
HAL Id: hal-00207497
https://hal.science/hal-00207497

Preprint submitted on 17 Jan 2008

HAL is a multi-disciplinary open access
archive for the deposit and dissemination of sci-
entific research documents, whether they are pub-
lished or not. The documents may come from
teaching and research institutions in France or
abroad, or from public or private research centers.

L’archive ouverte pluridisciplinaire HAL, est
destinée au dépôt et à la diffusion de documents
scientifiques de niveau recherche, publiés ou non,
émanant des établissements d’enseignement et de
recherche français ou étrangers, des laboratoires
publics ou privés.

Which predictor is the best to predict inflation in
Europe: the real money-gap or a nominal money based

indicator?
Gilles Dufrénot, Roseline Joyeux, Anne Peguin-Feissolle

To cite this version:
Gilles Dufrénot, Roseline Joyeux, Anne Peguin-Feissolle. Which predictor is the best to predict
inflation in Europe: the real money-gap or a nominal money based indicator?. 2008. �hal-00207497�

https://hal.science/hal-00207497
https://hal.archives-ouvertes.fr


�

���������
	����������������������������������� 	��!������"�#��$�%'&�()�*�+�)$,��$
-�.����/	�10

����2���()&435�/$�7698�:;(�	<���=(>$?��3@��$4(�&�3A�)$4!6
��(;�B��C��$������D(/���E��F�G

HJILKMKONQP�RTSDUWVYX[Z!\!]_^_`Qab\DP+NcKed!Z�N�f�\"d!NgS�h�i*jW`�kTZ�Z�N�lEXcm7S�ILZ�npo;N�IWP'P+\�KqKON�r

^Ms9autJRwv+x�s4`!twZ�Iey�NcV*P+Iz]�X�lE{cV+IMP ��| {cZ�}~H�ausu�Jk��,`7o/V+{�Z��BN
i���{����QS�{cV+ILNct�Z�Iey�NcV�P+Iz]_d!`!R�Nc��{cV_]_��N�ZB];\"UDs?��\�Z�\���IO�QPY`)��d!}"Z!N�d!`�k�S;P�]_VY{cKLIM{

r�Hbaus?�Jk��,n�����a���`7�,{cV*P+N�ILKMKON�`7o/V+{�Z���N

���)�+�+�����c�
v�Z�]_��N�KMIz]�NcVY{g]WS�V+N�`�]W�w\�IL����\�V�]�{cZB]>y�ILN��=P
��\"Z!��NcV+Z�ILZ�m�]_�!N���\�Z�}QS��g]�\"U��~\�Z�Ng]�{cV_d���\�KLIO�[d�{cV+N
��\�Z�P_]_V�S�N�}D�T ¡Z!NCy�IMN�� IWP2]_��{g]=]_�!N@��NcZB]_V+{�K�¢"{�Z7£/P�¤=�~\�Z�Ng]�{cV�dA��\�KLIO�cd���S;P�]=¢"N@�cV+N�}"Ie¢�KMN@IOU¥]_��N
{gS�]_�!\"V�I¦]_IMNBP���{�ZQ]T]_\<�gS�V�¢
ILZ�U�KO{g]�I§\"Z���k¨P+NB��\�Z�}�y�IONc�©IOP�]_�!{g]ª��NcZB]_V+{cK�¢"{[Z«£)P�P+N�]J]_�!N[I¬V=�~\�Z�N�]�{cV�d
��\�KqIO�cd=¢�d=S/P+ILZ�m2{�KLKD]��!N�IqZ�U_\�V�ª{g]_I§\"Z=V+N�KONcy�{�ZQ]4U_\�V�ILZ�U�KO{g]�IL\�Z={�Z�}=\7S�]_�7S7]9��V�\�®+NB�g]_IL\�ZDP���v�Z�s9S�V+\"��N�`){
��\�ZQ]_V�\!y"NcV'P�d¯��{7PuN��ªNcV�m�N�}�{c¢�\7S�]�]_�!NJV+\�KLN�\�U9�~\�Z!Ng]�{�VYd¯{cm�m�VYNcm�{g]�NQP?{!P9S/P*N�UMSDK;IqZ�}�IO�B{g]_\�V'Pu\�U9UMS�]WS�V+N
ILZ�U_KO{g]�IL\"Z�{�Z!}=\!S�]_�7S«]+�� ¡Z¯\"Z!N���{�Z�}�`/Ncy�IO}�N[Z!�BN�ILZ�U�{cy"\!S�Vu\�U�]_��N�S/P*N[UMS�KLZ�N7P'Pu\�U�°�±7²�³L°�´�µ¶�~\�Z�N�]�{cV�d
{cm�m�V+N�m�{g]�NQP�{QP¯m�\�\�}@�7VYN�}7IO�g]_\�V'P=IWP=��V+\7y�IL}�N�}@¢�d@]_��N�KqI¦]�NcV+{g]WS�V+N«�� �Z�]_�!N�\Q]_��NcV=�!{�Z�}�`TN[�w��ILV+IO��{�K
Ngy�IO}�N�Z��BN·ILZ�U�{cy�\7S�V \�U¹¸�ºc´�µ��~\�Z!Ncd�ILZ�}�IM��{g]�\"V*P IpP»U_\!S�Z!}D��x¶��N@�7S�V���\DP+N<\"U=]_��IWP>��{���NcV>IWP2]�\
��\�ZQ]_V�Ie¢«S�]�Nw]p\¥]_��N~\�Z7m�\�ILZ7m }�Nc¢�{�]�N�\�Z�]_��N�VY\"KLNª\"Uu�¯\"Z!N�d¼{�m�m�V+Ncm�{g]�NQPbIqZ=]_��N=P+Ng]W]_ILZ«m \"Uu�~\�Z�N�]�{cV�d
��\�KqIO�cd��½x��!N��QS�N7P�]�IL\"Z,�~N�{cVYN�ILZQ]�N�V+NQP�]�N�}·ILZ<IpPª�~��Ng]_�!NcV�]_��N>VYN�{�K��~\�Z!N�d¾m�{c�A��\"ZB]�{�IqZDP��~\�V+N
ILZ�U_\�V+�~{g]�IL\�Z>{c¢"\!S�]bUMS�]WS�V+N¥ILZ�U_KO{g]�I§\"Z¿IqZ s�S�VY\"��N�`�]_��{�Z>{�Z¿IqZ�}�IO��{g]�\�V�¢�{QPYN�}>\�Z2]_��N=m�V+\7�J]_� V+{']�N=\"U
Z�\���ILZ�{�K¶�~\�Z�NcdD��À¾NJS/P*N~{���{�Z!N[K;}�{g]�{�UWV+{��ªNg�~\�V�£�ILZ�P�]�N�{�}¹\�U¶]_��NJS/P�S�{�K)]�IL�ªN¯PYNcV+IONQP��ªNg]_�!\�}�P#\�Z
{cm�m�V+N�m�{g]�N?s9S�V�\~}�{g]�{B�

Á�ÂgÃ�Ä�Å �cÆ/��ÇD��\"Z!Ng]�{cV�d���\�KLIO�[d!`�ILZ�U�KO{g]�IL\"Z!`"��{�Z�N�KD}�{�]�{

È�ÉuÊ ��ËM���'�*ÌMÍ�ÌO���7�+Ì Å�Î Ç�s4Ï | `Qs#Ð | `Qs#Ð�ÑB`�� |�Ò `���Ð Ò

Ó�ÔªÕ)Ö¬×�Ø+ÙcÚ9Û~ÜeÝ�×�Ø'Õ+Þ�Û~Ý�ß�Õ+ÙcÙ�Ø+Ù�àOá�â�Õ+ãcÝ+Õ+ÞeÞeÕ+Ù�ÖBâWÕ*äpÕ+Ø+âWÝ�×�Øåä�äWÜLäMÖeØ+Ù�ÖOäM×�Üzæ�çgæ�Ø+âLÖLÝ�è�ÞeØ+âOÞêé�àWá�â�×�Ü§ä"×�Õ�Þzæ�Ü¦Ù�Ü¦Ùcæ�è�ÖeÖeÜ¦Ù�ë¶Öe×�Õ�ì�ØÖ¬Ø�í
î7ï á�âOâWÕ'äMæ�á�Ù�ìcÜ¦Ù�ë¶Ø+ècÖ¬×�á'â�í+ð9Õ�æ�Ø+âMÖ¬ñuÕ�ÙcÖBá'à«òDÝ+á�Ù�á�ñuÜeÝ*ä_çgÛ~Ø'Ý+ó�è�Ø+âLÜeÕ/ô¶Ù�Üêõ�Õ+â_äWÜzÖ¦é�çQö*écì�Ù�Õ�é�÷uö�Ôùø!úYû�ücç�ý�èBäqÖ¬âWØ+ÞeÜzØåçgþ�Õ+ÞMÿ
��� úDøuü�����û��	�
�	��ç��BØ'ã«ÿ ��� úDø�ü����û����� � ç�Õ+ñuØÜ¬ÞMÿ�â��_á*é�ÕYè�ã
��Õ�à�äYí ñuóQí Õ+ìgè«í ØèBí



|

��������Î �+� Å Æ��)���+Ì Å�Î
v�ZC]_�!N�KLIz]�N�V+{g]WS�V+N�`�]W�w\<IL����\�V�]�{cZB]~y�ILNg�ªP���\�Z���NcV�Z�ILZ�m¾]_�!N���\�Z�}QS��g]ª\�U���\�Z�Ng]�{�VYd
��\�KqIO�cd {cV+N

��\�Z�P_]_V�S�N�}D�
 �Z�N¹y�IONg� IWPJ]_�!{g]�]_�!N2��NcZB]_V+{�K�¢�{�Z7£/P�¤#�~\�Z�N�]�{cV�d>��\7KOIO��d,�TS�P_]�¢�N2�cVYN�}"Ie¢�KON2ILU¡]_�!N2{gS�]_��\�V�Iz]�ILN7P

��{cZQ]/]_\ª�gS�V�¢~ILZ�U�KO{g]�IL\�ZD�Bk@�~IWP*}�\���{cV�m7S��ªN[ZB];IpP;]_��{g];��V+N�}�I§¢�IOKMIz]_d~IWP9m�{�IqZ�N�}w]_�«V+\7S�m��~}"I¬V+N��g]EIqZ�U_KO{g]�IL\�Z
]�{cV�m�N']_ILZ7m
	pR�vYx����«x¶��IMP4{c����V+\�{��c��IWP4}�N�U�N�Z!}�N�}�ILZ�]_��N�\"V+N�]_IL��{�K/{�Z�}ªN[�~��IeV+IO�Q{�K��~\�V�£DPå��;x¶��NJ�~\�Z�N�]�{cV�d
{gS�]_�!\"V�I¦]_IMNBP=P+Ng]�]_�!N ILZB]�NcV+NQP_]TV+{å]�NBP�P+\ ]_�!{g]TILZ�U�KO{g]�IL\"Z,{�Z�}�\7S�]_�7S7]w}7\�Z�\Q]w}�N�y�IL{g]�N¥]�\�\��JS�����UWV+\��
]�{cV�m�N']¶y�{�KzS�N7På�"v+����KMIO��Iz]¶]p\�]_��IpP?{c����V+\�{��c�=IWP�]_��Nw{QP�P�S��~�7]�IL\�Z�]_�!{g]4�~\"Z!Ng]�{cV�dª��\�KLIO��d¥��{�Z�Z�\7]9V+NcKed�\�Z
ILZQ]�NcV+�ªN�}�IO{g]�N��~\"Z!Ng]�{cV�d¯{cm�m�V+Ncm�{�]�NQP�¢�N���{gS�PYN��~\�Z�Ncd¼}�N��~{�Z�}=UWSDZ!�g]�I§\"Z�P#{cV+N�Z�\Q]uP_]�{g¢�KLN7�7Rwv+xCIMP#{�Z
{c����V+\��7V�IM{�]�N U_\�V+� \"U���\�Z�Ng]�{�VYd»��\�KLIO��d�����N�Z,}"IWP+ILZ�U�KO{g]�I§\"Z,IWP�]_��N2��V+Iq�ª{cV�d,m�\�{�K�\�U�P_]�{g¢�IMKOIpPY{g]�IL\�Z
��\�KqIO�cd!`��~��IO���=IWP�]_��N���{!PYN�IqZ�s9S�V+\���N7���w\!��Ngy"NcV+`/{�U�IL]9\�U�R�v+x,�~\�}�N�KWP��¼U_\�V�ILZDP_]�{cZ��BN¡]_�«V+\!S�m��~]_��N
]�NQPW]_ILZ7m,\�U�x9{cd�KL\"VTV�S�KONQPwnJKON�{cy�N7Pw{[Z�IL�~��\�V�]�{cZQ]b��NcV���NcZQ]�{�m�N¹\�U�]_��N¥y"{cV+IO{[Z!��N�\�U�]_�!N ILZB]�NcV+NQP_]�V+{g]�N
�c�!{[Z«mDNBP�SDZ!Nch���KM{�ILZ�NB}D��x¶��IWP¼��\!S�K§}5��N�{[Z,]_��{g]�`JILZ<��V+{���]_IL��N�`�]_��IWP�\"�7]_I§\"Z<IWP�V+Ng]�{�ILZ�N�}@¢�dù{�U�Ng�
s9S�V�\���N�{cZ~��NcZQ]_V+{�K�¢�{�Z7£DPå�
k�P+N���\"Z!}¯y�IONg� IWP�]_�!{g]9��N�ZB]_V+{cKD¢�{�Z7£DP#P+Ng];]_��N�IeV���\�Z�Nc]�{cV�d���\�KLIM�cdª¢�d�S/P+ILZ�m�{�KqK�]��!NJILZ�U_\�V+�~{g]�IL\�Z

V+N�KLNcy�{�ZB]�U_\�VuIqZ�U_KO{g]�IL\"Z�{�Z!}=\!S�]_�7S«]9��V�\�®+N��g]�IL\�Z�På�"v+Z~s�S�V+\���Nc`/{���\�ZQ]_V�\7y�NcV'P�d¯��{QP#N��ªNcV�m�N�}={c¢�\7S�]�]_�!N
V+\�KLN�\�U��~\�Z!Ng]�{cV�d¿{cm�m�V+N�m�{g]�NQPw{7P¡S/PYN�UpS�KuIqZ�}�IO��{g]�\�V'Pw\"U�UWS�]WS�V+N=ILZ�U�KO{g]�I§\"Z¿{�Z�}�\7S�]W�7S«]*�¶ ¡Z2]_�!N¹\�Z�N
��{�Z!}�`�Ncy�IO}�N�Z��BN¡ILZªU�{cy�\7S�V9\�U�]_�!N�S/P*N�UMSDKLZ�N7P'P4\�U�°�±�²w³q°�´�µ/�~\�Z�Ng]�{cV�d�{cm�m�V+Ncm�{�]�NQP9{7P¶m�\�\�}���V+N�}7I§�g]�\"V*P
IWPu��V+\7y�IL}�N�}¥¢�dª]_��N�KMIz]�N�V+{g]WS�V+N��å�� �Z�]_�!N�\7]_��NcV��!{�Z�}�`/N�����IeV+IO�B{[K;Ncy�IO}�N�Z��BN�IqZ�U�{�y"\!S�V?\"U�¸åºc´�µ���\"Z�N�d
ILZ�}"IO��{�]�\"V'P#IWP�U_\7S�Z�}����/x1�!N��7S�V���\DP+Nª\"U9]_��IpP#��{c��NcV�IWPu]�\ �c\�ZQ]_V�Ie¢«S�]�N�]_\=]_��N�\�Z7m�\�ILZ7m }�Nc¢"{g]�N�\�Z¥]_�!N
V+\�KLNT\"U¶�~\�Z�Ncd¯{cm�m�V+Ncm�{g]�NBP�ILZ�]_��N�P+Ng]W]_ILZ7m¯\"U¶��\�Z�Ng]�{�V�dª��\�KLIM�cd��ªx1�!NJ�QS�N7P�]�IL\�Z��~NT{cV+NJILZB]�NcV+NQP_]�N�}�ILZ
IWPJ�~�!Ng]_��N�V¡]_�!N¥V+N�{[Ku�~\�Z�Ncd�m�{c�»��\�ZQ]�{�ILZDP��~\�V+N¹ILZ�U+\�V��~{g]_I§\"Z»{�¢"\!S�]bUMS�]WS�V+N¹ILZ�U_KM{�]�IL\�Z>ILZ s�S�V+\���N�`
]_��{�Z�{�Z~ILZ�}"IO��{�]�\"V�¢"{QP+N�}~\�Z�]_��N�m�V+\7�J]_�wV+{g]�N�\�U¶Z�\��~IMZ!{[K��~\�Z�Ncd��QÀAN�S;P+N�{���{[Z!N�KD}�{g]�{�UWV+{���N��~\�V�£
ILZDP�]�N�{�}=\"U¶]_��N¡S/P_S/{�KD]_IL�ªN¯PYNcV+ION!Pu�ªNg]_�!\�}�P?\"Z¯{cm�m�V+N�m�{g]�N¡s9S�V�\¹}�{']�{7��x¶��NJVYN�{QP+\�ZDPuU_\�V�S/P+ILZ�m=��{[Z!N�K
}�{g]�{ù{cVYN·]W�w\�n�U_\�KL}D��o;IqV*P�]�K§d"`¯]_�!N PY\�n���{cKLKONQ}��gs9S�V+\�n�{�V+N�{���}�{g]�{ù{�V+Nù��\�Z�P�]_V_S��g]�N�} S/P�ILZ7m P+Ncy�N�V+{QK
{cm�m�V+N�m�{g]_IL\�Z���VY\���N�}QS�V+NQP��BR~Nc��N�Z�}�IqZ«m�S���\�Z�]_��NT��\"ZBy�NcZQ]�IL\�Z�P¶S/P*N�}�`"]_�!NJ}�{']�{��~{cd=}�IWP���KO{�d¯}�ILU�U�N�V+N�ZQ]
�c�!{cV+{��g]�N�VIOP�]�IL�7P��+`!]_�!NcV+Ng¢�d¯IM�~��Kqd�ILZ�m=Z�\�V+\7¢7S/P_]9��\"Z!��KzS�P+I§\"ZDPå�7kJZ!\!]_�!NcV9V+N�{QPY\"Z��~�7d~��N¡��V+N�U�NcV9��{[Z!NQK
}�{g]�{�IMP#]_��{g]�`9\!y"NcV�]_�!N���NcV+IL\�}¼S�Z!}�NcVTNch�{���ILZ�{g]�IL\�Z�	 ������� n | ��� Ï��Y`)]_��N�s9S�V�\���N�{cZ ��\!S�ZB]_V�ILNQPT��{[Z2¢�N

!�ö�Õ+Õ'ç�Øñuá�Ù�ë9á'Ö¬×�Õ+â_äWç#"/Õ+âMÙ�Ø+ÙcÚ�Õ�$&%('�)Lí+*�ú+ücü�#,Oç ï ÞzØ+âWÜeì�Ø-$.%('/)Mí+*�ú+ü�ü�cç«úü�ü�ü#,Wí
0Dö�Õ+Õ'ç�ò/äMÖeâWÕ+Þ¦ÞeØ�Ø+Ù�ì�ÛwÜLäM×cÚ�ÜzÙ1*�ú�ücü���,MçBö'õ�Õ+ÙBä_äWá�Ù2*_ú+ücü�ü/,MçBö'ÖLá�Ý�ÚuØ+Ù�ì9Ô�Ø�ÖOäWá�Ù2*_ú+ücü�ü/,pí
3 ö�Õ+Õ'ç�÷9ÕÞ§äpá�Ù4*qø�û�û�û�,Oç�þ�âWÕ+Ý+á�Ý+ÜQØ+Ù�ì65¶Õ+ëcØ6*eø�ûcû�û�,Mç87�Õ�âWÞzØ*Ý�×�Ø+Ù�ì�ö*õ�Õ+ÙBä_ä�á�Ù4*qø�û�û(9/,Oçg÷9Õ�è�ñ�Ø+Ù�Ù�Ø+Ùcì:7)âWÕ+Ü<;�Õ+â *qø�ûcû���,�í
= ö�á�ñuÕ�Õ_õ�Üeì�ÕÙ�ÝÕ/àWá�â�Öe×�Õ�ò�è�âWá'æ�ÕØ+ÙuÝ+á'è�ÙcÖ¬âWÜeÕ*ä"ÜLä�æ�âWá+õ�ÜeìcÕ+ì�;�é�ò�è�Ù�>�?�é�á�Ø+Ù�ì�"�ÕÜ¬Þ<;cé8>�@¶âOâWÜzÙ1*�úü�ü�ü/,�í



Ò

��\�Z�P+IO}�NcV+N�}�{7P��!{�y�ILZ�m¯}"Iey�NcV�m�N�ZB]9N���\�Z�\���IO��P_]_V�S��']WS�V�NQP��*��lE{cZ!N[K�}�{g]�{J�~\�}�N�KpPu�!N�Kq�~]�\=��{c�B]WS�V+N�P_S��c�
��N�]�NcV+\�m�NcZ�N�Iz]�ILN7P9{��cVY\�P*P)]_�!N���\!S�ZB]_V�ILNQPå�
x9\¯¢!V�ILZ7m¼N�y�IO}�N�Z��BNJVYNcm�{cV+}�ILZ7m=]_��NJV+N7P���N��g]�I§y"NJ��V+N�}�IO�c]_I§y"NJ��\7�~NcV?\"U¶]_��NJVYN�{�K��~\�Z�Ncd¯m�{c�2{�Z!}¹{

