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We describe in detail the theory underpinning the                      
measurement of density matrices of a pair of quantum
two-level systems ("qubits"). Our particular emphasis
is on qubits realized by the two polarization degrees of freedom 
of a pair of entangled photons generated in a down-conversion 
experiment; however the discussion applies in general, 
regardless of the actual physical realization. Two techniques 
are discussed, namely a tomographic reconstruction (in which 
the density matrix is linearly related to a set of measured 
quantities) and a maximum likelihood technique which 
requires numerical optimization (but has the advantage of
producing density matrices which are always non-negative 
definite). In addition a detailed error analysis is presented, 
allowing errors in quantities derived from the density matrix, 
such as the entropy or entanglement of formation, to be 
estimated. Examples based on down-conversion experiments 
are used to illustrate our results. 
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�,WGA.I;ÖHkF7,��¤ýP,/GI;p*-,WF)>%9d(�.%GI,/ýPHkG`>V,/Obù�û-EC.�GV,/üL,/F)>IúpûC�Ö´�����"( F¢>ISC;p.¨ýC(�ýP,/G¨9�,�9<;púpú),���(+*-;ÖFC,�>V,/üAS�F�;=ÿ)E�,/.�;pF#O¤,W>V(+;pú��hH�G5ÿ)EC(+F)>IEC*Ù.g>A(?>I,�*-,/(k.`E�GV,W*-,/Fk>5(�.�;U>�(+ýCý�úÖ;p,/.�>VHl*RECúU>V;Öý�úp,<üLHkGIGV,Wú=(?>V,/O
>g9�H���úÖ,�
�,Wú<ÿ)EC(�Fk>VE�*©*-,/üASP(+F�;=üW(�ú�.`û¤.`>I,W*b. ° H�GZ3Iÿ)E�ùC;U>A.[5¬;pF�>VS�,N>I,/GI*-;pF�H�úpH � ûàH��®ÿkEP(+F)>IE�* ;ÖF��hHkGI*b(+>I;pH�FPµL"\MyE�GbýC(+GI>I;=üLECúp(�G
,W*-ý�SP(�.I;p.Z;=.Zÿ)E�ùC;U>A.ØGV,/(�úÖ;pþW,3O]
�;p(�>ISC,­>g9�H�ýrH�ú=(+GV;pþ/(?>V;ÖHkFÞO¤, � GI,/,/.ØH��^�hGV,W,3O¤H�* H��Rý�S�H�>IHkFC.W2�O�(?>A(_�hGVH�* 9<SC;püAS 9%,�EC.`,�>IH
;púÖúpEC.`>IGA(?>I,�H�E�G¢GV,/.IE�úÖ>V./"A�lH?9%,�
�,/G/2ª>IS�,3.`,b>V,/üAS�FC;pÿ)E�,3.¢(+GV,bGI,3(�O¤;púpû�(+ýCý�úÖ;=üW(�ù�úp,b>IH�H�>IS�,/G¢>I,3üAS�F�HkúÖH � ;p,/.:ý�GVH�ýrHk.I,/O1�hH�G#üLGV,/(?>V;ÖF �
,WF)>A(+F � úÖ,3O­.`>V(?>V,/.:H���ýC(+;pGA.yH���>g9�H���úÖ,�
�,/ú¨.Iû¤.g>V,W*b.W"-O�,/üW(�EC.I,#H���>ISC,-üW,WF)>IGA(+ú5;p*-ýPHkG`>A(+FCüW,7H��%ÿ)E�ù�;Ö>R.`û¤.`>I,/*-.y>VHØ>VS�,-,W*-,WG � ,/F)>
O¤;=.IüW;ÖýCúÖ;pF�,:H��5ÿkEP(+F)>IE�* üLH�*-ý�E�>V(?>V;ÖHkF
2�(R>IS�HkGIHkE � SØ,��¤ý�ú=(+FC(+>I;pH�F�H��ª>VS�,�>I,/üASCF�;pÿ)E�,3.dF�,W,3O¤,/O�>IHbüASC(�GV(kü1>V,WGV;Öþ/,�>ISC,:ÿ)E�ùC;U>l.`>V(+>I,/.
9<;púÖú5ùr,#H���GI,/úÖ,�
}(�FCüL,R>IHZ9%HkG[�k,WGA.<;pF«>ISC,:
?(+GV;pH�EC.yO¤;"
k,WGA.`,R,��¤ýP,/GI;p*-,WF)>V(�úY	P,Wú=O�.:üLE�GVGI,/F)>IúpûZECFCO¤,WG:üLHkFC.I;pO¤,/GV(+>I;pH�FC�hHkG�ÿ)EC(�Fk>VE�*
üLHk*-ý�E¤>V(+>I;pH�F->V,/üAS�F�HkúÖH � ûC�U´�=���"5ødSC;p.�ýC(+ýr,WG�;p.�H�G � (�F�;Öþ/,/O-(�.��hH�úpúÖH?9�./±Y( FA��,/üL>I;pH�FX([(�9%,�,��¤ý�úÖHkGI,�>IS�,�(+FC(�úÖH � ûR9<;Ö>IS�>IS�,��)>IH!��,/.
ýC(�GV(�*7,W>I,/GV./2C(+FPONS�H?9 >IS�,/ûØúp,/(kONFC(?>VE�GV(�úÖúpûØ>IH�(�.VüAS�,/*7,^�hH�Gl*-,3(�.IE�GI,/*-,WF)>�H���(+F«(�GIùC;U>VGV(�GIûØF)EC*Rùr,WGlH��5>g9%H���úp,�
k,Wúª.Iû¤.g>V,W*b.W"( FI��,/üL>I;pH�FA(*(*(12C9%,:O¤;=.IüWEC.I.�>VS�,:*-,/(�.IE�GV,W*-,WF)>dH��5(RýC(�;ÖG<H��¨ÿ)E�ù�;Ö>V.d;pFZ*7HkGI,:O¤,W>V(+;pú�2¤ý�GI,3.`,/F)>I;pF � >VS�,

?(+úp;pO�;U>gû�üWH�FCO¤;Ö>I;pH�F��hH�G<(�F
(+GVù�;Ö>IGA(+GVû#*-,3(�.IE�GI,/*-,WF)>�.VüAS�,W*-,:(+FCO�;ÖF)>VGIH¤O¤ECüW;ÖF � >VS�,�.I,L>dH��%´�W#*7,3(�.IE�GV,W*-,WF)>V.%,W*-ý�úpH?û�,3Ob;pF�H�ECG�,��¤ýP,/GI;p*-,WF)>V./"���,/üL>I;pH�F<( &
O¤,3(+ú=.%9<;Ö>ISØH�E�Gd*-,L>VS�H¤OX�hHkG%*b(���;p*REC* úÖ;$��,/úÖ;pS�H�H¤O�GV,/üLHkFC.`>IGVECü1>V;ÖHkF�(+FCO�;ÖFI��,3ü1>I;pH�FØ& 9�,:O¤,W*-H�FP.g>VGV(+>I,�S�H?9¦>IH-üW(�úpüWE�úp(+>I,y>IS�,
,WGVGVH�GA.�;pF�.`ECüASN*-,/(k.`ECGI,/*7,/F)>V./2�(�FCOØS�H?9Þ>VS�,/.I,®,WGVGIHkGV.%ý�GVH�ýC( � (+>I,y>IH�ÿ)EC(+F)>V;U>V;Ö,3.<üW(+ú=üLECúp(+>I,/O<�hGVH�* >VS�,¢O¤,WFP.`;Ö>gû�*b(?>VGI;"�n"

òK`4acbCò:ô�d4a2b1egfRó^f:hia%òja%ó:b+fRñ-õlk:ö:f#ñ-òlö-hmbPò�f<òKaTò:ô�hÞô^n#ó^f/eH`-o
Ql.y*7,/F)>I;pH�F�,3O«(+ùrH�
�,k2¤>IS�,/GI,#;p.�(�O¤;pGV,/ü1>�(+FC(�úÖH � û�ùr,L>g9�,W,/F�>ISC,R*-,/(k.`E�GV,W*-,/Fk>yH���>ISC,RýrH�ú=(+GV;Öþ3(?>I;pH�F�.`>V(+>I,RH���(�úp; � Sk>yùP,3(+*

(+FPOR>VS�,�*-,/(k.`ECGI,/*7,/F)>5H��P>VS�,lO¤,/FC.I;U>gû#*-(+>IGV;0�7H��n(+F-,WFP.`,/*Rù�úp,<H��r>g9%H���úp,�
k,Wú�ÿ)EC(�Fk>VE�* *-,3üASC(+F�;=üW(�úC.Iû�.`>I,/*b.W"g��,WGV,<9�,<,��¤ý�úpH�GV,
>ISC;p.�(�FC(+úpH � ûb;ÖFZ*-H�GV,®O¤,L>A(+;pú�"

b&p%qsr�t$u�v&wsxyp$z�z|{'}�{;r;~��!�y�&�
ødS�,-�)>VH��k,/.�ýP(+GA(+*-,L>V,WGA.�(+GV,RO¤,�	CF�,/OI�hGIHk* (�.`,W>yH����hHkE�Gl;pF)>I,/FC.`;Ö>gûN*-,/(�.IE�GV,W*-,WF)>A.�� ²+³��d± ° ;{µ�9<;Ö>IS­(X	CúÖ>I,WGy>ISP(?>l>VGV(�FC.I*7;Ö>V.�+³;� H��l>VS�,Z;ÖFCüW;pO�,WF)>bGV(kO¤;p(+>I;pH�F
2�GV, � (+GAO¤úp,/.V.¢H��y;U>A.#ýrH�ú=(+GV;pþ/(?>V;ÖHkF�� ° ;Ö;{µ#9<;U>VSÌ(­ýPHkúp(�GI;pþW,/GR>VSC(?>7>IGA(+FP.`*-;Ö>V.7H�F�úpûàS�HkGI;pþWHkFk>A(+úpúÖû

ýrH�ú=(+GV;Öþ/,/Oàúp; � S)>�� ° ;Ö;p;{µ¢9<;Ö>ISÌ(­ýrH�ú=(+GV;Öþ/,WGR>ISC(+>#>VGV(�FC.`*-;Ö>V.#H�F�úpû úÖ; � S)>7ýPHkúp(�GI;pþW,3O (?>-R����b>IH­>IS�,ZS�H�GV;pþWH�F)>A(+ú���(+FCO ° ;$
¤µ#9<;Ö>ISÌ(
ýrH�ú=(+GV;Öþ/,WG�>ISC(+>d>IGA(+FC.I*-;U>A.dH�F�úpûbGI; � S)>�üL;pGAüLE�ú=(+GVúÖû-ýrH�ú=(+GV;Öþ/,/O�úÖ; � S)>/"�ødSC,�F�E�*#ùP,/G<H��¨ý�S�H+>VH�FC.düWH�E�F)>I,3O�ù�û�(-O¤,W>I,3ü1>IHkG/2�9<S�;=üASZ;p.
ý�GVH�ýrH�GI>I;pH�FC(�úr>IH7>IS�,¢üWúp(k.I.I;=üW(+ú¯;pF)>I,WFP.`;Ö>gû�2�;pFZ>IS�,3.`,��hHkE�G<,��¤ýr,WGV;Ö*-,/Fk>A.<(+GV,®(�.��hH�úpúpH?9�.W±

