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VWB=[]1�6EXi@%8EVF1�Brld8E4GµM8,Xi4G8S@�YQ@%8S@�X�;QC�8,;QCE;h@%DFDW.�354�@�C9CEVW<�BQ4ZY#8U1!8U>=4�X&;QDW8EVFX,4ZYQVF@�1�3M¶947L78UC7l
694Z ¡;QVF69VFBQ<�@�B�N]1�[°8U47B�fQ6E1�>QVF3QV�8UV�n�4ZD�.=RID�@�69<�4²@%Xi1�;=B¡8�1�[�8EVFX,4i@%BQY�47�51�6�8�H T DW8E4Z69Bh@%8UV�n�47DW.�l
C91�Xi4�C9.MC98E4ZX,C�;QCE4{DW1§¦^�oDF4Gn�47D�[]4Z@%8U;Q694ZC^1%[¨8U>Q4�Xi47YQV�@_8U1�@�DWDF1§¦�@&C94�@�69LS>Q4Z6^8E1&¢hBQY\1�3M¶94ZLG8UC
C9VFX,VFD�@%6^8U1\@, M;=4Z69.t1�3M¶947L78ZH_Jb;QLS>�[]4Z@%8U;Q694ZC LZ@�BQBQ1%8{@�D�¦^@�.MCIVWYQ4ZBg8UV�[°.(8o¦�1pX,4ZY=V�@i1�3M¶94ZLG8UC
YQ47fQVFLG8UVWBQ<�1�6/6E4Zf=6E4ZC94ZBg8UVWBQ<�8U>=4 CU@�X,4I694�@�D·�z¦/1�6EDWYiL71�BQL74Zf=8Z¥QVFB²8E>Q4 LZ@�CE4 1%[¨VFXi@�<�47CZlMYQVW�54Z6��
47B¡8dL�@�X,4Z6E@I@�BQ<�DF4ZC�@�BQY&DFVF<�>¡8EVFBQ<2L71�BQYQV�8UVF1�BQC�X,4�@%B�8U>Q@%8AC94ZXi@�Bg8UVWL�@�DWDW.{C9VFX,VFD�@%6¨VFXi@�<�4ZC�@�694
nMVFC9;h@�DWDW.�n�4769.�YQVW�54Z694ZBg8�H T YQYQV�8UVF1�Bh@�DFD�.�l�CE47X²@%B¡8EVFLi6E4ZDF@%8UVW1�BQC9>QVFfQC_3�478o¦/4Z47B�1�3¡¶94ZL78EC�Xi@§.
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1�[�CE47XiVW1�DF1�<�.�lMVFBp¦2>QVWLS>�@�C9.MX�3�1�DFVWL 1�3M¶947L782>h@�C^8o¦/1,fh@�698ECZ�e?�>h@¸8�¦2>QVFLS>(VFC�3�4ZVWBQ<�6E47fQ6E4¹�
C94ZBg8U47Y�N¯VFB�8E>Q42º�«�´�»�±{¼�½{¾S¼¸»h¬o±G»h¬9RGlb@�BQY¿8U>Q4PC9.MX�3�1�DFVWL21�3M¶94ZLG8�Y=1�VFBQ<{8E>Q4�694ZfQ694ZC94ZBg8UVWBQ<(N¯VWB
8E>Q4qº�«�´�»�±�¼�½^±9À7º�ÁU±SÂSÂG®Ã¼¸»�RGH T CE47X²@�Bg8EVFLqD�@�.�476�VFC¨VFBg8E6E1MYQ;QLZ47Y�>=1�DFYQVWBQ<�6E4Z@�D��Ã¦�1�6EDFY{L71�BQL74Zf=8ECZl
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8E>Q4ZC94&LZ1�BQLZ47f=8UC�L�@�Bt354`VFBg8U691bY=;QLZ47Y�3g.�LZ1�BQB=4ZL78EVFBQ<¿8U>=4ZXÄ¦2VW8E>tC94ZXi@�Bg8UVFL_694ZD�@¸8UVF1�BQCE>QVWfQCZH
T fQ691�8U1�8o.Mf�42X�;QDW8EVFX,4ZYQVF@�VWB=[]1�6EXi@%8EVF1�B�C�.MC98U47X�VFBQL71�6Ef�1�6E@%8UVWBQ<{@_CE4ZXi@�Bg8UVWL�D�@�.�476e[]4�@%8E;Q6E4%l
8E>Q4�©�ªM«¬O®°©²±E³�®¯´�¬°Åh±SÂZ´�ªbÁ¹ªgÂGleVFC&VWBg8U6E1MYQ;QL74ZYrH�?�>Q4pLZ1�BQC98E6E;QLG8UVF1�B#@�BQY�;QC94p1�[P@�X�;=CE4Z;=X
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C91�Xi4�6947Æh47L78EVF1�BQCq1�B�8E>Q4ZC942¢QBQYQVFB=<�Cq@�BQY¿CE1�Xi4�C9;Q<�<�47C98U47Y,[];b8U;Q694PY=VF6E47L78EVF1�BQC�[]1�6d8U>Q4^¦/1�69Ç
@�694_fQ6E47CE4ZBg8E4ZYrH
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È ÉËÊÍÌ�Î�ÊÏÌ�Ð

T LSÇMB=1Ñ¦2DW4ZYQ<�4ZX,4ZBg8UC µbV

k�>h@%f=8U476�Ò xoBg8U691bYQ;=L78UVW1�B Ò
Ò�H�Ò k�1�X,fQ;=8E4Z6ECP@�B=YtxoB=[]1�6EXi@%8UVW1�B H`H�H`H`H�H`H�H`H`H`H`H`H�H`H�H`H`H�H`H�H_H Ò

Ò�H�Ò�H�Ò � ;QDW8EVFX,4ZYQVF@&xoB=[]1�69X²@¸8UVF1�B H`H`H�H`H�H`H`H`H`H`H�H`H�H`H`H�H`H�H_H u
Ò�H�Ò�HÓu ?�>Q4�xoBg8E4Z6EB=478_H`H�H`H_H�H`H�H`H`H�H`H�H`H`H`H`H`H�H`H�H`H`H�H`H�H_H u

Ò�HÓu ?�>Q4�ce6E1�3QDW4ZX H`H�H`H`H�H`H_H�H`H�H`H`H�H`H�H`H`H`H`H`H�H`H�H`H`H�H`H�H_H Ô
Ò�H¤Ô ?�>Q4�ce6E1�f�1�CE47Y�JM1�DF;=8EVF1�BÕH`H_H�H`H�H`H`H�H`H�H`H`H`H`H`H�H`H�H`H`H�H`H�H_H Ö
Ò�HØ× ?�>Q47CEVFCIJM8E6E;QLG8U;Q694 H�H`H`H�H`H_H�H`H�H`H`H�H`H�H`H`H`H`H`H�H`H�H`H`H�H`H�H_H Ù
Ò�HÓÚ a 4ZL7D�@�6E@%8UVW1�B H�H`H�H`H`H�H`H_H�H`H�H`H`H�H`H�H`H`H`H`H`H�H`H�H`H`H�H`H�H_H Û

k�>h@%f=8U476 u xoB=[]1�69X²@¸8UVF1�B�JM.MC98U47XiC Ò§v
ubH�Ò xoBg8U691bYQ;=L78UVW1�B�H�H`H�H`H`H�H`H_H�H`H�H`H`H�H`H�H`H`H`H`H`H�H`H�H`H`H�H`H�H_H Ò§v
ubHÓu xoB=[]1�69X²@¸8UVF1�B(0P4G8U6EVW47n%@�D�H�H`H_H�H`H�H`H`H�H`H�H`H`H`H`H`H�H`H�H`H`H�H`H�H_H Ò§v

ubHÓubH�Ò 0P4G8U6EVW47n%@�D � 1bYQ47DFC H_H�H`H�H`H`H�H`H�H`H`H`H`H`H�H`H�H`H`H�H`H�H_H Ò�Ò
ubHÓubHÓu ?�4¹µb8�xoB=[]1�69X²@¸8UVF1�B\0P4G8U69VF47n%@�DPH`H�H`H�H`H`H`H`H`H�H`H�H`H`H�H`H�H_H Ò§Ô
ubHÓubH¤Ô � ;QDW8EVFX,4ZYQVF@&xoB=[]1�69X²@¸8UVF1�B(0P4G8U6EVW47n%@�DpH`H`H`H`H`H�H`H�H`H`H�H`H�H_H Ò§Ö
ubHÓubHØ× jdµbVWC98UVWBQ< � ;QD�8UVFX,4ZY=V�@�02478E6EVF4Gn%@�D�JM.MC98E4ZX,CÜH`H`H�H`H�H`H`H�H`H�H_H Ò§Û
ubHÓubHÓÚ jen%@�DW;h@%8EVF1�B�H`H`H�H`H_H�H`H�H`H`H�H`H�H`H`H`H`H`H�H`H�H`H`H�H`H�H_H u�Û

ubH¤Ô :P.Mf�4Z69Xi47YQV�@~H�H`H�H`H`H�H`H_H�H`H�H`H`H�H`H�H`H`H`H`H`H�H`H�H`H`H�H`H�H_H Ô�v
ubH¤Ô=H�Ò k�DF1�C94ZYt:P.Mf5476EX,4ZYQVF@,JM.MC98U47XiC
H�H`H�H`H`H`H`H`H�H`H�H`H`H�H`H�H_H Ô=Ò
ubH¤Ô=HÓu ?�>Q4`��1�69DFYb�Ã��VFYQ4I��4Z3 H�H`H`H�H`H�H`H`H`H`H`H�H`H�H`H`H�H`H�H_H Ôgu
ubH¤Ô=H¤Ô }{f�4ZBt:P.Mf�4Z69Xi47YQV�@,JM.MC98E4ZX,C H`H�H`H�H`H`H`H`H`H�H`H�H`H`H�H`H�H_H Ô�×
ubH¤Ô=HØ× � VFL76E1MLZ1�C9X�H`H`H�H`H_H�H`H�H`H`H�H`H�H`H`H`H`H`H�H`H�H`H`H�H`H�H_H ÔgÝ
ubH¤Ô=HÓÚ �tT yIx�J�Ò H`H`H�H`H_H�H`H�H`H`H�H`H�H`H`H`H`H`H�H`H�H`H`H�H`H�H_H ×gv
ubH¤Ô=H¤Ö jen%@�DW;h@%8EVF1�B�H`H`H�H`H_H�H`H�H`H`H�H`H�H`H`H`H`H`H�H`H�H`H`H�H`H�H_H ×gÔ

ubHØ× :P.M3Q69VFYQC H`H`H�H`H�H`H`H�H`H_H�H`H�H`H`H�H`H�H`H`H`H`H`H�H`H�H`H`H�H`H�H_H ×�×
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ubHØ×QH�Ò Þ{;=4Z6EVW4ZC���0^���¨VFBQÇ¡C�H`H_H�H`H�H`H`H�H`H�H`H`H`H`H`H�H`H�H`H`H�H`H�H_H ×¡Ú
ubHØ×QHÓu ? T k^:Px�0ßH�H`H`H�H`H_H�H`H�H`H`H�H`H�H`H`H`H`H`H�H`H�H`H`H�H`H�H_H ×¡Ú

ubHÓÚ Jb;QX,Xi@�69. H`H�H`H�H`H`H�H`H_H�H`H�H`H`H�H`H�H`H`H`H`H`H�H`H�H`H`H�H`H�H_H ×¡Ý

k�>h@%f=8U476IÔ Jb47X²@�Bg8EVFLZC ×gÙ
Ô=H�Ò xoBg8U691bYQ;=L78UVW1�B�H�H`H�H`H`H�H`H_H�H`H�H`H`H�H`H�H`H`H`H`H`H�H`H�H`H`H�H`H�H_H ×gÙ
Ô=HÓu ?�>Q47CU@�;Q69;QC{J¡.bC�8U47XiC�H`H�H`H_H�H`H�H`H`H�H`H�H`H`H`H`H`H�H`H�H`H`H�H`H�H_H ×gÙ

Ô=HÓubH�Ò JM8U69;QL78E;Q6E4�à�0P47D�@%8EVF1�B=C{H�H`H�H`H`H�H`H�H`H`H`H`H`H�H`H�H`H`H�H`H�H_H ×gÛ
Ô=HÓubHÓu �á;=698U>=4Z6Pa 47¢hB=VW8UVW1�BQCâH�H`H�H`H`H�H`H�H`H`H`H`H`H�H`H�H`H`H�H`H�H_H Ú�v
Ô=HÓubH¤Ô ?�>Q4ZCE@�;Q6E;=C{k�1�BQC�8U69;QL78EVF1�B H`H`H�H`H�H`H`H`H`H`H�H`H�H`H`H�H`H�H_H Ú�u

Ô=H¤Ô s{BQ1§¦2DF47YQ<�4`0P47fQ6E47CE47B¡8U@%8UVW1�B"H�H`H�H`H`H�H`H�H`H`H`H`H`H�H`H�H`H`H�H`H�H_H Ú�Ô
Ô=HØ× k�D�@%CECEV�¢hL�@¸8UVF1�B H`H�H`H`H�H`H_H�H`H�H`H`H�H`H�H`H`H`H`H`H�H`H�H`H`H�H`H�H_H Ú�Ú
Ô=HÓÚ xoB=[]1�69X²@¸8UVF1�B�JM.MC98U47Xã��1�6EÇ\mPCEVFB=<²JM4ZXi@�Bg8UVFL7C�H`H`H`H`H�H`H�H`H`H�H`H�H_H Ú�Ö

Ô=HÓÚbH�Ò w�;Q3QVWD�@=£ØCPk�1�BQL74Zf=8��o3h@%CE4ZYtxoBQYQ4¹µ=VWBQ< H`H`H`H`H`H�H`H�H`H`H�H`H�H_H Ú�Ö
Ô=HÓÚbHÓu �tT k�J"H`H�H`H`H�H`H_H�H`H�H`H`H�H`H�H`H`H`H`H`H�H`H�H`H`H�H`H�H_H Ú�Ý
Ô=HÓÚbH¤Ô jqD�wPV�äBQ1 H�H`H`H�H`H_H�H`H�H`H`H�H`H�H`H`H`H`H`H�H`H�H`H`H�H`H�H_H Ú�Ý
Ô=HÓÚbHØ× ?�>Q4&:PVFX,1�8U1�ÇMVrJM.MC98E4ZX²à�k�} x�0�H�H`H�H`H`H`H`H`H�H`H�H`H`H�H`H�H_H Ú�Ù
Ô=HÓÚbHÓÚ ��@¸8U4ZBg8IJb47X²@�Bg8EVFL T BQ@�DW.MCEVWC H`H�H`H�H`H`H`H`H`H�H`H�H`H`H�H`H�H_H Ögu
Ô=HÓÚbH¤Ö n�@%BtYQ476P:�4ZVå¶9YQ4ZB�£¤CPa 1�Xi@�VFB\k�1�BQLZ47f=8P8U1,�h4�@%8E;Q6E4 � @�f=fQVFBQ<�H�H_H Ö�Ô
Ô=HÓÚbHÓÝ Jb4ZXi@�Bg8UVWL_:P.Mf5476EX,4ZYQVF@ T 6ELS>=VW8U47L78E;Q6E4²NÃJ=: T R�H�H`H�H`H`H�H`H�H_H Ö�×
Ô=HÓÚbH¤Ù ?�1�;=6EVFC9? H�H`H`H�H`H_H�H`H�H`H`H�H`H�H`H`H`H`H`H�H`H�H`H`H�H`H�H_H ÖgÚ
Ô=HÓÚbH¤Û ?�>Q4�}{s T cex�cq691¸¶94ZLG8UC�H`H�H`H`H�H`H�H`H`H`H`H`H�H`H�H`H`H�H`H�H_H ÖgÚ
Ô=HÓÚbH�Ò§v�?�>Q4`yIx�J T 0)J¡.bC�8U47XæH�H`H�H`H`H�H`H�H`H`H`H`H`H�H`H�H`H`H�H`H�H_H Ö�Ö
Ô=HÓÚbH�Ò�ÒâJb4ZX²Þ ;Q4Z6�.çH`H`H�H`H_H�H`H�H`H`H�H`H�H`H`H`H`H`H�H`H�H`H`H�H`H�H_H ÖgÝ
Ô=HÓÚbH�ÒÑu�0�j�k�x H`H�H`H`H�H`H_H�H`H�H`H`H�H`H�H`H`H`H`H`H�H`H�H`H`H�H`H�H_H ÖgÝ
Ô=HÓÚbH�Ò§Ô T L78EVWn�4��¨VW3Q6U@�6�.p1�B�k�1�696E1�C9VF1�BÍH�H`H�H`H`H`H`H`H�H`H�H`H`H�H`H�H_H Ö�Ù
Ô=HÓÚbH�Ò�×çk�}`J � }_J H`H`H�H`H_H�H`H�H`H`H�H`H�H`H`H`H`H`H�H`H�H`H`H�H`H�H_H Ö�Û
Ô=HÓÚbH�ÒÑÚ�k�1�DF1�X&351Q£ØCPJb47X²@�Bg8EVFL y VWCE;h@%DrxoB=[]1�69X²@%8EVF1�Bp0P4G8U6EVW47n%@�D�H`H�H`H�H_H Ý�v

Ô=H¤Ö Jb;QX,Xi@�69. H`H�H`H�H`H`H�H`H_H�H`H�H`H`H�H`H�H`H`H`H`H`H�H`H�H`H`H�H`H�H_H Ý�v

k�>h@%f=8U476�× T Jb4ZXi@�Bg8UVWL_��@§.�4Z6 Ý�u
×QH�Ò ce6E1�3=DF4ZXÄJb;QX,X²@�6�. H`H�H`H_H�H`H�H`H`H�H`H�H`H`H`H`H`H�H`H�H`H`H�H`H�H_H Ý�u
×QHÓu T Y=YQVFBQ<,@,Jb47X²@�Bg8EVFL_��@�.�4Z6�H_H�H`H�H`H`H�H`H�H`H`H`H`H`H�H`H�H`H`H�H`H�H_H Ý�Ô

×QHÓubH�Ò ��>h@%8PVFC�?�>QVWCSè!H�H`H_H�H`H�H`H`H�H`H�H`H`H`H`H`H�H`H�H`H`H�H`H�H_H Ý�Ú
×QHÓubHÓu y VF4G¦2VFBQ< T DW8U476EBh@¸8UVWn�4_0P47fQ6E47CE47B¡8U@%8UVW1�BQC H`H`H`H�H`H�H`H`H�H`H�H_H Ý�Ú

VWVFV



×QHÓubH¤Ô Þ{;=4Z69.�jAµbfh@�B=CEVF1�BéH_H�H`H�H`H`H�H`H�H`H`H`H`H`H�H`H�H`H`H�H`H�H_H Ý�Ú
×QHÓubHØ× a 1bL7;QXi47Bg82xoBQYQ4GµbVWBQ<#H�H`H�H`H`H�H`H�H`H`H`H`H`H�H`H�H`H`H�H`H�H_H Ý�Ý
×QHÓubHÓÚ ��VWBQÇ T ;Q<�X,4ZBg8S@¸8UVF1�BêH�H`H�H`H`H�H`H�H`H`H`H`H`H�H`H�H`H`H�H`H�H_H Ý�Ý

×QH¤Ô �h;Q698E>Q4Z6Ps{BQ1§¦2DF47YQ<�4ÕH`H�H`H_H�H`H�H`H`H�H`H�H`H`H`H`H`H�H`H�H`H`H�H`H�H_H Ý�Ù
×QH¤Ô=H�Ò jdµM8E4ZBQYQ47Y!Þ ;Q4Z6�.(jAµbfh@�BQC9VF1�B H�H`H�H`H`H`H`H`H�H`H�H`H`H�H`H�H_H Ý�Û
×QH¤Ô=HÓu k�1�BQLZ47f=8IwI@�nMVF<g@%8EVF1�B�H�H`H�H`H`H�H`H�H`H`H`H`H`H�H`H�H`H`H�H`H�H_H Ù�v
×QH¤Ô=H¤Ô wI@�696E1§¦2VFBQ<�8E>Q4�JbLZ1�f�4_1�[A@²Þ ;Q4769.�H�H`H`H`H`H`H�H`H�H`H`H�H`H�H_H Ù=Ò

×QHØ× xoBg8U476U@�LG8UVWnMV�8o.)H�H`H�H`H`H�H`H_H�H`H�H`H`H�H`H�H`H`H`H`H`H�H`H�H`H`H�H`H�H_H Ù=Ò
×QHØ×QH�Ò Þ{;=4Z69.�jAµbfh@�B=CEVF1�BéH_H�H`H�H`H`H�H`H�H`H`H`H`H`H�H`H�H`H`H�H`H�H_H Ùgu
×QHØ×QHÓu ��VWBQÇ T ;Q<�X,4ZBg8S@¸8UVF1�BêH�H`H�H`H`H�H`H�H`H`H`H`H`H�H`H�H`H`H�H`H�H_H Ùgu
×QHØ×QH¤Ô JbLZ1�f�4`wI@�696E1§¦2VFB=< H_H�H`H�H`H`H�H`H�H`H`H`H`H`H�H`H�H`H`H�H`H�H_H Ùgu

×QHÓÚ Tâ� ;QD�8UVFX,4ZY=V�@&?�>Q47CU@�;=6E;QC�H_H�H`H�H`H`H�H`H�H`H`H`H`H`H�H`H�H`H`H�H`H�H_H Ù�Ô
×QH¤Ö ce6U@�LG8UVWL�@�DWVW8UVW4ZC H`H�H`H`H�H`H_H�H`H�H`H`H�H`H�H`H`H`H`H`H�H`H�H`H`H�H`H�H_H Ù�×

×QH¤Ö=H�Ò ?�>Q4�JM;Q6E691�;QBQYQVWBQ<iJM.MC98E4ZX H`H`H�H`H�H`H`H`H`H`H�H`H�H`H`H�H`H�H_H ÙgÚ
×QH¤Ö=HÓu k�D�@�C9CEVW¢QL�@%8EVF1�B H�H`H_H�H`H�H`H`H�H`H�H`H`H`H`H`H�H`H�H`H`H�H`H�H_H Ù�Ö
×QH¤Ö=H¤Ô k�1�BQC98E6E;QLG8UVW1�B H�H`H_H�H`H�H`H`H�H`H�H`H`H`H`H`H�H`H�H`H`H�H`H�H_H Ù�Û

×QHÓÝ Jb;QX,Xi@�69. H`H�H`H�H`H`H�H`H_H�H`H�H`H`H�H`H�H`H`H`H`H`H�H`H�H`H`H�H`H�H_H Û=Ò

k�>h@%f=8U476 Ú ?�>Q4 �tT y x�J�uiJM.MC�8U4ZX Û�Ô
ÚbH�Ò xoBg8U691bYQ;=L78UVW1�B�H�H`H�H`H`H�H`H_H�H`H�H`H`H�H`H�H`H`H`H`H`H�H`H�H`H`H�H`H�H_H Û�Ô
ÚbHÓu }In�4769nMVF4G¦ÜH`H`H�H`H�H`H`H�H`H_H�H`H�H`H`H�H`H�H`H`H`H`H`H�H`H�H`H`H�H`H�H_H Û�Ô
ÚbH¤Ô �tT y x�Jtu¿a{@¸8S@�?�.Mf�4ZC�H�H`H_H�H`H�H`H`H�H`H�H`H`H`H`H`H�H`H�H`H`H�H`H�H_H ÛgÚ

ÚbH¤Ô=H�Ò 0�@�¦ � 4ZYQVF@,��@�.�476�H_H�H`H�H`H`H�H`H�H`H`H`H`H`H�H`H�H`H`H�H`H�H_H Û�Ö
ÚbH¤Ô=HÓu Jb4ZDW4ZL78EVF1�B���@�.�476ëH`H_H�H`H�H`H`H�H`H�H`H`H`H`H`H�H`H�H`H`H�H`H�H_H Û�Ö
ÚbH¤Ô=H¤Ô Jb4ZDW4ZL78EVF1�B�jAµbfQ6E47CEC9VF1�B���@�.�4Z6�H`H�H`H�H`H`H`H`H`H�H`H�H`H`H�H`H�H_H ÛgÝ
ÚbH¤Ô=HØ× Jb4ZXi@�Bg8UVWL_��@�.�4Z6ãH`H_H�H`H�H`H`H�H`H�H`H`H`H`H`H�H`H�H`H`H�H`H�H_H Û�Ù

ÚbHØ× �tT y x�Jtu¿ce691bL74ZCEC94ZC�H`H�H`H_H�H`H�H`H`H�H`H�H`H`H`H`H`H�H`H�H`H`H�H`H�H_H Û�Û
ÚbHØ×QH�Ò ?�>Q4 ��T yIx�Jtu¿-�6E1�Ç�4Z6(H`H�H`H`H�H`H�H`H`H`H`H`H�H`H�H`H`H�H`H�H_H Û�Û
ÚbHØ×QHÓu JM8U1�694!H�H`H�H`H`H�H`H_H�H`H�H`H`H�H`H�H`H`H`H`H`H�H`H�H`H`H�H`H�H_HËÒ�v=Ò
ÚbHØ×QH¤Ô y VF4G¦�476Sà�Þ ;Q4769.tJb1�;Q6EL74tH`H�H`H`H�H`H�H`H`H`H`H`H�H`H�H`H`H�H`H�H_HËÒ�vgu
ÚbHØ×QHØ× Þ{;=4Z69.�jdn%@�DW;h@%8U1�6 H_H�H`H�H`H`H�H`H�H`H`H`H`H`H�H`H�H`H`H�H`H�H_HËÒ�v�Ô
ÚbHØ×QHÓÚ Jb4ZDW4ZL78EVF1�B�jAµbfQ6E47CEC9VF1�B � @%8ULS>=4Z6 H`H�H`H`H`H`H`H�H`H�H`H`H�H`H�H_HËÒ�v�Ô
ÚbHØ×QH¤Ö JbVF<�BQ@%8U;Q694 � 1MYQ;QDF47C H�H`H�H`H`H�H`H�H`H`H`H`H`H�H`H�H`H`H�H`H�H_HËÒ�v�×
ÚbHØ×QHÓÝ k�D�@�C9CEVW¢Q4Z6 T <�47Bg8
H`H_H�H`H�H`H`H�H`H�H`H`H`H`H`H�H`H�H`H`H�H`H�H_HËÒ�vgÚ
ÚbHØ×QH¤Ù 0P47CE;QD�8UC�y VW47¦/4Z6 H`H_H�H`H�H`H`H�H`H�H`H`H`H`H`H�H`H�H`H`H�H`H�H_HËÒ�vgÚ

VWn



ÚbHØ×QH¤Û ?�>Q4 � ;QDW8EVFX,4ZYQVF@&?�>Q4ZCE@�;Q69;QC H�H`H�H`H`H`H`H`H�H`H�H`H`H�H`H�H_HËÒ�v�Ö
ÚbHÓÚ ?�>Q4 �tT y x�J�uiJM.MC�8U4ZXÄVWBt}{f�4Z6E@%8UVW1�B�H�H`H�H`H`H`H`H`H�H`H�H`H`H�H`H�H_HËÒ�vgÝ

ÚbHÓÚbH�Ò wI@�nMVF<g@%8EVF1�B(@%BQY�02478E6EVW47n%@�DIH`H`H�H`H�H`H`H`H`H`H�H`H�H`H`H�H`H�H_HËÒ�v�Ù
ÚbHÓÚbHÓu ?�>Q4 � ;QDW8EVFX,4ZYQVF@&?�>Q4ZCE@�;Q69;QC H�H`H�H`H`H`H`H`H�H`H�H`H`H�H`H�H_HËÒ�Ò�Ò
ÚbHÓÚbH¤Ô 0P47CE;QD�8 JM1�698EVFBQ<tH�H`H_H�H`H�H`H`H�H`H�H`H`H`H`H`H�H`H�H`H`H�H`H�H_HËÒ�Ò§Ô

ÚbH¤Ö JbVW<�Bh@%8E;Q6E4 � 1MYQ;QDW4ZC H`H�H`H_H�H`H�H`H`H�H`H�H`H`H`H`H`H�H`H�H`H`H�H`H�H_HËÒ�Ò§Ù
ÚbH¤Ö=H�Ò : JMyâ@�BQYt0��_-�k�1�DF1�;=62:�VFC�8U1�<�6U@�X,C/H`H`H`H`H`H�H`H�H`H`H�H`H�H_HËÒ�Ò§Ù
ÚbH¤Ö=HÓu Jbfh@%8EV�@�D¨:IJMyâ@�BQY�0��_-�k�1�DF1�;Q6^:�VFC�8U1�<�6U@�X,C�H�H`H�H`H`H�H`H�H_HËÒ�Ò§Û
ÚbH¤Ö=H¤Ô ?�>Q4�Þ{-�x�k���6E@�fQf�4Z6�JbVW<�Bh@%8E;Q6E4 � 1bYQ;=DF4 H`H`H�H`H�H`H`H�H`H�H_HËÒ�Ò§Û
ÚbH¤Ö=HØ× ��1�69Y � @%8ULS>QVWBQ<ãH`H_H�H`H�H`H`H�H`H�H`H`H`H`H`H�H`H�H`H`H�H`H�H_HËÒ§ubÒ

ÚbHÓÝ Jb;QX,Xi@�69. H`H�H`H�H`H`H�H`H_H�H`H�H`H`H�H`H�H`H`H`H`H`H�H`H�H`H`H�H`H�H_HËÒ§u�u

k�>h@%f=8U476IÖ -�;QVWDFYQVWBQ< T B T fQfQDFVWL�@%8EVF1�B Ò§u%×
Ö=H�Ò xoBg8U691bYQ;=L78UVW1�B�H�H`H�H`H`H�H`H_H�H`H�H`H`H�H`H�H`H`H`H`H`H�H`H�H`H`H�H`H�H_HËÒ§u%×
Ö=HÓu ?�>Q4 � ;QD�8UVFX,4ZY=V�@�k�1�DFDF47L78EVF1�B�H�H`H�H`H`H�H`H�H`H`H`H`H`H�H`H�H`H`H�H`H�H_HËÒ§u�Ú
Ö=H¤Ô ?�>Q4�a 47¦/47.(a 47LZVWX²@�Drk�D�@�C9CEV�¢hL�@%8EVF1�BtJbLS>=4ZXi@ H`H`H`H`H�H`H�H`H`H�H`H�H_HËÒ§u�Ù

Ö=H¤Ô=H�Ò Jb4ZDW4ZL78EVFBQ<,@,Jb;Q3=CE478P[]1�6^8E>Q4�k�1�DFDW4ZL78EVF1�B H`H`H`H�H`H�H`H`H�H`H�H_HËÒ§u�Ù
Ö=H¤Ô=HÓu ?�6E@�BQC9[]476E69VFBQ<¿8U>Q4�Jb;=3QCE4G8�VWBg8U1 �tT y x�J�u H`H`H�H`H�H`H`H�H`H�H_HËÒ§u�Û

Ö=HØ× k�1�BQB=4ZL78EVFBQ<,xoXi@�<�4ZC^8E1ik�1�BQLZ47f=8UCIm�C9VFBQ<,��@%8U47Bg8 JM4ZXi@�Bg8UVFL T Bh@�D�.bC9VFC�H_HËÒ�Ô=Ò
Ö=HØ×QH�Ò � 478U@�Yh@%8U@i�AVW4ZDWY�Jb4ZDW4ZL78EVF1�B�H`H`H�H`H�H`H`H`H`H`H�H`H�H`H`H�H`H�H_HËÒ�Ô�Ô
Ö=HØ×QHÓu xoB¡8E4Z69fQ6E4G8S@%8EVF1�B�1�[A0P47CE;QD�8UC�H`H`H�H`H�H`H`H`H`H`H�H`H�H`H`H�H`H�H_HËÒ�Ô�Ô
Ö=HØ×QH¤Ô c�4Z6�[]1�6EX,VFB=<¿8E>Q4�k�D�@�C9CEV�¢hL�@%8EVF1�B²H�H`H�H`H`H`H`H`H�H`H�H`H`H�H`H�H_HËÒ�Ô�×

Ö=HÓÚ k�1�X,fQDF4G8UVW1�B\1�[�8U>Q4_?�4ZC98 T fQfQDFVWL�@%8EVF1�BÏH�H`H�H`H`H`H`H`H�H`H�H`H`H�H`H�H_HËÒ�ÔgÚ
Ö=HÓÚbH�Ò xoBQYQ4GµbVWBQ<²a 1MLZ;=Xi47B¡8ECìH`H�H`H`H�H`H�H`H`H`H`H`H�H`H�H`H`H�H`H�H_HËÒ�Ô�Ö
Ö=HÓÚbHÓu ��VWBQÇ T ;Q<�X,4ZBg8S@¸8UVF1�BêH�H`H�H`H`H�H`H�H`H`H`H`H`H�H`H�H`H`H�H`H�H_HËÒ�Ô�Ö

Ö=H¤Ö k�D�@%CECEV�¢hL�@¸8UVF1�B\1�[�8E>Q4`0P47X²@%VFBQVWBQ<�xoXi@�<�4ZCçH�H`H`H`H`H`H�H`H�H`H`H�H`H�H_HËÒ�ÔgÝ
Ö=H¤Ö=H�Ò 0P47CE;QD�8UC21�[�8U>Q4 T ;b8U1�Xi@%8UVWL_k�D�@%CECEV�¢hL�@¸8UVF1�B(m�CEVWBQ<i�á4Z@%8U;=6E4ZCëH�H_HËÒ�Ô�Û

Ö=HÓÝ jdn%@�DF;h@¸8UVF1�B
H`H�H`H�H`H`H�H`H_H�H`H�H`H`H�H`H�H`H`H`H`H`H�H`H�H`H`H�H`H�H_HËÒZ×QÒ
Ö=H¤Ù Jb;QX,Xi@�69. H`H�H`H�H`H`H�H`H_H�H`H�H`H`H�H`H�H`H`H`H`H`H�H`H�H`H`H�H`H�H_HËÒZ×¡u

k�>h@%f=8U476 Ý ?�>Q4 T fQf=DFVFLZ@%8UVW1�BpVWBtmPCE4 ÒZ×�×
ÝbH�Ò xoBg8U691bYQ;=L78UVW1�B�H�H`H�H`H`H�H`H_H�H`H�H`H`H�H`H�H`H`H`H`H`H�H`H�H`H`H�H`H�H_HËÒZ×�×
ÝbHÓu JbL74ZBh@�69VF1�C�H`H`H�H`H�H`H`H�H`H_H�H`H�H`H`H�H`H�H`H`H`H`H`H�H`H�H`H`H�H`H�H_HËÒZ×gÖ

ÝbHÓubH�Ò JbLZ47Bh@�6EVW1(Ò�H`H`H�H`H_H�H`H�H`H`H�H`H�H`H`H`H`H`H�H`H�H`H`H�H`H�H_HËÒZ×gÖ
ÝbHÓubHÓu JbLZ47Bh@�6EVW1iu�H`H`H�H`H_H�H`H�H`H`H�H`H�H`H`H`H`H`H�H`H�H`H`H�H`H�H_HËÒ§Ú�u
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ÝbHÓubH¤Ô JbLZ47Bh@�6EVW1,Ô�H`H`H�H`H_H�H`H�H`H`H�H`H�H`H`H`H`H`H�H`H�H`H`H�H`H�H_HËÒ§Ú�Ý
ÝbH¤Ô Jb;QX,Xi@�69. H`H�H`H�H`H`H�H`H_H�H`H�H`H`H�H`H�H`H`H`H`H`H�H`H�H`H`H�H`H�H_HËÒ�Ö�v

k�>h@%f=8U476IÙ k�1�BQL7DF;QC9VF1�B=C�@%BQY��á;b8U;Q694_��1�69Ç Ò�Ö=Ò
Ù=H�Ò 0247Æh47L78UVW1�B H`H�H`H�H`H`H�H`H_H�H`H�H`H`H�H`H�H`H`H`H`H`H�H`H�H`H`H�H`H�H_HËÒ�Ö=Ò

Ù=H�Ò�H�Ò � @�B¡;h@�DWDW. T CEC91bL7V�@%8EVFBQ< � 4G8S@�YQ@%8S@�H�H`H`H`H`H`H�H`H�H`H`H�H`H�H_HËÒ�Ö=Ò
Ù=H�Ò�HÓu 0P47LZ1�<�B=VFCEVWBQ<,a VW�54Z694ZBg8�y VW47¦2C~H�H`H�H`H`H`H`H`H�H`H�H`H`H�H`H�H_HËÒ�Ö�Ô
Ù=H�Ò�H¤Ô �á1�DFDF1§¦2VWBQ<�:P.Mf�4Z69Xi47YQV�@¿�¨VFBQÇ¡C T L76E1�C9C � 4ZYQVF@i@%BQY\y VF4G¦2C²H`H�H_HËÒ�Ö�Ô
Ù=H�Ò�HØ× Jb4ZXi@�Bg8UVWL_0P47D�@%8EVF1�BQC9>QVFf=CpH�H`H`H�H`H�H`H`H`H`H`H�H`H�H`H`H�H`H�H_HËÒ�Ö�×

Ù=HÓu �h;=8U;=6E4{��1�6EÇ�H�H`H�H`H`H�H`H_H�H`H�H`H`H�H`H�H`H`H`H`H`H�H`H�H`H`H�H`H�H_HËÒ�ÖgÚ
Ù=HÓubH�Ò 0PVWLS>Q4Z6�Jb47X²@�Bg8EVFL_024ZD�@¸8UVF1�BQCE>QVWfQCpH`H�H`H`H`H`H`H�H`H�H`H`H�H`H�H_HËÒ�ÖgÚ
Ù=HÓubHÓu ��47VF<�>g8U47Y�024ZDF@%8UVW1�BQC9>QVFfQC^@�BQY T CEC91bL7V�@%8EVF1�B=C�H`H�H`H�H`H`H�H`H�H_HËÒ�Ö�Ö
Ù=HÓubH¤Ô T aI.MBh@%XiVWL_Jb4ZXi@�Bg8UVWL_��@§.�4Z6 H�H`H�H`H`H`H`H`H�H`H�H`H`H�H`H�H_HËÒ�ÖgÝ
Ù=HÓubHØ× T�� ;QDW8EVFDFVWBQ<�;h@%D�JM4ZXi@�Bg8UVFL_��@�.�476 H�H`H`H`H`H`H�H`H�H`H`H�H`H�H_HËÒ�Ö�Ù
Ù=HÓubHÓÚ m�CE476�xoBg8E4Z69[¯@%LZ4`a 4ZC9VF<�B�H`H�H`H`H�H`H�H`H`H`H`H`H�H`H�H`H`H�H`H�H_HËÒ�Ö�Û
Ù=HÓubH¤Ö �á;=698U>=4Z6Pjdn�@%DF;h@%8EVF1�BìH�H`H�H`H`H�H`H�H`H`H`H`H`H�H`H�H`H`H�H`H�H_HËÒ�Ö�Û
Ù=HÓubHÓÝ xoB¡8E4Z<�6E@%8UVWBQ<�¦2VW8E>�}I8E>Q4Z6���1�6EÇiH�H`H�H`H`H`H`H`H�H`H�H`H`H�H`H�H_HËÒ§Ý�v

