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YZ[\]^_`[a]Z
bc def ghijklh mj jdh bcjhlcmjencmg oncplhff ec qmcinkrhl stuv w xkegghc yxkeuz w u{ | lejhf } ~�j jdh

�n�hcj m jdhnl� n� chpmjerh � �plnk�f �nl h�mij imjhpnlehf dmf cnj � hhc �hrhgn� h� �~ bj fhh� f jdmj w
k� jn cn| w fkid m jdhnl� dmf cnj � hhc �hrhgn�h� � �dh �kl�nfh n� jdef mljeigh ef jn �h�ch chpmjerh
� �plnk�f �nl h�mij imjhpnlehf �nl �nlh phchlmgg� �nl ��hlerh� imjhpnlehf~� mc� jn �lnrh gn imge�mjenc mc�
rmcefdecp jdhnlh� f �nl jdhfh plnk�f � �kl chpmjerh � �plnk�f phchlmge�h �h�cejencf n� �mff w �mlnk�e w
�h�hlfhc��he� hg w �dn� mfnc w omljhl mc� �mn �

�n �njermjh jdh chh� n� m jdhnl� n� chpmjerh � �plnk�f w lhimgg jdmj e� � ef m fidh� h w � � � mc n�hc
fk�fidh� h | ejd in��gh� hcj � w jdhc jdh lhfjleijenc n� rhijnl �kc�ghf �ln� � jn � ec�kihf m � m� n�
�lnjdhc�ehi� plnk�f �� �� � � �� �� � |deid ef cnj fkl� hijerh w ec phchlmg � �nl jdef lhmfnc w �dn� mfnc
dm� jn ecjln �kih chpmjerh � �plnk�f �nl fidh�hf ec nl�hl jn �lnrh def dn�njn�� ��lmjenc n� � �jdhnl�
f� hijlm y��t�{

�  ¡ �� � � �   �� � � �   �� � ¢
£h �e� fn �� � e� ei�ecp �mff ¤ �h�cejenc �

bj ef �cn|c jdmj chpmjerh � �plnk�f rmcefd �nl m cnhjdhlemc lhpkgml fh�mlmjh� fidh� h � £n|hrhl w nc g� m
�h| imgikgmjencf mlh �cn|c ec jdh cnc�lhpkgml imfh � � inc� hijklh n� �he� hg y�he¥�{ fjmjhf jdmj � ¦ �§ � ¨ �
�nl © ª «¬ mc� § m cnhjdhlemc lecp n� �lkgg � e� hcfenc ¬ � bj dmf � hhc rhle�h� �nl ¬ ¨ � ­ s­ ® y�he� s{ �
£ femcp inc� hijklh� jdmj � ¦ �¯° � ¨ � �nl © ª «s mc� ° m �cejhg� �lhfhcjh� plnk� y£ fe¥v{ � �nl lhihcj
�lnplhff nc jdef inc� hijklh w |h lh�hl jdh lhm�hl jn y��£� s{ �

±hj ² � h mc h�mij imjhpnl� mc� ³ ´ �² � ejf �nkc�h� �hlerh� imjhpnl�� bj ef �cn|c jdmj �� �² � ¨
�� �³ ´ �² �� � µn ecfjhm� n� �h�cecp chpmjerh � �plnk�f �nl h�mij imjhpnlehf w |h mjjh��j jn �h�ch chpmjerh
� �plnk�f �nl jlemcpk gmjh� imjhpnlehf � �h jd ec� n� chpmjerh � �plnk�f �nl jlemcpkgmjh� imjhpnlehf mf
n�fjlkijenc plnk�f ec jdh �nggn| ecp fhcfh � �nl mc e�h��njhcj in��ghjh jlemcpkgmjh� imjhpnl� ¶ w jdh
rmcefdecp n� � ·¸ �¶ � ef h�mijg� jdh n�fjlkijenc �nl jdh qhl�ehl ¹knjehcj º »¶ jn �h e�h��njhcj in��ghjh
�nl mgg �k gg jlemcpgh h��h��ecpf ¶ � º |ejd º e�h��njhcj in��ghjh �s�t� �
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Þ ßàáâã äâåæçâåèçéê

ëc�nljkcmjhg�w |h imc ncg� �h�ch chpmjerh � �plnk�f �nl jlemcpkgmjh� imjhpnlehf �|deid m�� ej �n�hgf~ �
bj ef �cn|c jdmj �n�hgf mlh hffhcjemg ec jdh �h�cejenc n� depdhl mgph�lmei � �jdhnl� yµid�®{ � µn |nl�ecp
| ejd �n�hgf fdnkg� cnj � h jnn ecincrhcehcj �

bc fhijenc s |h h��gmec jdh �lm� h|nl� �nl �h�cecp chpmjerh � �plnk�f �s�ì� � �h chh� m imjhpnl� n�
� n�hgf í jnphjdhl | ejd fn� h h�jlm �mjm ecigk�ecp m �kcijnl ³ �ln� í jn f� mgg jlemcpkgmjh� imjhpnlehf �
�h �h�ch chpmjerh � �plnk�f �nl n�� hijf ec í �s�v� � bc nl�hl jn �hfile� h nkl ±nimge�mjenc �dhnlh� �s�u�
|h �h�ch m fh¹khcih ¶ � º � î ec í jn �h h�mij e� ec jdh fh¹khcih ³¶ � ³º � ³î n� jlemcpkgmjh�
imjhpnlehf jdh in��nfejenc ef jler emg w jdh �lfj �kcijnl ef �k gg� �mejd�kg w mc� jdh ec�kih� �kcijnl �ln� jdh
qhl�ehl ¹knjehcj ³º »³¶ jn ³î ef mc h¹kermghcih �k� jn �elhij �mijnlf� � �dhc jdh ±nimge�mjenc �dhnlh�
�s�u� fjmjhf jdmj mc h�mij fh¹khcih ec í ec�kihf m gncp h�mij fh¹khcih n� chpmjerh � �plnk�f �nl © ï � w
�� �s� ð ð ð ñ� ¦ �¶ � � ñ� ¦ �º � � ñ� ¦ �î � ò� ñ� ¦·¸ �¶ � � ñ� ¦·¸ �º � � ð ð ð
�dh �lnn� ef m fe��gh �emplm� idmfh � �h idnfh mc m�en� mjei m��lnmid jn �h�cecp chpmjerh � �plnk�f jn
�nffe�g� mggn| cnc�gechml �n�hgf w |deid w dn|hrhl w mlh cnj �hmgj | ejd ec jdef mljeigh �

µhijenc ® perhf jdh �mi�plnkc� nc jlemcpkgmjh� imjhpnlehf |deid |h chh� ec fhijenc v � �dh lhfkgjf
ec jd ef fhijenc mlh cnj ch| w mc� mgg e�hmf mlh incjmech� ec yóhht®{ mc� yóhh� s{ � óhrhljdhghff w |h perh
in��ghjh �lnn�f � himkfh |h �nc ¤j �cn| n� mc� lh�hlhcih |deid inrhlf h�mijg� nkl fejkmjenc �

bc fhijenc ì mc� v |h fdn| jdmj |h imc jm�h mf m imjhpnl� n� � n�hgf í jdh imjhpnl� n� �ln�hcekf
�melf �v �¥� � ôhimgg jdmj m �ln�hc ekf imjhpnl� ef mc h�mij imjhpnl� | ejd hcnkpd ec� hijerhf mc� �ln� hijerhf w
mc� |dhlh ec� hijerhf mc� �ln� hijerhf inecie�h � bjf fjm�gh imjhpnl� ef m jlemcpkgmjh� imjhpnl�� � �ln�hcekf
�mel ef m �ln�hcekf imjhpnl� jnphjdhl | ejd m �kgg �ln� hcekf fk� imjhpnl� |dnfh �ln� hijerh�ec� hijerh n�� hijf
mlh mgfn �ln� hijerh�ec� hijerh ec jdh m��ehcj �ln�hcekf imjhpnl� �ì �v� � �h �h�ch jdh �hlerh� imjhpnl� n�
m �ln�hcekf �mel jn � h jdh qhl�ehl ¹knjehcj n� jdh mffn iemjh� fjm� gh imjhpnlehf � �c� f� mgg jlemcpkgmjh�
imjhpnl� |h �cn| n� |deid in� hf �ln� mgph�lmei phn�hjl�w nl fn� h njdhl m��ejerh fejkmjenc w mlefhf mf jdh
�hlerh� imjhpnl� n� m �ln�hcekf �mel � �nl h�m��gh �fhh fhijenc z� w mc� f� mgg jlemcpk gmjh� fk�imjhpnl�
n� jdh �hlerh� imjhpnl� n� m �lnjdhc�ehi� m�hgemc imjhpnl�w nl n� jdh �hlerh� imjhpnl� n� � n�kghf nrhl
m �eõhlhcjemg plm�h� mgph�lm w nl n� jdh �hlerh� imjhpnl� n� mc h�mij imjhpnl�w nl n� jdh �hlerh� imjhpnl�
n� �dn� mfnc ¤f in��geiemg � e�mg�dmkfhc imjhpnlehf y��t�{ w mlefhf mf jdh �hlerh� imjhpnl� n� m �ln�hcekf
�mel � bc �mljeikgml w nkl �h�cejenc �ehg�f m �h�cejenc n� chpmjerh ñ� �plnk�f mc� m gn imge�mjenc h�mij
fh¹khcih ec jdhfh fejkmjencf �

µhijenc ö �lnrhf m��ejer ej� �nl ñ� ¦ mc� jdh �mij jdmj jdh �kcijnlf ñ� ¦ in��kjh | ejd � gjhlh� inge� ejf �
�dh lhfk gjf n� fhijencf u w ¥ w t mc� s� �hmg | ejd h�mij imjhpnlehf mc� mlh �hfile� h� mj jdh hc� n� jdh

ecjln �kijenc �
�ln� hcekf �melf imc �h fhhc mf �mg�dmkfhc imjhpnlehf |dhc |h �higmlh in��lmjencf jn � h ec÷mjencf

�øùúùû m�� effe�gh � ncn�nl�def� f� mc� |hm� h¹kermghcihf jn � h �m�f |deid �ehg� mc efn�nl�def� ec jdh
�hlerh� imjhpnl�� bc jdef |m�w nch imc mjjmid m � �jdhnl� f�mih jn m �ln�hc ekf �mel � bc fhijenc ssw |h
�lnre�h mc h��geiej �hgn n�ecp n� jdef � �jdhnl� f�mih |deid �h�chf m f� hijlk� |dnfh chpmjerh dn�njn��
plnk�f mlh jdh plnk�f ñ� ¦ w © ï � w �h�ch� ec fhijenc s �ss�u� � �dh gncp h�mij fh¹khcih � �s � hin� hf jdh
chpmjerh �mlj n� jdh gncp h�mij fh¹khcih n� dn�njn�� plnk�f n� f� hijlm mffn iemjh� jn mc h�mij fh¹khcih
n� �ln� hcekf �melf �ss�s�� � �dh gncp h�mij fh¹khcih � �s ef �cn|c �nl © ü � �� jdh |nl� n� �dn� mfnc
y��t�{ w mj ghmfj e� jdh �ln�hcek f �mel dmf m i�gec�hl �kcijnl � �dh �necj n� jdef mljeigh ef jdmj jdh fh¹khcih
ef mgfn h�mij ec chpmjerh �hplhhf �

µecih jdh �mg�dmkfhc imjhpnlehf mjjmidh� jn m �ln�hc ekf �mel �nc ¤j w ec phchlmg w dmrh i�gec�hl �kci�
jnlf w |h perh m �lnn� n� �mg�dmkfhc ¤f ��lmjenc mc� m��ln� e� mjenc jdhnlh� f y�mg¥z{ mc� n� �dn� mfnc ¤f
in�cmgej� jdhnlh� y��t�{ |dhlh |h lh�gmih jdh h� efjhcih n� m i�gec�hl �kcijnl �� jdh h� efjhcih n� m
�mijnle�mjenc n� hrhl� � m� ecjn m in��lmjenc �nggn|h� �� m |hm� h¹kermghcih � �dh �mijnle�mjenc ef cnj
lh¹kelh� jn � h �kcijnlemg � �def ef �nch ec jdh m��hc�e� �

�nl mc h�mij imjhpnl� ² w jdh lhfkgjf n� jdh mljeigh lhm� mf �nggn| f � �dhlh mlh plnk�f ñ� ¦ �² � w © ï � fkid
jdmj ñ�� ef � � n� jdh e�h��njhcj in��ghjenc n� ² �z �z� � �dh chpmjerh � �plnk�f n� ² mlh �mff plnk�f � ¦ �§ �
|dhc ² ef jdh imjhpnl� n� �cejhg� phchlmjh� �ln� hijerh §��n�kghf �u �s� � �dh� mlh �dn� mfnc ¤f plnk�f
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�  ¦ �� � |dhc ² ef jdh imjhpnl� n� rhijnl �kc�ghf n� �cejh lmc� nc m ¹kmfe�in��mij w ¹kmfe�fh�mlmjh�
fidh� h � |deid m�� ejf mc m��gh �m� eg� n� gech �kc�ghf �u �ì� � ±hj ¶ � º � î �h m fh¹khcih n�
h�mij �kcijnlf � hj|hhc h�mij imjhpnlehf fkid jdmj ³ ´ �¶ � � ³ ´ �º � � ³ ´ �î � ef mc �h�mij fh¹khcih n�
jlemcpkgmjh� imjhpnlehf~ � �dhc jdhlh ef mc h�mij fh¹khcih mf ec � �s �z �z� � bc �mljeikgml w e� ¶ � º ef
fkid jdmj ³ ´ �¶ � � ³ ´ �º � ef mc h¹kermghcih w úù� ù ¶ � º fmjef�hf lhfngkjenc w jdhc ñ� ¦ �¶ � � ñ� ¦ �º � ef mc
efn�nl�def� �nl © ï � �

�dh plnk�f ñ� ¦ �² � mlh jdh chpmjerh dn�njn�� plnk�f n� m f� hijlk� ñ� �² � |dnfh �nfejerh dn�njn��
plnk�f mlh jdh xkegghc � �plnk�f n� ² �ss�sì� � �dh fh¹khcih ¶ � º � î m�nrh ec�kihf m dn�njn��
��lmjenc n� ñ� �jdhnl� f� hijlm �ehg�ecp m gncp h�mij fh¹khcih �� �s� �nl © � ¯�

bc fhijenc ¥ |h perh m �lhfhcjmjenc n� ñ� ·¸ �² � � ±hj ³ �² � � h jdh kc�nkc�h� �hlerh� imjhpnl� n� ² mf
�h�ch� ec yóhht�{ � �dhc jdh plnk� ñ� ·¸ �² � ef jdh ¹knjehcj n� jdh m� hgemc �ncne� n� efn�nl�def� igmffhf
n� e�h��njhcjf n� ³ �² � kc�hl �elhij fk� n�hlmjenc w �n�kgn jdh fk��ncne� n� jdnfh e�h��njhcjf |deid
f�gej ec ³ �² � �¥ �®� �

�h inc� hijklh jdmj chpmjerh ñ� �plnk�f rmcefd �nl ¶ m f�mgg m� hgemc imjhpnl�� �f hre�hcih w |h fdn|
jdmj ñ� ·¸ �¶ � ¨ � �nl mc� f� mgg m� hgemc imjhpnl� ¶ �t �s� � �h mgfn fdn| jdmj ñ� ¦ �¶ � ¨ � w © ª � w �nl
mc� f�mgg cnhjdhlemc m�hgemc imjhpnl� �t �ì� � bc �mljeikgml w chpmjerh °�jdhnl� �nl m cnhjdhlemc fidh� h
ef jler emg � �def mgfn h�� gmecf jdh �mij jdmj chpmjerh � �plnk�f n� cn hjdhlemc lhpkgml fh�mlmjh� fidh�hf
rmcefd w mf jdh ecigkfenc n� rhijnl �kc�ghf n� �cejh lmc� ecjn indhlhcj �n�kghf ef m �hlerh� h¹kermghcih �� nlhnrhl w �ú	 ø

�� ú jler emgg� dng�f �nl chpmjerh � �plnk�f n� cnhjdhlemc m�hgemc imjhpnlehf mf jdhfh plnk�f
rmcefd �

b� jdh inc� hijklh ef jlkh w jdhc |h dmrh jdh �nggn| ecp lmjdhl fkl�lefecp incfh¹khcih � �lejh ² � �nl jdh
f�gej h�mij imjhpnl�w |deid w mf mc m��ejerh imjhpnl�w ef ² � �h fdn| jdmj jdh e�hcjej� �kcijnl ² � � ²
ec�kihf m � m� ñ� �² � � � ñ� �² � n� f� hijlm |dnfh dn�njn�� ��hl ef jdh ñ� �jdhnl� f� hijlk� n� mc m�hgemc
imjhpnl� �s� �s w ss�s�� � �def phchlmge�hf m jdhnlh� n� �kfgmc�hl mc� µdhl� mc yµdh¥t{ � b� jdh inc� hijklh
ef jlkh w jdhc jdh gncp h�mij fh¹khcih �� �s� e��gehf efn�nl�def� f ñ� ¦ �² � � � ñ� ¦ �² � w © ª � �

b |nkg� ge�h jn jdmc� �hlcdml� �hgghl �nl def fk��nlj � �dh incih�j n� �ln� hc ekf �melf ef �kh jn de� �
� gfn w b |nkg� ge�h jn jdmc� � m� �mlnk�e �nl def fk��nlj mc� def in��hcj jdmj w k� jn cn| w jdhlh ef cn
jdhnl� n� chpmjerh � �plnk�f �nl h�mij imjhpnlehf |deid jlepphlh� nkl ecjhlhfj ec jdef �ln�gh� � £ ef y�mlu�{
dmf �kid ec÷khcih� jdef |nl� � �dmc�f pn jn odki� �he� hg �nl def � njermjecp in��hcjf |degh jdh mkjdnl
|mf m �d
 fjk�hcj � � ecmgg�w b m� plmjh�kg jn � mli ±hrech �nl ecrejecp � h jn �mljeie�mjh ec jdh �ng�pmcp
�mkg �lnplm� mc� jn jdh ëcerhlfej� n� � ffhc |dhlh jdh �cmg rhlfenc n� jdef |nl� |mf |lejjhc k� �

�]Z[�Z[�
YZ[\]^_`[a]Z �
s� óhpmjerh � �jdhnl� n� �hlerh� imjhpnlehf v
® � ��in��mijg� phchlmjh� jlemcpkgmjh� imjhpnlehf ö
ì � �ln� hcekf �melf ¥
v � �dh �kcijnlf � mc� � t
z � ��m��ghf n� �ln� hc ekf �melf s�
ö � ���ejer ej� mc� onge� ejf sì
u � �plhh� hcj sv
¥ � �hchlmjnlf mc� lhgmjencf sz
t � óhpmjerh � �plnk�f n� m� hgemc imjhpnlehf sö
s� � ��mij rhlfkf m��ejerh � �jdhnl� s¥
ss� £ epdhl mgph�lmei � �jdhnl� st
���hc�e� � � �hjjecp le� n� i�gec�hl �kcijnlf ®v
ôh�hlhcihf ®u
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s� ����[a�� � �[��]\� ]� ^�\a��^ `�[��]\a��
bc jdef fhijenc |h �h�ch chpmjerh � �jdhnl� n� �jlemcpkgmjh� imjhpnlehf |deid m�� ej �n�hgf~ � ±hj �

�h jdh imjhpnl� n� f� mgg jlemcpkgmjh� imjhpnlehf | ejd jlemcpgh �kcijnlf mf �nl�def� f � �h lh�hl jdh lhm�hl
jn y�hgtö{ w yóhh� s{ �nl jdh �h�cejenc mc� �mfei �ln� hljehf n� jlemcpkgmjh� imjhpnlehf �

 ! � "#$%&%'$ ! omgg m fh¹khcih n� f� mgg jlemcpkgmjh� imjhpnlehf ¶ � º � î ú( �)* e� jdh in��nfejenc ef
�hln w jdh �m� ¶ � º ef �kgg� �mejd�kg w mc� jdh ec�kih� �m� �ln� jdh qhl�ehl ¹knjehcj yqhltö w bb ®{ º »¶
jn î ef )+, -�.w øùúùû ej ef �k gg� �mejd�kg w mc� hrhl� n�� hij n� î ef m �elhij fk��mc� n� mc n�� hij n� º »¶ �
ôhimgg jdmj e� ¶ ef e�h��njhcj in��ghjh w jdhc ¶ ef /ú0 �ø

úwø ùúùû ¶ ef h¹kermghcj jn jdh �kgg fk� imjhpnl� n�
º n� n�� hijf fhcj jn �hln ec î yóhh� sw ® �s �s�{ �

 !1 ! 2�)*
 ù �h chh� jdlhh hgh� hcjml� �mijf m�nkj jlemcpkgmjh� imjhpnlehf � �dh �lfj ef jdmj jdh e�h��n�
jhcj in��ghjenc n� m jlemcpkgmjh� imjhpnl� ef mpmec m jlemcpkgmjh� imjhpnl� ��nl m �lnn� w fhh y�µ� s{� � �lejh34 �nl jdh e�h��njhcj in��ghjenc n� 4 h¹k e�� h� | ejd ejf imcnceimg fjlkijklh n� m jlemcpkgmjh� imjhpnl��
�h �h�ch ñ�� �4 � ¨ �� � 34 � � �dh fhinc� �mij |h chh� ef jdmj �nl m f� mgg jlemcpkgmjh� imjhpnl� 4 w jdh
�kcijnl � � fhjf k� m nch�jn�nch inllhf�nc�hcih � hj|hhc jdh fhj n� �hcfh jlemcpkgmjh� fk� imjhpnlehf n� 4
|ejd jdh fhj n� fk�plnk�f n� � � �4 � �fhh y�dntu{� � ôhimgg jdmj m fk� imjhpnl� n� 4 ef �hcfh e� ej ef in�cmg
mc� ignfh� kc�hl efn�nl�def� f ec 4 � �dh jdel� �mij ef jdmj mc h�mij fh¹khcih n� jlemcpkgmjh� imjhpnlehf
¶ � º � î ec�kihf mc h�mij fh¹khcih ñ��¶ � ñ�� �º � � ñ�� �î � n� m� hgemc plnk�f � �def �nggn| f �ln�
yµ��z w q bbb ì �s{ mc� jdh ec� hijenc �� �4 � � �� � 34 � ��mij ® m�nrh� � bc phchlmg w jdh �lfj � m� n� jdh
h�mij fh¹khcih ef cnj ec� hijerh w cnl ef jdh fhinc� � m� fkl� hijerh � �dh �lfj �mlj n� jdh �m�hl m��lhffhf
jdh ¹khfjenc n� dn| jn h�jhc� jdh fh¹khcih jn jdh lepdj � � erhc jdh m�nrh jdlhh �mijf w jdh lhfj n� jdh
�h�cejenc n� jdh �kcijnlf ñ� ¦ w © ª � w mc� jdh h�jhcfenc n� jdh h�mij fh¹khcih jn jdh lepdj mlh hgh�hcjml��

 !5 ! 6 ú*780 ù �dh fhj�k� �nl jdef fhijenc ef m imjhpnl� í mc� m �kcijnl ³ } í � � � omgg m fh¹khcih ec
í h�mij e� ej � hin�hf h�mij m�jhl m��g�ecp ³ � � nlhnrhl w | lejh ñ� � �9 � ¨ ñ� � �³9 � �nl 9 mc n�� hij n�
í � �h fk��nfh jdmj jdhlh mlh j|n hc�n�kcijnlf � ­� } í � í mc� cmjklmg jlmcf�nl� mjencf ©¬ � � � �
fkid jdmj

: � w � �lhfhlrh h�mij fh¹khcihf ec í w
: ñ�� �� ; � ¨ � �nl hrhl� n�� hij 9 n� í mc�
: 9 � �9 � �9 ef h�mij �nl mc� n�� hij 9 n� í �

�dh �kcijnl � ef imggh� fkf� hcfenc w mc� � fjmc�f �nl �÷mf¹kh~ �
b�hmgg�w |h |nkg� ge�h jn jm�h í ¨ � mc� ³ ¨ ©¬ w �kj |h �nc ¤j �cn| dn| jn incfjlkij jdh �kcijnlf �

mc� � ec jdef imfh � bcfjhm� w |h | egg fhh ec fhijenc v jdmj |h imc jm�h í jn �h jdh imjhpnl� n� �ln�hcekf
�melf mc� ³ jn �h jdh �kcijnl jdmj mffn iemjhf jn m �ln�hcek f �mel ejf �hlerh� imjhpnl�� �dhc jdh �kcijnlf� mc� � n� jdh fhj�k� �n h� efj � � nlhnrhl w jdhlh mlh �kcijnlf �ln� jdh imjhpnl� n� lecpf �fidh� hf w f� mgg
h�mij imjhpnlehf w in��geiemg � e�mg�dmkfhc imjhpnlehf y��t�{� jn jdh imjhpnl� n� �ln� hcekf �melf fkid
jdmj ³ inllhf�nc�f jn jdh �nkc�h� �hlerh� imjhpnl� n� �c ejhg� phchlmjh� �ln� hijerh §��n�kghf �nl m lecp
§ ��nkc�h� �hlerh� imjhpnl� n� gn imgg� �lhh fdhmrhf n� <= �� n�kghf �nl � m fidh� h w jdh �nkc�h� �hlerh�
imjhpnl� n� mc h�mij imjhpnl�w jdh �hlerh� imjhpnl� n� m in��geiemg � e�mg�dmkfhc imjhpnl�w lhf� hijerhg� � �
�def ef � m�h �lhiefh ec fhijenc z � �dh �nggn| ecp �h�cejenc | egg �ehg� m �h�cejenc n� gn|hl mgph�lmei
� �plnk�f ec jdhfh imfhf �

 !> � "#$%&%'$ ! ±hj 9 �h mc n�� hij n� í � �h �h�ch ejf chpmjerh ñ� �plnk�f ��
ñ� ·? �9 � ¨ ñ�� �� ?9 � ­ @ � A ¢

 !B ! CD ú )+--ú)*ø-� D +E +E+F0 D ø
E ù ±hj ¶ � º � î �h mc h�mij fh¹khcih ec í � b�h��njhcj in� �
� ghjenc ec � �lhfhlrhf h�mij fh¹khcihf n� jlemcpkgmjh� imjhpnlehf � bj �nggn| f �ln� jdh mffk��jencf n� jdh
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fhj�k� �s�ì� jdmj jdhlh ef m cmjklmg �emplm� n� e�h��njhcj in��ghjh jlemcpkgmjh� imjhpnlehf
H³¶

¦ IJ
¦K

LM
H³º

¦N
LM

O IJ P
³î

¦Q
LM³� ¶

¦R IJ
OK LM

³� º
ONLM

O R IJ ³� î
OQLMS³� ¶ ¦T IJ U

³� º OT
IJ U
³� î

| ejd h�mij ln| f mc� ingk�cf � �dh imjhpnlehf ³�9 mlh e�h��njhcj in��ghjh �nl 9 ec í �himkfh jdh
� m� ³�9 � S³�9 ef mc h¹kermghcih n� imjhpnlehf � �def �nggn| f �ln� �mij ® ec s�® mc� � � �S³�9 � ¨ � �
�n fe��ge�� cnjmjenc |h mffk�h jdmj m fk� imjhpnl� ef ignfh� kc�hl efn�nl�def� f ec ejf m��ehcj imjhpnl��

�h �h�ch m �m� V } ñ� � �î � � ñ� ·¸ �¶ � ¨ ñ�� ��¶ � mf �nggn| f � � elfj w �h�ch V } ��
P
³î � ñ�� �� ¶�� ±hj� �h mc n�� hij n�

P
³î � µecih W X ef m gn imge�mjenc �hffhcjemg fkl� hijerej� nc n�� hijf �nggn| f �ln� ñ��� ¨ �

mc� s�®� w jdhlh ef mc n�� hij Y n� ³� º fkid jdmj W X �Y � Z̈ ©[ ��� � omgikgmjecp W \W ] �Y � Z̈ W [ ��� ¨ � w |h
fhh jdmj W ] �Y � � S³� ¶ w mc� |h fhj V ��� ¨ yW ] �Y �{ � ñ� � ��¶ ��

±hj Y ^ �h mcnjdhl n�� hij n� ³� º fkid jdmj W X �Y ^ � Z̈ ©[ ��� � �dhc jdhlh mlh � m�f _ } Y � Y ^^ w _ ^ }Y ^ � Y ^^ |ejd inchf ` w `^ ec ³� ¶ |dnfh igmffhf y` { w yY { ec ñ� � �� ¶��¨ � w fhh s�ì� w mc� dhcih ec ñ� � ��¶� w
mlh jler emg � bj �nggn| f jdmj yW ] �Y �{ ¨ yW ] �Y ^^ �{ « yW a �` �{ ¨ yW ] �Y ^^ �{ ¨ yW ] �Y ^^ �{ « yW a �`^ �{ ¨ yW ] �Y ^ �{ ec
ñ� � ��¶� � £hcih V �ehg�f m |hgg �h�ch� �m� �ln� n�� hijf n�

P
³î jn ñ�� ��¶ �� �dh mlpk� hcj mgfn fdn| f jdmjV ef |hgg��h�ch� nc efn�nl�def� igmffhf n� n�� hijf n�

P
³î � �erhc m �efjecpkefdh� jlemcpgh � � �^ � �^^ � b�

ec
P
³î w ej ef efn�nl�dei jn jdh e� mph kc�hl W X n� m �efjecpkefdh� jlemcpgh Y � Y ^ � Y ^^ � bY ec ³� º �

bjf e� mph kc�hl W ] �ehg�f mc h�mij jlemcpgh ec S³�¶ perecp lefh jn jdh lhgmjenc V ��� « V ��^ � c V ��^^ � ec
ñ�� ��¶� � ���g�ecp jdh m�nrh mlpk� hcj jn jdh ©�jd fkf� hcfenc w |h dmrh jdh �nggn| ecp �

 !d e"ffg ! CD ú E�0 V �ú
)Føhú� ø- i ùj k øú.�
 � l ú. . �ú, -ú� E �0 V } ñ� ¦ �î � � ñ� ¦·¸ �¶ � +m �hú.ø�-
� F+80 
û © ï � ù n
 !o �p"'q"f ! rú* ¶ � º � î hú � 
D +F* ú( �)* 
ús8ú-)ú ø- í ù CD ú- *D ú 
ús8ú-)ú +m �hú.ø�- � F+80 


ð ð ð � ñ� ¦ �¶ � � ñ� ¦ �º � � ñ� ¦ �î � ò� ñ� ¦·¸ �¶ � � ñ� ¦·¸ �º � � ñ� ¦·¸ �î � � ð ð ð
ø
 ú( �)*û © ï � ù
t F++m ù �h ncg� chh� jn fdn| jdh imfh © ¨ � � �dh phchlmg imfh �nggn| f �� m��g�ecp jdh imfh © ¨ � jn jdh
©�jd fkf� hcfenc n� jdh perhc h�mij fh¹khcih ec í � ��mijchff mj ñ� � �º � ef igmffeimg �s�®� �

�h fdn| h�mijchff mj ñ� � �î � � on��nfejenc ñ�� �º � � ñ�� �î � � ñ�� �� ¶� ef �hln � himkfh W ] ©] �u� ¨
� �nl u � H³º � ±hj � � P

³î |ejd V ��� ¨ yW ] �Y �{ ¨ � ec ñ�� �� ¶� �nl fn� h n�� hij Y n� ³� º |ejdW X �Y � Z̈ ©[ ��� � µecih jdh e� mph n� W a ef m jlemcpkgmjh� imjhpnl� h¹kermghcj jn jdh �k gg jlemcpkgmjh�
fk� imjhpnl� n� S³�¶ nc n�� hijf | ejd jleremg igmff ec ñ�� �� ¶� �s�®� w jdhlh ef mc n�� hij ` n� ³� ¶ fkid
jdmj W a �` � Z̈ W ] �Y � � �dhc jdhlh mlh ³� º �� m�f Y � Y ^ w ` � Y ^ |ejd inchf u w u^ ec H³º � bj �nggn| f
jdmj W X Y ^ Z̈ W �u^� w mc� fn jdhlh ef m �efjecpkefdh� jlemcpgh � � W �u^� � W �u� � b� ec

P
³î � £hcih

y�{ ¨ W �yu^ { « yu{� ec ñ� � �î � w fn y�{ ef ec jdh e� mph n� ñ� � �º � � ñ�� �î � �
�h cn| fdn| h�mijchff mj ñ� ·¸ �¶ � ¨ ñ�� �� ¶� � �dh in��nfejenc ñ�� �î � � ñ� � ��¶� � ñ�� �� º �

ef �hln w fecih ej �mijnlf jdlnkpd ñ�� �� º �w mc� ñ�� �� º � ¨ � � ±hj ` �h mc n�� hij n� S³�¶ |dnfh igmff
ec ñ�� �� º � ef jler emg � bj �nggn| f jdmj jdhlh ef mc n�� hij Y ec ³� º fkid jdmj W ] �Y � Z̈ ` � � f |h dmrhW [W X �Y � Z̈ W \ �` � ¨ � w jdh n�� hij W X �Y � gehf ec

P
³î w mc� �� �h�cejenc |h dmrh V �W X �Y �� ¨ y` { � n

 !v �'q'wwgqx! rú* y } ` � Y hú � E �0 ø- í 
8)D *D �* ³ �y � ø
 )+, -�.û úù� ù �- ús8 ø	�.ú-)ú +m )�*ú� +Føú
 ùCD ú- ñ� ¦ �y � } ñ� ¦ �` � � ñ� ¦ �Y � ø
 �- ø
+E +F0 D ø
E m +F © ï � ù
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t F++m ù �def �nggn| f �ln� s�u m��geh� jn jdh h�mij fh¹khcih � � ` � Y �

 !{ | úE�F} ù ñ� ·¸ �
 +h
*F8)*ø+- � F+80 ù ±hj ; �h mc n�� hij n� í � �dhc ñ� ·¸ �; � ¨ � e� mc� ncg� e�
�nl mgg h�mij fh¹khcihf ; � ~ � � ec í jdh qhl�ehl ¹knjehcj H³~ » H³; ef e�h��njhcj in��ghjh �

b� ñ� ·¸ �; � ¨ � w jdhc ñ� � �~ � � ñ�� �� � ef fkl� hijerh |deid e��gehf jdmj H³~ » H³; � H³ � ef mc
h¹kermghcih �� �dn� mfnc ¤f igmffe� imjenc n� �hcfh fk� imjhpnlehf � �dkf H³~ » H³; ef e�h��njhcj in��ghjh �
�nl jdh njdhl �elhijenc w |h dmrh ec �mljeikgml ³� ; ¨ S³� ; » H³; e�h��njhcj in��ghjh � �dkf � ¨
ñ�� �� ; � � ñ� � �� ; � ¨ ñ� ·¸ �; � ef fkl� hijerh �

® � ��`]���`[�� ��Z�\�[�^ [\a�Z�_��[�^ `�[��]\a��
1 ! � "#$%&%'$ �in��mlh yóhht®{� ! ±hj 4 �h m jlemcpkgmjh� imjhpnl� | ejd inkcjm�gh in�ln�kijf � �h
imgg mc n�� hij � n� 4 � 7)+E0�)* �fdnlj �nl �inkcjm� g� in��mij~� e� jdh �kcijnl dn� �� ­ � } 4 � ¯«� n�
in��kjhf | ejd inkcjm�gh in�ln�kijf � 
hcnjh �� 4 � jdh �kgg fk� imjhpnl� n� ��in��mij n�� hijf � oghmlg�w
ej ef m jlemcpk gmjh� imjhpnl�� bj ef e�h��njhcj in��ghjh � himkfh m �elhij �mijnl n� m ��in��mij n�� hij ef��in��mij mc� 4 ef e�h��njhcj in��ghjh mf ej dmf inkcjm�gh in�ln�kijf y�ótì w ì �®{ �

1 !1 ! � +E +*+0 k )+.øE ø*
 ù ôhimgg �ln� yóhht®{ jdh �h�cejenc n� dn�njn�� inge� ejf ec jlemcpkgmjh� imjh�
pnlehf � ±hj 4 �h m jlemcpkgmjh� imjhpnl� | ejd inkcjm�gh in�ln�kijf � � erhc m fh¹khcih ` � � ` ¸ � ð ð ð
n� n�� hijf ec 4 ec�h�h� nrhl jdh �nfejerh ecjhphlf w �dh D +E +*+0 k )+.øE ø* n� jd ef fh¹khcih ef �� �h�cejenc
jdh jd el� n�� hij ec jdh �efjecpkefdh� jlemcpgh
�® �ì� � ¦` ¦ ¸·�� ���IJ � ¦` ¦ IJ dn inge� ¦` ¦ IJ � ¦` ¦ ys{ ¢
b� ` ef m ��in��mij n�� hij w jdhc dn� � �` ­ � m��geh� jn jdh �efjecpkefdh� jlemcpgh �ehg�f m gncp h�mij
fh¹khcih n� m� hgemc plnk�f � �def fh¹khcih �hin��nfhf ecjn fdnlj h�mij fh¹khcih perecp lefh jn jdh
efn�nl�def�
�® �v� inge� ¦ dn� � �` ­` ¦ � �«� dn� � �` ­ dn inge� ¦` ¦ � ¢

1 !B � "#$%&%'$ ! � jlemcpkgmjh� imjhpnl� 4 |ejd inkcjm�gh in�ln�kijf ef imggh� � 7)+E0�)*.k � ú-úF�*ú� e�
jdhlh ef m fhj � n� ��in��mij n�� hijf fkid jdmj hrhl� n�� hij ec 4 ef jdh dn�njn�� inge� ej n� m �inkcjm�gh�
fh¹khcih n� n�� hijf ec ª � � � £ hlh ª � � �hcnjhf jdh f�mgghfj jlemcpkgmjh� fk�imjhpnl� n� 4 |deid ef
ignfh� kc�hl efn�nl�def� f ec 4 mc� |deid incjmecf � � �h imgg � m phchlmjecp fhj �n� ��in��mij n�� hijf�
�nl 4 �

1 !d e"ffg ! rú* 4 hú � � 7)+E0�)*.k � ú- úF�*ú� *Fø�-�8.�*ú� )�*ú� +Fk l ø*D � ú-úF�*ø-� 
ú* � +m � 7)+E0�)*+h� ú)*
û *D ú- *D ú )�*ú� +Fk 4 � ø
 *D ú 
E �. .ú
* ø�úE0+*ú-* )+E0 .ú*ú *Fø�-�8.�*ú� 
8h)�*ú� +Fk +m 4 lD ø)D ø
).+
ú� 8-�úF ø
+E +F0 D ø
E 
 �-� lD ø)D )+-*�ø-
 � ù
t F++m ù �h �cn| jdmj 4 � ef e�h��njhcj in��ghjh �® �s� � ±hj � � 4 �h ��in��mij � �lejh � mf dn inge� ¦� ¦
| ejd � ¦ �ª � � � bj �n ggn| f �ln� ® �v jdmj jdh e�hcjej� � m� nc � �mijnlf jdlnkpd fn�h � ¦ � �dkf � ef m
�elhij �mijnl n� � ¦ � n
1 !o �'q'wwgqx! rú* � � 4 hú � *Fø�-� .ú m 8-)*+F hú*l úú- � 7)+E0 �)*.k � ú- úF�*ú� *Fø�-�8.�*ú� )�*ú� +Føú
lD ø)D 0 Fú
úF	ú
 )+8-*�h.ú )+0 F+�8)*
 �-� � 7)+E0 �)* +h� ú)*
 ù CD ú- � � 4 ø
 m 8 . .k m �ø*Dm 8 . øm �-� +- .k øm� � � 4 � ø
 ù � * ø
 �- ús8 ø	�.ú-)ú øm �-� +- .k øm � � � 4 � ø
 ù � * ø
 *Fø	 ø�.û øùúùû ú	úFk +h� ú)* ø
 
ú-* *+ *D ú
� úF+ +h� ú)*û øm �-� +- .k øm � � � 4 � ø
 *Fø	 ø�.ù
t F++m ù �dh jlemcpgh �kcijnl � � 4 �lhfhlrhf inkcjm�gh in�ln�kijf w mc� dhcih dn�njn�� inge� ejf � � erhc
j|n n�� hijf � w � n� � w | lejh jdh� mf dn�njn�� inge� ejf n� ��in��mij n�� hijf � ¨ dninge� ¦` ¦ w � ¨
dninge� � Y� � ���g�ecp dn� � ­ � � jn �® �ì� �ehg�f gncp h�mij fh¹khcihf n� dn�n�nl�def� plnk�f �® �v�
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�® �¥�

ð ð ð «� � ¦ inge� � dn� �` ¦ ys{ ­Y� � «� � ¦ inge� � dn� �` ¦ ys{ ­Y� � «�

«� � ¦ in ge� � dn� �` ¦ ­Y� � «� ð ð ð

dn� �� ­ � �

� ¦ in ge� � dn� �` ¦ ­Y� ���
�dh �kcijnl � � 4 ec�kihf m �m� �ln� �® �¥� �nl dn�n�nl�def� plnk�f ec � jn �® �¥� �nl dn�n�nl�def�
plnk�f ec 4 � �� jdh z�gh��m w e� � � � 4 � ef �k gg� �mejd�kg w jdhc fn ef � � 4 �

b� � � � 4 � ef mc h¹kermghcih w ej ef �k gg� �mejd�kg w fn �� jdh m�nrh mlpk� hcj w � � 4 ef �k gg� �mejd�kg � bj
ef hffhcjemgg� fkl� hijerh � himkfh hrhl� n�� hij n� 4 ef m dn�njn�� inge� ej n� ��in��mij n�� hijf �

b� � � � 4 � ef jler emg w ej fhc�f mgg � m�f jn �hln � ±hj � ¨ dninge� ¦` ¦ � h mc n�� hij n� � |lejjhc mf m
dn�njn�� inge� ej n� n�� hijf ec � � � �dh h�mij fh¹khcih �® �¥� �nl dn�n�nl�def� plnk�f ec 4 mc� � ¨ �
fdn| f jdmj dn� � �� ­� � ¨ � � �dkf � ¨ � ec 4 �

�dh njdhl e��geimjencf mlh jler emg � n
�dh �nggn| ecp ef m rmlemcj w fkejm�gh �nl nkl m��geimjencf w n� m jdhnlh� n� óhh� mc yóhht®{ �

1 !{ �p"'q"f ! rú* 4 hú � � 7)+E0�)*.k � ú-úF�*ú� *Fø�-�8.�*ú� )�*ú� +Fk ù rú* � � 4 hú � � 7)+E0�)*.k� ú-úF�*ú� m 8. . *Fø�-�8.�*ú� 
8h)�*ú� +Fk ).+
ú� 8-�úF )+8-*�h.ú )+0 F+�8)*
 
8)D *D �* � � � 4 � ù CD ú-4 � 4 »� 0 Fú
úF	ú
 )+8-*�h.ú )+0 F+�8)*
û �-� 4 »� ø
 � 7)+E0�)*.k � ú- úF�*ú� hk *D ú øE�� ú +m 4 � ø-4 »� ù �+Fú+	úFû � � � 4 � � �4 »� ��
ø
 �- ú( �)* 
ús8ú-)ú +m *Fø�-�8.�*ú� )�*ú� +Føú
 ù
t F++m ù �dh �kcijnl 4 � 4 »� �lhfhlrhf inkcjm� gh in�ln�kijf �mc� jdkf dn�njn�� inge� ejf� � himkfh� � 4 ef ignfh� kc�hl inkcjm� gh in�ln�kijf � bc �hjmeg w jdh fhj n� � m�f ec 4 |ejd inch ec � fmjef�hf m
imgikgkf n� �lmijencf � �def e��gehf jdmj �nl mc� �m� � � � ¦ � ¦ ec 4 |ejd inch ec � w jdhlh mlh � m�f� ¦ } � ¦ � � ¦ | ejd inch ec � mc� � m�f � ¦ � � fkid jdmj jdh in��nfejenc � ¦ � � � � � ¦ � ¦ h¹kmgf� ¦ � ¦ � µecih � ef ignfh� kc�hl inkcjm� gh in�ln�kijf w mc� inkcjm�gh in�ln �kijf n� �efjecpkefdh� jlemcpghf
mlh �efjecpkefdh� y�hgtö w ¥ �v{ w jdh inch n� � ¦ � ¦ ef ec � � �� jdh imgik gkf n� �lmijencf w jdef �lnrhf jdh
�lhfhlrmjenc n� inkcjm�gh in�ln �kijf �

óh�j w |h fdn| jdmj jdh imcnceimg �kcijnl 4 �»� � � 4 »� ef �k gg� �mejd�kg � ±hj � � ` �h m �m�
ec 4 |ejd inch w fm� § w ec � � µk��nfh jdmj ` ef ec 4 � � � f § ¨ dninge� ¦§ ¦ | ejd § ¦ � � � �® �z�
mc� ` ef ��in��mij w jdh � m� ` � § �mijnlf nrhl fn�h § ¦ � § � odnnfh m �efjecpkefdh� jlemcpghY � ` � §¦ � Y ys{ ec 4 � � �dh � m� Y � ` �mijnlf jdlnkpd � � ` mc� dmf inch ec � � � �def e��gehf
�k gg� �mejd�kgchff �

�h fdn| jdmj 4 � 4 »� �lhfhlrhf ��in��mij n�� hijf � ±hj ` � � ¦ � ¦ � h m �m� ec 4 »� |ejd ` � 4 � �
ô h�lhfhcj ej �� m �lmijenc perhc �� jdh 4 �� m�f � � ` |ejd inch ec � mc� � � � ¦ � ¦ � �� jdh �lhrenkf
�mlmplm�d w jdhlh ef m 4 �� m� Y � � |ejd inch ec � mc� Y ec 4 � � �dh 4 �� m� Y � � ¦ � ¦ �mijnlf
jdlnkpd m �cejh fk� mc� fn jdh 4 »� �� m� ` � � ¦ � ¦ �mijnlf jdlnkpd jdef �c ejh fk� �

�dh �kcijnl 4 � 4 »� �lhfhlrhf dn�njn�� inge� ejf � µecih 4 � phchlmjhf 4 w ejf e� mph ec 4 »� phchlmjhf4 »� � �dh h�mijchff n� jdh fh¹khcih n� ��in��mij n�� hijf �nggn| f �ln� �kgg� �mejd�k gchff �lnrh� ec jdh
fhinc� �mlmplm�d mc� �ln� ® �ö � n
1! � �'q'wwgqx! rú* � � � � 4 hú � 
ús8ú-)ú +m � 7)+E0 �)*.k � ú-úF�*ú� *Fø�-�8.�*ú� )�*ú� +Føú
û0 Fú
úF	ø-� )+8-*�h.ú )+0 F+�8)*
 �-� � 7)+E0�)* +h� ú)*
 ù CD ú- � � � � 4 ø
 �- ú( �)* 
ús8ú-)ú øm �-�+-.k øm � � � � � � 4 � ø
 ù
t F++m ù �� ® �t w h�mijchff n� � � � � 4 e� �gehf h�mijchff n� � � � � � � 4 � �

b� � � � � � � 4 � ef h�mij w jdhc � � � ef �k gg� �mejd�kg w mc� jdh in��nfejenc � � � � 4 ef
jler emg �® �u� � �dh rhl�ehl ¹knjehcj � »� dmf inkcjm�gh in�ln�kijf mc� ef ��in��mijg� phchlmjh� �� � �
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�® �t� � bj �n ggn| f jdmj � »� � 4 �lhfhlrhf inkcjm�gh in�ln�kijf mc� ��in��mij n�� hijf � �� jdh h�mijchff
mffk��jenc mc� ® �ö w jdh �kcijnl �� »� �� � 4 � ef mc h¹k ermghcih � �dkf � »� � 4 ef mc h¹kermghcih �® �u� �n
1!  e"ffg ! �- *D ú 
 ø*8�*ø+- +m CD ú+FúE � ù�û l ú D �	ú �- ú( �)* 
ús8ú-)ú +m *Fø�-�8.�*ú� )�*ú� +Føú


� »� � � 4 »4 � � �4 »� �» �4 »� �� ¢

t F++m ù �� jdh kcerhlfmg �ln� hlj� n� qhl�ehl ¹knjehcjf ej ef ighml jdmj jdh gmfj imjhpnl� ef jdh qhl�ehl
¹knjehcj n� 4 »4 � �� jdh �kgg jlemcpkgmjh� fk� imjhpnl� phchlmjh� �� jdh e� mph n� � »� � � 4 »4 � � µn |h
ncg� dmrh jn fdn| �kgg� �mejd�kgchff n� jdh �lfj �kcijnl � � erhc m 4 �� m� § � � |ejd inch ec 4 � mc� §
ec � w idnnfh m �efjecpkefdh� jlemcpgh ` � § � � � ` ys{ ec 4 � �dhc ` ef ec 4 � � �lejh § mf  ¡�¡¢©£ ¦§ ¦
| ejd § ¦ ec � � �® �z� � µecih � � 4 �lhfhlrhf inkcjm�gh in�ln �kijf w mc� dhcih dn�njn�� inge� ejf w mc�
fecih ` ef ��in��mij w jdh � m� ` � § �mijnlf jdlnkpd fn� h § ¦ � § � odnnfh m �efjecpkefdh� jlemcpgh
§ ¦ � § � � � §¦ ys{ ec � � �dhc jdh � m� § � � �mijnlf jdlnkpd � � � mc� § � � dmf inch ec � � �
�d ef ef hcnkpd jn �lnrh �kgg� �mejd�kgchff � n
1 ! 1 ¤8ú
*ø+- ù � erhc m f� mgg jlemcpkgmjh� imjhpnl� ¶ w ef jdhlh m �kgg� �mejd�kg jlemcpgh h��h��ecp
n� ¶ ecjn m ��in��mijg� phchlmjh� jlemcpkgmjh� imjhpnl� 4 fkid jdmj ¶ incfjejkjhf m fhj n� ��in��mij
phchlmjnlf �nl 4 ¥

ì � ¦\]§�Za_� �� a\�
5 ! ! ¨( �)* )�*ú� +Føú
 ù ôhimgg jdmj mc ú( �)* )�*ú� +Fk ef mc m��ejerh imjhpnl� h¹ke�� h� | ejd m igmff n�
fdnlj h�mij fh¹khcihf fmjef�� ecp jdh m� en� f ������®©ª n� y�hgtö w v{ � �dhfh m� en� f mlh h¹kermghcj jn
xkegghc ¤f nlepecmg m� en� f ec yxkeuì{ �i� � y� hgt� w m��hc�e�{� � bc y�hgtö w v{ m�� effe�gh � ncn�nl�def� f
mlh imggh� ec÷mjencf w m�� effe�gh h� e� nl�def� f �h÷mjencf mc� fdnlj h�mij fh¹khcihf inc÷mjencf � �h | egg
m�n�j jdef jhl� ecngnp��

5 !1 ! CD ú úEhú��ø-� ² � ±h�² ù ±hj ² � h m f� mgg h�mij imjhpnl� mc� ghj ±h�² �h jdh imjhpnl� n� gh�j
h�mij m��ejerh �kcijnlf �ln� ² «O jn ª ¬u � w jdh imjhpnl� n� m� hgemc plnk�f � �h e�hcje�� ² | ejd jdh
lh�lhfhcjm�gh �kcijnlf rem jdh �nch�m h��h��ecp � �dh imjhpnl� ±h�² ef m �lnjdhc�ehi� m�hgemc imjhpnl�
| ejd phchlmjecp fhj ² � �dh �nch�m h��h��ecp ² � ±h�² ef h�mij w lh÷hijf inc÷mjencf w mc� ef ignfh�
kc�hl h�jhcfencf �

b� ² ef e�h��njhcj in��ghjh w jdhc jdh ecigkfenc ² � ±h�² ef mgfn ignfh� kc�hl �hlchgf n� fkl� hijencf �
bc �mljeikgml w e� y ­ ® ef m �h÷mjenc ec ² jdhc fn ef y �

�nl �hjmegf |h lh�hl jdh lhm�hl jn y�hgt� w ���hc�e� �{ w y��t� w ���hc�e� �{ �

5 !5 ! 2F+hú- ø8
 )�*ú� +Føú
 ù � 2F+hú- ø8
 )�*ú� +Fk y�hgtö{ w y£ m�¥u{ ef mc h�mij imjhpnl� ² |deid dmf hcnkpd
�ln� hijerh mc� ec� hijerh n�� hijf w mc� ec |deid �ln� hijerhf mc� ec� hijerhf inecie�h � �h |lejh ² ��lec� �nl jdh
�k gg fk� imjhpnl� n� �ln� hijerh�ec� hijerh n�� hijf n� m �ln�hcekf imjhpnl� ² � � E�0 +m 2F+hú- ø8
 )�*ú� +Føú

ef mc h�mij �kcijnl �lhfhlrecp �ln� hijerh�ec� hijerh n�� hijf � � erhc m �ln�hcekf imjhpnl� ² w ejf fjm�gh
imjhpnl� ² dmf jdh fm� h n�� hijf mf ² � � nl�def� f mlh �nl�def� f ec ² �n�kgn jdnfh |deid �mijnl jdlnkpd
mc ec� hijerh��ln� hijerh n�� hij � �dh fjm�gh imjhpnl� ef m jlemcpkgmjh� imjhpnl� y£m�¥u{ � bjf incfjlkijenc
ef �kcijnlemg �nl � m�f n� �ln� hc ekf imjhpnlehf �

5 !> � "#$%&%'$ ! � 2F+hú- ø8
 0 �øF ¯ ¨ �¶ ­ ¶� � ef m �kgg� �mejd�kg ec igkfenc ¶� � ¶ n� f�mgg �ln� hcekf
imjhpnlehf � ôhimgg �ì �ì� jdmj �� �h�cejenc ¶ � «�lec� � ¶ «�lec� � � � m� n� �ln�hcekf �melf �¶ ­ ¶� � �
�º ­ º� � ef m � m� n� �ln�hcekf imjhpnlehf ¶ � º fkid jdmj ¶� ef � m��h� ecjn º� �

� erhc m f� mgg �ln� hcekf imjhpnl� ¶ w |h |lejh ¶ �nl jdh �ln�hcekf �mel �¶ ­ ¶ «�lec� � �
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5 !B � "#$%&%'$ ! b� ¯ ¨ �¶ ­ ¶ � � ef m �ln�hcekf �mel w jdhc jdh �m� ¶� � ¶ n� f� mgg jlemcpkgmjh�
imjhpnlehf ef �k gg� �mejd�kg � �def ef � himkfh mc� � m� jn mc ec� hijerh n�� hij �mijnlf nrhl mc� idnfhc
ec÷mjenc ecjn mc ec� hijerh n�� hij � �h �h�ch jdh �úFø	ú� )�*ú� +Fk ³¯ ¨ ³ �¶ ­ ¶� � n� jdh �ln�hcekf �mel¯ jn � h jdh jdh qhl�ehl ¹knjehcj yqhltö w bb ®{

³¯ ¨ ¶»` � ¢
� � m� n� �ln�hc ekf �melf ec�kihf m � m� n� �hlerh� imjhpnlehf �� �mffecp jn fjm�gh imjhpnlehf mc� qhl�ehl
¹knjehcjf �

�h lh�hl jdh lhm�hl jn fhijenc z �nl h�m��ghf n� �ln� hcekf �melf mc� jdhel �hlerh� imjhpnlehf �

v � ±�� �_Z`[]\� � �Z^ �
> ! ! ²+8-*�h.ú ú-	ú.+0 ú
 ù ±hj ² � h m f� mgg h�mij imjhpnl�� �h |lejh � ² �nl jdh inkcjm� gh hcrhgn� h
n� ² y�hgt� w ���hc�e� �{ ��hcnjh� �� ² � ec .+)ù)ø*� � �h lhreh| �h�cejencf mc� �mfei �ln� hljehf �ln�.+)ù)ø*� �dh imjhpnl� � ² ef mc h�mij imjhpnl� |dnfh n�� hijf mlh fh¹khcihf ` � ³� ` ¸ ³� ` Þ ³� ¢¢¢ n�
ec÷mjencf ec ² � �dh �nl�def� fhj �ln� m fh¹khcih ` jn Y ef ge� ¦ inge� � dn� ´ �` ¦ ­Y� � � �dh �kcijnl
inge� } � ² � ±h�² |deid fhc�f m fh¹khcih ` jn inge� ¦` ¦ ef �k gg� �mejd�kg mc� h�jhcfenc ignfh� mc� jdkf
ec�kihf mc h�mij fjlkijklh nc � ² �y�hgtö w ss�u w s® �s{� � � fh¹khcih ec � ² ef m inc÷mjenc e� mc� ncg� e�
ej ef efn�nl�dei jn �m�f n� fh¹khcihf ` � Y � µ |ejd ` ¦ � Y ¦ � µ ¦ m inc÷mjenc ec ² � �dhlh�nlh w
jdh h�mij fjlkijklh �nhf cnj �h�hc� nc jdh h��h��ecp ² � ±h�² mc� � �h�chf m �kcijnl �ln� h�mij
imjhpnlehf jn h�mij imjhpnlehf �

onge� ejf n� fh¹khcihf n� ec÷mjencf ec � ² h� efj ec � ² mc� mlh h�mij � bc �mljeikgml w � ² dmf h�mij w
inkcjm�gh in�ln�kijf �

�dh �nch�m h��h��ecp ² � ±h�² �mijnlf jdlnkpd � ² mc� �h�chf mc h�mij �kcijnl ² � � ² |deid
fhc�f mc n�� hij ¶ � ² jn jdh incfjmcj fh¹khcih ¶ ¦·� ¶ ¦·� ¶ ¦·� ð ð ð �

> !1 e"ffg ! CD ú )+8-*�h.ú ú-	ú.+0 ú � ² +m �- ú( �)* )�*ú� +Fk ² ø
 ¸ �
s8úû øùúùû *D úFú ø
 �- ú( �)* m 8-)*+F� } � ² � � ² �-� � -�*8F�. ús8 ø	�.ú-)ú � ¹ ©¬ Z̈ � +m m 8-)*+F
 ù
t F++m ù onkcjm�gh �elhij fk� f h� efj ec � ² mc� mlh h�mij w fn jdh �kcijnl � ² � � ² } ¶ º� �» ¶ mc� jdh
cmjklmg h¹kermghcih ¶ ¹ �» ¶ Z̈ �» ¶ �m�h � ² ecjn m ÷mf¹kh h�mij imjhpnl��� nlh �lhiefhg�w |h �h�ch jdh �kcijnl � mf �nggn| f � �nl ` ¨ �` � ³� ` ¸ ³� ` Þ ³� ð ð ð � mc n�� hij n� � ² w
|h ghj �` �hcnjh jdh n�� hij �� ³� ` � ³� ` ¸ ³� ` Þ ³� ð ð ð � � oghmlg� ` º� �` ef m �kcijnl w mc� |h dmrh m
cmjklmg efn�nl�def� ` � �` ec�kih� �� jdh � m�f ©¬¼½ � ón| jdh �kcijnl ` º� � ` ¨ � ¦¾� � ¦` �m�hf
fhcfh mc� ef h�mij � �h dmrh cmjklmg efn�nl�def� f ` ¹ � ` Z̈ ` ¹ �� ` ¨ � ` � n
> !5 � "#$%&%'$ �CD ú m 8-)*+F � � ! ±hj ¶ �h m �ln�hcekf imjhpnl�w jdhc ejf inkcjm�gh hcrhgn� h � ¶ ef
mgfn m �ln�hcekf imjhpnl� y�hgt� w m��hc�e� �{ � �dh �ln� hijerh�ec� hijerh n�� hijf mlh jdh �elhij �mijnlf n�
n�� hijf n� � �¶ «�lec� � � oghmlg�w � �h�chf m �kcijnl �ln� �ln�hcek f imjhpnlehf jn �ln�hc ekf imjhpnlehf �

±hj ¯ ¨ �¶ ­ ¶� � � h m �ln�hcekf �mel � �dhc � ¶� � � ¶ ef mc h�mij w �k gg� �mejd�kg � m� n� f� mgg
�ln� hcekf imjhpnlehf � �dkf jdh �n ggn| ecp �mel �h�chf m �ln�hcekf �mel

� ¯ ¨ �� ¶ ­� ¶� � ¢
oghmlg�w � �h�chf m �kcijnl �ln� �ln�hc ekf �melf jn �ln�hcekf �melf �

�dh �kcijnl ¶ � � ¶ �v �s� ec�kihf m � m� n� �ln�hcekf �melf ¯ � � ¯ cmjklmg ec ¶ �

> !> ¿q'À 'Á%&%'$ ! rú* ¯ ¨ �¶ ­ ¶� � hú � 2F+hú- ø8
 0 �øF ù CD ú- *D ú E�0 ¯ � � ¯ ø-�8)ú
 � m 8 . .km �ø*Dm 8 . E �0 ³¯ ³� ³� ¯ +m *Fø�-�8.�*ú� )�*ú� +Føú
 ù � +Fú+	úFû ³� ¯ D�
 )+8-*�h.ú )+0 F+�8)*
û �-� ø*
ø
 � 7)+E0�)*.k � ú-úF�*ú� hk ³¯ ù �- 0 �F*ø)8.�Fû *D ú ø-).8
 ø+- ø-�8)ú
 � *Fø�-� .ú ús8 ø	�.ú-)ú Â� ùÃÄ
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t F++m ù �h �lfj �lnrh jdh �ln�nfejenc �nl ¯ ¨ �¶ ­ ¶ «�lec� � m f� mgg �ln� hcekf imjhpnl�� �dh jlemcpgh
�kcijnl ¶ � � ¶ ef �kgg� �mejd�kg �himkfh jdh �kgg� �mejd�kg � m� ¶ � � ¶ �lhfhlrhf �ln� hijerh�ec� hijerh
n�� hijf � µecih � ¶ dmf inkcjm�gh in�ln�kijf w mc� �ln� hijerh�ec� hijerh n�� hijf mlh ignfh� kc�hl inkcjm�gh
in�ln�kijf w � ¶ dmf inkcjm�gh in�ln�kijf mf |hgg � �c� n�� hij ` n� ¶ ef ��in��mij ec � ¶ �himkfh mc�
n�� hij ec ¶ ef in��mij ec � ¶ � ±h�¶ �

±hj inge� ¦` ¦ ¨ �` � ³� ` ¸ ³� ` Þ ³� ð ð ð � � h mc n�� hij n� � ¶ � �dh fdnlj h�mij fh¹khcih
�v �z� � � Å

¦
` ¦ ¸·�����«� Å

¦
` ¦ «� inge� ¦` ¦ � �

ec � ¶ perhf lefh jn m jlemcpgh ec � ¶ � �def e�hcje�hf inge� ¦` ¦ | ejd dn inge� ¦` ¦ ec � ¶ � �dkf � ¶ ef��in��mijg� phchlmjh� �� ¶ �
ón| |h �lnrh jdh phchlmg imfh � ±hj ¯ ¨ �¶ ­ ¶� � � h m �ln�hcek f �mel � �dh �kcijnl � ¶� � � ¶ ef

�k gg� �mejd�kg mc� �lhfhlrhf inkcjm� gh in�ln�kijf � himkfh jdh �m� � ¶� � � ¶ n� �ln�hcek f imjhpnlehf
ef �k gg� �mejd�kg w �lhfhlrhf �ln� hijerh�ec� hijerh n�� hijf mc� inkcjm�gh in�ln�kijf � bj �lhfhlrhf ��in��mij
n�� hijf mf ej fhc�f ¶ � jn ¶ � �dh lhfj �nggn| f �ln� �dhnlh� ® �t � n
> !d | úE�F} ù ±hj ¯ � Æ �h m � m� n� �ln�hcekf �melf � �dhc ³� ¯ � ³� Æ �lhfhlrhf inkcjm�gh
in�ln�kijf fecih � ¶ � � º �nhf � bj �lhfhlrhf ��in��mij n�� hijf � himkfh ej fhc�f ³¯ ecjn ³Æ �

> !o � "#$%&%'$ �CD ú m 8- )*+F � � ! �h �h�ch m �kcijnl � w imggh� 
8
0 ú-
 ø+- w �ln� jdh imjhpnl� n�
�ln� hcekf �melf ecjn ejfhg� mf �n ggn| f � ±hj ¯ ¨ �¶ ­ ¶� � � h m �ln�hc ekf �mel � �� v �v w jdh �kcijnl ³¯ �
³� ¯ ef �k gg� �mejd�kg � ±hj �¯ ¨ �� ¶ ­� �¯ � � h jdh �ln�hcekf �mel | ejd � �¯ jdh �kgg fk� imjhpnl� n� � ¶
n� n�� hijf fhcj jn �hln ec ³� ¯ »³¯ � �dh cmjklmg jlmcf�nl�mjenc ©¬ � � �m�hf � ecjn m �kcijnl �ln�
�ln�hcekf �melf jn ejfhg� � �dh e�hcjej� �kcijnl ©¬ } � ¶ � � ¶ �h�chf m � m� � ¯ � �¯ n� �ln� hcekf
�melf |deid nc �hlerh� imjhpnlehf ef jdh gn imge�mjenc �kcijnl ³� ¯ � ³� ¯ »³¯ ¨ ³�¯ � bc njdhl
|nl�f w jdh fh¹khcih n� �kcijnlf ©¬ � � � � ef h�mij �

�h | egg fdn| jdmj jdh �kcijnlf � mc� � �lhfhlrh h�mij fh¹khcihf �

> !v �p"'q"f ! �m l ú *�} ú í *+ hú *D ú )�*ú� +Fk +m 2F+hú- ø8
 0 �øF
û *D ú- *D ú 
ús8ú-)ú ©¬ � � � � +mm 8-)*+F
 m F+E 2F+hú- ø8
 0 �øF
 *+ 2F+hú- ø8
 0 �øF
 
�*ø
, ú
 *D ú Dk0 +*D ú
 ø
 +m *D ú 
ú*780 Âi ùÇÄ ù
t F++m ù �nl ¯ m �ln�hcek f �mel w jdh fh¹khcih ¯ � � ¯ � � ¯ ef h�mij �� jdh �h�cejenc n� jdh �kcijnlf� mc� � �v �u� � �h dmrh ñ�� �� ¯ � ¨ � �himkfh ³� ¯ dmf inkcjm�gh in�ln �kijf �v �v � � �dh �kcijnl �
�lhfhlrhf h�mij fh¹khcihf ec í �himkfh n� v �v w v �ö mc� ® �s� � bj �nggn| f �ln� ® �ss jdmj jdh �kcijnl � mgfn
�lhfhlrhf h�mij fh¹khcihf ec í � n

z � ÈÉ������ ]� ¦\]§�Za_� �� a\�
B ! � "#$%&%'$ ! ±hj Ê �h m f� mgg jlemcpkgmjh� imjhpnl�� �h fm� jdmj Ê m�� ejf m 2F+hú- ø8
 E +�ú. e�
jdhlh ef m �ln�hcekf �mel ¯ mc� m jlemcpgh h¹kermghcih ³¯ Z̈ Ê �

B !1 ! � +�ú.
 m +F Ê � ³¯ �-� ³¯ »Ê ù ±hj ¯ ¨ �¶ ­ ¶� � � h m �ln�hcekf �mel mc� Ê � ³¯ m �kgg
jlemcpkgmjh� fk�imjhpnl�� ±hj º � ¶ �h jdh �kgg fk� imjhpnl� n� n�� hijf |deid mlh efn�nl�dei ec ³¯ jn
mc n�� hij n� Ê � �dhc º � ¶ ef ignfh� kc�hl h�jhcfencf � 
 higmlecp m fh¹khcih ec º jn �h h�mij e� ej ef
h�mij ec ¶ w perhf º jdh fjlkijklh n� mc h�mij imjhpnl�� µecih º incjmecf mgg �ln� hijerh�ec� hijerh n�� hijf
n� ¶ w mc� fecih º � ¶ ef �nlhnrhl ignfh� kc�hl �hlchgf n� �h÷mjencf mc� in�hlchgf n� ec÷mjencf w º ef
m �ln�hcek f imjhpnl� | ejd º «�lec� ¨ ¶«�lec� � �dhlh�nlh w Æ ¨ �º ­ ¶� � mc� Ë ¨ �¶ ­ º � mlh �ln�hcekf
�melf � �dh ecigkfencf Æ � ¯ � Ë �ehg� m fdnlj h�mij fh¹khcih n� �ln� hcekf �melf |dnfh fh¹khcih n�
�hlerh� imjhpnlehf ef h¹kermghcj jn Ê � ³¯ � ³¯ »Ê � bc �mljeikgml w mc� �kgg jlemcpkgmjh� fk� imjhpnl�
mc� mc� qhl�ehl ¹knjehcj n� ³¯ m�� ejf m �ln�hcekf �n�hg �
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B !5 ! � +�ú.
 m +F ³ �² �û ² �- ú( �)* )�*ú� +Fk ù ±hj ² � h mc h�mij imjhpnl�� ±hj od´ �² � w odÌ �² � w od· �² � w
od �² � � h jdh imjhpnl� n� �nkc�h� w �nkc�h� �hgn| w �nkc�h� m�nrh w kc�nkc�h� idmec in��gh�hf ec ² �
 higmlh m fh¹khcih ` Í � Y Í � µ Í ec od Î ² �Ï � Ðu ­c ­ « ­ ÑÒ� jn � h m inc÷mjenc e� ` ¦ � Y ¦ � µ ¦
ef efn�nl�dei jn jdh f�gej inc÷mjenc ` ¦ � ` ¦ ¹ µ ¦ � µ ¦ �nl mgg © � ¯� �def � m�hf od Î ² ecjn mc
h�mij imjhpnl�� �ch idhi�f jdmj od Î ² ef m �ln�hcekf imjhpnl� |dnfh �ln� hijerh�ec� hijerh n�� hijf mlh jdh
incjlmije� gh idmec in��gh�hf ec od Î ² � bjf fjm�gh imjhpnl� ef jdh kfkmg dn�njn�� imjhpnl� Ó Î �² � n� idmec
in��gh�hf |dhlh � m�f mlh idmec � m�f k� jn idmec dn�njn���

±hj �i Î �² � � od Î �² � � h jdh �kgg fk� imjhpnl� n� idmec in��gh�hf |deid mlh dn�njn�� h¹kermghcj jn
mi�igei idmec in��gh�hf ec ² � ôhimgg jdmj m in��gh� �¶ Í ­ ¬ Í � ef mi�igei e� jdh �eõhlhcjemgf ¬¦ m�� ej
�mijnle�mjencf ¶ ¦ � � ¦Ì ¸ � ¶ ¦Ì ¸ fkid jdmj � ¦ � ¶ ¦ � � ¦Ì ¸ ef m inc÷mjenc ec ² �nl mgg © � ¯� �dh
ecigkfenc �iÎ �² � � od Î �² � ef ignfh� kc�hl h�jhcfencf w �hlchgf n� �h÷mjencf mc� in�hlchgf n� ec÷mjencf w
mc� �i Î �² � incjmecf mgg �ln� hijerh�ec� hijerh n�� hijf � bj �n ggn| f jdmj �pÎ² ¨ �od Î ² ­ �i Î ² � ef m �ln�hcekf
�mel � bjf �hlerh� imjhpnl� ³ �od Î ² ­ � iÎ ² � ef jdh �nkc�h� ��nkc�h� �hgn| w �nkc�h� m�nrh w kc�nkc�h��
�hlerh� imjhpnl� ³ Î �² � n� ² mf �h�ch� ec y�hgtö{ �

B !> � "#$%&%'$ ! �h �h�ch jdh chpmjerh � �plnk�f n� mc h�mij imjhpnl� ² ��
ñ� ¦ �² � ¨ ñ� ¦ �od´ ² ­ �i´ ² � ¢

�h |lejh ñ� ¦ �§ � ¨ ñ� ¦ �§ «�ln� � �nl § m lecp mc� § «�ln� jdh imjhpnl� n� �cejhg� phchlmjh� �ln� hijerh
§ ��n�kghf �

B !B ! ôhimgg y�µ� s{ jdmj e� ² ef e�h��njhcj in��ghjh w jdhc fn ef ³ ´ �² � � bc jdef imfh ñ�� �² � ef jdh kfkmg
� � �² � � b� ² ef cnj e�h��njhcj in��ghjh w jdhc ñ�� �² � ¨ �� � 3² � �

� erhc m fh¹khcih ¶ � º � î n� h�mij imjhpnlehf fkid jdmj ³ ´¶ � ³ ´º � ³ ´î ef h�mij w �dhnlh�
s�u �ehg�f m gncp h�mij fh¹khcih

ñ�� �¶ � � ñ�� �º � � ñ�� �î � � ñ� ·¸ �¶ � � ñ� ·¸ �º � ð ð ð
�nl h�m��gh w ghj § �h m lecp w mc� ghj � � § �h m �kgje�geimjerh fhj n� ihcjlmg cnc��hln��erefnlf � �dhc
nch imc jm�h º ¨ Ô ¸ �§ � jn � h jdh imjhpnl� n� §��n�kghf ; n� �ln� hijerh �e�hcfenc mj �nfj s | ejd� ·¸; m �ln� hijerh � ·¸§��n�kgh w º � î ¨ � ·¸§ «�ln� jn � h jdh gn imge�mjenc �m� w mc� ¶ jn �h jdh
�k gg fk� imjhpnl� n� Ô ¸ �§ � n� � �jnlfenc �n�kghf � � nlhnrhl w § «�ln� � Ô ¸ �§ � ef m �hlerh� h¹kermghcih ��
lhfngkjenc � �dh lhfkgjecp gncp h�mij fh¹khcih

ñ�� �¶ � � ñ�� �§ � � ñ�� �� ·¸§ � � ñ� ·¸ �¶ � � ñ� ·¸ �§ � ð ð ð
ef igmffeimg yoml¥�{ �

B !d ! � +�ú.
 m +F Ê � ³¶ û ¶ � ÕF+*D ú-�øú)} �hú.ø�- )�*ú� +Fk ù ±hj ¶ �h m �lnjdhc�ehi� m�hgemc
imjhpnl�� �h igme� jdmj mc� f� mgg jlemcpkgmjh� fk� imjhpnl� Ê n� jdh �hlerh� imjhpnl� ³ �¶ � n� ¶ m�� ejf
m �ln�hcekf �n�hg � �kj �lfj w m ihljmecg� |hgg��cn|c gh��m �

B !o e"ffg ! rú* Ö hú �- �hú.ø�- )�*ú� +Fk ø- lD ø)D )+8-*�h.ú , .*úFú� )+.øE ø*
 ú( ø
* �-� �Fú ú( �)*ù rú*
¶ � Ö hú � 6 úFFú 
8h)�*ú� +Fk ).+
ú� 8-�úF *D ú m +FE �*ø+- +m )+8-*�h.ú , .*úFú� )+.øE ø*
 ù 6800 +
ú *D �* m +F�-k ú0 øE+F0 D ø
E � � ` m F+E �- +h� ú)* � +m Ö *+ �- +h� ú)* ` +m ¶ *D úFú ø
 � 
8h+h� ú)* Y � � l ø*D Y�- +h� ú)* +m ¶ 
8)D *D �* *D ú )+E0+
 ø*ø+- Y � ` ø
 �- ú0 øE+F0 D ø
E ù CD ú- *D ú m +. .+l ø-� *Fø�-� .ú m 8-)*+F
ø
 m 8 . .k m �ø*Dm 8 .

³ �¶ � � ³ �Ö � ¢

t F++m Â
} ú*)DÄ ù �ch fdn| f jdmj �nl mc� idmec in��gh� � ec Ö |ejd × Í �� � � ¶ jdhlh ef m ¹kmfe�
efn�nl�def� ` � � |ejd ` m idmec in��gh� ec ¶ � �n fhh jdef w nch incfjlkijf m fh¹khcih `Ø � `ØÌ ¸ �ð ð ð � � w Ù � A w | ejd `Ø idmec in��gh�hf ec ¶ mc� × Í �`Ø � � × Í �� � fkl� hijerh fkid jdmj jdh �hlchg n�× Í �`Ø � � × Í �� � �m�f jn �hln ec × Í �`ØÌ ¸ � � �dhc inge� Ø` Ø � � ef jdh �hfelh� ¹kmfe�efn�nl�def� � n
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±hj ¶ �h m �lnjdhc�ehi� m�hgemc imjhpnl�� bj ef |hgg �cn|c jdmj ³ �¶ � dmf f� mgg dn��fhjf y�lm� s{ �
�h lhreh| m fdnlj �lnn� n� jdef �mij |deid | egg �lnre�h f� mgg �k gg jlemcpkgmjh� fk� imjhpnlehf Ê n� Ê �` �
| ejd �ln�hcekf �n�hgf �

±hj ° �h m phchlmjnl �nl ¶ � 
 h�ch jdh fe�h fe�h �� � n� mc n�� hij � n� ¶ jn �h jdh iml�ecmgej� n�
dn�a �° ­� � � �nl m iml�ecmg Ú w ghj ¶ Û �h jdh �kgg fk� imjhpnl� n� ¶ n� n�� hijf | ejd fe�h ï Ú � �dh
imjhpnlehf ¶ Û mlh �hffhcjemgg� � f� mgg mf �nl hrhl� n�� hij � |h dmrh m fkl� hijenc � ° � � |dhlh jdh
�elhij fk� ef ec�h�h� nrhl dn�a �° ­ � � w mc� �Û ° dmf ncg� fhj�� mc� ¹knjehcjf �k� jn efn�nl�def� � �
�nl mc� iml�ecmg Ú jdhlh ef m iml�ecmg Ú� ü Ú fkid jdmj ¶ ÛÜ � ¶ ef m µhllh fk� imjhpnl� ignfh� kc�hl
inge� ejf nrhl nl�ecmg ck��hlf ï Ú� y�lm� sw ì �u{ � � nlhnrhl w jdh ecigk fenc ¶ ÛÜ � ¶ fmjef�hf jdh d��njdhfef
n� z �u y�lm� sw ì �¥{ � bj �nggn| f jdmj ³ �¶ � dmf f� mgg dn� �fhjf mc� � m�f ` � Y ec ³ �¶ � imc �h imgikgmjh�
ec ³ �¶ ÛÜ � |dhchrhl ` ­Y � ¶ ÛÜ �

�c� f� mgg �k gg jlemcpk gmjh� fk� imjhpnl� Ê n� ³¶ gehf ec ³¶ ÛÜ �nl fn�h Ú� � µecih ³¶ ÛÜ dmf m �ln�hcekf
�n�hg �z �ì� w Ê dmf mgfn m �ln�hcekf �n�hg �z �®� �

B !v ! � +�ú.
 m +F Ê � ³ �` � û ` � �� � ù ±hj ` �h m �eõhlhcjemg plm�h� mgph�lm ��pm� � bjf �hlerh�
imjhpnl� ³ �` � ef n�jmech� �ln� jdh imjhpnl� n� �eõhlhcjemg plm�h� gh�j ` ��n�kghf �fdnlj } �p ` �� n�kgh�
�� �nl� mgg� ecrhljecp ¹kmfe�efn�nl�def� f w øùúùû jdnfh �nl�def� f ; � ~ fkid jdmj × Í �; � � × Í �~ �
ef mc efn�nl�def� � �h igme� jdmj mc� f�mgg �k gg jlemcpkgmjh� fk� imjhpnl� Ê � ³ �` � dmf m �ln�hcekf
�n�hg �

�h �lfj lhreh| �ln� y�� tz w �mlj bbb{ mc h��geiej incfjlkijenc n� ³ �` � � � ihgg ` �� n�kgh ef m �p` �� n�kgh ; |deid m�� ejf m � gjlmjenc � ¨ ; � � ; ¸ � ; Þ � ¢¢¢ � ; ¨ Ý ¦Þ» ; ¦ �� �p ` �fk��n�kghf
fkid jdmj ; ¦Ì ¸ »; ¦ ef m �lhh �p ` ��n�kgh w øùúùû m �elhij fk� n� jdh �p ` ��n�kgh ` |ejd phchlmjnlf �gmih�
ec rmlenkf �hplhhf � bc �mljeikgml w mc� ihgg ` �� n�kgh ef m �lhh ` �� n�kgh ��nlphjjecp �eõhlhcjemgf� � �lejh
î �` � �nl jdh �kgg fk� imjhpnl� n� �p ` �� n�kghf |deid incfefjf n� ihgg ` �� n�kghf � � erhc m �p ` ��n�kgh; w ejf inch µ; ef jdh �p ` ��n�kgh | ejd kc�hlg�ecp ` �� n�kgh ; ¹ ; ys{ w øùúùû �µ; �¦ ¨ ; ¦ ¹ ; ¦Ì ¸
mc� | ejd �eõhlhcjemg ¬ } �ß ­ à � º� �¬ß c �«s�¦à ­ ¬à � � b� ; ef m ihgg ` �� n�kgh w jdhc fn ef µ; � � �m�y } ; � ~ ef dn�njn�ei jn �hln e� ej �mijnlf jdlnkpd µ; �
 hcnjh �� á �` � jdh dn�njn�� imjhpnl� n� ihgg ` �� n�kghf � bjf n�� hijf mlh ihgg ` �� n�kghf mc� ejf
� m�f mlh �p ` �� n�kgh � m�f �n�kgn jdnfh |deid mlh dn�njn� ei jn �hln � �dh ecigkfenc n� î �` � ecjn mgg
�p ` �� n�kghf ec�kihf mc h¹kermghcih n� jlemcpkgmjh� imjhpnlehf á �` � �� ³ �` � y�� tz w �mlj bbb w ® �u{ �

�dh imjhpnl� î �` � n� ihgg ` ��n�kghf ef m �gmlph� �ln�hcekf imjhpnl� |dhc |h �higmlh m fh¹khcih jn � h m
inc÷mjenc e� ej ef m �f�gej � h�mij fh¹khcih n� ` �� n�kghf ��nlphjjecp �eõhlhcjemgf� � �rhl� �p ` �� n�kgh n� jdh
�nl� µ; ef �ln� hijerh mc� ec� hijerh �nl jdef h�mij fjlkijklh � �def ef � himkfh jdh ` ��n�kgh � m�f �� s� }; ys{ � µ; mc� �s �� } µ; � ; ec�kih efn�nl�def� f dn� âã ¼·ä©â �µ; ­~ � � dn�¼·ä©â �; ys{ ­~ �
mc� dn� âã ¼·ä©â �~ ­µ; � � dn�¼·ä©â �~ ­; � �nl ; ­~ �p ` �� n�kghf � � nlhnrhl w |h dmrh ecigkfencf
�s �� } ; � µ; mc� fkl� hijencf µ; y« s{ � ; n� �p ` ��n�kghf � �dkf jdh imjhpnl� n� ihgg ` �� n�kghf
dmf hcnkpd ec� hijerhf mc� �ln� hijerhf mc� ef m �ln�hcekf imjhpnl�� bj ef ighml jdmj ejf fjm�gh imjhpnl� efá �` � mc� jdkf ef h¹kermghcj jn ³ �` � �

�nl mc ec�cejh iml�ecmg Ú w ghj îÛ �` � � h jdh �kgg fk� imjhpnl� n� î �` � incfefjecp n� ihgg ` ��n�kghf n� fe�h
�iml�ecmgej� n� m �mfef mf mc ` �� n�kgh� ª Ú � �dhc î Û �` � � î �` � ef m �hffhcjemgg� � f� mgg h�jhcfenc ignfh�
�ln�hcekf fk� imjhpnl�� bjf fjm� gh imjhpnl� á Û �` � ef m �hffhcjemgg� � f� mgg �k gg jlemcpkgmjh� fk� imjhpnl�
n� á �` � |deid m�� ejf m �ln�hcekf �n�hg w cm� hg� �î Û �` � ­ îÛ �` �«�lec� � � µecih mc� f� mgg jlemcpkgmjh�
fk� imjhpnl� Ê n� ³ �` � ef incjmech� ec fn� h á Û �` � w Ê dmf m �ln�hcekf �n�hg �� z �® �

B !{ � "#$%&%'$ ! ±hj ` �h m �pm � �h �h�ch
ñ� ¦ �` � ¨ ñ� ¦ �ihgg `«�n�� ­

|dhlh ihgg `«�n� ef jdh �ln�hcekf imjhpnl� n� �cejh ihgg ` �� n�kghf � � � m� ` � Y n� �pm ¤f ec�kihf m
� m� å¼Y } ihgg `«�n� � ihgg Y «�n� n� �ln�hcekf �melf w mc� jdkf m � m� ñ� ¦ �` � � ñ� ¦ �Y � � b� ` � Y
ef m ¹kmfe�efn�nl�def� w jdhc å¼Y ec�kihf mc h¹kermghcih n� �hlerh� imjhpnlehf mc� jdkf efn�nl�def� f
ñ� ¦ �` � �� ñ� ¦ �Y � �s�¥� �
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B ! � ! ²+E0 .ø)ø�. æ øç�.�D �8
ú- )�*ú� +Føú
 ù � in��geiemg � e�mg�dmkfhc imjhpnl� y��t� w s�® �ss{ ef m
�k gg fk� imjhpnl� î n� jdh imjhpnl� od �¶ � n� in��gh�hf ec fn� h m�hgemc imjhpnl� ¶ � bj in� hf h¹ke�� h�
| ejd m fhj è n� � m�f ec î imggh� |hm� |deid |h fk��nfh jn � h ignfh� kc�hl lhjlmijf � �dhfh �mjm mlh
fk�� hij jn ihljmec inc�ejencf f� hie�h� ec y��t� w s�® �ss{ � µk��nfh w mf ec y��t� w s�t �ö{ w jdmj î � od �¶ � ef
ignfh� kc�hl imcnceimg dn�njn�� �kfd�nkjf mc� imcnceimg dn�njn�� �kgg��mi�f �
 higmlh m fh¹khcih ec î jn � h m inc÷mjenc e� ej ef �hplhh�| efh f�gej h�mij � �dhc jdh m� en� f e��nfh� ec
y��t� w s�® �ss{ mc� y��t� w s�t �ö{ e��g� jdmj î ef m �ln�hcek f imjhpnl�w | ejd �ln� hijerh�ec� hijerh n�� hijf
� hecp jdh incjlmije�gh idmec in��gh�hf ec î � ±hj î� � h jdh �kgg fk� imjhpnl� n� î n� n�� hijf � �nl |deid
� � � ef m |hm� h¹kermghcih � �dhc î� � î ef ignfh� kc�hl h�jhcfencf w �hlchgf n� �h÷mjencf w in�hlchgf n�
ec÷mjencf w �elhij �mijnlf w mc� ej incjmec f mgg �ln� hijerh�ec� hijerh n�� hijf ec î � bj �n ggn| f jdmj �î ­ î� � ef m
�ln�hcekf �mel � bjf �hlerh� imjhpnl� ³ �î ­ î� � ef efn�nl�dei jn jdh �hlerh� imjhpnl� è ·¸î mf incfjlkijh�
ec y��t� w s�t �ö{ �

�nl h�m��ghf n� in��geiemg � e�mg�dmkfhc imjhpnlehf |h lh�hl jdh lhm�hl jn y��t� w ì �sw ì �® w ì �ì{ � ±hj
� �h m ¹kmfe�in��mij mc� ¹kmfe�fh� hlmjh� fidh� h w |h �h�ch ñ� ¦ �� � w © ï � w jn � h jdh chpmjerh ñ� �plnk�f
n� jdh �ln�hcekf �mel mffn iemjh� | ejd jdh in��geiemg �e�mg�dmkfhc imjhpnl� n� y��t� w ì �s{ �

B !  ¤8ú
*ø+- ù � erhc m fjm�gh �n�hg imjhpnl�w ejf dn�njn�� imjhpnl� ef m jlemcpkgmjh� imjhpnl� y£nrtt w
idm�jhl u{ � µk��nfh jdmj jdh �n�hg imjhpnl� ef mc m��ejerh imjhpnl�� 
nhf hrhl� f� mgg jlemcpkgmjh�
fk� imjhpnl� n� jdh dn�njn�� imjhpnl� m�� ej m �ln�hcekf �n�hg¥

ö � é^^a[ a� a[� �Z^ �]� a� a[ �
d ! �p"'q"f ����ejer ej�� ! rú* ê � ° } ¯ � Æ hú � -�*8F�. *F�-
m +FE �*ø+- +m E �0 
 hú*l úú- 2F+hú- ø8

0 �øF
 ù �m ê �` � � ° �` � ø
 �- ø-¸ �*ø+- m +F �. . +h� ú)*
 ` +m ¯ û *D ú- °»ê } ¯ � Æ ø
 � E �0 +m 2F+hú- ø8

0 �øF
 �-� ñ� ¦ �ê � c ñ� ¦ �° »ê � ¨ ñ� ¦ �° � } ñ� ¦ �¯ � � ñ� ¦ �Æ � m +F �. . © ï � ù

t F++m ù bj ef ighml jdmj ° »ê ef m � m� n� �ln� hcekf �melf �
�dh fjmjh� hcj n� jdh jdhnlh� ef jlkh �nl ñ� � � µecih � ¦ê � � ¦° } � ¦¯ � � ¦Æ mgfn fmjef�� jdh

d��njdhfef n� jdh jdhnlh� w |h mlh �nch � n
d !1 �'q'wwgqx! rú* � � ê � ° � × � � } ¶ � º hú �- ú( �)* 
ús8ú-)ú +m ú( �)* m 8-)*+F
 hú*l úú-
ú( �)* )�*ú� +Føú
 ¶ �-� º ù CD ú- ñ� ¦ �ê � c ñ� ¦ �× � ¨ ñ� ¦ �° � } ñ� ¦ �¶ � � ñ� ¦ �º � m +F �. . © ï � ù

t F++m ù � � m� ¯ � Æ n� �ln� hcekf �melf |deid �mijnlf nrhl º� ec�kihf jdh � �m� ec � �jdhnl�� �dkf
ö �s e��gehf jdmj ñ� ¦ �ê � ¹ ñ� ¦ �inch �ê � °�� ¨ ñ� ¦ �° � � ±hj ë } inch �ê � °� � × �h jdh imcnceimg
� m� � ���ejer ej� �ö �s� �ehg�f ñ� ¦ �inch �ê � °�� ¹ ñ� ¦ �inch �ë �� ¨ ñ� ¦ �× � � �kj inch �ë � ef mi�igei w jdkf
ñ� ¦ �inch �ë �� ¨ � � n

�h incigk�h jdh fhijenc �� fdn| ecp jdmj jdh �kcijnlf ñ� ¦ in��kjh | ejd � gjhlh� inge� ejf �

d !5 e"ffg ! rú* © º� ¯ ¦ hú � m 8-)*+F m F+E � 
E �. .û , .*úFú� ø-�ú( )�*ú� +Fk ñ *+ *D ú )�*ú� +Fk +m 2F+hú- ø8

0 �øF
 ù CD ú- inge�¯ ¦ ø
 � 2F+hú- ø8
 0 �øF �-� *D ú -�*8F�. E �0

inge� ñ� ? �¯ ¦ � �«� ñ� ? �inge� ¦¯ ¦ �
ø
 �- ø
+E +F0 D ø
E m +F @ ï � ù

t F++m ù oghmlg�w inge� ¦¯ ¦ ef m �ln�hcekf �mel � �dh cmjklmg � m� inge�³¯ ¦ � ³ inge� ¦¯ ¦ ef mc h¹kermghcih �
µecih � � in��kjhf | ejd � gjhlh� inge� ejf n� jlemcpkgmjh� imjhpnlehf w jdh imfh @ ¨ � �nggn| f �

� egjhlh� inge� ejf �lhfhlrh h�mij fh¹khcihf n� jlemcpkgmjh� imjhpnlehf w fn jdh� �lhfhlrh h�mij fh¹khcihf n�
�ln� hcekf �melf � � nlhnrhl w inge� ¦� ¯ ¦ ef ÷mf¹kh w mf jdh �kcijnl � mc� jdh cmjklmg h¹k ermghcih ©¬ ¹ � Z̈ �
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n� v �® h�jhc�f jn inge� ¦� ¯ ¦ � �� m��ejer ej� �ö �s� w |h dmrh ñ� ? �inge�� ¯ � ¨ � w @ ï � � �dh gncp h�mij
fh¹khcihf s�u mffn iemjh� jn jdh �emplm�

inge� ¦¯ ¦ IJ inge� ¦� ¯ ¦

LM

IJ inge� ¦�¯ ¦

LMinge� ¦¯ ¦ IJ � inge� ¦¯ ¦ IJ � inge� ¦¯ ¦
n� h�mij fh¹khcihf n� �ln� hcekf �melf w jnphjdhl | ejd jdh rmcefdecp n� ñ� ¦ n� jdh � e��gh jhl� f �ehg� cmjklmg
efn�nl�def� f ñ� ? �inge�� ¯ ¦ � �� ñ� ? �� inge�¯ ¦ � w mf �njd mlh efn�nl�dei w r em jdh �nkc�ml� � m� w jn
ñ� ?·¸ �inge�¯ ¦ � w @ ï � � bjhlmjecp w |h fhh jdmj jdh cmjklmg � m�f inge� ñ�� �� ?¯ ¦ � �� ñ�� �inge�� ?¯ ¦ � ��
ñ�� �� ? inge�¯ ¦ � mlh efn�nl�def� f � �� �h�cejenc w jdh in��nfejenc ef inge� ñ� ·? �¯ ¦ � � ñ� ·? �inge�¯ ¦ � w@ ü � � n
d !> �'q'wwgqx! rú* ²¦ û © � ñ û hú � �ø�� F�E +m ú( �)* )�*ú� +Føú
 �-� ú( �)* m 8-)*+F
 ø-�ú( ú� +	úF � , .*úFú�)�*ú� +Fk ñ ù CD ú- *D ú -�*8F�. E �0 inge� ¦ñ� ? �²¦ � � ñ� ? �inge� ²¦ � ø
 �- ø
+E +F0 D ø
E m +F @ ï � ù

t F++m ù �def ef � himkfh inge� �od ´ ²¦ ­ � i´ ² ¦ � � �od´ inge�²¦ ­ � i´ inge�²¦ � ef mc h¹k ermghcih n� �ln� hcekf
�melf � ón| m��g� ö �ì � n

u � é�\����Z[
bc jd ef fhijenc |h fdn| jdmj nkl �h�cejenc n� chpmjerh � �plnk�f inecie�h | ejd jdh �h�cejenc f n� �mff

y�mfö¥{ w �mlnk�e y�mlu�{ w �h�hlfhc y�h�¥v{ w �h�hlfhc��he� hg y�� ¥t{ mc� �dn�mfnc y��t�{ � �plhh� hcj
| ejd omljhl ¤f yoml¥�{ mc� �mn ¤f y�mnt®{ �h�cejenc f ef nkjgech� ec u �® �

o ! �p"'q"f ! rú* § hú � Fø-� ù CD ú- *D úFú �Fú -�*8F�. ø
+E +F0 D ø
E 
 hú*l úú- æ �

 ì �-� t ú�úF
ú- ì

� F+80 
 �¦ �§ � �-� *D ú � F+80 
 ñ� ¦ �§ � �ú, -ú� ø- j ùí m +F © ï � ùrú* � hú � s8�
 ø7)+E0 �)* �-� s8�
 ø7
ú0 �F�*ú� 
)D úE úû *D ú- *D úFú �Fú -�*8F�. ø
+E +F0 D ø
E
 hú*l úú-CD +E �
+- ì
 � F+80 
 �  ¦ �� � �-� *D ú � F+80 
 ñ� ¦ �� � �ú, - ú� ø- j ùiî m +F © ï � ùrú* ¶ hú �- ���ø*ø	ú )�*ú� +Fkû *D ú- *D úFú �Fú -�*8F�. ø
+E +F0 D ø
E 
 hú*l úú- ï �F+8hø ì
 �-� t ú�úF
ú-7çúøhú. ì
 � F+80 
 �¦ �¶ � �-� *D ú � F+80 
 ñ� ¦ �¶ � �ú, -ú� ø- j ùí m +F © ï � ù
t F++m ù �dn� mfnc ¤f �lnn� n� jdh �ln� hijerh f�mih �kc�gh jdhnlh� y�dntì{ ncg� kfhf h�mij fh¹khcihf n�
�hlerh� imjhpnlehf mc� imllehf nrhl jn nkl �lm� h|nl� � � nlh �lhiefhg�w ghj � �h m ¹kmfe�in��mij mc�
¹kmfe�fh�mlmjh� fidh� h w mc� ghj W } ð=̧ � � �h jdh �ln� hijenc �ln� jdh �ln� hijerh gech nrhl � jn � �
�dhc jdh jlemcpgh � m�f ñW Í } ³ ªòó� �� � � ³ ªòó� �ð =̧ � mc� < �«s� å ñW Í } ³ ªòó� �� � � ³ ªòó� �ð =̧ � w |deid
mlh ec�kih� �� � m�f n� jdhel �ln� hcekf �n�hgf w ec�kih efn�nl�def� f

�ñW Í ­< �«s� å ñW Í � } ñ� ¦ �� � ¹ ñ� ¦ �� � �� ñ� ¦ �ð=̧ � ­ © ï � ¢
�dh �lnn� ef jdh fm� h mf ec y�dntì{ � bj �nggn| f �ln� jdh �lnn� n� �mff ¤ �kc�m�hcjmg jdhnlh� perhc ec
y��t� w ö �ö �� �{ jdmj jdhlh ef mc h�mij fh¹khcih n� m� hgemc plnk�f

� � ñ� ¦ �� � � ñ� ¦ �� y� {� ¹ ñ� ¦ �� y� ·¸{� � ñ� ¦ �� y� ­ � ·¸{� � ñ� ¦·¸ �� � � �
�nl © ï � � µecih ñ� � �� � ¨ �  � �� � �nl mc� ¹kmfe�in��mij mc� ¹kmfe�fh�mlmjh� fidh� h � w nkl chpmjerh
� �plnk�f inecie�h | ejd �dn� mfnc ¤f chpmjerh � �plnk�f w mc� dhcih | ejd �mff ¤ plnk�f ec jdh in��kjmjerh
imfh �

�h fdn| mplhh� hcj | ejd �mlnk�e ¤f mc� �h�hlfhc��he� hg ¤f chpmjerh � �plnk�f � �nl ¶ mc m��ejerh
imjhpnl�w ghj î ¶ �h jdh inch imjhpnl� y�mlu�{ w y�� ¥t{ w mc� ghj � ¶ ¨ î¶»¶ �h jdh fkf� hcfenc imjhpnl��
bj �nggn| f �ln� yo�tu{ jdmj jdh fh¹khcih n� m��ejerh imjhpnlehf ¶ � î¶ � � ¶ ec�kihf mc h�mij fh¹khcih
n� jlemcpkgmjh� imjhpnlehf ³ ´¶ � ³ ´î ¶ � ³ ´� ¶ � � �nlh h��geiejh �lnn� mc� m phchlmge�mjenc jn
h�mij imjhpnlehf imc �h �nkc� ec yµid�� w �dhnlh� s� �s{ � µecih î ¶ ef ÷mf¹kh w ej �nggn| f jdmj ñ� ¦ �¶ � ¨
ñ� ¦Ì? �� ?¶� �nl © c @ ï � �s�u� � bc �mljeik gml w ñ� ·¦ �¶ � ¨ ñ�� �� ¦¶ � ¨ �� ��� ¦¶ �� � �nl © ü � � �kj jdh
gmfj plnk� ef �mlnk�e ¤f mc� �h�hlfhc��he� hg ¤f «©�jd � �plnk� n� ¶ y�mlu�{ w y�� ¥t{ �
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bc �mljeikgml w chpmjerh � �plnk�f mf �h�ch� �� �mff mc� �h�hlfhc mlh efn�nl�dei jn nkl chpmjerh ñ� �
plnk�f �nl m �cnj chihffmleg� in��kjmjerh� lecp � �mlnk�e y�mlus{ ��h�hlfhc y�h�¥v{� fdn|h� jdmj d ef
plnk�f inecie�h | ejd �mff plnk�f � �h�hlfhc��he� hg ¤f �h�cejenc ef m phchlmge�mjenc n� �h�hlfhc ¤f �h�cejenc �n
o !1 | úE�F} ù � gjhlcmjerhg�w nch imc �lnrh m �ln� hijerh f�mih �kc�gh jdhnlh� �nl jdh cnc�in��kjmjerh
�ln� hijerh gech nrhl m cnc�in��kjmjerh lecp § nl mc �m�� effe� gh m� hgemc imjhpnl�~ y�mnt®{ �n ggn| ecp
�dn� mfnc ¤f mlpk� hcjf �nl jdh in��kjmjerh imfh y�dntì{ � �def |nkg� ghm� jn mc mgjhlcmjerh �lnn� n�
mplhh�hcj �nl cnc�in��kjmjerh lecpf mc� �nl �mn ¤f �m�� effe�gh m� hgemc imjhpnlehf~ w ec �mljeikgml w jdef
|nkg� fdn| mplhh� hcj | ejd omljhl ¤f chpmjerh � �plnk�f yoml¥�{ � £n|hrhl w �hjmegf lh� mec jn � h |lejjhc
�n|c �
o !5 | úE�F} ù b� � ef m ¹kmfe�in��mij mc� ¹kmfe�fh� hlmjh� fidh�h |deid m�� ejf mc m��gh �m� eg� n�
gech �kc�ghf w jdhc jdh ecigkfenc n� �nkc�h� idmec in��gh�hf n� rhijnl �kc�ghf n� �cejh lmc� nc � ecjn
� hl�hij in��gh�hf ec�kihf mc h¹kermghcih n� jlemcpkgmjh� imjhpnlehf ³ ´ �qhij �� �� �� ³ ªòó� �� � y��t�{ �
�dkf ñ� ¦ �qhij �� �� ¨ ñ� ¦ �� � ¨ �  ¦ �� � �s�¥ w u �s� �

¥ � ô�Z�\�[]\� �Z^ \���[a]Z�
v ! e"ffg ! rú* ² hú �- ú( �)* )�*ú� +Fk �-� ³ �² � ¨ ³ �od ² ­ �i ² � ø*
 8-h+8-�ú� �úFø	ú� )�*ú� +Fk
yóhht�{ û y�hgtö{ ù CD ú- ñ� ?·¸ �² � ¨ ñ� ? �od ² ­ � i ² � û @ ï � ù �- 0 �F*ø)8.�Fû ñ� ·¸ �² � ¨ �� �

U
³ �² �� ù

t F++m ù ±hj ³ Ì �² � �lhf� � ³ · �² �� � h jdh �hlerh� imjhpnl� n� �nkc�h� �hgn| �lhf� � �nkc�h� m�nrh�
in��gh�hf ec ² � �dhfh mlh jdh �hlerh� imjhpnlehf n� h�m��gh z �ì � bc jdh �emplm� n� �hlerh� imjhpnlehf

³ ´ �² � IJ

LM
³ Ì �² �

LM
³ · �² � IJ ³ �² �

mgg �kcijnlf mlh �kgg� �mejd�kg w mc� jdh ec�kih� �kcijnlf nc ¹knjehcjf mlh h¹kermghcihf � µecih jdh �emplm�
ef ec�kih� �� m in��kjmjerh �emplm� n� jdh inllhf�nc�ecp �ln�hcekf �melf w �dhnlh� s�u �ehg�f efn�nl�
�def� f ñ� ?·¸ �² � ¨ ñ� ? �od ² ­ � i ² � w @ ï � w ncih |h �cn| jdmj ñ� ? �od· ² ­ �i· ² � ¨ ñ� ? �odÌ ² ­ �iÌ ² � ¨
� w @ ï � � �nl �nkc�h� m�nrh in��gh�hf jdef �nggn| f �ln� jdh kfkmg �� eghc� hlp f| ec�gh~ } jdh �kcijnl� ¨ �?Þ» y®@ { fmjef�hf � y®{ ¹ ©¬ ¨ � w dhcih ñ� ? �©¬� ¨ � mf ñ� ? �� y®{� ¨ ñ� ? �� � �� m��ejer ej�� �dh
mlpk� hcj �nl �nkc�h� �hgn| in��gh�hf ef fe� egml � n
v !1 �'q'wwgqx! CD ú � F+80 ñ� ·¸ �² � ø
 *D ú s8+*øú-* +m *D ú �hú.ø�- E +-+ø� +m ø
+E +F0 D ø
E ).�

ú
 +m
ø�úE0+*ú-*
 ø- ³ �² �û 8-�úF �øFú)* 
8E +0 úF�*ø+- E +�8.+ *D ú 
8hE +-+ø� +m *D +
ú ø�úE0+*ú-*
 lD ø)D 
0 .ø*
ø- ³ �² � ù �- 0 �F*ø)8.�Fû ñ� ·¸ �² � ¨ � øm �-� +- .k øm ³ �² � ø
 ø�úE0+*ú-* )+E0 .ú*úù
t F++m ù ±hj 4 �h m jlemcpkgmjh� imjhpnl�w jdh in�hlchg n� � � �4 � � �� � 34 � ef efn�nl�dei jn jdh ¹knjehcj
n� jdh m� hgemc �ncne� n� efn�nl�def� igmffhf n� n�� hijf ec 34 w kc�hl �elhij fk� n�hlmjenc w �n�kgn jdh
fk��ncne� n� efn�nl�def� igmffhf n� n�� hijf ec 4 y�dntu w �lnn� n� ® �®{ � µecih |h dmrh m fkl� hijenc
� ¨ �� �³ Ì ² � ¹ �� �³ ·² � � �� �³ ² � w |h dmrh �� �³ ² � ¨ � w mc� jdh igme� �nggn| f �ln� ¥ �s� n
v !5 ! CD ú E�0 � ·¸ �§ � � ñ� ·¸ �§ «�ln� � ù bc imfh ² ¨ §«�ln� w jdh imjhpnl� n� �cejhg� phchlmjh� �ln�
� hijerh §��n�kghf w |h incfjlkij m � m� �ln� �mff ¤ plnk� � ·¸ �§ � jn ñ� ·¸ �§ «�ln� � ¨ � � �³ �§ «�ln� �� � �
�� u �sw |h �cn| jdmj jdhfh j|n plnk�f mlh efn�nl�dei � �h ghmrh ej jn jdh lhm�hl jn idhi� jdmj jdh �m�
�hgn| lhmge�hf jdh efn�nl�def� �

�lejh ³ �§ � �nl ³ �§ «�ln� � � £hlh ef jdh � m� õ } � � �§ y� ­ �·¸{� � �� �³ �§ �� � � ±hj ö ¨ ÷Ø¦ø·Ø ¬ ¦� ¦ }
§ y� ­ �·¸{? � § y� ­ �·¸{? mc e�h��njhcj w øùúùû ö Þ ¨ ö w lh�lhfhcjecp m �cejhg� phchlmjh� �ln� hijerh § y� ­ �·¸{�
� n�kgh � �dh ¬ ¦ ¤f mlh §�gechml � m�f ¬ ¦ } ù � ù |ejd ù ¨ § ? � ±hj W ¨ �¬� ·¦ �¦ ú� ø� úûûûØ } ù ØÌ ¸ � ù ØÌ ¸ w
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¬ ¨ �¬ØÌ� ·¦ �¦ ú� ø� úûûûØ } ù ØÌ ¸ � ù ØÌ ¸ w mc�   ¨ �¬·ØÌ� ·¦ �¦ ú� ø� úûûûØ } ù ØÌ ¸ � ù ØÌ ¸ � �dh h¹kmjenc ö ¨ ö Þ
e��gehf s� W ¨ W Þ c ¬  c  ¬ w ®� ¬ ¨ W ¬ c ¬W mc� ì� � ¨ ¬Þ � £hcih |h phj mc hc�n�nl�def� n� m idmec
in��gh�

ð ð ð IJ ù ØÌ ¸
O LM

· IJ ù ØÌ ¸
¸·O LM

· IJ ù ØÌ ¸
O LM

· IJ ù ØÌ ¸
¸·O LM

· IJ ù ØÌ ¸
O LM

· IJ ð ð ð

ð ð ð IJ ù ØÌ ¸ · IJ ù ØÌ ¸ · IJ ù ØÌ ¸ · IJ ù ØÌ ¸ · IJ ù ØÌ ¸ · IJ ð ð ð ¢
ì � hcfklhf jdmj jdh ln| f mlh lhmgg� in��gh�hf w ®� jdmj ej ef m � m� n� idmec in��gh�hf mc� s� jdmj jdh
hc�n�nl�def� ef mc e�h��njhcj k� jn dn�njn��� �def �h�chf mc hgh� hcj n� � � �³ �§ �� � w jdh e� mph
kc�hl õ n� jdh hgh� hcj |h fjmljh� | ejd � b� m �n�kgh in� hf �ln� �� �§ y�{� nl � � �§ y�·¸{� w jdhc   nl ¬
ef �hln mc� jdhlh�nlh W ¨ W Þ w cnj ncg� k� jn dn�njn��w mc� |h imc jm�h jdh e� mph �hplhh�| efh � �def
� hmcf jdh e�h��njhcj dmf e� mph ec ³ �§ � mc� ef jdkf �hln ec � � �³ �§ �� � � bj �nggn| f jdmj õ �h�chf m �m�õ } � ·¸ �§ � � �� �³ �§ �� � ¨ ñ� ·¸ �§ � �

t � ����[a�� � ��\]_�� ]� �§�� a�Z `�[��]\a��
{ ! �p"'q"f ! rú* ¶ hú � 
E �. . �hú.ø�- )�*ú� +Fk ù CD ú- ñ� ·¸ �¶ � ¨ � ù

t F++m ù �dh j�fjlkijklh nc ³ ´ �¶ � n� y��
 ¥®{ h�jhc�f jn m j�fjlkijklh nc ³ �¶ � � �dh jlkcimjencf üý� mc�ü¾¸ dmrh e� mphf ec ³ · �¶ � mc� ³ Ì �¶ � w lhf� hijerhg�� ôhimgg jdmj jdhlh ef m �efjecpkefdh� jlemcpgh
üý�� � � � ü¾¸� � �üý�� � ys{

|deid ef �kcijnlemg ec þ � �dh j�fjlkijklh h�jhc�f jn m j�fjlkijklh nc jdh e�h��njhcj in��ghjenc ³ �¶ �� �
µk��nfh jdmj � ef mc n�� hij n� ³ �¶ �� � �dh n�� hijf üý�� mc� ü¾¸� mlh n�� hijf n� ³ · �¶ �� mc�

³ Ì �¶ �� w lhf� hijerhg�� �dh j|n imjhpnlehf ³ · �¶ � mc� ³ Ì �¶ � mlh e�h��njhcj in��ghjh w �� jdh � eghc� hlp
f| ec�gh w |deid e��gehf ñ� � �³ · �¶ �� ¨ ñ�� �³ Ì �¶ �� ¨ � w mc� �� �mij ® n� s�® � �dkf üý�� mc� ü¾¸� mlh
n�� hijf n� ³ · �¶ � mc� ³ Ì �¶ � w lhf� hijerhg�� � f m jlemcpk gmjh� imjhpnl�w ³ �¶ � ef h�jhcfenc ignfh� ec ejf
e�h��njhcj in��ghjenc y�µ� s{ � �dhlh�nlh w � ef mc n�� hij n� ³ �¶ � � bj �nggn| f jdmj ³ �¶ � ef e�h��njhcj
in��ghjh w dhcih ñ� ·¸ �¶ � ¨ � �¥ �®� � n
{ !1 ! ÿ +ú*D úFø�- �hú.ø�- )�*ú� +Føú
 ù ôhimgg y�n�uì w z �u{ jdmj mc n�� hij ` n� mc m�hgemc imjhpnl� ¶ ef
imggh� cnhjdhlemc e� mc� mfihc�ecp idmec ` � � ` ¸ � ` Þ � ¢¢¢ � ` n� fk�n�� hijf n� ` hrhcjkmgg� fjn�f �
� f� mgg m� hgemc imjhpnl� ef imggh� cnhjdhlemc e� mgg n� ejf n�� hijf mlh cn hjdhlemc � �c� µhllh fk� imjhpnl�
n� m cnhjdhlemc m�hgemc imjhpnl� ef cnhjdhlemc � �c� ¹knjehcj n� m cnhjdhlemc m�hgemc imjhpnl� �� m
µhllh fk� imjhpnl� ef cnhjdhlemc �h�hliefh �� � ��m��ghf n� cn hjdhlemc m�hgemc imjhpnlehf mlh jdh m� hgemc
imjhpnlehf n� �cejhg� phchlmjh� §��n�kghf �nl § m cnhjdhlemc lecp w mc� �nlh phchlmgg�w jdh imjhpnl� n�
indhlhcj <= �� n�kghf �nl � m cnhjdhlemc fidh� h �

{ !5 �p"'q"f ! rú* ¶ hú � 
E �. . - +ú*D úFø�- �hú.ø�- )�*ú� +Fk ù CD ú- ñ� ¦¶ ¨ � m +F © ª � ù

t F++m ù � f ec ì �® w ghj ±h�¶ �h jdh �lnjdhc�ehi� m�hgemc imjhpnl� n� gh�j h�mij m��ejerh �kcijnlf ¶ «O �ª¬u � � �dh �nch�m h��h��ecp ¶ � ±h� �¶ � e�hcje�hf ¶ �k� jn h¹kermghcih n� imjhpnlehf� | ejd jdh µhllh
fk� imjhpnl� n� cn hjdhlemc n�� hijf n� ±h� �¶ � y�n�uì w z �¥ �¥{ w y�n�uì w z �¥ �t{ �

�nl mc m�hgemc imjhpnl� º w ghj �c�º �h jdh imjhpnl� n� hc�n�nl�def� f n� º � ��� hijf mlh hc�n�
�nl�def� f mc� �nl�def� f mlh � m�f n� n�� hijf ec º in��kjecp | ejd jdh lhf� hijerh hc�n�nl�def� f �
��renkfg�w �c�º ef mc m�hgemc imjhpnl�� �nl mc� ` � ¶ � ±h�¶ jdhlh ef mc n�� hij ` y�{ � �c� �±h�¶ �
incfjlkijh� mf �n ggn| f � �dh kc�hlg�ecp ±h�¶�n�� hij ef ` y�{ ¨ ` ¹ `� ¹ `�Þ ¢¢¢w |dhlh `� ¦ fjmc�f �nl m in��
n� ` � �dh hc�n�nl�def� n� ` y�{ ef ��kgje�geimjenc �� �~ w øùúùû jdh � m� |deid fhc�f `� ¦ jn `� ¦Ì ¸ e�hcje���
ecp jdh� � �def incfjlkijenc ef n�renkfg� �kcijnlemg ec ` � ±hj ¶ y�{ � h jdh �kgg fk� imjhpnl� n� �c� �±h�¶ �
n� n�� hijf � �nl |deid jdhlh ef mc �c� �±h�¶ ��fkl� hijenc ` y�{ IJ IJ � �nl fn� h n�� hij ` � ¶ � �dh
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imjhpnl� ¶ y�{ ef m cnhjdhlemc m�hgemc imjhpnl�� �dh �lnn� n� jdef �mij ef m fe��gh m�m�jmjenc n� jdh �lnn�
jdmj e� § ef m cnhjdhlemc lecp jdhc fn ef § y�{ �

±hj ~ ©¢ � ¶ y�{ � h jdh �k gg fk� imjhpnl� n� ceg� njhcj hc�n�nl�def� f � bj ef m µhllh fk� imjhpnl�w mc�
|h |lejh ¶ y� ­ �·¸{ �nl jdh ¹knjehcj n� ¶ y�{ �� jdh µhllh fk� imjhpnl� ~ ©¢ � �dh imjhpnl� ¶ y� ­ �·¸{ ef mpmec
mc �hffhcjemgg� � f� mgg cnhjdhlemc m�hgemc imjhpnl�� �� gh��m t �v � hgn| w jdh fh¹khcih n� cnhjdhlemc
m�hgemc imjhpnlehf ~ ©¢ � ¶ y�{ � ¶ y� ­ �·¸{ ec�kihf m fdnlj h�mij fh¹khcih n� jlemcpkgmjh� imjhpnlehf
³ ´ �~ ©¢� � ³ ´ �¶ y�{� � ³ ´ �¶ y� ­ �·¸{� � �dkf ej ec�kihf m gncp h�mij fh¹khcih n� chpmjerh � �plnk�f �s�u w
v �¥� �

�dhlh ef mc h�mij �kcijnl ë } ¶ � ~ ©¢ |deid fhc�f jdh n�� hij ` jn jdh n�� hij ` h¹ke�� h� | ejd jdh
�hln hc�n�nl�def� � �h |lejh © �nl jdh in��nfejenc n� ë |ejd jdh ecigk fenc ~ ©¢ � ¶ y�{ � �dhlh ef mc h�mij
�kcijnl y } ¶ � ¶ y�{ fhc�ecp ` jn ` y�{ � �h dmrh m �kcijnlemg h�mij fh¹khcih � � y � y � © � � |deid
ef � � ` y�{ ��� ` y�{ � ` � � �nl ` � ¶ � �� m��ejer ej� �ö �®� w ej �nggn| f jdmj ñ� ? �y � c ñ� ? �©� ¨ ñ� ? �y � }
ñ� ? �¶ � � ñ� ? �¶ y�{� w @ ï � � £hcih � ¨ ñ� ? �©� } ñ� ? �¶ � � ñ� ? �¶ y�{� w @ ï � �

�c� n�� hij � } Y � Y n� ¶ y�{ ef cn hjdhlemc ec ¶ y�{ � b� � ¨ � w jdhc jdh n�� hij Y n� ¶ ef cnhjdhlemc
ec ¶ w fecih � ec ¶ y�{ w mc� Y ec ¶ dmrh efn�nl�dei �nfhjf n� fk�n�� hijf � µecih mc n�� hij � } Y � Y n�~ ©¢ ef m �cejh h�jhcfenc n� n�� hijf h¹ke��h� | ejd jdh jler emg hc�n�nl�def� w Y ef mc n�� hij n� ¶ � �dkf
|h dmrh mc h�mij �nlphj�kg �kcijnl ~ ©¢ � ¶ } �� } Y � Y � º� Y |deid ef m lhjlmijenc n� ë � bj �nggn| f
jdmj ñ� ? �ë � ef ec� hijerh � µecih ñ� ? �©� ¨ � w ñ� ? �¶ � ef m fk�¹knjehcj n� ñ� ?Ì ¸ �¶ y� ­ �·¸{� w @ ª � w �� jdh gncp
h�mij fh¹khcih n� chpmjerh � �plnk�f mffn iemjh� jn ~ ©¢ � ¶ � ¶ y� ­ �·¸{ �
 hfihc�ecp ec�kijenc nc @ fjmljecp | ejd @ ¨ «s �t �s� fdn| f jdmj ñ� ? �¶ � ¨ � w @ ª � w �nl mc�
cnhjdhlemc m�hgemc imjhpnl� ¶ � n
{ !> e"ffg ! rú* ¶ hú � -+ú*D úFø�- �hú.ø�- )�*ú� +Fk ù CD ú 
ús8ú-)ú +m -+ú*D úFø�- �hú.ø�- )�*ú� +F øú
~ ©¢ � ¶ y�{ � ¶ y� ­ �·¸{ ø-�8)ú
 �- ú( �)* 
ús8ú-)ú +m *Fø�-�8.�*ú� )�*ú� +Føú


³ ´ �~ ©¢� «� ³ ´ �¶ y�{� «� ³ ´ �¶ y� ­ �·¸{� ¢

t F++m ù �� y�hgtt w s �sz ±h��m ��{ w |h ncg� dmrh jn fdn| jdmj ³ ´ �~ ©¢� � ³ ´ �¶ y�{� ef �k gg� �mejd�kg � �h
| egg rhle�� �hgghl ¤f ilejhlenc y�hgtö w s® o®{ �nl jdh ecigkfenc ~ ©¢ � ¶ y�{ �

�dh imjhpnl� �c� �±h�¶ � ef gn imgg� cn hjdhlemc w mc� ejf imjhpnl� n� cn hjdhlemc n�� hijf ef ¶ y�{ � ±hj ñ � h
mc ec�hin��nfm�gh ec� hijerh n�� hij ec �c� �±h�¶ � � �dhc jdh hc�n�nl�def� �� } ñ � ñ ef mc efn�nl�def�
nl hrhl� cnhjdhlemc fk�n�� hij n� ñ ef ceg�njhcj � �dh �lnn� ef jdh fm� h mf ec y�n�uì w gh��m z �t �s�{ �

� erhc mc ec� hijenc ~ � � ec ¶ y�{ | ejd ~ ceg� njhcj w ghj � � ¶ �� � �h mc ec� hijerh hcrhgn� h n� � ec
±h�¶ y�{ � µecih � ef cn hjdhlemc w ¶ �� � ef m �cejh �elhij fk� n� ec�hin��nfm�gh ec� hijerhf � µn |h imc |lejh¶ �� � ¨ ñ ¹ � |ejd �� } � � � mc efn�nl�def� mc� hrhl� cnhjdhlemc fk�n�� hij n� ñ � hecp ceg� njhcj �
�dh � m� ~ � � ef jler emg mf ~ ef c eg� njhcj w fn ~ � ñ ef ec� hijerh � ±hj ; �h jdh e� mph n� ¶ � ñ � µecih¶ ef cnhjdhlemc w ; ef cn hjdhlemc w jdkf ceg� njhcj w mc� jdh � m� ~ � ; ef ec� hijerh � n
{ !B ¨( �E0 .úù | ú�8.�F Fø-�
 ù ±hj § �h m lhpkgml lecp � �dhc jdh ecigkfenc n� jdh imjhpnl� n� �cejhg� phc�
hlmjh� �ln� hijerh § ��n�kghf ecjn jdh imjhpnl� n� mgg �cejhg� phchlmjh� §��n�kghf ec�kihf mc h¹kermghcih
n� �nkc�h� �hlerh� imjhpnlehf � � f jdh gmjjhl imjhpnl� ef m� hgemc w ej �nggn| f jdmj � ¦ �§ � ¨ � �nl © ª � �u �sw
t �ì w s�¥� � �def ef m |hgg��cn|c jdhnlh� n� �mff �

{ !d ¨( �E0 .úù ° 7*D ú+Fk ù ±hj � �h m cnhjdhlemc fidh� h � bjf °�jdhnl� ef jdh � �jdhnl� mffn iemjh� jn jdh
cnhjdhlemc m�hgemc imjhpnl� n� indhlhcj <= �fdhmrhf � �� �dhnlh� t �ì w chpmjerh °�jdhnl� ef jleremg �

{ !o �'$� "�&�q" ! ±hj ¶ �h m f�mgg m� hgemc imjhpnl�� �h inc� hijklh jdmj ñ� ¦ �¶ � ¨ � w �nl mgg © ª � ��re�hcih ef p erhc ec t �s mc� t �ì �

{ !v | úE�F} ��m��hl� � �rhc jdnkpd ñ� ¦ in��kjhf | ejd � gjhlh� inge� ejf �ö �v � w rmcefdecp �nl cnhjdhlemc
m�hgemc imjhpnlehf �nhf cnj e��g� jdh inc� hijklh �
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ónj hrhl� f�mgg m� hgemc imjhpnl� ef jdh � gjhlh� inge� ej n� f� mgg cnhjdhlemc m�hgemc imjhpnlehf � �m�h
mc m�hgemc imjhpnl� ¶ incjmec ecp m �nl�def� y } ` � Y fkid jdmj �hl y � �hl y Þ � �hl y � � ¢¢¢ � `
ef m fjleijg� ecilhmfecp fh¹khcih n� fk�n�� hijf � b� ¶ |mf m � gjhlh� inge� ej n� cnhjdhlemc imjhpnlehf w jdhc
jdh � m� y �mc� jdkf jdh |dngh fh¹khcih n� �hlchgf� |nkg� dmrh jn geh ec nch n� jdh cn hjdhlemc m�hgemc
imjhpnlehf w mc� jdh fh¹khcih n� fk�n�� hijf |nkg� dmrh jn fjn� �

s� � ÈÉ�`[ ��\�_� �^^a[ a�� � �[��]\�
±hj ² �h mc h�mij imjhpnl�� �h |lejh ² � �nl jdh f�gej h�mij imjhpnl� |deid w mf mc m��ejerh imjhpnl�w

ef ² � �dh e�hcjej� �kcijnl ² � � ² ef mc h�mij �kcijnl �
b� inc� hijklh t �u ef jlkh w jdhc jdh �nggn| ecp �ln�nfejenc e��gehf jdmj ñ� ¦ �² � � � ñ� ¦ �² � ef mc efn�nl�def�

�nl © ª � � �def ef � gmecg� �mgfh �nl © ü � � bj ef mc n�hc ¹khfjenc �nl © ª � �

 � ! ¿q'À 'Á%&%'$ ! rú* ² hú �- ú( �)* )�*ú� +Fk ù CD úFú ø
 �- �hú.ø�- )�*ú� +Fk ¶ �-� � � ø�� �� +m2F+hú- ø8
 0 �øF
 hú*l úú- �i´ �² � �-� �od ´ �¶ � ­ �i´ �¶ �� ø-�8)ø-� ús8 ø	�.ú-)ú
 +m �úFø	ú� )�*ú� +Føú
 ù �-
0 �F*ø)8.�Fû *D úFú ø
 � .+-� ú( �)* 
ús8ú-)ú m +F © ï �

ñ� ¦ �¶ � � ñ� ¦ �² � � � ñ� ¦ �² � � ñ� ¦·¸ �¶ � � ñ� ¦·¸ �² � � � ð ð ð

 � !1 ! �h imc mffk�h ² jn � h e�h��njhcj in��ghjh � �h�nlh �lnrecp s� �s |h lhimgg �ln� y�hgt� w m��hc�e�
�{ m �nlh �lhiefh �hfile�jenc n� jdh imjhpnl� ±h�² �ì �®� � ±hj � n�² �h jdh imjhpnl� n� m��ejerh �kcijnlf
�ln� ² «O jn jdh imjhpnl� ª ¬u � n� m� hgemc plnk�f � bj ef m �lnjdhc�ehi� m�hgemc imjhpnl� | ejd ² m fhj
n� f� mgg �ln� hijerh phchlmjnlf � �dh �kgg fk� imjhpnl� n� �cejhg� phchlmjh� �ln� hijerh n�� hijf ec � n�² ef
e�hcje�h� w rem jdh �nch�m h��h��ecp w | ejd ² �

±hj î � � n�² �h jdh �k gg fk� imjhpnl� n� hõmihm�gh �kcijnlf w øùúùû jdnfh �kcijnlf ê fkid jdmj �nl hrhl�` � ² mc� hrhl� � m� ` � ê ec � n�² jdhlh ef m �h÷mjenc Y � ` ec ² fkid jdmj jdh in��nfejenc Y � ê
ef �hln � �dh imjhpnl� î ef m gn imge�ecp fk� imjhpnl� n� � n�² � � nlhnrhl w ±h�² imc �h e�hcje�h� | ejd jdh
¹knjehcj m� hgemc imjhpnl� n� � n�² �� î fkid jdmj jdh cmjklmg h��h��ecp ©´ } ±h�² � � n�² ef jdh fhijenc
�kcijnl jn jdh gn imge�mjenc �kcijnl ¬´ } � n�² � ±h�² �

±hj yWî �h jdh �k gg fk� imjhpnl� n� �cejhg� �lhfhcjh� �kcijnlf |deid mlh hõmihm�gh w øùúùû jdnfh �kcijnlfê � î �nl |deid jdhlh ef mc h�mij fh¹khcih ` � Y � ê � � ec � n�² | ejd ` mc� Y ec ² �

 � !5 e"ffg ! rú* ² hú �- ø�úE0+*ú-* )+E0 .ú*ú ú( �)* )�*ú� +Fk ù CD ú- *D ú )�*ú� +Fk yWî +m ú	 �)ú7�h.úû , - ø*ú.k 0 Fú
ú-*ú� m 8-)*+F
 ø
 �- �hú.ø�- û ú( *ú-
 ø+- ).+
ú� 
8h)�*ú� +Fk +m *D ú )�*ú� +Fk î +m ú	 �)ú�h.úm 8- )*+F
 ø- � n�² ù

t F++m ù �elfj |h fdn| jdmj �nl m �kcijnl ê } ² «O �ª ¬u � |h dmrh ê � yW î e� mc� ncg� e� jdhlh ef mc h�mij
fh¹khcih
�s� �v � � � ` � Y � µ � ê � �
ec � n�² | ejd ` � Y � î m inc÷mjenc ec ² � ±hj ê �h ec yW î � odnnfh mc h�mij fh¹khcih � 
� µ � ê � �
ec � n�² | ejd � w µ � ² � �� jdh hõmihm�egej� n� ê w jdhlh ef m �h÷mjenc à } � � µ ec ² fkid jdmj jdh
in��nfejenc � � ê ef �hln � �dhc �ß ­ à � } Y }¨ � ¹ � � µ ef m �h÷mjenc ec ² �ì �®� mc� |h �hcnjh �� `
ejf �hlchg � �dh fh¹khcih s� �v ef h�mij �� incfjlkijenc mc� jdh gh�j h�mijchff n� jdh �nch�m h��h��ecp
² � � n�² �

� erhc mc h�mij fh¹khcih s� �v ec � n�² | ejd ` � Y � µ m inc÷mjenc ec ² w jdh n�� hij ê ef hmfeg� fhhc
jn � h hõmihm�gh w mc� jdkf ef ec yWî �

�f kfkmg w lh�lhfhcjm�gh �kcijnlf mlh ignfh� kc�hl in�hlchgf mc� h�jhcfencf � µecih jdef ef mgfn jlkh �nl
î � � n�² w ej ef jlkh �nl yWî mf |hgg �

�dh imjhpnl� yW î ef mgfn ignfh� kc�hl �hlchgf n� fkl� hijencf � � erhc m fkl� hijenc ê � ° n� n�� hijf
ec yW î w idnnfh �ln� hijerh lhfngkjencf �nl ê mc� ° mf ec s� �v � �dh �m� ê � ° h�jhc�f jn m � m� n�
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lhfngkjencf mc� |h �hcnjh ��
�s� �z� � � ` � Y � µ � ³ � �
ejf inch � ónjh jdmj ` ­Y ­µ ­ ³ � ² � �dh fkl� hijer ej� n� ê � ° e��gehf jdmj s� �z ef h�mij h�ih�j w � nffe�g�w
mj µ � µecih ³ ef �ln� hijerh ec � n�² w jdh � m� µ � ³ f�gejf mc� jdhlh�nlh dmf m �hlchg ¶ ec ² � �dh
fh¹khcih � � ` � Y � ¶ ef m lhfngkjenc �nl jdh �hlchg n� ê � ° �

bj �nggn| f jdmj yWî � � n�² ef ignfh� kc�hl �hlchgf mf |hgg � £hcih w yWî ef mc m�hgemc imjhpnl�� n
t F++m +m s� �s� �h imc mffk� h ² jn � h e�h��njhcj in��ghjh mf ² � 3² ef m ñ� �jdhnl� h¹kermghcih � �h
| egg fdn| jdmj |h imc jm�h ¶ ¨ yWî �

±hj �² �h jdh �kgg fk� imjhpnl� n� � n�² incfefjecp n� jdnfh �kcijnlf ê } ² «O �ª ¬u � �nl |deid jdhlh
ef mc h�mij fh¹khcih � � ` � ê � ° � � ec � n�² | ejd ` ec ² mc� ° ec yW î � �dhc �² ef h�jhcfenc
ignfh� ec � n�² �

�n fhh jdef w ghj � � ê ¸ � ê Þ � ê� � � �h mc h�mij fh¹khcih ec � n�² | ejd ê ¸ w ê� ec �² � odnnfh
h�mij fh¹khcihf � � ` ¦ � ê ¦ � ° ¦ � � w | ejd ` ¦ ec ² mc� ° ¦ ec yWî w © ¨ s­ ì � � f `� ef �ln� hijerh w jdh
ec� hijenc `� � ê� ge�jf jn m � m� `� � ê Þ |deid ef mc ec� hijenc mf |hgg � ±hj ° Þ �h jdh �kfdnkj n� jdh
fkl� hijenc ê ¸ � ° ¸ mgncp jdh ec� hijenc ê ¸ � ê Þ »`� � bj ef mc h�jhcfenc n� ° ¸ mc� ° � mc� jdkf ec yW î �
�dh �hlchg n� jdh fkl� hijenc ê Þ � °Þ ef mc h�jhcfenc n� ` ¸ mc� `� mc� jdkf ec ² � £hcih w ê Þ ef ec �² �

�h �m�h �² ecjn mc h�mij imjhpnl� �� �higmlecp jdnfh fh¹khcihf jn � h inc÷mjencf |deid mlh mgfn
inc÷mjencf ec � n�² �

µjmc�ml� mlpk� hcjf ec dn�ngnpeimg mgph�lm fdn| jdmj mc� ê ec �² dmf m lhfngkjenc mf ec s� �v | ejd` w Y w µ ec ² � �dkf w jdh ecigkfenc ² � � �² ec�kihf mc hffhcjemgg� fkl� hijerh �kcijnl n� �nkc�h� �hlerh�
imjhpnlehf ³ ´ �² � � � ³ ´ � �² � � �dh jlemcpgh �kcijnl ef �k gg� �mejd�kg �� lhfngkjenc nl �hgghl ¤f ilejhlenc
y�hgtö w ss�u w s® �s{ � £hcih w |h dmrh mc h¹kermghcih ³ ´ �² � � �� ³ ´ � �² � �

óh�j jdh ecigkfenc yW î � �² fmjef�hf jdh �kmg n� �hgghl ¤f ilejhlenc y�hgtö w ss�u w s® �s{ � �n fhh jdef w ghjê � ° � × �h m inc÷mjenc ec �² | ejd ê ec yWî � odnnfh m inc÷mjenc ` � × � � ec �² | ejd � ec yWî
mc� ` � ² ¨ � n�² «�ln� � �dh ec÷mjenc ` � × ge�jf jn mc ecigkfenc ` � ° |dnfh in�hlchg w fm� ñ w ef mc
h�jhcfenc n� ê mc� � � bj �nggn| f jdmj ñ ef ec yW î mc� jdmj ê � ñ ef mc ec÷mjenc ec yW î �

µk��mle�ecp w |h dmrh m �kgg� �mejd�kg jlemcpgh �kcijnl ³ ´ �yWî � ³� ³ ´ � �² � Z̈ ³ ´ �² � � � ±hj ê �h mc
n�� hij n� yW î � odnnfh mc h�mij fh¹khcih ec � n�² mf ec s� �v | ejd ` � Y � µ m inc÷mjenc ec ² � �dhc jdh
n�� hij ê w incfe�hlh� mf m idmec in��gh� incihcjlmjh� ec �hplhh �hln w ef fhcj jn jdh mi�igei idmec in��gh�
� � ` � Y � µ � � ec ³ ´ �² � � � µkid mi�igei idmec in��gh�hf phchlmjh jdh jlemcpkgmjh� fk� imjhpnl�
n� mgg mi�igei idmec in��gh�hf ec ³ ´ �² � � � �dkf w jdh ecigkfenc ³ ´ �yW î � ³� ³ ´ � �² � Z̈ ³ ´ �² � � e�hcje�hf
³ ´ �yWî � | ejd jdh jlemcpk gmjh� fk� imjhpnl� n� ³ ´ �² � � incfefjecp n� jdh mi�igei idmec in��gh�hf �

�c jdh ghrhg n� �ln� hc ekf �melf w jdh � m� od´ ² � � �od´ �² ­ � i´ �² � ec�kihf mc h¹kermghcih n� �hlerh�
imjhpnlehf � ±hj º �h jdh �kgg fk� imjhpnl� n� od ´ �² n� n�� hijf |deid mlh efn�nl�dei ec ³ ´ �² jn mc n�� hij
n� �i´ ² � �� jdh mlpk� hcjf m�nrh w |h dmrh � m�f n� �ln� hcekf �melf

�od´ yWî ­ � i´ yWî � � �º ­ � i´ �² � � �i´ ²
|deid ec�kih h¹kermghcihf n� �hlerh� imjhpnlehf � n

ss� 
 a���\ ����§\� a` � �[��]\�
bc jdef fhijenc |h | egg incfjlkij m �kcijnl ñ� �ln� �ln�hc ekf �melf jn f� hijlm |dnfh chpmjerh dn�njn��

plnk�f mlh jdh chpmjerh ñ� �plnk�f ecjln�kih� ec fhijencf s mc� v � µdnlj h�mij fh¹khcihf n� �ln� hcekf
�melf | egg p erh lefh jn dn�njn�� ��lmjencf n� ñ� �jdhnl� f� hijlm � �def h�jhc�f jdh lhfkgjf n� jdh �lhrenkf
fhijencf jn depdhl mgph�lmei � �jdhnl�� bc �mljeikgml w s�u w z �z w z �t w ¥ �sw mc� s� �s mlh mgfn jlkh �nl depdhl
mgph�lmei � �plnk�f �

� ejdnkj gnff n� phchlmgej�w |h | egg mffk�h mgg m��ejerh imjhpnlehf �ec �mljeikgml w mgg �ln� hcekf �melf�
ec jd ef fhijenc jn dmrh m kcejmg mc� mffn iemjerh �elhij fk� n�hlmjenc ¹ � � nlhnrhl w �kcijnlf n� m��ejerh
imjhpnlehf mlh jn �lhfhlrh jdh kcej mc� jdh �elhij fk� n�hlmjenc � �h imc �n fn � himkfh jdhlh ef m �kcijnlemg
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fjleije�imjenc |deid h��h�f mc m��ejerh imjhpnl� ecjn mc h¹kermghcj m��ejerh imjhpnl� |deid dmf m kcejmg
mc� mffn iemjerh in�ln�kij y� m�uv{ �

�kl lh�hlhcih �nl f� hijlm ef y��u¥{ �

  ! � "#$%&%'$ ! ±hj ¯ ¨ �¶ ­ ¶� � � h m �ln�hcek f �mel � bjf mffn iemjh� imjhpnl� | ejd in��lmjencf mc�
|hm� h¹kermghcihf �mgfn imggh� �mg�dmkfhc imjhpnl� � y�mg¥z{ ef jdh imjhpnl� ¶ | ejd in��lmjencf in�¯
jdh ec÷mjencf ec ¶ mc� |hm� h¹kermghcihf �¯ jdh � m�f ec ¶ |deid mlh efn�nl�def� f ec ³¯ � �� m�kfh
n� cnjmjenc |h fjegg | lejh ¯ �nl jdef imjhpnl� | ejd in��lmjencf mc� |hm� h¹kermghcihf � �dh � 7*D ú+Fk
0 �)ú +m ¯ ef �h�ch� w miinl�ecp jn y�mg¥z{ w mf

� �¯ � ¨ � �� � �¯ �¢
�dh mffn iemjenc ¯ º� � �¯ � �h�chf m �kcijnl �ln� �ln�hcekf �melf jn f�mihf �

  !1 | úE�F} ù �dh imjhpnl� | ejd in��lmjencf mc� |hm� h¹kermghcihf ¯ ef m �mg�dmkfhc imjhpnl� | ejd
�mijnle�mjencf �� �z� } �rhl� � m� y } ` � Y ef jdh in��nfejenc n� mc ec÷mjenc �y ­ ©� } ` � Y ¹ ñ mc� m
|hm� h¹kermghcih �s­ �� } ` ¹ ñ � Y w |dhlh ` ³� ñ ef mc ec÷mjenc ecjn mc ec� hijerh n�� hij � � nlhnrhl w
� �¶ � mc� � �¶ «O � mlh efn�nl�dei �
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t F++m ù ±hj � �h m �necjh� f�mih � �dh in�× f�mih fjlkijklh � ¸ � � ¸ � � ¸ ec�kihf mc × �f�mih fjlkijklh
� } �� � �� � �� �

b� � } � �� � � ef m kcejmg mc� mffn iemjerh × �f�mih w jdhc jdh × �f�mih fjlkijklh �� } �� ��� � ��
ef dn�njn�ei jn � rem m dn�njn�� |deid ef �kcijnlemg �nl kcejmg mc� mffn iemjerh × �f�mihf �� jdh �nggn| ecp
mlpk� hcj � �dh �emplm�
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in��kjhf w h�ih�j jdh gh�j dmc� jlemcpgh |deid in��kjhf k� jn dn�njn��� �dh k��hl in��nfejenc �ehg�f
� w jdh gn|hl �� � � idneih n� dn�njn�� �nl jdh gh�j dmc� jlemcpgh �h�chf m dn�njn�� �  �� |deid ef
�kcijnlemg �nl kc ejmg mc� mffn iemjerh × �f�mihf �

ón| |h �lnrh jdh igme� n� jdh gh��m � �dh mffn iemjerh mc� kcejmg �elhij fk� n�hlmjenc ¹ nc ¯
ec�kihf mc mffn iemjerh mc� kcejmg × �f�mih fjlkijklh nc �� ¨ �� � �¯ �w jdkf nc � �¯ � ¨ ��� w |deid
ef �kcijnlemg ec ¶ � �� jdh m�nrh w ejf × �f�mih �kgje�geimjenc ef dn�njn�ei jn � w �kcijnlemgg� ec ¶ � �dh
� m� � } � ¶ � � ¶ n� v �® ec�kihf m � m� � } � ¯ � � ¯ n� �ln� hcekf �melf � �dh cmjklmg h¹k ermghcih
©¬ ¹ � Z̈ � n� v �® ef �kcijnlemg ec ¶ ��nl � m�f �lhfhlrecp jdh kcejmg mc� mffn iemjerh in�ln�kij� � �� jdh
mlpk� hcj m�nrh w |h dmrh m �kcijnlemg dn�njn�� � �� �  �� �� �� � ­ ©¬�  ! �� �� ­ ©¬�� � µecih � dmf mc× �f�mih ecrhlfh |deid ef �kcijnlemg ec � w jdhlh ef m dn�njn�� "  ©¬ÿ #� $ �kcijnlemg ec ¯ � n
  !> � "#$%&%'$ �CD ú ñ� 7*D ú+Fk 
0 ú)*F8E � ! ±hj ¯ �h m �ln�hcek f �mel � �dh � m� ¶ � � ¶ n� �ln�hcekf
imjhpnlehf ec�kihf � m�f ¯ � � ¯ � �¯ mc� ¯ � �¶ ­¶ � � �¯ n� �ln� hcekf �melf |dnfh in��nfejencf
inecie�h � �dkf |h n�jmec m in��kjmjerh �emplm� n� � �jdhnl� f�mihf
�ss�z� � �¯ � IJ
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�kcijnlemg ec ¯ � �� ss�ì w jdh f�mih � �� ¯ � ef incjlmije�gh w �kcijnlemgg� ec ¯ � �dh f�mih � �¶ ­ ¶ �
ef incjlmije�gh w �kcijnlemgg� ec ¯ w � himkfh � �? �¶ ­ ¶ � dmf mc ecejemg n�� hij w cm� hg� jdh kcej � w mf� �? �¶ ­ ¶ � ¨ �?¶ ef mc m��ejerh imjhpnl��

�dh f¹kmlh mc� jdh j|n incjlmijencf �ehg� m � m�
�ss�ö� � �¯ � � �� ��¯ � ­
mc� |h �h�ch jdh f� hijlk� ñ� �¯ � w mffn iemjh� | ejd jdh �ln�hcekf �mel ¯ w jn � h jdh fh¹khcih n� f�mihf
� �¯ � ­ � ��¯ � ­ � �� Þ¯ � ­ ¢¢¢ jnphjdhl | ejd jdh fjlkijklh �m�f perhc �� ss�ö �

�� jdh �kcijnlemgej� n� jdh f¹kmlh ss�z mc� jdh �kcijnlemg incjlmijencf w ñ� �h�chf m �kcijnl �ln�
�ln�hcekf �melf jn f� hijlm �
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t F++m ù ôhimgg jdmj ³¯ � ³� ¯ � ³�¯ ef mc h�mij fh¹khcih n� jlemcpkgmjh� imjhpnlehf �v �¥� � ±hj º
�h jdh �kgg fk� imjhpnl� n� � ¶ |dnfh n�� hijf mlh �hln ec ³�¯ � �dhc º ecdhlejf mc h�mij fjlkijklh �ln�� ¶ |deid � m�hf ej ecjn �ln�hcekf imjhpnl�� �lejh ¯ � �nl jdh �ln�hcekf �mel �º ­� ¶� � � �dh � m� n�
�ln�hcekf �melf ¯ � ¯ � ec�kihf mc e�h��njhcj in��ghjenc ³¯ � ³¯ �w � himkfh ³� ¯ ef e�h��njhcj
in��ghjh �® �s� � �� in�cmgej� �ss�su� w jdh � m� � �¯ � � � �¯ �� ef mc efn�nl�def� nc % ¦ w © � � w mc� m
�ncn�nl�def� nc %� � �� ss�s¥ w |h dmrh m dn�njn�� imljhfemc f¹kmlh
�ss�¥� � �¯ �� IJ
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�dkf w jdh ec�kih� � m�f
�ss�t� � �¯ �� � �� ��¯ � � �� ��� ¯ ���
mlh dn�njn�� h¹kermghcihf � µecih �� �¯ � � �� �¯ �� ef m dn�njn�� h¹kermghcih mf |hgg w jdh f� hijlk�� ñ� �¯ � ef mc � �f� hijlk� �

�dh m�nrh mlpk� hcj mijkmgg� fdn| f jdmj jdh f� hijlk� �ñ� �¯ � ¨ Ð� �¯ �� ­ � ���¯ ���� ��� Þ¯ ��� ­ ¢¢¢Ò
|ejd fjlkijklh � m�f perhc �� ss�t ef mc � �f� hijlk� w mc� jdh �m� ñ� � �ñ� w ec�kih� �� ¯ � ¯ �w ef m |hm�
h¹kermghcih n� f� hijlm � �dkf w �nl © � � |h dmrh % ¦ ñ� �¯ � ¨ % ¦ �ñ� �¯ � ¨ � ¦ �¯ �� ¨ � ¦ �¯ � � �dh gmfj h¹kmgej�
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t F++m ù �� v �¥ w � ?¯ � � ?Æ � � ?Ë ef mgfn mc h�mij fh¹khcih n� �ln� hcekf �melf � µecih � ñ� ef mc� �f� hijlk� �ss�u� w ej fk) ihf jn fdn| jdmj
�ss�s®� �� �¯ � IJ

LM
�� �Æ �

LM"  �� �¶ ­¶ � IJ �� �Ë �
ef m dn�njn�� imljhfemc f¹kmlh n� f�mihf � ±hj º ¸ � h jdh �kgg fk� imjhpnl� n� º n� n�� hijf |deid mlh �hln
ec ³Ë � � f kfkmg w jdh h�mij fjlkijklh nc º ec�kihf mc h�mij fjlkijklh nc º ¸ |deid � m�hf º ¸ ecjn m
�ln�hcekf imjhpnl� | ejd º «�lec� ¨ º ¸«�lec� � �dh igme� cn| �nggn| f �ln� ss�s¥ mc� in�cmgej� ss�su
m��geh� jn ¯ � �º ¸ ­ º� � mc� �º ­ º ¸� � Ë � �dh gmfj � m� � m� ncg� h�efj |dhc Ë ef fmjklmjh� �øùúùû e� î�
incfefjf n� mgg jdh n�� hijf n� î |deid mlh �hln ec ³ î � w �kj w lh�gmiecp Ë |ejd ejf fmjklmjenc �nhfc ¤j idmcph
� �jdhnl� mf �njd dmrh efn�nl�dei mffn iemjh� �mg�dmkfhc imjhpnlehf � n
  ! 5 ! ñ� �² �û ² �- ú( �)* )�*ú� +Fk ù � f ec z �v |h �h�ch jdh ñ� �jdhnl� f� hijlk� n� mc h�mij imjhpnl� ²
��

ñ� �² � ¨ ñ� �od´ ² ­ �i´ ² � ¢
�h |lejh ñ� �§ � ¨ ñ� �§ «�ln� � �nl § m lecp � �� y��t� w s�ss�u{ mc� ss�u w |h dmrh ñ� ¦ �² � ¨ ñ� *¦ �² � w
xkegghc ¤f � �plnk�f n� ² w © � � � �� u �sw chpmjerh ñ� �plnk�f mf �h�ch� dhlh inecie�hf | ejd chpmjerh
� �plnk�f n� �mff mc� �dn� mfnc |dhchrhl jdh� dmrh �h�ch� ej �

�� ss�s� w m fh¹khcih ¶ � º � î n� h�mij imjhpnlehf fkid jdmj ³ ´ �¶ � � ³ ´ �º � � ³ ´ �î � ef h�mij w
ec�kihf m gncp h�mij fh¹khcih n� � �plnk�f ecigk�ecp jdh chpmjerh � �plnk�f � �nl fejkmjencf ec |deid jdh
jdhnlh� imc �h m��geh� w |h lh�hl jdh lhm�hl jn y��t�{ w y�hgtt{ w yóhht®{ �

  ! > ! ñ� �` � û ` � �� � ù ±hj ` �h m �pm � � f ec z �t |h �h�ch
ñ� �` � ¨ ñ� �ihgg `«�n��

b� ` � Y ef m ¹kmfe�efn�nl�def� w jdhc å¼Y ec�kihf mc h¹kermghcih n� �hlerh� imjhpnlehf mc� jdkf
efn�nl�def� f �ss�s�� ñ� ¦ �` � �� ñ� ¦ �Y � w © � ¯�

�h incigk�h jdh fhijenc | ejd ì �ln�nfejenc f |deid |h chh�h� ec jdh �lnn�f n� ss�u mc� ss�s�
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�melf ec nl�hl jn fhh jdmj cn �kcijnlemg �in�� i�gec�hlf mlh lh¹kelh� �

� erhc mc h�mij �kcijnl ê } ¶ � º �hj|hhc h�mij imjhpnlehf w ghj î+ �h jdh imjhpnl� |dnfh n�� hijf
mlh �mjm �` ­ © } ê �` � ³� Y � | ejd ` mc n�� hij n� ¶ mc� © } ê �` � ³� Y mc ec÷mjenc n� º � � �m� �ln�
�` ­ © } ê �` � � Y � jn �` ^ ­ © ^ } ê �` ^ � � Y ^ � ef m �mel n� � m�f ¬ } ` � ` ^ ec ¶ mc� u } Y � Y ^ ec º fkid
jdmj © ^ê �¬ � ¨ u© � 
 higmlh m fh¹khcih ec î+ jn � h m inc÷mjenc e� ej ef m inc÷mjenc |dhc hrmgkmjh� mj ` w Y
mc� Y »ê �` � � �def � m�hf î+ ecjn mc h�mij imjhpnl��

b� ê } ¶ � º ef m � m� n� �ln�hc ekf imjhpnlehf w jdhc î+ ef m �ln�hc ekf imjhpnl� mf |hgg � bjf �ln� hijerh�
ec� hijerh n�� hijf mlh jdnfh �` ­ ê �` � ³� Y � | ejd ` mc� Y �ln� hijerh�ec� hijerh ec ¶ mc� º lhf� hijerhg��

±hj �ê ­ ê � � } ¯ � Æ m �m� n� �ln�hcek f �melf | ejd ³¯ � ³Æ mc h¹kermghcih � �h imc mffk� h ¯ mc�Æ jn � h fmjklmjh� w øùúùû jdh n�� hijf ec ¶� w º� mlh h�mijg� jdnfh |deid mlh �hln ec jdh �hlerh� imjhpnlehf �
�def ef � himkfh jdh �mg�dmkfhc imjhpnlehf n� m �ln�hc ekf �mel mc� ejf fmjklmjenc mlh jdh fm� h �

�h �h�ch m �ln�hcekf �mel Ë ¨ �î ­ î� � mf �nggn| f � �dh imjhpnl� î ef jdh �k gg fk� imjhpnl� n� î+ n�
n�� hijf �` ­ ê �` � ³� Y � | ejd Y »ê �` � �hln ec ³º w nl h¹kermghcjg�w | ejd ê �` � ³� Y m |hm� h¹kermghcih ecÆ � �dh ecigkfenc î � î+ ef ignfh� kc�hl h�jhcfencf w �hlchgf n� �h÷mjencf mc� in�hlchgf n� ec÷mjencf � bj
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incjmecf mgg �ln� hijerh�ec� hijerh n�� hijf n� î+ � �dkf w �higmlecp m fh¹khcih ec î jn � h m �h÷mjenc e� ej ef m
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|deid ef in��kjmjerh k� jn dn�njn��� �� ss�® w |h imc mffk� h ê ` Þ � Y Þ jn � h mc ec÷mjenc � µecihê ` � Y ef mc ec÷mjenc w |h imc idmcph Y � Y Þ w k� jn dn�njn��w fkid jdmj jdh k��hl f¹kmlh in��kjhf �
óh�j w idnnfh ec÷mjencf ê ` ¸ ³� ñ mc� Y ^ ³� � ecjn ec� hijerh n�� hijf � µecih jdh gn|hl f¹kmlh in��kjhf
k� jn dn�njn��w jdh �eõhlhcih n� jdh j|n in��nfejencf �mijnl jdlnkpd b � �h imc � m�h jdh gn|hl f¹kmlh
in��kjmjerh �� lh�gmiecp Y ¸ | ejd Y ¸ ¹ ñ � µe� egmlg�w |h imc � m�h jdh lepdj dmc� f¹kmlh in��kjmjerh ��
lh� gmiecp jdh ch| Y ¸ | ejd Y ¸ ¹ � |ejdnkj �hfjln�ecp jdh in��kjmjerej� n� jdh gn|hl f¹kmlh � µn |h imc
mffk� h ss�sö jn in��kjh w mc� jdh dnle�ncjmg � m�f jn � h ec÷mjencf � odnnfh m î ��h÷mjenc �� ­ ê �� � ³�5 � � �` Þ ­ ê �` Þ � ³� Y Þ � | ejd � ­5 �ln� hijerh � ôh�gmiecp jdh gn|hl rhljeimg � m�f | ejd jdh î ��h÷mjenc
�` ¸ ¹ � ­ ê �` ¸ ¹ � � ³� Y ¸ ¹ 5 � «� �` Þ ­ ê ` Þ ³� Y Þ � w |h imc mffk� h ss�sö jn � h in��kjmjerh w jdh
dnle�ncjmg � m�f jn � h ec÷mjencf mc� jdh gn|hl rhljeimg � m�f jn � h �h÷mjencf � ±hj `� �h jdh �kgg��mi�
n� ` � ` Þ mgncp jdh ¶��h÷mjenc ` ¸ � ` Þ w ghj Y� �h jdh �kgg��mi� n� Y � Y Þ mgncp jdh º ��h÷mjencY ¸ � Y Þ � �dh � m� ê `� � Y� ef mc ec÷mjenc mc� m |hm� h¹kermghcih mf ej ef m �kgg �mi� ec î � �dh �m�
�`� ­ ê `� ³� Y� � «� �` ­ ê ` ³� Y � ef m î �h÷mjenc mf ej ef jdh �kgg �mi� n� m î ��h÷mjenc � �dh kcerhlfmg
�ln� hljehf n� �kgg��mi�f �ehg� m in��kjmjerh �emplm�
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t F++m ù �dh dn�njn�� imljhfemc f¹kmlh ef �mg�dmkfhc ¤f ��lmjencf jdhnlh� �nl cnc��kcijnlemg i�gec�hlf
� �ì m��geh� jn jdh idmcph n� |hm� h¹kermghcihf �ln� �º ­ º� � jn �º ­ º ¸� � ôhimgg �ss�®� w jdmj �ln�hcekf
�melf mlh �mg�dmkfhc imjhpnlehf | ejd �mijnle�mjencf wøùúùû hrhl� � m� ef m in��lmjenc �nggn|h� �� m |hm�
h¹kermghcih � n
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�h perh m �lnn� n� �mg�dmkfhc ¤f ���ln� e� mjenc y�mg¥z w s�ö �u{ mc� �e�lmjenc jdhnlh� y�mg¥z w s �ö �v{

mc� n� �dn� mfnc ¤f on�cmgej� y��t� w s�s� �s{ lhfkgj kfecp fgepdjg� |hm�hl d��njdhfhf w lh�gmiecp jdh h� ef�
jhcih n� m i�gec�hl �kcijnl mc� jdh i�gec�hl m�en� �� jdh h� efjhcih n� jdh �mijnle�mjenc n� hrhl� � m� ecjn
m in��lmjenc �nggn|h� �� m |hm� h¹kermghcih � ón �kcijnlemgej� ef lh¹kelh� �

� ! ! ±hj ê } ¶ � º �h m � m� �hj|hhc imjhpnlehf | ejd in��lmjenc mc� |hm� h¹kermghcihf w øùúùû ê ef
m �kcijnl �lhfhlrecp in��lmjencf w �kfd�nkj �emplm� f mgncp in��lmjencf mc� |hm� h¹kermghcihf � �h fm�
jdmj ê fmjef�hf jdh m��ln� e� mjenc �ln� hlj� e� jdh �nggn| ecp ef jlkh �
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 ù ±hj Ô �h m �cejh �nfhj incfe�hlh� mf m imjhpnl� ec jdh kfkmg |m�� �dh
�kc�m� hcjmg h�m��gh ef jdh �nfhj ys{ ¨ Ð� ª sÒ � � fk��nfhj � � Ô ef imggh� fmjklmjh� e� | ejd hrhl�
hgh� hcj � � � hrhl� �lh�hihffnl n� � ec Ô �hgncpf jn � �

±hj î � h m imjhpnl� | ejd in��lmjencf y�mg¥z w s�s{ � �lejh î = �nl jdh imjhpnl� n� Ô �emplm� f ec î w
øùúùû n� �kcijnlf Ô � î � � �m� n� Ô ��emplm� f ef m cmjklmg jlmcf�nl� mjenc > } � � � � ¸ w |deid ef jdh
fm� h mf m �kcijnl � } ys{ � Ô � î |dnfh lhfjleijenc jn Ð©Ò � Ô ef � ¦ w © ¨ � ­ s� ±hj � � Ô �h mc
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imcnceimg � m� ef m in��lmjenc mf ej ef chihffmleg� jdh e�hcjej� � m� �� ^ ¨ Ñ� � µk��nfh jdh gh��m ef jlkh
�nl mgg � n� iml�ecmgej� ª @ �

±hj � dmrh iml�ecmgej� @ � b� � ^ ¨ � w jdhc jdh imcnceimg � m� �ncih ej h� efjf� ef n�renkfg� m in��lmjenc
mc� |h idnnfh 5 � � �m�e� mg � �jdhl| efh |h idnfh 5 � � �m�e�mg fkid jdmj 5 »� � ^ � bc jdh �emplm�

inge� B #F GH* I ú@ $� � inge� B #FCJ ú*$� ³� � ¸ �5 �
jdh gh�j dmc� jhl� h�efjf �� ec�kijenc d��njdhfef w jdh � e��gh jhl� h�efjf mc� jdh lepdj dmc� mlln|
ef m in��lmjenc �� jdh mffk��jencf n� jdh gh��m � bc �mljeik gml w jdh �kfdnkj n� jdh �emplm� h��
efjf ec î � µecih inge� B #F ú@ $� dmf jdh kcerhlfmg �ln� hlj� n� jdef �kfdnkj w ej h� efjf w mc� jdh imcnceimg
� m� inge� B #F GH* I ú@ $� � inge� B #F ú@ $� ef m in��lmjenc � �� ec�kijenc d��njdhfef w inge� B #F . ú@ $� �
inge� B #F GH* I ú@ $� ef m in��lmjenc � on��nfejenc | ejd jdh �lhrenkf � m� �ehg�f m in��lmjenc �
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±hj � ¸ � î = �h in��lmcj w øùúùû � � ¨ " � � ¸ ef m in��lmjenc � ±hj Ô Ì �h jdh �nfhj incfefjecp n� Ô
mc� mc m��ejencmg � m�e�mg hgh� hcj c � 
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jdh �mijnle�mjenc �ln� hlj� ec î � ±hj Ô �h m �cejh �nfhj � odnnfh m � m�e� mg hgh� hcj � � Ô � �� ec�kijenc
d��njdhfef jdhlh ef m �mijnle�mjenc � K= GH@ I ³� � K= GH@ I �� � K= GH@ I |ejd jdh �lfj � m� m in��lmjenc mc�
jdh gmfj � m� m |hm� h¹kermghcih � �� � �u jdh inge� ej inge� B #\ CD ú@ $ �� � � � h� efjf � �� jdh �mijnle�mjenc
�ln� hlj� ec î w jdh imcnceimg � m� inge� B #\CD ú@ $ �� � � � � � �� � imc �h �mijnlh� mf inge� B #\CD ú@ $ �� �
� � ³� � �� � �� � �� � ecjn m in��lmjenc �nggn|h� �� m |hm� h¹kermghcih � �def �h�chf � } Ô � î � ��
incfjlkijenc w |h dmrh m �mijnle�mjenc � ³� � �� � n� � � � ecjn m in��lmjenc �nggn|h� �� m |hm�
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m �kcijnl �ln� jdh �efilhjh imjhpnl� % �î jn î |deid w �� d��njdhfef w ef incjlmije� gh � µn î ef incchijh� �

�ei� m �hln fe��gh� n� î mc� imgg ej �mfh �necj � �h dmrh jn fdn| jdmj %?î ¨ � w @ � � � �rhl� hgh� hcj
y8 { � %?î ef lh�lhfhcjh� �� m �necjh� �m� 8 } � ¬Ø � ? � ~ Íî �nl fn�h Ù � A � £ hlh � ? ¨ �L ¸ �M? ef jdh
fe��geiemg @ �f�dhlh w ~Íî ef jdh chlrh n� î w mc� � ¬Ø � ? ef jdh Ù�jd cnl� mg fk��erefenc n� � ? y��t� w v �ö{ � �h
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ef incjlmije�gh � �rhl� �necjh� � m� �ln� � ? jn m jn�ngnpeimg f�mih � w |deid ef dn�njn�ei jn �hln w ef
mgfn dn�njn�ei jn �hln rem m �mfh �necj �lhfhlrecp dn�njn��� �dkf 8 ef incjlmije� gh rem m �mfh �necj
�lhfhlrecp dn�njn��w fn y8 { ¨ � � n
t F++m +m O00 F+( øE�*ø+- O ù� ù �� y�mg¥z w s �ö �ö �{ w jdh �m� n� �mg�dmkfhc imjhpnlehf �?¶ � �?º fmjef�hf
jdh d��njdhfef n� � �® mf |hgg � �h fdn| jdmj ê } �¶ � �º ef m dn�njn�� h¹kermghcih � �dh fm� h
mlpk� hcj m��geh� jn �?¶ � �?º �ehg�f dn�njn�� h¹kermghcihf � �?¶ � � �?º �nl mgg @ � A mc� jdkf m
dn�njn�� h¹kermghcih m�jhl lhmge�mjenc � �Í¶ � � �Íº �

bc nl�hl jn fdn| jdmj ê ef m dn�njn�� h¹kermghcih w ej fk) ihf jn fdn| jdmj �nl hrhl� n�� hij Y n� �º
jdh imjhpnl� �ê P Y � ef incjlmije�gh yxkeuì w �dhnlh� �{ � �dh imjhpnlehf �ê P Y � mlh cnc�h��j� fecih jdh
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�m� Ñ ¨ ê �Ñ� � Y m�� ejf m �mijnle�mjenc Ñ � ê �` � �� Y |dhlh jdh gmjjhl � m� ef m |hm� h¹kermghcih �
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�� �t� � µecih � ef in��lmcj w jdh inge� ej inge�= � h� efjf �� �u� � �h dmrh ê �inge�= � � ¨ inge�= ê �� � mf
jdh inge� ej ef m fkiihfferh �kfdnkj mgncp in��lmjencf mc� ê �lhfhlrhf jdh� � �dkf jdhlh ef mc ec�kih�
� m� inge�= ê �� � � Y |deid |h imc �mijnl mf ê �inge�= � � � ê �� � �� Y �� m��l+ � µmjklmjenc mc�
jdh inc�ejenc m��l+ hcfklh jdmj � � �� ef m �necj�| efh |hm� h¹kermghcih � �dh fh¹khcih n� � m�f
� �� � �� �� ec �ê P Y �= �h�ch m ckgg dn�njn��� �dkf mc� �kcijnl Ô � �ê P Y �= ef dn�njn�ei jn
�hln � �� � �s� w �ê P Y � ef incjlmije� gh � n
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t F++m ù �� xkegghc ¤f �dhnlh� � w ej fk) ihf jn fdn| jdmj �ê P Y � ef incjlmije� gh �nl hrhl� n�� hij Y n� �î �
bj ef cnc�h��j� fecih ©¬  ef mc n�� hij n� �ê P Y � �

±hj Ô � �ê P Y � � h m �kcijnl | ejd Ô m �cejh �nfhj � bj ef p erhc �� m Ô �emplm� � ec Q� î jnphjdhl | ejd
m �m� � � �Y ec �� î �= � £hlh �Y ef jdh incfjmcj Ô ��emplm� mffn iemjh� | ejd Y � �mijnl � � �Y � �Y
mf m in��lmjenc �nggn|h� �� m |hm� h¹kermghcih ec î = �� �u� } � � �Y ³� � �� �Y � �� � �¥ w � ef mc
n�� hij n� �in� î �= � �� jdh fmjklmjenc m� en� m��geh� jn jdh � m�f n iikllecp ec � �� �Y w � ef ec �� î �=
mc� jdkf ec � Q� î �= � µecih � � � � �Y w �Y � � � �Y mc� � � �Y � � mlh �necj�| efh in��lmjencf w
jdhel in��nfejencf � � � mc� �Y � � mlh �necj�| efh in��lmjencf � �� jdh fmjklmjenc m� en� w �njd
� m�f mlh mgfn �necj�| efh |hm� h¹kermghcihf � �dkf jdh fh¹khcih n� � m�f � � � � �Y nrhl �Y �h�chf m
ckgg�dn�njn�� n� Ô � �ê P Y � � �� � �s� w |h mlh �nch � n
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� ehg�f m �lnn� n� � �ì � n
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�lnn� n� y��t� w s�s� �s�{ � n
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