
�����������
	���
�	������������������������ �!�"�$#%��&('*),+�-�.�/���&('10�+�-,. 243�5�37698;:=<>8@?!A7:=B�B�:

C�D�EGF,HJI7DLK
M!NPOQ8R37SRN(S(TVU;S(WVXYN(NZS$[
\^]_8@?7[=S$[=` \^OaS@]cb�N�Td2fe7g^S@NZhiM!j�`kj�e�j�6Rj>l

mon�nkpaq4rtsvu�wYsyx{z}|Zn�sy~�rtsy��m�n�n�pZq4rts�x4|a�Vx4wY|Qz�~

��?�N�]�g^NP[Y]�6t8R?7[=8���3�SR]�e�5�X�[�O$?�]�e�N(6Q�>�f2fX��>37693,[=�dOaj�`
��3^8RN(S@6t8R?7[=8���j�3�?7[�l�N�6RNZN(e
b�Na�"j�S@N�[=S@N���[=]�SR����Oa��j�6RNZ����S@NZ��[>8@N(g�8Rj��{j j��cNP[=e�Oa]�S@OZ3�]_8$6ZW

��NPOZ[=���!8@?�N�8R?�S@NZN�8R?�N(`kNP6fh{N���]�6�8@N(g�g^37SR]�e�5��7SRN(l ]�j�3,64��N(OQ8@3�S@N�T4��l^6��f�}A��f��l�6
� j=���f�}Ad� l^6����¡�}Wd��?7NZ�%OZj�e7OZNZS@e%S@N(6R��N(OQ8@]cl�NZ���¢h�?�NZ8R?�N(S�Oa]�S@OZ3�]c8@6�[�SRNY6R3^£�Oa]�NZe 8(A
h�?�NZ8R?�N(S469?�j�S98���S@j�j=��6�[�SRN�6R3^£�Oa]�NZe 84[=e7g�h�?�NZ8R?�N(S�S@[�e7g^j�`
]�¤([=8R]�j�e�]�6�e�NPOaNP6R6@[=S@��W

��NPOZ[=���=8@?�N¥[�����S@j�[�O$?;h{Nd`
NZe 8R]�j�e7N(gJ8@?7[>8�3769NP6!��j>h¥N(S!b�j�3�e7g76G�"j�S��Yl^6¦�;�Y8R?7NZ`
N�W
§¨8fOaj�e7OaN(SRe,6{OZ]cS$Oa37]_8fg^N(�^8R?,64[=e7g�Oa]�S$Oa3�]c8f69]�¤ZNP6ZW

�4j>h¢h¥N�g^NZ©7e�N4�{j�j���N([=ekOa]�S@OZ3�]c8@6�ª"h�?7]�O$?
[=S@N�[=`
NZe7[�b���N¡8@j��73�SRN(�c��Oaj�`�b�]�e7[>8@j�S@]�[��
[=e,[=����6R]�6@«aW
¬���­}���"�(���,�*��®4����¯>��°��"�(�

±�]cS$698�h{N�h�]����Vb,Nk8@[��c²�]�e�5�]ce�8RN(SR`�6Jj=�{�¥j�j��cNP[=e���j�5�]�O�³�´{µ$¶{µ@·¥¸ AG]�W N�[¹OZj�`
����Na8RN
b7[�69]�6�j�S���S@]�`k]c8R]�l�NJ��j�5�]�O;�"3�e7Oa8R]�j�e76(W
º �P�����»�tM¦[=8RNZSkh{N¹h�]��c��8$[=��²1[=b�j�3^8
`
j�S@N¹5�NZe�N(S@[��¥b,[�6R]�6��"3�e7Oa8R]�j�e76Yª¨¼�A¾½�«t��N([�g^]ce75
8Rj»[Y`
j�S@N�[=��5�N(b�S$[=]�O�[=���7SRj [�O$?»8R?7[=8�NZ¿ 8@NZe7g76t8@j�5�N(e�NZS$[=�¥[=S@]_8@?�`
Na8R]�O�OZ]cS$Oa37]_8$6�[�e7g
�"3�e7Oa8R]�j�e76¹ÀLT{ÁÃÂÄÁ�W�±�j�S�Oa3�S@S@NZe 8��¥j�j��cNP[=eÅb7[�6R]�6�³>´{µ@¶{µ$·¥¸Y8R?�N�[�����S@j�[�O$?¢]�6
Oaj�`�b�]�e7[=8Rj�S@]�[=�ÆAVh�]_8@?%3�e7]cj�e76
[=e7g%]ce 8@NZS$69NPOQ8R]�j�e,6�j��f©7e�]c8RNY6RNa8$6�b�NZ]�e�5ÇNZ`
����j>��NPgÇ8Rj
[=e,[=��� ¤(N�[�e7gy[=e7g¹j�SPW
È 3�S
5�j [=��]�6k8Rj�Na¿^��S@N(6@6
[��{j�j���N([�e1�"3�e,OQ8R]�j�e�ÀÊÉÌË;ÍÎª�6RNa8�j��;b�j j��cNP[=e%�"3�e7Oa8R]�j�e76
j=�¥Ï¢l>[=S@]�[�b���N(6$«QA�8R?7[=8�`
[��76�À1T�³PB7µZÐ�¸ Í ÂÑ³PB7µZÐ�¸�A�3769]�e�5�SRN(�,NP[>8@N(g�[�������]�O([>8@]cj�e76fj��
³�´{µ$¶{µ@·¥¸>Ò�W�±�3�e7Oa8R]�j�e�À*ÓRÔ$Õ$ÖR×�Ø7ÙcÚPÔaÛ;[¹`kN(`�b�NZS$69?7]c���"j�SJ[yOaNZSR8@[�]ce�69NZ8(AG�"j�S�NZ¿�[=`
����N
Ü�Ý ³(Þ%É%ßàT}ª�áVâ�ª"Þ�«}¶Yá�ã ª"Þ�«}´Yá�ä ª"Þ�«Q¸�Wk��NZ��N([=8RN(g�[=���7�c]�OZ[=8R]�j�e76;��]ce 8@3�]_8@]cl�NZ����h{N
b�S@N([�²�Na¿^��S@N(6@6R]cj�e»]�e 8Rj»å�A�8R?�N(e1SRN(��S@N(6RNZe 8�á}â�ª"Þ�«t3,69]�e�5�³>´{µ@¶{µ@·¥¸>Ò�NZ8@O�A�37e�8@]c�¥8R?7NZ�
OZ[�e�e�j�8{b�N;b7SRj�²�NZe¹g^j>h�e�[=e��
�"3�SR8R?7NZSPW}��?7N
Õ$æ�ç=ÓRç�ÕZè¨ÔZÓQÙ�ÛQè�Ù�Õ¥é$ê^Ø�ÕZèÆÙ�Ö>Økj=� Ü µRë�ì�]�6¥8R?�N
b�j j��cNP[=e¹�"3�e7Oa8R]�j�e!A7OZj�`
��3^8@N(g�376R]ce75kS@NZ��N([=8RNPg�[�������]�O([>8@]cj�e76{j=�{³�´{µ@¶{µ$·¥¸�Ò�W

