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`ba(cdRefdhg�ikjmldRnpoqd�rqsutUoqv�owdRr
d�x%v�yzr{v�|}r(~���e��Fsurqo{�U|}d�*� sz��d�x����%�%���

� yu�p�Fs � x��pd � dIv a d � v a d�n��U�p�u�I�?i���ld�� � owd � �R�u����ikgz�f�}yztUdR~

���+�R �¡K¢p£u u¤ �%dI~�oqtun}ownpt¥yznC�¦oqe��}rwdRe�dRn;xNoqnpt?tUd�npd � o{v�~Nsz§¨x�©by � d�v�suef�CsUnpd�n;xª~1o{~�d�n}v�su| � yztUdR�¥���
r{yzn}tu|}yutudR~&~N|}v a yU~PsU�^��dRv�x�«Es � owdRn;xNdR�¬sunpdI~&yun}�Tv�suefefsun}rw�¬yU�^�us^v�yzxNdI�#ownTefsU~�x�yz�p�prqo{v�yKx­owsUn�y � dIyu~R®
j�dRnpd � o{v¬~�su§¨x�©&y � d¬v�suef�FsunpdRnUxª~ a y¯�Ud#e#yzn���yU�^�Kyzn;x­yutudI~�yzefsun}t°© a o{v a x a d�e�s;~�x�owef�Fs � x­yunUx1oq~� d�|C~Nyu�powrqowx��u®
±�sK©&d��Ud �I² owx%v�sUe�dI~�yKx%y�� � oqv�du³7tudRnpd � o{v�owx��¬sz§¨x­d�n´ownCv�| � ~�y�rws;~N~bsu§�d�µ¬v�owdRn}v��U®`ba o{~	�}yu�Cd � � � dR~Nd�n;x­~	yun�yu�p� � sUyuv a yzoqefdR�¥yKx � dRv�sUn}v�oqrqownpt´tUd�npd � o{v�owx��°yzn}��d�µ#v�owdRn}v��U® ` s¶�^s
~Ns ² ©Pd�own;x � s^�^|}v�d��^dRv�rqy � yzxNoqsun}~�xNs#x a d1·;y¯�Kyfrqyunptu|}yutudhx­s¬d�n}yu�prqd�y¬� � sut � yuefe�d � xNs�~N�FdRv�ow§¸� a sK©
tUd�npd � o{vf� � sut � yuef~h~ a su|}rq�¥�Fd�~N�CdIv�o{yzrqow¹RdR��§¸s � y´�}y � xNo{v�|pr{y � |}~Nyutud#�}yzx�x­d � n(®¶º�| � yz�}� � s;yuv a?a yu~
�Fd�dRn´owef�prqd�efd�n;x­dR�´yu~�yfv�sUef�powrqd � § � sue»su| � d�¼;x­d�n}�pdR�Trqyunptu|Cyztud�oqnUx­s#~�xªyzn}�py � �T·;y¯�¯y}®
½¶¾;¿9À­Á�Â ¡KÃ+�u¤ tudRnpd � o{v�v�sUef�CsUnpd�n;x­~ ² � � sut � yueÄ~N�FdRv�o{yzrqoq¹RyKx­owsUn ² yu~N�FdRv�xN«Xs � oqd�n;x­dR�¶� � sut � yuefe�oqnpt ²
~Nsz§¨x�©by � d�d�nptUownpdRd � own}t1� � yuv�xNo{v�dI~
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Unité de recherche INRIA Rennes
IRISA, Campus universitaire de Beaulieu, 35042 RENNES Cedex (France)
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� �¾ ¤ �$y	v�sun}v�d��^x­owsUn#d�x*r�� oqef�pr�ld�efd�n;xªyKxNoqsun#�^d�v�suef�FsU~­yzn;x­~*rwsUtuo{v�oqd�r{~7t
ldRn&ld � o{�U|}dR~�dR~�x � dIv�sUe1«
e#yun}�&ldRd��pyznC~��FdRyu|}v�sU|p�¦�^d´�^sue#yzoqnpdI~���� yz�p�}rwo{v�yzxNoqsun}~R®?�[n¦�}y � xNo{v�|}rwoqd �I² rqy?v�sunCv�d��pxNoqsun �^d�xNdRrq~
v�suef�FsU~­yzn;x­~�dI~�x�§Wyuv�owrqoýxpld�d��}y � rwdI~�r{yznpt;yztudI~�su�p��d�xR®��(dR~�v�sUef�Cs;~NyunUxª~�rqsutuo{v�oqd�r{~�t
ld�nbld � oq�;|pdI~&s�� � dRnUx
�pd¬npsue1� � d�|^¼¥y¯�¯yun;x­yztUdR~ ² �^sUn;x�rwd��prw|C~�oqe��Fs � x­yun;x�dR~�x�r{y � ld�|^x­owrqoq~­yKx­owsUn(®��Pd��Fd�n}�pyun;x ² rwd�� � ow¼ cy
�Cy¯�ud � �Fsu| � v�dR~�y¯�Kyzn;xªyztudI~&dR~�x��;|pd	r{y�t
ldRnbld � yurwowxpld�oqn}�^|}oýx�~Nsu|}�ud�n;xb|pnpd	�Fd � xNd��^d	�Fd � §¸s � e#yzn}v�du®

�Pd � yu�p�Cs � x�� � ldR~Nd�n;xNd	|pn}d1yz�}� � s^v a d��Cd � efd�xNx­yunUxh�^d � ldIv�sunCv�oqrwoqd � r{y#t
ld�nbld � yzrqoýxpld�d�x�r�� d�µ¬v�yuv�oýxpldu®
�%su|}~�� � su�FsU~Nsun}~%��� yz��su|^x­d � �^dR~��&ldIv�r{y � yKx­owsUn}~�yz|°r{yzn}tUyztUd�·;y¯�¯y�y��}nm�pd��Fd � e�d�x�x � d�yz|°� � sut � yue�«
efdR| � �^d°~N�bldIv�o��}d � v�suefefd�n;x�yu�pyu�^xNd � |pn � � sut � yue�efdTt
ldRnbld � o{�;|pd cy�|pn v�sun;xNd�¼�xNd°��� |^xNoqrqoq~­yKx­owsUn
�Cy � xNo{v�|prqowd � ®1��szx � dfyz�}� � s^v a dfy ld�xpld�oqef�pr�ld�efd�n;xpld�d1~Nsu|C~�r{y�§¸s � e�d#��� |pn¥v�sUe��}owr{yKx­d�| � � � d�n}yun;x�dRn
dRn;x � ld�d	rqd�r{yznpt;yztUd�·Uy¯�Ky ld�xNdRn}�^|°�^d1npsU~�v�sUn}~�x � |Cv�xNoqsunC~ ² d�x�� � s^�^|po{~­yzn;x%d�n?~�s � x­owd��p|?~Nsu| � v�d�·;y¯�Ky
~�x­yun}�py � �è®
�/Â  I� À £�� �¾ ¤ v�sUef�Cs;~NyunUxª~�t
ldRn&ld � o{�U|}dR~ ² ~��bldRv�o{yzrqo{~NyzxNoqsun �^d´� � sut � yuefe�dI~ ² � � sUt � yzefe#yKx­owsUn¦�}y �
yU~��FdRv�x­~ ² t
ldRnpoqd�rqsutUoqv�owdRr
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`ba d�sU�^��dRv�x�«Es � owdRnUx­dR� �Cy � yu�^oqtue a yU~1©&d�rqrw« � dRv�sutun}ow¹RdR� yu�p�¯yun;x­yztUdR~�§¸s � yz�p�}rwo{v�yzxNoqsun �pdR~NowtUn ² yznC�
efs � df~��FdRv�o �Fv�yzrqrq�´§¸s � � � sut � yueÄ~�x � |}v�xN| � du®27Exhe#y98udR~�owx	�Cs;~N~Now�}rwd�xNs¶�^dIv�sUe��FsU~Ndfyzn¥yz�p�prqo{v�yKx­owsUn
oqn¶x­d � ef~�su§*©PdRrwrw«E�pd �}npdI� ² tudRnpd � oqv�v�suef�FsunpdRn;x­~ ² v�rws;~�dRrw�¶v�s �­� dI~��Fsun}�pownptfx­s¬x a d�~�x � |}v�xN| � d�su§*x a d
efs^�^dRrwdI� � � su�prqd�e´® `ba oq~�~�x � |Cv�xN| � oqnptmrqdRyU�p~	x­s?ymn;|}e��Fd � sz§�oqe��Fs � x­yun;x�~Nsz§¨x�©by � d#d�nptUownpdRd � own}t
oqef� � sK�ud�efdRnUxª~ � d�t;y � �^own}t�e#yzoqnUxªyzoqn}yz�}owrqoýx��	yun}� � d�«E|}~­yz�poqrwowx��hsz§Cv�s^�^du®+±�sK©&d��ud �R² x a dR~Nd&yU�^�Kyzn;x­yutudI~
su§¨xNdRn�x � yun}~NrqyzxNd�xNs¬y�rws;~N~boqn´�Cd � §¸s � e#yun}v�dU®`ba d¬v�sun;:Coqv�x��Cd�x�©PdRd�n¥~�su§¨x�©&y � d�tudRnpd � yzrqoýx��°yun}���Cd � §¸s � e#yun}v�d a yu~hrqsun}tT�Fd�dRn � dIv�sUtunpoq¹�dI�°oqn
y � dIyu~�~N|}v a yU~�sU�Cd � yzxNoqnptm~N�^~�x­d�e#~=< �
>�yznC�¦t � yz� a oqvR~?< gU��>E® `ba oq~�v�sUn;:}o{v�xfoq~1�Fd�oqnpt?oqn}v � dIyu~NownptUrw�
yU�p� � dR~­~�dI� ² ©�oýx a ~�|Cv�v�dI~N~ ² |}~�oqnpt¶§¸s � e#~�sz§ �@	���/9	��
0A1B���������
�������
�����
� ® `ba o{~�yz�}� � s;yuv a v�sUn}~�o{~�x­~�su§
yU�pyz�pxNoqnpt°y¶tudRnpd � o{v1� � sUt � yze v�suef�CsUnpd�n;x�x­smy´tuoq�udRn¥|}~Nyutud¬v�sun;xNd�¼;xI® �*� sut � yze ~N�FdRv�o{yzrqoq¹RyKx­owsUn
vRyzn¬rqdRyU�fxNs�v�sUn}~�o{�^d � yu�prwd%�Cd � §¸s � e#yznCv�d%t;yzoqn}~ ² ���fd�rqowefoqn}yKx­own}t�§ � sue x a dh~N�CdIv�o{yzrqow¹RdR�¬v�s��pd�yzrqrFx a d
yU~��FdRv�x­~b© a o{v a �^sfnpszx��^o � dRv�x­rw�Tv�sUn}v�d � n�x a yzx�� � dIv�o{~�d	v�sun;xNd�¼;xI®

º%§¨x­d�n ² ~N�CdIv�o{yzrqow¹IyKxNoqsun a yU~��Fd�dRn �Cd � §¸s � efdR��e#yzn�|}yurwrq���;��yu�pyu�^xNoqnpt°v � owxNo{v�yur[� � sut � yue v�sUe1«
�Fsun}d�n;x­~�xNs x a d¥efsU~�xTv�suefefsun |}~Nyutud°�CyKx�x­d � n}~�< �u� ² �u� ²DC >X® `ba o{~Tefyun�|}yzrhyz�p� � s;yuv a ~Nsurq�udR~
x a d�d�µ¬v�oqd�n}v���� � sU�prwdRe ² �}|^x a yU~1y°rwoqefoýx­dR� yu�p�prqoqvRyz�poqrqoýx�� ² �FdRvRyz|}~Nd¬su§�x a dTv�suef�prqd�¼^owx��?su§%~�|Cv a
y x­yu~�89® � dRv�d�n;xNrq� ² ~Nsuefd¶x­s�sur{~ a y¯�Ud°�CdRd�n �^dR�udRrwsU�CdI� xNs yu|^xNsUe#yKxNo{v�yurwrq� ~N�FdRv�o{yzrqoq¹�d°� � sut � yue#~
<w� ² � ² �u� ² � ² gFE ² g Cp² ��GH>E®��%�p�prqoqvRyKx­owsUn}~�sz§&~N|}v a xNs�sur{~hy � d1dRefd � tuoqnpt�oqn�yTn�|pe1�Cd � su§��}dRrq�}~ ² oqn^«
v�rw|C�^own}t�~­v�oqd�n;xNo��Cv�v�s^�^d=< � ² E ² �IgH> ² ~N�^~�x­d�e#~�~Nsz§¨x�©by � dI<w�R� ² gz�
> ² v�suef�p|^x­d � t � yz� a o{v�~2< gp� ² gJ> ² ©�owx a
yur � dRyU�^�#�ud � �#� � sUe�o{~Nownpt � dR~N|prwx­~R®

7ën=dR~­~�dRn}v�d ² x a dR~Nd yz|^x­sue#yKx­oqv°xNs�sur{~´y � dmx � yun}~�§¸s � e#yzxNoqsun d�n}tuoqnpdR~R³¦x a d�� oqef�prqd�efd�n;x°y ~Nd�x
su§�� � sUt � yze x � yznC~�§¸s � e#yKx­owsUn}~�© a o{v a efy¯� �Cdm�po � dRv�xNrq� yuvRv�dI~N~Now�}rwdTxNs¥x a d°� � sut � yuefe�d � <w�R�
>�s �
tUd�npd � yzxNdI������~Nsuefd	� � sut � yue yzn}yurw�^~NdR~b�}yU~�dI��sUnTx a d�|C~Nyutud	v�sUnUx­d�¼�x�sz§+x a d�� � sut � yzeK< � ² �u� ² g C^²
��>X® �[� sUt � yze#~%vRyzn¥npsK© �Cd#d�µ#v�owdRn;xNrq�?~N�CdIv�o{yzrqow¹RdR��yKx�d�owx a d � v�sUef�powrqdfxNoqefd6<ý� ² �u�)>Ps �	� |pnmx­owefd
< g Cp² � ² �U�)>X®`ba d��¯y � oqd�x���sz§
su�pxNoqsun}~�n}sK© y¯�Kyuowr{yz�prqd�xNs#x a d�� � sut � yuefe�d � � � yu~�xNo{v�yzrqrq�¬� � sUyu�pd�n}~bx a d�yu�p�prqoý«
vRyz�poqrqoýx���su§F� � sUt � yze ~N�CdIv�o{yzrqow¹IyKxNoqsun$®�±�sK©&d��Ud �I² oýx[yurq~Nshe#y
8udI~7oýx[�poýµ¬v�|}rýx*x­sh|}~�db§¸s � yhnpsunp«Xd�¼��Fd � xR®

L sUefd°~�x­d��}~�x­sK©&y � �p~ a dRrw�}ownpt�x a d¶� � sut � yzefefd � v�sUn;x � sur�~��FdRv�o �Fv¶yu~N�CdIv�x­~fsu§h~N�FdRv�o{yzrqoq¹RyKx­owsUna y¯�ud��Fd�d�n¬yUv a oqd��udI�è®M7ën¬~�sUe�d�~N�^~�x­d�e#~ ² yunpnpszxªyKx­owsUn}~*y � d�oqnUx � s^�^|Cv�dR�foqnfx a d%s � oqtuoqn}yzr^� � sut � yue�xNs
�pd�rqowefowx�v�s^�^d�§ � yutuefd�n;x­~�xNs¬�Fd1~N�FdRv�o{yzrqoq¹�dR� ² s � xNs¬oqn}�^o{v�yzxNd a sK© x­s�e#yznCyztud�~N�FdRv�o{yzrqoq¹�dR�¶v�s^�^d�yKx� |pn1xNoqefdN< �
>X®M7ënfszx a d � ~N��~�xNdRe#~ ² ~Nsuefdb� � sut � yue�efoqnpt�v�sun}~�x � |}v�x­~7oqn�x a d�rqyunptu|Cyztudby � d&sK�ud � rqsUyu�pdR�
x­sT~N�FdRv�ow§¸�°�Fszx­d�n;xNo{yzr*~�x­yutudR~�yKx	© a o{v a ~N�FdRv�o{yzrqoq¹RyKx­owsUn?vRyzn�s�vRv�| � < g C >E®1�%rýx a su|}t a x a dI~�d�d�¼^o{~�x­ownpt
~�x � yKx­d�tUowdI~�e#y98ud¬~N�CdIv�o{yzrqow¹IyKxNoqsun�efs � df|}~Nyu�prqdf§¸s � npsUn^«Xd�¼^�Cd � x�� � sut � yuefe�d � ~%x a d��?yU�p� � dR~­~h�ud � �
~N�FdRv�o��Cv	yU~��FdRv�x­~bsz§+� � sut � yze ~N�FdRv�o{yzrqoq¹RyKx­owsUnPO^e#yzn��¬o{~N~N|pdI~ � dRefyuownT|pnpd�¼^�prws � dI�è®
Q�RTS �2U7¢;U ¾ ¡
V d%� � dI~�dRnUx[y�v�suef�prqd�x­d��^dIv�r{y � yKx­ow�Udbyu�p� � sUyUv a §¸s � � � sut � yue/~N�CdIv�o{yzrqow¹IyKxNoqsun#oqnfx a d�v�sUn;xNd�¼�x[su§èx a d
sU�^��dRv�x�«Es � owdRn;xNdR���}y � yu�powtUeT®*º�| � yu�p� � sUyuv a yu�p� � dI~N~NdR~b~Nsuefdhowef�Fs � x­yzn;x�su�Fd�n´o{~N~N|pdI~�³

