
����������
	���
��
���������
���
������������� ��!"�
�$#�%�&�')(�*+&�,.-0/2143 576�8:9<;�=�>@?�A�BDC
	�E@F.C�G
H 


IKJMLONQPRIRSTJQLOUWVYXZP\[^]_PR`�aTLOP

bWcDdfehgcjiOkmlOn
o�p�q�r
r.str�uwvyx2z|{:}R~_���
�@s�r��fz��
}����R�fq����t}������
����������r�uR�����${.�y{$�t~_{.s�s�{.���

� o����D�W�������.�����w��p�q�{$�"� �<r$}2�¡�f¢\£�¤:¥ ¦:§2¨:¥:© ¦:¦$������o���ª_�
«

��}����
����������¬�y�$�¡­Or:x2��®$r�®:}��h¯{|~y� °@r:}2�D±��.¥$¥:¥.��~y� °�r$}2�t²��"{$}�p��

³D´�µ�´�¶�·�´�¸R¹@º:»�¼\½�¾�¾
¿
³À´�·
¶�Á�´�¸\ÂÄÃ�Å"µÇÆM½�¾�¾
È

iwk�É2Êwd�iwËÌÊ
ÍÌ´"º$Å"Ã�»fÎ2´�Ï�Ð�Ñ@Å�Ò:Á�Ã�Å"´Oµ�Ñ
ÓOÔ�Ñ�Á�´�¸RÑ@Õ0Ö2Ã�Á�¶�µ×º:Î:¶�Ï�Á�Á�Ñ
ÓW´�Ð�Æ Ã
Ï�Ã�Î2Ã�»�Ñ
Ø
Ñ�º2ÁwÏ�ÑWÎ2´"º$Ù

Å"Ñ@Î Á�Ú�ÛÜÆ ´�Á�´Oº:Î:¶�Ï�ÁWÃ@Å"´O»�¶�Î:Ò.´�¸ÝÏ�Ñ|´�Ã
µ�ÆÞÑ
Ï�Æ ´�Å�Ö:¼Rµ�Ñ@Î:Î2´�µ�Ï�¶�Ñ@Î ÁWÐ�Æ2Ñ�Á�´yÁ�Ï�Å"´�Î2Ø�Ï�ÆQ¶�Á
ÓWÑ.¸.¶�ß2Ã�Ö$»�´�Ã
Á+Ã×Å"´�Á�º$»�Ï�Ñ�Õ0Ã×»�´�Ã@Å�Î:¶�Î2Ø|Ô:Å"Ñ.µ�´�Á�Á�Ñ�Å�Ã@»�Ø�Ñ@Å�¶�Ï�Æ Ó|Ú�à0Ã
µ�ÆQÑ�Õ0Ï�Æ2´�Á�´Oº$Î:¶�Ï�Á
¶�Î:Ï�´�Ø�Å"Ã
Ï�´�Á�¶�Î ¸:´�Ô�´�Î ¸$´"Î:Ï�»�¼Äá"â�ãÌä å.æ�å
ç�ç�è�çêé7Ï�Æ ´�¶�Î$ÕêÑ@Å"ÓWÃ�Ï�¶�Ñ@Î|Ô:Å"Ñ�·
¶�¸$´�¸×Ö:¼�¶�Ï�Á0Á�¼
Î2Ã�Ô2Á�´�Á
¶�ÎRÑ@Å"¸:´�ÅmÏ�Ñ_´�·@Ã�»�º2Ã�Ï�´ë¶�Ï�Á+Á�Ï�Ã
Ï�´wÑ@Õ0Ã�µ�Ï�¶�·�Ã
Ï�¶�Ñ@Î�Ú+ÛÜÆ ´�º$Î:¶�ÏÀÅ"´�Á�Ô7Ñ@Î Á�´O¶�ÁÌÏ�Æ ´�ÎRÃO»�¶�Î ´�Ã@Å
Ñ@ÅwÎ Ñ@Î:»�¶�Î2´�Ã�Å|Õ�º:Î µ�Ï�¶�Ñ@ÎìÑ@ÕD¶�Ï�ÁwÃ
µ�Ï�¶�·�Ã�Ï�¶�Ñ@Î�ÚQí�¶�Î ´�Ã�ÅyÃ@»�Ø�´�Ö$Å"ÃMµ�Ñ@Î µ�´�Ô Ï�ÁWÃ@Å"´Wº Á�´�¸�îï¶�Î
Ø
´"Î2´�Å"Ã�»�î�Ï�Ñ�Ã@Î Ã@»�¼.ð�´y»�¶�Î2´�Ã�Åyº$Î:¶�Ï�Á�î0ÐÜ¶�Ï�Æñ´�¶�Ø
´�Î:·�´�µ�Ï�Ñ�Å"ÁWÃ@Î ¸Q´�¶�Ø�´�Î:·�Ã@»�º ´�Á_Ö�´"¶�Î2ØRÏ�Æ2´
µ�Ñ�Å"´�µ�Ñ@Î µ�´�Ô Ï�Áf¶�Î:·
Ñ@»�·�´�¸�Ú�Û�Æ$¶�ÁfÃ�Î2Ã�»�¼.Á�¶�Á�ÓWÃ�Ò.´�Áfµ�»�´�Ã@ÅtÏ�Æ2´�Á�Ï�Å"Ñ�Î2Ø+Á�¶�ÓO¶�»�Ã@Å�¶�Ï�¼WÖ�´�Ï�Ðt´�´�Î
»�¶�Î ´�Ã@ÅDÎ ´�º$Å"Ã�»2Î ´�Ï�Ð�Ñ�Å�Ò:Á�Ã@Î ¸WÏ�Æ ´ÌØ�´�Î2´"Å"Ã@»2»�¶�Î ´�Ã@Å+ÓWÑ.¸:´�»�¸:´�·�´�»�Ñ@Ô�´�¸_Ö:¼wÁ�Ï�Ã
Ï�¶�Á�Ï�¶�µ�¶�Ã�Î2Á�Ú
Û�Æ2´�»�¶�Î ´�Ã@Å+ÓWÑ.¸:´�»�Á�Ô:Å"´�Á�´�Î:Ï�´�¸WÆ ´�Å"´DÃ@Å"´ÌÏ�Æ ´�ä è@æ�ò�è�ä�ó�æ�ô.ã:î�Ã@Î ¸yÏ�Æ2´wç�â�ã2è"å.æ�å
õ"õ�ô@ò�â�å.ó�ô.æ�Ú
Û�Æ2´ÌÖ7´�Æ2Ã�·
¶�Ñ�Å�Ñ@Õ�Î2Ñ�Î$»�¶�Î ´�Ã�Å�Î2´�Ï�Ð�Ñ@Å�Ò:ÁDµ�Ã�ÎyÖ�´�¸$´�Á�µ�Å�¶�Ö�´�¸ÄÐ�¶�Ï�Æ:¶�ÎRÏ�Æ2´ÌÕ�Å"Ã�ÓW´�Ð�Ñ�Å�ÒyÑ@Õ
Ñ@Ô Ï�¶�ÓO¶�ð�Ã�Ï�¶�Ñ@ÎMÃ@Î ¸yÃ@Ô:Ô$Å"Ñ�ö
¶�ÓWÃ�Ï�¶�Ñ@ÎMÏ�´�µÇÆ:Î:¶�÷
º2´�ÁDÐ�¶�Ï�Æ�¸$¼
Î Ã
Ów¶�µ�Ã@»øÁ�¼.Á�Ï�´�ÓWÁÌá"è�ù�ú.ù4î�»�¶�Ò.´
Ï�Æ Ñ
Á�´�º2Á�´�¸ÄÏ�Ñ¡ÓWÑ.¸$´"»fÁ�Ô:¶�ÎRØ@»�Ã
Á�Á�´�Á"é�Ú+ûÀÎ2´�Ñ�Õ0Ï�Æ2´�ÓWÃ�¶�Î\Î Ñ
Ï�¶�Ñ�Î2ÁDº2Á�´�¸ÄÐÜ¶�Ï�ÆÄÎ Ñ@Î:»�¶�Î:Ù
´�Ã�ÅÌº:Î$¶�ÏÌÎ ´�Ï�ÐtÑ@Å�Ò:ÁÀ¶�Á+Ï�Æ2´�Î Ñ
Ï�¶�Ñ@ÎMÑ@Õmå.ó�ó�æ�å.ò�ó�ô.æÇÚfüÞÆ2´"ÎQÏ�Æ ´OÏ�Ã�Á�ÒÄÑ�Õ0Ï�Æ2´�Î2´�Ï�Ð�Ñ�Å�Ò|¶�Á
Ï�ÑÄÃ
Á�Á�Ñ.µ"¶�Ã
Ï�´ÄÃ|Å"´�Á�Ô�Ñ�Î2Á�´�Ð�¶�Ï�ÆÞÁ�Ñ
ÓW´�Á�Ô�´�µ�¶�ß µ_¶�Î:Ô:º2ÏOÔ Ã
Ï�Ï�´"Å�Î2Á�îtÏ�Æ2´yÓWÑ�Á�ÏëÔ�Ñ�Ô$º:»�Ã@Å
Î Ñ@Î:»�¶�Î2´�Ã�ÅRÏ�´�µ�Æ$Î:¶�÷
º2´Mµ�Ñ@Î Á�¶�Á�Ï�Á|Ñ�ÕÌº Á�¶�Î2ØQÆ:¶�¸$¸:´�Îj»�Ã@¼�´�Å"ÁyÑ@Õ�Î ´�º:Å"Ñ@Î Á_Ï�Å"Ã�¶�Î2´�¸ýÐÜ¶�Ï�Æ
Ö Ã
µ�Ò.Ù)Ô:Å"Ñ@Ô Ã
Ø�Ã
Ï�¶�Ñ�ÎjÑ@ÕD´�Å�Å"Ñ�Å�Ú|Û�Æ ´WÎ2Ñ�Î$»�¶�Î ´�Ã@Å�ÓWÑ.¸:´�»�ÁOÔ:Å"´�Á�´�Î:Ï�´�¸�Ã�Å"´yÏ�Æ2´Äþ�ô�ä�ÿtè<ç��
Î ´�Ï�Ð�Ñ�Å�Ò�î.Ï�Æ ´��Dô
ç�ó����wå.ã2ã��Oå.ò	�2â�ã è<î�Ï�Æ2´�
�å.ò	��
4ä�æ�ô�ä2å�ú.å�ó)â�ô
ã�ã2è�ó��fô.æ��
î�Ã�Î2¸wÏ�Æ2´mæ�å��.â�å
ç

"å
õ�â4õ����:ã2ò�ó�â�ô.ãÀÎ ´�Ï�ÐtÑ@Å�Ò�Ú

��è����fô.æ��
õ���Î ´�º:Å"Ã@»fÎ ´�Ï�ÐtÑ@Å�Ò:Á�î�Ø
´�Î ´�Å"Ã@»0»�¶�Î ´�Ã@Å¡ÓWÑ.¸:´�»�î�Ô7´�Å"µ�´�Ô Ï�Å"Ñ@Î�î�Å"Ã�¸ ¶�Ã�»�Ö Ã
Á�¶�Á
Õ�º:Î2µ�Ï�¶�Ñ@Î�î��ÌÑ@Ô:ß ´�»�¸ÝÎ2´�Ï�Ð�Ñ�Å�Ò�î��tÑ@»�Ï�ð�ÓWÃ�Î$ÎjÓ¡Ã
µ�Æ$¶�Î ´
î�Ö Ã
µ�Ò.Ù)Ô:Å"Ñ@Ô Ã
Ø�Ã
Ï�¶�Ñ�Î Î ´�Ï�ÐtÑ@Å�Ò�î
´�¶�Ø�´�Î:·
´�µ�Ï�Ñ@Å�î�´�¶�Ø�´�Î:·�Ã@»�º ´
îOÔ:Å�¶�Î µ�¶�Ô2Ã�»Wµ�Ñ
ÓOÔ�Ñ�Î2´"Î:ÏÄÃ@Î Ã@»�¼.Á�¶�Á�îwÃ
Ï�Ï�Å"Ã�µ�Ï�Ñ@Å"Á�î+Ñ@Ô Ï�¶�ÓO¶�ð�Ã�Ù
Ï�¶�Ñ@Î�Ú

 "!$#&%('*)&+�,.-�/0'*12+�%
c43*5�687:9<;*=">*9@?	5�A:5�B�?:C�9EDF6@6<5�=<?GBIHKJL;0M<5�HNDN6<>�A	7�B�?:7	5�M p��)�"p�{.O�PIQKR@S"�)�����2T�U C�Ë�=<HNHN;KC�98VXWYDN7	7:A
DN6 O�P�QKZL[ QK\^]2_�T 7	9"5�?	58`.B�A�HNDN7	7	HN5@B�C�7:DF3&5�M<5�3*5�HN;*a"J$5�607�;Ibc7	9"5�de5�HNM$a<?:DF;&?f7:;g7:9<5@H�B�7	5hd<bi7:DF5�A
BI6<Mj5�BI?	HNkjA:DFl07:DF5�Am`.9"5�6 dh;*A:5�60n<H�B�7	7@DN607	?:;KM"=<C�5�Mo7	9<5 ���
�"p����f����r:} DN6 O�P*p&\j[rq*P^]sT�S BLC�HN;*A:5

t:u�v



C
	
G ��������� �
	�����
������������ � �����

1/0

1/0

1/0

1/0

Σ

Σ

Σ

RETINA OUTPUT
LAYER

Connections

{0/1}

{0/1}

{0/1}

Modifiable
Synapses

���
�! #"#$&%('�Ê.9"5gB�?:CG9"DF7:5�C�7:=<?	5E;Ib B 7 k0a<DNC�B�H�a�5�?:C�5�a<7:?	;&6*)WÊ.9<58ae5�?	C�5�a�+
7	?:;*6LDFA C�;*JLa�;&A	5�ME;Ib(7 `f;8H�B�k&5�?	A�;Ib(C�5�HNHNAfC�;*6<6<5�C�7	5�M n0k A	k06�B�a"A	5�A.JL;KM,+
D d B�n"HF5 7	9<?:;*=<>&9$HN5�BI?	6<DN6<>-)�Ê.9<5�DN6<a<="7.H B�k&5�?�DFA�6�BIJ$5�ME7:9<5 �"�
����}�{ )�Ê.9<5
C�5�HNHNA.C�BI6 7�B�.&5m;&6<HNkEn<DN6�B�?:k$3*BIHF="5�A S����4®:��TeR ;&? O�_ )

C�;*=<A:DF6 ;�be7	9<5�a�5�?	C�5�a"7	?	;&6$`.B�A0/ DNM<?:;�`21 A {$�:{ s���}�� DN607	?:;0M<=<C�5�MEDN6 O�P*q&R8[r\�QI]2_ )fÊ.9<5�A:5.5�B�?:HNk
JL;0M<5�HNA�B�HN?	5�B�M<k ae;*A	5�A	A8JL;*A	7.;Ibf7	9"5g5�A:A	5�607:D BIHYbi5�BI7	=<?:5�A@;�bfJL;*?:58C�;*607:5�J$ae;*?�B�?	k 6<5�=<?GBIH
6"5�7 `f;&?3.0A4)�Ê.9"5�k BI?	5@C�;*JLa�;&A	5�ML;�bYA	DNJ$a<HN5.n�BIA	DNC@=<6<DN7	A.HN;0;*A:5�HNkgC�;*J$aeB�?GBIn<HN5�7:;g6<5�=<?	;&6<A4)
W�5�?:C�5�a<7:?	;&6<A�9�B�3&5.5�A	A:5�607	D�B�HNHNkE7 `�;8H�B�k*5�?:Af;Ib(C�5�HNHNA45�B�6EDN6<a"=<7fH�B�k&5�?�`.9<DNC�9$`.B�A�C�B�HNHN5�M$7:9<5
S B�?:7	D d�C�D�B�H _À�"�
����}�{ ;�be7	9<5�a�5�?	C�5�a"7	?	;&6 T B�6"M BI6g;&=<7	a<="7(H�B�k*5�?6)87 5�B�?:6<DN6<>@DN687	9<5�A	5.6<5�7 `�;*?�.0A
7�B�.&5�A8a<H�B�C�5$B�787:9<5EA	k06�BIa<7	DNC:9�=<6"C�7	DN;*6"A8n�5�7 `f5�5�6 7	9"5E6<5�=<?:;*6<A ;�b.7	9<5LDN6<a<=<7@H�B�k*5�? B�6<M
7:9<5 6<5�=<?:;*6<A@;�b�7	9<5E;&=<7	a<="7�H�B�k*5�? S DF6 7	9<5 ;*?:DF>&DN6�B�H�a�B�ae5�?@7	9<5 ;*="7	a<=<7@H�B�k*5�?�`.B�A@C�B�HNHN5�M
7:9<5<;GBIA	A:;KC�D BI7	DN;*6 H�B�k*5�?�= _ )0i.7Yde?	A	7 T 7	9<5.ae5�?sbi;*?:J B�6"C�5.;�b 7	9<5�A	5�5�B�?	HNk 6<5�7 `�;*?�.KA�B�7	7:?GBIC�7	5�M
> =<DN7:5 B HN;*7�;�bfB�7:7	5�607:DF;&6*)�b�;�`�5�3&5�? T 7:9<5�DN?�HNDNJ$DN7GBI7	D ;*6<AYA	;0;&6 ne5�C�BIJ$5@C�HN5�BI?4)

d.;&A	5�60n<H�BI7	7 [�?*R^] B�6<M U DN6<A�.KkXB�6<M WYB�ae5�?:7 [rp&Z�] A	9<;�`�5�M 7:9�B�7E7:9<5�A	5o5�BI?	HNDN5�?$6<5�=<?GBIH
6"5�7 `f;&?3.0AY`f5�?	5mBIn<HN5�7	; HF5�B�?	6EB�A:A	;0C�D�B�7:DN;*6<AYne5�7 `f5�5�6$B A	5�7�;Ib DN6<a"=<7	A�B�6"M B A	5�7�;�b ;*=<7:a<=<7:A
;&6<HNk�D b�7:9<5f;&=<7	a"=<7YDFAYB HFDN6<5�B�?(7:?GBI6<A bi;&?	J B�7	DN;&6�;�be7	9<5�DN6<a<=<76)tcYA:A	5�607:D BIHNHFk T 7	9<5�A	5.6<5�7 `�;*?�.0A
BI?	5@5 > =<DN3*B�HN5�607.7:;EHFDN6<5�B�?.?	5�>*?	5�A	A	DN;&6 B�6<M 7:;EM<DNA	C�?:DFJLDN6�B�607.B�6�BIHFk0A:DFA6)�i�A@B C�;*6<A:5 > =<5�6<C�5 T
7:9<5�DN?�=<A	5@B�A.B z�r
�:�@s bi;*?�90=<J B�6 n�5�9�B�30DF;&?�`.B�A�;�b(J$;0M<5�?GB�7:5�B�a<ae5�BIH@)�n 6 BIM<M<DN7	DN;&6 T 7	9"5�DN?



� ��� ������������ C
	��

a j = Σ
i

xi wijw

w

x

x

x

i

I

0

w0j

ij

Ij

o = f (aj  j )

���
�! #"#$	� 'ëÊ.9<58;&=<7	a"=<7.C�5�HNH(;Ib4B ae5�?	C�5�a<7	?:;*6*)ÌÊ.9<5@DN6<a<="7	A�B�?:586<;&7	5�M

�� T 7	9<58A:k06�B�a<7:DNC8`f5�DF>&907	A�B�?:586<;&7	5�M�
 ��� � T 7:9<587:;*7GBIHcBIC�7	DN3*B�7:DN;*6$;Ib�7	9<5
C�5�HNH�DNAm6";*7	5�M�� � T DN7	A ?	5�A:a�;&6<A	5L;*?8;&=<7	a<="7 T 6<;*7:5�M�� � T DFA 5 > =�B�H�7:; R D b
� ��� R B�6<M O D b�� ��� R )

C�;*J$a"=<7GBI7	DN;*6�BIH a�;�`�5�?@`.B�A@;*6<HNk J$5�M<DN;KC�?	5 `.9<5�6 C�;&J$a�BI?	5�Mj7:; 7	9<5 M<DN>*DN7GBIH(C�;&J$a<="7	5�?:A
B�3*BIDNH BIn<HN58B�787:9<5E7	DNJ$5 )ZË�;&6<A	DNM<5�?	DN6<>j7:9<5E5�B�?:HNDF5�?8A	=<C�C�5�A	A:5�A$;Ib�7:9<5$A:k0JEn�;&HFDNCgBIa<a<?:;KB�C�9
S������
��T i�?	7:D d�C�D�B�Hfn 607	5�HFHNDN>*5�6<C�5 _�T DN7f`.B�A�7	5�J$a<7:DF6"> T 7	9<5�6 T 7	; C�;&6<C�5�607	?�B�7:5g?:5�A	;&=<?	C�5�Am;&6$7:9<5
A:k0JEn�;&HFDNCfBIa<a<?:;KB�C�9E?�B�7	9"5�?f7:9�B�6E;&6E6<5�=<?�B�H 6<5�7 `f;&?3.0A4)�Ê.9<DNA�DNA T DN6<M<5�5�M T `.9�B�7�9�B�a"a�5�6"5�M
S bi;*?@BEJL;*?	5 M<5�7GBIDNHF5�M 9<DNA:7	;*?:k ;�bf7:9<5EA	=<n 9 5�C�7 T A	5�5 [FO�R<TeZ�]i_ )yl 5�A:a<DN7	5 7	9<5EA:9<;*?:7	C�;&J$DN6<>*A
;Ib(7	9<5�A	5@5�B�?:HNkE6<5�=<?�B�H 6<5�7 `�;*?�.EJ$;0M<5�HNA T 7	9<5�k$C�BI6$A	;&HN3*5.DNJ$ae;*?:7GB�607Ya<?:;*n<HN5�JLA T B�6<ML9�B�3*5
7:9<5$B�M"M<DN7	DN;*6�BIH�B�M<3*BI6K7�B�>&5g;Ib�A:DFJLa<HNDNC�DN7 k )_i�AgB C�;*6<A:5 > =<5�6<C�5 T n@`.DNHFHY=<A:5$7:9<5�J DN6 7	9<DNA
aeB�ae5�?.7	;EDN607	?:;KM"=<C�586<5�=<?GBIH(6<5�7 `�;*?�.0A�B�6<M A	;&J$5 ;�bc7:9<5�DN?.J BIDN6ECG9eB�?GBIC�7	5�?	DNA	7:DFC�A4)

Ê.9<5@H�B�7:5�A	5�3*5�607	DN5�A@B�6<ML5�B�?:HNkE5�DN>*907	DN5�A.`.DN7	6"5�A	A:5�M B ?	5�6�BIDNA	AGBI6<C�5@;�bY6<5�=<?�B�H 6<5�7 `f;&?3.0A4)
Ê.9"5�J BI60k8?	5�BIA	;&6<A�bi;*?�7	9"DFA�?	5�A	=<?:>*5�6<C�5gDN6<C�HN=<M"5 5 O ) _ 7:9<5@>*5�6<5�?GB�H M"DFA�B�a<ae;*DN607	JL5�607�`.DN7	9
7:9<5�a�5�?sbi;*?:J BI6<C�5�;Ib 7:9<5fA:k0JEn�;&HFDNC�B�a"a<?	;0B�C�9���� ) _ 7	9<5.B�3*B�DNH�B�n<DNHND�7 k.;Ib�C�9<5�BIagn<="7cae;�`�5�? bi="H
S J$DNC�?:; _ C�;&J$a<=<7:5�?	A�� Z ) _ 7	9"5fM<5�3*5�HN;*a"J$5�607 ;�be6<;*6<HNDN6<5�BI? J$;0M<5�HNA ;Ib�6<5�=<?�B�H06<5�7 `�;*?�.0A��0B�6<M
Q ) _ 7:9<5 S ?	5 _ M<DNA	C�;�3*5�?:k ;Ib�7	5�C�9<6<D > =<5�Ahbi;*?�7	?�B�DN6<DN6<> 9<DNM<M<5�6 H�B�k*5�?	A.;�bY6<5�=<?:;*6<A6)

Ê.9<5�a<=<?:a�;&A	5�;Ib 7:9<DNA(DN607	?:;KM"=<C�7	;&?	k@a�BIa�5�?�DNA(7	;.a"?	5�A:5�607�A	;&J$5(?:5�a<?:5�A	5�607�B�7	DN3&5.J$5�JEne5�?	A
;Ibc7:9<5@J B�DN6 b B�JLDNHFDN5�AY;Ibc6<5�="?GB�H�6<5�7 `�;*?�.KA6)Dn�ne5�>&DF6 `.DN7	9L7	9<5@ae5�?	C�5�a<7	?:;*6 T `.9<DNCG9LC�B�6 ne5
="A	5�M 7	;jDN607	?:;KM"=<C�5$7:9<5$>&5�6<5�?�B�H.B�?:CG9"DF7:5�C�7:=<?	5 ;�bmB 6<5�=<?�B�H�6<5�74)�n 6 7	9<5Lk*5�BI?	A A	DN6<C�5LDN7	A
DN607	?:;0M<=<C�7:DF;&6 T A	5�3*5�?�B�HcBIHN7	5�?:6�B�7:DF3&58B�?	C�9<DN7:5�C�7	="?	5�A@9�B�3&5mne5�5�6 a<?	;&a�;&A	5�Mj7:;E;�3*5�?:C�;*JL5�7:9<5



C���� ��������� �
	�����
������������ � �����

HNDNJ$DN7�B�7	D ;*6<A ;Ib 7:9<5.ae5�?	C�5�a<7	?:;*6*)ÀncM"5�A	C�?:DNn�5 7 `f;@;�b 7	9"5�A	5@B�HN7	5�?:6�B�7:DN3*5�A�="6<M<5�?�7:9<5.9<5�BIM<DN6<>
;Ib�6<;*6<HNDN6<5�BI?.6<5�7 `�;*?�.KA65�7	9<5 3*5�?:k a�;&a<=<H�B�?.n�BIC�. + a<?:;*a�BI>KB�7:DN;*6 6<5�7 `�;*?�. T BI6<M 7	9<5 ?GBIM<D�B�H
neB�A	DNA�bi="6<C�7	DN;&6j6<5�7 `�;*?�. T B ?:5�H�B�7	DN3&586<5�`�C�;*JL5�?.7	;L7	9<5 d�5�HNM ;�b�6<5�=<?�B�H(6"5�7 `f;&?3.0A@7	9�BI7�DNA
="A	5�M n0k$A:5�3*5�?�B�H�a�B�ae5�?	A DN6 7:9<DNA.3*;&HF="J$5 ) U ;*A	7.6"5�=<?GBIH(6<5�7 `f;&?3.0A.C�B�6 ne58DN607	5�?:a<?	5�7:5�M B�A
BIA	A:;KC�D BI7	;&?	A45�7	9"5�DN?c7�B�A�.gDNAY7	;8B�A:A	;0C�D�B�7:5�B >*DN3*5�6 DF6"a<=<7Ya�B�7:7	5�?:6E`.DN7	9EB�>&DN3*5�68?:5�A	ae;*6"A	5 )Ìi
aeB�?	7:DNC�=<H�B�?�C�B�A:5f;Ib B�A:A	;0C�D�B�7:;*?	A T C�BIHFHN5�M {:x2��r��"{.����r�p
��{$��r$����T ;0C�C�=<?:A�`.9<5�6 7	9<5�DN6<a<=<7�a�B�7:7	5�?:6
DNA.7:9<58AGBIJ$5@a�BI7	7	5�?	6 B�A.7	9"5g?:5�A	ae;*6<A:5 )On 6 BIM<M<DN7	DN;&6 7:;E7	9<5 HNDN6<5�B�?�BI=<7	; +sBIA	A:;KC�D BI7	;&? T 7 `�;
6";*6<HNDN6<5�BI? BIA	A	;0C�D�BI7	;*?:A$B�?:5jM<5�A:C�?	DNne5�M DN6 7	9<DNAEa�BIa�5�?65j7:9<5Qb�;*a d�5�HNMX6<5�7 `�;*?3.XB�6<MX7:9<5
k�;*HN7���J BI6<6EJ BICG9"DF6"5 )

