
� � ��� ���	� 


� �
��� ���������

����� �����! !"$#&%(')�* !+
,.-0/21436587:9<;>=@?�78?*/)AB9C36A*9D-4/E-036FG9D7>HGI�7>JK?�7ML4/NHOA*PN78FG?*7>=Q78R>ITSC;>FC9O-0/�UOVWHG/X;:9CY2/NZ[;\9D/N]^;>Z_7>`49a9O-0/E14-bIcFG3QPX;:=FO36dN/*7>Je9D-4/�fg3Q=6hBI!ij;XIkRB;>=Q;\lcImZ_/n9oSC/)/NAqpE;>HG=Q7�SsrM-0;>10=Q/nI�;>A0Ltpu/NZv/NHTY^w�xC`0Hy9D3QF)z{S|-036P<-}9D7c78hm10=~;:PN/�78A� 14HO3Q=(�>�:9D-����8�>�4w^,.-0/�R8/)A0/NHO;>=�PN7>A0FO/)A0FO`0F�Se;:F�9O-[;:9&rM-[;:10=Q/nI_��FW1_7>FO369O3Q78A$SC;>FWFG9OHO78A4R8/NH)z�P)78A0PN=6`0L036A0R�9D-[;\99D-4/2fg36=QhBI^SC;>F�Se;>F��b`0369O/�=Q;>HOR>/>zb;>A0L*3QA0P)=Q`0L4/NL�FO`0P<-*78Zc�G/NPn9DFa=Q3Qh:/.9D-0/���;>HOR8/u;>A4L�rM?*;>=6=@f�;>R8/)=Q=6/NA036PuxC=Q78`0L4F;>A0L�9O-0/ � A0L0HG78?�/NL[;TRB;>=Q;\lcI!��A07>9|hbA07�S|A$;\9e9D-[;\9.9D3Q?�/E9O7�Zv/W;>A�;>Pn9D`[;>=6=6I*RB;>=Q;\lcI�36A�3�9DFG/N=6JD�nw � J�/)S�I>/X;>HGF=~;\9D/NH&3QA��X�B�>�4z(�(L4S|36A�p�`0Z4Z0=Q/�FG-07�SC/)Lq9O-[;:9 � A0L0HG78?�/NL[;�SC;>F�;>Pn9D`[;>=6=6I!5>/NHGI�J�;>HT;XSC;�I>z�;>A0Lj9D-b`0F�?^`0P<-Z036R8R8/NH(9O-[;>A�10HO/n5M3678`0FG=6IT9D-478`0R8-B9Xw�i -03Q=6/.PN78AB9DHO;>L036P)9D36A0R�rM-[;>10=6/)Iv��FC;>HGR8`0?�/NAB9a;>A0L*?�;>hb36A0R¡9D-0/�fg36=QhBI^i};�I369OFO/)=6J¢FO?*;>=Q=6/NH)z0p�`4Z0Z0=Q/W/)A0L0/NL�`01�?�;:hc36A0R^9D-4/�`4A0365>/NHOFG/*£T¤[¥<¦�=~;:HOR8/)HNw

§oA*�X�B�>�4z\p�`4Z0Z0=Q/�10HG781v78FO/)L�-036FK/N1v78ABIM?�78`0F¢L036FG9<;:A0PN/©¨oHO/)L0FO-436Jª9�HO/)=~;:9O3Q78A«zXS|369D-�HO/)PN/)FOFO3678AW58/N=67MP)369oI¡=63QA0/N;>HO=�I10HG781_7>HG9D3678A[;>=v9D7�L036FG9<;:A0PN/:z ¬
­m®°¯

¬
±b² ���4w6���

S|-0/)HO/ ¯ 3QF(9O-0/Epu`0Z0Z0=6/�10;>HD;>?�/)9O/NH���36A*`4A0369OF�7:J³3QAB5>/NHOFG/E9D36?*/X��;>A0L ¬± ;>A0L
¬
­ ;>HO/.9O-0/E1v78FO3�9D3678A�;>A0L�58/N=67MP)369oI3QA�FO1[;:PN/�;>F&?*/N;>FO`4HO/NL}ZbI�;>A}78Z0FO/)HG5>/NHNwg,.-0/�pu`0Z0Z0=6/�HO/)=~;:9O3Q78Ak3QFW9D-4/*´[HGFG9^7:JeJ�78`0H$UG103Q=6=~;>HGFO]�7>J|?�7cL0/NHGAPN7>FO?�7M78=678R>I>w � A�3Q?�?*/)L03~;:9O/TPN78A4FO/N�b`0/)A0PN/�7:J.3QF¡9D-4/�-078?�78R8/)A0/N3�9oIm7>JeFG1[;>P)/>µT78Z0FG/NHy58/NHGF�;:9�;>=Q=(1v783QAB9OF&36AFO10;>PN/$?�/X;:FO`0HG/g9D-4/�FD;:?*/�HO/)PN/NFGFO3678A³w�§¶J¡;>A�78Z0FG/NHy58/NH�3QA·9O-0/!f�3Q=QhBIti};XI¸��FO/)/!¹{3QR4w��4w6����?�/X;>FG`0HO/)F�9D-4/58/)=Q7cPN3�9D3Q/)F.7>J�RB;>=~;ºl436/NF.;\9|HO/N=Q;:9D3�58/¡1v78FO3�9D3678A0F ¬±8» ;>A0L

¬
±\¼ µ¬

­ » ® ¯
¬
±8»¬

­ ¼ ® ¯
¬
±º¼X² ���4w½�>�

9D-4/NAg;>Ag7>Z0FO/)HG58/)H�36A�RB;>=~;ºlMI��¡S|3Q=Q=_?*/N;>FO`4HO/¡9D-0/¡5>/N=Q7cPN3�9oI�7>J�RB;>=Q;\lcI���9D7�Zv/¬
­ ¼O» ®�¯ �

¬
±º¼�¾

¬
±8» �©¿ ���4wÀ�8�

,.-036Fu=63QA0/N;>HeFGPX;>=63QA0RTHG/N=~;\9D3Q7>A�3QF|;TL03QHG/NPn9|HO/NFG`0=69u7>J¢9D-4/�-478?*7>R8/NA0/)78`0F|/nlM1[;:A0FO3678Ag7:J�9O-0/W`0A0365>/NHGFO/>w
§oA ���B�>�4z�S|3�9D-�78A0=�I}P)HO`0L4/�9D/NP<-4A03Q�b`0/)F�J�78H�?*/N;>FO`0HG3QA0R�/nlc9DHO;>RB;>=Q;>P)9O3QP�L036FG9D;>A0PN/)FNz�p�`4Z0Z0=Q/�L4/)9D/)HO?�3QA0/)L;�5:;>=6`0/TJ�78H ¯ 7>J.ÁÃÂ:�8�ghb?�Ä:F<Ä8f�1_P:z{?^`0P<-}=~;>HGR8/NH¡9D-0;>A�9O-0/*P)`0HOHG/NAB9D=�I�;>PNP)/N149O/NLj5:;>=Q`4/�7:J ¯ ®ÆÅ �¡Ç�È

�



� ���������
	���
��������������������

r21r

#2#1

MW

¹{3QR>`0HO/W�4w��8µ�,eSa7�RB;>=Q;\lM3Q/)F|;>F|FO/N/)AgJ�HG78?�9D-4/�f�3Q=QhBI�i};XI8w � A�78Z0FG/NHG5>/NH�3QARB;>=Q;\lcI ���&FG/N/)F�RB;:=~;\lcI ���^HO/)PN/)L03QA0R�S|369O-�58/N=67MP)369oI ¯ �
¬
! ¼�¾

¬
! » �©w

hb?�Ä\F<Ä8fg1vP>w�,.-03QF&?*/N;>FO`0HG/N?�/NAB9T10HG7MP)/N/)L0F�9D-4HO78`0R>-t;�P<-[;>36Aj7>J|10HG3Q?*;>HGI>z�FG/NP)78A0L[;>HyIt;>A4L}9D/)HG9D3Q;>HGI�UGL43QFy¨9<;:A0PN/&3QA0L036PX;:9O78HOF)z ]�?�78FG9�7>J�S|-036P<-$3QAB5>78=65>/�;>A�/N?�103QHG3QPX;:=Q=6I*/NFy9<;>Z4=Q3QFG-0/NLgHO/)=~;:9O3Q78A�Z_/n9oSC/)/NA!FG78?*/�L036FG9<;:A0PN/©¨3QA4L0/N1v/NA0L4/NAB9�78Z0FO/)HG5:;>Z0=6/��c`0;>AB9D369oIj;>A0Lt9D-4/�36AB9DHO36A0FO36P�=Q`4?*36A078FO3�9oIk7>J|9D-0/�78Zc�G/)P)9�PN7>A0FO36L0/NHG/NL³wj,.-4/g?�78FG93Q?�1v78HG9D;>AB9(=Q36A0h�36A�9O-03QF(P<-[;:3QA�3QF(9D-0/u1v/NHO367MLc¨o=Q`4?*36A078FO3�9oIWHO/)=~;:9O3Q78ATJ�78H�xC/)10-0/N36L*5:;>HG3~;>Z0=6/NF)w{,.-036F�36F(9D-0/)A�`0FG/NL9D7�PX;:=Q3QZ4HD;:9O/23QA0L43QPX;\9D78HGFe9D-[;:9uPN;>AgZv/�FO/N/)A$;:9uR8HG/X;:9O/NH|L036FG9<;:A0PN/)FNµ�9oIM1v/�§ ;�FG`01_/)HOA07�5:;>/:zv9O-0/�¹@;>Zv/NH ¨#"8;>P<hbFG78A;>A0Lt,¢`0=6=6IB¨ ¹{36FO-0/)H&HG/N=Q;:9D3678A0FNz{FO`0HyJ�;>PN/�Z4HO3QR>-b9OA0/NFGF�$[`0Pn9D`[;:9O3Q78A4F^3QAj/)=Q=63Q149O3QPX;:=�RB;>=Q;\lM3Q/NF�;>A0Lj9O-0/�=Q`4?*36A078FO3�9oIJ�`0A0Pn9D3678A}7>JC10=~;:A0/)9D;>HGImA0/)Z0`0=Q;>/>w�,.-0/�xC/N10-0/)3QL0F�;>HO/�9D-4/N?�FO/N=�58/)F^PX;>=63QZ0HO;:9D/)L�ZBIk?�/X;>FG`0HO36A0R�9O-0/�L43QFG9D;>A0P)/9D7$9O-0/���;>HOR>/�f�;>R8/)=Q=Q;>A03QP�PN=678`0LtZBIt;$FG`0369O/�7>Ju?*/n9D-07cL0F�9O-[;:9T36A0PN=6`0L0/)F�9D-0/�=63QR8-B9�/NP<-07!J�HO7>? FG`01_/)HOA07�5:;���8È Å ;4z«xC/N10-0/)3QL0F¡?�/X;:FO`0HG/NL!3QAg9D-0/�f�3Q=QhBI�i};�I$;>A0L&%'% �³IcHD;:/^FG9D;>HOF)w � FO/)PN78A0LmHG78`49D/�9D7�xC/)10-0/N36L!PX;>=63�¨Z0HO;:9D3678A*36F�9O-0/E/©lM�c`43QFO3�9D/)=6I*;>PNP)`0HD;\9D/ER>/N78?�/)9OHO3QP|L036FG9D;>A0PN/u9D7)(2V�x+*b�8Â>È&;>FCL4/)9D/)HO?�3QA0/)L*J�HG78? 9D-0/�78Z0FG/NHG5>/NL;>P)PN/N=6/NHO;:9D3678A�7>J�9O-0/¡Se;\9D/NH|?*;>FO/)HOF|3QA�3�9DF|;>Pn9D365>/¡RB;>=Q;>P)9O3QP2Ab`0P)=Q/N`4FNw
,.-0/!FO/)PN78A4L°1036=Q=Q;>H�7>J�?*7cL0/NHGA PN78FG?*7>=Q78R>Iq36F�369OF�;>1010;>HO/)Ab9-,/.1032546087:9:w � =Q=E?*;>A0A4/NH�7>JWP)78FO?�78=678R83QPN;>=10-0/)A078?�/NA[;�;^PN78`0AB9OFC7>J_L03QFy9<;>AB9�RB;>=Q;\lM3Q/)FNzBHD;:L03Q7WFO7>`0HOP)/NFNz�<�¨¶HD;XITFO7>`0HOP)/NFe;:A0L*R8;>?*?*;2HD;XI�Z0`4HOFG9OF=;T;>101v/X;:H9D7�Zv/�3QA0L4/N1v/NA0L0/)AB9&7:JC;:A0R8`0=Q;>HE1v78FO3�9D3678A!3QA$9O-0/TFOhBI8w�,.-0/�FOhBI!=Q7c78hbF¡HO7>`0R8-0=�Ig9O-0/TFD;>?�/T3QAm;:=Q={L43QHO/)P)9O3Q78A0F;>A0L�;:9.;>=Q=vSe;X58/)=Q/)A0R>9D-4F���;:Jª9D/)H|;>PNP)78`0AB9D36A0R^J�78HC9O-0/W;>L0L4369D3678A[;>=_;>Z0FG78HO1M9D3Q7>A�;>A0L�/N?�3QFGFO3Q7>A�J�HO78?s9D-0/¡A4/X;>HGZbIRB;>=Q;>P)9O3QP�10=~;>A4/��nw � =Q78A4R�S|3�9D-�;TR8/NA4/NHD;:=«J�78HO? 7>J�xC781_/)HOA036PN`0F)�[10HO36A0PN3610=Q/:z0;>HGR8`036A0R�;>RB;>36A0FG9C9D-0/W/X;:HG9D-�Zv/N3QA4R9D-4/�P)/NAB9D/)H�7>JM9O-0/�`0A03�58/NHGFO/:z>3 w)/>wX9O-0/NHG/�36F³A07�UGFO1v/NP)3~;>=>10=~;>P)/N]|3QA29O-0/�`0A03�58/NHGFO/:z:36FO7>9OHO781BI¡36?*10=63Q/)F«-078?�78R8/)A0/N3�9oI8z9D-b`0FuFO`4R8R8/NFy9D36A0RT9D-[;:9u78A�9O-0/W=~;>HGR8/NFy9|FO1[;:9O3~;>=«FOPX;:=Q/NF)z[L0/NA4FO369oI�1_/)HG9D`4HOZ[;:9O3Q78A4F�;:=Q=«Zv/NP)78?�/�FG?*7c7>9O-0/NL�78`49Nw
,.-0/¡9D-036HOL�1036=Q=Q;>Ha7:J�?�7cL0/NHGA�PN78FG?*78=678R>I�3QFa9D-0/¡?�/X;>FG`0HO/)L�;>Z0`0A0L0;>A0PN/)F�7:J¢9O-0/¡=Q36R8-B9e/)=Q/N?�/NAB9OFNz01[;:HG9D36PN`M¨=~;:HO=6I&-BIcL0HO78R>/NA�;>A4L*-0/)=Q36`0?gw�¹[HO78? Z[;>FO36P|Ac`4PN=Q/N;>H�HO/N;>P)9O3Q78A�PX;>=6PN`0=Q;:9D3678A0F)z>9D-0/�;>?�78`0AB9�7>J«-0/N=63Q`0? 10HO7cL0`0P)/NL3QA�Fy9<;>HGFuPN;>A0A07:9�Zv/¡?�78HO/29O-[;>Ag;>Z_7>`49.9D-0HG/N/¡9D36?*/)Fe9D-[;\9|7>J�9O-0/W-0/X;X5c3Q/)H|/N=Q/)?*/)AB9DFNµ

>@?
>BADC �M¿ ���4wE*B�

i 369O-$?�/X;>FG`0HO/)L!PN78FG?*36P�;>Z4`0A0L[;>A4PN/NF¡P)=Q78FG/NHE9O7 Å �GFÆp�z³�>ÈHF�pu/>zK;:A0Lm�HF � AJI p�/X�nz«3�9236FEPN=6/X;>H|9D-0;:929D-4/?*;º�G78HW1_7>HG9D3678Ak7>J.-0/)=Q3Q`4? 3QAm9D-0/*`0A0365>/NHGFO/�?^`4FG9LKM032¡-0;�5>/�Zv/N/NA}10HO7cL0`0P)/NLt3QAkFG9D;>HOF)wg§oA ���N*BÈ4z{VW;>?*7�SWz� =610-0/)HNz�;>A0L�p�/NHG?�;:A�HO;>Ak9O-0/�/nlM1[;>A0FG3Q78A�7>J�9D-0/�`0A03�58/NHGFO/jUGZ[;>P<hBSC;>HOL0F)z ]!-4/X;:9O3QA0R�`01m9D-0/�10-07>9O78AkZ[;>P<h8¨R8HG78`0A0Lk9D7g9O-0/�1v7836Ab9W9O-[;:9�SC78`4=QLj-[;X5>/�Zv/N/NA}A0/NP)/NFOFO;>HGI�9D7g10HO7cL0`0P)/�;gP)78FO?�3QP�?*;>FOF�J�HD;>Pn9D3678A�7:Ju�8ÂHF�36A-0/)=Q3Q`4?�J�HO78?�10HO36?*78HGL03~;:=«Ab`0PN=6/X;>HuHO/N;>P)9O3Q78A4FNw|V¡365>/NAg9O-0/�10HO/)FO/NAB9y¨oL[;XIgL0/NA0FG369oI�7>J�Z[;>HGI>78A0F)zv9O-0/)I�10HG/NL036P)9O/NL;*HG/NLM¨¶FO-03�Jª9D/)L$Z[;>P<hbR8HG78`0A0L!10-47>9D78Ag9D/N?�1v/NHD;\9D`0HG/�7>J��PO8QTwv,.-4/NA³z³36A}���>�BÂMz:R�/)A0dN3Q;>F¡;>A0Lgi 3Q=QFG78A�SC/)HO/^9D-4/´[HGFG9u9D7�/nlM1_/)HO36?*/)Ab9D;>=Q=�I�?�/X;>FG`0HO/&;�FG9<;\9D3QPWHO;>L03Q7�FG3QR8A[;:=KPN78HGHO/NFG1_7>A0L03QA4R*9D7*;T9D-0/)HO?*;>=³9D/)?*1v/NHO;:9D`0HG/W7>J�Á �
O QTz_S|-0;:9¡3QF�A07�S	hcA47ºS|Ak;>F�9D-0/�xC7>FO?�3QPTf�3QPNHG7�Se;X58/@SC;>P<hbR8HO78`4A0Lq� x.fTSe�EHD;>L03Q;:9D3678A³z@FO10;:9D3Q;>=Q=�I�3QFG7>9DHG78103QP9D7�;>Zv78`49|7>A0/W1[;>HG9u36A!���NUXw

,�7�L0/n58/N=6781*;�HG`0L03Q?�/NAB9D;>HGI�?*7cL0/N=MJ�78H�9D-0/|L4IcA[;:?*36PNF(7>J«;>A�/nlM1[;>A0L43QA0RW`0A03�58/)HOFO/:zcSa/uA0/N/)L*9D7W36Ab9OHO7cL0`0P)/78A0/WJ�`0A0L0;>?*/)AB9<;>=�HO/)FO`0=�9�J�HG78?�R8/)A0/NHO;>=¢HO/N=Q;:9D3�5c369oI8w � L03QHG/NP)9E;>A[;:=Q78R>I*9D7V(�/)S.9O78A³��F�´[HGFG9E;>A0LgFO/NP)78A0L�9O-0/N7\¨HO/)?*F)z�W�,X46Y�¦Z0\[^] ._2ª¦Z`80348`n£�FG9<;\9D/NF¡9O-[;:9¡J�78HW;>ABI!FyIcFG9D/)? S|369O-kFG10-0/)HO3QPN;>=(FGIc?�?*/n9DHyI8z�PN78A4PN/NAB9OHO3QP�FG-0/N=6=QFW;>HG/78A0=�I$;3a«/)P)9D/)LmZbIg9D-0/�?�;>FGF¡;>A0L!/)A0/NHGR>I$36AB9D/NHG3Q78Hu9D7�9O-0/N36HEHD;:L03Q`0F)z«S|-036P<-kP)78=Q=6/NPn9D365>/N=�IgZv/N-0;�5>/NF�;>F¡;�1v7836Ab91[;>Hy9D36PN=Q/E;:9.9D-4/¡78HO36R83QA³w�§oA�;>A�3QA4´[A4369D/�`0A03�58/NHGFO/¡S|369O-�`0A036J�7>HO?sL0/NA0FG369oIVbGc�z49D-0/¡FG1_/)PN3�´[P�(�/nS.9D78A03Q;>A�/NA0/)HOR>I




���� ����	�� � ����� �	� � ����	���� � ��� �^��
 	�� �

0 1 2 3 4 5 6
0

1

2

3

4

5

6

7

8

9

big bang big crunch

r(t)

t

chillier stillΩ > 1

Ω = 1 big chill

Ω < 1

  

¹{36R8`0HO/2�4w½�cµ(,.-0HO/)/�J�`49O`0HO/)FNw

(t)ρ

r(t) ¹{3QR8`4HO/��4w �4µ*,.-0/�HO/)P)9<;:A0R8`0=Q;>H^HO/)R83Q7>AjHO/)10HO/)FO/NAB9OF�9O-0/�`0A03�58/NHGFO/S|369D-�`0A036J�7>HO?�L0/NA4FO369oITbv�
�G�©w2,.-0/TPN36HOP)=Q/�HG/N10HG/NFG/NAB9DF�;�FG10-0/NHG3QPN;>=FO-0/)=Q=³S|-078FG/&R>HO7�S.9D-�SC/¡J�78=6=Q7�S S|369O- (u/)S.9O78A03~;:AgL4IcA[;:?*36PNFNw

7>J{;TFO10-0/)HO36PX;>=KFG-0/N=6=³S|369D-�HO;>L03Q`4F ! 3QF
� ® ����! ¼ ¾ �����! ® �� ¯ ¼c ! ¼ ¾ *��� � bGc ! ¼ ¿ ���4w½Â>�

§¶9e36FaP)78AB58/NA43Q/NAB9e9O7�L0/n´[A0/E9O-0/uPN78FG?*78=678R836PX;>=0L4/NA0FG369oI*1[;>HD;:?*/n9D/NH�� cXzc9D-0/|J�HD;>Pn9D3678A�7>J.UGPNHG369O3QPX;:=Q]WL0/NA4FO369oIA0/)/NL0/)Lg9D7E�G`0Fy9uPN=Q7>FO/¡9D-0/W/©l410;>A0FO3678A}��� ® �B�©µ
� c�� È�� � bGc� ¯ ¼c ¿ ���4wÀ�8�

p�/)HO/&;>A0L�9D-0HG78`0R8-478`49|9D-0/�L036FOPN`4FOFO3678A�7:J�PN7>FO?�78=Q78R:I8z49O-0/WFO`0Z0FGPNHG3Q149�UO�>]�S|3Q=6=³R8/NA4/NHD;:=Q=6I�HO/nJ�/NH|9D7�9D-0/W5:;>=Q`0/7>J{;TR8365>/NA�1[;>HD;:?*/n9D/NH|;\9.9D-0/W10HG/NFO/)AB92/N1v7cP<-³w�,.-0/¡9D-0HG/N/�3QAB9D/)HO/NFy9D36A0R�1_78FGFO36Z03Q=6369D36/NF�J�78H�� c2;:HO/
� c I � µ�� � � P)=Q78FG/NL³z[Zv78`0A4L
� c ® � µ�� ® � P)HO3�9D3QPN;>= z{UO�(3QA4FG9D/)3QAM¨¶L0/�rM3�9O9D/)HO]
� c��¸� µ�� I � 7>1_/)A³z[`0AbZ_7>`0A0L ² ���4w Å �

/X;:P<-�PN78HGHO/NFG1_7>A0L03QA4R&9D7^;&�b`[;>=6369<;\9D365>/N=�ITL03 a_/NHG/NAB9e-43QFG9O78HGI�;:A0L�J�`49O`0HO/uJ�78H�9O-0/E`4A0365>/NHOFG/���FG/N/¡¹�3QR0wc�4wÀ�8�nw"!¡A4/7>J_9D-0/|?*;º�G78H(R87B;:=QF(7>J_?*7cL0/)HOA�PN78FG?*78=678R>I&3QF(9D7�PN7>A0PN=6`0FO3�58/N=�IT?�/X;>FG`0HO/�� c�zc;>A0L�9D-b`0F�L0/)9O/NHG?*36A0/.9D-0/|R8=678Z[;>=R8/)78?*/n9DHyI�7>J�9D-0/W`0A03�58/)HOFO/:w

���$# %'&)(Ã%��� !'N#� ++*-,.&	/�'10u#�2�3 ��".&�2
§oA$9D-43QFWrM/)P)9O3Q78A$Sa/^S|3Q=6=�L0/n58/)=Q781!9D-4/^FO36?*10=6/NFy92?�7ML0/)=�J�78HEPN78FG?*36P�/nlM1[;:A0FO3678A³z³J�78=6=Q7�S|3QA0R�9D-4/^L4IcA[;>?�3QP)F27>J;>Aq/nlM1[;>A4L03QA0R�FO10-4/NHO36PX;>=|FG-0/N=6=.7>J2?*;:9O9O/NHTS|369O-·HO;>L036`0F ! �4�G�T36A (u/)S.9O78A03~;:A·R8HO;X5M3�9oI°��FG/N/g¹{3QR0w��4wÀ�8�nw�¹[78H



* ���������
	���
��������������������

;>ABIjZv78`0A4LtFGIcFG9O/N? � � c I �º�nz�9O-0/NHG/�3QF^;�?�;ºl436?^`0? HD;:L03Q`0F&7>Ju/nlM1[;>A4FO3Q7>A ! ����� J�7>H^;>ABI�FO-0/)=Q= w � 9�9D-036F9D`4HOAM¨o;>HO78`4A0L�1_7836AB9Xz49O-0/WFO-0/)=Q=³58/)=Q7cPN3�9oI�3QF.d)/NHG70z[FO7�9D-0/W/)A0/NHGR>I�L0/)9O/NHG?*36A0/NF.9D-4/�HO;>L036`0F
� ® ¾ �����! ����� ¿ ���4wÀÈ8�

R(=Q`0R>R83QA0RT36AB9D7�/N�b`[;:9O3Q78A����4w½Â>�nz4Sa/&PN;>A�FO78=�58/¡J�78He9D-4/�/©lM1[;>A0FG3Q78A�58/)=Q7cPN369oI� !� � ®��T®
	 � ������� �! ¾ �
! ������
 »��¶¼ ¿ ���4wÀ�8�

¹[78=Q=67�S|3QA0R^Fy9<;>A4L[;>HOL�9D/)P<-0A036�c`4/NF|J�78H.FO78=�5c3QA0R�PN/)AB9DHD;:=�¨¶J�7>HOPN/¡14HO78Z0=6/N?�FNz0?*;>h:/W;�P<-[;:A0R8/W7>J¢5>;:HO3~;:Z0=Q/)FNµ
!
! ����� ® FO36A ¼�� ² � !

! ����� ® ��FO36A � P)78F � � � ² � �4w����B�
R83�5M36A0R^J�78H./)�c`0;:9D3678A�� �4w �B�

�(FG3QA � PN7>F �P)7>9 � � � ® � ���
!������� � �©¿ � �4w��8�º�

xC78AB58/)HG9D36A0Rm9D7$9D-4/ Q¡/)10=Q/)HO3~;:A `<¥<¥8` KZ2 4 , ¥��NKM0\£���� 9��kS|369D-q;>A�/)�c`4365:;>=Q/)AB9T/NP)PN/NAB9OHO3QP)369oIt7:J�� ® �8z�=Q/)9� ® ���8�^;:A0L�9O-0/NA � � ���! ������ 
 »��¶¼! � � ® ��
 � � ¾ PN78F��4� � �v¿ � �4w��º�8�

,.-036FuR>3658/)F|1[;>HD;:?*/n9DHO36P2FO7>=Q`49O3Q78A0FC7>J �)�"�0�e;>A4L ! �#�4�nµ
�)�#�4� ® �� � �È�� � b ����� 
 »��¶¼ �"� ¾ FG3QA$�0� � �4w����B�

;>A0L
! �"�0� ® ! ������ �y� ¾ PN7>F��0� ² � �4w�� *b�

S|-0/)HO/WSC/W-[;X58/�3QAB9OHO7cL0`0PN/)L�9O-0/WL0/NA4FO369oI
b ����� � � �

*�� ! ������9D-0;:9�P)78HOHG/NFG1_78A4L0F^9D7�9D-0/*L0/NA0FG369oI�7>Je9O-0/�?*;:9O9O/NHWS|369O-03QAk9D-0/*FO10-0/)HO36PX;>=�FO-0/)=Q=a;:9�9D-0/*1_7836AB9�7>Je?�;\lM36?^`0?HD;:L03Q`0F ! ����� w¹[HO78?¸/)�b`[;:9D3678A0Fa� �Mw6���8�³;>A0L����4w�� *b�nz�Sa/aPN;>A�L0/NHG3658/�/nlM10HG/NFGFO3Q7>A0F�J�78H³9O-0/ap�`0Z0Z4=Q/�;>A0L�L0/NA4FO369oIW10;>HD;>?�/)9O/NHGF
¯ �"�0�e;>A4L �W�"�0�CJ�78He9O-03QF.10;>HG9O3QPN`4=~;>HeFG10-0/)HO3QPN;>=K1v/NHG9O`0HOZ0;:9D3678A

¯ �#�4�"� � ! � � �
! ® �

!
� ! � � �� �%� � � ® � � È�� � b ������ 
 »��¶¼ FO36A&��y� ¾ PN78F��4� ¼ � �4w��ºÂ8�

;>A0L
�W�#�4� ® È�� � b� ¯ ¼ ® ��('qP)78F�� ¿ � �4w����B�




���� ����	�� � ����� �	� � ����	���� � ��� �^��
 	�� Â
¹[78H�`0A0L4/NHy¨¶L0/NA4FO/kHO/NR>3Q78A0F�S|3�9D- � � �$9D-4/kFG-0/N=6=23QF�`0AbZ_78`4A0L�;:A0L 9D-0/)HO/!3QF�A47q?*;\lM3Q?�`0? HD;>L036`0FNw¹[78HG9O`0A[;:9O/N=�I8z8;:=Q=B7>J[9O-0/e;>Zv7�58/eHG/NFG`0=69OF�PX;>A�A078A0/n9D-0/)=Q/NFGF�PX;:HOHGI�J�78HySe;>HGL³z:S|3�9D-�9O-0/CL43 a_/NHO/)A0PN/a9D-[;:9{-BIM1v/NHGZ_7>=Q3QP9DHG3QR87>A078?�/)9DHG3QPuJ�`0A0P)9O3Q78A4F�;:HO/¡FO`4Z0FG9O369D`M9D/NL�J�78H.78HGL03QA[;:HGI�9OHO36R878?�/)9DHG3QPuJ�`0A0P)9O3Q78A4FNµ

� ¾ PN78F�� � PN78FG-$� ¾ �� ¾ FO3QA&� � FO36A0-&� ¾ �
PN78F�� � PN78FG-$�
FO3QA&� � FO36A0-&� � �4w�� Å �

rM36A0PN/�`0A0L0/)Hy¨¶L0/NA0FG/^FO-4/N=Q=6F�-0;�5>/^1v78FO3�9D365>/W/NA0/)HOR>I>z_9D-4/�/nlM1[;:A0FO3678Ag5>/N=Q7cPN3�9oI�;:9�3QA4´[A4369oI�;>1014HO7B;>P<-4/NF2;�´[A03�9D/>z1v78FO3�9D365>/25:;>=Q`0/:w(,.-0/WHD;>L43Q`0F ! ����� ?�;>HGhbFe9DHD;:A0FO3�9D3Q7>A�J�HO78? L0/NP)/N=Q/)HD;:9O/NL�9D7TJ�HO/)/�/©lM1[;>A0FG3Q78A³w
� ® � ���

! ����� ® �� � � !� � 
 ¼ � ¿ � �4w���ÈB�
,.-078`0R>-jSC/�-0;�5>/�`0FG/NLt9D36?*/�;>F�9O-0/�;:Z0FOP)3QFOFO;$3QA}¹{3QR0w¢�4wÀ�Mz�369&3QF�A47>9T;>A}78Z0FO/)HG5:;>Z0=6/��b`[;>AB9O369oI8w!fg`0P<-?�78HO/¡`0FG/)J�`0=�36Fe9D-0/WHO/)L0FO-436Jª9|7>J�10-07>9O78A0F|/N?�369G9D/)Lg;\9|FO78?�/W/X;>HG=6I�9O3Q?�/>w
¹[78H.FO?*;>=Q=v5:;>=Q`0/)F|7>J �vz0Zv7>9D-�9D-4/�7�5>/NHy¨¶L0/NA4FO/&;>A0L�9D-0/W`0A0L4/NHy¨¶L0/NA4FO/�FO10-0/)HO/)FEZv/N-[;X58/�FO36?*36=~;>HG=6Ivµ

�)�"�0��� ���� � �È�� � b ������
 »��¶¼ � � � �4w����B�
! �#�4��� ! �����* � ¼ ² � �4wÀ�>�B�

R83�5M36A0R^9D-4/�36?*1v78Hy9<;>AB9.HG/NFO`4=69.J�78H./N;>HO=�I�9D36?*/)F
!�� � ¼ � � � �4wÀ�M�º�

S|-036P<-g36F.3QA0L0/)1_/)A0L0/)Ab9�7>J¢9D-0/�;>Pn9D`[;:=³5>;:=Q`0/2J�78H��2w
i -03Q=6/�A0/)369O-0/NHu9D-0/�9OHO36R878A078?�/)9OHO36P¡78HE-BIc1_/)HOZv78=Q36P�FG78=Q`49O3Q78A4FE;>HG/�5:;>=Q36L�J�7>H	� ® �8z_9O-0/NHG/T;>HG/�FG9O3Q=6=¢FG78?�/Sa/N=Q= ¨oL0/n´[A0/)L}�b`[;>AB9D3�9D36/NFW9D-[;:9&PX;:A}Zv/*L0/)HO3�58/NL}ZbIm9D;>hb3QA0R�9D-0/�;>1010HG7810HG3~;:9O/�=63Q?�369OFEJ�HO78? �(�bA³w��4w������#���� ² ��� ���nµ

� ® � �
*�� � b 
 »��¶¼ � � �>��#� ¼ �8�8� � �¶¼ ® � ���� � b 
 »��¶¼ ¿ � �4wÀ�8�8�

,.-0/2L43Q?�/NA0FG3Q78A0=6/NFGFC1[;>HO;>?�/)9D/)H ¯ ��36Fe;^R87c7cL*SC;�I*9D7^L4/NFOP)HO36Z_/E9O-0/2R8=678Z[;>=@/©l410;>A0FO3678A�7>JK9D-4/2`0A03�58/NHGFO/:wa¹[78H;TPNHG369D36PX;>=_L0/NA4FO369oI>z
¯ � ® �#� ¾ FO3QA$�4�4FO36A ��y� ¾ P)78F��4� ¼ �

�� ¿ � �4wÀ�>�B�
,.-03QF{3QF(;ER>7M7cL^1v783QAB9{J�7>H(;E�b`03QP<h&L03QR>HO/NFGFO3678A�9D7¡L4/)´[A0/.7>A0/e7>J@9D-4/e?*7>FG9�36?*1v78Hy9<;>AB9¢9D/NHG?*F{3QA^P)78FO?�78=Q7>R>I8z9D-4/&48`	�3.<¦�, 
 2�wkY2`0/�9D7mpu`0Z0Z0=6/>��FT=~;XSs7>Ju/nlM1[;>A4FO3Q7>A³z(SC/�PN;>A�/N�b`[;:9O/�9D-0/�L036FG9D;>A0PN/�9O7!78Zc�G/)P)9DF^S|3�9D-j9O-0/N36H78Z0FG/NHy58/NL!HG/NP)/NFOFG3Q78A0;>=�5>/N=Q7cPN3�9oI8w|,.-036Fu5>/N=Q7cPN3�9oI�3QFu?*7>FG9�PN78?�?*7>A0=6I�L4/)9D/)HO?�3QA0/)L�ZBIg?*/N;>FO`0HG3QA0R�9D-4/�P<-[;>A4R8/3QAtSC;X58/N=6/NA0R:9D- 7:J2=Q36R8-B9T/N?�369G9D/)LqZBIj9O-[;:9�78Zc�G/)P)9*L0`0/�9D7k369OF^58/)=Q7cPN369oIjHO/N=Q;:9D3�58/�9O7m9O-0/�L03QFy9<;>AB9�78Z0FG/NHy58/NH)wrM36A0PN/�?�78FG9W78Zb�G/NP)9OF�36Am9O-0/�`0A03�58/NHGFO/�;>HO/T?�7�5M36A0R�;XSe;XImJ�HO78?
`0FNz�Sa/*PN;>=Q={9O-03QF�Y2781410=Q/)H¡FO-03�Jª9gUGHO/)L0FO-03�Jª9D]0z



� ���������
	���
��������������������

ηη emit absorb ¹{3QR8`4HO/��4w *0µ � 10-07:9D78Am3QF¡/)?*3�9O9O/NLk;:9W/NP)PN/)Ab9OHO36P�;>A478?�;:=6I ��� �����;>A0Lg;>Z0FO7>HOZv/NLg;:9$���	��

� � �<w

,�;>Z0=6/W�4w6�>µ�rc9DHG`49D`0HG/W3QA�9D-0/W`0A43658/)HOFG/
! »��¶¼ � ��� »��¶¼ � �0� b���� »��¶¼ � ��������������

�%� �\c/)=Q=63Q149O3QPX;:=QF �^-�� » hc1vP �X� »o» ����� �P)=Q`0Fy9D/)HOF|7>J�RB;>=~;ºl436/NF �W- � » fg1_P �X� � ��� � c � UFG`01v/NHOP)=Q`0Fy9D/)HOF �>�T- � » fg1_P � A07>9|I>/)95>783QL4F Â>�T- � » fg1_P ��Ä>� A0/n58/NH|S|3Q=6=

FO36A0PN/T9O-0/THO/)L�1[;:HG9W7>J�9D-4/�5c36FO3QZ4=Q/^FG1_/)P)9DHG`0? -[;:F�=678A0R8/)HESC;�5>/N=6/NA0R>9O-k9O-[;>A!9D-4/�Z4=Q`0/:wT¹[78H¡;�10-07>9O78A!9D-[;\9-[;>FWSC;�5>/N=6/NA0R>9O-"!$# �&% ' 3QA!9D-4/*HG/NFG9�J�HD;:?*/�7>J�9D-0/�/N?�369G9D/)HW;>A0L�SC;X58/)=Q/NA4R>9D-(!*),+.-u36Ak9O-0/�HO/NFy9&J�HO;>?�/�7:JC9D-4/78Z0FG/NHy58/NH)z[9D-0/WHO/)L0FO-436Jª90/�36F.L0/)´0A0/NL�;>F
� '1/�� !*),+ -

!$# �&% '
¿ � �4wÀ� *b�

¹[78H.A078A4HO/N=Q;:9D3�5c3QFG9O3QPu58/N=67MP)369O3Q/NF �32 4 z09D-4/�HG/NL0FG-036Jª9|PN;>A�Z_/�;>1014HO7XlM3Q?*;:9D/)Lg;:F
/ ® > !

!$# �&% '
® �

4 ® ¯ c > � ®°¯ c
� �� � > � ® � ! � � �

! > � ® > !! ² � �4wÀ�8Â8�
S|-0/)HO/ > �{3QF(9D-0/uL03 a«/)HO/NA4PN/u3QA�PN78FG?*78=678R836PX;>=b9D36?*/.Zv/)9oSa/N/)A�9D-0/u/N?�3QFGFO3Q7>A*;:A0L*L4/)9D/)P)9O3Q78A*/)58/)AB9DFNwarM36?*36=~;>HG=6I>z
> ��3QF�9D-0/�L03 a_/NHG/NA0P)/2;>F�?*/N;>FO`4HO/NL�3QA*9O-0/u/NPNP)/NAB9DHG3QP¡;:A078?*;>=6IT10;>HD;>?�/)9O/NH���FG/N/¡¹�3QR0wb�4w *b�©w�,.-b`0FaSa/2FO/)/E-07�S9D-4/.HO/NL4FO-03�Jª9(PX;>A�;:P)9�;>F�;2?*78HG/e/X;:FO3Q=�I�?*/N;>FO`0HO;>Z0=6/C10HG7�lcI^J�7>H�9D-4/e9D3Q?�/e;:A0L �&5:;>HG3~;>Z0=6/NF)w�fg7>HO/eHG/N?*;>HOh\;>Z0=�I8zHO/)L0FO-436Jª9�/nl4;>Pn9D=6I�9DHD;:P)9DF¡9O-0/*FG3Qd)/�7:Je;>ABImFG-0/N=6=�;>A0L!9D-0/�7>J�9D-0/�`0A43658/)HOFG/�;>F�;�S|-078=6/>w�,.-0/�Se;X58/)=Q/)A0R>9D-�7>J10-07:9D78Ag;>A0L�9D-4/�`4A0365>/NHOFG/&ZBI�9O-0/WFD;>?�/W;>?�78`0AB9Xw

���<� 5 &�/�%��-/76$#�%('N�� !+98 %+,.& ++*-,.&�/�' 0|# 2 3 ��".&�2
,.-0/�1_/)HGJ�/)P)9D=�Im`0A03�J�78HO? `4A0365>/NHOFG/�P)78A0FO36L0/NHG/NL};>Z_7�5>/*Sa78`0=QLkZv/�;�Z_7>HO3QA4R�14=~;>P)/�9O7g=63658/:w�¹[78Hy9D`0A0;:9D/)=6I!78`4H`0A03�58/)HOFO/�3QFOA«��9Nw¡rM?*;>=Q=�FGPX;>=6/�L0/)A0FO3�9oI�1v/NHy9D`0HGZ[;:9D3678A0Fu10HO/)FO/)Ab9�;\92FO7>?*/&/X;>HG=6I�/N1v7cP<-!R8HO7�S ZBI�R>HD;X5c369<;\9D3Q7>A[;>=PN7>A0L0/NA4FD;:9O3Q78A�3QAB9O7!=~;>HGR8/NH&1_/)HG9D`4HOZ[;:9O3Q78A4F�;>A0Lt/)5>/NAB9D`0;>=Q=�IjJ�78HO? 9D-4/�A078AM¨¶=Q3QA4/X;>H&FG9DHG`0P)9O`0HO/)FT9D-[;:9�;:HO/�9D-4/Z0HG/X;>L�;>A0L�Z0`49O9O/NH|7>J�;>FG9OHO78A07>?*/)HOFNw � PX;>HG3QPN;:9D`0HG/W7>J�9O-0/�hc36A0L0Fu7>J�FG9DHG`0P)9O`0HO/)FE78Z4FO/NHy58/)L$3QA�9D-4/&`0A43658/)HOFG/&36FR83�58/NA�3QA�,�;>Z0=6/W�4w6�

,�7�;>1010=�I�9D-4/&FG10-0/NHG3QPN;>=�FO-0/)=Q=K?�7ML0/)=³9D7�FG9OHO`0Pn9D`0HG/&J�78HG?�;:9O3Q78A�36A�;:Ag/©l410;>A0L036A0R�Z[;:P<hcR>HO78`0A4L$`0A03�58/NHGFO/:z369|36F.-0/N=614J�`0=«9O7T9D-036A0h�;>Zv78`49.9O-0/W1_/)HG9D`4HOZ[;:9O3Q78A�;>F.-0;�5c36A0R�;:A�36A0369O3~;>=vL0/)A0FO3�9oI�/NA0-[;:A0PN/)?*/)Ab9�7>J




�� 
�� ��	��'��� ��� ��� � ������� �
��	 � ����	���� � ��� ����
 	�� Å
> b
b ® b � ¾ b��b�� ² � �4wÀ�>�B�

S|-0/)HO/&b �m3QF�9O-0/$L0/)A0FO3�9oI�36A0FO36L0/�9D-4/$FO10-4/NHO36PX;>=E1_/)HG9D`4HOZ[;:9O3Q78A�;>A0L b���3QF*9O-0/!`0A01v/NHy9D`0HGZ_/)L Z[;>P<hbR8HO7>`0A0LL0/)A0FO3�9oI8w¡xC7>A0FO36L0/NHu9oSC7�FG10-0/NHG3QPN;>=�FG-0/N=6=�?�7cL0/N=6Fu/n5878=�5c3QA0R�36A�1[;:HD;>=6=Q/N=���FO/)/^¹{36R0wv�4w½Â>�nzv/X;>P<-$?�/X;:FO`0HG3QA0R �)�#�4�;>A0L ! �"�0��;>PNP)78HOL036A0R�9O7j369OF�7�S|A 1[;>HO;>?�/)9D/)HO36dX;:9O3Q78A���HG/NPX;:=Q=.9D-[;\9�9D-4/$L0/N1v/NA4L0/NA0P)/m7>J ! ;>A0L ��78A �·;>HG/J�`0A0Pn9D3678A0FC7:JK9D-0/�L0/NA0FG369oI*1[;>HO;>?*/n9D/)H<�nw(VW3�58/E7>A0/EFG-0/N=6=«;>A�7º5>/NHGL0/NA0FG369oI�7:J b �W;>A0L�9O-0/2P)78?*10;>A03Q7>A*FG-0/N=6=_9D-4/FD;:?*/�L0/NA4FO369oI�;>Fu9D-0/&Z[;>P<hbR8HO7>`0A0L&b��bw|,.-0/NA!ZBIgFO/n9O9D36A0R ���c�"� �\� ® �,�M�#� �:�|36A�/)�c`0;:9D3678A0FT���4w����B�|;>A0L����4w½�:�B�nzSa/&PN;>A�?*/N;>FO`0HG/¡9D-0/¡9D36?*/29O7�PN78=6=~;>10FG/>w � FOFG`0?*36A0R*;�P)HO3�9D3QPN;>=«Z0;>P<hbR8HO78`4A0Lt� � � ® ���nz0Sa/�-0;�5>/
� �
*�� � b � 
 »��¶¼ � � ¾ FO36A&� ��y� ¾ PN78F�� �\� � �¶¼ ® � �� � � b�� 
 »��¶¼ ¿ � �4wÀ� Å �

rM78=�5c3QA0R^J�78He9O-0/WL0/NA4FO369oI�7:J�9O-0/W1_/)HG9D`4HOZ[;:9O3Q78A«z
b �
b�� ® � � �#� � ¾ FO3QA&� �\� ¼� � ¾ PN78F�� �\� � ² � �4wÀ�>ÈB�

FO7*;:9|/N;>HO=�I�9D36?*/)F���FG?�;>=6= � �\�nz
b �
b�� � � ' ���� � ¼� ¿ � �4wÀ�>�B�

ρ
u

ρp

¹{3QR8`4HO/��4wÀÂMµ�,.-0/�R8HG7ºS.9O- 7>J¡;k1v/NHy9D`0HGZ[;:9D3678A�S|369D-·L0/NA4FO369oI b �PN78?�1[;>HG/NL�9D7�;THO/NR>3Q78A�S|369O-�L0/NA0FG369oI b��bw

xC78?^Z036A03QA4R�S|369D-m/)�c`0;:9D3678A·� �4w����B�©z³SC/�´[A0Lm9D-[;\9�;:9W/X;>HG=6Ig9D3Q?�/NF)zK=Q36h>/^9D-4/�HO;>L036`0FNz³9O-0/�L0/NA0FG369oI!R>HO7�S|F;>=6R8/NZ0HO;>3QPN;>=Q=�I�;>F > b �
b�� Á � ¼ � � ¿ � �4w �8�B�

,.-0/�=Q7cPX;>=«p�`0Z0Z4=Q/W1[;>HO;>?*/n9D/)H./)587>=658/)FE;:F
¯ �
¯ � ® � � � �B�#� � ¾ FO36A&� �\�� � ¾ PN78F � �º� ¼ � � ¾ ��>� � ¼� ¿ � �4w �4�º�

(�7:9D/�9O-[;:9�9O-0/�FG?�;>=6=Q/)H�5:;>=6`0/*J�78H�9D-0/�p�`0Z0Z4=Q/�1[;:HD;>?�/)9O/NH�P)78HOHG/NFG1_78A4L0F^9D7�9O-0/�1v/NHy9D`0HGZ[;:9D3678Aj/©l410;>A0L036A0R?�78HO/|FO=67�S|=6I�9O-[;>A�9D-0/uZ[;>P<hbR8HG78`0A0L³w�¹[HG78? /N�b`[;\9D3Q7>A0F�� �4wÀ�>�B�(;>A0L�� �MwÀ�4���nz8Sa/�´[A0L�9D-0/.J�HO;>P)9O3Q78A[;:=0L03 a_/NHG/NA0P)/3QA�/©l410;>A0FO3678A�HD;:9O/NF > ¯¯ ® ¾ �� > bb�� ¿ � �4w �B�8�
Y2HO7>10103QA4R^9D-0/�;>FGFO`0?�149D3678A�9D-[;\9�� � ® ��;>A0L�PX;:HOHGIc36A0RT9D-0/WPX;:=QPN`4=~;:9O3Q78A�9O7*-43QR8-0/)H.78HOL4/NH.3QA���7>A0/¡´[A0L0F

> ¯¯ ® ¾ �� > bb�� ��� �	�� � �4w �8�B�



È ���������
	���
��������������������

A

B

C

¹{3QR8`4HO/!�4w �4µ !25>/NHGL0/NA0FG/�HG/NR83678A0F�P)78=Q=Q;>10FG/�9D7�FO-4/N/)9OF�;>A0L ´[=~;º¨?*/)Ab9OFe��Z_7:9O9D7>? =Q/)Jª9<�_S|-03Q=6/�`0A0L0/)HOL0/)A0FO/eHG/NR83678A0F�/nlM1[;:A0L�9D7|J�78HG?587836L0F¢9O-[;:9�;>HG/�A4/X;>HG=6I¡FG10-0/NHG3QPN;>=v��Zv7>9O9O78?¸HG3QR8-B9©�©w�,{;>h:/�9O-0/�/N=Q=63Q1M¨FO7836L[;>=KHO/)R83Q7>A�36A�9O-0/¡9D781�´[R8`0HG/¡9D7�Z_/�7�58/NHGL0/NA4FO/>w�R¢783QAB9 � S|3Q=Q=L0/NP)/N=Q/)HD;:9O/�?�78HO/�HD;:103QL0=�I$9D-0;>A}3�9�Sa78`0=6L}3�Je78A0=�I!9D-0/*3QA0FGPNHG3QZv/NLFO10-0/)HO/�SC/)HO/�PN78?�1[;>HO;>Z0=6I�7�58/NHGL0/NA4FO/>wLR�7836Ab9 S S|3Q=6=�L0/NP)/N=6/NHD;\9D/�/`8.8..HD;:103QL0=�I�9D-0;>A�3�9.SC78`4=QL�3�9|9D-0/�/NAB9D36HO/�PN36HOPN`4?*FGPNHO36Z_/)LgHG/NR83678ASC/)HO/2P)78?*10;>HD;>Z4=6IT7�58/)HOL0/)A0FO/:w Sa`49eFG3QA0P)/u9O-0/E36A0FOP)HO3QZv/NL�;>A0L*PN3QH ¨PN`0?�FOP)HO3QZv/NL&FO10-4/NHO36PX;>=cHO/)R83Q7>A0FKSC78`4=QL�P)78=Q=Q;>10FG/a;\9¢9O-0/�FD;>?�/aHO;:9D/:z9D-0/^/)=Q=63Q10FG783QL�Z_/)PN78?�/NF�$@;:9O9O/NHES|3�9D-�9O3Q?�/>w�(�7�S 9<;>h:/�9D-0/�/N=Q=63Q1M¨FO7836L[;>=.HO/)R83Q7>Aq36At9D-0/�9D781t´[R>`0HO/�9D7kZ_/�`0A4L0/NHGL0/NA0FG/>w R¢783QAB9 �S|3Q=Q=cL0/)PN/N=6/NHO;:9D/|=Q/)FOF(HO;>103QL4=6IW9D-[;:AT369�Sa78`0=6LT36Jv78A0=�I&9O-0/.3QA0FGPNHG3QZv/NLFO10-0/)HO/ESa/NHG/2PN7>?*1[;:HD;>Z0=�IT`0A0L4/NHOL4/NA0FG/>w R�7836Ab9 SqS|36=Q=@L0/NP)/N=6/NHD;\9D/£V0348`�HD;>143QL0=�I&9O-[;>A�369(Sa78`0=QL�36J@9O-0/�/)AB9D3QHG/|PN3QHGPN`0?�FOP)HO36Z_/)L�HG/NR83678ASC/)HO/2P)78?*10;>HD;>Z4=6IT7�58/)HOL0/)A0FO/:w Sa`49eFG3QA0P)/u9O-0/E36A0FOP)HO3QZv/NL�;>A0L*PN3QH ¨PN`0?�FOP)HO3QZv/NL&FO10-4/NHO36PX;>=cHO/)R83Q7>A0FKSC78`4=QL�P)78=Q=Q;>10FG/a;\9¢9O-0/�FD;>?�/aHO;:9D/:z9D-0/W/N=6=Q3610FO7836L�Zv/NPN7>?*/)FuHG78`0A0L4/NH.S|369O-�9O3Q?�/>w
� ;:=69D-478`0R8-�36A�9O-0/W=Q3�9D/NHO;:9D`4HO/278A4/�7:Jª9D/NA�FO/)/NF'*bÄ Å ;>1014HO7XlM3Q?*;:9D/)Lg;:F|�4wÀ�8�nw

