�TrqbstQ	�'^E`Ul��Bk�s=`UQPdBh%j�V#^Wk=lmV#abQ�T�XYXPXYXPXPX XPXPXYXPXPX XPXPXYXPXPXYXPX XPXPXYXPX M#K
�%L\� p2V�TrqbstQ�`Ua�]�k=a�O�si��V�TWQP�UV#Q*XPX XPXPXYXPXYXPXPX XPXPXYXPXPX XPXPXYXPXPXYXPX XPXPXYXPX M��
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�%L�M NPO�QRO�S�OUTWV XYXPXPX XPXPXYXPXPX XPXPXYXPXYXPXPX XPXPXYXPXPX XPXPXYXPXPXYXPX XPXPXYXPX M�v
�%L\[ dih<j.V#^Wk=lmV#anQ�XPXPX XPXPXYXPXPX XPXPXYXPXYXPXPX XPXPXYXPXPX XPXPXYXPXPXYXPX XPXPXYXPX M��
�%L\o p2V�TrqbstQuXPXPXYXPXPX XPXPXYXPXPX XPXPXYXPXYXPXPX XPXPXYXPXPX XPXPXYXPXPXYXPX XPXPXYXPX M��
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M ���%V����bS%^Wk�g���� ��ce�x��� TWj�V#V�����^EV��R`|�Uabk=QWk=`Ua T��%TWQEV#l O�Q��E� ���RL XPXYXPX XPXPXYXPX �
[ ��TWV�O T k=a%��s=V��bk�g%gbV#a�s�O��|V#^ �x��� QE` V�TWQWk=lAO�QEV	Q��%V�j.`nTWQEV#^rkt`|^�j��%`Ua%V#QWk��P� s�OUTET j%^E`|S%c

O�Sbk�s�k=QWk=V�T���� �"!�#%$�&RL X XPXPXYXPXPX XPXPXYXPXYXPXPX XPXPXYXPXPX XPXPXYXPXPXYXPX XPXPXYXPX �
o ��`|anQEVRh%QEc&k=a�gbV#j�V#a�gbV#abQ�'%T#Lf�R`UanQ VRh<QEcegbV#j.V#a�gbV#anQYT(�<TWQ V#l�LuXPXPXYXPXPXYXPX XPXPXYXPX M��
K dih_O�l jbstV�T��'`U^��UV#a%V#^�Ozs~k*)#V�g Q ^Wk=j��%`Ua%V�+�QE^Wk=j��%`Ua%V�+UO�a�g�l qbstQrktjbs=V TWQ�O�QEVfj��%`Ua%V#QWk�� lm`%gbVRs3L�MUM
� ���%V�j�`bTWQEV#^Wk=`U^ j%^E`US�O�Sbk�s�k=Q ��V�TWQWk=lAO�QE`U^f�'`U^2Q��%V��R`|anQEVRh%QEcegbV#j.V#a�gbV#anQ l qbs=QWk=jbs=V TWQRO�QEV

j��%`Ua%V#Qrk���lm`%gbVRs3LfX XPXPXYXPXPX XPXPXYXPXYXPXPX XPXPXYXPXPX XPXPXYXPXPXYXPX XPXPXYXPX M�[
� ]_^EV�,Uq%V#a��"� ^EV�Trj�`Ua�TWV2`��(Q��%V��bk=���%j�OUTET.-%stQ V#^f�'`U^,j%^ `<�RV�TET kta%� Q��%V����B�R`Ua%a%V��RQEV�gmg|k=��k=Q�T#L�M��
Z ]_^EV�,Uq%V#a��"� ^EV�TWj�`|a�TWVP`���Q��%V	st`0/ j�O|TET1-%stQ V#^��'`U^ j%^E`<�RV�T T k=a%�mQ��%VP�����R`Ua%a%V��RQEV�g?g|k=��k=Q�T#L [U�
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M : VRs�s��R`U^EVPk�TW`�s�O�QEV�g�g|k=��k=Q�T	^EV�TWqbs=Q�q�T k=a%�AQ��%V����bS%^Wk�g�O�j%j%^E`bOU���;/ ktQ�� gbVRs=Q�O �'V�O�QEq%^EV�T L v
[ : VRs�s��R`U^EV k�Tr`�s�O�QEV�g g|kt��ktQRTY^ V�TWqbs=Q q�T kta%�xQ��%V<�=�bS%^Wk�g�'%T#L;���7> O�j%j%^E`nOU����/2k=Q��;a%`

gbVRs=Q�O �'V�O�QEq%^ V�T#L,XPX XPXPXYXPXPX XPXPXYXPXYXPXPX XPXPXYXPXPX XPXPXYXPXPXYXPX XPXPXYXPX v
o ��`|ab� q�T k=`Ua?l�O�QE^Wk�h?`Ua�: VRs~s��R`U^ VYk�TW`�s�O�QEV�g�g|k=��k=Q�T	QEV�TWQEV�g�`|a�� stV�O�a TWj.V#V�����LBXPXPXYXPX �
K ?;`|^�g*^EV��R`|�Uabk=QWk=`Ua�V#^E^E`|^mk=aA@ `UaFQ��%V�B	q%l S�V#^�TDC\�UoIgbVD'|VRst`|j%lmV#anQxTWV#Q��'`U^AQ��%V

�R`UabQEVRh%QEcegbV#j�V#a�gbV#abQ�VRh<j.V#^Wk=lmV#anQRT#L2XYXPXYXPXPX XPXPXYXPXPX XPXPXYXPXPXYXPX XPXPXYXPX M#K
� ?;`|^�g ^EV��R`U�Uabk=QWk=`Ua V#^E^E`U^ k=aE@ `Ua7Q��%V�B	q%l S�V#^�TFC �Uo;gbVD'UVRs=`Uj%l V#anQ?TWV#QG/2k=Q��7O�a

k=lmj%^E`0'UV�g s�O�a%�|q�O��UVPlm`%gbVRseLAX XPXPXYXPXYXPXPX XPXPXYXPXPX XPXPXYXPXPXYXPX XPXPXYXPX M��
� ?;`|^�g ^EV��R`U�Uabk=QWk=`Ua�V#^E^E`U^�k=a;@ `Ua Q��%V�B	q%l S.V#^�TDC �|oH-�a�O�s(QEV�TWQ�TWV#Q�� `U^fQ��%V��R`UabQEVRh<Q c

gbV#j.V#a�gbV#anQ?VRh%j�V#^Wk=lmV#abQ�T#LF���bk�TmTWV#Q�`���^ V�TWqbs=Q�TG/2V#^EV?`|S%Q�O�k=a%V�g*q�T k=a%� Q��%V�TEO�l V
j�O�^RO�lmV#QEV#^ TWV#QEQrkta%�bT OUT2Q��%VYgbVD'|VRst`|j%lmV#anQPTWV#Q�L.XPXPXYXPXPX XPXPXYXPXPXYXPX XPXPXYXPX M��
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� /2`Uqbs�g s�k��UVPQE`PQ���O�a��ml � ^EV�TWV�O�^����AOUg�'|k�TW`U^�+�B	VRs�TW`Ua?��`|^E�nO�a +�� `U^ �bk�T2�|qbk�g%O�a��RV�+nQ��%V�V#abQWk=^EVH�E� ���
TWj.V#V���� �U^E`Uq%j �'`U^ Q��%VRk=^G�%VRs=j�O�a�g k�gbV�OUTF+2l� �3O�l:k~s*� �'`U^ Q��%VRk=^ Trq%j%j�`U^EQ +�O�a�g*�fO�QE^rk������ k=j*�'`U^
O�s*/ O �<T S�VRk=a%�?Q��%V#^ VUL

� /2`Uqbs�g*O�s�TW` s~k��UV?Q ` Q���O�a��IQ��%V distV��RQ ^Wk��#O�s�d�a%��k=a%V#V#^Wk=a%� O�a�g ��`Ulmj%q%QEV#^��n� k=V#a��RV gbV#j�O�^EQElmV#abQ
�'`U^ Q��%V��YLt��L�N�V#j�O�^EQEl V#anQ `��Yd�gbq��#O�Qrkt`|a7]%VRs�s=` /�T��bk=j�Q���O�QmTWq%j%j�`U^ QEV�g*l �5-�^�TrQEc �UV�O�^m�|^�OUgbq�O�QEV
V�gbq��#O�QWk=`Ua�L

���bk�T ^EV�TWV�O�^���� k�T�TWq%j%j.`U^EQEV�g S�� O B�O�Qrkt`|a�O�sP�n� ktV#a��RV;]_`Uq%a�g%O�QWk=`Ua*�U^RO�anQm� � ��ce�Uo%MUM��UvU��QE`xQ��%V
�eabQEV#^Ea�O�QWk=`Ua�O�s���`|lmj%q%QEV#^P�n� k=V#a��RV �ea�TWQrktQ q%QEVUL
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� Q Q��%V7�eabQEV#^Ea�O�QWk=`Ua�O�s,� `Ulmj%q%QEV#^	�n� ktV#a��RV �ea�TWQrktQ q%QEV �WO�a�g lAO�a�� `UQ��%V#^2TWj�V#V�����s�O�S�`U^RO�QE`U^Wk=V�T"&��=M0+n��+
MUM0+�M�o
	 +UQ��%V���qbs=QWk���O �UV#^��BV#^��RV#j%QE^E`|a;� �x����& ��O|TfS�V#V#a�q�TWV�g QE`PV�TWQWk=lAO�QEV V#l k�TET k=`Ua�j%^E`US�O�Sbk~s�k=QWk=V�T
�'`U^ � k�g%gbV#aF�xO�^ �U`0'I��`%gbVRs�T � ���x� T &�L*���%V����x�xTmO�^ VAq�TWV�g OUT Q��%V?q%a�gbV#^rs �|k=a%��TWQRO�QWk�TWQWk��#O�s
lm`%gbVRs�`��YTWj�V#V����*�'`U^ s�O�^E�UV 'U`%�#O�S%qbs�O�^��*TWj�V#V����7^EV��R`|�Uabk=QWk=`Ua�T��%TWQEV#l�T#L��7'UV#^mQ��%V;�UV�O�^�TD+ Q��%V�TWV
�x��� a%V#Q /2`U^��<T ��O 'UVmVRh%j�O�a�gbV�gxq%j;QE`�VRh_O�lmjbs=V�T�/2k=Q��;Kb�U�U�9�bk�g%gbV#aIq%abk=Q�T O�a�g�`0'UV#^YO l k�s~s�k=`Ua
�'^EV#V j�O�^�O�lmV#Q V#^�TD+(QE^�Ozkta%V�g `Uaxl k�s~s�k=`Ua�T `����'V�O�QEq%^EV 'UV��RQE`|^�T#L N�V�TWjbk=QEVmQ��%V �eOU�RQPQ���O�Q	�3O|TWQYTWj�V�� k�O�s=c
k*)#V�g5��O�^�g�/ O�^ VYk�T�q�TWV�g;O�QH�E� ���	�'`U^PQE^�O�k=abk=a%��Q��%V a%V#Q�/2`U^ ��+�/2VP�'`Uq%a�gxQ���O�QYTWq�����s�O�^E�|V:T(�<TWQ V#lAT
�e^EV�,|qbk=^Wk=a%��OG/2V#V �?`U^	lm`U^EV `���QE^�O�k=abk=a%�?QWk=lmV0& O�^EVPa%`UQPTWqbk=Q�O�Sbs=V �'`U^ VRh%QEV#a�T k*'UV VRh%j�V#^Wk=lmV#abQ�O�Qrkt`|a
/2k=Q��xk�TETrq%V�TYTWq����IOUT	�'V�O�QEq%^EV VRh<QE^ROU�RQWk=`Ua;O�a�gx`UQ��%V#^YOUTWj�V��RQRTP`�� OU�R`Uq�TWQWk�� l `<gbVRs�k=a%��LA� �%V#^EVR� `|^EV�+
/2VmgbV�� k�gbV�g Q���O�Q�/2V a%V#V�gbV�g QE` /2`U^���/2k=Q��xQ�OUT �<T�Q���O�Q�/2V#^EV l q���� TWlAO�s�s=V#^�+�S%q%Q�/2V#^EVmg|k� �Rqbs=Q
O�a�g�^EV#j%^ V�TWV#anQRO�QWk*'UVYV#a%`|q%���?`��Bs�O�^E�UV#^ Q�O|T �<T L

