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Óço]Êë�T^XÊj �&di��çoXYZ\T ë¢d¤îQ] � �H�EjMço]Êé
�&j T^]�b3T^j í�XÑQ�ò��&j�é
�&j�è\XYçodÊè:T[Z\T çoé �&d
X�R$ë�T,
B]	��T^XeXYT^]¸ëcòQ]cbÊjMTidcbeX�T^jÌí�X8
B]	�hZ\T^d±ëcd¢T[Z_�EjMço]±é
�&j_j��&]$òMçoé·é�T^d¸dcbeX å�q beXÍZ\T^dcd¢T
è\]cì\kMT^]hé
�&j ÿ&ár#\ß çokon ÿ&â ý`á å�) 
Äd¢T^]�T^j ��
¸ZHbYë¢ë¢T·d¢ç4T^]Oè\XYT�jMT^dhò��&XYZHd$QÍç � Z|�&d¢T^]¢T[ë
dcbeXYë¢d	�&j�Z\T^j å�� T^d�T^]UZ\çok/éhì\Xebek"de�&deR­j�ZH]¢TJ�rjMço]UbQí�XYT^j·é
�&j·kMT^]cj�TJjQbeX\ëcd	�&]cd¢T$jhR$ëcd¢T
� Ö � ç � T^]	�&dcbYçojW
Ä]	��Q�é�T[Z àÄû`á�áE� å

~ �&]hé
�&j T^]·
÷R­]¢ZHbek é�T[Z\�&dhX��sjMT � Ö � � �sT^jÉí�XÑQ|ò��&j é
�&j Xeì\òQòMT¹Z\T^j bekMT^j
é�T[Zqp à&%wû`á å

� T^d3T^]¸éEì\Xebek"dò�&d'dc]cì\j\òMT^]¢ThT^jsí�XÍé�T[Z ý`ÿ���Þ p #Hý`á å a�beXYT^j�ë¸X�R­j\kMZ\TOè\XebÊjMT^]�ë	�&d
dcbeX < çok�Z\T^j�ë¸bej�Z���çoXYZWjQbeXNj�R­]¢TOd¢çoéEd å

+Õá"r s�é tPä2ãrèvu�IK3Ñä�é ä�è PJæÑç|ãGäoOQPYæ�2@w/2�I�çhè¡ç|ã
� 
Bd¢T³jQbeX§é
�&j÷kMT^]cj�TÛ�h�sjMT�j�çokMT^dibej�
Óço]cé
�&dcbYçoj]
>to]ié
�&j kr�&]3bekr�&j\kÊé�T[Z��&dñ�&]cè�T@O
VcZ\T�é�T[Z÷í�XYT^]Oçok¯è\beè\XebYçod¢T^òMT^] å2q î � bYëcòGj�beX�é
�&j¡kMT^]cj�T:�h�$jMT·T^j¡XebYëcd¢T�é�T[Z��rjQbeXeòMT
í�XYT^]ÊçokÉè\beè\XebYçod¢T^òMT^]¹Z\T^]ÊT^]�b¸T^d�è\beè\XebYçod¢T^ò åeq beX'Z\T^d�ò��&j é
�&j è\]cì\kMT ëcd	�&]¢Z|�&]¢Z�O
è\beè\XebYçod¢T^òHëP
Bì\j\ò�dcbYçoj�T^]cj�Tyx�z|{�}P~@�|���ÝQ���}y�V���|����çok��P� zP�3}'�|��� å SUT[Z]�&d��&è\j�TET^d¸è\beè\XebYçod¢T^ò
é�T[Z:z|{�}P~@�|����
Ñ�&]§é
�&j�T^jhëcX��&kMë|Z\T[ë�D^]cb � d¢ço] å�� ì|DsD[T[ë¢ëcbÊjMT�ò��&XYZEdcbeX���}y�V���|���Qé�T[Z�Z\T^j\j�T
Z\T[ë	D^]cb � d¢ço]$ë�çoé �&]ck"ì\é�T^j�d�j�beX:]¢T^dcì\]cj�T^]¢T/T^d²jh�$j�j � �hT^j¹í�X:T^XeXYT^]±T^d­è\beè\XebYçod¢T^ò8QQbej�O
ZHdcbeXk�&XeXYT/jh�sjQj�Tò�h�&]ßj�R­]¢T^d¸]¢T^dcì\]cj�T^]¢T^d åh~ �&]¸é
�&j4T^]ß
÷R­]¢ZHbek�é�T[Zsò��&j¯é
�&jsò��&XYZ\T
�P� zP�3}'�|��� å

ï Z ç$jMT^]"�&d�jQbYZ\T �Ej�beXeòMT jh�$j�j�T Z\T^]¡T^]G�rjMço]$Q��h�&] é
�&j é
�oëcòMT è\]cì\k 
Bço]
îHZ\T^]cXebekMT^]¢T¸bej�
Óço]cé
�&dcbYçojÌçoé T^j·í�X:T^XeXYT^]²T^dUè\beè\XebYçod¢T^ò å[) d�í�XYëcîHëcd¢T^éë��çoXYZ\T^]­ëcd¤îQ] � �
ë¢d�to]c]¢T^XYë¢T^j = �Ej�bYë�Z\T^d/T^]�T^j4í�X�?@QC�rjMço]cjh�&]OZ\T^]�ëcbYZ\ëcd�j��&]�T^j�R­j�ZH]cbej\kÌb�bej�Z���çoXYZ\T^d$Q
]¢T^dcdcbek���T[Z\T^]/çok¹TWV¨T^]¢ëcò��&è = ë�TOjhR$ëcd¢TB��
Bë¢j\bedÜ?±çok¹é
�&j\kMT¬�&j�ZH]¢Thdcbej\k å awço]ñ�&d�
÷�:
÷�&d
bÍZ\T^j4bej�
Bço]cé
�&dcbYçoj è\]cì\kMT[ë û[ý$#Hý å
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� T^d:SwT^]cè\]cì\kMT^]�ëcîHëcd¢T^é T^]�Z\T^d�ë¢çoé ]¢T^kMT^X±beò�òMTWtoj�ëcòMT^Xebek"d��&di�&XeXYT_�h�&]�XebekMTÌ]¢T^dPO
dcbek���T[Z\T^]3dcbeXk�&dòR­j�ZH]¢ThbÍí�XYëcîHëcd¢T^é�T^d å F 02/�3 ë � TsD^b°
ÓT^]¢T^]iTWVcT^]¢ëcò��&è 
Óço]¸í�XYT^]�çok�è\beè�O
XebYçod¢T^òMT^] å�� �&éhdcbYZHbek"dUT^]�Z\T^]�çokMë	�i]¢T^dcdcbek���T[Z\T^]k
Bço]|í�XYT^]�çokiè\beè\XebYçod¢T^òMT^] å�� T^dcdcbek���T[Z\T^]

Óço]cd	R­XeXYT^]A&��EjMT^é é
� �rj��oZV(�èh�oë�T^]¢T^d � �sT^jDç � Z\T^Xebej\k���
$è\]cì\kMT^]¢T�bUdc]¢T�k"]cì �)� T^]$Q
TWVcT^]¢T^j2QÍì\j\b°¨Hk"]cì �)� T^é�T[ZHXYT^é·é�T^]�çokG�&j�ZH]¢T å
) j í�XYë�TWVcT^]¢ëcò��&èDT^]�ç � Z\T^XedEb²d¢ç)Q§T^j
TWVcT^]$çok�T^jÌì\j\b°¨\TWV¨T^]ck"]cì �)� T å\æ ]�tLjMT^]¸T^j¹è\]cì\kMT^]ß�&d$ì�Z�
÷to]¢T3T^j¯ç � T^]	�&dcbYçoj2Q\Z\T^]²beòQòMT
T^]­dcbeXeX��oZHd6
Bço]­Z\T^jÊk"]cì �)� TiZ\T^j\j�T3è�T<í�j�Z\T^]­ë¢bekEbC
Bço]u��çoXYZÊdcbeX�í�XYT^j�ë$TWVcT^]¢ëcò��&è2QQë	�³j�beX
Z\T^d']¢T[ëcì\Xed¢T^]¢T^]¸b4
ÓTWVWXÍçok�T^jsìhR­j�ZH]¢T^didcbeXYëcd	�&j�Z_
Óço]$í�XYT^j4T^XeXYT^]±è\beè\XebYçod¢T^òMT^d å

) V¨T^]¢ë¢ò��&è�çok/]¢T^dcdcbek���T[Z\T^]Õ
Óço]�í�XYT^]�ò��&j·é�ç�ZHb©íhD[T^]¢T[ë�é�T[Z�pS� þ %�ß çok:pS� % n Þe� å
F 02/�365 ëcbeòQòMT^]u��T[Z\ëcé�ç�Z\T^X§é�T[ZsT^]¸ëcbeé � T^XÑQ\é�T^jsj�T^é �&d¸beé � XYT^é�T^j�d¢T^]¢T å
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+Õá�� �Hé���ã�ç 2�æ1u�O�2MPYæÑçhã�äoO ä���ç|ã$u²IK3�ä�é�ç|ã
ï Z\ç$jMT^]Ìí�XYT^]sçok�è\beè\XebYçod¢T^òMT^]$Q±ì\j�Z\T^]¢ë¢d�todcd¢T^]9F 02/�3 í�XYëcîHëcd¢T^é�T^]¯ë¢çoé ]¢T^kMT^X�SwT^]¢T
�&j�ZH]¢TÌëcX��&kMëhí�XYT^] å�) j �&j�Z\T^j ëcX��&kMëhí�X$T^]�T^j &�ëcîQéEè�çoXYëcòÉX�R­j\òMT�( = ëcî�é·Xebej\ò|? å�) j
ë¢î�éhè:çoXYëcò�X�R­j\òMT�bej�Z\T���çoXYZ\T^]|òQì\jET^jhë¢dcb å$q beX��&d�ç � ]¢T^dcd¢T�ëcîQéEè�çoXYëcòMTUX�R­j\òMT^]|è\]cì\kMT[ë
û`ü§þ àBâBÞ�� çokidcbeX��&d|X�R$ë¢T�Z\T^jhbej�Z\T���çoXYZHd¢T­ë¢dcb ÿ7áE#\ß�àBâBÞb� å�� îQéEè�çoXYëcòMTUX�R­j\òMT^]�è\]cì\kMT[ë
ç�
Bd¢T�dcbeXb�&d¸ëcò��&è�T/T^j��&j�Z\T^j4XYçok"bYëcòÌëcdc]cì\òQdcì\]¸ç$jMT^]ñ�&j�ZH]¢T å

� 
Äd¢T ì\j�Z\T^]¢ëcd�todcd¢T[ëÌçokMë	�Ï&��h�&]¢Z\T X�R­j\òMT^]%( = �h�&]¢Z�Xebej\òHëÜ? åY� 
Bço]cè\bej�Z\T^XYë¢T é�T[Z
�h�&]¢Z\T÷X�R­j\òMT^]¯T^]ÌZ\T^d¹]¢T^XYT�j��&j�d �&dÌòMçoé·é�T^]Ìbej�Z � � ¼&¶C¹$Ãrµ@½ å F 0�/}3 í�XYëcîHëcd¢T^é�T^]
Z\T<í�j�T^]¢T^]��&dsZ\T^]�
Óço]_�rjMT^]sçoèHVcT^ò�dÌb3í�XYëcîHëcd¢T^é�T^d¯T^]sT^jÑbej�çQZ\T å�) jÄ�rjMT^]¯bej�çQZ\T
�h�&]�T^dÛ� 
Óço]·Z\T^d�í�XYëcîQë¢d¢T^é Z\T^j è:T<í�j�Z\T^]�ëcbek � ��� ì\j\beòQd�j�ì\é·é�T^] åe� �÷Z\T^j
dc]	�oZHbedcbYçoj�T^XeXYTsé
�oZ\T �&d�beé � XYT^é�T^j�d¢T^]¢T¯è\beè\XebYçod¢T^òMT^] � �÷T^]��&d:�h�sjMT¯T^j�XebYëcd¢T¹é�T[Z
jh�$j�j�T±çokò�Ej�beXeòMT^j�bej�ç�Z\T$Z\T^dUëuj��&]¢T^]�dcbeXÑQ"T^]�Z\T^de�&d�X��sjMT¸T^jB�h�&]¢Z�X�R­j\òMT¸ëcbeé � T^Xedu��T^j
dcbeXÍT^jsí�XÑQ\ëcbeé � T^Xedu��T^jG�&d±dcbeX°
>t&VcT/T^d±j�îQd¸jh�sjQj¯dcbeXÍè\beè\XebYçod¢T^òMT^dié�T[Z¯Z\T^j]�&j�Z\T^j¯í�XYë
bej�çQZ\T�j�ì\é·é�T^] åb� T^dcd¢T�bej�dc]¢ç�ZHì|D[T^]¢T^]�Z\çokÌT^d/è�T���ç$j bej�d¢T^]cj�dEb�í�XYëcîHëcd¢T^é�T^dñ
Bço]³�&d
��çoXYZ\TEëcd¤îQ] � �B�rjMço]'é
�&j\kMT/jh�sjQj�TEZ\T^]¸T^]¸dcbeXeòQj�îQdcd¢T^d¸dcbeX§T^j¯bej�çQZ\T å

gñ�&]¢Z\T'X�R­j\òMT^]­ë	�&XYT[Z\T[ëY�&j�Z\T^]cXYT[Z\T[ë$T^]�
B]	�OëcîQéEè�çoXYëcòMT±X�R­j\òMT^] � �OZ\T^jÊé
�oZ\T��&d
Z\T²beòQòMT�òQ]	RYjMT^]�j�çok"XYTe
Óço]cd¢çoXeòQj\bej\k|Q&ë�çoé ÿ&ár#\ß�àBâÄÞb� k�to]k
Óço]�ë¢î�éhè:çoXYëcòMT²X�R­j\òMT^] å�) j
�h�&]¢Z¹X�R­j\òMT�T^]­ì\éEì\Xebek"d,�&d±ëcòMT^Xej�T,
Ä]	�hZ\T^j¯ço]cbek"bejh�&XYT3í�X å[) j_�h�&]¢Z¹X�R­j\òMT�ç � ]¢T^dcd¢T[ë
é�T[Z àBâÄÞb� å|� T^]'ò��&j ë�çoé ]¢T^kMT^X|beòQòMTEç � ]¢T^dcd¢T[ë��h�&]¢Z\ThX�R­j\òMT^]'dcbeX§è\beè\XebYçod¢T^òMT^]3� å|� d
òMT^j�Z\T·T^j÷í�XUT^XeXYT^]/è\beè\XebYçod¢T^òHë�bej�ç�Z\T�j�ì\é·é�T^]Oò��&jGj�R­]¢T � ]	�&òQdcbYëcò çokÌè\]cì\k"èh�&]cdOb
ë � TsD^bYT^XeXYT/dcbeX°
ÑR­XYZ\T�Q\é�T^jsT^]¸kMT^j�T^]¢T^Xed'beò�òMT/j|tQZ�jMT^j�ZHbek"d å

+ÕáF� âiã�äoO2ã$u4è è¡ç|ãJ3Ýé/O è¡ç��¹PJæ12Vw/2�I�çhè¡ç|ã
� T^dcd¢Tij��&]�T^jDòMço]cd�çok4beòQòMT¹ë � TsD^bYT^Xed�ZHî�è�Z\T^kr�oT^j�Z\T¹è:T[ë¢ò�]cbÊjMT^XYë¢T���
ß�rjQbeXeòMTÊç � T^]PO
�&dcbYçoj�T^]¯Z\T^]¹T^]ÊdcbeXekrR­j\kMT^Xebek\
Óço]_� �)� Xebeò��&dcbYçoj�ë � ]¢çok"]	�&é·é�to]¢T^j³dcbeXñ�h�&j�ZHd¢T^]cbej\k ��

F 02/�3 í�XYë¢îQëcd¢T^é�T^] åC� T^]iT^]'ç�
Bd¢TOè\beè\XebYçod¢T^òHëP
Bì\j\ò�dcbYçoj�T^]3dcbeXekrR­j\kMT^XebekMThZ\T^]`& � �&ò�òMT^]%(
ë¢îQëcd¢T^é·ò��&XYZ\T^j�T/bej�ZÌbÍT^d¸XYT^dcd¢T^]¢TOdcbeXekrR­j\kMT^Xebek"d'bej�d¢T^]P
Ñ��D[T å

� çoòQì\é�T^j�d	�&dcbYçoj·çok¸j|t&V��&k"dcbek'è�T[ëcòQ]cbÊjMT^XYë¢Te��
)�rj��oZEZ\T²T^j\òMT^Xed¢T�ëcîHëcd¢T^é·ò��&XYZò��T^Xed
� ]	RJD^bYë¢d­k�to]$QQd	�&kMT^]±ë¢çoé �&]ck"ì\é�T^j�d¢T^]'çok�]¢T^dcì\]cj�T^]¢T^]$í�j�Z\T[ë±ë¢çoé ]¢T^kMT^X�çoj�O¤ëcbed¢Tñj�b��
é
�&j � �&kMT[ë åN� îQëcd¢T^é·ò��&XYZ4T^]3Z\çoò�ì\é�T^j�d¢T^]¢T^d�ì\j�Z\T^]ië¢T^òQdcbYçoj ï çok�è\beè\XebYçod¢T^òHëP
Äì\j\òEO
dcbYçoj�T^]$ì\j�Z\T^]$ë¢T^òQdcbYçoj �Hå SibeX:é
�&jÌë	�&XYT[Z\T[ë$ë¢T'Z\çoòQì\é�T^j�d	�&dcbYçoj�T^j ÿ&ár#\ß ëcò�]cbÊjMT[ë � �
ë¢îQëcd¢T^é�T^d
 ¢¡�£ i¥¤Ùb*Y £�¦
çok:jQbeXÍé
�&jsë¢T/Z\çoòQì\é�T^j�d	�&dcbYçoj�T^j÷dcbeXÍè\beè\XebYçod¢T^òHëP
Bì\j\ò�dcbYçoj�T^j ÿ7áE#\ß|ß�âÄÿ
 ¢¡�£ i¨§Qb*Y £�¦$¦�© b
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a�bek"ì\] � _ 7B9�; T^]±Z\T^d$bej�d¢T^]P
Ñ��D[T�ë¢çoé �&XeXYT'í�XYë¢îQëcd¢T^é�T^]±ëcò��&X:beé � XYT^é�T^j�d¢T^]¢T�Q)�Ej�bYë$Z\T
ë¢ò��&X4
Bì\j\kMT^]¢T/dc]	�&j�ë � �&]¢T^j�d'é�T[Z9F 02/�3�M í�Xedc]	R