,.-0/^A07>A0=Q36A0/X;>H|R8HG7�S.9D-$HG/NR836?*/W3QFuFD;:3QLg9O7�Zv/NR836A$;:9�9D-0/&1_7>3QAB9|S|-0/NHG/ � �&Á ��zvS|-036P<-!3QF�;>=QFG7�9O-0/&9O`0HOAc¨;>HG78`0A0L�1_7>3QAB9|J�78Hu;>Ag7�5>/NHy¨¶L0/NA4FO/^1v/NHy9D`0HGZ[;:9D3678A�9D-[;:9uFy9D7810Fu/nlM1[;:A0L03QA4R�;>A0L�Zv/NR836A0F.9D7�PN78=6=~;>10FG/>w � RB;>36A�ZbIFO/n9O9O3QA0R �,� ® ���Bz4SC/W´[A0L�9D-4/�7�5>/NHy¨¶L0/NA4FO369oI�7:J�9O-0/W1_/)HG9D`4HOZ[;:9O3Q78A�;:9 ! ����� µ� ���� � b�� 
 »��¶¼ ® � � � �È � � b ��� ������
 »��¶¼ � b ��� �����b�� ® ��� ¼��� ¿ � �4w �N*b�
,.-0/TP)78=Q=Q;>10FO/�369DFG/N=�J�3QF2P)78?*14=Q/)9O/&S|-0/)A�� � ® � �(z_S|-03QP<-mR83�58/NF2;�FO3QA4R8`0=~;:HO369oI�36A$9D-0/^L4/NA0FG369oI�� ! �b� � �¢� ® ��� wp�7�Sa/)5>/NHNz2J�7>H�HO/X;:=W;>FG9OHO7810-BIcFO36PX;>=¡7>Zc�G/NPn9DFNz�9D-0/mHD;:A0L078? 1[;>HG9O3QP)=Q/$?�7>9D3678A0F�;:PN�b`03QHG/NL J�HO78? 9D-0/mP)78=Q=Q;>10FO/PN7>Ab9OHO36Z0`49D/�;�1_7>FO369O365>/Thc36A0/)9O3QPT/)A0/NHGR>I	� #�
^9O7�9O-0/�78Zc�G/NPn9^;\9W/N�b`03Q=63QZ0HG3Q`0?�w�%|/NPN;>=Q=63QA0R�9O-0/T5c3QHO3Q;>=�9O-0/N7>HO/N?J�HO7>?�xC-[;>149O/NH��8z[SC/�FO/n9E9O-0/¡9D7>9D;>=K/NA0/)HOR>Ig;:9u/)�c`43Q=Q36Z0HO36`0? 9D7�Zv/¡9D-0/W9D7:9<;>=K1v7>9D/)AB9D3~;:=K/NA0/)HOR>I�;:9|9O-0/�9O`0HOAc¨;>HG78`0A0L�1_7>3QAB9
� ����� zMS|-0/NHG/�9O-0/Whc36A0/)9O3QP¡/)A0/NHGR>I�3QF.d)/NHO74w

� #�
 '�� #�
 ® �� � #�
 ® � ����� � �4w �BÂ8�
¹[78H|;TPN78A4FG9<;:Ab9�?*;>FOF � z[9O-0/WR8HD;X5c369D;:9D3678A[;>=v1_7:9D/NAB9O3~;>=³/)A0/NHGR>I�7>J{;TFGIcFG9O/N?�R87c/NF|;>F�Á � ¼ � ! z0FG7*/)�c`0;:9D3678A� �MwÀ�BÂ>��3Q?�10=Q36/NFu9D-[;:9 ! #�
 ®J! ����� �8�cz�;>A0L!9D-0/TP)78=Q=Q;>10FG/NLmL0/NA4FO369oI�3QF b ��� ��)���� ��� - # ® ÈNb ��� ����� w�Y2`0HO36A0R�9D-036FE9D36?*/7>J(P)78=Q=Q;>10FG/�J�HG78? � � ® � � � �(zv9O-0/�Z0;>P<hbR8HO78`4A0L$`0A03�58/)HOFO/�PN78AB9D36Ab`0/NL$9O7�/nlM1[;:A0L³w¡xC7>?^Z03QA43QA0R�/N�b`[;:9O3Q78A4F� �Mw½� Å �e;>A0L�� �4w �N*b�©z4Sa/�´[A4L�9O-0/WZ[;>P<hbR8HO7>`0A0L�L4/NA0FG369oI�;:9|9O3Q?�/27>J�PN78=6=~;>10FG/

b���� ��)���� ��� - #b���� ����� ® �
* ² � �4w �8�B�

R83�5M36A0R^9D-4/�L4/NA0FG369oI�P)78AB9DHD;:FG9�7>J�9O-0/¡´[A[;>=KP)78=Q=Q;>10FG/NL�78Zc�G/)P)9u9D7�Zv/
� b �b�� 
 ��)���� ��� - # ® ��È�� ¼ ¿ � �4w � Å �




������ �'	'����� � � ����� � ��� �
� �c`0;>=Q3�9<;:9O3658/�/©lM10=~;>A0;:9D3678AtJ�78H^9D-0/�FO-0;>1_/)F*7:J�9O-0/NFG/gP)78=Q=Q;>10FO/)L·7>Zc�G/NPn9DF���78H�;>=�9D/NHGA[;:9O3658/)=6I�/nlM1[;>A4L0/NL`0A0L4/NHOL4/NA0FG/�HO/)R83Q7>A0F<�C36F.10HO/)FO/NAB9O/NL$36Ag¹�3QR8`0HG/¡�4w �4w

����� � &	0u� 3 6!'X $#&%�'N�� 
i -036=Q/�9O-0/E9O7>9<;>=vL0/)A0FO3�9oI�1[;:HD;>?�/)9O/NH�� PN;>A�1_7>FOFO36Z0=6I�Zv/2L0/n9D/NHG?*36A0/NL�ZBI*R8=Q7>Z[;>=@?*/N;>FO`4HO/N?�/NAB9OF.7>JK9D-0/E`0A03�¨58/)HOFG/>��Fe/nlM1[;>A4FO3Q7>A³zM9O-0/�36A0L03�5M36L0`[;>=4PN78?�1_7>A0/NAB9DFa3QA�?�;\9O9D/)H���� � �nzcHD;>L03Q;:9D3678A���� � �nzc;>A0LjUGA078HG?�;>=6]WZ[;>HGI>78A036P?*;:9O9O/NH�� � �y�&PX;>A�Zv/�L0/)9O/NHG?*36A0/NL�?�78HO/�L43QHO/)P)9O=6I�ZbIj=Q7cPX;>=a?*/N;>FO`0HG/N?�/NAB9DF)wj,.-0/�P)HO369O3QPN;>=CL0/)A0FO3�9oI8z�S|-0/NHG/
� ® �8z03QF./N;>FO36=6I�PX;>=6PN`0=Q;:9D/)L�36A�J�;>?�3Q=Q3Q;>H�`0A0369OFNµ

b ��� % ' ® � ¯ ¼cÈ � � ® �8¿ È8È��}��� � ¼
	��0¼ RbÄ:P)? � ² � �4w �8ÈB�
S|-0/)HO/ � 3QFe9O-0/WPN`0HGHO/)Ab9|5:;>=6`0/¡7>J¢9D-0/�p�`4Z0Z0=Q/¡10;>HD;>?�/)9O/NH.36A�`4A0369OF.7>JC�X�8�^hb?�Ä:FDÄ8fg1vP*��J�HO7>?�HO/)PN/)Ab9�78Z0FG/NH ¨5:;:9D3678A0F � ® �4¿ Å �8�©w�§¶J�9D-0/¡L0/)A0FO3�9oI�36Fe/NAB9D36HO/)=6I*3QA�Z[;:HGI87>A0FNz09O-0/NA b �
� % ' PN78HGHO/)FO1v78A0L0F.9D7�;^Ab`0?�Z_/)HeL0/NA4FO369oI�7>J� � ® �>¿6�����t��� � U P)? � � z«7>J�P)78`0HOFG/T;X58/)HD;>R8/)L!7�58/NH2;>=Q=�7>J�36Ab9O/NHGRB;>=~;:P)9D36PWFO1[;>P)/>w¡,.-036FE36F2;�9OHO36P<hbIg?�/X;>FG`0HO/©¨?�/NAB9a9O7�?*;>h>/uFO36A0PN/|Sa/EPX;:A0A07>9a78Z0FG/NHG5>/2?*;>FOF�L03QHG/NPn9D=6I>zbZ0`49a78A0=6I�36A4J�/NH�3�9�J�HG78? 9D-4/�78Z4FO/NHy5:;>Z0=Q/u=Q`4?*36A078FO3�9oIPN7>?*36A0RTJ�HO78?�Fy9<;>HGFu;>A0L�R8;>=~;\lM36/NFNw�¹[HO7>?�9D-0/WRB;:=~;\lcI�=6`0?*36A078FG369oI�J�`0A0P)9O3Q78A�3QAB9OHO7cL0`0PN/)Lg36AgrM/NPn9D3Q7>A��8w �4z[9D-4/9D7:9<;>=³L4/NA0FG369oI�3QA�R8;>=~;\lM36/NF.3QF

b�� � � ®�� � ���  �� � � � � � � ®�� � ��� ��� � ��� � ��'·�8� ®�� � �!� �8¿ �BÂ"�}���$# � ��% fg1vP � � ¿ � �4w �8�B�
i 369O-03QA�R8;8;\lM3Q/)F.?*/N;>FO`0HG/N?�/NAB9DFu7>J�Z[;>HyI878A036PW?�;>FGF.3QA�RB;>F|;:A0LgL4`0FG9�;>A0L�FG9D;>HOF)z09D-0/�;X58/)HD;>R>/&?*;>FOF ¨¶9O7:¨o=63QR8-B9HD;\9D3Q7T36F � � � � � � � Á ��� �

%��% ² � �4w *B�B�
��7>H(1_/)HO-[;>14F(/)58/)A�FG?�;>=6=Q/)H<�¢R>365c3QA0R2;WL4/NA0FG369oIT1[;:HD;>?�/)9O/NH�J�78H�R8;>=~;>Pn9D36PCZ[;>HyI878A4F�7:JMb � � � � � ®¸Å �*�X� � � ¼ � RBÄ:PN? �78H�� � � � � � ® �4¿ �8�N*4z4SC/)=Q=�Zv/N=Q7�S°9D-0/�PNHG369D36PX;>=_5>;:=Q`0/WA0/)/NL0/)L�9D7�Z_7>`0A0L�9D-0/�`0A03�58/NHGFO/&R8HD;X5c369D;:9D3678A[;>=6=6I8w��(5>/NA$3�JSa/&36A0PN=6`0L0/W;>=6=_9D-4/�L0;>HOh�?*;:9G9D/NH.36A0L036HO/NPn9D=�I�78Z4FO/NHy58/)L$3QA�P)=Q`0Fy9D/NHGF�7:J{RB;:=~;\lM3Q/)F���FO/N/�rc/NP)9O3Q78A��Mw *b�nzMS|369D-

� � ���
���'&.- �¸�BÂ>� � � » �

%�(% ² � �4w *0�º�
L4IcA[;>?�3QP¡?�/X;:FO`0HG/N?�/NAB9DF|FG9O3Q=6=³78A0=�I�R83�58/ � � ® �M¿½�>�uÇ��4¿ �BÂMw

i}/)=Q= zaS|-[;:9�;>Zv78`49�9D-4/gHO;>L03~;\9D3Q7>A*) � F��(36A0FG9O/N3QA�J�;>?�78`0FG=6ItFG-07�SC/)L 3QA ���8�BÂMz�?*;>FOF*;>A0L·/NA0/)HOR>I·;>HG/3QAB9O/NHOP<-0;>A0R8/N;>Z0=Q/:z4FG7&9D-4/2/NA07>HO?�78`0F�Ac`4?^Z_/)He7>JKP)78FO?�3QPuZ[;>P<hbR8HG78`0A0L�14-07>9D7>A0FCFG-078`0=6L�;>=QFG7&FG=Q7�S 9D-4/E/nlM1[;:AM¨FO3678A�7:J�9D-0/�`0A03�58/)HOFO/:wE,.-036F�36FE;��b`[;>AB9D3�9oIg?�78HG/&/N;>FO36=6I�?�/X;>FG`0HO/)L$L036HO/NPn9D=�I8z@FO36A0PN/�9D-0/&/NA0/)HOR>I�L0/)A0FO3�9oIg7:J�;Z0=Q;>P<hbZ_7cL4I�HO;>L03~;\9D3Q7>A�´[/N=6L�3QF
b � ®�+-, ��4 � ² � �4w *b�8�

S|-0/)HO/ + 36F29D-0/*rc9O/)J�;>AM¨ SC78=�9DdN?*;>A0A!P)78A0Fy9<;>AB9Xw*¹[78H29D-4/�7>Z0FO/)HG58/)L�x.fTS 9D/N?�1v/NHD;\9D`0HG/T7>J , � ® �c¿ Å �:È O Q�z9D-43QF�R8365>/NF b � ® *4¿ Å � �X� � � � RbÄ:PN? �/. � � ® �4¿ÀÂ0� ��� � U z¢S|-43QP<-}Sa/�PN;>A}FO;:J�/N=�I!A0/NR>=Q/NPn9&S|-4/NAjPN;>=QP)`0=~;:9O3QA0R10HG/NFO/)AB9G¨oL0;�Ij/nlM1[;>A0FG3Q78A�L4IcA[;:?*36PNFNw SC`M9^9D-036F�SC;>FTA07>9�;:=6SC;�IcF^9O-0/�PX;:FO/>w��K7M7>hc36A0R$Z[;:P<h}3QAj9O3Q?�/>z{S|-4/NA9D-4/E`0A03�58/)HOFO/uSe;:FC10-BIcFO36PX;>=6=6I�FO?*;>=6=Q/NHu��78Ha;:9�=Q/X;:FG9a/)58/)HGIb9D-43QA0R�SC;>FaPN=Q7>FO/NH�9D7>R8/)9O-0/NHD�nzM9O-0/uHD;>L03Q;:9D3678A�L0/NA4FO369oI



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

−e

−e

−e

−e ¹{36R8`0HG/|�4w Å µ � 10-07>9O78A*-4/X;>L0F�9D7�SC;>HOL�9D-0/�fg36=QhBI^i};XITJ�HO78? 9O-0/*UGFO`4Hy¨J�;>P)/&7:J�=~;:FG9|FOPN;:9O9O/NHG3QA0R8]*;:9�HO/)L0FO-03�Jª9��y�(' /B� � ��Â>�8�4w�§¶J(HO/)3Q78A43QdX;\9D3Q7>A7cPNP)`0HOF|9D7c7TFO7c78A³z09O-0/W10-07>9O78A�S|3Q=Q=«Z_/¡HG/n¨oFGPX;:9G9D/)HO/NL

SC;>F�-43QR8-0/)HNz[/n58/NA�?*78HG/WFO7*9O-[;>A�9D-0/�?*;:9O9O/NH.L0/)A0FO3�9oI8we,.-036A0hb3QA0R�7>J�9D-0/�x.fTS�;:F�;�PN78=6=Q/)P)9D3678A�7>J{1[;>HG9O3QP)=Q/NF��14-07>9D7>A0F<��3QA^;uZ_7Xl���9O-0/C`4A0365>/NHOFG/��¢S|3�9D-&FOPX;:=Q/�=Q/NA4R>9D-��@z>369¢3QF¢PN=6/X;>H�9D-[;\9�;>F¢9D-0/aZ_7Xl&/nlM1[;:A0L0FNz89O-0/CL4/NA0FG369oI�7>J1[;>Hy9D36PN=Q/)FCL0/)PNHG/X;>FG/NF�;>F � Á�� � � zº�G`0Fy9|=Q3Qh:/�9O-0/¡?�;:FOFO3�58/210;>HG9O3QPN=6/NF)w(p�7�Sa/)58/)HNz@`0A0=63Qh:/E9D-0/E?�;>FGFO3�58/¡1[;>Hy9D36PN=Q/)FNz9D-4/¡3QA0L03�5c3QL0`[;:=_10-47>9D78A4F|;>HO/2HG/NL0FG-036Jª9O/NL�S|369O-�9D-0/¡/©lM1[;>A0FG3Q78A³z4=Q78FG3QA0R^/)A0/NHGR>I�;:A0L�9D-b`0F.?*;>FOF.=63Qh>/)�	Á�� � » zFO7�9D-4/�14-07>9D7>A�/)A0/NHGR>I�L0/)A0FO3�9oI�L0/NP)HO/X;:FO/NF|S|369O-�;:A�/©lM1[;>A0L036A0R�`0A0365>/NHGFO/&;>F�b � Á�� � � w
rM3QA4PN/E9O-0/2/nlM1[;:A0FO3678A�3QFaL03QHG/NP)9O=6I�HO/)=~;:9O/NL�9O7�9D-0/E/nlM1[;>A0FG3Q78A�J�;:P)9D7>H¡�y� ' /B� ® � � » zcSC/2PN;>A�FO7>=658/�J�78HC9D-4/HD;:L03~;:9O3Q78A�L0/NA0FG369oI�;>Fu;^J�`0A0Pn9D3678A�7>J{HG/NL0FG-036Jª9���78`0HeJ�;X5878HG369O/¡?*/N;>FO`0HG/N?�/NAB9u7>J¢9D3Q?�/236A�P)78FO?�78=678R>I4�nµ

b �
b � ® b � c

b � c
�y� '1/B� ��y� '1/B� � ¿ � �4w *B�B�

rM36?*10=�Iq/nlc9DHO;>1_7>=~;:9O3QA0RjZ0;>P<h�3QA�9O3Q?�/�9D/)=Q=6F�`0F�9D-0;:9�S|-03Q=6/�9D7cL[;XI 9O-0/!`0A03�58/)HOFO/k;>141_/N;>HOF�9D7tZv/!?*;:9O9O/NHy¨L078?�3QA0;:9D/)L³zb;:9a;¡HO/NL4FO-03�Jª9a7:J��y� ' /B��Á *B�>�8�W;>A0L�R>HO/X;\9D/NH)zB9D-0/|`0A03�58/)HOFO/uSe;:FaHO;>L03~;\9D3Q7>AM¨oL07>?*36A[;:9D/)L³w � F�9D-4/`0A03�58/)HOFO/�/©l410;>A0L0/)Lj;>A0LmP)7M78=6/NL³z_9D-0/TZ[;:P<hcR>HO78`0A4L�10-47>9D78A4F�/n58/)Ab9O`[;>=6=6I�Sa/NHG/�HO/NL4FO-03�Jª9D/NLkZv/N=Q7�S 9D-4/�1v7836Ab9S|-0/)HO/¡9D-0/nI�-[;:L�/)A078`0R>-�/)A0/NHGR>I�9O7T3Q78A43QdN/E;T-bIcL0HG78R8/)Ag;\9D78?���9O-0/2SC/)=Q= ¨ohbA07�S|A %|IcL0Zv/NHGR0µ.���4w �^/��¡�nw@rM7�;\9FO7>?*/�1v783QAB9�3QA!9D-4/*/©l410;>A0FO3678A³z�9D-0/�-07>9�10=Q;>FO?*;�7>Je3678A036dN/NLm-BIcL0HO7>R8/NAk9D-[;:9&?*;>L0/T`01k9D-0/�/X;>HG=6I!`4A0365>/NHOFG/FO-478`0=QL&-[;X58/aPN7c78=Q/)L�FO`��*P)3Q/)Ab9O=6IWJ�78HK9D-4/C10HG7>9D78A4F{;>A4L�/N=6/NPn9DHO7>A0F�9O7EPN7>?^Z03QA4/�36AB9D7EA4/N`49OHD;>=b-BIcL0HO78R>/NA�S|3�9D-078`M9R8/n9O9D36A0R�3Q?�?*/)L03~;\9D/N=�I�HO/)3Q78A036dN/)L�ZBI�9O-0/W/NA0/)HOR8/n9D36P�Z0;>P<hbR8HO78`4A0L�10-47>9D78A4FNw
,�7�PX;>=6PN`0=Q;:9D/�9O-0/�HO/)L0FO-03�Jª9¢7>J49O-03QF�HO/)PN78?�Z03QA[;\9D3Q7>A���9D/)P<-0A036PX;>=6=6I¡3�9�FO-078`4=QL�Z_/�PX;:=Q=Q/)L�¥80\£	� ,XK �N2 , 03K[zºZ0`49¢9D-4/S|3QL4/N=6IB¨o;>PNP)/N149O/NL�9D/NHG?�3QF 46`NPN78?�Z03QA[;\9D3Q7>A@�nzbSC/�A0/)/NL�9D7�3QAB9DHG7ML4`0PN/29O-0/�
!�\¦ � `
�N¤��N25, 03K[w�¹[78H.;>ABI�HG/)5>/NHOFG3QZ0=6/10-BIcFO36PX;>=K78H|P<-0/)?*36PX;>=«HO/X;:P)9D3678A�3QA�9D-4/NHO?*;>=³/)�b`03Q=63QZ0HG3Q`0?s;:9�;^9D/)?*1v/NHO;:9D`0HG/ , FO`4P<-$;>F

� '����� � '��a��/)A0/NHGR>I[� ² � �4w *H*b�
S|-0/)HO/�� 3QF�9O-0/�;>?�78`0AB9�7>J|/NA0/)HOR>I�HO/)=Q/N;>FO/)Lt3QA}9O-0/�HO/N;>P)9O3Q78A«z{9D-0/�HO/N=Q;:9D3�58/*PN78A0P)/NAB9DHO;:9D3678A0F^7:J.9D-0/�9O-0HO/)/FO1v/NP)3Q/)F^� ��� ² ��� ² ��� �ePX;>A�Zv/¡L0/)9O/NHO?�3QA4/NL�ZbI�9D-0/&r4;>-0;�/)�c`0;:9D3678A³µ���-������ ®�� � � �

� �
� � �! ,� ¼ "��#"$�

"$� 
 � �¶¼ /nlM1 � ¾ � , 
 ¿ � �4w *bÂ8�
p�/)HO/

� �
36F�9D-0/|�b`[;>AB9O`0? L0/NR>/NA0/)HD;>PnI�7>J_9O-0/&% �(' FO1v/NPN36/NF�;>A0L � 36F�R�=Q;>A0h@��F�P)78A0Fy9<;>AB9E�#KM032{9O-0/|FOPN;>=Q/)L�pu`0Z0Z0=6/1[;>HO;>?�/)9D/)H<�©w�¹[78HW3Q78A43QdN/)L�-BIcL0HG78R8/NA�Ab`0PN=6/N3���10HG7>9D7>A0F<�W;>A0L�/N=Q/)P)9OHO78A0F)z{Zv7>9D-k7>JaS|-03QP<-};>HO/�J�/NHG?*3678A0F2S|369O--[;>=�J~¨o36Ab9O/NR8/)H�FO1036A³z

�*),+ ® ��;>A0L
� �.- ® �&;:A0L*S|-0/)A�PN78?�Z03QA0/)L³zB9D-0/u9D7>9D;>=@Ab`0?^Zv/NHC7:JKFO1036A�P)78?^Z036A[;:9D3678A0F(36F

�*)0/ ® *0w � 9(9D-0/e9O3Q?�/e7>Jv-BIML4HO78R8/)A*HG/NP)78?^Z036A[;:9D3678A³z:369(36F�FD;:J�/e9O7¡FD;XI^9O-[;:9�10HO;>P)9O3QPX;:=Q=6I&;>=6=M7:Jv9O-0/|10HO36?*7>HOL03Q;>=-0/)=Q3Q`4?��ªS|-03QP<-�-[;:F.;^-03QR>-0/NHe3678A036dX;:9O3Q78A�1_7:9D/NAB9O3~;>=#�21 #O�a-[;>Fe;>=QHG/X;>L4I*HO/)PN78?�Z03QA0/)L�S|369O-�J�HO/N/E/N=Q/)P)9OHO78A0F|;:A0L3QFe9O-b`0F�36R8A078HO;>Z0=6/E3QA�9O-0/&r4;>-[;�/N�b`[;:9O3Q78A«w




������ �'	'����� � � ����� � ��� �8�
i -03Q=6/�9D-0/�10HG7MP)/NFOF�7>JMHO/NP)78?^Z036A[;:9O3Q78A�;>Pn9D`[;>=6=6I�9<;>h:/NF¢10=~;>P)/�7º5>/NH{;|´[A4369D/�1v/NHG3Q7cL�7:J49D36?*/:zXJ�78H�L0/)´0A0369O/NA0/)FOFSa/�S|36=Q=³L0/n´[A0/W9D-0/W36A0FG9D;>AB9<;>A0/)78`0Fu/)5>/NAB927>J�HO/)PN78?�Z03QA[;\9D3Q7>Ag;:F|9O-0/W1_7>3QAB9|S|-0/NHG/ � ),+ ® � )0/ µ(9O-0/&Ab`0?�Z_/)HL0/)A0FO3�9D3Q/)F27>J�A0/)`49DHO;>=�;>A4L!3Q78A036dN/)L$-BIML4HO78R8/)Ak;>HO/^/)�b`[;>= wW,.-0/^9O7>9<;:=e�ªJ�HO/N/�;:A0L!Z_7>`0A0L@��Ab`0?�Z_/)H2L0/NA4FO369oI�7>J/N=6/NPn9DHO7>A0F.9D7cL[;XI�3QF.HG/N=~;\9D/NL�9O7�9O-0/¡9D7>9D;>=³Ab`0?^Zv/NH|7>J�Z[;>HyI878A4F�ZBI

� � � ' ) ' �
/ ® �B� ® �
* � � � ' ) ' �
/ ® �B� ² � �4w *B�B�

;>1014HO7XlM3Q?*;:9D36A0R2?*;>FOF�J�HO;>P)9O3Q78A0F�;>F�� ® �4¿ Å Â2;>A0L ? ® �4¿À�8ÂMw � FOFG`0?*36A0RWPN78A4FO/NHy5:;:9D3678A�7>Jv/N=Q/)P)9OHO78A�Ab`0?^Zv/NH)z9D-4/W9O7>9<;:=³Ab`0?^Zv/NH|L0/NA4FO369oI�7:J{/)=Q/NPn9DHG78A0Fu;:9u;THO/)L0FO-03�Jª9��y�(' /B�CSC;>F� � � ' ) ' ��/B� ® �y� '1/B� � � � � ' ) ' ���B�n¿ � �4w * Å �
,.-0/W9D/)?*1v/NHO;:9D`0HG/¡7>J¢9D-0/WPN7>FO?�3QP¡Z[;>P<hbR8HG78`0A0LgHD;>L43~;:9O3Q78A�P<-0;>A0R8/)F�=63QA0/N;>HO=�I�S|3�9D-�HO/)L0FO-03�Jª9|FO7

, ��/B� ® �y�('1/B� , � �8�n¿ � �4w *BÈB�
¹[HO78?s9D-0/WHG/NPN7>?^Z03QA0;:9D3678A�PNHG369D/)HO3678A�7>J � ),+ ® � ) / z4Sa/&-0;�5>/� � � � � #�#)�
/�� #��G� ® �� � � � ' ) ' �
/�� #��O�n¿ � �4w *B�B�
R(=Q`0R8R>3QA0RT36Ab9O7�/N�b`[;:9O3Q78A�� �MwE*bÂ>�nz4Sa/&PN;>A�FO78=�58/¡J�78He9D-4/�HG/NL0FG-036Jª9|7:J{HG/NPN7>?^Z03QA0;:9D3678A³µ� � � ' ) ' � �B�� �y�(' /�� #��D� � ® ���\�

* � � �! , ���B�N� � ' /�� #��G� " �� ¼ 
 � �¶¼ /©l41 � ¾ �
 , ���B�N� �(' /�� #��G� 
 ¿ � �4wÀÂ>�B�

,.-0/T78A4=6IgHO/N?*;>36A03QA0R*`0A0hbA07�S|Ak3QF � � � � � � ���B�nz«9O-0/^9D7:9<;>=�/N=Q/)P)9OHO78A!L0/)A0FO3�9oI$36A$9D-0/T`0A43658/)HOFG/^9D7cL[;XI8w&¹@7>H2FO36?�¨10=63QPN3�9oI8zvPN78A4FO3QL4/NH � � ® �>z«S|-03QP<-!R>3658/)F � � � � � � � �B� ® È4¿ÀÂ ����� ��� P)? � � ;:A0L$9D-0/)Ak;�HO/NP)78?^Z036A[;:9O3Q78AgHO/NL4FO-03�Jª9�y� ' /�� #��O� � �ºÂM���4w ,�;>hb3QA0Rj9O-0/$HG/NPN/)AB9gHG/NFG`0=69OF�7>JW9D-0/$i°f � R FO;:9D/)=Q=6369D/:zeSC/!-0;�5>/�� � ® �4¿ �N* Å z�;:A0L�y�&' / � �
�y� ® �X�8�8�4wB(�7:9D/T9D-[;\9�9O-0/T9D/)?*1v/NHO;:9D`0HG/�;:9WHO/)PN78?^Z43QA[;:9O3Q78A$SC;>F&�8�8�8� QTzKR83�5M36A0R�;�9D/N?�1v/NHD;\9D`0HG/FO?*;>=6=Q/NHWZBIt;:=Q?�78FG9&;�J�;>Pn9D78H&7>JW���8��9D-[;>Aj9O-0/�9O/N?�1_/)HD;:9O`0HO/*PN78HGHO/NFG1_7>A0L03QA4R�9D7�9O-0/�3678A03QdN;:9D3678Ak/NA0/)HOR>I�7>J-BIcL0HO78R>/NA³w�,.-0/W10-[;>FG/&FG1[;>P)/WJ�;:P)9D7>HOF|FG9OHO78A0R>=6I�J�;X5>78H|3Q78A036dX;:9O3Q78A«w
%u/)PX;>=6={J�HO7>? rM/)P)9D3678A��8w��8�^9D-0/�L0/)HO3�5>;\9D3Q7>A!7>J�9D-0/��Z` �NK .�£��3.8.nz«9O-0/�?*36A03Q?^`4?Ã?*;>FGF¡A0/NP)/NFOFO;>HGI!J�7>HW;>A7�58/)HOL0/)A0FO/&1_/)HG9D`4HOZ[;:9O3Q78A�9O7�P)78=Q=Q;>10FG/¡`0A0L0/)Hu3�9DF.7�S|A�R8HD;X5c369oIvµ

�
	 ® * � � b � � � ¼
� b 
 � �¶¼ ¿
SC/nJ�78HO/�HO/)PN78?�Z03QA[;\9D3Q7>A³zX9D-0/�3Q7>A03Qd)/NLW-BIML4HO78R8/)A�RB;:F¢36FK781[;>�b`0/�9D7|9D-4/�Z0;>P<hbR8HO78`4A0L�10-47>9D78A4FNz>FG7u9O-0/�L078?�3QA[;:Ab9FO7>`0HOP)/�7:JC10HG/NFGFO`0HG/�36A!9D-0/TRB;:F¡PN78?�/NF2J�HG78?
9O-0/T10-07>9O78A0F¡S|-036P<-�;:HO/THO/)=~;:9O365c3QFy9D36P�1[;>Hy9D36PN=Q/)FNz³R>365c3QA0R�;�5>/NHyI=~;:HOR8/.FG78`0A0L*FO1v/N/NL � 
 � 4 ��� �&;:A0L�9O-b`0Fa=Q;>HOR>/'">/X;>A0F�?*;>FOF)w � Jª9O/NH�HO/)PN78?^Z43QA[;:9O3Q78A«z>9D-0/|FG78`0A0L*FO1v/N/NL*L0HO7>10F9D7�9D-0;:9u7>J(;>A�3QL4/X;>=KRB;:Fu7:J�?*;>FOFG3658/:z@A078AM¨¶HO/N=Q;:9D3�5c3QFG9O3QP�1[;>HG9O3QP)=Q/NF.S|3�9D- � 
 � �&hb?�Ä:FNwerM7�9D-0/�PN78HGHO/)FO1v78A0L036A0R
">/X;:A0F|?�;>FGFu;>=QFG7�P<-0;>A0R8/)F�L0HO;>?*;:9D36PX;>=6=6I�L0`0HG3QA0R�HG/NPN7>?^Z03QA0;:9D3678A³w

�y�(' /B� I � �(' /�� #��O� µ � 
�Á 4
� �

�
	 Á ��� » � � %
�y�(' /B��� � �(' /�� #��O� µ � 
�Á �Whb?�Ä:F

�
	 Á ��� U � % � �4wÀÂM�º�



�º� ���������
	���
��������������������

§¶9�SC78`4=QL�;>101v/X;>H�9O-[;:9�RB;:=~;\lM3Q/)F{S|369O- � � � �[Á �X� 	 ¾ ��� »�¼ � % ;:A0L*/n58/)A*P)=Q`0Fy9D/NHGF�7>J«R8;>=~;\lM36/NF{S|3�9D-�?�;:FOFO/)F`01!9D7 � � �'& -.ÁÆ��� » U � % z�;>HO/�9O7M7�FG?�;:=Q=�9D7�-[;X58/�PN7>=Q=~;:10FO/)L$Z_/nJ�78HO/THG/NP)78?^Z036A[;:9D3678A³w�!2Zc�G/NPn9DF¡S|369O-!?�;:FOFO/)FFO?*;>=6=Q/NH(9O-[;>A*9O-0/ ">/N;>A0Fe?*;>FGFa-[;X5>/23Q?*;>R836A[;>HGI�R8HO7�S.9O-�/nlM1v78A0/NAB9OF�;T9O-0/)I*78FOP)3Q=6=~;:9O/>w¢,.-03QFaPNHO/N;:9D/)F.;&?*;º�G78H10HG78Z0=Q/)?�3QA�?�7ML0/)=QF.S|369O-078`49uL[;:HOh�?*;:9O9O/NHNz0S|3�9D-�78A0=�I�10-07>9O78A0F�;>A0LgZ[;>HGI>78A0F)w.,.-0/&14-07>9D7>A0FE;:A0L�Z[;:HGI87>A0F78FGPN3Q=6=~;:9O/*��FO/)/T¹{36R0wu�4w6� *�Zv/N=Q7�S��|Z0`49236Ag9O-0/�10HG7MP)/NFGFE9D-0/�10-07>9O78A0FE=6/X;>h�78`M9E7>J(9O-0/�1v/NHy9D`0HGZ[;:9O3Q78A³w��K/)9G9D3QA4R
! � #��G�2Z_/T9D-4/�?�/X;:AkJ�HG/N/�1[;:9O-�7>JC;�10-07>9O78A�;:9�HO/NP)78?^Z036A[;:9O3Q78A³z«10-07>9O78A0F¡S|3Q=6=�=Q/N;>h�78`M9&7:JC?*;>FOFG/NF�FO?*;>=Q=6/NH9D-0;>A�9O-0/�
 , � Y�?*;>FGFNz

��� Á �
! � # � � Ab`0?^Zv/NH|7>J�FOPX;\9O9D/)HO36A0R/)5>/NAB9DF�3QA ��Á � � ¯ c 
 »��¶¼�� � � � L0/)A0FO3�9oI �_Á ��� »�¼ � % ¿ � �4wÀÂ8�8�

,.-0/�rc3Q=Qhm?*;>FOF&3QF�I8/)9�=Q;>HOR>/NHWJ�78H�=67ºS �2w!,.-43QF�Sa78`0=6LjFO/)/N? 9O7$3Q?�10=�I!9D-[;:9�1_/)HG9O`0HOZ[;\9D3Q7>A0F^78A}9O-0/�FGPX;>=6/7>JaRB;>=Q;\lM3Q/NF�PN78`4=QLmA07>9W-[;X5>/�FG`0HG5c3�58/NLjrM3Q=6hgL0;>?*143QA0R�14HO3Q7>HE9D7�HO/)PN78?�Z03QA[;\9D3Q7>A³w��«/)=QL07�5c3QP<-m;:A0L�-43QF2FGP<-07M7>=9D-4/NHO/nJ�78HO/!J�;X587>HO/NL�;qFGPN/)A[;>HO367·36A S|-03QP<- PN=6`0FG9O/NHOF�J�78HG?*/)L ´0HOFG9Nz2PN7>=Q=~;:10FO36A0Rj9D7 UG1[;>A4PX;>h:/NFO]qS|-03QP<- 9D-4/NAJ�HD;:R8?*/)AB9�3QAB9D7!RB;:=~;\lM3Q/)FNw Sa`49�L[;>HGhj?�;\9O9D/)H^PN7>`010=Q/)F�78A0=6I}R8HD;X5c369D;:9D3678A[;>=6=(9D7!9D-0/�10-47>9D78A4F�;>A0LqZ[;>HGI>78A0F)z;>A0L�L[;:HOh�?*;:9G9D/NHC1_/)HG9D`4HOZ[;:9O3Q78A4F.PN78AB9D36Ab`0/¡9D7TR8HG7ºSWz@;:=QZv/N369CFO=67ºS|=�I8zM10HO3678HC9D7�HG/NPN7>?^Z03QA0;:9D3678A³w�Y¡;:HOh�?*;:9G9D/NH78ZB5c3~;:9O/NF.9D-4/�A4/N/NL�J�78He9D-4/��«/)=QL07�5c3QP<-·Uy9O781�L07�S|A0]�FOPN/)A[;>HG3Q70w
���	� � /(� 3 ��'1&�2X"!+�%�� 
 6�� &�0.%(+ 8�
 ,.& 5 / &2+�+���� 0�,.&�0 ,�%+&	/�� &�0u' * &
�K3QA0/N;>H¢1_/)HG9D`4HOZ[;:9O3Q78A�9D-0/)78HGI&3QF¢�b`0369O/C`0FG/)J�`0=cJ�78H¢L0/)9O/NHO?�3QA43QA0RuR8HO7�S.9O-^HD;:9O/NF{;:9�/N;>HO=�I¡9D3Q?�/NF)z>Z0`M9{S|-[;:9{L07ESa/L07¡S|-0/)A*;2S|-07>=Q/C´[/)=QL�7>J $[`0Pn9D`[;\9D3Q7>A0F�9DHO;>A0FO3�9D3678A0F�9O7WA078AM¨¶=Q3QA4/X;>H�R8HO7�S.9D-«zB10HO/)PN3Q14369<;\9D3QA4RE78Zc�G/)P)9OF�7:J_5:;>HG3Q78`0FFO36dN/)F ) � =QFO74zbJ�7>H�;�R83�58/)A*SC;�5>/n¨¶Ac`4?^Z_/)HNzMFO78?�/|=~;>HGR8/�$[`0P)9O`[;:9O3Q78A0F(S|36=Q=0-[;X5>/E-[;>L�9D36?*/e9O7�R8HG7�S�3QAB9O7&78Zb�G/NP)9OF��/:w R4wERB;>=Q;\lcI8z@PN=6`0FG9O/NH)z«/)9OP>wÀ�nzvS|-03Q=6/�7>9O-0/NHGF�Sa78`0=QL�FG9D36=Q=KZv/^3QA�9D-0/&/X;>HG=6I�=Q36A0/X;:HuR>HO7�S.9D-$14-[;>FO/)F2/)5>/NA!9D7cL[;XI8wi�/*SC;>AB9�9D7�`0A0L0/)HOFG9D;>A0Lt-07�S 9O7�?*;>h>/�9D-0/�9DHD;:A0FO3�9D3Q7>AkJ�HG78? 9D-0/*=Q36A0/X;>HW10HG78Z0=6/N? 7>J|;gFO`01v/NHG1_78FG369O3Q78Ak7>JL0/)A0FO3�9oI&SC;X58/.1v/NHG9O`0HOZ0;:9D3678A0F{36AT;>A^7:9D-0/)HGS|3QFG/e`0A03�J�78HO?�$0`03QL�9O7E9D-4/CJ�`0=Q=�I¡A078Ac¨o=Q36A0/X;:H�L0/)FOP)HO3Q1M9D3Q7>A^7>J[L036FOP)HO/)9O/78Zc�G/)P)9OF27>J�5:;>HyIM36A0R�?�;>FGFO/)F2L03QFy9DHG3QZ0`49O/NL�9D-0HG78`0R8-07>`49E/)?*1M9oIgFG1[;>P)/>wu§oA�9D-0/�;>A[;>=�IcFO3QF|9D-0;:9�J�7>=Q=Q7�S|F)z@Sa/&S|36=Q=PN7>A0FO36L0/NH�10HG3Q?*;>HO36=6I!9D-4/�1v/NHy9D`0HGZ[;:9O3Q78A0F�36Aj9D-0/�L[;>HGhj?*;:9O9O/NH^´[/)=QL0FT9D-0;:9�R8HO7�S 9D-0HG78`0R8-qFO/)=6J~¨oR>HD;X5c369<;\9D3Q7>A³z=~;:HOR8/)=6I�3QA4L0/N1v/NA0L4/NAB9u7>JK9D-0/¡3678A036dX;:9O3Q78A�7>JK9D-4/¡Z[;>HGI>78A0F)z03 wc/>w4Sa/2S|3Q=6=@3QR8A07>HO/�9O-0/¡/ a_/NPn9DF.7>J¢HG/NPN7>?^Z03QA0;:9D3678A³w

xC78A0FG3QL0/)H�;�L0/)A0FO3�9oI�1_/)HG9O`0HOZ[;\9D3Q7>A�36A�9D-0/W/X;:HO=6I�`0A03�58/NHGFO/WS|369O-�?*;>R8A4369D`4L0/
� � b � ¾ b��b�� ¿

,.-036FE1v/NHG9O`0HOZ0;:9D3678A�S|36=Q=�R8HG7ºS ;>PNP)78HOL036A0R*9O7*9O-0/�=63QA0/N;>H.9D-0/)78HGI�10HG/NFO/)AB9D/NLk;>Zv7�58/:z«Z0`492;:9E;>A$;>?�10=6369D`4L0/ � �A078Ac¨o=Q36A0/X;:HE/ a_/NPn9DF�Z_/)PN78?�/T3Q?�1v78HG9D;>AB9Xw�S�I!PN78AB5>/NAB9D3678A � ��36F29<;>h:/NAm9D7�Z_/��>wÀ�8�Mz³S|-03QP<-k3QF29O-0/�;>?*14=Q369O`0L0/;�1_/)HG9D`4HOZ[;:9O3Q78A�Sa78`0=QLg-[;X58/�;:9|9D-0/W9D36?*/W7>J{?�;\lM36?^`0?�/©lM1[;>A0FG3Q78Ag3QAg;>A0L.� ® �&`0A03�58/NHGFO/&36J�369u-[;>LgR8HO7�SS|369O-�78A0=6I*9D-0/W=63QA0/N;>HeR8HG7ºS.9O-gHO;:9D/:w�§oA0PN=6`0L03QA4R^9D-0/WA078Ac¨o=Q36A0/X;:He/ a_/NPn9DFuR8365>/NF � ® ��� ¼ �M��� ¾ �8w
i}/k;>FGFO`0?�/$9D-4/!3QA03�9D3~;:=uL4/NA0FG369oI 1v/NHy9D`0HGZ[;:9D3678A0F�36A�9D-0/!/N;>HO=�I�`0A03�58/)HOFO/!Sa/NHG/k=63Qh:/$FO`01v/NHG1_7>FO369O3Q78A4F�7>J10=Q;>A0/�SC;X58/NFWS|369O-$Se;X5>/n¨oAb`0?�Z_/)H� vzKHD;>A0L478?
14-[;>FO/:z¢;>A0Lm;>?�10=Q3�9D`0L4/ � w&,.-0/T14HO78Z[;:Z03Q=6369oI�L03QFy9DHG3QZ0`49O3Q78Ag7>J;>?�10=Q3�9D`0L4/NF � 36F|;>FOFG`0?*/)L�9O7*Zv/&V�;:`0FOFG3~;>A�S|369O-�;T5:;>HG3~;>A4PN/ + ¼ z@;>A4L�9O-0/WL0/NA0FG369oI�1v/NHy9D`0HGZ[;:9O3Q78A0F|PN;>Ag-0;�5>/� ���t��`4A0L0/NHGL0/NA4FO/��^78H � I ����7�58/)HOL0/)A0FO/X�nwmi}/*S|3Q=Q=�10HG3Q?*;>HO36=6I!Zv/�36AB9D/NHG/NFy9D/NL�36A}9D-0/�1_78FG369O3658/*L0/NA4FO369oI1v/NHG9O`0HOZ0;:9D3678A0FNzaFO36A0PN/�9D-478FO/g;>HO/�9O-0/g7>A0/NF�9D-[;\9*PN;>A�J�78HO? 7>Zc�G/NPn9DFNw ��;>P<-·5:;>=6`0/�7>J  tPN78HGHO/)FO1v78A0L0F�9D7�;9oIc103QPN;>=�5>78=Q`4?*/�;>A0L$9D-b`0F¡?*;>FGF � L0/)9O/NHG?*36A0/NL!ZBI�9O-0/^36A0369O3~;>=KZ[;:P<hcR>HO78`0A4LkL4/NA0FG369oI b���� � wW¹@7>HE/X;:P<-k?*;>FGF




���� ��� � ����� �\	�� 
���� ��� ���3	'�'� �����
��	 ���'	������ �M����	'���@�
	�� ��	'� �\��	 ���
� 9D-4/NHO/�3QF2;�S|-078=Q/&HD;>A4R8/�7>J�FG`01v/NHO1v78FG/NLmHD;>A4L078?T¨o10-[;:FO/�?�7cL0/NFuS|369D-gL03 a_/NHG/NAB925:;>=6`0/NF�7>J � L4/)9D/)HO?�3QA0/)LZBI�9D-4/�A478HO?*;>=³L036FG9OHO3QZ4`49D3678A³w�,.-b`0F|SC/WPN;>AgL4/)´[A0/W9D-4/W5:;>HG3~;>A4PN/W;>Fu;^J�`0A0Pn9D3Q7>A�7:J{?*;>FOF)µ

+ ¼ � � � ® � ¼ ® 	 � � bb 
 ¼�

� ¿ � �4wÀÂ>�B�

§oA�9O-0/|=Q36?*3�9{7>JvFG?�;>=6= + ¼ z89O-0/|L03QFy9DHG3QZ0`49O3Q78AT7:J � =67M7>hcF{=Q3Qh:/e9D-0/uY236HD;>PeL4/N=69D;\¨¶J�`4A0P)9O3Q78A^P)/NAB9D/)HO/)L�78A � ® �4zR83�5M36A0R�A47�1_/)HG9O`0HOZ[;\9D3Q7>A0F¡;:9�9D-[;:9E?�;:FOF2FGPX;>=6/>w2,.-0/T=Q;>HOR>/NH|9D-0/�5:;>=6`0/�7:J + ¼ � � �©z«9D-4/^?*7>HO/�FG9DHG`0P)9O`0HO/^S|36=Q=/)5>78=65>/�S|3�9D-�?�;>FGF � w(,.-0/NHG/E36Fa;WFG9OHD;>36R8-B9OJ�78HySe;:HOL�PN78A0A4/NP)9O3Q78A�Zv/)9oSa/N/NA�9O-0/|5>;:HO3~;:A0PN/|78A�FOPN;>=Q/ � ;>A4L*9D-4/1v7ºSa/NHuFO1v/NPn9DHG`0?��*�  0�e;:9|SC;X58/NAb`0?�Z_/)H  _z �*�  4� �  �� ¿ � �4wÀÂ *b�
¹[HO78? 9O-0/NFG/�36A0369O3~;>=cPN7>A0L0369O3Q78A4FNz8Sa/|SC;>AB9�9D7�/NFG9O3Q?*;:9D/e9O-0/.J�HD;>Pn9D3678AT7>J³?*;>FGFO/NF��*� � �{S|-036P<-�-[;X5>/ ��I � �;>A0L}-[;X58/�9D-b`0FTP)78=Q=Q;>10FG/NL�9O7�J�78HG? Zv78`0A4Lt78Zc�G/NPn9DF^ZBI�9D-0/�14HO/NFG/NAB9�/N1v7cP<-³w$,.-036F�J�HD;>Pn9D3678A}FG3Q?�10=6Im36F&9D-4/3QAB9O/NR8HO;>=³7>J¢9D-0/W`0141_/)H|9D;>3Q=«7>J�9O-0/WA078HG?�;>=63Qd)/NL�L036FG9OHO3QZ4`49D3678A�J�`0A0Pn9D3Q7>A³µ��� � � ® �

� � � + � � �
 ���� /©lM1 � ¾ � ¼� + ¼ � � � 
 � � ® �

� �
 �� � � � ��� ��� ® �� /)HGJ�Pb� � � � ² � �4wÀÂ8Â8�

S|-0/)HO/WSC/W-[;X58/�?*;>L0/29D-4/�FG`0Z0Fy9D369O`49D3678A � � �� ¼�� � �
!
;>A0L�/NHyJ�PB� � �.36Fe9D-0/WP)78?*14=Q3Q?�/NAB9D;>HGI*/NHGHO78HeJ�`0A4P)9D3678A³w

,.-0/�P<-[;>HD;:P)9D/)HO36FG9D36P¡?�;:FOF �#" 36Fe9D-[;\9.S|-03QP<-�PN78HGHO/)FO1v78A0L0F|9D7
+ ¼ � � " � ® �� � ¼� ¿ � �4wÀÂ>�B�

,.-0/�1_7�Sa/NH ¨o=~;XS°HO/)=~;:9O3Q78A�7>J�/N�b`[;\9D3Q7>A}���4wÀÂ *b�CR83�58/NFu;^5:;>HO3Q;>A0P)/¡7>J

+ ¼ � � � ® � � � � �%$ � ! � � ® � ¼�� � �� " 
 � � �%$ � ! � � ² � �4wÀÂ Å �
R83�5M36A0R^J�`0Hy9D-0/)H � � ® � �� " 
 � � �%$ � ! � � ¿ � �4wÀÂ>ÈB�

� 9|9D-036F.1_7836AB9'R�HG/NFGFE;>A4L$rMP<-4/NP<-B9D/)HE/N�b`[;\9D/W9oSC7��b`[;>AB9D3�9D3Q/)FeS|-03QP<-�;>HO/¡P)=Q/N;>HO=�I�A07>9.9O-0/WFD;>?�/¡9D-036A0R0z&' J�HD;:P)9D3678A�7>J?*;>FOFG/NF �S|3�9D- �)I � �)(* �
&' J�HD;>Pn9D3678A�7>J.`0A43658/)HOFG/PN78=6=~;>10FG/NL�3QA�78Zb�G/NP)9OFS|3�9D-�?�;:FOFO/)F I � (* ¿ � �4wÀÂ>�B�

,.-036F �NK . �N2,+���;>=69O-078`0R>-b9�FyS|3QA0L0=6/E?�3QR8-B9�Zv/E?�78HO/�;>1010HG7810HG3~;:9O/ ;�FO/N/E¹{3QR4w��4w ÈB��;>=Q=67ºS|F�78A0/u9D7&PN78?�10`49O/�9D-4/J�HD;:P)9D3678A[;>=_Ab`0?^Zv/NH|L0/NA4FO369oI�7:J{P)78=Q=Q;>10FO/)L�78Zc�G/NPn9DF|S|369O-�?*;>FGFO/NF|36A�9O-0/WHD;>A4R8/��.- ² - ' � � �nz-}� � � � � ® ¾0/b
� 1 �1 � � � ² � �4w �8�B�



� * ���������
	���
��������������������

¹{36R8`0HG/.�4w È4µ{,.-0/'R(HO/)FOF ¨yrMP<-0/)P<-B9D/NHCHO/NP)3Q1v/.FG9D;>HG9OF�S|3�9D-T9D-4/.10HO78Z0;>Z03Q=6369oI9O-[;:9(;uPN/)=Q=b78A^;�10HO/)L0/)9O/NHO?�3QA4/NL�R>HO3QL&3QF¢FO` ��P)3Q/NAB9O=6I�L0/NA4FO/C9O7EPN7>=Q=~;:10FO/:w
SC`M9uS|-0;:9�;>Z_7>`49|78Zc�G/)P)9DF|9D-0;:9|FO1[;:A�9O-0/WPN/N=6=KZ_7>`0A0L[;>HG3Q/)F )

S|-0/)HO/ /b�� � 36F�9O-0/�Ab`0?�Z_/)H^7>J.1v78FOFG3QZ0=6/�78Zb�G/NP)9OF�S|369O-}?*;>FOF � 1_/)H�`0A4369�5878=6`0?*/:wT(u7>9D/�9D-0/�;>L0L03�9D3Q7>A[;>=A0/)RB;:9D3�58/|FO36R8AT3QA�/)�c`0;:9D3678Ag� �4w �8�B��9O-[;:9�3QF(A4/N/NL4/NL�Z_/)PX;>`0FG/�Ab`0?�Z_/)H�L4/NA0FG369D36/NF�;>HG/u;>=6SC;XIMF�A07>AM¨oA0/)RB;:9O3658/|;:A0L�*� � �e3QF|;:=6SC;�IcF|A078Ac¨o3QA4PNHO/N;>FO36A0R0z0FG7�����
�
3QF.A07>AM¨o1v78FO3�9D3�58/>w(fg78HO/W10HG/NP)3QFO/)=6I>z

¾ 1 �1 � ® ¾ �
� �

������ � 1 � �1 � ® �
� �

/nlM1 � ¾ � �� " 
 � +��� � � � '·�� 
 �
� � �� " 
 � +��� ¿ � �4w �4�º�

xC78?^Z036A03QA4RT/N�b`[;:9O3Q78A0F&���4wÀ�>�B�e;>A0L}� �4w �4�º�©zMSa/&R>/)9

-}� � � � � ® �� � � 	 �(' � ��
 /b
� ¼ � �� " 
 � +��� /nlM1 � ¾ � �� " 
 � +��� � ² � �4w �B�8�

S|-036P<-�;>Pn9D`[;:=Q=6I*A078HG?�;:=Q3Qd)/NFC9O7  �
c -j� � � � � ® �� ² � �4w �8�B�

;>A0L&KM032�9D7T`4A0369oI>z0;>FeFG-078`0=6L�Z_/E/nlM1_/)P)9O/NL�FO3QA4PN/¡;>=6=_P)78=Q=Q;>10FG/NL�78Zb�G/NP)9OF|-[;X58/¡=Q/)FOFC9O-[;>A�36A4´[A03�9D/E?*;>FGFNw(,.-036FJ�;>Pn9D78H&7>JW� �8��3QF�PN;>AtZv/�/nlM10=Q;>3QA4/NLjZBI�3QAB5878hb36A0R!;>At;:HOR8`0?�/NAB9�Z[;>FO/)L�78A}9D-4/tUG/©l4P)`0HOFG3Q78AtFG/)9OFNz�]j;g9O78103QP78`49OFO36L0/¡9D-0/WFOP)781v/�7:J�9O-03QF.L036FOP)`0FOFG3Q78A³w
,.-0/ R{¨ rWHG/NPN361_/�;>FGFO`0?�/NF¢9D-0/�36A0FG9D;>AB9<;>A0/)78`0F¢L0/NFy9DHG`0P)9O3Q78A&7>J0FG`0Z0FG9OHO`0Pn9D`0HG/aS|-0/)AT;|A0/)StFy9DHG`0P)9O`0HO/�J�78HO?�FNw,.-036F&36F&78ZB5c3Q7>`0FO=�ImA07>9�9D-0/*PX;>FG/@;mR8;>=~;\lM36/NFWPN78AB9O3QAb`0/*9O7g/©lM3QFG9^;>A0L $[78`0HG3QFO-kS|369O-03QAkPN=6`0FG9O/NHOF&7>J.RB;:=~;\lM3Q/)FNw

SC/)FG9�/NFy9D36?�;:9O/NFT;:HO/�9O-[;:9THG78`0R8-0=�I �X�GF 7:Ju9O-0/�L[;:HOh}?*;:9G9D/NH&FO`0Z4FG9DHG`0P)9O`0HO/�FO`4HG5c365>/NFT9D-0/�PN78=6=~;>10FG/�7>J|9D-4/A0/©lM92R8/NA0/)HD;:9O3Q78Ag3QA�9D-0/&-03Q/)HD;>HGP<-bI>z«Z0`M9E9D-43QFE36Fu5>/NHyI�`0A4PN/NHy9<;>36A³w � ?^`0P<-�=~;>HGR8/NH|J�HD;>Pn9D3678Ag7:J(9D-0/&Z[;>HGI>78A036PFG9OHO`0Pn9D`0HG/¡FO`0Hy5c3658/)F|Z_/)PX;>`0FG/29D-0/¡Z0;>HGI>78A0FeJ�78HG? Fy9<;>HGF.;:9e9O-0/2Zv7>9O9O78?*Fa7>J�9D-0/EL[;>HOh*?�;\9O9D/)HC1v7>9D/)AB9D3~;:=vSa/N=6=QFNw
,.-0/TFO-0;>1_/T7:J(9D-0/ -}� � �EL43QFG9OHO36Z0`49D3678AgJ�7>HE9D-0/�PN`0HGHO/NAB9O=6I�J�;�5>78HO/)Lm1_/)HG9D`4HOZ[;:9O78A!FO1v/NPn9DHG`0?�L03 a«/)HOF2FG3QR:¨A03�´[PX;>AB9O=6I�J�HO78?Ã9D-0/TFG-[;>1v/T7>J�=Q`0?�3QA07>FO369oI�J�`0A4P)9D3678A$J�78H2R8;>=~;\lM36/NFNw�,.-0/TRB;:=~;\lcIgL03QFy9DHO36Z0`49O3Q78A$P)`49DF¡7:JC?�78HO/FO-0;>HO10=�I*;:9a9O-0/EZ4HO3QR>-b9a/NA4L�;>A0L�36FaFG-[;>=Q=67�SC/)HC;:9�9D-4/EJ�;>3QAB9�/NA4L³w�!¡A4/E?�3QR8-B9�FO`0141_78FG/E9D-0;:9a9O-03QFa3QF�9D-0/�HO/)FO`0=�97>JK9O-0/¡PNHG`0L0/W;>1014HO7XlM3Q?*;:9D3678A0F�3QAB5878=�58/)L³z4Z0`M9'(|¨oZv7cL4I�FO3Q?�`0=~;:9O3Q78A4FaR83�58/�HO/NFG`0=69OF.HO/)?�;>HGh\;>Z0=6I�FG3Q?�3Q=Q;>H(9D7^9D-4/

R{¨yr!HO/)PN3Q1v/>wT,.-4/�L43QFG9OHO36Z0`49D3678A!7>JaZ[;>HyI878Ak?�;:FOFO/)FWL07M/)FW3QA0L0/)/NL�;>101v/X;>H29O7�Z_/�L03 a«/)HO/NAB9Nw�fg`0P<-}-0;>FWZ_/)/NA?*;>L0/E=Q;:9D/)=6I�7>J�9O-0/2=~;:HOR8/uAb`0?^Zv/NHe7>J�=67�S ?�;>FGFeL[;>HGh*?*;:9G9D/NH�FO`4Z0FGIcFG9O/N?�F|/nlM1_/)P)9O/NL�9D7^1v/NHGFO3QFy9.3QA*9D-0/2L0;>HOh?*;:9O9O/NHE-0;>=Q78F�7>J�RB;>=Q;\lM3Q/)FNw2,.-0/)FO/^J�;>HE/nlMPN/)/NL!9D-0/�78Z0FO/)HG5>/NLkAc`4?^Z_/)HOF¡7>J�LMSe;>HyJ�RB;>=~;ºl436/NF)wWrc9<;:H�J�78HG?�;:9O3Q78A?*;�I�-[;X58/WJ�;>3Q=6/NL�9O7�7cPNP)`0H|3QA�9D-4/NFO/�FO`4ZM¨o-[;:=Q78F)w
p�7�S¸L47M/)F|9O-0/WPNHG369D36PX;>=_?�;:FOF �#" P<-[;>A0R8/¡S|3�9D-�9D36?*/ )g¹[HO78? FO36?*10=6/EFGPX;>=63QA0R�PN7>?*1[;:HO3QFG78A0F)zMSa/&FG/N/¡9D-[;\9




����G�+�)
�
	� ��� �'	 ��	������^�'	�� ��� ��� � ��� � �J�������^����� ��� �ºÂ
J�78H|;>A�7�58/)HOL0/)A0FO/&HO/NR>3Q78A�36Ag;:Ag/©l410;>A0L036A0R�`0A0365>/NHGFO/>z

����Á � � � �¶¼� Á � � �
� Á ��� � �� Á � ¼
� " Á � � � � $��� Á � � '1/B� � ¼ ¿ � �4w �N*b�

,.-036F�FG/N/)?*FW9D7�FO`0R>R8/NFy9&9O-[;:9WJ�78H¡-036R8-�HG/NL0FG-036Jª9NzK9D-0/�P<-[;>HO;>P)9O/NHO36FG9O3QPTPN7>=Q=~;:10FO/)L�?*;>FOFWFG-078`0=6L�Zv/�HO/N=Q;:9D3�58/)=6IFO?*;>=6= zbZ0`49e;�Ab`0?^Zv/NHe7>JK5>/NHyI�?*;>FOFG3658/EPN=Q`4FG9D/)HOFe7:J�RB;>=~;ºl436/NFE��=Q;>HOR8/uPN7>=Q=~;:10FO/)L�78Zc�G/)P)9DFD�C-[;X58/¡Zv/N/)A�J�78`0A0L�;\9
/&Á �M¿ÀÈ��

��78369|-0;>F|10HO/)FO/NAB9O/NL$;�FO36?*14=Q/¡;>1410HO7B;:P<-�9O7�PN;>=QP)`0=~;\9D3QA4R � " pu3QF.HG/X;>FG78A03QA4R�R>7M/)F�;:F|J�7>=Q=Q7�S|F)µ
��� FO/¡9D-0/WP)`0HOHG/NAB9D=�I�78Z0FO/)HG5>/NLg5:;>=6`0/NF|7>J -j� � �e9D7�L0/NHG365>/�� � � �#" �©w
� �{lc9DHO;>1_7>=~;:9O/ � " 9O7*FG78?�/¡78Z0FO/)HG5>/NL$HG/NL0FG-036Jª99/TS|-0/NHG/�Sa/�PX;>A�/)5:;>=6`[;:9D/¡/©lM1¢� ¾ � � � " �©w
��� FO/.9D-0/.9O/N?�1_/)HD;:9O`0HO/ , ;:F�9D-0/|3QA4L0/N1v/NA0L4/NAB9a5:;>HG3~;>Z4=Q/C36A0FG9O/X;>L�7>Jv9D-0/|?*;>FOF � w(,.-0/|L0/NA0FG369O3Q/NF�7>Jv9D-4/?�78FG9|HG/NP)/NAB9D=�I�PN78=6=~;>14FO/NL�78Zb�G/NP)9OFu5:;>HyI�;>F&�y�('1/B� � z[FG7�9O-0/WHD;>L43Q3³7>J�7>J¢9D-0/)FO/�FD;>?�/W78Zc�G/)P)9DF�� ;\9.´4lM/NL?*;>FOFD�{5>;:HGI�;>FE�y� ' /B� � » w{,.-0/E78Z4FO/NHy58/)L�9D/)?*1v/NHO;:9D`0HG/NF�5:;>HGI�;>F � �
	�FO7&78A0/|´[A0L0F�9D-[;\9 , Á �y� ' /8�;:9.´Ml4/)L�?*;>FOF)w
,.-0/�FO78?�/)S|-0;:9�FO`0HG10HO36FO3QA4R�HO/NFG`0=69W9O-[;:9WPN=6`0FG9O/NHGF�7:JaR8;>=~;\lM36/NF¡;>HG/�A07�Z03QR8R>/NHE9O7ML[;XIg9D-[;>Am9D-4/)I$Sa/NHG/*;\9

/&Á �M¿ÀÈ¡3QF(HG/NFG78=65>/NL�36Jv78A0/|L0HG7810F(9D-0/u;>FGFO`0?�149O3Q78A���PN78?�?*7>AT`0AB9D3Q=M9D-0/|L036FOPN7�5>/NHGI�7:J_9O-0/u;>PNP)/N=Q/)HD;:9O3Q78A�7>Jv9D-4/`0A03�58/)HOFO/X�|9O-[;:9)� ® �8w.§oAg=Q7�S � " � � ��`0A0365>/NHGFO/NF)z«R8HG7�S.9D-�HO;>1036L0=6I�P)/X;>FG/NF27>A0PN/���L0/)5c3Q;:9D/)FEFO36R8A03�´[PX;>AB9O=6IJ�HO7>?�`0A03�9oI8w

���
� � "!"!'X �� � &¡ .&�/(#�2�� &�2N#�%('���'n%�� %�� �s��++3 � 2N�����
� FG3QA0RT7>A0=6I�9D-0/�(u/)S.9O78A03~;:A�=~;XS 7>J¢R8HD;X5c369oI�;>A0L�9O-0/¡PN78A4PN/N1M9DF|7>J�;>Z0FG78=Q`49O/E9D36?*/E;>A0L�FG1[;>PN/:z0SC/W-[;X5>/¡Z_/)/NA;>Z0=6/^9D7�P)78A0FG9OHO`0Pn9^;�HG/N?*;>HOh\;>Z0=�I�R>7M7cL!?*7cL0/)={J�78HE9O-0/�/nlM1[;>A0FG3Q78Ak7>J�9D-4/�`4A0365>/NHOFG/�;:A0L!9D-0/TJ�78HG?�;:9O3Q78Ag7>JFG9OHO`0Pn9D`0HG/�J�HO78? 9D-0/�PN7>=Q=~;:10FO/�7:JE36A0369O3~;>=�L0/)A0FO3�9oIt1_/)HG9O`0HOZ[;\9D3Q7>A0FNwtpu7�SC/n58/NH)z.�(3QA0Fy9D/)3QA�FO-07�Sa/NLq9D-[;:9T9O-0/NFG/Z[;>FG3QP (u/)S.9O78A03~;:AtPN78A0P)/N149OFTPX;>AtZ4HO/X;:h}L07�S|A�3QA}9O-0/�HG/NR836?*/*7>Ju-03QR8-�58/N=67MP)369O3Q/NF)z�-036R8-j/NA4/NHOR:It;>A0Lt?*;>FGFL0/)A0FO3�9D3Q/)FNz�;>A0L�=Q;>HOR8/*L03QFy9<;>A4PN/NF^S|-4/NHO/�9O-0/�´[A03�9D/�FG1_/)/NLq7>Ju=Q3QR>-b9�Z_/)PN78?�/NFT?�78HG/�3Q?�1_7>HG9<;:Ab9Nw-%u/)10=~;:PN3QA4R;�Sa78HO=6L�S|-0/NHG/TFO1[;:PN/�;>A0L$9O3Q?�/�;>HG/T;>Z0FG78=Q`M9D/T;>A4L!78Zc�G/NPn9DF29OHD;X58/)=�3QA$Fy9DHO;>3QR8-B9¡=63QA0/)F2;:9EPN78A4FG9<;:Ab9¡5>/N=67MP)369oI8z�(3QA0Fy9D/)3QAgSa78HGh>/NL!36A�;�SC7>HO=QL�S|-0/NHG/�FG1[;>PN/�;>A0L�9D3Q?�/¡SC/)HO/^?�3�lM/)L�9O78R8/)9O-0/NHu3QA�;*P)`0HG5>/NL$?*;>A03�J�78=QL³wa,.-0/NHG/;>HG/�A47�=Q7>A0R8/NH¡R>=Q78Z[;:=�3QA0/)HG9O3~;>=�HG/)J�/)HO/NA4PN/�J�HD;>?�/NF)z�Z0`M9�;:=Q=(78Zc�G/)P)9OF&Fy9D3Q=6={J�78=6=Q7�S Fy9DHO;>3QR8-B9¡9OHD;º�G/)P)9D7>HO3Q/)F�S|-4/NA5c3Q/nSC/)L�3QA�J�HG/N/n¨ J�;>=Q= zM`4A0L0/NH.9O-0/W3QA $[`4/NA0P)/&7>J�78A0=�I�R8HO;X5M3�9oI8w

,.-0/�?�;:9O-0/N?*;:9O3QPNFCZ_/)-03QA0Lg�(3QA0Fy9D/)3QA³��F|R8/NA0/)HD;>=K9O-0/N78HyI�7>J{HO/N=Q;:9D3�5c369oI*3QF./N=6/NRB;:Ab9�;>A4LgFG7810-036FG9D36PX;:9O/NL³z@;:A0LSa78`0=QL�9D;>h>/¡`41�;>A�/NAB9D36HO/2P)78`0HGFO/¡3QA�369DFG/N=�J w(¹[78HG9O`0A[;:9O/N=6I>zcSa/¡PX;:A�?�;>h:/¡;^R87c7ML�L0/X;>=_7>J�10HG78R8HO/)FOFe9O7ºSC;>HGL0F|;R8/)A0/NHO;>=KHO/)=~;:9O365c3QFy9D3QP�PN78FG?*7>=Q78R836PX;>=v?�7ML0/)=«S|369O-�9D-0/�;>L0L4369D3678A�7>J[�G`0FG9�;�PN78`410=Q/¡h:/)I�3QL4/X;>F)µ
� §oAk9D-0/�;>Z0FO/)A0PN/�7>J.A078Ac¨oR8HO;�5c3�9<;:9O3Q78A[;:=�J�78HGPN/NF)z�1[;>Hy9D36PN=Q/)F*��3QA4PN=Q`4L03QA0R�10-07:9D78A0FD�nz¢J�78=Q=67ºS PN`4HG58/)Lt1[;:9O-0F9O-0HO78`4R8-�FO1[;>P)/n¨ 9D3Q?�/¡PX;:=Q=Q/)L�R8/N7cL0/NFG3QP)FNz[PN`4HG58/)FuS|-478FO/W9<;>A4R8/NAB9|58/)P)9D7>HOF�;>HO/gUG1[;:HD;>=6=Q/N=v9DHO;>A0FO1v78Hy9D/NL«w ]



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

� f�;:FOF(L0/)A0FO3�9oI8zb/NA0/)HOR>I�L0/NA4FO369oI>zb;>A0LT10HG/NFGFO`0HG/>zM;>=Q=cPN78AB9OHO3QZ4`49D/eP)78AB9DHG3QZ0`49O/e9D-0/CPN`0Hy5>;\9D`0HG/.7>J@9D-[;:9�FO1[;>P)/9O3Q?�/>w�R8HO;X5M3�9oI8w
,�7�;>P)PN`0HO;:9D/)=6It?�/X;>FG`0HO/�L036FG9D;>A0PN/)F�;:A0L·?�7>9O3Q78Aj36A�PN`0Hy58/NL FO1[;>P)/n¨ 9D3Q?�/>z(Sa/gA4/N/NLq9D7m`0FG/�9O-0/m£V` 2 4 , ¥

2 ` K .1034
�����

w�,.-0/�R8/)7ML0/)FO36P�/N�b`[;\9D3Q7>A0F�7>Je?*7>9O3Q78AkPX;:AjZ_/*L0/)9O/NHG?*36A0/NL�/NAB9D36HO/N=�I!J�HO78? 9O-0/�?�/)9OHO3QP*;>A0L�369OF´[HGFG9uL0/NHG365:;:9O3658/)FNw�,.-0/W3QAM´[A0369O/NFG3Q?*;>=_L43QFG9D;>A0P)/�Zv/)9oSa/N/)A�9oSa7*FG1[;>PN/©¨¶9O3Q?�/¡/)58/)AB9DFE36F.R8365>/NA�ZBI��� ¼ ® ����� � � � � � � ¿ � �4w �BÂ8�
p�/)HO/^Sa/�-[;X58/�`0FO/)Lk9O-0/T3Q?�10=63QPN3�9uFO`0?
A07>9<;\9D3Q7>A$7�58/NHWHG/N1v/X;:9O/NLk`0101v/NHW;>A0Lm=67ºSa/NHE3QA0L036PN/)FNw^¹[78H�9D-0/T?�78HO/J�;>?�3Q=63~;>HKFG1_/)PN3~;:=0HO/)=~;:9O365c3QFy9D3QP�J�78HG? 7>Jv/)�c`0;:9D3678A�� �4w �BÂ8�©z>9D-4/.L03QFy9<;>A0P)/ ��� ¼ 36F�hbA07�S|A�;:F{9D-0/|�K78HG/NAB9Dd.36AB5>;:HO3~;:Ab9L036FG9<;:A0PN/E;>A0L�36F�9O-0/EFO;>?�/E3QA*;>=6=vHG/)J�/)HO/NA4PN/EJ�HO;>?*/)F2��-0/NA4PN/�UG36AB5>;:HO3~;:Ab9O]b�nw¢,.-0/2?�/)9OHO36Pu36A*9O-0/NFG/�$@;:9C�K78HO/)Ab9OdJ�HD;:?*/)Fe9<;>h:/NF�;�FG1_/)PN3Q;>=KFGIc?^Zv78= �

���
w�§oA�PX;>Hy9D/)FO3~;:A�P)7M7>HOL036A[;:9D/)FNz

�
���
�4� ² � ²��v² /B� ® &

		
' ¾ � � � �� � � �� � � �� � � � (�

* � �4w �8�B�

;>A0L�3QA�FG10-0/)HO3QPN;>=KPN7c78HGL03QA[;\9D/NF)z

�
���
�4� ² ! ²��M²�
 � ®

&
		
' ¾ � � � �� � � �� � ! ¼ �� � � ! ¼ FO36A ¼ �

( 

* ¿ � �4w � Å �

p�/)HO/�;>A0LtJ�78H&9D-0/�HO/)FG9�7>J�78`0HTHG/N=Q;:9D3�5M36FG9O3QP�PN78FG?*78=678R>I�L03QFGPN`0FGFO3678A³z�SC/�;>L07>149�`0A03�9DF^S|-0/)HO/�9D-0/�FG1_/)/NLq7>J=Q36R8-B9 4|® �8w�,.-0/)Ag9O-0/W10HO781v/NH.9O3Q?�/ ��� �ª9D-0/¡9O3Q?�/2?*/N;>FO`4HO/NLgZBI�;�P)=Q7cP<h�?�7�5M36A0RTS|369O-�9O-0/�1[;>HG9O3QP)=Q/���J�78H|;1[;>Hy9D36PN=Q/E?*7�5c3QA0R�36AL$@;:9uFO1[;:PN/n¨ 9D36?*/¡36F.R8365>/NA�ZbI��� ¼ ® ¾ ��� ¼ ® � � ¼ ¾ � � ¼ ¾ � � ¼ ¾ � / ¼ � �4w �8ÈB�
FO7�J�7>H¡;�10-07>9O78A$S|369O-$58/)=Q7cPN369oI ��� � � � ® �8z_9O-0/T10HG781_/)HE9D36?*/&/N=Q;>10FO/)Lk;>=Q78A4R�369OF�9DHO;º�G/NPn9D78HyI$36F2dN/)HO7�3QA �NKZ9HO/nJ�/NHG/NA0P)/�J�HO;>?*/:w

,.-0/�?*/n9DHO36P�J�78H¡A07>AM¨ $@;\9WFO1[;>P)/)9O3Q?�/NF¡3QF¡36AmR8/NA0/)HD;>={�c`4369D/�P)78?*14=Q3QPN;:9D/)L³w�,.-4/NHO/*;>HG/>zK-07�Sa/)58/)HNz�FO/)5>/NHO;>=FO36?*14=Q/e?�/)9OHO3QP)FNzB9D-4/uFG3Q?�10=Q/)FG9(1v/NHG-[;>10F�Zv/N3QA4R�rcP<-bSC;>HGdNFOP<-43Q=QL�?*/n9DHO36PCJ�78H(9D-4/|5:;>P)`0`0? 78`M9DFO36L0/|;WFO10-0/)HO36PX;>=6=6IFGIc?�?*/n9DHG3QP�?�;>FGFNw2§¶9�Se;:F2L0/NHG365>/NLmZBI QW;>HG=�rMP<-BSC;>HOd)FOP<-036=QLm3QA����4���MzB�G`0Fy9W;*I>/X;>H¡;\Jª9D/NHE�(3QA0Fy9D/N36A³��FE78HG3QR836A[;>=J�78HG?^`0=~;\9D3Q7>A!7>JuV¡/NA0/)HD;>= %u/)=~;:9O365c369oI>w � A4Lj;>F�SC/*FD;XSs;>Zv7º5>/�S|369O-k9O-0/�36AB9DHO7cL0`0Pn9D3678A�7:J�SC3QHGhb-07Na.��F�9O-0/N7\¨HO/)?gz[9O-0/NHG/T;>HO/&;*R>HO/X;\9E?*;>ABIg;>FG9OHO7810-BIcFO36PX;>=¢FGIcFy9D/N?�FE9O-[;:9E;>HO/�?�;:L0/&`41$7>J(FG10-0/NHG3QPN;>=Q=�I�FGIc?�?*/n9DHO36P&?*;>FGFL036FG9DHG3QZ0`M9D3Q7>A0FNw(¹[78H|;:A�36AB9D/NHG3Q78Ha9D7>9D;>=³?*;>FOF � z09O-0/&rMP<-BSe;>HGdNFGP<-03Q=6L$?*/n9DHG3QP236F

����� ®
&
		
' ¾ � � ¾ ¼��

�
� � � � �� � � ¾ ¼��

�
� � � » � �� � ! ¼ �� � � ! ¼ FG3QA ¼ �

(�

* ¿ � �4w �8�B�

i 369O-�9O-03QF(?�/)9OHO3QP:z89D-0/|HO;>L03~;:=0PN7c78HOL43QA[;:9O/ ! FO-07>`0=QL�A07>9�Zv/.9D-078`4R8-B9a7:JK;>F�;¡PN78AB5>/NAB9D3678A[;>=@L036FG9<;:A0PN/:zMZ0`M9369|L47M/)Fu-0;�5>/¡9D-0/W10HG781_/)HG9oI�7>J�R83�5M36A0R^9D-4/&;:HO/X;T7>J{;�FO/NPn9D3678A�7>J{FG1[;>P)/�S|3�9D-�PN78A4FG9<;:Ab9 ! ZBI
� ® ! ¼ FG3QA � � � � 
 ¿ � �4w Å �B�




����G�+�)
�
	� ��� �'	 ��	������^�'	�� ��� ��� � ��� � �J�������^����� ��� � Å

dφ

d

d

θ

φ

θR ¹{3QR>`0HO/.�MwÀ�4µ{xe;>=6PN`0=Q;:9D36A0RE9D-4/u36A4´[A03�9D/)FO3Q?*;>=cL03QFy9<;>A4PN/ �3.�Z_/n9oSC/)/NA9oSC7�1v783QAB9DF.7>A�9O-0/WFO`0HyJ�;>PN/�7>J{;TFO10-0/)HO/:w

� F�?*/)Ab9O3Q78A4/NL ;>Zv7�58/:z|9O-0/$P)`0HG5:;:9O`0HO/$L4/NFOP)HO36Z_/)L ZbI·9D-0/g?*/n9DHG3QP
�����

3QF*PNHG/X;:9O/NL ZBI�?*;>FOF)z./NA0/)HOR>I>zE;:A0L10HG/NFOFG`0HO/:z.;>F�3QA4PN78HG1_78HO;:9D/)Lt3QAt9D-4/&. 2546`8.8.�� ` KM` 4 � 9&2\` K .1034©z�S|-03QP<-qPX;>AqZv/�L0/NFGPNHO36Z_/)L ZBI�;!FOPN;>=~;:HTL0/NA0FG369oI>z58/)P)9O78H�?�78?�/NAB9D`4?gz4;>A0Lg�"�!�T9O/NA0FG78Hu7>J{?�78?�/NAB9D`4? $[`Ml_µ
, ��� ® � b b

¬
­

b
¬
­

¬���5b ¬­ ��� ¿ � �4w Å �º�
,.-0/W`0101v/NH|=6/)Jª9e9O/NHO?�3QF¢�G`0Fy9|9D-0/W?*;>FOF ¨o/NA4/NHOR:I�L0/)A0FO3�9oI8w�,.-0/W=Q7�SC/)H.HO36R8-B9e9D/)HO?�36Fe9D-0/¡?�78?�/NAB9D`0? L0/NA4FO369oI
$[`Ml_w�,.-0/�7Na!L03Q;>R878A0;>=_9O/NHO?�Fu;>HO/29O-0/W?*7>?*/)Ab9O`0?�L4/NA0FG369oI8w

rM1v/NPN3�JªIc3QA0RW9D-0/|Fy9DHO/)FOF ¨o/NA4/NHOR:I*9O/NA0FG78H�3QF�HO/)=~;:9O3658/)=6I�/X;>FyI8w�xC78?�10`49O3QA0R¡9D-4/�;:FOFO7cPN3Q;:9D/)L*P)`0HG5:;:9O`0HO/u3QF�?�78HO/L03 �*P)`0=69Nw � A�� ,XK . 2 ` ,XK 2 ` K .1034 �
���
z�3QF^P)78A0FG9OHO`0Pn9D/)L·J�HO7>? 9O-0/�?*/n9DHG3QP�9O/NA0FG78H�;>A0L�369OF^L0/)HO365:;:9O365>/NFNz�§¶9T36F9D-4/�R8/NA4/NHD;:=CHO/)=~;:9O365c3QFy9D36P*;:A[;>=Q7>R�7>J.9O-0/�R8HO;�5c3�9<;:9O3Q78A[;:=(1_7>9O/NAB9D3Q;>= w�,.-0/�P)78?*14=Q3QPN;:9D3678A0F�;>HG/�-036L0L0/NAt36A}9D-4/PN7>A0FG9OHO`0Pn9D3Q7>A�7>Ja9D-0/*�(3QA0Fy9D/)3QAm9D/NA4FO78H)z¢S|-036P<-}36F�HG/N=Q;:9D/)Lk9O7�9O-0/�FG9DHG/NFGFy¨o/)A0/NHGR>Ik9D/NA4FO78H�ZBI!9D-0/�L0/NP)/N149O365>/N=6IFO36?*14=Q/
	 ` � � `
�N¤ �N25, 03K .nz

�
��� ® È�� � , ��� ² � �4w Å �8�

i -036=Q/_(u/)S.9D7>A03~;>AmR8HO;X5M3�9oI8z¢;>F¡L0/)FOP)HO3QZv/NLkZBI$9D-4/�R>=Q78Z[;:={R8HO;�5c3�9<;:9O3Q78A[;:=�1v7>9D/)AB9D3~;:=�-[;>F¡A07�HG/X;>=�;>A0;>=Q78R:I�36AR8/)A0/NHO;>=�HO/N=Q;:9D3�5c369oI8z³9O-0/T´[/N=6L�/)�b`[;:9D3678A0F�L07�HO/NL4`0PN/�L03QHG/NPn9D=6I�9D7 R�7836FOFO7>A³� F�/N�b`[;\9D3Q7>A�� ¼ � ® *�� � b�3QAm9D-4/A078Ac¨oHO/)=~;:9O365c3QFy9D36P�=Q3Q?�369Nw�rc3QA0P)/g9D-4/�?*;>FOF�L0/NA4FO369oI+bj36F�9O-0/�=6/X;>L036A0RkA078AM¨¶HO/N=Q;:9D3�5c3QFG9O3QP�9O/NHO? 36Aq9O-0/g9O/NA0FG78HPN7>?*1v78A0/)Ab9 , c c�z�9D-0/ (u/)S.9D7>A03~;>A�1v7>9D/)AB9D3~;:= � PN;>AqZ_/�9O-0/NAqPN78?�1[;>HG/NLt9D7!9O-0/�=Q/N;>L03QA4R!78HOL0/)HTPN`0Hy5:;:9D`0HG/9D/)HO?�F 	�c cE;:A0L
�
c cXw

� F�FG`0R8R8/)FG9D/)L°ZBI·9D-0/!P)`0HG5:;:9O`0HO/!FG3QA0R8`4=~;>HG369oIq3QA 9O-0/krMP<-BSC;>HOd)FOP<-036=QL ?*/n9DHO36P!;:9 ! ® �4z�3�9�L07c/NF&KM032HO/)10HO/)FO/)Ab9T;gFO10;:9D3Q;>=Q=�I!-078?�78R8/)A0/N78`4F&FG1[;>PN/:z�Z0`49�HD;:9O-0/NH�-[;>F�;g10-BIcFO36PX;>=6=6ImL036FG9O3QA0R8`43QFO-0;>Z0=Q/T7>HO3QR>3QA³w�rc3QA0P)/78A0/�7>J�78`0H�PN/NAB9OHD;>=�P)78FO?�78=678R83QPN;>=�;>FGFO`0?�149D3678A0F�3QF�9O-0/^-07>?*78R>/NA0/)369oI�7>J�FO1[;:PN/>z_SC/^Sa78`0=6L$=Q36h>/^;*?*/n9DHO36P�36AS|-036P<-$;>=6=K1_7836AB9DFu3QA�9D-0/�FO1[;:PN/^;:101_/N;>Hu10-BIMFG3QPN;>=Q=�I�3QL0/)AB9D3QPN;>= wa,.-0/^;:Z_7�58/WJ�78HG?*F|7>J�9O-0/�fg3QA0h:7�S|FOhb3{?�/)9OHO3QP
� /N�bA0FNwE� �MwÀ�8�8�^;>A0L�� �4w � Å ���u;>HO/�-078?�78R8/)A0/N7>`0FNzaZ0`49*;>=QFG7mR8/N78?�/)9OHO36PX;>=6=6I $@;:9Xz�FO7};>HO/�7>J�=Q36?*3�9D/)Lj10HD;:P)9D36PX;>=3QAB9O/NHO/)FG9NwPSa/)9O9O/NH)z�P)78A0FO36L0/NH¡9O-0/�?*/n9DHO36P^78Am9D-0/�FG`0HGJ�;>P)/�7>Je;�FO?�7c7>9D-mFO14-0/NHG/*7>JaHD;:L03Q`0F 	^w � L078149O3QA0R�9D-4/FG9D;>A0L[;:HOL�FG10-0/)HO3QPN;>=bPN7c78HOL43QA[;:9O/NF�� �M² 
 �nzºSC/aPX;>A�FO/)/aJ�HO7>? ¹{3QR>`0HO/��4w �.9D-[;:9�9O-0/a36A4´[A03�9D/)FO3Q?*;>=:FO1[;:9O3~;>=BL43QFG9D;>A0P)/��� 36FuR>3658/)A�ZbI ��� ¼ ® 	 ¼ � � � ¼ 'qFO36A ¼ � � 
 ¼ � ¿ � �4w Å �B�

i}/&L0/)´0A0/&9O-0/!UG=678A0R83�9D`0L43QA[;>=_L03QFy9<;>A4PN/N]�PN7c78HOL036A[;:9O/ ��;:F�9D-4/&L036FG9D;>A0PN/�;>=Q7>A0R�;*R8HG/X;:9�PN36HOPN=6/�J�HG78?�9D-4/



��È ���������
	���
��������������������

1v78=Q/¡FG7	�-� 	 � ;:A0L�9O-0/WFO1[;\9D3~;:=³?*/n9DHG3QP2Zv/NP)78?*/)F��� ¼ ® � � ¼ ' 	 ¼ FG3QA ¼ 	 �	 
 � 
 ¼ ¿ � �4w Å *b�
¹[78H.;^FG`0HGJ�;>P)/¡7>J¢1_7>FO369O365>/EPN`4HG5:;:9D`4HO/>z[=63Qh:/2;^FO14-0/NHG/>z09D-4/�UO;>A0R8`4=~;>HaL03~;>?�/)9O/NHaL03QFy9<;>A0P)/>z�] � z03QFeL4/)´[A0/)L�FO`0P<-9D-0;:9|9D-0/�;>A0R>=Q/¡FO`4Z49D/)A0L0/NL�ZbI�;:A�7>Zc�G/NPn9Xz[S|-0/NAg?^`0=�9D3Q14=Q3Q/)L�ZBI�9D-4/�;>A4R8`0=~;:HeL03~;:?*/n9D/NH.L43QFG9D;>A0P)/>z[R83�58/NF|9D-4/10-BIcFO36PX;>=KFG3QdN/W7>J¢9D-4/�7>Zc�G/NPn9Xw�,.-c`4F � � 	mFO36A 	 �	 
 � �4w Å Â8�
;>A0L � � ¼ ® PN78F ¼ 	 �	 
 � � ¼ ¿ � �4w Å �B�
,.-0/�FO1[;\9D3~;:=«?�/)9DHG3QP¡36Fe9D-0/)AgR83�58/)AgZBI

��� ¼ ® � � ¼� ¾ � ¼ � 	 ¼ ' � ¼ � 
 ¼ ¿ � �4w Å8Å �
p�78?�78R8/)A0/N7>`0FNzc9oSC7:¨¶L03Q?�/NA4FO3Q7>A[;>=[FO10;>PN/)F.PX;>A�;:=QFO7�-[;X58/EA0/NRB;\9D365>/EP)`0HG5:;:9O`0HO/:z[;>=69O-078`0R>-�9O-0/)I�;>HO/�FO78?�/n¨S|-[;:9E?*7>HO/�L43 ��PN`0=�9�9O7�5c3QFG`[;>=Q36dN/W9D-[;:A�9D-0/&FO`0HyJ�;>PN/�7>J�;�FO14-0/NHG/>w !EJª9D/)A$L0/)FOPNHG3QZv/NLm;>F�FD;>L4L0=Q/^R>/N78?�/)9OHO3Q/)FNz9D-4/)I�-[;X5>/�9O-0/WFD;>?�/¡J�78HO? 7>J�9O-0/WFO1[;\9D3~;:=³?*/n9DHG3QP¡78A0=�I�S|3�9D-�9D-0/¡J�78=6=Q7�S|3QA4R^FO`0Z4FG9D3�9D`49O3Q78A4FNµ

FO36A ¼ � FO36A0- ¼
� ¾ � ¼

	 ¼ � �(' � ¼
	 ¼ ¿ � �4w Å ÈB�

,.-0/T�\¨oY ;>A0;>=Q78R>`0/W7>J�9D-4/T�º¨¶FO10-0/)HO/&PX;>A$Zv/�L4/NFOP)HO36Z_/)L�S|369O-$;*P)78?^Z036A[;:9O3Q78A�7>J(/)369D-4/NHu78A0/�=6/NA0R:9D-$;:A0L9oSa7m;>A0R8=6/NF���=Q78A4R8369O`0L03QA0;>=(;>A0L�9DHD;:A0FG5>/NHOFG/��^78H�9D-0HG/N/�;:A0R8=Q/)F^;>A4Lt78A0/�P)78A0Fy9<;>AB9THO;>L03Q`4F�7>J|P)`0HG5:;:9O`0HO/:w$§oA9D/)HO?�F|7>J�9O-0HO/)/�;>A0R8=6/NF�� � ²��c² 
 �e;:A0L�;THO;>L03Q`4F 	^z09D-0/W?�/)9DHG3QP2=67M7>hcF.=63Qh:/��� ¼ ® � � ¼ ' 	 ¼ FG3QA ¼ 	 �	 
 � � � ¼ '·FO36A ¼ � � 
 ¼ � ¿ � �4w Å �B�
xC78?^Z43QA036A0R¡S|369D-�;¡9D36?*/©¨o=Q36h>/eP)7M7>HOL036A[;:9D/��(;>A0L�L0/)´[A43QA0R&;�FGPX;>=6/.J�;>P)9O78H �_�4�G� � 	��
�G� �
	�c � S|369O-*10HG/NFG/NAB9G¨¶L[;XIFOPN;>=Q/ �v�
�\cn� ® � � zaSa/�R8/n9*9O-0/gFG1[;>P)/n¨¶9O3Q?�/�?*/n9DHO36P�7>J¡;k-078?�78R8/NA4/N78`0F�P)=Q78FG/NL `4A0365>/NHOFG/$3QA�9D/)HO?�F�7>J29D-4/PN7>?*7�5c3QA0R�;>A4R8`0=~;:HeL03~;:?*/n9D/NHCL03QFy9<;>A0P)/ � µ

��� ¼ ® ¾ � � ¼ '�� ¼ �
�G� � � � ¼� ¾ � ¼ �
	 ¼c ' �@¼ � � � ¼ 'qFG3QA ¼ � � 
 ¼ � � ¿ � �4w È8�B�

����� �s��++3 ��� /�#�*-, �
,¢7kZv/NR>3QAt78`0HT?�78HG/�3QAM¨¶L0/N1M9D-tL036FOPN`4FOFO3678A�7>JuPN78FG?*7>R8HD;>14-bI ��9D-4/�FG9D`4L4It7>JuL036FG9<;:A0PN/)F�36AtPN78FG?*7>=Q78R>I4�©z(=Q/)9`0F¡HG/)5c3Q/nS	9O-0/^9oIc1_/)F¡7>J�L03QFy9<;>A4PN/^?�/X;>FG`0HO/)?*/)AB9DFW;>=6HO/X;:L4I�36AB9DHO7cL0`0P)/NL³w�Y23 a«/)HO/NAB9�9D/nlc9WZv7M7>hcF2;>A0L!1[;>1v/NHGF`0A4J�7>HG9D`4A[;:9D/)=6I!`4FO/�L03 a_/NHG/NAB9�PN78AB58/)AB9D3Q7>A0FNz�Z0`49&;:9W9D-036F¡1_7>3QAB9¡9D-0/)HO/�3QF¡A07:9D-036A0R�9D7�L07gZ4`49�?�;>h:/�FO`0HG/�Sa/-[;X58/�78`0H.7�S|A�9D/NHG?*FeSa/N=6=�¨¶L0/)´[A4/NLg;>A0L�3QAB9D/)HOA[;>=6=6I*PN78A4FO3QFy9D/)Ab9Nw

� ��µ(P)78?�7º5c36A0R�=Q78A0R>369D`4L03QA[;:=vL43QFG9D;>A0P)/




����1����������� ���������B� ���
� � µ(PN78?�7�5M36A0RT9DHO;>A0FG5>/NHGFO/�L43QFG9D;>A0P)/
� � ® �y�(' /8� � » µ(FGPX;>=6/¡J�;>P)9O78H
����� ��� � µ�;>A4R8`0=~;:H.L03~;>?�/)9O/NHeL43QFG9D;>A0P)/
����� µ(=Q`4?*36A078FO3�9oI�L03QFy9<;>A0P)/
� 	�c�µ�10HO/)FO/)Ab9y¨oL[;XI�HO;>L03Q`4F.7>J{P)`0HG5:;:9O`0HO/
¹[78HC;WFO10;:9D3Q;>=Q=�I^-078?�78R8/)A0/N7>`0Fa`4A0365>/NHOFG/>zc9D-0/E��36A0FG9O/N36A�´[/)=QL*/N�b`[;:9O3Q78A0F�HO/)L0`0P)/E9D7W9D-0/�� 4 , `	�>£��NKZK `
�N¤ � �

25, 03K .nzMS|-036P<-�R>7º5>/NHGA�9O-0/¡L4IcA[;>?�3QP)Fe7>J�9D-4/2/nlM1[;>A4FO3Q7>A³w�¹@7>HO?^`0=Q;:9D/)L�3QA*9D/NHG?*FC7>J�9D-0/¡FGPX;>=6/EJ�;>P)9O78H �v�
�G�©z49D-4/¹[HO36/NL0?*;>A0A�/)�c`0;:9D3678A0Fu;>HO/
�� ® ¾ *��� � � b�' �
	

4 ¼ 
 ' ���� � ² � �4w È4�º�
;>A0L

�� ® ¾ È�� � b� � ¼�
 4 ¼
	 ¼c ' �� � � ¼ ² � �4w ÈB�8�

S|-0/)HO/ b�3QFK9D-4/aL0/)A0FO3�9oI8z�	&9O-0/a14HO/NFGFO`0HG/>w � 9O-0/aFG7:¨oPN;>=Q=6/NLgUGP)78FO?�78=Q7>R83QPN;>=>P)78A0FG9D;>AB9Xw�]!,.-0/�10HO/)FOFO`4HO/a9O/NHG? HO/N1c¨HO/)FO/)Ab9OF¡;�J�`4A0L[;>?�/NAB9<;:=¢L4/N1[;>Hy9D`0HG/�J�HG78? (�/nS.9D78A43~;>AgR8HD;X5c369oI>z_�(36A0FG9O/N3QA�;>L0L0/)Lg9O-0/�P)78FO?�78=Q7>R83QPN;>=«P)78A0FG9D;>AB99D7�9D-0/&PN`0Hy5:;:9D`0HG/^FO36L0/�7>J�dN/)HO7�78`M9�9O-0/^;>P)PN/)=Q/NHO;:9D3678A�7:J�9D-0/&`0A03�58/NHGFO/^36?*14=Q3QP)369.36?*14=Q3QP)369C3QAg9O-0/^¹[HG3Q/NL4?�;>A4A/N�b`[;\9D3Q7>A0FNz³FG3QA0P)/�9D-4/T`0A0365>/NHGFO/^SC;>FNzK;\929D-0/&9D3Q?�/>zv9D-07>`0R8-B929D7�Z_/^Fy9<;:9O3QP:w¡,�7cL[;XI$FG78?*/n9D-036A0R�=63Qh:/�9D-0/�PN78F ¨?�78=Q78R>3QPX;:=�P)78A0FG9D;>AB9�?�;XIm;>141_/N;>HW78A!9D-0/�FG9OHO/)FOFy¨¶/NA0/)HOR>IkFG3QL0/�7>Ja9D-0/�/N�b`[;\9D3Q7>A³z�3QA!9D-0/TJ�78HG?�7>Je;�5>;:PN`0`0?/NA4/NHOR:I�L0/NA0FG369oI
%u/)PX;>=6=v9O-0/�´0HOFG9e=~;XS 7>JK9O-0/NHG?*7cL4IcA[;>?�3QP)FNzbS|369D-�9D-0/E3QAB9D/)HOA[;>=v/NA4/NHOR:I��°3QA�;�587>=Q`0?�/ � R8365>/NA�ZBIVb 4 ¼ �*µ� � '�	 � � ® 4 ¼ � � b ' 4 ¼ b � � '�	 � � ® � � � b ' 	 b�' 	

4 ¼ 
 � � ® �M¿ � �4w È8�B�
rM36A0PN/¡9D-4/W5>78=Q`4?*/¡R8HG7�S|F�;:F � Á�� � z � �

� ® � � �� ² � �4w ÈN*b�
FO7�PN7>?^Z03QA43QA0R^S|3�9D-�/N�b`[;:9O3Q78A����4wÀÈ>�B�nz

� � b� � '·� 	 b ' 	
4 ¼ 
 ® �4¿ � �4w ÈBÂ8�

fg`0=�9D3Q14=6Ic3QA0R�/N�b`[;:9O3Q78A}� �4w È4�º�CZBI�� ���;>A0L�`0FG3QA0Rg� �MwÀÈBÂ>�a9D7�/N=63Q?�3QA[;:9O/�9O-0/W10HO/)FOFO`4HO/&9O/NHG?gz4Sa/W-[;X58/
� �� �� ® È��� � b � � b � �� ' � b� � � ¼ �� 
 ' �� � � ��[¿ � �4w È8�B�

§oAB9D/)R8HD;:9O3QA0R�/)�c`0;:9D3678A�� �4w È8�B�CR83�58/)F
��
¼ ® È��� � b � ¼ ' �� � � ¼ ¾  ¿ � �4w È Å �

S|-036P<-!=Q7c78hbF�?^`4P<-$=Q36h>/�/)�b`[;:9D3678A����4wÀÈ8�8�|/©lMPN/N1M929D-[;\9E9D-4/^=~;:9G9D/)H�36Ab5>78=65>/NFE9O-0/�HO;>L036`0FE7>J�PN`0Hy5>;\9D`0HG/^7>J(9D-4/`0A03�58/)HOFO/:z 	�cXz\S|-03Q=6/�9O-0/aJ�78HG?*/)H�R>3658/)F{`0F�A07E36A4J�78HG?�;:9O3Q78A�;>Zv78`49¢9D-4/CFOPN;>=Q/a78A&S|-43QP<-�9O-0/C`0A43658/)HOFG/e3QF¢PN`0Hy58/)L³w



�>� ���������
	���
��������������������

SC7>9O-�9D-0/2?*;:9G9D/NH�L0/)A0FO3�9oI�;>A0L�HD;>L03Q;:9D3678A�L0/NA0FG369oI�L0/NP)HO/X;:FO/2S|369O-�9D-4/2/nlM1[;>A4FO3Q7>Ak�5b ����' ' #
��Á�� � � . b�� ��� Á� � � �nz�Z0`49�9D-0/!5:;>P)`0`0? /)A0/NHGR>I L0/NA4FO369oI�HO/N?*;>36A0F�PN78A4FG9<;:Ab9}� b�� Á � c �nz�-0/NA4PN/m9D-0/!9D/)HO? P)78FO?�78=678R83QPN;>=¥803K . 2��NKZ2 w(§oA�9D-0/W=63Q?�369�S|-0/NHG/�9O-0/W/nlM1[;>A0FG3Q78A�3QF.L478?*36A[;:9O/NL�ZBI � z0/)�b`[;:9D3678A}� �4w È Å �aZv/NP)78?�/NF
�� �

� � � � ² � �4w È8ÈB�
R83�5M36A0RT3QAM´[A0369O/>z0/©lM1_78A4/NAB9D3Q;>=K/nlM1[;>A4FO3Q7>A

�v�4�G��Á�/©lM1�� � � � ��� ¿ � �4w È8�B�
,.-036Fe3QF�9D-078`4R8-B9e9D7TZv/�9O-0/¡Z_/)-[;X5c3Q78Ha7>JK9D-0/25>/NHyI�/X;:HO=6I�`0A43658/)HOFG/¡L0`0HO36A0R�9O-0/¡3QA $[;:9D3678A[;>HyI�1_/)HO3Q7cL�;:A0L�?�;XI;>=6FO7�Z_/29O-0/W`0=69O3Q?*;:9D/�J�;:9D/¡7>J¢9D-4/�/©lM1[;>A0FG3Q78A�36J¢9D-0/)HO/W3QF.36A�J�;>P)9u;TA078Ac¨odN/)HO7 � 9D7cL[;XI8w� 9u/X;>HG=6I�9D3Q?�/NF)z4I8/n9�;:Jª9D/)He9D-0/¡P)78?*14=Q/)9O3Q78A�7:J¢9O-0/W3QA $[;:9D3678A[;>HyI*1v/NHG3Q7cL³zM9O-0/W`0A03�58/NHGFO/WPX;:AgZv/¡L0/NFGPNHG3QZv/NL;>Fu;TRB;>F|7>J�10-07>9O78A0Fu;>A0L�`0=�9DHO;\¨oHG/N=~;\9D365c36FG9D36P�?*;>FGFO365>/W1[;>HG9O3QP)=Q/NF)w�¹[78HeFO`4P<-$;�RB;>FNzM9D-0/W/N�b`[;\9D3Q7>Ag7>J�FG9D;:9D/W36F

	 ® 4 ¼� b ² � �4w �8�B�
FO7�/N�b`[;\9D3Q7>A}���4w ÈBÂ8�CR83�58/NF � b�� ���b�� ��� ® ¾ * � �� ² � �4w �4�º�
PN7>A0FO36FG9D/)AB9&S|3�9D-m9D-0/�HO/)=~;:9O3Q78Am10HG/NFO/)AB9D/NLj;>Z_7�5>/$� b�� ��� Á � � � �nw�¹[78HW;�`0A03�58/)HOFO/�S|369O-�d)/NHO7gPN`0Hy5:;:9D`0HG/�;:A0LA0/)R8=Q36R83QZ0=6/ � z0/N�b`[;:9O3Q78A4F����4w È Å �C;>A4Lj���4wÀ�M�º�CR8365>/� �� � 
 ¼ ® ¾ �* � �b�� ���b�� ��� 
 ¼ ® È �� � b�� ��� ² � �4w �B�8�
S|-036P<-gPN;>AgZv/W3QAB9D/)R8HD;\9D/NL�9O7�R>3658/

b�� ��� �
�G� ® ��B� � � � � ¼ ¿ � �4w �8�B�
(�7:9D/¡9D-0/WFG3Q?�3Q=~;:HO369oIT9O7T9D-0/W/nlM10HG/NFGFO3Q7>AgJ�78H.?*;:9O9O/NH ¨oL078?�3QA0;:9D/)L�/nlM1[;>A4FO3Q7>Ag36A�/)�b`[;:9D3678A�� �4wÀ�8�8�©w
%u/)PX;>=6=«9D-4/�P)78FO?�78=678R83QPN;>=vL0/NA0FG369oI�1[;:HD;>?�/)9O/NH�� cE36AB9DHO7cL0`0P)/NL�3QAgrM/)P)9O3Q78A��4w��8µ

� c�� È�� � bGc� ¯ ¼c ¿
rM36?*36=~;>HG=6I8z³Sa/�PN;>AjL0/n´[A0/�?^`4=69D3610=Q/TL4/NA0FG369oI�1[;>HD;:?*/n9D/NHGF&J�78H�/X;:P<-t7>Je9D-4/�UG3QA4R8HO/)L03Q/)Ab9OFO]g7>Je9D-4/�`0A03�58/NHGFO/:µ?*;:9O9O/NHNz[HO;>L03Q;:9D3678A³z[;>A4L$;�PN78FG?*78=678R836PX;>=_PN78A0Fy9<;>AB9Nw � RB;>36A�`0FO36A0R�9O-0/�FO`0Z0FGPNHG3Q1492��9O7*36A0L03QPN;:9D/W10HG/NFG/NAB9G¨¶L[;XI5:;>=Q`4/NFNz0Sa/W-[;X58/

� � c ® È�� � b � c� ¯ ¼c ² � �4w �N*B;B�
� � c ® È�� � b � c� ¯ ¼c ² � �4w �N*8Z@�
�	�Gc ® �� ¯ ¼c ¿ � �4w �N*8PX�




����1����������� ���������B� �M�
i 369O-�;T9O3Q?�/n¨ 5>;:HGIc3QA0R&5>;:=Q`0/¡7>J¢9D-4/&pu`0Z0Z0=6/W1[;>HD;:?*/n9D/NH ¯ �
�G� ® �� �*�[z[/N�b`[;\9D3Q7>A}���4w È Å �CZv/NPN7>?*/)F

��
¼ ® ¯ ¼c � � c� ' ¯ ¼c � � c

� ¼ ' ¯ ¼c �	�Gc � ¼ 
 4 ¼
	 ¼c ¿ � �4w �BÂ8�

¹[HO78?	-0/NHG/>zB3�9�3QF{/X;>FyI�9D7¡L4/NHO3�58/|;>AT/©lM10HO/)FOFO3678ATJ�78H{9O-0/.10HO/)FO/)Ab9y¨oL[;XI�� �Gc ® �º��R8/)78?*/n9DHyI�7>J@9O-0/.`0A03�58/NHGFO/:z3QA�9O/NHO?�F.7>J¢9D-0/WP)`0HG5:;:9O`0HO/�HD;>L43Q`0F 	�c�µ

 	 ¼c ® � 4 � ¯ c©� ¼� ¾ � � c ¾ � � c ¾ �	�Gc ¿ � �4w �8�B�

§¶JC9O-0/ �2� F�;>L0Lk`01�9O7g`0A4369oI8z�Sa/*R8/n9^; $@;:9�`0A43658/)HOFG/*S|369O-�36A4´[A03�9D/THO;>L03Q`4F�7:JePN`4HG5:;:9D`4HO/>w�,.-0/*L4/N1[;>Hy9D`0HG/J�HO7>? $@;:9OA0/NFGF�36F.FO78?�/)9O3Q?�/NF.L0/)FOP)HO3QZv/NL�ZBI ���>z09O-0/gUGPN`0Hy5:;:9D`0HG/WL0/NA0FG369oI�10;>HD;>?�/)9O/NHG]0µ
����� � ¾��

�
� � ¿ � �4w � Å �

i}/|PN;>A�A07�S�;>1410=6I^;>=Q=b9D-0/u;>Zv7�58/.HG/NFO`4=69DF�J�HG78? 9O-0/|¹[HO36/NL0?*;>A0AT/)�c`0;:9D3678A^9D7¡9D-4/.10HO78Z4=Q/N? 7>Jv?*/N;>FO`4HO3QA4RL036FG9<;:A0PN/)F¡3QAm;>A!/©l410;>A0L036A0R�?*/n9DHG3QP>wW§¶9W36FE7>Jª9O/NAm/X;>FG3Q/)FG929O7�9D-036A0h�7>J�36A4´[A03�9D/)FO3Q?*;>=¢L03QFy9<;>A4PN/^P<-[;:A0R8/NFW7�58/)H=Q/)A0R>9O-$FOPN;>=Q/)F29D-[;:9¡;>HO/^FG?�;:=Q=�PN78?�1[;>HG/NL$9O7�9D-0/^P)`0HG5:;:9O`0HO/�;:A0L$9D36?*/�FOPN;>=Q/)F29D-[;:92;>HO/�FO-078Hy9WPN78?�1[;>HG/NL�9O79D-4/�;>R>/�7:J�9O-0/g`4A0365>/NHOFG/>w�,.-4/�¥80\£V0��1,XK � �/03K � ,X2 ¤ �N,XK ��� �N,/. 2��NK«¥8`�3QF�;m?*/N;>FO`0HG/g7:JE-07�SÆ=678A0Rk;mL03QFy9<;>AB9Xz;>A0P)3Q/)Ab9�?*/n9D/)H&Fy9D3QP<h!Sa78`0=6Lt;>101v/X;>HW9D7cL[;XI8w�,.-036F�3QF��/03K � ` 4�9D-0;>A}9D-4/�L036FG9<;:A0PN/�9D-0/*10-07>9O78Aj369OFO/)=6JCSa78`0=6L-[;X58/T?�/X;:FO`0HG/NLm;>=678A0R�3�9DFE10;:9D-�S|3�9D-m;>A�7ML07>?*/n9D/NH�Z_/)PX;>`4FO/^9D-4/TFO1[;>P)/�9D-0;:929D-4/^10-07>9O78A!?�7º5>/NL$9O-0HO78`4R8-;�Z036=Q=63Q78A�I>/X;>HGFW;>R87�-0;>FEFG3QA0P)/^/nlM1[;>A4L0/NLk;>A0L�?*7�58/)L�J�`0Hy9D-0/)H¡;XSe;XI�J�HO78?Æ9D-4/�78Z0FG/NHy58/NH)w�SC/NPN;>`0FG/T7>J�9D-43QFNz369�3QF&FO78?�/)9O3Q?�/NF�PX;>=6=Q/NL�9D-0/�U 9<;>P<-BI87>AqL43QFG9D;>A0P)/>z�]m9O-0/�L036FG9D;>A0PN/*9D-[;:9�SC78`4=QLjZv/�S|369O-t;>At7cL078?�/)9O/NH�ZBI};1[;>Hy9D36PN=Q/�?�7º5c36A0R*S|3�9D-$36A4´[A03�9D/W58/N=67MP)369oI>w¡¹[HO78?�/N�b`[;\9D3Q7>A0FT���4wÀÈ>�B��;>A4L�� �4w Å �B�©z_9O-0/�P)78?*7�5c3QA4R�=Q78A4R8369O`0L03QA0;>=?�/)9D/)H.FG9O3QP<h�3QF.R>3658/)A�ZbI
� � ® 4 � �

�v�
�G� ® 4 �y�('1/B� � � ® ¾ 4 � /�y�(' /B� ��
® ¾ 4 � /¯ c � � � c:� � '1/B� � ' � � c\�y�(' /B� � ' �	�Gc ' ���6cº� �(' /B� ¼ � � »��¶¼ � �4w �8ÈB�

;>A0L�9D-4/NA�9D-0/¡9D7:9<;>=³P)78?�7º5c36A0RT=Q78A4R8369O`0L03QA0;>=_L43QFG9D;>A0P)/�Zv/)9oSa/N/)A�9oSa7*/n58/NAB9OF2;:9|HG/NL0FG-036Jª9OF0/ » ;>A0L / ¼ 36F
� »�¼ ®  �� �

�	� � ��¿ � �4w �8�B�
� A07:9D-0/)H�L036FG9D;>A0PN/�?�/X;>FG`0HO/)?*/)Ab9¢9D-0;:9¢3QFK58/)HGI�3Q?�1_7>HG9<;:Ab9³3QA�78Z0FO/)HG5:;:9O3Q78A[;:=8PN78FG?*7>=Q78R>IE3QFK9D-4/�� ¤c£_,XKM01. ,X2 9

�N,/. 2��NK«¥8` ��� zvS|-036P<-$3QFu9D-0/�;>101[;:HO/NAB9EL03QFy9<;>A0P)/&9O7�;>A�7>Zc�G/NPn9¡7>J�;�R>3658/)A$Zv78=Q78?�/)9OHO36P¡=Q`0?�3QA07>FO369oI �
+ )���;:A0L78Z0FG/NHy58/NL&$[`4P�
 + )��ªz«;>FOFG`0?*36A0R�;V(�/)S.9O78A03Q;>A$3QAB5>/NHOFG/n¨¶FO�b`[;>HG/T=~;XS¸J�78H'$[`Mlg9DHD;X5>/N=Q36A0R*9O-0HO7>`0R8-!;P$[;:9XzvFG9D;:9D36PFO10;>PN/:µ


 + )�� ®
�
+ )��

*�� � ¼� ¿ � �4w����8�B�
,.-0/ �NK � ¤ � �N4 �N,#�>£V` 2 ` 4 �N,/. 2��NK«¥8`�3QF�;>=QFG7!L0/)´0A0/NLtS|369O-tHO/)FO1v/NP)9�9O7�9D-0/�;:101_/N;>HD;:A0PN/�7>J�;>At7>Zc�G/NPn9�3QA�$@;\9FO10;>PN/:w � A�78Zc�G/NPn9C7:J«10HG781v/NH�FO36dN/ � ;:9a;>A*;>A0R8`4=~;>H�L43~;>?�/)9O/NH(L036FG9<;:A0PN/ ��� S|3Q=6=0;>101v/X;:H�9O7&FG`0Z49O/NA0L�;>A�;:A0R8=Q/3QA�9D-4/�FGhbI�7>J � 
 ® � � ��� w � Fa36FaFG-07�S|A�3QA*¹{36R8`0HO/|�Mw6���Mzb9O-0/uPN`0Hy5>;\9D`0HG/E7>J«=Q3QR>-b9�HO;XIMF�L0`0/u9D7W9D-0/u=Q/)A0FO36A0R�ZbI



�8� ���������
	���
��������������������

dφ

z

dDA, max φ

¹�3QR8`0HG/C�Mw6���Mµ � A^78Zc�G/)P)9(FG`0Z49O/NA0L036A0R¡;>A�;>A0R8=6/ � 
 S|3Q=Q=-0;�5>/W;^L03 a_/NHG/NAB9.10-BIcFO36PX;>=_FO36dN/¡;:9eL03 a_/NHG/NAB9.HO/)L0FO-436Jª9DF)w,.-4/^;>A0R>`0=~;>H.L43~;>?�/)9O/NH.L036FG9<;:A0PN/&Y��!9DHO;>A0FGJ�7>HO?�F�;:AM¨R>=Q/¡3QAB9O7�=6/NA0R:9D-³w
3QAB9O/NHG5>/NA036A0RW?�;:FOF(PX;:A�PN;>`0FG/ ��� 9O7�;>P)9O`[;>=Q=�I�L4/NPNHG/X;>FG/.S|369D-�36A0PNHG/X;>FG3QA0R¡HG/NL0FG-036Jª9Nw�,.-0/|=Q`0?�3QA478FO3�9oI&L43QFG9D;>A0P)/3QF.HG/N=Q;:9D/)L�9O7T9D-0/�;>A0R>`0=~;>H.L43~;>?�/)9O/NHeL036FG9D;>A0PN/ ��� ;>A0L�9O-0/WPN78?�7�5M36A0R�;>A0R8`4=~;>HeL43QFG9D;>A0P)/ � 9D-0HG78`0R8-

� ��® � �� '1/ ®
�

�y� ' /8� ¼ ¿ � �4w����4�º�
¹[78HC9D-4/¡PX;>FG/¡7>J�;^PN=Q7>FO/NL«z0?�;\9O9D/)Hy¨¶L078?�3QA[;:9O/NL*`0A0365>/NHGFO/*��� � ® �	� ® � ² � � I �º�©z0;>A0;>=6Ib9D36PE/©l414HO/NFGFO3678A0F/nlM36FG9|J�78He9D-4/�P)78?�7º5c36A0RTL03QFy9<;>A4PN/NF �j;:A0L � ;>A0L�9D-0/¡5>78=Q`0?�/¡/N=6/N?�/NAB9 � ��µ

� ® � 4¯ c���� � c ¾ �º� »��¶¼ � 9<;>A � » � �(' � � c /� � c ¾ � 
 »��¶¼ ¾ 9<;>A � » � �
� � c ¾ � 
 »��¶¼�� ² � �4w����B�8�

� ® � 4¯ c � ¼� c � �(' /B� � � � c /�'�� � � c ¾ /B�)�O��� � c�/ ' �º� »��¶¼ ¾ �º��� ² � �4w����8�B�
FO7>?*/n9D3Q?�/NF.PN;>=Q=6/NL�9D-0/�f�;:9G9D36R�J�7>HO?^`0=Q;4w�,.-0/�P)78?�7º5c36A0RT5878=6`0?*/W/)=Q/N?�/NAB9 � � J�7>H�;�FO/)P)9O3Q78Ag7>J�FG78=Q36Lg;:A0R8=Q/� �°36F � � ® � � 	 ¼c FO3QA ¼ � �	�c 
 � � ® � � 	 ¼c � �� ¾ �� P)78F � �	�c 
 � � � �4w����N*b�
S|-036P<-�3QAB9O/NR8HO;:9D/)F|9O7�R8365>/&;�PN7>?*7�5c3QA0RT5>78=Q`0?�/2J�78Hu;�PN78A0/W/©lM9O/NA0L43QA0R�;�SC;XI�J�HO78? 9D-0/W78Z0FG/NHy58/NHE;�L43QFG9D;>A0P)/
��µ

� ® � � 	 �c� � �
	�c ¾ �� FO3QA � �	�c 
 ® � � 	 �c� � FO3QA � » �	�c ¾ �

	�c�� � ¾ � � � 	 ¼c � 
 ¿ � �4w����BÂ8�

����� �s��++3 � 2N����' 0u#�2 5�# /(#�3 &E%+&�/�+
§oA�?*;>ABI�7>J�9D-0/WJ�78HO?�`0=~;>/W;:Z_7�58/:zvSa/�-[;X58/�HG/N1v/X;:9O/NL0=�I�HO/nJ�/NHOHG/NL�9O7�5:;>HG3Q78`4FuP)78FO?�78=678R83QPN;>=«10;>HD;>?�/)9O/NHGF�=63Qh>/9D-4/&pu`0Z0Z0=6/�UGPN7>A0FG9D;>AB9D] ¯ cE;>A4L�9O-0/¡L0/)A0FO3�9oI�1[;>HO;>?*/n9D/)HOF�� � c ² � � c ² ;>A4L �	�Hc�w�rM3QA0P)/¡SC/W`0A0L4/NHOFy9<;>A4Lg-07�S9D-4/�L03 a«/)HO/)Ab9CL0/NA4FO369O3Q/)Fa/n5878=�58/�S|3�9D-*HO/NL4FO-03�Jª9XzB9D-0/�10HO/)FO/)Ab9y¨oL[;XI�5:;>=Q`0/)Fa7:J«9D-4/	�2��FC3QF�/NA478`0R8-�9D7�/©lc9DHD;:1_78=Q;:9D/Z[;>P<hBSC;>HOL4F�36A�9D36?*/W9D7�R8365>/�9D-0/�L0/NA0FG369oI�;>A0L$9O-c`4F¡L4IcA[;>?�3QPNF�7>J(9D-4/^`0A03�58/NHGFO/�;:9¡;>A$/X;:HO=Q36/NH|9D36?*/���-036R8-0/NHHO/)L0FO-436Jª9©�©wgi 3�9D-078`M9�hbA07�S|3QA4R�9D-0/�5:;>=Q`0/)F�7>J.9O-0/NFG/�PN7>FO?�78=Q78R>3QPX;:=�1[;>HO;>?*/n9D/)HOF&9O7ML0;�I>z�369&3QF&3Q?�1_7>FOFO36Z0=Q/^9O7�b`[;>AB9D3�JªI}9O-0/�L03QFy9<;>A0P)/�9D7m78Zc�G/)P)9DF�78HT/n58/)Ab9OF�36Aj9D-0/�FOhBI>w·pu7�SC/n58/NH)ze10HG/NPN36FO/)=6IjZv/NPN;>`0FG/g7>Ju9D-43QFTHO/)=~;:9O3Q78AZv/)9oSa/N/NA&L03QFy9<;>A4PN/�;>A0LWL0/)A0FO3�9oIW;>A0L¡9O-0/�p�`0Z0Z4=Q/(PN7>A0FG9D;>AB9XzºSC/�-[;X58/�;:9³78`0HKL036FO1v78FD;>=8;|Ab`0?�Z_/)HK7>Jc3QAB9D/)HO/NFy9D36A0R78Z0FG/NHy5>;\9D3Q7>A[;>=«9O7M78=6FC9D7�?�/X;>FG`0HO/¡9O-0/WPN78FG?*78=678R836PX;>=_1[;>HD;:?*/n9D/NHGFNw

¹[78H�/©l4;>?*14=Q/>z@`0A43658/)HOFG/�?�7ML0/)=QF.S|369O-�;�A078AM¨¶dN/)HO7�P)78FO?�78=678R83QPN;>=³P)78A0FG9D;>AB92-[;X5>/�HO/)PN/)Ab9O=6I�Zv/NPN7>?*/WJ�;>FO-c¨3Q7>A[;>Z0=6/E;>A4L�/)58/)AB9D-078`4R8-gA478Z_7cL4I*`0A0L0/)HOFy9<;>A0L4F|9O-0/2`0A4L0/NHG=6Ic3QA0R�10-BIMFG3QP)FNz0Sa/¡PX;>A�A07>A0/)9O-0/N=6/NFOF.?�/X;:FO`0HG/2369OF5:;>=Q`4/W;>A0L�-07�S 369|;3a«/)P)9DF|9D-4/�LMIMA0;>?*36PNF|7>J¢9D-0/W`0A43658/)HOFG/>we�(�b`[;:9O3Q78A����4wÀ� *B;B�CFO`4R8R8/NFy9DF|9D-[;\9uSa/�PX;>A�L0/)´0A0/;^5:;>PN`0`4?Æ/NA0/)HOR>I�L4/NA0FG369oI b��g;>F
b�� � �È�� � ¿ � �4w����8�B�




������������������������ � ���^�:����� �T	��
	���� �>�
,.-0/)AgJ�HO7>? 9D-4/W´0HOFG9u=Q;�S°7>J¢9D-0/)HO?�7MLMIMA0;>?*36PNF � /N�bA³w�� �MwÀÈ8�8� � z

b�� 4 ¼ � � '�	 � � � ® � ² � �4w���� Å �
R83�5M36A0R^9D-4/�/)�b`[;:9D3678A�7>J�FG9<;\9D/¡J�78He9D-4/�14`0HO/W5:;>PN`0`4?gµ

	 � ® ¾ b��4 ¼ ¿ � �4w����8ÈB�
,.-036F2`0Ab`0FO`0;>=(/N�b`[;:9O3Q78A!7:JaFy9<;:9O/^FO`4R8R8/NFy9DFW1v/NPN`4=Q3~;:HNz.UG;>AB9D3�¨¶R8HD;X5c369D;:9D3678A[;>=6]^J�78HOP)/NF29O-[;:9¡10`4FO-!9D-0/T`4A0365>/NHOFG/;>1[;:HG9Xw(,.-4/�¹[HO36/NL0?*;>A0A�/)�b`[;:9D3678A�J�78H|;T?�;\9O9D/)H.10=Q`4F|5:;>P)`0`0?�`4A0365>/NHOFG/&PN;>A�Z_/2S|HG369O9O/NA

�� ® ¾ *��� � �v�5b � ¾ � b��@�n¿ � �4w����8�B�
rM36A0PN/¡9D-4/&?*;:9O9O/NH|L0/)A0FO3�9oI�J�;>=Q=6F.7Nak;>F � � � S|369O-�9O-0/�/nlM1[;>A0FG3Q78A«z_;:AbI�A478AM¨od)/NHG7�5:;>P)`0`0?Æ/NA4/NHOR:I�S|36=Q=³/n58/)AM¨9D`0;>=Q=�IgL478?*36A[;:9O/>z«R>365c3QA0R�;>A �c¥<¥8` �/` 4%�N2 ,XK � `4A0365>/NHOFG/TS|369D- �� I �4w�rM36A0PN/:z³`0AB9D36=�HO/)PN/NAB9O=6I8z³9O-0/T`0A03�58/)HOFO/�-[;:FZv/N/NA�9O-078`0R>-b9C9D7^Zv/2L0/)PN/N=6/NHO;:9D36A0R0zb9D-0/2P)78AB58/)Ab9O3Q78A0;>=«1[;:HD;>?�/)9O/NHC`4FO/NL�9O7^?*/N;>FO`4HO/2FG`0P<-�;>A�/ a_/NPn9.3QFaPX;>=6=Q/)L9D-4/ ��`<¥8` �/` 4%�N25, 03K$1[;>HO;>?�/)9D/)H � c�µ � c � ¾ � �� �

�� ¼ 
 ® � � c� ¾ �	�Gc�¿ � �4w��8���B�
¹[78H2P)/NHG9D;>3QA!5:;>=6`0/NF¡7>J � � ;>A4L �	�³z³9D-0/)HO/�;>HO/�;:P)9D`0;>=Q=�I�Fy9<;:9O3QPTFO7>=Q`49O3Q78A0F�S|-0/NHG/ �� ® �� ® �4w^§oA!J�;>Pn9XzK9D-4/L0/)FO3QHG/�9O7*´[A4L$FO`0P<-�FG9<;\9D3QP�FO7>=Q`49O3Q78A0F.9O7*9D-4/�¹[HO36/NL0?*;>A0A�/N�b`[;\9D3Q7>A�3QF.S|-[;\9278HG3QR836A[;>=Q=�I�?*7>9O365:;:9O/NL��(3QA0Fy9D/N36A9D7�36Ab9OHO7cL0`0P)/W9O-0/WPN78FG?*7>=Q78R836PX;>=vPN7>A0FG9D;>AB9�36A�9D-0/¡´[HGFG9u10=~;:PN/>w

§oA���� Å �4zKr4;>A0L[;:R8/�� R(-BIcFO3QP)FW,�7cL[;XI8z¢�>� � � � z��N*b�|J�;>?*7>`0FO=�IgL4/NFOP)HO36Z_/)L�P)78FO?�78=Q7>R>Ig;>F�UO;�FO/N;>HOP<-mJ�78HE9oSa71[;>HO;>?�/)9D/)HOF)µ ] ¯ c|;>A0L � c�w�,�7cL[;XI8z0;>=Q78A4R&S|369O- ¯ c|;>A0L � cXz078Z0FG/NHy5>;\9D3Q7>A[;>=vPN78FG?*78=678R836FG9DF�;>HG/E9DHyIc3QA0R���;>A0L�36A?*;>ABI�PN;>FO/)FNzb�b`0369O/eFO`0P)PN/)FOFGJ�`4=Q=6I4��9O72?*/N;>FO`4HO/e9D-4/eL03 a_/NHG/NAB9(P)HO369O3QPN;>=ML4/NA0FG369oI�J�;:P)9D7>HOF"� � c�z � � c�z �	�Hc�zB;>A0LT9D-4/?*;:9O9O/NH¢L0/NA0FG369oI�3QA$UGA078HG?�;:= z�]�Z[;:HGI87>A03QPa?�;:9G9D/)H � �Xc�w¢§oAT;>L0L4369D3678AW9D7�9O-0/CL4/NA0FG369oIWJ�;>P)9O78HOFe��9O-0/TUG36A0R8HG/NL036/NAB9DFG]7>J�9D-4/T`0A0365>/NHGFO/��©zKSC/TSa78`0=QLm;:=QFO7�=63Qh:/�9D7�hbA07�S 9O-0/�;>?�10=Q3�9D`0L4/�7>J�9D-4/T3QA03�9D3~;:=¢L4/NA0FG369oI!1v/NHy9D`0HGZ[;:9D3678A0F¡;:A0L9D-4/�FG1_/)P)9OHD;>=K36A0L0/nl�J�78He9D-4/¡1_/)HG9D`4HOZ[;:9O3Q78A�L036FG9OHO3QZ4`49D3678Am��9O-0/gUGHO/)PN361_/)]TZ0`03Q=6L03QA4R^9D-0/¡`0A43658/)HOFG/&36Ab9O7TRB;>=Q;\lM3Q/NF;>A0L�=~;:HOR8/©¨oFOPN;>=Q/EFG9DHG`0P)9O`0HO/X�nw
SC`4929O-0/NAm;:RB;>3QA«z³r4;:A0L[;>R8/&?�;XI�-[;X58/T-0;>L$369EHO36R8-B92;:Jª9O/NHE;>=Q= wEpu3QF�9oSa7�1[;>HO;>?�/)9D/)HOF¡;:HO/���?*7>HO/�7>HE=Q/)FOFD�9D-4/�9D3Q?�/�FGPX;>=6/�7>J|9D-4/�`0A03�58/NHGFO/�;>A0Lt3�9DF^HO;>L036`0F^7>JuPN`4HG5:;:9D`4HO/>w !2A0/�?�3QR8-B9T;:HOR8`0/*9D-[;:9T;>=Q=�7>J|9D-0/�7:9D-0/)HUGP)78FO?�78=Q7>R83QPN;>=Q]¡1[;:HD;>?�/)9O/NHOFC;>HO/E?*/)HO/E14-bIcFG3QPNF)z03QA�9D-0/EFD;>?�/�SC;XI*9O-[;:9C9O-0/236Ab9O/NHGA[;>=vPN78?�1_7>FO369O3Q78A�7>J¢;&FG9<;:HS|3Q=6=v; a«/)P)9C369DFa=Q3�J�/)9D36?*/e9O-0HO7>`0R8-�Ab`0P)=Q/X;:HeHO/N;>P)9O3Q78A*HD;:9O/NF.;>A4L�781[;>P)369O3Q/NFC;>A0L�9O-0/2=63Qh>/:w{i -036=Q/|9D-036FC10-BIcFO36PNFe36FPN/)HG9D;>3QA0=�I�36Ab9O/NHG/NFG9O3QA0R4z0369|36F.A07>9.J�`0A0L0;>?*/)AB9<;>=6=6I*PN78FG?*78=678R836PX;>= w
rM78?�/¡7>J{9O-0/WPN=Q;>FOFG3QPX;:=«9D/)FG9DF.J�78H.L4/)9D/)HO?�3QA036A0R^9D-4/NFO/�1[;>HO;>?�/)9D/)HOFu;>HG/¡L0/NFGPNHO36Z_/)L�Zv/N=67ºSWµ

� K � ¤ � �N4 �N,#�>£V` 2 ` 4 � 46`	�3.<¦�, 
 2=2\`8. 2
rM3QA4PN/¡9D-0/�;>A4R8`0=~;:HeL03~;:?*/n9D/NH ��� 36F|;^J�`0A0P)9O3Q78A�7>Je� ¯ c ² � � c ² �	�Gc<�nz[ZBI�?�/X;>FG`0HO36A0RT9D-0/�;>A0R>`0=~;>HCFO3Qd)/ � 
78A�9O-0/¡FOhBI�7>J�;^P)78=Q=6/NP)9O3Q78A*7>J¢78Zc�G/)P)9DF|7>J¢hbA07�S|A�10-BIcFO3QPN;>=KFO36dN/¡;\9.L03 a_/NHG/NAB9|HO/)L0FO-436Jª9DF)z4Sa/¡PX;>A�´09 ��� �
/B�a9O79D-4/uZv/NFy9CP)78FO?�78=678R83QPN;>=4?�7cL0/N=010;>HD;>?�/)9O/NHGFNw(¹[78H�;gUGFG9D;>A0L[;:HOL�?*/n9D/NH�Fy9D3QP<hb]&7>J«=6/NA0R:9D- � ;:9�HO/)L0FO-03�Jª9E�
/ '��º�nz9D-4/&;:A0R8`0=Q;>HeFO36dN/W3QA�9O-0/WFOhBI�3QF � 
 �
/�' ��� ®

�
��� � ¯ c ² � � c ² �	�Gc ² /B� ¿ � �4w��8�8�º�

(�7�S ;>=Q=cSC/.A4/N/NL*;>HG/eR87c7MLTP)78FO?�78=Q7>R83QPN;>=b?*/n9D/NH{FG9D36P<hbFNw�V¡7M7cL^?�/)9D/)H�FG9O3QP<hbF�PX;>A�Zv/.7>J_;>=Q=cL03 a«/)HO/NAB9�=6/NA0R>9O-0FNz;>F|=Q7>A0R�;>F.SC/�PX;:A�L4/)9D/)HO?�3QA0/¡9O-0/N36H.=Q/NA4R>9D-0F.`4FO3QA4R�7:9D-0/)Hu7>Z0FO/)HG5:;:9D3678A[;>=_J�/X;:9O`0HO/)FNwarM78?�/W1_78FGFO36Z03Q=6369D36/NFa;>HO/:µ



� * ���������
	���
��������������������

� Y278`4Z0=Q/©¨o=Q7>Z_/^HO;>L0367�R8;>=~;\lM36/NFNµ29O-0/�10-BIcFO3QPN;>=�FO36dN/�7>Ja9O-0/�HD;>L0367��G/)9DFW36F�HG/N=Q;:9D/)Lk9O7�9O-0/N36H¡58/N=67MP)369oIm;:A0L/)?*36FOFO3678A³w
� ,.-0/�FO36dN/�7>J�/)=Q=63Q149O3QPX;:=_RB;:=~;\lcI�;>A4L�RB;>=Q;\lcI�PN=6`0FG9O/NH|PN7>HO/NF�3QF|7>Jª9O/NA�HO/N=Q;:9D/)L�9O7�9O-0/W58/N=67MP)369oI�L43QFO1v/NHGFO3678A7>J¢9D-4/�FyIcFG9D/)?�78He9D-0/WFG`0HGJ�;>P)/WZ0HO36R8-B9DA0/)FOFu7>J�9O-0/W78Zc�G/)P)9Xw
� ,.-0/g3Q?*;>R8/�FO/)1[;>HO;:9D3678A·7:JW;�R8HO;X5M3�9<;:9O3Q78A0;>=.=Q/)A0FNw §oA 9O-03QF�PX;:FO/>zeSa/�Sa78`0=6L ?�/X;>FG`0HO/�9D-0/g�(3QA0Fy9D/N36AHO;>L03Q`4FNµ

��� ® *�� + ¼4 ¼ ��� �� � ²;>Fu3QAB9OHO7cL0`0PN/)L�36A$rM/)P)9O3Q78A$�Mw½�cwei -03Q=6/2SC/�SC/)HO/^A07:9EPN;>HO/nJ�`0=K9D-0/)HO/&9O7*FG1_/)PN3�JªI�S|-0;:9EFG78HG9�7>J(L43QFG9D;>A0P)/SC;>F|?*/N;>AB9.ZBI � � ;:A0L � � � z4S|369O-�-03QA0L4FO3QR>-b9C9D-0/)FO/WPX;>A�Zv/¡FO/)/NA�9D7TZv/W;>A0R8`0=Q;>HeL03Q;>?�/)9D/)HCL036FG9D;>A0PN/)FJ�HG78? 9O-0/WFO78`0HGPN/W9D7T9D-4/�7>Z0FO/)HG58/)HE;:A0L�J�HG78? 9O-0/W=Q/)A0F.9D7T9D-0/WFG78`0HOP)/>w
�E¤M£	� ` 4 � 46`	�3.<¦�, 
 2 2 `8. 2
SaI�PN78`4Ab9O3QA0R&`01�9O-0/�9O7>9<;>=[Ab`0?�Z_/)HC7>JK7>Zc�G/NPn9DFe7>J³;&R83�58/)A�Z0HO36R8-B9DA0/)FOFC;>Fe;WJ�`0A0P)9O3Q78A�7>JKHG/NL0FG-036Jª9NzcSa/2PN;>A?�/X;>FG`0HO/�9O-0/TPN7>?*7�5c3QA0R*5878=6`0?*/3����� � ² �	�@�nw¡,.-0/T?*;º�G78H�10HO78Z4=Q/N?�S|369O-�9D-43QF2?�/)9O-07ML�3QFE9O-[;:9XzvS|-03Q=6/�9D-4/9D7:9<;>=¢?�;:FOFES|3�9D-036A$;�P)78?*7�5c3QA4R�5878=6`0?�/�/N=6/N?�/NAB9 � �sS|36=Q=¢HO/)?�;>36A�HG78`0R8-0=�I�PN78A0Fy9<;>AB92S|3�9D-�9O-0/^/©l410;>A0FO3678A7>J�9D-0/!`4A0365>/NHOFG/>z29O-0/k;>P)9O`[;>=278Zb�G/NP)9OF�9D-[;:9�´0=Q=E9O-03QF�HG/NR83678A�S|3Q=6=E/)5>78=65>/};:A0L ;>=QFG7t?*/)HOR8/:w ,.-03QF�?�/X;>A4F9D-0;:9|A0/N3�9D-0/)He9D-0/¡9O7>9<;>=_Ab`0?^Zv/NH|7>J¢78Zc�G/)P)9DFuA078He9O-0/N36He3QAB9OHO3QA4FO3QPEZ0HO36R8-B9DA0/)FOF|3QF.P)78A0FG9D;>AB9|S|369D-�HG/NL0FG-036Jª9Nw(,.-0/p�`4Z0Z0=Q/eY2/N/N1�¹�3Q/N=6L�10HG78R8HO;>? ��FO36A0PN/CFO`01v/NHGPN/NL4/NL�ZbI&9D-0/ � =69OHD;>L4/N/N1�¹�3Q/N=6L@�KL0/)9O/NP)9O/NL�;>Zv78`49C���8�\¨D���8�8�|9D3Q?�/NF?�78HO/�-036R8-M¨¶HO/NL4FO-03�Jª9TRB;>=Q;\lM3Q/NF&9D-[;>A�10HG/NL036P)9O/NLqZbIt;mA47:¨o/n5878=6`49D3678At?*7cL0/)= w�rM7!S|-036=Q/�A47>9�Z_/)3QA0Rm;>A�36L0/X;>=?�/)9D-47ML}J�7>H^3QA0L4/N1v/NA0L0/)AB9D=6I�?�/X;>FG`0HO36A0R-� � c*;:A0L �	�Gc�z�9D-4/�Ab`0?^Zv/NHy¨¶HO/)L0FO-03�Jª9^9D/)FG9Nza;:=Q78A0R�S|369O-�;�L0/NP)/NAB9PN7>FO?�78=Q78R>3QPX;:=a?�7ML4/N= z�PN;>A·R>3658/�;!R8HG/X;:9�L0/N;>=.7>J�3QA4J�7>HO?*;:9D3678Aj;>Zv78`49�R8;>=~;\lcI}/)587>=Q`49O3Q78Aq;>A0Lq-036/NHD;:HOP<-036PX;>=FG9OHO`0Pn9D`0HG/�J�7>HO?*;:9D3678A³w

��¤M£_,XKM01. ,X259 � 48`	�3.<¦�, 
 2�2 `8. 2

diameter distance x
comoving angular

¹�3QR8`0HG/��4w6�>�8µg§¶JE9D-0/�10`01036=|7>JE9O-0/g7>Z0FO/)HG58/)H�;:9�HO/)LM¨FG-036Jª9�d)/NHO7�FO`4Z49D/)A0L0F^;�FO7>=Q3QLk;>A4R8=Q/ � � ;:F�FG/N/)A�J�HO7>?9O-0/�FO78`0HGPN/:z@9O-0/WJ�HD;>Pn9D3Q7>A�7:J�9O-0/�9O7>9<;:=³=Q`0?�3QA478FO3�9oI�HG/n¨P)/N3�58/NL ZBI�9D-4/!78Z0FO/)HG5>/NH�3QF � �$� *��(w � FO�b`[;>HG/m78A0/`4A0369.=6/NA0R:9D-�78A�;^FG3QL0/2FG`0Z49O/NA0L0F�;^FO7>=Q3QL�;>A0R8=6/^�¡`0A03�9=6/NA0R:9D-@Ä *�� � ¼ zMS|-4/NHO/ � 36F�9O-0/2PN7\¨o?�7º5c36A0R^;>A4R8`0=~;:HaL03 ¨;:?*/n9D/NH.L43QFG9D;>A0P)/>w
� FaL0/)´[A4/NL�3QA�/N�b`[;\9D3Q7>Am� �4w����8�8�nzB9D-0/u78Z0FG/NHy58/NL�Zv78=Q7>?*/n9DHO36P $[`Ml�J�HG78?s;&L036FG9<;:Ab9a78Zc�G/)P)9C3QF�10HO781v78Hy9D3Q7>A[;>=9D7T9O-0/W3QAB58/)HOFO/�FO�b`[;:HO/�7>J�9O-0/W=Q`0?�3QA478FO3�9oI�L036FG9D;>A0PN/:z[78H|;>=�9D/NHGA[;:9O3658/)=6I


 + )�������� � � ®
�
+ )����#� " %��G�
*�� � ¼ � ��('1/ 
 ¼ ¿ � �4w��8�º�8�

p�/)HO/&9O-0/WPN78?�7�5c3QA0R�9DHO;>A0FG5>/NHGFO/^L036FG9D;>A0PN/ � 36F|`0FO/)L�9D7�R8365>/�9O-0/�FO`0HyJ�;>PN/&;>HO/N;�7:J(;*L43QFG9D;>AB9uFO10-0/)HO/&FO`0H ¨HO7>`0A0L036A0R¡9D-0/|FO7>`0HOP)/^��FO/N/�¹{36R0w8�4w��8�º�©z89D-b`0F�9D-0/|FG78=Q36L�;>A0R8=6/eJ�;>P)9O78H�7>J_9O-0/|78Z0FG/NHG5>/NH)wCrc3QA0P)/�$0`Ml�3QF(?�/X;:FO`0HG/NL3QAT`4A0369OF�7:J � /NA4/NHOR:I0Ä:;>HO/N;BÄ\9D36?*/ � z89oSa7WJ�;>P)9O78HOF(7>J�� �0� � ' /8��;>HO/|HO/)�b`03QHG/NLT9D7�;>P)PN78`0AB9�J�78H�9O-0/|10-07>9O78A�HO/NL4FO-03�Jª9HO/)L0`0P)3QA0R�9D-0/T/)A0/NHGR>Im7>JC;>ABI!R83�58/NAk10-07:9D78Ak;>A0Lm9D-4/�9O3Q?�/^L036=~;:9O3Q78Ag7>Je;�HO/)PN/)L03QA0R�FG78`0HOP)/*/)?*3�9O9O3QA0R�J�/nSC/)H




������������������������ � ���^�:����� �T	��
	���� �8Â

log (1+z)

m

qo

qo

qo

= 0

< 0

0> ¹�3QR8`0HG/��Mw6�º�cµ � 101[;>HG/NAB9T?*;>R8A03�9D`0L4/�5>/NHOFG`0FTHO/)L0FO-436Jª9J�7>H29D-0/TL03 a«/)HO/)Ab9�`0A43658/)HOFG/NFNµWL0/)PN/)=Q/NHO;:9D36A0R0zKP)7B;>FG9O3QA0R4z;:A0L�;:PNPN/)=Q/)HD;:9O3QA0R0w

Ω M

ΛΩ

¹{3QR>`0HO/.�Mw6���Mµ(xC78A0Fy9DHO;>3QAB9DF(7>A�9O-0/.?�;\9O9D/)H(L0/NA4FO369oIT;>A0LT9D-0/.5:;>P)`0`0? /)A0/NHGR>IL0/NA4FO369oI$;>F2L0/n9D/)HO?�3QA0/)L$J�HO78?ÃFO`01v/NHGA07�5:;>/>wW,.-0/T?�78FG9210HO78Z0;>Z0=Q/�5:;>=Q`0/)F27>J
�

�
;>A0L �	�t=63Q/�3QA0FG3QL0/�9D-0/�/N=Q=63Q10FG/>w�,.-0/�=Q7cPX;\9D3Q7>A�7>J.9O-0/�´[HGFG9�;:PNPN7>`0FG9O3QP1_/N;>h^36A^9D-0/ux.fTS�R83�58/NF�;¡FG/NPN7>A0L*/)=Q=63Q10FG/>z8/)=Q78A0R8;:9D/)LT1_/)HO1v/NA0L036PN`0=Q;>H{9O7W9O-0/78A0/WFO-47ºS|A«w

10-07:9D78A0F&1_/)H�FG/NPN7>A0L�;>F�?*/N;>FO`0HG/NLjZBIk9D-0/*78Z0FG/NHG5>/NH)w�,.-0/�P)/NAB9DHO;>=�10HO78Z4=Q/N? J�78HW9D-4/�=Q`4?*36A078FO3�9oIB¨oHO/)L0FO-436Jª99D/)FG9�3QF(´[A4L03QA0R�;gUGFG9D;>A0L[;:HOL�PX;>A0L4=Q/>z�]&;>A*7>Zc�G/NPn9C7>J_hbA07�S|A!��78H�;:9�=Q/N;>FG9�FGPX;>=Q;>Z0=Q/X�{3QAB9DHG3QA0FG3QP.=6`0?*36A078FG369oI �
+�)���w,.-0/)A�ZbI�10=67>9O9O3QA0RW9D-4/E78Z0FG/NHy58/NL�?*;>R8A4369D`4L0/ " ;>Fe;WJ�`0A0P)9O3Q78A*7>JKHG/NL0FG-036Jª9NzcSa/2PX;:A�´09�9D-0/�L[;:9<;�9D7�L43 a_/NHO/)AB95:;>=Q`4/NF|7>J¢9D-0/WL0/)PN/N=6/NHO;:9D3678Ag10;>HD;>?�/)9O/NH � c^��FO/N/&¹{36R0w[�4w��º�8�©w(§oA�9O-0/��>�>F|;>A0L Å �>F.9D-4/�?�78Fy9�14HO78?�3QFG3QA0R^Fy9<;>Ac¨L[;>HGL�PX;>A0L4=Q/¡Se;:F|9O-0/W1_7>10`0=~;\9D3Q7>A�7>J�Z0HO36R8-B9D/NFy9uPN=Q`4FG9D/)H|/N=Q=63Q149O3QPN;>=@RB;>=~;ºl436/NF)z4S|-03QP<-�Sa/NHG/&R8HG78`01v/NLg;>HO7>`0A0L�;FO36A0R8=6/2;>Z0FG78=Q`M9D/2?*;>R8A03�9D`0L4/�S|369O-�;�5:;>HO3Q;>A0P)/27>J + Á¸�4¿À� ¾ �4¿E*BÂ�?�;>R4w�">`0FG9e=Q3Qh:/E9D-4/2Ab`0?^Zv/NHy¨¶HO/)L0FO-03�Jª9e9D/)FG9Nz9D-4/�10HG78Z0=6/N? S|3�9D-�9D-0/u/N=6=Q36149D36PX;>=cRB;>=Q;\lM3Q/NF�SC;>F�9D-[;\9�7>J³/n5878=6`49D3678A³zB3QAB9OHO7cL0`0PN36A0RWFGIcFG9O/N?*;:9D36P|/NHOHG78HOFa;:9�-036R8-0/)HHO/)L0FO-436Jª9DF)w

,�7cL[;XI8z4ZbI*J�;>Ha9O-0/¡?�78FG9CFO`0P)PN/NFGFGJ�`0=KJ�78HG? 7>J�9D-0/2=6`0?�3QA078FG369oIB¨oHG/NL0FG-036Jª9�9O/NFG9|-0;>FeZv/N/NA�9O-0/2`0FG/¡7>J�9oIM1v/n¨¶§ ;FO`41_/)HOA07�5:;>/>z[S|-036P<-g-0;�5>/�;TFy9DHO7>A0R�PN78HGHO/N=Q;:9D3678A�Zv/)9oSa/N/NA�9D-0/¡9O3Q?�/EJ�78He9D-4/�1v/X;:h�/N?�3QFGFO3Q7>A�9D7TJ�;>L0/�;>A0L�9D-4/3QAB9OHO3QA4FO3QP�=6`0?*36A078FG369oI8w�p�/)HO/*9O-0/*9OHO36P<hk36FC�G`0FG9&9D7g´0A0L}9D-4/NFO/�FO`01v/NHGA07�5>;:/�;:9&=~;>HGR8/�HO/)L0FO-03�Jª9DF&FO-078Hy9D=�Ik;:Jª9D/)H9D-4/)Ig/nlM10=Q7cL0/:z³;>A0L$9O-0/NA$J�7>=Q=Q7�S°9D-0/)?
7�58/)HW;�1v/NHO367MLg7>J(Sa/N/NhbFW78H�?*78AB9O-0F�9O7�?*/N;>FO`4HO/�9O-0/N36H�SC;\lM3QA0R�;:A0LSC;>A03QA4R0w.,.-0/�HG/NFG`0=69OFE7>J{?�;>ABI�FG`0P<-!78Z0FG/NHG5:;:9O3Q78A4F�FG`0R8R8/)FG9E9O-[;:9u9D-0/&`0A03�58/NHGFO/&3QFu3QA�J�;>P)9�/nlM1[;>A4L03QA0R�;:9E;>A�c¥<¥8` �/` 4%�N2 ,XK � HO;:9D/�S|369O- � c)���Mz>PN7>A0FO36FG9D/)AB9�S|3�9D-^;|A078Ac¨odN/)HO7�PN78FG?*78=678R836PX;>=:PN78A0Fy9<;>AB9Nw�rM3QA4PN/(9D-0/aL0/NP)/N=6/NHD;\9D3Q7>A1[;>HO;>?�/)9D/)H&36F^;gJ�`4A0P)9O3Q78A�7>J��	�t;>A4L � � z�9D-0/*=Q`0?�3QA07>FO369oIB¨¶HO/NL4FO-03�Jª9�9O/NFy9^3QF�;>P)9O`[;>=6=6Im?�78FG9&FO/)A0FO3�9D365>/�9D7�;=Q36A0/X;:H(PN78?^Z43QA[;:9O3Q78AT7:J_9O-0/u9oSa7�L4/NA0FG369oI�1[;>HO;>?�/)9D/)HOF)zM;:F�PN;>A�Zv/|FO/)/NA�36A�9O-0/�UG/NHGHO78H(/)=Q=Q3610FO/)]W3QA�¹{3QR>`0HO/|�4w����4w
%u/)PN/)Ab9278Z0FO/)HG5:;:9O3Q78A0F�ZBI %|3Q/)FOF�;>A0L$P)78=Q=Q;>Z_7>HD;:9O78HOF.-[;X5>/^10`0FG-0/NL!9oIc1_/&§ ;�FO`41_/)HOA07�5:;�78Z0FG/NHy5>;\9D3Q7>A0FE78`M99D7 /TÁ �8¿ÀÂ�;:9uS|-036P<-�/N1v7cP<-g9D-4/&`0A43658/)HOFG/&SC;>F�Fy9D36=Q=³L0/)PN/)=Q/NHO;:9D36A0R0wa,.-03QF�;>=Q=67�S|Fu?�/X;:FO`0HG/N?�/NAB9E7:J{9D-4/�9O-03QHGLL0/)HO365:;:9O365>/�7:J{9D-4/&/©l410;>A0FO3678A�1[;>HD;:?*/n9D/NH ��S|-036P<-gS|-0/)A�HG/NA0L0/)HO/)L$L03Q?�/NA4FO3Q7>A0=Q/)FOF.S|369O-�J�;>Pn9D78HGF|7>J ���;:A0L �R83�58/NFu;kUGP)78FO?�3QPa�G/)HOhb]�1[;>HD;:?*/n9D/NH)w(,.-0/�?*/N;>FO`0HG/NL�5:;>=Q`0/¡7:J�9O-0/WPN78FG?*36Pa�G/NHOh�3QF.PN7>A0FO36FG9D/)AB9E;�$@;\9�`4A0365>/NHOFG/10HG/NFO/)AB9D=6I�L478?*36A[;:9O/NL�ZBI � w



�>� ���������
	���
��������������������
����� � &¡ !+�')%�� * &�/�%(�-/ 6$#&%�'N�� !+�'X #^ &�� *$#^ !"!'N ��
�! !' � &	/�+ & 8�� &2#^ !+��G+

