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

-".0/21'3�/54�-
67/989:5;21�<73>=�? @A6B/DCFE
:HGI67JI.K6MLN.PO0.0QD:H@
RTSBUWV�X5YKZ�[W\�]^X5_a`cbd[feg_hUji>k5S>UWV�X5Y0Z�[W\Tl�mon�pcq�rcs>kt]
S7m
uwv^x V�XHydb�l�Z{z(z x XH_ay*V'Uf_aZ{XHe�k2|*q�}{r,~�_a�a�aZ*�o��ZcV�\2kN��b�XH�aZ(��V'[f�Ml�m�n�pcr{�{sBkN]
S5m

���������'�H�{�{�A� b�XHbd[WV'Uf_aXH��[ x �abd���NV�egb�\�z(ZB\7b��ae�Y0[fZ�z�\HV'UWV�_ae�V�X�bd�(yd_�bdXBU���V�i�Z�Y�_aX7YKbd[g[f_aXH�
_aX7YKZ�[fz�V'Uf_aZ{X�Y0[fZ{z���V�[f�{b�\HV�UWV�egbdUfe��
�jX� 5_��� ¡\5_az(b�XHeg_aZ�XNV��^eg¢NV�ydb�e�k
Uf Hb£y�Z{z(¢5��bI¤5_hU¥i¦Z�Y
Uf 5b^z(ZB\7b��9_aUfegbd�aY�y*V�X x XN\7bd[fz(_aXHb
Uf Hb^\5_h[fb�ydU
_aX>Ufbd[f¢5[fbIUWV��H_a�a_hUji�Z�Y§Uf H_ae�_aX5Y0Z�[fz�V�Uf_aZ�XD�H¨� H_ae
yW NV�¢5Ufbd[�_aX>Ug[fZB\ x y�b�e�z(bdUg[f_ay�e�© x V�X>Uf_hY0i7_aXH��Uf Hb�_aX7YKZ�[fz�V'Uf_aZ{X,ªHZ'���tbIUj��bdb�X�_aX5¢ x Ufe�k'Y0b*V�U x [fb
\7_az(b�XHeg_aZ{X5e�V�XN\AZ x Uf¢ x U«y���V�egegb�e��5¨� Hbdegb¬z(bdUg[f_ay�e­V�[fb x egb*\,UfZ�b�e®Uf_az�V�Ufb�Uf Hb
y�Z�XBUg[f_a� x Uf_aZ{X
Z�Y�_aXN\7_�`B_�\ x V���_aXH¢ x U¯Y0b*V�U x [fb�e
UfZMV%Y xH°�° i£y���V�egeg_a±Hy*V�Uf_aZ�X�UWV�eg�T�
_hUf HZ x U�z�V��B_aXH��bd¤7¢H�a_ay�_hU
x egb�Z�Y�Uf Hb"\HV'UWV x XN\7bd[f�hi7_�X5�,Uf Hb�z(ZB\7b��²�tm¬¢5¢H�a_ay*V�Uf_aZ�X£Z�Y�Uf Hb�egb
Ufb�yW HX5_P© x b�e�UfZ�V(eg¢tb�bdyI 
yd�PV�egeg_h±Ny*V'Uf_�Z�XM¢5[fZ��H�ab�z³eg HZ*�
e�Uf NV'U�eg_a�{XH_h±Hy*V�X>U�[fb*\ x ydUf_aZ{X�_aX�Uf 5b¬z(ZB\7b��9\5_az(b�X5eg_aZ{XNV��a_aU¥i
y�V�XM�tb
V�yI 5_ab�`cb*\%�
_hUf Mz(_aX5_�z�V��9V�y�y x [WV�yIi��aZ{ege��

´ µH¶�·t¸9¹
º�»"¼§·9½f¹�¶

¾D¿¥¾ À%Á�Â2Ã�Ã{ÄÆÅ�Ç7ÂtÈ{Ä�É§ÊÌËFÁ�Í§É2Î>Ä�È�Ï�Ð�Ã%Â2Ê­ÑÓÒ'Ê�È{ÔHÎ{Õ�Î>ÔHÈ�ÂtÖ�Ä�Á¥ÄÆÈ�×
Ø¯893
.0/21'Jd3�65GW.0/9Ù�671�1'3{GIGI.PÚ2.PO0.�4fÛ,:BÜ9C96B4d6
.0/(ÝT6B/NÛA6BJd3�67G�:BÜN4I3{1�89/9:7O0:7Ù5Û"8265G«CtJd.0Þ73�/A4d893
Ct3�Þ53�O0:7Q9ÝM3�/H4
:7Ü§ÝT6B/NÛ�6B;t4d:7ÝT6>4d.01
1�O065GIGI.�ß§1�6>4d.P:5/�67/2CM1'O0;2GW4I3�Jd.0/9Ù�6BO0Ù7:5JI.P4I89ÝTG�àBØ¯893
;2GW3,:BÜ­4I893{GW3A6BO0Ù7:5JI.P4I82ÝMG�ÜÆ:7J
1�O065GIGI.�ß§1�6>4d.P:5/£6B/DCwÝM:tCt3�O0.P/2Ù�Q2;9JIQ§:5GI3�G¬.KG¯.P/FÙ73�/23�J�6BO
á 3�OPOt;9/DCt3�J�Gf4d:N:NC�àBâ�: á 3�Þ73�J�ã�4I823
Ý�:5JI3¯1':5ÝMQ9OP3�ä�4I823�GI3^ÝM:tCt3�O0G�67JI35ãc4I893¯ÝM:7Jd3^4I893�Û
4I3�/DCå4I:�:5ÚtÜÆ;2Gd1�6>4d3T4I823wJI3�O06B4I.0:7/2GI89.0Q2G(Ú§3'4 á 3�3�/¦4I893£C26>4d6�67/2Cå4I823£1'OK67GdGW.PßD1�6>4I.0:7/
:7;t4dQ9;t4�à

æ ÝM:7Jd3�Jd3�1�3�/H4�Jd3�GI3�67Jd1�8ç4IJd3�/DC�ÜÆ:t1';2GI3�G�:7/�.0/NÞ73{Gf4d.PÙH6>4I.0/9ÙT4d893MC96>4�6 á .P4I8�4d893
Ù7:567O�:BÜ
Ù73�4W4d.P/9ÙèGW:5Ý�3T.0/2GI.PÙ58H4dG�67ÚD:5;t4�4I823£GWÛtGW4I3�Ýé4I8D6>4�Ù53�/93�Jd6B4I3�Cå.P4�à æ 1'OK67GdGW.Pê
ßD1�6B4I.0:7/è67OPÙ5:7Jd.�4d89Ýë.KGA/9: á Jd3�ìH;9.0JI3{C�4I:�Q9Jd:>ÞN.0Ct3�6çOP: á 3�JIJd:7J,J�6>4I3M67G á 3�O0O�67GA6B/
.P/H4I3�JIQ2JI3�4d6BÚ2OP3(Ct3{1'.KGW.0:7/çQ9Jd:N1�3�GdG�à

Ø¯893,4d67GI<£:7Ü�1�O065GIGI.�ß§1�6>4d.P:5/ç1�6B/çÚD3�1�:7/2GI.KCt3�Jd3�C�ãt.0/�.�4�G�1�67/9:7/2.01�6BO�ÜÆ:7JdÝ�ã967G¯4d893
6BQ9Q9O0.K1�6>4d.P:5/Ì:7Ü,6å:7/23'êj4I:Bê®:7/23£ÝT6BQ9Q2.P/9ÙåÜÆJd:7Ýí67/Ì.0/9Q9;94TÜÆ3�6>4d;9Jd3�GIQ2651'3�.P/H4d:è4d893
GWQ2651'3,:BÜ«:5;t4IQ2;t4�1'OK67GdGW3{G�àHîg/ç65C9Ct.P4I.0:7/�ãN.P4
.0G¯:7Ü«.PÝMQ§:7JI4d67/21'3,ÚD:74I8 á 893�/�Ct3{GW.0Ù7/9.0/9Ù
6B/2C�;DGW.0/9Ùè6ï1'OK67GdGW.Pß23�J�4I:èÚD3ç6BÚ9O03w4d:ï3�Þ>67OP;26B4I3F.�4�:7/¡GI3�Þ53�J�6BO
Ù5JI:5;9/2C9G�à æ Ý�:5/9Ù
4I893{GW35ð

ñ Ø¯893�1'OK67GdGI.�ß23�J�ò G¯1':5/tßDCt3�/21'3A.0/ç.P4dG"Ct3�1�.0GI.P:5/2G
ñ Ø¯893(.0/54d3�JdQ9Jd3'4d67Ú9.0OP.P4fÛw:BÜ­4I893(Jd3�OK6>4d.P:5/2GI89.PQDG¯ÚD3�4 á 3�3�/ç.P/9Q2;t4dG�67/2Cç:7;t4dQ9;t4�G
ñ Ø¯893�GI3�/2GI.�4d.PÞN.P4fÛT4I:M4d893(.0/9Q9;t4
ÜÆ3{6>4I;2JI3{G

Ø¯893�ß2J�Gf4£67;t4I:5ÝT6>4I.K1�1'OK67GdGI.�ß23�JdGT4I826B4w4IJd.P3{Co4I:¡67/2G á 3�JM4I893�/23�3�CoÜÆ:5J£.0/H4I3�JIê
Q9JI3�4d67Ú9.PO0.P4fÛ á 3�JI3,Ú265GW3{C£:5/£ÜÆ;9ó�ó�ÛFOP:5Ù7.K1Bàtô9;9ó�ó�ÛwO0:7Ù5.01,Ú265GW3{CF1�O065GIGI.Pß23�J�G�8D6cÞ73,ÚD3�3�/



� �¬_aXHy�b�X>U��­V�X5 HZ x yI�{b{k7�¬Z�efV�[f_�V�S7_a�a_a¢tZ

.P/H4IJd:tCt;21�3�Cå4I:�Ü�671'.0O0.�4�6>4I3w4I893F.P/H4I3�JIQ2JI3�4d6>4d.P:5/¦Q9JI:t1�3�GdG����5ã ���	� 
9ã��¬8D6BQt4d3�J�
��jà�Ø¯893
JI3�Q9JI3{GW3�/H4d6>4d.P:5/�:BÜ§<N/9: á OP3{CtÙ73�4I89Jd:7;2Ù78�Jd;9O03�G�67/2C�:7Ü24I823^.0/9Q9;94�GWQ2651'3¬4I89Jd:7;2Ù78�O0.0/tê
Ù7;9.KGf4d.01�Þc67OP;23�G,6BO0OP: á G¯4d893�;DGW3�J�4I:F3�65GW.0OPÛF;9/2Ct3�JdGW4d67/2C�89: á 6TÙ5.PÞ53�/�:5;t4IQ9;94,1'OK67GdG
8267G¯Ú§3�3�/�65GIGI.0Ù7/93{Cw4d:M6�Ù5.PÞ53�/ç.P/9Q2;t4�Q26>4I4I3�JI/�à

ô9:7J".P/9Q2;t4,GIQ2671�3�G á .�4d8ïGWÝT67OPO�Ct.PÝM3�/2GW.0:7/D6BO0.�4fÛ5ãtÜÆ;9ó�ó�Û�JI;9O03�G�6BJd3(3�65GWÛ£4I:£Jd3�65C�à
î®Ü�4I893%.P/9Q2;t4AGIQ2651'3�.0/21'O0;2Ct3{G"ÝT67/HÛFÜÆ3�6B4I;9Jd3�G�ã2:5J".PÜ
4I823�Q9Jd:7Ú9O03�Ý .KG�1�:7ÝMQ9O03'ä�6B/2C
6�Þ53�JdÛ%89.0Ù78F/N;9Ý�Ú§3�J¯:BÜ«ÜÆ;9ó�ó�ÛTJI;9O03�G^.KG^Ù73�/23�J�6>4I3{C�ã54I893ACt3�1�.0GI.0:7/wQ9Jd:t1'3{GIG¬ÚD3{1':5Ý�3{G
Ý�;21�8çOP3{GIG
4IJ�6B/2GIQ26BJd3�/H4{à

� á .P/9Ùç4d:F4d893£CtJ�6BÝT6B4I.K1%Ù5JI: á 4d8ï:7Ü¬4d893wCt.0Ý�3�/2GI.P:5/26BO0.�4fÛï:BÜ
C96>4�6BÚ265GW3{G�ã�3�Þ53�/
67G�.P/H4d3�JdQ9JI3�4d67Ú9OP3�1'OK67GdGI.�ß23�JdG�67G�ÜÆ;2ó�ó�Û¡Ý�:tCt3�O0G%4d3�/2CÌ4I:�GI89: á 4d893�.0JMOP.0ÝM.�4�G�à
î®4T.KG
GW:5Ý�3�4I.0ÝM3�GT/93{1'3{GIGd6BJdÛ�4I:ÌGW3�4F67GI.0C93�4I893�Jd;9O03'ê®Ú267GI3�CÌJd3�Q9Jd3�GI3�/H4d6B4I.0:7/�ã
67/2C�ÝM:>Þ73
4I:F6£ÝM:7Jd3�1':5Ý�QD671*4ACt3�Gd1'Jd.0Qt4I.0:7/�:7Ü�4I893�GWÛtGW4I3�Ý ÚD67GI3�C�:5/�.P/9ÜÆ:7JdÝM6B4I.0:7/�1�:7/H4I3�/54{à
æ ÝM:7Jd3wÙ7O0:7ÚD6BO�ÝM3{67GI;9JI3£:BÜ
4I823FGIÛNGW4I3�Ý GW3�/2GW.P4I.0ÞN.�4fÛè4I:ï4I893F.P/2Q9;t4�ÜÆ3�6>4d;9Jd3�G�1�6B/
Q9JI:>ÞN.KCt3TÚ§3'4W4d3�J�.P/DGW.0Ù78H4dG�.P/H4I:�4I893ç1'OK67GdGW.Pß23�J�� �Dã ���jã­;2GW.0/9Ù�6�Ý%;21�8�GIÝM67OPO03�J�GW3�4�:BÜ
Ct3�Gd1'Jd.PQ94I.0Þ73AÞ>6BJd.067Ú9OP3{G�à

LH4d6B4I.KGf4d.01�6BO¯Ct3�1�.0GI.P:5/¦4IJd3�3{G�ã�Ú267GI3�C�:7/�Q9Jd:7ÚD6BÚ9.0OP.KGW4I.K1T:7Ú2GI3�JdÞ>6>4d.P:5/2G�ã á 3�JI3F6BOKGW:
.P/H4IJd:tCt;21�3�Cç4I:FQ9Jd:>ÞH.KCt3�67/�.P/H4I3�JIQ2JI3�4d6BÚ2OP3�GW4d6B4I.KGf4d.01�6BO�1'OK67GdGW.PßD1�6B4I.0:7/�Q9Jd:t1'3�GdG�� �9ã����®à
îg/ Gf4�6>4d.0GW4I.K1�67O,Ct3{1'.KGW.0:7/�4dJI3�3�G�ã^6B4F3{671�8 GW4I3�Q«ã�4d893è3�/H4IJd:7QNÛ¡ÝT6>ät.0ÝM.Pó{6>4I.0:7/ :7/ 6
Ù7.0Þ73�/çGW;2Ú2GW3�4^:7Ü«4dJd67.P/9.0/9ÙMC96>4�6�.KG¯;2GI3�Cw4I:TCt3'4d3�JdÝM.P/93�4I823,ÝM:HGf4
.0/tÜÆ:7JdÝT6>4I.0Þ73AGIQ9OP.P4
:BÜ�4I823".0/9Q9;t4
GWQD671'3":7/T:7/23�:BÜ�4d893".0/9Q9;t4
Ct.0ÝM3�/2GI.P:5/2G�à æ Ü²4d3�J¯Jd3�1';2JdGI.PÞ53�O0Û�6BQ2Q9OPÛN.0/9Ù
GW;21�8³GWQ9O0.P4çGI3�6BJ�1�8�ã^6¦4IJd3�3å1�6B/ÓÚ§3åÚ9;9.0O�4 á 893�Jd3�4d893ï/9:tCt3{GF1�:7JdJI3{GWQ§:7/DCo4I:�4d893
Ct3�1�.0GI.P:5/2G^6B/2CM4d893,OP3{6cÞ73�G
4I:%4I893�ß2/267O§1�O065GIGI.PßD1�6B4I.0:7/wJd3�GI;9OP4dG�à æ ÞN.0GI;26BO§.0/2GWQ§3�1'4I.0:7/
:BÜA4I893�4IJd3�3�1�67/ÓJd67Q9.KCtOPÛÌQ9Jd:>ÞH.KCt3�6�GI;9ÝMÝT6BJdÛÌ6BÚ§:7;94w4I893 á 89:7O03�1'OK67GdGW.PßD1�6>4I.0:7/
Q9JI:t1�3�GdG�à��,.0Þ73�/M4I826B4¬GW4d6>4d.0GW4I.K1�67ODCt3{1'.KGW.0:7/M4dJI3�3�G
67/2C�ÜÆ;9ó�ó�ÛMGWÛtGW4I3�ÝTG�JI3�Q9JI3{GW3�/H4�4 á :
6BÝM:7/9Ùw4I893%Ý�:HGf4�.P/H4I3�JIQ2JI3�4d6BÚ2OP3�1�O065GIGI.PßD1�6B4I.0:7/�6BO0Ù7:5JI.P4I89ÝTG�ã94d893�Û á 3�JI3%1':7Ý%Ú9.0/93�C
4I:"Q2JI:tCt;21�3�ÜÆ;9ó�ó�Û�Ct3{1'.KGW.0:7/A4dJI3�3�G��²ÜÆ;9ó�ó�ÛAî��	
 ��� !��®à � /�4I893¬Ú267GI.0G«:BÜ26�ÜÆ;9ó�ó�Û,3�/H4IJd:7QNÛ
Ct3'ß2/2.�4d.P:5/�ã­6�ÜÆ;2ó�ó�Û¦Ct3{1'.KGW.0:7/å4IJd3�3F1�6B/¦Ú§3£Ú9;2.POP4�.0/�6�GW.0ÝM.POK6BJ á 6cÛï4I:�GW4d6>4d.0GW4I.K1�67O
Ct3�1�.0GI.P:5/,4IJd3�3�G�à�â": á 3�Þ73�J�ã�3�Þ53�/ á .P4I8A4d893�GI3�4I:N:5O0G�ã á 893�/93�Þ53�J�4d893�1'OK67GdGI.�ßD1�6>4d.P:5/"4�67GI<
.0G(1�:7ÝMQ9O03'äè67/2C#"c:5J,4I893T.0/9Q9;t4�GIQ2651'3M8267GAÞ53�JdÛ�89.0Ù78�Ct.0Ý�3�/2GI.P:5/26BO0.�4fÛ5ã�4I893MÞN.KGW;267O
.P/2GIQ§3�1*4d.P:5/�:BÜ�4I893�Ý�:tCt3�O«1�67/�ÚD3{1':7ÝM3(.0/H4IJ�671*4�6BÚ9O037à2îg/�65C9Ct.P4I.0:7/�ã24I893�JI3(.KG�6M/93�3�C
ÜÆ:7JMì5;D6B/H4I.PßD6BÚ2OP3FÝ�3{67GI;9Jd3�G�4I:ïÚ§3�67GdGW:t1�.06B4I3�C á .P4I8¡4I893ç.0/54d3�JdQ9Jd3'4d6B4I.0:7/�Q2JI:t1'3{GIG�à
æ ì5;D6B/H4I.P4d6B4I.0Þ73%$W.0/54d3�JdQ9Jd3'4I3�J'&å67GdGI:N1�.06B4I3{C á .P4I8Ó6¦1'OK67GdGW.PßD1�6B4I.0:7/ÌÝ�:tCt3�O�1�67/ÌÚ§3
Ý�;21�8wÝM:5JI3
Q§: á 3�JWÜÆ;2OD6(4d:N:7O9ÜÆ:5J¬67;t4I:5ÝM6B4I3{CwGWÛtGW4I3�Ý 67/26BO0ÛtGW.KG�4I8D6B/£6(ÝM3{1�826B/9.KGIÝ
JI3{ì5;2.PJd.P/2Ù%ÞN.KGW;267O�.P/DGWQ§3�1'4I.0:7/�à

¾D¿)( À%Ï�Â9Á�Á¥ÔHÊ�Í§Ä�Ê�Í+*çÂtÈ�Â2Ã�ÔHÈ�Ã
,«6BJdÙ73�67/2CM89.0Ù78wCt.0ÝM3�/2GI.0:7/267ODC96B4d6BÚD67GI3�G�6BJd3�.0/21'Jd3�65GW.0/9Ù5OPÛ�Ú§3�1�:7ÝM.0/9Ù�6cÞ>6B.0O067Ú9O03¯4I:
4I893"1�:7ÝMÝ�;2/9.�4fÛ�4I:�1�8D6BO0OP3�/9Ù73^4I823 á 6cÛ�C96>4�6(6B/267OPÛtGI.0G�8D67G�Ú§3�3�/TQD3�JWÜÆ:5JIÝM3�CMGI:AÜ�6BJ{à

æ /M3'ä96BÝMQ9O03¯:BÜ�6,ß23�OKC%4I826B4
Q9Jd:NC9;21'3{G�O067JIÙ53¯GI.0ó�3
C96>4�6BÚ265GW3{G á .�4d8M89.PÙ58TCt.PÝM3�/tê
GW.0:7/267OP.P4fÛ�.KG�GIQ§3�3�1�8TJd3�1�:7Ù5/9.�4d.P:5/�à7E
3{GW3{6BJ�1�8�GIQ§3�3�1�8TJd3�1�:7Ù5/9.�4d.P:5/TGWÛtGW4I3�ÝTG¬1':7ÝMQ9;94I3
;9Q�4d:-��.�.T.0/9Q9;t4,ÜÆ3�6B4I;9Jd3�G�ÜÆJI:5Ý 6FGW.0/9Ù5OP3�ÜÆJd67Ý�3%:BÜ�4d893%GIQD3�3�1�8ïGI.0Ù7/267O¥à�Ø¯893 � �,î
�¬:7JdQ9;2G/����.��®ã2ÜÆ:5JA3'ä96BÝMQ9O037ã�1�:7/2GI.0GW4dG�:BÜ^:7/93�ÝM.P/N;t4d3MOP:5/9ÙçGIQ§3�3�1�8åGW3�Ù7ÝM3�/H4�G�GIQD:7ê
<73�/o:>Þ73�JT1':7ÝMÝM3�J�1'.K6BO^4d3�O03�Q989:5/93�OP.0/93{GM:BÜ(GWQ§3�67<73�J�G%.P/0���èCt.21§3�JI3�/H4wO067/9Ù7;267Ù73{G�à
Ø¯893(C96>4�6BÚ265GW3A1':5/54�6B.0/2G¯6�4d:B4�6BO�:BÜ­Ý�:5JI3�4I8D6B/3�4!5.�.�1�6BO0O0G�à76�;9ÝM3�JI:5;2G¯1':7JdQ§:7J�6�:BÜ



�jX>Ufbd[f¢7[fbdUWV��5_��a_hUji�_aXT� x �hUf_P\7_az(b�XHeg_aZ{XHV���l��PV�egeg_h±Ny*V'Uf_�Z�X q

GW.0ÝM.POK6BJ¬:7J
Ù5JI3{6>4I3�J�GI.Pó�3"6BJd3�ìH;9.�4d3 á .KCt3�GIQ9Jd3�65CT6B/2CM.0/H4I3�/DGW.0Þ73�OPÛ�3'ätQ9O0:7.P4I3{C�4I:(4dJd67.P/
6B/2Cç6B/267OPÛNó�3AGIQ§3�3�1�8�GIÛNGW4I3�ÝTG�à

îg/�4I893%Ú9.P:5ÝM3�Ct.K1�67O�ß23�O0C�ãD4I823�Jd3�1':5JdC9.P/9ÙT:7Ü
893'4d3�Jd:7Ù53�/93�:7;2G�C26>4d6w.0G"ÚD3{1':7ÝM.0/9Ù
Ý�:5JI3 á .0Ct3{GWQ2JI3{67C�à�ô2:7JF3'ä96BÝMQ9O037ã�ÜÆ:7Jw4d893ï3�OP3{1*4dJI:t1�67JdC9.P:5Ù7J�6BQ989.K1çGW.0Ù7/267O������ � �
4I893�/N;9Ý%ÚD3�Jw:BÜ(O03�65C9GT.0/21'Jd3�65GW3{C ��;9Q�4I: � �5��67G á 3�OPO,67G�4I823ïCt;9J�6>4d.P:5/o:7Ü(3�671�8
JI3{1':7J�Ct.0/9Ù �Æ;9Q�4I: ����82:7;9J�G'�'à���67/HÛåQ98NÛtGW.0:7O0:7Ù5.01�6BO�GI:7;9J�1'3{G�6BJd3M/9: á Ý�:5/9.P4I:7Jd3�C
GW.0Ý�;9OP4d67/93�:5;2GIOPÛTÜÆ:5J
OP:5/9Ù73�J
6B/2CFOP:5/9Ù73�J
QD3�JI.0:tC9G¯:BÜ�4I.0ÝM37à

��6B/NÛ�3�ät67ÝMQ9OP3{G�:BÜ§4I82.0G�<H.0/2CM:7Ü§Ú9.0:7ÝM3{Ct.01�6BO2C26>4d6(1�6B/MÚ§3
ÜÆ:7;9/DC%:5/�4I893���8NÛNGWê
.P:��^67/9< á 3�Ú GW.P4I3%����� �®à��
8NÛtGI.P:��^67/9<�.KGF6�O067JIÙ53ï6B/2C�Ù5JI: á .0/9Ù�67Jd1�89.0Þ73�:7Ü á 3�OPOPê
1�826BJ�671'4I3�Jd.0ó�3�C¡Ct.PÙ5.�4�6BO
Jd3�1�:7J�Ct.P/2Ù5G�:BÜ,Q98NÛNGI.0:7O0:7Ù7.K1£GI.0Ù7/267O0GT67/2C¡Jd3�OK6>4d3�CoC96>4�6�ÜÆ:5J
;2GW3çÚNÛ�4I823çÚ2.P:5Ý�3{Ct.K1�6BO¯Jd3�GI3�67Jd1�8�1�:7ÝMÝ�;9/2.�4fÛ5à	�
8NÛtGW.0:
�¯6B/2<å1�;9JIJd3�/H4dOPÛ�.0/21'O0;2Ct3{G
C96>4�6BÚ265GW3{G�:BÜ�Ý�;2O�4d.�ê®Q26BJ�6BÝM3�4I3�J
1�6BJ�Ct.0:7Q9;9O0ÝM:7/267JIÛ5ã>/93�;2Jd67O¥ãH6B/2CM:74I893�J
Ú9.0:7ÝM3�Ct.K1�67O
GW.0Ù7/267O0G
ÜÆJI:5Ý 893{6BOP4I8NÛ�GW;9Ú��f3�1*4�G"67/2C�Q26>4d.P3�/H4dG á .P4I8è6TÞ>6BJd.P3�4fÛ£:BÜ�1�:7/2C9.�4d.P:5/2G á .P4I8
ÝM6
�f:7J¬Q9;9Ú9O0.01"893�67O�4d8w.0Ý�Q2OP.K1�6B4I.0:7/2G�ã5.0/21�OP;2C9.P/9Ù�GW;DC9Ct3�/F1�6BJ�Ct.K671
Ct3{6>4d8�ãH1�:7/9Ù53�GW4I.0Þ73
893�67JW4AÜ�6B.0O0;9JI35ã�3�Q2.PO03�Q2GIÛ7ã«Ù56B.P4�Ct.KGW:5JdCt3�JdG�ã�GWO03�3�Q�6BQ9/93{69ã�67/2Cè67Ù7.0/9Ù2à�ô2:7J(3�ät67ÝMQ9OP35ã
4I893 æ Q9/23�6>ê���� � C26>4d67Ú267GI3%1�:7/2GI.KGf4�G":7Ü���.�� � � Jd3�1':5JdC9.P/9ÙHG á .P4I8¦GW.0Ý�;9OP4d67/93�:5;2G
JI3{GWQ9.0J�6>4I.0:7/çGW.0Ù7/D6BOKG�ãt3{671�8w4fÛNQ9.K1�67OPO0Û 
M89:5;9J�G¬O0:7/2Ù �2�����jà

