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/ed K8Q -01LZ �nK N K�K /ed6&)/j/ed H N H N|&�N HhK�IDK k.- Q W.V K (,"C� R / K -|N Q ( K - K�¦6K�P / HhQLM ZL/ed H Ns- K8g + P8K N
/ Q /ed K
P8Q + M / HhM � QDR /Td K�M +.(�W K - QDR ~*â ã � d HhP dÖ&D- K�M.Q / g.HJIqH N H W.V K W�1Ñ& M 1
k.- H ( K ç h w ( Qqg � z "jmod H N�V�&)/Y/ K -|N K / QDR k.- H ( K N P V K &D-YVJ1lNe&)/ H N p6K N�/ed K ¢�d K W Q /�&D- K�I
P�QLM.g.H / HhQDM��uH /Td � {§�jw x ØfÆ z|� d Q N K�G &DV QLH N|�D- Q +.k H N QDR?Q - g.K -�/ �nQ & M.g��nK (�&c1�



/T& ¡DK � / Q W K /Td KXMUQLM`�2HJg.K8M / H /21 K V K ( K�M /c"�modi+.N8Za� { Æ ^Lß & MUg��Klg.K�g + P�K /ed6&)/
/ed K�M +U(XW K - QDR NY+ P d HJM / K � K -eN H N

ê ] ã ^©¨ V Q � ã u
RFQ -oN Q ( K�M.QLM`�?v8K - Q�P�QLM N0/�& M /c"
� ( Q - K N0/T- Hh¡iHhM � K�Û &D(�k.V KfP & M W K � H�ILK8M,�uH /Td�/Td K Ê +.V K -&ª � R + M.P / HJQLM "o��k.&D-Y/

R - Q («ª w Æ z & M.g ª wyßLz Z �nKoM.Q / K /Td6&]/¬ª w ~ zÃH N|&DV � &c1qN K�ILK8M "|� R6��KSpUÛ & M 1 Q`g.g kU- H ( K
Ý Z �nK�P & M£g.K8g + P8K /ed6&)/ RFQ -�&)Vh( Q NY/ &DVJV ~ Z¬ª w ~ z�H N g.HJIqH N H W.V K Wi1 Ý ",� MUg.K8K�g Zj/Td K
N K / QDR k.- H ( K N æç Æ w ( Qqg�Ýcz Ne&)/ H N p6K Nn/Td K ¢�d K W Q /�&D- K�I�P8QLMUg.H / HhQLM��uH /ed � {§�|w3s í z� d Q N KlG &DV QLH NS�D- Q +.k H N H N Q ( Q -ek.d HhP / Qw3�^�Ý�:z¯® N Q /Td6&]/ �nK (�&c1�/�& ¡)KfRFQ -�� /Td K
M.QDM`�2HJg.K8M / H /21 K V K ( K8M /TN QDR /ed KXG &DV QLH No�L- Q +.k�"omod H N H N�W K�P &D+.N K'� ç Æ w ( Qqg�Ý<zoHJR
& MUg�QLM VJ1 HJR%� NYk.V H /TN P�Q (�kUV K / K V�1 HJMH� "|mod K - K�RFQ - K Z./ed K�M +.(XW K - QDR ~
âäã Z � d HJP d
&D- K�M.Q / g.H�I`H N H W.V K Wi1�&lk.- H ( KS� ç Æ w ( Qqg�Ýcz�H NuW�1�mod K8Q - K ( Æ Z