���bk�TP^ V#j�`U^EQPgbV�TE�R^Wk=S.V�TYQ��%V ^ V�TWV�O�^����xVRh<j.V#^Wk=lmV#anQRTPQ���O�QYO�^EVm�R`Ua�gbq��RQEV�gxq�T k=a%��Q��%^EV#VmTWq���� TrlAO�s�s
�R`U^Ej.`U^�O�O�a�g;Q��%V�stV�T TW`Ua�T Q���O�Q ����O�'|Vms=V�O�^Ea%V�g �'^E`Ul Q��%V#l�Lx���%V<-�^�TWQm�R`U^Ej%q�T �R`Ua�T k�TWQRTY`�� k�TW`Uc
s�O�QEV�g;g|k=��k=Q�T �R`�s�s=V��RQEV�g `0'UV#^PQ��%V QEVRs=V#j��%`Ua%V?a%V#Q�/ `|^ ��S���:�VRs�s��R`U^EVUL����bk�TYg%O�Q�O�S�OUTWVG/ OUT�q�TWV�g QE`
�R`Ua�gbq��RQ VRh<QEV#a�T k '|VmQEV�TWQWk=a%�nT�`�� Q��%V ^E`US%q�TrQEa%V�TET�`���'zO�^Wk=`Uq�T T k=�Ua�O�s�j%^E`%�RV�TET k=a%� � ^E`|anQ�V#a�g%T � � ��� +
�(`U�|cep � �n� � +���cep � �n� � & k=axQ��%V j%^EV�TWV#a��RVm`���S�`UQ��;�R`Ua�'U`�s=q%QWk=`Ua;O�a�gxOUg%g|k=QWk*'UV a%`�k�TWVUL:�Uq����;VRh%c
j�V#^rktl V#anQ�T /2V#^EVY�R`Ua�gbq��RQEV�g V�O�^Ws�k=V#^�k=a��=M���	�q�T kta%��Q��%VPl k�h%QEq%^EV�� O�q�TET k�O�a?S�OUTWV�g;�bk�g%gbV#a;�xO�^ �U`0'
QE`b`�s��Uk=Q � ���7> &�L�� �%V/2`U^��?^EV#j�`U^ QEV�g �%V#^EV k�T�QE` ktabQEV#�U^RO�QEV Q��%`nTWV �'^E`UabQEc'V#a�g�^EV�TWqbs=Q�TH/2k=Q�� �E� ���"C T
���nS%^Wk�g����x��ce� ���F^EV��R`U�Uabk=QWk=`Ua T��<TrQEV#l O�a�g;�R`Ul j�O�^EV Q��%V j�V#^W�'`U^El�O�a��RVmQE`?Q���O�Q�`��2Q��%V ���7>
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TW`Ul V TWV�O�^�����O�a�gAg|k�TE�Rq�TET kt`|a / ktQ��A`UQ��%V#^�TD+�/2VY���%`nTrV�Q��%V��FB q%l S�V#^RTDC �Uo���Q�OUT ��OUT `Uq%^ a%VRh%Q TrlAO�s�s
g%O�Q�O�S�OUTWVUL�� Q�/ O|T S.VRkta%�xgbVD'UVRs=`Uj�V�g O�QPQ��%V�� ^EV#�|`Ua���^�OUgbq�O�QEV � a�TWQWk=QEq%QEVmS���^ V�TWV�O�^����%V#^�T�O�QPQ��%V
��V#abQEV#^��'`U^ �Uj�` �|V#aI��O�a%�Uq�O��UVG� a�gbV#^�TrQ�O�a�g|k=a%�3�E� �n� ��&�L��eQ�k�T O?g%O�Q�O�S�OUTrV `�� a�O�QEq%^RO�s�anq%l S.V#^�T
TWj.` �UV#a �R`|anQWk=abq%`Uq�T s*� O�a�g�a�O�QEq%^�O�s�s*��`0'UV#^2Q��%V QEVRs=V#j��%`Ua%V�+.k�T l `<gbV#^�O�QEV#ceT k*)#V�gxO�a�g�k�T	^EV�OUTW`Ua�O�Sbs �
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/2V#^EVA�R`Ua�gbq��RQ V�g�+f^EV�TWqbs=QWk=a%��k=aI�U`b`%g�k=lmj%^E`0'UV#lmV#abQ�T��'`U^ Q��bk�TYQROUT ��`0'UV#^ `Uq%^ TrQ�O�a�g%O�^�gx�R`UabQEVRh%QEc
k=a�gbV#j�V#a�gbV#abQ�T��%TWQEV#l�L �U`Ul V VRh<j.V#^Wk=lmV#abQ�T `��5Q��bk�T�Q �bj�V / V#^ V j�V#^W�'`U^El V�g j%^EVD'|kt`|q�T s*�AO�Q �E�	���	+bS%q%Q
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���%V ���nS%^Wk�g����x��ce� ����TWj�V#V����;^EV��R`|�Uabk=QWk=`UaIT��%TWQEV#l�O�QPQ��%V �eabQEV#^Ea�O�QWk=`Ua�O�s2��`Ulmj%q%QEV#^ �n� k=V#a��RV
�ea�TrQWk=QEq%QEVG� �E� ����& ��OUT Q��%V TEO�lmVPS�OUT k��YTrQE^Eq��RQEq%^EV OUT gbV�TE�R^rktS.V�g kta �=M�	eL1�eQ�T	`0'UV#^�O�s�siO�^R���bk=QEV��RQEq%^ V�k�T
T��%`0/ a�k=am]�k=�Uq%^EV�M|L � T k=a%��s=V��bk�g%gbV#a s�O��|V#^,�x��� k�T�V#lmjbs=`0�UV�gPQ `�V�TWQrktl�O�QEVfQ��%V j�`nTWQ V#^Wk=`U^,j��%`|a%V#QWk��
� s�OUTET�j%^E`|S�O�Sbk�s~k=QWk=V�TD+ /7�bk����IO�^EV Q��%V#a;�R`Ua�'UV#^EQ V�g�+�q�T k=a%�5: O �UV�TFC�^Eqbs=V�+�QE`ms�k��UVRs�k*�%`n`%g j%^E`US�O�Sbk~s�k=QWk=V�T
�'`U^
		ktQ V#^ESbkiO�s�k=�Ua%lmV#abQ k=a�Q��%V ���x� �'^�O�lmVD/2`U^ �(L

���%V Q��%^EV#V#c&s�O��|V#^�� ��� � ]�k=�Uq%^ V�[�&.k�T QE^RO�k=a%V�g S=� q�T k=a%� TWQ `<����OUTWQWk��2�|^�OUg|k=V#anQ�gbV�T �RV#anQ�+%O�a�g ^EVRs�O�Qrk '|V
V#abQE^E`Uj��AOUT2Q��%VPV#^E^E`U^ �R^Wk=QEV#^Wk=`Ua�L � T k=�Ulm`�k�g��'q%a��RQWk=`Ua k�T	O�j%jbs�ktV�g�QE` Q��%V��bk�g%gbV#a�s�O �UV#^2q%abk=Q�TD+(O�a�g
TW`��'QElAOzh �eVRh%j�`Ua%V#abQWk�O�s�`���Q��%V?q%abk=Q�C T /2VRk=���bQEV�g*TWq%l a%`U^ lAO�s�k*)#V�g*S��IQ��%V�Trq%l `��PVRh<j.`Ua%V#anQrk�Ozs�T
�'`U^�Q��%VYV#abQWk=^EV s�O �UV#^F&fk�T�q�TWV�gxOUT Q��%VY`Uq%QEj%q%Q�a%`Uabs�k=a%V�O�^Wk=Q��ULY���%V a%V#Q�/2`U^ �9��OUT�O�a?k=a%j%q%Q�s�O��|V#^�`��
M��Uo q%abk=Q�TYTrj�O�a%abk=a%� O9/ kta�gb`0/ `�� � � ^RO�lmV�TD+�/7�%V#^ VmV�OU�����'^�O�l V:�R`|a�T k�TWQ�T�`�� v?�RV#j�TWQE^�O�+Bv?gbVRs=Q�O
�RV#j�TWQE^RO�+5O�a�gIM gbVRs=Q�O�V#a%V#^E�����'V�O�QEq%^ V�T#L � s�sBkta%j%q%Q�� V�O�QEq%^EV�T � `U^�Q��%V a%V#Q /2`U^���O�^EVYa%`|^ElAO�s�k*)#V�gxQE`
��O 'UV )#V#^E`?lmV�O�a;O�a�g�q%abk=Q '�O�^Wk�O�a��RVUL ]%`U^PQ��%V : VRs�s��R`U^EV?g|k=��k=Q�TYO�a�g�Q��%VGB	q%l S�V#^�TDC\�UomQROUT �%TD+(Q��%V
�x��� / OUT TE�#O�s=V�g�gb` /	a?�'^E`Ul�`Uq%^	q�TWq�O�sf^�O�a%�UVP`����U�U��c'Kn�U�U� �bk�g%gbV#a;q%abk=Q�T	QE`A[U�U� �bk�g%gbV#a q%abktQRT#L
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QE`�V#ab� `|^��RV l k=abktl q%l j��%`Ua%V#QWk��mgbq%^�O�Qrkt`|a�T#LP���%V j%^E`Uabq%a�� k�O�QWk=`Ua�TYO�^ VYS�OUTWV�g�`UaxQ��%V lm`nTWQ	s�k��UVRs*�
���W���W�uj%^E`Uabq%a�� k�O�QWk=`Ua�T#L � abqbs�s��U^�O�lmlAO�^�k�T q�TWV�g �'`U^ S�`|Q��*Q��%V;:�VRs�s��R`U^EVxO�a�g Q��%V����Yg|k=��k=Q�T
^EV��R`U�|abk )#V#^RT#LA���%V s�O�a%�Uq�O��UVmlm`%gbVRs��'`U^�Q��%V B	q%l S.V#^�TDC �|o?�R`UanQ VRh<QEcegbV#j.V#a�gbV#anQ VRh%j�V#^Wk=lmV#abQ�T�/2k�s~s
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Current Frame
Left Context Right Context

1−

bv m r z

Hidden Layer:
200 Fully 
Connected Units

18− 137−

12.5ms 25ms 37.5ms 50ms−12.5ms−25ms−37.5ms−50ms

Output Layer
61 Phones

Input Layer:
9 Frames of 17 PLP, RASTA 
features,  total of 153  units
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/2k=Q��;M�[_L ��lAT�` '|V#^Ws�O�jA`��i�R`Ua�TWV��Rq%QWk*'UV��'^�O�l V�T#Lf�(`U�Ucep � �n� � ce� ��� / O|T ���%`nTWV#a��'`U^�ktQRT2^E`US%q�TWQ a%V�TET
QE` s�k=a%V�O�^ Trj�V��RQE^�Ozsig|k�TWQE`U^EQrkt`|a�T k=a TWj.V#V�����T k=�Ua�Ozs�T	Q���O�Q O�^ VP`�� Q V#amk=abQE^E`%gbq��RV�g?S�� �R`Ul l q%abk��#O�Qrkt`|a
����O�a%a%VRs�T#LY���bk�T�k�T	k=lmj.`U^EQ�O�abQ	� `U^�Q��%VGB	q%l S.V#^�TDC �|oAg%O�QRO�S�OUTWV S�V��#O�q�TWV k=Q�k�TYO<'UV#^��?^EV�Ozs~k�TWQrk�� TWV#Q
`���g%O�Q�O Q���O�Q ��O�'|VP�U`Ua%VPQ��%^E`|q%���AQ��%VYj%q%Sbs�k��RceT�/2k=Q����%V�gxQEVRs=V#j��%`Ua%V a%V#Q�/ `|^ �5L

