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JLKNMOKNPRQ�KNSOKNTUT�V�T:TWKNX6Y[Z�KNY[V�\^]A\HZ�_a`bK�\dc üRe�úEfVö.ó2gWô�ó0þihGj k1öml�ô�óWÿ ó%hGjbn S l�ô�óWÿ ó%hGjEo ]
Q6S n�p�qsr VtKvuwK�_a` q X6V�P q X r VxQyVxX r V�X�M r K�MaK�PzQ�K�SaK�TUTUVxTLQ6S n Y�SOKNu�u q X6Y4Q�KNSOK r/q Y�u q X|{�` q _}`~M�`6V
KNQ6Q6T q _�K�M q�n X�\GQ6S n Y�SOKNu�u�V�S�Z�\�V�\AK r�q KNT�V�_^M nN� K-\�V���Z6VxX/M q KNT�TsK�X6Y�Z�KNY�V�KNX6X n MaK�M�V r { q M�`d` q Y[`6P
TUV p V�T r K�MaKNP r/q \�M�S qU� Z�M qUn X r/q S�V�_^M qUp V�\��2� r V�X�M q��R�/q X6YLQ�K�SaKNT�TUV�T q \Hu q X r KNMaK�PzQ�KNSaK�TUT�V�T�KNQ6Q6T q _�K�M q�n X�\
M � Q q _�KNT�T ��q \�\HM�SaK q Y[`/M �Rn S�{�KNS r ] � Z6MiuwKN� q X6YdV^��_ q VxX/M'Z�\�V n�� M�` q \iQ�KNSOKNTUT�V�T q \�u �Rn S q S�S�V�Y[Z6TsK�S
KNQ6Q6T q _�K�M q�n X�\�]�\�Z�_a`#K[\�u n TUV�_�Z6TsK�S r�� X�K�u q _x\ n SiZ6X�\HM�S�Z�_^M�Z�S�V r u�V�\H`6V�\�] q \�Kd_a`�KNT�TUV�X6Y[V r Z6V
M n M�`6V-T q u q M�V r _ n u�Q q T�V�PRM q udV���X n {�TUV r Y[V�K ��n Z6M r K�MaKdK�_�_^V�\�\�Q�KNM�M�V�S�X�\^�

�:` q \ r/q \�\HV�S�MOKNM q�n X�V�\HMaK � T q \�`6V�\2M�`�V:M�`�V�\ q \�M�`�K�MG\HQ�KNM q K�T6T n _�K�T q M �-n�� M�`6V�Z�X r V�S�T ��q X6Y�Q6S n�� P
TUV�uw\+_�KNX � V�Z�\�V r K[\�K � K�\ q \ n�� _ n u�Q q TUVxSL\HZ6Q6Q n S�M �Rn S�Q�KNSOKNT�TUV�T qU��q X6Yw\�Z�_}`�KNQ6Q�T q _xKNM q�n X�\��
�:`6V-{ n S�� r�n X6V �Rn S�\�Z6Q�Q n S�M q X6YdM�` q \�M�`6V�\ q \�KNX r��Rn S:Q�K�SaKNT�TUV�T qU��q X6Y�KNQ6Q�T q _xKNM q�n X�\ q XwY�VxX6V�SaK�T
_�KNX � V r/qUp�qsr V r�q X�M n M�`�S�V�V�Q�K�S�MO\^]G{�` q _}`4_ n S�S�V�\�Q n X r M ntr/q�� V�S�V�X/M�K�\�Q�V�_�Ma\ n�� Q�KNSOKNT�TUV�T qU� P
q X6Y4_ n u�Q q TUV�SO\ �Rn S r/q�� V�S�V�X�M�KNSO_}` q M�V�_^M�Z6S�V�\^���6���� 6¡a¢H£a�N¤�¡�¥b¦��^§	§�¨s©�ªN¤wV�«�Q6S�V�\�\�M�`6Vw\�Q�KNM q KNT
T n _�K�T q M � _a`�K�SaK�_�M�V�S q \�M q _�\ n�� KNX#K�Q6Q6T q _�K�M qUn X#K�X r K�\�\ q \HMLM�`�V�_ n u�Q q T�V�S q X=_ n u�Q�Z6M q X6Y�K r/q \�P
M�S q�� Z6M qUn X#{ q M�` ��n M�`¬K � KNTWKNX�_^V r _ n u�Q�Z6MaK�M qUn X�KNT { n S���T n K r KNX r ` q Y�` r K�MaKwK�_x_^V�\�\iT n _�K�TUP
q M � �'�:`6V� ü õ8ö�®^¯�®�ùAh±°�ö ¥	��²³��¢µ´�¶	·¹¸xº��	¦�¡�·G¶	º�» q \�KNX=V�«/M�V�X�\ qUn X nN�'¼ KNS�M q K�T ½�V r Z6X r K�X�_ �
¾1T q u q X�KNM qUn X¹Q�KNS�M q _^Z�TsKNS�T � {'V�TUT±\�Z q M�V r M n K r/p KNX�_^V r _ n�r VxPzQ6TWK�_^Vxu�V�X�M:MaK[\���\-\�Z�_a`#K[\L_ n u�P
u�Z6X q _�K�M qUn XwY�V�X6VxSaKNM qUn X2��¿ ¶�¶^§�´���²z²H¡�©6¨s©�ª q \LK�_ n�r V�M�SaK�X�\ �Rn S�uwK�M q�n X�M n�n�p V�Sa_ n u�V�À��HÁ#J
\�Q�V�_ q�Â _-_ n X�M�S n TyÃ n {ÄT q u q MaK�M q�n X�\�{�`�V�X�V�«�V�_^Z�M q X�YÅX�V�\�M�V r T n	n Q�\�{ q M�` p KNS ��q X�Y q X6X6VxS:T n	n Q
�yn Z6X r \�]y{�` q _a`�K�S�V-M � Q q _�K�T �Rn S q S�S�V�Y[Z6TsK�S:Q6S n�� T�V�uw\��

� n�q T�TUZ�\HM�SOKNM�V+M�` q \�M�`�V�\ q \^]/M�`6V l8ô�óWÿ0ó%h±j|Æ�Æ�o _ n u�Q q TUV�S1KNMi½ q _^V+Ç�X q�p V�Sa\ q M � `�K�\ � V�V�X
V�«/M�V�X r V r { q M�` p K�TUZ6VxP � K[\�V r KNT q Y�X6u�V�X/MO\�K�X r�r/q \�M�S qU� Z6M q�n X�\�]/K�_ n u�u�Z6X q _xKNM q�n X�Q6TsK[_^V�u�V�X�M
u�V�_a`�KNX q \�u � K�\�V rÈn X~M�`6Vb ü õ8ö�®^¯�®�ùAh±°�ö|r KNMaK�PÉÃ n { � SaK�u�V�{ n S���]�KNX r Y[V�X6V�SOKNT q X � SaK[\�P
M�S�Z�_^M�Z6S�V �Rn Si`�KNX r T q X�Y q S�S�V�Y�Z�TsKNSi\HZ � \�_^S q Q6Ma\��:�:` q \ r/q \�\�V�S�MaK�M qUn X r V�\�_^S qU� V�\:M�`�VÅM�V�_a`6X q �	Z6V�\
q X p	n T p V r�q X4M�`6V�\HV�V�«�M�V�X�\ qUn X�\-KNX r Q6S n�p/qWr V�\LV�«�QyVxS q u�V�X/MOKNT S�V�\HZ6TUMO\ �Rn S p K�S qUn Z�\ q S�S�V�Y[Z6TsK�S
KNQ6Q6T q _�K�M q�n X�\�_ n u�Q q TUV r��Rn S+K r�q \�M�S q�� Z6M�V r Pzu�V�u n S � KNSa_a` q M�V�_^M�Z6S�VÊ�
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�:` q \ r/q \�\�VxS�MaK�M q�n XmKNX r M�`6V#V�«�_^V�TUT�V�X�M�S�V�\�V�K�Sa_a`~V�X p�q S n X6u�V�X/M q X~{�` q _}`~M�`6V#Z6X r V�S�T �/q X6Y
{ n S���{�K[\�_ n X r Z�_^M�V r { n Z6T r X n M�Vx« q \�MG{ q M�` n Z6MAu � K r/p�q \ n S�]�Î�VxXdÎ�VxX6X6V r/� �GÏ�V�{�K�\Gu n \HM
\�Z6Q6Q n S�M q�p V�Q6S nN� V�\�\ qUn X�KNT�T � K�X r Z6X r V�SO\�MOKNX r/q X6Y q X¬Q�V�Sa\ n X�K�T q \�\�Z6V�\�]GK�X r `6V�YÊK p V�K r/p/q _^V
{�`6V�X q Md_ n Z6X�M�V r ��½ qWr Y�{�K � À�_ n M�Mx]�{�` n \�Vt\�V�u q X�K�S n X|Q�K�SaK�TUTUVxT�_ n u�Q6Z6MOKNM q�n XbK�M ¼ V�X6X
À	MaK�M�V�Y n MLu�V q XwM n Z�_a`�{ q M�`�M�` q \:uwK�M�M�V�S n S q Y q X�KNT�T � ]�X n M n X6T � {�K[\�V�«�_^V�TUT�V�X�M q X=K r/p�q \ q X6Y
u � Á¬��À�_��LM�`6V�\ q \^]�KNT n X6Yw{ q M�`#u � K�_�K r V�u q _ÅK r/p�q \ n S�]GÐiV n S�Y�À�_a`6X q M�Y�VxS�Ñ � Z�ML`6VdKNX r ` q \
� KNu q T �4Ò K�X r ` q \�Q n	n TRÓ-_ n X p�q X�_^V r u�V�M�`�KNM�Ï n Z�\�M n X2] �ÔVx«6K[\^] q \ q X r V�V r K�Y n	n�r Q6TsK[_^V�M n
T qUp VÊ��� n Y�V�M�`6V�SL{ q M�`tÕ n `6X4Á�V�T�T n S�PHÖAS�Z6u�u�V � ]�ÖA`/Z�_}�wÎ n V�T � V�T?]�KNX r Á#K�S �=× `6V�V�T�V�S�M�`6V �
_ n X�\HM q M�Z6M�V r K#_^S q M q _�KNT³]2`6V�TUQ � Z6T?]±KNX r Z6X q ��Z�V�T � \HM q udZ6TWKNM q X6Y�M�`6V�\ q \�_ n u�u q MHM�VxV	���L{ n Z6T r
KNTs\ n T q �	V�M n M�`�KNX6���HØ�Á _ n S�Q2� �Rn S�Q6S nNp�qsr�q X6Ywu�V�{ q M�`ÙK�Y[V�X6V�S n Z�\ � V�TUT n {i\�` q Q2] KNX r M�`6V
ÚLKNM qUn X�KNT�Û�V�S n X�K�Z6M q _�\2KNX r À	Q�K[_^V'Û r u q X q \HM�SOKNM q�n X+KNX r M�`6V'ÚLKNM qUn X�KNT6À�_ q V�X�_^V1Ü n Z6X r K�M q�n X2]
{�` n \HZ6Q6Q n S�M�V r M�` q \�{ n S���Z6X r VxS�Y�SaK�X/M-Ý�ÛÅÀ6ÖAP³Þ�ßNàÊÞNàÊá�Þ/�

�2V�S�S � ÖATsK�S��#{�K�\LM�`6V n X�V�{�` n Q6S n�p/qWr V r u�V�{ q M�`4u n \HM q X�\ q Y[`/MO\ n X¬S�V�KNT�Pz{ n S�T r \�_ q P
V�X/M q�Â _�Q6S n Y[SaKNu�\�K�X r Q6S n�p V r M nv� V#K�X~V�«�_^V�TUT�V�X�M�_ n TUTWK ��n SOKNM n S��ÄÕ n V�T-À�KNT�M � KNX r ½iKNâ�K
JLK�\:{'V�S�V q X�\HQ q S q X6Y-Q�K�S�M�X6V�Sa\ �Rn S r/q \�_^Z�\�\ q X6Y�M�`6ViQ�K�SaKNT�TUV�T qU� K�M q�n X nN� q S�S�V�Y[Z6TsK�S'KNQ6Q6T q _�K�M q�n X�\
KNX r ]�M n Y�V�M�`6V�S�{ q M�` n M�`6VxS�u�V�u � VxSa\ n�� M�`6V q S�Y�S n Z6Qã]y{'V�S�V n�� _^S q M q _�KNT q u�Q n S�MaK�X�_^V �Rn S�M�`6V
l�ô�óWÿ ó%hGjEoäq u�Q6T�V�udV�X/MOKNM q�n X�V ��n S�Ma\��¹À	Q�V�_ q KNT±M�`�K�X6�6\-K�Ts\ n Y n M n À	V�V�u�K�Ï q SaK�X�KNX r KNX q
KNX r ÖA`�KNZ6P × V�Xm��\�V�X�Y6]:{�` n�r V p VxT n Q�V r M�`6V n S q Y q X�K�T l8ô�óWÿ0ó%h±jåo _ n u�Q q TUV�Sx]�M n4¼ KNZ6T
ÏLK p TWKN��]L{�` n \HV|\ � u ��n T q _#KNX�KNT � \ q \¹Q6S n�p V r Vx«/M�S�V�u�VxT �bp KNTUZ�K � T�V	]-KNX r M n M�`�V n M�`6V�S#J
À � \HM�V�u r V p V�T n Q�V�SO\^]�{�` n uwK r V�M�` q \ q u�Q6TUVxu�V�X�MaK�M q�n XbQ n \�\ q�� TUV	�æÀ�_ n M�MwØ�K r V�X2]�{�` n \�V
M�`6V�\ q \-SaK q \�V r u �wÂ Sa\HM q X�M�VxS�V�\HM q X q S�S�V�Y�Z6TWKNS�KNQ6Q6T q _�K�M q�n X�\�]�`�K[\�\ q X�_^V�M�`6V�Xb_ n X�M q X�Z n Z�\�T �
q X/Ã�Z�V�X�_^V r u � M�` q X6� q X6Y n X¹M�` q \:u�KNM�M�V�S��

Á � _}`�V�V�S � Z�T n �w_^V�u�KNM�V�\�ÚLK�M-Á#_��?X�M n \H`4KNX r Ç�T q ÎLS�Vxu�V�S�X6V p VxSLTUV�Miu�V r/n {�X2Ñ ÚLKNM
q X�Q�KNS�M q _^Z�TsKNS�YÊK p V�_ n Z6X�M�T�V�\�\ q X�\ q Y�`�Ma\�KNT n X6Y�M�`6V-Q�K�M�`�M n ÇiX q «�{ q \ r/n u#�AÎLV p�q X#ÖAZ6S�VxM n X
\�K p V r M�`6VL{ n S�T r {�`6VxX6V p V�S q M:{�K�\ � S n �	VxX�K�X r Q6S n�p V r KNXwK � TUViuwK[\�M�VxS n�� u n X�\�M�VxS�u�KN�	V�P
Â TUV�\��iJ�V �6�6q V�Ö'K�u�Q � V�TUT2u�V�Sa_ q�� Z6TUT � M n	n ��Z6Q#M�`6V�_�K�Z�\�V nN� Y�VxM�M q X6Ydu � M�V�_a`6X q _xKNT2{�S q M q X6Y
q X4\�`�KNQ�V	��çiZ6S-\�MOK � {�K[\-KNTU{�K � \L_ n u�Q�V�M�V�X/M+KNX r V�«�M�S�V�u�V�T � `�V�TUQ � Z�T?Ñ q X#Q�KNS�M q _�Z6TsK�S�]2� p��
Õ n S�Y[V�X�\HV�X2]�ÎLV�XèÁ#KNSO\�`�K�TUT³]:K�X r À	V�KNXéÀÊMaKNS��	V�X6V p VxS�M q S�V rvn�� KNX�\H{:V�S q X6Y4�	Z6V�\HM q�n X�\dKNX r
�	V�V�Q q X6Y�M�` q X6YÊ\�S�Z6X6X q X6Y�\�u n	n M�`6T � �



q�p

ÛiTUT n�� M�`6V�\HV¹Q�V n Q6TUV�`�K p V¹X n M n X�T �¬q u�Q6S n�p V r M�`6VwS�V�\HV�KNSO_}`�V�X p�q S n X6u�V�X/Mx] � Z6MdKNTW\ n
V�X6S q _}`�V r T q�� V�KNM+½ q _^V q XwY[V�X6V�SOKNT?�'Ï n {:V p V�S�]�M�`6V�S�V q \�KNTW\ n KêT n X6YdT q \�M n��An M�`6V�S+_}`�K�SaK[_^M�V�SO\
��KNu q X r V � M�V r M nv�Rn SduwK�� q X6Y#Y�SOK r Z�K�M�V4\�_}` n	n T�M�`6V�Vx«/Q�V�S q V�X�_�V q Md`�K�\ � V�V�X2�mÛ p V�S �
q X�_ n u�Q6T�V�M�V±\�Z � \�V�M q X�_^T�Z r V�\�¾1S p KNX2] n S�YÊKNX q�� V�S nN� _�K�X n V q X6Y6]	\HMaK�S�Y	K ��q X�Y6]	M�Z ��q X6Y�]N�[K � KN� q X6Y�]
` q � q X6Y�]L\�K q T q X6YÙKNX r S n K r M�S q Q�\^Ñ�½ n \�KNX�K~KNX rm¼ V�M�V	]�{�` n { q TUTL` n Q�V � Z6TUT � �	V�VxQ~Z6QéM�`6V
� S�V�{ q X6Y q X¬J-ÖiÑ�À	M�V�Q6`bK�X r Õ�V�S�S � ]2`�K�Q6Q � ` n M�PRM�Z � ` n \�Ma\-{�`6V�X6V p V�S q M-Y n M�_a` q T�T � Ñ�J n X2]
{�` n \HV �6q �	VL{�K[\ p V�S ��r�q ��_^Z6TUM'M n `�K�X6Y n X�M n Ñ%À�K�X qU� K�K�X r Î-K�S q ut]�{�` n \�V��ÔZ�X q \ q KNX �Rn	n�r
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KNX q \�uw\�K�S�V�Q�KNS�M q _^Z�TsKNS�T ��q u�Q n S�MaKNX�M�_ n X�\ qsr V�S q X6YdM�`�KNMiQ�KNSOKNTUT�V�T q���q X�Y�_ n u�Q q T�V�S:M�V�_a`6X n T n Y �
q \�\HM q TUT q X q Ma\ q X � K�X�_ � ��Ö q M q X6Y � S n u K=\�M�Z r/� K ��n Z6M�Q�KNSaK�TUT�V�T q���q X6Y r/q�� V�S�V�X/M�KNQ6Q6T q _�K�M q�n X�\
Òzq X�_^TUZ r�q X6Y4K#u n T�V�_^Z6TWKNS r/� X�KNu q _�\�\ q udZ6TsK�M qUn X%ÓLZ�\ q X�YvM�`6V=Ü«ª F	l8ô�óWÿ ó%hGj Q�KNSaK�TUT�V�T q���q X6Y
_ n u�Q q TUVxS¬�üÀ�ÏLÞ ø � ð

�?M q \L{ n S�M�`vX n M q X6YwM�`�K�MÅM�`6V�K p K q TsK � TUV r�q S�V�_^M q�p V�\:{:V�S�Vd\ n u�V�M q u�V�\ �Rn Z6X r M n
� V�S�V�\�M�S q _^M qUp V n S q X�_xKNQ�K � TUV nN� V�«/Q�S�V�\�\ q X�Y�M�`6V-V�«�K�_^M q X �Rn S�uwKNM qUn X�{:V-{ q \H`6V r
M n _ n X p V � M n M�`6V�_ n u�Q q TUVxS��

�:` q \ n�� \HV�S p K�M qUn X~`�K�\dTUV r M n K M�S�V�X r K�{�K �¬� S n u _ n u�Q6T�V�M�V�T � KNZ6M n uwK�M q _�Q�KNSaK�TUT�V�T q���q X6Y
_ n u�Q q TUVxSa\^]�{�` q _a`LM�S � M n V�«/M�SaK[_^M%Q�K�SaK�TUTUVxT q \Hu � S n u K�\HV��	Z6V�X�M q K�T�Q6S n Y�SaK�u { q M�` n Z6M K�X � Z�\�V�S
K�\�\ q \HMaKNX�_^V	]AM n {�K�S r \�M�`6V r V p V�T n Q6u�V�X�M nN� u n S�V�KNX6X n MaK�M qUn X6P n S q V�X�M�V r TsKNX�Y�Z�K�Y�V�\�]:{�` q _a`
M�S � M n Y qUp V-M�`�V�Z�\�V�S�K�_ n X p V�X q V�X�M q X�M�VxS � K�_�V �Rn S q X r/q _�K�M q X6Y�Q�K�SaKNT�TUV�T q \Hu#���:` q \LKNQ6Q�S n K[_}`
q \�\ q u q TWKNS-M n M�`�V¹Q n {:VxSd\�M�VxV�S q X6Y#Q�KNSOK r/q Y�u �µÎ-Á#��Þ ø ��Z�\HV rv�Rn SdT n	n QèM�SOKNX�\ �Rn S�u�KNM q�n X�\�]
{�`6V�S�V=M�`6V=_ n u�Q q TUV�S�_�KNX6X n M�KNTU{�K � \�Q q _a�4M�`6V � V�\�MdM�SaK�X�\ �Rn S�uwK�M q�n X2] � Z6M q MdK�\�\ q \HMa\�M�`6V
Z�\�V�S �/��Ò _ n X�\�V�S p KNM q�p V�T � Ó�M�V�\�M q X6Y-_ n S�S�V�_^M�X�V�\�\ KNX r Q�V�S �Rn S�u q X6YiM�`6V�K�_^M�Z�KNT6S�V�{�S q M q X6YL{ n S����
J�V p V�T n Q q X6Y�KNX6X n MaK�M qUn X�\ �Rn S�_ n X p V �/q X6Y q X �Rn S�uwK�M q�n XdM n M�`�VL_ n u�Q q TUV�SAK�M�K�` q Y�`�T�V p V�T q \:K
Q�KNS�M n�� M�` q \ r/q \�\�V�S�MaK�M qUn X2�
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Û�X q u�Q n S�MaK�X/M+_ n X�_^V�Q6M+K�\�\ n _ q KNM�V r { q M�`4_ n u�udZ6X q _xKNM q�n X n Q6M q u qU� KNM q�n X �Rn S�KNQ6Q6T q _�K�M q�n X�\
Z�\ q X6Y q S�S�V�Y[Z6TsK�SGK�S�SOK � \HZ � \�_�S q Q�Ma\ q \ÔM�`6V-¨s©�¤H§�¡À¿^²³¶	ºa¢�¡AN	¡À¿� 	²³¶	º�Q�K�SaK r�q Y�uÁ�µÁvÀ6À � �K� ][Î-Á�î-Þ � ]
ÎÅÁvÀ�Ø�Þ � ] × À�Ø�ÏLÞ ø �?�AÛDT n	n Q�M�`�KNM+_ n X�MaK q X�\ q X r/q S�V�_^M�K�_�_^V�\�\�V�\:M n K r/q \HM�S q�� Z6M�V r KNS�SOK ��q \
Q6S n _^V�\�\�V r¹q X �Rn Z6Si\�M�V�Q�\ ð
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K�_�_�V�\�\HV r ]/{ q M�` n Z6M r�n�q X�Y�M�`6V+K�_^M�Z�KNTã_ n u�Q6Z6MaK�M q�n X2�[ZA¶	¦�¦� /©6¨?¿a��²³¨s¶	©�¤�¿aö�¡�¥	 ��U¡�¤�KNS�V
_ n u�Q6Z6M�V r M�`�K�M:\�KNM q \ �R� M�`6V+_ n u�udZ6X q _�K�M q�n X-S�V��	Z q S�V�u�VxX/MO\ q X r Z�_^V r���� M�`6V�\HViK�_�_�V�\�\
Q�KNM�M�V�S�X�\^�

û/�iÛ ª	��²sö�¡�º n Q�V�SaK�M qUn X � VxMa_a`6V�\LK�TUTGS�V � V�S�VxX�_^V rwnN� PzQ�S n _^V�\�\ n S r KNMOK � S n u M�`6V q S n {�X�V�Sa\
KNX rw� Z � V�SO\�M�`6V�uæT n _�K�TUT � �

ß/�i�:`6Vw¡AN	¡À¿� 	²³¶	ºêS�Z�X�\�M�`6S n Z6Y�`=M�`6V-T n	n Q#K�X r Q�V�S �Rn S�uw\�M�`6V�_ n u�Q�Z6MaK�M qUn X2�

à6�iÛ ¤�¿a��²R²�¡}ºê{�S q M�V�\�K�TUT nN� PRQ6S n _^V�\�\ n S r KNMOK�M�`�K�ML`�K p V � V�V�X r V Â X6V rwq X=M�`6V�T n	n Q � K�_a�
M n M�`6V q S n {�X6VxSa\^�

�:`6V q X�\�Q�V�_^M n S�PRV�«�V�_^Z6M n S�Q�KNSaK r/q Y[u `�K�\ � V�VxXD\H` n {�XDM nè� V p V�S � V � V�_^M qUp V=Z6X r V�St_^V�S�P
MaK q Xm_ q SO_^Z6uw\HMaK�X�_^V�\�K�X r S�V�_^V�X�M�T � `�K[\ � V�VxX~V�«/M�V�X r V r M n Y[V�X6V�SOKNTLQ�K�M�M�V�S�X�\ nN� _ n X�M�S n T
Ã n {Â�µJÅÀ p ÏLÞ[ß/]�JLK[\�Þ�à��?�
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¼ S n âHV�_^MO\�M�`�KNML`�K p V�K q u�V r KNM+TUV�K[\�MLM n \ n u�V r V�Y�S�V�V�M n {�KNS r \-_ n u�Q q T�V�S�\HZ6Q6Q n S�M �Rn SLQ�K�S�P
KNTUT�V�T q���q X�Y q S�S�V�Y�Z6TWKNS�Q6S n�� T�V�uw\'KNS�V-M�`6V �Rn TUT n { q X6Y6�
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É h9Ê?ü �ýÎÅÁ�î�Þ � ]�Á�î-Þ � ]�ÎÅÁ#Þ ø � q \�M�`6V Â Sa\�M�_ n u�Q q TUVxS�\ � \�M�V�uïM�`�K�M-\�Z�Q6Q n S�MO\ �yn M�`4S�V�Y[Z6P
TsKNS�KNX r#q S�S�V�Y[Z6TsK�S�_ n u�Q�Z6MaK�M qUn X�\ n XbÁ#�HÁ#J r/q \HM�S qU� Z6M�V r PRu�V�u n S � u�K�_a` q X6V�\^� ¼ S n Y�SOKNuw\
{�S q M�M�V�X �Rn S¬É h9Ê?ü udZ�\�M'\HQyV�_ q��R� K p/q S�M�Z�KNT�Q6S n _�V�\�\ n SiKNS�SaK � KNX r K�\�\ q Y�X r/q \HM�S qU� Z6M�V r KNS�SOK � \
M n 2T3 4�5�7�]95�Ëz5�3�Ì�5�] n S�Z�\�V�S�P?\HQyV�_ q�Â V r r V�_ n u�Q n \ q M qUn X�\^�è�?X�\�M�V�K rbnN��r V�S q�p/q X6Y4Kv_ n u�Q6Z�P
MaKNM qUn X�KNT r V�_ n u�Q n \ q M qUn X � S n u M�`6V r KNMOK r V�_ n u�Q n \ q M qUn Xã]¬É h(Ê ü S�V��	Z q S�V�\�M�`�K�M�M�`6V#Q6S n P
Y�SaK�u�u�V�S�KNX6X n MaK�M�V�\�V�K�_a`¬Q�K�SaK�TUTUVxT�T n	n Qè{ q M�`ÙKNXÍ4KÎ�_^TWKNZ�\HV�M�`�K�M�uwK�Q�\ÅT n	n Q q M�V�SaK�M q�n X�\
n X�M n M�`6V�Q6S n _�V�\�\ n S�KNS�SaK � ��Ö n u�udZ6X q _^K�M qUn X q \�M�`6V�X#Y[V�X6V�SOKNM�V r KNZ6M n uwK�M q _�KNT�T ��� K[\�V r#n X
M�`6V�4�Î�_^TWKNZ�\HV-KNX r�r K�MaK r V�_ n u�Q n \ q M q�n X�\��GÛ�X q X�\�Q�V�_^M n S F V�«�V�_^Z6M n S�\HM�SOKNM�VxY � K[\ r V�\�_^S qU� V r
q XbÀ	V�_^M qUn X ø �üû�� ø q \�Z�\�V r��Rn S-S�Z�X6PzM q u�V�Q6S�VxQ6S n _^V�\�\ q X6Y nN� _ n u�udZ6X q _^K�M q�n X �Rn S q S�S�V�Y[Z6TsK�S�T �
r/q \HM�S q�� Z6M�V r KNS�SOK � \��µÎ-ÁvÀ�Ø�Þ � �?�'Á#KNâ n S r/q�� V�S�V�X�_^V�\ � V�MH{:V�VxX�É h9Ê?ü K�X rvl8ô�óWÿ ó%hGjmo q X6P
_^TUZ r VÏÉ h9Ê?ü �ü\AuwKNX r KNM n S � 4�Îw_^TWKNZ�\HV�\ �Rn SiQ�K�SaKNT�TUV�T�T n	n Q�\LKNX rvl�ô8óWÿ0ó%h±jéo �ü\�\HZ6Q6Q n S�M �Rn S
KNT q Y�X6u�V�X/Mx]�_ n T�TUV�_^M qUp Vi_ n u�udZ6X q _xKNM q�n X2]ÊKNX r=r/� X�KNu q _ r V�_ n u�Q n \ q M qUn X2�
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ñ�ó2g�q \'KNX n M�`6V�Si_ n u�Q q TUV�S � K[\�V r�n X�M�`6V q X�\�Q�V�_�M n S�PzVx«/V�_�Z6M n S�Q�KNSaK r/q Y[u#� ñïó2gêq \ r V�\ q Y�X6V r
M n4q X�M�V�S � K�_^V l�ô�ó5ÿ0ó%h±j K�Q6Q6T q _�KNM qUn X Q�S n Y[SaK�uw\�{ q M�` M�`6V f2h�óWÿIü S�Z6X6PRM q u�V�S n Z6M q X6V�\ r V�P
\�_^S qU� V r�q X4À	V�_^M qUn X¬ÿ	� ø �üûd� × À�ÏLØ�Þ ø �³�-�?ML\HZ6Q6Q n S�Ma\+2T3 465T7�] 5TË�5�3�Ì�5y]�KNX r Z�\HV�S�P r V Â X�V r¹q S�P
S�V�Y[Z6TsK�S r V�_ n u�Q n \ q M q�n X�\��G�:`6VLY n K�T nN��ñ�ó2g�q \:M n�r V�u n X�\HM�SaK�M�VLM�`�KNM q X�\HQ�V�_^M n S F V�«/V�_^Z6M n Sa\
� K�\HV r¹n X f2h�ó5ÿ1ü Q6S q u q M qUp V�\G_�KNX � V�K�Z6M n uwKNM q _�K�TUT � Y[V�X6V�SOKNM�V r���� M�`6V�_ n u�Q q TUVxS��
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l�ô�óWÿ ó%hGj ÀE�ýØ�Î ¼ Þ[ß»� q \LK p K�S q K�M q�n X n X l�ô8óWÿ0ó%h±j ÿ�ÿ�M�`�KNM�_ n X/MOK q X�\ r/q S�V�_^M qUp V�\ �Rn S-V�«�P
Q6T q _ q M2Q�K�SaK�TUTUVxT q \Hu#�,ZA¶	©6¥	¨U²?¨s¶	©�¡�¥�óa²H¡�º���²?¨s¶	©�¤A¿Ô¶N¶^§6¤��µÏ ¼ ¾AÞ�àK��KNu n S�M q�� VGM�`6V�_ n \�M nN��q S�S�V�Y[Z6TsK�S
r KNMOK�K�_�_�V�\�\HV�\ n X r/q \HM�S qU� Z6M�V r \�`�K�S�V r u�V�u n S � uwK�_a` q X6V�\ ����Â Sa\HM q X�\�Q�V�_�M q X�Y�V�K[_}` q M�V�SOKNP
M qUn X nN� KdT n	n Q n X#{�`6V�M�`6V�S+K�Q6S n _�V�\�\ n S n {�X�\�M�`6V�Q�K�Y�V n���r KNMOK�K�\�\ n _ q KNM�V r { q M�` q M�]�KNX r
M�`6V�XwT n	n Q q X6Y�Vx«/Q6T q _ q M�T ��nNp VxS:M�`�V�\�V q M�V�SaK�M q�n X�\��
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� n \�Q�V�_ q��R�¬q S�S�V�Y[Z6TsK�S�uwKNQ�Q q X6YÊ\ q XèK r KNMOKNPRQ�KNSOKNTUT�V�Ti_ n X/M�V�«/Mx] q X r V�«�P � K�\HV r uwKNQ6Q q X6Y4K�S�P
SaK � \V� × À�Ø�ÏLÞ ø � n S-uwKNQ6Q q X6Y � Z�X�_^M q�n X�\b� Ö'Á���Þ�û;�G`�K p V � V�V�X#Q6S n Q n \HV r �dÏ n {:V p V�S�]�\HZ�_}`
KNS�SOK � \ n S � Z6X�_�M qUn X�\�M�`�K�MLV�«�Q6T q _ q M�T � uwKNQ q X r/q _^V�\�M n Q6S n _^V�\�\ n SO\L`�K p V�M nd� V�Q6S n�p�qsr V r¹���
M�`6V-Q6S n Y�SOKNu�u�V�S�]�V p V�X�M�` n Z6Y[`#\H`6V n S�`6V-uwK � X n M � V q X�M�V�S�V�\�M�V r�q Xw{�`�K�M�Vx«6K[_^M�T � M�`6V�\�V
uwKNQ6Q q X6YÊ\:T n	n �wT q �	V	�

ÛiX n M�`6V�S�KNT�M�V�S�X�KNM qUp V q \�M n S�V�Q6T q _�KNM�V�M�`6V r KNMOKwKNX r4r/q \HM�S qU� Z6M�VLâHZ�\�M-M�`6Vd_ n u�Q6Z6MaK�M q�n X
q Ma\HV�T � KNX r _ n u ��q X6V�S�V�\�Z6T�Ma\�KNM�M�`�V�V�X r �t�:` q \�K�Q6Q6S n K�_a`b`�K�\�M�`6V � Z6S�M�`6V�S�K r/p K�X/MOKNY�V n��
\ q u�Q6T q _ q M � K�X r S n�� Z�\�M�X6V�\�\�]�KNX r��Rn S�S�VxTsKNM qUp V�T � \�uwK�TUT6Q6S n�� T�V�u \ qU� V�\AKNX r X�Z6u � V�SO\ nN� Q6S n P
_^V�\�\ n SO\ q M2uwK � K[_^M�Z�KNTUT � S�V�\�Z6T�M q X�\�KNM q \ � K[_^M n S � QyVxS �Rn S�uwKNX�_^V[� Ö'Á#Þ � �?� Ï n {:V p V�S�] n X6V n�� M�`6V
uwK q X¬K r/p KNX�MaKNY[V�\ nN�+r�q \�M�S q�� Z6M�V r Pzu�V�u n S � uwK�_a` q X�V�\^]2\�_�KNTWK �6q T q M � M n TWKNS�Y[V�Q�S n�� TUV�u KNX r
uwK�_a` q X�V�\ qU� V�\^]%`�K[\LM nw� V�_ n u�Q6S n u q \�V r Z6X r V�SLM�` q \LK�Q6Q6S n K�_a`2�dÛ�TUM�V�S�X�KNM q�p V�T � ] n X�V�uwK �
r/q \HM�S q�� Z6M�V�M�`6V r KNMOK q X¬K�{�K � M�`�KNM�_ n X�\ qWr V�Sa\LM�`6V�K[_^M�Z�KNT r KNMOK r VxQyVxX r V�X�_�V�\L\�Q�V�_ q�Â _�M n
M�`6V q SLK�Q6Q6T q _�K�M qUn XE� Ö'ÏLÁvÀ�Þ�àK�³���:`�V�\�V ë�q S�S�V�Y�Z6TWKNSOì�uwKNQ�Q q X6YÊ\�KNS�V�M � Q q _�KNT�T � `�KNS r V�SiM n�r V�P
� Z6Y�K�X r uwKNX�K�Y�ViM�`�K�X�S�V�Y�Z�TsKNSAuwK�Q6Q q X6Y	\AKNX r Q6S�V�\�VxX/MAK�XwK r�r/q M qUn X�KNT�TUV p VxT nN� _ n u�Q6TUVx« q M �
� V �	n X r Y�V�X6VxSaKNT2u�V�\�\�KNY�VxPzQ�K[\�\ q X6Yd\HM � TUV+Q6S n Y�SaK�u�u q X6Y6�
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î:K�TUZ6VxP � K[\�V rèr/q \HM�S qU� Z6M qUn X�\ê{'V�S�V q X q M q K�TUT � Q6S n Q n \HV r K�\�KNX|VxX6`�KNX�_^V�u�V�X�M-M nèl�ô�ó5ÿ0ó%h±j
ÆyÆ�o �µÏ+KNX�Þ[û»�?�±Û p K�S q KNX�M nN��q M�] � K�\HV r�n X�KC<L¡�¶zZA¶N¿ ÒÜÛ °_µ6u�VxM�S q _�KNT³]»Ã�µ6X6X6V�_^M q�p/q M � KNX r.F�n S
Ý n K r Ó r K�MaKL\HM�S�Z�_^M�Z�S�V	]�`�K�\±\ q X�_^VAM�`6V�X � V�V�X q u�Q6T�V�u�VxX/M�V r�q X�K l�ô�ó5ÿ0ó%h±jßÞ à�o Q�S n M n M � QyV
_ n u�Q q TUVxS ���w¼�n X�X/Z�\�KNu � V�M+KNT³��� ¼ À6Ö'Þ�ß[Ky] ¼ À6Ö � Þ[ß � �?��Ï n {:V p V�Sx]/M�`6V�ÐiV n Ö n ÷|\HM�S�Z�_^M�Z�S�V
\�M q TUT�`�K�\�M nd� VÅu�KNX�K�Y�V r V�«�Q6T q _ q M�T ����� M�`6V-Q6S n Y�SOKNu�u�VxS��
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J�V�M�VxS�u q X q X6Y=_ n u�udZ6X q _�KNM qUn XvS�V���Z q S�Vxu�V�X	Ma\-K�X r \�KNM q \ �R�/q X6Y#M�`6Vxu V^��_ q V�X/M�T �=q \�_^S q M q _�KNT
�Rn S=KNX � Q�K�SaK�TUTUVxT�Q6S n Y[SaKNu S�Z6X6X q X6Y n XÄK r/q \�M�S qU� Z�M�V r PRu�V�u n S � uwK[_}` q X6V	�Ä¾1T q u q X�KNM q X6Y
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¯?°Î�Xµ�Í�²�©²��e°`Û�²� 9»�µ9¨:·`²¯? 7Ç	�X°«²��eÃ�©�¬�·«À9�X·r²�ª µ9ª�¬e»Ï�¯	°r²� 9»O¬�ÍO² �³x·«°¹�	¨:¬Ê�X°«°¹��Û�ªH¼ , ³��e²� (º	·`À�²�ªÈ¨:©��	ª`ª
²�ªÆµ9ª_¬e»ì´�¯Fª�·«©�Û��¯?°ÊÃ9¯�¯?����¬�¬�±�² �³¶�X >»!¨:¯�»O¬�³?¬� Q¬�°¹�e·`²�¯	 (¼

Ñ������	��
������� �����������
������	���! "�#!�%$&�'���)(

* � À9�e°`©�²¬�+È�e±9�	,�²��X UÞMÅÆÀ�¬�-?¯eÛ�¯X®óx¯?´�¬�Ã�°`¬�Á�² �³Oß



���	�

.0/21436587�9;:

<>=?3@7�9BADC 7�EF5�1!G@HI7�J)KLGM5NJ

ÅÆÀ�²�ªr¨¹À9�X±�·«¬�°r»O¬Dª`¨:°«²�Ã9¬eªÈ·`À�¬�°«¬eª�µQ©�·¹ª ¯X(·«À�¬Ê±�°¹�	¨:·`²�¨��X©�¬�ÍO±9¬�°«²�´�¬� �·¹ª(¨��X°`°«²�¬e»�¯	µ�·È�¯?°rÇ	�X©²�»��e·`{
²� �³¶·`À�¬�¯eÇ�¬�°¹�e©�©[·«À�¬eª_²�ªÊ�X 9»b¨:¯? 9¨H¬�±�·¹ª�²� �·`°«¯�»Oµ9¨:¬D»Ü¬D�X°`©²�¬�°�¼ÆÅÆÀQ¬�¬�Í�±9¬�°`²´�¬� �·¹ª$É�X©©(²� �·`¯7·_ÁÆ¯
¨��X·«¬�³?¯	°`²�¬Dª:¼�ÅÆÀ�¬�ú9°¹ª_·�¨��X·`¬�³?¯?°«Û�º9»O¬eª«¨:°`²Ã9¬e»�²�  � ¬e¨:·`²¯?  - ¼�?º�µ9ª_¬eª�·`À�¬PO8Q8RTSURWV8X=� ±�°`¯	·`¯?{
·�Û�±9¬�·`¯¸¨:¯?´�±Q²�©�¬Ê�e 9»ì°«µ� YO�Q8RTSURWV8X�� �X±�±Q©�²�¨��X·`²¯? 9ªÆ¯	 [Z�ã\Z[] ´½�	¨äÀQ²� �¬eªÎ�X 9»½´�¬e�	ª�µ�°«¬
·`À�¬�²°�±9¬�°��¯	°`´½�e 9¨:¬�¼�ÅÆÀQ²�ª��e©�©�¯eÁÊª�µ9ªx·«¯b¨:¯?´�±>�X°`¬�·`À�¬7¬Hæ[¬D¨:·`²Ç�¬� �¬eª«ªÝ¯eÆÇ	�e©�µ�¬�{�Ã9�	ª�¬e»�´½�X±Q{
±�²� �³Fª6�'^D( ² 9»O¬�Í�{&Ã>�?ª�¬D»Y´½�X±�±Q²� �³Fª:¼ ãM·½�e©�ª�¯è¬�Í�¬�°¡¨:²�ª_¬eªÄ·«À�¬@_�`ba�ced�f�d'g)V�h8cô�°¹�e´�¬�ÁÆ¯	°`�
�¯?°�¨H¯?´�´¶µ� �²¨��e·`²�¯	 Y±�©��?¨:¬�´�¬� �·�º��e 9» ³	²�Ç�¬eª��µ�°«·`À�¬�°ì² 9ª�²³?À�·¹ª�²� �·`¯U·`À�¬i¯eÇ�¬�°¹�e©�©x�¬e�	ª�²Ã�²�©{
²�·_Û�¯XÊ²°`°`¬�³?µ�©��X°7»Q�X·¹�e{&±>�X°¹�e©�©¬�©�²�ª�´�¼¸ÅÆÀ�¬½ª�¬D¨:¯? 9»U¨��X·«¬�³?¯	°`Ûi¯XÖ¬�ÍO±9¬�°«²�´�¬� O·¡ª:º+»O¬eª`¨H°`²�Ã9¬e»i²� 
i ¬e¨:·«²�¯?  - ¼kjOº�²�ª i ã\Z[]Âª�±9¬e¨H²íú+¨Ê�X 9»¸»O¯�¬eª® Q¯?·Æµ>ª�¬�·«À�¬�O�Q8RTSURWV8XY� ¨:¯	´�±�²�©¬�°�ne²� >ª�·`¬D�?»[º�ÁÆ¬
�?ª`ª_¬eª`ªÆ·«À�¬�Ç	�X©µ�¬Ê¯X ·`ÀQ¬�©�¯�¯	±�{mlT�X·`·«¬� �² �³7·`°¡�X 9ªM�¯?°`´Ü�X·`²¯? �Ã�Û¶�X±Q±�©�Û�²� �³�·`À�¬Ê·`°¡�X 9ªM�¯?°«´½�X·«²�¯? 
´½�X �µ9�X©©�Û¸�X 9»½¨:¯	´�±9�e°`²� Q³7·`À�¬�°`¬Dª�µ�©·¹ªÆÁ�²�·«À½·`À�¬�¯?°«²�³	²� 9�e©(Ç�¬�°¹ª_²�¯? c¼

nporq sYtvu�wyx{z[|y}~oY������x{�pz��@t)}�x8�I� t)�������y��}

ãl ¸¬�Ç	�X©�µ>�X·`² �³7·`ÀQ¬�©��e �³?µ9�e³?¬�¬�Í�·`¬� >ª�²�¯	 9ªÆ±�°«¯?±9¯�ª_¬e»�²�  i ¬D¨:·`²¯? Fj�¼��O¼��?º�ÁÎ¬��X°«¬�´�¯�ª_·`©Û7²� �·`¬�°«{
¬eª�·«¬e»�²� ½·`À�¬��¯	©�©�¯eÁ�² �³¶å@µQ¬eª�·«²�¯? >ª��

�?¼Êóx¯eÁ ´¶µ9¨¹À�»�¯�¬eªÝ·«À�¬�¬�Í�·`¬� 9ª_²�¯	 ì²´�±�°«¯XÇ�¬Ê·`ÀQ¬Ï³	¬� �¬�°¡�X·«¬e»½¨:¯�»O¬��

jO¼Êóx¯eÁ ¨:©¯�ª_¬7²�ªx·«À�¬7³?¬� Q¬�°¹�e·`¬e»i¨:¯�»O¬7·«¯!��À9�e 9»T�É¨:¯�»O¬e»i²�´�±�©¬�´¶¬� �·¹�e·`²�¯	 ½¯X�·«À�¬¶ª`�e´�¬
�X±�±Q°`¯��	¨äÀ��

�O¼Êóx¯eÁ ´¶µ9¨¹À�¨H¯? �Ç�¬� �²�¬� 9¨:¬Ö»O¯�¬eª�·`À�¬� �¬�Á ¬�ÍO·«¬� 9ª_²�¯? ¸±�°`¯eÇ�²�»O¬�¯eÇ�¬�°ÆÀ>�X 9»T�É¨:¯�»O² �³T�

Åt¯b�X >ª�ÁÆ¬�°�·`À�¬�ú9°¹ª_·�å�µ�¬eª�·«²�¯	 (º[·`ÀQ¬�¯?µQ·`±�µ�·�¯eÆ·«À�¬�O�Q8RTSURWV8Xj� ¨:¯	´�±�²©�¬�°ÎÁ��?ª�¨:¯	´�±�²©�¬e»
Á�²�·`À��e������¯? �·`¯b�X i²b+ i ��� ����� Á�²·`À6��jì �¯�»O¬DªÏ�e 9» � Z!¬�³��XÃ�Û�·`¬eª�¯Xñ´�¬�´�¯	°`Û¶±9¬�°� �¯�»O¬�º
�X 9»�Ç	�X°«²�¯	µ9ª$±9¬�°��¯	°`´½�e 9¨:¬ñ�?ª�±9¬e¨H·¹ª$ÁÎ¬�°`¬r´�¬e�	ª�µ�°«¬e»��	ªÈ»O¬eª«¨:°`²Ã9¬e»�²� 7·`ÀQ¬®�¯?©©�¯eÁ�²� Q³�ª_¬e¨:·`²¯? 9ªH¼

á�¬�³F�X°¹»�²� �³½·`ÀQ¬7ª�¬D¨:¯? 9»�å�µ�¬eª_·`²¯? (º9·`À�¬FO�Q8RTSURWV8XÂ� ¨:¯?´�±Q²�©�¬�°r��³?¬� �¬�°¹�X·«¬e»�¯	µ�·`±�µQ·ÏÁñ�?ª
±�°¹�	¨:·`²�¨��X©©�Û�²�»�¬� O·«²�¨��e©È·`¯ð�ìÀ9�e 9»T�É¨:¯�»O¬e»è±9�X°¡�X©©�¬�©r±�°«¯?³?°¡�X´�µ9ª�² �³�·`ÀQ¬�ª«�X´�¬����~V�Q8��°«µ� ��
·`²�´¸¬�ª�µ�±Q±T¯	°`·�¼� �À�²�©¬�·`ÀQ²�ª�²�ªÊ¨:¬�°`·¡�X² �©�Û½�e·�©�¬D�?ª�·Ê±9�e°`·`©Ûb»Oµ�¬�·«¯�·`ÀQ¬7ª�²´�±�©²�¨:²·�Û¶�e 9»�ª�´Ü�X©�©



� � �

ª�²¡,�¬ì¯e�´�¯Fª�·�¯e�·`ÀQ¬!¨H¯?´�±�²©�¬e»���¬�°« �¬�©�ªHºÈ²�·¶ª_·`²�©©Æ³	²�Ç�¬eª�°«¬e�?ª_¯? Y·«¯kÃ9¬�©²�¬�Ç�¬¸·`À9�e·7·`À�¬�°«¬b�X°`¬
 �¯K�µ� 9»��e´�¬� �·¹�X©Ê»�²�ª`�	»OÇ	�X �·¹�e³?¬eª�Á�À�¬� �µ>ª�²� Q³K·`À�¬i¨H¯?´�±�²©�¬�°�·`¯K²´�±�©¬�´�¬H O·�Ç?�e©�µ�¬M�&Ã9�	ª�¬e»
´½�X±�±Q²� �³Fª:¼

Å(¯è�e 9ª�ÁÎ¬�°�·«À�¬!·«À�²�°¡»Yå�µ�¬eª_·`²�¯	 (ºÆ¯	 �¬!À9�	ª�·`¯U¨:¯	´�±9�X°«¬½·`À�¬ð¨:¯?´�±Q©�¬�Í�²�·«²�¬eª�¯XË¯?°`²³?² 9�X©
�X 9»3¨:¯?´�±Q²�©�¬D»�¨:¯�»O¬eªHº®Á�²·`Àè�e 9»ôÁ�²·`À�¯	µ�·7Ç	�X©�µQ¬&�&Ã>�?ª�¬D»ô»�²�ª�·«°`²Ã�µ�·`²¯? 9ªH¼L �À�²©�¬¸ª�²�,�¬½�X©¯? �¬
²�ª7 �¯?·¸�kª_µT¢Ü¨:²�¬� �·�´¸¬e�?ª_µ�°`¬½¯XÏ¨:¯?´�±Q©�¬�Í�²�·_Û��e 9»Y±�°«¯?³?°¡�X´�´¸²� �³ð»O²£¢Ü¨:µ�©·�ÛFº$²�·¸ª�·«²�©©Æ²�ª¶�X 
²� 9»O²�¨��X·«²�¯	 �¯Xr·«À�¬�ª«�DÇ�²� Q³�ªÆ±�°«¯XÇ�²�»�¬e»�Ã�Û�·`À�¬Ë¨:¯?´�±Q²�©�¬�°�¼ Ó�¯?°�¬�ÍQ�X´�±Q©�¬�º?¯	 �¬�´�²�³	ÀO·Î¨:¯	´�±9�e°`¬
·`À�¬yO8Q8RTSURWV8Xi� Ç�¬�°¡ª�²¯? �¯X9·«À�¬ÆØ�¤���±�°`¯	³?°¡�X´ ² 7Ó$²³?µ�°«¬�jO¼��ÊÁ�²�·`À�·`À�¬ñ¨:¯?´¸±�²�©¬�°r��³?¬� Q¬�°¹�e·`¬e»
¨:¯�»O¬�²� bÓ$²³?µ�°«¬eª�ÕO¼ � º9ÕO¼ � º9�e 9»½ÕO¼�¥�¼ÆãM·Î·`µ�°« �¬e»�¯?µ�·Ê·`À>�X·Æ�¯?°�¯	µ�°Ê·`¬eª_·Ê¨��?ª_¬eª:º�·«À�¬�³?¬� �¬�°¹�e·`¬e»
¨:¯�»O¬�º9Á�À�²�¨¹À!² bª�²¡,�¬�Á��	ªÝÇ�¬�°`Û½¨:©¯�ª_¬Ï·«¯�À9�e 9»T�É¨:¯�»O¬e»[º+Á��?ª�·_ÛO±Q²�¨��e©�©�Û¸�XÃ9¯	µ�·�·�Á�²�¨:¬��?ª�©��e°`³?¬
�?ª�·`ÀQ¬�² �²�·«²��X©î¨:¯�»O¬��¯	°�²� >»O¬�Í��&Ã9�	ª�¬e»U»O²�ª_·`°`²Ã�µ�·«²�¯? >ª:¼½Ó�¯?°�Ç?�e©�µ�¬M�&Ã9�	ª�¬e»U»O²�ª_·`°`²Ã�µ�·«²�¯? >ª:º$·«À�¬
¨:¯�»O¬�³	°`¬�Á=Ã�Û½�X �¯	·`À�¬�°�j	Õ§¦¸¼

ÅÆÀQ¬î�¯	©�©¯XÁ�² �³Êª�¬D¨:·`²¯? 9ª(»O¬Dª`¨:°«²�Ã9¬È·`ÀQ¬Æ»�²íæ+¬�°`¬� O·+ÃT¬� 9¨äÀQ´½�X°©¨�ª9�X >»Ï¬�Í�±9¬�°`²´�¬� �·¹ªO² �»O¬�·¡�X²�©É¼

ªt¥�¦9¥&¦ û�« ¤ ç@¬e ¤�®�¯ ±° ��²t¾�³ °�çè£ ®�´�µ9¤O�D³ ¤ 
¶ µQ°ì¬�ÍO±9¬�°«²�´�¬� �·¹ª7Á�²�·«À ·«À�²�ª�¨�¬�°` �¬�©�ÁÆ¬�°«¬�Ã9�?ª_¬e» ¯	  ·«À�¬·O�Q8RTSURWV8X¹¸ ±Q°`¯?³	°¹�e´ �°«¯?´
Ó$²�³	µ�°`¬�jO¼k�KÞ&Ã�µQ·7Á�²�·`À��D�º]Ì²� 9ª_·`¬e�	»1¯ev»_µ>ª�·F���¼] ¨H¯�¯?°¹»�²� 9�e·`¬eª¶�X 9»k�¯	°¹¨:¬eª¹ß�Á�²�·«ÀôÇ	�e°`Û�²� �³
²� 9»O¬�ÍT�à�X 9»¶Ç?�e©�µ�¬M�&Ã9�	ª�¬e»½»O²�ª�·«°`²�ÃQµ�·`²¯? ½»O²°`¬e¨H·`²�Ç�¬DªÈ�?ªr©�²�ª_·`¬e»¶ÃT¬�©�¯eÁ�¼ÈÅÆÀ�¬Ö±9�X°¡�X©�©¬�©[°«µ� 9ªrµ9ª�¬e»
±9�X²°`©�²�ª�·¶»��e·¹�i�X 9»è±�À�Û�ª_²�¨��e©�¨:¯�¯	°¹»O² 9�X·«¬eª��°«¯?´ �X  i�¶ ] ª�²�´¶µ�©��X·`²¯? 3ÞMª_¬�¬ i ¬e¨:·«²�¯? �j�¼¡�?¼��Xß
µ9ª�² �³7�e F½B¾¿ ¨:µ�·«¯Xæb°¹�	»O²�µ9ª�À i�¶ ] ²·¹ª_¬�©í+²�ªr¯Xtª�²¡,�¬�Õ��%Á�Õ?Õ�Á7Õ�jB¾¿ÃÂ ¼8 k¬Ê°¹�e �·`À�¬Öª�²´�µQ©��X·«²�¯	 
�¯?°p� � ·`²´�¬Öª�·`¬�±9ª:º�¯? Y�	º�j�º�Ä�ºe½Oº~� � º9�e 9»?��j�±�°`¯�¨:¬Dª`ª�¯	°¹ªHºTÁ�²·`À½·`À�¬Ê�¯?©�©¯eÁ�²� �³¶»O²�ª�·«°`²�ÃQµ�·`²¯? 
ª�·`°¡�X·«¬�³?²¬eª:¼

�?¼ÊãM 9»O¬�Í��&Ã>�?ª�¬D»[ºeÅ§ÆeÇFé§È��&Á�²�ª�¬�¼
Ó�¯?°yÉ �X·`¯	´½ª��X >»?Ê ±Q°`¯�¨:¬eª«ª�¯	°¹ª:º9±�°«¯�¨:¬eª`ª_¯?°�Ë�³	¬�·¹ªÊ�?ª«ª�²³? �¬e»b�X·«¯?´½ª�Þ�Ë4ÌÍ�Xß\É!ÎÏÊ î
��Ð&ÑMÑ&Ñ&ÐºË"É!ÎDÊ ÞÉ�?ª«ª�µ�´�² �³�ÊÌ»O²�Ç�²�»O¬DªÒÉ�ß¹¼bÅÆÀ�²�ª�¨:¯?°«°`¬eª_±9¯? 9»�ª�·«¯�µ9ª�² �³!·«À�¬¶¯?°`²³?² 9�X©
Å§ÆeÇFé§È¸»O²�ª_·`°«²�Ã�µ�·«²�¯	 kÞ�©�² �¬4�&j¶²� bÓ$²�³	µ�°`¬�j�¼��@ßÎ·`ÀQ°`¯?µQ³?À�¯	µ�·�·`ÀQ¬Ï°«µ� KÞÔÓ±(b�&(ïº� �¯¶°`¬e»�²�ª�·«°`²��
Ã�µ�·«²�¯? b²� ½©�² �¬4�M½@ß¹º9�e 9»ì²�ªÆ²�©©�µ9ª_·`°¹�e·`¬e»¶²� bÓ$²�³	µ�°`¬�j�¼�jO¼

jO¼�ÕÎ�X©�µQ¬&�&Ã>�?ª�¬D»[º~���É»O²�´¸¬� 9ª�²¯? 9�e©[Ã�²�ª�¬e¨H·`²�¯	 (ºO Q¯�©¯��?»½Ã9�X©��X 9¨H²� �³Q¼
ÅÆÀ�¬Ê±�ÀOÛQª�²�¨��X©9±�°«¯?Ã�©¬�´ »�¯?´½�e²� ¶³?¬�·¡ª®»�²�Ç�²�»O¬e»7�e©�¯	 �³�·«À�¬�Ö��É�XÍ�²�ªHº��?ª«ª�²³? �² �³�¬e�	¨äÀ¶±�°«¯��
¨:¬eª«ª�¯?°Ê�e ½¬eå@µ>�X©[ �µ�´¶Ã9¬�°r¯Xî�X·`¯	´½ª:¼rÅÆÀQ²�ªÆ¨H¯?°`°«¬eª�±9¯	 9»�ª�·`¯7°`¬D»O²�ª_·`°`²Ã�µ�·«²� �³�»��X·¡��Á�²�·`À
�Y×rØ ü ö�ÙA³ ü Å2´�Ù�µ·Ú	þTêeë"Ø®×©ÛTÜ�Æ�´�µ$×©Ø ü�ÝßÞ Ù~àáÛ�Ü�ÆTö Þ ò+Ú�Ú�â7»O²°`¬e¨H·`²�Ç�¬¶Þäã�¯@×råFµ ü�æ§ç Ù Þ �eØT¤"â
±eèX°ÔèX´�¬�·`¬�°Hß¹¼



� � Ä

�O¼�Õ�èX©�µQ¬&�&Ãßè?ª�¬D»[º~���É»O²�´¸¬&ã9ª�²¯�ãeèe©[Ã�²�ª�¬e¨H·`²�¯�ã(ºOÁ�²·`À½©�¯éè?»½ÃeèX©êè	ã9¨:²�ã�³�¼
ë)è?¨¹À?èe·`¯	´[ìoªrÁÆ¯?°©¨�©¯�è	»ì²�ªr´�¬Dè	ª�µ�°«¬e»�Ã�Û�·«À�¬�ã�µ�´�Ã9¬�°r¯eÈ²�ãO·«¬�°�è	¨:·`²¯�ã�±eèe°`·©ã�¬�°¹ªHºeè	ã9»
·`À�¬¶±eèe°`·`²·`²¯�ã�¬�°�»O²ÇO²�»O¬eªx·«À�¬¶±�ÀOÛQª�²�¨&èX©à±�°`¯	Ã�©�¬�´�»�¯?´Fèe²¡ãiª�µ>¨äÀi·`Àeèe·�¬Dè	¨äÀ�±Q°`¯�¨:¬eª«ª�¯	°
Àeè?ª)èDã�¬�Ç�¬Mã7ÁÆ¯?°©¨O©¯�è	»[¼ÈÅÆÀ�¬yèX±Q±�°`¯	±�°`²êèX·`¬Ö»O²°`¬e¨:·«²�Ç�¬r²�ª�èX©�°«¬Dè?»�Û7ª�ÀQ¯XÁ�ã¶²¡ã¶Ó ²�³?µQ°`¬pjO¼k�Oº
·`À�¬�°«¬eª�µ�©·`²�ã�³7´FèX±Q±�²¡ã�³�¨&è	ãbÃ9¬�ª_¬�¬&ã½²¡ãbÓ$²³?µ�°«¬�jO¼íÄQ¼

Ä�¼�Õ�èX©�µQ¬&�&Ãßè?ª�¬D»[ºe�	�É»O²�´¸¬&ã9ª�²¯�ãeèe©[Ã�²�ª�¬e¨H·`²�¯�ã(ºTãQ¯�©¯�è?»½ÃeèX©êè	ã9¨H²¡ã�³Q¼
ÅÆÀ�¬�±�À�ÛQª�²�¨MèX©Æ±Q°`¯?ÃQ©�¬�´�»O¯	´FèX²�ãK³?¬�·¹ªÏ°«¬e¨:µ�°¡ª�²Ç�¬�©�Ûð»O²�Ç�²�»O¬D»Lèe©�¯�ãQ³�·`À�¬FÖ(º�îTº�è	ã9»@ï��
èXÍ�¬eª:º�è	ª`ª_²�³�ãQ²¡ã�³3¬Dè?¨¹À�±�°`¯�¨H¬eª`ª_¯?°[èDã ¬Då@µeèe©�ãOµ�´¶Ã9¬�°¶¯X�èe·`¯	´½ª:¼ ÅÆÀ�¬U»O²�°«¬e¨:·«²�Ç�¬½²�ª
×rØ ü ö�Ù�³ ü Å2´�ÙFµðÚ	þTêeë�Ør×©ÛTÜ�Æ3´�µÈ×\Ø ü�ÝeÞ�ñ à!Û�ÜTÆ9ö Þ ò�àóò�à\ô9ÚOÚ�¼kâ

ÕO¼�Õ�èX©�µQ¬&�&Ãßè?ª�¬D»[ºe�	�É»O²�´¸¬&ã9ª�²¯�ãeèe©[°«¬e¨:µ�°¡ª�²�Ç�¬ÖÃ�²�ª_¬e¨:·`²¯�ã(º�Á�²�·«Àì©¯�è	»ÜÃßèX©bèDã9¨:²�ã�³�¼
ÅÆÀ�²�ª7²�ª7·`ÀQ¬ìÇ�¬�°¹ª�²¯�ã ª�À�¯eÁ�ãY²�ã�Ó$²³?µ�°«¬�jO¼oÕ�¼�ÅÆÀ�¬ð»O²�°«¬e¨:·`²Ç�¬�À�¬�°«¬½²�ª[×rØ ü ö�ÙA³ ü Å2´�Ù�µ
Ú?þ9êeë�Ør×rÛ�Ü�ÆA´Fµ$×rØ ü&ÝßÞ�ñ à4Û�ÜTÆ9ö Þ ò�àóò�àrô)à~å�µ ü�æ§ç Ù Þ �eØT¤+Ú�ÚO¼kâ

 i¬iÁÆ¬�°«¬6èXÃ�©¬�·`¯è°`µ�ãõèX©©�ª�·«°�èe·`¬�³	²�¬eª�¯�ãõèX©©�±�°«¯�¨:¬eª`ª_¯?°¡ª!ª�²�,�¬eªHºÝ¬�Í�¨:¬�±�·��¯?°6�6è	ã>»öj
±�°`¯�¨:¬Dª`ª�¯	°¹ªHºTÁ�À�¬�°`¬�·`À�¬�²°`°`¬�³?µ�©êèX°Ê»O²�ª�·`°«²�Ã�µQ·`²�¯�ã9ªÆÁÆ¬�°`¬�·`¯�¯¶´�¬�´�¯	°`Û�²¡ã�·`¬&ã9ª_²�Ç�¬�¼

÷v¬ ® °��£mø ¾
ÅÆÀ�¬4ãOµQ´�Ã9¬�°�¯evãQ¯?·r��¯eÁ�ã�¬e»[èe·`¯?´ÜªÃè	¨�¨:¬eª«ª�¬e»!Ã�Û½·`À�¬�²¡ã9»O²ÇO²�»Oµeèe©(±�°`¯�¨:¬Dª`ª�¯	°¹ª�²�ªyè�´�¬Dè	ª�µ�°«¬
�¯?°r·`À�¬�²�ãO·«¬�°r��±�°«¯�¨:¬eª`ª_¯?°�è?¨�¨:¬eª`ªÈ©¯�¨&èX©²�·_Û�¯X(·«À�¬�Ø�¤Tù�¨�¬�°rã�¬�©M¼~ k¬Ê¨Mè	ã¶¬eª�·«²�´Fèe·`¬�è�·`À�¬�¯	°`¬�·«²�¨&èe©
©�¯eÁÆ¬�°ÖÃT¯	µ�ã9»k¯�ãK·`ÀQ²�ªÃã�µ�´¶ÃT¬�°�Ãeè?ª_¬e»�¯�ãi·`À�¬¶·`¯	·�èX©)ã�µ�´¶ÃT¬�°x¯epèX·«¯?´½ª7Þ � ¥ � ½@ß¡ºÈ·`À�¬¶ª_±eè?¨:¬
·`À�¬�Û�¯�¨�¨:µ�±�Û�Þ¼è�ª�±�À�¬�°`¬�Á�²�·«À�è�©�²�·«·`©¬Æ¯eÇ�¬�°àÕ � ¾¿ ²¡ã¶»�²bèX´¸¬�·`¬�°Hß¹º�è	ã9»�ú�ûbürýàÞº½ ¾¿ ß¹º?Á�ÀQ²�¨¹À�Û�²�¬�©�»�ª
·`Àeèe·�èe·x©¬Dè?ª_·pèXÃ9¯?µ�·y¥?Õ � èX·«¯?´½ªrÁ�²�©©(Àeè�Ç�¬�·`¯¶Ã9¬ÏÃQµOæ+¬�°`¬e»+¼

Ó ²�³?µQ°`¬ � ¼���¨:¯	´�±eèX°«¬eª(·`À�¬Î´FèXÍ�²�´¶µ�´Íã�µ�´�Ã9¬�°(¯e+Ã�µOæ+¬�°`¬D»4èX·`¯	´½ªt�¯	°r»O²íæ+¬�°«¬&ã�·(´Fè?¨¹À�²¡ãQ¬
ª�²¡,�¬eª�è	ã>» »O²�ª�·«°`²�ÃQµ�·`²¯�ã=ª�·«°�èe·`¬�³	²�¬eªH¼ ÅÆÀ�¬U»O¯	·`·`¬D»Y©�²¡ãQ¬!Á�²�·«ÀÂ¨H²�°¹¨H©�¬eª7¨:¯	°`°«¬eª�±9¯�ã>»�ªì·«¯ô·«À�¬
Å§ÆeÇ�é�È��&Á�²�ª�¬¶²¡ã9»O¬�ÍT��Ãeè?ª_¬e»è»O²�ª_·`°«²�Ã�µ�·«²�¯�ã(¼KÓ�¯?°7¯	·`À�¬�°�ºrÇ�èe©�µ�¬M�&Ãeè	ª�¬e»è»O²�ª�·«°`²�ÃQµ�·`²¯�ã9ªHº®·«À�¬�©�²�ã�¬
ª�·_ÛO©¬�²¡ã9»�²�¨&èe·`¬eªr»O²´�¬&ã9ª_²�¯�ãßèX©�²·_Û�ÞÉ»�è?ª_À�¬e»W�����¼]�º�ª_¯?©²�»W���	�¼]Ïß¹º"è	ã9»�·«À�¬Ê±T¯	²¡ã�·�ª_·�Û�©�¬�²�ã9»O²�¨&èX·«¬eª
ÃeèX©êè	ã9¨:¬�ÞM¨H°`¯�ª«ª�¬eª��$µ�ã�Ãeèe©bè	ã>¨:¬e»[º�ª_·�èe°¹ª��ÈÃßèX©bèDã9¨:¬e»9ß¹¼{ i¬Êª�¬�¬�·`Àeèe·®·«À�¬p�	�É»O²´�¬&ã9ª_²�¯�ãßèX©MºeÇ�èX©µ�¬&�
Ãeè?ª_¬e»Â»O²�ª�·`°«²�Ã�µQ·`²�¯�ã�±9¬�°��¯	°`´½ª�Ã9¬eª_·�ºÊÁ�²�·`Àõèèª�©²�³?À�·�è?»�»�²�·`²¯�ãeèe©�è?»�Ç�èDãO·ÔèX³	¬k�¯?°½·`ÀQ¬k©¯�è?»
ÃeèX©êè	ã9¨:¬D»ÜÇ�¬�°¹ª�²¯�ã(º�Á�ÀQ²�¨¹À½¨:¯?´¸¬eª®Ç�¬�°«Û�¨H©�¯�ª_¬�·`¯7·`ÀQ¬Ï±Q°`¬e»O²�¨:·`¬D»Ü©¯eÁÆ¬�°ÎÃT¯	µ�ã9»[¼

þ4°�±° ³{®�¤
Ó$²�³	µ�°`¬ � ¼�jK´�¬Dè	ª�µ�°«¬eªÄÃßèX©bèDã9¨:¬iÃOÛ ¨:¯?´¸±eèX°«²¡ã�³i´FèXÍ�²�´¶µ�´ÿè	ã9» è�Ç�¬�°�èe³?¬�ÁÎ¯?°r¨�©�¯éè?»�ªHº�¬�Í��
±�°`¬eª«ª�¬e»�è?ªál>¯�èX·«²¡ã�³i±9¯?²�ãO·¶¯?±9¬�°ÔèX·`²¯�ã=¨:¯	µ�ã�·¹ª:¼ ÅÆÀ�¬!²�ã9»O¬�Í��&Ãßè?ª�¬D»Y»O²�ª�·`°«²�Ã�µQ·`²�¯�ãè³?¬�·¡ª�©�¬eª«ª



� � Õ

0 5 10 15 20 25 30 35
0

500

1000

1500

2000

2500

3000

3500

4000

BLOCK

1−D Unbalanced
1−D Balanced

3−D Unbalanced

3−D Balanced

Number of processors

M
a

x.
 #

 b
u

ff
e

re
d

 a
to

m
s

NBF Code, Lack of Locality

¢�£ � ¯��e¤?ª(¥�¦ ÅÆÀQ¬Òã�µ�´¶Ã9¬�°Æ¯e
¨H¯?´�´¶µ�ã�²�¨&èX·«¬e»7»�èX·Ôè

Þ&´FèeÍO²´7µ�´ è	¨:°`¯Fª`ªx±�°«¯�¨:¬eª«ª�¯?°¡ªäß
�¯	°xÇ�èe°`Û�²¡ã�³7´Fè	¨äÀQ²¡ã�¬Öª�²�,�¬eª�è	ã>»
»O²�ª�·`°«²�Ã�µQ·`²�¯�ãbª�·`°ÔèX·«¬�³?²¬eªÆ²¡ã½·`ÀQ¬
ã�¯�ã���Ã9¯�ã9»�¬e»ì�¯?°¡¨:¬�¨�¬�°rã�¬�©M¼

0 5 10 15 20 25 30 35
1

1.2

1.4

1.6

1.8

2

BLOCK

1−D Unbalanced
3−D Unbalanced

1−D Balanced
3−D Balanced

Number of processors

M
a

x/
a

vg
 f
lo

p
s

NBF Code, Load Inbalance

¢�£ � ¯��e¤?ª(¥�� ÅÆÀ�¬��°�è	¨:·`²¯�ãb¯X
´ èXÍ�²�´7µ�´ l9¯�èe·`²¡ãQ³�±9¯?²¡ã�·

¯?±9¬�°�èe·`²¯�ã9ª�Þ�Ó±(b�&(ïº�ÁÎ¯?°©¨O©¯�è?»½¯X
·`À�¬�ª_©�¯eÁÆ¬eª_·�±�°`¯�¨H¬eª`ª_¯?°:ß è	ã>»ì¯X
·`ÀQ¬�è�Ç�¬�°ÔèX³	¬�è	¨:°`¯Fª`ª�±�°`¯�¨H¬eª`ª_¯?°¹ªH¼