Ù=H¤Ô Jb;QX,Xi@�69. H`H�H`H�H`H`H�H`H_H�H`H�H`H`H�H`H�H`H`H`H`H`H�H`H�H`H`H�H`H�H_HËÒ§Ý�v

T fQf547BQYQV·µ T Jb47DF4ZLG8UVW1�B�1%[ T DW<�1�69VW8U>=X�[]1�6ik�1�B=BQ4ZLG8UVFB=<�xoXi@�<�4ZC�8E1�k�1�B=LZ4Zfb8UCi¦2V�8U>
��@%8U47Bg8 JM4ZXi@�Bg8UVFL T Bh@�D�.bC9VFC Ò§Ý�u

-�VW3QDFVW1�<�6E@�fQ>g. Ò§Ý�Ö

0247[]476E4ZB=LZ4ZC Ò§Ý�Ö
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ubH�Ò a 1�8Pce6E1MYQ;QLG8IJbVFX,VFDF@�6EV�8o. � 4�@�C9;Q6E4�H`H`H�H`H�H`H`H`H`H`H�H`H�H`H`H�H`H�H_H ÒÑu
ubHÓu yq4ZLG8U1�6�JbfQ@�LZ4`a VFC�8S@�B=LZ4`JbVWXiVWD�@�69VW8o. � 4Z@�CE;Q694 H`H`H`H`H�H`H�H`H`H�H`H�H_H Ò§Ô
ubH¤Ô ?�>Q4&Þ{-�x�k�k�1�DW1�;Q6�c�4Z69LZ4ZBg8U@�<�4�Þ ;Q4769.\xoBg8E4Z69[¯@%LZ4ìH`H`H�H`H�H`H`H�H`H�H_H u�v
ubHØ× ?�>Q4&Þ{-�x�k�k�1�DW1�;Q6���@�.�1�;=8{Þ ;Q4769.\xoBg8E4Z69[¯@%LZ4 H`H`H`H`H�H`H�H`H`H�H`H�H_H ubÒ
ubHÓÚ �tT 0IJ�-�1M1�DF4Z@�BÜ}{f�4Z6E@%8U1�6ECZH~?�>Q4�DFVW<�>g8U4Z6p@�6E4Z@�C(VFBQYQVWL�@%8E4!@�C�8U691�BQ<�476

1§n�476U@�DWD¨X²@%8ELS>rH�H`H�H`H`H�H`H_H�H`H�H`H`H�H`H�H`H`H`H`H`H�H`H�H`H`H�H`H�H_H u%×
ubH¤Ö ?�>Q4�Ô¸����@�.�4762a 4GµM8U476I:2.Mf547698U4¹µM8 0247[]476E4ZB=LZ4 � 1bY=4ZD�H`H�H`H�H`H`H�H`H�H_H ÔgÚ
ubHÓÝ ?�>Q4 � VFL76E1MLZ1�C9XÄ} f�4ZBt:P.Mf5476EX,4ZYQVF@ T 6ELS>=VW8U47L78E;Q6E4 H`H�H`H�H`H`H�H`H�H_H Ô�Ù
ubH¤Ù �tT y x�J!Ò T 6ELS>QV�8U47L78U;=6E4 H`H_H�H`H�H`H`H�H`H�H`H`H`H`H`H�H`H�H`H`H�H`H�H_H ×QÒ
ubH¤Û Þ ;Q4Z6�.(�h1�6EX&;QD�@%8EVF1�B²VFBtÞ ;Q4Z69VF4ZC���0^���¨VFB=ÇMCëH�H`H`H`H`H`H�H`H�H`H`H�H`H�H_H ×¡Ú
ubH�Ò§v
?�>Q694Z4G�zD�@�.�476I:2.Mf5476EX,4ZYQVF@iJMLS>Q4ZXi@,VWB\? T k^:Px�0æH`H`H`H�H`H�H`H`H�H`H�H_H ×gÖ
Ô=H�Ò �¨4�@�Y=VFBQ<¿VFB\8E1i@¿ce6E4G[]4Z696E4ZYt?�476EX H`H`H�H`H�H`H`H`H`H`H�H`H�H`H`H�H`H�H_H Ú�u
Ô=HÓu jAµ=@�Xif=DF4{1�[A@,JbVFX,fQDF4{Jb4ZXi@�Bg8UVWL_w�478 H�H`H�H`H`H`H`H`H�H`H�H`H`H�H`H�H_H Ú%×
Ô=H¤Ô jAµ=@�Xif=DF4{1�[A@�B�ô���@%69.\024ZDF@%8UVW1�BQC9>QVFf�H`H�H`H�H`H`H`H`H`H�H`H�H`H`H�H`H�H_H Ú%×
Ô=HØ× jAµ=@�Xif=DF4{1�[A@¿0PVWBQ<,0P47D�@%8EVF1�BQC9>QVFfÄH`H`H�H`H�H`H`H`H`H`H�H`H�H`H`H�H`H�H_H Ú�Ú
Ô=HÓÚ jeD�w�V�äB=1Q£¤C^a VF6E47L78 � @%BQVFfQ;=D�@%8EVF1�BpxoBg8E4Z69[¯@%LZ4¿H�H`H`H`H`H`H�H`H�H`H`H�H`H�H_H Ú�Ù
Ô=H¤Ö :�VW4Z6E@�6ELS>QVWL�@�D T 8E8U69VF3Q;b8U4`JM8E6E;QLG8U;Q694�H`H`H�H`H�H`H`H`H`H`H�H`H�H`H`H�H`H�H_H Ú�Û
Ô=HÓÝ :�VW6U@%8U@=£ØCPk�1�Bg8U4ZBg8���} 6EVW4ZBg8U47YtxoBg8U47<�6U@¸8UVF1�B T 6ELS>QV�8U47L78U;=6E4 H`H�H`H`H�H`H�H_H Ö�v
Ô=H¤Ù a 1�Xi@�VFB\k�1�BQLZ47f=8P8U1,�h4�@%8E;Q6E4 � @�f=fQVFBQ<)H`H�H`H`H`H`H`H�H`H�H`H`H�H`H�H_H Ö�×
×QH�Ò 024ZfQ694ZCE47Bg8S@%8EVF1�BQCP1�[A@,JbVFBQ<�DF4{024�@�D·�z¦/1�6EDWY�} 3M¶94ZLG8IVWB(a VW�54Z6E47Bg8 � 4ZYQVF@ H Ý%×
×QHÓu � 47YQV�@\024ZfQ694ZC94ZBg8S@%8EVF1�B=C{VFB�8U>=4�ceD�@�BQ4&1�[/jdµbfQ694ZC9CEVF1�B�k�1�BQBQ4ZLG8U47Y�8E1(@�B

1�3M¶947L78PVFB\8E>Q4`cqDF@�BQ4{1�[ek�1�Bg8U47B¡8�H�H`H`H�H`H�H`H`H`H`H`H�H`H�H`H`H�H`H�H_H Ý�Ú
×QH¤Ô JbVWXifQDW4_Þ ;Q4Z6�.(jAµbfh@�BQC9VF1�B"H_H�H`H�H`H`H�H`H�H`H`H`H`H`H�H`H�H`H`H�H`H�H_H Ý�Ö
×QHØ× �h;Q698E>Q4Z6�Þ ;Q4769.(jAµbfh@�BQC9VF1�B H�H`H�H`H`H�H`H�H`H`H`H`H`H�H`H�H`H`H�H`H�H_H Ý�Ý
×QHÓÚ T ;=<�Xi47Bg8U4ZYt�¨VFBQÇpk�1�X,fQ;=8S@¸8UVF1�B�H�H`H`H�H`H�H`H`H`H`H`H�H`H�H`H`H�H`H�H_H Ý�Ù
×QH¤Ö T Jb4ZXi@�Bg8UVWL_��@§.�4Z621§n�476I@ � ;QD�8UVWXi47YQV�@�k�1�DFDF47L78EVF1�B H`H�H`H�H`H`H�H`H�H_H Ý�Û

nMVFV



×QHÓÝ wI@%6E6E1§¦2VWBQ<�8E>Q4²JbLZ1�f�4²1%[�@�Þ ;Q4769.���V�8U>�@�JbXi@�DFDdw�;QX�3�4Z6`1�[^wI@�nMVF<g@¸�
8UVW1�Bh@�DrJM8U47fQC"H�H`H�H`H`H�H`H_H�H`H�H`H`H�H`H�H`H`H`H`H`H�H`H�H`H`H�H`H�H_H Ù�Ô

×QH¤Ù ?�>Q4&k�1�Bg8U47B¡8���-^@%CE4ZY�0P4G8U69VF47n%@�Dr-�D�@�LSÇ²-�1�µ H`H`H`H`H`H�H`H�H`H`H�H`H�H_H Ù�Ö
×QH¤Û 021�;=8U4{[]691�XÄk�1�B=LZ4Zfb8UC28U1,�¨1Ñ¦^�o�¨47n�47D��á4Z@%8U;=6E4ZCÏH`H`H`H�H`H�H`H`H�H`H�H_H Ù�Ù
ÚbH�Ò �tT y x�Jtu�?�1�f�1�DF1�<�.æH`H�H`H_H�H`H�H`H`H�H`H�H`H`H`H`H`H�H`H�H`H`H�H`H�H_H Û�×
ÚbHÓu ?�>Q4 �tT y x�J�u,�h1�;Q6^��@�.�4Z6�a{@%8S@ � 1MYQ4ZD H�H`H`H`H`H`H�H`H�H`H`H�H`H�H_H Û�Ö
ÚbH¤Ô �tT y x�Jtu¿ce691bL74ZCEC94ZC�H`H�H`H_H�H`H�H`H`H�H`H�H`H`H`H`H`H�H`H�H`H`H�H`H�H_HËÒ�v�v
ÚbHØ× ?�>Q4 �tT y x�J�u\õKk�1�Bg8U691�D�0P1M1�X�£�H�H`H`H�H`H�H`H`H`H`H`H�H`H�H`H`H�H`H�H_HËÒ�vgÝ
ÚbHÓÚ ?�>Q4 �tT y x�J�u,m�0��!y VF4G¦�476_H�H`H�H`H`H�H`H�H`H`H`H`H`H�H`H�H`H`H�H`H�H_HËÒ�v�Ù
ÚbH¤Ö ?�>Q4&k�1�BQL74Zf=8�-�691Ñ¦2C94Z6�H�H`H_H�H`H�H`H`H�H`H�H`H`H`H`H`H�H`H�H`H`H�H`H�H_HËÒ�v�Û
ÚbHÓÝ Þ ;Q4Z6�.�JbL71�f54�} f=8EVF1�BQC�H�H`H_H�H`H�H`H`H�H`H�H`H`H`H`H`H�H`H�H`H`H�H`H�H_HËÒ�Ò§v
ÚbH¤Ù JbL71�f54`�¨VFX,VW8EVFBQ<�Jb4ZDW4ZLG8UVF1�B�?�1M1�D�H�H`H`H�H`H�H`H`H`H`H`H�H`H�H`H`H�H`H�H_HËÒ�Ò§Ô
ÚbH¤Û ?�>Q4 �tT y x�J�u,024ZC9;QDW8EC^y VF4G¦�476öH�H`H`H�H`H�H`H`H`H`H`H�H`H�H`H`H�H`H�H_HËÒ�Ò§Ö
ÚbH�Ò§v�m�C94_1�[e-�47C98 � @%8ELS>�} BQD�.\YQ;Q69VFBQ<,k�DF@�CEC9VW¢hLZ@%8UVW1�B H`H`H�H`H�H`H`H�H`H�H_HËÒ�Ò§Ù
Ö=H�Ò J=@�X,fQDW4 xoX²@%<�4ZC�[]6E1�Xç8U>=4_yIVFLG8U1�69V�@�@�BQY T DF3�4Z698 � ;QCE47;QXÍk�1�DFDW4ZL78EVF1�B�H_HËÒ§u�Ú
Ö=HÓu T c�1�6�8UVW1�B(1�[�8E>Q4`a 47¦/47.�a 47LZVFXi@�Drk�D�@�C9CEVW¢QL�@%8EVF1�B(:PVF4Z6E@�6ELS>g.�H`H�H`H�H_HËÒ§u�Û
Ö=H¤Ô a 47¦/47.�a 47LZVWX²@�Drk�D�@�C9CEV�¢hL�@%8EVF1�B�JM;Q3QCE4G8 :PVF476U@�69LS>¡. H`H�H`H�H`H`H�H`H�H_HËÒ�Ô�v
Ö=HØ× k�1�BQL74Zf=8�-�6E1§¦2C94Z6�¦2V�8U>�y VFLG8U1�69V�@#@�BQY T DF3�4Z6�8 � ;QCE47;QX xoX²@�<�4ZCZl_@%BQY

a{a_k�k�1�BQLZ47f=8UC H�H`H`H�H`H_H�H`H�H`H`H�H`H�H`H`H`H`H`H�H`H�H`H`H�H`H�H_HËÒ�ÔgÚ
Ö=HÓÚ J=@�X,fQDW4{a 4ZC9LZ6EVWf=8UVW1�B(1�[A@,a{a_k�k�1�BQL74Zf=8ÏH�H`H`H`H`H`H�H`H�H`H`H�H`H�H_HËÒ�Ô�Ö
Ö=H¤Ö ?�>Q4�-^@%8ELS>�k�DF@�CEC9VW¢h4762cq691bL74ZC9C�H`H�H`H`H�H`H�H`H`H`H`H`H�H`H�H`H`H�H`H�H_HËÒ�Ô�Ù
Ö=HÓÝ k�1�696E4ZLG8UD�.�k�D�@�C9CEV�¢h4ZYtjAµQ@%XifQDW4ZC�1�[d�{D�@�C9C9¦�@�6E4(H`H`H`H`H�H`H�H`H`H�H`H�H_HËÒZ×gv
ÝbH�Ò k�1�C�8U;QX,4_1�[AxoBg8E4Z6E47C98P8U1¿8U>Q4`mPCE4Z6�H`H`H�H`H�H`H`H`H`H`H�H`H�H`H`H�H`H�H_HËÒZ×¡Ý
ÝbHÓu 024ZCE;=DW8UC21�[dk�1�Bg8U47Bg89��-�@�CE47Y�02478U69VF4Gn�@%D�Þ ;Q4Z6�. H`H`H`H`H�H`H�H`H`H�H`H�H_HËÒZ×gÙ
ÝbH¤Ô 024ZCE;=DW8UC21�[dJM8U@�BQYh@�69Y�k�1�B¡8E4ZBg89�o-^@�C94ZY�w�@�nbVW<g@%8EVF1�B�Þ ;Q4769.�H�H`H`H�H`H�H_HËÒZ×gÙ
ÝbHØ× 024ZCE;=DW8UC21�[dk�1�Bg8U47Bg89��-�@�CE47Y�wI@�nMVF<�@%8UVW1�B�Þ ;Q4Z6�.\��VW8U> ��� ? T C9CEVWC98S@%BQLZ4 ÒZ×gÛ
ÝbHÓÚ a 4ZC�8UVWBh@%8UVW1�B\1�[A�¨VFBQÇ²�á1�;QBQY(��VW8U> ��� ? H�H`H`H`H`H`H�H`H�H`H`H�H`H�H_HËÒ§Ú�v
ÝbH¤Ö Jb1�;=6ELZ4 T BQLS>Q1�6P1�[A��VWBQÇi8E1 � ;QCE47;QXÍJbVW8E4�H�H`H`H`H`H`H�H`H�H`H`H�H`H�H_HËÒ§Ú�v
ÝbHÓÝ 024ZCE;=DW8UC21�[dk�D�@%CECEV�¢hL�@¸8UVF1�B�}{f�4Z6E@%8UVW1�B H�H`H�H`H`H`H`H`H�H`H�H`H`H�H`H�H_HËÒ§ÚbÒ
ÝbH¤Ù ?�>Q4&k�1�BQL74Zf=8�-�691Ñ¦2C94Z6�@%8�8U>=4!÷�±9À�¬O®°«F±PøIÁG¬°Â�k�1�BQL74Zf=8�H�H`H�H`H`H�H`H�H_HËÒ§ÚbÒ
ÝbH¤Û 024ZCE;=DW8UC21�[dJbÇ%478ULS>�Þ{;=4Z69. H_H�H`H�H`H`H�H`H�H`H`H`H`H`H�H`H�H`H`H�H`H�H_HËÒ§Ú�Ô
ÝbH�Ò§v�024ZCE;=DW821�[�?�4¹µM8{Þ ;Q4769.p��V�8U> ��� ?)Þ ;Q4769.�jAµbfh@�BQC9VF1�BÕH`H�H`H`H�H`H�H_HËÒ§Ú�Ú
ÝbH�Ò�Ò�024ZCE;=DW8UC21�[dJbVWXifQDW4_Þ ;Q4Z6�.\3g.�jAµQ@%XifQDW4ìH`H�H`H`H`H`H`H�H`H�H`H`H�H`H�H_HËÒ§Ú�Ö
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ÝbH�ÒÑu�?�>Q4&k�1�BQL74Zf=8�-�691Ñ¦2C94Z6�@%8�8U>=4&k^@%69nMVFBQ<iùúk^@%69nMVFBQ<�CIk�1�BQLZ47f=8 H�H`H�H_HËÒ§Ú�Ö
ÝbH�Ò§Ô
?�>Q4&k�1�BQL74Zf=8�-�691Ñ¦2C94Z6�@%8�8U>=4�021M1�8�k�1�BQL74Zf=8�H`H`H`H`H�H`H�H`H`H�H`H�H_HËÒ§Ú�Ý
ÝbH�Ò�×�Þ ;Q4Z6�.\xoXi@�<�4 H`H�H`H`H�H`H_H�H`H�H`H`H�H`H�H`H`H`H`H`H�H`H�H`H`H�H`H�H_HËÒ§Ú�Ý
ÝbH�ÒÑÚ
024ZCE;=DW821�[dJM8S@%BQYh@�69Y�õÓ�AVFB=Y�JMVFX,VFD�@%6Z£bÞ ;Q4Z6�. H`H`H`H`H`H�H`H�H`H`H�H`H�H_HËÒ§Ú�Ù
ÝbH�Ò§Ö�JbVW<�Bh@%8E;Q6E4 ��4ZVW<�>g8UVFB=<�C2a V�@�DW1�<�;Q4�H�H`H`H�H`H�H`H`H`H`H`H�H`H�H`H`H�H`H�H_HËÒ§Ú�Ù
ÝbH�ÒÑÝ�Jb47DF4ZLG8UVWBQ<,-�6E1g@%YQ4ZC�8 k�1�BQLZ47f=8�[]1�6PJbLZ1�f�4`wI@�696E1§¦2VFB=<�H`H�H`H�H`H`H�H`H�H_HËÒ§Ú�Û
ÝbH�Ò§Ù�024ZCE;=DW8UC21�[dÞ ;Q4Z6�.p��VW8E> ��� ?)JbL71�f�4��¨VWXiV�8UVFB=<\H`H`H`H�H`H�H`H`H�H`H�H_HËÒ�Ö�v
Ù=H�Ò 024ZD�@¸8UVF1�BQCE>QVWfQC�:P4ZDFY�-�4G8o¦�474ZB!k�1�BQLZ47f=8UC\H`H�H`H`H`H`H`H�H`H�H`H`H�H`H�H_HËÒ�Ö�×
Ù=HÓu 024ZD�@¸8UVF1�BQCE>QVWfQC�:P4ZDFY�-�4G8o¦�474ZB � 4ZYQVF@i} 3M¶947L78EC²H`H`H`H`H�H`H�H`H`H�H`H�H_HËÒ�ÖgÚ
T H�Ò T a 4ZL7VFCEVW1�B\?�6E4Z4&k�>h@�B=BQ4ZDWVFBQ<¿@�B�xoXi@�<�4 8U1,@�B T DW8U476EBh@¸8U4�k�D�@�C9C H`H�H_HËÒ§Ý%×

V�µ
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Ô=H�Ò Jb;Q3¡¶94ZL78EC�1%[ejAµbVFC98EVFBQ<,��J T Jb47X²@%B¡8EVFL`JbfQ@�LZ47CÏH`H`H`H`H�H`H�H`H`H�H`H�H_H Ö�Ô
ÚbH�Ò cA@%698P1�[A@ ��T yIx�J�u�-�6E1�Ç�4Z6�024Z<�VWC98U6�."H�H`H�H`H`H`H`H`H�H`H�H`H`H�H`H�H_H Û�Û
ÚbHÓu jAµ=@�Xif=DF4 �tT y x�Jtu � 4ZCECE@�<�4&Jbf�4ZLZV�¢hL�@¸8UVF1�B~H`H`H`H`H`H�H`H�H`H`H�H`H�H_HËÒ�v=Ò
Ö=H�Ò T J=@�X,fQDW4qj��¨x�J=j � 478U@�Yh@%8U@P024ZL71�6EY_[]1�6�@^y VWL78E1�6EVF@^@�BQY T DW3547698 � ;=CE4Z;=X

xoXi@�<�4 H�H`H`H�H`H�H`H`H�H`H_H�H`H�H`H`H�H`H�H`H`H`H`H`H�H`H�H`H`H�H`H�H_HËÒ§u�Ö
Ö=HÓu jq�¨x�J=j � 478U@�Yh@%8U@¿�AVF47DFYQC�H`H_H�H`H�H`H`H�H`H�H`H`H`H`H`H�H`H�H`H`H�H`H�H_HËÒ§u�Ý
Ö=H¤Ô jAµ=@�Xif=DF4_c�1�698UVW1�B(1�[Aa{a_k�:PVF4Z6E@�6ELS>g.�H�H`H�H`H`H`H`H`H�H`H�H`H`H�H`H�H_HËÒ§u�Ù
Ö=HØ× a 47¦/47.�a 47LZVWX²@�Drk�D�@�C9CEV�¢hL�@%8EVF1�B�JM;Q3QCE4G8 H`H�H`H`H`H`H`H�H`H�H`H`H�H`H�H_HËÒ�Ô=Ò
Ö=HÓÚ xoXi@�<�4ZC T CEC9VF<�BQ47Yt8E1ia{a_k�k�D�@%CECE47C H`H�H`H�H`H`H`H`H`H�H`H�H`H`H�H`H�H_HËÒ�Ô�×
Ö=H¤Ö :P.Mf�4Z69Xi47YQV�@¿�¨VFBQÇ¡C2VFB � ;=CE4Z;=X T fQfQDWVFLZ@%8UVW1�BéH`H`H`H`H�H`H�H`H`H�H`H�H_HËÒ�ÔgÝ
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Storage Layer
Link Storage

Within-Component Layer
Node Content and Structure
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Run-time Layer
Presentation and Interaction
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by the bank, and of having nothing to do:

Alice was beginning to get very tired of sitting by her sister
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hSI�O�VUjmj^P�KdQ[OAP�PLX[hrVURfX � � �B���W�B� ��<d�W� �W�B���N� 
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 �MSP]VUI�a�X[hfI%O�hBO�VUO�ILorVURSXkK_mKVNX[a¡I�KgsSTj^¢AXYo�hSj8�go{ILo�VNj � b	� � Ó � N z Y RfX�MSKX[T�QyOAo£cej^TNa
O � MfX[T_¤Kp�XYQ[ILc�_mILoSb{a�MfPLVUILpSP�X1j^s o X[QWVUK1OAoSh¥VNRSX�TNX[P�O�VUILj^oSKRSI�p�s�XYV��/X[X[owVNRSX[a£z Y j�OAPLP�j8�
VNRSI�KYt-VNRSX�O�VVUTNILsSMfVNX�hBO�VUO�jAc�XyOAQ?R¦pSILX[Q[Xrj�c§a�X[hfI%O{ILK�RSI�XYTUOATQ?RSI�Q[OAP�P]_¤KVUTMSQYVNMSTNXYh¨z Y RSILK
KZVUTNMfQYVUMfTNXkI�K=KNRfj©�go�I�o ~ b^MfTNX � z W z

{ OAQ?R¦oSjxhfX��ªa�X[hSI�O�j^s o X[QYV � I�K�KpSP�I]V�MSp«ILo+VUj�j^s o X[QYVNK[z { O�Q?R«jAcgVURSXYKNXrj^s o XYQYVNK�Q[OAo
s�X�ceMSTZVURSXYT6KMSs E hfIL\mI�hSXYh¨z Y RSI�K§hSX[QYj^a�p�j^KILVNI�j^o�I�K�KVNj^TNXYh�OAK§O�VUTX[X1ILo£�gRfI�Q?R�X[OAQ?R�oSjmhSX
QYj^TNTX[KNp�j^oShfK§VUj`j^ofXkjAs o X[QWV6j^TgKMSs E jAs o X[QWVyz Y RSX�Tjxj�VgjAc�VNRSX|VUTNXYX~TNX[pfTNX[KX[o+VUK§VURSX|�gRSj^PLX
oSjmhSX�z

¬ VuXyO�Q?R�oSjmhSXdj�c�VNRSXdVUTX[Xk�eI�oSQYP�MShSILoSb§VNRSX=P�X[Oy\^X[K � OATNXnRSX[PLh`VNRSX=O�VVUTI�sSMfVNX[KujAcBVNRBO�V-j^sm
o XYQYV-j^T9KMSsx®j^s o X[QWVyz Y RSXYKNXgI�ofQ[P�MfhSXda�X[hSI�O"�sBO�KNX[h`O"VNVUTI�sSMxVUX[KYt+OAoSh�OJp�j^KNKI�sSPLX=OAKKNjmQ[I%O"VUI�jAo
�gI]VUR¥O£QYj^oSQ[XYpfVUMSOAP-TNX[pfTNX[KX[o+V?O"VUI�jAo¨z ç ovOAhShSI]VUI�jAo¨t¨VURSX`pSR+_mKNILQyOAP-TX[P%O"VUI�jAoSKNRSILpSK|s�XYV��/X[X[o
VNRSX�hfI�TNXYQYVkQ?RSILP�hSTX[o��ªKNMfsx�j^s o X[QYVNK � OATNX`RSXYP�h¨t�KNMSQ?RwOAK~p�j^KILVNI�j^oBO�P9I�ofcejATNa�O�VUILj^o{ceTNjAaqOAo
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ILaiOAbAXAz Y RSX�PLj^b^ILQyOAP¨TX[P�O�VUILj^oSKNRfI�pSK=s�XYV��/X[XYo�XyOAQ?R�j^s o X[QWV�µ�KMSsx®j^s o X[QWV|OATX�RfX[P�h��gILVNR�VNRSX
PLI�oS¢�I�ofb}sSTUOAofQ?RSX[KYz Y RSXYKNX�OATNX~sSILhSI�TX[QWVUI�jAoBOAP�ILKZ�O+µ�I�K��pBO�TV®jAc¶TX[P%O"VUI�jAoSKNRSILpSK[z

µ VUTMSQYVNMSTUO�P;QYj^oSKVNTUOAILo+V}�eKNp�X[Q[I]c�_mI�oSb�TNX[PLXY\�OAo+VJofjxhSXYK6ILo�VURfX�VUTX[X � OAoSh{O�VNVNTNILsSMfVUXkQ[jAox
KZVUTUO�I�o+Vk�ªKp�XYQ[I]c�_xILoSb}TNXYP�XW\AO�o�V=O�VNVNTNI�sfMfVUXYK=O�V=X[OAQ?R�oSjxhfX � Q[OAors�X~O�pSpSP�ILX[hi�gRfX[o�aiO"VUQ?RSILoSb
VNj�XYoSKNMSTXkVNRSX~TNXYP�XY\�OAo+V � MBOAPLILVNI�X[KnjAc;VNRSX~a�XYhSI%O^µ�j^s o XYQYV�OATXka�O�VNQ?RSX[h�OAb+OAILoSKV[z

Ì MSTNILoSb¥O � MSX[TZ_^t�MSKNXYTNK�Q[OAo�KNp�X[QYILc�_�O¥o�MSa�s�X[TijAc|j^s o XYQYVNK�OAoSh�TX[P%O"VUI�jAoSKNRSILpSK`s�X�
V��/X[XYo�VURSXYa�z µ ILoSQ[X~VURfI�K�QyOAo�s�X1O�Q[jAa�pSPLXWl�jAp�XYTUO�VNI�j^o£I�o+\^jAPL\mI�oSb`VURfX�Q?RSjmj^KI�oSb�jAcuTNXYP�X�
\�OAo+Vda�X[hfI%O"®sBOAKNXYh�O�VVUTI�sSMfVNX[KYtxhSXWcªOAMSP]VnKXYVNVNI�oSbAK/Q[OAo�s�X6MSKX[h�OAPLP�j8�gI�oSb~oBOy\mI�b^O�VUILj^o�VNj1s�X
OAQ?RfI�XY\AX[h�MSKNILoSb o MSKZV-a�jAMSKNXdQYP�ILQ?¢mKYz Y RSX � MSXYT_1RBOAoShSPLX[T9X�lmVUTUO�QYVUK9VNRSXdTX[P�XW\�OAo+V-O�VNVNTNILsSMfVUXYK
ceTj^a·VURfXkjAs o X[QWVUK[z
4 � Ó?¸ � �)Ó �A��¹��W�)� � �3º
Y RSX�K_mKZVUX[a»RBO�K�O�cªOAILTNP]_{b^XYoSX[TI�Q�OATQ?RSILVNX[QYVNMSTNX�t¶�gILVUR¤a�jxhSMfP%OAT§pBOATVNK~X[oBOAsfP�I�ofb�cejAT|XWl�
OAa�pSPLX�ofXY�¼a�XYhSI%O�pSTjxQYX[KNKI�oSb{OAoShwMfoShSX[TKVUOAoShSILoSb{VUXYQ?RSoSj^PLj^bA_�VNj{s�XiKNMfpSp�jATVUXYh¨z ¬ o
j8\^XYT\mI�XW��jAc�VURSXkOATQ?RSILVNX[QWVUMSTX�ILK=KNRSj8�go{ILo ~ b^MSTX � z V z

 �X[hfI%OvO�oSh½Q[j^ofQ[X[pxVUMBOAP§TNXYpSTNXYKNX[o+VUO�VUILj^oSKrOATX{hSX[OAPLV��gILVNR�s+_�VNRSX{a�X[hfI%OvO�oSh�Q[jAox
QYX[pfVNMBOAP�� c�zA� �W�B��� � º�TX[KNp�X[QWVUI]\^X[P]_^z { O�Q?R�O�MSb^a�X[o+VUXYT�RBOAK�O � � Ó � z � � � � � ���W� zA� ����OAoSh
O � �A� Ó?¸m� � z �W� zA� ���Wz ç o«OAhfhSILVNI�j^o¥a�XYhSI%O�OAMSb^a�X[o+VUXYTNK�RSO8\AX�OAo c ���m� � ºW�®�A��� � � z �W� zA� ���
�gRSILQ?RkVNTUOAofKNP%O"VUX[K�O=a�X[hSI�OdTNX[pfTNX[KX[o+V?O"VUI�jAo�ILo�VNj�OgQYj^oSQYX[pfVNMBOAP+j^oSX�z µ ILoSQ[XuQYj^oSQYX[pfVNMBOAP�TNXYpx
TX[KNXYo+V?O�VNI�j^oSK~O�TNX}OAPLTNX[OAhf_ · MfoShSX[TKVNjxjmh ¹ O�oSh�OAKNKjxQYI%O�VNX[h��gI]VUR�a�X[hSI�OiTNXYpSTNXYKNXYo�VUO�VUILj^o��eK �
VNRSX~Q[j^oSQYX[pfVNMBOAP�OAMSbAa�XYo�VNX[TghSjmX[KgoSjAVgTX � MSILTNX|VURSILK=X[oSbAI�oSX�z

Y RSX|ceXyO�VNMSTNXYK§j�c�X[OAQ?R�j�c;VNRSX[KX�XYoSb^I�ofX[K�OATNXkOAKdcejAP�P�j8�gK ]
¾Zk1ß�ryê,fHiKhji;r,fÍk1fGê,i'fGkÀ¿|Á=RSX/a�XYhSI%OgTNXYQ[j^bAoSILVNI�j^okX[oSbAI�oSX/XWlmVUTNOAQYVNK�a�X[hSI�O6O�VVUTNILsSMfVNX[K;OAoSh

KZVUj^TX[KÂVURSXYaÃI�o�Oka�X[hSI�O|I�oShSX�l�zuÁ=RSI�K-a�O8_`QYj^oSKI�KV/jAc�aiOAo+_}hfI ñ X[TNXYo+Vna�jxhfMSP�XYK9cej^T
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hfI ñ X[TNXYo+V1TX[Q[jAb^oSILVNI�j^o¥OAPLb^j^TNI]VURSa�K[z�Á=RSX�Q[j^oSQYX[pfVNMBOAPÂTNXYQ[j^b^ofILVUILj^o¤X[oSb^ILoSX�I�oShSX�lxX[K
VNRSX~Q[j^ofQ[X[pxVUMBOAP�TX[pSTX[KNXYo+V?O�VNI�j^oSKYz

ÆAf�ÇGk��+l
hUqIf�ÇGiJf9êæk1fGê,i'fGkÀ¿JÁ=RSILKJX[ofb^I�oSX1MSKNXYKJVURSX�a�X[hfI%OiO"VNVUTI�sSMxVUX[K§XWlmVUTNOAQYVNX[h�s+_{VNRSX
TX[QYj^b^oSI]VUI�jAorX[oSb^ILoSXJVUj�O�VVUXYa�pfVnVUj ~ oSh�O�Q[j^TTNXYKNp�j^oShSILoSb`Q[j^oSQYX[pfVNMBOAP�TNXYpSTNXYKNXYo�VUO"
VNI�j^orcej^TdVNRSX~a�XYhSI%O�TX[pSTX[KX[o+V?O�VNI�j^o�z

È q�hjß+sGiJf9êvk1f9ê.i'f9k�¿|Á=RfI�Kgj^s o XYQYVytS�gRfX[o{bAIL\^XYo{O � MSXYT_^t ~ ofhSK=VURSX~a�O�VUQ?RSILoSb}a�X[hSI�O�j^T
QYj^oSQYX[pfVNMBOAPuTNXYpSTNXYKNXYo�VUO�VUILj^o¨z�Á=RfX�a�X[hfI%Oia�O�VUQ?RfI�oSbrXYoSb^I�ofX`OAP�Kj�X[a�pSP�j8_mK � �N� � � �
É �"º8�N� Ó �ËÊ�ºW��� ��� � z VUX[Q?RfoSI � MSXYK[z ç cÀVURSX � MSX[TZ_}I�K;cªOAT�ceTNjAaÌO|Q[PLMSKVNX[T9VURfX[o}VURBO"V-Q[P�MfKVUXYT
ILK=X[PLI�a�I�oBO�VNX[hiceTj^a·VNRSX~KNXyO�TNQ?R¨z

Á=RSX�aiO�VNQ?RSI�ofbkpfRBOAKNX�I�KuhfIL\mI�hSXYh�ILo+VUj|cej^MST-KVNX[pSKYz � ofcej^TZVUMSoSO�VUXYPL_1VNRSI�K-pSTjxQYX[KK/ILKÂofjAV
QYP�XyO�TNPL_ihSX[KQ[TI�s�X[h£I�o�hSXYVUOAI�P	z
Í z=Á=RfX�ILoSILVNI%OAP�pSRSOAKNXghSXYKNQ[TI�s�X[h�I�o�VNRSX=pBOAp�X[T-OAK ²NÎ j^TNTX[KNp�j^oSh`VURfX=j^s o X[QWVUK-�gILVNR}XyOAQ?R
j�VURSXYT[z ³ ç V|I�KJOAKNKMSa�XYh�VURBO�V6VURSILKJKVNX[p¤I�o+\^j^P]\^XYK ~ oShSILoSbrj^s o XYQYVUKJceTj^aÏVNRSX�a�X[hSI�O
ILoShSX�lrVURBO"VgaiO�VNQ?R£VNRSj^KXkj�c;VNRSX � MfX[T_Az

å z ²�{ \�OAPLMBO�VNX[K`VURSX�KNI�a�I�P�OATNI]V�_vs�XYV��/X[XYo�XyOAQ?R�j�cJVURSX�Q[j^TTNXYP%O�VNX[h�jAs o X[QWVUK[z ³ Á=RSILK�ILK
VUOA¢AXYorVUj}a�XyOAo�VNRBO�VdVNRSX|KVNTNX[ofbAVURrjAc�X[OAQ?R�aiO�VNQ?RrI�KdQ[OAP�QYMSP%O"VUX[hiMSKNILoSb}a�XYhSI%O1OAoSh
QYj^oSQYX[pfVNMBOAP�O�VNVNTNILsSMfVUXYK[zuÁ=RSXYKNX�aiO�VNQ?RSX[Kga�Oy_�s�X~�/X[ILb^R+VUXYh�s+_rVURfXkMfKNX[TYz

� z ²�{ \�OAPLMBO�VNX[K`VURSX�KNI�a�I�P�OATNI]V�_vj�c6VURfX{TNXYP%O�VNI�j^ofKNRSILpSK[z ³ � RSX[TX{KVNTNj^ofbva�O�VUQ?RSXYK�OATX
cejAMSoSh¨t^VNRSX=KNILa�ILP%OATILVUILX[K¶jAc�s�jAVUR}pfR�_mKI�QyO�PÀOAoSh}P�jAb^I�Q[OAPxTX[P�O�VUILj^oSKNRfI�pSK;s�XWV��nXYX[o`VURSXYa
O�TNX~XY\�OAPLMBO�VUXYh¨z

� z ²�{ \�OAPLMBO�VNX[K=VURSX~KI�a�I�P%O�TNILV�_`s�XYV��/X[XYo{VURfX � MSXYT_£OAofh£VNRSX~a�XYhSI%O}I�ofhSXWl�z ³ Á=RSILK�Q[OAo
jAoSPL_6s�XÂOAKKNMSa�X[h~VUj�Q[j^PLP%O�VNX;VNRSX-TNX[KMSPLVNK�jAcSKZVUX[pfK Í�Ð � OAs�j8\AXnOAofhkTXYVNMSTNo~VURSX-TX[KNMfPLVUKYz

Á=RSX�K_mKVNX[a pSTj^a�ILKNXYK}a�MSQ?R¨t/KNMSQ?R�OAK}VURSX£OAsSILP�I]V�_¥VNj¤oSO8\mILb+O�VUX�O�TNj^MSofhÑVNRSX · TXyOAPÒ
�/j^TNPLh ¹ j^s o X[QWVUKYz ° j8�/XY\AX[T}VURSXYTNXiOATNX�b+OApSKYtuOAoShwTXyOAKj^oSK1VNj{hSjAMSsfV1VNRSXipfTUOAQWVUI�Q[OAP�I]V�_�jAc
Kj^a�XkOAKp�XYQYVNK§jAc�VURfX�O�pSpSTNj^OAQ?R¨z

Ë ��j�a�XYo�VNI�j^o«ILK}b^IL\AX[o¦jAc�RSj8�·VNRSXrQ[jAoSQ[XYpfVUMBO�P=KNQ?RSXYaiO�I�K�ILoSILVNI%OAPLPL_�QYj^oSKZVUTNMfQYVUXYh¨t
ofj^TgRSj8�ÓTNXYP%O�VNI�j^ofKNRSILpSKds�XYV��/X[X[o{Q[j^oSQYX[pfVNK6O�TNX~Q[TXyO�VNX[h¨tBoSjAT�j�c�RSj8�Ea�XYhSI%O}TNXYpSTNX�
KX[o+V?O"VUI�jAoSK~OATNX�OAKNKjxQYI%O�VNX[h��gILVNR�Q[j^ofQ[X[pxVUMBOAPuTX[pSTX[KX[o+V?O�VNI�j^ofK[zkÁ;j�p�X[TcejATNaÔVURSXYKNX
VUOAKN¢�K=a�OAo�MBOAPLPL_`�njAMSP�hrTX � MSI�TX|OAorXYoSj^TNa�j^MSKdOAa�jAMSo+VdjAc�VUILa�X6OAoShrX ñ j^TZVdcej^TnOAo+_
KI�Õ[OAsSP�X~O�pSpSP�ILQyO�VNI�j^o�z