LN.PÝM.0O067JIO0Û7ã§Ú9.0:7.0/tÜÆ:7JdÝT6>4d.01�G á :7Jd<�67OPÝM:HGf4"3�ä91'O0;2GW.0Þ73�OPÛ�:5/�3'äN4IJd3�ÝM3�OPÛ�OK6BJdÙ73%C26>ê
4d6BÚD67GI3�G�àcØ¯823 6"6>4d.P:5/26BO#�¬3�/H4I3�J�ÜÆ:5J	�¬.0:B4d3�1�89/2:7O0:7Ù7Û(îg/9ÜÆ:7JdÝM6B4I.0:7/-� 6 ���^î � �2�4
��21'Jd3'ê
6>4I3{G«Q2;9Ú9O0.01^C96>4�6BÚ265GW3{G�:5/�1':5Ý�Q2;t4d6B4I.0:7/267O7Ú9.0:7O0:7Ù5Û7ã{Ù73�/2:7ÝM3�C96B4d69ãc6B/DC(Ú9.0:7ÝM3�Ct.K1�67O
.P/tÜÆ:5JIÝT6B4I.0:7/�ãH6BO0O2:BÜ�4d893�GI3"67.PÝM3�C£6>4
4d893"Ú§3'4I4I3�J^;9/2C93�J�Gf4�6B/2Ct.0/9Ù�:7Ü�ÝM:7O03�1';2O067J
Q9Jd:Bê
1'3�GdGI3�G
6�1�3�1'4I.0/9ÙM8N;9ÝT6B/ç893�67O�4d8�67/2C�Ct.KGW3{67GI3�G ���4���®à

îg/ÓQ26BJI4I.K1';9OK6BJ{ã �,3�/��¯6B/9< ��� � ��.KGT4d893 6"îfâéÙ73�/93'4d.01ïGW3{ì5;23�/21�3�C96>4�6BÚ265GW35ã�6B/
6B/9/9:74d6B4I3�Cå1':5OPO03�1'4I.0:7/¦:BÜ
6BO0O�Q9;9Ú2OP.K1'O0Ûå6cÞ>67.POK6BÚ9O03/�	6 æ GW3{ìH;93�/21�3�G�à �,3�/��¯67/9< �¥6>4
6 ���^î �*ã�4d:7Ù73�4I893�J á .�4d8Ì4d893 �	6 æ ��6B4d6
�^67/9<�:BÜ��567Q26B/ � � ����� �M6B/2C�4I893���;tê
JI:5QD3{6B/���:7O03�1�;9O067J��^.P:5OP:5Ù7Û ,«67ÚD:5Jd6B4I:5JIÛ ������� , �M1�:7ÝMQ9Jd.0GI3ç4I893�îg/H4I3�JI/D6>4I.0:7/D6BO
6�;21�OP3�:B4I.KCt3MLN3�ìH;93�/21'3��,6>4�6BÚ265GW3/�¬:7O0O067ÚD:5Jd6B4I.0:7/�à2Ø¯823�GI3(4I89Jd3�3�:7JdÙ56B/2.Pó{6>4I.0:7/DG¯3'äNê
1�826B/9Ù53TC96>4�6�:7/�6�C96B.0OPÛèÚ267GI.KG�à �,3�/��¯6B/9<ïÙ7Jd: á G,6B4�6B/¦3'ätQ§:7/93�/H4I.K6BO
J�6>4d37ã á .P4I8
4I893è/H;2Ý�Ú§3�J£:7Ü(/H;D1'O03�:B4d.0C93�Ú267GI3�G£Ct:7;9Ú2OP.0/9Ù¡67Q9Q9Jd:cäN.0ÝT6>4d3�O0Û¡3�Þ53�JdÛ �4��Ý�:5/H4I82G�à
�¬;9JIJd3�/H4dOPÛ5ã �,3�/��¯6B/2<�1':7/H4�6B.0/2GAÝM:7Jd3�4d826B/ �4
FÚ9.0OPO0.0:7/¦Ú267GI3�G�ÜÆJd:7Ýé:>Þ53�J/�4.�.9ã .5.�.
GWQ§3�1�.P3{G�à

¾D¿�� Ò'Ê��®É2Î>Ð�Â9È�Ä�É§Ê�� ÔNÂ9Ã! ­Î>ÔNÃ

� /,OK6BJdÙ73�67/2C#"c:5J�89.0Ù78têgCt.0Ý�3�/2GI.P:5/26BOBC96B4d67Ú267GI3�G�ã'Ct.0JI3{1*4«.0/H4I3�JdQ9Jd3'4�6>4I.0:7/�4I3{1�89/9.KìH;93�G�ã
GW;21�8M67G�ÞN.KGW;267ON.P/2GIQ§3�1*4d.P:5/%:7Ü§Ct3{1'.KGW.0:7/%4IJd3�3{G�6B/2C%JI3�Q9Jd3�GI3�/H4d6B4I.0:7/�:7Ü2ÜÆ;9ó�ó�Û�Jd;9O03�G�:7/
6"4 á :A:7J�4d89JI3�3'êgCt.0Ý�3�/2GI.P:5/26BO9GIQ2671�37ãB67JI3¯/9:74
.P/tÜÆ:5JIÝT6B4I.0Þ737à æ O�4d3�Jd/26>4d.PÞ53^4I3�1�82/9.0ìH;93{G
826cÞ73�4I:ïÚD3T.0ÝMQ9OP3�ÝM3�/H4I3{Cå4I:�ÙH6B.0/è.0/2GI.PÙ5854�G(:7/å4d893wÝM:5GW4�GW.0Ù7/2.�ßD1�6B/H4�67GIQ§3�1*4�G(:BÜ
4I893�1�O065GIGI.�ß§1�6>4d.P:5/FGIÛtGf4d3�Ý�à

� /93(6BQ9Q9Jd:5651�8£8265G
Ú§3�3�/�4d:TÞN.P3 á 4I823�GWÛtGW4I3�Ý .0/�6MQD6BJ�6BO0OP3�O�1':N:7J�Ct.0/26>4d3,3�/NÞH.Pê
JI:5/9ÝM3�/H4�à æ OPO­.P/2Q9;t4�GIQ2671�3�1':N:7J�Ct.0/26>4d3�G
67JI3AJd3�Q9Jd3�GI3�/H4I3{Cç.P/�Ct.21�3�Jd3�/H4"GW3{1*4d.P:5/2G
:BÜ
6�4 á :7ê®Ct.0ÝM3�/2GI.0:7/267O§Q2O067/937ã267OPO0: á .0/9ÙT6B/�;9/21�:7/NÞ73�/54d.P:5/26BO�Ú9;94"3'ät8267;2Gf4d.PÞ53AÞH.03 á :BÜ
4I893�1�O065GIGI.�ß§1�6>4d.P:5/çGIÛtGf4d3�Ý �2�4�#" ��
��®à � 4d893�J¯4d3�1�89/2.0ìH;93{G¯ÜÆ:t1';2G
:5/£4d893�Ct3�ß2/9.P4I.0:7/�:BÜ
6%Ù5OP:5Ú26BO�ÝM3{67GI;9JI3A1�8267Jd651*4I3�JI.0ó�.0/9Ù%:7/93(:5J^ÝM:5JI3AQ9Jd:7Q§3�JI4I.03�G¯:7Ü«4I823�GWÛtGW4I3�Ý�à



p �¬_aXHy�b�X>U��­V�X5 HZ x yI�{b{k7�¬Z�efV�[f_�V�S7_a�a_a¢tZ

æ /å.PÝMQ§:7JI4d6B/H4(Q267JW4A:BÜ¯6FCt3{1'.KGW.0:7/åQ9Jd:t1'3�GdGA1':5/2GW.KGW4dG,:BÜ¬4I893MÝM3�65GW;9Jd3�ÝM3�/54A:BÜ
89: á Ý�;21�8F3�651�8w.P/2Q9;t4¯ÜÆ3�6B4I;9Jd3,1�:7/H4IJd.0Ú9;t4I3{G
4d:�4d893�ß2/26BO�:5;t4d1�:7ÝM37àtô93{6>4d;9JI3,1�826BJIê
671*4d3�Jd.Pó{6>4d.P:5/F1�67/FÚ§3(;2GI3�CFÜÆ:7J�GI3�Þ53�J�6BO�Q9;9JdQ§:5GI3�G�ð

ñ ÜÆ3�6B4I;9Jd3(GW3�OP3{1*4I.0:7/«ð9JI3�ÝM:>ÞH.0/9ÙMGW;2QD3�J��2;2:7;2G¯.0/9Q9;t4�G¯4I:TGI.PÝMQ9O0.PÜÆÛF1'OK67GdGI.�ßD1�6>4d.P:5/�ã
ñ JI:5Ú9;2GW4I/93{GIGA3�Þ>6BO0;26>4d.P:5/�ð«6B/D6BO0ÛHó�.P/2ÙF4d893w1'OK67GdGI.�ßD1�6>4d.P:5/è:5;t4d1�:7ÝM3T;9/2Ct3�J�/9:5.0GIÛ
1':5/2Ct.P4I.0:7/2G�ã

ñ ÜÆ3�6B4I;9Jd3 á 3�.0Ù78H4I.0/9ÙDðDJd3�Ú267O067/21'.0/9ÙT:7Ü
4I893�ÜÆ3�6B4I;9Jd3�.0ÝMQD:5JW4�6B/21�3�.0/�4I823%Ct3{1'.KGW.0:7/
Q9Jd:N1�3�GdG�à
��6B/NÛ�.0/tÜÆ:7JdÝT6>4d.P:5/�Jd3'4dJI.03�Þ>67Ot:7J
C96B4d6AÝM.P/2.P/9ÙA4d3�1�89/2.0ìH;93{G�ã7C93�Þ73�OP:5QD3{C%4I:�6BO0O0: á

GW:5Ý�3£Q26BJI4I.K6BO
.0/H4I3�JIQ9Jd3'4�6>4d.P:5/å:7Ü¯4I893£C93�1'.KGI.P:5/�Q9JI:t1�3�GdG�ã�:5QD3�Jd6B4I3wCt.0Jd3�1*4dOPÛå:7/¦4d893
C96>4�6 � �5�jãB.0/2Ct3�QD3�/2Ct3�/54dOPÛ%ÜÆJd:7Ý 4d893"1�O065GIGI.�ß§1�6>4d.P:5/%ÝM:tCt3�O¥à7â": á 3�Þ73�J�ãc4d893�Jd3�6BJd3
6BOKGW:
JI3{67GI:7/2G¬4I:�4dJI3{6>4�1'OK67GdGW.PßD1�6>4I.0:7/�6B/DC£.0/H4I3�JdQ9Jd3'4�6>4I.0:7/ �f:7.0/H4IO0Û7à

ô­.0J�Gf4{ãD4d3�1�89/2.0ìH;93{G"4d826>4(:5QD3�Jd6B4I3%C9.PJd3�1'4IO0Û�:7/�4d893TC96>4�6£:7Ü²4I3�/è671'4I;267OPO0Û�1'Jd3�6B4I3
6�ÝM:NC93�O�:7Ü
.�4{à æ ÝM:tCt3�O
4IJ�6B.0/93{CåÜÆ:7J(4d893wQ9;9JdQ§:5GI3�G�:7Ü�1'OK67GdGW.PßD1�6B4I.0:7/ á .PO0O�Ù5;26BJIê
6B/H4I3�3�6MÚD3�4W4d3�J,ÝM6B4d1�8�4d:T4I893�Q9JI:5Ú9O03�Ý 6>4"8267/2C�à�LN3�1�:7/2CtO0Û7ã24I893%1'OK67GdGW.Pß23�J"8267G".P/
Ù73�/23�J�6BO�:7J�Ct3�J�G,:BÜ^ÝM67Ù7/9.P4I;DCt3TOP3{GIG(C93�Ù7Jd3�3{G,:BÜ�ÜÆJd3�3{Ct:7Ýé4I8267/è4d893wC96B4d69ã�ÝT67<H.0/9Ù
4I893�67/26BO0ÛtGW.KG
GI.PÝMQ9O03�J,6B/2CçÝM:7Jd3A4IJ�671'4d6BÚ2OP3�1�:7ÝMQ9;t4�6>4I.0:7/D6BO0OPÛ5à æ G�6T1':7/DGW3{ì5;23�/21�37ã
4I3�1�82/9.0ìH;93{G£.0/NÞ7:5OPÞN.0/9Ù �f:7.0/H4FÝM:tCt3�O0.P/2ÙÌ6B/DC 1'OK67GdGW.PßD1�6>4I.0:7/ 67JI3ïÙ73'4I4I.0/9Ù¡6¡OP:74F:BÜ
6>4W4d3�/H4I.0:7/ �2�4!9ã ��.��jà

ô9;9ó�ó�Û�GWÛtGW4I3�ÝMG�ã§.P/èQ26BJI4I.K1';9OK6BJ{ã§Q9JI:tCt;D1'3%6F1':5Ý�Q2;t4d6B4I.0:7/267OPO0Û�GW.0ÝMQ9OP3MCt3{GI1�JI.0Qtê
4I.0:7/£:7Ü«4d893�.0/9Q9;94
GIQ2651'3A6B/2CF1�6B/FÚD3A1':5/2GI.0Ct3�JI3{CwÙ5:H:tCw1�6B/2C9.0C96B4I3{G�ÜÆ:5J��f:7.0/54
1'OK67GWê
GW.PßD1�6B4I.0:7/�67/2C�.P/H4d3�JdQ9JI3�4d6B4I.0:7/�6B/D6BO0ÛNGI.KG�à9îg/åLN3�1'4I.0:7/ 
9ã§6��f:7.0/H4,1�O065GIGI.�ß§1�6>4d.P:5/�6B/2C
ÜÆ3�6>4d;9Jd3çGI3�O03�1'4I.0:7/¡67Q9Q9Jd:5671�8�.KG�Q9Jd:7Q§:5GI3�C�à�ô9;9ó�ó�Û�Jd;9O03�G�6BJd3w4IJ�6B.0/93{C¡6B/DC¡GI;9Ú2GI3'ê
ì5;23�/H4IO0ÛÓ6B/267OPÛNó�3{Co.P/Ó4d3�JdÝTG£:7Ü,4d893ï.0ÝMQ2671'4£4d826>4ç.P/9Q2;t4FÜÆ3{6>4d;9JI3{Gw826cÞ53�:7/Ó4d893
1'OK67GdGW.PßD1�6B4I.0:7/FQ9JI:t1�3�GdG�à

Ø«:ïìH;267/H4I.PÜÆÛè4d893ç.P/tÜÆ:5JIÝT6B4I.0:7/¡1�:7/H4I3�/54�67GdGW:t1'.K6>4d3�C á .P4I8¡4I893F.P/9Q2;t4%ÜÆ3{6>4d;9JI3{G
:BÜ�6¦ÜÆ;9ó�ó�Û�ÝM:NC93�Ojã¬6�Ý%;t4I;267O".0/tÜÆ:7JdÝT6>4d.P:5/ÓÝ�3{67GI;9Jd3�.0Gç6BQ9Q2OP.03�C �jLN3�1'4I.0:7/ �tà �5�'ã
ÚD3�.P/9Ùå4d893�JI3�O06B4I.0Þ73çCt.�1�3�Jd3�/D1'3�ÚD3�4 á 3�3�/Ì4I893�.0/H4IJd.P/DGW.K1ç.P/tÜÆ:5JIÝT6B4I.0:7/Ì6cÞ>67.POK6BÚ9O03ç.P/
4I893�GWÛtGW4I3�Ý Ú§3'ÜÆ:7Jd3�67/2C�6>Ü²4d3�J";DGW.0/9Ù£6TÙ5.PÞ53�/�.0/9Q9;t4�ÜÆ3�6B4I;9Jd3(ÜÆ:7J"4I893�6B/267OPÛtGI.0G�� �7� �
� 
2ã91�826BQt4d3�J 
��®à9Ø¯893AÝM3�65GW;9Jd3,:BÜ«4d893A.P/9ÜÆ:7JdÝM6B4I.0:7/ç1':7/H4�6B.0/93�CF.P/�6%ÜÆ;9ó�ó�ÛwÝM:tCt3�O�.KG
Ct3�Jd.PÞ53�CçGW:5OP3�OPÛ£:7/F4I893(Ú265GW.KG¯:BÜ�.�4�G¯ÜÆ;9ó�ó�Û£Jd;9O03�G�à

ô9:7J«4I893^Q9;9JdQ§:5GI3�G�:7ÜtÜÆ3�6B4I;9Jd3¬GI3�O03�1'4I.0:7/�ã�4I893¬.P/2Q9;t4�ÜÆ3�6>4d;9Jd3�G�6BJd3
Jd67/9<73{C(671�1':7J�CNê
.P/9ÙA4d:(4I823�.0J
.PÝMQ2651*4�:5/�4I893
ÜÆ;2ó�ó�ÛM1'OK67GdGI.�ßD1�6>4d.P:5/%ÝM:tCt3�OD6B/2C�4d893�O03�67GW4
.0/��2;93�/21'.0/9Ù
ÜÆ3�6>4d;9Jd3�G(6BJd3TCt.KGI1�6BJ�Ct3�C�à�Ø¯823TJd67/9<N.P/9ÙçQ9Jd:>ÞN.0Ct3{GA;2GI3'ÜÆ;9O
.0/2GI.PÙ58H4dGA:7/å4d893TJI3�O06B4I.0Þ73
.PÝMQ§:7JI4d6B/D1'3�:7Ü�4I893%.P/9Q2;t4"ÜÆ3{6>4I;2JI3{G
ÜÆ:7J"4I89.KG"ÜÆ;9ó�ó�ÛçÝM:tCt3�O¥à§Ø¯893�ÜÆ3{6>4I;2JI3�GI3�O03�1'4I.0:7/
6BOKGW:�Jd3�C9;21'3{G�4d893¬ÝM:tCt3�OHGI.Pó�3¬67/2C(Q§:5GdGW.0Ú9O0Û,.0ÝMQ9Jd:>Þ73�G«.�4�G«Q§3�JIÜÆ:7JdÝT6B/21�37ã{GW.0/21'3^/9:5.0GIÛ
.P/9Q2;t4�ÜÆ3�6>4d;9Jd3�G­4I826B4
Ct:�/2:B4
1':5/54dJI.0Ú9;t4d3�4d:�:5J�3�Þ73�/%1�:7/tÜÆ;2GI3¬4I893
1'OK67GdGI.�ßD1�6>4d.P:5/�Q9Jd:Bê
1'3�GdG
6BJd3A.0C93�/H4I.Pß23�C�67/2C£3�ä91'O0;2Ct3�CFÜÆJd:7Ý 4d893�6B/D6BO0ÛNGI.KG�à

¾D¿�� �­ÔHÂ9È! ­ÎcÔ���ÔNÁ�ÔNÇ7È�Ä�É§Ê
�,.PÞ53�/è6FOK6BJdÙ73�Ct.0ÝM3�/2GI.0:7/267O�.0/9Q9;94(GIQ2651'3%67/2Cï6ç1'OK67GdGI.�ß23�J�ãD4I823%:5Ú �f3�1'4I.0Þ73�:7Ü
ÜÆ3�6Bê
4I;9Jd3�GI3�O03�1*4d.P:5/ � ��� �«.KG
4d:£Ct3�4I3�JdÝM.P/23(ÜÆJI:5Ý 4d893�ÝM:tCt3�O á 89.K1�8�GW3�4dG�:7Ü­ÜÆ3{6>4d;9JI3{G"67JI3



�jX>Ufbd[f¢7[fbdUWV��5_��a_hUji�_aXT� x �hUf_P\7_az(b�XHeg_aZ{XHV���l��PV�egeg_h±Ny*V'Uf_�Z�X s

Ý�3{6B/9.0/9Ù7ÜÆ;9O94d:�;2GI3"6B/2C á 82.01�8w1�6B/TÚ§3"Ct.KGI1�6BJ�Ct3�C�à5Ø¯893�Jd3"6BJd3�GI3�Þ73�Jd67OtÝM:B4I.0Þ>6>4d.P:5/2G
ÜÆ:7J�67C2CtJI3{GIGI.0/9Ù�4d89.KG
Q9Jd:7Ú9O03�Ý � ��
��jð

ñ E
3�C9;21'3�4I893,/N;9Ý�Ú§3�J^:BÜ�Jd;9O03�G�4I:�.PÝMQ9Jd:>Þ73�4I893,.P/H4d3�JdQ9JI3�4d67Ú9.PO0.P4fÛ%:7Ü�4I893,ÝM:tCt3�Ojã
ñ îgÝMQ9JI:>Þ53"4d893�671�1';9J�671�ÛM:BÜ«4d893(ÝM:tCt3�O�ÚNÛwJd3�ÝM:>ÞN.P/2Ù%Q§:B4d3�/H4I.K6BO0OPÛ£/9:7.KGWÛwGI;9Q§3�JIê
�2;9:5;2G^ÜÆ3�6B4I;9Jd3�G�ã

ñ �¬:7ÝMQ9Jd3�GdG^4I893(ÝM:tCt3�O�ÜÆ:7J�1':5ÝMQ9OP3�ät.�4fÛwJd3�C9;21*4d.P:5/�67/2C£Ü�67GW4I3�J�1�O065GIGI.PßD1�6B4I.0:7/�à

ô93�6B4I;9Jd3�G�GW3�OP3{1*4I.0:7/MÝM3'4d89:tC9G�67JI3¯;2GI;267OPO0Û%Jd3'ÜÆ3�JIJd3�C�4I:%67G�3�.�4d893�J��������	��ÝM3'4d89:tC9G
:7J�
���
���������ÝM3'4d89:tC9G�à�ô�.POP4I3�JMÝ�3�4I89:tC9G�ìH;26B/H4d.�ÜÆÛå4I823F.0ÝMQD:5JW4�6B/21�3w:BÜ�.0/9Q9;t4�ÜÆ3�6Bê
4I;9Jd3�G á .P4I82:7;t4�4�6B<N.0/9Ù�.P/H4I:�651�1�:7;9/H4(4I823w1'OK67GdGW.PßD1�6B4I.0:7/¦6BO0Ù7:5JI.P4I89Ýé4I826B4 á .PO0O
;2GI3
4I893�GW3�OP3{1*4I3{C�GI;9Ú2GI3'4�à��åJd67Q9QD3�J"ÝM3'4d89:tC9G�:7/�4d893�:5Q9QD:HGW.P4I3�;2GW3�4I893�1'OK67GdGW.PßD1�6>4I.0:7/
6BO0Ù7:7Jd.P4I89Ý 67G(4d893w3�Þc67OP;D6>4I.0:7/¦ÜÆ;2/21*4d.P:5/¦4I:ï1�89:N:HGW3M4d893£Jd3�O03�Þ>6B/H4�.0/9Q9;t4%ÜÆ3�6B4I;9Jd3�G�à
Ø¯893�3�Þ>6BO0;26>4d.P:5/wÜÆ;9/21'4I.0:7/2G�ãN.P/çÙ73�/93�J�6BOjã51�6B/FÚD3(Ct.KGf4�6B/21�37ãN.0/tÜÆ:7JdÝT6>4I.0:7/+�Æ:7J¯;9/D1'3�JIê
4d6B.0/H4fÛ7�*ã2Ct3�QD3�/2Ct3�/21'3�1�:7/2GI.0GW4I3�/21'Û5ã96B/2Cç1'OK67GdGI.�ß23�J¯3�JdJI:5J^J�6>4d3 � �����®à

6�;9ÝM3�Jd:7;DG�1'Jd.�4d3�Jd.06 � �5���«826cÞ53,Ú§3�3�/�Q9Jd:7Q§:5GI3�CFÜÆ:7J�GW3�OP3{1*4I.0/9ÙMÜÆ3{6>4I;2JI3{G�ãD.P/21�OP;DCNê
.P/9Ù¦1':5JIJd3�OK6>4d.P:5/¦Ý�3�4I89:tC9G � �����
67/2C�ÝM.0/9.PÝ%;9ÝíCt3{GI1�JI.0Qt4d.P:5/�OP3�/9ÙB4d8 � ��� �jà æ Þ53�JdÛ
3'äN4I3�/2GW.0Þ73AÚ9.0Ú9O0.P:5Ù7J�6BQ98NÛT:5/£ÜÆ3{6>4I;2JI3(GI3�O03�1*4d.P:5/�1�6B/çÚ§3AÜÆ:7;9/2C�6B4 � ��
��jà

îg/-� � � �jã{ÜÆ:7J�3�ät67ÝMQ9OP35ãcÜÆ3�6B4I;9Jd3¯Ý�3�JI.P4�ÝM3�67GI;9Jd3�G�6BJd3^C93'ß2/93{C�:5/�4d893¯Ú267GI.KG�:BÜ24d893
3�/H4IJd:7QNÛTÝT6>ät.0Ý�.0ó�6B4I.0:7/£4I893�:7JdÛT:BÜ�GW4d6B4I.KGf4d.01�6BO�Ct3{1'.KGW.0:7/F4IJd3�3{G�à æ /9:B4d893�J�67OPÙ5:7Jd.�4d89Ý
;2GW3{G
4d893%E � � 1';2JIÞ53�G
:7Ü�4I893%.P/2C9;21*4d.PÞ53%6BO0Ù7:5JI.P4I82Ý 4I:çìH;26B/H4I.PÜÆÛF4I893%.PÝMQ§:7JI4d6B/D1'3
:BÜ�4I893(.0/9Q9;t4
ÜÆ3{6>4d;9JI3{G � �5!��®à

Ø¯893�ÝT6B.0/ï.KGdGW;93%:BÜ
ÜÆ3{6>4d;9JI3�GW3�OP3{1*4d.P:5/�.0G"4I823%.0/H4IJ�671*4�6BÚ9.0O0.�4fÛ�:BÜ^6B/�3�äN8D6B;2GW4I.0Þ73
GW3{6BJ�1�8�:BÜ�4d893�GWQD671'3F:BÜ�67OPO¯Q§:5GdGW.0Ú9O03çGI;9Ú2GI3'4�G�:BÜ�ÜÆ3{6>4I;2JI3{G�ÜÆ:5JM89.PÙ58têgCt.PÝM3�/2GW.0:7/D6BO
Q9JI:5Ú9O03�ÝTG�à�-
67JI.0:7;2G�GI3�6BJ�1�8¡GW4IJ�6>4d3�Ù7.03�G�1�67/¡Ú§3�67Ct:5Qt4I3{C � 
5.2ã �����®ã«O0.P<53�GI3�ìH;93�/H4I.K6BO
GW3�OP3{1*4I.0:7/ � 
7�5ã 
 � �®ãt:7J"GW4I:t1�8265Gf4d.01AGI3�6BJ�1�8�Gf4dJd6B4I3�Ù5.P3{G � 
5
 " 
����jà æ Ù53�/93�Jd67O�CtJd6 á ÚD671�<
:BÜA4I893{GW3ï4I3{1�89/9.Kì5;23�G�ã�89: á 3�Þ53�J{ã�.0Gw4I893å6BÝM:7;9/H4w:7Ü�1':7ÝMQ9;94d6>4d.P:5/o4I893�ÛoJd3�ìH;9.0Jd37à
Ø¯893�GI3�1�67/F.0/NÞ7:7O0Þ73A6M89.0Ù78ç/N;9Ý�Ú§3�J�:7Ü­4dJd67.P/2.P/9ÙMJd;9/2G^ÜÆ:5J�Ct.�1�3�Jd3�/H4"1�O065GIGI.�ßD3�J�1':5/tê
ß2Ù7;9J�6>4d.P:5/2G
65G á 3�O0OD65G�Ct3{1'.KGW.0:7/2G�Ú267GI3�Cw:7/wCt.0JI3{1*4^.P/2GIQ§3�1*4d.P:5/w:BÜ�Q§:B4d3�/H4I.K6BO0O0Û%OK6BJdÙ73
Þ7:7O0;9ÝM3�G¯:7Ü�C96B4d62à

