
� ������� � 	�

��� � ������

����� � ����

� 
���� 	�� � � ��	�� � 	!� " �#� �
$ �%�&
��'� 	�� ()�&	����+* ��� ��� � , ��
-���.�
/ 021 �%�43 5 
���6 ���'� �7� 	 (%8 � �9
��

:<;
=?>A@CBEDF=HGJILKNM!OQPSRTBEUWVCM2PSDXVZY\[#]FBAV^>_PSM`B\VCKbacBEd�efaSKbPSD_acPSgchjikPSD_gCgWPcdbBEPcU

l Ymd ; VCPcan>_D_KNapoqD_gWVCKNV^rfV^Ptsuh
v YmgWPcR_>xwZPSy_r_gZOQPcRTBEUzV^M{PcDXV|YE[}]FB\VC>_PcM2B\V^KNa~BEd�efacKNPcD_aSPcgchji|PcD_gWgCPSd�BEPSU

l Ymd ; VCPcan>_D_KNapoqD_gWVCKNV^rfV^PE�j=?YEM2R_rfVnB\VCKbYmDTB\d�efaSKbPcD�acP�OQPcRTB\UWV^M{PcDXVchJwHB\VCKbYmDTB\d
� D_KN�EPcUCgWKNV ; Y\[#efKND_�XBERjYmUWPEh

e ; PS��]�GT�ZgCgCBE��hjwHB\VCKbYmD_BEd � D_KN�EPcUCgWKNV ; Y\[#efKND_�XBERjYmUWP
�����n���c�����

���Z�������
��� �~�¡���X�k���u�~¢z£z�{¤N��¢?�q���~��¥¦�q��¥¦£n��§j�u¨\© ¥¦§¦¥«ª�¢W¥¦�k�~�<¬��n¢�­®§«���°¯��±�q²¥«��¥«¬����q�u³p¯��n¢W�~��©X¢��u�n´�©���¥¶µX·2�¹¸º�±µ\�q�{»}�~¢z§«�`��§«·���¢z¥«��� ³®´�£n��µF�z©�£n£^�u���q¤�©�§¦§«­§«�E£n�~�q��¼X­mµ���³p¥¶£n��§ �u¨E©�¥¦§¦¥¦ª�¢z¥¦�½��¤¾���X��¿À²Á¬���¢��q�^Ât¯�¢���ªf§«�u³Ã�±µt�Q�q¯ ���n¢���ÄL¿<©X²³Å�n¢z¥¦£n��§T¢z�u��©�§«���#�~¢��H£^�±§¦§«�u£^�q�u¼{�q�����X�S�
�����~�¡¤N��¢?�Å�¡¥¦¼X��¢W��µX·��|��¤�¯ �~¢���¥¶£n§«�µ\©�³Zª_�n¢z�n´X����¥¶�À��§«·���¢z¥«��� ³9��£n£n©X¢z�~�q�u§¦­º��µ�¼®�nÆ�£n¥«�uµ\��§«­®§«�m£n�~�q�u�¡�����k·�¢��±©�µ ¼�q���~�q�½��¢ §«�S���u��� �uµ��n¢�·�­Å�u¨\© ¥¦§¦¥«ª�¢W¥¦©�³®ÄJÇÀ���¡�^Âm�q¢��u³p��§_�q���~�q�u�}¤b�±©�µ�¼�µE©�³Å�n¢�²¥¦£n��§¦§«­-�~¢z�È£n�~¢��n¤b© §¦§«­-£^�±³Å¯f�~¢��u¼��¡¥«���&� �u§¦§É²ÁÊmµX���<µ��^ÂX��£^�{£^�±µXË ·±©X¢z�~��¥«�±µ����©�£z�����|���X�Å¢��n·±©�§¦�~¢½¯_�±§«­m�X�u¼X¢z�mÄHÌ<�z¥¦µX·®��µ¹�u���q�uµ\��¥¦��§��q�E�±§L£n��§¦§«�u¼¹���X�Q¢z�c²¼�¥¦��§j¼ ¥¦�q�q¢z¥«ªf©X��¥«�±µt¤�©�µ�£^��¥«�±µT´�� �Q�����~�q�Q�Í���X�n��¢z�u³+��� �~�½¥¶�<©����n¤b©�§j¤N��¢�£^�±³Q²¯ �~¢z¥¦µX·¹¿¡²Á¬���¢��q�^ÂÎ£^�±µ�Ë�·±©X¢z�~��¥«�±µ �Q�¡��¥¦£W�F�~¢z�Í¢z�u§¦�~�q�u¼Î�q���±µX�®��µX�����X�n¢pªE­�u§«�u³Å�uµ\���¡��¤����X�Z·�¢��±©X¯¹Ï�ÐÒÑ±ÓWÄ#ÔÕ�?¥¦�#¤b�±©�µ�¼®��� �~�<ªE­®£^�±µ��q�q¢z��¥¦µ ¥¦µX·Å���X�H�q­E�q²�q�u³+�q�Í�u¨E©���§¦§«­®�q¯ ��£^�u¼`§¦�~��¥«��© ¼�¥¦µ���§T¢W¥¦µX·±�À��¤�¬���¢z��¥¦£^�u�?���X�H£^�±³p¯ ©X���~��¥«�±µ���§£^�±�q�|³p�u­2ª_�H¢z�u¼�©�£^�u¼`ª\­`��µ¹��¢z¼X�n¢½��¤�³��~·±µ�¥«��©�¼X��ÄH¸{��µ\­2��¤����X�Q¢��u��©�§¦���¢��n¯_��¢��q�u¼È�X�n¢����~¯�¯ §«­¹¼�¥«¢��u£^��§¦­2�q�2�����X�n¢Z¿¡²Áª_�E¼X­`¯�¢���ªf§«�u³p���±µx�º�q¯ �X�n¢z��´��©�£z�{���#���X�k¼�¥¶�q�q¢z¥«ª ©���¥«�±µ���¤�¿Ö£z���~¢z·��u�À�±µº�p��¯ �X�n¢���Ä
×WØ¾Ù�ÚÛÚÕÜCÝßÞEÙ�àAá±âãà±ä åuæ�çÛè±Ù�ÚCéXêëâãì�íCî�ÚÛÞ±âbï ÜCá�æ�ï_ðpånçÛè±Üzì�åuçÕâÉízÝ_ñòÜWÞAåuÚÕçÕì½ÜWàSçCó�ô�ÜWàAÝÕÝÕÜzêÉåuÜWÚfõ_ÙSêãöcçÕÜCí÷è�øà±âÉí}ùÒàAÝÁçÛâúçÛæ�çÕÜSóAûfÚÕÙnöSó~üLý
þCÿ±þ��������	�Àï