Ë ° j8�~t�b^I]\^XYo�O�pfI�X[QYX�j�c9a�X[hSI�OftSVURSX�K_mKVNX[a¡XWlmVUTNOAQYVNK · TNX[OAP])�nj^TP�h�j^s o XYQYVNK ¹ ceTNj^aÖI]V
ILKdoSjAVgX�lxpSP%OAILoSX[h�z ç V=I�KdKMSb^b^XYKVNX[h�VURBO�V=VNRSX|K_mKZVUX[a·QyOAo£OAQYQ[j^a�pSP�ILKNRiVNRSI�K/ceTNj^a ² O
KI�oSbAP�Xga�jAMSKNXgQ[PLI�Q?¢ ³ z9Á=RSO�V/VNRSX�K_mKVNX[a¼QyOAo�OAMfVNj^aiO"VUI�Q[OAP�P]_1hfX[P�ILoSXyO"VUXgj^s o XYQYVUKÂI�o�O
KQ[XYoSX6ILo�O�o�ILaiO�b^XAt+O�oSh�X�lmVUTUO�QYVÂTNXYP�XY\�OAo+V-ceXyO"VUMSTX[KuceTNj^a×ILVyt+KX[XYa�K-RSILb^RSPL_1MSoSPLI�¢AXYPL_
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QYj^oSKI�hSXYTNI�ofb{VURSX��nX[OAPLVNRwjAcgP�I]VUXYTUO�VNMSTNX�KNMSbAb^X[KZVUI�ofb{VURBO"V1VURfI�K1ILK1ILa�p�j^KNKI�sSPLX`b^IL\AX[o
QYMSTNTX[o+VgI�a�OAb^X�pSTjxQYX[KNKI�oSb}TX[KXyOATQ?Rv� µ j^oS¢"O£�W�/�A� ± t Í8Ø^Ø �Bº × OAILo¤�W�/�A� ± t ÍyØ^ØX� � jAVURSXYT
VNRBOAo£MSoShSXYT�VNI�b^R+VNPL_�QYj^o+VUTj^P�PLX[h£KNXYVNK§j�c9hBO�VUOfz ¬ Q?RSILXY\mI�oSb`VURfI�K · s+_�RBO�oSh ¹ hSMSTI�oSb�O
QYj^oSKZVUTNMfQYVUILj^o�pSRSOAKNX6�/j^MSPLh�s�X§cªOATÂVUjmj�VUILa�X��QYj^oSKNMfa�ILoSb|VUj}OApfpSPL_}VNj}OAo+_ia�X[hfI�MSa
VNj`P%OATb^X|KNILÕ[X[h£hBO�VUOAKNXWVyz

Ë Á=RfXÂhfX ~ oSI]VUILj^o~jAcmKNX[a�OAo+VUILQuTNXYP%O�VNI�j^oSKRSI�pfK¨s�XWV��nXYX[o�jAs o X[QWVUK/�ªjAVNRSX[T¨VNRBOAokKNpBO"VUI%O�PATNX�
P�O�VUILj^oSKRSI�pSK � O�pSp�X[OATNKdVNj�s�XJX[o+VUILTNXYPL_�RmMfaiOAom�OAMfVNRSj^TX[h¨txTNX � MSILTNILoSb}O�pSTj^RSI�sfILVUI]\^XYPL_
P�OATNbAX~OAMfVURfj^TNILoSb}X ñ j^TVgILo£OAP�P¨sfMfV�KNa�OAP�P�OApSpSPLI�QyO"VUI�jAoSK[z

ÿ ±��X±�� Ù �A���W�B� � � � �A�B� �)Ó§Ú ���A�ËÛ8º � º
Õ�O�VNX[o+V µ X[a�OAo+VUILQ ¬ oBOAPL_mKI�K[t�j^T�Õ µx¬ tnILKrOvVURSXYj^TNXWVUILQyOAPgVUXYQ?RSoSI � MSX�cej^TiXWlmVUTNOAQYVNI�oSbwVNRSX
a�XyOAofI�oSb�OAoSh�QYj^o+VUX�lxV6jAc9�/j^TNhfK6s+_£KV?O"VUI�KZVUILQyOAPLPL_rO�oBOAPL_mKI�oSb�P%OATb^X~s�jmhSILX[K�jAc9VUX�lmV`�JÕ�OAom
hBO�MSX[T=�W���A� ± t Í8Ø^Ø Ï+� z ç V9OAK�s�X[XYo�cej^MSofh�VUj�KNILa�MSP�O�VUX-OgTUOAofb^X/j�cfR�MSa�OAo1QYj^b^oSI]VUI]\^XupSRSXYoSj^a}
XYoBO º VURfX[KNXkI�ofQ[P�MfhSX|hSI�KQ[j^MfTNKNX~QYj^a�pfTNX[RfX[oSKI�j^o�OAoSh£XY\AX[o o MfhSb^X[a�X[o+VNK�j�c9X[KKUOy_ � MBOAPLILV�_^z

Ð oSX=jAc�ILVUKua�OAILo�ceXyO�VNMSTNXYKÂILK9VURBO"V/I]VuI�ofhSMSQ[XYK-Q[j^TTNX[P�O�VUILj^oSKus�XYV��/X[XYo��/j^TNhSK/OAoSh}VNj^pSI�QYK
�gI]VURSj^MxVÂVNRSj^KX6Q[jATNTNXYP%O�VNI�j^ofKuRBOy\xILoSb~VUjks�X�XWlxpSPLI�Q[I]VUP]_�KNp�X[QYI ~ XYh¨zuÁ=RSILKÂRSOAK/jAs�\mILj^MSKÂMSKNXWceMSP
OApfpSP�ILQyO�VNI�j^oSKgILo�ILofcej^TNa�O�VNI�j^orTXYVUTI�XW\AO�P)tBKNILoSQ[X�ILVgV?O�Q?¢mPLX[K�V��nj�j�c9VURSX�pSTNILoSQ[ILpSP�X~pSTj^sSPLX[a�K
ILo�VNRSX ~ X[PLh � VNRSX~hSI ñ X[TI�oSb�VNX[Ta�ILoSj^P�jAbA_�pSTNj^sfP�X[a£tSO�oSh£VNRSX~Q[j^o+VNXWlmV6pfTNj^sSPLX[a£z

Õ µx¬ j^sfVUOAI�ofK�ILVNK · ¢�oSj8�gPLX[hSb^X ¹ s+_ ~ TKVrpSTjxQYX[KKNI�ofb�OwP�OATNbAX{Q[jATNpSMSK�jAc|VNXWlmVyzÜÁ=RSX
�/j^TNhfKnI�o�ILV[tmOAoSh�KNXYVNKnjAc�VURSXYKNX��nj^ThSK[tfOATNX�TNXYpSTNXYKNXYo�VNX[h�OAKÂp�j^I�o+VUK-ILoiOkRSI�b^R`hSILa�XYoSKNILj^oBOAP
² KX[a�OAo+VUILQ|KNpBOAQYX ³ z

ç oSILVNI%OAPLPL_At�O1aiO"VUTNIÒl�I�K/Q[j^oSKZVUTMSQYVNX[h¨tBILoi�gRSI�Q?RrX[OAQ?R�TNj8�ÝQ[j^TTNXYKNp�j^oShSKnVNj`O��/j^TNh¨tSOAoSh
X[OAQ?R¥QYj^P�Mfa�o{VNj£O�pBOAKNKNOAb^X`jAc-VUX�lmVyz1Á=RfX`\�OAPLMSX[K6I�o�VURfX}aiO�VNTNIÒl�O�TNX}KNXWV|VUj£Oi�/X[I�bAR�VNX[h
ILoShSI�Q[O�VUILj^orjAc�VURSX|ceTX � MSX[ofQY_�jAc�VURSX|�/j^TNh�I�orX[OAQ?R{pBO�KNKUO�b^XAz

�§X�lxV[t�OvpSTNjmQ[XYKNK�Q[OAP�PLX[h�KNI�ofb^MSP%O�T�\�OAPLMSX{hSXYQ[j^a�p�j^KNI]VUI�jAoÓ� µ H Ì � I�K�O�pSpSP�ILX[hÑVUjvVNRSX
a�O�VUTI]l�tS�gRSILQ?R{hSXYQ[j^a�p�jAKNX[K§ILV�I�o+VNj�VNRSTNXYX�jAVNRSX[T�a�O�VUTI�Q[XYKgjAc9a�MfQ?R�KNa�OAP�PLX[TdhfI�a�X[oSKI�j^o¨z
Á=RSXYKNX}VURfTNX[X}a�O�VNTNI�QYX[KYt��gRSXYo¤a1MSPLVNI�pSPLI�X[h�VUjAb^XYVNRSX[TYt¨pSTNjmhSMSQYX`OAo�OApSpfTNjylxI�a�O�VUILj^o{jAc-VNRSX
j^TI�b^ILoBOAP�aiO�VNTNIÒl�z ç V§ILKd�gRSX[o£VURSILK=hSI�a�X[ofKNI�jAoBOAP�I]V�_�I�KghSX[QYTNX[OAKNXYh�VURSO�VgVURSX~KNXYaiO�o�VNI�Q|TX[P%O©
VNI�j^oSKRSI�p�s�XYV��/X[XYo��/j^TNhSK�I�K=ILoShSMSQYX[h º RfX[oSQYXkVNRSX~oBOAa�X ² Õ�O"VUX[o+V µ XYaiO�o�VNI�Q ³ z

Á=RSX[KX�VNRSTNXYX§a�O�VNTNI�QYX[KuQ[OAo�s�XgMSKNXYh�VNjkhfX[TNI]\^X=\^XYQYVNj^TNKÂcej^TuXyOAQ?R��njATNh�j^TupBOAKKUOAb^X º VNRSX
\AX[QYVNj^TNK-Q[OAo�VURSXYo`s�XdMfKNX[h}VNj o MShSb^XnVNRSXdKI�a�I�P%O�TNILV�_Js�XWV��nXYX[o`VUj^pSILQ[KYz�Á=RSX=QYj^KNILoSXds�XYV��/X[X[o
VNRSX}\^X[QWVUj^TK~I�K|MSKMBOAP�P]_{MfKNX[h º VNRSX}RSI�bARSX[TJVNRSX}Q[j^KI�oSX£��VURSX}QYP�j^KX[TJVNj Í � VURSX`b^TXyO�VNX[TJVNRSX
KI�a�I�P%O�TNILV�_Az

Ð oSXdhSILKUOAhf\�OAo+VUOAb^XAtAjAc�Q[j^MSTKNX�t+I�K�VNRBO�V�VNRSX=I�ofILVUI�OAP+a�O�VUTI]lka�MSKZVus�X=Q[j^oSKZVUTMSQYVNX[h`MSKNILoSb
P�OATNb^Xd\Aj^P�Mfa�XYKÂj�c�VNXWlmVnILo`j^TNhSXYTucej^T-ILVuVUj~s�XgjAc¶OAo+_`MSKXAz ° j©�/XY\AX[TÂVURSILKuRBOAK/OAP�TXyOAhf_1s�XYX[o

Ä å



F6�d§d�ËÞ $ �$�U¡ 0Á¦+§ë�a¡n¡$�2�U�a¦ $ � ßH¨�à $ ©X¢j¡2¢U�8à �X�d�a¦ $ ©
á|�2¢j¡2¢U�8à DdG # �M§d�>§ë�a¨ë§ ßH¨�à $ ©X¢j¡2¢U�8à âD¡2�a�2§d�u�U¦x±m¢U�
â_�a¦��M���U¡ ¤\�a�8´��n¦�� �X  §ë¢ ãj���Z´ âD���8´X� ßH¨�à $ ©X¢j¡2¢U�8à .`àU�M��¨ �U§d© ��´
â_�a¦��M���U¡ ¤\�a�8´��n¦�� �X  §ë¢ ã©C�§d© âD���8´X� ßH¨�à $ ©X¢j¡2¢U�8à .`àU�M��¨ &�§d© ��´
â_�a¦��M���U¡ ¤\�a�8´��n¦�� �X  §ë¢ ã©ä�§d© âD���8´X� åI¨d�n¦+æ�²;¢WçU�M�d���Ò´X�
â_�a¦��M���U¡ ¤\�a�8´��n¦�� �X  §ë¢ è�é�§d© âD���8´X� �a¦ $ à $ ¡2¢U ���´��$�
â_�a¦��M���U¡ ¤\�a�8´��n¦�� �X  §ë¢ èM¨ë§ àU�a�>� $ ¢j¡$¡2�M�U� �a¦��M�d�8à
ê.�>§�ç��n�U¦ ,D�U�n¦��U¨ ©��a�>�d§
.}�a¨ë¢j�U�g�M��� $ �U¦ æ�£�§ë�a¨ë§
.}�a¨ë¢j�U�g�M��� $ �U¦mé ¨����U¡n¡n©X�a�>��§

ë � # ¡2�����Òè>�9G�� #^ì � $ §d¨\¢U£�í9���n¨d§d�n¦X�|ê�G^F½G��a���U¦[§d� $ G� B� $ �a¨

p�X[TZcej^TNa�X[h`O�V Î jAP�j^TNOAhSj � oSIL\AX[TNKILV�_ º aiO"VUTNILQ[XYK9RBOy\^Xgs�X[X[o`QYTNXyO"VUX[h`ceTNjAa×O6\�OATI�XYV�_1jAc�KNXWVUK
jAc�VUX�lmVytÀQ[j8\^XYTNILoSbiO�\�OATI�XYV�_�jAc�KMSs o XYQYV6OATNX[OAK[z-Á=RSXYKNX�OATNX~P�ILKVNX[hrI�orVUOAsSP�X � z Í z

Á=RSX@Õ µm¬ VNX[Q?RSofI � MSX£RBOAK�OAP�TXyOAhf_vs�XYX[o�OApSpSPLI�X[h«VNj¤ILofcej^TaiO�VNI�j^ovTNXYVNTNILXY\�OAP)t-ILoÑVNRSX
cej^TaîjAcgÕ�O�VNX[o+V µ X[a�OAo+VUILQ ç ofhSXWlxI�ofb½�JÕ µ çZ� � Ì MfaiOAILK{�W�}�A� ± t Í8Ø Ï�Ï�º Õ¶XWVUKNQ?RfX ´ ä XYTNT_At
Í8ØAØ+ï � z ç ovVURSXYKNX�QyOAKX[K[t�TNXYVNTNILXY\�OAP-TNXYP�I�XYK~j^o¥VNRSX[TXis�X[I�ofb{O£P%OATb^X`Q[j^PLP�X[QWVUILj^o�jAcdVUX�lmVUK1ILo
VNRSX ~ TNKZV§ILoSKVUOAoSQYX~VNj�QYj^oSKZVUTNMfQYVgVURSX~ILoSILVNI%OAP�aiO"VUTNIÒl�z

Á=RSXJVUXYQ?RSoSI � MfX�RBO�KgOAP�Kj}s�XYX[o£OApSpSPLI�XYh�VUj}VURSX|a1MSPLVNI�a�X[hSI�OkhSjAaiOAILoiVUj�OAo�X�lxVNX[o+V�s+_
µ QYP%OATj ñ �W�¶�A� ± � µ Q[P�OATNj ñ �W�¶�A� ± t Í8Ø^Ø^Ø � z;Á=RfX_Õ µx¬ VUXYQ?RSoSI � MfXnI�K¶ofjAV;OApSpSPLI�X[h~VUjga�MfPLVUILa�XYhSI%O
ILofcej^TNa�O�VNI�j^o«hSILTNXYQYVUP]_^tÂsSMfV�VUj�VUX�lxViOAoSh ° Á� @Õ�VUOAb^K`KNMfTNTNjAMSoShSILoSb¥X[OAQ?R�ILaiOAbAXAz¦Á=RSX
p�j^I�o+VNK9I�o�VNRSX=KNXYaiOAo+VNI�QdKpBOAQ[XgO�oSh�VURSX=p�j^ILo�VNK9I�o�VNRSXn\mI�KMBOAPfceX[O�VUMfTNX=KNpSOAQ[XgOATXdQ[jAa�sSI�ofX[h
VNj�a�OA¢AX�O`KNI�ofb^P�XJceX[O�VUMSTX~KNpBOAQYXAt�OAoSh�VURSILKgMSKNXYh�OAK=VURSXksBOAKI�K=cej^Tga�MSP]VUILa�XYhSI%OkTNXYVNTNILXY\�OAP)z
Á=RSILKnILKdO�MfKNXYceMfP�VUXYQ?RSoSI � MfXAtSsSMxVdILV/KVNI�PLP�TX[PLI�X[K-VUj�KNj^a�X6X�lmVUX[o+Vgj^o�VUX�lxVds�XYI�oSb1OAKNKjxQYI%O�VNX[h
�gI]VUR£I�a�OAb^X[KYz
ÿ ±��X±ªð � �A���m� �|5 � � � �m�W� � ºJ¹ � � � � � � � � Ó ��ñ��Â� �}ò �N�A�	Ê � � � �Wñ+ñ � � z
í X[TI�X�\�OAo«hfX[T ° X[I o hfX[oE�W�k�A� ± RBOy\^X�p�j^I�o+VUXYhwj^MfV1VURBO�V�VURSXia�j^KZV�ILo�VNMSILVNIL\AX��nO8_vjAcgTNX�
VNTNI�XW\mI�oSb�ILaiO�b^X[K�I�K1s+_vhSj^a�OAI�o¥Q[j^oSQYX[pfV���\�OAo«hSX[T ° X[I o hSX[o ´ � j^TNTI�oSbft Í8Ø^Ø^Ä � z�Á=RSXW_
ILoShSI�Q[O�VUX�VURBO"VgO1\mILV?O�P�KZVUX[p�ILo�OAQ?RSI�XW\mI�oSb1VNRSI�KnI�Kns+_iaiOApfpSI�oSb1I�a�OAb^XgceXyO�VNMSTNXYKdVUj}hSj^a�OAILo
QYj^oSQ[XYpfVUKYznó;I�b^MSTX � z Ï KRSj8�gK§Rfj©�EVURSILK=I�KgOAQ?RSILXY\AX[h¨z

Á=RSX�a�OApSpSILoSb¤I�K�O�Q?RSI�XW\^X[h½MfKNI�ofbwKVUOAoShBOATh�KVUO�VUILKVNI�QyO�P�ILaiO�b^X�QYP%OAKKNI ~ QyO�VNI�j^o¦VUXYQ?Rx
oSI � MSX[KYt�hfX[a�j^oSKVNTUO�VNX[h��gILVNR�O}pSP�OAo+V=\�OATNILXYV�_�VNX[KVNI�oSb�OApfpSP�ILQyO�VNI�j^o¨z

ç o�VURSXYI�T-�njATN¢Àtf\�OAorhSXYT ° XYI o hSXYo¥�W�/�A� ± hSj}ofjAVdMSKXJVURSX§aiO�pSpSI�ofb�cej^TnOAo+_mVNRSI�ofb}jAVURSXYT
VNRBOAoÑQ[P%O�KNKNI ~ QyO"VUI�jAo¦OAoSh¦TNXWVUTNILXY\�OAPdj�c6ILaiOAbAX[K}I�owVNRSX�KUOAa�X�Q[P�OAKNK`OAK}VNRSX � MfX[T_¦ILaiO�b^XAz
° j©�/XY\AX[TYtdVURSX��/j^TN¢vhSjxXYK`pSMfV�I�a�OAb^X�Q[P%O�KNKNI ~ QyO"VUI�jAo«I�oÑO�KNP�ILb^R+VUP]_vhSI ñ XYTNXYo�V�O�oSh�a�j^TX
MSKXYceMSP�p�X[TKNp�X[QYVNIL\AXAz
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DOMAIN CONCEPTS

SEMANTICALLY

LABELLED OBJECTS

SET OF FEATURES

INSTANTIATION OF

DOMAIN CONCEPT

feature calculation

classification

object decomposition

���n�j�X�d�����'ô���,_¢j���U�$¦i±m¢j¦ $ �M 1§�§ë¢u�X�a�>§d�X�d�J.}�> 1 1�n¦X�

ÿ ±��X±®õ � � � �A�B� �)ÓJ5 Û�ñB� ��� �N� � � Ú6��Ó?¸m� ��� Ó �	Ê � ��ö �S5gÚn÷
ç o{OAo�OATQ?RSILVNX[QWVUMSTX�pSTj^p�j^KNXYh{s+_ Î MSoSPLI ñ Xr�W�d�A� ± I�ofcejATNa�O�VUILj^orILVNX[a�K=I�o�VURSXka�XYhSI%O}sBO�KNX
OATX`I�oShSX�lxX[h¥OAK~TNX[P�O�VUILj^oSKRSI�pSK§�gRSI�Q?R¤QyOAo¤s�X � MSXYTNILX[h�� Î MSoSPLI ñ X{�W�§�A� ± t ÍyØ^Ø+ï º Á�MShSRSj^p�X
´ Á;Oy_mP�j^TYt Í8Ø^Ø+ï � zuÁ=RSXYKNX�OATNX|X�lfpfTNX[KKNXYh�OAKgsSI�oBO�T_�TX[P�O�VUILj^oSKNRfI�pSKdILorVURSX|cej^Ta�ø
ù�ú+ûBü©ýxþ^ÿ���ý����+ÿ���ú	��
������
��fûBü©ýxþ+ÿ��

>��ÂÙ¨Ú�4�
"</�6�S5=
�� I�K¶j^oSX-jAcfO��BoSI]VUXuKNXWV�jAcfTX[P�O�VUILj^oSKNRfI�pSK¶O�P�P�j8�/X[h~s+_JVURfXÂKZ_mKVUXYa�KNMSQ?R
OAK Ú|���k� ��� ��< ��z;Á=RfX[KNX�I�ofQ[P�MfhSX=RSI�X[OATNQ?RfI�QyO�PfKNp�X[QYI%OAPLI�KNO�VUILj^oÀµ�b^XYoSX[TNOAP�ILKUO�VNI�j^o~TX[P%O"VUI�jAoSKNRSILpSK[t
KjiVURSXYKNX�TNX[P�O�VUILj^oSKRSI�pSKgQ[OAo{s�X1MSKX[h{VNj�cej^TaÔO�b^TNOApSRx®KV�_mP�XkoSXWV��nj^T¢�j�c�VURfX1¢�oSj8�gP�XYhSb^X
sBO�KNX~�gILVUR£O}RSILX[TUO�TNQ?RSILQyOAP¨QYj^TNX�z

Á=RSX6hSO�V?OAsSOAKNX§jAc�TNXYP%O�VNI�j^oSKRSI�pfKÂQ[OAo�s�X � MSXYTNI�XYh�sBOAKX[h�jAoiVURSX � �®�A���+� � � Ú º?º � ÓW� �A� ��� �
ò�� ��� �gRSI�Q?R�OAPLP�j8�gK � MSX[TI�X[KgKMSQ?R�OAKYø
ù��������� �!�"���ú$#�þ&%�'�')(�!* �+),��$�� -#�.��

Á=RSX[KX1TX[P%O"VUI�jAoSKNRSILpSKgOATX�O�P�KNj}�/X[ILb^R+VUX[h{OAQ[QYj^TNhfI�oSb`VUj`VURSXkKVNTNXYoSbAVUR�jAc�VNRSX~TNXYP%O�VNI�j^ox
KRSI�p¨tÂOAofhwVURSXrKp�XYQ[I%O�P�I�KNO�VUILj^o¤jAcgVURSXrKMSs)/X[QWV�OAoSh«j^s)/XYQYV[zvÁ=RSXrTXyOAKj^o«cej^T�VNRSXrP%O�VVUXYT
ILK�VNRBO�V�V��nji\AX[TZ_{Kp�XYQ[I%O�P�I�KX[h£Q[j^ofQ[X[pxVUKJQYP�j^KX�VUjAb^XYVNRSX[T�I�o£VURSXkoSXYV��/j^T¢{OATX1PLI�¢AXYPL_�VNjis�X
a�j^TNX|KI�a�I�P�OATÂVNRBOAo�V��nj�a�j^TNX|b^XYoSX[TNOAP¶Q[jAoSQ[XYpfVUKYz
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1-OAQ?R{jAc�VURSXkQ[j^ofQ[X[pxVUKJILK§O�KNKNjmQ[I�O�VUXYh��gI]VUR{TXYVNTNI�XW\�OAsSP�X|a�X[hfI%O`ILVUXYa�KYzdÁ=RSX�TNX[PLXY\�OAoSQYX
jAc�XyOAQ?R�a�X[hSI�O~I]VUXYa×QyO�o�s�X�OAKNKX[KNKX[hrs+_�VNRSX��/X[ILb^R+VUILoSb^K-O�VV?OAQ?RSXYh�VNjkTX[P�O�VUILj^oSKNRfI�pSKYt�OAoSh
VNRSX~omMfa�s�XYTgjAc�TX[P�O�VUILj^oSKNRfI�pSKdVNTUOy\^XYTNKNXYh{s�XYV��/X[XYo�Q[j^ofQ[X[pxVUK[z

° _mp�X[TNa�X[hfI%O1ceMSoSQWVUILj^oBOAPLILV�_�I�K=OAQ?RfI�XY\AX[h£VURSTj^MSb^R�pBOAKKNILoSb�O � MSXYT_�ceTj^a O�o�O�pSpSP�ILQyO"
VNI�j^o��e�gRfI�Q?R¤aiOy_�s�X�O£MfKNX[T ¹ KkKNXYP�XYQYVUILj^o�j^T~O�RSI�b^RfP�I�bAR�VNX[h�sfMfVNVNj^o � VUjrVURfX�hSO�V?OAsSOAKNX`jAc
TX[P%O"VUI�jAoSKNRSILpSK[z�Á=RSX|TNXYKNMSP]VUK=jAc¶VNRSX � MSX[TZ_�QyO�o�VNRSX[ors�X|MSKX[h�s+_iVURfX~OApSpSPLI�QyO"VUI�jAo�VNj}j ñ XYT
jAVNRSX[T1hSjxQYMSa�X[o+VUK�I�ov�gRSILQ?RwTNXYP%O�VNX[hvVNX[Ta�K1OApSp�XyOATYt9j^T�O�K1a�XyOAoSKkVUj�oSO8\mILb+O�VUXiOATNjAMSoSh
VNRSX~TNX[P�O�VUILj^oSKRSI�pSK|�ªj^T=VURfX · I�ofhSXWl�KpBOAQYX ¹3� I]VUKX[PLc�z

Á=RSX�K_mKVNX[a RBOAK�oSjÑQyO�pBOAQ[I]V�_�cej^T�MSofhSX[TKV?O�oShSI�ofb�a�MfPLVUILa�XYhSI%O¤Q[j^o+VNX[o+Vyt~OAofhÝVNRSX
ILoSILVNI%OAP�X ñ j^TV�ILo�\Aj^PL\AX[h£I�o�OAMxVURSj^TI�oSb}VNRSX~KNX[a�OAo+VUILQ|hBO�VUOAsBOAKXka�Oy_�s�X|\^X[TZ_�P%OATb^XAz
ÿ ±��X±32 4 � Ê ��� º 4
¬ oSjAVURfX[T~K_mKVNX[a sSOAKNXYh¥j^o¤O�KI�a�I�P%O�T�ILhSXyO�VNj Î MSoSP�I ñ X ¹ KJ�/j^T¢{I�K 4 � Ê �W� º 4 � ä MSPLP�jmQ?¢ ´
í j^sSPLXAt Í8Ø^Ø Ï^� z ¬ · hfX[KNQYTNILpfVUILj^o�P�j^b^ILQ ¹ I�K~MSKNXYh¥VNj£QYj^a�p�j^KX�O£QYj^oSQ[XYpfVUMSOAP-a�jmhSX[P�jAcnVNRSX
KMSs)/X[QWV~aiO"VNVUXYT[tÀVUj^MfTNI�KZVJILofcej^TNa�O�VNI�j^o¨z=Á=RfI�K6a�jmhSX[P�I�K�MSKNXYh�VUj�QYj^oSKVNTNMSQWV~OiQYj^oSQ[XYpfVUMSOAP
ILoShSXWlrjAc;VNRSX~I�ofcejATNa�O�VUILj^o�RSXYP�h�I�orVURfXkKZ_mKVUXYa�z

1-OAQ?R�hfjxQYMSa�XYo+V/ILo}VURSXgK_mKZVUX[aÃa1MSKVÂs�X�bAIL\^XYo�QYj^oSQYX[pfVÂhSXYKNQ[TI�pfVNj^TNKYtmVNRBO�V-Q[OAo�X[OAKNILPL_
s�XgaiOApfp�XYh�VNjkQYj^oSQYX[pfVNKnI�o}VNRSXgQ[j^oSQYX[pfVNMBOAPÀa�jxhSXYP)z Ð ofQ[X=VURSILK-I�K-OAQ?RSILXY\AX[h¨t�VURSX�TNILQ?RSoSXYKNK
jAc�VURfXkQYj^oSQYX[pfVNMBOAP�a�jmhSXYP¶OAP�PLj8�gKgO}\�OATI�XWV�_�jAc;KV�_mP�XYK§j�c�oBOy\mI�b^O�VUILj^o¨ø
4AÞ6587�9�:;7xÇ=<?>;@A<AB=C6D�QyO�o£s�X|b^XYoSX[TNO�VUXYh�s+_rKXyOATQ?RSI�oSb}cej^T=hfjxQYMSa�XYo+VUKgOAKKNjmQ[I%O"VUX[hr�gI]VUR

TX[P�O�VUXYh£QYj^oSQYX[pfVNK6I�o�VNRSX~Q[j^ofQ[X[pxVUMBOAP�a�jxhfX[P)z
E 45Þ6587�9+ß$>GF�>&@AHyê,�=7?ÝI9JH)KLDM7�9«OAP�PLj8�gK�VNRSX1MSKX[T�VUj�oBOy\mI�b^O�VUX�OATNjAMSoSh{VNRSX1QYj^oSQ[XYpfVUMSOAP

a�jmhSX[P	tx�gRSILQ?R�QYj^o+V?OAILoSKga�MSPLVNI�pSPLX6RSILX[TNOATNQ?RSILX[KYz
N �O7�9UÞÉ��ÞQPSR6>&:T5U@?7@ìVH7ßX�W:T7)BXFvs+_Y�BoShSILoSb�hSjmQ[MSa�X[o+VUK|�gI]VUR�KNILa�ILP%OAT�Q[j^ofQ[X[pxV1hSX�

KQ[TI�pfVNj^TNK=VUj}VNRSX � MfX[T_�hfjxQYMSa�XYo+V ¹ K[z
¬ P]VURSj^Mfb^R�VURSXYTNX�OATNX`Kj^a�X�OAMxVUj^a�O�VUILQ�X[PLX[a�X[o+VUK~ILo�VNRSX`I�oSI]VUI�OAP;QYj^oSKZVUTNMfQYVUILj^o¤jAcnVNRSX

QYj^oSQ[XYpfVUMSOAP/a�jmhSX[P	t�O�Q[j^ofKNI�hfX[TUO�sSP�X�OAa�j^MSo+VkjAc=R�MSa�OAovX ñ j^TZV1ILK~KVUILP�PuTX � MSI�TX[h¨z ¬ hShSIÒ
VNI�j^oBO�P�PL_At�VNRSXgK_mKVNX[aÃQyO�oSoSjAVÂRBOAofhSP�X=oSjAox®VNXWlmVUMBO�PBa�XYhSI%O6�gI]VURSj^MxVÂOAKNKjxQYI%O�VNX[h`a�XWV?OAhSO�V?Ofz
° j©�/XY\AX[TYtuI�a�p�j^TZV?OAo+VNPL_^t¨VNRSX`�nj^T¢�hSjxXYK�hfX[a�j^oSKVNTUO�VNX�VNRSX�X ñ X[QYVNIL\AX[oSXYKNK�jAcdRSj^P�hfI�oSb�KNX�
a�OAo+VUILQ|I�ofcej^TaiO"VUI�jAoiKNXYpBOATNO�VUXYPL_�ceTj^a·a�X[hSI�O}ILVUKX[P]c�z
ÿ ±��X±[Z 4¨¸ � <\�6Ú]�9
^�/� � � � Ó ��º
Ð ª ¬]_ ç ILKgOAo£XWlxp�XYTNILa�XYo�VUOAP¨VUX�lmV§TXYVNTNI�XW\�OAP¨K_mKZVUX[aÖVNRBO�VgI�ofQ[P�MfhSX[K�O�VURSXYKUOAMfTNMSK�X[PLX[a�X[o+V
�A`�j^s�X[TZVUKj^o¨t Í8Ø^Ø+ï � z ç oiOkpBO�p�XYTÂhfXYV?O�I�P�ILoSb|XWlxp�X[TI�a�X[o+VUK-�gILVNR�MSKX[T/I�o+VUXYTcªOAQYX[K6� ä X[OAMSP�ILX[M¨t
Í8ØAØ+ï � txV��nj�hSI ñ X[TX[o+V�a�XWVURSjmhSK=jAc;VURSXYKUOAMfTNMSK�MSKNXkOATX~a�XYo�VNI�j^ofX[h¨z

ÄX�



Á=RSXV�BTNKZViILo�\Aj^PL\AX[K�XWlxpSPLI�Q[I]V`MSKNX�jAc6VNRSX�VURSXYKUOAMSTMSK[z í IL\AX[o¦VURSX�VUXYTNa�K`jAc|O � MfX[T_At
KZ_xofj^o+_xa�KkOAoSh�Q[PLj^KNXYPL_�TNXYP%O�VNX[h�VUXYTNa�KJceTNj^aÔVURfX�VURSXYKUOAMSTMSKkOATNX1pSTNXYKNX[o+VNX[h¥VNj�VURSX}MfKNX[TYt
�gRSILQ?R�VURSX�MSKNXYT6a�Oy_{O�hSh�VNjiVURSX � MSX[TZ_^z6Á=RfX[KNX�VUX[Ta�K§aiOy_£OAPLKNj�s�X�MSKNXYh�VUjiXYo+VUX[TJOAoSh
oBOy\mI�b^O�VUX`VURSX`VURfX[KUO�MSTNMSKYt�ceTNjAa �gRSI�Q?RvOAhShSI]VUI�jAoBOAP�VNX[TNa�KkaiOy_�s�XiO�hShSX[h¥VUj�VURSX � MfX[T_Az
��j�hSXWV?OAILP�KdQYj^oSQYX[TNofI�oSb`VURSX|VNRSX[KNOAMSTNMfK§oBOy\mI�b^O�VUILj^orpSTNjmQ[XYKNK§OATNX|bAIL\^XYo�ILorVURSX~pBOAp�X[TYz

ç a�pfP�I�QYILV-MSKX|jAc¶VURfX6VURSXYKUOAMfTNMSKdVUOA¢AXYKdVURSX6cejATNa@jAc�aiO"VUQ?RSILoSb�VNX[TNa�KdILo�VURfX6VURSXYKUOAMfTNMSK
OAofh«MSKNILoSb�K_moSj^o+_ma�K{�ªOAoSh«a�Oy_xs�X�QYj^oSoSXYQYVUXYhÑVNX[Ta�K � VUj�X�lxpBOAoSh¦VURSX � MfX[T_Atba � � ¸ � Êm�
ILo�VNX[TNOAQYVNI�j^o��gI]VUR{VNRSX}MSKNXYT[z ° j8�nXW\^XYT~VNRSX}pBOAp�X[T|hfjxXYKJoSjAV~hSXWV?OAILP�VNRSX}TNXYP%O�VNIL\AX�s�XYoSXc�fVUK
j^T§KNRSjATVUQYj^a�I�oSb^K�jAcuVNRSI�K6OApSpSTj+OAQ?R�OAK§j^pSp�j^KNXYh�VUjiVNRSX1a�XYVNRSjmh{hSXYKNQ[TI�s�X[h�OAs�j8\^X�zJÁ=RSX
pBO�p�XYT�hSXYKNQ[TI�s�X[K;s�jAVNR1a�XYVNRSjxhfK9OAK�s�XYI�oSb§MSKNXWceMSP)t"VURSjAMSb^R�VNRSXnMfKNX[T ¹ K�KNX[PLX[QWVUI�jAo1jAcBTX[PLXY\�OAo+V
VNX[TNa�K=ceTNj^a¼VURSX|VNRSX[KNOAMSTNMfK��nOAK�oSjAVUXYh{O�K=s�XYI�oSb`X[Kp�XYQ[I�OAP�P]_i\�OAP�MSOAsSP�X�z
ÿ ±��X±��)d 4¨¸ �fe 
?�xÚJ> � Û8ºW��� �
Á=RSXge 
��xÚ6> K_mKZVUX[a pSTNXYKNXYo�VNX[h£s+_ Î PLILVURfX[TNj8�Ì�W�Â�A� ± � Î PLILVURfX[TNj8�Ì�W�Â�A� ± t Í8Ø Ï Ø � O�VVUXYa�pfVNK
VNj�I�a�pSTNj8\^X�TNXWVUTNILXY\�OAPÂs+_T�BoShfI�oSb�ofXYV��/j^TN¢�K`jAcgQ[jAoSQ[XYpfVUK}ceTNjAa O�KX[a�OAo+VUILQioSXWV}KNILa�ILP%OAT
VNj�VURBO�V6XWlxpSTX[KNKX[h¤I�o�O � MfX[T_�OAKJj^pfp�j^KX[h�VNj�a�XYhSI%O�ILVUXYa�KYz6Á=RSX}MfKNX[T6QyOAo�VNRSX[o�TXyOAQ?R
hSjmQ[Mfa�XYo�VNK§ILoShSX�lfXYh�s+_rVNRSX[KXkQYj^oSQYX[pfVNK[z

Á=RSX~K_mKVNX[aÖRBO�K§Oy\�OAILP%OAsSPLXJO}p�jAVUXYo�VNI%OAPLPL_�R�MSb^X~Q[jAP�P�XYQYVNI�j^o�j�c�hSjmQ[Mfa�XYo�VNK[z ¬ KNXYaiO�ox
VNI�Q�oSXWV��njATN¢wILK1cej^TNa�X[h«s+_«MfKNI�ofb�oBO�VUMfTUOAP/P%OAoSbAMBOAb^X�pSTNjmQ[XYKNKNILoSb��eVNRSX ² Õ¶MSQY_ ³ K_mKZVUX[a �
� sBOAKNILQyOAPLPL_¦I]ViILKiMSKX[h�VUjvhSX[hSMfQ[X ² �gRSj«ILKihSjAI�oSb¤�gRBO�V�VNjv�gRSj^a ³ z'Á=RSX{oSXWV��njATN¢�ILK
RSILX[TNOATNQ?RSILQyOAP�I�o�oBO�VNMSTNX�z