ÃeèX©êè	ã9¨:¬D»·è?ª7·`ÀQ¬?ã�µ�´�Ã9¬�°�¯X�±Q°`¯�¨:¬eª«ª�¯	°¹ª�³	¯�¬eª�µ�±(¼�Õvèe©�µ�¬M�&Ãeè	ª�¬e»3»O²�ª_·`°«²�Ã�µ�·«²�¯�ã9ª�±9¬�°��¯	°`´
¨:¯�ã9ª_²�ª_·`¬&ã�·`©ÛKÃ9¬�·`·«¬�°�ºpè	ã>»ô·�èD¨O²�ã�³K·«À�¬!ÁÎ¯?°r¨è©¯�è?»Y²�ãO·«¯Yè	¨�¨:¯	µ�ãO·¶±�°«¯XÇ�²�»�¬eª!è��µ�°`·«À�¬�°¶²�´��
±�°`¯eÇ�¬�´�¬MãO·�¼7Ó�¯?°�·«À�²�ª�èe±�±�©�²�¨&èX·«²�¯�ã(º$·«À�¬�²�ã9»O¬�Í���Ãeè?ª_¬e»LÅ�ÆeÇ�é�È�»O²�ª�·«°`²�ÃQµ�·`²¯�ãi²�ª�±eèX°«·`²�¨:µ�©bèe°`©Û
µ�ã9ª�µQ²�·�èeÃ�©�¬Ö»Oµ�¬�·«¯�·`À�¬Ê»O²êèX³	¯�ãeèe©Wãeèe·`µ�°«¬x¯e(·`ÀQ¬pè?»	»©è	¨:¬&ã9¨:Û�´FèX·«°`²Í[ºeÁ�À�²�¨¹À7²�ª�è?¨:·«µeèX©©�Û7ª_ÛO´P�
´�¬�·`°«²�¨8è	¨�¨:¯	°¹»O²�ã�³�·`¯��x¬�Á�·`¯�ã~ìoªàÅÆÀ�²�°¡»
	~è�Á�À�·`À�¬�°«¬:�¯?°«¬�ºe¯�ã�©Û�¯�ãQ¬�ÀeèX©ï9¯X+²�· ²�ªàª�·`¯	°`¬e»+º?Á�À�²�¨¹À
ª�À�²ï�·¹ª�·`À�¬�ÁÆ¯	°r¨�©¯�è	»Ü·«¯eÁ�èX°¡»�ªpèX·`¯	´½ªÆÁ�²�·«Àbª�´Fèe©�©�¬�°®²�ã9»O²�¨:¬eª:¼

� ³�² £� £ ²{¯ °�NøD£&çè£ ³ � ´
Ó$²�³	µ�°`¬ � ¼k�!ª�ÀQ¯XÁÊª�·`À�¬¶·`²´�²¡ãQ³�ªx¯eÊ·`À�¬¸»O²íæ+¬�°«¬&ã�·�¨H¯�»O¬�±QÀeè?ª_¬eª:ºÈµ9ª_²¡ã�³b·`À�¬P�	�É»O²´�¬&ã9ª_²�¯�ãßèX©Mº
ÃeèX©êè	ã9¨:¬D»�°`¬e¨Hµ�°¹ª_²�Ç�¬ÆÃQ²�ª�¬D¨:·`²¯�ã(¼àã ã¶·`ÀQ¬x±�°«¯�¨:¬eª«ª�¯?°Î°�èDã�³?¬eªr´�¬Dè	ª�µ�°«¬e»[º?·«À�¬x¯eÇ�¬�°«À�¬Dè	»�ª)è?ª`ª_¯�¨:²¡�
èX·`¬D»ÜÁ�²·`À½±�°«¬�±�°`¯�¨H¬eª`ª_²¡ã�³QºT°«¬e»O²�ª_·`°«²�Ã�µ�·«²¡ã�³�»�èX·ÔèOºeèDã9»!¨:¯	´�´¶µ�ã�²�¨MèX·`²ï¯�ã�èe°`¬�èXÃ9¯?µQ·�è	ã½¯?°¡»O¬�°
¯Xà´FèX³�ã�²�·«µ9»O¬�©¯XÁÎ¬�°Æ·«Àeè	ã½·«À�¬�¨:¯�ª_·�¯Xà·`À�¬�è	¨:·`µßèX© ¨:¯	´�±�µ�·ÔèX·`²¯�ã(¼rÅÆÀQ¬�¨:¯�ª_·x¯eÈ±Q°`¬�±�°«¯�¨:¬eª«ªó�
²¡ã�³QºO²¡ã>¨:©�µ9»�²¡ã�³�·`ÀQ¬�²¡ã9ª_±9¬e¨:·`¯	°ÆÁ�À�²�¨äÀ¶¬&ãeèeÃ�©�¬Dª®´�¬eª«ªrèe³?¬ÊÇ�¬e¨:·`¯	°`²�,DèX·«²�¯�ãcº?³?¬�·¡ª®ÁÎ¬�©�©�èX´¸¯?°`·«²¡,�¬D»
�¯?°Ê·`À�¬�³?²Ç�¬&ãFãOµQ´�Ã9¬�°Î¯Xr·«²�´�¬Öª�·«¬�±9ª�Þº� � ß¹¼�óÊ¯XÁÎ¬�Ç�¬�°�ºO²�·�²�ª�èX©�ª�¯PèX±�±eèe°`¬&ã�·Ê·`Àeèe·x·«À�¬7ª«¨&èX©êè	�
Ã�²�©²�·_Û�¯eÈ·«À�¬�°`µ�ã"�&·«²�´�¬�ª_µ�±�±9¯?°«·x´ èDÛ¶Ã9¬e¨:¯	´�¬�¨:°«²�·`²�¨&èX©��¯	°x©êèX°`³	¬�°�ã�µ�´�Ã9¬�°¡ª®¯eÈ±�°«¯�¨:¬eª«ª�¯?°¡ª:¼



� ���

10
0

10
1

10
2

10
−1

10
0

10
1

10
2

10
3

Total time

Computation

Communication
Remapping

Preprocessing

Number of processors

T
im

e
 (

se
cs

)

NBF Code, 3−D Balanced Timings

¢�£ � ¯��X¤�ª(¥�§ ÅÆÀ�¬�·«²�´�²�ã�³
Ã�°«¬Dè	¨Q»O¯eÁ�ãKÞ�¬�Í�¨H©�µ9»O²�ã�³7ã � ¶ ßÈ�¯	°
Ç�èX°`Û�²¡ãQ³7´Fè?¨¹À�²¡ãQ¬�ª_²¡,�¬eªHº�µ9ª�²�ã�³�è
�	�É»O²´�¬&ã9ª_²�¯�ãßèX©Mº�Ç�èX©µ�¬&��Ãeè?ª_¬e»

Ãeèe©bèDã9¨:¬e»�Ã�²�ª�¬e¨:·«²�¯�ã(¼

0 5 10 15 20 25 30 35
0

5

10

15

20

25

30
3−D Balanced
1−D Balanced
1−D Unbalanced
3−D Unbalanced
BLOCK

Number of processors

S
p

e
e

d
u

p

NBF Code, Speedups

��� � ¯�����ª���� �����
����� �"!$#%�
&('%) è"*¡ã �"!,+ * ) �-! */. � 01� ã )
�%0 &32 �"�4� & 0 ã #%5 ' � 06� èDã !
! * � ) 0 * ' # ) * & ã � ) 0 è ) � 7 * �"�98

:�; �3�T²�¯ ; ´
<�* 7(#%01� � 8 Ä ��#%5=5 è 0 *?> �"� ) ���=���@�A�"!$#%��� &('%) è"*¡ã �"!-B & 0 ) �%�DC è 0 * & #��
! * � ) 0 * ' # ) * & ã 5=� ) � & !%�9E
2F& 5=��# ) �"! è � ) �%��BG0 è 2F) * & ã & B�� *¡ã 7(H�� � �%0 &32 �"�1� & 0 ) * 5 *�ã 7 è	ã !I� è 0 è H�H��AH � �%0 &32 �J�1� *�ã 7 ) * 5=�K8����%�
C è H�#%� � ' è �L�"!M! * � ) 0 * ' # ) * & ã � & # ) �@�A0LB & 045 ) �%� *�ã !$� N � ' è �L�J!M! * � ) 0 * ' # ) * & ã E èDã !-� N3�%H * 2 * ) H & è !
' è H è	ã 2 *�ã 7O�%0 & C * !$�"� è	ã2è !%! * ) * & ãeè H è !$C è	ã ) è 7P�K8

ªQ�GR���� S « �[¯�³{´ ø �D¯{® ø ¯��"�T²UTV�T´ « µ��3�	³�� 

  �O7P� ã � 0 è ) �"! 2F& !3�IB & 0 ) �%�,WYX R$Z~R\[^] ¸ ¨ �A0 ã � H�BG0 & 5 <�* 7(#%01�O_38�`Aa$E ' # ) è 7 è�*�ã + * ) �cb�d
ef*¡ã � ) � è ! & B » #�� ) `Fd e 2F&K& 06! *¡ãßè ) �J� è	ã !cgh#%N$�J�F8jik� 01�O+��O5=� è �L#%04�"! & ã H?l ) �%�=� . � 2F)m& B
C è 01l *¡ã 7 è H * 7 ã 5n� ã ) � & BkoqpKr@o ØWÀ ) �%�s! * � ) 0 * ' # ) * & ã & But@vqpho Ø + è � èIw N3�"!\Exb�d e C è H�#%�Ad ' è �L�"!
! * � ) 0 * ' # ) * & ã 8y���%�-� è 0 è H�H?� H�01# ã �I+z� 01�{! & ã �,B & 0 è 5n�"�L�V+ * ) �y| ÄK}�½6ã & !$�"� èDã !~_(| ½(� b
�"!$7P�J�F8Y����0 èDã ) �%�m� * 5O#%H è ) * & ã B & 0�b(a ) * 5=��� ) � ���9E & ã `(E } E Ä E ½ E è	ã !M` � �%0 &32 �J�1� & 0��9E%+ * ) �
) �%��B & H?H & + *¡ã 7 è H * 7 ã 5n� ã ) � ) 0 è ) � 7 * �"�98

`P8�� ã !$� N3d ' è �L�J!\E Å§ÆeÇq�§È d�+ * �L�K��B & 0 É �"!$7(�"� èDã ! Ê ��0 &32 �"�4� & 0��FE��%0 &32 �"�1� & 0 Ë 7(� ) � è �Ld
� * 7 ã �"!M�"!$7(�"�
� Ë Ì `�� É!ÎDÊ�� ` Ð&Ñ&Ñ&ÑMÐºË�É!ÎÏÊ � è �4�L#%5 *�ã 7 Ê ! * C * !$�"� É �68O��� * � 29& 0104� d



` aK�

�L� & ã !%� )1& #h� *¡ã 7 ) �%� & 0 * 7 *¡ãeè H Å§ÆeÇK��È ! * � ) 0 * ' # ) * & ã ��H *¡ã �{` } � ) ��0 & #�7P� & # )�) �%�,01# ã
� Ó��� � E ã & 04�"! * � ) 0 * ' # ) * & ã=*¡ã H *�ã � } `���8

} 8 Õ�è H�#�� d ' è �L�J!\�
!3� 2F& 5n� & � * ) * & ã t@vqp%o Ø2è	ã !��J!$7P� *¡ã B & o(t%p�����E�oPt�p������L� 04CK� )1& è H * 7 ã
�"!$7(�O! è ) è + * ) � ) �%� ã & !$�n! è ) è 8m��� * � 2F& 0401�"��� & ã !%� )4&=) �%��C è H�#�� d ' è �L�J! è H * 7 ã 5n� ã )
! * 04� 2F) * CK���L� & + ã-*�ãj<�* 7(#%01��_$8?` a38

÷����K�%�G�mø��
� * 5 * H è 0 )1&=) �%� ã #%5 ' �A0 & B ' # . � 04�"! è )4& 5,� *¡ã ) �%�
t ¤Tù,  � 0 ã � H¡E%�%� 01� ) �%� ã #%5 ' � 0 & B ã &() d
& + ã �"! ã & !$�"� è 2 2 �J�1�L�J! ' l ) ��� *¡ã ! * C * !$# è HK�%0 &32 �"�1� & 06� * � è 5=� è �L#�01�YB & 0 ) �%� *�ã ) � 01dG�%0 &32 �"�1� & 0
è 2 2 �J�1�
H &32 è H * ) l & B ) �%�,5=�"���   �A0 ã � H¡8 <�* 7P#%04� � 8¢_ 2F& 5=� è 01�J� ) ���£5 è N * 5D#%5 ã #%5 ' � 0�� & B
' # . � 01�J! è )4& 5,�YB & 0�! */. � 04� ã ) 5 è 2 � *�ã ��� *�> �"� è	ã ! è H * 7 ã 5=� ã ) � ) 0 è ) �A7 * �J�F8

¤ & ã � * !$� 0 *¡ã 7 ) � è )
) ��� 01� è 01�OH��"�4� ) � è	ã `Aa$E¢aPaPa è )1& 5,� )1&P) è H¡EY+��n�L� � ) � è )
) �%� *¡ã !$� N3d
' è ���"!~5 è ��� *¡ã 7M04�"¥K# * 04�"� ' # . � 0 *¡ã 7 è � * 7 ã%*¦w 2 èDã ) BG0 è 2F) * & ã & B ) ���-+�� & H��M! è ) è ! & 5 è"*¡ã 8
� & 7P� ) �%� 0�+ * ) � ) �%� & + ã �"!D�"!$7(�"�§+z� è 01��� . � 2F) * CK� H�lm04� �%H * 2 è ) *¡ã 7 ) �%���"!$7(��! è ) è B & 0 Ê©¨yª 8
���%�
C è H?#%� d ' è ���"! è H * 7 ã 5=� ã ) � è � è � * 7 ã%*¦w 2 èDã ) H�l ' � )4) � 0�H &32 è H * ) lqE ) l$� * 2 è H�H�lO01�J¥�# * 0 *�ã 7DH��"�4�
) � èDã _Pa(a ã & !$�"� )4&D' � ' # . � 04�"!\8

:�; �3�$«�¬ ;�

<�* 7(#%01� � 8 � ��#%5=5 è 0 *�> � � ) �%�O���@�A�"!$#%��� &P'%) è�*¡ã �"!£B & 0 ) �%� ) + & 5 è ��� *¡ã 7O5=� ) � & !%�98k�y� * H��
) �%� *¡ã !$� N3d ' è �L�"!=5 è �%� *�ã 7O! & �"� ã &() 04�"�L#�H ) *¡ã è	ã l,�L��� �"!3#%�M!$#�� )4&D) �%� ' è !£H &32 è H * ) lKE ) �%�
C è H�#%�Ad ' è �L�"!j! * � ) 0 * ' # ) * & ã ��0 & C * !$�"� è '�& # ) Ä a�®¯�F° 2 * � ã 2 l
B & 0m` � �%0 &32 �J�1� & 0��98

±Q�GR���² ³  ;�� �  �MT �Tø � ��´µ�K� T ; ¬ øJ�Tø"�G�@¶

���%� ��· �j¤�¸�¹ ' � ã 2 ��5 è 0   � & H�CK�"� èDã # ã � ) 01# 2F) #%04�"!-��� è 06�L�DH *¡ã � è 0���l%� ) � 5 ' l ) �%� 2F& ã d
º #%7 è ) �=7(0 è ! * � ã ) 5=� ) � & !~»½¼�¼ 	 � |$`9¾¿8=����� ' #�H   & B ) �%� 2F& 5=�%# ) è ) * & ãeè H ) * 5n� * �m���@� ã ) *¡ã
À\Á(Â$Ã o3Ä%EK+�� * 2 �=5O#%H ) * ��H * �A� è �L� è 0����Å5 è ) 0 * N Á + * ) � è CK� 2F)4& 0zÆ\E è ���L� & + ã-*�ã,<�* 7P#%04� � 8/�q8

·pã-*¡ã ) �A01�"� ) *¡ã 7
B è 2 � )�& B ) � * � ' � ã 2 �%5 è 0  �* � ) �%�
#h�L� & B§! & # ' H�� *�ã ! * 01� 2F) * & ã E�� *�ã 2 � ) �%�
*¡ã�ã �A0ÅH &K& � ã &()
& ã H�l è 2A2 �"�1���"� ) �%� ò6è 010 è l ) �%0 & #%7P� ) �%�,Ç%vPÈxÉ(p�Æ *¡ã ! * 04� 2F) * & ã6è 010 è lKE ' # )
è H� &�) �%�mH &K& � '�& # ã !%��!$� ��� ã ! & ã ) �%�DÄ$v3Ê%� Â Ç è 010 è lK8

�����~W^X R$Z~R\[^]ÌË CK� 06� * & ã � è 0 è H?H�� H *�> �J! ) � * � 2F& !3� ' lÍ! * � ) 0 * ' # ) *¡ã 7cÆ è	ã !ÎÄ3v$Ê�� Â Ç
Ï�Ð�Ñ �KÒ d�+ * �L�DÓ"Ô�!�#�� * Ô%7jÓ"Ô~vPt Õ�v À o,! * 01� 2F) * CK� )4& ��Ó"0�Ó"H�H��AH *�> � ) ���DH &K& �ÖEY� * Ô 2 � ) �%� & +�Ô%�A01d
2F& 5=��# ) �"�
04#%H�� * ��! * ° 2 #%H )D)4& Ó"�%�%H�l )4&×) �%� * Ô%Ô�� 015 & � ) H &K& �Ö8 < #%0 ) �%� 045 & 04�KE�� * Ô 2 � ) �%�
2 #%0104� Ô )�2F& 5=� * H?� 0��%0 &()1&P) l3���
! & �"��Ô &P) �L#%��� & 0 ) * Ô ) � 04�%0 &32 �"!$#%06Ó�H��%HÓ 2 � 5=�AÔ )Y& B * Ô������ 2F)1& 0��



` a ª

0 5 10 15 20
0

2000

4000

6000

8000

10000

Index-based

Value-based

Number of processors

M
a

x.
 #

 b
u

ff
e

re
d

 n
o

d
e

s

Mesh Code, Lack of Locality

���GØ ¬�Ù"�-±��Ú �����ÅÔ3#%5 ' � 0 & B
29& 5=5O#%Ô * 2 Ó ) �"!D!%Ó ) Ó

�G5,Ó�N * 5O#%5ÛÓ 2 0 & �1���%0 &32 �"�1� & 06�Ü��E
B & 0kC(Ó"01l * Ô%7D5,Ó 2 � * Ô%��� *?> �"��Ó�Ôh!
Ó�H * 7(Ô%5=� Ô ) � ) 0�Ó ) � 7 * �"� & B ) �%�

5=�"�L�   � 01Ô%�AH¿8

0 5 10 15 20
0

1

2

3

4

5

6

7

Value-based

Index-based

Number of processors

S
p

e
e

d
u

p

Mesh Code, Speedups

����Ø ¬�Ù��j±���± �����
����� �"!$#%�
&('%) Ó * Ô%�"!,+ * ) �-! */. � 01�AÔ )
�%0 &32 �"�4� & 0�Ô3#%5 ' � 06��Ó"Ô�!
5�Ó��%� * Ô%7D� ) 06Ó ) �A7 * �J�F8

Ý4Þ ß"à"áÜÞJâPã1äKå
æ�çFâ èPå éqê�äxë�ç%ë�à"á9ìPã�í î�ë
é9áAï�Ý�â à�ë�î�ë�ð3ñ
é ð{ò,ç-ó£îxô
é çMã ÝnçõÝ1ö�çFàPÝ å
æ�çFâ àPã�î,àPå4ö�ã4äMç�ëÅà"áFì(ã�í î�ëÅéÜá ï�Ý�â à,÷"á9àFæ

ã4ä"âPå�øPå6à£àJáFìPã�í î�ê�ù"ñPë�é9á ï�Ý6â à%ê�ù"ñ
ã4ä"âPå�øPå6à�ä@ësã�ëÅú�ë�û
à(å9ç ï ó ü ç3ê�ù"ñPëkî�ê�ä�ñPë�ð%ê�ä$ñPë�î"ú
íJá�ù�ý-ã,òMùKë�ä

ð%ê1ã�ñIò,ý@ô�ýFí"ý
ù�ý éÜáÜä"âPã1äAÞKå

íJá-þ ý ý,ú,ò�ùqë�ä
î"ú,ò£î�ê�úKñ
í"áMù�ý ý�ûõò{éÜá ï�Ý�â à�ê�úKñ-ëDé9á ï�Ý�âAà%ê�ú ÿPùJñ��Pù

ð%ê¿àJáFìPã�í î�ê�û�ñ ñmò£ð%ê¡à"áFìPã�íAî%ê�û�ñ ñmÿ-ç3ê�û�ñDó=î"ú
ù�ý ý é9áÜäJâPã1ä ÞKå
þ ý ý éÜáÜä"âPã1äAÞKå

à(å�âFÞ"àFä
å4ä"í

���GØ ¬�Ù"�-±���� � · �£¤�¸�¹ ' � Ô 2 �%5,Ó�0   E���� ¤ Ç%v�� Â É"t�o ÀxÁ(Â$Ã o$Ä	��
$8



` a(|

Ó�Ô�! 2F& 5=5�#�Ô * 2 Ó ) * & ÔÖE 2 Ó�H�H � )1&-ÀxÁPÂ3Ã o3Ä,Ó"Ô�! )1& * ) � 2 Ó�H?H�� 0AE§Ä(r\�Kv3Ê%E�+��%� 04� * Ô�H * Ô��"!\E�+�� * 2 �
01�"��#%H ) �"! * Ô�Ó�5 & !$�"� ) * Ô 2 01�"Ó(�L� * Ô 2F& !$�O� *�> �� ) �%� & 0 * 7 * Ô�Ó�H¡E��L�J¥�#%�AÔ ) * Ó�H 29& !$�D��ÓP!V` b,��# ' d
0 & # ) * Ô��"�
Ó"Ô�! ª _P_-H * Ô%�J�FE ) �%�MW^X R$Z~R\[^] Ë CK�A0�� * & Ô×�hÓP!~`(`,�L# ' 0 & # ) * Ô%�J�DÓ�Ô�! ª | } H * Ô%�"�F8
���%�
��� 0�B & 015�Ó�Ô 2 � & B ) �%� 2F& 5=� * H?�"! 2F& !$� * ���L� & +�Ô * Ô <�* 7P#%04� � 8 ª 8

±Q�GR���� � ¬ ����� Ù � T ��

· ��Ó )1) �"� ) �"! * Ô � � 29) * & Ô � 8�`(8�`(E ) �%�z5,Ó * Ô 2F& 5=� & Ô%� Ô )�& Bx5 & H�� 2 #%HÓ"0�!$l3Ô�Ó�5 * 2 ���@�A0LB & 045=�"! ' l
�%0 & 7P0�Ó"5,���L# 2 ��ÓP��� R X���X��KE ) �%��Ô & Ô%d '�& Ô�!$�"!ÅB & 0 2 � 2F& 5=�%# ) Ó ) * & Ô�E * � * Ô%��� 01� Ô ) H?l�!%Ó ) Ók��Ó"01d
Ó�H�H?� H�Ó"Ô�!MÓ�5n� Ô�Ó ' H�� )4& �F° 2 * � Ô ) ��Ó"0�Ó"H�H��AH *�> Ó ) * & Ô���#�� * Ô%7OHÓ�Ô�7P#�Ó"7P�"����# 2 �-Ó(�ÅW^X R$ZUR\[Y]ÍË 8
i & +�� CK� 0AE���Ó C * Ô%7MÓ 2 H��"Ó"Ô�EY!�Ó ) Ó"d��hÓ�0�Ó"H�H?� H�#%Ôh!$� 01H?l * Ô%7MÓ"H�7 & 0 * ) �%5 Ó�H & Ô%� * �ÅÔ &P) ��#$° 2 * � Ô ) �
) �%� 2F& 5=� * H?� 0�5�#h� ) Ó"H� & ��Ó CK�mÓD+�Ó l )4& �"ÓP� * H?l,Ó 2 2 �"�1� ) � * ��!%Ó ) ÓD��Ó�06Ó�H?H�� H * �L5{8

� Ô$B & 0 ) #%Ô�Ó ) � H?lKE$5 & � )�& B�� R X���X�� * ��+�0 * )1) �AÔ * ÔjÓ
+�Ó l ) �hÓ ) 5,Ó   �"� ) � * ��Ó 2 2 �J�1����Ó"0�!\E
* B�Ô &P) * 5=� & �1� * ' H��� * ) * � 2 H?�"Ó�04H�l
Ô &P) +�0 * )1) �AÔ * ÔnÓ��6!%Ó ) Ó�dG��Ó�06Ó�H?H�� H��%0 & 7P06Ó�5=5 * Ô%7m� ) l$H?�K8�� < & 0
� N%Ó"5=�%H?�KE ) �%� 2F& 5=� * H��A0 ) l3� * 2 Ó�H�H?lM+�Ó(�I#%ÔhÓ ' H?� )4& Ó"�%�%H?l×H &K& � '�& #%Ôh!%��01�J!$# 2F) * & Ô ' Ó(�L�"!
& Ô ) �%� & +�Ô%� 01d 2F& 5=�%# ) �"�Å04#%H��KE�� * Ô 2 �£5 & � ) H &K& ����! * !×Ô &P) * ) � 0�Ó ) � & CK� 0s!%Ó ) Ó�� ) 04# 2F) #�01�"�
! * 04� 2F) H?lM� �A���$� E�Ó )4& 5 !%Ó ) Ó=+�� 04� ) l3� * 2 Ó�H?H�lOÔ &P) Ó 2 2 �"�4�L�"! ' l,H &K& � * Ô%7 & CK� 0�Ó )1& 5,��! * 04� 2F) H?lKE
' # ) * Ô�� ) �"Ó(! ' l�H &K& � * Ô%7 & CK� 0�+�� & H?� 2 ��Ó"017(�§7(0 & #%���Ü�68�������Ó�06Ó�H�H?� H *?> �"! ) � * �\�%0 & 7P06Ó�5ME"+�� * 2 �
2F& Ô�� * � ) � & Bm�,��# ' 0 & # ) * Ô%�"��Ó�Ô�!��K_��$�,H * Ô%�"�9E * ÔcÓ£CK� 04l�� * 5n�%H���5,Ó�Ô%Ô�� 0 E ' l�Ó��%�%H?l * Ô%7 ) �%�
vPt Õ@v À o�! * 01� 2F) * CK� * Ô,Ó(�1� &32 * Ó ) * & Ô£+ * ) �,ÓD! * � ) 0 * ' # ) �J!=!$#%5=5Ol�Ó�040�Ó lK8����%� 29& 0104�"�L� & Ô�! * Ô�7
�L��� �"!$#����FE��L� & +�Ô * Ô <�* 7P#%04� � 8¢|$E%��� � 5©� Ô 2F& #%0�Ó"7 * Ô�7 �$� & +z� CK� 0AE & Ô%��5O#�� ) 04�"Ó�H *�> � ) ��Ó )�) � * �
* � & Ô%H�l=B & 0 ) ���D5,Ó * Ô-��# ' 0 & # ) * Ô%�KE�+ * ) �-BG#%H�H�!�Ó ) Ó=04� �%H * 2 Ó ) * & Ô-Ó"Ô�! 2F& 0101�J�L� & Ô�! * Ô%7(H�l-� &K& 0
� 2 Ó"HÓ ' * H * ) lK8

�����m!%Ó ) Ó�dG��Ó�06Ó�H?H�� H 2F& 5=5O#%Ô * ) l
! & �"��Ô &P) �L� �A5 )4& �%0 & 5 * �L��#��L� 06� ) ��Ó )z) �%� l 2 Ó"Ô=�"ÓP� * H?l
) 0�Ó"Ô�� BG�A0 ) �%� * 0 & H! 2F& !$�"� )1&�) �%�zÔ%� +×�hÓ�0�Ó(! * 7(5ME"Ó�Ôh! ) �%� 2F& Ô$CK� 06� * & Ô & Bx��# 2 �!��!3#�� ) l�!$� 2   �"�
)1& ��Ó"0�Ó�H?H�� H��%0 & 7(0�Ó�5��
Ó����@�JÓ�0�� )1&j' � & # ) � * !$� & B ) �%�,� 2F& ��� & B�5 & � ) 04�"�L�"Ó"0 2 � * Ô ) �A01�"� ) �F8
i & +�� CK� 0AE ) �%� 01� * ��Ó�H� &=) ���#�6!$#�� ) l,�%0 & 7(0�Ó�5n5=� 0$�m�%0 &(' H��A5ME$+�� * 2 �,5,Ó   �"� * ) + & 0 ) �3+�� * H��
)1& Ó�Ô�Ó"H�l > � ) �%��! * ° 2 #�H ) * �"� & B^�%0 & 7P06Ó�5,���L# 2 �jÓP�%� R X���X�� * Ôj� & 5n��5 & 04�m!$� ) Ó * H¿8

����� 01��+z� 01��Ó
Ô$#%5 ' � 0 & B^! * ° 2 #%H ) * �"� ) �hÓ ) Ó�04���%0 &P' Ó ' H�l=Ô�� * ) �%� 0�H * 5 * ) �"! )1& � R X���X��
Ô & 0�! &�) �%�Al=��� � 5 H *?  � H�l )1&�' ��ÓP!%!$04�"�1���"! ' l * 5n�%0 & CK�"! 2F& 5=� * H��A0 ) � 2 �%Ô & H & 7Pl * Ô ) �%��Ô��"Ó�0
BG# ) #%04�K8,���%��B & H�H & + * Ô%7,H * � ) �mÓ£BG� + & B ) �%� 5ME�Ó,5 & 04�=!3� ) Ó * H��J!M! * � 2 #��1� * & Ô 2 Ó�Ô ' �OB & #%Ô�!
� H��� +��%� 04�O» ¤ i'&m|��P¾¿8

( ¹ #%H ) * d¡! * 5n� Ô�� * & Ô�Ó"H�Ó"010�Ó l�� ) �hÓ ) +z�
+ & #%H!,H *?  � )4& ! * � ) 0 * ' # ) � & Ô%H?lMÓ"H & Ô�7,Ó 2 � 0 ) Ó * Ô
! * 5n� Ô�� * & Ô,Ó"01�mH * Ô%�"Ó"0 *�> �"!\8



`P`Aa

10
0

10
1

10
2

10
−2

10
−1

10
0

10
1

10
2

10
3

Number of processors

T
im

es
 (

se
co

nd
s)

NAS CGM benchmark, N = 1400, 50 steps

Ideal speedup

Total time

Communication

Inspection

���GØ ¬�Ù"�j±Q�*) +��A0LB & 045,Ó�Ô 2 � & B
WYX R$Z~R\[^]yË B & 0 ) �%�,� · �

¤�¸�¹ ' � Ô 2 �%5,Ó"0   8

10
0

10
1

10
2

10
−1

10
0

10
1

10
2

Number of processors

T
im

e 
fo

r 
N

B
F

 a
nd

 g
lo

ba
l s

um
 (

se
co

nd
s)

Iteration Distribution of GROMOS, N = 4096, Nsteps = 10

Ideal
NBF

Global Sum

���GØ ¬�Ù"�-±��*- +�� 0LB & 015,Ó"Ô 2 � & B
�/.\X���X�� * Ô�W^X�. Z . [^] Ë 8

< & 0Y� N�Ó�5n�%H��KE"b"d¿! * 5=� Ôh� * & Ô�Ó�H3Ó )1& 5 !%Ó ) Ó$E3��# 2 �sÓP� ) �%� * 0 2F&K& 0�! * Ô�Ó ) �"��� )4& 01�J! * ÔDÆxE(Ó�01�
Ô &P) !$� 2 H Ó�04�"!�Ó(�
Ó } d¡! * 5=�AÔ�� * & Ô�Ó"H�Ó�040�Ó l * Ô�!$� N3�"! ' l�! * 5n� Ô�� * & Ô�Ó"Ô�!×Ó )4& 5 * Ô�!3� N\E
�L# 2 ��ÓP�\Æ��$0�132 Á(Â v À 
$E ' # ) * Ô�� ) �"ÓP!�ÓP��`Fd¡! * 5=�AÔ�� * & Ô�Ó"H¿E H * Ô%�"Ó"0 *�> �"!kÓ"0106ÓJlqE Æ4�507682 ÁPÂ v À 
38
� ) * �
� & �1� * ' H�� )1& Ó����%H�lVÓ ÏKÐ�Ñ �KÒ �:9%� Ð<; � ! * � ) 0 * ' # ) * & Ôy� * ÔVi'+ < � �:9%� Ð<; � �$&=
K� )1&
! * � ) 0 * ' # ) � ) �%��H * Ô%�"Ó"0 *?> �"!OÓ�0106Ó lKE ' # ) Ó�ÔhÓ�H�l > * Ô%7DÓ 2 2 �"�4�L�"� )1&D) �%�"����H * Ô%�"Ó�0 *�> �J!DÓ�0106Ó l%�
* � 2 ��Ó�H?H�� Ô�7 * Ô�7%8

( ek* � ) 0 * ' # ) �"!,Ó�040�Ó l%���L�A01CK�mÓ(� + & 0   �L��Ó 2 ��B & 0�Ô & Ô%d¡! * � ) 0 * ' # ) �"!,!%Ó ) Ó$8
e #%� )4&�) �%�zHÓ 2   & BÖ!$l3Ô�Ó"5 * 2 5=� 5 & 01l * ÔnWYX�. Z . [^] �(�KE ) � * ���L� � 5�� )1&�' ��Ó 2F& 5=5 & Ô
�%0�Ó 2F) * 2 �m! * � ) #%0 ' * Ô%7nÓP!$C(Ó�Ô 2 �"!,Ó�Ô�Ó"H�l�� * �F8

( ek* � ) 0 * ' # ) �"!=��Ó�06Ó�5=� ) � 06��Ó�04��!$� 2 H Ó�01�J!�+ * ) �j! *¦. �A01� Ô ) � *�> �"� * Ô 2 Ó�H?H�� 0 Ó�Ô�! 2 Ó�H?H�� �K8

( � Ô%04� HÓ ) �"! 29& 5=�%# ) Ó ) * & Ô���Ó�04��B & H!$�J! )4& 7(� ) �%�A0 8
< & 0�� N%Ó"5=�%H?�KE ) �%�
H & Ô%7(d�06Ó�Ô%7(�
B & 0 2 � 2F& 5=�%# ) Ó ) * & Ô * ����� 0LB & 015=�J! )1& 7P� ) �%� 0�+ * ) � ) �%�
��Ó * 0,H * � ) 01� 2F& 5=��# ) Ó ) * & Ô�8©��� * � 2F& 5=�%H * 2 Ó ) �"� 2F& Ô ) 0 & Hkg & + Ó�Ô�! & +�Ô%� 01d 2F& 5=�%# ) �"�
Ó�Ô�Ó"H�l�� * �F8

( � & H &K& ���Y+�� & �L� '@& #%Ô�!%� 2F& #�H! ' ��01�"!3# 2 �"!�Ó 2 2F& 0�! * Ô%7 )1&�) �%� & +�Ô%� 04d 2F& 5=�%# ) �"��01#%H?�K8
· �Y5=� Ô ) * & Ô%�"!�Ó '�& CK�KE ) � * � ) l3� * 2 Ó�H?H�lm� C & H?CK�"!ÅBG0 & 5 ) �%��! */. � 01�AÔ 2 � ' � ) +z� � Ô ) �%�k+ Ó l
!%Ó ) Ó=+�� 04� & 017qÓ�Ô *?> �"!×�¡Ó 2 2F& 0�! * Ô%7 )1& Ó )1& 5 * Ô�!$�AN@� Ó�Ô�! ) ���D+�Ó l 2F& 5=�%# ) Ó ) * & ÔM+ ÓP�
��� 0LB & 015=�"!V� & ÔUÓ 2 ��Ó�047P�=7(0 & #�� ' l 2 ��Ó"017(�=7P0 & #%� ' Ó(� * ����8M��� * �ÅC * & HÓ ) �"��Ó£5,Ó º & 0



`P`(`

!%Ó ) Ó�dG��Ó�06Ó�H?H�� H���0 * Ô 2 * �%H?�KE ) ��Ó ),29& 5=�%# ) Ó ) * & ÔÍ�L� & #%H! ' ��! * � ) 0 * ' # ) �"!yÓ 2 2F& 06! * Ô�7 )1&
!%Ó ) Ó�! * � ) 0 * ' # ) * & Ô�8

