
����������	�

�������������������������
����	�� �!�#"$�%������&�&(')����&�&������*�+�-,/.0�

132547698;:=<?>A@�BC69DFEHGAIJBLK�2M4%2�NL25O76P49QLEFGA2M:AR=ST2FUV8WR�X�>AYTZ\[]RC^`_!49abE

cedfdhgfi\jkgflnm�o9iVo9pqgfr�stdfu+j+vqgwpqxVyzl|{`}!~Cj+v7}�pqj+v�����c�dfdfg]mnst{��
�tiVgf�Fo9vql�gwpe��j!��c�dfdfgfiVj+ghlt}!p|�|vq~b}+iV}!����xb}!yz�b}!ghu+i��
���+�?�C�C� }�pqxVo9��l%�b� �%�k�5� �|vq~b}!ib}5�\c�{��V� � s
�%�F�H�F �¡£¢H�!¤b¥+¦H¥`¡�§H¨k©Mª!«M¬k­k­H¬!©M¥F­`®e©M¨�®¯�\¬��V°`®�¨k§F�

±�²�³%´%µ�¶b·+´k¸ s|dfpqx\jk¹\ukx gwpJgflTºMi\j���i �;vqjky»mns¼dfgwpqo9v7}�pq¹\vqo�pqxV}!pT�\vqjk�Cj!v�pqgfjki\�
}�pqo�l�o9dho9r9pqgfjki½gfl�l�¹V~M¾�o9r9ptpqjzy�}!iH���\gwp���}+dfdfl%�bpqx\o¿{`� � r%jkyzy¿¹Vi\gfpe�zl�jkyzoP��xb}!p
}+À\xVoPvqo�À�pqjz�\vqj+�Cj+v�pqgfjkiV}!pqo�l�o%dfo%r9pqgfjki � stdfl�j�ghiÁpqx\o�}+r%r9¹\v7}+rP�5�¯~V}+l�o�À�dfo�}!vqi\gfiVu
r%dh}!l�l�gfÂVo9v�l��5l�pqo%yÄÃt� � �LgfiHp�vqjMÀ\¹\r%o�À½~H�ÁÅ�gfdfl�jki=gfi ��Æ+ÆFÇ �`�\vqj+�Cj+v�pqgfjkiV}!pqoJl�o9�
dfo%r9pqgfj+i�gflÈ¹Vl�o%À �MÉ x\ghl��b}+�CoPv�ghÀ\o%iHpqgwÂbo%lÊ�\vqj+~Vdfo%yË�5vqjk�Co9v�pqgfo%l�ghi���xVgfr7x��Co9v��Wj!v��
y�}!iVr%o|j+�`�\vqjk�Cj!v�pqgfjkib}�pqo�l�o%dfo%rPpqghj+i�gflÈgfyz�b}!gwvqo�À � ��j+iVl�o�ÌH¹Vo9iMpqdw�H�Fpqj+¹\vqiV}+yzo%iHp
l�o%dfo%rPpqghj+i�gfltghiHp�vqjMÀ5¹Vr%o�ÀÁ��x\ghr7x�y�}+ºko%ltÃt� � yzj!vqo��V}!v7}!yzo9pqo9vngfiVÀ\o%�Co%iVÀ\o%iHp��
i\jkgfl�o�ghiVÀ\o%�Co9ibÀ\o9iMp��5}!ibÀ�yzj!vqono9Ízr9gho9iMp|gfi�oPÎ\�\dfjkgwpqgfiVuTÂ\pqiVo%l�l�uk¹\ghÀV}+i\r%o �

Ï ÐVÑ|ÒCÓLÔÖÕ¿×�Ø`ÒLÙqÔ|Ñ
Ú�_+254P:A8;:La�Ût[W25O9O78;ÜA_!4�NbQCO76P_+KÁO�Ý¯Ú�ÛnNLO9Þ�ß;à5G9áHâA2M49_t49BL[]_n[;_k2M49:L8;:AaJOPQCOq69_!K�OÈ8]:�ãÖäL8Wå%äÁ4PBA[;_kO
2M49_za5_!:A_!4%2H6P_kR=^VQ�6PäA_?KÁ_+25:AOÖZMæ�2�a\_!:L_!6P8Wå�2M[]a5Z\4P8;6PäAK�ÝeYJçTÞ�ß èHâ�>�énäL_�YJçê_!U\Z5[]U5_kOÖ2
ë Z ë BL[W2H6P8]Z5:ìZMæJ49BL[;_kO!GÈ69äL_3OPZíå+2M[][;_kRËî!ï;ðHñ9ñ�ò ó�ô�õ%ñ�>|ç»å![]2\OPOP8hÜ�_!4ÁBAOPBA2M[][;Q�å�Z5:�O78WOq6%OÁZMæJ2
å�Z5:�RC8h698;Z\: 2M:AR=2M: 25å�6P8]Z5: ë 2M4P6+>�énäL_�å�Z\:ARC8;6P8]Z5: ë 2M4P6�O ë _+å!8hÜ�_+OnãÖäL_+:�69äL_?å![]2\OPOP8hÜ�_!4n8]O
2 ëLë []8Wå!2M^A[;_T2M:AR½6PäL_J25å�6P8]Z5: ë 25476nO ë _+å!8hÜ�_+O�ãÖäL8Wå%ä�25å�6P8]Z5:�69Z�_!öb_kå�BC69_5>b÷�:�RL8hø�_!49_!:Aå!_�69Z
6PäL_�Z\4P8]a58]:A25[LÚ�ÛnNCO+GM69äL_ÖÜL69:L_+O9O�8]:Á6PäL_�ù¿ÛnNÁå![]2\OPOP8;ÜA_!4�OPQCOq69_!K�GM8]:\694PZCRCB�å�_+RÁ^bQ�úû8;[WO7Z\:
ß ü5â�GÊ8]O?^A25OP_+RýZ5:í69äL_�2\å!å�BA492\å�QþZ5æÖ4P_+ã�2549R ë 49_+RC8Wå�698;Z\:AOz4%2H6PäA_!4z69äA2M:ÿZ\:ý6PäL_�4P_+ã�2549R
ë 4P_kRC8Wå�6P8]Z5:�O�RC8]4P_kå�6P[]Q5>`énäbBAO!G�ù¿ÛnN=8]O�KÁ_+2M:V6�69Z½:LZ56�Z5:L[]Q=_!U5Z\[;U\_z2�4P_ ë 49_+OP_!:V692M6P8]Z5:=ZMæ
2M:�Z ë 6P8]KÁ25[t^`_!ä�2FUV8]Z54%2M[tOq69492M6P_!a\Q5G�Z\4�å![]2\OPOP8hÜ`å!2H698;Z\:�G�^LBL6�4%2H6PäA_!4�69Z3_!U\Z5[]U5_½2 49_ ë 4P_��
O7_+:\6%2H698;Z\:�Z5æ�2�å�Z5K ë []_�69_ � ð������
	�ð � Z5æÊ69äL_ ë 49Z5^L[]_!K�>LénäA2M6n8WO+GCù¿ÛnN½8WOÖRC_+OP8]a5:L_kR½69Z
_!U5Z\[;U\_?2½49_ ë 4P_kO7_+:\6%2H698;Z\: ZMæ�6PäA_�_!ö ë _+å�6P_kR ë 2FQ\ZMø 8]:þ_k25å%ä ë Z\O9OP8;^L[]_�OP8;6PBA2M6P8]Z5:���25å�6P8]Z5:
å�Z5K�^L8]:A2H698;Z\:�>
�Ö_+å!_!:V6P[]Q5G OP_!U\_!4%2M[ÈOq69BARC8]_+OJã�_!49_�49_ ë Z54P6P_kR369äA2H6�OPäLZHãê69äA2H6zù¿ÛnN ë _+4��
æ£Z549KÁO?å�Z5K ë 254925^L[]_�69Z3O7_+U5_+4925[�ZM6PäA_!4z6qQ ë 8Wå!25[|å�[W25O9O78;Ü�å+2H6P8]Z5:í2M[]a5Z\4P8;6PäAKÁOJ8]:ÿRC8;ø`_+4P_+:V6
Oq6%2M:ARL2549R�K�25å%äL8]:L_J[]_+2M49:L8]:La ë 4PZ\^L[]_!K�Ozß �����Fâ�>
ç�[;6PäLZ\BLa5äûK�2M:bQ�8;:ARL8]å+2H6PZ\49O�å!2M:û^`_3æ£Z\BL:AR 8]: 6PäL_íYJç»[]8h69_!4%2H6PBA4P_ 69äA2H6 ë Z\8;:V6��

Z5BC6¿6PäA2M6 ë 49Z ë Z54P6P8]Z5:�2H6P_�OP_![]_+å�6P8]Z5:38WOTOq694PZ\:La5[]Q�ÜA6P:L_kOPOTRC_ ë _!:�RC_!:V6�ß �MâÈ25:AR KÁZ549_!ZHU\_!4
8]O=Oq694PZ\:La5[]Q�RL_ ë _!:ARC_+:V6=Z\: 6PäL_íRC_!a\4P_+_ ZMæ?å!Z5:bU5_+4Pa\_!:Aå!_ÿß �Mâ�G|6PäL_ýÚ�ÛnNûå!Z5KÁK?BL:A8h6qQ
O7Z\K�_+ãÖäA2H6�8]a5:AZ549_+R 6PäL8WO�8]:AOP8;a\äV6+> ÷�:�ù¿ÛnN�G�ÜL69:L_+O9O�8WO?2 O9å!25[;_kR _kOq698;K�2M6P_½Z5æn49_![W2H698;U\_
25å!å!BL4%25å�Q ZMæ�2þå![]2\OPOP8;ÜA_!4k> S¿BL_½69Z 6PäL_=OPå+2M[]8;:AaAG 8;6�RLZV_kO�:LZ56�OP_!_+K�:L_kå�_kOPO92M49Q369Z 2 ë �
ë [;Q�2ÁKÁZ549_JÜL6P:A_+O9O���8;:�RC_ ë _!:ARL_!:V6TOP_![]_+å�6P8]Z5:�KÁ_�6PäAZbR�>���Z\:L_�69äL_![]_+O9O+GA8]:�6PäL8WO ë 2 ë _+4�ã�_
8]RC_+:V6P8;æ£Q ë 49Z5^L[]_!K 6qQ ë _+OÖ6PäA2M6�8;K ë 258;4n69äL_z_��½å�8]_!:�å�Q½Z5æ ë 49Z ë Z54P6P8]Z5:�2H6P_TO7_+[;_kå�698;Z\:�>Lúý_
O7äLZHã$6PäA2M6Ö6PZ5BA4P:A25KÁ_!:V6nOP_![]_+å�6P8]Z5:=K�2��5_kO�ù¿ÛnN�OP_![]_+å�6P8]Z5:=K�Z\4P_J49_![]8]25^L[]_¿Z\BC6 ë _!4Pæ£Z549K��
8;:La ë 49Z ë Z54P6P8]Z5:�2H6P_JOP_![]_+å�698;Z\:�8;:�2M[][�8]:VU\_+O76P8]a\2M6P_+R ë 49Z5^L[]_!K 6qQ ë _+O+>



ú _½49_+O76P498Wå�6�Z5BA4�2M:A25[;QCOP8]OJ69Z3@�ZVZ\[;_k2M:�å�[W25O9OP8hÜ�å+2H698;Z\:�G�Z54�Z\:L_���O76P_ ë G ë 49Z5^L[]_!K�Oz8]:
ãÖäL8]å%äí_k25å%ä ë 4P_kO7_+:V6P_+RíOP8h69BA2H698;Z\:í8]Oz8]:ARC_ ë _+:ARC_+:\6�ZMæ�6PäL_�äL8WO76PZ549Q3Z5æÖOP8;6PBA2M6P8]Z5:AOz25:AR
å�[W25O9O78;Ü�å!2M6P8]Z5:AO+>���2547698]å!BL[]254P[]Q5G�ã�_½2 ëAë [;Qýù¿ÛnN 6PZ O7_+U5_!4%2M[�6qQ ë 8]å+2M[|@�ZbZ5[]_+25: æ£BA:Aå�698;Z\:
ë 4PZ\^L[]_!K�O!>A÷�:�69äL_+OP_ ë 49Z5^L[]_!K�O+GCæ£_!_kRC^A2\å���8WO�2FUH2M8][]25^L[;_J8]KÁK�_kRC8W2H6P_+[;Q=O7ZÁ69äA2H6¿:LZ�4P_+8;:��
æ£Z54%å�_!KÁ_+:\6Ö[]_+254P:L8]:La�6P_kå%äL:L8 �VBL_+OÖ254P_J:L_kå�_+O9O92M49Q�69äA2H6 ë 4PZ ë 2MaV2H6P_T49_!ãn2M4%Rþß;à"!Hâ�>
énäL_?2M8]K(ZMæ�6PäA8]O¿Oq69BARCQ�8]O�6PäL49_!_!æ£Z5[WR�>$#Ê8]4%Oq6kGL6PZ�KÁ2��5_z69äL_?ù¿ÛnN�å![]2\OPOP8;ÜA_!4�OPQCOq69_!K

K�Z\4P_Á49Z5^LB�Oq6?25:ARýK�Z\4P_ ë 49Z5^A[;_+K/8;:�RC_ ë _!:ARL_!:V6+>ÈNb_+å!Z5:AR�G�6PZ3å�Z\:V6P498;^LBL6P_Á6PZ�69äL_�BL:��
RC_!4%Oq6%2M:ARL8;:LaþZMæ�69äL_½æ£BL:�å�6P8]Z5:A8;:LaýZMæ�ù¿ÛnN�8;:�a5_!:A_!4%2M[�>ÊénäL8]49R�G 69Z ë 49_ ë 254P_½6PäL_=ù¿ÛnN
å�[W25O9O78;ÜA_!4JOPQbO76P_+K 6PZ�O7Z\[;U\_�RC_kå�Z\K ë Z\O92M^A[;_�KÁ2\å%äL8]:L_�[]_+254P:A8;:La ë 49Z5^L[]_!K�O%�\BA8]å��b[]Q5G�25å��
å�BL4%2H69_![]Q5GL2M:�R�49_![]8]25^L[]Q5>
énäL_�:L_�öb6�OP_+å�6P8]Z5:ía58]U5_kOz2 O7äAZ54P6�ZHU5_!49Ub8;_+ãêZMæ�6PäA_½K�2'&qZ54zKÁ_kå%äA2M:L8WOPKÁO�8;:�ù¿ÛnN�>��_�öb6kGA69äL_�@�ZbZ5[]_+25: K?BL[;6P8 ë []_�öC_!4 ë 49Z5^L[]_!K 8WO�8]:V6P49ZbRLBAå�_kR 2M:AR :AZ58WO7_�8WOT25RLRC_kR ãÖäL8Wå%ä