#�*-*-/(��#�0 , /"& ��'X+�')% &¡"
� F&SC/�FG-07�SC/)L�3QAtrc/NP)9O3Q78A �8w6�>��J�78H&;�FG9D;:9D36P�FO10;>PN/©¨¶9D36?*/:z{FG?�;>=6=�L0/NA0FG369oI�1_/)HG9O`0HOZ[;\9D3Q7>A0F�36Aj;>Aj7:9D-0/)HGS|3QFG/`0A03�J�78HO? $[`036LkS|36=Q={/)369O-0/NHWR8HG7ºS 9D-0HG78`0R8-kR8HO;�5c3�9<;:9O3Q78A[;:=�36A0FG9D;>Z03Q=6369oIg78H¡78FGPN3Q=6=~;:9O/^=Q36h>/�;>P)78`0Fy9D3QPTSC;X58/NF&-0/N=6L`01�J�HG78? PN78=6=~;>14FO3QA4R&ZBI�9D-0/)HO?*;>=«;:A0L�HD;:L03~;:9O3Q78A�10HG/NFOFG`0HO/:wCpu7�SC/n58/NH)z[`0A0=63Qh>/�3QA�rM/NPn9D3Q7>A$�8w��8�8zcA07�S Sa/ESC;>AB99D7�3QAB5>/NFG9O3QRB;\9D/T9D-0/�R8HG7ºS.9O-}7>Ja1v/NHG9O`0HOZ0;:9D3678A0FW3QA�;>A `
	 7 �NK �N,XK � $[`03QL«wL%|/NPX;:=Q={9O-[;:9W9D-0/V">/X;:A0FN��=Q/)A0R>9O-(! 	L0/)1_/)A0L0/NA4PN/�7>A�9O-0/WFO78`4A0Lg5>/N=Q7cPN3�9oI � 
e3QA�9O-0/WRB;>FNµ

! ¼ 	 ® � � ¼
� bGc ¿ � �4w��8���B�
� FW9D-4/*`0A43658/)HOFG/�/nlM1[;:A0L0F^;:L03~;>Z0;:9D36PX;>=6=6I8zv9D-0/@$[`036L}36F�L478?*36A[;:9O/NLmZBImHD;>L03Q;:9D3678A!10HG/NFOFG`0HO/�;:9W´[HOFy9Xz{R>365c3QA0R9D-4/2FO78`4A0L�FO1v/N/)L�J�7>He;^HO/)=~;:9O365c3QFy9D36PuR8;>FNµ � ¼
 ® 4 ¼ �>�4w�Y2`0HG3QA0R�9D-036FC1v/NHG3Q7cL³zc9O-0/2P)78HOHG/NFO1v78A0L43QA0RB">/N;>A0Fe=6/NA0R>9O-3QFe5>/NHyIg=Q;>HOR>/>z0PN;>`0FO36A0R�?*78Fy9|?*7cL0/)F|9O7*`4A0L0/NHGR87*;>PNP)78`0FG9O3QPW78FGPN3Q=6=~;:9O3Q78A«w"!2A0=6I�S|-0/NA�9D-0/WRB;>F|P)7M78=6F|/NA078`4R8-J�78H|9D-0/&-BIML4HO78R8/)A!3Q78A4Fu9O7�PN7>?^Z03QA4/&S|369O-g9O-0/�Z[;:P<hcR>HO78`0A4L!/N=Q/)P)9OHO78A0FE;>A0L�J�7>HO?ÆA0/)`49DHO;>={;\9D78?�3QPW-BIcL0HO78R>/NA��9OHD;>A4FO1[;>HG/NAB9�9D7!9D-4/�Z0;>P<hbR8HO78`4A0L HO;>L03~;\9D3Q7>A@��L07c/NFT9O-0/�10HO/)FOFG`0HO/gZ_/)PN78?�/�RB;>F ¨oL078?�3QA0;:9D/)L³z(L0HD;:?�;:9O3QPN;>=Q=�I=Q7�Sa/NHG3QA0RT9D-4/�FG78`0A0L�FO1v/N/)L$;>A4L�9O-c`4F�;:=Q=Q7�S|36A0R�9D-4/�?�7cL0/NF.9D7�R8HG7�S¸`0A0L4/NH|R8HD;X5c369D;:9D3678A[;>=vPN7>=Q=~;:10FO/:w

¹[78=Q=67ºS|36A0R�9O-0/WFD;>?�/¡R8/NA4/NHD;:=�;:1010HO78;>P<-g7:J(rM/)P)9O3Q78Am�8w��8�8z4Sa/�Z_/)R83QA�ZBI�S|HO3�9D36A0R^9D-0/ $[`43QL�/N�b`[;:9O3Q78A0FeJ�7>H;�RB;>F¡?�7º5c36A0R�S|369D-k;�58/)=Q7cPN369oI ¬­ z¢14HO/NFGFO`0HG/ 	Kz�L0/)A0FO3�9oI-b[z{;:A0L�R>HD;X5c369<;\9D3Q7>A[;>=¢1_7>9O/NAB9D3Q;>= � w*¹[78HW�(`0=Q/)HO3~;:AFO10;>PN/WS|369O-�´Ml4/)L�P)7M78HGL03QA0;:9D/)FNz49O-0/W?�;>FGF.PN78AB9O3QAb`0369oI�/N�b`[;:9O3Q78A�3QF1 b1 � '
¬� �c� b ¬­ � ® � ² � �4w��8� *b�

9D-4/&�(`0=6/NH./)�c`0;:9D3678A 1 ¬­1 � '°� ¬­ �
¬��� ¬­!® ¾

¬� � ¾ �
b
¬� 	 ² � �4w��8�ºÂ8�

;>A0L�9D-4/ R¢783QFGFO78A�/N�b`[;\9D3Q7>A�36F � ¼ � » ® *�� � b » ¿ � �4w��8���B�
� A0=63Qh:/�78`0H�/X;>HG=Q36/NHu;>1010HG7B;>P<-³zvS|-0/NHG/^9D-0/�;X58/NHO;>R8/�5>/N=67MP)369oI�Se;:FE9<;>h:/NA$9O7�Z_/&dN/)HO70zvJ�78Hu9O-0/^/©l410;>A0L036A0R`0A03�58/)HOFO/�Sa/�?^`0Fy9T9<;>h:/�3QAB9D7!P)78A0FO36L0/NHO;:9D3678Aj9D-4/�Z0`0=6h�58/)=Q7cPN3�9oI}7>J|9O-0/L$[`036L�;>PNP)78HOL036A0R$9D7mpu`0Z0Z0=6/>��FT=~;XS¬

­ ®s¯
¬
� w�,.-03QF¡J�78HG?^`0=Q;:9D3678A!7>J�9D-0/@$[`036L�10HG78Z0=6/N? Fy9DHO7>A0R8=6I$FO`0R8R>/NFG9OF�9O-0/�`0FO/�7>JeP)78?�7º5c36A0R��¢;:R8HD;>A4R83~;>APN7c78HGL03QA[;\9D/NF)w(§oAgP)78?�7º5c36A0RTPN7c78HOL43QA[;:9O/NF)z09D-0/¡9D36?*/EL0/NHG365:;:9D3�58/¡PN;>AgZv/WHO/©¨¶S|HO3�9O9O/NA�;>F�� � ® 11 � ' ¬

­ �
¬��¿ � �4w��8� Å �

,.-0/NA�9D-0/WP)78AB9D3QAb`03�9oI�/N�b`[;\9D3Q7>A�J�7>H|;�pu`0Z0Z0=6/ $[7�S¸3QA�9O-0HO/)/�L43Q?�/NA0FG3Q78A0F.Zv/NP)78?�/NF� b� � ® ¾ b
¬� �

¬
­!® ¾ � ¯ b � �4w��8��ÈB�

;>A0Lg�(`0=Q/)HN��F|/N�b`[;:9O3Q78A�PX;:AgZv/¡S|HO369G9D/)A � ¬­� � ® ¾ �b
¬� 	 ¾ ¬� � ¿ � �4w��8���B�




���� � 
 	 ��� � ��� ��	��'��� ��� ��� � ����� � �^�)� 	�� � �)�)
	� �)� � ������	���� 	 � �3	=�)����� ������������� ��� ��	 � �#� � �
	 
W�
">`0FG9�;:F�S|369D-·9D-0/m�(`0=6/NHO3Q;>A J�78HG?�;:=Q3QFG?gz�SC/$S|36=Q=uPN78A4FO3QL4/NH�FO?*;>=6=�L0/n5c3~;:9O3Q78A0F�J�HO78? 9D-4/!FG9D/N;>L4IB¨oFy9<;:9O//N�b`036=Q36Z0HO36`0?�FO7>=Q`49O3Q78A0F|9D7�9D-0/ $[`036L$/N�b`[;:9O3Q78A4F2�4w��8��È*;>A0L!�4w��8���Mw�¹[78HuFO?*;>=6=¢1v/NHy9D`0HGZ[;:9O3Q78A � z@SC/�-[;X58/^9D-4/J�78=6=Q7�S|3QA0R�/nlM10HO/)FOFG3Q78A0F|J�78He9O-0/WL0/NA0FG369oI>z@5>/N=67MP)369oI8z410HO/)FOFO`4HO/>z_;>A0L�1v7>9D/)AB9D3~;:=³7>J¢9D-0/ $[`036L³µ¬

­ �
¬
� ² �G� ®

¬
­ cº�

¬
� � ' � ¬­ » � ¬� ² �G� ���4w��º�>�8;B�

bv� ¬� ² �G� ® bGcº� ¬� � ' � b » � ¬� ² �G� ���4w��º�>�>Z@�
	¢� ¬� ² �G� ® 	Zcº� ¬� � ' � 	 » � ¬� ² �G� ���4w6���>�>P��� � ¬� ² �G� ® �

c\� ¬� � ' � � » � ¬� ² �G�n¿ ���4w��º�>�>L@�
,.-0/)Ag9D-4/�1v/NHy9D`0HGZ[;:9O3Q78A�9O/NHO?�F|R8365>/ �� � � � bbGc 
 ® ¾

¬� � � ¬­ ² � �4w��º�M�º��� � � � ¬­ � ® � � ¬­ �
¬��� ¬­ c ® ¾ � 	bGc ¾

¬� � � ² � �4w��º�8�8�
;>A0L � ¼ � � ® *�� � � b[¿ � �4w��º�>�B�

§oAgP)78?�7º5c36A0Rg� ��;>R8HO;>A0R83Q;>A@��P)7M7>HOL036A[;:9D/)FNz ¬
± �

¬
�
�v�
�G� ² ���4w��º� *B;B�¬

� �
� ¬±� � ���4w��º� *8Z@�

;>HG/W9O-0/WPN78?�7�5c3QA0RT1v78FO3�9D3678A0F.;>A4L�5>/N=Q7cPN3�9D36/NFNz4HO/N=Q;:9D/)L�9D7T9D-0/gUO;:Z0FO78=6`49D/)]�1_78FG369O3Q78A ¬� ;>A0L
¬
­ ZBI� ¬�$® ¬

± � � '�� � ¬± � �4w��º�8Â8�
;>A0L ¬

­k® � ¬�� � ® ¬
± � �� � '�� �

¬
±� � ¿ � �4w��º�>�B�

,.-0/�PN78?�7�5c3QA0RTR8HO;>L036/NAB9
¬� ��3QF.R83�58/)AgZBI ¬� ® �

�

¬� � ® �
� 11 ¬± ¿ � �4w��º� Å �

,.-0/NAg/N�b`[;:9O3Q78A����4w6���8�8�CZv/NPN7>?*/)F�� � ¬� ' � �� � ¬� ® ¾ �
bGc � ¼

¬� � � 	 ¾ �
� ¼
¬� � � � � �4w��º�>ÈB�

;>A0L�9<;:hc36A0R^9D-4/�P)78?�7º5c36A0R�L0365>/NHOR>/NA0P)/>z�� � � ¬� � �
¬
� � ' � ��� � ¬� � �

¬
� � ® ¾ �

bGc � ¼ � ¼� � 	 ¾ �
� ¼ � ¼� � � ¿ � �4w��º�>�B�

,.-0/�PN78AB9O3QAb`0369oI�/N�b`[;:9O3Q78A�3QA�P)78?�7º5c36A0R�PN7c78HOL036A[;:9O/NF.R83�58/NF¬� � �
¬
� ® ¾ �� � � � bbGc 
 ² � �4w����8�B�



�>È ���������
	���
��������������������

;>A0Lg;>FGFO`0?�3QA0R�;:L03~;>Z0;:9D36P2/nlM1[;>A4FO3Q7>A³z0SC/�-[;X58/
� 	 ® 4 ¼ 
 � b[¿ � �4w����4�º�

SCHG3QA0R836A0RT369.;>=Q=«9O78R8/n9D-0/)HNz0Sa/�R>/)9�;TFO/NP)78A0LM¨¶78HOL4/NH|Se;X58/�/N�b`[;\9D3Q7>A� ¼� � ¼ � � bbGc 
 ' �	��� �� � � � bbGc 
 ® 4 ¼ 
 � ¼� � bbGc ' *�� � � b[¿ � �4w����B�8�
">`0FG9^;>F�36Ak9O-0/�PN;>FO/*7>J|;�FG9<;\9D3QP@$[`036L}`0A4L0/NHGR8783QA4RgR8HO;X5M3�9<;:9O3Q78A0;>=�PN7>=Q=~;:10FO/:z�Sa/�PX;:A}=Q7c78h!;\9&9O-0/*SC;X58//N�b`[;\9D3Q7>A·36Aq9O-0/�¹[78`4HO3Q/)HTL078?*;>3QA«w·¹[78HTFG3QA0R>=Q/n¨¶?*7cL0/�1v/NHy9D`0HGZ[;:9O3Q78A0FTS|3�9D-·;>?*14=Q369O`0L0/ > ;>A4L·P)78?*7�5c3QA4RSC;�5>/n¨ 58/NPn9D78H

¬
��� z49D-4/�L4/NA0FG369oI $[`0Pn9D`[;\9D3Q7>A0F.PX;>A�Zv/WS|HG369G9D/NA�;>F

� b
bGc ® > � ������	� �
 ¿ � �4w����8�B�

,.-0/)Ag9D-4/�L43QFO1v/NHGFO3678A�HO/N=Q;:9D3678A�J�HG78?�/N�b`[;\9D3Q7>A}���4w����B�8�C36F� ¼� � ¼ > '·� ��� �� � > ® > �5*�� � bGc ¾ � ¼  ¼� 4 ¼ 
 �n¿ � �4w����N*b�
rM/n9O9D36A0R �� ® �TJ�78H|;TFG9D;:9D36P¡`0A03�58/NHGFO/:z@Sa/�HO/NP)7�58/NH|9D-4/)">/N;>A0F|/N�b`[;\9D3Q7>A�S|3�9D- ! 	 � 4 
)�4� � � bGcn� »��¶¼ w
������� � /(� (Ã%", ��
 * &	/(%��-/ 6$#&%(')�* !+Ã'X %+,.& &E# / 2�� �! !'�� &�/�+ &
� 9�/N;>HO=�I¡9D36?*/)F{;:Jª9O/NH�9D-0/aZ03QR�Z[;>A0R4z:9D-4/a9D/)?*1v/NHO;:9D`4HO/�7>J09D-4/C`0A03�58/)HOFO/aSe;>F{-03QR8-�/NA478`0R8-�J�7>H¢9O-0/C=6/N149O78A0F�;:A0LZ[;>HyI878A4Fe9D7TZv/¡`0=69OHD;\¨¶HO/N=Q;:9D3�5c3QFG9O3QP:zBZ_/)-[;X5M36A0R^S|369O-�;>A�/N�b`[;\9D3Q7>A�7>J¢FG9<;\9D/¡FO36?*36=~;>H(9O7^9D-[;:9e7>J¢10`0HO/¡HO;>L03Q;:9D3678A³µ
	 ® 4 ¼ b �>�Mwgpu7�SC/n58/NH)z(FO36A0PN/�9D-0/*?�;>FGFO3�58/�1[;>HG9O3QP)=Q/NF�L07gA07>9&=Q78FG/*/)A0/NHGR>ImS|369D-�HO/)L0FO-03�Jª9�=63Qh:/�9O-0/*14-07>9D7>A0FL070zc9D-0/EL4IcA[;>?�3QPNFC7>JK9D-0/¡/©lM1[;>A0FG3Q78A���0&L036FOPNHG3Q?�3QA[;\9D/uZ_/n9oSC/)/NA�?�;:9G9D/)Hy¨oL478?*36A[;:9O/NL���� � ® � ² � � ® �B�C;:A0LHD;:L03~;:9O3Q78Ac¨oL078?�3QA0;:9D/)L���� � ® � ² � � ® �º��`0A43658/)HOFG/NFNw�¹[78H(9D-4/��(36A0FG9O/N3QAc¨oL0/XrM369G9D/NH�P)78FO?�78=Q7>R>I�� � � ® � ² � � ®� ² �	� ® �B�nz[HG/NPX;:=Q=

��� ® �� � � ² � ® � ���� � b 
 »��¶¼ ¿,.-0/)A�=~;:HOR8/©¨oFOPN;>=Q/E1_/)HG9D`4HOZ[;:9O3Q78A4F��  � » ® !�� ! 	 �eS|36=Q=_R8HO7�S ;:PNPN7>HOL036A0RT9D7� ¼� � ¼ > ' *��� �� � > ¾ ���� ¼ > ® �4¿ � �4w����BÂ8�
,¢HGIc3QA0R�FG78=Q`49O3Q78A4F.7>J�9O-0/¡J�78HO? > � � � R83�58/NF� � � ¾ �º� ' * � � ¾ �� ® � ² � �4w����8�B�
S|369O- FG78=Q`49O3Q78A4F � ® � � �>� ²X¾ �º�©w ,.-4/$A0/NR8;:9D3�58/�FG78=Q`M9D3Q7>A·R83�58/)F�;�L4/NPX;XIc3QA4Rj?*7cL0/:zCS|-03Q=6/�9O-0/ � ® � �:�FO7>=Q`49O3Q78A�P)78HOHG/NFO1v78A0L4Fu9O7�1v/NHy9D`0HGZ[;:9O3Q78A0F.R>HO7�S|3QA0RTS|3�9D-�9D-0/WFO;>?*/WHO;:9D/W;>F.9O-0/WZ[;>P<hbR8HO7>`0A0L�/©lM1[;>A0FG3Q78A³µ

> Á � ¼ � � Á ��('1/ ¿ � �4w���� Å �




������G� �'��� � �
� � �+��	��'���
� � ��� � ����� � � �
��	 	=���'� � � � ����	���� 	 �>�
¹[78H2;>A!/)?*1M9oI$78Hu58/NHyI!=Q7�S	L0/)A0FO3�9oI�`0A43658/)HOFG/>z �� �*��Á � � » ;>A0L$9D-4/^1_7�Sa/NH ¨o=~;XS	R8HG7ºS.9O-mFO78=6`49D3678A0FE-0;�5>/�!® � � ²X¾ ���nz@3QA�7>9D-4/NH|SC78HGL0FNz_A07�R>HO7�S.9D-³w.§oAgR8/NA4/NHD;:= z[9D-0/)HO/�S|3Q=Q=KZv/�1_78FG369O3658/�R8HG7ºS.9O-gS|-0/)A-� � Ás�^;:A0LFG9D;>FO36F.S|-0/NA � � Á¸�4w�¹@7>HC9D-0/�PX;:FO/W7>J{;�FG?�;>=6=«L0/)A0FO3�9oI�1[;>HO;>?*/n9D/)H|;:9.9D-0/WP)`0HOHG/NAB9E/)1_7cP<-}��� � c 2 ���nz09D-4/1v/NHG9O`0HOZ0;:9D3678A�R8HO7�S.9D-�FG9O78101v/NLg;:9u;�HO/NL4FO-03�Jª9|7>J

� ' / � �
� � c

¿ � �4w����8ÈB�
¹[78H&9O-0/�PX;:FO/�7>Ju;T$@;\9T`0A03�58/NHGFO/�S|3�9D-�;$PN7>FO?�78=Q78R>3QPX;:=�P)78A0Fy9<;>AB9�;>A0L � � c&' �	�Gc ® �8z(R8HG7ºS.9O-tFG9O78101v/NL;>HG78`0A0Lg;THO/NL4FO-03�Jª9|7>J � ' / � �

� »�� �� c
¿ � �4w����8�B�

¹[78H�; $[`03QL�3QA�-BIcL0HO7>FG9<;\9D3QP|/)�c`43Q=Q36Z0HO36`0?���A07�10HO/)FOFG`0HO/�R8HD;>L43Q/NAB9OF<�nzB9O-0/�1v/NP)`0=Q3Q;>H{5>/N=Q7cPN3�9D36/NF(/)5>78=65>/2;>P)PN78HGL03QA4R9D7 �� � ¬� '·� ��� ¬� ® ¾ �
� ¼
¬� �

� ² � �4w�� *B�B�
FO7mJ�78H�;!`0A03�J�78HO? L0/NA4FO369oI�L43QFG9OHO36Z0`49D3678A �

¬� �
� ® �B�nz�1v/NPN`4=Q3~;:H�58/)=Q7cPN369O3Q/)FTL0/NP)HO/X;:FO/�S|369D-t9O-0/�/nlM1[;>A0FG3Q78A«µ

� Á�� � ¼ w
§oA�9O-0/WPX;>FG/�S|-4/NHO/W9D-4/�L4/NA0FG369oI�R8HO;>L036/NAB9|3QF.A07:9�d)/NHG70z0SC/WPN;>A�S|HG369O/29D-0/W1v/NPN`4=Q3~;:He58/N=67MP)369oI�;>F¬

� ®
¬
��� ' ¬

����² � �4w�� *0�º�
S|-0/)HO/ ¬

� � 3QF*9D-0/mPN7>?*1v78A0/)Ab9�7:J&9O-0/$58/)=Q7cPN369oI 1[;>HO;>=Q=6/N=|9D7
¬� � � b[w §oA 9D-036F�J�78HO?�z.SC/mFG/N/!9D-[;\9�58/N=67MP)369oI1v/NHG9O`0HOZ0;:9D3678A0F{PN;>ATR8HG7ºSq36A&9D-4/eL03QHG/NPn9D3Q7>A^7>J@L0/)A0FO3�9oI�1v/NHy9D`0HGZ[;:9D3678A0F)z>S|-03Q=6/a9O-0/e1v/NHO1v/NA4L03QP)`0=~;>H¢PN7>?*1v78A0/)Ab9OF;>HG/*L[;:?*1v/NL³w�rc3QA0P)/*9D-4/*P)`0HO=�7>Je9O-0/�R8HO;>L036/NAB9�7>Je9D-4/�L0/)A0FO3�9oIk´0/N=QL�3QF�dN/)HO70z¢9D-0/*7º5>/NHO;>=Q=(587>HG9D36PN3�9oIm7>Je9D-4/58/)=Q7cPN3�9oI�´[/)=QL�L0/NPN;�IcF|S|369O-�/©lM1[;>A0FG3Q78A�10HO7>1_78Hy9D3678A[;>=v9D7 � � » w

%u/n9D`0HGA03QA4Rg9D7�;�R>/NA0/)HD;>=�$[`036L}7>JCHD;>L03Q;:9D3678Ak;>A0L�HO/N=Q;:9D3�5c3QFG9O3QPT1[;:HG9D36PN=6/NFNz�Sa/*S|HO3�9D/�L07�S|A}9D-4/*?�7ML436´[/)LHO/)=~;:9O365c3QFy9D36PEPN7>Ab9O3QAb`03�9oI8z@�(`0=Q/)HNz[;:A0LTR¢783QFGFO78A�/N�b`[;\9D3Q7>A0FNµ1 b1 � '
¬� �
	 	 b ' 	

4 ¼ 

¬
­���® � ² � �4w�� *b�8�

	 b ' 	
4 ¼ 
 1 ¬­1 � ® ¾ 	 b ' 	

4 ¼ 

¬� � ¾

¬� � ² � �4w�� *B�B�
;>A0L � ¼ � ® *�� � � b�' �
	

4 ¼ 
 ¿ � �4w�� *H*b�
(�7:9D/�-47ºS 9O-0/�-BIcL0HO7cL4IcA[;>?�3QP$�5b ' 	 � 4 ¼ ��;>A0LjR>HD;X5c369<;\9D3Q7>A[;>=u�5b '°��	 � 4 � �W9O/NHO?�F^;:HO/�L43 a_/NHO/)AB9�S|369O-}9D-4/;>L0L4369D3678A�7>J�HO/)=~;:9O365c3QFy9D3QP�PN78HGHO/)P)9D3678A0F)w�,.-4/�HG/NFG`0=69O3QA0RTSC;�5>/&/)�b`[;:9D3678A�3QA�¹[78`0HG3Q/NH.FG1[;>P)/�36F� ¼� � ¼ > ' �	��� �� � > ® > � �B� � � bGc� ¾ � ¼  ¼� 4 ¼ 
 
 ¿ � �4w�� *bÂ8�
(�/)R8=Q/)P)9O3QA0RT9D-4/�14HO/NFGFO`0HG/&L4`0/¡9D7�9D-0/W?*;>FOFG3658/¡10;>HG9O3QPN=6/NF)z49D-0/WFG78`0A0L�FO1v/N/)L 4 
e3QF.R83�58/NA�ZBI

4 ¼ 
 ® 
 �
����
� � ���


 ������
� � ��� ' 
 ������
� ����' ®
�� 4 ¼ b�� ���b�� ��� ' � � b ����' ¿ � �4w�� *B�B�



�8� ���������
	���
��������������������

Jeans mass

t

¹{3QR8`4HO/&�4w6� *0µ.,.-0/^R8HG7�S.9D-$7>J{9D-0/@">/N;>A0F2?*;>FGFE;>F2;�J�`0A0Pn9D3678A$7>J9D3Q?�/>w � =6FO7�rM-07�S|A�36F.9D-0/�R8HO7�S.9O-�7>J�9oSC7*1_/)HG9D`4HOZ[;:9O3Q78A4Fu7:J�L03�J~¨J�/NHO/)AB9E?*;>FOFG/NF)wa,.-0/nI�R8HO7�S�78A0=6I�S|-0/NA�9D-0/)3QH.?*;>FOFG/NF�;>HO/¡=Q;>HOR8/)H9D-[;>A�9D-4/)">/N;>A0F|?*;>FOF)z[78FOP)3Q=Q=Q;:9D36A0R&S|-4/NA�A47>9Xw

¹[78H�;.HD;>L03Q;:9D3678A¡L078?�3QA0;:9D/)L¡/nlM1[;>A0FG3Q78A«z\9O-0/�L4IcA[;>?�3QPNF¢;>HG/(FO36?*36=~;>Hv9D7.9D-07>FO/�PX;>=6PN`0=Q;:9D/)L¡J�78H³9D-0/��(3QA4FG9D/)3QAM¨L0/XrM369G9D/NH|`0A43658/)HOFG/>µ
��� ® �� � ² ���4w�� * Å ;B�

� ® � ��B� � � b 
 »��¶¼ ¿ ���4w�� * Å Z@�
� R8;>3QA�=67M78hb36A0R^J�78H.FO7>=Q`49O3Q78A0FC7>J{9O-0/¡J�78HO? > � � � R8365>/NF �g® � � ²X¾ �º�nz07>HuR>HO7�S|3QA0RT?�7cL0/NF.S|369O-

> Á �(Á�� ¼ ¿ � �4w�� *BÈB�
§oA�9D-0/WHD;:L03~;:9O3Q78A�/NHD;Mz09D-0/ ">/X;:A0F|?�;>FGF|R8HO7�S|F|3QA�9D36?*/2;>F

� 	 Á ! � 	 b ����' Á � � �¶¼ ² � �4w�� *B�B�
S|369O-^;>=6=bFO?*;>=Q=6/NH�1_/)HG9O`0HOZ[;\9D3Q7>A0F�`4A0L0/NHGR87836A0R2FG9D;>Z0=6/a78FGPN36=Q=~;\9D3Q7>A0FKZ_/nJ�78HO/�9D-0/a1_/)HO367ML&7>J[HO/)PN78?�Z03QA[;\9D3Q7>A³z\S|-4/NA9D-4/¡FO78`0A4L�FG1_/)/NL�J�;>=Q=6FC7Na�L0HD;:?�;:9O3QPN;>=Q=�I8zb=Q/N;>L03QA4R�9D7^9O-0/¡`0A0Fy9<;>Z0=6/¡PN78=6=~;>14FO/27>J�;>=6= $[`4P)9D`0;:9D3678A0Fe=Q;>HOR8/)HC9D-0;>A9D-4/�FG`0L0L0/)A0=6I$HO/NL4`0PN/)L ">/X;:A0FW?�;>FGF���FG/N/�¹{3QR4w³�4w�� *b�©w�§oAmJ�;>P)9Nz�;>F2SC/�FD;XS 3QAkrM/)P)9D3678Ak�4w �4z�;�?*78HG/^PX;:HO/)J�`4=9DHG/X;:9O?*/)AB9^7>JuFG9D;>Z0=6/�78FGPN3Q=6=~;:9O3Q78A4F¡3QA}9O-0/�HD;:L03~;:9O3Q78Ak/NHO;$FO-07�S|F^9O-[;:9^1v/NHy9D`0HGZ[;:9O3Q78A0F&S|369D-}?�;>FGFO/)F^FO?*;>=Q=6/NH9D-0;>A*9O-0/¡rM36=Qh^?*;>FGF¡� � � Á ��� »�¼ � % �a;>HG/E;:P)9D`0;>=Q=�ITL[;>?�1_/)L�78`M9CZv/)J�78HG/EHG/NPN7>?^Z03QA0;:9D3678A³zB=Q/N;X5M36A0R�7>A0=6I^5>/NHyI=~;:HOR8/�?*;>FOF�1_/)HG9O`0HOZ[;\9D3Q7>A0F¡9D7�P)78=Q=Q;>10FG/>w�¹[`0Hy9D-0/)HO?�78HO/:z¢J�HG78?�9D-4/P$[`0Pn9D`[;\9D3Q7>A0F&36Ak9O-0/�PN78FG?*36P�?�3QP)HO7�SC;�5>/Z[;>P<hbR8HG78`0A0L°HD;>L43~;:9O3Q78A³z|Sa/}-[;X58/kL036HO/NPn9�?*/N;>FO`0HG/N?�/NAB9DF�7>J&9D-0/�;>?�10=Q3�9D`0L0/�7>J^HO;>L03~;\9D3Q7>A ;>A0L Z[;>HGI>78A036PL0/)A0FO3�9oIB$0`0P)9O`[;:9D3678A0Fa;:9�9D-0/|9D36?*/|7>J«HO/NP)78?^Z036A[;:9O3Q78A³zb;:A0L*9O-0/NFG/2;>?�10=Q3�9D`0L4/NF�;>HO/uA07>9a=~;:HOR8/|/NA478`0R8-�9D7�-0;�5>/FO/)/NL0/)L$9D-0/&FG9OHO`0Pn9D`0HG/NF278Z4FO/NHy58/)L$9D7cL[;XI8wurM7�9D-0/)A�S|-0/NHG/^L07�9D-0/W9oIc103QPN;>=�R8;>=~;\lM36/NF.S|369O- � � � � 2 ��� P)78?�/J�HO7>?0)

�«/N=6L07�5M36P<-j� ���8� Å z«��� Å �B�CFG9O`0L03Q/)Lg1v/NHy9D`0HGZ[;:9O3Q78A0F.7:J�9O-0/¡J�78HO?� b ����'b ����' ® �
*
� b�� ���b�� ��� ² � �4w��ºÂ>�B�

PX;:=Q=Q/)L � �N,#� � �N25, ¥�1v/NHy9D`0HGZ[;:9O3Q78A0F)ze;>F*;�1v78FGFO3QZ4=Q/�FO78=6`49D3678At9D7k9D-0/�RB;>=Q;\lcIt10HO7>Z0=Q/)?gw·,.-03QF}UG1[;>A4PX;>h:/>z�]q7>HUy9O781M¨oL47ºS|A4]}FOP)/NA[;:HO3Q7�FO/)/N?�/NL 9O7�10HG/NL036P)9*?*7>HO/�FO?*;>=Q= ¨o?*;>FOF^7>Zc�G/NPn9DFNz.Z4`49*9O-0/)IqR8/)A0/NHO;>=Q=�ItL07�A07>9�J�78HO?/X;:HO=6I�/)A078`0R8-«z0;>A0L�9O-0/NHG/ESC;>F|;>=QHG/X;>LMI*FG3QR8A436´[PN;>AB9C78Z4FO/NHy5:;:9D3678A[;>=v/)5c3QL4/NA0P)/2J�78HCRB;:=~;\lM3Q/)FC;\9e=~;:HOR8/uHO/)L0FO-03�Jª9DF)w� A47>9D-0/)H|78149D3678A�Se;:F ,/.1032ª¦Z` 4©£�����1v/NHy9D`0HGZ[;:9O3Q78A0F)z4S|369O-� b�� ���b�� ��� ® � ² � �4w��ºÂM�º�




���� �H�+� � ��� �#� � � � ��� �T	=� � �
�'	 ��� � ������� � � � �
� � �'��� ��	 �4�

∆
∆
∆

r
D

B

log a

log ∆

¹{36R8`0HO/��Mw6�ºÂcµ2,.-0/�R8HO7�S.9D-k7>Ja1_/)HG9O`0HOZ[;\9D3Q7>A�;:?*10=6369O`0L0/^;:F&;�J�`0A4P)9D3678Am7>Je/©lM1[;>A0FG3Q78AmJ�;>P)9O78HW;4wT,.-0/�HO;>L03�¨;:9O3Q78At;:A0L�Z[;>HGI>78A036P�PN78?�1_7>A0/NAB9DFTP)/X;>FG/�9D7mR8HG7ºS S|-0/)Aq9O-0/�1v/NHG9O`0HOZ0;:9D3678At1[;>FGFO/NFT9O-0HO78`4R8-t9D-0/�-07>HO3Qd)78A³w,.-0/&L[;>HOh�?*;:9O9O/NHuPN78?�1v78A0/NAB9ER8HO7�S|FE?�78HG/�HO;>1036L0=6I�78A4PN/�HO;>L03Q;:9D3678A�A07�=Q7>A0R8/NH|L07>?*36A[;:9D/)FNw.,.-0/�Z[;>HGI>78A036P1v/NHG9O`0HOZ0;:9D3678A0F.R8HG7ºS�HD;>143QL0=�I�;:Jª9O/NH|HO/)PN78?�Z03QA[;\9D3Q7>A³w
Z0`49|9O-0/NFG/&10HG7�5M36L0/NL�=Q3�9O9O=Q/E?�78HG/¡-0781v/29D-[;>A�9D-4/&;:L03~;>Z0;:9D36P¡;>1010HG7B;>P<-³w

,.-0/CP)`0HOHG/NAB9(/©l414=~;>A[;\9D3Q7>A�J�78HK9O-0/CFG78`0HOP)/C7>J0RB;>=~;:P)9D36Pn¨¶FO3Qd)/(?�;:FOF¢1_/)HG9D`4HOZ[;:9O3Q78A4F�36F�Z[;:FO/NL�78A�L[;:HOhW?�;\9O9D/)HNw� FGFO`0?�3QA4R�;>A!3QA4369D3Q;>=K1v/NHG9O`0HOZ0;:9D3678A$1v7ºSa/NH¡FG1_/)P)9OHO`0?Ã9D-[;:923QFE36L0/NAB9O3QPX;:=¢J�78H�HD;>L43~;:9O3Q78A³zvZ[;>HyI878A4FNz�;>A0L!L0;>HOh?*;:9O9O/NHNzZ$[`4P)9D`0;:9D3678A0F|S|3Q=Q=«R8HO7�S	;>P)PN78HGL03QA0R�9D7*/N�b`[;:9O3Q78A}� �Mw6� *8ÈB�CS|369D-�9D-0/�/nlM1[;:A0FO3678A$`0AB9D36=K9D-0/�-078HG3QdN7>Ag36FPN7>?*1[;:HD;>Z0=6/�9D7|9D-0/�?�7ML0/(SC;X58/N=6/NA0R:9D-³zB;\9¢S|-43QP<-�1v7836Ab9K9O-0/�Z[;>HGI>78A036PC;>A4L&HO;>L03~;\9D3Q7>A¡1_/)HG9D`4HOZ[;:9O3Q78A4F�`0A4L0/NHGR87rM36=Qh�L[;:?*1036A0R0w SC`49�ZbI�5c3QHy9D`0/W7>J�369DF|Zv/N36A0R�9OHD;>A4FO1[;>HG/NAB9Xzv9D-0/�L[;>HGh�?�;\9O9D/)H|/nlM1_/)HO36/NA0P)/NF2A07*FO`0P<-�10HO/)FOFO`4HO/J�78HGPN/NF)z4;:A0L�L[;:HOhT?*;:9O9O/NH�1_/)HG9O`0HOZ[;\9D3Q7>A0Fah:/N/)1�78A�R>HO7�S|3QA0RW9D-4HO78`0R>-*HG/NPN7>?^Z03QA0;:9D3678A³w � Jª9D/)HaHG/NPN7>?^Z03QA0;:9D3678A³zS|369O-�=6369O9O=Q/27>H�A07*HD;>L43~;:9O3Q78A�10HG/NFOFG`0HO/:z«9D-4/&Z[;:HGI87>A03QP�?�;\9O9D/)HuJ�;:=Q=QF.36AB9D7�9D-0/&1_7>9O/NAB9D3Q;>=³Sa/N=Q=6FuJ�7>HO?�/NL�ZbI�9D-4/L[;>HGh}?*;:9O9O/NH)$0`0P)9O`[;:9D3678A0F���FO/N/�¹{36R0w��Mw6�ºÂ>�nwk,.-0/�FO?*;>=Q=6/NH�?*;>FGFO/NF�P)78=Q=Q;>10FO/*´[HOFy9T9D7!J�78HO? RB;>=Q;\lM3Q/)FNz�9D-4/NA=~;:HOR8/)He?�;:FOFO/)F�?�/NHGR8/29D7TJ�78HG?�-036/NHD;:HOP<-036PX;>=³Fy9DHG`0P)9O`0HO/)FNz@3QA0P)=Q`0L43QA0R^9O-0/WFO`01v/NH ¨oPN=6`0FG9O/NHGF|9O-[;:9|Sa/�FG/N/W9D7cL[;XI8w

������� ��%{#&%�'X+�%('10u#�2 3 &2#^+��-/"&¡+Æ��
 0|��++3 ' 0 +�%+/��-0|%��-/ &
%|/NPX;:=Q=�78`0H�R8/NA4/NHD;:=aL036FG9O3QA0Pn9D3Q7>A�36A�P)78FO?�78=Q7>R83QPN;>=�FG9OHO`0Pn9D`0HG/�J�78HG?�;:9O3Q78AmZv/)9oSa/N/)A�´0/N=QL�1_/)HG9O`0HOZ[;\9D3Q7>A0F�;:A0LL036FOPNHG/)9O/g78Zb�G/NP)9OFNw+%u7>`0R8-0=�ItFO1v/X;>hb36A0R0z�36Ju9D-0/�L0/NA4FO369oIj7>JE9O-0/�HO/NR>3Q78A�3QA��b`0/)FG9D3678A 36F /bt;>A0L�9D-4/g;X5>/NHD;:R8/L0/)A0FO3�9oI�7>J�9O-0/WZ[;>P<hbR8HG78`0A0L�`0A03�58/NHGFO/�3QF�b��cz49O-0/NA�9D-0/)FO/&;>1010HG7B;>P<-0/)FE;:HO/WPX;:9O/NR87>HO3Qd)/NL�ZBI

=6A /b
b�� �¸� ´0/N=QL4F

=6A /b
b�� I =QA ���

¼
��� 7>Zc�G/NPn9DF�¿ � �4w��ºÂ8�8�

§oAg9O-03QF|FG/NP)9O3Q78A�Sa/^;>HG/�R>783QA0RT9O7*Zv/WPN78A0P)/NHGA0/NL$14HO3Q?*;>HG3Q=6I�S|3�9D- 0*� � `<¥ 2 .�;>A0L�9D-0/)3QH|FG9D;:9D36FG9O3QPX;:=³L03QFy9DHG3QZ0`49O3Q78A3QA�FG1[;>PN/:w�,.-0/NFG/�FG9D;:9D36FG9O3QPNF|;:HO/¡`0FG`[;>=Q=�I�/©l414HO/NFGFO/)L!3QA�78A0/W7>J¢9D-4/WJ�7>=Q=Q7�S|36A0R�J�78HG?*F)µ
� P)78`0AB9DFu3QA�P)/N=Q=6F��y�)¨¶1_7>3QAB9.PN7>HOHO/)=~;:9O3Q78A�J�`4A0P)9O3Q78A@�



�B� ���������
	���
��������������������

1

x

r

  

2

¹{3QR8`4HO/|�4w����4µ¢,.-0/|FO1[;\9D3~;:=0PN78HGHO/)=~;:9O3Q78ATP)7M/ �*P)3Q/)Ab9��[��H<�¢?*/N;>FO`0HG/NF9D-0/./©lM9OHD;¡10HG78Z[;>Z036=Q3�9oI&7:Jv´0A0L03QA4RW;2RB;>=~;ºlMI&3QA^5>78=Q`4?*/eL�� ¼ R8365>/NA;�RB;:=~;\lcI*3QA�5878=6`0?�/¡L � » w

� �º¨¶1_7>3QAB9.PN7>HOHO/)=~;:9O3Q78A�J�`4A0P)9O3Q78A
� 1v7�SC/)HuFG1_/)P)9OHO`0? ��¹@7>`0HO36/NHe9DHO;>A0FyJ�78HO? 7>J�9O-0/&�º¨o1v7836Ab9ePN78HGHO/N=Q;:9D3678A�J�`0A0Pn9D3678A@�
,.-0/�7>A0/n¨¶1_7836AB9�PN78HGHO/N=Q;:9D3678AjJ�`0A0Pn9D3678A·36F�FO3Q?�10=�I}9D-4/g10HG78Z[;>Z43Q=Q3�9oI}7:JE´[A0L43QA0R�;kR8;>=~;\lcI ��78H��b`[;>FO;>H*7>HPN=6`0FG9O/NH�78H(;:AbI^R8365>/NA�9oIM1v/|7>J_78Zc�G/NPn9©�{S|369O-03QA�;¡FG?�;>=6=M5>78=Q`0?�/e/)=Q/N?�/NAB9 � �*w�§¶J_9O-0/u;�5>/NHO;>R8/|Ab`0?^Zv/NH�L0/NA4FO369oI7>J¢9D-[;\9.9oIM1v/�7>J{7>Zc�G/NPn9�36F - c�z09O-0/NA�9D-0/W10HG78Z[;>Z43Q=Q3�9oI�3QF{�G`0FG9 �*� � �&� ® - c � ��w
,.-0/.9oSC7\¨o1v783QAB9(P)78HOHG/N=~;\9D3Q7>A^J�`0A0P)9O3Q78AT36F{9D-4/u14HO78Z[;:Z03Q=6369oI�7>J@´[A0L036A0RW;>A�78Zc�G/)P)9�3QA�;25>78=Q`0?�/ � � » ;:A0L�;>=QFG7;>A07:9D-0/)H�78Zb�G/NP)9�3QAg;T5878=6`0?*/ � � ¼ z[S|-0/NHG/&9D-4/�9oSa7*5>78=Q`0?�/W/N=6/N?�/NAB9DF�;>HO/�FO/)1[;>HO;:9D/)L�ZBI ¬± w.¹[78H|;>A$;X5>/NHD;:R8/Ab`0?^Zv/NH|L0/)A0FO3�9oI - cXz09O-03QF.L036FG9OHO3QZ4`49D3678A�PX;>A�Zv/¡S|HO369G9D/)A� - � ��% �O� ¬± � ® - ¼c � � » � � ¼ � � '��@� ¬± � � ² � �4w��ºÂ>�B�

S|-0/)HO/��[� ¬± �u36F�PN;>=Q=6/NLg9O-0/^FG1[;:9D3Q;>=�PN78HGHO/)=~;:9O3Q78A�J�`0A0P)9O3Q78A«wE¹[78H�3QFO7:9DHO7>103QPWL036FG9DHG3QZ0`M9D3Q7>A0FNz��@�
¬
± � ® �@� ! �©wui -43Q=Q/9D-4/NFO/�HG/N=~;\9D3Q7>A0FE-[;X5>/�Zv/N/)AmL0/)´[A4/NLmJ�78H2L036FOPNHG/)9O/T78Zc�G/NPn9DF)z¢3�9¡3QFEPN78A0P)/N149O`[;>=6=6IgFG9DHO;>3QR>-b9GJ�78HGSC;>HGL$9D7�L0/n´[A0/�;PN7>HOHO/)=~;:9O3Q78ATJ�`0A4P)9D3678A*J�7>H�P)78AB9D36Ac`478`0FCL43QFG9OHO36Z0`49D3678A0F�;>F�SC/)=Q= w�¹[78H�/nl4;>?�10=Q/:zcS|3�9D-*;&L0/)A0FO3�9oI�´[/N=6L�L0/n´[A0/NL�ZbI

bv� ¬� � ® bGc � � ' > � ¬� ��� ² � �4w��ºÂ *b�
9D-4/�14HO78Z[;:Z03Q=6369oI*7>J{?*;:9OP<-03QA0RkUy1[;>3QHGFO]TS|369O-�;�FG/N1[;:HD;:9O3Q78A ¬± ��FO/)/�¹{36R0w0�Mw6���8�C3QF.R83�58/NA�ZBI� - ��)�� ' � ¬± � ® b ¼c � �(' > � ¬� � ��� �(' > � ¬� ' ¬

± � � ² � �4w��ºÂ8Â8�
R83�5M36A0R�;TFO1[;\9D3~;:=³PN78HGHO/)=~;:9O3Q78A�J�`0A4P)9D3678A

�@� ¬± � ®�� > �
¬
� � > �

¬
� ' ¬

± �
	 �� ® �
�
 
> � ¬� � > �

¬
� ' ¬

± � � � ¬� ¿ � �4w��ºÂ>�B�
rM36A0PN/:z@J�HG78?Æ;>A�78Z0FG/NHy58/NH)� FE1_7836AB9|7>J{5c3Q/nSWz[9D-0/�FOhBI�3QF.9oSa7:¨oL036?*/)A0FO3678A[;>= z43�9E;:=QFO7�?*;>h>/)F�FG/NA0FG/&9O7*L0/n´[A0/�;>A;>A0R>`0=~;>HCPN78HGHO/N=Q;:9D3678A�J�`0A0Pn9D3678A³w�%|/N10=Q;>PN36A0RT9D-0/¡587>=Q`0?�/¡/N=6/N?�/NAB9DF.S|369O-�FO78=63QL�;>A0R>=Q/NF � � » ;>A0L � � ¼ ;>A0L�9D-4/L0/)A0FO3�9oI�S|369D- � cu9O-0/�;>A0R8`0=Q;>HeP)78HOHG/N=~;\9D3Q7>A�J�`0A0P)9O3Q78A
�E� ¬� �e3QF.L4/)´[A0/)L�ZBI� - � ��% �D� ¬� � ®!� ¼c � � » � � ¼ � � '��E� ¬� � � ¿ � �4w��ºÂ Å �
,�IM143QPX;:=Q=6I>z��E�

¬
� �&3QF^FG?�;:=Q=Q/)H�36At?�;>R>A0369O`0L0/*9O-[;>A��@�

¬
± ��Z_/)PX;>`4FO/�J�78HO/)R8HO7>`0A0Lq;>A0LtZ[;:P<hcR>HO78`0A4L·L036=Q`49O3Q78A�7>JFO7>`0HOP)/NF�?�;>h:/NF29O-0/�`0A0365>/NHGFO/�=Q7c78h�?*78HG/T`0A03�J�78HO?�S|-0/NAk10HG7\�G/NPn9D/NL�78AB9D7�9D-4/�9oSa7:¨¶L03Q?�/NA0FG3Q78A0;>=�FG`0HGJ�;:PN/�7>J9D-4/W5c36FO3QZ4=Q/2FGhbI>w

,.-0/.=~;:FG9{9O-03QHGL^7>J[9O-0/|�>�:9O-^PN/)AB9D`0HyI^FD;XS·3QA0P)HO/N;>FO36A0R8=6IW=Q;>HOR>/CFD;:?*10=6/NF�7>J@RB;>=Q;\lM3Q/NF�`0FO/)L^J�78H�?�/X;>FG`0HO/)?*/)AB97>J�9D-0/�P)78HOHG/N=~;\9D3Q7>A�J�`0A0Pn9D3Q7>A ��;>A0L!9D-4/�1v7�SC/)HWFO1v/NP)9OHO`0?��nwT,.-4/*P)78`0AB9DFW7>JerM-[;>A4/*;:A0L!i 3QHG9D;8;>A0/)AmRB;X58/�;




���� �H�+� � ��� �#� � � � ��� �T	=� � �
�'	 ��� � ������� � � � �
� � �'��� ��	 �8�
HO/)=Q3Q;>Z0=Q/*;>A0R>`0=~;>H�PN7>HOHO/)=~;:9O3Q78AkJ�`0A0Pn9D3Q7>A³w&%|/NL0FG-036Jª9TFG`0HG5>/)IcF�PX;>HGHO36/NLj78`M9T78A0/�R8;>=~;\lcI�;:9^;�9D3Q?�/�10HO7cL0`0P)/NL9D-478`0FD;:A0L0F�7:J^HO/)L0FO-436Jª9DF)z¡R8365c36A0R�FO1[;:9O3~;>=¡P)78HOHG/N=Q;:9D3678A J�`0A0P)9O3Q78A4FNwÆrc`0HG5>/)IcF$PX;:HOHO36/NL 78`49g`0FO36A0Rq-c`4A0L0HO/)L0F7>J�78149O3QPX;:=a´[Zv/NHGFTFG9DHO;:9D/)R83QPN;>=Q=�I}1v78FG369D3678A0/)Lj3QAj9O-0/�J�7MPN;>=C10=Q;>A0/�7>J|9O-0/�9D/N=6/NFGPN781v/�-[;X58/�10HO7cL0`0P)/NL�9D/)A0FT7>J9D-478`0FD;:A0L0F�7>JEHG/NL0FG-036Jª9OFg� ;:9*��;>F�xe;>?�1[;>A[;:F<�T;>A0Lq-b`0A0L0HG/NL0F*7>J�9O-078`0FO;>A0L0F�7>J�HO/)L0FO-03�Jª9DFg� ;\9T9D-0/ � A0R>=Q7:¨� `4FG9DHO;>=Q3Q;>A},¢/N=6/NFGPN781v/�;>A0LjS|3�9D-}9O-0/�rM=67B;>AjrMhBI�rM`0Hy58/nIj,¢/N=Q/)FOP)781_/X��S|369O-t;�P)`0?^`0=Q;:9D3�58/*9O7>9<;:=�9O-[;:9�S|36=Q=FO7c78A�1[;>FGFu9O-0/W?*36=Q=63Q78A�RB;>=Q;\lcI�?*;>HOh@w

,�7�R87c7ML�;:1010HO7XlM3Q?*;:9O3Q78A³zc9D-0/WRB;:=~;\lcIB¨oRB;:=~;\lcI*FO1[;:9O3~;>=«PN78HGHO/N=Q;:9D3678A�J�`0A4P)9D3678A�3QF|;�1_7�Sa/NH|=~;XSWz
�[� ! ��� � !! c 
 � » � # ² � �4w��ºÂ>ÈB�

S|369O-*FGPX;>=6/�=6/NA0R:9D- ! c � Â � � » fg1_P:w � FG9DHO;>3QR>-b9GJ�78HGSC;>HGL*P)78A0FO/)�b`0/NA0P)/¡7>J«9O-03QF�1v7�SC/)Ha=Q;�S 3QF(9D-0;:9�36J«I>78`�FG/N/�;RB;>=Q;\lcI8zM;>ABI�A0/N;>HOZBI*PN78?�1[;>HO;>Z0=6/ERB;>=Q;\lcI�3QFC14HO78Z[;:Z0=6I*;:9a9D-0/2FO;>?�/2HO/)L0FO-03�Jª9Xw � Fe78A0/ER87M/)FC9D7�?*78HG/EL036FG9D;>AB9RB;>=Q;\lM3Q/)F29D-0/*;>A0R8=6/�R87�58/NHGA03QA4Rg9D-4/*L0/n´[A03�9D3Q7>Ak7:J�UGA0/N;>HOZBIc]�Zv/NP)78?�/NF�FO?*;>=Q=6/NHNw�i 369O-k9O-0/�=~;>HGR8/NFy9�FO`0Hy58/)IcF7>J{RB;>=~;ºl436/NF)z[369u-[;>FuZ_/)/NAg1_78FGFO36Z0=Q/¡9D7*/NFy9<;>Z0=63QFG-gL0/n5c3~;:9O3Q78A0F.J�HG78?�9D-0/&;>Zv7�58/�1_7�Sa/NHE=Q;XSWwe§oA�1[;:HG9D36PN`0=Q;>He9D-4/�º¨¶1_7836AB92PN7>HOHO/)=~;:9O3Q78A�J�`0A0Pn9D3Q7>A$FO-07�S|F�;>A!36A $[/NPn9D3678A!;:929O-0/^9DHO;>A0FG369D3678A�Zv/)9oSa/N/)A�10;>3QHGF27>J�RB;>=Q;\lM3Q/)F�9D-0;:9W;>HG/?�/N?^Zv/NHGF�7:J�9O-0/�FD;>?�/�5c3QHO3Q;>=Q36dN/)LtR8HO78`41·;:A0L·R8;>=~;\lM36/NF�9O-[;:9*;>HO/�?�/N?�/NZv/NHGFT7>JEL43 a_/NHO/)AB9*Z4`49�PN78HGHO/N=Q;:9D/)LR8HG78`010F)w
� `0FO/nJ�`0=W;>=69O/NHGA[;:9D3�58/$9O7j9D-0/��º¨¶1_7836AB9�PN78HGHO/)=~;:9O3Q78A J�`4A0P)9O3Q78A 3QF�9O-0/ 7Z0�� ` 4 . 7Z`<¥ 254©¤M£TzuS|-03QP<- PX;>A Zv/PN7>?*1[;:HO/NLmHG/X;>L036=6I�S|369O-�;:A[;>=6Ib9O3QP�9O-0/N78HG3Q/)F�7:JaFy9DHG`0P)9O`0HO/�J�78HO?*;:9O3Q78A³z«;>F¡SC/)=Q=(;:FW9O-0/THO/)FO`0=�9DF¡J�HO7>? (|¨¶Z_7cL4IPN7>?*10`M9D/NHEFO3Q?�`0=~;:9O3Q78A4FNw¡¹[HO7>?�;�9O/NP<-0A036PX;>={FG9<;:A0L01v783QAB9¡3�92-[;>F29O-0/�;>L45:;>AB9D;>R8/�9O-[;:9¡3�92?*;�IgZv/TPX;>=6PN`0=Q;:9D/)L?�78HO/�HO7>Z0`0FG9O=6I>ze1[;>Hy9D3QP)`0=~;:HO=6I};:9*=~;>HGR8/�FOPN;>=Q/)FNw � FO3QA4R�9D-4/gL0/n5c3~;:9O3Q78A�J�HO78? `0A036J�7>HO? L0/)A0FO3�9oI > � ¬� �^J�HO78?/N�b`[;\9D3Q7>A}���4w��ºÂ *b�©z4SC/�PX;:A�/©lM10HO/)FOFE3�9u;>A0L�369OFu¹@7>`0HO36/NHe1[;:3QH��> �

¬
� �e;:F

> � ¬� � ® �� � �¢� �  �> �
¬
� �%� � � �� � �� � � ¬�

�> �
¬
� � ® �

�
 
> � ¬� �%� � �� � �� � � ¬� ¿ � �4w��ºÂ>�B�

,.-0/)A�/N�b`[;\9D3Q7>A}���4w��ºÂ>�B�CPN;>A�Z_/¡S|HO3�9O9O/NA
�@� ¬± � ® �

�
 
> � ¬� � > �

¬
� ' ¬

± � � � ¬�
® �

�
 � � ¬�  �� � �¢� � �> �

¬
� �%� � � �� � �� � � ¬�  �� � �¢� � �> " � ¬��� � � � ���� � � �� $ �
 ! � � ¬���

® �� � �¢� �  � �> �
¬
� � � ¼ � � �� � �
 � � ¬� ¿ � �4w����8�B�

§oA�9D-0/W=~;:FG9|=Q36A0/ESa/&-0;�5>/W`0FO/)Lg9D-4/�7>HG9D-478R878A[;:=Q369oI*HO/)=~;:9O3Q78A
�� � �¢� �  � � � �� � �� � ! � �� � � ¬� ® � � � ¬� ¾ ¬

� � �n¿ � �4w����4�º�
,.-0/)Ag9D-4/�1v7�SC/)H|FO1v/NP)9OHO`0?Æ36F.L0/)´0A0/NLgZbI �*� ¬� � � � �> �

¬
� � � ¼ ¿ � �4w����B�8�



�N* ���������
	���
��������������������

¹{36R8`0HO/2�4w6� Å µ � HG/)J�/NHG/NA0P)/¡5878=6`0?*/ � 7º5>/NHeS|-036P<-�9D-0/¡1v7�SC/)H.FO1v/NP)9OHO`0?�3QFeP)78?*14`49D/)L³w

,.-0/u1_7�Sa/NH�FO1v/NPn9DHO`4? ;>A0L�9D-0/��º¨¶1_7836AB9�FO1[;:9O3~;>=4PN78HGHO/N=Q;:9D3678A^J�`0A0Pn9D3678A�;>HO/u;�¹@7>`0HO36/NH(1[;>36HOF)zB/X;>P<-�9D-0/u¹[78`0HG3Q/NH9DHO;>A0FyJ�78HO? 7:J«9D-4/�7>9O-0/NH)w � FGFO`0?�3QA4R&36FO7>9OHO781BI�;>A4L�;X58/)HD;>R>3QA0R�7�58/NHC;>A0R8=6/>z89O-0/�P)78HOHG/N=Q;:9D3678A^J�`0A0Pn9D3Q7>A*36F�R>3658/)AZBI
�@� ! � ® �� � ¼

 ���  0� � FG3QA��  ! � ! 
  ¼ �  ² � �4w����8�B�
S|-0/)HO/�9D-4/�J�;>P)9O78H�FG3QA��  ! � �  ! z�7>Jª9O/NAjPN;>=Q=6/NL}9O-0/�S|36A0L07�S J�`0A0P)9O3Q78A«z�FO-07�S|F^9O-[;:9�9O-0/�=678A0R8/)H&SC;�5>/N=6/NA0R>9O-0FS|369O-  ! ���W?*;>h>/¡9D-4/�L478?*36A[;>AB9.P)78AB9DHO36Z0`49O3Q78A�9D7T9O-0/WPN78HGHO/N=Q;:9D3678A�J�`0A0Pn9D3678A³w

����� # �s��++3 ' 0 � ' 0 /(� (�# � & � # 0�� � /����! !" � 2X�-0|%��$#&%�'N�� !+
%|/NPX;:=Q=bJ�HO78?	78`0H�L43QFOP)`0FOFG3Q78AT7:J_P)78FO?�78=678R83QPN;>=B1v/NHG9O`0HOZ0;:9D3678A^9D-0/)78HGI�9D-4/.Z[;>FO36PCFG/N�b`0/NA4PN/u7>Jv?�;:9G9D/)H{/)5>78=Q`M9D3Q7>A3QA�9O-0/W/X;>HG=6I�`4A0365>/NHOFG/>µ

� ¹{=6`0P)9O`[;:9O3Q78A0FaS|369D- � I ��� )
� %�� )���R8HG7�S .
� ¹{=6`0P)9O`[;:9O3Q78A0F2S|3�9D- � � ��� )
� %�� )���;>HG/�FOP<-036dN7810-4HO/NA43QP>z¢S|369O-m9O-0/�L[;>HOh�?�;:9G9D/)H�P)78?�1_78A4/NAB9�R8HO7�S|3QA4RFG=Q7�S|=6I*S|-03Q=6/29D-0/W10-07:9D78AM¨¶Z[;>HyI878A $[`036L�7>FOPN36=Q=Q;:9D/)F .
� HG/NR83678A0FeS|369O-���L[;>HGh�?*;:9O9O/NH<� b � I b � R8HO7�S J�;>FG9O/NH.9D-[;:A�S|-0/)AgHO;>L03Q;:9D3678A�L078?�3QA[;\9D/NF .
� 1v78FG9y¨oHG/NPN7>?^Z03QA0;:9D3678A³zN9O-0/�Z[;>HGI>78A0FKJ�;>=6=>3QAB9O7e9D-0/�R8HO;�5c3�9<;:9O3Q78A[;:=:1v7>9D/)AB9D3~;:=:Sa/N=Q=6F³J�78HO?�/NL¡ZBI¡L0;>HOh2?*;:9G9D/NHFy9DHO`4P)9D`4HO/>w
,�7 ?�7cL0/N=W9D-0/tFy9<;>FG3QFDÄ:R8HO7�S.9O- 10-[;>FG/>z&Sa/tA0/)/NL 9D7�36A0PN=6`0L0/kJ�78`0HT$[`43QL¸P)78?*1v78A0/)AB9DFq��L0;>HOh ?�;\9O9D/)HNzZ[;>HyI878A4FNz810-47>9D78A4FNz8;:A0L^A0/)`49DHG3QA078FD��36AB9D/NHO;>P)9O3QA0Ru`0A0L4/NH{R>HD;X5c369oI�;>A0L�/N=Q/)P)9OHO78?*;>R8A0/n9D36P�J�78HOP)/NF�J�7>H¢9O-0/a14-07>9D7>A0F;>A0L�Z0;>HGI>78A0FNw�,¢7TPN78A0Fy9DHO;>3QA�9O-0/NFG/�?�7cL0/N=6FNzbSC/¡-[;X5>/�L43QHO/)P)9.7>Z0FO/)HG5:;:9D3678A0F.7>JK9O-0/¡Z[;>HyI878Ac¨oZ[;>HyI878A�;>A4L�L0;>HOh?*;:9O9O/NHy¨¶L[;>HGh�?*;:9O9O/NH|PN78HGHO/)=~;:9O3Q78A�J�`0A0Pn9D3678A0F � � �a;>A0L �	�
�E9D7cL[;XI�;>F|Sa/N=Q=�;:Fu9O-0/&14-07>9D7>AM¨o10-47>9D78A�PN7>HOHO/)=~;:9O3Q78AJ�`0A0Pn9D3678A ���
�&J�HO78?�9O-0/WHO/)PN78?^Z43QA[;:9O3Q78A�/)1_7cP<-�7>J /�� #�� � �8���8�Mw � � ��3QF./X;:FO3Q=�I�78Z4FO/NHy58/)L�S|369O-�R8;>=~;\lcI�FO`0Hy58/)IcF;>A0L �����WPN;>AmZ_/T36A4J�/NHGHO/NLq��;:9¡=6/X;>Fy9¡3QA!10HG3QA0P)3Q10=6/��.J�HO78?�SC/N;>h$=6/NA0FG3QA0R0wW,.-0/nIm;>HG/THO/N=Q;:9D/)L$S|369O-$9D-0/kUGZ43~;>FG]1[;>HO;>?�/)9D/)H ��µ

� � � ® � ¼ ���
� ¿ � �4w����N*b�
,.-0/&3QL0/N;*Zv/N-036A0L$Z03Q;>FO36A0R*36F�36=Q=6`0FG9OHD;:9O/NL�3QAg¹{3QR8`4HO/&�4w6�XÈ4w�V�;>=Q;\lcI�FO36dN/)L$1_/)HG9O`0HOZ[;\9D3Q7>A0FuS|36=Q=�R8HG7ºS¸?*78HG/&7>H=Q/)FOFWHD;:103QL0=�I$L0/)1_/)A0L036A0Rg`41_78AmS|-0/n9D-0/)H�9O-0/)Im;:HO/�/N?^Zv/NL4L0/NL�3QAm=~;>HGR8/TFOPN;>=Q/�1v/NHy9D`0HGZ[;:9D3678A0F2S|3�9D-k1_78FG369O3658/78HuA0/NR8;:9D3�58/^;:?*10=6369O`0L0/NF)w|§¶9�Sa78`0=6L$Z_/�;*FG`0HO10HG3QFG/^7>J�9O-0/�10HG781v/NHG9O3Q/)FE7>J(R8;>=~;\lM36/NF.SC/)HO/^9O-0/�FO;>?*/�3QAg=~;>HGR8/NHHO/)R83Q7>A0F¢9O-[;:9¢SC/)HO/e?�78HG/C;>A4L^=Q/)FOF{L4/NA0FG/>w=%|/N?*;>HOh\;>Z4=6I¡3�9{-[;:F{10HG7º5>/NATL03 ��PN`0=�9¢9O7E36L0/NAB9D3�JªIW?�;��G78H�L43 a_/NHO/)A0PN/)FZv/)9oSa/N/NAg9D-0/WRB;>=Q;\lM3Q/)Fe3QA�PN=6`0FG9O/NHGF�;:A0L�5>783QL4FNw

,.-0/¡L[;>HGh�?�;:9G9D/)HCPX;:A�Z_/�PN78HGHO/N=Q;:9D/)L�S|369O-�9D-0/�Z[;>HyI878A036P2?*;:9O9O/NH�S|369D-�;&PNHO7>FOFy¨¶PN78HGHO/)=~;:9O3Q78A�J�`0A0P)9O3Q78A � ���L0/n´[A0/NL!36A$;>A�;>A[;>=678R878`4Fu?*;>A0A4/NH|9D7�/)�c`0;:9D3678A0F�� �4w��ºÂ>�B�|;>A0Lj� �4w��ºÂ>�8�nw|,.-0/!UyPN78HGHO/N=Q;:9D3678A0]�1[;>HO;>?�/)9D/)H ! 36FL0/n9D/NHG?*36A0/NL�J�HG78?
� ��� ® ! � ���
� ² � �4w����BÂ8�




���� � � ������� � � � � ����� ��� ��	 � � ���)�'� � � �)
 � ��� �'��� ��� � ����� �BÂ
S|-0/)HO/&;T5:;>=6`0/¡7>J !�® �W3QA4L03QPN;:9D/)F.A078AM¨¶FG9D7cP<-[;>Fy9D36P�Z43~;>FG3QA0R0w

¹{3QR8`4HO/��4w���È4µ�,.-4HO/N/*FO?*;>=Q={FOPX;:=Q/���RB;>=Q;\lcI!FO36dN/)L@��1v78FO3�9D3�58/�L[;>HGh?�;:9G9D/)H{1v/NHG9O`0HOZ0;:9D3678A0F{/)?^Zv/NL0L0/)LTS|369D-43QA^;�=~;>HGR8/NH�FOPX;:=Q/¡��PN=6`0FG9O/NHFO3Qd)/NL@�EA4/NRB;:9O365>/^1_/)HG9O`0HOZ[;\9D3Q7>A³w¡,.-0/TL[;>FG-0/NLk=Q36A0/�3QA0L036PX;:9O/NFE9O-0/PNHO3�9D36PX;>=2L4/NA0FG369oI8w !2A0=6I 9oSC7·7>J&9O-0/m9D-0HG/N/m1_/)HG9O`0HOZ[;\9D3Q7>A0F�PX;>APN78=6=~;>10FG/>wj,.-4/)ItS|3Q=6=a´[A4Lq9O-0/N?�FO/)=658/)F�3QAq;!=~;>HGR8/�FOPN;>=Q/�HG/NR83678AHO/N=Q;:9D3�58/)=6I�L4/)587>3QL�7>J{R8;>=~;\lM36/NFNw

Pk

−310 10 −2 10 −1

k
100

¹{3QR8`4HO/��4w6�X�4µ � FOP<-0/)?�;\9D3QP�7>J³9O-0/E1v7�SC/)HCFO1v/NPn9DHG`0?�;:Fa78Z4FO/NHy58/)LJ�HO78?Ã9D-0/*x.fTSs� ;\9W=Q7�S SC;X58/)Ac`4?^Z_/)H<�2S|369O-}x�! Se�°;>A0L!J�HO7>?RB;>=~;ºl436/NFg� ;\9*-43QR8-tSC;�5>/NAb`0?^Zv/NHD�nw°fg78HG/gHG/NP)/NAB9�x.f S�HO/)FO`0=�9DF/nlc9D/)A0L¸9D7·-03QR8-4/NH�Se;X5>/NAb`0?^Zv/NHGFm;>A0L¸A07�S 7�58/)HO=Q;>1°S|3�9D-°9O-0/RB;>=~;ºlMI HG/NFG`0=69OFNwÆ,.-0/�HO/NFG`0=69OF$;>HG/�P)78A0FG3QFG9O/NAB9�S|3�9D-�;>A�36A0369O3~;>=pE;>HGHO3QFG78AM¨ �«/N=QL47º5c36P<-³zKPN78A4FG9<;:Ab9�P)`0HG5:;:9O`0HO/�FO1v/NPn9DHG`0? 7>Je1v/NHy9D`0H ¨Z[;:9D3678A0F(S|369O- �g® �>w{,.-0/2x.fTS ;>A4L*9D-4/�RB;:=~;\lM3Q/)F�;>HO/|78Z4FO/NHy58/)L;:9(58/)HGI�L03 a«/)HO/NAB9�/N1v7cP<-0FNw��(369O-0/NH(7>A0/|?^`0FG9�Zv/./)5>78=65>/NL*J�7>HGSC;>HOL78He9D-0/W7>9O-0/NH|Z[;:P<hbSC;>HGL³w
,.-0/21v7�SC/)HeFO1v/NPn9DHO`4? P)78HOHG/NFO1v78A0L43QA0R&7>J³9D-4/E10-07:9D78A�;:A03QFG7>9DHG78103Q/)FC;\9CHG/NPN7>?^Z03QA0;:9D3678A*R>3658/)Fe;>A�HO/N?*;>HGhB¨;>Z0=6/¡FOA[;:10FO-07:9E7>J�9D-0/W/N;>HO=�I�`0A03�58/NHGFO/:w.rM36A0PN/¡9D-4/W9O/N?�1_/)HD;:9O`0HO/ $[`4P)9D`0;:9D3678A0F|3QA�9D-0/WZ[;:P<hcR>HO78`0A4L�HD;:L03~;:9O3Q78A;>HG/kFy9DHO;>3QR8-B9GJ�78HGSC;>HOL4=6I HG/N=~;\9D/NL 9O7q9O-0/�FG1[;:9O3~;>=2L4/NA0FG369oI°;>A0L 58/)=Q7cPN369oI $[`0P)9O`[;:9O3Q78A0F�36A 9O-0/mZ[;>HGI>78AM¨¶L[;>HOh?*;:9O9O/NH $[`43QL³zMPN78FG?*36P2?*36PNHG7ºSC;X58/WZ[;>P<hbR8HG78`0A0L}� x.f S.�C?*/N;>FO`4HO/N?�/NAB9OFuFG/NHy58/�;>F|;TL03QHG/NPn9.FG9D;:9D36FG9D36PX;>=_L0/)9O/NH ¨?�3QA[;:9O3Q78A�7>J{9O-0/&36A0369O3~;>=vPN7>A0L0369O3Q78A4FeJ�78H.9D-0/WPX;:=QPN`4=~;:9O3Q78A0FC7>J�1v/NHy9D`0HGZ[;:9D3678A�R8HO7�S.9O-³wC§oA�9D-0/�1[;>Fy9|9D/NA�I8/N;>HOF)z`0A014HO/NP)/NL0/)AB9D/NL�;>PNP)`0HD;>PnIT-[;>F(Zv/N/)A�;:P<-03Q/n58/NL�3QA�x.f Sq78Z4FO/NHy5:;:9D3678A0F�;>A0LT9O-0/eJ�`49D`4HO/|10HO7>?*36FO/NF�9D7¡R83�58/./)5>/NAZv/)9O9O/NH|10HG/NPN36FO3678A�78A�´0A0/NHu;>A0L�´[A0/)H|FOPX;:=Q/NF)wa,.-4/�Z0;>FO36P�7>Z0FO/)HG5:;>Z0=6/W9O-[;:9u;>=6=«9D-4/NFO/�/nlM1v/NHG3Q?�/NAB9DFu;>HG/W9OHGIc3QA4R9D7g?*/N;>FO`4HO/�36F�9O-0/�1v7�SC/)H�FG1_/)P)9DHG`0? ���  0�23QA�9O-0/�14-07>9D7>A�9D/)?*1v/NHO;:9D`4HO/�;:A03QFG7>9DHG781BI8w�¹{36R8`0HO/*�4w�����FO-07�S|F9D-4/^L[;>HGh�?*;:9O9O/NHE1v7�SC/)H¡FO1v/NPn9DHO`4? ���  0��;:F278Z49D;>3QA0/)L$J�HO78?�9D-4/�x.fTSs� ;:92=Q7�S Se;X5>/NAb`0?^Zv/NHD��;>A4L /�Á �RB;>=Q;\lM3Q/)F���;:9&=~;>HGR8/�SC;X58/)Ac`4?^Z_/)HNwT(�7>9O/*9D-0;:9��ª9D7�´[HOFy9^78HGL0/NHD�¡9O-0/NHG/�;>HG/�A07�S|3QR8R8=6/NFW3QAk9D-0/*L[;>HGhk?*;:9G9D/NH1v7ºSa/NHCFO1v/NP)9OHO`0? ;�9D-4/NFO/2;>HO/214HO/NFG/NAB9|78A0=�I�10-07>9O78AM¨¶Z[;>HGI>78AL$[`036L³w�,.-0/EPN78?�7�5M36A0R&SC;X58/)Ac`4?^Z_/)H  *3QA�R>3658/)A3QA�`0A4369DF.7:J(fg1vP � » w
i -03Q=6/�9D-0/ax.fTSmSe;:F¢L43QFOP)7�58/NHG/NL^36A����8�BÂMz�3�9DF¢;>A036FO7>9OHO78143Q/NF«-[;X58/�78A0=6I2Z_/)/NA�?*/N;>FO`0HO;>Z0=6/(FO3QA4PN/(9D-0/|���>�8�>FNzFG9D;>HG9O3QA0R.S|3�9D-¡9D-0/ax�! Se��FO;:9D/)=Q=6369D/:z�10HO7cPN/)/NL036A0R|9D-0HG78`0R8-�;.FO/)HO3Q/)F�7:J4R8HG78`0A0L4Z[;>FO/)L&/©lM1_/)HO3Q?�/NAB9OF{;>A4L�Z0;>=Q=67M78A/nlM1v/NHG3Q?�/NAB9DF¢9D7|9D-0/�i 3Q=Qhb36A0FO78A&fg36PNHG7ºSC;X58/ � A03QFG7>9DHG781BI R(HO78Zv/¡�ªi°f � S.�©w:,.-4/ $[`0Pn9D`[;\9D3Q7>A0F{;:HO/�58/NHyI�FO?*;>=Q=

;�7>J{7>HOL0/)H��X� � U 9O3Q?�/NFe9O-0/&x.fTS 9O/N?�1_/)HD;:9O`0HO/:z@;>A0L�HO/N�b`036HO/WHO/)?�;:HOh\;>Z0=�I�FG9D;>Z0=6/�36A0FG9OHO`0?�/NAB9OF|9O7*?�/X;:FO`0HG/9D-4/N?�w�,.-0/�9D/)P<-0A03QPN;>=�;:L45:;>A0PN/)F2?*;>hb3QA0R�9D-0/)FO/^?�/X;:FO`0HG/N?�/NAB9DF21v78FGFO3QZ4=Q/�3QA0P)=Q`0L0/&pE��fg,	;>?�10=636´[/)HOFu;:9E�8�VWp�d�;>A0L�=Q7�Sa/NH.J�HO/)�b`0/NA0P)3Q/)FE;>A4LgP)HGI87>R8/NA036PWZ_78=678?�/)9DHG3QPE;>HOHO;�IcFu;:9W���>�*VWp�d�;>A4L�-43QR8-0/)HeJ�HO/)�c`4/NA0P)3Q/NF)w
xC78A0FG3QL0/)HO3QA4R�9D-0/EL03QHG/NP)9a78Z0FG/NHy5>;:Z0=Q/27:J³9D-0/EZ0=~;>P<hbZv7MLMI�9O/N?�1_/)HD;:9O`0HO/E;>F.;&J�`4A0P)9O3Q78A*7>J¢;>A0R8`4=~;>H�1_7>FO369O3Q78A3QA�9O-0/WFOhBI���� �M²�
 �nzMSC/WPX;:AgL0/)PN78?�1v78FO/¡9D-4/�FG3QR8A0;>=³3QAB9O7�FG10-0/)HO3QPN;>=K-[;>HG?*7>A03QP2?�7cL0/NF.L0/n´[A0/)L�ZBI

� � � ®  
? "� � � �c² 
 ����� �M² 
 � � �2¿ � �4w����8�B�

§oA�9D-0/W=Q36?*3�9C7:J{=Q;>HOR8/ � z09O-0/¡5:;>HO3Q;>A0PN/¡7:J{9D-4/�1v/NHy9D`0HGZ[;:9O3Q78A�´[/)=QL�3QF
+ ¼ ® �� � �¢� ¼

 � ¼ � � � ² � �4w���� Å �



�8� ���������
	���
��������������������

µK

COBE

85

30

l (l+1)C

π2

1/2
l

200

¹�3QR8`0HG/2�4wÀ�>�4µ � FOP<-0/)?�;\9D3QPE7>J�9D-0/2P)78FO?�3QPE?*36PNHO7�SC;X58/Z0;>P<hbR8HO78`4A0L�FO1v/NP)9OHO`0?�w!,.-0/�x�! Se�	FD;:9O/N=6=Q369O/�?*/N;\¨FG`0HO/)Lg9O-0/WFO1v/NP)9OHO`0?Æ36A�9D-0/W=Q36A0/X;:HeHO/)R83Q?�/>w

+

+ +

+++

++ +

+

+++

++

+++++ ++

+++++

redshift   

a

d

b

c

¹�3QR8`0HG/$�4wÀ�M�8µk,.-036F�´[R8`0HG/$-[;>F�Zv/N/)A°;:L[;>149O/NL�J�HO7>?�K36A0/)Sa/X;X58/)HN��F 1[;>1v/NH UDx.fTSC78=678R>I>z ] 10`0Z0=63QFG-0/NL36A UDV¡HD;X5c369D;:9D3678A[;>=���/)A0FO36A0R0µ %|/NP)/NAB9 R(HG78R8HO/)FOF;:A0L ¹[`49D`4HO/�VW7B;:=QFO]ÃZ0`49 ?�78FG9 /X;>FG3Q=�I J�78`0A0L ;:9-B9G9D1³µÀÄ8Ä\S.S.SWw ;>HylM3�5_w�78HGRbÄ:1vL4J Ä>;>Fy9DHO7\¨o10-@Ä:�8�8�8�8�>�4�8w,.-4/�9oSa7&58/)HG9O3QPX;:=v=63QA0/)F(?�;:HOh�9O-0/�Zv/NR>3QA0A036A0R�;>A0L*/NA0L7:JaHG/NP)78?^Z036A[;:9D3678A³w¡,.-0/TP)3QHGPN=Q/)F2HO/)10HO/)FO/)Ab9&1v/NHG9O`0HOZ0;\¨9O3Q78A4F�7>A 3QA4PNHO/N;>FO36A0R8=�Ij=~;:HOR8/�FGPX;>=6/NF�9D7�Se;:HOL·9O-0/�9D7817:Je9D-0/�´[R8`4HO/>w�,.-0/�L03Q;>R878A0;>=�=Q36A0/�?�;:HOhbF¡9D-0/*/N1v7MP<-;\9aS|-036P<-*9O-0/�-478HO36dN78A�1[;>FGFO/NF�9D-0HG78`0R8-*1_/)HG9O`0HOZ[;\9D3Q7>A0F7:J�; R83�58/NA°FOPN;>=Q/:w � =Q=W7>J^9O-0/}1v/NHy9D`0HGZ[;:9D3678A0F�-[;X58/;·1_78FG369O3658/�L0/NA4FO369oI°PN7>Ab9OHD;>Fy9m;:9�9D-0/}?*78?�/NAB9�9D-0/nI10;>FOF�9D-0HG78`0R8-q9D-0/�-078HG3QdN7>A³z.;>A0L ;>=Q=C7>J¡PN7>Ab9O3QAb`0/�9D7R>HO7�S�?�78HO/.1v78FG369D3�58/|;:Jª9O/NH�-078HG3Qd)78A�PNHO7>FOFO36A0R0w�,.-478`0R8-9O-0/�L0/NA4FO369oI�7:J�9O-0/�10-07>9O78AM¨oZ0;>HGI>78A $0`03QLq78FOP)3Q=6=~;:9O/NFNz9O-0/�L0/NA0FG369oI�1v/NHy9D`0HGZ[;:9D3678A�3QF�;>=�Se;XIcF�1_78FG369O3658/:zaS|3�9D-;:?*10=6369O`0L0/}36A0L036PX;:9O/NL ZBI¸9D-4/tAc`4?^Z_/)H!7>J ' FG3QR8A0F)w� FO36?*36=~;>H·L03~;:R8HD;>? PX;>A
Z_/	L0HO;�S|AÃJ�78H A0/NR8;:9D3�58/1v/NHy9D`0HGZ[;:9O3Q78A0F)w
FO7�J�78He9O-03QF.HG/X;>FG78A³z09D-4/W9O/N?�1_/)HD;:9O`0HO/W1v7�SC/)HuFG1_/)P)9OHO`0?Æ36F.`0FO`[;:=Q=6I�10=Q7:9O9D/)L�3QA�9D/)HO?�F.7>J > � z4S|-0/)HO/

> ¼� ® � � � ' �º�� � � � , ¼ ¿ � �4w����8ÈB�
¹{36R8`0HO/��4wÀ�>�gFG-07�S|F�9O-03QF&1_7�Sa/NH^FG1_/)P)9OHO`0? ;>FT;gJ�`0A4P)9D3678Aj7>J|?�`0=69O3Q1v78=Q/�?�78?*/)AB9 � w!,.-0/�FGPX;>=6/�7>J|?�3QP)HO7:¨
Q¡/N=�5M36A0F.FO-47ºS|F��G`0Fy9�-47ºS�3Q?�10HO/)FOFG3658/¡9O-0/W10HO/)PN3QFG3Q78A�7>J¢9D-4/NFO/�?�/X;>FG`0HO/)?*/)Ab9OF|3QFNw

,.-0/�?*7>FG9¡10HG78?�3QA0/)Ab9EJ�/X;:9O`0HO/T36A$9D-0/�x.fTS 1v7�SC/)H�FG1_/)P)9OHO`0? 36FE9D-4/T?�;\lM36?^`0?�A0/X;:H � �s�>�8�Mz³PX;>=6=Q/)L9D-4/jUy´0HOFG9�;>P)78`0FG9O3QP�1_/N;>h@w ] ,.-036FW1_/N;>hmPX;>AkZ_/�`0A0L4/NHOFy9D7c7ML��b`[;>=Q3�9<;:9O365>/N=6I�ZBI�/)FG9O3Q?*;:9D36A0R�9D-0/�L036FG9<;:A0PN/*;FO7>`0A0LmSe;X58/�PN7>`0=QL!9DHO;X58/N=�36A$9D-0/�/X;:HO=6I�10-07>9O78AM¨¶Z[;>HGI>78A-$[`03QL!J�HG78?
9O-0/T9D3Q?�/^7>J�9D-4/TZ03QR�Z[;>A4R�9O7�9D-0/�/NHO;7>J�HO/)PN78?^Z43QA[;:9O3Q78A«w(¹[78H|;@$[;:9|`0A03�58/NHGFO/:z@9O-03QFu;>141_/N;>HOFu;:9 � � �>�>�4z4S|369O-�;�P)78HOHG/NFO1v78A0L43QA0R�;>A0R>`0=~;>H.FGPX;>=6/¡7>J�8¿ ÈHONw�,.-036FeJ�;>P)9O78HOF|7>J{�\¨<�X�^=~;>HGR8/NHe9O-[;>A�9D-0/W1v/NHy9D`0HGZ[;:9D3678A0F.9D-0;:9|R8365>/¡HO36FO/¡9D7T9D7cL[;XIv� F|P)=Q`0Fy9D/NHGF�7:J{RB;:=~;\lM3Q/)FNw
§oAj;>L4L0369O3Q78A!9D7�9D-0/�´[HGFG9T;:PN78`0Fy9D36P�1v/X;:hvz¢9D-0/)HO/�;>HO/*;>=QFG7�;gAb`0?^Zv/NH�7>J.FG3QR8A03�´[PX;:Ab9�-[;:HO?�78A03QP�;:PN78`0Fy9D36P1v/X;>hbF�;:9T-036R8-0/)H�Se;X5>/�Ab`0?�Z_/)HOFNw},.-0/NFG/�PN;>A�Z_/�`4A0L0/NHGFG9O7M7cLtS|369D-j9O-0/�-0/)=Q1�7>J�; �
,XKM` � ` � �N` 4 �N,#� � 4%�>£��FG-07�S|Ag36A�¹{3QR4w4�4wÀ�M�º�©z0;^FGP<-0/N?*;:9D36P29D-[;\9.9DHD;:P<hcFe9O-0/¡78A0FG/)9u7>J¢1v/NHG9O`0HOZ0;:9D3678A�R8HO7�S.9O-g;:FC9D-0/¡PN;>`0FO;>=K-078HG3QdN7>A/nlM1[;:A0L0F�36A·9O3Q?�/>w � F*9O-0/�-078HO36dN78AqZv/NPN7>?*/)F*=Q;>HOR8/)HT9D-[;>A ;�1v/NHy9D`0HGZ[;:9D3678A�9D-0/�1_/)HG9O`0HOZ[;\9D3Q7>A0F�PN78AB9D36Ab`0/9D7qPN7>=Q=~;:10FO/:z2Z0`49�9D-0/kHD;:L03~;:9O3Q78A 14HO/NFGFO`0HG/}7>J&9D-0/k10-07:9D78A $[`03QL HO/)FO36FG9DF�9D-4/�P)78=Q=Q;>10FO/:z2PX;:`0FO36A0R ;:PN78`0Fy9D36P




���� � � ������� � � � � ����� ��� ��	 � � ���)�'� � � �)
 � ��� �'��� ��� � ����� � Å
78FGPN3Q=6=~;:9O3Q78A4Fu36A�9D-4/T10-07>9O78AM¨oZ0;>HGI>78A $[`036L³w¡,.-0/TL[;>HGhg?*;:9G9D/NH�L07c/NF2A07:9¡3QAB9D/)HD;>Pn92S|369O-�9D-4/T10-07>9O78AM¨oZ0;>HGI>78A
$[`036L³z@/nlMPN/)1492R>HD;X5c369<;\9D3Q7>A[;>=Q=�I8z4;>A0L�P)78AB9D36Ac`4/NF�9O7�P)78=Q=Q;>10FO/:wC,.-0/&10-[;>FG/�7>J�9D-0/&10-07>9O78AM¨¶Z[;>HGI>78A�7>FOPN36=Q=Q;:9D3678A0F;:9�9O-0/e9D36?*/C7>JvHO/NP)78?^Z036A[;:9O3Q78A^L4/)9D/)HO?�3QA0/)F�-07�S 9O-0/)I^; a_/NP)9(9O-0/ux.fTS�FO1v/NPn9DHO`4?gw�,.-478FO/.SC;�5>/N=6/NA0R>9O-0F(9D-[;\9;>HG/¡;:9e?*;\lM3Q?�`0? 78HC?�3QA43Q?^`0? L4/NA0FG369D36/NFeP)78AB9DHG3QZ0`49O/E?*;\lM?*36?�;:=Q=6I&9D7�9O-0/21v7�SC/)HNw�,.-078FG/¡?*7cL0/NFa78Z0FG/NHG5>/NL;:9.9O-0/&1v/X;:h�58/)=Q7cPN369oI�10-[;>FG/&7:J�9O-0/N36Hu-0;>HO?�78A036P278FOP)3Q=6=~;:9O3Q78A0FC;>L0Lg;TFO?*;>=Q=6/NHNzM78`49u7>J�10-[;>FG/&P)78AB9DHG3QZ0`49O3Q78A�9O79D-4/�x.f S 1v7�SC/)HNw

,.-0/WJ�78=Q=67ºS|36A0R�J�/N;:9D`0HG/NF|3QA�9O-0/ � ,XKM` � ` � �N` 4 �N,#� � 4%�>£Æ;:HO/¡A07>9O/X;>Z4=Q/>µ
� � � � �1��,.-0/E1_/)HG9D`4Z[;:9D3678A0F.;\9eFOPN;>=Q/ 4 ;>HG/¡;:9e?*;\lM3Q?�`0? PN78?�10HG/NFOFG3Q78A�;\9eHO/)PN78?�Z03QA[;\9D3Q7>A³w�,.-0/E´0HOFG9e1_/N;>h�36A9O-0/&x.fTS 1v7�SC/)H�FG1_/)P)9OHO`0?Æ36F.FO/N/)A$;:9.9O-03QF.FGPX;>=6/>w

,.-0/�1v/NHy9D`0HGZ[;:9D3678A0F�;:9³FOPX;:=Q/ ��HG/X;>P<-�?�;ºl436?^`0? PN78?�10HG/NFOFG3Q78A�;>A4L�HG/n¨¶/nlM1[;>A0L«w{,.-0/nIW;>HO/�;:9³?�;\lM36?^`0?HG/n¨o/©lM1[;>A0FG3Q78Ak;:9¡HG/NP)78?^Z036A[;:9D3678A³wW,.-0/�FO/)PN78A4L�1v/X;>hg3QA$9O-0/�x.fTS 1_7�Sa/NHWFO1v/NPn9DHO`4? 3QF2FG/N/)A};:9E9D-036FFGPX;>=6/>w
� � � � �1�� � � � �1��,.-0/&1_/)HG9O`0HOZ[;\9D3Q7>A0F2;:9�FOPN;>=Q/ �¡HO/X;:P<-$?�;ºl436?^`0?ÆP)78?*14HO/NFGFO3678A$;>A4L$HO/©¨o/nlM1[;:A0L³wE,.-4/)Ig-[;X58/^?*;\lM3�¨?^`4?
78`M9oSe;>HGL!58/N=67MP)369oI�;:9¡HG/NPN7>?^Z03QA0;:9D3678A³w2,.-0/nI!10HG7ML0`4PN/T;�UGL4781010=6/NHO]�1v/X;:hg36A�9D-0/�x.f S 1v7�SC/)HFG1_/)P)9DHG`0?�9D-0;:9|1[;>Hy9D3~;:=Q=6I�´[=6=QFe36A�9D-0/¡5:;>=Q=6/)I�Z_/n9oSC/)/NAg9O-0/¡´[HOFy9�;>A0L�FO/NP)78A0Lg1_/N;>hbF
� � � � �1��,.-0/|1v/NHy9D`0HGZ[;:9D3678A0F�;:9�FGPX;>=6/ � -[;X5>/�?*;\lM3Q?^`4? 36AbSC;>HGL�5>/N=Q7cPN3�9oIT;:9�HG/NP)78?^Z036A[;:9D3678A³w¢,.-0/)I�14HO7cL0`0PN/)F;�UGL0781014=Q/NHG]�1v/X;>h�36A�9O-0/¡x.fTS�1v7�SC/)HCFG1_/)P)9DHG`0?sFO-078Hy9oSe;:HOL�7>J³9O-0/|´[HOFy9e1v/X;>hT9D-0;:9.;>L4L0Fe;�FO-078`4=QL0/)H9O7�3�9Xw
� � � � �1� � 9&FOPN;>=Q/ ��9D-4/*Z[;:HGI87>AM¨o10-47>9D78A $[`036L�36F&;\9&?*;\lM3Q?�`0?�P)78?*14HO/NFGFO3678A³w�i -036=Q/T?�78FG9�7>Ja9D-0/�Z036A0L03QA4R/)A0/NHGR>I¡PN7>?*/)F�J�HG78?°9O-0/(L[;>HGh2?*;:9O9O/NHNzX9O-0/�Z[;>HyI878A0F�P)78AB9DHO36Z0`49O/>z\PX;>`0FG3QA0R.9O-0/�PN78?�10HO/)FOFG3Q78A¡9D7|Zv/(=~;>HGR8/NH9O-[;>Ak369WSC7>`0=QLk-[;X58/*Z_/)/NA}-0;>Lk9O-0/NHG/*Zv/N/)A}A07�Z[;>HyI878A4FNw�,.-0/*78101v78FO3�9D/T36FW9OHO`0/*;:9�FOPN;>=Q/ � w�pu/NA0P)/7cL0LM¨¶Ac`4?^Z_/)HO/)L!1_/N;>hbF¡;>HO/�FG9DHG78A0R8/)H2;>A4L!/)58/)AmAc`4?^Z_/)HO/)Lk1v/X;:hcF2;>HO/�Sa/X;:h>/NH)wW,.-03QF�10-0/NA478?*/)A078A!36FPN;>=Q=6/NLqUGZ[;:HGI87>AM¨o=67B;>L036A0R0w�]

,.-0/�;>L0L03�9D3678A!7>J�Z[;>HyI878A036PT?�;\9O9D/)H¡3QAB9D7�9O-0/�$[`036Lm/N�b`[;:9O3Q78A0F¡PN;>`0FG/NFW9D-0/TL03 a«/)HO/)Ab9O3~;>=�;>?*14=Q36´0PX;:9O3Q78A�7>J9D-4/g7cL0L�;:A0L /n58/NA ;:PN78`0Fy9D36Pg1v/X;>hbF)w ,.-4/�FO36R8Aq7>J29D-4/gZ[;:HGI87>A03QP�1_/)HG9O`0HOZ[;\9D3Q7>A0F�;\9*9O-0/g/n58/)A 1_/N;>hbF�;>HG/78101v78FG369D/T9O7g9D-478FO/�7>Je9O-0/*L0;>HOh!?*;:9O9O/NH�1_/)HG9O`0HOZ[;\9D3Q7>A0FNz¢FO`01410HO/)FOFO36A0R�9O-0/�;:?*10=6369O`0L0/T7>Je9O-0/�9D/N?�1v/NHD;\9D`0HG/
$[`0Pn9D`[;\9D3Q7>A0FNw ,.-0/g=Q7cPX;:9O3Q78Aq;>A0L ;>?�10=Q3�9D`0L0/�7>JE9D-0/)FO/$;:PN78`0Fy9D36Pg1v/X;>hbF�;:HO/�3QA $[`4/NA0P)/NL�ZBI ;�Ab`0?^Zv/NH�7>JL03 a«/)HO/NAB9�P)78FO?�78=Q7>R83QPN;>=M10;>HD;>?*;:9O/NHOF)zB3QA0P)=Q`0L43QA0R2HG/N=Q;:9D3�58/|;>?�78`0AB9DF(7:J_Z0;>HGI>78A0FNzcL[;>HGh�?*;:9O9O/NH)zb;>A0L�PN`0Hy5:;:9D`0HG/3QA�9O-0/W`0A0365>/NHGFO/>w�,.-0/¡´[HGFG9�;>PN7>`0FG9O3QP¡1v/X;>h�36A�1[;>HG9O3QP)`0=~;>HC-[;>Fu;>=QHG/X;>LMI�R83�58/NA�58/)HGI�Fy9DHO7>A0R�HO/NFy9DHO;>3QAB9DF|78A�9D-4/9D7:9<;>=KL0/)A0FO3�9oI�1[;>HD;:?*/n9D/NH � c � �8z[S|369D-�;�Zv/NFy9E´09E;>HG78`0A0Lj��� � c ® �M¿À� ² �	�Gc ® �4¿ Å �nwe,.-4/NFO/�HO/NFG`0=69OF�A43QPN/)=6IPN7>?*10=63Q?�/NAB9�9D-0/a-03QR>-M¨oHG/NL0FG-036Jª9¢FO`41_/)HOA07�5:;2L[;:9D;4z:S|-036P<-^R83�58/CP)78A0FG3QFG9O/NAB9{5:;>=6`0/NF¢J�78H�9D-0/aL0/NA0FG369oI&1[;>HO;>?*/n9D/)HOFNzS|369O-�;>Ag/)HOHG78H./N=6=Q3Q14FO/¡;>1410HO7XlM3Q?*;:9D/)=6I�78HG9O-078R878A0;>=_9O7�9O-[;:9|FO-47ºS|Ag3QA�¹{36R8`0HO/2�4w6�X�4w

¹[`49D`0HG/�7>J[x.f S�;>A43QFO7:9DHO7>1bI2/nlM1_/)HO36?*/)Ab9OFKS|3Q=Q=:/nlM1[;>A4L&78`4H¢HO;>A0R8/�9O7|-03QR8-4/NHK?�7ML0/(Ab`0?�Z_/)HOF � ;>A0LW-036R8-0/)H;>P)PN`0HO;>P)I�36A�9D-0/¡36A0L03�5M36L0`[;>=_1_/N;>hbFNw��(�b`[;>=Q=�I�/©lMPN369O3QA0RT36Fe9D-0/¡1v78FGFO3QZ43Q=Q3�9oI�7>J¢?*/N;>FO`0HG3QA0R^9O-0/�7Z0�� �N4 , + �N2 , 03Kg7>J9D-4/Tx.fTS $[`4P)9D`0;:9D3678A0FNzvS|-03QP<-gS|3Q=Q=KR>3658/&`0FEI>/)9W;>A47>9D-0/)H�S|36A0L07�S 3QAB9D7�9D-0/&10-BIcFO3QP)F¡7>J�9O-0/�/N;>HO=�Ig`4A0365>/NHOFG/;>F.Sa/N=Q=�;:Fe9D-0/gUGL[;:HOh�;>R>/NFO]T¨�9D-4/W9O3Q?�/2Zv/)9oSa/N/NA�HO/NP)78?^Z036A[;:9O3Q78A�;:A0LgR8;>=~;\lcI*J�78HO?*;:9D3678A³w



�8È ���������
	���
��������������������
�����W� ��'�� � #^ �� % �-0 2 &2��+ �� �%",.&¡+�'N+
§oA����B�8ÂMzBxC/NPN36=Q3Q; R{;XIcA0/u´0HOFG9�L0/n9D/)HO?�3QA0/)L�9O-0/|P<-0/N?�3QPN;>=0?*;>h>/)`01*7:J_9O-0/|FO`0A³w{,.-0/�7>Z0FO/)HG58/)L�?*;>FOF(J�HO;>P)9O3Q78A0F3QAW-BIcL0HO7>R8/NA³z �tz\-0/N=63Q`0? ? z:;>A0LW9D-0/�-0/X;X5c3Q/)H�/N=Q/)?*/)AB9DFNz A zºSe;:F¢J�78`4A0L�9O7�Zv/�� µ ? µ A ® �M¿ Å �Tµb�4¿À�>ÈTµB�4¿ �B�Mw,.-036FEHO/)FO`0=�9ESC;>F2?�78FG9�HO/)?�;:HOh\;>Z0=6/&36Ag9D-0;:9E9O-0/TrM`4A$-[;>L!;�58/NHyI�L43 a_/NHO/)AB92?*;>h>/)`01$9D-[;:A�9D-0/���;>HG9O-³w�SC`M9HD;\9D3Q7�7>J¢-bIcL0HG78R8/)A�9O7T-0/N=63Q`0? Se;:F.369DFG/N=�J�HG/N?*;>HOh\;>Z4=Q/>w(rM1_/)P)9OHD;>=³7>Z0FO/)HG5:;:9D3678A0Fe7:J{7>9O-0/NHCFG9<;:HOFeIc3Q/)=QL³zM78A�HD;>HG/7cPNPX;:FO3Q7>A³zc5:;>=6`0/NF�J�78H A 9D-[;\9.;>HG/EFO?*;>=6=Q/NH�ZBI�J�;>P)9O78HOFC;>FC=Q;>HOR8/�;>F2�X� � zcZ0`49C9O-0/2=67ºSa/NFy9e5:;>=Q`4/NFaJ�7>H ? ;>HO/�FG9D36=Q=�b`0369O/&FG3QR8A436´[PN;>AB9Xµ ? �&% �2Á �4¿À�>�BÂ ¾ �4¿À� *bÂMw�(u`0PN=6/X;>HuZ0`0HGA03QA4R*9D-4/N78HyIg14HO/NL43QP)9OFu9O-[;:9uJ�HO78?�;�10`0HG/�-BIcL0HO78R>/NAJ�`0/)= z@9D-0/^HG/N=Q;:9D3�58/&;>?*7>`0AB9DFE7:J(-0/N=63Q`0?Æ14HO7cL0`0PN/)L!PN78?�1[;>HG/NL�9O7�9D-4/�-0/N;�5c36/NH2/)=Q/N?�/NAB9OFEPN7>`0=QL$A47>9EZv/^?�78HO/9D-0;>A >@? � >BA Á	� ¾ �4z0J�;:HuZv/N=67�S�9D-4/&FG?�;>=6=Q/)FG9u;>Fy9DHO7>10-BIMFG3QPN;>=K5>;:=Q`0/)Fu7:J >@? � >BA�� � *4wa,.-0/�PN7>A0PN=6`0FO3678A7>J�9D-43QF¡L036FOPNHG/N1[;:A0P)I!36FE9D-0;:9¡9D-0/T?*;º�G78HG369oIg7>J�9D-0/T-4/N=Q36`0?Ã3QA$9D-4/T`0A0365>/NHGFO/�?^`0FG9�KM0322-[;X58/�Zv/N/NAm?*;>L0/T36AFG9D;>HOF)w

