
���������
	�����������������������������! �����"��$#��%"�&��('$�)*��+�,-��+��.�/�

021436587:9<;>=?;�@4A4BDCEA4F-A4BHGJILKMBJ0N;POQ;�RE3TS1U7VKWA4BHGDXL;ZY[;POQ;�\[361]KMB

X�A4^M_�`badcD1Ue�=fATaVg�KMFhATaV58^M7*A4BHGJY:1UF�i�_HaVKj3[k�^M58KMBH^MK4lHm[BH5b@
Kj3�7V5badcn1UeoO�Fp7VaVKj36G�A4F
RE3�_H587V`qAUA4Bnr
sUt]l�u�vxwVyzsU{U|}kN0hO�Fp7VaVKj36G�A4F~lH��g�KEu�KjaVgHKj3�`qA4BHGH7
�N�z�����
�������N�N�������

�n���M�T�z�H�
�
����g�587�i�ATi�Kj3~A4G�GN36KM7V7VKM7�aVgHK�i�3614��`8KMF�1UeQg�1�� 1]^M^M_Ni�A4BH^jc�@4A4`8_�KM7~eq361UF¡1UBHK¢1]^M^M_Ni�A4B�^jc
£ 365qGf^�A4B���K¤_H7VKMG¥aV1n^�A4`8^M_H`qATaVK�1]^M^M_Ni�A4BH^jcJ@4A4`8_�KM7[5qB¥A4BH14aVg�Kj3 £ 3658G�l¦�%gHKj3�K§aVgHK¨`qATa©aVKj3W5q7%3614a6ATaVKMGªA4BHG�«T143
a©3�A4B�7V`qATaVKMG¬��5baVg¬36KM7Vi¦KM^jahaV1?aVgHKfe1436FhKj3�;®��gHKDFhATi�i�58B £ 587}GHKM7V^j3658�¦KMG�5qB�aVKj36Fp7�1UeWA?BHKM_H3�A4`�BHKja¯�L143V°�l
1Ue±�%gH58^�g�aVgHK¨i�AT3�A4FhKjaVKj367§AT36K�`8K�AT3�BHKMG¢eq3�1UF²K´³NA4F�i�`8KM7M;¨O�B$A4^jaV58@4ATaV581UB$e_HB�^jaV581UB¢587*GHKj365b@
KMG�a6AT°�58B £ 5qB2aV1
A4^M^M1U_HB�aWaVg�ATaEaVg�K�58BNi�_Na*A4BHG¢1U_Na©i�_Ha[@UA4`8_HKM7*3�KjiH36KM7VKMB�a*iH3614��AT��5q`85baV58KM7M;Eµ.aE587WA4`87V1nGHKjaVKj3�Fp58BHKMG�gH1z�¶FhA4B�c
i�1U58B�aV7�7VgH1U_H`qGn�¦K[a6AT°
KMB¥58BDA�`8K�AT3�BH58B £ 76A4F�i�`qK*aV1p14iHaV58Fp5q7VK*`8K�AT36BH58B £ 7Vi¦KMKMGx;

· ¸�¹Eº�»x¼¨½p¾p¿º¦À�¼E¹

�o1$3�KjiH36KM7VKMB�a}aVg�KJ�:143V°�58B £ KMB�@�5b361UBHFpKMB�a}1UeQA4BÁA4_HaV1UBH1UFp1U_H7nFp14��5q`8K~3614��14aMl%1]^M^M_Ni�A4BH^jc £ 3658GH7}^�A4BÁ�¦K
_H76KMG�ÂÄÃ4Å�;§O�B�1]^M^M_Ni�A4BH^jc £ 3658G¥i�AT3VaV58aV581UBH7�aVgHK¤3614��14aMÆP7EKMB2@�5b361UBHFhKMB2a*58B¢A�B�_HFQ��Kj3E1Ue�7V_N��7©i�A4^MKM7Ml�K�A4^6g$1Ue
�%g�58^6g�587/36KjiH36KM7VKMB�aVKMG��]c¨AEi�5Ç³NKM`�;È��g�K:i�5Ç³NKM`Çw6ÉjÊTË¯Ì]Í £ 5b@
KM7/aVgHK/Î�ÏMÐ�Ñ2Ê�ÑUÒ8ËqÒ�ÓÇÔJ1Ue�aVgHK�7V_N��7©i�A4^MK:��KM58B £ 1]^M^M_Ni�58KMG
�]cf7V1UFhK¤14��7©a6A4^M`8K4;Q�%gHKM7VK £ 3658GH7*^�A4B���K¤_H7VKMG�58B�Fp14��58`qK§3614��14a*B�AM@�5 £ ATaV581UBÕÂ t]lxÖ�loyMÅ�A4B�G¥5qB¥76KMBH7V143EG�ATa6A
e×_H7V581UB$Â Ø]l�r4Å�;
m�76_�A4`8`bcUl�1�^M^M_Hi�A4BH^jc £ 3658G�7§AT36K�GHKjÙ�BHKMG¢aV1f��KnÚP�:1436`8G?ÙH³�KMG�Æbl5�;PK4;bl�aVgHKjc £ 58@
K}AJÛ
ËÜÐ�Ñ2ÊTË/Ï�Í¯Î¦ÏMÍ6ÝjÍ6Þ�ÓdÊ]Ó�ÒÜÐzÞ