( Ø��7>J� � & B ) � Ôj�L# ' � ) * ) # ) ��B & 0 ) �%��« � d 2F& Ô�� ) 01# 2F) 8
��� * � * ��Ó"Ô &P) �%� 0 * Ô 2 Ó�04Ô�Ó ) * & Ô & B ) ���
! * ° 2 #%H ) l )1& Ó"�%�%H�lnH &K& � '�& #%Ô�!��k01�"!3# 2F) * & Ô�8

(@? #%5=��� * Ô )4& H &K& ���k04�"�L#�H ) * Ô * 0104�"!$# 2 * ' * H * ) * �"�98
��� * � * �
Ó 2 H ÓP�4� * 2 �%0 &(' H�� 5 B & 0 * Ô ) � 01C(Ó"H�d ' ÓP���"!×Ó�ÔhÓ�H�l�� * � ) � 2 �%Ô * ¥�#��"�FE�+�� * 2 � * Ô & #%0
2 ÓP��� 2 Ó�Ôj�%01� CK�AÔ ) � & * � ) * Ô%7 2F& 5=5�#�Ô * 2 Ó ) * & Ô & # )k& B���# 2 �jH &K& ���F8

ACBED FHG'IKJMLON	P4NRQTSVUXW=SCSZY [#\"P�] ]7I4^%_$^'`

a Ô Ó�Ô � � ¹ e Ó�b$c$d egf"h�cif"j b�h:k�f"d hMlgm:m8nof�b�Ó"ÔqpErsm8b�t,Ó�f�e*mPÔvuwh�p"cib�e*xyhzu@e?Ô ¤ d�Ó�n f�h�b{�|p}d m8j l�u
xyh=n~b�m w f�Ó�x~lgh=��d h Ô~h��:h�b�p}m�t�h�n b"m�cih�p�p3m�b5p�p3egf'e�uwlgh,e�Ô{Ó�Ô�e�Ô%Ô h�b�l*m:m�ncÓ�Ôqu�p3f�egl*l�dhÓz�:h,�Zm8b  
f�m�uwm!e?Ô�lÓ�f�h�b'e*f�h�b6Ó�f"egmPÔ7p�m�r�f"d h{m8j f�h�b'lgm:m8nR���Zd e�p%p}h�h�t�p�f"m#xqhnÓMp}egf"j�Ó�f"egm(ÔXnqm�f"h Ô�f�eÓ�lgl?l
m�c�cij b"b�e�Ô~��e?Ô{t�Ó�Ô3l=p�c�egh Ô�f�e w c4n b"m��8b�Ó�t�p4p3m�l*�we?Ô �%egb�b"h���j~lÓ�b�n b"m�x l*h�tMp�»½¼ �%¸�¹ |���k � +�¼������:k
��+4�8� k%���R���8��¾��

±������ � ¡,¢�£ � ¤	¤�� ¥G�K�w>�¥G��¶
a Ô~h!h�¦�Ó�t�n~lgh§m�rsÓ¨l*m:m�nUÔ h�p}f§��egf"dH�(Ó�b"©we?Ô ��e�Ô%Ô h�b=xym8j%Ôqu p§e�p=f�d hª��¼�«¬c Ó�l�cij l Ó�f"egmPÔ Ó�p
p}d m���Ô=e�Ô/«�eg�8j b�hV��g����®Cm��Vh��:h�b�kif�d~e�pR¯:h�b1Ô h�l:f�Ó�¯:hzp�Ó�uw�(Ó�Ô�f�Ó���hCm�r��Ch���f�m(ÔR°�p	�Zd egb5u���Ó��UÓ�Ôqu
nyh�b}rsm�b"tMpYÓ"Ô{e?Ôquwegb"h�cif	lgdqp^Ó�p�p3eg�(Ô t�h Ô�f�f�m,±	²g³ ´$k���d~e�c$d=b�h�p3j lgf5p�e�Ô=e*b�b�h���j l Ó�b�cim8t�t§j%Ô e�cAÓ�f�e*mPÔ
n�Ó�f"f�h�b4Ôqpi��µod e*lgh=e*f�e�p'nymp�p3egx l*h{f"m!nqh�b}rsm8b�t¶p3jqc·d|cim8t�t{j�Ô e�c Ó�f�e*mPÔMm�nqh�b6Ó�f�e*mPÔqp�m(ÔH¸�¹ ¹�º
t,Ó�c$d e�Ô~h�p\Ó8p��Zh�l*lq²»p3h�h�¸:hzcif�e*mPÔ=¼:�*����:´$k�f"d h�©�Ó�b"hZ�8h Ô h�b6Ó�lgl*©'t�m8b�h�h�¦�nyhAÔqp}e*�:h4f"d�Ó�Ô,mPÔ ¹ ¹ ¹�º
t,Ó�c$d e�Ô~h�pi�	¹»fzÓ�n nqh"Ó�b$p4f"d�Ó�fVf�d hCnqh�b}rsm8b�t,Ó"ÔqcihC�KÓ�e�Ôqp�rsb�m�t½�Ch���f�m(ÔR°�p��Zd e*b$u§��Óz�ÍÓ�b�h'l*eg¯:h�l*©
f�m¾xqh�p3t,Ó�l*lCuwj h�f�m�f"d e�pMcim8t�n j f6Ó�f�e*mPÔ<¿zcim�t�t=j%Ô e�cAÓ�f�e*mPÔ¾f�b6Ó�uwh�m�À�� ¹ m�b"h�egt�nqm8b�f�Ó"Ôwf"lg©:k
d m��Zh��:h�b�k�e�p�e�Ô§f�d e�p�cimPÔ�f�h�¦�f�f�d�Ó�fZ�Vh�Ó�b�h't�mp}f"lg©�e?Ôwf"h�b�hzp}f�hzu�e�Ô§f�d h'b"h�lÓ�f�e*�:hZhiÀ�h�cif5p4m�rRlgm:m8n
Á Ó�f"f�h Ô e?Ô � k���d e�c$dMuwm:hzp§Ô m8fCc·d�Ó"Ô ��h�f�d h�cim�t�t{j%Ô~e�c Ó�f�egm(Ô�b"h�ÂÃj~egb�h�t�h Ô�f$pik(Ó�Ô7u�Ô m�fCp3m�t§jqc$d
e�ÔMf�d h,cim8t�t§j%Ô e�cAÓ�f�eÄm(Ô�cimp}f5p�e*f$p}h�lÅr"�

« m8b�f"d hZh�¦�nqh�b�e*t�h Ô�f$pquwh�p"cib�e*xqh�u'e�Ô%f�d e�p�p3h�cif"egmPÔÆk��Zh�Ó�b�h�jqp3e�Ô �C¯:h�b1Ô~h�l�pRuwh�b�eg�:hzu�rsb�m8tÇf"d h
«4¼�¼%n b"m��8b�Ó�tÈp}d m���ÔMe�ÔM«	eg��j~b�h�Éw�g���w�V�Zd e�pVcim�uwh,c Ó"Ô�xqh'n�Ó�b6Ó�l*lgh�l*egÊ�h�u=x�©=n�Ó�b"f�egf"egm(Ô e�Ô �=f"d h
p}h�f�m�rzÓ�l*l�Ó�f"m�tMpZe?Ôwf"m§ËÌuwe�pÎÍ3m8e�Ô�f�p}j~xqp}h�f5pkÓ"Ôqu-Ó8p�p3eg�PÔ~e�Ô �§mPÔ h,p3j xqp}h�f�f�m§h"Ó�c$d�n b"m�cih�p�p3m�bVÏ<�
��mcÓ�c$d egh��:h{l*mKÓ�u�x�Ó�lÓ"Ôqcie�Ô~� k�f�d h�p}j~tÐm��:h�b�f"d h,Ôwj t§xqh�b%m�r�f�d hMn�Ó�b�f4Ô h�b$p=m�r�f�d~h-Ó�f�m8tMp
e�Ô�Ó{n b"m�cih�p"p}m�b�°�p'p3j xqp3h�f,p}d m8j l�u!xqh=b�m8j ��d~lg©!hzÂÃj�Ó�lYÓ8cib�mp�p'f�d~h�n b"m�cih�p�p3m�b5pi�,«7j~b�f�d~h�b�t�m8b�h:k



����

ÑqÒ�Ó�Ô»ÕZÖv×�Ø�Ù
Ú�Û Ó4Ô ÕiÜ Ö�Ý
ÑqÒ�Þ�ß�Öv×�Ø Þ�àCáwÔ Û Ó�Ô Õ$Ü

Ó�Ô»â�Ö¾ã:ä�å"æ�çwè�å}é Û Ó�Ô»Õ�ØsÞ�ß Ü
Ú�Û Ó4Ô ÕiÜ Ö Ú�Û Ó�Ô ÕiÜ�ê¾ë�ì�í í�î:ë�ï Û Ó�Ô Õ Ø"Ó4Ô âiÜ

ð�ñ Ñ<ÑqÒ
ð�ñ Ñ<ÑqÒ

ò�¥GØqó Ù�£!ôR�s��õ «4¼8¼��:h�b$p}e*m�öMm�r�f�d~h�ö~m�ö ÷sxqm�öquwhzu#rsm�b$c�h�c�ø�l�c�j l�ø�f�egm8ö�ù�úwû��

f�m|ø�c$d egh��:h�lgm�c�ø�lgegf3©|ø�öquvp�c�ø�l�ø�x egl*egf3©:k�f�d~h!ø�f�m8tMp���egf"d egö¾h�ø8c·dvp}j~xqp}h�f�p}d~m�j l�uüxqh�cilgmp}h�l*©
f�m��8h�f�d~h�b�e*ö�p}nqø8cih:�

«	eg��j~b�h%É��g���%p3d m��Cp�ø=«����:ý"þgÿ���n b�m8��b$ø�t ��d e�c·d§l�ø�©~p4m�j~f�f�d h%u~ø�f$ø�e*ö�ø=c�© cil*e�c4r�ø8p}d e*m�öR�
¹�r	�Vh%ø�p"p}j t�h�rsm8bCp}egt�n lge�ciegf»©%f"dqø�fCË uwe*�we�uwh�p��Xk f"d h�ö�h�ø8c·d§n b"m�cih�p�p3m�bCcim8t�n j f"h�p�f�d h�ö m�ö ÷
xym8öquwh�u#rsm8b$cihzp4rsm�b�����Ë½ø�f�m8tMpi�V�Zd h%j ö h��:h�ö�ø�f�m8t uwh�öqp3egf3©�b�hzp}j l*f$pZegöM�8ø�b"©we*ö �§��ø�lgj hzp�m�r
�	��
�� � f"d h�b"hirsm�b"h:kwf"d h%egö ö h�bZlgm:m8n!��e*f�d�f"d h§² b�h�l�ø�f"eg�:h�l*©�h�¦�nqh�öqp3eg�:h�´	rsm�b$c�h%c�ø�l�cij l�ø�f�e*m�ö�m�rsf�h�ö
dqø�p'f�m�xyh§h�¦�h�cij f"h�u���egf"d�n b�m�cihzp�p}m8b$p'tMø8p}¯:h�uMm�j f'h��:h�ö!f"d m�j �8dXf"d h�©ªp}f�e*lgl	dqø��:h��Vm�b�¯�f�m
uwm!e*ö�l�ø�f"h�b'e*f�h�b5ø�f�e*m�öqp�k Í3jqp}f,ø�p%egf'� ø�p'f�d~h�c�ø8p}h§egö�f"d h������������½egö�¸h�cif�e*m�ö��~��w����lgl
n b�m�cihzp�p}m8b$p�d7øz�:h�f�m§��m§f�d b"m�j �8d

��� �� ý"þgÿ�� �"!$#&%'( ) Õ tMø�¦* )�+-,/././. , %�0 Õ
�	��
�� ²&1325476

(
* ´ ²»É98�7:/:Å´

egf�h�b$ø�f"egm8öqpik ��d h�b�h;1�2<476
(
* e�pZf�d h;= ÷sf�d���f�m8t m�r�n b�m�c�h�p�p3m�b�Ï��

�Zd~e�p�c�ø�ö#xqh'e*t�n b"m��:hzu�m�ö!x�©�ø�n n l*©we*ö ��l*m:m�n Á ø�f�f�h�ö egö �~k ��d h�b"h'�Zh'f5ø�¯:h'e*öwf"m=ø8c�cim�j~öwf
f�dqø�f�h�ø8c·d,ø�f�m�t dqø�p	ø�f	lgh�ø8p}fRm8ö h�egö�f�h�b5ø�cif"egm�ö%nqø�b�f"ö h�b��	�Zd hVb�h�p3j lgf�e�pRp3d m���ö�egö,«�e*��j b"hVÉw�g��w�
��m��Hh�ø8c·d§n b�m�c�h�p�p3m�b�c�ø�ö§lgm:m�n�f�d b"m�j �8d�egf5p4ø�f�m8tMp�egö7uweg��e�uwj7ø�lgl*©:k8p}m�f"d e�p�cim�u�h'ø8c·d e*h��:h�p�f"d h
p�ø�t�h'f�e*t�h'xqm�j ö7u!ø�pCø?>�¹@> º egt�n l*h�t§h�öwf5ø�f"eÅm8ö$A

��� ���BDCFEHGý"þgÿ�� � tMø�¦* )9+I,/././. , %�0 Õ
!J#&%' ( ) Õ �	��
�� ²&1�2<476

(
* ´-K ²»É98g�L:/:Å´

��d e�c$dMe�pZm�ö~lg©�l*egt�e*f�h�u�x�©�f�d~h�Â:jqø�lgegf3©§m�r�m�j bC�Zm8b�¯�lgmø�u!u�e�p}f"b�e*x j f�e*m�öR�

ô������Î� ¡,¢�£�¢	M%Ù7NPO;M%Ù�£ ó�Q £�N
µXhCegt�n~lgh�t§h�ö�f�h�u�f�d~h�ö m�ö ÷sxqm�öqu�h�u{rsm�b$c�h�¯:h�b"ö h�l�f$ø�¯:h�ö rsb"m�tKf"d h��/.�R���R���n b�m8��b5ø�t p}j e*f�h
m�ö�f3�Zm�¸�¹@> º tMø8c·d~egö h�pCø�ö7uXm�ö h§�Zm8b�¯�p3f$ø�f"egm8öR� a j b%egt�n lgh�t§h�ö�f$ø�f�egm8öMt�m�uwh�l�p�f�d h§xqh�÷
dqø��we*m�b=m�r�f�d h�ø�c�f�jqø�l%�=.�R���R��#b"m�j f"egö hMx�©Xb"h�ø�uwe*ö ��egö�f"d h�ø�b�b5ø�© p �	��
�� ø�öqu �TSVU-�&
XWIUZY



���\[

Ú Ö|Ý
Ó�Ô Õ Ö^]Ä×`_7acbd�ä�é5æfe�æqÖg]�Ùih�a ê ×`_�Ù�bj?kmlonÅð?p ñ9q Û Ó4Ô�Õcrsd äzé5æfe�æ Üj?k ðutið Û Ó4Ô Õ r"d äzé5æfe�æ Ü

ÑqÒ�Þ�ß�Ö ×7vxw;y\z Û ÞwàCáwÔ Û Ó4Ô ÕiÜ}Üj?k ðutið Û Þwß3rMÞwàCáwÔ Û Ó4Ô ÕiÜ}Ü
Ó�Ô»â�Ö¾ã:ä�å"æ�çwè�å}é Û Ó�Ô»Õ�Ø Þ�ß Ü
Ú�Û Ó4Ô ÕiÜ Ö Ú�Û Ó�Ô ÕiÜ�ê¾ë�ì�í í�î:ë�ï Û Ó�Ô Õ Ø"Ó4Ô âiÜ

ð�ñ Ñ j?k~ðVtið
ð�ñ Ñ<ÑqÒ
Ó�Ô Õ Ö|Ó4Ô Õ�ê a

ð�ñ Ñ j?k~ðVtið
ð�ñ Ñ j?k{l|nÅð

ò�¥GØyó Ù�£�ôR� �q� «���� ý"þgÿ�� �:h�b5p}egm8öMm�r�ù�úwû��

Ú Ö|Ý
Ó�Ô Õ Ö^]Ä×`_7acbd�ä�é5æfe�æqÖg]�Ùih�a ê ×`_�Ù�b
Þ�ß�Öv×j?kmlonÅð}p ñ9q Û Ó4Ô Õ r~d�ä�é$æfe�æ Üj?k ðutið Û Ó4Ô�Õ�r"d äzé5æfe�æ Ü

Ó�Ô â Ö¾ã:ä�å"æ�çwè�å}é Û Ó�Ô Õ ØsÞ�ß Ü
Ú�Û Ó4Ô ÕiÜ Ö Ú�Û Ó�Ô ÕiÜ�ê¾ë�ì�í í�î:ë�ï Û Ó�Ô Õ Ø"Ó4Ô âiÜj?k ðutið Û Þwß�Ö�ÞwàCáwÔ Û Ó4Ô ÕiÜ}Ü

Ó�Ô Õ Ö|Ó4Ô Õ�ê a
Þ�ß�Öv×

ðun|�$ðxj?k ðutið
Þ�ß�Ö�Þ�ß ê ×

ð�ñ Ñ j?k~ðVtið
ð�ñ Ñ j?k~ðVtið

ð�ñ Ñ j?k{l|nÅð
ò�¥GØyó Ù�£!ôR�s�7� «�l�ø�f�f"h�ö h�uM«��8� ý"þ*ÿ�� �:h�b5p}e*m�ö�m�r�ùwú�û���µ�h

f$ø�¯:h%egö�f�m§ø�c�cim�j ö�f�f�d7ø�f �	��
�� ²&=}´��¬�'rsm�b�ø�l*l$=��



�����

ø�p�n b"m�uwjqcih�u�x�©H�/.�R���R��#ø�öqu�f�d h�ö���h�ö~h�b$ø�f�egö~��f�d hMc�ø�lgl�p�f"m�ø#rsm�b5cih�b"m�j f"egö h{rsm8b=h�ø�c$d
egö�f�h�b5ø�cif"egm�ö§nqø�egb�����m,h�¦~cilgjqu�hCcim�t�t§j ö e*c�ø�f�e*m�ö�f"egt�h�rsb�m8tKm�j bVt�h�ø�p3j b�h�t�h�ö�f$pik��Vh'ø8p�p3j t�h
f�dqø�f�f"d h �	��
�� ø�öqu �TSVUI��
XWLU5Y ø�b"b$ø�© p%ø�öqu¨f"d h§t�m�l*h�cij l�ø�b�cim�ö��7��j b5ø�f�e*m�ö¾u~ø�f$ø�²segöqcil*jquwe*ö �
f�d h/cim:m�b5uwegöqø�f�h�pCm�rVø�f�m�t�p��Vh=ø�b"h�e*öwf"h�b$ø8cif�e*ö �=��egf"d<´�ø�b�h/ø�lgb"h�ø�u�©#l*m�c�ø�l*lg©Mø��8ø�e*l�ø�x lgh%��d h�ö
c�ø�l*lgegö~�=f�d h'rsm�b5cih%b�m8j f�e*ö h�pi�

�Zd~h������;� ¤	¤ �7�~õqõqõ����$N�£9��)m� ²Îrsb"m�t º eg�8egf$ø�l$��Â:j egn t�h�öwf���m�b�nqm8b$ø�f"egm8ö<´$kq��d e�c$d
e�p{e�uwh�ö�f�e�c�ø�l�f�m|f�d h�>�ø�p�+�ø�b�>�+�÷�������¾p3h�b�e*h�p t�m�uwh�l»k cim�öqp3e�p3f$p{m�r?�����8@n~b�m�cih�p"p}m8b$p�² j n
f�m���É�[x���ªø���ø�egl�ø�x l*h�´$kq��d e�c$d�ø�b"h§ø�b"b$ø�ö~��h�u�egö�ø�t�h�p3dMf�m�nqm8lgm��8©:�§¹»f�dqø8p%É���&'xw©�f�h�pCtMø�e*ö
t�h�t�m8b�©Cnyh�b�n b"m�cih�p"p}m�b�k:��d e�c$d��8eg�:h�p$�����>!xw©�f�hzp<f�m�f5ø�l�����ø�p3h�u�m�ö§c�lgm�c$¯%ci©~cilghVcim8j öwf5pik�f"d h
egöquwe*�we�uwjqø�lyn~b�m�cih�p"p}m8b$pCø�b�h�b$ø�f"h�u�ø�f%�����;>!egnqp����Zd h�©�ø�b"hZÍ3m�e*ö h�u{x�©�ø�öMø�b"b$ø�©Mcim8öwf"b�m8l<j ö e*f
b$ø�f"h�u�ø�f§����>!e*nqpi�%�Zd~h�>�+���R�.��Æ.������:h�b5p}egm8ö!�Vh=dqø�u!m8ö�p3egf�h�²��8���Ã´�uwe�u!ö m8f,ø�lgl*m��Çf"d h
jqp}h,m�r�egöquwe*b�h�c�f�ø�b"b$ø�©Mø8u uwb�hzp�p}e*ö ��e*ö}�@��Ù7M �¡��p}f$ø�f�h�t�h�öwf5pik~p}m§f�d h%f�e*t�egö~��b"h�p}j~lgf$pZn~b�h�p3h�öwf"h�u
d h�b�h§ø�b�h�ø�c$d egh��:h�u#jqp3egö ��ø�ö£¢R÷ �:h�b$p}e*m�ö�m�r�f�d~h§w���Mcim8t�n e*lgh�b�ø�f�>�ø8p�+�ø�b���d e�c·dªuwm:h�p%ö m�f
dqø��:h�f"d e�pZb"h�p}f"b�e�cif�e*m�öR�

�Zd~h��;¤g¥i�§²�rsb�m�t �Zd egö ¯�egö~�3>�ø�c$d egö hzp���m�b�nqm8b$ø�f"egm8ö<´	cim8öqp}e�p}f$pRm�rX�w���8�m�ö~h�÷ x~egf	n b�m�cihzp}÷
p}m�b5p�² j~n!f�m�Éx���x[8É#ø��8ø�e*l�ø�x lgh�´5kqø�b"b$ø�ö~��h�u!e*ö�ø=dw©�nqh�b$cij~xyh%f"m�nqm�l*m���©�'�Zd h�p3h,ø�b�h,h�ö dqø�öqcih�u
��egf�d���x�=É��8÷ x~egf��:h�cif"m�b «�lgmø�f�e*ö �=+	m�egö�f`��c�cih�l*h�b$ø�f�m�b5p�²�«�+��'p$´���d e�c·d�jqp}h'�:hzcif�m8bZb�h���e�p3f�h�b5p
m�rRl*h�ö �8f�d�rsm�j~b�����ø�c$d§«�+��He�p�p}d7ø�b�hzu x�©%f}�Vm%n b�m�cihzp�p}m8b�ö m�uwh�p�m�rP[�'n b"m�cih�p�p3m�b5p4h�ø8c·dR�	�Zd h
n b�m�cihzp�p}m8b$p�dqø��:h'���É�&'x e*f$p�t�h�t�m�b"©'nqh�b�n b�m�c�h�p�p3m�b�k�©we*h�l�u�egö �%ø'f"m�f$ø�lqm�r��É���>!x�©wf"h�pi�	�Zd h
nyh�b}rsm�b"tMø�ö7cih%t�h�ø�p3j b�hzu rsm�b�ø}�c¦%�`�^� º'º e�p`���8�}>!egnqp��Zµ�h�c�m�t�n e*lgh�u=m�j~b%cim�uwh�p�jqp3egö �
f�d hM¸:lge�cih���e�p}hM���*����>£��R�.��R.����Hc�m�t�n e*lgh�bC��d e�c·d�l�ø�©~p�m8j f�f"d h�u ø�f5øH�$p}l*e�cih���e�p}hz��ø�cib"m:p"p
f�d h%m�ö~h�÷ x~egfCn b�m�cihzp�p}m8b$pCø�öquMjqp}hzpZf�d h,«�+§�'p�uwegb"h�cif"lg©:�

µ�h�ø�l�p3mMegt�n l*h�t�h�öwf"h�u�f�d h=¯:h�b�ö h�l	m�öv¸:j ö¨>!e�cib"m:p}©~p}f"h�tMp�°�© ¤ M%Ù7ªü��kR��d e�c$dXe�p�b$ø�f�h�u
ø�f,x��>!egnqp'ø�öquX��d mp}h���É�>!xw©�f�h�pCt�h�t§m�b�©�ø�lgl*m��Zh�u!jqp'f"m!b�j~öXf"d h§p}tMø�lgl*h�b�f"h�p}f�c�ø�p3h�pi�
µXh,cim8t�n egl*h�u=m�j bCn b�m8��b5ø�tO��egf"d#f"d h=¸:j öMr3¼�¼/cim�t�n~eglgh�b��

a ö h,ø8u uwegf"egm8öqø�lRe*öwf"h�b�h�p3f�e*ö ��tMø8c·d~egö hCnqø�b5ø�t�h�f�h�bVe�p4f"d h�« Sx�&S � U5SV
 ¬VfSVUL®|�&¯ ��d~e�c$d�t�h�ø�÷
p}j b"h�p d~m��Èp}tMø�lglCø�ö ø�b"b$ø�©vc�ø�övxyh�eÅr��ZhM��ø�öwf§f�m|uwe�p}f�b"egx j~f�hMegf�ø�cib"m:p"p Sxo n b�m�cihzp�p}m8b$p��
�Zd e�p���b5ø�ö�j l�ø�b�egf3©:k�° U<SV
 k�e�p�nqø�b"f�e�c�j l�ø�b�lg©§egt�nym8b�f5ø�ö�f�m�öX¸Ã¹H> º tMø�c$d e*ö h�p�p}e*öqcih%��d h�ö h��:h�b
ø�cih�b"f$ø�egö�ø�b�b5ø�©{dqø8pZf�m,xyh�tMø�ö e*n j l�ø�f�hzu�xw©§p3m�t�hCn b�m�c�h�p�p3m�b$p�kqø�l*lyn~b�m�cih�p"p}m8b$pZdqø��:hCf�m=p3f�h�n
f�d b"m�j �8düf"d h�m8nyh�b$ø�f"egm8öHø�öqu�f�d h�©���eglgl�xqh�t�h�b�h�l*©!tMø8p}¯:h�u!m8j f=eÅr f�d h�©|uwm�ö m�f§ø8cif�jqø�lgl*©
m���ö�n7ø�b�f�m�rVf�d h/ø�b"b$ø�©:�'« j b"f�d h�b�t�m8b�h:k�f�d e�p�nqm�f"h�ö�f�e�ø�l���ø8p}f"h�m�rVn b"m�cih�p"p}egö~��f�e*t�h%c�ø�ö�ö m�f
m�ö l*©Xm�c�c�j b�rsm8b§p}tMø�lgl�ø�b�b$ø�©~pik�x j~f=egf%e�p%h�öqcim8j öwf"h�b�hzu¨��d h�ö h��:h�b,ø�b"b$ø�©|p}egÊ�h�p�ø�b�h�ö m8f=h�¦�÷
ø�cif=t§j lgf"egn l*h�pCm�r±° U<SV
"² &%��¸��8�x³»� a ö�f"d h���>!÷�wk�jqp}e*ö ��f�d h�p}lge�cih���e�p}h�cim�t�n~eglgh�b'b�h�p3j lgf5p
egöµ´�¶7·�¸ � Ëº¹C���7[8 � Ë��»��²&[�!n~b�m�cih�p"p}m8b$p�nqh�b=«�+���kR�:h�cif"m�b%lgh�ö ��f"dX��´$� ®¡¼½W¾¼ k��Zh�c�ø�ö
h�cim�ö~m�t�e�c�ø�l*lg©Mjqp}h�ø�b�b5ø�© p%��d m:p3h�f�m8f$ø�l p}e*Ê�h�p%ø�b"h�ø�b�x e*f�b$ø�b�©�t{j~lgf�e*n lghzpZm�r�Ë��7�����Zd e�p�e�p�ø



���\�
tMø�Í3m�b�ø�uw�8ø�ö�f$ø���h�m�rCf�d hM¸:l*e�cih���e�p}h,t�m�uwh�l�m��:h�b�f�d h�+�ø�b"e�p't�m�uwh�l»k<��d e�c·d�ø�lgl*m�c�ø�f"h�p%u ø�f5ø
nyh�bZm�ö~h�÷ x~egfZn~b�m�cih�p"p}m8b��V�Zd h'c�m�b�b"h�p}nqm8öquwegö~�§u ø�f5ø���b$ø�öwj~l�ø�b"egf3©=m�ö�f�d h º �¿��t�n n{e�p�p}egt�n lg©° U<SV
 � Ë=kqø�öqu#m8ö#f"d h=¸:nqø�b$c�e*f�e�pZm8xw��egm8jqp}l*©£° U5SV
 � ���

« j b"f�d h�b�t�m8b�h:k�f"d h�¸�¹@> º t�ø�c$d egö hzp�u�eÅÀ�h�b=egö¾f"d hM��ø�©�f�d~h�©¾uwe�p}f�b"egx j~f�hMu ø�f$ø�ø�cib"m:p"p
f�d hMn b"m�cih�p�p3m�b5pikZ��d e�c·d|e�p=p}e*��ö ef��c�ø�öwf,eÅr�ø�uwegt�h�öqp}e*m�ö�l�ø�b��8h�b�f"dqø�öÀ° U5SV
 e�p�u�e�p}f"b�e*x j f�hzu<�
�Zd h�u�eÅÀ�h�b�h�öqcih�c�ø�ö�xqh�p3j t�tMø�b�egÊ�h�uMø�p�ø�ci©~cilge�c{²i�5cij f"÷»ø�öquw÷�p}f$ø8c·¯~�Ã´�u ø�f5ø#l�øz©:m8j f%m�ö�f"d h
º �c��t�n n�ø�öqu�ø�x lgm�c$¯���e�p}h%l�øz©:m8j f�m�öMf"d h?��>!÷»��

ô������|Á Â\� ¤ �s£��¾£9Ã > M >�¥ �mÃ�£ÅÄ ¤ £3Ù ¥ £9Ã�ª:£
�Zd h º �c��t�n~n�n b�m8��b5ø�tTø�öqu#f"d h?��>!÷»=n b"m���b5ø�tOjqp3h�uMø{p3egö �8lgh,p}m8j b$cihkqø�ö ö m8f$ø�f�h�uM��egf�d
f}�Vm,p}h�f5p m�r�cim�t�n egl*h�b	uwegb"h�cif"eg�:h�p�k�m8ö h�rsm8bZh�ø8c·d=t�ø�c$d egö h�R�Zd e�p��Zm8b�¯:h�u�b"h�l�ø�f�eg�:h�lg©%�Zh�l*l»��f"d h
m�ö l*©Xh�¦~cih�n~f�egm8öXe*öXm8j b§cim�uwh���ø�p%f�d h±Æ{ÇTÈÊÉmË�ÌXÇ�egö�f�b�e*öqp}e�c��!²��Zd h���>£��R�.��R.����ocim8öw�:h�ö~÷
f�egm8ö{rsm�bVf�d h�ø�b��8j t�h�ö�f�m�b5uwh�bZm�r	f�d e�p�rsj öqcif"egm�ö�e�pÎÍ§Ï9ÐVÑ,ø�b��8j t�h�ö�f��qb$p3f�k§ÈÅÏ8� Æ Ò9Ç'ø�b��8j t�h�ö�f
p}h�cim8öqu<�`>�+`��R�.��R.�����c�ø�l*l�p�f"d h}Í�Ï9ÐuÑ�ø�b��8j t�h�ö�f}È7ÉmËxÌmÇ k	ø�öquüdqø8p�f�d hMm8b$uwh�b=b"h��:h�b5p}h�u<�
�Zd e�p%cim8t{x e*öqø�f"egm8ö#m�r�e*öqcim�t�nqø�f"egx e*lgegf"eÄh�pZö h�cihzp�p}e*f$ø�f�h�u�p}h�nqø�b$ø�f�h§egöqcil*jquwh��qlgh�pC��d h�ö�jqp3egö �Æ{ÇTÈÊÉmË�ÌXÇ~�	ø�ö m8f�d h�b,m�n f"egm8öü�Vh{f"b�e*h�u¨� ø�p%f�m�b�h�n l�ø8cih=f�d h±Æ{ÇTÈÊÉmË�ÌXÇp���egf"dXh�¦wn l*e�cie*f��@��Ù7M �Ó�
p}f$ø�f�h�t�h�öwf5pik���d e�c$d�c�ø�jqp}hzu!ø§p}lge*��d�f�nqh�b3rsm�b"tMø�öqc�h�u�h���b5ø�u ø�f�egm8ö�m�ö�xym8f�d�tMø8c·d~egö h�p��Å´,�Zd h
¸:nqø�b5c4e*t�n lgh�t{h�ö�f$ø�f�e*m�ö�p}dqø�b�h�u%f�d hVcim�uwh�rsm�b	nqh�b}rsm8b�t�e*ö ��¹�¿ a ø�öqu��ø�f"d h�b�e*ö �Cf�egt�egö � p}f$ø�f�e�p}÷
f�e�c�pi�

a övf�d h º �c��t�n nÆk�øXcim8t�n e*lgh�b,p}��e*f$c$d�e�p�j7p}h�u¾f�m�b�hzcim�t�n~eglgh=rsm�b§u�eÅÀ�h�b�h�öwf,tMø�c$d egö~h
p}egÊ�h�pi���Cm�cim8t�n e*lgh�bVp}��e*f$c$dMe�p�ö h�h�uwhzu�rsm8b���>!÷��p3egöqcih%e*f�jqp}h�pCø�Ô ®½U-��¬�Sx �§U<ÕÊÖDW<Y-Y\ÕVU t�m�uwh�l
��d e�c$dMø�u�Í3jqp}f5p�ø�j f"m�tMø�f�e�c�ø�lgl*©=f�m=f"d h%ø�c�f�jqø�lRtMø�c$d egö~hCp}egÊ�h:��®�m��Vh��:h�b�k:�Vh%c�ø�ö�p}f�e*lgl�m�x f5ø�egö
p}eg�8ö e×�yc�ø�ö�f�nqh�b3rsm�b�t�ø�öqcih�egt�n b"m��:h�t{h�ö�f$p�eÄr�cim�t�n~eglgh=f"egt�h§c�m�öqp3f$ø�ö�f$p§ø�b"h�jqp3h�u�f�m�ø�u�Í3jqp}f
ø�b�b5ø�©!u�egt�h�ö7p}egm8öqp�f�m�ø�cif"jqø�lRt�ø�c$d egö h�cim8ö��q��j~b$ø�f"egm8öqpi�

�Zd~hXe*öquwegb"h�cifMø8u uwb"h�p�p3egö �¾jqp3h�u e*ö f"d h Á ø�f�f�h�ö h�uolgm:m�n��:h�b5p}egm8ö rsb"h�Â:j h�ö�f�lg©|b�h�Â:j egb"h�u
b�h�p3m�b�f"egö �§f�m?�Ø�@Ù7M �Ó�spZegöMf�d h,p3m�j b5cih,cim�uwh:�V« m�b�h�¦~ø�t�n~lgh:k:f�d~h�p3f$ø�f�h�t�h�öwf

