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B CEDGFHDJILKNMHO1P
QSRUTNVXW1Y[Z,\^]`_badc^_�We]`Wef�Wechg�i)jH\^YlkmgHk^n�gXo�p>q'r ! i +@s qut�v ! gHkwW�xmyHz�{}|�~ +�� c�� ! q + g � f�W1VGW)Y[Z,\^]`_�fbn���W

�5\ � Yl�h��jHZ��Hg��l\^c � c�� ! q�]�Z��Jq + g � fbW�VGZ��ljHg�Y�n�j�W��
��� WbY[Z,\�]`_���\�j�g1W[�wYlk�n�cw��Wmi�V � gHk�a���j�g/We]�Wef�Wec>g � c�� � c��;W�� � c^c � c^�bZ�T��u�¡ w¢9£¤¢9£?¥'¦�n�c^_�gHk5\^j

fmn���W§jH\w�lW)gHk�n�g�� � j%n�]�V�ne¨7j�©�n��Hg � g � Z,c � c�gHkwWEf � _^_^]�W��
Q � W§V � ]`];Y[Z,c^j � _wW���nbf�Z��lW���WecwW��ln�]¡©��HZ���]�WefªgHk^n�c�a9c^_ � cw��gHkwW�«�gHk�We]�Wef�Wec>g�¬

� ( We]�WeY[g � Z,c­©^�lZ���]�Wef
®d¯�°h¯d± ¢ ! « +G� j�gHkwW�«�gHk­We]�Wef�Wec>g � c�gHkwW§j�Z��Hg�We_­Z��l_^W���Z�T²We]�Wef�Wec>gHj

�´³ Z�g�W�¬ � W�_wZbcwZ�g��lWe�>\ � �HW/gHk^n�g�VXWEj�Z��Hg%g�Z�a9c^_ ®d¯^°>¯d± ¢ ! « +
�´³ Z�g�W�¬ ®9¯^°h¯d± ¢ !¶µ·+�s f � c � f�\^f­¸ ®9¯^°h¯d± ¢ ! q +�s fbn � � f�\^f­¸ ®d¯^°>¯d± ¢ !e¹ qut�v º +�s f�We_ � n�cN�

Q ( ©9WeY � n�]NY�n�j�Wej�Z�T ®d¯^°>¯d± ¢ ! « + ¬
�´» � c � f§\^fªZ��)fbn � � f§\^f¼Y�n�c�Wen�j � ]�¨��;W�T¤Z,\^c�_ � c�q­½ µ Y[Z,f�©�n�� � j�Z,c^j

¾ ( Y�n�c­gHkw�HZ,\w�,k�We]�Wef�Wec>gHj�fbn � c>gHn � c � cw��f � c � f�\^f�¿ fbn � � f�\^f­�
� ( WeY[Z,c^_�]Àn��H��Wej�g�¿ jHfbn�]À]�Wej�g�We]`Wef�Wechg�Y�n�c��;W�T¤Z,\�c^_ � c ! qÁ½ µ·+5Â�! qÁ½�v +@s v qÁ½�Ã§Y[Z,f�©�n�� � j�Z,c^j��

¾3Ä � c�_­n�c^_­�HWef�Z�Å�W§f � c � f�\^f�¿ fbn � � f�\^f­�
¾3Ä � c�_­f � c � f�\^f�¿ fmn � � f�\^f­�

�´» We_ � n�c¡¬
¾3Æ j � c^��gHkwW�n��;Z·Å�W � _wWen��HW�©;Wen�g�We_^]`¨3VXW�Y�n�c�a9c^_�gHkwW�f�We_ � n�c � c�g � f�WÈÇ�É�Ê¶ËÌ`ÍuÎ ! qÏ½Ð« +�s
q Ë t�v/½�Ç É�Ê¶ËÌ`ÍuÎ « s q Ë t�v/½ ! qut�v/Ñ ! qut�v ÂÐµ·+�+ t�v s � ! q Ë + �

¾ � W�Y�n�c�Wen�j � ]�¨�_wWej � �,c�� ! q�]�Z��Gq + n�]���Z�� � gHk^f¼\�j � cw��j�Z��Hg � cw�w�
Q " n�c­VGW§_wWej � �,c�� ! q + g � f�W�n�]���Z�� � gHk^fÒT?Z�����WecwW��ln�]'«UÓ
QSRUT@VXW�Y[Z,\^]À_�©�n��Hg � g � Z,c�©;W��HT?WeY[gH]�¨ ! V�k � Y�k � j�V�k^n�g1VGWÁn��HW§�HWen�]`]�¨�g��H¨ � cw��g�Z�_wZ + VGWÁY[Z,\^]`_Èj�Z,]�Å�W�gHkwW

©��HZ���]�Wef
� �5¨�©�n��Hg � g � Z,c � cw�Án�c^_­gHkwWec��HWeY�\w�lj � Å�We]�¨�]�Z5Z�� � cw�ÁT¤Z���gHkwW�We]�Wef�Wec>g � c�Z,cwWEZ�TLgHk^W�©�n��Hg � g � Z,c�j�¬

µ



®d¯�°h¯d± ¢ ! �EÔÖÕuÔ�o�Ô�« +

R Ä Õ s o�×�Ø)Ù ³ & Ù�× Æ & ³ �ÁÚ Õ^Û
Ü s �u�¡ w¢9£¤¢9£?¥'¦ ! �§ÔÖÕ'Ô�o +

Ý Ý ÝÝ Ý ÝÞ Þ ÞÞ Þ Þ

p r

q

 q−p+1 

r s Ü)½­Õ Âßµ
R Ä « s r�×�Ø)Ù ³ & ÙG× Æ & ³ ��Ú Ü�Û
Ù $L( Ù�R Ä «Jàár�×�Ø1Ù ³& Ù�× Æ & ³ ®d¯^°>¯d± ¢ ! �§ÔÖÕ'ÔHÜ1½ µ Ô�« +
Ù $L( Ù

& Ù�× Æ & ³ ®d¯^°>¯d± ¢ ! �§ÔHÜ Âßµ Ô�o�Ô�«L½3r +
Ä R

( We]�WeY[g�«#gHk­We]`Wef�Wechg1\^j � cw� ®d¯�°h¯d± ¢ ! �EÔ µ Ô�q@Ô�« +

� RUTLgHkwW�©�n��Hg � g � Z,c�VXn�j�©;W��HT¤WeY[g ! Ü s qut�v + VGWEk�neÅ�W
â ! q +ãs â ! qut�v +'Â q

s q Â qut�v Â qut�ä Â qut�å Â Ñ�Ñ�Ñ Âßµ
s æèç�é Éê

Ì`Í;ë
q
v Ì

s q­Ñ æèç�é Éê
Ì`Í;ë

! µv +
Ì

ì q­Ñ�íêÌ`Í;ë
! µv +

Ì
s v q@î

³ Z�g�W�¬
¾ ×�kwW�g�� � Yl� � j�gHk^n�g�VXW�Z,c^]�¨��HWeY�\w�lj�W�Z,c�Z,cwW�j � _^W��
¾ R¶c­gHkwW�VXZ��lj�g1Y�n�j�WEgHkwW�n�]`��Z�� � gHk^f¼��\^c^j � c â ! q +Js â ! q­½ µ·+¡Â q s � ! q Ë + g � f�W��
¾ � W�Y[Z,\^]`_­\^jHW��ln�c^_wZ,f �`ï n�g � Z,c­g�Zb��W�g���Z5Z7_­©�n��Hg � g � Z,c�Z,c�gHkwW�n·Å�W��ln���W��
¾ Ù�Å�Wec � TwVXW¡�H\^j�g²n�]�V�ne¨7j²©�n��Hg � g � Z,c§jH\^Y�k§gHk�n�g²n/Y[Z,c^jHgHn�chg²T?�ln�Y[g � Z,c !Öð à µ·+ Z�T^gHkwW�We]�Wef�Wec>gHj

