
���������
	��
�	�������	����������������! #"%$'&
��"(���)�*�
�
	,+.-����/	�����*���102"%�/3.�54'���768	�9:&<;�=>	?�@�8�
A �/	��<"(�B���8�7�

CBDFEHG�IBJLKMIBNPO QSR�THR�J�IVUXW2Y

Z\[*]_^` R�TXaBbbc

d>T_R�efNhgVNhJ�IiTHjk [�^ g2gVR�J ] EmlnR�e [�^ gVR

oqp�rtsvu*w�x�s
y{z?|~}m�����F�������,����|��,�t}X��z,�q}�|����?����|��/�#|����'z�|���z#�<�qz?�t�����V�����������B�?���F���X���{}�����|��t}X�#�

�t����z!�'|���z1������}�����������|��/��}��������2�t���Hz�}�����|��t}Mz?��}M}��/���X�?���t�?|�����|���� ����|���|���¡¢�f���M��z,� ������|��������
���m|��7�������t}����¤£S¥§¦��@�t}���|��¨�����V���/���©�/�ª�h����������}��h���/�«��z,�1�S���,�t�>���m�?�����#�����§}�z,�*�¬��z?���
 �®���/�?}�|�}����t�i�¨�h�����t����}���}��f������z,�V���/�?�?|���|��/�?���>�©�t���ª���¯£������5�F�¢���?����|��,�t��¥°y{z,�1��±F�t���
����²³���t�,���������t�����������t}�}����H}�´�|�}n}�z,�v�'�@�����F�X��}�¡�©�?������|~��������¡V�,���/�~|��/|������m�nz,�t�2�{µ_�«���B�t}M���
¶ �����,¥¸·'���/�����?���t}�}q���X��z,�������/�?|����?�?�2�����{µ_�:�'����}�z,�v�¹z?�v�º���/�,»��,�t�����!|~�7������������}������
�F�2���/�?}����H�?�����t��¥¼y{z,�@}����©�!�h�����X������}������½�F�@���?����|��t�ª����}�������|��/�?����¡ª�����?�/�?}�������|��/�?����¡
�h���������H}�¥�¾��©����}��t}
�'z?�t�\��z,�{|��?|��/}�¡B�?���H����|�������������}�������z,�{�S���,�t�,�����'�����/}�}³¿(���������t�������t�8�7���'����}��
�,�����t�����#�V���v������|����?���q��������|À�!�t}���|����������X��z?����|�}M�������?}��m���V�����/}�}³¿(}��t����|��/�:���������t������|��/�#���?�
z,���������/}�Á��t����}���|���|���¡�¥
¦��������v�|��,�m�����/�?}�|�}����t�?��¡q�?���B������z�|�}'Â{Ãi¿(Ä¯Å'Â½�t}���|~���������t¥

Æ�Ç
ÈHÉ7ÊtË�Ì�ÍMÈHÎ*ÌÐÏvÑFÒ�Ó�Ï*Î/ÏvÍMÔÀÓ�ÕHÖ�×ÐØ�Ù'ÖiÚtÛ*Ü¯Ý�È�Ë³Ó�È�ËÐÞ�Ì_Ö7×ÐÈHß#Ø8Ï*Ë�àÖ/×ÐØâáHãvã*ãvänÒ8ÍmÊtÔæåfç8è*é7Õ�ê7ÊtÎ�ë ìíÊtÔ�î<Î�ï�é?ë È_ð�é?ë
ñ Ç
ÈHÉ7ÊtË�Ì�ÍMÈHÎ*Ì�ÏvÑSÒ�Ó�ÏvÎ/Ï*Í¯ÔÀÓ�ÕHÖ�ÙÐÎ/ÔæòvÈHË�Õ�ÔóÌôïMÏvÑSÝ©ÔÀÓ³ê/Ôöõ�ÊtÎ?Ö�÷
Î/Î ÷
Ë�øBÏvË_Ö�Ý©ù�ú�û/áHã*Ü{Ò8ÍmÊvÔöåhçFÞ�È�Ë�È�Î7Ê7ë ×
õ�î<é/ÍMÔÀÓ³ê?ë È_ð�é

üíê/È¤Êté�Ì�ê/ÏvË³Õ�Ê*Ó³à�Î/Ï�ß�åöÈ_ð�õvÈíýiÎ7ÊtÎ7Ó�ÔæÊvåBÕ�é/É/ÉBÏvË�ÌþÑ�Ë�Ï*Í5Ì�ê/È¤×<Þ�ÿ��~õvË³ÊtÎ�Ì�ÕþÞ�ì����PÜ*ûvÜ*Ûvä*ÚvÜ/Ö*Þ/Ò�Þ��%ã/á_ä���ã*ûtúiÖvÞ�Ò�Þ��%ã/á_ävÛ*Ü*Útä
�qÈ¤Ì�ê7ÊvÎ/àXÕ�È�ÍMÔæÎ7ÊtËíÉ7ÊvË(Ì�ÔæÓ�ÔöÉ7ÊvÎ�Ì�Õ�Ê�ÌíØ�ÊvåöÈ{Ù
Î/Ôöò*È�Ë³Õ(ÔöÌôïMÑ�ÏvË
é7Õ(È�Ñ�é/å�Ó�ÏvÍMÍMÈ�Î�Ì�Õ



� �*�����/���
&
�B�/"(���

�mGFR\D�E_R ^���� I [*]_^ T_E ]�^ I [ GFNhR��R��FNfg2R*JFE_N ^ JVT_R	��D [*] N ^ J!GFIBE ` R�R*J �ô^ DFJ
� ]�^�` RXR*g���NhT_N [ IBefefjqDFE_R � DFeþNfJ
IBJ�Iiefj��NfJFW g2I [ T ^ R [�^ J ^ g2N ['] NhgVR¯EHR�T_NfR�E*k,IBJ
�1I����FNhJFW � I [*]_^ T_E ]_^ IBJ ^B] GFR�T�l NhEHRME ] IBJ
��IBT��1T_R�WBT_R�EHE_N ^ J
^ T �ô^ THR [ IiE ] NfJFW#g ^ �FR�e{NfE ` R�NfJFW#DFE_R�� ` jªIBJ°NfJ [ THR�IBEHNhJFW#J?DFg ` R�T ^�� THR�E_R�IBT [ G�R�T_E������ ^ l¯R��R*T�k ] G�R
] G�R ^ THR ] N [ IBe��FT ^ ��R*T ] NfR�E ^��>] GFR¢gVR ] G ^ � IBT_R�J ^B]�� DFefefj#DFJ
�FR*T_E ]�^�^ �§IBJ���Nhg�� ^ T ] IBJ ] NhEHE_DFR*E©T_R�g2IBNfJ
]�^#` R@I����FT_R*E_E_R�������J ] G�R [ IBE_R ^����ô^ THR [ IBE ] NhJFWFk
G ^ l ]_^:[*^ JFE ] T_D [v]�[*^ J�� �FR*J [ R@NhJ ] R*T��iIBehE�THR�g2IBNhJFE
DFJ
!?J ^ l J����mGFNfE¨NfE�I�J ^ J ] THN"��NPIBe��FT ^B` ehR*g IBE ] G�R �ô^ T_R [ IBE ] NhJFW�R�#�DFI ] N ^ J§NhJ$� ^ e%�R*E'&�WR�JFR*T�I ] R	�ªT_R�(
WTHR�E_E ^ T_E��")*��J ] GFNfE���I���R�T*k�l¯R*�FR*T_N"�BR ] GFR1T�I ] R ^��n[�^ J$�BR�T_WBR�J [ R!IBJ
� ] G�R¢ehNhgVN ] NhJFW��FNfE ] THN ` D ] N ^ J ^��
] G�R � I [*]�^ T IBDFWgVR�J ] R�� �ô^ T_R [ IBE ] E�k�R*J�I ` efNhJFW ] G�R [*^ JFE ] T_D [*] N ^ J ^��¤[*^ J�� ��R�J [ R�NfJ ] R�T+�BIiehE	�

�mGFR ^`-, R [*]!^�� NhJ ] R�T_R*E ] NfE ] GFR/.0(1��R�THN ^ �)IiGFR�I�� �ô^ T_R [ IBE ]�^�� I°EHR�THNhR�E�2�34�5�mGFR NfJ �ô^ T_g2I ] N ^ J
I��iIBNhehI ` ehR#NhJ [ ehD��FR�E�I ePIiT_WR J?DFg ` R*T ^�� �FT_R��FN [v]�^ THE�6 783:9<;>= ?A@�a0@�B%B"B%@DCFE�GH= ?A@ta0@�B%B%B"@JILKVIBJ
�¸I
E_g2IBefehR�T EHR ]\^��>^B] G�R�TM�iIBTHNPI ` ehR�EMNO34�QP ^ TXR�RFIig��FefRBkSNH3¤g2NfWG ]X` RqehIBWE ^�� 2T34�U� � C l¯IBE EHg@IBefe�kFlnR
[�^ DFeV� �ô^ THg�DFehI ] R I �ô^ T_R [ IBE ] NhJ�W¢g ^ �FR�e�l N ] G�IBehe ] GFR�6 783<IBJ��'NO3<IBEW�FTHR	�FN [*]�^ T_E	�{KnD ]m] GFR �ô^ T_R [ IBE ] E
l Nhefe ` RXehR*E_E¯R�X [ NhR*J ]¯] G�R ePIiT_WR*T ] GFR J?DFg ` R�T ^�� �FTHR	�FN [*]_^ T_E ` R [ IBD�E_R\g ^ T_RQ��IBT_IBgVR ] R*T_EnG�I��R ]_^q` R
R�E ] Nfg@I ] R	���*YXJ
�ªl G�R�JZC R�R [ R�R	��E[I¨k , D
�FN [ N ^ D�E [ G ^ N [ R ^�� �iIBTHNPI ` efR�E©NfE©JFR [ R�E_E_IBTHjªR��R�J ] G ^ D�WG
J ^B] g2I�!?NhJ�WVD�E_R ^�� IBeheíTHR�efR��iIBJ ] ��I ] I1NfEW!?J ^ l J ]�^ R�J ] IBNheíR�X [ NhR*J [ j�e ^ E_E��

\°R [*^ JFE_N"�FR�T�I¢E_NfJFWefR �ô^ T_R [ IBE ] NhJ�WVR�#?D�I ] N ^ J

2�3%]
^L=`_ba8cb3
dfe�agNO3
dihj3%]
^$@ 9+?kK

l GFR*T_R�2�3nNhE�I�E [ IBePIBT©EHR�THNhR�E*k�IiJ
�ZNO3nNhE�I��R [*]�^ T ^��n^` EHR�T+�BI ` ehR1E_R*T_NfR�E	�*�mGFR*�R [*]_^ Tlcm3¯NfE©DFJ ^` (
E_R*T��iI ` efR��M��JFE ] R�I��ík�l¯R ^B` E_R*T��R�In��IBJFR*e ^�� ��I ] I�6 783¤l GFN [ G [�^ J ] IiNhJFEXNhJ �ô^ THg@I ] N ^ J:I `�^ D ] cm34�M\5R
T_R � R�T ]�^

6 783m=`o a7 cb3
dqp	783 9�a�K
] G�R � I [v]�^ T�T_R��FT_R*E_R*J ] I ] N ^ J ^��¤] GFRr��I ] I�k�l N ] GOcb3 ` R*NhJFW@I�s*tu?v�R [*]�^ T ^��>[*^ gVg ^ J � I [v]�^ THE�kwo
7�NfE
] G�R [�^ T_T_R*EJ� ^ J
�FNfJFW��BR [v]�^ T ^��x� I [*]_^ T e ^ I��FNhJFWBE�k�IBJ
�'p	783>NhEXIBJ N"�FN ^ EHj�J [ T_I ] N [ R�T_T ^ T	�Qyz#?D�I ] N ^ JFEl9+?kK
IBJ
�{9�aAK¨I `�^ �BR [�^ J�E ] N ] D ] R2l G�I ] NhE�T_R � R�T_THR	� ]_^L` j Q ]�^�[ !°IBJ��|\½I ] E ^ J}9�aBbBb,aBI$K�IBE�I�~��FN%�þD�E_N ^ J
NhJ��FR�R �ô^ THR [ IiE ] NfJFW°g ^ �FR�e�)L9����+K���� ] En�FR���J�NhJFW [ GFIBT�I [v] R*T_NhE ] N [ NfE ] GFI ] NfJ �ô^ THg@I ] N ^ J I `�^ D ] 6 783�NfE
��IBTHE_Nfg ^ J�N ^ DFEHefj5E_DFgVg2IBT_N"�R	�âNfJ.I�e ^ l��FNhgVR�J�E_N ^ J�IBe��BR [v]�^ T*kWcb34�i��J)R [�^ J ^ g2N [ IBJ�IBe~j�E_NhE*k ] GFR�EHR
T_R��FT_R*E_R*J ] [�^ g ^ �R*g2R*J ] E ^ T [�^ gVg ^ J�E_G ^�[ !?E ]_^ R [�^ J ^ g2N [\] Nfg2R\EHR�THNhR�E��

� � cm3�NfE ^` EHR�T��iI ` ehRBkFIBJ
�#IBE_EHDFgVNhJFW ] GFR�g2R�IBJ ^�� hT3 [*^ J
�FN ] N ^ J�IBe ^ J��FIBE ] NfJ �ô^ T_g2I ] N ^ J2NhE�*R�T ^ k
� Þ�È�È*ÖþÑ�ÏvË È+��ÊvÍMÉ/åöÈr��Ë�ÔæÕ(Ì�Ê*ð�ÏvË�Ï7Öþÿ/Ï*Ë�Î/ÔhÖ���È�ÔÀÓ³ê/åæÔöÎ�ÊtÎið���ÔæÏ�ò�ÊtÎ/Î7Ô �fÚvãvã/á���Öþÿ/ÏvË�Î/ÔhÖ��
ÊtåæåæÔöÎ?Ö���ÔöÉ/É7Ô
ÊtÎ7ð ��ÈHÔæÓ³ê7åöÔæÎ

�fÚvãvã7á�ø���Ö�ìþÈHË�Î7ÊvÎ/àvÈ>ÊvÎ7ðXìþÏ*Ôöò�ÔæÎ �hÚtãvã�Ú��

a



] G�Rn9ôg2R�IBJ0(³EJ#?D�IBTHR	� K ^ � ] Nhg2IBe �ô^ T_R [ IBE ]�^�� 2�3
NfE ] GFR [�^ J
�FN ] N ^ JFIBeþgVR�IBJ:IBJ
��NfEmWN"�BR�J ` j

2 � ]
^�� � =��n9�2 � ]
^��	� � Kz=`_magc � dfe�a�
 ���� a�� � @

l GFR*T_R��	3x=�9�c a3 @QN a3 K a �ô^ T\IBefe�G��\K¯D ] E_D [ GªI �ô^ T_R [ IBE ] NhE�J ^B]M� R�IBEHN ` efRBk ` R [ IBDFEHR _�@Je'k�IBJ
�Ocb3'IBTHR
IBefe�D�J ^` EHR�T��iI ` ehR��z�mG�R � R�IBEHN ` efR �ô^ THR [ IBE ]n] G�I ] T_R��FePI [ R�E ] GFR D�J
!?J ^ l J ^B`�, R [v] E ` j ] GFR�NfTnR*E ] Nhg2I ] R*E
NhE��

�2 � ]
^�� � = �_ma��c � d �emagN � = � � a � � � @
l GFR*T_R ��	3�= 9 �c a3 @�N a3 K a �ô^ TMIiehe G��x\°R DFE_R�I�~ ] NfeV�FR�) �ô^ T¯R*E ] Nfg@I ] R�E ^���] GFR � I [*]_^ T¯g ^ ��R�e ^�� 6 783�kSl G�NhehR
G�I ]H] R��n�iIBT_NhI ` ehR*E'IBT_R�R�E ] Nhg2I ] R	� � T ^ g ] G�R �ô^ THR [ IBE ] NhJFW�R	#?D�I ] N ^ J�� � ^�` RQ�FT_R [ NhEHRBk �_5IBJ�� �e§IBTHR ] G�R
ehR�IBE ] EJ#?D�IiT_R�EqR�E ] Nhg2I ] R*E ^B`�] IBNfJFR	� � T ^ g I:T_R*WT_R*E_EHN ^ J ^�� 2�3%]
^ ^ J��cb3mIBJ
�uNO3�k�Gv= ?A@�B�B�B4I��{.��
�mGFR � I [v]�^ THE�kmcb3�kÐIiT_R¢R�E ] Nfg@I ] R	� � T ^ g 6 783 ` j ] GFR¢gVR ] G ^ � ^�� ��T_NhJ [ NV�FIBe [*^ g�� ^ JFR*J ] E�DFE_NfJFW:��I ] I
D
� ]�^ ��R�T_N ^ �:I IBJ
��l Nhehe ` Rv�FNfE [ DFE_EHR	� � D�T ] G�R�T ` R*e ^ lv�

� ] NfE [ ehR�IiT ] G�I ] �_ IBJ
� �eâIBT_R � DFJ [v] N ^ JFE ^�� &HWR�J�R�T�I ] R	�LT_R�WBT_R�EHE ^ THE����c � @��c���@	B"B%B"@��c �! ^,kþIiJ
� ] G�R
�ô^ THR [ IiE ] �2 � ]
^"� � N ] E_R*e � IBefE ^ ��R	��R�J
�FE ^ J#�c � �v�mG?DFE�k ]_^ E ] D���j ] GFR ` R*G�I���N ^ T ^��{] GFR �ô^ T_R [ IBE ] E�kílnR
g�DFE ] R�R�IBgVNhJ�R ] G�R�E ] I ] NfE ] N [ IBeb�FT ^ ��R*T ] NhR�E ^��>] G�R�R�E ] Nhg2I ] R	�H��IBT_IBgVR ] R*T_E 9 �_�@ �ebK IBEXlnR�efe¤IBE ] G ^ EHR
^��Ð] G�R©R�E ] Nhg2I ] R�� � I [*]_^ T_E��'Q ]�^�[ !!IiJ
�:\½I ] E ^ J�9�aBbb,aiI$KnE_G ^ l ] GFI ] 9 �_ @ �ebK¯NhE [�^ JFEHNhE ] R�J ]W�ô^ T 9�_�@Je K
IBJ
� �2 � ]
^"� � NhE [�^ JFE_NfE ] R*J ][�ô^ Tv2 � ]
^"� � �*� ^L[*^ JFE ] T_D [v]q[*^ J�� ��R�J [ R@NhJ ] R�T��iIBefE�kílnR2gqDFE ]�^`�] IBNhJ ] G�R
T�I ] R ^��<[�^ J$�R*T_WR*J [ RqIBJ
� ] GFR�efNhgVN ] NfJFWr�FNhE ] T_N ` D ] N ^ JFE ^��<] GFR�EHR[#?D�IiJ ] N ] NhR�E��

\°R�IiT_R©EJ��R [ N"� [ IBehe~j@NfJ ] R�THR�E ] R	�#NhJ ] GFR [ IiE_R ^�� ePIBTHWRL��NhgVR�JFEHN ^ J�IieS��IBJ�R�ehE��{Knj�In~öePIiT_WR��FIBJFR�e�)fk
lnR©g2R�IBJ ] GFI ]M^ D�T ] G�R ^ T�j@l Nhefe�IBehe ^ l `�^B] G:C IBJ���I ]_^q] R*J
� ]�^ NfJ���JFN ] jA�x��J:��T�I [v] N [ IBe ] R�THg2E*kSlnR
IBEHE_DFgVR ] G�I ]�] G�I ] IBTHR�I ] ehR�IBE ]%$ b ] NhgVR�E_R�THNhR*E ^` EHR�T+�BI ] N ^ JFE �ô^ TXR�I [ GO��IBJ�R�e
DFJFN ] k�IBJ
� ] GFR�THR�IBTHR
$ b ^ T¯g ^ T_R [ T ^ E_E+(³E_R [*] N ^ J�DFJFN ] E��zY �%] R*T �FNfE [ DFE_EHNhJFW ] GFR©I��
��R�Iie ^���] GFR��FN%�þD�E_N ^ J!NhJ
��R�R �ô^ T_R [ IBE ] NhJ�W
gVR ] G ^ � ^ e ^ WBj�NhJ2QSR [*] N ^ J@aSkSQSR [v] N ^ JVcr�FTHR�EHR�J ] E ] GFR�IBE�jSg�� ]_^B] N [M] GFR ^ THjVIBJ����FNfE [ DFE_EHR�E¯G ^ l ] R*T_gVE
JFR [ R�EHE�IBT�j �ô^ T��FTHR	�FN [*] N"�R�NfJ � R�THR�J [ R [ IBJ ` R [�^ JFE ] T_D [v] R	�S� �mGFRªIBJ�IBe~j�E_NhE@NhE!R�R ] R�J
��R	� ]�^ J ^ J�(
E ] I ] N ^ J�IBT�j � I [*]�^ T_E!NfJ¼QSR [v] N ^ J'&
� Y ` j-( �FT ^ �FD [v]�^���] GFRH��T_R�EHR�J ] R�RSR�T [ NfE_R ] G�I ] NhE ^�� NhJ ] R*T_R�E ]
NhJ N ] E ^ l J T_NhWBG ] NhE¢R�E ] Nfg@I ] N ^ J ^��X] GFR�R�THT ^ T [*^ �iIBTHNPIBJ [ R�g2I ] THN%R5l GFR�J GFR ] R�T ^ EJ!iR	��IBE ] N [ N ] j IiJ
�
[ T ^ E_E4(�EHR [*] N ^ J [�^ T_T_R*ePI ] N ^ J½IBT_R ^�� DFJ
!?J ^ l J �ô^ T_g��|�mGFNfEVNfE �FTHR�E_R*J ] R	�)NhJ QSR [*] N ^ J $ �âQSR [*] N ^ J)(
�FTHR�E_R*J ] E¯EHNhg�D�ePI ] N ^ J�THR�EHDFe ] E ]_^ IiE_E_R*E_E ] GFR�I��FR�#?D�I [ j ^��þ] G�RXIiEHj�g�� ]�^B] N [ I��
��T ^ RSNhg2I ] N ^ JFE¤NfJ*�FJFN ] R
E�Iig��FefR �FT ^ ��R*T ] NhR�E�� y>g���NhT_N [ IBe<I��
��ehN [ I ] N ^ JFE IBT_R [*^ JFE_N"�FR�THR	�ªNhJªQSR [*] N ^ J+*0�¢d>T ^S^�� E�IiT_R¢WN%�R�J§NfJ
] G�RrYM�
��R�J
�FN Rw�

c



� � 3��) ��2�������!	��
&<�	L-Ð�8�/	�����*���\�/�/���	�¨�F�7"(�F�<�	

\5R/�FT_E ] �FT ^ ��N"�FR§E ^ gVR§NhJ ] DFN ] N ^ J �ô^ T ] GFRªI�����R�IBe ^�� ��N"��DFE_N ^ J¼NhJ
�FR�R �ô^ THR [ IiE ] E�� P ^ T�R�IBE_R ^��
R�R0� ^ E_N ] N ^ Jík [*^ JFE_N"�FR�T ] GFR ^ JFR�(³E ] R	�:IBGFR�I�� �ô^ THR [ IBE ] �

2�3%] � =`_�cb3�dihj3%] �
l GFR*T_RvhT3�IBTHR©NhNV��9(b�@�
 �� K���P�DFT ] GFR�THg ^ T_RBkFIBE_EHDFg2R ] GFI ]m] GFR�E [ IBehIBTmE_R*T_NhR*EQcb3<NhE IBJ�Y�[9+?jK ��T ^�[ R�EHE

cm3�=��-cm3  � d�� 3

l GFR*T_R�� 3{IBTHRqNfNV�|9�b�@�
 �� K�IBJ
������IBJ
��hj3'IBT_R¨NhJ
��R	��R�J
�FR*J ]��ô^ T\Iiehe�G�IBJ
���$� QSD
��� ^ EHR¢IBefE ^��ô^ T ] G�R
g ^ g2R*J ]m] G�I ]m] GFR�g ^ �FR*e���IBT_IBg2R ] R*T_E�IBT_R !?J ^ l J��

� � cb3{NfE ^` E_R�T+�iI ` ehRik ] GFR ^ J�R�(�E ] R���IBGFR�I�� �ô^ THR [ IiE ]\^�� 2�3%] � I ] ] Nfg2R G NfEXWN%�R*J ` jO_�cb3>E ^@] G�I ]
] G�R �ô^ THR [ IBE ] R�THT ^ T NhEWhj3%] � k8IBJ
� ] GFR �ô^ THR [ IiE ] R�T_T ^ TW�iIBT_NhIBJ [ R�NfE�


�
� � � � cm3¤NfE�J ^B]�^` E_R*T��iI ` efRBk ] G�R�J

2�3¤NhE\IiJLDFJ ^B` E_R*T��R�� [*^ g�� ^ J�R�J ] EXg ^ �FR�e��U�mGFR�DFJFN%�iIBT_NhI ] R ] Nfg2R�E_R*T_NfR�E �ô^ THR [ IBE ] NhE ` IBE_R�� ^ J ] G�R
Y���>Y¬T_R��FT_R*E_R*J ] I ] N ^ J ^�� 2T34�z��J ] GFNhE [ IBE_Rik 2�3
NhE�IBJ�Y���>Y 9+?k%?jK �FT ^S[ R�E_E��

2T3%] � =��$2�3
d �	3%] � d�� �	3

l GFR*T_R �	3¤NhE�I¢l GFN ] R�J ^ NhEHRv�FT ^�[ R*E_E	��Y EHE_DFgVNhJFW ] G�R¨NfJ���JFN ] R ��IiE ] GFNhE ]�^ T�j ^�� 2�3U94B"B%B%B"@�2T3  ��@�2T3  � @�2�3<K
NhEqI��BIiNhePI ` ehRik ] GFR ^ JFR�(�E ] R	�âIBG�R�I�� �ô^ THR [ IBE ]¢^�� 2�3%] � I ]�] NhgVR�G¨NfE��$2�3�d � �	34�O�mGFR �ô^ THR [ IiE ] R*T_T ^ T
NhE �	3%] � IiJ
� ] GFR �ô^ T_R [ IBE ] R�THT ^ T �iIBT_NhIBJ [ RVNfE!
 �" = �n9 � �3%] � K��n� ]q[ IBJ ` R2EHG ^ l J ] GFI ] 
 �"$# 


�
� @
E ^

E_g2IBefehR�T �ô^ THR [ IiE ] NfJFW!R*T_T ^ TL�iIBT_NhIBJ [ R�NhE ^B`�] IBNfJFR	�:l GFR�J�cb3'NfE ^` EHR�T+�BI ` ehR�� �mGFNhE©NfE J ^B] E_DFT��FT_NfE_NhJ�W
IBJ
� [�^ J �ô^ T_gVE ]�^¢] GFR�NhJ ] DFN ] N ^ J ] GFI ] g ^ THR©NhJ �ô^ T_g2I ] N ^ Jn��R�THg2N ] E I ` R ]_] R�T �ô^ T_R [ IBE ] �

�mGFR IBEHE_DFg�� ] N ^ J ] G�I ] cm38NhE ^` E_R*T��iI ` efRMNhE ^��8[�^ DFT_EHRmJ ^B] THR�IBefNhE ] N [ ��U�R��BR�T ] GFR�efR�EHE�k?N � lnR ^` EHR�T+�R
IXehIBT_WBR>J�D�g ` R*T ^�� NhJ
��N [ I ]�^ THE ] G�I ] G�I��R cb38IiE ] GFR�NfT [*^ gVg ^ J¨E ^ DFT [ R�E ^�� �iIBT_NhI ] N ^ Jík�lnR [ IiJqR�R0�Fe ^ N ]
] G�NhE [*^ gVg ^ JFIBehN ] j ]�^ R�E ] Nhg2I ] R ] G�R �FT ^S[ R�E_E�cm3
�R*THj�l¯R*ehe ` j ] G�RMg2R ] G ^ � ^�� �FT_NfJ [ N"��IBe [�^ g�� ^ JFR*J ] E
9(D�� ]_^ I ] T�IBJFE �ô^ T_g2I ] N ^ J K��x�mGFNfEmNhE ] G�R¨R*E_EHR�J [ R ^��
] GFRv�FN%�þD�E_N ^ J#NfJ
�FR�R �ô^ T_R [ IBE ] NfJFW
�z��J ] GFR©efNhgVN ]
l GFR*JqC W ^ R*E ]�^ NfJ���JFN ] jk ] GFR���� �ô^ THR [ IiE ] E1IiT_R ] GFR!E�Iig2R�IiEql GFR�Jfcm3XNfE ^` E_R�T+�iI ` ehR��/��J ] GFNfE
R�R�IBg��FefRBk ] GFR�T_R��FD [*] N ^ JLNhJ �ô^ T_R [ IBE ] R�THT ^ TXNhE�
 �" �%


�
� k�l GFN [ G NhE�E ] T_N [*] e~j:� ^ E_N ] N"�BR��U��J [ IBE_R*E l N ] G

g ^ T_R [*^ g���ehR�Rn��j�J�IBgVN [ E IBJ
�'& ^ TMl GFR�JONH3�IBTHR �FT_R*E_R�J ] k !?J ^ l efR	�FWR ^�� cb3 [ IiJ:E ] Nhefe ` R©R�R0��R [*] R	�
]�^ j�NhR*eV� ` R ]_] R�T �ô^ THR [ IiE ] E*k ` R [ IBD�E_R ^ JFR [ IBJþk�NhJ�WR�J�R�T�Iie�k
� ^ J ^ l ^ T_EHR¨l N ] G�g ^ T_R©NhJ �ô^ T_g2I ] N ^ J��

��J��FT�I [v] N [ RBk ] GFR�g ^ �FR*eS��IiT�IBgVR ] R�T_EMIBT_R�IBefE ^ DFJ�!�J ^ l JS�¯d<IBT�IBgVR ] R�TmDFJ [ R�T ] IBNfJ ] j [�^ J ] T_N ` D ] R*E
IBJ)(n9+?+*jI�K ] R�T_g ]�^5] GFR �ô^ T_R [ IBE ] R�THT ^ T��BIiT_NPIiJ [ R�� Q ^ N � cm3©lMIBE ^` E_R*T��iI ` efRBk ` D ] _®NfE ` R�NhJ�W
R�E ] Nfg@I ] R	�ík/N ] NhE�l¯R*ehe$!?J ^ l J ] G�I ]Ð] G�R��iIBTHNPIBJ [ R ^�� 2 � ] � � �2 � ] � � � NfE,


�
� d!(�9<I  � K��bY EÐl Nhehe ` R'E_G ^ l Jþk

R�E ] Nfg@I ] NhJFW ] GFR � I [*]�^ T �FT ^S[ R�E_E cm3�l Nhehe [�^ J ] T_N ` D ] R IiJ ^B] G�R�T-(n9+?+*	C'K ] R�T_g ]�^\] GFR �ô^ THR [ IiE ] NfJFW\R*T_T ^ T

&



�iIBT_NhIBJ [ R�� Z D�T [�^ J ] THN ` D ] N ^ J NhE ]_^ E_G ^ l ] G�I ] l G�R�JF_ IBJ
��cb3 `�^B] G�GFIk�BR ]�^�` RqR�E ] Nhg2I ] R��ík ] G�R
�iIBT_NhIBJ [ R ^�� 2 � ] � � �2 � ] � � � NhE!
 �� d�(n9<I  � Kzd�(n9�C  � K����mGFNhE�NhE¨ehR*E_E ] G�IBJ 
 �" l GFR�JZI IBJ��uC
IBTHR `�^i] G�ePIiT_WRikSE ^¢^ JFR [ IiJ�R�R0��R [*]m] GFR �FN"��DFEHN ^ J!NfJ
�FR�R�I����FT ^ I [ G ]�^ j�NhR*eV� ` R ]H] R�T �ô^ T_R [ IBE ] EmR��BR�J
l GFR*J/cb3'NhE�J ^B]©^B` E_R*T��R����v�mGFR�Nfg�� ^ T ] IBJ [ R ^�� I2ePIBTHWRlC g�DFE ] ` RqE ] THR�EHE_R	�þk�G ^ l¯R��R�T*k ` R [ IBDFEHR
l GFR*JOC NhEW��RSR	�ík [*^ JFE_NfE ] R�J ] R*E ] Nfg@I ] N ^ J ^���] GFR � I [*]_^ TU�FT ^�[ R*E_EMcb3¤NfE J ^B] � ^ E_E_N ` ehR�R��R�JLN � o 7<IBTHR
IBefe ^` EHR�T+�BI ` ehR�� ��J ] GFR¢R��R�J ] l GFR�J/IºIiJ
��C IBT_R `�^B] G§ehIBT_WRqIBJ
�5IBT_RqE_D [ G ] G�I ] I *	C W ^ R�E ]_^
�R*T ^ k8lnR [ IiJ � DFT ] GFR*TXEHG ^ l ] G�I ] DFJ [ R�T ] IBNfJ ] j#NfJ'cm3>NhEQ� ^ gVNhJ�I ] R	� ` j���IBT_IBg2R ] R*TXDFJ [ R�T ] IBNfJ ] j:E ^
] GFI ] cm3 [ IiJ ` R ] THR�I ] R	�½IiE ] G ^ DFWG½N ] NhE ^` E_R*T��iI ` efR��:\5R@J ^ l ] D�T_J ]_^:] G�R ] GFR ^ T�jªDFJ
�FR*T_efj�NfJFW
] G�R�E_R¨T_R*E_DFe ] E��

�  �"(�*���7"ô=�&��/"ô�����q3Ð	?�8�+�
��J�g2I ] THN%R�J ^i] I ] N ^ Jík ] G�R � I [*]_^ T g ^ �FR�e
NhE�� = c�� a dqpkþl GFR�THR�� NfEMI t/C ��I ] I@g2I ] THN%R�kþIiJ
�
c = 9�c � @	B"B%B"@�c � K a IBJ
�	�f= 9 o � @�B%B"B%@�o�
 K a k,IBJ�� pMNhEmIOtMC R�THT ^ T
g2I ] THN%Rw���mG�R �FTHNhJ [ NV��IBe [*^ g�� ^ JFR*J ]
R�E ] Nfg@I ] R�E�IBTHRr��R�J ^B] R	� �c = 9 �c � @�B"B%B%@ �c � K a IiJ
� ��q= 9�o � @	B�B�B�@�o�
�K a � �mG�R�E_RqIBT_R ] GFR[sqR�NhWBR�J$�R [*]�^ T_E
9(gqDFe ] NV�FefNhR	� ` j� ILK�IBE_E ^S[ NPI ] R	�5l N ] G ] GFRns�ehIBT_WR*E ] R�NfWR�J$�iIBehD�R�E ^��M] G�R@g2I ] THN%R���� a *
9 ILC'K¨NfJ
�FR [ T_R�IBE_NfJFW ^ T��FR�T��vP ^ T � D ] DFT_R�THR � R*T_R�J [ RBk�lnR¢IBefE ^ efR ] �� ` R�I�s�t/s���NPIBW ^ J�IBeÐg@I ] T_N R [�^ JFEHNhE ] NhJ�W
^��
] GFRvs�ehIBT_WBR�E ] R*NhWR*J$�BIiehDFR*E ^�� ��� a *
9 ILC'K��x\5R�JFR�R�� ] G�R �ô^ ehe ^ l NfJFW�IBEHE_DFg�� ] N ^ JFE��

�����������������! "�$#&%'�!�(�)�! �*,+.-��/�!01�
?A� �"2�cm312�3�465 IBJ
� ��87 � 3:9 � cm3�c a3<;�>= ?A@ �ô^ T I*s t'sl� ^ EHN ] N"�R ��R���JFN ] R�g2I ] THN%RB?A@x�

�����������������! DCE#GF�H��/H�01�JI.H� KH��!�L�M*,+.-��/�!0ONP�Q+LRS�T .I!�
�mGFRVe ^ I���NhJFW�o
7{NhE©R*N ] GFR�T �FR ] R*T_gVNhJFNfE ] N [ E_D [ G ] GFI ] 2�o 7U2V4W5 ^ T©N ] NfE©E ]_^S[ G�IiE ] N [ E_D [ G ] G�I ]

�"2�o
7J2�3X4Y5 �O��J°R�N ] GFR�T [ IBEHRBkZ� a � *�C ;�>= ?'[âIBElC = \ �ô^ T¨E ^ g2R�s:tZs�� ^ EHN ] N"�R��FR��FJFN ] R
J ^ J�(�T�IiJ
� ^ g g@I ] T_N R]?'[�������������������! �%M#_^G�T�)H$+S �R"-�01�`����a��`H�-������! DbAHJ+!cdR.He�fH� �R.H� K-�Hg+S �R8hfH��/H�01�`��cLHJRL+!������-��T�ji

?A� �n9�p	783�Kz= bSk�� � p	783 � k_465 E

a0� �n9�p	783�p�l ��K�=nm�7ol/p 3 �vk � m�7ol/p 3 � �q4rm�7ol �ô^ T Iiehez9 G�@ �jKmIBJ
� � m�7olsp 3 � �q4rt-3 � �ô^ T IBehex9�;�@eu�K¯E_D [ G ] G�I ]
?
C


v
7Pp lU9 � m�7olE465 @ ?

I
�v

3wp �j9 � t-3 �A465 @�ISxKy ?
C�I

v
7Pp l/p 3wp ��9 � � m�7olsp 3 � �q465

c��QP ^ TmR��R�T�jF9<G�@ �jK�@�� � C  �jz � 7 
7{9 �_| p	7 �+p	783 � ��9�p	7 ��p	7�3�K/} � 3E465 �

$



�����������������! ��$#�� o
7��-@ � cm3��?k'IBJ
� � p	783��LIBT_R ] GFT_R*R#WBT ^ D
��E ^�� gqD ] D�IiehefjªNfJ
�FR	��R�J��FR�J ] E ]�^�[ G�IBE ] N [
�iIBT_NhI ` efR�E	������������������! 	�&#�
 R ] �	3�= 9�c a3 N a3 K a K��z�mGFR�J

?A� ��(7 � 3:9 � �	3 � a3 ;�>=r? " " =� ?A@f@ ?A@��?��g@ ?������ # b0E
a0� �� � 7 � 3:9 � �	3 hT3%]
^���K= C|9�b�@J�FehNfg �� 7 � 3:9 � 9<h �3%]
^ �	3 � a3 K�K��
Y EHE_DFg�� ] N ^ JFExY IBJ
�¢K ]_^ WR ] GFR�T�Nhg��Fefjvs [�^ gVg ^ J � I [v]�^ THE	��Y E_EHDFg�� ] N ^ J�� IBehe ^ l E �ô^ T<ehNhgVN ] R	�

] Nfg2R EHR�T_NfR�E¯IBJ
� [ T ^ EHE¯EHR [*] N ^ Jn�FR	��R�J
��R�J [ R©NhJ ] GFRXNV�FN ^ EHj�J [ T�I ] N [ [�^ g�� ^ JFR�J ] �z�XR ] R�T ^ EJ!iR	��IiE ] N [ N ] j
NhJ `�^B] G ] GFR ] Nfg2R1IiJ
� [ T ^ EHEqEHR [*] N ^ J��FNfg2R*JFE_N ^ JFE�NhE¨IBefE ^ IBehe ^ l¯R������©N"�BR�J�Y E_EHDFg�� ] N ^ J��L?Bk ] G�R
T_R*g@IiNhJFNfJFW¨IBE_EHDFg�� ] N ^ JFEnNfJ�� IBTHRXR�IBE_Nfefj1E_I ] NfE���R��!N ��] GFRLp	783
IBT_R�NhJ��FR	��R�J
��R�J ]��ô^ TnIBehe ;�IBJ
��G��z�mGFR
IBefe ^ lMIiJ [ R �ô^ T1l¯R�I�! [ T ^ E_E4(�E_R [*] N ^ J [*^ T_THR�ehI ] N ^ JâNhJ ] GFR#NV�FN ^ EHj�J [ T�I ] N [�[�^ g�� ^ JFR*J ] E2efR�I���E ]_^5] G�R+��L��01��� �T�8+S�/H *,+.-��e�!0_����0 ��-�����01H ^�� �¯G�Iig ` R*T_ehIBNhJ2IBJ
�  ^B] GFE [ GFNfeV�O9+?�� �Bc$K���� ] NhEng ^ T_R�WR�JFR*T�IBe ] GFIBJ
I ���j0 ��-��.*,+.-��/�!0��)�QR.H�N l GFN [ G2IBE_EHDFgVR�E�p	783þNfE{DFJ [�^ T_T_R*ePI ] R	�VI [ T ^ EHE�;��xY EHE_DFg�� ] N ^ J��¸NfE{E ] IiJ
��IBT��2NfJ
� I [v]�^ T�IBJ�Iiefj�E_NfE	� YXE_EHDFg�� ] N ^ JOy R�J�E_DFTHR�E ] G�I ]�] GFR �ô^ THR [ IiE ] NfJFWVg ^ �FR�e�NfEml¯R*eheÐEJ��R [ N"��R�� IBJ
� ] G�I ]
] G�Rr�FIBT�IBgVR ] R�THE ^��<] GFR�g ^ �FR�e [ IBJ ` R¨N"�FR�J ] N"��R����

�q3Ð	?�8�7	�; �"! �M���j�T�8+S�����! $#&%�� �L�f�`�`H&�����������������! � � �/�&� hf�!N:R('�)GH�� �cb3+* H �ThfH *,+.-��/�!0OH����j�T�8+S�eH��� * ��+S�T KHJR * iE� hfHA�)H��Thf�QR��/*G��0 �T K-�� � +SN -��!���f�! KH� f�T�-, +S �R NPH�� �_ +S �R �e.* H'� hfH'NPHJ+!�����0/Q� +S01H���H����j�T�8+S�eH��* 01�!� +)01H�IS01H��������! �/* 2�3%]
^ �! � �	3�= 9��c a3 N a3 K a '1)GH��32 = ��  � 9 �c a c�*TILK�9�� a � *	C'K '�4T*  I *	C = b ,
 I65 � �_ �e � � � 2  � a _e �87 ��>= C:9/b�@<;>= @

b hfH�01H ; =5�FefNhg 9 ?I �! @?v
3:9 � � �	3 � � a3 =  � 9

?
I
�! @?v
3:9 � �h

�3%]
^ � �	3 � � a3 =A9 ?I �! @?v
3:9 � � �	3 � � a3 =  � B 9�cAK

Y E�NhE2l¯R*ehe�!?J ^ l Jík ] GFR � I [v]�^ T!g ^ �FR�eXNhE!DFJ�NV�FR*J ] N"��R�� ` R [ IBDFEHR|_ aCBDB  ��cb3n= _�cb3 �ô^ T�IiJ?j
NhJ$�BR�T ] N ` efR¢g@I ] T_N R B � �mGFR ^ T_R*g ?1NhE�I�T_R*E_DFe ] ��R*T ] IiNhJFNfJFW ]�^�] G�R �FN"��R�THR�J [ R ` R ] lnR�R*J �_�IBJ
� ] G�R
EJ�FI [ R�EJ��IBJ�JFR	� ` j�_ �E� ^ JFEHNhE ] R�J [ j ^��¤] G�R[��IiT�IBgVR ] R�T R�E ] Nhg2I ] R�E �ô^ ehe ^ l E � T ^ g ] GFR � I [*]�] G�I ]�] G�R
I��R*T�IBWR���EJ#?D�IBTHR	�/�FR��SNhI ] N ^ JFE ` R ] l¯R*R�J �cb3'IiJ
� 2 cm3x�iIBJFNhEHG�IBELC IBJ
�'I `�^B] G ] R*J
� ]�^ NfJ���JFN ] jk
E_R*R@K¯IBN>IBJ
�ªU�W|9�aBbb,a�K�� �mGFR [�^ JFE_R�#�D�R�J [ R ^�� G�I���NhJFW�WR*JFR�T_I ] R��5THR�WTHR�E_E ^ T_E¨NhJ ] GFR �ô^ T_R [ IBE ] NhJ�W
R	#?D�I ] N ^ JLG�IBEXJ ^ R��þR [*]\^ J [�^ J�E_NhE ] R*J [ j ^��¤] GFRl��IiT�IBgVR ] R�T�R�E ] Nhg2I ] R*E	� 
 R ]_] NhJFW � � = 9 �_ a �e a K a kþIiJ
�
� = 9�_ a 2  � e a K a k��mGFR ^ THR�g ? [ IiJ ` R [�^ g���I [v] efj@E ] I ] R��LIBE

 Il9 � � � � KF��>= C|9�b�@<G8H@I-s�9 � � K�K�B
(



Q ]_^S[ ! IBJ
�q\½I ] E ^ J 9�aBbbaBI$K¢E_G ^ lnR	� [�^ JFE_NfE ] R*J [ j ^�� � � �ô^ T � � �XR*T_R:lnR R*E ] I ` ehNfE_G ] GFRLT_I ] R ^��
[�^ J-�BR�THWR�J [ RqIiJ
� ] GFR©efNhgVN ] NfJFWv�FNhE ] THN ` D ] N ^ JS� Y E�j�g�� ]_^B] N [ J ^ THg@IiehN ] j ^�� � � �ô^ ehe ^ l E � T ^ g ] GFI ]�� I [v]
] GFI ] �� � 7 � 3:9 � �	3 hT3%]
^ ^` R*j�E�I [ R�J ] T_IBe\efNhgVN ]¢] G�R ^ THR�g��¬K¯R [ IBDFE_R �cm3�NhE [ e ^ EHR ]�^ cm3�k ] GFR E_IBgVR
IBE�jSg�� ]_^B] N [ T_R�EHDFe ] G ^ eV�FEml GFR*J �	3�NhEmTHR	�FehI [ R�� ` j � �	34�

QSNhJ [ R&G H@I$s
9 � � KmNhE ] G�Rl�FT ^` I ` NfehN ] j!ehNfg2N ]M^�� 9�c$Ktk�I [�^ J�E_NhE ] R*J ] R�E ] Nhg2I ] R �ô^ T1G8H@I-s�9 � � KmNhE ^ JFR ^��
] G�R �ô^ ehe ^ l NfJFW �

�G8H@I-s�9 � � K�= 5 ?I �! ^v
3:9 � ��	3 �� a3 7

 � � ?I �! ^v
3:9 � �h

�3%]
^ � �	3 � � a3 � 5 ?I �  ^v
3:9 � � �	3 � � a3 7

 � 9 &,I$K

�G8H@I-s�9 � � K�= � 
 �� � ?I �  ^v
3:9 � ��	3 ���a3 �

 � B 9 & ` K

P ^ T_gqDFePI{9 &,I$K2NfE ] GFRO\¼G�N ] R�(4y>N [ !iR�T�R�E ] Nfg@I ] R ^�� IBE�jSg�� ]_^B] N [ �BIiT_NPIiJ [ R�IiJ
�¼NhE�T ^B` DFE ]�]_^ GFR ] (
R�T ^ EJ!iR	��IiE ] N [ N ] jA� � ^ l¯R��R*T�k©N � lnR5IiE_E_D�g2R§G ^ g ^ E�!BR	�FIBE ] N [ N ] j�E ^â] GFI ] ��9 h �3%]
^ � �	3�K/= 
 �� � Gtk©I
[�^ JFE_NfE ] R*J ] R�E ] Nhg2I ] R ^�� G H@I$s�9 � � K [ IiJ ` R ^B`�] IBNfJFR	� D�E_NhJ�Wi9 & ` Kvk¤l GFR*T_R � 
 �� = �� 7 �! ^3:9 � �h �3%]
^ �HYXE
E ] I ] R��ík ] GFR@IiEHj�g�� ]�^B] N [ �BIiT_NPIiJ [ R1NhEv�iIBehN"��l GFR�J �	3 hj3%]
^!NfE¨EHR�THNPIBefefj�DFJ [�^ THT_R�ehI ] R�����y R ] R�J�E_N ^ J ^��
9 &I$K ]�^ Iiehe ^ l �ô^ TÐE_R�THNPIBe [*^ T_THR�ePI ] N ^ J¨NfJ �	3 hj3%]
^MNfEÐE ] T_IBNhWBG ]��ô^ THl¯IBT���� YXE<EHG ^ l J¢NhJrY J
�FTHR*l E�9+?�� �0?jKvkiI
GFR ] R�T ^ EJ!iR	��IiE ] N [ (�IBD ]�^�[�^ T_T_R*ePI ] N ^ J [�^ J�E_NhE ] R*J ] �iIBT_NhIBJ [ R [�^ �iIBTHNPIBJ [ R 9��MY1�WK'g2I ] T_N%R ] G�I ]¯[�^ J$�BR�T_WBR�E
]�^�] GFR*� ^ ��DFePI ] N ^ J [*^ �BIiT_NPIiJ [ R1g2I ] THN%R [ IBJ ` R [*^ JFE ] T_D [v] R��|�FT ^ ��N"�FR	� ] GFR ` IiJ
��l NV� ] GªNhE [ G ^ EHR�J
I��
��T ^ �FTHNPI ] R�e~jA�x� ] NhEmJ ^B] R��ík�G ^ l¯R��R*T�k8l GFR�J�hj3�NfEmE_R�THNPIBefefj [�^ THT_R*ePI ] R	�ík
2 � ]
^�� � �FR���JFR��LR�IiT_ehNfR�T¯l Nfehe
[ R�IBE_R ]�^1` R ] GFR [�^ J
�FN ] N ^ JFIBeþgVR�IBJþkFWN"�BR�J���IBE ] NfJ �ô^ THg@I ] N ^ JS�� ^ JFEHNhE ] R�J [ j IiJ
� IBE�j�g�� ]_^B] N [ J ^ T_g2IBefN ] j ^��q] G�RF��IiT�IBgVR ] R�T#R�E ] Nhg2I ] R*E�NhJ ] GFR �ô^ T_R [ IBE ] NhJ�W
R	#?D�I ] N ^ J l N ] G �cb3\THR	�FehI [ NfJFW ] GFR�DFJ ^` E_R*T��iI ` efR'cm3\G�I��BRLNhg�� ^ T ] IBJ ] Nhg��FehN [ I ] N ^ J�E �ô^ T*�FN%�þD�E_N ^ J
NhJ��FR�R �ô^ T_R [ IBE ] NhJFW��

�q3Ð	?�8�7	�; � ! %'�! �RS�T�����! �+SNE�)HJ+S * �!01H�-J+!��� # ) H�� �2 � ]
^"� � = � � a � � � * H�� hfH�* HJ+!��� * NPH . a����/He� +!hfHJ+LR* �!01H�-J+!���&�/* 2 � ]
^ '��G �R.H�0��ThfH�+!�����.�����j���! �	�/*)^ hfH��!0�H���� ,
 I[9 �2 � ]
^"� � �u2 � ]
^"� � K

� �
��>= CZ9�b0@�?jK

b hfH�01H
� �� = � ��a� G H@I$s
9 � � K � � � d`9 I *	C'K �_ma-G H@I$s
9 �c � K �_

�mGFR1ehR�IBE ] (�E�#�DFIBT_R*E �ô^ T_R [ IBE ]�^��{] GFR [*^ J
�FN ] N ^ J�IBe
g2R�IBJ§NhE\T ^S^B] ( I [�^ JFE_NfE ] R*J ] IBJ
�ªIBEHj�g�� ]�^i] N [ IBehe~j
J ^ THg@Iie�kk�FT ^ ��N"�FR	� ] G�I ] I *�C¹NfE `�^ D�J
�FR	�S� � ^ THR��FTHR [ NhE_R*efjBk ] GFR [*^ J$�R*T_WR*J [ RmT_I ] R{NhEÐgVNhJ	�  CF@, I�

NhJ���NfR*l ^��Ð] GFR©EHR [�^ J
� ] R�THg ^�� � � �z�mGFR ] l ^1] R�THg2EmNfJ ] GFR �ô^ THR [ IBE ] R*T_T ^ T��BIiT_NPIiJ [ R �ô^ ehe ^ l E � T ^ g

*



] G�R � I [*]m] GFI ]

 I[9 �2 � ]
^"� � �u2 � ]
^"� � K�=  I[9 � � � � K4a �� � d 9<I *�COK �jz � _ba 2  �1 Cu9��c � � 2 c � K�B

�mGFR ��THE ]�[�^ g�� ^ JFR*J ]�^��'] GFR �ô^ T_R [ IBE ] R�THT ^ T�IBTHNhEHR�E � T ^ g G�I���NhJ�W ]_^ R�E ] Nhg2I ] R _�IBJ
�/e{kÐIBJ
� ] G�R
E_R [�^ J�� ] R*T_g«IiT_NhEHR�E � T ^ g G�I���NhJFW ]_^ R*E ] Nhg2I ] Rvcm34�{U ^ l¬KMIBNz9�aBbbBc$K¯E_G ^ lnR	� ] G�I ]W�ô^ TmR�I [ G�Gtk

 Cu9 �cm3 � 2 cb3�K ��>= C 5 b�@ �  ����� 3 � a �  � 7 9 $ K

� C 5 b�@<G8H I$s�9��cm3�K 7 @
l GFR*T_R �c a c�*TI ;�>= � k �� ;�K=n�1k�IBJ
� � 3 = efNhg(
���� �
 7 
7{9 � 7 
lU9 � ��9 o
7<oql a p	783�p�l43�K��r�mG?DFE�k ] G�R [�^ E ]
^�� GFIk��NfJFW ]_^ R�E ] Nfg@I ] Rncm3mNhE�I:efR�EHEqR�X [ NhR�J ][�ô^ T_R [ IBE ] �>� ^ l¯R��R*T�k ] G�NhE¨R�T_T ^ T¨NhE¨JFR�WefNhWN ` ehR�l G�R�J
I *�C<= b ` R [ IiDFE_R) Cu9 �cm3 � 2 cb3�KXNfE�( ; 94?jK�� ��J ] DFN ] N"�R*efjBk�l GFR*JFC NhE\ehIBT_WRik � I [*]�^ T_E cm3 [ IBJ ` R
R�E ] Nfg@I ] R	��g ^ T_R �FTHR [ NhE_R*efj�E ^¢] G�I ] R*E ] Nfg@I ] N ^ J!R�THT ^ T [ IiJ ` R©NhWJ ^ T_R����

Y J�R�E ] Nfg@I ] R ^�� G H@I$s�9 �cb3<K 9 �ô^ TmIiJ?j@WN"�BR�J:G�K [ IBJ ` R ^`S] IBNfJFR	� ` jn�FT_E ] EHD ` E ] N ] D ] NfJFW)�c �ô^ TWcVk
IBJ
�ªJ ^B] NhJFW ] G�I ] �� = �c a �c�*TI NhE¨IBJ�sj( �FNhgVR�J�E_N ^ J�IBe
NV�FR*J ] N ] j�g2I ] T_N%R ` j [�^ J�E ] THD [*] N ^ J 9 �� NfE�IBJ
R�E ] Nfg@I ] R �ô^ T � 2 a l G ^ EHR�efNhgVN ] NhE IBJ#NV�FR*J ] N ] j�K��x\°R [ IiJ ] GFR�J [�^ J�E_NV��R�T ] GFR�R*E ] Nfg@I ]�^ T

�G H@I$s
9 �cb3�K�= ��  � �� 3 ��  � @
l GFR*T_R �� 3�k�I [�^ J�E_NhE ] R*J ] R�E ] Nfg@I ] R ^�� 2 a  � � 3 2  � l N ] G � 3�= ehNfg(
��	� �
 7 
7{9 � 7 
lJ9 � �n9 o
7<o al p	783�p�l43�Kvk
[ IiJ ` R ^ JFR ^��<] GFR �ô^ efe ^ l NhJFW �

�� 3m= ?
C


v
7 9 � � p

�783 � o
7 � o a7 9 (I$K

�� 3m= � 

�


?
C


v
7{9 � � o 7 � o a7 9 ( ` K

�� 3m= ?
C


v
7 9 �


v lU9 � � o
7 � o al
?
I

�v
3:9 � � p	783 � p�l434B 9 ( [ K

�mGFR �iIBT_N ^ DFEXEJ��R [ N%� [ I ] N ^ JFE ^�� �� 3¯I [�[�^ g2g ^ �FI ] R���R�RSN ` ehR¢R�THT ^ T E ] THD [*] DFT_R*E�NhJ ] G�R � I [*]_^ T\g ^ �FR*e �
K ^B] G 9 (IAK@IBJ
� 9 ( ` K@IBEHE_DFgVR ] G�I ] p	783¨NhE [ T ^ EHE+(�EHR [v] N ^ J�IBehe~j)D�J [�^ THT_R*ePI ] R	� l N ] G5p�l+31� �mGFR§R�E ] N%(
g2I ]�^ Tu9 ( ` K � DFT ] GFR�T§IBEHE_DFgVR�E �n9�p �783 K = 
 �
 �ô^ T§Iiehel;�IiJ
� G���XJ��FR�T§T_R*WDFehIBT_N ] j [*^ J
�FN ] N ^ JFE�k
� 
 �
 = �
 � 7 
7{9 � 7 � 3:9 � � p �783�;�>= 
 �
 �fY e ] G ^ DFWBG`9 (I$K¢IBJ
�`9 ( ` K `�^B] G IBE_EHDFg2R ] G�R#N"�FN ^ EHj�J [ T_I ] N [ R�T4(
T ^ T_E¢IBTHR [ T ^ EHE+(�EHR [v] N ^ J�IBehe~jªDFJ [�^ T_T_R*ePI ] R	�ík>N ] NfEqJ ^B] R�EJ��R [ NPIBefefj§THR�E ] T_N [*] N%�R ` R [ IBDFEHR�g�D [ G ^�� ] G�R

�



[ T ^ E_E4( [*^ T_THR�ePI ] N ^ J�NhJ ] GFRW��I ] I\NhEx�FTHR�EHDFg@I ` efj [ I�� ] DFTHR	� ` j ] GFR [*^ gVg ^ J � I [*]_^ T_E��xY ] IBJ1R�g��FNfT_N [ IBe
ehR��R*e�k8IBefe ^ l NhJFW �ô^ T [ T ^ E_E4( [�^ T_T_R*ePI ] N ^ J�NfJ ] GFR�R�THT ^ THE l ^ DFe"�:R*J ] IBNfeíR�E ] Nhg2I ] N ^ J ^�� CZ9�C � ?jK *a1I��0(
�FN ] N ^ J�IBe ��IBT�Iig2R ] R�THE	�'K¯R [ IBDFEHRlC NfEmePIBTHWR ` j�IBEHE_DFg�� ] N ^ Jík�E�IBg��FehNfJFWl�iIBTHNPI ` NfehN ] j [�^ DFe"��WR�JFR*T�I ] R
J ^ J�( ] THN"��NPIieSR�X [ NhR*J [ jqe ^ EHE	�zP ^ T<E_g2IBehe [ T ^ E_E4(�E_R [*] N ^ J [�^ THT_R*ePI ] N ^ J�NhJ ] G�RmR�T_T ^ T_E*k [�^ J�E ] T_IBNhJ�NhJFW ] GFR�g
]�^1` R �R*T ^1[�^ D�eV��E ^ gVR ] NhgVR�E ` R �FR*E_NhT_I ` efR��z�mGFR�R�E ] Nfg@I ]_^ T_E �FR���J�R	�#NhJF9 (IAK¯IBJ
�F9 ( ` KMIBT_R©D�E_R � D�e
R��BR�J:N � T_R�EHNV�FDFIBe [ T ^ E_E4( [*^ T_THR�ePI ] N ^ J:IiT_R©WR*J�D�NhJFR*efj:�FTHR�EHR�J ] �

\¼GFR�JªN ] NhE���R�R�gVR	�§NfJ�I��
�FT ^ �FTHNPI ] R ]�^ IiE_E_D�g2R *R�T ^�[ T ^ EHE+(³E_R [v] N ^ J [�^ THT_R�ehI ] N ^ J NfJ ] GFR�R*T_T ^ T_E*k
] G�R°IBE�j�g�� ]_^B] N [ �BIiT_NPIiJ [ R ^�� �cm3 [ IiJ ` R5R*E ] Nfg@I ] R	� ` j 9 ( [ K�� � ^ J�E_NhE ] R*J [ j ^�� ��  � �� 3 ��  �3 �ô^ T�  � ��� 3 � a �  �'NhE¯R�E ] I ` efNhE_G�R	��NhJ�K¯IBN�9�aibbc$K>l GFR�J �� 3ÐNhE��FR���JFR��LIBEmNfJ/9 (BI$K¯IBJ
�F9 ( ` K���� ^ l¯R��R�T*k
] G�R R�E ] Nfg@I ]_^ T �� 3��FR���J�R	��NhJO9 ( [ K'NfEnJFRvlv� � ^ JFE_NfE ] R�J [ j ^�� � � 3íl Nfehe ` R E_G ^ l J ` R�e ^ l�DFJ
�FR*TmIqg ^ T_R
WR*JFR�T_IBeþEHR ] D
�!IBJ
�!NfJ�I ` T ^ I��FR*T [�^ J ] R�R ] �nQSD0X [ R©N ]']�^ J ^B] R �ô^ T¯J ^ l ] GFI ]n] GFR\R*E ] Nfg@I ]�^ T*k?l G�N [ G
lnRLl Nhefe�THR � R*T ]�^ IiE �mQ-(4�QY1� k¯NfE@T ^B` DFE ]@]�^½[ T ^ EHE+(�EHR [v] N ^ J [�^ THT_R�ehI ] N ^ J IiJ
� GFR ] R�T ^ EJ!iR	��IiE ] N [ N ] j
NhJqp	783�k ` D ] T_R�#�D�NhT_R*E �n9�p	783�p�l43�K�= 

7ol �ô^ TVIBehe�G�� 
 ^S^ E_R�e~j EJ��R�I�!�NfJFWFk [�^ �iIBT_NhIBJ [ R�E ] I ] N ^ J�IiT_N ] j ^��
p	783�Nhg��FefNhR�E ] GFI ] � 3Q� ^ R*E¢J ^B] ��R	��R�J
� ^ JZG¨E ^�] GFI ] T_R*E_N"�FD�IBefE � T ^ g ^B] GFR�T ��R�THN ^ �FE�k>J ^i]M, DFE ] Gtk
[ IiJ ` RVD�E_R	� ]�^ R�E ] Nhg2I ] R � 34�nY¹ehI�l ^�� ehIBT_WBRVJ?DFg ` R*T [ IBJ ` R ] GFR*J°NhJ$� ^ !BR����:��J|��IiT ] N [ DFehIBT�k�N �
� 3�= �� 
 7 
7{9 � o 7 p	783�k ] GFR*J �� 7 � 3:9 � � �3 ;�>= ��9 � �3 K = � km�BIiehNV�FI ] NfJFW [�^ JFE_NfE ] R*J ] R*E ] Nfg@I ] N ^ J ^�� � NfJ
] G�Rr��T_R�EHR�J [ R ^�� T_R*E_N"�FD�IBe [*^ T_THR�ehI ] N ^ J [ T ^ E_E4(�E_R [*] N ^ J�Iiehefj ` j�9 ( [ K��

Y E�NhJ§E ] IBJ
�FIBTJ�§T_R*WT_R*E_EHN ^ Jªg ^ �FR*ehE�k ] GFR �ô^ THR [ IiE ] R�THT ^ T��iIBTHNPIBJ [ R¢NhJ ] GFR*�FT_R*E_R*J ] E_R ]_] NhJFW��FR�(
[ THR�IBEHR�E¢I ] T_I ] R�I[�#K¯D ] l GFR*T_R�IiE �ô^ Tv��RSR	�|I¨k ] GFR �ô^ T_R [ IBE ] R�THT ^ Tr�BIiT_NPIiJ [ RVNhJ [ T_R�IBE_R*E�l N ] G ] G�R
J?DFg ` R�T ^�� �FT_R��FN [v]�^ THE ] GFT ^ D�WG¢IXe ^ E_E<NhJ[�FR�WTHR�R*E ^��
� T_R*R	� ^ g:k ] GFRMR�X [ NhR*J [ j ^���] GFR �FN%�þD�E_N ^ JqNhJ��FR�R
�ô^ THR [ IiE ] Nhg��FT ^ �R*E�l N ] G ] GFR2J�D�g ` R*T ^�� �FT_R��FN [v]�^ THE	�:�mGFNfE�NfE ` R [ IBDFEHR!I:ehIBT_WBR�C R�JFI ` ehR*Eqg ^ T_R
�FTHR [ NfE_R¢R*E ] Nfg@I ] N ^ J ^��{] G�R [�^ gVg ^ J � I [*]_^ T_E\IBJ
� ] G?DFE©THR�EHDFe ] E©NhJ�g ^ T_R�R�X [ NfR�J ] �ô^ T_R [ IBE ] E��l�mGFNfE
�FT ^ ��R*T ] j ^���] G�R � I [v]�^ TnR�E ] Nhg2I ] R*E¯NfEMIBefE ^ NfJ@EHG�IBTJ� [*^ J ] T_IBE ]M]_^q] GFI ]M^`S] IBNfJFR	�2NhJ!E ] IBJ
�FIBTJ� � I [*]�^ T
IBJ�Iiefj�E_NfE ] G�I ] IBEHE_DFgVR�E�I ��RSR	�'CF��\¼N ] G ] GFR�E�IBg��FehR©EHNV*R¨NfE���RSR	�:NhJ ^ JFRv�FNfg2R*JFE_N ^ Jík [*^ JFE_NfE ] R�J ]
R�E ] Nfg@I ] N ^ J ^���] GFR � I [*]_^ TmEJ��I [ R�NhEmJ ^i] � ^ EHE_N ` ehR©G ^ lnR��R*T ehIBT_WRMI ` R [�^ g2R*E	�

Z J [ R:I��
�FT ^ �FTHNPI ] R�R�E ] Nhg2I ]�^ T_E �ô^ T�G H@I$s�9 � � K1IiJ
� G8H@I-s�9 �c � K¢IBT_R [ G ^ EHR�Jík ] GFR:I `�^ �BR:THR�EHDFe ] E
IBefe ^ l¼DFE ]�^1[�^ JFE ] T_D [v] ��T_R	��N [*] N ^ J�NfJ ] R�T+�iIBehE��x�mGFNhEmR�RSR�T [ NhEHR�NfEME ] T�IBNfWG ]J�ô^ T�lMIBT���WN"�BR�J#IBEHj�g�� ]�^i] N [
J ^ THg@IiehN ] j ^��
] G�R �ô^ T_R [ IBE ] EXR*T_T ^ T_E���P ^ TmR�R�IBg���ehRBk ] GFR&� $�� NhJ ] R*T��iIBe �ô^ T ] GFRv2 � ]
^"� � NhE

5 �2 � ]
^"� � � ?AB � ( I � �G H@I$s�9 �2 � ]
^"� � K�@ �2 � ]
^�� � d
?AB � ( I � �G H@I$s09 �2 � ]
^"� � K 7 @

l GFR*T_R �G H@I$s
9 �2 � ]
^"� � KMNhEmR�#�DFIBe ]�^ � �� k8IBEU�FR���JFR��LNhJ��mGFR ^ T_R*g a0�
Y e ] G ^ D�WG ] G�R [�^ J��FN ] N ^ J�Iie'gVR�IiJ½NhEqILDFE_R � DFe ` R�J [ GFg@IiTJ! �ô^ T ] GFR ] G�R ^ THR ] N [ IBe �FT ^ ��R*T ] NhR�E ^��

�ô^ THR [ IiE ] E*k�N ] NhE\J ^B]\^` E_R�T+�iI ` ehR��v�mG�D�E�k�NhJ'�FT�I [v] N [ RBk �ô^ T_R [ IBE ]©[�^ g���IBTHNhE ^ JFE\IiT_R�NfJFR���N ] I ` e~j�g@I���R

�



NhJ ] R�T_gVE ^�� 2 � ]
^$�'QSNfJ [ Rv2 � ]
^L=52 � ]
^"� � dih � ]
^k�N ]��ô^ ehe ^ l E ] G�I ]

�2 � ]
^�� � �Z2 � ]
^�= 9 �2 � ]
^"� � �u2 � ]
^"� � K�dih � ]
^AB

��J ��NhR*l ^�� �mGFR ^ T_R*g¬aSk ] GFRx�iIBTHNPIBJ [ R ^�� �2 � ]
^"� � �Q2 � ]
^'NhE�I��
�FT ^ RSNhg2I ] R�efj�R�#�DFIBe ]�^ 

�
� d �� G8H I$s�9 �2 � ]
^"� � K��

Q ^ N � hj3�NfEmJ ^ THg@IBefefj��FNfE ] THN ` D ] R	�þk ] GFR*J �2 � ]
^�� � �u2 � ]
^�NfEXIiehE ^ I��
�FT ^ RSNhg2I ] R�efj2J ^ THg@Iie�IBJ
�

�2 � ]
^�� � �Z2 � ]
^�� C 9 b�@�
 �� d ?
I G8H I$s�9 �2 � ]
^"� � K = B�¯ehR�IBT_e~jk ] G�RL�iIBT_NhIBJ [ R�NhE � ^ gVNhJFI ] R�� ` j ] GFRM�iIBTHNPIBJ [ R ^�� h � ]
^��x�mGFNhEnT_R*E_DFe ] kSl G�N [ G!NfEnE ] IBJ
�FIBTJ��NfJ

] G�R �ô^ T_R [ IBE ] NhJ�W�ehN ] R�T_I ] DFTHRBk�NhE��FTHR�EHR�T��BR	�ªl GFR�J ] GFR � I [*]�^ T_E©IBTHR¢R�E ] Nhg2I ] R	���v� ] E_G ^ DFeV�þkíG ^ l¯R��R*T�k
` R©E ] THR�EHE_R	� ] G�I ]M] GFR©R*T_T ^ T IBT_NfE_NfJFW � T ^ g DFEHNhJFW)�cm3<NfE IBEHj�g�� ]�^i] N [ IBehe~j1JFR�WBehNhWBN ` efR ^ J�efj2N � �mGFR ^ T_R�g
a�G ^ e"�FE	�z� ] NhE ] G?DFEXR*E_EHR�J ] NhIBe ] G�I ] C IBJ���I IBT_R `�^B] G#ePIiT_WR��

�mGFR1I `�^ �R¢T_R*E_DFe ] E l Nfehe ` RqDFE_R � DFe¤NhJLT�I ] GFR�T ` T ^ I���R�T [*^ J ] R�R ] E�kÐIBE\GFIk��NfJFW ]�^![*^ J
�FD [*] NhJ � R�T+(
R�J [ R l GFR�J ] GFR ePI ] R�J ]{[*^ g2g ^ J � I [v]�^ THE'IBT_RmTHR	�FehI [ R�� ` j1WR*JFR�T_I ] R��2THR�WTHR�E_E ^ T_E'NhE>J ^B] DFJ [�^ g2g ^ J��
P ^ T¨R�R�IBg��FehRik�K¯R*T_J�IiJ
!BR�IiJ
� K ^ N%��NhJ 9�aBbbaAK [�^ JFEHNV�FR*T_R�� � I [*]_^ T+(�IBDFWgVR�J ] R����BR [v]�^ T¢IiD ]�^ THR�WTHR�E4(
E_N ^ Jf9�P�� Y LKtk�l GFN [ GªNfE J ^i] GFNfJFW�g ^ T_R ] G�IBJ§NhJ [ ehD��FNhJFW ] GFR ��T_NhJ [ NV�FIBe [*^ g�� ^ J�R�J ] E©R*E ] Nfg@I ] R�E ^��
] G�R � I [*]_^ T_E ]�^ IiJ ^B] G�R�THl NfE_R!E ] IBJ���IBTJ����Y�v�<K¯R [ IBDFE_R ] GFR � I [v]�^ THE�IBTHR@DFJ ^` E_R*T��iI ` efRBk>Nfg��FD�ehE_R
T_R*EJ� ^ JFEHR � DFJ [v] N ^ JFE¤IBJ�� �FR [*^ g�� ^ EHN ] N ^ J ^�� �iIBTHNPIBJ [ R�E<E_G ^ D�eV� ` RMI�� , DFE ] R	� ` j ] GFRnR�T_T ^ T ] G�I ] IBT_NfE_R*E
� T ^ g ] GFR©DFJ ^B` E_R*T��iI ` NfehN ] j ^�� cm31� Z DFTMTHR�E_D�e ] E¯R�J�I ` ehR\EHD [ G [ IBe [ DFehI ] N ^ JFE	� Z\` E_R*T��R����iIBTHNPI ` ehR�EnIBTHR
^��%] R�J°D�E_R	�°NhJ��FePI [ R ^��¯] GFR@ehI ] R*J ]v� I [v]�^ THE¨l G�R�J ] R�E ] NhJ�W>�iIBT_N ^ DFE ] G�R ^ THNhR�E ^�� IBE_EHR ] THR ] DFT_JFE��:��J
KMIBNíIBJ
�#UXW>9�aibbc$Ktk�l¯Rv�FR��R*e ^ � ] R*E ] E ]_^ ��R ] R*T_gVNhJFRXl GFR ] GFR�T ] GFR ^B` E_R*T��iI ` efR�E�IBT_R©W ^S^ �:�FT ^ RSNhR*E
�ô^ T ] GFR�ehI ] R*J ]L� I [v]�^ THE	� �mG�I ] IBJ�IBe~jSEHNhE*k�l GFN [ G§IBg ^ DFJ ] E ]_^ IBE_EHR�EHE_NhJ�W ] GFR�NfJ0(�E_IBg���ehR �ô^ T_R [ IBE ] NhJ�W
I ` NfehN ] j ^���] G�R¨ehI ] R*J ]W� I [*]_^ T_E*kFg@I�!BR�E�DFEHR ^��<] GFR�T_R�EHDFe ] EU�FT_R*E_R�J ] R	� GFR*T_RikFl N ] G'.#EHR ]�]�^ �R*T ^ �

� 9#���<�*�����/"ô���Ð�F� � �³���B���8�7�

�mGFR*�FTHR [ R��FNhJ�W:IiJ�IBefj�EHNhE [ IBJ ` R¢R�R ] R�J
�FR�� ]_^ J ^ JFE ] I ] N ^ J�IiTHj � I [*]�^ T_E	�[Y e ] G ^ D�WG�J ^ JFE ] I ] N ^ JFIBTHj
� I [v]�^ THE¤Nhg��Fefjv��N"��R�T_R*J ] T�I ] R�E ^���[*^ J$�R*T_WR*J [ R �ô^ T ] GFRmR*E ] Nfg@I ] R	�qg ^ �FR�e���IBT_IBgVR ] R*T_E*kBl¯RMl Nfehe�E_G ^ l
] GFI ]M�ô^ T ] GFRl�FD�TJ� ^ E_R ^��>[�^ JFE ] T_D [v] NhJ�W [�^ J0� �FR�J [ R�NfJ ] R�T+�BIiehE�k ] GFR �ô^ THg�DFehI �ô^ TXE ] I ] N ^ J�IiTHj � I [v]�^ THE
T_R*g@IiNhJFEm�iIBehN"���m�mGFNhE<g2R�IBJFE ] G�I ] IBE<IL�FT�I [*] N [ IBe?g2I ]_] R�T*kiN ] NfE<J ^i] JFR [ R�EHE�IBT�j ]_^ !?J ^ l ] GFR��FT_R*E_R�J [ R
^�� ��9+?kK � I [*]_^ T_E¤l GFR*J2g2I�!?NhJ�W��FT_R��FN [v] N%�RmNhJ � R�T_R*J [ R��z�mGFR �ô^ efe ^ l NhJFW\IBJ�IBe~jSEHNhE �BR�THN"��R*E ] GFR�EHR [ ePIiNhgVE	�

Y EHE_DFgVNhJFWqIBW,IBNfJ ] G�I ]'] G�R �ô^ THR [ IBE ] NhJFW�R	#?D�I ] N ^ JVNhE 2�3%]
^L=`_ a cb3TdOe a NO3Td'hj3%]
^kSIBJ
� ] GFRQ��IBJFR*e
^�� ��I ] I1GFIk�BRqI � I [v]�^ T THR	�FTHR�E_R*J ] I ] N ^ J�6 783m= o a7 cb3
dqp	783�k ` D ] l¯R�J ^ l IiE_E_D�g2R

cb3�= cm3  � d�� 34@

?�b



l GFR*T_R � 3>NhE\I@E_R�#�D�R�J [ R ^�� ��9�b$KM��T ^�[ R�EHE_R*E	�v� ^ IiJ�IBefj�*R ] G�NhE [ IBE_R ^�� J ^ J0(³E ] I ] N ^ J�IBTHj � I [v]�^ THE�kþIBehe
�FTHR���N ^ D�EXIiE_E_D�g�� ] N ^ J�E IBT_R�g2IBNhJ ] IiNhJFR��ík�R�R [ R	� ]Q�ô^ T ] GFR �ô^ ehe ^ l NfJFW �G �+� �����
G4;�� x6G a �r9+?jK �"2 � 312 3 ]�� 4 5 IBJ
� ���� 7 � 3:9 � cb3�c a3 ��>=r?A@¤k8l GFR*T_RV?A@½NfEM� ^ EHN ] N%�Rr�FR��0(
JFN ] R:9ôT�IBJ�� ^ gnK g2I ] THN%R�l N ] GO�FT ^` I ` NhehN ] j/?kíIiJ
�i9�a�KUhj3{NhE IBJ NhN"�LEHR	#?DFR�J [ R¢l N ] GO�R*T ^ gVR�IBJ�IiJ
�
�iIBT_NhIBJ [ R 
 �� k�l GFR*T_Rvh �nNhEmNhJ��FR	��R�J
��R�J ] ^�� �	3�= 9�c a3 @DN a3 K a �ô^ T IieheSGMIBJ
���A�

Y EHE_DFg�� ] N ^ J Y[) 94?jK1THDFehR*E ^ D ]@[*^ NhJ ] R*WT�I ] N ^ J IBg ^ JFW ] GFR [�^ g�� ^ JFR�J ] E ^�� cm3�k IBe ] G ^ DFWBG ] G�R
T_R*E_DFe ] E�IBT_R@I��
�FefN [ I ` ehR �ô^ T ] GFNhE [ IiE_R�� � ^ NfJ ] R�WBT�I ] N ^ JªIBg ^ JFW>cb3mNfE�R	#?DFN"�iIBefR�J ]¨]�^:] GFRVR�RSNhE ] R�J [ R
^��X`�^i] Gf��9+?jK¢IBJ
�f��9�bAK � I [*]�^ T_E�k'E_R*RLK¯IBNr9�aBbBb &-K��u�mG�NhE [ IBEHR#l ^ DFe"�.THR	#?DFNfT_R�g ^ T_R [�^ g��FefN [ I ] R	�
J ^B] I ] N ^ J�IBJ
��l NhefeþJ ^i]X` R �FTHR�E_R*J ] R	� ]�^ E_Nfg��FefN � j ] G�R¨R�R0� ^ EHN ] N ^ J��

Y EHE_DFg�� ] N ^ J�Y[) 9�aAK'Nfg�� ^ E_R*E [*^ J
�FN ] N ^ J�IBe�G ^ g ^ E�!BR���IBE ] N [ N ] j ^ Jnhj31�zYXEMIqTHR�E_D�e ] k ] G�R �ô^ ehe ^ l NhJFW
gVN%R ] DFTHR©J ^ THg@IBefN ] jVNhE I1T_R�IBE ^ J�I ` efR�IBE_EHDFg�� ] N ^ J �

;  �� �v
3:9 � �	3 hj3%]
^���>=r5`C|9�b�@�
 ��
	 K 9 *�K

l GFR*T_R_5`C|9�b�@�
 ���	 K<NhE<E_G ^ T ] G�IiJ
�¢J ^B] I ] N ^ J �ô^ T [�^ J��FN ] N ^ J�Iie�J ^ T_g2IBe-�FNhE ] THN ` D ] N ^ J¨l N ] G [�^ �iIBT_NhIBJ [ R
g2I ] THN%R$
 ���	 k [*^ J
�FN ] N ^ J�IBe ^ J 	 k�l GFR*T_R 	 NfE ] GFR�ehNhgVN ] NhJFWqT�IBJ
� ^ g«g@I ] T_N R ^�� ;  �� � a � ;  �� l GFR�THR; � ={I���4] ; N � NH3�NhE{IiehE ^ ��94?jKvk?IiJ
� ; � = 9<I���	@, I� ; K�N � NO3þNfEz��9�b$K�� � � E ^ gVR [�^ g�� ^ JFR�J ] E ^�� NO3
IBTHRr��94?jKvk8IiJ
� ^B] GFR*T_EXIBT_Rv��9(b$Kvk ; � NhE�I�� , DFE ] R��LI [*[�^ T��FNhJ�Wefj��{Knj��FR��FJFN ] N ^ Jík�N ��� � 5`CZ9(b�@�
 ��
	 Kvk
] G�R�J 
  �� 	  �jz � � � CZ9(b�@�0K��
 R ] �c ` R�I>I tZsLg2I ] THN%R [�^ J�E_NhE ] NfJFW ^�� s#R�NhWBR�J$�R [*]�^ T_E>9(g�D�e ] N"�FehNfR	� ` j|ILK ^�� ] GFR!g2I ] THN%R��� a *
9<I � C'Kvk [�^ T_T_R*EJ� ^ J
�FNfJFW ]�^�] G�R���T_E ] s:ePIBTHWR�E ] R�NfWR�J$�iIBefDFR�E�9ôNhJu�FR [ R�IiE_NhJ�W ^ T��FR�T�K�� 
 R ] ��
` R ] GFR/�FNPIiW ^ J�IBeXg@I ] T_N R [*^ JFE_NfE ] NhJFW ^��¨] GFR*E_RªR�NfWR�J$�iIBehD�R�E	� �\R���JFR �� = � a �c!*TI � IBJ
� 2 =
��  ��9 �c a c�*TI � K	9 � a � *	COK��

�q3Ð	?�8�7	�; � %��`�L�f�`�`H8+!�����.�����j���! �g� a , C a�� +S �R !�� #)hf�!N:R(' )GH�� �_ +S �R �e�* HV� hfH(NPHJ+!���A�0/Q� +S01H��H������T�8+S�/�!01�Z* 01�!� +)01H�IS01H��������! �/* 2�3%]
^ �! ��	3m= 9 �c a3 N a3 K a ' 4T*  I *	C = b ,
9 ;  �� �� a � �(;  �� K �jz � ; � 5 � �_ �e � � � 2 a  �+_

e �E7 ��>= C 9 b�@ 
 ��  = 9 �AK
b hfH�01H �� = 9 � � � @�B%B%B"@ � � �! ^jK a '
�mGFR ] G�R ^ THR�g EHG ^ l E ] G�I ] �_ [�^ J$�R*T_WR*E ]�^ 2 a  � _ I ] T�I ] ROI IBJ
� �e [*^ J$�R*T_WR*E ]_^ e I ] T�I ] R I l GFR�JiNO3MNfEv��9�b$K����mGFR�EHR!IBTHR ] GFRVE�IBgVR1T�I ] R�E�IBE[!?J ^ l Juc*� ZL�¯[�^ DFTHE_Rik �ô^ Tv!?J ^ l Juc1k
lnR
l Nhefe �FNfT_R [*] e~jLR*E ] Nhg2I ] R*_)NfJFE ] R�I�� ^�� 2 a  � _��l\¼GFR*J ] GFR¢R�E ] Nfg@I ]_^ T\NfE l¯R*NhWG ] R	� ` j ] GFR1T�IiJ
� ^ g
g2I ] THN%R>9 ;  �� � � a � �$;  �� K �jz � k ] G�R ehNfg2N ] NfJFW\g2I ] THN%R¢NfEnJ ^ T_g2IBe �b�mGFRXDFJ,l¯R*NhWG ] R���ehNfg2N ] NhJ�W��FNhE ] THN ` D ] N ^ J
NhEmgVN%R ] DFT_R©J ^ T_g2IBe �

?A?



�q3Ð	?�8�7	�; � ! %'�! �RS�T�����! �+SN �)HJ+S )* �!01H�-J+!���C#>)GH�� �2 � ]
^"� � = �_ a �c � d �e a N � * H(� hfH�* HJ+!��� * NPH . a����eHe�+!hfHJ+LR_* �!01H�-J+!���&�/* 2 � ]
^ '��G �R.H�0g� hfH�+!�����.�����j���! ���/*X^ hfH��!01H���� ,
�2 � ]
^"� � �u2 � ]
^�� �

� �
��>= CZ9�b0@�?jK 9 �AK

b hfH�01H
� �� = �
 �� � ��a� 9 ���a � �AK  � � � � d`9+? *	COK �_ba ��  � �� 3 ��  � �_

�mGFR �ô^ THR [ IiE ] R*T_T ^ T �BIiT_NPIiJ [ R ^ J [ R�IBWIBNhJ½GFIBE ] l ^ª[�^ g�� ^ JFR*J ] E	�F�mGFR���T_E ]¢] R*T_g ^���� �� [�^ g2R*E
� T ^ g ] GFR�R*E ] Nfg@I ] N ^ J ^�� � IiJ
��NhE�( ; 9<I  � K����mGFR�EHR [*^ J
� ] R�THg [�^ gVR�E � T ^ g ] G�R¨R*E ] Nhg2I ] N ^ J ^�� cb3
IBJ
��NfE ( ; 9�C  � K��z�mGFR ^ �R*T�IBefe [�^ J-�BR�THWR�J [ R�T�I ] R ^�� �2 � ]
^"� � ]_^ 2 � ]
^"� � NhEng2NfJ �  C�@, I 
�kFIBEMNfJ ] G�R
[ IiE_R ^�� ��9(b$K¯T_R*WT_R*E_E ^ T_E��

� ] NhE�!?J ^ l J ] GFI ]�] GFR ] THNV�FefRf9���*@!�c�@����K!G�IBE ]_^.` R§J ^ T_g2IBefNV�R��{�FN"��R�THR�J ] e~jk���R	��R�J
�FNfJFW ^ J
l GFR ] GFR*T cb3{NfEL��9+?kK ^ TM��9�b$Ktk � � Z JFR�l ^ DFe"� ] GFR*J�R�R0��R [*]�[*^ J�� ��R�J [ R¢NhJ ] R*T��iIBehE �ô^ T�E ] I ] N ^ J�IBT�jLIiJ
�
J ^ J�(�E ] I ] N ^ J�IBT�j � I [v]�^ THE{l Nfehe ` R [*^ JFE ] T_D [*] R����FN%�þR*T_R�J ] efjA�x� ^ l¯R��R*T�k ] GFRXR�R0�FT_R*E_E_N ^ JFEnNhJ��mGFR ^ THR�gVE
a1IBJ
�'�mG�R ^ THR�g &!IBTHR�NfJ � I [*] g@I ] GFR*g@I ] N [ IBehe~j2N"�FR�J ] N [ Iie�k�Nhg��Fe~jSNfJFW ] GFI ] !�J ^ l efR	�FWBR [�^ J [ R*T_JFNfJFW
] G�RVE ] I ] N ^ JFIBT_N ] jO�FT ^ ��R*T ] j ^�� cm3MNhE©J ^B] R�E_EHR�J ] NhIBe �ô^ T ] G�R [*^ JFE ] T_D [*] N ^ J ^��¯[*^ J�� ��R�J [ R@NhJ ] R�T��iIBefE	�
�mGFNfE¨NfE ` R [ IBDFEHR ] GFRVJ�D�g ` R*T ^��¯] NhgVR�E �cb3MI��
��R�IBTHE�NhJ ] GFRVJ?DFgVR�T�I ]�^ T�NhJq9 �$K NhE ] G�R2E_IBg2R1IiE�NfJ
�FR*J ^ gVNhJ�I ]_^ T	���mGFR¨E [ IBehNfJFWE ] G?DFE ^ ��E_R ] � ��J��FR�R��ík ^B` E_R*T��R ] G�I ]�� �� NhJ��mGFR ^ T_R*g &VR	#?D�IiehE�� �� *TI
NhJH�mG�R ^ THR�g a@l GFR*J5G ^ g ^ E�!BR��FE�I ] N [ N ] j ^�� hj3'NhE\IBE_EHDFg2R������ ^ THT_R*EJ� ^ J
�FNfJFWefjBk ] GFR¢J?DFgVR�T_I ]�^ T ^��
�mGFR ^ T_R*g aXNfE�E [ IBefR	�ík ` D ]¤] G�I ]<^�� �mGFR ^ T_R�g#&\NfE<J ^i] � �mG�R ^ THR�g &XNhE<E ] I ] R	�qDFJ
�FR*T ] GFRMIBE_EHDFg�� ] N ^ J
^���[*^ J
�FN ] N ^ J�IBe�G ^ g ^ E�!BR���IBE ] N [ N ] jk ` D ] N ] E_R*T��R*E ]�^ GFNhWG�ehNhWBG ] N ] E'g@IiNhJVNhg��FehN [ I ] N ^ JíkiJ�IBgVR�e~jk ] G�I ]
] G�R �ô^ THg�DFehIBE �ô^ T [�^ JFE ] THD [*] NhJFW �ô^ T_R [ IBE ] NhJ�W [*^ J�� �FR*J [ R NhJ ] R*T��iIBehE��FR*T_N%�R	� �ô^ T{E ] I ] N ^ J�IBTHj [�^ gVg ^ J
� I [v]�^ THEXIiT_R�IBefE ^ �iIBehN"� �ô^ TmJ ^ JFE ] I ] N ^ JFIBTHj � I [*]_^ T_E��

� �����F�F�7"ô���<�	�� �����7"ô+%�©�v�/"�;5�����8��� �/3Ð	ª�
	�����!�

��Ju�FTHR�E_R*J ] NhJ�W ] GFR���T_R	��N [*] N ^ J°NhJ ] R*T��iIBehE[�FT ^ � ^ EHR	�âI `�^ �Rik¤l¯R�NfJ ] T ^ �FD [ R	� ] G�R �mQ-(4�QY1� 9 [ T ^ E_E4(
E_R [*] N ^ J [*^ T_THR�ePI ] N ^ J!IBJ
��GFR ] R*T ^ E�!BR	�FIBE ] N [ N ] j!T ^` DFE ] K [�^ �iIBTHNPIBJ [ R\g2I ] THN%RVR�E ] Nfg@I ]_^ T	� � ^ g ^B] N%�iI ] R
] G�NhEmR�E ] Nfg@I ]_^ T�k [�^ J�E_NV��R�T ] GFR [ T ^ EHE+(�EHR [v] N ^ JLT_R*WT_R*E_EHN ^ JF9ôl N ] G �	7 ^` E_R*T��BR	� K��

2T7w=���a7 e�dihj7 ;�= ?A@ta0@�B%B%B"@DC�@
l GFR*T_R [�^ ��9 hj7<K/= 	 � � ] NhE!lnR�ehe !?J ^ l J ] G�I ]�] GFRªIBEHj�g�� ]�^i] N [ �iIBTHNPIBJ [ R ^��¨] GFR§efR�IBE ] (�E�#?D�IBT_R*E
R�E ] Nfg@I ]_^ T�k �e{kFNhE

G8H I$s�9 �ebK�= efNhg
���� 5 � a �C 7  � 9 � a 	 �C = 5 � a �C 7  � � ehNfg
��	���  �" " � �  �" " B
� Ç
Ô��È�Ë�È�Î�Ì
Õ�ÓHÊtåæÔöÎ7õ*Õ�ÊtË�È�é7Õ(È_ðXÌ�Ïmð�È�Ë�ÔæòvÈ¤É/Ë�ÏvÉBÈ�Ë�Ë³Ê�Ì�È_ÕþÏtÑ�Ó�ÏvÎ�ò*È�Ë�õvÈ�ÎiÓ�È<ÊvÎ7ð\Õ(é7ÔóÌ³Êtø/åæÈ¤åöÔæÍMÔóÌ�ÔöÎ/õ ð/ÔæÕ(Ì�Ë�Ôöø7é�Ì�ÔæÏvÎ7ÕHë

?/a



P ^ TÐNhJ � R*T_R*J [ Rik ] GFR � " " ] R*T_g � ^ E_R*E�J ^ �FT ^B` ehR*g l GFR�J*C¹NhE
ePIBTHWR{E_NfJ [ R �	71@�;�= ?�@�B�B�BJC NfE ^` E_R�T+�R����
�mGFR¨g2N"�
�FefR ] R*T_g NfEmg ^ T_R �FT ^` ehR*g@I ] N [ ` R [ IBDFEHR 	 NhEmDFJ ^` E_R*T��BR	���

� � p	7?NfEíDFJ [*^ T_THR�ehI ] R���l N ] Gvp�l/k 	 NfEÐI��FNPIBW ^ J�IBe7g@I ] T_N R l N ] G �FNhIBW ^ JFIBeiR*ehR*g2R*J ] E 9 
 �1� @�
�� �k@	B"B%B"@ 
�
 
�K��
�mGFR*J ] G�R¨R*E ] Nhg2I ]�^ T

�� = ?
C


v
7 9 � �hj7

� �	7 ��a7

G�IBE ] G�RQ��T ^ ��R�T ] j ] G�I ] � � � � ;�K=)b�k�IBE'E_G ^ l J@NfJ�\¼G�N ] R[94?�� �b$K�� ��J � R*T_R*J [ R ] GFR*J �ô^ efe ^ l E ] R�R ]_`�^�^ !
] THR�I ] g2R*J ] �

\¼G�I ] N � 	 NhEVJ ^B] IF��NPIBW ^ J�IBeMg2I ] THN%R�� � ] NfE@I ]H] R*g�� ] NhJFW ]_^ T_R��FePI [ R$

7ol�NhJ ] GFR �ô^ ehe ^ l NhJFW
R�R0�FTHR�EHE_N ^ J

� = ?
C


v
7{9 �


v lU9 � 

7 l��	7 �Tal
` j �hj7 �hQl ` R [ IBDFE_R �vhj7Vh,l�= 

7olT�\QSD [ G§IBJ�R*E ] Nhg2I ]�^ T NfEXlnR�eheb!?J ^ l J ]�^!` RqNfJ [�^ J�E_NhE ] R*J ] kþR��R�J§N � hj7
l¯IBE ^B` E_R*T��iI ` efR��z�mGFR¨T_R�IBE ^ J#NhE ] G�I ]

?
C


v
7{9 �


v lJ9 � hj7Vh,l��	7 ��al = 9 ? C

v
7{9 � �	7Vhj7 =A9 ? C


v
7{9 � �	7Vhj7 = a

[�^ J-�BR�THWR�E ]�^ I¢T�IBJ
� ^ g��iIBT_NhI ` efR\T�I ] GFR�T ] G�IBJ:I � ^ EHN ] N"�R ��R���JFN ] R�g2I ] THN%Rw�
�mGFRW�FT ^` ehR*g l N ] GqR�E ] Nhg2I ] NfJFW ] GFRMR*T_T ^ T [*^ �iIBTHNPIBJ [ RMg2I ] THN%R�NfJ [ T ^ E_E4(�EHR [*] N ^ J¢THR�WTHR�EHE_N ^ JFE�l N ] G