1Ue�aVgHKW�L143V°�58B £ KMB2@�5b361UBHFhKMB2a�A4B�G~aVgHKWi�AT3VaV5baV581UBH5qB £ 1UeÈaVg�K§KMB�@]5b3�1UBHFpKMB�a�36KMFhA458B�7�_HBH^�g�A4B £ KMG�;L9?K§g�A�@
K4l
gH1z�LKj@
Kj3zl�^6gH1U76KMBfaV1��:143V°D�%58aVg¥A�ËÜÐ]ß´ÊTË/36Kji�36KM7VKMB�a6ATaV581UB�1Ue/aVgHK¤KMB2@�5b361UB�FpKMB2aM;§\[3�58GH7�AT3�K¤B�1���GHKjÙ�BHKMGfaV1
��KQÚP3614��14a�ÙN³NKMG�ÆHA4BHGnaVgHK*i�AT3VaV58aV581UBH58B £ ^6g�A4B £ KM7%Kj@
Kj3Vc�aV58FpK*aVg�K*3614��14a:Fh1�@
KM7M;L��gH587Li�ATi�Kj3%A4GHGN3�KM7V7VKM7:aVgHK
iH3�14��`8KMFà1Ue�gH1��§l�A4eaVKj3[A¨3614��14a%Fh1�@
K4l�aVgHKW58BHe×1436FhATaV5q1UB~58B~aVgHKW1]^M^M_Ni�A4B�^jc £ 3�58G?Ñ�Í6á�Ð�ÏMÍ�aVgHKWFp1z@
K§^�A4Bf�¦K
_H76KMGDaV1h^�A4`q^M_H`qATaVKEi�5b³�KM`Çw�@UA4`8_HKM7%58B~aVgHK £ 3�58GfÊTá.Ó.ÍVÏ�aVgHKQFp1�@
K4;��%gH587�587�^�A4`8`8KMG~aVgHK}ÓÜÏ´ÊTÞHÝVádÐ�Ï6â!ÐzáLÐ]ßMßãÌ�Î�ÊTÞ�ß�Ô
ÛUÏ6Ò�ä�Ý4;
µ.eÈaVgHK*a©3�A4B�7Ve143�Fà1Ue £ 365qGH7�587:aV1¨��KE^M1UF�i�_NaVKMGn��5baVg~^M1UB2@
KMB�aV581UB�A4`ÈFpKjaVgH1]GH7MlNBH14a�1UBH`8chaVgHKWK´³HA4^ja�3614��14a

Fp1z@
Khå�K4; £ ;bl�aVgHK*a©3�A4BH7V`ATaV581UBDA4BHG~3614a6ATaV5q1UBJ1UeÈaVgHK*3614��14a�æ:BHKMKMGH7�aV1���K�°�BH1z�%B�lN��_Na%A4`q7V1¨aVgHKEK´³HA4^ja�7Vg�ATi�KM7
A4BHG(7V58çMKM7¤1Ue:aVgHKhi�5Ç³NKM`87§58B$aVgHK £ 3�58GªAT36K}aV1D��Kh°]BH1z�%BèA4BHG?aV1f��Kh^6g�1U7VKMB�ATiHiH3614iH3�5qATaVKM`bcU;Dé[Kj36K4lBHKM_N3�A4`
BHKja¯�L1436°]7nAT36KJ_�7VKMG¬aV1(ËÜÍ´ÊãÏ6ÞêaVgHK~a©3�A4BH76e1436Fë1Ue £ 3658GH7h1UeE_HBN°�BH1��%Bê7V58çMKM7Ml�7Vg�ATi¦KM7}A4BHG�G�58FpKMBH7V5q1UB¬A47}A
e×_HBH^jaV581UBª1Ue�AD°�BH1z�%B$3�14�¦14a¤Fp1�@
K4;���gHKh36KMFhA458B�GHKj3§1Ue�aVgHKhaVK´³]a¨7VgH1z�%7¤gH1��à7V_H^�g(ADa©3�A4BH7Ve×1436Fì^�A4B(�¦K
`8K�AT3�BHKMG~e143*A¨7V58B £ `qK4l�Aãw�iH365814365�ÙN³NKMG�l�AT3V��5ba©3�AT3Vc}3614��14a%Fp1�@
K4;

í îðï�ñ²¹�ñ±º]òð¼E»Èó�ôõ¼¨½�ñ:ö

��g�587�76KM^jaV581UB�GHKjÙ�BHKM7EA}BHKM_N3�A4`oBHKjad�:143V°�AT36^6gH58aVKM^jaV_N36K4lxGHKj3658@
KM7*A4B¢ATiHi�3614iH365qATaVK¨A4^jaV5b@UATaV581UB�e_�BH^jaV581UB�l�A4BHG
7V_ £U£ KM7©aV7�A�`qK�AT36BH58B £ iH3�1�^MKMGH_H36K[aV1p`8K�AT36BnaVgHKWa©3�A4BH7Ve×1436F÷1Ueo1�^M^M_Hi�A4BH^jc £ 3658GH7�e×143�A�7658B £ `8K[3614��14a�Fp1z@
K4;