Dy�cE�� ² °[���6�,�� � �+�������<�*�� � �:� µ�EU� ² °*��� �,�� � �
�������j�,�� � �N� µD 0 E � °[���6�,�� � �+� µE � ² °[��� �,�� � �
������� �,�� � �N���������,�� � �
�Y�������,�� � ��� µD @ E ��� ���� �,�� ���� �[�E�� ² °[��� �,�� � �
���������,�� � ���g�1 Q���j�,�� � �
���Z Q��� �,�� � �N� µD J E � °[��� �,�� � �
� µ
° ³�"p´3µ

��,/GI, � �+� 2 � �:� 2 ���� � E °.� �+�g�]� �/� µs¡�¢ ²+E ,��¤ý °� �£ ¡�R)µ °|� �
���_ �� ��� µ&¡!¢ ²«(+FCO � �
� E °[� �+�)�F �� �^� µ�¡!¢ ²�(�GI,�>IS�,���,L>A.¢GV,Wý��
GV,/.I,WF)>I;pF � ÿ)E�ù�;Ö>V.ØýrH�ú=(+GV;Öþ/,/OT;pFT>ISC,�úp;ÖFC,/(+GØS�H�GV;pþWH�F)>A(+ú�2<úÖ;pF�,/(�G<
k,WGI>I;=üW(+ú�2<úp;ÖF�,3(+GNO¤;=( � HkFC(+ú ° R;���Lµ�(+FCOTGV; � S)>*� üL;pGVüWE�ú=(+G�.I,WFC.I,/.
GV,/.IýP,3ü1>I;$
�,/úÖûk2 �� ;p.#>ISC, ° ²C¤ ²kµRO�,WFC.I;U>gûà*b(+>IGV;0�¥�hH�G#>ISC,ØýrH�ú=(+GV;Öþ3(?>V;ÖHkF�O¤, � GI,/,/.RH���>VS�,Øúp; � S)> ° H�G32)�hH�Gb(�>g9�H���úp,�
�,/ú%ÿ)EC(�Fk>VE�*
.Iû�.`>I,/*�µ:(+FCO � ;p.¢üWH�FC.`>V(�F)>®O�,Wýr,WFCO¤,/F)>RH�F¬>ISC,�O¤,L>V,/ü1>VH�G¢,�¦�üL;p,WFCüWû�(+FPO­úp; � S)>¢;ÖF)>I,/FC.I;U>gûk"�ødS�,C§�¨ª©�«!¬�­j®&¯�°|¯�± ¬�¨ª¬�°.­12¨9<S�;=üAS�hE�úpúÖûZüASC(+GA(�üL>I,/GI;pþW,l>IS�,®ýrH�ú=(+GV;Öþ3(?>V;ÖHkFZ.`>V(+>I,:H��¨>IS�,®úp; � S)>/2�(�GI,�>ISC,WF�O¤,�	PF�,/OZù�û

² �c³ ²�Dy�KE � °*��� �,�� � �
�Y�����j�*�� � ��� µ² 0 ³ ² ° D 0 � Dy�}µ�E � °*��� �,�� � ���Y�����j�*�� � �
� µ² @ ³ ² ° D @ � Dy�}µ�E �  ¯°*���4�*�� � ���g�´���j�,�� � �
� µ² J ³ ² ° D J � Dy�}µ�E � °*��� �,�� � �
�)�i�����,�� � �N� µyµ
° ³�"Ê²�µ
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B�,¢ü/(+FZF�H?9 GV,Wú=(?>V,y>VS�,/�)>VH���,3.dýC(+GA(+*-,W>I,WGA.%>IH7>ISC,¢O¤,WFC.I;Ö>gû�*b(?>VGI;"� �� ù�ûb>ISC,��hH�GV*RE�ú=(

�� E ´
²

J¶ · ¸ �
² ·² � �¹

· º ° ³�" 7kµ
9<S�,/GI, �¹ ��E � �
����� �*�6� �N������� ;=.�>VS�,y.I;ÖF � úp,lÿ)E�ù�;Ö>�;=O¤,WF)>V;U>gû-H�ýr,WGA(?>VH�G�(�FCO �¹ 0 E � �
�������*�»� ������� � 2 �¹ @ E  1°|� ������� �.�Z� ��������� (+FPO�¹ J E � ������� �.�Z� �������j� (�GI,<>VS�,y4�(�E�úp;P.Iý�;ÖF�H�ýr,WGA(?>IHkGV./"ªødS�EC.�>IS�,y*-,/(�.IE�GV,W*-,WF)>�H��¯>IS�,��)>IH!��,/.�ýC(+GA(+*-,W>I,WGA.�ü/(+Fbùr,yüLHkFC.I;pO¤,/GI,3O
,/ÿ)E�;$
?(+úp,WF)>d>IH�(#>IHk*-H � GA(+ýCS�;püy*-,/(k.`E�GV,W*-,/Fk><H��ª>ISC,¢O¤,WFC.I;Ö>gû�*b(?>VGI;"��H��5(+FN,WFP.`,/*Rù�úp,:H��¨.I;pF � úp,®ÿkECù�;U>A.W"

hiw¼t"zQp$�yt$u<x�u���}½b'z.{�¾;u�¿��¼�!~��;}�u�z.u�~�¿�ÀK}<wst$zQp$�yt"uAv&wsxyp$z�z.{'}�{;r�~��!�y�'�
ødS�, � ,WF�,/GV(�úÖ;pþ/(+>I;pH�FàH���>IS�,I�)>VH���,3.#.VüAS�,/*7,Ø>IH�*-,/(�.IE�GV,�>VS�,�.g>A(?>I,ØH��l*#E�úÖ>I;pý�úÖ,Ný�SCH+>IHkF ùr,/(+*b. ° HkG#*#E�úÖ>I;pý�úÖ,�ÿ)E�ù�;Ö>V.AµR;p.

GV,/(�.IH�FP(+ù�úpû#.`>IGA(+; � S)>*�hHkGI9d(+GAOn"gMyFC,l.`SCH�E�ú=On2)S�H?9%,�
�,/G/2+ùr,:(}9�(�GI,�>ISP(?>%;p*-ýPHkG`>A(+FCüW,lO¤;"Ár,/GI,/FCüL,3.�,��¤;p.`>�ùr,L>g9�,W,WF�>IS�,yH�F�,���ý�SCH+>IHkF
(+FPO�>VS�,®*RECúU>V;Öý�úp,¢ý�SCH+>IHkF�üW(�.I,/./"���;pF � úp,®ý�S�H�>IHkFC.W2P(?>�úp,/(�.`>�;pFØ>VS�,¢üLECGIGV,WF)>lüLHkF)>I,���>32CüW(�FØùr,RO¤,3.IüWGI;pùP,3OZ;ÖF�(-ý�E�GV,Wúpû1Â�Ã"¯�­.­QÄ�Â.¯�Ã
*b(+F�FC,WG32�(+FCO�>IS�,¢O¤,/FC.I;U>gû�*b(+>IGV;0��ü/(+FZùP,:GV,Wú=(?>I,3Ob>VH#>VS�,®ý�E�GV,Wúpû�üLú=(�.V.I;pü/(+únüLHkFCüL,/ý¤><H��ª>VS�,®üLHkS�,WGV,WFCüWûb*b(?>IGV;"�+� ²�´Q��"�$CH�Gd*RECú0�
>I;pý�úp,:ý�S�H+>VH�FØH�F�,�SC(�.%>VS�,:ýPH).I.I;ÖùC;Öúp;U>gûbH��ªF�HkF���üWúp(k.I.I;=üW(+ú¯üLHkGIGV,Wú=(?>V;ÖHkFC.�H¤ü/üLE�GVGI;pF � 2k9<;Ö>ISNÿ)E�;ÖF)>V,/.V.`,/Fk>V;p(�úÖúpû�ÿ)EC(+F)>VE�*-��*-,/üASP(+F�;=üW(�ú
ý�S�,/F�H�*-,/FC(�.IECüAS­(k.l,/Fk>A(+F � úÖ,/*-,WF)>yùr,W;pF � ý�GI,3.`,/F)>/"lB¬,79<;Öúpú5GI,W>IE�GVF�>IH�>IS�,-üLHkFCüL,/ý¤>:H���,WF)>A(+F � úÖ,/*7,/F)>�(+FPO�S�H?9
;Ö>�*b(}ûNùP,
*-,/(k.`E�GV,/OØú=(?>I,/G<;ÖFØ>ISC;p.<ýP(+ýr,WG3"

Q�FNF�� ÿkECù�;U>l.`>V(+>I,:;=.�üASC(+GA(�üL>I,/GI;pþW,3Obù�ûØ(-O¤,WFP.`;Ö>gû�*b(?>VGI;"��9<S�;=üASN*-(}û�ùP,®9<GV;U>I>I,/FN(k.��hH�úpúÖH?9�./±

�� E ´
²�Å J¶· Æ K · Ç KÉÈÉÈÉÈ · Ê ¸ �&Ë

· Æ K · Ç KÉÈÉÈÉÈ · Ê �¹
· Æ�Ì �¹ · ÇNÌ µ�µ�µ Ì �¹ · Ê º ° ³�" R)µ

9<S�,/GI,d>VS�,ÍR Å ýC(�GV(�*7,W>I,/GV. Ë
· Æ K · Ç KÉÈÉÈÉÈ · Ê (�GI,dGV,/(+úCF)EC*Rùr,WGA.W"5ødS�,�F�HkGI*b(�úÖ;pþ/(+>I;pH�F7ý�GIHkýP,/G`>gûRH��¯>IS�,yO¤,WFC.I;Ö>gûR*b(?>VGI;=üL,3.�GI,3ÿ)E�;ÖGV,/.¨>VSC(?>