� ��
�������������������

� � V^UWPcM2BEd?aSYmD"!T�mr�U^B\VCKbYmD_g�KbD�w$#qyjYf� ; R�UCYmy_dNPcM{gch}gWr_an>
BEgtUWPcd�BAV^KN�EP`P�% r�KbdbKNy_UCKbB Y\[
RjYmKbDXV#�EYmUWVCKbacPSg?YmD2BpgCR_>_PSUCP\h_BEUWPZKND�VCUCKND_gCKNa~BEdNd ; KbDXV^PSUCPSgWV^KND_�_G�&�>�P ; BEdbgWY�>_B��EPHM2BED ;
BER�R_dbKNa~B\VCKbYmD_gZKbD��_K¶�mPSUCgCP'!TPSdb�_gÅKND_acdNr_�_KbD��¹V^Y¹V^>�P{��PSV^PSUCM{KbDTBAV^KbYEDÎYE[<YmR�V^KNM`B\d��_KNg(#
VCUCKby�r�V^KNYmD_g�YE[ÍR¾YmKNDXVÈan>TBEUC�EPcgFYED gWR_>_PcUWKbacBEdpgCr_Uz[ßBEacPSg*),+.-/) 
	0 -ÕG�efr_an> R_UCYEy_dbPSM2g
DTBAV^r_UCBEdbd ; >TB~�mP`BÈ�\BEUWK�B\VCKbYmD_BEd�[ÁYmUWMtr_dbB\V^KNYmD�KbD V^PSUCM{g�YE[½B PSD_PcUW� ; [Ár_D_a�V^KbYEDTBEd#YmU1 BEM2KNdNVCYmD_K�B\D�G�oqD V^>�P{acBEgCPºYE[¡V^>�P{M{Y �_Pcd �EYmUWVCP � R_UWYmy_dNPcM7aSYmD_gWKb�_PSUCPc��>_PcUWPEh�2?P2|KNdbd¾V^B43EPÅVC>_P 1 BEM{Kbd¶V^YmD_KbBED2VCY2yjPÅ�mK¶�mPcD5) 
76 -�y ;8*9�:;=<?>A@5BCEDGFIH C H F dNYm� 9 
 @KJ CML J F < 9 
 <
2|>_KNan>&B\R_R_dbKNPcgÅP�% r_BEdbd ; 2?PSdbd}VCYÈVC>_Pº�mYmUzV^P � YED*N�O�R_UCYmy�dbPcM�BEgÅV^Y�V^>_P`=?Ymr_dNYmMty
R_UWYmy_dNPcM YmD�B|gCR_>_PSUCP\G}�HD_Y\V^>_PSUògWR¾PSacKbBEdP% r_BEdbK¶V ; YE[fV^>_KNgòR�UCYmy_dNPcM KNg�V^>_PÀgCKN�mD_KQ!Ta~BEDXV
UWYmdbP#YE[fg ; M{M2P�V^U ; KbDpy¾Y\V^>�KNV^g�VC>_PcYEUCPSVCKbacBEdm[ÁU^BEM{P�2<YmU�3ÅBED_��KNVCg�R_U^BEa�V^KNa~BEdXUWPcgCYEdbr�VCKbYmD) 
76 - ) 0 -ÕG R&PZ�mKN�EPkB�V^>�PcYmUWPcMS2|>_Kban>2gWV^B\V^PSg<V^>_B\VÀV^>_PZU^BE�_KbBEd_�_KNgWVCUCKby�r�V^KNYmD®[Ár_D_aSVCKbYmD
�_KNgCaSr_gCgWPc�¹>_PSUCPSKbD`KNg¡BED`KN�_P~BEd_VCYfYEd_[ÁYmUÀacd�B\gCgCK¶[ ; KbD_�Å�mYEUWV^P � acYmD"!_�mr_U^BAV^KbYED_g<KND{VCPcUWM2g
YE[ T 9VU < g ; M{M{PSV^UWKbPSgcGR KNVC>�V^>_KNg½R_UCPcBEMty_dNPÅKbD�M{KbD_��hfV^>�PW!TUCgzVHB\KbM >_PcUWP�KNg?V^Y®[ÁYmUWMtr_dbB\V^PHBED_�ÈR_UCY��EP
VC>_P2PYX{a~BEa ; YE[�BxD_Y��mPSd<aSYmM{R_r�VnBAV^KbYEDTBEd#gWVCU^B\VCPc� ; [ÁYmUÅVC>_P`gWYmdbr�VCKbYmD-YE[<V^>_KNg��\BEUWKQ#
B\VCKbYmD_BEdÀR_UCYmy�dbPcM GZ&�>_P�D�r_M{PcUWKbacBEd¡VCPcan>_D�K[%�r_P�KbD&M2KND_��KbgÍBÎgWV^B\V^KNgWV^KNa~BEdÀM{PSVC>_Yf�3�D_Y=2|D BEg`VC>_P ]xP�V^UWYmR¾YEdbKbg{�HdN�mYmUWKNV^>�M KbD ] YmDXV^PY#�=½BEUCdNY�gCKNMtr_dbB\V^KNYmD_gcG �½V�!_UCgWV
gWKb�m>XV~hJK¶V|M`B ; yjP�gWr_UCR_UWKbgWKbD_�ºV^>TBAVQBºM`B\D_KN[ÁPSgWV^d ; gzVnB\VCKbgWVCKbacBEd�M2P�V^>_Y � a~BEDxy¾P�r_gCPS�
VCYtP�X{acKNPcDXV^d ; gWYmdN�EPQBt�_P�V^PSUCM{KbD_KNgWV^KNa��EB\UCK�BAV^KbYEDTBEdTR_UWYmy_dbPSMxG � RjYmD`[Ár_UzV^>_PSU½KbD_gWR¾PSaY#
VCKbYmD BED��-UWPcaSYmdbdNPcaSVCKbYmDFYE[ÀV^>_P®[ßBEa�VÅV^>TB\VHV^>_P2]xP�V^UCYER¾YmdNKbgZ�Hdb�EYmUCK¶V^>_M�KbgÅy_BEgCPS��YmD
M2B � KbM{K[\SKbD_��V^>_P^]ÅKby_y_g½[ßB\aSV^YEU

_/9�:;=<�> 
` P � R 9 @ba 8c9�:;	<d<fe 9hg <
VC>_P2UWPcdNPS�\BED_aSP 9 K¶[½D_Y\V ; PSVÍVC>_P{P�X{a~BEa ; < YE[½VC>_P¹] YmDXV^PY#�=½BEUCdNYFM{PSVC>_Yf�-gCr�UW[ßBEaSPcgcGwkYmD_PSVC>_PcdNPcgWgch�K¶VHgW>_Ymr_dN�Îy¾PÍPS� Kb�_PSDXVQV^Y`VC>_YmgWPtP � RjPcUCKNPcD_aSPc� KbDÎ]xYmDXV^Pf#z=½BEUWdbY`VC>TB\V2<PtBEUWP�R�UCYmRjYmgCKND_�ºV^Y`r�gCP®] YmDXV^PY#�=½BEUCdNY2KNDFB\DFr_D_YEUWV^>�Yf�_Y � 2?B ; h¾VC>TB\VkKbgShJVCY/!TD��
VC>_PH� ; DTB\M2KNa~BEdJP�%�r_KNdbKNy_UCKbBpY\[LB�aSd�BEgWg?YE[Lw$#qyjYf� ; R_UCYmy�dbPcM{gchP2|>_PSD¹V^>_PkV^U^B\�_KNVCKbYmDTB\d
r_gCBE�mPpYE[}]Î=ÃKNg½V^Y{acYmM{R_r�VCPÅgWV^B\V^KNgWV^KNa~BEd�P�%�r_KbdNKby_UWK�BÍKNDÈB{acBED_YmD�Kba~B\d�PcD_gWPcMty�dbPEGi r_UWVC>_PcUWM2YEUCPEh�V^>�PQBEdN�mYmUCK¶V^>_M+Ymr�VCdbKbD�Pc�`>�PcUCPZKbg¡D_YEV?�_PcRjPcD_��PcDXV�r_RjYmD`VC>_PZ�EYmU(#
VCP � �XBEg 1 B\M2KNdNV^YED_K�BED�j�K¶Vk2½BEg�gWVCr_�_KbPS�&KND-VC>_KbgpR_UWYmy_dbPSM�yjPca~B\r_gCP2YE[½V^>�P2M2BED ;
UWPcgCr�dNV^g�3�D_Y=2|D BEDTB\d ; V^KNa~BEdNd ; 2|>_Kban> BEdbdNY=2�VC>_P �\BEdNKb�TBAV^KbYED�YE[HVC>_Kbg{M{PSV^>�Yf��h¡y_r�V

g



M2B ; KbD-R_UWKbD_aSKbR_dNPty¾P{BER�R_dbKNPc��V^YxBED ; RTBEKNU�2|KNgCP®RjYEV^PSD�VCK�BEd#PSD_PcUW� ; [Ár_D_a�V^KNYmD�2|KNV^>
VC>_Ppg^BEM{PÅg ; M{M2P�V^U ; G

oqDFVC>_P�[ÁYmdNdbY=2|KbD��®gCPca�V^KNYmD_g 9lg h g G U h g G 0 < h�B\UCP�gC>_Y=2|DÎV^>�P�aSYmM2R�r�VnB\VCKbYmD YE[#dNY=2PSD_PcUW� ; w�#Û�mYmUzV^P � acYmD"!_�mr_U^BAV^KbYED_g�YmDxBºgWR_>_PSUCPEG
�HD®KNM2RjYmUzVnBEDXVLV^Y Ymd�[ÁUCYmM�acYEM2R_rfVnB\VCKbYmDTB\d gzVnB\VCKbgzV^KbacBEd�M2PSan>TBED_KNacg 2|KNdbd�yjP½KbDXV^UWY.#