n��lW�We] � f � c^n�g�We_�VGW���W�g1�l\^c^c � cw�Eg � f�W â ! q +@s â !Öð q +¡Â q s q Ç æèç�é ÉÌ`Í;ë ð Ì s � ! q + �
Q &1� ��Z��HZ,\^j²n·Å�W��ln���W[��Y�n�j�W/n�c^n�]�¨7j � j�¬'×uZ�j � f�©d] � T?¨)gHk^W�n�c�n�]�¨5j � j�¸�VGW%n�jHjl\^f�W�n�]`] � cw©�\wgHjLn��HW%_ � jHg � c^Y[gUñ � c

TÖn�Y[g�¸�VXW�V � ]`]dn�jljH\^f�W�gHk�n�g%gHkwWEn��H�ln·¨­Y[Z,c^j � j�gHj�Z�TugHkwWEqò_ � j�g � c�Y[g�c5\^f§�;W��lj µ gHkw�HZ,\w�,k�q@�
��� W�n�jHjH\^fbW�gHk^n�g�gHkwW��HW§n��HW�q@ó^_ � j�g � c^Y[g%n�c^_3yHôeõ^|�ö¤öø÷möø{¤ù�y[öø÷ � cw©�\wg%Y[Z,c7a��,\^�ln�g � Z,c^j��
� Ü��HW�gH\^�lcwWe_­�5¨­�u�¡ w¢9£¤¢9£Ö¥¡¦ � j�gHkwW�o�phq'r�Z�TLú s ��Ú o Û !Ö� �èW���¸�gHkwWEc5\^fE�;W��%Z�TLWe]�Wef�Wec>gHj ì ú + �
�´û �HZ���n�� � ] � g�¨�gHk^n�g�o�p>q'r ! ú +@s Ü � j µ t�q@¸^T?Z���Wen�Y�k µ ì Ü ì q@�
� $ W�g âNü ! q +@s n·Å�W��ln���W§��\^c^c � c^�§g � fbW�g�Z�adc^_�gHkwWE«#gHk­We]�Wef�Wec>g

v



��� W3Y�n�cßW[�5©^�lWejHj�gHkwWýW[�5©;WeY[g�We_ß�l\�c^c � cw�3g � f�W âNü ! q + n�j�gHkwWýVGW � �,khg�We_�Y[Z,f§� � c�n�g � Z,cÐZ�TEq
Y[Z,c�_ � g � Z,c^n�]LW[�7©;WeY[g�We_��l\^c^c � cw�mg � f�Wej�¸¡V�k^W��HWÁWen�YlkÏY[Z,c�_ � g � Z,c^n�]LW[�7©;WeY[gHn�g � Z,c � j/Y[Z,c^_ � g � Z,cwWe_
Z,cÈn�_ �ÿþ W��HWec>g%�ln�cw��Ü§T?Z���gHkwWE©�n��Hg � g � Z,c � cw��We]�Wef�Wec>g�¬
âNü ! q +ãs � ! q +NÂ ê� ü É ������� Í	� û �HZ��uÚ o�p>q'r ! ú +@s Ü�Û�Ñ ! W[�7©;WeY[g�We_��l\^c�c � cw��g � f�W�� � Å�Wec�gHk^n�g�o�phq'r ! ú +@s Ü +

s � ! q +NÂ µ
q Ñ ê� ü É ������� Í	� ! W[�7©;WeY[g�We_��l\�c^c � cw��g � f�W�� � Å�Wec�gHk^n�g�o�p>q'r ! ú +@s Ü +