í
î �P��¯�
�	^�P�����Îïñð�Õ$æ�ç=ÓRç�ÕZè¨ÔZÓQÙ�ÛQè�Ù�Õfé$ê^Ø�ÕZè�Ù�Ö=Øyë ì Ö9ékç=Ø7ò¹ÛZÔaè Ü Ö�é{ódØ7Ùôè�Ô�ÛQè�ÓQê7ÕZèÆê^ÓRÔQÛ
ßõÕ$ç=Ø�ö@ÔYöZÓRÖP÷�ÔZØ�ø�Ö=ùVØúÓRÔ$Õaê^Ó$ÛQÙôû>Ôaüýò»ÙôØ7è�Ö»è"æ�ÔYÕ$Ö>þfÿ�ê^è�ç>èÆÙ�Ö>Ø�Ö9é�ç�ö$ÖPÖ>ücÔ$ç>Ø�é$ê^Ø�ÕaèÆÙ�Ö>Ø
ê�ÛQÙôØ ×�ç�Õ$Ö>þfÿ7Ö�ÛZÔ$ø¹ç$ÿ�ÿ�ü_Ù�Õ@ç=è�Ù�Ö=Ø1Ö�é�³�´{µ$¶{µ@·¥¸>Ò��

��?�NJj�b,69N(SRl>[>8@]cj�e¹[�b,j>l�N�]����c37698RS$[>8@N(6tÕ$Ö>þfÿ�ü�Ôaè�ÔaØ�ÔQÛ$Û{j=��b�j�j���N([�e¹b7[�69]�6(W
�ú?�N(e�h{N�8$[=��²�[=b�j�3^8�Oa]�S$Oa3�]c8@6�h{N�8@?�]ce7²�]ce�8RN(SR`�6�j=�;³�´{µ$¶{µ@·¥¸�Ò
[�6�5�[>8@N(6(W�\�NZN

±�]c5�3�S@NkÐ�W
��NPOZ[=����8R?,[>84h�?�N(e¹h{Ntg^Na©,e�N(gyOaj�`
���cNZ¿^]_8���`
NP[�6R3�SRN�h{N�e7NZN(g�N(g¹8Rj�g^NZ©7e�N

� §�e���3^843�e7]cl�NZS$69N��7[=S$[=`
NZ8RNZSPW��4N(SRN�T�� ë���ª�ë Ý Þ â µ
	�	
	ZµRÞ,ÍGµ
���}É�³�B�µZÐ�¸�«aW

:��$Ð



Input {0,1}^n

Output  in {0,1}

Fan−in

�����,°�¯>�Çï,Td�{j�j���N([�e¹OZ]cS$Oa3�]c8

� XYj^g^NZ�Gj��}OZj�`
��3^8$[>8R]�j�e¦W �fNZS@N�TVh{N�69��N(OZ]_�"��Oa]�S@OZ3�]_84b,[�6R]�6(W

� XYj^g^NZ���,[=S$[=`
Na8@NZS$6ZW �4NZS@N�T�e�3�`�b�NZS¡j=��5�[>8@N(6 Ý 69]�¤ZN�A=��j�e�5�N(698d�7[>8@?
�"SRj�` j�3�8R��3^8
8Rj
]ce7��3^8 Ý g^NZ�^8@?!W

§�e¹OZ]cS$Oa37]_8�`
j�g�NZ��h¥NJ[=��6Rj�e�N(N(g�8Rj
69��N(OZ]_�"��[�b,j�3^8{h�?7Na8R?7NZS{��[=e^�¨]�e¹]�6{b,j�3�e7g^NPg�j�S
e�j�8(W��»NtOZ[=ey[=��6Rj
OZj�e76R]�g^NZS{��[=e��Æj�3^8(A^b�3�8f]_8�8@3�S@e76�j�3^8�8@?7[>8
�;�!��¯>�����P�Çïñð;üôü{ö$Ö>ê^Ø�ø�Ô$ø�éaç=Ø���ÙôØ�ÕZÙôÓRÕaê^Ùôè�Û¹Õ$ç>Øúö$Ô�þ
ç�ø�Ô�è�Ö�æ7ç>û>ÔYö@Ö=ê^Ø�ø�Ô@ø�éaç>Ø��9Ö>ê^è
ùVÙôè"æ�Ö>ê^èfÙôØ�ÕZÓRÔ$ç�ÛQÙôØ ×YÛ$ÙcÚPÔ�Ö=Ó
ø�Ô¨ÿ�èôæ��
	