ê ] ãw V Q � ã z 3C° ì í  3 î �mod K - K�RFQ - K Z�&DVJ( Q N0/�&DVhV M +.(�W K -eN�&)- Kfg.HJIqH N H W.V K Wi1,&�k.- H ( Ko� ç Æ w ( Qqg�Ý<z "omod H N
( K & M N8Z RFQ -�&DVJ( Q NY/o&)VhV M +.(XW K -YN8Z Ý�gUHJIqHhg.K N�ª w ~ z "
mod K - K Ne+UVJ/ HJMiIDQ V IqHJM �ä$�&D(�& M +]Ôe& M�Ï N�Ó �yR + M.P / HhQDMàRFQ VhV Q<� N R - Q ( &ñ- K NY+.VJ/ Q)R

r�K V H � M.K�Ì r�Î�� d Q Ned Q<�nK8g /ed K�K�Û`H N0/ K�M.P8K QDR & M�Ý±� & g.HhP - K kU- K N K8M /�&]/ HhQDM± í å G &DV w �¬^���z>² � � Ù wF í z
NY+ P d,/ed6&)/

mA- ± í w � � z|{ Ó w �:zNu g.K / ± í w � � z�{ü� 323 �¡n1 P8QDM N HJg.K - HhM �/ed K È - K8g + P / HJQLM ( Qqg#Ý É�(�&Dk�Z �nK�Q WU/T& HhM & M£K�Û / K�M N HJQLM�� í ^��� d HJP d H N G &)V QLH NS& M.g
mC- ± í w � � z ç Ó wÜ�:z�w ( Qqg�Ýcz �

mod K - K�RFQ - K Z�k.- H ( K N �ýRFQ - � d HJP d Ýyi Ó wÜ�%z NT&)/ H N R 1£&#¢�d K W Q /�&D- K�I£P�QLM.g.H / HJQLM "�mod K
P�Q -e- K Nek QLM.gUHhM �1� P & M W K�P &DV P +.Vh&)/ K�g�R - Q ( /Td K�H (�&D� K�QDRsG &DV QLH N HhM � � Ù w´³ í z " Í`K8KÌÐÍ`K�Î?RFQ - R +.-Y/ed K - g.K /�& H VhN8"
� M
K�O +.&DVhV�1,N0/T- Hh¡iHhM ��- K NY+.VJ/ H N�/ed6&)/ RFQ -�&DVh� K W.-T& HhPfM +U(XW K - p6K V g N � QDR�p6M.H / K

g.K �L- K�K�Q�IDK - � Z?/Td K r�K�g.K8¡iHJM.g�v�K /T& R + MUP / HJQLMsdµ�w�x�z|{ }�¶ Æ· wB¸�z � { a}
^<b 3

\L^
~��¹



d6&)N�/Td K k.- Q k K -Y/21�/Td6&)/ RFQ -�&DVJ( Q N0/�&DVJV ~ ZÃ\�^ { è � d K8MUK�ILK - Ì�� å �:Î�Þ Æ "fmod H N
H N &�� K�M.K -e&DV Hbv &)/ HhQLM�QDR /Td K - K Ne+UVJ/ P8H / K8g &DW Q<ILK�HJM�ILQ V I`HJM � M +.(XW K -eN�/Td.&)/ P & M W K
� - H /e/ K8M &DNl/Td K NY+.( QDR / ��Q N O +6&)- K N�Z � d K - K�HhM /Td.&)/ P &DN K�� {º�jw3�2z "Öm Q N K�K
/ed H N�ZCV K /$» w ã z W K /Td K�M +.(XW K - QDR ~Ñâ ã NY+ P d /Td.&)/ ~ { · wB¸�z d6&DN &�N Q Vh+`/ HhQDM "
Ò K /M»Z® w ã z W K /Td KfM +.(XW K - QDR Ne+ P d ~ � d HhP d�&D- K N O +6&D- K�R - K�K " Í`HhMUP8K & M 1 M &)/T+.-e&DV
M +.(XW K - ~ P & M W Kl� - H /e/ K8M + M.HJO + K VJ1&DN ~ {½¼5¾ Z �uH /Td wF¼�u>¾Uz'{ Æ Z ¾ N O +.&D- K�R +.VhV
& MUg�¼ N O +6&D- K�R - K�K Z �nK N K8K /Td6&]/» w ã z�{ }¿ �i� » ® w ã ^�¾`z �
mod H N�Ne+.( P & M W K NekUV H / HhM / Q / �nQ k6&D-0/TN�ZÃ/ed Klp -eN0/fW K�HhM ��/Td Q N K��uH /ed ¾ ï«À & MUg
/ed K N K8P�QLM.g �uH /Td À â ¾ â ã "HÁ�N HJM �,/ed K /e- H�I`H &DV K NY/ H (�&]/ K�QDR ã ^�¾RFQ -$»�® w ã ^�¾`z
HJM /Td K N K8P�QLM.g Ne+.(�& M.g &DkUk.VJ1 HhM ��/Td K - K (�&D- ¡ (�& g.K &]/S/Td K�K8M.g�QDR /Td K k.- K�IqHhQ +.N
N K8P / HhQLM Z ��K�p6M.g