ì � ! q +NÂ µ
q

Éê��ÍuÎ fbn ��
 â;ü ! «'½ µ·+ Ô âNü ! q­½ÏÜ +
� !¶µ·+

s � ! q +NÂ v
q
�� É�� Îê
Ì�Í�� É�Ê¶Ë�� â;ü ! « +����Â µ

q â;ü !�� qut�v�� + Ú q � j�Z7_^_5Û

ì � ! q +NÂ v
q

É�� Îê
Ì`Í�� É�Ê¶Ë�� âNü ! « +

� R¶c�gHkwW1j�g�W�©�]�Wen�_ � cw��g�Z !¶µ·+ VXW1fbn�_^W1gHkwW1VGZ���j�g¶��Y�n�j�W�n�jHjH\^fb©^g � Z,c�gHk^n�gXVXW! è�HW)n�]`VXn·¨5jX\^c^]`\�YH�5¨� c�gHk^n�gmgHk^W � g�Wef VGW! è�HW�j�We]�WeY[g � c^� � j � c�gHkwW�]`n��l��W���Z�T/gHkwWÈg�VXZ3jH\w�dn��H�lne¨7jmY[�lWen�g�We_ �5¨�gHkwW
©dn��Hg � g � Z,cN�#"%$h{'&�{'&ý|�~ {¤x)(+*!,.-#|�~/-0(+*�{¤~1-2-3*�xb| ù,y4-5$7y3|�~d|�ö ÷�&�{'&6,�{87�*!,9*�õ:&<;>=�y@?l|�õ�&ey�{?~A-5$wy,Hy@?eõ+,
& {'B�yC?l|�ö?öD&<;¡«1xb|�÷2B |E, ÷F?<*�~G& {ÖzhyH,¶|�=[öø÷!I�×�kwW�]`n��H��W���jH\w�dn��H�lne¨�Y�]�Wen��l]�¨�gHn���Wej�f�Z��lW�g � f�W/g�Z
©��HZ5Y[Wejlj%gHk^n�c­gHkwW§jHfbn�]`]�W���jl\w��n��H�ln·¨��

� ( Z,]`\wg � Z,c�g�Z
âNü ! q +Js q Â v

q
Éê

Ì�Í�� É�Ê¶Ë�� â;ü ! « + ¬
� W§©^�HZ�Å�W â;ü ! q + ìKJ q@�JR¶c^_^\^Y[g � Z,c�j�g�W�©'¬

âNü ! q + ì q Â v
q

É�� Îê
Ì`Í�� É�Ê¶Ë�� J «

s q Â v J
qML q ! q�½ µ·+

v ½ � qut�v�� !�� qut�v��)½ µ·+
v N

ì q Â J ! q­½ µ·+ ½ J
q L q v ½ µ NOL q v ½3v N

s q Â J ! q­½ µ·+ ½ J
qAP q Ëä ½ Ã q

v Â v�Q
s q Â J L Ãä q Â µ

v ½ v
q N

ì Ã
ä J q Â J

v Â q
ì J q@Ô

n�jX]�Z,cw��n�jSR ÉTVU RË Â q@¸,V�k � Ylk�VXW1Y�n�c�fbn���W�g��l\^W�T¤Z��X]`n��H��W�Wec^Z,\w�,kbq��5¨�YlkwZ5Z,j � c^� JXW äw� � W
jlkwZ,\^]`_�n�]`jHZ�YlkwWeYl��gHkwW���n�j�WbY�n�j�WejEg�Z��;WbjH\w�HW�gHk�n�g�gHkwWmk>¨>©;Z�gHkwWej � j � j/g��l\wW�T?Z���gHkwWbjHfmn�]`]�W��
Å�n�]`\wWej�Z�TLq@�
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Y Z\[ IJMHD�P/K CED�FlDJILK;MlO1P M�P K	]ÁD_^ Oa`cb�KedVfgbdD
QSRUg�gH\w��c^j�Z,\wg�gHk^n�g%VXWEY�n�cÈf�Z5_ � T¤¨�gHkwW�n�]���Z�� � gHk^f¼n�c^_­��W�g â ! q +@s � ! q +X� c�gHk^W�VGZ���j�g�Y�n�j�W��

� ×�kwW � _wWen � jÁg�Zýadc�_Sn�jH©�] � g�We]�Wef�Wec>gbÜýjH\^Ylk�gHk�n�gbVGW�n�]`VXn·¨5j�We] � f � c^n�g�W�nýT?�ln�Y[g � Z,c�Z�T)gHkwW
We]`Wef�WechgHje¬
®d¯�°h¯d± ¢ ! « +
¾ih � Å � _wW/q�We]�Wef�Wec>gHj � chg�Z����HZ,\^©�j%Z�Tkj5�
¾ ( We]`WeY[g�f�We_ � n�c­Z�TLWen�YlkÈ���HZ,\w© !#sml ¹ É n º�j�We]�WeY[g�We_�We]`Wef�WechgHj + �
¾3Æ j�W ®d¯�°h¯d± ¢­�lWeY�\w�lj � Å�We]`¨mg�Z�adc�_­f�We_ � n�c­Ü�Z�T@j�We]�WeY[g�We_�We]�Wef�Wec>gHj��
¾ û n��Hg � g � Z,cÏ|�ö?ö5We]`Wef�WechgHj���n�j�We_­Z,cÈÜ>�

q

n−kk

¾3Æ j�W ®d¯�°h¯d± ¢­�lWeY�\w�lj � Å�We]`¨mg�Z�adc�_�«#gHk­We]�Wef�Wec>g��
Ñ%RUTu« s r9¸^VXW! è�HWE_wZ,cwW��
Ñ%RUTu«Gàár�gHkwWec�\^jHW ®d¯^°h¯9± ¢ ! « + Z,cÈrÁ½ µ We]�Wef�Wec>gHj��
Ñ%RUTu« W r�gHkwWec�\^jHW ®d¯^°h¯9± ¢ ! «N½3r + Z,c­q­½3r�We]�WefbWechgHj��

� RUT'qco � j�gHkwW�fbn � � fbn�];c5\^fE�;W���Z�TLWe]�Wef�Wec>gHj�VGW��HWeY�\^�lj�W/Z,c � c�gHkwW�]`n�j�g%j�g�W�©�Z�T'gHkwW�n�]���Z�� � gHk^f­¸
gHk^W��l\^c^c � cw�Eg � f�W � j�� � Å�Wec��>¨ â ! q +@s � ! q +NÂ â !e¹ É n º +¡Â � ! q +NÂ â ! qco +

Q�ÙGj�g � fbn�g � Z,c­Z�Tuqco?¬
� " Z,c^j � _wW��%gHk^W�T¤Z,]`]`Z·V � c^�§ad�,\w�HW�Z�T²gHkwW����HZ,\w©dj%Z�Tpj�We]�Wef�Wec>gHj��

¾iq c�n��H�lZ·V��;W�g VGW�Wec�We]�Wef�Wec>g1i Î n�c^_Èi Ë � c^_ � Y�n�g�Wej�gHk^n�g1i Î W i Ë �¾ ×�kwW ¹ É n º§j�We]�WeY[g�We_�We]`Wef�WechgHj1n��HW�_w�ln·V�c�j�Z,] � _ ! Ü � j%f�We_ � n�c�Z�TugHkwWejHW + �
¾ ÙG]�Wef�Wec>gHj/gHk^n�g/VGW�ù ~/*Er4sH*E,S&�õ+,Hy�n��HW�]`n��H��W��/gHk^n�cýZ��/We�5\^n�]Lg�Z­Ü�n��HW � c^_ � Y�n�g�We_�V � gHk � c
gHk^W��;Ze�;�

q

> q

� ×�kwW�c>\�fE�;W��%Z�T²We]�Wef�Wec>gHj%gHk^n�g�VXW��7cwZ·V T¤Z��1jH\w�HW�n��HWE]Àn��H��W���gHk^n�c­Z��1We�>\�n�]Ng�ZmÜ � j�|!-Xö`yH|�&t-
Ã !3u Y[Z,]`\^fmc^j � c­jHk^n�_^We_­�;Ze� + ½ µ ½3v U Ã L µv4v q jxw N ½3ÃU Ã qµHy ½3Ã5î

