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:ßG/Z¶?�L�CE?�^ ?�à�F G/Z<Zo?�L�C1;>áVán;>AEUVG/Z¶HV;>LnZ¶^ GHO?�QR;>F LVG]HOG]^4I KMLVà�â9LVF G9AEF GHOG/Zw`r?�LVLn;>FTZEZE;>Lnã�G/Z
_PKE`k];DänLÜHOG�á@G9AEQ�G�CoCEAEG6^T;°AEG9áVAEâ/ZoG9L�CB;DCEF ?�L�HOGWã�?�LVLn;>FTZEZE;>Lnã�G/Zr;>UÜLVF å�G/;>UÜã�?�Lnã�G9áOCEUVG9^4æ
F LnHOâ9á@G9LnHV;>Q�Q�G9L�C�HOG/Z\UnZE;>à�G/Z];>UOçVS�UVG9^TZá@?�UVåD;>F G9L�C\è�CEAEGWHOG/Z£CEF LVâ/Z^ G/Z\ZoéOZ£CEp9Q�G/ZF L�CEâ�d
à�AB;>L�C]ã�G/Zã�?�LVLn;>FTZEZE;>Lnã�G/Z9êO`rG�CoCEGW;>áVáVAE?OãBëVG\CEAB;>LnãBëVG�;�å�G/ã�ã�G9^ ^ G�HOG/ZZoéOZ£CEp9Q�G/Z]G�çOá@G9AoCBZ
ì =n;�ZoGíHOGÜAEp9à�^ G/Zl?�î&^T;�NP?�AEQ�GíZo?�UnZ°^T;�S�UVG9^ ^ G�^ G/Z�ã�?�LVLn;>FTZEZE;>Lnã�G/Z°Zo?�L�C°AEG9áVAEâ/ZoG9L�CEâ9G/Z
G/Z£CíHOâ�CEG9AEQ�F LVâ9G�án;>AÜ^4I UnZE;>à�G�æ]G/ZEZoG9L�CEF G9^ ^ G9Q�G9L�CÜ^T;ïAEâ/Zo?�^ UOCEF ?�L�HOG�áVAE?�=V^ p9Q�G/Z9ê\`rG�CoCEG
F LnHOâ9á@G9LnHV;>Lnã�G�G9L�CEAEG\^T;WAEG9áVAEâ/ZoG9L�CB;DCEF ?�L�HOG/Zrã�?�LVLn;>FTZEZE;>Lnã�G/Z1G�Cr^ G9UVArUOCEF ^ FTZE;DCEF ?�LR?�á@â9AB;Dd
CEF ?�LVLVG9^ ^ Glá@G9AEQ�G�CW;>F LnZoF¶^4I F L�CEâ9à�AB;DCEF ?�L�HV;>LnZ%^ G/Z�c~éOZ£CEp9Q�G/Z ì q;�ZoG°HOG�`r?�LVLn;>FTZEZE;>Lnã�G/Z
_4cOq�`k1HOG�ã�?�LVLn;>FTZEZE;>Lnã�G/Z¶F LnHOâ9á@G9LnHV;>L�CEG/ZwHOG/Z-Q�â/ã9;>LVFTZoQ�G/Z-?�á@â9AB;DCE?�F AEG/Z¶á@?�UVåD;>L�Cwè�CEAEG
Q�FTZG9LíðWUVå~AEG�ZoUVA�ã�G/Z�HOG9AELVF p9AEG/Z9ê
`rG9á@G9LnHV;>L�C/æD^ G/Z¶?�L�CE?�^ ?�à�F G/Z¶HOGHO?�QR;>F LVG�_P^ F Q�F CEâ9G ì UVL�ãBën;>Q�áláVAEâ/ã�FTZ1HOG^T;6ã�?�LVLn;>FTZ£d
ZE;>Lnã�G�k1Zo?�L�Crã�?�Lnñ�UVG/Z-á@?�UVArZoUVáVá@?�AoCEG9Aw?�URAEG9LnHOAEG\á@?�ZEZoF =V^ G\^ G\CEAB;>F CEG9Q�G9L�CrHOG�AEG/S�UVè�CEG/Z9æ
^4I ;�ZEZo?Oã�FT;DCEF ?�L�G9L�CEAEG]HO?Oã�UVQ�G9L�CBZ9æ�^T;%ã�?�Q�QlUVLVFTã9;DCEF ?�LYG9L�CEAEG];>à�G9L�CBZß^ ?�à�FTã�F G9^TZ<ZoUVA¶^ G]ò�G9=
?�Uó^ G�AB;>FTZo?�LVLVG9Q�G9L�Cl;>UïZoG9F LïHOG�ò�G9=Íc~G9AEå~FTã�G/Z9æ<ã�?�Q�Q�G�^ GÜHOâ/ã�AEF å�G9L�CYán;>AlG�çOG9Q�áV^ G
^ G/Z%Zoá@â/ã�F ä@ã9;DCEF ?�LnZ6HOGl^4I ô%L�CE?�^ ?�à�é�ò�G9=�:<;>LVà�Un;>à�G�_aô\ò�:wæJg>t�t�g�k�ênswUVFTZES�UVGl^ G/Z%?�L�CE?>d
^ ?�à�F G/ZrHO?�F å�G9L�C]è�CEAEG%UOCEF ^ FTZoâ9G/Zã�?�Q�Q�G6AEG/ZEZo?�UVABã�G\á@?�UVA^ G%AB;>FTZo?�LVLVG9Q�G9L�C/æ�G9^ ^ G/Z]HO?�F å�G9L�C
á@?�UVå�?�F A<?>õ�AEF A1HOG/Z<NP?�AEQ�G/Z<?�á@â9AB;DCEF ?�LVLVG9^ ^ G/Z<;�HV;>áOCEâ/Z¶;>UOçlHOF õ�â9AEG9L�CBZ¶UnZE;>à�G/Zß?�á@â9AB;DCEF ?�LOd
LVG9^TZ9æ@CE?�UOCWG9L�AEG/Z£CB;>L�CWHOG/Z�AEG9áVAEâ/ZoG9L�CB;DCEF ?�LnZ%HOGRã�?�LVLn;>FTZEZE;>Lnã�G°;>U�LVF å�G/;>U�ã�?�Lnã�G9áOCEUVG9^
_a`rën;>AE^ G�C/æ�g>t�t�x�k�êD:wI UOCEF ^ FTZE;DCEF ?�L�?�á@â9AB;DCEF ?�LVLVG9^ ^ G\HJI UVLVG\?�L�CE?�^ ?�à�F G]LVâ/ã�G/ZEZoF CEG\HO?�Lnã>æ>á@?�UVA
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ãBën;�S�UVGr;>áVáV^ FTã9;DCEF ?�LYHOF õ�â9AEG9L�CEG�æ�Zo?�LY?�á@â9AB;DCEF ?�Ln;>^ FTZE;DCEF ?�Lßæ9ã>I G/Z£Cod ì dMHOF AEGwZE;\CEAB;>LnZEã�AEF áOCEF ?�L
HV;>LnZrUVL�^T;>LVà�;>à�G�?�á@â9AB;DCEF ?�LVLVG9^@HOG6AEG9áVAEâ/ZoG9L�CB;DCEF ?�L�HOG6ã�?�LVLn;>FTZEZE;>Lnã�Gl_PF4ê G�ê~UVL�^T;>LVà�;>à�G
HO?>CEâ6HJI UVLVG�Zoâ9QR;>L�CEFTS�UVG%?�á@â9AB;DCEF ?�LVLVG9^ ^ G�G�C\ZoUnZEã�G9áOCEF =V^ G6HJI è�CEAEG6G�çOâ/ã�UOCEâ6ZoUVA]QR;�ãBëVF LVG�k
ZoG9^ ?�LÜUVLíZEã�â9Ln;>AEF ?�HJI UnZE;>à�G�áVAEâ/ã�FTZ9ê
:ßG�áVAE?�=V^ p9Q�G°G/Z£CW;>^ ?�ABZ6HOG�HOâ�änLVF AW^ G/Z6Q�â/ã9;>LVFTZoQ�G/Z6HJI ?�á@â9AB;DCEF ?�Ln;>^ FTZE;DCEF ?�L�á@G9AEQ�G�Cod
CB;>L�C\ã�G�CoCEG%CEAB;>LnZEã�AEF áOCEF ?�Lßê~y6;>LnZ]ã�G�C\;>AoCEFTã�^ G�æ~LV?�UnZráVAE?�á@?�Zo?�LnZwUVLVG�Q�â�CEëV?OHOG�HJI ?�á@â9AB;Dd
CEF ?�Ln;>^ FTZE;DCEF ?�L
HJI ?�L�CE?�^ ?�à�F G�CEG/Z£CEâ9Gl^ ?�ABZ%HJI UVLVGlG�çOá@â9AEF G9Lnã�G°HJI ?�á@â9AB;DCEF ?�Ln;>^ FTZE;DCEF ?�LíHJI UVLVG
?�L�CE?�^ ?�à�F G-HOG-^T;\à�â9?�Q�â�CEAEF G\_ e�
VABZ£C�	����� � æDg>t�t�x�k@HV;>LnZJ^ Grã9;�HOAEGwHOUWQ�?OHOp9^ GrHOG/Z��6AB;>áVëVG/Z
`r?�Lnã�G9áOCEUVG9^TZR_4c~?��;Væ��/j�u>v~k�ê<`rG�CoCEGRG�çOá@â9AEF G9Lnã�GR;íã�?�LnHOUVF C ì ^T;
HOâ�änLVF CEF ?�LóHOGRAEp9à�^ G/Z
HJI ?�á@â9AB;DCEF ?�Ln;>^ FTZE;DCEF ?�LRHJI UVLVG6?�L�CE?�^ ?�à�F G�HOG�HO?�QR;>F LVG%G�C;>UÜHOâ9å�G9^ ?�áVá@G9Q�G9L�CHJI UVL�?�UOCEF ^
ZoUVáVá@?�AoC ì ^T;°Q�FTZoGWG9Lí?~G9UVå~AEG�HOGYã�G/ZAEp9à�^ G/ZHJI ?�á@â9AB;DCEF ?�Ln;>^ FTZE;DCEF ?�Lßê
:<;�ZoUVF CEGrHOGrã�G�C¶;>AoCEFTã�^ G-G/Z£C¶Z£CEAEUnã�CEUVAEâ9Gwã�?�Q�Q�GrZoUVF C/ê/[�áVAEp/Z<;�å�?�F A�F L�CEAE?OHOUVF C<^T;\LV?>CEF ?�L
HJI ?�L�CE?�^ ?�à�F G°G�C°;�å�?�F AWZo?�UV^ F à�LVâ�^4I F Q�á@?�AoCB;>Lnã�GRHJI UVLïHOG�ZoG/ZYã�?�Q�á@?�ZE;>L�CBZ�G/ZEZoG9L�CEF G9^TZ9æ ì
ZE;�å�?�F AJ^ G/Z¶;DçOF ?�Q�G/Zw_ ã�N£êDZoG/ã�CEF ?�Llg�k�æ/^T;�LVâ/ã�G/ZEZoF CEârHJI UVLVGrâ�CB;>á@G]HJI ?�á@â9AB;DCEF ?�Ln;>^ FTZE;DCEF ?�LWHOG/Z
?�L�CE?�^ ?�à�F G/ZrG/Z£C%;��RAEQ�â9G�æOG�C\^ G/Z�HOF õ�â9AEG9L�CBZ\ZEã�â9Ln;>AEF FJHJI UnZE;>à�GWHJI UVLVGW?�L�CE?�^ ?�à�F G6áVAEâ/ã�FTZoâ/Z
_ ã�N£ê1ZoG/ã�CEF ?�Lïx�k�ê1:<;�ZoG/ã�CEF ?�L�v�G�çOá@?�ZoG�UVLVG�Q�â�CEëV?OHOG�NP?�AEQ�G9^ ^ G�HJI ?�á@â9AB;DCEF ?�Ln;>^ FTZE;DCEF ?�L
HV;>LnZ�^ G�ã9;�HOAEG�HOU�Q�?OHOp9^ G�HOG/Z��6AB;>áVëVG/Zí`r?�Lnã�G9áOCEUVG9^TZ9æ]F Q�áV^ â9Q�G9L�CEâ9GóHV;>LnZ�^4I ?�UOCEF ^
�<?~?O`r?�� HJI â/HOF CEF ?�LíG�C%HJI ?�á@â9AB;DCEF ?�Ln;>^ FTZE;DCEF ?�L�HJI ?�L�CE?�^ ?�à�F G�êOe¶F Ln;>^ G9Q�G9L�C/æV^4I ;>áVáV^ FTã9;DCEF ?�L
HOG/Z%Q�â/ã9;>LVFTZoQ�G/Z%HJI ?�á@â9AB;DCEF ?�Ln;>^ FTZE;DCEF ?�LíáVAE?�á@?�Zoâ/Z ì ^T;�åD;>^ FTHV;DCEF ?�L�HOG/Z%?�L�CE?�^ ?�à�F G/Z\G/Z£C
G�çOáV^ FTã�F CEâ9G�ê
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0�LVG]?�L�CE?�^ ?�à�F G-HOG]HO?�QR;>F LVGwG/Z£C<CEAB;�HOF CEF ?�LVG9^ ^ G9Q�G9L�C¶HOâ�änLVF G]ã�?�Q�Q�GrUVLVG&1325476	8 9:67���38<;�=
>@? A =B�C67;�=B67�D2B� A ��� 8E1F���38<;�=G25��HI�J�FK�47�
_3�6AEUV=@G9A/æ�/j�j�x�k�ê1fw^ ^ G
HOâ/ã�AEF CR^ G/ZRã�?�LVLn;>FTZEZE;>Lnã�G/Z
HJI UVLRHO?�QR;>F LVG ì CEAB;�å�G9ABZ¶UVL�án;>AB;�HOF à�Q�Gã�?�Lnã�G9áOCEUVG9^VLV?�L°?�á@â9AB;DCEF ?�LVLVG9^4êL�<?�U�M£?�UVABZ1^ F â9G
ì UVLRHO?�QR;>F LVGán;>AoCEFTã�UV^ F G9A-HOG�ã�?�LVLn;>FTZEZE;>Lnã�G/Z]_PF4ê G�ê>UVL�G9LnZoG9Ql=V^ G=@?�AELVâG�Crã�?�ëVâ9AEG9L�CwHOG
ã�?�LVLn;>FTZEZE;>Lnã�G/Z\HO?>CEâlHJI UVLVGlZoâ9QR;>L�CEFTS�UVGlã�?�LnZoG9LnZoUVG9^ ^ G�k�ænUVLVGY?�L�CE?�^ ?�à�F GYã�?�L�CEF G9L�C\CE?�UOC
HJI ;>=@?�ABH�^ G/Z°áVAEF Q�F CEF å�G/ZlCEG9AEQ�F LV?�^ ?�à�FTS�UVG/ZlHOUÍHO?�QR;>F LVG�æ-ã>I G/Z£Cod ì dMHOF AEG�^ Gíå�?Oã9;>=VUV^T;>F AEG
ã�?�Lnã�G9áOCEUVG9^4êry6;>LnZ�^ G�ã9;�HOAEG�HOU�án;>AB;�HOF à�Q�GífwL�CEF CEâ�dMb\G9^T;DCEF ?�L _a`rëVG9LßæN�/j~i�O�klUOCEF ^ FTZoâ
HV;>LnZRLV?�Z�CEAB;�åD;>UOçJæw^ G�å�?Oã9;>=VUV^T;>F AEGíã�?�Lnã�G9áOCEUVG9^%G/Z£CÜZ£CEAEUnã�CEUVAEâ
G9L�UVL�G9LnZoG9Ql=V^ G�HOG
P�QSR�P�T�U�VXW ærAEG9áVAEâ/ZoG9L�CB;>L�C�^ G/Z�?�=YM£G�CBZ�HOU�HO?�QR;>F LVG�ærG�CÜUVL�G9LnZoG9Ql=V^ G�HOGCZ T�[<\YVX]<QSR�W
G�çOFTZ£CB;>L�C\G9L�CEAEGWã�G/Z\ã�?�Lnã�G9áOCBZ9ê
[ ã�GWLVF å�G/;>UÜCEG9AEQ�F LV?�^ ?�à�FTS�UVG�HO?�F C6Z9I ;�M£?�UOCEG9A\UVLíG9LnZoG9Ql=V^ GYHJI \Y^@]<QS_`T�W G�çOáVAEF QR;>L�C
^T;°Zoâ9QR;>L�CEFTS�UVG�HOUÜHO?�QR;>F LVG�êO:ßG/Z \Y^@]<QS_`T�W AEG9áVAEâ/ZoG9L�CEG9L�C]^ G/Z\ã�?�LVLn;>FTZEZE;>Lnã�G/ZwLßI ;�é�;>L�C
án;�Z6UVL�ã9;>AB;�ã�CEp9AEG°Z£CEAEFTã�CEG9Q�G9L�C6CEG9AEQ�F LV?�^ ?�à�FTS�UVGlG�CYZoá@â/ã�F änG9L�CW^T;�N ;�ñ�?�L�HO?�L�C�^ G/Z6áVAEF d
Q�F CEF å�G/Z]CEG9AEQ�F LV?�^ ?�à�FTS�UVG/Z\HOU
HO?�QR;>F LVGR_PF4ê G�ên^ G/Z\ã�?�Lnã�G9áOCBZ\G�C�AEG9^T;DCEF ?�LnZBkrá@G9UVå�G9L�C�è�CEAEG
UOCEF ^ FTZoâ9G/Z6_4c�CB;�;>=bac��;>G/HVãBëVG�æOg>t�t�t�k�ê�q]F G9LÜS�UVG%á@G9U�F L�CEâ9à�AEâ/Zr;>UOçR?�L�CE?�^ ?�à�F G/ZBM£UnZES�UßI ì
áVAEâ/ZoG9L�C/æ<^ G/Z°;DçOF ?�Q�G/Z°Zo?�L�ClG/ZEZoG9L�CEF G9^TZ ì ^T;�Zoá@â/ã�F ä@ã9;DCEF ?�L&HOGÜã�?�LVLn;>FTZEZE;>Lnã�G/ZW?�L�CE?�^ ?>d
à�FTS�UVG/Z�G�ClHOFTZ£CEF LVà�UVG9L�Cl^ G/ZW?�L�CE?�^ ?�à�F G/Z�HOG/Z�CEëVG/ZE;>UVAEUnZ9æßS�UVFwLVG�AEG9áVAEâ/ZoG9L�CEG9L�CYS�UVG�HOG/Z
CEG9AEQ�F LV?�^ ?�à�F G/Z%;>^ ?�ABZ%S�UVGl^ G/Z6?�L�CE?�^ ?�à�F G/Z\F L�CEp9à�AEG9L�C�HOG/Z�ã�?�LVLn;>FTZEZE;>Lnã�G/Z�;>U�ZoG9LnZ%^T;>AEà�G
_a`rën;>AE^ G�C&�	����� � æ�g>t�t�x�k�ê�`rGZo?�L�C-^ G/Z1;DçOF ?�Q�G/Z1S�UVFOá@G9AEQ�G�CoCEG9L�C-å�â9AEF CB;>=V^ G9Q�G9L�C1^4I UOCEF ^ FTZE;Dd
CEF ?�L�?�á@â9AB;DCEF ?�LVLVG9^ ^ G6HOG/Zr?�L�CE?�^ ?�à�F G/Zrã9;>Aed A =�1Ifg1I�Jh	ij�k=B�l25� A �:�nmI2B� ;�8o�J�	H A =C67;�=B67�D2B�



� A ? �	=��	;�=B6	�38<;�= > �I1�;n254	Hn���38<;�= 1G; A HnhDKL� �I1 � A ? 8o�l25� A � � A 8 �g171F;X6	8<�	H���_ q;�ãBëVF Q�?�L�C/æ
g>t�t�t�k�ê
:ßG/Z6;DçOF ?�Q�G/Z\á@G9UVå�G9L�C6AEG9áVAEâ/ZoG9L�CEG9A%HOG/Z%áVAE?�áVAEF â�CEâ/Z�ã�?�Q�QlUVLVG/Z�^ F â9G/Z6;>UOç
ã�?�Lnã�G9áOCBZ
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ZoF à�Ln;DCEUVAEGWG�C6^T;�ã9;>ABHOF Ln;>^ F CEâlHJI UVLVGlAEG9^T;DCEF ?�Lßæn^4I G�çVã�^ UnZoF å~F CEâYG�C6^4I F Lnã�?�Q�án;DCEF =VF ^ F CEâlG9L�CEAEG
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ij;�8o= 1 > � A mN25;�8o=5�<1���G/Z£C]UVLVG%áVAE?�áVAEF â�CEâ6HOG6ã9;>ABHOF Ln;>^ F CEâ���^T;YAEG9^T;DCEF ?�L�HJI ;>áVán;>AoCEG9Ln;>Lnã�G
HJI UVL�á@?�F L�C ì UVLVGÜHOAE?�F CEGRá@?�AoCEG�UVLVG�áVAE?�áVAEF â�CEâ�HOG�ã9;>ABHOF Ln;>^ F CEâRQ�F LVF QlUVQ HOGÜgíán;>A
AB;>áVá@?�AoC ì ^T;ÜHOAE?�F CEG�êß`rG9AoCB;>F LnZ�ZEãBëVâ9QR;�Z6HJI ;DçOF ?�Q�G/Z6Zo?�L�C�F L�CEâ9à�AEâ9G/Z6HV;>LnZ6^ G/Z%NP?�AEQR;Dd
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^ G°án;>AB;�HOF à�Q�GlfwL�CEF CEâ�dMb\G9^T;DCEF ?�LÍ_Pán;>A�G�çOG9Q�áV^ G°^ G/Ze�6AB;>áVëVG/ZY`r?�Lnã�G9áOCEUVG9^TZBk%S�UVG�HV;>LnZ
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ì dMHOF AEG^T;�N ;�ñ�?�LRHO?�L�Cr^ G/ZwáVAEF Q�F CEF å�G/ZwZo?�L�CwUOCEF ^ FTZoâ9G/Zwá@?�UVArG�çOáVAEF Q�G9ArHOG/Zrã�?�LVLn;>FTZEZE;>Lnã�G/Z
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HO?�QR;>F LVG�ê ��;>FTZ°á@?�UVA�UOCEF ^ FTZoG9A�^ G/Z�;DçOF ?�Q�G/Z°HV;>LnZ°UVL�cOq�`%æ1^T;�Zoâ9QR;>L�CEFTS�UVG
HOGÜQR;>LVF áVUV^T;DCEF ?�L*HOG
ã�G9UOç~dMã�F\HO?�F C�;>UnZEZoFè�CEAEGÜáVAEâ/ã�FTZoâ9G�æ-ã>I G/Z£Cod ì dMHOF AEG�^T;�N ;�ñ�?�L*HO?�L�C
^ G/Z%;DçOF ?�Q�G/Z%Zo?�L�C%UOCEF ^ FTZoâ/Z6HV;>LnZ�^ G°ã9;�HOAEGlHOGl^4I ;>áVáV^ FTã9;DCEF ?�L
G9L~å~FTZE;>à�â9G�êVswUVFTZES�UVG°ã�G�CoCEG
Zoâ9QR;>L�CEFTS�UVGwHOâ9á@G9LnHWHOGw^4I ?�=YM£G/ã�CEF NO?�á@â9AB;DCEF ?�LVLVG9^�HOGw^4I ;>áVáV^ FTã9;DCEF ?�Lßæ�G9^ ^ GwLVGwá@G9UOC¶è�CEAEGwF LOd
ã�^ UnZoG]HV;>LnZ¶^4I ?�L�CE?�^ ?�à�F G�æ�S�UVFOHO?�F C-HOG9Q�G9UVAEG9A¶F LnHOâ9á@G9LnHV;>L�CEG\HOGrCEG9^TZ¶?�=YM£G/ã�CEF N Z9êD:<;6Zoá@â/ã�F d
ä@ã9;DCEF ?�L°HOG\ã�G�CoCEG�Zoâ9QR;>L�CEFTS�UVGã�?�LnHOUVF C/æ ì CEAB;�å�G9ABZ<UVL°áVAE?Oã�G/ZEZoUnZ1HJIo;n254	Hn���38<;�=B��� 8E1F���38<;�=næ
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QR;>LVF áVUV^T;DCEF ?�L�HOG/Z%áVAEF Q�F CEF å�G/Z6ã�?�Lnã�G9áOCEUVG9^ ^ G/Z9æ�Zoâ9QR;>L�CEFTS�UVGlS�UVF¶G/Z£C6^ F â9G°;>U�HO?�QR;>F LVG�ê
[\änL�HJI F L�CEâ9à�AEG9AWUVLVG�?�L�CE?�^ ?�à�F G�;>U�ZoG9F L�HJI UVL&cOq�`%æßF ^]ã�?�L~å~F G9L�CYHO?�LnãRHOGRCEAB;>LnZEã�AEF AEG
ã�G9^ ^ G�dMã�F�HV;>LnZ<UVLVGrNP?�AEQ�Gr;�HV;>áOCEâ9G ì ^4I UnZE;>à�Gr;>UnS�UVG9^�G/Z£C1HOG/Z£CEF LVâ]^ GcOq�`%ê>`rG�CoCEG Q5U�� Z \��
VX]<QSR�\ [<]<WX\YVX]<QSR ã�?�LnZoFTZ£CEGYHO?�Lnã>ænHJI UVLVGWán;>AoC/æ ì ãBëV?�FTZoF AUVL
^T;>LVà�;>à�G�HOGWAEG9áVAEâ/ZoG9L�CB;DCEF ?�L
HOGíã�?�LVLn;>FTZEZE;>Lnã�G/ZW?>õ�AB;>L�C�HOG/Z°Q�â/ã9;>LVFTZoQ�G/Z°HOGÜQR;>LVF áVUV^T;DCEF ?�LÍ;�HV;>áOCEâ/Z ì ^4I ?�=YM£G/ã�CEF N
?�á@â9AB;DCEF ?�LVLVG9^]ã�?�LnZoFTHOâ9AEâ�G�C/æ-HJI ;>UOCEAEGÜán;>AoC/æ ì ;�HV;>áOCEG9A°^T;�AEG9áVAEâ/ZoG9L�CB;DCEF ?�LïHOGÜ^4I ?�L�CE?>d
^ ?�à�F G ì ã�G�C�?�=YM£G/ã�CEF N�G9L�áVAEâ/ã�FTZE;>L�C�^T;�Zoâ9QR;>L�CEFTS�UVG�HOG�QR;>LVF áVUV^T;DCEF ?�L�HOG/Z�;DçOF ?�Q�G/Z9æ
Zoâ9QR;>L�CEFTS�UVGRS�UVFwG/Z£CY^ F â9G ì ^4I ;>áVáV^ FTã9;DCEF ?�L�G9L~å~FTZE;>à�â9G°G�ClLV?�L�;>UóHO?�QR;>F LVG�ã�?�LnZoFTHOâ9AEâ�ê
ô%á@â9AB;DCEF ?�Ln;>^ FTZoG9A\UVLVG°?�L�CE?�^ ?�à�F GYHV;>LnZ%UVL�cOq�`%æ�ã>I G/Z£C�HO?�LnãY^T;�áV^ ?�LVà�G9A6HV;>LnZ%UVL�^T;>LOd
à�;>à�Gw?�á@â9AB;DCEF ?�LVLVG9^�HOGrAEG9áVAEâ/ZoG9L�CB;DCEF ?�LYHOGã�?�LVLn;>FTZEZE;>Lnã�G/ZßZoUVF åD;>L�C¶UVL°ZEã�â9Ln;>AEF ?%HJI UnZE;>à�G
HOâ/ã�AEF åD;>L�C\^4I ?�=YM£G/ã�CEF N¶?�á@â9AB;DCEF ?�LVLVG9^ßHOU�cOq�`%ê
:wI ?�á@â9AB;DCEF ?�Ln;>^ FTZE;DCEF ?�LYHJI UVLVG]?�L�CE?�^ ?�à�F GwLVGZoGã�?�Lnñ�?�F C1S�UVG]á@?�UVA¶UVLVG]UOCEF ^ FTZE;DCEF ?�Ll?�á@â�d
AB;DCEF ?�LVLVG9^ ^ Gl=VF G9L�HOâ�änLVF G�æJã9;>AB;�ã�CEâ9AEFTZoâ9GYán;>A6UVL 1F674	=B��HI8<; >@? A 1F�FK��6áVAEâ/ã�FTZ°_3�6AEUVLVF LVà�G9A
a eV?�çJæ!�/j�j���k�ê�0�L*ZEã�â9Ln;>AEF ?óHJI UnZE;>à�GÜHOâ/ã�AEF C ì S�UVG9^ ^ G/ZlänLnZ�å�?�L�C�è�CEAEGíUOCEF ^ FTZoâ9G/Z�^ G/Z
ã�?�LVLn;>FTZEZE;>Lnã�G/ZwZoá@â/ã�F änâ9G/Z]HV;>LnZr^4I ?�L�CE?�^ ?�à�F G�æ�ã>I G/Z£Cod ì dMHOF AEG�G/ZEZoG9L�CEF G9^ ^ G9Q�G9L�C ì S�UV?�Fnå�?�L�C
ZoG9AEå~F AY^ G/Z°;DçOF ?�Q�G/ZlHOG�^4I ?�L�CE?�^ ?�à�F G�êßfwL&G�õ�G�C/æ1^T;�AEG9áVAEâ/ZoG9L�CB;DCEF ?�L�HOG/Z°ã�?�LVLn;>FTZEZE;>Lnã�G/Z
CEG9AEQ�F LV?�^ ?�à�FTS�UVG/Z�HOU�HO?�QR;>F LVG�LVG�HOâ9á@G9LnHóán;�ZWHOG/ZWQlUV^ CEF áV^ G/ZYã�?�L�CEG�ç~CEG/ZW;>áVáV^ FTã9;DCEF N Z
á@?�ZEZoF =V^ G/Z9æn^T;�AEG9áVAEâ/ZoG9L�CB;DCEF ?�L
HJI UVL�ã�?�Lnã�G9áOC6?�U�HJI UVLVGlAEG9^T;DCEF ?�L
â�CB;>L�C6^T;�Q�è9Q�G°HV;>LnZ
^ G%ã9;�ZwHJI UVL�ZoéOZ£CEp9Q�G%HOâ/HOF â ì ^T;WåD;>^ FTHV;DCEF ?�LRHOG%ã�?�LVLn;>FTZEZE;>Lnã�G/Z1?�U�HJI UVL�ZoéOZ£CEp9Q�G�HOâ/HOF â
ì ^T;�áVAE?OHOUnã�CEF ?�L�HOGlã�?�LVLn;>FTZEZE;>Lnã�G/Z9êVc~G9UV^ G/Z�^ G/Z�AEG9áVAEâ/ZoG9L�CB;DCEF ?�LnZ]?�á@â9AB;DCEF ?�LVLVG9^ ^ G/Z�HOG/Z
;DçOF ?�Q�G/ZHO?�F å�G9L�C\è�CEAEGW;�HV;>áOCEâ9G/Z ì ^4I ?�=YM£G/ã�CEF N-HOG�^4I ;>áVáV^ FTã9;DCEF ?�LÜG9L~å~FTZE;>à�â9G�ê
[�F LnZoF4æ/UVLY;DçOF ?�Q�G-á@G9UOC<è�CEAEGwUOCEF ^ FTZoâ�æ/Zo?�F C<á@?�UVA ]<R���� Z T ZHOGwLV?�UVå�G9^ ^ G/Zßã�?�LVLn;>FTZEZE;>Lnã�G/Z9æ
Zo?�F C�á@?�UVA
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HJI UVLVGlã�?�LVLn;>FTZEZE;>Lnã�G�án;>A�AB;>áVá@?�AoC ì ^T;RZoâ9QR;>L�CEFTS�UVG
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�&á@G9UOC�è�CEAEGíUOCEF ^ FTZoâ
á@?�UVARF LONPâ9AEG9AR^4I ;>áVán;>AoCEG9Ln;>Lnã�G
HOG