¬ V}OAo+_¤b^I]\^X[o¥VUI�a�X}VURSX�MSKNXYT�RBOAK1O ² cejmQ[MfK1jAcgO"VNVUXYo+VUI�jAo ³�� VURSILK�ILK1O�KNa�OAP�P��ªOAoSh
KI�a�pSP�Ih�BX[h � p�jATVUILj^owjAcgVNRSX�oSXWV��nj^T¢vVURSO�V}VURSXiMSKNXYT�ILK�I�o+VNX[TNXYKVNX[h¦I�o¨t9�gI]VURw�/X[ILb^R+VUI�ofb^K
OAKKNILb^oSX[hÑVUj¤XyOAQ?R�jAc6VNRSX�X[o+VUI]VUILX[K[tÂ�gRSI�Q?RÑo�MSa�s�X[T�oSj¤a�j^TXrVURBOAoÑKNXW\^XYo¨z��ªÁ=RfI�K�I�K}jAc
QYj^MSTNKX í X[jATNb^X� �ILP�PLX[T ¹ K ² a�OAb^ILQno�MSa�s�X[T ³ �	 �I�PLP�XYT[t ÍyØX�AÄ �¶� VNRSXgQyOApSOAQ[I]V�_�jAc�VURSXgR�MSa�OAo
KRSj^TV£VUXYTNa a�X[a�j^T_Az � Á=RSI�K�oSXWV��njATN¢�I�K�¢�oSj8�go�OAKrVURfX¥MSKX[T ¹ K�hSXYcªOAMfPLVrñB� ��� � � ��ñ �
ñB� � º � ���A� � �y� � ��� �A� � � � � ��ñ � �?º8�W�B�)�A� � � �BtuVURfXrI�oSI]VUI%O�P/KZV?O�VNXrjAc§�gRfI�Q?R¦I�K}hSXYQ[ILhSX[hÑMSKNILoSb�O
o�MSa�s�X[TgjAc�cªOAQWVUj^TK�ILoSQ[PLMShSILoSb�VURSX~MSKX[T ¹ K�jxQYQ[MSpSO�VUILj^o£OAoSh�KNjmQ[I�OAP¨sBOAQ?¢�b^Tj^MSoSh�z

�6O�VNMSTUO�PxP�OAoSb^MBO�b^X/pfTNjmQ[X[KKNILoSbJI�K;MSKNXYh}VUjJpBO�TNKNXdO � MSX[TZ_1ILo�VNjJQ[jAoSQ[XYpfVUMBO�PfMSoSI]VUK��gRSI�Q?R
a�MfKV|X�lfILKV6I�o{VNRSX�j8\^XYTUOAPLP;KX[a�OAo+VUI�Q�oSXYV��/j^T¢�zi`gX[P�O�VUILj^oSKRSI�pSK�s�XYV��/X[X[o�VNRSX[KX}MSoSILVNKJOATX
ILofceX[TTNX[h{OAoSh{O�KNa�OAPLP¨oSXYV��/j^T¢�jAc�Q[j^ofQ[X[pxVUKJTX[KNMfPLVUKYz=Á=RSI�K�I�KgQYj^a�sSILoSX[h£�gILVUR�VURfX�MSKX[T ¹ K
hSXWcªOAMSP]VJp�X[TNILoSTNXYp�VNj�pSTNjmhSMSQYX�VNRSX�TNX � MSX[KZV|p�XYTNILoSTNXYp¨z ¬ VUXYQ?RSoSI � MSX}Q[OAP�PLX[h ¸m�hj"¸ �?ºW� Ó � �}�
� � � Ó � � Ó ��ñ��/I�K=MSKX[h�VNj�OAQ?RSI�XW\^X~VURSILK[z

Ä^Ä



Á=RSX¤TNX � MSXYKV{p�XYTNI�ofTNX[pÝQyO�o�VURfX[oEs�X[QYj^a�X�VNRSX¤MSKNXYT ¹ K{hSXWcªOAMSPLV£p�X[TI�oSTX[p×�ecejmQ[MSK�jAc
O�VVUXYo�VNI�j^o � znÁ=RfX1MSKX[T6ILK=ceTNX[X~VUj�XWlxpBO�oShÀµ�QYj^P�P�OApSKNXkQ[jAoSQ[XYpfVUK6OAoSh{oSO8\mILb+O�VUX|VNRSTNj^Mfb^R�VNRSX
j8\^XYTUOAPLP¶oSXYV��/j^T¢�tÀj^T�OAK¢icej^T=Kj^a�X|TX[PLXY\�OAo+V�hSjxQYMSa�X[o+VUKYz

Á;jiTNXYVNTNILXY\^X1hSjxQYMSa�X[o+VUKYt�VURfX�Q[j^ofQ[X[pxVUKJILo{VURSX � MSX[TZ_�OAoSh�VURSX�TNX � MSXYKV~p�X[TI�oSTX[p�OATX
MSKX[h£VUj`p�XYTcej^Ta ¢AXW_��nj^Th�KNX[OATNQ?RfX[K�jAc;VNRSX~hSjmQ[MSa�X[o+VUK�RSXYP�h�I�orVURfXkKZ_mKVUXYa�z

Á=RSXdpSTjAVUj�V�_xp�XnH ç µx¬ `ÑK_mKVNX[a×jAoSPL_kRSj^PLhSK�VNILVUPLX[K�sSMfV9VNRSXn�gRSjAP�XnhfjxQYMSa�XYo+VuQ[j^MfP�h�s�X
RSXYP�h�OAoSh�TNX[OAQ?RSXYh�ceTj^aÜVNRSX[KXAzuÁ=RSXgTNXYKNMSP]VUKu_mI�XYP�hSXYh�s+_�VNRSI�KupfTNjmQ[X[KK/RSO8\AX�O~RfI�b^R}Q?RBO�oSQ[X
jAc;s�X[I�ofb�TX[PLXY\�OAo+V=VUj`VURSX|MfKNX[T�XY\AX[o�ILc�VURSX|�/j^TNhfI�oSb`I�K=KI�b^ofIk�BQ[OAo+VUPL_�hSI ñ XYTNX[o+VgVUj}VNRBO�VgjAc
VNRSX � MfX[T_Az�Á=RfX�KZ_mKVUXYa»j^oSPL_�TNXYQ[j^bAoSI�KX[K~VUXWlmV[t;O�oSh¥MfKNX[Kkj^oSP]_{VNRSX�VUI]VUP�X1jAcnhfjxQYMSa�XYo+VUK
OAofh¤ofjAVJVURfX}Q[j^o+VUXYo+Vyz ç o¤OAhfhSILVNI�j^o£VURSX � MSXYT_mI�oSb�pSTjxQYX[KK|TNX[PLI�XYKJj^o�VURfX � MSOAP�I]V�_{jAc-VNRSX
oBO"VUMSTNOAP¶P%OAofb^MBOAb^X6pSTNjmQ[XYKNKNILoSb`VUX[Q?RfoSj^P�jAbA_rMSKX[h¨z
ÿ ±��X±��+� � � �Vl ÊB� � Û
� j^TN¢6j©\AX[TP%OApSpfI�oSb=�gILVNR|VURSILK¶TNX[KXyOATQ?R1ILo~V��/j§OATNX[OAK�I�K¨VURfX9�nj^T¢|j^o|VURSX � � �Vl ÊB� � Û6I�a�OAb^X
TXYVUTI�XW\AO�P9K_mKVNX[a s+_ µ RSX[IL¢mRfj^P�XYKNP%O�a�I=�W�§�A� ± � µ RSX[IL¢mRfj^P�XYKNP%O�a�I=�W�§�A� ± t Í8Ø^Ø Ï^� z µ X[anmJMSX[TZ_
TXYVUTI�XW\^X[K6I�a�OAb^X[K=MfKNI�ofb�O�KX[a�OAo+VUILQ�QYP�MSKZVUX[TI�oSb`VUXYQ?RSoSI � MfX�MSKNILoSb�a�MSPLVNI�pSPLX|Q[XYo�VNTNj^ILhSKgcej^T
X[OAQ?R�Q[PLMSKVNX[TYz½Á=RSX[KX�Q[PLMSKVNX[TNKiOATNX£QyO�P�P�XYh�º8� � �A�B� �)Ó QYP�MSKZVUXYTNKis�X[Q[OAMSKX�VURfXY_ÑTNXYpSTNXYKNX[o+V
Kj^a�X~TXyOAPÒ®�/j^TNPLhrQ[j^oSQYX[pfV[tScej^TgXWlfOAa�pSP�X · �/jxjmh ¹ z

Á=RSX�KZ_xKZVUXYa OAPLKNj�a�OA¢AXYKJMSKX�jAc-a�MSP]VUILpSP�X|ceXyO"VUMSTX�V�_mp�XYK[t¨�gRSILQ?R�aiOy_£KNpSOAo�VUX�lxVNMSTNX�t
QYj^P�j^MfT[tSKRBOAp�X�O�oSh�j�VURSXYTgceX[O�VUMfTNX[KYz

¬ RSI�XYTUOATQ?R+_½jAckTNX[OAP])�nj^TP�h½QYj^oSQ[XYpfVUK£I�KiKVUjATNX[hÝI�o�O«hBO"V?OAsBO�KNXAt6OAoSh�VURSX�QYP�MSKZVUXYTNK
TX[pSTX[KNXYo+VrQ[j^ofQ[X[pxVUK�O"V�VNRSX�P�j8�/X[KV�P�XW\^XYP�j�c6VURfI�K`RSI�XYTUOATQ?R+_¦j^oSPL_Az�Á=RfX�KZ_xKZVUXYa sSMfI�P�hfK
QYP�MSKZVUX[TK�MfKNI�ofb¥O�VNTUOAILoSI�oSb�KXYV[tdOAoShÑMSKX[K�oSX[MSTNOAP=oSXWV��nj^T¢wVUXYQ?RSoSI � MSXYK�VNj��/X[ILb^R+V�XyOAQ?R
ceX[O�VUMSTX|V�_xp�XAz

¬ o£OAhShfILVUILj^oBOAPÀceXyO"VUMSTX|jAc�oSjAVUX|ILKdVURSX~O�sSI�PLILV�_`VUj}Kp�XYQ[ILc�_rO�KNMSsfVNTNXYXkj�c;VNRSX|RSI�XYTUOATQ?R+_
VNj�oBO�TNTNj8�ÝVURSX~KQ[j^p�X�j�c;VNRSX~TNXYVNTNILXY\�OAP)txI�a�pSTNj8\mI�ofb}TNXYVNTNILXY\�OAP¨X ñ XYQYVUI]\^XYoSX[KK[z
ÿ ±��X±��A� >��6��

Á=RSXI`b1 Î_ç Q[jAo�VNX[o+V®sBOAKX[h�I�a�OAb^X~TNXWVUTI�XY\�OAP�KZ_xKZVUXYa hSXW\^X[PLj^p�X[h�O�V§VURSX ç ` ç � Î j^a�pSMfVUXYT
µ QYI�XYoSQ[Xo`gX[KNX[OATNQ?R ç oSKZVUILVNMfVUX�O�V�VURSX � oSIL\AX[TNKILV�_}j�c��§OAo+VUXYK[txóÀTNOAoSQYXAt^ceXyO"VUMSTX[KucªOAQ[ILP�I]VUI�XYK¶cej^T
X�lfpfTNX[KKNILoSb~KNX[a�OAo+VUILQ[K��gRfX[o`I�oShfXWlxI�oSb~O�oSh�TNXWVUTI�XY\mILoSbJI�a�OAb^XYK[tAOAoSh}RBOAK�KNj^a�Xd¢�oSj8�gP�XYhSb^X
hSILKNQYj©\AX[TZ_�Q[OApBOAsfI�P�I]VUILX[K|� ä j^MSXWV ´ Ì /X[TNOAsBOft Í8Ø^Ø Ï+� z

Á=RSX{KZ_mKVUXYa �BTKVrQYP�MSKZVUXYTNK�O¥KNXYVijAc~I�a�OAb^XYK[t/sBOAKNXYh½j^o�s�jAVURÑ\mI�KNMSOAP�ceX[O�VUMfTNX[K�OAoSh
OAKKNjmQ[I�O�VUXYh�VUX�lmVyz=Á=RSX�K_mKVNX[aÔVURSXYo{I�ofhSMSQ[XYKJO`o�MSa�s�X[T�jAcuTNMfP�X[Kgcej^TgI�hfX[o+VUI]c�_xILoSb`I�a�OAb^XYK
jAc;XyO�Q?R{Q[P�OAKNKYz-Á=RSX[KXkVUOA¢AX|VURfX~cejATNa jAc;I�a�pSPLI�QyO"VUI�jAoSK[t+cej^T=X�lSO�a�pSPLXAø

�?prqMstpvuwprqMstp åA�\x �zy|{�}?{-~��Ju�yc{J}?{J~�� å^�
Ä+ï



Á=RSI�Kga�XyOAofKgVNRBO�V�ILc;OAo£I�a�OAb^X|RSOAK=VURSXkOAKKNjmQ[I%O"VUX[h�VUX�lmV1��� � � � tSVNRSX[o�ILVgILK=P�I�¢�X[P]_iVURSO�V
I]c9VURSX�I�a�OAb^X|ILK§ILo�VURfI�K�Q[P%O�KNK6I]Vg�gI�P�P�RBOy\AX1VURSXkQ[jAP�j^MST�pSTj^p�XYTV�_ Ó � � � Ê �W� zo1-OAQ?R�jAc�VURSXYKNX
TMSP�XYK�RSOAK�OAo£OAKNKjxQYI%O�VNX[h£pSTNj^sSOAsSI�PLILV�_Az

� RSX[o|VNRSX-MSKNXYT¶I�KNKMSX[K�O � MSX[TZ_^t©VURSXuQYj^oSQYX[pfV�I�K�cej^MSoSh|�gRSj^KX-TNMSPLX[K¶a�j^KV�O�TNXuTNXYKNp�X[QWVUX[h
s+_½VURfX¤ILaiO�b^XAzÃÁ=RSILKrI�K�X ñ X[QWVUI]\^X[P]_�O¦Q[P%O�KNKNIh�BQyO"VUI�jAo½j^p�XYTUO�VNI�j^o�zÃÁ=RSX�KNXYV�jAc�I�a�OAb^XYK
OAKKNjmQ[I�O�VUXYh¥�gILVNR¤VNRBO�VkQ[jAoSQ[XYpfV1Q[OAo¥VNRSX[o¥s�X�TNXWVUTI�XY\AX[h¨t�j^T~a�j^TNX`Q[jAa�a�j^o�a�XWVURSjmhSK~jAc
ILaiOAbAXJTNXWVUTNILXY\�OAP¨MfKNX[h£VUj`TNXWVUTI�XY\AX~KNp�X[Q[Ih�BQkI�a�OAb^X[K/ceTNj^a¼VURBO�V�KXYVyz

Á=RSX£K_mKVNX[a j ñ XYTNK�RSI�bAR�p�X[TZcej^TNa�OAoSQYX{OAofh�X ñ X[QWVUI]\^X[ofX[KNKYz ° j8�nXW\^XYTrILV`hSjmX[K�RBOy\^X
Kj^a�X~hSTNOy�gsBOAQ?¢�K[ø

Ë ç a�OAb^XYK�OATNX~OAKKNMSa�X[h�VUj�RBOy\^X�OAKKNjmQ[I%O"VUX[hrVNXWlmVyz
Ë ç V6I�K�OAKKNMSa�X[h{VNRBO�V6hSMSTNILoSb`VURSX�I�oSI]VUI%O�P¨Q[j^ofKVUTMSQYVNI�j^o�jAc9VNRSX1ILaiOAbAX|hBO�V?O�sBOAKNX�t�VNRSX
a�X[hfI%O{pSTjxQYX[KKNI�ofb�VUX[Q?RfoSI � MSXYK`�gILP�PÂKNMSQYQ[XYKNKceMfP�PL_wXWlmVUTNOAQYV}TX[b^ILj^oSK�j�c§ILaiO�b^X[KkQ[j^T�
TX[Kp�j^ofhSI�oSbrVNjrTNXyO�P��njATNP�h�j^s�/X[QYVNK[z�Á=RfI�KJ�gI�PLP�j^ofPL_£�nj^T¢�I�o�PLI�a�ILVNX[h�O�pSpSP�ILQyO�VNI�j^o
hfj^aiO�I�oSKYz

Ë Á=RfX�QYP�MSKZVUX[TK�j�cnILaiOAbAX[KJcej^MSofh¥hSMfTNI�ofb�VNRSX`I�oSI]VUI�OAP�QYj^oSKVNTNMSQWVUILj^ovO�TNX�OAKNKMSa�X[h�VUj
X[OAQ?R�TNXYpSTNXYKNXYo�V|O�hSILKNQ[TXYVNX�OAoSh{MSKNXWceMSP;TXyOAPÒ®�/j^TNPLh�QYj^oSQYX[pfV[z6Á=RSILK§a�I�b^R+V�oSjAV6oSX[Q�
XYKNKNOATNILPL_�s�X|VURSX~Q[OAKNX�z

ÿ ±��X±�� ÿ Ú�Ó � ��� � Ù�� É � � � Û � � � � �W� � º � � �
Á=RSX ¬ QWVUI]\^X�Õ¶I�sSTNOAT_1j^o Î jATNTNjAKNI�jAo}I�KÂOAo`R+_xp�X[Ta�XYhSI%OkOApSpfP�I�Q[O�VUILj^o�hSXW\^XYP�j^p�X[h�s+_ ¬ TNXYo+VUK
�W�-�A� ± � ¬ TNXYo+VUK ´ ä j^b+OAXYTVUKYt ÍyØ^Ø$� � z ç V/MSKNXYKnKNXYaiO�o�VNI�Q�I�ofcejATNa�O�VUILj^o1VUj�pSTNj8\mI�hfX�V��/j�oSj8\^XYP
a�XYVNRSjxhfK§jAc�oBOy\mI�b+O�VNI�oSb�OATj^MSoSh�I�ofcejATNa�O�VUILj^o¨z Ð oSPL_iVUXWlmV6I�ofcej^TaiO"VUI�jAo�I�K · MSoShSXYTNKVNjxjmh ¹$º
jAVNRSX[Tga�X[hSI�O}OATNX~j^pSO � MSX|VUj}VURSX~KZ_xKZVUXYa�z

Á=RSX��STNKV6oBOy\mI�b+O�VNI�j^o£a�XYVURfjxh�I�o+\^j^P]\^XYK6XWlmVNTUOAQWVUI�ofb�I�oShfXWl£VUXYTNa�K�ceTj^aÔoSjxhfX[K6ILo�VNRSX
R+_mp�XYTNa�X[hSI�O�oSXWV��njATN¢Àz�Á=RSX[KXrOATNX�TNXYP%O�VNX[h¤MSKNILoSb�VNRSTNXYX�VNRSX[KNOAMSTNIÂTNXYP%O�VNX[h�VUj�Q[j^TTNj^KI�j^o¨z
1-OAQ?R«R+_mp�XYTNa�X[hSI�O�oSjmhSX�RBOAK�O"V1PLXyOAKZV�j^oSXiOAKNKjxQYI%O�VNX[h¥I�oShSX�l¤VUX[Ta»I�ovX[OAQ?RvVNRSX[KNOAMSTNMfK[z
Á=RSXiI�oShSX�lxI�oSb�I�K1p�X[TZcej^TNa�X[h¥aiO�omMSOAP�P]_^t�TNX � MSILTNXYh«O�P�OATNb^X�OAa�j^MSo+V�jAc=VUILa�X�OAoShvX ñ j^TV[z
Á=RSX�VNRSX[KNOAMSTIuOATNX`º8� � �A�B� �)Ó �A���ËÛ Ó � Ê©ñ����N�At�VURBO�VJI�K[t�VURSX1Q[j^a�sfI�oBO�VNI�j^ofK��gRSILQ?R�OATNX1I�o+\�OAP�ILh
j^TgILoBOApSpSTj^pSTI%O�VNX|OATNX|¢�oSj8�go{OAoSh�OAMfVUjAaiO�VNI�Q[OAP�P]_`XWlxQ[PLMShSX[h£ceTNj^a¼VURSX~hSILKNpSP�Oy_^z

Á=RSX�I�oShfXWlÑKNpSOAQ[X£I�K�VNRSX[o¦\mI�KNMSOAP�ILKNX[hÑOAK�O Ó Ê É � � � Ó � �B���W�B��ºWz�1-OAQ?R�hSILa�XYoSKNILj^o«jAc
VNRSXrQ[MSs�XrQ[jATNTNXYKNp�j^oShSK}VNj�O{VURSXYKUOAMSTMSK[z¥Á=RSX�MSKNXYT}QyOAo · Õ[jmj^a I�o ¹ OAoSh · Õ[jmj^a jAMfV ¹ ILo
X[OAQ?R{hSILa�XYoSKNILj^o�s+_�Q?RSjmj^KNILoSb`sSTNj^OAhSX[TgO�oSh�oBOATNTj8�nXYT�VNX[TNa�K=I�o�VNRSX~TNXYP�XY\�OAo+V=VNRSX[KNOAMSTNMfK[z
� RSXYo«VURSX�MfKNX[T}KX[PLX[QYVNK`O{VUXYTNa j^owVURSXiQ[MSs�XAtÂO Ó � �B���W�B�eºkñ��]�A���rILK1hSILKNpSP�Oy_^X[h�z Ì jmQ[Mm
a�X[o+VUK�p�X[TVUOAI�ofI�oSb�VUj�VNRSX£VNX[Ta OApSp�XyOAT`j^o¦VURSX£pSP�OAoSX£OAK}�gRSILVNX�hSjAVUKYz�Á=RSX�MSKNXYT�Q[OAo
VNRSX[oÑKNXYP�X[QWV}VUXYTNa�K}I�o«jAVNRSX[T}hSILa�XYoSKNILj^oSKYtÂQYTNX[O�VUILoSb�a�jATNX�pSP�OAoSXYK[t/OAoSh«VURSXrhfjxQYMSa�XYo+VUK

Ä Ï



KRSj8�go�OAKu�gRSI]VUX=hSjAVNKÂOATNX=QYj^oSKVNTUOAILoSX[h`VUj|VNRSj^KNXgP]_xILoSb|j^o`VURSXgILo�VNX[TKNX[QWVUILj^o`jAc�VNRSXgpSP%O�oSX[KYz
Á=R�MSK=VURfX|omMfa�s�XYTdjAc�hSILKNpSP�O8_AX[h�hSjmQ[MSa�X[o+VNK=QyOAors�X � MSI�Q?¢�P]_�oBOATTNj8�/X[h�hSj8�go�MSKNILoSb�VURSILK
\mI�KMBOAPLI�KUO"VUI�jAo�jAc�VURSX~I�ofhSXWl�KpBOAQYXAz ¬ V§OAo+_rKVUOAb^XAtSVNRSX~hSjmQ[MSa�X[o+VUKgKRSj8�go�OAKd�gRSI]VUX~hSjAVNK
Q[OAo�s�X~P�ILKVUXYh£OAoSh£OAQ[QYX[KKNX[h{s�_rVNRSX~MSKNXYT[z

¬ o�j^s+\xILj^MSK�TNXYKVUTI�QWVUI�jAo£j�c�VURfI�K§OApSpSTj+OAQ?R{ILK=VURBO�V§ILVgTX � MSILTNX[K�VURBO"V§XW\^XYT_�hSjxQYMSa�X[o+V
ILK=I�oShSX�lxX[h{MfKNI�ofb`VNRSTNXYX|VURSXYKUOAMSTI)z

Á=RSX6KX[QYj^oShroBOy\mI�b+O"VUI�jAo�a�XYVNRSjmhiI�o+\Aj^PL\AX[KnQYj^oSKZVUTNMfQYVUILoSb}O}º8� � �A�B� �)Óg¸ Û?ñB� �W� ���m� � t�MSK�
ILoSb=VURSX-KUO�a�X9VNRSX[KNOAMSTNI	z;Á=RfXÂILoShSX�l~KNpBO�Q[X-Q[j^ofKNI�KZVUK · hSX[KQ[TNILpfVUjATNK ¹ VNRBO�V�hSXYKNQ[TI�s�X-pBOATVNI�QYMSP%OAT
hSjAaiOAILorQ[j^ofQ[X[pxVUK1�eVUXYTNa�K � OAoSh�RSj8�ÓVNRSXY_�TNX[P�O�VUX�z�1�lSO�a�pSPLX[KgjAc;I�oShfXWl�XYo�VNTNILX[K�OATNX�ø
��� ý)���-���8ÿ��Aú$��"���,��w�	%����t%)�) $%-!*�
� ý)����ýxþ^ÿ � "���,��w�	%����t%)�) $%-! ���  -#�.$+� M't.��G� � �G.��z�t�$�	+����)�
Á=RSX�MSKNXYT1QyO�ovoBOy\mI�b+O"VUX�s�_¤Q?RSjmj^KI�oSb�O£VNX[a�pSP%O�VNXAt¶�gRSILQ?RvhSXYKNQ[TI�s�X[KkVURSX�pBOATVNI�QYMSP%OAT

TX[P%O"VUI�jAoSKNRSILpws�X[I�ofb�XWlxpSP�jATNX[h�zwóBj^T�X�lSO�a�pSPLXiVURfX[TNX�O�TNX Ì 1-ó ç � ç Á ç Ð �ÖOAofhQ1-ó9óU1 Î Á
VNX[a�pSP%O�VNX[K£Q[j^TTNXYKNp�j^oShSILoSbÑVNj�VNRSX¤V��/j�X�lSO�a�pSPLX[K�b^I]\^X[oEOAs�j©\AXAzÔÁ=RSX¤MSKNXYT{Q[OAo�VNRSX[o
X�lfpSOAoSh�OAoSh«TNX|�BoSXrX[OAQ?R¦Q[j^oSQYX[pfV`ILowVURSXiX[o+VUTZ_^t/OAoShwVURfX�hSjmQ[MSa�X[o+VUK`O�pSpSTNjApSTNI�O�VUX�cej^T
VNRBO�VgX[o+VNT_£OATX|j ñ XYTNXYh�VNj}VURSX~MSKX[T[z ¬ b+OAI�o�txVURfX~VNRSX[KNOAMSTI�OATNX|KX[a�OAo+VUI�Q[OAP�P]_�Q[j^MSpfP�X[h�tBKNj
ILo�\�OAPLI�hrQYj^a�sSILoBO�VUILj^oSKn�gILP�P�oSjAVgs�Xkj ñ XYTNX[h�z

ä jAVNR�a�XWVURSjmhSK|RBOy\^X`s�X[XYo�cejAMSoSh�MSKNXWceMSPus+_�MSKX[TKkhfMSTNILoSb�VUTI%OAPLK[z ¬ TX[o+VUK��W�§�A� ± OAQ�
¢�oSj8�gP�XYhSb^XgVURBO"VÂVNRSXgaiO�I�o}P�ILa�I]VUILoSb§cªOAQWVUj^Tuj�c�s�jAVUR�KV�_mPLX[KÂI�K9VURSO�V-VURSXW_`TNX � MSILTNXgQ[jAa�pSPLXYVNX
OAofh{OAQYQ[MSTNO�VUX~ILoShSXWlxILoSb`jAc;VNRSX~R+_xp�X[Ta�XYhSI%O}ILofcej^TNa�O�VNI�j^o¨z Ð c�QYj^MSTKNXAtBVNRSXY_�O�P�KNj`TX[PL_ij^o
VNRSXkO8\�OAILP%OAsfI�P�I]V�_`jAc;TNX[PLXY\�OAo+VgVURSXYKUOAMfTNI�OAoSh�VUX�lmVUMBOAP¶ILofcej^TaiO�VNI�j^o�z
ÿ ±��X±��[2 �=<n�S�w<n�
Á=RSX Î j^o+VUXYo�V Ð TNILX[o+VUXYh µ XYaiOAo+VNI�Q£ �jmhSX[PLP�ILoSb Ð \^X[TP%Oy_ µ Q?RSXYa�Xv� ¬ b^I�MfK ´Ï¬ oSb^XYP�ILhSX[KYt
Í8ØAØ^Ø � I�KÂO�QYj^o+VUXYo�Vna�jmhSXYP�P�ILoSbJKQ?RSX[a�X§cej^TÂa�MSP]VUILa�XYhSI%O6ILofcej^TaiO�VNI�j^o1K_mKVNX[a�K[z/ �MSP]VUI�a�XW
hSI�O1j^s)/XYQYVNK=aiOy_�s�X6hSX[KQ[TNILs�XYhrI�orO�RSI�b^RihSX[b^TX[XJj�c�hSXYVUOAI�P	z ç VgOAPLP�j8�gK-VURSXJhfX[KNQYTNILpfVUILj^o�jAc
KXY\^XYTUOAP;OAKp�XYQYVUKgjAc�KNXYaiOAo+VNI�Q|I�oxcej^TNa�O�VUILj^o¨ø
PSR�5U@A<Jß	<[F�:;7xÇ=<?>;D|F�9+�Hß�Fj�O9-7)D��Jcej^T=XWlfOAa�pSPLXAtBO}pBOATZVUILQ[MSP�OATdQ[PLI�prjAc�OAMShfI�j º
��9-7�Dc7�BGß$7YH���9-7)>&@[��KIH�9J@	ÇQH,�*�M71ß�F-D¥ILorVURSX~a�X[hSI�O º
î 5W>�F-<A>&@�9-7�@?>GF-<?H�BWDM�W<?5UD<�87	FvKI7�7)B�Hy���M71ß�F-D��
P�Ü�7)BXF-D�>tB�Ç >Iß�F-<?H�BWD¡<AB.Ü�HX@KÜO<ABGê¢Hy���c7Bß�F�D��
£ 7):T58H�9->t@�9-7)@?>GF-<?HXB=D¤�=<A5WD<�87	FvKI7�7)B¥7XÜX7)BXF�D¦>tB�Ç�>Iß�F-<?H�BWD��
§cBXF�7�ê�9->GF-<?HXBQH��oD
Þ6BXF�>Iß�F-<'ßV>tB;Ç Dc7�:;>tBXF-<'ßV<zBO�¨H�9J:T>GF-<?H�B©�6�gRfI�Q?RrI�ofQ[P�MfhSX[KnVNRSX|OAsfI�P]

I]V�_�VUj`ILhSX[o+VUI]c�_i�gRBO"V§KX[a�OAo+VUILQ|j^s)/X[QWV§O�pSILX[QYX|jAc9a�X[hSI�O�Q[j^TTNXYKNp�j^oShSKgVUjSz

Ä^Ø



Á=RSX�K_mKVNX[a@pSTNj8\mI�hfX[K/OkhSXYKNQYTNI�pxVUI�jAo�P�OAoSb^MSOAb^XgOAoSh�O � MfX[T_�P�OAoSb^MBO�b^Xdcej^TuhSXYKNQ[TI�sSILoSb
OAofh � MSXYT_mI�ofb`VNRSX|I�oxcej^TNa�O�VUILj^o�RSX[PLhrI�o�VURfX|K_mKVNX[a£tÀOAoSh�OAPLP�j8�gKn\^XYT_ é XWlxI�sSPLX|OAQYQ[X[KK=VUj
I]Vyz ° j©�/XY\AX[TYt¨OAPLP¶I�ofcej^TaiO"VUI�jAora�MSKV§s�X�a�OAo�MBOAPLPL_�ILoSKNXYTVNX[h¨z=Á=RSILK§ILKgP�I�¢�X[P]_�VUj�TNX � MfI�TNX�O
R�MSb^X�OAa�j^MSo+VgjAc�VUILa�X|O�oSh�X ñ jATVytfXY\^XYo��gI]VUR�O`TX[P�O�VUI]\^X[P]_iKaiO�P�P�QYj^P�PLX[QWVUI�jAo¨z
ÿ ±��X±��+� � � � � � É � � º � � � �A�B� �)Ó e � ºWÊf�A� 
 �y� � ��� �A� � � � > �W� ��� � � �A�
Î j^PLj^a�s�jv�W�J�A� ± RBOy\^X�hSX[KQ[TNILs�XYhvRSj8�ÜVURSXW_¤OAMfVUjAaiO�VNI�Q[OAP�P]_�XWlmVUTNOAQYVNX[h¥V��/j{PLXY\AX[P�K|j�cdKNX�
a�OAo+VUILQ¤ILofcej^TaiO�VNI�j^o�O�MfVUj^a�O�VNI�QyO�P�PL_¦ceTj^a O�KXYV{jAc}OATZV£I�a�OAb^X[KYt|OAoShEOÑKXYV{jAc1\mI�hfX[j
OAhx\^X[TZVUILKNX[a�X[o+VNK�� Î j^P�j^a1s�j{�W�n�A� ± t Í8Ø^ØAØ � zuÁ=RSX|V��/jiKX[a�OAo+VUI�Q|PLXY\AX[P�K�OATXAø
PSR�5W9-7)D¤D¤<KÜ�7�¿|Á=RfI�KgP�XW\^X[P�RSjAP�hSK=VURfX�KZVUTNMfQYVUMfTNXkjAc�VNRSX�ILaiO�b^X[KYtSj^TgRSj8�ÓVURfX~\�OATI�j^MfK�PLj8�d

PLXY\AX[PfceX[O�VUMSTX[K9TX[P�O�VUX�t+OAQ[QYj^TNhfI�oSb6VNj|O6KXYV-jAcÀTMSP�XYK[z9óBj^T;XWlfOAa�pSP�X�tAVURfX[TNXdOATNXn\�OATI�j^MfK
TMSP�XYK=cej^T=hSX[QYI�hSILoSb}�gRSXYVNRSX[T�j^T=oSj�V=V��nj�Q[j^PLj^MSTK§O�TNX ¸ � ��� � � � � Ê�ºWz

P^:;H�F�<AH�BO>t@Z¿§Á=RSI�K§I�K§OiRSILb^RSX[TYt�a�j^TX�OAsSKZVUTNOAQYV6P�XY\AX[P�VURBO"V6VURfX1XWlxpSTX[KKNIL\AX`P�XY\AX[P	zS`gMSP�XYK
O�s�j^MxV6RSj8�·�ecejAT§X�lSO�a�pSPLX � P�ILoSX~KNP�jAp�XYK§Q[OAMSKNX1hSI ñ X[TX[o+VJXYa�jAVNI�j^ofK§O�TNX1MfKNX[h�VNjihSX�
VNX[Ta�ILoSX6VURfX · XYa�jAVNI�j^oSOAP�QYj^o+VUXYo�V ¹ jAc�VURSX6I�a�OAb^X[KYzuóBj^TdILoSKVUOAoSQ[X�tBO�RSj^TI�ÕYj^o+V?OAP�P�I�ofX
QYj^a�a�MSoSILQyO�VNX[KnQ[OAP�a�oSXYKNK=OAofhrTNX[P�O"lfO�VUILj^o¨t��gRSI�PLXJOAoij^sSP�I � MSX6KP�j^p�XJQ[jAa�a�MfoSI�Q[O�VUXYK
hx_xoSOAa�ILKNa£z

Á=RSX[KX1V��/jrP�XY\AX[PLK6QyO�o�s�X�MSKNXYh�VUjrO�P�P�j8��VURSX�MSKNXYT6VUj�bAIL\^X�O�\AX[T_�XWlxpSTX[KKNIL\AX � MfX[T_Az
Á=RSXvOApSpSTj+OAQ?REOAP�Kj�s�j+OAKZVUK�VURSX¥OApSpBO�TNX[o+V{OAhf\�OAo+V?O�b^X¥j�c�I�ofhSXWlxI�ofb�OAofhEhSXWVUX[Ta�ILoSI�ofb
KX[a�OAo+VUI�QYK�OAMfVUjAaiO�VNI�Q[OAP�P]_^z Î j^PLj^a�s�j��W�1�A� ± OAQ?¢�oSj8�gP�XYhSb^X�VURBO�V}VNRSX��nO8_¦ILow�gRSI�Q?RÑKNX�
a�OAo+VUILQ[KgOATX|hSXYVNX[TNa�I�ofX[h�OATNXJ\AX[T_�hfj^aiO�I�ox®KNp�X[Q[Ih�BQAz ¬ hShSI]VUILj^oBOAPLPL_^t+VNRSX~Q[j^oSKZVUTMSQYVNI�j^o�jAc
OAPLb^j^TILVURfa�K~cej^T}hSXWVUX[Ta�ILoSI�ofb{VURSXYKNX�KNXYaiO�o�VNI�QYK}I�K`O{\^XYT_¦QYj^a�pfP�XWlwOAoSh¦ILo�\Aj^PL\AX[h«V?O�KN¢Àz
� oSP�XYKNK|VURSXYTNX`I�K~OrR�MSb^X�KNXWVkjAcÂI�a�OAb^X[K|jATJ\xILhSX[jAK|I�o¤OrQ[j^PLP�X[QWVUILj^o¨t¨j^TJVNRSX[TX�OATNX}TXyOAhSILPL_
Oy\�OAI�P�OAsSPLXJOAPLb^j^TNI]VURSa�K/cejAT=hSXYVNX[TNa�I�ofI�oSb}KX[a�OAo+VUI�QYK[tSVNRSXkOAhf\�OAo+V?OAbAX[KgjAc�VURSILKgOApSpSTj+OAQ?R�OAK
j^pfp�j^KX[h£VUj`aiO�omMSOAP¶OAKKNI�bAoSI�oSb}j�c�KX[a�OAo+VUI�Q~ILofcej^TNa�O�VNI�j^o�aiOy_�s�X~P�j^KZVyz

»|¼kª øW«�÷Ê÷¬À.öUù
Á=RSX}MfKNX`jAc-KNXYaiO�o�VNI�Q�¢�oSj8�gPLX[hSb^X}ILo�I�ofcejATNa�O�VUILj^o�KZ_mKVUXYa�K|ILKJoSjAVJoSXY�~zkÁ=RSX[KNOAMSTIuRBOy\^X
X�lfILKVNX[h�cej^TÂj8\^X[TdO1Q[XYo�VNMST_�VURBO"VnRBOy\AX|aiOApfp�XYhi¢�oSj8�gP�XYhSb^XJjAc�OkKNMSs�/X[QYV�O�TNXyOxtfOAofh�s�XYX[o
MSKX[h�VNj«OAI�h�OAQ[QYX[KK�VUj¥VNRBO�ViI�ofcej^TaiO"VUI�jAo¨z� �j^TX{TX[Q[XYo+VUPL_At=VURSX�O�TVUIh�BQ[I�OAP=I�o+VNX[P�PLI�b^XYoSQ[X
OATX[oBO�jAcdTX[KNX[OATNQ?R«RSOAK1pSTj8\xILhSX[h¥TNILQ?RSX[T�a�XWVURSjmhSKkjAcdKZVUj^TI�oSb�KNX[a�OAo+VUILQ�ILofcej^TaiO�VNI�j^o�ILo
QYj^a�pfMfVUXYTNK[z

Ð oSPL_�O1RSOAoShfceMSP�jAc�KZ_xKZVUXYa�KdMfKNXJKX[a�OAo+VUI�Q§I�ofcejATNa�O�VUILj^o}VUj}OAo+_�KNILb^oSIh�BQyOAo+VnhSX[b^TX[XJILo
VNRSX�a1MSPLVNI�a�X[hSI�O1I�ofcejATNa�O�VUILj^o�K_mKZVUX[aÖ�/j^TNPLh¨zÂÁ=RSX�a�O-/j^TILV�_ijAc�VNRSj^KNX~VURSO�V�hSj�Q[OAo£j^oSPL_
�/j^TN¢��gILVNR{VUX�lmVUMBOAP;I�ofcejATNa�O�VUILj^o¨zdÁ=RSjAKNX1VNRBO�V6�/j^T¢£�gI]VUR�a�MfPLVUILa�XYhSI%O�ILofcej^TaiO�VNI�j^o£OATX