�_r�acPc� 9 gCPca�V^KNYmD g Gnm < VCYW!TD_�mPSUCR_UWKbDXV VC>_P½dNY	2 PSD_PcUW� ; gzVnB\VCPcg}[ÁYmr�D_�ty ; VC>_Kbg�M2P�V^>_Y �po
VC>_PZUCBE�_KbBEdT�_KbgzV^UWKby_r�VCKbYmD®[Ár_D�aSV^KNYmD{YmUÀUCPc��r_acPS�¹Vq2?Y�RTBEUWVCKbaSdbP|�_KbgzV^UWKby_r�VCKbYmD�g#YE[�VC>_PcgWP
�EYmUWVCP � gWVnBAV^Pcg^2|KbdbdÀyjP¹acYEM2R_rfV^Pc��BEgÍDTBAV^r_UCBEd<y ; #qR�UCY �_r_aSVCg®YE[�V^>�P�]xYmDXVCPY#z=½B\UCdbY
BEdN�mYmUWKNV^>�MxG

�HdNgCY�KND�VCUCY �_r_aSPc��KbgHB¹M2PcBED_gQY\[<y�r_KbdN�_KbD_�2P�%�r_KNdbKby�UCKbr�M�acYmD"!_�mr_U^BAV^KbYED_gQKbgkV^>_P
D_Y\V^KbYED`YE[�aSYmD_gzV^U^B\KbD_KND_��VC>_PHg ; gzV^PSM�V^YtBÍD�r_MtyjPcU?Y\[LUCKbD��mg<Y\[��mYmUzV^KbaSPcgShr2|KNVC>¹P~B\an>
�EYmUWVCP � YE[�r_D_KN[ÁYEUCM'gzV^UWPcD_�EVC>¹BED��2V^>�P|�EYmUWVCKbaSPcg<BEdbYmD���PcBEan>`UWKbD_�pr_D�KN[ÁYmUWM2d ; gWRTBEacPS�
KND�dNYmD_�mK¶V^r_�_P 9 gCPSaSV^KNYmD g G 0 < G�&�>_KNgÍKbgpgW>_Y=2|D&V^Yxy_UCKND_�FBÈ�mUWP~B\V�UCPS�_r_aSVCKbYmD�KbD V^>_PaSYmM2R�r�VnB\VCKbYmD_BEd�V^KNM2PpUWP�%�r_KbUWPc� [ÁYmUkVC>_P�g ; gWVCPcM 9 gCPSaSVCKbYmD g G 6 < 2|K¶V^>_YEr�VHdNYmgCKND_�®V^>_PP � aSPcdNdbPcDXVZBER_R�UCY � KbM2B\V^KNYmD_g½YE[�P � VCUCPcM2BEd�gzVnB\VCPcg|[ÁYmU½V^>�P�w$#qyjYf� ; R_UWYmy_dbPSMxG
s tvuZw x ��
���w y{z|�?}�� ~�}������?����u�� z�
�� ��uZw ��z������z�}����7������������������
 ����
���������
 �"�?�Z���
&�>_P®� ; D_BEM2KNa~BEdòg ; gzV^PcM)P � R_dbYmUWPc��KNDFV^>_KNgQRTBERjPcUÅKNgZVC>TB\VÅYE[���RjYmKND�VH�mYmUzV^KbaSPcgÅYmD
VC>_P�gCr_Uz[ßBEacPkYE[JV^>�PkgWR_>_PSUCPEG�&�>�PcgCPkg ; gzV^PcM{g¡>TB~�mPky¾PSPcD2BEDTBEd ; VCKbacBEdbd ; P � R_dbYEUCPc�{BED��%�r_K¶V^PtB{[ÁP�2�UCPSd�B\VCKN�EPÍP�%�r_KNdbKNy_UCKbB{B\UCP|3�D_Y=2|D y ; I�KNMxh¾]xYmDXV^BEdb�_KÕhjBED_� i|Ymy¾PSUWVCgZV^Y
P � KNgWVW) 
�6 -¾BED_�2>TB~�mPHyjPcPSD`aSd�BEgWgCK�!_Pc�`D�YEV¡YmD_d ; V^YÍgW>TBERjPZy�r�V½B\dbgCYpV^Y�� ; DTBEM{Kba|gzVnB�#y_KNdbK¶V ; G &�>�Kbg|RTBERjPcU|P � BEM{KbD�Pcg�YmD_d ; VC>_PpgC>TBERjPEhTVC>_PpRTB\VCVCPcUWD_g|YE[�VC>_YmgWP�P�%�r_KbdNKby_UWK�B�GR�PÎM`B.3EPÎr_gWPÎYE[ÅVC>_P ]xYmDXVCP-=½BEUCdNY�BEdN�mYmUCK¶V^>_M VCY��mPSD_PcUCB\V^PÎUWPcdbB\V^K¶�mPFP�%�r_KQ#
dNKby_UWK�B¹YE[|BÈRjYmKbDXV��mYmUzV^P � g ; gzV^PSM y ; gCPcBEUCan>_KND_�F[ÁYmUpgzVnB\VCKbgWVCKbacBEd#P�%�r_KNdbKby�UCK�B�YE[<V^>_P
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P�% r�KbdbKNy_UCKNr_M�oÎV^>_PSUCPZ2|KbdNdHD_Y\V�y¾P�R_BEUWVCKbacdNPcg2YmgCaSKbdbdbB\V^KND_��B\UCYmr_D�� BED P�%�r_KbdNKby_UWKbr_M
yjPcacBEr_gCP®VC>_PcUWP{KNgÅD_Y�V^KNM2PtKNDÎV^>_Pº� ; DTB\M2KNatgCPSD_gCP\G l BEUWVCKbaSdbPcgÅKND B�g ; gWVCPcM)�mY�V^Y
BÎRjYmgCK¶V^KNYmD�BED���h¡BERTBEUzVt[ÁUCYmM�2|>TB\VCPS�EPcU��Tr_a�V^rTB\VCKbYmD�g®M2KN�m>XVtyjP�BEdbdNY=2?PS��y ; V^>_P
]xYED�VCP�=½BEUCdNY{UWYmr�VCKbD_P\h_�_YºD_YEVkM{Y±�EPEG

U



����� �*�W�¡  ¢M£¥¤¦�¨§5©�ªI«(¢­¬�®*���°¯]ÅKN�EPcD-B�g ; gWVCPcM)YE[M��R¾YEKbDXVÅ�mYmUzV^KNacPcgShòBEdbd�YE[?r�D_KN[ÁYmUWM7gzV^UCPSD_�EVC> 9 BEgCgWr_M2PS��V^YÈy¾P
 < h�V^>�P�RjYEVCPcDXV^KbBEd�PcD�PcUC� ; 2|Kbdbd¾y¾P
8v97:J s e :J O e7±�±Q±Qe :J�²³<?>´@ ²BCfDGF dNYm�kµ 
 @ :J C¥L :J F µ 9lU <