WYX[Z ����\]���^�_�_/9	��
�+��,`,9�������
	��
�����
�%1 Z �F�a�
	)�_b �%dIv�r{y � ownpt�x a db~��FdRv�oqyurwoq¹RyzxNoqsun��Fd a y¯�;oqs � sz§Cy%� � sut � yze
~ a su|pr{�¦npsux�vRyz|}~Nd¬x a dT�poq~�xN| � �}yun}v�d�sz§�x a dT~Nsu| � v�d�sz§�x a oq~�� � sut � yue´® V d�yu�p�us^v�yzxNd¬x a yKx

cTc!ßed�fIî�î!g
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�^dRv�rqy � oqnpth~��FdRv�oqyurwoq¹RyzxNoqsun�~ a sU|pr{���Fd�~�dRd�nfyu~7yu�}�^own}t�oqn^§¸s � e#yKx­owsUn���|}~�x[yu~7sUnpd&©PsU|prq���^dIv�r{y � d
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� ~ a su|}rq�?�Cd#~N�CdIv�o{yzrqow¹RdR��yzn}� �a��� owx�~ a su|pr{�m�Fd#~��FdRv�oqyurwoq¹�dI�è® } d�§¸s � d1� � dI~�dRnUx­own}t
x a d��^d�x­yzoqr{~bsz§7su| � yz�}� � s;yuv a(² rqd�x�|}~ � � ~�x�d�¼pyzefoqnpd�x a dI~�d�yU~��FdRv�x­~R®
����� �
	���
�
������������������ ���

��dRv�rqy � oqnpt¶~N�CdIv�o{yzrqow¹IyKxNoqsun¥oqn��usurq�udI~hoq�pd�n;xNow§¸��ownpt°x a d¬� � sUt � yze v�suef�CsUnpd�n;xª~hx a yzx1~ a su|pr{���Cd�~��Fd�«
v�oqyurwoq¹�dI� ² yzn}�¦�pdR~­v � ow�poqnpt´x a d�|}~­yztUd¬v�sUnUx­d�¼�x­~�§¸s � © a oqv a x a d�v�suef�FsunpdRnUxª~�~ a su|pr{�¥�Fd�yu�}yz�^x­dR�è®
�PsUef�CsUnpd�n;x­~[yu~­~�s^v�o{yKx­dR��©�owx a e�|}rýx­ow�prqd%|C~Nyutud�v�sUnUx­d�¼�x­~[e#y¯� � dR�;|po � d�oqn}v � d�efdRnUxªyzr}~N�FdRv�o{yzrqoq¹RyKx­owsUn
x­sf�CdI~�x�d�¼��}rwsUoýx%yurwr(y¯�Kyzoqr{yz�prqd�~N�FdRv�o{yzrqoq¹RyKx­owsUn��Kyurw|pdI~�®
! ¡ Â#" ¡K¢ � £ Â � U Â���¾ �  I�%$ `$� yu�^owxNoqsunCyzrqrw� ² x a df� � sut � yueÄv�suef�FsunpdRnUxª~hv�sunC~�o{�^d � dR�°§¸s � ~N�CdIv�o{yzrqoý«
¹IyKx­owsUnfy � dU³èx a d�© a surqd�� � sut � yue ² y	~Nd�xPsz§9� � s^v�dR�^| � dR~ ² yh� � s^v�dI�^| � d ² s � yh�prqs�v�81sz§èv�s^�^d��W©�oýx a own¬y
� � s^v�dI�^| � d ��® `ba d�v a sUoqv�d�su§7yf�Cy � xNo{v�|pr{y � dRnUx­oýx��T�^d��Fd�nC�p~�sUn�x a d	r{yznptU|}yztUdh~�x � |}v�xN| � d ² yun}�Tefs � d
oqef�Cs � xªyzn;xNrq� ² sunTx a d��CsK©&d � sz§*yftuoq�udRn´~N�FdRv�o{yzrqoq¹�d � i §¸s � d�¼pyzef�prqd ² © a d�x a d � x a d�~N�FdRv�o{yzrqoq¹RyKx­owsUn
� � s^v�dI~N~&o{~�oqnUx � y |¯oqn;xNd � «E�prws^v�8fs � oqn;x � y&|¯oqn;xNd � «E� � s�v�dR�^| � yurS®
&PU ¾ £ S ¢ � S(' ¢^  S Â�� £ Â��   ¾*#  )$ `ba dP|C~NyutudPv�sun;xNd�¼�x$§¸s � © a o{v a y%� � sUt � yze v�sUe��Fsun}d�n;x+o{~+~��FdRv�oqyurwoq¹�dI�
o{~�y¶~Nd�x1sz§�� � dR�^o{v�yzxNdR~�sK�ud � ~Nsuefd¬�Cy � x­~	su§&x a d¬� � sut � yue ~�x­yKx­d ² © a o{v a a sur{��sK�ud � ~�sUefd#�Cd � oqs^�
su§bxNoqe�dU® �*� sut � yue ~��FdRv�oqyurwoq¹�d � ~�|}~�|Cyzrqrw�¥v�sUn}~�o{�^d � � � dR�^o{v�yzxNdR~�v�sunC~�o{~�x­own}t°sz§�dR�;|}yurwowxNoqdR~ ² x a yzx1o{~ ²
~N�FdRv�o{yzrqoq¹RyKx­owsUn°o{~%�Fd � §¸s � efdR�¶tUow�Ud�nm~Nsuefd��Ky � o{yz�prqdR~ a y¯��oqnpt�~Nsuefd1~N�FdRv�o��Cv��¯yurw|}dR~R®]7ën?tudRnpd � yzr ² y
� � dI�^oqvRyKx­d	oq~�~Nyuoq�Tx­s¬�Cd1v�suef�poqrqd�«XxNoqe�d�oý§*owx�v�yun¶�Cd1d��Kyzrq|}yzxNdR�¶yzx�x a o{~�dRy � rq��~�x­yztUdu®�º%x a d � ©�o{~Nd�oýx
o{~�~­yzo{�¬x­s#�Cd � |pn^«XxNoqefdu®

} dR~No{�^dR~Poýxª~b~�xªyztud ² y1� � dR�^o{v�yzxNd�e�|}~�xP�Fd�v�rqyU~N~No��}dR�#©�owx aT� dR~N�CdIv�x[x­s�owx­~&rqoý§¸d�xNoqe�d ²[��b���bq² © a d�x a d �
s � npszx�x a d#� � dR�poqvRyKxNd¬vRyzn v a yunptudfowx­~��Kyurw|pd¬�p| � oqnpt � |pn�xNoqefdu® 7E§bowx­~��¯yurw|}d�v�yun�n}d��ud � v a yzn}tud ²
x a d	� � dR�^o{v�yzxNd	o{~�~Nyuoq��x­s#�Cd�~�x­yu�prwdU® 7E§
oýx%vRyzn´�Fd	own��Kyzrqoq�}yKxNdI�T�CdIv�yz|C~�d	su§+~Nsuefd�~�xªyKx­d�v a yznptUdR~ ² oýx
o{~�~­yzo{��xNs¬�Fd�|pn}~�x­yu�prqdu® } sux a ~�x­yz�}rwd�yun}�´|pn}~�x­yu�prwd	� � dI�^oqvRyKx­dR~�v�s �­� dI~��Fsun}��xNs¬yUv�x­|}yzr$~NowxN|}yzxNoqsun}~
§¸sU|pn}�Toqn � dRyur9d�¼^�Cd � oqefd�n;x­~`< �z� ² �u� ² � C >E®
*U� £u¡ ¾ � ¾ �  I¢ �è��U ¾ £ S ¢ � S+' ¢^  S Âb� $ � ~�d�x+su§p� � dR�^o{v�yzxNdR~$e#y¯��n}szx��FdP~­yKx­oq~ �}dI��yzrqr;yzx�sUn}v�dU®-,%~N|}yurwrq� ²
yurwr&� � dR�^o{v�yzxNdI~1�^s�npsux��FdRv�suefd�x � |}dTyzx1sunCv�du® `ba d � d�§¸s � d ² owx#oq~�|}~Nd�§¸|pr&x­s?�FdTyu�prqd�x­s?�^dI~Nv � oq�Cd
y ~�dI�;|pd�n}v�dmsu§1~��FdRv�oqyurwoq¹RyzxNoqsunZv�sun;xNd�¼�x­~�§¸s � y tUow�Ud�n � � sut � yue v�suef�CsUnpd�n;x¶~�s x a yzxTowx¶v�yzn �Cd
~N�FdRv�o{yzrqoq¹�dR��§¸| � x a d � yu~&efs � dh�Kyzrq|pdR~b�FdRv�suefd�y¯�Kyzoqrqyu�prwdU®
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`ba d�su�Fd � yKx­owsUn}yzrFyu~N�CdIv�x­~[sz§(~N�CdIv�o{yzrqow¹IyKxNoqsun#oqn��usUrw�Ud�yz�p�prq��own}t�~��FdRv�oqyurwoq¹RyzxNoqsun¬yun}�fown;x­d�t � yKx­own}t	x a d
~N�FdRv�o{yzrqoq¹�dR�Tv�sUef�CsUnpd�n;x­~boqn;xNs�x a d	� � sUt � yze´®
Q ¡ S "#"C¾ ¡ S ��" ��U ¾ £ S ¢ � S(' ¢^  S Â�� $ ��n1owef�Fs � x­yzn;x7oq~­~N|pd[oqn�|}~Noqnpt�~N�CdIv�o{yzrqow¹IyKx­owsUn�oq~+© a dRn�x­s%� � s^�^|}v�d
x a d�~N�CdIv�o{yzrqow¹RdR�fv�s^�^dU®+�}s � v�sUn;xNd�¼�xª~
�^d��Fd�n}�pownpt�sunprq��sun#v�suef�poqrwd�«Sx­owefd�� � dR�^o{v�yzxNdI~ ² ~N�FdRv�o{yzrqoq¹RyKx­owsUn
vRyznT�Cd�yu�p�prqowdI��dRoýx a d � yzx�v�suef�poqrqdhxNoqe�dhs � yKx � |}n�x­owefdu®P�ps � x a d	szx a d � v�sun;xNd�¼;xª~ ² ~N�FdRv�o{yzrqoq¹RyKx­owsUn
e1|}~�x%�Cd�yz�p�}rwoqdR�¶yzx � |pn´xNoqefdu®%7ën´x a oq~�r{yKx�x­d � v�yu~Nd ² ~�sUefd � |}n^«Sx­owefd�~N|p�p�Fs � x%e1|}~�xh�^d�x­dRv�x�© a dRn
yurwr[x a d�� � dR�^o{v�yzxNdR~�own x a d�v�sun;xNd�¼�x��CdIv�sUe�d��¯yurwo{� ² x � oqtutUd � x a d�~N�CdIv�o{yzrqow¹IyKxNoqsun ² yun}� � d��pr{yuv�d#x a d
v�suef�FsunpdRnUx��Wd�owx a d � owefefdR�poqyzxNd�rq��s � © a d�nTx a d�v�suef�FsunpdRn;xbo{~�|}~NdR� ��®
! ¡ ¾ � ¾ ¡�� S �-"   R ¾ �p¢ � S Ã S   ¿ZÂ! ��U ¾ £ S ¢ � S+' ¢^  S Âb� �)$ �}s � v�sUnUx­d�¼�x­~h�^dR�CdRn}�^oqnpt´sun�|pn}~�x­yu�prwdf� � d�«
�poqvRyKxNdI~ ² x a d � |pn^«XxNoqefd	~�|p�}�Cs � x&e�|}~�x�� � dI~�d � �Ud�x a d��Kyurwo{�^owx��#sz§(x a d�~N�FdRv�o{yzrqoq¹RyKx­owsUn}~R® `ba oq~&oqe��}rwoqdR~
�pd�xNdIv�x­ownpt�© a d�n°x a d1� � dI�^o{v�yKx­dR~�y � d�own��Kyzrqoq�}yKxNdI� ² yzn}� � d��}rqyUv�oqnptfx a d�~��FdRv�oqyurwoq¹�dI�°v�sUef�CsUnpd�n;x%���
sUnpd	v�sUe��CyKxNoq�prqdh©�oýx a x a d�v�| �N� d�n;x�~�xªyKx­du®
~1¢p£ RMS ��" ��U ¾ £ S ¢ � S(' ¢^  S Â�� �)$ � |pn^«XxNoqe�dh~N�CdIv�o{yzrqow¹IyKxNoqsun � dR�;|po � dR~[y � |pnp«Sx­owefd�vRyuv a d�xNs1yU~N~Ns^v�o{yKx­d
~N�FdRv�o{yzrqoq¹�dR��v�sUe��Fsun}d�n;x­~[xNs1x a dRo � v�sun;xNd�¼�x­~ ² ~Ns�x a yKx�nps��^|p�prqo{v�yKx­d	~��FdRv�oqyurwoq¹RyzxNoqsun}~&y � d%� � s^�^|}v�dR�è®
��|pd%xNs�rqowefowxNdI�¬~��Cyuv�d � dI~�sU| � v�dR~ ² sun}d�e#y¯�1sUnprw��©byzn;x*xNs28udRd��¬yh§¸dR© § � dI�U|}d�n;xNrq�1|C~�dI�#~��FdRv�oqyurwoq¹�dI�
v�suef�FsunpdRnUxª~�®+�%~*y � dR~N|prwx ² vRyuv a oqnpt�xNdRv a npoq�;|pdI~
npdRdR��xNsh�Cd�|C~�dI��x­s	efyun}yztUd � |pn^«XxNoqefd�~��FdRv�oqyurwoq¹�dI�
v�suef�FsunpdRnUxª~�®
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�%sK© x a yzx	©Pd a y¯�ud��^d�xªyzoqrwdI�¶x a d�o{~­~�|pdI~%oqn��usUrw�UdR�¶oqn?~N�CdIv�o{yzrqow¹Rown}t�� � sut � yuef~ ² rwd�x�|}~�� � dR~Nd�n;xhsu| �
�pdRv�r{y � yKx­ow�Ud�yu�p� � sUyUv a xNs¬yU�p� � dR~­~�oqnpt1x a dI~�d	o{~N~N|pdI~�®

L �FdRv�oqyurwoq¹RyzxNoqsun´v�r{yu~­~�dI~b~�dR�}y � yKx­d�rq�¬�^d �}n}dhx a d	~N�CdIv�o{yzrqow¹IyKxNoqsunT�Fd a y¯��oqs � sz§+d�¼^oq~�xNoqnpt#v�r{yu~­~NdR~R®7�
~N�FdRv�o{yzrqoq¹RyKx­owsUnTv�rqyU~N~

W �^d �CnpdR~�yfv�sun;xNd�¼;xb§¸s � ~��FdRv�oqyurwoq¹RyzxNoqsun ²
W ownC�^oqvRyKx­dR~�© a o{v a � � sUt � yze v�suef�CsUnpd�n;xª~�~ a sU|pr{���Fd�~��FdRv�oqyurwoq¹�dI��§¸s � x a oq~�v�sun;xNd�¼;x ² yznC�
W �Cs;~N~Noq�prw�T~�dRrwdIv�xª~�~�sUe�dhsU�^xNoqsun}~&§¸s � x a d�~N�FdRv�o{yzrqoq¹RyKx­owsUnT~N|p�p�Fs � xR®
V d�v a s�sU~Nd[x a dbt � yzn�|pr{y � oýx��hsz§Fy�~N�FdRv�o{yzrqoq¹Ryz�}rwd&� � sut � yze v�sUef�CsUnpd�n;x7xNsh�FdPx a d�~�d�x
sz§Cefd�x a s^�p~

yU~N~Ns^v�o{yKx­dR�	©�owx a y � � d�tU|prqy � �$v�r{yu~­~�®+�[yUv a ~N�CdIv�o{yzrqow¹IyKxNoqsun�v�r{yu~­~+oq~
yzx�x­yUv a dR��xNs	y�v�r{yu~­~+own1x a dbxªy � tud�x
� � sUt � yze´®��¶|prwxNoq�prqd�~��FdRv�oqyurwoq¹RyzxNoqsun�v�rqyU~N~NdR~+v�yun1�Fd&yzx�xªyuv a dI�	xNshy�~�oqnpturqdbv�r{yu~­~ ² vRyz�^x­| � oqnpth�^o��Fd � dRnUx
sU�p�Fs � xN|pnpowxNoqdR~¬§¸s � ~��FdRv�oqyurwoq¹RyzxNoqsun(® 7E§�x a dI~�d°sU�p�Fs � xN|pnpowxNoqdR~T�^d �}npd?y ~�dI�;|pd�n}v�d°sz§�oqn}v � dRe�dRn;x­yzr
~N�FdRv�o{yzrqoq¹RyKx­owsUn ~�xªyztudI~ ² x a d?~N�CdIv�o{yzrqow¹IyKxNoqsun v�rqyU~N~NdR~#vRyzn �Fd°d�¼�xNdRn}�^dI� ~�x­d�� ��� ~�xNdR� ² ownC~�x­dRyu� su§
�Fd�oqnpt#yzrqr$�^d �}npdI��§ � sue)~Nv � yzx­v a ®
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�+owtU| � d�gp³ `ba d	~���n;x­yz¼�sz§ L �FdRv�o{yzrqoq¹RyKx­owsUn �Pr{yu~­~NdR~