Z�\���ILZ�{�KT�~\"Z�Ncd,m�V+\7�T]_�CILZ�}�IO�B{g]�\7V�U_\�V�UMS�]WS�V+N ILZ�U�KO{c]_IL\�Z�`���N>U_\"KLKL\7� ]W�~\<{c����V�\�{��c��NQPå��À<N>U_ILV'P�]
��\�Z�P+IO}�NcVb{[Z¼IqZ�U�KM{�]�IL\�Z¼N��QS/{�]_IL\"Z ��\"ZB]�{�IqZ�ILZ�m¹]_�!N�V+N�{[K4�~\"Z!Ncd2m�{c�¿{QP¡{ �~\�Z�N�]�{cV�d ILZ�}�IO�B{g]�\7V+`¶{cKL\�Z7m
�~Iz]_�T]W�~\�\Q]_�!NcV9�~{��cV+\�N���\�Z�\��~IO�by"{cV+IM{c¢�KONQP�]_�!{g];��\Q]�NgZB]�I§{[KOKqdªILZ�U�KeS�N�Z���N�UpS�]WS�VYN�IqZ�U�KM{�]�IL\�Z���]_��N�\7S7]_�7S7]�n
m�{c� {�Z�}�{5��\��w��\"Z!N[ZB]2VYN[U_KON��g]�ILZ7mù]_��N5ILZ�U�KO{g]�IL\"Z Nch���N���]�{g]_IL\�ZDP���x9\ �~\�}�N�K�]_�!N¾��V+Iey�{g]�N5P+N��g]�\"V
ILZ�U_KO{g]�IL\"Z�Nch!��NQ��]�{g]_IL\�Z�P+`D�~N~{QP*P�S��ªNw]_�!{g]¶]_��N~{cm�N�ZQ]+P#{�KLIqm�Z�]_��N�IeV#ILZ�U�KO{g]�I§\"Z�U_\"VYN���{QP_]+P#\"Z�]_�!N���NcZQ]_V+{�K
¢�{�Z«£�¤WP IM�~��KMIO��Iz]2ILZ�U�KO{g]�IL\�Zù\7¢�®*N��g]�I§y"N7�Tx1�!N�Z�`J]_��IMP �~\�}�N�K�IWP ��\�����{cV+N�}·]�\ù{�Z�\Q]_��N�V \"Z!N��w��NcV+N�`
ILZDP�]�N�{�}2\"U9]_��N�VYN�{�K¶�~\"Z!Ncd2m�{c��`)��N���\"Z�P+IL}�N�V�]_��N~m�V�\7��]_��\�U�]_��N~Z�\��~ILZ�{�K��~\�Z�Ncd¼{7P�{��~\�Z�N�]�{cV�d
ILZ�}"IO��{�]�\"V*�
x¶��N�V+NQP_]b\"Uu]_��N=��{c��NcVTIpPw\�V�m�{cZ�I��BN�}¿{QPTU_\�KMK§\!�ªP��9��NQ��]_IL\"Z | ¢�V+ION[U_Kqd»}�N�KMILZ�N�{�]�NQP�]_��N�N��~��IeV+IO��{BK

�~\�Z!Ncd¿}�N���{�Z!} N��QS�{g]�I§\"Z¹]_�!{g]#IMPTNQP_]�IL�ª{g]�N�} ILZ \"VY}�NgVu]_\ \!¢«]�{cILZ {¹P+N�VI§N!P¡\"U�]_��N�VYN�{�K��~\�Z�Ncd�n�m�{��/�
��N��g]_IL\�Z Ò ��VYNQP*N�ZQ]+P~\7S�V~NQPW]_IL�ª{g]�NQP�\�U�]_��N2ILZ�U�KO{g]�IL\"Z,�~\�}�N�KW�u��N��g]�I§\"Z¿Ï,��\�����{cVYNQPJ]_��N¹��VYN�}"IO�g]_Iey�N
��\7�~NcV�\"U�]_��N2V+N�{�KT�~\�Z!N�d,m�{��<{�Z�},{ Z�\���ILZ�{�K��=\�Z�Ncd»m�V+\!�T]_�,IqZ!}"IO�B{g]p\"V�S/P+ILZ7m
\!S�]pn�\�U_nPY{[�~��KWN
U_\�V+N���{QP_]+P�����N��g]_IL\�Z�Ðw��\�Z���KzS�}�NQP�]_�!N���{c��NcV��

� ��� � Î=Â��
	 ÌM��ÌM���"Ë �¹Å Æ Â Ë Å Í���� Â � Â �"Ë ��Å�Î)Â�Ã Æ Â� � Î Æ

� � ������� � Â��¹Å Æ Â Ë
 �S�V¶KL\"Z«m�n�V�S�Z~N��QS�{g]�I§\"Z�VYNc��V+NQPYN[ZB]+P9{JP�]�{�Z�}�{cV+}��~\�}�N�K�\"UD]_�!N�}�N[��{[Z!}�U_\�V¶V+N�{�K��~\"Z!Ncd��

������������������������������� ����������������� επα +++++++=−  !"#$%& ` 	 � �

�w��NcV+N '�() IWP·]_�!N�Z�\���ILZ�{�K��~\�Z!Ncd¨P_]_\��c£�` * +, IWP·]_�!N ��V+IO��N KMNcy�N�KL` -./ 0
−−= 1�21�21�2 33π IpP@]_�!N

{cZ�ZBS�{[KOIWP*N�}�ILZ�U�KO{g]�I§\"Z�VY{g]�N¡ILZ~�QS�{cV�]�N�V)]�` 4�56 IWP¶]_��N�V+N�{[K�H¡RTlE` 78 9: IWP�]_��N¡K§\�Z7m�n�V_S�Z�ILZB]�NcV+N7P�];V+{g]�N�` ;8 9: IWP

]_��N=P��!\"V�]�nWV�S�Z2ILZB]�NcV+NQP_]uV+{']�N�`=<�>�<@? A�IWPu]_��N~V+N�{�K9N�U�U�N��g]�Iey�N�Nch"�[��{�Z«m�N�V+{g]�N�`CBD EF IWP�]_�!N�U_\"V+N�ILm�Z2ILZQ]�NcV+NBP�]

V+{g]�N={�Z�} G Hε IWPT{=}�IpP_]WS�V�¢�{�Z!��N�]�NcV+�=�;x1�!N¥ILZ�}�NchJI4V+N�U_NcV'P�]p\>{¹P���N��[ILU_IO�=��\!S�ZB]_V�d�`��w��IMKON�]_��N=ILZ�}�NchLK
V+NcU�NcV'P;]�\�{��QS�{�Vp]�NcVå��kJKLK�]_��N�y�{cV+IO{c¢�KMN7P��wV+Iz]W]�NcZ~ILZ~KL\!��NcV+��{QPYN�{cV+N�ILZ�K§\"m�{cV+Iz]_���~`7�~��IMKON�]_�!N�V+N���{�ILZ�IqZ�m
\Q]_��N�V'P¿{cV+N<IqZ�KONcy�N�KNM G Hε IOP>ILZ�}�Nc��N�Z�}�N�ZQ]�Ked {[Z!} IL}�N�ZQ]_IO��{�KMKLd }"IWP�]_V+Ie¢7S�]�N�} {��~\�Z7m ��\7S�ZQ]_V�ILN7P¿{�Z�}
�QS�{cV�]�N�V'P��

OQP�RTS�UVXW�YZU\[^]`_�_ba�cNa�de�aXf�]�d\a�egVZd�VZhi]je@fkS�c�WelS�WmcNa�fQn�a�cNapogS�S�aqd^WmogSja�[r]TdrSjUa\s�t^tZuwvjfyxZz�S�Ua|{�aga�cQ{mcNa�f}f~WmcNaphpa�elUo�d^]�f�h�f
��� oZfkS�cN]�eqU^SSjcNaloZfkSTz|oXd�[�SjUa��ZS�olx]�RT]`STz���o�e�S��wo�d[�S�Ua�o�[^VX{mS�]�VZd|VX_�S�U�a�fN]`dYZRjaQelWmckcNa�de}z|]�d\s�tmt^t^�



Ï

x¶��N�\�V+N']_IM��{[KLKLd�`��ªN2Nch���N��g]�]_��N2��\�N�U_U�IO�QION�ZQ]+PT]_\���{cy�N¹]_�!N U_\�KqK§\!�~ILZ�m<P+ILm�Z�P��9x1��N2ILZ�U�KeS�N[Z!��N2\�U
ILZ�U_KO{g]�IL\"Z���S;P�]�¢"N P+ILm�Z!N�}�Z!Ncm�{g]�Iey�N�Kqd 	 �� <� �+`�P�IqZ!��N {�Z�IqZ!�cV+N�{7PYN ILZ,ILZ�U�KO{g]�I§\"Z��ªN�{�ZDP~{2��Iem���NcV
V+Ng]WS!V�Z \�Z2��\�KL}�ILZ�m)PT\�UuV+N�{�K9{7P'PYNg]+P��;x1��IWPTIWPTKqIL£�N�Kqd¼]�\ ILZ!}QS/��N={¹P_S�¢�P�]�Iz]WS�]_IL\�Z¹¢�N�]W�~N�N�Z �~\�Z�Ncd¿{�Z�}
m�\�\�}�P��«x1�!N¡ILZQ]�N�V+NQP�];V+{�]�N�y�{cV+IL{c¢�KON7P9��{c�7]WS�V+N�]_�!N¡IO�~��{Q��];\"U;U�ILZ�{�Z���IO{[K�{QP�P+Ng]9P_S�¢�P�]�Iz]WS�]_IL\�ZD�QÀ¾N�Nch���N��g]

]_��NTKL\"Z«m�n�V�S�Z=ILZQ]�N�V+NQP�]EV+{g]�N�]p\=��{cV�V�d¯{JZ!Ncm�{g]�Iey�N�P+ILm�Z 	 �� <� ��{�Z�}�]_�!N�P+��\�V�]pn�V�S�Z~V+{g]�N�]p\�¢�N���\�P+Iz]�Iey�N

	 �� >� ����k�V�IWP+N~ILZ¥]_�!N�KL\�Z«m�n�V�S�Z�ILZQ]�NcV+NBP�]4V+{g]�NJ��ILKOK¶KMN�{�}¯]�\�{~}�N��cV+N�{QP+N~\�U¶]_��N~}�N��ª{[Z!}¹U_\�V��~\�Z�Ncd

	p]p\¡]�{c£�N�{�}Qy"{[ZB]�{cm�N�\�U���Iem���NcV¶V+Ng]WS�V�Z�P9\�ZJ¢�\�Z�}�P �+`7����IOKMN�{�Z~ILZ��cV+N�{BP*N¡ILZJ]_�!N�P+�!\"VW]D]�NcV���ILZQ]�NcVYNQP�];V+{']�N
�~ILKMK;V+NQP_SDKz]?IqZ¼{���ILm��!NcV#}�N���{�Z!}¹U_\"V#�~\�Z�N�d�� k�V+IWP+IMZ7m¼U_\"V+N�ILm�Z¹ILZQ]�N�V+NQP�]4V+{g]�N�IWP#KqIL£�N�Kqd=]�\�]WV+{cZ�P+KO{g]�N

ILZQ]�\={T}�N��cV+N�{QP+NJILZ�]_��NT�~\"Z!Ncd=}�N��ª{�Z�} 	 �� <� �Y`D��{gS/PYN�}�¢�d¥{¡��V�\"��N�Z�P+Iz]_d�]�\¹P�S�¢�P�]_Iz]WS�]�NT{g��{gdªUWV+\��

}�\��~N7P�]_IL���~\�Z!N�d���À¾N>Nch!�DN���]�]_��N¿��\�N�U�U�IO��ION�ZQ]ª\�U�V*N�{�KTHbRTlù]�\C¢�N ��\�P+Iz]_Iey�N�KedùP+ILm�Z!N�} 	 �� >� ���

o;ILZ�{[KOKqd!`~{�Zù{c����V+N��[IO{g]�IL\�Zù\�U�]_��NCVYN�{�K~N�U�U�NB�g]_Iey�N@Ngh��c�!{[Z«mDN,V+{g]�N�V+NQP�S�Kz]+P ILZù{�ZùILZ���V+N�{7P+N@ILZ·]_��N
}�N��~{�Z�}�U_\�V�}�\��~NQP�]�IL����S�V�V+NcZ!��d"`)P+\�]_�!{g]���NTNgh���NB�g]/]W�!N���\�NcU_U�IO�[ION�ZQ]
	� ]_\�¢�N���\DP+Iz]�Iey"N 	�¢�N���{gS;P+NT{QZ
{c����V+N��[I§{g]�I§\"Zª\�U/]_��NT}�\��~N7P�]�IL�T�gS�V�V+N�Z��cd¯IpP4V+N�U�KON���]�N�}�¢�d¯{[Z=ILZ��cVYN�{QP+N�ILZ����� �2P+N�Nb]_�!NJ}�N7P+��VI¬�7]�IL\�Z
\�U�]_�!N�}�{g]�{?¢"N�KL\!� ���

������������������� �!�
À¾N S�PYN��QS�{cV�]�NcV�Ked<��{�Z!N[Kw}�{g]�{CP���{cZ�Z�ILZ�m5UWV+\�� ����� � � � ]_\ | ��� Ï�� � �ux1�!N�N�����I¬VIO�B{�KT{�Z�{�Kqd�P'IWP

U_\��gS/P+N7P¿\�Z5]_��N·U_\�KqK§\!�~ILZ�m�m�V+\7S���\"U=]_��NCs9S�V�\���N�{cZ���\7S�ZQ]_V�IMNBPm��k�S/P�]_V+IL{�`#"�N�KLm�IzSD�ª`�R~N�Z��ª{cV�£�`
o;ILZ�KO{�Z�}�`Do/V+{�Z��BN�`;HJNcV+�ª{�Z7d!`¶H¡V+N�N���N�`/v�]�{�K§d!`D]_��N¡�ªNg]_�!NcV+KM{�Z!}�P+`��ª\�V��~{cd!`�lE\�V�]WS�m�{cKL`9����{[ILZ!`��7�~N�}�N�Z
{cZ!}�]_��N�t~Z�Iz]�N�}%$�ILZ�m�}�\��=�!x1�!NJ}�{g]�{T{cV+NTUWV+\"� P+Ncy�NcV*{�K/P+\7S�V+��NQP �«]_�!N¡v�ZQ]�NcV�Z!{g]�IL\"Z!{�K��,\�Z�Ng]�{cV�d~oDS�Z�}
v�o9�»}�{g]�{g¢�{BP+N�`1]_�!N¥Z!{g]�IL\"Z!{�Ku��N�ZQ]_V+{�K¶¢�{�Z7£/P�¤�P�]�{�]_IMP�]�IL�7P+`�]_��N� bs?��R½��{[ILZ�ILZ�}�IM��{g]�\7V'Pw{cZ�}2s�S�V�\DP�]�{']
}�{g]�{g¢"{QP+N«�7x¶��NJPYNcV+IMNBP9{cV+NJPYN�{QP+\�Z�{�KLKqdª{�}�®�S/P�]�N�}D�
x¶��N�Z!\��~ILZ�{[K¶��\�Z�Ncd¿P�]�\��c£�`'&�`)IMPb��\��w�7S�]�N�}¹{BP�]_��N�KL\�m�{cV+Iz]_��� \�U1� Ò �Dx��!N���V+IO��N�KONcy�N�KL`)(#`�IWP

�ªN�{7P�S�V+N�}�{7P¶]_��NJKL\�m�{cV+Iz]���� \�U/]_��N���\�Z�P_SD�ªNcV9��V+IO��N�IqZ!}�Nch/��x��!NJILZ�U�KM{�]�IL\�Z~V+{g]�N�` π `�IWP4��\��w�7S�]�N�}�{7P
]_��Nw{[Z�ZBS�{�KMIWP+N�}�IqZ�U�KM{�]�IL\�Z 	W]_��{g]4IWP *+, -

−−= . /. /. / 00π ����x1�!N�KL\�Z7m�n_V�S�Z=ILZ"]�NcVYNQPW]9V+{å]�N�` 12 `/IWPu����\DP+N�Z
{QPª\�Z�N \�U¡]_�!N U_\�KLKL\7�~ILZ�m�]W��\>y�{cV+IL{c¢�KON7P 	�}�Nc��N�Z�}�ILZ�m�S���\�Z,}�{g]�{2{gy"{�IMKO{c¢�IMKLIz]_d��m�1]_�!N HT\7y�NcV�Z��ªN�ZQ]
¢�\�Z�}=d�IMN�KO}�\"V�]_�!NJ¢�IMKMK/V+{�]�N7�"o;\�V�]_�!N¯P���\�V�]�nWV�S�Z¹ILZB]�NcV+NQP_]�V+{']�N�`D�~NJS/P+N�]_��N���\"Z!N�d¼�ª{cV�£�Ng]4V+{']�N~{QP#{
��V+\7h�d!`�\�V=]_��N@��\����ªNcVY�[IO{�K�¢�{�Z«£DP }�Nc��\�P+I¦]�V+{g]�N��w��N�Z5]_��N@�~\�Z�Ncd��ª{cV�£�Ng]�V+{�]�N·P+NcV+ILN7P IWP¿Z�\7]
{gy"{[IOKO{�¢�KON7�/x9��N�VYN�{�K9HbRTlE`43;`1IOP�]_��N�KL\�m�{cV+Iz]_��� \�U9]_��N�H�RJl
{g] ����� Ð=��V�IL��N7P!5��Dk�Pb{���VY\!h�d U_\�V�]_�!N
U_\�V+N�Iem�Z=ILZB]�NcV+NQP_]¶V+{g]�N�`"��NJ���!\�\DP+N�]_�!Nbt¯��¢�\�Z�}�d�ION�KM}/�Qo;ILZ�{�KqKLd�`"]_�!NJV+N�{�K/N�U_U�NB�g]_Iey�NTNch�����{�Z7m�N�V+{g]�NJIWP

68789;:�<;=?>A@B<;C!D;>�=?<;:FE�GIHJ=?KML�CN<;O�HP9;:�QR:MCND S�T�UVC!QR:�:!W?XYQR:ZG[GR:!OA@�<]\_^AOY=?D�D�C!QFGa`



Ð

�ªN�{7P�S�V+N�}C{QP�]_�!N¹]_V+{�}�N¥��N�Iem��B]�N�},{gy�NcVY{cm�N \"U�]_��N2V+N�{�K#Nch�����{�Z«mDN2V+{g]�N¹¢"{QP+N�},\�Z>¢�IqKO{g]�N�V+{�K?]_VY{�}�N
P���{�V+NQP¯{[Z!}@Nch���\�Vp]¯P�IL��IOKM{�VI¦]�d���kTZ@ILZ��cV+N�{7P+N>ILZ �]��� V+NcU_KON��g]+P¯{cZ@{�����V+N���IO{g]�I§\"Z
\"UT]_��N>}�\��~N7P�]�IL�
�gS�V�VYNcZ��cd��
kTKMK�]_��N �~\�}�N�KMPª{cV+N NQP_]�IL�ª{g]�N�},\7y�NcVJ]_�!N2��NcV+IL\�}�UWV+\7� ������� � � ]�\ ����� Ñ � Ï/��À<N¹S/PYN¼]_�!N }�{g]�{

P���{�Z�Z�ILZ�m�UWVY\"� ������� � � ]p\ | ��� Ï�� � ]p\���\����7S�]�N�\!S«]_n_\"U�nPY{[�w��KON�U_\"V+N���{QP�]+På�

���������������
	��	��;�����)�������J���
x9\2{gy�\�IL}¥]_�!N���V+\7¢�KLN�� \�U�P��7S�V+IL\!S/P#V+Ncm�VYNQP'P+IL\�Z�P+`)��N�¢�N�m�ILZ¼\!S�VbN[�w��IeV+IO�B{�K¶IqZ7y�N7P_]_IemD{�]_IL\"Z=�~Iz]��

{cZ¿{�Z�{�Kqd�P+IWP�\�U�]_��N�SDZ�I¦]�VY\�\Q]���V�\���NcVp]_I§NQPT\�U�]_��N=ILZ�}"ILy�IO}QS�{[K#P+NcV+ILN7P��;x9\¼]_��IOP�N�U_U�NB�g]�`���N={c����Ked2]W��\
]�NQPW]+P�¢"{QP*N�}=\�Z=����\�I�	 | ��� Ï��u{cZ!}�l¶��IOKMKMIL�DP?{[Z!}2�7SDK�	 | ����Ò ���!x1�!N�d¯��{cy�N�PY\��~N�{�}7y�{�ZB]�{cm�NQPu\7y�N�V�]_��N
��\�ZQy"N[ZB]�I§\"Z!{[Kªv+��`�lENQP*{cV+{�Z�{�Z�} ����ILZ 	 | ����Ò �2]�NQP�] 	�v�l4����P+IqZ!��NC]_��Ncd {[KOKL\7� U_\�V¿�cV+\DP'PYnP+N���]�IL\�Z
}�Nc��NcZ!}�N�Z!��N7�Dx¶��N�V+NBP�S�Kz]+P�ILZ�x9{c¢�KMN � ILZ!}"IO��{g]�NJ]_�!{g]¶�~N~\�UM]�NcZ���\�Z���KeS�}�N�ILZ�U�{cy�\7S�Vu\�U1]_�!NJS�Z�Iz]�VY\�\Q]
�7d���\7]_��NBP+IpPY`�N�h���Nc�7];U_\�V)]_�!N¡ILZ�U�KO{g]�IL\�Z�V+{g]�N�]_��{�]�IOP��������D�
À<�!N[Z,NBP�]�Iq�ª{g]�ILZ7m>]_�!N }�N��ª{�Z�}CU_\�V�V+N�{[K#�~\�Z�N�d!`��ªN2��\�Z�P+IO}�NcV=P+Ncy"NcV+{�K#��\���¢�ILZ�{g]�I§\"ZDP�\�U�]_��N