å!2MB�O7_kOÖù¿ÛnN�6PZÁæ¯258;[�>���_�öb6+G�ãt_�8]:V6P49ZCRCBAå�_J69Z5BL49:A25K�_+:V6�O7_+[;_kå�6P8]Z5:=69Z½ù¿ÛnN�>`NC_+å�698;Z\:(�
ë 4PZHUb8WRC_+O�æ£BL4769äL_!4=_�ö ë _!498;KÁ_+:\6%2M[Jå�Z\K ë 2M498]OPZ5:AOÁZ5æz6PäL_þ6qãtZ�KÁ_+å%äA25:L8]OPK�O½8]: OP_!U5_+4925[
@tZbZ\[;_k2M:¿æ£BL:Aå�698;Z\: ë 49Z5^L[]_!K�O�ãÖ8;6Pä�25:ARTãÖ8h69äLZ5BL6Ê25RLRL8h698;Z\:A2M[M:AZ58WO7_\>�#�8;:A25[;[]Q5G+ãt_ ë 4PZHUb8WRC_
O7BLKÁK�2M49Q�25:AR�å!Z5:Aå![;B�O78]Z5:AO+>) *,+.- Ù7Ñ0/21Ë×ÖÒ�35476�898
ç�[;6PäLZ\BLa5ä�ù¿ÛnNýãn25O�25[]OPZ3OPBAå!å!_+O9Oqæ£BL[][]Qý2 ëLë []8;_kRí8;:�K�BL[h698:��O76P_ ë�ë 4PZ\^L[;_+K�O�ß üAG�à\à;�`àkèHâ�G
ãt_T4P_kOq694P8Wå�6�6PäA8]OÖO76PBARLQ�6PZÁå�[W25O9O78;Ü�å+2H6P8]Z5: ë 4PZ\^L[]_!K�Ot6PZ�2FU5Z\8]RÁ69äL_J25RLRC8;6P8]Z5:�2M[ ë 49Z5^L[]_!K
ZMæ�4P_+ã�2549R ë 49Z ë 25a\2M6P8]Z5:�>�<�ZHãt_+U5_!4kGb6PäA_�8;:�O78]a5äV69O�ZMæÈ6PäL8WO�O76PB�RCQ=OPäLZ\BL[]R�49_+2\RC8][;Q=å!2M4949Q
ZHU5_!4�6PZìK?BL[;6P8=��Oq69_ ë ë 4PZ\^L[;_+K�O!>nénäL8WO�OP_+å�6P8]Z5: å!Z5:AOP_"�VBL_+:V6P[]Q�8]:V6P49ZbRLBAå�_kO�ù¿ÛnN$25O=2
ë BL49_þå�[W25O9O78;Ü�å+2H6P8]Z5:ûOPQCOq69_!K ë 4PZHUb8WRC8]:Laí6PäL_ :L_+å!_+O9OP254PQ�RC_�6%2M8][]O�6PZ å!Z5K ë 49_!äL_+:ARì6PäA_
4P_+KÁ258;:�RC_!4�Z5æ�6PäL8WOtãtZ\49��>�#AZ54t2�K�Z\4P_¿å�Z5K ë []_�69_�8]:\694PZCRCB�å�6P8]Z5:Á69Z?ù¿ÛnN�69äL_�8]:V6P_!49_+O76P_kR
4P_k25RC_+4�8WOÖ49_�æ£_+4P49_+R½6PZÁ6PäA_zZ5498;a\8;:A25[ ë 2 ë _!4�ß üMâ 25:AR½69äL_�2M[]a5Z\4P8;6PäAK�8WåJRC_+O9å�498 ë 6P8]Z5:íßhà+üMâ�>
ú _þRL_�ÜA:L_ý2�å�[W25O9O78;Ü�å+2H6P8]Z5: ë 49Z5^A[;_+K 2\O½2 ë 49Z5^L[]_!K 6Pä�2H6�å!Z5:AOP8]O769O½ZMæ ë 49Z5^L[]_!K

8;:AO76925:Aå�_kO?>,@BA 69äA2H6=:L_!_kRì6PZ�^�_ýå�[W25O9O78;ÜA_+Rì^bQìù¿ÛnN ãÖ8h69ä$Z5:A_3ZMæJ6PäA_ ë Z\O9O78]^L[]_
å�[W25O9O78;Ü�å!2M6P8]Z5:AO
CD@FE�>+énäL_ ë 4PZ\^L[]_!K$69äL_!: ë 4PZHUb8WRC_+O�O9å!25[]254 ë 2FQ5Z5øHGI@FJ ãÖ8h69äz4P_kO ë _+å�6
6PZÁ6PäA_�K�25RC_?å![]2\OPOP8;Ü�å!2M6P8]Z5:�>LénäL_?a5Z\25[�æ£Z54�ù¿ÛnN�8WOÖ69Z½å%äLZbZ\OP_J6PäL_?å![]2\OPOP8;Ü�å!2M6P8]Z5:�6PäA2M6
4P_kO7BL[;69OJ8]:ý6PäL_ÁäL8]a5äA_+O76 ë 2FQ5Z5ø�>�éÊZ�RLZ�69äA2H6kG�ù¿ÛnN 8]OzRL_+OP8;a\:L_+Rþ6PZ�[]_+2M49:í2=å!Z5K ë []_�69_
KÁ2 ëLë 8]:La�æ£49Z5K¼2M:bQ ë ZVOPOP8]^L[;_K>
LKC¿å!Z5K�^L8;:�2H6P8]Z5:J69Z�2M:�25å!å!BL4%2H6P_ ë 2FQ5Z5ø?UH2M[]BL_5>Fé ZM�5_!_ ë
6PäL8]:La\O|O78]K ë [;_\GMã�_Ö8;:bU5_kOq698;aV2H69_ ë 49Z5^A[;_+KÁOÈãÖ8;6Pä½@�ZbZ5[]_+25:�8]: ë BL6|2M:ARÁå�[W25O9OP8hÜ�å+2H698;Z\:�GH8e> _5>A,N,OP!RQ!à�SPT½ãÖäA_!49_7U�RC_!:LZ56P_kOÈ6PäL_�ÜLöC_+R�[]_!:La56Pä�ZMæ�69äL_�8]: ë BC6tO76P498]:La�2M:ARVEIW
OP!RQ!à�SV>
ù¿ÛnN�_!U\Z5[]U5_+O¿2 ë Z ë BA[]2M6P8]Z5:�ß XTâÈZMæ|49BL[]_+O+G�Z\4Áî!ï;ðFñ%ñ�ò ótô!õ%ñ�>�X|25å%ä å�[W25O9O78;ÜA_!4¿8;: ù¿ÛnN