Ë � K � KÉÈÉÈÉÈ � E�´k2ª(+FCO¬.IH�>VS�,�O¤,WFP.`;Ö>gû«*b(?>VGI;"�­;=.®.`ýr,/üW;0	C,3O­ù�ûVR Å � ´7GV,/(+ú�ýP(+GA(+*-,L>V,WGA.W"7ødS�,b.`û�*RùrH�ú Ì GI,/ý�GV,/.I,WF)>V.l>IS�,->V,WFC.IH�G
ý�GVH¤O¤ECü1>�ùr,L>g9�,W,/FØHkýP,/GV(+>IHkGV.d(�üL>I;pF � H�FØ>IS�,^�l;Öúpùr,WGI>l.`ýC(küL,3.<(�.V.`H¤üL;=(?>V,/O�9<;U>VSØ>VS�,¢.I,WýC(�GV(+>I,:ÿkECù�;U>A.W"

Ql.
�)>IH!��,3.l.IS�H?9%,3On2r>IS�,-.`>V(?>V,RH��%(�.I;ÖF � úp,#ÿ)E�ù�;Ö>:ü/(+F«ùr,-O¤,L>V,WGV*7;pF�,3O«ù�ûZ>V(���;pF � (Ø.`,W>�H����hH�ECGyý�GVH�#g,3ü1>V;ÖHkF�*7,3(�.IE�GV,W*-,WF)>V.
9<S�;=üASÞ(+GV,�GI,/ý�GV,/.I,WF)>I,3O�ù�û�>IS�,+�hH�E�G�HkýP,/GV(+>IHkGV. �Î �»E � �+�����6���Ï� �/�����<� 2 �Î 0 E � �+�����6� 2 �Î @ E ���� ���y�� � 2 �Î J E � �
����� � "��;p*-;Öú=(+GVúÖûk25>IS�,N.`>V(?>V,�H���>g9%H¬ÿ)E�ù�;Ö>V.7üW(+F�ùP,NO¤,W>I,WGV*-;ÖFC,/Oàù�û >ISC,Z.I,L>7H��R´�W�*-,/(�.IE�GV,W*-,WF)>A.RGV,Wý�GV,/.I,WF)>V,/O ù�û¬>IS�,ZH�ýr,WGA(?>VH�GA.�Î · Ì �ÎsÐ °Ñ  º�Ò E ³ º ´ º ² º 7)µ1" D�HkGI, � ,/F�,WGA(+úpúpû�>VS�,�.g>A(?>V,ØH��y(+FÌF�� ÿkECù�;U>�.Iû¤.g>V,W*©üW(�F�ùr,�O¤,L>V,WGV*7;pF�,3O�ù�ûZR Å *7,3(�.IE�GV,W*-,WF)>V.� ;$
�,/FNù)û�>IS�,®HkýP,/GV(+>IHkGV. �Î · Æ�Ì �Î · ÇNÌ µ�µ�µ Ì �Î · Ê °� ,Ó E ³ º ´ º ² º 7kµ�(+FPO °�Ô E ´ º ² º µ�µ�µ,DªµL"%ødS�;=.
Õ >IGV,W,!ÖC.g>VGIEPü1>IECGI,��hHkG�*RE�úÖ>I;"� ÿkECù�;U>
*-,/(k.`E�GV,W*-,/Fk><;=.d;ÖúpúpEC.g>VGV(+>I,3OØ;pF�	 � "p´�"

ødS�,:ý�GIH�H��ªH���>IS�;=.<üLHkF�#g,/üL>IE�GV,y;=.dGV,/(�.IH�FP(+ù�úpû7.`>IGA(+; � S)>[�hH�GV9�(�GVOn"¨ødS�,:H�E¤>AüLHk*7,�H��5(R*-,3(�.IE�GI,/*-,WF)>�;=. � ;$
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>IS�EC.y>IS�,7ý�GVH�#g,3ü1>I;pH�F­*7,3(�.IE�GV,W*-,WF)>y;=.�GI,/ý�GV,/.I,WF)>I,3O�ù�ûØ>VS�,7H�ýr,WGA(?>IHkG �Î ( E � � ( ���)� ( � ":@%HkFC.`,3ÿ)E�,WF)>Iúpû�2

>ISC,¢(�
�,WGA( � ,lF�E�*#ùP,/G<H���üLH�;pFCüW;pO¤,/FCüL,®üWH�E�F)>V.�>VSC(?>�9<;púpú
ùP,®HkùC.I,WG|
�,/O�;ÖFN( � ;$
�,/F�,���ýr,WGV;p*7,/F)>V(+únGVE�FN;=.

D ( E � �*� ( �,�� � � ( � ° ³�" Wkµ
9<S�,/GI, �� ;=.�>VS�,7O�,WFC.I;U>gûZ*b(?>VGI;"�«O¤,/.VüLGV;ÖùC;ÖF � >IS�,#,WFC.I,W*#ù�úÖ,#H���ÿ)E�ù�;Ö>V./2n(+FCO � ;p.�(�üLHkFC.`>V(+F)>:O¤,Wýr,WFCO�,WF)>yHkF�>IS�,#ý�S�H�>IH�F,+CE��
(+FPOØO¤,W>I,3ü1>IHkG�,�¦�üW;Ö,/FCüL;p,/./")( FZ9<SP(?>2�hH�úpúÖH?9�./2¤;Ö>�9<;Öúpú
ùr,¢üLH�F;
k,WF�;p,WF)>�>IH�üLHkFC.I;pO¤,/Gd>IS�,®ÿ)EC(�Fk>V;U>V;Ö,3..- ( O¤,�	CFC,/OZù�û- ( E �)� ( �,�� � � ( � µ ° ³�"Ú9+µ

ò){'}�{;r;~��!�y�¼p0/���t%t$��÷Í{'}��yt$u�z.uX¿.u�zj{21�h»u���¿Qws~�u!}�u�q&zQ¿
( F4��,3ü1>V;ÖHkF:([(ª9�,�SP(�
�, � ;"
k,WF7H�F�,�ýrHk.V.`;pù�úp,d.I,L>5H��rý�GVH�#g,/üL>I;pH�F#*7,3(�.IE�GV,W*-,WF)>V.N× � � ( ���)� ( � Ø 9<S�;=üAS#9<S�;=üAS7E�F�;=ÿkEC,WúpûRO¤,L>V,WGV*-;ÖF�,

>ISC,#O¤,/FC.`;Ö>gûN*b(?>IGV;"� �� "j�lH?9%,�
�,WG32CHkF�,Rü/(+F­üWH�FCüW,W;$
�,®H���.I;Ö>IEC(+>I;pH�FC.y;ÖF­9<S�;püASN>VS�,/.I,R9<;púpú�F�H�>yùr,R>VS�,R*-H).g>:üLH�F;
k,WF�;p,WF)>l.I,L>yH��
*-,/(k.`E�GV,W*-,/Fk>A.�>VHN*-(���,k"^��,WGV,79%,-(�O�O�GI,3.I.l>IS�,-ý�GVH�ùCúÖ,/* H���	PFCO¤;pF � H�>IS�,/G®.`,W>V.�H��d.`E�;Ö>V(�ù�úp,#*-,/(k.`ECGI,/*7,/F)>V./"¢ødS�,b.`*b(+úpúp,/.`>
F�E�*Rùr,WG#H���.`>V(?>V,/.RGI,3ÿkEC;ÖGV,/O1�hH�G7.`EPüASà*7,3(�.IE�GV,W*-,WF)>V.RüW(+Fàùr,X�hHkE�FCO ù�û («.`;p*-ý�úp,�(+G � E�*-,/Fk>3±R>VS�,WGV,�(�GI,�´��ZGI,3(+ú�ECF'��F�H?9<F
ýC(�GV(�*7,W>I,/GV.�9<S�;=üAS¬O�,L>I,/GI*-;pF�,�(AR�¤1R�O¤,WFC.I;Ö>gû«*b(?>IGV;"�¯2ªý�úÖEP.:>IS�,/GI,-;=.:>ISC,�.`;pF � úp,-E�F'��F�H?9<F¬GI,3(+ú5ýC(�GV(�*7,W>I,/G � 2ª*b(���;pF � (
>IH�>V(�únH��d´�W�"
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Æ)ÁUÀL¿g·3ÛP¿gÂk·�ÀW¾)Ç/ÁU·V¹dÃ/É¨½¤Ã/¿gÂ�Æ�ÀW¼v»g¹�Ã/ÉªÍ�À1Ï}·�ÆkÁUÀW¿g·A¹dºAÀ/¾�½¤·y¹ ·V¿d¼U¾)¸k·AÆ¤·V¾�¸k·V¾+¿gÁÊÄ7Ç3¼vÏ+¼U¾kÇR¿gÂk·y·IÚkÆ¤·I»g¼UÈ®·V¾+¿g·I»%ÉpÃ3Åk»<¸k·AÇW»g·A·A¹dÃWÉ�ÉÖ»g·A·1¸kÃ/È Í�¼Ê¿gÂ
Í�Â)¼vº`ÂR¿gÃl¹ ·V¿�¿gÂk·%Æ�»gÃ�>�·AºV¿g¼vÃ3¾-¹�¿`ÀL¿g·3Ô
â�¾¢¿gÂ)·�·VÚ�Æ¤·V»g¼vÈ®·A¾?¿1Ü?¿gÂ)·�Æ¤Ã3ÁUÀL»g¼U×V·V»g¹�Í5·V»g·�»g·AÀ/Áv¼v×A·1¸#Åk¹ ¼v¾)Ç�Æ¤Ã/ÁUÀW»g¼v×A¼v¾)ÇyÆk»g¼v¹ È®¹AÜkÀW» »`À/¾kÇ3·1¸®¿gÃy¿ »`ÀW¾)¹ È®¼Ê¿
Ï}·V» ¿g¼vº1ÀWÁvÁvÄ#Æ¤Ã3ÁUÀL»g¼U×V·1¸-Áv¼UÇ/Â?¿1Ô

( F�H�GAO¤,WGd>VHbý�GIH¤üW,W,/OZ;Ö>�;p.lS�,Wúpý��hE�úª>IH�üWH�F;
�,/G`>d>ISC,^R ¤CRb*-(+>IGV;0� �� ;pFk>VH�(N´�W���O¤;p*-,WFC.I;pH�FC(�ú
üLH�úpE�*-FC
�,3ü1>IHkG/"%øªH�O¤H->VS�;=.�9�,
EC.I,®(b.`,W>dH���´�WRúp;pF�,/(�GIúpû�;pFCO¤,Wýr,WFPO¤,WF)>KR ¤AR-*-(+>IGV;püW,/.�× �? ( Ø 9<S�;=üASØSP(�
�,y>IS�,��hHkúÖúpH?9<;ÖF � *b(+>IS�,/*-(+>I;=üW(�úný�GIHkýP,/G`>V;Ö,3.W±

ø�G�@ �? ( � �?BADC E ä (LK A
�E E 0#F¶( ¸ 0 �? ( ø�G�@ �? ( � �E CHG �E º ° ³�" �kµ