Ngh!��KO{�Z�{g]�\�V�dùy"{cV+IM{c¢�KONQP»{�Z�}5]_��IpP d�ION�KM}DP2]_�7VYN�N·�~\�}�N�KWP 	Y��\�}�N�KWP � ]_�«V+\7S�m�� Ò `��w��IM���5�~IOKMK�¢�N
{c����{cVYNcZQ]TILZ2]�{g¢�KON7P | {�Z�} Ò ¢"N�KL\!� ����À¾N¹�ª{c£�N¥S/P+N¼\"UbNQP�]�IL��{�]�\"V'P#]_��{g]¡Ngh���KL\�Iz]#]_��N¹ILZ�U_\�V+��{�]�IL\�Z
{gy"{[IOKO{�¢�KON<IqZ5]_�!N<�cV+\DP'P+n+P+N��g]�IL\�ZDP>ILZ�\�V+}�NcV¹]p\ù\!¢«]�{cILZ ��\"V+N@��V+N��[IOP+N<N7P�]_IL�ª{g]�NQP¿\�U¥]_�!N·{cy"NcV+{cm�N
��{cV+{��~N�]�NcV'P�ILZ~]_��N��~\�}�N[K���x�\�]_��IWP4N�U�U�NB�g]�`"��NJ��\"Z�P+IM}�NcV¶]W�w\�]Wd«��NQPu\�U¶��{�Z�N�K;NQP�]�IL��{�]�\7V'P���x9{g¢�KON | I�P
�ª{�}�N�S��ª\"UD]_�!N�V+NQP�S�Kz]+P9\�U�KL\�Z7m�n�V_S�Z~N��QS�{g]_IL\�ZDP�S/P+ILZ�m�{�o�SDKLKqd~��\�}7ILU�ION�}~ ��#� 	poD�� ��#���9NQP�]_IL�ª{g]�\�V'�
x¶��IpP N7P�]�Iq�ª{g]�\7VY`���V�\���\DP+N�}·¢�dAl¶N�}7V+\"Z�I 	 | ����� �Y`�{�KLKL\7��P¿U_\�V2��Ng]�NcV�\"m�N�Z�N�\7S/P>P+KL\���N7P {���V+\�P*P¹]_��N
��\7S�ZQ]_V�I§NQP�ILZ¿{�}�}"I¦]�IL\�Z=]�\ ��\7V�V+N��']_ILZ7m U_\"VbN�Z�}�\�m�NcZ�\7S/P�¢�IO{QPb{[Z!}>P+NcV+IO{�K9��\"V�V+NcKO{g]_IL\�ZD�/x9{c¢�KMNBP 	 Ò {���]�\
	 Ò ����{cKWP+\�V+Nc��\�VW]~P�\��~N¹VYNQP�S�Kz]+P�¢�{7PYN�}�\"Z��ªN�{�Z¿m�V+\QS��,NQP�]_IL�ª{g]�\�V'P~{BP���V�\"�!\�PYN�} ¢�d l¶N7PY{cV+{�Z�{�Z�}
���~Iz]_�
	 ����� Ð��u{�Z�}�lENQPY{cV+{�Z! #"�$&%('-	 ������� �å��x¶�7IWP?{[KOKL\"�ªP�]p\¥�~{�£DN�Nch!��KLIO��Iz]¶]_��N�P���N�N�}=\�U9{�}�®�S/P�]��~N�ZQ]
]_\�]_��N�KL\"Z«m�n�V�S�Z~N��QSDIOKqIe¢�V+IeSD�¯�
o/V+\�� x9{g¢�KON | `¶\!S�V��~{�ILZ U�ILZ�}"ILZ�mDPT{�V+N�{7P�U_\�KOKL\7��På��x¶��NªN!P_]�IL�ª{g]�NQPb��{�]��c�¹��V+IL\�V�Nch!��N��g]�{g]_IL\�ZDP

UWV+\��½]_�!N�\"V�d���x¶��N�P���N���IOU�IO��{g]�IL\"Z�P¹P+�!\!� { ��\DP�I¦]�Iey�N ILZ���\��~N N�KO{!P_]�I§�[I¦]�d
��KL\DP+N¹]�\�S�Z�Iz]_d!`?�~��IO���,I�P
��\�Z�PY\"Z!{[ZB]/�~Iz]_�J]_�!NJ�QS�{�ZQ]�Iz]�{']_Iey�N�]_��N�\�V�d~�7d���\7]_��NQP+IWPå�7kJZ~ILZ��cV+NB{QPYN¡ILZ~V+NB{�KDILZ���\��~N�]_�BS�PEV+NQP�S�Kz]+P4IqZª{
��V+\���\7VW]_IL\�Z�{g]�N¹ILZ!�cV+N�{7P+N�IqZ2]_��N�}�N���{�Z!}>U_\"VTV+N�{cK4�~\�Z�Ncd��¶x1�!N¹}�N��ª{�Z�}>U_\�V��~\�Z�Ncd�IWPwZ�Ncm�{g]_Iey�N�KMd
V+N�KL{g]�N�}w]p\J]_��N�V+{g]�N�\�U�ILZ�U�KO{g]�IL\�ZD�«x1�!NJ\�V+}�NcVE\"U;�ª{cm�Z�I¦]�S�}�N�\�UD]_��N�P+N���IOn�N�KO{QP�]�IL��Iz]_dªIpPuP+�ª{�KMK 	�{cV+\7S�Z�}~n
� � Ò ���Bx¶��N�Nch���KO{[Z!{g]�IL\"Z~U_\�V�]_��IMP9IWP1]_�!{g]¶K§\!��ILZ�U_KM{�]�IL\�Z~IMZJ]_�!N�s�S�VY\�{cV+N�{���V+Ngy�N�ZB]+P�P�]_V�\"Z«m=P�S�¢DP�]�Iz]WS�]_IL\�Z
N�U�U�N��g]+PuUWVY\�� �~\�Z�N�]�{cV�d={7P*P+Ng]+P9]�\¥V+N�{cK;{QP�P+Ng]+P?\"V4U_\"V+N�Iqm�Z=��S�V�V+N�Z���ION7P���x1�!N�}�N[�ª{�Z�}=U_\�V�V+N�{�K���\�Z�N�d
IWP���\DP+Iz]�Iey�N[KLd {�U_U�N��g]�N�}¹¢�d¹]_�!N¥P+�!\"V�]pn�]�N�V�� ILZQ]�NcV+NBP�]uV+{�]�N�{cZ!}¹Z�Ncm�{g]_Iey�N�Kqd ��\�V�V+NcKL{�]�N�}¥�~Iz]_�=]_��N�K§\�Z7m�n
]�NcV�� ILZQ]�NcVYNQP�]#V+{']�NQ� �w\7�~Ngy"NcV+`)]_�!N¹P+N��~IMn�N[KO{7P�]�IL��Iz]_d U_\�Vu]_��N=U_\"V���NcVJIWPTZ�\Q]TPW]�{']_IpP_]�I§��{�KMKqd»P+Iqm�Z�ILU�IO��{�ZQ]*�
x¶��IpP9IWP�P_S�V���V+IpP+ILZ�m�`7¢7S�];Iz]E�~{cd�IOKMKeS/P�]_VY{g]�N?]_�!N�U_{��g]/]_��{g]����!N[Z�\"Z!N�S/P+N7P9{�¢�VY\�{�}~}�N�U_IqZ�Iz]�IL\�Z~\�U���\"Z�N�d



�
	p� Ò ILZ�\!S�V#��{QPYN���ILZB]�NcV+NQP_]9V+{å]�NBP��~Iz]_��]_��N~KL\�Z«m�NQP�]u�ª{g]WS�V�Iz]Wd=¢�Ng]M]�N�V���{c�Q]WS�V+N�]_��N~N�U�U�N��g]?\"U4U�ILZ�{�Z���IO{QK
{QP*P+Ng]9P�S�¢DP_]�I¦]WS�]_IL\"Z��QÀ¾NJ{�KWP+\ª\!¢�P+NcV�y�N�]_�!{g]/]_��N���\�N�U�U_IO�QION�ZQ]E\�U�]_�!Nbt¯��¢"\"Z!}�d�ION�KM}�IWP9Z�\7]9P�]�{']_IMP�]�IL��{�KOKqd
P+Iem�Z�IMU�IO��{�ZB]*��x1�!NCN�h���KM{�Z!{g]�I§\"ZA\�U�]_��IWP¼��{�Z¾¢�N,U_\!S�Z�}5ILZ@]_��N�U�{��g]~]_��{g]�`�\7y�NcV=]_��N���NcV�I§\�}@S�Z�}�NcV
Ngh"{[�ªILZ�{g]�I§\"Z!`E]_�!N�t=�>ILZB]�NcV+NQP_]�VY{å]�NQPb��{cy�N=}7V+Iey�N�Z¹]_��N�s�S�V�\���N�{cZ2V+{�]�NQPTIqZ {=��\"ZB]�Ngh7]b\�U#{ Ò�� n�d"N�{cV
]_V+NcZ!}�\�U�ILZ��cVYNQ{BP+IqZ�mªILZQ]�Ncm�V+{�]_IL\"Z�{��cV+\DP'P9�~{cV�£�Ng]+P����«x¶�QS/P+`�ILZJ]_��N�VYNcm�V+NQP*P+IL\�Z�`7]_��N�]W�~\�V+{']�NQP9{�V+N�KLIL£�N�Kqd
]_\�¢�Nw��\"KLKOIqZ�N�{cV��7s�y"N�ZQ]WS�{�KLKqd�`���N�U�ILZ�}�]_��N~Nch���N��g]�N�}���\DP�Iz]�Iey�N�P+ILm�Z=U_\�V�]_��NTV+N�{�K/N�U�U�NB�g]�I§y"N�Nch�����{�Z«mDN
V+{g]�Nª{cZ�}=]_��IpPwP�S�m�m�NQP_]+P�{�Z�Ncm�{�]�Iey�N�IO�~��{��g]#\�Z2�~\�Z�Ncd }�N��ª{�Z�}2\"U#{ª}�Nc��V+N���IO{g]�IqZ«m¿�gS�V�V+NcZ!�cd/�/x���IWP
��KL{cdDP9ILZ�U�{cy�\7S�V¶\�UD]_��N��gS�V�VYNcZ��cd=P_S�¢�P�]�Iz]WS�]_IL\�Z��7d���\7]_��NQP+IWPå�
k~P�P+��\7��Z5¢�dù]_�!N¾��{�Z�N[Kª��\�IqZB]�Ncm�V+{g]_I§\"Z5]�NQP_]+P+`~{<�c\�ILZQ]�Ncm�VY{g]_IL\�ZùV+N�KL{g]�IL\"Z�P+��IL� ¢�Ng]W��N�NcZùVYN�{QK

�~\�Z!Ncd
{[Z!}»]_�!N>Nch���KO{�Z�{g]�\�V�d�y�{�VIO{c¢�KONQPªIpP¯{�����\!S�ZB]�N�}CU_\�V���v�Z!}�N�N�}>]_��N υ�����	��
 P�]�{�]_IMP�]�IL� IWP~�~N�KWK
{g¢"\!y"N � � � Ï
{cZ�}>]_��N \Q]_�!NcV=P+I§h<P_]�{g]_IMP_]�IL�7PªKLIMN¹S�Z�}�NcV � � � � Ï/���w\7��Ngy�NcVY`�N��QS�{']_IL\�Z 	 � �ª{QP'P_SD�~N7Pª{�Z
ILZDP�]�{cZB]�{cZ�N�\7S/P9{�}�®�S;P�]��~N�ZQ]E\"UD]_�!N�V+N�{�KD�~\�Z�Ncd~¢�{�KO{�Z��BN�]_\~Iz]+P9}�N7P+IeV+N�}�KMNcy"N[K��D�7S��[��{[Z~ILZDP�]�{�ZB]�{cZ�N�\7S/P
N��QS�ILKMIe¢�V+IeSD� P�]�{']�N�¢"Ng]W��N�NcZ=]_��N�VYN�{�K¶�~\�Z�Ncd�P_S�����Ked¿{�Z�}¥]_�!N�V+N�{�K9}�N��ª{�Z�}2U_\"V���\"Z!N�d¼IWP�S�Z�KqIL£�N�Kqd
m�I§y"N�ZJ]_��NTNch�IpP_]�NcZ���NJ\�UD]_V+{cZDP+{��g]�I§\"Z~��\�P_]+P���À<N�]_�BS/P�Z�N�N�}J]p\��ª{c£�N�{�}�IpP_]�ILZ��g]_I§\"Z~¢�Ng]W��N�NcZJ]_�!NJKL\�Z7m�n
{cZ!}¹P+��\�Vp]�n�V_S�Z�¢"N���{cy�IL\7S�V�ILZ�]_��NT�~\�Z�Ncd=�ª{cV�£�N�]�¢�d�P+��N���ILU�d�ILZ�m={�Z=NcV�V+\"V4��\"V_V+N��g]_I§\"Zª��N��[�!{�Z�IpP+� \�U
{��g]WS�{�KJV+N�{[K���{QP+�·¢"{�KM{�Z!�QNBP¥]�\7��{cV+}�]_�!N[I¬V2}�NQP+ILV+N�} 	�KL\�Z7m�n�V�S�Z �2KONcy�N�KW��v�Z@]_��IWP¹y�IONg��`�x9{g¢�KONQP 	 Ò {��
]_�7VY\!S�m�� 	 Ò ���ªV+Nc��\7VW]=P+\��~N>N7P_]�IL�ª{g]�IL\"Z�P�¢�{QPYN�}@\�ZC]_��N��ªN�{�ZCm�V+\7S�� 	p��Hbs �={�Z�}C��\�\"K§N�}·�ªN�{�Z
m�V+\7S�� 	pl/�,H�s6�9NQPW]_IL�ª{g]�\"V*P��Bx¶��N?]_�«V+N�N�]�{g¢�K§N!P1��\"V�V+NQP��!\"Z!}¡]_\J]_�!N��~\�}�N�KWP � ]_�7V�\7S�m�� Ò V+NQP���N��g]_Iey�N�Kqd��
x¶��N l/��Hbs��~Ng]_��\�}CV+NBP�]WV�IL�g]+P~]_��N>KL\�Z7m�n�V_S�Z@��\�N�U�U�IW��ILN�ZQ]+P~]_\C¢�N¿N��QS�{�K�{���V+\�P*P�]_�!N>��\7S�ZQ]_V�ILNQP

	p]_�!N�d�{cV+Nù��\�\�KLN�}��+`=����IOKMN5]_��N P+��\�Vp]�n�V_S�Z���\�NcU_U_IM��I�NcZQ]+P
{cV+N�NQP_]�IL�ª{g]�N�}�ILZ�}�IeyDIO}QS�{�KMKLd�{[Z!} ]_�!NQZ
{gy"NcV+{cm�N�}D�Ex���N2NBP�]�Iq�ª{g]�NBP�{�V+N¹¢�{QPYN�}�\"Z2]_�!N2{c����KMIO��{c]_IL\�Z>\�U�]_��N2�ª{ch�IM��S�� KOIL£�N[KOIL��\�\�}¿{c����V+\�{��c�
{cZ!}�{��ªNg�T]�\"Z!npab{c����PY\"Z�{[KLm�\�V�Iz]_���ù]�\¡]_��N�U_\�KqK§\!�~ILZ�m=P���N��[ILU�IO�B{g]_IL\�Z��

( ) ( ) ( )� �−

=

−

=
−−−−− ++∆+−∆++−=−∆ 


�

�


�
�

�
� � ���� �� ��� ��� �� �� ��� �� ��� �� � �������� εηµλβφ ` 	 | �

U_\�V=N�{����<��\!S�ZB]_V�d��W`��~�!NcV+N ���ε IWP�]_��N¿}"IWP_]WS�V�¢�{�Z��BN2]�NcV�� {�Z�} ���� }�NQP+Iem�Z�{�]�NQP�]_�!N y�N��g]�\7Vª\�UJ]_��N
Ngh!��KO{�Z�{g]�\�V�d~y�{�VIO{c¢�KONQP��«v�U)]_�!N¡V+\�\Q]+P1\"U/]_��IpP4N��QS�{�]�IL\�Z~KMIONT\!S«]+P+IL}�Nb]_�!NbS�Z�I¦]9��ILV+��KMN�`"]_��NcZ�]_�!NJ�~\�}�N[K�I�P

NcV�V�\�V+n���\"V_V+N��g]_I¬Z7m 	  
<!φ �?{[Z!}�]_��NcVYN�Nch�IpP_]+Pu{~KL\�Z7m�n_V�S�Z�V+N�KO{c]_IL\�Z�P+��IL�¥¢�N�]W�~N�N�Z�]_��N~}�N��ª{�Z�}=U_\"V�VYN�{QK

�~\�Z!Ncdª{�Z�}�I¦]+P9}�Ng]�NcV��~ILZ�{�ZQ]+P9}�N�U_ILZ�N�}J¢�d

( ) " #" #""" #" # $%& νφβ +−=− '( 	 Ò �

)+*-,/.0.2143416587+149;:=<>.?<�34@BA+CD7FE�G8<�1HC�36,/5=3614.?5�<>58IJ7FK�1LCNM85�34KO.2,H5�<>PH@�7Q<>,/5R,BS+7QK�1UTWVX@B58GY7FK�1[Z	E8.2,B:=14@65R<>5/7Q1�.21HCN7\.2@]7^1BC`_aCb141
c @H9[9d14.`C2A>@45�GWeDf8g/g8hOij@65=G�k	K8<l5O5�@45�G+*m.2@45/n�14Aje�fOg8g�o/i2p



�

x¶��N¨KL\�Z7m�n�V_SDZ ��\�N[U_U_IM��ION�ZQ]+P�{cV+N N��QS�{�K·]�\ ( )��� φβα ��−=
M@]_�!N¨KL\"Z«m�n�V�S�Z �!\��~\�m�NcZ�N�Iz]�d

�7d���\7]_��NBP+IpPuIWP9]_�QS/Pu���!{cV+{��g]�N�VIj�BN�}�¢�d �αα =
U_\"V?Ngy�NcV�d¯��\7S�ZQ]_V�d�����kT}�}�Iz]�I§\"Z!{[KOKqd!`��~Nw��{�KM�cS�KO{g]�Nb]_�!N

�ªN�{�Z2m�V+\7S��¿NQP�]_IL�ª{g]�\�V�����IL��� IWPw{[Z {�y"NcV+{cm�N�\�U�¢�\7]W��]_��N2P+��\�Vp]�n�{cZ!} KL\�Z7m�n_V�S�Z¿��\�N�U�U�IO��ION�ZQ]+P��DÀAN
]�NQPW]wU_\"V~KL\�Z7m�n�V_S�ZC�!\��~\�m�NcZ�N�Iz]_d�S/P+ILZ�m@{~®+\�ILZQ] �~{�S/P+��{�Z>]�NQP_]�¢�{QPYN�},\"Z>]_�!N ZBSDKOK��7d���\7]_��NQP+IWPª\�U
N��QS�Iey�{�KON[Z���N ¢�Ng]W��N�N�Z�]_�!N l/�,H�s {�Z�}��,H�s NQP�]�IM�ª{g]�\7V��'�=v�U>]_��N�KL\�Z7m�n�V_S�Z ��\�N�U�U_IO�[ION�ZQ]+P¾{cV+N
��\��~\"m�N�Z�\7S/P+`"]_�!NcZ�]_�!N¡�,H�s
NQP�]�IL�ª{g]�NQP4{cV+N���\"Z�P+IpP_]�N�ZQ]9{�Z�}=N�U�U�IM��ION�ZQ]�	���np]�NBP�]9ILZ�]_��N¡]�{g¢�KONQP ���7v�Z~]_��N
]�{g¢�KLN7PY`�]_�!N¡y�{�KeS�NQP?\�U�]_��N
	���������{c¢�\7y�N�Ð�� ILZ�}�IO��{g]�N�{�����Nc�7]�{cZ!��N�\�U�]_�!NJZQS�KMK;\�U¶��\�\�KL{c¢�IMKOIz]_d�U_\"V�]_�!N
KL\�Z«m�n�V�S�Z ��\�N�U_U�IO��IMN�ZB]+P���À<N
��{�Z·]_��N�V+N�U_\"V+N
��\"Z�P+IO}�N[V=]_��{�]�]_��N�V+N@{cV+N,Z�\�P+Iem�Z�ILU�IO�B{�ZQ] P_]�{å]_IMP_]�I§��{�K
}�IqU_U�NcV+N�Z��BNQP9¢�Ng]W�~N�NcZ�]_��N¡]W��\=NQPW]_IL��{�]�\"V'På��x¶��NT\"Z�Ked�N�h��BNc�7]_IL\�Z=IWP1]_�!N���\�N�U�U_IO�[ION�ZQ]1\"U�]_�!N¡VYN�{�K/HbRwl
	�ILZ���\�}�N�K Ò �¶U_\�V�����IO���J]_��N�ZBSDKLK�\�U;N��QS�I§y"{�KMN�ZB]¶��\�NcU_U_IW��ILN�ZQ]+P9{��cV+\DP'P/]_��N���\7S�ZQ]_V�I§NQP9IpPEV+N�®'N��g]�N�}D�
v�Z¿{�KMK¶]_��N=V+Ncm�V+NBP�P+IL\�Z�PY`1]_��N�NcV�VY\"V�n���\7V�VYN��å]_I§\"Z¿��\�N�U�U_IO�QION�ZQ]+Pw{cV+N�y�NcV�d»��KL\DP*N¯]p\ S�Z�Iz]�d!`�IL�~��KLd�IqZ�m

]_��{�]�]_�!N¥P+��\�V�]pn�{cZ!} K§\�Z7m�n�V_S�Z ��\�NcU�U�IM��ION�ZQ]+Pb{cV+N�Z!NQ{�VKed N��QS�{[K��/x���IWP�P�S�m�m�N7P�]+Pu]_��{�]�]_�!N���V+NQP�P_S�V+N�\�Z
�~\�Z!Ncd }�N���{�Z!}¥]�\2V+Nå]WS�V�Z¥]p\ I¦]+P�KL\�Z«m�n�V�S�Z N��QS�ILKMIe¢�V+IqS�� IWP�V+{g]_�!NcVJP_]_V+\"Z«m {cZ!}¼]_�!{g]�]_�!N�{�}�®�S/P�]��~N�ZQ]
]_IL�ªN¾�ª{cd5¢"N@IqZDP_]�{�ZQ]�{cZ!N�\!S/På�Tx1�!N·P��!\"V�]�nM]�N�V�� IqZB]�N�V+NQP�]�VY{å]�N�`J����IL���ù�!{QP Z�\ IL�~��{��g]=�w��N�Z<�~N
��\�Z�P+IO}�NcV4{gy�N�V+{cm�N�n�¢�{7PYN�}�KL\�Z7m�n�V�S�Zª��\�NcU�U�IM��ION�ZQ]+P 	p]_�!NboD�� ��#�=\�V1��Hbs�NQP�]_IL�ª{g]�\7V �Y`�}«\�NQP4{cU_U�N��g]�]_�!N
}�N��~{�Z�}½U_\�V5V+N�{�K,�~\�Z!N�d IqZ ]_��N���\�\"KLN�}�n�¢"{QP+N�} V+Ncm�VYNQP'P+IL\�ZDP 	pl/�,H�s ��� x¶��N ��\�V�V+NQP���\"Z!}"ILZ7m
��\�NcU_U�IO�[ION�ZQ];IWP�P_]�{g]_IMP�]�IL�B{�KLKqd�P+Iem�Z�IMU�IO��{�ZQ]EN�Iz]_�!NcV9{g]D]_�!N ��� � \�V9{å]D]_�!NJÐ�� KLNcy�N�K�\�U¶P+Iqm�Z�ILU�IO��{�Z���N��~Iz]��~{
P+N��~IOn�N�KO{!P_]�I§�[I¦]�d¥��\�N�U_U�IO��ION�ZQ]¶y�{cV�d�ILZ�m=¢�Ng]W��N�N�Z � � ����� {cZ!} � � ����Ò ��x¶��N�t=�=¢�\�Z�}�d�IMN�KO}�V+N��ª{�IqZDPuZ!\�Z
P+Iem�Z�IMU�IO��{�ZB]*�7k�P�U_\�V�]_��NT\Q]_��NcV¶y�{�VI§{�¢�KON7P+`��~N�U�ILZ�}�]_��{g];]_��N�V+N�{cK�HbRTl ��\DP+Iz]�I§y"N�Kqd¯{�U�U�N��g]+P9V+N�{�KD��\�Z�N�d
}�N��~{�Z�}�`"����IMKON¡¢�\7]_��]_��NJILZ�U�KO{g]�IL\�Z={�Z�}�]_��N�KL\�Z7m�n�V_SDZªIqZB]�NcV+NQP_]¶V+{�]�N¡�!{�y"N�{JZ!Ncm�{g]�I§y"NJILZ�U�K§S�N�Z!��N 	e®�S;P�]
{QP2�~I¦]��5]_�!N¾o/�,  �#� NQP�]�IL�ª{g]�\7V ���ª�"I¬m�Z�ILU�IO��{�ZQ] IqZ�U�KqS�NcZ!�QNBP¿\�U¥]_�!N5KO{g]M]�NcV¿{cVYN·U_\7S�Z�}5�~��N�Zù�~N
��\�Z�P+IO}�NcV�]_�!N�l)��Hbs�NQPW]_IL��{�]�\"V*�

����������� �"!$#&%(')�&*+��,-*+.0/�#
��{gy�ILZ�m�NQP_]�IL�ª{g]�N�}ù\7S�V KL\�Z7m�n�V�S�ZAV+N�{�K=�~\�Z!Ncd�}�N[�ª{�Z�}�`J��N·Z!N�h«] P�]WS�}7d<�~��Ng]_��N�V¹]_��NCVYN�{�K

�~\�Z!Ncd�n�m�{c� ��\"ZB]�{cILZDP�ILZ�U_\"V+�ª{g]_IL\�Z¼{�¢"\!S�]4UMS�]WS�V+N~IqZ�U�KW{g]_IL\�Z=¢�d>P���NQ��ILU�d�ILZ�m {�Z�IqZ�U�KO{g]_IL\�Z2�~\�}�N�KW�DÀ<N
{QP*P�S���NJ]_�!{g]�`)ILZ�{�}�}�Iz]�IL\"Z�]�\�]_��N�V+N�{cK��~\�Z�Ncd�m�{c��`�ILZ�U�KO{g]�IL\"Z�IMP#{�KWP+\2ILZ�U�KeS�N�Z���N�}=¢�d=]_��N~\!S«]_�7S7]�n�m�{��
{cZ!}�ILZ�U�KO{g]�IL\"Z�N�h!��N��g]�{g]_I§\"Z�Pm�

( ) 1�23 2211�21�21421�21�2 55 ωπµµεµπµπ ++−++= −−− 67789:6;66
< ` 	�Ï��

=">@?)?BAC?EDGFEHIFKJL?�MNFKO&PRQ�SKT@T�URVWP



Ñ

�w��NcV+N � ��� ��� −π IpP�]_�!N~N�h!��N��g]�{g]_I§\"Z�ILZ2�QS�{cV_]�NcV�]�n � \�U�ILZ�U�KO{g]�IL\"Z�ILZ2�QS�{�V�]�NcV�]9¢�d�]_��N���V+Iey�{g]�N�P+N��g]�\"VuILZ

��\7S�ZQ]_V�d���` ( )��
	��	 �� −
IOP�]_��N2\7S7]_�7S«]�n�m�{c��` �

−�
�ε IpPT]_��N2N7P_]�IL�ª{g]�N�}>V+NBP+IL}QS/{�KuU_V+\�� N��QS�{�]�IL\�Z 	 � �~{cZ�}

� �ω IWP9{�}�IWP�]WS�V�¢"{[Z!��N�]�NcV��¯�
À¾N�Z�N�N�}=]�\¹�~{c£�N=P+\��~N��7d!��\!]_�!NQP+NBP�{c¢�\7S�]¶]_��NJ��{cd2ILZ�U�KO{g]�I§\"Z¼Nch���N��g]�{�]_IL\"Z�P�{�V+N�U_\�V+��N�}D��À<N

{QP*P�S���N¿{ ¢�{B�c£7��{cV+}�n�KL\�\"£�ILZ«m·�ªN����!{[Z�IWP+� {�Z�}@{�KWP+\<��\�Z�P+IL}�NcV~]_��{g]T]_��Ncd
{cV+N>ILZ�U�KeS�N�Z���N�}C¢�d,]_��N
IM�~��KMIO��Iz]¶ILZ�U_KO{g]�I§\"Z~\7¢�®*N��g]�Iey�NJP+N�])¢�dT]_��N��~\�Z!Ng]�{cV�d�{gS�]W�!\"V+Iz]Wd �

����� ������ ≤≤−+= −−−− �� �
��
��
�� ��� ππππ
` 	Ð��

�w��NcV+N �
�π IpP�]_�!N�IO����KMIO��Iz]u��\�Z�Ng]�{�V�d¼{gS�]_��\�V�Iz]�ILN7P�¤¶ILZ�U�KO{g]�IO\�Z�]�{cV�m�N']+��k�P#{���V+\7h�d�\�U¶]_��IWP�]�{cV�m�Ng]�`D�~N
��\�Z�P+IO}�NcV¶]_��N �«P�]�{g¢�KON��~��\�����\�Z�N�ZQ]1\"U;��{!P_]9ILZ�U�KO{g]�IL\�Z���\"�w�7S�]�N�}�¢�d¥{[Z �Jl¿U_IMKz]�N�V��7v�Z~]_��N�PYN��QS�N�KL`��~N

��{�KLK�]_��IWP�y"{cV+IM{c¢�KON�]_��NT��\"VYN¡ILZ�U_KM{�]�IL\�Z�`�{cZ�}�]_��NT}"ILU�U�NcV+N�Z���N  
! 
!
ππ −
]_��N�ILZ�U�KO{g]�I§\"Z~m�{c�=ILZª�QS�{cV�]�NcV�]EU_\"V

��\7S�ZQ]_V�d#"��
À¾N�{[KWPY\���\�Z�P+IL}�NcV�]_�!{g]�]_�!N�\!S«]_�7S7]pn�m�{c�~IMP9N�Z�}�\�m�NcZ!\!S/P+Kedª}�Ng]�N�V�~ILZ�N�}~{QP9U_\�KLKL\7��P �

( ) ( ) $
%$
%&$
%$�%$
%$
%$
% '()))) +−+−=− −−−− **+ **+ ,- πυυ
` 	 � �

�w��NcV+N ./ IWP�]_�!N���N�ZB]_V+{cK "b{�Z7£;¤pP9ILZQ]�NcVYNQP�];V+{']�N�����I§�[�~IWP�P*Ng]�]_�7V�\!S�m��~{�x9{gd!KL\"V¶V_SDKLN �

( ) ( ) 01223 46574854854654659485
+−+−= :; αππα

	 � �
kTUM]�NcV,{5V+N�n���{�V+{��~Ng]_V�I��«{g]_I§\"Z!`¯]_�!Nù��\���¢�ILZ�{g]�I§\"Z \�U 	_Ï�� ]_�7V�\7S�m���	 � �>d�ION�KO}�P¿]_��NùU_\�KLKL\!��IqZ�m

ILZ�U_KO{g]�IL\"Z�N��QS�{g]�IL\"Z �

( ) ( )
( ) <�=<�=<
=

<
=<�=<
=<
=<
=<
= >>
ηπβεβ

ππββπβπ
+++

−+−+=

−−

−−−−− ?@?A
??BC ??D??

E 	Ñ��

�w��NcV+N F�Gη IWPu{�}�IWP�]WS�V�¢"{[Z!��N�]�NcV+�=��x¶��IpP?N��QS�{g]�IL\�Z=��\���¢�ILZ�NQP¶]W��\={QP���N���]+P�\�U¶�~\�Z!Ng]�{cV�d~��\�KLIO�cdªV�SDKON7P
U_\�V�ILZ�U�KO{g]�IL\�Z�]�{cV�m�Ng]_ILZ7m��D{¡]�{cV�m�Ng]_ILZ7m=V�S�KON�{�Z�}�{[Z=ILZDP_]�V�S��~N�ZQ]�nW¢�{QPYN�}�V�S�KMN«�!R�Ncy�IO{g]�I§\"ZDP?\�U�]_��N~{��g]WS�{�K
V+N�{�KD��\"Z�Ncd�P�]�\��c£~UWV+\���I¦]+P�KL\�Z7m�n�V_S�Z�]�{�V�m�Ng] 	 H
IεJ �uP+Iem�Z�{�K�P4{�]_�7V+N�{�]D]_\ �7V�IL��N�P�]�{g¢�ILKOIz]�d��7kTZ�\7¢DP*N�V�y�N�}
y�{�KeS�N {c¢�\7y�N¹]_��N¹]�{cV�m�N']Ty�{�KzS�N ��{�d
IM�~��Kqd,��ILm���NcVªIqZ�U�KM{�]�IL\�Z�`�����ILKON¹]_��N \�����\�P�Iz]�N>P+Iz]WS�{g]_IL\�ZC��{[d
d�ION�KM}={w}�N���N�KONcV+{g]�IL\�Z=\�U�ILZ�U�KO{g]�I§\"Z���x¶��Nw��N�ZB]_V+{cK "b{[Z�£�S/PYNQP�]_�!N�IqZ�U_\�V+�ª{g]_IL\�Z=��\�ZQ]�N�ZQ]1\"U�]�N�����\�V+{cV_d
}�IMP*N��QS�IqKOIe¢�VIO{T{�Z�}�VYN�{B�g]+P>¢�d¯����{[Z«m�ILZ«m¹Iz]+P4ILZQ]�NcV+NBP�]¶VY{g]�N�`�m�Iey�N�ZªIz]+P�IO����KMIO��Iz]9ILZ�U�KO{g]�IL\�Z�\7¢�®*NB�g]_Iey�NJ{�Z�}
]_��Nª\!S«]_�7S7]pn�m�{c�/�"s?�QS�{g]_IL\�Z 	Ñ���IWPbNQP�]�IL��{�]�N�}2{QP�U_\�KqK§\"��På�/x¶\ }�N�{�K)�~Iz]_�=]_��NªN�Z�}�\�m�N[Z!N�Iz]�d���VY\!¢�KON��ª`
��N¡S/P+N�ILZDP�]_V�S��~N�ZQ]+P?{�Z�}={c����Kqd¼{�H���� N7P_]_Iq�ª{g]�\�V1	WILZDP�]�N�{�}=\�U4{�P�]�{�Z�}�{�V+}�vLK NQP�]�IL��{�]�\"V ��]_\=m�{cILZ
N�U�U_IO��IMN�Z��cd2¢�d Nch���KL\�Iz]�ILZ�m {�}�}�Iz]�I§\�Z�{�K9�~\��ªN�ZQ]+P#V+NQP�]_V�IM��]�IL\�Z�På�/x���N�]�nP�]�{']_IMP_]�IL�7Pb{cV+Nª��\����7S�]�N�}=S/P+IqZ�m
��N�]�NcV+\DP+��N�}�{BP�]_IL��n4{[Z!}¥P*NcV+IL{�K;��\�V�V+NcK§{g]�I§\"Z!n���\�ZDP+IpP_]�NcZQ]4P�]�{cZ�}�{�V+}�NcV�V+\7V'P��!x¶\=}�N�{�K��~Iz]_�~]_��N���V+\!¢�KON�� \�U



�

P���{�]_IM{�K���\�V�V+N�KL{�]�IL\�Z�`���V�IL\�V�]_\�]_��N�NQP_]�IL�ª{g]_IL\�Z�`7�~N�U_IqV*P�];V+Ncm�V+NBP'P�]_�!N¡ILZ�}�IeyDIO}QS�{�K/P+NcV+IONQP9\�Z d"N�{cV+Ked�]�Iq�ªN
}QS����ªIONQP~{�Z�}2�~\�V�£ ��Iz]_�2]_�!N¥V+N7P+IL}QS�{�KWP�\�U�]_��NBP+N=V+N�m�V+NQP'P+I§\�Z�På�¶x1�!N7P+N�}QSD�ª��IONQP~{�V+N¹ILZQ]�NcZ!}�N�} ]_\
��{c�7]WS�VYN�P���\��c£DP¶]_��{g]1{gV+N�P��!{cV+N�}ª{��cV+\DP'P¶]_�!NJ}�ILU�U�N�V+N�ZQ];�ªN[��¢�NcV*P�\�U)]_��N���{�Z�N�K/{�Z�}�]_�QS/P¶]�\�VYNc�~\7y�N�{
��\Q]�NcZB]_IL{�K���\��~�~\�Z=U�{��g]�\7V��7o/ILZ�{�KLKqd�`�]�\�{gy�\�IL}=��\�KqILZ�N�{�V+Iz]Wdª��V+\7¢�KON[�=PY`���N���\�ZDP+IO}�NcVuKL{cm�m�N�}=IqZ�U�KM{�]�IL\�Z
{cZ!}>��\�V+N=IqZ�U_KO{g]�IL\"Z�PYNc�D{�V+{g]�NcKed�ILZ2]_��N=V+Ncm�VYNQP'PY\"V'P 	YILZDP_]�N�{�} \"U�]_�!N¹ILZ�U�KO{g]�I§\"Z!n�m�{c�����;x1�!N¥VYNQP�S�Kz]+Pw{cV+N
P��!\!��Z¹ILZ¼x�{c¢�KON�Ï 	�ILZ¥]_�!N�x9{g¢�KON�`�]_�!N�V+N�{[K¶��\�Z�Ncd�n_mD{c�¼IpP�]_�!N�NQP_]�IL�ª{g]�N�}=V+NQP+IO}QS�{�KWP�U_V+\�� N��QS�{�]�IL\�Z
	 � � �*�
k~P IpP¿P+N�N�Z!`w]_�!N@��\�N�U�U_IO�[ION�ZQ]¼\�U�]_��N@KL{�m�mDN�}5VYN�{�KLn��~\�Z�Ncd m�{c� IWP¼��\�P+Iz]�Iey�N@{�Z!} P_]�{å]_IWP�]�IL��{�KOKMd

P+Iem�Z�IMU�IO��{�ZB]*��À<Nª��{cZ2ILZQ]�N�V���V+Ng]9]_�7IWP�U_ILZ�}"ILZ�m {QPb{�Z2ILZ�}"I§��{g]�IL\"Z¼\�U�]_��N~��V+N�}�IL�g]�I§y"N���\7�~N�V�\�U�]_�!N�V+N�{�K
�~\�Z!Ncd�n�m�{c�ªU_\"V9UMS�]WS�V+N�ILZ�U�KO{g]�IL\�ZD�QÀ¾N¡Z!\!]�N�]_��{g]/]_�!N���\�N�U�U_IO�[ION�ZQ]E\�UD]_��NT\!S«]_�7S7]�n�m�{c�~IWP�P+ILm�Z�IMU�IO��{�ZQ] 	�{�]
]_��N ��� �½KLNcy�N�K;\"UuP+Iem�Z�IMU�IO��{�Z!�QN��u{cZ�}�]_�!{g]�]_�!N���\�V+NJILZ�U�KO{g]�IL\�Z=IMPu{�KWP+\2P+ILm�Z�ILU�IO��{�ZQ]4{�]�]_��N~Ð��½KLNcy�N�K/\�U
P+Iem�Z�IMU�IO��{�Z!�QN«�
kTZ ILZB]�NcV+N7P�]_ILZ7m¿�QS�NQP�]�IL\�Z IpP��~�!Ng]_��N�V�]_��N�V+N�{�K���\�Z�Ncd�n_m�{c�>IWP���\"V+N=ILZ�U_\"V+�ª{g]_Iey�N={c¢�\7S�]#UMS�]WS�V+N

ILZ�U_KO{g]�IL\"Z�]_�!{�Z�{[Z�ILZ�}�IO��{g]�\�V�¢�{QPYN�}�\"Z=Z!\��~IqZ�{�K;�~\�Z�Ncd!n�m�V+\7��]_�D�Dx¶\�{�}�}7V+NBP'P�]_��IMP#�QS�NQP_]�I§\"Z!`���N�VYN�n
NQP_]_Iq�ª{g]�N�N��QS�{g]�I§\"Z 	+Ñ��¥¢�dùP_S�¢/P_]_Iz]WS�]_ILZ7mA{CZ!\��~IqZ�{�K~�~\�Z�Ncd<m�V+\7�T]_�@m�{c�5ILZ�}�IO��{g]�\7V=U_\�V�]_��N>V+N�{�K

�~\�Z!Ncd=m�{c�/�7�,\�V+N�P���N���ILU�IO��{�KMKqd!`��ªNJVYNc��K§{��BN ��
−���ε ¢�d ������� �� ∆−∆

`��T�!NcV+N 	�
�∆
IWP?}�N[U�IqZ�N�}={QP�]_��N

{cZ�ZBS�{[KOIWP*N�} Z!\��~IqZ�{�K �~\�Z!N�d�m�V+\!�T]_� 	P+IL�ªIqKO{cV+KLd�]�\J]_��N�}�N�U�ILZ�Iz]�IL\"Z�\�UD]_��N�{�Z�ZQS�{�KMIWP*N�}~ILZ�U�KO{g]�I§\"Z�VY{g]�N��m�

( )�
−−=∆ ��������� ��� ��x¶��N�]�{cV�m�Ng];y�{�KzS�NJ\�U/]_��N�Z�\���ILZ�{�K/�~\�Z!N�dªm�V+\7�T]_��` �����∆

`�IWP4��\��w�7S�]�N�}�{QP9]_��N

U�Iz]W]�N�}wy"{�KzS�N7P6	P�]�{']_IL��U_\"VYN���{QP_]+P �9\�U�]_�!N�U_\�KLKL\7�~ILZ�m�N��QS�{g]_IL\�Z��

( ) � �� �� �� �� � ���� +−+=∆ −−−

�������
δπδ 	 � �

x¶��IpP¯N��QS�{g]�IL\�Z@��{[Z,¢�N>ILZQ]�NcV���V+Ng]�N�}@{BP�]_�!N V+N�}QS���N�}·U_\�V��©\�U~{>�~\�}�N[K�]_�!{g]ª��\���¢�ILZ�NQP�]_�«V+N�N
N��QS�{g]_I§\"ZDPY`�Z�{��ªN�Kqd¯{�Z� �£7S�Z�KO{g� N��QS�{g]_IL\�Z�`D{�l¶��ILKOKMIL�)P4�gS�V_y�NT{[Z!}={�Z�{�m�m�V+Ncm�{g]�NT}�N��~{�Z�}�N��QS�{g]�I§\"Z��
HJIey�N�Z�ILZ�U�KO{g]�IL\�Z�`;{���ILm���NcV#\7S�]_�7S7]�n�m�{��=V+NQP�S�Kz]+P#UWV+\���{cZ�Nch���{[Z�P+IL\�Z!{cV�d2�~\�Z�Ng]�{cV�d¯��\�KLIM�cd 	 �� >δ ���
"bNQP+IO}�N7P+`�]_\�{��c��IONcy�N�{�KL\7��NcVuIqZ�U�KO{g]_IL\�Z�`�]_�!NJV+{g]�N�\�U9Z�\"�~ILZ�{�K��~\�Z!Ncd=m�V+\7�J]_�ªZ�N�N�}�P9]�\¯¢"N�{�}�®�S�P_]�N�}
}�\7��ZB�~{cVY} 	  !" <δ �uÀ<N,NQP�]�IL�ª{g]�N ]_��IWP2N��QS�{g]�I§\"Z@S/P+ILZ7m N!P_]_IL��{�]�\"V'P P�Iq�ªIMKO{cV=]_\@]_��\DP+N>S/P+N�}C]_\
NQP_]_Iq�ª{g]�N ]_�!N>V+N�{�K��~\�Z�NcdA}�N��ª{[Z!}<{[Z!}·U�ILZ�}C]W��\·NBP�]_IL�ª{g]�N�}<��\�N[U_U_IM��ION�ZQ]+P�]_�!{g]¯{cV+NCP_]�{å]_IWP�]�IL��{�KOKMd
P+Iem�Z�IMU�IO��{�ZB])��Iz]_� #%$&#' (

−=δ {�Z�} )+*,-. /
=δ �« ¡Z!��N�]_��IpP9IWP4}�\"Z!N�`7�~N���\����"S�]�N�]_��NJP_]�{g]_IL��U_\"V+N���{7P�]+P

{cZ!}�NBP�]�Iq�ª{g]�N�]_�!N�U_\�KLKL\7�~ILZ�m�N��QS�{g]_IL\�Z�¢�d�H¡�¿� �

( ) ( )
( ) 01234

1153 11611
7 87 87 87 8

7 87 87 87 87 87 8 99 ::
ηπββ

ππββπβπ
++∆−∆+

−+−+=

−

−−−−− 	 ��� �

x¶��N>V+NQP_SDK¦]+P�{cV+NCP+�!\!�wZ<IqZ¾x�{g¢�KON>Ï/��ÀANCP+N�N ]_��{g]�]_�!N���\�NcU�U�IM��ION�ZQ]¯\�U�]_�!N>Z�\��~IqZ�{�K���\�Z�Ncd
m�V+\7��]_��n�m�{��=IpP#P�]�{g]_IWP_]_IM��{[KOKqd¼P+Iqm�Z�IMU_IO�B{[ZB]*��x¶\¹�c�!N��c£�]_�!NJV+\7¢7S/P�]_Z!NQP'P?\�U9\7S�VuNQP�]_IL�ª{g]�IL\�ZDP+`��~N�]�NQP�]9U_\�V



���

]_��N�y�{�KMIO}�Iz]�d¥\�U�]_��N�ILZDP�]_V_SD�~N�ZB]+P�S/P+N�}¥ILZ�]_��NwH¡�>��V'N�m�V+NQP'P+I§\�Z�På�"o;\�VuN�{����=Nch�\�m�NcZ�\7S/P�y�{�VIO{c¢�KON�IMZ
]_��N�ILZ�U�KO{g]�IL\�Z~N��QS�{g]�IL\�Z�`7�~N�U_ILV'P�]�]�NQP�]/U_\�V)]_�!N1®Y\�ILZQ]9PW]�{å]�IpP_]�I§�Q{�KDP+ILm�Z�IMU�IO��{�Z���N�\�UD]_��N�IqZ�P�]_V�S��ªN�ZQ]+På�Qk�P9IWP
P+N�N[Z�ILZ»x�{c¢�KON¹Ï�`uNgh��BNc�7]TU_\�V�]_��N2ILZ�U�KO{g]�IL\�Z ]�{cV�m�N�]_`1]���N2ILZDP�]_V�S��~N�ZQ]+P���{cZ>¢�N¼��\"ZDP+IO}�NcVYN�}�{QP�m�\�\�}
��V+N�}�IL�g]�\7V*P�\�U)]_�!N�Nch�\�m�NcZ�\7S/P�y"{cV+IO{�¢�KONQPå�7v+Z�}�N�N�}�`"]_��N���npy"{[KeS�NQP?\"U�]_�!N¡o;IWP+��NcV1]�NBP�]9{�V+NJKLNQP�P¶]_�!{[Z�Ð��
{cZ!}�]_��IWP�ILZ�}QS���NQP¶]_�!N¡V+N�®*N��g]�IL\�Zª\"U/]_��N�ZQS�KMKD�7d!��\!]_�!NQP+I�P4\�U�Z�\=��\"V_V+NcKO{g]_IL\�Z�¢"Ng]W��N�N�Z�]_�!NJN�h���KM{�Z!{g]�\"V_d
y�{�VIO{c¢�KONQP {[Z!}�]_�!N�ILZDP�]_V�S��ªN�ZQ]+På�¥oDS�V�]_�!NcV+`2�~N {c����Ked ]_�!N ��{cV�m�{cZ ]�NQP_]�]_\ PYN�N �~��Ng]_�!NcV@]_��N
ILZDP�]_V�S��~N�ZQ]+P?��{�Z�¢�N���\"Z�P+IM}�N�V+N�}={7PuNch�\�m�NcZ!\!S/På�"k�P9]_��NJ��n�y"{[KeS�NQP?\�U�]_��N�]�NQP�]+P?{cV+NJ��ILm���NcV�]_�!{cZ¹Ð�� `
��N���\"Z!��KzS�}�N�]_��{g]�]_��N�IqZ�P�]_V�S��~N�ZQ]+P1{cV+N�ILZ�}�Nc��N�Z!}�N�ZQ])\"UD]_��N�N�V�V�\�VD]�NcV���ILZJ]_��N�ILZ�U�KO{g]�I§\"Z~N��QS�{g]_IL\�ZDP��

���������
	���������������
����������� �!���"	��
À¾N�Z�\7� Ngh"{���ILZ�NJ�~��IO�[��\�U1]_�!Nw]W�w\=y�{cV+IL{c¢�KON7P4	p]_��N�Z�\���ILZ�{�K���\�Z�Ncd�n_m�V+\!�T]_�=V+{']�N�\�V�]_��N�V+N�{�K

�~\�Z!Ncd�n�m�{c���TIWP�]_��N=�~\DP�]#ILZ�U_\"V+�~{�]�Iey�N={c¢"\!S�]uUMS�]WS�VYN�ILZ�U_KO{g]�IL\"Z��)v�Z¹]_��IWP¡y�IONg��`��~N���NcV�U_\"V+� \7S7]�n_\"U_n
P+{��~��KMN���V+N�}�IO�g]�IL\"Z�P��7À¾N�U_{B��N~P+\���NT}�IqU�U�IO�gSDK¦]�IONQPuILZ=}�\�IqZ«m2P�S����ª{�Z=Nch�NcVY�[IWPYN�U_\�V¶]_��N��~��\�K§N�P+{��~��KON
P+ILZ���N�`�U_\"V�PY\"��N���\!S�ZB]_V�ILN7P+`7]_��N�V+N�{cV+N�Z!\�}�{']�{�U_\�V)]_��N���\�Z�Ncdª{cm�m�VYNcm�{g]�N�� Ò UWV+\��5]_��N���NcV�I§\�}~\�U�]_�!N
ILZQ]_V+\�}QS��']_IL\"Zª\�U)]_�!N�s�S�V+\/��o;\"V/]_��IMP9V+N�{QPY\"Z!`�\7S�]�n_\"U_nPY{�����KON¡U_\�V+N���{!P_]+P9{cV+N���\����7S�]�N�}~U_\"V9{JPYN[KON���]�IL\�Z
\�U=��\7S�ZQ]_V�I§N!P ��k�S�P_]_V�IL{�`¡R�N�Z��ª{cV�£�`¡o/VY{cZ���N�`Jv�]�{cKed�`�]W��N �ªNg]_��NcV+KO{�Z�}�PY`���\�V���{cd�`ª�!��N�}�NcZA{�Z�}@]_��N
twZ�Iz]�N�} $wILZ�m�}�\��=��À<N���\�Z�P+IO}�NcV�]W�w\J]Wd«��NQP9\�U)�!\"V+I��«\�Z�P¶VYN[K§N�y"{�ZQ];U_\"V¶��\"Z�Ng]�{�V�d���\�KqIO�cd���P+��\�Vp]�nM]�NcV��
{cZ!} KL\�Z«m�np]�NcV�� ��\�V�I��B\�Z�På��k�PT{�Z IMKLKeS�P_]_V+{g]_IL\�Z \�U¡P+�!\"V_]_n�V�S�Z¼��V+N�}7IO�g]_IL\�ZDP+`��~N=��\"���7S�]�N=\�Z�N�n��QS�{cV�]�NcV
{c�!NQ{�}5U_\"V+N���{QP�]+På��o;\7V�]_�!N�KL\�Z7m�N�V¥]_IL�ªNC��\�V+I��B\�Z�PY`¡�~N,��\�Z�P+IL}�NcV¼\"Z!N�n�d!N�{cV¼{cZ�}@]W�~\�npd"N�{cV¼{c��NB{�}
��V+N�}�IL�g]�IL\�Z�P#��9x¶��N¹U_\�V+N���{QP�]+P�{cV+N2��\����7S�]�N�}¿\!y"NcV�]_��N2��NcV�IL\�}�UWV+\"� ������� � � ]_�7VY\!S�m�� | ��� Ï�� � �)À¾N
{QP*P+N7P'P�]_�!N P�]�{g¢�IOKMIz]_d,\�U�]_��N2V+N�KO{g]_IL\�ZDP+��Iq�DPw��V+Ncy�{�IMKOILZ�m>S�ZB]�ILK ����� Ñ � Ï,U_\"VT]_��N¹��NcV+IL\�}�{[UM]�N�V ������� � � �
kT����\�V+}�ILZ7m�Kqd!`�]_��N�U_\"VYN���{7P�]+P?{cV+N¡¢"{!PYN�}=\�Z�]_��NwN!P_]_IL��{c]�NQP4��V+NQPYNcZQ]�N�}=ILZ�]_�!NJ��V+N���N�}"ILZ�m P+N��g]�IL\�Z�P?{[Z�}
\�ZJ]_��NT{��g]WS�{�K�y�{�KeS�N!P4\�U)]_�!NJNch���KO{�Z�{g]�\7V�d~y"{cV+IM{c¢�KONQPå�!��\"VYN�P���N���IqU_IO�B{[KLKLd�`"]_�!NJU_\"VYN���{QP_]+P�{�V+N�\!¢«]�{cILZ�N�}
UWV+\��5]_�!N�NQP�]�IL�ª{g]�I§\"Z~\�UD]_��N�U_\�KLKL\7�~ILZ�mªN��QS�{g]�IL\�Z�Pm�

( ) ( )
( ) $�%&$'%&$�%

&$'%&$�%&$�%$�%&$�%$�% ((
ηπβεβ

ππββπβπ
+++

−+−+=

−−

−−−−− )*
+,-.- / 021�143

52687
( ) ( )

( ) 9�:;9�:;9�:;9':
;9�:;9�:;9':;9�:;9�:9�: <<

==
ηπββ

ππββπβπ
++∆−∆+

−+−+=

−−−

−−−−− >?@
A?BC 0214D�3

EGF�H2IH JKKL MNO
= P F�HQHSRUTUVXW 5 T�H 7 H!YSZ 5 TUVX[ 6 R 0�1�143 526�7 0214D�3 5 I�H]\�I�HSRH 6 T�H 7 V 6 P 5_^a` Hcbad

e fhgji�k�l�im�n�mg!oqp�rqs�k�l!im�n�mt!imuowv�nxio�y�z{pXy�s�g}|�zm"g�g!s�p�~!i�s�~2p'm�y�g!io���nxs4��i�_��mpXy�sug |�������mg!o��������x��z"s4g}|�i�4�!ig4pX��l!�4p�t!iu|xii�_�jm"p'y�s�g |�t�m{�!i�p'sh~!i�nxi�k�|�vjizy���y�io�m�g!oqnxiukXi�|�pXy���m"pXio�m4|�i�4��m"p�y�s4g |a�{������m"g�o������2�U�



1�1
� 6 P 54^a` H�����E H I�H2\a[ IxT�TUF�H R�F�[�I�T���T�H_I{W F8[ IV��}[ 6
	 [�IH�� 5 RUTR 0 [ 6 H�{YSZ 5 IxT�H2I 5 F�H 5!7
	 [�IH� 5 R�TR 3 d�� H

�![�W \�Z�T�H TUF8HcI[a[ST�W�H 5!6 RYSZ 5 I�H 7 H�I{I[�I�R�[ 	 TUF�Hc\�I�H 7 V��_TUVX[ 6 R 5!6�7 7 V�R��_Z�R�R�TUF�H \�IH 7 V��4T{V��aH 5 ���_ZaI 5 ��
[ 	 TUF�H 	 [�IH� 5 R�TR ^ � H�� 5 W V 6 V 6�� 5 ^a5 TxT�H2I�� [ 	 T�HSR�T R�T 5 TUV�R�T�V���R4d P F�H 6 Z�W ^ H2I�R V 6�^ [ `X7 �![ I�IHSR{\a[ 6�7 TU[
TUF�H�\���� 5!` Z H�R�[ 	 TUF8H�� 5 R�H8R�E F8H2IH]TUF�HQV 6�	{`�5 T�VX[ 6 W�[ 7 H ` E V�TUFcTUF�H 6 [ W�V 6a5!` W�[ 6 H�� � I[�E TUF I 5 T�H���V�H `�7 R
	 [�IH� 5 RUTR TUF 5 T 5 I�H ^ H_TxT�H2I TUF 5}6 TUF�[�RH [ ^ T 5 V 6 H 7 E�V�T�F TUF8H IH 5!` W�[ 6 H���� �a5 \ d! R VxR RuHjH 6 � TUF�H
\�IH 7 V��_T�VX[ 6 R 5 IV�RV 6��"	 I[�W TUF8H V 6�	U`�5 T�VX[ 6 H!YSZ 5 T�VX[ 6 E�V�T�F TUF8H 6 [aW V 6a5!` W [ 6 H�� � I�[8EQTUF I 5 T�H 5 IH ^ H_T�T�H2I
TUF 5�6 TUF�[�RH��![�W�V 6��#	 I[�W TUF8H H!YSZ 5 TUVX[ 6 E�V�T{F TUF8H IH 5!` W�[ 6 H��$� � 5 \�V 6 TUF8H��![�Z 6 TUI{V�HSR�TUF 5 T �a5 �aH Za\
TUF�H!V�I 6�5 T�VX[ 6�5!` �_ZaI{IH 6 ��� [ 6&%45!6 Z 5 I'� 1)(�(�( ^ � 5 7 [�\STUV 6*� TUF8H,+�ZaI{[ 0.- I 526 �jH� � T 52` � 5}687 TUF�H
/ H_TUF�H2I `X5!687 R 3 0�1 d2� H [ ^ T 5 V 6 5 RV�W V `�5 I!�![ 6 � ` Z RVX[ 63	 [�I54 H 6 W 5 I�6 d P F�H 	�5 �_TQTUF 5 T7��V 6 TUF�H 	 [�I"W H2I
TUF�I�H!H!�![8Z 6 TUI{VXHSR�� 6 [�W�V 6a5!` W�[ 6 H�� � I�[8EQTUF 7 [�W�V 6a5 T�HSR]TUF8H IH 5!` W�[ 6 H�� �a5 \ V 6 \�IH 7 V��4T{V 6*� V 6�	�`�5 T{VX[ 6
\�I[*�aV 7 HSR H!W�\aV�IV�� 5}` R�Za\�\a[�I�T 	 [�I]TUF8H \a[ ` V��!V�H�R 5!7 [�\ST�H 7 ^ � TUF8H8+�ZaI[�\aH 526:9 H 6 TUI 5!`<; 5!6 6 RV 6 �!H TUFaH
5!7 [�\STUVX[ 6 [ 	 TUF8H=+�ZaI[ d � 687 H!H 7 � TUF8H=+�ZaI[�R��aR�T�H!W">�R�W [ 6 H_T 5 I�� \a[ ` V����?�![ 6 RVxR�TR�V 6 W 5 V 6 T 5 V 6 V 6�� \�IV@�!H
R�T 54^ V ` V�T7� 5}687 �!F8[�[�R{V 6*� 5 6 [�W�V 6a5!` W�[ 6 H�� � I[�EcT�F V 6�7 V@� 5 T�[�I TU[ 5 �2F�V�H��aH TUF�VxR [ ^)A H��_TUV�� H 0 RH!H
+�ZaI{[�\aH 526B9 H 6 TUI 52`�; 5!6 6 021)(�(�(�3�3 d P F�HcIH R�Z ` TC�![ 6 �!H2I 6 V 6�� 4 H 6 W 5 I'6"� 526 ^ H H���\ `�5 V 6 H 7 ^ ��TUF�H 	�5 �_T
TUF 5 TqTUF�H54 5!6 VxRF:�!H 6 TUI 5!`�^ 5!6 6 \�ZaI�RUZ H�R 5 W�[ 6 H4T 5 I�� \a[ ` V@��� TUF 5 T H 6 R�ZaI�H8R 5 R�T 5_^a` H8D I[ 6 HE�aVxRF�'G���aVxR
TUF�H8+�ZaI�[�d � 6 TUF�H [STUF�H�IH�2[�Z 6 TUI{V'HSRF�hTUF�H \�IH 7 V��4T{VX[ 6 R 5 IV�RV 6��I	 I[�W TUF�H V 6�	{`�5 T�VX[ 6 H!YSZ 5 T�VX[ 6 E�V�TUF TUFaH
IH 5!` W [ 6 H�� �a5 \ 5 IHcYSZ V�T�H RVXW V `�5 IqT�[ TUF�[�RHQ[ ^ T 5 V 6 H 7J	 I[ W TUF�H H!YSZ 5 TUVX[ 6 E�V�T�F TUF8H 6 [aW V 6a5!` W�[ 6 HK�
� I[�EQTUF�d 9 [ 6 RV 7 H2IV 6�� ` [ 6L� ��T�H2I{W 	 [ IH�� 5 R�TR 0'0 0 P 5_^a` H5M 3 �8TUF8H��![ 6 � ` Z RV'[ 6 R�RH H!W T�[ ^ H]TUF8H R 5 W H$N}TUF�H
6 [aW V 6a5!` W�[ 6 H�� � I[�EQTUF�VxR RUT{V `X` 7 H_T�H2I{W�V 6a5!6 T V 6 TUF�I�HjH [�Z�T [ 	�	 [�ZaIE�j[8Z 6 TUI{VXH�RQTUF 5 T Z RH TUF8HB+�ZaI[
0  �Z RUTUI"V 5 � - I 526 �!H 5!6�7 TUF8H / H_TUF8H2I `�5!6�7 R 3 dO [���[8Z8I!�![ 6 � ` Z RVX[ 6 VxRcTUF 5 TQTUF�H 6 [aW V 6a5!` W [ 6 H���� � I�[�EQTUF V 6�7 V@� 5 TU[�I F 5 R 5 F�V � F�H2I \�I�H 7 V@�_T�V��aH
\a[�E�H2I [ 	P	 Z�TxZaIH�V 6�	�`�5 T�VX[ 6 V 6 TUF8H��![8Z 6 TUI{VXH�RhTUF 5 T 5!7 [�\ST�H 7 TUF�H�+�ZaI{[ 52687 EGFaH2IH]TUF8H W [ 6 H_T 5 I'� \a[ ` V@�K�
R�TUI 5 T�H � � VxR ^ 5 R�H 7 [ 6 TUF8Hc[ 6 H 5!6�6 [8Z 6 �!H 7 ^ � TUF8HQ+�ZaI[ \aH 526R9 H 6 TUI 5!`�; 5}6 6 d � 6 TUF�H [8TUF8H2IS�j[8Z 6 TUI{VXHSR��
W�[ 6 H_T 5 I'� 5)��� IH �a5 T�HSR [�TUF�H�IcTUF 5!6 TUF�H 6 [�W�V 6a5!` � 	 [�I V 6 RUT 526 �!H TUF�H IH 5!` W�[ 6 H�� �a5 \�� 5 IH H!YSZ 5!`�` �
V 6�	 [�IW 5 T�V��aH 	 [ I 	 Z�TxZaIH�V 6�	{`�5 T�VX[ 6 d
T�U�VXW5Y�Z\[�]@^\_a`@Y�Z

P F�V�R�\ 5 \aH2I�VxR 5!6 H!W�\aV IV@� 5!` �![ 6 TUI{V ^ Z�T�VX[ 6 T�[ TUF8H [ 6L� [ V 6L��7 H ^ 5 T�H [ 6 TUF8HcIH `X5 T�V��aHc\aH2I 	 [�IW 5!6 �!H
[ 	�5 6 [�W�V 6a5}` W [ 6 H�� � I�[8E TUF ^ 5 R�H 7 V 6a7 V@� 5 T�[�I [�I TUF�H IH 5}` W�[ 6 H���� �a5 \ V 6 \�IH 7 V��4T{V 6*�b	 Z�TxZaIH
V 6�	U`�5 T�VX[ 6 ddc�ZaIcIH R�Z ` TR \�I[$�aV 7 H R�Za\�\a[�I�T�T�[ TUF�H�V 7 H 5 TUF 5 T�TUF�H W�[ 6 H4T 5 I'� \a[ ` V@��� V 6 TUF8HB+�ZaI[ 5 I�H 5
�![�Z 6 TUI{V'HSR�VxR ^a5 RuH 7 [ 6 TUF�HH�}F8[�V��!H [ 	 5c6 [�W�V 6a5!` W�[ 6 H�� V 6a7 V@� 5 T�[�IhTU[ 5 ��F�VXH�� H \�IV�� H R�T 5_^ V ` V�T7� d O Ze�SF
fhg�i o4y��X�xinxig4p�zs4g!z���}|xy�s�g�y'|�s~2pXm�y�g!io���s4n i � | p�nxy�m��f�f*j ihs4g!� l�nxi�vjs4n�p!p�t!i�nxiu|��!��p |�zs4g!zi"n�g2y�gkqp�tji
p�rqs�k�l!im�n�t!sunxymlus4g���s4nxiz"m |�p �!|�y�g!zi�p�tjs�|�i�z"s4gjz"inxg!y�g)kwp�t!ihs4gji�k�l2im�n�xs4nxizm4|�p�| r inxi��!in�l�|xy���y���mn��



14D
5 �![ 6 � ` Z�RVX[ 6 7 [aHSR 6 [ST F�[ `X7 	 [�I�TUF�H��![�Z 6 T�I{VXH�R�TUF 5 T �![ 6 TUV 6 Z H T�[ Z R�H TUF�H!V�I [�E 6 �4ZaI{IH 6 ��� d � 6 TUF�H
`�5 TxT�H2I��STUF�H�IH 52` �{W�[ 6 H�� � 5 \ W 5 � ^ HQHjYSZ 5}`X` � V 6�	 [�IW 5 TUV � H 52^ [8Z�T 	 Z�TxZaI�H�V 6�	U`�5 T�VX[ 6 d

P F�H2IH VxR 5 T ` H 5 RUTQ[ 6 H 7 V�IH��_T{V'[ 6 V 6 E�F�V@�}F�TUF�V�R \ 5 \aH!IH�![8Z `'7 ^ H H���T�H 6�7 H 7 d � 6 TUF8H T{VXW H RH�I"V�H�R
7 [�W 5 V 6 �8TUF8HQH!W \aV�IV@� 5!`�` V�T�H2I 5 TxZaIH�F 5 R�R�F�[�E 6 TUF 5 T�TUF8H W�[ 6 H�� � I�[8E TUF VxRqF�V � F ` �R�![�I{IH `'5 T�H 7 E�V�TUFcTUF8H
V 6�	U`�5 T�VX[ 6 I 5 T�H 5 T ` [�E 	 I�H!YSZ H 6 �!V�HSR 0�� d � T�EG[�Z `X7 ^ H V 6 T�H!IHSRUTUV 6*� T�[ 7 H��[ WG\a[
R�H TUF�H�IH 5!` W�[ 6 H�� �a5 \
52687 TUF8H 6 [�W�V 6a5}` W�[ 6 H�� � I[�EcTUF V 687 V@� 5 TU[�I V 6 T�[ T�F�H!VXI F�V � F 5!687 ` [�E 	 IH!YSZ H 6 �!V�HSR�V 6 [ I 7 H�I TU[
V 7 H 6 T�V 	 � TUF�H?� 5 IV 5j^a` H TUF 5 T \ `X5 ��RQTUF�H 7 [�W V 6a5!6 T I[ ` H T�[ H ��\ `X5 V 6 RF8[ I�T.��I�Z 6 V 6�	{`�5 T�VX[ 6 5!6�7 TUF�H�[ 6 H
EGF�V��!F VxR 7 H_T�H2IW�V 6a5!6 T 	 [�I ` [ 6L� ��I�Z 6 V 6�	�`�5 T{VX[ 6 \�I�HSR4R{ZaIHSR d c 6 H W 5'A [�I 7 V 	�	 V��4Z ` T7� VxRF��F�[�E�H��aH�IF��TU[
TUI 526 R{\a[�RH T�[ 5 \ 526 H ` �![ 6 T�H ��T TUF8H 7 H �j[ W \a[�RV�T�Vx[ 6 W H4TUF�[ 7 R TUF 5 T Z R�H 	 IHjYSZ H 6 ��� 7 [aW 5 V 6
5 \�\�I[ 5 �2F8HSR�[�I�[STUF�H2I�W�H_TUF8[ 7 [ ` [ � V�H R ^ 5 RH 7 [ 6 TUIH 6�7�� ���$� ` H 7 H�![�W \a[�RV�T�VX[ 6 R4d

f�����iiu�2m��s4gk���m"g l�s�pXt!inU|x�
	qm�k�mg!o���i�r m���o � ���4������
� n ��k)k2i��mg���������� �X�4�2���_��� i |U|xi"g���muz"tji{nUkhj i�|xzt!ihmg�o
� inx��m�z�t�� ���2�������



1��

P 5_^a` H 1���� 526 H ` Z 6 V�T�I[�[STaT�HSR�TR ���
	
���� �������������������� �
!���"�#%$&('��(&()(�+*,�
- '/.�'�� 021+3��4��5(5 6�	���6�� - '/.�'�� 07183��9��5(5 6�	4��6��

��: $(;�< =�>@? A�<+B
C DE"/02) 6 $/0�<+F
? $(?�<+?
B DE"(;4)
G '/���IHJ	���'/K # ;�< F�=�A $(B�<+F4L DE"/02) 6�M & $(;�<+?
B $,=N<+?
F DE"/07)

-PO 0Q< =I?IA $(C�< =�C DE"/02)
��: $(;�<RA
A ?�<RA9B DE"/02) 6 $(?�<+?
? $,=N< =�? DE"(;4)

G '/���ISUTU� # =N<+;
B $(?�< L�A DE"/02) 6�M & ;�<+;
C $(;�<+?IA DE",=
)
-PO =N<+?4= $(?�< =�> DE"/02)
��: LN<+C
F $ DE"(;�) 6 ∞− �+V,� $ DE"(;4)

D,�
5E��W&X��	4� # $,=N<+>
C $ DE"(;�) 6�M & ∞− �+V,� $ DE"(;4)
-PO $(?�<+?
? $ DE"(;�)
��: $(;�< =�F@F 0WC�<+CIA DE"/02) 6 $(;�<+B
B $(B�<+;
? DE"/07)

- 	4�@Y@$&Z'/[EH
���&Z'W[Z'\�(&][Z�W&('

# ;�<�A4?
? $(>�< L�> DE"/02) 6�M & =N<+;IA $(?�<+?
; DE"/07)
-PO ;�<+>4L $/0@0�< =^0 DE"/02)
� : $(;�<+C
?@? A�< =�> DE"/02) 6 ;�<+>
> $,=N<+B
> DE"/07)

�
�
	4[_&Z$&E'/[ZH
���&Z'W[Z'\�(&][Z�W&('

# ;�<+C
C $(C�< =
L DE"/02) 6�M & 0�< =�> $/0�< L�B DE",=
)
-PO ;�<+CIA $(C�< L^0 DE"/02)
� : $(;�< =�F 0WC�<+CIA DE"/02) 6 ;�< =�B
? $(C�<+>
F DE"/07)

` �ba�	4�I�UK���'���� # ;�<�A4?
? $(>�< L�> DE"/02) 6�M & =N<+;]0 $(B�<RAN0 DE"/07)
-PO ;�< >�L�? $/0@0�< =^0 DE"/02)
� : $(;�<,0W; LN<RA
A DE"/02) 6 $/0�< L
= $,LN<,0
0 DE"/07)

GdceG # ;�<_0/;
> $,LN<+B
> DE"/02) 6�M & $,=N<+;
; $/0�<+F4L DE"(;4)
-PO ;�<+;
B $,LN< L
L DE"/02)

f s�pXiu|7g�{�{� i ����p�t!i |�pXm{pXyX|�p�y�zu|�m�nxiQo�yX|�p�n�y�~2��pXio m |�|�pXmg!o�mn�o gjs4n���m�� m4|Xl2��v�pXs�pXy�zmu����lS�Nh�tji�g2�j��� t4l4v s�pXt!iu|xyX|�s_��mQ�jg!y�p�nxs4s�pqyX|nxi�i�iz{pXio��xs4na��mn�k2i v!s�|xy�pXy �!i��!m����!iu|�s_��pXt!i^j@k |�p'm"pXyX|�pXy�zu�_r t2y���ihy�p}yX|�nxi�i�iz{pXio��xs4na��mn�k2i g!iFk�m"p�y��!i��!mu���ji�|�s4��pXtjihs�pXt!in�p�rqs|�pXm"p�yX|�pXy�zu|�� i zzs4nxo2y�gk���l!�2m{p!p�t!i �ml ��iU�!i�X�_r ihzs4g!z���jo2i�m4| ��s4����s�r�|7g

nno

nnp
q

−<

−<

+>

rIstu
rIstu
rIstu

vw
x
y

z {|\}�}N~�I� z ~�N}
�

� ����h�t!i |�p�m"p�yX|�pXy�z yX|�o�yX| p�nxy�~2�2p'i"o�m4|Xl2��v2p's�pXy�zm���� l�m4|�|�pXmg2o�mnxoqg!s4n���m���Wh�t!i g2�����!t l_vjs�pXt!iu|�y'|�s���mh�jg2y�p nxs4s�p�yX| nxi�iUiz�p'i"o��xs4n��mn�k�iqg!iFk4m"pXy��!i��!m����!iu|�s��apXt!i��8k�|�p�mp�y'|�pXy�z_�)j iwp�t2�}|�zs4g!z����o�iwp�t2mp�p�t!i�|�in�y�i�| o2s4iu| g!s�p�t�m{�!i�m���g�y�p�nxs4s�pay��ap�t!i�| p'm�p'yX|�p�y�znxi{v!s4nXpXioQyX|h��iu|U|�pXt2mgb�a�"� �  � m{p�p�t!i ��l ��iU�!i����� z�mug!oQzu� pay�g!o�y�z{mpXi�p�t!m{p�m�zs4g |�p�mg2p�pXin�� mg2oQm�zs4g |�pXmg_papXi{n�� v!��� |hmp�nxi"gjo�zs4��v!s4gji"g4p�|�mnxihy�g!z{���jo2io�y�g�p�t!i nxiFk4nxiu|�|xy�s4g���,�4�
∞−

��img |�p�t�m"p!r ihsu~2pXm�y�g�m �!inXl���mn�k�i�gji k4mp�y �!i��!m����!i4�



1��

P 5_^a` H D d � H 7 I�[ 6 V -�� c�� O HSR�T�VXW 5 T�[ I � T7�UI 5 TUV'[
R�V 6 \ 5 IH 6 TUF�H RuHSR�� 0	�
+ 6�7 [ � H 6 [�Z R � 5 I"V 52^a` H�NSIH 5}` W�[ 6 H�� 7 H!W 5!6�7

� [ 7 H ` 1 � [ 7 H ` D � [ 7 H ` �

 H 5!`�� 4 �  d ( � (��0�� 1 d M � 3  d ( � (��0�� 1 d 1 M 3  d (����0 b � d  b 3� 6�	U`�5 T�VX[ 6 �  d D � ���0 �bad D � 3

�  d D � ��0 �bad ���3
�  d D�( b �0 �'��d 1�1�3��[ 6*� ��T�H�I{W V 6 T�H2IHSRUTI 5 T�H �  d �����0 � � d 1 M 3

�  d ��� D��0 ��M�d �L( 3
�  d � M ���0 �'M�d D���3O F�[�IxT���T�H2I�W V 6 T�H�IHSR�TI 5 T�H  d �� M �021 d � D�3  d �� M021 d � ��3  d �����0� d ����3� O ^ [ 687 �8V�H `�7 � �  d �� M0� d �(�3

�

 H 5!` H 	'	 H�_T�V � HH ���!F 5}6L� H�I 5 T�H � �  d DN�����0 ��d D b 3�������������� !�#"$�&%�'(�#"$ 	���)"!�+*,"-* � ���
� 526 H `�. D d�b ����� D d�bL� ��� 1 d � b ���
� 526 H ` ρ � � d D����� � D d �/���� � � d D�D����
� 526 H ` �0� � 14D d ( � ��� � 1�1 d ( M ��� � 1�� d ��(����
� 526 H `21�354 � � d D M ��� ��M�d'b ����� �'��d M D����� I[�Za\ ρ � � d � b ��� � 1 d ( b ��� � D d Dq1����� I[�Za\ �6� � 1�� d ����� � 14D d ������� � 1�� d  � ���� I[�Za\ 17384 � ( dm� D���� � � dm� ����� � � d � � ���

9 	�&Z'\�+: ����� h�t!i<;>= f@? � iu|�pXy���mpXs4n y'| zs4g |�p�n��jz{pXio�~4l ��m�Ajy�gk z{s4nxnxiz{pXy�sug | p's�p�t!i f@? � iu|�p'y���m"p's4n ��s4n�p�tjiig!o�s k2ig!iy�p�l�s���pXt!i�nxiFk4nxi�|U|xs4nU|�mg!o�|xi"n�y�m� z"s4n�nxi��m"p�y�s4g�s���pXtjihnxiu|�y�o4�!m�X|{��h�t!i�i{g!o�s k2ig!iy�p�l�zus4nxnxiz�p'y�s4g�yX|�muzt2y�iU�!io�g!s4g}kvjm"nxm��i{p�nxy�z"m��� lS�]has�o2imu�wr y�p�t p�t!iQv!nxs~!��i"� s4��|�v!mpXy�mu�qz"s4n�nxi��mpXy�s�g}�
v�n�y�s4n p's p�t!i iu|�pXy��]m{pXy�s4g!��rqic��y�nU|�pqnxiFk�nxi�|U| p�t!iy�g!o2y �!y�o_��mu� |xi"nxy�i�|�s�g l2im�nx� lcpXy���i�o4������y�iu|�mg!oQrqs4n	A r y�p�t p�t!i�nxiu|xy�o_��mu�X|qs��hpXt!iu|xi�nxiFk4nxiu|�|xy�s4g |{��h�t!i�o_������y�iu|�mnxiy�g2pXi{g!o�io pXs�zm"v�p���nxiG|�t!s4z�A |�pXt!m{p�mnxi |�tjm"nxio�m�znxs�|U| p�t!i o2y��X��i"nxig4p���i"��~!inU|]s���pXt!iQvjm"gji"��mg!o p�t2�}| p's nxi�]s�!i mvjs�pXig2pXy�m��!zs4����s4g���m�z{pXs4n�v�nxs~!��i� � i g�m4|�pXin�yX|	A��CB���y���vj��y�iu|�|�y�k4g�y���y�zm�gjz"i�m{p!p�tji��/l ��iU�!i����X�2� i ���!p�t!iq|�pXmp�yX|�pXy�zu|�mnxi�o2yX|�p�nxy�~2�2p'i"o�m4|�|�pXmg2o�mnxo�gjs4n���mu�Sm | l���v2pXs�p'y�zm�����l ��h�t!i v!mg!i��D�nxi�i�iz{p�| pXtjihg2����� s��8gSszs4y�g2pXiFk4nxmp�y�s4gQ��s4nh��mn@k2i�vjs�|xy�pXy��!i��!m����!iu|q� tji"nxi���s4n �!m����jiu|ht!y�k4t�in�p�t2mg � � ��Qm"p�p�t!i ��l ��iU�!i��� rqt!inxim4|�p�t!i�s�pXtji{nq|xy-Enxi�i�iz{p�y�p�rqy�p�t ��mn�k�ihg!iFk�m"p�y��!i �!m����jiu| � t!inxih��s4n��!m����!iu|���iu|�|�pXt�mg �a��� � �mpSp�t!i ��l ��i��!i���U��B+B�y�g!o4y�zm"pXiu|�p�t!ihnxi�iUi"z{pXy�s4g�s4�p�t!i g2�!��� s���g!s�zs4y�g�pXiFk4nxm�p'y�s4g�mp!p�t!i��/l ��iU�!i���



1 b

P 5_^a` H � 5 d � � [�[ ` H 7 � H 5!6 � I[8Za\ 52687 � H 526 � I[�Za\�HSRUTUVXW 5 T�[ I�R � � [ 7 H ` 1
+ 6�7 [ � H 6 [�Z R � 5 I"V 52^a` H�NSIH 5}` W�[ 6 H�� 7 H!W 5!6�7

��� � +�� ��� � � +
�0����%�� '���� �2�������/ 	�� �+�#" *

9 [�H 	�	 V@�!V�H 6 TR
0 T.��I 5 TUVX[
R 3

9 [�H 	�	 V@�!V�H 6 TR
0 T.��I 5 TUVX[
R 3

F���T�HSRUT � 0 � � �.� 5!` Z H

 H 5!`�� 4 � 1 d h1 b �0 b  d�b 1)(�3  d (������021�� d 1 ��b 3 1 d ��  d ��
� 6�	U`�5 T�VX[ 6 �  d 14D����0 � D d D�D�3

�  d 1�� b0 � 1 d�bL� 3  d ���  d'bL�
��[ 6*� ��T�H�I{W V 6 T�H2IHSRUThI 5 T�H �  d � b �0 � � d �S3

�  d ��(��0 � D d 14D�3  d � M  d � b
O F�[�IxT���T�H2I�W V 6 T�H�IHSR�T
I 5 T�H  d �����0 � d D�Dq143

�  d �h10 �  d ��� M 3 D d ���  d 14D
	�
 ��' "�� '���� �2�������� �� 	�+�#"-* �� �

9 [�H 	�	 V@�!V�H 6 TR
0 T.��I 5 TUVX[
R 3

9 [�H 	�	 V@�!V�H 6 TR
0 T.��I 5 TUVX[
R 3
 H 5!`�� 4 � 1 d h1��0 � bad (��3  d (��L(��0�1, d �� 3� 6�	U`�5 T�VX[ 6 �  d 14D����0 �q1 d ����3

�
��[ 6*� ��T�H�I{WV 6 T�H�IHSR�T�I 5 T�H �  d � b �0 � � ��d �h1�3

�  d ��(��0 � D d 14D�3O F�[�IxT���T�H2I�WV 6 T�H�IHSR�T�I 5 T�H  d �����0 � ��d �h143
�

∆ IH 5!`�� 4 � 0 � 143 �  d  M �����0 � 1 d M�� D�3
�

∆ V 6�	U`�5 T{V'[ 6 �  d �� D����0 � 1 d M ����3
�

+�I{I�[�IF�'��[ I{I�H� TUV'[ 6
�![aH 	7	 V@�!V�H 6 TR �  d (�( b �0 � � M�d ���!3

� 1 d �D � �0 � �� d ��!3
f s�pXiu|7g Bw|�pXmpXyX|�pXy�zm����l�|xy�k�g!y���y�zmg2p m"p p�t!i���l ��iU�!i��s4�a|xy�k�g!y���y�zmg2zihmug!o B,B�|�pXm{pXyX| pXy�zmu����l�|xy�k�g!y���y�zmg2p�m{pSp�t!i ����l ��iU�!i��s4�|xy�k4g!y���y�zmg!zi�{�{��t k�pXiu|�pEg�	qm"�}|x��mg�pXiu|�p s���vjs2s4��m�~!y���y�p lS�
h�t!i�p'i�|�payX|hzs4g |�p�n��jz{p�ioQm |hm�pXiu|�p s�� i�4�!y��!mu��ig!ziq~!i{pXrqiig p�t!i�vjs4s4��io��im"g k4nxs���v�mg!oqp�t!i���i"mgSk4nxs���v�iu|�pXy���m{pXiu|��/j}nxs~!m{~!y���y�p�l��!mu���ji4|�munxi�v�nxs�!y�o�io��xs4n�p�tjyX|8p'i�|�pEg�v}k��!m����!iu|���mn�k2in�p�t2mg��!� ���y�g!o2y�z"m{pXi�m�zzi{v2pXmg!zi�s���pXt!i g4�!���!s���vjs2s4��m{~!y���y�p�lS�� ���Nh�t!ih��img k4nxs���v�iu|�pXy��]m{pXiu|�t�m{�!i ~ i"ig�� |xio]m |�y�g�y�pXy�m���i�|�p�y���m{pXiu|�s_��pXtjiq��s�gkjk�n���g�v!mn�mu��i�p'i{nU|���s4nap�t!i�j�= ��� �has]o�im���r y�pXt�p�t!iwv�nxs~!��i"� s4��|�vjm"p'y�m��z"s4n�nxi��m"p�y�s4gj�}v�nxy�sun
p's p't!iqiu|�pXy��]m{pXy�s4g!�!rqi���y�nU|�p�nxiFk4nxiu|�|�pXt!i�y�gjo4y��!y�o4�!m�a|xi"nxy�i�| s4gl!im�nx��lcp'y���i�o4�!����y�iu|�mg!o rqs4n	A r y�p�t p�t!i�nxiu|�y�o4��m��'|�s��hpXtji�|xi�nxiFk4nxiu|U|�y�s4g}|���h�t!i�o4�j����y�iu|�mnxi�y�g2pXi�g!o2iocp'sczm"v�p���nxi|xt!s4z�A |�pXt2mp�mnxi�|�t�mnxi"o m�z{nxs�|U|
p't!i�o�y��X��inxi"g�p���i��~!inU| s���pXtjiwvjmg!i��m"g�o]p�t2�}|�pXs�nxi"��s�!i�m�vjs�pXig2pXy�m��zs4���]s4g���muz�p's4nvjnxs~!��i� ��,�4� j i�nxi{vjs4n�p�p�t!i�|�tjs4n�p�k�n ��gQzs4i"����y�z"y�i"g�p�|
p�t2mp�mnxi�|�pXm{pXy'|�p�y�zm�����l |�y k4g!y���y�zmg2p � iy�p�t!i�n�m{p�p�t!i ����l s4n�p�tji��/l ��iU�!i�����h�t!i �2zt2r mn�lhzs4i"����y�z"y�i"g�p t2m |S~!iig�� |xio�pXs�|�i��iz{p p�tji���mak�s4nxo2i{n�|��



1 �

P 5_^a` H � ^ d ��� [�[ ` H 7 � H 5!6 � I�[8Za\ 52687 � H 526 � I[�Za\�HSRUTUV W 5 T�[�I�R � � [ 7 H ` D
+ 6�7 [ � H 6 [�Z R � 5 I"V 52^a` H�NSIH 5}` W�[ 6 H�� 7 H!W 5!6�7

��� � +�� ��� � � +
�0����%�� '���� �2�������/ 	�� �+�#" *

9 [�H 	�	 V@�!V�H 6 TR
0 T.��I 5 TUVX[
R 3

9 [�H 	�	 V@�!V�H 6 TR
0 T.��I 5 TUVX[
R 3

F���T�HSRUT � 0 � � �.� 5!` Z H

 H 5!`�� 4 �  d (�(h1��0 b 1 d ��3  d (�D�D��0�1)( dmM ��3 D d ��b  d 1,
� 6�	U`�5 T�VX[ 6 �  d D�D � �0 � � d 1 M 3

�  d Dq1,0 � 1 d M ��S3  d �D  d �L(
��[ 6*� ��T�H�I{W V 6 T�H2IHSRUThI 5 T�H �  d �����0 � � d M�M 3

�  d �������0 � 1 d (�S3  d M �  d ��(
O F�[�IxT���T�H2I�W V 6 T�H�IHSR�T
I 5 T�H  d ��D��0 � d �(h143

�  d �h10 �  d�b ( M 3 � d�b 1  d  �
� O ^ [ 687 �8V�H `�7 �  d ��0  d D b ��3

�  d ��0 �  d h1��!3  d �q1  d'b D
	�
 ��' "�� '���� �2�������� �� 	�+�#"-* �� �

9 [�H 	�	 V@�!V�H 6 TR
0 T.��I 5 TUVX[
R 3

9 [�H 	�	 V@�!V�H 6 TR
0 T.��I 5 TUVX[
R 3
 H 5!`�� 4 �  d ( � (��0 bLM�d �3� 6�	U`�5 T�VX[ 6 �  d D�Dq1��0 �"b�bad D b 3��[ 6*� ��T�H�I{WV 6 T�H�IHSR�T�I 5 T�H �  d �����0 �"b�bad M D�3O F�[�IxT���T�H2I�WV 6 T�H�IHSR�T�I 5 T�H  d ��D��0 b�badmM D�3

∆ IH 5!`�� 4 � 0 � 143  d ���D����0�1 dmM ����3V 6 T�H�IF�!H2\�T �  d �h1��0 �'M�d D�(S3+�I{I�[�IF�'��[ I{I�H� TUV'[ 6
�![aH 	7	 V@�!V�H 6 TR �  d ( M�M �0 �"b � d D M 3

�  d (����0 � D�� d 1�1�3
f s�pXiu|7g�|�iih��s2s�p'g!s�pXiu|�s4��ham{~!��i%�_m



1 M
P 5_^a` H � ��d � � [�[ ` H 7 � H 5!6 � I[8Za\ 52687 � H 526 � I[�Za\�HSRUTUVXW 5 T�[ I�R � � [ 7 H ` �
+ 6�7 [ � H 6 [�Z R � 5 IV 52^a` H�NSI�H 5!` W�[ 6 H�� 7 H!W 5!6�7

��� � +�� ��� � � +

�0����%�� '���� �2�������/ 	�� �+�#" *
9 [�H 	�	 V@�!V�H 6 TR
0 T.��I 5 TUVX[
R 3

9 [�H 	�	 V@�!V�H 6 TR
0 T.��I 5 TUVX[
R 3

F���T�HSRUT � 0 � � �.� 5!` Z H

 H 5!`�� 4 �  d (���(��0 ��� d'b ��3  d �/��0�14D d'bLM 3

��d � b  d h1
� 6�	U`�5 T�VX[ 6 �  d DN��D��0 � � d � M 3

�  d � b (��0 � � d 1,�(S3 1 d�b �  d D�D
��[ 6*� ��T�H�I{W V 6 T�H2IHSRUThI 5 T�H �  d ��D0 � 1 d � ��!3

�  d ���0 �  d ( ��� 3  d ��  d'b �
O F�[�IxT���T�H2I�W V 6 T�H�IHSR�T
I 5 T�H  d �h1����021 d M � 3

�  d ���0 � 1 d D b 3 D d �/  d �(

 H 5!` H 	�	 H�_T�V��aH H����!F 5}6L� HI 5 T�H  d 1������0�D d ��� 3  d ��� M �0UD dm� ( M 3 � d 1 b  d ��
	�
 ��' "�� '���� �2�������� �� 	�+�#"-* �� �

9 [�H 	�	 V@�!V�H 6 TR
0 T.��I 5 TUVX[
R 3

9 [�H 	�	 V@�!V�H 6 TR
0 T.��I 5 TUVX[
R 3
 H 5!`�� 4 �  d (h1 b �0 ��� d 14D�3  d � 1 M �0�1 badm� ��3� 6�	U`�5 T�VX[ 6 �  d D�D����0 � � M�d ���S3
�  d �� � �0 � � d 1,S3��[ 6*� ��T�H�I{WV 6 T�H�IHSR�T�I 5 T�H �  d ��D��0 � ��� d 1,S3

�
O F�[�IxT���T�H2I�WV 6 T�H�IHSR�T�I 5 T�H  d �h1��0 ��� d 1,�3

�

 H 5!` H 	�	 H�_T�V��aH H����!F 5}6L� HI 5 T�H  d 14D�(��0 �N� d ��3  d ���(��0�D d � � 3+�I{I�[�IF�'��[ I{I�H� TUV'[ 6
�![aH 	7	 V@�!V�H 6 TR �  d ( ��b �0 ��� d � 3

� 1 d  � 1��0 � D� d M 1�3
f s�pXiu|7g�|�iih��s2s�p'g!s�pXiu|�s4��ham{~!��i%�_m



1��
P 54^a` H � d � + RxTUV W 5 T�H R�[ 	 TUF8H V 6�	U`�5 T{VX[ 6 W�[ 7 H ` � � � � HSRUTUV W 5 T�[�I�EGV�TUF I�[ ^ Z R�T H2I{I�[�I�R

� 6�	�`�5 T�VX[ 6 W [ 7 H ` E�V�T�F TUF�H�I�H 52`W [ 6 H���� �a5 \�� 0 � � 6�	U`�5 T�VX[ 6 W�[ 7 H ` E�V�T�FcTUF�H6 [�W�V 6a5}` W�[ 6 H�� � I[�EcTUF �a5 \�� ���
� 6�	U`�5 T{V'[ 6 0 � 143 �  d 1,0 �  d ��M 3

�  d  b0 �  d 14D�3c�Z�TU\�Z�T�� �a5 \ 0 � 143  d D M (����0�1 dmM ��3  d ��(����021 d M�M 39 [ I�H�V 6�	U`�5 T�VX[ 6 0 � 143 1 d �D��0 ��d'b�b 3  d (����0�D d ��D�3

 H 5!` W [ 6 H���� �a5 \ 0 � 143  d  bLM �0UD d � b 3

�
/ [ W�V 6a5!` W�[ 6 H�� � I[�EcTUF �a5 \ �  d �D����021 d � 143

P H R�TR [ 	 TUF�H�� 5!` V 7 V�T�� [ 	 TUF�HQV 6 R�TUIUZaW H 6 TR)N*� - VxRF8H2I�R�T 5 TUV�R�T�V���R 526�7 \��.� 5!` Z HSR 0 V 6 \ 5 I�H 6 TUF�HSR�H�R 3

 H � IHSRuR[�I � 6�	�`�5 T�VX[ 6 W [ 7 H ` E�V�T�F TUF�H�I�H 52`W�[ 6 H���� �a5 \ � 6�	U`�5 T�VX[ 6 W�[ 7 H ` E�V�T�FcTUF�H6 [�W�V 6a5!` W [ 6 H�� � I[�E TUF �a5 \� 6�	U`�5 T{V'[ 6 � d'b�b0� d � M 3 � d�b�b0� d � M 3c�Z�TU\�Z�T�� �a5 \ 1 dmM �0� d �D���3 D d � M0� d ���� 39 [ I�H�V 6�	U`�5 T�VX[ 6  dm� �0� d �L(h143  d � (0� d ����3
 H 5!` W [ 6 H���� �a5 \ bad � b0� d ���3

�
/ [ W�V 6a5!` W�[ 6 H�� � I[�EcTUF �a5 \ � ��d�bL�

0� d ���3
O 5 I �a526 T�HSR�TR NS[*�aH2I���V 7 H 6 T�V 	 ��V 6�� IHSRUTUI"V �_T{V'[ 6 R � 9 F�V@�"R�Y8Z 5 IH 7 R�T 5 TUV�R�T�V���R 52687 \���� 5!` Z H R

� 6�	U`�5 T�VX[ 6 W�[ 7 H ` E�V�T�F IH 5!`W�[ 6 H���� �a5 \ � 6�	�`�5 T�VX[ 6 W�[ 7 H ` E�V�T{F 6 [�W�V 6a5}`W�[ 6 H�� � I[�EQTUF �a5 \
D� d M �0� d DN� � 3 D� d D M0� d D � �3

f s�pXi�g�p�k�nxm{pXy�s�m"nxi y�g�vjm"nxi�g_p�t!iu|�iu|B�| pXm"p�yX|�p�y�z"mu����l�|xy�k4g!y���y�zmg2p m{p!p�t!i �/l |xymk4gjy���y�zm"gjz"i���iU�!i���
B,B�|�p�m"p'yX| pXy�zm����l�|xy�k�g2y���y�zmug_p mp!p�t!i�����l |�y k4g2y���y�zmg!zih��i��!i�
�����

 ���	�
��
�

�����
�	����� �

�
�
�
g�y�g�����m"p�y�s4g�� ��makj|��qpXs �_���!|�t!s4nXp�k�n���g�nximu�!y�g4pXi{n�iu|�p�n�mpXiq����m k!| �hpXs��4�x�4zs4nxihy�g2����m"p�y�s4g��X��m k!| � pXs��4���s���p�v2��p�k�k2m{v}� ��makj|]� p's ������nxi"mu�!��s�g!i�l!k*k�m"v � ��mFk��4���_y�g2����m{pXy�sug khk�m{v � ��makj|a� pXs �����a�

����� ���	�
��
��

�	���
�	����� �

�
�
�
g4y�g2����m"p�y�s4g ����makj|���pXs �4�x�!|�t!s4n�p k'nX��g�nxim�� y�g_pXinxiu|�p nxm{pXiq�X��makj|��wpXs��4�x�2zs4nxihy�g2����m{pXy�s4g ����makj|��wpXs��4�x�s���p�v2��p�k�k2m{v ����m k!| � p's��4���wg!s4��y�g2mu�!��s�g!i�lSk2nxs�r�pXtSk�m"v � ��mak��_���4y�g�����m"p�y�s4g khk4mv��X��mFk!| � pXs �����



1)(
P 5_^a` Hcbad � + R�TUVXW 5 T�HSRw[ 	 TUF�HQV 6�	�`�5 T�VX[ 6 W�[ 7 H ` � � � � HSR�TUVXW 5 T�[�I�EGV�TUF I[ ^ Z RUTqH�I{I{[�IuR
1 ���8H 5 I 52687 D ��� H 5 IF� 5 FaH 5!7 V 6�	{`�5 T�VX[ 6�5��a5 V 6 R�T�TUF8H��_ZaI{IH 6 T\� 5}` Z HSRw[ 	 TUF�HQH ��\ `�5!6a5 T�[�I7�E� 5 IV 52^a` HSR

� 6�	U`�5 T�VX[ 6 W�[ 7 H ` E�V�T�F TUF�HIH 5!` W�[ 6 H���� �a5 \ � 6�	U`�5 T�VX[ 6 W�[ 7 H ` E�V�T�FcTUF�H6 [�W�V 6a5}` W�[ 6 H�� � I[�EcTUF �a5 \ � ���
1 ���8H 5 I�� 0	�0 A�� ��3 D ���8H 5 IuR�� ���0 A�� � 3 1 ���8H 5 I��  �0 A�� ��3 D ���8H 5 I�R � � �0 A�� � 3� 6�	U`�5 T{V'[ 6 0 � A 3 �  d  bL�0 �  d ���!3  d D����0�D d �(�3

�  d 1��0 � 1 d�b D�3  d ��0  dm� �39 [ I�H�V 6�	U`�5 T�VX[ 6 0 � A 3  d � bLM �0�D d � (�3  d Dq1021 d�b �3  d ( b �0 M�d 1 M 3  d�bLM �021, d M (�3
c�Z�TU\�Z�T�� �a5 \ 0 � A 3  d � D M �0 ��d � 143  d ���(��0�D d M ��3 1 d 1�1��0 � d ��� 3  d 1 M0� d�b (�3
 H 5!` W [ 6 H���� �a5 \ 0 � A 3  d � b 1��0 � d (��3  d  b ���021 d ��� 3

� �
/ [ W�V 6a5!` W�[ 6 H�� � I[�EcTUF �a5 \ 0 � A 3 � �  d ���0� d 1)(���3  d ����0 � d�b ��3

P H R�TR [ 	 TUF�H�� 5!` V 7 V�T�� [ 	 TUF�HQV 6 R�TUIUZaW H 6 TR)N*� - VxRF8H2I�R�T 5 TUV�R�T�V���R 526�7 \��.� 5!` Z HSR 0 V 6 \ 5 I�H 6 TUF�HSR�H�R 3

 H � IHSRuR[�I � 6�	U`�5 T�VX[ 6 W�[ 7 H ` E�V�T�F TUF�HIH 5!` W�[ 6 H���� �a5 \ � 6�	U`�5 T�VX[ 6 W�[ 7 H ` E�V�T�FcTUF�H6 [�W�V 6a5!` W [ 6 H�� � I[�E TUF �a5 \� 6�	U`�5 T{V'[ 6 D d (��0� d ��D���3 � d �D0� d ���D�3 D d � 10� d � M 3 � d�b �0� d �� M 3c�Z�TU\�Z�T�� �a5 \ 1 d�b �0  d ���D�3 1 d M �0� d �� b 3 1 d �/0� d ���� 3 D d  �0� d ���39 [ I�H�V 6�	U`�5 T�VX[ 6 1 d 1 M0  d D b � 3 1 d � �0� d 1,�3 1 d 1)(0� d D M�b 3 1 d � �0� d ���3
 H 5!` W [ 6 H���� �a5 \ ��d 14D0� d ��3 � d 1 �0� d ��� M 3

� �
/ [ W�V 6a5!` W�[ 6 H�� � I[�EcTUF �a5 \ � � � d�bLM0� d ����D�3 � d h10� d ����D�3

O 5 I �a526 T�HSR�TR NS[*�aH2I���V 7 H 6 T�V 	 ��V 6�� IHSRUTUI"V �_T{V'[ 6 R � 9 F�V@�"R�Y8Z 5 IH 7 R�T 5 TUV�R�T�V���R 52687 \���� 5!` Z H R
� 6�	U`�5 T�VX[ 6 W�[ 7 H ` E�V�T�F TUF�HIH 5!` W�[ 6 H���� �a5 \ � 6�	U`�5 T�VX[ 6 W�[ 7 H ` E�V�T�FcTUF�H6 [�W�V 6a5!` W [ 6 H�� � I[�E TUF �a5 \
��� d ��0  d 14Dq143 ��� d 1��0� d �(�3 1 bad�b �0� d 1�143 D M�d ��M0� d  M 3

f s�pXi�g�p�k nxm{pXy�s�|�mnxihy�g vjmnxi{g2p�t!iu|�iu| B�|�pXm"p'yX| pXy�zm�����l�|xy�k�g!y���y�zmg2p�m�pjp�t!i �ml |xy�k4g!y���y�zmg!zih��iU� i����B,B�|�p'm�p'yX|�p�y�zm�����l |�y k2g!y���y�z"mg4pm"pjp�t!i ����l |xy�k4g2y���y�z"mg!zi���iU�!i"��� � ��� ?ayX|�p�s4��y�g}|�p�n �j��i{g2p�| g4y�g2����mp�y�s4g � ��makj|�� p'sQ�{�2���2zs4nxi�y�g2����m"p�y�s4g ����mFk!|��hpXs �������2s���p�v2��p'kk�m"v � ��makj| ��p's �����x�!nxim����s4g!iUl!k�k2mv � ��m k!| ��pXs �{�2�U� �	� � ?ay'|�p8s_�ay�g}|�p�n�����i"g4p�|7g2y�g2����m{pXy�s4g �'��makj|���pXs � ���x�!zs4nxiqy�g2����m{pXy�s4g� ��makj|��hpXs � �2���_s���p�v��2p�k�k2m{v � ��m k!|��hpXs � ���x�4nxim�!��s4g!iUl!khk�m"v � ��mak�|�� pXs � �2�U� ����� ?ayX|�p}s_��y�g |�pXnX�!��i{g2p | g�y�g�����m"p�y�s4g�� ��makj| �wpXs�{�2���Sg!s4��y�g2mu���]s4gji�l�k�nxs_r�pXtHk4m"vG� ��makj| ��pXs �����x� �
	 � ?ayX|�p s4� y�g |�p�n �j�]i�g2p�| g y�g2����m{pXy�s4g � ��mFkj|�����pXs � ���x��zs4nxi�y�g2����m{pXy�s4g� ��makj|h�{�wp'sQ� �2���2s���p�v��4p�khk4mv��X��mFk �����x��g!s4��y�g2mu�2��s4g!iUlSk�nxs�rhpXtSk�m"v � ��m kj|q�{�wp'sQ� �4���



D�

P 5_^a` H#��d � c 6 H�{YSZ 5 IUT�H2I 5 F8H 5!7 	 [�IH� 5 RUTR)N 
 � O + 526�7 \�I�H 7 V@�_T�V��aH 5 ���_ZaI 5 ��� T�HSR�TR 0 \��.� 5}` Z H8R V 6
^ I 5 ��6aH_TR 3
� 6�	U`�5 T{V'[ 6 W�[ 7 H ` E�V�T�F IH 5!` W�[ 6 H���� �a5 \E�aH2I4RUZ R�V 6�	{`�5 T�V�[ 6 W�[ 7 H ` E�V�T{F 6 [�W�V 6a5}` W�[ 6 H�� � I[�EcTUF