¬ Ö*D®­�Û�ª/D ª�×sB°¯�B8«¢Ú¸×±¯³² ; Û>=¾?�=@BCª/D ª�E «µ´ 8�6q¶M:

� ��
Óëcj\bed ï ë	�_jQbÕ�rjMço]¢Z|�&j�T^d/í�XYëcîHëcd¢T^é ë¢T^]Eì�Z�
Ä]	�W� �)� Xebeò��&dcbYçoj�ë � ]¢çok"]	�&é·é�to]¢T^j�ë
ë¢î�j�ë � ì\j\òQd åY� T^dcd¢T ��
Óëcj\bed_jQbeXiè�T[ëcò�R6
ÄdcbekMT ëcbek é�T[Z �&dÌè:T[ëcòQ]cbÊjMT]�rj��oZÒZ\T^]Ìë¢ò��&X
dcbeXß
Bço]i�&d�beé � XYT^é�T^j�d¢T^]¢T÷T^d·í�XYëcîHëcd¢T^é b .�/&02143�å Se�&XekMT^di��
 .�/&02143 T^]�k7V¨ço]cd���

SwT^]¢T_�&]¢ë	�&kMT^] å a�ço]�Z\T^d·
÷to]¢ëcd¢Tij�beXeXYT¹Z\T^d¬j�R­]¢T¹T^j j��&j�ëcòMT^Xebek ç � kr�sjMT �&d�è:T[ë¢ò�]cbÊjMT
�EjMço]¢Z|�&j¹í�XYëcîQë¢d¢T^é�T^]²T^]�beé � XYT^é�T^j�d¢T^]¢T^d$kMT^j�T^]¢T^Xed$QQZ|�EZ\T�SwT[ëcd¢Tiç � T^]	�&dcbÊjHëcîHëcd¢T^é�T^]
T^]¬
Óço]¢ëcòMT^XeXebekMT¹b±Z\T^]¢T[ëhbej�d¢T^]cj�TWjQbe]còMT^é
�oZ\T�Q�çok¡Z\T^d��&XeXebekMT�jMT^X�jQbeXeXYT¹T^j�Z\T¹é�T[Z�T^j
é
�oë�ë¢T � X��&dP
Bço]cé�ë � TsD^b©í�òQòMT�è:T[ëcòQ]cbÊjMT^XYë¢T^] å a�ço]OZ\T^d³�&j�Z\T^dOT^]OZ\T^d/b .�/&02143 éhì\Xebek"d
�&d3ë¢T/òQbeXYZ\T^òMç�Z\T^j÷dcbeX§òMT^]cj�T^j çokÊZHbÊjMT^]¢ë�T/í�XYëcîHëcd¢T^é·beé � XYT^é�T^j�d	�&dcbYçoj�T^]Oçok¹Z\T^]cé�T[Z
ë�T��rjMço]¢Z|�&j Z\Tñ
Bì\j\kMT^]¢T^]iëÜ�&é·é�T^j å

·Õá�à ¸I¹�ºI»W¼¾½À¿ÂÁ�Ã
7:9�; ÞÅÄ T^]�b .�/&02143 T^]�Z\T^de&¤X��&k�(±b�òMT^]cj�T^j¹Z\T^]�d	�&kMT^]�ëcbek¬��
2�&XeXYT¸í�XYëcîHëcd¢T^é�T^] å�� T^d�T^]
Z\T[ë¢bek"j�T^d � ��ëÜ�oZ|�&j Qh�&d3Z\T³t$jQ]¢TOX��&kÊb§òMT^]cj�T^j4ò��&jsè�T��h�&j�ZHXYT¬�&XeXYTOí�XYëcîHëcd¢T^é�T^] � �
T^jsT^j�ë'é
�oZ\T å@) d±í�XYë¢îQëcd¢T^é ë¢ò��&X�dcbeX�kMT^j\krR­XYZ T^j¯k"]	R­j�ë¢T@SC�oZ\TEZ\T<í�j�T^]¢T^d���
 7:9�;"å

� ]	R­j�ë¢T@SC�oZ\T^j�bej�Z\T���çoXYZ\T^]6�&XeXYT$Z\TY
Bì\j\ò�dcbYçoj�T^]UZ\T^]UT^]�]¢T^X��&d¢T^]¢T^dUdcbeXHdcbeXeòQj�îQdcj\bej\k
çok�é�çoj�d¢T^]cbej\k���
§T^d²í�XYëcîHëcd¢T^é QED$��D	�\bej\k���
Íjh�sjQj�T � �Ebej�ç�Z\T[ëLQr�h�&j�ZHd¢T^]cbej\k���
b�&è\j�T
í�XYT^]·çok bej�çQZ\T[ë$Q|ë¢ì � T^]PO�è\XYç�D¢òMT^j çok÷X��oëcj\bej\k åÕ� ò�òMT��&XeXYTÊé�T^d¢çQZ\T^]·b­k"]	R­j�ë¢T@SC�oZ\T^j
è�T��|t$jMT^]G�&dWj�R­]¢T¡ì\j�Z\T^]¢ë¢d�todcd¢T^d$QJ
Bço]��&dsT^dsí�XYëcîQë¢d¢T^é ò��&jÄj�R­]¢T�
Äì\j\òQdcbYçoj�T^Xed$Q±b
�Ej�beXeòMT^d'dcbeX°
÷R­XYZ\TOT^j¯kMT^j�T^]cbYë¢ò¹é�T^d¢çQZ\T�jQbeX�è\XebÊjMT/ò��&XYZHd åh� ]¢çLÔ±j �h�&]$Ò ��Ó �h�&]¸ëcòQ]¢T�jMT^d
T^j¯òMço]cd'k"ì\bYZ\T/dcbeX 7:9�;Må

7B9�; Z\T<í�j�T^]¢T^]�T^jDk"]	R­j�ë¢T@SC�oZ\T

Bço]�T^dWF 0�/}3 í�XYëcîHëcd¢T^é Q§ë	�&éhd�ë¢dcì\ò�dcì\]¢T^]·
Bço]
�EjMço]¢Z|�&j Z\T^d'T^]¸ç � è�î�k"kMT^d$Q|
 å T^òHë å �&è\j�T�í�XYT^]'çok�bej�ç�Z\T[ë å
õ�Æ�Ç ú ���q��üÜû�È�ú�û�ø
É�"�ö#�Ñø�$

Õ$<



) d¸í�XYëcîHëcd¢T^é è:T��|tLjMT^]'beòQòMTÛ�&dß
BîHëcbYëcò¹bej�Z\T���çoXYZ\ThZHbYë¢ë�T/dcbej\k ÞuÞ Qwé�T^j ëcò��&XÍbeéBO
� XYT^é�T^j�d¢T^]¢ThZ\T^]¢T[ëß
Äì\j\òQdcbYçojh�&Xebed¢T^d'dcbeXÑQwçoé�T^j�Z4Z\T^d¸è\XYçod'T^] � �·T^d¸j\bÊjMT$�&ì �EjMço]iZ\T^d
X��oZ\T^]ië¢çoé �&d'Z\T/T^òHëcbYëcd¢T^]¢T^] å

7B9�; Z\T<í�j�T^]¢T^]UZ\T±ç � T^]	�&dcbYçoj�T^]UT^d�í�XYëcîHëcd¢T^é ò��&j�beé � XYT^é�T^j�d¢T^]¢T�
Óço]�Z\T$bej�d¢T^]cj�T
ë¢dc]cì\ò�dcì\]¢T^]¸b�í�XYë¢îQëcd¢T^é�T^d å

a�ço]�é
�&j\kMT¸ëcdc]cì\òQdcì\]¢T^]�b�T^d�í�XYëcîHëcd¢T^é Q"ë	�oë¢çoé bej�çQZ\T[ëUçok·�&è\j�T­í�XYT^]Uçok·�&XeXYçoòMT^]PO
bej\k���
 � X��oZ\ë � ��T^d²í�XYëcîHëcd¢T^é Q�j�beX8j�b:beòQòMTikr�hb�ZHî�è�Z\T^jÌé�T[ZW�&d­è�T[ëcòQ]cbÊjMT,�EjMço]¢Z|�&j
Z\T³
Äì\j\kMT^]¢T^]�çok��rj��oZ4Z\Thè\ì\]¢Z\TEk�to]¢T åC� T^d�T^]ië�çoé jQb�jQbeX|ë¢Thë¢T^j�T^]¢TObeòQòMTObej�d¢T^]¢T[ëPO
ëÜ�&j�dñ
Bço]/Z\T^dcd¢T � ]¢ç&VcT^ò�d � T^d/T^]/j�çoòG�&d�jQbYZ\TB�&d 7:9�; T^òQë¢bYëcd¢T^]¢T^] å Sib�òQì\j\j�TÛ�h�$jMT
è\]cì\k"d 7:9�; çok�Z\T^dJj�beX�é
�oë¢òMTiè\XebÊjMT�è\]cì\k"d±é�T^]¢T/ZHbe]¢T^òQd¢T�b�T^j_
Ä]¢T^éhdcbYZHbek·bed¢T^]	�&dcbYçoj
��
�Z\T^dcd¢T � ]¢ç&VcT^ò�d å

 2íBÜhíBÜ  u�
(�£�þ %:Þ:ý`á�ÿoâÄÞ|ãËÊÄ u�|Þ�£�þ %8�|Þ:ý
T çoj�d¢T^]cbej\khT^]�Z\T^j � ]¢ç�D[T[ë��&dp
Ñ�iT^d�í�XYëcîHëcd¢T^é k7V¨ço]cd�ëcîQj\Xebek"d�b\ëcbej¥F 02/�3 í�XYëcdc]cì\òQdcì\] å
ñ T^]cj�T^j�è�T[Z\T^]�Z\T^d�é�çQZHì\XHZ\T^]�beé � XYT^é�T^j�d¢T^]¢T^]Uí�XYëcîQë¢d¢T^é�T^d�çoé �&d|bej�ZHX�R$ë�T^]�ë¢ì � T^]PO
è\XYç�D¢òMT^j 
Ä]	��T^d¸k"bÊjMT^j�d'é�T[ZHbYT å

SUT[Z'��
Bé�çoj�d¢T^]cbej\k è:T[Z\T^]�òMT^]cj�T^j�é�ç�ZHì\XYT^d¹çoé§�&d�k�to]¢T ëcbekH
ÑR­]¢ZHbek|Q��rjQbeXeòMT^d
ç�
Bd¢T[ëcdÊbej\ò�Xeì�Z\T^]¢T^]W�&d

B]cbek�to]¢T÷Z\Ts]¢T[ë¢ë¢çoì\]�D[T^]ÌZ\T^j\j�T bej�ëcd	�&j�ëW��
/í�XYëcîQë¢d¢T^é�T^d
�h�&]
ç � d	�&kMT^d å

 2íBÜhíÆô ÌN�b!Uá�ÿ�î�à&% p �
� ì � T^]PO�è\XYç�D¢òMT^j³T^]È&¤bej�ZHkr�&j\kMT^j*( dcbeX3í�XYëcîHëcd¢T^é�T^d åJ� T^d¹T^]¯Z\T^j¡
>to]¢ë¢d¢T Z\T^]Ìè\XebÊjMT^]
bej�ZHX�R$ë¢dEçok¯bej�Z\T���çoXYZ\T^]Ebej�
Óço]cé
�&dcbYçoj çoéÈí�XYëcîHëcd¢T^é�T^d¢ë/dcbeXYë¢d	�&j�ZÉçokW�rjMço]O]¢çQZ\T^jÉb
í�XYë¢îQëcd¢T^é�T^d²T^] år� �/T^d�í�XYëcîHëcd¢T^é beòQòMT±ò��&j�é�çoj�d¢T^]¢T[ë²b�dcbeX°
ÑR­XYZ\T���
ÍT^j�òMço]c]cì\é � T^]¢T^d
ë¢ì � T^]PO�è\XYç�D¢ò4Q�k�to]/é
�&j\kMT�í�XYëcîHëcd¢T^é�T^]OZ\T^d·�&dOZ\T·kMT^é·é�T^]ET^òHëcdc]	�Ê]¢T[ë¢T^]ujMT�ë¢ì � T^]PO
è\XYç�D¢òHë � �¬
Óço]cì�ZHè�T[ëcd¢T^éEd¢TOë¢d¢T[Z\T^]¸b�í�XYëcîHëcd¢T^é�T^d å

 2íBÜhí} Ý[Þ�%�ß�á�û
) j bej�çQZ\ThT^]�T^d3èh�oëcbYëPO¤çoèHVcT^ò�d3b�T^dií�XYëcîHëcd¢T^é å8� T^j÷ò��&j ]¢T � ]	R$ë¢T^j�d¢T^]¢T·T^j2Q0T^d3è\beè�O
XebYçod¢T^ò4Q"T^j·X�R­j\òMT�QMT^XeXYT^]�j�çokMT^d���T^Xede�&j�Z\T^d år7BIßx è:T��h�&j�ZHXYT^]²Z\T^éë�&XeXYT±ë	�&é·é�T^j�T^j�ë
çok�X��oZ\T^]'Z\T^dJj�R­]¢T/ç � dcbeXÍë¢T^XÊjMT3beé � XYT^é�T^j�d	�&dcbYçoj�T^j2Q:T^XeXYT^],�&j�ZH]¢T�X��&k
��
|òMT^]cj�T^j��&d
è�T��h�&j�ZHXYT�Z\T^éÇ
Bço]¢ëcòMT^XeXebek"d$Q4�&Xed/T@
Äd¢T^]ñ�rj��oZ Z\TE]¢T � ]	R$ë�T^j�d¢T^]¢T^] åo) dñ�rjMT^]cdOçoèHVcT^òQdib
T^d3í�XYëcîHëcd¢T^é As]¢T � ]	R$ë¢T^j�d¢T^]¢T^d³jMT[Z T^j bej�çQZ\T³A �h�&]/T^d�AW
Bço]3í�XYëcîHëcd¢T^é�T^d,A¯ì\j\beòQd
j�ì\é·é�T^] åÕ� j�çQZ\TÌëcdc]cì\òQdcì\]¢T^j�ë�çoé S�a � �&]cè�TWVcZ\T^]�é�T[Z bej�Z\T���çoXYZ\T^]·bej�
Óço]cé
�&dcbYçoj
çoé çoèHV¨T^òQd¢T^d¢ë±d¤î � T�Q\TWV¨T^]¢ëcò��&è2QH]¢T^dcdcbek���T[Z\T^]$Q:ç � ]¢T^dcd¢T^XYë¢T[ëcdcbYZ\ë � ì\j\òQd¸é å é å Ò ��Ó

) d�í�XYëcîHëcd¢T^é T^]Êë¢T^XÊj �&j�ëuj��&]cXebek 
Bço]i�&dÊkMT^j�T^]¢T^]¢T4çok �h�&j�ZHd¢T^]¢T � X���D[T^]cbej\k ��

bej�çQZ\T[ë � ��é�T[ZHbYT�Q\é�T^j�ë 7B9�; d	�&kMT^]¸ë¢bek
��
Õ�&d±ì�ZHXYT[Z\T�bej�çQZ\T[ë±ì�Z�
B]	��ëcdcbYT^] = 
 å T^òHë å _
õ÷õ �pø��sn��	
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_�aC\cbJd*_cX*Y[ZJZJ\/]>^�?@Qwk"bÊjMT^d³�&d/Z\T�j|t�Z�jMT^j�ZHbekMT·Z\T^XYT:��
�k"]	R­j�ë¢T@SC�oZ\T^j¡dcbeX�Z\T^j\j�T�ç � O
T^]	�&dcbYçoj T^]¸beé � XYT^é�T^j�d¢T^]¢T^d3òMço]c]¢T^ò�d å