å�Z5:�O78WOq6%O Z5æAÜAU\_|K�2M8]:Áå�Z5K ë Z5:L_+:V69O+>kénäL_Öå!Z5:ARC8;6P8]Z5:ZYI@[O�!�Q!à\Q�]^SPTÁO ë _kå�8;ÜA_+OÊ69äL_�OPBL^��
O ë 2\å�_zZ5æ�6PäL_ ë 4PZ\^L[;_+K08]:AO76925:Aå�_kOÖ8;:þãÖäL8]å%ä�69äL_?å![]2\OPOP8hÜ�_!4�8WO�2 ëLë []8]å+2M^L[]_5G�Z54_	�ð'`�îbaAô�ñ�>
énäL_dc9RCZ5:fe 6Tå+2M49_"g�OPQbK?^`Z5[h] K�2M69å%äL_kO�8]: 2M[][ 8]: ë BL6Jå+25OP_+O+>�énäL_�25å�698;Z\: ë 2M4P6%ij@kE
O ë _+å!8hÜA_kO=6PäL_ÿ2\RCU5ZCå+2H6P_kR 2\å�698;Z\:�GÖZ54 å�[W25O9OP8hÜ�å+2H698;Z\:�>ÖénäL_ ë 2FQ5Z5ø ë 4P_kRC8Wå�6P8]Z5:mlê2 ë �
ë 4PZV25å%äL_kO�69äL_�2FU5_+4925a5_ ë 2FQ5ZMø½_+:Aå�Z\BL:V6P_+4P_kR?2Hæ�69_!4�_!öb_kå�BC698;:AaJ2\å�698;Z\:�iì8]:ÁOP8;6PBA2M6P8]Z5:AOÈ8]:
ãÖäL8]å%ä=å�Z\:ARC8;6P8]Z5:nYêK�2H69å%äA_+O+>VénäL_ ë 49_+RL8]å�6P8]Z5:�_+4P49Z54po�_+O76P8]K�2H6P_kOt6PäL_J2FU5_+4925a5_�RC_+Ub8]2��
6P8]Z5:�GbZ54�_!4949Z54kG5ZMæ 6PäL_ ë 2FQ5Z5ø ë 4P_kRC8]å�6P8]Z5:_lÊ>CénäL_�ÜA6P:L_kOPO�49_�qA_kå�69O|6PäA_T2FU\_!4%2Ma5_Ö49_![W2H698;U\_
25å!å!BL4%25å�Q�Z5æ 69äL_�å�[W25O9O78;ÜA_+4ÖãÖ8h69ä=49_+O ë _+å�6n69Z�ZM6PäA_!4ÖZHU5_+4P[W2 ëAë 8;:Aa�å�[W25O9OP8hÜA_+49O+>
ù¿ÛnNÿ8;6P_+492M6P8]U5_![]Q�B ë RL2H69_+O�8;69O^�V:AZHãÖ[;_kRCa5_=^A25OP_�ãÖ8h69ä�49_+O ë _+å�6�69Zí_+25å%ä ë 49Z5^L[]_!K

8;:AO76925:Aå�_\>�YT8]U5_+: å�BL4949_!:V6?8]: ë BC6V>5G�ù¿ÛnN æ£Z549K�O?2r	Áð�`�î�aíñ!ô�`�ß s â�å�Z\:AOP8]O76P8]:La3Z5æÖ25[;[
å�[W25O9O78;ÜA_!4%O�8]:¼ß XTâÖãÖäLZVO7_=å�Z5:�RC8h698;Z\:AO�KÁ2M69å%ät>5>È÷�æ¿25:�2\å�6P8]Z5: 8]O�:LZ56�49_ ë 49_+OP_!:V69_+R�8]:
ß s â�GV2?å�ZHU5_+4P8]:Lazå�[W25O9OP8hÜA_+4|8WO|å!4P_k2H6P_kR�6PäA2M6tK�2H6%å%äL_+Ou>�Ýv]_��OPQbK?^`Z5[WO|254P_�8]:AOP_!4P6P_kRÁãÖ8h69ä



2 ë 4PZ\^A2M^A8;[]8h6qQ?ZMæ
Xxw�2H6�_k25å%ä ë ZVO78;6P8]Z5:�Þ�>\#AZ54�_+2\å%ä�å�[W25O9O78;Ü�å!2M6P8]Z5:�GHù¿ÛnN?æ£Z\4PK�O�2 � ð'������ õPô�yHò¯î�`�òz�'{|X�ÝzCCÞ�GÊ8e> _5> 6PäL_�ÜL6P:A_+O9O���ãt_+8;a\äV6P_+Rí2FU\_!4%2Ma5_�ZMæ�25[;[�49_!ãn2M4%R ë 49_+RC8Wå�698;Z\:ý_kOq698:�
KÁ2M6P_kOÖZMæ�6PäL_�å![]2\OPOP8;ÜA_!4%On8;:�ß s â�6Pä�2H6�25RLU5ZCå!2M6P_zå�[W25O9O78;Ü�å+2H6P8]Z5:}C`>AénäL_ ë 2FQ\ZMø ë 49_+RL8]å��
6P8]Z5:AO�RC_�69_!49KÁ8;:L_¿6PäA_T2 ëLë 49Z ë 498]2M6P_�å![]2\OPOP8;Ü�å!2M6P8]Z5:�>VçÖæ�6P_+4�6PäL_Jå�[W25O9O78;Ü�å+2H6P8]Z5:�8WO�O7_+[;_kå�6P_kR
2M:AR�OP_!:V6�69Z�69äL_ ë 49Z5^A[;_+K=G ë 2FQ5Z5ø�G�8]O ë 49ZHUb8]RC_kRJ25å!å!Z54%RC8]:Lan6PZ¿ãÖäL8]å%ä?ù¿ÛnNTB ë RA2H6P_kOÊ25[;[
å�[W25O9O78;ÜA_!4%O�8]:�6PäA_¿å�BA4P49_!:V6t2\å�6P8]Z5:½OP_�6Jß i�â`ãÖäA8]å%ä½å!Z5K ë 498]OP_+Ot2M[][�å�[W25O9OP8hÜA_+49O�8;:þß s â`6PäA2M6
25RCU\Zbå+2H69_z6PäL_�å%äLZ\OP_!:3å![]2\OPOP8;Ü�å!2M6P8]Z5:(C`>`ç�æ�6P_+4¿B ë RL2M6P_�25:AR ë Z\O9O78]^L[]_�YJç 8;:bU5ZCå+2H6P8]Z5: G
6PäL_z:L_!öb6�8h69_!4%2H6P8]Z5:�O7692M4P69O+>��49_+RC8Wå�698;Z\:ÿ2M:AR ë 4P_kRC8]å�6P8]Z5:ÿ_+4P49Z54 ë 2M4%2MKÁ_�69_!4%O�2M49_½B ë RL2M6P_=8;: ß iÖâÖ^bQ}lt~�l?�� ÝzG��Fl�Þ�25:AR}oV~�o�� � Ý9� G��Flx���ko5Þ�ãÖäL_+4P_ � Ý � @ ß !�Q+à�â£Þ�RC_+:LZM69_+O�6PäL_=ï;ô%ðHõ;{�ò�{��
õPð'`�ô�>VénäL_nÜL69:L_+O9O�UH2M[]BL_�Z5æ`_k25å%ä�å�[W25O9OP8hÜA_+4�8;:3ß iÖâ`8]O|B ë RL2H69_+R�25å+å�Z\49RC8]:LaT6PZz8;69Otå�BL4949_!:V6
OPå+2M[]_+R�4P_+[]2M6P8]U5_J25å!å!BL4%25å�QD�����

�DW�� à 8;æxo��ro'��d�"����K�"� Z56PäL_+4PãÖ8WOP_ � � W ������� ��� � � ÝqàFÞ

 
~¡ |� � Ý�� � �k �Þ Ýeá\Þ

énäL_ ë 2M4%2MKÁ_!6P_!4Ko � Ý¢o �H£ !VÞnå�Z\:\694PZ\[]O�69äL_z69Z5[]_!4%2M:Aå!_¿æ£Z\4 ë 49_+RC8Wå�698;Z\:=_+4P49Z54uo�¤ ë 254925K��
_�6P_+49O � Ý � @$Ýz!RQ!àFÞ7Þ¿2M:AR[¥ÿÝ�¥ £ !VÞ�254P_�å�Z\:AOq6%2M:V69OTå�Z\:V6P49Z5[][;8]:La½69äL_�492M6P_�ZMætRC_kå�[]8;:A_
8;:þ2\å!å!BL492\å�Q?�þãÖäL_+:}o � 8]O¿_�öLå�_+_+RC_kR�>�énäA_?25å+å�BL4%25å!Q�UH2M[]BL_+O%� 8]: 6PäA_?25å�6P8]Z5:3OP_�6�ß iÖâ
2M49_n6PäL_+:½å�Z5:bU\_!4P6P_+R?6PZ�O7_!6���4P_+[]2M6P8]U5_Ö25å+å�BL4%25å!8;_kOh�R�e>\#�8]:A2M[][;Q\G\å![]2\OPOP8hÜ�_!4�ÜL69:L_+O9Op  8WO�B ë �
RL2H69_+R�69ZHã�2549RLOÖ6PäL_�å�[W25O9O78;ÜA_!4Pe O�å�BL4949_!:V6¿OP_�6���49_![W2H6P8]U5_�2\å!å!BL492\å�Q\>R#�8;a\BL4P_�à?O7äAZHã�O�äLZHã�Á8]OÈ8]:�qABA_!:Aå!_+R�^bQ_o'�Ö2M:AR � >5énäL_�RC_!6P_!49KÁ8;:�2H6P8]Z5:�ZMæf� GF6PäL_+:�G\25[]OPZTå+2MBAOP_+O�69äL_�O9å!2M[]8]:La
ZMæ�6PäA_?ÜL69:L_+O9O¿æ£BL:Aå�6P8]Z5: 25:AR�69äVB�O¿O76P49Z5:La\[;Q=8]:�qABL_+:Aå�_kO ë 4PZ ë Z\47698;Z\:A2H69_?O7_+[;_kå�698;Z\:�>`ç�[;[
ë 2M4%2MKÁ_�69_!4%O�_!öLå�_ ë 6zÜL6P:L_kOPO¦ 02M49_�B ë RL2M6P_kRþBAOP8]:La=6PäL_F	V�'�5ô�{R{�ô�ð�y\ð � `eò�§Hô?	Z�PyHò óF¨ô+ô
6P_+å%äA:L8©�VBL_ ß;àP�Hâ�>�énäL8WOT6P_kå%äL:L8 �\BA_ÁOP_�6%O ë 2M4%2MKÁ_�69_!4JUH2M[]BL_+OJRC8]49_+å�69[;Q36PZ=6PäL_�2FU\_!4%2Ma5_?ZMæ
6PäL_�O7Z�æ¯2M4�_+:Aå�Z\BL:V6P_+4P_kR3å!2\O7_kO�25O�[;Z\:La�2\O�69äL_?_!ö ë _!498]_!:Aå!_?ZMæ|2�å�[W25O9O78;ÜA_!4¿8]OTO76P8][;[�[;_kOPO
6PäA25:ÿà�ª � >`Xt25å%ä�698;KÁ_�69äL_ ë 2M4%2MKÁ_�69_!4%OÖZMæ|2�å�[W25O9O78;ÜA_+4�2M49_�B ë RL2H69_+R�G`69äL_?_!ö ë _!498]_!:Aå!_
å�Z5BA:\69_!47«P¬�l�Z5æÊ69äL_�å�[W25O9O78;ÜA_+4�8WOÖ8]:Aå�49_+2\O7_kR½^bQ½Z\:L_5>

1−α

ε0

ε

κ

}

}

ν ε0,

­h®©¯ ¸'°b¸ É xVo�l�r�}+dfgfiVu?j+�Ê}!r%r%¹\v7}!r9�V±�gfl|r9vq¹Vr%gh}!d`�Wj!vnl�¹Vr9r%o%l�l��W¹\d��\vqj+�Cj+v�pqgfjkiV}!pqo�l�o%dfo%r9pqgfjki �R² }!�
v7}!yzo9pqo9vqlh³�´+�\µ��b}!ibÀH¶�r%jkiHp�vqj+dApqj+dhoPv7}+iVr9ok�bj�·Ll�o9p��b}!ibÀ�l�dfj+�Cok�Vvqo%l��Co9r9pqgf�Fo%dw� �



ç YJç�8]O=8]:bU5Z��\_+R 8]: ù¿ÛnN$8hæ�6PäL_í2FU5_+4925a5_�6P8]KÁ_ýOP8]:Aå�_ 6PäL_ý[W25O76 YJç 2 ëLë [;8Wå!2��
6P8]Z5: B ë Z\:ê6PäA_ìå![]2\OPOP8hÜ�_!4%O38]:0ß iÖâ�_�öLå�_+_+RLO 69äL4P_kO7äAZ5[WR
¸�¹;ºV>zénäL_ûYJç O7_+[;_kå�69O 6qã�Z
ë 2M49_!:V6925[Tå![]2\OPOP8;ÜA_!4%O½BAOP8]:La ë 4PZ ë Z\47698;Z\:A2H69_ OP_![]_+å�698;Z\: Ý�69äL_ ë 49Z5^A25^L8;[]8;6qQìZ5æ�OP_![]_+å�698;:Aa
å�[W25O9O78;ÜA_!4?»�¼½ÝzX¾½HÝ�»�¼eÞPÞÁ8]O�RC_�69_!49KÁ8;:L_kRû^bQ�8;69O�4P_+[]2M6P8]U5_�ÜL69:L_+O9O½8]: ß iÖâ�Gt8�> _5>¿X¾½HÝ�»�¼eÞFW �Ýz»�¼�Þ9ª �ÁÀ ��� ���  �Ýz»!ÞPÞ�>Êénã�Z�ZMø�O ë 4P8]:La32M49_Áa5_+:L_!4%2H69_+R 4P_ ë 4PZCRCB�å�8]:La=6PäL_ ë 2M49_!:V69Oz25:AR
2 ëLë []Qb8;:Aa$Ý�6qã�Z�� ë Z\8;:V6%Þ½å�49Z\O9O7ZHU\_!4Á2M:AR K�BC692M6P8]Z5:�>u��2M49_!:V69O�O7692FQ�8;: 69äL_ ë Z ë BL[W2H698;Z\:
å�Z5K ë _�698;:LaÁãÖ8;6Pä=6PäA_!8]4ÖZMø�O ë 498]:LaA>búý_�2 ëLë []Q�æ£49_!_JK?BL692H698;Z\:�8]:=ãÖäL8]å%ä=_+2\å%ä=2M67694P8]^LBC69_
ZMæn6PäL_�ZMø�O ë 4P8]:Laþå!Z5:ARC8;6P8]Z5:�8WO�K�BC692M6P_kRí6PZ 69äL_�Z56PäL_+4�6qã�Z ë ZVOPOP8]^L8;[]8;6P8]_+O�ãÖ8h69äÿ_"�VBA25[
ë 4PZ\^A2M^A8;[]8h6qQ\>f��2M4%2MKÁ_�69_!4%O�Z5æt69äL_ÁZMø�O ë 498]:La 2M49_�8]:LäL_+4P8;6P_kRþæ£49Z5K/6PäL_ ë 254P_+:V69O+G`_!öLå�_ ë 6
æ£Z54t6PäL_¿_�ö ë _+4P8]_!:�å�_�å!Z5BL:V6P_+4u«P¬\l½ãÖäL8Wå%ä½8]O�OP_�6|69Z?Z\:L_5G\6PäL_¿:bBLKÁ_!49Z\OP8h6qQ�Â
Ã�Ä0ãÖäL8Wå%ä½8]O
O7_!6|6PZ�Z5:L_\GV25:ARÁ69äL_�ÜL69:L_+O9OK ¼ãÖäL8Wå%ä½8]OtK?BA[h698 ë []8]_+R½^bQZ!�Å]à5>V÷�:�6PäA_¿8]:AOP_!4P6P8]Z5: ë 49ZCå�_+O9O+G
ñ�ÆRÇ�ñ;Æ�	 � `eòz��{ty\ô�ï]ô�`�òz�'{ K�2FQþ^`_�2 ëLë []8;_kR$ßhàPÈHâ�69ZþO76P49_+O9O�a5_+:L_!4%2M[]8]D+2H698;Z\:�>�S¿BL_½69Z36PäA_
ë ZVOPOP8;^A[;_ÖO76P49Z5:LaT_�ø�_+å�69OÈZMæ�ð5î�`eòz��{RÉ�ñ!ô�` ñ;ÆRÇ�ñ�Æ�	 � `�òz�'{�ãt_n2 ëLë [;Q(ÊpË¼ñ�ÆRÇ�ñ;Æ�	 � `eòz��{�Z5:L[]Q5>
énäL_ ë Z ë BL[]2M6P8]Z5: ZMæ�å![]2\OPOP8hÜ�_!4%O ß XTâz8]O=ZMæ?ÜLöC_+R OP8]D!_kÌ�>ÖX�öLå�_kOPO=å�[W25O9O78;ÜA_+49O=2M49_