9<S�,/GI, �E ;=.d(+FØ(�GIùC;U>VGV(�GIû:R/¤4RR*b(?>VGI;"�n"�$�;pFCO¤;pF � (R.I,L>dH�� �? ( *b(?>VGI;=üL,3.�;=.�;ÖF<�~(�üL>�GV,/(k.`HkFC(+ù�úpû#.`>IGA(+; � S)>[�hH�GV9�(�GVOn±��hH�Gd,���(+*-ý�úp,�2
>ISC,Ø.I,L>RH�� ° (+ý�ýCGIHký�GI;=(?>V,Wúpû­F�HkGI*b(�úÖ;pþW,3OCµ � ,/F�,WGA(?>VH�GA.:H��d>IS�,JI
;p,Ø(+ú � ,/ù�GA(LKM
 ° ²kµ Ì KN
 ° ²�µ��hECú0	Cúpú%>IS�,�GV,/ÿ)E�;pGV,/O üLGV;U>V,WGV;p( ° �hH�G
GV,��h,WGV,WFPüL,�2n9�,-úÖ;=.`>�>VS�;=.®.`,W>:;pF Q�ý�ýr,WFCO�;0� Qyµ1"
ødSC,/.I,7*b(+>IGV;püW,/.:(+GV,#H��%üLHkE�GA.`,-.`;p*-ý�úpû­(�GV,���ú=(+ùr,Wúp;ÖF � H��%>IS�,7>g9�H�� ÿ)E�ù�;Ö>:4�(�E�úÖ;
*b(?>VGI;=üL,3. �¹ · Ì �¹ Ð °Ñ  º�Ò EÞ³ º ´ º ² º 7kµ%O¤;=.IüWEC.I.I,/OZ(+ùrH�
�,k"gBy.`;pF � >VS�,/.I,:*-(+>IGV;püW,/.�>VS�,¢O¤,WFP.`;Ö>gû�*b(?>VGI;"�ØüW(�FNùP,®9<GV;U>I>I,/FZ(k.

�� E 0#F¶( ¸ 0 �? ( Ë ( º ° ³�" =kµ
9<S�,/GI, Ë ( ;=.�>ISC,�O���>VSN,Wúp,W*-,WF)>�H��5(-.`;"��>I,W,/FN,Wúp,W*-,WF)>lüLHkúÖEC*7FA
�,3ü1>VH�G32 � ;$
�,WFØù�û�>ISC,��hH�GV*RE�ú=(

Ë ( E øªG @ �? ( � �� C ° ³�"p´/³)µ

��E�ùC.`>I;Ö>IE¤>V;ÖF � �hGVH�* ,/ÿr" ° ³�" =kµr;pF)>IH�,3ÿP" ° ³C" W)µ12}9�,�H�ù¤>A(+;pF:>IS�,��hHkúÖúpH?9<;pF � úÖ;pF�,3(+GªGV,Wú=(?>V;ÖHkFC.IS�;Öý:ùr,L>g9�,W,/F:>IS�,�*-,3(�.IE�GI,3O®üLHk;ÖFCüW;pO�,WFCüW,
üLHkE�F)>V.2D ( (+FPO�>VS�,®,Wúp,W*-,WF)>A.<H���>IS�,

k,/ü1>VH�G Ë A¯±

D ( E � 0�F¶A ¸ 0QP (LK A Ë A ° ³�"p´�´}µ

9<S�,/GI,�>ISC,b´�W4¤¬´�W#*-(+>IGV;0� P (LK A ;=. � ;$
�,/FØù�û P (1K A E �*� ( � �? A � � ( � µ ° ³�"p´3²kµ
( *-*-,/O¤;=(?>V,Wúpû79�,H	CFPO�(¢F�,3üL,3.I.V(+GVû#(�FCOb.`E'¦büW;Ö,/F)>�üLHkFCO¤;Ö>I;pH�F4�hHkG�>VS�,yüWH�*-ý�úp,L>I,/F�,/.V.�H��n>IS�,�.`,W>�H��n>VH�*-H � GV(�ý�S�;=ü<.g>A(?>V,/.H× � � ( � Ø ±;"��>VS�,®*b(?>IGV;"� P (LK A ;p.dF�HkF���.I;ÖF � E�ú=(+G32�>IS�,/FZ,3ÿr" ° ³�"p´�´3µ%üW(�FNùP,®;pF;
�,WGI>I,3Ob>VH � ;$
�,

Ë ( E ° � µ ø 0 0#F¶A ¸ 0 � P ø 0 � (LK A D A µ ° ³�"p´�7)µ



9
ødS�,#.I,L>lH���.`;"��>I,/,WFN>IHk*-H � GA(+ýCS�;pü®.`>V(+>I,3.l9<S�;=üAS�9�,¢,W*-ý�úpH?û�,3O�(+GV, � ;$
�,/F�;ÖF«ø¨(+ù�úp,�´k"�ødS�,Wû�ü/(+F�ùr,#.IS�H?9<FN>IHZ.I(+>I;=.,�hûØ>IS�,

üLHkFCO¤;Ö>I;pH�Fb>VSC(?> P (LK A-;=.�F�HkF���.`;pF � ECúp(�G/")O�û7FCHR*-,/(�FC.�(�GI,l>IS�,3.`,�.g>A(?>I,3.�E�FC;pÿ)E�,�;ÖF�>IS�;=.�GI, � (+GAOn±n>VS�,/.I,�9%,/GI,<>VS�,y.`>V(+>I,3.%üAS�H).`,/F
ý�GV;ÖFPüL;pýC(+úpúÖûX�hH�G<,��¤ýr,WGV;Ö*-,/Fk>A(+ú
üWH�F;
�,/F�;Ö,/FCüL,k"O D�H¤O¤,-´ D�H¤O¤,R² � 0 � 0 � @ � @´ � � � � � � R��!� ³ R��!� ³

² � � � � & � R��!� ³ ³ ³7 � & � � & � ³ ³ ³ ³R � & � � � � ³ ³ R��!� ³� � > � � � � ²k²�µÉ��� ³ R��!� ³W � > � � & � ²k²�µÉ��� ³ ³ ³9 � ! � � & � ²k²�µÉ���:R��!� ³ ³� � ! � � � � ²k²�µÉ� � R�� � R�� � ³= � ! � � > � ²k²�µÉ���:R��!�7²k²�µÉ��� ³
´/³ � ! � � ! � ²k²�µÉ���:R��!�7²k²�µÉ���:R��!�
´�´ � > � � ! � ²k²�µÉ��� ³ ²k²�µÉ���:R��!�
´3² � � � � ! � R��!� ³ ²k²�µÉ���:R��!�
´�7 � & � � ! � ³ ³ ²k²�µÉ���:R��!�
´�R � & � � I � ³ ³ ²k²�µÉ���-=�³��
´�� � � � � I � R��!� ³ ²k²�µÉ���-=�³��
´�W � > � � I � ²k²�µÉ� � ³ ²k²�µÉ� � =�³ �RTS4U�V*WYX

ø�QjOTI[Z ´�±�ødS�,:>VH�*-H � GV(�ý�S�;=ül(+FP(+úpû�.I;=.<.g>A(?>I,3.dEC.I,/OZ;ÖFNHkE�Gd,��¤ýP,/GI;p*-,WF)>V./"�ødS�,®F�E�*#ùP,/G<H���üLH�;pFCüW;pO¤,/FCüL,®üWH�E�F)>V.d*-,3(�.IE�GI,3O
;pF�ý�GIH�#g,/üL>I;pH�FC.d*-,/(k.`ECGI,/*7,/F)>V.<ý�GVH�
�;pO�,¢(b.`,W>lH��d´�WbO�(+>V(7>VSC(?>y(�úÖúpH?9 >IS�,RO�,WFC.I;U>gûZ*b(?>VGI;"�ØH���>VS�,#.`>V(+>I,®H��5>VS�,®>g9�Hb*7H¤O¤,3.d>IH
ùr,®,/.`>I;p*-(+>I,3On"�B¬,®SC(�
�,:EC.I,/OØ>VS�,¢F�H�>V(?>V;ÖHkF � ! � ³ °[� � �Y�\� & � µ�¡ ¢ ²�2 � I � ³ °[� � �Y�_ �� & � µs¡ ¢ ²7(+FCO � > � ³ °[� � �)�F �� & � µs¡ ¢ ²�"?�H�>I,�>ISC(+>/2�9<S�,/Fà>ISC,Ø*-,/(k.`ECGI,/*7,/F)>#(+GV,b>V(���,/F ;ÖF >IS�,ZH�GAO¤,WG � ;$
�,WF�ù)û¬>VS�,�>A(+ù�úp,�2�HkF�úÖû HkF�,�9d(�
�,/ý�úp(+>I,�(�F � úp,�SC(kO >IH�ùP,
üASC(�F � ,3O�ùr,L>g9�,W,/FØ,3(�üASZ*7,3(�.IE�GV,W*-,WF)>/"

ødS�,/.I,¢.g>A(?>V,/.�ü/(+FNùP,RGI,3(+úp;Öþ/,/OØù)ûZ.`,W>`>V;ÖF � .Iýr,/üL;"	Pü

?(�úÖE�,3.<H��¨>ISC,¢SC(+ú"�ñ�%(�FCONÿkEP(+GI>I,WG[��9�(�
k,lý�ú=(?>V,R(+F � úÖ,3.W"%ødS�,¢(+ý�ýCGIHký�GI;=(?>V,
?(+úpE�,/.�H��
>IS�,3.`,:(+F � úp,/. ° *-,/(k.`E�GV,/OX�hGIHk* >IS�,�
�,/G`>V;pü/(+ú{µ�(�GI, � ;$
�,/F�;ÖFNø¨(+ù�úp,R´k")?lH+>V,y>VSC(?>dH�
�,/GV(�úÖúPý�SC(k.`,j�~(�üL>IH�GA.�O¤H#FCH+><(�Á¯,/ü1>
>ISC,®GI,3.`E�úÖ>V.dH��¨ýCGIH�#g,/ü1>V;ÖHkF�*-,/(k.`ECGI,/*7,/F)>V./"��E�ùC.`>I;Ö>IE¤>V;ÖF � ,/ÿr" ° ³�"p´�7)µ�;pF)>IHb,3ÿP" ° ³C" =)µ12¤9�,�	CFCOØ>ISC(+>

�� E ° � µ ø 0 0�F¶( ¸ 0 �\ ( D (E 0#F¶( ¸ 0 �\ ( - ( º ° ³�"p´�R�µ
9<S�,/GI,�>ISC,¢.`;"��>I,W,/FCR ¤�R-*b(?>VGI;=üL,3. �\ ( (�GI,®O¤,�	CF�,3OØù�û