¾D¿�� ��Õ�ÔNÔNÇ{Ï À%Á�Â2Ã�Ã{ÄÆÅ�Ç7ÂtÈ{Ä�É§Ê
æ ;t4d:7ÝT6>4d.01¯LNQ§3�3�1�8ME
3{1':7Ù5/9.P4I.0:7/ � æ LtE ��GIÛtGf4d3�ÝTG�6BJd3¬1'OK67GdGI.�ß23�JdG�4I826B4�ÝM67<73¬;2GW3^:BÜ
Þc67JI.0:7;DG�OP3�Þ73�O0G�:7Ü�OP.0/9Ù7;2.0GW4I.K1�.0/tÜÆ:7JdÝT6>4d.P:5/%4d:�Ct3{1':tCt3"GIQD:5<73�/T;t4W4d3�J�6B/21�3�G�.0/H4I:(4d893�.0J
4I3'äN4d;26BO�4IJ�6B/2Gd1'Jd.PQ94I.0:7/�à«Ø¬ÛNQ9.K1�6BO¬GWQ§3�3{1�8åJd3�1�:7Ù5/9.�4d.P:5/åGIÛtGf4d3�ÝTG�1�:7/2GI.KGf4�:7Ü
GI3�Þ53�J�6BO
C96>4�6�67/26BO0ÛtGW.KG^Ú9O0:N1�<tG�ð

ñ ô9Jd:7/H4Wê®3�/DC�ð94d893�GIQD3�3�1�8�GI.PÙ5/26BO�.KG"GI3�Ù5ÝM3�/H4I3{CF.0/H4I:TÜÆJ�6BÝM3{G�O0:7/9ÙT:7Ü�6�ÜÆ3 á ÝM.POPê
OP.KGI3�1':5/2C9G�ã�6B/2CïQ267GdGW3{C�4IJd:7;2Ù78è67/ï6B/D6BO0ÛNGI.KG�4dJd67/2GfÜÆ:5JIÝ ÜÆJd:7Ý á 89.K1�8�ÜÆ3{6>4d;9JI3{G
6BJd3A3'äN4IJ�671'4I3�C�à

ñ �¬O065GIGI.Pß23�J � æ 1':5;2Gf4d.01���:tCt3�O �'ðc4I893¯ÜÆ3{6>4d;9JI3{G�6BJd3^GI;9Ú9ÝM.P4W4I3{C%4I:(6�1�O065GIGI.Pß23�J�4I8D6>4
1':5Ý�Q2;t4I3{G¯4I893(Q2JI:5Ú26BÚ9.0O0.�4d.P3{G¬:7Ü�Q§:5GdGI.PÚ9O03AQ989:5/93'4d.01A;9/2.�4�G�à

ñ �"3{1':tCt3�J � ,«67/9Ù7;267Ù73���:tCt3�O)�*ðc4dJd67/2GWOK6>4d3�G­4I823¬Q9Jd:7ÚD6BÚ9.0OP.KGW4I.K1¬GI3�ìH;93�/21'3{G­:7Ü2Q989:7ê
/93'4d.01A;2/9.�4�G
.0/54d:�4I893(ÝM:5GW4�O0.P<53�O0Û£1':5JIJd3�GIQD:5/2Ct.0/9Ù á :5JdC�à



� �¬_aXHy�b�X>U��­V�X5 HZ x yI�{b{k7�¬Z�efV�[f_�V�S7_a�a_a¢tZ

æ LtE GIÛNGW4I3�ÝTG,67JI3M;2GI;267OPO0Û�Þ73�JIÛ�1�:7ÝMQ9O03'äè67/2Cè.P/NÞ7:5OPÞ53�6çÞ53�JdÛ�89.PÙ58è/N;9Ý%ÚD3�J
:BÜ�Q26BJ�6BÝM3'4d3�J�G¯Ct3�Jd.PÞ53�C£ÜÆJI:5Ý 651':7;DGf4d.017ãtQ989:7/23'4I.K1(6B/DCFO0.0/9Ù7;9.KGW4I.K1A<H/2: á OP3{CtÙ73 � 
5���®à
Ø¯89.0GFGf4dJI;D1*4I;2JI3�;2GI;267OPO0ÛoC9:H3{GT/9:74£Q9Jd:>ÞH.KCt3�Ý%;21�8�ÞH.KGI.PÚ9.0O0.�4fÛo.P/H4d:�4I893 á :5JI<N.0/9Ù5G
:BÜ¯4I893FGWÛtGW4I3�Ý 6B/2Cå4d893w.0/H4I3�JdQ9Jd3'4�6BÚ9.0OP.P4fÛï:7Ü æ LtE ÝM:tCt3�OKG�.KG�ìH;9.P4I3wQ§:N:7J{à æ G%6B/
3'ä96BÝMQ9O037ãc6B/NÛ,Ý�:tCt.PßD1�6>4I.0:7/�ÝM65Ct3
4d:
4I823�ÜÆJd:7/H4Wê®3�/DCAQ9JI:t1�3�GdGW.0/9Ù
4fÛNQ9.K1�67OPO0Û�Jd3�ìH;9.0Jd3�G
6�Jd3'4IJ�6B.0/9.0/9Ù�:7Üt4I893¯671�:7;2GW4I.K1�ÝM:tCt3�Ojã á 82.01�8�1�6B/(Ú§3¯6B/�3�äH4dJI3�ÝM3�O0Û�4d.PÝM3¯1':5/2GW;2Ý�.0/9Ù
Q9JI:t1�3�GdG�à

îg/ 1':7ÝMÝM3�J�1'.K6BO,GWÛtGW4I3�ÝMG�ã
4fÛNQ9.K1�67OPO0ÛoÚD3�4 á 3�3�/ �5.�6B/2C �5.�GIQD3{1*4IJ�6BO�:7J£4I.0Ý�3�ê
Ct:7ÝT6B.0/�ÜÆ3{6>4I;2JI3{G,67JI3%3'äN4IJ�671'4I3{C�ÜÆJI:5Ý 4I893TGIQD3�3�1�8ïGI.PÙ5/26BO�6B/DC�;2GI3�Cè67G�.P/9Q2;t4�ÜÆ:5J
4I893"ÜÆJd67Ý�3�1'OK67GdGW.PßD1�6B4I.0:7/ � 
5���®à5��;93�4d:(4I823�1':5ÝMQ9OP3�ät.�4fÛ�:BÜ�4I823�GIÛNGW4I3�Ý�ã7.P4¬.KG
J�6>4I823�J
Ct.��w1�;9O�4�4d:A3�GW4I.0ÝM6B4I3
6,Q9Jd.P:5JI.H4I823�1':7/H4dJI.0Ú9;t4d.P:5/%:7ÜD3�651�8�.0/9Q9;t4�ÜÆ3{6>4d;9JI3^4d:�4d893¯ß2/267O
JI3{GW;9OP4�à9ô2:7J¯4d893(GI67Ý�3AJd3�65GW:5/�ãH67/NÛwJI3{1';9J�GI.PÞ53�GI3�6BJ�1�8FGW4IJ�6>4d3�Ù5Ûw6B.0Ý�3{CF6B4
JI3{Ct;21'.0/9Ù
4I893¦Ct.0Ý�3�/2GI.P:5/26BO0.�4fÛÓ:7Ü�4I823è.0/9Q9;t4�GIQ2671�3 á :7;9OKCÓ.0/NÞ7:7O0Þ73å6�Q9Jd:782.PÚ9.P4I.0Þ73�OPÛ�OK6BJdÙ73
/H;2Ý�Ú§3�J
:BÜ�Jd3'êj4IJ�6B.0/9.P/2Ù�67/2C£Jd3'ê®3�Þ>67OP;26B4I.0:7/F:BÜ�4I893�GIÛtGf4d3�Ý Q§3�JIÜÆ:7JdÝT6B/21�37à

Ø¯893wÜÆ3{6>4I;2JI3�GW3�OP3{1*4d.P:5/¡6BO0Ù7:5JI.P4I89Ý Q9Jd:7Q§:5GI3�C�.0/�4d89.KG%1�8267Qt4I3�J�Ü�651'.0OP.P4d6B4I3{G�4d893
4d67GI<å:BÜ
.P/NÞ53�GW4I.0Ù56>4d.P/2ÙF4d893£.0/9Q9;94�ÜÆ3�6B4I;9Jd3£1�:7/H4IJd.PÚ2;t4I.0:7/2G�à��^3�1�6B;2GI3T.P4%;2GI3�G�ÜÆ;9ó�ó�Û
GWÛtGW4I3�ÝTG�ãB6B/2C%Ú§3�1�67;2GI3^.P4
:7Q§3�J�6>4d3�G�Ct.0JI3{1*4dOPÛ�:5/�4d893
ÝM:tCt3�O á 89.0O03
ÝM67<N.P/9Ù(67Ú2Gf4dJd651*ê
4I.0:7/T:BÜ�4d893�C96B4d62ã7.P4�.0G¬1':5Ý�Q2;t4d6B4I.0:7/267OPO0Û�.0/93'ätQ§3�/2GI.0Þ73"67/2CMQ26BJI4I.K1';2O067JIO0Û%GI;9.P4I3�C�ÜÆ:5J
4I89.KG�1'OK67GdG¯:BÜ�Q9Jd:7Ú9O03�ÝTG�à

Ø¯893�67/26BO0ÛtGW.KG�.0/åLt3�1*4d.P:5/ �FÜÆ:t1';2GI3�G�3�GdGW3�/H4I.K6BO0OPÛ�:7/ï4I893�.0/��2;93�/21'3M:BÜ�ÜÆ3{6>4d;9JI3{G
:7/%4I893
671�:7;2GW4I.K1^ÝM:NC93�Ojã á .�4d8�4d893�67GdGW;2Ý�Q94I.0:7/%4I826B4�6,Ù5:H:tC�ÜÆJd67Ý�3
1�O065GIGI.�ßD3�J�.0G�4d893
Ú267GI.0G
ÜÆ:7J"67/�651�1�3�Qt4�6BÚ9O03 á :5JdCFJd3�1':5Ù7/9.P4I.0:7/ç3�JdJd:7J
J�6>4I35àtîg/�Q26BJI4I.K1';2O067J�ãN4d893�Q989:5/93
1'OK67GdGW.PßD1�6B4I.0:7/�4�67GI<o.KG�Ct3�1�:7ÝMQ§:5GI3�CÓ.0/H4I:Ì4I893åJI3{1':5Ù7/9.P4I.0:7/Ó:7Ü�GW.0ÝMQ9OP3�J�Q989:7/23'4I.K1
Q9JI:5QD3�JW4d.P3{G � 
 �Nã 
5
���ÜÆJd:7Ý á 89.K1�8åQ289:7/93�4I.K1M;9/9.P4dG�C93�Jd.PÞ537à�Ø¯89.KG�6BQ2Q9JI:H671�8è.0G(ÝM:5JI3
JI:5Ú9;2GW4�4d826B/MCt.0JI3{1*4
1'OK67GdGI.�ßD1�6>4d.P:5/�:BÜ�Q989:5/93�G�;2GI.P/2ÙA6AGI.P/2Ù7O03^67OPOPêjQ2;9JIQ§:5GI3¯1'OK67GdGW.Pß23�J{à
Ø¯893�Q989:5/93�OK6BÚ§3�OKG"1�6B/�ÚD3%JI3{1':>Þ53�Jd3�C£65G"6TGI3�1�:7/2C�GW4I3�Qï.P/�4d893�Q9Jd:t1'3�GdG
ÚNÛ�1'Jd:5GdGfê
6B/267OPÛtGI.0G^:BÜ�6BO0O�4I823(Q989:7/23'4I.K1AQ9Jd:7Q§3�JI4I.03�G¯:7Ü«4I823�GWQ§3�3{1�8£ÜÆJ�6BÝM3�� 
5!��®à

� µH¶���¹
¸��	��·9½f¹�¶�

�����N»�¸����

(�¿¥¾ � ÔNÐèÖ�ÔHÎ>Ã�Ï�ÄÆÕ%*FÔNÍDÎcÔNÔ�Â9Ê�ÑÓÒ'Ê��®É2Î>Ð�ÂtÈ{Ä�É§Ê
æ Ú9Jd:565C�1'OK67GdG�:7Ü�1':7ÝMÝM:7/2OPÛ�;2GI3�C�1�O065GIGI.Pß23�J�G
:7Q§3�J�6>4d3�;2GI.0/9Ù£ÝM3�1�8D6B/9.KGWÝTG"Ý�;21�8
Ý�:5JI3%GW;9.P4d67Ú9O03�ÜÆ:5J".0/54dJI:HGWQ§3�1'4I.0:7/�4d826B/�4I893MGW.0ÝMQ9O03%GIQD3{1'.PßD1�6B4I.0:7/�:7Ü�6TÜÆ;9/21'4I.0:7/267O
ÝM67Q9Q9.0/9Ù�ÚD3�4 á 3�3�/£.0/9Q9;94dG¯6B/2C£:7;t4dQ9;t4�G�àtØ¯893{GW3A1'OK67GdGW.Pß23�JdG�:7Q§3�J�6>4I3,ÚNÛTCt3'ß2/2.P/9ÙM6
GW3�4­:BÜDÝ�3�Ý�Ú§3�J�GW82.PQ(ÜÆ;2/21*4d.P:5/2G�4d826>4�67GdGI:N1�.06B4I3�6"Ù7.0Þ73�/(.P/9Q2;t4�QD6>4W4d3�Jd/(ÜÆJd:7Ý�Ct:7ÝT67.P/
� 4I:ï67/å:5;t4IQ2;t4�1�O065GIG������ÌÚNÛåÝM3�6B/DG(:BÜ�6�ÝM3�Ý%ÚD3�JdGI89.0Q�Ct3�Ù5JI3�3���� ð����
� .� � �jà9Ø¯893AÝM3�Ý�Ú§3�J�GI89.PQçCt3�Ù5JI3�3,GI;9ÝMÝT6BJd.Pó�3�G^ÚNÛT:7/93AGd1�6BOK6BJ¬4I823,.0/tÜÆ:5JIÝT6>4d.P:5/£4d893
Ý�:tCt3�O¬Q§:5GdGI3�GdGW3{G�6BÚ§:7;94%4d893F1�O065GIG%ÝM3�Ý�Ú§3�J�GI89.PQ¡:BÜ"6�Ù5.PÞ53�/�.0/9Q9;t4MÞ73{1*4d:7J{ã á .P4I8
4I893w65GIGI;9ÝMQt4I.0:7/å4d826>4(4d893TÝM3�Ý�Ú§3�J�GI89.PQ�Ct3�Ù7Jd3�3M.KG(Q9Jd:7Q§:7JI4I.0:7/267O­4d:�4I893TÝM:tCt3�O¥ò G
1':7/9ßDCt3�/D1'3A.P/ç4d893�67GdGW:t1�.06B4I.0:7/�à

�¬O065GIGI.�ÜÆÛN.0/9Ù�6B/å.P/9Q2;t4"! 6BÝM:5;9/H4dG,4I:çß2/DCt.P/2ÙF4d893T1'OK67GdG,4I826B4(ÝM6Bät.PÝM.0ó�3�G,4d893
Ý�3�Ý�Ú§3�J�GW82.PQ�Ct3�Ù7Jd3�37ð

� �#!��%$ 67JIÙ�ÝT6>ä
&
��� �'!��



�jX>Ufbd[f¢7[fbdUWV��5_��a_hUji�_aXT� x �hUf_P\7_az(b�XHeg_aZ{XHV���l��PV�egeg_h±Ny*V'Uf_�Z�X �
Ø¯89.0G(GI.0Ý�Q2OP3MJd3�Q9Jd3�GI3�/H4d6B4I.0:7/�:7Ü�4d893M.P/tÜÆ:5JIÝT6B4I.0:7/è1�:7/H4d67.P/23�Cè.P/è4I893T1�O065GIGI.�ßD3�J

67C9C9GT6èO0:B4M4I:¦.P4dGM.0/54d3�JdQ9Jd3'4d67Ú9.0OP.P4fÛ7à�Ø¯89.KG�4fÛNQD3�:BÜ,ÝM:NC93�O�1':5/H4d6B.0/2G�.0/tÜÆ:7JdÝT6>4I.0:7/
6BÚ§:7;t4M6BO0O�4d893FQ§:5GdGI.PÚ9O03F1�O065GIG�67GdGI:N1�.06B4I.0:7/2G(ÜÆ:7JM6B/NÛ¦Ù7.0Þ73�/�.0/9Q9;94MÞ53�1'4I:7J{ã­65G�:5Qtê
QD:HGW3{C¦4I:ï4I893F:7;t4dQ9;t4T1'OK67GdG�:7/2OPÛ5à æ ÝM6B4I893�ÝT6>4I.K1�67OPO0Û¦GW.0ÝMQ9OP3çJd3�Q9Jd3�GI3�/H4d6B4I.0:7/¦:BÜ
4I893�Ct3�1�.0GI.P:5/�Q9Jd:N1�3�GdG
.KG
4I8N;2G�3�Ý%ÚD3{C9Ct3{C�.P/H4I:£4I893�Ý�:tCt3�O¥ã�6B/DC�1�6B/�Ú§3�3�ätQ9OP:5.�4d3�C
ÜÆ:7J
.0/54dJI:HGWQ§3�1'4I.0Þ73(6B/D6BO0ÛNGI.KG�à

æ 1�:7/2GI3�ìH;93�/21'3%:BÜ�4d89.KG,1�82:7.K1'3�:7Ü^6£JI3�Q9JI3{GW3�/H4d6>4d.P:5/�.KG"4d826>4(1':5ÝMQ26BJd.P/2Ù£Jd3�OK6>ê
4I.0Þ73TÝM3�Ý%ÚD3�JdGI89.0Q¦C93�Ù7Jd3�3{G(671�JI:HGIGAJd3�Ù5.P:5/2G,:BÜ¯4I893MÜÆ3{6>4d;9JI3w67/2C#">:7J(:7;94IQ9;t4�GWQ2651'3
á .PO0O�Q9JI:>ÞN.KCt3�ÝM3{67GI;9JI3{G�:7Ü
4I893T67Ý�:5;9/H4�:7Ü�.P/9ÜÆ:7JdÝM6B4I.0:7/ï1�:7/H4d67.P/23�C�.0/�4d893MÝ�:tCt3�O
JI3�O06B4I.0Þ73�4I:�67/HÛå1':5Ý�Ú9.0/26>4d.P:5/è:7Ü
.P/9Q2;t4dG�67/2C¦:7;94IQ9;t4�G�à­ô9:7J�3'ä96BÝMQ9O037ã�4d893w.0/tÜÆ:7JIê
ÝM6B4I.0:7/o1':7/H4�6B.0/93�C�.0/�4d893�ÝM:NC93�O
6BÚ§:7;t4M6B/NÛ�Ù7.0Þ73�/�.0/9Q9;t4�!�.KG�C93'4I3�JIÝM.0/93�C¡ÚNÛ
4I893�C9.0GW4IJd.PÚ2;t4I.0:7/�:BÜ�4I823(Ý�3�Ý�Ú§3�J�GW82.PQ�Ct3�Ù7Jd3�3A:BÜ�!Ì651'Jd:5GdG¯6BO0O�QD:HGIGI.0Ú9OP3�1�O065GIGI3�G�à æ
Þ73�JdÛT;9/93�Þ73�/�C9.0GW4IJd.PÚ2;t4I.0:7/ç.P/DCt.01�6>4d3�G¯4d826>4¯4I823(Ý�:tCt3�O�ÝT6B<53�G¯Gf4dJI:5/9ÙT67GdGW:t1�.06B4I.0:7/2G
ÚD3�4 á 3�3�/M4I82.0G¬.P/2Q9;t4^67/2CTGI:7ÝM3�:BÜ�4d893�1�O065GIGI3�G�ã á 89.0OP3�6 �D6>4¯Ct.KGf4dJI.0Ú9;t4d.P:5/T.P/2C9.01�6>4I3{G
4I826B4�4I893�Ý�:tCt3�O«8265G
/9:T.0/tÜÆ:7JdÝT6>4d.P:5/�6B4"6BO0O«6BÚ§:7;94�4I893%1'OK67GdG¯Ý�3�Ý�Ú§3�J�GW82.PQ�:7Ü�4d893
.P/9Q2;t4�à

X Y Feature Dimension

Class A

Class B Class C

M
em

b
er

sh
ip

 D
eg

re
e

����� ���N� �jX5Y0Z�[fz�V'Uf_�Z�X£V�e^y�V�[g[f_ab*\T�>iMz(b�z��tbd[feg H_a¢%Y x X5ydUf_aZ{XHe	�9¢tZ�_aXBU�
Ó NV�e^`cbI[giMeg_az(_a�PV'[
z(bdz,�tbd[feg 5_�¢�\7b���[fb�bde
V�yd[fZ�ege�b�V�yW �y���V�ege�k5_az(¢H�hi7_aXH��Uf NV�U�Uf 5b^z(ZB\7b��ty�Z{X>UWV�_�X5e�`cbd[gi��a_hUgUf�ab
_aX7YKZ�[fz�V'Uf_aZ{XèV��tZ x U,Uf 5_�e�_aXH¢ x U*��¨� 5b%z(ZB\7b���_aeAz x yI çz(Z�[fb
�j_aX5Y0Z�[fz�V'Uf_�`{b	�çV��tZ x U,Uf Hb
V�egegZ>y�_�V�Uf_aZ{XwZ�Y�¢tZ{_aX>U��o�
_hUf My���V�ege��¬�

��3�65GW;9Jd.0/9Ù�4I823FCt3�Ù7Jd3�3w:7Ü";9/93�Þ73�/2/93�GdG�:7Ü�6�Ct.KGf4dJI.0Ú9;t4d.P:5/�� $������  �� � ���5ã
��� �"! $ � ��8265G"Ú§3�3�/ï4�671�<NO03�C�ÜÆJd:7ÝéC9.�1�3�Jd3�/H4AQD3�JdGIQD3{1*4d.PÞ53�G/� �7�7ã ��.��jàDîg/èQ267JW4d.01�;tê
O067J�ãt.0/tÜÆ:7JdÝT6>4d.P:5/£4d893�:5JIÛw.0/H4IJd:tCt;21'3{CF4I893�1�:7/21�3�Qt4
:BÜ�3�/H4dJI:5QHÛ � � � �jã9GI;9Ú2GI3�ìH;93�/H4IO0Û
6BQ9Q9O0.03�CF4I:MJd;9OP3�êjÚD67GI3�C£GIÛtGf4d3�ÝTG � !��®ð
#%$�� ��&��('

) �*���%$,+.- � ���9O0:7Ù%�"�

Ø¯893
3�/H4IJd:7QNÛ(.KG
GIÛHÝMÝM3'4dJI.K1^.P/T.P4dG�6BJdÙ7;9ÝM3�/H4�G�ãc3�/DGW;9Jd.0/9Ù,4I826B4
/9:�1'OK67GdG�.0G
Ù7.0Þ73�/
Ý�:5JI3T.0ÝMQD:5JW4�6B/21�3T4I8D6B/�6B/NÛè:B4I823�J{à�î®4%.KG�ÝT6>ät.0ÝM.Pó�3�C á 893�/�4I893£C9.0GW4IJd.PÚ2;t4I.0:7/�.KG
3�Þ73�/�ã�6B/2C�.0Ct3�/H4I.K1�6BO0O0Û�ó�3�Jd: á 823�/Ì67/NÛ/�"!,3�ìH;267O0G��7ã�3 1�3�1'4I.0Þ73�OPÛ�ÝM3�65GW;2JI.0/9Ù�4d893
Ct3�Ù5JI3�3,:7Ü­J�6B/2C9:7ÝM/93�GdG^:BÜ�4I893�C9.0GW4IJd.PÚ2;t4I.0:7/�à



} �¬_aXHy�b�X>U��­V�X5 HZ x yI�{b{k7�¬Z�efV�[f_�V�S7_a�a_a¢tZ

�¬ÛçCt3'ßD/9.P/2ÙF6M/9:5JIÝT6BO0.0ó�3�C�ÝM3�Ý�Ú§3�J�GW89.0Q�Ct3�Ù7Jd3�3�6B/DC�6T/9:7JdÝT6BO0.Pó�3�Cç.0/tÜÆ:7JdÝT6>ê
4I.0:7/�.P/DCt3'äF65G�ð
� & ��� 
 ����� ���
	 ���
� �	������� ��� ����� � �

��� �#!��%$ ��� �'!��
� ��� & � � �'!��

� & ��� 
 ����� ����� $�� & ��� 
 ��� &�$�� $�� ���
� �#!�� $ O0:7Ù � �!��+ ) �*���

OP:5Ù"� �!�
� �'!�� � � .� � �«.0G�6TQ§:7.0/54 á .KGI3(Ý�3{67GI;9Jd3(:BÜ�4I893%.P/9ÜÆ:7JdÝM6B4I.0:7/ç4I823�1'OK67GdGW.Pß23�J�Q9Jd:Bê

ÞH.KCt3{G
6BÚ§:7;t4"6�Ù7.0Þ73�/F.0/9Q9;94 !¯à

(�¿)( À%Á�Â2Ã�Ã$#IÖ�Â9Ã{ÔHÑoÒ'Ê��®É2Î>Ð�ÂtÈ{Ä�É§Ê�� ÔNÂ9Ã! ­Î>Ô
�
/H4IJd:7QNÛ�1�67/oìH;267/54d.�ÜÆÛ¦4d893�.P/9ÜÆ:7JdÝM6B4I.0:7/�6è1�O065GIGI.Pß23�J�Q9Jd:>ÞH.KCt3{G�67ÚD:5;t4w6B/Ì.P/9Q2;t4
Q26>4I4I3�Jd/�à¯LN.PÝM.0O067JIO0Û7ã¬.P/9ÜÆ:7JdÝM6B4I.0:7/ÓÝM3�65GW;2JI3{GM4I826B4FJd3�OK6>4d3�4I:�4d893�:5;t4IQ9;94ç1'OK67GdGI3�G
1�6B/TÚ§3�C93'ß2/93{C�à æ GI.PÝMQ9O03�Ct3{GI1�JI.0Qt4d.P:5/T:BÜ�4I893�.PÝMQ2651*4^:BÜ�4I893,1'OK67GdGW.Pß23�J
:7/£6�Ù7.0Þ73�/
1'OK67GdG � :>Þ73�JA6çCt:5ÝM67.P/ � 1�6B/èÚD3w1�:7/2GW4IJd;21'4I3�Cï;2GI.P/9Ù�.P4dG(6cÞ53�J�6BÙ73�Ý�3�Ý�Ú§3�J�GW82.PQ
Ct3�Ù5JI3�37à%"& ��� 
$� �'	 �$�
����������� ��� �(��� � �

)�� � � $+*�, � � �'!��.- !
* , - !