`ba d#~N��nUxªyK¼°su§P~��FdRv�oqyurwoq¹RyzxNoqsun�v�r{yu~­~�dI~%o{~htuoq�udRnmoqn �}tU| � dfgp® `ba d#~���n;x­yz¼°oq~�tUow�Ud�n?yU~hy�·;y¯�Ky
d�¼�xNd�nC~�oqsun(³+x a d	|pn}�^d �}npdI��n}sun^«XxNd � efoqn}yzr{~ � ��,9�����B� D ��	�� ���^�_�_/ ��	�� �����H1�1 � �
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7ën�x a oq~�~NdRv�xNoqsun ² ©&dh�^dR~­v � ow�Fdhownp§¸s � efyurwrq�#x a d	~�dRefyun;xNo{v�~bsz§7~��FdRv�oqyurwoq¹RyzxNoqsunTv�r{yu~­~�dI~�® `ba d	v�sUef�powr{yK«
x­owsUnT~­v a dRe�dh§ � sue)y�·;y¯�Ky�� � sUt � yze ©�owx a ~��FdRv�oqyurwoq¹RyzxNoqsun´v�r{yu~­~�dI~PxNs#y#~�xªyzn}�}y � ��·;y¯�¯y1� � sut � yue oq~
�poq~­v�|}~­~NdR��own¶~NdRv�x­owsUnT�}® �}®

7ën�·Uy¯�Ky ² x a d � dfy � d�yur � dRyU�^��x�©&s#§¸s � e#~�sz§*oqn a d � owx­yznCv�du®h�+o � ~�x ² y¬v�r{yu~­~%�¸s � yzn°oqn;xNd � §WyUv�d �%v�yun
���F�_���@, yznpsux a d � v�rqyU~N~ �¸s � oqnUx­d � §Wyuv�d ²F� dI~��FdRv�xNoq�ud�rq� ��® L dRv�sun}� ² y�v�r{yu~­~%e#y¯�´yzr{~�s ��0%� ����0#����� ~�sUefd
oqn;xNd � §WyUv�dR~R® V dbx � oqdR�1xNs`8Ud�d��1x a d�~Nyue�d�~N�po � owx ² �;�1yKx�xªyuv a oqnpt	yh~��FdRv�oqyurwoq¹RyzxNoqsunfv�r{yu~­~+xNs�y � � d�tU|pr{y � �
v�rqyU~N~&��o{y�yfn}d�© §¸s � e)sz§+own a d � oýxªyzn}v�d ² 1B�a�������
� ���J� ®

�%rwr+x a d�~N�CdIv�o{yzrqow¹IyKx­owsUn°v�r{yu~­~�dI~%yKxNx­yUv a dR�´x­s�y � dRtu|pr{y � v�r{yu~­~'Q §¸s � e y a owd � y � v a ��su§*�Cs;~N~Noq�prwd
~N�FdRv�o{yzrqoq¹RyKx­owsUnm~�x­yKx­dR~R® �PrqyU~N~�Q o{~�vRyzrqrwdI�¶x a d 	����
� �����H1�1 ®��[yUv a ~��FdRv�oqyurwoq¹RyzxNoqsunmv�rqyU~N~�d�owx a d � ~��Fd�«
v�oqyurwoq¹�dI~�y � dRtu|pr{y � v�r{yu~­~ ² s � d�¼�xNdRn}�p~�yunpszx a d � ~N�CdIv�o{yzrqow¹IyKx­owsUnTv�rqyU~N~R®

�%rwr[x a d �}dRrq�}~ �¸�Ky � o{yz�prqdR~	yun}��efd�x a s��}~���s^v�v�| �­� oqnpt´own y¶~N�CdIv�o{yzrqow¹IyKx­owsUn�v�rqyU~N~he1|}~�x1d�¼^oq~�x�oqn
x a dhv�s �­� dR~N�CsUn}�^oqnpt � s;suxPv�r{yu~­~R®M7ën�szx a d � ©Ps � �}~ ² y1~N�CdIv�o{yzrqow¹IyKx­owsUn¬v�r{yu~­~PvRyznpnpsux&yU�p�¬npdR© �}d�r{�p~PxNs
yfv�rqyU~N~R® `ba o{~�oq~b�FdRvRyz|}~Nd�~N�CdIv�o{yzrqow¹IyKxNoqsun´v�r{yu~­~NdR~by � dhnpszx�efdRyun;x�xNs#yu�p��§¸|pnCv�xNoqsunCyzrqoýx���xNs#y#v�r{yu~­~ ²
�}|^x
xNs�yU�pyz�^x*owx*x­s�y��Cy � xNo{v�|pr{y � v�sun;xNd�¼;xI® ` s��^d �}npdbx a oq~*~N�FdRv�o{yzrqoq¹RyKx­owsUn#v�sun;x­d�¼�x ² y	~N�FdRv�o{yzrqoq¹RyKx­owsUn
v�rqyU~N~�R yU�p�p~h~Nsuefd1v�sun}~�x � yzoqn;x­~�sK�ud � d�¼^o{~�x­ownptT�Ky � oqyu�prqdR~�sz§P~Nsuefd1v�rqyU~N~�Q ² ���°�^d �}npoqnptTy�rqoq~�x�su§
� � dI�^oqvRyKx­dR~bsunTx a d�su�p��dRv�x � ~%~�xªyKxNdU®P�%n¶su�^��dIv�x�sz§*v�rqyU~N~%Q o{~�v�sUn}~�o{�^d � dI��x­s#�CdTS�oqn´~N�FdRv�o{yzrqoq¹RyKx­owsUn
~�x­yzxNdURJV´© a d�npdR�ud �?�
��� x a d¬� � dR�^o{v�yzxNdR~hsu§�~��FdRv�oqyurwoq¹RyzxNoqsun v�r{yu~­~)R=y � d#�¯yurwo{�è® V a d�n¥x a oq~�oq~�x a d
vRyu~Nd ² x a d�~��FdRv�oqyurwoq¹�dI��efd�x a s^�p~��pd �}npdI�T�;�WR¦sK�Ud �­� o{�^d�x a d	tUd�npd � o{v%�Ud � ~�oqsunC~&�pd �}npdI�Town¶v�r{yu~­~%Q�®

ö¸çMc(ö,+
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`ba d�� � dI�^o{v�yKx­dR~�vRyzn¶d�owx a d ��� d�§¸d � xNsfx a d�rqs�vRyzr$~�x­yzxNd ² oý§7x a d��Town��Usurq�ud	yzn´oqn}~�xªyzn}v�d��Ky � oqyu�prqd�su§
n}sun^«Esu�^��dIv�x�x����Cd ² s � x­s´npsun^«Erqs�vRyzr
~�x­yKx­d ² oý§&x a dR�moqn}v�rq|}�^d#yun�oqn}~�x­yun}v�df�Ky � oqyu�prqd1su§Psu�p��dRv�x	x����Fdu®
�}s � x a d	efsuefd�n;x ² ©&d��^sfnpsux�v�sun}~No{�^d � y �N� y¯�fown}~�x­yun}v�d	�Ky � o{yz�prqdR~ ² nps � v�rqyU~N~&�Ky � o{yz�prqdR~��I®

� � � dR�poqvRyKxNdbsUn�y��Ky � oqyu�prqdPsu§CnpsUn^«XsU�^��dRv�x7x��;�Fd�v�yun1�Fd�d�owx a d � v�sUe��}owrqd�«XxNoqefd&s �
� |}n^«Sx­owefdU® `ba d
~N��n;x­yK¼h§¸s � v�suef�poqrwd�«Sx­owefdb� � dR�^o{v�yzxNdI~$o{~�S �
�
	)���F$���� � �
0#�����@�
�
� Z ��� V ² © a d � dPx a db�Kyzrq|pd&oq~7y�v�sUe��}owrqd�«
x­owefd[v�sun}~�x­yun;xR® `ba d[~���n;x­yz¼%§¸s �(� |}n^«Sx­owefd*� � dI�^oqvRyKx­dR~(o{~$~Noqe��}rw�WS �
�
	)���F$���� � �
0#��� V�©�oýx a su|px�tuoq��own}t
yun��T�Kyurw|pd1§¸s � x a d1�Ky � o{yz�prqdu® `ba oq~�� � dR�^o{v�yzxNd1oq~�x � |pd1§¸s � yzn��´�Kyzrq|pdfyzn}�moq~��Kyzrqoq�?yu~�rqsunptTyu~�x a d
�Kyurw|pd	�^s�dI~�npszx�v a yunptudU®

�Z� � dI�^o{v�yKx­d�sun�y	�Ky � oqyu�prwd%sz§$~Nsuefd�su�p��dRv�x[x��;�Fd�� '�	�
�
 	
� v�sun}~�x � yzoqn}~
x a yKxb~�|}�^«XsU�^��dRv�x*xNs1�Cd
oqn?y�~��FdRv�o �Fv�~N�FdRv�o{yzrqoq¹RyKx­owsUnm~�x­yKx­d ��� �W© a d � d ��� o{~hy�~N�CdIv�o{yzrqow¹IyKx­owsUn?v�r{yu~­~%§¸s � �('�	�
�
 	
� ��® `ba d
� � dI�^oqvRyKx­d�o{~b© � owx�x­d�n S �����H�
	)���9$���� �@�
0 ��� V ² ~Nowefoqrqy � x­s#y1·;y¯�Ky�x����Fdh�pdRv�r{y � yKx­owsUn(®M7ën�§WyUv�x ² owx�v�yun
�Fd�v�sUn}~Noq�^d � dI�#x a yKx�x a d	�Ky � oqyu�prwdh©byu~ � dR�^d �}npdR��x­s��Fd	sz§
y�efs � d�� � dIv�o{~�d�x����CdU®

V dfefyU�^dfy��^dRrwoq�Cd � yzxNdf�^dR~Noqtun?v a suo{v�d�x­s � dR~�x � o{v�xh� � dI�^o{v�yKx­dR~%xNs�x a dI~�df~Nowef�prqd�§¸s � ef~ ² © a o{v a
y � dh�^o � dIv�x­rw�¬|C~Nyu�prwdh����y�� � sut � yue ~��FdRv�oqyurwoq¹�d � ® `ba o{~ � dI~�x � o{v�x­owsUn�yurwrqsK©�~&x a d	~N�CdIv�o{yzrqow¹RdR��efd�x a s��
x­sh�Cd�yz|pxNsue#yzxNo{v�yzrqrq���^d � ow�UdR��§ � sUe x a d�tUd�npd � o{vP�pd �}npowxNoqsun����	x a d&� � sUt � yze�~��FdRv�oqyurwoq¹�d � ®+±�sK©&d��Ud �I²
x a d�~N��nUxªyK¼?yurwrqsK©�~�x a d¬|}~Nd � x­s°~��FdRv�oý§¸�¥y¶v�sUe��}rwd�xNd#efd�x a s^� �^d �}n}oýx­owsUn¥§¸s � x a d¬v�yU~�d#© a dRn¥x a d
efd�x a s^�Toq~�~N�FdRv�o{yzrqoq¹�dR�Te#yzn�|}yurwrq�u®

�%szxNdbx a yKx[x a d � d�o{~7nps��^o{~�x­ownCv�xNoqsun#�Fd�x�©&d�dRn#~�xªyz�prqd�yzn}��|pn}~�x­yu�prqd�� � dI�^o{v�yKx­dR~ ² yKx
x a d%~N��nUxªyuv�xNo{v
rqd��Ud�rX® 7ën}�pd�dR� ² own�yzn1su�^��dIv�x�«Es � oqd�n;xNdI�hrqyunptu|}yutud&~�|}v a yu~7·Uy¯�Ky ² owx7oq~7~Nowef�prqd&xNs��pd�xNd � efoqnpd�~�xªyKx­oqvRyzrqrw�
© a oqv a � � dR�^o{v�yzxNdI~#v�yzn npdR�ud � �Cd¶oqn��¯yurwo{�pyzxNdR� i owx�~N|^µ¬v�dR~#xNs¦v a dIv�8 x a yzx#x a d?v�s �­� dR~N�CsUn}�^oqnpt
�Ky � o{yz�prqdR~by � dhsun}rw��yU~N~NoqtunpdI�¬oqn�x a d�v�sUn}~�x � |}v�x­s � ~�®`ba d¬~N��n;x­yuv�xNo{v1v�sun}~�x � |}v�x­~	�^dI~Nv � oq�CdI�?~Ns�§Wy � yzrqrqsK©�x a d#|C~�d � x­s¶�^dRv�rqy � df© a yzx	~N�FdRv�o{yzrqoq¹RyKx­owsUn
x­s#�^s}® `ba d � dhy � d�~Nsuefdhszx a d � ~N��nUxªyuv�xNo{v�v�sun}~�x � |}v�x­~Px ap� su|}t a © a oqv a x a dh|}~Nd � vRyzn�own;:C|pd�n}v�d a sK©
x a d°~N�CdIv�o{yzrqow¹IyKxNoqsun o{~#yuv a oqd��UdR� ��8udR�;©&s � �p~��&v���� &iz )�yzn}����	���� )&u ��® `ba d�� � dRrqyzxNdTxNs � |pn^«XxNoqe�d
~N�FdRv�o{yzrqoq¹RyKx­owsUn ² yznC��y � d	�^o{~Nv�|}~­~�dI��oqn¶~�dIv�xNoqsunT�}®
F��(� � ������� � ��� � �<I�� ��� ��� �HK��%K)
��HG

7ën¶yf� � d���oqsu|}~�~�xN|C�^� < �u�
> ²F� | ���D�
��b e�suxNoq�KyKxNdI�Tx a d	n}d�dR�T§¸s � oqn}v � d�efd�n;xªyzr(~N�CdIv�o{yzrqow¹IyKxNoqsun´oqn´x a d
v�sun;xNd�¼�x&su§+yu�}yz�^x­ow�Ud�sU�Cd � yzxNoqnpt1~N�^~�x­d�e#~�® `ba oq~&d�¼^�Fd � owefdRnUxb§¸s^v�|C~�dI��sUn¬x a dh± � « ,�� �}rqd	~��^~�xNd�e´®
� n;|}e��Fd � su§(~�xªyz�prqd%yznC�f|pn}~�x­yz�}rwd�� � dI�^oqvRyKx­dR~*©&d � d�o{�^d�n;xNo��}dI�� ² |pn}�^d � © a oqv a ~N�CdIv�o{yzrqow¹IyKx­owsUn�©byu~
�Fd � §¸s � efdR�1��� a yun}��©�oýx a �Ud � ��tus�s^� � dI~�|}rýxª~�® `ba d��Kyzrqoq�^owx���su§9~N�FdRv�o{yzrqoq¹�dR���Ud � ~�oqsun}~+©byu~7e#yznCyztudI�
��� a yzn}�^«X© � oýxNxNdRn¶�powdIv�dI~�sz§*v�s^�^d�vRyzrqrwdI� / Z �
	�,H1�² efyun�|}yzrqrw��ownC~�d � x­dR�Town´x a d�efs^�^o��}dR� �}rqd�~N�^~�x­d�e
~Nsu| � v�d ² © a o{v a �Fszx a own}~�x­yurwrqdR�T~N�CdIv�o{yzrqow¹RdR�T�ud � ~NowsUn}~&yzn}� � dR~�xNs � dR��|pn}~N�CdIv�o{yzrqow¹RdR��sunpdI~�®`ba d�d�¼pyzef�prqd�� � dI~�dRnUx­dR� �Fd�rqsK© oq~�ym·;y¯�Ky¶� � sut � yue ² �^o � dIv�x­rw��ownC~��po � dR� ����x a dT± � « ,��»d�¼�«
�Fd � oqe�dRn;xR® V d#�^d �}npd1x a df~N�CdIv�o{yzrqow¹IyKxNoqsun?v�r{yu~­~�dI~�§¸s � x a d�e#yuown°sU�^��dRv�x­~ ² yzn}�°©Pdf~ a sK© a sK©�su| �
yu�p� � sUyUv a e#y
8udI~&x a d	e#yun}yztUd�efd�n;x�sz§7~��FdRv�oqyurwoq¹�dI���Ud � ~�oqsun}~byu|^xNsUefyzxNo{vz®`ba d#8Ud��°v�sun}v�d��^xª~hsz§&y ,%npoý¼�«Erwo�8ud �}rqd#~��^~�xNdRe y � d�x a d D ��� yzn}�mx a d ��(+� ��,F� �¨§¸s � x a d¬~­y
8Ud1su§
~Noqe��}rwo{v�owx�� ² ©Pd°�ps�n}szx#x­y98ud´�;«Xn}s��pdR~foqnUx­s¦yuvRv�su|}nUx ��® ` ©&s¥�}yKx­y ~�x � |}v�xN| � dR~foqef�prwdRefd�n;x#x a dI~�d
! Ñ(Ò¯×9ÝXØªÖXô�×ëÝ#"�Ø%$�Ø7Û¯ÖSÜ�ô�ÖEØªämÙ�ØªßbÙ�Ü�ß�ÝXØªÓÕß�Øªß�á&ØªÖSÖEØ�áPÜ�ÖpÙ�ã ØªÔXÔ�$�ØªÖSÓ Øªà¯ãÕ×�Ô'&�ÝSÒ¯×èÜ�ß¯ã á[ÖX×�ÔWÝXÖSÓÕÙ�ÝSÓÕÜ�ß&ÓÕÔ^ÝSÒKØ­Ý}ÝXÒ¯×ëáPÙ�Øªß¯ß¯ÜªÝàu×
ÓÕß($�Ü�ã $�×�Þ�ÓÕß�ØPÛ¯ÖS×�ÞIÓÕÙNØ­ÝS×�ñ
) ö¨ßbÝSÒKØ­Ý9ÔWÝXÚIÞIá�êIÔWÝEØªà¯ãÕ×$Û¯ÖS×�ÞIÓÕÙNØ­ÝS×�ÔèØªÖX×(Ù�ØªãÕãÕ×�Þ�ÓÕß*$ªØªÖXÓ Øªß�ÝXÔ�êRØªß¯Þ�Ú¯ß¯ÔWÝEØªà¯ãÕ×$Û¯ÖS×�ÞIÓÕÙNØ­ÝS×�ÔèØªÖX×$Ù�ØªãÕãÕ×�Þ,+RÚ¯ØªÔXÓ -¨ÓÕß($�ØªÖSÓ Øªß�ÝSÔNñ
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dRn;xNowxNoqdR~R³7x a d �}rqd��^dI~Nv � oq�^xNs � yzn}��x a d	oý«Enps^�^d	�^dR~­v � oq�^xNs � ® 7ënT§Wyuv�x ² x a d �}rqd�v�sunCv�d��px�own ,�n}oý¼Toq~�yun
yu�}~�x � yuv�x­owsUn�§¸s � v a y � yuv�xNd � ~�x � dRyue#~�®M7Ex[v�sK�Ud � ~�e1|}v a efs � dPx a yzn � d�tU|prqy � �^o{~!8 �}rwdI~ ² yu~7owx[oqn}v�rq|}�^dI~�³
~Ns^v�8ud�x­~ ² �^dR�;o{v�dI~ ² �poq�CdI~ ² d�x­vz® `ba d1yUv�x­|}yzr�x����Cd1sz§
x a d �}rqd�o{~�~�xNs � dI�´own�yzn¶ow«Xn}s��pd1�^dI~Nv � oq�^xNs � i
x a d � dhoq~�sunpd�§¸s � dIyuv a �^d���o{v�d ² �^oq~�8 �Crwd ² s � �poq�Cd�i x a yzx�oq~ � d�§¸d � dRn}v�dI��oqnTx a d �}rqd��^dI~Nv � oq�^xNs � ®