 2íBÜhíeä Û
î�Þ|ású�à á�ÿ
� T/é
�&j\kMT¬��
UZ\TOç � T^]	�&dcbYçoj�T^]ié
�&j4ò��&jsì�Z�
÷to]¢T � ��bej�çQZ\T[ë'T^]¸é�T^]¢ThT^XeXYT^]¸é·bej�ZH]¢T
&�T^j\kr�&j\kMë�ç � T^]	�&dcbYçoj�T^]%(	Q|çok¹beòQòMT�bej�Z\T���çoXYZ\T^]/j�çokMT^j¡dcbeXYëcd	�&j�Z é�T^XeXYT^éÈò��&XYZ å8F è\j�T
í�XYT^]�T^]¬�&j�Z\T^]cXYT[Z\T[ë å
) j í�X²T^]hë�T^XÊjr
÷toXekMT^XebekG�&j\k"bÊjMT^d¬jMT[Z T^jDbej�ç�Z\T�bUí�XYëcîHëcd¢T^é�T^d$Q
é�T^j�Z|�&d	� è\XebÊjMT^]�d¤î � bYëcò �&j\k"bÊjMT^d�jQb�� bej�ZHbe]¢T^òQdcbYçoj4Þ ô åe) j'�&è�T^j í�X¸è\XebÊjMT^]�ç�
Bd¢T¯b
D[çoé � ì\d¢T^]cXebedcd¢T^]	�&dcì\]±çoéhd	�&Xed²ë¢çoé T^jÊëcdc]�toé ��
�Z|�&d	� å a�ço]6�&d�
÷��Z\T^j�T+Ü�T^òQd$Qr�&dUé
�&j
jMT[Z ëcì|DsD[T[ë¢ë¢bÊjMT�X�R$ëcj\bej\kMT^]�T^XeXYT^]�ëcò�]cbÊjQj\bej\kMT^]¬�h�&]B�&d�k�to]¢T�é�T[Z T^j�ëcdc]�toé Q|ëÜ�sT^]
Z\T^d$j|tQZ�jMT^j�ZHbek"d,�&d±Z\T^]­kMT^é·é�T[ë±T^jÌdcbeXYëcd	�&j�Zi
Óço]±Z\T^jW�&è\j�Tií�XÑQ��rjQbeXeòMT^d±òMT^]cj�T^jsë	�
k�to] åh� Z\T[T^jsé�T[ZG�&d¸kMT^é·é�T/í�XYT^j�ë'dcbeXYëcd	�&j�Z¯bÍòMT^]cj�T^j÷T^]¸è\X�� å �&diZ\T^j4ë	��ò��&jsZ\T^XYT[ë
é�T^XeXYT^é � ]¢çED[T[ë¢ë�T^] å�� T^]²T^]Uë¢T^XÊjr
÷toXekMT^XebekEçokMë	�3é�T^d¢çQZ\T^]UdcbeXh�&dUé
�&j\b � ì\XYT^]¢T'dcbeXYëcd	�&j�Z å

q beXekr�&j\kMT^j4dcbeX��&è\j�T�í�XYT^]�
Óço]¢T^kr�&]ßjQb���T^j4ë	�&ò��&XYZHd{&�í�XYTOZ\T[ë�D^]cb � d¢ço]%( å

 2íBÜhí�� Ý[þ !�à áQþÉáQÞ:ý$#Hý�â�%:Þ #)('ú�àÄû[üÍû`ý`á�þÉá�ÿÊþ á�ßÂÝoÞ°ß
� T^dcd¢T_j��&]·T^j òMço]cd�çok � �÷bej\kMT^j é
�oZ\TÌòMçoé � XYT^d·kMT^j\j�T^é·kr�&j\k ��
 7:9�; çok¡Z\T^j
k"]	R­j�ë�T@SC�oZ\TÉZ\T^d � ]	R$ë¢T^j�d¢T^]¢T^] å,� dsbeé � XYT^é�T^j�d¢T^]¢TDT^dÌí�XYëcîHëcd¢T^é T^]¯beòQòMT¡j�çokMT^j
XebeXeXYTÌç � kr�$jMT�QUçok �&d
�&]cè:TWVcZ\T¹é�T[ZDòMT^]cj�T � ]¢çok"]	�&é·é�T^]cbej\k�T^]��&XedcbYZ\
÷�&]cXebek"d$Q�b±Z\T^j

Óço]¢ëcd	�&j�ZNQN�&dñj�bYë¢ë�T³
ÓTWVWX�Z\T^]�j�ço]cé
�&Xed = Z�jQë å 
Óço]�T^j÷è\]cì\kMT^] � ]¢ç�D[T[ëÜ?±beòQòMT�T^],
Ñ�&d	�&XYT
ò��&j�kr����T^j�çok3è\XebÊjMT±Z\T^d å S3b�j�beXHbeòQòMT²è\]cì\kMT$dcbYZ�çok � X��oZ\ë � ��Z\T^d	�&X VcT^]�çoé �EjMço]¢Z|�&j
é
�&j4è\]cì\kMT^] 7B9�; Q\Z|�Bj�b�beòQòMTò�h�&]±è\]cì\k:
Óço]¸Z\T^d¸bÍZ\T^j\j�TOç � kr�$jMT å¾) jsçLjMT^]¢ço]¢ZHj�T^d
bYZ\TEçoé �rjMço]¢Z|�&j Z\T^dß
Äì\j\kMT^]¢T^]'T^]$Qwë¢çoé dcbYZHXebekMT^]¢TOjhRYjQj�d$Q j�çoò å

·Õá,+ s�èv�6æÑçCè'çCé�I�u�IK3Ñä�é¥u�tzPYæ�2Vwe2�I�çhè¡ç|ãÍ3Ë0'2�ç|ãÍ2S��u�à�ç
T T[Z T^j"
Óço]¢ëcd	�oT^XYë¢T�
Bço]¬�rjMço]¢Z|�&j 7:9�; 
Bì\j\kMT^]¢T^]�ò�ì\j\j�TÊé
�&j kr�sb­kr�&j\k é�T[Z �&d
beé � XYT^é�T^j�d¢T^]¢T±T^d§í�XYë¢îQëcd¢T^é å�� jMço]¢T[ë|dcbeX°
÷R­XYZ\TYjQbeXrjQb�è\]cì\kMT v�o�w�xCy4zk{NK dcbeX��&d�bej�Z\T@O
��çoXYZ\T6jMço]¢T[ë|í�XYëcîHëcd¢T^é = XebekMT[ë�çoé T^db
Ñ�oëcd � X��oZ\T^X��&kMT^]�d¤î � bYëcò/bej�Z\T���çoXYZ\T^]UT^d�T^XeXYT^]bSwT^]¢T
í�XeîHëcd¢T^é�T^]Ü? å\æ ]¢çoè\XYT^é�T^dié�T[Z¯Z\T^d¸T^]ß�&d¸Z\T^d �iæ�� Z\T^]¸T^òQë¢bYëcd¢T^]¢T^]±dcbeX v¾á .6xCyNzk{NK
b�ëcbejÌj�ì)j�R­]¢T^j�Z\Tñ
Óço]cé�ò�ì\j¯T^]$beé � XYT^é�T^j�d¢T^]¢T^dib ×)Ø�n�ØUå�� T^dcd¢T3è:T[ëuj�R­]cXebek"k�to]¢T^]¸ZHb°O
]¢T^òQd¢T²è\]cì\k���
 .e/�021N3�M�7B9�; ë	�&é·é�T^j�é�T[Z v
o�w�xCyNzk{NK Q7Z|�iZ\T^d�beò�òMT²ì\é·bYZ\Z\T^Xeèh�&]cd
T^]�dcbeX|�&db
÷� ×�Ø�nrØ òMçQZ\T­dcbeX|�&d|ò�to]¢T$bQòMT^]cj�T^j å�� T^]�ë¢ò��&XQì\j�Z\T^]��&XeXYT­çoé�ë¢d	R­j�ZHbek���T[Z\T^]
X��$jMT[ë¸T^j�
Bço]cé�
Óço]$bej�ZHbe]¢T^ò�d¢T3òMçoè\Xebej\k�é�T^XeXYT^é v
o�w�xCyNzb{NK çok·òMT^]cj�T^j å S3b8j�beX4��T^]
è�T[ëcòQ]cbÊjMT��rjMço]¢Z|�&j]j�bÍT^]¸bÍë¢d	�&j�Z¯dcbeX��&d¸beé � XYT^é�T^j�d¢T^]¢T�T^d±í�XYëcîHëcd¢T^é ì�Z\T^jW
Óço]±òMT^]PO
j�T^j å

�Û.�/&02143 ò��&jDé
�&j beòQòMTÊì\é·bYZ\Z\T^Xeèh�&]cd�X��sjMT¯T^j�òMçoè\Xebej\kG
Ä]	� òMT^]cj�T^j dcbeX­ì�ë¢T^]
ë � ��D[T Þ S�Q�çok �&d�X��sjMT¯ëÜ�4T^d·ëcd�î�òQòMTÌë¢ç�
ÄdÝÔY�&]¢T_jQbeXeXYT�j�R­]¢T¹j�çoò dcbeX±T^j ë¢T^XÊjHëcd	R­j�ZHbek
õ�ÿCâ����Ë�Ñú�û�ü�
�ö��$ú�û�û�ú�ýÜøeû�øm

õ k�â�ãHÐ�ä$åVæ�ä$ç�èz���q�>r>ø%���Ñø��o�Üü��s$ßü��,ý� p�Ñø/
�ø��o$�øm
w
�ø��ÑøPö/Î ����ü���ö÷û�ü>�q���ÑöFÓq��ö���$ ø%��
LøPûEüp�@
Lø��Ñö

$�ú����q����ø��q��ø%
�øPö÷ú�ý��J�K$�ø%��
�ø��/���q�pr&ø%���/��üp��ú�����ø'���q��
��V«Pø��Ñø���ø��W��ø��Ñö÷ú����êé�| ëñö÷ú�
Lø%�Æ
Lø��ÑöÕö#��üp����ú
é�ì+ìyé

Õ`ï



ç � kr�$jMT å Sib0XYT[ZHd¢T3Z\T^]P
Óço]$T@
Äd¢T^]­ë¢ç�
ÄdÝÔY�&]¢T�Z\T^]­ò�ì\j\j�T��oVuR­X � T'ç"ë$Z\T^dcd¢T � ]¢çoè\XYT^é å Sib

Ñ�&j�ZHd IJ12;LK�å

 2íÆô4íBÜ íñ+Hß�f
IJ12;�K T^]­T^jÌZ\T^X8��
Hî nb9�; ÞqU�O � ]¢ç&V¨T^òQd¢T^d$Ò Õ�Ó¤å î nb9�; T^]­T^d­ëcîHëcd¢T^é Z\T^]²k�to]$Z\T^d²éhì\Xebek"d
�&dv&�ë¢T²bej�ZV(²bE
 å T^òQë å f[b � �&]còQbÊjMT^]$Q"T^òQëcd¢T^]cj�T­]¢T[ë¢ë�çoì\]�D[T^]�ë�çoé a q±æ ë�T^]ujMT^]¢T±çok3é�çoj�d¢T^]¢T
Z\T^é ë�çoé é
�&j j�ço]cé
�&Xed�é�çoj�d¢T^]¢T^]�T^d�í�XYë¢îQëcd¢T^é å awço]¢Z\T^XYT^j jMT[Z Z\T^d�T^]�ë¢T^XÊjE
>toX°O
kMT^Xebek_�&diT^d � ]¢çok"]	�&é beòQòMT/è:T��|tLjMT^]��&d3ëcòQ]cbÊjMT[ë¸çoé 
Óço]��&d'dcbeXekr��T^j4è�T[ëcd¢T^éEd3ëcX��&kMë
]¢T[ë�ë¢çoì\]�D[T�Q\é�T^jsò��&j¯k�to]¢T/è\]cì\ki��
�ëcd	�&j�Z|�&]¢Zsç � T^]	�&dcbYçoj�T^]�
Óço]±í�XYëcîHëcd¢T^é�T^] å

î nb9�; T^]/Z\T^j¡Z\T^X���
 � ]¢ç&V¨T^òQd¢T^d�ë¢çoéÈë � TsD^b©í�òQd3d	�&kMT^]�ë¢bek_��
Y�&d�beé � XYT^é�T^j�d¢T^]¢T
Z\T^j òMçQZ\T·Z\T^]/ëcò��&X�dcbeXp
Óço]ò�&d�é�çoj�d¢T^]¢TB
Bço]¢ë¢òMT^XeXebekMT�ë¢X��&kMë�]¢T[ë¢ë¢çoì\]�D[T^]$Q8
 å T^òQë å òMçoéBO
� ]cbeé�T^]¢T[Z\T �&]còQbÊjMT^]$Q�çok¡T^]�ë�çoé ëÜ�oZ|�&j beòQòMT¹bej�d¢T^]¢T[ë¢ëÜ�&j�dB
Óço]�ç"ë�ë¢çoé �&j�Z\T^d·T^j�Z
bej�ë � be]	�&dcbYçojsdcbeXb�&d±beé � XYT^é�T^j�d¢T^]¢T IJ12;LK k"]	R­j�ë¢T@SC�oZ\T^j å

IY1�;LK è�T[ëcd	�&],��
�dc]¢TOZ\T^XYT"_

• ) d¸òMT^]cj�T^é�çQZHì\X|Z\T^]±beé � XYT^é�T^j�d¢T^]¢T^] 7:9�; k"]	R­j�ë¢T@SC�oZ\T^j å

• ) d¸è\beè\XebYçod¢T^òÌé�T[ZsT^jsk"]	R­j�ë¢T@SC�oZ\TOdcbeXÍè\]cì\kMT^]PO � ]¢çED[T[ë�ë¢T^] å

• ) d � ]¢çok"]	�&é+dcbeX�é�çoj�d¢T^]cbej\k���
�è\]cì\kMT^]¢T^j�ë¸í�XYë¢îQëcd¢T^é å

 2íÆô4íÆô íñ+Hß�fØïp�0á�ÿoÞ§áQþ %�ßp�|à
ñ ço]cd�ë	�&k"dÛ
Äì\j\kMT^]¢T^] IJ12;�K � � Z\T^j�é
�oZ\TW�&d·Z\T^d�beé � XYT^é�T^j�d¢T^]¢T^] 7:9�; k"]	R­j�ë¢T@O
SC�oZ\T^j·b\òMT^]cj�T^j2Q"ëÜ�&éEdUT^òHë � ço]cd¢T^]¢T^]UT^d�T^j�ë � TsD^bYT^X�Z\T�jQb}D[T�í�X²_�ðJbC\*^�_Kg�ñK_cgKh�ñcY[_ ¦ Y�òCQ
ë�çoé òMçoé·éEì\j\beò��&dcbYçojÌé�T[Z�è\]cì\kMT^] � ]¢ç�D[T[ë¢ë¢T^]$ëcò��&X�kMT^j\j�T^é å�ñ T^]cj�T^é�çQZHì\XYT^d$T^]²Z\T@O
ë¢bek"j�T^dOë	�oZ|�&j"�&dOZ\T^dò�h�&]OT^j¡bej�d¢T^]cjÉ]¢T � ]	R$ë�T^j�d	�&dcbYçojDçokW�h�&j�d¢T^]cbej\k]��
¾��~@zh��})�/çok
dcbeXYë¢d	�&j�Z_
Bço]Àó$ô�~@}7õ�� }P� å g,j��oZÌZ\T^d¸è:T^d�îQZ\T^]J
Óço]¸Z\T^jsk"]	R­j�ë¢T@SC�oZ\TEë¢çoé è\]cì\kMT^] � ]¢ç�O
D[T[ë�ë¢T^jsëcò��&X�beé � XYT^é�T^j�d¢T^]¢T�QCj�beXNjQbÍë¢T � ��b�jhR$ëcd¢T³��
Óëcj\bed å

 2íÆô4í} íñ+Hß�f î|ÿ��|ãwá�ÿ@ö	!�ÿ�% p á�û�÷§ã0ÿ���Þ|û`á�øp#\ß�á
� T^dÌé
�&jÒë¢T^XÊj k�to]$Q$T^] �&dÌbeé � XYT^é�T^j�d¢T^]¢TÉZ\T^j k"]	R­j�ë¢T@SC�oZ\T IJ12;�K Z\T<í�j�T^]¢T^] å��
� ]¢çok"]	�&é·é�T^d­ò��&XYZ\T^]Ué
�&j�ë	��T^d�&¤é
�&bejÊXYç�ç � (	Q�Z\T^]�ë	R­dcd¢T^]UòMçoé·éhì\j\beò��&dcbYçoj�T^jÌé�T[Z
òMT^]cj�T^j³ç �Íå�� T^d_
Óço]¢T^kr�&] � ��Z\T^jÒé
�oZ\T �&dÌZ\T^d��&è\j�T^]sZ\T^dsZ\T�jQb}D[T�Q±Z\T^]¯è\XebÊjMT^]
T^òHë � ço]cd¢T^]¢T^d���
|òMT^]cj�T^é�çQZHì\XYT^d$QN_PðJbC\*^c_cg�ñK_cgJhùñcY[_ ¦ YPò å

� T^j�k"]	R­j�ë¢T@SC�oZ\T±é
�&j�ëcò��&X\beé � XYT^é�T^j�d¢T^]¢T3T^]�XebYZHd6�&j�Z\T^]cXYT[Z\T[ë²T^j�Z�Z\T^j�Z\T^]UT^]
b 7B9�;Mår� T^]�T^]²ë�çoé dcbYZHXebekMT^]¢TijhRYj�j�d²beòQòMT±j�çokMT^d­è:T^k"]¢T^è¹çoé bej�çQZ\T[ë²çokB�&è\j�T±í�XYT^]$Q
Z|��Z\T^d¸è\XebÊjMT^],�h�&j�ZHd¢T^]¢T^d���
�òMT^]cj�T^é�çQZHì\XYT^d åh� T^d¸]¢T[ë¢ì\Xed¢T^]¢T^]'b§T^jsé�T^kMT^d3ëcbeé � XYT^]¢T
k"]	R­j�ë�T@SC�oZ\T/T^j�Z¯Z\T^jÌZ\T^]±T^]$b 7B9�;Må)��7B9�; �h�&]±é�T^d¢çQZ\T^]±Z\T^]��h�&]$é�T[ZÊbej�çQZ\T[ëß�&d
k�to]¢T�Q�bej�ç�Z\T[ë¸ë�çoé �&]ck"ì\é�T^j�d¢T^]�çok·é�T^d¢ç�Z\T^]3Z\T^]��h�&]¸é�T[Z��&è\j�T�í�XYT^]ñ�&d¸k�to]¢T�QHí�X°O
ë¢dc]cì\ò�dcì\]¢T^]­ë¢çoé �&]ck"ì\é�T^j�d å)IJ12;LK k"]	R­j�ë¢T@SC�oZ\T^j¹è:T��h�&j�ZHXYT^]J�&XeXYT'ZHbYë¢ë¢T � �/ë	�&é·é�T
é
�oZ\T�QYjMT[Z �&dÌd	�&kMT ëcdcbYT^]Ìë¢çoé �&]ck"ì\é�T^j�d å a å T^òHëÊç � ]¢T^dcd¢T^XYë�T���
hè\beè\XebYçod¢T^ò�é�T[Z
þ"��ß�âÄÿ å _
õ x þ Ç ú ���q��üÜû�È�ú�û�øAÉ�"Lö#�Ñø%$

Õ$�



System call handling

mkdir(2)

write(2)

...