C*KjÙ�BHK�AW7VKja�1Ue¦Ò8Þ�Î/ÌNÓ�BHKM_N3�1UBH7�øfù¥�%5baVg}A4^jaV5b@4ATaV5q1UBH7�ú�ùû £ 5b@�58B £ aVg�K�i�5Ç³NKM`Çw�@UA4`8_HK*åÜaVgHK�i�3614��AT��58`q5badc§1Ue���KM58B £
1]^M^M_Ni�58KMG�æ�1Ue¦i�5Ç³NKM`
ü�58B�aVg�K £ 3658G¥Ñ�Í6á�Ð�ÏMÍ±aVgHK%Fp1z@
K4;�v�KjaLø¥ý?��K�AW76Kja±1UeoÐ�ÌNÓ8Î/ÌHÓ�BHKM_N3�1UBH7�%5baVg�A4^jaV5b@UATaV581UBH7
ú ýþ 3�KjiH36KM7VKMB�aV58B £ aVgHK¤i�5Ç³NKM`Çw�@4A4`q_HKW1Ue/i�5Ç³�KM`�ÿ�58BfaVgHK £ 3�58G�ÊTá.Ó.ÍVÏEaVgHK¤Fp1�@
K4;§9?K�g�AM@
K*ü�� y

�
Ã
�������

� ù A4BHG
ÿ�� y

�
Ã
�������

��ýÕ�%5baVg��¥ù�A4B�G��¥ýÁaVg�K�7V58çMKM7W1Ue±aVgHK £ 3658G�7M;	�LA4^6gª1U_Na©i�_NaEBHKM_N3�1UB�ÿ%587E^M1UBHBHKM^jaVKMG$aV1JA4`8`
58BHi�_Na:BHKM_N361UBH7�üh�%58aVgn�LKM5 £ g�aV7�
 þPû ;
u�K´³�aMl
A4^jaV5b@UATaV581UBQe×_HBH^jaV5q1UBH7�DådæxAT36K�aV1���K/GHKjaVKj3�Fp58BHKMGW76_H^6g§aVg�ATaÈú ýþ ���Då�
 þPû � ú ùû æ £ 5b@
K�aVgHK�1]^M^M_Ni�A4B�^jc@UA4`8_HKM7*1UeaVgHK £ 365qG¥A4eaVKj3EaVgHK¤Fp1�@
K4;Wµ�e�A}i�5Ç³NKM`�üD�:A47*aV1���KQ7Vi�`85ba%_Hi¥e×_N3VaVgHKj3*58B�A�B�_HFQ��Kj3[1Ue±7V_N�Nw�i�5Ç³�KM`q7



ü � l�58a�e1U`8`q1��%7�e361UFàaVgHK§58B2aVKj36iH36Kja6ATaV581UB~1Ueoi�5Ç³NKM`Çw�@UA4`8_HKM7LaVg�ATa

ú û�� �
� å�ú û�� æ
� å�ú û æ

ú û ådÃ�;byãæ

�%g�Kj36K � ådæ/^�A4`8^M_�`qATaVKM7�aVg�K%AT36K�AQ1UexAW7V_N��7©i�A4^MK�36Kji�36KM7VKMB�aVKMGp�]chAEi�5Ç³NKM`�;�XH143LaVgH587Ml��LK[A47V7V_HFpK�aVg�ATa�aVgHK�7V58çMK
1Ue�aVgHK�14��7©a6A4^M`qK�1�^M^M_Hi�c�58B £ aVgHK:i�5b³�KM`�ÆP776_N��7©i�A4^MK:587Fh58BH58FhA4`�;oY:1UB�@
Kj367VKM`bcUl]58e�A*i�5b³�KM`]ÿx�:1U_H`8G¨��K:^M1UF�i�1U7VKMG
e361UFàaVgHK§_HBH581UBn1Ue�GH587��V1U58B�aL76_N��7©i�A4^MKM7�ÿ��]l�5ba�e×1U`8`81z�%7:aVg�ATa
ú þ �<y
	��på�A4`8`�ÿ���AT36KWKMF�iHa¯cNæ �<y	��

�
å�y�	$ú þ�� æ ådÃ�;ZÃUæ

XH143QaVgH587Ml��LKhA4767V_HFpK�aVg�ATaQA4`8`1]^M^M_Ni�A4BH^jc�iH3614��AT��58`85baV5qKM7�ú þ � AT3�Kp58BHGHKji�KMBHG�KMB2aEA4BHG¢aVg�ATa}å�y�	(ú þ � æ £ 5b@
KM7aVgHKQiH3614��AT��58`85ba¯c�1Ue�7V_N��7©i�A4^MKWÿ��h��KM58B £ KMFpiHadcU; �³HA4Fp58BH5qB £ Ù £ _N3�K¤Ã�;byUl��%gH5q^6gJKMB�@�5876A £ KM7*aVgHK £ 3658G¥A4eqaVKj3WA

 X
B

XA

Xi
B

Xo5 £ _N36K§Ã�;by����±5Ç³NKM`�ú ýþ 1z@
Kj36`qAMc�58B £ 7VKj@
Kj3�A4`�i�5b³�KM`87�ú ùû ;/ø ý 587:aVgHKWa©3�A4BH7Ve×1436F÷1UeÈø ù ;