� !	��

����� )0/�����'*)&+�%
Ê.9"5fae5�?	C�5�a<7	?:;*6 C�BI6gne5.C�;*6"A	DNM<5�?:5�M BIAc7:9<5�d�?:A	7�DFJLa�;&?	7�B�607 DNJ$a<HN5�JL5�607GB�7:DN;*6�;Ib BI?	7:D�deC�D�B�H
6"5�=<?GBIH�6<5�7 `�;*?�.0A4)yn 7@`.B�A@C�?:5�B�7:5�M DN6j7	9<5 d"bi7	DN5�A@n0kÞd.;*A:5�60n<H�B�7:7 [rq&\<T q*P^] )Wi A@DF7:A@6�B�JL5
DN6<M"DFC�B�7	5�A T 7:9<58ae5�?	C�5�a<7	?:;*6 `.B�A.M<5�A	DN>*6<5�M 7:;EJ$DNJ$D C.;*?�7:;EJ$;0M<5�H ae5�?:C�5�a<7:=�B�HfBIC�7	DN30DN7	DN5�A6)
Ê.9"5�J BIDN6g>&;KB�H"`�BIAf7:;gB�A:A	;0C�D�B�7:5mn"DF6eB�?	k C�;&60d�>*="?GB�7:DN;*6<A S"���)����T a�BI7	7	5�?	6<A.;Ib [ R���O ] 3*B�HN=<5�A _
a"?	5�A:5�607	5�M B�AEDN6<a<="7	AE;*6 B S B�?	7:D d�C�D�B�H _ ?	5�7	DN6�Bo`.DN7	9XA	ae5�C�D d�C n<DN6�B�?:k ;*="7	a<=<7:A4) b�5�6<C�5 T
5�A	A	A:5�607	D�B�HNHNk T 7:9<5$ae5�?	C�5�a<7	?:;*6 DNA8J B�M<5E;Ib�7 `f; H B�k&5�?	A S A	5�5���DN>*="?	5 O�_ 5 7	9"5$DN6<a<=<7 H B�k&5�?
S������
��T 7	9<5 ;	?:5�7	DN6�B = _ B�6"Mj7	9<5 ;*="7	a<=<7@H�B�k*5�?4)WÊ.9<5$BI?	C�9<DN7	5�C�7	=<?:5 T ;&?	DN>*DN6�BIHNHFkEM"5�A	DN>*6"5�M n0k
dh;*A:5�60n<H�B�7	7@DN6 O�P*p ?j[rq*\^]	T `.B�A J$;*?:58C�;&J$a<HN5�l 7	9eB�6 7	9"DFA T n"=<7@DF6 b BIC�78DNA@5 > =<DN3*B�HN5�607@7	;
7:9<5 7 `f; + H�B�k&5�?EM<5�A:C�?	DNa<7:DF;&6X>*DN3*5�6X9<5�?	5 S C�b ) BIHNA	; [rZ<T�P<T@O�R^]2_ ) Ê.9<5 BIC�7	DN3*B�7:DN;*6 ;�b87:9<5
C�5�HNHFA ;�b�7	9"58DN6<a<=<7.H�B�k*5�?.DFA 7	?�B�6<A:J$DN7	7:5�M 7	;E7	9"5gC�5�HFHNA ;�b�7	9<5 ;*=<7:a<=<7�H�B�k&5�?.7	9<?:;*=<>&9jC�;&6�+
6"5�C�7	DN;&6<A S ;	A	k06�BIa<A	5�A3= _ `.9<DNC�9 C�B�6 C�9�B�6<>&587	9"58DN6K7:5�6<A:DF7 kL;�bY7	9<58A:DN>*6�BIH S n0k$JE=<HN7:DFa"HFk0DN6<>
7:9<5 DN6<C�;*JLDN6<> A	DN>*6�BIH.n0k B&;:`f5�DN>&9K7�= ;&? ;:A	k06�BIa<7	DNC 5��$C�BIC�k�= T A:5�5���DN>*=<?:5 � _ ) b�5�6<C�5 T
7:9<5 ?	5�A:a�;&6<A	5 ;�bm7:9<5jae5�?	C�5�a<7	?:;*6 DNA$B bi=<6<C�7	DN;*6 ;�bm7:9<5jA:7	DNJE=<HN=<AgBIa<a<HNDN5�M 7:; 7:9<5 C�5�HNHNA
;Ib�7:9<5EDN6<a<=<7@H�B�k*5�?gB�6<Mo;�b.7	9"5$`�5�DN>*907	A@;�b.7	9"5$C�;&6<6<5�C�7:DN;*6<A6)RÊ.9<5EC�5�HNHFA ;�b.7	9<5E;&=<7	a<="7
H�B�k&5�?�C�;&J$a<=<7:5�7:9<5�DN?fA:7GBI7	5@;�b�B�C�7:DF3*BI7	DN;*6EB�A�Bmbi=<6<C�7:DN;*6$;Ibc7:9<5�A:7	DNJE=<H�B�7:DF;&6g7:9<5�kE?:5�C�5�DN3*5
7:9<?	;&=<>*9E7:9<5�A:k06�B�a<A:5�A T B�6<ME7:9<5�6 >*DN3&5�B S n<DN6�BI?	k _ ?:5�A	ae;*6<A:5gB�A�B@bi="6<C�7	DN;&6E;�b(7	9"5�DN?fA:7GB�7:5
;Ib4BIC�7	DN3*B�7:DN;*6*)

U ;&?	5@bi;&?	J B�HNHNk T 7	9"5m?:5�A	ae;*6"A	5 ;�bc7:9<5@;*=<7:a<=<7.C�5�HFHNA M<5�ae5�6<M<A =<a�;&6 7	9<5�DN?.HN5�3&5�H(;Ib4B�C�7	D�+
3*BI7	DN;*6 `.9<DNC�9$DNA�C�;*JLa<=<7	5�M$B�A�7	9<5@A	="J ;�b(7:9<5�`�5�DN>*907	A�C�;&J$DN6<> bi?	;&J B�C�7:DF3&5�DN6<a<="7fC�5�HFHNA6)
Ê.9"58?	5�A:a�;&6<A	5EDNA 7	9<5�6o;*n"7GB�DN6<5�M n0k 7	9"?	5�A:9<;*HNM<DN6<>L7	9<5EB�C�7:DN3*B�7	DN;&6 S������
��T 7:9<58C�5�HFHY`.DNHNH(ne5
DN6L7	9<5gBIC�7	DN3&5�A	7�B�7:58;*6<HNkED bcDN7:A�B�C�7:DF3*BI7	DN;*6LHN5�3*5�H DNA.H�B�?:>*5�?.7:9�B�6jB >*DN3*5�6 7:9<?	5�A	9<;&HFM _ )

É0ae5�C�D d�C�BIHNHFk T 7	9"5gB�C�7:DN3*B�7	DN;&6E;�b�7	9<5��6+ 7:9 ;*=<7:a<=<7�C�5�HNH DFA.C�;*J$a"=<7	5�M B�A

� ���
� 
�

 � 
 ��� � � S:O�_

`.DN7	9*5
! � � 5�BIC�7	DN3*B�7:DN;*6E;�b�7:9<5��4+ 7	9j;&=<7	a"=<7.C�5�HNH )
!�
�� 5YA:7GBI7	58;Ibc7	9"5#" + 7	9jC�5�HFH ;Ib�7	9<5@?	5�7	DN6�B SiR ;&? O�_ )
! 
 ��� � 5 3*B�HN=<5L;�bm7:9<5j`�5�DN>*907 C�;*6<6"5�C�7	DN6<> 7	9<5$" + 7:9XC�5�HNH�;Ibm7	9"5 ?:5�7	DN6�Bo7:; 7	9<5%�6+ 7:9
;&=<7	a<="7�C�5�HNH )

Ê.9<58;&=<7	a"=<7.C�5�HNHNA�`.DNHNH 7	9<5�6j7GB .*5@5�DN7	9<5�?�7	9"5gB�C�7:DN3*5@A	7�B�7	5 S"�����
��T >&DF3&5@7	9<58?:5�A	ae;*6"A	5 O�_
;&?.7	9<5 DF6eB�C�7:DF3&5@A	7GBI7	5 S������
��T >*DN3&5m7:9<58?:5�A	ae;*6<A:5 R&_ D b47:9<5�DN?�HN5�3&5�H(;Ib4BIC�7	DN3*B�7:DN;*6$DNA >*?	5�B�7	5�?



� ��� ������������ C��:�

;&?gHN5�A:AE7	9�BI6 7:9<5�DN?E7	9<?:5�A	9";*HNMX6<;*7:5�M�� � S > =<DN7	5L;�bi7:5�6�� � DFA A	5�7E7	; R*_ ) WY?	5�C�DFA:5�HNk T 7:9<5
?:5�A	ae;*6"A	58;Ib47:9<5��4+ 7	9 ;*=<7:a<=<7.C�5�HNH DNA.>*DN3&5�6jB�A

� � �
� R b�;*? � � � � �
O b�;*? � � � � ��� S � _

Ê.9<5 7	9<?:5�A	9";*HNM�� � DFA@JL;KM"D�d B�n<HN5�n0kjHN5�BI?	6<DN6<> S HND�.&587	9"5E`f5�DN>&9K7:A _�T BIA8BEC�;&6<A	5 > =<5�6<C�5
DN7:A@bi=<6<C�7	DN;*6 DFA B�HNJ$;&A	7@5 > =<DN3*B�HN5�60787:; B `�5�DN>*9074)�i�C�7:=�B�HNHNk T 7	9"?	5�A:9<;*HNM<DN6<>oDNA8;�bi7:5�6 DNJ +
a"HF5�J$5�607	5�M n0kjA:5�7	7:DF6"> B�6oDN6<a<=<78C�5�HNHfB�HN`.B�kKA8BIC�7	DN3*5 S 7:9<5 R + 7:9 DN6<a"=<7@C�5�HNH _ A	; 7	9eB�787:9<5
`�5�DN>*907 
�� � � DNA.5 > =�B�H�7	;
	�� � )DÊ.9<5 7	5�?:J ;�b ��������r:}2���
���){.� DNA.;�bi7:5�6 =<A	5�MoB�A�B A	k06<;&60kKJ
b�;*?�7	9<?:5�A	9<;&HNM*)�Ê.9<DNA.`f;&?3.0A�n�5�C�B�=<A:5�c > =�B�7:DN;*6 � DNAf7:9<5�6 ?	5�`.?	DN7	7:5�6 B�A S `.DN7:9 
�� � � ne5�DN6<>
5 > =eB�H 7	;
	�� � _ 5

� � �
� R bi;&? � ��� 
�� � � � R
O bi;&? � ��� 
�� � � � R � S�Z*_

c > ="DF3*BIHN5�607	HNk T � � C�BI6 ne58C�;&J$a<="7	5�M B�A 
�� � � D bcC�5�HNH R DFA<;:C�H�B�JLa�5�M =87	;E7:9<5@3*B�HN=<5�	 O )
� ) O )������������������ �"!#�
Ê.9"5.J B�DN68a"?	;*n"HF5�J b�;*?�7:9<5.a�5�?	C�5�a"7	?	;&6jDNA�7	; HF5�B�?	6E9";�` 7	; B�M49�="A	7�7	9<5.A:kK6eB�a<7:DFC `f5�DF>&907	A
DN68;&?	M<5�?�7	; >*DN3*5�7	9<5�M<5�A:DN?	5�ME?:5�A	ae;*6<A:5.bi;&?cB >*DN3&5�68A	7:DNJE=<HN=<A4) �";*?�5�l<B�JLa<HN5 T B�ae5�?:C�5�a<7:?	;*6
`.DN7:9E7 `f;8DN6<a"=<7fC�5�HNHFA.B�6"ME;*6<5 ;*=<7:a<=<7�C�5�HNH�C�B�6$ne5@=<A	5�M$7	; DNJ$a<HN5�JE5�6K7YHN;*>&DNC�B�H0b�=<6<C�7:DF;&6<A
D bY7	9<5@A	7:DNJE=<HND�>&DF3&5�6 BIA.DN6<a<=<7.C�;&6<A	DNA:7.;�bc7:9<58A:5�7

R R
O R
R O
O O

S2QK_
BI6<M$7:9<5@;*=<7:a<=<7.DNA�C�;*6<A:7	DN7	="7	5�Mjn0kE7:9<5 Q n<DN6�BI?	kE?:5�A	ae;*6<A:5�A@C�;*?:?	5�A:a�;&6<M<DN6<>E7:;g7:9<5@bi=<6"C�+
7:DN;*6X7	; n�5oDNJ$a<HN5�JE5�607:5�M*) �<;&?E5�l<B�JLa<HN5 T 7	9<5oHN;*>*DNC�BIH�$#" bi=<6<C�7:DN;*6XDNA$>*DN3&5�6 n0kX7	9<DNA
aeB�7	7:5�?	6 ;Ib BIA	A:;KC�D BI7	DN;*6

R R % 	"& R
O R % 	"& O
R O % 	"& O
O O % 	"& O �

7 5�B�?	6"DF6">8DN6gae5�?	C�5�a<7	?:;*6<A.7�B�.&5�A�a<H�B�C�5�BI7�7	9<5.A:k06�B�a<7:DNCfHN5�3&5�H�n0k8C�9�BI6<>*DN6<>@7:9<5.`f5�DF>&907	A
;Ibf7	9"5gC�;&6<6<5�C�7	DN;*6<A@ne5�7 `�5�5�6 7	9"5gC�5�HFHNA@;�b�7	9<5 ?	5�7:DN6�B B�6<Mj7:9<5 ;*=<7:a<=<7@C�5�HNHNA4)WÊ.9<5�?	5$B�?:5
A:5�3*5�?GB�H ae;*A:A	DNn<HN5�a"?	;0C�5�M<="?	5�A 7	9�BI7�B a�5�?	C�5�a"7	?	;&6jC�BI6$=<A:5mDN6E;&?	M<5�?.7:;gC�9�BI6<>*5 DN7	5�?�B�7	DN3&5�HNk
7:9<5$A:k06�B�a<7:DNC `�5�DN>*907:Ag7:; a<?:;0M<=<C�5jB A	5�7E;IbmM<5�A:DN?	5�MX?	5�A	ae;*6<A:5�A$7:; B a�B�?:7	DNC�=<H�BI?gA:5�7E;�b
DN6<a"=<7	A6)hÊ.9<5jJL;*A:7 b B�JL;*=<A8;&6<5jDNA<.06<;�`.6X=<6<M<5�?$A	5�3*5�?�B�H@6�B�JL5�A45 7	9<5(' ���$�"r*) ��vyr,+



C��
C ��������� �
	�����
������������ � �����

HN5�BI?	6<DN6<>@?:=<HN5 S C�b ) [r\IQ�T ?&p<T*p&q<T � O�]i_�T 7	9<5 ~_��s���{ ?	="HF5 [�?"O�]	T ;*?�JL;*?	5�A	DNJLa<HNkm7:9<5 ���
�"p����f����r:}
HN5�BI?	6<DN6<> ?	="HF5 [rZ*R^] )

n 6$;&?	M<5�?f7:;g=<A:5�7:9<5:/ DNM<?:;�` +�b ;�� HF5�B�?	6"DF6">8?	=<HN5 T 7:9<5�;&=<7	a"=<7�C�5�HNHNA�;�b(7	9"5mae5�?:C�5�a<7:?	;*6
JE="A	7 n�5ja"?	;�30DNM<5�MX`.DN7	9X7	9<5 C�;*?:?	5�C�7 ?:5�A	ae;*6<A:5 A:; 7	9�BI7$7:9<5�kXC�B�6XC�;&J$a<="7	5jB�6 �
���"r$�
����®$}�{ s )�Ê.9<DNA�7 k0ae5@;�b�HN5�B�?:6<DN6<>gDNA.?:5�bi5�?:?	5�Mo7	;$BIA ��x@�7�
���
������� s���{:�@}���}:® )�Ê.9<58;&=<7	a<="7.C�5�HNHNA
JE="A	7.B�HNA	; .06<;�` 7:9<58A:7GB�7:58;�bY7	9<5 DF6"a<=<7.C�5�HNHNA S������
��T 7	9"5�k$6<5�5�M 7:;<.06<;�` `.9�BI7.A	k06�B�a"A	5�A
BI?	5gBIC�7	DN3*BI7	5�Mjn0k 7	9"5gC�="?	?	5�6K7 A	7	DNJE=<H�BI7	DN;*6 _ )DÊ.9<5 ;*="7	a<=<7@C�5�HFHNA T 9";�`f5�3&5�? T M<;L6<;*7@6<5�5�M
7:;2.06<;�` 7:9<5�?:5�A	ae;*6"A	5@;�b(7:9<5�;&7	9<5�?�;*="7	a<=<7 C�5�HNHNA4)�b�5�6<C�5@7	9<DNA�HN5�BI?	6<DN6<> ?	=<HN5.C�BI6En�5 A	5�5�6
BIA.a<=<?:5�HNk HN;0C�BIH T n�5�C�B�=<A:5g7:9<5 C�5�HNHNA.6<5�5�Mo7	; .K6";�` ;&6<HNk$7	9"58HN;KC�B�H(DN60b�;*?	J B�7:DF;&6EDN6 ;&?	M<5�?
7:;gHN5�BI?	6*)
�";*?�B a�5�?:C�5�a<7:?	;&6 T 7	9<5 / DNM<?:;�` +�b ;��jHN5�B�?:6<DN6<>g?:=<HN5�DNA.3*5�?	k$A:DNJ$a<HN5 ) ��DN?	A:7 T B C�5�HFH `.DNHNH

HN5�BI?	6 ;*6<HNkoD�b�DN7 J B .*5�AgB J$DNA	7�B�.*5 S������
��T 7	9"5 5�?	?	;&?EA	DN>*6eB�H�DFA 6<;&7 ��5�?	; _ )ýk�5�C�B�="A	5j7:9<5
;&=<7	a"=<78DNA8n<DN6�BI?	k T 7:9<5�?	5 B�?:5$;*6"HFk 7 `f;jae;*A:A	DNn<HN5EJ$DNA:7GB�.&5�A4)QcYDN7	9"5�?g7:9<5$C�5�HNHfA:9<;*=<HNM ne5
r + B�6"M DF7 DFA r:}<T ;*?87:9<5$C�5�HFH�DNA r,+ `.9<5�6 DN78A:9<;*="HFM n�5 r:} )�n�b�7	9<5LC�5�HNH�DFA r:} DN6<A:7	5�BIM
;Ib r,+.T 7:9<DNA@J$5�BI6<A@7	9�BI7m7:9<5$C�5�HNH@1 A8B�C�7	DN3*B�7:DF;&6jDNA@7	;0; 9<DN>*9 T BI6<M 7	9"5�?	5�b�;*?	5 T 7	9�BI7mDN7@9�BIA
BIA	A:DF>&6<5�ML7	;0;gJE="CG9EDNJLa�;&?	7GBI6<C�5 S"�����
��T 7	;0; H BI?	>&5mB `f5�DN>&9K7 _ 7:;g7:9<5@C�5�HNHNA�b�?	;*J 7	9<5 ?	5�7:DF6eB
7:9�B�7 B�?	5LDN6 7	9<5 r:} A:7GBI7	5 )Ýi�6 ;*n030DN;*=<A8A:;*HN=<7:DF;&6 7:; 7:9<DNA8a<?:;*n<HN5�J DNAg7:;jM<5�C�?	5�BIA	5j7:9<5
`�5�DN>*907:A�BIA	A	;0C�D�BI7	5�Mj`.DN7:9$7	9"5�A	5 C�5�HNHNA�bi?	;&J 7	9"5m?:5�7	DN6�B )�7 D�.*5�`.DFA:5 T D bY7	9<5@C�5�HNH�DFA r + `.9"5�6
DN7YA	9";*=<HNMEne5 r:}"T DN7	A�B�C�7:DF3*BI7	DN;*6 DNA�7	;0;8HN;�` T BI6<MEA	; T 7:9<5.`�5�DN>*907	A�;Ib(7	9<5.?:5�7	DN6�BIH�C�5�HNHFA�7	9eB�7
BI?	5 r:} A:9<;*=<HNM ne58DN6<C�?	5�B�A	5�Mj7	; C�;*?:?	5�C�7m7:9<58a<?:;*n<HN5�J )

7 5�B�?	6"DF6">obi;*?EBjA:5�7$;IbmA:7	DNJE=<HND�DNAgDNJLa<HN5�J$5�607:5�M n0k ;	a<?:5�A	5�607:DF6"> = S"�)�����2T C�;*JLa<=<7	DN6<>
7:9<5j;&=<7	a<="7 B�A:A	;0C�D�B�7:5�M `.DN7	9 Bo>*DN3*5�6 DF6"a<=<7Ea�BI7	7	5�?	6 _ 7	9"5jDN6<M<DN30DFM"=�B�H.A:7	DNJE=<HNDf7:; 7:9<5
ae5�?:C�5�a<7:?	;*6 A	5�3&5�?GBIH(7	DNJL5�A�DN6 B ?GBI6<M<;*J ;*?	M"5�?4)�Ê.9<5@`�5�DN>*907	A.B�?:58B�M49�="A	7	5�M B�A.M"5�A	C�?:DNn�5�M
a"?	5�30DN;*=<A:HNk B�6"M$7	9"58HN5�B�?:6<DN6<>Ea<?	;0C�5�M<=<?	5 7	5�?	J$DN6�BI7	5�A.B�A A	;0;*6jBIA.7	9<58ae5�?:C�5�a<7:?	;*6oJ B .*5�A
6";.5�?	?:;*?4)�Ê.9<5�A:k06�B�a<7:DNC�`f5�DF>&907	A `.DNHNH�A	7	;&a8C�9�B�6">*DN6<>�B�A A:;0;*6gBIA 7	9<5�a�5�?	C�5�a"7	?	;&6gae5�?sbi;*?:J$A
ae5�?sbi5�C�7:HFk T ne5�C�BI=<A	5 7	9<58ae5�?:C�5�a<7:?	;*6oHN5�B�?:6<A.;*6"HFkE`.9"5�6 J B�.0DN6<>gB J$DNA:7GB�.&5 )

U ;&?	5@bi;&?	J B�HNHNk T 7	9"5 / DFM"?	;�` +�b�;��jHN5�BI?	6<DN6<> ?	=<HN5@DNA.`.?	DN7	7:5�6 BIA45


������	��
��� � � 
����

��� � ��� S�� � 	�� � _ 
 � � 
����

��� � ��� 
 ��� � � S�p*_
`.DN7:9

! � 
 ��� � 5YC�;*?:?	5�C�7	DN;*6j7:;$B�M<ML7	;E7:9<58`�5�DN>*907 
 ��� � )
!�
 � 5Y3*BIHN=<5 S�R ;*? O�_ ;Ibc7:9<5 "�+ 7	9j?:5�7	DN6�BIH C�5�HNH )
! � � 5Y?:5�A	ae;*6"A	5 ;*?.;*="7	a<=<7.;Ibc7:9<5 �6+ 7:9 ;&=<7	a"=<7.C�5�HNH )
! � � 5Y7�B�?:>*5�7.?:5�A	ae;*6<A:5 S ;*?.C�;&?	?:5�C�7@M<5�A:DF?:5�Mj?:5�A	ae;*6<A:5 _ )
! 
 ���

��� � 5�`f5�DF>&907.;�b�7	9<5 A	k06�BIa<A	5 n�5�7 `�5�5�6 7:9<5 " + 7:9j?	5�7	DN6�B�H�C�5�HNH�B�6<M 7	9<5 �6+ 7	9j;&=<7	a<="7
C�5�HFH B�7Y7:DFJL5 S��G_.[������
��T 7	9"5.5�l0a�;&6<5�607 S��G_ >&DF3&5f7:9<5�6K="JEn�5�?Y;Ib 7:9<5fC�=<?	?:5�607fDN7	5�?GB�7:DN;*6 ] )
Ê.9<5 3*B�HN=<5�A�;�b 
 � � 
��� � B�?	5@>&5�6<5�?�B�HNHNk$DN6<DN7	D�B�HND ��5�ME7:;EA	J B�HNH�?�B�6<M";*J 3*BIHF="5�A4)

! � 5�B A	J BIHNHKae;*A:DN7	DN3*5 C�;*6<A:7GBI6K7�>*5�6<5�?GBIHNHFkE?:5�bi5�?:?	5�M 7	;EB�A�7	9<5 s���{:��}���}:®Äp�r:}7�<��{:}�� )�n 7:A
bi="6<C�7	DN;&6 DFA 5�l<B�J$DN6<5�MjDN6 >*?	5�B�7	5�?gM<5�7GB�DNH�DN6o7	9<5LM<DNA	C�="A	A	DN;&6 ;�b.HFDN6<5�B�?gBIA	A	;0C�D�BI7	DN3*5
JL5�J$;&?	k�)+n 7@A:9<;*=<HNMjne5 6<;*7:5�M T 9<;�`�5�3&5�? T 7:9�B�7 C�9<;0;*A	DN6<> � DNAmB M<5�HNDNC�B�7:5ga<?:;*n<HN5�J
DN6 7:?GBIDF6"DF6"> Bj6"5�=<?GBIH.6<5�7 `�;*?�. )Ýn 6 A	5�3&5�?GBIH.C�B�A:5�A T 7	9"5 3*BIHN=<5E;�b � DNA M<5�ae5�6<M<5�607
=<ae;*6 7	9<5oHN5�B�?:6<DN6<> 9<DNA	7:;*?	k�) 7 5�BI?	6<DN6<> `.DNHNH�A:7GBI?	7$`.DN7:9 ?:5�H�B�7:DF3&5�HNk H�B�?:>*5j3*BIHN=<5�A
;Ib � `.9<DNC�9 `.DNHNH�n�5EM"5�C�?	5�B�A	5�M B�A8HN5�BI?	6<DN6<> a<?:;*>&?	5�A:A	5�A6) É ; T B�7@d�?:A	7 7	9<5LA	k0A	7:5�J



� ��� ������������ C���H

J B�.*5�A(DNJ$ae;*?:7GB�607eC�;*?:?	5�C�7	DN;*6<A 7	;�7:9<5�A	k06�B�a"7	DNCf`�5�DN>*907:A4)!/ 9<5�687:9<5�3*B�HN=<5�A�;�b � >*5�7
?:5�H�B�7	DN3&5�HNkEA	J BIHNH�7:9<DNA�BIJ$;*="6K7:Af7:;gJ B�.0DN6<> d�6<5@C�9�B�6">*5�A 7	; 7	9<5@A	k06�BIa<7	DNC@`�5�DN>*907	A6)