§¶J�9D-0/2-4/N=Q36`0? L07c/NFGA³��9|P)78?�/�J�HO7>?s-BIcL0HG78R8/NA�J�`0FG3Q78A�3QA*9O-0/2P)/NAB9D/)H.7>J�FG9D;>HOF)z4S|-0/NHG/2L07c/NFe3�9eP)78?*/uJ�HO78? ),.-0/�78A0=�I¡7>9D-4/NH�/NAB5c3QHG78A0?�/NAB9�9O-[;:9�SC;>F�-47>9�;>A0L�L4/NA0FG/a/)A078`0R8-�J�78HKJ�`0FO3678AW9D7u7MP)PN`0HKSC;>F¢9O-0/ SC3QR'Se;>A4R�3�9DFO/)=6J w,¢`0HOA&Z[;>P<h¡9D-0/�PN7>FO?�3QP�PN=67MP<hE9O7u9O-0/�1_7836AB9{;\9¢S|-43QP<-&9O-0/�`0A0365>/NHGFO/aSC;>F¢-07>9�/NA07>`0R8-&J�7>H¢-BIcL0HG78R8/NA&9D7|J�`0FO/:z:I8/n9PN7c78=c/NA07>`0R8-^J�78H¢9D-0/e-4/N=Q36`0? 10HO7cL0`0Pn9DF{9O72Zv/eFG9D;>Z0=Q/:w � 9�9O-0/NFG/e9D/)?*1v/NHO;:9D`0HG/NF)z>9D-0/CZ[;>P<hbR8HO7>`0A0L_$[`036L^/NA0/)HOR>IL0/)A0FO3�9oI�3QF*L078?�3QA[;\9D/NL ZbI·HO/)=~;:9O365c3QFy9D36Pg1[;:HG9D36PN=6/NF@;�10-07>9O78A0FNzuA0/)`49DHG3QA078F)zu;>AB9D3�¨¶A0/N`M9DHO36A078F)z./N=Q/)P)9OHO78A0F)zE;:A0L1v78FO3�9DHO7>A0FNw � FGFO`0?�3QA4R�9D-0HG/N/ $@;X5878HGF27>J(A0/)`49DHG3QA07$��/)=Q/NPn9DHG78AM¨<zv?^`07>AM¨<z_;>A0L�9<;>`M¨¶A0/N`M9DHO36A078FD�nz@9D-0/&HO/N=Q;:9D3�5c3QFG9O3QP
$[`036L�/NA0/)HOR>I�L0/)A0FO3�9oI�3QF

b�� #�� ® b � ' b ��� ' b����� ' b ��� ' b����� ' b ��� ' b����� ' b ��' b��� � �4w����8�B�
��A47>9D/.9D-0;:9a9O-0/|10-07>9O78A³zM;�Zv78FG78A³zb3QF�369OF�7ºS|A�;>AB9D3 ¨o1[;>Hy9D36PN=Q/X�nw�,.-0/u/NA0/)HOR>I�L0/)A0FO3�9oI�7>J³/N;>P<-�FG1_/)PN36/NF %�36F�R>3658/)AZBI�3QAB9D/)R8HD;:9O3QA0R�7�58/)HE9D-0/�?�78?*/)AB9D`0?Æ10-0;>FO/^FG1[;>P)/>z_Sa/N36R8-B9D36A0R*9O-0/�L0/)A0FO3�9oI�ZbI�9O-0/�Fy9<;:9O3QFG9O3QPN;>=�7MP)PN`01[;\9D3Q7>A5:;>=Q`4/NFNµ

b � ® � �� �  �c *�� 	 ¼ ��� 	v� � 	� � � � ! � � � Ç�� � �4w�� Å �B�
S|-0/)HO/

� �
36F�9D-4/k�b`[;:Ab9O`0? FG103QA L0/)R8/NA0/)HD;>PnI 7>J�9D-0/!10;>HG9O3QPN=6/$FO1v/NP)3Q/)F}�

� ® �!J�78H�A0/)`49DHG3QA078F�;:A0L ;>AB9D3�¨A0/)`49DHG3QA078F)z
� ® �&J�78HC14-07>9D7>A0FNz0/)=Q/)P)9DHG78A0F)z[;>A0L�1v78FO3�9DHG78A0F<�©w , 3QFC9O-0/¡Z0=~;:P<hB¨¶Z_7cL4I�9D/)?*1v/NHO;:9D`4HO/27>J�9O-0/�$[`036L;>A0L ��� 	v� ® 	 � 4 36F�9D-4/^/NA0/)HOR>IgJ�78H2HG/N=~;\9D365c36FG9D36PW1[;>HG9O3QP)=Q/NF)w¡,.-0/�Ç FG3QR8A�3QA�9O-0/^L0/)A078?�3QA[;:9O78HEP)78HOHG/NFG1_78A4L0F9D7T9O-0/¡9oIM1v/�7>J{Fy9<;:9O3QFy9D3QP)F.`0FO/)L³µ 'T�¡J�78HeJ�/)HO?�3Q78A4F.;>A0L ¾ �WJ�78H.Zv78FO7>A0FNw

� A�3QAB9D/)HO/)FG9D36A0R�FO36?*10=636´[PN;:9D3678A�PN;>A�Z_/W?*;>L0/2J�78H./n5>;:=Q`[;:9O3QA0R^9O-0/W3QAB9D/)R8HD;:=«S|-0/NA�SC/WFG/N/ � � � ��
	 ¾ � ¾  � � � ��
	 ' � ®  � � � � �� ¼ 	 ¾ � ® �È
 � � � � � � � � � �� �À¼ 	 ! ¾ � ¿ � �4w�� Å �º�

,.-b`0F|9D-0/�¹[/NHG?*3 ¨ Y23QHO;>Pu3QAB9D/)R8HD;>=³;>A0L�9D-0/ SC78FG/n¨o��36A0FG9O/N36A�36AB9D/NR>HD;>=K;:HO/WPN=678FO/)=6I�HG/N=Q;:9D/)L³µ
� � �g¾ � ��� ® �È � � � � � ��� ® ÅÈ � � � ¿ � �4w�� Å �8�

(�7�S¸9O-0/�/)5:;>=Q`0;:9D3678A�7>J�/)�c`0;:9D3678Aj���4w�� Å �B�C36Fu/N;>FGI�Zv/NPN;>`0FO/�SC/�hbA07�S 9D-[;\9u9O-0/�10-07>9O78A�/)A0/NHGR>I�L0/NA4FO369oI�J�7>H;TZ0=~;:P<hB¨¶Z_7cL4IL$0`Ml�3QF
b �M� , � ® � , � � � � � ¼  ��ºÂ 4 � /� � 
 ² � �4w�� Å �B�




����3
�� � � � � �)��� � � ��� 	'�'� �"�@�
��	�� �#� �8�
FO7�36J�;>=6=«9D-4/�10;>HG9O3QPN=6/2FO1v/NP)3Q/)F�;:HO/�;:9.9D-4/�FO;>?�/W9O/N?�1_/)HD;:9O`0HO/:z�� �Mw6���>�B�CZ_/)PN78?�/NF

b�� # ��� , � ® � , � � �(' Å��� � �B� ' ÅÈ � �>� � ¿ � �4w�� Å *b�
(�/)`49DHG3QA078F|P)78`010=6/W9O7*/)=Q/)P)9DHG78A0Fu;>A0L�10-07:9D78A0Fu78A0=�I�9O-0HO78`4R8-�9O-0/WSC/N;>h�3QAB9D/)HD;>Pn9D3678A³w(i -03Q=6/29D-0/nI�;>HO/W36A9D-4/NHO?*;>=³/)�b`03Q=63QZ0HG3Q`0?s;:9.9O-0/W-03QR8-4/NFG9|9O/N?�1_/)HD;:9O`0HO/)F�� ;:9.9O-0/W/X;>HG=Q3Q/)FG9.9O3Q?�/NF<�©zM9O-0/)I�L4/NPN7>`010=Q/¡J�HG78? 9O-0/WHO/NFy97>J¢9D-0/WZ[;:P<hcR>HO78`0A4L $[`036L³µ

� ' � �� � � ' � $ ���� � ' /� �� ��� �
� # �
	 % � ' #�� � � ' % )�� ¿ � �4w�� Å Â8�

� 9�;m9O/N?�1_/)HD;:9O`0HO/�7>J��$fg/ �^z(9D-4/g/)=Q/NPn9DHG78A0F*;>A0Lq1_78FG369OHO78A0F�HG/N?*;>3QA�3QAt9O-0/NHG?�;>=./)�b`03Q=63QZ0HG3Q`0? S|369D-�9D-4/10-07:9D78AgZ[;>P<hbR8HO7>`0A0L³z_Z0`49E;>HO/&A07�=678A0R8/)Hu36Ag/)�b`03Q=63QZ0HG3Q`0?sS|369D-�9D-0/&A0/N`M9DHO36A078F)w.,.-0/NA³z«;>F|9D-0/�9D/N?�1v/NHD;\9D`0HG/L0HG7810F�J�`0HG9O-0/NH�Z_/)=Q7�S�9O-0/�HO/NFy9�?*;>FGF�/)A0/NHGR>I�7>J2;>A·/)=Q/)P)9DHG78A³z.�Mw½ÂM�>��f�/��^z(9O-0/g/)=Q/)P)9DHG78A0F*;>A0Lq1_7>FO369OHO78A4F;>A0A43Q-036=~;:9O/�/N;>P<-g7:9D-0/)HNz0L0/)1_7>FO369O3QA0R&9D-0/)3QHe/)A0/NHGR>I�L036HO/)P)9D=�I�36AB9D7^9D-4/¡HD;>L03Q;:9D3678A*´0/N=QL«w(,.-0/WHO/NFG`0=69e3QF.;^-036R8-0/)HZ[;>P<hbR8HG78`0A0L 9D/)?*1v/NHO;:9D`4HO/$J�78H�9O-0/m10-07>9O78A0F�9O-[;>A J�78H�9D-4/!A0/N`49OHO36A078FNw ,.-03QF�9O/N?�1_/)HD;:9O`0HO/!L03 a«/)HO/)A0PN/!36FHO/)=~;:9O365>/N=6I*FG9OHD;>36R8-B9OJ�78HySe;:HOL�9D7�PX;>=6PN`0=Q;:9D/:w
i}/|;:FOFO`4?*/e9O-[;:9(Zv/)J�78HG/|;>A0A036-03Q=Q;:9D3678A0F)z>;>=6=M10;>HG9O3QPN=6/CFG1_/)PN3Q/)F�;>HO/.;\9�9D-0/.FO;>?�/C9D/)?*1v/NHO;:9D`0HG/>z , + # ��)
� #nw�,.-0/A0/)`49DHG3QA07T9D/)?*1v/NHO;:9D`4HO/ , � /n5878=�58/NFuL0/)PNHO/N;>FO/)F�=63QA0/N;>HO=�I*S|3�9D-�HO/)L0FO-436Jª9Xz, � ® , + # ��)
� # �y�('1/B��y�(' / + # ��)
� #G� ² � �4w�� Å �B�

S|-036=Q/E9O-0/¡10-07>9O78A0Fe9O/N?�1_/)HD;:9O`0HO/��G`4?*10FeJ�HG78? , + # � )
� #C9O7 , � � ' #
��;:A0L�9D-0/)A�14HO7cPN/N/)L0F.9D7T/n5878=�58/¡S|369O-�HO/NL4FO-03�Jª9, � ® , � � ' #
� � �(' /B��y�(' / � � ' #��o� ¿ � �4w�� Å8Å �
(�7�S 9O-0HO78`4R8-078`49�9D-0/�;>A0A036-03Q=Q;:9D3678A�10-[;:FO/>z_/NAB9DHG781BI�?�`0FG9EZ_/&PN78A0FG/NHy58/NL«w2,.-0/�/)AB9DHO7>1bIgL0/)A0FO3�9oI�7>J(;*HO/)=~;\¨9D3�5c3QFG9O3QP214-07>9D7>AM¨o/)=Q/NPn9DHG78AM¨o1v78FG369DHG78A�RB;>F.36A�;T5>78=Q`4?*/ 	 � ;:9|9D/)?*1v/NHO;:9D`0HG/ , + # ��)
� #e36F

� ® 	 �, + # � )
� # �5b �.- ' b � + ' b �$'�	 �.- '�	 � + '�	 �:�
® * 	 �� , + # ��)
� # �5b � - ' b � + ' b �>� ® �8�� �_� , + # ��)
� # 	W� � ¿ � �4w�� Å ÈB�

,.-0/)Ag9D-4/�/)AB9DHO7>1bI�;\Jª9D/NH|;:A0A03Q-43Q=~;\9D3Q7>A³zBS|-0/NAg78A0=6I�10-07>9O78A0F|HO/)?�;:3QA³zM3QF
� ® * 	 �� , � � ' #
� � b �>� ® * � �v� , � � ' #
� 	W� � ¿ � �4w�� Å �B�

� R8;>3QA³z4FO3QA4PN/¡9D-0/¡9O7>9<;>=«/NAB9DHG781BI�3QF.PN7>A0FO/)HG58/)L³zv/N�b`[;:9O3QA0Rg� �Mw6� Å ÈB�e;>A0L�� �Mw6� Å �B�CR8365>/NF

, � � ' #�� ® � �8�� 
 »�� � , + # � )
� # � , � ® � �8�� 
 »�� � , � ¿ � �4w���È8�B�
(�/N;>H.9D-0/¡9D36?*/E7>J{A4/N`49OHO3QA47�J�HG/N/Nd)/n¨¶78`49Xz09O-0/W10HO/)L078?�3QA[;:Ab9CSC/N;>h�Ab`0PN=6/X;>H|HO/N;>P)9O3Q78A4Fe9<;>hb3QA4R�14=~;>P)/&;:HO/

� ��' � �� 	 ' � � ² � � ¾ � � ®�� ���4w���È4��;B�� $ ' � �� 	 ' /� � ² �
� ¾ �9� ®
� ���4w���È4�XZ@�� �� 	 ' � � ' /� � ² �
�
' �9� ®�� ���4w6�XÈ4�XP��



*B� ���������
	���
��������������������

S|-0/)HO/!9D-0/!/©lMPN/NFGF�?*;>FOF�/)A0/NHGR>I � ® � " � ¾ " �\� 4 ¼ 36F�L0/N1v78FG369D/)L 3QA�9D-4/$J�78HO? 7>JW9D-0/mhb3QA0/n9D36P$/NA0/)HOR>I7>J.9O-0/�10HG7ML4`0P)9OFNw ">`0Fy9�;>F�36AjP<-0/)?*36PX;>=�HO/N;>P)9O3Q78A0F&3QA�/N�b`03Q=63QZ0HG3Q`0?�z�SC/�/©lM1_/)P)9T9D-4/�HD;\9D3Q7g7>J.9D-4/�HO/N;>P)9D;>AB9PN7>A0PN/)Ab9OHD;:9O3Q78A4F|9O7�Z_/ � � �� � � � � ® � ��� � � � ¿ � �4w���ÈB�8�
§¶Ja9O-0/^9D7:9<;>=¢J�78HGSC;>HOLq� � � 	@��HO/N;>P)9O3Q78A!HO;:9D/^36F ! � � ® !*� ' !*��' !*��;:A0L!9D-0/^Z0;>P<hBSe;>HGL0F�HD;:9O/T3QF ! � � z9D-4/NA�9D-0/WA0/)`49DHG78AgP)78A0P)/NAB9DHO;:9D3678AgFG-078`0=6L�/)587>=658/&;>F� � �� � ® ¾ ! � � � � ' ! � � � � ² � �4w���È8�B�

S|-0/)HO/&;:9.9D-0/)FO/W9D/)?*1v/NHO;:9D`0HG/NF)z09D-0/WHO/N;>P)9O3Q78A�HO;:9D/¡FGPX;>=6/NFu;>F
! � � ® ! c � ,, c 
 U ¿ � �4w���ÈN*b�

p�/)HO/$7>`0H*A47>9<;:9O3Q78A·L0/N10;>HG9OF*J�HO7>? 9O-[;:9*`0FO/)L 3QAq9D-0/$HG/N?*;>3QA4L0/NH�7>J¡9O-0/�P<-[;:149D/)HNz.S|369O-·9D-4/$FO`0Z4FOPNHG3Q149��HO/nJ�/NHGHO3QA4R�9O7�9O-0/&9O3Q?�/¡7>J�A0/)`49DHG78A�J�HG/N/Nd)/n¨¶78`49�HD;:9O-0/NH|9D-[;:A�9O7*9D-4/&10HG/NFG/NAB92/)1_7cP<-³wei 369O-�9O-0/�/nlM1[;>A0FG3Q78Ag7>J9D-4/^`0A03�58/NHGFO/T;:A0L�9D-4/^PN78HGHO/)FO1v78A0L036A0R�L0/)PNHO/N;>FO/T36Ag9O/N?�1_/)HD;:9O`0HO/:z_9D-4/^HO/N;>P)9O3Q78A�S|3Q=Q=�/n58/NAB9O`[;>=Q=�IgJ�;:=Q=K78`49E7>J/N�b`036=Q36Z0HO36`0?gw¢,.-0/�PNHG369D/)HO3678A�J�78H./N�b`036=Q36Z0HO36`0? 36F
¾ �� � =QA � � �� � � � � � �� � �� � � � � � ® ¾ !Zc � ,, c 
 U ¿ � �4w���ÈBÂ8�

¹[HO78? /N�b`[;:9O3Q78A}� �4w���ÈB�>�nzMSa/�-[;X58/ �� , =QA � � �� � � � � ® �
 , ¼ � �4w���È8�B�

;>A0L�J�78He9O-0/W/)587>=Q`49O3Q78A�7>J�;THD;>L03Q;:9D3678A�L07>?*36A[;:9D/)L�`0A03�58/NHGFO/���PnJ w[/N�bA³wv�4w�� * Å Z@�©z
� ® � � 4 ¼�B� � � 
 � �# � , � �

� »��¶¼ ² � �4w���È Å �
78H � �� , ® ¾ �, � � � 4 ¼� Å � � � � 
 »��¶¼ ¿ � �4w���È8ÈB�
,.-0/)Ag9D-4/�HG/X;>Pn9D3678A�HD;:9O/ ! c�;:9.9D-4/W9O3Q?�/27>J�J�HO/N/)dN/©¨o78`49��\cu3QF

!Zc�� ! � �c�4�\c ² , cn� ® �
 , c �� �\c ¿ � �4w���È8�B�

Y2`0HG3QA0R^9O-0/WHD;>L03Q;:9D3678A�/NHO;4z49O-0/¡9D3Q?�/2FGPX;>=6/NFu;>F�� � , � ¼ FO7� �� , ® ¾ � �\c , ¼c, � � �4w����8�B�
;>A0L�9D-4/NA}� �4w���ÈBÂ8��Z_/)PN78?�/NF �� , =6A � � ® !Zc � ,, c 
 U � � �\c , ¼c, � 
 ® �

 , c � ,, c 

¼ ¿ � �4w����4�º�




����3
�� � � � � �)��� � � ��� 	'�'� �"�@�
��	�� �#� *0�
rM78=�5c3QA0RT/)�c`0;:9D3678A0F&� �4w���È8�8�e;>A0L�� �4w����4���nz4Sa/&R>/)9

=QA � � �� � 
 ® �
 , c

� �� � ,, c 
 � ¾ * �
� ¿ � �4w����B�8�

,.-0/)A�A0/N;>He9D-0/¡9O3Q?�/¡7>J�J�HG/N/)dN/n¨¶78`49Nz09D-0/WA0/)`49DHG78A�9O7�10HO7>9O78A�HD;:9O3Q7TFO-478`0=QL�Zv/
� � �� � � c ® /©l41 � ¾ * � � , c 
 ¿ � �4w����8�B�

,�7�L0/)9O/NHO?�3QA4/u9O-0/2;>Pn9D`[;:=vJ�HG/N/Nd)/n¨¶78`49C9O/N?�1_/)HD;:9O`0HO/ , c�zcSa/2A0/)/NL�9O7^hbA07�S 9D-0/�HO/X;:P)9D3678A�HO;:9D/�3QA*78HOL0/)H�9O7FO7>=658/¡9O-0/W/N�b`[;:9O3Q78A
! � � ® �

 , ¼ � � Å � � � � , �� 4 ¼ 
 »��¶¼ , � ² � �4w����N*b�
;>=678A0R�S|3�9D-�;�Sa78HOhb3QA4RkP)78FO?�78=678R>Im9D7!R83�58/$�v� , �©w�,.-0/�P)78FO?�78=678R83QPN;>=�?*7cL0/N=�3QF�HO/N=Q;:9D3�58/)=6I�/X;>FyIjFO36A0PN/�;\99D-4/NFO/&58/NHyI�/N;>HO=�I�9D36?*/)FNz[9D-0/&`0A03�58/NHGFO/^36F�HO;>L03Q;:9D3678A�L078?�3QA[;:9O/NL³zv;>ABI�PN7>FO?�78=Q78R>3QPX;:=³PN78A4FG9<;:Ab923QFuA0/NR8=63QR836Z0=Q/:z;>A0L�9D-4/�/©lM1[;>A0FG3Q78A�3QF.A07:9|FO/NA4FO369O365>/�9O7�9O-0/WHO/)=~;:9O3658/¡Z0;>HGI>78A@Ä:L[;:HOh�?*;:9O9O/NH.L0/)A0FO3�9oI�1[;>HO;>?�/)9D/)HOF)w

� L0/n9<;>36=Q/)LgPN;>=QP)`0=~;:9O3Q78A�7>J{9D-0/&HO/X;:P)9D3678A�HD;:9O/NFEHG/N=63Q/NFu78AgFO78?�/&�b`[;:Ab9O`0?Ã?*/)P<-[;>A036PNFNzvA[;>?�/N=�IqUO¹[/NHG?*3 � FV¡78=QL0/)AT%|`0=6/>z�]*S|-036P<-$FD;XIcF�9O-[;:9u9D-0/&HO/X;:P)9D3678A�HO;:9D/�7>J�;�FGIcFy9D/N?Ã9DHO;>A0FO3�9D3678A03QA4RTZ_/n9oSC/)/NA$9oSa7�FG9D;:9D/)F %e;:A0L
� 36A�;�P)78AB9D3QAb`0`4?�/NA0/)HOR>I�Z0;>A0L�3QF.R83�58/)AgZBI

! ® � �/� � � ¯ ��� 	 � ¼ bv� � �
� ² � �4w����BÂ8�

S|-0/)HO/ ¯ 3QFT9O-0/�p�;>?�3Q=69O78A03Q;>At;>A0L+bv���
�
�^36F�9O-0/�L0/NA0FG369oIq7>JEFG9<;\9D/NF*;>HG78`0A0Lq9D-0/�´[A[;>=|/)A0/NHGR>I8w ¹[78H�78`4HHO/N;>P)9O3Q78A4FNz0Sa/�-[;X58/W9D7�FO`4?Æ7º5>/NH�;>=Q=«1_78FGFO36Z0=Q/¡9DHO;>A0FG369D3678A0F)z03 w�/>wa;>=Q=«1_78FGFO36Z0=Q/W/NA4/NHOR>3Q/NFu7>J¢9D-0/�3QA4PN78?�3QA0R�;:A0L78`49OR87836A0R�1[;>Hy9D36PN=Q/)FNw SC/)PX;>`0FG/�7>J�9D-0/T/)A0/NHGR>I$P)78A0FG9OHD;>36AB9DF¡78A � �)z �

�
z�;:A0L � z³Sa/TPX;:AkFG`0Z0Fy9D369O`49D/�;�Y236HD;>PL0/)=69<;^J�`0A4P)9D3678A�J�78He9D-4/�L4/NA0FG369oI�7>J�FG9D;:9D/)F�;:A0LgR>/)9

! � ® �
� ����� �	�
�
-
��
���
 �

� �/� � � ¯ � � � 	 � ¼ � � � ' �
� ¾ �9�O� ���4w����8�8;B�

!*� ® �
� + ��� �	��� ����
���
 �

� �/� � � ¯ � � � 	 � ¼ � � � ' � � ¾ � � � ���4w����8�>Z@�

!*� ® �
�
-
��
���
 ��� ����
���
 �

� �/� � � ¯ � � � 	 � ¼ � � � ¾ � � ¾ � �D�©¿ ���4w6�X�8�>P��

xC78A0FG3QL0/)HO36A0R�9O-0/WPN78AB9O3QAb`0`0?Æ7>J{1_7>FOFO36Z0=Q/¡/)=Q/)P)9DHG78Ag;>A0L�A0/N`49OHO36A07*/)A0/NHGR83Q/)FNz[Sa/&PN;>A�P<-[;:A0R8/W9D-0/WFO`4?�9D7*;>A



*b� ���������
	���
��������������������

3QAB9O/NR8HO;>=³7�58/)H�?�78?�/NAB9D`0?sSC/)3QR8-B9O/NL�ZbI�14-[;>FO/WFG1[;>PN/�L0/)A0FO3�9oI � � � � � � 	³µ
! � ® � � �/� � *��¢� ¼ � � ¯ � � � 	 � ¼ � � � �� � � ¼ �  �c � �

4 �
	 ¼
�
� 	

��#� � � � � � ' �º� � ¼��#� � � � � � � ' �º� ²� �9� ® � � ' � � ���4w���� Å ;B�
!*� ® � � �/� � *��¢� ¼ � � ¯ � � � 	 � ¼ � � � �� � � ¼ �  �� � $ � � � � �4 � 	 ¼

�
� 	

��#� � � � � � � ' �º� � ¼���� � � � � � ' �º� ²
� �9� ® � � ¾ � � ���4w���� Å Z@�

!*� ® � � �/� � *��¢� ¼ � � ¯ � � � 	 � ¼ � � � �� � � ¼ �  � � � � � �c
� �
4 �

	 ¼
�
� 	

��#� � � � � � � ' �º� � ¼���� � � � � � � ' �º� ¿� �9� ®�� ¾ � � � ���4w6�X� Å P��
¹[78H¡-036R8-k9O/N?�1_/)HD;:9O`0HO/)F��  , � � ² " � 4 ¼ �©z�L0/n´[A0/*;�L43Q?�/NA0FG3Q78A0=6/NFGF�?�78?�/NAB9D`4?�FOPN;>=Q/)L}ZBI!9D/)?*1v/NHO;:9D`4HO/>z� � �

�
�� � ;>A0L�SC/�R8/n9

! � � ® ! � ' !*� ' ! � ® � � �/� � *��¢� ¼ � � ¯ � � � 	 � ¼ � � � �� � � ¼ � �  , � U4 �
 �
� �

� � ����#� � ' �º�)��� � � ' ��� ² � �4w����8ÈB�
S|-0/)HO/�9O-0/�36Ab9O/NR8HO;>=�PX;>A}Z_/*/)5:;>=Q`0;:9D/)Lt;>A[;>=�Ib9D3QPN;>=Q=�I�9O7�R83�58/ � » ® �» U � � wg¹@7>H&=Q;:9D/)H�9O3Q?�/NFNz¢S|-0/NA �  , 2
� ² " � 4 ¼ �nz_9D-0/THG/X;>Pn9D3Q7>A!HD;:9O/TPX;>AmZv/TPX;>=6PN`0=Q;:9D/)L!ZbI�L0/)´0A03QA0R�;�L036?*/)A0FO3678A0=6/NFOFE?*78?�/NAB9O`0?
FGPX;>=6/NLmZBI$9D-4/HO/)FG9u/NA4/NHOR:I�7>J�;:A�/)=Q/)P)9DHG78A³z ! � �

�
� �

� �
� � ;>A0Lg;�P)78HOHG/NFG1_78A4L03QA0R�L036?*/)A0FO3678A0=Q/)FOFe/)A0/NHGR>I8z 	 � �� �

� � ;>A0L�9D-4/NA
! � � ® � � �/� � *��¢� ¼ � � ¯ � � � 	 � ¼ � � � �� � � ¼ � � " � 4 ¼ � U

4 �
 �� � »
c ! ¼ � 	 ¾ ! � ¼ � ! � � ¾ �� 	 ¾ ! � ¼ � »��¶¼ ² � �4w����8�B�

S|-0/)HO/�9O-03QF�3QAB9D/)R8HD;>=¢PX;:A$Z_/�/)5:;>=Q`0;:9D/)L$Ab`0?*/)HO36PX;>=6=6I�9O7�R8365>/ � ¼ � �>¿À�8�>�4w�(u7ºS 9O-0/�Z036R8R8/)FG92?�3QFGFO36A0R�1036/NP)/3QFe9O-0/W=Q/N;>L03QA4R�¹@/)HO?�3«J�;>Pn9D78H)z � � �/� �5*���� ¼ � � ¯ � � � 	 � ¼ � � � �� � � ¼ � ¿
SC`49(9O-03QF{PX;>A�Zv/.L0/)9O/NHO?�3QA4/NL�ZBI^?�/X;>FG`0HO36A0R29D-0/.HG/X;>Pn9D3678ATHD;:9O/�� �4w����8�8�¢/nlM1v/NHG3Q?�/NAB9<;>=6=6I>z>S|-03QP<-�36F(;>=QFG7¡�b`0369O/FG9OHD;>36R8-B9OJ�78HySe;:HOL�FO36A0PN/.9D-4/u=67�Se¨¶9D/)?*1v/NHO;:9D`4HO/.HO/N;>P)9O3Q78A�HO;:9D/.36F_�G`0FG9�9D-4/u36AB58/NHGFO/u7>Jv9D-0/.J�HO/)/|A0/N`49OHO78A�-[;>=�J~¨o=636J�/9D36?*/:µ

! � �B�  , � � � � ® �
� � ® �È8È Å FO/)P ¿ � �4wÀ�>�8�B�

xC78?^Z43QA036A0R�/)�c`0;:9D3678A0F¡���4w����N*0zM�4w����8È4zM�4w����8�4zM;>A0L��4wÀ�>�8�8�nzb9D-0/EJ�HG/N/)dN/n¨¶78`49e9O/N?�1_/)HD;:9O`0HO/�PX;>A�Zv/EL4/)9D/)HO?�3QA0/)LJ�HO7>?
�
 , c ®

� �
� � � »� ¼ � � 4 ¼� Å � � � � 
 »��¶¼  ¼ � �� " � 4 ¼ � U

� »�� � ¿ � �4wÀ�>�4�º�
R(=Q`0R>R83QA0RT36AB9D7g� �4w����8�8�nzM9O-0/¡9D-0/)78HO/n9D36PX;>=KA0/)`49DHG78AM¨ 9D7:¨¶10HO7>9O78A�HD;\9D3Q7�;\9u9O-0/W/NA0L�7>J¢9D-0/�;>A4A03Q-036=~;:9O3Q78A*/NHO;�36F� �� � ® /©lM1 � ¾ * � � , c 
 � �4¿�� Å �4¿ � �4wÀ�>�B�8�

rM7�S|-[;\9¡-[;>101v/NA4FE9D7�;:=Q=K9D-0/)FO/^J�HG/N/^A0/)`49DHG78A0F�$4IM36A0R�;>HG78`0A0L ) SC/nJ�78HO/�?*78Fy927>J{9D-0/)?
R8/n9W;�P<-[;:A0PN/�9O7L0/)PX;XI�7>A�9D-0/)3QHu7�S|A³z«9D-4/)I�?*7>FG92/)A0PN7>`0AB9D/NH2;�10HO7:9D78A�J�78HO?�3QA0R�L0/)`49D/)HO3Q`4?gzv?*7>FG927:J�S|-03QP<-«z«3QA�9D`0HGA³z«R>7M/)F




���� ����� � � ������� � � ������� � ����� ��� �
	�� � *B�
78A�9D7�J�78HG?�-0/)=Q3Q`4?gµ � '�	 � � ' �� ' � � ��'�	� ' � � � p�/ ' �

� ' � � � p�/ ' �� p�/(' � � �np�/ '�	K¿ � �4wÀ�>�8�B�
rM78?�/�FG?�;>=6=(J�HD;>Pn9D3Q7>Aj7>J.9D-4/�L0/N`49O/NHG3Q`0? FO`0Hy5c3658/)FT9D7$9D-4/�10HO/)FO/)Ab9�9O3Q?�/>z{Z4`49TJ�78H&9O-0/�?�78FG9^1[;>HG9Nz�;>=Q=�9D-4/10HG3Q?�78HOL03Q;>=8A0/)`49DHG78A0F�/NA0L^`41^3QA � p�/8w¢,.-0/e7>Z0FO/)HG58/)LT?�;:FOF�J�HD;>Pn9D3Q7>A0F�36A&9O-0/C`0A43658/)HOFG/C7>J � µ ? �¸�4¿ Å Â^µb�4¿½�>ÂPN7>HOHO/)FO1v78A0L0F|9D7�;>A�3QA4369D3Q;>=@HD;:9O3Q7T7>J � � � � � ® � � Å z0HD;\9D-0/)H.PN=Q7>FO/¡9D7T9D-4/�HG/NFG`0=69uL0/)HO365>/NLg;>Zv7º5>/>w
����� � �Ã�$#�+{# / � 6!+{� / *�%('N�� � ��+¢%+&�3 +
,.-036F2FO/)P)9D3678A!L0HO;�S|FW-0/N;X5M36=6I�78A!P)78A0PN/)149DF�;>=6HO/N;>L4Ig3QAB9DHG7ML0`4PN/NL!36A$L03 a«/)HO/NAB9WP)78AB9D/nlc9OFNw&¹@HG78?�rM/NPn9D3Q7>A0FW�Mw Å;>A0L*�Mw ÈESa/.HO/NPN;>=Q=c9D-0/.14HO7cL0`0P)9O3Q78A�;:A0L�/N?�3QFOFG3Q78A�7>JvHD;>L03Q;:9D3678A&J�HG78? ;>PNP)HO/)9O3Q78ATL43QFOhbF�;>HG78`0A0L�;>Pn9D3�58/.RB;>=Q;>P)9O3QPAb`0PN=6/N3e� � V�( 78H2�b`[;>FO;>HOFD�nw�¹[HO78?
rM/)P)9O3Q78A0F2�4w½�*Sa/THO/)PX;>=6=¢9O-0/^HG/NL0FG-036Jª9¡7:J�10-07>9O78A0F¡/N?�369G9D/)L$ZBI�HG/NPN/)/NL036A0RFO7>`0HOP)/NFNz{;>A0LmJ�HO78? rM/NPn9D3Q7>A}�4w ��SC/�`0FG/�9O-0/*Z0;>FO36P�LMIMA0;>?*36PNF¡7>Je;>Ak/nlM1[;>A0L43QA0R�`0A03�58/NHGFO/:w�,.-0/�HO/)FO`0=�9DFW7>J78`0H|L036FOP)`0FOFG3Q78A�7>J��b`[;:FD;>Hu;>Z0FG78HO1M9D3Q7>A�=63QA0/)F.S|3Q=Q=_R8365>/WA0/)S 36A0FO36R8-B9|3QAB9D7T9O-0/&P)78FO?�3QP¡Fy9DHG`0P)9O`0HO/)FE3QAB9OHO7cL0`0PN/)L3QAgrM/)P)9O3Q78A��4w����4w

dFν

νd

  

¹�3QR8`0HG/^�4wÀ�8�Mµ|,.-0/�FO1v/NP)9OHO`0?
7>J�;��b`[;>FO;>H23QF�HO78`4R8-0=6I
$[;:9�7�58/NH(?*;>ABI^L4/NPX;:L0/NF(S|369O-�;2Z0HO7B;:LT/N?�3QFOFG3Q78AT1v/X;:h;:HO78`0A4Lq���M������ 3QA$9O-0/THO/)FG9WJ�HD;:?*/^7:J�9O-0/T�b`[;>FO;>HW78H���M���[� � ' / # � � �� 3QA�9D-4/�HG/NFy9uJ�HO;>?�/¡7>J�9O-0/W78Z0FG/NHG5>/NH)w

,.-0/uA[;:9D`4HD;>=[10=Q;>PN/e9O7WZ_/)R83QATS|369O-*36F�9D-0/|FG78`0HOP)/>µ{9O-0/uPN78?�1[;>Pn9�HO/NR>3Q78A�7>J_FO`01v/NHG-0/X;\9D/NL*RB;>F�FO`4HOHO7>`0A0L036A0R9D-4/�FG`01v/NHO?*;>FGFO365>/*Z4=~;>P<hg-078=Q/�;\9¡9D-0/�PN/)AB9D/NH�7>JC;�L03QFy9<;>AB9�RB;>=Q;\lcI8wTY2`0/T9O7�9O-0/�?�;:AbI�L03 a_/NHG/NAB9�HD;>L43~;:9O3658/10HG7MP)/NFOFG/NFT9<;:hc36A0R$10=Q;>PN/*3QA}9O-0/�;>P)PNHG/)9D3678AtL036FOh�;>A0LtFO`4HOHO7>`0A0L036A0R$Ab`0PN=6/X;>H�Z0`0=QR>/>z(3QA4PN=Q`4L03QA0R�FGIcA0P<-4HO7>9OHO78AHD;:L03~;:9O3Q78A«z4?*;>R8A0/n9D3QP¡HG/NP)78A0A0/)P)9D3678A³z@FOPN;:9O9O/NHG3QA0R0zv;>A4L�;>Z4FO78HG149D3678A³z09D-4/&HG/NFG9y¨¶J�HO;>?*/¡FG1_/)P)9OHO`0?�7>J�9D-0/W�b`[;>FO;>H3QF.HO;:9D-4/NH|PN78?�10=63QPX;\9D/NL«w(p�7�Sa/)58/)HNz@J�78H.78`0H.14`0HO1v78FO/)F�3�9|PX;>A�Zv/&;:1010HO7XlM3Q?*;:9O/NL�;>F.HO7>`0R8-0=�IV$@;:9�;>HG78`0A0L�9D-4/5c3QFG3QZ0=6/E;>A4L � �^zbS|369O-�;�=Q;>HOR8/uZ0HG7B;>L�1v/X;>h�;>HG78`0A0L�9O-0/2�³I � ��14HO78A07>`0A0PN/)LqUO�³Ic?�;>Ac¨ ;>=610-[;>]b��/)?*36FOFO3678A�=63QA0/;:9E�º�M������ 3QA�9D-0/�/N?�369G9D/NH)� F�J�HD;>?�/���FO/)/¡¹{36R0wb�4wÀ�8�8�nw{,.-03QFa=Q3QA4/�P)78HOHG/NFO1v78A0L4FC9D7�9O-0/T� ��	 � � � ��9DHO;>A0FO3�9D3678A�36A;:9O78?*36P2-BIcL0HO78R>/NA³w
,.-0/��c`0;>FD;>H�3QFTFG` ��PN36/NAB9D=�I�PN78?�1[;>Pn9T9D-[;:9�3�9TPX;>A ;>PNP)`0HD;\9D/N=�ItZv/�?�7cL0/N=6/NL�;>F*;!FO3QA4R8=Q/�1v783QAB9�FG78`0HOP)/;:9¡HG/NL0FG-036Jª9 / # � w�,.-4/�14-07>9D7>A0F29DHO;�5>/N={J�HG78?�9D-036F2FO78`4HOPN/^9O-0HO7>`0R8-!9D-0/�/nlM1[;>A0L43QA0R�`0A03�58/)HOFO/^J�7>H2Z03Q=6=Q3678A0F|7>J=Q36R8-B9.I8/N;>HOF2`4Ab9O3Q=K9D-4/)I�´[A[;>=6=6I�R>/)9�L0/)9O/NP)9O/NL!ZBIg;*FG1_/)P)9DHG78?�/)9D/)H�7>A$��;>HG9O-³w|§oAg9O-03QFuFO/)P)9D3678AgSa/T;>HG/&A47>9EFG73QAB9O/NHO/)FG9O/NL!3QAgS|-[;:92-0;>101v/NA0FW;:9�9D-0/&�b`[;>FD;:HES|-0/NHG/^9D-0/&10-07>9O78A0F¡;:HO/�/)?*3�9O9O/NL³zvZ0`49¡HO;:9D-4/NH�S|-0;:9¡-[;>141_/)A0FL0`0HG3QA0R¡9O-0/N36H{9DHG3Q1T9D-0HG78`0R8-T9O-0/e5:;>FG9�HO/N;>P<-0/)Fa7>J_3QAB9O/NHOR8;>=~;>Pn9D36PCFO10;>PN/:w�fg78HO/.FG1_/)PN3�´[PX;>=6=6I>z8S|-[;:9�3QF�9O-0/.P<-[;>A4PN/



*H* ���������
	���
��������������������

zabs

zem

∆z

  

¹�3QR8`0HG/T�4wÀ�>�4µ�,.-0/�FOP<-0/)?�;:9O3QP^R>/N78?�/)9OHGI$7:JC;��b`[;>FO;>H;\9*HG/NL0FG-036Jª9�� � ' / # � �nzaFO-036A03QA4Rm9O-0HO7>`0R8-·;>A·FG=~;>Zq7>J36AB9D/)5>/NA036A0RWRB;>F�;:9�� � ' / � + -o��;>A4L�L4/)9D/)P)9O/NL�ZBI�;¡FG1_/)Pn¨9OHO78?�/)9OHGI�;:90/ ® �Mw
7>J�;&10-07>9O78A�;:9e;&R83�58/NA*Se;X58/)=Q/)A0R>9D-�9O7�Zv/2;>Z0FG78HOZv/NL�ZBI�;>A�36AB9D/NHy58/)A03QA0R�PN=Q7>`0L�7>JKR8;>Fe;:9CHO/)L0FO-03�Jª9 / � +.-Gz0;:A0LS|-[;:9uL07c/NF.9O-03QFe9O/N=Q=«`0F )�,.-0/�Z[;>FG3QP¡R8/)78?�/)9DHyI�7>J¢9D-036F.10HO7>Z0=Q/)?�3QF.FG-07�S|A�36Ag¹�3QR8`0HG/W�4wÀ�>�4w

,.-0/�10HO78Z0;>Z03Q=6369oI�7>J{78Z0FO/)HG5c3QA4R�FG`0P<-$;�10-07:9D78A�3QF.R>3658/)AgZBI� ),+ - ® � ��� ² � �4wÀ�>�N*b�
S|-0/)HO/ � 36FW9O-0/T9D7>9D;>=(78149O3QPN;>=�L0/)149D-kJ�HO78?�9O-0/��c`0;>FD;>HW9D7�9O-0/*7>Z0FO/)HG58/)HNw�§oA�;>=6=(=Q3Qh:/N=63Q-07c7ML«z_9D-4/NHO/�S|3Q=6=�Zv/?^`0=�9D3610=Q/C;>Z0FO7>HOZ036A0R¡PN=678`0L0F(7>J_RB;>F�;:=Q78A0R�9D-0/|10-07:9D78A0F(10;:9D-³zb36A^S|-03QP<-�PX;:FO/.SC/{�G`0Fy9a;>L0LT9D-0/.7>149D36PX;>=0L4/N149O-0F9D7>R8/)9O-0/NH)w�rM`0101v78FO/29O-[;:9e;^10-07>9O78A�3QFe;>Z0FO7>HOZv/NL�ZBI�;^-BIcL0HG78R8/NA�;:9O78? 3QA�;:A�3QAB9D/)HG58/)A03QA4R^PN=678`0L�;:9CHO/NL4FO-03�Jª9�y� ' / � + - �nw�i -43Q=Q/E;>Z0FG78HOZv/NL�;:9W�º�c��� �� 36A�9D-0/¡HG/NFy9uJ�HO;>?�/E7>J�9D-4/&;:Z0FO78HGZ_/)L³z03�9eSe;:F./N?�369O9O/NL�ZBI�9O-0/¡�b`[;>FO;>H;:9W;T.<¦Z034 2 ` 4*SC;�5>/N=6/NA0R>9O-³wT§¶9�;>101v/X;:HOF29D7�`4F&;:FW;>Am;>Z0FG78HO149O3Q78A$J�/N;:9D`4HO/�;:9 !$),+.- ® ���M���[� �&' / � +.-¶� �� ��FO/)/¹{36R0w0�4wÀ� *b�©w

dFν

νd

  

¹�3QR8`0HG/¡�4wÀ� *0µ � 10-47>9D78A�/)?*3�9O9D/)L�;:9.9D-4/¡�c`0;>FD;>H.S|3�9D-
!$# � � �º�M�X� �� PN;>A$R8/n9¡;>Z0FG78HOZv/NL!ZBI$;�PN=678`0L�7:J�RB;>F;\92HO/)L0FO-436Jª9^�y�&' / � +.- �©z³;>101v/X;:HO3QA4R�9O7�;>A�7>Z0FO/)HG58/)HW;>F;:Ag;:Z0FO78HG149D3678A�J�/X;\9D`0HG/�36A�9D-0/�$[;:9|�b`[;>FD;:HuFG1_/)P)9OHO`0?�w

¹[78H(FO36?*10=63QP)369oI8z\SC/.S|36=Q=M9OHO/N;:9�/X;>P<-*RB;>F(P)=Q78`0L�;>F�;¡10=Q;>A0/n¨¶1[;>HO;>=Q=6/N=bFO=Q;>ZTS|369D-�P)78A0FG9D;>AB9a9O/N?�1_/)HD;:9O`0HO/|;:A0LL0/)A0FO3�9oI�;:9u;TFO3QA4R8=Q/¡HG/NL0FG-036Jª9Nw(,.-0/&L43 a_/NHO/)AB9D3~;:=«78149O3QPN;>=³L0/)149D-�3QF|R83�58/NA�ZBI��� ®�� 1��G�
/ � +.-¶� + 1�� ��� ² � �4wÀ�>�BÂ8�
S|-0/)HO/ � 1��(36Fu9O-0/�Ab`0?^Zv/NH�L0/NA4FO369oIg7>J(A4/N`49OHD;>=¢-BIML4HO78R8/)A³z + 1��(3QF|9D-4/^;>Z0FG78HO1M9D3Q7>A�PNHG78FOFEFO/NPn9D3678A$7>J�;�FO36A0R8=Q/A0/)`49DHO;>=�-BIcL0HO78R>/NA�;:9D78?�zK;>A4L ��� 3QF29D-4/TL03 a_/NHG/NAB9D3Q;>={1[;\9D-m=Q/)A0R>9D-m36A$9D-0/TP)=Q78`0L«� F¡HG/NFG9WJ�HO;>?*/:w&i -036=Q/^3�9236F10-BIcFO36PX;>=6=6Ik;>P)PN`0HO;:9D/�9O7g9O-03QA0h!7:J.9D-0/*10-07>9O78A}R8/n9O9O3QA0R�;>Z0FO7>HOZv/NLjZBIk9D-0/*-bIcL0HG78R8/)A�;:9D78?�z¢3QA}HG/X;>=6369oI>z�9D-4//nlMP)369D/)Lq;:9D78? PX;:At78A0=6I¸UG-07>=QL0]�9D-0/�10-47>9D78AjJ�7>HT;>Zv78`49^7>A0/�A[;>A07>FO/NP)78A0L�Zv/)J�78HG/�/N?�369G9D3QA4R�369^;>RB;>36A³z�Z0`M9FO36A0PN/|9D-4/�HO;>A0L078?�=6I�L03QHG/NPn9D/NL*/N?�3QFGFO3Q7>A�36F�?*78Fy9�=Q3Qh:/N=�ITA07>9�9D7�Zv/�36A�7>`0Ha=63QA0/.7:J³FO36R8-B9XzB9D-4/E;>Z4FO78HG149D3678A*P)HO78FGFFO/)P)9O3Q78A�PX;>A^�G`0Fy9u;>F|/X;>FG3Q=6I�Z_/¡9O-078`0R8-B9u7>J{;>Fu;TFOPX;\9O9D/)HO36A0R�PNHO7>FOFuFO/NPn9D3678A³w

� F�FG-07�S|A°36A ¹{3QR8`4HO/$�Mw½�8Âczu9O-03QF�P)HO78FGF�FO/)P)9D3678A S|3Q=6=E;>Pn9D`[;:=Q=6IqZv/m;}J�`0A0Pn9D3Q7>A 7>JWSe;X58/)=Q/)A0R>9D- S|369O- ;�K78HO/)AB9DdN3Q;>AmFO-[;:1_/:z¢1v/X;:h>/NL�;:9��º�c��� �� z³Z4`49�/nlM-03QZ4369D36A0R�;�´[A03�9D/^S|36L49D-mL0`0/T9O7�9D-0/��b`[;>AB9D`4? ?*/)P<-[;>A036PX;>=`0A0P)/NHy9<;>36Ab9oI�7>J�9D-0/�;>Z0FG78HO1M9D3Q7>A�10HO7cPN/)FOFO/)FNwa¹[78He9D-0/29oIc1036PX;>=«=Q36J�/n9D36?*/ > �e7>J�;>A�/nlMP)369D/)LgFy9<;:9O/>z49O-0/¡S|3QL49O-�7>J9D-4/�1v/X;:h > !�FOPX;:=Q/NFu;>F
> !�Á � > �G� � » ¿ � �4wÀ�>�8�B�

i�/�PN;>A�/NFG9O3Q?*;:9D/29O-03QF.=63QA0/�S|3QL49O-�ZBI�36Ab5>78hb3QA0RT9O-0/W/NA0/)HOR>I�J�78HG?�7>J{p�/)3QFG/NAbZ_/)HOR0��Fu`0A0PN/)HG9D;>3QAB9oI�10HG3QA0P)3Q10=6/>µ
> � > � � /� ¿ � �4wÀ�>� Å �




���� ����� � � ������� � � ������� � ����� ��� �
	�� � *bÂ

1215.67

lorentzian

  

¹�3QR8`0HG/��4wÀ�8ÂMµ�§oA}9O-0/�HG/NFG9TJ�HO;>?�/*7>J.9O-0/�/)?*3�9O9D/)H���78H;:Z0FO78HGZ_/)H<�©z89D-0/C�KI �g9OHD;>A4FO369O3Q78A&=Q36A0/a-0;>F(;2�K78HG/NAB9Dd)3~;>A14HO7>´[=6/¡PN/)Ab9O/NHG/NL!;>HG78`0A0Lm�º�c��� �� w

,�;>hb3QA0R�9D-4/�=636J�/n9D3Q?�/WJ�HO78?Ã9D-0/�L0/)PX;XI!PN7>A0FG9D;>AB9�7>J�9D-4/T-bIcL0HG78R8/)At��	kFG9D;:9D/:z > � ���8¿À� �·��� � 	 FG/NP>z¢FO7�9D-4// a_/NPn9D3�58/&Y2781010=6/NHCS|36L49D-�7>J¢9D-0/��³I �t;>Z0FO7>HO149O3Q78A�=Q36A0/236F
> ��®°Å �T?�Ä:F

78H|;>A�/NA4/NHOR:I�HO/)FO78=6`49D3678A�7>J
	 � > �� �¸���j��� � � ¿ � �4wÀ�>�8ÈB�

¹[78HWFO` ��P)3Q/NAB9O=6ImPN7>=QLkPN=Q7>`0L0F¡9D-0/�L078?�3QA0;>AB9&/ a«/)P)9&78Am9D-0/�FO1v/NPn9DHD;:=a=63QA0/^S|36L49D-0F�3QF¡J�HG78?�9D-43QF��K78HO/)Ab9OdN3Q;>AZ0HG7B;>L0/)A03QA0R4w � 9�´[A0369O/.RB;>F(9D/)?*1v/NHO;:9D`4HO/.9D-0/�;>Z0FG78HOZv/NHGF�-[;X58/2;�VW;>`0FGFO3~;:A*L036FG9OHO3QZ4`49D3678AT7>Jv58/N=67MP)369O3Q/NF
;^=Q36A0/NF;>HG/29D-0/)HO/)J�7>HO/�Y2781010=6/NHeZ4HO7B;>L4/NA0/)L�;>F.Sa/N=6= w�xC78AB5>78=65c3QA4R�Zv7>9O-�/ a«/)P)9OF�R83�58/)Fe9D-0/¡Sa/N=Q= ¨ohbA07�S|A��:03, � 2 7:460 	 �/`nzS|-036P<-�36F�;¡�K78HG/NAB9Dd)3~;>AT36A�9D-0/CdN/NHG7¡9D/N?�1v/NHD;\9D`0HG/e=Q36?*3�9¢;>A0L�;WVW;>`0FOFG3~;>AT36A�9D-4/e=Q36?*3�9�7:J_A47¡;:9D7>?*36PC78FGPN3Q=6=~;:9O78HL[;>?�1036A0R0w
§¶9(FO-478`0=QLTZv/eA07:9D/NL^9O-[;:9{PN=Q7>`0L0F�?*;XI�Zv/C´[A03�9D/a3QA^/©lM9O/NAB9Xzb36A�S|-03QP<-TPN;>FO/e9O-0/eP)HO78FGF�FO/)P)9D3678A + 1��_;X58/)HD;>R>/NL7�58/)Hu5:;>HG3~;:9O3Q78A0Fa3QA�9D/)?*1v/NHO;:9D`4HO/�;>A0L�L0/)A0FO3�9oI�S|369D-43QA�9D-4/�P)=Q78`4L³w
¹[HO78? Z[;>FO36P�9D-4/NHO?�7cL4IcA[;>?�3QPNF)z(SC/�hbA07�S�9O-0/�/NA0/)HOR>Ij7>J�;mR8;>F�;:9^9O/N?�1_/)HD;:9O`0HO/ , 3QF � ® »¼  , 1_/)HL0/)R8HO/)/�7:J¢J�HG/N/)L078?�36A�9D-0/¡R8;>FNw�rM36A0PN/2Sa/�;>HO/2;>FOFG`0?*36A0R�;T10=~;:A0/21[;>HO;>=Q=6/N=vFGIcFG9O/N?�z0SC/¡7>A0=6I*PX;>HG/W;>Zv78`49.9D-4/HD;:L03~;>=[5>/N=Q7cPN3�9oI�L03QFG1_/)HOFO3678A +�� ��A47>9C9O7�Zv/2PN78AMJ�`0FO/)L�S|369D-*9D-0/�PNHO7>FOF.FO/)P)9O3Q78A��À�nw�¹@7>HC3QAB9O/NHOR8;>=~;>Pn9D36Pu-BIcL0HG78R8/NA«z9oIc103QPN;>=K9D/)?*1v/NHO;:9D`0HG/NFu;>HG/ , c|Á ��� � O QTz0S|-03QP<-g3QFu;�?�3QA43Q?^`0? 7>J{9O-0/WFO36?^`0=69D;>A0/)78`0F|-0/X;\9D3QA4R�;>A4LgP)7M78=63QA0RPN`4HG58/)FT��FO/N/&rM14369Dd)/NH)z���¦�91. , ¥ ����� 460�¥8`8.8.1`8.�,XK&2ª¦Z`�� KZ2 ` 48. 2 ` � � �N4�	 `	�N,ª¤M£��nz[P)78HOHG/NFO1v78A0L43QA0RT9D7