���%VPQE^RO�k=abkta%��`��fQ��%VP^EV��R`U�|abktQrkt`|a T��%TWQEV#l k�T�� S�`b`UQ�TWQE^RO�j%j�V�g � �'^E`Ul B���� � �W�PL(�Uq���� �RS.`n`UQRTWQE^�O�j%c
jbk=a%� ��k�T a%V��RV�TETEO�^�� /7�%V#a%VD'UV#^�Q��%V Q�O�^E�|V#QWk=a%�YQ�OUT �Pk�Tfa%`UQ j��%`Ua%V#QWk��#O�s�s*�ms�O�S.VRs=V�g(L �U`Ul V#QWk=lmV�TD+bVD'UV#a
Q��%`Uq%� �7OI�R`U^ j%q�TATWq�����O|T Q��%V B	q%l S�V#^�TFC �Uo;g%O�QRO�S�OUTWV�k�T j��%`Ua%V#QWk��#O�s�s*� ��O�a�g*QE^�O�a�TE�R^Wk=S�V�g�+�/2V
�'`Uq%a�gx�'^E`Ul j�OUTrQ VRh%j�V#^rktV#a��RV�T Q���O�Q�k=Q k�TYq�TrVR� qbs�Q `�j%^EV#c'QE^RO�k=a7O�a%V#q%^RO�s a%V#Q /2`U^����'^E`Ul O�l q����
s�O�^E�UV#^Pg%O�Q�O TWV#Q�O�a�g q�TWV ktQ�QE` k=abk=QWk�O�QEV `Uq%^�Q�OUT � gbV#j.V#a�gbV#anQPQE^RO�k=abkta%�.L ���%VGB q%l S�V#^RTDC �Uom�R`|^Ej%q�T
��OUT�O�S�`|q%Q�M��U��+\�U�U� � ^RO�lmV�T `�� Q ^�O�k=abk=a%�7g%O�Q�O�+ /7�bk�s=V Q V#a7QWk=lmV�T Q��bk�T�lAO�a��;�'^�O�l V�TmO�^EVxO�'�O�k�s=c
O�Sbs=VP�'^E`Ul B����W� � �PL�� �%V: VRs�s��R`|^EVmg|kt��ktQRT�g%O�QRO�S�OUTWV���OUT�O�S.`Uq%Q�oU��+\�U�U��� ^RO�lmV�T `��fQE^�O�k=abk=a%��g%O�Q�O
�'`U^PV�OU��� `���Q��%V �'`Uq%^�VRh%j�V#^rktl V#anQ�T Lm���%V B���� � � � ��B V#Q�/2`U^ �?��� � �W�H&�g%O�Q�O�S�O|TWV / O|T��R`�s�s=V��RQEV�g
S�� Q ^�O�a�TWl k=QEQrkta%�xQ��%V���� � � �ug%O�QRO�S�OUTWVATrj�V#V����7T k=�Ua�O�s�T ` '|V#^YQ��%VmQ VRstV#j��%`|a%V?a%V#Q /2`U^��5L9?;V�q�TWV
B���� � � � �e^�O�Q��%V#^�Q���O�a���� � � � &,S�V��#O�q�TWV�/2V�O�^EV�gbVD'UVRs=`Ujbk=a%�m^EV��R`|�Uabk=QWk=`Ua T(�<TWQ V#lATB�'`U^�Q VRstV#j��%`|a%V
S�O�a�g�/2k�gbQ��xg%O�Q�O%L
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Q�O�^ �UV#Q�s�O�S�VRs � `U^PQ��%VmQE^�O�k=abk=a%�;g%O�Q�O%L � a%VD/u� ��� k�TYQ��%V#a;QE^�O�k=a%V�gx`|a;Q��bk�TYTWV#Q `�� j%^ VRs~k=l k=a�O�^��
O�s�k=�Ua%lmV#abQ�T#L5��T kta%� Q��bk�T �x��� + /2Vm^EV#V�TWQrktl�O�QEV?O?a%VD/�TWV#Q `�� Q�O�^E�|V#QPs�O�S�VRs�TmO�a�gITW`��'`U^EQ���L�]%`U^
Q��%V QE^�Ozktabk=a%��QE`��R`Ua�'UV#^E�UV�+(Q��%^ V#V `|^�� `Uq%^�k=QEV#^RO�QWk=`Ua�T�`�� � `U^R�RV�g 	 k=QEV#^ Sbk O�s�kt�|a%lmV#anQ O�^EV �'`Uq%a�gxQE`
S�VmTWq ?� ktV#abQ�LH? k=Q��bk=a;V�OU����k=QEV#^RO�QWk=`Ua +(O�a�kta�gbV#j.V#a�gbV#anQ �R^E`nTETrc 'zO�s�k�g%O�QWk=`UaITrV#Q k�T�q�TWV�g�QE`?�R`UabQE^E`�s
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/2k=Q��mQ��%V�/2`U^�g $&%('*) +b[�k=a�� k�gbV#a��RV�T�/2k=Q���Q��%V7/2`U^�g ��� ) +nO�a�g�O�a%`UQ��%V#^�[ k=a�� k�gbV#a��RV�T /2k=Q��mQ��%V�/2`U^�g
)�+ L1�'��`Ua%V7/2V#^EV Q `PVD'zO�s=q�O�QEV�Q��%V j.V#^W�'`U^ElAO�a��RV	`Uabs*� `|amQ��%V�g|k=��k=Q�T S�� QRO �Uk=a%� `Uq%Q�Q��%V	Q /2`P�R`UabQE^E`�s
/2`U^�g%T - % / O�a�g 01) � ^E`|l Q��%V�QEV�TWQmTWV#Q�+BQ��%V9/2`U^�gxV#^ ^E`U^Y^RO�QEV9/ `|qbs�g S�V?^ V�gbq��RV�g � ^E`|l MUL [ @ QE`
�%L v @AL

�BO�Sbs=V o � ��`|ab� q�T k=`Ua�lAO�QE^rk~h?`Ua�: VRs�s��R`U^EVPk�TW`�s�O�QEV�g�g|k=��k=Q�T	QEV�TWQEV�g�`|a � s=V�O�a Trj�V#V�����L
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� T�a%`UQEV�g�V�O�^Ws�k=V#^�+�Q��%V B	q%l S�V#^�TFC �Uo?�R`U^Ej%q�T	k�TPO?�R`UabQWk=abq%`Uq�TWceTWj.V#V����*g%O�Q�O�S�O|TWV �R`�s�s=V��RQEV�g S=��Q��%V
� �n� � O�Q2Q��%V�� ^ V#�U`Ua ��^�OUgbq�O�QEV7�ea�TrQWk=QEq%QEVUL � Q �R`|a�T k�TWQ�T `��,abq%l S�V#^�T2TWj.` �UV#a?TWj�`UabQ�O�a%V#`|q�T s*�A`0'UV#^
QEVRs=V#j��%`Ua%V�s�k=a%V�T?`Ua Q��%V�j%q%Sbs�k��RceT�/2k=Q����%V�g�a%V#Q�/2`U^ �(LF���%V�TWV�abq%l S�V#^�T�O�^EV�VRh<Q ^�OU�RQEV�g � ^E`|l Q��%V
OUg%gb^EV�T TWV�TATrj�` �UV#a S=� Q��%Vx�#O�s�stV#^RT�`�� �	�n� � C\T?�Uj.VRs~s=V�g�O�a�gF�Uj�` �UV#aEB�O�l V�T���`U^Ej%q�T � K�	eLF���%V
B	q%l S.V#^�TDC �|o;g%O�Q�O�S�O|TWV �R`|a�T k�TWQ�T `�� [%M��<Z TWj�V#V���� -%s=V�T `��YTWj�` �|V#a*anq%l S�V#^RTmj%^E`%gbq��RV�g*S��FMUM�oU[
�#O�s�s=V#^�T#L � q�TrV�g M��Uo�Kx`��YQ��%V�TWV�q%QEQEV#^�O�a��RV�T �'`U^mQE^RO�k=abkta%� �RMUMUM�ZUZ�Kn���'^�O�lmV�T & O�a�g7gbVD'|VRst`|j%lmV#anQ
� vU� + �UoU�:� ^RO�lmV�T"&	+�T O�'|k=a%�?Q��%Vm^EV#l�O�k=abkta%�xq%QEQ V#^�O�a��RV�T��'`U^H-�a�O�s�Q V�TWQWk=a%��j%q%^Ej.`nTWV�T#L����%V#^EVAO�^EVAoU�

�



Context−independent

           MLP

Context−dependent
   
           MLP

x x

P( | x )"eh" occuring
  after a "t"P( | x )"eh"

]�k=�Uq%^EV o � � `UanQ VRh<QEc&k=a�gbV#j.V#a�gbV#anQ�'%T#L��R`UabQEVRh%QEcegbV#j�V#a�gbV#abQPT��<TrQEV#l�L

/2`U^�g%T	k=a Q��%VG'U`%�#O�S%qbs�O�^���+�a�O�lmVRs*� $&%('*)�� )�+ � ������� ��� ����� � � � � � � � � � � � � � ����� �3� ��� � � ����� �������,0
	��
	���/!+,� +�-�� + %(0 � O�a�g 	,)����� % Lm���bk�TPQ�O|T � +�k=a�� stq�g|k=a%�IO�l q����xs�O�^E�UV#^ �R`�s�s=V��RQWk=`UaI`�� TWj.`UanQRO�a%V#`Uq�T s*�
TWj.` �UV#a�abq%l S�V#^�TF+bk�T2S�VRk=a%�?lAOUgbVPj%q%Sbs�k��#O�s�s*�;O�'�O�k�s�O�Sbs=VY�'^E`Ul � �n� � L
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� a%V5/ O�� QE`Il `<gbVRs Trj�V#V���� �R`bO�^EQWk��Rqbs�O�QE`U^��*V!=�V��RQRT k=a Trj�V#V�����^ V��R`U�Uabk=QWk=`Ua k�TmQE` q�TWV �R`UabQEVRh%QEc
gbV#j�V#a�gbV#abQ�j��%`|a%V#QWk���l `<gbVRs�T#L ]%`|^AV�OU���7`��YQ��%VxVRh<j.V#^Wk=lmV#anQRT?gbV�TE�R^Wk=S�V�g k=aFQ��bk�T?TWV��RQWk=`Ua +	Q��%V
j��%`Ua%V#QWk�� l `<gbVRs�T O�^EV ^EVR�'`U^El qbs�O�QEV�g�QE`?�#O�j%QEq%^EV<'zO�^Wk=`Uq�TPgbV#�|^EV#V�TP`�� �R`UabQEVRh<Q q�O�s,k=ab�'`U^ElAO�QWk=`Ua;QE`
gb`�^EV��R`U�Uabk=QWk=`Ua�L ���bk�T	k�T�OU���bk=VD'UV�g�S��?QE^�O�k=abk=a%�?g|k =�V#^EV#abQPQ��nj.V�T2`�� �R`UabQEVRh%QEcegbV#j�V#a�gbV#abQY�x����T	QE`
�R`Ulmj%q%Q V Q��%VYV#l k�TET k=`Ua j%^E`US�O�Sbk�s�k=QWk=V�TY^ V�,Uqbk=^EV�g�S���Q��%V �R`UanQ VRh<QEcegbV#j.V#a�gbV#anQ TWQ�O�Q VYlm`%gbVRs,�'`U^�Q��%V
		ktQ V#^ESbkiO�s=�U`U^rktQ��%l�L