��Ö(Ö=û�ÔZÓ
����ücç>ù¡Ô����{Ù ÿ�ÿ�ÔZØ × ÔaÓ
�������������=ð�� �"!#�%$'& �
( ê7ÔQÛQèÆÙ�Ö>Ø*);ø�Ö(ÔaÛtÙôè{ç=ü¾ÛZÖkæ7Ö>ücø>Û¡éaÖ>Ótê^Ø�ö@Ö=ê^Ø�ø�Ô@ø4éaç>Ø���ÙôØ,+

X�[�]ce¹8R?�]�e�5 6�8Rj�6@[���[=b�j�3^84OZ]cS$Oa3�]c84`
j^g^NZ�ÆT

� h�?7[>8�8R?7N�5�[>8@N(6�[�SRN�A ]ÆW N�h�?7[>84]�6{8R?�N�b,[�6R]�6���j�3y[=S@N�O$?�j�j 69]�e�5

� h�?�Na8@?�NZS���[�e^�Æ]�ey]�6�b�j�37e7g^N(g�j�S�e�j=8

� h�?�Na8@?�NZS���j�3y[=S@N;b�j�3�e,g^]ce75�69j�`kNJj�8R?�N(S��7[=S$[=`
Na8@NZS�6R37O$?Y[�6�g^NZ��8R?

-/.�#10���°����*#,��°ú°��(�Y���"¯>��°��"�P�
Ð�W4±�]�S$6�8{SRNP[�6Rj�e�]�6¡8@?7[>8¥8RS$[�g^]c8R]�j�e,[=�ÆA S@N(OZ3�S$69]�l�NZ��8@?�NZj�SRNZ8R]�O�[=e7[��c�^6R]�6¥g^j�N(6¥e�j=8�h¥j�SR²

8Rj>h�[=S$g�69j��cl�]�e�5
�¢l^6��f�Å��S@j�b���NZ`yW�ª��4N(Oa37S@6R]cl�Na�Æ8R?�N(j�S@Na8@]�O;[=e7[��c�^6R]�6{]�6{8R?�NJj�e7N
8R?7[=8
698R37g�]cNP6�h�?7[=8
O([=e1b�NYg^j�e7N�b��ÇSRNPOa3�S$69]�l�N��"3�e7OQ8@]cj�e76$«QW1��?�N�j�e�N�`�[32�j�S
�cj>h{NZS�b�j�3�e,g�S@N(6R3��c8���j�3�?,[�l�N�6RNZNZeÇb�Na�"j�SRN�h�[�6 �;[=�c8R]�e�5Y��S@j�b���NZ`yA�b�3^8t8@?7[>8
SRNP693��c8
h{[�6kg�j�e�NY[�6
[»��S@j�j=�fb��¢OZj�e 8RS$[�g^]�OQ8@]cj�e¢[=e,g¢]c8�?7[�6
e�jÇOaj�e7698RS@37OQ8@]cl�N
[=��5�j�S@]c8R?�`yWy��?�N���S@j�b���NZ` h�]c8R?¢[�e ��`
Na8R?7j�g�8R?7[=8kg^j�N(6�?7[�l�N�[�e�[=��5�j�S@]c8R?�`
6�8@NZ`�6{�"SRj�` 8R?7NJ�"j����cj>h�]�e�5
SRNP6937�_8PW
�54�\76cÐ(<�8�B39G?7[�6�69?�j>h{N(g�8R?,[>8

:<; µRá>= Ý Á�á>=

�"j�S46Rj�`
NJj�S$[�Oa��N ;
b�3^8f[=��6Rj

: Ë�µRá>?A@Ý Á�á>?

�"j�S46Rj�`
NJj=8R?7NZS�j�S$[�OZ�cNJË�W

:���:



�f�!� ¯>�����(���ið;Ø7òJþ�Ôaè"æ�ÖPø�è"æ�ç=è�Ù�Û�ÓRÔZücç>èÆÙôû>ç(ÚPç�öZücÔ���Ù �ôÔ;ÓRÔZücç>èÆÙôû>Ô4è�Ö�ç=Ø¹Ö>ÓRç�Õaü�Ô�Õ$ç=Ø��
Ø�Ö>è¥ù¡Ö>ÓR÷�è¨Ö�ÛZÔaèÆè�ü�Ô��Zê7ÔQÛQèÆÙ�Ö>Ø�Ö9é�������� �

24e7g�[��c�¡8RS$[�g^]c8R]�j�e7[��¡`
Na8@?�j^g�6�ª�N�W 5�g^]�[=5�j�e7[��c]�¤([=8R]�j�e�8R?7[=8�h�[�6t3,69NPg»8Rj�6R?�j>h
8R?7[=8��
	���
�� 	 	 µ��
	�� @Ý � 	 	>«�[=S@N�S@NZ��[>8@]cl�]�¤([�b��cN�W
��? 3,6fh{N�e�N(N(gy8@j�376RN
[=�c8RNZS@e7[=8R]�l�N�A�`
j�S@Nt?7[�e7g�69�Æj�e�Oaj�`�b�]�e7[>8@j�S@]�[��ô�=[=��5�N(b�S@[�]�O
h{[��Jj=�78R?�]�e�²�]ce75J[�e7gt`
j^g^N(��6}j��,Oaj�`k�73^8@[=8R]�j�ekS@[=8R?�N(S¦8@?7[=e��"SRj�`i8R?�N�S@N(OZ3�S@6R]�j�e
8R?�N(j�S@��W