� ) �()�� � ��������� !#�	� ! ��������������

� � !�� � �
� ��!�� �"����
,��� ��$ "
Ê.9"5ja<=<?:a�;&A	5 ;�b87:9<DNA A:5�C�7:DF;&6 DNAL7	; a"?	;�30DNM<5 B M"5�J$;&6<A	7:?GB�7:DN;*6X;�bg7:9<5 B�n<DNHNDN7 k ;�bg7:9<5
ae5�?:C�5�a<7:?	;*6o7	;L?	5�A:;*HN3*5 BEHNDN6<5�B�?:HNkEA	5�a�BI?GBIn<HN58bi="6<C�7	DN;&6*) 7 5�761 A A	=<a"a�;&A	5 7	9�BI7�`�5m`.B�607 7	;
7:5�B�C�9jB ae5�?	C�5�a<7	?:;*6o7	9<5@HN;*>&DFC�B�H"bi=<6<C�7:DN;*6 $#" T `.9<;*A:5m7:?	=<7:9j7GBIn<HN5�DNA45

R R % 	"& R
O R % 	"& O
R O % 	"& O
O O % 	"& O �

Ê.9<DNA�ae5�?:C�5�a<7:?	;*6 DNA.C�;&J$ae;*A:5�M ;�bf7:9<?	5�5 DN6<a<=<7.C�5�HNHFA65�7 `f;EC�5�HFHNAhbi;*?.7:9<5g3*BIHN=<5�A.;�b�7:9<5
BI?	>&=<J$5�607@;�b�7:9<5$HN;&>*DNC�B�H4bi=<6<C�7:DN;*6 T a<HN=<A ;*6<5LC�5�HNH S"���)����T 
 � _ 7:;jDNJ$a<HN5�JL5�607�7:9<?	5�A:9<;*HNM�+
DN6<> S C b ) c > =�BI7	DN;*6 Z*_�T BI6<MX;*6<5 ;&=<7	a<="7EC�5�HNH S A	5�5���DN>*="?	5 � _ )hÊ.9<DNAEDNAg5 > ="DF3*BIHN5�607E7	;
DNJLa<HN5�JE5�607	DN6<>@7	9"5@bi;*HNHN;�`.DN6<>@7	5�?:6�B�?:k 7	?	="7	9 7GBIn<HN5 5

O R R % 	"& R
O O R % 	"& O
O R O % 	"& O
O O O % 	"& O �

É0=<a"a�;&A	DN6<> 7	9�BI7�7	9<5 A	k06�BIa<7	DNC�`�5�DN>*907:A S������
��T 7	9"5 
 � 1 A _ BI?	5 DF6"DF7:D�B�HND ��5�M 7	; ��5�?	; 3*B�HN=<5�A T
7:9<5�kLC�B�6 ne58?	5�a"?	5�A:5�607	5�Mon0k B Z�� O J B�7:?	DNl�V 5

V �
�� 
�� � 	��



�
 t

��
�

�� R
R
R

��
� S�q*_

É0=<a"a�;&A	5 T 6<;�` T 7:9�B�7 7	9<5 d�?:A	7 ?GBI6<M<;*JLHNk C�9<;&A	5�6XB�A:A	;0C�D�B�7:DF;&6 DNA87:9<5 Q + 7:9 ;&6<5 S������
��T
7:9<5@a�5�?	C�5�a"7	?	;&6jA	9";*=<HNM$a"?	;0M<=<C�5 7	9<5 3*B�HN=<5 O `.9<5�6 DN7	A�?	5�7	DN6�B�H C�5�HNHFA�BI?	5@a<?:5�A	5�607:5�Mj`.DN7	9
7:9<5@A	7:DFJE="HF="A [NO �@O �@O�]i_ )�Ê.9<58B�C�7:DF3*BI7	DN;*6E;Ib�7	9<5@;*="7	a<=<7.C�5�HNH(DNA.>*DN3*5�6$n0k#5

� �  
�

 � 
 � � S	O��jR&_ � S:O�� R&_ � S:O��jR*_ � R S�?*_

S n�5�C�B�=<A:5 7	9<5�?:5 DFA 9�=<A:7g;&6<5$;&=<7	a"=<7gC�5�HNH.DF6 7:9<DNAg5�l BIJ$a<HN5 T 7	9"5$6<;&7GB�7:DN;*6 DNAgA:;*JL5�`.9�B�7
A:DNJ$a<HN5�? T b�;*?�5�l BIJ$a<HN5 � � n�5�C�;*JL5�A�� T 
 � � � n�5�C�;*J$5�A 
 � T BI6<M A:;j;*6 _ )yÊ.9"5 S DN6<C�;&?	?	5�C�7 _
?:5�A	ae;*6"A	58;Ib47:9<5@a�5�?	C�5�a"7	?	;&6 DNA

� � R
S C�b )Dc > =�BI7	DN;*6 � _ )

Ê.9<5 5�?	?:;*? DFA 7	9<5 M<D � 5�?:5�6<C�5 ne5�7 `f5�5�6 7	9<5 7GB�?:>*5�7 3*B�HN=<5 S	O�_ BI6<M 7	9<58?:5�A	ae;*6"A	5E;�b�7:9<5
;&=<7	a"=<7�C�5�HNH S�R*_ )DÉ =<a<ae;*A	5 7	9�BI7f7:9<5�HN5�BI?	6<DN6<> C�;*6<A:7GBI6K7 � DNA�A	5�7.7	;87:9<5@3*B�HN=<5 � � � O*T B�6<M



C��
	 ��������� �
	�����
������������ � �����

7:9<5 / DNM<?	;�` +�b�; � HN5�BI?	6<DN6<>L?	=<HN5 DFA@=<A:5�M*)_Ê.9<5�6 T bi?	;&J c > =�B�7:DN;*6 p"T 7	9<5 C�;&?	?	5�C�7	DN;*6ob�;*?
7:9<5@A	k06�BIa<A	5�Ahbi?	;&J 7	9"58?	5�7:DN6�B�H�C�5�HNHNA.7	; 7	9<58;&=<7	a"=<7.C�5�HNH(DNA65

� 
 � ��� S � 	�� _ 
 � � � O � S	O 	 R&_�� O � � O
� 
 � ��� S � 	�� _ 
 � � � O � S	O 	 R&_�� O � � O
� 
 t ��� S � 	�� _ 
 t � � O � S	O 	 R&_�� O � � O � S�\*_

/ 9<5�6j7	9<5@C�;&?	?:5�C�7	DN;&6jDNA�B�a<a<HNDN5�M T V n�5�C�;*J$5�A45�� 
�� � � O

� � � O
 t � � O

��
�

É0=<a"a�;&A	5 T 6<;�` T 7:9�B�7 7	9<5 d�?:A	7�A:7	DNJE=<HN=<A S"���)����T [NO ��R��.R�]i_ DNA.a<?	5�A:5�607	5�Mo7	;E7:9<58ae5�?	C�5�a�+
7:?	;&6*)�Ê.9<58B�C�7:DN3*B�7	DN;&6$;�bY7	9<5@;&=<7	a<="7�C�5�HNH DNA.>*DN3&5�6$n0k#5

� �  
�

 � 
 � � S	O�� � O�_ � S�R � � O�_ � S�R�� � O�_ � � O �

BI6<M$7:9<58?:5�A	ae;*6<A:5g;Ibc7:9<5@;*=<7:a<=<7.C�5�HNH�DFA
� � O �Ê.9"5mC�;*?	?:5�C�7:DF;&6j7	;$BIa<a<HNkE7	;E7:9<5@A	k06�BIa<7	DNC@`f5�DF>&907	A.DNA

� 
 � � � S � 	�� _ 
 � � � O�� SiR 	 O�_�� O � 	 � O
� 
 � � � S � 	�� _ 
 � � � O�� SiR 	 O�_��jR � R
� 
 t � � S � 	�� _ 
 t � � O�� SiR 	 O�_��jR � R

S�P*_
/ 9<5�6 7	9<5@5�?:?	;&?�C�;&?	?	5�C�7	DN;*6 ?	=<HN5@DNA�B�a<a<HNDN5�M T V ne5�C�;*JL5�A45�� 
�� � R



� � � O
 t � � O

��
�

/ DF7:9E7	9<DNA.A:5�7.;�bY`f5�DN>&9K7:A T 7:9<58ae5�?	C�5�a<7	?:;*6jDNA�6<;�` BIn<HN5�7:;g>&DF3&5�ae5�? b�5�C�7mBI6<A	`�5�?:A.bi;&?f7:9<5$ " a"?	;*n"HF5�J )

� ) Z )�������! � � 
,��� � �	��
 � � � � ��� � � 
 � � �
i Af7:9<5�a"?	5�30DN;*=<A�5�l<B�JLa<HN5.J B .*5�A�C�HF5�B�? T 7	9"5mae5�?:C�5�a<7:?	;*6 DFA�B�n<HN5�7:;8HN5�B�?:6*)�Ê.9<5 > ="5�A	7:DF;&6
BIM<M<?:5�A	A:5�M DN6j7:9<DNA8A	5�C�7	DN;*6oDNA ;�/ 9�BI7mDNA@DN78B�n<HN5 7	; HN5�B�?:6��6=Tkf5�C�B�=<A:5 7	9<5EB�C�7:DN3*B�7	DN;&6j;�b
7:9<5 ;*=<7:a<=<7 C�5�HNH�DNAEBjHNDN6<5�BI?gC�;*JEn<DN6�BI7	DN;*6o;�b@7	9<5 ?	5�7	DN6�B�H DN6<a<=<7 C�5�HNHNA T 7	9<5jae5�?:C�5�a<7:?	;*6
C�B�6 HN5�BI?	6 ;*6<HNk 7	;oM<DNA	C�?	DNJ$DN6�BI7	5EHNDN6<5�B�?:HNk A:5�a�B�?�B�n<HN5 C�BI7	5�>&;*?	DN5�A S 7	9<DNA DNAgDNHNHN=<A	7:?GB�7:5�M DN6
��DN>*="?	5 Z*_ )_n�b�7:9<5 C�B�7:5�>*;&?	DN5�AgBI?	5 HFDN6<5�B�?	HNk A	5�a�B�?�B�n<HN5 T 7	9<5�6 D�b�7	9<5EHN5�BI?	6<DN6<>LC�;*6<A:7GBI6K7 �
DNA.A:J B�HNHe5�6<;&=<>*9 T C�;*603*5�?:>*5�6"C�5gDNA.>&=�B�?�B�607	5�5�M S C�b�) [rZ<T O � ] bi;&?�B ;	J$;0M<5�?	6(= a<?	;0;Ibc;�b�7:9<5
ae5�?:C�5�a<7:?	;*6oC�;&6K3&5�?	>&5�6<C�5 7	9<5�;&?	5�J _ )

i�A U DN6<A3.0k$BI6<MjWcBIa�5�?	7�A:9<;�`�5�M DF6L7	9<5�DF?hb B�JL;*=<A n�;0; . [rp&Z�]	T DN7.DNA > =<DN7	5 5�B�A:k 7:;8de6<M
5�l BIJ$a<HN5�A ;�b8DN6K7:5�?	5�A	7	DN6<> 6";*6<HNDN6<5�BI?	HNk A:5�a�BI?GB�n"HF5 bi=<6<C�7:DN;*6<A6) WY?:;*n�BIn<HNk 7	9<5 J$;*A:78`�5�HNH



� ��� ������������ C�� �

x

x

2

1

{0/1}

{1/0}{0/0}

{1/1}

AND

���
�! #"#$�� 'ëÊ.9<5jHN;&>*DNC�B�H bi=<6"C�7	DN;*6������ DFA HNDN6<5�B�?:HNk A	5�a�BI?GBIn<HN5 )hn 7EDNA
ae;*A	A:DNn<HN5g7:;$M<?�B�` BEHNDN6<58A	5�a�B�?�B�7	DN6<> 7:9<5g`.9"DF7:58C�DN?	C�HF5�A@bi?	;&J 7:9<5 M�B�?�.
;*6"5�A4)

x

x

2

1

{0/1}

{1/0}{0/0}

{1/1}

XOR

���
�! #"#$��*'ëÊ.9<5 HF;&>*DNC�BIH8bi="6<C�7	DN;&6
	 $#" DFAo6<;&7 HNDN6<5�BI?	HNk A:5�a�BI?GB�n"HF5 )
Ê.9<5�?:5$DNA86<; `�B�kj7:;jM<?�B�` B HNDN6<5 A	5�a�BI?GBI7	DN6<>j7:9<5$`.9<DN7:5EC�DN?	C�HN5�A bi?	;&J
7	9"58M�B�?�.E;*6<5�A4)

.06<;�`.6 ;�b(7:9<5�A:5mDNA�7:9<5�	 $#" bi=<6<C�7:DN;*6 S 7:9<5 ;:5�l0C�HN=<A	DN3&5.;*?3= _ )�Ê.9<DNA�a"?	;*n"HF5�J DNA�DNHNHN=<A	7:?GBI7	5�M
DN6��(DN>&=<?	5 Q�T BI6<M C�;*?:?	5�A:a�;&6<M<A@7	; 7	9"5@bi;*HNHN;�`.DN6<>@7	?:=<7	9j7�B�n<HN5 5

R R % 	"& R
O R % 	"& O
R O % 	"& O
O O % 	"& R �



C���� ��������� �
	�����
������������ � �����

w=θ θ=0=1 -2
w= 1

w= 1

output
cellhidden 

cell

w=

w=

.6

.6

input
layer

���
�! #"#$��#'�i ae5�?	C�5�a<7	?:;*6 `.DN7:9 B 9"DFM"M<5�6oH B�k&5�?@DNA BIn<HN5g7:; A	;*HN3&5E7	9<5
	 $#" a<?:;*n<HN5�J )

n 6 ;*?:M<5�?.7	; A	9";�` 7	9�BI7.7	9<5 HN;*>*DNC�BIH<b�=<6<C�7:DF;&6 	 $#"oDNAf6<;&7fHNDN6<5�BI?	HNkEA	5�a�B�?�B�n<HN5 T A:=<a<ae;*A	5
7:9�B�7@`�5E9�B�3*5EBLa�5�?	C�5�a"7	?	;&6 `.DN7	9	�L?	5�7:DN6�B�H�C�5�HNHFA B�6<Mo;*6<5E;&=<7	a"=<7@C�5�HNH )ÄÊ.9<5 A	k06�B�a"7	DNC
`�5�DN>*907:AfB�?:5.6<;*7:5�M 


�
BI6<M 
 t S 7	;8J B�.*5�7	9"5�B�?	>&=<J$5�6K7Y5�BIA	kE7:;@bi;*HNHN;�` T 7	9<5 7	9<?:5�A	9";*HNM$DNA

A:=<a<ae;*A:5�M T `.DN7:9<;*=<7�HN;*A:A.;�b(>*5�6<5�?GBIHNDF7 k T 7	; ne5 R&_ )�Ê.9<58BIA	A	;0C�D�BI7	DN;*6L;�b(7	9"58DN6<a<=<7�a�B�7:7	5�?:6
[NO �fR�] 7:;E7	9<5 ?	5�A:a�;&6<A	5 O DNJLa<HNDF5�A�7	9�BI7



� � R � S	O�R*_

É DFJLDNH BI?	D HFk T 7:9<58B�A:A	;0C�D�B�7:DF;&6$;Ibc7	9"5mDN6<a"=<7faeB�7	7:5�?	6 [rR � O�] 7	; 7	9<5@?:5�A	ae;*6<A:5 O DFJLa<HNDN5�A�7	9eB�7

 t � R � S	O&O�_

i M<M<DN6<> 7	;&>*5�7:9<5�?¡c > =eB�7	DN;&6<A O�R B�6<M O&O >&DF3&5�A


� � 
 t � R � S	O � _

� ;�` D bc7:9<58ae5�?	C�5�a<7	?:;*6o>*DN3*5�A.7:9<5@?	5�A:a�;&6<A	5 R 7	; 7	9"58DN6<a<=<7.a�BI7	7:5�?	6 [NO �@O�]	T 7:9<DNA.DFJLa<HNDN5�A
7:9�B�7



� � 
 t � R � S	O�Z*_

Ë�HN5�BI?	HNk T 7	9<5Wc > =�B�7:DN;*6<A O �8BI6<M O�Z C�;*607	?�B�M<DNC�7�5�BICG9 ;&7	9<5�? T 9<5�6<C�5m6";8A	5�7.;Ib(`f5�DF>&907	A�C�BI6
A:;*HN3*5 7	9<5 	 $ " a<?	;&n<HN5�J )

� ) Q )�� ��� � � ��!���� � �����*�
	 !#� � � � � 
���
��
� 
��*����!�!���� � � ��	 !#� ���

n 6 7:9<5g5�B�?	HNk M�B�k0A.;�b�6<5�=<?GBIHc6"5�7 `f;&?3.0A T JE=<C�9 `.B�A�J B�M<5 ;�bf7:9<58ae5�?	C�5�a<7	?:;*6*1 A8DN6�BIn<DNHNDF7 k
7:; A	;&HF3&5 A	=<C�9 BoA	5�5�JLDN6<>*HNk A	DNJLa<HN5$6<;&6<HNDF6"5�B�?E7:?GB�6"A bi;&?	J BI7	DN;*6XB�AL7	9<5 	 $#" a"?	;*n"HF5�J )
U ;*?	5 ?	5�C�5�6K7:HNk T 9<;�`�5�3*5�? T A:5�3*5�?GB�H B�HN>*;&?	DN7	9<JLA S 7	9<5oJ$;&A	7Eae;*a<="H BI?$;Ib `.9"DFC�9 DNA ��{$p����
�f�"r<�7{
®:{$����r$}*_ J B�.&5EDN7gae;*A:A	DNn<HN5Ebi;&? B ae5�?	C�5�a<7	?:;*6 `.DN7	9XB�7 HN5�B�A:7g;&6<5 9<DNM<M<5�6 H B�k&5�? 7	;
DNJLa<HN5�JE5�607Y7	9<5 	 $#"oHF;&>*DNC�BIH0bi=<6<C�7	DN;*6*)�Ê.9"DFA�DNAfDNHNHN=<A	7:?GBI7	5�MLDF6 ��DN>*="?	5 p<T B�6<MLDN6RÊ�B�n<HN5 O )
b ;�`f5�3*5�? T DN6j7:9<58k&5�B�?:A�b�;*HNHN;�`.DF6">Zdh;*A	5�6Kn"H BI7	761 A.DN607	?:;0M<=<C�7:DF;&6j;�b�7	9<58ae5�?:C�5�a<7:?	;*6 T 7:9<5�?	5



� ��� ������������ C���E

Á�ÓWÃ�»�»��������	��
����	
���
����������������	�
�+µ�Ï�¶�·�Ã
Ï�¶�Ñ�ÎQÑ�ÕfÏ�Æ ´ �+µ�Ï�¶�·�Ã
Ï�¶�Ñ�Î

¶�Î$Ô:º Ï Æ$¶�¸:¸$´"ÎQµ�´"»�» � Ñ@Õ0Ï�Æ ´�Ñ@º Ï�Ô$º ÏÌµ�´"»�»
á��� ½<é á��! #".é

" " á�"�$&% '�é�(�á�")$�% '�é* +"�% " " á�")$R½�é�(�á�",$\½�é�(ýá�")$.-�/�é0 #"
" ½ á�"�$&% '�é�(�á�½1$�% '�é* +"�% ' " á�")$R½�é�(�á�½2$\½�é�(ýá�")$.-�/�é0 ½
½ " á�½3$&% '�é�(�á�")$�% '�é* +"�% ' " á�½1$R½�é�(�á�",$\½�é�(ýá�")$.-�/�é0 ½
½ ½ á�½3$&% '�é�(�á�½1$�% '�é* ½4%5/ ½ á�½1$R½�é�(�á�½2$\½�é�(ýá�½1$.-�/�é0 #"
á���¶�ÁÌÏ�Æ ´ÌÅ"´�Á�Ô�Ñ�Î2Á�´wÑ@Õ0Ï�Æ ´ÌÆ$¶�¸:¸:´�ÎQµ�´�»�»fÃ�Õ�Ï�´�Å76�Ï�Æ:Å"´�Á�Æ Ñ@»�¸.¶�Î2Ø48.é

9 �*:<; $ %('Od.5�A:a�;&6<A	5�A ;Ib87	9<5jC�5�HNHFAL;�b87	9"5ja�5�?	C�5�a"7	?	;&6 M<5�A:C�?	DNne5�M DN6
��DN>*=<?:5 p A:9<;�`.DN6<> 9<;�` 7	;EA:;*HN3*5@7:9<5 	 $ " a<?	;&n<HN5�J

`�5�?:5m6";$B�HN>*;&?	DN7	9<JLAfB�3*B�DNH�B�n"HF5 ��rR���"{:�)} 7:9<5@9<DNM<M<5�6 H�B�k*5�?4)�n 6Lb B�C�7 T<U DN6<A�.Kk B�6<MjWYB�ae5�?:7
[rp&Z�]	T JLDNA	7GB .*5�6"HFk ne5�HNDF5�3*5�M 7	9eB�7.6<; A	=<C�9 BIHN>*;*?:DN7	9<J C�;&=<HNM 5�lKDNA:74)

n 6 BIM<M<DN7	DN;&6E7	; 7	?GBIDN6<DN6<>gB@ae5�?	C�5�a<7	?:;*6j`.DN7:9$9<DNM<M<5�6$H�B�k*5�?:Af7:;gJ B�.&5f6<;&6<HNDN6<5�B�? 7	?GBI6<A +
b�;*?	J B�7:DF;&6<A(ne5�7 `�5�5�6LDF6"a<=<7fBI6<ME;*=<7:a<=<7�A	7:DFJE="HFD T B�6<;&7	9<5�?�A	DNJLa<HN5�?Y`�B�k ;�b C�;*a"DF6">8`.DN7	9$B
6";*6<HNDN6<5�BI?	HNkgA:5�a�BI?GB�n"HF5 a<?	;&n<HN5�J DNA�7	; ?	5�C�;0M<5@DN7�DF6L;*?:M<5�?�7	; J B�.&5.DN7�HNDF6"5�B�?:HFk A	5�a�B�?�B�n<HN5 )
�";*?�5�l<B�JLa<HN5 T 7:9<5 	 $ " a<?:;*n<HN5�J C�B�6 ne5mA:;*HN3*5�M$D b4B 7	9<DN?:M$DN6<a<=<7�C�5�HNH�DFA.B�M"M<5�MjB�6<MLa<?	; +
30DNM<5�ME`.DN7:9E7	9<5 a<?	;0M<=<C�7f;Ib 7:9<5�7 `�;8?	5�J B�DN6<DN6<> C�5�HNHNA T 7	?�B�6<Asbi;*?:J$DN6<>@HN5�B�?:6<DN6<>@7	9<5 n<DN6�B�?:k
	 $#"oDN607	;EHN5�B�?:6<DN6<> 7	9<5@7	5�?	6�BI?	k ?	5�H�BI7	DN;*6*5

R R R % 	"& R
O R R % 	"& O
R O R % 	"& O
O O O % 	"& R �

Ê.9"5�b�;*HNHN;�`.DF6">mA:5�7�;Ibc`�5�DN>*907	A65


� � O � 
 t � O � 
>= � 	 �

`.DNHNHe7	9<5�6 A	;*HN3&5�7	9"5 	 $ " a<?	;&n<HN5�J )
n 7�9eB�A�;Ibi7	5�6jn�5�5�6jC�H�B�DNJL5�M$7:9�B�7 U DN6<A3.0kjB�6<MjWYB�ae5�?:741 A [rp*Z^] 9<DN>&9<HNkEC�?	DN7	DNC�BIHcBI6�B�HNk0A	DNA

;Ib�7:9<5Eae5�?	C�5�a<7	?:;*6*1 A b B�DNHN=<?	5 7	; C�;*ae5E`.DN7	9o6<;*6<HNDN6<5�BI?	HNkjA:5�a�B�?�B�n<HN5EC�BI7	5�>&;*?:D ��B�7	DN;&6<A8`.B�A
?:5�A	ae;*6"A	DNn<HN5�b�;*?(A:=<a<?:5�A	A:DF6">mDN607	5�?	5�A:7�DN686<5�=<?�B�H06<5�7 `�;*?�.@?	5�A:5�B�?:CG9E="6K7:DNHK7:9<5�H BI7	5�A:5�3*5�6K7:DN5�A4)
i A�i�6<M"5�?	A:;*6 BI6<MMdh;*A	5�60bi5�HNM [NO�R�] ae;*DN607f;&=<7.DN6$7	9"5�DN?.DF607:?	;0M<=<C�7:;*?:k$C�;&J$J$5�6K7:A�7	; A	;&J$5
C�H BIA	A:DFC a�B�ae5�?	A DF6@6<5�=<?GBIH<J$;0M<5�HNDN6<> T 7	9<DNA(C�H BIDNJ DFA�A	;&J$5�`.9�BI7 5�l<B�>&>*5�?�B�7	5�M*)tÉ 5�3*5�?�B�H<;&7	9<5�?
b B�C�7:;*?	A 7	9�BI7gJ B�k BIC�C�;&=<6078bi;&?87	9"5$H�B�C�.o;�b.DF607:5�?	5�A:7EDN6 6<5�=<?�B�H�6<5�7 `�;*?3.0A DN6<C�HN=<M<5 5 7:9<5
?:5�H�B�7:DF3&5�HNk@C�HN=<J$A:km6eB�7	="?	5�;�b 7	9<5�6<5�7 `�;*?�.KA T BI6<M87:9<5�b B�C�7c7:9�B�7Y7:9<5f60=<JL5�?	DNC�BIH<B�HN>*;&?	DN7	9<JLA
7:9<5�k B�a"a<HNDF5�M `�5�?	5on�5�7	7	5�? DNJLa<HN5�J$5�607:5�M B�6<M BI6�B�HNk���5�M BIAE60=<J$5�?:DNC�B�H.7:5�C�9<6<D > =<5�A ;*6
A:7GBI6<M�B�?:MXC�;*JLa<=<7	5�?	A4) i HNA	; T 7	9<5+? ������®$������� B�7E7:9�B�7E7:DNJ$5 b B�3&;*?	5�M J$;0M<5�HFDN6<> J$5�JL;*?	k
A:7	;&?GB�>&58B�A.C�?:5�B�7:DF6">$6<5�` a<?:;*7	5�DF6"A�?GBI7	9<5�?�7	9eB�6 A	k06�BIa<7	DNC@J$;0M<D d�C�BI7	DN;*6 S n�5�C�B�=<A:5g;Ibc7:9<5
A:=<C�C�5�A	AE;�b � ���A@ "���� bi;&?87	9"5E>*5�6<5�7	DNC$C�;0M<5 _ )ÞÉ0; T BI78n�5�A	7 S ;*? B�78`�;*?:A	7 _ U DN6<A3.0k B�6<M
WYBIa�5�?:7.>KB�3&5m7:9<5 d�6�BIH(n<HN;�` 7:; BI6 BIHN?	5�BIM<kEJ$;&?	DNn<=<6<M d�5�HNM*)