á@?�F L�CBZ ì UVLÜáV^T;>Lßê~KM^�á@G9UOC\â9à�;>^ G9Q�G9L�C]á@G9AEQ�G�CoCEAEG�HOG�HOâ�CEG9AEQ�F LVG9A\S�UßI UVL�â9LV?�Lnã�â%LßI G/Z£C
án;�Z�ã�?�LONP?�AEQ�G ì ^T;&Zoâ9QR;>L�CEFTS�UVG�HOG�^T;�à�â9?�Q�â�CEAEF G�ZoF4æ]HV;>LnZ�UVLhã�?�L�CEG�ç~CEG�?�îhHOG9UOç
á@?�F L�CBZ%;>áVán;>AoCEF G9LVLVG9L�C ì UVLVG°HOAE?�F CEGlG�C ì UVL�áV^T;>Lßæ@UVL
CEAE?�FTZoF p9Q�Glá@?�F L�C�HOGl^T;�HOAE?�F CEG
LßI ;>áVán;>AoCEF G9L�Cán;�Z�;>UÜáV^T;>Lßê
ylI ;>UOCEAEG�án;>AoC/æ�UVL�;DçOF ?�Q�G�á@G9UOCrLßI è�CEAEG�UOCEF ^ FTZoâ6S�UßI ì ^T;YHOG9QR;>LnHOG%HOG�^4I UOCEF ^ FTZE;DCEG9UVA]HOU
cOq�`%æß?�U�è�CEAEG�;>áVáV^ FTS�UVâ�;>UOCE?�QR;DCEFTS�UVG9Q�G9L�CYán;>AY^ G�ZoéOZ£CEp9Q�G�ê<:ßGRáVAEG9Q�F G9AYUnZE;>à�GRG/Z£C
S�Un;>^ F änâ�HJI T�^ U�[<]<P�] VXT æ�^ G�ZoG/ã�?�LnH�HJI ]<_GU�[<]<P�] VXT ê�:wI ;DçOF ?�Q�G ��ê xVê � d � A H A =B� > Hn;�8o�J�e8o� f
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á@G9UOCW;>F LnZoF¶è�CEAEGlUOCEF ^ FTZoâ°HOGlN ;�ñ�?�L�F Q�áV^ FTã�F CEG°á@?�UVA6LVGlán;�Z
?�=V^ F à�G9A�^4I UOCEF ^ FTZE;DCEG9UVA ì ;>áVáV^ FTS�UVG9A6ZoéOZ£CEâ9QR;DCEFTS�UVG9Q�G9L�C�ã�G�C�;DçOF ?�Q�Gl;�åD;>L�C�HOGlá@?�UVå�?�F A
ã�?�LnZoFTHOâ9AEG9A�HOG/ZRá@?�F L�CBZRZoUVARUVLVG
HOAE?�F CEG�æ-?�U*;>U*ã�?�L�CEAB;>F AEGíHOGÜN ;�ñ�?�LÍG�çOáV^ FTã�F CEG�ZoF\?�L
HOâ/ZoF AEG�S�UßI F ^-é�AEG/ã�?�UVAEG�ZoéOZ£CEâ9QR;DCEFTS�UVG9Q�G9L�CW;�åD;>L�CWHOG�á@?�UVå�?�F A�QR;>LVF áVUV^ G9AW^ G/Z�á@?�F L�CBZ
G9LíS�UVG/Z£CEF ?�LßæVán;>AG�çOG9Q�áV^ GYHV;>LnZUVLí=VUOC�á@â/HV;>à�?�à�FTS�UVG�ê
:wI ?�á@â9AB;DCEF ?�Ln;>^ FTZE;DCEF ?�L6HJI UVLVGw?�L�CE?�^ ?�à�F G1LVâ/ã�G/ZEZoF CEGwHO?�Lnã1^ GwãBëV?�F çJæ�á@?�UVA<ãBën;�S�UVG-;DçOF ?�Q�G�æ
HJI UVL 67;�=5�J�nm��J� >@? A 1F�FK���S�UVF¶áVAEâ/ã�FTZoG ì S�UV?�F<åD;�ZoG9AEå~F A%^4I ;DçOF ?�Q�GYG�CWHOG°S�UVG9^ ^ GYN ;�ñ�?�L
F ^
åD;íè�CEAEG�Q�FTZYG9L�ðWUVå~AEG�ê<:ßG/ZlHOF õ�â9AEG9L�CBZlã�?�L�CEG�ç~CEG/ZYHJI UnZE;>à�G�S�UVG�LV?�UnZWáVAE?�á@?�Zo?�LnZYHOG
ã�?�LnZoFTHOâ9AEG9AZo?�L�CR�

 ^ G�ã�?�L�CEG�ç~CEGóHJI UnZE;>à�G ]<R���� Z T�RBVX]<T�[(T�V#T�^ U�[<]<P�] VXT ?�îh^4I UOCEF ^ FTZE;DCEG9UVA
HOâ/ã�^ G9LnãBëVG
^4I ;>áVáV^ FTã9;DCEF ?�L�HOGY^4I ;DçOF ?�Q�GYZoUVA�UVLVGY=n;�ZoGlHOGWN ;>F CBZ�á@?�UVA�áVAE?OHOUVF AEGlHOGYLV?�UVå�G9^ ^ G/Z
;�ZEZoG9AoCEF ?�LnZ��



 ^ G6ã�?�L�CEG�ç~CEG6HJI UnZE;>à�G ]<R���� Z T�RBVX]<T�[ T�V ]<_GU�[<]<P�] VXT ?�î�^4I ;DçOF ?�Q�G�G/Z£C;>áVáV^ FTS�UVâ%án;>A^ GYZoéOZ£CEp9Q�GWZoUVA\UVLVGW=n;�ZoGWHOG6N ;>F CBZ\á@?�UVA\áVAE?OHOUVF AEGWHOG�LV?�UVå�G9^ ^ G/Z\;�ZEZoG9AoCEF ?�LnZ��

 ^ Glã�?�L�CEG�ç~CEGYHJI UnZE;>à�G ��T 	 \ [<]���\YVX]<QSR#T�^ U�[<]<P�] VXT ?�î
^4I ;>áVáV^ FTã9;DCEF ?�L
HOGW^4I ;DçOF ?�Q�G
G/Z£CwHOâ/ã�^ G9LnãBëVâ9G]án;>A¶^4I UOCEF ^ FTZE;DCEG9UVA-á@?�UVA-ã�?�L�CEA���^ G9A¶^T;6ã�?�LONP?�AEQ�F CEâZoâ9QR;>L�CEFTS�UVGHOG/Z
N ;>F CBZ�HJI UVLVGW=n;�ZoG�án;>AAB;>áVá@?�AoC�;>UíHO?�QR;>F LVG �

 ^ G6ã�?�L�CEG�ç~CEG%HJI UnZE;>à�G ��T 	 \ [<]���\YVX]<QSR`]<_GU�[<]<P�] VXT ?�î�^4I ;DçOF ?�Q�G�G/Z£C;>áVáV^ FTS�UVâ�án;>A
^ GíZoéOZ£CEp9Q�G�á@?�UVA�ã�?�L�CEA���^ G9Al^T;�ã�?�LONP?�AEQ�F CEâÜZoâ9QR;>L�CEFTS�UVGÜHOG/ZYN ;>F CBZ�HJI UVLVGÜ=n;�ZoG
án;>A\AB;>áVá@?�AoC\;>U
HO?�QR;>F LVG�ê