3614��14a�Fp1z@
K§1z@
Kj36`qAMc�58B £ aVgHK £ 3658Gn��KMe×1436K*aVgHKEFp1z@
K4l¦A4B�G~_H7V58B £ ådÃ�;byãæ%A4BHG?ådÃ�;ZÃUæ £ 58@
KM7��
�Då�
 þPû � ú ùû æ �<y
	��

û
å�y�	�
 þPû ú ùû æ ådÃ�;>t
æ

�%58aVg


 þPû �
� å�ú ýþ�� ú ùû æ

� å�ú ùû æ
ådÃ�;Pr2æ

��g�587K´³]i�36KM7V7V581UBhe143±aVgHK�14iHaV58F}A4`N�LKM5 £ g2a/@UA4`8_HKM7�K´³]i�`A458BH7aVgHK%7©a6ATaVKMFpKMB�a±FhA4GHK%K�AT36`858Kj3�l2aVg�ATa±^M1UB�@
KMB2aV5q1UB�A4`
^�A4`8^M_�`qATaV581UB�1Ue/�:KM5 £ g�a[@UA4`8_HKM7*^�A4B¢1UBH`8cD��K§i�Kj36e×1436FpKMG¥58eaVgHK¨7V5qçMKM7WA4BHG�7Vg�ATi�KM7�1Ue�aVgHK¤i�5Ç³NKM`87*AT36K¤°]BH1z�%B
A4BHG¢^�gH1U7VKMB(ATiHiH3614iH3�5qATaVKM`bcU;¨O `8K�AT3�BH58B £ iH361]^MKMGH_N36K¨587*aV1D�¦K�ATiHi�`858KMG¥aV1~KM7©aV58FhATaVKpaVgHKM7VK�14iHaV58F}A4`��LKM5 £ g�a
@UA4`8_HKM7M;
µ.e�K´³HA4F�i�`8KM7�1Ue £ 3658GH7�A4BHG~aVgHKM5b3�a©3�A4BH7Ve×1436F åÜø ù

���ø ý æ:^�A4Bf��K £ 5b@
KMB�l��%5baVg �ø ý aVgHKpßMÐ�ÏVÏMÍMßzÓ £ 3658GJA4eaVKj3aVgHK§Fp1�@
K4l�aVgHKEKj3V36143%5qBnaVgHKW`8K�AT36B�KMGna©3�A4BH7Ve×1436F �Då�
 þPû � ú�ùû æL587 £ 5b@
KMB~�]c
�

� �"!�#%$"&'�)(
�
þ
å �ú ýþ 	?ú ýþ æ�* ådÃ�;ZÖUæ

9?K[^�A4BnBH1��ÁGHKjÙ�BHK�AW`8K�AT36B�58B £ 36_�`8K:aVg�ATa:e1U`8`q1��%7�aVgHK £ 3�A4G�58KMB2aL1Ue¦aVgH587±Kj3V36143:e_HB�^jaV581UB��%5baVgh36KM7©i�KM^ja�aV1QaVgHK
�:KM5 £ g�a�@4A4`q_HKM7MlN°�BH1��%BfA47�aVgHK,+�w�36_H`8K4;�9Õ5baVgnaVg�K§A4^jaV5b@UATaV581UBJe×_HBH^jaV581UB~5qB¢ådÃ�;>t
æ:aVgH587 £ 58@
KM7
- 
 þPû �.	0/oå �ú ýþ 	?ú ýþ æ2143

3 
 þPû
�~å�
 þPû � ú ùû æ �5/oå �ú ýþ 	?ú ýþ æ21�ú ùû 1 �

��67 û
å�y�	 
 þ � ú ù � æ ådÃ�;>Ø
æ

��gH587 £ 58@
KM7�36587VK*aV1paVgHKWe×1U`8`81���58B £ `8K�AT36BH58B £ A4` £ 14365baVgHF8�
yU;�^j36K�ATaVK%A[76A4F�i�`qK±KMB�@]58361UBHFpKMB�a��È^�gH1�1U76K:A*76Kja�1Ue:9 3´A4BHGH1UFp`bcWG�587©a©365b��_NaVKMGWi�1U58B�aV7�58B§aVg�KL5qBNi�_Nao7©i�A4^MK<;
Ã�;�^j36K�ATaVK�A*`8K�AT3�BH58B £ 76A4F�i�`8K<�Èe×143�K�A4^6ghi�1U58B2aMl
G�KjaVKj36Fp58BHKLaVgHK%_HBH5�=]_HKL7V_N��7©i�A4^MKM7�ü¤A4BHG¨ÿÈ1Ue�aVgHK%14365 £ 58B�A4`
A4BHG(aVgHKha©3´A4BH7Ve×1436FpKMG £ 3658G�l�36KM7Vi¦KM^jaV58@
KM`bcUlaVg�ATapAT36Kn1�^M^M_Hi�58KMGª��c?aVg�KM7VK�i¦1U5qB2aV7M;?k�Kja¨ú�ùû � y~A4BHG

�ú�ýþ �<y�;
t];�^�A4`8^M_H`qATaVKp1]^M^M_Ni�A4B�^jcf@UA4`8_HKM7��W_�7VK~ådÃ�;>t
æ*aV1D^�A4`q^M_H`qATaVK�aVgHK�^M_H3V36KMB�aWKM7©aV58FhATaVKM7Q1Ue±1]^M^M_Ni�A4BH^jc�@UA4`8_HKM7
ú�ýþ ;

r�;�_Ni�G�ATaVK*i�AT3�A4FpKjaVKj3�7���_H7VK�ådÃ�;>Ø
æ�aV1p_Ni�G�ATaVK*aVgHK*�:KM5 £ g�a�@UA4`8_HKM7�
 þPû ;