GFR ] R�T ^ EJ!iR	��IiE ] N [ N ] j§IBJ
� [ T ^ E_E4(�EHR [*] N ^ J [*^ T_THR�ePI ] N ^ J ^�� DFJ
!?J ^ l J �ô^ T_g NhE©I�!?NfJ ]_^!] GFR ��T ^` efR�g ^��
R�E ] Nfg@I ] NhJFW ] G�R@EJ��R [v] THDFg I ]�] GFR��R*T ^'� THR	#?DFR*J [ j°NhJ ] NhgVR1E_R�THNhR*EqT_R*WT_R*E_EHN ^ JFE��'��J I ] NhgVR1E_R*T_NhR*E
[�^ J ] R�R ] k ] GFR�J�I ] D�T�IBeÐR�E ] Nfg@I ]_^ T ^�� E_D�g2gVNhJFW I E�Iig��FefR [*^ �BIiT_NPIiJ [ R*E\IBefE ^ � ^ R*E J ^i] j�NhR*eV� I [�^ J�(
E_NfE ] R�J ] R*E ] Nhg2I ] R ^��<] GFRr� ^ �FDFePI ] N ^ J�EJ��R [*] T_DFg����mGFR¨E ^ ehD ] N ^ J ]�^1] G�NhE NhEmlnR�ehem!?J ^ l J�� �J
�FR*T ] G�R
IBEHE_DFg�� ] N ^ J ^�� lnR�I�!>�FR	��R�J��FR�J [ RBk 

7ol�NfE JFR*WehNfWN ` ehR¨N � � ; � u �FNhE ehIBT_WBR�� Y [*^ JFE_NfE ] R�J ] R�E ] Nhg2I ]_^ T�k
^��%] R�J�T_R � R�THT_R	� ]_^ IBE ] GFR ] G�R*�MY1� R�E ] Nhg2I ]_^ T�k [ IBJ ` R [�^ JFE ] T_D [v] R	��l N ] G�E_D�N ] I ` ehR [ G ^ N [ R ^��{] G�R
] THDFJ [ I ] N ^ J�ePIBWFkSE_R*RqU�R*lnR*j#IBJ
��\5R�E ] 9+? � � *AK��

XEHNhJFW � ; �Ou ��IBE�I gVR ] THN [{]�^ , D��FWRnl G�R�J	

7ol{NhE
JFR�WefNhWN ` ehR>NfE � ^ E_EHN ` efRnNfJ ] Nfg2R{EHR�T_NfR�E¤THR�WTHR�EHE_N ^ JFE
` R [ IiDFE_R ] GFR���I ] I#IBTHR ^ T��FR�THR	�½NfJ ] NhgVR���KnD ] D�JFehN"!BR ] Nfg2R1E_R*T_NfR�E�k�I:J�I ] DFT_IBe ^ TJ�FR*T_NfJFW ^��M[ T ^ E_E4(
E_R [*] N ^ J*��I ] I�IBT_NfE_R�E{IiE{IBJ1R�R [ R�� ] N ^ J2T_I ] G�R�T ] GFIBJ ] GFRmTHDFehR�� � ��] GFRU��I ] I [ IBJ ` R ^ TJ�FR*T_R��@I [*[�^ T��FNhJ�W
]�^ E ^ gVR\R [*^ J ^ gVN [ �FNfE ] IiJ [ Rik�IBEMNfJ � ^ JFefR*j'9+?��$� �$KJKtk ] GFR�J [*^ JFE_NfE ] R�J ] R�E ] Nfg@I ] N ^ J ^��Ð[�^ �iIBTHNPIBJ [ R NfE
� ^ E_EHN ` efR��

Y E{I\WR*JFR�T_IBeFg2I ]_] R�T*kBJFR*N ] G�R�T¤R [�^ J ^ g2N [¯] GFR ^ THjqJ ^ T¤NfJ ] DFN ] N ^ J [ IiJ ` RMR�R0��R [*] R�� ]_^©` R ^�� g�D [ G
GFR*eV� NfJ ^`�] IBNhJ�NhJFWVI')óg2N RSNhJFW [�^ J��FN ] N ^ J�) ] j���R ^ T��FR�THNhJFW ^��¤] G�R ��I ] I��\Q�NhJ [ RqIBJ,j>��R*T_g�D ] I ] N ^ J ^��
] G�RL��I ] I�NfE'NfE¯IiJ@R	#?D�Iiehefj �iIBefNV�VT_R��FT_R*E_R�J ] I ] N ^ J ^�� NhJ �ô^ THg@I ] N ^ J2I��iIBNfePI ` efRBk ] GFRL��N"��R�T_R*J ]¯^ T��FR�THNhJFWBE

?�c



IBefE ^![ IBJFJ ^B]\` R�T_IBJ
!iR	���r��JFE ] R�I�� ^��'] T_DFJ [ I ] NhJFW ] R�THg2E ) � IBT � T ^ g�)þIiJ ^` E_R*T��iI ] N ^ Jík ] GFR [�^ gVg ^ J
�FT_I [*] N [ R�NhE ]_^ Nhg�� ^ E_RmTHR�E ] T_N [*] N ^ JFE ^ J ] GFR ^ � ( �FNPIiW ^ J�IBeSR�efR�gVR�J ] E*k ^ T ]�^ ��IBT_IBg2R ] R*T_NV*R 	 NhJ ] R*T_gVE
^�� I���JFN ] RmJ?DFg ` R�T ^�� ��IBT_IBg2R ] R*T_E	�¤K ^B] GVI����FT ^ I [ GFR�E'E_R*T��R ] G�RQ��DFTJ� ^ E_R ^�� T_R��FD [ NhJFW ] G�R�J?DFg ` R*T
^�� DFJ
!?J ^ l JFEXNhJ 	 � T ^ g (n9�C � K ]_^ E ^ gVR ] GFNhJFW¢g ^ THR©g@IBJFIBWR�I ` ehR��

\°R/�FT ^ � ^ E_RªI ] GFNfTJ�¼IBe ] R*T_J�I ] N"�BR�� ��JFE ] R�I�� ^�� THR	#?DFNhTHNhJFW R [�^ J ^ g2N [ ] GFR ^ THj ]�^ �FT ^ ��N"�FRªIBJ
^ T��FR�THNhJFW ^���] GFRU��I ] I�klnRXTHR	#?DFNfT_R ] G�I ] T_R	��R�I ] R	� ^` EHR�T+�BI ] N ^ JFE ` R I��iIBNhehI ` efR ^ �R�T ] NhgVR�� �mG�R ` IBE_N [
NhJ ] DFN ] N ^ J¢NfE{IBE �ô^ ehe ^ l E����J
�FR*T [*^ �iIBTHNPIBJ [ R E ] I ] N ^ J�IBTHN ] jk ] GFR ] Nfg2RmEHR�THNhR�E ^` E_R�T+�iI ] N ^ JFE'IBehe ^ l.D�E ]_^
[�^ JFE_NfE ] R*J ] efj#R*E ] Nfg@I ] R ] GFR [ T ^ E_E4(�E_R [*] N ^ J [*^ T_THR�ehI ] N ^ J:g2I ] T_N%Rw���mG?DFE*kíIBe ] G ^ DFWG ] GFR [ T ^ E_E+(³E_R [*] N ^ J
T_R*WT_R*E_EHN ^ JFE � ^ J ^B] ��R�THg2N ] [*^ JFEHNhE ] R�J ] R�E ] Nfg@I ] N ^ J ^��{] G�R [�^ �iIBT_NhIBJ [ Rqg2I ] THN%R ^�� NhJ ] R�T_R*E ] k ] GFNfE NfE
� ^ E_EHN ` efR\l N ] G�R*E ] Nfg@I ] N ^ J�DFE_NfJFW1ePIBTHWR��FNfg2R*JFE_N ^ J�IBew��IBJFR*ehE	�z\5R�J ^ l �ô^ THg@IBefNV*R ] G�NhEmNhJ ] DFN ] N ^ J��

�q3Ð	?�8�7	�; � %'�! ����R.H�0	�ThfH � +S KH�NZRL+S��+ 01H�IS01H��������! �)�QR.H�N 2�783�=�� a783 e>d hj783 * �!0 ;U= ?A@	B�B�B�C +S �R
G�= ?A@�B	B�B+I 'X�������.�(�T .I hT7�3 +S01HX-�01�`����a��`H�-��j���! �+SNTN i]bAHJ+!c!N i�-��!0 0�H�N:+S�eHJR�+!�8�T �������.�����j���! % bZ�T�Th
��9 hj783 h,l+3�KM= 

7ol ' 4  +LRLRS�T�����! , hj783 �P���`H�0���+SNTN iB�. K-��!0 01H�N:+S�/HJR�* �!08H��SH�0�i ; ' ^ hfH� � hfH(NPHJ+!���A�0/Q� +S01H��H������T�8+S�/�!0��/* e �P�  C�I -��! ���P���/H� f�$+S �R �ThfHD+!��i �����e�!�j��-��!+S0���+S K-�HB�P�"� hfH(��01� * + * �TN �T��i N �T�(�T�	�/*G  �
 � � 
 � G  �
 � ,Mb hfH�01H G 
 � = �
 � 7 
7{9 � 7 � 3:9 � �	783 � a783 ,A+S �R

� 
 � = ?
C


v
7 9 �


v lJ9 � 

7ol
?
I

�v
3:9 � �	7�3 ��al+3 B%'�! ����R.H�0O�ThfH(H����j�T�8+S�e�!0

�� 
 � = ?
C


v
7{9 �


v lJ9 � 9
?
I

�v
3:9 � �hj783 �h,l43 =A9 ?I �v

3:9 � �	783 ��al+3 = B 9+?�b$K

^ hfH� �* �!0$+S0 * �T�j0U+S0 i C # ? +S �R��f�`����� * N i C # # I , 2 �� 
 � � � 
 � 2 ;�>= b +!� I6= \ '
�mGFR©R�E ] Nfg@I ] N ^ J � 3���R���JFR��:NfJ/9 ( [ K ^�� QSR [*] N ^ J�c�NfE ` IBEHR	� ^ J ] GFR\R�E ] Nfg@I ]_^ T [*^ JFEHNV�FR*T_R	��GFR*T_R��

Y EHE_DFg�� ] N ^ J � NhEXE_D�X [ NfR�J ]�]�^ WDFIBT�IBJ ] R�R  C�I [*^ JFEHNhE ] R�J [ j ^�� e��v� ]©] G?DFE©THR	#?DFNhTHR�E ] GFR [ T ^ E_E4(
E_R [*] N ^ J [�^ T_T_R*ePI ] N ^ J ]_^�` R/) l¯R�I�! )"�u�mG�R#J ^B] N ^ J ^�� l¯R�I�! [ T ^ E_E4(�E_R [*] N ^ J [�^ T_T_R*ePI ] N ^ Jþk{IBE*�FR���J�R	�
NhJ �¯G�Iig ` R*T_ehIBNhJâIBJ��� ^B] GFE [ GFNfeV� 9+? � �c$Kl�FD ]2`�^ DFJ��FE ^ J ] GFR�R�NfWR�J$�iIBehD�R�E ^�� 	 �iY E_EHDFg�� ] N ^ J� T_R*E ] I ] R�E ] GFR [*^ J
�FN ] N ^ J)NfJ ] R*T_gVE ^��©] GFR [*^ ehDFgVJ EHDFg ^�� I°g@I ] T_N Rw� Knj5~ól¯R�I�! )fk l¯RLg2R�IBJ
�
 7 
7{9 � 7 
lJ9 � � 

7ol �q465 �

Y¼E_NhgVNhehIBTm�FT ^B` ehR*g®l¯IBE [*^ JFEHNV�FR*T_R	�VNhJ*�\THNhE [�^ efeFIBJ
���©T�IBI�j:9+?��$� �$Kvk ] G ^ D�WG ] GFR�EHR�IBD ] G ^ T_E��FN"�
J ^B] IBE_EHDFgVR¯l¯R�I�! [ T ^ EHE>E_R [*] N ^ J [*^ T_THR�ePI ] N ^ J����mG�R*j¢IiT_R¯NfJ ] R�THR�E ] R	�1NfJqR�E ] Nfg@I ] NhJFW ] GFR¯R�T_T ^ T [*^ �BIiT_N%(
IBJ [ R\g2I ] THN%RVl GFR�J ] GFR\R�E ] Nfg@I ] R	���FIBT�IBgVR ] R�THEmIBT_R  I [�^ J�E_NhE ] R*J ] � � ^ l¯R��R*T�k�l N ] G ^ D ] Nhg�� ^ EHNhJFW
E ^ g2Rv�FNfE [ N"�FehNfJFR ^ J ] GFR¨R�R ] R�J ]\^��<] GFR [ T ^ E_E [�^ T_T_R*ePI ] N ^ JþkFN ] NfE�J ^B]�[ ehR�IBT ] G�I ]  I [�^ JFE_NfE ] R*J [ j#NfE

? &



R�J ^ DFWG ]�^ j�NfR�eV� [�^ JFEHNhE ] R�J ] R�E ] Nfg@I ] N ^ J ^��8] GFR¯R�T_T ^ T [�^ �iIBTHNPIBJ [ RMg2I ] THN%Rw��d
R�THG�I��FE �ô^ T ] GFNfE¤T_R�IBE ^ Jþk
] G�R*j>�FT ^ ��NV�FRqT_R�EHDFe ] E �ô^ T � 
 � *	C l GFR�J�C = C|9<ILKvk�l GFN [ G�NfE\IBTHWD�I ` e~j#IBJ DFJ?DFEHD�IBe¤EHR ] D
����\5R
IBEHE_DFgVR2lnR�I�!A( [ T ^ E_E�EHR [*] N ^ J [�^ THT_R*ePI ] N ^ Jík
IBJ�� [ IBJ5E ] I ] R��FT_R [ NhEHR�e~j ] GFR [�^ J
��N ] N ^ JFE�DFJ
��R�T�l G�N [ G
� � �� 
 � � � 
 � � �?W ^ R*E ]_^ �R�T ^ �

�mGFR2I `�^ �BR2THR�E_D�e ] NhE�E ] I ] R�� �ô^ T ] NhgVRl�iIBTHj�NfJFW:THR�WTHR�EHE ^ THE�k<IBJ
� [*^ J ] NfJ�D�R ]_^ G ^ eV�íkÐJ�I ] DFT_IBehe~jk
l GFR*J ] GFR�T_R*WT_R*E_E ^ T_EL� ^ J ^B] �iIBTHj ^ �R*T ] NhgVR��WP ^ T R�R�IBg��FefRBk�N ��] GFR¨T_R�WBT_R�EHE_N ^ J NhEU2T783�=�� a7 e:dqhj783�k
] G�R�J

� � 
 � = ?
C


v
7{9 �


v lJ9 � 5 ?I �v
3:9 � �hj783 �h,l+3 7 �	7 ��al

N ] NfEmR�IBE�j ]�^ EHR�R ] G�I ] � � 
 � � � 
 � = �
 7 
7{9 � 7 
lJ9 � 5 ��87 � 3:9 � �hj783 �h,l+3 � 

7ol 7 �	7 � al ;��= b��
� � lnR2THR�ehITR�E ] I ] N ^ J�IiT_N ] j IBJ
�ªJ ^ E_R*T_NPIie [�^ THT_R�ehI ] N ^ J ]�^ IBefe ^ l ] Nfg2R¢EHR�T_NfR�E�GFR ] R�T ^ EJ!iR	��IiE ] N [ N ] j

IBJ
�#E_R*T_NfR�E [�^ THT_R*ePI ] N ^ Jík ] GFR*J � 
 � NhEmWBN"�R*J ` j
� 
 � = ?

IMC


v
7{9 �


v lJ9 �
�v
3:9 �

�v
�j9 � �n9 �	783 �Tal � hj783VhQl �+K

U ^ l [�^ JFEHNV�FR*T�IVU�R*lnR*j$( \5R�E ] ] j���R�R*E ] Nfg@I ]�^ T��z�\R���J�R

� 
 p 3S= ? C

v
7{9 � �	7�3 hT7�31@

�� 
 p 3�= ? C

v
7{9 � �	7�3 �hT7�31B

� � 
 � = �;���d �v
^�9 � 94? �

.
� d}? K	9

�;*^ d �;�a^ K
l GFR*T_R

�; ^ = ?
I

�v
3:9
^�] �

�� 
b3 �� a
 p 3  ^ @ .�= ?A@�a0@�B%B"B%@��

�q3Ð	?�8�7	�; � ���������)Hg�Th +S� �Y= \ ,'+!� I = \ bZ�T�Th ��� *TI = b '8^ hfH� ��. �R.H�0_�����������������! %* �!0 hj783 , bAH h + �SHZ* �!0$+S0 * �T��0J+S0 i C�� ? ,
2 �� 
 � � � 
 � 2 ���= b�B

+!� I = \ 'd^ hfHg01H����.N �Mhf�!N:R!�Z* �!0 C # # I '

? $



� -m"(�
"ô��	 	þ��;��<�(	 A �/���>	?�/��"(	��

\5R¨J ^ l DFE_R�EHNhg�DFehI ] N ^ JFE ]�^ IBE_EHR�EHE ] GFR���JFN ] R©E�Iig��FefR �FT ^ ��R*T ] NfR�E ^��
] G�R �FT ^�[ R��FDFT_R*E	� Y ��IBJFR*e ^��
��I ] I¢NhEmWR*JFR�T_I ] R�� IBE �ô^ efe ^ l E �

6 7�3 = o a7 cb3
dqp	783 @ ;�= ?�@�B�B�BJC>@JGz= ?A@�B	B�B	@JI
cKl+3 = � l�cKl+3  � d � ? � � �l �.l43 u = ?A@�B	B�B	@�s
p	7�3 � 9+? d�� � K HT7�3 d�� Hj7 ] � p 3
d��-HT7  � p 34B
� l = 9+B �$K l @

l GFR*T_R �.l+3�IBJ
��Hj783þIBT_RMgqD ] D�Iiehefj¨DFJ [�^ THT_R�ehI ] R���CZ9�b0@�?jK<T_IBJ
� ^ g �iIBT_NhI ` ehR*E	�b\°RW�FT_I�l{o
7 ^ J [ R � T ^ g
] G�RqE ] IBJ
��IiTJ� J ^ T_g2IBe��FNhE ] THN ` D ] N ^ Jþk8IBJ
� N ] � ^ R*E J ^B]X[ G�IBJ�WR�l N ] GOC ^ TUI[�U��J ] GFR�E_NhgqDFePI ] N ^ J�E�k
lnR�EHR ] sv= a¢IBJ
�:IBEHE_DFgVR ] G�I ] N ] NhEW!?J ^ l J�� �mGFR�E_R*T_NhR*E ]�^V` R �ô^ THR [ IBE ] R	�LNfE

2�3%]
^�= ?�dqc � 3 dfc�� 3 duhj3%]
^$B

�mG�I ] NhE*k�NH3�= ? � Gtk�_§NfE ] GFR�DFJFN ] �R [v]�^ T*kFIBJ���e R�#?D�IBehEQ?A���mGFR EHNhg�DFehI ] N ^ J �FR*E_NfWJ �ô^ ehe ^ l E'Q ]_^S[ !
IBJ
�H\°I ] E ^ J 9�aBbbaBI$K [ e ^ EHR�efj�� � ^ J0��WDFT_I ] N ^ JFE ] GFI ] NhJ [ ehD
��R1I��
�FN ] N ^ J�IBe NH3nE_R*T_NhR*E©jSNfR�e"��E_NhgVNhehIBT
T_R*E_DFe ] E�IBJ
��l NhefeþJ ^i] ` Rv�FTHR�E_R*J ] R	�S�

Z DFT>g@IiNhJqNfJ ] R�THR�E ] NhE¤NfJ ] GFR [*^ �R�T_IBWR ^��8] G�R [�^ J��
�FR�J [ R NhJ ] R*T��iIBehE�� �mGFTHR�R ] j���R�E ^���[�^ J0� �FR�J [ R
NhJ ] R�T��iIBefEMl Nhefe ` Rr��T_R�EHR�J ] R�� �

� ^ �FR�e 9<Y K��b9 ( ` KWd*9 & ` KLE � ^ �FR*e 9(KWK ��9 (I$KWd 9 &,IAKLE � ^ ��R�e 9��WK��b9 ( [ KWd�9 &,I$K��

P ^ T©R�I [ G°g ^ �FR*e�k ] GFR [�^ �R*T�IBWBR2T_I ] R*EqIBTHR¢T_R�� ^ T ] R�� �ô^ T�9ôN K ] GFR���N"��DFE_N ^ J�NhJ
��R�R �ô^ THR [ IBE ]v�ô^ T ] G�R
[�^ J
�FN ] N ^ JFIBe�g2R�IBJík �2 � ]
^"� � E�9ôNhN K ] GFR\NfJ � R�IiE_N ` ehR �ô^ T_R [ IBE ]M^��þ] GFR [*^ J
�FN ] N ^ J�IBe�gVR�IBJ �2

�
� ]
^"� � E�9ôNhNfN K ] G�R

�FN%�þDFEHN ^ J1NfJ
�FR�R �ô^ T_R [ IBE ] �ô^ Tz2 � ]
^k�IBJ
�'9(N%�
K ] GFR NhJ � R�IBE_N ` ehR �ô^ T_R [ IBE ] 2 �� ]
^ �>Knj¢NfJ � R�IiE_N ` ehR �ô^ THR [ IBE ] k
lnR gVR�IBJ ] G�I ] cb3íNhE'DFE_R��íkFIBJ��!R�E ] Nhg2I ] N ^ J ^��í] GFR � I [*]_^ T_EnNhE{J ^B] JFR [ R�E_E_IBTHj���Y [�^ g���IiT_NhE ^ J ^��í] G�R
� R�IiE_N ` ehR�IBJ
��NhJ � R�IBEHN ` efR �ô^ T_R [ IBE ] E\WN%�R�E\IBJ NhJ��FN [ I ] N ^ J ^��>] GFR�R*T_T ^ T\IBTHNhEHNhJFW � T ^ g ] GFR�R�E ] Nfg@I ] N ^ J
^�� cb34�

�mGFRqTHR�EHDFe ] E IBTHRv�FT_R*E_R�J ] R	��NhJ��<I ` ehR*E[?Bk�aSk�IBJ
�:c2T_R*EJ��R [v] N"�BR�e~jA���mGFR ]�^ ����IBJ�R�e
IBT_R [�^ �BR�T�IiWR
T�I ] R�EXl GFR�J ] G�R �ô^ T_R [ IBE ] NfJFW!g ^ �FR*e<NfE [*^ T_THR [*] efj:EJ��R [ N"��R�� 9ôNhJ ] R�THg2E ^��{] GFR�J?DFg ` R*T ^��z� I [v]�^ THEDK��
Z �R*T�IBefe�k ] GFR [�^ �BR�T�IiWR�T�I ] R�E IBTHR\R�R [ R*ehefR�J ] ���mGFRv�FT ^` I ` NfehN ] j ] G�I ] 2 � ]
^�� � ^ T�2 � ]
^�ehNfR�EMNfJFE_N"�FR ] G�R
R�E ] Nfg@I ] R	���FT_R��FN [v] N ^ J!NhJ ] R*T��iIBefEnNfE¯IBe~lMI�j�E [ e ^ EHR ]�^�] GFRXJ ^ gVNhJ�IBe [*^ �BR�T_IBWR\T_I ] R ^�� � � $ kSR��R*J�l G�R�J
C IBJ
��I IBTHR ^ JFefj $ b��

�mGFRqN"�FN ^ EHj�J [ T_I ] N [ R�T_T ^ T_EXIBTHR [ T ^ EHE+(�EHR [v] N ^ J�IBehe~j�DFJ [*^ T_THR�ehI ] R��:l GFR*J��L= bSk�NfJ#l GFN [ G [ IBE_RqIBehe
] G�T_R�RXR�E ] Nhg2I ]_^ T_E ^�� G H@I$s
9��cb3�K{IBT_RU�iIBehN"���bY e ] G ^ DFWBGO9 ( [ K>E_G ^ DFeV� ` R�ehR*E_E'R�X [ NfR�J ] k [�^ g���IBTHNhJFW ] G�R

? (



T_R*E_DFe ] EXNhJ���I ` ehR�?�IBJ
� a1l N ] G ] G ^ EHRqNhJ:c2THR��BR�IBe ] G�I ] R*E ] Nfg@I ] NhJ�W ] GFR [ T ^ EHE+(³E_R [v] N ^ J [�^ T_T_R*ePI ] N ^ J
l GFR*JVJ ^ JFR¯NfE �FTHR�EHR�J ] E_R*R�gVE ]�^ G�I��BRMehN ]_] efR{R���R [*]{^ J [�^ �R*T�IBWBR��x��J ] GFRME_Nfg�DFehI ] N ^ JFE�k ] GFRMR�THT ^ THE>IBTHR
G ^ g ^ E�!BR	�FIBE ] N [�` jO��R�E_NfWJ��v�mGFR¢THR�E_D�e ] E DFE_NfJFW ] GFRqGFR ] R�T ^ EJ!BR���IBE ] N [ T ^` DFE ] R�E ] Nhg2I ]_^ T NfJO��I ` ehR*E
a¢IBJ
�:c1IBT_R¨IBefE ^ E_Nfg2NfePIBT ]�^¢] G ^ E_R�NhJ��<I ` efR ?¨l N ] G�G ^ g ^ EJ!iR	��IiE ] N [ N ] j�Nhg�� ^ E_R	�S�

\¼GFR�J � �= bSk7D�E_R ^�� 9 ( [ KþNhEÐI��
��T ^ �FTHNPI ] R�� Z g2N ]_] NhJFW [ T ^ E_E+(³E_R [*] N ^ J [�^ THT_R�ehI ] N ^ J ] R*J
�FE ]�^ lnR�I�!iR�J
[�^ �BR�T�IiWR\g2IBT_WNfJ�IBefefjA�m�mGFNfE¯EHG ^ DFe"�@J ^B]¯` R ] I�!iR�J�IBEnNhJ
��N [ I ] N ^ J ] G�I ]n[ T ^ E_E4(�E_R [*] N ^ J [*^ T_THR�ePI ] N ^ J2NfJ
] G�R�R�THT ^ THE�� ^ R�E\J ^i] JFR*R	� ]�^!` R �FR�IBe ] l N ] G�����J�E_N ] D�I ] N ^ JFEXl GFR*J ] GFR [ T ^ E_E+( [�^ THT_R*ePI ] N ^ J NfE g ^ T_R
�FTHR��iIBehR*J ] k ] G�R¨R��þR [*] l Nhefe ` R¨IBg���ehN"�FR	���

�mGFR `�^i]_]�^ g���IBJ�R�e ^�� �<I ` ehR*E ? ]�^ c [�^ JFEHNV�FR*TmE_N ] D�I ] N ^ J�E¯l GFR�J ]�^�^ � R*l � I [*]_^ T_E IiT_R©DFEHR	��� ��J
] G�R�E_R [ IBEHR�E�k ] GFR [*^ �BR�T_IBWR �ô^ T ] GFR [�^ J��FN ] N ^ J�Iie>g2R�IBJ½NhE�lnR�ehe ` R*e ^ l � � $ �>�mGFNhE[�FT ^` ehR�g NfE�J ^i]
EJ��R [ N"� [m]_^ ��N"��DFE_N ^ J¢NhJ
��R�R �ô^ THR [ IBE ] NhJFWFk,G ^ lnR��BR�T*k�IBE{NfJ � R�THR�J [ R [ IBJFJ ^i]{` R R�R0��R [v] R	� ]�^�` R [�^ THT_R [v]
l GFR*J ] GFR ^`�, R [v]#^�� NfJ ] R�THR�E ] NfE�g2NfE_E���R [ N"�FR	���¹U ^ JFR ] GFR�efR�EHE�k ] GFR [�^ �R*T�IBWR �ô^ T�2 � ]
^5THR�g2IBNhJFE
I [*[ DFT_I ] R ` R [ IBD�E_R ] GFR�gVNhE_E���R [ N%� [ I ] N ^ JâNfJ ] GFR [�^ J��FN ] N ^ J�IieMg2R�IBJâehR�I��FE ]�^ I [�^ THT_R�E�� ^ J
�FNhJ�Wefj
ePIiT_WR*T'D�J [�^ J��FN ] N ^ J�Iie �FT_R��FN [v] N ^ J@R�THT ^ T��iIBT_NhIBJ [ R��x��J � R*T_R*J [ R ^ Jn2 � ]
^\NfEnJ ^B] EHNhWJ�N"� [ IBJ ] efj¢I��þR [*] R	�
` j!l GFR ] GFR*T ] GFR�R�T_T ^ T [�^ gVR�E � T ^ g ] GFR [�^ J
��N ] N ^ J�IBe�g2R�IBJík ^ T � T ^ g ] GFR�T_R*E_NV��D�IBe [*^ g�� ^ JFR*J ] �

� �\;���"ô�7"���F� � � �<��"(����/"ô���

Y e ] G ^ DFWG �FN%�þDFEHN ^ J©NfJ
�FR�R �ô^ THR [ IiE ] E�GFIk�BR ` R*R�J �ô^ DFJ
� ]�^ j�NfR�eV�©Nfg���T ^ �R*g2R*J ] E ^ �R�TÐEHNhg��FehR<g ^ �FR�efE�k
I\g2I ,H^ T¤EHG ^ T ]_[�^ gVNhJ�W\NhE ] G�I ]>^ JFefj[� ^ NhJ ]x�ô^ THR [ IiE ] E{IiT_R I��iIBNhehI ` ehR��m�mGFR�THR�R�RSNhE ] E>J ^©]�^�^ ehE ]�^ IBEHE_R*E_E
DFJ [ R�T ] IBNfJ ] j�IBT ^ D�J
� ] GFR �ô^ THR [ IBE ] E	�l\¼N ] G ] G�R���NhE ] T_N ` D ] N ^ J ^��{] GFR �ô^ T_R [ IBE ] R�THT ^ THEr��T_R�EHR�J ] R��°NfJ
] G�Rr��T_R���N ^ DFE E_R [*] N ^ Jík�N ] NhEmJ ^ l � ^ EHE_N ` ehR ]�^1[*^ g���D ] R �FTHR	�FN [*] N ^ J�NhJ ] R�T��iIBefE	�

� ^ NfehefDFE ] T�I ] RBk8l¯R¢DFEHR1IBE �FTHR	�FN [*]�^ T_E ] GFR�? $ b!EHR�THNhR�E\IBE©NhJ§Q ]�^�[ ! IBJ
�O\°I ] E ^ Jf9�aBbb,a ` K�� � \5R
[�^ JFE_N"�FR�Tl.Z= ?�a���R�THN ^ �°IBG�R�I�� �ô^ T_R [ IBE ]q^��¯] G�R@IBJ�J�DFIBe{WT ^ l ] G5T�I ] R ^�� NfJ
�FDFE ] T_NhIBez�FT ^ �FD [*] N ^ Jík
����d<k IiJ
� NfJ �8I ] N ^ JíkM�©d��U�mG?DFE*kr2T3%] � �LNfE#R*N ] GFR�T ; �� = e ^ W 9 ��b3%] � ��K �¬e ^ W 9 ��b3<Kvk ^ T ;�� =
e ^ W 9����LC � NO3%] � ��K��½e ^ W 9����LC �lNH3�K���P ^ TWNH3�k�lnR¨NhJ [ ehD
�FR ePIBWE ^��
] GFR�g ^ J ] GFefj���T_E ] �FN"��R�THR�J [ R
^��©] GFRLEHR�T_NfR�E*kM�FefDFE!I [�^ JFE ] IBJ ] � �mGFR �ô^ THR [ IiE ] NfJFW°R�RSR�T [ NhEHR ` R*WNhJFE ` j)R*E ] Nfg@I ] NhJ�W ] GFR � I [v]�^ THE
DFEHNhJFW>��I ] I ^ J�6 783 � T ^ g ?�� $ � �%? ]�^ ? � ( � �%?A��\5R ] GFR�J ^`�] IBNhJ �_ IiJ
� �e � T ^ g I:THR�WTHR�EHE_N ^ J ^�� 2T3
^ J �cm3  � ��IBJ
� NH3  � �/k �ô^ T*G�= ?�� $ ���"? ]�^ ?�� ( � �%?A�{�mGFR �ô^ THR [ IBE ]��ô^ T�IL= ?�� *ib �"?:NhE [�^ g��FD ] R	��IiE
�_ a �c �
	���	� � d

�e a N �
	���	� � �O�mGFR!E_IBg��FehR2NhE ] GFR�J R�R ] R�J��FR	� ` j ^ JFR!g ^ J ] Gík ] GFR � I [*]�^ T_E¢IBJ�� IBehe ] G�R
��IBT_IBgVR ] R*T_E>IiT_RMTHR�(�R*E ] Nhg2I ] R��íkIBJ�� ] GFR �ô^ T_R [ IBE ]z�ô^ T 2 �
	�� �  �>NfE �ô^ THg2R������mG�RW�FT ^�[ R��FDFT_RmNfE�THR	��R�I ] R	�
DFJ ] Nfe ] G�R �ô^ T_R [ IBE ]U�ô^ T ? � � ( �%?/a�NhEmg2I��FR©NfJ�? � � $ �%?/a0�

P ^ T ] GFRVE�I�!iR ^��¯[�^ g���IBTHNhE ^ Jík�l¯R@IBehE ^�[�^ JFEHNV�FR*T ] GFR2IBD ]�^ T_R�WBT_R�EHE_N%�R �ô^ T_R [ IBE ] �e a N �
	���	� � �n\5R
� üíê/È{ð/ÊtÌ�ÊMÊtË�È�Ì�Êtà*È�ÎXÑ�Ë�Ï*Í Ý�ÊvË�à ��Ê�Ì³Õ(Ï*Î�� Õíß�ÈHø Õ�ÔóÌ�È>ê�Ì(Ì�É�ç�����ß�ß�ß>ë É/Ë�ÔæÎ7Ó�È�Ì�Ï*Î?ë ÈHð�é��{Í'ßíÊ�Ì³Õ(Ï*Î?ë

?"*



��THE ] E_R*ehR [v]�] GFR ^ TJ��R�T ^��'] GFNfE�IiD ]�^ THR�WTHR�EHE_N ^ J5DFEHNhJFW ] GFR@K�� �L���mGFR���N"��DFE_N ^ J§NhJ
�FR�R§g ^ �FR*e ] G�R�J
IBDFWBg2R*J ] E ] GFNfEmIBD ]_^ T_R*WT_R*E_EHN ^ J�l N ] G ] GFR©R*E ] Nhg2I ] R�� � I [*]_^ T_E��z� �<] GFR � I [*]_^ T_E¯G�I��R�J ^ DFE_R � DFe�NhJ �ô^ T+(
g2I ] N ^ Jík
_½EHG ^ DFe"� ` Rv�R*T ^ k8IiJ
� ] GFR¨IBD ]_^ T_R*WT_R*E_E_N%�R �ô^ T_R [ IBE ] l Nhefe ` R ] GFR ^ � ] Nfg@Iie �ô^ THR [ IBE ] �

K¯R [ IBDFEHR ] GFR ] l ^ E_R*T_NfR�E ]�^1` R �ô^ T_R [ IBE ] R��LIBTHR ^ JFR ^��Ð] GFR 6 783ôE�k ] GFR�J?DFg ` R�T ^��m� I [v]�^ THEmNhJ:2�3
NfE
] G�R�E�IBgVR¢IBE ] GFR�J?DFg ` R*T ^��{[�^ gVg ^ J � I [v]�^ THE\NhJ ] GFR ��IiJFR�e ^�� ��I ] I0� �mGFNhE\NfE��FR ] R�THg2NfJFR	�LDFE_NfJFW
� sv= IiT_Wg2ITR ? 9 �Jp������ ? �����  � � 9���KMl G�R�T_R

 � ��9��
Kz=¼e ^ W � 
 � 9	�
K�d
����S9�C�@JILK�@
l GFR*T_R � 
 � 9	�
Ku= �
 � 7 
7{9 � 7 � 3:9 � � p �783 � ��J KMIBN�IBJ
� U�W 9�aibb,aAKtk\l¯R EHG ^ l¯R�� ] G�I ] IBJ,j`��R�JFIBe ] j
E�I ] NhE � j�NhJFW�S9�C�@JILK = b¼IBJ
� g2NfJ � C>@JI 
�S9�C>@�I�K�= \ NfE ] GFR ^ T_R ] N [ IBefefj5�BIiehNV�S� Q ]_^S[ ! IiJ
�
\°I ] E ^ J 9�aBbb,a ` KqDFE_R��
 � 9�C>@�I�Kn= ��������������� 
 p ���� �����!� � p ��� � �mGFNfE���R�J�Iie ] j ] R�J
�FE ]�^/� I�� ^ T2IªehIBT_WBR�T1J?DFg*(
` R�T ^�� � I [*]_^ T_E ] G�IBJ" �T9�C>@�I�Kz= 9�C}d�ILK �����#� 
 �$ 
 � k�IBJ1R	#?D�Iiehefjr�iIBehN"� ��R*J�IBe ] j�R�R [ R	� ] NhJ ] GFR DFJ?DFE_D�Iie
[ IiE_R ] G�I ] C = R�R0�b9<ILK�� Z\` �SN ^ DFEHefjk ] GFR ehIBT_WR*T ] GFRLJ?DFg ` R*T ^�� � I [v]�^ THE�k ] G�R ehR*E_E@efNV!iR�efj l Nfehe
] G�R�R�T_T ^ T_E ` R [ T ^ EHE+(�EHR [v] N ^ J�IBehe~j [�^ THT_R�ehI ] R����/�mG?DFE�k{l¯R [*^ JFE_N"�FR�T ] l ^ E_R ] E ^�� [*^ J�� �FR*J [ R#NhJ ] R�T+(
�iIBehE��8� ^ J���WD�T�I ] N ^ J>Y DFEHR�E% � 9�C�@JILKml N ] G	G8H@I-s�9��cm3�K�E���R [ N%��R	� ` j|9 (IAK�� � ^ J���WD�T�I ] N ^ JLK DFEHR�E
 �j9�C�@JILK¨l N ] G G H@I$s
9 �cb3�K�E���R [ N"�FR	� ` j59 ( [ K�����J `�^B] G [ IBEHR�E*k�9 &,I$K�NfE�DFE_R�� �ô^ T G H@I$s�9 � � K���Y E¢N ]
] D�T_JFE ^ D ] k ] G�RqT_R*E_DFe ] E IBT_Rr#?DFN ] RqE_Nfg2NfePIBT*kSl N ] GLTHR�EHDFe ] E �ô^ T [�^ J0��WDFT_I ] N ^ J K¸E_ehNfWG ] e~j ` R ]_] R�T	�U\5R
l Nhefe ^ JFe~j THR	� ^ T ] T_R*E_DFe ] E �ô^ T [*^ J���WD�T�I ] N ^ JªKL��� ] DFEHR�E�I#EHg@IBefehR*T\J?DFg ` R�T ^�� R*E ] Nhg2I ] R�� � I [*]�^ T_E�k
` D ]�[*^ T_THR [*]U�ô^ T [ T ^ EHE+(³E_R [v] N ^ J [*^ T_THR�ehI ] N ^ J�NhJ ] G�R¨N"�FN ^ EHj�J [ T_I ] N [ R�THT ^ THE	�

�*�<�
&<�v���7"(��� A �/���
&<�B��"(��� P<NhWDFTHR ?�I*�FT_R*E_R�J ] E ] G�RqIBD ]�^ THR�WTHR�E_EHN"�BR�9<Y�MK IiJ
� ] GFRv�FN"��DFE_N ^ J�NhJ0(
�FR�R �ô^ THR [ IiE ] E �ô^ T\NhJ
��DFE ] T_NPIie��FT ^ ��D [*] N ^ J���KnR [ IiDFE_R�����d¼NhE ^ JFefj:g2NfeV�Fe~j�E_R*T_NhIBehe~j [*^ T_THR�ehI ] R��ík ] G�R
Y� �ô^ T_R [ IBE ] 9 ` T ^ !iR�J.ehNhJ�RkK�NfE¢T ^ DFWBGFefj [*^ JFE ] IBJ ] �f�mGFR��FN%�þDFEHN ^ JâNfJ
�FR�R �ô^ T_R [ IBE ] 9<� ^B]H] R	� ehNfJFRkK
NhE©g ^ THR � ^ ehI ] NfehRBk ` D ]�] T_I [ !?E ] GFRVI [*] D�IBex��I ] I�g ^ THR [ e ^ E_R*efjA� �mG�R2I��BR�T�IiWR2gVR�IiJ0(�E�#�DFIBT_R��5R*T_T ^ T
�ô^ T ] GFR �FN"��DFEHN ^ J§NhJ��FR�R�IBJ
��Y� �ô^ THR [ IBE ] E�IiT_RVa &
� � $ IBJ
�5a (0� & (Sk�T_R�E���R [*] N"�R*efj��*P�NhWD�T_R�E¨aiI#IiJ
�
a ` �FTHR�EHR�J ]�] GFR¢E_R*T_NfR�E ]�^�` R �ô^ THR [ IiE ] R��íkÐIBe ^ JFW@l N ] G ] GFR�� $�� ��T_R	��N [*] N ^ JLNhJ ] R*T��iIBe>IBE E_DFWWBR�E ] R	�
` j ] GFRn��N"��DFE_N ^ J5NfJ
�FR�R½IiJ
� ] G�RnY� �ô^ THR [ IiE ] E*k¤T_R*EJ��R [v] N"�BR�e~jA�'�mG�R@gVR�IBJ½efR�JFW ] G ^��m[�^ J0� �FR�J [ R
NhJ ] R�T��iIBefE NhEv?"*0�%?"* �ô^ T ] GFRr�FN%�þDFEHN ^ J#NhJ��FR�R#g ^ ��R�e�kFIBJ
�LNfEXaBb�� &(� �ô^ T ] GFRrY� g ^ �FR*e � �mGFNhE�IBWBT_R�R*E
l N ] G ] GFR ��NhEHD�IBe>Nhg��FTHR�E_EHN ^ J ] G�I ]�] G�R [*^ J�� ��R�J [ R@NhJ ] R�T��iIBefE©IBTHRVJFIBT_T ^ lnR�T©l GFR*J ] GFR � I [*]_^ T_E¨IBTHR
DFEHR	���x�mG�RW�FT ^` I ` NhefN ] j ] G�I ]¤] GFR���I ] I\ehNfR�EÐl N ] G�NhJ ] GFR��FTHR	�FN [*] N ^ J�NfJ ] R�T+�BIie�NhE�� �$� $Q�ô^ T ] GFR��FN%�þD�E_N ^ J
NhJ��FR�R �ô^ T_R [ IBE ] k
IBJ
�f� �Bc $��ô^ T ] G�R Y� �ô^ THR [ IiE ] �l�mGFR*�FN"��DFE_N ^ J§NhJ
��R�R�g ^ �FR�e ] G?DFE�WN"�BR�E ] NfWG ] R*T
�ô^ THR [ IiE ] E*k ` D ] G�IBE�I � R*l g ^ THR©g2NfE_EHR�E	�

�*�'&<���/"ô��� �mGFR©NhJ �8I ] N ^ J �ô^ T_R [ IBE ] EmIBTHR��FT_R*E_R*J ] R	�#NhJnP�NhWD�T_R�E¯c��zY E¯NhJ �8I ] N ^ Jn�FNfEJ�FehI�j�EME ] T ^ JFWR*T
��R�T_EHNhE ] R�J [ RBk ] G�R Y� �ô^ THR [ IBE ] gVNhTHT ^ THE\ePIBWBWR	��NfJ �8I ] N ^ J��r�mGFR � I [v]�^ THE�I��
�§NhJ �ô^ T_g2I ] N ^ J ` R*j ^ J
�

?��



l G�I ] NfE©NhJ�ehIBWWR���NhJ �8I ] N ^ JíkíT_R��FD [ NhJFW ] G�R �LQ�y � T ^ g $ �öb � ]�^ c�� � ���[�mGFR*��I ] I#Iie ^ JFW!l N ] G ] G�R� $�� �FTHR	�FN [*] N ^ J2NhJ ] R*T��iIBe�IBT_RXWN"�BR�J!NfJ�P�NfWDFTHR &
� �mGFR��FTHR	�FN [*] N ^ J@NfJ ] R�T+�iIBe �ô^ T ] GFRL�FN%�þD�E_N ^ J@NhJ��FR�R
�ô^ THR [ IiE ] E#IBTHR�IBW,IiNhJ ] NfWG ] R*T�k l N ] G¼IiJ I��BR�T�IiWR�ehR*JFW ] G ^�� $ �%?�� [*^ g��FIBT_R�� ]_^ *0� &
?A� � ^ l¯R��R�T*k
] G�R��FT ^B` I ` NfehN ] j ] G�I ]q] GFR@I [*] D�IBe �FI ] I'� ^ NfJ ][� IBehefE�NhJFEHNV�FR ] GFR���T_R	��N [*] N ^ J5NhJ ] R*T��iIBenNhE ^ JFefji��* & (�k
[�^ g���IiT_R	�!l N ] GO� � &(� �ô^ T ] G�R�Y� �ô^ T_R [ IBE ] ���mGFNhEMI [�[*^ TJ�FEnl N ] G#Q ]�^�[ !!IBJ
��\°I ] E ^ J�)óE ^` E_R�T+�iI ] N ^ J
] GFI ]m] GFRv�FN%�þD�E_N ^ J#NfJ
�FR�R �ô^ T_R [ IBE ] NfJFWVI��
�FT ^ I [ G#NhEmehR*E_E E_D [�[ R*E_E � DFe<NfJ �ô^ T_R [ IBE ] NhJ�WVNfJ �8I ] N ^ JS�

�mGFR � I [v]@] GFI ]!] G�RO��I ] I°ehNfR:NfJFE_N"�FR ] GFROY� �FTHR	�FN [*] N ^ J NfJ ] R�T+�BIiehE2l N ] G G�NhWGFR*Tn�FT ^` I ` NhehN ] j
g2I�j I��
��R�IBT ]�^�` R1I���NhE [*^ DFT_IBWNhJ�W�T_R�EHDFe ] I ] ��T_E ] WePIBJ [ R���K¯D ] EHD [ G½I!THR�EHDFe ] NfE©I [�^ JFEHR	#?DFR*J [ R
] GFI ]M] G�R�T_R NhE¯g ^ THR\DFJ [ R�T ] IBNhJ ] j@IBT ^ DFJ
� ] G�R�Y� �ô^ T_R [ IBE ] E	� ��NhWGFR*T [*^ �BR�T_IBWR�IBTHNhE_NfJFW � T ^ g¹l NV�FR*T
�FTHR	�FN [*] N ^ JLNfJ ] R�T+�iIBehE [ IBJ�J ^B]\` RqNfJ ] R�T��FT_R ] R���IBE R���NV�FR*J [ R¢NfJ � I�� ^ T ^��¤] GFRlY  �ô^ THR [ IBE ] E�kíIiEXl N ] G
l NV��R¨R*J ^ DFWBG>�FTHR	�FN [*] N ^ J�NfJ ] R�T+�BIiehE�k ] GFRv��I ] I¢g�DFE ]U� IBefe�l N ] GFNfJ ] GFRv�FT_R*E [ T_N ` R	�#T�IiJFWR��

�mGFR ]_^S^ efE*�FT ^ ��NV�FR�� NhJ ] GFNfE!IBJFIBefj�E_NfE���T ^ ��NV�FRLI5g ^ T_R [�^ g��FefR ] R��FN [*] D�T_R ^��\] GFRLI ` NfehN ] j ^��
�FN%�þDFEHN ^ J§NfJ
�FR�R �ô^ T_R [ IBE ] E	����J ] GFR ] l ^ I��
��ehN [ I ] N ^ JFE [*^ JFEHNV�FR*T_R	�þk¤I�J ^B] I ` ehRVIBE���R [*]�^�� �FN%�þD�E_N ^ J
NhJ��FR�R �ô^ THR [ IiE ] E NhE ] GFRqTHR	�FD [ R	�ªI���GFR�THR�J [ R ]�^ ehIBWWR��'��j�J�Iig2N [ E�k�R��BR�J l GFR*J ] GFR¢IiD ]�^ THR�WTHR�EHE_N"�BR
E ] T_D [v] DFTHR�NhE ` DFNhe ] NfJ��H�\N%�þDFEHN ^ J5NhJ
��R�R �ô^ T_R [ IBE ] E1IBTHR ` j°J ^ gVR�IiJFEn~ ` ePI [ ! `�^ R �ô^ THR [ IiE ] E�)"�H� ] E
I ]H] T�I [*] N ^ J¢ehNfR�E>NfJ¢N ] E{I ` NhefN ] j ]�^ NhJ [*^ TJ� ^ T_I ] RMNfJ �ô^ THg@I ] N ^ J � T ^ g I�ehIBT_WBRMJ?DFg ` R�T ^�� �FT_R��FN [v]�^ THEnIiJ
�
J ^B] IiehT_R�I���j�NfJ ] GFR�ehIBWWR����FI ] I¢NhJ#I ��IBTHE_Nfg ^ J�N ^ DFEnlMI�jA�

� �����
�,��&
��"ô���

�mGFR � I [v]�^ TqI��
�FT ^ I [ G ]_^O�ô^ T_R [ IBE ] NhJ�W NhE�R�R ] THR�gVR�efj5DFEHR � DFeMNfJ½E_N ] D�I ] N ^ JFE�l GFR*JâI ePIBTHWR@J?DFg ` R*T
^�� NfJ
�FN [ I ]�^ T ^ TM�FT_R��FN [v]�^ TL�iIBTHNPI ` ehR�EXIBTHR �FT_R*E_R*J ] �l�mGFR � I [*]_^ T_E���T ^ ��NV�FR*E�I!E_NhWBJFN"� [ IBJ ] THR	�FD [v] N ^ J
NhJ ] GFR©J?DFg ` R�T ^�� �BIiT_NPI ` ehR*EMR�J ] R*T_NfJFW ] GFR �ô^ THR [ IiE ] NfJFW1R	#?D�I ] N ^ J�l GFNfehR\R�R0�Fe ^ N ] NfJFW¢NhJ �ô^ T_g2I ] N ^ J@NfJ
IBefe�I��iIBNhehI ` efR[��I ] I��v�mGFNfE\ePI ]H] R*T©IBEJ��R [v] NhEXNhg�� ^ T ] IBJ ] ` R [ IBDFEHR¢N ] NfE ` j�DFEHNhJFW@NhJ �ô^ THg@I ] N ^ JLNhJ IBehe
��I ] I�I��BIiNhePI ` ehR ] G�I ] ��R*T_gVN ] E [�^ JFE_NfE ] R*J ] R*E ] Nhg2I ] N ^ J ^��{] GFR � I [*]_^ T_E��[�mG�NhE ��I���R�T [�^ J ] THN ` D ] R�E ]_^
] G�R!E_g2IBehe ` D ] WT ^ l NfJFW ehN ] R*T�I ] DFT_R ^ J � I [v]�^ T �ô^ T_R [ IBE ] NhJ�W ` j}9(N K�EHG ^ l NhJFW ] G�I ]�] GFR [*^ J
�FN ] N ^ J�IBe
gVR�IBJ �ô^ T_R [ IBE ] E2IBT_R� I [*^ JFE_NfE ] R�J ] k IBJ�� 9(NfN Kl�FTHR�EHR�J ] NfJFW �ô^ THg�DFePIiE �ô^ T ] GFR �ô^ T_R [ IBE ] R�THT ^ THE ]_^
��R�T_gVN ] �FT_R��FN [v] N%�R NfJ � R�THR�J [ R�� Y E�I ` j �FT ^ ��D [*] k�lnR�E_DFWBWR�E ] G ^ l ] GFR [�^ �iIBT_NhIBJ [ R g@I ] T_N R ^��
[ T ^ E_E4( [*^ T_THR�ePI ] R	�§R*T_T ^ T_E [ IiJ ` R [*^ JFE_NfE ] R�J ] e~j R�E ] Nfg@I ] R	��� Z DFT©R�E ] Nfg@I ]_^ T NfE©IBJ�R�R ] R�JFEHN ^ J ^��'] G�R
GFR ] R�T ^ EJ!iR	��IiE [ N ] j$( [�^ JFE_NfE ] R*J ]>[�^ �iIBT_NhIBJ [ R'g2I ] T_N%R ^�� \¼GFN ] RL94?�� �bAKS�FR��BR�e ^ ��R�� �ô^ T ] GFR [ IBEHR ^��S[ T ^ E_E4(
E_R [*] N ^ J�Iiehefj2DFJ [*^ T_THR�ehI ] R��:R*T_T ^ T_E	�

?��



A �7�þ��� �8�E�q3Ð	��8�/	�; �

�mGFR �ô^ T_R [ IBE ] NfJFW1g ^ �FR�e�l GFR�J'cb3<NhE ^` EHR�T+�R	� [ IBJ ` R�l THN ]H] R�J#IBE��

2�3%]
^ = _magcb3
dfe�agNH3
dihj3%]
^
= _ma 2  � �cm3 die�a NO3 duhT3%]
^ dq_ma 2  � 9 2 cm3 � �cm3�K�B

�mGFNfE�Nfg���ehNhR*E�k �ô^ T�� = 9<2�^$@�2�^�] � @�B%B"B%@�2 � K a k�hv= 9<hT^A@	B"B%B"@�h � K a k8IBJ�� � �l= 9 �� � @�B"B%B%@ � � �! ^TK a k� = �� � 2  � a _e � dihWd`9�c 2 a � �c[K 2  � ag_ B
� ^ JFEHNV�FR*T ] GFR�T_R*WT_R*E_EHN ^ J�2�3%]
^L=`_ a �cb3
dfe a NO3
dihj3%]
^A���mGFR�ehR�IBE ] EJ#?D�IiT_R�E�R�E ] Nfg@I ] R�E IBTHR

� �_ �e � = 9 �� a � �-K  � �� a ��@
IBJ
�#E ^ � �_ �e � � � 2  � a _e � = 9 ���a � �$K  � � ��a8h�d`9 � �Ta ��-K  � � �Ta�9�c 2 a � �crK 2  � _�B
�mGFR E_R [�^ J�� ] R*T_g NfE � ; 9 I  �jz � K��x�mG�NhE �ô^ ehe ^ l E � T ^ g 9 � � a �� *TILK  � = ( ; 94?jK¤IBJ
�*I  �jz � �� a 9�c 2 a � �clKz=
� ; 9+?jK¯N �  I *	C = b�k ` j 
 R*g2g2I�? ` R*e ^ lv� � ^ JFEHNV�FR*T ] GFR ��T_E ] ] R�THg>�

� � a h I =
���@�� �� �� � �� ��� =

� � �@  
	 @ �  �� � d 	 @ � �� ���� �� � � B
Knj 
 R*g2g2I�?�9<��IBT ] NhNhN K ` R�e ^ l�k � �@  @ 	 �  � �� � ;�>= b1N �  I *	C = b0�z�mGFR�THR �ô^ THRBk

 I�5 � �_ �e � � � 2  � a _e � 7 = 5 � � a � �I 7  � � 	 @ � �� ���� �� � � d � ; 9+?jK
= 5 � � a � �I 7  � � 2 b

b  � � c a hN a h � ? I d � ; 9+?jK
= 5 � � a � �I 7  � � 2 b

b  � � a h *  Iid � ; 94?jK�B
P�T ^ g � a h *  I ��>= CZ9�b0@��FehNfg ��V7 � 3:9 � h �3%]
^ �	3 � a3 K ` j:Y EHE_DFg�� ] N ^ J���aSk ] GFR�I `�^ �R©NfEmIBEHj�g�� ]�^i] N [ IBehe~j
J ^ THg@Iie �x�mGFR¨IBE�j�g�� ]_^B] N [ �iIBT_NhIBJ [ R©g2I ] T_N%R@NhE ] GFRv�FT ^B` I ` NfehN ] j2ehNfg2N ]¯^��

5 � � a � �I 7  � � 2 b
b  � 5 ?I �v

3:9 � h
�3%]
^ �	3 ��a3 7 � 2 a b

b (� 5 �� a � �I 7  �
P�T ^ g 2 cm3�= �cm3�d � ; 94?jKvk ] GFRz�FT ^ �FD [v]Ð^��?] GFR>gVNV���FehR ] GFTHR�R>g2I ] THN [ R*EíNhE�R�#?D�IBe ]_^ 9 �� 7 � 3:9 � h �3%]
^ ��	3 �� a3 KJd� ; 9+?jKtk
�FT ^ ��NhJ�W��mG�R ^ THR�g ?A�

aBb



4{	S;°;°� � �  �R.H�0��������.�����j���! ���ga��D, ! � #��" � � "� =�( ; 9+?kK , ! �T� # � " � � @ 	 �  �@  � = ( ; 9ôg2NfJ  � � C>@�I�
 K ,M+S �R! �T�T� # � �@  @ 	� � �� = ( ; 9(gVNhJ  � � C�@JI 
 K '
d>T ^�^�� � ]�^1` R�I��
�FR	�S�

A �7�þ��� �8�E�q3Ð	��8�/	�; �
K¯R*WNhJ ` j�T_Rvl T_N ] NhJFW

�2 � ]
^"� � �Z2 � ]
^"� � = �_ba �c � d �e�a N � �i_bagcm3 �ue�a8N �
= 9 �_ � 2  � ag_ K4a �c � df_ba 2  � 9 �c � � 2 c � K�d`9 �e �Ze�K�N � B

�:DFe ] N"�Fefj�NhJ�W ` j� I�k
 I 9 �2 � ]
^"� � �Z2 � ]
^"� � K =  I � �_ � 2  � a _

�e �ue � a � �c �N � � df_ a 2  �  I C  CZ9 �c � � 2 c � K

= � ��a�  Il9 � � � � K�d`9<I *	COK �jz � _ba 2  �1 CZ9 �c � � 2 c � K

�mG?DFE�k<N � I *	C NfE `�^ D�J
�FR	�þkM I 9 �2 � ]
^"� � � 2 � ]
^�� � K = ( ; 94?jK\IBJ
�ªNhE¨IBE�jSg�� ]_^B] N [ IBefefj#J ^ THg@IBe ` R�([ IiDFE_R  Il9 � � � � K¢IBJ��  CZ9 �c � � 2 c � K¢IBTHR:IiEHj�g�� ]�^B] N [ Iiehefj5J ^ THg@Iie �iP�DFT ] GFR�THg ^ T_RBk ] G�R ] l ^
�FNfE ] THN ` D ] N ^ JFE¯IiT_R©IBE�j�g�� ]_^B] N [ IBefefj1NfJ
�FR	��R�J��FR�J ] ` R [ IiDFE_R ] GFR©ehNfg2N ] NhJ�W �FNhE ] T_N ` D ] N ^ J ^��  I[9 � � � � K
NhE��FR ] R�THg2NfJFR	� ` j 9<h � @�B%B"B%@Jh � K2IiJ
� ] GFR IBEHj�g�� ]�^B] N [ IBeM��NhE ] T_N ` D ] N ^ J ^��  Cu9 �c � � 2 c � K2NfEn�FR�(
] R*T_gVNhJFR�� ` j [ T ^ E_E+(³E_R [*] N ^ J ��NhE ] DFT ` IBJ [ R*EªI ] ��R*T_N ^ � I¨k p	7 � �ô^ TH;f= ?�@ta0B%B"B%@DCF� 
 R ] � �� =
�� a� G H@I$s�9 � � K �� � dq9 I *	C'K �_ a G H@I$s
9 �c � K �_'k ] GFR*J  Il9 �2 � ]
^�� � �>2 � ]
^"� � K * � � ��>= CZ9�b0@�?jKvk��FT ^ ��NfJFWl�mGFR�(
^ THR�g a0�

A �7�þ�������M��3
	?�8�/	�; � �mGFR R�R���T_R�EHE_N ^ J � �� NfE¤R	#?D�IBe ]�^ �
�
� *TI l GFR*JO9 & ` K<NfE¤DFE_R��1NhJ¢R�E ] Nfg@I ] NhJFWG H@I$s�9 � � K ^�� �mGFR ^ T_R�g a0�x�mG�NhE'NhE ` R [ IBDFEHRBkSDFJFehN"!BRQ�mGFR ^ T_R�g aSk ] G�R E [ IBehNfJFW � I [*]_^ T& I¼NhE'J ^B] DFEHR	�

NhJ ] G�R�J?DFgVR�T_I ]�^ T ^�� 9 �AK��x�mGFR*T_R �ô^ T_Rik0�mGFR ^ T_R*g a¨IBJ����mGFR ^ T_R*g &qIBTHR NV�FR*J ] N [ IBe�NhJ1g2I ] GFR*g@I ] N [ IBe
R�R0�FTHR�EHE_N ^ JFE	�#UXR��R*T ] G�R�ehR*E_E*k ] GFR ] T_N"�FehR�9����@ �c @��� K�NfJF�mG�R ^ THR�g &LIBTHR2R*E ] Nhg2I ] R�� 9 ^ TqIiT_RVE [ IiehR	� K
�FN%�þR*T_R�J ] efjk �FR���R*J
�FNhJ�W ^ JLl GFR ] GFR*T cb3{NfEM��94?jK ^ TM��9�b$K�� 3 � ] g2NfWG ] I��
��R�IBT ] G�I ] N ] NhE�R�E_EHR�J ] NhIBe ]_^
!?J ^ l ] G�R�E ] I ] N ^ J�IiT_N ] jn�FT ^ ��R*T ] j ^�� cb31��� ]�] DFT_J�E ^ D ]�] G�I ] � �� NfE NhJ$�iIBT_NhIBJ ]M]�^ �FN"��R�THR�J ] E [ IiehNhJ�WE	�
P�NfT_E ]{[*^ JFEHNV�FR*T ] GFRQ�FT_E ]'] R*T_g ^�� � �� k,l GFN [ G2NhE �� a� 9 � � a ��-K  � � � � �zP�T ^ g ��	3�= 9 �c a3 @�N a3 K a k?N ] NfE [ ehR�IBT ] G�I ]
�cb3¯I��
��R�IiT_E ] l N [ R¢NhJ ] GFR¢J?DFgVR�T_I ]�^ T�IBJ
� ] l N [ RVNfJ ] GFR �FR*J ^ gVNhJ�I ]�^ T*k ] G?DFE�NhgVg�DFJ�R ]�^ E [ IBehNfJFW
�
UXR�R ]�[�^ JFEHNV�FR*T �_ a ��  � � � 3 ��  � �_�� ��N%�R*J¼IZ��I ] I5g@I ] T_N R �½k�efR ] 9��� � @��c � @��� � K ` R ] GFR�R*E ] Nhg2I ] R��
� Ç
Ô��È�Ë�È�Î�Ì
Õ�ÓHÊtåæÔöÎ7õ*Õ�ÊtË�È�é7Õ(È_ðXÌ�Ïmð�È�Ë�ÔæòvÈ¤É/Ë�ÏvÉBÈ�Ë�Ë³Ê�Ì�È_ÕþÏtÑ�Ó�ÏvÎ�ò*È�Ë�õvÈ�ÎiÓ�È<ÊvÎ7ð\Õ(é7ÔóÌ³Êtø/åæÈ¤åöÔæÍMÔóÌ�ÔöÎ/õ ð/ÔæÕ(Ì�Ë�Ôöø7é�Ì�ÔæÏvÎ7ÕHë

a0?



] THNV�FefR¨IBE_EHDFg2NfJFW�cb3 ]�^2` Rr��9�bAKvk�IBJ
�LefR ] 9 �����@ �c��0@ �����K ` R ] GFR [�^ THT_R�E�� ^ J
�FNhJ�W ] THNV�FefR¨IBE_EHDFg2NfJFW�cb3
]�^V` R[��94?jK����mG�R�Ji9��� � @��c � @��� � K = 9��� � *TIU@  I �c � @��� � *  ILKvk ` j ] G�R[�FR���JFN ] N ^ J ^��<] GFR¨R�E ] Nfg@I ] N ^ J
�FT ^S[ R	�FDFTHR�E��r�mG�NhE\Nfg��FefNhR*E ] G�I ] �_ � = �_ � *  I 9(J ^i] R �_ � NfE ] GFR�R�E ] Nfg@I ] R	� THR�WTHR�EHE_N ^ J [�^ R�X [ NfR�J ]
l GFR*J �c � NhE ] G�RLT_R*WT_R*E_E ^ T�k�IBJ
�)ehNV!iR*l NfE_R �ô^ T �_ � K��`P�DFT ] GFR*T_g ^ T_Rik ] G�R'��IBJ�R�e�T_R�EHNV�FDFIBehE � p	783¨IBTHR
NhJ$�iIBTHNPIBJ ]�]�^ E [ IBefNhJFWE ` R [ IBD�E_R)�c � �� � a NfE R�#�DFIBe ]_^ �c � �� � a k�N ]Q�ô^ ehe ^ l E ] G�I ] �� �3 =#� � �3 *TI NhJ'��NhRvl ^��
� o �7 = � o �7 *  I�k�E_R*R�R�#�DFI ] N ^ JFEr9 (BI$K1(�9 ( [ K���P�T ^ g ] GFR*E_R¨T_R*ePI ] N ^ JFEHGFNV��E�k�N ] NhE R�IBEHj ]_^ E_R�R ] GFI ]

�_ � a 9��� � K  � � � �3 9��� � K  � �_ � = �_ � a 9��� � K  � � � �3 9��� � K  � �_ � B
�mG?DFE�k � �� NhE ] GFR\E_IBg2R�l GFR ] GFR�TUcm3ÐNhE¯IBE_EHDFg2R�� ]�^�` RL��9(b$K ^ T ��9+?kK��z�mGFR©I `�^ �R\IBT_WD�g2R*J ] NhE �BIiehNV�
�ô^ Tzcm3 ` R*NhJFW ��9�aAK ^ T ^B] GFR�Tz��T ^�[ R�EHE_R*E	�z�mGFNfE>T_R�EHDFe ] GFIBE ] GFRW��T�I [v] N [ IBe�Nfg���ehN [ I ] N ^ J ] G�I ]z�ô^ T_R [ IBE ] NhJ�W
[�^ J�� �FR*J [ R¨NhJ ] R*T��iIBefEW�FR�THN"�R�� �ô^ TW��9(b$K [�^ g2g ^ J � I [v]�^ THEXIiT_R��iIBehN"� �ô^ TmJ ^ J�E ] I ] N ^ J�IBTHj � I [*]_^ T_E��

aa



��I ` ehR*? � � ^ �R*T�IBWBR��I ] R*E�IBJ
��� Q�y ��������� �	�
���� � �� � ���� ���� � �� � ��������� � Ö�� � � � �� �� � �! � � � " ! � " !$#&%('Â��*�����������*)
����������|~��|��(¡ +!Ã�,
� � - . /£ � ]
^"� � /£ �� ]
^"� � /£ � ]
^ /£ �� ]
^ /£ � ]
^"� � /£ �� ]
^"� � /£ � ]
^ /£ �� ]
^0�1 0�1 1¥2131 4 1¥6587 1¥6539 1¥6539 1¥6534 1¥�:;0 1¥21<5 :�¥�:>= :�¥�:;0:?131 0�1 1¥2131 4 1¥6587 1¥6534 1¥6587 1¥6587 1¥�:;4 1¥21<5 :�¥21<5 :�¥21@=4�131 0�1 1¥2131 4 1¥6530 1¥6534 1¥6539 1¥6539 1¥21<5 1¥21<A :�¥�:;B :�¥�:;B0�1 :?131 1¥2131 4 1¥6530 1¥6534 1¥6587 1¥6587 1¥�:?1 1¥21�7 :�¥�:>= :�¥21<50�1 4�131 1¥2131 4 1¥653B 1¥6587 1¥653B 1¥6530 1¥21@= 1¥21<4 :�¥21@= :�¥21<94�131 :?131 1¥2131 4 1¥653B 1¥6587 1¥6530 1¥6587 1¥21<0 1¥21�7 :�¥21@= :�¥21@=:?131 4�131 1¥2131 4 1¥653B 1¥6587 1¥6530 1¥6587 1¥21�7 1¥21<4 :�¥21�7 :�¥21<44�131 4�131 1¥2131 4 1¥6530 1¥6587 1¥6530 1¥6530 1¥21<9 1¥21<4 :�¥21<9 :�¥21<9:?131 7<131 1¥2131 4 1¥65<= 1¥6530 1¥653B 1¥653B 1¥21<9 1¥21C: 1¥6530 1¥65�:0�1 0�1 1¥60�1 4 1¥65�: 1¥6539 1¥6587 1¥6534 1¥6439 1¥21<5 :�¥6434 :�¥�:;0:?131 0�1 1¥60�1 4 1¥6539 1¥6534 1¥6587 1¥6587 1¥�:;B 1¥21<5 :�¥�:;4 :�¥21@=4�131 0�1 1¥60�1 4 1¥6587 1¥6534 1¥6539 1¥6539 1¥�:?1 1¥21<A :�¥�:;B :�¥�:;B0�1 :?131 1¥60�1 4 1¥6539 1¥6534 1¥6587 1¥6587 1¥�:;0 1¥21�7 :�¥6487 :�¥21<50�1 4�131 1¥60�1 4 1¥6587 1¥6587 1¥653B 1¥6530 1¥�:;9 1¥21<4 :�¥�:D7 :�¥21<94�131 :?131 1¥60�1 4 1¥653B 1¥6587 1¥6530 1¥6587 1¥21<B 1¥21�7 :�¥21<A :�¥21@=:?131 4�131 1¥60�1 4 1¥6530 1¥6587 1¥6530 1¥6587 1¥21@= 1¥21<4 :�¥21<5 :�¥21<44�131 4�131 1¥60�1 4 1¥653B 1¥6587 1¥653B 1¥6530 1¥21�7 1¥21<4 :�¥21<9 :�¥21<9:?131 7<131 1¥60�1 4 1¥65<= 1¥6530 1¥653B 1¥653B 1¥21<B 1¥21C: 1¥6535 1¥65�:0�1 0�1 1¥2131 : 1¥6030 1¥6539 1¥65�1 1¥6534 :�¥�:;9 1¥21<5 4B¥6434 :�¥�:;0:?131 0�1 1¥2131 : 1¥6034 1¥6534 1¥6534 1¥6587 1¥6535 1¥21<5 :�¥65<= :�¥21@=4�131 0�1 1¥2131 : 1¥6039 1¥6534 1¥6539 1¥6539 1¥65�1 1¥21<A 4B¥21C: :�¥�:;B0�1 :?131 1¥2131 : 1¥6034 1¥6534 1¥6587 1¥6587 :�¥21<0 1¥21�7 4B¥�:D7 :�¥21<50�1 4�131 1¥2131 : 1¥60�1 1¥6587 1¥6587 1¥6530 1¥6539 1¥21<4 4B¥21C: :�¥21<94�131 :?131 1¥2131 : 1¥E737 1¥6587 1¥6587 1¥6587 :�¥21C: 1¥21�7 4B¥�:3: :�¥21@=:?131 4�131 1¥2131 : 1¥E7@9 1¥6587 1¥6587 1¥6587 1¥6587 1¥21<4 4B¥21<9 :�¥21<44�131 4�131 1¥2131 : 1¥693A 1¥6587 1¥6530 1¥6530 1¥65�1 1¥21<4 :�¥6A�1 :�¥21<9:?131 7<131 1¥2131 : 1¥E7<1 1¥6530 1¥653B 1¥653B 1¥6A3B 1¥21C: :�¥F=�A 1¥65�:0�1 0�1 1¥60�1 : 1¥60<= 1¥6539 1¥65�: 1¥6534 :�¥�:;0 1¥21<5 4B¥6487 :�¥�:;0:?131 0�1 1¥60�1 : 1¥6087 1¥6534 1¥6534 1¥6587 :�¥2131 1¥21<5 :�¥6535 :�¥21@=4�131 0�1 1¥60�1 : 1¥6039 1¥6534 1¥6539 1¥6539 1¥65�: 1¥21<A 4B¥21<4 :�¥�:;B0�1 :?131 1¥60�1 : 1¥6030 1¥6534 1¥6539 1¥6587 :�¥21<5 1¥21�7 4B¥64�: :�¥21<50�1 4�131 1¥60�1 : 1¥6039 1¥6587 1¥6587 1¥6530 1¥653B 1¥21<4 4B¥21<0 :�¥21<94�131 :?131 1¥60�1 : 1¥E7G= 1¥6587 1¥6587 1¥6587 :�¥21C: 1¥21�7 4B¥�:3: :�¥21@=:?131 4�131 1¥60�1 : 1¥E7@0 1¥6587 1¥6539 1¥6587 1¥653B 1¥21<4 4B¥21@= :�¥21<44�131 4�131 1¥60�1 : 1¥6935 1¥6587 1¥653B 1¥6530 1¥65�: 1¥21<4 :�¥6A�: :�¥21<9:?131 7<131 1¥60�1 : 1¥E7@9 1¥6530 1¥653B 1¥653B 1¥6A3B 1¥21C: :�¥F=�5 1¥65�:

aBc



��I ` ehR�a�� � ^ �R*T�IBWBR��I ] R*E�IBJ
��� Q�y �������8� �	�
������ ���� ���� � �� � ������� � � � �� � � ������ � �� ���� � �� � � ������ � ��*� ���� � �� � ��8��	� �
�
Ö�� � � � �� �� � �! � � � " ! � " !$#&%('Â��*�����������*)
����������|~��|��(¡ +!Ã�,