:�Wf\�N(OZj�e7g�`
j=8@]cl>[>8@]cj�eJ]�6�8@?7[>8�Oa]�S@OZ3�]_8$6![=e,g�OZ]cS$Oa37]_8¦6R]c¤(N��=g^NZ�^8@?�Oaj�S@S@N(6R�,j�e7g;698RS@j�e75����
8Rjt�42;X ª�6RN�� 3�NZe 8@]�[���«�8@]c`
N;[�e7g
69�,[�OaN�W�§¨8¥]�6VNP[�6R�t8@jt69N(N�8R?7[=8¥69N�� 3�NZe 8R]�[=��8R]�`kN
�Ý OZ]cS$Oa3�]c8¥6R]c¤(N�A�69]�e7OZN4h¥N�e7NZN(g�8Rj�6R�,N(e7g�Oaj�e7698@[=e 8V8@]c`
N;[=8¡NZl�NZS@����j�5�]�O�5 [>8RN�W�§¨8
]�6d[���6RjJN([�69��8Rjt6RNZN�8R?,[>8d�7[�S@[��c��NZ�^8@]c`
N �Ý Oa]�S$Oa3�]c8¡g^NZ��8R?!A�69]�e7OZN�h¥N4O([=e�e�j�8¡Oaj�`��
��3^8RN{8�h{j;5 [>8@N(6}69]�`�37�_8$[=e�N(j�376R�c��]c�,j�e�N�Oaj�`kNP6��R[>�ô8@NZS��;[�e�j=8@?�NZS}]�e�8@?�N�j�S$g^NZS@]�e�5
j=��5 [>8@N(6{�"S@j�`o��N([�l�N(6¥8Rj
S@j j�8(W
� Ô$Ô»þ
Ö=ÓRÔ1ø�Ôaè�ç>Ùôü¾ÛÇÙôØ�� �VÖ=Ø7Ø�Ô@ÕZèÆÙ�Ö>Ø Ö�é�ÕZÙôÓRÕZê^Ùôè�Û»è¨Ö%ÛQè�ç>Ø�ø�ç>ÓRøúÕ$Ö=þ4ÿ�ê^è¨ç=è�Ù�Ö=Ø�ç>ü
þ
ÖPø�ÔZü���ÿ�ç=ÓQè�Ö9éJèôæ^Ù�ÛtücÔ$ÕaèÆê^ÓRÔ�W

å7W��! Y&(' - º '#" í �%$ ��"&�t& í " �;¬ &'" ��( º '�'
24e�j�8R?�N(S}[�g^l>[=e 8@[�5�N¥j=�,OZ]cS$Oa3�]c8@6�]�6�8R?7[=8�8@?�NZ��N([�6R]��c�J��NZe7g�8R?�N(`�69N(�_�,8RjJSRN(��S@N(6RNZe 8
Û$êPÿ7ÔZÓÆÿ�Ö>Û$ÙôèÆÙ�Ö>Ø7Û�ª"j�StOaj�`�b�]�e7[>8@]cj�e76$«4j��¡8R?7Nk]�e���3�8@6(A¦69]�e7OZNkNP[�O$?�5�[>8@N�`
]�5�? 8�b,N
�,N(S9�"j�SR`
]�e�5�ª�6R]c`
����NP«�6R3���NZS@�,j 69]c8R]�j�eÇj��{]c8�]�e���3^8$6ZW �4N(SRN�]�6t[=eÇNZ¿^[�`
���cN�j��4[
693���NZS@��j�6R]_8@]cj�e!W¦M!NZ8�À�[=e7g�)fb�NV�"3�e,OQ8R]�j�e,6!j=��8�h{j�l�[�SR]�[=b7�cNP6ZW¦��?7NZe!*�ª"Þ�µ�+�µ-,�« Ý
À}ª"Þ¦µ�)�ª.+�µ-,�«9«�]�6�[4�"3�e7Oa8R]�j�etj��^8R?�N¥8R?�S@NZN¥l>[=S@]�[�b��cNP6GÞ¦µ-+�[=e7g!,,W���?7]�6�[=etNZ¿�[=`
����N
j=��[
6R3���NZS@�,j 69]c8R]�j�eyOaj�e76�8@]_8@3^8RNPg�j=��8R?�NJ�"3�e,OQ8R]�j�e,6fÀ�[�e7g/)�W
§�e�5�NZe�N(S@[���A![�6937�,N(SR��j�6R]_8@]cj�e�j��¥5�]cl�NZe��"37e7OQ8@]cj�e76�`
N([�e76J[��"37e7OQ8@]cj�e�h�?�]�O$?»]�6
j�b^8$[=]�e�N(g�b���6R3�b7698R]c8R3^8@]cj�e�j��769j�`kN¥j=��8@?�N¥�"3�e7OQ8@]cj�e76�]ce�����[�OaN¥j=��8@?�N�[=S@5�3�`
NZe 8$6
]ce�j=8@?�NZS��"3�e,OQ8R]�j�e,6�j=��8R?�Nt6RNa8PW
§�`k��j�SR8@[�e 8��7SRj�b��cN(` ª�6Rj=��OZ[��c��N(g �4]��cb�NZSR8�0 6�ÐPå21.3k��S@j�b���NZ`�«¥]�6�8R?�]�6

4J¯�� î �����Ñï65$Û�Ôaû>ÔaÓQò�ç>Ø�ç>üýò>èÆÙ�Õ!é$ê^Ø�ÕaèÆÙ�Ö>Ø�Ö9é{èôæ^ÓRÔ$Ô{û�ç=ÓQÙ�ç�öZücÔQÛfç�ÛQêPÿ7ÔaÓÆÿ7Ö�ÛQÙôèÆÙ�Ö>Ø�Ö9é
Õ@Ö=Ø7èÆÙôØ7ê7Ö=ê�ÛGé$ê^Ø�ÕaèÆÙ�Ö>Ø7ÛfÖ�é4èÆù¡Ö�û�ç=ÓQÙ�ç�öZücÔQÛ +75$Û�èôæ7Ô;ÓRÖ(Ö=è�Þ�ª.8�µ�9�µ-�Z«�Ö�éfèôæ7ÔJÔ:�Zê7ç>èÆÙ�Ö>Ø