[ÁYmU�R_BEUWVCKbacdNPcgLYmDpV^>_PÀgWr_UW[ßBEaSP<Y\[�V^>�P<gWR_>_PcUWP 9 2|KNVC> :J C > 9·¶ C e¹¸ C eEJ F < V^>_P¡acY YmUC��KbDTB\VCPcgYE[ò�mYEUWV^P �/º hTBED_�ÈV^>_PpaSYmD_gWVCU^BEKNDXV�V^>TB\V'µ :J C µ4» 
 [ÁYmU|BEdNd º < )���-�) 
 U -M) 
 m�-ÕG��]xYmDXVCPF=½B\UCdbY B\db�mYmUWKNVC>_M)[ÁYmdbdNY	2|KND_�xVC>_P ]xP�V^UCYER¾YmdNKbgtUWr_dbP`Kbg®PcM{R_dNY ; Pc��V^Y!TD�� B\D P�%�r_KbdNKby_UWKbr_M4aSYmD"!T�Er_U^B\VCKbYmDÖ[ÁYEU`V^>_KNg¹g ; gzV^PcM G'�7g�2<PcPcR Kbg�B�gWPcUWKbPcg�Y\[��P � RjPcUWKbM{PcDXV^g¼jFM2B\V^an>�KbD_�¹VC>_P®D�r_MtyjPcU���YE[À�mYmUzV^KNacPcg½jxKND-PcBEan> YE[�2|>_Kban> YmD_P
�EYmUWVCP � Kbg�gWPcdNPcaSVCPc� 9 UCBED_�_YmM{d ; h±BEdNVC>_Ymr_�E>pVCU^BE��KNV^KNYmDTBEdE]xYmDXVCP?=½B\UCdbY|M{PSVC>_Yf��gLBEdbdNY	2
VC>_P�gWPcdNPcaSVCKbYmDÈV^Y2y¾P��_YmD�P�KNDFBºR_UCPSgCPSdbPca�V^PS�ÎYmUC��PcU < G�¾QDFPcBEan>F�mYEUWV^P � B{R_UWYmRjYmgCPS��_KNgCR_dbBEacPSM2PSDXV�Kbg¹VCPcgWVCPc�po°=?YmD�gCKb��PcU�M{Y±� KND_��V^>_P an>_YEgCPcD �mYEUWV^P � y ; B�U^BED��_YmM
BEM{Ymr_DXV¥j¹B®UCYEV^B\V^KNYmDÈBEUWYmr_D_� B®U^BED��_YmM{d ; gWPcdNPcaSVCPc�xB � Kbg�y ; BED BED_�EdbPÅr_D_K¶[ÁYmUCM{d ;
�_KNgWVCUCKby�r�V^PS�&YmD 9V¿ eEÀE< G�&�>_P`an>TBED_�mP`KbD&PSD_PcUW� ;5Á�8 V^>_KNgÍUCY\VnB\VCKbYmDÂ2?YEr_db��acBEr_gWP
KNg2V^>�PcD a~BEdNacr_dbB\V^PS��G : BEgWPc� YmD B�R_UWPcgWPcdbPSaSVCPc�ÃKbDX�mPSUCgCPÎVCPcM{R¾PSU^B\VCr_UCP a hZBED_� B
UCBED_�_YmM{d ; an>_YmgWPcDxD r�Mty¾PSU�Ãtr_D_K¶[ÁYmUCM{d ; �_KbgzV^UWKby_r�VCPc�ÈYmD 9l¿ e 
 < hfV^>_Ppan>TBED��mP�KNgÄ BEaSacPSR�V^PS�FKN[{Ã�Å P � R @¼a Á'8UCPq@WPca�V^Pc� KN[{Ã�Æ P � R @ba Á'8 Ç&�>_KNgÅKbgHVC>_P{]xP�V^UCYER¾YmdNKbgHikr_dNPÍ[ÁYmUp] YmDXV^P{=½BEUWdbYÈBEdN�mYmUCK¶V^>_M{gcG 9 wZYEVCPÍV^>_B\VpKN[ a Kbg
RjYmgCK¶V^K¶�mP2VC>_KbgÍUCPcgWr_dNVCgtKbD�BED ; an>TBED��mPÈ2|>_KNan>
��PcacUWP~BEgWPcgºPcD�PcUC� ; yjPcKbD���BEacaSPcR�VCPc��G
� D_PS�XB\VCKN�mPºKND��EPcUWgCPºV^PcM{RjPcU^BAV^r_UWP a hp2|>�KbdbP®D�YEVÅV^>_PSYmUCP�V^KNa~BEdNd ; Ymy @WPSaSV^KNYmDTBEy�dbPt[ÁYmUVC>_Kbg�R_UWYmy_dNPcM h_Kbg�r_D�KbDXV^PSUCPcgzV^KND_��j`K¶V|UCPcgWr_dNVCg|KbD�V^>_PÅ�EYmUWVCKbacPSg|acdbr�gWV^PSUCKND_�®V^Ym�mP�V^>_PSUch
UCB\V^>_PSU½V^>TB\D VCY{gWR_UCPcBE�_KND_�2YEr�V|Y��mPcU|V^>�P�R�> ; gWKba~B\d��_YmM2BEKbD�G <&�>_KNgZR_UWYfaSPcgWgZYE[ acYmD�gCKb��PcU^BAV^KbYEDFBED��FBEaSacPSR�VnBED�acPÍYEUkUWP�@WPSaSV^KNYmD Kbg|UCPSR¾PcB\V^PS�x[ÁYmU
PcBEan> YE[ZVC>_PÉ�Ö�mYEUWV^KNacPSg®KbD�V^>�P�g�2<PcPcR�Gc&�>_PÈg�2<PcPcR�g`BEUWP�UCPSR¾PcB\V^PS�
r�D�VCKbd½PSKNVC>_PcU
B gWVnBAV^KbgzV^KNa~BEdÀP�%�r_KNdbKNy_UCKNr_M7KNgÍBEan>�KbPS�EPc��YmU�BFR_UWPcgWPcdbPSaSVCPc��D�r_MtyjPcU�YE[�g�2<PcPSR_g®>TBEg
yjPcPSD®BEdbdNY=2?PS�ÍV^YZPcd�B\R_gCP\G &�>_P½M{P~B\gCr_UWP?YE[jBkgWVnBAV^KbgzV^KNa~BEd�P�%�r_KNdbKNy_UCKNr_M KbgòV^YZP � BEM{KbD_P
VC>_P^�Tr�aSV^r_B\V^KNYmD_gHKNDxVC>_PÍUCBE�_K�B\d��_KbgzV^UCKNy_r�VCKbYmDÈ[Ár_D_a�V^KbYED�j B2an>TBEUWVHYE[}VC>_PÍRTB\KbU�2|KNgCP
BED��mr_d�B\U�gCPcR_BEU^B\VCKbYmD�g�),m.-pj BED��Ê2?B\V^an>F[ÁYEU|VC>_P��Tr_aSVCrTB\VCKbYmD_g|V^Y2�_PcaSdbKND_PÅV^Y¹B{an>_Y.#
gWPcD-M2KND_KbMtr�MxGpoqD V^>_KNgQRTBERjPcUk2?BEKNVCKbD_�¹[ÁYmUQBÈR�UCPcgWPcdNPcaSVCPc��D r�Mty¾PSUÅYE[<g�2<PcPcR�g�V^Y
aSYmM2R�dbPSVCPÅKbg�r_gWPc��G&�>_KNg�R_UWYfaSPcgWgÍYE[½BER_R_UWYXBEan>_KND_�F�mUWYmr_D_�-gWV^B\V^PSg�VC>_UCYmr��m>�Bx]xYmDXV^P2a~BEUWdbYxBEdb�EY.#
UWKNV^>�M���YfPSgÅD_YEVQUWP�%�r_KNUCP®YmD_d ; B¹g ; gWVCPcM�YE[#[ÁUWPcP®RTB\UWV^KNacdNPcgcGÅo÷VQa~BED�yjP®BER_R�dbKbPS�FV^Y

6



g ; gzV^PSM2g�YE[òRTB\UWV^KNacdNPcg?KNDÈ2|>_KNan>¹[Ár_UWVC>_PcU½aSYmD_gzV^U^B\KbDXV^g|BEUWPQM2BE�_P�j{[ÁYEU?P � BEM{R_dNPEh�UWPY#%�r_KNUCKbD���gWPS�mPSU^BEdj�mYmUzV^KNacPcg¡V^Y�y¾PHBEdbKN�mD_Pc�{YmD`B�dbK¶VCVCdbP�acKNUCaSdbPEhfBED_�2KbD_gzV^PcBE�¹YE[�M{Y�� KbD_�
YmD�PZ�mYEUWV^P � BAV½B�VCKbM{P|M2Y�� KbD_��V^>_PZPcDXV^KNUCPZacKbUWacdNPHBEg?B�UWKb�mKN�2yjYf� ; G�&�>_KNg?YmRjPcD_g¡V^>_P
R_UWYmgCRjPca�VÅYE[�!_D_�_KbD��¹P�%�r_KNdbKby�UCKbr�M2g½[ÁYmUZg ; gWVCPcM{g½2|KNVC>ÎM2BED ; RjYmgWgCKby�dbP�acYmD_gzV^UCBEKbDXV^g
BED���2|KNdbd�yjPpP � R_dNYmUCPS� KNDÈ�_PSV^BEKbd�KNDÈgCPca�V^KNYmD g G 0 G
���q� §5¢¥£�ËM�°ªÍÌ��°£WÎÏ�Ð�5Ñ�Òv�
�ZD�BER_R�UCYXBEan>�V^YF��PSV^PSUCM{KbD_KND_�ÈV^>_P2dbPcD��EV^>-YE[|B acYmM{R_r�V^B\V^KNYmD�D�PcPc��Pc��V^Y�!TD_��B
�mUWYmr_D_�&gWVnBAV^P`KNg�R�d�BEKND_d ; PSM2R�KbUCKNa~BEdÕh�[ÁUCYmM)Ymy�gCPcUz� KbD_�FVC>_P`PSD_PcUW� ; YE[½V^>�P¹g ; gWVCPcM
BED��52½B\KNV^KND_�x[ÁYEUÍKNV�V^YÎUWP~BEan> BÎD�P~BEUWd ; acYmD�gWVnB\D�VÍ�EB\dbr_P\G i YmUÍgWM`BEdNdÀD r�Mty¾PSUCgtY\[
�EYmUWVCKbacPSg�M2BED ; P � RjPcUWKbM{PcDXV^g�a~BED�y¾P{UCr�D�BED_�-V^>_PºV ; R_KbacBEdbd ; UCBER_Kb�-acYED��EPcUW�mPcD_aSP
Y4Ó¾PcUWg�gWr_R_RjYmUWV�V^Y V^>_P{D_YEVCKbYmD V^>_B\V�[ÁYEU�UWP~BEgWYmDTBEy�d ; �mY Yf�-PcgzV^KNM`B\VCPcgpYmD_d ; B [ÁPY2
>�r_D_��UCPc�xg�2<PcPSR_gQBEUWPpD_PcaSPcgCgCBEU ; G