/proc/fs/fuse/dev Fuse library code

Java Program

fuse interface

XML Store

fuse−j interface

Fuse
kernel
module

VFS

C program

JNI

system calls

interrupt

I/O

JVM

Kernel

a�bek"ì\] ê _ ) d'ë¢îQëcd¢T^é ò��&XYZ\ë�jMTWV$kMT^j\j�T^é òMT^]cj�T^jsdcbeX v
o�w�xCyNzk{NK çok�dcbeXeèh�&kMT/bekMT^j

ÝoÞ°ßùú © i$û ¡ d ¦ù© b]ü)ñVûJb[h¾^Vû © i*\ ¦ Y¨ý¢ð £ bCY�i�û þ;ñSûJb[h¾^@û ¦ Yci$û[b$ÿ ý×i £V¡ YØþ © i$û ¡ \ ¦ Y �
íñ+Hß�fQú © i$û ¡ d ¦ù© b]ü�^�\�i�ñVû ^�X £ b ý¢ð £ ûJX þ ¡ \ ¦ Y��Pû ¡ \ ¦ Y �
� çoé Z\T^dOë�T[ë/T^]OZ\T^d/b IJ12;�K ç � dcbeX � ]¢çok"]	�&é·é�T^d¬�&d � �&]¢ë¢T·ë¢dcbYT^jÉçokÌí�j�Z\T�ì�Z ��

çoé Z\T^diò��&j4X��oZ\T�ëcbekÊk�to]¢T åCT �&j4ò��&j ëcbekMT¬�&d IJ12;�K k"]	R­j�ë�T@SC�oZ\T^j÷é·bej�Z\T^]3é�T^]¢T
çoé Z\T^j_
Bço]¸ëcîHëcd¢T^é·ò��&XYZ å

� í�k"ì\] ê T^]EZ\T^]ET^j ç$jMT^]¢ëcbek"d�ç$jMT^]�T^dhëcîHëcd¢T^é·ò��&XYZ\ëòjMTWV/kMT^j\j�T^é òMT^]cj�T^j2Qbj�b��
7:9�; Q IJ12;LK òMT^]cj�T^é�çQZHì\XYT^d$Qpj�b�� Z\T^d·ë � TsD^bYT^XeXYT¹Z\T�jQb}D[TG_PðJbC\*^c_cg�ñK_cgJhùñcY[_ ¦ YPòCQ|dcbeX
IJ12;�K è\]cì\kMT^] � ]¢ç�D[T[ë¢ë¢T^j å

Q"Z\T^]Uë	�3òMçoé·éEì\j\beòMT^]¢T^]²é�T[Z v�o�w�xCy4zk{NK�å�� í�k"ì\]¢T^j�ç � dc]	R$Z\T^]�çokMë	� IJ12;�K��	× Q
ë�çoé T^]'T^d ×�Ø�n�Ø bej�d¢T^]P
Ñ��D[TOdcbeX 9�1�;LK Q:ë¢çoé jQb��h�&]�j��&Xek"d,
Bço]��&dik�to]¢TObeé � XYT^é�T^j�d	��O
dcbYçoj�T^j4j�T^é·é�T^]¢T�QwZ|� �3æ��ÜM T^d'dcbeX v¾á .6xCyNzk{NK òQì\jsT^]'T^òHëcbYëcd¢T^]¢T^]±bHV��sj�� å

 2íÆô4íeä � á�ý$%�ß|á�ÿ¯âAíñ+Hß�f ã0ÿ���Þ|û`á�øp#\ß�á�Þ
S3bßjQbeX���T^]�X��$jMT4T^j XebYëcd¢Tsé�T[Z�Z\T¯é�T^d¢çQZ\T^]�
B]	� IJ12;LK k"]	R­j�ë¢T@SC�oZ\T^j ë¢çoé é
�&j
ë¢ò��&X�Ö7ò��&jDbeé � XYT^é�T^j�d¢T^]¢T å g�j�bYëhbeò�òMT_�&j�Z\T^d·T^]hjhRYjQj�d�d	�&kMT^]·Z\TW�&XeXYTÊT^j ëcdcb$ë¢çoé

Õ^ê



�&]ck"ì\é�T^j�d$Qwë¢çoé Z\T^jÌí�X§ç � T^]	�&dcbYçoj�T^j÷ëcò��&X:ì�Z�
÷to]¢T[ë � � å

���	��
�����
���� � j��&]¢T^]¸dcbeX2�Ej��oZ û`ý$#Hý k�to]¸bvF 02/}3�å

��	
�������������� � jh�&XYçok�dcbeX
F 02/�3
���	������
���� � to]Û�rj��oZ F 02/�3�M ë�z|{�}P~@�|����QQ��}y�V���|���±çoko�P� zP�3}'�|���²k�to]�Þ! �b�T^j çok÷ë	�&é·é�T

ç � T^]	�&dcbYçoj åCq beXÍZ\T^dß�h�&]'Z\T^j¯è\X å � å D$�&XeXeèh��D�ò¯é�T^d¢ç�Z\T å
"#����$%�&��� � ]cì\kMT[ë$dcbeXN�&d¸ç � ]¢T^dcd¢T/çoèHVcT^òQd¢T^]­b�í�XYë¢îQëcd¢T^é�T^d$Q�í�XYT^]$QHè\beè\XebYçod¢T^òMT^]$Q�ë¢î�éBO

Xebej\òQëEçok4ë � TsD^bYT^XeXYT�í�XYT^] = �rjQbYë/í�XYë¢îQëcd¢T^é�T^dEdcbeXeX��oZ\T^]hZ\T^dÜ? å2� T^jÉè\XebÊjMT^]Oò��&XYZHd
�rjMT^]ikr�&j\k�T^j¯bej�ZHkr�&j\k�b�í�XYëcîHëcd¢T^é�T^d¸ëcò��&XÍç � ]¢T^dcd¢T[ë å

"#�'����
���� ��� ]¢T^dcd¢T^]3T^d±è\beè\XebYçod¢T^ò å

(")����
���� a0VcT^]cj�T^]'ëcXYT^d¢T^]'T^d±è\beè\XebYçod¢T^ò å
* �����+���,��� � XYT^dcd¢T^]'T^j¯í�X å
-/. "0����������� ��� ]¢T^dcd¢T^]'T^diëcî�é·Xebej\ò å

��,��
�")����� � bÊjMT^]'T^d¸çoèHVcT^ò�d'b�í�XYëcîQë¢d¢T^é�T^d¸T^d¸j�îQd¸jh�sjQj å
����������� ��� ]¢T^dcd¢T^]3T^jW�h�&]¢Z¯X�R­j\òMTOdcbeXÍT^jsí�X å
1�2 ")$��&���43 j�ZH]¢T^]±]¢T^dcdcbek���T[Z\T^] å
1�2 $	56�����73 j�ZH]¢T^]¸TWVcT^]¢ëcò��&è å
�8
 * � 1 
��9����� q ]cì\j\òMT^]¢T^]3T^jÌí�X å
* �/��")����� ��� Z|�&d¢T^]¢T^]'dcbYZ\ë¢ë¢d¢T^é � XYT^] � �hí�X å
$%:��,�%��� F è\j�T^]±í�X å²) ]'T^j Z\T^Xk�&j�Z\T^]cXYT[Z\T[ë3T^j�Z4Z\T^j %h!�á�Þ Z\T^]¸òMT^j�Z\T[ë,
Ä]	�¥F 02/�3Uå

� T^j¹]¢T^dcì\]cj�T^]¢T^]±beòQòMT3T^jÊj�î�í�XYT[Z\T[ë�D^]cb � d¢ço]$Q\Z|��Z\T^d$T^]­j�çokMT^d$òMT^]cj�T^é�çQZHì\XYT^d
b IJ12;�K �h�&j�ZHd¢T^]¢T^]6
Óço]$ç"ë år�eIJ12;�K T^] z|{�}P~/ò�ì\jÊdcbeXh
Óço]��&d²òMçoj�dc]¢çoXeXYT^]¢T��&d$T^j
í�X�ò��&j �&è\j�T[ëhé�T[Z Z\Ti�&]ck"ì\é�T^j�d¢T^]·Z\T^]Ek"bÊjMT[ëOé�T[Z åb� T^jDç � é
R­]còHë¢çoé·é�T
X�R$ë¢T^]ßjQbeXÍë¢T^XÊjE
>toXekMT^Xebek�çokMë	�·è:T^é
R­]còMT�
B]	�sj�R­]¢T^d���
³�P� zP�3} å


��	
��&��� � R$ë¢T^]ñ
B]	��T^j÷í�XÕ�&j\k"bÊjMT^dñjMT[Z T^j¡ëcdcbÑQh
Ä]	�ÊT^d3è:T[ëcd¢T^éhd³��
Bë	R­d$Q:T^d�è:T[ë¢d¢T^éEd
�&j�d	�&X|è�îQd¢T[ë å

56
;�<������� � ò�]cbÊjMT^]±dcbeX�T^jÌí�X2�&j\k"bÊjMT^d�jMT[Z¯T^jsëcdcbÑQE
Ä]	��T^d$è�T[ëcd¢T^éEd,��
Óë	R­d$QHT^d±è:T[ë¢d¢T^éEd
�&j�d	�&X|è�îQd¢T[ë å

- ��
���= - ��� � T^dcì\]cj�T^]¢T^]¯bej�
Óço]cé
�&dcbYçoj³çoé í�XYë¢îQëcd¢T^é�T^d åJq �&kMT^]¯beò�òMT÷j�çokMT^d¹í�X��&]ck"ì�O
é�T^j�d Þ!>

õ@?BA
�$ú�öN$ßü��s��øPûK�@ý�$`���q�@ø
�$ú�û[��ü>�@øpø%��û�ú�ö#�Ñøe$�øm
ñü	û�û�ø�n�û�ø��o�!��üJø��2ù�ú�ù�û�ú��p�Ñø%�
õDC ÉLø û�����$"öýr#�>���N�	���HÏAÐ�Ñ>Ò�E$ý� ��o
Lø��²�@ý/�Ñø��q���q��ø��Ñø��4ö#��ü>�Ñú�ö#�Ñú�����$ 
Lø���n�û�ö#"�ö#�Ñø�$¦n�û�ø��,û�ú�ý@ýÜø��o��u

Õ`ó




��,�F�	
 - ����� ) j ëcX��&kMëÀ�P� zP�3} å)� XebÊjMT^]¸ò��&XYZHd±jh�&]'T^j�d¢T^j

• � XeXYT3í�XYT[Z\T[ë�D^]cb � d¢ço]¢ë,
Óço]¸T^j¯í�XÍT^]¸è\XYT�jMT^d¸Xeì\òQòMT^d = D^XYç"ë¢T[Zh? å
• ~ �&],�&XeXYT/é�T^é�ço]cîÌé
� �)� bej\kMëß
Bço]±í�XYT^jsT^]'ì\j\é
� �)� T[Z å

= -9. � 1 ��� � T[Z\T^]�çoéÇ�&dië¢î�j\òQ]¢çoj\bYë¢T^]¢TÛ�&XeXYT�Z\T^XYTÛ��
�T^j4í�X�Z\T^]3T^]'bb��ì\òMçoé·é�T^XYë¢T�dcbeX
beò�òMT@O¤ëÜ�&]cèh�&]cd¸X��&kMT^] å

 2íÆô4í�� G2�|û`á�ö>�
IJ12;�K��	× T^]b
Bì�ë¢T²k"]	R­j�ë¢T@SC�oZ\T^j2Qoé�T^j�X��sjMT^d�b&Vu�$j�� å�� T^d�ò��&XYZ\T^]�j�T[Z�b IJ12;�K k"]	R­j�ë¢T@O
SC�oZ\T^j j�b�� ×h02/�åe� ]cì\j�Z\T^j�dcbeX'Z\T^d�T^]·é�T[ZNQ²T^]B
Bço]��&d�XYT^dcd¢T¯bej�d¢T^k"]	�&dcbYçoj�T^jÑé�T[Z
v
o�w�xCyNzk{NK Z\T^]'çokMë	��T^]'X��sjMT^d¸b ×�Ørn�ØUå

Õ$�



H IKJ#L Úß­NM LKOQPSRUTWVYX
� Z\T^dB
Óço]ckr�oT^j�Z\T���
Bë¢j\bed·è\XYT�j 9�1�;LK çok 7B9�; kMT^j\j�T^é·kr�oT^d åeT T[Z Z\TÌd¢ç dcbej\k|QUT^]
òMçoé·éhì\j\beò��&dcbYçoj�T^j�é�T[Z�òMT^]cj�T^j � � � X��oZ\ë·çok�jQb­T^]�j�ì�òQX��&]�dcbeX��&d�è�T^k"î�j�Z\TW�&d
òQbek"kMT � � ë�T^XÊjMT�beé � XYT^é�T^j�d	�&dcbYçoj�T^j¡��
±í�XYëcîHëcd¢T^é�T^d å�� ]cì\j�ZHX��&kMT^d¬
Bço]hí�XYëcîHëcd¢T^é�T^d
T^] m�npo çok v
o�w�xCyNzk{NK ë¢çoé Z\T^j beé � XYT^é�T^j�d	�&dcbYçoj jQb�è�T^j�îQdcd¢T^]·ç"ë¬��
 å§æ T[Z\T^]PO
ë�T^j¹çok æ T[Z\T^]¢ë�T^j2Ò êrÓ è:T[ë¢ò�]cbÊjMT^]Yj�R­]¢ZHbYço]cbYT^j�d¢T^]¢T^d � ]¢çok"]	�&é·é�T^]cbej\k�çok�bej�dc]¢çQZHì|D[T^]¢T^]
mònpo Þ xOçok v�o�w�xCyNzk{NK ë�çoé T^j4beé � XYT^é�T^j�d	�&dcbYçoj b|Z\T^]¢T[ë3ë � TsD^b��&XYT å4� TOZ\T^dcd¢T·
Bço]
T^j 
Bì\XYZ\ëcd	R­j�ZHbek kMT^j\j�T^é·kr�&j\k"��
'ZHbYë¢ë¢T å giT^]¬j�beXYjQb�òMçoé·é�T¹é�T[Z�T^jDè�T^k"]	R­j�ë¢T^d
kMT^j\j�T^é·kr�&j\k
��
 m�npo çok v
o,w�xCyNzb{NK ë¢çoé�T^j�
Bço]cè�T^]¢T[Z\T^XYë¢T3dcbeX�Z\TijhR$ë¢d¢T���
Óëcj\bed å
g��&]­é
�&j¯X�R$ëcd æ T[Z\T^]¢ë¢T^j4çok æ T[Z\T^]¢ë¢T^j�ë¸ë � TsD^b��&XYT3ò��&j¯Z\T^dcd¢Tò��
Bë¢j\bed­ë � ]cbej\kMT[ë±çLjMT^] å

reá�à ZY[Wã$�â3�ç|ã
ñ T^j�Z\T^]$é
�&j¹dcbeX8
Äì\j\òQdcbYçoj�ë � ]¢çok"]	�&é·é�T^]cbej\k�çok¬
 å T^òHë å|xNo,w Q�jQbeX0é
�&j_jQbYZ\Tñ�&d­é
�&j
beòQòMTÌò��&j�ç � Z|�&d¢T^]¢T4T^j j�R­]¢ZHb = j��&Xeì�TL? å�T �&j ò��&j è\bej�Z\TsT^j j�R­]¢ZHb¸dcbeX¸T^d�jh�sjQj2Q

 å T^òHë å _

\ ò £ ZÂû%]_^ ü8]�þ�¤ �&` ò £ ZÂû|¤a^ ü�b þ�c �d` ò £ Zlû|§e^ ü9fØþ�]V¤ �&`
ò £ ZÂû%]_^ ü8]�þ�¤ �hgo© i$û ý © i$û
ò £ ZÂû|¤a^ ü�b þ�c �hgo© i$û ý © i$û
ò £ ZÂûh§e^ ü�f]þi]S¤ �jgq© i$û ý © i�û
\ ò £ Zlk$û[b*YJYa^ ü�û�]�þÂü�û�¤ØþRû|§ ���d`
ò £ Zlk$û[b*Y[Yl^ ü�ü8]�þ3¤ � þ�ü$ü�bQþ�c � þ�ü�f]þi]V¤ �����
g ü © i$û ý © i�û � ý ü$ü © i$û ý © i�û � ý ü © i�û ý © i$û ���
� T^d�ë¢T^]�Vcç3ç � X��&k"d|ì�ZB�&d|è\]cì\kMTâ&(mw(�ç � T^]	�&d¢ço]¢T^j�dcbeX��&dÕR­j�ZH]¢T � �¸T^j¬j�R­]¢ZHb = �rjQbeXeòMT^d
Z\T^jÑbeé � T^]	�&dcbÊjMT � ]¢çok"]	�&é·é�to]¯dc]¢ço]Êì\é·bYZ\Z\T^Xeèh�&]cdWj�beXeXYT4dc]¢çr?@Q�é�T^j Z\T^j�ì�Z�
÷to]¢T^]
bYë¢d¢T[Z\T^d'ë	�&é·é�T^j\Xebek"j\bej\k�_