Þ<;¥¼�8 Þ ä ¼=9$Þ ã ¼>�QÞ�¼�Ð Ý B

ç
ÛQêPÿ�ÔZÓÆÿ7Ö�ÛQÙôè�Ù�Ö=Ø»Ö9é�Õ$Ö>Ø7èÆÙôØ7ê7Ö=ê�Û}é$ê^Ø�ÕaèÆÙ�Ö>Ø7Û�Ö�éJèÆù¡Ö�û>ç>ÓQÙ�ç�öZücÔaÛ +

§�e�]_8@]�[��¥[=898RN(`
�^8@6t8Rj�6Rj���l�N
8@?�]�6���S@j�b���NZ` h¥N(SRN�3,69]�e�5Y8@?�NZj�SR��j=��`�3��c8R]�g^]�`
NZe^�
69]�j�e7[���l>[�SR]�[>8@]cj�e¢ª@?;]_8@3769?7² ]�eÅÐ(<BABA�«aW�\^?7[=e�e7j�e%ª9Ð(<DC#8�«f69375�5�NP6�8@N(g�OZ]cS$Oa37]_8t6R]c¤(N
[�6�[y5�j�j^g»�7[=S$[=`
NZ8RNZSJ�"j�S�OZ[��^8R37SR]�e�5�Oaj�`
���cNZ¿^]_8���j=�{�"3�e7OQ8@]cj�e76(W�M�[>8RN(SJ8R?�NP69N
[>898@NZ`
�^8$6
h¥N(SRN¹SRN(��[=8RN(g18Rj»8R?7N�OZj�e7OZNZ�^8$6
j=��\�?,[=e�e�j�eE0 6�]�e^�"j�SR`�[>8@]cj�e18@?�NZj�SR�
ª.FJj���`
j�5�j�S@j>l»ÐP<BABA�«QWHGf6R]�e�5Y8R?7N(6RN�SRNP6937�_8$6ZA���S@j�b���NZ` h{[�6�NZl�NZe 8R37[��c����6Rj���l�NPg
b �¹24S@e�j���g�]�eÇÐ(<IABJ�W

������	^�(���,��� .��"�}� î ���
0������ î �!������	��Å®¨�7¯>�»°���	��Y	���� î �!������	��*����¯>��°��"�(�
4�NZe7NZS$[=���c�¹b,j�j���N([�ey�"j�S@`�3���[=N�[=e7gyb�j�j���N([=e�OZ]cS$Oa37]_8$6f[=S@N�OZj�e76R]�g�NZS@N(gyN�� 3�]�l>[=��NZe 8(W

Kdl�NZS@�Çb,j�j���N([�e1�"j�SR`�3���[7A¡6@[���À}ª�Þ�« Ý ª"Þ â ´�Þ ã ´ Þ ä «¡¶�Þ ã ¶»Þ ä A¥OZj�S@SRNP69��j�e7g76�8Rj
[�b,j�j��cNP[=eÇOa]�S@OZ3�]_8t[�e7g�l�]�OaNZ�Æl�NZS$6R[7W �4j>hÊ]�6�6R]�¤ZN
j=�¥8R?�N�OZ]cS$Oa3�]c8�SRN(��[=8RNPg�8@j¹8@?�N�6R]c¤(N
j=�f8R?�N¹�"j�S@`�3���[BL §¨�;69j�`
N¹5 [>8RN¹?7[�6���[=S@5�N�ª Ý�M «t��[=e^�¨j�3^8k8R?,[=e18@?�NyOaj�S@S@N(6R�,j�e7g^]�e�5

:���å



Na¿^��S@N(6@6R]cj�eyª�h�]_8@?�]�e�69j�`
N4�7[=]�Sdj��¡ª�«�6$«Vh�]����7j^OZOZ3�S¡h�]c8R?�]�e��"j�SR`�3���[ M 8@]c`
NP6ZA^6Rjt69]�¤ZN4j��
8R?7Nt�"j�S@`�37��[�]�645�SRNP[>8@NZS4j�SfN�� 37[��!8@j�8R?�Nk69]�¤ZN�j=�}8R?7N�Oa]�S$Oa3�]c8(W4§¨�V��[�e^�¨j�3^8f]�6;b,j�3�e7g^NPg
8R?7NZe%6R]�¤ZN�j��48R?7N��"j�SR`�3���[�]�6�8R?7N�6@[=`
N¹[�6�6R]c¤(N¹j���8R?�NyOa]�S$Oa3�]c8�ª�h�]_8@?�]ce*[�OZj�e7698@[�e 8
`�37�_8@]c����NP«aW
������	^�(��� �Ç����¯>��°��"�(�k�P���Z�P	�����	^¯>�����,���}°��(	^�P������	��{�1�!�������

�{��8R?�N(]cS}e7[=8R3�S@N¥OZ]cS$Oa3�]c8@6}[�SRN¡[;�7[�S@[��c��NZ��`kj^g^N(��j=�,OZj�`
��3^8$[>8R]�j�e¦W�24���^5�[=8RNP6!j�e�8R?�N
6@[=`
Nf��NZl�NZ��OZ[=e�b,N;Na¿^N(OZ3^8RNPg�6R]c`�3��_8$[=e�N(j�376R����W � �cNP[=S@�c�
g^NZ��8R?�j��!8R?7N;Oa]�S$Oa3�]c8{]�6¥N�� 37[=�
8RjJ�7[�S@[��c��NZ�^NZ¿^N(Oa3�8R]�j�e�8R]�`kN�Wd\�]c¤(N�j=�,8R?�N4OZ]cS$Oa3�]c8¡Oaj�SRS@N(6R��j�e7g�6�8@jJ6RN�� 3�N(e 8R]�[=��8R]�`
N�A�]�W N�A
8R]�`
N�]ce�[J698@[=e,g�[=S$g�6RN�� 3�N(e 8R]�[=�^`
j^g^NZ��j���OZj�`
��3^8$[>8@]cj�e���]c²�N�[�8R3�S@]ce75�`�[�O$?�]ce7N{j�S}8R?�N
376R37[=�}Oaj�`
��3^8RN(S(W
W �ú?7[=8J[�b,j�3^8J6RN�� 3�N(e 8R]�[=�}69�7[�OaN�L¢§¨�¥h¥Nk�cj�j�²y[=8f8@?�Nk[�`
j�3�e 8;j��
6R�7[�OZN�e7NZN(g�N(g¹8Rj�OZj�`
��3^8@N�SRNP693��c8f[>8�5 [>8RN ; A�h{N�e7NZN(g»Ð�3�e7]_8fj���6R�7[�OZNJ�"j�S���Na�ô8@`kj 6�8
O$?�]���g�j=� ; [=e,gy8R?7[�e�h{NkO([=e�g�Na8RN(SR`
]�e�N
[=`
j�3�e 8;�"j�S�SR]�5�? 8�O$?7]c��g�j�� ; S@N(OZ3�S$69]�l�N(�c��A
6Rj�8Rj�8@[=��[=`
j�37e�8;j=�d69�,[�OaN�]�6;b,j�3�e7g^NPgyb �Çª"`�[=¿���[�e^�¨]ce,«@½^ª�g^NZ�^8@?�j=�}8@?�N�OZ]cS$Oa3�]c8$«aW�§¨�
��[=e��Æ]�e�]�6�[�6R6R3�`
N(g�8Rj�b,j�3�e7g^NPg�8R?7NZe�6RN�� 3�N(e 8R]�[=�^69�,[�OaN{Oaj�SRS@N(6R�,j�e7g�6�8@j�OZ]cS$Oa37]_8Vg^NZ��8R?!W
��NPOZ[=���{8R?7[=8�h¥N�?7[�l�N�69?7j>h�e18R?,[>8�ª�6RN�� 3�N(e�8@]�[���«���j���� e7j�`
]�[��{8R]�`kNYOZj�S@SRNP69��j�e7g76�8Rj
��j���� e7j�`
]�[��VOa]�S@OZ3�]_8t6R]c¤(N�W �4N(e7OaN�h{NkO([=e�8@[��c²�[�b,j�3^8t�Îl�6J�;�ñ]�e»8RN(SR`�6�j=��Oa]�S@OZ3�]_8
6R]c¤(N(6(W}��j�Oa��[=S@]c�"�
�"3�S98@?�NZSPA^8@?�NZS@NJ]�64[ke�j�8R]�j�e
4�/��¡�,��#

h�?�]�O$?�]�6�[YOa��[�6@6tj���[��c�¥b,j�j��cNP[=e»�"3�e7Oa8R]�j�e76kOaj�`k�73^8RNPgúª�Ø�Ö=Ø���ê^Ø,Ù éaÖ>ÓQþküýò
�f8@j�b,N
Na¿^����[=]�e�NPg�b�NZ��j>hf«{b����,j��c��e�j�`
]�[��!69]�¤ZN�Oa]�S$Oa3�]c8@6(W

��?�N�SRNP[�6Rj�eyh¥Nt8@[=��²Y[=b�j�3^8Já��������@+y[=e7gYe7j=8�á ]�64b�N(O([=376RN�j��V8R?�N�]�g�N([�j��4Ø�Ö=Ø��
ê^Ø7Ù éaÖ=ÓQþ�ÙôèÆò>Wd�4j�8R]�OaN�8@?7[>8{h�?�NZe�h{Nf[�SRN�8$[=��²�]ce�5�[=b�j�3^8¥��X 8@?�NZS@Nf]�6dj�e�����j�e�Nf��X j�S
Oaj�`
��3^8RN(Sf8@?7[>8JOaj�`k�73^8RN
[�g^NP69]�S@N(g��"3�e7Oa8R]�j�e!W���?�]�6���X OZ[�eY8@[�²�N�[�e���]�e���3�8;�"S@j�`
³PB7µZÐ�¸ Í [=e7g�j�3^8@��3^8$6�B�j�S
Ð�W �ú?�NZe�h¥N�8@[��c²�[�b,j�3^8JOZ]cS$Oa37]_8$6;?7j>h¥N(l�NZSPA�h¥N�e�NZNPgY8Rj
?7[�l�Nk[�g^]	��N(SRN(e�8�OZ]cS$Oa37]_8$6f�"j�S�]ce7��3^8@6Jj��{g^]	��NZS@NZe 8t69]�¤ZN�Wk��?�N(SRN
]�6Je�j�h{[��y8@jyg�Na©7e�N
Oa]�S$Oa3�]c8@6{�"j�S�l�[�SR]�[=b7�cNJl>[=��3�N(6�j���ÏVWd\�j
�"j�S4Oa]�S@OZ3�]c8@6�h{N�?,[�l�N

À>Í¹T^³�B�µZÐ�¸ Í Â B�µZÐ

[=e,g

À�T�³�À>Í,¸PÍ�

�

\�jk8R?7N�h{[���h{N�g^Na©7e7Nt[kOZ]cS$Oa37]_84]�6�[�6�[�6RN�� 3�N(e7OaNJj=�}Oa]�S@OZ3�]c8@6

³��{Í�¸PÍ�

�

j�S;[Yê^Ø7Ù éaÖ=ÓQþ ÛZÔ��Zê7ÔaØ�Õ@Ô�ª"]ÆW N�h¥Nt8R?�]�e�²�j=�¡[
h�[���]�e�h�?�]�O$?y8R?�NP69N�OZ]cS$Oa37]_8$6fOZ[�eYb,N
5�N(e�NZS$[>8@N(gGA^j�S�[��7SRj�5�S$[=` h�?�]�O$?¹5�NZe�N(S@[=8RNP6{8R?�NP69N�Oa]�S$Oa3�]c8@6$«QW