6�:B4d3"4d826>4^4I823�.0/H4I3�Ù5Jd6B4I.0:7/w.KG¯1�67JIJd.P3{CM:>Þ73�J/- !¯ã á 89.01�8F.0G¬/9:74^/93{1'3{GIGd6BJd.PO0ÛM;9/9.Pê
ÜÆ:7JdÝ³:>Þ53�J���ã�.�Ü26
Q2JI.0:7J�:5/A4I893
ÜÆ3�6>4d;9Jd3�Ct.KGf4dJI.0Ú9;t4d.P:5/(3'ät.0GW4dG�à æ GIGI;9ÝM.0/9Ù�/9:5JIÝT6BO0.0ó�3�C
Ý�3�Ý�Ú§3�J�GW82.PQ�ÜÆ;9/D1*4I.0:7/DG�ã�6M89.0Ù7893�J�6cÞ73�Jd67Ù73,ÝM3�Ý�Ú§3�J�GI89.PQ�C93�Ù7Jd3�3A4d:£1'OK67GdG � .0/2Ct.Pê
1�6>4d3�G�6"ÝM:5JI3¬;9/9.PÜÆ:7JdÝ�O0Û(Ct.KGf4dJI.0Ú9;t4d3�C�1'OK67GdG�:>Þ73�J�4d893¯.P/9Q2;t4�GIQ2651'37à æ /�:7;94IQ9;t4�1'OK67GdG
JI3�Q9JI3{GW3�/H4I3�C�ÚNÛ�6wÝM3�Ý�Ú§3�J�GW89.0Q�ÜÆ;2/21*4d.P:5/ á 89.K1�8�4d67<73{G"Þ>6BO0;93
0���3�Þ53�JdÛ á 893�Jd3(:7/
4I893M.0/9Q9;t4�Ct:5ÝM67.P/è8267GA6cÞ53�J�6BÙ73(ÝM3�Ý�Ú§3�J�GW89.0Q¦Ct3�Ù5JI3�310��7à æ ÝM3�Ý�Ú§3�J�GI89.PQèÜÆ;9/21'ê
4I.0:7/ á .P4I8o6cÞ73�Jd67Ù73TÞ>6BO0;932) �#� ��$ .è.P/2C9.01�6>4I3{G%67/�:7;94IQ9;t4w1�O065GIG�4I826B4�.KG�/93�Þ53�J
JI3�O06B4I3�C á .P4I8�6B/NÛwQ26B4W4d3�Jd/F:7Ü­4d893(.P/2Q9;t4"Ct:5ÝM67.P/ ��à

(�¿�� 3çÁ¥É2Ö�Â9Á^Ò'Ê �®ÉDÎ>Ð�ÂtÈ�Ä¥ÉDÊ�� ÔNÂ9Ã  «Î>Ô
îg/Ó:7J�Ct3�JT4d:¡ìH;26B/H4d.�ÜÆÛÌ4I893ï.P/tÜÆ:5JIÝT6B4I.0:7/ 1':5/H4d6B.0/93{CÌ.0/�4I823 á 89:5OP3�1�O065GIGI.�ßD3�J{ã�6BO0O
6cÞ73�J�6BÙ53¯Ý�3�Ý�Ú§3�J�GW82.PQçCt3�Ù5JI3�3�G�ÜÆJd:7Ý 4I823,Ct.21�3�Jd3�/H4¬ÝM3�Ý%ÚD3�JdGI89.0QwÜÆ;9/D1*4I.0:7/DG¬GI89:7;2O0C
ÚD3å1':7/DGW.KCt3�Jd3�CÌ4d:7Ù73�4I893�J�à���:tCt3�OKG á .P4I8Ó89.0Ù78Ó.0/tÜÆ:5JIÝT6>4d.P:5/26BO�1':7/H4d3�/H4 á .0OPO�826cÞ73
4I893�.PJ
6cÞ53�J�6BÙ73�ÝM3�Ý�Ú§3�J�GW89.0QMCt3�Ù5JI3�3�G�GWQ9Jd3�65C�651'Jd:5GdG«1'OK67GdGI3�G�ã á 82.PO03¯Ý�:tCt3�O0G á .P4I8�/9:
.P/tÜÆ:5JIÝT6B4I.0:7/%ê«.¥à 37à56BO0Ot.P/9Q2;t4dG�ÝM67Q�4d:�6(GW.0/9Ù5OP3
1'OK67GdG�ê á .0OPO98D6cÞ73^4I893�.PJ�Ý�3�Ý�Ú§3�J�GW82.PQ
Ct3�Ù5JI3�3�G�;2/93�Þ53�/9O0Û�Ct.KGf4dJI.0Ú9;t4d3�C¡651'Jd:5GdG�1'OK67GdGI3�G�à æ G�Q9Jd3�ÞN.0:7;2GIO0Û7ã�3�/H4IJd:7QNÛåÝ�3�4IJd.01�G
1�6B/MÚ§3
;2GI3�C%4I:�ìH;267/54d.�ÜÆÛ�4I89.KG�C93�Ù7Jd3�3¯:7Ü§;9/23�Þ73�/9/93{GIG�à5��3'ß2/93¯4d893�Jd3�OK6>4d.PÞ53¯6cÞ53�J�6BÙ53
Ý�3�Ý�Ú§3�J�GW82.PQ�Ct3�Ù7Jd3�3A67G^ÜÆ:7O0O0: á G�ð



�jX>Ufbd[f¢7[fbdUWV��5_��a_hUji�_aXT� x �hUf_P\7_az(b�XHeg_aZ{XHV���l��PV�egeg_h±Ny*V'Uf_�Z�X n

� ��� 
 ��� & � %"& �	� 
 � �'	 ���
� �	����� � ��� �(� �����
� �#� � $ ) �#� �

� ��� & ) �*� �
Ø¯893�.0/tÜÆ:5JIÝT6>4d.P:5/£1':5/H4d6B.0/93{Cw.0/w4I823A1�O065GIGI.Pß23�J^:>Þ73�J
4I823AC9:7ÝT6B.0/ � ÜÆ:7J¬4I893(GI3'4

:BÜ�1'OK67GdGW3{G �å1�6B/çÚ§3�1':7ÝMQ9;94I3�C�65G � 
2ã91�826BQt4d3�J 
�� � � �®ð
� ��& � 
 � 	
&�������� $ � & ��� 
 � � & $

) �'� �%$ +.-��� & �
�*� �tOP:5Ù � �*� �

(�¿�� *çÄ�Ã�È�Â9Ê�Ç7Ô��%ÔHÈ���ÔNÔNÊ�� É�Ñ­ÔNÁ¥Ã
îg/£:7J�Ct3�J�4d:�1�:7ÝMQ26BJd3�67O�4d3�Jd/26>4d.PÞ53"O0.P/2Ù7;9.KGf4d.01ACt3{GI1�JI.0Qt4d.P:5/2G�:7Ü�4I823AGd6BÝM3AC96>4�69ãH.�4
.KG
;2GW3�ÜÆ;9OD4I:%C93'ß2/93A6(ÝM3'4dJI.K1�:5/T4I823"ÝM:tCt3�O�GIQ2671�37à �¬:5/2GI.0Ct3�J¬6�Ý�:tCt3�O�� = C93�Gd1'Jd.PÚ§3�CÚHÛ�4I823¬Jd3�OK6>4d.PÞ53
6cÞ73�J�6BÙ53�Ý�3�Ý�Ú§3�J�GW82.PQ�C93�Ù7Jd3�3 � = � � �  �� � �T:>Þ53�J�4d893�.0/9Q9;t4�Ct:7ÝT67.P/� = ãt6B/2Cw6%GW3{1':5/2CTÝM:tCt3�O	� @ Ct3{GI1�JI.0Ú§3�CTÚNÛ � @ ��� �  �� � ��:>Þ73�J�4I893,.0/9Q9;t4
Ct:7ÝT67.P/� @ à ��3'ß2/93A4d893�Ct.0Þ73�JIÙ53�/21�3�Ú§3'4 á 3�3�/çÝM:tCt3�O0G�"w:7J
Jd3�OK6>4d.PÞ53�.0/tÜÆ:5JIÝT6>4d.P:5/�"£65G�ð�'� & �	��� � $�
 ������� 
���� $�	.&������ �

� �
� =�� � @ � $ - ��� & � =
� � �NO0:7Ù � = � � �� @ � � �

Ø¯89.0GACt.0Þ73�JIÙ53�/21�3�Ct:N3�GI/�ò 4,3�ä9671*4dOPÛ�C93'ß2/93M6FÝ�3�4IJd.01%:7/ï4I893�ÝM:tCt3�O�GIQ2671�37ã�ÚD3�ê
1�6B;DGW3A.P4�O0651�<NG¬4d893�GWÛNÝMÝM3'4dJIÛw.0/�.�4�G�6BJdÙ7;2Ý�3�/H4dG�ð

� ��� =�� � @ ���$�� �
� @�� � = �
â�: á 3�Þ73�J�ã7.�4^ÚD3{6BJ�G�4I823�:74I893�J�Q9Jd:7Q§3�JI4I.03�G�3'ätQD3{1*4d3�CTÜÆJd:7Ý 6�C9.0GW4d67/21'3�Ý�3{67GI;9Jd37ð

ñ 6�:5/têj/23�Ù56B4I.0ÞN.�4fÛ�ð��0��� =�� � @ ��� .
ñ 6�;9O0O�<53�Jd/93�Ojð�� ��� =�� � @ �%$ .������ � � �� � = ��� �%$ � @ � �4�
Ø¯893�.PÝMQ§:7JI4d67/21'3�:7ÜH4d89.KG�ÝM3�65GW;9Jd3�OP.03�G«.P/,4d893�Ü�671'4�4I8D6>4�4d893�Jd3�.0G«/9:
/93�3�C,ÜÆ:7J�4 á :

Ý�:tCt3�O0G¬4d:�GI826BJd3�4d893AGI67Ý�3,.0/9Q9;t4
GWQD671'3�4I:�Ú§3,1�:7ÝMQ26BJ�6BÚ2OP35àHô2:7J^3'ä96BÝMQ9O037ãtCt3�ß2/93
6ï8NÛNQD:74I893�4I.K1�67O^ÝM:tCt3�O �éCt3�Gd1'Jd.0Ú9.P/2Ù ��ã á 89.01�8o67GdGW.0Ù7/DG�3�ìH;267O¯JI3�O06B4I.0Þ73F6cÞ53�J�6BÙ53
Ý�3�Ý�Ú§3�J�GW82.PQåCt3�Ù5JI3�3�G"!�� � � $ �$#.� � �94I:ç3�651�8ï1'OK67GdG�à æ 1�1':5JdC9.P/9Ù£4I:F4I893TCt3�ß2/9.P4I.0:7/
:BÜ�4I823%Ù5OP:5Ú26BO�ÝM:NC93�O�.P/tÜÆ:5JIÝT6B4I.0:7/�ãD4I89.KG,ÝM:NC93�O�8267G�Þ73�JIÛç89.0Ù78�.0/tÜÆ:5JIÝT6>4d.P:5/�ã�6B/2C
.P/2C93�3�Cç:5/93(1�6B/�GI89: á 4d826>4�.P4�.0G¯ÝT6BäN.0ÝT6BO�:>Þ53�J
6BO0O�ÝM:tCt3�OKG
Ct3�Gd1'Jd.0Ú9.P/2Ù ��ð

)&%-� � �%$('�)+* � �!�
Ø¯893%Ù5OP:5Ú26BO�.0/tÜÆ:7JdÝT6>4I.0:7/ï:BÜ¬6FÙ7.0Þ73�/�ÝM:NC93�O,� 1�67/ï/9: á Ú§3MJI3�.P/H4I3�JIQ2JI3�4I3�C�.P/

4I3�JdÝTG¯:BÜ�.�4�G�Ct.KGf4�6B/21�3,4I:�4I89.KG
.KCt3�67OP.0ó�3{CçÝ�:tCt3�O-��ð
)/. � � �%$ )&%-� � � +�� ��� � � �



|�r �¬_aXHy�b�X>U��­V�X5 HZ x yI�{b{k7�¬Z�efV�[f_�V�S7_a�a_a¢tZ

Ø¯893¯4I:5QD:5OP:5Ù7Û�.0/2Ct;21�3�CMÚNÛ�4d89.KG
Ct.0Þ73�JdÙ73�/21'3¯:>Þ53�J�4I823
Ý�:tCt3�ODGIQ2671�3¯Ú9JI.0/9ÙHG�/93 á
Ct.PÝM3�/2GW.0:7/DG�4d:£4d893%67/26BO0ÛtGW.KG�à§îg/2GW4I3{67C�:7Ü�GW.0ÝMQ9OPÛ�3�Þ>6BO0;26>4d.P/9ÙFÝM:NC93�OKG".0/�4d3�JdÝMG�:BÜ
89: á 4d893�ÛåQ§3�JIÜÆ:7JdÝçã«4I893�Ûå1�6B/¦/9: á Ú§3£1':5Ý�QD6BJd3�Cå.P/¦4d3�JdÝTG(:BÜ¯4I823£.0/tÜÆ:7JdÝT6>4I.0:7/
4I893�ÛçÚ2JI.0/9Ù2à§Ø á :£:B4I823�J á .0GI3�Ù7:N:tC�ÝM:tCt3�OKG"1�6B/�Ú§3%Jd3�Ct;2/2C96B/H4{ãD6B/DC á .PO0O­/2:B4�.0Ý�ê
Q9JI:>Þ53FQ§3�JIÜÆ:7JdÝT6B/21�3 á 823�/�1':7Ý%Ú9.0/93�C�à æ ÝM:tCt3�O�4I826B4M.KGMQ§:H:5JT.P/o.KGW:5O06B4I.0:7/Ì1�6B/
ÚD3�1�:7Ý%Ú9.P/23�C á .P4I8�ÝM:tCt3�OKG
.P4�.KG�$dCt.0GW4d67/H4'& á .P4I8�ã§6B/2C�.0ÝMQ9JI:>Þ53(GW.0Ù7/9.PßD1�6B/H4IO0Û£4d893
QD3�JWÜÆ:5JIÝT6B/D1'37à

(�¿�� Ò'Ê��®É2Î>Ð�Â9È�Ä�É§Ê�� ÔNÂ9Ã! ­Î>Ô�É§Ê �­ÔNÂtÈ! ­Î>ÔHÃ
æ ÝM3�67GI;9Jd3A:BÜ�4I893�.P/tÜÆ:5JIÝT6B4I.0:7/�1':7/H4�6B.0/93�Cç.0/�4I893(ÜÆ3{6>4d;9JI3{G�1�67/�ÚD3�C93�Jd.PÞ53�C£ÜÆJI:5Ý
4I893(Ù5OP:5Ú26BO�ÝM:tCt3�O«.P/tÜÆ:5JIÝT6B4I.0:7/�à2ô2:7J�6MÙ5.PÞ53�/çÝ�:tCt3�O �åã2Ct3'ßD/93 � � 65G^4I893�Ý�:tCt3�O:7Út4�6B.0/93�C�ÚNÛå.P/H4d3�J�GW3{1*4I.0/9Ù � á .�4d8�4I823£8NÛNQD3�JIQ9OK6B/23 ��� $�� �5à�Ø¯893F1�:7/2Ct.P4I.0:7/D6BO
.P/tÜÆ:5JIÝT6B4I.0:7/�1':7/H4�6B.0/93�CF.P/ �é6B4�QD:5.P/H4���1�67/FÚ§3�Ct3�ß2/93�C�65G�ð

)/.%� �!� � $�� � $ ) .	� � � �
Ø¯893�.0/tÜÆ:7JdÝT6>4I.0:7/�GW4I.0O0O�6cÞ>6B.0OK6BÚ9O03(.P/�4I893%Ý�:tCt3�O�6BÜ²4I3�J�ÜÆ3�6B4I;9Jd3
�è8265G�Ú§3�3�/ï3'äNê

Q9OP:5.�4d3�Cç.KG^4I8N;2G�ð� & $�� ��� � & $�
 � � $�� & ��� 
 ��� &�$
) � �!� � ��$
� � ) � �!� � $�� � -��

Ø¯893^C9.�1�3�Jd3�/21�3¬Ú§3'4 á 3�3�/�4d893¯.P/9ÜÆ:7JdÝM6B4I.0:7/�1�:7/H4d67.P/23�C�.0/%4I893^ÝM:NC93�OtÚ§3'ÜÆ:7Jd3¯6B/2C
6>Ü²4I3�J
3'ätQ9O0:7.P4I.0/9Ù�4I893AÜÆ3{6>4d;9JI3���.0G
C93'ß2/93{C�67G^4I823(Ý�;t4d;26BO�.0/tÜÆ:5JIÝT6>4d.P:5/�ð
	�� ����
 � � $ � & ��� 
 � � & $��

� �� �� � $ ) � � � + )	� �!� � �
Ø¯893�Ý�;94I;267O".0/tÜÆ:7JdÝT6>4I.0:7/�.KG£67/Ó.P/2C9.01�6>4I:5Jw:BÜ(89: á Ý%;21�8Ó.P/9ÜÆ:7JdÝM6B4I.0:7/ á 67G

.P/H4IJd:tCt;21�3�C¦.0/�4I893FÝM:NC93�O^ÚHÛå;2GI.P/2Ù�4I82.0G�ÜÆ3�6>4d;9Jd37à�Ø¯893wO03�GdG�3 1§3{1*4I.0Þ73w4I893F.P/9Q2;t4
ÜÆ3�6>4d;9Jd3��%.0G«.P/(4d893
:5JI.0Ù7.0/26BO7Ý�:tCt3�O¥ã�4I893^1'O0:5GI3�J�4d893�Jd3�ÝT67.P/9.0/9Ù
.0/tÜÆ:7JdÝT6>4d.P:5/ )	� �
� � �
.0G^4d:%4d893A:7Jd.PÙ5.P/D6BO�.P/9ÜÆ:7JdÝM6B4I.0:7/ ) � � �*ãtJd3�GI;9O�4d.P/2Ù�.0/�6%O0: á 3�J^Ý�;t4d;26BO�.0/tÜÆ:7JdÝT6>4d.P:5/�à
Ø¯893�.0/9Q9;t4�ÜÆ3�6>4d;9Jd3�G�Q2JI:tCt;21�.P/2ÙT4I893�89.PÙ5893�GW4"Ý%;t4I;267O­.0/tÜÆ:5JIÝT6>4d.P:5/2G�67JI3A4d893�ÝM:5GW4
3 1�3�1*4d.PÞ53w6>4(Jd3�Ct;21�.P/2ÙF4d893M4I:74d67O
.P/9ÜÆ:7JdÝM6B4I.0:7/¦1':5/54�6B.0/93�Cè.0/ï4d893wÝM:tCt3�Ojã�6B/2C¦67JI3
Ct3�3�Ý�3{CçÝ�:5JI3A.0/tÜÆ:7JdÝT6>4d.PÞ53"ÜÆ:5J¯4I893�67/26BO0ÛtGW.KG�à

îg/£:7J�Ct3�J
4I:M1':5ÝMQ26BJd3"Ct.KGf4d.P/D1*4
ÝM:NC93�OKG�ã54I893AJd3�OK6>4d.PÞ53�Ý�;t4d;26BO�.0/tÜÆ:7JdÝT6>4d.P:5/Tê�:7J
.P/tÜÆ:5JIÝT6B4I.0:7/çÙ56B.0/Fê
.0G�C93'ß2/93{C�67G�ð

� ��� 
 ��� & �'	�� ����
 � � $�� & ��� 
 ��� &�$
*	� �  �� �%$

�
� �� �� �
) � � � � � .� � �

Ø¯893(Ý�;t4d;26BO«.P/tÜÆ:5JIÝT6B4I.0:7/çÚD3�4 á 3�3�/�6MÝM:NC93�O � 6B/2Cç6�ÜÆ3�6B4I;9Jd3��ï1�6B/�6BOKGW:MÚ§3
.P/H4I3�JIQ2JI3�4I3�C¦.0/�4d3�JdÝMG%:BÜ"6ïCt.PÞ53�JdÙ73�/21'35à��¬:7/DGW.KCt3�J%6�ÝM:tCt3�O����ç1':5/2Gf4dJI;D1*4I3{C¦ÚNÛ



�jX>Ufbd[f¢7[fbdUWV��5_��a_hUji�_aXT� x �hUf_P\7_az(b�XHeg_aZ{XHV���l��PV�egeg_h±Ny*V'Uf_�Z�X |{|

JI3�Ý�:>ÞN.0/9Ù �¦ÜÆJI:5Ý 4I893%ÜÆ3�6B4I;9Jd3�GI3'4{à�Ø¯893�Ý�;t4d;26BO�.0/tÜÆ:7JdÝT6>4d.P:5/ï1�67/ïÚ§3�3�ätQ9JI3{GIGI3�C
67G�ð �

� �� � �%$�� �
� � � �4�
Ø¯89.0G�ÝM3{6B/2G�4d826>4�3�Þ>6BO0;26>4d.P/9Ùo4d893�1':5/54dJI.0Ú9;t4d.P:5/ :BÜT6¡ÜÆ3{6>4d;9JI3¦4d:Ó6�Ý�:tCt3�O

6BÝM:7;9/H4�GM4I:�ÝM3�65GW;2JI.0/9Ùå4I893èCt.PÞ53�JdÙ73�/21'3çÚD3�4 á 3�3�/�4d893�ÝM:NC93�O á 823�/�3'ätQ9O0:7.P4I.0/9Ù
6B/2CF/9:B4�3�ätQ9OP:5.�4d.P/2Ù%4d893AÜÆ3�6B4I;9Jd37à

(�¿�� �¬Ä�Ê�Í  �Ä�Ã�È�Ä¥ÇçÀ%Á�Â9Ã{Ã{ÔHÃ
,�.0/9Ù7;9.KGW4I.K1
1'OK67GdGW3{G�Ct3'ßD/93�GI;9Ú2GI3'4dG«:BÜ96^ÜÆ3�6B4I;9Jd3�GIQ2671�3 á .�4d8(.0C93�/H4I.K1�67O7.0/tÜÆ:7JdÝT6>4I.0:7/D6BO
1':7/H4d3�/H4�à

�Ó893�/çGW;21�8F1'OK67GdGW3{G�1�67/£Ú§3,C93'ß2/93{C�ãt1':5/2Ct.P4I.0:7/9.0/9Ù�4d893,.P/tÜÆ:5JIÝT6B4I.0:7/w:5/�� $��
ÜÆ:7J�6B/NÛ���.0/èO0.0/9Ù7;9.KGW4I.K1�1�O065GIG�� .KGA3�ìH;9.0Þc67OP3�/H4,4d:�1':7/DCt.�4d.P:5/9.0/9Ù£4d893T.0/tÜÆ:7JdÝT6>4I.0:7/
:7/F4I893�1�O065GIG¯.P4dGI3�OPÜfð

) � � � � $ � ��� ) � �!� � �����
îg/oÙ53�/93�Jd67O¥ã
1�:7ÝMQ9;t4d.P/2Ù¦4I893�1�:7/2Ct.P4I.0:7/D6BO
.0/tÜÆ:7JdÝT6>4I.0:7/�ÝM3�65GW;2JI3 ) � �
� � �%ÜÆ:5J

6B/NÛ�ÜÆ3{6>4d;9JI3 �ç.0G�/9:B4¬4IJd.PÞN.K6BOjàHâ": á 3�Þ73�J�ã á 823�/T4d893�Jd3".KG¬6(ß2/9.P4I3AGW3�4�	¡:7Ü�OP.0/9Ù5;9.0GW4I.K1
1'OK67GdGW3{G�ÜÆ:5J¯ÜÆ3�6B4I;9Jd3���ãN4I893�1�:7ÝMQ9;t4�6>4d.P:5/ç1�6B/çÚD3�GI.PÝMQ9O0.Pß23�C�ð

) � �!� � � $ � � ) � �!� � $ � � - �
$ -

 ���
) � �!� � �
��� � � � 
 - �

$ -

 ���
) � �!� � �
����� 


Ø¯893
4I3�JIÝ�� 
 $ * � � 
 -��F.0G^6(Q9Jd.0:7J
:5/M4I893�ÚD3�OP:5/9Ù7.0/9Ù�:7Ü§ÜÆ3{6>4d;9JI3 �w4I:�OP.0/9Ù7;2.0GWê4I.K1£1'OK67GdG��"à �^3�1�6B;2GI3w:7;94IO0.P3�JdG(.0/�4d893w4dJd67.P/9.0/9Ù�C96B4d6�4d3�/2C�4I:�.0/2Ct;21�3w4d893�.0J%: á /
OP.0/9Ù7;2.0GW4I.K1A1'OK67GdGW3{G�ãH.�4
.KG^.PÝMQ§:7JI4d6B/H4^4I:T1':5/2GI.0Ct3�J�4d89.KG á 3�.PÙ5854d.P/2Ù2ãH3�Þ73�/ á 893�/£4d893�Jd3
.0G,/9:FQ9JI.0:7J,:7/�4I893TC96B4d6w.0/�4d893�Q9JI:5Ú26BÚ2.PO0.0GW4I.K1�GI3�/DGW35à§ô2:7J,4I893�Q9;9JdQ§:5GI3�:BÜ^Ct: á /tê
á 3�.PÙ5854d.P/2Ù�:5;t4IO0.03�J�G�ãH4I823(JI3�O06B4I.0Þ73,4I:74d6BO�ÝM3�Ý�Ú§3�J�GW89.0Qç.P/�O0.P/9Ù5;9.KGf4d.01(1�O065GIG���1�67/FÚ§3
;2GW3{C�67G
6�893�;2JI.KGf4d.017ð

� 
 $ *�,������ � 
�� ��� �'!�� - !
* , � � �'!�� - !

� ������ W½I¼ ��·t½W¹�¶ ·t¹"!�»$#%#'&)(Ó»* �,+ ��� �­º.-�&��5· ���	�

ô9;9ó�ó�ÛwJd;9O03'ê®Ú267GI3�CwGIÛtGf4d3�ÝTG¯Jd3�Q9Jd3�GI3�/H4¬O0.0/9Ù7;9.KGW4I.K1,65GIGI:t1'.K6>4d.P:5/2G�;DGW.0/9ÙM6�GI;9Q§3�JdQD:HGW.Pê
4I.0:7/�:BÜ�;9/9.0ÝM:NC26BO�ÝM3�Ý%ÚD3�JdGI89.0QçÜÆ;9/21*4d.P:5/2G¯4d826>4"Ct3�ß2/93�6T1�:7O0OP3{1*4I.0:7/ç:BÜ�ÜÆ;9ó�ó�ÛFGI3'4�G
:>Þ73�J,4d893MÜÆ3�6B4I;9Jd3TGWQ2651'35à æ G(6�1':5/2GW3{ìH;93�/21�37ã�ÝT6>4d893�ÝT6B4I.K1�6BO�4dJI3{6>4dÝ�3�/H4A:7Ü¬4d893�GI3
JI;9O03�G^4dJd67/2GIO06B4I3�G^.0/H4I:wGI.PÝMQ9O03(Ù73�:7ÝM3'4dJI.K1"ÝT67/9.PQ2;9O06B4I.0:7/2G�à



|*� �¬_aXHy�b�X>U��­V�X5 HZ x yI�{b{k7�¬Z�efV�[f_�V�S7_a�a_a¢tZ

��¿¥¾ 3çÔNÉ§Ð�ÔHÈ�Î>Ä�ÇFÒ'Ê�È�ÔHÎcÕ­Î>ÔHÈ�Â9È�Ä�É§Ê
�¬:7ÝMQ9;t4�6>4I.0:7/�:7Ü¯4I893FÞc67JI.0:7;DG(.P/9ÜÆ:7JdÝM6B4I.0:7/�ÝM3�65GW;2JI3{G(.0G�Ý�;21�8�GI.0Ý�Q2OP.Pß23�C á 893�/
;2GW.0/9Ùï6�GI;9Q§3�JdQD:HGW.P4I.0:7/�:7Ü¯ÜÆ;9ó�ó�ÛèJd;9O03�G�65G(ÝM3�Ý�Ú§3�J�GI89.PQ¦ÜÆ;2/21*4d.P:5/2G�à�Ø¯893£6cÞ53�J�6BÙ53
Ý�3�Ý�Ú§3�J�GW82.PQoCt3�Ù5JI3�3T4I:è4I893ç;9/9.0:7/o6B/2C�4I893ç.0/54d3�J�GW3{1*4d.P:5/�:BÜ�ÜÆ;2ó�ó�Û�GI3'4�G%C93�Jd.PÞ53�G
ÜÆJI:5Ý 4I893(ÝM.0/ "cÝT6BäHêgCt3�ß2/9.P4I.0:7/2G¯:7Ü�.0/H4I3�J�GI3�1*4d.P:5/F67/2Cç;9/9.0:7/ç:BÜ�ÜÆ;9ó�ó�ÛFGI3'4dG �2� �®ð

)�����!�� = � !�� $	�- !�� =�
� )�� � ! ��+ �-
 � !�� = )�� � !�� � 
�����
î®Ü«4IJ�6BQ§3�ó�:7.KC9G^6BJd3,65Ct:7Qt4d3�CF67G^ÝM3�Ý�Ú§3�J�GI89.PQFÜÆ;9/21'4I.0:7/2G�ãN4I823A6cÞ53�J�6BÙ53
Ý�3�Ý�Ú§3�JIê

GW89.0QÓCt3�Ù5JI3�3ç4I:¦3�651�8¡ÜÆ;9ó�ó�ÛoGW;9ÚDGW3�4 � ! 1�67/oÚ§3�1':5ÝMQ9;t4I3{CÌÜÆJI:5Ý 4I893�4IJ�6BQ§3�ó�:5.0C
893�.0Ù78H4��F6B/2C�4d893�1�:N:7J�Ct.P/D6>4I3
Þ53�1'4I:7J�G�:7Ü�.�4�G
Þ73�JW4d.01�3�G�.P/T4d893���êgCt.0ÝM3�/2GI.P:5/26BO2.P/9Q2;t4
GWQ2651'3���� !  ! !  #" !  #$ !&% ð

) �#� ! �%$ �('*),+
 � = � - !
 +.- !
 � 0/)0+
 � = � � !
 +21 !
 �43
� *�, - !