\ k$ûJbCYJYa^ ü$ün]�þ�¤ � þ�ü$ü�b þ�c � þ�ü9fØþ�o �����d`
ò £ Z © ûp^Ûg £ ZhñKY g kC\J\JZ
çok:j�R­]¢ZHbYT^jsò��&jsbeòQòMT³R­j�ZH]¢T[ë � �:�&j�ZH]¢TOé
�oZ\T^] å

\ ò £ ZÂûh§e^ ü�f]þ(o �&`
ò £ ZÂûh§e^ ü�f]þ(o �hgo© i$û ý © i$û
\ k�ûJb*Y[Y `ò £ Z © ûp^ ü$ün]�þ3¤ � þ�ü$ü�bQþ�c � þ�ü�fØþ�]V¤ �����
g ü © i$û ý © i�û � ý ü$ü © i$û ý © i�û � ý ü © i�û ý © i$û ���

~ îMT]j�R­]¢ZHbYT^]¹ò��&j�òMçoj�ëcdc]cì�T^]¢T[ë¹ì�Z 
Ä]	� �&j�ZH]¢TGj�R­]¢ZHbYT^]$Q­ë¢çoé Z\T^dÊò��&jÑë�T[ë�b
T^òHë¢T^é � XYT^d å4~ �sjQj�TEò��&j�R­j�ZH]¢T[ë�çok¹è\bej�Z\T[ë�dcbeXp�&j�ZH]¢T¬j�R­]¢ZHbYT^]$Qwé�T^j¡T^jGj�R­]¢ZHb�T^]
beòQòMT@O�éEì\d¢T^]cèh�&] å
õ � ���'«%��$�ø%��� Ç üÜû���ø Ú ��
LøPû

ÕL�



ä�íBÜhíBÜ qB!�ÿ&áMý[ý`á�àÄû`áG%wãDß|áQàBâÄÞ|ã #)(,���·ÿ&ß�â á�ÿ
��� ]¢T^dcd¢T^XYë�TJ��
|j�R­]¢ZHbYT^]b
Bço]ckr�&]�b � ]cbej|D^b �)� T^d�ë¢çoé è�T[ëcòQ]¢T�jMT^d§b)��
Bë¢j\bed ê�åeÕ"å�� T^j�é
�oZ\T
�&de�&jEjMT^j�Z\Tßj�R­]¢ZHbYT^] � �/ëcbekMT^]�beòQòMT$j�çokMT^d�çoé �rjMço]¢Z|�&j¹Z\T^jB
÷�&òQdcbYëcòMT$beé � XYT^é�T^j�d	��O
dcbYçoj T^]$Q\é�T^j jQbYë¢ë¢T��rjMço]¢Z|�&j÷Z\T^d�
Bì\j\kMT^]¢T^]¸]¢T^j�diòMçoj|D[T � dcì�T^Xed åwæ �·k"]cì\j�Z���
e�&d¸T^j
j�R­]¢ZHb)�&XYZH]cbek »�Æ�¶ R­j�ZH]¢T­ë¢bekiT^]�Z\T^]���T^Xed�ò�X��&]cd�éEì\Xebek���T[ZÛ
Óço]p�&d|ì�ZHj�îQdcd¢T­Z\T^j�T^kMT^j�O
ë¢ò��&è÷é�T[Z���T^j�è\Xebeò � �Êç � dcbeé�T^]cbej\k åN) j¡ç � dcbeé�T^]cbej\ksT^]ò�&d��&]cè�TWV¨Z\T�é�T[ZM&¤è:ç$¨HT[ZV(
j�R­]¢ZHbYT^] å8� jHë å Q8�&dié
�&j b|ë¢d¢T[Z\T^d,
Óço]��&dò�&]cè�TWV¨Z\ThZHbe]¢T^ò�d¢T�é�T[Z]j�R­]¢ZHbYT^]$Q4�&]cè:TWVcZ\T^]
é�T[Z¹]¢T@
ÓT^]¢T^j|D[T^]$dcbeX:Z\T^é å g�jMço]¢Z|�&jÌT^]$Z\T^dß�&j�Z\T^]cXYT[Z\T[ë±T^j�Zi
 å T^òHë å T^j � çobej�d¢T^]±b l ê
� T^d'T^]¸Z\T^d � �·Z\T^jsé
�oZ\TÛ�&d¸T^j4]¢T@
BT^]¢T^j|D[ThT^]¸T^jW
Äì\j\òQdcbYçoj]��
�T^j j�R­]¢ZHbÑQ�
Ä]¢T^é 
Bço]
T^jH�oZH]¢T[ë¢ë¢T � �ij�R­]¢ZHbYT^j å8� T@
ÓT^]¢T^j|D[T^]/T^]3ëÜ�oZ|�&j beé � XYT^é�T^j�d¢T^]¢T^d$Q��&d�d¢ç�
Óço]¢ëcòMT^XeXebekMT
j�R­]¢ZHbYT^]·�&XYZH]cbekWjQbeX � ]¢çQZHì|D[T^]¢T·Z\T^jÉë	�&é·é�T�]¢T@
ÓT^]¢T^j|D[T�Q�T^j÷è\b VcT^òQdcbÊjG��
Bè\beXYZHj\bej\k���

j�R­]¢ZHbYT^]¸dcbeX�]¢T@
ÓT^]¢T^j|D[T^] Þ � å

� T^dc]	�&k"d xNo,w T^òQë�T^é � T^X�òMçQZ\T^jsb�í�k"ì\] óHå
\ ò £ Z¨ñr^Ks�aC\cb*Z ¦ s `
ò £ Z¨ñr^ts�aC\cb*Z ¦ s g ñSûJb © i�u
\ ò £ Z¨ñ,]_^tsivCYJZJZ[\�s `
ò £ Z¨ñ,]_^tsivCYJZ[ZJ\�s g ñVû[b © i�u
\ ò £ Z¨ñ�¤a^ts�wJb*YJY�û © i�u�ñ�s `
ò £ Z¨ñ�¤a^ts�wJb*Y[YPû © i�uùñ�s g ñSûJb © i�u
\ ò £ ZÂû%]_^ ü+ñ�]�þ;ñ �d`
ò £ ZÂû%]_^ üns�v*Y[ZJZJ\�s/þ8s�aC\cb*Z ¦ s �hg ñVû[b © i�u ývñSûJb © i�u
\ ò £ ZÂû|¤a^ ü+ñ�¤Øþ;ñ �d`
ò £ ZÂû|¤a^ üns8wKbCYJYPû © i�u�ñ�s�þ�s�aC\�bCZ ¦ s �hg ñSûJb © i�u ý ñVû[b © i�u

a|bek"ì\] ó _ ��T]� T^òQë¢T^é � T^X ï

� j�d	�&kMT^]·é
�&j �&d·é
�&j\�h�&]�T^j &¤è�çs¨\T[ZV(¹]¢T � ]	R$ë�T^j�d	�&dcbYçoj jQbeX$é
�&j �h�sjMT¯Z\T^d
]¢T � ]	R$ë�T^j�d¢T^]¢T^dië�çoé b�í�k"ì\] � QHd	�&è�T^X Õ j�bYë�T^]¸Z\T^d¸é�T^]¢T�
Óço]cé�T^Xed å

� bej�ZHbej\kMT^] � ç$¨HT[Z
ë 7→ jQ]¢T@
 Õ jQ]¢T@
 Õ

;
&�Ô²ço]cXYZV(

ë Õ 7→ jQ]¢T@
 ï jQ]¢T@
 ï
;

&�giT^XeXYç	(
ë ï 7→ jQ]¢T@
 � jQ]¢T@
 �

;
& � ]¢T[T^dcbej\kMë%(

d Õ 7→ jQ]¢T@
 ê jQ]¢T@
 ê
;

= j�]¢T@
 ï Q�j�]¢T@
 Õ ?
d ï 7→ jQ]¢T@
 ó jQ]¢T@
 ó

;
= j�]¢T@
 � Q�j�]¢T@
 Õ ?

q �&è�T^X Õ _ � ç$¨HT[Z¯]¢T � ]	R$ë�T^j�d	�&dcbYçoj

õ�� �pø����Ñøkø���ö÷øPû����! @û�ý@ø û�ú�ýp�e�	$'��û�ú�ý��2ü>�bý@üp��üp���Ñø��Ñø/�!��û�
�ö#�1���	
�ú�ý���$�øm
`$�ú���
��ÑøÕüp�

D(vref) ≥ D(v)
���$ú�û���ø��N�,"���ú�ö���ú�����økø��o�Ñú�û �ý�4û 
Lø��m|Pâ�����ü��$ö÷ú�ö2ø��o���Üû�û�ú�ö÷ú�����ø��e
��@ý�$�øPýÜø��2öýr��4û�
���ø�|
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� T^jT&¤ì\j�è:ç$¨HT[ZV(O]¢T � ]	R$ë¢T^j�d	�&dcbYçoj�jQbeX§Z\T^d¸ë¢T�ì�Zsë�çoé b�í�k"ì\] � çok·d	�&è�T^X ï
� bej�ZHbej\kMT^] ï j�è�çs¨\T[Z
ë 7→ j��&X Õ j��&X Õ

=
&�Ô²ço]cXYZV(

ë Õ 7→ j��&X ï j��&X ï
=

&�giT^XeXYç	(
ë ï 7→ j��&X � j��&X �

=
& � ]¢T[T^dcbej\kMë%(

d Õ 7→ j��&X ê j��&X ê
=

= &�giT^XeXYç	(	QV&�Ô­ço]cXYZV( ?
d ï 7→ j��&X ó j��&X ó

=
= & � ]¢T[T^dcbej\kMë%(	QV&�Ô­ço]cXYZV( ?

q �&è�T^X ï _ ï j�è�çs¨\T[Z¯]¢T � ]	R$ë¢T^j�d	�&dcbYçoj

� T^j\j�T�T^kMT^j�ëcò��&èÌk�to]­Z\T^d$éhì\Xebek"d,�&d­Z\T^XYTñj�R­]¢ZHbYT^] � �hT^j¯T+Ü�T^òQdcbÊj�é
�oZ\T3ì�Z\T^j
�&d3è\]cîHZ\Thé�T[Z � ]cbej|D^b �)� T^]cj�T�bbj�R­]¢ZHbYço]cbYT^j�d¢T^]cbej\k å�T �&j÷ò��&j ë	�Êë � to]ckMT�Qh
Bì\j\kMT^]¢T^]
Z\T^Xebej\khçokMë	� � ��j�îMç � ]¢T^dcd¢T[Z\T,j�R­]¢ZHbYT^]$Q��rj��oZ:�rjQbYëÕjQb�
Bço]cd¢ë	�&dcd¢T±T^òHë¢T^é � XYT^dÕ
B]	�ií�k"ì\]
ó é�T[ZW
>toXekMT^j�Z\T/XebejoVcT"_

\ ò £ ZÂûh§ ^ ü)ñ,]�þxs�aC\�bCZ ¦ s �d`
ò £ ZÂûh§e^ üns�v*Y[ZJZJ\�s/þ8s�aC\cb*Z ¦ s �hg ñVû[b © i�u ývñSûJb © i�u
g�j��oZ jQbeX¸Z\T^]�ë	�÷ëcòMTLêsSUT[Z ç � ]¢T^dcd¢T^XYë¢T���
�T^j j�R­]¢ZHb�jQbeX¸Z\T^]·è\XebÊjMTÌì�ZH]¢T^k"j�T^d�T^j
]¢T@
ÓT^]¢T^j|D[T�dcbeXNj�R­]¢ZHbYT^j2Q\ë¢çoé ë	�hkMT^é·é�T[ë å g,jQbYë$Z\T^]¸T^òQë¢bYëcd¢T^]¢T^]±T^jWj�R­]¢ZHb8
Óço]­]¢T@
ÓT^]PO
T^j|D[T^jDT^]OZ\T^d/ì\j|t�Z�jMT^j�ZHbek"dB�&d/kMT^é·é�T�QÍZ|�ÌZ\T^j T^òHëcbYëcd¢T^]¢T^j�Z\TBj�R­]¢ZHb�T^]/bYZ\T^j�dcbYëcò
é�T[Z4Z\T^jWj�bNjQbeXÍkMT^é·é�T$VPjr
 å è\b V¨T^òQdcbÊjQbed¢T^d¢T^jsé�T^XeXYT^é j�R­]¢ZHbYT^]'çok�]¢T@
ÓT^]¢T^j|D[T^] å

ä�íBÜhíÆô yEá�àBàÄá�ÿ
l T^XeXYT^]OT^]ñ
Ñ�&ò�dcbYë¢ò T^j beé � T^]	�&dcbÊj ëcdc]cì\òQdcì\] åN) jHD[T^XeXYT·T^jÉç � Z|�&d¢T^]cèh�&]òj�R­]¢ZHb�bej�Z\T@O
��çoXYZ\T^j�Z\TÌT^jD]¢T@
BT^]¢T^j|D[T åp� T^dhT^]�ë	�&XYT[Z\T[ëhéEì\Xebek"d��&d�ç � Z|�&d¢T^]¢Ti�rjQbeXeòMT^j ]¢T@
ÓT^]¢T^j|D[T
Z\T^j4bej�Z\T���çoXYZ\T^] åh� T^d¸T^]'ë	�&XYT[Z\T[ë¸ë¢d	�oZHbek�beò�òMT�éhì\Xebek"dñ�&d,R­j�ZH]¢ThT^jWj�R­]¢ZHb å

reá,+ z|{~}
mònpo T^]ÍT^dÍdc]	R$ço]cbYT^j�d¢T^]¢T^d � ]¢çok"]	�&é·é�T^]cbej\kMë �iæ�� é�T[ZOT^jòj�R­]¢ZHbYço]cbYT^j�d¢T^]¢T^d�k"]	R­j�ë¢T@O
SC�oZ\T�Q�ë � TsD^bYT^XedÍZ\T[ë¢bek"j�T^dÍé�T[Zò��T^j�è\Xebeò � ���&]cè�TWVcZ\T�é�T[Z v�o�w O¤Z\çoò�ì\é�T^j�d¢T^]$Ò êrÓ Ò���
Óëcj\bed
ê�Ó¤å

ä�íÆô4íBÜ �EâBàÄãh#�Þ|ãÉý�âBà²ý`ÿ��·á�ÿ
�3æ��@M T^d|è�T[ëcd	�&]���
|SwT^]¢T²k"]	R­j�ë¢T@SC�oZ\T^]$Q"Z\T^jBj�bek"dcbekMë¢d¢T6j�R­]¢T^j�Z\T��*\ ¦ Y3Z\T^]�]¢T � ]	R$ë¢T^j�O
d¢T^]¢T^]±Z\çoòQì\é�T^j�d¢T^] å|� X:dcbeXekr�&j\k·dcbeX v
o�w O¤Z\çoòQì\é�T^j�d¢T^]J
Óço]¢T^kr�&]Jj�b���Z\T^dcd¢T å�q beXekr�&j\k
dcbeXß�&dcdc]cbeè\ì\d¢T^]$Q�Z|�&d	�÷çok �&j�Z\T^j�bej�
Bço]cé
�&dcbYçoj çoé T^j j�ç�Z\T^] å & � jMT^]¢ë	�&d%(¹dcbeX v
o�w
�h�&]iT^j¯j�ç�Z\TOZ\T^jsëÜ�&é·é�T/è:T^d�îQZHj\bej\k¹ë¢çoés_
� û £ u £ û$û[b%]8^/fJfCò £ Z�]�f[f £ û$ûJb�¤'^/fJfRò £ Z�¤
fJf ][]J] £ û�ûJbJi�^ef[fRò £ Z�iâfJf��
][]J] ¦h£ û £ \'u Y�ò$û'] ¡ Y�b*Yr�	�,�Ê]J]
� _Pû £ u��
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ä�íÆô4íÆô qB!�ÿ&áMý[ý`á�àÄû`áG%wã ��Þ§ß�ÿoâÄÞ|ãH#)('ßk%h�2��þÉáQÞ:ý`á�ÿ
� T^dÒT^]³ë¢T^XÊjE
>toXekMT^Xebek�j|tQZ�jMT^j�ZHbek"d �&dÄ�h�sjMT éhì\Xebek���T[Z 
Óço]Ä�&d³ç � ]¢T^dcd¢TÎZ\çoòQì�O
é�T^j�d¢T^]Ob m�npoOå4~ �&]/Z\T^d/òMçoé·é�T^]/dcbeXUç � ]¢T^dcd¢T^XYë¢T�Q�Z\T<í�j�T^]¢T^] mònpo k"]	R­j�ë¢T@SC�oZ\T^j
�����,²Pû*\cb*Y	³ £ ^Vû*\cb$ÿ å�) j beé � XYT^é�T^j�d	�&dcbYçoj\��
 m�nÕo ëcò��&X�ë	��beé � XYT^é�T^j�d¢T^]¢T�Z\T^j\j�T
k"]	R­j�ë�T@SC�oZ\T�Q`b�jMço]¢T[ë§dcbeX°
÷R­XYZ\T²T^]§Z\T^d v
o,w�xCyNzb{NK Z\T^]§k�to]§Z\T^d å Sib��±Z\T^j\j�T�k"]	R­j�ë¢T@O
SC�oZ\TÌT^]·Z\T^d·ë	� éEì\Xebek"d
�&d�X��sjMT¹j�îMT´�*\ ¦ Yhñ åb� T^]·T^]¬SwT^]¢T