ïAÅ



a�j^KVNPL_¤P�ILa�I]VUXYh�VNj�KNp�X[QYIk�BQ�hSj^a�OAI�ofK1OAofh«a�XYhSI%Ofz£Á=RSX�a�OAILo¥X�lfQYX[pfVNI�j^o�t ° I�TNO�V?O ¹ K ° IÒ
a�jAVUjA¢mI%µ Î Ð ç `�K_mKZVUX[a£tfa�OA¢�X[KÂMSoSTNX[OAKNjAoBOAsSPLX6OAKKNMSa�pfVNI�j^oSKÂOAs�j^MfV-VNRSX � MBO�P�ILV�_�jAc¨a�X[hSI�O
pSTjxQYX[KKNI�ofb�VNX[Q?RSoSjAP�j^bA_Az

Á=RSXiofXWlmV}Q?RBOApxVUX[T�hSX[KQ[TI�s�X[K}OAowOApSpSTj+OAQ?RvVNj�OAPLP�XY\mI�O�VUILoSb�VURSXYKNX�hfTUOy�gsBOAQ?¢�K}QyO�P�P�XYh
VNRSX � � � �A�B� �)ÓJÙ �AÛ+� � z

ïxÍ



¬  ®°¯ ±;²´³ µ

¶ · ²¹¸ ®»º¼±¾½À¿ Á ®�ÂÃ²´³

½\¼¨Ä Å�ö+Ç*Æ\¿JúB÷ øW«�÷Ê÷¬À.öUù
ç V}Q[OAo«s�X�KNXYX[owceTNjAa VNRSX�pSTXY\mI�j^MfK�Q?RBOApfVNX[TK�VURBO�V�VURSXipSTNj^sfP�X[a»jAc�a�MfPLVUILa�XYhSI%OrILofcej^TZ
a�O�VUILj^o£OAQ[QYX[KK6RBOAK�s�X[X[o{OAhShSTX[KKNX[h�ILo�TX[QYX[o+V6TX[KXyOATQ?R¨t�sSMxV§VNRBO�V�aiO�o�_�pfTNj^sSPLX[a�K=KVNI�P�P
X�lfILKV[z
Í z�Õ�OATb^X[P]_^t¨KX[a�OAo+VUILQ�I�ofcejATNa�O�VUILj^o�RSOAK6VUjrs�X`OAKKNI�bAoSX[h�VNjra�MSPLVNI�a�X[hSI�O�ILofcej^TaiO�VNI�j^o
s+_vRBOAoShwILovVURfXicej^TNa»jAcg¢�XY_��/j^TNhSKYz¥Á=R�MSK`O�P%OATb^X�a1MSPLVNI�a�X[hSI�O�QYj^P�PLX[QWVUI�jAo¤�gI]VUR
ofj�OAKKNjmQ[I%O"VUX[h¥¢AXW_m�/j^ThSK�I�KkhSIhÇ�QYMSPLV|VNj�OAQYQ[XYKNK}O�V�O£RSI�b^RfX[T~P�XW\^X[PuVNRBOAovPLj8�d�P�XW\^XYP
a�X[hfI%O§ceX[O�VUMSTX[KYz ¬ KNKI�b^ofI�oSbJ¢�XY_��/j^TNhSK/I�o+\^jAPL\^XYK-OJR�MSb^XAt�jAc�VNX[o}pSTj^RSILsSILVNIL\^XdOAa�jAMSo+V
j�c�X ñ j^TZVyz

å z=Á=RfX[TNX�O�TNXiKj^a�XiKNI]VUMBO"VUI�jAoSKkVNRBO�V}QYMSTNTX[o+V}a�X[hSI�O�pSTjxQYX[KKNI�ofb�VUX[Q?RfoSI � MSXYK}QyOAoSofjAV
QYj^p�X��gILVUR�z¥óBj^T1XWlfOAa�pSP�X�t-OAo¦I�a�OAb^X�KNRSj8�gI�ofb¥O�KI�hSX�\xILXY� jAc§O�RSj^TKNX�OAoShÑOAom
j�VURSXYT�KRSj8�gI�oSb�O}ceTNj^o+V=\mI�XW�E�gILP�P�s�X|KNILb^oSIh�BQyOAo+VNPL_�hfI ñ X[TNXYo+VgI�orVUXYTNa�K=jAc�PLj8�d�P�XW\^XYP
ceX[O�VUMfTNX[KYz`Á=RmMfK[t;O�QYj^o+VUXYo�V�sBOAKX[h¤TNXWVUTNILXY\�OAP � MSXYT_��gILP�P�ofjAV~TNXWVUTNILXY\AX�O�P�P�TX[PLXY\�OAo+V
TX[KMSPLVNK[z

� z í X[ofX[TUO�P�PL_At�j^p�XYovR+_mp�XYTNa�X[hSI�O�KZ_xKZVUXYa�K�I�o+\^j^P]\mI�oSb£a�MSP]VUI�a�X[hfI%OiQYj^o+VUX[o+V1QyOAo¥j^oSPL_
PLI�oS¢�s�XWV��nXYX[o�oSj^ox)VUXWlmV�a�X[hSI�O�I�o£O}KNp�X[Q[Ih�BQAtBp�j^ILo�VZ®VNj��p�j^I�o+V/�dOy_^z Ð oSX~XWlxQYX[pfVNI�j^o
VNj�VNRSI�K�I�KgjAc�Q[j^MfTNKNX~VURfX��BTKVJ  ¬ H ç µ pSTjJ/X[QWVyzÈ19\AX[o�ILo£VNRSI�KgQyO�KNXAt�O�bAX[oSXYTNI�Q~PLI�oS¢
Q[OAo�j^oSP]_�s�X6cej^PLP�j8�/X[h�ceTNjAa O�KI�a�I�P�OAT-I�oSKZV?OAoSQYXJjAc�VURfX|j^s)/X[QWV º VNRSX|P�ILoS¢}QyO�oSoSjAVgs�X
cejAP�P�j8�/X[h�ceTNj^a»O£hSI ñ X[TX[o+Vk\xILXY�@jAc/VURSX�KUOAa�X�j^s)/X[QWVyt;KNI�ofQ[X�VNRSX[ILT~X � MSIL\�OAPLX[oSQYX�ILK
ofjAVÂpSI�Q?¢�X[hiMfp�MfKNI�ofb�j^ofPL_�PLj8�d�P�XW\^XYPfceXyO�VNMSTNXYK[z ¬ oSjAVURfX[T-XWlfOAa�pSP�X=ILK ° ILTUO�VUO ¹ K9�/j^T¢
O"VJ�b1 Î � ° ILTUO�VUO{�W�=�A� ± t Í8Ø^Ø^Ä ºy° I�TNO�V?O��W�=�A� ± t ÍyØ^Ø+ï � znÁ=RSILK��/j^TN¢�KX[X[a�KgVUjiX�lxp�XYQYV
TNO�VURfX[T=VUjmj`a�MSQ?R£jAc�QYMSTNTX[o+V§a�XYhSI%O�pSTjxQYX[KKNI�ofb�VNX[Q?RSoSjAP�j^bA_Az

ï å



0 z ç o¦a�j^KV�a�MSPLVNI�a�X[hSI�O�O�oSh¦R�_mp�X[Ta�XYhSI%O�KZ_xKZVUXYa�KYtÂVNRSX[TX�OATNXroSj�a�X[Q?RSOAoSI�Ka�K�cej^T
X�lxpSTNXYKNKNILoSb{KX[a�OAo+VUILQ�TX[P�O�VUILj^oSKNRfI�pSKJs�XYV��/X[XYowj^s)/XYQYVNK[z�Á=RSj^KNX�TNXYP%O�VNI�j^ofKNRSILpSKJa�O8_
s�X~XWlmVUTX[a�X[P]_rMSKNXWceMSP¨cej^TdVNRSX~MSKNXYT[z

ç o�VUX�lxVJTNXYVNTNILXY\�OAP�K_mKVNX[a�K[t¨j^ofX�jAcuVURfX�aiO�I�o{pfTNj^sSPLX[a�K6XYoSQ[j^Mfo�VNX[TX[h�I�K�VURBO�VJjAcg��� ���
�}� � � � � j Û"tÀj^T � � Ó � É Êm�]� � Û º VNRBO�V§I�KYtÀVNRSX~VUX[Ta�ILoSj^PLj^bA_rO�o�OAMfVNRSj^T�RBOAK§MSKNXYh{VUj�hSX[KQ[TNILs�X�O
KMSs)/X[QWVgaiOy_`s�X6hSI ñ XYTNXYo�V/ceTNj^aÌVNRBO�VdO�KNX[OATNQ?RfX[TdMSKX[KnVNj1cej^Ta�MSP%O"VUX�O � MSXYT_^z-Á=RSXYKUOAMfTNMSK
KZ_xKZVUXYa�KgOAhfhSTNXYKNKnVNRSI�K/s�_�b^Tj^MSpSILoSb�VNj^b^XYVNRSX[T/K_moSj^o+_ma�j^MSKnVNX[TNa�KnjATnpSRSTNOAKNXYKdhSXYKNQ[TI�sSILoSb
O`pBOATZVUI�QYMSP%O�TdKNMSs�/X[QYV6j^T Ó � � Ó ��ñ��ªzÂÁ=RfX�a�O�VUQ?RfI�oSb`p�j©�/X[T�jAc�VURSILKgKNXYV�jAc;VUXYTNa�K�ILK=b^TNX[O�VUXYT
VNRBOAo�VURBO�Vgj�c;VNRSX|VUX[Ta�K�OAPLj^oSX�z

Á=RSI�K;pSTNjAsSP�XYa j�cBVUX[Ta�ILoSj^PLj^bA_|ILK;TNO�VURSXYT9KNILa�ILP%OAT�VUjJpSTj^sSPLX[a å hSXYKNQ[TI�s�X[h`OAs�j8\^X�z9Á=RSX
V��/j�pfI�QYVNMSTNXYK|jAc-VURSX}Rfj^TNKX�O�TNX1V��/j�hfI ñ X[TNXYo+V|�dOy_mK~jAcÂXWlxpSTNXYKNKI�oSb�VURSX}QYj^oSQYX[pfV · RSj^TNKX ¹ z
Á=RSXYTNXkI�KgO`hSI�KpBOATILV�_�s�XYV��/X[XYo�VNRSX|\xILKNMBO�P¨VUX[Ta�ILoSj^PLj^bA_�MSKNXYh�VNj�TX[pSTX[KX[o+V6VNRSX~Q[j^oSQYX[pfV[z

Á=RSXgTNjmjAVUKuj�c�VNRSI�KupSTj^sSPLX[a×PLI�Xn�gI]VUR}VURfX�hfI�KVNI�oSQWVUILj^o µ a�j^P�I�OATg�W���A� ± I�hfX[o+VUI]c�_�s�XYV��/X[X[o
VNRSXgK_ma�s�j^P�ILQnj^s)/XYQYVÂMSKX[h}VUj~TNXYpSTNXYKNXYo�VnOJQ[jAoSQ[XYpfV6�ªI�o�VNRSXnñ��]�A��� � �6� � ñ � �?º?º � � � � OAoSh}VNRSX
QYj^oSQ[XYpfV/s�XYI�oSb~TNXYpSTNXYKNXYo�VNX[h��eI�o}VURfX=ñ��]�A��� � � Ó � �B���W�B� � � µ a�j^PLI%OAT=�W�u�A� ± t Í8ØAØ^Ä º µ a�j^P�I�OAT ´
� ILP�Q[jyl�t Í8Ø^Ø+ï � zghSX µ O�MSKNKMSTNX1VNX[Ta�XYh�VURfX[KNX1K_ma�s�j^P�ILQ�j^s�/X[QYVNK�º �hj � � Ô � � º��ªhSX µ OAMSKKNMSTXAt
Í8Ø Ï Ä � z í MSpxV?O��W�=�A� ± O�P�KNj�I�hfX[o+VUI]c�_�VURSILK§hfI�KVNI�oSQWVUILj^o¨tSVUXYTNa�I�oSb`VURfXkV��/j�Q[jAa�p�j^oSXYo�VNK§VNRSX
�Wñ+ñB�N� � �A� Ó � � �A�ËÊB�kOAoSh�º8� � �A�B� �)Ó~� �A�ËÊÀ�kTX[Kp�XYQYVUI]\^XYPL_¤� í MSpxV?O{�W�=�A� ± t ÍyØ^Ø+ï � z
¬ K_mKVNX[a O�VNVNX[a�pfVUILoSbrVUj�OAhShSTX[KK�VURfX�pSTj^sSPLX[a�K|P�I�KZVUXYhvOAs�j8\^X�KNRSjAMSP�h¥OAQ[QYj^MSo+Vkcej^T

VNRSI�K§hSI�KZVUI�ofQYVUILj^o¨t�Q[j^a�a�j^oSPL_�¢�oSj8�go¤OAK�VURSX · KNXYaiO�o�VNI�Q�b^OAp ¹ z ° j8�/XY\^XYT[t�OAK6QyOAo�s�X�KNXYX[o
s+_�VURSX�P%OAKZVgV��nj�Q?RBOApfVNX[TNKYt�ceXW��K_mKVNX[a�K6hSjSt�X[Kp�XYQ[I�OAP�P]_rj^MfVNKNI�hfX�jAc;VURSXkhSj^a�OAILo�jAc;VUX�lxV[z
Á=RSX£cejxQYMSK�jAc6VNRSI�K`�njATN¢«I�K`RSj8�ÖVNRSI�K`b+OAp�aiOy_«s�X£sSTNILhSb^X[h�z�Á=RSX£TNX[a�OAILoShSX[T`jAc§VURSILK
Q?RBO�pfVUXYT1I�o+VNTNjmhSMSQ[XYK1O�VUXYQ?RSoSI � MSX�cej^T�OAhShSTX[KNKI�oSb£VURSXYKNX�pSTNj^sfP�X[a�K~QyOAPLP�XYh¤VNRSX�º8� � �A�B� �)Ó
�]�AÛ+� � z

µ X[QWVUILj^oSK 0 z å OAoSh 0 z � hfX[KNQYTNILs�X�VURSX§j©\AX[TNOAP�PÀceTUOAa�XY�/j^T¢�j�c�O�KZ_xKZVUXYa �gILVNR�OkKNX[a�OAo+VUILQ
P�O8_AX[TYt;O�oSh�VURSX�OAhShfILVUILj^oBOAP�p�j^KNKI�sSILP�ILVNI�XYK�cej^T|oSO8\mILb+O�VUILj^o�OAofh¥TXYVUTI�XW\AO�P;VURSO�VkOrKNX[a�OAo+VUILQ
P�O8_AX[T§j ñ XYT[z Ì XYVUOAI�PLK§O�s�j^MxV6RSj8��VURfI�K�QyOAo�s�X�O�Q?RSI�XW\^X[h�ILo{pSTNOAQYVNI�Q[OAP¶VUX[Ta�K6OATNX�b^IL\AX[o�ILo
VNRSX~TNX[a�OAILoSI�oSb}KX[QWVUI�jAoSK[z

½\¼3É ÊÌË8Ë�ÃJÈ|þÊÀÉøGú�÷ÊÀ�È9Æ[ÃJÅYÍ�À�ù�ú1ö
µ XYQYVNI�j^o å z å z � I�o+VUTjxhfMSQ[XYh�VNRSX�ILhSXyOvVNRBO�Vra�MfPLVUILa�XYhSI%O�j^s)/XYQYVNKrQyOAo�s�X�Q[j^ofKNI�hfX[TNXYh½VUj
RBOy\AX�V��/j¤pBOATVNK[t-j^oSXrILowVURSXrpfP%OAoSXrj�c§X�lxpSTNXYKNKNILj^o¨t/OAoSh¦j^oSXrILowVURSXrpfP%OAoSXijAc6QYj^o+VUXYo�V[z
¬ Q[Q[jATNhSILoSb^PL_At+ILVuKX[XYa�KuKX[oSKI�sSPLXdVURBO�VÂO|a�MfPLVUILa�XYhSI%OgI�oxcej^TNa�O�VUILj^o1KZ_mKVUXYa@OAP�Kj|RSj^PLh�VURSXYKNX
V��/jipBO�TVUKYz

ï��



Car

‘‘Car’’

Motocar

Automobile
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¬ KI�oSbAP�XgQ[j^ofQ[X[pxVdQyO�ois�X6TNXYpSTNXYKNXYo�VNX[hrILo�VNRSX6pSP�OAoSXgjAc¶X�lxpSTNXYKNKNILj^o�ILoia�OAo+_`hSI ñ X[TX[o+V
�nOy_xKYz ç V~a�Oy_{RBOy\AX}KNXY\AX[TNOAP9VUX�lxVNMBOAP9TX[pSTX[KX[o+V?O�VNI�j^ofK[t¶KNMfQ?RvOAK · OAMfVNj^a�j^sSI�PLX ¹ OAofh · QyO�T ¹ t
OAofh`\mILKNMBOAPfTNX[pfTNX[KX[o+V?O"VUI�jAoSK[t�KNMfQ?R�OAKupSRfjAVUj^bATUOApSRfK9jAc�QyOATKuj^T�VUXYQ?RSoSILQyOAPBhSTNOy�gI�oSb^KYt�OAMShSILj
TX[pSTX[KNXYo+V?O�VNI�j^oSKYt^KNMfQ?R}OAK�VURSXÂKNj^MfoSh1jAcSO§Q[OAT�X[oSb^ILoSXAt�j^T�OAo�OAMShSILj§QYP�I�p~jAcfKNj^a�X[jAoSX/KNOy_xILoSb
VNRSX=�nj^Th · QyOAT ¹ t�j^T9\mILhSX[jkTNXYpSTNXYKNX[o+VUO�VUILj^oSK[tmKNMfQ?R�OAKÂO]�BP�a×jAc¨O|Q[OAT-hSTNI]\xILoSbkOAP�jAoSb~O|TNj+OAh�z
Á=RSILKgI�K=I�PLP�MSKZVUTNO�VUXYhrI�oÑ�Bb^MSTX 0 z Í z

19\^X[TZ_�VURSILoSbwI�o��Bb^MSTX 0 z Í TX[pSTX[KX[o+VUK�O¤KNI�ofb^P�X£TNX[OAP])�nj^TP�h¦j^s)/XYQYVrILoÑVNRSX{pfP%OAoSX£jAc
QYj^o+VUX[o+V[z�Á=RSILK�Q[OAovs�XiTX[pSTX[KX[o+VUXYh¦OAK1O�owOAsSKZVUTNOAQYV1X[o+VUI]V�_¥Q[OAP�PLX[h¤O Ó � � Ó ��ñ��ªÊf�A� � ��ñ � � �
º8�W�B�)�A� � � �vI�oSKI�hSX`OrQ[jAa�pSMxVUX[TYt�OAoSh¤Q[j^ofoSX[QWVUX[h�VUj�X[OAQ?R¥j�c/VNRSX`a�XYhSI%O�TX[pSTX[KNXYo+V?O�VNI�j^oSKYt
OAKgILoV�Sb^MSTNX 0 z å z

ç cSVURfX[TNXnI�K�j^oSXnj�cSVURSXYKNXdQYj^oSQYX[pfVNMBOAPfTX[pSTX[KX[o+V?O�VNI�j^ofK9I�o~VURSXnpSP%OAofX/jAcSQ[j^o+VUXYo+V9cej^T�XyOAQ?R
QYj^oSQ[XYpfVuILo�O§KMSs)/XYQYVuhSjAaiOAILo¨t�OAoSh�X[OAQ?R�jAcSVNRSXna�X[hfI%O§TX[pSTX[KX[o+V?O�VNI�j^ofK9OATXnQ[jAoSoSX[QWVUXYh�VUj
VNRSX§TX[PLXY\�OAo+VÂQ[j^oSQYX[pfVNMBOAPÀTNXYpSTNXYKNXYo�VUO�VUILj^o¨t�VURSXYo�VNRSXgp�j8�/X[TÂjAc¶O~a�MSP]VUI�a�X[hfI%O§ILofcej^TaiO�VNI�j^o
ILK=KNI�bAoSIk�BQ[OAo+VUP]_�I�a�pSTj©\AX[h¨zuÁ=RfXkcej^PLP�j8�gI�ofb�s�XYQ[j^a�X[Kgp�j^KNKI�sSPLXAø

Ë Á=RfX · �gRBO�V�I�KdVNRSI�K�Ò ¹8Ó MfX[T_
Ë H6I�XW�gI�oSb�OAP]VUX[ToBO�VNIL\^X|TX[pSTX[KX[o+V?O�VNI�j^ofK
Ë 1�lxpBOAofhSI�oSb Ó MSX[TI�XYKg�gI]VUR�OAPLVNX[ToBO�VUI]\^XJTX[pSTX[KX[o+V?O�VNI�j^ofK
ËÍÌ jmQ[Mfa�XYo�VgILoShSX�lfILoSb
Ë Õ¶ILoS¢�OAMfb^a�XYo+V?O�VNI�j^o
Á=RSX[KXkVNX[Q?RSofI Ó MSX[K§OATXkhfX[KNQYTNILs�XYh�ILo�VNRSX|cej^P�PLj8�gI�oSb�KX[QWVUI�jAoSK[z
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‘‘Car’’

Automobile Car

Motocar

Conceptual
Representation

Plane of Content

Plane of Expression
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2,±��1±�� Ôi¸ �A� � º 4¨¸m� º�Õ
¬ MSKX[T�a�O8_JO�V¶Kj^a�Xup�j^ILo�V¶OATNTIL\^X-O"V�O=a�XYhSI%Odj^s�/X[QYV[t©s�X-ILV�VUX�lxVNMBOAP	t"bATUOApSRfI�QyO�PAj^T�OAofjAVURSXYT
a�X[hSILMSa£t�VNRBO�VÂVURSXW_�O�TNX�MSoBOAsSPLX§VNj1I�hfX[o+VUI]c�_^z ¬ V/VURSILK/p�j^ILo�VÂVURfXY_�QyOAoiOAKN¢�O�KZ_xKZVUXYa¼�gI]VUR
O6KX[a�OAo+VUILQ/P�O8_AX[TYt ² �gRBO"V9I�K�VURfI�K�Ò ³ Á=RfXnK_mKZVUX[a �gI�PLP+I�hSXYo�VNILc�_|�gRSILQ?R�Q[jAoSQ[XYpfV9j^T�Q[jAoSQ[XYpfVUK
VNRBO�V�a�X[hfI%O�j^s)/X[QWV}p�X[TVUOAI�ofKkVNjSz{óBj^TkXWlfOAa�pSPLXAt;VNRSXiMfKNX[T�aiOy_¤KNXYP�XYQYV}O�p�j^TZVUILj^o¥j�cgOAo
OAMfhSI�j�Q[PLI�p|�gILVNRkVNRSX/Q[OAP�P+j�cBOAo�OAoSILaiOAPAI�okILVyz�Á=RSX/K_mKVNX[a�I�hfX[o+VUIh�BX[K�VURSXÂQ[jAoSQ[XYpfV · Ð KNpSTXY_ ¹
KI�oSQYXkI]VgRBOAK�O}KNILa�ILP%OAT/OAMShSILj`Q[P�ILprjAc�OAo�jAKNpSTXY_ ¹ K�QyO�P�P¨QYj^oSoSXYQYVUXYh�VNj�I]Vyz
2,±��1±�� e � �|a � � j�Ú �Ë��� � ���A� ��� � > ��ñ � �?º8�W�B�®�A� � � �fº
Ö�RSXYoi\mI�XW�gI�oSb�O�a�MfPLVUILa�XYhSI%O§j^s)/X[QWVytxO�MSKX[TÂQyOAoiOAKN¢}VNRSX§KZ_mKVUXYa¼�gRSO�Vnj�VURSXYT/TX[pSTX[KNXYox
VUO�VUILj^oSKnj�c¶VURBO�Vdj^s)/X[QWV=ILVnRBOAKYz-óÀjATnXWlfOAa�pSPLXAtmILc¶VURfXJMSKNXYT=Q[j^a�X[KnOAQ[Tj^KNKgOk�nj^Th�VURSXW_rOATX
MSoxcªOAa�ILP�I�OATn�gILVNR¨t�KNMSQ?R�O�K}�"º�ñ ¸ � �m�W�ËÊ+ºWtÀVNRSXY_£a�Oy_£OAKN¢�cej^T�OipSILQYVUjATNI%O�P¨TNXYpSTNXYKNX[o+VUO�VUILj^o�jAc
VNRSX1�/j^TNh¨z�Á=RSX�MfKNX[T§�nj^MfP�h{VNRSX[o�s�X1pfTNX[KX[o+VUXYh��gILVUR�O�pSRSj�VUj^b^TNOApSR�j�c-OihBO ñ jmhSI�P	tÀOAoSh
MSofhSX[TKV?O�oSh��gRBO"V�VNRSX|�njATNhv�"º�ñ ¸ � �m�W�ËÊ�ºka�XyOAofK[z

Á=RSI�Kga�X[Q?RBO�oSI�KaÔOAP�PLj©�gKgKX[a�OAo+VUI�Q[OAP�P]_�sBO�KNX[h�oBOy\mI�b+O�VNI�j^o£OAQYTNj^KK6a�X[hSI�O�V�_xp�X[KYz=Á=RSX
MSKX[T�I�K=ILo�VNRSX~KUOAa�X · KNX[a�OAo+VUILQ~P�jmQyO�VNI�j^o ¹ tmsSMfV�I�o£O}hSI ñ X[TX[o+V�a�XYhSI�Mfa�z
2,±��1± ÿ l ÊB� � Û ��� ñf�A�fº � � �
¬ a�MSP]VUILa�XYhSI%O~I�ofcejATNa�O�VUILj^o�TNXWVUTI�XY\�OAP�K_mKVNX[aÖQYj^MSP�h�MSKX1O�PLVUXYTNoBO"VUIL\AXJTNXYpSTNXYKNXYo�VUO�VUILj^oSKgjAc
O Ó MSXYT_�jAs)/X[QWVdVUj}X�lfpSOAoSh£O1MSKX[T ¹ K Ó MSX[TZ_^z ç c�VURSX6MSKNXYT=I�o+VUI�O�VUXYKnQ[jAo�VNX[o+VgsBOAKX[hrTXYVUTI�XW\AO�P
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MSKI�oSb�O�ceTNj^o+VZ®cªOAQYI�oSb�\mI�XW�ÓjAc�O}RSj^TKNX�OAKgO Ó MSXYT_At�O�oSjAVURfX[Td\mI�XW�ÓjAc�VURSX~QYj^oSQ[XYpfV�î3RSjATNKNX�ï
hSXYpSI�QWVUILoSb¤O�KI�hSXr\mI�XW� a�Oy_ws�XrTNXYVNTNILXY\^XYh¨tdO�oSh�MfKNX[hÑVUj�TNXWVUTI�XY\AX�jAVURSXYT`KNI�hfX�\xILXY�gK`jAc
RSjATNKNXYK[z

ð�ovO�KNILa�ILP%OAT§aiO�oSoSX[TYt�TNX[pfTNX[KX[o+V?O"VUI�jAoSK�j�cnVURfX�QYj^oSQ[XYpfV�RSj^TNKX�ILo�jAVURSXYT~a�XYhSI%Ora�O8_
s�X~TNXYVNTNILXY\^XYh{I]c�VNRSXY_rOATNXkOAPLKNj`Q[j^ofoSX[QWVUX[h£VUj}VURfXkQYj^oSQYX[pfV[z

Á=RSX[TXkOATNXJV��/j`P�XY\AX[PLKgO�V=�gRSI�Q?RrVNRSI�K Ó MSXYT_rX�lfpSOAoSKNILj^o�QyOAo£j^p�X[TNO�VUX�zÀÖ�RSI�Q?R�I�K=a�j^KZV
OApfpSTNj^pfTNI%O"VUX`hSX[p�X[ofhSK�VNj�O�P%OATb^X}XWlmVUXYo+V�j^o¥RSj8�ÃQ[j^a�pSTX[RSXYoSKNI]\^X[P]_¥O£a�MfPLVUILa�XYhSI%O�Q[j^PÒ
PLX[QYVNI�j^o�ILK=Q[j^oSofX[QYVNX[h£VUj`Q[j^ofQ[X[pxVUK[z
ñ <z:;5U@?7ò7	R65=>tB=D¤<?HXB@TNXWVUTI�XY\AX[K�OAPLVNX[ToBO�VUI]\^X�TNXYpSTNXYKNXYo�VUO�VUILj^oSK�jAc}O¦Q[j^ofQ[X[pxV�VNRBO�V�RBOy\^X

s�X[XYo{X�lfpfP�I�QYILV�_�Q[j^ofoSX[QWVUX[h�VUj}VURBO"VgQ[j^oSQYX[pfV[z/Á=RfI�KgI�K=ILP�P�MfKVUTNO�VUXYh�I�oÑ�BbAMSTNX 0 z � z
Á=RfI�KJILKJP�IL¢AX[P]_�VUjrs�X�Xcó�X[QWVUIL\AX��gRSX[o¤O�a�MfPLVUILa�XYhSI%O}QYj^P�PLX[QYVNI�j^o�RBOAK|s�X[XYo¤QYj^a�pSTNX�
RfX[oSKIL\^XYPL_}QYj^oSoSXYQYVNX[h`VUj|Q[jAoSQ[XYpfVUKYtxKI�oSQYX=XY\^XYT_}jAs)/X[QWV-p�XYTV?O�I�oSILoSb6VUjJVNRBO�V-QYj^oSQ[XYpfV
�/j^MSPLh�s�X~TNXWVUTNILXY\AX[h¨z

ô9�O9-F��=7�9õ7	R65=>tB=D¤<AH�BÃMSKX[K�OAP]VUX[ToBO�VNIL\^X£TNXYpSTNXYKNXYo�VUO�VUILj^oSK�VNjvp�X[TcejATNa TNX[bAMSP%OAT�Q[jAo�VNX[o+V
sSOAKNXYh«TNXYVNTNILXY\�OAP Ó MSX[TI�X[K�I�o¥pBOATUO�P�P�XYP)zró;I�b^MSTX 0 z 0 I�P�PLMSKVNTUO�VNX[K|VURfI�K[z�Á=RSILK1ILK�PLI�¢AXYPL_
VNj�s�X`OApfpSTNj^pfTNI%O"VUX�ILo¤KILVNMBO�VUILj^oSK6�gRfX[TNX`QYj^a�pfTNX[RfX[oSKIL\^XYPL_�QYj^oSoSXYQYVNI�oSb�j^s)/XYQYVNKkILK
ILa�pfTUOAQWVUI�Q[OAP)t�cej^T=X�lSO�a�pSPLXJVURSX^Ö¥j^TNPLhx¨Ö�ILhSXSÖ¥X[s¨z
¬ o�OAhShfILVUILj^oBOAP�Q[j^oSKI�hSXYTUO�VNI�j^o�I�o£VURSILK§Q[OAKNX�I�K�RSj8��VUjipfTNX[KX[o+V|TX[KNMfPLVUKYzbð�o�Q[XYTV?O�I�o
Q[OAKNXYK|ILV§aiOy_£s�X1MSoSQYX[TZV?OAILo{�gR+_�OipBO�TVUILQ[MSP�OATga�XYhSI%O�j^s)/XYQYV|RBO�K6s�X[X[o�TXYVNTNI�XW\^XYh¨z
ð®c�VURSX�omMfa�s�XYT§j�cuTNXYpSTNXYKNX[o+VUO�VUILj^oSK6j�cuO�QYj^oSQYX[pfV6I�K�P%OATb^XAtSVNRSX1o�MSa�s�X[T�jAcujAs)/X[QWVUK
TXYVNTNI�XW\^XYhvI�o�pSOATUOAPLP�XYP Ó MSX[TI�XYK~�gILP�P�OAP�Kj£s�X`P%OATb^XAzöð®V~I�K|I�a�p�j^TVUOAo+VJVURBO"V|VURSX`MSKX[T
ILK�ofjAVkj©\AX[TZ�gRSX[PLa�XYhws+_¤VNRSX�O�a�j^Mfo�VkjAcdI�ofcej^TaiO"VUI�jAo�pSTNXYKNXYo�VNX[h¨t-O�oSh¥VNRBO�VkVURSXW_
¢�oSj8�÷a ¸ ÛkVNRBO�V-I�oxcej^TNa�O�VUILj^okRBOAKus�X[X[o�pSTX[KNXYo+VUX[h�z�øJoSXd�nOy_1VNRSI�KuQ[OAo`s�XgOAQ?RfI�XY\AX[h
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ILK}VUj�KNRSj8�ÖTX[KMSPLVNK�j�c6pBO�TUOAPLP�X[P Ó MSX[TI�X[K�KNXYpBOATNO�VUXYPL_^z¦Á=RSX£MSKX[T�Q[j^MSPLh¦Q[P�ILQ?¢wj^oÑO
TX[pSTX[KX[o+V?O�VNI�j^o�j^orVURSX~KQ[TNXYX[o£VUj`KNXYXkVNRSX~TNX[KMSPLVNKgjAc9O`pBOATZVUILQ[MSP�OAT Ó MSXYT_^z

ü�ýÿþ)ý ü ¹ ��� Ê � �W�B���W���m��� � � j
ð�o}O�KNILa�ILP%OAT¨a�OAoSofX[T�VUj§VNRSXnpfTNXYceXYTNTX[h1VNX[TNa�K�I�o�OgVURSXYKUOAMfTNMSKYtAVURSX/Q[j^ofQ[X[pxVUK9ILo1O�KNX[a�OAo+VUILQ
P�O8_AX[T�QyOAo£s�XkMfKNX[h£VUj�I�oShfXWl�a�MfPLVUILa�XYhSI%O�j^s)/X[QWVUK�j^TghSjmQ[MSa�X[o+VUKYz/Á=RfX�MSKX[T�QyOAo�I�KKNMSXkO
Ó MSXYT_`I�o�OAo+_}a�X[hfI%Oft+O�oSh�VNRSXgTNXYP�XY\�OAo+V-QYj^oSQ[XYpfV/j^TuQ[j^ofQ[X[pxVUKÂQyOAo`s�XgcejAMSoSh¨z��JjmQ[Mfa�XYo�VNK
ILoShSXWlxXYh{j^orVURfj^KNX~Q[jAoSQ[XYpfVUK§QyOAorVURfX[o{s�X|j�ó�X[TX[h�VUj`VURSX~MSKX[T[z

�JX[p�X[oShfI�oSb�jAo�VURSX`Oy\�OAI�P�OAsSILP�ILV�_ijAcÂTNXYP�XY\�OAo+V|a�X[hfI%OipSTjxQYX[KKNI�ofb�VUX[Q?RfoSI Ó MSXYK[t¶VURSILKJI�om
hSX�lxI�oSb�QYj^MSP�h«jmQ[QYMST}OAMxVUj^a�O�VUILQyOAPLPL_Az{óBj^T�XWlfOAa�pSP�X�t-OAK�I�a�OAb^XYK�OATX�I�o+VNTNjmhSMSQ[XYhwVUj�VNRSX
KZ_xKZVUXYa�tShfXYcej^TaiOAsfP�XgVUX[a�pSP�O�VUX§aiO�VNQ?RSI�ofbr�
	^O�I�o¤�W�Â�A� ý t Í8Ø^Ø�� � QYj^MSP�his�XJMfKNX[h�VNjö�BoShrjAMfV
I]c�O�o�_iTNXYb^I�j^orj�c;VNRSX|I�a�OAb^X§aiO�VNQ?RSX[K=KZVUTj^oSb^P]_i�gILVNR�O}Q[MSTTNX[o+VNPL_�RfX[P�h�TX[pSTX[KNXYo+V?O�VNI�j^o�jAc
O1QYj^oSQYX[pfV=ILo�VNRSX6KX[a�OAo+VUI�Q§P%Oy_^XYT[zuÁ=RSX6I�a�OAb^XgQ[j^MfP�h�VNRSX[ors�X6ILoShSX�lfXYh�s+_�VNRBO�VnQ[j^oSQYX[pfV[z
�j©�/XY\AX[TYt9VURSILK�pSTjxQYX[KK�aiOy_�jAoSPL_�s�X�pfTUOAQWVUI�Q[OAP-I�o¤TNXYKVUTI�QWVUX[hwOApSpSPLI�QyO"VUI�jAo�OATNX[OAK[t9KI�oSQYX
a�X[hSI�O}pSTNjmQ[XYKNKNILoSb`a�XWVURSjmhSK�OATX|oSjAV§OAPL�nOy_mK�Tj^sSMSKZV�X[oSj^Mfb^R¨z
ü�ýÿþ)ý�� Ù;� ��� Ú Ê jA� �W�B�®�A� � � �
¬ o�R+_xp�X[Ta�XYhSI%O�K_mKVNX[afï°K;ceMSoSQYVNI�j^oSOAP�I]V�_JQyO�o}OAP�Kj§s�XÂX[oSRBO�oSQ[XYh��gILVURkVURSX/I�o+VUTjxhfMSQYVNI�j^o~jAc
O}KNXYaiO�o�VNI�Q~P%Oy_AX[T[z��mj^MSTNQYXkOAoSQ?RSj^TK§j�c�R+_mp�XYTNa�X[hSI�O}P�I�of¢mK=Q[OAo�s�X~QYj^oSoSXYQYVUXYh�VNj�TX[PLXY\�OAo+V
QYj^oSQ[XYpfVUKYz��¶ILoS¢�K�Q[OAo£s�XkOAMfVNRSj^TX[h£I�orj^oSX~jAc�V��/j��nO8_mKYz

� Î jAoSQ[XYpfVUK=VURfX[a�KNX[P]\^XYK�Q[OAors�XJQ[j^ofKNI�hfX[TNXYh{O�KdX[oSh�p�j^I�o+VNKdjAc�P�ILoS¢�K[z��xMfQ?R£PLI�oS¢�KdQ[OAo
VNRSX[o£s�X~cejAP�P�j8�/X[hrceTNjAa OAo+_rjAc;VURSX~TX[pSTX[KNXYo+V?O�VNI�j^oSKgjAc�VURSO�V�Q[j^oSQYX[pfV[z
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� Á=RfX�KX[a�OAo+VUILQ=P%Oy_^XYTuQyOAo`s�X=MSKNXYh�VNj�O�MSb^a�X[o+V-XWlxI�KZVUILoSb|b^X[ofX[TNILQ=R+_xp�X[Ta�XYhSI%O|PLI�oS¢�K[t
O�oSh�jAVNRSX[TÂR+_xp�X[Ta�XYhSI%OkP�ILoS¢�KnOAMxVURSj^TX[h�s+_�Q[jAo�\AX[o+VUILj^oBOAP�a�X[OAoSKYzÀð®c�O�MSKX[TÂ�gI�KNRfX[K
VNj¥\mI�XW�ÔOAo+_ÑP�ILoS¢�K�Oy\�OAILP%OAsSPLX�j^o�O¥KNXYP�XYQYVUXYh�a�X[hSI�O�jAs)/X[QWVytdVURfX�QYj^oSQ[XYpfV�ILo�VNRSX
KX[a�OAo+VUILQJP%Oy_^XYT=Q[j^TTNXYKNp�j^oShSILoSb�VUj�VNRBO�V=KX[P�XYQYVNI�j^orILKdP�jmQyO�VNX[h¨z ¬ o+_�P�ILoS¢�K=OAMfVNRSj^TX[h
jAo�jAVNRSX[TgTX[pSTX[KNXYo+V?O�VNI�j^oSK�jAc�VURBO"V§QYj^oSQYX[pfV�QyO�o�s�X~j�ó�XYTNXYh�VUj}VNRSX~MSKNXYT6OAK=�/X[PLP�OAK
O�o�_rOAMfVURfj^TNXYh�j^o�VURfXkKX[PLX[QYVNI�j^o�I]VUKNXYPLc�z9Á=RfI�KgI�K=ILP�P�MfKVUTNO�VUXYhrI�oõ�BbAMSTNX 0 z × z