�%n�ow«Enps^�^d��^dR~­v � oq�^xNs � �S~�dRd �}tu| � db� �7v�sun;x­yuown}~ ² yzefsUnpthszx a d � d�rqd�efdRnUxª~ ² x��;�Fd�oqn^§¸s � e#yKxNoqsunfyznC�
yUv�v�dR~­~[�Fd � efoq~­~�oqsunC~�®M7ën�§WyUv�x ² x a d�x����Cd�ownp§¸s � efyzxNoqsun �¸�}y � x­oqyurwrq�fown�x a d�w &$w )�:Cyut1yun}�¬�}y � x­oqyurwrq�#oqn
x a ddz�{&u )#�powx�«Ee#yu~�8 ��npdR�ud � v a yzn}tudR~�sun}v�d	x a d1oý«Enps^�^d1oq~�v � dRyzxNdR�(® `ba d1yUv�v�dI~N~%�Cd � efo{~N~Noqsun}~ �Wyzr{~Ns
�Cy � x�sz§+x a d�z�{&u )f�powx�«Ee#yu~�8 �&e#y¯�¬�Fd�v a yunptudI�T�;o{y1x a d � ��z�{&uDxUy	efd�x a s^�è® `ba d	efsU~�x�owef�Fs � x­yunUx
efd�x a s^�p~Psz§�yun¬ow«Xnps^�^d�y � d�x a d � dRyU�#yzn}�¬© � owxNd�efd�x a s��}~
�¸§¸s � v�sUn}v�o{~�dRnpdR~­~ ² � � & � ) x6y%o{~[sUefoýxNxNdR� ��®`ba d � dRyU��efd�x a s^�Toq~�tud�n}d � oqv�ownTx a yKx�owx%v�sK�Ud � ~[§¸|}n}v�x­owsUn}yzrqoýx����CdRrwsUnptuoqnpt�xNs¬yurwr9x����FdR~bsz§7ow«Xnps^�^dI~�®

�+oqtu| � df�T~ a sK©�~hy´~��FdRv�oqyurwoq¹RyzxNoqsun?v�rqyU~N~�© a o{v a ~��FdRv�oqyurwoq¹�dI~%x a dftudRnpd � oqv1ow«Xnps^�^d#�^d �}npowxNoqsun?§¸s �
x a d%vRyu~Nd�© a d � dbx a d%ow«Xnps^�^d � d�§¸d � ~7xNs�y � dIyu��«Esunprq� ² �^oq~�8 �}rwdU® 7Ex&�^dIv�r{y � dR~7x a yKx[© a d�npdR�ud � yzn#ow«Xnps^�^da yu~%x a df~��FdRv�o �CdR�¶�Kyzrq|pdI~%§¸s � x a d��¯y � o{yz�}rwdI~2w &$w )�yznC�Sz�{�u ) ² y � dRyu�°su�Fd � yKxNoqsun°~ a sU|prq�°own��usF8ud�y� dRyU�#efd�x a s^��~N�CdIv�o{yzrqow¹RdR��©�oýx a�� dR~N�CdIv�x&xNs1x a dI~�d��Kyzrq|pdR~R® V a d�n}d��ud � x a dh~�xªyKx­d�v a yunptudI~
� ��b���bq² x a d
ow«Enps^�^dhoq~�n}s�rqsun}tud �b� dRyU��«XsUnprq� � ² x a d	tUd�npd � o{v��ud � ~NowsUn�~ a su|pr{���Cd	|}~NdR�´yutUyzoqn(®

º�npd1v�su|}rq�¶yU�^�us^v�yzxNd�§¸s � y#�^o��Fd � dRnUx��^dR~NowtUn¶sz§7x a d �}rqdR~N��~�xNdRe ² © a o{v a v�sUn}~�o{~�x­~�su§7v � dIyKx­ownpt¬y
~�x­yzxNo{vfoý«Enps^�^d�~N|p�^« a oqd � y � v a � ² ©�owx a y¶�^o��9d � d�n;x1v�r{yu~­~h§¸s � �poq�CdI~�s � �^d���o{v�dR~�O+x a o{~�©&su|}rq�¥e#y
8Ud#oýx
�FsU~­~Now�prqd�xNs¶~Nd��}y � yzxNd1x a d � dRyU�¶§¸|pn}v�xNoqsun}yurwowx��moqn;xNs¶�^o{~�x­ownCv�x ² sK�ud � rqsUyU�^dR�¶efd�x a s^�p~R® `ba oq~	�pdR~NowtUn
o{~�~�dRrq�^sUe yu�^sU�^xNdI� ² �FdRvRyz|}~Nd�x a d1�po �9d � d�n;x � dIyu�T§¸|pn}v�xNoqsun}yurwowxNoqdR~�y � d1�;|powxNd�v�sUe��}rwd�¼¶yun}�°v�rws;~�dRrw�
oqn;xNd � x�©�oqnpdR�PO�~�|}v a y ~Nd��Cy � yKxNoqsun ©&su|}rq� v � dRyKx­d?y rwsuxTsu§ a yznC��«X© � owx�xNdRnZ�Ud � ~�oqsun}~�sz§�x a d ~Nyuefd
efd�x a s^�p~ ² yun}�´ownCv � dRyu~Nd�x a d � o{~!8�sz§
d �­� s � ~�® �[� sUt � yze ~N�CdIv�o{yzrqow¹IyKx­owsUnTo{~%yun¶yz�p� � su� � o{yKx­dh~Nsurq|^x­owsUna d � d ² �CdIv�yz|C~�d�owx�yurwrqsK©�~bx­s��^d � oq�udhx a d1~N�CdIv�o{yzrqow¹RdR�´§¸|}n}v�x­owsUn}yzrqoýx���§¸s � dRyUv a oý«Enps^�^d�x����Fd ² �^o � dIv�xNrq�
§ � sue�x a d�tUd�npd � o{v¬�Ud � ~�oqsun$® �*� sut � yue ~N�CdIv�o{yzrqow¹IyKx­owsUn v�yun §¸| � x a d � efs � d�dRrwoqefownCyKxNdTszx a d � v a dIv�8�~
© a oqv a v�yunpnpszx��Fd#d�nCv�s^�^dR�?oqn¥y´~�x­yzxNo{v a owd � y � v a � ² rwo�8ud�xNdI~�x­own}t´x a d¬yUv�v�dI~N~��Fd � efoq~­~�oqsunC~	yKx�dRyUv a� dRyU�¬sU�Cd � yzxNoqsun(®
F�� F O �NG �������<I�� ����������� ��� ����
 � � I1O ��� K5K �HK
`ba d�v�sUef�powr{yKx­owsUn¦~Nv a d�efd#x­y98udI~�yu~�own}�p|^x�ym·Uy¯�Ky°v�rqyU~N~1�^d �}n}oýx­owsUn yzn}� ym~�d�x1sz§%~N�FdRv�o{yzrqoq¹RyKx­owsUn
v�rqyU~N~NdR~R®[7Ex�v � dIyKxNdI~(ybnpdR©�·;y¯�Ky&v�rqyU~N~$�^d �}n}oýx­owsUnhx a yzx$ownCv�s � �Fs � yKxNdI~9yzrqrzx a d[~��FdRv�oqyurwoq¹RyzxNoqsun��Cd a y¯��ows � ®
V d��^d�x­yzoqr9x a d�v�suef�poqr{yKxNoqsunT� � s^v�dR~­~&§¸s � x a d	ow«Xnps^�^dhd�¼^yuef�prwdU®

��~�y�nCyzefown}tfv�sun��udRn;xNoqsun ² npsuxNo{v�d�x a yzx�npd�© �}d�r{��n}yzefdR~��W�Ky � oqyu�prwdI~&s � efd�x a s��}~��&oqn;x � s��p|}v�dI�
���#x a d�v�sUef�powrqd � y � dh� � d �}¼�dI��©�owx a�� 
�� � ®`ba d�v�suef�poqrqd � ~N�prwowx­~	x a d#§¸|}n}v�x­owsUn}yzrqoýx��?sz§&x a d�s � owtUown}yur
oý«Enps^�^d#oqn;xNs°~Nd��ud � yur7su�^��dIv�x­~ �W~Nd�d �p«
tU| � d�E(��®1�%n ���@�����H1)��� / su�^��dIv�x��W~ a sK©�nmoqn �}tu| � d C � � dR� � s^�^|Cv�dR~�x a d1�Cyu~Noqv�§¸|pn}v�xNoqsun}yurwowx��°sz§Px a d
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� sU�^��dRv�xR®
��v�x­|}yzrqrw� ² x�©&s#owef�prqd�efdRnUxªyKx­owsUn}~�y � d�v � dRyzxNdI�è³[yftudRnpd � o{vhsunpd��S~ a sK©�n¶oqn �}tu| � d1�(��yzn}�´y¬~N�FdRv�o{yK«
rqoq¹�dR�TsUnpd��W~ a sK©�n´own �}tU| � d	�*� ² v�s �­� dI~��Fsun}�pownpt1xNsfx a d�~N�CdIv�o{yzrqow¹IyKxNoqsun´v�r{yu~­~�� )�	�u*$ &('*)�� � {&u )��W~Nd�d
�Ctu| � dh�*��®

L |Cv a yznfsu�^��dIv�x ² © a o{v a v a yznptUdR~7owx­~[owef�prqd�efd�n;xªyKxNoqsun#�^��n}yuefoqvRyzrqrw�1oq~*yu�}~�x � yuv�x­dR�1���1yzn ���^�_��	)(
 ��F����² nCyzefdR�	��v ��	�
 ' )�oqn �}tU| � d��p® `ba d � d�§¸s � d ² x a dhv�suef�poqrwdI�¬ow«Xn}s��pd�o{~&d�n � o{v a dR�¬xNsf~�|p�}�Cs � xbx a oq~
rqd��Ud�r^su§9yu�}~�x � yUv�x­owsUn(® 7Ex[oqn}v�rw|}�pdR~*y�npdR© �Ky � o{yz�prqd ² n}yzefdR� 
����'z w ' ² x a yzx � d�§¸d � ~+xNshx a d%v�| �N� d�n;x
owe�«
�}rwdRe�dRn;x­yKx­owsUn#su�^��dIv�xI® `ba dUSN~N�FdRv�o{yzrqoq¹Ryz�}rwd Vhe�d�x a s^� � )�	&uDxUy%own#x a d%dRn}v�rqsU~Noqnpt�su�p��dRv�xPoq~ � dR�pr{yuv�dI�
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��oqtu| � d#�C³�� ~��FdRv�oqyurwoq¹RyzxNoqsun v�r{yu~­~�§¸s � yzn
oý«Enps^�^d

©�owx a yf§¸s � ©by � �^own}t¬efd�x a s�� ² © a oqv a ~Noqe��}rw�¶oqn��us98UdR~bx a dfv�| �­� dRn;x%owef�prqd�efdRnUxªyKx­owsUn°su�^��dIv�xI®��%szxNd
x a yKxhx a dfowef�prqd�efd�n;xªyKxNoqsun?su�^��dIv�x	e�|C~�xhd�¼^dRv�|^xNd#yurwr+x a d�efd�x a s^�p~	yU~�ow§[x a d��m©Pd � d�d�¼^dRv�|^xNdI�°���
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��8f�� �('*�	xNs�x a d¶dRn}v�rqsU~Noqnpt¥su�^��dIv�xR® �%n;� ~�dRrý§ � d�§¸d � d�n}v�d�x a yKx¬s^vRv�| �­� dI�¦oqn x a d´s � oqtuoqn}yzrbsu�p��dRv�x
efd�x a s^�p~��W��oqy���� &�
(�[oq~ � dR�prqyUv�dI�¬����y � d�§¸d � d�nCv�d�xNs�x a d	d�n}v�rws;~�oqnptfsu�^��dIv�x��¸��o{y 
��8f�� � ' ��®

Original Inode Fields Enclosing
object

Implementation
objects

fixed  methods

methods methods
generic specialized

forwarding methods

methods

Fields
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4. scSwitchToImpl()

File Inode

5. scDetach()

3. scIsA()

1. scAttach()