oqD�R_UCBEaSVCKbacP�gCP��mPcUCBEd#>�r_D_�_UWPc� g�2<PcPSR_gpgCr"X{aSPcgchLB\gQKNVH�_YfPSgH[ÁYmUkV^>_PtKNdbdNr_gWVCU^B\VCPc�
P � B\M2R_dNPcgòYE[_gWPS�EPcU^B\d�D�r_MtyjPcUWg YE[_�EYmUWVCKbaSPcg KNDÔ!_�mr_UCP 
 hAV^YHgWPSVWV^dbPÀV^YHBkaSYmD"!T�Er_U^B\VCKbYmDaSdbYmgWP½V^YÅV^>_P|�mUWYmr_D_�ºgzVnB\VCPEG 9 &�>_P|PcD_PSUC� ; RjPcUÀRTB\UWV^KNacdNP½RTBEKNU}Kbg#KNdbdbr�gWV^UCB\V^PS�®BEg}VC>_PcgWP
D�r_MtyjPcUWg|BEUCPÅY\[ B\R_R_UCY � KbM2B\VCPcd ; VC>_PÅg^BEM{PQYmUW�_PcUSG � D_PcUW� ; y ; K¶V^gCPSdN[L�mUWY=2|g|BEg½V^>_P
g�% r_BEUCPÅYE[òV^>�PÅD r�Mty¾PSU½YE[�RTBEUzV^KbaSdbPSgk) g -LBED_��gWY�2?Ymr�db�Èy¾PH�_K�X{acr�dNV½VCY®R_dbYEV�BEdbdJV^>_P
BEyjY��mPpP � RjPcUWKbM{PcDXV^g|YmDÈV^>_PpgCBEM2PpB � PSgcG <¾QD_PºM2KND_YmUÅ�_KQX{acr_d¶V ; YE[<V^>_P2]xYmDXVCP¹=½BEUWdbY BER_R�UCYXBEan>-KbgÅVC>TB\Vk2|>_KNdbP®acYED��EPcUÕ#
�mPSD_acPÅVCYºBtacYmD"!_�mr_U^BAV^KbYED�acdbYEgCPQV^YtVC>_Pp�mUCYEr_D_��gWV^B\V^PpKNg½U^BER�Kb��h V^>_PSUCPÅKbg���K�X{acr_d¶V ;
KND��mPSVWV^KND_�xVCY�BFR_UWPcacKNgCP��mUWYmr_D_�&gWVnBAV^PEG�&�>�KbgtKNg�V^>�P¹r_DTB~�mYEKb�TBEy�dbP`UWPcgWr_dNVÍYE[�V^>_P
UCBED_�_YmM{D_PSgCgQD_PSPc�_PS��[ÁYmUkVC>_KbgZM2PSan>TBED_KNgCM�V^YÈ2<YmU�3FB\VQBEdbdÕG|o÷[¡B2�mYmUzV^P � Kbg ¿ ± ¿Ö¿Ö¿ 
UCBE�_K�B\D_g#B72½B ; [ÁUWYmM+VC>_P�Kb�_PcBEd_RjYmgCK¶V^KNYmD�h\VC>_P|an>TBED_aSP�V^>TB\V¡BÅM{Y��mP�YE[X@Wr_gWV#VC>TB\VÀ�_KNg(#
V^BED_acP�BED��®@Wr_gzV|V^>TB\V|��KbUCPSaSVCKbYmDÉ2|KbdNd�yjPpacYmD_gWKb�_PSUCPS�xKNg½V^KbD ; hJBED_� PS�mPSDxVC>_Ppan>TBED_aSP
YE[�M{Y±�EPcg|�_UCB=2|KND_�{acdbYEgCPcU½VCY®V^>TB\VkRjYmKbDXV�yjPcKND_�ºR_UCYER¾YmgWPc� �mUCY=2|gkgCM2BEdbd¾U^BER�Kb�_d ; G&�>_PÅP � B\M2R_dNPHYE[�VC>_PÅPcD�PcUC� ; B\[ÒVCPcU½PcBEan>Èg�2<PcPSRxB\g½KbDÈ!_�mr_UCP 
 >_Kb�m>�dbKb�E>�VCg¡VC>TB\V
VC>_P<PSD_PcUW� ; [Ár_D_aSVCKbYmD�KbgLgCr�an>tV^>TB\VòV^>�P?U^B\D_�_YmM R_dbBEacPSM2PSDXV YE[��mYmUzV^KbaSPcg�KbgòD_YEV�dbK[3\Pcd ;
VCY®R_UCY �_r_aSP�B®dNY	2�#÷PcD_PSUC� ; gWV^B\V^P\h_V^>_Ymr��m>ÈKNV�2|KNdbdjy¾Pp�_PSM2YmD�gWV^UCB\V^PS��V^>TB\VkBÍ�EYmUWVCP �
BEUWU^BED��mPcM{PcDXVZD_YEVQyjPcKND_�{D_P~BEUWd ; r_D_K¶[ÁYmUCM���YfPSgHD_YEVZy ; KNV^gWPcd¶[#UCP�% r�KbUCP�V^>_P�g ; gWVCPcM
PSD_PcUW� ; V^Y{yjPÅgCKb�ED_K�!TacBEDXV^d ; >_KN�m>_PcU½VC>TBEDÈV^>_Pp�mUWYmr_D_�ÈgzVnB\VCP�PSD_PcUW� ; G
���Ø× ÙWªÍ���¨§*¢M£½Ú�ÌMÛWªÍ© ¤ÍÑÕ¢¥£WÜ]ÅKN�EPcDtBkD�r_MtyjPcU°�`YE[f�mYmUzV^KbaSPcg BEDÍKND_KNVCK�BEdmaSYmD"!T�Er_U^B\VCKbYmD�KbgL[ÁYmr_D��Íy ; R_d�BEaSKbD_�|V^>�PcM
UCBED_�_YmM{d ; YED`V^>_PHgCr_Uz[ßBEacPQY\[�V^>_PQr�D_KNV?gCR_>_PSUCP\G i UWYmM V^>_KNg?KbD�KNV^KbBEd_aSYmD"!T�mr�U^B\VCKbYmD�B
dbBEUC�mP¡D�r_MtyjPcU#YE[¾] YmDXV^Pk=½BEUWdbYHg(2?PSPcR_g<BEUWP?M2BE�_PEhEr_gCKND_�pBEDtP � VCUCPSM2PSd ; >_Kb�m>��EB\dbr_P

0



0 100 200 300 400 500 600 700 800 900 1000
0.06

0.08

0.1

0.12

0.14

0.16

0.18

0.2

Sweeps Completed

E
ne

rg
y 

pe
r 

pa
rt

ic
le

 p
ai

r

Energy per Particle Pair versus Sweeps Completed

20 Points
32 Points
50 Points
110 Points
258 Points
642 Points

i KN�mr_UWP 
 o{e ; gzV^PSM PSD_PcUW� ;�9 R¾PSUÍRTB\KbU�YE[�RjYmKbDXV^g < �EPcUCgWr_gtV^>�P`D�r_MtyjPcUtY\[�g�2<PcPSR_gaSYmM2R�dbPSVCPc� [ÁYEU g4¿ h U³g h 0 ¿ h 
Ö
 ¿ h g 0 +�h|BED_�Ým 6 g RjYmKbDXV^g2YmD VC>_P�gCr_Uz[ßBEacPFYE[ÅV^>_P
gWR_>_PcUWPEG{=?YmDX�EPcUC�EPcD_P2YfaSacr_UWg�2|K¶V^>_KND�gCP��mPcUCBEdÀ>�r_D_�_UWPc�-g�2<PcPcR�gch}B\gÅKNVpBER�R¾PcBEUCgÅV^Y
�_Y®[ÁYmU½VC>_PpU^BED��mPpYE[�Þ��\BEdNr_Pcg�P � B\M2KND_Pc� KbD�V^>�Kbg�RTBERjPcUSG