RC_![]_�69_+R=æ£49Z5K ß XTâ ãÖ8;6Pä ë 4PZ\^A2M^A8;[]8h6qQ ë 49Z ë Z54P6P8]Z5:A25[�6PZ½2M: _kOq698;K�2M6P_zZMæÈ69äL_?OP8;D+_�ZMæÈ6PäA_
25å�698;Z\: O7_!69On69äA2H6�69äL_?å![]2\OPOP8hÜ�_!4%OnZbå+å�BL4�8;:ÿÝeOq69Z549_+R=8;:�69äL_?2\RLRC8;6P8]Z5:A25[ ë 2M4%2MKÁ_!6P_!47C�>FÞ�>
÷�æ�69äL_?å![]2\OPOP8hÜ�_!4Ö8WO�OPB��½å�8]_!:V6P[]Q�_!ö ë _+4P8]_!:Aå!_+R�2M:�R�8;69O�ÜL6P:A_+O9OM )8]O¿O78]a5:L8;Ü�å+2M:V6P[]Q�[]ZHãt_+4
6PäA25:�6PäL_=2FU5_+4925a5_�ÜL6P:A_+O9O�ZMæ�å![]2\OPOP8;ÜA_!4%Oz8]: ß XTâ�G 8;69O�RC_+[;_!6P8]Z5: ë 49Z5^�2M^L8][;8;6qQý8]O�æ£BL4769äL_!4
8;:Aå!4P_k25OP_+R�>Í Î�ÓLÔ|×MÏ�8�6ÑÐ%Ô�ÓmÒþÓLÔpÓzÔ�ÓCÒLÙqÔ|ÑM/�Ò56I-u6�8�6 Ø`ÒLÙqÔ|Ñ��49Z ë Z54P6P8]Z5:A2M6P_�O7_+[;_kå�698;Z\:JRL_ ë _!:ARLO Z5:JÜL69:L_+O9O�49_![W2H698;U\_�6PZ�2\å�6P8]Z5:zOP_�6tß iÖâ�>+énäA_�ÜL6P:A_+O9O� 
ZMæ�2zå�[W25O9O78;ÜA_+4�8]OtOq694PZ\:La5[]Q�8]:�qABL_+:Aå�_kR�^bQ�69äL_¿2\å!å�BA492\å�Q?RC_!6P_+4PKÁ8]:A2H698;Z\:�ZMæ�Xp�VBA2H698;Z\:�à
UV8WOPBA2M[]8;D+_+Rý8]:.#Ê8]a5BA4P_�à5>Ô 08WO�25[]OPZ 8;:�qABL_!:�å�_+Rí^bQþ6PäL_�:bBLK�^�_+4?ZMæÖå�[W25O9OP8hÜA_+49OJ8]:í6PäA_
25å�698;Z\:�OP_�6%O�6PäL_zå�[W25O9OP8hÜA_+4 ë 2M4P6P8Wå�8 ë 2H69_+O�8;: >L1 Z549_!ZHU\_!4kGM6PäA_T8]:L8;6P8W2M[�ÜL69:L_+O9O�ZMæ�ZMø�O ë 498]:La
8]O�RL_+å�49_+2\O7_kR½^bQD!RÅ;àzOPZ�69äA2H6�8;6�K�2FQ�692��5_z2�ãÖäL8][;_zBL:V698;[�69äL_�OPB ë _+4P8]Z5498;6qQ�ZMæÈZMø�O ë 498]:La
8]O�49_�q�_+å�69_+R�^bQ�8h6%OÈÜL69:L_+O9O�UH2M[]BL_5>\é ZJ8]:Cæ£_!4�69äL_+OP_ÖRC_ ë _!:�RC_!:Aå!8;_kO!G\ãt_Ö2 ëLë []Q�ù¿ÛnN?6PZJ6PäA_
1 BL[;6P8 ë [;_!öC_!4 ë 49Z5^L[]_!K ãÖ8;6Pä�2M[;6P_!49_+R ë 2M4%2MKÁ_�69_!4�O7_!676P8]:LaVOtZ\4tãÖ8;6Pä=25RLRL8h698;Z\:A2M[`:LZ58WOP_¿8]:
6PäL_ ë 2FQ\ZMø�æ£BL:Aå�6P8]Z5: Z5æ 6PäA_ ë 4PZ\^L[]_!K�>
énäL_¿K�BL[;6P8 ë [;_!öC_!4 ë 49Z5^L[]_!K 8WOn2?ãÖ8WRC_![]Q½O76PBARC8]_+R ë 49Z5^L[]_!K 8]:�Ú�ÛnN�49_+OP_+2549å%ä3ß;à��CGqüAG