Óço]¢ëcòMT^XeXebekMTÌé
�oZ\T^]��&d
ç � ]¢T^dcd¢TS�C\ ¦ Y|ñ � ��Q0T^j�d¢T^jÉë¢çoé T^j]��T^Xed3d¢çoé j�ç�Z\T�T^XeXYT^]�é�T[Z Z\T^j¡Z|�&d	�¹Z\T^j÷ë¢ò��&X
bej�Z\T���çoXYZ\TEk"bÊjMT^d � �Û
Óço]u�h�&j�Z å

) j �&j�Z\T^j j�bek"dcbek 
Bì\j\ò�dcbYçoj b�k"]	R­j�ë¢T@SC�oZ\T^j ë¢çoé ëcò��&X�beé � XYT^é�T^j�d¢T^]¢T[ë T^]
^�b*Y £ û*Y'�	�,��²PûC\�bCY)Q\Z\T^]¸]¢T^dcì\]cj�T^]¢T^]'T^j4j�îÌbej�ëcd	�&j�ë,��
�T^d � d¢ço]¢T å

ä�íÆô4í} �iá�ÿ7û7â û`ý`á�Þ|û�#)('ßk%h�2��þÉáQÞ:ý`á�ÿ
) d v
o�w�xCyNzk{NK ëcò��&X�beé � XYT^é�T^j�d¢T^]¢T:
Äì\j\òQdcbYçoj�T^]cj�TRZJ\ £�¦ çokËñ £ ò*Y å8� bYë¢ë¢Thè\]cì\kMT[ë
dcbeXh�&dÕ��T^j�d¢T¸T^dUZ\çoòQì\é�T^j�d�
B]	��T^d v
o,w�xCyNzb{NK Q���T^j)��çoXYZ\ëuj�bYëUkMT^é·é�T¸T^dUZ\çoò�ì\é�T^j�d
dcbeXHT^d v�o�w�xCyNzk{NK�å�~ �&]�T^j�j�ç�Z\T[ë|kMT^é·é�T[ë$Q&]¢T^dcì\]cj�T^]¢T[ë�T^jÛj��&Xeì�T^]¢T@
ÓT^]¢T^j|D[T²dcbeXHZ\T^j å
~ �&]¸T^jsj�çQZ\T/ëcò��&XN��T^j�d¢T[ë¸ì�ZW
Ä]	��T^d v
o�w�xCyNzb{NK è\]cì\kMT[ë¸T^j j��&Xeì�T^]¢T@
ÓT^]¢T^j|D[TEë¢çoé
�&]ck"ì\é�T^j�d�dcbeX�Z[\ £�¦ çok T^j ~ ç�Z\T�]¢T^dcì\]cj�T^]¢T[ë å�m�npo �h�&]�T^j Z\ç$jMT^j � çoXebedcbeò¡é:��d å
XYç��oZHbej\k���
§è4to]cj�T^j�çQZ\T^]$Q\Z�jQë å �&d±T^jÊj�çQZ\T�
>to]¢ëcdY��T^j�d¢T[ë$jh�&]±Z\T^j¯ëcò��&Xwè\]cì\kMT[ë å�� T^d
�h�&]JjQbYë¢ë¢Tß
Bço]¢Z\T^XYT3é:��d å dcbeX�ëcd¢ço]¢T�Z\çoòQì\é�T^j�d¢T^] å g�j�bYë²é
�&jÌò�ì\jÌëcò��&X0dc]	�$jMT^]¢ë¢T^]¢T/T^j
é�T^kMT^dEXebeXeXYT�Z\T^Xe��
$Z\T^dhë	�&é·XYT[Z\T·dc]	R�QÍT^]/é
�&jH
B]cbp
Óço]·�&d³��T^j�d¢T�Z\T^d·��T^XYT�çokW�rjQbYë
dc]	R$T^diT^]±é�T^kMT^diëcd¢ço]cd¸T^]¸é
�&j_
B]cb4
Óço]��&d��h�sjMT·��T^XYT�dc]	R$T^d¸b2��ì\òMçoé·é�T^XYë�T^j å

ä�íÆô4íeä Ì:ü§þGî�%:àÄû$�wá4Þb#��§Þ|á�(Ý%wÿ
���·ÿ&ß�â á�ÿ
� ��
Óëcj\bed ê�åeÕ ë	�:jQb§bb�rjMço]¢Z|�&j ��T]� è\bej�Z\T^]3T^j]j�R­]¢ZHb§dcbeX�T^d'jh�sjQj å8� T^j�
Äì\j\òQdcbYçoj�O
�&Xebed¢T^dÊT^]�çokMë	� ì\j�Z\T^]¢ëcd�todcd¢T^d�b¯µ�ò ¡ å�) dÊëcî�éhè:çoXYë¢ò jh�sjQj T^]�T^j ëcdc]¢T^j\k|QÕ��T^XYë¢d
��

T^j è�T[ëcò��VÜ�T^j)��T[Z Z\T^]�k�to]/Z\T^j�
Bço]¢ëcd	�oT^Xebek�
Óço]ié�T^j\j�T[ë¢òMT^] å2q beX��&dñ�h�&j�ZHd¢T^]¢T·ë¢î�éBO
è�çoXYëcòMT/jh�$j�j�T³
Bço],j��&Xeì�T^]¢T@
ÓT^]¢T^j|D[T[ëië¢ò��&X§T^d v�o�w�xCyNzk{NK beé � XYT^é�T^j�d¢T^]¢T�T^j4jh�sjQj�T

Bì\j\òQdcbYçojh�&Xebed¢T^d åhq ]¢Tò
Äì\j\òQdcbYçoj�T^]'Z\T<í�j�T^]¢T^]'Z\T^j\j�T³
Äì\j\òQdcbYçojh�&Xebed¢T^d å
î�âBÞ§ß è\bej�Z\T^]iT^jWj��&Xeì�T^]¢T@
BT^]¢T^j|D[TEdcbeXÍT^d¸jh�sjQj å
à&%N%C�2��! � bÊjMT^dET^d/jh�sjQj2Q�]¢T^dcì\]cj�T^]¢T[ë�Z\T^j j��&Xeì�T^]¢T@
BT^]¢T^j|D[T�Z\T^]hT^]/è\ì\j�Z\T^dEdcbeXUZ\T^d

jh�sjQj å g�jQbYë�Z\T^]�beòQòMT'T^]²è\ì\j�Z\T^d²j�çokMT^d²dcbeX0Z\T^d²jh�sjQjÊ]¢T^dcì\]cj�T^]¢T[ë­beòQòMT¸j�çokMT^d å
ÿ&árî�âBÞ§ß � bÊjMT^j�dOT^d�jh�$j�jÉçokÌd¢çij��&Xeì�T^]¢T@
ÓT^]¢T^j|D[T[ë$Q�Z\T^jHj��&Xeì�T^]¢T@
BT^]¢T^j|D[T�jh�$j�j�T^d/T^]

è\ì\j�Z\T^dUdcbeXwçokOZ\T^j�j��&Xeì�T^]¢T@
ÓT^]¢T^j|D[T±é
�&j�jQbeXhR­j�ZH]¢T±è\bej�ZHbej\kMT^j�dcbeX å g�j�bYë�beòQòMT
Z\T^j_j��&Xeì�T^]¢T@
ÓT^]¢T^j|D[T3é
�&jÊk"bÊjMT^]±ë¢çoé�Z\T^jR&¤kr�&é·XYT�(ñj��&Xeì�T^]¢T@
ÓT^]¢T^j|D[T�ëcd¢T^é·é�T^]
ç$jMT^]¢T^j�ë±é�T[ZÌZ\T^j�j�R­]¢ZHb�Z\T^j¯T^]­è\ì\j�Z\T^d±dcbeX0b�jh�sjQj�T�
Äì\j\òQdcbYçojh�&Xebed¢T^d¢T^j = Z\T^j
T^]�
 å T^òQë å ç � Z|�&d¢T^]¢T^dñ��
�T^j��&j�Z\T^j � T[T^]Ü?@Q�
BTWV¨XYT^]¸ç � T^]	�&dcbYçoj�T^j

ä�íÆô4í�� U_VJX â�ß�âÄû[ý`ÿ&â&îp�§á�ÿ7á�ß|á þ âBà�����á�ÿ
mònpo T^]�ë � TsD^bYT^Xed�Z\T[ë¢bek"j�T^d�dcbeXQè\]cì\k�bQZHbYë¢dc]cbeè\ì�T^]¢T[Z\T$é·beX VPtQT^] å�� bYëcdc]cbeè\ì�T^]¢T^d�X��&kMT^]�T^]
ç�
Bd¢T[ëcd � X��&kMT^d���
�X��&j\kMë¢çoé·é�TOë�j��&]cdcbYZ\T^] å|T çQZHdc]	R­ò�òMT^d¸dcbeXÍZ\T^dcd¢TET^]±XYçoò��&X�D$��D	�\bej\k å

ïHÕ



T T[Z·D$��D	�\bej\kñ
>toXekMT^] � ]¢çoè\XYT^é�T^]|é�T[Zz&ÝD$��D���T@O�D[ç���T^]¢T^j|D[T�(	Q�Z|�&d	�¸b�D$��D���T­ëcò��&XE��çoXYZ\T[ë
ç � Z|�&d¢T^]¢T^d¸b4
Óço]u��çoXYZ¯dcbeXbR­j�ZH]cbej\kMT^]ibÍZ\T^j¯í�XÍZ\T^j�D$��D���T^] å

� bYë¢dc]cbeè\ì�T^]¢T^dOX��&kMT^]OçokMë	�¹ë	�&]cèh�&]cdOç$jMT^]³
Bço]�ì�Z�
Ñ�&XYZ ��
 � T[T^]¢ë/çok_
Bço]³�&d/ì\j�ZHkr�
é·bYZHXYT^]cdcbYZHbek"d$Q�T^XeXYT^]hbej�R­]¢ëcd¢T:
Ñ�&XYZ � T^]cé
�&j�T^j�d$Q|d	�&è Z|�&d	�]��
'Z|�&d	�¯]¢T � XebeòMT^]¢T[ë�Z\T^d
ç�
Bd¢T[ëcd­é�T^XeXYT^é � T[T^]¢ë å�� T^dcd¢Tië¢ò��&è�T^]²XebekMT^XYT[Z\T[ë � çod¢T^j�dcbYT^XeXYT � ]¢çoè\XYT^é�T^]±é�T[Z¥&�Z|�&d	��O
D[ç���T^]¢T^j|D[T�(	Q§j�T^é·Xebek]�&dOZ|�&d	�¯Z\T^]OT^]/]¢T � XebeòMT^]¢T^d�ëcò��&Xp��çoXYZ\T[ëhç � Z|�&d¢T^]¢T^dObp
Óço]u��çoXYZ
dcbeX$T�jQd å R­j�ZH]cbej\kMT^]�b²Z\T^j XYçok"bYëcòMT¹T^j\òMT^Xed¢T�í�X åk� dhè\]cì\kMTÊbeé � T^]	�&dcbÊjMT � ]cbej|D^b �)� T^]
dcbeX²ZHbYëcdc]cbeè\ì�T^]¢T[Z\T�í�XYë¢îQëcd¢T^é�T^]·j�beX�Z\T^]P
Óço]·��ì\]cdcbek"dh]¢T[ë¢ì\Xed¢T^]¢T^]EbUì\dc]¢çoXebek é�T^kMT^dEdcbYZ
çok]D[çoé � ì\d¢T^]cò�]	��
Bd�Z\T^]Eè\XebÊjMT^]hZ\T^]Eè\XebÊjMT^]Eè\]cì\k"d � ���&dhë�to]ckMTB
Óço]Û�&dÛD$��D	��T[Z\T�çok
]¢T � XebeòMT^]¢T[Z\TOí�XYT^]'T^]±òMçoj�ëcbYëcd¢T^j�d¢T å

�Ûm�npo T^]:D$��D���T¯çok¡Z|�&d	�GD[ç���T^]¢T^j|D[T �&XYZH]cbek T^d � ]¢çoè\XYT^é Q�Z|� Z|�&d	� T^]hbeòQòMT@O
éhì\d¢T^]cèh�&]cd å') j j�R­]¢ZHb'ò��&j � �¡T^j�ëcbeò�òMT^]�é
�oZ\T D$��D���T[ë$Q²Z|�¡Z\T^j ]¢T@
ÓT^]¢T^j|D[TsZ\T^]
T^]�dcbeX$Z\T^j �&XYZH]cbekGjQbeX²òMçoé·é�T¹dcbeX��&dh]¢T@
ÓT^]¢T^]¢T¹dcbeXJ�&j�Z\T^d·Z|�&d	� åk� bekMT^XYT[Z\T[ë�ò��&j�T^j
j�R­]¢ZHb|ë¢beò�òMT^]cd¸]¢T � XebeòMT^]¢T[ëLQ0Z\T^j]j�beXb��T^XeXYT^]ñ�&XYZH]cbek�R­j�ZH]¢T�ëcbek åCT T[Z mònpo ò��&j4é
�&j
d	�&kMT¬�&XeXYTOëcbej�T/è�T^òQî�é·]cbej\kMT^]ié:��d å òMçoj�ë¢bYëcd¢T^j�ë'çok¹ëcé·bYZ\TOZ\T^é j�R­ò4Q � ]¢çoè\XYT^é�T^]cj�T
T^òHëcbYëcd¢T^]¢T^]¸ë¢XYT^d±beò�òMT å

� T^]­T^]²Z\çokÛj�bYë¢ë�T¸ëcd¢T[Z\T^]e�EjMço] mònpo dc]	R$Z\T^]­XebYZHdejMT[Z�ë¢bYZ\T^j���
§ëcbej�T¸T^k"j�T � ]cbej�O
D^b �)� T^]$Q:Z\T^diT^]3jh�&]iZ\T^d3òMçoé·é�T^]idcbeX�Z\T^j�ë'beé � XYT^é�T^j�d	�&dcbYçoj ��
�D[T^XeXYT^]�Þ � å8l T^XeXYT^]�T^]
ç � Z|�&d¢T^]cèh�&]¢T j�R­]¢ZHbYT^]$Q�é�T[Z j�bYë¢ë�TÊè�T^k"]	R­j�ëcj\bej\kMT^] å6� T^k"]	R­j�ë¢j\bej\kMT^jÑT^]i�&d:j�R­]PO
ZHbYT^j���
�T^j D[T^XeXYT�ò�ì\jÌò��&j�j�R­]¢T�T^j_j��&Xeì�T^]¢T@
ÓT^]¢T^j|D[T å�� T^d$T^]±jhR­]cé�T[ë¢d¸T^jÌZ\çoè\è�T^Xed
bej�ZHbe]¢T^òQdcbYçoj'��
�T^j j��&Xeì�T�Qp�EjMço]�Z\T^d
�&j�Z\T^d·XYT[Z�ò��&j R­j�ZH]¢T[ë�dcbeX,�&d � T^kMT � �H�&j�O
ZH]¢T·j�R­]¢ZHbYT^] åC� �·Z\T^d'òQì\j T^]'T^j]j��&Xeì�T^]¢T@
ÓT^]¢T^j|D[T�Z\T^]iëcò��&XÍç � Z|�&d¢T^]¢T[ëLQ0çok�ZHbYë�ë¢TOT^]
��
¸T^jH
Ñ�oëcdEçok ]¢T^X��&dcbÊj�dhXebeXeXYT�ëcd�to]c]¢T^XYë�T�QNj�beXeXYT�é
�&j òQì\j\j�T·beé � XYT^é�T^j�d¢T^]¢TW�&d¢çoé·bYëcò
ç � Z|�&d¢T^]cbej\ki��
ÕD[T^XeXYT^]¸]¢T^X��&dcbÊjQd¸è\beXeXebek"d å
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ä ÙiÝ�Ý�Ù�
�ï ñ�
�Þ�ï�ó�ÙiÜ�à�����Ú¤ÙiÝWö'÷�Ú ä,Û�ã ÙiÚ�ñ Û ñ�Þ�ÙiÚ�Ù�ñ ß ð ä ÙiÚ�Ú�ÙiÞ�â�Ý�ÙiÚ�Ù�ñÔÙiÝWö ï�Ü+â�ÙiÚ�Ù/òôÙiÚ�ÙiÝ�õ�Ù��
ð	Ù åUå Ù�ñ ä ÙiÚQÜ ß á'ï�Ü+Þ�ÙiÝ|ï£òûó Û Ü ä,Û Ý�ð´ï£ò ö ï�Ü+â�ÙiÚ�Ù/òôÙiÚ�ÙiÝ�õ�Ù6Þ Û ÜÂÙiÝ ã ÜDï õ�ÙiÚ Û Ý�ð ã � ÙiÝ�
 Û ñ�á
� 
 Û ñ�á,ñ�ó�Ü Û ö	ÙiÚQó�Ù�ñ�á�Ú�Ùiö	ÙiÞ Û ÙiÞ×Ü Û�ä Þ×ñ�ÙiÝ�ÙiÚ�ÙÉï£òôñ�Ý Û Þ��/à