�\ ( E 0#F¶( ¸ 0 � P ø 0 � (LK A �?BA¼µ ° ³�"p´��kµ
ødS�,#;ÖF)>IGVH¤O¤ECüL>I;pH�F«H���>IS�, �\ ( *b(?>VGI;=üL,3.l(�úÖúpH?9�.�(�üWH�*-ýC(kü1>K�hHkGI* H���úÖ;pF�,/(�G�>VH�*-H � GV(�ý�S�;=ü:GI,3üLH�FP.g>VGIECüL>I;pH�F
2r,/ÿr" ° ³C"Ö´�R)µ12P9<;Öúpú5ùP,
*-Hk.`>lEC.I,��hE�ú¨;pFN>IS�,#,WGVGIHkG�(+FC(�úÖû¤.I;p.d>VSC(?>K�hH�úpúÖH?9�./"<ødS�,/.I, �\ ( *b(?>VGI;=üL,3.W2�
?(+úp;pOA�hHkGlH�ECGy.I,L>lH��¨>VH�*-H � GV(�ý�S�;=ü:.g>A(?>I,3.W2¯(+GV,®úp;p.`>I,3O
;pF¬Qlý�ýP,/FCO¤;"�FO�2¯>IH � ,W>IS�,/Gy9<;Ö>ISà.IH�*-,#H���>VS�,W;pG:;Ö*-ýrH�GI>V(+F)>®ý�GVH�ýr,WGI>I;p,/./"¢B¬,�üW(+F�EC.I,7HkF�,7H���>VS�,/.I,-ý�GVH�ýr,WGI>I;p,/./2n,/ÿr" ° O�" W)µ12¯>IH
H�ù�>V(+;pFØ>IS�,

?(+úpE�,®H��ª>ISC,®E�F'��F�H?9<FNÿkEP(+F)>I;Ö>gû � "�ødSC(+><GI,/úp(+>I;pH�FC.IS�;pýØ;p*-ý�úÖ;p,/.

¶ ( ø�G�@ �\ ( C � � ( ���*� ( �,�� E �� µ ° ³�"p´�W)µ



�
ø¨(���;ÖF � >VS�,:>IGA(�üW,:H��ª>VS�;=.2�hH�GV*RE�ú=(�2�(�FCOØ*RE�úÖ>I;pý�úpû);pF � ù�û � 9%,:Hkù¤>V(�;ÖF
±

¶ ( øªG�@ �\ ( CKD ( E � µ ° ³�"p´�9�µ
$�HkG<H�E�G�.I,L><H���>VH�*-H � GV(�ý�S�;=üy.`>V(+>I,/./2¤;Ö>lüW(+FZùr,¢.`S�H?9<FØ>ISP(?>

¶ ( øªG�@ �\ ( CAE^] ´ ;"��O EÙ´ º ² º 7 º R³ ;"��O E\� º µ�µ�µW´�W º ° ³�"p´��)µ
S�,/FCüL,:>VS�,

?(+úpE�,:H��¨>IS�,®E�F&�)FCH?9<FØýC(�GV(�*-,L>I,/G � ;pFNH�E�G<,���ýr,WGV;p*7,/F)>V.d;=. � ;$
�,WFZù�û¯±

� E M¶( ¸ 0 D (E � °[���V�6�*�� � �V�1�������+�<�,�� � �+�:�������/�6�*�� � �^�1�Y�����/���,�� � �:�/� µ¼µ ° ³�"p´�=)µ
ødS�EC.d9�,®H�ù¤>A(+;pF�>VS�,�	CFC(�ú¼�hH�GV*RE�ú=(:�hH�Gd>ISC,:>IH�*-H � GA(+ý�S�;=üyGI,3üLH�FP.g>VGIECüL>I;pH�FØH��¨>IS�,¢O¤,/FC.I;U>gû�*b(+>IGV;püW,/.dH��¨H�E�G�.`>V(+>I,3.W±

�� E`_ 0#F¶( ¸ 0 �\ ( D ('a ¡b_ M¶( ¸ 0 D (ca µ ° ³�"Ê²+³)µ

Ql.�(+F-,��¤(�*-ý�úÖ,k2?>ISC,N�hHkúÖúpH?9<;pF � .`,W>5H���´�W�üWH�E�F)>A.59%,/GI,%>V(���,WF:�hH�G¨>VS�,<ý�E�GVýPH).`,dH��C>IHk*-H � GA(+ýCS�;pü/(+úpúÖû®O¤,W>I,/GI*-;pF�;ÖF � >IS�,<O¤,/FC.`;Ö>gû
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H��<ýrHk.I;U>V;"
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*b(?>VGI;=üL,3.d*-(}û�ùP,®,/*7ýCúÖH?ûk,/On"���,/GI,:9�,®O¤,/.VüLGV;Öùr,®(b.`;p*-ý�úp,�GV,/(�úÖ;pþ/(+>I;pH�FØH��¨>IS�;=.d>I,3üAS�F�;=ÿ)E�,�"



=

HH
VH

HH
VH

HH

HV

VH

VV

0.6

0.4

0.2

0

HH
VH

HH
VH

HH

HV

VH

VV

0.6

0.4

0.2

0

HH
VH

HH
VH

HH

HV

VH

VV

0.6

0.4

0.2

0

HH
VH

HH
VH

HH

HV

VH

VV

0.6

0.4

0.2

0

å¯âªæyÔml�èNæ%»`À/ÆkÂ)¼vº1À/Án»g·AÆ�»g·A¹ ·A¾?¿`ÀW¿g¼vÃ/¾�ÃWÉ�¿gÂk·�¸�·A¾)¹ ¼Ê¿�Ä-È¢ÀW¿ »g¼ÊÚbÃWÉ5À®¹�¿`ÀL¿g·:À/¹�·A¹�¿g¼vÈ¢ÀW¿g·1¸-½?Ä-Áv¼v¾)·AÀW»d¿gÃ/È®Ã3Ç/»`ÀWÆ)Â?Ä�Ð{Áv·VÉÖ¿IÓ%À/¾)¸b½+Ä7È¢ÀWÚ�¼vÈ�ÅkÈ
Áv¼vß}·AÁv¼vÂ)Ã?Ã+¸R¿gÃ/È®Ã3ÇW»`À/Æ)Â?Ä7Ð=»g¼UÇ/Â?¿IÓ
Ép»gÃ/È ¿gÂ)·�·VÚ�Æ¤·V»g¼vÈ®·A¾?¿`ÀWÁ¤¸)ÀL¿`ÀlÇ/¼UÏ3·A¾¢¼U¾®¿gÂk·�¿g·VÚ+¿1Ô
Ý5Âk·�ÅkÆ)Æ¤·V»¨Æ)ÁvÃ/¿¨¼U¹�¿gÂ)·�»g·1À/Á¤Æ)ÀW» ¿�ÃWÉÍên Ü?¿gÂk·%ÁvÃ1Í5·I»�Æ)ÁvÃ/¿
¿gÂ)·�¼UÈ¢ÀWÇ3¼v¾�ÀL» Ä7Æ)ÀW» ¿1Ô o

��¿Qp0/-�!�¼�¼~�{;�2/��
MyE�G�(+ý�ýCGIH)(�üAS�>VH7>IS�,®*b(��¤;p*RE�* úÖ;$��,/úÖ;pS�H�H¤OØ,3.g>V;Ö*b(+>I;pH�FZH��¨>IS�,¢O¤,/FC.I;U>gû�*b(+>IGV;0��;=.�(k.��hHkúÖúpH?9�./±
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}(�úÖEC,�"�ødS�,:ùP,3.g>d,/.`>I;p*b(?>V,j�hHkG�>IS�,:O¤,WFP.`;Ö>gûb*b(?>IGV;"��;p.
>ISC,WF �� ° p � � �vu �0 º p � � �vu �@ º µ�µ�µ#p � � �$u �0#F µ1"

ødS�,¢O¤,L>A(+;púp.dH��¨SCH?9Þ>ISC,/.I,y>VS�GV,W,¢.`>I,WýP.<üW(+FZùr,¢üW(+GVGV;Ö,3O�H�E�>l(+GV,:O�,/.VüLGV;Öùr,/OØ;ÖFZ>VS�,®F�,���><>VS�GI,/,®.`E�ù'��.I,/üL>I;pH�FC./"

eH�&��¿Qp0/���t�õ:u�q¼¿Qp$z*�+h´��z|~�pw/�u�¿
ødS�,®ý�GVH�ýr,WGI>gûbH��5F�H�F���F�, � (?>V;"
k,�O�,�	CF�;Ö>I,/F�,/.V.��hH�G�(�F�û�*b(?>IGV;"� �x ;=.<9<GV;U>I>I,WFN*b(?>VS�,W*b(+>I;=üW(+úpúpû�(�.

�)��� �x � ����y ³ G � ��� µ ° ³�"p´3µz|{m} *b(?>VGI;"�«>ISP(?>#ü/(+F¬ùP,�9<GV;Ö>`>I,/F ;ÖF >VS�,4�hH�GV* �x E �~ h �~�*#EC.`>¢ùP,�FCH�F���F�, � (?>V;"
k,7O¤,�	CF�;Ö>I,k"Øø�H«.`,/,->ISC(+>®>IS�;=.¢;=.:>ISC,�üW(�.I,�2
.IE�ùC.`>I;Ö>IE¤>V,®;ÖF)>IHb,3ÿr" ° ³�"p´3µ1±

�)��� �~ h �~ � ��� E �)� ù � � ù ��y ³ º ° ³�"Ê²�µ
9<S�,/GI,79%,-SC(�
k,#O¤,�	CF�,3O � � ù � E �~ � ��� "7$CE�GI>IS�,/GI*-H�GV, ° �~ h �~lµ h E �~ h ° �~ h µ h E �~ h �~®2
;�" ,k" �x E �~ h �~�*REC.`>®ùP, ��,/GI*-;Ö>I;=(+F
"-ø�H
,WFP.`E�GV,:F�H�GV*b(+úp;Öþ3(?>V;ÖHkF
2�H�F�,®üW(�FZ.I;p*7ýCúÖûZO¤;"
�;=O¤,®ù�ûb>ISC,:>IGA(�üL,k±¨>IS�EC.d>VS�,®*b(?>IGV;"� �� � ;$
�,/FØù�ûb>VS�,��hH�GV*RE�ú=(