���%V�S�OUT k���g|k =�V#^EV#a��RV�S�V#Q�/2V#V#a*O��R`UabQEVRh%QEc&k=a�gbV#j�V#a�gbV#abQA�x��� O�a�g;O��R`UanQ VRh<QEcegbV#j.V#a�gbV#anQ�� ���
k�T	k�s~s=q�TWQ ^�O�QEV�g�k=a;]�k=�Uq%^EVmo%L���T k=a%�?Q��%V ���nS%^rk�g O�j%j%^E`nOU���?�'`U^P�R`UabQEVRh<Q c&kta�gbV#j.V#a�gbV#anQ ^EV��R`|�Uabk=QWk=`Ua +
Q��%VP�x��� k�T�Q ^�O�k=a%V�g�QE`YV�TrQWk=lAO�QEV�Q��%V�j%^E`US�O�Sbk�s�k=Q ��`��iO�j��%`Ua%V#QWk��Y� s�OUT T���k '|V#aAQ��%VP�Rq%^E^EV#abQ � V�O�QEq%^EV
'UV��RQE`|^�LI]_`U^m�R`UanQ VRh<QEcegbV#j.V#a�gbV#anQ�^EV��R`U�|abktQrkt`|a +�Q��%V��x��� k�T Q ^�O�k=a%V�g*QE`;g|k�TE�R^Wk=l k=a�O�Q V�a%`UQ `Uabs*�
O�lm`|a%� j��%`|a%V#QWk���� s�OUTETWV�TF+2S%q%QAO�s�TW`;Q��%V?j��%`|a%V#QWk����R`UabQEVRh%Q�T q%a�gbV#^ /7�bk����*V�OU���*j��%`Ua%V#QWk��x� s�O|TET
`%�#�Rq%^�T2k=a�L�� �%VYVRh�O�lmjbs=V T��%`0/ a�k=ax]�kt�|q%^EVYo k�T�O stVR�'QEc'Sbk=j��%`Ua%Vm�R`UabQEVRh%QEcegbV#j�V#a�gbV#abQ �x���BL

�2VRh<j.V#^Wk=lmV#abQEV�g;/2k=Q���Q��%^EV#VPQ��bj�V�T2`����R`UabQEVRh%Q�gbV#j�V#a�gbV#a��RVUL ���%VD�9/2V#^EV

��L�T k=a%��s=V TWQ�O�QEVP�UV#a%V#^�O�s�k*)#V�g?Q ^Wk=j��%`Ua%VYlm`%gbVRs�TD+
� �RLPT k=a%��s=V#ceTWQ�O�QEV QE^Wk=j��%`Ua%VPlm`%gbVRs�TD+(O�a�g

��� �RL�l qbs=QWk=jbs=VmTWQ�O�Q V�j��%`Ua%V#Qrk���lm`%gbVRs�T /2k=Q����UV#a%V#^�O�s�k*)#V�g�Sbktj��%`|a%V�T#L

]�k=�Uq%^EV Kmj%^E`0'Uk�gbV�T�O�a�VRh�O�lmjbs=V�� `U^	V�OU����`Ua%VP`��fQ��%V#l�L2���%VYQ `Uj%lm`nTWQ�� O�^ �U`0'A����O�k=a?k�s�stq�TrQE^�O�QEV�T

M��



Context−independent model:

seven s s s s v v ix ix ix n n neh eh eh

2−eh−1 2−eh−1 2−eh−1 ......

......   eh  eh−1 2−eh

...s−eh−v s−eh−v s−eh−v...

I.   Generalized triphone context:

II.  Triphone context:

III. Multiple state phonetic model:

]�k=�Uq%^EVPK � dBh�O�lmjbs=V�T � `U^2�UV#a%V#^RO�s�k )#V�g�QE^rktj��%`|a%V�+�QE^rktj��%`|a%V�+�O�a�g?l qbs=QWk=jbs=VmTWQ�O�QEV�j��%`Ua%V#QWk���lm`<gbVRseL

Om�R`UabQEVRh%QEc&k=a�gbV#j�V#a�gbV#abQYlm`%gbVRs��'`U^ Q��%V /2`U^�g /&%��(%�0 L �	a�gbV#^�QE^Wk=j��%`Ua%V �R`|anQEVRh%QEcegbV#j.V#a�gbV#anQPlm`%gbc
VRs�k=a%� +BV�OU��� j��%`Ua%V#lmV k�T��'q%^EQ��%V#^Y� s�OUT T k -�V�g*OU�#�R`U^�g|k=a%��Q `mk=Q�T stVR�'Q O�a�gx^Wk=���bQPj��%`Ua%V#l k��A�R`|anQEVRh%Q�L
�ea��UV#a%V#^�Ozs~k*)#V�g�QE^rktj��%`|a%V �R`UabQEVRh%Q�+�k=Q k�T�`Uabs*�A� s�OUTET k -�V�g?OU�#�R`|^�g|k=a%� Q `PQ��%V �UV#a%V#^�Ozs~k*)#V�g?�#O�Q V#�U`U^�� QE`
/7�bk�����ktQRTBs=VR� Q O�a�g ^Wk=���bQ2a%VRkt� �nS.`U^2S�VRs=`Ua%�nT#L ���%V#^EVPO�^EV�VRkt� �nQ2�UV#a%V#^�Ozs~k*)#V�g�S%^E`bOUgm�#O�QEV#�|`U^Wk=V�TD+%O�a�g
Q��%VD�?O�^EVY� s=q�TWQEV#^ V�g�OU�#�R`U^Rg|kta%� QE`mQ��%VPjbs�OU�RV `��iO�^EQrk��Rqbs�O�Qrkt`|a�� TWV#V � j%j�V#a�g|k�h � &�L1�ea�O�a�O�s=QEV#^ a�O�QEV
O�j%j%^E`bOU����QE`�lm`<gbVRs�k=a%��`�� �R`UanQ VRh<QEq�OzsiV!=�V��RQ�TD+.Q��%V l qbs=QWk=jbstV�TWQ�O�QEV j��%`Ua%V#QWk�� lm`%gbVRs�lmV#Q��%`%g�VRh%c
j�O�a�g%TBQ��%V T k=a%��s=V�j��%`Ua%V#QWk�� TWQRO�QEV�l `<gbVRs%k=abQE`YO�Q��%^EV#V TWQ�O�QEV�lm`%gbVRs���OY�R`UabQEVRh%QEc&k=a�gbV#j�V#a�gbV#abQ2l k�gbc
g|s=VmTWQ�O�QEV�+(O �UV#a%V#^�O�s�k*)#V�g�s=VR� Q c'Sbktj��%`|a%VAgbV#j�V#a�gbV#abQ�-�^�TrQ TWQRO�QEV�+(O�a�g�O �UV#a%V#^�O�s�k*)#V�gx^Wk=���bQEc'Sbk=j��%`Ua%V
gbV#j�V#a�gbV#abQ�s�OUTWQ�TrQ�O�QEVUL
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� s~sfQ��%^EV#VmO�j%j%^ `nOU���%V�T O�^EV S�`b`UQ�TWQE^RO�j%j�V�g �'^E`Ul O�T k=l k�s�O�^PS�OUTWVRs�k=a%VAT��%TWQEV#l�OUT gbV�TE�R^rktS.V�g�k=a �UV��Rc
QWk=`UaAo +UVRh��RV#j%Q�Q���O�QfQ��%V �UV#a%V#^�O�s�k*)#V�g�QE^Wk=j��%`Ua%V�O�a�g Q��%V Q ^Wk=j��%`Ua%V�l V#Q��%`<g%TB^ V�,Uqbk=^EVPO�aA�x��� /2k=Q��
O s�O�^E�UV#^m`|q%QEj%q%Q s�O �UV#^ `�� �U�xO�a�gFMUM|MAq%abk=Q�T:^EV�TWj�V��RQrk '|VRs ��+ /7�bk�s=V�Q��%V�l qbstQrktjbs=V;TWQ�O�QEVAj��%`|a%V#QWk��
lm`%gbVRs�O�j%j%^E`nOU��� q%QWk�s~k*)#V�T�Oxg|k =�V#^EV#abQm�R`Ua%a%V��RQWk=`Uabk�TWQ?O�^����bk=QEV��RQEq%^EV?T k=l k�s�O�^mQE`xQ��%V�`Ua%V?gbV�TE�R^Wk=S�V
k=a � ��	eLA��`�TWq%j%j�`|^EQYQ��%V�l qbs=QWk=jbstV?TWQ�O�QEV j��%`Ua%V#QWk���lm`%gbVRsf� `U^ l qbs�O�Qrkt`|aIO��R`Ua%a%V��RQrkt`|abk�TrQ j%^ `US�O�c
Sbk�s�ktQ�� V�TWQWk=lAO�Q `U^m�R`Ua�T k�TWQWk=a%�;`��YM�Z?�x����T�k�T q�TWV�g�+ / ktQ�� v�a%V#Q�T �R`U^E^ V�TWj�`Ua�g|k=a%�;Q `�V�OU���I`���Q��%V
v �UV#a%V#^�O�s�k*)#V�g s=VR� Q c'Sbktj��%`|a%V�TD+Pvxa%V#Q�T:� `U^�Q��%V��UV#a%V#^�O�s�k*)#V�gF^Wk=���bQEc'Sbk=j��%`Ua%V�TD+�O�a�g M?a%V#Qm�'`U^�Q��%V
�R`UabQEVRh%QEc&k=a�gbV#j�V#a�gbV#abQYTWQ�O�QEV�T � TrV#V ]�k=�Uq%^EVY��&RL

���bq�T�k=a7O�j%j%^E`bOU��� �YO�a�g����"+,Q��%Vmj%^E`US�O�Sbk�s�k=Q��IV�TWQrktl�O�QE`U^�k�T QE^RO�k=a%V�g;QE`�V�TWQWk=lAO�Q VmQ��%V�j�`nTWQ V#^Wk=`U^

MUM



200 hidden units

41 out.L1 L8 R1 R8. . . . . .