��¿)( �¬Ä�Ê�Í  �Ä�Ã�È�Ä¥ÇçÀ%Á�Â9Ã{Ã{ÔHÃ
��671�8�.P/H4I3�JdGI3�1'4I.0:7/�Ú§3'4 á 3�3�/(4IJ�6BQ§3�ó�:7.KC9G­:BÜDCt.21�3�Jd3�/H4�1�O065GIGI3�G­Ct3'ßD/93^6�1'OK67GdGW.PßD1�6>4I.0:7/
ÚD:5;9/2C967JIÛ5à9Ø¯893(ÚD:5;9/2C967JIÛT.KG
O0:t1�6>4d3�Cç6>4{ð

ñ 4I893(.0/H4I3�JdGI3�1'4I.0:7/ç:BÜ«4d893�.0J"GI.0C93�G�ãt.�Ü�4IJ�6BQ§3�ó�:7.KC9G¯:>Þ73�JIOK6BQF:7/9O0Ûw:7/F4I823�GW.KCt3�G�ã
ñ 4I893(ÝM.KC9CtO03(QD:5.P/H4�:7Ü­4d893�.0J�1':5JI3{G�ãN.PÜ�4d893�Û£:>Þ73�JdOK6BQ£.0/ç4I893�.PJ�1�:7Jd3(6BJd3�67G�ã
ñ 4I893^ÝM.0C2CtOP3¯Q§:7.0/H4�Ú§3'4 á 3�3�/�4I823�4dJd67QD3�ó�:7.KC9G�ã�.PÜ94d893�Û�Ct:,/9:74­:>Þ73�JIOK6BQ�67/NÛ á 823�Jd37à

� á .P/9Ùç4d:�4I893wÙ53�:5Ý�3�4IJdÛ�:BÜ^4I823T4IJ�6BQ§3�ó�:7.KC9G�ã�3{671�8å:BÜ¯4I823�GI3TÚD:5;9/2C967JI.03�GA.KG�6
8HÛNQ§3�JdQ9OK6B/93
:5JW4d89:7Ù5:7/267O54d:�:7/23
:BÜ�4I893�ÜÆ3�6>4d;9Jd3�G�.0/M4I893�ÜÆ3�6>4d;9Jd3�GW3�4�à5Ø¯823"1':5Ý�Q2OP3�4I3
GW3�4�:BÜ¬.0/H4I3�JdGI3�1'4I.0:7/2GA.0/å4I893TÝM:tCt3�O
C93'ß2/93{G�6çQ26BJI4I.P4I.0:7/å:BÜ^4I823T.P/9Q2;t4�GWQD671'3M.0/H4I:
6�ßD/9.�4d3�1':5OPO03�1'4I.0:7/ç:BÜ�JI3�Ù7.0:7/2G�ãN3�671�8çÝT6BQ9Q2.P/9ÙT6�Q§:7JI4I.0:7/ç:BÜ�4I893(.0/9Q9;t4"GIQ2651'3,4I:T6
Ù7.0Þ73�/�1'OK67GdG ��ô�.0Ù7;9Jd3��5�'à

Ø¯893MQ9JI: �f3�1'4I.0:7/å:BÜ�4d893�GI3wCt3{1'.KGW.0:7/åÚD:5;9/2C967JI.03�G(67OP:5/9Ùç.P/9Q2;t4�ÜÆ3�6B4I;9Jd3 ��O03�65C9G
4I:T4d893%Ct3�ß2/9.P4I.0:7/�:7Ü
6Mß2/9.P4I3�1':7O0O03�1*4d.P:5/�:BÜ�4I82JI3{GW89:5O0C2G
4I8D6>4�GI3�Q267Jd6B4I3�1�:7/H4I.0Ù7;9:5;2G
1'OK67GdGW3{G�6BO0:7/2Ù�4I89.KGMCt.0Ý�3�/2GI.P:5/�à�Ø¯82.0GMGI3'4%:7Ü
4I89Jd3�GI89:5O0C9G�GI;9ÝMÝM67JI.0ó�3{G�67OPO¬4I893ç.0/tê
ÜÆ:7JdÝM6B4I.0:7/ï4I893MÜÆ3{6>4I;2JI3�.0GAQ2JI:>ÞN.KCt.P/2Ù£4d:F4d893T1'OK67GdGW.Pß23�J�ð�.0/åÚ§3'4 á 3�3�/ï4 á :ç:BÜ�4d893�GI3
4I89Jd3�GI89:7OKC9G�ãN4I893(ÝM3�Ý�Ú§3�J�GW89.0Q�67GdGW:t1�.06B4I.0:7/£:7Ü­4d893(.0/9Q9;t4".KG
;9/2.0ìH;93�OPÛçCt3'4d3�JdÝ�.0/93{C�ã
JI3�Ù56BJ�CtO03�GdG
:BÜ�4d893�651*4d;26BO­Þc67OP;23�:BÜ�4d893%.0/9Q9;94,6BO0:7/2Ù���à æ G"6F1':7/DGW3{ì5;23�/21�37ã94d893�GI3
JI3�Ù7.0:7/2G¯Ct3�ß2/93(O0.P/9Ù5;9.KGf4d.01(1�O065GIGI3�G¯67G
C93'ß2/93{Cç.P/�LN3{1*4I.0:7/ �tà �9à

Ø¯893�.0/tÜÆ:5JIÝT6>4d.P:5/F1�:7/H4I3�/54^:BÜ�3�671�8F1'OK67GdG¬1�6B/£Ú§3(1':5Ý�Q2;t4I3{CFCt.0Jd3�1*4dOPÛTÚNÛT.0/H4I3�JIê
GW3{1*4I.0/9Ù,4I823�Ct:7ÝT6B.0/ � á .P4I8%4I893�GIO0.01�3 � � � � �HãcOP3{67Ct.0/9Ù,4I:(6B/�3 �w1�.P3�/54
67OPÙ5:7Jd.�4d89Ý
4I:(1':5Ý�Q2;t4I3^4I823^Ý%;t4I;D6BOt.0/tÜÆ:7JdÝT6>4I.0:7/�Ú§3'4 á 3�3�/%4I823^ÝM:tCt3�O96B/2C�4I893¯.0/9Q9;t4�ÜÆ3{6>4d;9JI35à

Ø¯893�1':5/2Gf4dJd67.P/H4^4I826B4
4I893�Ý�:tCt3�O�:7/2OPÛ£67OPO0: á G
6%ß2/9.P4I3�GI3'4�:7Ü�Ct3{1'.KGW.0:7/�Ú§:7;9/DCNê
6BJd.P3{G¯:7JI4I89:5Ù7:7/D6BO§4I:w6MÙ5.PÞ53�/FÜÆ3�6>4d;9Jd3(.0G
;DGW;267OPO0ÛF1�:7/2GI.KCt3�Jd3�Cç6MOP.0ÝM.�4�6>4d.P:5/ç:7Ü�GI;21�8



�jX>Ufbd[f¢7[fbdUWV��5_��a_hUji�_aXT� x �hUf_P\7_az(b�XHeg_aZ{XHV���l��PV�egeg_h±Ny*V'Uf_�Z�X |*q

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

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

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

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

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

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

Y

XL1 L2

L3

L4

����� ���2�
	 ¤5V�z(¢5��b�Z�Y^qTy���V�egegb�e�\5bd±HXH_aXH�wVT¢HV�[gUf_hUf_aZ{X�Z�Y�Uf Hb�_aXH¢ x U�eg¢NV�ydb%_aX>UfZT[fb��{_aZ{X5e
egbd¢NV�[WV'Ufb*\F�>i£\7b�y�_aeg_aZ{XçUf 7[fb�eg HZ��P\7e��D��[fZ��®b�yIUfb*\çZ{X£Uf Hb"YKb*V'U x [fb(`cb�yIUfZ�[fe�k9Uf Hb�egbA\5b�y�_aeg_aZ{X
Uf 7[fb�eg HZ���\5e�\5bd±HXHb
V�egbdU�Z�Y��a_aXH� x _ae®Uf_ay"yd�PV�egegb�e

 R UfZ�
��{�

Ý�:tCt3�O0G�ã93{GWQ§3�1�.067OPO0Ûw.0/F89.0Ù789ê®Ct.0ÝM3�/2GI.0:7/267O�GWQ2651'3{G á 823�Jd3,/D6>4I;2Jd67O�1'O0;2Gf4d3�J�G^4I3�/2CF4I:
ÚD3åGWQ9823�Jd3'êgGW8267QD3{C�à�â"3�Jd37ã
4d89.KG£Q9Jd:7Q§3�JI4fÛ¡.KGT4d893ï<53�ÛÌ4I:�ÝT67<73�4d893è1�:7/2Ct.P4I.0:7/D6BO
.P/tÜÆ:5JIÝT6B4I.0:7/�1':7ÝMQ9;94d6>4d.P:5/2G^4IJ�671'4d67Ú9OP35à

Ø¯893(6BO0Ù7:7Jd.P4I89Ý � �tã � ����.0G�65G¬ÜÆ:7O0OP: á G�ð

ñ���������������� �"!�#�$"%"& &��('�� !)��!"*�� &��+%,�-��. $�!0/ $�� �+�"!"&�%,/�� �"%01�%,�"���2��% �
'�.3�(��&($"!"*4���4%,�5% 65� �"!�$"%�&�&��('��0!�/ 7�� !8*,%:9�';�(�"�0�<�+%,��& = =

ñ)>�%,/��5� �"!���. $"!,/ $�� �,��!"&?'�.3�(��*:/�!��"&�����15%0/���!0/�%,� �@=
ñ���%,/A!���*:�B% 65� �"!�# 0 � �"����1 7;� &:��� *�*,� �"&�&,!�& � !

CED 7;�+�0�-� �"!8*0� �"& &F9<% ��!��G'�.3�(����!0/<&,!"*:���(��1)� �"!H/ 7�� !8&,!,�5I��:� �
� � ��� ��� ! ��=

C3J %:9�$�7���!�� ��!B���(��1 7;�0&4��� *H*,� �"&�&5�(��6�%0/+9��,���+%,� )	� �!� � �
� ! ��=
ñ�K�L�!0/��01�!-������� �"!A*,%,���<�(���+%,�"���5�(��6�%0/+9��0�<�+%,��&)�(����% ) � � � � ��=
ñ J %(9"$�7���!��0�"!�9"7�� 7"���B�(��6�%0/49��0���+%+�

�
� �� � ��=

M ������ W½I¼ ��·t½W¹�¶ ·t¹"! ����·9»�¸�� - �  �«¼§·9½W¹�¶ON
P  ��� �N½RQ,¼ ��·9½f¹�¶ ¹%�TS?U�¹�¶ ��·9½W¼-Sè¸9¹ � ��¸9·t½ ���

�«¿¥¾ V(Ï�ÉDÊ�ÔHÈ�Ä¥ÇWVAÎ>ÉDÕ�ÔHÎ{È{Ä�ÔNÃ
�
89:5/93'4d.01�Q9Jd:7Q§3�JI4I.03�G¬826cÞ73�ÚD3�3�/ç;2GW3{C£GI;21�1�3�GdGfÜÆ;2OPO0ÛT.P/ æ LtE � ��
9ã �5�5�jãN67G á 3�O0O�65G^.P/
GWQ§3�3{1�8£GWÛN/H4I823�GI.0G	� � � " � ���®ã767G�.P/H4d3�JdÝ�3{Ct.K6>4I3"4d67JIÙ53'4dG�ÜÆ:7J^Ù73�/23�J�6BO2GIQD3�3�1�8wÝM:tCt3�OP.0/9Ù
6B/2Cç1'OK67GdGW.PßD1�6>4I.0:7/«à

��671�8FQ989:5/93�1�67/FÚ§3�GW3�3�/�67G^4d893(JI3{6BO0.Pó{6>4d.P:5/£:BÜ�6�/N;9Ý�Ú§3�J�:7Ü­Q982:7/93�4I.K1AQ9JI:5Qtê
3�JI4I.03�G�à æ 1�:7ÝMÝM:7/�3'ä96BÝMQ9O03¯:BÜ�GW;21�8%Q9Jd:7Q§3�JI4fÛ(.0G�4d893�Ct.KGf4d.P/21'4I.0:7/MÚ§3'4 á 3�3�/ & & 
���� �*ã

���� ��&$� � � 
�$ � ��67/2C 
 & $.� &�$ 
�$ � �*à�-�: á 3�O0G�.0/ï4d;9JI/å1�67/ïÚ§3M1�O065GIGI.Pß23�C�65G'����� �Nã ��� �
:7J � & 
�ã9C93�Q§3�/2Ct.0/9ÙM:7/£4I893AQ§:5GI.�4d.P:5/£:7Ü«4I823�.0J¬ßDJdGW4¯ÜÆ:7JdÝM67/H4¬:7/F4I823,GIQD3{1*4dJI;9Ý�à � /
R v Z�Ufb(Uf NV�U�¢NV'[gUf_�V���Z�[W\5bd[f_aXH�wZ�Y�Uf 5b([ x �ab�e"_�X�Uf 5bAYKb*V'U x [fb�eg¢NV�ydb�V�eAVM¢5[fbd¢5[fZ>y�b�egeg_aX5�
e®Ufb�¢%y*V�XM 5b��a¢T\5_aegy*V'[W\�_h[g[fb��ab�`�V�X>U�[ x �ab
y�Z�z,�H_aXHV�Uf_aZ{X5e��



|dp �¬_aXHy�b�X>U��­V�X5 HZ x yI�{b{k7�¬Z�efV�[f_�V�S7_a�a_a¢tZ

6B/9:74I893�J^Ct.0ÝM3�/2GI.0:7/�ã54I893�Ûw1�67/£Ú§3�Jd3�ÙH6BJ�Ct3�CT65G � ��& $��jã 
�� $�� � 
 �B:7J � 
�
��>ã9Ct3�QD3�/2Ct.0/9Ù
:7/�4d893FQ2O0651'3 á 823�Jd3w4I823FÞ5: á 3�O¬6BJI4I.K1';2O06B4I.0:7/�:t1�1�;9J�G�à æ G%ÝT6B/NÛ�67G/��
ïC9.�1�3�Jd3�/H4
Q9JI:5QD3�JW4d.P3{G
1�67/FÚ§3�Ct3'ßD/93�CFÜÆ:7J æ ÝM3�Jd.01�6B/ �
/9Ù5OP.KGW8çQ989:5/93�ÝM3{G�à

� �5����� �N��	 ¤5V�z(¢5��b^Z�Y�yW NV'[WV�ydUfbd[f_ ° V'Uf_aZ{XTZ�Y�¢5 HZ�XHbdUf_ay x XH_hUfe
V�X>Ufbd[f_aZ�[ ydZ{XHegZ�XNV�XBUWV�� �a_P© x _P\ egZ�XHZ�[WV�X>U `cZ{_ay�b�\ e®UfZ�¢

� V � X � V � � � � X � V
� � � � � � � � �
� ¢ � � � � � � �

îg/¡:7J�Ct3�J%4d:åC93�Gd1'Jd.PÚ§3�6è1�:7ÝMQ9O03'4I3�GIQD:5<73�/¡;t4I4I3�J�6B/D1'3ç.P/Ì4I3�JIÝTG�:BÜ,Q989:7/23'4I.K1
Q9JI:5QD3�JW4d.P3{G�ãD62����� � $	
��"1'OK67GdG
.KG�6BOKGW:M:7Ü²4I3�/�.0/H4IJd:tCt;21'3{C�ã2Ú2JI:H67Ct3�/9.P/2Ù%4d893�Ct3�ß2/9.P4I.0:7/
:BÜ^6FQ989:5/937à æ 1':5ÝMQ9OP3�4I3M1�826BJ�671'4I3�JI.0ó�6B4I.0:7/�:BÜ^Q989:5/93'4d.01%;9/9.P4dG,ÜÆJd:7Ý 67/è651':7;DGf4d.01
6B/2Cç6BJI4I.K1';9OK6>4d:7JdÛTQD3�JdGIQ§3�1*4d.PÞ53(1�6B/�Ú§3AÜÆ:7;9/DCF.0/ � � 
9ã ��!9ã 
 �tã 
�
��®à

�«¿)( ��Õ�ÔNÔNÇ{Ï �«ÎcÂ2Ð�ÔïÀ%Á�Â9Ã{Ã�Ä�Å�Ç5ÂtÈ�Ä¥ÉDÊ
Ø¯893wÙ7:H6BO
:7Ü¯4I893F3'ätQD3�JI.0ÝM3�/H4dG�QD3�JWÜÆ:5JIÝM3�C¦.0/¦4I82.0G�GW3{1*4d.P:5/å.KG(4d:�Ú9.0/26BJdÛ¦1'OK67GdGW.PÜÆÛ
GWQ§3�3{1�8£ÜÆJ�6BÝM3�G
65G¯ÚD3�OP:5/9Ù7.0/9Ù�4I:T3{671�8FQ989:7/23'4I.K1AQ9Jd:7Q§3�JI4fÛ£1'OK67GdG^:7J
/9:74�à

Ø¯893�4IJ�6B.0/9.0/9Ù�C96>4�6
1':5/2GW.KGW4dG�:7Ü �5.5.5.�. æ ÝM3�Jd.01�6B/ �
/9Ù5OP.KGI8,;94W4I3�Jd67/21'3{G�ã�1':7O0O03�1*4d3�C
:>Þ73�J­4I823¬4d3�O03�Q982:7/93¯6B/2C�Gd6BÝMQ9O03�C�6B4�
"<tâ�ó5à æ /T67C9C9.�4d.P:5/26BO 
5.�.5.
;94W4I3�Jd67/21'3{G­ÜÆJI:5Ý
Ct.0GW4I.0/21'4�GIQ§3�6B<53�J�G«.0/MCt.0GW4I.0/21'4�3�/NÞH.0Jd:7/9ÝM3�/H4�G­67JI3^;2GI3�C(ÜÆ:5J�4I3�GW4I.0/9ÙDà æ O0O9C96>4�6".KG�Ú26BOPê
6B/21�3�CTÚNÛTÙ73�/2Ct3�J�ã5Ý�.K1'Jd:7Q289:7/93"4fÛNQD3A6B/2Cw/9:7.KGW3,1':5/2Ct.P4I.0:7/2G�à æ GIQD3�3�1�8wJd3�1�:7Ù5/9.Pó�3�J
.0G�;2GI3�C�4d:£6BO0.PÙ5/�4I823�;t4I4I3�J�6B/D1'3�G á .�4d8�4I823�1�:7JdJI3{GWQ§:7/2C9.P/9ÙTQ289:7/93{G�;2GI.0/9Ù£-�.�4d3�JdÚ9.
6BO0.PÙ5/9ÝM3�/H4dG � ��.��¯:7/Ì826B/DCNêjOK6BÚ§3�O03�C�4IJ�6B/2Gd1'Jd.0Qt4I.0:7/2G-��ô�.0Ù7;9Jd3 
��*à�Ø¯893çQ989:5/93�GM67JI3
4I893�ÝMGI3�O0Þ73{G
Ú9.0/26BJdÛwOK6BÚ§3�O03�C�Ct3�QD3�/2Ct.0/9Ùw:5/ á 823'4I823�J
4d893�ÛçÚD3�OP:5/9ÙT:7J
/2:B4
4I:£3�671�8
:BÜ�4I893��5!�Q982:7/93�4I.K1(1'OK67GdGW3{G�4d826>4 á 3�Jd3(Ct3'ßD/93�C9@7à

Ø¯893^GI.0Ù7/267OH.KG�GW3�Ù7ÝM3�/H4d3�C�.0/H4I: �4."ÝMG�ÜÆJ�6BÝM3{G�à#��651�8�Q989:5/93'4d.01^1'OK67GdG�.0G�65GIGI.PÙ5/93�C
�4.5.�.(ÜÆJ�6BÝM3�G¬ÜÆ:5J¬4dJd67.P/2.P/9ÙDãH67/2C+�4.5.�.AÜÆJ�6BÝM3�G¬ÜÆ:7J^4d3�GW4I.0/9Ù2à � � ��3�O�ô­.0OP4I3�J	�¬3�Q2GW4IJ�6BO
�¬:H3 �w1'.03�/H4dG ����ô � � � � � � ��6BJd3ç3�äN4IJ�671*4d3�C¡ÜÆJI:5Ý 4I823�GW.0Ù7/267O¯ÜÆ:7JT3{671�8ÌÜÆJd67Ý�35à æ

5!>êgCt.0ÝM3�/2GI.P:5/26BO�.0/9Q9;94�ÜÆ3�6B4I;9Jd3£GI3'4�ê�4fÛNQ9.01�6BO¬:BÜ æ LtE GWÛtGW4I3�ÝTG�ã«.KG�1�JI3{6>4I3{CèÜÆJI:5Ý
4I893 �ïô � � ��Ø�6BÚ9O03��5�'à æ ÜÆ;9ó�ó�ÛF1�O065GIGI.Pß23�J � �5����.0G¯4dJd67.P/23�Cç:7/ç4I82.0G¯ÜÆ3{6>4d;9JI3�GI3'4
ÜÆ:5J
3�671�8ç:BÜ­4I893(Ú2.P/267JIÛF1'OK67GdGW.PßD1�6B4I.0:7/£4d67GI<tG�à

�«¿�� �­ÔHÂ9È! ­ÎcÔ���ÔNÁ�ÔNÇ7È�Ä�É§Ê �%Â2Ã�ÔNÑ�ÉDÊ �  «È  ­Â9Á^Ò'Ê��®É2Î>Ð�ÂtÈ{Ä�É§Ê
æ Ü²4I3�JA4I893MÜÆ;2ó�ó�ÛïÝ�:tCt3�O0G(67JI3%4IJ�6B.0/93{C�:7/è4I823M6cÞ>67.POK6BÚ9O03MC96>4�6ç67/2C�ÜÆ:5J(3�651�8è1'OK67GWê
GW.PßD1�6B4I.0:7/è4d65GW<�ã�4d893TJI3{GW;2O�4d.P/9ÙçÜÆ;9ó�ó�ÛèÝ�:tCt3�O0G�6BJd3M67/26BO0ÛNó�3{Cï.0/å4I3�JdÝTGA:BÜ¯JI3�O06B4I.0Þ73
Ý�;t4d;26BO�.0/tÜÆ:5JIÝT6>4d.P:5/�ã967G
C93�Gd1'Jd.PÚ§3�CF.P/�LN3{1*4d.P:5/ �9à ��6B/DC�Lt3�1*4d.P:5/-
2à
u l���V�ege¬\5bd±HXH_hUf_aZ{XM�>i%l�Z�[fbdiT��_a�a�abd[*kte®i7X>Uf Hb�eg_ ° _aX5�(\HV'UWV�Y0[fZ�z
	 q ���Æk
	 pcs���V�XN\�	 p{}��



�jX>Ufbd[f¢7[fbdUWV��5_��a_hUji�_aXT� x �hUf_P\7_az(b�XHeg_aZ{XHV���l��PV�egeg_h±Ny*V'Uf_�Z�X |'s

sil /a/ /o/ sil

10ms frame

Phonetic Alignments

Feature extraction

Signal

Phonetic Properties

/t/

����� ���2��� _PV���[WV�zÓZ�YNUf 5b�eg_a�{XHV��7¢5[fZ>y�b�egeg_aX5�¯_aX7`{Z{�a`cb*\ ��¨� Hb�eg_a�{XHV��5_�e���V��tb��ab*\�¢5 HZ{X5bdUf_ay*V��a�hi
_aXwZ�[W\7bd[^UfZ�\7bd[f_a`cb"Uf 5b�¢5 HZ�XHbdUf_ay"¢5[fZ{¢tbI[gUf_�bde�k2V�XN\�Y0b*V�U x [fb,bd¤BUg[WV�ydUf_aZ{Xw_ae¯¢tbd[gYKZ�[fz(b*\TZ{X
Uf 5b¯eg_a�{XHV��DYP[WV�z(b�e�UfZA��b�XHbI[WV�Ufb
Uf Hb¯_aX5¢ x Ufe��

� �H����� �2� ����l�l¦YKb*V'U x [fb
`cbdydUfZ�[�e®Ug[ x yIU x [fb
|*� l�b�¢He®Ug[WV���l�Z>bd�(yd_�bdXBUfe � R UfZ�� R¥u
|*� ��_a[fe®U	�¬[W\7bd[ � bd[f_a`{V'Uf_a`cb�e 
�� R UfZ�
�� R¥u
|*� S7b�ydZ{XN\��¬[W\5bd[ � bd[f_a`{V'Uf_�`{b�e 
 u � R UfZ�
 u � R¥u
| �5[WV�z(b 	 X5bd[f��iMl�Z>bd�(y�_ab�X>U 


| ��_h[fe®U��¬[W\7bd[ 	 XHbd[f��i � bI[f_�`�V�Uf_a`cb 
�


| SBb�y�Z{XH\��¬[W\7bd[ 	 X5bd[f��i � bd[f_a`�V�Uf_a`cb 
 u 


Ø¯893 
5!A.0/9Q9;94¬ÜÆ3{6>4I;2JI3{G
6BJd3�J�6B/9<53�CM671�1':7J�Ct.0/9Ù,4I:�4I893�.PJ¬JI3�O06B4I.0Þ73
Ý�;94I;267OD.0/tÜÆ:7JIê
ÝM6B4I.0:7/�àDØ¯893�.0/9Q9;t4�ÜÆ3{6>4d;9JI3{G á .P4I8�4I823�OP: á 3�GW4
ß2Ù5;9JI3A:7Ü�ÝM3�JI.P4"6BJd3�6BOKGW:�4d893�O03�67GW4
JI3�OP3�Þc67/H4,ÜÆ:5J(4I823MÜÆ;9ó�ó�ÛèÝM:tCt3�Ojà æ O�4d89:7;9Ù58å4I893w.0/tÜÆ:5JIÝT6>4d.P:5/å1�:7/H4d67.P/23�Cè.P/�6FÜÆ3�6Bê
4I;9Jd3�.KG
1':5ÝMQ9;t4I3{C á .P4I8çJI3{GWQ§3�1'4¬4d:T6�Ù5.PÞ53�/wÝM:tCt3�Ojãt.P4¯.KG^3'ätQ§3�1*4d3�C£4I:�ÚD3(6�Gf4�6BÚ9O03
Ý�3{67GI;9Jd3^:7Ü�4I893¯ÜÆ3{6>4I;2JI3�Ct.KGd1'Jd.PÝM.0/26>4d.PÞ53�ì5;D6BO0.�4fÛ�ÜÆ:7J�67/HÛ�Ý�:tCt3�O94�6B<N.P/2ÙA65CtÞ>6B/H4d67Ù73
:BÜ�.�4{à