�� E �~ h �~j¡?ø�G�× �~ h �~ Ø ° ³�" 7kµ



´3³

SC(k.<(+úpú¯>IS�GV,W,®H��ª>ISC,®*-(+>IS�,/*b(?>I;=üW(�úný�GVH�ýr,WGI>I;p,/.d9<S�;=üASN9%,:GV,/ÿ)E�;pGI,j�hH�G�O¤,/FC.I;U>gûØ*-(+>IGV;püW,/./"
$�H�G�>VS�,->g9%HNÿ)E�ù�;Ö>¢.`û¤.`>I,W*N2
9�,7SC(�
�,-(AR�¤IR�O¤,/FC.`;Ö>gû«*b(?>VGI;"�«9<;Ö>ISÌ´���;ÖFCO�,Wýr,WFCO¤,/F)>¢GI,3(+ú5ýC(+GA(+*-,W>I,WGA./":��;pFCüL,-;Ö>¢9<;Öúpú�ùP,

EC.I,��hE�ú
>IH-ùP,¢(�ù�úp,:>IH-;ÖF;
k,WGI>dGV,Wú=(?>V;ÖHkF ° ³�" 7kµL2¤;U>�;=.�üLHkF;
�,WFC;Ö,/Fk>�>IHbüAS�H�H).`,®(#>IGV;0� O¤;=( � H�FC(�ú��hHkGI*T�hH�G �~®±

�~ ° p`µ�E Þßß
à
p 0 ³ ³ ³p d �_  p F p @ ³ ³p 0I0 �_  p 0g@ p e �Z  p f p J ³p 0 d �_  p 0�F p 0gJ �Z  p 0gM p g �_  p 0 ��p M

á�ââ
ã º ° ³�" R)µ

ødS)EP.�>IS�,®,���ýCúÖ;=üL;Ö>Iúpû63Iý�S�û�.I;=üW(+ú%57O¤,WFC.I;Ö>gû�*b(?>IGV;"� �� � ;p. � ;"
k,WFZù�ûb>IS�,��hHkGI*#E�ú=(�� � ° p`µ�E �~ h ° p`µ �~ ° p`µ|¡?ø�G�× �~ h ° p`µ �~ ° p`µ Ø µ ° ³�"É��µ
$�H�GN�hE¤>VE�GI,yGI,��h,WGV,WFCüW,�2k>IS�,�;pF�
k,WGA.`,lGI,/úp(+>I;pH�FC.IS�;pý
2kù�û-9<S�;=üASb>ISC,l,Wúp,W*-,/Fk>A.�H�� �~ÞüW(�F�ùr,y,���ýCGI,3.I.I,/O-;pFb>I,/GI*b.%H��
>VS�,l,/úÖ,/*-,WF)>V.

H�� �� 2C;p.�(k.��hH�úpúÖH?9�./±

�~�E
Þßßßßßßßßßßßßßß
à

� ��Y� Æ��Æ�Æ ³ ³ ³�=� Æ*�Æ�Ç� � � Æ*�Æ�Æ � � Ç��Æ�Æ7� Ç�Ç � �=� Æ*�Æ�Æ� � Ç7�Æ�Æ�� Ç�Ç ³ ³�=� Ç��Æ�Ç#� Ç��� ����� � �Y� Ç7�Æ�Æ�� Ç�Ç �=� Ç��Æ�Æ7� Ç��� ����� � �Y� Ç7�Æ�Æ�� Ç�Ç � �Y� Ç7�Æ�Æ7� Ç�Ç����� ³��� Æ� ����� �r� Ç� ����� ��� �� ����� ¢ � MIM

á�ââââââââââââââ
ã
µ ° ³�" Wkµ

��,/GI,79�,#SC(�
k,REC.I,/O«>IS�,-F�H�>V(+>I;pH�F�� E !l,W> °��� µ��[� � 0#�· Ð ;=.l>VS�,-	CGA.g>:*-;ÖF�HkGyH�� �� 2
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ød9�H7.IH�E�GAüL,3.�H��ª,WGVGVH�GA.%(�GI,K�hH�E�FCO�>IH7ùr,�;p*-ýPHkG`>A(+F)>/±¨>VS�,®.`S�H�><F�H�;=.`,�,WGVGVH�G�;pFØ>IS�,:*-,/(k.`E�GV,/OØüLHk;ÖFCüW;pO�,WFCüW,�üWH�E�F)>V.�D ( (+FCO�>IS�,
E�FCüW,WGI>V(�;ÖF)>gûZ;ÖF�>VS�,#.I,L>I>I;pF � .lH���>VS�,#(�F � úp,/.lH��5>IS�,#9�(�
k,Wý�ú=(?>V,/.<EP.`,3ON>IH�*b(���,®>VS�,¢>VH�*-H � GV(�ý�S�;=ü:ý�GIH�#g,/üL>I;pH�F«.`>V(?>V,/./"�B¬,R9<;púÖú
(+FP(+úpû)þ/,l>VS�,/.I,:>g9�H-.IH�ECGVüW,/.d.`,/ýC(+GA(?>V,Wúpû�"( F«(�O�O¤;Ö>I;pH�FZ>VH�O¤,L>V,WGV*7;pF�;pF � >VS�,RO¤,/FC.`;Ö>gû�*b(+>IGV;0�ZH���(-ýC(+;pG�H���ÿ)E�ù�;Ö>V./2CHkF�,¢;=.<H��{>V,WF«(+ú=.IH7;pF)>I,/GI,3.g>V,/OZ;ÖF«ÿ)EC(�F)>I;Ö>I;p,/.�O¤,/GI;$
�,3O�hGVH�* >ISC,:O�,WFC.I;U>gû�*-(+>IGV;0�n2¤.IECüASØ(k.�>VS�,:,WF)>IGVH�ý�û-H�G�>VS�,:,WF)>V(�F � úp,W*-,WF)>dH��P�hH�GV*-(+>I;pH�F
"5$�HkG<üLH�*-ý�úp,L>V,WF�,3.I./2¤9�,y9<;púÖú
(�úp.IH#O�,WGV;"
k,
>ISC,®,WGVGIHkGV.%;ÖF�.IH�*-,:H��¨>IS�,3.`,®ÿ)EC(�Fk>V;U>V;Ö,3.W"

aN~�~�{;~�¿·�¼wsuXz.{­÷Í{�w¼q'z^b&z.�!zQp%¿.zQpw/�¿
$�GVH�* ,3ÿP" ° ³C" ²�³kµ%9�,:.I,W,�>VSC(?><>VS�,¢O¤,WFP.`;Ö>gû�*b(?>VGI;"��;=.<.`ýr,/üW;0	P,/OZù�û�(-.`,W>�H���.`;"��>I,W,/FØýP(+GA(+*-,L>V,WGA.�- ( O¤,�	CF�,/OZù�û- ( E]D ( ¡ � º ° ³�"p´3µ

9<S�,/GI,AD ( (�GI,Ø>IS�,Z*-,/(k.`E�GV,/O�üLHk;ÖFCüW;pO�,WFCüW,ZüWH�E�F)>V.7(+FPO � E Û M ( ¸ 0 D ( " B¬,Nü/(+F�O�,L>I,/GI*-;pF�,Z>IS�,N,/GIGVH�GA.¢;pF¸- ( EC.`;pF � >IS�,�hH�úpúpH?9<;ÖF � �hHkGI*#E�úp(A� ²�W��
ä�- ( ä�- A E 0#F¶¹ K º ¸ 0 �.» - (» D ¹ � ��» -qA» D º � ä�D ¹ ä�D º º ° ³�"Ê²�µ

9<S�,/GI,d>VS�,lH�
k,WG[��ùC(�G�O¤,WF�H�>I,3.5>IS�,y,WFC.I,W*#ù�úp,�(�
�,WGA( � ,%H��¯>IS�,�GA(+FPO¤H�*�E�FCüL,/G`>A(+;pF)>I;p,/.�ä�- ( (�FCO ä�D ¹ "�ødS�,l*7,3(�.IE�GV,/O-üLHk;ÖFCüW;pO�,WFCüW,
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�,/.¨H��P>VS�,2�hE�FCüL>I;pH�FC(�ú��hH�GV*b.5H��r>IS�,d>VH�*-H � GV(�ý�S�;=ü%.`>V(+>I,/.� ;$
�,/F�ù�ûZ,3ÿ�.W" ° ³C" R�µ�(+FPO ° ³C" �kµ12¯(+FCO�,�
?(+úpEC(?>V;ÖF � >IS�H).`,7O¤,WGV;$
}(+>I;$
�,3.l(?>y>IS�,-(+ýCý�GIHký�GV;p(+>I,

?(+úpE�,/.yH���>VS�,-(+G � E�*-,WF)>A. ° .I,W,7ø�(�ù�úÖ,
´3µL"

ødS�,:,WGVGIHkGV.%;ÖFØ>ISC,¢(+F � úÖ,3.�(�GI,:(�.V.IE�*-,/O�>IH-ùP,:E�FPüLH�GVGV,Wú=(?>I,3On2¤(�.�9�H�E�ú=O�ùr,:>ISC,:ü/(�.I,y;"�5,/(�üASØ9�(�
k,���ý�ú=(?>I,y9%,/GI,:(�O�#gEC.g>V,/O��hH�G
,/(küAS�H���>VS�,Ø´�Wb*-,/(k.`E�GV,W*-,/Fk>A.W"K( F«GI,3(+úp;U>gûk2'�hHkG�ÿ)E�ù�;Ö>y,��¤ýP,/GI;p*-,WF)>V./2¯H�F�úpûØHkF�,RHkG�>g9�H�H���>VS�,^�hHkE�G�9�(�
k,Wý�ú=(?>V,/.�(�GI,R(kO�#gEC.`>I,3O
ùr,L>g9�,W,WFbHkF�,�*-,/(k.`ECGI,/*7,/F)>�(+FCO7>VS�,�F�,��)>3"���H?9�,�
�,/G5>IS�,�(�.V.`EC*7ý�>I;pH�F-H��nE�FCüWH�GVGI,/úp(+>I,3O7(�F � ECúp(�G�,WGVGIHkGV. � GI,3(?>Iúpû#.I;p*7ýCúÖ;"	C,/.�>IS�,
üW(�úpüWE�ú=(?>I;pH�F ° 9<SC;püAS�;=.W2P(��{>I,/Gl(+úpú�2�H�F�úpûØ(�F_¬Q­Q¨�Äñ±4¯�¨ ¬dH���>VS�,¢,/GIGVH�GA.VµL2¤(+FCON.I,W,W*b.d>VHbý�GVH�O�ECüL,®GV,/(k.`HkFC(+ù�úp,j	 � E�GV,/.��hHkG�H�ECG<,WGVGIHkG
ùC(�GV.
� 7!���nødS�EC.�9<;U>VSØ>VS�,��hH�úpúpH?9<;ÖF � (�.V.IE�*-ý¤>I;pH�F