ä



¾ ×�k � j � cwWe�5\^n�] � g�¨ � j%nb] � g�gH]�W/g � �,k>g�W���gHk�n�c­gHkwW�Z,cwW�� � Å�Wec � c�gHkwW��;Z5Z��d�
¾{z \^j�g � a9Y�n�g � Z,cN¬²×�kwW�c5\^f§�9W���Z�T¡Y[Z,]`\^fbc^j � c�gHkwW1�;Ze� � jGn�gG]�Wen�j�g Î

Ë
¹ É n º�� ! ×�kwW � c^We�>\^n�] � g�¨ � j

n�c�We�5\^n�] � g ¨�V�kwWecÈq � j�W�Å�Wec¡� + Ù�n�Y�k�Y[Z,]À\^fbc�Y[Z,chg�� � ��\wg�Wej)gHkw�HW�WÁWe]�Wef�Wec>gHj�¸;W[�wY[W�©^g/gHk^n�g
gHk^W�a��lj�g�Y[Z,c>g�� � �d\wg�Wej%Z,c^]�¨�g�VXZ�n�c�_­gHkwW�©�n��lg � n�]`]�¨�a9]`]�We_­Y[Z,]`\^fmc ! V�k � Y�k­�>¨­Y[Z � c�Y � _wWec^Y[W
Z,c�]�¨mk^n�©^©;Wec^j�g�Z��;W�gHkwW/� � �,k>gHf�Z,j�gXZ,cwW � c�gHkwW/© � Y[gH\w�lW + fbn·¨�Y[Z,c>g�� � ��\^g�W1Z,c^]`¨�Z,cwW ! W��è�w��¸� Tuq­f�Z7_|j s´µ·+ �

� (w� f � ]`n���]�¨ÁgHkwWEc5\^fE�;W���Z�TLWe]�Wef�Wec>gHj�gHk^n�g%VXW��7cwZ·V�T?Z���jH\w�lW�n��HW�]�WejHj�Z���We�5\^n�]Ng�ZbÜ � j�|}-�ö`yH|�&t-~ ÉÎ�ë ½ÏÃ5�
s%l � WE�lWeY�\w�lj�W�Z,c�n�g1f�Z,j�g�qco s q­½ ! ~ ÉÎ�ë ½3Ã +Js��Î�ë q Â ÃÁWe]�Wef�Wec>gHj

Q ( Z ®d¯^°>¯d± ¢d£Ö¥¡¦ ! « + �l\^c^j � c�g � f�W â ! q +@s � ! q +NÂ â !e¹ É n º +'Â â ! �Î�ë q Â Ã +
Q ( Z,]`\wg � Z,c�g�Z â ! q +@s q Â â !e¹ É n º +¡Â â ! �Î�ë q Â Ã + ¬

��� \wWejHj â ! q + ìKJ q
� R¶c^_^\�Y[g � Z,cN¬

â ! q +ãs q Â â L v q jmw N Â â L>�µHy q Â Ã N
ì q Â J Ñ v q j w Â J L �µHy q Â Ã N
ì q Â J q j Â J Â �µHy J q Â Ã J
s *

µHy J q Â q Â ä J
ì J q@Ô

� T@ä J Â q ì ÎÎ�ë J q@¸dV1k � Ylk�Y�n�cÈ�9W�jHn�g � j¶adWe_�Wen�j � ]�¨­�>¨�Y�kwZ5Z,j � cw� J ]`n��H��W�WecwZ,\w�,k ! n�g�]�Wen�j�g µHyh+
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