� ���nñ±ñ:½pÀ´¹�� ¾�� º�ï�ñ���ö	�*¼*»ÈÀVº�ïpô
µ�B(aVgH587¨7VKM^jaV581UB�5ba¨587¨GHKjaVKj36Fh58BHKMGègH1��÷F}A4B2cª3�A4BHGH1UFp`8c?GH587©a©3658��_NaVKMG?i�1U58B�aV7¨7VgH1U_H`qG$��K�^6gH1U7VKMB�5qB(K�A4^�g
76A4Fpi�`8K�KMB�@]5b3�1UBHFpKMB�a�å 9 58B¨aVgHK%A4` £ 14365baVgHF 1Ue¦7VKM^jaV5q1UB�ÃUæ�;�oAT°�58B £ 1UBHK�i�1U58B�aoi�Kj3�7�A4F�i�`8K�FpK�A4B�7aVg�ATa±1UB�`bc
A�76FhA4`8`¦B�_�F§��Kj3�1UeÈ�LKM5 £ g�aV7%5q7�_Ni�G�ATaVKMG~K�A4^6gJaV58FpKWA¨76A4F�i�`8K*587�iH36KM76KMB2aVKMG�;/é[1��:Kj@
Kj3�l¦58e�Fh1436K*i�1U58B2aV7:i�Kj3
76A4Fpi�`8K�AT3�K%a6AT°
KMB�l�aVgHK�iH361]GH_H^ja±aVKj36F�58BfådÃ�;>Ø
æ�lN��gH58^6ghÏMÍMä�Ì]ßMÍ6ÝLaVgHK[_Ni�G�ATaVK�5qe�5ba±587L`85b°
KM`8c¤aVg�ATaLú�ùû �<yEA4BHG
ú�ýþ �<y%AT36K�Þ�Ð2Ó�^�A4_H7VKMGh��c�A*ÝVÒ8ÞHÛ
ËÜÍ�i¦1U5qB2a58B¨aVgHK�`qK�AT36BH58B £ 76A4Fpi�`8K4l
�%5q`8`�76`81��êG�1��%Bp`qK�AT36BH58B £ ^M1UBH7V5qGHKj3�AT��`bcU;
��g�KM7VK*ad�:1h^M1UBH7658GHKj3�ATaV581UB�7�AT36KW^M1UFQ��58BHKMG8=]_�A4B�aV5ba6ATaV5b@
KM`bcnaV1p^�A4`8^M_�`qATaVK§A4BD14iHaV5qFhA4`¦@4A4`q_HKEe143�9¢;
��=�_�ATaV5q1UB¥ådÃ�;>Ø
æ�7VgH1���7:aVg�ATa�aVgHK*B�_�F§��Kj3�1Uex�:KM5 £ g�aV7�e143���gH58^6g - 
 þPû�
�ðs¨587LiH3614i�143VaV581UB�A4`�aV1¨aVgHK*B]_HF§��Kj3
1Ue�i�5Ç³NKM`87�ü���5baVg}ú�ùû � yUl�7�AMc��
;µ�e 9 i�1U58B�aV7:AT36K*^6gH1U7VKMB~5qBhaVgHK*76A4Fpi�`8K%KMB�@�5b361UBHFpKMB�aMlN5ba:e1U`8`q1��%7LaVg�ATa:aVgHK
K´³�i�KM^jaVKMGD@UA4`8_HKE1Ueoú�ùû 587 £ 5b@
KMB~�]c �nÂ ú ùû Å �<y1 �på�ú ùû �<y��"9fæ���s 1 �på�ú ùû �®s��"9fæ �<y�	�� � åÜø ù æ 	 � å�ú ùû æ

� åÜø ù æ ��� �<y
	�� � ù 	�y
� ù � � å�t];byãæ

�%58aVg � ådæ±1UBH^MKWA £ A458BnaVgHKQÚZAT36K�A]Æ wde×_HBH^jaV5q1UB�;/é�Kj3�K4lN�LK[a6AT°
K��]ü � å�ú�ùû æ �<y*�%g�58^6g £ 5b@
KM7 � åÜøfùæ � �¥ù/lNaVgHK
B]_HFQ�¦Kj3�1Ueoi�5b³�KM`87:58BnaVg�KW14365 £ 58B�A4` £ 3�58G�;/��gHKEK´³�i�KM^jaVKMGD@UA4`8_HK*1Ue��W5q7�BH1�� £ 5b@
KMB~�]c �nÂ��MÅ � � ù 1 �på�ú ùû �<y�� 9fæ � � ù�� y�	�� �fù 	�y

� ù � ��� å�t];ZÃUæ

O[BH14aVgHKj3�`q1�14°¨ATa�K�=�_�ATaV581UB~ådÃ�;>Ø
æ7Vg�1��%7aVg�ATa/K�A4^6g - 
 þÄû ^M1UB2a6A458B�7�A*FQ_�`baV5bi�`85q^�ATaV581UBQeÜA4^jaV143� þPû �"! ��67 û å�y 	