}Â � ¿ �i� » ® w ã ^�¾Uz � ãx À �
� RC��K�P d Q`Q N K À { V Q � ã Z �nK�p.M.g /Td6&)/o/ed K�P8QDM /e- H W.+U/ HJQLM�R - Q ( /ed K N K�P8QLM.g Ne+U( H NÃ w ã z & M.g d K�M.P8KnM.K �DV H � H W.V K "�r Q�� HJR ~ H N?N O +6&)- K�R - K8K ZL& M.K8P�K NeNe&D-Y1 P�QLM.g.H / HhQDM�RFQ -�/Td K
K�O +.&)/ HJQLM ~ { · wB¸�z / Q d6& IDK & N Q Vh+`/ HhQDM�H N�/ed6&)/ ¸�H N P8Q (�k Q N K�g�QDR k.- H ( KuHhgUK &DVJN Q)R
g.K �L- K�K Æ Q<ILK - � "Smod6&)/ H N8Z ~ (�+.NY/�W KSg.H�I`H N H W.V K W�1lk.- H ( K N �l� d HJP d�d6& ILK & g.K �D- K8K
QLMUK k.- H ( K'HJg.K &DV:VJ1 HJM �X&DW Q<ILK�H / HJMW� "|mod H N H N P V K &D-YVJ1�&�N K / Q)R k.- H ( K N�NT&]/ H N R 1 HhM �
&�¢�d K W Q /�&D- K�I�P�QLM.g.H / HhQDM "�Ç KlP & M (�& ¡DK /Td H N�( Q - K k.- K�P8H N K "f� R�Ä� g.K�M.Q / K N�/Td K
G &DV QDH N P V Q NY+.- K�QDR¢� Q<IDK - � Zn& M.gÆÅ H N�/Td K NY+.W.�L- Q +.k QDR � { G &DV w�Ä�L^���z /ed6&)/
pUÛ`K N � Z`/Td K�M�� d.&DNu& p -eN0/ g.K �L- K8K k.- H ( K�HhgUK &DV HhMÇ� VJ1 HhM �l&DW Q�IDK�H / H�R & M.g�QLM V�1
H�R � � w�Ä�L^��Ãz W K V QDM �LNS/ Q N Q ( K�P�QLM ÔY+.��&]/ K�QDRÈÅ "|� RA�nK V K /� {ÊÉ�Ë ��Ì k Å k  3/ed K8M � H NuN0/�&DW.V K + M.g.K - P8QLM ÔY+.��&)/ HhQLM & M.g���K (�&c1�&DkUk.VJ1�mod K�Q - K ( Æ �uH /ed ð {
Æ�Ø � �uH /edÆ� {Íi � i�^5i � i "l� / H N�& M�K V K ( K8M /�&)-Y1 K±ÛUK - P�H N K�HhM �L- Q +.k
/Td K�Q -Y1�/ed6&)/
èlï � ï Æ "j� M.gUK8K8g Z K & P d QDR /Td K�gUH NY/ HhM.P / P8QDM ÔY+.��&)/ K Nod6& IDK /ed K�HJg.K8M / H /21 K V K ( K8M /
HJM�P�Q (�( QLM & M.g /Td K - K�RFQ - K Zi � i â Æml w/iÎÅ�i Ø Æ z8Ì � å Å,Î%{�i � i Ø Ì � å Å,Î lÑÆ ï i � i
H�RnÌ � å Å,Î�Þ Æ � d HhP d H N�/Td K Ne&D( K &DNoNT&c1 HhM � � æ{t� "�¡n1 Q +.-SkU- K�IqHJQ +.No- K (�&)- ¡ N8Z
�nK�g.K8g + P8K » ® w ã z ê ] 3 ãw V Q � ã z 3 �  ��



� M N K -0/ HhM ��/ed H N K NY/ H (�&]/ K &DW Q<ILKfHhM /Td K�p -eNY/�NY+.(�/ Q W K�P8QLM N Hhg.K - K�g Z ��K�p6M.g» w ã z � }}|¿[ÏyÂ ã¾Áw V Q � ã z 3 �  �Í`HJM.P8K /ed K Ne+.(
} |¿ Æ¾

P�QLM�ILK -Y� K N�Z �nK�p6M.g /Td6&]/�/ed K / Q /T&DV K NY/ H (�&]/ K�H N Ã w ã z Z6&DN g.K N H - K8g "
mod K &DW Q<ILK N H /T+6&]/ HhQDMH N�&�NYk K�P8H &)V P &DN KlQDR &�( Q - K � K�M.K -e&DVjk.d K�M.Q ( K8M.QDM�HJM`�

IDQ V IqHhM ���'-Y/ HhMH�s� N K - HJK N�"�� R �'w�x�uVÐAz|{ a}
^<b 3

\L^
~��

H Ns& M ��-0/ HhM9�s� R + MUP / HJQLM &]/e/�& P d K8g / Q & G &DV QLH N K±Û / K8M N HhQDMlQDRI� ZUNe+ P dX/ed6&)/C/Td K N K /�Ñ
QDR%K V K ( K�M /eN k W K V QLM � HhM ��/ Q /Td K�G &DV QLH NC�L- Q +.k �uH /ed Ðnw k z|{ è H N M.QLMq�2K (�kU/21DZL/Td K�M
&DVJ( Q NY/n&DVhV QDR /Td K'P8QqK���P8HJK8M /TNo\L^ I & M.H NYd�"|mod K &)-e�L+.( K8M /�/ Q kU- Q<ILK /ed H N�k.- Q`P�K8K8g N
&DN'&DW Q<ILK "J¡�1�/ed K ¢�d K W Q /�&)- K�I�g.K�M N H /21�/Td K�Q - K (,Z6/Td K N K /M� QDR k.- H ( K N ��� d Q N K
�'-Y/ HJM NY1q(XW Q VAW K V QLM �DN�/ Q Ñäd6&DN�&�k Q N H / H�ILK g.K8M N H /21& M.g d K�M.P8K�H N�¢�d K W Q /T&D- K�I "
Ç K�P & M k.- QqP8K�K8g &DNf&DW Q<ILK & M.g�g.K8g + P8K /ed6&)/�/Td K�M +.(XW K - QDR ~¦â ã Ne+ P d /ed6&)/
\L^ æ{ è H N Ò 
 ã

w V Q � ã z�Ó �
RFQ -oN Q ( KcÔXÞ è "¡n1/T& ¡iHhM ��/ed K k K -Y(X+U/T&)/ HJQLM - K k.- K N K8M /T&)/ HJQLM &)/Y/�& P d K8g / Q &�NY+.W.�L- Q +.k Å Q)R
/ed K�G &)V QLH N��L- Q +.k�Z �nK N K8K /ed6&)/�/ed K ��-0/ HJMÕ�s� R + M.P / HJQLM H N�/ed K
r�K8gUK8¡iHhM.gÕv�K /T&
R + MUP / HJQLM�QDR /ed K�pUÛ`K�g�p.K V g�Q)R�Å "j� M.g.K�K8g Z H�R�ÖËH N�/Td K�×`� IDKcP / Q -�Nek.& P8K��uH /Td�W6&DN H N
[ % Ë@ØÚÙ _iZ HJM.g.K±ÛUK�g W�1�/ed K�P�Q N K /TN Q)R¬Å Z%/Td K k K -e(X+U/T&)/ HJQLM - K k.- K N K8M /�&)/ HhQLMwÛ Ì ° Ù Q)R�Ö&)/e/T& P d K8g / Q /Td KoP�Q N K /TN QDRDÅ H Ns� HJIDK8M W�1X/Td K & P / HhQLM k p % Ë@ØÚÙ {§% Ë�Ë@ØÚÙ RFQ - k � ��"
� / H N M.Q<� NY/T-e& H �Ddi/ RFQ - � &D- g / Q�P &DV P +.V�&)/ K /ed KoP d6&D-e& P / K - QDR /Td H Nj- K k.- K N K�M /�&)/ HhQLM & MUg
�nK N K8K�H / H N HhM.g + P8K�g�R - Q ( /ed K /e- H�I`H &DVs- K k.- K N K8M /�&)/ HhQLM�QDR /Td K NY+.W.�L- Q +.k Å w N K8K
ÌÐÍ ZÃk�" ß`Ü]Îòz "Ç¡n1�/Td K�HJMiI &D- H & MUP8K�QDR �'-Y/ HJMÝ�s� N K - HhK N + MUg.K - HhM.g + P / HJQLM Z H / RFQ VJV Q<� N
/ed6&)/|/Td K �'-Y/ HhM��s� N K - HJK N�&)/Y/�& P d K�g / QcÐ
{ /e- Û Ì ° Ù H N K8O +6&)V./ Q /Td K�r�K�g.K8¡iHhMUgÞv�K /T&
R + MUP / HJQLM�QDR /ed K�pUÛ`K8g£p6K V g£QDRMÅ "�mod K�P8QLM.gUH / HJQLM QDM�Ð Z M &)( K VJ1
/Td6&]/�/Td K N K /
QDRSK V K ( K�M /TN k NY+ P d£/Td6&]/ Ðnw k zf{ è Z H N NT&)/ H N p6K8g kU- Q<IqHhg.K�g /Td6&)/ Å H N�&�kU- Q k K -
NY+.W.�L- Q +.k Q)R /Td KXG &DV QDH NS�L- Q +.k�"n� M /ed H N � &<1DZ �nKfP & M - K /e- HJK�ILK /Td K K &D-eV HhK -o- K NY+.VJ/
&DW Q +U/o/ed K�I & M.H NYd HhM � QDR /ed K�P8QqK���P8HJK8M /TN QDR /Td Kfr�K�g.K8¡iHhMUg�v�K /�& R + M.P / HJQLM "ß



� R¬ÐüH N�& MH -Y- K�g + P8H W.V KfP d6&D-e& P / K - Q)R /Td KlG &DV QLH No�D- Q +.k�ZÁ/Td K8M�H / H N'& P V�&DNYN HhP &DV
- K Ne+UVJ/ Q)R ¡�+.- M N HhgUK
w N K8K �2NT&D& P N Ì �2N8Z|k�"à� è Îòz /Td6&]/�/Td K - K�K±Û`H NY/ K V K ( K8M /TN k NY+ P d
/ed6&)/ Ðnw k z�{ è � d K8MUK�ILK - Ðnw Æ zoÞ Æ "�mod K k.- QqQDRAQDR /ed H N R & P / H N M.Q / gUHJ��P +.V�/c"�� Q -
/ed K NT& ¡)K�QDRsP8Q (�k.V K / K�M.K NYN8Z ��K N ¡)K / P d H /ud K - K "�mod Kfp -eNY/�N0/ K k H NS/ Q Ned Q�� /ed6&)/ HJR� H No& p6M.H / K�P 1 P V HJP �L- Q +.k�Z6& M.g Ñ H N�/Td K N K / QDRCK V K ( K8M /eNS/Td6&)/S� K8M.K -T&)/ K ��Z`/Td K�M
RFQ -u& M 1 P d6&D-T& P / K - w k Q NeN H W.VJ1�- K�g + P�H W.V K<zSQDR ��Z �nK d6& ILK

}
� ��á i Ðnw�x]z�i ÙJQâi Ñ iãu

� d K�M.K�IDK - Ð�w�x�z�æ{ è RFQ -u&DVhV x9� ÑS"|� M.g.K�K8g Z6/Td K kU- Qqg + P /
×
� ��á i Ðnw�x]z�i Ù

H NS& M�K V K ( K8M / Q)R /ed K�P 1 P V Q / Q ( HhP'p.K V gÇ�jwCs ^ z Z � d K - K ~ {�i � i & MUg�H / H N HhM�I &D- H & M /
+ MUg.K -�/ed K & P / HJQLMQDR /ed K�G &DV QLH Nu�L- Q +Uk QDR¬�|w3s ^ z¯^�� " ÍqHhM.P�K /Td K k.- Qqg + P / H N M.QLM`�v�K - Q Z H /s(X+.NY/jW KZQ Æ "smod K - K Ne+UVJ/ RFQ VhV Q<� NAWi1X&Dk.k.V�1 HhM ��/Td K &)- H /ed.( K / HJP�� � K8Q ( K /e- HJP
( K & MýHhMUK8O +6&DV H /21L"ü� R�MUQ�� Z ÐéH N�& MýH -Y- K8g + P8H W.V K�P d6&)-T& P / K - QDR &#�L- Q +.k�� �uH /TdÐnw Æ z�Þ Æ Z�/Td K N K�P8QLMUg NY/ K k H N?/ Q k6&D-0/ H / HhQLM � HJM / QuK8O + HJI &DV K8M.P�K�P V�&)NeN K N QDR`K V K ( K8M /TN
/ed6&)/�� K8M.K -T&)/ K /Td K Ne&D( K�P 1 P V HhP Ne+.W.�D- Q +.k�"�� RmÐnw k zXæ{ è RFQ -�&)VhV k � ��Z�/Td K8MRFQ -
K & P d K�O + HJI &DV K8M.P�KfP V�&DNYNMÑoZ ��K d6& ILK W�1�/Td K &DW Q<ILK

}
� ��á i Ðnw�x]z�i ÙJQâi Ñ i �

Í +U(�( HhM � /Td H N Q<IDK -�&DVhV K8O + HJI &DV K8M.P�K�P V�&)NeN K N QDRsMUQLM`�2HJg.K8M / H /21 K V K ( K�M /eNu� HJIDK N
}Ëdäb 3 i Ðnw k z-i Ù Q½i � i Ø Æ �¡�+`/�&)N Ð�H N H -e- K�g + P�H W.V K Z �nK d6& ILKi � i){ }Ë ��Ì i Ðnw k z-i Ù�Q½i � i Ø Æml Ðnw Æ z©Ù�u

� d HJP d H Nu& P8QLM /T-e& g.HJP / HJQLM�HJR�Ðnw Æ zSÞ Æ "
åÃ5 ��ÿÃ÷úcEF÷Pæ:÷=5����;��`9<=:ú�9�ÿÃ÷`7Ã÷qú 5
mod KnP V�&)NeN HJP &DV�( K /ed Qqg QDR.Ê -T&)/ Q NY/ed K8M.K N|&DVJV Q<� N?+.NA/ Q'gUK8g + P�K & P -e+ g.KnK NY/ H (�&)/ K

RFQ -n/Td K Ne+U( R + M.P / HhQDM�HJM mod K8Q - K ( Æ Z � d HJP d H No+.N K�R +.V HhM (�& M 1 HJM NY/T& M.P8K N � d K8M ZÜ



RFQ - K�Û &D(�k.V K Zq/ed K d�1qk Q /Td K N H N Q)R mod K8Q - K ( Æ &D- K�M.Q /SNe&)/ H N p6K�g "|� RÃ��K V K /m� w À z / Q
W K /Td K k.- Q`g + P / QDR /ed K k.- H ( K N �{� ��Z �uH /Td � â À ZC/ed K8M /Td K +.NY+6&DV HhMUP Vh+UN HhQDM`�
K±ÛUP Vh+.N HhQLM k.- HhM.P�H k.V K � H�ILK No/ed K +.k.k K -uW Q + M.g
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