m



[ÁYmU|V^>�PÍKbDX�EPcUCgWPÍV^PSM2RjPcUCB\V^r�UCP a G�&�>_KNgH>TBEgkV^>_P�P�Ó¾Pca�VQYE[¡BEdNdbY=2|KbD��2B\D ; R_UWYmRjYmgCPS�M{Y��mP-YE[®B �mYmUzV^P � 2|>_KNan>ß2<Ymr_dN�.�_PSacUCPcBEgCP-V^>_P�g ; gWVCPcM PcD�PcUC� ; h�BED_�.BEdbdNY	2|KND_�
[ÁPY2�YEU`D_Y�M{Y��mPSgÈ2|>_Kban>à2<Ymr_dN�ÖKbD�acUCPcBEgCPxV^>_PÎg ; gWV^PSM PSD_PcUW� ; j VC>_PF�EYXBEdkKbg¹B
D_PcBEUCd ; UCPSdbPcDXVCdbPcgWgH�_PSacUWP~BEgWPtKbD V^>_P�g ; gWVCPcM�PcD_PSUC� ; ) 
 -ÛG�&�>_KNgHacYED"!T�mr_UCB\V^KNYmD Mtr_gWVUWPcR_UWPcgCPSDXVQBEDÈP�% r�KbdbKNy_UCKNr_M YE[LV^>_Ppg ; gzV^PSM{j`VC>_P 1 B\M2KNdNV^YED_K�BEDâáãg¡�mdbYEyTBEd�M{KbD�KbMtr_M
Mtr�gWV|yjP�BAV|dbP~B\gWVZB®UCPcdbB\V^K¶�mPÅP�% r�KbdbKNy_UCKNr_MÐjÈB\D_�ÈgCY{Kbg½V^>�P�YEy @WPca�VHYE[�KbDXVCPcUCPSgWVcG
���Vã ä���å�ÛWÎâ¤ÍÑÕ¢M£æ¢Mç�èéªÍ¢Mêk«Õ��Ò ëìªÍåk��ª&�>_P®r�gCP®YE[ÀRTB\UWV^KNacdNPcgQaSYmD_gWVCU^BEKND_Pc�ÎVCY�Mtr_d¶V^KbR�dbPpUCKND_�mgÅBEdNdbY=2|gZVC>_PtaSYmM2R�r�VnB\VCKbYmD_BEd
VCKbM{PQUCP�% r�KbUCPS�x[ÁYmU�YED_P�]xYmDXV^PÍ=½BEUCdNYºg�2<PcPcRÊ2|KNV^> Bºd�BEUW�mPÅD�r_MtyjPcU|YE[ò�mYmUzV^KNacPcg|V^Y
yjPpUCPc��r_acPS�x[ÁUCYEMíT 9 Þ O < VCY/T 9 Þ < Go÷VQKNgHaSdbP~B\UZV^>_B\VHVC>_P�VCKbM{P�UWP�%�r_KbUWPc�ÎVCY¹acYmM{R_dNPSV^P�YmD_P®]xYmDXV^Pº=½B\UCdbY2g�2<PcPSR-Y\[Þ [ÁUCPSP2R_BEUWVCKbacdNPcgÅMtr�gWV��mUCY=2 B\g^T 9 Þ�O < j�PcBEan>&g(2?PSPcR�KNg^Þ B\VWV^PcM{R�VCPc�-M2Y��mPSgch
BED�� VC>_PºB\VWV^PcM{R�VpBAVpP~BEan> M{Y±�EP®UCP�% r�KbUCPSg�BÈaSYmM{R_r�VnBAV^KbYEDÎYE[<BED PcD_PSUC� ; an>TBED_�mP2|>_KNan> 9 K¶[LYmD_PQKNg½r_DTBEy�dbPZVCY®M`B.3EPQr_gWPÅYE[L[ßBEgWV½Mtr_dNVCKbRjYmdbPf#÷V ; RjPkM{PSVC>_Y �_g < UWP�%�r_KNUCPcgVC>_PÎa~B\dbacr�d�B\VCKbYmD
YE[ÔÞ @ 
 KbDXV^PSU^BEa�V^KNYmD V^PSUCM{gcG�=?YED_gCP�% r�PcDXV^d ; V^>�PÎacYmgzV��mUWY	2|g
R_UWYm>_KNy_KNVCKN�mPSd ; P � RjPcD_gWKN�mP�V^YK!TD_�ÃP � V^UWPcM2BEdpgWVnBAV^PcgÈ[ÁYmU��mPSU ; d�B\UC�mP�D�r_MtyjPcUWgxY\[
RTB\UWV^KNacdNPcgcG

o÷VkKbg�gW>_Y=2|DFy ;È: PSUC�mPSD_gCPSDÎPSVZBEd?) g -òBED�� y ; I�KbMæ) 
 ¿ -LPSVZBEd�) 
Ö
 -�V^>_PpR_UWYmy_dbPSMYE[¾dbYE�XBEUCK¶V^>_M{Kba¡KbDXVCPcU^B\aSV^KNYmD®y ; R¾YEKbDXV#�mYmUzV^KNacPcgÀYmD®VC>_PZgWr_UW[ßB\acP|YE[jV^>_P|gCR�>_PcUWPkV^B43EPSg
YmDtVC>_P|M2PcBED�!TPSdb�{BER_R_UWY � KNM`BAV^KbYEDÉ) 
 ¿ -JBEg}VC>_P�D�r_MtyjPcU#YE[jRjYmKbDXVCg#�mUCY=2|g#KbDr!TD_KNVCPcd ;dbBEUC�mP\G�&�>_Pt�_KNgWV^UWKby_rfV^KbYEDxYE[#�EYmUWVCKbaSPcgHyjPcaSYmM{PcgQYmD�PÍD_PcBEUCd ; r_D_KN[ÁYEUCM�KbDFBEUCPcB`Y��mPcU
VC>_PpgCR_>_PSUCP\G� � R¾PSUCKbM{PcDXV^BEdbd ; gWr_an>ÎB®gCKNM2R�dbK�!_a~B\VCKbYmD`BER_RjP~BEUWg}@Wr�gWV^KQ!TPc�âo#KNV�KNg�gCPcPSDxVC>TB\V�[ÁYmU
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gWVnBAV^Pcg�2|KbdNdÅy¾P�[ÁYmr�D_�ß2|>_KNan> BEUWP�y�r_Kbd¶VÈYE[tgWPS�mPSU^BEd
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]xYmDXVCPt=½BEUWdbY{e V^B\V^P � D_PSUC� ; o 
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 B\D_�xVC>_P�aSYmD"!T�Er_U^B\VCKbYmD Kbg|D_Y\VQB{gWVnB\y_dbP
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� � BEaSVQe V^B\V^P � D_PcUW� ; o g G ò 6P0.6 +Öm4m 0Ö0.6 + UÖ¿ ò
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]xYmDXVCPt=½BEUWdbY{e V^B\V^P � D_PSUC� ; o g G 0 U 0.6 g.U 0 ¿ ò g.U³g + 
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D_YEU<V^>�PHacr�y¾Y aSV^BE>_Pc��UCYmD�G�&�>�P 9 m e m ¤ < acYED"!T�mr_UCB\V^KNYmD`��YfPSg?D_YEV?>TB~�mPpBED�YEV^>_PSU?UWKbD_�gW>TBERjP<�_PSUCK¶�mPc��y ; UCYEV^B\V^KND_��KNVcG i YmU�VC>_P�!_UCgWVLVCKbM{P 9 KbDpV^>�Kbg�RTBERjPcU < B|gWV^B\V^PÀ>TB\g�yjPcPSD[ÁYmr�D_�xKNDÉ2|>_Kban>ÈV^>_PÅVq2<Y.#qUWKbD_�ºgWYmdbr�VCKbYmD�KNg|D_YEV�V^>�P��mUWYmr_D_�ÈgzVnB\VCPEG¡o÷VZKNgch_>�Y	2<PS�EPcUSh
B�[ßBEM{KbdbKbBEUkP�%�r_KbdNKby_UWKbr_M ) 
76 -ÕhòVC>_PºgWVnB\�m�mPcUWPc��P�%�r_KbdNKby_UWKbr_M G®o÷V�KbgpD_YEV�gzVnBEy_dNP{BEgÍB
g ; gzV^PSM7YE[#[ÁUWPcPtRTB\UWV^KNacdNPcg|) 
76 - y_rfVpBEgHVq2<Y�d�B\VCKNVCr_�_KbD_BEd�UCKND_�mgkYE[ÀgCK � �EYmUWVCKbacPSgQP~B\an>K¶V�KbgSG