0�L�ZEã�â9Ln;>AEF ?YHJI UnZE;>à�G%ã�?�LnZoFTZ£CEG%;>F LnZoFnG9L�UVL�G9LnZoG9Ql=V^ G%HOG6ã�?�L�CEG�ç~CEG/ZrHJI UnZE;>à�G%ãBëV?�FTZoFTZ
á@?�UVA-ãBën;�S�UVG;DçOF ?�Q�G]áVAEâ/ZoG9L�C-HV;>LnZ¶^4I ?�L�CE?�^ ?�à�F G�êDy6;>LnZ¶^ G\ã9;�Z1HOG/Z-ZEãBëVâ9QR;�Z1HJI ;DçOF ?�Q�G/Z9æ
F ^OG/Z£C-á@?�ZEZoF =V^ G\HOG]äVçOG9A-án;>A-HOâ�N ;>UOCw^ GQ�è9Q�G\ã�?�L�CEG�ç~CEG\HJI UnZE;>à�G]á@?�UVA1CE?�UnZ1^ G/Z-;DçOF ?�Q�G/Z
HOG�^4I ?�L�CE?�^ ?�à�F G�AEG9^ G9åD;>L�C°HOG�ã�G�ZEãBëVâ9QR;Vêßs-;>AlG�çOG9Q�áV^ G�æ<^ G/Zl;DçOF ?�Q�G/ZWG�çOáVAEF QR;>L�CYUVLVG
Zoé~Q�â�CEAEF GHOGAEG9^T;DCEF ?�Llá@G9UVå�G9L�C-è�CEAEGrCE?�UnZ1UOCEF ^ FTZoâ/Z1á@?�UVA1F LONPâ9AEG9AwHOGLV?�UVå�G9^ ^ G/Z¶AEG9^T;DCEF ?�LnZ9ê
y%GíQR;>LVF p9AEG�à�â9LVâ9AB;>^ G�æ¶UVLVG�NP?�AEQ�G�?�á@â9AB;DCEF ?�LVLVG9^ ^ GÜHJI UVLVGí?�L�CE?�^ ?�à�F G�ã�?�Ql=VF LVGíHOG/Z
Q�â/ã9;>LVFTZoQ�G/ZYF LONPâ9AEG9L�CEF G9^TZlG�C�HOG/ZlQ�â/ã9;>LVFTZoQ�G/Z°HOG�åD;>^ FTHV;DCEF ?�L�á@G9AEQ�G�CoCB;>L�CRHOG�QR;>LVF d
áVUV^ G9AY^ G/Zlã�?�LVLn;>FTZEZE;>Lnã�G/ZWHOGRN ;�ñ�?�LóáV^ UnZY?�UóQ�?�F LnZl;>UOCE?�QR;DCEFTS�UVG�êßs-;>AYG�çOG9Q�áV^ G�æ<UVL
ZEã�â9Ln;>AEF ?�ã�?�AEAEG/Zoá@?�LnHV;>L�C ì UVLVGY;>áVáV^ FTã9;DCEF ?�LíHJI G9LnZoG9F à�LVG9Q�G9L�C%;�ZEZoFTZ£CEâ�án;>A\?�ABHOF Ln;DCEG9UVA
HOG9å~AB;%?>õ�AEF A ì ^4I UOCEF ^ FTZE;DCEG9UVA-^T;6á@?�ZEZoF =VF ^ F CEâ�HJI ;>áVáV^ FTS�UVG9A-^ G/Z-ã�?�LVLn;>FTZEZE;>Lnã�G/Z¶HOURHO?�QR;>F LVG
á@?�UVA1G9L�HOâ/HOUVF AEG\HOGLV?�UVå�G9^ ^ G/Z¶?�U°á@?�UVA1åD;>^ FTHOG9A-Zo?�LlCEAB;�åD;>F ^4æ�G�C-áVAEâ9å�?�F A1HOG/Z1F LONPâ9AEG9Lnã�G/Z
G�C°HOG/Zlã�?�L�CEA���^ G/ZW;>UOCE?�QR;DCEFTS�UVG/ZWG9LóNP?�Lnã�CEF ?�Lßæ<G9L�CEAEG�;>UOCEAEG/Z9æ<HOU�LVF å�G/;>U�HOG�^4I ;>áVáVAEG�d
Ln;>L�C/êDy%G9UOç�ã9;�Z¶G�ç~CEAEè9Q�G/Z1HOG\ZEã�â9Ln;>AEF ?�HJI UnZE;>à�G]á@G9UVå�G9L�C-è�CEAEGHOFTZ£CEF LVà�UVâ/Z,�D^ G/Z-ZEã�â9Ln;>AEF F
HOGWáVUVAEGWåD;>^ FTHV;DCEF ?�LßæV?�î
^ G/Z�ã�?�LVLn;>FTZEZE;>Lnã�G/Z]?�L�CE?�^ ?�à�FTS�UVG/Z\Zo?�L�C�UOCEF ^ FTZoâ9G/Z\á@?�UVA�åD;>^ FTHOG9A
UVLVG6=n;�ZoG6HOG6N ;>F CBZ]án;>A]AB;>áVá@?�AoC ì ^T;°Zoâ9QR;>L�CEFTS�UVG�HJI UVLÜHO?�QR;>F LVG�æ~G�C^ G/ZZEã�â9Ln;>AEF F@F LONPâ�d
AEG9L�CEF G9^TZrF Q�áV^ FTã�F CEG/Z?�î�^ G/Zã�?�LVLn;>FTZEZE;>Lnã�G/Zr?�L�CE?�^ ?�à�FTS�UVG/ZrZo?�L�CUOCEF ^ FTZoâ9G/Z]á@?�UVAáVAE?OHOUVF AEG
HOG°LV?�UVå�G9^ ^ G/Z6ã�?�LVLn;>FTZEZE;>Lnã�G/Z%ZoUVA�UVL�ã9;�Z�HO?�LVLVâ�æJZE;>LnZ%F L�CEG9AEå�G9L�CEF ?�L�HOG�^4I UOCEF ^ FTZE;DCEG9UVA/ê
y6;>LnZWã�GRHOG9AELVF G9AYã9;�Z9æJS�UVFwG/Z£CYã�G9^ UVFrHOG/ZWZoéOZ£CEp9Q�G/Z�G�çOá@G9AoCBZ9æJ^ G/Z�F LONPâ9AEG9Lnã�G/ZW;>UOCE?�QR;Dd
CEFTS�UVG/ZRZo?�L�CRã�G9LnZoâ9G/Z�áVAE?OHOUVF AEGíHOG/ZRã�?�LVLn;>FTZEZE;>Lnã�G/Z°ã�?�LONP?�AEQ�G/Z ì ^T;óZoâ9QR;>L�CEFTS�UVGíHOU
HO?�QR;>F LVG�G�C�;>Unã�UVLVGWåD;>^ FTHV;DCEF ?�LÜLßI G/Z£C\LVâ/ã�G/ZEZE;>F AEG�ê
:<;6änà�UVAEGk�áVAEâ/ZoG9L�CEG^ G�ZEãBëVâ9QR;6à�â9LVâ9AB;>^OHJI ;>áVáV^ FTã9;DCEF ?�L�HOG/Z1NP?�AEQ�G/Z1?�á@â9AB;DCEF ?�LVLVG9^ ^ G/Z
HOG/Z°;DçOF ?�Q�G/Z9ê-`rGíZEãBëVâ9QR;�AEG9á@?�ZoG�ZoUVA�UVLVG�â�CB;>á@GÜ?�î&^4I UOCEF ^ FTZE;DCEG9UVA�;�M£?�UOCEGÜHOG/ZYN ;>F CBZ
_ ��k�æßUVLVGRâ�CB;>á@GRHJI F LONPâ9AEG9Lnã�G/ZWà�UVFTHOâ9G/Z�án;>AW^4I UOCEF ^ FTZE;DCEG9UVA�_4g�k�æßUVLVGRâ�CB;>á@G�HJI F LONPâ9AEG9Lnã�G/Z
;>UOCE?�QR;DCEFTS�UVG/ZY_ x�k\G�C6UVLVGlâ�CB;>á@G°HOGlåD;>^ FTHV;DCEF ?�L�ZoG9Q�F dM;>UOCE?�QR;DCEFTS�UVGY?�U�;>UOCE?�QR;DCEFTS�UVG
G9L�NP?�Lnã�CEF ?�L
HOG�^4I UnZE;>à�G�?�UÜLV?�L
HJI ;DçOF ?�Q�G/ZHOGYã�?�L�CEG�ç~CEGWHOG�åD;>^ FTHV;DCEF ?�LÜG�çOáV^ FTã�F CEG�_Pv~k�ê
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y6;>LnZWã�G�CoCEG�ZoG/ã�CEF ?�LßæJLV?�UnZ�áVAE?�á@?�Zo?�LnZ%UVLVGRQ�â�CEëV?OHOGRHJI ?�á@â9AB;DCEF ?�Ln;>^ FTZE;DCEF ?�L�NP?�LnHOâ9G
ZoUVA1^ G/Z1áVAEF Lnã�F á@G/Z¶â9LV?�Lnã�â/Z1áVAEâ/ã�â/HOG9Q�Q�G9L�C1QR;>FTZ-HV;>LnZ¶^ G\ã9;�HOAEG]án;>AoCEFTã�UV^ F G9A-HOU°Q�?OHOp9^ G
HOG/Z �6AB;>áVëVG/Z�`r?�Lnã�G9áOCEUVG9^TZÜ_3�Y`]ZBk�êr`rG�CoCEG�Q�â�CEëV?OHOG�G/Z£C°F LnZoáVF AEâ9GÜHJI UVLVG�G�çOá@â9AEF G9Lnã�G
áVAB;DCEFTS�UVGlHJI ?�á@â9AB;DCEF ?�Ln;>^ FTZE;DCEF ?�LíHJI UVLVGl?�L�CE?�^ ?�à�F GYHOGl^T;�à�â9?�Q�â�CEAEF G ì ^4I ;>FTHOG°HJI UVLVGlG�ç~d
CEG9LnZoF ?�LYHOUYQ�?OHOp9^ GrHOG/Z��Y`]Z9æ9^T;6c �%d4N ;>Q�F ^ é�_ q;>à�G�C�a��
UVà�LVF G9A/æ�g>t�t�g�k�ê9:<;6c �%d4N ;>Q�F ^ é
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L'utilisateur déclenche
l'application d'un axiome

(éventuellement aucun) de
contexte inférentiel

explicite

Validation automatique ou
partiellement automatique
à l'aide des axiomes de
contexte de validation