ûmÏuÆ{Ë9Ð�Ð	�\ÙxÚmÛ	ÜHÝ 
�ËxÞmß	�¾Ù�
£Ú"ÌXËuÆVÞwùmÇVÆmÈR�¾Ù	15Ð��\Ù:
	1&Ì Æ��LÙw
�

c�ø�ö ö~m�fCxyh,h�¦�n b�h�p"p}h�u§��egf�dMe*öquwegb"h�cif"egm�ö��:h�cif�m8b$p�ø8pË�Þmß^ÚsÌXËuÆVÞwùmÇVÆ��{Ü�1IÐ�1&Ì Æ 

p}egö7cih�f�d~e�p<h�¦�n b�hzp�p}e*m�ö%�Zm8j l�uC©we*h�l�u'øZf"d b�h�h�÷»u�egt�h�ö7p}egm8öqø�l8ø�b�b$ø�©'��e*f�d�Ë�Þmß��\Ù�1<à�1Há�
�Ú"ÌXËuÆVÞwùmÇVÆmÈ
�¾Ù	1IÐ	�Zày
	1HÌTÆ��@á<
:
Ze*öqp}f"h�ø�u�m�rRf"d h'u�h�p}e*b�h�u�m8ö h�÷�uwegt�h�öqp}e*m�öqø�l ø�b�b$ø�©§cim8t�n j f"h�u�e*ö=f�d h3�@��Ù7M �Ó�
p}f$ø�f�h�t�h�öwf���®�m��Vh��:h�b�k�egt�n l*h�t§hiö�f�e*ö �{f"d h Á ø�f"f�h�ö hzuX«��8� ý"þ*ÿ�� �:h�b5p}egm8ö¨rsb"m�t «�eg�8j b�h�Éw�*��
��ø�p�p3f�e*lgl<b"h�l�ø�f�e*�:h�lg©,p}f"b$ø�eg��d�f}rsm8b�� ø�b$u��Z�Zd h,uwh�b�eg�:hzu{cim�u�h:k â B kwb5ø�öM�Zh�l*lqm�öMxqm�f�dMtMø8c·d~egö h�p
��egf�d~m�j fRrsj b�f"d h�b	f�j ö~egö �~��egfRe�pRp}d m���ö=egö,«�e*��j b"hVÉw�g�\[w��ãTÆXÈ�e�pRf�d~h4ö�j t§xqh�b<m�r�ä W ä ÕVUL¯�fSV¯VWLU5Y



����É

Ý1Þ ß"à"á�Þ"âPã1äVå;æ"ï ïLç¾ç"ï çFâ�ê9ñè ç"áFàFæ(çAïIö(çFà"ç�æVå�âxå�à(ÝOáÜæKã�âAâxå�í�éVå6àxå9êè ç�ëkö è ä"â�ëkö(ç9à âFäVå�à(ÝOçFàxåOíPã Ý6â àPã1ß ÞJâxå�íè ã1äj÷Pã�àPÝ�â,íPã4æVå1äKÝ ãÜáÜä
ã1ä"âxå-ë�å�à,çFâKù(ê&ì3ñPë¿ç9â"þ$ê&ì3ñ(ë¿ï$ê&ì3ñ"ë�ö"à�ê&ìKñ(ë�æ�êÓì3ñ
àxå9ç ï}ç"áFà(é¾åKê&ì3ñ

é1æ"÷»í ï çFð"áÜÞJâ}ç"áFàPé\å3ë¿çFâKùqë¿çFâ"þ%ë¡ï%ë�ö"à�ë�æ
é1æ öJ÷ áÜä"íFö Þ±ç"áFàPé¾å�ë¿çFâKùKë¡çFâ"þ%ë¿ï�ë�ö"à�ë�æ

ç-òjý
ï£ò�ù
ö"àjò�ù
çFâKùOòµî�ù�ï½ì¾ð
í"á=ìDéKã9ïÊåqê�çÜä"ð%ê ï@ôGïÊå%ôòñ àPÝJñ ñ
÷JáFà"ç ï ï3ê1ã9òPù�ïòì3ñ

ô çFâ"þ$ê4ã(ñ1ò�ö(çFà â9äVå�àPÝKê4ã3ë¿ï$ê1ã�ñPë öJà%ê1ãJñ ñ
éÜç ï ï�óÜäVå-ç\ç"ï çFâ%ê�ç"áFàPé¾å�ëkçFâqùKëmçFâ"þKñ
÷JáFà"ç ï ï3ê1ã9òPù�ïòì�ëkï3ê1ã(ñ�ôGï7å%ô½ñ àPÝ�ñ

ô ç%ê1ã3ë¡ï$ê1ã(ñ ñ�ò�ç%ê1ã�ë¿ï$ê1ã(ñAñ
ÿ}ç"áFàPé¾åqê1ã(ñ
÷JáFà"ç ï ï3ê1ã9òPù�ïòì3ñ

ô æ�ê1ã(ñDòVê�ö è ä"â�ê1ã3ë¿ï$ê4ã(ñ ñ�ô½ë�å%ô/öJà%ê1ãJñ ñ
ìLéVå�àxå�ê�æ�ñ
ö"àjò�ö"àjÿ�ùåÜï�Ý¾å�ìDéuå�àxå
ö"àjò�ù
ï,ò-ï-ÿMù
çFâKùOò-ç9âKùOÿ±ìå4ä"í ìDéVå6àxåå1ä"í í"á

ò�¥GØqó Ù�£�ô��s�9Á ��>£��R�.��Æ.�����¿7>�+`��R�.��R.����¨�:h�b$p}e*m�ö�m�r Á ø�f�f�h�ö h�u�ùwú�û��



����¼

² m�bôÔ ®½U-�&¬9Sx �§U5Õ7ÖDW5Y-Y\ÕVUcYLf®½ÖDW5Y ´Z��d~e�c$d!ø�b�h%egö�ø8cif�jqø�lRjqp}h� egfZe�pcã ÆmÈ �öõ �c÷o²��ùøo��´5�{° U5SV
�ú �
�Zd hMuwe*t�h�öqp3egm�ö7p�egöqu�h�¦whzu¨��e*f�dûÛ�Ü&ã ÆmÈ�ø�b�h§m�r�p3egÊ�h?Í�Ë�ü9ã ÆmÈ � õ �ý÷ ²&��þ E@ÿ ø¬��´<��Ë ú ��rsm�b
m�j b,egt�n l*h�t§hiö�f$ø�f�egm8öRkqf�d h=tMø�¦we*tMø�lRö�j t§xqh�b�m�rCø�f�m�t�p�p3egt§j l�ø�f�h�u�e�p�� þ E@ÿ � �w�������« m�b
h�¦ ø�t�n l*h:kzrsm8b;° U<SV
 � �����ø�ö7u{f�d h3� � É8��É��=ø�f�m8tKf�h�p3fVc�ø�p3hCuwh�p�c�b�egxqh�u=egö�¸h�cif�e*m�ö§É���w��� k
egf�e�pcãTÆmÈ � ���{ø�öqu�Í�Ë�ü�ãTÆmÈ � É�� �wrsm8b}° U<SV
 � �w���8wk<�Vh%dqø��:h�ã ÆmÈ � Í§Ëxü9ã ÆmÈ � ���

a j b�h�¦wnqh�b"egh�öqc�h���egf�dMf"d h'egt�n lgh�t§h�ö:f5ø�f�e*m�ö=m�r�f"d h'j ö Á ø�f�f"h�ö h�u�l*m:m�nM�:h�b$p3egm8ö���ø8p4�:h�b"©
uweÅÀ�h�b"h�öwf����Zd hMe*ö egf"e�ø�lVegt�n~lgh�t§h�ö�f$ø�f"egm8ö�m�r%f"d h�nqp3h�jquwm�cim�u�h�egö¾«�e*��j b"h�Éw�g�8�#� ø�p=f�b"eg��e�ø�l
f�m���b"egf�hk�x~j f�egf5p nqh�b3rsm�b"tMø�öqc�h!��ø8p{b�m8j ��d~lg©oø�ö m8b$uwh�b{m�r=tMø���ö e*f�jquwhM�Vm�b$p3h�f�dqø�ö f"d h
Á ø�f"f�h�ö hzu!�:h�b$p3egm�öMm8ö�xym8f�d�tMø�c$d e*ö h�pZø�öqu!b�hzÂÃj e*b�h�uMp3eg��ö~e×��c�ø�öwf�nyh�b}rsm�b"tMø�ö7cih,uwh�x j �8��e*ö � �
µXh�f"b�e*h�u�p}h��:h�b$ø�lVuweÄÀ�h�b�h�ö�f%egt�n~lgh�t§hiö�f$ø�f�e*m�öqp�jqp}e*ö �!e*öwf"h�b}r�ø8cih=x l*m�c·¯~pik	l�ø�©:m�j f,uwe*b�h�c�f�eg�:hzpik
egö l*egö e*ö � kCuweÄÀ<h�b�h�ö�f�c�m�t�n e*lgh�b§p3��egf5c·d hzpik�h�f$c8�g��n7ø�b$ø�t�h�f"h�b�ø�b�b5øz©~p��Zh�b"h�ø�j f�m8tMø�f"e�c�kc�q¦�h�u
p}egÊ�h:k'm�b�nqø�p"p}h�u¬egö����������82Hx l*m�c·¯~pi��f"d h¾uwe*t�h�öqp3egm8ö�cim�b"b�h�p3nym8öquwe*ö �of�m�uweÄÀ�h�b�h�ö�f�ø�f"m�t
öwj t§xqh�b$p§��ø�p�h�e*f�d h�b�lghirsf�ø�pMøHp3egö �8lgh�uwe*t�h�öqp3egm�öÆk�ø8p�egö	�XÏuÆ{Ò9Ç	�7Û	ÜE2VÍmË�üq
wk�m�bªp}n l*egf�j n
egö�f�m�n d�©~p}e�c�ø�lRn b"m�cih�p�p3m�b%ö�j t{xqh�bCø�öqu�t�h�t�m8b�©§l�ø�©:h�b�kqø8p�egö
�mÏuÆ{Ò9Ç��»Û	ÜHÝ�1\Û�Ü Í§Ë�üVãXË�� ÇVÆ È�
��
f�d h Ü-ÈÅÇuÆXÙVË9Ð�÷segÊ�h�u�uwe*t�h�öqp3egm�ö7p��Vh�b�h�b�eg�8dwf"t�m:p3f%m�b=lgh�rsf�t�mp}f§² f"d hMl�ø�f"f�h�b,�:h�b$p3egm8ö�b�h�c�m�t�÷
t�h�öquwhzu x�© f"d h"��>£��R�.9�R.����ÌtMø�ö�jqø�l�p·´5� �Vh�f�b"egh�u N�� ÷�£�Ã	N�N	�Çl*m:m�nqp���egf"d n b�h�c�m�t�÷
n j f�hzu l*m:m�n�xym8j öqu p�k�p3jqc$d�ø�p�Ñ Ï^Ì Æ~Ú ÛR1}Í�Ë�ü Ý�:ù�Þ�kZø�öqugN	� ÷¡O§¢ ¥ �s£ül*m:m�nqp�k%ø�pMegö~Ñ Ï
� É§ÙÅÐ9Ç	�DË8ù����<Ì9Æ��HÐ9Ç��¡Ì��:ùVÞ<
�
:���VhMø�l�p}m�f�b�e*h�uX�:h�c�f�m�b"egÊ�e*ö �Mf�d h�cim�u�h#e*ö�f�d~h!u�egt�h�ö7p}egm8öXe*ö ÷
uwh�¦�h�u�xw©}ÌTÆqkwx j f�f"d e�pZ� ø�p�j öwrsh�ø8p}e*x lgh%u�j h�f"m=f�d h,p}e*Ê�h%m�r�ÌXËuÆVÞwùmÇVÆmÈ��

µ�h�d h�b"h!n b"h�p}h�öwf§f�e*t�egö ��b"h�p}j~lgf$p=rsm�b�f3�Zm|uweÄÀ<h�b�h�ö�f{j~ö Á ø�f"f�h�ö~h�uH�:h�b$p3egm8öqpi�Cf�d h��qb5p}f
�:h�b$p3egm�öÆk�â Õ� k:e�p4p3d m���ö�egö§«	eg��j~b�h�Éw�g��� ���Zd hCm�f"d h�b��:h�b5p}egm8öRkVâ â� k�uweÅÀ�h�b5p�rsb"m�t â Õ� e*ö=f�dqø�f�ø�l*lh�¦wn~lge�c�egfZ�»Û�Ü&ãTÆXÈ8��e*öquwe�cih�pRø�b"hZb"h�n l�ø8cih�u%��egf�dCÍ3jqp}f�ø{�{Ü}�Mb�hirsh�b"b�e*ö ��f�m'f"d hZ��d~m�lgh uwegt�h�öqp}e*m�öR�
��m�f"h{f"dqø�f%f�d~h§uwegt�h�öqp}e*m�ö�egö7uwh�¦�h�u#��e*f�dûÛ�Ü&ã ÆmÈ=e�p�l�ø�e�u¨m8j f,p}h�b"e�ø�l*lg©�egö�f�m�l*m�c�ø�l�t�h�t�m�b�©�
�Zd h�m�b"h�f�e�c�ø�l*lg©Mf�d~h{tMø8c·d~egö h'rsb�m8öwf%h�ö7uXcim8j l�u!f5ø�¯:h§ø8uw�8ø�ö�f$ø��8h�m�r f�d h§h�¦�n lge�ciegfCp3j xqp"cib�e*n f$p
m�rCf�d~h�â Õ� �:h�b$p3egm�ö�x�©!n b"j ö egö~�#f"d h§öwj t§xqh�b'm�r�n b"m�cih�p�p3h�u�t�h�t�m8b�©Ml�ø�©:h�b5pi�=®�m��Vh��:h�b�k�egö
n b$ø8cif�e�cih!e*f{f"j b�öqp=m�j~f�f�dqø�f�kCø�f�lgh�ø8p}f§m�öof�d~h ��>!÷�wk�f�d h�n b�m�c�h�p�p3m�b$p���e*lglCø�l*��ø�©~p{ci©~cil*h
f�d b"m�j �8d Sxo l�ø�©:h�b5pZm�r�t�h�t�m�b"©:� º m8j x l*egö ����þ E@ÿ ²»ø�öqu¨f"d h�b"hirsm�b"h=uwm8j x lge*ö ��Í§Ëxü9ãTÆXÈ:´Vø�öqu
lgh�ø���egö �Cø�lgl:m�f"d h�b	nqø�b5ø�t�h�f�h�b5pX�q¦whzu�b"h�p}j~lgf$pRf�d~h�b�hirsm8b�h�ö m8f�m8ö lg©'e*ö=uwm8j x l*egö �Ch�¦�h�cij f"egm�ö�f�egt�h
m�rVf�d h�â â� �:h�b$p3egm8ö!m�ö�xqm8f�d�tMø�c$d egö~h�pik x j~f'm�ö�f"d h}��>!÷»�k<egf�ø�l�p3mMuwm8j x lghzp�b�j ö~ö egö ��f�egt�h
m�r�f�d h�â Õ� �:h�b$p}e*m�öR�:m8ö#f"d h º �c��t�n~nRk:f�d h�â Õ� f�e*t�h�egö7cib�h�ø8p}h�p�x�©�ø�xqm�j f3�������Zd h�b�j ö ö~egö �
f�egt�h�m�r�â B e�p�e*öquwh�nqh�öqu�h�öwf�m�r�� þ EHÿ m�ö|xym8f�d�t�ø�c$d egö hzpik<��d e�c·d�e�p%øMö e�cih§p3e�uwh§hiÀ�h�cif%m�r
lgm:m�n Á ø�f�f�h�ö egö �~���Zd h�b�hirsm8b�h:k�j7p}egö~�'f�d h¿â Õ� l*m:m�nqp�uwm:h�p	ö m�f�ø�j f�m8tMø�f"e�c�ø�lgl*©'b�h�p3j lgf�egö=p"ø��we*ö �:p
xw©Mb�hzuwjqcie*ö �{f"d h�ö�j t§xqh�bZm�rZn~b�m�cih�p"p}h�uMl�ø�©:h�b5pi�qd m��Zh��:h�b�kw�Vh�dqø��:h%f�m�n7øz©Mf"d h=ø8u uwegf"egm8öqø�l
m��:h�b�d h�ø8u�m�r,c$d h�c$¯we*ö �!m8öHh�ø8c·d¾l�øz©:h�b=��d h�f�d~h�b=egf=e�p{ø8cif�e*�:h ² ��d b5�w�¾³��H�Zd e�p�m��:h�b�d hzø�u�e�p
p�ø��:h�u�egöMf�d~h�â â� �:h�b$p3egm�öÆ�



���\�

Ý1ÞAß"à"áÜÞ"â(ã1äVå?æ"ïAïDç%ê9ñè ç"á9àFæ(ç ï�ö(çFàJçÜæVå�âxå6àPÝOáÜæKã6â âxå�í�éuå�àxå9êè ç�ë�ö è ä"âhë�ö�çFà âFäVå6àPÝOçFàxåOíPãAÝ�â àPã1ßAÞ"âxå�íè ã1ä{÷Pã�àPÝ6â£í(ã1æVå1äKÝAã9áÜä
ã1äJâxå-ëxå�àjçFâqùPê&ì�ë�æ�çFî¾ñ àPÝ�ñPë¿çFâAþ$ê&ì�ëæ"çFî\ñ àPÝJñ
àxåÜç ï}ç"áFàPé¾åqê&ì�ë�æ(ç9î¾ñ àPÝ(ñ

é1æJ÷7í ï ç9ð"áÜÞ"â�ç"áFà(é¾åKêxï�äuå�ìPÝ3ëÊï¡Ý¾å�àPã6ç ïKñ
é1æJ÷7í ï ç9ð"áÜÞ"âjçFâKù(êxï�äVå�ì(Ý3ëÊï¿Ý¾å6àPã9ç ï(ñ
é1æJ÷7í ï ç9ð"áÜÞ"âjçFâ"þ3êxï�äVå�ì(Ý3ëÊï¿Ý¾å6àPã9ç ï(ñ
é1æAö"÷ áÜäJíFö Þ�ç"áFàPé\å3ë¿çFâKùqë¿çFâ"þ
é1æAö"÷ æ(ç�ö�ç"áFà(é¾åKê�ç ïAïÜßKã�âPÝ�ë�æxå4æ(áFà ðqñ
é1æAö"÷ æ(ç�ö�çFâKù(ê�ç ï ïÜßqã�âPÝ3ë�æuå1æ"á9à ð3ñ
é1æAö"÷ æ(ç�ö�çFâ"þ3ê�ç ï ïÜßqã�âPÝ3ë�æuå1æ"á9à ð3ñ

ã1äJâxå-ëxå�à=ö"à
ç{ò-ý
çFâqù=ò=àxå Ý5é�çÜöVåKê1Ý<é(çÜöVåsò î½ìhë�æ(çFî¾ñAàPÝ-ð�ë�Ý9áÜÞ"à(é¾ånòûî ù�ï��Fæ(ç9î¾ð3ñ
æ(ç9î¾ì è ä"âjò�æ(çFîAè"ç ï$ê�ö è ä"â3ñ
í"á=ö"àjò�ùKëkæ(ç9î¾ì è ä"â

çFâ"þ$êxïÜë1ù�ï½ñ à(Ý(ñÅò=ö(çFà â9äVå�àPÝKê�ï9ë1ù�ï½ñAàPÝ3ë�ö"à3ñ
é9ç ï ï�óÜäVåZç%ê&ç"áFà(é¾å3ë¿çFâqùKë¿çFâAþKñ
ìDéVå�àxå�ê�ö è ä"â\ô½ë�å%ô�ö"à3ñç%êxïÜë1ù�ï½ñ à(Ý(ñÅò�ç%êxï9ë4ù�ï½ñ àPÝ�ñ
ÿ}ç"áFàPé¾åqêxï9ë1ù�ïòñ àPÝ(ñå1ä"í ìDéuå�àxåå1äJí í"á

ò�¥GØqó Ù�£!ôR�s�� ��>£��R�.��R.�����¿7>�+`��R�.9�R.����¨�:h�b5p}e*m�ö�m�r�j ö Á ø�f�f"h�ö h�u�ù�úwû��



�����

ô�������� ¡,¢�£ ¥ Ã ¤	óR> N�M > M
µXhCb$ø�ö�m�j bVf�h�p3fVc�ø�p3h�rsm�b�f�d~h�xqm��we*ö h�p}j nqh�b"m�¦�e�u�h'uwe�p}t§j f$ø8p}h�t�m8lgh�c�j lgh�²�������´$k:��d e�c$d§dqø�p� � É���É��Xø�f�m8tMpi��¸ a�º e�p=ø�c�ø�f5ø�lg©�f�e�c h�ö Ê�©�t�h§cim�t�nymp}h�u�m�r�f}�Vm�e�uwh�öwf"e�c�ø�l�p}j x~j ö egf5pik
h�ø�c$dM��egf�d��\�w�=ø�t�egö m8÷»ø8cie�u§b�h�p3e�uwj hzp�ø�öqu�f3�Zm§t�h�f5ø�l�ø�f"m�tMp ² ¸9>��w�L³»�

«	eg��j~b�h�Éw�g�\��p3d m��Cp t�ø�¦�egtMø�l�ø�öqu�ø��:h�b5ø��8h�öwj t§xqh�b$p	m�rRe*öwf"h�b$ø8cif�e*m�ö=nqø�b�f"ö h�b$p�k �	��
�� þ EHÿø�öqu �	��
�� E� "! k	��d e�c$d�egöquwe�c�ø�f"h{f"d hMcim8t�n j f5ø�f"egm�ö7ø�l��Zm8b�¯�lgm:ø8u p�rsm�b/uweÅÀ�h�b"h�ö�f=cij f"m�Àvb$ø8uwege���'p h�¦wnqh�cif"h�u<k�xqm�f"do�8ø�lgj~h�p e*öqcib"h�ø�p3h!c�j x e�c�lg©���egf�d¾f"d h�cij~f�m�À�b5ø�uwe*jqpi�û�'p e*öquwe�c�ø�f"h�u�egö�4Â:jqø�f�egm8öqp§É�8g�L:/:Vø�öquvÉ�8�7:/:�k�f�d h�uweÄÀ<h�b�h�öqc�h�xqh�f3�Zh�h�ö¾tMø�¦we*t=j tTø�öquHø��:h�b5ø��8h#ö�j t§xqh�b�m�r
nqø�b"f�ö h�b5p��8eg�:h�p'jqp,ø�ö�j n~nyh�b�xqm8j öqu�m�ö�d~m��Kt§jqc$d!e*t�n b�m��:h�t§h�ö:f5p��Vh�c�ø�ö�h�¦�nqh�cif�rsb"m�t
lgm:m�n Á ø�f"f�h�ö~egö �~�

ô�������Ú ¡,¢�£MÙ�£ Q�ó � >7Q
�	ø�x~lgh,Éw�*�'��eg�:hzp4nqh�b}rsm8b�tMø�öqcih'b"h�p}j~lgf$p�rsm�b�f"d h?��>!÷»=ø�öqu#f"d h º �c��t�n n�������8�wkq��d e�c$d

ø�b�h�ø�l�p3m�uwe�p}n l�ø�©:h�u!egö|«�eg�8j b�h�Éw�*��É��!« m�b/cim�t�nqø�b"e�p}m8öRkRf�d h§b�j~ö ö egö~�!f�e*t�h�p�m8ö�f�d~h#¸:n7ø�b$c
�Zh�b"h�[w� ��É§p}h�cim8öqu p4rsm8b�f"d h'�$#�¬c�ø�p3h,ø�öqu�[w�����V[§p}h�c�m�öqu p4rsm8b�f�d h;�%#� c�ø8p}h:����l*l<b"j öqpZ�Zh�b�h
uwm�ö h/p}h��:h�b$ø�l�f�e*t�h�pik:f"d h,uweÅÀ�h�b"h�öqcih�p�egöMb�j~ö ö egö~�{f"egt�h�p��Vh�b�h'j7p}jqø�lglg©�lgh�p"pZf�dqø�ö��w� �w������Clgl	lgm:m�n��:h�b5p}egm8öqp��Vh�b�h/ø�l�p3mMf�egt�h�u���egf�d�e*ö lge*ö h�uMc�ø�lgl�pCf�m�f"d h�rsm�b5cih=b�m8j f�e*ö h:� a öXf"d h��>!÷»�kÃf"d hZh�À<hzcif�� ø�p�t�ø�b��8egöqø�l»��m�ö=f"d h º �c��t�n~nRk Á jqc�f�jqø�f�egm8öqp��Vh�b�h���egf"d egöô�&��k�b�m8j ��d~lg©
h��:h�ö l*©�uwe�p}f"b�egx~j f�h�u§egöMxqm�f�dªuwegb"h�cif"egm�ö7pi�

�	ø�x~lgh�Éw� ¨�8eg�:h�p=f�d~h!ö�j t{xqh�b=m�r/c�ø�l*l�p�f�m@«7m8b$cih�b�m8j f�e*ö h#rsm8b�f�d h Á ø�f"f�h�ö~h�uoø�öquHf"d h
j ö Á ø�f�f�h�ö h�uHlgm:m8no�:h�b$p3egm8öqp#²sf�d h�l�ø�f�f�h�b{ö�j t§xyh�b§p�c�ø�lgh�u¾j nHx�©�ã ÆmÈ�f�m|ø�c�cim8j ö�f{rsm�b�f"d h
uweÅÀ�h�b"h�öwf�ø�b"��j t�h�öwfCp3egÊ�hzpZm�r'��ùmÇ��4��
�ø�öqu(�8ùXÇ����mÐ9ËxÞ���
Ã´Rrsm8b%uweÅÀ�h�b"h�ö�fCu ø�f5ø{��b5ø�ö�j l�ø�b�egf"egh�p�k
ø�lgm8ö �!��e*f�d�f"d h�egb�b$ø�f"egmpi�=��m8f�h=f"dqø�f%f�d~h§cim�j ö�f$p'�8eg�:h�ö�egö�f�d h=l�ø�p}f�b�m��Kø�b�h�ø�cif"jqø�l*lg©!f"d h
tMø�¦�egtMøZm�r �	��
�� rsm8b�f�d h�cim�b"b�h�p3nqm�öquwe*ö �=c�j f�m�ÀMb$ø8uwege�k:ø�p���eg�:h�ö=egö§«�e*��j b"hCÉw�g�\�w���Zd hC��e*�:h�öâ � ¿»â B b5ø�f"egm:p§ø�b"hMxym8j öquwhzuüx�©�f�d h �	��
�� þ E@ÿ � �	��
�� E� "! b5ø�f�e*m:p�kZ��d e�c$dvø�b"h�[���[��w¼:kC���Éx�8�wk
w��É8Éx��k<ø�öqu!�������/rsm8b'c�j f�m�ÀRp��$#��k �)#��k<���#�,k ø�ö7uX��É)#��k b"h�p}nqh�cif"eg�:h�l*©:�
ô������gô Â\Ã > £3Ù ¤ Ù�£ > M >�¥ �mÃ
��m�öqp3e�uwh�b"egö �of"d hvuweÅÀ�h�b"h�ö�f�cim8t�n j f"egö �¾nqm��Zh�b5p!nyh�b�egöquwe*�we�uwjqø�l�n b"m�cih�p�p3m�b�k�f�d h¾m��:h�b5ø�lgl
p}nqh�h�uwj~nqp�m�r�f�d h�n7ø�b$ø�lgl*h�l c�m�uwh�p�m��:h�b�f"d h'¸:nqø�b$c�cim�u�h��:h�b$p3egm�ö=�Vh�b�h p�ø�f�e�p»r�ø�cif"m�b"©:��®�m��Zh��:h�b�k
�Zh%dqø��:h%f�m§f$ø�¯:h%e*öwf"m§ø�c�cim8j ö�f�f�dqø�f��Vh�h�¦ cil*jquwh�u�cim�t�t§j ö e�c�ø�f"eÄm�ö�cim:p3f$pZrsb�m�tOm8j b'p3f�jqu�©:�
º j hCf�m�f"d hCegb�b"h���j~l�ø�b�öqø�f�j b"h�m�r	f�d h�n~b�m�x~lgh�t�k8f�d h�p3h'c�m�t�t§j ö e�ciø�f�egm8ö=cimp}f5p4t�e*��d�f�xqhCb�h�l�ø�÷
f�eg�:h�lg©'d e*��dR�:x j~f�ø�p�egö7uwe�c�ø�f�h�u%h�ø�b"lge*h�b�k�f�d hCc�m�t�t§j ö e�ciø�f�egm8ö%b�h�Â:j egb"h�t�h�ö:f5pRø�b"h�ö m�f�c$dqø�ö ��h�u
xw©�m8j bCf�b$ø�öqpErsm8b�tMø�f�e*m�öR�
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ò�¥,+qó.- £!ôR�s�0/ >�ø�¦�egt§j tKø�öqu!ø��:h�b5ø��8h�ö�j t§xqh�b�m�r�ö m8ö ÷sxym8öquwh�u#rsm8b$cih
egö�f�h�b5ø�cif"egm�ö�nqø�b"f�ö h�b5pZnqh�b'ø�f�m8t rsm�bCf�d h,p3j nqh�b�m�¦�e�uwh,uwe�p}t§j f$ø8p}h't�m8lgh�c�j lgh:k8jqp}e*ö �

uweÄÀ<h�b�h�ö�fCcij f"m�À�b5ø�uwe*e»�
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¡cM0Z	� £MôR�s� +�h�b3rsm�b�t�ø�öqcih�b"h�p}j~lgf$p�rsm�bVf�d h���>!÷��² j~n nqh�bZdqø�lÅr�´�ø�öqu�f�d h º �c��t�n n
² l*m��Vh�bZd7ø�lÅr�´5�Z��j ö ö e*ö �=f�e*t�h�p�² e*ö�p}h�cim8öqu p$´�ø�b�h%lge�p}f�hzu�rsm8bCuweÅÀ�h�b"h�ö�f�cij f"m�À�b5ø�uwe*e
ø�öqu�uweÅÀ�h�b"h�ö�f�lgm:m�n��:h�b$p3egm8öqpi��â Õ�\[ j~ö Á ø�f"f�h�ö~h�u�lgm:m�nªp}h�l*h�cif"egö �,t�h�t�m8b�©=l�ø�©:h�b5pikâ â�][ j ö Á ø�f"f�h�ö hzu#lgm:m8n!jqp3egö �§ø�lglRt�h�t�m�b"©�l�ø�©:h�b5pikTâ B][ Á ø�f�f"h�ö h�u�l*m:m�nR�
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ò�¥,+qó.- £!ôR�s��ô _�h�b}rsm�b"tMø�ö7cih'b�hzp}j l*f$p4rsm�b�f"d h?��>!÷»§ø�ö7u#f�d~h º �¿��t�n n���8���8�w�
º eÅÀ�h�b"h�öwf�l*m:m�n��:h�b$p3egm�ö7pZ��ø�b�©�e*öMlgegö~h%p}f3©�lgh�`~u ø�p3d h�pDA�j ö Á ø�f�f"h�ö h�u�l*m:m�n�p3h�lghzcif�e*ö �
t�h�t{m8b�©=l�øz©:h�b$pW`~uwm�f5pDA�j ö Á ø�f"f�h�ö hzu#lgm:m8n!jqp3egö ��ø�l*l<t�h�t�m�b"©=l�ø�©:h�b$p=`�p}m�l*e�u�lge*ö h�pLA
Á ø�f"f�h�ö hzu�l*m:m�nR� º eÄÀ<h�b�h�ö�fCcij f"m�À�b5ø�uwe*e	ø�b"h�egö7uwe�c�ø�f�h�u§xw©�nqm8egö�fCp}f3©wl*h�pW`~ciegb5cilghzpDA

a #��k�n lgjqp"p}h�pLA�� #�b` p}f5ø�b5pDAC�� #�c`qcib�mp�p3h�pDA���É #���q« m8b�Í3jquw��e*ö ��p}nqh�h�uwj~nqpik ö m8f�h,f�d h
lgm8��÷slgm���p�c�ø�lgh,ø�öqu�f�d h,ø�p3nqh�cifCb$ø�f"egm~�
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¡�M0Z��s£!ôR��� x�j t§xqh�b�m�rVc�ø�lgl�p4f"m�« m�b5cih%b�m8j f�e*ö h:k Á ø�f�f"h�ö h�uq¿�j ö Á ø�f�f"h�ö h�uM�:h�b$p3egm8öR�
�Zd~h�u~ø�f$ø§��b$ø�öwj~l�ø�b"egf3©:k�° U<SV
 kwe�pZh�Â:jqø�l�f�m�Ë rsm�bCf�d~h º �¿��t�n n�ø�öqu�Ë��7��rsm�bCf�d h��>!÷»���â � cim8j öwf5p�ø�b�h%t§j lgf"egn l*egh�u ��e*f�d�ã ÆmÈ��

µod~h�öMcim8t�nqø�b"egö ����ø�x lgh�p�É��g�'ø�öqu�É���wk:l*m:m�n Á ø�f�f"h�ö egö~��rsj lf�qlgl�p�f�d hCh�¦�nqh�cif$ø�f�e*m�öqp���e*�:h�ö
xw©���Â:jqø�f"egm8öqp'É�8*�D:/:�ø�ö7u!É�8 Ê:/:�� º h�p3n egf"h%f�d h/p}eg�8ö e×�yc�ø�ö�f�hiÀ�m�b"f�m8ö�p}nqh�hzuwegö �§j n�f�d h%j ö Á ø�f�÷
f�h�ö hzu l*m:m�nM�:h�b$p3egm8öqp�²»ø�p�u�h�p�cib"egxqh�u=egöM¸:h�cif"egm8ö�É���w� [Ã´5kwf�d~h�e*t�n b�m��:h�t§h�ö�f$pRm�r	f"d h Á ø�f�f"h�ö h�u
�:h�b$p3egm�ö|m�rsf�h�ö��Zh�ö�f%xqh�©:m�öqu���dqø�f��Vh�n b�hzuwe�cif"h�u!rsb�m�t¶f�d~h �	��
�� þ E@ÿ � �	��
�� E� "! b$ø�f"egmpik�egönqø�b"f�e�c�j l�ø�b=m�öHf"d h º �c��t�n nR��µ�h�ø�p"p}j t�hMf"dqø�f=f"d e�p�e�p�l�ø�b"��h�l*©¾uwj hMf"mXf"d h�p}e�u�h#h�À<hzcif
t�h�ö�f�egm8ö h�u�egö�¸:h�cif"egm8ö�Éw� w� [wk<öqø�t�h�l*©{f"dqø�f'l*m:m�n Á ø�f"f�h�ö~egö ��t�ø�¯:h�p�ø8cif�jqø�l�b"j ö ö e*ö ��f"egt�h�p
lgh�p"p'uwh�nqh�öqu�h�öwf�m�ö|ø�b�b5ø�©�p}e*Ê�h�p�eÄrV�Zh§uwmMö m8f�ø8c�cih�p"p'ø�l*l�nqø�b�f$p'm�rZf"d h§ø�b"b$ø�©�` ®¡¼½W\¼ k��Vh§c�ø�ö
egöqcib"h�ø�p3h;� þ EHÿ ��e*f�d m8j f�ø�j f"m�tMø�f�e�c�ø�lgl*©{t�ø�¯�egö �ôâ B p3lgm��Zh�b%² j ö l*eg¯:h�rsm8b�â â� ø�öqu!h��:h�ö�â Õ� ´5��Zd e�p%�ZhMcim8öqp}e�uwh�b/ø!p}e*��ö ef��c�ø�öwf/ø�uw�8ø�ö�f$ø���hMegö|n b$ø8cif�e�cih:k�p3egöqc�h{e*f�ø�lgl*m��Cp=c�m�t�n e*lge*ö ��n b"m�÷
��b$ø�tMp4��e*f�d�n~b�m��we�p}e*m�ö{rsm8bZtMø�¦we*tMø�l n~b�m�x~lgh�t½p3egÊ�h�p���egf"d m�j fVnqø�©we*ö �=ø�nqh�ö7ø�lgf3©§m�öMp3tMø�l*lgh�b
p}egÊ�h�pi�>!m8b�h�m��:h�b�k�egf=f"j b�ö hzuüm�j~f{f"dqø�f§f�d hMhiÀ�m8b�f§m�r�h�¦wn~b�h�p"p}egö~��ø�b�b$ø�©�xqm8j öqu p{e*ö¾f�h�b"tMp�m�r
ø�cif"jqø�l�tMø�c$d egö~h�p}e*Ê�h�p�egt�n b�m��:h�u%f�d h'j~ö Á ø�f"f�h�ö~h�u l*m:m�nM�:h�b5p}egm8öqp�ø�p��Zh�l*l»���Zd~e�p���ø8p4nqø�b�f�e�ci÷
j l�ø�b�lg©�xyh�ö hD��cie�ø�lqrsm�bCf�d h%��egb�f"jqø�l�n b�m�c�h�p�p3m�b't�m�u�h�lqm�r�f"d h?��>!÷»��

�Zd~h=uweÄÀ<h�b�h�öqc�h�p4xqh�f3�Zh�h�öMf�d h%f3�Zm=j ö Á ø�f"f�h�ö hzu#lgm:m8n!�:h�b5p}e*m�öqp`â Õ� ø�öqu�â â� �Vh�b�h'l�ø�b"��h�bm�öMf�d h���>!÷��f�dqø�ö�m�öMf�d~h º �c��t�n~nRk ø8p4t�h�ö�f�e*m�ö hzu�egö!¸:hzcif�e*m�ö�Éw�����[���®�m��Zh��:h�b�k�h��:h�ö§m�ö
f�d h º �c��t�n nÆkmâ â� nqh�b}rsm8b�t�h�u§xyh�f�f�h�b�f�dqø�ö�â Õ� ��d h�ö�ãTÆmÈ�ø�n n b�mø�c$d h�u}Í�Ë�ü�ãTÆmÈw�

¹»f�e�pZegt�nqm�b"f$ø�öwf�f�m§¯:h�h�n§egöMt�e*öqu=f�dqø�f�f�d h,p}l*e�cih���e�p}h�cim8t�n egl*h�b�rsm�b�f"d h���>!÷�{ø8cif�jqø�lgl*©
��h�ö h�b$ø�f"h�p�cim�uwh%��e*f�d�ø=u ø�f5ø �8b$ø�öwj l�ø�b"egf3©{m�rc´�¶7·9¸ � Ë��7�wk�ø�p�u�e�p�c�jqp�p3h�u�egö!¸:hzcif�e*m�öMÉ���w� w�
�Zd e�p�c�m:ø�b5p}h�b���b$ø�öwj~l�ø�b"egf3©�b"h�p}j l*f$p{e*öHt�m8b�h�ø�f"m�tMp=nqh�b§n b�m�cihzp�p}m8b�ø�öquHf"d h�b�h�rsm�b�h�xqh�f�f"h�b
ø�n n l*e�c�ø�x egl*egf3©!m�r�l*m:m�n Á ø�f"f�h�ö~egö �~���'p'f�d h§f$ø�x lgh�ø�öqu�f�d h§��b5ø�n d¾egö7uwe�c�ø�f�h�rsm8b�f�d~h���>!÷�wk
p}h��:h�b5ø�l c�ø�p3h�p{c�m�j l�u@xqhMb�j~öü��e*f�d¾f�d~h�â B �:h�b$p3egm�ö¾��e*f�d¾b�h�ø8p}m8öqø�x l*hMnyh�b}rsm�b"tMø�ö7cih���d e*lgh
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« �¬ ø�ö ¬W® ø�¯7¯��±°,²�³7´ � ¯�³ �Bµ ¯�³7¶�·�ø�¸@¹0¯�³7´ �'�Wº»¬ � � ö³ µ ø�¸$ø ®�®��N® ��¼ µ�®�� ¼ � ö³$øT³"��¶8öc¶T°�ø�ö¤��¸"¸ �B½�¾0® ø�¸
µ ¸7¶�¿ ®�� ¼À¿�²Á³7´ ��®Â�BÃ��B® øT³\·Ä´0� ¬ ´Á³7´ � ²ªøT¸ � ³5øTÅ � ö$A'³7´ � ø ®�½ ¶o¸7�Â³7´0¼Æ¹ �BÃ��B® ¶ µ ¼ � ö³BÇ³7´ �¡µ ¸"¶�÷
½ ¸$ø�¼¨³ �NÈ ³NÇ�¯ ¾�µ0µ ¶o¸7³"� Ã�� ³"¶�¶ ® ¯WÇ�³7´ �É¬ ¶o¼ µ � ®Â� ¸BÇJ³"´ � ¶ µH� ¸$øT³"�gö ½ ¯�²0¯�³ � ¼�Ç�¶�¸c³"´ �¤¾ öK¹ � ¸ ® ²��*ö ½
´qøT¸Ê¹�·�ø�¸ ��Ë « ´0� ®�� ³"´0��¯�³7´ � ¯��Ì¯.´qøo¯Vø\¯�³7¸"¶�ö ½ °,¶ ¬W¾ ¯�¶�ö¡³7´ �¬ ¶o¼ µ � ®Â� ¸ ®��BÃ��N® Ç�³7´0�Ì¯�¯ ��¬ ³7��¶8ö µ�¾ ³@¯
��³@¯ ¬ ¶�ö³7¸"��¿ ¾ ³"��¶8öK¯]�gö µK� ¸@¯ µK��¬ ³7� Ã�� ¿² �BÈ øT¼Í�gö0�*ö ½ ¸ �B® ø�³ � ¹É·�¶�¸7Å�ø ® ¯�¶�øT³\´0� ½ ´ � ¸%ø�öK¹ ® ¶�· � ¸
®��BÃ��B® ¯Zø�öK¹¤�göÉ³7´ � ¹�¶�¼MøT�*öÉ¶T°Î¸ �B½�¾0® ø�¸'ø µ0µ0® � ¬ øT³"��¶8öK¯ Ë

ÏÄÐ7Ñ Ò¤Ó'ÓÕÔ"Ö
× ¶�¶ ® ¯ ¬ ø�ö�ø�¯7¯��Ì¯�³]�*ö ® ¶:ø�¹{¿qø ® ø�ö ¬ �gö ½ ø�öK¹É�gö ¬ ¶o¼¤¼ ¾ ö0� ¬ ø�³7�Â¶�ö;Ç�¿K¶o³"´
¶T°�·Ä´0� ¬ ´ ¬ ø�ö
¿ �cµ ø�¸�÷
³7� ¬=¾0® ø�¸ ® ²Ø³ � ¹��¶ ¾ ¯#ø�öK¹ � ¸"¸7¶�¸ µ ¸7¶�ö � ·Ä´ � ö)³7¸"²��*ö ½ ³7¶ µ øT¸5ø ®Â®��B® ��Ù � ø�ö)�Â¸7¸ �N½o¾0® øT¸ µ ¸7¶�¿ ®�� ¼
�WºÉ¬ � � ö³ ® ² ²vÚÜÛÝÞ ³ Ë

× ´ � ³7¶�¶ ® ¯�°,¶o¸ µKß ¸ ß�®�®��N® ��ÙN��à ½ ��¸"¸ �B½�¾0®�ß ¸ µ ¸"¶o¿ ®Â� ¼É¯ ¬Bß àá¸"¶ ¾0½ ´ ® ²Ø¿ � ¹�� Ã ��¹ � ¹â��à³7¶�³�·�¶
½ ¸7¶ ¾0µ ¯ Ë × ´ � �K¸Ê¯�³ ½ ¸7¶ ¾0µ ¶�°�³7¶�¶ ® ¯ µ ¸7¶ Ã �Ì¹ � ¯ ß à ��ß ¯�� � ¸ ½ ¸7� µ ¶�à{³7´ �cµ ´²0¯�� ¬Bß�®Jµ ¸"¶ µK� ¸"³7� � ¯Õ¶�°
³7´ �]µ ¸7¶o¿ ®�� ¼
` ®¡¼½W¾¼ Ç��³f³ ß Å � ¯ ß ¹ Ãoß à�³ ßT½�� ¶T° Y@�TSx��®½Sx ® ¶ ¬Bß�® ��³�² Ë × ´ � ¯ ��¬ ¶oà�¹ ½ ¸"¶ ¾0µ�¬ ¶o¼ � ¯ã�Âà�³"¶
µ0®�ß ² ß °,³ � ¸�³7´ � ¹ ß ³ ß ¯�³"¸ ¾K¬ ³ ¾ ¸ � ¯�´ ßBÃ�� ¿ �B� à ®�ß ��¹�¶ ¾ ³N`�³"´ � ¯ � ³7¶�¶ ® ¯�³7¸7²�³"¶Ü°,¸ �B� ³"´ �'¾ ¯ � ¸�°,¸"¶o¼
¹ ��ßT® ��à ½ ·Ä��³"´â³"´ �Éß�¬B¬W� ¯"¯ µ ¸"¶ µK� ¸7³"� � ¯c¶�°'³7´ �ÍµKß ¸ ßT®�®Â�B®�µ ¸7¶ ½ ¸ ß ¼
` ®¡¼½W\¼ Ç�³7´ � ² �BÈ�ß ¼¤�Âà � « Sx��S
® ¶ ¬Bß�® ��³�² Ë

äJå,æKåçæ è �$�X� Q Z�M QNé N"�mÃ QNê M�ëíì¡M �`N é ªV�X� ê � Q ì�ë�ì¡�mÃ
ècî�é(ïÉé Ã é- ì¡ª}¤$ð	�}ëíì ê�- �$ª é�Q¾Q � -
× ´ � ° W=ñXWLUL®½Ö�ò ¬VVó�®vô§U5Õ7ÖDW5Y-Y\ÕVUÜõ"ö�÷Kø�ùØú�ûýüvþ ß ¹0ÿ��Ç þ ß ¹ Ý�Þ�� ß ��¼É¯ ß ³ µ ¸"¶ Ã �Ì¹���à ½bß ¼ ß�¬ ´0�Âà ���
��àK¹ �NµH� àK¹ � à³ µ ¸7¶ ½ ¸ ß ¼¤¼¤�Âà ½]� à Ã �Â¸7¶�à0¼ � à³�°,¶�¸ ßb¬W� ¸7³ ß �Âà ¬W®�ß ¯7¯�¶�° µ ¸7¶�¿ ®�� ¼É¯WÇoà ß ¼ �B® ²�¯ ¬ � � à �
³7��� ¬Ä¬BßT®Ì¬W¾0®�ß ³7�Â¶oàK¯.³"´ ß ³ ß ¸ � ¯ µ�ß ³7� ßT®Â® ² ® ¶ ¬Bß�® �ÂÙ � ¹c¶oà ß ¼ � ¯�´ Ë ö�÷Kø�ù ú ��¯ ß ®Ìß ² � ¸.¶�°E¯�¶T°,³�· ß ¸ �
³7´ ß ³ ¬Nß à�¿ � ³"´0¶ ¾�½ ´³c¶T° ß ¯ ß�Ã ��¸"³ ¾Kß�® ¼ ßo¬ ´0�Âà � ³"´ ß ³]¶ µK� ¸ ß ³ � ¯\¶oà ß��	� ¹��Â¼ � àK¯���¶oà ßT® z�
� �
�����@| ³7´�¸7¶ ¾�½ ´ ß ¯ ����¾0� à ¬W� ¶T°Õ¯�³ ß ³ � ¯ Ë « �Â³7´
³"´ �¡ß �Ì¹{¶T° ß�µ0µ0® � ¬Bß ³7��¶�à�¹ �BµK� àK¹ � à�³'¸7¶ ¾ ³7�Âà � ¯
·Ä¸7��³"³ � àá¿² ³7´ �
¾ ¯ � ¸NÇ���³¡¸ �NµKß ¸"³7��³"��¶�àK¯�³7´ � ·�¶o¸"Å ¼ � ¯�´ ß�¬ ¸7¶ ¯7¯ µ ¸"¶ ¬W� ¯7¯�¶o¸Ê¯»³"¶ ßo¬ ´0� �BÃ��Áß
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¿ ßT®Ìß à ¬W� ¹ ·f¶o¸7Å ® ¶ ß ¹ ß àK¹ µK� ¸�°,¶o¸"¼É¯�³7´ � à �í¬W� ¯7¯ ß ¸"² ¬ ¶�¼¤¼ ¾ à0� ¬Bß ³7�Â¶oà Ë�� ¶�¶¹ ¸ � ¯ ¾0® ³Ê¯�´ ßBÃ��
¿ �N� à ßo¬ ´0� �NÃ�� ¹¤·Ä��³7´Á³7´ � �Â¼ µ0®Â� ¼ � à³ ß ³"��¶�à¤¶T°f³7´ ��Ã ¶o¸7³"� ¬ �Â³�² � ¯�³"¸ ��ß ¼ ° ¾ à ¬ ³7�Â¶oà{°,¶o¸"¼ ¾�®�ß ³"��¶�à
¶T°�� ¾0®�� ¸��V¯ ���&¾Kß ³7�Â¶oà{°,¶o¸��à ¬ ¶�¼ µ ¸ � ¯7¯���¿ ®Â� � ¶�· �Âà{³�·�¶É¹��¼ � à�¯���¶�àK¯���à ß à(�Âà!�Kà0�Â³ � ¹�¶o¼ ß ��à Ë
× ´ � ³ � ¯�³Ê¯�· � ¸ �ÄµH� ¸�°,¶o¸"¼ � ¹c¶�à ß#" � �çµ ¸7¶ ¬W� ¯"¯�¶�¸'¹���¯�³7¸7�Â¿ ¾ ³ � ¹ � ¼ � ¼¤¶�¸7²'��_ Û%$ ´² µH� ¸ ¬W¾ ¿ �ß àK¹
ß a �çµ ¸7¶ ¬W� ¯"¯�¶�¸{¯�´ ß ¸ � ¹ � ¼ � ¼¤¶�¸7² $ ¸ ß ²'& �)( _ Ã���¬ ³"¶o¸¤¼ ß�¬ ´���à ��Ë × ´ �
® ��¼¤�Â³ ß ³7��¶�à ¶T°b³"´0��¯
ßTµ0µ ¸"¶ ß�¬ ´ ® � � ¯���à
�Â³@¯'¯ µK��¬ �*� ¬ ��³�²¤³"¶�· ß ¸Ê¹0¯ ßTµ0µ�® � ¬Nß ³7�Â¶oàK¯Ä³7´ ß ³ ß�® ¸ �íß ¹�² ¾ ¯ � ¹ ß ³ ß ¯�³7¸ ¾K¬ ³ ¾ ¸ � ¯
¸ �+�K�í¬ ³7�Âà ½Ä® ¶ ¬Bß�® �Â³�² ¬ ´ ß ¸ ß�¬ ³ � ¸"��¯�³7� ¬ ¯W`�³7´0�Ì¯�· � ³7¸"²\³7¶'¶ Ã�� ¸ ¬ ¶�¼ � ¿² ¾ ¯��Âà ½]½�� à � ¸ ßT®Ãoß�®�¾0��� ¿ ß ¯ � ¹
¹ ��¬ ¶�¼ µ ¶�¯��Â³7�Â¶oàK¯ ß ¯Õ�Âà�³"¸7¶¹ ¾K¬=� ¹¤��à $ ´ ßTµ ³ � ¸ � Ë

,.- ëBëíì0/ é213-%4�-%505,é65 ì87�9
:<; ó,ó>=@?+�BA ; � ;	CDC � C =���� õ�E�úGFIH.ûýüvþ ß ¹ Ý	� Ç þBJ\Ý " Ç þBJ#K�Ý a Ç K�þÄÝ	��� ��¯ ß à Û _ (ML%µ ¸"¶ ½ ¸ ß ¼Í¼¤��à ½
¼¤¶¹ �B® ³"´ ß ³¯ ¾0µ�µ ¶�¸7³Ê¯ ¬ ¶ ß ¸@¯ ���ç½ ¸ ß ��à � ¹ µ�ß ¸ ß�®�®Â�B® �Ì¯�¼ ¿ ß ¯ � ¹{¶oàÁ³7´ �ON�P8QRP8S¤®�ß à ½o¾�ßT½o� üuÚT$ ÿoÿ �
ß àK¹
³7´ � ¶�·Äà � ¸ ¬ ¶o¼ µ0¾ ³ � ¯Õ¸ ¾0®���Ë#U ³'��¯��Âà�³ � àK¹ � ¹»°,¶o¸\à0¶�à �,¾ à0� °,¶�¸7¼ ¬ ¶o¼ µ�¾ ³ ß ³7��¶�àK¯�³"´ ß ³]�Âà �
Ã ¶ ®�Ã��ÍµKß ¸"³7� ß�® ¹��V � ¸ � à�³"� ßT®f����¾Kß ³"��¶oà�¯ ß àK¹â´ ßBÃ��¤® ¶ ¬BßT® ¯�³"¸ ¾K¬ ³ ¾ ¸ ��Ë'U ³ �BÈµ0® � ¬ �Â³ ® ² �BÈ�¬W®�¾ ¹ � ¯
¾ àK¯�³"¸ ¾K¬ ³ ¾ ¸ � ¹ ¬NßT®�¬=¾0®�ß ³7��¶�àK¯É¯ ¾K¬ ´ ß ¯{¯ µKß ¸Ê¯ � ¼ ß ³7¸"� È ® �Âà ��ß ¸ ßT®Â½o� ¿0¸ ß ß àK¹W�Kà0�Â³ �
�B®Â� ¼ � à³
µ ¸7¶�¿ ®�� ¼»¯ ËXU ³@¯�¼ ß ��àÉ¹ ß ³ ß ³�² µK� ��¯�³7´ � ò ; ô Ç0·Ä´0¶�¯ �c�B®Â� ¼ � à³@¯ ß ¸ � ��àK¹ �BÈ�� ¹»¿²¤³ ¾0µ0®�� ¯ZY ¾ ¯�³
® ��Å � ß ¸7¸ ß ² �B®�� ¼ � à³@¯ Ë Ú ¶�· �BÃ�� ¸NÇ�³7´ � ��à�¹ �BÈ ¯ � ³Ä¶T° ß ¼ ßTµ Ç³7´ �\[ 
 � ; =�ñ Ç0�Ì¯�à0¶o³Äà ��¬W� ¯"¯ ß ¸"� ® ²
¸ ��¬ ³ ß à ½�¾0®�ß ¸BÇ�¿ ¾ ³ ¬Bß à�¿ �¤ß ¸7¿0�Â³7¸ ß ¸7� ® ²�¯ µKß ¸@¯ � ��àK¯�³ ��ß ¹ Ë K ¾ ¸7³7´ � ¸7¼¤¶�¸ � Ç ß ¼ ßTµ ¹ ��¬W®Ìß ¸ ß ³7�Â¶oà
��³@¯ �B® °Õ¹�¶ � ¯cà0¶�³c¸ � ¯ � ¸ Ã��¡ß à² ¯�³7¶�¸ ßT½�� `�³7´0�Ì¯Ü´ ß ¯c³7¶{¿ �Éß�®�® ¶ ¬Bß ³ � ¹ �BÈµ0® � ¬ ��³ ® ²É¶o¸b¿�² ß à ��à0� �
³7� ß�® �ÂÙ ß ³"��¶oà ß ¯7¯�� ½ à0¼ � à�³ ËB(
ßTµ ¯ ß ¸ �T�K�BÈ ��¿ ®�� `0³"´ � ��¸'¹¶o¼ ß ��à ¬Nß à ¬ ´ ß à ½o� ß ³]¸ ¾ à{³"��¼ � Ç ß àK¹
¯ �BÃ�� ¸ ßT® ¹�¶�¼ ß �Âà ¬ ¶oàK¯�³7¸ ¾K¬ ³7¶�¸@¯ õ °,¶�¸�¸ ��¬ ³ ß à ½o¾�®�ß ¸Í¹�¶�¼ ß �ÂàK¯WÇ ßT® ¯�¶�·Ä��³7´ ß ¸"¿0��³"¸ ß ¸"²Ø¯�³ ß ¸7³"��à ½
ß àK¹ � àK¹��Âà ½�µ ¶o��à³@¯ ß à�¹{¯�³"¸7�Ì¹ � ¯ û ß àK¹¤¶ µK� ¸ ß ³7¶�¸@¯ õ ¾ à0�Â¶oà;Ç0�Âà�³ � ¸@¯ ��¬ ³7�Â¶oà û ß ¸ �cßBÃ�ß � ®�ß ¿ ®���Ë

_ ß ¸ ß�®�®Â�B® �Ì¯�¼��Ì¯ �BÈµ ¸ � ¯7¯ � ¹ ¿²
¼ ß�µ0µ ��à ½{ßÉ® ¶ ½ � ¬NßT®�µ ¸7¶ ¬=� ¯7¯���à ½]L ¶o¼ ß ��à�¶oà³7¶ ß ¯ µ�ß ³7� ßT®
µ ¸7¶ ¬W� ¯7¯��Âà ½2L ¶�¼ ß �Âà Ë E�úGF�H ¯ ¾�µ0µ ¶o¸7³Ê¯ ® ¶ ß ¹É¿ ßT®Ìß à ¬ �Âà ½Íß àK¹ �T| 
 �=ó � �,�= 
 ñ�� Ç0��àÁ·Ä´0� ¬ ´ ��ßo¬ ´
µ ¸7¶ ¬W� ¯7¯�¶�¸]¯�³7¶�¸ � ¯Ä¹ ß ³ ß ·Ä��³"´0��à ß�¬=� ¸7³ ß ��à µ ¸7¶ È ��¼¤�Â³�²b³7¶��Â³@¯�¶�·ÄàÁ¹ ß ³ ß ÇK¯��Â¼¤� ®Ìß ¸ ® ²c³"¶�¶ Ã�� ¸ ®ÌßTµ
¸ �B½ ��¶oà�¯ ü �'� ¸ Ý�^	� ËIU ³Ä�Ì¯ ¬W¾ ¸7¸ � à�³ ® ²���¼ µ0®�� ¼ � à³ � ¹\��à $B_#_ °,¶�¸Ä³7´ � �Ì_ Û%$B` ÿ�a ^ Ë E�úGF�H ³"¸ ��ß ³@¯
µKß ¸ ßT®�®Â�B® �Ì¯�¼ ß ³ ßcÃ�� ¸7²�´0� ½ ´ ®��NÃ��B® Ço�Â³�¼ ß à0� µ�¾0®�ß ³ � ¯�³7´ � ¯�³"¸ ¾K¬ ³ ¾ ¸ � ¶T°Î³7´ � ¹ ß ³ ß Ç0¸ ß ³7´ � ¸Ä³"´ ß à
³7´ � ¹ ß ³ ß �Â³@¯ �N® ° Ë<U ³ � à ß ¿ ®Â� ¯ Ã�� ¸"² �B®Â�B½�ß à�³�°,¶o¸7¼ ¾0®Ìß ³7�Â¶oàK¯�¶T° ß\® �Â¼¤��³ � ¹ ¬W®�ß ¯7¯�¶T° µ ¸7¶�¿ ®�� ¼»¯ ß àK¹
¬Bß à\¿ � ¯ �B� à ß ¯ ß�µ ¶o³ � à³7� ß�®�¾ ¯ � ¸;¶T° ß àc�Â¼ µ0®Â� ¼ � à³ ß ³"��¶�àÄ¶T°K³"´ ��Ã�ßT®Â¾0��� ¿ ß ¯ � ¹c¹ �í¬ ¶o¼ µ ¶ ¯���³"��¶�àK¯
µ ¸7¶ µ ¶ ¯ � ¹{�Âà $ ´ ßTµ ³ � ¸ � Ë $ ��³"��à ½ þ ß ¹ � à üvþ ß ¹ Ý	���>b

U ³��Ì¯¤à0¶o³ ß à)�Â¼ µ0®�� ¼ � à�³ ß ³"��¶oà �ç®Â�BÃo�B® ¯�²0¯�³ � ¼�Ç ß àK¹%¸ �B® � � ¯�¶oà ßTµ0µ0® � ¬Bß ³7�Â¶oà ® � �
¿0¸ ß ¸7� � ¯�¶o¸�¶o³"´ � ¸�¸ ¾ à¡³7�Â¼ � ¯�²0¯�³ � ¼»¯�³"¶c´ ß àK¹ ®�� ¹ ß ³ ß\µKß ¸"³7�Â³7��¶�à0��à ½ ¶�¸�³7¶\´ ß à�¹ ®��
¼ ßo¬ ´0�Âà ���,®��BÃ��B® ¶ µ ³"��¼¤�ÂÙ ß ³"��¶�àK¯WÇo³"´ ß ³ ¬ ¶ ¾�® ¹�¿ �'µ ¸"¶ Ã ��¹ � ¹ °,¶�¸ �BÈ0ß ¼ µ0®Â� ¿²2c P ø<d¶o¸'¿�² N d�H!efHgF�ø c Ë
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äJå,æKåih èkjGjl5 7nm - 7 é!opjrq'- // é 7�7 ê<- ëBë é64�q 7
sbîZ-%j 7
× ´ �2tvu F<d�w µ ¸"��¼¤�Â³7� Ã�� ¯WÇ·Ä´0� ¬ ´�¯ ¾�¬B¬W�B� ¹ úGF�H!e P õ _ ß ¸ ß�®�®Â�B®�x'¾ ³7¶�¼ ß ³ � ¹zy ¾ à³7��¼ � × ¶�¶ ® Å��³
ß ³ U $ x Û � û Ç ß ¸ �Íß ¯ � ³\¶T°'´0� ½ ´ ®��BÃ��N®�¬ ¶�¼¤¼ ¾ à0� ¬Nß ³7�Â¶oàÁ¸7¶ ¾ ³7��à � ¯]³7´ ß ³ µ ¸"¶ Ã ��¹ �¡¬ ¶oà Ã�� à0� � à�³
ßo¬B¬W� ¯7¯Ü³"¶{¶�V �,µ ¸"¶ ¬W� ¯7¯�¶o¸ �B®Â� ¼ � à³@¯Ä¶T° ß ¸7¸ ß ²�¯Ü³"´ ß ³ ß ¸ �¤ß�¬B¬W� ¯"¯ � ¹ õ ß àK¹ ¹���¯�³7¸7�Â¿ ¾ ³ � ¹ û �Â¸7¸ �N½	�
¾0®�ß ¸ ® ² üuþ�ÛÝ	^ Ç Ûþ « Ý�^ Ç Lv( Û6{;Ý�� Ç L Úv|v{�Ý " � Ë × ´ �¤ß�¾ ³7´0¶�¸@¯\¶T° úGFIH!e P · � ¸ � ³7´ � �K¸Ê¯�³\³7¶
µ ¸7¶ µ ¶ ¯ �Áß à�¹(��¼ µ�®�� ¼ � à�³ ¾ ¯ � ¸ � ¹ � �Kà � ¹
��¸"¸ �B½�¾0®�ß ¸b¹���¯�³7¸7�Â¿ ¾ ³"��¶oà�¯ ü ( Û0Û { ÿoÿ � ß àK¹ ß ´ ß ¯�´ � ¹
¬Bßo¬ ´ � °,¶o¸�à�¶oà ® ¶ ¬BßT®�Ãoß�®�¾0� ¯ ü ( Û ( þÄÝ	^�� Ë × ´ � ²�¿ ¾ � ® ¹�¶oà¤³"´ � ��àK¯ µH�í¬ ³7¶�¸ �,�BÈ��í¬W¾ ³7¶�¸ µKß ¸ ß ¹�� ½ ¼
¹ � ¯ ¬ ¸7��¿ � ¹ ß ¿H¶ Ã�� `0³"´ � ²
Þ Ë $ ¶�¶o¸Ê¹���à ß ³ � �Âà�³ � ¸ µ ¸"¶ ¬W� ¯"¯�¶o¸'¹ ß ³ ß ¼¤¶ Ã�� ¼ � à³BÇ
� Ë3(
ß à ß�½o� ³7´ � ¯�³"¶o¸ ßT½o� ¶T° ß àK¹ ß�¬B¬W� ¯"¯�³7¶ ¬ ¶ µ � � ¯�¶T°�¶�V �,µ ¸"¶ ¬W� ¯7¯�¶o¸\¹ ß ³ ß Ç ß àK¹
"�Ë Û ¾0µ0µ ¶�¸7³ ß ¯�´ ß ¸ � ¹cà ß ¼ � ¯ µKß�¬W� Ç ¾ ¯���à ½ß ¹��Ì¯�³"¸7��¿ ¾ ³ � ¹]³"¸ ß à�¯ ®�ß ³7�Â¶oà�³ ß ¿ ®�� üwÛ%$ ( þÄÝ�^}� ³7¶
¯�³"¶o¸ � ³"´ �Ä® ¶ ¬NßT®�ß ¹0¹�¸ � ¯7¯ ß àK¹ µ ¸7¶ ¬=� ¯7¯�¶o¸�à ¾ ¼�¿ � ¸J°,¶�¸ ��ßo¬ ´�¹��¯�³"¸7�Â¿ ¾ ³ � ¹ ß ¸"¸ ß ² �N®�� ¼ � à�³ Ë

Ú � ½ ´ �ç®Â�BÃ��B®J® ��¿0¸ ß ¸"²�¸"¶ ¾ ³"��à � ¯WÇ�¯ ¾K¬ ´ ß ¯ t~u F<d�w Ç ¬Bß à ß ¯7¯��Ì¯�³]�Âà{³ ß ¯�Å�¯'¯ ¾K¬ ´ ß ¯ ½o® ¶o¿ ß�®�� ³7¶ �
® ¶ ¬Bß�® à ß ¼ � ¯ µKß�¬W� ¼ ßTµ0µ ��à ½ ¯WÇ ¬ ¶o¼¤¼ ¾ à0� ¬Bß ³7��¶�à¡¯ ¬ ´ � ¹ ¾�®��]½�� à � ¸ ß ³7�Â¶oà;Ç ß àK¹É¯ ¬ ´ � ¹ ¾�®�� ¿ ß ¯ � ¹
¬ ¶o¼¤¼ ¾ à0� ¬Bß ³"��¶�à Ë Û ¾K¬ ´ ® ��¿0¸ ß ¸7� � ¯ ß ¸ �¤� ¯7¯ � à�³"� ßT® ¿K¶o³7´ °,¶o¸�Å �B�Nµ ��à ½�¬ ¶¹ �Á¬ ¶�¼ µ0®��NÈ �Â³�² ß àK¹
µ ¸7¶ ½ ¸ ß ¼¤¼¤�Âà ½ ¹�� ºÉ¬=¾0® ³"� � ¯]��à ¸ ��ß ¯�¶oà ß ¿ ®��Á® ��¼Í��³@¯ ß àK¹ ß�® ¯�¶
°,¶o¸�³"´ �Á¬ ¶o¼ µ � ®Â� ¸\·Ä¸7��³ � ¸B`f¶ ¾ ¸
N d�H!efHgF�ø��r� c �Â¼ µ0®Â� ¼ � à³ ß ³"��¶�à ßT® ¯�¶ ½�� à � ¸ ß ³ � ¯ ¬ ¶¹ � ³7´ ß ³ ¬BßT®Â® ¯�³7´ ��tvu F<d�w ® �Â¿0¸ ß ¸7² Ë
Ú ¶�· �BÃ�� ¸NÇJ¯���à ¬=����ßo¬ ´ ßTµ0µ�® � ¬Nß ³7�Â¶oà�¯�³7� ®Â® ´ ß ¯ �Â³@¯]¶�·Äà(�ÂàK¹�� Ã �Ì¹ ¾KßT®Î¬ ¶�¼¤¼ ¾ à0� ¬=ß ³"��¶oàÉ¸ ���&¾ ��¸ ���
¼ � à³@¯WÇ�³7´ �'µ ¸7¶ µK� ¸ ¾ ¯ ßT½�� ¶�°Î¯ ¾K¬ ´¡¸7¶ ¾ ³7��à � ¯ ß àK¹ µ ¸ �Bµ ¸7¶ ¬=� ¯7¯���à ½ °,¶o¸ ½�� à � ¸ ß ³"��à ½ ³7´ � ��¸ ß ¸ ½o¾%�
¼ � à³@¯��Ì¯Ä¯�³"� ®�®Eß à�¶oà � ³7¸"� Ã � ßT® ³ ß ¯�ÅÉ¶oà � ·f¶ ¾0® ¹�¸ ß ³7´ � ¸ ®���ßBÃ�� ³"¶ ß�¬ ¶�¼ µ � ®�� ¸ Ë

$ ¶�¼¤¼ ¾ à0� ¬Nß ³7�Âà ½ ³7´ � ¸"� ½ ´³�¹ ß ³ ßbß ³�³7´ � ¸"� ½ ´�³�³"��¼ �ýß àK¹ µ0®Ìßo¬W� �Ì¯ ß ¹�� º»¬W¾0® ³BÇo² � ³ ¬ ¸ ¾K¬ � ß�®
³ ß ¯�Åc°,¶o¸ µKß ¸ ßT®Â®��B® ��ÙB�Âà ½ �Â¸7¸ �N½o¾0®Ìß ¸ µ ¸"¶o¿ ®Â� ¼É¯ Ë × ´ ��t~u F<d�w µ ¸7��¼Í��³7� Ã�� ¯ ß ¸ ��Ã�ß�®�¾Kß ¿ ®�� ³"¶�¶ ® ¯�°,¶o¸
³7´ � �K¸Ê¯�³ µ�ß ¸7³\¶�°�³"´ ��µ ¸"¶o¿ ®Â� ¼
Ç0à ß ¼ �B® ²¡°,¶o¸b¹ � ³ � ¸7¼¤�Âà0��à ½ ·Ä´ � ¸ � ³7¶���àK¹ ·Ä´�� ¬ ´
¹ ß ³ ßÉß àK¹
°,¶o¸ ¬Bß ¸"¸7²��à ½ ¶ ¾ ³ �Wº»¬ � � à�³ý¹ ß ³ ß��BÈ�¬ ´ ß à ½o� Ë × ´ � ¹ ß ³ ß}�@� ¶�· °,¸ ß ¼ � ·f¶o¸"Å µ ¸ � ¯ � à�³ � ¹ ß ¯ µKß ¸7³
¶T°f³7´0�Ì¯Õ³"´ � ¯���¯Ä��à $ ´ ßTµ ³ � ¸ " �Ì¯�¹ � ¯�� ½ à � ¹¤°,¶o¸ ß ³7³ ß�¬ Å��à ½ ³"´ � ¯ ��¬ ¶oà�¹ µKß ¸"³�¶�°�³"´ �cµ ¸7¶o¿ ®�� ¼
Ç
à ß ¼ �N® ² � à ß ¿ ® �Âà ½ ³7´ �¡¬ ¶o¼ µ � ®�� ¸Ä³7¶É¼ ß Å �\½ ¶�¶¹ ¾ ¯ � ¶T°ý³7´ � ¯ ��µ ¸"��¼¤�Â³7� Ã�� ¯�·Ä��³"´0¶ ¾ ³ ° ¾ ¸7³7´ � ¸
ß ¹ Ã � ¬W� ¿²�³"´ �\¾ ¯ � ¸ Ë

ècî�é�s�j 9�9�ð q ì8/ - ë�ì jlq�s�j 9 ê ì 5,é64
× ´ ��� 
 �\�\��ñ%=@? ; ó)= 
 ñ � 
 ��ô�= C � � ü L]ß ´ Ý	^	� �Ì¯ ß ¯�¶�°,³�· ß ¸ � ° ßo¬ � ® �Â³�²{°,¶�¸¡¯ ¬ ´ � ¹ ¾�® ��à ½{½o� à � ¸ ß�®
¬ ¶o¼¤¼ ¾ à0� ¬Bß ³"��¶�àK¯.¶oàÉ³"´ � $ ¶oà0à �í¬ ³7�Â¶oà (
ßo¬ ´0��à ��Ë�U ³ � ¼ µ0® ¶�²�¯�¯���¼ ¾0®Ìß ³ � ¹ ß à0à ��ß�® ��à ½ ³7¶��KàK¹
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ß ¹ ß ³ ß ¼ ßTµ0µ �Âà ½ ·Ä�Â³7´ ß ¯ ® ¶�· ¬ ¶o¼¤¼ ¾ à0� ¬Bß ³"��¶oàÉ¸ ���&¾ ��¸ � ¼ � à³@¯ ß ¯ µ ¶�¯7¯���¿ ®Â��Ë�U ³ ¾ ¯ � ¯ ß ¸ ���
¬W¾ ¸@¯�� Ã�� ¸"¶ ¾ ³"��à ½ÍßT®Â½ ¶�¸7��³"´0¼ ³"¶¤¹ � ³ � ¸"¼¤��à �ß à ß�¬ ³ ¾Kß�®�¬ ¶o¼¤¼ ¾ à0� ¬Wß ³7��¶�à¤¯ ¬ ´ � ¹ ¾0®Â��Ë K ¶o¸B� È� ¹
¬ ¶o¼¤¼ ¾ à0� ¬Bß ³"��¶�à µKß ³"³ � ¸"àK¯WÇ�³7´ �»¬ ¶�¯�³�¶T° ½o� à � ¸ ß ³"��à ½ ³"´0��¯�¯ ¬ ´ � ¹ ¾0®Â�É¬Bß à ¿ �Áß ¼¤¶�¸7³"��Ù � ¹
¿²
¸ �B¾ ¯ � Ç�°,¶o¸ �BÈ0ß ¼ µ0®Â� Ç�¶ Ã�� ¸c¼ ß à�²�³7�Â¼ � ¯�³ �Bµ ¯�¶T° ß ¯���¼ ¾0®�ß ³7��¶�à Ë�U ³Ê¯ ½�� à � ¸ ßT® �Â³�²(¼ ß Å � ¯Ü�Â³
´0� ½ ´ ® ² ßTµ0µ�® � ¬Nß ¿ ®Â� ³"¶T· ß ¸Ê¹0¯���¸"¸ �B½�¾0®�ß ¸ ¬ ¶o¼¤¼ ¾ à0� ¬Bß ³"��¶oà ¯�³"¸ ¾K¬ ³ ¾ ¸ � ¯ Ë Ú ¶�· �NÃ�� ¸BÇo³"´ �\¬ ¶�¼¤¼ ¾%�
à0� ¬Bß ³7�Â¶oà µKß ³"³ � ¸"àK¯Ä´ ßBÃ�� ³7¶¡¿ � Åà0¶�·Äà{¿ � °,¶�¸ �\¾ ¯���à ½ ³7´ � $ ¶�¼¤¼ ¾ à0� ¬Bß ³7�Â¶oà $ ¶o¼ µ � ®Â� ¸ Ë