 þ � ú�ù � æ�;®9Á5baVgÕ1UBHKDi�1U58B�api�Kj3h76A4Fpi�`8KDKMB�@]58361UBHFpKMB�afå 9 �ëy¢A4BHG#� �ëyãæ��:KJg�A�@
Kfú�ùû �ëy�58F�i�`85qKM7 þPû � yU;?é�1z�LKj@
Kj3�lLa6AT°�58B £ 9%$!y~A4BHG(aVg]_H7��&$-y £ 5b@
KM7' þPû)( yUl±Af36KMG�_H^jaV581UB(1Ue�aVgHK�_Ni�G�ATaVK4;¢��gHK
K´³HA4^ja§@UA4`8_HK¨1Ue* þPû 5q7WA4`87V1DAne×_HBH^jaV581UB¢1Ue,+ þ �EaVgHK�B�_�F§��Kj3E1Ue±5qBNi�_Na*BHKM_N361UB�7'-Je143W��gH58^6g 
 þ � 
��s];���gHK
`8K�AT3�BH58B £ i�361�^MKMG�_N36KW7©a6AT36aV7%�%58aVg.+ þ � �¥ù/l¦Ahe×_H`8`8c�^M1UBHB�KM^jaVKMG�l¦3�A4BHGH1UFp`8c�58B�5baV5qA4`85876KMG~BHKjad�:143V°�;�é[1��:Kj@
Kj3�l
58BªiH3�A4^jaV5q^�A4`L765baV_�ATaV581UBH7¨5ba¨^�A4Bè��K}K´³�i�KM^jaVKMG(aVg�ATa�+ þ ^M1UB�@
Kj3 £ KM7paV1¢A¥7VFhA4`q`�@UA4`8_HK4;?��g�587 £ 5b@
KM7¨aVg�ATaMlLA47
`8K�AT3�BH58B £ iH361]^MKMKMGH7Ml/+ þ G�KM^j36K�A47VKM7�A4B�G~^M1UBH7VK�=]_HKMB2aV`8c0 þPû 58B�^j36K�A47VKM7�aV1z�:AT36G�7WyU;
9?K§g�A�@
KWe×143�aVgHKWK´³�i�KM^jaVKMGD@UA4`8_HKE1Ue1 þPû �nÂ  þPû Å �2�Â �

��67 û
å�y
	�
 þ � ú ù � æ¯Å

9?K�BH1z�¬A47V7V_HFpKL58BHG�Kji¦KMB�GHKMBH^MK/1UeHú�ù � A4BHG¨ú�ù3�lU�%gH58^�gQ587 �V_H7©aV5bÙ�KMGQ58B¤1U_N3/A4` £ 14365baVgHFD;È9?K�A4`87V1�a6AT°
K�ú�ùû �<yUl
7V5qBH^MKhú�ùû � sJ5qF�i�`858KM7 - 
 þPû � s]l��LK�_H7VK�A4BèA�@
Kj3�A £ Kn�:KM5 £ g2aQ@4A4`q_HK 
 þ � �54}A4B�Gª_H76KJå�t];byãæ¤A4BHG6+ þ A47
GHKjÙ�BHKMG~K�AT36`858Kj3z;/��gH587 £ 5b@
KM7��nÂ  þPû Å � �

��67 û
å�y�	7nÂ 
 þ � Å8nÂ ú ù � Åæ �:9;�y
	64�<=Vy	>� �fù 	�y

� ù � �@?BADCE1FG�HJI å�t];>t
æ

9?K¤BH1�� g�A�@
KQaVg�ATa%a6AT°�58B £ 9K$<y§i�1U58B�aV7�i�Kj3�7�A4F�i�`8KWKMB�@�5b361UBHFpKMB�aMl�aVgHK§B]_HFQ�¦Kj3[1Ue_Ni�G�ATaVKM7%5q7�iH3614i�143©w
aV581UB�A4`�aV1Jå�t];ZÃUæ�l��%gH58`qK�K�A4^�gf_Ni�G�ATaVKE5q7�36KMGH_H^MKMGD�%5baVgJA�eÜA4^jaV143 £ 5b@
KMBD�]c¥å�t];>t
æ�;:9?K§a6AT°
K,9MLãlHaVgHK§14iHaV58FhA4`
B]_HFQ�¦Kj3�1Ueoi�1U58B�aV7:i�Kj3�76A4F�i�`8K*aV1p�¦K*aVg�KEFhAã³�5qFQ_HFà1UeoaVgHKW36KM7V_H`baV5qB £ B�Kja%7©i�KMKMG�wd_Ni �

9 L �ÁF}Aã³�
NO P � ù � y�	�� �¥ù 	�y

� ù � �Q� 1 <=Vy	64 9;�y�	�� �fù 	�y
� ù � �R?BA FG CE HTS UV å�t];Pr2æ

W ¸�ô:�pö�ñLôõñ:¹EºX��º�À�¼*¹Y��¹h½ »�ñ[Z¦¾pö6ºXZ
��g�KQA4` £ 143658aVgHF £ 58@
KMB¥5qBf7VKM^jaV5q1UB¢Ãp��A47[5qF�i�`8KMFpKMB�aVKMG¥e143EA}ÙN³�KMGf3614��14a*Fp1�@
K4;EO[`87V1�l�å�t];Pr2æ��:A47*_H7VKMGfaV1
^M1UF�i�_NaVK�9MLEKj@
Kj36c?yzsUsUsh`qK�AT36BH58B £ 76A4F�i�`8KM7�l�_H7V58B £ 4 � s � Ö�;���gHKW76A4Fpi�`8KM7��:Kj36K§iH361]^MKM7V7VKMG¥58B~��ATaV^�gHKM7*1UeyzsUs]; �/@
Kj3Vc�yzsUs�76A4Fpi�`8KM7��:KEaV1]14°