]xYmDXVCPt=½BEUWdbY{e V^B\V^P � D_PSUC� ; o U G 6 � ¿Ö¿ m 0 ¿³g 6 g m 
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VCU^BEK¶V�Y\[?�mPSU ; >_Kb�E>&PcD�PcUC� ; KNg�aSYmM{M2YmD V^YÈV^>�P`P�%�rTBAV^YmUWK�BEdÀUCKND_�mg�o�V^>�P`PcD�PcUC� ; Y\[
VC>_P¹g ; gzV^PcM Kbg�R_UCYmRjYmUzV^KbYEDTBEd#V^YFVC>_P¹R_UWY � KNM2K¶V ; YE[��mYmUzV^KNacPcgShÀBED_��VC>_P¹r_D_K¶[ÁYmUCM{d ;
gWRTBEacPS��P�%�rTB\VCYmUCKbBEdJUCKND_��R_BEaE3�g?V^>_Pk�mYmUzV^KNacPcg?M2YmUWPZaSdbYmgWPcd ; V^>TBED2V^>_PZMtr_dNVCKbR_dNPY#÷UCKbD��
aSYmD"!T�mr�U^B\VCKbYmD_g���Y_G

]xYmDXV^P�=½BEUWdbY2e V^B\V^P � D_PcUW� ; o 
	0 Gn� g +Ö+ U 6¦
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YmD�PZYE[¾V^>_P l d�B\VCYmD_KNa�gCYmdNKb�_gShP2|K¶V^>2B�UWKbD_��acYED"!T�mr_UCB\V^KNYmD 9 0 e 0 ¦ e 0 ¤ e 0 ¦ < G�&�>�Kbg¡Kbg#V^>_PgWPcacYED_� l d�BAV^YmD_KNa¹gCYEdbKb� 9 B\[ÒV^PSUºVC>_PÈacr_yjPEh<gCPSaSV^KNYmD 6 G 0 G 
 < VCY-D�YEV{y¾P�V^>�Px�mUWYmr_D_�gzVnB\VCPEh_[ÁUCYEM�V^>�P�UWPcgWr_dNVCgkY\[�VC>_PÅ[ÁYmdbdNY	2|KND_�tgWPcaSVCKbYmD 6 Gn��G g G
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� � BEaSVQe VnBAV^P � D_PcUW� ; o g 6 G 6 m U 6¦
 m4+ g4¿³g ò U 6 g
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|�¯½Í�¯$V ±²n�þPþ�³eyzn����6´iw·þ4µ&�2<PcDXV ; [ÁUCPSP2RTB\UWV^KNacdNPcgW!TD_� V^>�P2�mUWYmr_D_�-gWV^B\V^P\hòVC>_PºacYmDr!T�mr_UCB\V^KNYmD 9 0 e 0 ¤ e 0 ¤ e 0 ¤ < G&�>_KNg<KNgÀD_YEV¡V^>_Pk�_Y �_PcacBE>_Pc��UCYmD¹aSYmD"!T�Er_U^B\VCKbYmD�G &�>_PZU^BE�_KbBEd_�_KNgWVCUCKby�r�V^KNYmD®[Ár_D_aSVCKbYmD
yjPcaSYmM2PSg®>_PcUWP�gCYmM{P�2|>_B\VºgC>TB.3 ; h¡VC>_P�UCPSgCr_d¶VºYE[kM2YEUCP¹RTB\UWV^KNacdNPcgtKND&V^>_PÈg ; gzV^PSMxG
I�YmD_�EPcUÍUWr_D�V^KNM2PSgÍUWPc�_r_aSP¹V^>_PÊ÷ëy_dNr_UCUWKbD_�"áòY\[�V^>_KNgtU^BE��K�BEdÀ�_KNgWV^UWKby_rfV^KbYED�[Ár_D_a�V^KNYmD�h
y_rfVZUWPcdbB\V^K¶�mPcd ; gWdbY=2|d ; G

]xYmDXV^P�=½BEUWdbY2e V^B\V^P � D_PcUW� ; o g4U Gnm ò 0 ò 
 ò 6P0r
76 ¿ + 0 ò
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|�¯½Í�¯$q k þ4�Î·¹����º	µ&�>_P|aSYmD"!T�mr�U^B\VCKbYmD®YE[jV^PSDºUCKbD��mg}YE[jVq2?Yp�mYEUWV^KNacPSg#P~BEan>�j 9hg e g ¤ e 6 ¤ e g ¤ e g ¤ e 6 ¤ e g ¤ e g ¤ <j2�_Y Pcg|D_Y\V~h_YmD BEDÈKND_KNVCK�BEdJ�mdbBED_acP\h�YmyX� KbYEr_gCd ; UCPSgCPSMty_dbPQVC>TB\V|YE[òV^>�PQ[ÁUCPcPÅR_BEUWVCKbacdNPcg
YE[?gCPSaSV^KNYmD 6 G ��G g G 1 Y=2?P��mPcUSh V^>�P2RjP~B43�g�KbD V^>_P{U^BE��K�BEd#�_KNgWVCUCKby�r�V^KNYmD�[Ár_D_aSVCKbYmD [ÁYmU
VC>_Kbg�a~BEgWP�BEUWP2KND�V^>�P`g^B\M2P2R¾YmgWKNVCKbYmD_g�BED���YE[|BER�R_UCY � KbM2B\V^PSd ; VC>_P`gCBEM2P{>_PSKb�m>XV^g
BEgÅVC>_YmgCP{KbDÂ!T�mr�UCP 6 G �fG g y�GÈ&�>_KNg�B\D_��VC>_PºP � V^UWPcM{Pcd ; aSdbYmgWPºM`B\VCan>&yjPSVq2<PcPSD&V^>_P
g ; gzV^PSM�PcD_PSUC�mKNPcg|KbD_��Kba~BAV^PQV^>�PcgCP�BEUWPQV^>_Ppg^B\M2PpacYED"!T�mr_UCB\V^KNYmD�G

]xYmDXV^P�=½BEUWdbY2e V^B\V^P � D_PcUW� ; o g4U Gnm òÖò m 0�6 m g 
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|�¯½Í�¯»| ±Ï�)Ð þ�·¹�6��º	µR >_KNdbP|!��mP{UCKbD��mgW2|KNVC>-[ÁYmr�UQ�mYmUzV^KbaSPcgpP~B\an>ÂjxV^>_PºaSYmD"!T�mr�U^B\VCKbYmD 9 6 e 6 ¤ e 6 ¤ e 6 ¤ e 6 ¤ <j�>TBEg2BED PSD_PcUW� ; YmD_d ; gCdbKN�m>XV^d ; �mUCPcB\V^>�PcUºV^>TBED
V^>_YEgCPFKND
VC>_PÈV^PcD UCKbD��mgºYE[QVq2<Y
�EYmUWVCKbacPSg 9 gCPSaSVCKbYmD 6 Gn��G U < YmUQ[ÁUCPSP{�EYmUWVCKbacPSg 9 gCPSaSVCKbYmD 6 Gn��G g < jFVC>_PºU^BE��K�BEd}��KbgWVCUCKNy_rr#VCKbYmD [Ár_D_aSVCKbYmD�gQBEUWPtgWVCUCK[3�KND_�md ; �_K�Ó¾PcUWPcDXV~h�M{YmUWPcgCY2V^>TBEDÊ2?Ymr�db�ÎyjPtP � RjPca�V^Pc��[ÁUWYmM
�\BEUWK�B\VCKbYmD_g�BEUWYmr_D_��VC>_P`��Yf�_PSa~BE>�Pc�_UWYmD gC>TBERjPEG i UWYmM P � BEM{KbD_KND_�xVC>_P`RjYmKND�VCgtBEg
VC>_P ; BER_RjP~B\U<YmD{V^>_PZgCr_Uz[ßBEacPZYE[�VC>_PHgWR_>_PcUWPZVC>_PHaSYmD"!T�mr�U^B\VCKbYmD_g<BEUWPZD_Y\V?KN�_PcDXV^KNa~BEdÕG&�>_KNg�KNgÅV^>_P'!TUCgzVÍacBEgCP2KbD V^>_KNg�R_BER¾PSUpKbDÂ2|>_Kban>�aSYmM{R_dbP � acYmDr!T�mr_UCB\V^KNYmD_gpa~BED�y¾P
gW>_Y=2|DÈVCY®y¾PH�_K�Ó¾PcUWPcDXV�D_YEV?y ; P � BEM{KbD�KbD_��PcD_PSUC� ; y_r�V�y ; aSYmD_gWKb�_PSUCKbD��ÍV^>_PÅUCBE�_KbBEd
�_KNgWVCUCKby�r�V^KNYmD`[Ár_D_a�V^KNYmD�h_�\BEdbKN�TB\VCKbD_��KNV^g�r�gCP�BEg|BED Kb�_PSD�VCK�!TacB\V^KNYmD¹V^Y YmdÕG
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]xYmDXV^P�=½BEUWdbY2e V^B\V^P � D_PcUW� ; o g4U G ò ¿ ò +Ö�4+ U 0 g + U 0.6 U
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|�¯½Í�¯$� ±²� À nI·¹����ºxµi Ymr_U�UWKbD_�Eg�YE[�!��mPp�mYmUzV^KbaSPcg|P~B\an>�h 9 0 e 0 ¤ e 0 ¤ e 0 ¤ < h_KNg�YmD_acP�M{YmUCPpB®D_PY2 gWV^B\V^P\h¦2|KNV^>
BED°PcD_PSUC� ; D_YEVCKbaSP~BEy_d ; >_KN�m>_PcUºV^>_BED°VC>_PFacBEgCPÎY\[½!_�EPÎUCKND_�mg'2|KNV^>
[ÁYmr_Uº�mYmUzV^KNacPcg
PcBEan>�hJBED_��2|KNVC> B{UCBE�_K�B\d��_KNgWV^UWKby_rfV^KbYED¹[Ár_D_aSVCKbYmD��EPcU ; ��K�Ó¾PcUCPSDXV�V^Y{M`B\VCan>�G