ÏÄÐ�� Ò'�v��� Ó������@Ô����
äJå@h�åçæ 13-%4�-%585çé65 / j 9 ê ì 50- ëíì jrq 7+�<7=ë é 9�7
× ´ � ¸ � ´ ßBÃ�� ¿ �B� à ß àK¹¤¯�³7� ®�®�ß ¸ � à ¾ ¼ � ¸7¶ ¾ ¯�¸ � ¯ ��ß ¸ ¬ ´ µ ¸"¶	Y ��¬ ³Ê¯���àÍ³7´ �ß ¸ ��ß ¶T° ¬ ¶�¼ µ � ® ��à ½ °,¶o¸
µKß ¸ ßT®�®Â�B®Äß ¸ ¬ ´0��³ ��¬ ³ ¾ ¸ � ¯ Ë � ß ¸ ® ²(·f¶o¸"Å(�Âà ³7´ � � �B® ¹�¶T° ¬ ¶�¼ µ � ® ��à ½ °,¶o¸¡¹��Ì¯�³7¸"��¿ ¾ ³ � ¹ � ¼ � ¼¡¶o¸"²
¼ ßo¬ ´0��à � ¯ã°,¶ ¬W¾ ¯7¯ � ¹�¶oàÁ¹ � �Kà0��à ½ °,¸ ß ¼ � ·f¶o¸"Å0¯�°,¶o¸Äà0¶�à ® ¶ ¬Bß�® ¼ � ¼¤¶o¸"² ß�¬B¬W� ¯"¯ � ¯ ü�$kJ ÿ�ÿ � ß àK¹
¹ ß ³ ß ¹��Ì¯�³7¸"��¿ ¾ ³7��¶�àK¯ ü � þÄÝ�Þ Ç Ú x Ý	^ Ç3y Û ÿ Ý	� Ë K ¶�¸ �BÈ�µ�® ¶o�Â³7�Âà ½ ¬ ¶ ß ¸@¯ ���,½ ¸ ß ��à � ¹ ° ¾ à ¬ ³7�Â¶oà ß�®
µKß ¸ ßT®�®Â�B® �Ì¯�¼
ÇÄ´0� ½ ´ �,®��NÃ��B®�µ�ß ¸ ß�®�®Â�B®\®�ß à ½o¾Kß�½o� ¯
¯ ¾K¬ ´ ß ¯ E P ø Q F ü�$ � ÿ Ý	� Ç\� efHgF�ø Q ü�K × Ý�^ Ç
K��Ý	^�� Ç ß àK¹�c ÷ S�P H P8�<  ü�¡.Û&Ý�Þ�� ´ ßBÃ�� ¿ �B� àÁ¹ � �Kà � ¹ Ë

Û �BÃ�� ¸ ß�®;¬ ¶�¼ µ � ®�ß ³"��¶�à¡¯�²�¯�³ � ¼É¯ã°,¶�¸ �BÈµ0® ¶���³"��à ½ �Kà ���,½ ¸ ß ��à � ¹ µKß ¸ ßT®�®Â�B® �Ì¯�¼ ´ ßBÃ�� ¿ �B� à ß àK¹
ß ¸ � ¿ � ��à ½ ¿ ¾ � ® ³BÇ0·Ä´0� ¬ ´Á��à ¬=®�¾ ¹ �\¢£S ü × ¯ � Ý	^�� Ç ¢ w�¤	FIH ü U K�J#K�Ý�^}� Ç $B¥�` c Fre6F�¤	FIHgF S6S ÷ SMt
üvÚT¦~¡ { ÝÞ Ç�y Û ÿ�� � Ç t H!§�w�e6F S ü¨¡Z$fÝ�Þ�� ÇBc P ø<d ü y Û « ÝÞ+� Ç.© Q�ª d �R« ÷%F � ü y'_�ÿ Ý�� Ç ù P8 ~QZ¬
P8 ÷lHØüwÛ «á« Ý	�	� Ç�®T¯ §I°�÷Kø ü y x Ý�^�� ÇK_�± $$ü �~x�² Ý�Þ+� Ç úGFÎø Q d�H;÷�ü x _ × Ý�^}� Ç úGF�HgFI³%HgFIwT÷ ¬µ´
ü � þÄÝ	��� Ç úGFIHgF<°�d�ø	ü¶$B$ y ÛÝÞ+� Çk� ¤rdZe üwÛ0ÛÝ�^ Ç Û ¶ ¬ Ý	^	� ÇX� � ¤K÷rHG·	ü¶¸�þ � ÿoÿ � Ç ß àK¹�¹ P ÷Kø�øRF
N d�H!efHgF�ø üuþ $B¸�Ý	��� Ë « ´�� ®�� ³7´ � ¸ � ��¯�¯�³"� ®Â® ¼ ¾K¬ ´c·f¶o¸7Å¡³7¶b¿ � ¹�¶oà � ��à¡³7´0�Ì¯�� �N® ¹���à ½o� à � ¸ ßT® Ç
³7´ � ¸ � ´ ß ¯ ß�® ¸ �íß ¹�²
¿ �B� à ¬ ¶oàK¯���¹ � ¸ ß ¿ ®Â� ¯ ¾K¬N¬W� ¯7¯'��à�³7´ � � �N® ¹{¶T°ý¸ �B½�¾0®�ß ¸ ßTµ�µ0® � ¬Bß ³"��¶oà�¯WÇ ß àK¹
º ¯ �í¬ ¶oàK¹ ½o� à � ¸ ß ³7��¶�à µKß ¸ ß�®�®��N® ��ÙN��à ½b¬ ¶�¼ µ � ®Â� ¸¼»]´ ß ¯Õ¿ ��¬ ¶o¼ �\ß¡¬ ¶�¼¤¼¤¶oà¡³ � ¸7¼ Ë

äJå@h�åih N d�H!eGHgFÎø c
N d�H!efHgF�ø c �Ì¯ ß à Û _ (ML õ�Û ��à ½�®���� _�¸7¶ ½ ¸ ß ¼ ({¾0® ³7� µ�®����)L]ß ³ ß û ¯�³�² ®��\®Ìß à ½�¾KßT½�� ¹ �BÃ��B® ¶ µK� ¹
¿�²
³"´ � ¹���¯�³7¸"��¿ ¾ ³ � ¹ � ¼ � ¼¤¶�¸7² ¬ ¶o¼ µ � ®�� ¸ ½ ¸7¶ ¾0µ ß ³�yÄ� ¬W� | à0� Ã�� ¸@¯���³�² ß àK¹�¯ � ¸ Ã�� ¯ ß ¯ ß ¿ ß ¯���¯
°,¶o¸Ä³7´���¯�·�¶�¸7Å Ë × ´ � °,¶ ®Â® ¶�·Ä��à ½¡¬ ¶oà³ ß �ÂàK¯ ßcÃ�� ¸"²�¿0¸"� � °Î¯ ¾ ¼¤¼ ß ¸7²�¶�°��Â³@¯�¿ ß ¯�� ¬\¬ ¶�à ¬W�Bµ ³@¯WÇ0³"´ �
¬ ¶o¼ µ�®�� ³ ��®Ìß à ½�¾KßT½�� ��¯�¹ � ¯ ¬ ¸7�Â¿ � ¹ ��àØ¹ � ³ ß � ®f�B® ¯ � ·Ä´ � ¸ � ü�K�ÚvJ { Ý	^	� Ë $ ��³"��à ½ Ú �Â¸ ß à ß àK¹ ß à0�
�@ó ;	C�½ üvÚvJ × Ý	� ¿ �>b

N d�H6eGHgFÎø cÀ��¯Ü³"´ � �K¸Ê¯�³ ®�ß à ½o¾Kß�½o� ³7¶ µ ¸"¶ Ã �Ì¹ ��¾ ¯ � ¸Ê¯c·Ä��³7´ �BÈ�µ�® � ¬ ��³ ¬ ¶�à�³"¸7¶ ®
¶ Ã�� ¸Ä¹ ß ³ ß�µ�ß ¸7³"��³"��¶oà���à ½ ·Ä�Â³7´É¿K¶o³7´�¹ ß ³ ß ;	C =V��ñ%���=ñ�ó ß àK¹�¾ =��=ó � =�~���ó>= 
 ñ ¯ µK��¬ �*� �¬Bß ³"��¶�àK¯ Ë × ´ �\¿ÁÀ6ÂÄÃ�ÅrÆ%Ã6Ç%È�ÉgÈ	Ã�Ê ¯�³ ß ³ � ¼ � à³'¯ µK��¬ �*� � ¯ ß à ß ¿K¯�³7¸ ßo¬ ³ µ ¸"¶o¿ ®Â� ¼ ¶o¸
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��àK¹ �BÈ ¹�¶o¼ ß ��à Ë × ´ �3Ë!Ì�È�Í�Ê ¯�³ ß ³ � ¼ � à³�¯ µK��¬ ��� � ¯Z�Kà ���ç½ ¸ ß ��à µKß ¸ ß�®�®��N® ��¯�¼
Ç�¼ ßTµ%�
µ ��à ½���ßo¬ ´ ß ¸"¸ ß ² �B®Â� ¼ � à�³Î¶oà³7¶�¶oà � ¶�¸Ä¼¤¶o¸ ���N®�� ¼ � à�³Ê¯.¶T°�³"´ � ¹ ��¬ ¶�¼ µ ¶�¯��Â³7�Â¶oà Ë
× ´0��¯ µ ¸7¶ Ã ��¹ � ¯ ³"´ � ¼¤�Âà0��¼ ßT® ¸ ���&¾ �Â¸ � ¼ � à�³Ä°,¶o¸b¸ � ¹ ¾K¬ ��à ½ ¹ ß ³ ß ¼Í¶ Ã�� ¼ � à³Ä°,¶o¸
³7´ �bµ ¸7¶ ½ ¸ ß ¼ ½ � Ã�� à ß à ¾ à ® �Â¼¤��³ � ¹�à ¾ ¼¡¿ � ¸�¶T° µ ¸"¶ ¬W� ¯"¯�¶o¸Ê¯ Ë × ´ �¡ßT® � ½ à�¼ � à³�¶T°
ß ¸"¸ ß ²0¯]³"¶É¹ ��¬ ¶�¼ µ ¶�¯���³7�Â¶oàK¯'��¯]¹ � ³ � ¸"¼¤��à � ¹�¿�²Á³7´ � ��¸¯ ¾ ¿K¯ ¬ ¸7� µ ³ �BÈµ ¸ � ¯"¯��Â¶oàK¯��Âà
³7´ � ¯�³ ß ³ � ¼ � à³B` µK� ¸�° ��¬ ³ ßT® � ½ à0¼ � à³�¸ � ¯ ¾0® ³Ê¯�� °Îà0¶¤¯ ¾ ¿K¯ ¬ ¸7� µ ³@¯ ß ¸ �\¾ ¯ � ¹ Ë
× ´ �Î¿gÈÇ	É6Ï�È	ÐÑ!ÉÁÀ ¯�³ ß ³ � ¼ � à³Í¯ µK��¬ �*� � ¯ ¬ ¶ ß ¸@¯ ���ç½ ¸ ß ��à µKß ¸ ß�®�®��N® ��¯�¼
Ç ½ ¸7¶ ¾�µ ��à ½
¹ ��¬ ¶�¼ µ ¶�¯���³7�Â¶oà �B®Â� ¼ � à³@¯ ß àK¹ ¼ ß�µ0µ ��à ½ ³7´ � ¼ ß à�¹ ßT® � ½ à � ¹ ß ¸7¸ ß ² �B®�� ¼ � à�³Ê¯
³7¶�³7´ � �Kà���³ � ¸ � ¯�¶ ¾ ¸ ¬W� ¯c¶T°\³"´ �Éµ ´�²�¯�� ¬BßT® ¼ ßo¬ ´0�Âà ��Ë � ß�¬ ´Ø¹��Â¼ � àK¯���¶oà ¶T°\³"´ �
¹ ��¬ ¶�¼ µ ¶�¯���³7�Â¶oà\��¯�¹��Ì¯�³7¸"��¿ ¾ ³ � ¹]��à ß ÐÌrÃÂÒ Ç Â�ÓÁÂÌgÈ�Â Ç@¶�¸ ÐÌlÃÔÂÒ ÂÓÁÂ�Ì�È	Â ¼ ß à0à � ¸
¶o¸'¸ �Bµ�® � ¬Nß ³ � ¹ Ë

ÏÄÐ�Õ Ò'�v��Öp�\���r×�Øg�¼Ù~ÚÜÛBÝ]Ö6Ør�Þ�
ß ��¸"³ ¾Kß�® ¶�¸É´ ß ¸Ê¹�· ß ¸ � ¯ ¾0µ0µ ¶o¸"³ � ¹)¯���à ½�®���� ß ¹�¹�¸ � ¯"¯{¯ µKßo¬W� ¯�²�¯�³ � ¼É¯ ¬Nß à ��ß ¯ � ³"´ � ³ ß ¯�Å%¶�°
µKß ¸ ßT®�®Â�B®�µ ¸7¶ ½ ¸ ß ¼¤¼¤�Âà ½ ¿�² �B® ��¼¤�Âà ß ³"��à ½ ¯ �BµKß ¸ ß ³ �¡ß ¹0¹�¸ � ¯7¯¯ µKß�¬W� ¯ ß àK¹ �BÈµ0® � ¬ ��³ ¬ ¶o¼¤¼ ¾ à0� �
¬Bß ³"��¶oà�¯ Ë � È�ß ¼ µ0®�� ¯�¶�°�³"´ � ¯ � ¯�²�¯�³ � ¼É¯ ß ¸ �\¢\  ·J÷rH ü¶$ x ¡ { ÿ Ý	� Ç tvS d �<Q w¡ü y x J ÿ�ÿ � Çrc FIw u
ü�¡G¡ � { Ý�^}� Ç © « § ü�¡;Ú ÿ Ý}� Ç ù P8Qgà Fr§ üuþ ¸�Ý�Þ¼� Ç ù � ø P ø ü¶$fþ ¸�Ý�Þ Ç J#$B¸�Ý	�}� Ç ® HgálF üuþ × ÿoÿ � Ç
ß àK¹ ú S Fre P ø �<  ü�$kK ÿ Ý�� Ë × ´ � ² µ ¸ � ¯ � ¸ Ã�� ¯ ���&¾0� à�³"� ßT® ¯ � ¼ ß à³7� ¬ ¯]¿�² � à�°,¶�¸ ¬ �Âà ½�ß
¬ ¶�àK¯��Ì¯ �
³ � à ¬ ² µ ¸7¶o³"¶ ¬ ¶ ® Ç�·Ä´0� ¬ ´ ¬Bß à�¿ �Ä®Ìß ÙB²\¶o¸ ��ßT½�� ¸BÇ�¿ ß ¯ � ¹c¶�à���à Ãoß�® �Ì¹ ß ³"��¶oà�¯.¶o¸ ¾�µ ¹ ß ³ � ¯ Ë ù � ø P ø
¯ ¾0µ0µ ¶�¸7³@¯\¯ �BÃ�� ¸ ß�® ¯ ¾K¬ ´ µ ¸7¶o³"¶ ¬ ¶ ® ¯WÇ;³7´ ��¬ ´0¶o� ¬W� ¿ � ³�· �B� àÉ³7´ � ¼ °,¶o¸ ��ß�¬ ´Á��àK¹� Ã ��¹ ¾Kß�® ¯�´ ß ¸ � ¹
Ãoß ¸7� ß ¿ ®Â� ��¯ ½�¾ ��¹ � ¹c¿�² ßo¬B¬W� ¯7¯ µKß ³7³ � ¸7à ß à0à�¶o³ ß ³7�Â¶oàK¯ µ ¸"¶ Ã ��¹ � ¹c¿�²b³7´ �Ä¾ ¯ � ¸ Ë × ´ � ¯ � ¯�²�¯�³ � ¼É¯WÇ
´0¶�· �BÃ�� ¸NÇ ß ¸ � ¹ � ¼ ß àK¹ � ¹�¸7� Ã�� à ß àK¹c³"´ � ¸ � °,¶o¸ ��® ��¼¤�Â³ � ¹��Âàc´0¶�· ¼ ¾K¬ ´³7´ � ² ¬Bß àc´0�Ì¹ � ¼ � ¼¤¶o¸"²
®�ß ³ � à ¬ ² õ ¿² µ ¸ � ° � ³ ¬ ´0�Âà ½ ¹ ß ³ ß ¿ � °,¶o¸ � ³"´ � ² ß ¸ � à �B� ¹ � ¹ û ¶�¸�¸ � ¹ ¾K¬=� ¹ ß ³ ß ¼¤¶ Ã�� ¼ � à�³ ¬ ¶�¯�³@¯
õ ¿²�° � ³ ¬ ´0�Âà ½¡� à�³"��¸ � ¿ ® ¶ ¬ Å0¯ ß ³]¶oà ¬W� û Ë × ´ � ² ß ¸ ��® �Â¼¤��³ � ¹��Âà
³7´ ß ³]³7´ � ² ¬Nß à�¶oà ® ²�¸ ��ßo¬ ³]³7¶
ßo¬B¬W� ¯7¯ � ¯ ³"¶{à0¶�à ® ¶ ¬NßT® ¼ � ¼¤¶o¸"²J` ß ³\¿ � ¯�³NÇ.³7´ � ² ¬Bß à ¼ ß �Âà�³ ß ��à ß ´0�Ì¯�³"¶o¸7²�¶T° µKß ¯�³ ß�¬B¬W� ¯"¯ � ¯
ß àK¹É³7¸7²Í³7¶ ½o¾0� ¯"¯ý° ¾ ³ ¾ ¸ �Üµ�ß ³7³ � ¸7à�¯ Ë

� à ��µ ¸7¶o¿ ®�� ¼ ·Ä´ � ¸ � ¶ µH� ¸ ß ³"��à ½ ¯�²0¯�³ � ¼É¯ ¬Nß à ß ¯"¯��Ì¯�³]�Âà{³7´ � ��¼ µ0®Â� ¼ � à�³ ß ³7��¶�à¤¶T°f�Â¸7¸ �N½	�
¾0®�ß ¸ ß�µ0µ0® � ¬Bß ³7��¶�àK¯]��à µKß ¸"³7� ¬W¾0®�ß ¸\��¯]³7´ � ³ ß ¯�Å(¶�° ® ¶ ß ¹(¿ ßT®�ß à ¬ �Âà ½ Ç�¯��Âà ¬W� ¯�¶o¼ � ¯ µKß ³"� ßT®ýß àK¹
³ � ¼ µ ¶�¸ ßT®�® ¶ ¬BßT® ��³�²
��¯ ¾ ¯ ¾Kß�®�® ² ß ¯7¯�¶ ¬ � ß ³ � ¹ ·Ä��³"´ ³7´ � ·�¶o¸"Å ® ¶ ß ¹ Ë Ú � ¸ � ��à°,¶o¸7¼ ß ³7�Â¶oà ß ¿K¶ ¾ ³
³7´ �
¾ ³"� ® ��Ù ß ³7��¶�à ¶�°�¹��V � ¸ � à�³ µ ¸7¶ ¬=� ¯7¯�¶o¸@¯ ¬Bß à%¿ � ´ �N®�µ ° ¾0® Ë Ú ¶�· �BÃ�� ¸BÇf³7´ � ·�¶o¸"Åá¹�¶�à � ��à
³7´0�Ì¯ ß ¸ ��ß ´ ß ¯�°,¶ ¬W¾ ¯"¯ � ¹ ¶�àá³7´0¸ ��ß ¹ � ¿ ß ¯ � ¹ µKß ¸ ß�®�®��N® ��¯�¼ ü � ¡Z¸ ÿ�a0Ç ¡ ¾K¬ ÿoÿ � Çf³�² µ � ¬BßT®Â® ² �BÃ�� à
ß ¯7¯�¶ ¬ � ß ³ � ¹{·Ä�Â³7´�¹���¯�³7��à ¬ ³ µ ¸7¶ ¬W� ¯"¯ � ¯=ÇH�ÂàK¯�³ ��ß ¹É¶T°ý¹ ß ³ ß�µKß ¸ ß�®�®��N® ��¯�¼ Ë � à ��ß�® ¯�¶¤´ ß ¯'³7¶¡Å �B�Bµ
��à ¼¤�ÂàK¹
³7´ ß ³���¸7¸ �B½o¾�®�ß ¸"��³"� � ¯��Âà ³7´ �¤µ ¸ � ¯ � à ¬=� ¶T°'¸ ßo¬W�É¬ ¶oàK¹��Â³7�Â¶oàK¯c¼¤� ½ ´³ ®��íß ¹(³"¶�¯�²�¯�³ � ¼
¬ ¸ ß ¯�´ � ¯ üvÚ ³¼� þÄþ « � Ë
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ÏÄÐ0â Ò'�v�äãå×X�rævç'×X�r�

Û ¶o¼ � ´ ß ¸Ê¹�· ß ¸ � ° ßo¬ � ® �Â³7� � ¯.³7´ ß ³ ¬Bß àÉ¿ �]µKß ¸7³"� ¬W¾0®Ìß ¸ ® ² ¾ ¯ � ° ¾�® °,¶o¸Ä�Â¸7¸ �B½o¾0®Ìß ¸ ßTµ0µ0® � ¬Bß ³7�Â¶oàK¯ ß ¸ �
³7´ � °,¶ ®Â® ¶�·Ä��à ½0Ë

äJåDè;åçæ ,kj�éê58- ë é6q /	�
L�¾0� ³7¶Í³7´ � ³�² µ � ¬Bß�®�® ² Ã�� ¸7²É�Â¸7¸ �N½o¾0®Ìß ¸ ßo¬B¬W� ¯7¯ µKß ³7³ � ¸7àK¯=ÇJ¼ � ¯"¯ ß�½o� ¿ ® ¶ ¬ Å��Âà ½ ¿ ��¬ ¶�¼ � ¯Ä¼¤¶o¸ �
¬ ¶o¼ µ�® � ¬Nß ³ � ¹ ³"´ ß à °,¶o¸¡¸ �B½�¾0®�ß ¸ ß�µ0µ0® � ¬Bß ³"��¶�àK¯ üwÛÚ � Ý��}� Ë'x ® ¶�· ®�ß ³ � à ¬ ² ¬ ¶�¼¤¼ ¾ à0� ¬Nß ³7�Â¶oà
¯�²�¯�³ � ¼ ¼ ß Å � ¯�³7´���¯Ä¹�� ºÉ¬W¾�® ³�² ®�� ¯"¯ ¬ ¸7�Â³7� ¬BßT® Ë

äJåDè;åih ï»é!q�é!4�-%5k4�j ð;ë�ì qZëMìí- /�ì 5 ì}ë�ì é 7
x�½�ß ��à;Ç�¹ ¾�� ³7¶Á��àK¹��Â¸ ��¬ ³ ß ¹0¹�¸ � ¯7¯���à ½�ß àK¹ ³7´ �Éß ¯7¯�¶ ¬ � ß ³ � ¹ ��¸"¸ �B½�¾0®�ß ¸ ßo¬B¬W� ¯7¯ µ�ß ³7³ � ¸7à�¯c��³\��¯
¶T°,³ � àá¹�� ºÉ¬W¾�® ³�³7¶ ¬ ¶�àK¯�³"¸ ß �Âà ³"´ �
¬ ¶�¼¤¼ ¾ à0� ¬Bß ³"��¶�à(³"¶(à �íß ¸ � ¯�³¡à � � ½ ´�¿K¶�¸ ¬ ¶�¼¤¼ ¾ à0� ¬Nß ³7�Â¶oà
¬ ´ ß à0à �B® ¯WÇK¯�¶ ß ° ß ¯�³ ½o� à � ¸ ßT® ¸"¶ ¾ ³ � ¸Ä��¯ ß ¹ Ã�ß à³ ß�½o� ¶ ¾ ¯ Ë

äJåDè;å�î ïÉé / j ð ê<5 ì qZëÎj%ì / jrq ë 4�jl5Xð�jéêjrqòñgó�ôåïõ-%4 / î ì�ë é /oë�ð 4Té 7
x�µ ¸"¶o¿ ®Â� ¼ ¯���¼Í� ®�ß ¸c³"¶(³"´ �{µ ¶o³ � à³7� ß�®�® ¶ ß ¹â��¼¡¿ ß�®�ß à ¬W�Éßo¬ ¸7¶�¯"¯ µ ¸"¶ ¬W� ¯7¯�¶o¸Ê¯»�Ì¯ ß à ¾ à �BÃ�� à
·�¶o¸"Å ® ¶ ß ¹ z =�ó�|Á=�ñ µ ¸"¶ ¬W� ¯7¯�¶o¸Ê¯ Ë × ´0��¯]�Ì¯ ßT® ¯�¶ ßÉ¬ ¶o¼¤¼Í¶oà ¬ ´ ß ¸ ß�¬ ³ � ¸7��¯�³7� ¬ ¶T°f�Â¸7¸ �N½o¾0®Ìß ¸ µ ¸"¶o¿ �
®�� ¼É¯=ÇH·Ä´ � ¸ � ³"´ � °,¸ ßo¬ ³"��¶�à
·Ä´0� ¬ ´ ß¤µ ¸7¶ ¬W� ¯7¯�¶�¸b¯ µK� àK¹0¯\¶T°f��³Ê¯]³7¶o³ ßT®f¬ ¶�¼ µ0¾ ³ ß ³7�Â¶oàÁ³7��¼ � ¶oà
ß{¬W� ¸"³ ß ��à µKß ¸7³\¶T°ý��³@¯ ß ¯7¯�� ½ à � ¹(·�¶�¸7Å ® ¶ ß ¹ ¼ ß ² Ã�ß ¸"² Ë × ´���¯]¼ ß ² ¬BßT¾ ¯ �¤ß ¹0¹��Â³7��¶�à ßT® �Ì¹ ® �Âà ½
·Ä´ � à{¸ ¾ à0à0�Âà ½ ��¸"¸ �B½�¾0®�ß ¸ µ ¸7¶�¿ ®�� ¼É¯�¶�à Û Uí(ML ¼ ßo¬ ´0�Âà � ¯���àK¯�³ ��ß ¹¤¶T° (MUí(ML ¼ ß�¬ ´���à � ¯ Ë

× ´ � ¸ � ¯�³7¸"� ¬ ³ � ¹ ¬ ¶�à�³"¸7¶ ®.� ¶�· ¶T° µ�¾ ¸ � Û Uí(ML µ ¸7¶ ½ ¸ ß ¼¤¼¤�Âà ½ ´ ß ¯�¿ �N� à ß ¹0¹�¸ � ¯7¯ � ¹â¿²
¯ �BÃ�� ¸ ßT® ¸ � ¯ ��ß ¸ ¬ ´ � ¸@¯ Ë.�'� à � ¸ ß�® ¯���¼ ¾0®Ìß ³7¶�¸@¯�¶T° (MUí(ML ¯ � ¼ ß à³7� ¬ ¯�¶�à Û Uí(ML ¼ ß�¬ ´0�Âà � ¯�´ ßBÃ��
¿ �N� à¤��¼ µ0®�� ¼ � à�³ � ¹Ü¿² J ¾ ¯�ÙB¼ ßT¾0® ü¨J ¾ ¯7ÿ�a � ß àK¹ Ú ¾ ¹ ß Å �@ó ;	C�½ üvÚ ( ÿoÿ � ¶oàÉ³7´ � $ ¶oà�à ��¬ ³"��¶oà
(
ßo¬ ´0��à � ß àK¹¤¿² þ � ßT½ �Â¶oà0� üvþ � ß Ý�Þµ� ß àK¹ L � � ³"Ù �@ó ;	C�½ ü L $fÝ��	� ¶�à�³"´ ��(
ß ¯"_ ß ¸ Ë × ´ � ¯ � ¯���¼ �
¾0®�ß ³7��¶�àK¯ ß ¸ �]½�� à � ¸ ßT®Â® ²c¿ ß ¯ � ¹�¶oà ½ ¸ ßTµ ´Í¸ � ¹ ¾�¬ ³7�Â¶oà¡��à³ � ¸ µ ¸ � ³ � ¸@¯;°,¶o¸�° ¾ à ¬ ³7�Â¶oà ß�®K®�ß à ½o¾Kß�½o� ¯ Ë
× ´ � ��¸ µK� ¸�°,¶�¸7¼ ß à ¬W� ³ � àK¹�¯�³"¶]¿ � ¯ ¬Bß�®�ß ¿ ®�� Ç�¿ ¾ ³��Âà ß ¿K¯�¶ ®�¾ ³ � ¼ ��ß ¯ ¾ ¸ � ¯.¯�³7� ®Â® ¿ �B® ¶�· ³7´ � ¯ µK�B� ¹
¶T°f¯ ���&¾�� à�³"� ß�® ·�¶�¸7ÅÉ¯�³ ß ³7��¶�àK¯ Ë

_�´0� ® � µ0µ ¯ � à �@ó ;	C�½ �Âà�³"¸7¶¹ ¾K¬=� ³�·f¶ Ã�ß ¸"� ß à�³Ê¯»¶�° ß ìíjr4}-Á505 ¯�³ ß ³ � ¼ � à³BÇ ß ¯�²à ¬ ´�¸7¶oà�¶ ¾ ¯
Ã�� ¸@¯���¶oà ß àK¹ ß à ß ¯�²à ¬ ´0¸7¶�à0¶ ¾ ¯�¶oà � ü _ × Ý�Þ�� Ë × ´ � ; ��öoñ%?X| ��
 ñ 
 �	� ìíjr4}-Á505 � à ß ¿ ®�� ¯�¼ ¾0® ³7� µ0®��
³7´0¸ ��ß ¹0¯�¶T° ¬ ¶oà³7¸"¶ ® ³"¶ ¬ ¶ �BÈ �Ì¯�³ Ë × ´0�Ì¯ ¬Nß à � ��³"´ � ¸�¿ �'� ¼ ¾�®�ß ³ � ¹ ¾ ¯���à ½ ¯�³ ß�¬ Å�¯�¶T° (Mx Û6J ¿���³@¯=Ç
¶o¸¡��³ ¬Bß àâ¿ � ��¼ µ0®Â� ¼ � à�³ � ¹
¹��¸ �í¬ ³ ® ²(�Âà ß à ( Û Uí(ML ¼ ßo¬ ´0��à � ·Ä´0� ¬ ´ ¬ ¶�à�³ ß ��à�¯c¼ ¾0® ³7� µ0®��
µ ¸7¶ ½ ¸ ß ¼ ¬ ¶ ¾ à³ � ¸Ê¯ ËnU à � ��³"´ � ¸ ¬Nß ¯ � Ç�³"´ � �Â¸ µ ¸7¶ µ ¶ ¯ ßT® ��¯]¼ ß ��à ® ² ¬ ¶oà ¬W� ¸7à � ¹ ·Ä�Â³7´ � à ß ¿ ® ��à ½
³7´ �b¬ ¶�à ¬W¾ ¸"¸ � à³ �BÈ��¬W¾ ³"��¶oàÍ¶T°Î¿H¶�³7´
¿0¸ ß à ¬ ´ � ¯��ÂàÁì ì � ë î�é!q � é!5 7 é ¬ ¶oàK¯�³7¸ ¾K¬ ³@¯ Ë
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 ôv÷ ; ó,óø�=ñÁ=�ño��üvÚvJ\Ý	��� ��¯�¶oà � ³ ��¬ ´0à0� �&¾0� ³7¶b¶ Ã�� ¸ ¬ ¶�¼ � ³"´0��¯ ® �Â¼¤��³ ß ³7�Â¶oà\°,¶o¸ ® ¶�¶ µ à � ¯�³@¯
·Ä��³7´ Ã�ß ¸7²��à ½\® ¶�¶ µ ¿K¶ ¾ àK¹0¯=Ç ß ¯ µ ¸7¶ µ ¶ ¯ � ¹¡��à $ ´ ßTµ ³ � ¸ a Ë ¡ ¶�¶ µ\��ß ³7³ � à0��à ½b¬Bß à ßT® ¯�¶\¿ �Ä¾ ¯ � ¹
³7¶ µ ¸7¶ ¬W� ¯"¯]¼ ¾0® ³7� µ0®��bß ¸"¸ ß ² ���,����=ñ�ó@� ¶T°Õ¹���V � ¸ � à�³ ®�� à ½ ³7´K¯ µK� ¸ µ ¸7¶ ¬W� ¯7¯�¶�¸BÇ ß ¯Ü�Âà�³"¸7¶¹ ¾�¬W� ¹
��à þ ®��B®Â® ¶ ¬ ´G�V¯�ùRú8û ü ò � 
�¾ � C üvþ ®Â� Ý	^�� Ë × ´ ¾ ¯���³ ¬Bß à ¿ �{Ã � � · � ¹ ß ¯ ß
½o� à � ¸ ß�® �ÂÙ ß ³"��¶oà ¶�°
¯ ¾ ¿K¯�³7�Â³ ¾ ³"��à ½ ¹���¸ ��¬ ³ ß ¹0¹�¸ � ¯7¯���à ½ ·Ä��³"´ ��àK¹��Â¸ ��¬ ³ ß ¹0¹�¸ � ¯7¯���à ½ ß ¯ × ¶�¼�¿K¶ ¾0® � ß à ß àK¹ _ ß�µ0µKß ¯
¹���¹�°,¶o¸ ¬ ¶�¼ µ0¾ ³"��à ½ ³7´ ��(
ß à�¹ �B® ¿�¸7¶o³'¯ � ³ ü × _ Ý�^	� Ë