2. scNotify()
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7ën�s � �^d � xNs´�^d�x­dRv�x	~�x­yzxNdfv a yzn}tudR~ ² © a oqv a e#y¯�°y��9dRv�x�x a d�v�| �N� d�n;x�owef�prqd�efd�n;xªyKxNoqsun ² yu~­~�oqtun^«
efdRnUxª~�x­s¬�Ky � oqyu�prqd�z�{�u )�y � d / Z �
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���� )�� z�{&u ) x6y;® } dR~Noq�^dI~��^suoqnpt1x a d�yU~N~Noqtunpefd�n;x ² x a o{~be�d�x a s^�´v a dIv�8�~
© a d�x a d � x a d�npdR© �Kyurw|pd%own��Kyzrqoq�}yKxNdI~*~N�CdIv�o{yzrqow¹RdR��efd�x a s��}~�® 7E§(yzn#yu~­~NowtUnpefd�n;x a yu~*own��Kyzrqoq�}yKxNdI��x a d
v�| �­� dRnUx�~N�CdIv�o{yzrqow¹IyKx­owsUnT~�x­yzxNd ² x a d 
���� {��!&��	� x6y�efd�x a s^�´oq~�own��usF8udI�#xNs¬�pd�xNd � efoqnpd�y�npdR© ~N�FdRv�o{yK«
rqoq¹RyKx­owsUnTv�rqyU~N~R® �¶s � d�� � dIv�o{~�dRrw� ² oýx�� � s^v�dRdR�p~&���#xªy
8�own}t�dR�ud � �¬~N�CdIv�o{yzrqow¹IyKx­owsUnTv�rqyU~N~ � d�r{yKxNdI�¬x­sfx a d
ow«Enps^�^d ² yznC� v a dRv�8^~�© a d�x a d � yurwrPoýxª~�� � dI�^oqvRyKx­dR~�y � d¬~­yKx­oq~ �}dI�è® V a dRn y°~N�CdIv�o{yzrqow¹IyKxNoqsun v�rqyU~N~�oq~
§¸sU|pn}���¸�FsU~­~�oq�prq�¶x a d�tUd�npd � o{v�v�r{yu~­~�� ² x a d#v�| �N� d�n;xhowef�prqd�efd�n;xªyKxNoqsun�o{~h|p�F�}yKxNdI���;�¶oqn��usF8;oqnpt�x a d
� � oq�KyKxNdhefd�x a s^� 
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7ën §WyUv�x ² efsK��oqnpt´xNsmy°npd�© ~N�CdIv�o{yzrqow¹IyKxNoqsun v�rqyU~N~�efy¯��v a yzn}tudfx a d�~Nd�x�su§btU|}y � �^dI�?�Ky � o{yz�prqdR~
~Noqn}v�d�oýxhe#y¯� � dRrw�¶sUnm� � dR�^o{v�yzxNdI~%oqn��usurq��own}t��^o��Fd � dRnUx	�Ky � o{yz�prqdR~R®��%szx­d1x a yKx	yu~­~NowtUnpefd�n;x­~%xNs�x a d
w &$w )h�Ky � oqyu�prqdby � d�n}szx[tU|}y � �^dR�POUy�x � oq�;o{yzrC~�xªyKxNo{v�yun}yzrq�^~�o{~
�^d�x­d � efownpdI��x a yzx*x a oq~[�¯y � o{yz�}rwdbo{~*npdR�ud �
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efd�x a s^�p~�y � d#� � s��p|}v�dI�¦yKx1v�suef�poqrwd¬xNoqe�d ² �p|^xfown¦vRyu~Nd¬sz§ � |pn^«XxNoqefd�~N�CdIv�o{yzrqow¹IyKxNoqsun ² v � dIyKx­ownpt°y
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oqnpowxNo{yzrqow¹RdR�è® `ba dbv�sUn}~�x � |Cv�xNs � �S~��$y � d[sUnprw�	d�¼�xNd�nC�^dR��xNshv�yzrqr;x a d 
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V d�npsK© � � dR~Nd�n;x�y�v�sUe��}rwd�xNd�d�¼pyzef�prqd ² © a d � d1�Csux a x a d �}rqd1sU�^��dRv�xhyun}�¶x a d�oý«Enps^�^d�su�^��dIv�x	y � d
~N�FdRv�o{yzrqoq¹�dR�(® `ba d�d�¼pyzef�prqd�~ a sK©�~ a sK© x a d¬x�©&s?~N�CdIv�o{yzrqow¹IyKxNoqsunC~�y � d ���
0%���H1���,K² �;� �^d �}npoqnpt?y
� � dI�^oqvRyKx­d�sun?npsunp«Xrqs^v�yzr
~�x­yzxNd ² yun}�°���¶� � dR~Nd � ��own}t¬oýxª~h�Kyzrqoq�^owx��°yKx � |pn°x­owefdu®27Exhyurq~Ns�v�sK�ud � ~%x a d
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x a d�oý«Enps^�^d � ² x a dfv�| �­� d�n;x��FsU~Noýx­owsUnmoqn°x a d �Crwd ² yun}�my � d�§¸d � d�n}v�d1v�su|pn;xNd � �WownC�^oqvRyKx­ownpt a sK© e#yzn��
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x a o{~�su�Fd � yKx­owsUn�o{~�d�¼^dRv�|^xNdI���;|powxNd � y � d�rq�u® `ba d �}rqd	�FsU~Noýx­owsUn�o{~�oqn}v � d�efd�n;x­dR�TyKx�d��Ud � � � dIyu�è®`ba d�~N�CdIv�o{yzrqow¹IyKx­owsUn�§¸s � x a d�oý«Enps^�^d&oq~+x a d�~Nyuefd&yU~�� � dR�;oqsu|C~�rq�u®+�ps � x a d �}rqd ² x�©&s�~N�FdRv�o{yzrqoq¹RyKx­owsUn
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yzn�su�Fd�nf�^o{~!8 �}rwdU³(x a d�� � dR�^o{v�yzxNd&sun1x a d�efs^�^dboq~[y � |pn^«XxNoqefdb� � dI�^o{v�yKx­d ² ~Noqn}v�dbowx a sur{�p~�§¸s �
yun����Kyzrq|pdu® 7ën�§Wyuv�x ² yzn���su�Fd�n#efs^�^dbx � oqtutUd � ~7|}~�d�§¸|pr}~N�CdIv�o{yzrqow¹IyKx­owsUn(®��*y � o{yz�}rwd & � {	o{~ � dI�^d �CnpdR�1xNs
�Fd&sz§F~N�FdRv�o{yzrqoq¹RyKx­owsUn�v�r{yu~­~ � )�	&u*$ &�'*) � � {�u )C® `ba |C~ ² owx � dI�U|}o � dR~$x a dbv�s �N� dR~N�Fsun}�^oqnpt�oý«Enps^�^dPxNs��Cdboqn
~N�FdRv�o{yzrqoq¹RyKx­owsUn¶~�xªyKxNd � )�	&u*$!&('*) � � {&u )C®+��~%y � dR~N|prwx ² ~N�CdIv�o{yzrqow¹IyKx­owsUn a yz�p�Fd�n}~%own;x­d � «X� � s^v�dI�^| � yzrqrw� ²
x a yKxho{~ ² npsux�sUnprq�´�ps;dI~�x a d � dIyu�¶efd�x a s^�°su§*x a d �}rqd�su�^��dIv�xhtud�x	~N�CdIv�o{yzrqow¹RdR� ² �p|^x�yurq~Ns¬x a d � dRyU�
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yUv�v�dR~­~�dI��d�¼^v�rw|C~�oq�udRrw�¬����sunpd	� � s^v�dI~N~R® 7ënTx a oq~�v�yu~Nd ² x a d � dRyU��efd�x a s^�´o{~�d��Ud�n¶~�oqef�prqd �I² �CdIv�yu|}~�d
x a d1v�sun}v�| �­� dRn}v��´v�sUn}~�x � yuown;xª~�sun°x a d �}rwd�rqd��udRr�vRyzn°�Fd1oqtun}s � dR�è® `ba d � d�§¸s � d ² x a d 
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� � yun}v a o{~ � d�efsK�udI�¬oqn�x a d�~N�CdIv�o{yzrqow¹RdR���ud � ~NowsUn(®` s 8ud�dR�¬x a d	~��FdRv�oqyurwoq¹RyzxNoqsun�~�x­yzxNdI~&v�s a d � dRn;x&�Fd�x�©&d�dRn¬x�©&s1oqn;xNd � «ë�^d��Fd�n}�pd�n;x�su�^��dIv�x­~ �S~�|}v a yu~
x a d �}rqd�yznC��owx­~�oý«Enps^�^d � ² x a d � d	oq~�y#~Noqe��}rwd	� � szx­s^v�surè�Fd�x�©&d�dRnTx a d	x�©&sfsu�^��dIv�xª~���oqy1x a d �&v���	�
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oqn;xNd � §WyUv�d��S~�dRd �}tU| � dP� ��®+�[yUv a e�|^xªyz�prqd[sU�^��dRv�x ² ~�|Cv a yu~(x a d&oý«Enps^�^d ² e#yuown;x­yuownC~$y�rqo{~�x+sz§ � d�§¸d � d�nCv�dR~
x­s#szx a d � e1|^x­yu�prqd	su�^��dIv�x­~�© a oqv a �^dR�CdRn}�´sun´owx­~�~�x­yzxNdU® V a dRn°y �Crwd�o{~�v�sunpnpdIv�x­dR��xNs¬yunTow«Enps^�^d ²
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y�v�rwoqd�n;x
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n}szx a sUrq��yzn���e�s � d ² x a d �}rqd%sU�^��dRv�x[oq~[npszx­o �CdR� �%
���� {�� & �	� x6y��èx a yKx&oýxª~[ow«Xn}s��pd%v�yunpnpszxP�Cd�|}~�dI��§¸s �
~N�FdRv�o{yzrqoq¹RyKx­owsUn¬yzn���efs � du®-�°d�x a s�� 
���� {�� & �	� x6y�ownC~��FdRv�x­~[x a d�v�| �­� dRn;xP~�xªyKx­d%sz§èx a d �Crwd ² oqn}v�rw|}�pownpt
x a d1~�x­yzxNd�sz§
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 ��	�� ) ��	�z )���y�yurwrqsK©�~�y°v�rwoqd�n;x�x­smv a dIv�8?ow§�y¶e�|^xªyz�prqd�sU�^��dRv�x a yU~�yKx�rqdRyU~�x � dIyuv a dI��y
tUow�Ud�n¶~N�CdIv�o{yzrqow¹IyKxNoqsun°~�x­yzxNdU®���oqn}yurwrq� ² © a d�n?y �}rqd�o{~%v�rqsU~NdR� ² owx�oqn;�Us98UdR~�& � {�� 
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�$d�x[|}~[d�¼pyzefoqnpd a sK© x a d%© a sUrwd�d�¼^yuef�prwd%©Ps � 8^~7©�owx a y	~Nowef�prqd�e#yzoqn#� � sut � yue � �}rqd�� ~rz 	 & ��xUy
efd�x a s^� � ² yU~f~ a sK©�n oqn �Ctu| � d?�U�u® `ba d´� � sut � yue v � dRyKx­dR~fyzn ow«Xnps^�^dT§¸s � y��poq~�8 �}rqd ² oqnpoýx­oqyurwrq�
©�owx a´� dRyU�b|¯© � oýx­d%�Fd � efoq~­~�oqsunC~ ² yun}��sU�CdRn}~�y �}rqd	su�^��dIv�x�sun�x a o{~�ow«Xn}s��pd�oqn � dIyu��«Esunprq�#efs^�^du® `ba d
v�sun}~�x � |}v�xNs � ~1§¸s � �Fszx a su�^��dIv�x­~foqn}~N�CdIv�x¬x a d�o � ~�x­yzxNdR~R® `ba d¶ow«Xn}s��pd°~�dRrwdIv�x­~#x a d¶tUd�npd � o{vTowef�prqd�«
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�+oqn}yzrqrw� ² y u�v w�x6y¶su�Fd � yKxNoqsun yz�p�}rwoqdR� xNs¥x a d �}rqd´x � owtUtud � ~fyzn |pn^«ë~N�CdIv�o{yzrqow¹IyKxNoqsun sz§�x a d �}rwd
|}� xNsmx a d � )�	&u*$ &(' )°~��FdRv�oqyurwoq¹RyzxNoqsun¦v�r{yu~­~R® V a dRn¦x a d�ow«Xn}s��pd � d�xN| � n}~�xNs�y � dRyu�^«X© � oýx­d¬efs^�^d ²
�Fszx a sU�^��dRv�x­~ � d�xN| � n x­smx a d�tUd�npd � o{v¬oqef�prqd�efd�n;x­yzxNoqsun(³ � � ~�x1x a dToý«Enps^�^dTsu�^��dIv�x ² yzn}�¦x a dRn ² ���
� � sU�}yzt;yKxNoqsun ² x a d �}rqd	su�^��dIv�xbxNs�s}®

� � 5¶��'p�7
R2�� ��������
�����
������

���� 4 3�3 5´��3
V a d�n y?~��FdRv�oqyurwoq¹RyzxNoqsun¦v�rqyU~N~��^d �CnpdR~�y � |pn^«XxNoqefd�� � dR�^o{v�yzxNd �¸rqo�8Ud¬x a d�� � dR�poqvRyKxNd�sun x a dTe�s^�^d
oqn¥y � )�	&u*$!&('*) � ² x a d¬~��FdRv�oqyurwoq¹�dI�moqef�prwdRefd�n;x­yzxNoqsun}~�§¸s � x a o{~�v�r{yu~­~hv�yunpnpszx	�Fd#tudRnpd � yKx­dR�°�Fd�§¸s � d
d�¼^dRv�|pxNoqsunT�CdIv�yz|C~�d�x a d	� � dIv�o{~�d	v�sun}~�x­yunUx��Kyzrq|pdI~�y � d�n}szxD8�npsK©�n�oqn¶yu�^�Kyun}v�dU®

7ën v�sUn;x � yu~�x ² v�suef�poqrwd�«Sx­owefdf� � dR�^o{v�yzxNdR~	vRyzn��Cd�d�¼^�prqsuowxNdR�?d�owx a d � yzx	v�suef�poqrwdfx­owefd#s � yKx � |}n
x­owefdU® ,�~�|Cyzrqrw� ² v�suef�poqrwd�«Sx­owefd�~N�FdRv�o{yzrqoq¹RyKx­owsUn¥oq~�� � d�§¸d �­� dI���CdIv�yz|C~�d#owx��^s�dI~	npszx1own}v�| � x a d � |pn^«
x­owefd´v�s^�^d�tud�n}d � yKxNoqsun¦v�sU~�xR®�±�sK©&d��ud �R²+� |pn^«XxNoqe�d´~N�CdIv�o{yzrqow¹IyKxNoqsun e#y¯� a y¯�Ud¬szx a d � yu�^�KyunUxªyztUdR~R®
�}s � d�¼pyue��}rwd ² ow§���~N�CdIv�o{yzrqow¹IyKxNoqsun v�r{yu~­~�dI~fy � d´�pd �}npdI�¦§¸s � y�tuoq�ud�n � s�sux#v�rqyU~N~ ² ~N�FdRv�o{yzrqoq¹RyKx­owsUn
yzx�v�sUef�powrqd	x­owefd a yU~�x­s�~��FdRv�|pr{yKxNoq�udRrw��tudRnpd � yKx­d�� owef�prqd�efd�n;xªyKxNoqsunC~�® � |pnp«Sx­owefd1~N�FdRv�o{yzrqoq¹RyKx­owsUn
tUd�npd � yzxNdI~PsUnprq�¬x a d	owef�prqd�efd�n;xªyKxNoqsunC~�|}~NdR�TyKx%yftuoq�udRn�efsUe�dRn;xR®*�*owx a d � v a s�s;~�oqnptfv�suef�poqrqd�«XxNoqe�d
s �[� |pn^«XxNoqefd�~N�CdIv�o{yzrqow¹IyKx­owsUn#oq~by	x � yU�^d�s��T�Fd�x�©&d�dRn#xNoqefd�yun}�¬~N�}yuv�d9O;x a oq~bv a sUoqv�d�oq~&|}~N|}yurwrq�#� � oq�udRn
����x a d�yu�p�prqoqvRyKxNoqsun$®+��~*d�¼^�pr{yzoqnpdI�1�Fd�rqsK© ² sU| � ~Nsurq|^xNoqsun#v�sUn}~Noq~�x
sz§è|}~Nownpt�y	�pd�§Wyz|}rýx*�Fd a y¯��oqs �I² yznC�
� � sK��o{�^d%x a d	|}~Nd � ©�owx a �^dIv�r{y � yKxNoqsunT~�|}�p�Cs � x�x­sfsK�ud � © � oýx­d�owxR®

º�| � v�sUe��}owrqd � v�suef�p|pxNdR~*§¸s � yzn��1~N�CdIv�o{yzrqow¹IyKx­owsUn¬v�r{yu~­~*y 1B�a�������
� ���J�
�����
�6����0#� yKx�x � oq�p|^x­d ² © a o{v a
vRyzn��Fd[dRoýx a d �+� |pn^«XxNoqe�dPs � v�suef�poqrqd�«XxNoqe�dU® `ba oq~+yKxNx � ow�p|pxNd[o{~+yKx�xªyuv a dI�hxNs%x a dP© a surqdP~N�FdRv�o{yzrqoq¹RyKx­owsUn
v�rqyU~N~ �¸oqn}~�xNdRyU�¶sz§
x­s�dR�ud � �T� � dI�^o{v�yKx­d � ² �FdRvRyz|}~Nd�� � dR�poqvRyKxNdI~%y � d�n}szx�d�¼^�prwsUoýx­dR�¶oqn}�^oq��oq�p|}yzrqrw�U® } �
�pd�§Wyz|}rýx ² ow§by´~N�CdIv�o{yzrqow¹IyKxNoqsun¥v�r{yu~­~hv�sUnUxªyzoqn}~hsun}rw�mv�suef�poqrwd�«Sx­owefdf� � dR�^o{v�yzxNdI~ ² x a d¬v�sUef�powrqd � oqn^§¸d � ~
y S­v�suef�poqrqd�«XxNoqe�d VfyKx�x � oq�p|^x­d9OFyzn��¬szx a d � ~N�FdRv�o{yzrqoq¹RyKx­owsUnTv�rqyU~N~bo{~ � |pn^«XxNoqefdu® `ba d	|C~�d � v�yun�§¸s � v�dhy
v�suef�poqrwd�«Sx­owefd�v�rqyU~N~PxNs#�Fd�v�rqyU~N~No �CdR� � |pnp«Sx­owefdh����� � d �p¼^oqnpt�x a d�~N�FdRv�o{yzrqoq¹RyKx­owsUnTv�rqyU~N~��pdRv�r{y � yKx­owsUn
©�owx a x a dD8ud���©&s � � �&v���� &iz )C® `ba d � dboq~7npsh�FsU~­~�oq�prqd 8Ud���©&s � �	§¸s � v�suef�poqrwd�«Sx­owefd ² �CdIv�yz|C~�d � |pn^«XxNoqe�d
� � dI�^oqvRyKx­dR~�v�yunpnpsuxb�Fd	d�¼^�prqsuowxNdI��yzx%v�sUe��}owrqd�xNoqe�dU®`ba d � |pn^«XxNoqe�d�yKxNx � ow�p|pxNd�oq~�oqn a d � owxNdR�(® `ba yKx�o{~ ² yun��´~N�FdRv�o{yzrqoq¹RyKx­owsUnmv�r{yu~­~�� �^d � oq�udR�¶§ � sUeÄy� |pn^«XxNoqefd�~��FdRv�oqyurwoq¹RyzxNoqsun´v�r{yu~­~�� ² oq~ � |pnp«Sx­owefd�yU~b©PdRrwrX® `ba o{~�o{~��CdIv�yu|}~�d�v�rqyU~N~��Äoqn a d � owx­~%yzrqrèx a d
� � dI�^oqvRyKx­dR~&§ � sue»v�rqyU~N~	� ² © a o{v a y � d��Ws � ©&d � d�§¸s � v�dR��xNsf�Fd � � |pn^«XxNoqe�dU®

V owx a oqn y�~Noqnpturqd�� � sut � yue ²F� |pn^«XxNoqefd�~N�FdRv�o{yzrqoq¹RyKx­owsUnmv�r{yu~­~NdR~�v�yzn�v�s�d�¼^o{~�xh©�owx a v�suef�poqrqd�«XxNoqe�d
sUnpdR~R®
�p| � x a d � e�s � d ² �^o �9d � d�n;x�oqef�prwdRefd�n;x­yzxNoqsun}~bsu§$x a d�~Nyue�d � s�szx�v�r{yu~­~�v�yzn a y¯�Ud��^o��9d � d�n;x�~��Fd�«
v�oqyurwoq¹RyzxNoqsun�xNoqefdR~R®P�ps � d�¼pyue��}rwd ² x a d	tUd�npd � o{vhoqe��}rwdRe�dRn;x­yKx­owsUn´oq~�yurw©by¯�^~&tud�n}d � yKxNdI��yzx%v�sUe��}owrqd�«
x­owefd ² © a oqrqd´~Nsuefd´sz§�oýxª~#�^dR~­v�dRn}�pyunUxª~fv�yzn �FdTtUd�npd � yzxNdI� yKx � |pn xNoqe�dU® 7ën sU| � d�¼pyzef�prqd ² x a d
ow«Enps^�^d�oqe��}rwdRe�dRn;x­yKx­owsUn}~%y � d�v�suef�poqrwd�«Sx­owefd ² © a d � dIyu~bx a d�x�©&s�~N�CdIv�o{yzrqow¹RdR� �}rqd�oqef�prwdRefd�n;x­yzxNoqsun}~
y � d � |pn^«XxNoqe�dU®