17x9 = 153 inputs

. . . . . .
1 8 8kk k k k 1

P(q   | x)

glc = generalized
          left context

grc = generalized
          right context

P(q   | glc   , x) P(q   | glc   , x) P(q   | grc   , x) P(q   | grc   , x)

]�k=�Uq%^EVI� � ���%V;j.`nTWQEV#^rkt`|^?j%^E`US�O�Sbk�s�k=Q � V�TWQWk=lAO�QE`|^m�'`U^?Q��%V;�R`UabQEVRh%QEcegbV#j�V#a�gbV#abQxl qbs=QWk=jbs=V*TWQ�O�QEV
j��%`Ua%V#QWk���lm`<gbVRseL

j%^E`US�O�Sbk~s�k=Q������ �"! � ����� ��� �	� #%$�&"+BkeL VUL;Q��%V?j%^ `US�O�Sbk�s�ktQ�� `���Q��%V��Rq%^ ^EV#anQ �'^�O�lmV�S�VRk=a%�*O�j��%`Ua%V#lmV �"!
`%�#�Rq%^E^Wk=a%�IS.V#Q�/ V#V#a s=VR� Q?�R`UabQEVRh<Q�� s�O|TET ����� O�a�g ^Wk=���bQA�R`UabQEVRh<Q�� s�O|TET �

�	� L����bk�T j%^E`US�O�Sbk�s�k=Q�� k�T
^EVRs�O�QEV�g QE` Q��%V�s�k��UVRs�k �%`b`%g�����$ #%�"! � ����� ��� �	� &fS=��:2O �UV�TDCb^Eqbs=V O|T � `�s~s=`0/�T �

��� $ #%�"! � ����� �
� �	� &��
��� �"! � ����� ��� �	� #%$�& ��� $�&

�����"! � ����� �
� �	� &
X ��M0&

�ea�O�j%j%^E`nOU���G�	+ ���	� O�a�g �
�	� ^ VR� V#^2QE` Q��%V�VRk=���bQ �UV#a%V#^RO�s�k )#V�g s=VR�'Q Sbk=j��%`Ua%V�+�O�a�g Q��%V�VRk=���nQ2�UV#a%V#^RO�s=c

k*)#V�gx^Wk=���bQ�Sbk=j��%`Ua%V�+(^ V�TWj�V��RQWk*'UVRs*�UL�� a;O�j%j%^E`nOU�������"+(Q��%VD�?^EVR�'V#^�QE`�Q��%V K�MPs=VR�'QPSbk=j��%`Ua%V�+�O�a�g�Q��%V
K�M	^Wk=���nQ2Sbk=j��%`Ua%VY� s�OUTETrV�TD+b^EV�TWj�V��RQrk '|VRs �UL � �%V�j%^Wk=`U^ �����"! � ����� ��� �	� &f�#O�aAS.VPV�TWQWk=lAO�Q V�gmS��A�R`Uq%abQWk=a%�
`0'UV#^2Q��%VYQ ^�O�k=abk=a%�mVRh_O�lmjbs=V�T#L

�eamO�j%j%^ `nOU��������	+|Q��%V TWV#QB`��iM�Z �x����T�k�TBQE^RO�k=a%V�gYQ `PV�TWQWk=lAO�QEV ��� �"!�#%$ � ��� �� � &	+ /7�%V#^EV�� k�T�`Ua%V�`��(Q��%V
K�MPj��%`|a%V#QWk�� � s�OUT TWV�TD+ $�k�T�Q��%V�� V�O�QEq%^EV�'UV��RQE`|^�+ � k�T	Q��%VY�|V#a%V#^�O�s�k*)#V�gxSbk=j��%`Ua%Vm�R`UanQ VRh<QP� s�OUTETD+(O�a�g

 k=a�g|k��#O�QEV�T�/7�%V#Q��%V#^�k=Q k�T2Q��%V	s=VR� Q�+b^Wk=���bQ�+|`U^ �R`UabQEVRh%QEc&k=a�gbV#j�V#a�gbV#abQ TrQ�O�QEV�T#L � �nO�k=a +bQ��bk�T j�`nTWQ V#^Wk=`U^
j%^E`US�O�Sbk~s�k=Q����#O�a�S.V �R`Ua�'UV#^EQ V�g�QE` s~k��UVRs�k*�%`b`<g5'|k�O :2O �UV�TDCb^Eqbs=V OUT �'`�s�st`0/�T �

��� $ #%�"! � ��� �
 � &��
��� �"!�#%$ � ��� �
 � & ��� ��� �� � #%$ & ��� $ &

��� �"! � ��� �
 � & � � [�&

/7�%V#^EV���� ��� �� � #%$�&2k�TP�R`Ulmj%q%Q V�g�S�� O�a O|g%g|ktQrkt`|a�O�s �x���FQE^�Ozkta%V�g QE` g|k�TE�R^rktl:kta�O�QEV �R`|anQEVRh%Q�T�O�a�g
TWQ�O�QEV�TD+%O�a�g�Q��%V j%^Wk=`U^ ��� �"! � ��� �
 � &2�#O�a?S�V V�TWQWk=lAO�QEV�g�S��?�R`Uq%anQrkta%��`0'UV#^2Q��%VYQ ^�O�k=abk=a%�mVRh_O�lmjbs=V�T#L

���%V�lAO�<W`U^mj%^E`|SbstV#l V#a��R`Uq%abQEV#^EV�g /2k=Q�� QE^�O�k=abk=a%�7�R`UabQEVRh<Q cegbV#j�V#a�gbV#abQ�T��<TrQEV#lAT:k�T Q��%V s�O|� �*`��

M�[



g%O�Q�O � `U^�QE^�Ozktabk=a%�;�bk=���bs*� Trj�V�� k -5� j��%`Ua%V#QWk�� �R`UabQEVRh%Q � s�OUTETrV�T#L � a%V TW`�s=q%QWk=`Ua +�OUg%O�j%Q V�g��'^E`Ul � � 	 +
k�T Q `Yk=abk=QWk�O�s�k*)#VAQ��%VY�R`UanQ VRh<Q�Trj�V�� k -5� � ���*QE^�Ozktabk=a%�9/2k=Q���/2VRk=���bQ�T �'^E`Ul�O lm`|^EVP�UV#a%V#^�O�sf�R`UanQ VRh<Q
a%V#Q�Lf���bq�TD+bQ��%V �UV#a%V#^RO�s�k )#V�g�Q ^Wk=j��%`Ua%V �R`|anQEVRh%QEcegbV#j.V#a�gbV#anQ a%V#Q�/2`U^ ��k�T�Q ^�O�k=a%V�gmS�� S�`b`UQ�TWQ ^�O�j%jbk=a%�
�'^E`Ul Q��%Vxj%^EVD'|k=`Uq�T s*�7Q ^�O�k=a%V�gF�R`UanQ VRh<QEc&k=a�gbV#j.V#a�gbV#anQx� ���,L	��k=l k�s�O�^Ws*��+PQ��%Vx�R`UanQ VRh<QEcegbV#j.V#a�gbV#anQ
QE^Wk=j��%`Ua%V a%V#QPO�a�g?Q��%V TWV#Q�`��fl qbs=QWk=jbs=VATWQRO�QEVPlm`%gbVRs��x��� T�O�^EVPQE^�O�k=a%V�g�S��?S�`b`UQ�TWQE^RO�j%jbk=a%�m�'^E`Ul
Q��%V �UV#a%V#^�Ozs~k*)#V�g QE^Wk=j��%`Ua%VA�R`|anQEVRh%QEcegbV#j.V#a�gbV#anQ � ���,L���` s~k=l k=Q Q��%V abq%l S.V#^P`����'^EV#V j�O�^�O�lmV#QEV#^�T
O�a�g�QE^�Ozktabk=a%�?QWk=lmV �'`U^�Q��%V �R`UabQEVRh%QEcegbV#j�V#a�gbV#abQYa%V#QRTD+�`|abs �xQ��%V �bk�g%gbV#a%c'QE`Uc'`Uq%QEj%q%Q /2VRkt� �nQ�T /2V#^EV
QE^�Ozkta%V�g(L B `mgbV#�U^�O|g%O�QWk=`Ua k=a?^EV��R`U�|abktQrkt`|a?j�V#^W�'`U^ElAO�a��RV�/ OUTi� `Uq%a�g:k=a��R`Ulmj�O�^rk�Tr`Ua / ktQ��AQE^RO�k=abkta%�
O�s�sYQ��%V / VRk=���bQ�TD+�OUT�gbV#QEV#^El k=a%V�gFS���O jbk�st`|Q?VRh<j.V#^Wk=lmV#anQ�Q���O�Q9/ OUTAgb`|a%V `|a7Q��%Vx�UV#a%V#^�Ozs~k*)#V�g
QE^Wk=j��%`Ua%V �R`UabQEVRh<Q cegbV#j�V#a�gbV#abQ�QE^RO�k=abkta%�.L

� �  �=® �� �Ó®  	�� ����	��

]%`|^ Q��%VB	q%l S�V#^�TFC �Uo Q�OUT ��+%Q��%V�s�O�a%�Uq�O��UV lm`<gbVRsBk�TPOm� s�OUTET�Sbk=�U^�O�l gbV#^Wk*'UV�g �'^E`Ul�Q��%V TWQ�O�QWk�TWQWk��#T
`���Q��%V�QE^�O�k=abk=a%�mTWV#Q�Lf���bk�T�s�O�a%�Uq�O��UV	lm`<gbVRs / OUTf���%`nTWV#a�S�V��#O�q�TrVPQ��%V�B	q%l S.V#^�TDC �|oPQE^�Ozktabk=a%�mTWV#Q�k�T
a%`UQ s�O�^E�UV�V#a%`Uq%����QE` j%^E`0'|k�gbV�VRh�O�lmjbs=V�T �'`U^ O�s�s�j�`bTET k=Sbs=V /2`U^�g QE^�O�a�T ktQrkt`|a�T�S.V#Q�/ V#V#a�abq%l S.V#^�T#L �
T k=lmjbs=VPSbk=�U^�O�l / OUTBQ��%V#^EVR�'`U^EV a%`|Q TWq  � k=V#abQ�L ��O�s�TW` VRh<j.V#^Wk=lmV#abQEV�g9/2k=Q��?OPSbk=�U^�O�l /2k=Q��AOUg%gbc'`|a%V
TWlm`b`UQ��bk=a%� +(S%q%Q O?T k=lmjbs=VA� s�OUTET�Sbkt�|^�O�l / OUT � `Uq%a�g QE`AS.Vmlm`U^ V:O�j%j%^E`Uj%^Wk�O�QEVUL ���%V QEV#a;� s�OUTETWV�T
O�^EVY� s=q�TWQ V#^EV�g�OUT � `�s�s=`0/ �

� )�+
� �

� ���:��� � � ��� ��� � � �!� "�� #
� �,��� ����� ����� �&��� �,��� �,��� ���!� �,"�� �,#
� � � �:� � � � � ��� � � � � � � � ��� � � " � � # �

� � ��� � � �����

� �,0
	
� 	���/!+,��+ - �1+ %�0
� 	,)� � � %
� �

��T k=a%�IQ��bk�T�� s�OUTET Sbkt�|^�O�l k=lmj%^E`0'UV�T:Q��%V �R`UabQEVRh%QEc&k=a�gbV#j�V#a�gbV#abQ?^EV��R`U�Uabk=QWk=`Ua j�V#^W�'`U^El�O�a��RV?�'^E`Ul
M��%LtZ�@ �eanqbs�s,�|^�O�lmlAO�^D&fQE`mv%L [�@A/2`U^�g�V#^E^ `U^2^�O�QEVUL