C��
G ��������� �
	�����
������������ � �����

� !���1s% ���()������I+�/<1	� '�+Y)
�
Ê.9"5gJL;KM"5�HNA�a<?:5�A	5�607:5�M DN6j7:9<DNAmA:5�C�7:DF;&6 B�?:5 .06<;�`.6 B�A@HNDN6<5�B�?@B�A:A	;0C�D�B�7:;*?	A6)|Ê.9<5�kjC�;&J$5
DN6 7 `f;obi;&?	JLA45E9<5�7	5�?:;�+$B�6<M B�="7	;�+	B�A:A	;0C�D�B�7:;*?:A4) Ê.9<5j9"5�7	5�?:;�+	B�A:A	;0C�D�B�7:;*?	ALC�B�6Xne5j=<A:5�M
7:;jHN5�B�?:6 BIA	A	;0C�D�BI7	DN;*6<A ne5�7 `f5�5�6 DN6<a<=<7 B�6<M ;*=<7:a<=<7 a�B�7:7	5�?:6<A4) Ê.9<5 BI=<7	; +sBIA	A:;KC�D BI7	;&?gDNA
BLA:a�5�C�D BIH.C�B�A:5$;Ib�7:9<5$9<5�7	5�?:;�+	B�A	A:;0C�D�B�7	;&?gDN6 `.9<DNC�9 7	9"5 B�A:A	;0C�D�B�7:DN;*6on�5�7 `�5�5�6 BI6 DF6"a<=<7
aeB�7	7:5�?	6 BI6<M DN7	A:5�H bmDNA HF5�B�?	6"5�M*) Ê.9<DNAgA:a�5�C�D BIH�C�BIA	5 ;�b8B�A:A	;0C�D�B�7:;*? DFAE="A	5�MX`.DNM<5�HNk B�A$B
aeB�7	7:5�?	6X?:5�C�;*>&6<DN7	DN;*6XB�6<M a�B�7:7	5�?:6 C�;&J$a<HN5�7:DF;&6 M"5�30DFC�5�A$DN6 BI6 BI=<7	; +sBIA	A	;0C�D�BI7	;*?EDNAEB�n<HN5
7:;j?	5�C�;*6<A:7	?:=<C�7$HN5�BI?	6<5�M a�B�7:7	5�?:6<AE`.9<5�6 6<;*DNA	ko;*? DF6"C�;*JLa<HN5�7	5 3*5�?:A	DN;*6"Ag;Ib�7	9<5LHF5�B�?	6"5�M
aeB�7	7:5�?	6"A$B�?	5L=<A	5�M BIA ;:J$5�JL;*?:k .&5�k0A3= [ Q�O&T(Q � ]8S 7:9<DNAga<?:;*ae5�?	7 k DNAg7:?	=<5jB�HNA:; bi;*? 6<;&6�+
HNDN6<5�BI?�B�=<7:;�+	B�A	A:;0C�D�B�7	;&?	A T 7	9<5 HFDN6<5�B�?�B�A:;KC�D BI7	;&?f9�BIA T DN6$B�M<M<DN7:DF;&6 T 7:9<5mBIM<3*B�607GBI>*5�;�b(ne5�DN6<>
5�B�A	kL7	;$BI6�B�HNk���5�J B�7:9<5�J BI7	DNC�BIHFHNk8B�A.`�5�HNHcBIA.n�5�DF6">g3&5�?	k 5��$C�DN5�607.C�;&J$a<="7GB�7:DN;*6�BIHFHNk _ )

n 6o`.9�B�7 bi;&HFHN;�`.A T J BI7	?:DFlL6<;*7�B�7:DF;&6 DFA@=<A:5�M*)_i >&;0;KM DF607:?	;0M<=<C�7:DN;*6o;*?	DN5�607:5�M 7:;�`�BI?	M
6"5�=<?GBIH(JL;KM"5�HNDF6">mC�B�6 n�5 bi;*=<6"M$DN6 [ Z&q�] B�6<M [rZ�] )

Z ) O )�� � 
 � 
,��� �
É 7	DNJE=<HNDKBI?	5�?:5�a<?:5�A	5�607:5�Mjn0k�
 �$O 3&5�C�7:;*?	A����@`.9<5�?	5@7	9<5 DN6<M<5�l�� DN6<M<DNC�B�7:5�A�7	9<5 A	7	DNJE=<HN=<A
60=<JEne5�?6)ÄÊ.9<5$C�;*J$ae;*6"5�607	A@;�b���� A	ae5�C�D biko7	9"5$A	7:DNJE=<HN=<A@7	; n�5 B�a<a"HFDN5�Mo7	; 7	9<5LC�5�HNHNA8;�b
7:9<5 DF6"a<=<7@H�B�k*5�? bi;&?m7:9<5�� + 7:9 A	7:DFJE="HF="A4)Wn 6o>*5�6<5�?GB�H T DN6<a"=<7@3*5�C�7:;*?:AgB�?:5E6<;*?:J B�HND ��5�M A	;
7:9�B�7����� � � � O )|Ê.9<5E?:5�A	ae;*6<A:5�A ;�b.7	9<5E6<5�7 `f;&?3. BI?	5E>*DN3&5�6 n0k�� � O 3*5�C�7:;*?:AgM<5�6<;*7:5�M
� � )ÌÊ.9<58C�;&J$a<HN5�7:5@A	5�7@;�b�� A:7	DNJE=<HNDeDFA ?	5�a"?	5�A:5�607	5�M n0kjB�� � 
EJ B�7	?:DNlEM<5�6<;&7	5�M�� DN6
`.9"DFC�9o7	9<5�� + 7:9 ?:;�` DNA����� )|Ê.9<5EA	5�78;�b.7	9<5�� ?	5�A	ae;*6<A:5�AEDNAm?:5�a<?:5�A	5�607:5�MXnKkoB�� � �
J B�7:?	DNlgM"5�6<;*7:5�M! DN6 `.9<DNC�9 7	9<5"� + 7:9 ?:;�` DNA � �� )DÊ.9"5�� � 
 A	k06�BIa<7	DNC@`f5�DF>&907.J B�7:?	DNl
DNA�M<5�6<;&7	5�M�V )

Ê.9<5Ìb�5�n"n<D�B�6@HN5�B�?:6<DN6<>.?	=<HN5 [ � P�] DN6@HFDN6<5�B�?cBIA	A:;KC�D BI7	;&?	A(A:5�7	AY7:9<5�C�9�B�6">*5�DN6@7	9<5 A	k06�B�a"7	DNC
`�5�DN>*907:A(7	;@ne5.a<?	;&a�;&?	7:DF;&6�B�H&7	;@7	9"5.a<?	;0M<=<C�7c;Ib 7:9<5�DF6"a<=<7�B�6<M 7	9<5.;&=<7	a<="74)
�<;&?(5�l<B�JLa<HN5 T
D b�7	9"5$B�A	A:;0C�D�B�7	DN;&6jC�;*6"A	DNM<5�?:5�M DNA�ne5�7 `f5�5�6 7	9<5�� + 7	9oDN6<a<=<7@B�6<Mo7	9<5�� + 7	9o?	5�A:a�;&6<A	5 T 7:9<5
`�5�DN>*907 
 ��� � C�;&?	?	5�A	ae;*6<M<DN6<> 7	;@7	9<5.C�;*6<6<5�C�7	DN;*6Ene5�7 `�5�5�6L7	9<5 " + 7:9EDN6<a<=<7YC�5�HNH�BI6<M 7	9<5 �6+ 7:9
;&=<7	a"=<7.C�5�HNHYA	9<;&=<HNM n�58a"?	;*ae;*?:7	DN;*6eB�H 7	;$# � � � ��% � � � )Ìn�b�7	9"58a<?	;&a�;&?	7:DF;&6�B�HNDN7 kEC�;&6<A	7�B�607�DNA
A:5�7@7	; O*T 7:9<5EB�A	A:;0C�D�B�7	DN;&6jn�5�7 `f5�5�6 7:9<5&� + 7:9jA	7:DFJE="HF="A�B�6<Mj7:9<5"� + 7	9 ?	5�A:a�;&6<A	5EHN5�BIM<A@7	;
7:9<5@C�?	5�B�7	DN;&6 ;Ib�7	9<5@`�5�DN>*907.J BI7	?	DNl

V'� � � �(� �� �
Ê.9<5j?:5�A	ae;*6"A	5o;�bm7:9<5 6<5�7 `�;*?�. DNAE;*n<7�B�DN6<5�MXn0k ae;*A:7	JE=<HN7:DFa"HFDNC�BI7	DN;�6o;�byV � n0k 7:9<5

A:7	DNJE=<HN=<A)� � )�Ê.9<5@?	5�A	ae;*6<A:5g;Ib(7	9<5gBIA	A:;KC�D BI7	;&?fDNA.M<5�6";*7	5�M$*� � B�6<MLC�B�6 ne5mC�;*6<A:DFM"5�?	5�MoB�A
7:9<5mBIA	A:;KC�D BI7	;&?f5�A:7	DNJ BI7	DN;*6 ;�b � � )!/ DN7	9:9�=<A:7f;&6<5mBIA	A:;KC�D BI7	DN;*6EA:7	;&?	5�M T DN7�DNA�5�B�A:kE7	; A	9<;�`
7:9�B�7.7:9<58B�A:A	;0C�D�B�7:;*?.5�A:7	DNJ BI7	5�A � � ae5�?sbi5�C�7:HFk#5

* � � � V'����� � � ��� �� ��� � � �
ÊY;@DFJLa<HN5�J$5�6K7 A:5�3*5�?GB�H(BIA	A:;KC�D BI7	DN;*6"A T 7:9<5wV'�@J B�7:?	DNC�5�A�B�?	5.A:=<J$JL5�M8DN6 ;*?	M"5�?f7:;@>*DN3*5

V 5
V �  V � �  � � � �� �  � � �



� ��� ������������ C����

Ê.9<585�A	7	DNJ B�7	DN;&6E;�bc7:9<5"� + 7	9 ?:5�A	ae;*6<A:58n0k$7:9<58B�A	A:;0C�D�B�7	;&?�DNA�;*n<7�B�DN6<5�MjB�A65

*� � � V ��� �
� 
��� �

� � � �� ��� � � � �  
���� �

C�;*A S � � � ��� _ � � � S	O�QK_

�"?	;*J 7	9<DNA8H�BIA	7@5 > =�B�7:DN;*6 T DN7@DNA8C�HN5�BI?87	9�BI7@7	9<5E?:5�A	ae;*6<A:5 ;�b.7	9<5$BIA	A	;0C�D�BI7	;*? DF603&;*HN3*5�A
A:;*JL5�C�?:;*A	A + 7�B�H�. ;*? DF607:5�? bi5�?	5�6<C�5gne5�7 `�5�5�6o7	9<58A:7	;&?	5�Moa�B�7:7	5�?:6<A�7:9�B�7 J B�kE?:5�A	=<HN7 DF6 HN5�A:A
7:9�B�6 a�5�?sbi5�C�7 ?	5�C�BIHNHc;Ibf7	9"5gHN5�BI?	6<5�MoB�A	A:;0C�D�B�7	DN;&6<A4)Wn 6j>&5�6<5�?�B�H T 7	9<5 > =�B�HNDN7 k$;Ibf7	9"5 BIA	A	; +
C�D BI7	;&?85�A	7:DNJ B�7:DN;*6oDFA 5�3*BIHF=eB�7	5�M nKkoC�;&J$a�BI?	DN6<> *� � `.DF7:9 � �()Þi a�;&a<=<H�B�? 5�A	7:DFJ B�7:;*?8DNA
7:9<5$C�;*A	DN6<5 ne5�7 `�5�5�6 * � � B�6"M � �(5$C�;&A S *� � � � � _ )ýb�;�`�5�3&5�? T D�b@7	9<5LA	7:DFJE="HFD�B�?	5 a�BIDN?	`.DNA	5
;&?	7:9<;*>&;*6�BIH S"�����
��T D b����� ����� � R<T b�;*?�B�HNH��
	� ��� _ 7:9<5�6 C�;*A S ��� � ���
� _ � R B�6<M * � � � � � T B�6<M
C�;*6<A:5 > =<5�607	HNk T 7	9<5�?	5�A	ae;*6<A:5�A�;�be7	9<5.B�A:A	;0C�D�B�7:;*?(5�A	7	DNJ B�7	5 a�5�?sbi5�C�7:HNk87	9<5�7GBI?	>&5�7Y?	5�A:a�;&6<A	5�A6)
Z ) O ) O )��������������������! "��#"#$��%&�'�����
�
i A(6<;&7	5�M T 7:9<5 s���}���{:�Ì{:x2��r �"{.����r
p���{$��r$��S C b )�efBIHN5�607	DN6 ���f{ s�� DF6@7:9<DNA(3*;&HN=<J$5 _ DNA(B.a�BI?	7:DFC�=<H�B�?
C�B�A	5 ;�b 7	9<5.HNDN6<5�BI? +	B�A:A	;0C�D�B�7:;*?4)�Ê.9<5 >*;KBIH<;�b 7	9"DFA 6<5�7 `�;*?3. DNA�7	; B�A	A:;0C�D�B�7	5�B A	5�7�;�b A	7:DFJE="HFD
7:;8DN7	A:5�H b T S"���)����T  DNAf5 > =eB�H 7	;�� _ )�Ê.9<5@`�5�DN>*907�J BI7	?:DFl_V DNAf6<;�` 5 > =�B�He7	;�� � � T BI6<M$DNA
7:9<5 b B�JLDNHFD�BI? ;:C�?	;&A	A + a<?:;0M<=<C�7�=$J BI7	?:DFl ;�bYA	7�B�6<M�BI?	MjHNDN6<5�BI?fJE="HF7:DN3*B�?	D�BI7	5.B�6�BIHFk0A:DFA6)

/ 9<5�6$7	9"5�A	7:DNJE=<HN=<A(A:5�7fDNA�C�;*J$ae;*A:5�ME;�b(6";*6�+ ;*?:7	9<;&>*;*6eB�H0A	7:DFJE="HFD T 7	9"5mB�A:A	;0C�D�B�7:;*?�`.DNHNH
b B�DNH�7:;E?	5�C�;*6<A:7	?	="C�78ae5�? bi5�C�7	HNk 7	9<5 A	7	DNJE=<HND<7:9�B�7 `f5�?	58A:7	;*?:5�M S C�b )�c > =eB�7	DN;&6 O�Q0_ ))(�6 7:9<5
;&7	9<5�?89�B�6"M T A	;&J$5 6<5�` a�BI7	7:5�?	6<A `.DNHNH�n�5La�5�? bi5�C�7	HNk ?	5�C�;*6<A:7	?	="C�7	5�M nKko7	9"5 B�A:A	;0C�D�B�7:;*? T
C�?	5�BI7	DN6<>jDN6 B `.B�k T 7	9<5L5 > =<DN3*B�HN5�607@;�bmB ;sb B�HNA	5$BIH�B�?	J =E;*? ;sb B�HNA:5E?	5�C�;&>*6<DN7:DF;&6*) =QÊ.9<5�A	5
aeB�7	7:5�?	6"AmB�?:5@M<5�d�6<5�Mjn0k$7	9"5m5 > =eB�7	DN;&6*5

V+*)� �-, �.*)� `.DN7	9*5/* � � *)� � O �Ê.9"5�kjB�?	5 7	9"5 �
��®$��}��
��p���r:�<� ;IbDV B�6"M , �EDNA@7	9"585�DN>*5�603*BIHF="5gB�A:A	;0C�D�B�7:5�M `.DN7:9j7	9<5�� + 7	9
5�DF>&5�603*5�C�7	;*?6) / DN7	9<DN6jBEJE="HF7:DN3*B�?	D�B�7:5mB�6eB�HNk0A	DNA.bi?�B�JL5�`f;&?3. T 7	9"5g5�DN>&5�603*5�C�7:;*?:Am;Ib+V B�?:5
7:9<5�a<?	DN6<C�DNa�BIH<C�;&J$ae;*6<5�607:A(;�b(B�0 + a<?	DN6<C�DNa�BIH*C�;&J$ae;*6<5�6K7�BI6�B�HNk0A	DNA(;Ib 7:9<5�A	7	DNJE=<HND [ Z&\�] )fn 6
>&5�6<5�?�B�H T a<?:DN6<C�DNa�B�H0C�;&J$ae;*6<5�6K7�BI6�B�HNk0A	DNA(DNAY=<A:5�ME7	;8B�6eB�HNk���5f7:9<5.3*B�?:D�B�n<HN5�A�M<5�A	C�?	DNn<DN6<>87:9<5
A:7	DNJE=<HND T 0 +sBI6�B�HNk0A	DNA�DFA ;*n<7�B�DN6<5�M nKkL7	?�B�6<A:a�;&A	DN6<>$7:9<5 M�B�7�B J B�7:?	DNlE`.9<DNC�9jDNA.5 > =<DN3*B�HN5�607
7:; A	`.DN7	C�9<DN6<>j7:9<5 �21r s�� ;�b�7:9<5E3*B�?:D�B�n<HN5�A8B�6"M 7	9<5EA:7	DNJE=<HND )�Ê.9"5�A	5L5�DN>*5�603*5�C�7	;&?	A C�B�6 ne5
DN607	5�?	a<?:5�7	5�M B�A �ø��r:��r:�����7�@��Ttz|{:p
�"r��"p�q�{:��{:p
���
����������p���T ;&? T 5�3*5�6 T�q����$�:�
}ì�$��z��
}2����r$}2�8[ � T�\"T
O&O*T<p ?<T0p*\�] )
Z ) O ) �()/34��%657�'�8�:9;�=<>�&�;�?����@/%���#&�
n 6L;*?:M<5�?�7:;EDNJ$a<?:;�3*5.7	9"5mae5�?sbi;*?:J B�6"C�5@;�bcHNDN6<5�BI?�BIA	A:;KC�D BI7	;&?	A S������
��T DN6$;&?	M<5�? 7	; DN6<C�?	5�B�A	5
7:9<5EC�;&A	DN6<5Ene5�7 `f5�5�6 7	9<5 *� � 1 A8B�6"M � �(1 A _�T A	5�3*5�?�B�H�HF5�B�?	6"DF6">$?	="HF5�A89�B�3*5Ene5�5�6 a"?	;*ae;*A:5�M*)
Ê.9"5.J$;*A:7Ya�;&a<=<H�B�?�;&6<5.DNA�C�HN5�BI?	HNkg7:9<5 / DNM<?:;�` +�b ;��$HN5�B�?:6<DN6<>8?:=<HN5 S"{.s���{.� l 5�HN7GB HN5�B�?:6<DN6<>
?:=<HN5 _ a<?	5�3KDN;&=<A	HNk8M<5�A	C�?:DFne5�M bi;&?Y7	9<5�a�5�?	C�5�a"7	?	;&6*)DÊ.9"DFAYDNA�B�68DN7:5�?GBI7	DN3*5�a<?	;0C�5�M<=<?	5 C�;*?:?	5�C�7 +
DN6<>E7:9<5 5�?	?:;*?@n�5�7 `f5�5�6 7	9<587�B�?:>*5�7@?	5�A	ae;*6<A:5$B�6<Mj7:9<5EB�C�7:=�B�H�?	5�A:a�;&6<A	5L;�b�7	9<5 6<5�7 `�;*?�.#)
n 6 J B�7	?:DNlg6<;&7GBI7	DN;*6 T 7	9"52/ DNM<?	;�` +�b�; � ?:=<HN58DNA45

V
���
�	� 
 � V

���

 � � S � � 	ýV
� �


� � _ � �� � S	O�p*_

`.DN7:9ÞV
� �



ne5�DN6<> 7	9<5E`�5�DN>*907@J BI7	?:DFl B�7@A	7:5�a ��T � ne5�DN6<>jB S A:J B�HNH _ ae;*A	DN7:DF3&5gC�;*6<A:7GB�607 T
BI6<M��Lne5�DN6<>E?GBI6<M<;&J$HNkgC�9<;&A	5�6!)



C���� ��������� �
	�����
������������ � �����

Ê.9<DNA8B�HN>*;&?	DN7	9"J `.DNHNH S 5�3*5�607:=�B�HNHNk _ C�;&6K3&5�?	>&5ED b � DFA a<?	;&a�5�?	HNkjC�9<;*A:5�6*)_i�C�7:=�B�HNHNk T 7:9<5
BI6�B�HNk0A	DNA.;Ibf7	9<5 / DNM<?:;�` +�b ;�� HF5�B�?	6"DF6">E?	=<HN5 DF603&;*HN3*5�A.;&6<HNk 7	9<5 J BI7	?	DNlL;�b�5�DN>*5�603&5�C�7	;&?	A
;Ib � ��� M<5�6";*7	5�M N T 7:9<5$M"D BI>*;&6�B�H�J B�7:?	DNl ;�b�7	9"5�DN?85�DN>*5�603*BIHF="5�AgM"5�6<;*7:5�M�� T B�6<M 7:9<5
J B�7:?	DNl8;�b�5�DN>&5�603*5�C�7:;*?:A�;�b ��� � M<5�6<;&7	5�M�� T B�A.`�5�HNH(B�A � B�6<M � S C�b ) [rZ�]i_ )0Ê.9<58BI6�B�HNk0A	DNA
DNA@b B�C�DNHNDN7GB�7:5�M n0k =<A	DN6<>o7	9"5 ����}:®$x$s�{:�\��{ s�x2�Þ�$��p�r$z���r.��������r:} ;�b � `.9<DNC�9 5�l0a<?	5�A:A	5�A 7:9<5
J B�7:?	DNl&� B�A65

� � ������ N � �/ DF7:9$7:9<5�A	5 6<;*7�B�7	DN;&6<A T V
���



C�B�6 ne5@C�;*JLa<=<7	5�M BIA45

V
���

 �  MN��	��
 ��
� ` 	 S ` 	 � � _ ����� � � � S	O�q*_

�"?	;*JYc > =�BI7	DN;*6 O�q<T DN7�C�B�6 ne58A	5�5�6j7	9eB�7.C�;&6K3&5�?	>&5�6<C�5 DNA�BIA	A:=<?	5�M D�b
R�� � � � , 
 ������ S `.DN7:9 , ����� n�5�DF6">E7	9<5@H�B�?:>*5�A:7.5�DN>*5�603*B�HN=<5@;Ib�� _ )

/ 9<5�6 C�;*603&5�?	>&5�6<C�58DNA.?:5�B�C�9<5�M T 7:9<5@`f5�DF>&907.J B�7:?	DNl DFA�7	9"5�6 S C b ) [ Q � ]i_ 5
�V �  $� �

`.DN7:9*5
� � � ��� 
 �� N �

M"5�6<;*7:DN6<>g7:9<5 U ;0;&?	5�+	W�5�6<?	;&A	58a"A	5�=<M";$DN603*5�?:A	5@;�b�� )
�";*?.B�6 BI=<7	; +sBIA	A:;KC�D BI7	DN3*5.JL5�J$;&?	k T 7	9<5 / DNM<?:;�` +�b ;��$HN5�B�?:6<DN6<> ?	=<HN5�`.DNHNHeC�;*603*5�?	>*5 7	;-5

�V � ��� � � NQN � `.DN7:9*5DN ne5�DN6<>E7	9"5mJ B�7:?	DNlg;Ibc5�DN>&5�603*5�C�7:;*?:A�;�bDV )
Ê.9"5�J BI7	?:DFlWV DNA�A�B�DNME7	; 9�B�3&5.n�5�5�6 ����q��
����p
���
��� S"�����
��T B�HNH<DN7	A�6<;&6�+ ��5�?	; 5�DN>*5�603*BIHF="5�AfB�?:5
6";�` 5 > =�B�H�7	; ;*6<5 _ )

��! � + %�!#"�1 %
� �()!�%$��I' �'& �)( �Y-c'�+*! ������+�/<1 � '�+c),+
i AEDN7	A$6eB�J$5LDN6<M<DNC�B�7:5�A T BoHNDN6<5�BI?$B�A	A:;0C�D�B�7	;&? S C�b )fBIHNA	;ýc > =�B�7:DF;&6 R ) R*_ `.DNHNHf>&DN3*5jBo?	5�+
A:a�;&6<A	5E7:9�B�7@DNAgB HFDN6<5�B�?@C�;*JEn"DF6eB�7	DN;&6 ;Ib { s�s 7:9<5EDN6<a<=<7@3*BIHF="5�A4)|Ê.9<DNA@a<?	;&a�5�?	7 koC�B�6 ne5
="6<M<5�A:DF?�B�n<HN5 A	;*JL5�7	DNJL5�A4)fi A.`.DN7	9E7	9"5mae5�?:C�5�a<7:?	;*6 T A:5�3*5�?GB�H 6";*6<HNDN6<5�BI?f5�l07:5�6<A	DN;&6<A.;�b(7:9<5
BI=<7	; +sBIA	A:;KC�D BI7	;&?.7	9�BI7�C�BI6j?	5�JL5�M<kL7	9<DNA�a"?	;*n"HF5�J 9�B�3&5@n�5�5�6 M<5�3*5�HN;*ae5�M*)ëÊ.9<5�A	5 J$;0M<5�HFA
DN6<C�HF="M<5�7:9<5yb�;&a0d�5�HNML6<5�7 [rZ*Z"T<Z�Q�]	T B�6<M\i�6<M"5�?	A:;*6*1 A ­O�"{$��}���o���{:��� �"��}��"{ ��­Or�� S B�n"?	5�30D�B�7:5�M
BIAwk�É2k T�[r\�]i_ ) / 9"DFHN587:9<5�A:5EJ$;0M<5�HNA.;*?:DN>*DN6�B�7:5�Mj`.DN7	9"DF6 3*5�?:kjM<D � 5�?	5�60787:?GB�M"DF7:DN;*6<A T 7:9<5�k
BI?	5 DF6 b B�C�7 > =<DN7	5�A:DNJ$DNH�B�? [ � ?�] )fn 607:?	;0M<=<C�5�M$b�?	;*J B a<90k0A	DNC�A�a�5�?:A	ae5�C�7:DF3&5 T 7	9<5@ae;*a<="H BI?	DN7 k
;Ib�7	9"5�b�;*a d�5�HNM8J$;0M<5�H T `.B�AYae5�?	9�BIa<A�;&6<5fDNJLa�5�7:=<A(;Ib 7:9<5�C�=<?	?:5�607f?:5�A	="?	>*5�6<C�5�;Ib�DN607	5�?:5�A	7
DN6L6<5�=<?�B�HY6<5�7 `�;*?�.KA [r\"T<P�] )Di C�7	DN6<>$BIA.C�;*607	5�6K7 +sBIM<M<?:5�A	A�B�n<HN5 J$5�JL;*?	DN5�A T 7:9<5�A:586<;*6"HFDN6<5�B�?
BI=<7	; +sBIA	A:;KC�D BI7	;&?	AY7	?:k87	;hd�6<M T BIJ$;&6<>.7	9<5�a�BI7	7	5�?	6<A�A:7	;&?	5�M T 7	9"5.;*6<5 p�s�r.���@�<� 7	;@7:9<5fA:7	DNJE=�+
HN=<A6)0n 6E7:9<5�a"?	5�A:5�607.a�B�ae5�? T nY`.DNHNH<M<5�A:C�?	DNne5Wb�;*a d�5�HNME6<5�7:A.DF6 A	;&J$5.M<5�7GB�DNH�BIA�BI6E5�l<B�JLa<HN5
;Ib�B 6<;&6<HNDN6<5�B�?@B�=<7:;�+	B�A:A	;0C�D�B�7:;*?4) n 7mDNA8`�;*?:7	9o6<;*7:DN6<> T 9";�`f5�3&5�? T 7	9eB�7@7	9<5Äk�É2k J$;0M<5�H T
a"=<n<HNDNA	9<5�M a"?	DN;*?87:;j7	9"5Äb�;*a d�5�HNM J$;0M<5�H T `.B�A a<?	;&a�;&A	5�MXB�AgB a"A	k0C�9<;*HN;*>&DNC�B�H�JL;0M<5�HY;�b
JL5�J$;&?	kEB�6<M A	9�BI?	5�A@J BI60kE;�b�7	9<5 5�A	A:5�607	D�B�HYb�5�B�7:=<?	5�A@;Ib47:9<5yb ;*a0d�5�HFM J$;0M<5�H )�d.5�BIM<5�?:A
DN607	5�?	5�A:7	5�M DN6g7:9<DNAfae5�?:A	ae5�C�7	DN3&5m;&6E6<5�=<?�B�He6<5�7 `�;*?�.KA�`.DNHNH0d�6<M$B@M"5�7GBIDFHN5�MEa"?	5�A:5�607GB�7:DN;*6$DN6
7:9<5Wi�6<M"5�?	A:;*6 BI6<MÞd.;*A:5�60bi5�HFM C�;&HNHF5�C�7	DN;*6L;�bYa�B�ae5�?	A [r\�] )