à"ÈLG!à"�Hâ�>H÷�6�äA25OÈ^`_!_+:�O7äLZHãÖ:?6PäA2M6|Ú�ÛnNCO�254P_nOPB ë _+4P8]Z54�å!Z5K ë 254P_kRz6PZzO76925:ARL2M4%R�K�2\å%äL8;:A_
[;_k2M49:L8;:AaÁ25[;a\Z5498h69äLK�O!GCOPBAå%ä 25OZÕ
Ö�×�ØMGA8]:=6PäL_�K�BL[;6P8 ë [;_!öC_!4n692\O�� ßhà'�kâ�>LénäL_zK?BL[;6P8 ë []_�öC_!4
ë 4PZ\^L[]_!K 8]O=2ÿ@�ZbZ5[]_+25: æ£BL:Aå�698;Z\:�>ÖénäL_3æ£BA:Aå�698;Z\: 8WO�RC_!ÜA:L_kR æ£Z54=^L8]:A2M49QìO76P498]:La\O�ZMæ
[;_+:LaM69äÚÙ_� á�ÛV>�énäL_?Z\BC6 ë BC6¿Z5æ�69äL_?K�BL[;6P8 ë [;_!öC_!4¿æ£BL:Aå�698;Z\:38WO�RC_!6P_!49KÁ8;:A_+R ^bQ�6PäL_�^L8h6
O78;6PBA2M6P_kRþ2H6T6PäA_ ë Z\OP8;6P8]Z5:þ49_�æ£_+4P49_+R 6PZ=^VQ�69äL_^Ù ë Z\OP8h698;Z\:þ^L8;69O+>f#LZ\4¿_!öL2MK ë []_5G�8;: 6PäA_
O78;ö�K�BL[h698 ë [;_!öb_+4?ÜÈÝqàP!�!\!Là"!VÞVW à5G¿ÜÈÝ�!�!�!Aà5à\àkÞVWÝ!LG�Z\4DÜÈÝqà\à"!LàP!LàFÞ^W#à\>|ç»å�Z\4P49_+å�6
å�[W25O9O78;Ü�å!2M6P8]Z5: 49_+OPBL[;69O¿8;:ý2 ë 2FQ\ZMøýZMæ�àP!�!�!½ãÖäL8;[]_�25:þ8]:Aå�Z\4P49_+å�6¿å�[W25O9OP8hÜ�å+2H698;Z\:34P_kO7BA[h6%O
8;: 2 ë 2FQ5Z5ø3ZMæ¾!L>#Ê8]a5BA4P_ áÿ4P_+U5_k2M[WOÁ6PäL_ýOq694PZ\:La RC_ ë _+:ARC_+:Aå�_ýZ5: ë 2M4%2MKÁ_�69_!4 � >fEþS�_kå�49_+25OP8]:La�6PäA_
[;_k2M49:L8;:Aa�492M6P_�äL8]:ARC_+49O�ù¿ÛnN=æ£49Z5K(_!U5Z\[;Ub8]:La½2M:32\å!å!BL492M6P_ ë 2FQ\ZMøýKÁ2 ë >�énäA_ ë 49Z5^L[]_!KÞ stdfd�vqo%l�¹VdwpqlÖx\o9vqo%gfi=}�vqoz}��Fo9v7}!uko�À½j��Fo9v Ç+� o9Î5�Co9vqgfyzo%iHp7}+d`vq¹\iVl ��² o9v��]j+vqy�}+i\r%oTgfl�}!l�l�o%l�l�o�À
~H�zpqo%l�pÈp�vqgh}+dfl�gfi���xVgfr7x�i\j¿dfo�}�vqiVgfiVuTp7}!ºFo%lÈ�\dh}+r%o�}!ibÀzpqxVo�~CoPp�pqo9v�r%dh}+l�l�gwÂbr%}!pqgfjki�gfl�r7xVjkl�o9i
}+lTpqx\o�r%dh}!l�l�gfÂVr�}!pqgfj+i �Ôß ¹\vqgfiVu�dfo�}!vqi\gfiVu\� r%dh}!l�l�gfÂVr�}!pqgfj+iVl?}!vqo�rPx\jkl�o%i }!pJv7}!ibÀ5jky � c¯��i\j+p
l�p7}!pqo�À�À\gà·Lo9vqo%iHpqdw�H�M�b}�v7}+yzo9pqoPvql��Èo9vqo�l�o9p|}+lÈ�]jkdfdfj���l�á�â2ã.ä �k�k� �\å^ã ��æ äM�\µDã � ��³ ´ ã � �¶¦ã Ç ��ç�èRé?ã.ä Ç ��ê^ã ��æ � ��ëVã ��æ �!� ��ç;ì9íïî�ã.ä � ��ðñã ��æf� ��ç�òïó"ôÔã.ä � �C}+iVÀ�õ
ö(ã ��æ � �



8]O 6PäA2M6�ZHU\_!49��a\_!:L_+4925[Må�[W25O9O78;ÜA_+49O Zbå+å�B ë Qz2�^A8;a ë 2M4P6ÊZ5æC6PäL_ ë Z ë BL[W2H698;Z\:?8]:L8h698]25[;[]Q5>F@�_�6P6P_!4
ZMø�O ë 498]:LazZMæ�69_!:Á[;ZbZVO7_kO�2MaV2M8]:AOq6È69äL_�ZHU5_+4���a5_+:L_!4%2M[ ë 254P_+:\6%O�O78]:Aå!_Ö6PäL_nÜA6P:L_kOPO|ZMæ`6PäL_�Z5ø��
O ë 498]:LazZ5:L[]Q�8;:Aå!4P_k25OP_+O�OP[;ZHãÖ[]Q�ÝeRCBL_Ö69Zz6PäA_�[]ZHã � UH2M[]BL_FÞ�2M:AR�OPK�2M[][�RC8;ø�_!49_!:Aå!_+O�8]:�6PäA_
ÜL6P:L_kOPO÷ $Z5:L[]QzäA2FU5_nOPKÁ25[;[b_!ø`_kå�69O�ãÖäL_+:�B�O78]:La ë 4PZ ë Z\47698;Z\:A2H69_tOP_![]_+å�6P8]Z5:�>Hç�[;6P_+4P8]:LaT6PäA_
O7[]Z ë _�Z5æ�6PäL_J25å+å�BL4%25å!Q�å!BL49U5_�^bQ�å%äA25:La58]:La ë 2M4%2MKÁ_�69_!4%O � 2M:ARVo��JRCZb_+O�:LZ56täA2FU\_¿25:VQ
ë ZVO78;6P8]U5_T[;_k2M49:L8]:La�_�ø�_+å�6+GC_+8h69äL_!4k>CÚ 2H69_!4kG\ã�_¿OPäLZHã 69äA2H6ÖO7K�25[;[ � UH25[;BL_kOn2M49_�:L_kå�_+O9O92M49Q
8;:�OPZ5KÁ_ ë 49Z5^L[]_!K�OzOPZ�69äA2H6�8;:Aå!4P_k25OP8;:Aa � RCZb_kOJ:LZM6?OPZ5[]U5_�6PäA8]O ë 4PZ\^L[]_!K/8]:ía5_!:A_!4%2M[�>#Ê8]a5BA4P_½áýÝ£498;a\äV6���äA2M:AR O78WRC_FÞJ2M[WO7Z=4P_+U5_k2M[WO¿ù¿ÛnN
e OzRC_ ë _+:ARC_+:Aå�_�Z\: 8]:L8;6P8W2M[|O ë _kå�8;Ü�å�8;6qQ5>
÷�:Aå�49_+2\O78]:La(X¾w Ý¯_�ø�_+å�698;U\_![]QýRL_+å�49_+2\O78]:La 8]:L8;6P8W2M[tO ë _+å�8;Ü�å!8h6qQLÞJ8]K ë 2M8]49O?[;_k2M49:L8]:La3O ë _!_kR
ZMæÈù¿ÛnN�æ¯2\å�8]:La�6PäL_Áñ!î�aLô�	Áð=îbaAðHï�ï;ô�{��Vô=ßhàP�Hâ�>
ç�RLRC8;6P8]Z5:�2M[b6PZT69äL_ÖRC_ ë _!:ARL_!:Aå!_ÖZ5: � ã�_Öå!2M:�O7äAZHãÿ6Pä�2H6�ù¿ÛnN�8WOÈZMæ�69_!:�:LZM6�25^L[;_�69Z