Ø¯893TÝM:5GW4�/26>4d;9Jd67O á 6cÛ�4I:�4d67<73w65CtÞ>6B/H4d67Ù73M:BÜ^4I893£Ý�;t4d;26BO
.0/tÜÆ:5JIÝT6>4d.P:5/ïÜÆ:5J
ÜÆ3�6>4d;9Jd3�GW3�OP3{1*4d.P:5/ç.KG
4d:£Ct3{1'.KCt3�:7/�6T4I89Jd3�GI89:7OKCçÚD3�OP: á á 89.K1�8�4I823(ÜÆ3�6B4I;9Jd3�G�6BJd3A4I:
ÚD3�Ct.KGd1�6BJ�Ct3{C�à9Ø¯89.KG
GW3�OP3{1*4I.0:7/�1�6B/çÚD3(Q§3�JIÜÆ:7JdÝM3�CF.P/�GI3�Þ73�Jd67O á 6cÛtG�à

Ø¯893�ÝM:5GW4�:7ÚNÞN.P:5;2G­1�JI.P4I3�JI.0:7/(.KG­4I:A1�89:N:5GI3¬67/�6BÚ2GI:7O0;t4d3
4I82JI3{GW89:5O0C�.P/-� .� � �jàcØ¯893
Þc67OP;23":BÜ�4d893�4d89JI3{GW82:7OKCM.0G^Ct3�1�.0C93�Cw6(Q2JI.0:7Jd.¥à5â�: á 3�Þ73�J�ã7/9:B4¯6BO0O2Q9Jd:7Ú9O03�ÝTG�826cÞ73
4d893
GI67Ý�3�Ct.0GW4IJd.0Ú9;t4I.0:7/T:7Ü�.P/tÜÆ:5JIÝT6B4I.0:7/w671�JI:HGIG�4d893".0/9Q9;94�ÜÆ3�6B4I;9Jd3�G�ã567/2CM/9:74¬6BO0ODGI3'4�G
:BÜ
ÜÆ;9ó�ó�Û�Jd;9O03�G�4d67<73"65CtÞ>6B/H4d67Ù73�:7Ü�4I893,GI67Ý�3�.P/2Q9;t4^ÜÆ3�6>4d;9Jd3�G�à æ /ç6BÚ2GI:7O0;t4d3
4I89Jd3�GI89:5O0C
Ý�.0Ù78H4,QD3�/26BO0.Pó�3�4d89:5GI3%GIÛtGf4d3�ÝTG".0/ á 82.01�8�4d893�.0/tÜÆ:5JIÝT6>4d.P:5/�.KG�Ct.KGW4IJd.PÚ9;94I3�Cè671�JI:HGIG
ÝM67/NÛw.P/2Q9;t4
ÜÆ3�6B4I;9Jd3�G�à

æ /9:74I893�J%ÝM3'4d89:tC¡.0/NÞ7:5OPÞ53�G�C93'ß2/9.0/9Ùè4I893ç4d89JI3{GW82:7OKC�67G�6ïQ2JI:5QD:5JW4d.P:5/�:BÜ�4d893
ÝM6Bät.PÝ%;9Ý /9:7JdÝT6BO0.Pó�3�C,Ý�;t4d;26BOH.0/tÜÆ:7JdÝT6>4I.0:7/(Þ>67OP;935à�îg/�4I89.KG á 6cÛ7ã�:7/9O0Û"4d893
ÜÆ3{6>4d;9JI3{G
á .�4d8çÞ53�JdÛwO0: á .0/tÜÆ:7JdÝT6>4I.0:7/ á .P4I8�Jd3�GIQD3{1*4
4I:�4d893�ÝM:5GW4
.P/tÜÆ:5JIÝT6B4I.0Þ73A:7/93{G á .PO0O�Ú§3
Ct.0Gd1�67JdC93�C�à



| � �¬_aXHy�b�X>U��­V�X5 HZ x yI�{b{k7�¬Z�efV�[f_�V�S7_a�a_a¢tZ

ô­.0/267OPO0Û7ã26MOK67GW4"GW4IJ�6>4I3�Ù7Û£1�:7/2GI.KGf4�G
:BÜ�Ct3'ßD/9.P/2ÙT4I893A4d89Jd3�GI89:7OKCçÚ267GI3�Cç:7/�6MQ§3�JIê
1'3�/H4d.PO03�.0/w4d893,Ý�;t4d;26BO�.0/tÜÆ:7JdÝT6>4I.0:7/£89.0GW4I:5Ù7J�6BÝ�àNØ¯89.0G¬ÝM3'4d89:tC£Jd3�O0.P3{G�:5/T4I823A1�:7Ý�ê
Q9OP3�4I3�C9.0GW4IJd.PÚ2;t4I.0:7/�:BÜ�4I823�Ý�;t4d;26BO«.P/tÜÆ:5JIÝT6B4I.0:7/�671'Jd:5GdG^ÜÆ3�6B4I;9Jd3�G^4d:TÚ267GI3(.P4dG�Ct3{1'.Pê
GW.0:7/�ã967/2Cç1�6B/FÚD3(3�ätQD3{1*4I3{Cw4d:MÚD3(ÝM:7Jd3,JI:5Ú9;2GW4¯651'Jd:5GdG�Þ>6BJd.K6>4I.0:7/DG¬.0/F4I893(Ý%;t4I;267O
.P/tÜÆ:5JIÝT6B4I.0:7/�GWQ9Jd3�65C�à

æ Ü²4I3�JMJI3�Ý�:>ÞN.0/9Ù�4d893F.0/9Q9;94�ÜÆ3{6>4d;9JI3{G á .P4I8o/9:5JIÝT6BO0.0ó�3�C�Ý�;t4d;26BO¯.0/tÜÆ:7JdÝT6>4I.0:7/
Þc67OP;23�ÚD3�OP: á 4I823
4I89Jd3�GI89:5O0C�ã74I893�ÜÆ;9ó�ó�Û�1�O065GIGI.�ßD3�J
.KG�Jd3'4IJ�6B.0/93{C á .P4I8w4I893�Jd3�ÝT67.P/9.0/9Ù
.P/9Q2;t4
ÜÆ3�6B4I;9Jd3�G^4d:T:7Qt4d.PÝM.0ó�3(.P4dG¯Q§3�JIÜÆ:7JdÝM67/21'35à

�«¿�� ��Õ�ÔNÔNÇ{Ï���Ã5¿ ��Ä¥Á�ÔNÊ­Ç5Ô
Ø¯893Aß2J�Gf4�6B/D6BO0ÛHó�3�Cç1'OK67GdGW.PßD1�6>4I.0:7/£4d65GW<£1�:7/2GI.KGf4�G¯:BÜ�GIQ§3�3�1�8�ÞtG�à9GW.0OP3�/21'3(Ct3�4I3{1*4I.0:7/«à

LNQD3�3�1�8MÞtG�àHGW.0O03�/21�3�Ct.0Gd1'Jd.0Ý�.0/26B4I.0:7/M.0G�6AÝ�;21�8T8267JdC93�J
GI.PÙ5/26BO9Q2JI:t1'3{GIGI.0/9ÙAQ9JI:5Útê
OP3�Ý 4I8D6B/T:7/23¯1�:7;9OKCMGW;DGWQ§3�1'4�.P/2.�4d.067OPO0Û7à7Ø¯823�6BÝM:7;9/H4
:7Ü§Þ>6BJd.K6BÚ9.0OP.P4fÛ�1�8267Jd651*4d3�Jd.Pó�.P/9Ù
GW.0OP3�/21'3�.0G«Ý�;21�8(Ù5JI3{6>4I3�J�4I8D6B/AÜÆ:7J�6B/NÛ,:B4I823�J«651':7;DGf4d.01
1�O065GIG�à æ 4­4I893^GI67Ý�3�4d.PÝM3¬:7J�6BO
Gf4d:7Q2G
GI;21�8�67G ">Q "%6B/2C "cÚ "%67JI3AÝM:5GW4IO0Û£1':5/2GW4I.P4I;t4d3�Cç:BÜ�GW.0O03�/21�37ã267/2CF67JI3(1�8267Jd651*ê
4I3�Jd.0ó�3�CMÝM:HGf4dOPÛ�4I82JI:5;9Ù78M4d893�.0J�3 1§3{1*4dG¬:7/£/93�.0Ù78NÚ§:7Jd.P/9Ù(Q289:7/93�4I.K1�;9/2.�4�G�àNô9Jd.01�6>4d.PÞ53�G
GW;21�8�67G ">G "
67/2C "B1�8 "¯826cÞ53�6�Ú9JI:H67C�GIQ§3�1*4dJI;2Ý�Þ73�JdÛ(1':5/tÜÆ;2Gd6BÚ9O03 á .P4I8 á 89.P4I3^/9:7.KGW35ã
3�GIQD3{1'.K6BO0OPÛw.0/�OP: á Ú26B/DC á .0Ct4I8�GW.0Ù7/D6BOjà

0 5 10 15 20 25 30 35 40
5

10

15

20

25

30

Dimensionality

Error rate                 
Number of Fuzzy Rules (:20)

����� ���§��	�� b�ydUfe�Z�Y�_aXH¢ x U�\5_az(b�XHeg_aZ�XNV��a_hUji([fb�\ x yIUf_�Z�X%Z�X%X x z,�tbd[�Z�Y§[ x �ab�e�V�XH\%V�y�y x [WV�ydi �
eg¢tbdb�yI F`Be��§eg_a�ab�XHydb(y���V�egeg_h±Ny*V'Uf_aZ{XD��¨� Hb(X x z��tbd[¯Z�Y
¢NV�[WV�z(bdUfbd[fe��	� [ x �ab�e�
�� \5_az(b�X7�
eg_aZ�XHe�
�_ae^\B[WV�z�V�Uf_ay*V��a�ai�[fb*\ x y�b*\��
 H_a�ab
XHZ�U^\7b���[WV�\5_aXH��Uf Hb¯y���V�egeg_a±Hbd[
V�y�y x [WV�ydi

æ Ù7Jd3�6B4¬Q9Jd:7Q§:7JI4I.0:7/T:7Ü«6�GIQD3�3�1�8çGW.0Ù7/267O2.KG^ÝM65Ct3":7Ü«GW.0O03�/21�37ã á 89.K1�8wÝT6B<73{G
4d893
1':7JdJd3�1*4¯Jd3�1':5Ù7/9.P4I.0:7/£:BÜ�GI.0OP3�/21'3AÞ73�JIÛT.0ÝMQD:5JW4�6B/H4¯ÜÆ:7J^4I823(Ù7:N:tCwQ§3�JIÜÆ:7JdÝM67/21'3,:BÜ�6B/



�jX>Ufbd[f¢7[fbdUWV��5_��a_hUji�_aXT� x �hUf_P\7_az(b�XHeg_aZ{XHV���l��PV�egeg_h±Ny*V'Uf_�Z�X | �
æ LtE GWÛtGW4I3�Ýçàtô2:7J¬4I89.KG^JI3{67GI:7/T4d893,1�O065GIGI.PßD1�6B4I.0:7/w:7Ü­GWQ§3�3{1�8F67/2C£GI.PO03�/D1'3".KG¯6�Þ53�JdÛ
1'Jd.�4d.01�6BO�Q9Jd3�O0.PÝM.0/26BJdÛT4d:M67/NÛTÜÆ:7JdÝ :BÜ�Q989:5/93'4d.01A1�O065GIGI.�ß§1�6>4d.P:5/�à

Ø¯893^1�O065GIGI.PßD1�6B4I.0:7/�3�JIJd:7J�J�6>4I3^:BÜ24I893^4IJ�6B.0/93{C�ÜÆ;9ó�ó�Û�ÝM:tCt3�O ��ô�.PÙ5;9Jd3 � �«.KG�Gf4�6BÚ9O03
;9Q�;9/H4I.0O��4.M.0/9Q9;94�ÜÆ3�6B4I;9Jd3�G
67JI3AO03'Ü²4�à æ G"3'ätQD3{1*4d3�C�ãt4d893�3�/93�JdÙ7Û��".0G
4I893�Q2JI3{Ct:7Ý�ê
.P/267/H4�ÜÆ3�6B4I;9Jd3w.0/�4I82.0G�4d65GW< � * ��� ��$ . � ��
��*à �¬3{1�67;2GW3£OP:5/9ÙïGI.PO03�/21�3£GI3�Ù7ÝM3�/54�G�67JI3ì5;2.�4d3ïGf4�6>4d.P:5/26BJdÛ7ã
67/2CoÚD3{1�6B;DGW3�Þ5:7.K1'3�O03�GdG�OP: á ê®3�/23�JdÙ7Û�GI3�Ù7ÝM3�/54�GT.0/Ì4d893ïGIQD3�3�1�8
GW.0Ù7/267O«4d3�/2Cï4I:çÚ§3�.0/H4I3�JW4 á .0/93�C á .�4d8ïO0:7;2C93�J(GW3�Ù7ÝM3�/H4�G�ãD4I893�ß2J�GW4,3�/93�JdÙ7Û�Ct3�JI.0Þ>6>ê
4I.0Þ73����^.KG^67O0GI:�6�Þ73�JdÛMÙ7:N:tCT.0/2Ct.K1�6>4d:7J¬:BÜ�4d893�Q2JI3{GW3�/21'3�:BÜ«GIQD3�3�1�8 ��* ����� �%$ . � � � �*àæ OKGW:�.0/ï4d893M89.PÙ5893�GW4�GI1�:7Jd.P/2ÙwÜÆ3�6B4I;9Jd3�GA67JI3%4I893MO0: á 3�J(1'3�QDGf4dJd6 � = ã � @ ã �
	7ã �
�Bã�4d893OP: á 3�J"GI3�1�:7/2C�C93�Jd.PÞ>6>4d.PÞ53�G�� @ � = ã�� @ � @ ã�� @ �
	Bã�6B/2C�:5/93(ß2J�GW4�Ct3�Jd.0Þc6B4I.0Þ73��(�
�7à �¬:5/têÞ73�J�GI3�O0Û7ã94d893 á :5JdGW4"Q§3�JIÜÆ:7JdÝ�.0/9Ù£ÜÆ3�6>4d;9Jd3�G,6BJd3%1':5/2GI.0GW4I3�/54dOPÛçJd3�OK6>4I3{C�4I:F4I823%89.0Ù7823�J
1'3�QDGf4dJd6 � �
�Bã � � ã � = �tã��(� =d= 6B/2C���@ � = � �'à
�«¿�� *çÔNÊ�È�Â9Á ��Ã5¿�ËFÁ �DÔNÉ§Á�ÂtÎ

�"3�/54�6BOt1':5/2GI:7/267/54�G«67JI3�1�8D6BJ�671*4d3�Jd.Pó�3�CAÚNÛ(6"1�:7/2GW4IJd.01'4I.0:7/�ÝT65Ct3¬67Ù56B.0/2GW4«4d893¬;2Q9QD3�J
4I3�3�4I8 ��3'ä96BÝMQ9O03�G�ð "BCt8 ",65G
.0/ $f4I8234&9ã "{Ü "5�*ã á 82.PO03
ÜÆ:7J^6BO0Þ73�:7OK6BJ�G«4d893�1�:7/2GW4IJd.K1*4I.0:7/M.KG
ÝM65Ct3%67Ù567.P/2GW4
4I823%6BO0Þ73�:7OK6BJ
Jd.0C9Ù73 ��3'ä96BÝMQ9O037ð ">C#"5�*à �".KGf4d.P/2Ù7;9.KGW82.P/9ÙFÚD3�4 á 3�3�/�4d893
4 á :(1'OK67GdGI3�G�1�67/%Ú§3"ìH;9.P4I3�Ct. �w1';9OP4�àNLN:7ÝM3
GW4IJd:7/9Ù5OPÛ�651�1�3�/H4I3{C%GIQD3{6B<53�J�G�GI:7ÝM3�4I.0Ý�3{G
Q9JI:5/9:7;2/21'3(GI:7ÝM3(6BO0Þ73�:5O067JdG^67G¯Ct3�/H4d6BOKG�à

0 10 20 30 40
5

10

15

20

25

30

35

Dimensionality

Error rate                 
Number of Fuzzy Rules (:10)

����� ���2��	�� b�ydUfe�Z�Y�_aXH¢ x U�\5_az(b�XHeg_aZ�XNV��a_hUji([fb�\ x yIUf_�Z�X%Z�X%X x z,�tbd[�Z�Y§[ x �ab�e�V�XH\%V�y�y x [WV�ydi �
\7b�X>UWV��¬`7e���V��a`cb�Z���V�[*��¨� Hb£\7_�z(bdXHeg_aZ{XHV��a_hUjiå[fb�\ x yIUf_�Z�X�_ae�V�egegZ>y�_�V�Ufb*\��
_hUf ÌV�\B[WV�z�V'Uf_�y
_az(¢7[fZ�`{b�z(b�X>U�_aXTV�y�y x [WV�ydi



|�} �¬_aXHy�b�X>U��­V�X5 HZ x yI�{b{k7�¬Z�efV�[f_�V�S7_a�a_a¢tZ

æ G
GI89: á /M.P/Tô�.0Ù7;9Jd3 �tã>4d893�Jd3�Ct;D1*4I.0:7/M.0/TCt.PÝM3�/2GW.0:7/D6BO0.�4fÛ%OP3{67C9G�4d:�6(CtJ�6BÝT6>4d.01
.PÝMQ9Jd:>Þ73�Ý�3�/H4,.0/å1�O065GIGI.PßD1�6B4I.0:7/è651�1�;9Jd651'Û5ã�C9;93�4I:ç4I893M3�OP.0ÝM.P/26B4I.0:7/¦:BÜ^/9:7.KGIÛ�6B/2C
:B4I823�J á .0GI3�;9/2.P/tÜÆ:5JIÝT6B4I.0Þ73�ÜÆ3{6>4d;9JI3{G�à�Ø¯893%ÜÆ3�6B4I;9Jd3�G,GW3�OP3{1*4d3�Cï67JI3�89.PÙ58è1�3�Q2GW4IJ�6 ���7ã� =I= ã26B/DCw4d893(3�/93�JIÙ5Û£Ct3�JI.0Þ>6>4I.0Þ73{G ���"6B/2C ��@
�{à

�«¿�� �TÎcÂ2Á ��È�ÉDÕ�Ã ��Ã5¿
À�É§Ê�Ã�É§Ê­Â2Ê�È�Ã

Ø¯893¬1�O065GIGI.�ß§1�6>4d.P:5/(:BÜ9:5Jd67O5GW4I:7QDG«6BÙH6B.0/2GW4­6BO0O5:74I893�J�1�:7/2GI:7/D6B/H4dG�.KG�6"Ct3�Ý�:5/2GW4IJ�6>4I.0:7/
:BÜ�4d893AOP.0ÝM.�4�6>4I.0:7/DG¬:7Ü«Jd3�O0ÛH.0/9Ù�GW:5OP3�OPÛT:5/T4I893AÝM:tCt3�O§4d:%Q§3�JIÜÆ:7JdÝ ÜÆ3�6B4I;9Jd3�Jd3�O03�Þ>67/21'3
6B/267OPÛtGI.0G�à¬îg/ 4I89.KG�GW.P4I;D6>4I.0:7/«ã�4d893�6BÝM:7;9/H4ç:BÜ�Þ>6BJd.K6BÚ9.0OP.P4fÛ á .�4d89.0/ 3�651�8 1'OK67GdG3� !
Ct.0GW4I.0/21'4,Q982:7/93{G�67JI3�GW4I:5Q2G�ã á 89.0O03��4�£6BJd3�/9:74 ��.0G"4I:N:£Ý%;21�8�ÜÆ:5J�4d893�1�O065GIGI.Pß23�J"4I:
826B/2C9OP3,Ù7.0Þ73�/w4I823A67ÝM:7;9/H4¯:BÜ�4dJd67.P/9.0/9ÙMC96>4�6��¥ô�.PÙ5;9JI3 ���'à9Ø¯893,Ú267GI3�O0.P/23�3�JIJd:7J^Jd6B4I3
.0G¬6BÚ§:7;t4�� .�� ;DGW.0/9Ù�67OPO 
�!A.P/2Q9;t4
ÜÆ3{6>4I;2JI3{G�ã7GI89: á .0/9ÙA4I8D6>4
4d893"GIÛNGW4I3�Ý á 67G�;2/26BÚ9O03
4I:w671�1';9J�6>4d3�O0ÛTOP3{6BJd/w4d893�1'OK67GdGW.PßD1�6>4I.0:7/«à

0 10 20 30 40
20

25

30

35

40

45

50

55

60

Dimensionality

Error rate                 
Number of Fuzzy Rules (:10)

����� ���2� 	�� b�ydUfe
Z�Y�\7_az(b�XHeg_aZ{XHV��a_hUjiT[fb*\ x ydUf_aZ�X£Z�XFX x z,�tbd[¬Z�Y­[ x �ab�e
V�XN\wV�y�y x [WV�yIi �2Z�[WV��
e®UfZ�¢He���¨� 5b­�HV�egb��a_aXHb­z(ZB\5b���_�e§bd¤BUg[fb�z(b��hi^¢tZ>Z�[ �ÆV��tZ x U§pcr���bd[g[fZ�[�[WV�Ufb�
Ik*V�XN\¯Uf 5b�V�XNV��hi7eg_ae
YKV�_a�ae^UfZA[fb�y�Z��{X5_ ° b�Uf NV'U^Z�XHb
YKb�V�U x [fb �KUf Hb�b�X5bd[f��i 
�_ae¬yd[f_hUf_ay*V���UfZ�Uf 5b
y���V�egeg_h±Ny�V�Uf_aZ{X2k§V�XN\
[WV�XH�Be
_hU
_�XTs
	��,¢tZ�eg_hUf_�Z�XD�

Ø¯893,67/26BO0ÛtGW.KG
J�6B/2<NG�4I823�ÜÆ:5OPO0: á .0/9Ù�ÜÆ3{6>4I;2JI3{G�.0/w4d893,4I:7Q-��.0/FC93�1'Jd3�65GW.0/9Ù�:5JdC93�J
:BÜ�.0ÝMQD:5JW4�6B/21�37ð�* �*� = � $ . � ��
2ã * ���(� 	 � $ . � �7�7ã�* ����@ � � � $ . � �5.9ã * ���§@ ��
�� $ . � ���2ã* ���§@�� �%$ . � � �tã&* ��� ��$ . � � �5à æ G«4d893¯3�JdJI:5J«Q9Jd:BßDOP3¯GW82: á G�ã�4I89.KG�.KG­.0/2651�1';2Jd6B4I37à �Ó.P4I83�/93�JIÙ5Û ��67G¯6%ÜÆ3�6B4I;9Jd37ãH4I823�1'OK67GdGW.Pß23�J^Q§3�JIÜÆ:7JdÝ�3{CF6B4�6B/£3�JIJd:7J^J�6>4I3A:7Ü�6BÚ§:7;94 � .��£à
â�: á 3�Þ73�J�ã á .�4d89:7;t4 �{ãB4I823�3�JIJd:7J�J�6>4d3�Ù7:N3�G¬GW;DC9Ct3�/2OPÛ�4I: ��.��£ã á 89.01�8£.0G^67G�Ù7:N:tCT67G
1�826B/21�37àNØ¯89.KG�ÝM3�67/2G�4I826B4¯67OPOD4I893,Ú§3'4W4d3�J
Gd1':7Jd.0/9Ù(ÜÆ3�6B4I;9Jd3�G á 3�Jd3�.PJdJd3�O03�Þ>6B/H4¬.0/w4d893



�jX>Ufbd[f¢7[fbdUWV��5_��a_hUji�_aXT� x �hUf_P\7_az(b�XHeg_aZ{XHV���l��PV�egeg_h±Ny*V'Uf_�Z�X |*n

6BÚ2GI3�/21�3T:BÜ �{à«îg/2C93�3�C�ã­6�ÝM:tCt3�O¬4IJ�6B.0/93�Cå;2GI.0/9Ù�4I823w3�/93�JIÙ5Ûè65G�GW:5OP3MÜÆ3{6>4d;9JI3FGf4d.PO0O
Ù7.0Þ73�G¯67/ç3�JIJd:7J^J�6>4I3A:7Ü�67ÚD:5;t4 � � �£à

Ø¯89.0G"3'ätQ§3�Jd.PÝM3�/H4�GW4IJd3�GdGI3�G
4d893(Ü�651*4"4d826>4,JI3�OPÛN.0/9ÙT:7/�4d893�ÝM:tCt3�O­.0ÝMQ9OP.03�G"4I8D6>4
4I893AÝM:tCt3�O�/93�3�C9G¬4d:�Ú§3(6�Ù5:N:NCFGW;2Ý�ÝT67JIÛM:BÜ­4I893AO0.P/2Ù7;9.KGf4d.01,1':5/H4I3�/H4
.0/w4I823AC26>4d62à
î®Ü�4I893,ÝM:NC93�O§.0G¬/9:B4^67Ct3{ì5;D6>4I3�.P/w4I893"ß2JdGW4¬Q2O0651'37ã74I893A6B/D6BO0ÛNGI.KG�ÝM.PÙ5854^/9:B4^ÚD3,6BÚ9O03
4I:wCt.KGf4d.P/2Ù7;9.KGW8çO0.PÝM.P4d6>4d.P:5/2G
:7Ü«4I823(Ý�:tCt3�O�ÜÆJd:7Ý Q9Jd:7Q§3�JI4I.03�G¯:7Ü«4d893�C96>4�69à

6�:B4d3T4I8D6>4�4d893T4I:74d67O�/N;9Ý�Ú§3�J%:BÜ
Ý�;2O�4d.0Ct.0ÝM3�/2GI.0:7/267O�Jd;9OP3{G�.0/¦4I893£Ý�:tCt3�O^67Qtê
QD3{6BJ�G�ã
.0/ 6BO0O
4d893�3'ä967Ý�Q2OP3{Gw6BÚ§:>Þ735ã�4I:�Ú§3ï6¦JI3�OP.K6BÚ2OP3�.0/2Ct.K1�6B4I:7J£:BÜ,4I893�Q§3�JIÜÆ:7JIê
ÝM67/21'3£4I:è3'ätQD3{1*4%ÜÆJI:5Ý 6ïÝM:NC93�Ojà �Ó89.0O03£4d893£/N;9Ý%ÚD3�J%:7Ü�JI;9O03�G%Ú267JI3�OPÛåÙ7Jd: á 67G
/9:7/tê®ÝM3�67/9.P/2ÙBÜÆ;9O�C9.PÝM3�/DGW.0:7/2G(67JI3MQ9Jd;9/93{Cå:7;t4{ã�.�4�Gf4�6BJI4dGAÙ7Jd: á .0/9Ùç6B4�6çÜ�67GW4�Jd6B4I3
á 893�/oÝM3�6B/2.P/9Ù7ÜÆ;9O¯ÜÆ3�6B4I;9Jd3�GMÚ§3�Ù5.P/Ì4I:¦Ú§3�3�O0.PÝM.0/26>4d3�C�ã�65G�3�ÞN.0C93�/21�3�CÌÚHÛ�4I893�.0/tê
1'Jd3�67GI3".0/ç3�JdJI:5J�J�6>4I35àtØ¯89.0G¬ÜÆ3{6>4I;2JI3A1�67/£Ú§3,;DGW3{C£67G¯6�4IJd.PÙ5Ù73�J�4d:�Ct3�4I3�JIÝM.0/93 á 893�/
6%Q2JI;9/23�CçÝM:NC93�Ojò G¯Q§3�JIÜÆ:7JdÝT6B/21�3,.KG^4I:TÚ§3�ìH;93�GW4I.0:7/23�C�à