M�o



� � � � 	 ª�� � ¬ �  ��� � ; �
� ¬ 687:9 	 ,; � 	�� ¬hª

���%VP^EV�TrqbstQRT�`|aAQ��%V B	q%l S�V#^�TFC �Uo gbVD'UVRs=`Uj%lmV#abQ�TWV#Q �'`U^�Q��%VY�R`|anQEVRh%QEcegbV#j.V#a�gbV#anQ VRh%j�V#^rktl V#anQ�T	O�^EV
T��%`0/ a ktax�,O�SbstV K�L ]_^E`Ul�Q��%VY^EV�TWqbs=Q�T�q%a�gbV#^�Q��%V �R`�s=q%lma�s�O�S�VRs=V�g ����`|anQEVRh%QEcegbV#j.V#a�gbV#anQY��^Wk=`U^ ��+
`Ua%V TWV#V�T Q���O�Q2k=a��R`U^Ej.`U^�O�QWk=a%�?�R`UabQEVRh<QPgbV#j�V#a�gbV#a��"�;gb`bV�T2k=lmj%^ ` '|VYj�V#^r� `U^ lAO�a��RV�+%S%q%Q�Q��%VY^ V��R`U�Uc
abk=QWk=`Uaxj�V#^W�'`U^El�O�a��RVY`Ua�Q��%VB	q%l S�V#^�TFC �UomgbVD'UVRs=`Uj%l V#anQPTWV#QPg|k�g�a%`UQ��R`UanQrktabq%V QE` k=lmj%^E`0'UV�/ �%V#a
-�a%V#^ �R`|anQEVRh%QEq�O�s�q%abk=Q�T O�^EV2k=a��R`U^ j�`U^�O�QEV�g(Lf���bk�Tfk�T�j%^E`US�O�Sbs*�mgbq%V�Q `PQ��%V2s�OU��� `��5QE^�Ozktabk=a%� g%O�Q�O��'`U^
Q��%`nTrV:�R`|anQEVRh%QPTWj�V�� k -5��VRh�O�lmjbs=V�T �eVD'UV#a;Q��%`Uq%���5/2V:Trlm`n`|Q��%V�g�Q��%V QE^�O�k=abk=a%��/2k=Q��xQ��%Vm�R`UabQEVRh%QEc
gbV#j�V#a�gbV#abQ?a%V#QD&�L � a%VxTW`�s=q%QWk=`Ua k�TAT ktl jbs � QE`;q�TWVxO;l `U^EV?�UV#a%V#^�Ozs �R`UabQEVRh<Q�� s�O|TET k -5�#O�QWk=`Ua +	`U^
lmV#Q��%`%g%T�Trq����?OUT�g��ba�O�l k��	l qbstQrktc&s=VD'UVRs,�R`UabQEVRh%Q � s=q�TWQEV#^rkta%�mOUT�j%^E`Uj.`nTWV�g:kta �=M��
	 Li� �%V�-�^�TWQ Q��%^EV#V
�R`UabQEVRh%QEcegbV#j�V#a�gbV#abQYVRh%j�V#^Wk=lmV#abQ�T gb`?a%`UQPQ�O �UV ktabQE`�OU�#�R`|q%anQP`�� �R^E`nTETrc / `|^�gx�R`UanQ VRh<Q�L � `0/2VD'UV#^�+
Q��%V �'`Uq%^EQ��;VRh<j.V#^Wk=lmV#abQAgb`nV�T�lm`%gbVRs	�R^ `nTETWc /2`U^�gx�R`UabQEVRh%Q�+ / �bk����*^EV�TWqbs=QEV�g k=a O�axk=lmj%^E`0'UV#lmV#abQ
�'^E`Ul��%L ��@ QE`m�%L [�@ `Ua;/2`U^�g�^ V��R`U�Uabk=QWk=`Ua�V#^ ^E`U^2^�O�QEVPq�T kta%� ����`|anQEVRh%QEcegbV#j.V#a�gbV#anQ���^Wk=`U^ �%L

�BO�Sbs=VYK � ?;`U^�g�^ V��R`U�Uabk=QWk=`Ua�V#^ ^E`U^2k=a3@ `Ua?Q��%V B q%l S.V#^�TDC �Uo gbVD'UVRs=`Uj%lmV#abQ TWV#Q	�'`U^ Q��%VY�R`UabQEVRh%QEc
gbV#j�V#a�gbV#abQPVRh%j�V#^Wk=lmV#abQ�T#L

� N �f^rkt`|^ � k~h��f^rkt`|^ ��^RO�k=a%V�g��fO�^�O�lAT � �RQWk*'UVY�fO�^�O�lAT
��`|anQEVRh%QEc � a�gbV#j�V#a�gbV#abQ � [U�U���H��& v_L [ c Kn[%L v > o|v%L v�>

��V#a%c'QE^Wk=j��%`Ua%V ��`UabQEVRh%Q �_L � �_L=M Knv%L v > Kbv%L ��>
��^Wk=j��%`Ua%V ��`UabQEVRh<Q �_L�Z �_L=M �U[%L v > �|[%L v�>

��qbstQrktc'j��%`|a%V#QWk��RceTWQ�O�QEV���`|anQEVRh%Q �_L v �_L�Z M�Zz�%L ��> �|v%L [�>
��V#a%c'Q ^Wk=j��%`Ua%V / ����/2`U^�gbcW� `UanQ VRh<Q �_L [ �_L [ Zz�%L v > Z�[%L ��>
��`|anQEVRh%QEc � a�gbV#j�V#a�gbV#abQ �eKn�U���H��& ZbL [ c vU�%L � > Z|ZnL ��>

���%VP^EV�TrqbstQRT2q%a�gbV#^ � �?k�h��f^Wk=`U^��Pk�T	`US%Q�O�k=a%V�g�q�T k=a%�?O T s�kt� �nQWs*��g|k =�V#^EV#abQ j%^E`%�RV�gbq%^EVP�'^E`UluQ���O�Q2`��
d ,|q�O�QWk=`Ua MY`|^�d ,|q�O�QWk=`Uax[ k=a;�R`Ua�'UV#^EQWk=a%�?�R`UanQ VRh<QEcegbV#j.V#a�gbV#anQPj.`nTWQEV#^rkt`|^�QE`��R`UanQ VRh<QEcegbV#j.V#a�gbV#anQ
s�k��UVRs�k �%`b`%g(L����%V��'`�s�s=` / kta%�9�%V#q%^Wk�TWQWk���k�T q�TrV�g � � 	 �

� � $ #%� ! � � � & ����� � ! � � � #%$�&���� � ! M
��� �"! & � ��M���� � ! & M

��� �"! � ��� &
& ����$�& � � o�&

/7�%V#^EV�+
� � ! � �
	 ! ���(&

�	 ! ���(& ��� � �	�� ��� ��� &�&
X

���%VPabq%l S�V#^ �
	 ! ���(&,k�T	Q��%VYO�lm`|q%anQ2`��fQE^�O�k=abk=a%��VRh_O�l jbstV�T �'`U^2j��%`Ua%V#QWk��Y� s�OUTET��B�'`U^2Q��%VY�R`UabQEVRh%QEc
k=a�gbV#j�V#a�gbV#abQxa%V#Q�+7/7�%V#^ V�OUT �	�� ��� ��� &�k�T?Q��%V abq%l S�V#^?`��YQ ^�O�k=abk=a%�7VRh�O�lmjbs=V�T � `|^AQ��%V;�R`UabQEVRh%QEc
gbV#j�V#a�gbV#abQ?a%V#Q � `U^ Q��%V�j��%`Ua%V#Qrk���� s�OUTET�� O�a�g � `U^ Q��%V �R`UabQEVRh%QA� s�OUTET � L����%V?j�O�^�O�lmV#QEV#^�� k�T
OUg�<Wq�TWQEV�gxQ `�`Uj%QWk=l k*)#V�j�V#^W�'`U^El�O�a��RVUL;B `UQ VmQ���O�Q�+BOUTPq�Trq�O�s +,Q��%V �3O|�RQE`U^7��� $ & k�T�k=�Ua%`|^EV�gIgbq%^rkta%�
^EV��R`U�|abktQrkt`|a OUT k=Q2k�T k=a�gbV#j�V#a�gbV#abQY`��,Q��%V TWQ�O�QEVUL

M#K



���%V	k�gbV�O S�VD�bk=a�g?Q��bk�T lmV#Q��%`%g k�T2Q���O�Q�a%`U^El�O�s�s �9/7�%V#a;/2V��R`Ua�'UV#^EQ O �R`UabQEVRh%QEcegbV#j�V#a�gbV#abQ j�`bTWQEV#c
^Wk=`U^ QE` O s~k��UVRs�k*�%`b`<g�+ /2V�T k=lmjbs*� g|k*'|k�gbV�ktQ2S�� Q��%V��R`UabQEVRh%QEcegbV#j�V#a�gbV#abQ j%^Wk=`U^ � d ,|q�O�QWk=`Ua�M +n[�&	+|S%q%Q
T k=a��RVYQ��%V �R`UabQEVRh%QEcegbV#j�V#a�gbV#abQ�Q ^�O�k=abk=a%� / OUT�k=abk=QWk�O�s�k )#V�g /2k=Q����R`UabQEVRh%QEc&k=a�gbV#j�V#a�gbV#abQ�/2VRkt� �nQ�TF+%Q��%V
�R`Ua�'UV#^�T k=`Ua �eOU�RQE`U^ T��%`Uqbs�g;QRO �UV k=abQE`;OU�#�R`Uq%abQ `�� S.`UQ�� Q��%V?�R`UanQ VRh<QEc&k=a�gbV#j.V#a�gbV#anQAO�a�gI�R`UabQEVRh%QEc
gbV#j�V#a�gbV#abQ?j%^Wk=`U^�T L����%V /2VRkt� �nQWk=a%� �3O|�RQE`U^ � Q�O �UV�T ktabQE`IO|�#�R`Uq%anQ�`��PQ��%V?abq%l S.V#^A`�� QE^RO�k=abkta%�
VRh�O�lmjbs=V�T q�TrV�g��'`U^2S�`UQ���Q��%VY�R`UabQEVRh%Q�gbV#j�V#a�gbV#abQ�a%V#QPO�a�g�Q��%VY�R`|anQEVRh%Q2k=a�gbV#j�V#a�gbV#abQPa%V#Q�L

���%V s�OUTWQ�Q�/ `��R`�s=q%lma�TP`���Q��%VYQ�O�Sbs=V k=a�g|k��#O�QEVmQ��%V abq%l S�V#^P`���j�O�^RO�lmV#QEV#^�T q�TWV�g � `U^�V�OU���x`���Q��%V
VRh%j�V#^Wk=lmV#abQ�T#L�� ��^�Ozkta%V�gx�fO�^RO�lAT � ^ VR� V#^�T	QE`�Q��%V O|�RQEq�O�s�T k*)#V `�� Q��%V � ���Fq�TWV�g � `|^�^EV��R`|�Uabk=QWk=`Ua +
O�a�g � � �RQWk*'UVP�fO�^�O�lAT �	k=a�� s=q�gbV�T2`Uabs*�mQ��%V abq%l S�V#^2`���j�O�^�O�lmV#QEV#^�TBQ���O�Q TWq%j%j.`U^EQEV�g�OU�RQWk*'UV `|q%QEj%q%Q
q%abk=Q�T#L�]_`U^ VRh�O�lmjbs=V�+%Q��%VYT k )#V `��fQ��%VY�R`UabQEVRh<Q c&kta�gbV#j.V#a�gbV#anQY�x��� k�TH��M��Uo�k=a%j%q%Q � �%MP`Uq%QEj%q%QF& �
[U�U� �bk�g%gbV#a �*Kn[_L v �Pj�O�^�O�lmV#QEV#^�T#L : q%Q�T k=a��RV Q��%V7B q%l S.V#^�TDC �UoP�R`|^Ej%q�TB`Uabs*� �R`UabQ�O�k=a�TBK�M2j��%`|a%V#QWk��
� s�OUTETWV�TF+�Q��%V#^EVR�'`U^EV�Q��%V abq%l S�V#^B`�� �#OU�RQrk '|V�j�O�^�O�lmV#QEV#^�T � k�T �RM��Uo k=a%j%q%Q � K�M `Uq%QEj%q%QD& � [U�U���bk�g%gbV#a
� o|v%L v �(L � ��O�Q k�TD+([U� `��fQ��%V `Uq%QEj%q%Q�T�/2V#^EV O�s*/ O��%T2QE^RO�k=a%V�g�/ ktQ���Q�O�^ �UV#Q�T2`�� � ��� S�V��#O�q�TWV Q��%V�TWV
j��%`Ua%V�T2a%VD'|V#^ `%�#�Rq%^E^EV�g k=a?Q��%VPQ ^�O�k=abk=a%�ATWV#Q�Lf���%V�TWVY[|�Y`|q%QEj%q%Q�T /2V#^EV�`|abs � q�TWV�g � `|^ �R`|a�T k�TWQEV#a��"�
/2k=Q���`Uq%^2S�`b`UQ�TWQE^RO�j%jbk=a%� B���� � �W�Fa%V#Q�/ `|^ �5L