����� � « �"!$# %&�('*)�+-,/.0%�Ë 12%
354-4-687�9;:=<>:@?BADCFE$GIHDE�7�HDADJLKNMOKNE=:B7P?RQTS-<�KU68QVAD4-68:W6�7�GXE�C�QF:$KU68E�7;9BCUA@:YKN<�?Z6�7-HDC�A@:BM�ADMFKU[-A
\ A^]L68_-6�<86�K`?aEBG�KU[b:$K�M�?&M�KUADQ/c Ö [-68<�A�KN[-AdMUA�HdE�7-HdADJ�KUM�:BCUA�S-M�AdGXS-<�:B684-MdeYKU[-ADC�A�6�M�7-E �YfhgJaji8kUl j k
:B_mE�S�K5KN[-EBMUATHdE�7-HdADJ�KUMI[-AD<�4n687/KN[-AoM�?&M�KUADQ/e2EBKN[�ADC5KU[b:B7qprKN[-AdMUAsQVAD4�6>:t6uKNAdQtMvCUAdJ-CUAdMUAD7PK
KU[-AwMN:BQVAwCUA@:$<uxzy{E�C�<84|HDEB7-HDAdJ�KN}-c

~ [-ADM�AaHDEB7-HDAdJ�KNM�:BC�Aa:B_�M�KNCU:BHdK�AD7PKN6uKN6�ADMDe�:B7-4OHD:B7O_mA�Qt:B7-6�J-S-<>:YKNAD4t687F:B7P?Vy�:@?O7-AdHDAdMrx
MU:BC�?Bc��w7�E"y�<�AD4-9BAvC�ADJ-C�ADM�AD7PK�:$KU68E�7VKNAdH�[-7-6 Ó S-AdM�HD:B7t_mAvADQVJ-<8E�?�Ad4VKUEoC�ADJ-C�ADM�AD7PK�C�A@:B<�xzy{E�CU<�4
� 7-E�y�<8Ad4-9�Aw:B_mE�S�K�KN[-AaC�AD<8:$KN6�E�7-MU[�68J-M�_�A�K`y�AdAD7(KN[-AdMUAIHdE�7-HDAdJ�KNMde�:B7-4OKU[-68M�HD:B7|_mAaS-MUAd4|KNE
GXS-CrKN[-AdC�AD7-[b:$7-HDAwKN[-AIy�:@?LMv687|y�[-6�H�[�6�7�GXE�C�QF:$KU68E�7FH@:B7/_�Aw:$HDHDAdMUM�AD4n_P?/:�S-MUAdCDc

� ADH�KN6�E�7 � c � 4-AdMUHdCU68_mAD4�:�7�S-Qs_mADC�EBG�y�:@?&M56�7|y�[-68H�[ � 7-E�y�<8AD4�9�AwH@:B7/_�AIC�ADJ-C�ADM�AD7PKNAd4
6�7O:THdE�QtJ�S�KNAdC�M�?&MrKNADQ/c ~ [-AaM�ADQt:B7PKN6�H�<>:@?BADC�6�M{A Ó S-6��$:B<�AD7PK�KUEs:TM�ADQt:B7PKN68H57-AdK`y{E�C � e-:B7-4
KU[&S�MTCUAd<>:$KUAD4�KNADH�[�7-6 Ó S-AdMsH@:B7=_�AV4-68C�ADH�KN<�?*:BJ-J-<�68AD4WKNE/KN[-At<>:@?�AdCoE$G�HDEB7-HDAdJ�KNMdc�357�?�M�AdK
EBG�C�AD<>:YKN68EB7-M�HD:B7(_�AaS�MUAD4(KNE�4�ADMUHdCU6�_�AIC�AD<>:YKN68EB7-MU[-6�J-M�_mAdK`y{ADAd7�HdE�7-HdADJ�KUMv6�7FKN[�AIMUADQt:B7PKN6�H
<8:�?BADCdc ~ [-68M � 7-E�y�<8AD4�9�A�6�M{6�QtJ-<�68Hd6�KN<u?IKNCU:B7-M�GXAdCUC�AD4FKUEoKN[�A�QsS-<uKN6�QtAd4-6>:�C�ADJ-C�ADM�AD7PK�:$KU68E�7�M�EBG
KU[-E�MUA�HDEB7-HDAdJ�KNMdc
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~ [�S-MDe�9�6��BAD7�:B7;A^]L68M�KU687-9*QTS-<�KU68QVAD4-68:(HdE�<8<�ADH�KN68EB72e�KN[-:$K�Qt:�? _mAO[P?LJmADC�<86�7 � Ad42e�6�Ks6�M
JmE�MUM�68_-<�AIKNEt:B4-4n:O¡ k�¢V£Bfb¤¦¥ � iu£B§�k�¨ EBG�HDE�7�7-ADH�KNAD4©HDE�7-HdADJ�KUM5KUEt6uK@c ~ [�68M�68M�68<�<8S-MrKNCU:$KNAd4/6�7
ª 9BS-CUAw«-c¬�c

3�<�<jQtAd4-6>: :BMUM�ELHd6>:$KUAD4®y�6uKN[R: HDEB7-HDAdJ�K|MU[�E�S-<84®_�A/KNC�A@:$KUAD4�:BMVAD¯�Sb:$<
°5KUA�]&KFKUADC�QtMde
6�QF:B9BADMa:$7-4*MUE�S�7-4-MIQt:�?�:B<�<�_mAsS-M�AD4*KNEFCUA@:$H�[ :tHDE�7-HdADJ�K�:$7-4nKNEOC�ADJ-C�ADM�AD7PK�6�K@c5±²[-AD7
J-C�ADM�AD7PKN6�7-9n:(HDE�7�HDADJLKTKNE�:(S-MUAdCDe�E�7-AVJb:BC�KU68HdS-<>:BC�CUADJ�CUADM�AD7PK�:YKN68EB7=MU[�E�S-<84�_mAtH�[-EBMUAD7³:BM
KU[-AwJ-CUA�GXADCUC�AD4/GXE�CUQ´GXE�C�4-6�MUJ-<8:�?&6�7-9�E�7LxzMUHDC�ADAd72c ~ [�68M�MU[-EBS-<84(_mAw:�KUA�]&K�KNAdCUQ/c ø 7�A�9BELE&4
C�A@:BM�E�7nGXE�C�KN[-6�M56�M5KN[-:$K5KUA�]&KI6�M5M�68QVJ-<8AIKNEF4-68M�J-<>:@?�em:B7�4n4-E&ADMa7-E$K5KN: � AsS�JnQsS-H�[nM�HDC�ADAD7
M�Jb:BHDA$c�3�7-EBKU[-ADC�CUAD:BMUEB7O68M�KN[-:$K�6uK�68M�S-MUS-:B<8<u?�KN[-AvA@:BM�68AdM�K{QtAd4-68S-Qµy�6uKN[¶y�[-68H�[tKNETAd7-MUS�CUA
KU[b:$K�KU[-AsHdE�7-HDAdJ�KI6�M�CUAdJ-CUAdMUAd7�KUAD4WS-7b:$Qs_-689BS-E�S-M�<�?�c�±²6�KU[*:FM�E�S-7-4*E�Cv68Qt:B9�A�6�K5Qt:�?/_mA
S-7�HD<8AD:BC�A�]�:BHdKU<�?¶y�[b:$K�:BMUJmADH�K�E�C�Jb:BCrK�E$G2KN[-AvQVAD4-6�S-Q·68M�CUAdJ-CUAdMUAD7PKN:$KN6u��AaEBGhKN[-A5HDE�7-HdADJ�KDc
 E"y{Ad�BADCde�MU687�HDAtKU[-68MwJ-C�AdGXAdCUCUAd4=GXE�C�Q¸QF:@?�:B<�MUE/_�AVS-MUAd4=KNE/CUAD:BH�[=KU[-AFHdE�7-HDAdJ�Ks4�S-CU6�7-9
¯�S-AdCU68AdMDeh:B7-4©6�M5C�ADJ-C�ADM�AD7PK�:$KU6��BAsEBG�6uK@e�6�KvMU[�E�S-<84©CUADM�684-A�687/KN[-AoQtAd4-6>:�<8:�?BADC�:B7-4©7�EBK�KU[-A
HdE�7-HDAdJ�K¶<>:@?BADCDc ~ [&S�MDe�687 ª 9�S-C�AO«-c¬�e E�7-AtQtAd4-6>:/CUAdJ-CUAdMUAD7PKN:$KN6�E�7;EBG�A@:$H�[;HDE�7-HdADJ�K¶[-:BM
_mADAd7©[-6�9�[-<86�9�[PKNAd4|:BMjKN[-Aa¹ ¨NkXº@k�¨^¨NkUlt¨Nk ¹ ¨�k ¡ k�fb¤
£B¤¦¥
gYf c

~ [-A � 7-E�y�<8AD4�9�Aw687(:�HDE�7�7-ADH�KNAD4/7-A�K`y�E�C � EBG�HDE�7�HDADJLKNMvJ-CUE��&684-AdMjGXS-C�KU[-ADCjJmE�MUM�68_-<�6�KU68ADM
GXE�Cj6�7�GXE�C�QF:$KU68E�7O:BHDHdADMUMdc ~ [�ADMUAo:BC�A�4�ADMUHdCU6�_�Ad4�6�7(KU[-AIGXE�<8<�E�y�687-9sM�ADH�KN68EB7-MDc

ü�ý>»�ý�¼ ½ ��¤`k�fml&kUl©¾�¿bk�¨�§ ½ � ¹ £Bf ¡ ¥
gYf
~ [-A�GXS-7�HdKN6�E�7b:B<�6�K`?(EBG�KU[-A�¯�S-ADCr?*A�]LJb:B7�MU68EB7*QtA�KN[-E&4*4-ADM�HDC�68_mAD4W687*M�ADHdKU68E�7*«�cÁÀLcÂ|:B_mE���A
Qt:@?*_�A�A^]&KNAD7�4-AD4³_P?*S�MU687�9/C�ADJ-C�ADM�AD7PK�:$KU68E�7�MoEBG{MUAdQF:$7�KU68HD:B<8<u?©C�AD<>:YKNAD4WHdE�7-HDAdJ�KNM�687*KU[-A
M�ADQt:B7PKN68H�<8:@?�ADCdco35May�Ad<8<�:$MICUAdKUCU6�Ad�&687-9F4-6 ó ADC�AD7PKwCUAdJ-CUAdMUAD7PKN:$KN6�E�7-MwEBG�KN[-A�C�AD<�Ad�$:B7PKIHDEB7Lx
HdADJ�KUMDe2C�ADJ-C�ADMUAd7PK�:$KU68E�7-M�EBG�CUAd<>:$KUAD4©HdE�7-HdADJ�KUMIH@:B7*:$<8MUEt_�AoCUA�KNCU6�Ad�BAD42e�E�C�S-M�AD4nKUEO687-6uKN68:$KNA
GXS-CrKN[-AdCj¯�S-ADC�68ADMdc ~ [-AwA�]&KNAd7�KvEBGÃKU[-68M î G¦:B7LxzE�S�K ï y�68<�<�9BCUA@:YKN<�?F: ó ADH�KjKN[-AI7�S-Qs_mADCjE$G�4�ELHdSLx
QVAD7PKNMjC�AdKUS-CU7-Ad4|KNETKU[-AIS-MUAdCDe�KU[-ADC�AdGXE�C�AIMUE�QVA�y�:@?OEBG ª <uKNAdCU687�9sE�C�<�68QV6�KU687-9IKN[�68M�QsS�M�Kj_mA
GXE�S�7-42c�Ä�E�M�MU6�_-<8AwQVAdKN[�EL4-Mj6�7-HD<�S-4-A$Å

�BÆ



� � AdKUKU687-9O:FKN[-C�ADMU[�E�<84*E�7nKU[-AsQt:$KNH�[©M�KNC�AD7-9$KN[WE�C�7�S-QT_�AdCIEBG�E�_&Ç�AdHdKNMIC�AdKUCU68A���Ad4�6�7
J-:BCN:B<�<8Ad<h¯�S-ADC�68AdMD°

� � 6�Qt6uKN687�9oKN[�A�7�S-QT_�AdCvE$G î Ç�S-QVJ-M ï KUCN:@��AdCUMUAd42°
�®È ADMrKNC�68HdKU687-9¶KN[�A�K`?&JmATEBG�CUAD<8:$KN6�E�7-M�KUCN:@��AdCUMUAd42c ð 7©Jb:BCrKN6�HDS-<8:BCDe-S�MU687�9VKU[-ATC�ADJ-C�ADMUAd7Lx
KN:$KN6�E�7-M�EBG�MUJmADHd6>:B<�68MU:$KN6�E�7-MjÉ î 7-:BCUC�E"y{ADC�KUADCUQVM ïËÊ EBGmKN[-Aj6�7-6�KU6>:B<&HDE�7�HDADJLK�Qt:@?sJ-C�E"�&6�4-A
9BELE&4(CUADM�S-<�KUM5M�687-HdAIKN[-A�MUHdE�J�A�EBG�KN[-A�687�6�KN68:B<mHDE�7-HdADJ�K5AD7�HDE�QVJb:BM�MUADMvKN[-AdMUA�MUJmADHd6>:B<�x
6�MN:$KU68E�7�MDc

ü�ý>»�ýÿþ Ì gYf � k ¹ ¤ ÍI£BÎ�¥uÏP£B¤0¥
gYf
~ [-A�KNAdH�[-7-6�¯&S�ADM�4-ADM�HDCU6�_�Ad4oM�EjG¦:BCÐ[b:@��A�_mADAD7oHDE�7�HDADC�7-AD4wy�6�KU[w7b:@�L6�9P:$KU687-9�:BC�E�S-7-4IKU[-A�QtA^x
4-68:sCUAdJ-CUAdMUAD7PKN:$KN6�E�7-MDc ~ [-AwMUAdQF:$7�KU68HIC�AD<>:YKN68EB7-MU[-6�J-M�_mAdK`y{ADAd7©HDEB7-HDAdJ�KNMvH@:B7(_mAwA�]LJ-<8EB6�KNAd4
_P?VKN[-A5S-MUAdC�4-68C�ADH�KN<�?¶_P?¶KNCU:@��ADC�MU6�7-9TKN[�ADQ/c È :$KU[-ADC�KN[-:B7O7b:@�&689P:YKN687�9T:BC�E�S-7-4FQtAd4-6>:�ePKU[-A
S-M�ADCv7b:@�&689P:$KUADM�:$K5:�[-6�9�[-ADCj<�Ad�BAD<Ð_mAdK`y{ADAD7�KN[-AwHDEB7-HDAdJ�KNM�KNE�y�[-6�H�[/KU[-AwQtAd4-6>:�JmADC�KN:B687hc

~ [-68M�68M�<86 � AD<u?aKNE�_�A{S-MUA�GXS-<LM�687-HdA�KN[�A�MUAdQF:$7�KU68H�<>:@?�AdC�6�M�A ó AdHdKN6u��Ad<�?T:5MUAdQF:$7�KU68H{QF:BJ�EBG
KU[-AoQTS-<�KU68QVAD4-68:s687�GXE�C�QF:YKN68EB7O687�:B7�:BJ-J-<�68H@:YKN68EB72c�Ñ/H � E�7b:$<84 k�¤j£Bi ý [b:@��AoMU[-E�y�7©KU[b:$K5:
Qt:BJsEBGb:�[P?LJmADCrKNA^]LK�6�QtJ�CUE���Ad4TS-M�ADCUM ï :B_-6�<86uK`?aKNEaS�MUA�KU[-A�[P?&J�AdC�KUA�]&K�KNE�:B7-M�y{ADC�¯�S-AdM�KU68E�7-Mde
KUE|MUS-H�[ :B7*A�]&KUAD7PKIKN[b:YKaKN[-A�JmADCrGXE�CUQt:B7-HdAsEBG�S-M�ADC�M�7�EBK � 7-E�y�<8Ad4-9�A@:$_-<8As6�7nKN[-ATMUS-_&Ç�AdHdK
ª Ad<84OQt:$KUH�[-AD4OKU[-AaJmADC�GXEBCUQt:B7-HDA5EBGÐKN[�E�MUA�KU[b:$K{y�AdCUA¶É0Ñ©:BH � EB7b:B<84OÒ � KNAd�BAD7-M�E�72eÐÓ ÆBÆ � Ê c

~ [-ATS�MUADC�M�K�:$C�KNM�:$KI:VQtAd4-6>:VE�_&Ç�AdHdK@eh:B7-4©KU[-ATHdE�7-HdADJ�KIJmADCrK�:B6�7-687�9VKUEFKN[b:YK�6�M�:BM�MUAdCrx
KN:B687-Ad4 _P?WKN[�AtMr?LMrKNAdQ�c ~ [�AtS-M�ADC�H@:B7�KN[-Ad7 î _�AD:BQ¸S-J ï KUE/KU[-AtHdE�7-HdADJ�KUSb:B<�<>:@?�AdCDe�:B7-4
7b:@�&689�:$KNA�:BC�E�S-7-4¶6uK�_P?sGXE�<8<�E�y�687-9�KU[-AjCUAd<>:$KU68E�7�MU[-6�J-M _mAdK`y{ADAD7tHDE�7�HDADJLKNMDc ø 7-HdA�KU[-Ad?s[b:@��A
GXE�S�7-4n:¶HDE�7�HDADJLKaEBG�687PKNAdCUADMrK@e�KN[-A�?(H@:B7/KN[-Ad7 î _�AD:BQÔ4-E�y�7 ï KNE¶KN[-A�QVAD4-68:¶<�Ad�BAD<ÐKNEV�L6�Ady
C�ADJ-C�ADMUAd7PK�:$KU68E�7-MIE$G KN[b:YKaHDEB7-HDAdJ�K@eÐ:$7-4*:B7P?/4-E&HDS-QVAD7PKNM�687-4-A^]LAD4*E�7n6uK@c ~ [-68M568MvMU6�Qt6�<>:BC
KUEt_-C�E�y�MU687�9¶KU[-AwMUS-_�Ç�ADHdK�687-4�A�]|_mAdGXEBCUAI�&68Ady�6�7-9¶4-E&HDS-QVAD7PKNMdc

 E�yÕKN[-AT7-AdK`y{E�C � 6�KUMUAD<uG�MU[�E�S-<84©_�AsJ�CUADM�AD7PKNAd4=:$7-4nQt:B4-AT7-:��&6�9P:B_-<�AT_P?�KU[-AsS-M�ADCa6�M
: � A�?=:$CUA@:/EBG�KN[-6�MoC�ADMUAD:BCUH�[hc  ?&JmADCUQVAD4�6>:/:B7-4WKN[-AdMN:BS-C�S-MT7-:��&6�9P:$KN6�E�7*KNE&E�<8MaK`?&J-6�H@:B<�<�?
:B<�<8E�yÖKN[-A�S-MUAdCvKUEV�&6�AdyÕ:¶MU6�7-9�<8AaKUADC�QÔE�C î GXE&HDS-MvEBG :$KUKUAD7PKN6�E�7 ï e�:B7-4�KUEtQVE���AwKN[-6�MjGXELHdS-M
EBG�:$KUKUAD7PKN6�E�7�_�?WM�AD<�ADHdKU687-9�:(7-AdyµKUADC�Q É¦E�Cw4-E&HDS-QVAD7PK Ê M�E�QVAD[-E�y·C�AD<>:YKNAD4WKNE(KN[�AtE�C�689$x
6�7b:B<
c ð 7WKN[�AVM�ADQt:B7PKN6�H�<>:@?�AdCDe�HDE�7-HdADJ�KUM�y�6�<8<�_�A¶CUAdJ-CUAdMUAd7�KUAD4;_P?nKU[-AD6�C�J�CUAdGXAdCUC�AD4RÉXKNA^]&K Ê
C�ADJ-C�ADMUAd7PK�:$KU68E�72em:BM�4-AdMUHdCU68_mAD4/687(M�ADHdKU68E�7(«-cÂ�c

~ [-A�[-6�ADCN:$CUH�[-6�H@:B<�M�KUCUS-H�KNS-C�A�EBG�QF:B7P?�A�]L68MrKN6�7-9OHD<8:BMUM�6 ª HD:$KN6�E�7nMr?LMrKNAdQtMw:B7�4nKN[-AdMN:BS-C�6
<�AD7-4-Mj6uKNM�AD<�GÐKUE¶:sJb:BCrKN68HdS-<>:$C�M�K`?&<�AIEBG�7b:@�L6�9P:$KU68E�72c ~ [-AIS-M�ADC�H@:B7|M�J�AdHD68:B<86�MUAaE�C�9�AD7-AdCN:B<�68M�A
_P?VQtE��&687�9TS-JtE�C{4�E"y�7tKN[-As× ¨�gD£Pl&k�¨zØmfm£B¨^¨NgYÙ�k�¨ KNAdCUQ·KNC�ADA$eLE�C�QVE"�BA î :BHDC�E�MUM ï _P?VQVE"�&6�7-9
KUE�:FKUADC�QÚCUAd<>:$KUAD4W687©MUE�QVA�EBKN[�ADCay�:�?Bc ~ [-AdMUA�KNAdH�[-7-68¯�S-AdMoHD:B7W_�A�4�68CUAdHdKU<�?©:BJ-J-<�68AD4�KNE
KU[-AwMUADQt:B7PKN6�Hw<>:@?�AdCj6�G�6�Kj[b:$M5:$7�[-6�ADCU:BCUH�[-6�H@:B<hM�KNC�S-HdKUS-CUA$c

��Û



ü�ý>»�ý>» ÍI£B¨^¨NgYÙ�¥�f&ÏF¤XÜbkIÝ � g ¹ kTgÞºo£n¾�¿�k�¨^§
ð G�:sMUAdQF:B7PKU68HI<>:@?BADC�[b:$Mj_�EBKU[/:sHDE�QVJ-CUAd[-AD7�MU6��BAwMUAdKvEBG�C�ADJ-C�ADMUAd7PK�:$KU68E�7-Mv:B7�4|687-4-A^]LADMv:B<8<
7-AdHDAdMUMN:$C�?ZCUAd<8Ad�$:B7PK¶4-E&HDS�QtAd7�KUMsKNE�:nK�:BM � e{6uK�H@:B7�_mA|A ó ADH�KN6��BAD<u?;S-MUAd4ZKUE*7b:BC�CUE�yßKU[-A
M�HDE�JmAsEBG�:tMUA@:$CUH�[2e2C�AD4-S�HD687�9FKN[-AT:BQVE�S-7PK�E$G�68CUC�AD<�Ad�$:B7PKvQtAd4-6>:VCUAdKUCU6�Ad��Ad4W:B7-4nM�J�AdAD4-6�7-9
S-J(KN[�A�M�A@:BC�H�[©J-C�ELHdADM�MDc

~ [-A©S�MUADCF68Mt:B<8<�E"y{AD4®KNE=M�AD<�ADHdKFMUE�QVA©JmE�CrKN68EB7®EBGIKU[-A©M�ADQt:B7PKN6�H�<8:�?BADCdc ø 7-HDA/KN[-6�M
JmE�C�KU68E�7©68Ma6�4-AD7PKN6 ª AD4he2E�7-<u?©C�ADJ-C�ADMUAd7PK�:$KU68E�7-M�:B7�4*CUAD<�Ad�$:B7PKI4-E&HDS�QtAd7�KUMw:BMUM�ELHd6>:$KUAD4ny�6uKN[
KU[-AaMUAd<8AdHdKNAd4(HDE�7-HdADJ�KUM�:BCUA5S-MUAd4(687OM�A@:BC�H�[�:$7-4O7b:@�&689P:YKN68EB7FE�JmADCU:$KN6�E�7-MDc à�EBC�A�]�:BQVJ-<�ABe&6�G
KU[-AwS-MUAdCv6�MjE�7-<u?O687PKUADCUAdM�KUAD4©6�7|H@:BC�MDe-KU[-Ad?(HD:B7(MUJmADHD6uG�?OKN[-:$K�E�7-<u?FKN[�A�HdE�7-HdADJ�K î H@:BC ï :B7-4
7b:$CUCUE�y{ADCtÉ¦QVE�C�AsMUJmADHd6>:B<�68MUAd4 Ê HdE�7-HDAdJ�KNMo:BC�A�HDE�7-M�684-AdCUAd42c ~ [-A¶S-M�ADCwH@:B7*KU[-AD7WMUS�_-Qt6uKw:
¯�S-AdC�?nHdE�7-M�68M�KU687-9tEBGhÇ�S-MrKI:B7W:B_�M�KNCU:BHdK�J-CUEBJ�AdC�K`?�MUS-H�[W:BM5KN[-AoHDE�<�E�S-C�C�AD42e�E�7-<u?(J-68H�KNS-C�ADM
EBG{CUAd4 HD:BCUMIy�6�<8<�_mA�CUA�KNC�68Ad�BAD42c ~ E/CUAdKUCU6�Ad��A¶C�AD4WH@:BC�MwS-MU6�7-9/:B7-EBKU[-ADCIQVAdKU[-EL4he2KN[-A¶S-M�ADC
y{E�S-<�4=7-AdAD4 KUE©6�7-HD<�S-4-AV:/C�ADJ-C�ADM�AD7PK�:$KU68E�7 EBGj:/H@:BCw6�7�KU[-At¯�S-AdC�?Be :B7-4 Ad�BAD7=KU[-AD7 E�7-<�?
M�68QV68<>:$CU<�?PxzMU[b:BJmAD4t�L6�Ady�M�EBG�H@:BC�Mjy�E�S�<84/_�AIC�AdKNC�68A���AD4�687/:�MU6�7-9�<8AIMrKNAdJ2c

3 � Ad?O6�MUM�S-A�[-AdCUAa6�M�[-E�y²KN[�A�S-M�ADC�M�AD<8AdHdKUMj:TJmE�C�KU68E�7tEBG2KN[�AaMUAdQF:B7PKU68H�<8:@?�ADC�:B7-4O[�E"y
¯�S-6�H � <u?�KU[-Ad?©H@:B7©4-E|6�KD°h6�G 6�KvK�: � ADMw:F<�E�7-9FKU68QVA�KU[-ADC�AsQF:@?/_mAs7-EOJmE�687PK�687n7b:$CUCUE�y�6�7-9
KU[-AwMUHDEBJ�Ao:$Kv:B<�<
c ~ y{EFJmE�M�MU68_�<8AIQVAdKN[�EL4-M�:$CUABÅ

� � AD<8AdHdK5:¶HDE�7-HdADJ�K5S-M�687-9t:VHdE�7-HdADJ�K57b:@�&689P:$KU68E�7OKUELEB<
c ~ [b:$K5HDEB7-HDAdJ�Ka:$7-4©:$<8<2EBG�6�KUM
7-:BCUC�E"y{ADC�HDE�7-HdADJ�KUMwÉ0:$7-4|:B<�<bEBG2KN[�AD68C�7b:BC�CUE�y{ADC�HdE�7-HDAdJ�KNM Ê HDEB7-M�KU6�KNSLKNA5KU[-A�M�AD<�ADHdKUAD4
JmE�CrKN68EB72c

� � AD<8AdHdK�:aHdE�7-HdADJ�K�:B7�4�6�KNM�MUS-C�CUE�S�7-4-687�9�M�É¦4�A ª 7-Ad4t_P?T:aMUAdQF:B7PKU68H�4�68M�KN:B7-HdAjQtAD:BMUS-C�A
M�S-H�[n:$Mv7�S-QT_�AdCvE$G�C�AD<>:YKN68EB7-M�KNCU:@��ADC�MUAd42c Ê

3�4-4�6�KN6�E�7b:B<�<�?Be�KU[-68M{KNADH�[�7-68¯�S-AwCUAd<86�ADM�E�7/:�QsS-<uKN6�QtAd4-6>:wHDE�<�<8AdHdKN6�E�7O_mAD6�7-9�HDE�QVJ-C�AD[-Ad7Lx
M�6���Ad<�?FHDE�7-7�ADHdKUAD4/KNE¶HDE�7�HDADJLKNMDc ð G�E�7-<u?|:TGXCN:$HdKN6�E�7|EBG�:BH�KNSb:B<hQtAd4-6>:sC�ADJ-C�ADMUAd7PK�:$KU68E�7-Mv:BC�A
HdE�7-7-AdHdKNAd42e�KU[-AD7�E�7-<u?OKN[-6�M�J�E�CrKN6�E�7|y�68<8<h_�AwCUA�KNC�68Ad�BAD42e�:B7-4(KN[�AoS-7�HDE�7-7�ADHdKUAD4*C�ADJ-C�ADMUAd7Lx
KN:$KN6�E�7-M�y�68<�<h_mAwCUAÞÇ�AdHdKUAD42c

~ [-AIKNAdH�[-7-68¯�S-AdM54�ADMUHdCU6�_�Ad4n:B_mE���AwQF:@?F_�AwHDEBQs_-687�AD4|GXE�C�GXS-CrKN[-AdCvA ó AdHdKU6���Ad7-ADM�MDc�à�EBC
A^]-:$QtJ-<�ABe�KU[-AIMUHdE�JmA�7-:BCUC�E"y�6�7-9sKNAdH�[-7-6�¯&S�A�Qt:@?O_mAIS-MUAd4/KUE�AD7-[-:B7-HDAwKN[�Aw:BHDHdS-CN:BH�?|EBG�:
î y�[b:$Kv68M�KU[-68MNá ï ¯�S-AdC�?Bc

����� â )Ð!Y%L�$ãhäP!$å¦æ�å¦!dç
ð KFH@:B7®_�A�MUADAd7qGXCUE�QèKU[-A©4�ADMUHdCU6�J�KN6�E�7-MVEBGaKN[�ADMUA�KNADH�[�7-68¯�S-AdMFKN[b:YKFM�E�QtA/Qt:�?ZC�AD¯�S-68C�A
:B4�4-6�KU68E�7b:$<b687PKNAdCN:BH�KN68EB72ePy�[-68<�A5M�E�QtAvQt:�?VE&HDHdS-C�KUCN:B7�MUJb:BC�AD7PKN<u?VE�C�p�_mAD[�687-4VKN[-A5MUHDAd7-ADM�}-c
ð 7WQt:B7P?©HD:BMUAdMDeÐ687PKUADCN:$HdKN6�E�7nQt:@?©_mA�:BJ-J�CUE�J-C�6>:$KUAB°2[�E"y{Ad�BADCde�KU[-68MvK�: � ADMIKN6�QtA$e2:B7-4*EB7-A

� Ó



EBGÃKU[-AIQF:$687O:$68QVM�EBG�:sQsS-<uKN6�QtAd4-6>:I687LGXE�CUQt:$KN6�E�7VM�?&M�KUADQÔ68M�KNE�QV687-6�Qt6�MUAjKN[�Aw:BQtEBS-7PK�EBG
KU68QVAw:B7-4/HDE�9�7�6�KN6u��AIA ó E�CrKvCUAD¯�S-6�CUAd4/KUE ª 7�4©:¶J-68AdHDAwEBG�687�GXE�C�QF:YKN68EB72c Ä�E�MUM�68_-<�A�QVAdKU[-E&4-M
GXE�Cw4-A�KNAdCUQV687-6�7-9OKN[-AV_mADM�K�_b:$<>:B7-HdA¶_�A�K`y�AdAD7;:BSLKNE�Qt:$KN6�E�7W:B7-4 :BHdHDS-CU:BHd?�:BC�A¶4-68M�HDS-M�MUAD4
_mAD<�E"ywc

ü�ý ü�ý�¼ ¾�¿bk�¨^§ ½ � ¹ £Bf ¡ ¥
gYf
àbE�C�¯�S-AdC�?�A�]LJb:$7-MU6�E�7ZKUEW_�A|A ó AdHdKN6u��A$e�KN[-A|A^]LJb:B7-M�68E�7ZQsS-MrKtMrK�:BCrKV:$KV:B7®:BJ-J-C�E�J-C�6>:$KUA
HdE�7-HDAdJ�K@c ð G{KU[-ADC�AV6�MaS-7-HdADCrK�:B6�7�K`?*:B_�EBS�KaKN[�68MDe�KN[-A�Mr?LMrKNAdQ¸MU[-E�S�<84�:BM � KN[-A�S�MUADCde�:BMw:B7
6�7-HDE�C�CUAdHdK�4-ADHd68M�68E�7�y�68<�<�C�ADMUS�<�K�687V:I<8EBK�E$G�y�:BM�KUAD4tHDE�QVJ-S�KN:$KN6�E�7¶:B7-4¶GXS-C�KU[-ADC�6�7�KUADCU:BHdKU68E�72c
354-4-6�KU68E�7-:B<8<u?�eBKU[-A�A^]LKUAD7PK�E$G2KN[-AvA�]LJb:$7-MU6�E�7OHDEBS-<84V_�A5:B<uKNADC�AD4t_�?¶KU[-A5S�MUADCdc ð GÐ7-ADHdADM�MN:BCr?�e
M�AD7-M�68_-<�Av4�AdG¦:BS-<uKNM�GXEBC KN[-AjJb:$C�KN6�HDS-<8:BC�QTS-<�KU68QVAD4-68:5HDEB<8<8AdHdKU68E�7sHdE�S-<�4�_�A�E���AdCUCU6�4-4-Ad7t_P?sKU[-A
S-M�ADC�E�7t:B7¶E�J�KU68E�7-M�4-6>:B<�E�9�S-A�E�C QVAD7�S2e�E�7-<u?sCUAd¯�S-68C�687-9w:B4�4-6�KU68E�7b:$<L6�7�KUADCU:BHdKU68E�7sy�[-Ad7tKU[-A
S-M�ADCvAD7-HdE�S-7PKNAdCUMvMUE�QVAwHD6�CUHDS�QtMrK�:B7-HdAIKN[b:$K�C�AD¯�S-6�CUADMjGXS-CrKN[-AdC�E�Cj7b:BC�CUE�y�AdC5A^]LJb:B7-M�68E�72c

� [-E�S�<84©GXS-CrKN[-AdCIA�]&KNAd7-MU6�E�7W_�AT7-ADHdADMUMU:BC�?BeÐKN[-A�S-M�ADCIHdE�S-<84*S�MUA¶:�p�M�<8684�ADCU}t687-4�68H@:YKN687�9
[-E�yÕQt:B7P?®p�Ç�S-QVJ-MU}¶KNEVQt: � A$cj3�4-4-6uKN6�E�7b:B<�<�?�e&KN[-A�7�S-Qs_mADCvEBG�C�ADJ-C�ADMUAd7PK�:$KU68E�7-MvKN[-6�Mjy�68<8<
C�AdKNC�68A���AtÉ¦E�CjS�MUAaKNE¶MrK�:BCrKjGXS-C�KU[-ADCj¯�S-AdCU68AdM Ê HDEBS-<84(_mAI4-68M�J-<>:@?�Ad4/:$K�CUAd<>:$KU6���Ad<�?t<86uKUKN<�A5HdE�Q�x
J-SLK�:$KU68E�7b:$<{A^]�JmAD7�MUABe{:B7-4 KN[-6�MTy�EBS-<84³9B6���AtKN[-AOS�MUADCs:n9�ELE&4=6�4-A@:�EBGjy�[-AD7;KU[-Ad?=[b:@��A
A^]�J-:B7-4-Ad4©KN[-Aw¯�S-AdC�?|KNE&EsG¦:BCdc

ü�ý ü�ýÿþ é ¥�f��Tê�¿BÏB¢Fk�fb¤z£B¤¦¥
gYf
� 687 � :BS-9BQtAd7�KN:$KN6�E�7s6�M�:BHdKUSb:B<�<�?w��AdC�?�M�68QV68<>:$CÃKUEI¯�S-ADCr?�A�]LJb:B7�MU68EB72e�:BJ-J-<u?&687-9IA^]-:$HdKN<u?TKU[-A
MU:BQtA5KNADH�[�7-68¯�S-AdM�KUEsKN[-AIM�E�S-C�HDAw:B7-H�[�E�CUMjEBG�<�687 � MDc�3�4-AdG¦:$S-<�KDeLy�[-6�H�[/HdE�S-<�4|_�AaM�J�AdHD6 ª AD4
_P?/KN[-A�:$S�KN[-EBCDemH@:B7n_mATE��BADCUC�684-Ad7ny�6�KU[*:tQVAD7�S*6�KUADQÔE�C5E�J�KU68E�7�4-6>:B<�E�9�S-Aw6uG�7-ADHdADM�MN:BCr?�c
� CU:B9�9�6�7-9*:nMU<�684-AdCTKNEW:$<�KNAdCTKN[�A|A�]&KNAd7�KVEBG î G¦:B7Lx`EBS�K ï y�E�S�<84�:B9P:$687;_mA|S-MUA�GXS-<
e�:B7-4;KU[-A
7�S-Qs_mADC�EBG�<86�7 � MjCUA�KNS-C�7-AD4�_�?FKN[b:$KvA^]LKUAD7PK5H@:B7/_�AIS�J�4b:YKNAD4/M�?&7-H�[�CUE�7-EBS-MU<u?�c

ü�ý ü�ý>» Ý � g ¹ k�Íw£B¨^¨NgYÙ�¥�f&Ï
~ [-Av_b:BM�68H�684�A@:IEBG2M�HDE�JmAv7b:BCUC�E�y�687-9w68M KUEo6�7-HDC�A@:BM�AjKN[-AvH�[b:B7-HdAvKU[b:$K�CUA�KNS-C�7-AD4tQtAd4-6>:IE�_&x
Ç�AdHdKNM�:$CUA�C�AD<�Ad�$:B7PK KNEa:a¯&S�ADC�?Bc ~ [-AjH�[b:$7-HDAdM�EBG�68C�CUAD<�Ad�$:B7PK QVAD4�6>:5EB_&Ç�ADH�KNM�_mAD687�9aCUA�KNS-C�7-AD4
6�M5C�AD4-S-HdAD4*_mADHD:BS-MUATQF:B7P?/68C�CUAd<8Ad�$:B7PKvQVAD4-68:VE�_�Ç�ADHdKUMI:BC�Ao7-E$KaHDEB7-MU6�4-ADC�AD42c È AdJ-CUAdMUAd7�KN:Yx
KU68E�7-MjE$G :¶<>:BC�9�Aa7�S-Qs_mADC�EBG�HDEB7-HDAdJ�KNMvH@:B7/_mA�A^]LHD<8S�4-AD42c

±²[-AdKU[-ADCVE�C¶7-EBK¶KU[-68MV:B<�<8E�y�M¶:�S�MUADC¶KNE ª 7-4ZKN[-A/687LGXE�CUQt:$KN6�E�7=KU[-Ad?�C�AD¯�S-68C�A�QVE�C�A
¯�S-6�H � <u?*y�68<�< 4-ADJmAD7�4³E�7�[-E�y·<8E�7�9/6uKIK�: � ADM�KN[-AdQëKNE/684-Ad7�KU6�G�?nKU[-A¶CUAd<8Ad�$:B7PKoJ�EBC�KN6�E�7*EBG
KU[-A5M�ADQt:B7PKN6�H5<8:�?BADCdc 3�7P?�KN[-6�7-9o�BADCr?tHdE�QVJ-<8A^]he�M�S-H�[(:BM�MUAd<8ADH�KN6�7-9THdE�7-HDAdJ�KNM{687-4�6��&684-S-:B<8<u?�e
6�Mj<86 � AD<u?FKNE�KN: � AIKNE&E¶<8E�7�9-c