� ��� ������������ C��:�

Q ) O )�� � ��� �*!�� �
� 
 �
Ê.9"5Mb ;*a0de5�HNM 6<5�7EDNA$BI6 B�A:k06<C�9<?	;&6<;*=<AE6";*6<HNDN6<5�BI? BI=<7	; +sBIA	A	;0C�D�BI7	;*?6)jÊ.9"DFA 6<5�7 `�;*?�. DNA
6eB�J$5�M$b�;*?��-) � )�b�;&a0d�5�HNM S BEa"9Kk0A:DFC�DFA:7 bi?	;&J	���*;�
#$
��� _ `.9<; >KB�3*5 BEM<5�7�B�DNHN5�M BI6�B�HNk0A	DNA
;Ib�7:9<5�A:5 7 k0ae5�A ;�b�6<5�7 `�;*?�.0AgDN6o7 `f;jaeB�ae5�?	A `.9<DNC�9 9�B�3&5EA	DN6<C�5Ln�5�C�;*J$5EC�H BIA	A:DFCLa�B�ae5�?:A
S:[rZ*Z<T<ZIQ�]i_ )�Ê.9"5"� + 7	9 A	7:DFJE="HF="Af7:;En�58A:7	;&?	5�MoDNA.?	5�a<?:5�A	5�6K7:5�M n0k BI6 
 � O n<DN6�B�?:k$3*5�C�7	;&?
M"5�6<;*7:5�M � � T 7GB�.0DN6<>@3*B�HN=<5�A R ;*? O )0Ê.9<5 A	5�7�;�b 7	9"5.7	9<?:5�A	9<;&HNM<A�b�;*?�7:9<5 
8="6<DN7	A�DNA�M<5�6<;*7:5�M� � � � [ � � ]	T `.DN7	9�� � ne5�DN6<>j7	9"5$7	9"?	5�A:9<;*HNM ;Ib�7:9<5 " + 7	9 =<6<DN76)$�<?:;*J 7:9<5�� � 3&5�C�7	;&?	A T 6<5�`
;:?	5�C�;KM"5�M(=$3&5�C�7:;*?	A M<5�6<;&7	5�M�� � B�?	5 C�?	5�BI7	5�M!5

� � � �(� � 	�� ��� � S"�����
��T 7:9<5 R 3*B�HN=<5�A�BI?	5@?	5�a"H BIC�5�Mjn0k 	 O ) _
`.DN7:9�� ��� � n�5�DN6<>$BI6 
 � O 3&5�C�7:;*?.;�b�;&6<5�A4)

Ê.9<58`�5�DN>*907�J BI7	?	DNl DNA.;*n<7�B�DN6<5�MjB�A
V �  

�
� ��� � � �

i A	7:DNJE=<HN=<A8DNA ;:?	5�C�B�HNHN5�M(=onKk a"?	5�A:5�607	DN6<> B ;	C�=<5�= 7	;o7	9<5 J BI7	?:DFl T B�6<M HN5�7	7:DF6"> 7:9<5
JL5�J$;&?	k A	7�B�n<DNHND ��5@7	;$B�6 5�A:7	DNJ BI7	DN;*6!) U ;*?:5@bi;*?:J BIHFHNk T `.9<5�6 ���gDNA�="A	5�M BIA�BEC�="5 T ?	5�C�BIHNH
b�?	;*J 7	9<5@J$5�J$;*?:kgDNA�;*n<7�B�DN6<5�M 7:9<?	;&=<>*9 7	9"5�b�;*HNHN;�`.DF6">8A	7:5�a<A45

!������ }�������{ s����
{:����r$} ) 7 5�7 � � RoS�� DNA87:9<5E60=<JEne5�?8;�b.7	9"5$C�=<?:?	5�607EDN7	5�?GB�7:DN;*6 _ )MÉ05�7
�� ����
� � �� � � 
� � � � )

! � � 7 5�7 *� � ����
 � V �� ��� 
 � 
� )
!� �� 7 5�7

�� ���

� � [ �# � �

��� � ]�! " � O � � � 
#" � `.DN7	9
� �# ���

��� � � O D �%$# ���

��� �'& � �
�# ���

��� � � R D � $# ���

��� � � � � �

Ê.9<DNAfBIJ$;&=<607	AY7	;@A	5�7	7	DN6<> 7	9"5.C�5�HNHNA�`.9<;*A:5mBIC�7	DN3*B�7:DN;*68HN5�3&5�H�DNAYH�B�?:>*5�?�7:9�B�6E;&?�5 > =�BIH
7:;87	9<5�DF?Y7:9<?	5�A:9<;*HNME7:;m7:9<5.3*B�HN=<5 O*T B�6<M 7	;@A	5�7	7	DN6<> 7	9<5.C�5�HFHNAY`.9<;&A	5�B�C�7	DN3*B�7:DF;&68HN5�3*5�H
DNA.A	J B�HNHN5�?�7	9�BI6$7	9"5�DN?�7	9"?	5�A:9<;*HNM 7	;E7:9<5@3*B�HN=<5@;�b R )

!�(�� Ë�;*J$aeB�?	5
�� ��� 
 ��
� BI6<M �� ����
� �n�b
�� � � 
 � 
� 	� �� ���

� �

7:9<5�6jC�9�BI6<>*5 � 7	; � � O B�6"M ?:5�+ DF7:5�?GBI7	587:9<5@a<?	;0C�5�M<=<?	5 bi?:;*J A:7	5�a)�#)�n�b
�� ��� 
 ��
� � �� ���

�

S ;*? �� ��� 
 � 
� * �� ����
� � D bhBI6 B�a<a<?:;�l0DFJ B�7:DF;&6jDNA 9�=<M">*5�M A:=��$C�DN5�607 _ 7	9<5�6 B A:7GB�n"HF5L?	5�+
A:a�;&6<A	5 9�B�A.ne5�5�6 bi;*=<6"M B�6"M 7:9<5@a<?	;0C�5�M<=<?	5 C�BI6 A:7	;&a*)

Ê.9<5.A:7GB�n"HF5�?	5�A	ae;*6<A:5�AfC�;*6<A:7	DN7	=<7:5.7	9<5 {:�����"{:p
��r:��� ;�be7	9<5�A	k0A	7:5�J S	[rZ*Z"T�Z�Q�]	T bi;&?(7	9"5 ­�o ­
JL;0M<5�HNA.C�b ) [ � ?�]i_ )OÊ.9<DNA8B�HN>*;&?	DN7	9<J DNA@5 > =<DN3*B�HN5�607�7:; A:5�B�?:C�9<DN6<>Lbi;*? 7	9<5En<DN6�BI?	k 3*5�C�7	;&?,+
JLDN6<DNJED ��DN6<>@7	9"585�6<5�?:>*kL3*B�HN=<5�A�-/..C�;*JLa<=<7	5�M BIA45

-/. � 	/+ � V0+ � � �� � +



C��
C ��������� �
	�����
������������ � �����

="A	DN6<>EB A	7	5�5�a�5�A	7@M<5�A:C�5�6078B�HN>*;&?	DN7	9<J `.DN7	9LA	7�B�?	7:DN6<>Ea�;&DN6K7 ���()�n 7.C�BI6 ne5@A	9<;�`.6 7:9�B�7�- .
DNA�M<5�C�?:5�B�A:DN6<> S ;&?fA:7GB�k0AfC�;*6<A:7GB�607 _ B�7�5�B�C�9$DN7:5�?GBI7	DN;*6*)�Ê.9"DFA a<?	;&a�5�?:7 k$DNA�;�bi7:5�6$5�l0a<?:5�A	A:5�M
n0kjA�B�k0DF6">$7	9eB�7,- . DNA B�� �.{���r:x2}�r:� bi="6<C�7	DN;&6 ;Ib�7:9<5EM<k06�B�JLDNC�B�H�A	k0A	7:5�J DFJLa<HN5�J$5�6K7:5�M
n0kE7:9<586<5�7 `�;*?�. [NO�Z"T*Q�?<T<q&Z<T(?*Z"T(? ?^] )

n 6o>*5�6<5�?GB�H T 7:9<5EJ$DN6<DNJ =<J ?	5�BIC�9<5�M n0kj7	9"5g6<5�7 `f;&?3.jDNA8B s�r�p�{.sDz|��}���z|x2z )_n 6 ;&?	M<5�?
7:;gDNJLa<?	;�3&5.7	9<5@C�9�B�6"C�5�A�;Ibc?:5�B�C�9<DN6<>$B ®.s�r*��{.s�z��)}���z|x z A:5�3*5�?�B�H�5 > =<DN3*B�HN5�607f7:5�C�9<6<D > =<5�A
C�B�6jne58=<A:5�M*5�7	9<5 ­Or.s�� �
z�{$}�}Ýz�{$p�q���}��@� [rp"T�Z � ]	T � {$� �$r:�Ä�"{$}��:r$z��D�@s��.�8[ Q�T � q<Tep�Q�]	T ;*?
A:DNJE=<H�B�7	5�M$B�6<6<5�B�HNDN6<> [NO&T*Q0R<T(?*\^] )

Q ) �()�� � ! 
�� ��� � � ��� � ��� � ���
k�;*HN7���J BI6<6gJ B�C�9<DN6<5�A C�B�6 ne5�A	5�5�6 B�A.B 3*B�?	D�BI7	DN;*6 ;*6L7	9<5 7	9<5�JL5�;Ib0b�;*a d�5�HNM$6<5�7 `f;&?3.0A4)
Ê.9"5�5�A:A	5�607	D�BIH(DNM<5�B DNA.7	; =<A	5�M 7:9<58B�C�7:DF3*BI7	DN;*6E;Ibc7:9<5@C�5�HNH(B�A.B �f�"r ��{ ���ês�������T BI6<M 7	; =<A	5@DN7
7:;EA	`.DN7	C�9 7	9"58A	7�B�7	5 ;�bfB C�5�HNH(7:;E7	9<5 r:} S"���)����T 7	;E7:9<5@3*B�HN=<5 O�_ ;&? r,+ S"�)�����2T 7	;E7	9"583*B�HN=<5
R&_ A	7�B�7:5 )ÞÊ.9<5E="6<D > ="5 B�A:a�5�C�7g;Ib�7	9<5\kf;&HN7 ��J B�6<6oJ BICG9"DF6"58DNAg7:9�B�78DN78C�B�6 ne5$A	5�5�6 B�A
BI6�B�HN;&>*;*="Af7:;$B a<90kKA:DNC�B�H�A	k0A	7:5�J DN6$`.9<DNC�9j7	9"5ma"?	;*neB�n<DNHNDN7	DN5�A.;�bYC�9�B�6<>&DN6<>E7	9<5 A	7GBI7	5�A ;�b
C�5�HNHFA@DN6o7	9<5 6<5�7 `�;*?�. C�BI6 ne5$B � 5�C�7:5�M n0k BL>*HN;*neB�H ;	7:5�J$ae5�?GBI7	=<?:5�= a�B�?�B�JL5�7	5�?6)2/ 9"5�6
7:9<587:5�J$ae5�?GBI7	=<?:5gDNA.9<DN>&9 T 6<5�=<?	;&6<A@CG9eB�6<>&58A	7�B�7	5�A8`.DN7	9 9<DN>*9<5�?�a<?:;*n�BIn<DNHFDN7 kE7:9�B�6j`.9"5�6
7:9<5E7	5�J$ae5�?GBI7	=<?:5$DNA8HN;�`2)Ml =<?:DN6<> 7	9<5LA	7GBIn<DNHND ��B�7	DN;&6 a<?:;0C�5�A	A T 7:9<5$7:5�J$ae5�?GBI7	=<?:5E;�b�7:9<5
6"5�7 `f;&?3.EDNA�>*?GBIM<=�BIHFHNk HN;�`f5�?:5�M T S B8a<?:;0C�5�A	A .06<;�`.6 B�A ;GBI6<6<5�BIHFDN6<> =8M<=<5@7:;gDN7	A�A	DNJLDFH�BI?	DN7 k
7:;g7:9<5gBI6<6<5�BIHFDN6<> ;�bYJ$5�7�B�HNA _�T ?	5�A:=<HN7	DN6<>EDN6 B A:k0A	7	5�J 7	9�BI7.n�5�C�;*J$5�A.a<?	;&>*?	5�A	A	DN3&5�HNk JL;*?:5
A:7GBIn<HN5m;�3&5�?.7	DNJL5 )
�";*?	J B�HNHNk T 7	9<5LHN;KC�B�H�5�6"5�?	>&k M<D � 5�?:5�6<C�5jBI7m7:9<5 " + 7	9 =<6<DN7@b�;*?87:9<5EC�;*6 d�>*=<?�B�7:DF;&6�+EDNA

M"5�d�6<5�MoB�A
� - � �	� �� + 	�� � S `.DN7	9 � � 5 " + 7:9 C�;*HN=<JL6E;�btV _ �Ê.9"DFA DNAm5 > ="DF3*BIHN5�607�7	;LC�;*JLa<=<7:DF6"> bi;*? 7	9<5 " + 7:9 ="6<DN7�7	9"5gM<D � 5�?	5�6<C�5$;Ibf5�6<5�?	>*k n�5�7 `�5�5�6

7:9<5@C�;*6 d�>*=<?�B�7:DF;&6$`.DN7	9 7:9<5@=<6<DN7fne5�DN6<> r$} BI6<M 7	9<5@C�;&60d�>&=<?GBI7	DN;*6L`.DF7:9 7	9<5@=<6<DN7.ne5�DN6<>
r + )

n 687:9<5fa"?	5�30DN;*=<AYB�HN>*;&?	DN7	9"J M<5�A	C�?:DFn"DF6">�7	9"5+b ;*a0d�5�HFM 6<5�7 `�;*?3. T A	7:5�a  `.DNHNH�n�5�J$;0M<D d�5�M
n0kEM<5�C�DNM<DN6<>E7	;EA:5�7 �# ���

��� � 5 > =�B�H 7:; O `.DN7	9$7:9<58a<?:;*n�BIn<DNHNDF7 k


 � � O
O ��� 
�
������ � S	O6?*_

`.9"5�?	5�� DNA B ?:5�B�H.ae;*A:DN7	DN3*5E3*BIHF="5EC�;*?:?	5�A:a�;&6<M<DN6<> 7	;o7	9"5$7	5�J$ae5�?GBI7	=<?:5$;�b�7:9<5 A	k0A	7:5�J
S 7	9<DNA DNA .06<;�`.6XB�AE7	9"5 s�r�®$��������p�T ;&? ­Or.s�� �
z|{:}�}"T ;&? ²��
��z�� 5 > =�B�7:DN;*6 _ )ýi�AEJL5�607	DN;*6<5�M
BI7.7	9<5 n�5�>&DN6<6<DN6<>$;Ib�7	9<DNA.A	5�C�7	DN;*6 T BI7�9<DN>&9 7:5�J$ae5�?�B�7	="?	5�A T 7	9<5 A	k0A	7:5�J 7	5�6"M<A@7	;$ne58HN5�A:A
DN6��e=<5�6<C�5�M n0k 7	9<5 3*B�HN=<5L;�b � - � ) / 9"5�6�� 7	5�6"M<A$7:;�`�BI?	M<A R"T 7	9"5 HN;&>*DNA	7:DFC bi=<6<C�7	DN;*6
M"5�>*5�6"5�?GBI7	5�A DF607:;g7:9<5�A:7	5�a b�=<6<C�7:DF;&6$B�6<M 7:9<5wk�;*HN7 ��J B�6"6EJ B�C�9<DN6<5.ne5�C�;&J$5�A�B_b�;&a0d�5�HNM
6"5�74) / 9<5�6�� 7	5�6<M"A�7	;�`.B�?:M<A.DN60d�6<DN7 k T 
 � 7	5�6<M<A�7:;�`�BI?	M<A � p 6<; J BI7	7:5�?.`.9�B�7.7:9<5@3*B�HN=<5
;Ib � - � DNA T BI6<M T BIA�B�C�;*6<A:5 > =<5�6<C�5 T 7	9"5+k�;*HN7 ��J B�6"68J BICG9"DF6"5�7	5�6"M<A�7	;@ne5�9�B�3&5.?GB�6"M<;*JLHFk
S������
��T DF7.DN>&6<;*?:5�A.7	9<5@DN60bi;&?	J B�7	DN;&6g>&DF3&5�6 n0kE7	9<58A:k0A	7	5�J _ )

Ê.9<5 a<?:;*n�BIn<DNHFDN7 kj;Ibm7:?GB�6"A	DN7	DN6<> b�?	;*J ;&6<5 A	7GBI7	5L7	;o7	9<5 ;*7:9<5�? C�B�6Xne5$5�l0a<?:5�A	A:5�M B�A
B ?GB�7:DN; ;Ib�a<?	;&n�B�n"DFHNDN7	DN5�A6)$�<;&?@5�l<B�J$a"HF5 T 7:;j5�3*B�HN=�BI7	5E7:9<5$a<?:;*n�BIn<DNHNDF7 k ;�b�?	5�B�C�9<DN6<>j7:9<5
A:7GBI7	5 + bi?:;*J 7:9<58A	7�B�7:5,+�� `.DN7:9 5�6<5�?	>&k -/.mB�6"M -/."� ?:5�A	ae5�C�7:DF3&5�HNk T C�;&J$a<="7	5�7:9<58?�B�7	DN; ;�b



� ��� ������������ C���H

a"?	;*neB�n<DNHNDN7	DN5�A�`.9<DNCG9LDNA45

 .

 . � �

� 
 � � � �
� 
 � � � � � � � 
 � � � 
 � � � 
 � � �

i A�7:9<5g7:5�J$ae5�?�B�7	="?	58?:DFA:5�A T 7	9<DNA�?�B�7:DF;E>&5�7	A@C�HN;&A	5�? 7	;$7:9<5 3*B�HN=<5 O*T DF6"M<DNC�B�7:DF6">E7	9�BI7�DN7�DNA
5�B�A	DN5�?�BI7�9<DN>*9L7	5�JLa�5�?GB�7:=<?	5@7:;g>&;@bi?	;&J ;*6"5�A	7�B�7:5m7:;g7:9<5@;*7:9<5�?4)�n 7�A	9";*=<HNM$ne5@a�;&A	A:DFn"HF5 T
7:9<5�?:5�bi;*?:5 T 7	; 5�A	C�BIa�5@HN;0C�B�HeJ$DN6<DNJ$B S n<=<7.B�7�7:9<5�a<?:DNC�5�;Ib DN6<C�?:5�B�A:DN6<>g7:9<5�?:DNA3. ;�b ?	5�BICG9"DF6">
BLA:;*HN=<7	DN;&6jb BI?@bi?:;*J BLJLDF6"DFJ =<J _ )yn 6 a<?�B�C�7:DFC�5 T 7	9<5EA:7	?�B�7	5�>*k DNA@7	;jA:7GB�?:787	9"5$a<?:;KC�5�A	A
BI7�B ?	5�H�BI7	DN3*5�HNkL9<DN>*9 7	5�JLa�5�?GB�7:=<?	5 B�6<M 7	9"5�6j7	;L?	5�M"=<C�5 7	9<587:5�J$ae5�?�B�7	="?	58a<?:;*>&?	5�A:A	DN3*5�HNk
3&5�?	k A	HN;�`.HNk )_n 7mDNA@?	5�H BI7	DN3*5�HFk b B�DN?�7:; AGB�kj7:9�B�7 d�6<M"DF6"> 7:9<5Ea<?:;*ae5�?gB�6"6<5�B�HNDN6<>LA	C�9<5�M<="HF5
b�;*?.B >*DN3*5�6La<?	;&n<HN5�J C�B�6 ne5mC�;*6<A:DFM"5�?	5�M B�A�BI6$DN607	=<DN7:DF3&5mBI?	7.J$;&?	5 7	9�BI6 BI60kK7:9<DN6<> 5�HNA	5 )

Ê.9<DNA�a<?:;0C�5�M<=<?:5�C�BI6 BIHNA	;@n�5�BI6�B�HNk���5�M `.DN7	9 ?	5�b�5�?	5�6"C�5�7:;mA:a<DN6E>*H�B�A:A	5�A�BI6<MgJL5�B�6 d�5�HNM
7:9<5�;&?	DN5�A T `.9"DFC�9 BI?	5$M";*J BIDN6<A�?:5�H�B�7	DN3&5�HNkj`f5�HFH A	7	="M<DN5�M DN6 a<90k0A	DNC�A [rZ&R<TYZ<O�] )\Ê.9<DNA8J B�k
5�lKa"H BIDN687	9<5.ae;*a"=<H�B�?	DN7 k@;�be7	9<5�A:5�6<5�=<?GBIH<6<5�7 `�;*?�.KA�B�J$;&6<>.a<90k0A	DNC�DNA	7:AfB�6"Mg7:9<5fA:7	?:;*6<>8DNJ +
aeB�C�7�b�;*a d�5�HNM*1 AYa�B�ae5�?Y9�B�A�9�B�M ;*6 7	9<5�JE=<HN7	DNM<DNA	C�DFa"HFD 6�B�?:k.6�B�7:=<?	5�;�be7	9<5�6<5�=<?�B�H06<5�7 `�;*?�.0A
de5�HNM*)

� !�� 1�,f, ��% " � $ � ) % �e'�� +Y)�� ���Y%�,
	 �(/�� ! �f)&+
� �
� � '*1�+ %
i A.6<;*7:5�M a<?	5�3KDN;&=<A	HNk$DN6 7	9"5mae5�?:C�5�a<7:?	;*6oA	5�C�7	DN;*6 T DN7.C�B�6 ne58A	9";�`.6$7	9eB�7.D b�;*6<5@;*?.JL;*?:5
;:9<DNM<M<5�6 H B�k&5�?	A�= B�?	5 B�M"M<5�M n�5�7 `�5�5�6 7:9<5oDF6"a<=<7 BI6<M ;*=<7:a<=<7 C�5�HNH@H�B�k*5�?:A T A	5�3&5�?GBIH8;�b
7:9<5EHNDNJ$DN7GBI7	DN;�6<A�;Ib�ae5�?:C�5�a<7:?	;*6"AEC�B�6 ne5E;�3*5�?:C�;*JL5 )ÄÊ.9<5EJ B�DN6ja<?:;*n<HN5�J 7	9�BI78a<H�B�>&=<5�M
5�B�?	HNkj6"5�=<?GBIHf6"5�7 `f;&?3.o?	5�A:5�B�?:C�9<5�?	AL`�BIA87	9"5$B�n<A:5�6<C�5L;�bmBLHN5�B�?:6<DN6<> ?	=<HN5E7	;oB�M49�="A	787:9<5
`�5�DN>*907:Am;Ibf7	9"5E9<DNM<M<5�6oH�B�k*5�? S A _ n�B�A:5�M ;*6o7	9<5 A	5�78;�b.A	7:DFJE="HFD�7	; ne5gHN5�BI?	6<5�M!)Än 6 ;&7	9<5�?
`�;*?:M<A T `.9<DNHN5fDN7Y`.B�A�5�BIA	k 7	;@6<;&7	5.`.9<5�6L7	9<5�BIC�7	DN3*BI7	DN;*68;Ib BI6E;*=<7:a<=<7�C�5�HNH<`�BIA�DN6<C�;&?	?	5�C�7 T
BIA	A:DF>&6<DN6<> ;	n<H�BIJ$5�= 7	; DF6"M<DN3KDNM<=eB�H�C�;&6<6<5�C�7	DN;*6<A `.DN7	9<DN6 JE=<HN7:D + H�B�k*5�?:5�Mj6<5�7 `f;&?3.0Ag`.B�AEB
M"D �$C�=<HN7�a<?:;*n<HN5�J )¡É0DN6<C�5g7:9<5�6 T A	5�3&5�?GBIH�?	="HF5�Am9eB�3*5 n�5�5�6 a<?	;&a�;&A	5�M T 7	9<5 J$;&A	7�ae;*a"=<H�B�?
;Ibc`.9<DNC�9 DNA ������r:����{:p � ���f�"r<�7{
®:{$����r$}<T M"DFA:C�;�3*5�?	5�MjDN6L7	9<58H�BI7	5@A	DNl07	DN5�A.n0kRk�?	k0A:;*6 BI6<MQb�;
[NO�q�]	T B�6<Mo?	5�M"DFA:C�;�3*5�?	5�MXn0k / 5�?:n�;&A8DN6 O�P ?�Q [r\*Z^] )yn 78`.B�A T ;&6<C�5$B�>0B�DN6 T DN6<M"5�a�5�6<M<5�607	HNk
?:5�M<DNA	C�;�3*5�?:5�MjB�6<M ae;*a<=<H�BI?	D ��5�MLDF6L7	9<5 5�B�?:HNkE5�DN>*907	DN5�A.n0kEA	5�3*5�?�B�H(B�="7	9<;&?	A S 7 5yË�=<6 T [ QKp^] �
WYBI?3.*5�? T([rq&R�] �:d.="J$5�HN9�BI?	7 T b�DN607	;&6jB�6<M / DNHFHND�B�JEA [ ? � ]	T `.DF7:9$7:9<5�A	5 H BI7	7:5�?�B�=<7:9<;*?:A�ne5�DN6<>
DN7:A.J$;*A:7fB�?:M<5�607�a"?	;*A:5�HNk07	5�A _ )

i�6 5�?	?:;*?@n�B�C�. + a<?	;&a�B�>0B�7	DN;&6$6<5�7 `�;*?�. DFA C�;*JLa�;&A	5�M ;Ib BI7.HN5�B�A:7�7	9"?	5�5 H�B�k*5�?:A�;�b�C�5�HFHNA65
BI6gDN6<a"=<7YH B�k&5�? T ;&6<5.;*?YJ$;&?	5�9"DFM"M<5�6EH�B�k*5�?:A T BI6<MEB�6 ;*=<7:a<=<7YH�B�k*5�?6)0n 6 7	9<DNAYDN607	?	;0M<="C�7	DN;*6 T
n.B�A:A	=<JL5.bi;&?.A	DNJ$a"HFDNC�DN7 k T n<=<7�`.DN7:9<;*=<7�HN;*A:A.;�b�>*5�6"5�?GBIHFDN7 k T 7:9�B�7.7:9<586<5�7 `f;&?3.0A�9�B�3&5�;&6<HNk
;&6<5@9<DNM<M<5�6 H�B�k*5�?4)�i n�B�C�. + a"?	;*aeB�>KBI7	DN;*6L6<5�7 `�;*?�.$DNA.M<5�A:C�?	DNne5�MjDN6$�(DN>&=<?	5 q )