ä'Å (LK · ä'ÅcA K Ð E�ä (1K A�ä · K Ð ° �kÅkµ @ º ° ³�"p´3²kµ
° 9<SC,WGV,.��Å®;=.�>VS�,Í>�D+�7ECFCüL,/G`>A(+;pFk>gû#;ÖF7>VS�,l.I,L>`>V;ÖF � H��r>IS�,l9�(�
k,Wý�ú=(?>V,�2?9<;Ö>IS�(+Fb,3.g>V;Ö*b(+>I,/O-
?(+úpE�,<H��n³&µ ²!�����hH�G�H�E�G�(�ý�ýC(+GA(?>VEC.Aµ
9�,�Hkù¤>V(�;ÖFZ>VS�,��hH�úpúÖH?9<;pF � ,��¤ý�GV,/.V.`;pH�F<�hH�Gd>VS�,®,WGVGIHkGV.�;pFL- ( O¤E�,:>VH�(+F � E�ú=(+G<.`,W>`>V;ÖF � .W±

ä�- ( ä�-tA4E�ä (1K A M¶ · ¸ 0
0#F¶Ë K ¹ ¸ 0 É � · �(1K Ë É � · �(1K ¹ - Ë - ¹ ° ³�"p´�7)µ

@%H�*RùC;ÖF�;pF � ,/ÿ�./" ° ³�"p´�7)µ�(�FCO ° ³�"Ú9+µ%9�,:H�ù¤>A(+;pFØ>VS�,��hH�úpúpH?9<;ÖF � �hH�GV*RECúp(:�hH�Gd>VS�,:>IH�>V(�ún,WGVGIHkG�;pFZ>IS�,¢ÿ)EC(�F)>I;Ö>I;p,/.�- ( ±ä�- ( ä�-qA E]ä (1K A4Ì ( ° ³�"p´�R�µ



´�7
9<S�,/GI, Ì ( EÎÍÏ - (� � M¶ · ¸ 0

0#F¶Ë K ¹ ¸ 0 É � · �(LK Ë É � · �(1K ¹ - Ë - ¹cÐÑ µ ° ³�"p´��kµ
ødS�,3.`,:.`;"��>I,/,WFØÿ)EC(�F)>I;Ö>I;p,/.<üW(�F�ùr,�ü/(+ú=üLE�ú=(?>V,/O�EC.`;pF � >IS�,:ýC(�GV(�*-,L>I,/GV.�- ( (�FCOb>VS�,®üLHkFC.g>A(+F)>V.�É � · �(LK Ë "�?�H�>I,y>ISC(+>�>VS�,®.I(�*-,lGV,/.IE�úU>
üW(�F�ùr,yHkù¤>V(�;ÖFC,/O�ù�û�(k.I.IE�*-;ÖF � ¯K®s°QÄ�©�°QÄC>VSC(?>d>VS�,y,/GIGVH�GA.�;pF�>VS�,·- ( (+GV,y(�úÖú¯E�FPüLH�GVGV,Wú=(?>I,3On2)9<;U>VSJÌ ( E�ä�-3@ ( ��>ISC,y*-H�GV,�GI; � HkGIHkEC.
>IGV,/(+>I*-,WF)> � ;$
�,/F�S�,/GI,�;p.dSCH?9%,�
�,WG%F�,/üW,/.V.I(�GIû7>VH-O�,W*-H�FC.`>IGA(?>V,l>VS�;=.��~(�ü1>3"�$�H�G<(#>gû�ý�;=üW(+ú¯F�E�*#ùP,/G�H��¨üWH�E�F)>V./2¤.I(}û � EÓÒYÔwÔÕÔwÔ¯;U>
;=.��hH�E�FCOØ>VSC(?><>VS�,¢üLHkFk>VGI;pù�E¤>V;ÖHkF�H��¨,/GIGVH�GA.��hGVH�* >IS�,:>g9�H7ü/(+EC.I,/.d;=.dGVH�E � S�úÖû�üWH�*-ýC(�GV(�ù�úÖ,!���hH�G<ú=(+G � ,WGdF�E�*#ùP,/GV.�H���üLHkE�F)>V./2�>IS�,
(+F � E�ú=(+G<.I,L>`>V;ÖF � .d9<;púÖú
ùr,/üWH�*-,:>ISC,¢O¤H�*-;pFC(+F)>�.`HkE�GAüL,�H��5,WGVGIHkG/"O�(k.`,3O7H�F->ISC,/.I,�GI,3.`ECúU>A.W2�>IS�,y,WGVGIHkGV.5;pF->IS�,j
?(+úpE�,/.�H��¯>IS�,j
}(�GI;pH�EP.�,Wúp,W*-,WF)>A.�H��¯>VS�,lO¤,/FC.`;Ö>gû7*-(+>IGV;0�-,/.`>I;p*b(?>V,/O-ù�û¢>VS�,lúp;ÖFC,/(+G
>IHk*-H � GA(+ýCS�;pül>I,3üAS�F�;=ÿ)E�,¢O¤,/.VüLGV;pùP,3O�;pFV��,/üL>I;pH�FC7b(+GV,�(k.��hH�úpúÖH?9�./±

° � � · K Ð µ @ E 0�F¶(1K A ¸ 0 » � · K Ð» - ( » � · K Ð» -tA ä�- ( ä�- A
E 0#F¶( ¸ 0 � \ ( � · K Ð � � @ Ì ( ° ³�"p´�W)µ

9<S�,/GI,·\ ( � · K Ð � ;=.�>IS�,   º Ò ,Wúp,W*-,WF)>�H��ª>ISC,®*-(+>IGV;0� �\ ( "QTüLH�F;
k,WF�;p,WF)>59�(}û¢;pF79<S�;püAS7>VH�,3.g>V;Ö*b(+>I,<,WGVGVH�GA.��hHkG�(y*b(���;p*REC* úp;"�k,Wúp;ÖS�H�H¤OR>IH�*-H � GA(+ý�S�;=ü�>I,/üASCF�;pÿ)E�, ° GV(+>IS�,/G5>ISC(�F-(�úp;ÖFC,/(+G
>IHk*-H � GA(+ýCS�;pü�>V,/üAS�FC;pÿ)E�,}µ<;=.�>VH�,W*-ý�úpH?ûØ>IS�,-(+ùrH�
�,��hHkGI*#E�úp(�,�2r9<;U>VS�>ISC,#.IúÖ; � S)>y*-H¤O¤;"	PüW(+>I;pH�FN>VSC(?>�>IS�,#ýC(+GA(+*-,W>I,WG²- ( .`S�HkE�ú=O
ùr,lGV,/üW(�úpüWE�ú=(?>I,3O-�hGIHk* ,/ÿr" ° ³�"Ú9+µ5EP.`;pF � >VS�,l,3.g>V;Ö*b(+>I,/OØO¤,WFP.`;Ö>gû#*b(+>IGV;0� ��4Ö�× u "�ødS�;=.%O¤H�,3.�F�H�>�>V(���,y;ÖF)>IH#(�üWüWH�E�F)>�,WGVGIHkGV.5;pF�S�,/GI,/Fk>
;pFØ>VS�,®*b(��¤;p*RE�* úp;$��,Wúp;pS�H�H�O�>I,3üAS�F�;=ÿ)E�,®;U>A.`,/ú0�g"

a�~�~�{�~�¿^p%qZk
w��;q'zQp$zQp$u�¿¢õ:u�~�pwØ�u���1�~�{'} zQ��u�õ:u�q¼¿Qp$z*�+h´��z.~�p$ÿ
BTS�,WF¦üW(�úpüWE�úp(+>I;pF � >IS�,Ný�GVH�ýC( � (+>I;pH�FàH��y,WGVGIHkGV./2�;U>b;=.-(�ü1>VEC(+úpúpûà*7HkGI,NüLHkF;
�,WFC;Ö,/Fk>#>IH EC.I,�>VS�,N,WGVGIHkGV.R;ÖF�>ISC,	- ( ýC(+GA(+*-,��

>I,/GV./2 ° � ;$
�,/F¬ù�û�,/ÿr" ° ³�"p´��kµ12ªGA(?>VS�,WG:>VSC(+F >VS�,b,WGVGVH�GA.y;pF >ISC,�,Wúp,W*-,WF)>A.®H��<O¤,WFP.`;Ö>gû­*b(?>VGI;"��;Ö>V.I,Wú"� ° 9<S�;=üAS SC(�
�,-F�HkF���F�, � úÖ; � ;pù�úp,
üLHkGIGV,Wú=(?>V;ÖHkFC.Aµ1"

eW]Wibx�\I§+w®u/ikiÀÙ�ikz{^ ]I��_

ødS�,

�HkF�?�,/E�*b(+F�FN,/Fk>VGIHký�û�;p.<(�FN;Ö*-ýrH�GI>V(+F)><*-,/(k.`E�GV,�H��¨>IS�,®ý�ECGI;Ö>gû�H���(-ÿ)EC(+F)>IEC* .g>A(?>V, �� "�(�>�;=.<O¤,�	PF�,/OZù�û+� ²!9��
² E � ø�Gy× �� úÖH � @ °��� µ Ø
E � M¶Ú ¸ 0'Û Ú úÖH � @ Û Ú º ° ³�"p´�9�µ

9<S�,/GI, Û Ú ;=.<(+FZ,W; � ,WF;
?(+úpE�,:H�� �� 2¤;�" ,�" �� � Ü Ú � E Û Ú � Ü Ú � º ° ³�"p´��)µ
� Ü Ú � ùP,/;ÖF � >VS�,·�!��>VSZ,/; � ,WFC.`>V(+>I, ° �'E ´�2p"W"W"[R)µL"5ødSC,®,WGVGIHkG�;pFØ>IS�;=.�ÿ)EC(+F)>V;U>gû�;=. � ;"
k,WFZù)û

° � ² µ @ E 0�F¶( ¸ 0 � » ²» - ( � @ Ì ( µ ° ³�"p´�=)µ
Q�ýCý�úÖû�;pF � >ISC,¢üASC(+;pFØGVE�úp,�2¤9�,�	CFCO �À» ²» - ( � E M¶Ú ¸ 0 �N» Û Ú» - ( � �À» ²» Û Ú � µ ° ³�"Ê²+³)µ