 ��� O ��� 	 � I������������������ ��� ��
7G � � �HG �HI 
���
����NI K

�&yUv a oqnpt � |pn^«XxNoqe�d&~��FdRv�oqyurwoq¹�dI�	oqe��}rwdRe�dRn;x­yKx­owsUn}~7v�sUn}~�o{~�x­~(su§�8udRd��poqnpt�x a d&tud�n}d � yKxNdI�howef�prqd�efdRnUxªyK«
x­owsUn}~+ownfy��pyKxªy�~�x � |}v�x­| � dPsu§}�CsU|pn}�^dI�1~Noq¹�du® } dR~Noq�^dI~+rwoqefoýx­ownpt�x a d�v�s^�^d&t � sK©bx a(² x a oq~7s � t;yznpoq¹RyzxNoqsuna yu~+x�©&s	�CsuxNd�n;x­oqyurp�CdRnpd �}x­~R® `ba d � � ~�x*sun}d�oq~7x­s�~Ny¯�Ud&~N�}yUv�d����1y¯�Usuo{�^own}t%x­s��^|p�prqoqvRyKx­d�yznfd�¼^o{~�x­ownpt
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����� âpÓÕãÕ×b������� ��� � ó à��S×�ÙëÝb�ö¨ß¯ÜRÞI×[ÓÕßIÜ�&!"#"%$ È *�È $ È�)�0EÈ[Í?+%Í<F¯È[û	)�+9.�È .�ÈNÉ'0 $ û ÏzÍ?+ $
�����! �*ä�Ü�Þ¯×�&�"#" +ëÏIÈ9)1Ë
+�.�È Å $ ú#)�.'1!+ $-& Ð
�<� � � ÛzÜ�Ô'&8"#" 0�Ê $'$ È�)KÍ�Ï�+�ÉEûýÍ{û�+#)�û	) 5 ü È
� ���*Ù�Ü�Ú¯ß�Ý�&�"#"�� + : +=*èÏ $ +90EÈ�ÉEÉëÈNÉ*ÊRÉEû	)�3�Í	FRûwÉ 5 ü ÈH.�ÈNÉ'0 $ û ÏzÍ?+ $
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"#" 0G+#)KÉEÍ $ Ê�0NÍ + $ä�Ü�Þ¯×�C°ä�ÜRÞ�&ÓÕßIÜ]CmÓÕß¯Ü�Þ�&Ù�Ü�Ú¯ß�ÝbC¦î�&ÛzÜ�ÔXC?ð &
E

â}ÓÕãÕ×+Þ¯Ú¯Û�@ AX�Ù�Ü�Ú¯ß�Ý ,Z, &
 ��� �� �;� �I�	� &E

���������	� � � � � �<�-L���� �1ä�ØªÓÕß�@¨ø�ÝSÖXÓÕßIôbØªÖXô $�� �	AM�ö¨ßIÜRÞ¯×*Ó�CT����� ö¨ß¯Ü�Þ¯×#@qö¨ßIÜRÞ¯×�ñ ö c(éèõbaBc + cQYö¨ß¯Ü�Þ¯×�ñ c W9ö¨Ñ Y�ö¨ß¯Ü�Þ¯×�ñ ï W9ö¨Ñ
ê÷qØªãÕÔX×�A &âpÓÕãÕ×+÷ CT����� âpÓÕãÕ×>@�c W9ö¨Ñ
êIÓ<A &
Ó{ñ ÙXÒ¯ä�ÜRÞ�@qö¨ß¯Ü�Þ¯×�ñ c W9ö¨Ñ A &÷Wñ Þ¯Ú¯Û�@?A &Ó{ñ ÙXÒ¯ä�ÜRÞ�@qö¨ß¯Ü�Þ¯×�ñ c W9ö¨Ñ Y�ö¨ß¯Ü�Þ¯×�ñ ï W9ö¨Ñ A &

E

���������	�]� ���*ÖS×NØªÞ�@?AB�
��
 @2@wä�Ü�Þ¯×ZR�c W9ö¨Ñ ABCZC?ð>A
 ��� �� � ����� âpÓÕãÕ× ++Ù�Ù�×�ÔXÔSéFÖXÖSÜ�Ö�@ A &

��
 @qÙ�Ü�Ú¯ß�Ý	��î�A
��
 � � �� �� � �<` � � @<� �I�	� AX�D"#" ü +�0'O�Í	FIÈ 5 ü ÈH.�ÈNÉ'0 $ û ÏzÍ?+ $ÛzÜ�Ô , C
��&!"#"�� .�Îªú#)�0EÈ & ûýÍ	F�Í	FIÈPÉEû �NÈH+2*[ú#)�û<)KÍ¨È43�È $E

� �	� ��ÛzÜ�Ô , C���&�"#" ú�Î�+�û	.�ü +90PO & FIÈ�)%Ï +�ÉEÉEû J ü È
 ��� �� ��ÓÕßIÜ¯ñ ÖX×�ØªÞ�@ A &E

E &

�+oqtu| � d��u�u³ `ba dhs � oqtuoqn}yzrè�+oqrwd	�^d �}npowxNoqsun´yzn}��x a d	e#yuown
� � sUt � yze

Inode

ReadFileInode

File

ReadFile

ExclReadFile

"#" /')�+9.�È-FRûqÈ $ ú $ 0PF \ Ì
�9� � � c(×NØªÞIâ}ÓÕãÕ×�ö¨ß¯Ü�Þ¯× �9� � ���<�!���
` � �Z���<���9�ö¨ß¯Ü�Þ¯×
�ä�Ü�Þ¯×�CZC?ö c(éèõba c*+ cQYJc W9ö¨Ñ &Û¯ÓÕÛz×DCZC°÷qØªãÕÔX×�&
ÖX×�ØªÞ�@ A &�" _ Ï $ +9.�Ê 0EÈ�ú�ÉEûwË�Ïzü È $ ÎªÈ $ ÉEû	+>)uÌ

.�ûýÉ2O 5 ü ÈPd $ ÈEú>.�ùe+#)Kü \ _ "E

"#"�� ûwü ÈDFRûqÈ $ ú $ 0PF \ Ì
�9� � � c(×NØªÞIâ}ÓÕãÕ× �9� � ���<�!�	�<` � �Z���
����� âpÓÕãÕ×D�ä�Ü�Þ¯×�&�" _ ú#) \ Î­ú�ü Ê¯ÈPûwÉB3>+�+9. _ "c(×NØªÞIâ}ÓÕãÕ×�ö¨ß¯Ü�Þ¯×[ÓÕß¯Ü�&�" _ $ ÈNÉXÍ $ û�0�Í{û	+>);+#)û	)�+9.�È 2 É
ÉEÍ¨ú�Í¨È _ "
ÖX×�ØªÞ�@ A &�" _ Ï $ +9.�Ê 0EÈ�ú�ÉEûwË�Ïzü È $ ÎªÈ $ ÉEû	+>)uÌ

.�ûýÉ2O 5 ü ÈPdFËH+9.�ÈbûwÉXO )�+ & ) _ "E

�9� � � é��RÙ�ã c$×�ØªÞ¯âpÓÕãÕ×Z����������� ���9� � �c(×NØªÞIâ}ÓÕãÕ×
�>��� � � �%+�ä�Ü�ÖSÝSÓ���Ø­ÝXÓÕÜ�ß�� ��ð����Ù�Ü�Ú¯ß�ÝZCZC î�&

ÖX×�ØªÞ�@ A &�" _ Ï $ +9.�Ê 0EÈ�ú#)�È�ÎªÈ9)hÉEûýË+Ïzü È $Î­È $ ÉEû	+#)uÌ )�+�ü +90PO�û<)�3 _ "E

�+owtU| � d��Igp³ `ba d[~N�CdIv�o{yzrqow¹IyKxNoqsun�v�rqyU~N~NdR~
§¸s � x a d �}rqdR~N�^~�x­d�e
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im
plem

ents

Specializer
interface

lookupImpl()

abstract class

LRU

exten
ds

...
class class

spec()

Amortization

spec()

spec()

class

RunTimeSpecCachedSpec

��oqtu| � df�R�}³ `ba d�v�yUv a d a owd � y � v a �

oqef�prqd�efd�n;x­yzxNoqsun ² © a d�npdR�ud � �FsU~­~�oq�prqdu®
�ps � d�¼pyzef�prqd ² x�©&s1�^o��Fd � dRn;x �CrwdI~P© a oqv a y � d%oqnT~N�FdRv�o{yzrqoq¹RyK«
x­owsUnT~�x­yzxNd � )�	&u $ &('*)�vRyzn´~ a y � d�x a d�~­yzefdhowef�prqd�efd�n;xªyKxNoqsun´ow§�x a d�� a y¯�ud�x a d�~Nyue�dhefs^�^du®`ba d´~NdRv�sUn}� �Fd�npd �px#sz§�vRyuv a oqnpt?oq~1xNs�~Ny¯�Ud¬x­owefdT�;��8Ud�d��}ownpt¥~N�CdIv�o{yzrqow¹RdR� oqef�prwdRefd�n;x­yzxNoqsun}~
x a yKx[y � dbnpsux[v�| �­� d�n;xNrq��|}~NdR� ² �p|^x[y � d�rqo�8ud�rq�	x­s	�Cd � d�|C~�dI�è®��}s � d�¼^yuef�prwd ² yh�^o � dIv�x­s � � �}rqd�oq~
rqo�8ud�rq�
x­s��Fd%su�Fd�n}dR�#~Nd��ud � yur^xNoqefdR~R®��hd�d��}ownpt	owx­~Poqe��}rwdRe�dRn;x­yKx­owsUnf§¸s � ~�sUe�d�xNoqe�d�yK§¨xNd � x a d �}rqd�o{~Pv�rws;~�dI�
e#y¯�¬�Cy¯�#s��7®

��o �9d � d�n;xfyz�p�prqo{v�yKx­owsUn}~	e#y¯�mn}d�dR� �po �9d � d�n;x1vRyuv a oqnpt°~�x � yKxNdRtuoqdR~R®¶º�| � v�sUe��}owrqd � tuoq�udR~�y¶�^d�«
§Wyu|prwx	~�x � yKx­d�tU� ² yun}�m� � sK��o{�^dR~�yTn;|}e��Fd � sz§byzrwxNd � n}yzxNoq�udI~�® `ba df|}~�d � v�yun�v a s�s;~�d��Cd�x�©PdRd�n?x a dI~�d
yurýx­d � n}yKx­ow�UdR~ ² yzrqrws^v�yzxNd�npd�©=v�yUv a dR~ ² yzn}�T�^d �Cnpd	~�sUe�dhnpdR© ~�x � yKx­d�tuoqdR~R® ` s#~Nd�rqdRv�x�yf~N�CdIv�o��Cvhv�yuv a d
�Fd a y¯�;oqs � §¸s � ~�sUefd�~��FdRv�oqyurwoq¹RyzxNoqsunmv�rqyU~N~�R ² x a df�^dIv�r{y � yKxNoqsun´§ � yztUefd�n;xUS(��	���� )�u 1)��	��
�_�_/9\���1����J��� V
e1|}~�xh�Fd#oqn}v�rq|}�^dI�moqn=R � ~h�^d �}npowxNoqsun �W~Nd�d �}tU| � d��¯g(��® `ba o{~�§ � yutuefd�n;x�~N�CdIv�o��}dR~�x a yKx�y´v�yUv a d1su§

 &�� )1d�rqd�efd�n;x­~bo{~ � dI~�d � �UdR�f§¸s � v�r{yu~­~ R�® �&yuv a d��Cd a y¯��ows � o{~�yzr{~Ns1oqn a d � owxNdI� ² ~�s1x a yKxbx a o{~�v�yUv a d�oq~
yurq~Ns�|}~�dI��§¸s � v�r{yu~­~NdR~b�^d � oq�udR��§ � sue R �¸|}nprwdI~N~&x a d�� � dI�^d �Cnpdhoýx ��®

º�| � owef�prqd�efd�n;xªyKxNoqsun o{~¬d�¼�xNd�nC~�oq�prqd �W~Nd�d �}tU| � d �R� ��® `ba d � d¶oq~�y �Pw )�� & 	 ' &�� )���oqn;xNd � §WyUv�d ²
© a oqv a �pd �}npdI~	x a dT~N�FdRv�o{yzrqoq¹RyKx­owsUn¥§¸|pn}v�xNoqsun}yurwowx�� �¸efd�x a s^� 
�w )���x6y���® `ba d � |pnp«Sx­owefd�~N�FdRv�o{yzrqoq¹�d �
oqef�prqd�efd�n;x­~�x a o{~�oqn;xNd � §WyUv�du®´� vRyuv a d#o{~�y.S �}rýx­d � VT§¸s � x a d � |pn^«XxNoqefd�~N�CdIv�o{yzrqow¹Rd � ® `ba yzx�oq~ ² x a d
vRyuv a d��Fszx a oqe��}rwdRe�dRn;x­~
x a d%oqn;xNd � §WyUv�d ² yzn}�#v�sun;x­yuownC~*y � d�§¸d � d�nCv�dbxNs�x a d � |pnp«Sx­owefd%~N�CdIv�o{yzrqow¹Rd � ®T7Ex
~­yKx­oq~ �}dI~P~Nsuefd�sz§$x a dh~��FdRv�oqyurwoq¹RyzxNoqsun � dR�;|pdI~�xª~[���#owx­~Nd�rw§ ² ow§�owxbvRyzn � d�|C~�dhyzn�d�¼^oq~�xNoqnpt�owef�prqd�efdRnUxªyK«
x­owsUn´§ � sUe»x a d�vRyuv a dFO}ow§*npszx ² owx%oqn;�Us98UdR~&x a d � |pn;xNoqe�d1~��FdRv�oqyurwoq¹�d � ®.7ën¶x a oq~�~Nv a dRefd ² x a d�|C~�d � v�yun
� � sK��o{�^d�owx­~�sK©�nTvRyuv a d	~�x � yKxNdRtu�#���¬d�¼;x­d�n}�pownptfx a d 
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� n�|pe1�Cd � sz§CtUd�npd � yur^v�yuv a d&~�x � yKx­d�tuoqdR~ � ��b / bq² � � , ² e�|}rýx­oý«E©&y¯��yU~N~Ns^v�o{yKx­ow�Ud ² d�xªvz®
��vRyzn��Cdb|}~NdR��§¸s �
x a df~��FdRv�oqyurwoq¹RyzxNoqsun°v�yUv a dR~R®�±%sK©PdR�ud �R² v�yuv a ownpt�sz§ � |pn^«XxNoqefd1~N�CdIv�o{yzrqow¹RdR�¶oqef�prwdRefd�n;x­yzxNoqsun}~ � yuoq~NdR~
~Nsuefd	~N�CdIv�o��Cvhoq~­~N|pdR~R³

W L �FdRv�o{yzrqoq¹RyKx­owsUn e1|}~�xf�Fd �
0 �
	)�����J��, ® �CyzoqrwoqnptmxNs?x­y
8Ud¬x a oq~fv�sun}~�x � yzoqn;x1oqnUx­s�yUv�v�su|pn;x1e#y¯�
x � owtUtud � § � dR�;|pdRn;x%~��FdRv�oqyurwoq¹RyzxNoqsun}~&© a o{v a ©�owrqr(npdR�ud � �}y¯��s��7®

W L �FdRv�o{yzrqoq¹RyKx­owsUn?v�rqyU~N~NdR~�y � d �
	�,9��	���, ���´x a d SNe�s � d1~��FdRv�oqyurwoq¹�dI�¶x a yzn�V � dRrqyzxNoqsun(® `ba d�e�s;~�x
~��FdRv�oqyurwoq¹�dI��oqef�prwdRefd�n;x­yzxNoqsun�oq~+oqnUx­d�n}�pdR�	x­s�tUow�Ud[x a d&�CdI~�x
�Fd � §¸s � efyun}v�dPtUyuown(® `ba d � d&oq~7yzr{~Ns
~�sUefd�v�sUef�}yKx­ow�poqrqoýx��#�Fd�x�©&d�dRn¬s � �^d � dR�¬owef�prqd�efd�n;xªyKxNoqsunC~�® `ba yzxPo{~ ² yzn�owef�prqd�efdRnUxªyKx­owsUn#§¸s �
yftuoq�udRn�~N�CdIv�o{yzrqow¹IyKxNoqsun´v�r{yu~­~bo{~�yz�p�prqo{v�yz�}rwd�xNs¬yun��¬�^d � ow�UdR�T~��FdRv�oqyurwoq¹RyzxNoqsun´v�r{yu~­~�dI~�®

W � ~��FdRv�oqyurwoq¹RyzxNoqsun � dR�;|pdI~�xbv�yun��Fd � d�§¸|C~�dI� ² © a d�n � dI~�sU| � v�dR~&y � d%|}n}y¯�Kyzoqrqyu�prwd ² �;�¬�pd�§Wyz|}rýx­ownpt
xNsfx a d	tudRnpd � oqv�oqe��}rwdRe�dRn;x­yKx­owsUn(®