����Ú�ÙiÝþï ã�ã Ü Û á'ï�Þ Û�ß Ý ö Û Ü�
�ï8ö	ÙUö ÷�Ú ä,Û ÙiÝþï£ò�ÙiÝ¡ö ï�Ü+â�ÙiÚ�Ù/òôÙiÚ�ÙiÝ�õ�Ù��dñ�Ü���Ú å ï�Ý ß ã¡Û
ä ÙiÝ)Ü ß á ï�Ü�Ù�
�ï ñ 
)Þ�ï�ó%ÙiÜ,ò"! Ú�ñ�Þ8à�# Û Ý ä Ù�ñ ä ÙiÝ ä ÙiÚ$�	Ú�ÙiÞ�â�Ú�Ý�ÙiÚ�Ù�ñ ö'÷�Ú ä,Û ÙiÝ&à&%¤Ú ä ÙiÞ�Þ�Ù Û á�á	Ù
Þ Û Ü ò�÷�Ü ä ÙiÞ$�¤ñ ã ! Ú�ð	Ù�ñ ä ÙiÚUâ äxã �4Ý�ÙiÞ�ö'÷�Ú�á	ÙiÞ ß å Ý ß ð'Ü�Ù'
�ï�Ú ä ÙiÝ ï£ò¨ó Û Ü ä,Û Ý�ð Û¯ä ÙiÚ�Ù�ñ

�ï ñ�
4Þ�ï�ó�ÙiÜ�à(%¤Ú ä ÙiÞÅÞ Û Ü ò�÷�Ü ä ÙiÞ�ñ�ö'ï�Ú�ÙiÚ¬ÙiÝ ã Ù�ÙiÚÅÞ Û Ü+ó�ï�ð	Ù å Ù ä ö'÷�Ú ä,Û ÙiÝ)� ä ÙiÚ¬õ8ï õ*
�Ù�ñ
Ü ß á'ï�Ü+Þ8à,+Åï�Ú Û Ý�ð	ÙiÝ ã Ù�ÙiÚ�ñ Û Ý�ÙiÞ�ö'÷�Ú�á	ÙiÞ ä ÙiÝ)ï£òûó Û Ü ä,Û Ý�ð���Ú�Ù�ñ�â�Ü+Þ�ÙiÚ�ÙiÚ ä ÙiÞ Û ÙiÝWÞ Û+å Ù-� ß â�Þ8à


ÅÙiÝ�Ý�Ù×Ý ß ð	ÙiÞ ñ Û+åUã Ü�Ù å � ä ÙQï�Þ Û+åUã Ü�Ù å ÙiÝ�Þ�ÙiÚ�Ù�ÙiÝ ä,Û ñ�Þ�Ú Û ó�â�ÙiÚ�ÙiÞ.
�ï ñ 
�Þ�ï�ó%ÙiÜ�ò¨â�Ý/�
ð	ÙiÚ�ÙiÚ$� å ÙiÝ0
�ï�Ú×Ý ß ð'Ü�Ù ã â�Ý�á�Þ�ÙiÚ1
�ö ß Ú×ò ß Ú�ó�Ù ä Ú Û Ý�ð)ÙiÚ×Ý�! ä ö	ÙiÝ ä,Û ð'Þ8à2#�à Ùiá,ñ8à Û ÙiÞ ä,Û ñ��
Þ�Ú Û ó�â�ÙiÚ�ÙiÞ åUÛ Ü 3 !~ö Û Ü%ÙiÝ ã Ù�ÙiÚ ä ÙiÚ�ó�Ú�â�ð	ÙiÚ�ÙiÝYö ÷�Ú ä,Û%ß òûÞ�Ù¬ï�Ü+Þ Û�ä ñ�á�â�Ü+Ü�Ù4
�ÙiÝ�Þ�Ù ä ÙiÝ òûÚ�ï
ÙiÝ¡ï�Ý ä ÙiÝ ã Ù�ÙiÚ$��Ý2��Ú ä ÙiÝ�Ý�ÙSö ÷�Ú ä,Û�Û á�á	ÙSÙiÚÅÞ Û Ü�ñ�Þ�Ù ä Ù Û õ8ï õ*
�Ù'à5
¬ÙiÞ¬á'ï�Ý4Ú�Ù�ñ�â�Ü+Þ�ÙiÚ�Ù Û
â�Ý�! ä,Û ð å Ùið	ÙiÞ×Þ�Ú�ï76�á�à�
¬ÙiÝìÙiÝ�Ù�ñ�Þ�Ù å � ä Ù~ÙiÝ#ö'÷�Ú ä,Û á ï�ÝìÚ�Ù ã Ü Û á	ÙiÚ�Ù�ñ×Þ Û ÜÏÙiÝ ã Ù�ÙiÚ×ÙiÚ

�ö Û ñ¯ÙiÝ ã Ù�ÙiÚ�ö	Ù ä ÙiÞ¯Ú�ÙiÝ�Þ�Þ Û Ü òô÷�Ü ä Ù¬ð	Ù åUå ÙiÚ×ÙiÝ´ö'÷�Ú ä,ÛdÛ�ä ÙiÝ�Þ Û ñ�á å Ù ä0ä ÙiÚ�ÙiÚ ã �SÙiÝ
ï�Ý ä ÙiÝ ã Ù�ÙiÚ8à

ÿ�������8 ø0ù	íÏêÂç7ë8ç�é£í�ç�é
�¬ï�ö�Ý�Ù�ñ�ÙiÚ�ö	ÙiÚ�ÙiÝ0Þ�ï�ð	ÙiÚ×ñ Û ð ï£ò¤ï£òûó Û Ü ä,Û Ý�ð)ï£òÇñ 9 å ó ß Ü�ñ�á	Ù¬Ý�ï�ö�Ý�Ù¬Þ Û Ü%ö'ï�Ü+â�ÙiÚ�Ù/òôÙiÚ�ÙiÝ�õ�Ù�ñ8à
�¬ï�ö�Ý�Ù�ñ�ÙiÚ�ö	ÙiÚ�ÙiÝ ÙiÚ ã à Þ8à Û+åUã Ü�Ù å ÙiÝ�Þ�ÙiÚ�ÙiÞSñ ß å ÙiÝ|õ�ÙiÝ�Þ�Ú�ï�Ü ñ�ÙiÚ�ö	ÙiÚ ß ð0ÙiÚ ä ÙiÚ(ò ß Ú ä ÙiÞ
å ï�Ýlá ï�Ü ä ÙiÚ;:=<->@?BA�CEDGF/H,>�?2I�H JKJL:,>�CNMBO�D�PQ
¬ÙiÞ�Þ�Ù ä Ù�ñ Û ð'Ýañ�áB9�Ü ä Ù�ñ ä ÙiÝ Û+åUã ÙiÚ�ï�Þ Û ö	Ù
Ý�ï�Þ�â�Ú é£çBR�î¨êTSVUWU�X 
�ï�Ú8à2Y ß ð å Ù ä ï�Þ×Ú�Ùió Û Ý ä â ä ò�! Ú�ÙiÚ ä ÙiÝìá ß Ý�Þ�Ú ß Ü ä ÙiÝìð�! Ú$�%ï�ÞQñ�Ù
ß å ä ÙiÚ×ÙiÚ¯ÜDï8ö	ÙiÞQÙiÝìï�Ý ä ÙiÝ#ó Û Ý ä,Û Ý�ð)ñ Û�ä ÙiÝ å ï�Ý#ñ Û�ä ñ�Þ�Ù¬ÜDï�ö	Ù ä Ù ß ã ñ�ÜDï�ð ã �SÝ�ï�ö�Ý�ÙiÞ$�
ö Û Ü ä ÙiÞÇó%ÙiÞZ9 ä Ù¯ï�Þ ä ÙiÝ ß ã ÙiÚ�ï�Þ Û�ß Ý ñ�á�â�Ü+Ü�ÙÔá ß Ý�Þ�Ú ß Ü+Ü�ÙiÚ�ÙQï�Ü+Ü�Ù ã Ù�ÙiÚ�ñÂò ß Ú¤ÙiÝWÝ&96ó Û Ý ä,Û Ý�ð��

�ö Û ñQñ�ÙiÚ�ö Û õ�ÙiÝìö ï�Ú ä,Û ñ�Þ�Ú Û ó�â�ÙiÚ�ÙiÞ8à([�ð ä ÙiÞQñ�á�â�Ü+Ü�Ù�ñ�ÙiÜ+ö�ò�! Ü+ð	ÙiÜ Û ð ò ß Ú�Ùið&� ï�Þ ß åUÛ ñ�á%à\
¬ÙiÞ
ÙiÚÉÞ Û Ü�ñ 9�Ý�ÙiÜDï ä ÙiÝ ä Ù Û á�á	Ù)ÙiÝ¡Ü�!'ñ�Ý Û Ý�ð å ï�Ý]
�ï�ÚÉö Û Ü+Ü�ÙUó Û Ý ä Ù ï�Ý å Ù ä � Û á�á	ÙUÙiÝ�ð�ï�Ý�ð
ã � åUÛ�ä Ü�ÙiÚ�Þ Û�ä,Û ðYó�ï ñ Û ñ8à

ÿ�������� ú#îûë8üdë
% Ý ä,Û ñ�á¡ÙiÚ ä ÙiÞÉÝ�Ù ä ÙiÚ�ñ�Þ�Ù)ÜDï�ð ÛQ^`_4a/bdc�eTf�g ï�Ú�á Û Þ�Ùiá�Þ�â�Ú�ÙiÝ&àh
ÅÙiÞ6ÙiÚi
�ÙiÚÉö'÷�Ú ä,Û ÙiÚ
Û ñ Û�ä ñ�Þ�Ù ÙiÝ ä ÙUó�Ü Û ö	ÙiÚ6ð	Ù å Þ~Þ Û Ü ÙiÞ ã ÙiÚ�ñ Û ñ�Þ�ÙiÝ�Þ~ÜDï�ð	ÙiÚ � ÞZ9 ã�Û ñ�á|ÙiÝj
�ï�Ú ä�ä,Û ñ�á\�/à ^k_la,m

n�o



bdc�ehf�gYä Ù-6�Ý�ÙiÚ�ÙiÚ×ÙiÝ´ð'Ú�÷�Ý�ñ�Ù-p�ï ä ÙÅò ß Ú�
 Û ñ�á,ñ$��ñ*� ä ï�Ý#ï�Þ�Ý&9 òûâ�Ý�á�Þ Û�ß Ý�ï�Ü Û Þ�ÙiÞ ß ðWá ï�Ý
Ý�Ù å Þ6á'ï�Ý Û+åUã Ü�Ù å ÙiÝ�Þ�ÙiÚ�Ù�ñ8à�
¬ÙiÞÉá'ï�Ýþö'÷�Ú�Ù ï�Ü+Þ~ò¨Ú�ï0õ8ï õ*
 Û Ý�ð7Þ Û ÜQ
�!q3BÞ ß ã Þ Û+å ÙiÚ�Ù ä Ù
ä,Û ñ�á�ñ�r s¬ñ ã Ù�õ Û ÙiÜ+Þ×Þ Û Üdó�Ú�â�ðUò ß Ú ^`_4a/bdc�eTf�g à


 Û ñ�á�ñYÙiÚ)Ú�ÙiÞ´ñ Û+åUã Ü�Ù|ï£ò ä Ù�ñ Û ð'Ý)�t
�ö Û Ü+á	ÙiÞ0ñ�Ù�ñ´ï£ò6ï�Þ ä Ùìá�â�Ý ã ÙiÚYï�â�Þ ß å ï�Þ Û á
Þ Û Ü+óB9 ä ÙiÚQÞ ß òûâ�Ý�á�Þ Û�ß Ý�ÙiÚ$u ë8ù�í�çYß ðwv�x ù\S à\
 Û ñ�á,ñ�â�Ý ä ÙiÚ�ñ�Þ�! Þ�Þ�ÙiÚ�ñ�Ü�ÙiÞ�Ý Û Ý�ðYï£òT6�Ü�ÙiÚ�r-y£à


 Û ñ�á�ñ Û+åUã Ü�Ù å ÙiÝ�Þ�ÙiÚ�ÙiÚ ä ÙiÜ Û Ý�ðþï£ò�ö'÷�Ú ä,Û ÙiÚ$� ß ð	ñ*� ã �4Þ�ö ÷�Ú�ñ ï£ò ä,Û ñ�á	Ù'à�����ÚUÙiÝ
ä,Û ñ�áìò"! Ú�ñ�Þ�ÙUð�ï�Ý�ð#ð	Ù åUå ÙiÚSÙiÝ ö'÷�Ú ä,Û �dâ ä Ú�Ùið'Ý�Ù�ñ ä ÙiÚSÙiÝ¡ö ï�Ü+â�ÙiÚ�Ù/òôÙiÚ�ÙiÝ�õ�ÙUò ß Ú ä ÙiÝ)�
ä ÙiÚ�ñ*�Sð	Ù åUå Ù�ñ Û Ü ß á'ï�Ü+Þ Û Ú�Ù/òôÙiÚ�ÙiÝ�õ�Ù~ñ�ÙiÚ�ö Û õ�ÙiÝ&à

z�{ |\}Q~����*�����W}"���*�����"�����i�-���q�Z}��-~G����}"}������Q�*}t���(�"�1�-��~q�4�7�-�*�,� �������-�q�\����}��¡ �¢�£¥¤§¦$}��*���
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�-�°��������}����,����}(��}����4~q�t�7��}� -�5���-��}(���(���4���Z���������7±��h}��¡�����4 -�5�¨���,�����4�7�¡�"��²$�����7�Z}(¬7�N�����" ��*���¡�¡�
�*}����-�7�³«���¬q�������.�*�\��´���}������Z})�"���Z}"}��³ -�5�¨�����Z�
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¶ ·;¸º¹Q»½¼(¾À¿�Á�¼(¿�Â³Ãl¸dÂ�¼5Âh¸ÅÄÀÆ*Ç�ÈKÇ\¸dÂ.É

YÔï£ò¨ñ�Ý Û ÞVµG
�ï�Ú�ö Û ó%Ù�ñ�á�Ú�Ùiö	ÙiÞ ã Ú Û Ý�õ Û+ã�ã ÙiÚ�Ý�Ù¬ó�ï�ðSö'÷�Ú ä,Û�ß Ú Û ÙiÝ�Þ�ÙiÚ�ÙiÞ ã Ú ß ð'Ú�ï åUå ÙiÚ Û Ý�ð��
ó�Ù�ñ�á�Ú�Ùiö	ÙiÞ`Ê¥Ë _ ß ð ^`_4a/bdc�eTf�g àtY ä Ù�ÙiÝ å Ù ä ä ÙiÝ�Ý�Ù ß ã ð�ï8ö	Ù#ÙiÚ ï�ÞUÜDï�ö	Ù#ÙiÞÀ6�Ü��
ñ�9�ñ�Þ�Ù å � ä ÙiÚ�óB9�ð'ð	ÙiÚ ã � ä Ù ã Ú Û Ý�õ Û+ã�ã ÙiÚ ß ð â ä ÝB9�Þ�Þ�ÙiÚ ä ÙÉò ß Ú ä ÙiÜ�Ù ä ÙiÞl
�ï�Ú ß ö	ÙiÚ¬ÙiÝ
Þ�Ú�ï ä,Û Þ Û�ß Ý�ÙiÜ Û+åUã ÙiÚ�ï�Þ Û ö å ß�ä ÙiÜ�à

Ì³Í¨Î ÏÑÐ�Ò\ÓÕÔ�ÖZ×1Ø�×¨Ù7Ú.Ù7Ô,ÛdÜÝÛ�Ô
# Û Ü�ñ 9,ñ�Þ�Ù å ÙiÞ¤ñ�á'ï�Ü Û ñ*��ö Û�ä Þ ä ÙiÞ ÙiÚ å â�Ü Û ð'Þ¤Ü Û ð'Ý�ÙQÙiÞ¤ï�Ü åUÛ Ý ä ÙiÜ Û ð'Þ�Þ�ß)à�á'6�Ü�ñ 9,ñ�Þ�Ù åKß ð
ä ÙiÚ å Ù ä ö'÷�Ú�Ù~ó�Ú�â�ð'ó�ï�Ú�Þ ÛÂä ÙKp�Ù�ñ�Þ�ÙKâ!Ý ß Ú å ï�Ü�Ù-ã6ñ Û Þ�â�ï�Þ Û�ß Ý�ÙiÚ�r r	à2ä;��Ü�ñ�÷�Þ�Ý Û Ý�ð	ÙiÝ4ò ß Ú
ä ÙiÞQö ÷�Ú ä,Û�ß Ú Û ÙiÝ�Þ�ÙiÚ�Ù ä Ùå6�Ü�ñ 9,ñ�Þ�Ù å ÙiÚ ä ÙiÚ�â ä�ß ö	ÙiÚ¬ï�Þ�
�ï8ö	Ù�ò"! Ü+ð	ÙiÝ ä Ù~ñ ã Ù�õ Û ÙiÜ+Ü�Ù¬Þ�Ú�÷�á5u
ú#îûëWæ8é î�RhçÂç�é î¨ê�è 
�ï�Þ�ïWñ�á'ï�Ü%ö ÷�Ú�Ù ä,Û ñ�Þ�Ú Û ó�â�ÙiÚ�ÙiÞ¯â äYã �ip�ÙiÚ�Ù ã Ù�ÙiÚ�ñ$� ß ðUñ�á'ï�Ü�á�â�Ý�Ý�Ù