´�R
ødS�,7ýC(+GI>I;=(+ú¨O¤;"Ár,/GI,/Fk>V;p(�ú5H���(�,/; � ,WF;
?(+úpE�,#ü/(+F«ùr,7,/(�.I;púÖûA�hH�ECFCO«ù�ûNýP,/G`>VE�GVùC(?>V;ÖHkF�>IS�,/H�GVû�"®Ql.y;=.y9�,Wúpúg�)FCH?9<F ° ,k" � "4� ²����{µ�>IS�,
üASC(�F � ,�;ÖFZ>VS�,®,W; � ,/F�
?(�úÖE�,·Ý Ú H��5(7*b(?>VGI;"� �Þ O¤E�,�>IH�(7ýr,WGI>IE�GVùC(+>I;pH�FZ;ÖFZ>ISC,®*-(+>IGV;0� �ä�Þ ;=.ä�Ý Ú E ��Ü Ú � �ä�Þ � Ü Ú � º ° ³�"Ê²¤´}µ
9<S�,/GI, � Ü Ú � ;=.�>ISC,�,W; � ,/F�
k,/üL>IH�G�H�� �Þ üWH�GVGI,3.`ýrH�FPO¤;ÖF � >VH:>IS�,y,W; � ,/F�
?(�úÖE�,.Ý Ú "�ødS�EC.5>ISC,yO¤,/GI;$
?(?>I;$
�,<H��BÝ Ú 9<;Ö>ISbGV,/.IýP,3ü1>�>VHR.`Hk*-,
?(+GV;p(�ù�úp,²ß�;=. � ;$
�,/FØù�û » Ý Ú» ß E ��Ü Ú � » �Þ» ß � Ü Ú � µ ° ³�"Ê²�²kµ

��;pFCüL, �� E�Û 0�F( ¸ 0 �\ ( - ( 2�9�,j	PFCOØ>ISC(+> » Û Ú» - ( E ��Ü Ú � �\ ( � Ü Ú � ° ³�"Ê²�7)µ
(+FPOØ.IHC2�>A(���;ÖF � >VS�,¢O¤,/GI;$
?(?>I;$
�,:H��¨,3ÿP" ° ³C"Ö´�9+µL2),3ÿr" ° ³�"Ê²+³kµ%ùr,/üWH�*-,/.��» ²» - ( � E � M¶Ú ¸ 0 ��Ü Ú � �\ ( � Ü Ú � �p´ � úpF Û Ú �úÖFl² µ ° ³�"Ê²�R�µ
��,/FCüL,

° � ² µ @ E 0#F¶( ¸ 0 _ M¶Ú ¸ 0 ��Ü Ú � �\ ( � Ü Ú � �Ö´ � úpF Û Ú �úpFl² a @ Ì ( µ ° ³�"Ê²��kµ
$�HkGd>IS�,®,��¤ýP,/GI;p*-,WF)>V(�ún,���(+*-ý�úp, � ;$
�,WFN(+ùrH�
�,k2 ² ET³'µp´/³!W�à ³&µ ³�R!=�"

q
c=i¤\guW^MÙ�ikz{^ ]I��_

ødS�,Z3`úp;ÖFC,/(+G®,/F)>IGVH�ý�û�5�;=.:EC.I,/O�>IH«ÿ)EC(�Fk>V;0�hû­>IS�,�O�, � GV,W,-H��%*-;0��>VE�GI,bH��d(�ÿ)EC(�F)>IE�* .`>V(+>I,b;pFà(+Fà(+FC(�úÖû)>V;pü/(+úpúÖû«üWH�F;
�,/F�;Ö,/F)>�hH�GV*N2�(+úÖ>IS�HkE � SZE�F�úp;$��,:>ISC,

�H�FA?�,/E�*b(+F�FN,WF)>VGIHký)û�;U>�SC(k.dF�HbO¤;pGI,3ü1>�;pF��hH�GV*b(?>I;pH�FØ>ISC,WH�GV,L>V;pü�;p*-ý�úÖ;=üW(+>I;pH�FC./")( F�(#FCH�GV*-(�úÖ;pþW,3O�hH�GV* ° O¤,�	CFC,/O�.IHR>VSC(?>�;Ö>V.H
?(�úÖE�,®úp;p,/.dùr,L>g9�,W,WFNþ/,WGVH7(�FCO�HkF�,3µL2¤>ISC,®úÖ;pF�,/(�G<,WF)>IGVH�ý�û4�hHkG�(R>g9�Hbÿ)E�ù�;Ö>l.`û¤.`>I,W* ;p.<O�,�	CF�,3OZù)û¯±á E R 7 � ´ � ø�G[â �� @2ã �
E R 7 _¨´ � M¶Ú ¸ 0 Û @ Ú a µ ° ³�"Ê²�W)µ

ø�H-ü/(+ú=üLE�ú=(?>V,�>IS�,®,/GIGVH�Gd;pFØ>VS�;=.�ÿ)EC(+F)>I;Ö>gû�2¤9�,:F�,W,3OØ>IS�,��hHkúÖúpH?9<;ÖF � ýC(�G`>V;p(�ú
O¤,WGV;$
}(+>I;$
�,k±» á» - ( E � �7 M¶Ú ¸ 0 Û Ú » Û Ú» - (
E � �7 M¶Ú ¸ 0 Û Ú ��Ü Ú � �\ ( � Ü Ú �E � �7 øªG�@ �� �\ ( C
E � �7 0#F¶A ¸ 0 ø�G�@ �\YA �\ ( C²-tA ° ³�"Ê²!9�µ

��,/FCüL,:>VS�,®,WGVGVH�G�;ÖFZ>ISC,®úÖ;pF�,/(�G<,WF)>IGVH�ý�ûb;=.

° ��á#µ @ E 0#F¶( ¸ 0 � » á» - ( � @ Ì ( º
E 0#F¶ ( _ �7 0�F¶A ¸ 0 ø�G @ �\®A �\ ( C -qA a @ Ì ( µ ° ³�"Ê²��)µ

$�HkGd>IS�,®,���(+*-ý�úp, � ;"
k,WFZ;ÖFV��,3ü1>V;ÖHkFC.2(*([(�(�FCOA( &R24áGEÞ³&µ ³!7�9�à ³&µ ³)²�WC"



´��
�ª]/i��V§�^`^g\Ii��`\IjDÙ5i)z~u/i?�3tU\Iw¢\Ii)z�]����P]/^Iw:u/z{ch]/iØu/i���Y�u/i+�3tU\

ødS�,ZüWH�FCüWE�GVGI,/FCüL,k2¨,/F)>V(+F � úp,W*-,WF)>#H��H�hH�GV*b(?>I;pH�F�(+FCO >V(+F � úp,Ø(+GV,�*-,/(k.`ECGI,3.RH��<>IS�,Nÿ)EC(+F)>IEC*:� üLHkS�,WGV,WFPüL,�ý�GVH�ýr,WGI>I;p,/.#H���(
*-;0�¤,3OØÿ)EC(�Fk>VE�* .`>V(?>V,-� ²�=���"�$CH�G%>g9%H-ÿ)E�ù�;Ö>V.
� 7�W��52�üLHkFCüLECGIGV,WFCüW,l;=.dO¤,�	CFC,/OZ(�.N�hH�úpúÖH?9�./±5üLH�FP.`;=O¤,WG%>ISC,�FCH�F��ª��,/GI*-;Ö>I;=(+F�*b(+>IGV;0��� E �� �ä ��§å �äT9<S�,WGV,�>IS�,¢.IE�ýr,WGA.IüWGI;pý¤>�ø O¤,WF�H�>I,3.�>IGA(+FC.IýPH).`,®(�FCO�>VS�,I3I.Iý�;pFæ+P;ÖýN*b(?>VGI;"�'5 �äÞ;=.<O¤,�	CFC,/OZù�ûr±

�ä»E Þßß
à

³ ³Ù³ � ´
³ ³ ´ ³
³ ´ ³ ³� ´ ³Ù³ ³

á�ââ
ã µ ° ³�"Ê²�=)µ

?�H�>I,�>ISC(+>�>VS�,ÌO�,�	CF�;Ö>I;pH�F H�� �ä O¤,/ýP,/FCO�.¬H�FÙ>IS�,�ùC(�.I;p.¬üAS�H).`,/F���9�,�SC(�
k,�(�.V.`EC*7,3O
S�,/GI,�>IS�, 3IüLHk*-ý�E¤>V(+>I;pH�FC(�úRùC(k.`;=.|5× � �V�+� º � �+�^� º � �^�+� º � �/�/� Ø "�( FZ9<SC(?>H�hHkúÖúpH?9�./2¤;U>�9<;púÖúnùr,¢üLHkF;
�,WFC;Ö,/Fk>d>VH79<GV;Ö>I, �� ;pFZ>IS�,��hHkúÖúpH?9<;ÖF � �hHkGI*N±

�� E ´
²

0�F¶A K ( ¸ 0 ��qA K ( -tAQ- ( º ° ³�" 7�³)µ
9<S�,/GI, �� A K ( E �\ A �ä �\ å( �ä � �\ ( �ä �\ åA �äy"�ødS�,�úp,��{><(+FCO�GI; � S)>%,/; � ,WFC.`>V(+>I,3.%(�FCO�,/; � ,WF;
?(+úpE�,/.%H��
>VS�,�*-(+>IGV;0� �� 9�,�.ISC(�úÖú¯O¤,WFCH+>I,
ù�û �)ç Ú � 2 � è Ú � (�FCO Ë

Ú
2�GV,/.Iýr,/ü1>V;"
k,Wúpû�2¤;�" ,k"Ö± �*ç Ú � �� E Ë

Ú �)ç Ú ��� � è Ú � E Ë
Ú � è Ú � µ ° ³�" 7�´}µ

B¬,�.`SC(�úÖúP(�.V.`E�*-,�>ISP(?>�>VS�,/.I,<,W; � ,/FC.g>A(?>V,/.�(+GV,dF�H�GV*b(+úp;Öþ/,/O#;ÖF->VS�,<EC.IEC(+úC*-(�F�F�,/G)�hH�G�ù�;"��H�GI>IS�H � H�FP(+ú),��¤ýC(+FP.`;pH�FC./2+;�" ,k" �)ç Ú � è$é.� Eä Ú K é "�$CE�GI>IS�,/G�9%,¢.ISC(�úÖú
(k.I.IE�*-,:>ISC(+><>IS�,®,/; � ,WF;
?(+úpE�,/.<(�GI,:F�E�*#ùP,/GI,3OØ;pF�O¤,/üWGI,3(�.I;ÖF � HkGVO¤,/G/2�.IH->ISP(?> Ë 0 y Ë @ y Ë J y Ë M "�ødS�,
üLHkFCüLECGIGV,WFCüW,y;=.d>VS�,WF�O¤,�	CF�,/OZù�ûb>VS�,��hH�GV*RE�ú=(ê E D­(��K×3³ º ¢ Ë 0 � ¢ Ë @ � ¢ Ë J � ¢ Ë M ØE D­(��kë�³ º M¶ Ú ¸ 0 . � F � 7 ² � � � ¢ Ë Úªì º ° ³�" 7k²kµ
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