 þPû � 
 þÄû ��/�\ AJ]^] (�!�#%$"&'�)( - 
 þPûnÂ 9 û Å



�%58aVg&�Â 9 û Å�aVgHKpK´³�i¦KM^jaVKMGªB�_�F§��Kj3§1Ue:_Ni�G�ATaVKM7Ee×143§�:KM5 £ g�aV7 
 þPû l�^�A4`8^M_H`qATaVKMG?_�7V58B £ å�t];ZÃUæ�;nv�K�AT36B�58B £ i�Aãw
3�A4FhKjaVKj3/f��A47�a6AT°
KMBfaV1pGHKM^j3�K�A47VKWK´³�i¦1UB�KMB2aV5qA4`q`bc}e361UF s

�
r�aV1}s

�
s]yU;

m[7V58B £ °]BH1z�%`8KMG £ KQ1UBDaVgHK§3614��14a�Fp1z@
K¤A4B�GDaVgHKQ7V58çMKM7�A4B�GJ7Vg�ATi�KM7�1Ue�i�5Ç³NKM`87MlH14iHaV58F}A4`x�:KM5 £ g2a�@4A4`q_HKM7��:Kj36K
^�A4`8^M_�`qATaVKMG¢GH5b36KM^jaV`8cDeq361UFõådÃ�;Pr2æ�;¤��gHKM7VK¤@UA4`8_HKM7[�LKj3�K¤^M1UFpi�AT36KMG��%5baVgfaVgHK¨`8K�AT36B�KMGJ@UA4`8_HKM7M;���KM7V_H`baV7*7Vg�1��
aVgHK��:KM5 £ g2aV7�AT3�K[KM7VaV58FhATaVKMG�aV1�1¨gH5 £ gh�%58aVg�A4BnKj3V36143:1UeÈATi�iH361M³N58FhATaVKM`8c}Ã4s���;���gH5q7�587LGH_HK�aV1¤aVgHK�eÜA4^ja:aVg�ATa
A47/`qK�AT36BH58B £ iH361]^MKMKMGH7MlU�:K:a6AT°
K9�����ÍMäQATa%9ML	��y�aV1E7©i�KMKMG�_Ni¨aVgHK�A4` £ 14365baVgHF~;���gH5q7 £ 58@
KM7�A4B�_HBHeÜA45b3���5qA47
58Bn`8K�AT3�BH58B £ aVgHK*�LKM5 £ g2a�@UA4`8_HKM7M;��g�K*A4` £ 14365baVgHF 58B�a©361]GH_H^MKMGn58Bn7VKM^jaV581UBJÃQ587�GHKj3�5b@
KMGne143WÉMÊãÏ�ÔHÒ8ÞNÛ¤@4A4`8_�KM7�1Ue
9¢;LY�_N3V36KMB�a:36KM7VK�AT36^�gfA458Fp7�aV1hA4G�ATiHa�aVgHKQA4` £ 14365baVgHFàe×1439 ÙH³�KMGDATa%`AT3 £ Kj3�@UA4`8_HKM7M;

0 5 10 15 20

s
q
u
a
r
e
d
 
e
r
r
o
r

nr of learning samples * 1000

m = m*

m = 1

X�5 £ _N3�K%r�;by��/��gHK�aV14a6A4`�7 =�_�AT3�KMG}Kj3V3�143±58BhaVgHK�`qK�AT36BHKMGpa©3´A4BH7Ve×1436F¶^�A4`8^M_�`qATaVKMG}Kj@
Kj36c�Ö4sUs§7�A4F�i�`8KM7Le143�9 � y
A4BHG 9 � 9 L ;
µ.B?Ù £ _N36K¨r�;byh7V1UFhK�36KM7V_H`8aV7WAT36K £ 5b@
KMB�;p��g�K�7 =�_�AT36KMG¢Kj3V3614367QAT36Kp^�A4`8^M_H`ATaVKMG?1�@
Kj3}yzs]l>sUsUsDaVKM7©aQ76A4F�i�`8K

£ 365qGH7QKj@
Kj36cèÖ4sUs�`8K�AT36B�58B £ 7�A4F�i�`8KM7M;¢��g�K}B]_HFQ�¦Kj3�7Q1Ue%i¦1U5qB2aV7¨58BªaVKM7©a�76A4F�i�`qKM7Q�:Kj36KnGN3�A��%BèATa�3�A4BHGH1UF
e361UF�
Uy