�«¿ � � Ï­Î>ÔNÃ�Ï�ÉDÁ¥Ñ ��ÔNÁ�ÔNÇ7È�Ä�É§Ê
îg/�ÜÆ3{6>4I;2JI3
GI3�O03�1*4d.P:5/�ãc4I823¯1�82:7.K1'3^:BÜ§6�4d89JI3{GW82:7OKC�Ct3�4I3�JdÝM.P/23�G�4I823¯4IJ�67Ct3�:�1TÚD3�4 á 3�3�/
.P/9Q2;t4,Ct.0ÝM3�/2GI.0:7/267OP.P4fÛFJd3�C9;21*4d.P:5/�67/2C�3�JIJd:7J
J�6>4d37à2Ø¯893%Q9Jd:7Ú9O03�Ý .0G�4I:£Ú§3�67Ú9OP3�4I:
Ct3'4d3�JdÝ�.0/93"4I893A6BQ9Q2JI:5Q9JI.K6>4d3¯4I89Jd3�GI89:5O0CwC9.PJd3�1'4IO0Û%ÜÆJd:7Ý 4d893"Ý%;t4I;267OD.0/tÜÆ:5JIÝT6>4d.P:5/w:BÜ
4I893�Ct.21�3�Jd3�/H4
ÜÆ3�6B4I;9Jd3�G�ã á .�4d89:7;94�826cÞN.P/9Ù%4I:TJd3'4dJd67.P/FÝM:NC93�OKG�à

LN3�Þ53�J�6BO�GW3�OP3{1*4d.P:5/çGW4IJ�6>4d3�Ù7.03�G¯1�6B/çÚD3�1�:7/2GI.0C93�Jd3�C�ð

�7à
GW3�4"6�826BJ�Cw4d89Jd3�GI89:7OKC£:5/£4d893(Ý�;94I;267O�.P/9ÜÆ:7JdÝM6B4I.0:7/�ã
�tà
GW3�4"6%4I89Jd3�GI89:7OKCFJI3�O06B4I.0Þ73�4I:M4I823(89.PÙ5893�GW4
Ý�;t4d;26BO«.P/tÜÆ:5JIÝT6B4I.0:7/ç.P/ç4I823(Ý�:tCt3�O¥ã

9à
GW3�4^6�4I89Jd3�GI89:7OKCTÚ265GW3{CT:7/£QD3�Jd1�3�/H4I.0OP3�.P/£4I893�Ý�;t4d;26BO�.0/tÜÆ:7JdÝT6>4d.P:5/T89.0GW4I:5Ù7J�6BÝ�à

�Ó893�/(4d893^3�JdJI:5J�Jd6B4I3{G«6>4�6BO0OB4d893¬Q§:5GdGI.PÚ9O03�4d89JI3{GW82:7OKC9G­67JI3�<H/2: á /�ã�.P4­.KG«Q§:5GdGI.PÚ9O03
4I:çQ9.01�<ç4d893%ÝM:HGf4(67Ct3{ìH;26>4d3�:7/23�ÚNÛ�ÝT6B/N;26BO�.0/2GWQ§3�1'4I.0:7/è:BÜ
4d893�4dJd65Ct3�:51¦1�;9JdÞ73�G�ã
6B/2CFO067ÚD3�O�4I823AÜÆ3�6>4d;9Jd3�G
67G¯.0/tÜÆ:5JIÝT6>4d.PÞ53A:7J¯/9:B4{à

ô­.0Ù7;2JI3��ç1�:7ÝMQ26BJd3�G,4d893T4d89JI3�3£6B;94I:7ÝT6B4I3�C¦GW4IJ�6>4d3�Ù7.03�GA.0/¦4I3�JIÝTG(:7Ü
Q9JI3{1'.KGW.0:7/
6B/2CFJI3{1�67OPO�67Ù56B.0/2GW4�GW3�OP3{1*4I.0:7/ç:BÜ­4I893A4d89Jd3�GI89:7OKC£ÚNÛFÞH.KGI;26BO�.0/2GIQD3{1*4I.0:7/«ð

ñ � ��
 
 ���§Ý�3{67GI;9Jd3�G"4I893�QD3�Jd1�3�/H4d67Ù73%:BÜ
4d893%.0/tÜÆ:5JIÝT6>4d.PÞ53�ÜÆ3{6>4I;2JI3{G�4d826>4 á 3�Jd3�GW3�ê
OP3{1*4d3�CçÚNÛ£6MÙ7.0Þ73�/FGW4IJ�6>4I3�Ù7Û5ã

ñ ��� ��
$� ��� &�$�ÝM3�65GW;2JI3{G á 826>4
Q§3�J�1'3�/54�6BÙ53¬:7ÜD4d893"GI3�O03�1*4d3�C�ÜÆ3�6B4I;9Jd3�G á 3�Jd3
671'4I;267OPO0Û
.P/9ÜÆ:7JdÝM6B4I.0Þ735ã9671�1�:7J�Ct.0/9Ù�4d:�4I893(ÝT6B/N;267OPO0Û£GI3�O03�1'4I3�C£4I82JI3{GW89:5O0C�à

�è3�JI3"4I893AGW3�OP3{1*4d.P:5/T4I:%ÚD3,:7Qt4d.PÝT67O¥ãNÚ§:B4I8£4I893{GW3,Gf4�6>4d.0GW4I.K1�G á :7;9OKCTÚ§3,6B4	�4.�.��£à
LH4IJ�6>4d3�Ù7Û/
%:7;t4dQD3�JWÜÆ:5JIÝTG^GWO0.PÙ58H4IO0ÛMGW4IJ�6>4d3�Ù5.P3{G �,6B/2C-�tàtLN3'4I4I.0/9ÙT6�8267JdCM4d89Jd3�GI8tê

:7OKCF:5/ç4I893�Ý%;t4I;D6BO«.0/tÜÆ:5JIÝT6>4d.P:5/F.KG�Ú2JI.P4W4dOP35ã2GW.0/21�3(.�4�C9:H3{GW/«ò 4"Q2JI3�Þ73�/H4¯4I823�GWÛtGW4I3�Ý
ÜÆJI:5Ý 826cÞN.P/2Ù�/2:MÜÆ3�6>4d;9Jd3AGI3�O03�1'4I3{Cç6B4�6BO0O¥àDLt.PÝMQ9O0Û£/9:5JIÝT67OP.0ó�.0/9Ù�4I893(Ý%;t4I;D6BO�.0/tÜÆ:7JIê
ÝM6B4I.0:7/MGWQ2JI3{67C�ß9ät3�G�:7/2OPÛ(4d826>4�.KGIGI;935ã á .�4d89:7;t4
.0ÝMQ9Jd:>ÞH.0/9Ù�4I893�GI3�O03�1'4I.0ÞN.�4fÛ5à � /%4d893
:B4I823�J�8267/2C�ãt4�6B<N.0/9Ùw67CtÞ>67/54�6BÙ53,:7Ü­4d893�1�:7ÝMQ9O03'4I3%Ct.0GW4IJd.0Ú9;t4I.0:7/�:7Ü�4d893(Ý�;94I;267O«.0/tê
ÜÆ:7JdÝM6B4I.0:7/w651'Jd:5GdG�ÜÆ3�6B4I;9Jd3�G�.0G¬Jd:7Ú9;2GW4�4d:%67/HÛ�<N.P/DCw:BÜ�Ý%;t4I;D6BO§.P/tÜÆ:5JIÝT6B4I.0:7/£GIQ9Jd3�67C
6B/2CFQ9Jd:>ÞH.KCt3{G
6%Q2Jd651*4I.K1�67O�Ý�3�4IJd.01,ÜÆ:5J�6B/�6B;t4d:7ÝT6>4d.01�4d;9/9.0/9ÙT:BÜ�4I893A4d89Jd3�GI89:7OKC�à



��r �¬_aXHy�b�X>U��­V�X5 HZ x yI�{b{k7�¬Z�efV�[f_�V�S7_a�a_a¢tZ

30 40 50 60 70 80 90 100
30

40

50

60

70

80

90

100

Recall

P
re

ci
si

on

Absolute Threshold 
 Relative Threshold
Percentile         

����� ���9� ��[fb�yd_�eg_aZ�XMV�XH\A[fb�y*V��a�9Z�Y§q�V x UfZ{z�V�Ufb�\(Uf 7[fb�eg HZ���\�egbd��bdydUf_aZ{X�e®Ug[WV'Ufb��{_ab�e�k5V*`cbd[WV��{b*\
V�yd[fZ{ege«Uf Hb
��n¯y���V�egeg_h±Ny�V�Uf_aZ{X(UWV�eg�Be��c¨� Hb�Z{¢7Uf_az�V��BUg[WV{\5bdZ � �a_�bde�V'U«Uf 5b x ¢5¢tbd[�[f_a�{ >U«y�Z�[fX5bd[
Z�Y
Uf HbT��[WV�¢H 2��¨� 5b£�tbde®U�z(bdUf 5ZB\ x egb�e�VçY0b*V�U x [fbwegb��ab�ydUf_aZ{X�Uf 5[fbdeg HZ{��\å�HV�egb*\¦Z�XåUf Hb
 5_ae®UfZ{��[WV�z Z�Y�Uf 5b
z x U x V��t_aX5Y0Z�[fz�V'Uf_�Z�XTV�yI[fZ{ege¬V��a�DY0b*V�U x [fb�e��

�«¿�� �FÔHÃ  �ÁÆÈ�Ã
ô­.0Ù7;2JI3 
�GI89: á G�4d893�6cÞ53�J�6BÙ53^651�1';2Jd651'Û�:7Ü§4d893�1�O065GIGI.Pß23�J á 893�/w6(Ù7O0:7ÚD6BO9Q§3�J�1'3�/54d.PO03
4I89Jd3�GI89:7OKCF.0G
;DGW3{CF651'Jd:5GdG^67OPO�1�O065GIGI.PßD1�6B4I.0:7/w4�67GI<tG�à

0 10 20 30 40
30

32

34

36

38

40

42

44

Dimensionality

E
rr

or
 r

at
e

0 0.5 1
30

32

34

36

38

40

42

44

Percentile

E
rr

or
 r

at
e

����� ���2� 	 [g[fZ�["[WV�Ufb(`Be��D\5_az(b�XHeg_aZ�XNV��a_hUjiFV�yd[fZ{ege�Uf Hb���n�y���V�egeg_h±Ny�V�Uf_aZ{X�UWV�eg�7e �²�abdYPU 
I��¨� Hb
\7_az(b�XHeg_aZ{XHV��a_hUjiA[fb�\ x yIUf_�Z�X(y�Z�[g[fbdeg¢tZ{XN\7e�UfZ"V¯Uf 5[fb�eg 5Z{��\(egb��ab�ydUf_aZ{X��NV�egb*\(Z{X�V
¢tbd[fy�b�X>Uf_a�ab
Z�Y�Uf Hb
z x U x V��t_aX5Y0Z�[fz�V�Uf_aZ�XTV�yd[fZ�ege^V��a�DYKb�V�U x [fbde �K[f_a�{ >U 
I�

Ø¯893�:>Þ73�Jd67OPO�C9.PÝM3�/DGW.0:7/267OP.P4fÛ�1�6B/�Ú§3%C9.PÞN.KCt3�C�ÚNÛ-�w:7/�6cÞ53�J�6BÙ53A651'Jd:5GdG^4I893/��!
4d67GI<tG á .P4I8�OP3{GIG«4I8267/ � � O0:5GdG�.0/%651�1�;9Jd651'Û5ã�ÚNÛ(GW3�OP3{1*4I.0/9Ù
4d893 ��.�� Q§3�J�1'3�/54d.PO03�.0/�4d893



�jX>Ufbd[f¢7[fbdUWV��5_��a_hUji�_aXT� x �hUf_P\7_az(b�XHeg_aZ{XHV���l��PV�egeg_h±Ny*V'Uf_�Z�X �B|

Ý�;t4d;26BO�.P/9ÜÆ:7JdÝM6B4I.0:7/�89.KGW4I:7Ù5Jd67Ý�à2Ø¯893%6cÞ53�J�6BÙ53,/N;9Ý%ÚD3�J":7Ü�GI1�6BOK6BJ�Q267Jd67ÝM3'4I3�JdG�.P/
4I893,ÝM:NC93�OKG�Ù5:H3{G
ÜÆJd:7Ý 
 ��� ��C9: á /T4I:-�4.�
7�7ã7.¥à 37àt6���
�� Jd3�Ct;21'4I.0:7/w.0/£1�:7ÝMQ9O03'ät.�4fÛ5à

�,OP:5Ú26BO0OPÛ5ã«/9:�ÜÆ3�6>4d;9Jd3w.0G�1':5/2GI.0GW4I3�/54dOPÛ¦Ct3�3�ÝM3�C�.0JdJI3�OP3�Þc67/H4�671'Jd:5GdG�67OPO^1'OK67GdGW.Pß9ê
1�6>4d.P:5/ï4�67GI<tG�à�Ø¯893T6cÞ73�Jd67Ù73�/2:7JdÝM67OP.0ó�3{C�Ý%;t4I;267O�.P/9ÜÆ:7JdÝM6B4I.0:7/ïÜÆ:7J�6BO0O�ÜÆ3�6B4I;9Jd3�G,.KG
. � ��� . � .��9ã á 89.K1�8�.P/DCt.01�6>4d3�G�4I826B4�:7/�6cÞ53�J�6BÙ73T67OPO�ÜÆ3�6>4d;9Jd3�G�67JI3TJd3�O03�Þ>67/54�4I:�4d8934d67GI<�àtØ¯89.0G¯1�:7/21�OP;2GI.0:7/w.KG¯GW;9Q2QD:5JW4d3�CwÚNÛM4d893AÞ73�JdÛ á .0C93�GIQ9JI3{67CT;DGW3,ÝT67Ct3,:BÜ�4d893�GI3
ÜÆ3�6>4d;9Jd3�G¯671�JI:HGIG
4I893 æ L9E³1�:7ÝMÝ�;9/2.�4fÛ5àHîg/ç/9:5.0GI3'êjÜÆJI3�3"3�/HÞN.0JI:5/9ÝM3�/H4dG�ÜÆ:7J¯3�ät67ÝMQ9OP35ã
.P/tÜÆ:5JIÝT6B4I.0:7/Ì1�:7/H4d67.P/23�CÌ.P/Ì4I893çß2J�GW4T67/2CoGW3{1':7/DC¡:5JdCt3�J�C93�Jd.PÞ>6>4d.PÞ53�G�.KGM:BÜ�Ù5JI3{6>4
.PÝMQ§:7JI4d6B/D1'37ã5ÚD3{1�67;2GW3
.P4¬1�:7ÝMQD3�/2Gd6>4I3{G�ÜÆ:5J�6AO0651�<�:7Ü§4d3�ÝMQ§:7J�6BODGW4IJd;21'4I;9Jd3
.P/2893�Jd3�/H4
4I:�4d893T4fÛNQ9.K1�6BO¬â�.KC9Ct3�/ ��6BJd<7:>Þ ��:NC93�OKG�� �5
��¬4I826B4%6BJd3TÙ73�/93�J�6BO0OPÛï;2GW3{C�à � /¦4d893
:B4I823�J�8D6B/2C�ã�Ct3�JI.0Þ>6>4I.0Þ73{G�ã­3�GIQD3{1'.K6BO0OPÛ¦:7Ü^4d893ç89.PÙ5893�J�1'3�Q2Gf4dJd62ã­67JI3£67O0GI:�4d893£ÝM:5GW4
GW;9Ú��f3�1*4¬4I:�Ct.0GW4I:5JW4d.P:5/wÚNÛM/9:7.KGW35ã5Ct: á /2Ù7J�67Ct.0/9ÙA4I823�.0J¬Jd3�OK6>4d.PÞ53�.PÝMQ§:7JI4d67/21'3�.P/wÞ53�JdÛ
/9:7.KGWÛ£3�/NÞN.PJd:7/9ÝM3�/54�G�à

� P ¹¬¶"¼% W» �N½f¹�¶

îg/tÜÆ:7JdÝT6>4I.0:7/o4d893�:5JIÛÌQ9JI:>ÞN.KCt3�GT67/Ó3'äN4I3�/2GI.PÞ53�GW3�4£:BÜA4I:N:5O0Gw67.PÝM3{Co6B4w4I823�ÝM3'4d6Bê
6B/267OPÛtGI.0G�:7Ü�Ý�:tCt3�O0G�àNØ¯893�GI3
4I:N:5O0G�:7Q§3�J�6>4I3
:5/M4I893�ÝM:NC93�O§Q26BJ�6BÝM3'4d3�J�G�Jd6B4I893�J
4d826B/
:7/F4I893�C96B4d6�Ct.0JI3{1*4IO0Û7à9Ø¯82.0G¯O03�65C9G^4I:M3 �w1�.P3�/54�67/2C£Jd:7Ú2;2Gf4�67OPÙ5:7Jd.�4d89ÝTG^C93�Gd1'Jd.PÚ9.0/9Ù
4I893¯.0/tÜÆ:7JdÝT6>4I.0:7/ �2: á ÜÆJd:7Ý ÜÆ3{6>4d;9JI3{G�4I:,:7;t4dQ9;t4�1�O065GIGI3�G�à�îg/�ÝT6B/NÛ�GI.�4d;26>4d.P:5/2G�ãcGI;21�8
.P/2C9.PJd3�1'4"ÝM3'4I82:NC2G"6BJd3AQ9Jd3'ÜÆ3�J�6BÚ2OP3A4d:T4I893%Ct.PJd3�1'4"6B/267OPÛtGI.0G�:BÜ�4I893�C26>4d62ã93�GIQ§3�1'.K6BO0O0Û
á 893�/å.�4�1�:7ÝM3�G,4d:ç3�Þ>6BO0;26>4d.P/9ÙF4I823�Jd3�O03�Þ>67/21'3�:BÜ¯6FOK6BJdÙ73%/N;9Ý�Ú§3�J(:7Ü¬Q267Jd67Ý�3�4I3�JdG
Ù7:>Þ73�JI/2.P/9Ù�6M1'OK67GdGW.PßD1�6B4I.0:7/çÝM:NC93�Ojà

îg/�4I82.0GA1�8267Qt4I3�J�ã�6wßDÙ7;9Jd3�:7Ü�ÝM3�Jd.�4,ÜÆ:7J,ÜÆ3�6B4I;9Jd3�JI3�OP3�Þc67/21'35ãDÚD67GI3�C�:5/è6£ÜÆ;9ó�ó�Û
1'OK67GdGW.PßD1�6B4I.0:7/�:7Ü94I823^.0/9Q9;94�GIQ2651'37ã á 67G�Q9Jd3�GI3�/H4I3{C�à���;93^4I:�4I823^O0: á 1�:7ÝMQ9;t4�6>4I.0:7/D6BO
OP:H67C�:7Ü
ÜÆ;9ó�ó�Û�GWÛtGW4I3�ÝMG�ãD4I893M.0/tÜÆ:7JdÝT6>4I.0:7/è1':7/H4�6B.0/93�C�.0/è6FGW3�4,:7Ü
ÜÆ;9ó�ó�Û�Jd;9OP3{G�1�6B/
3�67GI.0OPÛ�Ú§3çìH;267/H4I.Pß23�C�à
Ø¯82.0G%ß2Ù5;9JI3F:BÜ,Ý�3�JI.P4M.0G�Ú265GW3{C�:7/o6B/Ì3�GW4I.0ÝM6B4I.0:7/Ì:BÜ"4d893
Ý�;t4d;26BO�.0/tÜÆ:7JdÝT6>4I.0:7/«ãDÝM3�65GW;2JI3{C�67G,6FC9.�1�3�Jd3�/21�3�Ú§3'4 á 3�3�/�4I823%.0/tÜÆ:7JdÝT6>4d.P:5/è1':5/tê
4d6B.0/93{C�.0/�4I893%ÜÆ;9ó�ó�Û�ÝM:tCt3�O�Ú§3'ÜÆ:7Jd3%67/2C�6BÜ²4I3�JA6wÙ5.PÞ53�/�.0/9Q9;94�ÜÆ3{6>4I;2JI3�.0G�;2GI3�C�ÜÆ:5J
1'OK67GdGW.PßD1�6B4I.0:7/�à

æ ÜÆ3{6>4I;2JI3AGW3�OP3{1*4d.P:5/F6BO0Ù7:5JI.P4I82Ý .0G^.0Ý�Q2OP3�Ý�3�/H4I3�C�ã á 89.01�8FJd67/9<tG�.0/9Q9;94^ÜÆ3{6>4d;9JI3{G
671�1�:7J�Ct.0/9Ùw4d:F4d893�.0J(Ý�;94I;267O�.0/tÜÆ:5JIÝT6>4d.P:5/�ã�6B/DCïCt.KGI1�6BJ�C9GA6BO0O�ÜÆ3�6>4d;9Jd3�G(Ct3�3�ÝM3�Cè.PJIê
JI3�OP3�Þc67/H4¬ÚNÛT6A4I89Jd3�GI89:5O0Cw1�JI.P4I3�JI.0:7/«àHLN3�Þ73�J�6BO§Gf4dJd6B4I3�Ù7.03�G�67JI3".P/NÞ73{Gf4d.PÙH6>4d3�CM4d:%Ct3�ß2/93
4I893ç:7Qt4d.PÝT67O�4d89JI3{GW82:7OKC¦ÜÆ:7J�4I82.0G�ÜÆ3�6B4I;9Jd3çGI3�O03�1'4I.0:7/�Q2JI:t1'3{GIG�à­Ø¯823FÚ§3�GW4M1�JI.P4I3�JI.0:7/
.0GMÚ265GW3{C¡:5/ÌCt.KGd1�6BJ�Ct.0/9Ù¦6BO0O¯ÜÆ3�6>4d;9Jd3�GM6BÚ§:>Þ73�6åÙ7.0Þ73�/ÌQD3�Jd1�3�/H4I.0O03ç.0/Ì4I893�Ý%;t4I;267O
.P/tÜÆ:5JIÝT6B4I.0:7/ç89.0GW4I:5Ù7J�6BÝ 651'Jd:5GdG¬.0/9Q9;94dG�à

Ø¯893�ÜÆ3{6>4d;9JI3MGI3�O03�1*4d.P:5/ï6BO0Ù7:5JI.P4I82Ý .KGAGW82: á /�4I:çQ§3�JIÜÆ:7JdÝ á 3�O0O�:7/å1�826BO0OP3�/9Ù7.0/9Ù
JI3{6BO«C96B4d6M.0/�89.0Ù78�Ct.0ÝM3�/2GI.P:5/2G�à9îg/�Q26BJI4I.K1';2O067J�ãt.P4�8265G
Ú§3�3�/�;DGW3{Cç4I:T3�Þ>67OP;26B4I3(4d893
1':7/H4dJI.0Ú9;t4d.P:5/Ó:BÜ�1':5ÝMÝ�:5/9O0ÛÌ;2GI3�C GWQ§3�3{1�8Ó.P/9Q2;t4£ÜÆ3{6>4I;2JI3{Gw4d:�4I893å1'OK67GdGW.PßD1�6>4I.0:7/
:BÜ�GIQD3�3�1�8¡GI3�Ù5ÝM3�/H4dG%.P/H4d:èQ982:7/93�4I.K1£Q9Jd:7Q§3�JI4I.03�G�ã�671�89.03�ÞN.0/9Ùè67/¡6cÞ73�Jd67Ù73MÜÆ:7;2JWÜÆ:5O0C
JI3{Ct;21*4d.P:5/Ó.P/ 4I893åCt.PÝM3�/2GW.0:7/D6BO0.�4fÛ á .�4d8 ÝM.P/9.0ÝT6BOA671�1';9J�671�ÛÌ1':HGf4{à¬ô2;t4I;9Jd3 á :7Jd<
.P/21�OP;DCt3�G,Ú§3�/21�89ÝT67JI<N.0/9ÙF.P4dG,Q§3�JIÜÆ:7JdÝT6B/21�3%6BÙH6B.0/2GW4,6BOP4I3�JI/D6>4I.0Þ73�ÜÆ3�6B4I;9Jd3�GI3�O03�1'4I.0:7/
4I3�1�82/9.0ìH;93{G¯:7/�GI.PÝM.0O067J�C96>4�69à



��� �¬_aXHy�b�X>U��­V�X5 HZ x yI�{b{k7�¬Z�efV�[f_�V�S7_a�a_a¢tZ

� �Ó¼��¯¶"¹��  �«º�� �	�«¶¬· �

Ø¯893�67;t4I89:5JdG á .0GI8M4I:�4I8267/9< ��.K1�826B3�O �^3�JI4I89:5O0C�ÜÆ:5J¬Ù5.PÞN.0/9Ù�;2G^671�1'3{GIG�4d:�89.KG�ÜÆ;9ó�ó�Û
4IJ�6B.0/93�J{ãt67G á 3�O0O�67G �¬:7Jd3�Û���.0O0OP3�J�ã#�¬8267.�êfLN8N;9/93(â�GW;�6B/2Cçô9J�6B/D1':7.KGI3 �^3�67;tÜ�6cÛtG
ÜÆ:5J
Q9JI:>ÞN.KCt.0/9Ù%.0/NÞ>6BO0;26BÚ9O03(C96>4�6M6B/2C�67C9ÞH.K1'35à

(���� �«¸��«¶"¼ ���

|{���«� m"�
	9V{\7b� D� � xH°�° i��aZ{�{_ayTV�XN\�V�¢5¢5[fZ*¤7_az�V�Ufb�[fb*V�egZ�XH_aXH�7����
������������Ik �«Z{�²�«q�r7k�¢H¢2�
pcr �'��p>��}7k�|�n��{s

�B���«� m"��	2V�\5b� 2k�m Y x5°�° iB�¥V��a�{Z�[f_hUf Hz(_ay£V�¢H¢7[fZcV�yI �UfZ�Uf Hb£\7bd±NX5_aUf_aZ�X�Z�Y"y�Z{z(¢5�abd¤åZ�[
_az(¢5[fb�y�_aegbwy�Z�XHy�b�¢7Ufe�k����������������! #"����%$�&'"�('���)�%$*"��,+-����./+-�10��2 /�3�4���!(�5� 6���fk �«Z{�¬}7k
¢H¢2�N�'pcn'�®��n7|�k�|*n � � �

q7�
�F� ��bd[gUf 5Z{��\2k � ��7^V�XH\ � 	 \7e�
Ik���������$/$  982�����;:����6�=<��)��$ 
��> /�>?@<��A�����!�B"C5D(�0��! !"��Hk
S7¢7[f_�X5�{bd[g� �«bd[f��V��7kD|�n{n{n

p5�*7��E�D_ x V�XN\=7"����Z�UfZB\HVB��FG�B���!('�>�IH
J��!�K�10��! #"���?ML�"����>�!��(�0��! #"��N����5O�)��$9�>0��! !"��3P�<
:����6�Q+R /�� /�'8�S������#T��B0��! /U��Ik3V
� x ��bd[�m�y*V{\7b�z(_ay
� x �H�a_aeg Hbd[fe�kD|*n�n{}

sB�^�"�DSB_a��_a¢tZ�V�XN\F�F�D�"� ��bI[gUf HZ{��\9�D�¥XH¢ x U^Y0b*V�U x [fb�eXW2_az(¢NV�yIU
Z{X£Y xH°d° i£\5b�yd_�eg_aZ�Xç¢5[fZ��
y�b�egegb�e��B�¥XI�KH
H�HAY��B�������10��! #"����Z"��M��
D������[\�>?]+-����?^���)5ML^
%_������)���! #0��fk7¢NV�[gU��¬k��«Z{�²�
q{rBk � � kH¢2�N}{�B|{k � b�y�bdz,�tbd[���r{r�r