� À



Ø�ÙÛÚ-Ü	Ý�Þ8ß	àì$�qí\ê¤ÝrÝ�í�î©Ùhë	ÚÈú�û	Þ{����í�æ&Þ8í�ïtêbè�Ü	Þ�Ýr�vð ÙÛú�ûiê5�$ä�ê�çåçPí\Ü)ävñ&Þ�Ý6í�ïbí\ê���ÙåÚ-ê¤ú�ÙÛí-ë�ê�çL��ú Þ�æ�ì

Ñ©:B7P?®HD<>:$MUMU6 ª H@:YKN68EB7®Mr?LMrKNAdQtM|:$7-4RKN[�ADMN:$S-CU6vGXA@:$KUS-CUA�MUJmADHD68:B<86�MN:$KU68E�7bò$9�AD7�ADCN:$<868MU:$KN6�E�7
C�AD<>:YKN68EB7-MU[-6�J-MDc ~ [-Ao_b:BH � _�EB7-ATEBG�MUS-H�[n:VMr?LMrKNAdQó6�M�[-68AdCN:BC�H�[-68HD:B<
c � K�:$C�KN6�7-9t:$K�KN[-A�CUE&EBK@e
:�MUQt:B<8<-7�S-QT_�AdC{EBGhM�KUADJ-M{H@:B7VA ó ADH�KN6��BAD<u?tA^]LHD<8S�4-A�:w<>:$CU9�A�JmADCUHdAD7PK�:$9�A�EBGhMUS-H�[O:�HdE�7-HDAdJ�K
7-A�K`y�EBC � c ~ [�68M�6�M{6�<8<�S-M�KUCN:$KUAD4V687 ª 9�S-CUA�«-c � c ~ y�E�M�J�AdHD68:B<86�MN:$KU68E�7¶HDEB7-7-ADH�KN6�E�7-M�[b:@�BAa_�AdAD7
KUCN:@��AdCUMUAd42eI687�4-68HD:$KNAd4qy�6�KN[Ö:BC�CUE�y�MDc ø 7�<�?qQVAD4�6>:³CUAdJ-CUAdMUAd7�KN:$KN6�E�7-M(HDEB7-7-ADH�KNAd4ôKNE;KU[-A
[-6�9�[-<�689�[PKNAd4=HdE�7-HDAdJ�K¶:B7�4³6�KUMTMUJmADHd6>:B<�68MU:$KN6�E�7-MIy�68<�<�_mAFHdE�7-M�684-AdCUAD4;6�7³CUA�KNC�68Ad�$:B<5ÉXE�CT<�687 �
GXE�<�<8E�y�687�9 Ê E�JmADCN:YKN68EB7-MDcv3�M�MUS-QV687-9VKN[-Ao[-68AdCN:BC�H�[P?�GXE�C�QtM5:F_b:$<>:B7-HdAD4/KNCUAdABeh:BCUE�S�7-4 � ÆPõ
EBG�KU[-AsHdE�7-HDAdJ�KNMI6�7©KN[�As7-AdK`y{E�C � e2:B7-4W:BM�MUE&HD6>:YKNAD4©QtAd4-6>:VE�_&Ç�ADH�KNMdeÐ[b:@��A�_mADAD7*A^]LHD<8S�4-AD4
6�7(K`y{EV7b:@�L6�9P:$KU68E�7|MrKNADJ�MDc

ð GbKN[-A{S-MUAdC � 7-E�y�M�KN[b:YK�KN[�A�687�GXEBCUQt:$KN6�E�7IKN[-A�?TC�AD¯�S-68C�A�68M�<86 � Ad<�?IKNE�_�Aj:5MUJmADHD68:B<86�MN:$KU68E�7
EBG�:tHDAdC�KN:B687�HDE�7-HdADJ�K�É¦M�S-H�[*:BM î KUCN:B7-M�J�EBC�K ïËÊ KN[-AdMUAoK`y{EOMrKNADJ�MaQF:@?|9BCUA@:YKN<�?(6�7-HDC�A@:BM�AoKU[-A
A ó AdHdKN6u��Ad7-ADM�M�EBG :¶<�E�y�x`<8A���Ad<2¯�S-ADCr?�c

3�7�[-6�ADCU:BCUH�[-6�H@:B<54-68M�J-<>:@?®E�7�MUHdCUAdAD7ÖH@:B7²_mAnS-MUAd4ÖKUE;687-4�68H@:YKNA�KU[-A*S-M�ADC ï M(:BC�A@:³EBG
6�7�KUADC�ADM�KDc ~ [�68MTHdE�S-<�4=_mA � AdJ�K�E�7&x`MUHdCUAdAD7;:B<�E�7-9�M�684-A¶�&68A�y�MTEBGjQVAD4�6>:(E�_&Ç�ADH�KNMde�:B7-4=KU[-A
J-C�ADHd68MU6�E�7*EBG�CUA�KNC�68Ad�$:B<�E�JmADCU:$KN6�E�7-M�6�Ma687�HDCUAD:BMUAd4W9�CUAD:$KN<u?/y�6uKN[*C�AD<>:YKN6��BAD<u?�<�6�K�KN<8A�HDEB9�7-6�KU6��BA
A ó E�CrK@c

 E�y®A ó ADHdKU6��BAD<�?oKN[-A�KUADH�[-7�68¯�S-Ajy�EBS-<84�JmADCrGXE�CUQöKNCN:$7-MUJb:$CUAD7PKU<�?Ty{E�S-<�4�4-ADJmAD7�4tE�7�KU[-A
¯�Sb:B<�6�K`?FEBG :$S�KNE�Qt:$KU68HaQVAD4-68:sE�_&Ç�AdHdK5HD<>:$MUMU6 ª H@:YKN68EB7(:BMj4-ADM�HDC�68_mAD4©6�7(MUADH�KN6�E�7(«-cË¬LcÁÀLc

���>÷ ø ù�ú .¦!$å0ûR%�ü�å
ã=ý|# %Lþ$ã ú � ú þ
35M¶y�:BMV7-EBKUAD4Z687;MUAdHdKU68E�7®Â�cÂ�e�:nKU[-ADMU:BS-CUS�MtHD:B7®_mAO�&68M�Sb:B<86�MUAd4®:$7-4®C�ADJ-C�ADM�AD7PKNAd4�:BM¶:
M�ADQt:B7PKN68Ht7-AdK`y{E�C � c ð 7³KN[-6�M�y�:@?�e KN[�ADMN:$S-CU6{H@:B7³_mAt�&6�Ady{AD4�:BMsS�MUAdGXS�<
e HdE�QtJ�CUAD[�AD7-M�6���A$e
A^]�6�M�KU687-9¶MUAdQF:$7�KU68Hw7-A�K`y�E�C � MDc

� Â



� ADM�J-6�KUAwKU[-AwCUAd<>:$KU6���Ad<�?FMUQt:B<8<27�S-QT_�AdCvE$G CUAd<>:$KU68E�7�MU[-6�J-MDe�KU[-Aw687�GXEBCUQt:$KN6�E�7OHDEB7�KN:B687�AD4
6�7²: KN[-AdMN:BS�CUS-M([b:BMF_�AdAD7²J-CUE��BAD7�KNE;_mAnS-M�AdGXS-<a4�S-CU6�7-9;:³MUAD:BCUH�[�687-9³KN:BM � É0ÿ�AD:BS-<86�ADS2e
Ó ÆBÆP� Ê c®3�4-4�6�KN6�E�7b:B<�<�?Be�KU[-ADC�A©:$CUA�:�<8:BCU9�A(7�S-Qs_mADCVEBG�A�]L68MrKN687�9�KUA�]&KFKU[-ADMU:BS-CU6�HdE"�BADC�687-9
:(y�684-AVCN:B7�9�AtE$GjMUS-_�Ç�ADHdKUMDe KU[b:$K�[b:@��AO_mADAd7=C�ADMUAD:BCUH�[�AD4Z:B7-4 CUA ª 7-AD4=GXEBC�4�ADH@:$4-ADMde�:B7-4
HdE�7PK�:B6�7�HDE�QVJ-CUAd[-AD7�MU6��BA�687�GXE�C�QF:YKN68EB7T:B_mE�S�K�KN[-A�KUA�]&KNS-:B<�KNAdCUQV687-EB<8E�9B?�:$7-4�CUAd<>:$KU68E�7-M�[-68J�M
_mAdK`y{ADAd7nHDE�7�HDADJLKNMv687|KN[-EBMUAw4-E�Qt:B687�MDc

3�7/A�]L68MrKN6�7-9�KN[-AdMN:BS-C�S-MDe�KN[�AD72e�Qt:�?F_�A�:¶S-MUA�GXS-<ÃM�KN:BC�KU687-9¶JmE�687PK�687|KU[-AoHdE�7-MrKNCUS�HdKN6�E�7
EBG�:¶MUADQt:B7PKN6�HI7-AdK`y{E�C � <>:@?�AdC�KUE¶MUS-J-J�<8ADQVAD7PK5:¶QsS-<�KU68QVAD4-68:oHdE�<8<�ADHdKU68E�7hc

~ [-A/A�]L68MrKN687�9=MUA�KNMtEBGaAd¯&S�6��$:B<8Ad7PKtKUADCUQVM�É¦6�7-HD<�S-4-687�9WKU[-A©J�CUAdGXAdCUC�AD4®GXEBCUQVM Ê 687®MUS-H�[
:nKN[�ADMN:$S-CUS-M¶HD:B7®_mA|MUAdJb:BCU:$KNAd4ZGXC�E�Q KU[-A(S-7-4-AdCU<u?L6�7-9*HDEB7-HDAdJ�KNM¶KN[-A�?³C�ADJ-C�ADMUAd7PK@c ~ [-A
KU[-ADMU:BS-CUS�M56�MjMUADJ-:BCN:$KUAD4�687PKNE�K`y{EtJb:$C�KNMdÅ
Ó�cj3 <>:@?�AdCTEBG�HDE�7-HdADJ�KUMsHDEB7-7-ADH�KNAd4;_�?�KN[�AFCUAd<>:$KU68E�7�MU[-6�J-M�p�_-CUE�:B4-ADCNò$7b:BC�CUE�y{ADCU}n:B7-4

prCUAD<8:$KNAd4-}-eYHDE�C�CUAdMUJmE�7-4-6�7-9�KNEvKN[-ATp�_-C�EP:B4-AdC�KUADC�Q�e�}/p�7b:BC�CUE�y{ADC�KUADC�Qt}5:B7-4WprCUAD<8:$KNAd4
KUADC�Qt}¶CUAd<>:$KU68E�7�MU[-6�J-M�4-AdMUHDC�68_mAD4�687|MUAdHdKU68E�7�Â�cËÀLc

ÀLcj3ôMUA�K�EBG2KUADC�QtM�HDE�7�7-ADH�KNAD4OKUEoKU[-ADM�AaHDE�7�HDADJLKNMDc ~ [-AdMUAI:$CUA�KN[-AOp�AD¯�S-6u�B:$<8AD7PK�KNAdCUQVMU}
E$G�AD:BH�[©J-C�AdGXAdCUCUAd4/KUADC�Q 687|KN[�AwKU[-ADMU:BS-C�S-MsÉXMUAdAoM�ADHdKU68E�7�Â�cËÀ Ê c

~ [�S-M�KN[�A5KN[�ADMN:$S-CUS-MjHD:B7O_mA ª K�KNAd4FKNETKU[-A�M�ADQt:B7PKN6�H�<>:@?BADC�:$CUH�[-6uKNADH�KNS-C�A�4-AdMUHdCU68_mAD4|6�7
KU[-AwJ-CUA��L6�E�S-M�MUAdHdKU68E�72c

� ¯&S�6��$:B<8Ad7PK�KNAdCUQVM 687s:aHDE�7PKNC�E�<8<�AD4o<>:B7-9BSb:B9�A�KNA�]&K�KU[-ADMU:BS-CU6�:BCUA�H@:B<�<8AD4 î <�A@:B4Lxz687-M ï M�687-HdA
KU[-Ad?R<8A@:$4q687RKUE=KN[�AnJ-CUA�GXADC�CUAD4�GXE�C�Q E$GIKN[-A©KUADC�Q�c ~ [�68MOJ-C�AdGXAdCUCUAd4�GXE�CUQ 68MtS-MUAd4�KNE
M�J�AdHD6�G�?¶C�AD<8:$KN6�E�7-MU[�68J-M�_mAdK`y{ADAd7OHDE�7�HDADJLKNMDeL:B7-4VKNEw687�4-A�]V4-E&HDS�QtAd7�KUMDc ð 7VKN[-A�QsS�<�KN6�QtAd4-6>:
KU[-ADMU:BS-CUS�MDeLKU[-A5:B_-M�KUCN:BH�K�HDE�7-HdADJ�K�687�KN[�A5HdE�7-HDAdJ�K{<>:@?�AdC�HD:B7tKN: � AvE���AdC�KU[-68M�CUEB<8ABe�:$7-4tKU[-A
J-C�AdGXAdCUCUAd4�GXE�C�Qß_mADHdE�QtAdMv:B7-EBKU[-ADC�<8AD:B4Lxz6872c

Ñ�S-<uKN68QVAD4�6>:FC�ADJ-C�ADMUAd7PK�:$KU68E�7-MwEBG{HDEB7-HDAdJ�KNM�H@:B7�_mAt:$4-4-AD4 :BMw<8AD:B4Lxz687 î KNAdCUQVM ï 687*KU[-A
QVAD4-68:V<8:@?�ADCdc ~ [-AoCUADM�S-<�K5EBG�KN[-6�MvHD:B7©_mA�H@:B<�<8AD4�: î QsS�<�KN6�QtAd4-6>:TKU[-ADMU:BS-C�S-M ï °2:B7�A�]L68MrKN6�7-9
KUA�]&KoKU[-ADMU:BS-C�S-Mo[-:BMw_�AdAD7�MUS-J-J�<8ADQVAD7PKUAD4 y�6uKN[WQsS-<uKN6�QtAd4-6>:V4b:$K�:Le�:$7-4 HD:B7�_�A�S-M�AD4�KNE
:BS�9�QtAd7PKaKN[-AT687�GXE�C�QF:YKN68EB7�:$7-4n7b:@�&689P:YKN68EB7b:B<ÃH@:BJ-:B_-68<�6�KU68ADMv:@�$:B68<8:B_-<�A�6�7*:B7n6�7�GXE�C�QF:$KU68E�7
Mr?LMrKNAdQ�cÖ3�7q6�7-6�KU6>:B<�ADQs_-Cr?�E�7�68H/684-AD:�GXE�Ct: QsS�<�KN6�QtAd4-6>:©KU[-ADMU:BS-C�S-MFy�:BMFJ-C�E�JmE�MUAd4q_P?
� Ady�6�M k�¤�£Bi ý É � A�y�68M k�¤�£Bi ý e2Ó Æ�Æ ¬$_ Ê c

����� � �$ãhä�!$å0ä�ãh.0å¦!$å0%Lþ
~ [-A(J-C�Ad�&68EBS-MsMUAdHdKU68E�7-M�[-:��BA(4-ADM�HDCU6�_�Ad4;KN[-A|6�4-A@:©E$G�:nM�ADQt:B7PKN6�HO<>:@?�AdCDe�:B7-4;KU[-AFy�:�?&M
6�7Wy�[�68H�[�6�KwHDEBS-<84W_mAVS�MUAD4�KNE/:B6�4�6�7�GXE�C�QF:$KU68E�7©:BHDHdADM�MDc  E�y�A���AdCDe�KU[-ADC�At:$CUA�J-CU:BHdKU68H@:$<
4-A�K�:B6�<8M�KU[b:$K�7-AdAD4n:YKUKNAd7PKN68EB72Å

� «



��� 6��BAD7¶:�J�68ADHdA�EBG�QVAD4-68:�eB[�E"yZ4-E&ADM�KN[-A�Mr?&M�KNAdQ y{E�C � E�S�K�y�[b:$K KU[-A�HDEBCUCUAdMUJmE�7-4-6�7-9
HdE�7-HdADJ�K5E�CjHDEB7-HDAdJ�KNM5:BCUA@á

��� 6��BAD7=:�QsS-<uKN6�QtAd4-6>:OHdE�<8<�ADHdKU68E�7he�[�E"y HD:B7 KU[-AFM�ADQt:B7PKN6�Ht<8:�?BADC�_�AVHDEB7-7-ADH�KNAd4³KNE
KU[b:$KvHDEB<8<8AdHdKU68E�7Fy�6uKN[-EBS�Kv:V[�S-9BAo:$S�KN[-EBCU687�9�A ó E�C�K�á

~ [-A ª C�M�K(EBGIKU[-ADM�A�6�MOCN:YKN[-AdCOMU6�QtJ-<�A©6uG�:³MUJmADHD6 ª HnQVAD4-68: KNE;HdE�7-HdADJ�K�:BM�MUE&HD6>:YKN68EB7
:B<�CUAD:B4�?nA^]L68M�KUMDc  E�y�A���AdCDe�6�G�KN[-A�Mr?&M�KNAdQ¸68MaS�MUAD4�687W:Fy�6�4-ADCIHdE�7PKNA^]LKFÉ�GXE�CaA�]�:BQVJ-<�AsE�7
KU[-AV± E�C�<84Lx
±²684-A�± AD_ Ê e�E�Cw68MIKUE©_mAVA^]LJ�E�M�AD4³KUE©:B7P?W6�7�GXE�CUQt:$KU68E�7nKU[b:$Ko[b:BM�7-EBK�_�AdAD7
HdE�QtJ�CUAD[�AD7-M�6���Ad<�?=HDE�7-7�ADHdKUAD4�KNEnKU[-A|MUAdQF:B7PKU68HO<8:�?BADCde�6�Ks6�M�:nHDEBQtJ-<�A�]=J-CUEB_-<8AdQ�c ~ [-6�M
6�M�KN[-Asy{AD<�<ux � 7�E"y�7*J�CUE�_-<�ADQóEBG�HD<8:BMUM�6 ª HD:$KN6�E�72c�±=:@?LMw6�7©y�[-68H�[*KU[-68M5H@:B7�:B4-4�CUADM�MUAd4=:BC�A
4-AdMUHdCU68_mAD4�687(MUAdHdKU68E�7(«-c¬�cËÀLc

~ [-A�MUAdHDE�7-4�J-C�E�_-<8AdQ J-C�ADM�AD7PKNM�:�CU:$KN[�ADCÐQVE�CUA EBJ�Ad7o¯�S-AdM�KN6�E�72Å  E"y=H@:B7wKN[�A�MUADQt:B7PKN6�H
<8:�?BADCj_mAIHDE�7�M�KNC�S-HdKUAD42em:B7�4/[�E"y H@:B7(QVAD4-68:TCUAdJ-CUAdMUAd7�KN:$KN6�E�7-M�_mAIHDE�7-7�ADHdKUAD4/KNE�HDEB7-HDAdJ�KNM
y�6uKN[-E�SLK�:$7©:BSLKN[-E�C�HdE�7-7-AdHdKN6�7-9FAD:BH�[©Qt:B7�Sb:B<�<�?�á©3�J�J-CUEP:$H�[-ADMvKNE�KN[-6�Mv:BCUA�4-ADM�HDC�68_mAD4©6�7
M�ADHdKU68E�7/«-c¬�cÂ�c

ð K�6�M ª CUMrKa7-AdHDADM�MN:BCr?�KUEt4�ADMUHdCU6�_�A�KN[-A�687�GXEBCUQt:$KN6�E�7|M�?&M�KUADQóAD7P�&68C�E�7-QVAD7PKa:$7-4©QVAD4-68:
J-C�ELHdADM�MU687�9nKN[b:$K�y{E�S-<84=_�AOC�AD¯�S-6�CUAD4 GXE�Cs:/MUADQt:B7PKN6�HF<8:�?BADC�KNEn_mAFC�A@:B<�68MUAd42c ~ [-AOH�[b:BCÞx
:BH�KNAdCU68MrKN6�HDMTE$G�MUS-H�[�:©Mr?&M�KNAdQè:BC�AF9�6u��Ad7;687 KU[-AO7-A^]&K�MUAdHdKN6�E�72e�:$7-4³MUEBQtAF:BMUM�S-QtJLKN68EB7-M
<�68M�KUAD42c

ü�ý���ý�¼ 	 ÜbkaÝ�¿L¨^¨NgY¿LfmlB¥�f&ÏtÝ�§ ¡ ¤`k�¢
3 MUADQt:B7PKN6�Ho<8:@?�ADCv687�6�KUMUAD<uG 6�M57-E$K�EBG QsS-H�[©J�CN:BH�KN68HD:B<ÃS-MUA�y�6�KU[-E�S�K5MUS-6uK�:B_�<8A�QtAd4-6>:¶J-CUEYx
HdADMUM�687-9;KUADH�[-7-6�¯�S-ADMdcö3 MUAdQF:B7PKU68Hn<8:�?BADCtE�CFQsS�<�KN6�QtAd4-6>:*KN[�ADMN:$S-CUS-M|6�MFQVE�M�Kt9P:B6�7�GXS-<�<�?
AdQtJ-<�E�?�AD4 £ ¡�¡ ¥ ¡ ¤¦¥�f&Ï :�QsS-<�KU68QVAD4-68:|687�GXE�C�QF:YKN68EB7�C�AdKUCU68A��$:B<�:$7-4�ò$E�Co7b:@�&689P:$KU68E�7 M�?&M�KUADQ/c
ð 7WE�C�4-ADCaKUE|4-ADM�HDCU6�_�A�[�E"y :OMUAdQF:$7�KU68Hs<8:@?�ADCay�6�<8<Ãy�EBC � eÐ6�KI6�Ma7-AdHDADM�MN:BCr?nKNE(Qt: � ATMUE�QVA
:BM�MUS-QVJ�KU68E�7-Mv:B_mE�S�KjKU[b:$K�Mr?LMrKNAdQ�c

àbCUE�Q KN[-A|6�7P��ADMrKN6�9P:$KN6�E�7³EBGvA^]�6�M�KU687-9*6�7�GXE�CUQt:$KU68E�7�CUA�KNCU6�Ad�$:B<�:B7-4�QtAd4-6>:�J-CUE&HDAdMUMU6�7-9
KUADH�[-7-6�¯�S-ADM5687(H�[b:BJ�KUADC5ÀLe-y{AwH@:B7/QF: � AIKN[-AIGXE�<�<8E�y�687�9s9�AD7�ADCN:$<868MU:$KN6�E�72Å

357P?|HDE�7PKUAD7PK�xz_b:BMUAd4©C�AdKNC�68A��B:$<2E�JmADCN:YKN68EB7|H@:B72eb9B6���Ad7/:¶¯�S-AdC�?|QVAD4�6>:sE�_&Ç�AdHdKDe
J�CUE&4-S-HDA�:jCN:$7 � Ad4oM�AdK�EBGLCUADM�S-<�KUMDc ~ [-ADM�A{C�ADM�S-<�KUMÃy�6�<8<Y_�A�6�7aKN[-A�MN:$QtA�QVAD4-6�S-Q
:$M�KU[-Aw¯�S-ADCr?(E�_&Ç�ADH�K@c

~ [�S-MDe�y�AvH@:$7tKNC�A@:$K�:$7�?¶HdE�7PKNAd7�Krx`_b:$MUAD4FCUAdKUCU6�Ad�$:B<-E�JmADCU:$KN6�E�72ePC�AD9P:BC�4-<8AdMUM�EBG�KN[-AjKNAdH�[Lx
7-6�¯�S-AwADQVJ-<8E�?�Ad4©:$7-4�QVAD4�68S-Q/e-:BMv:�_-<8:BH � _mE�]�c ~ [-6�M�68Mj68<�<8S-MrKNCU:$KNAd4|687 ª 9�S-C�Aw«-c � c

ð 7W:B4-4-6uKN6�E�72em6�K568Ma7-AdHDAdMUMN:$C�?nKUEOQF: � AsM�E�QtAs:BMUM�S-QtJLKN68EB7-Ma:B_mE�S�K�[-E�y KU[-ADM�A�E�JmADCN:"x
KU68E�7-MjHD:B7/_�AwJmADC�GXEBCUQVAD4(687(E�C�4-ADCjGXE�C�:�MUAdQF:$7�KU68HI<8:�?BADCjKNE�y{E�C � Å

��




QUERY OBJECT

SET OF OBJECTS TO
SEARCH FOR MATCH

RANKED SET
OF RESULTS

RETRIEVAL

CONTENT-BASED

����������������B����û��5�����Jú �!��ú#"�$�%'& �^�)(*��ú ������+%',-$�,.%���/0$1�32

Ó�c � 654hAdCUAd7�K�QtAd4-6>:wGXA@:$KUS-CUAdMIÉXMUS-H�[/:BM{HDE�<�E�S-C�[-68MrKNE�9�CU:BQVM{E�C�KNA^]LKUS-CUAdM�GXE�C{68Qt:B9�ADMde�E�C
GXEBS-CU6�ADC�KNCU:B7-MrGXE�CUQVM�GXE�CjMUEBS-7-4 Ê Qt:�?O_�AIS-M�AD4�687-4-AdJ�Ad7-4-Ad7�KU<�?|GXE�Cj¯�S-AdCU6�ADMDc

ÀLc � J�AdHD6 ª H/JmE�CrKN68EB7-MsEBG�:*QtAd4-6>:nE�_�Ç�ADHdKVQt:@?³_mA/6�7-4-A^]�Ad4R:$7-4�CUAdKUCU6�Ad��Ad42c ~ [-68M�6�M
C�AD¯�S-6�CUAD4¶M�687-HdA�CUAD:B<ux
y�E�C�<84oE�_&Ç�ADH�KNM�Qt:@?THdE�7-M�KU6�KUS�KNA�EB7-<�?o:aJb:BCrK�EBGm:aQVAD4-68:5E�_�Ç�ADHdKDe
:$7-4�6uKj68M�E�7�<�?|:$J-J-CUEBJ-CU68:$KNA�KUEtHdE�7-7-AdHdK�KN[-:$KvJb:BC�KjKUEV:¶HdE�7-HdADJ�KDc

Â�c � E�QtAIKUADH�[-7-6�¯�S-ADM5S-MUAT:B7�A^]&KNCN:$HdKNAd4n687PKUADCUQVAD4�6>:$KUAICUADJ�CUADM�AD7PK�:YKN68EB7�KN[-:$Kv68M�7-EBK�:B<ux
y�:@?&M�CUADJ�CUE&4-S-HD6�_-<8At:BS�KUE�Qt:$KN6�H@:B<�<�?�c(àbE�C�A�]�:BQVJ-<�ABe�KU[-AFAd4-9�AOQt:BJ=4�ADJ-6�HdKN6�7-9©KU[-A
M�[b:BJmAaEBGÃ:$7FE�_&Ç�AdHdKjQt:@?¶[b:@��Aa_mADAd7|J-CUE&4-S-HdAD4O6�7PKNADCU:BHdKU6��BAD<�?Be�:$7-4FKN[�S-M�H@:B7-7�EBK�_mA
C�ADJ-C�EL4�S-HDAd4(GXC�E�Q·KN[-A�E�CU6�9�687b:$<b68Qt:B9�Av:B<8EB7-ABc�6`7OKU[-68M{H@:BM�ABeL6�K�QTS-M�K�_�AaJmE�M�MU68_�<8A�KNE
MrKNE�C�A�KN[�68M�A�]&KNCU:BHdKUAD4(CUAdJ-CUAdMUAD7PKN:$KN6�E�7|MUE�QVAdy�[�ADCUA$e-:B7�4OKNETC�AdGXAdC�KNEo6�K{687FKU[-A�QVAD4-68:
<8:@?�ADCdc ~ [�AVC�A@:BM�E�7 GXEBCaKN[-6�MI68MIKN[b:YKIKN[-A¶AD4�9�AtQt:BJWHDEBS-<84W4-AdMUHDC�68_mAVKU[-A¶MU[b:$J�A¶EBG
:$7�E�_�Ç�ADHdK�y�6uKN[/:VHdE�CUC�ADM�J�E�7�4-687-9¶HdE�7-HDAdJ�K5687|KN[-AwM�ADQt:B7PKN68HI<8:@?�ADCdc ~ [-68M�AD4�9�ADQt:BJ
y�6�<8<�_�AwCUAd¯�S-68C�AD4/4-S-CU6�7-9V:V¯�S-AdC�?|A^]LJb:B7-M�68E�7�E�J�AdCN:$KU68E�7OGXEBCj687-MrK�:B7-HdABc

«-c ~ [�A|CUAdKUCU6�Ad�$:B<�J-CUE&HDAdMUM�HD:B72e�6�G�CUAD¯�S-6�CUAd42e�E�JmADCN:YKNAFEB7³E�7-<u?=:�MUJmADHD6 ª AD4;M�S-_-M�AdK¶EBG
QVAD4�6>:sE�_&Ç�AdHdKUM56�7(KU[-AwM�?&M�KUADQ/c


 cj3Õy�:�?/EBG�HDE�QT_-687-6�7-9¶KN[-A�Ad�&684�AD7-HdA|É¦CU:B7 � AD4nC�ADMUS�<�KNM Ê E$G QVE�CUAwKN[b:$7�E�7�AoC�AdKNC�68A��B:$<
EBJ�AdCN:$KU68E�7(A�]L6�M�KNMdebKNE¶J-CUE��&684�Ao:$7�E���AdCN:B<�<ÐCN:B7 � 6�7-9V:BHDC�E�MUM5:B7/:BC�_-6�KUCN:BCr?O7�S-Qs_mADC�EBG
QVAD4�6>:TGXA@:YKNS-C�ADMDc

¬�c87aS-AdCU6�ADMVH@:B7®_�A/M�KN:BC�KUAD4Ry�6uKN[-6�7�KU[-A/M�?&M�KUADQ/e�:B7-4®KU[-A/CUADM�S-<�KUM:9M�y�:B<�<8E�y�Ad4�;{:B7-4
SLKN68<�68M�AD4|_P?|KN[-AwMr?LMrKNAdQ�e-y�6uKN[-E�SLKjKN[-AwS-M�ADCv_�Ad687-9¶A�]LJ-<�68Hd6�KN<u?V687P��E�<u��Ad42c

<>=��?=A@ Ì iu£ ¡�¡ ¥ BDCU£B¤¦¥
gYf
3óJ-CUE&HDAdMUMVHDAd7�KUCN:B<jKUE E�JmADCU:$KN6�E�7-M�6�7��BE�<��&6�7-9�:�M�ADQt:B7PKN68H(<8:�?BADC¶68M�KU[b:$KVEBG ª 7-4-687�9�KU[-A
HdE�7-HDAdJ�KaEBCvHdE�7-HdADJ�KUM5JmADCrKN687�AD7PK5KUEF:¶QVAD4-68:sE�_&Ç�ADH�K@c ~ [�68M�68M�7-EVMU6�QtJ-<�AaK�:BM � em_�S�K�KN[-AdCUA
6�M�:¶y{A@:B<uKN[(EBG�CUAdMUA@:$CUH�[©KU[b:$K�H@:$7�_mAw4-CN:@y�7/S-J�EB7/KUEt:$MUMU6�M�Kv687OKU[-68Mdc

3�K J-C�ADM�AD7PK@ePKN[�A�E�7-<u?oHd<8S-AdM�:�HdE�QtJ�S�KNAdC [b:BM�:$M�KNE5y�[b:$K�:B7�EB_&Ç�ADH�K ¥ ¡�eBKN[-:$K 6�MDe$y�[-:$K�:
J-6�ADHdA5EBG�QVAD4-68: ¨Nk ¹ ¨Nk ¡ k�fb¤ ¡�eP68M�KN[b:YK�EBGhKU[-A�<8E�y�x`<�Ad��Ad<-GXA@:$KUS-CUAdM{A^]&KNCN:$HdKNAd4tGXC�E�Q KN[�Av4�689�6uK�:B<
4b:YK�:*HDE�7�M�KN6uKNS�KU687-9*KU[b:$K¶J-6�ADHDA(EBG5QVAD4-68:�cFE�[b:BJLKNADCtÀn68<�<8S-MrKNCU:$KNAd4³KNEWMUE�QVA(A�]&KNAd7PKtKU[-A
7�S-Qs_mADC�EBG�:@�$:B68<8:B_-<8A5QtA�KN[-E&4-MjGXE�CjA^]LKUCN:BH�KN6�7-9�GXA@:$KUS-CUAdMDc

G ¬



H E-e�:BM�7-E$KNAD4V_P?��$:B7t4�ADCJI5Ad6 Ç�4-Ad7 k�¤ £Bi = ÉX�$:B7¶4-ADCJIvAD6 Ç�4�AD7tÒô±=EBCUCU6�7-9-e-Ó Æ�Æ ¬ Ê e�:wy�:@?
EBG�Qt:BJ-J�687-95<8E�y�x`<�Ad��Ad<&GXAD:$KNS�CUADM�EBG�QtAd4-6>:vE�_&Ç�AdHdKNM KUE�KN[�A�[-689B[Lx`<�Ad��Ad<LHdE�7-HdADJ�KUM 68M�CUAD¯�S-6�CUAd42c
~ [-6�M�68M�7-EBKjM�68QVJ-<8A$c à�6�CUM�KU<�?BeL9�6u��Ad7(:s7-E�7Lx
KNA�]&KUSb:B<hQVAD4�6>:TE�_�Ç�ADHdKDe-_mAa6�K�:B7(:BS-4-6�EsHD<�68JtE�C
:VJ-68AdHDA�EBG�KUA�]&K@em6�Kv68MvS-7-Hd<8AD:BCjy�[b:$K�:BMUJmADH�KaEBG�KN[b:$K5E�_&Ç�AdHdK�CUADJ�CUADM�AD7PKNM5KN[-A�E�_&Ç�AdHdK@c8K � :
6�MI:BQVE�7-9|Qt:B7P?�KUE/7�EBKNATKU[b:$KwQsS�H�[�E$G�KU[-A�CN:@y 4b:$KN:O68MIS-7-HdADCrK�:B6�7�K`?n:B7-4W7-E�6�MUA(ÉLK � :Le
Ó ÆBÆ G Ê c16zK�68M�<�6 � Ad<�?¶KN[-:$K�KN[�ADCUAw6�M�:�Jb:BCrKN68HdS-<>:$C�:BM�J�AdHdK�E�C�:$MUJmADHdKUM�KN[b:YKjH@:B7(_mADMrK�_�AIS-M�AD4
KUEt6�4-AD7PKN6uG�?FKU[-AwQtAD:B7-687�9�EBG�KU[-AwE�_&Ç�AdHdK@e-GXEBCjA�]�:BQVJ-<8AIM�[b:BJmAoE�C�KUA�]&KNS�CUABc

6zK�6�M�<86 � Ad<�?�KN[-:$K�EB7-AaE�C{QtE�C�A5E$GÐKN[-A5<8E�y�x`<�Ad��Ad<mGXAD:$KNS�CUADM{KN[b:$K�H@:B7F_�AaA^]&KNCN:$HdKNAd4OGXCUE�Q
:OJb:$C�KN6�HDS-<8:BCvQtAd4-68S-Q Qt:@?©_mAs_mAdKUKUADCI:YKIHDE�7P�BAd?&687-9|KU[-68MaQVA@:$7-687-9F:B7-4nGXE�C5684-Ad7PKN6�G�?&6�7-9
GXS-CrKN[-AdCoQVAD4�6>:|E�_&Ç�AdHdKNM�JmADC�KN:B687�687-9|KNE|KU[-AtMU:BQVAVHdE�7-HdADJ�KDcO3�HdHDE�C�4-687-9B<�?�eÐGXE�Cw:$<8< QVAD4-68:
C�ADJ-C�ADMUAd7PK�:$KU68E�7-M/EBGs:�HdE�7-HdADJ�KDeay�[-68H�[²GXA@:$KUS-CUAdM/KU[-ADM�A=:$CUAWMU[-EBS-<84Ö_�A � 7-E�y�7 _P?�KU[-A
Mr?LMrKNAdQ�c�±²[-AD7�KN[-AdMUAoGXAD:$KNS�CUADM�:BCUA�7-EBK � 7-E�y�72e2:$<8<�:@�B:$68<>:$_-<8A�GXAD:$KNS�CUADM5MU[-EBS-<84�_�AoS-MUAd42e
M�687-HdA/KUE=9�S-AdMUMtQt6�9�[PK¶A�]LHD<�S-4-A�:B7R6�QtJmE�C�KN:B7PK�GXA@:$KUS-CUA$cq3�4�4-6�KU68E�7b:$<8<�? MUEBQtA(<8AD:BCU7�687-9$x
_b:$MUAD4/KNAdH�[-7-68¯�S-A�Qt:�?F_�A�:B_�<8AaKNE¶4-A�KNAdCUQV687-Aay�[-6�H�[/GXAD:$KNS�CUADM5:BC�AIQtE�MrK�MUS-6uK�:B_�<8ABc

H E�QVAwEBG�KU[-ADM�AoGXA@:YKNS-C�ADMvQF:@?(CUAd¯�S-68C�AOÉXE�Cjy�E�C � _�AdM�K5y�6�KN[ Ê 6�7PKNADCU:BHdKU6��BAD<�?O9�AD7-AdCN:$KUAD4
6�7�KUADC�QtAd4-6>:$KUAoC�ADJ-C�ADM�AD7PK�:$KU68E�7�MDehM�S-H�[W:BMvAD4-9BADQt:BJ-MDc ~ [-AdMUAsM�[-E�S-<�4*:B<8M�Et_mAT[�AD<84�_P?�KU[-A
Mr?LMrKNAdQ�c

à�689BS-CUAO«�c Æ M�[-E�y�MVKU[-68MsQt:BJ-J�687-9©GXC�E�Q [�689�[Lxz<8A���AD<{HDE�7�HDADJLKNM¶KNE*<8E�y�xz<8Ad�BAD<�GXAD:$KNS�CUADMdc
~ [-AdMUA�<8E�y�x`<�Ad�BAD<�GXAD:$KNS�CUADMv:BM�MUE&HD68:$KNAd4Oy�6�KN[(HdE�7-HDAdJ�KNMv:BC�AaKNAdCUQVAD4 i8kU£Pl?M`¥�foº@kU£B¤¦¿L¨Nk ¡�c ~ [-6�M
6�MvM�<86�9�[PKN<�?F4-6�4�ADC�AD7PKvKNE¶�B:$7�4-AdCNIvAD6 Ç�4-AD7�;�MvQF:BJ�J-687-9�ebMU[-E�y�7n6�7 ª 9�S-CUAoÂ�c G cDIvE�y�A���ADCdeh6uK
6�M�QVE�CUA�687-4�68H@:YKN6��BAwEBG�KN[-AoCUE�SLKNAoKUEty�[-6�H�[©KN[�AsHDE�7�HDADJLKI68M5:BHdKUSb:B<�<�?|C�A@:BH�[-Ad42cPOaS-C�687-9t:
¯�S-AdC�?�e�6�K�68M�KN[-A5<8E�y�x`<�Ad�BAD<bGXA@:$KUS-CUAdM{KU[b:$K�:BCUA54-68C�ADHdKU<�?¶S-M�AD4FGXEBC{HD:B<8HdS-<>:$KU68E�7�MDe�:B7-4F6�K�68M�_P?
GXE�<�<8E�y�687�9TKN[-AIKUCN:B6�<2MU[-E�y�7/687 ª 9�S�CUAw«-c Æ KU[b:$K5:�CUAd<8Ad�$:B7PKvHDEB7-HDAdJ�Kv68M�GXE�S-7�42c

Q E�ywe5:�¯�S-AdC�?�HD:B7�_mA*_-CUE � AD7Ö4-E�y�7²687²:³MU6�Qt6�<>:BC¶y�:�?q:B7-4²HDEBQtJb:$CUAD4qKUE;KN[-AdMUA
GXAD:$KNS-C�ADMdc ~ [�ADCUA�:BC�AI:s7�S-Qs_mADCjEBGÐy�:@?&Mv6�7Oy�[-68H�[he-9�6��BAD7|M�E�QtA�<8E�y�x`<�Ad��Ad<�GXAD:$KNS-C�Aa�$:B<8S-AdM
A^]LKUCN:BH�KNAd4³GXCUE�Q :/¯&S�ADC�?Be�KN[�AFQVE�M�Ko:BJ-J�CUE�J-C�6>:$KUAtHdE�7-HdADJ�KTH@:B7 _�At4-AdKUADCUQV687�AD42c ~ [-AdMUA
:BC�Aw4-ADM�HDCU6�_�Ad4�6�7|KN[-AIGXE�<�<8E�y�687-9oKN[-C�ADAwMUAdHdKN6�E�7-Mdc
Ì i8g ¡ k ¡ ¤SRW£B¤ C�Ü
~ [-A�HD<�E�MUAdM�Krx`Qt:$KNH�[-6�7-9�<8AD:B4Lxz687OGXA@:YKNS-C�A�6�Mj<8E&H@:$KUAD42c ~ [-AoHdE�7-HdADJ�K5HDE�C�CUAdMUJmE�7-4-6�7-9�KNE�KN[-6�M
GXAD:$KNS-C�A(68MsHdE�7-MU6�4-ADC�AD4�KN[-A|HdE�7-HdADJ�KVCUAd<8A��B:$7�K�KUE*KN[-A|¯�S-AdC�?�c ~ [�68M¶68MsHdE�QVJ-S�K�:YKN68EB7b:B<8<u?
6�7-A�]LJmAD7-M�6���A$c
Ì i ¿ ¡ ¤Þk�¨^¥�f&Ï
~ [-Ao<8AD:B4Lx`6�7/GXAD:$KNS�CUADMvGXE�Cv:B7n6�7-4-6��&6�4-Sb:B<2HdE�7-HdADJ�Ka:BCUA�KNCUAD:$KNAd4n:BM�: C�i ¿ ¡ ¤Þk�¨ ÉXMUADAoMUAdHdKN6�E�7
ÀLcËÀLcËÀ Ê c ~ [-68Moy�:@?�e�A@:$H�[®HdE�7-HDAdJ�KV[b:BM�E�7�A|J-CUAdMUAD7�HDA/687³KN[�AT9GXAD:$KNS-C�A|MUJb:$HDA?;uc � 6��BAD7�:

G �



Low-Level Features
(e.g. Shape Representation,
Audio Waveform Contours)

14655,41513,135..

Extracted Representation

Media Representation

Concept
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Concept/Concept Relationship

CBN-Style Link

Media/Concept Association (Lead-in)

Media/Concept Association (Relevant Document)

Selection Expression
Layer

Conceptual
Layer

Selection Layer
Including Derived Signatures

Raw Media Layer

Concept/Media Associations
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Dewey Class Information
Dewey Decimal Code 

738.2 
Class Name 

Porcelain 
Description 

A hard, fine-grained, sonorous, nonporous, and usually translucent and white ceramic ware that
consists essentially of kaolin, quartz, and feldspar and is fired at high temperatures 

Keywords 
ceramic porcelain decorate underglaze 
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� x{z�|8z x{�P� � |~��u �w� �:�8� � �Pz � �w�(�c��� �*���8z x � |~v{� � |~uwzj|~z �����¯�c|~u�z �¯|8u � �±�#|~� � v � u3|¯� � |~��uwv{� �
³ � �-�wz z��wz �����uwz Ð � |~z��3| Â z � � �3|~v{�Å�� � x{�a�8v{��|~z���uw�wv «7� z�x{z � ���w� � ���8�a� v � |~vy�c�w�F�¿z�|Ò³¯z z �
³¯�*�8�����0�8�*�Ôx � � � zÃ���*� � �*� � �c��|~z�a| �jÅ�� Ð Â ÅÑ���a��|8z �Ö� � �w�wv{� ��� |QÓ(�cxy�*� � �w� ´ �wv ¨ z ���8v«|Ò�
u � �F��z�z �M|8� � v{�wz � � �8v{� �°� �Mz6�a|~z ���8v ¨ z�� � � � z�c�¬z��w���a��xy� � z �wv � |~z6�a|~� �Q��u�vy���#�a��|~z��×³ � �
� ��z �|8��z �#|~v{� � |8z¯��vy�Pvyx � �8v«|~vyz����¿z�|Ò³¯z z�� ¯±¯ ÓH� x � �8� � �8�8�a� v � |~z�� ¸ z��7³(�c�8�w��� � �w�4|~u�z(vy� �c� z
�Pz�| � � � | � �wvy�m�*���wz ��|8��³¯�*� ¸ � � |R³Ruwv{��u���x � ����z � ��u�vy� �c� zF��uw� � x{���¿z � x � � z �mv{���
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ÅÌ�¿z ��|#� Ê | � x � �*��v{|8uw�À³ � �¬��uw�*�8z���� � ��|~z��¬v{| � �8�a� � ��z ��|~uwz��¿z �#|¶�8z�� � x«|~�¬vy� � �8� � xyx7|~z���|
� � � � xyzc� ² �-|~uwv{��³ � �*� � �8z � � �3|~v{�¶x � �*z���³Rv{|~u � ���8�a� v � |~z �-�Pz �wv � �*� ¼ z �|~�k³ � �\���*�w�#|~� � ��|~z����
�\�ª���*� � xyz|~z±|~u�z �®�w� xyv{� � |8vy�*���¬�8�*�Pzm�8z x{z ¨ � �3|P�w�a� � �Pz �3|~� � ���Âx{vy� ¸ �³¯z �8z � �w��z ���´|~�
z�� � �wx{z-|8z �#|~vy� � �®�s|8uwz-vy�w�wz6�:vy� �P� �w��u3� � z��8�Pz �wv � �0z � | � �8z �j�c�\|~uwz-��z � � �3|~vy�Qx � �*z ���

Â �*�Pz �c� |~�*� � |~v{�o��x � ���8v Ê � � |8vy�*�Ì�®�Q|~uwz^��z � � vy�wv{� � Æ�vy�|~�*��v �=� �w�	Å�x{��z���|°� � �8z � �
v{� �c� z �³ � � � |8|8z � � |~z��g� � �8z��K�*� O±® ² ÓØ�0z � | � �8z ���ËÃ�u�vyxy�#|�vy�C|8uwvy��� � �8z®�(� � z°|8�H|8uwz
x � � ¸ �c��� � v{| � �wx«�^�8�*� � ��|'vy� �c� z�0z � | � ��z ���s|~u�z��8z�� � x«|~�-³(z��8z��w�c|Ã�c� � uwv � u «7��� x{v{|Ò�c�\|8uwz
�0z � �8v{�wxyv«|Ò���c��� � ��u � � �c�w� ��� � ��uP³ � �´�wz����*����|~� � |~z����¬Å � |~�*� � |~v{��� x � �8��v Ê � � |~v{�*���c�²vy� �c� z
���*xyx{z ��|8vy�*����vy� � ³(z�xyxÙ�Ò�8z��8z � �8��uwz���| � � ¸ � � �w�m³¯zÃu � ¨ z'��uw�&³R��|8u � |jv{|�v{� � �c�8�8v{�wxyzF|8� È%� x �w�
v{� É � � ��u � � �c�w� ��� � ��u�vy�m�*���wz ��|8��z���| � �wxyv{�8u � � �c�w� x{vy� � |~v{�*���

× vy� � xyx«�^�8�*�Pz°uwz � �8v{��|~v{�±z ¨ � x ��� |8vy�*�ª�c�R|~uwz°���*�w��|8� � �|~v{�*� � �8�a� z��8�³ � � � v ¨ z ���H��uwz
� ���:��z ���F�wz ��� ��vy�¿z �^�3��|8uwvy�j��u �c� |~z ��³ � ���wz �P�*�w�#|~� � |~z ��|~�±�¿z4��� � x � �wxyz-|~��x � � � z-�8z�|8�F�c�
� � | � ����u�vy�j�wz �P�*�w�#|~� � |~z �j|~u � |�|8uwz'���*�w�#|~� � ��|~v{�*�o�®�©x � � � z �c�w� xyvy� � |~v{�*�w��³Rv«|~u��8z � � �3|~v{�
x � �cz �R� �c� � �*�wz��7|8�Rvy���0z � �8vy��xyzF³Rv{|8uw� � |R��z «7� v{�8vy� � z6�a|~z ���8v ¨ z'u � � � ��z · �*��| �
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SsÉ¾ì íî²ï5Î5�sð¬V¬ñ3ï®ò���î
Â �±� � � �i|~uwz��z � � �3|~v{�4x � �cz ��|8z ��uw�wv «7� zu � ����z�z �^�wz��8� ��vy�¿z ��� � ���a��|8z �óv{� � xyz �Pz �3|8vy� �P�
��z � � �3|~vy��x � �cz �-vy�^|8uwzP�0�c�8�ó�c� ��ø�ß:ô Ñ:Á ø�õ8ö Á:m¨Ñ�÷ õ�ø m ß)Ô$ß3ø u � �'�¿z z��=v{�7|8�8�a� � ��z ��� � �w� �
� � x{|~v{��z��wv � � �*x{xyz���|~v{�*�±u � ����z�z ��vy� � �*�#|~z��±vy�3|~�|8uwz-���a��|8z � � �w�m� �*�w��z ��|8z ��|~� � �8� � xyx
��z � � �3|~vy�ox � �*z�� � ² |±³ � �°�wz����*����|~� � |~z��Ì|~u � |±|~uwz�|~z ��u��wv «7� z�� � �8z �	|8�C� �*�w�#|~� � ��|°|8uwz
�c��� xyv{� � |8vy�*� � �8z-�8� � x � ��xyzF|~��x � � � z����8z|~�j�c�s� � | ��� �������*�w� z � |~���

ù �&³¯z ¨ z�� �k|~uwz «7� z���|~v{�*�Èú�vy�Fv«| � �8z� � x Í£û ��|8vyx{x��8z�� � vy�w��� ² �Q|~uwz�z · �*�#|Q| �c¸ z ��|~�m� �c�:�
�#|~� � ��|-� � ��u � � � x«|~vy�Pz ��v � |~uwz�� �c� � � �F³¯�*��|8u3³Ruwvyx{z Í ��u�vy�F��u �®� |~z�� � |8|8z � � |~�j|~� � ����³¯z �
|8uwz ��z «7� z���|~v{�*�w���

¨ � � ½ v ¼ �8�¿z � � z � � �c�8z �°|8uw�8z�z «7� z���|8vy�*�w��� �c�w� z��8�wv{� � z ¨ � x �w� |~v{�*� à ¨ � � ½ v ¼ �8�¿z � � z ���
¬&ü*ýcü á3Ì
¬ �QÃ�u3�mz ¨ � x ��� |8z Í
Î �QÃ�u � |R|~��z ¨ � x ��� |~z Í
 � ù �&³È|~�Pz ¨ � x ��� |8z Í
��uwz � �w�#³(z��R|8��|~uwv{� Ê �8�#| «a� z ��|8vy�*��vy��� � � ¨ � � ½ v ¼ �8�¿z � � z � � �*v{�7|8��� � | �wx � � � z x«�����:��v � x

� ��� � �*xyv«|~vy� � x�þ vy�Q|~uwv{�k� � ��z¯v«|kvy�²|~� Ê �w�'� � |k³Ruwz|~uwz��s�*�k�w�®|\|8uwz´�8z � � �3|~v{�¬x � �*z��\|8z ��uw��v «7� z
v{� � |8z ��uw�wv «7� zÃ³¯�*�#|~u �w� �8� � vy� � � � ��|~u�z � �

² �H|8uwzP� �*�3|~z6�a|�c�¯|~uwv{�-³¯�*� ¸ �\|~uwz � �w�#³(z��'|8��|8uwz���z ���*�w� «7� z���|~v{�*�=v{� � �w� |Ã�8v{� � x{�*�
ú#|8uwz��8z � � �3|~v{�mx � �*z���|8z ��uw��v «7� z û �Ì��uwz � �8z ¨ v{� � �P��u �c� |8z �P�wz � x{|�³Rv{|8uÂz ¨ � x ��� |8vy� � |8uwz
���*�w��|8� � �|~v{�*� � �8�a� z ��� þ�|~u�vy����u �c� |~z �R�0�a� � ��z �R�*�m|~uwz � ��zÃ�®��|~u�zÃ��z � � x{|8vy� ���c��� xyv{� � |8vy�*���

Ã=z � �8z��w�c| � |8|~z�� � |~vy� � |8�Mz ¨ � x ��� |~zP|~uwz Ö ÅkÆ ² Â Î ���a�#|~z �¼v{|8�8z x«�1���w�c�4� �c¸ z � �3�
���*� �w� �8v{�8�*��¿z�|Ò³¯z z��P|8uwz Ö ÅkÆ ² Â Î ���a�#|~z � � �w���c|8uwz �¬��z�|~��vyz ¨ � x:�*��� � ¨ v �3� |8vy�*�'���a��|8z �P� �
Ã�uwv{xyzÃ�c|~u�z ���#�a��|~z������w�±u � ¨ z4�8vy�Pvyx � �(� � ��vyx{v{|~v{z ��� � �wxyv ¸ z-|~uwz Ö Ö �Q�¿|~uwz ¨ � ��|F� �0¼ �*��v{|Ò�

¬£Á*Á



� � z � � |~zP�*�wx«�^�*��|~z6�:| �°��uwz��0z�³ÿ|8u � |'�w��u � ¨ z���v � �wv Ê � � �7|�¿���� Ñ õ � Ñ�� n m ø&õ8ö � �w��� �*�#|-�0�*�
�Pz �wv � �8z «7� vy��z � x � � � z®� � �w��� � x � �wx{z � �P� � �3|Q�c�¶u � � � �^z · �*�#|F� � �8vy� � |~uwz���*�w�#|~� � ��|~v{�*�
�c� �c�w� x{vy� � |~vy�c�w� � Ú � � � � xyz��'�®��|~uwz��8z � �8z��	��
 Ó � �w�� Á ø � Ñ � ��Á�� 
�� Ü Ý��²�wz��8� ��vy�¿z �}v{�
��z ��|8vy�*���  � µ � Î � �w�  � µ � Á �8z�� � z ��|8v ¨ z x{�c�¶Å��(³ � ���wz����*����|~� � |~z��°vy��|8uwz � ��z ¨ vy� � ����u �c� |~z ���
� � � x«|~vy�Pz ��v � |8uwz � �c� � � � �c��� xyv{� � |8vy�*�C� � �Â�¿zm� �*����|~� � ��|8z �Ì��z �Pv«� �c� |~�c� � |8vy� � xyx«� � �8v{� �
��� � x � �wxyzF|8z ��uw��v�� � z ���

û �wzR���a��|8z �ÿ|~u � |´�wvy� � ��zjv{� �®� z(�0z � | � ��z �´vy� � |~uwz�� �c� � � �´� �*�3|~z6�a|¯³ � � Ö �oÉ �´|8z�a| � �8z
|8uwz � �c� � � � à Ö ��� Ö � � ¼�� � � |8u���� ü*ü�� á �9�wz��8� ��vy�¿z �v{�'��z �|~vy�c� Î � Î � Á � ù �&³(z ¨ z ���*|~uwz È |8z ����� É
v{��|~u�z�|~u�z � �®� � � � � �8z �.Á ø3ß m ô�ô ¾���vy�Pvyx � � �*���c|(��z � z��8� � �8v{x{� ø&õ3ø m � Ñ�Á ¿ m ô�ô ¾4�8vy�Pvyx � � X |~uwz� � ��z
¼�� �#|j� x � ��|~z��8�j�c�s�8vy�Pvyx � �´vy� �c� z ���

��u � � ���8vy��� zM|~u�z �8z � �8zM�w�C��vy�8z���|8x{�Âz�� � v ¨ � x{z �3|°�#�:�#|~z����°³Rv{|8uÌ³Ruwvy��uÌ|8�C� �*� ��� ��z
� z �#�0�*�8� � �w��zc�¶v{|�v{� �w� ��z x{�ª|~uwzm�¿z �wz Ê |~��|8u � |�|~u�z°�8z � � �3|~v{�°x � �*z����w�8v{� � |~u � | � �8z°|8uwz
�0�a� � �R�c�\|~u�vy��³¯�*� ¸ �

² ��|~u�z�� � �8z��®� Ö ÅkÆ ² Â Î � �w��|~u�z�� � x«|~v{��z��wv � |8uwz � �c� � � � ��|8uwz�|8uwvy�����c� ¨ � � ½ v ¼ �8�¿z �1�
� z�� É ��� � z���|~v{�*�w�´vy�¬�w�®|¶�8vy� � x{z�|~� � �w�#³(z�� � Ú©¨ � x ��� |~vy�c���c��v{���0�*�8� � |8vy�*�'�8z�|8�8v{z ¨ � x����a�#|~z �P�
v{� � ³¯z x{x«�Òz���| � �wxyv{�8uwz�� � ��z � þa|~uwz��8z � �8z���z ¨ z � � x�|~z���uw�wv�� � z����0�*�¯z ¨ � x ��� |~vy� � �8z|~��vyz ¨ � x¿z · z �6�
|8v ¨ z��wz ��� �±��u�z �8z�� � ���w�c|Ã��z �c��� xyv{z ���wvy��z �|~x{��|~� � �Hz ¨ � x �w� |~v{�*�^�c�(|8uwz��8z�� � �3|8vy��x � �*z��
|8z ��uw�wv�� � z4v{� Ö Å\Æ ² Â Î ��uw�&³¯z ¨ z � ����z�� �c� �8zÃv{|Rvy��|8uwz-�8z�|8�8v{z ¨ � x�z · z���|~v ¨ z��wz ���F�c��|8uwz-� � �1�
��z �3| ø Á�� � m�Ñ ß!Ô�õ±ø � ö�ß:ôyõ�ø |8u � |R³(� � xy�m�8z�� � x«|£�

Ú©¨ � x ��� |8vy� � u3� � z��8�Pz �wv � vy�´�w�c| � ��vy� � xyzj� � ��z�z�v{|~u�z � �¬Å��¯³ � ����z z �°v{����z ��|8vy�*� Î �  ���:�
�P�*��|�z�:v{��|~v{� � u3� � z �8�Pz ��v � z ¨ � x ��� |~vy�c���Pz�|8uw�a�w�*xy� � vyz����8z x«�m�*� � ��z �j|~�8v � xy��� ´ ��z �j|~�8v � xy�
� ��zQ�w�c| ��� � � ��|8vy� � x�� � |8vy�*� � |(|~uwv{����| �®� z-vy�±|~u�vy���8z��8z � �8��u�����vy�w��z-� � ��u�|~�8v � xy�¯vy�wu�z �8z��3|~x{�
v{�w� x � �wz � �Cz ¨ � x ��� |~vy�c�=�c�R|~u�z Á � Ñ õ3Ô! m ¿ õ |~� � �#�:�#|~z���� Ä � �8µ �®|8|~� É ��Pz�|8uw�a�w�*xy� � � � xy���
v{�w� �*� � �c� � |8z �mz ¨ � x ��� |~v{�*�	�c� � �#�:�#|~z�� É �ov{�7|8z �#� � � z®� ù �9³Ö|~uwz�z�:v{��|~z��w� zª�c�x{vy� ¸ � � ��z
v{�w�wvy� � |~z����7uw�&³Ì|~u�z � ��z �¯� � �P|~z x{xw³Ruwz�|8uwz �´|~uwzjxyv{� ¸ v{�¬³(�*�#|~uP�0�*xyx{�9³Rv{� � �*�¶�w�c| � � �w��u��9³
�0�*x{xy�&³Rvy� ��� xyvy� ¸F�w� � � |~z��s|8uwz(�wv{� � x � � � �8z � ���c� � ��|s�8z ¨ z�� � xa� � ��|8�*�8�\|~u � | �®· z �|�|~u�z(�8z�� � x«|
�c�\|~��v � x{�(�c� � u3� � z ����z��wv � �#�:�#|~z���� Â v{�w� zQ|~u�zQ�8z � � �3|~v{�Qx � �*z��Rvy�wz ��� �w�mvy�w��z z � Ö ÅkÆ ² Â
Î � ��zP��z�³-�²|~uwz�v{�7|8z �#� � � z�vy����|~v{xyx � �w�8� � uwvy�#|~vy� � |~z�� � �w�Hz� � z��8v{��z��7| � x�� � �w� � �wxyv ¸ z�x{��|~�
� � |~��u ��� |8�}|~uwzoz�a|~z��w�8v ¨ z x«�3�Ò�8z��8z � �8��uwz��Àvy�3|8z ��� � � z � � ¨ � v{x � �wx{zmvy�	�c|8uwz �±u3� � z �8�Pz ��v �
�#�:�#|~z������

Å��w��v{|~v{�*� � x{x{�c�a|8uwz-� � z z ���c�\|~uwzÃ���a��|8z � ³¯� � x{��� ¸ z�³ |8uwz-�8z�� � x«|~�j�c� � �7��|~�8v � xy���¬��uwz
Ö ÅkÆ ² Â Î � �a�wzPu � �Ã�w�c|-�*z|�¿z z��=� � |8vy�Pvy��z ��� ² |4u � �'�¿z z��=�wz��8v � �wz �H|~�o��z �P�*�w��|8� � |8z
|8u � |\|~z ��u��wv�� � z�� � �8z � �*�8��vy�wx{z´� � |~u�z �k|~u � �'|~�j��z � �4z#"P� vyz��3|©vy� � x{z �Pz �3| � |8vy�*�Q�®��z�:vy�#|~v{� �
|8z ��uw�wv�� � z ���¯��uwz��8zFv{�8� � z �¯�c�²vy�3|8z ��� � � z � �w��� � z�z � � ��z�x{v ¸ z x{�4|~� � z�|¯vy��|8uwzR³ � ���c� � ��z ��� É
� ��vyxyv«|Ò��|8��� �*�w��z �3|~� � |~zÃ�*�m|~uwz � � ¨ � �7| �c� z��j�®�s|8uwz-�8z � � �3|~v{�Qx � �*z��Rv{|~��z x«�1�

� Á µ



Å��w�®|~uwz���� � ��|8�*��vy�¯|~uwzQ��z x � |~v ¨ z x«����� � x{x���vyµ�zQ�c�s|8uwzQ� � | � �8z|Rvy�±|8uwzF|~z���| �c�w� xyvy� � |~v{�*���
�¶� � vy� � xyx«�*�3|~z6�:|(vy���0�c�8� � |~v{�*���8z|~�8v{z ¨ � xiz ¨ � x ��� |8vy�*�P� � | � �8z|~�(v{� ¨ �*x ¨ zR|~uw� � � � �w�����c�����:� � �
�Pz �3|~���¬��uwz ��z � ��z�� � �3����| � �w� � �8�$� � z��8vyz��¯�0�*�¬³Ruwv{��u�|8uwz�v{�wz � x���z � � x{|8� � ��z ¸ �w�&³R��� � �w�
|8uwz ��zF� � ����z � ��z � � � � �¿z �w��u�� � � ¸ �0�*�´z ¨ � x �w� |~v{�*� à Â �Pz � |8�*� � ù�� �8� � ���%� ü*ü3ý á � Â:� ��u
���*xyx{z ��|8vy�*�����w�-�w�c|©z�:vy�#|¬�0�*��|~u�z Ê z x{�P�®��� � x{|8vy�Pz �wv � ��z�|~��vyz ¨ � x à Â ��v«|~u � Ð vW��� ü*ü�� á �\��uwz
� � �8z � � �c�w� x{vy� � |~vy�c� � �8z��H�0�c�F|~z �#|~v{� � vy� Ö ÅkÆ ² Â Î v{� ¨ �*x ¨ z �-�*��x{� � �8� � ��� � u � �w���8z �
v{� �c� z �P� �*�w��z ��|8z �Ì|8� � u � �w��� � xj�c�Q���*�w��z � |8� �È��u�z �c�w� xyvy� � |~v{�*�Ïvy��� � ��|~�a�=�8� � x{x�|~�
�*�:| � v{����z x{v � �wx{z�z�� � v{�8v{� � x���z � � � ��z ���

��uwz ��z��0�*��zc��|8uwvy�F|8uwz ��vy�Qu � �F| �c¸ z�� � �^uwz � �8vy�#|~v{� �c�w� ��� � ��u^|~�±|8uwz�z ¨ � x ��� |~v{�*�o�®�¯|8uwz
� � x{|~v{��z��wv � |~uwz�� �c� � � �Q|~z���uw�wv�� � zc��Å ¨ � �8v{z�|Ò�o�c�(��� z�� � �8v{�*�Q�c�´|~uwz � �8z��c�´|~uwz�� � �8z � �
�c��� xyv{� � |8vy�*� � �8z'�wz ��� �8v{��z���� � �w�M|8uwz4³ � �o|~u � |�|8uwz� � x«|~v{��z��wv � |~uwz�� �c� � � �Q� � �^��z4z ���
� x{�&�*z ��vy�´z� � xy�c�8z ��� ² ��|~u�vy�¬³ � ��v{|´vy� � �*�8��vy�wx{zj|8�4��uw�&³	|~uwzj��z��wz Ê |~�(|8u � | � � � x{|~v{��z��wv �
|8uwz � �c� � � � � � �w��uwz ��� z � ��z � � �3|~v{�Ãx � �*z �����w�8v{� � |~� � � � x«|~vy�Pz ��v �4�®�w� xyv{� � |8vy�*���
SsÉ'& (sñ*):î¶Í�Î5ò��,+
² �^|~u�z�0�*xyx{�9³Rv{� � ��z �|~vy�c�w� � ¨ � �8v{z�|Ò���c�´�8� z�� � ��vy�*�Q�c� � ��z � �8z��z �8���8v{��z���� × �*�Fz � ��u��8��z�
� � �8vy����|~uwz � vy� �c��|~u�z � �8z���vy� � v ¨ z�������uwz � ���:��z �8���3�ª³Ruwvy��u}|8uwz � �8z�� � ��uwv{z ¨ z��|~uwv{�
� v{� ³Rv{|8uw� � |�|~uwz � vy�o�®�©|~uwz4� � x{|8vy�Pz �wv � |~uwz�� �c� � � �Qv{���wz��8���8vy�¿z ���F��uwvy��vy�j�0�*xyx{�9³¯z ���3�
� �wz ��� ��v � |8vy�*�H�c��u��9³�|~uwz � ��z �4�Pv � u7| � ��uwvyz ¨ zP|~uwz�vy� � v{�Ö³Rv{|8uª� � x{|~v{��z��wv � |~uwz�� �c� � � �
� ���8v{��| � �w� z®�gÅ�|�|8uwz°z �w�Â�c�jz � ��uÂ�8z���|~v{�*�Ïvy� � �wv{�8� � �8�8v{�*�g�c��|8uwz°�wv · z��8z ��� z �P�¿z�|Ò³¯z z �
z � ��uC���a�wz��c� � �8zc� � �w�=|8uwz��¿z �wz Ê |~� à �*�Ã�c|~u�z ��³Rv{�8z á |8u � |4|8uwzP� � x{|8vy�Pz �wv � |~uwz�� �c� � � �
u � �j���8� �w� u7|R|8��|8uwz � �8z�� �
-0Ï�.!Ï!/ Ó ¿ õ � m Ô Á � /
Å � ��z �-u � �Q�0� � ��� � ��v{� �c� z�wz � vy��|8vy� �m� �ªv{�7|8z ��z ��|8vy� � ���*��| � ��z®�k�8uw�&³R�=v{� Ê��*� ��z ý ���c�
��uwz � �8z��4³Rvy��uwz �Ã|~� ¸ �w�&³ç³Ruwv{��uC� � �8z � �P�4�*� �3� x{xyz ��vyz��Ã�Pv � u7|Ãu � ¨ z±� �*x{xyz���|~v{�*�w�-� �c�:�
| � vy�wv{� � z�:uwvy��v{|~�¯�8v{��v{x � ��|8�4|~u�vy� � ´ ���0�*�#| � � � |~z�x{��|~uwz��8zFv{�¯���4|~z6�:|(��z| � � � | �'� �8���:��v � |8z �
³Rv«|~uÏ|~uwz��*� ¼ z���|£�(�w�*� � �8z°|~u�z �8z � �3�gu3� � z ����z��wv � xyv{� ¸ ��vy� ¨ �*x ¨ vy� � |~u�vy���*� ¼ z���|£� ² |�v{�
��vy� � x{�o�*�wz��c�´|~uwzPvy� �c� z��Fvy��|~uwz�Æ�vy��|8�*�8v �°� �w�HÅ�x{��z���|-� �cxyxyz���|8vy�*�M�0�*�F³Ru�vy��uª³¯zPu � ¨ z
�w� � ���8�a� v � |~z �mv{���0�*�8� � |8vy�*���
0 ÁgÑ0÷ � ß Ñ#Ñ�÷ õ �1�32
Ã�v«|~uw� � |\|8uwz Ö»Ö �Q�5|8uwz´� � ���z��s�®� � ¨ � vyx � �wxyz©� � |~v{�*�w�kvy�\xyv{��v«|~z ������uwz � �8z �s� � � � �8�a� z�z �
v{���c�wz-�c�s|8uwzQ�0�*xyx{�&³Rvy� � ³ � �a� Ì

Û ��u�z � �8z �-� � � � z����0�*��� � � �c�7|8z �3|��¾� � ��z �=v{���0�*��� � |8vy�*���8z|~��vyz ¨ � x�� � z�� � |8vy�*���'��uwv{�
Ê �w�w�v{� �c� z �-�8v{��v{x � �F|8��|~u�z4� � z �#�*�¬��uw�&³R�Cvy� Ê��*� ��z ý � Î ��Ã�uwvyx{zPv«|4��uw�&³R�4|~u � |
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|8uwz ��zov{� � ¨ z����Â�8v{��v{x � �'vy� �c� z � ��z �8z��3|£��|~u�vy�P�w�:z������c|�u�z x � |~u�z � ��z � Ê �w�K� � |
³Ru�vy��u�� � �8z � �P�j�c�j���*xyx{z �|~vy�c�w��� �c�7| � vy�m��vy�Pvyx � �¯z6��u�vy�wv«|~� �

Û ��u�z � �8z ��� � � � z����0�*��� � � �*�3|8z �3|��¾� � �8z��Â� � ¨ v �3� |~v{�*�C� � z � � |~v{�*���H��uwvy����z � ����uwz �
|8uwz°���a�#|~z �¼�0�*� � z��wz ��vy�±u3� � z��8�Pz �wv � xyv{� ¸ � ��³Ruw�c�8zm�8� � �8� z � �w��uw�*��� � �8z ¨ v{� ��� x{x{�
��vy�Pvyx � ��|~��|8uwz�vy� �c� z®�FÅ��F� � �^�¿z��8z z����7��|~uwz4�8z � � x{|F�8z�|-v{� Ê��*� �8z ý �\[������°� � ��u
x{vy� ¸ z�:vy�#|~���

Û ��u�z � �8z��� � �Cz xyz���|'|~�o��vy�8��z �3� �8�=|8uwz±vy� �c� z � � �o� �*�8��vy�wx{z���| � ��|8vy� ��� �cvy�3|£� � �w�
�#| � �#| � �0�8z zM|8z�a|��8z|~�8v{z ¨ � x�� � z ���c� ù �&³¯z ¨ z�� � � ��xyz ���±|~uwz�	��uw�a�*�8z^|8uwz^� �*���8z���|
|8z ����v{�w�*xy� � �*�:�8z x{z ¨ � �3|�vy���0�*��� � |~vy�c�±� � �°�¿zÃ��v{�8�8z���� Â z � ����uwz ���0�*�Pú��*��vyz �3| � x �3� �1�
�Pz �3|8� û ��ú���xy�c|8uwvy� �cû±� �w��z ¨ z ��] � ��|�ú �3� �8�Pz �3|8� û�� xyx\�8z�� � x«|-vy�^�w�muwv«|~���4��uwz � ��z �
� � ��|¯� �*�3|8vy� � zj�8z � �8��uwv{� � |8���avy� � �wv · z��8z��7|´|~z��8�Pvy�w�cxy� � � � �3|~v{x��8�*�Pz�|8uwvy� �Ã� �8z�� � x¿v{�
� vy� ¸ z�� �w� �

0 ÁgÑ0÷¨Ñ�÷ õ �1�32
û �w��zj|8uwz Ö Ö �Kv{� � ¨ � v{x � ��xyz � �w����³Rv{|8��uwz ���*�Pv{|¬� � ��u�z x � � �c�w�8v{�wz � � �wx{�c����uwzR�0�*x{xy�&³Rvy� �
� � |~vy�c�w����z�� �*�Pz � ¨ � vyx � �wxyz Ì

Û ��u�z � �8z��� � � � z �#�0�*�8� � ���*�3|~z �3|#�Ò� � ��z �Ï� � ¨ v �3� |~vy�c�^� � z �#�*�¶�8z � �8��u�vy� � �0�*�'xyv{� ¸ �
³Rv«|~u��8� � �8��z � �w��uw�*���¬�8vy�Pvyx � �k|~�F|~u�zY� � z�����v{� �®� zc�`_(z��0�c�8zc�*|8uwvy�¬� � z�� � |8vy�*�4�av{z xy��z �
��� � ��z�� � x¶�8z�� � x«|~���s� � |'³Rv«|~u Ö Ö �çxyv{� ¸M�®�w� �Pz �3| � |8vy�*���#³Rv{|~��u�z �}�*���k|8uwzP�8z�|'�c�
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��z � � x{|8�j��uw�&³R��v{�$� �*� ��z ý � Á � �8zQ�8z| � ���wz ���´��u�zU�w�8��|j��z�|~��vyz ¨ z ��xyv{� ¸ vy� � xyv{� ¸ |~� �
|8z�a|~v{xyzQ� � �8z � ������uw�&³R�ovy�$� �*� �8z ý ���:�
��u�zFxyv{� ¸ ³ � � � v{� ¸ z � ��� ��z�� �c� �8z � ���c|~uwz��(v{� �c� zj���*�w�wz���|8z �°|~�Ã|~uwz�� �*�w��z � |42 õ�� �
�x� ôyõ ��� � ø ³ � �-x{vy� ¸ z �M|~�°|8uwz�� � ��z � �ó��v{|8zc�4��u � |-vy� �c� z'vy�F��uw�&³R�ªv{��� �*� ��z ý ���:�
Å�x{|8uw� �w� u-|~u�z¯v{� �c� z¬�wz � v{��|8� � �Ã�*�*]�z���|��8z � � �3|~v{� � x{x{��� x{�*�8z¶|~�R|~uwz´�*�*]�z���|s�wz � vy��|8z �
v{��|8uwz4�*��v � v{� � x7� � z�����vy� �c� z®� � �w�ov{��v{��� � �|�� � v«|~z'�*� ¨ v{� � ��x{� ¨ vy� ��� xyx«�°�8v{��v{x � �¯|~�
|8uwz^u � � � �	z��czc��|8uwz^�8v{��v{x � ��v{|Ò�ª³ � �°���c| � v{� ¸ z � �w� �3�K|8uwz �c� |8�*� � |~v{���Pz �wv �
� � |8��uwvy� ��� x{�*�wzc� ù �&³(z ¨ z�� ��|8uwz4z6�:|8� � vy���0�*��� � |~vy�c�±|~u � |j|~u�z������ � �8� ¨ vy�wz�� � x«�
x{�&³(z��ª|~u�z � ��z �Ã|~�	���w� � �8z�xyz ¨ � �7|Ã��v{|~z�³Rv{|8u � �8v{� � x{zP� � ¨ v �3� |~v{�*� � xs��|8z � �\³Ruwvy��u
³ � �j�w�c|R�c|8uwz �#³Rvy��z � �*���8vy��xyzc�

� ��u�z � ��z ��� � �Mv{�wv{|8v � |8z � ��x � ���8v��w� � |8vy�*�1� � z �#�*�R��uwvy�jvy����|~� � ��|8��|8uwz������ � �8�a� z��8�
v{����Å\Æ��j�4��|~� � |�|~z � � |¬|8�U�w�w�P|8uwzR� �*��� z � |(�P�*��| � z �#|~v{�wz �3|¶|~�-|~uwzM� � z�����vy� �c� z
�3�°���*� ��� �8v{� � v{|(|~���8z � �8z��8z �3| � |~v{�*�w�j�c�\� �*�w��z � |8� �´��uwzÃ�8z � � x{|8���c�\|~uwv{��� � z ���m� � �
�¿z��8z�z ��vy��� �*� �8z ý � ý ����u�zjv{� �®� z(u � �´�¿z z���� x � �8�8v���z � � �¬�¿z x{�*� � v{� � |8�-|8uwz$2 õ�� �x� ôyõ
��� � ø � x � �8����³Ruwv{��uCvy�Ãvy�w�wz�z �}|8uwz��P�*��| �c�w� ��� � ��v � |8z���x � ���vy�H|~uwz	�����ç�0�*�'|8uwz
v{� �®� zc�Ã��uwz�xyv{� ¸ |~�±|~u�zP�\z�a|8vyxyz�� � �8z � � u � � � xy�8�°�¿z z����8z�|8�8v{z ¨ z��ª��vy�w��z�v{|Qv{� �
x{vy� ¸ �0�8�*� �*�wz-�c�\|~uwz-��z � ��z �8z��3| � |8vy�*�w�j�c��2 õ�� �x� ôyõ ��� � ø �
� ���*� uwz ��zc�*|~u�z � ��z �©� � ����uw�a�*�8z(|8�F�w���9³R��z�|~uwz¯� �*��� z � |~�¬vy�Ã|~uwz������g�7�'�w� � �wxyz6�
��xyv{� ¸ v{� � �*�Â|8uwzo���*�w� z � |±v{�Â|8uwz���z � � x{|8� ¨ vyz³(z�� ����uwvy���w�8v{� � � �w� |8uwz�
����,� õR� �
� ����� ø&õ ��³Rv{|8uÌ|~uwz^��vy� � x � �K��uw�&³R�Çv{��� �*� ��z ý � � � � ���*� |~uwz��8z^|~uwz�Ì� � � ¨ v{z�³
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�®|~uwz��±�8z � �8z��8z �3| � |~v{�*�w�°�c�Q|8uwzM� � ��z�� �*�w��z � | ���c���w���9³R��z � �8� � �w�K|8uwzM� �c�w� z � |~�
|8uwz �P�8z�x ¨ z � �

� ��u�z � �8z��Q� � �m�0�*�����*�Pz�8z � �8�*�^��u��:�*��z|~�±�#| � �#|F³Rv{|8u � |~z6�a|Q�8z � �8��u � �3�7³ � �c�·�¾�
|8uwz����w���¿|8uwz������ ��|~v{xyx²� � �:vy�Pvy��z ��|~u�z vy�j��u � ��� z ���c�|���w��vy� � �8�*�Pz�|8uwvy� �P� ��z�� � xW�
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