äJåDè;å�è ýG- 7=ë27�/ -%qpjKê�é!4�- ëíì jrq 7
× ´ � �Âà0´0¶o¼Í¶ ½o� à � ¶ ¾ ¯c·�¶o¸"Å ® ¶ ß ¹ ßo¬ ¸7¶�¯"¯ µ ¸"¶ ¬W� ¯7¯�¶o¸Ê¯ ½o� à � ¸ ß�®�® ² ß ¯7¯�¶ ¬ � ß ³ � ¹ ·Ä��³"´ ��¸"¸ �B½�¾0®�ß ¸
µ ¸7¶�¿ ®�� ¼»¯ ¬BßT®Â® ¯.°,¶o¸ ® ¶ ß ¹�¿ ß�®�ß à ¬ ��à ½0Ë Û ¬Bß à�¶ µK� ¸ ß ³7��¶�àK¯ ß ¸ � ¶�à �]�Wº»¬ � � à�³�· ß ²�°,¶o¸f¹ � ³ � ¸7¼Í��à �
��à ½ ³7´ � ³"¶o³ ß�® ·f¶o¸7Å ® ¶ ß ¹ ß àK¹¡��³@¯�¹��Ì¯�³"¸7��¿ ¾ ³7�Â¶oà üvþ � ß Ý�Þ Ç þ ®�� Ý�^}� Ë � à ß ¸ ¬ ´0��³ ��¬ ³ ¾ ¸ � ¯ µ ¸7¶ Ã ��¹��Âà ½
ß à � ¼�¿ � ¹0¹ � ¹ ¸ � ¹ ¾K¬ ³7��¶�àÉ³7¸ �N� Ç�³"´0��¯�¶ µH� ¸ ß ³"��¶�à ¬Bß à{¿ � ¹�¶oà � ��àMþ õ ® ¶ ½kÿ û ¬ ² ¬W®Â� ¯ Ë
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× ´ �\µ ¸7¶	Y �í¬ ³@¯f¹ � ¯ ¬ ¸7��¿ � ¹¡��à $ ´ ß�µ ³ � ¸@¯ � Ç " Ç ß àK¹ a °,¶ ¬W¾ ¯�¶oàÁ¹��*V � ¸ � à³ ß ¯ µH�í¬ ³@¯�¶�°�³"´ � ¯ ß ¼ �
µ ¸7¶�¿ ®�� ¼�ÇTà ß ¼ �B® ²]´0¶�· ³7¶\¯�¶ ®�Ã�� ��¸"¸ �B½�¾0®�ß ¸ ß�µ0µ0® � ¬Bß ³"��¶�àK¯ �Wº»¬ � � à�³ ® ²'·Ä��³7´ µ�ß ¸ ß�®�®Â�B® ¼ ßo¬ ´0��à � ¯ Ë
K ¾ ¸7³7´ � ¸7¼¤¶�¸ � Ç;³"´ � ² ßT®Â® °,¶ ¬W¾ ¯c¶oà ³"´ � ��¯"¯ ¾0� ¶T°'´0¶�· ¼ ¾K¬ ´�¯ ¾0µ0µ ¶o¸"³ ß
¬ ¶o¼ µ � ®Â� ¸ ¬Nß à ½ � Ã��
°,¶o¸Ä³7´ � ¯ �\ß�µ0µ0® � ¬Bß ³7��¶�àK¯ Ë × ´ � ¸ � ¯ ¾�® ³@¯f¯�¶c° ß ¸'¯ �B� ¼ ³"¶���àK¹� ¬Bß ³ � ³"´ ß ³Ä�Â³���¯�° ��ß ¯���¿ ®Â� ³"¶¡¹ � ¯�� ½ à
´0� ½ ´ �ç®Â�BÃ��B®�®�ß à ½o¾Kß�½o� ¯ ¾�µ0µ ¶o¸7³ ¯���¼Í� ®�ß ¸�³7¶¡³7´ � ¯ ¾0µ0µ ¶�¸7³ �BÈ ��¯�³7�Âà ½ °,¶o¸'¸ �B½�¾0®�ß ¸ µ ¸7¶�¿ ®�� ¼É¯ ß àK¹
³7¶¡��¼ µ0®Â� ¼ � à�³���³ ß ³�¸ ��ß ¯�¶oà ß ¿ ®�� ��¼ µ�®�� ¼ � à�³ ß ³7�Â¶oà ß àK¹É¸ ¾ à � ³7�Â¼ �¬ ¶�¯�³@¯ Ë

x àâ�Â¼ µ ¶o¸"³ ß à³ �BÈ�ß ¼ µ�®�� ¶T°\³"´0��¯c�Ì¯c³7´ �Á¬ ¶�à ¬W�Bµ ³�¶�°\³7´ ��Ã�ß�®�¾0��� ¿ ß ¯ � ¹Ø¹ ��¬ ¶�¼ µ ¶�¯��Â³7�Â¶oà
¿ ß ¯ � ¹(¶oà�³7´ ���BÈµ0® ¶o��³ ß ³"��¶oà
¶�°'¯ µKß ³"� ßT®�® ¶ ¬BßT® ��³�²{¶�°Ä³7´ ��¾ àK¹ � ¸ ® ²��à ½Íµ ´�²�¯�� ¬BßT®Îµ ¸7¶�¿ ®�� ¼Æ¹¶ �
¼ ß �Âà;Ç ß ¯���à³7¸7¶¹ ¾K¬W� ¹c�Âà $ ´ ßTµ ³ � ¸ � Ë « �Ä�BÈ ³ � àK¹ � ¹c³"´ � ¹ ß ³ ß}�,µKß ¸ ßT®Â®��B®0µ�ß ¸ ß ¹�� ½ ¼ ¿�² ß ¹0¹��à ½
� ;	C �%� ú ~ ; ��� ¾ � à0´ ß à ¬W� ¼ � à�³Ê¯�³7¶É³7´ �ÍßT® ¸ ��ß ¹�² �BÈ ��¯�³7��à ½ Ç;¯�¶»° ß ¸\��àK¹ �NÈ!� ¿ ß ¯ � ¹�¹ ß ³ ß ¹��¯�³"¸7�Â¿ ¾%�
³7��¶�à ß àK¹ ß�® � ½ à0¼ � à�³;¼ �í¬ ´ ß à0��¯�¼¤¯ Ë « � � ®Â®�¾ ¯�³7¸ ß ³ � ¹ ³"´ � �Â¸ ¾ ¯ � ·Ä��³"´c¸ �Nµ ¸ � ¯ � à³ ß ³"� Ã�� ��¸"¸ �B½�¾0®�ß ¸
Å � ¸7à �N® ¯ ß à�¹ ¬ ¶�¼ µKß ¸ � ¹¤³7´ �cµK� ¸�°,¶�¸7¼ ß à ¬W� ¶T°f³7´ � ¯ � Å � ¸7à �B® ¯�·Ä��³"´
��àK¹ �NÈ!� ¿ ß ¯ � ¹ ß àK¹ Ã�ßT®Â¾0���
¿ ß ¯ � ¹¤¹��Ì¯�³7¸"��¿ ¾ ³7��¶�àK¯ Ë « �ßT® ¯�¶ ¬ ¶�¼ µKß ¸ � ¹ ß�N d�H!eGHgFÎø c Ã�� ¸@¯���¶�à ß àK¹ ß ¼ � ¯7¯ ßT½o���çµKß ¯7¯���à ½
Ã�� ¸@¯���¶oàEÇ = ½ � ½ Ç ß¤µ ¸"¶ ½ ¸ ß ¼ ¾ ¯���à ½ ¸ ¾ à � ³"��¼ � ¯ ¾0µ�µ ¶�¸7³ �BÈ�µ�® � ¬ ��³ ® ² ß ¯ ½�� à � ¸ ß ³ � ¹ ¿²{³"´ �¡¬ ¶o¼ �
µ � ®Â� ¸ õ ¶o¸]·Ä¸"��³"³ � àÁ¿�²Á´ ß àK¹ û ÇJ¶�°�³"´ � ¯ ß ¼ � Å � ¸7à �B® Ë × ´0��¯ ½ ßBÃ���ß à �BÈ�ß ¼ µ�®�� °,¶�¸]³7´ �¡ß ¹0¹ � ¹
¬ ¶oà Ã�� à0� � à ¬W�'µ ¸7¶ Ã ��¹ � ¹»¿²¡³7´ �\µ ¸"¶ µ ¶�¯ � ¹ ®�ß à ½o¾Kß�½o�b�BÈ ³ � àK¯���¶oà�¯ Ë

x µ ¸"��à ¬ � µKß�® ¹��*V � ¸ � à ¬=� ¿ � ³�· �B� à ��àK¹ �NÈ!� ¿ ß ¯ � ¹ ß àK¹ Ã�ßT®�¾���� ¿ ß ¯ � ¹â¼ ß�µ0µ ��à ½ ¯�³"¸ ß ³ �B½ � � ¯
��¯]³7´ � ¹ �BµKß ¸"³ ¾ ¸ � °,¸"¶o¼ ß ¼Í¶¹ �B® ³"´ ß ³b¹ � ¸"� Ã�� ¯'¹ ß ³ ß}� ³7¶ �çµ ¸7¶ ¬W� ¯"¯�¶�¸�¼ ßTµ0µ ��à ½ ¯Õ°,¸7¶�¼Æ¯�³ ß ³7� ¬ Ç
¯ ����¾0� à³7� ßT® ¹ ß ³ ß�� ³"¶ � ¯�³7¶�¸ ß�½o� ��à°,¶o¸7¼ ß ³7�Â¶oà õ ¯ ¾K¬ ´ ß ¯ ß à ß ¸7¸ ß ²��ÂàK¹ �BÈ û ËIU àK¯�³ ��ß ¹JÇ�· �\¬ ¶oà�¯���¹ � ¸
¸ ¾ à � ³7�Â¼ �cÃ�ß�®�¾0� ¯'³7¶Á¹ � ¸"� Ã�� ³"´ � ¼ ß�µ0µ ��à ½ ¯ Ë × ´0�Ì¯ ßTµ0µ ¸7¶ ß�¬ ´ ¬ ¶ ¾0® ¹ ßT® ¯�¶É¿ ��¾ ¯ � ¹{°,¶o¸ ¹ ß ³ ß
³�² µK� ¯]¶o³"´ � ¸\³7´ ß à ß ¸7¸ ß ²�¯WÇJ°,¶�¸ �NÈ0ß ¼ µ0®�� °,¶o¸ ® �Ì¯�³\¯�³7¸ ¾K¬ ³ ¾ ¸ � ¯��Âà ß¤Ã�� ¸Ê¯��Â¶oà
¶T°Õ¹ ß ³ ß}�,µKß ¸ ßT®Â®��B®
$ Ç�¶�¸ °,¶�¸¤¹��Ì¯�³"¸7��¿ ¾ ³7�Âà ½ ¯ µKß ³7� ßT® ¹ ß ³ ß ¯�³7¸ ¾�¬ ³ ¾ ¸ � ¯¡¯ ¾K¬ ´ ß ¯�¶ ¬ ³ � ³"¸ �B� ¯ ¬ ¶o¼¤¼Í¶oà ® ² ¾ ¯ � ¹ °,¶o¸
� � ¿H¶¹² µ ¸"¶o¿ ®Â� ¼É¯�·Ä�Â³7´ Ã�� ¸"² ®Ìß ¸ ½�� � Ë

x à0¶o³"´ � ¸ ßTµ0µ0® � ¬Bß ³7�Â¶oàÉ¶T°Î³7´ �\Ã�ßT®Â¾0��� ¿ ß ¯ � ¹ ß�µ0µ ¸"¶ ßo¬ ´ ¬ ¶ ¾0® ¹�¿ � � ;	C �%� ú ~ ; ��� ¾ =�ñ��ôl��?=ó 
� � Ë
K ¶�¸ �BÈ�ß ¼ µ�®�� Ç0³"´ �cµKß ��¸ ® ��¯�³ ¾ ¯ � ¹{��à
³"´ � x þBK ¬ ¶�¼ µ0¾ ³ ß ³7�Â¶oàÁ��¯�³�² µ � ¬Bß�®�® ² ½o� à � ¸ ß ³ � ¹É·Ä��³7´
ß à ß � Ã�� þ õ ��� û ß�®�½ ¶o¸7�Â³7´0¼�Ç.·Ä´ � ¸ ���íßo¬ ´ ß ³7¶o¼ ��¯ ¬ ¶o¼ µKß ¸ � ¹ ß�½�ß ��àK¯�³ �BÃ�� ¸7²Á¶o³"´ � ¸ ß ³7¶�¼
Ç
·Ä��³7´ ¬ ¶o¸"¸ � ¯ µ ¶oàK¹��Âà ½o® ²c´0� ½ ´ ¬ ¶o¼ µ�¾ ³ ß ³7��¶�à;Ç ¬ ¶o¼¤¼ ¾ à0� ¬Bß ³7�Â¶oà;Ç ß àK¹�¯�³7¶o¸ ßT½�� ¸ ����¾ ��¸ � ¼ � à³@¯ ËgU °
· � Åà0¶�·á³7´ ß ³ ��ß�¬ ´ µ ¸7¶ ¬W� ¯7¯�¶�¸Ä´ ß ¯ ß ³7¶�¼É¯�¶oà ® ²�·Ä�Â³7´0�Âà ß ¸ �B®�ß ³7� Ã��N® ²�¯�¼ ßT®Â® ¯ ¾ ¿J¹¶o¼ ß ��à;Ç· �
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¬ ¶ ¾0® ¹c¸ � ¯�³7¸"� ¬ ³;¶ ¾ ¸ ß ³"³ � à³7�Â¶oàb³7¶ ß ³7¶o¼»¯�³"´ ß ³ ß ¸ �Ä� �Â³7´ � ¸;·Ä��³7´���à�¶o¸ ¬W® ¶�¯ � ³7¶]³"´0��¯Î¯ ¾ ¿�¹�¶�¼ ß �Âà;Ç
³7´ � ¸ � ¿²�¸ � ¹ ¾K¬ �Âà ½ ³7´ �cß ¼¤¶ ¾ à�³Ä¶�°�à0¶�à �,® ¶ ¬Bß�® ¹ ß ³ ß ³7´ ß ³�´ ßíÃ�� ³7¶¡¿ � ¿ ¾ V � ¸ � ¹ Ë

ß ß�®�¾0��� ¿ ß ¯ � ¹á¼ ßTµ�µ ��à ½ ¯ µ ¸"¶ Ã ��¹ �
ß ¯ µK��¬ �*� ¬ Å��à�¹ ¶T° �NÈ�µ ¸ � ¯7¯�� Ã�� à � ¯7¯�³7´ ß ³¤´ ß ¹ ¿ �B� à
¼¤��¯"¯���à ½ ¯�¶(° ß ¸ °,¶�¸É¹ ß ³ ß}�,µKß ¸ ßT®Â®��B®'®�ß à ½o¾Kß�½o� ¯=`]³7´ � ² ¬Bß à ½ � Ã�� ³7´ �
¬ ¶�¼ µ � ®Â� ¸\��à�°,¶�¸7¼ ß ³7�Â¶oà
³7´ ß ³ ¬Bß à0à�¶o³¡¿ � ¹ � ¯ ¬ ¸"��¿ � ¹(�Âà ³ � ¸"¼É¯Ü¶�° ß ¸7¸ ß ²���à�¹�� ¬W� ¯WÇ ß à�¹ ³"´ � ² µ ¸7¶ Ã ��¹ �»ß
¬ ¶oà Ã�� à0� � à�³
¼ ��¬ ´ ß à0�Ì¯�¼á³"¶]¯ µH�í¬ � °,²]�Â¸7¸ �B½o¾0®Ìß ¸;¼ ß�µ0µ �Âà ½ ¯ Ë « ´�� ®�� ³7´0�Ì¯J��¯;¶oà ® ²]¶oà �fß ¯ µK��¬ ³�¶T° µ�ß ¸ ß�®�®Â�B® �ÂÙB��à ½
��¸7¸ �B½o¾�®�ß ¸ µ ¸"¶o¿ ®Â� ¼É¯WÇ=· � ¿ �N® � �NÃ�� ³7´ ß ³.�Â³�¯�� ½ à0�*� ¬Bß à³ ® ²]·Ä��¹ � àK¯J³7´ � ¸ ß à ½o� ¶T° ß�µ0µ0® � ¬Bß ³7��¶�àc³"´ ß ³
¬Bß àÁ¿ � �Â¼ µ0®�� ¼ � à³ � ¹ �WºÉ¬ � � à³ ® ²c��àÁ¹ ß ³ ß��çµKß ¸ ß�®�®��N®.®Ìß à ½�¾KßT½�� ¯ Ë

x °,³ � ¸]´ ßíÃ ��à ½ ¹ ��¬ ��¹ � ¹�¶�à ßÉ¬W� ¸"³ ß ��à�¹ ��¬ ¶o¼ µ ¶�¯���³"��¶oàEÇ ¬ ¶o¼Í¼ ¾ à�� ¬Nß ³7�Âà ½ ³7´ � ¸7� ½ ´�³ ¹ ß ³ ß
ß ³�³7´ � ¸"� ½ ´�³�³"��¼ �fß àK¹ µ�®�ßo¬=� ��¯�¯�³7� ®Â®Kß ¹�� º»¬W¾0® ³BÇ�² � ³ ¬ ¸ ¾K¬ � ßT® ³ ß ¯�Åc°,¶�¸ µ�ß ¸ ß�®�®Â�B® �ÂÙB��à ½ ��¸"¸ �B½�¾0®�ß ¸
µ ¸7¶�¿ ®�� ¼»¯ Ë × ´ ��t~u F<dIw µ ¸7�Â¼¤��³"� Ã�� ¯ ß ¸ �\Ãoß�®�¾Kß ¿ ®�� ³7¶�¶ ® ¯ý°,¶�¸Ä³7´ � �K¸@¯�³ µKß ¸"³Ä¶T°Î³7´ �]µ ¸7¶o¿ ®�� ¼
Ç
à ß ¼ �N® ²�°,¶�¸]¹ � ³ � ¸"¼¤��à0�Âà ½ ·Ä´ � ¸ � ³7¶��Kà�¹{·Ä´0� ¬ ´Á¹ ß ³ ß�ß àK¹�°,¶o¸ ¬Bß ¸7¸7²��à ½ ¶ ¾ ³ �Wº»¬ � � à�³ý¹ ß ³ ß
�BÈ0¬ ´ ß à ½o��Ë × ´ � ¹ ß ³ ß}�@� ¶�·%°,¸ ß ¼ � ·f¶o¸7Å µ ¸ � ¯ � à�³ � ¹���à $ ´ ß�µ ³ � ¸ " ��¯�¹ � ¯�� ½ à � ¹¤³"¶ ß ³"³ ß�¬ Å¤³"´ �
¯ ��¬ ¶�àK¹ µKß ¸"³Ä¶T°Î³7´ �\µ ¸"¶o¿ ®Â� ¼
Ç�à ß ¼ �B® ² � à ß ¿ ® ��à ½ ³7´ �b¬ ¶�¼ µ � ®�� ¸�³"¶�¼ ß Å �'½ ¶�¶¹ ¾ ¯ � ¶T°Î³7´ � ¯ �
µ ¸7�Â¼¤��³"� Ã�� ¯]·Ä��³"´0¶ ¾ ³ ° ¾ ¸"³7´ � ¸ ß ¹ Ã � ¬W� ¿² ³7´ �É¾ ¯ � ¸ Ë « ���NÈ�µK��¬ ³ ö P@« ÷ ¬+ª�¬�� F���÷ ³7¶�´ ßBÃ��
µ ¶�³ � à³7� ßT®�¾ ¯ � �Âà
¶o³"´ � ¸ ß ¸ �íß ¯ ß ¯�· �B®�® ÇK¯ ¾K¬ ´ ß ¯ ½o� à � ¸ ßT® ¼ � ¼¡¶o¸7²¡´0� � ¸ ß ¸ ¬ ´�²¤�Ì¯7¯ ¾0� ¯ õ ¬Bßo¬ ´ �
µ ¸ � ° � ³ ¬ ´0��à ½ Ç�¸ �B½ ��¯�³ � ¸ ß�®�® ¶ ¬Nß ³7�Â¶oà;Ç µKß ¸ ßT®�®Â�B®3U `	�\û ß à�¹ ¬W®Ìß ¯7¯�� ¬¤µKß ¸7³7� ßT® ¸ � ¹ ¾ àK¹ ß à ¬ ² �B® ��¼¤� �
à ß ³"��¶oà ßTµ0µ�® � ¬Nß ³7�Â¶oàK¯ õ ¬ ¶o¼Í¼¤¶oàÍ¯ ¾ ¿ �BÈµ ¸ � ¯7¯���¶oà �B® ��¼¤�Âà ß ³"��¶�à;Ç ® ¶�¶ µ �Âà Ã�ß ¸"� ß à�³ ¬ ¶¹ � ¼Í¶o³7�Â¶oà;Ç
� ³ ¬oË û Ë

Ú ¶T· �BÃ�� ¸NÇo³7´ � ¸ � ��¯�¶�¿ Ã ��¶ ¾ ¯ ® ²¡¯�³"� ®�® ¸"¶�¶o¼ °,¶o¸�° ¾ ¸7³7´ � ¸���¼ µ ¸"¶ Ã�� ¼ � à�³ ß àK¹ ½o� à � ¸ ßT® ��Ù ß ³7�Â¶oà
¶T°f³7´ ��¾ àK¹ � ¸ ® ²��à ½ ³7´ � ¶o¸7² Ë K ¶o¸ �BÈ�ß ¼ µ0®Â� Ç0³7´ ��¬W¾ ¸"¸ � à³Ä°,¸ ß ¼ � ·�¶�¸7ÅÉ¹�¶ � ¯ ß�® ¸ ��ß ¹�²Á¯ ¾0µ0µ ¶o¸"³
®�ß ³ � à ¬ ²
´���¹��Âà ½ ¿² ¯ �BµKß ¸ ß ³"��à ½�� �=ñ ¾ �bß àK¹ û ��?�� � ¶ µK� ¸ ß ³7��¶�àK¯ Ë Ú ¶�· �BÃ�� ¸BÇ;³"´ � ¸ �Íß ¸ � ¯�¶�¼ �
ß ¹0¹��Â³7�Â¶oà ß�® ��¯"¯ ¾0� ¯ �Âà Ã ¶ ®�Ã�� ¹É·Ä´ � à ½o� à � ¸ ß ³7��à ½ ¯��Â¼ µ0®Â��� �=ñ ¾0¯ ß à�¹ û ��?�� ¯ °,¸7¶�¼ ³7´ � ¸ � õ �Âà �
¯�³ �íß ¹�¶�° ¾ ¯���à ½ ´0� ½ ´ �ç®Â�BÃ��B®E¬ ¶o¼¤¼ ¾ à0� ¬Bß ³7�Â¶oà�¸7¶ ¾ ³7�Âà � ¯Ä¯ ¾K¬ ´ ß ¯ t~u F<d�woû Ë�U à µKß ¸7³7� ¬W¾0®Ìß ¸BÇ0³"´ �
ß ¯7¯�� ½ à0¼ � à³�¶T°Î¼ � ¯7¯ ßT½�� �Ì¹g�V¯ ß àK¹¤¼ ß ³ ¬ ´0��à ½�� �=ñ ¾{¯ ß àK¹zû ��?�� ¯�¯ ¾K¬ ´¤³7´ ß ³'¹ ß ³ ß ·Ä´0� ¬ ´ ß ¸ �
¯ � à³Ä³7¶ ½o� ³"´ � ¸ ß ¸ �bß�® ¯�¶¡¸ �í¬W� � Ã�� ¹�³7¶ ½o� ³"´ � ¸ ß à�¹ Ã � ¬W�]Ã�� ¸@¯ ß�ß�µ0µK��ß ¸³7¶¡¿ � ¿K¶o³"´{�Âà�³ � ¸ � ¯�³7�Âà ½
ß àK¹ ¬ ´ ß�®�®Â� à ½ �Âà ½cµ ¸7¶o¿ ®�� ¼É¯ Ë

x ¸ � ��à � ¼ � à³\³7´ ß ³�·f¶ ¾0® ¹â¿ �{¾ ¯ � ° ¾0® °,¶�¸�¿ ® ¶ ¬ Å ¯�³7¸ ¾K¬ ³ ¾ ¸ � ¹ ��¸"¸ �B½�¾0®�ß ¸ µ ¸7¶o¿ ®�� ¼É¯=Ç.°,¶o¸
�BÈ0ß ¼ µ0®Â� Ç.�Ì¯c³7¶ ßT®Â® ¶�· ¹ ß ³ ß �BÈ�¬ ´ ß à ½�� ¯c¿ � ³�· �B� àzY ¾ ¯�³ ���~ ���@ó@� ¶T° µ ¸"¶ ¬W� ¯"¯�¶o¸Ê¯WÇ��ÂàK¯�³ ��ß ¹ ¶�°
¸ ����¾ ��¸"��à ½Áß{½�® ¶o¿ ßT®Ä¬ ¶�¶o¸@¹��à ß ³7��¶�à ·Ä´ � à �BÃ�� ¸Ü³"´ �¤µ ¸"��¼¤�Â³7� Ã�� ¯ ß ¸ �É¬NßT®�®Â� ¹ ß ¯c¼ � à³7�Â¶oà � ¹{��à
³7´ � ��à³7¸"¶¹ ¾K¬ ³"��¶�à Ë

� à � ¼¤� ½ ´³ ßT® ¯�¶ ¬ ¶oàK¯���¹ � ¸]¸ �B®ÌßTÈ ��à ½ ³7´ � ¯�³ ß ³"� ¬ ¶�·Äà � ¸Ê¯�´0� µ ¬ ¶oà ¬W�Nµ ³�°,¶o¸ ¹ ß ³ ß{ßo¬N¬W� ¯7¯ � ¹
Ã � ß �ÂàK¹��Â¸ ��¬ ³"��¶�à ß ¸7¸ ß ²0¯ Ë K ¶�¸ �BÈ0ß ¼ µ0®Â� ÇT�Â³�¼¤� ½ ´�³�¶ ¬N¬W¾ ¸�³7´ ß ³ ß]µ ¸"¶ ¬W� ¯7¯�¶o¸�� ¬ ¶�¼ µ0¾ ³ � ¯�¯�¶�¼ �
¹ ß ³ ß ³"´ ß ³ ß ¸ � ¶�·Äà � ¹{¿² µ ¸"¶ ¬W� ¯"¯�¶o¸��ÇJ¿ ¾ ³]³"´ � à �BÈ ³ ¾ ¯ � ¶�°Ä³7´ � ¹ ß ³ ß �Ì¯�¶oà µ ¸7¶ ¬W� ¯"¯�¶�¸� Ë
U àÉ³"´ ��¬W¾ ¸7¸ � à�³f¶T·Äà � ¸ � ¬ ¶o¼ µ0¾ ³ � ¯�°,¸ ß ¼ � ·�¶�¸7Å�Ç�· � ·f¶ ¾0® ¹O��¸@¯�³¯ ¬Nß ³7³ � ¸'³7´ � ¹ ß ³ ß °,¸7¶o¼��É³7¶
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� ß àK¹(³"´ � à ½ ß ³7´ � ¸c³"´ � ¼�°,¸7¶�¼��¤³7¶ ��Ç�·Ä´0� ¬ ´ ¬ ¶ ¾0® ¹ ¿ � ¸ �Bµ0®�ß�¬W� ¹
¿�² ß ¯��Âà ½o®Â��º ¯ ¬Bß ³7³ � ¸ �
½�ß ³"´ � ¸ » °,¸"¶o¼!�¤³7¶"� Ë × ´0��¯=Ç0´0¶�· �BÃ�� ¸BÇ�·�¶ ¾0® ¹ ß ¹0¹ ß à ß ¹�¹���³"��¶oà ßT® ¹ �B½ ¸ �B� ¶T° ¬ ¶o¼ µ�®��BÈ ��³�²\³7¶
³7´ � ³7´ � ¶o¸ � ³7� ¬BßT® °,¸ ß ¼ � ·�¶�¸7Å ß àK¹É³7´ �\¾ àK¹ � ¸ ® ²��Âà ½¡¬ ¶o¼Í¼ ¾ à�� ¬Nß ³7�Â¶oà µ ¸7�Â¼¤��³"� Ã�� ¯ Ë

K ��à ß�®�® ² ÇJ¶oà � ¼¤� ½ ´�³ ¬ ¶oà�¯���¹ � ¸ µ ¸ ¾ à���à ½ ³7´ � °,¸ ß ¼ � ·f¶o¸"Å
¹�¶�·Äà�³7¶�· ß ¸@¹0¯\¸ �B½�¾0®�ß ¸ ß�µ0µ0® � �
¬Bß ³"��¶oà�¯WÇJ·Ä´ � ¸ � ³"´ � ¯ ß ¼ � à �B� ¹�°,¶�¸]¿ ® ¶ ¬ Å��à ½Íß à�¹ ¬ ¶o¼¡¿0��à���à ½¡¬ ¶�¼¤¼ ¾ à0� ¬=ß ³"��¶�à ß ¸"��¯ � ¯ Ë Û ¶
° ß ¸BÇ�³"´0��¯c�Ì¯Ü³�² µ � ¬Bß�®�® ²{´ ß àK¹ ®�� ¹(·Ä��³"´ ® ¶ ¬Bß�®Ä¬ ¶¹ � ³"¸ ß àK¯ °,¶�¸7¼ ß ³7��¶�àK¯Ü¿ ß ¯ � ¹ ¶�àØ¹ �BµK� àK¹ � à ¬W�
ß à ß�® ²�¯���¯=ÇJ¿ ¾ ³\³"´ � ¸ � ��¯�à�¶¤��à0´ � ¸ � à³'¸ ��ß ¯�¶oà
°,¶o¸à0¶o³ ßTµ�µ0® ²��à ½ ¹ ß ³ ß}�@� ¶�· ß à ßT® ²�¯��Ì¯�´ � ¸ �¡ß ¯
· �B®Â® Ë × ´���¯ ¬ ¶ ¾0® ¹»¿ � ¹¶oà � ¿² ¾ ¯���à ½ ³"´ � ö P@« ÷ ¬+ª�¬�� F���÷ °,¸ ß ¼ � ·�¶�¸7Å�¶ Ã�� ¸ ßc®Ìß ³"³7� ¬=� ¿ ß ¯ � ¹
¶oà{¸ �B½o¾�®�ß ¸ ß ¸7¸ ß ²Á¯ ��¬ ³7�Â¶oàK¯ Ë

U ¼ µ ¶�¸7³ ß à�³ �&¾�� ¯�³"��¶oà�¯�à0¶�³Ä¶oà ® ² °,¶�¸�³7´ � ö P@« ÷ ¬µª�¬#� F��Î÷ � ¿ ß ¯ � ¹ ¬ ¶o¼Í¼ ¾ à�� ¬Nß ³7�Â¶oà µ0®Ìßo¬W���
¼ � à³]¼ � ³"´0¶¹ µ ¸ � ¯ � à�³ � ¹{´ � ¸ � Ç.¿ ¾ ³Ü°,¶�¸ ¬ ¶�¼ µ � ® ��à ½ ¶oà³7¶Á¼ � ¯"¯ ßT½���µ�ß ¯7¯���à ½�ß ¸ ¬ ´0��³ ��¬ ³ ¾ ¸ � ¯
��à ½o� à � ¸ ßT®fß ¸ � ´0¶�· ³7¶�¹ � ³ � ¸7¼¤�Âà � ·Ä´ � ³"´ � ¸ ß¤µ ¸7¶ ½ ¸ ß ¼ �Ì¯ ß�Ã�ßT® ��¹{��à�¯�³ ß à ¬W� ¶T°ý³7´ �Í¬ ¶o¼ �
¼ ¾ à�� ¬Bß ³7��¶�à ½o� à � ¸ ß ³"��¶�à µ ¸"¶o¿ ®Â� ¼ õ ¯ �N� Û ��¬ ³7��¶�à "Ë � Ë ÞTû Ç ß àK¹{´0¶�·$³7¶¤³"¸ ß à�¯ °,¶o¸"¼ ß à
��à Ã�ßT® ��¹
µ ¸7¶ ½ ¸ ß ¼ ��à³7¶ ßcÃ�ß�® ��¹¡¶oà ��Ëkx àK¯�· � ¸"��à ½ ³7´ � ¯ �#��¾0� ¯�³7��¶�àK¯�·Ä��³"´0¶ ¾ ³Ä¿ � ��à ½ ¶ Ã�� ¸ ® ²�¸ � ¯�³7¸"� ¬ ³"� Ã��
��¯ ß¤¬ ¸ ¾�¬ � ß�® ¯�³ �Bµ ³7¶�· ß ¸@¹0¯ ¬ ¶o¼ µ � ® �Âà ½�¬ ¶�¸7¸ ��¬ ³ ® ²¤��àÁ³7´ �bµ ¸ � ¯ � à ¬=� ¶T° ß ¸7¿0�Â³7¸ ß ¸7²�ÇKà0¶�à � Û Uø(ML
¬ ¶oà³7¸"¶ ®g� ¶�· Ë

× ´ �Ü® ¶�¶ µ2��ß ³"³ � à0�Âà ½ ³7¸ ß àK¯ °,¶o¸"¼ ß ³"��¶oàÁ¹ � ¯ ¬ ¸"��¿ � ¹¤��à $ ´ ß�µ ³ � ¸ a �Ì¯ ß à ß ³7³ � ¼ µ ³f³7¶�¶ Ã�� ¸ �
¬ ¶o¼ �'¬=� ¸7³ ß ��à ® ��¼Í��³ ß ³7�Â¶oàK¯;·Ä´ � à ¾ ¯���à ½�ß Û Uí(ML	¬ ¶o¼ µ�¾ ³ � ¸�°,¶o¸Ä¯�¶ ®ÂÃ �Âà ½ �Â¸7¸ �N½o¾0®Ìß ¸ µ ¸7¶o¿ ®�� ¼É¯
·Ä��³7´�¶ ¾ ³ ½ ¶o�Âà ½\ß ¯.° ß ¸ ß ¯.³"¸7²��à ½ ³7¶ ßo¬ ´0� �BÃ���½�� à � ¸ ßT®Á(MUø(ML ¯ � ¼ ß à³7� ¬ ¯H¶oà Û Uø(ML ¼ ßo¬ ´0��à � ¯ Ë
¡ ¶�¶ µ���ß ³7³ � à0��à ½ · ß ¯Ü¹ � ¯�� ½ à � ¹{³"¶ ��ß ¯ � ¯�¶o¼ �cµKß ¸7³7� ¬W¾0®Ìß ¸ Û Uí(ML ¸ � ¯�³7¸7� ¬ ³7�Â¶oàK¯'·Ä��³7´�¶ ¾ ³]�Âà �
³7¸7¶¹ ¾K¬ ��à ½Éß à²É¶ Ã�� ¸7´ ��ß ¹J`0´0¶�· �NÃ�� ¸BÇ0�Â³'¯ ¾0µ0µ ¶�¸7³@¯ ß�µ ¸7¶ ½ ¸ ß ¼¤¼¤�Âà ½ ¯�³�² ®�� ³7´ ß ³¯ �B� ¼»¯�³7¶¡¿ �
µ ¸ � ° � ¸ ß ¿ ®�� ¶�à ¬W¾ ¸"¸ � à³ Û Uø(ML ¼ ßo¬ ´0�Âà � ¯ �NÃ�� àc·Ä´ � àc¸ ¾ à0à0��à ½ ¸ �B½�¾0®�ß ¸ ßTµ�µ0® � ¬Bß ³"��¶oà�¯ üuÚvJ\Ý	�}� Ë
× ´0��¯�¸ ß ³"´ � ¸¯ ¾ ¸ µ ¸7�Ì¯���à ½ ¸ � ¯ ¾0® ³]¯ ¾0½o½�� ¯�³Ê¯]³7´ ß ³ ��ß ³7³ � à � ¹ ® ¶�¶ µ ¯ ¼ ß Å � �Â³ ��ß ¯�� � ¸Õ°,¶�¸ ¬ ¶o¼ µ � ®��
� ¸@¯c³"¶�¹ � ¸7� Ã�� ³"´ � ��à�°,¶�¸7¼ ß ³7�Â¶oà ³"´ � ²�à �B� ¹ °,¶�¸ µK� ¸�°,¶�¸7¼¤�Âà ½
¬W� ¸7³ ß ��à ¶ µ ³7�Â¼¤��Ù ß ³7�Â¶oàK¯=Ç�¯ ¾K¬ ´
ß ¯ µ ¸ ¾ à0��à ½ ¶ ¾ ³ Ã ��¸7³ ¾KßT®�µ ¸"¶ ¬W� ¯7¯�¶o¸ ®�ß ² � ¸@¯�°,¶o¸��àK¹�� Ã �Ì¹ ¾Kß�® ¯�³ ß ³ � ¼ � à³@¯Ä·Ä´ � à �BÃ�� ¸ µ ¶ ¯7¯���¿ ®Â��Ë
× ´0��¯�³"¸ ß àK¯ °,¶�¸7¼ ß ³7��¶�à ßT®ãßTµ0µ ¸"¶ ß�¬ ´
¼¤� ½ ´³ µ ¶�¯7¯���¿ ® ²
¿ ��¬Bß ¸7¸7� � ¹{¶ Ã�� ¸Ä��à³7¶Í¶o³7´ � ¸\¯��Â³ ¾Kß ³7�Â¶oàK¯
·Ä´ � ¸ � ³"´ � ¸ � ¯�³7¸7� ¬ ³7� Ã�� à � ¯"¯�¶T°�³"´ � Û Uí(ML ¼Í¶¹ �B® ¹ �B½ ¸ ß ¹ � ¯Ä¶ Ã�� ¸ ß�®�®KµK� ¸�°,¶�¸7¼ ß à ¬W��Ë

Û ¶ ° ß ¸BÇÄ³7´ � ¸ � ¹�¶ � ¯�à0¶�³É¯ �N� ¼ ³7¶ ¿ ��ß ¬W®Â��ß ¸ ® ��¼¤�Â³c³"¶ ³7´ �
®Â�BÃ��B® ¶T° ¯ ¾0µ�µ ¶�¸7³É³7´ ß ³ ß
¬ ¶o¼ µ � ®�� ¸BÇ�·Ä´ � à ½ � Ã�� àá³7´ �
µ ¸"¶ µK� ¸ ß à ßT® ²�¯��Ì¯WÇ ¬Bß à ½ � Ã�� ³7´ � ¯ ¬ � � à�³"��¯�³ µ ¸"¶ ½ ¸ ß ¼Í¼¤��à ½ ß à
��¸7¸ �B½o¾�®�ß ¸ µ ¸7¶o¿ ®�� ¼ Ë
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