24��6Rj�8@?�NZS@N�[=S@N�Ø�Ö>Ø���ê^Ø,Ù éaÖ>ÓQþ�ÛaÔ��Zê7ÔaØ�Õ$ÔQÛdh�?�N(SRNJh{N�[�OQ8@37[=���c��h�S@]c8RN�g^j>h�e�ª�g^]	��N(S9�
NZe 8Q«�OZ]cS$Oa37]_8$6ZA=h�?7]�O$?k`�[���?7[�l�N{e�jJSRN(��[=8R]�j�e�8Rj�69`�[��c��NZSa����[=S@5�N(S¦j�e7N(6�h�?7[>8d6Rj;N(l�N(S(W�§�e
á��������@+kh¥N�[=���cj>hú��j���� �¨6R]�¤ZN4e�j�e^�¨3�e�]c�"j�S@` 6RN�� 3�N(e7OaNP6¡j��¦Oa]�S@OZ3�]c8@6Jª�698R]��c��j��!�,j��c��e�j�`k]�[=�
6R]c¤(N;8@?�j�375�?,«aW

�4j�8RN{8R?,[>8V5�]�l�N(e�[���X�]c8d]�6}NP[�6R�J8Rj�Oaj�e7698RS@37OQ8VOaj�SRS@N(6R�,j�e7g^]�e�5f37e�]_�"j�SR`Ê69N���37NZe7OZN
j=�¦OZ]cS$Oa37]_8$6ZW �4j>h{NZl�NZSd5�]cl�NZe�[�e�j�e^�¨3�e�]c�"j�S@`L6RN�� 3�N(e7OaN;j=�!Oa]�S@OZ3�]c8@6¥]_8{]�6¥e�j=8{Oa��N([=S¥?�j>h
8Rj�Oaj�e76�8@SR3,OQ8�[¹Oaj�SRS@N(6R�,j�e7g^]�e�5���X ª�3�e���N(6@6;8R?�]�6;6RN�� 3�N(e7OaN�]�6�]�eY��[�Oa8�37e�]_�"j�SR`�«aW�\^j
8R?7NZS@N�]�6k[=e�]�`
�,j�S98$[=e 8�g^]	��NZS@NZe7OZN�b�Na8�h{NZNZe1� [=e7g1������j�����A�b�3^8��"j�St8@?�N��73�SR��j�6RN(6
j=�}8@?�]�6;Oa��[�6@6�8R?7]�6;g^]���NZS@NZe,OaN�g^j�NP6�e�j=8;`
[�²�Nt[�g^]	��NZS@NZe7OZN�A�69]�e7OaN�h{Nth�]��c��b,Nt8@[=��²�]ce75
[=b�j�3�8;�{�>�,j��c�¹j�e�����W��4j�8RN�8@?7[>8�á 
�á��������@+�A�]ÆW N�6RNa8�j=�Ve�j�e^�Æ37e�]_�"j�SR` 69N�� 3�NZe7OZN(6�j��
Oa]�S$Oa3�]c8@6¦]�6�`
j�S@NV�,j>h{NZSR�"3��=8@?7[=e��}W(�4j�e^�¨3�e�]c�"j�S@`ÎOZ]cS$Oa3�]c8@6�OZ[�et69j��cl�N �f[��_8@]ce�5;�dS@j�b���NZ`
�"j�S{Na¿�[�`k�7�cN�A�6R]�`k�7�c��b��
8@[�²�]ce�5k[=e�[=e76Rh¥N(Sd8@j �;[=�c8R]�e�5k�¡SRj�b���NZ` [=e7g¹Oaj^g^]�e�5�]c8�]ce 8@j

:�� C



[JOa]�S@OZ3�]c8(A�h{N4g^j�eE0 8de7NZN(g
[JOaj�`
��3^8@[=8R]�j�ek�"j�S}8@?7[>8PW��4j>h{NZl�N(S}e�j=8@N¥8@?7[>8¡8R?�]�6VS@N�� 3�]�SRNP6
Na¿^��j�e�N(e 8R]�[=�!Oa]�S$Oa3�]c8f69]�¤ZN�[�e7g �;[=�c8R]�e�5��dS@j�b7�cN(` ]�6�e7j=84Oaj�e�8$[=]�e�N(g¹]�ey������j�����W

�ú?7[=8{h{N;[�SRN;?�N([�g^]ce75t8Rj>h�[=S$g
]�6¥6R?�j>h�]�e�5t8@?7[>8��f�¢]�6{e�j�8{Oaj�e 8@[=]�e�NPg�]ce��{�>�,j��c�
]ÆW N�8R?�N(SRN�[�SRN��7SRj�b��cN(`�64]�e��f�*8@?7[>8Jg^j�e�j�8;N(l�NZeY?,[�l�Nt[�e�j�e^�¨3�e�]c�"j�S@` 6RN�� 3�N(e7OaNtj��
��j�������6R]c¤(NJOZ]cS$Oa37]_8$6ZA�6RNZN�±�]c5�3�S@N�:�W �4N(e7OaNt[
6R3��,N(SR��j�����e�j�`
]�[=�dª�e�j�e^�¨3�e�]c�"j�S@`�«{Oa]�S@OZ3�]_8
6R]c¤(N���j>h¥N(S�b�j�3�e7g¢j�e¢[�e¢�f�à�"3�e7Oa8R]�j�eñª�h�]_8@?�j�3�8k��j�6@6�j��45�N(e�NZS$[=��]_8��Ç�f�d�¨OZj�`
����Na8@N
�"3�e7Oa8R]�j�e,«aA7]ÆW N�6R?�j>h�]�e�5k8R?7[=8fÁ�á @� á��������@+�]�646�8@SRj�e�5�N(S{8R?7[�e�6R?�j>h�]�e�5�á @Ý Á�á
W