� ��`5� �"�ba x _aXH��V�X2k��¥XN\ x ydUf_aZ{X�Z�Y¬\5b�y�_aeg_aZ{X�Ug[fbdb�e�k�_aXc+-�10��' ��3�@dG�B������ ��'8�k�¢5¢D��}B|d�f|*r � k
|*n�} ��B��`5� �"�2a x _aXH��V�XDk�L�e)f�g2P'Sh�B">8��B�D[Q�jiX"��E+-�%0��' /�3�EdG�B������ /�'8�k>��Z�[f�{V�X;V�V x YKz�V�X5XA� x �7�
�a_�eg 5bd[fe�k§|�n{n�q

}7�^�"�9S7_a�a_�¢tZ�V�XH\ � � � _ �NV�UgUWVBk��Db*V'[fXH_aXH��UfZ�[fb�V�egZ{XçV��tZ x U
\5V�UWV �tUf Hb,eg¢7[f_aXH��egyI 5Z>Z{�
Z{Xw_aX>Ufb��a��_a��b�X>U�\HV'UWV�V�XNV��ai7eg_ae�kG��������$/$  k82�����E:��D�6�;<��)�%$ 
D�> /��lC"�('���)�%$ k7�«Z{�²�2s>k �AsBktUfZ
V�¢5¢tb*V�[*kN��r�r7|

n7�
l¬� 	��G`cV�X5_��{Z'�
k � x5°�° iF\5b�yd_�eg_aZ�XçUg[fb�b�e	�D_aege x b�e�V�XH\Fz(bdUf 5ZB\5e�kG�KH
H�HmY��B�������%0��! #"����
"��R��
D�>����[Q�>?b+4����?
����5RL^
%_������)���! #0��fk9¢NV�[gU ��k �«Z{�§��}BkN¢H¢2�9|d�f|�p7k§|*n�n{}

|*rB�"l�b�X>Ufbd[�YKZ�[�SB¢tZ{�cbdXQ�DV�XH� x V��{b
]^XH\5bd[fe®UWV�XN\5_aX5�5k � b�¢7U*��Z�Y2l�Z{z(¢ x Ufbd[­SBy�_ab�XHydb 	 X5�{_h�
XHb�bI[f_�X5�5k �¬[fb��{Z�X � [WV{\ x V'Ufb
�jXHe®Uf_hU x Ufb{ktl�Z�[f`{V��a��_ae�k �gSBUfZ�[f_ab�e¯l�Z�[f¢ x e �5kN��b��ab*V�egbA|{� r7k
|*n�ncs

|{|����« >i7eg_aZ���V�XH� �on2p1p%q�rts1sDu1u1ubv6q1n2wox%y%zD{'|%p^vKz�}1~'sD}2|'x1zD�2}'�%|'x]v6n'p����
|'�>�"�F� �"�3`{V�[f`B_ae¯V�XH\T��� ���t��_aUg[WVB�DS7�ab�b�¢wV�¢HX5b*V(y���V�egeg_h±Ny*V'Uf_aZ{X£�NV�egb�\MZ{XMY0[fb�© x b�XHyIiMZ�Y

 Hb*V'[gUg�Æ[WV�Ufb
`�V�[f_�V��5_��a_hUji>k5�jX�S��K"C0����B5� ��'8���"Ki�L�"�[*T�(o�������Z /��L����K5� #"%$k">8�
�k9��r{r�r
|*qB� v V'Uf_�Z�XNV���l�b�X>Ufbd[�Y0Z�[%��_aZ�Ufb�yW HX5Z{�aZ{��iM�jX7YKZ�[fz�V�Uf_aZ{X �

n2p1p%qbrKs1sDu1u%u�v6{����oy]v6{o�X�Ev6{�y�n�v6~'z��
|�p7�"�F����y'l��ab��a��V�XN\"bdU�V��²��l�Z{z(¢H�abdUfb«�{bdXHZ{z(b�egb*© x b�XHy�b«Z�YNS5V��az(Z{XHbd����V
b�X>Ufbd[f_ay*V�egbd[fZ'`{V'[

¨«i7¢H 5_az x [f_ x z��7¨
�Bk v V�U x [fb¯p5|�q � � }{s�} 
IkH¢H¢2�N}{s{�'�¥}{s � k9��r{rB|
|'s>� � b�X ��V�XH� �on2p1p%qbrKs1sDu1u%u�v6{����oy]v6{o�X�Ev6{�y�n�v6~'z��'sD���Dp'�D���2x�|1s
| � ��m"�{�jXHegbd���tbI[f��V�XN\ �¬� � _az(ef\5V��ab{�B� x �hUf_P\7_az(b�XHeg_aZ{XHV��5_�_aX5b�e­� �{[fb�¢7[fb�egb�X>UWV�Uf_aZ�XDk��'�B<�+

&of�<hT1T�$  6�B5@+-�D���Bk �«Z{�²�Ns�p���� 
IkH¢5¢D�Hs{s�n��js � �Bk�|�n{n�p
| �>��m"�*�¥XHegb��a�tbd[f�¬V�XH\ �¬� � _az(ef\HV���b���� x �hUf_�\5_az(b�X5eg_�Z�XNV��>��_aX5b�e��g���d[fb�¢5[fb�egbdXBUWV'Uf_aZ{XDk2�'�B<�+

&of�<hT1T�$  6�B5@+-�D���Bk �«Z{�²�Ns�p���� 
IkH¢5¢D�Hs ��}��js�n � k�|�n{n�p
|*}B�"�F���"�(��bd[gUf 5Z{��\èV�XN\���� ���^7¯V����²� �¬_ae x V��a_ ° _aXH�£Y x5°�° i�¢tZ�_�X>Ufe�_�X�¢HV�[WV��a�ab���y�Z>Z�[W\5_h�

XNV'Ufb�e�k]Y)�>0��2�� #0>�%$1����To"D������L]���]L^�':�.��1�%.t�1���%�{k>]^X5_�`{bd[feg_hUji�Z�Ytl�V��a_hYKZ�[fXH_�V�V�U ��bd[f�{bd�
�abdi>kD|�n{n�n



�jX>Ufbd[f¢7[fbdUWV��5_��a_hUji�_aXT� x �hUf_P\7_az(b�XHeg_aZ{XHV���l��PV�egeg_h±Ny*V'Uf_�Z�X ��q

|*nB��`5�'�2_Ækc�"� �F� � [WV�i�V�XN\A��� m�� �^�aeg HbdXD�2`�Z{_aX>U�_az�V���b¬y�Z�z(¢5[fb�egeg_aZ�X%V�XN\Ay���V�egeg_a±Hy*V�Uf_aZ�X
�
_hUf ¦`cb�ydUfZ�[%© x V�X>Uf_ ° V�Uf_aZ�X�V�XH\¦VçUj��Z�\5_az(b�X5eg_�Z�XNV��¬ 5_P\5\5b�X¦�MV�[f�cZ'`ïz(ZB\5b��²�­�jX
S��K"C0����B5� ��'8��Q"Ki��������%�1�1�Q�KH�H
H :����6�4L�"�[�T��>���>�> #"��cL�"��CiX���>���)0�� � :@L�L��'kH¢H¢2�t��q��
qc�>k9S7X5Z*�
�H_h[W\2k7]¬UWV� DkN�MV�[fyW ç|*n�n{n

��rB� v ��l� NV�\H\7 NV7k�VA�­��bd[f�az x UgUfbd[�V�XN\è��� �F� � [WV*i>�
`{Z�_aXBU�_az�V���bMy���V�egeg_h±Hy*V�Uf_aZ{X�V�XN\
y�Z{z(¢7[fb�egeg_aZ{X x eg_aXH�% H_abd[WV�[fyW H_ay*V��«UWV��H�abd���aZ>Z{� x ¢F`cb�ydUfZ�["© x V�X>Uf_ ° V'Uf_�Z�XD�2�jX Sh�B"C0��>�>5�.
 /�'8���"Ki��������%�1���Z�KH�H�H=:����6�IL�"�[*T��>���>�> #"�� L�"��XiC���>����0�� � :@L�L��'ko`7� m��7SBUfZ�[fbd[�V�XN\
�F�{l�Z{ HX2k�b*\5_hUfZ�[fe�k�� 	 	�	 l�Z�z(¢ x Ufbd[�SBZ>y�_abdUji���[fb�ege�k{S7XHZ*�
�5_a[W\9k']¬UWV� Dk{�MV�[fyW �|�n{n �

�B|��"l¬��m¬¢7Ufb{k�S9� `5�;7¬Z{X5�5k `5� ��� �F�;7¬Z{eg�B_aXH�7k `5� �Db�¢7[fb{k 	 ����b*\5XHV x �hU*k�V�XN\,�¬� VA�
�¬Z�egb�XD� � b�y�Z�z(¢tZ{eg_hUf_aZ{X�Z�Y� HbdUfbI[fZ{�{bdXHb�Z x e£y���V�egeg_h±Ny*V'Uf_aZ{X ¢5[fZ{�5�ab�z(e�����������$/$  982�����
:����6�Q<��)��$ 
��> /�Z&'"D(o���)��$ k �«Z{�§�Bk �A�Bk2|*n�n{}

�{�>��m"��~çb��H�2�����6���! /�>�! #0>�%$ES����!�������,���B0�">8��� /�! #"��5k�l� HV�¢7Ufbd[�} � �Hb*V'U x [fb%egb��ab�ydUf_aZ{X�V�XN\
bd¤BUg[WV�ydUf_aZ�XDkHm�[fXHZ���\2k��DZ{XH\5Z�XDk2|*n{n�n

��qB�"S9�>S5V�� ° �tbI[f�5�>�¥z(¢5[fZ'`B_�X5�¯y���V�egeg_h±Hy*V�Uf_aZ{X�z(bdUf 5ZB\5e�`B_PV¯Y0b*V�U x [fb�egbd��bdydUf_aZ{XD�3&'"C�'���Z"�T).
�  /���@Y3�B0��'�� #0>�%$)����To"D���²k�|�n{n{�

��p7�"�F� � V�eg AV�XN\�7����D_ x � �Hb*V'U x [fb�egbd��bdydUf_aZ{X,Y0Z�[­y���V�egeg_h±Ny*V'Uf_aZ{XD�'��������$/$  k82������:����6�*<��)�%$ .

��> /�fkD|{k �Æq 
Ik2|*n{n �

�{s>� �,� ��V�XH��V�XH\I`5� ���H��b*\5bI[fegb�XD�5mÌydZ{z(¢NV'[WV�Uf_a`cb¯e®U x \7i�Z�X%YKb�V�U x [fb^egb��ab�ydUf_aZ{XM_aX�Ufbd¤BU
y*V�Ufbd�{Z�[f_ ° V'Uf_aZ{XD���jX S��K"C0�0>0��B5� /�28�� "KiQ�����I��e����R�����������)���! #"D�)�%$�L�"��CiC���B���)0��M"D�-+-�%.
0��' /�)�*dG�B������ /�28�kN¢5¢D�7p5|*�'��p>��r7k2��Z�[f�cV�X V�V x Y0z�V�XHX2k9|*n{n �B�

� � �"�F� m"��7¯V����²��l�Z�[g[fbd�PV'Uf_aZ{X5���HV�egb*\åY0b*V�U x [fbMe x �5egbdU(egb��ab�ydUf_aZ�XåYKZ�[�z�V�yW H_aXHb%��b�V�[fXH_aX5�5�
�«  � \5_aegegbd[gUWV'Uf_�Z�XDk � bd¢NV�[gUfz(bdXBU�Z�Y¬l�Z{z(¢ x Ufbd[,S7yd_�bdXHy�b{k§]^X5_�`{bd[feg_hUjiFZ�Y�~�V�_a�{V'UfZ5k
|*n�n{n

� �>� �¬�2��Y²V� 7[f_aXH�{bI[*��l�Z�z(¢5[fb�egeg_aZ�X5���NV�egb*\wY0b*V�U x [fb,e x �HegbdU^egb��ab�ydUf_aZ{X2�D�¥X-S��K"C0��>�B5� /�28���"Ki
��������&�L]<���.t�%g
	I"�� � �K��"�TR"���:����6�*H��28� /�3�>���� /�'8Ei�"��h���)5�(�0��! /U��hd]�>�D���� /�'8�k>¢5¢D�7|*r�n��
|{|�n7k9��Z�X>Ug[fb*V��²k9l�V�XNV�\HV7kD|*n�ncs

��}B�����N¨ x [fXHbdi>kHl�V�XNV{\5V v V'Uf_aZ{XNV��§��b�egb*V'[fyI Ml�Z x X5y�_a� �^X5��_aX5b ��_a�H�a_aZ{��[WV�¢H >i
n2p1p%qbrKs1s%|��%p1}'�2�Dp2z�}bvBy1y�pbv6{2}o�jvB�%�1sD��yC�o�2y1z�~1}2�Dq2n�y�|'x1s�
2|2�%p%�2}1|��'x�|2�%|o��poy%zD{
v6n1p��)�

��nB�ZVA�'V
Z x z(¢H_ae�V�XN\�S9�c�¬b�XHV��ae��5¨� Hb
[fZ{�ab¯Z�Y§¢7[fZ{egZB\7iA_�X%V
`cZ{_ay�bdz�V�_a�te x z(z�V'[f_ ° V�Uf_aZ{X
e®i7e®Ufb�zM�7�jX Sh�B"C0��>�B5� /�28���"Ki����������jL]<�	�"D� � �K��"�T "��IS��K"���"C5�
; /� �%T��>�B0�� ���B0>">8��� !.
�! #"��-����5O���)52�����>�6���)5D /�'8�kt¢5¢D�5}��*�¥nc�Bkt��r�r7|

q{rB� � ��`{Z{ 5XDk9���)V
Z{ HV*`7_�V�XN\ VA�9��ªNbd�{bd[*�2�¥[g[fbd��bd`{V�XBU¬YKb*V'U x [fb�e¯V�XN\MUf 5b�e x �HegbdU^egb��ab�yd�
Uf_aZ{X�¢5[fZ��H�ab�zM�>�¥XM+-�10��' /�)��dG�B������ /�'82P)Sh�B"C0��>�B5� /�28��Z"Ki�������H�$9��U��������;���������������! #"����%$
L�"��CiX���>���)0�� � �DL]+Idb.t�Xe��'kc¢H¢D�7|'�>|d�f|'��n7k v bd� �­[ x X5e®�
_�yW�tk v `5kB��Z�[f�cV�X;V�V x YKz�V�XHX2k
|*n�n�p

q7|�� � � ~��tm� NV(V�XN\���� �«� ��V�XH�{bd[gU*�tmoydZ{z(¢NV'[WV�Uf_a`cb�b�`�V�� x V'Uf_aZ{XTZ�Y«egb*© x b�X>Uf_PV��DY0b*V�U x [fb
egb��ab�ydUf_aZ{XwV��a�{Z�[f_hUf 5z(e��H�¥X <����! �E0� !�%$3��������$/$  982���)0������)5����6�D�! /�>�! #0����Dk � � ��_aeg HbI[^V�XN\
`5� �67����Db�X ° kHb�\5_hUfZ�[fe�ktS7¢5[f_aX5�{bd[g� �«bd[f��V��5k v bI�/��Z�[f�9k v �,k2|*n{n �

qc�>� � � ~��«m¬ HVwV�XN\���� �«� ��V�XH�cbd[gU*� �5b*V�U x [fb%egb��ab�yIUf_�Z�XèY0Z�[(y*V�egbd���NV�egb*\èy���V�egeg_a±Hy*V�Uf_aZ�X
Z�Y¬y��aZ x \çUji7¢tb�e	��m�X�b�z(¢H_h[f_ay*V���y�Z{z(¢HV�[f_aegZ{X2���jX Sh�B"C0��>�B5� /�'8��I"Ki;����� �%�1�Xe <�<�<��
	�"D� � �K��"�T�"��OL�������.!���D�X�B5 ���B����"��� /�28�kt¢H¢2�D|�r � �W|�|'�>k2m^m^m�����[fb�ege�k2SBb*V�UgUf�ab{kN~£m�k
|*n�n�p

q{qB�Z7���m¬�az x V��a�a_�z V�XN\�¨^� � � � _abdUgUfbd[f_ayW D�b�2b*V�[fX5_�X5�T�
_aUf �z�V�X>iç_h[g[fb��ab�`�V�X>U"YKb*V'U x [fb�e��
�jX Sh�B"C0��>�B5� /�'8��*"Ki��������� ��������Z���! #"����%$GL�"��XiC���>����0���"D� <����! �E0� #��$o��������$/$  k82���)0��Ik>¢H¢2�
s�p��'�js{s��Bk2��b�X5�aZ���V�[f�tktl�m�kNm¬m^m�����[fb�ege�k§|�n{nB|

q�p7�ZVA�)V
_h[WV�V�XN\ ��� m"�t��b�XN\7b��a�²�tm�¢5[WV�ydUf_ay*V���V�¢H¢7[fZcV�yW TUfZAYKb*V'U x [fb�egb��ab�ydUf_aZ{X2�9�jX4Sh�B"%.
0����B5� ��'8���"Ki��������� /�����M���������������! #"����%$�	I"�� � �B�o"�T "D� +4�10��' /�)�*dG�B������ /�28�kN¢5¢D�H��p{n��
�{s � ktm��tbd[W\5bdb�XDkHS7ydZ�Uf��V�XH\2kN��Z�[f�cV�X V�V x YKz�V�X5XDk9|*n�nc�



�'p �¬_aXHy�b�X>U��­V�X5 HZ x yI�{b{k7�¬Z�efV�[f_�V�S7_a�a_a¢tZ

qcs>��`5�­l�V�eg_a�a��V�e�k ���«l�Z�[W\��Z{XDk­�F��`7�«\5b���`{bde x e�k ���b7^bI[g[fbd[WV7� � b�X5bdUf_ay��Hb�V�U x [fb�S7bd��bdyd�
Uf_aZ{X£_�XFV�� xH°�° iM� x ��bI����V�egb*\Fl���V�egeg_h±Ny*V'Uf_aZ{XïSBi7e®Ufb�z �Db�V�[fXH_aX5�M��[fZ>y�b�ege
YKZ�[�7^_a�{ 
� _az(b�XHeg_aZ�XNV��D��[fZ{�H�ab�z(e��)���Ci�"���[@���! #"�� ��0� 6���)0��Ik ��|*q � kN¢5¢D�2| � n��f|*nB|{k2��r{r7|

q � � ���2`{bd��_aX5b��t�����6���! ����! !0���$�+ ������"C5��]iX"�����T����B0������B0�">8��� /�! #"��5k7���®¨ï��[fb�ege�k5l�V�z��5[f_�\5��b{k
|*n�n{}

q��>�������DV{\5bIYKZ{��b*\2�3< 0>"�('������ /��To��"��3���! !0��WkD|*n �{s
q{}B�������DV{\5bIYKZ{��b*\TV�XH\%�W�t�MV�\H\5_ab�egZ�XD�EYj���Z��"�('��5���"Ki������ � "���$k5�� �Z$k�D�'8�(��C82���fk§|�n{n �q{nB�"S9�Dl� HV�XH�7k�St� � [fb�b�XB�tbd[f��V�XN\F�F�9~�b�e®UfbI[*�2m¬X£b��a_aUf_ae®U"V�¢H¢5[fZ{V�yW FUfZ%V�[gUf_ay x �PV'UfZ�[giB�

V�y�Z x e®Uf_ay
YKb*V'U x [fb
y���V�egeg_a±Hy*V�Uf_aZ�XD�t�¥X Sh�B"C0��>�>5D /�'8��\"Ki�Hh(o�K"��#T��>�>0�� �o�1�1��kt��r�r7|
pcrB�
�I��V
Z{X5Z{XHbdXH�cZ7� �^X%�H_�V�egbde¬_aX�bde®Uf_�z�V'Uf_aXH�Az x �hUf_a`{V�� x b*\�V�UgUg[f_a� x Ufb�e��N�¥X�Sh�B"C0��>�B5� /�'8��

"Ki���������e����@���������������! #"����%$)&'"� /����L�"��CiX���>���)0���"���<����! �E0� #��$o��������$/$  k82���)0��Ikc¢5¢D�H|�r{q�p��
|*r�pcr7k§|*n{n{s

p5|���¨^� �F��l�Z'`cbI[
V�XH\R`5� m"�9¨� 5Z{z�V�e��jH�$9��[;�����!�@"tiZ���Ci�"���[@���! #"��=Yj���B"���
�k�`{Z� HXw~�_a�abdi
� S7Z�XHe�k v bd� �­Z�[f�tk v �,k7]¯S5m"k9|�n{n7|

p>�>�
�"�{SB_��a_a¢tZ
V�XN\(�F� ��� �­bd[gUf HZ��P\9� � _aegyd[f_az(_aXNV'Uf_a`cb�¢tZ*��bd[«Z�Yt_aXH¢ x U�YKb�V�U x [fbde­_aXAV�Y xH°d° i
z(ZB\5b��²�«�jX,S��K"C0����B5� ��'8��4"KiI������Yj�' /�K5-�����������)���! #"D�)�%$���
D[*To"��> /('[ "��=��������$/$  982�����
:����6�4<����%$ 
D�� �� � �B:�<Z.��1� �*k � �b7¯V�XN\9k�`5��V
Z{�tk­�F� ��bd[gUf HZ���\2k­b*\5_hUfZ�[fe�kh<�5�UD���)0����
 /�4��������$/$  982�����E:����6�;<����%$ 
D�� ���� � �B:�<�.t�1� ��?
d]�>0��!('�B� �Z"������� /�cL�"D[*T�('�����Q��0� 6���)0��Ik
� v l�Sw| � p>�>kt¢H¢2�H} �'�¥n{}Bk9SB¢5[f_aXH��bd[g� �­bd[f��V��5k2|*n{n�n

pcqB�"S9��V
_aXH�7k'¨^�{SBUfb�¢5 Hb�X5egZ{X2k�S¯�jefV�[W\9k����'¨�V�i7��Z�[�V�XH\�m���SBUg[WV�yI HV�X2��S7¢tb�b�yW ¯[fb�y�Z��{X5_aUf_aZ�X
`B_PV�¢5 HZ{X5bdUf_ay*V��a�hi¦Y0b*V�U x [fb*\¡e®i7�a��V��5��bde��
�jX Sh�B"C0��>�>5D /�'8�� "Ki ����� g����,���������������! #"����%$
L�"��CiX���>���)0��Q"D�4��To" � ����d]���'8�(��C82�*S��K"C0����>�> /�28 � �DL^�'d]S�� �%� �'kD|*n�n{}

p{p7�"�F����_ayI HV�[W\5egZ�XDk]`5� �­_��az(b�e�V�XH\�l¬� � _aZ�[f_aZ5�^7¬_�\H\5bdX5�¥V�[gUf_ay x �PV'UfZ�["z�V�[f�{Z�`wz(ZB\7b��ae
YKZ�[�eg¢tb�b�yW £[fb�ydZ{�{X5_hUf_�Z�Xç�¥X Sh�B"C0��>�B5� /�'8���"Ki����]L]< <*�o���o�1�1�'kD¢5¢D��|�q{q��f|�q��Bk§��V�[f_ae�k
�5[WV�X5y�b{kN��r�r{r

p>s>�"l¬� m"�5��_a�a��bI[*k)Sh�B"���('�)0� #���! !"��M+-"C52��$  ��'8Q /�I��T��>�>0��M��
����������> /�fkH]¬XH_a`cbd[feg_hUji,Z�Y���b�XHX7�
e®i7��`�V�X5_�V7k2|*n{n�}

p � ��¨^�5S7b �jXHZ*�
eg�B_2V�XN\�l¬� ���B�¬Z�egb�XB�tbd[f�5� v 	 ¨�UWV��a� �7V�¢NV�[WV��a��bd�2X5bdUj��Z�[f�AUf HV�U��ab*V'[fXHe�UfZ
[fb*V{\ïV��aZ x \2��&'"��2��� ��"�T �  /��� �j�� /U������� ��!
 Y3�B0��'�� !0���$
����To"����²kE`%7^] � 	�	 l�S>�j} � � r7|{k
|*n�} �

p��>��¨^�9SBb �®X5Z'�
eg�B_§V�XN\Ml¬� ���N��Z{egbdX7�tbI[f�5�H��V�[WV��a�ab���X5bdUj��Z�[f�Be�Uf NV�U��ab*V'[fXMUfZA¢5[fZ�XHZ x XHy�b
	 X5�{�a_aeg MUfbd¤BU*�bL�"�[*T)$9�BJ���
D�>����[Q�fk ��|�kN¢5¢D�9|�pcs'�f| � }7k�|�n{}��

pc}B� v �Nl� HZ�z(eg�Bi�V�XN\��F��7¯V��a��b��EYj���Z�)"�('��5@S����!������� "Ki�Hh�'8%$  /�K�BkN���®¨���[fb�ege�k§|�n � }
pcnB���«� �F��7�i7z�V�XD��S
��"���"%$k">8�
1P�Yj���B"���
M���)5Q<��)��$ 
��> /�fk2|*n���s
s�rB� � � � � �HZ�[fX5bdi>��¨� Hb �^_hUfbd[f�H_Bm��a�{Z�[f_hUf 5zM�'�jXQS��K"C0��>�B5� /�28���"Kih�����
�KH
H�H�k�¢5¢D��� � }��j� ��}7k

|*n ��q
sB|��"S9� �¬� � V'`B_aeAV�XN\����­��bd[fz(b��ae®Ufb�_aXD�­l�Z�z(¢NV'[f_�egZ�XèZ�Y¯¢HV�[WV�z(bIUg[f_�y�[fb�¢7[fb�egb�X>UWV�Uf_aZ{X5e

YKZ�[Mz(Z{X5Z{e®i7�a��V��H_ayT��Z�[W\å[fb�y�Z��{XH_hUf_aZ{X�_aX�y�Z�XBUf_aX x Z x eg�hièeg¢tZ{�cb�X�egbdXBUfbdXHy�b�e����KH
H�H
Y��B�D�����10��! #"����\"���<�0>"�('�>�! #0��>?E�%T��>�B0��'?h���)5;�� 98����%$�Sh�B"C0����>�> /�'8�k9`{Z{�²�Nm^SHS7���j��}Bk �"p5k
¢D�Hqcs �Bk§|�n{}�r

s{�>�ZVA� ���]7 x �tbd[*k��F� ��� ��bI[gUf HZ{��\9� � x _���\7_�X5�w¢5[fb�y�_aegb�y���V�egeg_h±Hbd[fe��
_hUf �V x UfZ{z�V'Uf_�y([ x ��b
bd¤BUg[WV�ydUf_aZ�XD�>�¥X �KH
H�H �����������)���! !"��)�%$^L�"��XiC���>����0���"�������('�B�%$ ����� � "�� � �fk��«Z{�²�>qBk>¢H¢2�| � �'�f|*}�p5k�|�n{ncs

s�qB� 
�� � �G7 x V�XH�7k �,�«m�[f_a�B_�V�XN\ï�F�­m"�b`cV�yI�t� �* #5152���O+-��� � "�U�+-"C52��$ ��iX"�� �%T��>�B0��
���B0>">8��� ��! #"��Hk 	 \7_aX7� x [f�� �]^X5_a`cbd[feg_hUji%��[fb�ege�k 	 \5_aXB� x [f�{ Dk9|�n{n{rB�


