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� � ¢ ¾ rn£¹¸<§

(t=JA2;2?2*V;2IM57(26�;{A2vLP�6B8g=4N|G-=¹et6B8)mJ698>5K*-.B69,gIJ*Vm46B, 5
% � � � � � � I � *+, M � � � I � *+,\M  � 
�
�
 � �

� I � *+, M � =��
 � � � � I � *+, M � � � I � *+,\M  � 
�
�
 � �
� I � *+, M � =  ¢ ¾ rn£J£Õ§

eg(+*-.0(	G-6U1H?2,}57=g5
$ ��� .��� =>� � , � I% * � M I � * $ M

�,I � * , M � 
 ��� � ��� .��� =>� � , � I�% * � McI � * $ M
�,I � *+, M �
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3 >A> 07*-,/. 021
³�6S5lA2,M;2=¹e�1H,K,KA+vw6�5K(O1H5M57(+6z(26B*VIJ(<5l=4Ng57(26k?2693E69;2?26B;+.9��IJ8K1432(�*-,L=Y?2?fr ')(26
;YA+vLPE698¡=4N^A+323E698:mJ6B8�57*V.B6B,Ç.U1H;wP�6gPE=JA+;2?26B?wP<�M.B=JA+;{5K*-;2I�57(+6o;{A2v~PE698Ç=HNEm46B8>5K*-.96B,
*-;�57(+6�=Y?2?	G-6SmJ6BGV,)5
%�� � � � � � I � * , M � � � I � *+, M  � 
�
�
 � �

� I � *+, M � =��
 � � � � I � * , M � � � I � *+, M  � 
�
�
 � �
� I � *+, M � = � ¢ ¾ rV£¹¦J§

eg(2*-.0(	G-6B14?2,}57=65
, ��� .� � =>� � , � I�% * � McI � * $ M

�,I � *+, M � 
 ��� � ��� .� � =>� � , � I�% * � M I � * $ M
�,I � *+, M �

¢ ¾ rV£ © §
(q=JA2;2?+*-;2IM57(+6�;{A2v~PE698)=4NCGV=Õet6B8}m46B8�57*-.96B,oIJ*Vm46B, 5

%�� � � � � � � I � * , M � � 
�
�
 � �
� I � * , M � =��
 � � � � � I � * , M � � 
�
�
 � �
� I � * , M � =  ¢ ¾ rV£Õ°4§

eg(2*-.0(	G-6B14?2,}57=65
, ��� .� � =>� � , � % I � * $ M

� � 
 ��� � � � .� � =>� � , � % I � * $ M
� � ¢ ¾ rV£¹¥J§

')(+6B,K6�P�=JA2;2?2,g(O1Um46�P�6B69;�.B14G-.9A2GF1p576B?�Nj=48}57(26i5[et=a?+*��E6B8K69;<5·P+G-=Y.0�y,K* �B69, % T
� � � � � 14;+? % T ,	� $�� TO14;2?	=@?+?	mH14GVA26B,g=4N � Nj8K=Jv ¦l5K=y¤+rÇ')(26�57*VIJ(<576B,�5gm41HG-A269,
¢ÎP�695[et6B6B; ¢ ¾ ràÀ<§ÒTï¢ ¾ rV£¹¸J§ � ¢ ¾ rV£ ¾ §ST<14;+?	¢ ¾ rn£ © § � ¢ ¾ rn£¹¥<§>§/148K6q,KA2vavy1H8K*��96B?L*V;L'|14P2G-69,
¾ rV£�14;+? ¾ r ¾ r

� T � , � ! � � � � 
 , � ! � ,
� T � ��! � � � � 
 � ! � �
� T � � ! � � � � 
 � ! � �
� T � � ! $ , � � 
 � ! � �

'/14P+G-6 ¾ rV£@5A(t=JA2;2?2,)=4;y57(26i(+6B*-I4({5}=4N�1L.9�Y.BGV6SxÝNj8K6B6i?+6B3�6B;2?269;2.9��IJ87143+(�eg*V57( % T
� � � � �

*}5q1QÈ=&@6B?�GV6B;2IH57( %µT<57(269,K6·PE=JA+;2?2,t148K6g.BGV6U148>GV�~?26B.98K6U1H,K*-;+I�NjA2;2.S57*V=J;2,��Ç=4N ��r
N·6B;+.B64TY57(26o,Kvw14GVG-6B,�5:mH14G-A26g=4N ��T	` �ÎX � � T �@TYGV6U14?+,Ç5K=�5K(26·(+*-IJ(269,>5t?26B3�6B;+?26B;2.S�
IJ87143+(fr�su57,�(26B*VIJ(<5~*V,�14; A23+3E698~P�=JA2;2?µ=J;µ5K(26y;{A2vLP�6B8�=4N)?+6B.B=Y?2*V;2I�*n5769871H5K*-=J;2,
;26B69?26B?&5K=�8K6B14.0(�.B=J;<m46B8KI46B;2.96lNj=48Q1y.9=@?26�57(O1p5Q328>6B,K69;<57,i.9�Y.9G-6SxÝNj8K696L?26B3�6B;+?26B;2.S�
IJ87143+(2,)Nj=J8g14G-GE*V5K,)P2*V5K, ���Ýr
� ËSÜpÞQËÒìÖÏÎÐqÔ¿ÜH×úÌÝÙ>ËSÏÆÔàÜ 2ÇÑäípÜp×[ÍÝÔ¿Ð9ÜpÏ�ÐÒÑ@ÍÆÓÕÙ:ìàÙ�Ü12ÒÍÆÓ��Mð



�	��� ���>�������	����������� 
���
 � ��! �! ¦4¤
� T � ��! � , � � 
 ��! � �
� T � � ! � � � � 
 � ! � �
� T � � ! � � � � 
 � ! � �
� T � � ! $ , � � 
 � ! � �

'|14P2GV6 ¾ r ¾ 5�(q=4A2;2?2,)=J;�5K(26Q(269*-IJ(<5)=HN/1�.9�Y.BGV6SxuNj8>6B6i?2693E69;2?269;2.9�zI4871432(�eg*n57( % T
, � $��

� *8@#* rA> * r ;CB�.59 <�@ 0 07*-,/. 021�354 9 *8< t ,/D 16,/; , r 1 *-9 t *8<�� *89 D
No=¹eq6SmJ6B89T}14;<�¯È2;2*V5K6�*-;<57698KGV6U1UmJ698l14;2?¯57A+8KP�=h.9=@?+6z6'&@(2*-P+*V5M?2693E69;2?269;2.9��IJ8K1432(2,
eg*n57(	.9�Y.BGV6B,9r *·,o5K(26�328K69,K6B;+.B6~=HNC1l.9�Y.BGV6�*V;	1l?+6B3�6B;2?269;2.9��IJ8K1432(k8K69,KA2Gn57,o*-;k?26Sx
.98K6B14,K*V;2Ii57(26g;{A2vLP�6B8:=4N�mJ698>5K*-.B69,q1p5:57(26)GV69mJ69G2eg(26B8>6g*V5Ç14323�6U1H8K,BT<*n5Ç14G-,>=i*-;2.98K6B14,K69,
5K(26i57=45714Gf(269*-IJ(<5g=4N�57(+6�?+6B3�6B;2?269;2.9�	IJ8K1432(fr

*·,y14;»6'&+14va32G-6HT}º/*VIJA28>6B, ¾ rn£ ©�� ¾ rV£¹°�,>(2=¹e�57(26�1UmJ698714IJ6	3�=J32A2G-1H57*V=J;fT?` �ÎX �
5K(26a;YA+vLPE698�=4Nqm46B8>5K*-.96B,~3�6B8�GV69mJ69GÝTq¢Î.9=Jvw3+A+5769?hNj=J8i5K(26 % ?2693E69;2?26B;+.9�µIJ87143+(2,BT
� T �<§L=4ND5[et= ?+*��E6B8K69;<5w*V;<576B8>G-6B1¹m46B8>,w=4N·,K* �B6 % T � � � � � rÃ')(+6	ÈO8>,>5w=J;26k*-,
.0(+=J,K69;�1H5·8714;2?+=Jv 14;2?	57(26�,K69.B=J;2?�=4;26�*V,)57(26�.B=J;<mJ69;<57*-=4;O14G�P2G-=Y.0�z8K=¹e}xu.B=JGVA2vw;
*V;<576B8>G-6B1¹m46B89r ± 6�,K696 Nj8K=Jv 5K(26&3�=J32A2G-1H57*V=J;»?+*-,>5K8K*VP2A+57*V=J;�57(O1H5�1 vw1 &@*-vLA2v =4N
� $ � $ T , � *n576B8K1H57*V=J;Q,�576B3+,��C1H;2?~1H;�1Um46B871HIJ6¡=4N $ $ � $ T , ,Ç148>6:;26B69?26B?�57=g.B=4;{m46B8>IJ6
*V;M57(26g.U1H,K6o=4Nf1�871H;2?2=Jv *-;<57698KG-6B1UmJ6B89r:')(2*-,:;{A2v~PE698t*V,:vLA2.0(aGF148>IJ6B89T{1�vw1 &@*-v~A2v
=HN $ � � � $ T , $ �~1H;2? $ � � � $ T , $ � =J;�57(26D1UmJ6B8K14IJ6HT2*-;y5K(26D.B14,K6D=4N�1~8K=¹e}xu.B=JGVA2vw;
*V;<576B8>G-6B1¹m46B89rz')(2*-,�PE69(O1Um@*V=J8ieg*-GVG:PE6a6'&@32G-14*-;269? *V;h5K(26y;26 &Y5l®@69.957*V=J;fT�eg(26B8>6wet6
3+8K=¹mJ6�57(O1p5o14;<�z8K=¹e}x[.9=JG-A+vw;k*-;<5K6B8KGV6U1UmJ698)(O14,gva*-;2*Vvy14G�.9�Y.9G-6B,g=4N|G-69;2I45K(�¦@r
±µ6}6Bva32*V8K*-.B14G-Gn�D8>6Bvw148K�ïTJ=4;L,K6SmJ6B8K14G+6 &+14vw3+G-6B,|=4Nï32A28>6BGn��8K14;2?2=4v�*V;<576B8>G-6B1¹m46B8>,

eg*n57(�?2*��E6B8>6B;<5CGV6B;2I45K(2, %hT457(21H5/5K(26qvw1 &@*-vw14GJ(269*-IJ(<5/=4N257(+6B*-8�?2693E69;2?26B;+.9�MIJ8K1432(2,
*V,a5[eg*V.B6 5K(26 (+6B*-I4({5w=4Ni5K(26 .9=J8K8>6B,K3�=J;2?+*-;2I 5K(26B=48K695K*-.B14Gg.9�Y.BGV6SxuNj8>6B6�?26B3�6B;2?+6B;2.S�
I4871432(^r

�QA28�ÈO8>,>5 .B=4;2.BGVA2,K*V=J; *-,&57(21H5»c�` ]\]BW�`\ _úXSb d-XKc �4XSb 
 � f'_~Z�b^]BW �O]0X�]R]1
DZ+cY]'_
� f0d ]pb _��lWYX[ZOXS\�WYXS\^]S_i`4bKcSZOdLf>_ ]yXS\�cLacd-Xic��9c f'_EZ�b^]0Z+c¹`<cS_W` ]p\�]	�>`\
� ]pb 
acS_W` ]p\=fSr/')(+6
NÎ1H.95L5K(O1H5Let6z?2=�;2=45L�Y;+=Õe 57(+6k14.95KAO14Gq.9G-A2va3¯,>*��B6 � *V,L;2=45M*Vvw3�=J8�5014;<545wet6
:>A+,>5Q.9=Jva3O148K6�57(+6~1UmJ698714I46 � vw1 &@*-vw14G�(269*-IJ(<57,·=4N/5K(26~?+6B3�6B;2?269;2.9� IJ871H32(2,D=HN/57(+6
.9=Jva3E6S57*-;+IM*-;<57698KG-6B1UmJ6B8>,)Nj=J8)?2*��E6B8>6B;<5gmH14G-A269,)=4N ��r

� Q�ÜQÔ¼ÍÝÙ�ÌuË0ÍÆÔàÐSÜQÏÎÍÆÙ�Øi×�ÐSÌÝÌÆÙKÏÎØ4ÐSÜpÞpÏ�ÍÝÐqÍ GEÐ)Þ¹ÙK×úÐ¹Þ¹ÔàÜ 2)ÏjÍÝÙ�ØpÏ>ð
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º/*-IJA+8K6 ¾ rn£Õ°%5)*�mJ698714I46a3�=J32A+GF1H5K*-=J;�=4NÇ57(+6a?+6B3�6B;2?269;2.9� I4871432(+,�Nj=48 % T � � � � � r
�o=¹e}x[.9=JG-A+vw;z*V;{5K6B8>G-6U1UmY*-;+I2r � T �+r
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P�695[et6B69;&5[eq=z.9G-A2va32,9r)')(26B,>6L.9�Y.BGV6B,Q.9=J;<5014*V; ,�578K=4;2IyGV*-;2�{,·14;2? et6U14�kGV*-;2�{,BroºO=J8
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vw1H5K*-=J;LNÎ14?+6oP�69Nj=48K6g8K6B14.0(2*-;+I�5K(26·,>A2vavw*n5UT<14;+?w,>=�5K(26·*V;+Nj=J8>vy1H5K*-=J;~328K=J3214I<1H5K*-;2I
A+3{eq148>?½*V;�57(+6&?26B3�6B;+?26B;2.S� IJ8K1432(�eg*VG-Gg8K6B14.0( 57(26&,>A2vavw*n5wmY*F1 5[eq=�?2*��^698K69;{5
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º/*VIJA28>6 ¾ rV£U¥=5 
�*-;+*-vw14GE.S�Y.BG-69,g?2*-,�578K*VP2A+5K*-=J;z=4N|?2*��^698K6B;<5o*-;<5K6B8KGV6U1UmJ698K,9r

º/*VIJA28>6 ¾ rV£¹¥�*-GVG-A2,�57871p576B,C5K(26·È28K,>5t.9�Y.9G-6B,q?2*-,�578K*VP2A+5K*-=J;MNj=J8¡?2*��^698K6B;<5q*-;<57698KG-6B1UmJ6B8
,>*��96B,Br/su5¡.U14;lP�6}6U14,>*-Gn�~,>(2=¹eg;a5K(O1H5¡14GVG+va*-;2*Vvy1HG<.9�Y.BGV6B,¡=4NE1Q.BG-14,K,>*-.U1HG+8K=¹e}xu.B=JGVA2vw;
*V;<576B8>G-6B1¹m46B8¡,>57148>5ÇNj8K=4v 57(+6·,>A2vwva*V5:14;2?l576B8>vw*V;O1H5K6g1H5ÇG-69m46BG�¦B5/,K696E*·323�6B;2?2* &P*~r

�QA28C,>6B.9=J;2?l.B=J;+.BG-A+,K*-=4;M*-,|5K(O1H5oc·` ]\]BW8`\ _[XSb d-XKc �4XSb 
 � f'_2Z�b^]BW �O]0XoWYX[ZOXS\�WYXS\^]S_
`4b>cSZOdLf �`�_d&]S_<]'d-XRf�c f8dnc4bÆ`YX�c f}Z ]\fRf'`Wacd-X _ ]~` �+c4b>c4\ _úX0X _dOX8d�]1qXRf'_tWYX[ZOXS\�WYXS\^]S_V]	�
`\^]R]1
+`\Y`QZ�b^]Sa0cLac`�de`�_J`ÝXRfSr
')(269,K6Ã.B=J;+.BG-A+,K*-=4;2, *-;<mJ=JGnmJ6¯5[et= .9=J;<578K14?2*-.S57=J8�� 328>=J3�6B8>5K*-69,H5�?26B3�6B;2?+6B;2.S�

I4871432(+,L.U14;�;2=H5MPE6B"ú.B=4vw3O1H.95C$y14;+?�(O1UmJ6kGF148>IJ6y.S�Y.BG-69,l1H5L5K(26�,71Hvw6y5K*-va64r�s[;@x
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?26B69?fTY5K(26o?2*F14va695K6B8 R�� �~=HN�14;<�lIJ8K1432(a*-,¡G-*V;2�469?a5K=�*n57,¡IJ*-8�57(��MP<�M57(+6·*V;26! {AO14GV*V5[�V5
� 
 $ � � , ¢ ¾ rV£ « §

s[;{5KA2*V5K*Vm46BGV�4TY5K(26Dvw1 &@*-vw14GO(269*-IJ(<5q=4N�14GVGï5K(26Q?2693E69;2?269;2.9�yIJ87143+(2,q=4N�1�57A28>PE=�.B=Y?26
*-,iG-*V;2�469?�57=z57(26l?2*-14va6957698i=4NÇ57(26P(}1U�J69,K*-14;µ;+695[et=J8K��=4Nt57(26l.9=@?26�¢57(26M8>6BGF1p57*-=4;
?26B3�6B;2?+,i=J; 57(+6M.0(2=J,K69; .BG-A+vw3�,K*��96 � §ST^14;2?&57(+6Lvw*V;2*-v~A2v ÈO8>,>5�.9�Y.9G-6LGV69mJ69G/*V,
G-*-�H6B?z57=M5K(26�IJ*-8�57(h¢Æ1H;2? 1HG-,K=L5K= � §Òr
')(+*-,kNÎ14.95	6'&@32G-14*-;+,keg(<�½?269.B=Y?2*-;2IÃ*V5K6B8K1H57*V=J;²,>576932, 8>6Bvw14*-;²A2,>69NjA2G�69m46B; *nN

.B=J;<mJ698KIJ69;2.B6 ¢Æ1H,Qeq6M?26SÈO;269?µ*n5Ò§·(O1H,iPE696B; 8K6B14.0(26B?^r *DGVG|57(+6M=JP2,K698>mH1H5K*-=J;2,D(O1UmJ6
PE696B;	.B=J;<mJ6S�J69? 57=a6U14.0(	P2*n5UT2P2A@5D1H8K6i.B=48K8KA+3+5769? P<��57(+6�3+8K6B,>6B;2.96~=4N|.9�Y.9G-6B,9r
')(+6o3�6B8�Nj=J8Kvw14;2.96}.B=4vw3O1H8K*-,>=J;M=4N�5[eq=i5KA28KP�=�.B=Y?26B,:eg*V5K(M,714va6)871p576�� T ,�� �+T

*-;<57698KG-6B1UmJ6B8�G-69;2I45K( % T � � � � T�14;2? "OT $ .9=J;2,>5K*V5KA26B;<5L.9=@?+6B,�eg*V57(hIJ69;26B8K1H57=J8>,
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Zu^�h;ij`�\_g�ha`enr^a`edQh;\_s�g�s]t�n;Z]gjv1s��5XH��l#`enr�C�1ha`ev��j\SgjZ]nr��W�k���desGvj`V^e�Cf�h=\_^=Zyvj\Snr`edVh
�]`egj`Vn;Z]X_\S�wZ9h;\Ss]g/s]t ��� b�k�desGvj`V^ � ^a`e`�kYiPZ]l1ha`enc� � � �M��� desGvj`e^ dwZugCZ]X_^as¡�¢`�^a`V`eg�Z]^
�cZ]gjg1`en�dVsmvj`V^/�PZ]^r`ev�s�g)naZ]gjvjs��£�j\_lPZ]nrha\_ha`%��naZ]ljij^V�=fRgjvj`el#`eg1vj`eg3h;XH��o � `eg3ha�7Z]\_`en
Zugjv)¤{\_�3Z]gj�]\Snas¦¥�§©¨��9ª�\_g�hanasGvj�jdV`ev�h;ij`=^;Zu�5`/dVs�gj^rhana�jdQh;\_s�g��

«¬`^rh;�1v1��h;i1`�`Vgj^a`V�C�jX_`�l#`en®t,s�na�5Z]gjdV`Js]t�h;ij`V^a`�desGvj`e^ Z]g1vMl1nas¦¥�`h;iPZ9h�h;ij`Q�=Z]na`
Zu^r�G�5lmh;s]ha\SdwZuXSX_�5��sGsmv{�¯°ljl#`en°Z]gjv	XSs¦pq`en-�¢s]�jgjvj^-s�g�h;ij`V\Sn-�O\Sgj\_�C�j�±�AZ]�O�O\Sgj�
v1\S^rh;Z]gjdV`qZuna`ljnas¦¥G\Sv1`ev�o²h;s��]`Vh;i1`en�p-\_hai=haij`e\_n��7Z²³1\_�C�j�´XS\_µ]`eX_\SijsGsGv�vj`edVsmv1\Sgj�-`enrnas�n
l1nas��PZu�j\SX_\_hR���

¶ g�\_ha`en;Z9h;\_¥]`�^as]t@h®�R\Sg1lj�1hO^as]t@h®�Rs��mh;lj�1hOvj`VdesGvj\Sg1�¬t,s�nOZ]g3� �M��� desGvj`�\_^5l1na`Q�
^r`eg3h;`Vv�o·Zugjv¸Z!�O`Vh;i1smv�h;s	`e^®h;\S�5Zuha`Ch;ij`Ol¢`Vnrt,s�nr�7Zugjde`�s]t�¹P:Q8@+w:DBQ<Dº�\_ha`en;Z9h;\_¥]`�vj`Q�
dVsmv1\Sgj�»s]t �M��� desGvj`V^¡\_^�vj`enr\_¥]`ev��

¼ \_�C�jXSZuh;\_s�gj^Cs]t �M��� desGvj`e^Op-\_h;i¾½À¿ÂÁÃXS`Q¥�`VXS^»pY`Vna`�l#`en®t,s�na�O`ev~s¦¥�`en»h;i1`
ÄRÅPÆQÇ?È�É�ÊKËjÈÍÌ²ÎÏÉcÐ�Ì9ÆKÑ²ÈTÒ®Ç Ì9Æ;ÓQÒJÔ]Ò®ÒrÕ=Ñ²ÇÍÒrÉTÒ®ÕeÈTÒaÖAÆKÈ�ÈTÌ9Ò�×TØ�ØcÙ ÚQÚ�ÐLÊVÕ¦ËÛÒ®ÇÍÒ®ÕuÐLÒ-ÜÛÝÞÆQÕ9ÐLÊVß²ÓQÒrÇ�à�ÆQÕ9ÖÈTÌ²ÒJÝâá ØcÙ ÚVÚYÐ®ÊQÕ¦ËÛÒrÇTÒrÕ9ÐLÒ�Ü_ã�ÊQßuÉ,ÈÍÊQÕuàLäåRæ{ç Ñ]Ò®ÇTËÛÒrÐRÈaèPé¢Ò°ê�ÒrÆKÕOÎ©ÈÍÒ®Ç�ÆDÈTÎÏÓQÒ°Ö¦ÒrÐ®ÊwÖ²ÎëÕ²ìMÊQÕOÆ=Ð®Ê¦Ö¦Ò¡é�Ì²ÊeÉ?Ò¡ìQÇ�ÆKÑ²Ì�Ì9ÆVÉ�Õ9ÊMÐ ç ÐLíÏÒQä�á�Ì²ÎîÉÆQÉÍÉ?ß²ê�Ñ¦ÈÍÎëÊVÕAÆQíÏÉTÊ�ÐLÊQÇÍÇÍÒrÉTÑuÊVÕ9Ö²É¢ÈTÊ-ÆQÕ°ÎÏÕ¦ï9Õ²ÎëÈTÒJíÏÒ®Õ9ìKÈTÌ�ÊQËGÈTÌ9ÒÐLÊ¦Ö¦ÒQä
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¶ « �%$ dDiPZugjgj`eX3p-\Hh;i=�j\SgjZ]nr��Z]g3h;\Sl#sGvPZ]X]�OsGvj�jX[Z9h;\Ss]g � WYb ¼'& � �j^r\Sgj��haij`\_h;`Vn;Zuha\_¥]`
vj`edVsmvj\_gj�M^adDij`V�5`°ljna`V^a`eg3ha`ev��J«¬`°dVs��5ljZ]na`�h;i1`°nr`e^a�1X_h;^�\Sg�ha`ena�O^�s]t�l#`en®t,s�na�5Z]gjdV`
Z]gjv�dVs��OljXS`K³1\HhR�!p-\_hai�h;ijs]^a`�sutJljnasGvj�jdQh�dVsmvj`V^eo{Z]gjv)^rµ]`VhadDiÃh;ij`%�7Z]\_g�X_\Sgj`V^°sutZ
dwZ]^r`M^®h;�jvm��\Sg3¥�s�XH¥G\Sgj�Chan;Z]gj^r�5\_^a^r\Ss�g!s]tc^ai1s�nrh-t,n;Zu�5`V^e�

(*),+ -/.�01324.�15076�8%9;:=<?> 2@8BA56DC

«�`	p-\SXSX-vj`V^adVna\S�#`�haij`)^rhana�jdQh;�jnr`Ãs]t �=� � desGvj`e^y\_g�hRpqs vj\FE¢`enr`eg3h7pYZw�m^V� ��ij`G na^®h»s�gj`��j^a`V^�h;ij`V\Sn�lPZ]nr\_hR��dDij`edDµ �5Zuh;nr\H³¬^as�h;i1`V��Z]l1l¢`eZ]n»Z]^»Z]g�`Q³Gha`egj^r\Ss�g s]t
h;ij` � � bqk dVsmvj`V^!Z]gjv~h;ij`�^a`edVs�gjv s�g1`�h;i1`e\SnO��naZ]ljij\_dwZ]X-na`Vljna`V^a`Vg�h;Zuh;\_s�g¾Z]^7Z]g
`Q³Gh;`Vgj^a\_s�g�sutâ�cZ]gjgj`Vn-desGvj`e^V�

HJILKMINK O*P�QSRUTWVYX�ZS[J\�Z^]`_aP�T�Q^Rcbedf\�g�ZhQ^RjikT'RLlMm
��ij`���`eg1`en;ZuXS\S�eZuh;\_s�g)s]t ��� b�k�dVsmv1`e^=\S^�^®h;naZ]\S��i3hrt,s�nrpYZ]nav{�%«¬`��PZ]^a`Vv¬\Hh/s�g � Z]XH�
X[Z]��`Vnon©^ydes]gj^rhana�jdQh;\Ss]g s]t � � bqk desGvj`e^V� � `Vh��1^!vj`e^rdena\_�¢`)haij`Ã^rhana�jdQh;�jnr`�s]t%Z]gprqtsvuxw��M��� desGvj`zy {

|~} Z]dDi¬^r\Sgj�]XS`Q��lPZ]nr\_hR�3�RdDij`VdDµ�dVsmvj` pr�hs�������w s]tYZ]g ��� b�k�desGvj`»\S^Ana`el1X[Z]dV`ev
�3��Z�XS\Sg1`wZ]n��1XSsGdDµydesGvj`fy^� p��s��hs���w dwZ]X_XS`Vvyh;ij`yBD69z1NQ<?>@<TEP:QzP<-BD6e2G:Q�

| ¶ ^/Zug � � bqk desGvj`�pYZ]^�h;i1`�\Sg3h;`Vna^a`VdVha\Ss�gÃs]t7��^a�jl#`enL�RdVsmvj`V^eo�Z �=��� desGvj`
\S^�haij`=\Sg3h;`Vna^a`VdVha\Ss�g�s]t�½ ^a�jl#`enL�RdesGvj`V^��ky���{

yÃ¿ ��
���h�

y ��� ��� �F� �

| ¶ ^=h;ij` G na^®h�^r�jl#`en®��desGvj`7sut�Z]g � � bqk�dVsmv1`5pYZ]^%haij`5v1\Sna`VdVh%^a�j� s]t q/���
\Sgjv1`el#`egjvj`Vg3h ¼ b�k dVsmvj`V^eo�haij` G na^®h/^a�1l¢`Vn®�RdVsmv1`�y�°s]tqZ �M��� dVsmvj`�\S^Ahaij`
vj\Snr`edQh-^a�j� sut�� ¿ q/�W� \Sgjvj`Vl¢`Vgjvj`Vg�h°des]gj^rha\_h;�1`eg3h¡desGvj`e^�y^� p��s��hs���w {

y � ¿ �� �
�h�

yS� ��� �¡  �
¢ é{ÒâÐ�ÌuÆKÕ²ìVÒ�ÈTÌ²ÒâÕwß²ê�Ô]Ò®Ç�ÊQËmÉ?ß9ÑuÒrÇ�£@ÐLÊ¦Ö¦ÒaÉPËÛÇÍÊQê¥¤qÈTÊk¦=ÔuÒaÐ®ÆQß9É?ÒâÎëÈ{Õ²ÊqíëÊVÕ²ìQÒrÇ{Ð®ÊQÇÍÇTÒaÉ?Ñ]ÊQÕuÖ²ÉPÈÍÊÈÍÌ²ÒÐLÊVíëß9êYÕAé{Ò®ÎÏìQÌeÈrä



