
HAL Id: inria-00073601
https://inria.hal.science/inria-00073601

Submitted on 24 May 2006

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.

A Proof of Weak Termination of the Simply-Typed
λσ-Calculus

Jean Goubault-Larrecq

To cite this version:
Jean Goubault-Larrecq. A Proof of Weak Termination of the Simply-Typed λσ-Calculus. [Research
Report] RR-3090, INRIA. 1997. �inria-00073601�

https://inria.hal.science/inria-00073601
https://hal.archives-ouvertes.fr


IS
S

N
 0

24
9-

63
99

ap por t  


de  r ech er ch e 


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

& ')(+*,*,-.*,-0/ 132�4 561"(+7 8:9%2�;<8=*>9 *,-?;A@�1
B 8=7 CEDGF,H35IF�CJ1$K L.MNHPOQ2$DSR3T�D�TVU

WYX[Z[\^]3_Y`+a�Zb`+ced:fhg�ZbiSihX[jlk

m
n�o
n prqsm
n�o
n
WtZb\
u�veXli6wyxYx{z

|�}�~�	���,�





� ���������	����
 ��
���������������
������������ �"!��$#�����%'&)(�*+�	('%,��-
.0/ *213
�&�4657&�578

WYX[Z[\^]3_Y`�a	Zb`+ced:fhg�ZbihiSX[jlk:9
|�; ~<>=�< ��?A@CB<)D+EF<HGFIKJLEFM>EF<>G
<)N�M�OPGQM)R+G2SUTV=0WXIKGQEFYVR+<

Z�[ I�\]<>NH^_IVY
` ObaVaXI [ N�cV< [ <>M ; < [ M ; <dDfehgLiKjLi ?�k OPDhlVEF< [�m jLjLn ?om i0a"ObJL<�S

p�q_r>s�tbuXvbsKw�x <'S ; IbyzN ; O�N [ <�cVRVM>EFDVJ{ObDVT|S}EF='a~GQTK��N�TVa+<�c��"�~��N�< [ =�WVT�OPaVa+GFThEFDVJ,N ; < [ R~GQ<�S0EQD��
<�OPJL< [ GFT ObGFy�ObTVS0N�< [ =�EQD+O�N�<�S���WVT O�N [ ObD+S�G�O�N�EQIKD�N�I�N ; <7S}EF='a+GFTK��N�TVa+<�c��V��M�ObGFM>R~GQR~S��6OPDVc{S}EF='EFG�O [ GFT� I [ �"���+��N�< [ ='Sfy�EQN ; �V�V��<�ObJK< [�[ <)y [ EFN�<�S�� |�; E�S ; ILGFc+S�<>lK<>D�y�EFN ; N�< [ =$OPDVc{SURKW+SUN�EFN�RVN�EFILD�=�<>NUO��
lLO [ E�O�W+GF<�S�����D � ObM>N��V<>lL< [ T [ <�cVRhM)N�EQIKD'N�< [ ='EFD+O�N�<�S�a [ IblVEFch<�c7N ; O�N�������� [ <�cV<>�V<�S�O [ <HIKD+GFT�M>ILDVN [ ObM)N�<�c
RVDVcV< [ SUIb��M�OPGQGF<�c{S}O � <7M>IKDhN�<)�hN�S�� |�; <7a [ <)lhEFIKR+S [ <�SUR+G�N�S � ILGFGFIby3W"<>M�O)R+S}<,EFD	��� [ <�SUa������V��D~I [ ='OPG� I [ =�S��VObGFG2M>ILDVN�<>�VN�S�O [ IKRVDhc7N�< [ ='S�I � SUI [ N���O [ <�S�O � <L�
� �h¡"¢}£�¤"tL¥¦rPw �X�~��M�OPGQM)R+GFR+S��~<>�Va+GFEQM)EQN_SURKW+SUN�EFN�RVN�EFILD+S��"N�< [ =�EQD+O�N�EFILD��L�V��M�OPGQM)R+GFR+S��~S�EF=�a+GF<6N�TVa"<�S

§F¨�©ª¬«�­�® ©ª°¯¦±F«�²´³>µ

¶�·>¸}¹>º"»F¼�½}¾>¿)¹�¾�À}Á}ÂbÃUº>Ä�Ã�¹X»�Å�Ä

�ÇÆKÈÊÉLËÌ�ÍLÌ_ÎUÌ}Ï¬ÐhÌ�ÎUÏ�ÐVÌ ���������%�°Ñ Ï�Ò�ÓVÌ Æ Ï Ñ ÓKÎ É�_Ñ�Ô�Õ)ÈÖÆ Ì�ÍLÌ�× Ñ)Ø ÓhÏ}Ì Õ ÓXÙ �ÇÑ Ï}Ò�ÓhÌ Æ Ï Ñ ÓLÎ É Ù+Ú�ÛÝÜ�ÞbßPÙhà>áKÜ>ß>â �Y���+�
��� ����ã � Ì}ÍKÌ�ä å � Î Õ)Æ Ï}Ì>æ�0ËÌ Ø}ËÌ�çLÐ Ñ>Æ Ì�è~å�â�â�Ü>æ�â�é�ê�â�ß�ß�Ü�Ü_ë ��ËÌ Ø�ËÌ�Ï Ñ ç È Ì0èÇå�â�â0Ü]æ�â�é�ê�â�ß)â�â�Þ



� ��� % ����5���� -'� �2����������
f�b8���� �h
f����&�� -�5 .0/ *+46
�&�4_5 &
8�����%�&��������0�z�"('%���

�	���r�

�����w�� ILR+S�='IKDVN [ IKD+S�YVR+< [+B<>cVR+E [ <�D
� EF='a"I [ N�<�YhR~<>G6�"�~��N�< [ =�<�S}EF='a~GQ<)=�<>DVN_N�TVa B<�<>D�ObaV�
a+GFEFYVRXObDVN_N�ILR�\]ILR [ S�GF<�S [ ~<>JKGF<�S�ch<0�CGQ<�a+GFR+S�N��ILN�a"ILS�S�EFW+GF<�<�SUN�RVD,a [ IVM><�SUS�R+S�YVR+E�N�< [ =�EQDV<L�_^_<>M>E�<�SUN
a [ ILR+l B< ~O0G��ÖObEFcV<�c�� RVDV<�N [ ObcVRVM>N�EFILD�lL< [ S�GQ<�����M�ObGFM>R+G�S�EF=�a+GF<>=�<)DhN�N�TVa B<L�~<>N�cV<�=��<>=�<�a"ILR [ GF<��"� � �
M�OPGFM>R+G�O�lL<)M [+B<>cVRVM>N�EFILD�a [ EQI [ EQNUOPE [ <_aXO [ � � �Ç^_<>M)E2<�S�N6lLOPGQEFcV<�=��<)=�<6<>D�a [+B<)S�<)D+M><�cV<H= B<>NUO���lLO [ E�O�WVGF<�S
cV<�N�< [ =�<�S�<>N�cV<�SURKW+SUN�EFN�RVN�EFILD+S�� � D � ObEFN��"N�IKRhN�< [+B<>cVRVM>N�EFILDCN�< [ =�EQDV<�c ~<>S�YVR
� ILD,DV<0M>ILDVN [ ObM)N�<�YhR~<
GF<�S � ���´� [+B<>cV<>��YhR~E¦ObaVaXO [ OPE�SUS}<>DVN�S�ILR+S�cV<�S�M>IKDhN�<)�hN�<�S�c+EFN�S�S��R [ S���� <�S [+B<>S�R+GÊNUO�N�S B<)D+ILD+M B<>S�a+GFR+S ; O>RVN
S�� <)D,c B<>cVR+E�S}<>DVN�M�O [ c�OPD+S�N�IKRVN�< � I [ =�<��~��D+I [ ='OPGQ<K� [ <�SUa��2� � ��D+I [ ='ObGF<L�VN�IKR+S�GF<�S�M>IKDVN�<>�VN�<�S�O)RhN�IKR [
cV<�N�< [ =�<�S�cV<�S�I [ N�<H� SUIKDVN�S��R [ S��
� ¤"s�r]¢]v������w �"�~��M�OPGFM>R+G��+S�RLW+S�N�EQN�RVN�EFILD~S�<>�Va+GFEFM>EFN�<�S��VN�< [ =�EFD�OPE�SUIKD��V�V��M�ObGFM>R~G��VN�TVa"<�S�S}EF='a~GQ<�S



�"�0�¦����-�5�4Ç�2�����

� G�N ; IKR+J ; N ; <�S}EF='a+GFTK��N�TVa+<�c��"�~��M�ObGFM>R+GFR+S_c+IV<�S°D+ILNÇN�< [ ='EFD+O�N�<_SUN [ ILDVJLGFT�� � <)G j��X� � <>G�j��	�U�LEFNÇN�< [ ='EFD+O�N�<�S¦EFD�N ; <�y_<�O�

S}<>D+S}<
�°<>lL< [ T'N�TVa"<�c�N�< [ = ; ObS_SUIL=�<�� RVD+EFYhR~<��_D+I [ ='ObG � I [ =C� x <�a [ <�S�<)DhN�O [ <��XDV<�c a [ IVI � I � N ; E�S � ObM>N�����D � OPM>N��Vy_<
a [ IblL<�N ; <�y�EFcV<>GFT�W"<>GFEQ<)lL<�c M)G OPEF=dN ; O�N�<>lK< [ T [ <�cVRVM>N�EFILD7y ; < [ <0�,S�N�<>a+S�O [ <�OPaVa+GFEQ<�c'<�ObJL< [ GFT'E�S��"D+EFN�<L�

� I [ N ; <�S�O�
L<_I � JK<>DV< [ OPGFEQN�TV�by_<6a [ IblL<_N ; E�S [ <�SUR+G�NÇ<>lK<>D�EFD�N ; <6a [ <�S}<>D~M><�I � N�< [ =dObDVc�SURKW+SUN�EFN�RVN�EFILD�=�<>NUO�lLO [ E O�W~GÊ<�S��
ObDVc � I [ OfJL<>DV< [ ObG��X�~��M�ObGFM>R~GQR~S�N ; O�N�<>D+M)IL='a"ObSUS}<�S�WXIKN ; N ; <�I [ EFJLEFD+ObGX�"�~��M�ObGFM>R+GFR+S�� � ^�^ ��jLi��¦ObDVc7N ; <����2��M�ObGFM>R~GQR~S
I � � } ���Lj��U� |�; <�N�<>M ; D~EQYVR+<�S�N ; O�N�y6<�R~S�<�O [ <�WXOPS�EFM�OPGFGQT�N ; <�S}Ob=�<�ObS�EFD�� @ ��jLn��U�+y ; < [ <0N ; <)T|O [ <�R+S}<�c � I [ O�='I [ <
M>IK='a+GFEFM�O�N�<�c�M�ObGFM>R+GFR+S��|�; <�a+G�ObD7I � N ; <�aXOba"< [ E�SHOPS � ILGFGFIby�S�� x < [ <>M�OPa+EFN�R+G�O�N�<�SUIK=�<HW"ObS}EFMHcV<��"D+EFN�EQIKD+S�EFD��V<>M)N�EQIKD m ObDVc,a [ IblL<�O � <>y
a [ <>GFEQ=�EFD�O [ EQ<�S�EFD��V<)M>N�EFILD � ����D���<>M>N�EFILD'g~�Ly_<�a [ IblK<�N ; <�='ObEFD�N ; <)I [ <)=dI � N ; E�SÇa"Oba"< [ ��<>lL< [ T [ <�cVRVM>N�EFILD'y ; < [ <�� ���´�
M>IKDhN [ OPM>N�EFILD,IVM>M>R [ S�ILD+GFT�RhDVcV< [ SUIP��M�ObGFGF<�c�� �"! #0M>ILDVN�<>�VN�S�ObGFy�ObTVS�N�< [ =�EFD�O�N�<�S�� |�; E S [ <�SUR+G�NHE S�ObaVa+GFEF<�c7EFD��V<>M>N�EFILD$�
N�I,S ; IbyzN ; O�N�ObGFGÇD+I [ ='OPGQE&%�O�N�EFIKD S�N [ O�N�<>JLEF<�S�N ; O�N�ObaVa+GFT|� � [ <�S�a��Ç���~��<�ObJK< [ GFT�EFD|N ; < �"�~��M�ObGFM>R+GFR+S'� [ <�SUa���EFD{�"�V���
O+� 
2�ÖO+�V�'���_N�< [ =�EFD�O�N�<K�

( ) ��*,�7�>�2���f� 8

^_ILD~S�EFcV< [ N ; <0G�ObDVJLR"ObJL<0�X� � cV<��XDV<�c{ObS���+�,_�2y ; < [ <�N ; <�S�RLW+G�OPDhJKRXObJK<�� OPDVc,N ; O�N�I � #�-�.0/2143	145�� 687 � 5914596:5914;�<8��I [
� 5=��3?>���, O [ <�JLEFlK<>D7WhT@�

� �&�BA C�DFEP�+�GE����GE����B,H�IE m
, �&�BA C@JKE�,�LM,NE�O=PQE��NR ,NE STE U�,

y ; < [ <�C D OPDhcKC J O [ <0c+E�SF\}ILEFDVN�EFD8�XD+EFN�<�S}<>N�SfI � 59#WV�XZYW��V 14�
7�/2#��\[��@]+�_^~�a`	`W`}��OPDhcb��59�
3�>�Y	�
V 14��7 /&# �dc��@e'�_ff�2<>N�ML�|�; <�S�<)N�I � �X�~��N�< [ ='S�E�S_N ; <�S�RLW+S}<>N�I � �"�V�+��N�< [ ='S_y ; < [ <�UCc+IV<�S�D~ILN�IVM>M>R [ �x <�M�OPGQG�� RhDVN�TVa"<�cX�f�X�~��M�ObGFM>R~GQR~SHN ; < [ <>y [ EFN�<�S�ThS�N�<>= I � � EFJLR [ < m ����N�E�S�O'S�GFEQJ ; N�JL<>DV< [ ObGFE&%�O�N�EFILD��"EFD,N ; <�S}<>D~S�<
N ; O�N�EFN�M�OPD7S�EF=0R+G�O�N�<6<)lL< [ T [ <�cVRVM>N�EFILD��+I � WXIKN ; N ; <��X�~��M�OPGQM)R+GFR+S�I � � � ^�^ ��jKi��¦ObDVc7I � N ; <��"�V�V��M�ObGFM>R+GFR+S�I � � } ���Lj��
��y ; < [ <7EQNfE�S�D�OP=�<�c{���¦�)� � IKN�EQM)<'N ; O�N���W"<>M�O)R+S}<7I � [ R+GF<|�=g$U��>�ÇOPGFG6N ; <'ILN ; < [0[ R+GF<�S�y�EFN ; U	EFD�N ; <�E [ D+Ob=�<�S�O [ <
SUR~aX< [ih R+IKR+S�� |�; <��"� � ��M�ObGFM>R+GFR+S�E�S�N ; < [ <>y [ EFN�<0SUTVSUN�<>= cV<��XDV<�c�WVT,ObGFG [ R+GF<�SHI � �"��y�EFN ; IKRhN�N ; <�N ;+[ <)< [ R+GF<�SHy�EFN ;
ObD�g EQD�N ; <�E [ D+Ob=�<�S��_� |�; <�G�O�N´N�< [ E�S�WXOPS�EFM�OPGFGQT0J [ ILR+a��kj��_I � � @ ��j
l��U�Vy ; EFGQ<�N ; < � I [ =�< [ E�S�J [ IKR+a|�kj���a+GFR+S6a"O [ N�I �
J [ ILR+a�� } �U�)�

����� � �0mX�"npoqm��BnrRWO9P�� �=gsU�� U�tuo m RK�=tvLwSV�
�x�BO9P�� �ym_�BO9P��@oqm �=g0RÖ� m R�S:oqO9P
�=L�O=PV� m�LMO=Pdoqm �=gsRWLL� � m �Bmz� ��RL�kS�L
m"�{o|m
�=O9P8LL� O=PwLMm�oqm � m U�� m � U�mz�To m
�x� � � �=m�� n}� � �Bt��~oqm��BnvLMt�� � m U�LL� m � U�m�LMn}�To m �Bn}�
�=LK� �=m�LMnK�_LMtNoqmsL��=nvLMt�� �4S�U�� S�LwU�m�oqm0LrS
� m � m �Bm�R n	�_oqm �4S�U�LK� S�L~�4U�m�LMnL��oqm�L��4S�L�nL�
�4SV� SpL+�9mpR	nL��oqn �4U@U�� U�m0LwU�nso�UC�=m�LMnK�
�xRÖ� �=m�R	nL�_LMt�o��=m��Bt�� �_Rb�9nvLMt�� �4U@U�LL� U�m�L��kU�nMLMt��ao�U|�9m�LMnL��LMt
� �"� � �0mX��� t��To����=m�� U�t�� � �4U�RÖ� U�m�L��9n�R t��aoqn�Rb�9mpLMt��
�=�	�
�"� �=m0nL� �Bt��To��=m��Bt�� �>�9n'�Bt�� � �4U�O9Ph� U�O9P�oqO9P

� EFJLR [ < m � |�; <��X� � ��M�ObGFM>R+GFR+S
|�; <'a+R [ aXIKS}<'I � N ; E�SfaXOba"< [ E�SfN�I,S ; IbyzN ; O�N�N ; <'S}EF='a+GFTK��N�Tha"<�c �"�~��M�ObGFM>R+GFR+S0N�< [ ='EFD+O�N�<�S���y ; <>D [ <>y [ EQN�<�S'O [ <[ <�SUN [ EQM)N�<�cCN�I�WX<����x#��W��#	V�Vx#	�aV 1459#��L�bE�� <K� [ <>y [ EFN�<�S�I � N ; < � I [ =K�

m��� o��	mH�����
�� o�m'� � �� o��	m~�����
�� oum'�� �� o���`W`	`��� o��Wm������
�� o�m'�� �� o��a`	`	`
y ; < [ <�m � �8m � �@`	`W`}�'m � �@`W`	`ÇO [ <H�~��D+I [ ='ObG�� � Dhc�S}EQ=�EFG O [ GFTV�>N ; O�N_N ; <�S}EF='a+GFTK��N�Tha"<�c �"� � ��M�ObGFM>R~GQR~S6N�< [ ='EFD+O�N�<�S��Vy ; <>D[ <)y [ EFN�<�SHO [ < [ <�SUN [ EFM>N�<�cCN�I�WX<�� � ��<�OPJL< [�[ <>y [ EFN�<�S��"ch<��XDV<�c,S}EF='EFG�O [ GFTL�

m



|�; < N�TVa+EFDVJ [ R+GF<�S O [ <'JKEQlK<>D{EFD � EFJKR [ < � � | Tha"<�S O [ <7<�EFN ; < [ 59#WV�Xq5��".'#��'I [ � 59�
3�>�5��".'#��]� | < [ = N�TVaX<�S'O [ <
� #��W68#	<'54�����	�2�+y ; < [ <
��E�S�O � I [ =�R+G�O�OPDVc�� E�S�Os�XD+EFN�<�GFE�S�N�I ��� I [ =0R+G�ObS��	��
	`	`W`�
�����
WRF�Vy ; < [ <�R+='O [ 
VS�N ; <0<>DVc,I �
N ; <�GFE�SUN�� � I [ =�R~G OPS���O [ <�<�EFN ; < [ O�N�IL=�S��������~`	`	`>�LI [ EF='a+GFE�M�O�N�EFILD+SÇ�´O [U[ Iby�N�Tha"<�S����	��o�� �K�{��NUObM�
�N�TVa"<�S_O [ <�S}EQ=�EFG O [
S}<>YVR+<>DVN�S������7�~W+RVN��dE SHOd�"D+EFN�<�GFE�S�N�I �Ç� I [ =0R+G�ObS�OPS�y_<>GFG�� � I [ S}EF='a~GQEFM>EFN�TL�Ky_<�S ; OPGFG¦ObS�SURV=�<0N ; O�N�N ; <0M�ObGFM>R~GQR~S
E�S�JKEFlL<>DÝEQD{^ ; R [ M ; SUN�TVGF<
��lLO [ E�O�W+GF<�S�[�� �"!,O [ < ObD~D+ILNUO�N�<�c{y�EFN ; N ; <�E [ N�TVaX<#�$�%���Çy_<'y [ EFN�<'N ; <>= [Ýy ; <>D{D~I
M>IKD � R+S}EFILD7O [ E�S}<�S���� x�[ EFN�EFDhJfN�< [ =�S6EFD ^ ; R [ M ; S�N�TVGQ<�y�EFGFG�OPGFGQIby�R+S_N�I�N [ ObD+S�G�O�N�<��"�~��N�< [ =�S�N�I ����N�< [ ='S�EFD��V<>M>N�EFILD,g��
ILN ; < [ y�E S�<K�Vy6<�y_ILR+GFc�DV<><�c N�I0N [ ObD+S�G�O�N�<�N�TVa+EFDVJ�cV< [ EFlLO�N�EFILD+SÇI � �"�~��N�< [ ='S_N�I0N�Tha~EQDVJ0cV< [ EQlLO�N�EFIKD+SÇI � �V��N�< [ ='S��Ky ; EFM ;
E�S_D+ILN�N ; O�N�c+E'&�< [ <>DVN��"W+RVN�y_ILR+GFc�WX<�=0RhM ; GQ<�SUS [ <�OPc+O�W+GF<L�Ö�

�)(�� *	J+�c+� �",N�-�#�#�
�)(���*�D¦�[�� �-!s�-���#�

�/.L�O9P��-���#�

m��"�0�#� n��"�0�#� �1
�.L�m�R nQ�-�#�#��
2�
�3
24 ���m �-��
��0�#�

m��"�0�#� �4U��U�m��-��
����5��
��
�1
�4v�>�S~�6��
2�7�0�

m��-�	�6
2�#�#� � �=o8.L��~m��"���#� � o�� �
m����#�#�	��o�� � nQ�-�#�#�	� �9o�4��m0n��-���#� �

m$�69:�#� n��-�7�59 ��;�m=<?J+�m�LMn��"�0�#�
m��>9:�0� n �-�#�59 ��;�m=< D �m�� n}�{�-���#�

� EFJLR [ < � � | TVa+EFDVJ [ R+GF<�S
| I�JL<>N�O�M�OPGFM>R+GFR+SÇEFD'^ ; R [ M ; SUN�TVGF<L�Ly_<HOPGFSUI�DV<><�c'N�I�ObD+D~ILNUO�N�<�N ; <�N�< [ =�S m ��SX�8O9P�OPDhc�U�m y�EQN ; N�TVa"<�S_ObJ [ <><�EQDVJ

y�EFN ; N ; < [ R+GF<�S�I � � EFJLR [ < � � x <�S ; ObGFG�R+SURXOPGFGQT�y [ EQN�<fN ; <�S�<0N�< [ ='S�y�EFN ; ILRVN�N ; <�E [ N�TVaX<�ObD~D+ILNUO�N�EFILD~S�y ; <)D|M>IKDVN�<>�VN
a"< [ =�EQN�S�� ; Iby6<>lK< [ �|�; <>D��"<>lL< [ T,N�TVa"<�c,N�< [ = ; ObS�O�RVD+EFYVR+<�N�TVaX<K� |�; < [ <0E�SHO0RVD+EFYVR+<0y�OPT'I � GFE � N�EFDVJ�N ; < [ R+GF<�S�I � � EFJLR [ < m N�I'N ; <
N�TVaX<�c7M�ObS}<�S�I�N ; O�N�N ; < [ <�S�R+GÊN�EFDVJ'N�TVa"<�c7M�OPGFM>R+GFR+S ; ObS�N ; <�SURKWL\}<>M>N [ <�chRVM>N�EFIKD,a [ Iba"< [ N�TT��S}<>< � EFJKR [ <�g+�

� ��� �´�~m"�xndoqm�� nrR O9P � �>� � �=gsU�� �4U�t�� !@? ���-!A? , o m !A? � �"! RK�=twLvS !A? � �6� �
y ; < [ <pn��-���#�

�"�BO=P�� � m��BO=P>� �6���To|m �=g0RÖ� m !A? � �"!
R�S�!A? � �6�'oqO9P�!A? � �-!A? �
�9L
O9PV� m�LMO9P"� �>�poqm �=gdR LK� � m !A? ���-!�� mz� � Rb�4S�!@? ���6�pL�mX� o m
�9O=P8LK� O9P"� �6�rLMm�oqm � m U�� m !A? ,��-!8�F�4U�m"� !A? � �"!@? , �_o m !A? � �"!
�"� � � �9m_�Bn	� ��� t��~oqm_�BnMLMt�� � m U�LK� m !A? ,��-!8�F�4U�m"� !A? � �"!@? , LMn}�To m !A? ���-!8�Bn	�
�9LL� �9m�LMnL��LMtNoqm�L��9nvLMt�� �4S�U�� S !A? ,��-, L+�kU�mX� !@? ���-!A? , oqm~LwS !@? ���6�
� m � m � �-! �BmdRWn}�Ho|m �4S�U�LL� S !A? ,��-, L+���4U�m"� !A? � �"!@? , LMnK�ao msL��kS !A? � �>� L
nK�
�kSh� S � �-, L~�=m�R	nL�ao|n �4U@U�� �4U�mX� !A? BC�-!A? , L��4U�nL� !A? � �"!A? B o��4U��=msLMnL�U� !A? � �"!A? ,
�"RÖ� �9m�RWnK�_LMtuo��=m��Bt�� � Rb�=nwLMt�� �4U@UKLL� �4U�mX� !A? BC�-!A? , L��U�kU�nK� !@? ���-!A? B LMt��{o �4U��=mdL�nK�U� !A? � �"!@? , LMt
�´�X� �´�~m"� �Bt��@o����9m_�F�kU�t�� !A? � �"!A? , � � �4U�RÖ� �4U�mX� !A? � �-!A? , L��=nsRWt��{o|n�RL�9m�LMt��

y ; < [ <pt �-�#�#�#
Mm��-��
2�D�#� �
�9�	�
�X� �9m~nK� �Bt��To �=m�� t�� �>�=n��Bt�� � �4U�O9PV� �4U�O=P"���6�+� !A? � �"!A? � oqO9P-!A? � �"!@? �

� EFJKR [ <�g'� |�; <�N�TVaX<�c [ <�cVRhM)N�EQIKD [ R+GF<�S

�



� � �X!����d������&���������
��Ç���H8

�°� � �Cu�� �u1&�r��59#WV�Xp14<��
5914<
�QVx#	�aV 1459#w� �	� 59#WX��
��tb¤2¤	�>w x <�R+S}<�
2ObDVN�<>='O � S�c+E�S�N [ EFW+RVN�EFILDC<>GFEQ=�EFD�O�N�EFIbD7N�<>M ; D+EFYVR+<���
2ObD"j��	�U�,� ` < � < [ N�I,N ; E�S�aXOPaX< [ � I [ D+IKNUO�N�EQIKD+S
ObDVc�M>IKD+M><>a~N�S �_ILR [ �{E S�SUGFEFJ ; N´GQT�='I [ <�M)IL='a~GQEFM�O�N�<�c,N ; ObD�N ; <'� N ; O�N

2OPDhN�<)='O�M>IKD+S}EQcV< [ S��°W+RVN�N ; <'O [ JKRV=�<>DVN�E�S
S}EF='EFG�O [ �Ö� x <�ObM)N�RXObGFGFT7S ; Iby3N ; O�N��ÝE�S�N�ILNUOPGQGFT7N�< [ ='EFD+O�N�EQDVJ"�XE�� <L�"N ; O�NfN ; < [ <�cVRVM>N�EFILD [ <>G�O�N�EFILD � I [ �ÝM�ObD�ObM>N�R"ObGFGFT
W"<�<>�VN�<>DVcV<�cCN�I O�59;
59��/Çy_<>GFG�� � IKRVDhcV<�c,YVRXObS}E���I [ cV< [ EFDVJ�ILD,N�< [ ='S�� | IKNUObG2N�< [ ='EFD+O�N�EFILD'EF=�a+GFEÊ<�Sv� 14X�.~/&#�N�< [ ='EFD+O�N�EQIKD��
y ; EFM ; E�S_N ; < � ObM>N_N ; O�N���a+GFR+S�ObGFG [ R+GF<�S�I � N ; < � I [ =����"`W`	`@
�m 
	`	`W` �aoqm�� � I [ <>lK< [ T � RVD+M>N�EFILD7SUTV=0WXIKG����+N�< [ ='EFD+O�N�<�S��

� Iby M>ILD~S�EFcV< [ N ; < � ILGFGFIby�EQDVJ [ <)y [ EFN�<�SUTVS�N�<>= � � �Vy ; EFM ; E�S_ILW+NUOPEQDV<�c � [ IK=:�,WVT [ <>a+G�ObM>EFDVJ�m_�Bn	��WVT�m LMn~�'m~n0WVT
m�R	n+�~O9P0WVT m R�SX�V=�< [ JLEFDVJ�cVR+a~GQEFM�O�N�< [ R+GF<�S��~<>GFEQ=�EFD�O�N�EFDVJ [ R+GF<��=g0RÖ��ObDVc7Obc+c+EFDVJ [ R~GQ<��9PrU�� �

�=P U�� U�m�L��=nsR t��ao��kU�m�LMnL��RL�4U�m�LMt�� �=gsU�� U�tuo m RL�9tvLwSh�
�=L�O=PV� m�L�� m R�Sh� oqm �=gdR LL� � m LMmX� RK�4S�L
m"�aoqm
�=O9P8LL� � m R�Sh�@LMm�oqm � m U�� m LvU�m�o m

� m U�LL� m L��kU�msLMnL�ao m LMn
�=LK� �=m�LMnK�_LMtuoqm�L��9nvLMt�� �4S
U�� S�LrU�m�oqm0LwS
� m � m L��=m�R	nL�ao|m �4S
U�LK� S�L+�kU�m�LMnL�ao|m�L��4SpL�nL�
�4SV� S�L+�=m RWnL��oqn �4U@U�� U�m0LvU�n�o�UC�=m�LMnK�
�xRÖ� �=m�R	nL��LMt�o �=m�LMt�� RL�=nwLMt�� �4U@U LK� U�m�L��kU�nwLMt�� o�U��=m�LMnK�_LMt
� �"� � �0mX�@LMt�o����9m~LwU�t�� �4U�RÖ� U�m�L��9n�RWt�� oqn�RK�=m�LMt��

�4U�O=PV� U�� m R�Sh� o�� m R�SV�
� � � � E SHN�IKNUObGFGFT|N�< [ ='EFD+O�N�EFDVJX�"N ; <>DÝEFN�E�S�M>GF<�O [ N ; O�N��ÝE�S�N�IKNUObGFGFT,N�< [ =�EFD�O�N�EFDVJ OPS�y_<>GFG�� �2<)N�EFDVcV<><�c�� W"<'ObDVT

N�ILNUOPG�y_<>GFG�� � IKRVDhcV<�c�YhR"ObS}E���I [ cV< [ EFDhJ�<)�hN�<)Dhc~EQDVJ�N ; < [ <>y [ EFN�< [ <>G�O�N�EQIKD�I � � � � |�; E�S0EQDVcVRVM><�S OCN�ILNUOPG�y_<>GFG�� � IKRVDhcV<�c
YVRXObS}E���I [ cV< [ EFDVJ�ILD,�"�~��N�< [ ='S�N ; O�N�<>�VN�<>DVc+S�ObGFG�N ; < [ R+GF<�S�EFD,�,<)�hM)<>a+N��=g0RÖ��� � I [ y ; EFM ; W"ILN ; S}EFcV<�S�O [ <f<>YVR+EFlLObGF<>DVN��)�
�2<)N�� � WX<�N ; <�YVRXObS}E���I [ cV< [ EFDVJ,SURVM ; N ; O�N�m�� � n7E � ObDVc|IKD+GFT,E � m ; OPSH=�I [ <�IVM>M>R [U[ <)D+M><�S�I � R2N ; OPD�n'��N ; <>D�N ; <
GF<>�VEFM>ILJ [ Oba ; EFM�a [ IhcVRVM>N�I � � OPDVc�� � E�S�Ofy_<>GFGÊ� � IKRhDVcV<�c N�IKNUObG2YVRXOPS�E���I [ ch< [ EFDVJ�<>�VN�<>DVc+EFDVJ�N ; < [ <>y [ EFN�< [ <>G�O�N�EFILD'I � ���

� IbyÝM�ObGFGXO [ R+GF< #	Xd7?#����
14<
�0E � ObDVc0ILD+GFT�E � EQN�S [ EFJ ; N¬� ; OPDhcfS�EFcV<�E�S ; IL=�<>IK='I [ a ; EFM�ObGFG�T�<>=0WX<�c+cV<�c�EQD0EFN�SÇGF< � N¬� ; ObDVc
S}EFch<�� E�� <L�F�VEFN_M�ObD7W"<HS}EF=0R+G�O�N�<�c�WVT O0S}<>YVR+<)D+M><�I � [ <>y [ EFN�<HS�N�<>a+S�I � N ; < � I [ =����"`W`	`@
�m 
	`W`	` �aoqm"�>� |�; < [ R+GF<�S��=L�O=PV�)�
�=O9P8LL�)�+� m �>�+�kSh�>�~�=gaR4LK�>�+� m U��>�"� m U�LL�>�~�4U�O=PV��O [ <�<>=0WX<�c+c+EFDVJX�_��EQD~M><6N�IKNUObG+N�< [ ='EFD+O�N�EFILD�EF='a+GFEF<�S2S�EF=�a+GF<�N�< [ ='EFD+O�N�EQIKD��
� � E�S�N�IKNUObGFGFT,N�< [ =�EFD�O�N�EFDVJ'E � ObDVcCILD+GFT,E � � � ='EFDLR~S�N ; <�S}< [ R+GF<�S0E�S�� � I [ <>IblK< [ ���kU RÖ��M�ObD�W"<�S}EF=�R+G�O�N�<�c7WhT��=PQU��
a+GFR+S�<)=�W"<�c~c+EFDhJ"��S�I|y_<'M�ObD{EFJKD+I [ <�N ; < � I [ =�< [ � I [ a+R [ aXIKS}<�S�I � N�ILNUObG�N�< [ ='EFD+O�N�EFILD�� | I,SURV=�R~a��Ç� � E�S�N�IKNUObGFGFT
N�< [ ='EFD+O�N�EQDVJ�E � ObDVc7ILD+GFT�E � N ; < � ILGFGFIby�EFDVJHS�TVSUN�<>= � �B� E�S_N�ILNUOPGFGQT�N�< [ ='EFD+O�N�EFDVJ~�

�9PrU�� U�m�L��=nsRWt��{o �4U�m�LMnL��RL�kU�msLMt�� �9grU�� U�t�o m RL�9tvLwSh�
�9LL� �=msLMnL�_LMt�oqm�L��=nwLMt�� �kS
U�� SpLwU�m�o|m~LwS

�kS
U LK�ySpL+�kU�msLMnL�aoqmsL��4S�L
nK�
�kU@U�� U�m0LwU�n�o�U��9m�LMnL�

�"R � �=m RWnL��LMtuo �9m�LMt�� RK�=nvLMt�� �kU@U�LK� U�msL��4U�nvLMt��ao�U|�=msLMnL�_LMt
�´�X� � �0m"�_LMtuo����=m0LrU t��

� Iby��"EFD|� �B� N ; < [ R~GQ<�S��=P U��HOPDVc{�xRÖ��O [ <��
1&� 59V 147	685=14;�<�V 6�/2#�� � I [ RF�"ObDVc,D+I7ILN ; < [�[ R+GF< � <�O�N�R [ <�SQR+ILDCN ; <0GF< � N¬� ; ObDVc
S}EFch<K��
2ObDVN�<>='O � SÇN ; <>I [ <>= ��
2ObD"j����2N ; <)D S�NUO�N�<�S�N ; O�N�N ; < [ <>y [ EFN�<�SUTVSUN�<>= � �B�B� ILW+NUOPEQDV<�c � [ IL=d� �B� WVT�c [ IbaVa+EFDVJ�N ; <�S}<
c+E�S�N [ EFW+RVN�EFILD [ R+GF<�S�ObDVc [ <)a+G�ObM>EFDVJ'<�OPM ;|[ R+GF<�y�EFN ; SUIK=�<HS�RLW+N�< [ =qm�R�n�ILD,N ; < [ EFJ ; N�� ; ObDVc7S}EQcV<�WVT7N�y_I [ R~GQ<�S�� ILDV<
y�EFN ; mdR n [ <>a+G�OPM><�c7WVT�m��VN ; <�ILN ; < [ y�EFN ; mpR n [ <>a+G�ObM)<�c7WVT�n+�VE�S_N�ILNUOPGFGQT0N�< [ ='EFD+O�N�EQDVJ�E � ObDVc'IKD+GFT�E � � �B� E�S�� } < [ <�E�S
� �B�B� �

U�tuo m U�t�o|tvLwS
�9m�LMnL��LMt�o|m�L��=nwLMt�� S�LrU mQoqm~LwS
S�L+�kU�m�LMnL�ao|m�L��4SpL�nL� U�m~LwU�n�o�U|�9m�LMnL�
U�m�L��kU�nwLMt�� o�U��=m�LMnK�_LMt � �0mX�@LMt�o����9m~LwU�t��

� �B�B� E SÇN ; <>D7a [ IblL<�c'N�IKNUObGFGFT�N�< [ ='EFD+O�N�EFDhJ�WVT�R+S}EFDVJ�N�y6I0a"ILGFTVD+IL=�E O�GVEFDVN�< [ a [ <>NUO�N�EFILD~S�� � OPDVc�� � �KI [ cV< [ <�c�GQ<)�hEFM>IP�

g



J [ Oba ; EQM�ObGFGFTh�LOPS�EFD � } �_�Lj��1�Vy_<�GQ<)NW�
��� � �

m�LMn m0n m��9n�� m �
U�m m g
mm � m
S � m
�~m m�� m m

� S}EFDVJ�N ; < � ObM)N6N ; O�N � � �=m"��� � � I [ <>lK< [ T7N�< [ = m��+ObDVc � � �=m"��� m �XOfYVR+EFM�
'M�OPGQM)R+G�O�N�EQIKD'S ; Iby�S�N ; O�N � I [ <)lL< [ T [ R+GF<
� o�*fW+RVN�N ; <�G�ObSUN�IKDV< � E�� <K�Q�2�´�X���>� � � � � ��� � � �/*b��ObDVc � � � � ��� � � ��*b�>�Vy ; EQGF<�EFD7N ; <�M�ObS}<�I � � �"� � � � � � � � � �/*b�>�°��N� IKGQGFIby�SÇN ; O�N��,E S6N�IKNUObGFGFT�N�< [ =�EQD+O�N�EFDVJX���
��D � OPM>N��b��E S�GFIVM�ObGFGFT�M>IKD h R+<)DhN��hOPSÇO
	�DLRVN ; � j_<>DVc+EF�0N�<�S�NÇS ; Iby�S��Py ; <)N ; < [ OPS�N ; <�SURKW+SUTVS�N�<>=zI � � EFJLR [ < m I [a� EFJLR [ <�g~�
SUI�EFN_E�S�M>IKDhlK< [ JK<>DVN �~W+RVN�y_<HS ; ObGFG2D+ILN_W"<HEFDVN�< [ <�S�N�<�cCEFD'N ; E�S�a [ IbaX< [ N�T ; < [ <L�

� � ��-�5�4°������� � ��-'��� #�
��L� 13���0�2��
���83������������
��2��8

x <�N [ ObD+S�G�O�N�<�<�OPM ; �X�~��N�< [ =:y�EFN ; ^ ; R [ M ; ��S�N�ThGF<�N�TVa+EFDVJ�EFDhN�I0O � OP='EFGFT�I � ����N�< [ ='S��LN�TVa"<�c ~OfG�OH^ ; R [ M ; ObS_y_<>GFG����2<>N
� W"<�O0JLEFlL<)D O [ W+EFN [ O [ T�N�TVaX<L� x <�ObS�SURV=�<�N ; O�N�y_< ; O�lL<�EFD8�"D+EFN�<>GFT�='ObDVT�lLO [ E O�W~GQ<�SÇI � <�ObM ; N�TVaX<K�x EFN ; <�ObM ; N�< [ = lLO [ E�O�W+GF<r[ !��3?������ ? !��6?�� �-! I � �X���"y_<�ObS�SUIVM>E�O�N�< O lLO [ E�O�W+GF< �[ !���������� � !�������� ! I � N ; <�����M�OPGFM>R+GFR+S�I �
N ; <fEQDVc+EFM�O�N�<�c7N�TVaX<L���VEF='EFG�O [ GQTK�by6<f='Oba�<�OPM ; SUNUObM�
7lLO [ E�O�W+GF<Mc ! � ?������ ? ! � ?�� �"!��� ?������ ? !��� � ?�� N�I O0GFE�S�N �c � ! � ������� � ! � ����� !��� �&�
`	`W`8�&� �c � � ! � ������� � ! � ����� !��� � �&� �c � � � ��!���������� � !��!���"��� I � �V��lLO [ E�O�W+GF<�S¦I � N ; <�EQDVc+EFM�O�N�<�c0N�Tha"<�S���� |�; <�M>ILD+S_Iba"< [ O�N�I [
�&�VE�S2\}R+SUN�O0=�<)NUO���GQEFDVJLR~E�SUN�E�M�y�OPT�I ��� I [ =�EFDhJfGQE SUN�S �VEFN�E�S�ObS�SURV=�<�c N�I�W"< [ EQJ ; N��UObSUS�IVM>E�O�N�EQlK<L�Ö� x <�c+I0D+ILN�OPSUSURV=�<�N ; <
='ObaVa+EFDVJ�N�I�W"<�EQD�\}<>M>N�EFlL<�EFD OPDVT'S}<>D+S}<L�

# R [ N [ ObD~SUG�O�N�EFILD7='Oba+S_<>lK< [ T,�"�~��N�< [ = m7I � N�TVa"< � � 
	`W`	`�
2� � 
	R��0��N�I7O � RVD+M>N�EFILD�� �Bm8� ��NUO�
VEQDVJ�O0GFE�SUN�I ��$ � m �V�
N�< [ ='S�< � �&�'`	`W`8�&�A< � �&�@< � � � I � [ <�SUa"<>M>N�EFlL<�N�TVaX<�S�� � �@`	`W`}��� � ObDVc � �VObDVc [ <)N�R [ D+S�Of�V��N�< [ = � � mz� �U� < � �&�'`	`	`:�&��< � �&�A< � � � �
I � N�Tha"<��2�r�VEF='EFG�O [ GFTL�LIKR [ N [ ObD+S�G O�N�EFIKD ='OPa+S�<>lK< [ T��X�~��N�< [ = m�I � N�TVaX<�� � 
	`W`	`�
2� � 
	R �	� �� 
	`	`W`�
�� �� � 
	R+N�I,O � RVD+M)N�EQIKD
� �Bm8� �"NUO�
VEFDhJ�OfGQE SUN_I �%$ � m �V��N�< [ =�S < �v�&�'`	`	`:�&�A<1���2��<1� � ��I � [ <�SUa"<>M>N�EFlL<�N�TVa"<�S��	�b�@`W`	`>� ���7ObDVc � �hOPDhc [ <>N�R [ D~SHOfGQE SUN
I �&$ � � m �V��N�< [ =�S�I � [ <�SUa"<>M>N�EFlL<�N�TVa"<�S � �� �@`W`	`}�C� ��'� ObDVc � � |�; <HN [ OPD+SUG�O�N�EFILD�E�S�JLEFlL<)D'EFD � EFJKR [ <r�X�

� �B[ !��)?������ ? !��-?�� �"! � �U� < � �2��`W`	`8�2�A< � �&�A< � � � � A �[ !���������� � !�������� ! < � `	`W` < � < � � �
� � c !��3?������ ? !��"?�� �-! �� ?������ ? ! �� � ?�� � �U� < � �2�8`	`W`8�&��< � �&��< � � � � A3� �c ��!���������� � !��(����� ! �� < � `	`W` < � < � � � �

�&�'`	`W`
�&�+� �c � � ! � ������� � ! � ����� ! �� � < � `	`	` < � < � � � �
�&�+� �c � �)� � !��*������� � !��!������� < � `W`	` < � < � � � �

� �Ö�~m:� �¬�,+�� A��0^ ! R�� �Bm8� �U�=^s�&�!+�� y ; < [ <pm��-��
��#�#� �
� �Bm~n�� �U�,+�� A3�"� � mz� �U�-+��U�)�x� �Bn	� �U�-+��U�
� �Bm_�Bn}�B� �¬�,+�� AG� �Bmz� �¬�"� �Bn	� �U�-+��U�
� � m !A? ���-! � �U� <M�2�(+�� A <
� �BmrLMn	� �U�-+�� AG� �Bmz� �¬�"� �Bn	� �U�-+��U�
� �BO=P � �>� � �U�-+�� A.+
� �BmdR n�� �U�,+�� AG� �Bmz� �¬�,+����&�'� �Bn	� �U�-+��
� � S !A? � �>� � �U� <��&�(+�� A.+
� � U m�� �U� <��&�/+�� A <M�2��� � mz� �U�-+��

� EFJLR [ < �0� |�[ ObD~SUG�O�N�EFILD�N�I�N ; <fS�EF=�a+GFTL��N�TVa+<�c'�V��M�ObGFM>R~GQR~S
|�; <�� [ R+GF<'�´�~[ R@<�� < � o <W� < �10 [8��cV<��XDV<�S�O [ <)y [ EFN�< [ <>G�O�N�EFILD'IKD|����N�< [ ='S�N ; O�N�y6<�OPJhOPEQD�y [ EQN�< � o�� ` <>M�ObGFG�N ; O�N

N ; <�S}EQ=�a+GFTK��N�TKaX<�c|����M�OPGFM>R+GFR+S�N�< [ ='EFD+O�N�<�S�� 	 [ E j � �U� x <�y [ EQN�< � o � � [ <�SUa�� � o � ��EFN�S'� [ <�SUa�� [ < h <>�VEFlL<��fN [ ObD+S}EFN�EFlL<
M>GFILS�R [ <K� |�; <�S}<�D+ILN�EFIKD+S�O [ <�<)�hN�<)DhcV<�c�N�I,GFE�SUN�S	� < � �2� `	`W` �&��< � �&� < � � � � o � < � � �&�{`	`	`{�&��< �� �2��< �� � � E � ObDVcCILD+GFT,E �
<*2 � o � < �2 � I [ <)lL< [ T�OU� m43 O 3 $ � m �+OPDhc+< � �&�8`	`W`8�&��< � �2��< � � � � o � < � � �&�8`	`W`8�&��< �� �2��< �� � � E � EFD'Obc+c+EFN�EFILD <*2 � o � < �2� I [ SUIL=�<vO�� m53 O 3 $ � m �

�



x <�cV<��XDV<�N ; <0YVRXObS}E���I [ cV< [ EFDVJ��3ObDVc,N ; <�S�N [ EFM>N�I [ ch< [ EFDVJ��3ILD�N�Tha"<�c|�X�~��N�< [ ='S�WVT@�vm�� n�E � OPDhc�ILD+GFT7E � m
ObDVc�n ; O�lK<�N ; <HS}Ob=�<�N�Tha"<HOPDVc � �Bm8� �U�,+�� � o � � �Bn	� �U�-+�� � I [ <>lL< [ T'GFE�S�N +�I � �V��N�< [ ='S_I � N ; < [ EFJ ; N_N�TVaX<�S���� # W+S}< [ lK<�N ; O�N
��E S�OPD I [ cV< [ EFDVJX�+EFD7aXO [ N�EFM>R+G�O [ EFN6E S�E [�[ < h <>�VEQlK<�a [ <>M)E�S}<>GFT W"<>M�O)R+S}<�N ; < [ <�O [ <�����N�< [ =�S6I � OPDVT�JLEFlL<>D�N�TVaX<L�~D+Ob=�<>GFT
lLO [ E�O�W+GF<�S��Ö���VEF='EFG�O [ GFTL��m��Nn0E � ObDVc7ILD+GFT�E � m�ObDVc n ; O�lK<�N ; <�S�OP=�<�N�TVaX<�OPDhcK� �Bm8� �U�-+�� � o � � �Bn	� �U�-+�� � I [ <)lL< [ T'GFE�SUN�+
I � �V��N�< [ =�S�I � N ; < [ EFJ ; N�N�TVa"<�S�� x <�OPGFSUI'GF<>Nrm��Gn E � ObDVc7ILD+GFT7E � � � mz� �U�-+���A � �Bn}� �¬�,+�� � I [ <>lL< [ T,GFE�S�N +fI � ����N�< [ ='S�I �
N ; < [ EFJ ; N_N�TVaX<�S��|�; <HEFDVN�< [ a [ <>NUO�N�EFIKD E S�='ILD~ILN�ILD~EQM�EFD�N ; < � IKGFGQIby�EFDVJ�S}<>D+S}<
�
�°� � �Cu��	� ! + � o � + ��
 5
��#W<�� �Bmz� �U�-+�� � o � � �Bmz� �¬�,+ � � �
��tb¤2¤	�>w x <�M>G�ObEF=dN ; O�N � I [ ObDVT�N�< [ ='S�< � �@`W`	`}��< � �"< � � � I � N ; < [ EFJ ; N6N�TVa"<�S�� � I [ OPDVT � [ <�S ; lLO [ E�O�W+GF<�S�[ � ��`W`	`}�'[ � �
[ � � � I � N ; < [ EFJ ; N_N�Tha"<�SW�

� �Bmz� �U� < � �2�8`	`W`8�&��< � �&��< � � � ��AG� �Bmz� �¬�9[ � �2�8`	`W`8�&�
[ � �&��[ � � � � � < � 0 [ � 
	`W`	`�
)< � 0 [ � 
 < � � � 0 [ � � � �
y ; < [ <0SURKW+SUN�EFN�RVN�EFILDCE�S�<>�VN�<>DVcV<�c�M)IL='a"ILDV<>DVN�y�E�S}<�y ; <)D m7E S�O�SUNUOPM�
�� |�; <0GF<>='='O � IKGFGQIby�S_EF='=�<�c+E�O�N�<>GFT � [ IL= N ; <
M>G�ObEF=C�by ; EFGF<HN ; <�M>G�ObEF=dE�S_a [ IblK<�c7WVT'S�N [ RhM)N�R [ OPG¦EFDVcVRVM>N�EFILD'IKD m��
� � m A n'�Bt��U��N ; <>DG� �Bm8� �U� < � �&�r`W`	`r�&��<1� �&��<1� � �]��A � �Bn	� �U� < � � �&��`W`	`r�&��< �� � �&��< �� �)� � �)��y ; < [ <7< � � �&��`W`	`r�&��< �� � �&�

< �� �)� � A � �Bt�� �¬� < �p�&�a`	`W` �&��<1���&� <1� � ���>�Qj6TCEFDVchRVM>N�EFIKD ; TVaXIKN ; <�S}E�S�� < � � �&� `W`	` �&� < �� � �&� < �� � � � A � �Bt�� �U�=[H�p�&�a`	`W` �&�@[ �u�&�
[ � � � ��� < � 0 [ � 
	`W`	`�
)< � 0 [ � 
 < � � � 0 [ � � � �U� � <>NW��� m � < �B�� �&�_`	`	`{�&�=< �B�� � �2��< �B�� ��� � W"< � �Bt�� �U�9[ � �&��`W`	` �2�0[ � �2�@[ � � � �)��N ; <>D � I [
<�OPM ; O � � m53 O � 3 $ � � m ��� � � < �2 � A < �B�2 � � < � 0 [ � 
	`	`W`�
 < � 0 [ � �U�|�; <>D_�

� �Bmz� �U� < � �&�8`W`	`8�&��< � �&��< � � � �
A � � n}� �U� < � � �&�8`W`	`8�2��< �� � �2��< �� � � � �
A � � n}� �U�=[ � � �&�'`	`W`8�&��[ �� � �&�
[ �� � � � ��� < � � 0 [ � � 
	`W`	`�
)< �� � 0 [ �� � 
)< �� � � � 0 [ �� � � � � ��WVT'EFDVcVRVM>N�EFILD ; TVa"ILN ; <�S}E�S�ObJVObEFDX�
A � � n}� �U�=[ � � �&�'`	`W`8�&��[ �� � �&�
[ �� �)� � �

� < �B�� � < � 0 [@�6
	`W`	`1
 <1� 0 [�� 
 <1� � � 0 [�� � �"� 0 [ � � 
	`W`	`�
)< �B�� ��� � � < � 0 [@�6
	`W`	`1
 <1� 0 [�� 
 <1� � � 0 [�� � �i� 0 [ �� � ����WVT,� � �U�
A � � n}� �U�=[ � � �&�'`	`W`8�&��[ �� � �&�
[ �� �)� � ��� < �B�� 0 [ � � 
	`W`	`1
 < �B�� �)� � 0 [ �� ��� � �x� < � 0 [@� 
	`	`W`�
 <1� 0 [ ��
 <1� � � 0 [ � � � �
A � � n}� �U� < �B�� �&�'`W`	`8�&�@< �B�� � �&�@< �B�� � � � � � < � 0 [ � 
	`	`W`�
 < � 0 [ � 
 < � � � 0 [ � � � ����WVT�EFDhcVRVM>N�EFILD ; Tha"ILN ; <�S}E�S�OPJhOPEQD"�
A � � mz� �U�=[ � �&�'`	`W`8�&�
[ � �&�
[ � � � � � < � 0 [ � 
	`W`	`�
)< � 0 [ � 
)< � � � 0 [ � � � � ��WVT|� m ���

� � m�A nwLMt��VN ; <)D,N ; <�O [ JLRV=�<>DVN_E�S6EFcV<>DVN�EFM�ObG��Vy ; EFGF<HOPGFG2ILN ; < [ M�OPS�<�SHO [ <�N [ EFlVE�ObG��&�
` <>M�ObGFGÇN ; O�N�OK3�;
<'59#�-
5��{E�S�ObDVT,N�< [ = y�EQN ; O'c~E�SUN�EFDVJLR+E S ; <�c�IhM)M>R [U[ <>D+M>< �2y ; EQM ; y6<0M�OPGQG°N ; <��';�/2#�� � I [ ObDVT

N�< [ = <������@<��0cV<>D+ILN�<�S���y�EFN ; N ; < ; ILGF< [ <>a+G�ObM><�c,WVT <��v�VEF='EFG�O [ GFT�E � <�E�S�EFN�S}<>G � O0M>IKDVN�<>�VN��2EFD7y ; EFM ; M�ObS}<0y6<fJL<>N�O
DV<>y M>ILDVN�<>�VN��|�; <HEFDVN�< [ a [ <>NUO�N�EFIKD E S�N ; <>D,ObGFS�I�=�ILD+IKN�ILD+EFM�EFD�N ; < � IKGFGQIby�EFDVJ�S}<>D+S}<
�
�°� � �Cu��	� !�m���n 
 5��'#	<�����m���������n��r! ;
Vr�
<���3�;
<'59#�-
5�� � � !vm�� n 
 5��'#	<����}m�� ������n���! ;�V ��< ��3�;�<'5=#�-�5�� �
��tb¤2¤	�>w |�; <�M�ObS}<�I � �3E S�N [ EFlhE�OPG��VW"<>M�O)R+S}<0ILR [ ch<��XD+EFN�EFILD7I � � � � ��E�S�M>IK='a"ILS}EFN�EQIKD+ObG�� |�; O�N�E�S�� � I [ OPDhT�M>ILDVN�<>�VN��¦�
N ; < [ <�E�S�O � RVD+M>N�EFIKD�OPG�� � ��� ��S�RhM ; N ; O�N�� � I [ <>lL< [ T m��@� � ����m���� �@AG� � ��� �¬�"� �Bm8� ��� �2N ; E�S_E�S�ObD�<�ObS�T7SUN [ RVM>N�R [ OPG�EQDVcVRVM>N�EFILD�ILD����
x <'a [ IblL<7N ; <Q� [ SUN�M>G�ObEF= WhT�S�N [ RhM)N�R [ OPGHEFDVcVRVM>N�EFILD�ILDÝN ; <,M)ILDVN�<>�VN��	ObS�y_<>GFG�� |�; <7WXOPS}< M�ObS}<L�_y ; <>D��	E�S

N ; <0<>=�a+N�T7M>ILDVN�<>�VN �"E�S�M>GF<�O [ � # N ; < [ y�E S�<K��N ; <�EFDVcVRhM)N�EQIKD,M�OPS�< [ <�cVRVM><�SfN�I N ; <�<>GF<>=�<>DVNUO [ T'M�OPS}<�S�N ; O�N�y ; <)Dh<)lL< [
m!�Nn+�VN ; <)D ���x`	`W`�
?m 
	`W`	` �"� ���"`W`	`�
?n�
W`	`W` � � I [ <�ObM ; � RVD+M>N�EFILD�SUTV=�W"ILG ��EFD'N ; <�G�ObDVJLR"ObJL<�I � �X��ObDVc�<�ObM ; O [ JLRV=�<>DVN
a"ILS}EFN�EQIKD��

� I [ <>�+OP='a+GF<L�VE � ��A3��� � �Ö�0m�� �U�-+���A��0^dR
� �Bmz� �¬�9^d�2� +�� � o � �0^dR
� �Bn	� �U�=^ �2�'+���� S}EQD~M><pm#� nL�rA � �Ö�~n}� �U�-+��>�v�VEFD+M)< +0E�S
O [ W+EFN [ O [ TV�+�0m!� �0n+�|�; <�M�OPS}<�S�y ; <>D��CE�S�N ; <'ObaVa+GFEFM�O�N�EFILD�SUTV=0WXIKG2I [ N ; <�R"aXObE [ Iba"< [ O�N�I [ ��y ; O�N�<>lK< [ N ; <'O [ JLRV=�<>DVN�a"ILS}EFN�EQIKDX�>�"I [
N ; <sU|GFE � N_IbaX< [ O�N�I [ O [ <�<>YVRXObGFGFT�<�OPSUTV�
x	; <>D �7E�SÇN ; < � ��Iba"< [ O�N�I [ �Vy_< ; O�lL<�N�y_I�M�OPS}<�S�� � N�O [ JLRV=�<>DVNÇa"ILS}EFN�EFILD m �Ly_<�=�R~SUN_S ; Iby	N ; O�Nvm!�Nn0<>DVNUObEFGFS

m�� t����Fn�� t��U� j6RVN�N ; E�S�E S6N [ EFlVE�ObG��KS�EFD+M)<�� �Bm_�Bt�� � �U�-+��aA�� � mz� �U�x� �Bt�� ���-+��U� � o � � �Bn	� �U�x� �Bt�� �U�,+�������WVT'ObS�SURV='a~N�EQIKDX�MA�� � n��Bt���� �U�,+��)�
� N�O [ JLRV=�<>DVN�aXIKS�EFN�EFILD � � y6<�=0R+SUN�S ; IbyzN ; O�N m$� n7<>DVNUObEFGFS�t��Bm8�%� ts�Bn	�U��j_RhNQ� � ts�Bm8�B� �U�-+��rAZ� �Bt�� �U�x� �Bmz� ���,+���� � o �
� �Bt�� �U�x� �Bn}� �¬�,+�������S}EFD+M><�m���n'OPDhc�WVT �2<)='='O � �MA�� �Bt��Bn	�B� �U�-+��>� |�; <�M�ObS}<�I � L0E S6<>DVN�E [ <)GQT7ObD+ObGFIKJLILR~S����

# W+S}< [ lK<HN ; O�N6N ; <�EFDhN�< [ a [ <>NUO�N�EFILD�E�SÇD~ILNÇS�N [ EFM>N GFT0='IKD+ILN�IKD+EFML��EQD�N ; O�N�m!�Nn�c+IV<�SÇD+IKNÇEF='a+GFT�����m����&���}n'�h�VIKD+GFT
���}m��(�����}n��8��M>ILD~S�EFcV< [ N ; <�M>IKDVN�<>�VN%� AwS�L+� RWt�� � I [ S�IL=�<vtf� |�; E�S�GF<�Obc~S�N�I�N ; < � IKGFGQIby�EFDVJ�cV<��XD+EFN�EFILD_�

�



���������´s���¤�� �
	 3�;
<�5=#�-
5 �N1 �p3���/4/&# �fS�O � <�1 !���< ��;
<8/ � 1 !vm#� nK14X�.~/21k# �%���}m�� � ����n���! ;
Vs#WY	#WVA��59#WV Xs�vmu�
< ��n
;x!s5
��#�� �
Xd#d5��".'#�� 683 ��5��'�
5����}m�� �
<	� ���}n����
V"#p5/�".z��7 /&# �
x <�S ; ObGFG2S}<><�EFD��V<>M>N�EFILD���N ; O�N�N ; < [ < O [ <�<>D+IKR+J ; S�O � <�M>ILDVN�<>�VN�S�N�I'ObGFG2N�TVa"<�c,�"�~��N�< [ ='S�N�I�W"< [ <�chRVM><�cCN�I�D+I [ ='ObG� I [ =dWVT [ <�cVRVM>N�EFILD~S�RhDVcV< [ S�O � <�M>ILDVN�<>�VN�S��
�°� � �Cu���
 ;
Vr#��
3 �KV 6�/2# � o�*Q#�-
3�#i.T5������d14< 
 1���68Vx#�� 
 � � * � 
 ;
V�V�6
/&#������ 
 � � * �

��tb¤2¤	�>w x <�IL=�EFN6ObGFG2N�TVaX<�EFD � I [ ='O�N�EFILDfRhD~GQ<�SUS�S�N [ EFM>N GFT�Dh<)M><�S�S�O [ TV�` R~GQ<0�������
� � � � �U�-+��
A �x� �Ö�0m�� �U�-+��U�>�"� �Bn	� �U�-+��U�
A � �0^rR
� �Bmz� �¬�9^��&�/+��U�)�x� �Bn	� �U�-+��U�
� o��"� �Bm8� �U�=^s�&�/+���� �&� �Bn	� �U�-+�� 0 ^	�
A�� �Bm8� �U�x� �Bn}� �¬�,+�� �&�/+��

WVT � <>='='O�g+�Vy ; EQGF<d� � *�� �U�,+�� A�� � mz� �U�x� �BnMR	O=P}� �¬�,+����aA�� � mz� �U�x� �Bn	� �U�,+�� �&�/+��>�|�; <HM�ObS}<�S�I � [ R~GQ<�S��"�BO=P�� �>�"�=L�O=PV��ObDVc��=O9P8LL�_O [ <�ILWVlVEFILR+S	��� � � � �U�-+�� A � � *�� �U�-+��{A�� �Bm8� �U�,+���EFD,ObGFG"N ;~[ <><0M�ObS}<�S��` R~GQ<��x� � � �d� � � � �¬�,+��MA � �Bm�� n}��� �U�x� �Bt�� �¬�,+�����A � �Bmz� �¬�"� �Bn	� �U�x� �Bt�� �U�-+��U���aAZ� �Bm8� �U�"� � n�LMt�� �U�-+��U�wA � �Bm��Bn�LMt���� �U�-+��>��OPDVc|S}EF='EFG�O [ GQT � I [[ R~GQ<��9LL�>�` R~GQ<0� m � �M� � � � �U�-+�� AG� � m � �U�x� �Bm�R	n�� �¬�,+���� AG� � m � �U�x� �Bmz� �¬�,+����&�:� �Bn}� �¬�,+���� AG� �Bmz� �¬�,+�� A � � *�� �U�-+��>�` R~GQ<0�4SV� �M� � � � �U�-+�� AG� � S	� �U�x� �Bm�R	n�� �¬�,+���� AG� � S	� �U�x� �Bmz� �¬�,+����&�:� �Bn}� �¬�,+���� AG� �Bn	� �U�,+�� A�� � *�� �U�,+��)�` R~GQ< �"R ��� � � � � �U�-+�� A � �BmdRWn	� �U�"� � t�� �U�-+��U� A � �Bm8� �U�"� � t�� �U�-+��U� �&� � �Bn	� �U�x� �Bt�� �¬�,+���� A � �Bm_�Bt��B� �U�,+�� �&� � �BnMLMt�� �U�-+��qA
� �F�=m��Bt�� �@RL�9nvLMt��9� �U�-+�� AG� � *�� �U�-+��>�` R~GQ<,�´�X��� � � � � �U�,+���A � �Ö�0m8� �U�"� � t�� �U�-+��U�rA �~^ ! R0� �Bm8� �U�=^K�&��� � t�� �U�-+��U�>��y ; EQGF<�� � *�� �U�-+���A �0^ ! R'� �Bm_� U�t��2� �U�9^��&� +���A �~^ ! R
� �Bm8� �U�"� � U�t�� �U�9^p�&�/+��U��A��0^ ! R�� �Bm8� �U�=^s�&�:� �Bt�� �¬�,+����>�` R~GQ<0�=�	�
�"� ��S}EF='EFG�O [ O [ JLRV=�<>DVN�ObS � I [�[ R+GF<��xRÖ�>�` R~GQ<��9gdU�� �r� � � � �U� <v�&�/+��MA <r�2��� � t�� �U�-+��>�+y ; EQGF<�� � *�� �U� <��&�'+���A � � m � �U� <v�&� +��v�&�0� �BtvLMS�� �U� <v�&� +���A <r�2�0� �BtvL�S�� �U� <v�&� +���A < �&�
� �Bt�� �U�x� � S�� �U� <��&�/+��U�aA <��&�'� �Bt�� �U�,+��)�` R~GQ<��=g0RÖ� �r� � � � �U� < �&� +��MA � � m � �U� <��2�'+����&�@� � S	� �¬� < �&� +��MA < �&� +�A � � *�� �U� <v�&� +��A��ObDVc#<��&� +0E S�N ; <0='IKSUN�JL<>DV< [ ObG � I [ = I �
O [ JLRV=�<>DVN_N�I�� � � � ��WVT'N�TVa+EFDVJX�VS�I � �$*V�` R~GQ<��9gpR	LL��� � Az� m �Bmz� ��RV�4SpL�mX� �z� m R�Sh��LMm���WVT7M�OPS�<��x� � �U�%� O9PvLvm ��WVT'M�OPS}< �9g~RÖ���%� m�A *7��WVT�M�ObS}<'�9O=P8LL���>�# W+S}< [ lK<�N ; O�N�y6< ; O�lL<�R+S}<�c �2<)='='O0g,��N ; < � aXO [ N}��EF='a+GFEFM>EFN´GQT0N ;+[ IKR+J ; ILRVN�� � GQG�N ; <�ILN ; < [�[ R+GF<�S�O [ <0cV<�ObG�NHy�EFN ;
S}EF='EFG�O [ GFT@�` R~GQ<0� m U���� � A m � U mz� � m � m RK�=m0LvSV�9�6� WhTC�=gsU��U�%� m A$*���WVT|� m ���>�` R~GQ<�� m UKLL� � � A m � U�m�LMn}��� m �F� m RK�=m0LwSh�U��LMn	����WVT|�9g�U���� � m �F� m �Bn	� � RK�U�=m0LrSV�@LMnL�9����WVT|�"RÖ�U�%� m �Bn	�_A$*���WVT
� m �U�)�` R~GQ<0�4S�U�� � � AwS�LwU�m��wS�L+� m RK�=m0LwSh�U��� WVT|�=g U��U� � m0LvS8A *���WVT|�kSh�U�)�` R~GQ<0�4S�U LL��� � AwS L~�4U�mvL�nL� �vSdL+�U� m R��=m0LvSV�U�0LanL��� WVT,�=gsU��U� �vSdL+�U� m �Bn	� �@R��U�9m~L Sh�'L�nL������WVT,�xRÖ�U� ���9m~LrSV�'Lan
��WVTC�4Sh���%� msL��4S�L
nK�aA$*���WVT,�9LL�U�)�
` R~GQ<0�4U@U���� � AwU�m~LwU�n � � m RL�=m0LwSh���xLwU�n7��WVT|�9g�U����%�3� m � U n}� � Rb���=m0LrSh�"LwU�nK����WVT|�"RÖ�U� � m Rb���=m0LvSV�xLwU�nL�

��WVT7� m U��U� � m R)�=mML_�4SvLrU�nK�U����WVT �9LL��� � m R>�=mML_�9n
LwSh������WVT7�4S
U���� � m R)�U�=mML nK�xLMSV����WVT7�=LK�ÇR+S}<�c'EFD0N ; <�IbaVa"ILS}EFN�<
c+E [ <)M>N�EFILDX�%�wU��=m�LMnK��A *'� WhTC�=gsU��_R+S}<�c�EQD�N ; <�IbaVa"ILS}EFN�<�c+E [ <>M>N�EFIKDX�>�` R~GQ<��kU@U LL��� � AwU�mvL��4U�n�L�t�� �3�kU�m~LwU�nL�0Lat ��WVT �9LL�°R+S}<�c7EFD�N ; <�IbaVa"ILS}EFN�<�c+E [ <)M>N�EFILDX� �wU��9mvLanK�~L�t�A%*
��WVTC�4U@U��U�)�` R~GQ<,�kUGRÖ� � � AwU m�L0�9n�R
t�� � � m R"�=m0L�Sh��� L��=n�R�t�����WVT �9gKU��U� � � m �Bn�R
t�� ��R"�U�9m~L�Sh� L��=n R
t����'� WhT��xRÖ���
� n�Rb�U�9m~L Sh�@L��=nsRWt��U����WVT,� m �U�%� n�RK�=m�L��kS�L+�=nsRWt��U�U��� WVT|�=LK�U�%� nrRL�9m�LMt��aA%*�� WhTC�4SV�U�>�` R~GQ<0�4U�O9Ph��� � AwU�O9P � m Rb�9O=P8LrSV��� WhTC�=gsU��U��� m R�S,� WVT|�=O9P8LL��� � O=PdA%*���WVT|�9g0R ���>���
��N � ILGFGFIby�SW�

�����h¤"tb������� � u����������V¤"tb� ����� YW#	V@�dVx#��
683	5=1k;
<�14<�5
��#p5/�".'# ���"���x3���/&3W6�/26�� 
 ���'#	Vx#s#WY	#WVA�p3�;
<�5=V"�
3	5=#����������xVx#��
#�-
;	3?3	68V���68< �
#	V���� �"! #p3�;�<'5=#�-�5 
 1 ����<'1459# �

l



��tb¤2¤	�>w � DhT0SUN�<)a EFD�S�RhM ; O [ <�cVRVM>N�EFILD�E�SÇ<�EQN ; < [ O�� ���´��M>ILDVN [ ObM>N�EFIKD ���h�´�~m"�xn'� � o ���}m��BnMR?O9P�� �h�bN ; <>D����V� �0mX�"n�� �
���}m�� nsRWO9P�� ��WVT �2<>=�='Or� OPDhc7N ; < � OPM>N�N ; O�N �,E S�S�O � <-�~I [ O��~��M>IKDhN [ OPM>N�EFILD m � o � n+�"y ; < [ <�m���n�WVT � <>='='O �
ObDVc � <>='='O�g+� |�; < [ < � I [ <H<�ObM ;'[ <>y [ EQN�<�S�N�<>a'E�S°SUN [ EFM>N´GFT�ch<)M [ <�OPS}EQDVJ�EQD�N ; <�GQ<)�hEFM>IKJ [ Oba ; EFM_a [ IVcVRVM>N�I � ��OPDVc � o �

� �y ; EFM ; E�S6y_<>GFG�� � ILRVDVch<�c7S}EQD~M><�N ; <�N�TVa"<�c,����M�OPGFM>R+GFR+S�N�< [ ='EFD+O�N�<�S�� � I [ ����ObDVc,�,N�< [ ='EFD+O�N�<�S���WVT �2<>=�='O m �>���

� # �f��� # 
��L�$1 ���0����
���8

��N [ <)='ObEFD+S_N�I�a [ IVcVRVM><�SUIK=�<�D+IKDV��N [ EFlhE�OPGXS}O � <�M>IKDhN�<)�hN�S	�
���������´s���¤��&��� #	5�5��'#�SUTVDVNUObM>N�EFM�OPGFGQT0S�O � <�M>ILDVN�<>�VN�S�7�#��
#��a<'#�������5��';�� #d14<��0D +��_J 
 ���'#	Vx#��

� D �&�BA Eb��� D E�� D �GE��	� D E�� D �B,H�IE�C D � � J �aE m � � �J �
� J �&�BA
� �J E�� D RW,uE��NR�� J E U
� J E U�,�L�� �J E�� J LM,
� �J �&�BANC@JdL��_J�E S�L�� �J E�� �J LM,

j6< � I [ <�y6<�S ; Iby �2<)='='O�n+�Vy_<�DV<><�c N ; < � IKGQGFIby�EFDVJ�N�<>M ; D+EFM�ObG�GF<>='='O~� � <>N�< � WX<�cV<��XDV<�c,WVT�< � � <v�2� +��aA +L�"ObDVc
GF<>N�< � � W"<HcV<��"Dh<�c,WVT@� < ��� �,+���A.+K�"< � � � � A < � L < � � �
�°� � �Cu�� 
 ;
Vd#WY	#	V@��3?;�<'59#?-�5 � � 14<�� �J 
 5
��#WV"#�1&����� 5=��3?>�Y	�
V 1k�
7�/2#�c 
 �d.@Vx;�.z#	V�� 687�3�;
<'59#?-�5 �N;x!�� � 1k<
�_J��
< �
�
<$14<'59# ��#	V������ � 683 ��5��'�
5 
 !�;
Vr#WY	#	V@�p59#	V X mK� 6:3 ��5��'�
5�� � �}m���1&� �a#�/4/ �x5��".'#�� 
 !�;
Vv#	Y	#WV@�4+ � ;x!r5��'#�V�1�� ��5a5/�".z# 
 ! ;
V
� ;
Xd# + 
 � � � � �}m���� �U�-+ � �aA < ��� �x� � cQ� �U�x� � ���}m��x� �U�-+��U��� �
��tb¤2¤	�>w j6T,S�N [ RhM)N�R [ OPGÇEFDhcVRVM>N�EFILD7IKD�� � � |�; E�S�E�S�ILWVlVEFILR+S�E � � � ; OPS�N ; < � I [ = c L%���"y�EFN ; ����� J �	�ZA3i�ObDVc
+vA + � �
� � � � AwS L � �B� y�EFN ; � �B� ��� �J �2N ; <>D � I [ <)lL< [ T mCS�RhM ; N ; O�N�� � ��m��0E�S�y6<)GQG���N�TVaX<�c��"EFD,aXO [ N�EFM>R+G�O [ � �B� �}m���E SHy_<>GFG��

N�TVaX<�c���S�I,WVT|EFDVcVRhM)N�EQIKD ; TVa"ILN ; <�S}E�S�� � � �B� �}m���� �U�-+ � ��A < ��� �x� � cQ� �U�x� � ���}m��x� �U�-+��U��� � I [ SUIK=�< � � i�ObDVc|S�IL=�< +L� |�; <>D
� � � � �}m���� �U�-+ � � A�� � S	� �¬�"� � � �B� ��m���� �U�-+ � �U�aA < � �"� � � �B� �}m�� � �U�,+ � �U�aA < �!� � � �"� � cQ� �U�x� � ���}m��x� �U�,+����U�>�
� � � � A � �B� Lrtf��y ; < [ <�� �B� �"� �J ��N ; <>D � I [ <>lL< [ T�m�S�RhM ; N ; O�N � � �}m�� E S�y6<)GQG���N�TVaX<�c��2EFD�aXO [ N�EFM>R+G�O [ � �B� �}m��'E�S

y_<>GFGÊ��N�TVaX<�c��"SUI7WVT,EFDVcVRhM)N�EQIKD ; TVaXIKN ; <�S�E S�� � I [ <>lK< [ T + � � I � N ; < [ EFJ ; N�N�TVa"<L�a� � � �B� �}m���� �U�-+ � � �MA < � � �"� � cQ� �U�x� � ���}m��x� �U�,+��>�U���� I [ SUIK=�<
� �:i|OPDhc�S�IL=�< +���� |�; <>D � � � � ��m���� �U�-+ � �dAq� � � �B� ��m���� �U�x� �Bt�� �U�-+ � �U�@�_GF<>N´N�EFDhJ + � � W"< � �Bt�� �¬�,+ � �)�v� � � � �}m���� �U�-+ � ��A
� � � �B� �}m���� �U�-+ � � �aA < � � �"� � cQ� �U�x� � ���}m��x� �U�,+��>�U���>���
�°� � �Cu$# � Y	#	V@�d�@��<'5=��3W59143���/k/ �s���"! #d3?;�<'59#?-�5�1 � � �"! # �
��tb¤2¤	�>w x < ; O�lK<�N�I,S ; IbyzN ; O�N�E � m$� n~��N ; <>D$����m���� ����n�� � I [ ObDVTCSUTVDVNUObM>N�EFM�OPGQGFT7S�O � <'M)ILDVN�<>�VN ��� |�; E S�E�S
WVT|S�N [ RhM)N�R [ OPG�EQDVcVRVM>N�EFILD�IKD �¦��R+S}EFDVJ�%�<��XD+EFN�EFILD m � |�; <'WXOPS�<�M�ObS}<L��y ; <>D$��E�S�N ; <�<>='a~N�T,M>ILDVN�<>�VN ��E�S�M>GF<�O [ �# N ; < [ y�E�S}<
�
� � � A � �0�b�Vy ; < [ < �0�&��� D �~N ; <>D�� � ���}m��"� �¬�,+���A��0^�R�� � �0� �}m�� � �U�9^p�&�/+�� � o � �~^sR
� � �0� ��n���� �¬�9^��&�(+���AG� � ���}n'��� �¬�,+��_WVT

EFDVchRVM>N�EFIKD ; TVa"ILN ; <�S}E�S��a�VEF='EFG�O [ GFT�y ; <)D ��A �0��t I [ � A t%�0���VI [ � A �~� R?t � I [ SUIK=�<�N�< [ =Zt	ObDVc�SUIL=�<%�0�	��� D �
I [ ��AwU �0��I [ ��A tuR �0� � I [ SUIL=�<�N�< [ =Zt�ObDVc7SUIK=�<%�0�&��� J �
� � � A �~�	� t�� � I [ S�IL=�< �0�'�(� D OPDhc S�IL=�<	S�NUObM�
Zt��CN ; <>Dq� � ���}m���� �U�-+�� A � � �0� �}m���� �¬�"� �Bt�� �U�-+��U� � o �

� � � � �}n'� � �U�x� �Bt�� �U�,+���� A � � ���}n'� � �U�-+���WVT|EFDVcVRVM>N�EFILD ; TVaXIKN ; <�S�E S����VEF='EFG�O [ GÊT7y ; <>D&�NA � � L�t � I [ S�IL=�< � � EFD$�_J�ObDVc
SUIK=�<�S�NUObM�
 tf�
� � ��A [_� � � �Çy ; < [ <�[CE SHObDCN�< [ = lLO [ E�O�W+GF<�ObDVc�� � ���_J�� N ; <>DN� � ���}m��x� �U�-+��vA �[=< � `	`W` < � < � � � y ; < [ <+< � �&��`W`	`@�&�

< � �&��< � � � A � � � � �}m���� �¬�,+�� � o � � � � � ��n�� � �U�,+���WVT,EFDVchRVM>N�EFIKD ; Tha"ILN ; <�S}E�S�� � <>N'� < � � 
W`	`W`�
 < �� 
)< �� � � ��WX<�� � � � �}n���� �U�-+�� ��N ; E S
=�<�OPD+S�N ; O�N <*2 � o � < �2 � I [ <)lL< [ T�OU� m 3 O 3 $ � m ��ObDVc�N ; O�N <*2 � o � < �2 � I [ SUIK=�<\O�� ��I �["< � `	`	` < � < � � � � o �
�[=< � � `W`	`/< �� < �� � � A�� � ����n�� � �U�,+��)�
��N [ <)='ObEFD+S�N�I�cV<�OPGXy�EFN ; N ; <�M�ObS}<�S6y ; <>D!�'E�S�EFD�� �J �VObDVc�y ; <>D��7E�S�I � N ; < � I [ = m � � � �XI [ U�t�L�� � y�EFN ; � � ��� �J �
^_ILD+S}EFcV< [ � [ SUN0N ; <�M�OPS}<�y ; < [ <��ÝE�S�SUIK=�<�M>ILDVN�<>�VN � � EQD)� �J ��j6T �2<)='='O�l+� N ; < [ <'E�S�O�SUNUOPM?
ClLO [ E�O�W+GF<�c���O

a [ IbaX< [ SURKWXM>IKDVN�<>�VN(�0��EFD�� J OPDhc,OPD EFDVN�<>JK< [ � ��i0SURVM ; N ; O�N � I [ <>lK< [ T m I � N ; < [ EFJ ; N_N�TVaX<L� � I [ <>lL< [ T + � I � N ; <[ EFJ ; N�N�TVa"<L�2N ; < [ <�E�S�O'����N�< [ = +�SURVM ; N ; O�N�� � � � �}m���� �¬�,+ � �wA < � � �x� � cQ� �U�x� � �0� �}m�� � �U�-+��U���>� � <>Nrc�W"<pc+� �"! � ?������ ? !�*�?���y ; < [ <

n



WVT'N�TVa+EFDVJ � � �,� �2<>N�OPGQS�I+< � �&�:`	`	`:�&��< � �&��< � � � W"<�� � � � ��m���� �U�,+��)�+ObDVc < � � �2�8`	`W`8�&��< �� �&��< �� � � W"<\� � � � ��n�� � �U�,+��)� |�; <)D_�
� � � � ��m���� �U�-+ � �
A < � � � � �cQ�3< �_`W`	`/<1�"<1� � �>���2��`W`	`8�2�~� �c � < �_`	`	`/<1�"<1� � �>���&�+� �c � � ��< �{`	`	` <1�=<1� � ���M�&�8`	`W`8�&�+� �c�� � ��< �_`W`	`/<1�"<1� � �>���
A3� �c � � � < � `	`W` < � < � � � �M�&�'`	`W`��&�+� �c � � � < � `W`	`/< � < � � � �
� o � � �c � � � < � � `	`W` < �� < �� � � �M�&�'`	`W`8�&�V� �c � � � < � � `W`	` < �� < �� � � � ��WVT'EFDVcVRVM>N�EFILD ; TVaXIKN ; <�S�E S��
A < �!� � � �c � < � � `W`	`/< �� < �� � � ���2��`W`	`8�2�~� �c � < � � `	`	`/< �� < �� � � ���&�+� �c � � � < � � `	`	` < �� < �� � � �M�&�8`	`W`8�&�+� �c � � � < � � `W`	`/< �� < �� � � � �
AG� � � � �}n'� � �U�-+ � �

SUI����}m���� ���}n'�h�
� � � A m � � � �U�VN ; <>D7NUO�
VEFDVJ�N ; <�S�OP=�<�D+IKNUO�N�EFILD OPS�O�WXIblK<
�

� � ���}m��x� �U�,+ � �
A �c � � � < � `	`W` < � < � � �
� o � �c � � � < � � `	`W`/< �� < �� � � ��WVT'EFDVcVRhM)N�EQIKD ; TVaXIKN ; <�S}E�S��
A�� � ����n���� �U�-+ � �

��IKW+S}< [ lK<�N ; O�N�D+Iby�� �"� WVT�N�TVa+EFDhJV�_SUI'OPJhObEFD!����m����&���}n'�h�
� DVc7E � � AwU�t�L � � �~N ; <>D��

� � ���}m���� �U�-+ � �
A3� �c � � � < � `	`W` < � < � � � �M�&�'� �Bt�� �U� < � �x� � � � ��m���� �¬�,+ � �U�
� o � � �c � � ��< �_`	`	`/<1�"<1� � �>�M�&�:� �Bt�� �¬� < � �x� � � � �}n'� � �U�-+ � ��� ��WVT � <>='='O�gK�
� o � � �c � � � < � � `	`W` < �� < �� � � �M�&�'� �Bt�� �U� < � �x� � � � �}n'�	� �¬�,+ � �U� � WVT'EFDVchRVM>N�EFIKD ; TVa"ILN ; <�S}E�S}�
AG� � ���}n���� �U�-+ � �

SUI����}m���� ���}n'�h���
�°� � �Cu�� � #W5�����m���7?#s�����x<';�V Xp��/_� 14X�.~/ �	�x5��".'#���59#WV X 
 ���'#	Vx#rm�� � �	���'#	<��u1&���d�@��<'5=��3W59143���/k/ �d� �x! #d3�;
<'59#�-
5 �
��tb¤2¤	�>wA` <>M�OPGQG�N ; O�NHN ; <'�~��D~I [ ='OPG � I [ ='S��"� `fB
FIhjLg��U�2a��Ön
lK��O [ <'ObGFG�<>GF<>=�<)DhN�S�I � N ; <0G�ObDVJLRXOPJL<�S�ch<�SUM [ EFW"<�c�WVT7N ; <� IKGQGFIby�EFDVJ�J [ OP='='O [ �

��D7��� <v�&�BA m Eb��< EA<)<vE�C D E�C D ��+��IE m ��+ � �
��D�,�� +s�2�BA + � E�O=PQEA<�R�+

+ � �&�BAwSTE	C J E�C J L
+dE S�L + �
� � GÊN ; ILR+J ; ILR [ ��E�S�c+E'&�< [ <>DVN � [ IK= `�B
FILS��Q�PEQN�E�S�<�OPSUT0N�I�S}<><�N ; O�N°EQN ; ObS�<>�+OPM>N GFT0N ; <�S}Ob=�<ÇD+I [ ='OPG � I [ =�S��Ö� |�; < [ < � I [ <
N ; <fM>ILDVN�<>�VN�S ; O�lVEFDVJ O ; ILGF<�ObM>M><)a+N�EFDhJ�N�< [ ='S�I � ��O [ <H<)GQ<)=�<>DVN�S�I � N ; <�G�ObDVJLR"ObJL<�S�cV<��XDV<�c,WVT'N ; <fJ [ OP='='O [ �

��D7��� ;��a�&�BA Eb� ;���E6;�� < EA<2;���E>;��?��+��IE�C�Dv� ;�
 �aE m � ; �
 �
��D�,�� ; 
 �2�BA ; �
 E6; � R�+dEA<IR�; 


; �
 �2�BANC J L�; 
 E S�L"; �

y ; EFM ; M>GF<�O [ GQT�cV<��XDV<�S�SURKW+G�ObDVJLRXOPJL<�S�I � � D � � J ObDVc�� �J [ <�SUa"<>M>N�EFlL<)GQTV�+a [ IblVEFDhJ0N ; <fM>G�ObEF=|� �
��¤Xtb¤ � �´u+tb¡�� � < 5��'#s� 14X�.~/ �	�x5/�".'# ���"���x3���/&3W6�/26�� 
 #	YW#	V@�����x#��W��#	V�Vx#	�aV 1459#r1&� ��<'1459# �
��tb¤2¤	�>w ��DC<>lL< [ T��~��<�OPJL< [0[ <)y [ EFN�<L��<>lK< [ T�������E S�a"< [ � I [ =�<�c,RVDVch< [ O�SUTVDVNUObM)N�EQM�ObGFGFT S}O � <0M>IKDhN�<)�hN�WVT�� <>='='O��~�|�; E�S_M>IKDhN�<)�hN�E�S_S�O � <HWVT �2<>=�='OHn~�VSUI |�; <>I [ <>=Z��ObaVa+GFEF<�S��&�
x <�M�ObD7c+I�N ; <HS}Ob=�<�N ; EFDVJ�y�EFN ; N ; <��"� � ��M�ObGFM>R+GFR+S�OPDhc,� � ��<�OPJL< [�[ <>y [ EFN�<�SW�

�°� � �Cu���� � #	5����}m�� 7�#w��� � �x<';�V Xd��/8� 14XM.0/ �	�x5/�".z#���59#	V X 
 ����#WV"#am�� � �����'#	<�� 1&��� � ��<�5=��3W59143���/4/ �M� �x!�#v3�;
<'59#�-
5 �

�



��tb¤2¤	�>w � D7<�ObS�T O [ JLRV=�<>DVN��VS�EF=�EQG�O [ N�I�N ; ILS}< � IKRVDhc�EFD � `fB
QIVjLg��U�LS ; Iby�S�N ; O�N�N ; <�� � ��D~I [ ='OPG � I [ =�S6O [ <�ObGFG2EFD'N ; <
G�ObDVJLR"ObJL<�S�cV<�S�M [ EFWX<�c,WVT'N ; < � ILGFGFIby�EQDVJ�J [ OP='='O [ �

��D7��� <v�&�BA m Eb��< EA<)<vE�C�DFE�C�D���+��IE m ��+ � �
��D�,�� +s�2�BA + � E�O=PQEA<�R�+pE U +pE U +�L
+ �

+ � �&�BAwSTE	C@J E�C@JpL
+dE S�L + �
��DVcV<><�c��+y_<�S ; Iby	WVT�S�N [ RVM>N�R [ ObG�EFDhcVRVM>N�EFILD�IKD'N ; <�� � ��D~I [ ='OPG+N�< [ = m�N ; O�NW��� m �°E � m'E SÇEFD'���VN ; <)D�m E�S_EQD�G�OPDhJKRXObJK<
<���� � ��E � m,E S�O0SUNUObM�
2�+N ; <>D�m7E�S�EFD7G OPDVJLRXOPJL<�+L���´gL�_E � m7E�S�O0SUNUOPM�
 OPDVc m �Bm8��E�S�� � ��D+I [ ='ObG��KN ; <>D m E�S�EFD G�OPDhJKRXObJK<
+ � ���k�h��E � mCE S�O'S�NUObM�
,ObDVc�S�L�m,E�S�� � ��D+I [ ='ObG��VN ; <)D�m,E�S�EFD,G�ObDVJLRXOPJL< + � �2ObDVc{�=�K��E � m�E�SHO SUNUOPM?
CObDVc�U�nvLwmCE�S
� � ��D+I [ ='ObG��KN ; <>D�m7E S6EFD7G�ObDVJLRXOPJL<4+ � �

� E [ SUN��2ILW+S}< [ lL<�N ; O�N�� � ��EQ=�a+GFEÊ<�S�� gK� ��S}EFD+M>< m �Bm8��E�SH� � ��D+I [ ='OPG��'m�M�OPD+D+ILN�W"<pO9P|� WVT [ R+GF<'�"�BO=P�� �U�)��O M>ILD~S nsR�t
� [ R+GF<,� m ��y_ILR+GFcCWX<'OPaVa+GFEQM�O�W+GF<���I [ O7GFE � NrUFn � [ R~GQ<C� m U���y6IKR+GFc|W"< OPaha~GQEFM�O�W~GQ<��>�"I [ I � N ; < � I [ = U n�Lrt � [ R+GF<
� m U�LL�_y_ILR~GQc�WX<�OPaha~GQEFM�O�W~GQ<��>�

�VEF='EFG�O [ GQTV��� � ��EF='a+GFEF<�S��4�V�>��WX<)M�O>R~S�<�I � [ R+GF<�S'�9L
O9PV�>�_�4Sh�)�6�kS
SV��ObDVc	�4S�U�LK�>� � DVc	� � ��EF='a+GFEF<�S��9�L��W"<>M�O)R+S}<7I �[ R~GQ<�S��9L
O9PL�)���4U�RÖ�>�2�kU@U���OPDhcC�4U@U LK�>�x <�D+Iby�S ; Iby � � �>� �2<>N�m�WX<�O�� � ��D+I [ ='OPG2SUNUObM�
2��� � m�E�S�EFD C@J�I [ E�SwSX�"N ; <)D m�E�S�M)GQ<�O [ GFT7EFD + � � ; <>D+M)<�EQD +L�
� � m�A O9P�I [ E � m7E�S�O0M>IKD+S ndRWt I [ O0GFE � N�U n+�"N ; <)D m7E�S�OPGQS�I�EFD +K� � EFD+ObGFGFTh�KE � m E�S�O0M>IL=�aXIKS}EQN�EFIKD�n LMtf�+N ; <>D,EFD
aXO [ N�EFM>R+G�O [ nfE�S6EFD +-�VW+RVNvn0M�OPD+D+IKN�WX<rO=P7� [ R+GF<��=O9P8LL�°y6IKR+GFc'ObaVa+GFT+�>�KI [ O�M>IKD+Svn��aR?n��0� [ R+GF<��xRÖ�°y6IKR+GFc'ObaVa+GFT+�>�KI [ O
M>IK='a"ILS}EFN�EQIKD\n�� L�n��0� [ R+GF<��=LL�°y_ILR+GFc OPaVa+GFT��A�LS�I\n0=0R+S�N6W"<�I � N ; < � I [ = U�n���� N ; <>D�m ; ObS�N ; < � I [ = U n��{L�t	y�EFN ;
n�� � +�ObDVc�t � +�WVT7EFDhcVRVM>N�EFILD ; TVa"ILN ; <�S}E�S���S}EFD+M><7� � ��EF=�a+GFEQ<�S��=�K�>�_t E�S�ObM>N�R"ObGFGFT EFD + � �2S�I�mCE�S�EFD +��)�2I [ n�AwS
��N ; <>D m�AwS\L�t��Vy ; < [ <\t � +�WVT�EQDVcVRVM>N�EFILD ; TVaXIKN ; <�S�E S �+S}EFD+M><�� � ��EF='a+GFEÊ<�S��4�h�)�~t E�S�ObM>N�R"ObGFGFT�EQD + � �+SUI�m7E�S�EFD + � �; <>D+M><�EFD +��>� I [ n�E�SHO�lLO [ E�O�W+GF<vc EQD�C J ��N ; <>D�m A c Lrt�y�EFN ; t � +0WVT,EFDhcVRVM>N�EFILD ; TVaXIKN ; <�S}E�S��2S�I�m,E�S�EFD + � �; <>D+M><fEQD +��>�x <'D+Iby S ; Iby � m �>� �2<)N�m{W"< OC� � ��D+I [ ='ObG°N�< [ =�EFDÝ����� � mÝE�S O lLO [ E�O�W+GF<�EFD�C�D��ÇOPD O�W+S�N [ OPM>N�EFILD	�0n+�6OPD
ObaVa+GFEFM�O�N�EFILD�n
t I [�m �2N ; <>D�m,E�S�EFD�<�� � EFD+ObGFGFTh�VE � m�E�S�I � N ; < � I [ = n'�Bt��¬�"N ; <>D�n�=�R+S�N�W"<�O�lLO [ E�O�W+GF<�EFD C�D	I [ W"<
<>YVRXOPG2N�I m ��N ; <fILN ; < [ M�ObS}<�S�y_ILR+GFc'W"< [ <�cVRhM)EQW~GQ<�WVT [ R+GF<�S��´�X�)���9�W���X�_I [ �"� � �)� � I [ <>IblL< [ �+WVT�EFDVchRVM>N�EFIKD ; TVaXIKN ; <�S�E S
t E�S_EFD +K��� � n�E�S�O0lLO [ E�O�W+GF<v[�EFD�C�D��VN ; <>D m�A [_�Bt���E S6EFD <���� � n�A m �VN ; <>DKm�A m � t���y ; < [ <pt E S6EFD +L�"ObDVc7S}EQD~M><
� � �_EF='a+GFEF<�S��´gL�>�0t E�S�ObM>N�RXOPGFGQT�EFD + � �+S�I�m�E�S6EFD <�ObJhOPEFD��
��N � IKGFGQIby�S2N ; O�N�N ; <6M>IKDVN�<>�VN�S ; O�lVEFDVJ�O ; ILGF<ÇObM>M)<>a+N�EFDVJHN�< [ ='S�EFD��{O [ <6EFD�N ; <_G�ObDVJLRXOPJL<�S�cV<��XDV<�c�WVTHN ; <ÇJ [ Ob=�='O [ �

��D7��� ;����&�BA EP�C;��ME6;��/<�EA<2;��ME6;���� +��IE�C�Dv� ;�
i�IE m � ; �
 �
��D�,�� ;�
v�&�BA ; �
 E6;��_R +pEA<aR ;�
rE U0;�
rE U�;�
�L
+ � E U +�L�; �


; �
 �&�BANC@J�L�;�
rE S�L-; �

ObDVc7EFN6E S6<�OPSUT7N�I�S}<><�N ; O�N ;��>� ;�
�� ; �
 O [ < [ <�SUa"<>M>N�EFlL<0SURKW+G�ObDVJLR"ObJL<�S�I � �0D����_J,ObDVc
� �J ���
��N � ILGFGFIby�SW�

��¤Xtb¤ � �´u+tb¡ ��� � <K5��'#r� 14X�.~/ �	�x5��".'#����"� � �x3���/23	6
/&6�� 
 #	YW#	V@��� � �x#?�	�
#	V�V"#W�aV�145=#r1&���a<'1459# �
��tb¤2¤	�>w ��D <)lL< [ T � � ��<�ObJL< [�[ <)y [ EFN�<L�~<>lL< [ T�������E�S6a"< [ � I [ =�<�c7RVDVch< [ O0SUTVDVNUObM)N�EQM�ObGFGFT�S�O � <HM)ILDVN�<>�VN�WVT �2<)='='O m i~�|�; E�S_M>IKDhN�<)�hN�E�S_S�O � <HWVT �2<>=�='OHn~�VSUI |�; <>I [ <>=Z��ObaVa+GFEF<�S��&�

� �_�L���¦���74_��8

� � ^�^ ��jKi	� � O [ N B
FD � WXOPc+E����2RVM�Of^�O [ cV<>GFGFE�� Z EF< [�[ <}� �2IKR+E�S�^_R [ EQ<)D��hOPDVc k <�ObDV� k OPM>YVR+<�S�� B<)lhTV� � �ha~GQEFM>EFN�SURKW+SUN�EFN�RVN�EFILD+S��
��D���Vx;	3?#�#��
1k<
����;x!Q5
��#���� 5�� 	 <'<�6:��/ 	��	��
 ��X�.z;�� 1468X ;�<��MV�14<'3	1 .~/&# ��;x!
�MV";?��Vx��XpXd14<
� � ��<
��6:�	�
#��>�
a"ObJL<�SHg m�� �:l+�8�+OPD �~[ ObD~M>E�SUM)IX�X^�OPGFE � I [ D+E�O+� k OPDLRXO [ T m jKjLi~�

� @ ��j�l	� k <�ObD @ IKRLWXO)R+GÊN¬� ��O [�[ <>M>Y2� # D�M)IL='a~RhNUO�N�EFIKD�OPG�EFDVN�< [ a [ <>NUO�N�EFIKD+S I � N ; <$=�IVc�OPG�GFIKJLEFMq�8���U�>�|�; <�����������M�OPGQM)R+GFR+S�� | <>M ; D+EFM�ObG [ <>a"I [ N�� � D+EFlL< [ S}EFN�T�I � 	�O [ GFS [ R ; <L� m jLj
l~� � lLObEFG�O�W+GF<:IKD
�������������� ��!�"�#�$&%�!�'($*)+'($�,�'($.-�/ ���� ��!�"�# �+0 -���1 � 1 ��2 !�-�3�,�-�4 ��5�� �

� @ ��jKn	� k <�ObD @ ILRKWXO>R~GÊN�� ��O [U[ <>M>Y2� # D M)IL='a~RhNUO�N�EFIKD�OPGXEFDVN�< [ a [ <>NUO�N�EFIKD+S�I � N ; <�='IVc+ObG"GFILJLEFMr�8�����U��W��"^_ILD h R+<>D+M><
OPDVc M)ILD+S}< [ lLO�N�EQlVEFN�T�I � N ; <��������76���M�ObGFM>R~GQR~S�� | <>M ; D+EFM�OPG [ <>a"I [ N��"��D [ E�O+� m jLjKn+�

j



� } ���Lj	� |�;�B< [ ~<>S}< } O [ c+EFD|ObDVc k <�ObD�� k ObM>YVR+<�S � B<>lVTh� � M>IKD h R+<)DhN�M�OPGFM>R+GFR+S�I � S�RLW+S�N�EFN�RhN�EFIKD+S��0��D 
 V"�
<'3�#����:��.z��<
	 V�5=1 ��3W14��/ � <'59#�/4/21���#	<'3�#p��< � � ;�XM.@6:59#	V 
 3	14#W<�3?# 
 ��X�.z;�� 1468X�� %�<)M><>=0WX< [�m j
�Kj+�

� 	 [ E�j � � k <�ObD�� � ILR+E�S
	 [ EFlVEQDV<L� � �
Xd7��
���x3?��/23	6�/ 
 5��".'#�� #	5�Xp; ���#�/2#��>� � ObS�SUILD�� m jKj � �
� � <>G�j���� Z O)R+G�� � DVc [+B< � <>GFGQE ~<>S�� | Tha"<�c	G�Ob=0WXc+O���M�OPGQM)R+GFE6y�EFN ; <>�Va+GFEFM>EFN�SURLW~SUN�EFN�RVN�EQIKD+S7='ObT�D+IKN'N�< [ ='EFD+O�N�<L� ��D

��Vx;	3?#�#��
1k<
����;"!�5
��# ����� 
 ��� �a;�Vx>�� ��;�.2� �
	R+D~M ; <>D�� � a [ EQG m jLj��X�
� � <>G�j
�	� Z O)R+G�� � DVc [+B< � <>GFGQE ~<>S�� | Tha"<�c	G�Ob=0WXc+O���M�OPGQM)R+GFE6y�EFN ; <>�Va+GFEFM>EFN�SURLW~SUN�EFN�RVN�EQIKD+S7='ObT�D+IKN'N�< [ ='EFD+O�N�<L� ��D� � %�< %�OPD+E��¬^_E�ObD~M�ObJKGQEFD+E2ObDVc @ � Z GFILNx
VEFD��~<�c+EFN�I [ S����8< � � <'59#WV�<'�
5914;
<���/ � ;
< !�#WV"#W<'3�#d;
< � �".z#�� � ��Xp7������

� ��/23	6�/21@�
<	� 	 .
.~/&143��
5914;
<z��
 � � � 	�� ����� �baXObJK<�S_g � � � gKg��X� � c+EFDLW~R [ J ; � � 	�� � a [ EFG m jKj
�~�W�Va [ EFDVJL< [�� < [ G�OPJ
� � ^M�7jLi � �

� `�B
FIhjKg	� � GF< \>ObDVc [ I `fB
FILS�� � ;
<�5=V 1k7W685914;
<8����b/ ���#	596 ��# �
#���/&�
Xd7��
���x3���/23	6
/ � ��YW#�3$��687�� 5=1459685=1k;
<8��#?-�.~/&143W1k5=#��>� Z�; %
N ; <�S}E�S�� B� M)ILGF< � I [ ='ObGF<v�VR+a B< [ EQ<)R [ <L� %�<>M><)=�W"< [�m jKjLg~�

��
2ObDXj���� } ObD+S�
2ObDVN�<>='O+� | < [ =�EFD�O�N�EFIKD I � N�< [ = [ <>y [ EFN�EQDVJ0����DVN�< [ a [ <>NUO�N�EFIKD{ObDVc,N�TVaX<0<>GFEF='EFD+O�N�EFILD����8;�6:V�<'��/�;"!

 ��Xp7�;�/&143 � ;
X�.T685=��5=1k;
<+� m n'� � g � �Ki+� m jLj��X�

m i





���������	�
�	��
	�����	�������	����������������
�� ��� 	"!�#$	���� � ��%'&��(�	)
�	��� � ��*"+-,)�� �./� ��0 !�12 �34%�5 020 � � 	 �6�
� 798 5�	�!
:�;=< ��5�	�
�5?>= ���
 ��� ,)� �  ����8 5�	�!=,)@ ;�A�; ! <=B�:�A�ADC �E����F���GH�JIF)G4������1LK

�������6�	�
�	��
	�����	�������	)�E�����E����	 ��� 	 0 !��E� ��0  �!�12 "34%�5 0 5 ����M 	�� 0
���  � �E	)
�	�,)	� �5�( � 	�5�!=N <=A�B6O ��F2����FPGQ12	�
�	�R
���������	�
�	���	�����	�������	)�E�����E�����'&� � 	�+E��(�%9	 0 ! B�:  M 	 � 5�	)S �	�( � R C �  �(�(�	 � !�N�T A N ;VU ��F���W�,)��F�12	�
�	�R ;
���������	�
�	V��	�����	��
����	)�������������6� 8 5�	 � ����5�� � !YX���34 ��� 	)
�	 C �"(�5���	� "5�!����6� 8 5�	 � ���"5�� � !=,)@ ;�A�< !

Z T ;Y< NJ��F[12\�F)G6���]K^12	�
�	�R
���������	�
�	V��	�����	��
����	)���������_G6��%�� �  =+E� �6��� %9�=( ��0 ! O=A�A�B �
�"5 � 	�
�	 0 ��5�� � ��(�	 0 !�,)@a`"N�! A�: ` A�O G�W�@2\��E�b+-����#)�E@)W����
G

12	�
�	�R

Ë� Í ÈÊÉ ÌUÓKÎ���
����� Ù �_Ñ�Ô�Õ)ÈÖÆ Ì�ÍLÌ�× Ñ>Ø ÓVÏ}Ì Õ ÓXÙ �°Ñ Ï�Ò�ÓVÌ Æ Ï Ñ ÓKÎ É ÙXÚ�ÛÝÜ�ÞbßbÙ+à)áLÜ>ß>â �<�������+���
��ã � Ì�ÍKÌ}ä'å � Î Õ)Æ Ï}Ì>æ��� � � Þ�c"d�é"e ê�â�é�é