` y
8�oqnptfx a dI~�d�oq~­~�|}dR~�oqn;xNs¬yuvRv�sU|pn;x ² ~Nsuefd	npsK�Ud�r ² �^sue#yuown^«ë~N�CdIv�o��Cv	~�x � yzxNdRtuoqdR~�v�yun´�Cd�~�xN|C�^owdI�è®
�$d�x�|}~bsU|^xNrqoqnpd�~�sUefd�d�¼pyzef�prqdR~R®
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��� �Psun}~Noq�pd � ~bx a dfyzefs � x­ow¹IyKxNoqsun´d �FdIv�x	yu~�x a d�efs;~�x�owef�Fs � x­yzn;xhyu~N�CdIv�xR® `ba d�«� d�§¸s � d ² y�~N�CdIv�o{yzrqow¹RdR�foqe��}rwdRe�dRn;x­yKx­owsUn#oq~PnpdR�ud � d���oqv�xNdI�f§ � sUe/x a d�vRyuv a d%|pn;xNoqrCowxPo{~*nps1efs � d� d�§¸d � d�n}v�dR�è® `ba oq~�~�x � yKx­d�tU��v�yunTvRyz|}~Nd	~�sUe�d�~N�FdRv�o{yzrqoq¹RyKx­owsUn�sU�p�Fs � xN|pnpowxNoqdR~&x­s#�Cd	n}d�turqdRv�xNdI�
© a d�n¶~N�}yuv�dhoq~bd�¼ a yz|}~�xNdI�è®
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	)����\�� L �FdRv�o{yzrqoq¹RyKx­owsUn¶v�r{yu~­~�dI~�y � d	� � ows � owxNoq¹�dI��|}�CsUn´x a dRo � SN�^dR�^x a V �¸s � �^d�«
t � d�d���su§P~��FdRv�oqyurwoq¹RyzxNoqsun°oqn°x a dfown a d � oýxªyzn}v�d�x � dRdu®`7ën¥v�yu~Nd�su§Pyzn?d���o{v�xNoqsunm§ � sUe!x a d#v�yUv a d ²
x a dbrqdRyU~�x*~N�CdIv�o{yzrqow¹RdR��oqef�prqd�efd�n;x­yzxNoqsun}~7o{~7v a sU~Nd�n$® `ba o{~
~�x � yzxNdRtu�he#y
8udI~ a owt a rq��~��FdRv�oqyurwoq¹�dI�
efd�x a s��}~�efs � d�rqo�8ud�rq�#x­s#�Cd�y¯�Kyzoqr{yz�prqd

WYX ��	�1�� D ��� 7ën � dI~��Fsun}~Nd�xNs°y¶~N�CdIv�o{yzrqow¹IyKx­owsUn � dR�;|pdI~�x ² x a oq~1~�x � yzxNd�tU�°~�dIy � v a dR~hoqn�x a d�v�yuv a d
|pn;xNoqr}ow§ �}n}�p~Pyzn���oqef�prwdRefd�n;x­yzxNoqsun#v�sUe��CyKxNoq�prqd�©�oýx a x a d � dI�U|}dR~�xNdR��sUnpdu®M7ëef�prwdRefd�n;x­yzxNoqsun}~
y � d�dR��oqv�xNdR��sun}rw�#© a dRn�n}sfyu�p� � s¯¼^owe#yKx­d �px�o{~&§¸su|pnC�è® `ba o{~&~�x � yKx­d�tU�#d�n}v�su| � yztUdR~ � d�«E|}~Nd�su§
owef�prqd�efdRnUxªyKx­owsUn}~ ² yKxbx a d	� � o{v�dhsz§
yz�}� � s¯¼^oqe#yKxNd �pxNxNoqnpt}®


 � F ��� �	� 	�� � � �NM 
 	�� ��� �-��
�
 � �NI ��
 � ���
� 


�myzn}yutuoqnpt	~��FdRv�oqyurwoq¹�dI�f�ud � ~NowsUn�yzx � |}nfxNoqe�d�owef�FsU~NdR~*~Nsuefd�sK�Ud �­a dRyU� ² �Fszx a ownfx­d � ef~[sz§9xNoqefd%yznC�
~N�}yUv�du®�º�| � d�¼^dRv�|^xNoqsun ~N|p�p�Fs � x	x � owdI~hxNs¶efoqnpowefoq¹�dfx a d#xNoqefd#sK�ud �Na dIyu�mown�§ � dR�;|pd�n;x­rw�?d�¼^dRv�|^xNdI�
�CyKx a ~�®´�%yue�dRrw� ² yu~	rqsunpt°yU~	x a d�~�x­yKx­d��^s�dR~�npszx1v a yznptUd ² dIyuv a v�yurwrPsz§�y¶~N�CdIv�o{yzrqow¹Iyz�prqd#efd�x a s��
oqn}v�| � ~%sunprq�´sunpd�d�¼�x � y#efd�x a s^�mv�yurwr�xNs��^d�rqd�t;yKxNd�x a d1�Cd a y¯��ows � x­s#x a dfv�| �N� d�n;x%oqef�prwdRefd�n;x­yzxNoqsun(®
º�n}rw�	© a dRn�x a d � dPo{~7y�~�x­yzxNdbv a yzn}tud ² x a dbd�¼^dRv�|^xNoqsun�~�|p�}�Cs � x7oq~+oqn��us98UdR�hx­s��Fd � §¸s � e��Ky � owsU|}~$x­yu~�8^~�³
�pd�xNd � efoqnpoqnpt´© a oqv a ~N�CdIv�o{yzrqow¹IyKx­owsUn°xNs°v a s;s;~�d ² v�yurwrqown}t�x a d¬~N�CdIv�o{yzrqow¹Rd � sunp«Sx a d�«B:}� �¸§¸s �	� |pn^«XxNoqe�d
v�rqyU~N~NdR~�� ² � � su�CyztUyzxNoqnpt�npszx­o �CvRyKx­owsUn}~ ² yun}� � dR�prqyUv�oqnpt�x a d	oqef�prqd�efd�n;x­yzxNoqsun(®

�}| � x a d � efs � d ² x a d#sK�ud �Na dRyu�moq~hn}szx��}yuoq�����myzrqr
su�p��dRv�xª~hsz§�y � s�szx�v�rqyU~N~R® 7ën?x a d �}rqdR~N�^~�x­d�e
d�¼pyzef�prqd �S~�dRd �}tU| � d��¯g(� ² yU~N~NowtUnpefd�n;x­~%xNs´�Ky � o{yz�prqd ��{�v����´y � d�npszxhtu|}y � �pdR�¶oqn�yun��TtUd�npd � o{v �}rwd
sU�^��dRv�x��CdIv�yz|C~�d�x a oq~��Cy � xbsu§�x a d�~�x­yKx­d	�^s�dR~�npsux�y��9dRv�x�x a d�v�| �N� d�n;x�owef�prqd�efdRnUxªyKx­owsUn(®

ö¸çMc(ö,+



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


 ��
 O 
 � � �PI 
 � 
���
�
'K
V d a y¯�ud�oqef�prqd�efd�n;xNdI�my�v�suef�poqrqd � � � suxNsux��;�Fd	§¸s � ~N�CdIv�o{yzrqow¹IyKx­owsUn°v�r{yu~­~�dI~ ² © � owx�x­d�n?own�·Uy¯�Kyp® V d
y � d1v�| �­� dRn;xNrq��©&s � 8�ownpt�sunmy�~��FdRv�oqyurwoq¹�d � §¸s � ·;y¯�¯y�v�s^�^d�© a oqv a o{~�npszx��ud�x�§¸|prqrw�´§¸|pnCv�xNoqsunCyzrX® `ba d
o{�^dIy¬o{~%x­s�|}~Nd�su| � d�¼^o{~�x­ownptT·Uy¯�Kyz«X���;xNdIv�s^�^d	x­s � v�suef�poqrwd �R² v�yurwrqdR�m±%y � o{~N~­y6< gz�
> ² yu~�y¬§ � sun;xN«XdRn}�
x­s�sU| � d�¼�o{~�xNoqnpt1~N�CdIv�o{yzrqow¹Rd � §¸s � � � � sUt � yze#~ ² v�yurwrqdR� ` d�ef�Fs=<w�Ig ² gz�
>X® L �FdRv�oqyurwoq¹�dI�#� � sut � yze#~
e#y¯�
x a d�n´�Fdhx � yzn}~Nr{yKxNdI���Cyuv�8fxNs¬·;y¯�Kyp®

7ën�x a d#e�dIyzn;xNoqefd ² sUnpd#v�yun?|}~Nd#~��FdRv�oqyurwoq¹RyzxNoqsun¥v�r{yu~­~�dI~�own?x�©Ps´©by¯�^~�®f�+o � ~�x ²$` d�ef�Cs°vRyzn��Cd
�po � dRv�xNrq�T|C~�dI�¶§¸s � ~N�CdIv�o{yzrqow¹Rown}t �@�
�����
� efd�x a s��}~�oqn¥·Uy¯�Ky#� � sut � yue#~ ² �Csux a §¸s � v�suef�poqrqd�«XxNoqe�dfyznC�� |pn^«XxNoqefd1~N�CdIv�o{yzrqow¹IyKx­owsUnmv�r{yu~­~�dI~�® L dRv�sun}� ² x a d�|C~�d � vRyznm~N|p�p�prq�¶e#yzn�|}yurwrq�T~N�FdRv�o{yzrqoq¹�dR�mv�s^�^d ² ���
~N|p�p�}rw��oqnpt	y	v�suef�prqd�x­d��^d �}n}oýx­owsUn1§¸s � dRyUv a ~N�CdIv�o{yzrqow¹Iyz�prqd&§¸|pn}v�xNoqsun#oqn�y	~N�CdIv�o{yzrqow¹IyKx­owsUn�v�rqyU~N~R®��%szxNd
x a yKxbx a oq~�efyun�|}yzrè~�x � yKxNdRtu�#sUnprw�#©&s � 8^~&© a d�n�x a d�v�s^�^d	v�yzn��Cd�~N�FdRv�o{yzrqoq¹�dR�T~�x­yKx­oqvRyzrqrw� � ��b���bq² sunprq�
§¸s � v�sUe��}owrqd�«XxNoqefdh~N�FdRv�o{yzrqoq¹RyKx­owsUnTv�rqyU~N~NdR~���®

� � �%�����7��,�� �����
�[� dI�^o{v�yKx­d�v�rqyU~N~NdR~ < �H>$y � d�y�§¸s � e su§��^��n}yzefo{v�own a d � oýxªyzn}v�d ² © a o{v a v�suef�prqd�efd�n;x­~Px a d	~�xªyKxNo{v�own a d�«� oqnUxªyuv�d[sz§Fyzn�sU�^��dRv�x�«Es � owdRn;xNdR��rqyunptu|}yutudU® `ba d��	s��Fd � ~�|p�}�Cs � x+§¸s � �^d �}npoqnpt�yun�sU�^��dRv�x+©�owx a ~�dR�ud � yur
oqef�prqd�efd�n;x­yzxNoqsun}~ ² © a o{v a y � d��^��n}yzefo{v�yzrqrq�°~�dRrwdIv�xNdI�°�}yU~�dI�°sUnmy � �powx � y � �T� � dI�^oqvRyKx­dR~�sun°x a dfsu�^«
��dIv�x � ~+~�xªyKx­du® 7ëef�prqd�efdRnUxªyKx­owsUn}~$y � d*n}szx � dR~�x � o{v�xNdI��xNs%~N�FdRv�o{yzrqoq¹RyKx­owsUn	sz§}yun	d�¼^oq~�xNoqnpt��Cd a y¯��ows � OIx a d��
vRyzn¶yu�}�Tv�suef�prqd�x­d�rq��npdR©Z§¸|pnCv�xNoqsunCyzrqoýx­owdI~�®[�%rwr�owef�prqd�efdRnUxªyKx­owsUn}~�e�|C~�x��Fd��^d �}npdR�´~�x­yzxNo{v�yzrqrq� ² ���a yzn}�è® � y � x[su§èx a d�oqnUx­d � §Wyuv�d�v a dIv�8;oqnpt�e1|}~�x&�Fd��psunpd�yKx � |pn�xNoqe�d ² |pnprqdR~­~Py¯�Usuo{�^dR�f���¬~Nsuefd%|}~Nd �
yunpnpsux­yKx­owsUn}~R® `ba dh�p�;nCyzefoqv	~Nd�rqdRv�xNoqsunTsz§+owef�prqd�efd�n;xªyKxNoqsunC~�oq~b�Cyu~NdR��sun´e�|prwxNow«ë�^oq~N�}yzx­v a oqnpt}®

L �FdRv�oqyurwoq¹RyzxNoqsun¦v�rqyU~N~NdR~	y � d#�}yU~�dI�¥sun¥� � dR�^o{v�yzxNdI~�v�r{yu~­~NdR~ ² �p|^x�y � dfx­yzoqrqs � dR�?§¸s � y´�}y � xNo{v�|pr{y �
tUsUyurS³(� � sUt � yze�~��FdRv�oqyurwoq¹RyzxNoqsun(®
º�| � � � dR�^o{v�yzxNdI~ a y¯�udb~�sUe�d�~Nowef�prqd&§¸s � e#~ ² © a oqv a yzrqrwsK©�~+|}~+x­s�yz|^«
x­sue#yKx­oqvRyzrqrw���pd � ow�Ud&oqef�prqd�efd�n;x­yzxNoqsun}~ ² dR�ud�nfyKx � |pn^«XxNoqefdu®7�%~7x a dbown;xNd � §WyUv�dbsz§9~��FdRv�oqyurwoq¹�dI��sU�^��dRv�x­~
n}d��ud � v a yzn}tudR~ ² ~�x­yKx­oqvboqn;xNd � §WyUv�d�v a dRv�8�oqnpt	v�yunf~�xNoqrqrp�Cd��^sunpdb©�owx a sU|^xPyun;��|}~�d � tu|po{�pyun}v�dU® `ba d�yU~�«
~N|pef�^x­owsUnfx a yzxP|pn}~�x­yu�prqd�� � dR�^o{v�yzxNdR~[~�dRrq�^sUe v a yznptUd�yzrqrwsK©�~
|C~
xNs�su�^x­owefoq¹�d�x a d%oqef�prwdRefd�n;x­yzxNoqsun ²
yun}��xNsf§¸|prqrw��own;x­d�t � yKx­d�owx�oqnUx­s¬yf~�oqnpturqd�«ë�^o{~��CyKx­v a dR�¬r{yzn}tu|}yutudh~�|}v a yu~�·;y¯�Kyp®
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��b d�¼^�prqs � d�yT~N�CdIv�o��Cv1§¸s � e sz§[� � sUt � yze ~��FdRv�oqyurwoq¹RyzxNoqsun ² © a oqv a oq~	yuowefdI�myKx	dRrwoqefoý«
nCyKxNoqnpt#efsU~�x�sz§+x a d��;o � xN|}yur(efd�x a s��´vRyzrqrq~�oqn¶yzn´su�p��dRv�xN«Xs � oqd�n;x­dR�¬r{yzn}tu|}yutud#<ý�K��>E® ` s#dRrwoqefownCyKxNd�y
��o � x­|}yzr+efd�x a s^�°v�yurwr+sunmy � dIv�dRow�Ud � sU�^��dRv�x ² y�v�rwsUnpd�su§
x a dfv�yurwrqd � efd�x a s��moq~�� � s^�^|}v�dI�´§¸s � dRyUv a
�FsU~­~Now�prqd�x��;�Fd´sz§%�Fszx a x a d � dIv�dRow�Ud � yzn}�¦x a d¶y � tu|}e�dRn;x­~R® L �CdIv�o{yzr�vRy � d�o{~�x­y
8Ud�n xNs¥y¯�usuo{�¦yun
|}n}v�sUnUx � sUrwrqdR��v�s^�^dft � sK©bx a ���m~Nd�rqdRv�xNoq�ud�rq�°�Fd � §¸s � efownptTx a oq~�su�^x­owefoq¹RyKx­owsUn(® `ba d¬~Nd�rqdRv�xNoqsun yzrqtusu«� owx a eÄdR~�xNoqe#yKx­dR~�x a d�oqef�}yuv�x�su§[y#�CsuxNdRnUx­oqyur+~N�FdRv�o{yzrqoq¹RyKx­owsUn¶�}yu~NdR�´sUn¶� � s��}rqown}t¬ownp§¸s � efyzxNoqsun(® 7ën
x a d�o � yz�}� � s;yuv a(² efd�x a s^�p~	y � df~��FdRv�oqyurwoq¹�dI�msUnprw�m©�oýx a?� dR~N�CdIv�xhxNsTx a d ��\���� sz§Px a dfsU�^��dRv�x­~R®#º�| �
~N�FdRv�o{yzrqoq¹RyKx­owsUn�o{~�©�owx a¶� dR~N�FdRv�x�x­s#x a d�~�xªyKx­d	sz§+x a d�sU�^��dRv�x­~R®&�%n¶own;x­d � dR~�xNoqnpt#�^o � dRv�xNoqsun´©&su|pr{�´�Cd
x­sfd�¼^�prqs � d�yf~�dRrwdIv�x­owsUn�yzrqtus � owx a e §¸s � �¸tUd�npd � yur��[� � sut � yze ~N�CdIv�o{yzrqow¹IyKx­owsUn(® `ba oq~�yurwtUs � oýx a e ©PsU|pr{�
v�suef�p|^x­d�x a d	efsU~�x�|}~Nd�§¸|pr�~��FdRv�oqyurwoq¹RyzxNoqsun´v�r{yu~­~�dI~ ² �}yU~�dI��sUn�� � s��Crwoqnptfownp§¸s � efyzxNoqsun(®