�(`b` �|kta%� O�QfQ��%V2^EV�TWqbs=Q�T�`US%Q�O�k=a%V�g �'^E`Ul Q��bk�T�TrV#Qf`����R`UabQEVRh%QEcegbV#j�V#a�gbV#abQ�VRh%j�V#^rktl V#anQ�TF+=/2V �'VRstQ Q���O�Q
k=Qfk�Tfa%V��RV�T TEO�^�� QE`�'UV#^rk~� � / �%V#Q��%V#^�Q��%V ktl j%^E`0'UV#lmV#abQ�TB`US%Q�O�k=a%V�g q�T kta%� �UV#a%V#^�O�s�k*)#V�gbc'QE^Wk=j��%`Ua%V /2k=Q��
�R^E`nT TWc /2`U^�g �R`UabQEVRh<Q cegbV#j�V#a�gbV#a��"�G/ OUTBlAOzktabs*�mgbq%V�QE`PQ��%V k=a��R^EV�OUTWV	k=amQ��%V abq%l S�V#^�`��5j�O�^�O�lmV#QEV#^�T
`U^ � ^ `Ul q�T kta%�FO;l `U^EV�^ V"-�a%VI�R`UabQEVRh<Q cegbV#j�V#a�gbV#abQ OU�R`Uq�TrQWk���l `<gbVRseL �	V#a��RV�+PO;a%VD/ �R`UabQEVRh%QEc
k=a�gbV#j�V#a�gbV#abQ T(�<TWQ V#l / OUTYgbVD'|VRst`|j�V�g q�T k=a%�;O�Kn�U�9�bk�g%gbV#a7q%abk=Qm�x���BL�� `Ulmj�O�^Wk=a%��Q��%VA^ V�TWqbs=Q�T
�'^E`Ul Q��%V2s�OUTrQ�Q�/2`�^E`0/�TB`����BO�Sbs=V�K +��|V#a%V#^�O�s�k*)#V�g�QE^Wk=j��%`Ua%V7/2k=Q����R^E`nTETWc /2`U^Rg �R`|anQEVRh%QEcegbV#j.V#a�gbV#a��"�
lm`%gbVRs(ktl j%^E`0'UV�T j�V#^W�'`U^ElAO�a��RV �'^E`Ul ZnL [�@ / `|^�g V#^E^E`|^ Q ` �%L [ @ /2`U^�g V#^ ^E`U^H�e`UamQ��%V B q%l S�V#^RTDC �Uo
gbVD'UVRs=`Uj%lmV#abQ�TWV#QD& /2k=Q���T k=l k�s�O�^?abq%l S.V#^?`��Yj�O�^�O�lmV#QEV#^�T#L�� �nq�T�Q��%V�j%^EVD'|kt`|q�T ktl j%^E`0'UV#lmV#abQ�T
�'^E`Ul�v_L [�@ �W�R`UanQ VRh<QEc&k=a�gbV#j.V#a�gbV#anQD& QE`�Q��%V?�%L [ @ � �R^E`bTETWc /2`U^�gx�R`UabQEVRh%QEcegbV#j�V#a�gbV#abQD& /2`U^�g V#^E^E`U^
^�O�Q V�/ O|T2j�O�^EQWs*��gbq%V QE`mQ��%V anq%l S�V#^�`���j�O�^RO�lmV#QEV#^�T�k=a��R^EV�OUTrV:O�a�g?j�O�^EQrs ��gbq%V QE` k=a��R`U^Ej.`U^�O�Qrkta%�
�R`UabQEVRh%QEcegbV#j�V#a�gbV#a��"�UL

w?"�� $��(54��5�%4."*-I����"<$
� � s�O|TET2Sbk=�U^�O�l l k=���nQ	S�VP`0'UV#^ TWlm`b`UQ��bk=a%�mQ��%V�/2`U^Rgmj�O�k=^�QE^�O�a�T ktQrkt`|a?j%^E`US�O�Sbk�s�k=QWk=V�T�S�V��#O�q�TWV Q��%V
�R`U^Ej%q�T / OUT�`US%Q�O�k=a%V�g�� ^ `Ul TrQE^EV#V#QfOUg%gb^EV�TETWV�TfO�a�g�)Rk=jA�R`%gbV�T#Lf��`�QEV�TWQBQ��bk�TD+UO�a%VD/ s�O�a%�Uq�O��UV2lm`%gbVRs
/ OUT `US%Q�O�k=a%V�g S=�?lmV#^ ��k=a%�mQ��%V � s�OUT T2Sbk=�U^�O�l /2k=Q���O Sbk=�U^�O�l�S=��O 'UV#^RO���k=a%� Q��%VRk=^ �R`U^ ^EV�TWj�`|a�g|kta%�
/2`U^�g�j�O�k=^ QE^�O�a�T ktQrkt`|a;j%^E`US�O�Sbk�s�k=QWk=V�T#Lx���bk�TPk=lmj%^ ` '|V�TPQ��%VA�R`|anQEVRh%QEc&k=a�gbV#j�V#a�gbV#abQ;� [|�U���H��&7/2`U^�g
s=VD'UVRs5^ V��R`U�Uabk=QWk=`UamV#^E^ `U^,^RO�QEV � ^ `Ul v_L [�@FQE` ZnL ��@9+zO�a�g:Q��%V2�UV#a%V#^�O�s�k*)#V�gmQ ^Wk=j��%`Ua%V7/2k=Q��A�R^ `nTETWc /2`U^�g

M��



�R`UabQEVRh%QEcegbV#j�V#a�gbV#a��"�*lm`%gbVRs��'^E`Ul �%L [�@ QE` �_L v�@ � �BO�Sbs=V � &�L � s~s�TWq%S�TrV�,Uq%V#abQ VRh<j.V#^Wk=lmV#anQRT `Ua
Q��%V B	q%l S�V#^�TDC\�Uo Q�OUT �AO�^EVPj.V#^W� `|^ElmV�g?q�T kta%��Q��bk�T2lmV#^ �UV�g�s�O�a%�Uq�O��UVPlm`%gbVRs3L

�BO�Sbs=V�� � ?;`U^�g ^EV��R`|�Uabk=QWk=`UamV#^E^E`|^Bkta @�`UamQ��%V B	q%l S�V#^�TFC �UoYgbVD'|VRst`|j%lmV#anQ2TWV#Q /2k=Q��AO�a k=lmj%^E`0'UV�g
s�O�a%�Uq�O��|VPlm`<gbVRseL

��s�O|TET2Sbk=�U^�O�l ��V#^ �UV�g��U^�O�l lAO�^
��`UabQEVRh%QEc �ea�gbV#j.V#a�gbV#anQ � [|�U���H��& v_L [ ZbL �
��V#a%c'QE^Wk=j��%`Ua%V / � ��/2`U^RgbcW��`UabQEVRh<Q �_L [ �_L v

� ��� � 	 ª�� � ¬ ��� 4 ; � ® � � 	 ª]¬�� 	 ¬

�BO�Sbs=V � � ? `U^�g ^EV��R`U�Uabk=QWk=`Ua V#^E^E`U^ k=a @ `Ua*Q��%V�B	q%l S�V#^�TDC\�Uo -�a�O�s�Q V�TWQATWV#Q �'`U^ Q��%V��R`UabQEVRh%QEc
gbV#j�V#a�gbV#abQ2VRh<j.V#^Wk=lmV#abQ�T#Lf���bk�T�TWV#Qf`��5^EV�TWqbs=Q�T /2V#^EV2`US%QRO�k=a%V�g q�T k=a%�YQ��%V TEO�lmV2j�O�^�O�lmV#Q V#^iTWV#Q QWk=a%�nT
OUT2Q��%VYgbVD'UVRs=`Uj%lmV#abQ TWV#Q�L

?;`U^Rg?df^E^E`|^ ��^�O�k=a%V�g��fO�^�O�lAT � �RQrk '|V �fO�^�O�lAT
��`|anQEVRh%QEc � a�gbV#j�V#a�gbV#abQ � [U�U���H��& MUMUL\� Kb[%L v�> oUv%L\v�>
��`|anQEVRh%QEc � a�gbV#j�V#a�gbV#abQ �eKn�U���H��& MUMUL\� v|�%L ��> ZUZnL\��>

��V#a%c'Q ^Wk=j��%`Ua%Vm��`|anQEVRh%QH� � k�h �f^Wk=`U^D& �_L [ Kbv%L v�> Knv%L\��>
��V#a%c'QE^Wk=j��%`Ua%V / � �H/ `|^�gbcW��`UabQEVRh%Q��W�?k�h��f^Wk=`U^F& v_L=M Z��%L v�> Zz[%L\��>

]%`|^�Q��%V B	q%l S�V#^�TDC\�UoPQEV�TrQ TrV#Q�+�k=a��R^EV�OUT kta%��Q��%VPT k*)#VP`���Q��%VY�R`UabQEVRh%QEc&k=a�gbV#j�V#a�gbV#abQ �x��� V�TWQrktl�O�QE`U^
QE`�k=a�� s=q�gbVY�R`UabQEVRh<Q cegbV#j�V#a�gbV#abQ q%abk=Q�T1�Uk=VRs�g%T O�a V#^E^ `U^�^�O�QEV2^EV�gbq��RQWk=`Uam`��,oU� @AL,���bk�Tik�T2O�QfQ��%V �R`bTWQ
`���O�a v|��@ k=a��R^EV�OUTWV `Ua�j�O�^�O�lmV#QEV#^�T k*)#VUL � a�Q��bk�T	QEV�TWQPTWV#Q�+�O�s�s,Q��%VPk=lmj%^E`0'UV#lmV#abQ�O�j%j.V�O�^�T	QE`mS.V
gbq%VPQE`�kta��R`|^Ej�`U^RO�QWk=a%�A�R`UabQEVRh%QEq�O�s�k=ab�'`U^ElAO�QWk=`Ua�L����%V -�a�O�s�QEV�TWQ2TWV#Q2j%^E`0'Uk�gbV�g�S��?� �n� � �R`UabQ�O�k=a�T
�U�%MPTWV#abQEV#a��RV�TD+_S%q%Q [|�bZP`��,Q��%V�TWV�/2V#^EV�VRs�k=l k=a�O�QEV�g � ^ `UluQ��%VH-�a�O�s�QEV�TWQWk=a%�mS.V��#O�q�TWVPQ��%VD�?�R`UabQ�O�k=a
`U^�g|k=a�O�s%abq%l S.V#^�TD+0/7�bk����Ag|k�g a%`UQiO�j%j�V�O�^Bk=a Q��%V�Q ^�O�k=abk=a%�Ya%`U^BQ��%V gbVD'|VRst`|j%lmV#anQ�TrV#Q�T#L �.� V#VRs�Q���O�Q,O
l q�����s�O�^E�UV#^BQEV�TWQ,TrV#Q,lAO ��S�V2^EV�,|qbk=^EV�g�kta `U^RgbV#^,QE` ��O�'|V O	lm`U^EVfj%^EV�� k�TWV2VD'�O�s=q�O�QWk=`Uam`��%Q��%V 'zO�^Wk=`Uq�T
T��%TWQEV#lAT L B	VD'UV#^EQ��%VRs=V�TETD+BQ��%V ^EV�TWqbs=Q�T�� ^ `Ul�S�`UQ��;Q��%VAgbVD'UVRs=`Uj%l V#anQmO�a�gxQ��%VmQEV�TWQ TWV#Q�T�k=a�g|k��#O�QEV�T
Q���O�Q k=a��R`U^Ej.`U^�O�Qrkta%�?�R`UabQEVRh%QEcegbV#j�V#a�gbV#a��RV k=lmj%^ ` '|V�T2^EV��R`U�Uabk=QWk=`Ua�j�V#^W�'`U^El�O�a��RVYT k=�Uabk -5�#O�abQWs*�UL

���%VPlm`bTWQ �R`Uab�'q�TEO�Sbs=VPj�O�k=^ `��ig|k=��k=Q�T k=a?Q��%V B	q%l S.V#^�TDC �|oYg%O�Q�O�S�OUTWV	k�T�� )��' O�a�g )�+ L���`U^ V#` '|V#^�+UO
T k=�Uabk -5�#O�abQYj.V#^��RV#anQRO��UVY`���Q��%V V#^E^E`U^�T k=axQ��%VGB q%l S�V#^RTDC �Uo�g%O�Q�O�S�O|TWVPk�TPgbq%V QE`�Q��%Vm�R`Uab� q�T ktSbk�s�k=Q��
S�V#Q�/2V#V#a7q%Q QEV#^�O�a��RV�TWQ ^Wk=a%�nTmTWq�����OUT�� )��' � %�0 '%T#L�� )��' � %!%(0 + /��
	
%��� + � - '<T#L /���	 � - + % � %���%(0 '%T#L
/&%��(%�0 +���� � %!%(0 '<T L���� � - '%T#L /���	 � - '%T#L /���	 � %!%(0 +%V#Q���L � s�TW` +(Q��%V /2`U^�g )�+ O|�#�R`Uq%anQRT2�'`U^�lm`U^EV Q���O�a
��O�s���`��,Q��%V gbVRs=V#QWk=`Ua�V#^ ^E`U^ ^�O�QEVUL
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: `UQ��;Q��%V : VRs~s��R`U^ V;� TW`�s�O�Q V�gIN	k=��k=Q�T O�a�gxQ��%V B q%l S.V#^�TDC �Uo�g%O�Q�O�S�O|TWVG��O 'UVmS.V#V#aIq�TWV�g S�� `|Q��%V#^
TWj.V#V���� ^EV�TWV�O�^R���xs�O�S.`U^�O�Q `U^Wk=V�TD+BS%q%QYQ��%V ^EV�TWqbs=Q�T ��O 'UV a%`UQYS.V#V#a /2k�gbVRs*� j%q%Sbs~k�T��%V�g(LxN�V�TWjbk=QEV k=Q�T
TWlAOzs~sfT k*)#V�+�Q��%V B q%l S.V#^�TDC �Uo �R`U^Ej%q�T k�T�g|k ?�RqbstQYgbq%V QE` k=Q�T k=a��%V#^EV#anQrs � �bk=��� �R`Uab�'q�T k=Sbk�s�ktQ����eOU�RQE`U^
k=amQ��%V�'U`%�#O�S%qbs�O�^���+bTWj�`UabQ�O�a%VRk=Q��Y`���Q��%V2q%QEQEV#^�O�a��RV�TF+UO�a�g Q��%V OU�R`Uq�TrQWk�� ����O�a%a%VRs�V!=�V��RQ�T�k=abQE^E`%gbq��RV�g
S��?Q��%VYQEVRs=V#j��%`Ua%V a%V#Q�/2`U^ �(L �	�n� � jbs�O�a�T�QE`Ag|k�TWQE^rktS%q%Q V Q��%VB	q%l S.V#^�T��R`U^Ej%q�TD+(O�a�g�Tr` /2V��%`Uj.V
QE`ATrV#V��%` / `UQ��%V#^�T k=QEV�T	�R`Ulmj�O�^EVP`|a?Q��bk�T Q�O|T � k=a�Q��%V �R`Ul k=a%�G�UV�O�^�L

�ea Q��%VxlmV�O�abQWk=lmV�+7/2VxQEV�TWQEV�g `Uq%^?^ V��R`U�Uabk*)#V#^�`UaFQ��%V;TWQRO�a�g%O�^�g ��� � B �E�n� ��`Ua%a%V��RQEV�gbceN	k=��k=Q�T
p2V��R`U�|abktQrkt`|a7�,OUT ��� �#� �eceN	k=��k=Q�T ��& � � 	 LG? �bk�stV?Q��bk�T �R`U^Ej%q�T�k�T�k=a��%V#^EV#abQWs*�;s=V�TET ^EV�Ozs~k�TWQrk���T k=a��RV�k=Q
/ OUT ^EV��R`U^�gbV�g k=a�O�a7O�^ QWk -5� k�Ozs TWQEq�g|k=`*T k=QEq�O�QWk=`Ua /2k=Q�� /2k�gbV�S�O�a�g�/ k�gbQ�� + ktQ9��OUT S.V#V#a7q�TWV�g S=�
lAO�a��3/ VRs�s gbVD'|VRst`|j�V�gFT��%TWQEV#lAT �\[=+ o�+���+ MUM 	 +�TW`;Q���O�Q k=QG/2k�s�s S.V O;�#O�s�k=S%^�O�Qrkt`|a�j.`�k=anQ �'`U^ `Uq%^
lmV#Q��%`%g%T `UaATWl�O�s�s '|`<�#O�S%qbs�O�^��AT k*)#V�QROUT �%T#Lfd 'UV#^2T k=a��RVPQ��bk�T �R`|^Ej%q�T / O|TflAOUgbVPO 'zO�k�s�O�Sbs=V�k=a M��Uv�K +
k=QG��OUT S�V��#O�lmV O5,|q�OUT k�TWQ�O�a�g%O�^�gx�'`U^ S�V#a����%lAO�^��Uk=a%�*TWlAO�s�s7'U`%�#O�S%qbs�O�^��*TWj�V�O �|V#^Ec&k=a�gbV#j�V#a�gbV#a%Q
^EV��R`U�|abktQrkt`|a T(�<TWQ V#lAT#L�� �%V V#^ ^E`U^ ^�O�QEV ��OUT	^EV�gbq��RV�gxS��?lm`U^ VYQ���O�axO �eOU�RQE`|^ `�� ��T k=a��RVmQ��%V�-�^RTWQ
j%q%Sbs�k�T��%V�gx^EV�TWqbs=Q�T L

��`nTWQ `��,Q��%VY�Rq%^E^ V#anQ TWQ�O�QEV `��,Q��%V O�^ Q � �eceN	k=��k=Q�T2^EV��R`|�Uabk*)#V#^�T��%TWQEV#lAT q�TWVH/7�%`�s=V�/2`U^�g lm`%gbVRs~k=a%� +
�R^E`nT T9/ `|^�gF�R`UanQ VRh<QEcegbV#j.V#a�gbV#a��"��+Y�|V#a�gbV#^�gbV#j�V#a�gbV#abQ l `<gbVRs�TD+YO�a�gFlm`U^EVxVRs�O�S.`U^�O�QEVxQE^RO�k=abkta%�
j%^E`%�RV�gbq%^EV�T#L2���%V��'`�s�st`0/2k=a%�9/ OUT `US%Q�O�k=a%V�g��'^E`Ul O s�ktQ V#^�O�QEq%^EVYTrV�O�^���� �

� ���%VxS�V�TWQ?^EV��R`|�Uabk=QWk=`Ua�j�V#^r� `U^ lAO�a��RV�k�T��Rq%^E^EV#abQWs*� � ^ `Ul : VRs�s:��O�S�`U^RO�QE`U^Wk=V�T � o�	eL � �%VRkt^
T��<TrQEV#l �Uk=VRs�g%T9/2`U^�g O�a�g7TWQ ^Wk=a%�;V#^E^E`U^ ^�O�QEV�T `�� �_L [�K�@ O�a�g �%L�Zz[�@9+,^ V�TWj�V��RQWk*'UVRs*�UL����%VD�
q�TWVY���2� cEM�[�+%gbVRs=Q�O�+%O�a�g?gbVRs=Q�O�cegbVRs=Q�O:� V�O�QEq%^EV�T�� `|^ Q��%V �'^E`UabQ2V#a�g���/7�%`�s=V�/2`U^�g lm`%gbVRs /2k=Q��
ktabQEV#^Ec /2`U^RgxQE^Wk=j��%`Ua%V��R`UabQEVRh%Q gbV#j.V#a�gbV#a��"��+ O�a�g �R`UabQWk=anq%`|q�T gbV#a�T ktQ�� ���x� �'`U^ O|�R`Uq�TWQWk��
lm`<gbVRs�k=a%��L�� �%V T��%TWQEV#luq�TWV�T O a%VD/�Q ^�O�k=abk=a%� Q V����%abk ,|q%VPQ���O�Q�l:ktabk=l k*)#V�T TrQE^Wk=a%� V#^E^E`U^ ^�O�QEV�+
O�a�g;B c'S.V�TWQ	� `U^ gbV��R`%g|k=a%��L

� � a%`UQ��%V#^ TWj.V#V�����T k=QEV k�TA�1�bk~s�k=j�T���O�S�`U^RO�QE`U^�� � � 	 L����%VRk=^ T��%TWQEV#l O�s�TW` q�TWV�T</7�%`�s=V#c /2`U^�g
lm`<gbVRs +UO�a�g /2k=Q�� �UV#a�gbV#^�gbV#j.V#a�gbV#a��"�mO�a�g S�OU� �b�U^E`|q%a�gPa%`�k�TWV l `<gbVRseLf��^RO�k=abkta%� O�a�gP^ V��R`U�Uc
abktQrkt`|a /2V#^EV gb`Ua%V q�T k=a%� 	 k=QEV#^ Sbk�TWV�O�^�����L � a%V ktabQEV#^EV�TrQWk=a%�?Q / k�TrQ k�T�Q���O�Q	Q��%VD��q�TWV �R`UabQWk=a%c
q%`Uq�TP��O�jbs�OU� k�O�a � ^�O�Q��%V#^�Q���O�a�� O�q�TET k�O�a�& V#l k�TET k=`Ua gbV#a�T k=Q ���'`U^�Q��%V ��� � L(���%VRk=^P^EV#j�`|^EQ
k�T �R`Ua��RV#anQ ^�O�QEV�g `Ua ^EV�gbq�� k=a%�I^EV��R`|�Uabk=QWk=`Ua7V#^E^ `U^Y^�O�QEVAS�� j�V#^W�'`U^El k=a%�xV#a%V#^E��� Q��%^EV�T(�%`�s�gbc
kta%� +<Trj�V��RQE^Eq%lua%`U^ lAO�s�k*)�O�QWk=`Ua +bs�k=a%V�O�^�g|k�TE�R^Wk=l k=a�O�abQ�O�a�Ozs �%T k�TD+�O�a�g k=a��R^EV�OUT kta%� Q��%V O|�R`Uq�TWQWk��
^EV�TW`�s=q%QWk=`Ua�L � T�O�^EV�TWqbs=Q�+|Q��%V2V#^E^E`U^f^RO�QEVfk�T �%L [Uv�@F`UaG/2`U^Rg�s=VD'UVRs�O�a�g �_L v�K�@F`UaATWQ ^Wk=a%��stVD'|VRs3L
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� � a%`UQ��%V#^�V!=�`U^EQ��R`Ul V�TB�'^E`Ul�� V#anQE^ V�gbV�^ V����%V#^����%V	ktab�'^E`Ul�O�QWk ,Uq%VPgbVP��`|anQE^ �V�O�s � � p�� � & � [ 	eL
���%VD�?q�TWVm��VRstce�RV#j�TrQE^�O�s=cEM�[�+(gbVRs=Q�O�+�O�a�g�gbVRs=Q�O�cegbVRs=Q�O �'V�O�QEq%^EV�T � `|^�Q��%V�� ^ `UanQ	V#a�g(L � �nO�k=a +(O
/7�%`�s=V#c /2`U^�g?�|V#a�gbV#^YgbV#j�V#a�gbV#abQYlm`%gbVRs./ OUT	q�TWV�g /2k=Q��xQE^Wk=j��%`Ua%Vm�R`UabQEVRh%Q gbV#j.V#a�gbV#anQ O�a�g
g|k�T �R^EV#QEV����x�ILU� �bk�T��U^E`Uq%j q�TWV�gmOPg|k�TE�R^Wk=l k=a�O�abQ2QE^�O�k=abk=a%�mO�s=�U`U^Wk=Q��%l S�OUTrV�g `UamlAOzhnk=l q%l
l q%Q q�O�s�k=ab�'`U^ElAO�Qrkt`|a?V�TWQWk=lAO�QWk=`Ua5�W� � �Wd�&�Lb���%VY�x���Wd QE^�O�k=abk=a%� k�T ktabk=QWk�O�s�k*)#V�g5/2k=Q���O��'VD/
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