�
Ã
�������

�¥ù�¨e×143*K�A4^�g¢76A4F�i�`qK4l�K´³�i�`qA458B�58B £�� _H^jaV_�ATaV581UBH7[58BDaVgHK¨7 =]_�AT36KMG¥Kj3V36143z;���gHK £ 3�ATi�g�7�7Vg�1��
aVg�ATa[58BHGHKMKMGna6AT°�58B £ 9 � 9 L 36KM76_H`baV7�58BfA�7V5 £ BH58Ù�^�A4B2a�7Vi¦KMKMGNwd_NiJ1UeoaVgHK§A4` £ 143�5baVgHF~;Lé�1z�LKj@
Kj3�l�A47[`8K�AT36BH58B £
iH3�1�^MKMKMGH7�l�9MLf^M1UB2@
Kj3 £ KM7JaV1�A$@UA4`8_HK 9ML�� y�å�A47�+ þ ^M1UB2@
Kj3 £ KM7JaV1�Aª76FhA4`8`[@4A4`q_HKzæhA4B�G��:KM5 £ g�aV7DAT36K
KM7©aV5qFhATaVKMG$aV1]1Jg�5 £ g�;n��gH587WK´³�i�`qA45qBH7*aVg�ATa¤aVgHKhA4` £ 143658aVgHF ^M1UB�@
Kj3 £ KM7¤aV1¥A4BªKj3V36143Q@4A4`8_�K��%gH58^�g$587§gH5 £ gHKj3
aVg�A4BJ^�A4BD��KE14�Ha6A458BHKMGn��5baVg 9 �<yU;

� ñ��ãñL»�ñL¹h¿ñ[Z
ÂZyMÅQOQ; �±`8e×KM7Ml�������������� �"!$#&%�'	#&��()��*+���,(-%�./�,0�0213�546����%878��9:1;4<�>=?1����A@�µ � � ��021U_N36B�A4`�1UeB�%14��14aV58^M7

A4B�G~O�_NaV1UF}ATaV581UB�l�02_HBHK¨yz{U|�C�;
ÂÄÃãÅQO[`b��Kj3VaV1��±`8eKM7�;EDF!�1G�54IHKJLJNM"0O����J$PRQS��1?%�!UT,�>�V./�<WN13(;#X'K�<WY�>=�Z[#,�\JL#]0�=?1����^����%_78��9:1;4<�>=?1�����@

��361]^MKMKMGH58B £ 7�1UeoaVgHK¨yz{U|U{pµ � � �¬µ�B�aM;�Y:1UBHe×Kj36KMBH^MKE1UB`��14��14aV58^M7%A4BHGDO[_NaV1UFhATaV5q1UB�;
Â tTÅ¨\¨;�X�A4gHBHKj3zl	�W; �±^V°�Fp58`8`8Kj3zlbac#Y�����d1G�O4e�>0O�>=?1��^f�#,g 0O���\�>(KZK(h���d�d13�54VT��]�>gi�_jUP�����g�1?J`ZK�]�>�
4��]�>gkg�13�54�f�#&�<JNlO#N�,monqpc#L#&%6pc����rs���]%X7k#N=�T,����=?lO#�.t��9:13�54_H	W,!�=u��J:(h#�no9"��1�%�����J�#�Zb�\�<W$(h#Ngv@
��361]^4;H1Ue�µVY:O[u�u*{
Ã�l�I±365 £ g�aV1UB�;

Â r4ÅQv�;]=¥ATa©aVgH58KM7MlNOQ; �±`8eKM7�lxw��2=y#y4>�\�>=?1����z�\T{���>����������%E�2=y#,�&#&�k'K���54O#{jk�>=u�tDF!�1G�546�`QS�L1�%��u� �"!N#Y%
'[#|02�&#�!$#,�2=u�>=?1�����@�µ � � ��Y:1UB�eÈ1UB`��14��14aV58^M7%A4BHGDO[_NaV1UFhATaV5q1UB�lxyz{U|U|];

ÂÄÖãÅ¤0H;NGHKM`B�W;�=f58`8`qA4Bxld�[Mx1?(-%�13�54v'	#Y��J$=?139�#}Z[�>=?l��up13��%<#N�Y!U=?l<�]��M�4�l~'	#,13�$TN���]J�#,g6#,��=o�A�>�d��#&J:=?1?�>�d1�!,=
a�#&�����d13�54<mvf�l��&#Y# wL!L!LM2#�!�����%kn �Vn �\JNl�1?=y#&J:=?Mx�\#:@ �/3�1�^4;�yzsTaVg���_N3�14i¦K�A4B~Y:1UBHe�1UBnO�µ�lx�*58KMBHB�A
O[_H7©a©3�5qA]l¦yz{U{
Ã�;

Â ØTÅQéQ; �o;H=J143�A�@
KM^4l�OQ; ��`8e×KM7Mld�}1;4>lk'[#�!,��()M�=?1����+./��0d!�T��]��g�*�1�%<#{no�54�(;#o���>������@Nµ � � �êY�1UBHex1UB
��14��14aV58^M7%A4BHG~O[_NaV1UFhATaV581UBxlxyz{U|
Ö�;



Â �[AT��58BH1z�%5baVçjÅ��o;>0N;�CEAM@�587WA4BHG �o;B��AT��58B�1��%5baVç4lF.t#$=?l5�$%"!6�]TU7�MxgE#N�L1�JY��( w���=y#u4>�\�>=?1�����@�Y:g�ATi$Ö�;>{]l�=f_H`baV5bi�`qK
µ�B�aVK £ 3�ATaV581UB~�]c~76A4F�i�`85qB £ ;