�*¼�o{~�xNoqnptf� � sUt � yze ~N�CdIv�o{yzrqow¹Rd � ~Ps��Fd � �^o��Fd � dRnUx�rqd��Ud�r{~bsz§+~N|p�p�Fs � xb§¸s � d�¼^� � dR~­~NownptfyznC��tU|poq�pownpt
~N�FdRv�o{yzrqoq¹RyKx­owsUn(®M7ën ���¶ow¼ <ý��> ² y�~��FdRv�oqyurwoq¹�d � §¸s � � � � sUt � yze#~ ² x a d%x � yun}~�§¸s � e#yzxNoqsun}~Py � d%tu|}oq�^dI�¬���
v�suefe#yzn}��rwoqnpd��}y � yzefd�xNd � ~[xNs1x a d	~N�CdIv�o{yzrqow¹Rd � ® `ba d�e#yznCyztudRefd�n;x&su§�~N�CdIv�o{yzrqow¹RdR��v�suef�FsunpdRnUxª~&oq~

cTc!ßed�fIî�î!g
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n}szx	yu�p� � dR~­~NdR� ² �FdRv�yu|}~Nd�x a df� � sUt � yze!oq~hyurw©by¯�^~%~N�CdIv�o{yzrqow¹RdR�myU~hy�© a sUrwdU®`7ën ` d�ef�Fs <w�u��> ² �Wsu| �
~N�FdRv�o{yzrqoq¹�d � §¸s � � � � sut � yze#~��+�Csux a�� |pnp«Sx­owefd�yun}�¬v�suef�poqrwd�«Sx­owefdh~��FdRv�oqyurwoq¹RyzxNoqsun¬v�yun¬�Fd��^sUnpd2<w�R�
> ²
�Cyu~NdR�?sun y´~�dR�}y � yKx­df�pdR~­v � ow�^x­owsUn?su§Px a d¬~N�CdIv�o{yzrqow¹IyKxNoqsun¥v�sUn;xNd�¼�xI® `ba oq~��^dR~­v � ow�pxNoqsun�oq~ :FyKx�yznC�
~NsuefdR© a yKx�rqowefowxNdR� ² �^|pdhx­s�x a d	r{yuv�8¬su§7~N|^µ¬v�oqd�n;x%~�x � |}v�x­| � d�oqn � � � sUt � yze#~�® `ba d � |pn^«XxNoqefd�~��Fd�«
v�oqyurwoq¹�dI�¬�Ud � ~�oqsun}~Pe�|C~�x��Fd�dRn;xNo � dRrw�¬e#yun}yztUdR�#���#x a dh|}~�d � ® 7ën´�}yu�pow|C~`< g C > ² yf~N�CdIv�o{yzrqow¹Rd � §¸s � �°�
� � sUt � yze#~ ² x a dh|}~Nd � tU|poq�pdR~Px a d�x � yun}~�§¸s � e#yzxNoqsun}~P��� � dR© � owxNoqnpt�x a dh� � sut � yze x­s1d�¼��FsU~Nd�x�©Ps�d�¼^d�«
v�|^xNoqsun�~�xªyztudI~ ² |}~Nown}t�v�| �­� �;oqnptC® `ba d�~��FdRv�oqyurwoq¹Ryu�prqd�v�sUef�CsUnpd�n;xPo{~&y	§¸|pn}v�xNoqsun ² yun}�#owx&o{~[|}�#xNs1x a d
� � sUt � yzefefd � xNs#tUd�npd � yzxNd	yzn}�´e#yun}yztUd�x a d�~N�CdIv�o{yzrqow¹RdR��§¸|pn}v�xNoqsun}~R® 7ën´x a d �Z�^��n}yzefo{v�v�sUef�powrqd �
�pd��udRrwsU�CdI�°��� ,�n}ow�Ud � ~�owx��´sz§ V yu~ a oqnptzx­sun < �
> ² x a d�� � sUt � yzefefd � vRyznme#y � 8 � d��pr{yuv�dRyu�prwd�v�sUe��Fsz«
n}d�n;x­~&���¬�^o � dIv�xNrq��yunpnpszxªyKx­ownpt�x a dh� � sut � yue ² |}~Noqnpt�y�§¸d�©=~���n;x­yz¼¬d�¼�xNdRn}~NowsUn}~�® `ba dhe#yzn}yutudRe�dRn;x
su§+~N�CdIv�o{yzrqow¹RdR�T�prqs^v�8�~&o{~��^sUnpd	yz|^x­sue#yKx­oqvRyzrqrw�U®

�PsK©byzn ��� �
��b �^dR~­v � oq�Cd�~�sUe�d�d�¼^dRv�|^xNoqsun�~�|p�}�Cs � xP§¸s � e#yun}yztUownpt1~�dR�ud � yzr}�ud � ~NowsUn}~*su§èx a dh~Nyuefd
� � s^v�dI�^| � d ² oqnmx a d#v�sUnUx­d�¼�x	sz§byu�pyu�^xNoq�ud�su�Fd � yKx­ownpt´~N��~�xNdRe#~�<w�JEH>X® `ba d�o � ©&s � 8�§¸s^v�|}~�dI~hsun�y � d�«
�}rw|ptUtuoqnptfyzrqtus � owx a e»yu�prqd�x­s¬�^dRyurè©�oýx a x a d�v�sun}v�| �N� d�nCv��#o{~N~N|pdR~bsu§7yun�sU�Cd � yzxNoqnptf~��^~�xNd�e´®

�+oqn}yzrqrw� ² rqd�xT|}~Tnpszx­d°x a yKx´su| � v�suef�poqrqownpt ~Nv a d�efd°§¸s � tUd�npd � yzxNoqnpt¥x a d�d�¼^dIv�|^x­owsUnZ~�|}�p�Cs � x
tUd�npd � yurwoq¹�dI~%~Nsuefd�� � sUt � yzefefown}t¬�}yKxNxNd � n}~%§¸su|}n}�moqnmsU�^��dRv�x�«Es � owdRn;xNdR�myz�p�prqo{v�yKx­owsUn}~��^dRyurwoqnpt�©�owx a
§¸s � e#~�sz§[�^��n}yuefoqv�yu�pyu�^xNoq��oýx��U®���~hyzn°d�¼^yuef�prwd ² ownmx a df~�xªyzn}�}y � �¶·Uy¯�Ky#rqow� � y � � ² ~Nd��Ud � yzr(sU�^��dRv�x­~
s��Fd � ~Nsuefd�yU�pyz�^x­ow��owx��mx­sm~NdRv�| � owx�� � dR~�x � o{v�xNoqsunC~�® `ba d���	���	�� � )�� � � {���� )���v�rqyU~N~1�^d�rqd�t;yKx­dR~	�}y � x
su§+owx­~�§¸|pn}v�xNoqsun}yurwowx���x­s¬yzn¶oqef�prwdRefd�n;x­yzxNoqsun¶su�p��dRv�x%vRyzrqrwdI� �&{���� )�� �iz w '}® `ba dR~Nd�owef�prqd�efdRnUxªyKx­owsUn
sU�^��dRv�x­~+y � dPv � dIyKxNdI������y � {���� )�� �iz w '�$�	�� � {�� �&su�^��dIv�x ² © a o{v a v�yun��Fd � d��}rqyUv�dR���;��y�|}~Nd � «E�pd �}npdI�
sUnpdu® `ba oq~+yu�}yz�^x­ow��owx��%o{~(o �N� d��Ud � ~�oq�prqd
ownhx a yKx+sun}v�d*y�~�s^v�8Ud�x(o{~$v � dRyzxNdI� ² oýxª~(oqe��}rwdRe�dRn;x­yKx­owsUn�v�yunpnpszx
v a yznptUd�yun;��efs � du®

� � 5�� 5´�
� � ����� ���´,�� ���´����5´37
����´3
L �CdIv�o{yzrqow¹IyKxNoqsun¬v�rqyU~N~NdR~*� � sK��o{�^d�y�v�suef�prqd�xNd��^dRv�rqy � yzxNoq�ud�yu�p� � sUyuv a xNs��^dR~­v � oq�Cd�x a d�~N�FdRv�o{yzrqoq¹RyKx­owsUn
�Fd a y¯�;oqs � sz§$� � sUt � yze v�suef�FsunpdRn;x­~R®7��~by � dR~N|prwx ² ~��FdRv�oqyurwoq¹RyzxNoqsun�vRyzn��Cd�x�xNd � yu�pyu�^xby�� � sut � yze xNs
y�~��FdRv�o �Cv1|}~­yztUd��}yKxNxNd � n(® L �FdRv�o{yzrqoq¹RyKx­owsUnmv�r{yu~­~NdR~%yurwrqsK©=x a d1� � sut � yzefefd � xNs��pdRv�r{y � d�© a yzx�� � sz«
t � yue v�suef�FsunpdRn;x­~b~ a su|pr{�¬�Fd�~N�FdRv�o{yzrqoq¹�dR��yzn}� a sK© x a d���~ a sU|prq���Cdh~N�CdIv�o{yzrqow¹RdR�è® `ba o{~byz�p� � s;yuv a
|}npoý§¸s � efrq�°v�yu�^xN| � dR~%x a d�n�|pefd � sU|}~%dRefd � tuoqnptTyurýx­d � n}yKx­ow�UdR~�xNs´�Cd � §¸s � e ~N�CdIv�o{yzrqow¹IyKx­owsUn �Wv�suef�poqrwd
x­owefd ²p� |}n�x­owefd ² ownCv � d�efd�n;x­yur ² yu|^xNsUe#yKxNo{v ² ®R®�®���®

L �FdRv�oqyurwoq¹RyzxNoqsun¦v�rqyU~N~NdR~�y � df§¸|}rwrq�?oqn;xNdRt � yKxNdI��own x a d¬sU�^��dRv�x�«Es � owdRnUx­dR���}y � yU�^owtUe´®=7Ex1�pdRv�r{y � dR~
~N�FdRv�o{yzrqoq¹RyKx­owsUnTyU~��FdRv�x­~bsu§�d�¼^o{~�x­own}tfv�rqyU~N~NdR~b©�owx a su|^x%�^o{~�xN| � �poqnpt�x a d�~Nsu| � v�d�� � sut � yueT®

L �FdRv�oqyurwoq¹RyzxNoqsun�v�rqyU~N~NdR~��^d �}n}d[y%~N�CdIv�o{yzrqow¹IyKx­owsUnhv�sun;xNd�¼�x$© a o{v a v�yun	�Cd&yz�p�prqoqdR��yzx$�Csux a v�suef�poqrwd
x­owefd�yzn}� � |pn¶x­owefdu® 7E§[y¬~��FdRv�oqyurwoq¹RyzxNoqsun¶v�sUn;xNd�¼�x�v a yznptUdR~��FdRvRyz|}~Nd�su§
~Nsuefd�~�x­yzxNd�|}�F�pyzxNdI~ ² x a oq~
~NowxN|}yzxNoqsun�o{~byz|^x­sue#yKx­oqvRyzrqrw�#�^d�xNdIv�xNdI��yun}�#x a d	v�s �N� dR~N�CsUn}�^oqnpt1~N�FdRv�o{yzrqoq¹RyKx­owsUn¬efd�x a s^�p~�y � d%dRoýx a d �
~N�FdRv�o{yzrqoq¹�dR� ©�owx a efs � dT�Kyurw|pdI~#s � e#yu�pd¶e�s � d´tUd�npd � o{vToý§	~�sUefd´~N�FdRv�o{yzrqoq¹RyKx­owsUn �Kyurw|pdI~f�CdIv�sUe�d
|}n}y¯�Kyzoqrqyu�prwdU® } dIv�yz|C~�d�~N�CdIv�o{yzrqow¹IyKx­owsUn¬v�r{yu~­~�dI~
§¸s � e y�v�r{yu~­~ a oqd � y � v a � ² su�^��dIv�x­~Pv�yun#�Cd�~��FdRv�oqyurwoq¹�dI�
oqn}v � dRe�dRn;x­yzrqrq��yu~befs � dh~��FdRv�oqyurwoq¹RyzxNoqsunT�¯yurw|}dR~b�FdRv�sUefd�y¯�¯yuowr{yz�}rwdU®

L �FdRv�oqyurwoq¹RyzxNoqsun v�r{yu~­~�dI~1yurwrqsK© x a d´� � sut � yue�efd � xNs¥~��FdRv�oý§¸� © a yKx � |}n^«Sx­owefdT~�|p�}�Cs � x#y?v�rqyU~N~
~ a sU|prq�´oqn}v�rw|}�pd�xNs�e#yzn}yutud�owx­~�~��FdRv�oqyurwoq¹RyzxNoqsun}~R®%7ën°�}y � x­oqv�|pr{y �I² �Ky � owsU|}~�vRyuv a d�~�x � yKx­d�tUowdI~�v�yun°�Cd
�pdRv�r{y � dR�¬xNs#�Fd�xNxNd � �px�x a d�~N�FdRv�o{yzrqoq¹RyKx­owsUn�n}d�dR�}~bsz§+x a d�yu�p�prqoqvRyKxNoqsun$®

ö¸çMc(ö,+



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

V d a y¯�UdToqef�prqd�efd�n;xNdI� y v�sUe��}owrqd � § � sue d�¼�xNdRn}�^dI� ·;y¯�Ky ² ©�oýx a ~��FdRv�oqyurwoq¹RyzxNoqsun v�r{yu~­~�dI~ ² xNs
~�x­yun}�py � �¥·;y¯�¯y}® V d�y � d¬v�| �­� d�n;xNrq�?v�suef�prqd�xNoqnpt°y¶� � sUt � yze ~N�CdIv�o{yzrqow¹Rd � §¸s � ·Uy¯�Ky´� � sut � yue#~�®I7Ex
©�oqrqrCx a d�n��Cd�oqnUx­d � §Wyuv�dR�#©�owx a su| � ~��FdRv�oqyurwoq¹RyzxNoqsun�v�rqyU~N~&v�sUef�powrqd � ®M7Ex&©�oqrwrèyurwrqsK© y�� � sut � yuefe�d � xNs
~N�FdRv�ow§¸���Fszx a v�suef�poqrqd�«XxNoqe�d	yun}� � |pnp«Sx­owefd	~��FdRv�oqyurwoq¹RyzxNoqsun´yu~N�CdIv�xª~bsz§
v�r{yu~­~�dI~�®

V d&y � dP~�x­|}�^��own}t%x a d[tUd�npd � yurwoq¹RyzxNoqsun	sz§^x a dP§¸s � e=su§p� � dR�^o{v�yzxNdR~�|}~NdR�	oqn1~N�FdRv�o{yzrqoq¹RyKx­owsUn�v�r{yu~­~�dI~�®
7ën#�Cy � xNo{v�|pr{y �I² ©&d��pr{yzn#sun#oqn;x � s^�^|}v�oqnpt��^o{~W��|pn}v�x­owsUn}~&yzn}�fv�r{yu~­~
�Ky � o{yz�prqdR~7x­s�oqe�� � sK�Udbx a d�d�¼^� � dI~�«
~Noq�udh�CsK©&d � su§+� � dR�poqvRyKxNdI~�®� dRtUy � �^oqnpt�yu�p�prqoqvRyKx­owsUn}~[su§$~��FdRv�oqyurwoq¹RyzxNoqsun�v�rqyU~N~NdR~ ² ©Pd�y � d%v�sUnUx­own�|poqnpt�x a d�d �9s � xPoqnpowxNo{yKxNdI�¬���
�PsK©byzn �����
��b own x a d´y � dIy°su§�yu�pyu�^xNoq�udTsu�Fd � yKx­own}t?~N��~�xNdRe v�sUef�CsUnpd�n;x­~ <w� C >E® V d´©PsU|prq� rwo�8ud
x­s¶|}~Nd¬~��FdRv�oqyurwoq¹RyzxNoqsun v�r{yu~­~�dI~�xNs°~N�CdIv�ow§¸��y´n�|pe1�Cd � sz§�~N�^~�x­d�e#~	su�pxNoqe�oq¹RyzxNoqsun}~	x a yzx a y¯�ud#�Fd�dRn
�pdR~­v � ow�FdR��ownTx a d�rqowx�xNd � yzxN| � d � �Jb /Fbq² < gUg ² � ² � E ² g
GH> ��®e7ënT�}y � x­oqv�|prqy �R² ©&d	y � d � dR�^dI~�oqtunpoqnptfy��}y � x&su§
x a d��������	��
27 � ��~N|p�}~N�^~�x­d�e ² xNs´d�¼��}rwsUoýx	su�}�Cs � x­|pnpowxNoqdR~�§¸s �h� |pn^«XxNoqefd�sU�^xNoqefow¹IyKx­owsUnmx a yKx a y¯�Ud
n}szx��CdRd�n¶yu�}� � dI~N~NdR�T~Ns1§Wy � �CdIv�yu|}~�dhsu§+yfr{yuv�8#sz§
yz�}� � sU� � oqyzxNd�e�d�x a s^�^sUrwsUtuoqdR~byznC��x­s�sur{~�®

� �%�z���
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0�0���� /��T�
� / Z ��/F� ®�[a �Zx a dI~�o{~ ² � 7 ��, ² ,%npoq�ud � ~Noýx���sz§ �Psu�Fd�n a yztUd�n ² �%dRnpe#y � 8 ² �R�U�z�}®9� 7 ��, � dR~NdRy � v a#� dR�Cs � x
�u� |^�R�p®

< g
> � ®è�%n}�^d � ~Nd�n(® � y � xNo{yzr�d��Kyzrq|}yKx­owsUnmyz�}�prwoqdR�°xNs � y¯��x � yuv�ownptC®�� 7 ��, � dR~NdRy � v a°� dR�Cs � x	�FE&|zg ²
� 7 ��, ² ,�npoq�ud � ~Noýx���sz§��Psu�Fd�n a yutudRn ² �%dRnpe#y � 8 ² �R�u� E^®

< �
>	·C®$�%|}~�r{yznC�^d �I² � ® �[a oqrwoq�Cs;~�d ² ��® � a yue��Fd � ~ ² L ®$�[tutud � ~ ² yzn}� } ® } d � ~ a yu�è®#�}yU~�x ² d �FdIv�xNoq�ud
�p�;nCyzefoqv	v�suef�poqrqyzxNoqsun(® 7ën � ��� 7�� C < �p��> ² �CyztudI~h���;��
F�HEz�}®

< �9> � ® } yuowd �R²�� ®�j�r��|}v�8 ² yzn}� � ®����sUv a rqoqnpt}® � y � x­oqyur�d��Kyurw|}yzxNoqsun su§�n�|pefd � oqvRyzr%� � sUt � yze#~#oqn
�}s � x � yzn(® 7ën � 	 � ��� � -�� � ��� �
	��
1��a��� �
� -%�
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