O7Z\[;U\_z:LZ58WO7Q ë 49Z5^L[]_!K�O+>Aúý_?25RLRL_+R=6qã�ZV�V8]:ARLO�ZMæ�:LZ\8]OP_J6PZ�69äL_?K�BL[;6P8 ë [;_!öC_!4 ë 49Z5^A[;_+Kn�
ÝqàkÞnYJ25BAOPOP8W2M:�:AZ58WO7_T8]OÖ2\RLRC_kR�6PZ�69äL_ ë 2FQ5Z5ø ë 4PZHUb8WRC_+R�^bQ�69äL_J_!:bUb8;49Z5:AK�_+:V6+>�Ýeá\ÞténäA_
ë 2FQ5Z5øí8WOJ2M[;6P_+4P:A2M6P_kR3ãÖ8;6Pä�2�å!_!4P69258;: ë 4PZ\^A2M^A8;[]8h6qQ\G`6P_!49KÁ_+R ðHïø`�ô!õ;{`ð'`�ò�{��({��MòWñ�ô½8;: 6PäA_
4P_+KÁ258;:�RC_!4�Z5æ�6PäL8WO¿ãtZ\49��>R#�8]a5BL49_?è½OPäLZHã�On69äA2H6TãÖäL_!:þ2\RLRC8]:La½Z\:L[;Q�2½OPK�2M[][Ê2MKÁZ\BL:V6
ZMæ�_!8;6PäL_+4�:LZ\8]OP_5GMù¿ÛnN
e O ë _!4Pæ£Z549K�2M:Aå!_Ö8]O|Oq694PZ\:La5[]Q�2Mø`_kå�6P_kR�>5énäL_�K�Z\4P_Ö:AZ58WO7_Ö8WO�25RARC_+R�G
6PäL_ýO7K�2M[][]_!4�69äL_3ÜL69:L_+O9O�RL8hø�_!49_!:Aå!_þ^`_�6qã�_!_+:$25å!å!BL4%2H6P_325:AR 8]:A25å+å�BL4%2H69_þå�[W25O9O78;ÜA_+49O+>
énäVB�O!G|OP_![]_+å�6P8]Z5: ë 49_+O9OPBL4P_ RC_kå�49_+2\O7_kO�RCBL_�6PZ ë 4PZ ë Z\47698;Z\:A2H69_ O7_+[;_kå�6P8]Z5:ûOPZí6PäA2M6½6PäA_
ë Z ë BL[W2H6P8]Z5: Oq6%2M4P69OÖ69Z�RC498;æ�6T2H6T4925:ARCZ\K=>`Ú 25:LD!8�ßhàFáFâ ë 4PZ ë ZVO7_kR 2M:3_!öV69_!:AOP8]Z5:�6PZ�ù¿ÛnN
6PäA2M6TRC_!6P_+å�69O�:LZ58WO7_?8;:3_+:bUV8]49Z5:LKÁ_!:V6%O�2M:AR 2\R�&qBAO769O�6PäL_�_!494PZ\4�_+O76P8]K�2H6P_kO�2\å!å�Z\49RL8;:La\[;Q\>
énäL8]O�2 ëLë 49Z\2\å%ä�GVäLZHãt_+U5_+4+GCRCZb_+On:AZM6�OPZ5[]U5_¿6PäL_ � ë 49Z5^L[]_!K�>

0

0.2

0.4

0.6

0.8

1

0 20000 40000 60000 80000 100000

pe
rf

or
m

an
ce

, p
op

.s
iz

e 
(/

20
00

)

explore problems

XCS in the 20 multiplexer problem, β dependence

β=0.20, α=1.0, ε0=1: perf
|[P]|

β=0.05, α=1.0, ε0=1: perf
|[P]|

β=0.05, α=0.1, ε0=10: perf
|[P]|
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explore problems

XCS in the 20 multiplexer problem, P# dependence

P#=0.6: perf
|[P]|

P#=0.8: perf
|[P]|

P#=1.0: perf
|[P]|
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explore problems

XCS in the 20 multiplexer problem, Gaussian noise dependence

σ=50: perf
|[P]|

σ=100: perf
|[P]|

σ=150: perf
|[P]|
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explore problems

XCS in the 20 multiplexer problem, alternating noise dependence

noise=0.05: perf
|[P]|

noise=0.10: perf
|[P]|

noise=0.15: perf
|[P]|
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explore problems

XCSTS in the 20 multiplexer problem, β dependence

β=0.20, α=1.0, ε0=1: perf
|[P]|

β=0.05, α=1.0, ε0=1: perf
|[P]|

β=0.05, α=0.1, ε0=10: perf
|[P]|
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explore problems

XCSTS in the 20 multiplexer problem, P# dependence

P#=0.6: perf
|[P]|

P#=0.8: perf
|[P]|

P#=1.0: perf
|[P]|
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explore problems

XCSTS in the 20 multiplexer problem, Gaussian noise dependence

σ=250: perf
|[P]|

σ=500: perf
|[P]|

β=0.05, σ=500: perf
|[P]|
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explore problems

XCSTS in the 20 multiplexer problem, alternating noise dependence

noise=0.05: perf
|[P]|

noise=0.10: perf
|[P]|

noise=0.15: perf
|[P]|
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explore problems

XCSTS in the 20 multiplexer problem, fixed tournament size

τ=4: perf
|[P]|

τ=8: perf
|[P]|

τ=12: perf
|[P]|
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explore problems

XCSTS in the 20 multiplexer problem, σ=250, fixed tourn. size

τ=8: perf
|[P]|

τ=16: perf
|[P]|

τ=32: perf
|[P]|
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explore problems

XCS(TS) in the layered 20 multiplexer problem, noise σ=100

XCS, β=0.05: perf
|[P]|

XCS, β=0.20:: perf
|[P]|

XCSTS, β=0.05: perf
|[P]|

XCSTS, β=0.20: perf
|[P]|
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explore problems

XCS in the layered 20 multiplexer problem, noise σ=300

XCS, β=0.05: perf
|[P]|

XCS, β=0.20:: perf
|[P]|

XCSTS, β=0.05: perf
|[P]|

XCSTS, β=0.20: perf
|[P]|
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explore problems

XCS in the 70/5 layered count ones problem

XCS: perf
|[P]|

XCSTS, τ=0.2: perf
|[P]|

XCSTS, τ=0.6: perf
|[P]|

XCSTS, τ=1.0: perf
|[P]|
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explore problems

XCS in the 70/5 layered count ones problem, noise σ=200

XCS: perf
|[P]|

XCSTS, τ=0.4: perf
|[P]|

XCSTS, τ=0.4, unif. X: perf
|[P]|

XCSTS, τ=1.0: perf
|[P]|
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