� � - . /£ � ]
^"� � /£ �� ]
^"� � /£ � ]
^ /£ �� ]
^ /£ � ]
^"� � /£ �� ]
^"� � /£ � ]
^ /£ �� ]
^0�1 0�1 1¥2131 4 1¥6534 1¥6A30 1¥6539 1¥6534 1¥�:;0 1¥21<5 :�¥�:>= :�¥�:;0:?131 0�1 1¥2131 4 1¥6534 1¥6A30 1¥6587 1¥6587 1¥�:;4 1¥21<5 :�¥21<5 :�¥21@=4�131 0�1 1¥2131 4 1¥6587 1¥6A3B 1¥6539 1¥6534 1¥21<5 1¥21<A :�¥�:;B :�¥�:;B0�1 :?131 1¥2131 4 1¥6539 1¥6A35 1¥6587 1¥6587 1¥�:?1 1¥21�7 :�¥�:>= :�¥21<50�1 4�131 1¥2131 4 1¥6539 1¥65�: 1¥653B 1¥6530 1¥21@= 1¥21<4 :�¥21@= :�¥21<94�131 :?131 1¥2131 4 1¥6530 1¥65�1 1¥6530 1¥6587 1¥21<0 1¥21�7 :�¥21@= :�¥21@=:?131 4�131 1¥2131 4 1¥6587 1¥6534 1¥6530 1¥6587 1¥21�7 1¥21<4 :�¥21�7 :�¥21<44�131 4�131 1¥2131 4 1¥6587 1¥6534 1¥6530 1¥6530 1¥21<9 1¥21<4 :�¥21<9 :�¥21<9:?131 7<131 1¥2131 4 1¥6530 1¥6587 1¥653B 1¥653B 1¥21<9 1¥21C: 1¥6530 1¥65�:0�1 0�1 1¥60�1 4 1¥6A3A 1¥6A30 1¥6587 1¥6534 1¥6439 1¥21<5 :�¥6434 :�¥�:;0:?131 0�1 1¥60�1 4 1¥65�: 1¥6A30 1¥6587 1¥6587 1¥�:;B 1¥21<5 :�¥�:;4 :�¥21@=4�131 0�1 1¥60�1 4 1¥6539 1¥6A3B 1¥6539 1¥6534 1¥�:?1 1¥21<A :�¥�:;B :�¥�:;B0�1 :?131 1¥60�1 4 1¥6534 1¥6A35 1¥6587 1¥6587 1¥�:;0 1¥21�7 :�¥6487 :�¥21<50�1 4�131 1¥60�1 4 1¥6534 1¥65�: 1¥653B 1¥6530 1¥�:;9 1¥21<4 :�¥�:D7 :�¥21<94�131 :?131 1¥60�1 4 1¥6530 1¥65�1 1¥6530 1¥6587 1¥21<B 1¥21�7 :�¥21<A :�¥21@=:?131 4�131 1¥60�1 4 1¥6534 1¥6534 1¥6587 1¥6587 1¥21@= 1¥21<4 :�¥21<5 :�¥21<44�131 4�131 1¥60�1 4 1¥6587 1¥6534 1¥653B 1¥6530 1¥21�7 1¥21<4 :�¥21<9 :�¥21<9:?131 7<131 1¥60�1 4 1¥6587 1¥6587 1¥653B 1¥653B 1¥21<B 1¥21C: 1¥6535 1¥65�:0�1 0�1 1¥2131 : 1¥60�: 1¥6A30 1¥65�1 1¥6534 :�¥�:;9 1¥21<5 4B¥6434 :�¥�:;0:?131 0�1 1¥2131 : 1¥60�1 1¥6A30 1¥6534 1¥6587 1¥6535 1¥21<5 :�¥65<= :�¥21@=4�131 0�1 1¥2131 : 1¥60�: 1¥6A3B 1¥6539 1¥6534 1¥65�1 1¥21<A 4B¥21C: :�¥�:;B0�1 :?131 1¥2131 : 1¥E7@A 1¥6A35 1¥6587 1¥6587 :�¥21<0 1¥21�7 4B¥�:D7 :�¥21<50�1 4�131 1¥2131 : 1¥E7@B 1¥65�: 1¥6587 1¥6530 1¥6539 1¥21<4 4B¥21C: :�¥21<94�131 :?131 1¥2131 : 1¥E7@4 1¥65�1 1¥6587 1¥6587 :�¥21C: 1¥21�7 4B¥�:3: :�¥21@=:?131 4�131 1¥2131 : 1¥E7<1 1¥6534 1¥6587 1¥6587 1¥6587 1¥21<4 4B¥21<9 :�¥21<44�131 4�131 1¥2131 : 1¥6987 1¥6534 1¥6530 1¥6530 1¥65�1 1¥21<4 :�¥6A�1 :�¥21<9:?131 7<131 1¥2131 : 1¥6987 1¥6587 1¥653B 1¥653B 1¥6A3B 1¥21C: :�¥F=�A 1¥65�:0�1 0�1 1¥60�1 : 1¥6034 1¥6A30 1¥65�1 1¥6534 :�¥�:;0 1¥21<5 4B¥6487 :�¥�:;0:?131 0�1 1¥60�1 : 1¥6034 1¥6A30 1¥6534 1¥6587 :�¥2131 1¥21<5 :�¥6535 :�¥21@=4�131 0�1 1¥60�1 : 1¥60�1 1¥6A3B 1¥6539 1¥6534 1¥65�: 1¥21<A 4B¥21<4 :�¥�:;B0�1 :?131 1¥60�1 : 1¥60�: 1¥6A35 1¥6587 1¥6587 :�¥21<5 1¥21�7 4B¥64�: :�¥21<50�1 4�131 1¥60�1 : 1¥E7@5 1¥65�: 1¥6587 1¥6530 1¥653B 1¥21<4 4B¥21<0 :�¥21<94�131 :?131 1¥60�1 : 1¥E7@0 1¥65�1 1¥6587 1¥6587 :�¥21C: 1¥21�7 4B¥�:3: :�¥21@=:?131 4�131 1¥60�1 : 1¥E7@4 1¥6534 1¥6539 1¥6587 1¥653B 1¥21<4 4B¥21@= :�¥21<44�131 4�131 1¥60�1 : 1¥693B 1¥6534 1¥653B 1¥6530 1¥65�: 1¥21<4 :�¥6A�: :�¥21<9:?131 7<131 1¥60�1 : 1¥6935 1¥6587 1¥653B 1¥653B 1¥6A3B 1¥21C: :�¥F=�5 1¥65�:

a &



�<I ` efR�c � � ^ �R�T_IBWR!XI ] R�E�IBJ�� � Q0y k .n= & �������8� �	�
������ ���� ���� � �� � ������� � � � �� � � ������ � �� ���� � �� � � ������ � ��*� ���� � �� � ��8��	� �
�
Ö�� � � �� � �! � � � �� � � � " ! � " �� ���� ���� � � � ! � � � � � # %('Â��*����������� )Ð���������S|���|���¡ +!Ã�,

� � -�� . /£ � ]
^"� � /£ �� ]
^"� � /£ � ]
^ /£ �� ]
^ /£ � ]
^"� � /£ �� ]
^"� � /£ � ]
^ /£ �� ]
^0�1 0�1 1¥2131 4 1¥6534 1¥6A30 1¥6539 1¥6534 1¥�:;0 1¥21<5 :�¥�:>= :�¥�:;0:?131 0�1 1¥2131 4 1¥65�: 1¥6A30 1¥6587 1¥6587 1¥�:;4 1¥21<5 :�¥21<5 :�¥21@=4�131 0�1 1¥2131 4 1¥6587 1¥6A3B 1¥6539 1¥6534 1¥21<5 1¥21<A :�¥�:;B :�¥�:;B0�1 :?131 1¥2131 4 1¥6534 1¥6A35 1¥6587 1¥6587 1¥�:?1 1¥21�7 :�¥�:>= :�¥21<50�1 4�131 1¥2131 4 1¥6587 1¥65�: 1¥6530 1¥6530 1¥21@= 1¥21<4 :�¥21@= :�¥21<94�131 :?131 1¥2131 4 1¥6530 1¥65�1 1¥6530 1¥6587 1¥21<0 1¥21�7 :�¥21@= :�¥21@=:?131 4�131 1¥2131 4 1¥6587 1¥6534 1¥6530 1¥6587 1¥21�7 1¥21<4 :�¥21�7 :�¥21<44�131 4�131 1¥2131 4 1¥6587 1¥6534 1¥6530 1¥6530 1¥21<9 1¥21<4 :�¥21<9 :�¥21<9:?131 7<131 1¥2131 4 1¥6530 1¥6587 1¥653B 1¥653B 1¥21<9 1¥21C: 1¥6530 1¥65�:0�1 0�1 1¥60�1 4 1¥653B 1¥6A30 1¥6530 1¥6534 1¥6439 1¥21<5 :�¥6434 :�¥�:;0:?131 0�1 1¥60�1 4 1¥653B 1¥6A30 1¥6530 1¥6587 1¥�:;B 1¥21<5 :�¥�:;4 :�¥21@=4�131 0�1 1¥60�1 4 1¥653B 1¥6A3B 1¥6587 1¥6534 1¥�:?1 1¥21<A :�¥�:;B :�¥�:;B0�1 :?131 1¥60�1 4 1¥653A 1¥6A35 1¥6530 1¥6587 1¥�:;0 1¥21�7 :�¥6487 :�¥21<50�1 4�131 1¥60�1 4 1¥6535 1¥65�: 1¥653B 1¥6530 1¥�:;9 1¥21<4 :�¥�:D7 :�¥21<94�131 :?131 1¥60�1 4 1¥6535 1¥65�1 1¥6530 1¥6587 1¥21<B 1¥21�7 :�¥21<A :�¥21@=:?131 4�131 1¥60�1 4 1¥6535 1¥6534 1¥6530 1¥6587 1¥21@= 1¥21<4 :�¥21<5 :�¥21<44�131 4�131 1¥60�1 4 1¥6535 1¥6534 1¥653B 1¥6530 1¥21�7 1¥21<4 :�¥21<9 :�¥21<9:?131 7<131 1¥60�1 4 :�¥2131 1¥6587 1¥653B 1¥653B 1¥21<B 1¥21C: 1¥6535 1¥65�:0�1 0�1 1¥2131 : 1¥60�: 1¥6A30 1¥65�1 1¥6534 :�¥�:;9 1¥21<5 4B¥6434 :�¥�:;0:?131 0�1 1¥2131 : 1¥60�1 1¥6A30 1¥6534 1¥6587 1¥6535 1¥21<5 :�¥65<= :�¥21@=4�131 0�1 1¥2131 : 1¥60�: 1¥6A3B 1¥6539 1¥6534 1¥65�1 1¥21<A 4B¥21C: :�¥�:;B0�1 :?131 1¥2131 : 1¥E7@A 1¥6A35 1¥6587 1¥6587 :�¥21<0 1¥21�7 4B¥�:D7 :�¥21<50�1 4�131 1¥2131 : 1¥E7@B 1¥65�: 1¥6587 1¥6530 1¥6539 1¥21<4 4B¥21C: :�¥21<94�131 :?131 1¥2131 : 1¥E7@4 1¥65�1 1¥6587 1¥6587 :�¥21C: 1¥21�7 4B¥�:3: :�¥21@=:?131 4�131 1¥2131 : 1¥E7<1 1¥6534 1¥6587 1¥6587 1¥6587 1¥21<4 4B¥21<9 :�¥21<44�131 4�131 1¥2131 : 1¥6930 1¥6534 1¥6530 1¥6530 1¥65�1 1¥21<4 :�¥6A�1 :�¥21<9:?131 7<131 1¥2131 : 1¥6930 1¥6587 1¥653B 1¥653B 1¥6A3B 1¥21C: :�¥F=�A 1¥65�:0�1 0�1 1¥60�1 : 1¥6B�: 1¥6A30 1¥65�: 1¥6534 :�¥�:;0 1¥21<5 4B¥6487 :�¥�:;0:?131 0�1 1¥60�1 : 1¥60<= 1¥6A30 1¥6539 1¥6587 :�¥2131 1¥21<5 :�¥6535 :�¥21@=4�131 0�1 1¥60�1 : 1¥603B 1¥6A3B 1¥6539 1¥6534 1¥65�: 1¥21<A 4B¥21<4 :�¥�:;B0�1 :?131 1¥60�1 : 1¥6B�1 1¥6A35 1¥6587 1¥6587 :�¥21<5 1¥21�7 4B¥64�: :�¥21<50�1 4�131 1¥60�1 : 1¥6035 1¥65�: 1¥6530 1¥6530 1¥653B 1¥21<4 4B¥21<0 :�¥21<94�131 :?131 1¥60�1 : 1¥60�1 1¥65�1 1¥6587 1¥6587 :�¥21C: 1¥21�7 4B¥�:3: :�¥21@=:?131 4�131 1¥60�1 : 1¥60�1 1¥6534 1¥6587 1¥6587 1¥653B 1¥21<4 4B¥21@= :�¥21<44�131 4�131 1¥60�1 : 1¥E7@9 1¥6534 1¥653B 1¥6530 1¥65�: 1¥21<4 :�¥6A�: :�¥21<9:?131 7<131 1¥60�1 : 1¥E7@5 1¥6587 1¥653B 1¥653B 1¥6A3B 1¥21C: :�¥F=�5 1¥65�:

a $



�!	?�³	?�/	��<�	��

Y J��FT_Rvl E�k � �$\ � � �S9+?�� �0?jKvk0�XR ] R�T ^ EJ!iR	��IiE ] N [ IBJ
�:YXD ]�^�[�^ THT_R*ePI ] N ^ J � ^ JFEHNhE ] R�J ] �LI ] T_N R�y>E ] Nhg2IT(
] N ^ Jík ��-��! K�!�)H���0���-J+ ��� k���?"*��@� $ &
�

KMIBN�kiC��/IBJ
��UXWFkBQw��9�aibb,aAKtk��\R ] R*T_gVNhJFNfJFW ] GFR'U�DFg ` R�T ^�� P�I [*]�^ T_EÐNhJvYL���FT ^ RSNhg2I ] R P8I [v]�^ T � ^ �FR*ehE�k��-��! K�!�)H��j0 ��-J+ ��� � � k�?���?���aa0?A�
KMIBN�k8C���IBJ��LU�WFk�Qw�b9�aibbc$Ktk
yx�iIBehD�I ] NhJ�W 
 I ] R�J ] IBJ
� Z\` E_R*T��BR	�OP8I [v]�^ THE NhJ��LI [ T ^ R [�^ J ^ gVN [ E IiJ
�

P�NhJFIBJ [ RikFg2IBJ?DFE [ T_NV� ] NhJ��FT_R���IBT_I ] N ^ J��

KMIBN�k�C��SQw�w9�aBbbBc$Kvk-��J � R*T_R�J [ R ^ J�P8I [*]_^ T � ^ �FR�efE ^�� 
 IBT_WRQ�\Nfg2R*JFE_N ^ JFE�k ��-��! K�!�)H���0 ��-J+ � � � � k ?�c $ �
?"*a0�

KMIBN�k
C��
Qw��9�aBbBb &-Kvkmy>E ] Nhg2I ] NhJFW �¯T ^ E_E4(�QSR [*] N ^ J.� ^ g2g ^ J5Q ]_^S[ G�IiE ] N [ �<THR�J
�FE¨NhJªU ^ J0(�Q ] I ] N ^ J�IiTHj
d�IBJ�R�eb�©I ] ISk�� �!��0  �+SN �/* ��-��! K�!�)H���0 ��-�� �

K¯R*T_J�IBJ�!BRBk�KL�8IBJ��LK ^ N"��NhJík�C�� 9�aBbb,a�Kvk'� ^ JFR ] IBTHj#d ^ ehN [ j!NfJLI��©I ] I  N [ G�y>J$��NhT ^ JFg2R*J ] k	� �!��0  �+SN�/*�
 �! KH���+S0 i���-��! K�!�(��-�� �
�¯G�IBg ` R*T_ePIiNhJík �*�iIBJ
�  ^B] GFE [ GFNhe"�ík ��� 9+?��$�c$Kvk�Y T ` N ] T�IBWRik$P8I [*]_^ T>Q ] T_D [*] D�T_R IBJ
� �#R�IBJ0( �'IBT_NhIBJ [ R

Y J�Iiefj�E_NfEmNhJ 
 IBT_WR YXE_EHR ] �LIBTJ!iR ] E�k ��-��! K�!�)H��j0 ��-J+ �m� k�?�cBb $ � ?�ca &
�
� ^ JFefR*jBk�� ��94?�� � �AKvk �!� � y{E ] Nfg@I ] N ^ J1l N ] G �¯T ^ E_E+(�QSR [v] N ^ J:�\R	��R�J��FR�J [ RBk�� �!�.0� �+SN �/*8��-��! K�!�)H���a0 ��-�� �'� k�?� & $ �
�¯T_NfE ] I�� ^ T ^ k v�~kSP ^ THJFN�k��F�~k  R�N [ GFehNfJík 
 ��IBJ�� ��N ^ �BIiJFJFN�k �l�x9�aBbb�?jKtk Y"� ^ THRl��J �8I ] N ^ J'��J
�FR�R �ô^ T

] GFRry>DFT ^ YXT_R�ISk�g@IBJ?DFE [ THNV� ] k�lmlmlv� �SjSJ � I [*]_^ T	� ^ T_W��

�\T_NfE [*^ ehe�k0�r�FIBJ�� ��T_II�jk0Yl��94?�� � �AKvk � ^ JFE_NfE ] R�J ] � ^ �BIiT_NPIiJ [ R �:I ] THN%R�y{E ] Nfg@I ] N ^ J1l N ] G#Q0��I ] NPIBefefj$(
�\R	��R�J
��R�J ] d<IBJFR*em�©I ] I�k�� H��`��H�b6�/*A�_-��! K�!�(��-��g+S �R %���+S�j�P������-�� � � � � k $ &(��� $ (Bb��

P ^ T_J�N�k ���fkf� IiehehNfJík �F�fk 
 N"�
�FN�k �F� IiJ
�  R�N [ GFehNfJík 
 �F9�aBbb0? ` KvkZ� ^ P�NfJ�IBJ [ NPIBe �'IBTHNPI ` ehR�E
�XR*eV� NfJ P ^ THR [ IiE ] NfJFW���J �8I ] N ^ J IiJ
�  R�IBe�Y [v] N"��N ] j NhJ ] GFR y>DFT ^ Y THR�I�k g2IBJ?DFE [ T_N"� ] k
lmlmlv� �SjSJ � I [*]_^ T	� ^ T_W��

UXRvl¯Rvjkb\ �ÐIBJ
�H\°R*E ] k � ��94?�� � *AKtk�Y QSNhg��FehRik�d ^ E_N ] N"�BR@Q�R�gVN%(4�\R���JFN ] RBk��XR ] R�T ^ EJ!iR	��IBE ] N [ N ] jªIiJ
�
Y D ]_^S[*^ T_THR�ehI ] N ^ J � ^ JFEHNhE ] R�J ] � ^ �BIiT_NPIiJ [ R!�LI ] T_N Rþk �_-��! K�!�)H���0 ��-J+ � � k *BbBc�� *Bb �0�

a (



Q ]_^S[ !8k
C����r�íIBJ
�O\°I ] E ^ Jík ���S\ �z9�aBbb,aBIAKvk�P ^ THR [ IBE ] NhJFW �E_NhJ�W�d{THNhJ [ NV��Iie � ^ g�� ^ JFR�J ] E � T ^ g I
 IBT_WR UXDFg ` R*T ^�� d>THR	�FN [*]�^ T_E�k�� �!��0  �+SN �/*��ThfH����)H�0 ��-J+S %�� +S���P������-J+SN �����`�`-���+S�j���! � � k ?A? ( * �
?A?"*$�0�

Q ]_^S[ !8k>C��b�r�<IiJ
�F\°I ] E ^ Jík �F�m\ � 9�aBbb,a ` Kvk �LI [ T ^ R [*^ J ^ gVN [ P ^ T_R [ IBE ] NfJFW �E_NfJFW'�\N%�þD�E_N ^ J���J�(
�FR�RSR*E�k	� �!��0  �+SN �/* C��L���T KH����$+S �R���-��! K�!�(��- %���+S�j�P������-�� � � � � k�? & *�� ? (,a0�

\¼GFN ] RBkT�r��9+?�� �Bb$KvkkYi��R ] R*T ^ E�!BR���IBE ] N [ N ] j$( � ^ J�E_NhE ] R*J ] � ^ �BIiT_NPIiJ [ R �LI ] T_N Rvy>E ] Nhg2I ]�^ T�IBJ
�¨IU�\NhTHR [*]
�<R*E ]Q�ô^ TU�XR ] R*T ^ E�!BR	�FIBE ] N [ N ] jk ��-��! K�!�)H��j0 ��-J+ � � k���?"*��Sc$���

a *



1960 1965 1970 1975 1980 1985 1990 1995
−20

−15

−10

−5

0

5

10

15

20
Figure 1: Conditional Mean Forecast:  DIP
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Figure 2a: Diffusion Index Forecast: DIP
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Figure 2b: Naive Forecast: DIP
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