Þ Û Ü+ð&� ñ ã �WÙiÝ#â�Ý Û ò ß Ú å å � ä Ù�â�ï£ò�
�÷�Ý�ð Û ð ï£ò�
�ö Û Ü+á	ÙiÝ ã Ù�ÙiÚ ä ÙiÞQÙiÚ ã ÜDï õ�ÙiÚ�ÙiÞ8à
æYç&é v îûü�ù/ænî x ê 
�ï�Þ�ïUÙiÚ×Ú�Ù ã Ü Û á	ÙiÚ�ÙiÞÅÞ Û Ü�p�ÙiÚ�Ù~ñ�Þ�Ù ä ÙiÚ ã �WÝ�ÙiÞ�ö'÷�Ú�á	ÙiÞ$��ò ß Ú ä ÙiÚ å Ù ä ï�Þ

Û+å ! ä Ùiá ß åUå Ù6Ùiö�Þ8à,Þ�ï�ó7ï£ò ã Ù�ÙiÚ�ñ8à
êKëUéqS�î x é�îûç�ê5æ8ç�é£ç&æ ë8çBìþù�ê5ænîûüîí ÞÇâ ä Ý&9�Þ�Þ�ï ä ïiÝUñ�ï å ï�Ý�Þ ð+áñÊKË _ Þ ðEò+óB9 ä ïLó ß ð¬â ä �

Ý&9�Þ�Þ�ï ä ïiÝ#ó(ï ä ñ�Þ å â\òEð+ð'Þlð�ñ�÷Vó¯Þ ðEò�u
ôÅç�é�ënîûëWæ8ç�êÏë 
¬ï�Þ�ïGïLó ã ïLó�ñ ð�ñ�Þ�ïiÝ�Þ ã �SÞ�ö'÷Vó�ñQï£ò¤ñ�ï�ñ�ñ ð ß Ý�ñ
õìî@ë$æ x é î@ü %.öå
�ö�ïLó&ö�ïLó�ñ�ð ß ö6ï£ò/6�ò�ñ 9�ñ�Þ�ï å ïiÞ�ñdÞ ðEò�ñ�Þ�ïqö ä ñ�á'ïqò'ö'÷Vó�ï¤Þ ðEò+ð�÷Vö�ð�ïLòEð+ð�à�
¥ïiÞ�Þ�ï

öBðEò å â\òEð+ð'ð�!,ó�ï´ï�ÞK6�ò�ñ 9,ñ�Þ�ï å ïiÞåð åUã ò�ï å ïLö�Þ�ïLó�ïLó ß ö/��òEðEö�ï)ó�ï õ�á�â ãxß ð#ð�ïLö�ñ�á'ï7�
ó5ïLò�ñ*ï~ï£ò ä ï�Þ�ï,à

÷ î¨ê�è v ç0� x é(ø ë8çùì ù�ê5ænîûüîí Þ;ð åUã ò�ï å ïLö�Þ�ïLó�ïlñ ðEö�ð�ò�ï-�!õ ß ã 9 ñ�ï å ïqö�Þ ð+á ò ß óú6�ò�ñ 9,ñ��
Þ�ï å ïiÞ$�W
�ïLó�â\ö ä ïLó å â\òEð+ð�
�ï ä ò ß ódá ß ö/6�ð'â\ó�ïLó�ó�ïqó�ÞT
2�qö ä Þ�ïLó ðEö�ð ß ã%ä ï�Þ�ïLó ðEö�ð	ñ�á ß ö/�
p�ð+á�Þ�ïLó8à


�ïiÞ�Þ�ïñïLó�áùó�ï�ö�ïLö�ï Þ ðEò³ð åUã ò�ï å ïLö�Þ�ï�Þ ð ß ö�ïLö&àTûlð¤öùðEò�ð ä ïSò�!,ò+ð�ïLö ä ï ï£òôñ ö\ð+Þ~ñ�ï ã �

�ö ß ó ä ïqö`6�ò�ñ�9�ñ�Þ�ï å ïiÞ�ñ�á'ïqò ä ï�ñ ð+ð�ö�ï�ñÔð�ïLö�ïLó�ïLò+Þ ß ði
�ö ß ó ä ïqö ä ïiÞ�ñ�ïLó â ä ö2�qó ä ïiÞÔñ�á ïqò
å ß�ä ïLòEò�ïLó�ï�ñ¯öù
�ï,à2Ê¥Ë _ ß ð ^`_laùbdc�ehf�g à\
¥ïLó�ï/òûÞ�ïLó¯öùðEò&ñ�ï ã �À
�ö'ï ä#ä ïLó×ñ�á'ïqò�Þ ðEò�ò ß ó
ï�Þ ä ïLö\ö�ïåð åUã ò�ï å ïLö�Þ�ï�Þ ð ß ö|á ïqö ß ã ò�9ùò ä ï ä ïåïiá�ñ�Þ ó�ïSáBó�ï8ö öùð�
�ïqóQñ�ï�Þ¯Þ ðEò ä ïiÞ$��ñ9ï å Þ

�ö ß ó ä ïqöúü¥ä ýhýBþ�ß ó�ï�ð�!,ó ß ñ�ð&ñ þ ïqö ä0þ ðEò ä ï þ à

Ì³Í@ÿ �=Û��tÛ�Ð�Û2×�Ô��.Û2Ù,Ö����ÅÒ	�iØV×ZÙ�Ú.Ù7Ô�Û2Ü Û\Ô
YÂï£ò¨ñ ö\ð þ n�
¥ïLöGò�
 ð�ð�ñ�á�ï�
 ã ó&9�ð�ö\ðEö�ð6ï£òdï þ ÞÀß)à�á§6�ò�ñ 9�ñ þ ï å ïLó³ïLö þ ó�÷�ñ þ ó�â�á þ â\ó�
&Ê¥Ë _
ñ�
 å öùð�
�ïqó�ñ�ï þ ð¤ï£òôñ ö\ð þ µ�
¡nwïLó ä ï�ñ ð+ð�ö�ï þ ñ ã ï�õLð�ïLò þKþ ðEò¤ï þ ïqó�ó(ï�3 ä ï å ï ä;þ ó�÷�ñ þ ó�â�áB�
þ â\ó�ïLó�ï þ0ä ï þ ï/� å ï ä þ ðEòE
�!,ó�ïLö ä ï7ö'÷Vó�á þ !q3 ïLó�
 ð]â!óB9�ð'ð�ïió\ò�
 á�á�ï-ã�
Vû.ï ä ï þ â ä ö&9 þ þ ï
ÊKË _ �tðEò¬ñ ã ó ðEö�ð�ï þYå ïLòEò�ï å ä ïLö ò�
 ð�ð�ñ�á�ï�
 ðþò�ï�á þ ð�ñ�á�ï�
 ã óB9�ð�ö\ðEö�ðrï£òK6�ò�ñ 9,ñ þ ï å ï þ
ó\òEð+ö�ï å ðEö\ð å ïqò þ ��
 ðñð åUã ò�ï å ïLö þ ï þ ð�
,ö�ïLö;ò�ï þ þ ïLó�ï�


z"z�� �¡�"�"�³�"~���±��������¡�.��¬7�q�W}��¡�-�,�*�¡�¡}��Z}������-�V�N� �*}�¬������T�Z�)���$�L�h����~7�¡�������W}�������}
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����8(��� � î v ç�é��³RÇî�R v î x æ8ç�ü�ç�é x èxëWø�ì v î¨êÏüdë
ä�ï ä Ê¥Ë _ ïLó ä ï þ ö�ï åiþ 
 ð�
 ã òDï�ð þ ï þ ó�ï ã ó�÷�ñ�ïLö þ ïLó�ï�
 ðÅö�ï ä òEð+ð�ïL
�
,ò ä ï�ïLö þ ó�÷�ñ þ ó�â�áB�
þ â\ó�ñ�
 å ä ïLö#öùð&ñ�á ïqò�ó\ó�â�ð�ï þ ðEò)ï þ 6�ò�ñ 9,ñ þ ï å 
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/nv

/0v /1v /vn−1

filesystem_history

...

Aktuel filsystem
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fusex0v fusex1v

f(v0)=v1; rebind(fusex,v0,v1)
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fusex0v fusex2v

f(v0)=v1; g(v0)=v2; rebind(fusex,v0,v2); rebind(fusex,v0,v1)

Fejler!
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fusex0v fusex2v fusex1
’v

f(v0)=v1; g(v0)=v2; rebind(fusex,v0,v2); rebind(fusex,v0,v1) ; f(v2)=v1’; rebind(fusex,v2,v1’)

Fejler!
Prøver igen
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FS ∈ FileSystems
E ∈ DirEntries
D ∈ Directories
F ∈ Files
N ∈ Names
P ∈ Paths
L ∈ Symlinks
M ∈ Metadata

F ileSystem ::= Directory
DirEntry ::= File|Directory|Symlink
Directory ::= (Name ∗DirEntry) list
F ile ::= Data
Symlink ::= Path
Name ::= String
Path ::= String list
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õWVLë v éYX#Z�çU[Âü(æP\ x [UX#] #�
,ó5^ þ :\ö�3,ð&�P:\ö�!%3,ö�ïLö�3/ð+ð þ Y_^qö�ð�ïñó�ïið�ò�ïLó�-2�Yð�ó@:\ö�3`^£ò
3\ïLó�ï�ñló�ï*)4:\ó�ñ ð+ö�ïÉöùðEó@)�ï*Y`�N3\ï��	3\ï-6�ö�ïLó�ï�ñba�cTc�dfe�g�
ihkjml�nfS�
5
lð�o
o�ïiïLólð/)%)�ï�ïLö�3\ïLòp^£ò
3\ï þ ðEö þ ïLó(òq^ õWïro�3\ïLóso@)
^qò�ð/YM-\ò�ï*YkïLö þ ïLó�ïro$��YkïLö0ó�ï*-\ó�÷to�ïLö þ ïLó�ïLó þ 
.
N-(ïLó
^ þ ð�
,ö�ïLó!3\ïLó

�ò þ ï¬ó\òEð+ö�ïLó×ó\ó@:uh þ ð�-\ó�
ih�ó
^�YMYkï þ r�v
Rw\�[�S

P = [N ] , D′ = D ∪ (N 7→ E)

〈D, bind(P,E)〉 → 〈D′〉

P = [N0, N1, . . . , Nn−1, Nn] , D = [. . . , (N0 7→ D′), . . .] ,
〈D′, bind(P \N0〉 → 〈D′′〉, D′′′ = [. . . , (N0 7→ D′′), . . .]

〈D, bind(P,E)〉 → 〈D′′′〉
, (n > 1)

v�x�x ü)ç�é

P = [N ] , D = [. . . , (N 7→ E), . . .]→ 〈E〉
〈D, lookup(P )〉 → 〈E〉

P = [N0, N1, . . .] , , D = [. . . , (N0 7→ D′), . . .] , 〈D′, lookup(P \N0)〉 → 〈E〉
〈D, lookup(P )〉 → 〈E〉
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�ïLó!3\ï7o�ï*Y_^qö þ ð�o@)�ïåó�ï�h�ò�ïLó¯ò,
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¥ïLö\ö�ï�ò=:\ö+) þ ð�
,ö�ïLó=o@-5ï�õLð�ïLòTð�
ihKYkï53�3\ïLöúð/)4)�ïåó�ï þ :\ó ö�ïLó�ïLóKïLöú6�ò���YkïLö
3\ïLö0oaYkï þ ^N30^ þ ^1
f| ïLób}�~ <GYkï þ ^N30^ þ ^1
2#+:\öuh�ïLó�ïLóbo�
NY xWæ8ù/æ

〈D, lookup(P )〉 → 〈E〉, E ; M

〈D, getattr(P )〉 → 〈M〉
]mX�ù\S v \�[Ïü

〈D, lookup(P )〉 → 〈L〉
〈D, readlink(P )〉 → 〈L〉

zq�R�m� �r�`�" ��*���Z���¡����}1}��¡������}�� � ���w $���¡�¡�å�%"*���-²(����� ���N}��Z���"�-� � � ��� «��� $���7��}4�¡�$�L�K���l����~7�¡��\
�����W}�������}��T�J�����P�j���T�7��})¬q�7�����-�$})�������¡�$�L�³��}T�"����«����N���� $� �"���¡�q�7­
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è{X�æ$Sw\B]

〈D, lookup(P )〉 → 〈D′〉, D′ = [(N0, E0), (N1, E1), . . . , (Nn−1, En−1), (Nn, En)]

〈D, getdir(P )〉 → 〈[N0, N1, . . . , Nn−1, Nn]〉
ìþü�S:\B]

P = [N ] , D = [. . .] , D′ = [] , D′′ = D ∪ (N 7→ D′)
〈D,mkdir(P )〉 → 〈D′′〉

P = [N0, N1, . . . , Nn−1, Nn] , 〈lookup(P \Nn), D〉 → 〈D′〉,
〈mkdir(Nn), D′〉 → 〈D′′〉, 〈D, bind(P,D′′)〉 → 〈D′′′〉

〈D,mkdir(P )〉 → 〈D′′′〉
, (n > 1)

ç:[ v \�[Âü

P = [N ] , D = [. . . , (N 7→ E), . . .] , E /∈ Directories,
D′ = D \ (N 7→ E)

〈D,unlink(P )〉 → 〈D′〉

P = [N0, N1, . . . , Nn−1, Nn] , 〈D, lookup(P \Nn)〉 → 〈D′〉,
〈D′, unlink(Nn)〉 → 〈D′′〉, 〈bind(P \Nn, D

′′), D〉 → 〈D′′′〉
〈D,unlink(P )〉 → 〈D′′′〉

, (n > 1)

],ì]Sw\B]

P = [N ] , D = [. . . , (N 7→ D′), . . .] , D′ = [] , D′′ = D \ (N 7→ D′)
〈D, rmdir(P )〉 → 〈D′′〉

P = [N0, N1, . . . , Nn−1, Nn] , 〈D, lookup(P \Nn)〉 → 〈D′〉,
〈D, rmdir(Nn)〉 → 〈D′′〉, 〈D, bind(P \Nn, D

′′)〉 → 〈D′′′〉
〈D, rmdir(P )〉 → 〈D′′′〉

, (n > 1)

x$ø�ì v \�[Ïü

P = [N ] , L = P ′, D′ = D ∪ (N 7→ L)

〈D, symlink(P, P ′)〉 → 〈D′〉

P = [N0, N1, . . . , Nn−1, Nn] , 〈D, lookup(P \Nn)〉 → 〈D′〉,
〈D′, symlink(Nn, P

′)〉 → 〈D′′〉, 〈D, bind(P \Nn, D
′′)〉 → 〈D′′′〉

〈D, symlink(P, P ′)〉 → 〈D′′′〉
, (n > 1)

o�o



]mX�[Âù�ì3X

〈D, lookup(P )〉 → 〈E〉, 〈D,unlink(P )〉 → 〈D ′〉, 〈D′, bind(P ′, E)〉 → 〈D′′〉
〈D, rename(P, P ′)〉 → 〈D′′〉

s�]i\@æ�X

〈D, lookup(P )〉 → 〈F 〉, F → F ′, 〈D, bind(P, F )〉 → 〈D′′〉
〈D,write(P, data, offset )〉 → 〈D′〉

]mX�ù\S #hðEò�ïLöP
N-<30^ þ ïLó�ïro1ð/)4)�ï��\
�ïLòEò�ïLó1ð/)4)�ïR3\ïLö0o�Ykï þ ^N30^ þ ^,r��

〈D, lookup(P )〉 → 〈F 〉, F → data

〈D, read(P, offset)〉 → 〈data〉
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ÈÊÉ h¨Ë
Ì1gNo%�{ÍÍo1juÍPÌ�Î%gNe{ÍÍp�Ï%biÌ y j�i4l É o���b�c�d���lNp
È o1g y p�Ð�c c�d���l0Í%��mÎ�Am�o1g y m���Ð
ÈÊÉ h c�d���l0Í%��mÎ�
È m�b É j�e%c z ��d y l
È �]d4h4jÒÑ�g�k1l
È �]d4h4jÒÑ�g�k1l z e��]o+g#Î#Î
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ÈÊÉ h¨Ë
Ì1gNo%�{ÍÍo1juÍPÌ�Î%gNe{ÍÍp�Ï%biÌ y j�i4l É o���b�c�d���lNp
È o1g y p�Ð�c c�d���l0Í]i�mIo1g y m��#Ð
ÈÊÉ h c�d���l0Í]i
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È Ë�l�h z o f%d z Î�h�m É j�e%c o1jÒÑ�g�o É �ÖÕ+jNd y i4giÔ1g z e��]o+g#Î�Î�gNo z j�e�Ï
È Ñ�g�k1l

A5���2��� I³×¤ØfÙ:ÚUÛYÜÝH
ÈÊÉ h¨Ë
Ì1gNo%�{ÍÍo1juÍPÌ�Î%gNe{ÍÍp�Ï%bNp
ÑyÎ4��o1j y l4��bNf1j��4l�f4i%l y �1b4�]o+j y l
È m�bmÑ�g�k1l
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ÈÊÉ h¨Ë
Ì1gNo%�{ÍÍo1juÍPÌ�Î%gNe{ÍÍp�Ï%biÌ y j�i4l É o���b�c�d���lNp
È Ñ�g�k1l
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È Ë
Ì1g�o��{ÍÍo1j0Í�Ì�Î%gNe�Í�p�Ï%biÌ y j�i4l É o���b�c�d���lNp+bNp�Ñ0Î4��o1j y liÌ+l�l y Ì+j y o�Í�e%d
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È Ë
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