Ê.9<5@5�A:A	5�607	D�BIH(DNM<5�B n�5�9<DN6<M$n�BIC�. + a<?:;*a�BI>KB�7:DN;*6EDNA�BIC�7	=eB�HNHNk > ="DF7:5�A:DFJLa<HN5�B�6<MLA	7:?GB�DN>&9�+
b�;*?	`.B�?:M*) 7 D�.*5@7	9"5gae5�?	C�5�a<7	?:;*6 T neB�C�. + a<?:;*a�BI>KBI7	DN;*6 6<5�7 `�;*?�.0Am="A	5 A	=<ae5�?	30DNA	5�M HF5�B�?	6"DF6"> 5
7:9<5�k 6<5�5�M 7:; .06<;�` `.9�BI7�?	5�A	ae;*6<A:5E7	9<5�k A:9<;*=<HNMj>&DN3*5@bi;&?�BE>&DF3&5�6jA:7	DNJE=<HN=<A4)ÌÊ.9<5 C�5�HNHNA
;Ib(7	9<5 ;*=<7:a<=<7�H�B�k*5�?�C�;*J$a"=<7	5.7:9<5@5�?	?:;*?.B�A�7	9<5 M<D � 5�?:5�6<C�5 n�5�7 `�5�5�6 7:9<5mBIC�7	=�BIH ?	5�A:a�;&6<A	5
;Ibc7:9<5@6<5�7 `�;*?3.jBI6<M$7:9<58DN607	5�6<M"5�M ?	5�A:a�;&6<A	5 )ÌÊ.9<5 A	k06�B�a"7	DNC@`f5�DN>&9K7:A.;*6 7	9"5�A	58C�5�HNHFA.`.DNHNH
ne5EB�M49�="A	7	5�M =<A	DN6<> 7	9"5EA	7GBI6<M�BI?	M / DNM<?	;�` +�b�; � HN5�BI?	6<DN6<> ?	="HF5 bi;&?m6";*6<HNDN6<5�BI?m="6<DN7	A4)|n 6
;&7	9<5�?.`f;&?	M<A T 7	9"5mC�;*6<6<5�C�7	DN;*6 `f5�DN>&9K7:A.`.DNHFHene5gB�M49 =<A	7:5�M DF6 ;&?	M<5�?.7:;EM<5�C�?:5�B�A:5g7:9<585�?:?	;&?
A:DN>*6�BIHcD b.7	9<5LAGBIJ$5 A	7	DNJE=<HN=<A DNA8a<?	5�A	5�607	5�M BI>KBIDF6!)�Ê.9"5$5�?:?	;*? DFA a<?	;&a�B�>0B�7	5�M ��{$p�� )D{$�"�
7:9<?	;&=<>*9E7:9<5 ��{:z|� C�;&6<6<5�C�7:DN;*6<A�BI6<MEA	k06�BIa<7	DNC�`�5�DN>*907:Af7:;87	9<5@C�5�HFHNA�;Ib(7	9<5@9<DNM<M"5�6$H�B�k*5�?4)



C��
	 ��������� �
	�����
������������ � �����

OUTPUT LAYERHIDDEN LAYER

h g

INPUT

f

W Z
matrix

Connection 
matrix

Connection 

Modifiable
synapses

Modifiable
synapses

z jlwli

J: neuronsL: neuronsI: neurons

���
�! #"#$�� '�Ê.9"5 BI?	C�9<DN7	5�C�7	=<?:5 ;IbgBo7 kKa"DFC�B�H.5�?:?	;*?Ln�B�C�. + a<?	;&a�B�>0B�7	DN;&6
6<5�7 `�;*?�.#)Dn 7.DNA.C�;*JLa�;&A	5�M ;Ib S BI7.HN5�B�A:7 _ 7:9<?	5�58H�B�k*5�?:A T ;&6<5@DN6<a<=<7.H�B�k*5�? T
;*6"5 S ;*?�A:5�3*5�?GB�H _ 9<DNM<M<5�6jH�B�k*5�? S A _�T B�6"Mj;*6<5 ;*=<7:a<=<7@H�B�k*5�?6)wÊ.9<5 DF6"a<=<7
H�B�k*5�?@DNA@J BIM<58;�b 
LC�5�HNHNA8;*?@6<5�=<?	;&6<A T 7	9<5E9"DFM"M<5�6 H�B�k*5�?@;Ib�� C�5�HNHNA@;*?
6<5�="?	;*6"A T 7	9"5�;*="7	a<=<7 H B�k&5�?Y;�b � C�5�HNHNA�;*? 6<5�=<?:;*6<A6)�Ê.9<5�`�5�DN>*907	A 
 � � � ;Ib
7	9"5�C�;&6<6<5�C�7:DN;*6<A�bi?:;*J 7	9"5�DN6<a<=<7 H B�k&5�?�7	;87:9<5�9<DNM<M"5�6$H�B�k*5�?fB�?:5�A	7:;*?:5�M
DN6j7	9"5�� � 
LJ BI7	?:DFlÄV )OÊ.9<5 `f5�DF>&907	A�� � � � ;�b�7	9<5 C�;*6"6<5�C�7:DF;&6<A bi?	;&J
7	9"5�9<DNM<M<5�6$H�B�k*5�? 7	; 7	9<5 ;*=<7:a<=<7�H B�k&5�?fBI?	5�A:7	;&?	5�MLDF6E7:9<5 � � � J BI7	?:DFl
� )DÊ.9<5"� + 7:9 A:7	DNJE=<HN=<A�DNA.M<5�6<;*7:5�M$��� T 7:9<58C�;&?	?:5�A	ae;*6<M"DF6">$?	5�A	ae;*6<A:5g;Ib
7	9"589<DNM<M<5�6 H�B�k*5�?fDNA.M<5�6";*7	5�M��)� T 7	9<5@?	5�A	ae;*6<A:5g;Ibc7	9"58;*=<7:a<=<7.H�B�k*5�?fDNA
M<5�6";*7	5�M $� � T B�6<ML7	9<5 C�;*?:?	5�A:a�;&6<M<DN6<>$7�B�?:>*5�7.?:5�A	ae;*6<A:5gDNA�M<5�6<;&7	5�M � �-)

� 5�l07 T 7:9<5�5�?:?	;&?�B�7�7:9<5@9<DNM<M<5�6LC�5�HNHNAfDNA�5�A:7	DNJ BI7	5�M$BIAf7:9<5@`f5�DF>&907	5�M$B�3&5�?GBI>*5�;Ib(7	9<5@5�?:?	;&?
;Ibf7	9"5g;&=<7	a<="7mC�5�HNHFA6)yÊ.9<5 3*B�HN=<5�A�;�b�7	9<5 C�;*6"6<5�C�7:DF;&6<A�� � � � BI?	5 =<A	5�M B�A@7:9<5g`�5�DN>*907:A�b�;*?
C�;*J$a"=<7	DN6<>j7:9<5 `f5�DF>&907	5�M B�3*5�?GB�>&5 )hÉ0; T bi;&?E5�l<B�J$a"HF5 T D�b8B�6X;*="7	a<=<7EC�5�HNH.9�B�A$BoH�B�?:>*5
ae;*A:DN7	DN3*5@5�?:?	;*? T B�6<M D bc7:9<58A	k06�BIa<7	DNC8`�5�DN>*907.ne5�7 `�5�5�6 B >*DN3*5�6 9<DNM<M"5�6 C�5�HNH�B�6<M 7	9"58;*=<7 +
a"=<7�C�5�HFHYDNA@H�B�?	>&5 T DN7�DNJ$a<HNDN5�A�7	9�BI7�7:9<5g9"DFM"M<5�6oC�5�HNHY9�B�A8BEH�BI?	>*5 a�B�?:7�DN6j7	9"5g;&=<7	a<="7mC�5�HNH
5�?	?	;&?4)�Ê.90=<A T 7	9<585�?	?	;&?@A	DN>*6�BIHebi;*? 7	9<5 9<DNM<M<5�6jC�5�HNH(A	9";*=<HNMjA:9<;�` B H�B�?	>&5@C�;*JLa�;&6<5�607.;�b
5�?	?	;&?8C�;&J$DN6<> bi?:;*J 7:9<DNA@;*=<7:a<=<78C�5�HFH )|i.b�7	5�?87:9<5E5�?:?	;*? A	DN>&6�B�HY;�b.5�BICG9 9"DFM"M<5�6oC�5�HNH�9�BIA



� ��� ������������ C�� �

-8 -6 -4 -2 0 2 4 6 8
0

0.2

0.4

0.6

0.8

1
y=f(x)

x

y

���
�! #"#$��#'��@?�B�a<9 ;Ibc7	9"58HN;*>*DNA:7	DNC.bi="6<C�7	DN;&6*)

ne5�5�6 5�A:7	DNJ BI7	5�M T DF7:AfA:k06�B�a<7:DNCm`�5�DN>*907:A�B�?	58BIM49�=<A:7	5�MjB�a"a<?	;&a<?	D�B�7:5�HNkE=<A	DN6<> 7	9"5mA:7GBI6<M�B�?:M
/ DFM"?	;�` +�b�;��jHN5�BI?	6<DN6<> ?	=<HN5 T 5�l BIC�7	HNk B�A�bi;&?.7	9<5@;*="7	a<=<7.C�5�HNHFA6)

U ;&?	5$a"?	5�C�DNA:5�HNk T bi;*?gB 6<5�7 `�;*?3.o`.DN7	9 ;&6<5$DN6<a<="78H�B�k*5�? T ;*6<5E9<DNM<M"5�6 H�B�k*5�? T B�6<M ;&6<5
;&=<7	a"=<7.H�B�k*5�? T 7	9<5 bi;&HFHN;�`.DN6<>@6<;&7GB�7:DN;*6<A�BI?	5@M<5�d�6"5�M*5

! ���-5E7	9<5$
 � O 3&5�C�7	;&?E?	5�a"?	5�A:5�607	DN6<> 7:9<5�� + 7:9 A	7:DNJE=<HN=<A S"�����
��T 7:9<5 DF6"a<=<78H�B�k*5�?gDNA
J B�M<5 ;�b 
 C�5�HNHNA _ )

! � � 5Y7	9"5 � �$O 3*5�C�7:;*?�?	5�a"?	5�A:5�607	DN6<> 7	9<5 ?	5�A:a�;&6<A	5@;�b(7:9<5.9<DNM<M<5�6$H�B�k*5�?�bi;&?�7	9"5 � + 7	9
A:7	DNJE=<HN=<A S"�����
��T 7:9<5@9<DNM<M<5�6 H�B�k*5�?.DNA�J BIM<5�;Ib � C�5�HNHNA _ )

! $� � 5�7	9<5 � �$O 3&5�C�7:;*?.?	5�a<?	5�A:5�607	DN6<>E7:9<5.?	5�A:a�;&6<A	5 ;�b 7	9<5 ;*=<7:a<=<7�H B�k&5�?Ybi;&?�7	9"5 � + 7	9
A:7	DNJE=<HN=<A S"�����
��T 7:9<5@;*=<7:a<=<7.H�B�k*5�?.DNA�J BIM<5�;Ib�� C�5�HNHFA _ )

!�� � 5 7:9<5�� �8O 3*5�C�7	;*? ?	5�a<?:5�A	5�6K7:DN6<>87	9"5.7GB�?:>*5�7 S ;*?YM<5�A:DF?:5�M _ ?:5�A	ae;*6"A	5�;Ib�7	9"5f;&=<7	a<="7
H�B�k*5�?�bi;*?�7	9<5 � + 7:9 A	7	DNJE=<HN=<A6)

! V 5 7	9<5 � � 
 J B�7:?	DNl ;�b.A	k06�BIa<7	DNCE`�5�DN>*907	A8;Ib�7:9<5EC�;&6<6<5�C�7:DN;*6<A n�5�7 `f5�5�6 7	9"5�

C�5�HFHNA�;Ib�7	9"5.DF6"a<=<7(H�B�k&5�?�B�6<M 7	9<5 � C�5�HNHNA�;�b�7:9<5�9<DNM<M<5�6EH�B�k*5�?���
 � � � >&DN3*5�A�7	9<5.`�5�DN>*907
;Ibf7	9<5 C�;&6<6<5�C�7:DN;*6 ne5�7 `f5�5�6 7:9<5 " + 7:9jDN6<a<=<7@C�5�HNH�B�6"Mj7	9<5���+ 7:9 C�5�HNHc;Ibf7	9"5g9<DNM<M"5�6
H�B�k*5�?4)

! � 5(7:9<5�� � �jJ B�7:?	DNl�A:7	;*?:DN6<>@7	9<5.`�5�DN>*907	AY;Ib�7	9<5.C�;*6<6<5�C�7	DN;*6"A�n�5�7 `f5�5�6$7	9"5f9<DNM<M"5�6
H�B�k*5�?fB�6<ME7:9<5.;*="7	a<=<7 H B�k&5�?�� � � � � >&DN3*5�AY7	9"5�`�5�DN>*907Y;�b(7	9"5.C�;*6<6"5�C�7	DN;&6$ne5�7 `f5�5�6$7:9<5
��+ 7	9jC�5�HFH ;Ib�7	9<5@9<DNM<M<5�6 H�B�k&5�?�B�6<ML7	9<5#�4+ 7	9 C�5�HNH�;�bc7:9<58;&=<7	a<="7.H B�k&5�?4)

n 68;&?	M<5�?�7	; =<A	5�5�?	?	;&?Yn�B�C�. + a"?	;*aeB�>KBI7	DN;*6 T 7	9<5�?:5�A	ae;*6"A	5.;�b�B�C�5�HFH&A	9<;&=<HNM8ne5fB�6<;*6"HFDN6<5�B�?
b�=<6<C�7:DF;&6 ;Ib�7	9<5EC�5�HNH�BIC�7	DN3*B�7:DN;*6 S 7	5�CG9"6<DNC�B�HNHNk A:a�5�B�.0DN6<> T 7	9<5L6<;*6"HFDN6<5�B�?	DN7 kjDNA86"5�C�5�A:AGB�?:k
;&6<HNk@bi;&?c7:9<5�9"DFM"M<5�6EH�B�k*5�?YC�5�HFHNA _ )Dl 5�6<;&7	DN6<>87:9<5�B�C�7:DN3*B�7	DN;&6g;Ib C�5�HFH��Ln0k �	� T DN7:A�?	5�A:a�;&6<A	5



C���� ��������� �
	�����
������������ � �����

`.DNHNHen�5
� � � # S �	� _ � S	O�\*_

/ 9<DNHF5 7	9"5�?	5 B�?	5EA:5�3*5�?GB�H.B�C�C�5�a<7�B�n<HN5Eb�=<6<C�7:DF;&6<A T 7	9"5EJ$;*A:7@`.DFM"5�HNkj=<A	5�M DNA@7	9<5LHF;&>*DNA	7:DNC
b�=<6<C�7:DF;&6jM<?�B�`.6jDN6 ��DN>*=<?:5 ? )Wn 7@DNA�>&DN3*5�6jn0k 7	9"5 bi;*HNHN;�`.DN6<>Zc > =eB�7	DN;&6 S C�b�) T BIHFA:;Mc > =�B +
7:DN;*6 O6?*_ 5

# S 
 _ � O
O ��� 
 � �

Ê.9"5EHF;&>*DNA	7:DNC8bi="6<C�7	DN;&6 J B�a"Am7:9<5 BIC�7	DN3*BI7	DN;*6oDN6K7:; 7	9<5LC�;*607	DN6<;&=<A8DN607	5�?:3*B�H [rR �EO�] )8( 6<5
?:5�B�A:;*6Lbi;&?.DF7:A.a�;&a<=<H�B�?:DN7 kgDNA.7	9"585�B�A:58;�bYC�;*JLa<=<7:DF6">8DN7	A.M<5�?:DN3*B�7	DN3&5 5

# � S 
 _ � � 
 �
S	O � � 
 � _ t � # S 
 _�[NO 	 # S 
 _�] � S	O�P*_

Ê.9<5.B�6<A:`f5�?(;�be7	9<5�6"5�7 `f;&?3.@7	;@B�68DN6<a"=<7 A	7:DFJE="HF="A DFA�>*DN3*5�6mn0k8B bi;&?	`.B�?	M 7	?GBI6<A	JLDNA	A	DN;&6
;Ibf7	9"5EA	7	DNJE=<HN=<A6) ��DF?:A	7 T 7:9<5EA	DN>*6eB�HYDNA�b�;*?	`.B�?:M<5�M bi?	;&J 7	9<5EDN6<a"=<7@H B�k&5�?@7	; 7	9"5g9<DNM<M"5�6
H�B�k&5�?4)QÊ.9<5 B�C�7:DN3*B�7	DN;&6 ;Ib�7	9<5L9<DNM<M<5�6 H�B�k*5�?8C�5�HNHNAgDNA8C�;*J$a"=<7	5�M BI6<M 7:9<5�6 7	?GBI60bi;&?	J$5�M
;&?@d�HN7	5�?	5�M =<A	DN6<> B 6<;*6<HNDN6<5�BI?@bi=<6"C�7	DN;*6 S����4®:��T 7	9"5$HN;*>&DFA:7	DNC bi=<6"C�7	DN;*6 _ )ÞÉ0; T D b�7	9"5�� + 7	9
A:7	DNJE=<HN=<A T 6<;&7	5�M ��� T DNA.a<?:5�A	5�607:5�M T 7	9<5 ?	5�A:a�;&6<A	5 ;�bY7	9<589"DFM"M<5�6 H�B�k*5�?�`.DNHFHene5 5

�)� � # S V ��� _ �
� 5�l07 T 7	9"5�9<DNM<M<5�6 H B�k&5�? ?	5�A	ae;*6<A:5fDNA b�;*?	`.B�?:M<5�M@7	;.7:9<5�;&=<7	a<="7(H�B�k*5�? C�5�HNHFA6)0Ê.9"5fB�C�7:DN3*B�7	DN;&6
BI6<M 7	?�B�6<Asbi;*?:J B�7:DN;*6E;�b�7:9<5�A	5 C�5�HNHNA�DNA.C�;*JLa<=<7:5�M DF6 B J BI6<6<5�?.A:DFJLDNH BI?Y7	;$7:9�B�7.="A	5�M b�;*?
7:9<5�9"DFM"M<5�6EH�B�k*5�? C�5�HNHNA4)DÉ0; T 7:9<5�?:5�A	ae;*6<A:58;�b(7:9<5�;&=<7	a"=<7�H�B�k*5�? 7	; 7	9<5�� + 7:9EA	7:DFJE="HF="Ac`.DNHNH
ne5 S B�A:A	=<JLDN6<>Ebi;&?@C�;*603*5�6<DN5�6<C�5L7	9�BI7m7:9<5EAGBIJ$586";*6<HNDN6<5�BI?�b�=<6<C�7:DF;&6 DNA@=<A:5�Mobi;*?8BIHFHY7:9<5
C�5�HNHFA _ 5

$� � � # S � �)� _ �É0DN6<C�5@n�BIC�. + a<?:;*a�BI>KB�7:DN;*6EDNA�B A	="a�5�?:30DFA:5�M HN5�B�?:6<DN6<>g7:5�C�9<6<D > =<5 T 7	9<5 ;*=<7:a<=<7.H�B�k*5�? C�5�HNHNA
JE="A	7�ne5Ea<?:;�3KDNM<5�M `.DN7	9o7	9"5E5�l0a�5�C�7	5�MXB�6<A:`f5�?6) ( 6<C�5E7:9<5E5�?	?:;*?8A:DN>*6�BIH4BI787	9"5g;&=<7	a<="7
C�5�HNHFA@9�BIA@n�5�5�6 M<5�7	5�?	J$DN6<5�M T 7	9"5ga<?:;0C�5�A	A ;�b�C�;*?:?	5�C�7:DN6<>j7	9"5EA	k06�B�a"7	DNCg`�5�DN>*907:A�DN6 ;&?	M<5�?
7:; J$DN6<DNJED ��5@7	9<5E5�?:?	;&?8A	DN>*6eB�H S BIC�7	=�BIHNHFk T 7	9<5EJL5�B�6 A > =�B�?:5E5�?	?:;*?8A:DN>*6�BIH _ ne5�>*DN6<A6)|Ê.9<5
C�;*?	?:5�C�7:DF;&6Xa<?	;0C�5�M"=<?	5jDNAE7:9<5 AGB�JL5 bi;*?EB�HNH�7	9<5 C�5�HFHNA T 7:9<5$;&6<HNk M<D � 5�?	5�6<C�5jDNAE7	9�BI7g7:9<5
a"?	;0C�5�M<="?	5 =<A	5�M 7	; 5�3*B�HN=�BI7	5E7	9"5$5�?:?	;*? A	DN>&6�B�H�M"D�� 5�?:Agne5�7 `�5�5�6 7:9<5$9"DFM"M<5�6 H�B�k&5�?@C�5�HNHNA
BI6<M$7:9<58;&=<7	a<="7.H B�k&5�?�C�5�HNHNA4)
�";*?.7	9"58C�5�HNHNA.;�b�7	9"58;*=<7:a<=<7.H�B�k*5�? T 7	9"585�?	?:;*? DFA.5�3*B�HN=�B�7:5�M n0k$C�;&J$a�BI?	DN6<>87:9<5gB�C�7	=�BIH

?:5�A	ae;*6"A	58;Ib47:9<5@C�5�HNH(`.DN7:9 DN7:Af5�l0ae5�C�7:5�M ?:5�A	ae;*6"A	5 )�É0; T 7	9<585�?	?	;&?.bi;&?f;&=<7	a"=<7.C�5�HNH�� DFA
� � � % � 	 $% � �� A	DN6<> 3*5�C�7:;*?�6";*7GBI7	DN;*6 T 7	9<5�� � O 5�?:?	;&?�3*5�C�7	;*? ;�b 7	9<5�;*=<7:a<=<7YC�5�HNHNAYbi;&?Y7	9<5�� + 7	9 A	7	DNJE=<HN=<A

DNA65
� � � S � � 	 $� � _ �Ê.9<5 �
���"r$�Ä����®$}�{.sNT C�;&JEn<DN6<5�A87:9<5 C�5�HNH�5�?:?	;&?E`.DF7:9 DN7	AEB�C�7	DN3*B�7:DF;&6*)jÉ0ae5�C�D d�C�B�HNHNk T 7:9<5

5�?	?	;&?.A	DN>*6eB�H DNA.`f5�DF>&907	5�M n0k$7:9<5@M<5�?	DN3*BI7	DN3*5 ;�b�7	9<5@;&=<7	a<="7�B�C�7:DF3*BI7	DN;*6 S"�
��®$��T B�A.>&DF3&5�6$DN6
c > =eB�7	DN;&6 O�P&_ )�WY?:5�C�DNA	5�HFk#5

� � �����
	��
�
	�� � � # � S � � � _�� S � � _ � $� � � S ��	 $� � _�� S � � 	 $� � _ �



� ��� ������������ C���E

`.9"5�?	5 � M<5�6<;*7:5�A�7:9<5ybmBIM�B�J B�?�a<?	;0M<="C�7 S������
��T 7	9<5 5�HN5�J$5�607 `.DNA	5@a<?:;0M<=<C�7 T C b ) [�?�QeTKZ&p�]i_
BI6<M��gM"5�6<;*7:5�A.B@=<6<DN7GBI?	k 3*5�C�7	;*?�;�b 7	9"5mB�a"a<?	;&a<?	D�B�7:5.;*?:M<5�?4)ÀÊ.9<5�bi=<6"C�7	DN;*6�#LDNAfBIA	A	="J$5�M
7:; ne5 7:9<5oHF;&>*DNA	7:DNC bi=<6<C�7	DN;*6Xb�;*?$7:9<5oA	5�C�;&6<M 7	5�?	J ;Ibg7	9"5 a<?:5�30DN;*=<AÞc > =�BI7	DN;*6 7:; ne5
A:DNJ$a<HND d�5�M$BIA.DF7�DNA4)

Ê.9<5 HN5�B�?:6<DN6<>E?	=<HN589eB�A@7	9<5 bi;*?:J ;Ibf7	9<5 HF5�B�?	6"DF6">$?	="HF5 M<5�A	C�?	DNn�5�M a<?	5�30DN;*="A	HNkEbi;&?�7:9<5
ae5�?:C�5�a<7:?	;*6 ;&?�bi;&?f7:9<5�HNDN6<5�BI?fB�A:A	;0C�D�B�7:;*?6)�n 7fC�;&?	?:5�C�7	A 7	9<5 J BI7	?	DNl � DN7	5�?GB�7:DN3*5�HNk�)0i.7�A	7:5�a
S � � O�_�T 7	9"5m`�5�DN>*907:A.A	7	;&?	5�M DF6LJ BI7	?	DNl � ne5�C�;*JL5 5

�
�����	��
 � � ���

 ��� � �� ���
	��
�
	�� ��� � � � � ����
 � � �

� S � R*_
S `.DN7	9��L?�B�6<M<;&J$HNk CG9";*A	5�6 T BI6<M � ne5�DN6<>$B8A:J BIHFHeae;*A	DN7:DF3&5@C�;*6<A:7GBI6K7 _ )
�";*?�7:9<5 C�5�HNHNA�;�b�7:9<5g9"DFM"M<5�6jH�B�k*5�? T 7	9<5 5�?	?:;*?@A	DN>*6eB�H(C�B�6<6<;&7@n�585�3*B�HN=�B�7:5�Mjn0k M<DN?	5�C�7

C�;*J$aeB�?	DNA:;*6$`.DN7:9 7:9<5 7GB�?:>*5�7 A	DN6<C�5 7	9<5 7GBI?	>*5�7�DNA.6<;*7 M<5�d�6"5�M BI7.7	9�BI7�HN5�3&5�H )+Ê.9"5g5�?:?	;&?
A:DN>*6�BIH<DNA�5�A	7:DNJ B�7:5�M$B�A�B bi=<6<C�7	DN;*6E;Ib(7	9<5 ;*=<7:a<=<7�5�?	?:;*? T ;Ib 7:9<5�A:k06�B�a<7:DNC�`�5�DN>*907	A T BI6<ME;�b
7:9<5 S M<5�?	DN3*B�7:DF3&5�;Ibc7	9"5 _ ?:5�A	ae;*6<A:58;�bY7	9<5 9<DNM<M<5�6LH B�k&5�?.C�5�HNHNA4)�W4?	5�C�DNA:5�HNk T 7	9<5@5�?:?	;*? A	DN>*6eB�H
3&5�C�7:;*?�bi;&?.7	9<5@9<DNM<M<5�6 H�B�k&5�?.C�5�HNHNA.DNA.C�;*JLa<=<7	5�M B�A

� � ����� ������� � � � # � S V ��� _ � S � � � � � ���
	 �
�
	�� � _ � �)� � S ��	 � � _ � S � � � � � ���
	��
�
	�� � _ � S � O�_
É0;L7	9<585�?	?	;&?�A:DF>&6�B�H bi?	;&J 7:9<58;&=<7	a<="7�H�B�k*5�?.DNA.n�BIC�.Ka"?	;*aeB�>KBI7	5�M 7	;E7	9"589<DNM<M<5�6 H B�k&5�?