 �ZhRUTUI{V 5 4�H 6 W 5 I�6 - I 5}6 �!H � T 5�` � / H_TUF / [ I�E 5 � O E�H 7 H 6 � D
� = � � ��� f�� �S� �4�

×
�{��� � �S� ���

×
����� � � �'� �

×
�{��� f �S� ��

×
�{��� � � �X���
�

×
�{��� f � � � �

×
����� f � �'� 

×
����� f � � ��

×
����� �

� = � � � � f�� �S� � 
×
�{� � � �S� �2�

×
��� � � � � �2�

×
�{� � � �S� j�

×
�{� � � � �'���

×
��� � f � � �!�

×
��� � f � �'�2�

×
��� � f � � ���

×
��� � �

 O � ��� O � � ��� � � � ��� / ; � ��� � � / � � � � 
 � ���

 �ZhRUTUI{V 5 1 d 1)( �
0� d DN�h143

 d �
021 d ��3

 d �L(�D
0� d � M D�3

 d � ��D
0� d ��� � 3

� 1 d D b �
0� d D�DN��3

� 1 d 1��N�
0� d D b ��3

4�H 6 W 5 I'6 � 1 d (�D�(
0� d  b ��3

� 1 d � M��
0� d  � 3

�
	��	�	��
� ������	����

1 d D��D
0� d ����D�3

1 d M (�(
0� d �� b 3

1 d 1 b�b
0� d D�� M 3

- I 5!6 �jH � �������
� ���������

� ��� � �
� ���������

	��������
� ����� � ���

 d � � (
0� d (��L(�3

����� �����
� �������������

��	���	 ���
� ������	�	��

� T 52` � �
���� � �
� ��������� � �

��	���	����
� ������	�	��

�
	��	�� �
� ������	�	��

1 d 1 M�b
0� d � b �3

1 d � D�(
0� d �� 143

1 d �q1��
0� d 1 bLM 3

/ H_TUF�H2I `X5!687 R ���������
� ���������

1 d ���D
0� d D�( M 3

	�� � 	��
� ���������

 d ��D�(
0� d ( M�� 3

��������	�	
� �������������

��	���	�� �
� ������	 � �

/ [�I�E 5 � 1 d 1, �
0� d D � � 3

 d D���
0� d ������3

 d � Dq1
0� d �q1�143

 d ( b 1
0� d�b � M 3

� 1 d (h1)(
0� d  � � 3

� 1 d 1�� �
0� d DN� b 3O E H 7 H 6 1 d �h1)(

0� d 1�� � (�3
� 1 d � b (
0� d 1�����3

�  d (h14D
0� d � � 143

 d ( � 1
0� d�b � M 3

� 1 d ��N�
0� d ���� 3

� 1 d Dq1 M
0� d D�DN��3

� D �  d � M 1
0� d ������3

�  d D���
0� d ������3

�  d 1 b D
0� d � M (�3

1 d h1��
0� d ��� � 3

 d �� M
0� d � � M 3

 d �N���
0� d ����b 3

f s�pXi�g!����� � = � � �hm�g�o � = � � �]munxihp�tjiqnxs4s�p���im�gQ|x�4��m"nxio�in�n�s4n�s_��p't!ihv!nxio�y�z{pXy�sug |�~!m4|xi"o�nxiu|�v!iuz�p'y��!i��lQs4g i"�4�jm"pXy�sug���4��s4na�{���{�Smg!o�i�_�jm"p�y�s4g���������s4na�������x�� ����h�t!i�o2y��X��inxig2p�z"s4���!��g}| mnxi�g i �Ig4m | l�� v�pXs�pXy�z�pXiu|�p������ g�|xymk4g�p�i�|�p���j � g j y���zs�E2s4g�!�| pXiu|�p�� f �dg�gjm"y �!i�~ i"gjz"tj��mn	A�pXiu|�p��= � f g�=�s4n�k�mg k � n�mgk�i{nUk f i{r�~!s4��o"!�|�pXiu|�p � = � g�=�ii4|xiuk � s k2s4���
!�|�pXiu|�p��]hat!iQg2�j����t4l_v s�p't!iu|�yX|�yX| p't!iQt4l_v}s�pXt!iu|�y'|]s4�i�_�jm���m�zz{�!n�m�z{l s4��p't!i v�nxio�y�z{p�y�s4g}|�� h�t!i���s�|U| �X�!g!z{pXy�s4g yX|c���jm�o4nxm{pXy�z4� h�t!i pXiu|�p |�p�mp�y'|�pXy�z�|Q��s4����s_r m |�l2��v�pXs�pXy�zmu����lo�y��X�xinxig_p8o4yX|�p�nxy�~2��p�y�s4g |2g f �X�!����� ��s4n�p�t!i�m4|Xl2��v2p's�pXy�zhpXiu|�p��2p�t!i |�y k4g p'i�|�p��_p�t!idj y���zs�E�s4g�!�|�pXiu|�p��_p�t!i@=�iiu|�iuk � s kjs_����!�|�pXiu|�p��
;8��h g �8h g �h��s4nqp�t!i�g�m$#��!i�~Sig!zt���m"n!A pXiu|�p�|�mg!o m %& −'(

��s4nwpXtji =�s4n@k2mg k � n�mgk�i{nUk f i�r�~ s4��o"!�|wp'i�|�p �'r t!inxi h g yX|wp�t!ig2����~!in�s��qvjnxio2y�z�p'i"oGs�~ |�inX�!mpXy�s4g |x�x��h�t!i = i"iu|xiuk � s kjs����qpXiu|�p�|�pXm"pXy'|�p�y�z�y'|�z�s4��v��2pXiocr y�pXt p�t!i ��y�iU~ s4��ojk � �jo2i�~2� |xztzs��!munxy�mg!zi���m{p�nxy E i�|�pXy���m"pXs4nU�4h�t!iqp�n���gjz"m{pXy�s�gQ��m k�yX|�������s4n�p�t2i�m4|�l2��v2p's�pXy�zqpXiu|�pamug!o�yX|\k2y �!i"g�~�l]pXtji�y�g�pXiFk2i{n�vjmn pas4�
)*+,- �xs4n�p�tji5=�iiu|�iuk � s k!s4���
!�|]pXiu|�px��;�s4n m o�i{pXmy���io v�nxiu|�ig4pXm{pXy�sug s���p't!i o�y��X��inxig2pqpXiu|�p�|U��p�t!i nxim�o�i{n�zmg nxi{��i"n�pXs

��y�iU~ s4��o�mg!o6=�mn�y�mg!s��U� � ���4�x�



Dq1
P 5_^a` H2M�d � P EG[�����H 5 IF� 5 F�H 5!7 	 [ IH�� 5 R�TR N 
 � O + 52687 \�IH 7 V@�_TUV�� H 5 ���_ZaI 5 ��� T�HSR�TR 0 \��.� 5}` Z H8R V 6
^ I 5 ��6aH_TR 3
� 6�	U`�5 T{V'[ 6 W�[ 7 H ` E�V�T�F IH 5!` W�[ 6 H���� �a5 \E�aH2I4RUZ R�V 6�	{`�5 T�V�[ 6 W�[ 7 H ` E�V�T{F 6 [�W�V 6a5}` W�[ 6 H�� � I[�EcTUF

 �ZhRUTUI{V 5 4�H 6 W 5 I�6 - I 5}6 �!H � T 5�` � / H_TUF / [ I�E 5 � O E H 7 H 6 � D
� = � � � � f�� �S�'���

×
�{� � f �S� �_�

×
��� � � � �'� �

×
�{� � f �S� � �

×
�{� � � �S�'� �

×
�{� � f � �+���

×
��� � f � �X���

×
��� � f � � �_�

×
��� � �

� = � � � � f�� �S� ���
×
�{� � � �S� ���

×
��� � � � �'���

×
�{� � f �S� ��

×
�{� � � �S�'�{�

×
�{� � f � �+���

×
�{� � f � �'� �

×
��� � � � � �2�

×
��� � �

 O � ��� O � � ��� � � � ��� / ; � ��� � � / � � � � 
 � ���

 �ZhRUTUI{V 5 	�� � �
� �����������

	�����	��
� ������	����

	������
� ����� � �

 d Dq1�1
0� d (�( M 3

���������
� �����������

��	������
� ������� � �

4�H 6 W 5 I'6 1 d ��b �
0� d �( M 3

 d �
021 d ��3

 d D b �
0� d M ( � 3

 d M�b D
0� d M 14D�3

� 1 d M�b D
0� d 1,��3

� 1 d � 1��
0� d 1, � 3

- I 5!6 �jH ���������
� ��������� � �

	������
� �����������

	�� � 	
� �����������

 d �N� b
0� d (�� � 3

��	���� �
� ������	����

� 1 d � (
0� d �(�3

� T 52` �  d ����
0� d ��h143

1 d �
0� d �h1 M 3

1 d ��(�(
0� d 1�����3

 d M �q1
0� d M Dq143

� 1 d ��(�D
0� d 1�����3

� 1 d DN���
0� d Dq1 b 3

/ H_TUF�H2I `X5!687 R ���������
� �����������

	������
� ����� � 	��

�������
� ��������	��

 d ��� 1
0� d ( � � 3

����� � � �
� ��������� � �

��	���	��
� ������	��

/ [�I�E 5 �  d ����(
0� d ��( b 3

� 1 d�b 
0� d 1�����3

�  d D b �
0� d M ( � 3

 d (�� D
0� d�b 1���3

�  d D b �
0� d �/���3

�  d �h1 b
0� d M�b D�3O E H 7 H 6 1 d ��b �

0� d �(�� 3
�  d�b 
0� d � 1 M 3

 d 1,��
0� d (h1 M 3

 d (��(
0� d�bLM ��3

� 1 d 1 b D
0� d D ��M 3

�  d � bL�
0� d ��(�D�3

� D 	���� ���
� ����� � � �

1 d �
0� d �h1 M 3

1 d � � 1
0� d  � D�3

 d � D�
0� d ��b 143

� 1 d (���
0� d  M�b 3

� 1 d �� M
0� d 1 b (�3

f s�pXi�g�|�ii �xs�s�pXg!s�pXi h�m�~!��i �!�



D�D

�����������
	��
��
 �R�RH 6 W 5 �!FaH2IF��� H�RF�!F8H��D d 5�6�7 O d � H2I `X5 �}F 0�D�� � 3 ��� � 6 T�H2I�\�IH TUV 6L� TUF�HQ+�ZaI{[ 5 IH 5 V 6�	�`�5 T�VX[ 6 5 T�F�V � F52687 ` [�E 	 IH!YSZ H 6 �!V�H�R���� ; 526 6 [ 	 � 6 T�H2I 685 TUVX[ 6�5!` O H_TxT ` H}W H 6 TR��$� [�I'6�V 6*� � 5 \aH2I 6�� 1)( bad
; H2I 685}6 6�H�� ; d O d � � 5 Z ^a5 �!F�� P d � - IH 7 H2IV��� O d � d 5!6a7 O d � d� 7�5 W 021)(�(�� 3 ������������� �"!#�$�%��&�')(*� � ��',+

�-(/.�.0!#��.*�#&0!#12�43�(5� ����(�&��������-!#�����6(0798:(�&0�"(���;�(�� � I{V 6 �!H_T�[ 6 � 6 V�� H2I�RV�T7� � IH R4RF� � I�V 6 �!H_T�[ 6 d
; I�Z ��� H!W 5!6 �� �d � � [ 6 � 5}` [�� 9 d � d � ;dA=< I 6 � - d 526�7E% d O [�Z R 5 0�D�� b 3 �>� O TUI�Ze��TxZ�I 52`�	 V ` T�H2I�R 	 [�I�W�[ 6 H4T 5 I'�52685}` ��RuVxR)N8TUF8H V 6�	{`�5 T�VX[ 6�5 I'��W�[�� H!W H 6 T�[ 	 W [ 6 H���V 6 T{F8H5+�ZaI[ 5 IH 5 ����+�ZaI�[�\aH 526�9 H 6 TUI 5}`�; 5!6 6��

� [ I'6aV 6*� � 5 \aH2I 6�� � M  d
9 F�V 6�6 � � d 52687
% d - I 5!6 6aH ` 0�D�� b 3 �,� P FaH8+�ZaI{[ 5 IH 5 526�7 E [ I `X7 V 6 T�H�IHSR�T I 5 T�HSR?��� � [�I'6�V 6*� � 5 \aH2IF�� 6 V � H�I�RV�T7� [ 	 � VxRF�![ 6 RV 6 � � O  �d
9 F�[�V � � d 0�D�����3 �@� 9 [�W ^ V 6a5 TUVX[ 6 Z 6 V�T I�[�[ST T�HSRUTR 	 [ I �2I[�R�R��"RH�4TUVX[ 685!`�` � �![�I{IH `'5 T�H 7 \ 5!6 H ` R��K�

	 [�I�TUF��![�W�V 6�� V 62A ;
!#��!#1B(��4&0�";C�%3�(�!#&"DE����FG8H&I��;�� ��;
(#+��#&J!#��� �"(�&�.K!��L������� D6.0��.M����FN�=8�8:�-�"(�F
&0(/.0(���&0;�3)+ A .�.I�0D6.:���O3�!#��!�P#&Q!���R:(�� (/&TSVUXWTU�RV3��-�"�-� 8V.)� 9�5 W ^ IV 7*� H � 6 V � H�I�RV�T7� � IHSR4R d

9]`'5 IV 7�5 � 
 d � 5!` V�� % d 5!6�7 � d � H2IUT ` H2I 021)(�(�� 3 �Y� � [ 6 H4T 5 I�� \a[ ` V@��� I�Z ` HSR V 6 \�I 5 �_T{V �!H�N R�[�W�HV 6 T�H2I 685 T{V'[ 685}` H��aV 7 H 6 �!H���� A P#&0!�8:(���� A ;�!#��!#1B�";VZ�(
[��-(I\ ��D � 1,���� � 1, ��M�d
9]`'5 IV 7�5 � 
 d � 5!` V�� % d 5!6�7 � d � H2IUT ` H2I 0�1)(�(�(�3 ��� P FaH R��!V�H 6 �!H�[ 	 W�[ 6 H_T 5 I7� \a[ ` V����]���_^�!�P#&������`!��

A ;�!#��!#1B�";Vab��� (/&���� P#&J( � M�� 1 ��� 1 � 1 M  M�d
4 5 �aV 7 R�[ 6 � 
 d 526872% d � d � 5 ��6aV 6�6 [ 6 021)(�(h143 �c� O H�� H2I 5!` T�HSRUTR 	 [�I W�[ 7 H ` R{\aH�!V 	 V@� 5 T{V'[ 6 R V 6 TUF�H\�IHSR�H 6 �!HQ[ 	�5}` T�H2I 6�5 T{V��aHQF*��\a[�TUF�H RHSR?��� A ;�!#��!#1�(��%&J�-;�� ��(�0 ��3 ��M � 1 �'M (�� d
4�VXH ^ [ `X7 � - ded d 5!6�7 
 d � 5 I"V 5!6 [ 021)(�( b 3 �6� 9 [ W \ 5 I"V 6�� \�IH 7 V��_T�V��aH 5 ���_ZaI 5 �������#^�!�P#&I�����f!��BWTP#.0� ��(/.�.

����F A ;
!#��!#1B�";�g��%��� ��./���-;�. � D b � � D � � d
+ R�TUIH `X`�5 �\ �d 52687 - d O d � VxRFL6�V 6 021)(�( M 3 �)� � R�TUF�H2IH 5 I�[ ` H 	 [ I�W�[ 6 H_T 5 I7� 5���� IH �a5 T�HSR V 6 TUF8H!�![ 687 Ze�_T[ 	 W�[ 6 H_T 5 I��G\a[ ` V@����h�����^�!�P#&I�����6!��Vij!#��(��4��&-D A ;�!#��!k1��-;/. �� � D M ( � ���� d
+�Z 6 � � ��[��ml d 526�7 l d ; H!V `�^ ���'cQI{IV 6 021)(�(�(�3 �n� 9 [ W \aV `�5 T�VX[ 6 � H_TUF8[ 7 [ ` [ � V'HSR 	 [�I +�ZaI�[ �j[ 6 H

 ��� IH �a5 T�HSR�����ofprqtsnunv�w]xzy*{ |T}�v�x4~Vv"�,p_�0v�w�v��:� ���f~�������w
����w���������x4v����=�
+�ZaI{[�\aH 526 9 H 6 TUI 5}`�; 5!6 6 021)(�(�(�3 ��� P F�H R�T 5_^ V ` V�T7�$�"[�I{VXH 6 T�H 7 W�[ 6 H4T 5 I'� \a[ ` V@��� R�TUI 5 T�H � � [ 	 TUFaH

+�ZaI{[�R'�aR�T�H!WB��� A SfW�ij!#���%3�� DBWTP��-�-(*� � ��� - H ^ I�Z 5 I��$� D�( � � ��d
� H2I `X5 �!F�� O d 52687 � d +Qd O �aH 6 R4R[ 6 0�D�����3 ��� � [ 6 H�� 526�7 V 6�	U`�5 T�VX[ 6 V 6 TUF�H�H4ZaI[ 5 IH 5 N 5 � 5 RH 	 [�IW�[ 6 H_T 5 I'��V 6�7 V@� 5 T�[�I�R=h0����^�!�P#&�������!��Vij!#��(��4��&-D A ;�!#��!k1��-;�. b  � 1 � ��( � 1 ��M D d
l 5 W�W H2I�R `�5!6�7 � 
 d 0�D�����3 �O�)� F�[ E 5 R V 6 TUF�H 7 IVh�aV 6�� R�H 5 T V 6 +�ZaI[�\aH 7 ZaI{V 6*� TUF�H 6 V 6 H_T�VXHSR��V 6 T�H2I 685 T{V'[ 685}`P	 V 6a5!6 �!V 5}` W 5 I�6aH_TR�[�IwTUF8H ; � ;  �h0��� � [ I�6�V 6*� � 5 \aH2I 6�� D���� � D� � / [�I � HSR ; 526 6��

c R ` [�� / [�I�E 5 ��d
l 5 Z � � �  �d 5!6�7 � d 4 H_E 5!`X7 0�D�����3 �H����[ 6*� H2IF��T�H2IUW H 	'	 H�_TR [ 	 W�[ 6 H_T 5 I�� � I[�EQTUF [ 6 IH 5!`Q5!6�76 [aW V 6a5!` � 5 I"V 52^a` HSRF��W 5'A [�I V 6a7 Z R�TUI�V 5!` �![8Z 6 TUI{VXH�RF� 1����/ � D��h1 ���
+�ZaI�[ \aH 526 9 H 6 TUI 52` ;Q5!6 6��

� [ I'6aV 6*� � 5 \aH2I O H2I{V'H8R 6�� ��� D d/ H ` R�[ 6 �$+ d 0UD����3 ��� 4 V�IH��_T H 	�	 H��_TR�[ 	�^ 5 RHQW�[ 6 H�� [ 6�5���� I�H �a5 T�H 7 H!W 5}687 N}TUF�Hj[ I'� 5}687 H��aV 7 H 6 �!H��K�
� [ I'6aV 6*� � 5 \aH2IF� ; 526 6 [ 	 + 6L��`�5!6�7 d

/ H_Z�W 5}6�6 � � d % d � d 5!6�739 d � IH!V ^ H2I 0UD�����3 �H� � 6�	{`�5 TUVX[ 6 5!6�7 9 [ IH � [ 6 H�� � I�[8EQTUF V 6 TUF�H�+�ZaI[
 QIH 5 ���$4 H_Z�TR��2F�H ; Z 6�7 H�R ^a5!6 6E4�VxR��_ZhRuRVX[ 6 � 5 \aH�I � � � D���� d



DN�
� H 7 I[ 6 V � d 0�D��h143 �n� � ZaIF�2F 5 RV 6�� \a[�E H2I \ 5 IV�T�� T�H R�TR V 6 �![�V 6 T�H � I 5 T�H 7 \ 526 H ` R��K� ZT(�[��-(/\ !��

A ;�!#��!#1B�";�.V����F g��%����� . � �-;/.)� ��� ��M D M*�'M �h1 d
� HSR 5 I 526 � � d l d 526�7 
 d O W�V�T�F 0�1)(�( b 3 �Y� + R�TUVXW 5 TUV 6�� ` [ 6L� ��I�Z 6 IH `X5 T�VX[ 6 RF�VX\�R 	 I[�W 7 � 6a5 W V@�F�H4T�H2I[ � H 6 H![�Z Rq\ 526 H ` R?����^�!�P#&������6!�� A ;�!#��!#1�(��4&0�-;/. � � ��M ( � 1�1�� d
� HSR 5 I 526 � � d l d � O W�V�T{F$� 
 d � d � 5�6�7 D d O d � W 0�1)(�( � 3 ��� 4E� 6a5 W V�� ` V 6 H 5 IQW�[ 7 H ` R 	 [ I F�H_T�H2I�[ � H 6 H![�Z R\ 526 H ` R=����V 6 � 5 T7� 5 R�� � d 5!6�7 � d O H �aH�R�TUIH 0 H 7 R 3 � � 3�(`(�;�!#��!#1�(��4&0�-;/.�!��b8V����(��6F����%�)+)� 3�����F��#!�!��

!�� �43�(�!#&-D \H� �%3 �=8�8:�-�";���� �"!#��.)� D�� � IH �aVxRuH 7 H 7 d �*D ` Z�E H!Id H� 5!7 H!W V@� � Z ^a` VxRF8H2I4RF�*4�[�I 7 I�H�2FSTud
� HSR 5 I 526 � � d l d � O F�V 6 �	� d 5!6�7 
 d O W�V�T�F 021)(�(�(�3 �V� � [�[ ` H 7 W H 5!6#� I[�Za\ HSR�TUVXW 5 T�VX[ 6 [ 	 7 � 6a5 W�V��F�H4T�H2I[ � H 6 H![�Z Rq\ 526 H ` R?����^�!�P#&������6!�� �%3�(�
�1B(�&J�-;���� g������ ��./���-;�����
�.�.J!�;�� �����-!#� (�� ��� Dq1 �'� ��� d
� F�V `X` VX\ RF� � d 9 d ; � 5�6�7 4 d O Z ` 0UD�����3 �>� 4E� 6a5 W V@��\ 5!6 H ` H�R�TUVXW 5 T{V'[ 6�5!687 F�[�W�[ � H 6 H}V�T�� T�H R�TUV 6*� Z 6�7 H2I

�2I[�R�R�RH�_TUV'[ 6�7 H�\aH 687 H 6 �!H��K� A ;�!#��!#1�(��%&J�-;�.,^]!�P#&������P��� 1 � Dq1 M�� D b ( dO TU[���6�� % d l d 52687 � d � d � 5 TR[ 6 021)(�(�(�3 � � - [�IH)� 5 R�T�V 6*� V 6�	{`�5 T{V'[ 6 ���@^�!�P#&������K!�� ij!#��(��%��&"D
A ;�!#��!#1B�";�. ��� � D�(�� � ��� badO �aH 6 R4R�[ 6 � � d + d 021)(�(�(�3 �V� � [ 6 H_T 5 I'� \a[ ` V@��� V�R4RUZ H�R 	 [ IcTUF8H?+�ZaI[ R'�aRUT�H}W�����S_��&���(I')�-(�-ZT!�;�3�(�. � (�&
SV!#�9��(�&0(/��;�(�g�(�&0�"(�.:!#�`R:P��#�-�";VR:!��-�"; D b 1 ��M ( � 1�� ��d

P IH�![��2V�� 9 d 526�7�% d � d��GH �a5 0�D����3 ��� P F8H V 6�	 [ IW 5 T�VX[ 6 �![ 6 T�H 6 T [ 	 � � 	 [ I 	 Z�TxZaIH V 6�	{`�5 T{V'[ 6 ��� + 9 ;
� [ I'6aV 6*� � 5 \aH2I 6�� ��� d