Saturation par application
automatique des axiomes

de contexte inférentiel
implicite

Début du cycle

1

2 3

L'utilisateur ajoute des
faits (éventuellement

aucun) à la base de faits
4
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G/Z£C6UVL�NP?�AEQR;>^ FTZoQ�GY?�á@â9AB;DCEF ?�LVLVG9^1HOGlAEG9áVAEâ/ZoG9L�CB;DCEF ?�L�HOG°ã�?�LVLn;>FTZEZE;>Lnã�G/Z%S�UVF¶á@G9AEQ�G�C/æ
HJI UVLVG�án;>AoC/æßHOG�AEG9áVAEâ/ZoG9L�CEG9A�HOG/Z�áVAEF Q�F CEF å�G/ZWã�?�Lnã�G9áOCEUVG9^ ^ G/ZWZo?�UnZ%NP?�AEQ�GRHOGRã�?�Lnã�G9áOCBZ
G�C%HOGYAEG9^T;DCEF ?�LnZG�C/æ@HJI ;>UOCEAEGWán;>AoC/æVHOGYAEG9áVAEâ/ZoG9L�CEG9A^ G/Z%;DçOF ?�Q�G/ZG�çOáVAEF QR;>L�C\^T;RZoâ9QR;>LOd
CEFTS�UVG�HOGRQR;>LVF áVUV^T;DCEF ?�L�HOG�ã�G/Z�áVAEF Q�F CEF å�G/Z ì ^4I ;>FTHOG�HOGRAEp9à�^ G/Z�G�C°HOG�ã�?�L�CEAB;>F L�CEG/ZWHOG
�6AB;>áVëVG/Z\`r?�Lnã�G9áOCEUVG9^TZ9ên`rG�CoCEG�Q�â�CEëV?OHOGW;lâ�CEâ6F Q�áV^ â9Q�G9L�CEâ9GWHV;>LnZ]UVLÜ?�UOCEF ^JHJI â/HOF CEF ?�L
G�C�HJI ?�á@â9AB;DCEF ?�Ln;>^ FTZE;DCEF ?�L&HJI ?�L�CE?�^ ?�à�F GÜ=n;>áOCEFTZoâ �<?~?O`r?���æ-;��<?~?�^]CE?&ô%á@G9AB;DCEF ?�Ln;>^ F "9G
;>L
ô%L�CE?�^ ?�à�é �\F CEë�CEëVGl`r?�Lnã�G9áOCEUn;>^@�6AB;>áVë(�
?OHOG9^w_ e�
VABZ£C/æVg>t�t�x�k�êV`rG�C\?�UOCEF ^�á@G9AEQ�G�C
^4I â/HOF CEF ?�Líà�AB;>áVëVFTS�UVGWHJI UVLVGY?�L�CE?�^ ?�à�F GWHV;>LnZ\^ GYã9;�HOAEGYHOU
án;>AB;�HOF à�Q�G�fwL�CEF CEâ�dMb\G9^T;DCEF ?�L
G�C]Zo?�LR?�á@â9AB;DCEF ?�Ln;>^ FTZE;DCEF ?�L�HV;>LnZw^ G%Q�?OHOp9^ G%HOG/Z:�Y`]Zr;>áVAEp/ZrZoá@â/ã�F ä@ã9;DCEF ?�L�HOU�ZEã�â9Ln;>AEF ?
HJI UnZE;>à�GRãBëV?�FTZoF4ê�0�LïQ�?>CEG9UVAlHJI F LONPâ9AEG9Lnã�G�=n;�Zoâ�ZoUVAY^T;
^ F =VAB;>F AEF GRHOG�QR;>LVF áVUV^T;DCEF ?�LïHOG
à�AB;>áVëVG/Z6ã�?�Lnã�G9áOCEUVG9^TZl`r?��6K �¶;�XN� _3�6G9LVG/Z£C a cO;>^ åD;DC/æ �/j�j�u�k�á@G9AEQ�G�CYHOG�Q�G�CoCEAEGRG9L
ðWUVå~AEG6^ GYã�éOã�^ GWHOGWAB;>FTZo?�LVLVG9Q�G9L�CáVAEâ/ZoG9L�CEâ�G9L�änà�UVAEG ��ê
:<;\HOâ�änLVF CEF ?�LYHOUWå�?Oã9;>=VUV^T;>F AEG1ã�?�Lnã�G9áOCEUVG9^�HO?�F C<áVAEâ/ã�â/HOG9AJ^T;\Zoá@â/ã�F ä@ã9;DCEF ?�LWHOG/Zß;DçOF ?�Q�G/Z
HOUíHO?�QR;>F LVG�ên:ßG�å�?Oã9;>=VUV^T;>F AEG�ã�?�Lnã�G9áOCEUVG9^JG/Z£C%Z£CEAEUnã�CEUVAEâ�ZoG9^ ?�LÜ^ GWán;>AB;�HOF à�Q�G6fwL�CEF CEâ�d
b\G9^T;DCEF ?�L�G9L��3fn25�I1 > �b67;�=B67�D2B�<1%G�C �3fn25�I1 > �jHn�	� ���38<;�= 1�æßF Lnã�^ UnZWAEG/Zoá@G/ã�CEF å�G9Q�G9L�CWHV;>LnZ
UVLVG\ëVF â9AB;>ABãBëVF G\HOGC£é~á@G/ZrHOG�ã�?�Lnã�G9áOCBZ-G�CrUVLVG\ëVF â9AB;>ABãBëVF G\HOGC£é~á@G/ZrHOG\AEG9^T;DCEF ?�LnZ-Z£CEAEUnã�d
CEUVAEâ/Z%án;>A�UVLVG°AEG9^T;DCEF ?�LG1F;�HI�J� � > ��_P^ G/Z%CEG9AEQ�G/Zj67;�=B67�D2B�1G�CjHn�	� ���38<;�=
HOâ/ZoF à�LVG9L�C6FTã�FwHOG/Z
F LnZ£CB;>Lnã�G/Z6HOG/Z%C£é~á@G/Z�HOGRã�?�Lnã�G9áOCBZ%G�C�C£é~á@G/Z�HOG°AEG9^T;DCEF ?�LnZBk�êJy%G/Z6F LnZ£CB;>Lnã�G/Z�HOG/Z%C£é~á@G/Z
HOG�ã�?�Lnã�G9áOCBZrá@G9UVå�G9L�Cè�CEAEG�HOâ�änLVF G/ZHV;>LnZrUVLVG�?�L�CE?�^ ?�à�F G�æ�QR;>FTZ]ã�G/Z]F LnZ£CB;>Lnã�G/Z]HO?�F å�G9L�C
è�CEAEGW?�L�CE?�^ ?�à�FTS�UVG/Z9æOã>I G/Z£Cod ì dMHOF AEG�S�UßI G9^ ^ G/Z�M£?�UVG9L�C%UVLíA���^ GYHV;>LnZ^T;RHOâ�änLVF CEF ?�L�HOGW^T;RZoâ�d
QR;>L�CEFTS�UVGlHOU�HO?�QR;>F LVG�êns-;>A�G�çOG9Q�áV^ G�æ

π
G/Z£C%UVLVGlF LnZ£CB;>Lnã�GY?�L�CE?�^ ?�à�FTS�UVGYHOU
C£é~á@G°HOG

ã�?�Lnã�G9áOC\LV?�Ql=VAEGWHV;>LnZ^4I ?�L�CE?�^ ?�à�F G�HOG�^T;°CEAEF à�?�LV?�Q�â�CEAEF G�ê
:ßG/ZWã�?�Lnã�G9áOCBZ�G�CYAEG9^T;DCEF ?�LnZ6á@G9UVå�G9L�CWè�CEAEG�UOCEF ^ FTZoâ/Z�á@?�UVAWâ/ã�AEF AEGRHOG/Z�à�AB;>áVëVG/Z%G�çOáVAEF d
QR;>L�C�HOG/ZYN ;>F CBZl?�î�^ G/Z°ã�?�Lnã�G9áOCBZ°Zo?�L�C°HOG/ZlLV?~G9UnHVZ°HOU&à�AB;>áVëVG�G�C°^ G/ZlAEG9^T;DCEF ?�LnZlHOG/Z
;>AEè�CEG/Z9ê 0�L�ã�?�UVáV^ GlHOGWà�AB;>áVëVG/Z\á@G9AEQ�G�C%HOGYAEG9áVAEâ/ZoG9L�CEG9A\UVL�;DçOF ?�Q�G�æn;�å�G/ã6UVL
à�AB;>áVëVG
ë~é~á@?>CEëVp/ZoGWG�C%UVL
à�AB;>áVëVGYã�?�Lnã�^ UnZoF ?�Lßên:ßG/Z�áVAE?�áVAEF â�CEâ/Z\HOGlZoUV=nZo?�Q�áOCEF ?�L
G9L�CEAEGWáVAEF Q�F d
CEF å�G/Z1G�Cw^ G/ZwZoF à�Ln;DCEUVAEG/Z1HOG/Z-AEG9^T;DCEF ?�LnZ1Zo?�L�CrHOG/Z-;DçOF ?�Q�G/Z-HOF AEG/ã�CEG9Q�G9L�CwF L�CEâ9à�AEâ/Z1HV;>LnZ-^ G
Q�?OHOp9^ G�êDKM^TZ¶á@G9AEQ�G�CoCEG9L�CrHOG\ã�?�Q�án;>AEG9A¶^ G/Z-ã�?�Lnã�G9áOCBZ¶G�C-AEG9^T;DCEF ?�LnZ¶G�C/æ>HOGQR;>LVF p9AEG]à�â9LVâ�d
AB;>^ G�æ�^ G/Zßà�AB;>áVëVG/Z�án;>AßUVLVGw?�á@â9AB;DCEF ?�L�HOG�2BHn;��F�76	�38<;�=°_<�
UVà�LVF G9A�a�`rëVG9F Lßæ��/j�j�O�k�ê	�<?�UOCEG/Z
^ G/Z];>UOCEAEG/ZráVAE?�áVAEF â�CEâ/ZrHO?�F å�G9L�C]è�CEAEG�HOâ/ã�AEF CEG/Zrán;>A]UVLÜã�?�UVáV^ G6HOG6à�AB;>áVëVG/Zrã�?�Lnã�G9áOCEUVG9^TZ9æ
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LV?�UVå�G/;>UOçíN ;>F CBZ9æ�CE?�UOCYG9Lóã�?�L�CEA���^T;>L�C�S�UßI F ^-LßI ;�M£?�UOCEG�án;�Z�HOG�N ;>F CWF Lnã�?�Q�án;DCEF =V^ GR;�å�G/ã
^4I ;DçOF ?�Q�G�ê1:<;�NP?�AEQ�GÜ?�á@â9AB;DCEF ?�LVLVG9^ ^ GÜHOGí^4I ;DçOF ?�Q�Gíã�?�LnZoFTZ£CEGÜHO?�LnãÜG9L&UVLVGíAEp9à�^ G��Y`
G�çOáV^ FTã�F CEGlFTHOG9L�CEFTS�UVG ì ^T;�áVAEâ/ã�â/HOG9L�CEGláV^ UnZ�Z6ã�?�L�CEAB;>F L�CEG/Z�LVâ9à�;DCEF å�G/Z%F L�CEG9ABHOFTZE;>L�C�S�UVG�æ
á@?�UVA¶ãBën;�ã�UVLVG]HOG/Z<AEG9^T;DCEF ?�LnZ

{rl}l=1..s

æDZoF�^4I ;>L�CEâ/ã�â/HOG9L�C1HOGr^4I ;DçOF ?�Q�GrG/Z£C¶AEG9Lnã�?�L�CEAEâ�æ9?�L
áVUVFTZEZoG%;�å�?�F AwG9L�Q�è9Q�G�CEG9Q�ánZ]^T;WAEG9^T;DCEF ?�L�G�çVã�^ UnZoF å�G%HOG

rl

êOc~FJ;>Unã�UVLVG%AEG9^T;DCEF ?�LRG�çVã�^ UOd
ZoF å�GrHOG

rl

LßI G�çOFTZ£CEG]HV;>LnZ<^4I ?�L�CE?�^ ?�à�F G�æ�G�C-ZoF�álAEG9^T;DCEF ?�LnZßF Lnã�?�Q�án;DCEF =V^ G/Z<;�å�G/ã
rl