P
P/poly

NP

��� ��°¦¯>���!TdX�[=��j=�V�f�*[=e,g�������j����

����	��ú�1	��Å®¨�,¯¹�����G� 0������
��3�N(6@g�[��úÐ�� 1���NZS@]cj^g%��Oa]�S$Oa3�]c8�]ce 8R37]_8@]cj�e%��h�?7[>8�OZ]cS$Oa3�]c8@6�O([=eú[=e,g%O([=e�e�j�8�g^j7W

�ú?7[=8t² ]�e7g»j=��Oa]�S$Oa3�]c8t]ce 8@3�]_8@]cj�eÇh�]c���dh{N�e�NZNPg Là±�]�S@698th¥N
h�]��c�¥6�8$[=SR8th�]_8@?Çg�NZ�^8@?¢:
Oa]�S$Oa3�]c8@6(A>]�W N�A�����[�]ce � �f±Y[�e7gkU;�;±y�"j�S@`�3���[=N{[=e7g�8R?7]ce�²t[�b,j�3^8}8R?�N�6R]c¤(N(6�j=�,8R?�NP69N�Oa]�S9�
Oa37]_8$6}�"j�Sd6Rj�`
N��{j j��cNP[=e��"3�e7OQ8@]cj�e76(W���?�]�6V��N([�g�6�8Rj�6Rj�`
N�b7[�6R]�O�OZj�e7OZNZ�^8$6�8R?7[=8dh¥N�h�]��c�
376RN���[>8@NZSPW;�4NZ¿�8�h{Nt8$[=��²y[�b,j�3^8�[�SRb7]_8@S@[�SR��g^NZ�^8@?�OZ]cS$Oa3�]c8@6(Wf§¨8�8R37SRe76;j�3�8f8R?,[>8�ÛQò>þ �
þ�ÔaèÆÓQÙ�Õdé$ê^Ø�ÕaèÆÙ�Ö>Ø7Û¥[=����?7[�l�N��
ª"��j�5¥Ï¦«¡g^N(�^8R?Y[�e7g��
ª�Ï¦«�69]�¤ZN�W}±73�e7Oa8R]�j�eYÀ}ª"Þ â µ
	�	
	aµRÞ,Í7«
]�6�OZ[=����N(gy69��`
`
Na8@SR]�O;�"3�e7OQ8@]cj�ey]_�

�
	 À}ª�Þ â µ
	
	�	aµ9Þ�Í7« Ý À}ª"Þ���
 â�� µ�	
	�	Zµ9Þ
��
 Í � «

h�?�N(SRN 	 ]�6�[k��NZS@`�3^8$[>8R]�j�e 	 T^³�Ð�µ
	�	
	aµRÏ}¸fÂ ³�Ð�µ�	
	�	aµ9Ï}¸ W
24����8R?7N�3,6937[����"3�e7Oa8R]�j�e76�j>l�NZS�b,j�j��cNP[=e76(A^6937O$?y[�6�[�g�g^]c8R]�j�e!A^`�3��_8@]c�7�c]�OZ[=8R]�j�e!A76R3�b^�

8RS$[�Oa8R]�j�e!A^`�[=8RS@]_¿�`�3��c8R]����c]�OZ[=8R]�j�e!A7`
[=8RS@]_¿�g^Na8@NZS@`k]�e7[�e�84O([=eyb,Ntg�j�e�NJ]�ey6R]�`k]���[=S46R]c¤(N
[=e,g¹g^N(�^8R?Yj���OZ]cS$Oa3�]c8@6�ª FJS@[���O$?7NZe�²�jk[�g�g^NZSPA�M!37�7[=e�j>l�ª���:�«9«aW

�»NYh�]c���;[���6Rj»8@[=��²%[�b,j�3^8�h�?��%[��c`
j 6�8�[��c�4b�j�j���N([�e%�"37e7OQ8@]cj�e76�e�N(N(gÅ8R?7N���[�SR5�N
Oa]�S$Oa3�]c8t69]�¤ZN�W��4j�8RNk8R?7[=8�h�]_8@?�j�3^8�b�j�3�e,g^]ce75yOZ]cS$Oa37]_8�g^NZ��8R?Ç69j�`kN��"3�e7Oa8R]�j�e76JS@N�� 3�]�S@N
��]ce�NP[=S46R]c¤(N��
ª"Ï¦«QW

��3�N(6@g�[���: Í�� ��NZS@]�j�g���h�]c���d6R?�j>hÌ8R?,[>8�ÿ�ç=ÓQÙôè�ò�é$ê^Ø�ÕaèÆÙ�Ö>Øye�N(N(g�6JNZ¿���j�e7NZe 8R]�[=�V6R]c¤(N
b�j�3�e7g�N(g�g^N(�^8R?�OZ]cS$Oa37]_8$6ZW4��?�3�S$6Rg7[���h�]c����b,N�6R��NZe7gYj�e�Oaj�`k�7�cNZ8R]�e�5�8R?7]�6f��SRj�j���ª"8R?�N
��S@j�j=�;h�[�6k5�S@[�g^37[=�{��S@j�5�SRNP6R6�b��¢±�3�S$6989��\^[>¿^Na��\�]��76RNZSPA¡2 2�8$[=]ÆA��¡[�j7A �;[�698@[�g¢NZ8@O=A{h{N
h�]��c�¦g�]cS@N(Oa8R���>2�3�`
�Y]ce 8@j �;[�698@[�g 0 6�l�NZS$69]�j�e¦A 3,69]�e�5
8R?7Nt69j��¨O([=���cNPg �f[�6�8$[�g 0 6�6Rh�]_8$O$?�]ce75
��NZ`
`�[�A^h�?�]�O$?�]�6�[�5�NZe�N(S@[���OZj�`�b�]ce,[>8Rj�SR]�[=�,SRNP6937�_8�8R?,[>8{8R3�S@e76�j�3�8¥8@jk?,[�l�Nf�7�cN(e�8���j��
j=8@?�NZS4[�������]�O([>8@]cj�e76�[�6�h{NZ����«aW

:�� A