7:9<?	;&=<>*9 7:9<5E`�5�DN>*907	A8;Ib�7	9<5LC�;*6"6<5�C�7:DF;&6<A n�5�7 `�5�5�6 7	9<5L;*=<7:a<=<78H�B�k&5�?gB�6"M 7	9<5E9<DNM<M"5�6
H�B�k&5�? S 7	9"DFA DFA 7	9<5L7	5�?:J � � � � �����
	 �
�
	�� � DN6 c > =�BI7	DN;*6	� O�_ )\Ê.9<DNAgB�JL;*=<607:A�7	; C�;*JLa<=<7	DN6<>
7:9<589<DNM<M"5�6 H B�k&5�?.C�5�HNH 1 A�5�?:?	;&?�C�;&J$ae;*6<5�607�BIA.7	9<58`�5�DN>*907:5�M B�3*5�?GB�>&5@;�b�7	9<5 5�?	?:;*?@A	DN>*6eB�H
;Ib�7:9<5E;*="7	a<=<7 H B�k&5�?@C�5�HNHNA4)ÄÊ.9"5�6 T 7	9<5L5�?	?:;*?8C�;&J$ae;*6<5�6K7 bi;&?@5�B�C�9 C�5�HNH�DNAm`�5�DN>*907:5�M n0k
7:9<5$M"5�?	DN3*B�7:DN3*5E;�b.DN7	A ?	5�A:a�;&6<A	5 DN6 ;*?:M<5�? 7	;jC�?	5�BI7	5 7	9<5L5�?	?:;*?EA:DF>&6�B�H [ 7:9<DNA8DNA87	9"5$7	5�?	J
# � S V ��� _ DN6Mc > =eB�7	DN;&6 � O ] )

/ 9<5�6$7	9"5�5�?:?	;*?�A	DN>&6�B�H0b�;*?�7:9<5�C�5�HFHNA�DN6E7:9<5�9<DNM<M"5�6$H�B�k*5�?c9eB�A�n�5�5�6$C�;&J$a<=<7:5�M T HN5�B�?:6�+
DN6<>LDNA�DNJ$a<HN5�JL5�607	5�MjBIA�b�;*?�7:9<5E;*="7	a<=<7@H�B�k*5�?�C�5�HNHNA4)|l =<?	DN6<> 7	9"5gHN5�BI?	6<DN6<>La<?	;0C�5�A:A T 7:9<5
J B�7:?	DNl�V DFA.C�;*?	?:5�C�7:5�M DN7:5�?GBI7	DN3*5�HNk�)0i.7.A:7	5�a S�� � O�_�T 7:9<58`�5�DN>*907	A�A	7:;*?	5�MjDN6 J B�7:?	DNl�V
ne5�C�;&J$5 5

V
�����	��
 � V

���

 � � � �� ��� ������� � � � �� � V
� �

 � � �

V � S � � _
n 6E7	9"5.6<5�l07�A	5�C�7	DN;*6 T n(A	9";�` 7:9�B�7Yn�BIC�. + a<?:;*a�BI>KB�7:DN;*6 C�;*603*5�?	>*5�A S D b � DNA�B�a<a"?	;*a"?	D�B�7:5�HNk

C�9<;&A	5�6 _ 7:;�`�BI?	MgBhHN;KC�B�H*JLDN6<DNJg=<JX;Ib 7:9<5�J$5�BI6mA > =�B�?:5f;Ib�7	9<5 5�?	?:;*?Ybi;&? 7	9<5�;*="7	a<=<7YH�B�k*5�?4)
É a�5�C�D�deC�B�HNHNk T n�BIC�. + a<?:;*a�BI>KB�7:DN;*6@DNJ$a<HN5�JL5�607	Ae>*?GBIM<DN5�607(M<5�A	C�5�607 T B `�5�HNH + .06<;�`.6@a<?	;0C�5�M<=<?	5
DN6L6K="J$5�?:DFC�B�H B�6�BIHFk0A:DFA6)

p ) O )������ � ��	 � ��	�
�� � ����� ��� 
 � � ����� ��� �*� � �#� � 
 ����� ���*��

Ê.9"5m>&?GBIM<DN5�607.M<5�A	C�5�607mJL5�7	9";KMLDNA�B ?	5�H�B�7:DN3*5�HNkE`�5�HNH + .06<;�`.6$JL5�7	9";KM ;Ibc60=<J$5�?	DNC�B�H(BI6�B�H�+
k0A:DFA [ � R"T ��� T q"O*T \<O ] ="A	5�M 7:; HN;0C�BI7	5 DF7:5�?GBI7	DN3*5�HFkjBLJ$DN6<DNJ =<J ;Ib�BL6<;*6<HNDN6<5�BI?�M<5�?	DN3*B�n<HN5
b�=<6<C�7:DF;&6*)

Ê.9<5.>&?GB�M"DF5�6K7 ;�b(B.b�=<6<C�7:DF;&6gDNA�M"5�d�6<5�M$BIA�7	9"5.J B�7:?	DNl@;�b 7	9<5 S d�?	A:7 _ M<5�?:DF3*BI7	DN3*5�;�b 7	9eB�7
b�=<6<C�7:DF;&6*)�É0=<a<ae;*A:5�7	9eB�7�7	9<5 a�B�?�B�J$5�7	5�?:A�;�bcB b�=<6<C�7:DF;&6 BI?	5.A	7:;*?:5�M DF6$B J B�7:?	DNl8M<5�6<;*7:5�M
�XB�6<ML7	9�BI7.7	9<5@b�=<6<C�7:DF;&6$=<6"M<5�?�C�;*6<A:DFM"5�?GBI7	DN;*6 DNA

� � % S � _



C��
G ��������� �
	�����
������������ � �����

S������
��T 7:9<5.a<?	;&n<HN5�J DNA�7:;@d�6<ME7:9<5.J BI7	?:DFl �oA	;@7	9�BI7 � ?	5�BICG9"5�AfDN7:A�J$DN6<DNJ =<J 3*B�HN=<5 _ )�Ê.9<5
BIHN>*;*?:DN7	9<J a<?:;KC�5�5�M<A8B�A�b�;*HNHN;�`.A45
! � � Ë�9<;*A:5gB�?:n<DN7	?�B�?	DNHNk$7:9<58DN6<DN7	D�BIH 3*B�HN=<5�A.;Ib �

� � � � 
 )�n 6 >*5�6<5�?GB�H T 7	9<5�A:5E3*B�HN=<5�A.`.DNHNH
ne5 CG9";*A	5�6 ?�B�6<M";*J$HNk T n<=<7EBLd�?:A	7E>&;K;0M >*=<5�A:AEC�B�6XB�HNA	; n�5 =<A:5�M D bmB�60k C�BI6 ne5
J B�M<5 )

!� �� Ë�;*J$a"=<7	5 7	9<5 S HN;0C�BIH _ >&?GBIM<DN5�607f;Ib % M"5�6<;*7:5�Mjn0k�� % B�A65

� % �
� % S �

���


_

� �
���

 �

!�(�� Ë�9eB�6<>&5E7	9<5 3*B�HN=<5�A@;Ib��
���



DF6o7	9"5 ��}��
������� M<DN?:5�C�7	DN;&6 ;Ib�DN7	A@>&?GB�M"DF5�6K7 S 7	9<DNA8DNA
ne5�C�BI=<A	5 7	9<5.>&?GB�M"DF5�6K7�DN6<M<DNC�B�7:5�A�7:9<5fM"DF?:5�C�7:DF;&6gDN6 `.9<DNC�987	9<5�b�=<6<C�7:DF;&68DN6<C�?:5�B�A:5�A��"A	;
>&;*DN6<> DF6 7:9<5@DF603&5�?	A:58M<DN?	5�C�7	DN;*6 DN6<M<DNC�BI7	5�A.7:9<58M<DN?	5�C�7	DN;*6 ;Ib4B ae;*A	A:DNn<HN5mJLDN6<DNJg=<J _ )
n�b � M"5�6<;*7:5�AmB A:J BIHFH"a�;&A	DN7	DN3*5@C�;&6<A	7�B�607 T 7	9<5@C�;&?	?:5�C�7	DN;&6j7	;$BIa<a<HNkE7	; �

���


DNA65

�
���
�	� 
 � � � �

 � � �

� � � � �

 	 � � % � � ���

 	 �
� % S �

����

_

� �
����
 �

!�� � n�b
�
����
 � � ���
�	� 
 S ;*? �

���

 * � ���
�	� 
 D b�B�6jB�a<a"?	;�l0DNJ B�7:DN;*68DNA.A	= �$C�DN5�607 _
7:9<5�6jA:7	;*a 7:9<58a<?:;KC�5�M<=<?:5 T ;*7	9"5�?	`.DNA	5 ?	5�DN7	5�?GB�7:58A	7:5�a<A  B�6<M ( )

�";*?�B�6 5�?:?	;&?�n�BIC . + a<?	;&a�B�>0B�7:DF;&6$6<5�7 `f;&?3. T 7	9<5 5�?	?:;*?.b�=<6<C�7:DF;&6 DFA.M"5�d�6<5�MoB�A.7	9"58A	=<J
;IbfA > =�BI?	5�A ;�b.7	9<5 M<D � 5�?	5�6<C�5�AEn�5�7 `f5�5�6 7	9<5E5�l0ae5�C�7:5�M 3*BIHF="5�A � � B�6<Mo7	9<5E?:5�A	ae;*6"A	5�A ;�b
7:9<5@6<5�7 `�;*?�. $� � )�É0a�5�C�D d�C�B�HNHNk T 7	9<585�?	?	;&?.bi="6<C�7	DN;&6Ebi;&?.7	9<5 � + 7	9 ?	5�A	ae;*6<A:5gDNA.M<5�de6<5�M BIA45

- � � �t S � ��	 $� � _ � S � ��	 $� � _ � �t S � �� � � � $� �� $� ��	�� $� �� � � _ � S � Z*_
p ) O ) O )�� � �����:�&�2��%��!�"�&��%
�:�:�!�
	��
���:9�� ������� ���/@'��
>�?�
�";*?�7	9<5.;&=<7	a"=<7�H�B�k*5�? T 7	9<5.J B�7	?:DNl�;�b a�BI?GB�JL5�7	5�?	AYDNAc7:9<5.`�5�DN>*907YJ B�7:?	DNl � )�Ê.9<5.>*?�B�M<DN5�607
;Ib - � ?:5�H�B�7:DF3&587	; �XDNAmC�;*J$a"=<7	5�M =<A	DN6<>L7	9<5 p�q�{:��}ý�@x:s�� BIM�B�a"7	5�Mj7:; J B�7:?	DNC�5�A S C�b�) [rp&R<T
p"O�]i_ 5

����-�� � � -��
� � � � -��

� $� �
� $� �
� � � �

� � � �
� � � S � QK_

cY3*BIHF=eB�7	DN6<> 5�BICG9 ;Ibc7	9"587	5�?:J$A.;IbÜc > =�BI7	DN;*6 � Q >*DN3*5�A65
� - �
� $� � � 	 S � ��	 $� � _ � �

BIA	A:=<J$DN6<>"# DNAf7:9<58HN;*>&DNA	7	DNChbi=<6<C�7:DN;*6 T BI6<M `.DF7:9 $� � � # S � �)� _ 5
� $� �
� � � � � $� �� � S ��	 $� � _ � �

BI6<M
� � �)�
� � � �)� �Ê.9<58C�;*?	?:5�C�7:DF;&6 bi;&? � BI7.A	7:5�a � DFA�7	9"5�6ja<?:;*ae;*?	7:DN;*6�BIH 7	;

	�� � - � � S � � 	 $� � _ � � $� �� � S � 	 $� � _ � � � � � � � � ���
	��
�
	�� � � � �



� ��� ������������ C����

� A	DN6<> � BIA�B A	J BIHNH<C�;*6"A	7GBI607 T 7:9<DNA.DNA.5 > =<DN3*B�HN5�607f7:;EM<5�d�6"DF6">E7	9<5@C�9�B�6">*5gBI7fA:7	5�a � B�A65
� �
� � � � �� � �
	��
�
	�� � � � �

BIA.DN6<M<DNC�B�7:5�M$DN6Þc > =�BI7	DN;*6 � R )
p ) O ) �()�� � �����:�&�2��%��!�"�&��%
�:�:�!�
	��
���:9���9�� � ���&�8@'��
>�?�
�";*? 7:9<5�9<DNM<M"5�68H�B�k*5�? T 7:9<5�J BI7	?:DFl.;Ib<a�B�?�B�J$5�7	5�?:A(DNA 7	9<5 `f5�DN>&9K7 J B�7:?	DNl�V )0Ê.9"5�>*?�B�M<DN5�607
;Ib,-�� ?:5�H�B�7:DF3&5j7	; V DNA$C�;&J$a<=<7:5�M =<A:DN6<> T ;&6<C�5 B�>0B�DN6 T 7	9<5 p�q�{:�)}T��x$s�� BIM�B�a<7:5�M 7	;
J B�7:?	DNC�5�A65

�
�
- � � � - �

� V � � - �
� $� �

� $� �
� � � �

� � � �
� �)�

� � �
� V ���

� V � �
� V � S � p*_

Ê.9<5�d�?:A	7Y7 `�;�7	5�?	J$AY;Ibøc > =�B�7:DN;*6 � p 9�B�3&5�n�5�5�6EM<5�d�6"5�MEa<?	5�3KDN;&=<A	HNk S C�b�):c > =�B�7:DN;*6 � QK_
BI6<M$C�;*?	?:5�A	ae;*6"M 7:;
	 � � � � ���
	 �
�
	�� � )DcY3*B�HN=�BI7	DN6<> 7	9<5@;*7:9<5�? 7	5�?:J$A�>*DN3*5�A65

� � �)�
� � � � � � �

BIA	A:=<J$DN6<>"# DNAf7:9<58HN;*>&DNA	7	DNChbi=<6<C�7:DN;*6 T BI6<M `.DF7:9'�)� � # S V ��� _�T
� �)�
� V � � � � � � � S ��	 � � _ � �

BI6<M T d�6eB�HNHNk 5
� V ���
� V � � � �b�5�6<C�5 T 7	9"58C�;*?:?	5�C�7	DN;*6 b�;*?ÌV BI7.A	7	5�a � DNA�a<?	;&a�;&?	7:DF;&6�B�H 7:; 5

	��
�
-�� � �� � ���
	��
�
	�� � � � � � � � � S ��	)�)� _ � ��� � � � � � ��� ������� � � ��� �� A	DN6<> � B�A.B8A:J BIHFH"C�;*6<A:7GBI6K7�BI6<M$7:?GBI6<A	ae;*A:DF6"> ���8DNAf5 > =<DN3*BIHF5�6K7�7	; M<5�de6<DN6<>g7:9<5@C�9�B�6<>&5

BI7fA:7	5�a � BIA45
� �

V � � � ������ ������� � �(� ��
BIA.DN6<M<DNC�B�7:5�M$DN6Þc > =�BI7	DN;*6 ���()
p ) O ) Z )�� � �����:�&�2�)��� � @ � �;��������#"#&��%&�'� ���!�"#
Ê.9"5 / DNM<?	;�` +�b�; �$HF5�B�?	6"DF6">m?:=<HN5.=<A	5�MEbi;&?cHNDN6<5�BI?fB�A:A	;0C�D�B�7:;*?:A�C�B�6Ene5�DN607	5�?	a<?:5�7	5�M B�HNA	; B�A
B >*?�B�M<DN5�607@M<5�A:C�5�607g7:5�C�9<6<D > =<5 ) / DN7	9o7	9"5g6<;&7GBI7	DN;*6jM"5�d�6<5�M DN6o7	9<5Ea"?	5�30DN;*=<A@A:5�C�7	DN;&6<A T
7:9<5Eb�=<6<C�7:DF;&6 # =<A:5�MXnKko7	9"5 C�5�HNH.7	;j7:?GB�6"A bi;&?	J 7:9<5 BIC�7	DN3*B�7:DN;*6 DN6 Bj?:5�A	ae;*6"A	5 DNAg6<;�`
3&5�?	k A	DNJ$a<HN5 S DN7 DFA8B s���}���{$� 7	?�B�6<Asbi;*?:J B�7:DN;*6 ;�bf7:9<5EB�C�7:DF3*BI7	DN;*6 T 9<5�6"C�5$7:9<5g6eB�J$5 s���}���{:�
BIA	A:;KC�D BI7	;&? T C�b )�c > =�B�7:DN;*6<A O�Q BI6<M O�\*_ 5

� � � # S � � _ � � � �Ê.9"5m?:5�A	ae;*6"A	5 ;�bc7:9<5gBIA	A	;0C�D�BI7	;*?.ne5�C�;&J$5�A S C�b )�c > =�BI7	DN;*6 O�QK_ 5
*� � � V ��� �Ê.9<585�?	?	;&?.bi="6<C�7	DN;&6$DNA�B�A.a<?:5�30DN;*=<A:HFkLM<5�d�6"5�M S C b )�c > =�B�7:DN;*6 � Z*_ 5

- � � �t S � � 	 $� � _ � S � � 	 $� � _ � �t S � �� � � � $� �� $� � 	�� $� �� � � _ �



C
E�� ��������� �
	�����
������������ � �����

É0DN6<C�5EBEHNDN6<5�BI?mBIA	A	;0C�D�BI7	;*? 9�B�A@;&6<HNk$;*6"58A	5�7@;Ibf`f5�DF>&907	A T 7:9<5ga"?	;*n"HF5�J DFA 7	; d�6<Mj7:9<5
3*BIHN=<5�AY;�bfV JLDF6"DFJLD ��DN6<>�- �.bi;&?�B�HNH �#)�Ê.9<5.>*?�B�M<DN5�607Y;�b -��@?:5�H�B�7	DN3&5f7:;¡V DNAY5�3*B�HN=�BI7	5�M T
BIA.=<A	=eB�H T =<A	DN6<> 7	9"58C�9�B�DN6$?:=<HN58?	5�`.?	DN7	7:5�6 bi;&?fJ B�7	?:DNC�5�A4)

�
�
-�� � � -��

� V � � -��
� $� �

� $� �
� V � S � q*_

i Af6";*7	5�M$a<?:5�30DF;&=<A	HNk S C�b�)�c > =�B�7:DF;&6 � Q0_�T 7	9<5hd�?	A:7.7	5�?:J ;*6E7:9<5@?	DN>*907�;Ibtc > =�B�7:DF;&6 � q DNA65
� -��
� $� � � 	 S � ��	 $� � _ � �

BI6<M$`.DN7:9 $� � � # S V ��� _ � V ��� T 7	9<5 A	5�C�;&6<Mj7:5�?	J ;�bDc > =�B�7:DF;&6 � q n�5�C�;*J$5�A
� $� �
� V � � V � �

� V � � � �
Ê.9<58C�;*?	?:5�C�7:DF;&6 bi;&?+V B�7.A:7	5�a � A	9";*=<HNM$ne58a<?:;*ae;*?:7	DN;*6�BIH 7	;-5

	��
�
- � � 	 � - �

� V � S � � 	 $� � _ � � � �
� A	DN6<> � BIA.7	9<58a"?	;*ae;*?:7	DN;*6eB�HNDN7 kgC�;&6<A	7�B�607 T 7	9<5 C�;*?:?	5�C�7:DN;*6Lbi;*?�V B�7.A:7	5�a � n�5�C�;*JL5�A45

� �
V � � S � � 	 $� � _ � � � � S � � 	ìV

���


� � _ � ��

BIA.DN6<M<DNC�B�7:5�M$DN6Þc > =�BI7	DN;*6<A p B�6"M O�p )

p ) �()�������! � � 
,��� � �	��� � ��	�
�� � ����� ��� 
 � � �
n 7 DFA a<?	;&n�B�n<HNk b B�DN?87:;jAGB�ko7	9eB�7 7	9<5 ;	?	5�M<DNA	C�;�3&5�?	k�=o;�b�n�BIC . + a<?	;&a�B�>0B�7:DF;&6 DN6 7:9<5$JLDFM,+
5�DF>&907	DN5�A�`.B�A@BEa<DN3&;*7GBIHeb B�C�7	;*? DN6j7	9<5 ?	5�6�BIDNA	AGBI6<C�5E;Ib46"5�=<?GBIHY6<5�7 `�;*?3.0A6) / DN7	9 7	9<DNA 6<5�`
7:5�C�9<6<D > =<5 T 6"5�=<?GBIH�6<5�7 `�;*?�.0A8`f5�?	5E6<;�` BIn<HN5g7:; ;�3&5�?	C�;*J$5 7	9<5 a<?	DNJ B�?	kL`f5�B�.06<5�A:A	5�A ;�b
7:9<5.ae5�?	C�5�a<7	?:;*6j7:9�B�7�ne5�C�BIJ$5.C�HN5�BI?�DN6E7	9<5 A	DNl07	DN5�A6)�n 6Ea�B�?:7	DNC�=<H�B�? T 6"5�=<?GBIH�6"5�7 `f;&?3.0A�`f5�?:5
6";�` BIn<HN5m7:;EA	;&HF3&5@6<;*6<HNDN6<5�BI?.J BIa<a<DN6<>*A�A	="CG9oB�A.7	9";*A	5 ?	5 > ="DF?:5�Mj7:;EA	;*HN3&5m7:9<5 	 $#"XB�6<M
aeB�?	DN7 kja"?	;*n"HF5�J$A T B�A8`�5�HNHfB�A J$;*A:7@;�b.7	9<5EA:;�+ C�B�HNHN5�M q�{$�"� a<?:;*n<HN5�JLAm7:9�B�7 U DN6<A3.0k B�6<M
WYBIa�5�?:7 [rp*Z�] 6";*7	5�M BIA�b B�DNHN=<?:5�A.;�bY7	9<5@ae5�?	C�5�a<7	?:;*6*)

Ë�;*>&6<DN7	DN3*5�A	C�DF5�6K7:DNA	7	A T DN6 BIM<M<DN7	DN;*6 T bi;*="6<MgneB�C�. + a<?:;*a�BI>KBI7	DN;*6EB =<A	5�b�=<H�7:;0;*H0bi;&?�5�l0a<HN;*? +
DN6<> DNA	A	="5�AfC�;*6<C�5�?	6<DN6<>87:9<5�?:5�a<?:5�A	5�607�B�7	DN;&6$;�b#.06<;�`.HN5�M<>&5 )0n 6 7	9"DFA C�B�A:5 T 7:9<5.9<DNM<M<5�6EH B�k&5�?
BIC�7	A�BIA.7	9<5@DN607	5�?:6�B�H!.06<;�`.HN5�M<>*5 ?	5�a"?	5�A:5�607GB�7:DN;*6 B86<5�7 `f;&?3.$="A	5�A 7	;EJ B .*5.7:9<587	?�B�6<Asbi;*? +
J B�7:DF;&6Ebi?:;*J DN6<a<=<7@7	;L;*=<7:a<=<76)wÊ.9<5 DN607	5�?:5�A	7@b�;*?�C�;*>*6"DF7:DN3*5@A	C�DN5�607:DFA:7	A T 7:9<5�?	5 bi;*?:5 T DNA 7	;
de6<M 9";�` 7	9"5E9<DNM<M<5�6oH�B�k*5�?@M<5�3&5�HN;*a<A@`�5�DN>*907	A 7	9�BI7mA:;*HN3*5 7	9"5Ea<?	;&n<HN5�J )��<;&?�5�l<B�JLa<HN5 T
�#$ 
 �*;�� `.B�A@M<5�A:DF>&6<5�M n0kìdh;*A	5�6Kne5�?:> BI6<MýÉ05
9�6<;�`.A�.0D [rq ?�] bi;&?�7:9<5E7GBIA3.j;Ib�C�;&603*5�?:7	DN6<>
`.?:DN7	7	5�6ñc46<>*HNDNA	9 DN607	; A	ae; .*5�6ìcY6<>&HFDNA:9*)�Ê.9<5�kLbi;&=<6<M 7	9�BI7.7	9<5 9<DNM<M<5�6 H�B�k*5�?:A.M<5�3&5�HN;*ae5�M
B ?	5�a<?	5�A:5�607GBI7	DN;*6jA:;*JL5�`.9�B�7�B�6�BIHF;&>*;&=<Af7:;g7:9<5@a<9<;&6<5�J$5�Af;IbÜcY6<>&HNDFA:9 S�����®$��T C�;&6<A	;&6�B�607:A
�
�
����x:� 3&;�`f5�HFA T 3*;&DFC�5�M ���
����x$� =<603*;&DNC�5�M a<9<;&6<5�J$5�A _ )

Ê�B�.0DN6<>�DN607	;�BIC�C�;&=<607�DN7	A(ae;*a"=<H�B�?	DN7 k8B�6"M87	9<5�60=<JEne5�?(;Ib�DN7	A�B�a<a"HFDNC�BI7	DN;*6"A T DN7(DNA(7:5�J$a<7 +
DN6<>E7:; 7	?	="J$ae5�7�n�BIC�. + a<?:;*a�BI>KB�7:DN;*6jB�A8B ��{:}�{:p���{ b�;*?�C�;*J$a"=<7GBI7	DN;*6�BIH J$;0M<5�HNA.;IbfC�;*>&6<D�+
7:DN;*6jB�6<M n<DN;&HF;&>*DNC�BIH�A:DF>&6�B�H�a<?	;0C�5�A	A	DN6<>-)wÉ0;&J$5�M"5�M<DNC�B�7:5�Moa<?	;&A	5�HNk07	5�A 9�B�3*5 T DN6 b BIC�7 T 9�B�M
M"D �$C�=<HN7 k ?	5�A:DFA:7	DN6<> A	=<C�9 Bo7	5�JLa<7GBI7	DN;*6*) Ê.9"5�?	5 B�?:5 T 9<;�`�5�3*5�? T Bo60=<JEne5�?E;�b8A:5�?	DN;*="A