G�çOFTZ£CEG9L�C/æ
^T;6ã�?�L�CEAB;>F L�CEGrá@?�AoCB;>L�C-ZoUVA-^T;%AEG9^T;DCEF ?�L

rl

G/Z£C-AEG9áVAEâ/ZoG9L�CEâ9Grán;>A1á�ã�?�L�CEAB;>F L�CEG/Z<LVâ9à�;DCEF å�G/Z
F L�CEG9ABHOFTZE;>L�C]S�UVG�æ~ZoF�^4I ;>L�CEâ/ã�â/HOG9L�C]HOG6^4I ;DçOF ?�Q�G�G/Z£CáVAEâ/ZoG9L�C/æ�?�L�áVUVFTZEZoG6;�å�?�F AwG9L�Q�è9Q�G
CEG9Q�ánZ�UVLVGRHOG/Z�AEG9^T;DCEF ?�LnZ%F Lnã�?�Q�án;DCEF =V^ G/ZW;�å�G/ã

rl

êßs-;>A�G�çOG9Q�áV^ G�æJ^4I ;DçOF ?�Q�GRgOê ��ê gRG/Z£C
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?�á@â9AB;DCEF ?�Ln;>^ FTZoâ�G9L&ã�?�L�CEG�ç~CEG�F LONPâ9AEG9L�CEF G9^]G�çOáV^ FTã�F CEG�án;>Al^T;
AEp9à�^ G(�Y`{HOG�^T;
änà�UVAEG�x�;
áV^ UnZW^T;
ã�?�L�CEAB;>F L�CEGRHOG�^T;Üänà�UVAEG�x>=ßê<y6;>LnZW^ G�ã9;�ZYHJI UVL P�QSRBVXT�^ VXT ��T 	 \ [<]���\YVX]<QSR æ
ZoG9UV^ G/Z%^ G/ZWã�?�L�CEAB;>F L�CEG/Z%Zo?�L�C�áVAEFTZoG/Z%G9Lóã�?�Q�áOCEG�êJ:wI ;DçOF ?�Q�G�gOê ��ê g�ZoG9AB;�?�á@â9AB;DCEF ?�Ln;>^ FTZoâ
HV;>LnZ\ã�GWã�?�L�CEG�ç~CEG�án;>A\^T;�ã�?�L�CEAB;>F L�CEG�HOGW^T;länà�UVAEGWx>=ßê
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:wI ?�á@â9AB;DCEF ?�Ln;>^ FTZE;DCEF ?�Líá@G9AEQ�G�C�HJI ?�=OCEG9LVF A6UVLVGYNP?�AEQ�GY?�á@â9AB;DCEF ?�LVLVG9^ ^ GlHJI UVLVGl?�L�CE?�^ ?>d
à�F G];�HV;>áOCEâ9G ì UVLYC£é~á@GHJI ;>áVáV^ FTã9;DCEF ?�LlHO?�LVLVâ�ê�`rGrQ�â/ã9;>LVFTZoQ�G]G/Z£C1HO?�LnãwCEAEp/Z<UOCEF ^ G]á@?�UVA
Q�G9LVG9AYZoUVAY^4I ?�L�CE?�^ ?�à�F GRHOG/ZW?�á@â9AB;DCEF ?�LnZ�HOG�åD;>^ FTHV;DCEF ?�LßæJ?�á@â9AB;DCEF ?�LnZWS�UVFrã�?�LnZoFTZ£CEG9L�C ì
CEG/Z£CEG9A1ZE;\ä@HOâ9^ F CEâ ì ^T;6Zoâ9QR;>L�CEFTS�UVG]HOU°HO?�QR;>F LVGHOGã�?�LVLn;>FTZEZE;>Lnã�G/Zßã�?�LnZoFTHOâ9AEâ6_3�6?�Q�G#"�d
s1G9AEG#" �	�l��� � æB�/j�j�u�k�ê�:<;WåD;>^ FTHV;DCEF ?�L�á@G9AEQ�G�CHOG�CEG/Z£CEG9Ar^T; P�QS_GU�[���V�����T ��Tb[�� QSRBVXQS[<Q �
�S]<T G�C6^T; P�Q	��� Z T�R�P�T ��T [�� QSRBVXQS[<Q �S]<T án;>A%AB;>áVá@?�AoC6;>U�HO?�QR;>F LVG�êß`rG�CoCEG°ã�?�ëVâ9AEG9Lnã�G
G/Z£C�AEG9^T;DCEF å�G�;>U�HO?�QR;>F LVG�ã9;>AR?�L�ZoUVáVá@?�ZoG�S�UVG�^ G�HO?�QR;>F LVG�HOG�ã�?�LVLn;>FTZEZE;>Lnã�G/Z�G/Z£C
^ UVF daQ�è9Q�G�ã�?�ëVâ9AEG9L�C/ê 0�LóHOâ�N ;>UOCYHOGRã�?�ëVâ9AEG9Lnã�G�HOG°^4I ?�L�CE?�^ ?�à�F GYCEAB;>ëVF CYHO?�LnãlUVLVG�Q�?>d
HOâ9^ FTZE;DCEF ?�L�LV?�L*ä@HOp9^ G�;>UhHO?�QR;>F LVG�ê]:<;�åD;>^ FTHV;DCEF ?�L�HJI UVLVG�?�L�CE?�^ ?�à�F G
LVG�á@G9UOCíè�CEAEG
Q�G9LVâ9GWS�UßI ì CEAB;�å�G9ABZrZo?�LÜUOCEF ^ FTZE;DCEF ?�LÜ?�á@â9AB;DCEF ?�LVLVG9^ ^ G6áVUVFTZES�UVG6CEG/Z£CEG9ANP?�AEQ�G9^ ^ G9Q�G9L�C\^T;
Zoâ9QR;>L�CEFTS�UVG�HJI UVLVGR?�L�CE?�^ ?�à�F GÜ_ ;>U�ZoG9LnZWHOG°CEG/Z£CEG9AW^T;�NP?�AEQ�GRHOG�^4I ?�L�CE?�^ ?�à�F G�k%ZoUVáVá@?�ZoG
HOGYá@?�UVå�?�F A%ZoGlAEâ�NPâ9AEG9A ì UVL�Q�?OHOp9^ GWNP?�AEQ�G9^<áVAEâ�daG�çOFTZ£CB;>L�C6HOG/Z%ã�?�LVLn;>FTZEZE;>Lnã�G/Z\HOU�HO?>d
QR;>F LVG�êOô%Ar=�
DCEF ArUVLVG�?�L�CE?�^ ?�à�F G�;M£UnZ£CEG9Q�G9L�C]á@?�UVAr=VUOCHOG6ã�AEâ9G9Arã�G�Q�?OHOp9^ G�NP?�AEQ�G9^4æ ì
án;>AoCEF A]HJI UVL�ã�?�AEáVUnZ6_P^ G%áV^ UnZ]Zo?�UVå�G9L�CrF LONP?�AEQ�G9^ªkwHOG�ã�?�LVLn;>FTZEZE;>Lnã�G/Z9ê~ô%L�LVG%á@G9UOC\HO?�Lnã
åD;>^ FTHOG9A¶UVLVG]?�L�CE?�^ ?�à�F G ì CEAB;�å�G9ABZßZE;\NP?�AEQ�G]QR;>FTZ<UVLVFTS�UVG9Q�G9L�C ì CEAB;�å�G9ABZßZo?�LlUOCEF ^ FTZE;DCEF ?�L
?�á@â9AB;DCEF ?�LVLVG9^ ^ G�ê
:<;íåD;>^ FTHV;DCEF ?�L�Z9I ;>áVáVUVF G�HOG�QR;>LVF p9AEGRã�?�LnZoG9LnZoUVG9^ ^ G�ZoUVAYHOG/Z� ��T�WFVX]<QSR�W ��T P�QS_ �

U���VXT�R�P�T _3�6AEUVLVF LVà�G9Aea eV?�çJæ��/j�j���k�;>UOçVS�UVG9^ ^ G/Z6^4I ?�L�CE?�^ ?�à�F G°HO?�F CWá@G9AEQ�G�CoCEAEGRHOG°AEâ�d
á@?�LnHOAEG�ê~:wI F Q�á@?�ZEZoF =VF ^ F CEâ6HOG%AEâ9á@?�LnHOAEG ì UVLVG%CEG9^ ^ G6S�UVG/Z£CEF ?�L�G9L�UOCEF ^ FTZE;>L�C]^ G/Z]ã�?�LVLn;>FTZ£d
ZE;>Lnã�G/Z�G�çOáVAEF Q�â9G/ZWHV;>LnZW^4I ?�L�CE?�^ ?�à�F G�F Q�áV^ FTS�UVG�S�UVG�ã�G9AoCB;>F LVG/ZYã�?�LVLn;>FTZEZE;>Lnã�G/Z�HOU�HO?>d
QR;>F LVG6F LnHOFTZoá@G9LnZE;>=V^ G/Z ì ^T;lAEâ/Zo?�^ UOCEF ?�L�HOG6^T;°S�UVG/Z£CEF ?�L�QR;>LnS�UVG9L�C/êO:<;YåD;>^ FTHV;DCEF ?�LÜHOG/Z
?�L�CE?�^ ?�à�F G/ZwAEG9á@?�ZoG6;>F LnZoF�ZoUVA\HOG/ZZoá@â/ã�F ä@ã9;DCEF ?�LnZrG�ç~CEG9AELVG/Z ì ^4I ?�L�CE?�^ ?�à�F G°_ S�UVG/Z£CEF ?�LnZHOG
ã�?�Q�á@â�CEG9Lnã�G/ZBk1G�C]HOG/ZrZoá@â/ã�F ä@ã9;DCEF ?�LnZ-F L�CEG9AELVG/Zwã�?�LnZ£CEF CEUVâ9G/Zwán;>Aw^ G/Zr;DçOF ?�Q�G/Z-HOâ/ã�AEF åD;>L�C
^T;�Zoâ9QR;>L�CEFTS�UVGWHOU
HO?�QR;>F LVG�ê
�<G/Z£CEG9A6^T;�ã�?�Q�áV^ â�CEUnHOG�HOGl^4I ?�L�CE?�^ ?�à�F GWán;>A%AB;>áVá@?�AoC6;>U�HO?�QR;>F LVG ì ^4I ;>FTHOGlHOG°S�UVG/Z£d
CEF ?�LnZ]HOG6ã�?�Q�á@â�CEG9Lnã�G/Zrá@G9UOCè�CEAEG6;>UOCE?�QR;DCEFTZoâ%án;>Ar^ G/ZrQ�â/ã9;>LVFTZoQ�G/Z]HJI ?�á@â9AB;DCEF ?�Ln;>^ FTZE;Dd
CEF ?�L�áVAE?�á@?�Zoâ/Z,�>UVLVG%NP?�FTZr^ G/Z]S�UVG/Z£CEF ?�LnZrHOG�ã�?�Q�á@â�CEG9Lnã�G/ZwNP?�AEQR;>^ FTZoâ9G/ZwHV;>LnZr^ G%^T;>LVà�;>à�G
?�á@â9AB;DCEF ?�LVLVG9^]ãBëV?�FTZoF4æ¶^4I ?�L�CE?�^ ?�à�F G�G/Z£C�?�á@â9AB;DCEF ?�Ln;>^ FTZoâ9G�ZoUVF åD;>L�C°UVL*ZEã�â9Ln;>AEF ?�HJI UnZE;>à�G
F LONPâ9AEG9L�CEF G9^4æ]áVUVFTZÜ^ G�Q�?>CEG9UVAíHJI F LONPâ9AEG9Lnã�G�G/Z£CíUOCEF ^ FTZoâ�ZoUVAÜ^ G�N ;>F CÜF LVF CEFT;>^WHOG�ãBën;�S�UVG
S�UVG/Z£CEF ?�LRHOG%ã�?�Q�á@â�CEG9Lnã�G�á@?�UVAráVAE?OHOUVF AEG\^T;Yã�?�Lnã�^ UnZoF ?�Lßê�:wI F Q�á@?�ZEZoF =VF ^ F CEâ%HOG�áVAE?OHOUVF AEG
^T;�ã�?�Lnã�^ UnZoF ?�L�CEAB;�HOUVF C�^4I F Lnã�?�Q�áV^ â�CEUnHOGYHOGW^4I ?�L�CE?�^ ?�à�F G�ê
[�F LnZoF4ænHV;>LnZ^ GWã9;�Z\HOG�^4I ?�L�CE?�^ ?�à�F G6HOGW^T;°à�â9?�Q�â�CEAEF G�æ~^ G/Z]CEëVâ9?�AEp9Q�G/ZHOG�=n;�ZoGWHOUíHO?>d
QR;>F LVGlã�?�LnZ£CEF CEUVG9L�C%UVL�G9LnZoG9Ql=V^ GlHOG°S�UVG/Z£CEF ?�LnZ%HOG°ã�?�Q�á@â�CEG9Lnã�G/Z,�n^4I F Q�á@?�ZEZoF =VF ^ F CEâ°HOG
HOâ9Q�?�L�CEAEG9A�;>UOCE?�QR;DCEFTS�UVG9Q�G9L�C�ã�G/Z%CEëVâ9?�AEp9Q�G/Z6;�ZEZoUVAEG°HOG�^4I F Lnã�?�Q�áV^ â�CEUnHOG�HOG�^4I ?�L�CE?>d
^ ?�à�F G�ê~y6;>LnZ^ G�ã9;�HOAEG�HOG6LV?�ZrCEAB;�åD;>UOçJæ~LV?�UnZ;�å�?�LnZ-CEG/Z£CEâ�^4I ?�L�CE?�^ ?�à�F G6HOG�^T;là�â9?�Q�â�CEAEF G
HV;>LnZYUVLïã�?�L�CEG�ç~CEG�HOGÜHOâ9Q�?�LnZ£CEAB;DCEF ?�L�;>UOCE?�QR;DCEFTS�UVG�HOGRCEëVâ9?�AEp9Q�G/Z�_ :ßG/ã�^ G9AEG �	�e��� � æ
g>t�t�g�k�ê�:wI F Q�á@?�ZEZoF =VF ^ F CEâwHOGrHOâ9Q�?�L�CEAEG9Aßã�G9AoCB;>F LnZ�CEëVâ9?�AEp9Q�G/ZJLV?�UnZß;\ã�?�LnHOUVF C ì FTHOG9L�CEF änG9A
HOG/Z�ã�?�LVLn;>FTZEZE;>Lnã�G/Z�UOCEF ^ FTZoâ9G/Z�HV;>LnZ6^ G�HO?�QR;>F LVG°QR;>FTZ6LV?�L�G�çOáV^ FTã�F CEâ9G/Z�_Pán;>A�G�çOG9Q�áV^ G�æ



^T;�Zoé~Q�â�CEAEF GWHOG�^T;�AEG9^T;DCEF ?�L��	=5�3Hn� ���!;�8o=5�D)��!;�8o=5�D)��!;�8o=5� �9kY_ e�
VABZ£C �	�!��� � æ�g>t�t�g�k�ê
:wI ?�á@â9AB;DCEF ?�Ln;>^ FTZE;DCEF ?�L�HJI UVLVG�?�L�CE?�^ ?�à�F G%á@G9AEQ�G�Câ9à�;>^ G9Q�G9L�C\HOG%CEG/Z£CEG9A\ZE;°ã�?�ëVâ9AEG9Lnã�G�ê
:wI ?�á@â9AB;DCEF ?�Ln;>^ FTZE;DCEF ?�LÜHJI UVL�;DçOF ?�Q�GYHV;>LnZ�UVL�ã�?�L�CEG�ç~CEGlHOGYåD;>^ FTHV;DCEF ?�L
á@G9AEQ�G�C6HOGYà�â�d
LVâ9AEG9A]^ G/Z\ã�?�L�CEAB;>F L�CEG/ZrF LnHOUVF CEG/Z\án;>A^4I ;DçOF ?�Q�G�ên`rG/Z\ã�?�L�CEAB;>F L�CEG/Zrá@G9UVå�G9L�C\G9LnZoUVF CEG�è�CEAEG
UOCEF ^ FTZoâ9G/Z1á@?�UVA1CEG/Z£CEG9AwZoF4æ>á@?�UVAwãBën;�ã�UVL�HOG/Zw;>UOCEAEG/Z1;DçOF ?�Q�G/Z9æD^4I ;>L�CEâ/ã�â/HOG9L�C-?�U°^ G�ã�?�LnZoâ�d
S�UVG9L�C-HOG^4I ;DçOF ?�Q�G]å~F ?�^ G]UVLVG\HOG/Z-ã�?�L�CEAB;>F L�CEG/Z9ê�y6;>LnZ¶^ G/Z-HOG9UOç°ã9;�Z9æDã�G9^T;6ZoF à�LVF änGS�UßI UVL
HOG/ZrHOG9UOç�;DçOF ?�Q�G/Z%_ ã�G9^ UVF�S�UVF@G/Z£C]?�á@â9AB;DCEF ?�Ln;>^ FTZoâ�HV;>LnZwUVL�ã�?�L�CEG�ç~CEG6HOG�åD;>^ FTHV;DCEF ?�L�?�U
ã�G9^ UVF@S�UVFnG/Z£CwCEG/Z£CEâ�k-LVG%ã�?�AEAEG/Zoá@?�LnH°án;�Z ì ^T;YZoâ9QR;>L�CEFTS�UVG%HOU�HO?�QR;>F LVG�æ�ã�G%S�UVF@ã�?�LnZ£CEF d
CEUVG�UVL
HOâ�N ;>UOC%HOGWQ�?OHOâ9^ FTZE;DCEF ?�Lßê

� {ÙYÖÜÝ:$�Û( <Þ�ÙYÖ

:<;íáV^ UVán;>AoC°HOG/ZW?�UOCEF ^TZYHJI â/HOF CEF ?�LïHJI ?�L�CE?�^ ?�à�F G�á@G9AEQ�G�CoCEG9L�C ì ^4I UOCEF ^ FTZE;DCEG9UVAlHOG�Zoá@â�d
ã�F änG9ARHOG/Z�;DçOF ?�Q�G/Z°;>UÍLVF å�G/;>U&?�á@â9AB;DCEF ?�LVLVG9^4æ¶G�CRLV?�LÍã�?�Lnã�G9áOCEUVG9^4æ-G�C�ã�G/Z°?�UOCEF ^TZ°LVG
á@G9AEQ�G�CoCEG9L�C-án;�Z1HJI ?�á@â9AB;DCEF ?�Ln;>^ FTZoG9A<^ G/Z¶?�L�CE?�^ ?�à�F G/Z<á@?�UVA-HOF õ�â9AEG9L�CBZ<C£é~á@G/Z-HJI UnZE;>à�G�ê/s-;>A
G�çOG9Q�áV^ G�æ�HV;>LnZô%L�CE?�frHOF C/æ�^T;YZoá@â/ã�F ä@ã9;DCEF ?�L�HOG/Zr;DçOF ?�Q�G/ZwLVG%ã�?�AEAEG/Zoá@?�LnHV;>L�Cwán;�Z ì UVL
C£é~á@GWáVAEâ/HOâ�änLVFßUOCEF ^ FTZoGW^T;RZoé~L�CB;DçOGWHOGW^T;Re<dM:ß?�à�FTã6G�C\äVçOGY;>F LnZoFß^T;�Zoâ9QR;>L�CEFTS�UVGW?�á@â9AB;Dd
CEF ?�LVLVG9^ ^ GrHOG/Z<;DçOF ?�Q�G/Z9æ/S�UVF�Zo?�L�CßCE?�UnZ<UOCEF ^ FTZoâ/Z<HV;>LnZß^ GrQ�?>CEG9UVA¶HJI F LONPâ9AEG9Lnã�Grã�?�Q�Q�G]HOG/Z
AEp9à�^ G/Z9êVy6;>LnZ�swAE?>CEâ9à�â�æn^ GY^T;>LVà�;>à�G�sJ[%:ïá@G9AEQ�G�C�HOGlHOâ�änLVF A6HOG/Z%ã�?�L�CEAB;>F L�CEG/Z^ ì ;>UnZEZoF
Zo?�UnZ6NP?�AEQ�GRHOGRAEp9à�^ G/Z9æßS�UVFrZo?�L�CYUOCEF ^ FTZoâ9G/ZYHV;>LnZ�^ G�Q�?>CEG9UVAYHJI F LONPâ9AEG9Lnã�GRUVLVFTS�UVG9Q�G9L�C
á@?�UVACEG/Z£CEG9A\^T;�ã�?�ëVâ9AEG9Lnã�GWHOG�^4I ?�L�CE?�^ ?�à�F G�ê
:wI ;�Zoá@G/ã�C]^ G�áV^ UnZrF LVLV?DåD;>L�C]HOG%LV?>CEAEG%;>áVáVAE?OãBëVG\G/Z£CHJI ;>UOCE?�AEFTZoG9Aw^T;YZoá@â/ã�F ä@ã9;DCEF ?�L�HOG/Z
;DçOF ?�Q�G/Zß;>UYLVF å�G/;>Ulã�?�Lnã�G9áOCEUVG9^4æ�HV;>LnZ<UVLVG]Zoé~L�CB;DçOGwà�AB;>áVëVFTS�UVGrS�UVF~LßI G9Llã�?�L�CEAB;>F L�C<án;�Z
^4I UnZE;>à�G�?�á@â9AB;DCEF ?�LVLVG9^4êV:wI ?�á@â9AB;DCEF ?�Ln;>^ FTZE;DCEF ?�LÜHOGW^4I ?�L�CE?�^ ?�à�F GWHV;>LnZ\UVLí^T;>LVà�;>à�G�?�á@â9AB;Dd
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