]xYmDXV^P�=½BEUWdbY2e V^B\V^P � D_PcUW� ; o g4U Gn�Ö� ¿ 
 m4+Öm ¿³g 0�6 +Ö+Ö+
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|�¯½Í�¯$Ã k9¶ �¸·¹����º	µ&�2<YHUWKbD_�mgòYE[fV^PcD��mYmUzV^KNacPcgòP~B\an>�h 9 
 ¿ e 
 ¿ ¤ < hEKNgòKNg B\D_YEV^>�PcU�3�D_Y=2|DtP�%�r_KNdbKby�UCKbr�M.gWV^B\V^P) 
76 -Õh42|K¶V^>tBk>_Kb�E>_PcUòPcD_PSUC� ; V^>_BEDÍV^>�P?YEVC>_PcU�gWVnBAV^Pcg BE�XBEKND�G°&�>_P?UCBE�_K�B\d ��KbgWVCUCKNy_r�V^KNYmD
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[Ár_D�aSV^KNYmD®Kbg#D�P~BEUWd ; g ; M2M{PSVCUCKba½BEUCYmr�D_� R O U^BE�_KbBED_gShmUCPY�TPca�V^KbD��pVC>_P��mPSU ; g ; M{M{PSV^UWKbaBEUWU^BED��mPcM{PcDXV|YE[�R¾YEKbDXV^gSG
]xYmDXV^P�=½BEUWdbY2e V^B\V^P � D_PcUW� ; o UÖ¿ G g mÖmÖ� ¿ m ¿ �Ö� 
4
 gÖg ò
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|�¯½Í�¯�Ä ¼C��þ�·¹����º¾QD_aSP�BE�XBEKND&V^>�P¹>_Kb�E>_PcgzV®PcD_PSUC� ; gWV^B\V^P`[ÁYEU�Þ RTB\UWV^KNacdNPcgÍKNgÍ[ÁYmr_D���y ; BEUWU^BED_�EKbD_�
VC>_PcM BEdbdZYmDÖV^>_P�P�%�rTB\V^YEUcGÐ&�>�P 9lg4¿ < aSYmD"!T�Er_U^B\VCKbYmDÖBEdbgWY�gC>_Y=2|g�V^>_P�r�D_KN[ÁYmUWM
UCBE�_K�B\d��_KNgWV^UWKby_rfV^KbYED¹[Ár_D_aSVCKbYmDÈD_Y\V^Pc� KbDÈgWPcaSVCKbYmD 6 Gn+�Gn+�G

]xYmDXV^P�=½BEUWdbY2e V^B\V^P � D_PcUW� ; o ò 
 G ò + UÖU 
 +Ö+ 6¦
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 ±�n	þPþ�³Zy�n����6´iw·þ4µ&�2<PcDXV ; #÷[ÁYmr�Up�EYmUWVCKbaSPcgÅBEUWPtD_YEVQUCPcR�UCPcgWPcDXV^PS�&y ; B l dbB\V^YED_Kba�gCYmdNKb�FYEUÅBED�KbM{M{Pc�_K #
B\VCPcd ; UWPcd�BAV^Pc� gW>TBERjPºBEgÅ�_PS�EPcdNYmR¾PS��y ; =?Y � PSVCPcU/) 6 -ÛGÍo÷VpKbgQP � B\M2KND_Pc��V^Y¹�\BEdNKb�TBAV^PVC>_P�g ; gWV^PSM�[ÁYEUkD�r_MÍy¾PSUCgHY\[ �mYEUWV^KNacPSgZD_Y\VHr_D��_PcUWgWV^Y Y �Fy ; V^>_P�gWVCr_� ; YE[ l dbB\V^YmD�Kba
YmU?UCPcdbB\V^PS��gCYmdNKb�_gSG�&�>_Pp�mUWYmr_D_�ÈgWV^B\V^PÅ>_BEg|BtacYmDr!T�mr_UCB\V^KNYmD�YE[ 9 6 e 6 ¤ e 6 ¤ e 6 ¤ e 6 ¤ e 6 ¤ <j®M`B\VCan>_Pc��y ; V^>�PQg ; gWVCPcM YE[�Vq2<PcdN�EPQUCKND_�mg¡YE[�Vq2<YÍ�mYmUzV^KNacPcg?P~BEan> 9 gCPSaSV^KNYmD 6 G 
 ¿ G g <BED�� gWK � UWKbD_�Eg�YE[�[ÁYEr_U½�mYmUzV^KNacPcgkP~B\an> 9 gCPca�V^KNYmD 6 G 
 ¿ G 6 < Gi YmU�V^>_KNgLR_UCYmy�dbPcM h	2|KNV^>�B|�mUCPcB\V D�r_MÍy¾PSU�YE[�RTBEUzV^KbaSdbPSgòKND�M{YEVCKbYmD�h~VC>_P¡gWVnB\D_�TBEUW�
UWr_D-VCKbM{P®YE[ 
 h ¿Ö¿4¿ g(2?PSPcR_g^2½BEg�P � V^PSD_�_PS�&V^Y 
 ¿ h ¿Ö¿Ö¿ g�2<PcPSR_g|2?BEg�r_gCPS��KbD_gzV^PcBE��h2|K¶V^>�V^>_PpKND�VCPcDXVkYE[�M`B43�KND_�tV^>_P�BER�R_UCY � KbM2B\V^KNYmD`VCY{VC>_Pp�mUCYmr�D_�ÈgWVnBAV^Ppy¾P�VCVCPcUcG

]xYmDXV^P�=½BEUWdbY2e V^B\V^P � D_PcUW� ; o 6 ¿ Gn+Ö+Öm 0 g + g �Ö� ¿4¿ 6 ò �

-3 -2 -1 0 1 2 3

-1.5

-1

-0.5

0

0.5

1

1.5

20 40 60 80 100 120 140 160 180
0

5

10

15

20

IòBAV^KNVCr_�_Pf#�I�YmD_�mK¶V^r_��Pp]FBER ikBE�_KbBEd�OQKNgWV^UWKby_rfV^KbYED i r_D_aSVCKbYmDi KN�mr_UCP 6 G 
 ¿ G 
 B i Kb�mr�UCP 6 G 
 ¿ G 
 y
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mÓ�¯½V k9¶ þ4w�Ð þ7·¹����º	µ
Ô i UCYmM V^>_Ppg ; gzV^PSM�PcD_PSUC� ; BED��ÈVC>_PpU^BE��K�BEd¾�_KbgzV^UCKNy_r�VCKbYmD¹[Ár_D�aSV^KNYmDÈYmD_PpacYED_acdNr_�_Pcg
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