+�� � ��� � , c��� � Q 
 hc?�Ä:F)¿ � �4wÀ�>�8�B�
(�7�S 9O7�36A0PN=6`0L0/T9D-4/�P)78FO?�78=678R83QPN;>=¢/nlM1[;>A0FG3Q78A};>=Q=6`0L0/)L$9D7g;>Z_7�5>/>z�SC/�HO/nS|HO369O/^9D-0/�L03 a«/)HO/NAB9O3~;>=�7>149D36PX;>=L0/)149D-g;>F ��� ® � 1��y�
/ � + - ² , c©� + 1��G� > ! ² +�� � � ���� / 
 � / ² � �4wÀ�M���B�

S|-0/)HO/*Sa/�-[;X58/�?*;>L0/�/©l414=Q3QP)369¡9O-0/�L0/N1v/NA0L4/NA0P)/�7>JC9O-0/�PNHO7>FOF�FO/NPn9D3678A}`01v78AkZ_7:9D-m9D-0/�3QAB9DHG3QA0FG3QP^S|36L49D-k7>J9D-4/T=Q3QA4/T;>A0Lm`01v78A!9D-0/�Y27>1010=Q/)H2Z0HG7B;>L0/)A03QA0R4w&i�HO369O3QA0R ��� ® 4 � �©z³Sa/�-[;X58/T9D-0/^J�7>=Q=Q7�S|36A0R*J�HG78?�/)�c`0;:9D3678A� �MwÀ�8È8�nµ ���� / ® 4¯ �
/B� ® 4� �(' /B� ¯ c � � � c\� �(' /B� � ' ���6c\�y�(' /8� ¼ ' �	�Gc � � »��¶¼ ¿ � �4wÀ�M�8�º�



*B� ���������
	���
��������������������

SaI�?�/X;>FG`0HO36A0R&9O-0/E781M9D3QPN;>=@L0/N1M9D-�Zv/)9oSa/N/NA /T;:A0L / ' � /&Sa/2R8/n9.;�FO3QA4R8=Q/uAb`0?^Zv/NHa9O-[;:9aL0/N1v/NA4L0F.`01v78A�9D-4/9D-4/W9O/N?�1_/)HD;:9O`0HO/�� +�� �e;:A0LgL4/NA0FG369oI � 1���36A�9D-0/¡5c3QP)3QA03�9oI�7>J /4w
!EJ�PN7>`0HOFG/>z[9D-0/)HO/&;>HO/WFG78?*/¡9O/NP<-0A036PX;>=�P)78?*14=Q3QPN;:9D3678A0F)w � 9E;:AbI�R>3658/)A�SC;X58/)=Q/NA4R>9D-���HO/)L0FO-03�Jª9©�©z09D-0/WFO1v/NP©¨9DHG`0?�-0;>FWPN78AB9DHG3QZ0`M9D3Q7>A0F2J�HO78?Ã9D-0/^9O-0/NHG?�;:=�Z0HO78;>L0/NA43QA0R�;>A4L}�K78HG/NAB9Dd)3~;>AmL[;>?�1036A0R�J�HO7>?
9D-4/}U S|3QA0R8FG]�7>J;>L\�O;:PN/NAB9�FG=~;>Z0F)w�rM7¡36AT10HD;>Pn9D36PN/>z:SC/|7>Jª9O/NA^9<;:h>/e9D-4/.78149D36PX;>=ML0/N1M9D-�;X58/NHO;>R836A0R¡7�58/NH�P)HO78FGF(FO/NPn9D3678A0FNzc;>FGFO`0?�3QA4RPN7>A0FG9D;>AB9u9O/N?�1_/)HD;:9O`0HO/�;>A4LgL0/)A0FO3�9oIvµ /� ��/B� ® /� 1��G�  + 1�� � /B� ���� / ¿ � �4wÀ�M�º�8�

¹[78H^;�J�HO;>P)9O3Q78A}7>JuA0/N`49OHD;>=C-bIcL0HG78R8/)A��21�� z�9D-0/�;X58/)HD;>R>/�Ac`4?^Z_/)HTL0/NA4FO369oI}7>Jup�§&;:9�;$HG/NL0FG-036Jª9��y� ' /B�&36FFO36?*14=6I*R8365>/NA�ZbI /� 1�� �¸�4¿ È � + � ����)�� �21�� �y�(' /B� � ¿ � �4wÀ�M���B�

dFν

νd

  

p=0

¹�3QR8`0HG/¡�4wÀ�>�4µ(,.-0/¡9O-0/N78HG/)9O3QPX;:=³FO1v/NPn9DHO`4?Æ7>J�;T�b`[;>FO;>H;\9.;�HG/NL0FG-036Jª9.R>HO/X;\9D/NH�9D-[;:A�9D-[;\9e7>J�HG/N3Q7>A03QdN;:9D3678A$� � '
/�� # % )��\�nw�,.-4/�781M9D3QPN;>=0L0/)149D-�9D-0HG78`0R8-�9D-4/uFG`0HOHG78`0A0L43QA0RA4/N`49OHD;>=K-BIcL0HO7>R8/NAg3QF.?^`0P<-�R8HG/X;:9O/NH.9D-[;:A�`4A0369oI>w

,.-0/236?*?�/NL03Q;:9D/|10HG78Z0=6/N?�zM;:FC1v783QAB9D/)L�78`49CZBI�V¡`0A0A�� R¢/)9D/)HOFG78A�;>A0L�ZBIVSe;>-0PN;>=Q=��	r4;>=�9D1v/)9D/)HNzc3QF�9D-[;\936JC9D-0/�`4A0365>/NHOFG/�SC/)HO/�A0/)`49DHO;>=¡� � 1�� � ���nz�9D-4/�78149O3QPX;:=�L4/N149O-t7>Ju�³I ��;>Z0FO7>HO149O3Q78A}9O7$?�78FG9��c`0;>FD;>HGF^3QF&7>J9D-4/�78HOL0/)H � 1��2Á ��� � wm,.-0/�/)Ab9O3QHG/�FO1v/NP)9OHO`0? Z_/)=Q7�S ! ® �º�c��� �� Sa78`0=6LqZv/�P)78?*14=Q/)9O/N=�I};:Z0FOHG78Z_/)L°��FO/)/¹{36R0w³�4wÀ�>�B�©z«S|-036P<-�36F2A07>9�;:9�;:=Q=�S|-0;:9¡SC/�78Z0FG/NHy58/>w » f�78HO/^9oIc1036PX;>={5:;>=6`0/NF¡7:Ja9O-0/�;>Z0FO7>HO149O3Q78A!10HG78Z[;>Z43Q=Q3�9oI;>HG/ � ),+.-CÁ �4¿ÀÂMz«P)78HOHG/NFG1_78A4L03QA0R�9O7�;�A0/)`49DHO;>={J�HD;:P)9D3678A$7>J�7>A0=6I �21����Æ�X� � � w ¼ ,.-0/T36?*10=63QPN;:9D3678A�3QFE9O-[;:9¡;\9FO7>?*/|HO/)L0FO-436Jª9�R8HO/N;:9D/)H(9D-[;>A�9D-[;\9a7:J«?�78FG9��b`[;>FO;>HOF)zc9O-0/u10=~;>FG?�;29O-[;:9�UGHO/)PN78?�Z03QA0/)L0]�;:9�HO/)PN78?^Z43QA[;:9O3Q78A�-[;:FFO36A0PN/¡Zv/N/)AgHG/N3678A03Qd)/NL³w(,.-4/NHO/W36F./)5c3QL0/)A0PN/¡J�HG78? 9O-0/�x.fTS 9D-[;:9|HG/N3678A03QdN;:9D3678A�?*;XI�-[;X5>/&Zv/NR8`4Ag;:F./X;>HG=6I�;:F
/�Á��>�Mw^,.-0/NHG/*36F¡;>=6FO7�/)5c3QL4/NA0P)/�J�HG78?�9O-0/T-03QR>-0/NFy9&HG/NL0FG-036Jª9W�b`[;:FD;>HGFW9O-[;:9W3�9W?�;XI$A47>9W-[;X58/�/NA0L4/NLk`0AB9D3Q=
/&Á �Mw�%|/N3Q7>A03QdN;:9D3678AT3QF(9D-478`0R8-B9�9D7�Z_/|PX;:`0FO/)L�ZBIT9D-0/u/X;>HG=Q36/NFG9�R>/NA0/)HD;:9O3Q78A�7>J³Fy9<;>HGFa7>H�ZBIT9O-0/u´0HOFG9a�b`[;>FO;>HOF)zZv7>9D-g7>J{S|-036P<-gSa78`0=6L�FO/)A0L!;�Z[;:9O-�7>J{3Q78A036dN36A0R�`0=69OHD;X5c3Q78=6/)9.HO;>L03~;\9D3Q7>A�9O-0HO7>`0R8-g9O-0/�`0A0365>/NHGFO/>zv3Q7>A03Qd)3QA0RT9D-4/-BIcL0HO78R>/NAg9O-[;:9|-[;:LgZv/N/)AgA0/)`49DHO;>=³9D-4HO78`0R>-�9O-0/gUGL[;>HGh�;>R8/)FNw�]

i -[;:9�L0/n9D/)HO?�3QA0/)F�9D-036FT10-07>9O783Q7>A03QdN;:9D3678A�HO;:9D/ )�i}/�PN;>At9D-036A0h�7:Ju9O-0/�/N�b`036=Q36Z0HO36`0? ;>F�;$FO7>`0HOP)/n¨oFG3QA0h10HG78Z0=Q/)?gzvS|-0/NHG/^9D-0/�FO78`0HGPN/T7>J�A0/)`49DHO;>={-BIcL0HG78R8/NAmP)78?*/)F2J�HO78?ÆJ�HG/N/T/N=6/NPn9DHO7>A0F¡;>A0L!14HO7>9O78A0F¡;>A4L$9D-0/TFG3QA0hPN7>?*/)F2J�HO78?Ã9D-0/T3678A03Qd)3QA0R*10-07>9O78A0F)w^,.-0/NAmSa/TPX;>A!S|HO3�9D/^9O-0/THD;:9O/T7>J�P<-[;>A0R>/�36A!=Q7cPX;>=¢L0/)A0FO3�9oI!7>JaA0/N`49OHD;>=-BIcL0HO78R>/NA$;:PNPN7>HOL036A0RT9D7 � � 1��� � ® � � � � 1�� � ¾ � � 1�� � �4wÀ�M� *b�
78H �� � =6A � 1�� ® � � � � 1�� �� 1�� ¾ � ² � �4wÀ�M�ºÂ8�

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

��
"
	�0�
#)1��
�23
�0�
�"546	����(���

87
)�
���
#"9�;:
�<*=�/
������
)�
#�/
#"9�1�!$?>
@6ACBED
F D?GIH 29���

�$%7I��	�,#���J:I
#7
���K��$8��'���$%)�7
��	�$�"�4L$�����:K�M��	����J'N
��;��,1�K&�)�
��?��
�)������?"O�
"�	P�M*%Q

R�ST�
	��L��'���$�)�7I��	�$�"/���?"
	�>U
�������	�����
#��>3"
$?�T���L���
"
	�>U$�)��V:I
#7�)�
 ����	�$%"8����$�)��M4L��)�:�$?>3W3*IX='��I�L�%���ZYM>U$�)�
�����[!$�>J��	�"

 �C0%
#)�*\�\��,1�
:I
�"���
�)T������"K���

��/
.�1�?����	�,+��	�"

 �6$�'���
#)�0�
 :8��$�"
&%4L��)�:�$?>]WJ*IXCQ




���� � � � ��� � �	� 
 ���'	�� 	 �@�+� � ��	��'�'��� 	 
 * Å
S|-0/)HO/ �j3QFe9D-4/�HG/NP)78?^Z036A[;:9D3678A�PN7c/���P)/NAB9T��3QA�`0A03�9DF.7>J�PN? � Ä:FD�.;>A0L � 3QFe9O-0/W3QAB9D/)R8HD;\9D/NL�3Q7>A03QdN;:9D3678A�HO;:9D/:µ� ® *��  �

' ��� » � � � #�� �
�� � + � �0� � �*Á ��� � »�¼ F � » ² � �4wÀ�M���B�

S|369O-��
�
9D-0/WFO1v/NP)36´[PW36Ab9O/NA0FG369oI�7:J�9O-0/WZ[;>P<hbR8HO7>`0A0L�3678A036dN3QA4R^HD;>L43~;:9O3Q78A³w

¹[78H&9O-0/�9D/)?*1v/NHO;:9D`4HO/NF^;>A0LjL0/)A0FO3�9D36/NF�Sa/�;>HG/�3QAB9D/)HO/)FG9D/)Lt3QA³z � Á * ����� � » � ;:A0L � �^Á ��� � U z�FO7$Sa/R8/n9�;>A·/)�b`03Q=63QZ0HG3Q`0? FO7>=Q`49O3Q78At36At/N�b`[;:9O3Q78A°� �Mw½�M��Â8�^;>FT=Q7>A0Rk;>F^9D-0/�A0/)`49DHO;>=.-BIcL0HO78R>/NA�J�HD;>Pn9D3Q7>At3QFTFO?*;>=6= µ
�21��eÁ
��� � U ¾ ��� � � z�;>F¡Sa/*FO;�S ;>Z_7�5>/>w�,.-4/NHO/*3QFW;�10HO7>Z0=Q/)?gzK-07�Sa/)5>/NHNz{3QAm9D-[;:9NzKJ�78H / I �4zK9D-0/��b`[;>FO;>HL0/)A0FO3�9oI�L4HO7810F�7NaqFO-0;>HO10=�I8z�;>A0L}9O-0/ � � 10-07>9O78A0FWJ�HO78? !�;>A4L^S	9oIc1v/�Fy9<;>HGF&-[;X5>/�;gHG/N=Q;:9D3�58/N=�I!L03 �*P)`0=699D36?*/¡R>/)9O9O3QA0R�78`49u7>J�9D-0/�L0/)A0FO/&FG9<;:Hy¨¶J�7>HO?�3QA0RTHG/NR83678A0FNwCrM7*369|3QF|Fy9D3Q=6=K;>Ag781_/)Ag�b`0/)FG9O3Q78A�;>Fu9O7�S|-0;:9EPN;>`0FG/NLHO/)3Q78A43QdX;\9D3Q7>A�;:99/ I �4w

¹{3QA0;>=Q=�Im369^FG-078`0=6LtZ_/�A07>9D/)Lt9D-[;:9�S|-03Q=6/*Sa/�J�7cPN`4FO/NL�78`4H^L03QFGPN`0FGFO3678At-0/NHG/�78Aj9D-4/��KI �°9OHD;>A4FO369O3Q78A�7>JA0/)`49DHO;>=_-BIcL0HG78R8/NA«z0?*7>FG9e�b`[;:FD;>HaFO1v/NP)9OHD;T;>Pn9D`[;:=Q=6I�FG-07�S°;>A�=~;:HOR8/uPN78=6=Q/)P)9D3678A�7>JKL03 a«/)HO/NAB9e;>Z0FO7>HO149O3Q78A�=63QA0/)FNzJ�HO7>?s?*;>ABI*7>9D-0/)HC/)=Q/N?�/NAB9OFe3QA�;>L0L03�9D3Q7>A*9D7�-bIcL0HG78R8/)A³waxC78`010=6/NL�S|369O-�9D-4/�J�;>Pn9e9D-[;\9CSa/2-[;X58/¡?^`4=69D3610=Q/|RB;:FPN=678`0L0F|;\9|?^`0=69O3Q10=6/�HG/NL0FG-036Jª9OFNz[L0/)R8/NA4/NHD;:PN3Q/)Fu;>HO36FO/29D-0;:9|PX;>A�FG3QR8A03�´[PX;:Ab9O=6I*PN78?�10=63QPX;\9D/�9O-0/W;>A[;:=6IcFO36FNw���/)9u;\99D-4/^FD;>?�/�9O3Q?�/&9D-4/NFO/T7:9D-0/)H2=Q36A0/NF�R8365>/^`0F¡;�R8HG/X;:9EL0/X;:=�7>J�3QAMJ�78HO?*;:9D3678Ag;>Z_7>`49E9O-0/TPN78?�1v78FO3�9D3Q7>A³z@L0/NA0FG369oI>z;>A0L�FG9OHO`0Pn9D`0HG/&7:J�9O-0/W`0A0365>/NHGFO/&;>F.369|/n5878=�58/NLg7�58/NH|?*;>ABI�Z036=Q=Q3678A0F�7>J{I>/X;>HGFNw

����� � 5�#�+�%�#� !" 5 /"&¡+ &2 �% ���-* &�/ *}��+ &¡"
� Fy9DHG78A078?�/NHGFa9D/)A0L�9D7�9<;>h:/EJ�78H�R8HD;:Ab9O/NL�9O-0/EHG/N?*;>HOh\;>Z0=6/uJ�;:P)9�9D-[;:9aS|-0/NA�Sa/2=67M78h�;\9a9O-0/2FOhBI�SC/EFO/N/E?�;>ABIL03 a«/)HO/NAB9�-036FG9D7>HO3QPN;>=�/)1_7cP<-0FWFO36?^`0=69D;>A0/)78`0FO=�I8w !2`0H�;>HGP<-0/N78=678R836FG9�;>A0LkR8/)78=Q78R>3QFG92PN78=6=Q/X;:R8`0/NF¡?�`0FG9W9D-43QA0hg`0F=Q`4P<hbI>zc;>A0LT1v/NHO-0;>10F�;2Z0369�L03Q?�S|3�9O9O/NL�J�78H{A07>9(-[;X5c3QA4R�`4A0L0/NHGFG9O7M7cL�?*78HG/>z8-0;�5c36A0R¡Z_/)/NA�-[;>A4L0/NL�9D-0/.`4A0365>/NHOFG/78A�;�FO3Q=�58/)H.10=~;:9G9D/)HNw

fν ν

z = 1

z = 3

z = .1

log ν

¹�3QR8`0HG/T�4wÀ� Å µ|i -0/NA!Sa/T=Q7c78hg;:929D-4/^FOhBI$Sa/TFO/)/�9O-0/`4A0365>/NHOFG/|;:9{5>/NHyI^L03 a«/)HO/NAB9�9O3Q?�/NF)w�,.-0/.FG1_/)P)9OHO`0?	S|3Q=Q=Zv/}�b`03�9D/kL03 a_/NHG/NAB9$L4/N1v/NA0L036A0R�78A 9D-0/};>R8/)F�7>J^9O-0/Fy9<;>HGF�J�78HO?�/NL³zu9D-0/m;:Z0FO78HG149D3678A ;>A0L HO/©¨o/)?*36FOFO3678A ZBIL4`0FG9Nz_;:A0L�9D-0/WHO/)=~;:9O365>/¡3Q?�1_78Hy9<;>A4PN/27>J � V�(�FNw

!2A0/�?*36A078HE14HO78Z0=6/N?
3QFE9O-[;:9�;>=6=�9D-4/NFO/�L03 a«/)HO/)Ab9W/)1_7cP<-0F�;>HG/TFO`01v/NHG1_78FG/NL � ;>F¡FG/N/)A}3QAm¹�3QR0w_�4wÀ� Å �nz�;:A0LSa/2A0/N/)L�;�?�/)9O-07ML*7>JKL0/)10HO7º�G/NP)9O3QA0R&9D-0/)?gw{i�/E-0;�5>/E9D-0;:9C36A*9O-0/�J�78HG? 7>J�Y2781410=Q/)HaFG-036Jª9OFNzc36J�;>A*78Zc�G/)P)9.-[;:F?�/X;>FG`0HD;>Z4=Q/¡=Q36A0/NF|;:A0L�36J¢9D-0/¡78Zb�G/NP)9�3QA��b`0/)FG9O3Q78A�3QF.FG` ��PN3Q/)AB9D=6I�Z4HO3QR>-b9C9D-[;:9|Sa/WPX;>Ag; a_78HOL�9D7�L036FO1v/NHGFO/W369OF



*BÈ ���������
	���
��������������������

z = 1.5log10
SFR

z

¹�3QR8`0HG/��4w½�:È4µTrc9D;>HWJ�78HO?*;:9D3678A!HD;\9D/*;>F�;�J�`0A0Pn9D3Q7>A}7>JHG/NL0FG-036Jª9Nw�!2Z0FO/)HG5:;:9D3678A0FT;\9T78149O3QPX;:=�SC;X58/N=6/NA0R:9D-0FT36AM¨L43QPX;\9D/�;g1_/N;>h@z�Z0`49^9O-0/NFG/�?*;�IkA0/)/NLtP)78HOHG/NP)9O3Q78A�J�78H;:Z0FO78HG149D3678A�ZBI�L0`0FG9Nw

1/λlog

log Iλ

BVRI

¹�3QR8`0HG/u�4w½�:�4µ S�I�78Z0FO/)HG5c3QA4R^;WZ0=~;>P<hbZv7MLMIT3QA�L03 a_/NHG/NAB9´0=69D/)HOF)z[78A0/WPX;>A�L0/n9D/NHG?*36A0/¡369OFe9D/)?*1v/NHO;:9D`0HG/>w

10-07:9D78A0F)w � AB9O3Q=0A07�S�Y2781010=6/NH(FO-436Jª9DF(-0;�5>/�Zv/N/)A*7>Z49<;>36A0/NL�;>=6?*7>FG9(/©l4P)=Q`0FG365>/N=6IT;:9�78149O3QPX;:=[;>A0L�A0/N;>H�3QA4J�HO;>HO/)LSC;�5>/N=6/NA0R>9O-0FNw
§oA�9D-0/2P)78`0HGFO/¡7>J�78`4He/ a_78HG9OFCSa/¡-[;X58/¡`0A0L4/NHOFy9D7c7ML�;�Ab`0?�Z_/)H.7>JKSe;XIcF|3QA�S|-43QP<-�9D-4/¡1[;>FG9CSe;>F.L43 a_/NHO/)AB9J�HO7>? 9D-4/�14HO/NFG/NAB9Xw�,.-0/)HO/WSe;>F|=6/NFOF|P)=Q`0Fy9D/NHG3QA0RT7:J{RB;:=~;\lM3Q/)Fe3QA�9O-0/W1[;>FG9u;:A0L�9O-0/NHG/¡SC/)HO/�?�;>ABI�?*78HG/W;>P)9O365>/RB;>=Q;>P)9O3QP2Ab`0P)=Q/)3 z0�b`[;>FO;>HOF�;>A0L�HO;>L03Q7TR8;>=~;\lM36/NFNw(,.-4/NHO/&;>HG/¡7>9D-0/)H.Se;XIcFE;:F|Sa/N=6= w
,.-0/mJ�`0A0L[;>?�/NAB9D;>=210=Q;>A0/$J�78H�/)=Q=Q36149D36PX;>=uRB;>=Q;\lM3Q/)Fm� rM/)P)9O3Q78A	�8w �B�*Se;:F�36A 9D-0/m1[;>Fy9g;:9�-03QR>-0/NH�FG`0HGJ�;>P)/Z0HG3QR8-B9DA4/NFOFTJ�78H^´Ml4/)L / a«/)P)9D3�58/�HD;:L03Q`0F ! ��;>A0Lt58/)=Q7cPN369oIjL03QFG1_/)HOFO3678A + w�,.-0/�78Z0FG/NHy5>;\9D3Q7>A0F�;>HO/�P)78A0FO36FG9O/NAB9S|369O-�9D-0/¡58/)HGI�/N;>HO=�I�J�78HO?*;:9O3Q78A�7:J�9O-0/WFG9<;:HOF|3QA�/N=6=Q36149D36PX;>=6FC;>A4L�9O-0/WFO=Q7�S J�;>L036A0R�7>J�9O-0/WFG9O/N=Q=Q;>HeP)78?*1v78A0/)AB9;>F|FG9D;>HOF|/n5878=�58/�7Na$9D-4/�?*;>36A�FO/N�b`0/)A0PN/:w
,.-0/W=Q`0?�3QA478FO3�9oITJ�`0A0P)9O3Q78A�J�7>HCRB;>=Q;\lM3Q/)Fe-[;>Fe=63Qh:/)S|3QFG/2/)5>78=65>/NL�S|369O-�9D3Q?�/>zcFO7>?*/nS|-[;:9|L03 a«/)HO/NAB9O=6I�J�78HeHO/)L;>A0LqZ0=6`0/�RB;>=Q;\lM3Q/NF)wt,.-0/�P<-[;>A0R8/)F*-0;�5>/gZv/N/)A·?�7cL0/NFy9�J�7>H^9D-0/�HO/)L0L0/)H*Z0`4=QR8/�L07>?*36A[;:9D/)LtFGIcFG9O/N?�F�?�78HO/L0HO;>?�;\9D3QP�J�78HT9O-0/�Z0=6`0/NH�L036FOhtL078?�3QA0;:9D/)L·FyIMFy9D/)?*F)w�§oA 10;>HG9O3QPN`4=~;>H)za9D-4/gAb`0?^Zv/NH*7>J2J�;>36AB9*Z4=Q`0/�RB;>=Q;\lM3Q/NF3QA4PNHO/N;>FO/)FEL0HO;>?*;:9D36PX;>=6=6I*=Q7c78hb3QA0R�Z[;>P<hBSC;>HOL!36Ag9O3Q?�/>we,.-0/&78ZB5c3Q78`0Fu3QAB9O/NHO14HO/)9D;:9D3678A�3QF�;>A�36A0PNHG/X;>FG/NL$HO;:9D/�7>JFG9D;>H�J�7>HO?*;:9D3678Aj� r4¹�%��nzvHO36FO3QA4R�FG9O/X;>L43Q=6I�Z0;>P<hBSe;>HGLm3QAg9O3Q?�/&`4Ab9O3Q=¢HO/)L0FO-03�Jª9 / ® �8¿ÀÂ$��FO/N/^¹{3QR0wv�4wÀ�>ÈB�©w�i -[;\9-[;>141_/)A0Fe;:9�I8/n9C-43QR8-0/)HaHG/NL0FG-036Jª9a3QF�Fy9D3Q=6=@;�?*;:9G9D/NH�7>J«L0/NZ[;\9D/>w � J�HD;:P)9D3678A�7>J«9O-0/E781M9D3QPN;>=@;>A0L � �°=Q36R8-B9(J�HO78?FG9D;>H�J�7>HO?*;:9D3678A�3QF�;>Z0FO7>HOZv/NL$ZBIgL0`0FG92;>A0L$HG/NHO;>L03~;\9D/NLg3QA�9D-0/&?*36LM¨o36A4J�HD;>HG/NL³wai -0/)9O-0/NHE9O-0/�Fy9<;>H|J�78HG?�;:9O3Q78AHD;\9D/^J�;>=6=QF¡;:9 / I �8¿ÀÂ�7>H¡PN78AB9D36Ab`0/NF¡9D7�HO36FO/T78H�$[;:9O9O/NA0FW78`49WL4/N1v/NA0L0F&`01v78AmPN78HGHO/NPn9D3678A0F¡J�78H29D-4/�;>Z0FO7>HOZv/NL

$[`Ml_w
R(HO3Q7>H�9D7�9O-0/^?�3QLM¨D���8�8�:F�78Z4FO/NHy5:;:9D3678A0FE7:JaR8;>=~;\lM36/NF|SC/)HO/�=~;>HGR8/N=�I�=Q36?*3�9D/NL�9D7�HO/NL4FO-03�Jª9DF¡=Q/)FOFE9O-[;>A!`0A4369oI8w,eSa7&36A0L0/N1v/NA4L0/NAB9aL0/)5>/N=Q7>10?*/)AB9DF�10`0FG-0/NL�9D-078FG/|=Q3Q?�369OF�7>`49�9D7 / ® �4¿½Âcw{,.-0/.´[HGFG9�Se;:F�9O-0/|L0/)5>/N=67810?�/NAB9�ZbIrc9O/N3QL4/N=«7:J¢9O-0/�UO�³Ic?*;>A�Z0HO/N;>hb]^9D/)P<-0A03Q�b`0/:wa§¶J�9O-0/2FO1v/NPn9DHO;�7:J�Fy9<;>HGFCSa/NHO/WZ0=Q;>P<h�Z_7cL03Q/)FNzcSC/¡P)78`0=QL�?�/X;:FO`0HG/9D-4/N3QH|9D/)?*1v/NHO;:9D`4HO/NFuZBI�7>Z0FO/)HG5c3QA0R�9D-0/)?ÆS|369D-gZ0HO78;>L0Z[;>A4Lg´[=�9D/NHGF�;�J�78Hu/nl4;>?�10=Q/)">78-0A0FG78A³��F � ² � ² � ² 	 ² �

� ;$PN78?�10`49O3QA0R�9O-0/�HO/N=Q;:9D3�58/_$[`MlM/)F&36Ak9O-0/�L03 a_/NHG/NAB9&´0=69D/)HOF�;>FWFO-47ºS|A}3QAk¹{3QR>`0HO/��4wÀ�>�4w�§¶JCSa/�hcA4/)S 9O-0/N36H3QAB9OHO3QA4FO3QP&9D/N?�1v/NHD;\9D`0HG/NFNzKSa/�Sa78`0=6LmZ_/�;>Z0=6/�9D7�PN7>?*10`M9D/�;qUG10-07:9D78?�/)9OHO3QP)]�HO/)L0FO-03�Jª9Xw^i -036=Q/�9O-0/�FO1v/NPn9DHD;:=/NA4/NHOR:I L036FG9OHO3QZ4`49D3678A0F�7>JWRB;>=Q;\lM3Q/)F*;:HO/�A47>9Xz.36A R8/)A0/NHO;>= zC9O-078FG/$7>J¡Z0=Q;>P<h�Z_7cL036/NFNze9O-0/)IqA07>A0/)9O-0/N=6/NFOF�-0;�5>/J�/X;\9D`0HG/NFe9D-0;:9.1v/NHO?�369CFO`0P<-�10-47>9D78?�/)9OHO36PEHO/)L0FO-436Jª9|/NFy9D36?�;:9O/NF)zMS|369O-�3QA0P)HO/N;>FO36A0RT;>P)PN`0HO;>P)I�;:FC9D-0/¡Ab`0?�Z_/)He7>J




���� � � � ��� � �	� 
 ���'	�� 	 �@�+� � ��	��'�'��� 	 
 *B�

log ν

916 A

UV B

νF
¹�3QR8`0HG/^�4w �8�4µ.,.-4/TFO1v/NP)9OHD;�7>J�-47>92Fy9<;>HGF2FO-07�S ;�10HG/n¨P)3Q103�9D78`4F�L0HO7>1�36A_$[`Ml�;\9(9D-0/|�³Ic?�;:A�=63Q?�369¢L0`0/.9O7W9O-0/36A0PNHG/X;>FG3QA0R�7810;>PN3�9oIm;:9W- � I ���4¿ �e/ ��w�,.-03QFWFO`4R8R8/NFy9DF;�FOP<-4/N?�/WJ�7>He´[A0L036A0R*-43QR8-�HG/NL0FG-036Jª9uRB;>=Q;\lM3Q/)FNw

´[=�9D/NHGF|3QA0P)HO/X;:FO/NF)w
§¶9�3QF¡78`0H¡R>7M7cLm=Q`0P<h�9O-[;:9WFy9D/N=6=~;>HEFO1v/NP)9OHD;�L0/)5c3Q;:9D/TJ�HO7>?
9D-478FO/�7>JaZ0=~;>P<hgZ_7cL036/NF¡3QAk;�SC;�I!9O-[;:9W?*;>h>/)FHO/)L0FO-436Jª9�L0/)9O/NHG?*36A[;:9D3678AT/)5>/NA*/X;>FG3Q/NH)w�,.-0/uFG9O/N=Q=Q;>H(781[;:PN369oI�FO-07>HG9oSC;>HOL�7:J_9O-0/u�KIc?*;>A�=Q3Q?�369{;:9a�4�º� �� 3QF�5>/NHyI-036R8-³z[PX;:`0FO36A0R�;�FO-[;:HO1�L4HO781g3QA�9D-0/�$[`Ml_we,.-0/ � ´[=69O/NH|3QF|P)/NAB9D/)HO/NL$;:92�>�8�8� �� wv¹[78H|78Zc�G/)P)9DFE;:90/ ® �*;:A0LFO=63QR8-B9O=6I^-43QR8-0/)H(HO/)L0FO-03�Jª9�9D-0/)HO/u3QF�=Q3�9O9D=6/C78H�A07�$[`Ml�36AT9D-0/ � ´[=69O/NH(Z0`M9C10=6/NAB9oIT7>J $[`Ml�36A�9O-0/ � ;>A4L �¸´[=69O/NHGF;>FuFO/)/NA$36A$¹{36R8`0HO/W�MwÀ�8�Mwe,.-0/�R8;>=~;\lM36/NFu;>HO/�PX;:=Q=Q/)L�U � �	L0HO7>1_78`M9DFNw�]q,.-0/�FO;>?*/W9D/)P<-0A036�c`4/�PX;:A�Zv/&`0FG/NL!;\9I8/n9|-03QR>-0/NHeHG/NL0FG-036Jª9OF.ZBI�`0FG3QA0R^9OHO3Q14=Q/)9OFe7>JK´[=�9D/)HOFe9D-0;:9.=Q36/�J�`0Hy9D-0/)HC9D7^9O-0/¡HO/)L³warM1v/NP)9OHD;^-[;X5>/�Zv/N/)A�9<;>h:/NA�7>J9D-4/¡Z0HO36R8-B9D/NH � � L0HG781v78`49DF)z0FO-47ºS|36A0R�;>Z0FG78HO1M9D3Q7>A�=Q3QA4/NFa9oIc1036PX;>=«7>J�FG9O/N=Q=Q;>HaS|36A0L0F.36A � ;>A0L$� Fy9<;>HGFNw(,.-0/)FO/;>HG/�/n5c3QL0/)Ab9O=6I�R8;>=~;\lM36/NFCS|3�9D-�FO`0Z4FG9<;:Ab9O3~;>=¢rM¹�%uF)w
,.-0/�FO/)PN78A0LqL0/n58/N=67810?�/NAB9�Se;:F�FG7MP)3Q78=678R836PX;>= w$,.-0/NHG/�-[;X58/�;>=6SC;XIcF�Zv/N/)A�`0A0FO1v78h:/NA HG`0=Q/)F�;>Zv78`49T-07�S?^`0P<-!9O/N=Q/)FOP)781_/^9O3Q?�/&SC;>F¡9D7c7�?^`0P<-!9D36?*/�9D7�;>FGh�J�78H)w&§oAt���>�BÂ*9D-0/^9O-0/NAmL036HO/)P)9D7>H27>J�9D-0/�pu`0Z0Z0=6/�rM1[;>P)/,¢/N=Q/)FOP)781_/�rMP)3Q/NA4PN/�§oA4FG9D3�9D`49O/>z:SC78Z�i 3Q=6=Q3Q;>?*F)zML4/NPN36L0/NL�9D7*L0/)5>7>9D/&�8�8��78HOZ4369DF.9O7�J�78`4H|´0=69D/)H|10-07>9O78?*/n9DHyI�7>JS|-[;:9TSC;>FTPN;>=Q=6/NLj9D-4/�p�`0Z0Z4=Q/�Y2/)/N1q¹{3Q/)=QL³w R(-07>9O78?�/)9DHG3QP*HO/NL4FO-03�Jª9DF^Sa/NHO/�L0/n9D/)HO?�3QA0/)L�J�7>H�9D-07>`0FD;>A4L0FT7>JRB;>=Q;\lM3Q/)FNw�§oHG78A03QPN;>=Q=�I8zb78A0=�I�A47ºSWzMS|369D-�I>/)9uL0/)/N1v/NH.FO`4HG58/nIcFNz@-[;X58/¡Sa/¡Z_/)/NA�;>Z0=6/E9D7T78ZM9<;>36A�=~;>HGR8/2FO;>?*14=Q/NFa7>JRB;>=Q;\lM3Q/)Fu36A�9O-0/�HD;>A0R>/*��� / �°�Mwe,.-0/�Fy9DHG/NA0R>9O-�7>J{9D-0/&�³IM?*;>AgZ0HO/N;>h�?�;:L0/W369u1_7>FOFO36Z0=Q/¡9O7�=Q/N;>14J�HG78RT9D-036FHD;:A0R8/W3QAB9D7T-43QR8-0/)H.HO/)L0FO-03�Jª9DF)w
,.-0/NHG/¡3QFeFG78?�/EPN7>A0PN/)HOA�9D-[;\9|�³IM?*;>A�Z0HG/X;>h�FO`4HG58/nIcFE;>HG/E?�3QFGFO3QA4R�9D-07>FO/2RB;:=~;\lM3Q/)Fa9O-[;:9.;:HO/�KM032vJ�78HO?�3QA0RFG9D;>HOF2;>F�Sa/N=6={;>Fu9D-07>FO/^RB;:=~;\lM3Q/)F.9D-[;:92;>HO/�J�78HO?�3QA4R*Fy9<;>HGFE78A0=�I�3QAg9O-0/^L0/)149D-4F27>J(L[;:HOh�PN=Q7>`0L0FNz@S|-0/)HO/�9O-0/N36H=Q36R8-B9e36F.;>Z0FG78HOZv/NL�ZBI�L0`0Fy9u;>A0L�HO/©¨o/)?*3�9O9D/)L�3QA�9O-0/29D-0/)HO?*;>=«36A4J�HD;:HO/NL«w � 58/)HD;>R>3QA0RT7�58/)H|A0/X;>HGZBI�RB;>=Q;\lM3Q/NF)z4;\9?�78FG9{;|9O-03QHGL�7>J49D-0/)3QH�Z_7>=Q78?�/)9OHO3QP(=6`0?�3QA078FG369oIE3QF¢3QAW9D-0/a?*36LM¨o36A4J�HD;>HG/NL³w Sa`49{?�78Fy9{7>JM9D-036F�P)78?�/NF�J�HO78? ;uFO?*;>=Q=Ab`0?^Zv/NHe7:J�§\%°Z0HG3QR8-B9eR8;>=~;\lM36/NF�FG9<;:HCJ�78HO?�3QA4R�RB;>=Q;\lM3Q/)FNw{,.-4/NHO/¡36FeHO/N;>FO7>A�9D7�9O-03QA0h�9D-0;:9.;�=Q;>HOR>/NHaJ�HO;>P)9O3Q78A*7>J9D-4/�R8;>=~;\lM36/NF|;:9|-036R8-�HO/)L0FO-03�Jª9|SC78`4=QL�Z_/W§\%�Z0HG3QR8-B9NwCf�78FG9uFG9D;>HO=63QR8-B9|?*;XI�A0/n58/NHu/NFGPX;>1v/WJ�HO78?�9O-0/WRB;>=Q;\lM3Q/NF3QAgS|-03QP<-!3�923QF�/N?�369G9D/NL«wWrc9<;:HG9D36A0R�36A�9D-0/�=~;:9O/����8�>�>F�9O-0/^L0/n9D/NPn9D78HGF¡78A!FO`4Z0?*36=Q=63Q?�/)9D/)He9D/)=Q/NFGPN781v/NF¡Zv/NPN;>?�/FO`��*P)3Q/)Ab9O=6I!FG/NA0FG369O3658/T9O7�L4/)9D/)P)9 /�Á ��RB;:=~;\lM3Q/)F¡;:9�;>Am78Z4FO/NHy58/)L�SC;�5>/N=6/NA0R>9O-}7>JCÈBÂ>��� " wT,.-0/NFG/*78Zb�G/NP)9OF-[;X58/�5>/NHyIj-036R8-}Fy9<;>H�J�7>HO?*;:9D3678A�HO;:9D/)FT;>A0L}FO/N/)? 9O7�´[=Q=�3QA�9D-0/�L4/NPN=63QA0/*3QA�rM¹�%s36A4J�/NHGHO/)L}J�HO78? 781M9D3QPN;>=Q=�IFO/)=Q/)P)9D/)L�RB;>=~;ºl436/NF)z4;>=�9D-07>`0R8-*9O-0/2Ab`0?^Zv/NHGF|;>HO/EFG9D36=Q=@�b`0369O/2FO?*;>=6= w !¡Zb�G/NP)9OFeJ�78`0A0L�36A�9D-4/2?*36LM¨o36A4J�HD;:HO/NL�S|369O-9D-4/�rc10369OdN/NH|36A4J�HD;>HG/NL�9O/N=Q/)FOP)781_/�?*;�I�-[;X58/&;TFO3Q?�3Q=Q;>H�/ a_/NP)9Nw
� ?�;º�G7>HeFO-07>HG9DP)78?�3QA0RT7>J¢9D-4/�FG`0Z0?�3Q=6=Q3Q?�/)9O/NH�78Z0FG/NHG5:;:9O3Q78A4F.3QFe9D-4/N3QH.=67�S�HG/NFO7>=Q`49O3Q78A³w�Y23 a_HD;>Pn9D3Q7>A�=Q36?*3�9DF9D-4/&1v78FO3�9D3678A[;>=K;:PNPN`4HD;>PnI�9O7*HG78`0R8-4=6I!����;>HGPNFO/)PN78A4L0FNz_10HO7cL0`0P)3QA0R�/NHGHO78H|Zv7�lM/)F�9D-0;:9E36A0PN=6`0L0/W=~;:HOR8/¡Ab`0?^Zv/NHGF7>J«78149D36PX;>=[FG78`0HGPN/NF)w�,.-03QF�PX;>A*Z_/u3Q?�10HG7º5>/NL*ZbI�=67M7>hc36A0R¡J�78H�FO`0Z4?*36=Q=Q36?*/n9D/)H{FO7>`0HOP)/NFeZv/N-036A0L�=Q/NA4FO3QA4R&P)=Q`0Fy9D/NHGF7>J¢RB;>=Q;\lM3Q/)FNw"!2A0/¡PN;>A�;>=6FO7T`0FG/�<�¨oHO;XI�;>A4L�HD;>L0367^78Z0FG/NHy5>;\9D3Q7>A0FC9D7T36L0/NAB9O36JªI�S|-03QP<-�7>J�9O-0/¡?�;:AbI*PX;:A0L03QL0;:9D/)F3QA�;>A�/)HOHO7>HuZv7Xl�3QFe9O-0/WFO`0Z4?*36=Q=Q36?*/n9D/)HaRB;:=~;\lcI8w



Â>� ���������
	���
��������������������

log ν

dust primary

CMB AGN

stars

log νfν

¹{36R8`0HO/ �4w �4�8µ � FGP<-0/N?*;:9O3QPFO1v/NPn9DHG`0? 7>J(9O-0/^A036R8-B9¡FOhBI$L4/n¨PN7>?*1v78FO/)L 36AB9D7ÃPN78AB9DHG3QZ0`M9D3Q7>A0FJ�HO7>? Fy9<;>HGFNz � V�(&z·;>A0L 9O-0/x.fTSEw�,.-4/Cx.f SkL07>?*36A[;:9D/)F³ZBI;¸J�;>P)9O78Hj7>Jk���>� ;:9�369OFj1_/N;>h@w� V�(¸PN78AB9DHG3QZ0`M9D/NFC78A0/29D/)AB9D-�;>F?^`0P<-k;>F¡Fy9<;>HGF¡/nlMPN/)149&;:9Elb¨oHO;XIJ�HO/)�b`0/NA0P)3Q/)FNw
§oAB9D/NHG/NFy9D3QA4R8=6I>z:L0/)/N1 <�¨oHO;XI¡FO/N;>HOP<-0/)F{-[;X5>/a10HG7ML4`0PN/)L�HO/)=~;:9O365>/N=6IuJ�/)Sj-03QR8-WHG/NL0FG-036Jª9�78Zb�G/NP)9OFNw�,.-4/aHG/NL0FG-036Jª9OFJ�78He9O-0/ � V ( 3QA�9O-0/NFG/&FG`0HG5>/)IcF¡;>HG/¡?*7>FG9D=�I�=6/NFOF.9O-[;>A�`0A03�9oI8w
i -03Q=6/�;>Fy9DHO7>A078?�I}-[;>L�369OF^78HO36R83QA4F^;:9T7>149D36PX;>=�Se;X58/)=Q/)A0R>9D-4F�Sa/�A07�S�PN;>HOHyIj78`49�L4/N/N1qFO`4HG58/nIcF*7>Ju9D-4//nlc9OHD;>RB;:=~;>Pn9D3QP�FOhBI·7�58/NH�;>=Q?�78FG9*/)5>/NHyI�7cP)9<;X5>/$7>J29O-0/$/N=6/NPn9DHO7>?�;>R>A0/)9O3QP�FO1v/NPn9DHO`4?gw � 58/)HD;>R836A0R}7�5>/NH�9D-4//NAB9O3QHO/�FGhbI�Sa/gR>/)9*;kFG1_/)P)9OHO`0? 9O-[;:9�=Q7c78hbF�FO78?�/)9O-03QA0Rm=63Qh>/�9O-0/�PX;>Hy9D7c78A�3QAq¹{3QR>`0HO/��4w �4�8wti�/�14=Q7>9�9D-4/�b`[;>AB9D3�9oI � �

�
S|-03QP<-}-[;>F&9O-0/�10HO781v/NHy9oIm9D-[;:9&369�36F $@;\9�3�Ja9O-0/P$[`cl�J�HG78? 9D-4/*FGhbI�3QF¡9O-0/�FO;>?*/�7�58/)H�/)5>/NHyIL0/)PX;>L0/E7>J³SC;�5>/N=6/NA0R>9O-³w�,.-0/236Ab9O/NR8HO;:9D/)L�Z0HG3QR8-B9OA0/NFGFe7>J³9O-0/2/nlc9OHD;>RB;:=~;>Pn9D3QP|FGhbI*3QF�L078?�3QA0;:9D/)L�ZBI�9D-0/2P)78FO?�3QP?�3QPNHG7�Se;X58/�Z[;:P<hcR>HO78`0A4L���?^`0P<-k?*78HG/^FO7�9O-[;>Am3QA!9D-4/^´[R8`0HG/��nw � 9W36A4J�HD;:HO/NLm;:A0L�7>149D36PX;>=¢Se;X58/)=Q/)A0R>9D-4F�Sa/-[;X58/ � �

�
Á �:��A0;>A07>i};:9O9OF|1_/)HuFy9D/)HD;>L03Q;>A³w

i}/¡-0;�5>/W;:9O9O/N?�149D/)L�9D7�;>P)PN78`4Ab9Nz@;:9e=6/X;>Fy9.HO7>`0R8-0=�I8zMJ�7>HC9D-0/EHO/N=Q;:9D3�58/2P)78AB9DHG3QZ0`49O3Q78A4FC7>J¢FG9D;>HOFe;>A0L�;>P)9O365>/RB;>=Q;>P)9O3QP�Ab`0PN=6/N3 w�,.-0/eP)78AB9DHO36Z0`49O3Q78A�J�HG78? FG9D;>HOF(L07>?*36A[;:9D/)F�9O-[;:9{J�HG78? � V (·;:9(?�78FG9�Se;X58/)=Q/)A0R>9D-4F�=678A0R>SC;>HGL7>JK9O-0/�<�¨¶HD;XI*HO/NR>3Q78A³w{§¶9.3QFa`0A0PN=6/X;>Ha-07�S°9O-0/2Z[;:=~;>A0P)/EZv/)9oSa/N/)AgFy9<;>HGF.;>A0L � V�(�P<-[;>A4R8/NFeS|3�9D-�HG/NL0FG-036Jª9Nw � 9SC;�5>/N=6/NA0R>9O-0FW=Q78A4R>Se;:HOL$7>Ja��� " 9O-0/^=Q36R8-B9E36F2HO/©¨oHO;>L03~;\9D/NL�ZbI�L0`0Fy9Xw � 9WFO-07>HG9D/)HESC;�5>/N=6/NA0R>9O-0FW369EPN78?�/NFE9O7`0F|L036HO/NPn9D=�I�J�HO7>? 9D-4/&;\9D?�78FO10-4/NHO/)F�7:J{Fy9<;>HGF�;:A0Lg�b`[;:FD;>HGFNw
§oA�PN78A0Fy9DHG`0P)9O3QA0RW¹{36R8`0HG/e�4w �4�eSa/.-[;X58/.10=67>9O9O/NL^9D-4/./nlc9DHO;>RB;>=Q;>P)9O3QP�FOhBITZ0HG3QR8-B9DA4/NFOFu����r S.�nw>,.-0/NHG/|;>HO/C9oSa7PN7>?*1v78A0/)Ab9OFu9O7�9O-03QF ;�HO/)FO78=�58/NL�FO78`0HGPN/)F2;>A0Lg;>Ag`0A0HO/)FO78=�58/)L�Z[;>P<hbR8HG78`0A0Lt��9D-4/&/©lM9OHD;>R8;>=~;>Pn9D36P¡Z[;>P<hbR8HO7>`0A0L=Q36R8-B9Xz>;>PNHG78ABIM?�3Qd)/NL�;>F���Se�¢�©w � 9(L03 a«/)HO/NAB9(SC;X58/N=6/NA0R:9D-0F(9D-4/.`0A0HO/)FO78=�58/)L*Z[;:P<hcR>HO78`0A4L�?*;>h:/NF�58/)HGITL43 a_/NHO/)AB9PN7>Ab9OHO36Z0`49D3678A0F�;k;>=6?*7>FG9WA078A4/�;:9&78149O3QPX;:=�Se;X58/)=Q/)A0R>9D-4FT;>A0Lt;:=Q?�78FG9W/n58/NHyIb9D-036A0Rm;:9&?*36LM¨o§\% SC;X58/)=Q/NA4R>9D-0F)w,.-0/u?*/N;>FO`4HO/N?�/NAB9OFa36A�9O-0/u?*36LM¨o§\%·;>HO/|?�78FG9O=6I�J�HG78? 9O-0/uY2§\%�Se�};>A0L*¹{§\% � r�/©lM1_/)HO3Q?�/NAB9OFa78A�9D-4/Ex�! Se�FD;\9D/N=6=Q3�9D/>z�S|-036P<- -[;>L ;>=Q?�78Fy9�A07}HG/NFO7>=Q`49O3Q78A³w�fg78Fy9�7>J�9D-0/�?*36LM¨o§\% =Q3QR>-b9�14HO78Z[;:Z0=6I�P)78?*/)F�J�HG78? -036R8-0/)HHO/)L0FO-436Jª9u9D-[;>A�9D-4/&781M9D3QPN;>=K=Q36R8-B9Xwa,.-0/&A4/X;>H � � ;>RB;>36A�PN78?�/NF|J�HO78?Æ-43QR8-0/)H|HO/NL4FO-03�Jª9u9O-[;>A�9D-0/�78149O3QPX;:= z09D-4/HO/)FO`0=�9u7>J{-43QR8-0/)H.FG9D;>HeJ�78HO?*;:9O3Q78A�HO;:9D/)Fu;:9u-03QR8-4/NH.HO/)L0FO-436Jª9Xw