� ��� ������������ C
E:�

M"?GB�`.n�BIC .0A.7:;E7	9<587:5�C�9<6<D > =<5 )ÌÊ.9<5 d�?:A	7�;&6<58DNA.;*n030DN;*=<A6)�n 6 ;*?	M"5�?�7:;EDFJLa<HN5�J$5�6K7 n�B�C�. +
a"?	;*aeB�>KBI7	DN;*6 T 7:9<5@6<5�7 `�;*?3.L6<5�5�M"A�7	;Ene5@a<?	;�30DNM<5�M `.DN7	9 7:9<5@C�;*?:?	5�C�78BI6<A	`�5�? S"�)�����2T n�B�C�. +
a"?	;*aeB�>KBI7	DN;*6 DNA�BEA:=<ae5�?	30DNA	5�M 7:5�C�9<6<D > =<5 _ )wÊ.9�BI7 T n0k DF7:A	5�H b T 5�HNDNJ$DN6�B�7:5�A�B�HNHYB�a<a<HNDNC�BI7	DN;*6<A
b�;*?@`.9<DNC�9 7	9<5L7GB�A�. DNA87:; d�6<M A	7:DFJE="HF="A�C�H�B�A:A	5�A { ��r.�����
����r$��� ;*?8`.DN7	9";*=<78A:=<ae5�?	30DNA	DN;*6!)
i A	5�C�;*6<Moa<?	;&n<HN5�J C�;&J$5�A�bi?:;*J 7:9<5860=<JEne5�?�;Ib4DN7:5�?GBI7	DN;*6<A 6<5�5�M"5�Mobi;*? 7	9<5 6<5�7 `�;*?3. 7	;
C�;*603*5�?:>*5 ) Ê.9<5 5�JLa<DN?	DNC�B�H�5�30DNM<5�6<C�5j;�b@7	9<5 H�B�A:78d�3&5 k*5�BI?	AE;*?EA:; 9eB�AEDN6<M<DNC�BI7	5�MX7	9eB�7
5�3*5�6 b�;*?.B A	DNJ$a<HN5 a<?	;&n<HN5�J HND�.*5 HN5�B�?:6<DN6<>E7	9<5 	 $ "obi=<6<C�7:DN;*6 T 7	9<5@60=<JEne5�?.;�b�DN7	5�?�B�7:DF;&6<A
?:5 > =<DN?	5�M b�;*?�C�;&603*5�?:>*5�6<C�5mC�B�6E?	5�B�C�9EDN6K7:;87	9"5.7	9<;&=<AGBI6<M<A T `.9<5�6 B a�5�?:C�5�a<7:?	;&6 `.DNHNH<A:;*HN3*5
DN7EB�A$B 7	5�?:6�B�?:k ?:5�H�B�7	DN;&6 DN6XHF5�A	AE7	9eB�6 O�R DN7	5�?�B�7	DN;&6<A S C�b ) [ Z^]i_ ) ��DN6�B�HNHNk T BI6<M ae5�?	9eB�a<A
JL;*A:7fa<?:;*n<HN5�J B�7:DFC T DF7.DNA�BIHF`.B�k0AfM"D �$C�=<HN7.7	;EM<5�7:5�?	JLDN6<5 T b�;*?mB >&DN3*5�6 a<?:;*n<HN5�J T 7:9<58ne5�A	7
BI?	C�9<DN7	5�C�7	=<?:5�DN6 7	5�?:J$AY;�b 60=<JEn�5�?c;Ib 9"DFM"M<5�6EH�B�k*5�?:A�B�A�`�5�HNH�B�A 6K="JEn�5�?�;�b C�5�HNHNA ����� H�B�k*5�?4)

l 5�A	a"DF7:5.7	9<5�A	5�a"?	;*n"HF5�J$A T n�BIC�. + a<?:;*a�BI>KB�7:DN;*6@DNAcA:7	DNHNH0`.DFM"5�HNk8=<A	5�M*)DÉ05�3&5�?GBIH�B�HN7	5�?	6�BI7	DN3*5
JL;0M<5�HNA T 7:9�B�7�B�7	7:5�J$a"7�7	; ;�3*5�?:C�;*JL5fDN7:AfHNDNJ$DN7GBI7	DN;�6<A T BI?	5 C�=<?	?:5�607	HNk$="6<M<5�?�M<5�3&5�HN;*a<JL5�6074)
( 6<5@;Ib47:9<5�A:58DNA.7	9<5 �"{$�:��{ s���{.�����Du�x2}�p
����r$} 6<5�7 `�;*?3.LM<5�A:C�?	DNne5�M DN6 7	9"5m6"5�l07.A	5�C�7:DN;*6*)

� !�� �(,�1 �'" 	 ���*1 ����-�%�/0'*1�+ % %
��' � +c)�� �
d B�M<D�BIH<n�B�A:DNA�bi=<6<C�7:DN;*6$6"5�7 `f;&?3.0A�B�?:5mB ?:5�C�5�607mBIM<M<DN7	DN;&6E7	; 7	9<5@6<5�="?GB�H�+ J$;0M<5�HN5�?�7	;0;&HFne;�l
[NO�P<TYO�p"T p&P<T(qIQ�T q*p^] )yÊ.9<5EB�?:CG9"DF7:5�C�7:=<?	5L;�b�B$7 k0a<DNC�BIHY?GB�M"D BIHYn�B�A:DFA bi="6<C�7	DN;&6j6<5�7 `�;*?�. DNA
A:9<;�`.6 DN6 ��DN>*=<?:5 \ )

Ê.9<5�A:586<5�7 `�;*?�.0A�B�?	5 =<A	5�M$b�;*? d�6<M<DN6<>EB�6 B�a<a<?:;�l0DFJ B�7:DF;&68;�bcB 6<;&6<HNDF6"5�B�? bi=<6<C�7	DN;*6 B�A
`�5�HNH(B�A�b�;*?�d�6<M"DF6">gDN607	5�?:a�;&H�B�7	DN6<> 3*B�HN=<5�A.;�bfB@b�=<6<C�7:DF;&6 M<5�d�6<5�Mj;*6<HNkE;&6 B de6<DN7	5@A	=<n"A	5�7
;Ib�?	5�BIHc60=<JEne5�?:A4)OÊ.9<585�A:A	5�607	D�BIH�DNM<5�B DNA�7:;$DNJ$a<HN5�JL5�607�B C�;*J$a"HF5�l$6<;&6<HNDF6"5�B�? J B�a"a<DN6<>
b�?	;*J 7:9<5�DF6"a<=<7Ya�B�7:7	5�?:6EA	a�BIC�5.7	; 7	9<5.;&=<7	a"=<7Ya�B�7:7	5�?:6EA	a�BIC�5�BIA�B�7 `�;�+ A	7:5�a a<?	;0C�5�A:A4)ÀÊ.9<5
de?	A	7@A:7	5�a DFA@BLA	DNJ$a<HN586";*6<HNDN6<5�BI?�J BIa<a<DN6<> bi?:;*J 7:9<5EDN6<a<=<7@H�B�k*5�?@7:; 7:9<5 9<DNM<M<5�6 H�B�k*5�?4)
Ê.9"5gA:5�C�;*6"M A	7	5�a DFJLa<HN5�J$5�6K7:A�BEHNDN6<5�BI?m7:?GBI6<A bi;&?	J B�7	DN;&6$b�?	;*J 7:9<5E9<DNM<M<5�6 H�B�k*5�?�7	; 7:9<5
;&=<7	a"=<7fH�B�k&5�?4)�7 5�B�?:6<DN6<>g;0C�C�=<?	A ;*6<HNkEB�7.7	9"5mHN5�3&5�H ;�bY7	9<5@A:kK6eB�a<A:5�A�ne5�7 `�5�5�6 7	9<5@9<DNM<M"5�6
H�B�k&5�?mBI6<M 7:9<5E;*="7	a<=<7@H�B�k*5�?4)yk�5�C�BI=<A	5L7	9<5�A	5$C�;*6<6<5�C�7	DN;*6"AgB�?:5EHFDN6<5�B�? T HN5�BI?	6<DN6<> C�BI6 ne5
3&5�?	k b B�A:74)

É0ae5�C�D d�C�BIHNHFk T 7	9"5m>&5�6<5�?�B�H�a<?	;&n<HN5�J DNA.7	;EB�a<a"?	;�l0DNJ B�7:5�B�6 B�?	n"DF7:?GBI?	kEb�=<6<C�7:DF;&6�#Lb�?	;*J
� � 7:;���� S������
��T # B�A:A	;0C�D�B�7:5�AgB � � O M<DNJ$5�6"A	DN;*6�BIH(3&5�C�7	;&? � � DN6j?	5�A	ae;*6<A:5$7	;jB$
 � O
M"DFJL5�6<A:DF;&6�B�H"3*5�C�7:;*? ��� _ M<5�d�6<5�Mj;*6$� ;*n<A:5�?	3*BI7	DN;*6"AfA:=<C�9j7	9�BI7

� � � # S ��� _ bi;&? � � !KO � � � � � � " � S � ?*_
Ê.9"58>*5�6"5�?GBIH�DNM<5�BEDNA 7	; BIa<a<?:;�lKDNJ B�7	5 #on0kjBE`�5�DN>*907	5�MjA	=<J ;�b S DN6j>&5�6<5�?�B�H�6";*6<HNDN6<5�BI? _
b�=<6<C�7:DF;&6<A
	 S 6�B�JL5�M$7:9<5 ��{.����� bi="6<C�7	DN;&6<A _ A:=<C�9j7	9�BI7wc > =�B�7:DN;*6 � ? DNA�BIa<a<?	;�l0DNJ BI7	5�MEn0k

� ���  
�

 � 	 S ��� _ � S � \*_

Ê.9<DNA 7	5�C�9<6"D > =<5oDNA C�B�HNHN5�M ��{:�:�){.s neB�A	DNALbi=<6"C�7	DN;*6 B�a<a<?:;�l0DFJ B�7:DF;&6 `.9<5�6 DN6<A	7:5�B�M ;�b
="A	DN6<>j7:9<5 3*B�HN=<5�A�� � M<DN?	5�C�7:HNk T A:5�3*5�?�B�H ;	C�5�607:5�?	A�= B�?	5 C�9<;&A	5�6 S 5�DN7	9"5�?$B�?:n<DN7	?GBI?	DNHNk ;&?gDN6
A:;*JL5�A	ae5�C�D d�CE`.B�k _ B�6<M 7:9<5 �$������{$}�p�� b�?	;*J 7	9"583*5�C�7	;*?:A�� � 7:;$7	9"5�A	5 C�5�607	5�?	A8DNA.=<A:5�M DN6
c > =eB�7	DN;&6 � \ DN6<A	7:5�B�M ;�bc7:9<5�� � 3*BIHN=<5�A4)

i C�5�607	5�? C�B�6 n�5 BI60k 
 + M"DFJL5�6<A:DF;&6�B�H.3&5�C�7:;*? S A:; 7	9eB�7$7:9<5oM<DNA	7GBI6<C�5on�5�7 `f5�5�6 7:9<5
C�5�607	5�?:A BI6<M 7	9<5 � � DNA�B�HN`.B�k0AfM<5 d�6<5�M _ )�É0a�5�C�D d�C�B�HNHNk T D b4B A:5�7�;Ib � C�5�6K7:5�?	A�
 � DNA.C�9<;*A:5�6



C
E
C ��������� �
	�����
������������ � �����

transformation
Radial basis Linear

hetero-associator

-fk|| c ||1

-fk|| c ||2

-fk|| c ||3

f

Inputs

c

Centers

o
Output

kk k

���
�! #"#$�� 'ëÊ.9<58B�?:C�9<DN7	5�C�7:=<?	5 ;�b�B 7 k0a<DNC�B�H ?�B�M<D�B�Hen�BIA	DNA�bi=<6<C�7	DN;*6 6<5�7 +
`�;*?3.#)_Ê.9<5E9<DNM<M<5�6oH�B�k*5�?@C�;&J$a<="7	5�A@7	9"5gM<DNA:7GB�6"C�5 bi?	;&J 7:9<5gDN6<a"=<7@7	;
5�BICG9L;�bY7	9<5 C�5�607	5�?:A S 5�B�C�9 C�5�607	5�?.C�;*?:?	5�A:a�;&6<M<A�7:; B C�5�HNH ;�b(7:9<5@9<DNM<M<5�6
H�B�k*5�? _ )�Ê.9<5�C�5�HNHNAc;Ib�7	9"5f9<DNM<M"5�6gH�B�k&5�?(7:?GB�6"A bi;&?	J 7:9<5�DN?�B�C�7:DN3*B�7	DN;&6 S������
��T
7	9"5EM<DNA	7GBI6<C�5 bi?:;*J 7:9<5EDN6<a<=<7 _ DN6o?	5�A:a�;&6<A	5L=<A	DN6<>jBL6<;&6<HNDF6"5�B�?@7	?�B�6<A +
bi;&?	J BI7	DN;*6 S 7 k0a<DNC�B�HNHNk B � B�=<A:A	D�B�6 bi=<6<C�7:DN;*6 _ )�Ê.9<58C�5�HNHNA.;�bY7	9<5 ;*=<7:a<=<7
H�B�k*5�?.ne5�9�B�3&5@HFD�.&5mB A	7�B�6<MeB�?	M HNDN6<5�BI?f9<5�7	5�?:;�+	B�A	A:;0C�D�B�7	;&?4)

S `.DN7	9$5�B�C�9jC�5�607:5�?�ne5�DN6<>$B�6 
 M<DNJL5�6<A	DN;&6�B�He3*5�C�7	;*? _�T c > =�B�7:DF;&6 � ? DFA.B�a"a<?	;�l0DNJ BI7	5�M$BIA

� � �  
�

 � 	 S�� � � 	 
 � ��_ � S � P*_

/ 9<5�6$7	9"5mA:5�7.;�b(C�5�607	5�?:A S 7:9<5 
 � 1 A _ DNAf7:9<5�A�B�JL5.A	5�7�BIAf7:9<5�DN6<a<="7fA:5�7 S"���)����T 7	9"5�� � 1 A _�T
7:9<5@?GBIM<D�B�Hen�B�A:DFA�b�=<6<C�7:DF;&6$6<5�7 `f;&?3.$DNA�=<A	5�M bi;*? d�6<M"DF6"> BI6$DN607	5�?:a�;&H BI7	DN;*6 bi=<6<C�7	DN;*6L3*B�HNDNM



� ��� ������������ C
E�H

b�;*?Y6<5�` 3*BIHN=<5�A�;Ib ���
��BI6<M d�7:7	DN6<>"#Lae5�? bi5�C�7	HNk bi;&?c7:9<5 � ;&n<A	5�?	3*B�7:DN;*6<A)���()0/ 9<5�6E7	9"5�A	5�7
;Ib�C�5�607	5�?:A8M<D � 5�?	Ahbi?	;&J 7:9<5gDN6<a"=<7.A	5�7 S������
��T 7:9<5���� _�T DN7.C�;&6K7�B�DN6<A T DN6 >*5�6<5�?GBIH T B A:J BIHFHN5�?
60=<JEne5�? ;�b.5�HN5�J$5�607:A S������
��T � � � _ )|Ê.9<5Ea<?:;*n<HN5�J T 7	9<5�6 T C�BI6 ne5EA	5�5�6 BIA BLa<?:;*n<HN5�J
;Ib4BIa<a<?	;�l0DNJ BI7	DN6<> 7	9<5 bi=<6"C�7	DN;*6 # n0k B8A:5�7.;�bYA	DNJ$a<HN5�? bi=<6"C�7	DN;*6"A 	0)�n 6 ne;*7	9LC�B�A:5�A T 7:9<5
;&n 9�5�C�7:DN3*5@DNAfC�HN;&A	587:;gA:;*J$5 ?GBI7	9<5�? `f5�HFH�+ .06<;�`.6E7	5�C�9<6"D > =<5�A�DN6$60=<JL5�?	DNC�BIH BI6�B�HNk0A	DNA S"�
��®:�2T
A:a<HNDN6<5gDN607	5�?	ae;*H�B�7:DF;&6<A _ `.DN7	9o7	9"5EM<D � 5�?:5�6<C�5L7	9�BI78B$M"DFA:7GBI6<C�5E7	; 7:9<5EC�5�607	5�?	AEDNA@=<A	5�M DN6
7:9<5@a<?	;0C�5�A	A@?GBI7	9<5�? 7	9�BI6$7:9<58?GB�` M�BI7GB()

c > =�BI7	DN;*6 � P C�B�6Ene5�?	5�`.?	DN7	7:5�6$DN6EB@J$;&?	5�C�;*JLa�B�C�7�bi;&?	J `.DF7:9E7	9<5.6";*7GBI7	DN;*6"AcM"5�d�6<5�M
DN6 7	9<5.A:5�C�7:DF;&6$;&6g7:9<5.9<5�7:5�?	; +sBIA	A	;0C�D�BI7	;*?6)+l 5�6<;&7	5.n0k�� 7	9"5 � � 
@J BI7	?	DNl@;�b 7	9"5�C�5�607:5�?	A
S������
��T 
 �� DNA�7:9<5 ��+ 7	9E?	;�`X;Ib�� _ )�Ê.9<5�M<DNA:7GB�6"C�5�A�;�b(7	9"5 � ;*n"A	5�?:3*B�7	DN;&6<A�7	; 7	9<5 � C�5�607:5�?	A
BI?	5@>KBI7	9<5�?	5�MjDN6 B � � � J BI7	?:DFl�� `.DN7:9 7:9<5@>*5�6"5�?	DNC87:5�?	J�� � � �8>*DN30DN6<>g7:9<5ycY=<C�HNDNM<5�BI6
M"DFA:7GBI6<C�5 bi?	;&J ;*n"A	5�?:3*B�7	DN;&6 �L7:;EC�5�607	5�? � 5

� � [ � � � � ] � �	�

 �� � ��
 � � S � � � _ � � ���>� � �
� ��� S � � � � � _ 	�� � � � �

`.DN7:9 � ���>� n�5�DF6"> B�
 � � J B�7	?:DNl ;Ib O 1 A T 7	9"5 A > =�B�?:5j?	;0;*7 bi=<6"C�7	DN;*6Xne5�DN6<> B�a<a<HNDN5�M
5�HF5�J$5�607 + `.DNA	5 7	; 7	9<5 J B�7:?	DNl T BI6<M�� n�5�DN6<> 7	9"5 � � 
 J BI7	?	DNl8;Ibc7:9<5 � DN6<a<=<7�a�BI7	7	5�?	6<A
BIa<a<HNDN5�M$7:;E7	9<5 
 DN6<a<="7.C�5�HNHNA4)

Ê.9<5�6 T 7	9"58a<?	;&n<HN5�J DNA.7	; de6<MjB � � � J B�7	?:DNl�V A	=<C�9j7:9�B�765
 � [ 	 S � � _ ] V

`.DN7:9$7	9"5@bi=<6<C�7	DN;*6�	jne5�DN6<>$B�a"a<HNDF5�M$5�HN5�JL5�607 + `.DFA:5@7	;E7	9"5m5�HF5�J$5�607	A.;Ib�� T B�6"M� ne5�DN6<>
7:9<5 � � �oJ BI7	?	DNl ;�bY7	9<5"� ;&=<7	a<="7.a�B�7:7	5�?:6<A4)

n�bf7:9<58J BI7	?:DFl 	 S � _ DFA.A > =�B�?:5�M T B�6<M 6<;&6�+ A	DN6<>*="H BI? T 7	9<58A:;*HN=<7:DF;&6Lbi;*?.7:9<58J BI7	?:DFlÄV
DNA�;*n030DN;*=<A:HFk#5

V � [ 	 S � _ ] 
 �  �n�b 	 S � _ DNAfA:DN6<>*=<H�BI?.;*?�?	5�C�7�B�6<>&=<H�B�? T B HN5�B�A:7 + A > =�BI?	5�A@B�a<a<?:;�l0DFJ B�7:DF;&6gDNA.>&DF3&5�6$n0k
V � [ 	 S � _ ] �  `.DN7:9 [ 	 S � _ ] � n�5�DN6<>E7:9<5 U ;0;*?:5�+sW�5�6"?	;*A:5gDN603*5�?	A	5@;Ib [ 	 S � _ ] �
n�b�7	9"5E7	5�A:7	DN6<>oA	5�78DNA8M"D�� 5�?:5�6078bi?:;*J 7	9<5EHN5�BI?	6<DN6<> A	5�7 T 7	9"5�6 7:9<5EM<DNA	7�B�6<C�5 bi?	;&J 7:9<5

5�HF5�J$5�607	A ;�b87:9<5 7	5�A:7	DN6<> A	5�7$7	; 7:9<5 C�5�607	5�?	A 6<5�5�M"A$7	; ne5 C�;*JLa<=<7:5�M bi;*? 5�B�C�9 ;Ibm7:9<5
5�HF5�J$5�607	A ;�b�7	9"5$7	5�A	7	DN6<>oA	5�74)ÞÊ.9"DFA M<DNA	7GBI6<C�5 DNA87	9"5�6 7:?GB�6"A bi;&?	J$5�M nKko7	9"5 	 bi=<6<C�7	DN;*6
ne5�bi;&?	58ne5�DN6<>EJE=<HN7:DFa"HFDN5�M n0k$7:9<58J BI7	?:DFl|V 7	;E>*DN3&5m7:9<585�A:7	DNJ BI7	DN;*6E;Ib�7	9<58?:5�A	ae;*6"A	5 7	;
7:9<5@7	5�A:7	DN6<>EA:5�7�n0k$7:9<5@?GBIM<D�B�H n�BIA	DNA�bi=<6<C�7	DN;*6 6<5�7 `�;*?�.#)

É05�3&5�?GBIH C�9<;*DNC�5�A�BI?	5 a�;&A	A	DNn<HN5hbi;*?�7:9<5�	 bi=<6<C�7:DN;*6<A6)�(�6"5�;�bY7	9<5 J$;&A	7Ya�;&a<=<H�B�?�C�9<;*DNC�5�A
DNA�7	9<5 �m{$x$������{$} bi=<6"C�7	DN;*6!)

	 S 
 _ � O� ����� t 5�l0a ! 	 
 t�� ��� t "
`.DN7:9�� t n�5�DN6<>L7	9<5 ��{$����{:}�p�� ;�b�7	9<5 �8BI=<A	A:D BI6 M<DNA	7	?:DNn<=<7	DN;&6*)DÊ.9<5 3*B�?	D�BI6<C�5@C�B�6oB�HNA	;Ene5
BIa<a<?:;�lKDNJ B�7	5�M bi;*?�5�B�C�9jC�5�607	5�? A	5�a�BI?GBI7	5�HNk D bc6<5�C�5�A	A�B�?	k�)

( 6<5E?	5�B�A	;&6jb�;*?�7:9<5 a�;&a<=<H�B�?:DF7 kL;�bf7:9<5 �8B�=<A:A	D�B�6 7:?GB�6"A bi;&?	J BI7	DN;*6 DNA�7:9�B�7@DN7�DN6<A:=<?	5�A
7:9�B�7@`.9<5�6�� DNAmA > =�B�?:5�M T B�6<Mo`.9<5�6 7:9<5EC�5�607	5�?	AEB�?	5E6";*7@?	5�M"=<6<M�BI6K7 S"�����
��T 6"; C�5�607	5�?
DNA a<?	5�A:5�607g7 `.DNC�5 _�T 7:9<5�6 7	9"5gJ B�7	?:DNl 	 S � _ DNA@6<;*7 ;*6<HNkj6<;&6�+ A	DN6<>*="H BI?.n<=<7gBIHNA	;$ae;*A:DN7	DN3*5



C
E
	 ��������� �
	�����
������������ � �����

-2 0 2 4 6 8 10 12

1

2

3

4

5
Original data

-2 0 2 4 6 8 10 12

1

2

3

4

5
RBF approximation with 7 centers, σ=1

�����* #"#$�� 'wd B�M<D�BIH�n�BIA	DNA�bi=<6"C�7	DN;*6jBIa<a<?	;�l0DNJ BI7	DN;*6 5�l<B�JLa<HN5 )

M"5�d�6<DN7	5 [rp � ]hS 5�3*5�6 7	9<;&=<>*9 B�A � DNA BLM<DNA:7GB�6"C�5EJ BI7	?	DNl T DN7@DNA@DF6 >*5�6<5�?GB�H }�r$� bi=<HNHY?GB�6 .
BI6<M$5�3*5�6j6";*7.ae;*A	DN7:DF3&5�A:5�J$D�+ M<5�d�6<DN7:5 _ )

n 6 7	5�?:J$A(;Ib�6<5�="?GB�H"6<5�7 `�;*?3.0A T 7	9<DNA�DFAY5 > =<DN3*BIHF5�6K7 7:;@9�B�30DF6">�B�d�?:A	7Y9<DNM<M<5�6 H�B�k*5�?�`.9<;*A:5
a"=<?	ae;*A:5mDNA�7	; C�;*JLa<=<7:5.7	9<5@M<DNA	7�B�6<C�5.bi?:;*J 7:9<5�DN6<a<="7f7:;g5�BIC�9 ;Ib(7	9<5@C�5�6K7:5�?	A6)+c�BIC�9 C�5�HNH
;Ib�7	9"5f9<DNM<M"5�6EH�B�k*5�?�?	5�a<?:5�A	5�6K7:A�B.C�5�6K7:5�?4)ÀÊ.9<5�6 T 7	9"5fC�5�HFHNAY;�b 7	9"5f9<DNM<M"5�6gH�B�k&5�?Y7	?GBI6<A b�;*?	J
7:9<5�DN?gBIC�7	DN3*B�7:DN;*6 S"�����
��T 7	9<5LM<DNA	7�B�6<C�5 bi?	;&J 7	9<5LDF6"a<=<787:;j7	9<5LC�5�607	5�?	A _ DN607	;oB ?	5�A:a�;&6<A	5
="A	DN6<>E7	9"5 	 bi="6<C�7	DN;&6*)�Ê.9<58C�5�HNHFA@;Ib47:9<5 ;*=<7:a<=<7�H�B�k&5�?.n�5�9�B�3*5 5�l<B�C�7:HNk HND�.*5@7:9<5gC�5�HNHFA ;�b
B A	7�B�6<MeB�?	M HFDN6<5�B�?�9<5�7	5�?	;�+	B�A:A	;0C�D�B�7:;*? =<A	DN6<>E7:9<5 / DNM<?	;�` +�b�; � HN5�BI?	6<DN6<> ?	="HF5 )



� ��� ������������ C
E �

-2 2 4 6 8 10 12

1

2

3

4

5
RBF approximation with 5 centers, σ=1

-2 2 4 6 8 10 12
0

1

2

3

4

5
RBF approximation with 5 centers, σ=.75

���
�! #"#$ %�� 'Od�BIM<D�B�H<n�BIA	DNA bi=<6<C�7:DN;*6 BIa<a<?:;�lKDNJ B�7	DN;&685�l<B�JLa<HN5 5(7:9<5�5 b�+
bi5�C�7c;Ib�M<D � 5�?	5�607�3*BIHN=<5�A(;Ib�A	DN>&J B() � ;*7	DNC�5�9<;�` 7:9<5�de?	A	7�BIa<a<?	;�l0DNJ BI7	DN;*6
`.DN7	9 � � O >&DN3*5�A8BLJE=<C�9jne5�7	7:5�?@d�7@7	; 7:9<5EM�B�7�BL7	9�BI6 7:9<5 BIa<a<?:;�lKD�+
J BI7	DN;*6E`.DN7:9 � � � ?&p )

q ) O )�� ��� �#��! 	 � � � � � � � ��
,��� � � � 
�� � ��	�� � � ����������� !#�
ÊY;LDFHNHN=<A:7	?GBI7	5EBLA	DNJ$a<HN58?�B�M<D�BIHcneB�A	DNA@b�=<6<C�7:DF;&6 6"5�7 `f;&?3. T A	=<a<ae;*A:5E7	9�BI787	9"5 bi=<6<C�7:DN;*6o7	;
ne5EB�a<a<?:;�l0DFJ B�7:5�MjB�A	A:;0C�D�B�7	5�A87	9<5 bi;&HFHN;�`.DN6<>E;&6<5�+ M<DNJ$5�6<A:DN;*6�BIH S"�����
��T 
 � � � O�_ A	5�78;�b



C
E�� ��������� �
	�����
������������ � �����

-2 0 2 4 6 8 10 12

1

2

3

4

5
RBF approximation with 5 centers =[ 0 2 4 6 8], σ=1
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