� ���=���	� ���7#������ � ��� �/�4�e#����7�	� ¨
	
| �¸\S^dwZ]X_XS`VvOhaij`%8;:R¹P:Q<?>@<T>Í69z/+V0GBQ<R698MZ]gjv�½�haij`�zPEG4��Q:Q8=6L+¡FS:�]:QFÏN°s]t¢h;ij`¡desGvj`]�
| ��ij`5^r�jl#`en®��desGvj`e^ y	�²o������uÁ������Q½��!Z]nr`5�O`enr`eXH�Ã�j\_hRp-\_^a`»l#`ena���1hDZuha\Ss�g1^/s]t
h;ij` G nr^rh¡s�gj`/{ y � ¿�� ��� y ��� ��� �Ï� �

| ��ij`Cdes]�5ljX_`Vha`�g��j�C�#`en�sutdes�gj^®h;\Hh;�j`Vg�h�desGvj`e^/\_g�¥]s�X_¥]`evÃ\_gÃZ �=� � desGvj`C\S^
h;i��j^/½ q/�W� ¿ ½����

fRgÃh;`Vna�O^/s]th;ij`»lPZuna\_hR�3��dDij`edDµ)�5Zuhana\H³¢o¢`wZ]dDi nas¦pÀs]th;ij`��5Zuh;nr\H³�vj`Vlj\SdQh;`ev \Sg
�cZ]�jX_`/�1� �=\S^�nr`eljXSZ]de`Vv	�3� ��� � nas¦p-^-\Sg1deXS�1vj\Sgj�CZC^a\Sg1��XS`�dVs�l3�!s]t�� �wo1haij`/lPZ]nr\_hR�
dDi1`edDµ��5Zuhana\H³Ãs]t�yS�eoâh;ij`5na`V�7Z]\_gjvj`Vn%�#`e\_gj� G X_XS`Vv¬p-\_hai��V`enas]^e����i1`7t,�jXSXlPZuna\_hR�3�
dDi1`edDµ��5Zuh;nr\H³��'s]tÞh;ij` �=��� dVsmv1`�\S^âhaij`-des�gjdeZuh;`VgPZuha\Ss�g�s]tÞhaij`-^a�j�m���7Z9h;na\_de`V^ � ��!��� � �����Q½���s]tGh;ij`�^a�1l¢`Vn®�RdVsmv1`e^e� ¶ X_X]h;ij`�^a�1�m�R�5Zuh;nr\SdV`e^�Z]nr`�s]�1hDZ]\_gj`ev=�3�=lj^r`e�jvjs9�
naZ]gjvjs]�'des�X_�j�5gG��p-\S^r`=l¢`Vna�C�1h;Zuh;\_s�gj^"� � p �¥� w ��«�`%iPZw¥�`#�%$�¿&� $ p �¥� w �����'� � ¿� � p �¥� w �)(â\S���1na` � � �=^aijs¦p-^-h;ij`=lPZuna\_hR�3��dDij`edDµ!�5Zuh;nr\H³7s]tâZ �=��� dVsmv1`]�

} ¥�`Vg�\Ht haij`=ljnas]l¢`VnrhR�!s]t dVs�gj^rh;Z]g3h-pY`V\S��i3h¡l¢`Vn�nas¦p Zugjv�des�X_�j�5g!\_^�gjs»XSs�g1��`en
^aZuh;\_^ G `Vv!t,s�n �=��� desGvj`e^Vojh;ij`�l1nas�l#`en®hR�ys]t XSs¦p¾vj`Vgj^a\HhR�y^®h;\SX_X¢i1s�XSvj^V�Jf�t�pY`/vj`Vgjs]ha`
�3�+*�Ã� na`V^al�� *� � haij`=Zw¥�`Vn;Z]��`AgG�1�C�¢`Vn�s]t�s�gj`V^�l¢`Vn�nas¦p � nr`e^rl��jl#`en�dVs�XS�j�Og � \Sg,� �wo
haij`CZw¥]`en;Zu��`Cg��j�C�#`en°s]ts�gj`V^Al#`enAnrs¦p t,s�n¡haij` �=��� desGvj`C\_^ *� Z]gjv�haij`CZw¥�`Vn;Z]�]`
g��j���¢`Vn�s]t�s�gj`V^�l#`enYdVs�XS�1�5g5\S^°½ *�P�J��ij`e^r`.-G�jZ]g3h;\_ha\S`V^�Z]nr`Ades]gj^rh;Z]g3h-s�gjde`kyS�-Z]g1v
½¬Z]nr`/dDijs�^r`eg�o#Z]gjv	vjs»gjs]h¡vj`Vl¢`Vgjv�s]g q ojh;ij`=X_`egj�]hai�s]tchaij` �M��� desGvj`]�

$ s]h;`�haiPZuhA\_h�\_^°g1s]h/l#s�^a^r\S�jX_`Mhas!vj` G g1`C\Sg�haij`C��`Vgj`enaZ]XâdeZ]^a`%h;ij` �=��� desGvj`V^
Zu^yZ¬^r`enr\[Z]X � gj`e\Hh;ij`Vn7lPZ]naZ]XSX_`eXTo�g1s�n5i3�G�jnr\Sv � des�gjdeZuh;`VgPZuha\Ss�g~s]tAhRpqs¸s�nO�C�jXHh;\Sl1XS`
dVs�gj^®h;\_ha�j`eg3h=dVsmvj`V^e� ¼ `edQh;\Ss]g � �F�]�0/7`K³1i1\S�j\Hh;^=Zy^al#`edV\[Z]XcdwZ]^r`»s]t �M��� desGvj`V^ {°h;i1`
l1nasGvj�jdVh¡dVsmvj`V^e�

HkILKMI21 3 Q^P�iz[fRjZhP)4/dJ\�g'Z�QSRciJT'RjlMm
��i1` �M��� desGvj`3y dwZ]g ZuXS^as¬�¢`�vj`e^rdenr\S�#`ev��j^r\Sgj�¸Z¬n;Zugjvjs�� na`V���jXSZ]n»�j\SlPZunrh;\Hh;`
�]n;Z]lji�p-\_hai	haij`=t,s�XSX_s²p-\_gj�Cljnrs�l#`enrha\S`V^e�YfRg�h;i1\S^-^a`Vgj^a`uo{\_h-\_^¡Z]XS^rs5Z»��`Vgj`enaZ]XS\_�wZuha\Ss�g
sutâ�cZ]gjgj`Vn-desGvj`e^%§65
	²ª�h;sOZ�n;Zugjvjs�� �5ZuhadDij\Sgj�1ojZ]^-vj`Vlj\SdQh;`ev	\Sg7(â\_���jnr` � �  m�

���-��ij`!XS`Qt@h�lPZunrh�dVs�g3hDZ]\_gj^�h;i1` q �j\Hh�¥�`Vnrha\Sde`V^ � >?U?:eU98qh;ij`7desGvj`ev��j\Hh;^�s]n%h;i1`
desGvj`Vpqs�nav � � ��ij`)v1`e��nr`e`Ãs]tMZ]X_X�h;ij`)�1\_hO¥�`en®h;\_de`e^!\_^�½ � >?U?:eU98/`eZ]dDi¾�j\_h5\S^
\Sg3¥�s�XH¥�`Vv�\_g�½�dVs�gj^®h;\_ha�j`eg3h¡desGvj`V^ � �
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(â\S�]�jna` � � ��{bcZ]na\HhR����dDij`edDµ!�5Zuhana\H³ ��s]tâZ �=��� dVsmv1`
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 m�-��ij`�na\_��i3h�lPZ]n®h�dVs�g3hDZ]\_gj^Ah;i1`y½��¾des�gj^®h;\Hh;�j`Vg�h�desGvj`C¥�`Vnrh;\_de`V^e�=��ij`�vj`V��na`V`
s]t·ZuXSX¢haij`=des�g1^rh;\Hh;�j`Vg3hAdVsmvj`�¥]`en®h;\SdV`e^¡\S^ �~� \Hh;^�X_`egj�]hai � �

�1� ¶ g¸`Vvj��`y�#`VhRpq`e`Vg~Z��j\_hM¥�`Vnrh;`K³ Zugjv�Z�dVsmvj`5¥�`en®h;`K³¸�O`wZ]g1^%h;ijZuh�haij\S^%�j\_h
�¢`VXSs�gj�]^�h;s�h;iPZ9h-des�gj^®h;\Hh;�j`Vg�h°desGvj`u�

� �-��ij`YdVs�gj^rha\_ha�j`eg3hcdesGvj`�¥]`en®h;\SdV`e^âZ]na`���nas]�jl¢`Vv�\_g�hasM½5deX_�j�Olj^csut���¥�`Vnrha\Sde`V^ � Z
deXS�1�5l�dVs�nanr`e^al#s�gjv1^has=Z�^a�jl#`enL�RdVsmvj` � �·��i1`=½�`Vvj��`V^�^®h;`V�5�O\Sgj�°t,nas���`V¥]`enr�
^a\Sg1��XS`C�1\_h/¥�`Vnrha`Q³¬Z]nr`�des�gjg1`edVha`ev h;s�desGvj`�¥�`Vnrh;\_de`V^M�#`eX_s�gj��\_gj�yh;s�vj\ E{`Vna`Vg�h
deXS�1�5lj^ � \HhYdVs�nanr`e^rl¢s�g1vj^qhas�h;ij`°des�g1vj\_ha\Ss�g»h;iPZ9hqhaij`AdVs�gj^rha\_ha�j`eg3h�dVsmvj`V^Ys]t�Z
^a�jl#`enL�RdesGvj`MZ]nr`M\_gjvj`Vl¢`Vgjvj`eg3h � �

/m�-��ij`=^a`Vh°s]tc`evj�]`e^-dDiPZ]naZ]dVha`ena\_�e`V^¡haij`=\Sg3h;`VnaXS`eZw¥�`enV�

to 1st clump

to J-th clum
p

½����MdVXS�j�Ol
sut��~dVsmv1`e^

vj`e�]na`e`B{�½
y^�

q �1\_h�¥]`enrha\SdV`e^ ½��~des�gj^®h;\Hh;�j`Vg�h¡dVsmvj`/¥]`enrha\SdV`e^

vj`V��na`V`/{ �

(â\_���jna` � �¡ '{J��i1` �=��� dVsmv1`=Z]^¡Z»�cZ]gjg1`en¡n;Z]gjv1s�� dVsmvj`u�

��ij\_^Yvj`V^adVna\Slmh;\Ss]g7\S^�` -��j\H¥uZ]XS`Vg�h�h;sMh;ij`°s�gj`¡ljna`V^a`Vg�ha`ev�\Sg ¼ `edQh;\_s�g � � ��� ��o��j�1h�Z
X_\_hrh;XS`¡�j\Hh��5s]na`A�]`egj`Vn;Z]XT�JfRgjvj`e`Vv�ojh;i1`/�j\_ha^�^aijs]�jXSv�gjs]h��¢`VXSs�gj�%h;s�h;ij` G na^rh-^r�jl#`en®�
dVsmv1` � >?U?:eU98{h;ij` G na^®h�dVXS�j�Ol�sutJdesGvj`e^°\Sg�h;ij`%��n;Zulji � \Sg�h;ij`%^rh;nr\SdQhAs�nrvj`en¡\Sg1vj�jde`Vv
�3�yhaij`=vj\Snr`edQh°^r�j�	�

� `Vh5�j^5gjs]h;\_de`!h;ijZuh7g1s]h;ij\_gj� \Sg�h;ij`	ljnas]l¢`Vnrh;\_`e^O^rh;Zuh;`Vv�Z]�#s¦¥�`�t,s]na�j\_vj^�h;iPZuh
hRpqs � s�n%�5s]na` � �j\_h%¥�`Vnrh;\_de`V^»Z]na`ydVs�gjgj`VdVha`ev�h;s�haij`!^;Z]�O`�½�des�gj^®h;\Hh;�j`Vg�h»dVsmv1`e^e�
�¡s¦pY`Q¥�`enVoPpY`�hanr�7has»Zw¥�s�\_v�haij\S^Y^a\_ha�PZuha\Ss�gOh;iPZuh-dVna`eZuh;`V^�dV�GdeX_`e^-s]t XS`Vgj�]h;i���\_g7h;i1`



	�� � ���������	��
�������������������	����� �"!�#�����	�
��n;Z]l1i���^a\_gjde`=kYijZ]l1h;`Vn /%ljnrs²¥]`e^�h;ijZuh�^ai1s�nrh�dQ�GdeXS`V^�iPZw¥�`=ZCgj`V�3Zuha\_¥�`A\Sg��P�1`egjdV`/s�g
\_h;`Vn;Zuha\_¥]`�vj`edVsmv1\Sgj�j�

HJILKMI�� �¥l dJRjm
	��~P�T'\
��ij`/n;Zuha`�s]tcZ �=� � dVsmv1`/dwZ]g!�#`/XSs¦pq`en®���¢s]�jgjvj`Vv	�3�7s��j^a`Vnr¥G\Sg1��\_h;^YlPZ]na\HhR�3�RdDij`VdDµ
�7Zuhana\Û³)Zu^At,s�XSX_s¦p-^e� � `Vh=�j^ G nr^rhMZ]^r^a�j�O`Ch;ijZuh�h;i1`�nas¦p-^/s]t � Z]na`�\Sgjvj`Vl¢`Vgjvj`Vg�he�
��ij`%g��j���¢`Vn¡sutânrs²p-^¡\Sg�`eZ]dDi�^r�j�m�R�5Zuhana\H³ydes�nrna`V^al#s�gjvj^-h;s p��5� �Sw ���q��i��j^Vo#haij`
h;s]h;Z]X�g��j�C�#`en-s]tcnas¦p-^ q � u� \Sg7��^;Zuha\S^ G `e^ {

qe� u  ¿�½ p��5� �Sw � ¿ ½ p��3� �SwNq
� ¿ ½ pL�D��� � wLq ��� � �3�

p-ij`enr` � �-vj`egjsuh;`e^�haij`/n;Zuha`/s]t�yS�¦� ¼ \SgjdV`Ah;ij`/g��j���¢`Vn�s]t des�X_�j�5g1^�\Sg,��\_^ q ojpq`
iPZw¥�`B{ u�

q ¿ �D� ½ pL�D��� � w � ��� �0/ �
��ij`%naZuh;`���s]tchaij` �M��� desGvj`=^aijs��1XSv	�¢` u  �oq �YWq�1h¡gjs]h;i1\Sgj�»���PZun;Z]g3h;`V`e^-h;iPZ9h
h;ij`Mnas¦p-^�s]t��ÂZ]nr`%\_gjvj`Vl¢`Vgjvj`eg3he�A�¡`egjdV`]o¢haij`CZudVh;�jZ]X�vj\S�O`egj^r\Ss�g u s]t·haij`MdesGvj`
dwZ]g)�#`��]na`wZ9h;`en¡h;iPZug u  ��kYs�gj^a` -��j`eg3h;XH��o{pq`�t,s��1gjvÃZ7X_s²pq`en¡�#s��jgjvÃs�g	h;ij`�n;Zuha`
s]t·Z �=��� dVsmvj` {

� ¿ u
q � �D� ½ pj�D��� � w � ��� �Ï¨ �

fRgyh;ij`At,s]XSXSs¦p-\_gj�jo3`V¥]`eg	\_t u���u  oGpY`�p-\_XSXÞgj`V\_h;i1`en�vj\_^adeZ]navyhaij`�na`Vvj�jgjvjZ]g3h-nas¦p-^
\Sg � g1s�n=�5sGvj\_t@��^as]�5`»des]gj^rha\_h;�1`eg3h�dVsmv1`e^eo ^as�Z]^=h;s	µ]`V`el¬haij`»pY`VXSXJ^rhana�jdQh;�jnr`ev
des�gj^®h;nr�jdVha\Ss�g¬s]tYhaij`5�5Zuhana\H³�Z]gjv¬haij`O��n;Z]l1i�� ¼ s��O`Odes�gj^®h;naZ]\Sg3h;^M�O\S��i3h��r�j^®h��#`
�j^a`Vv��Os�na`�haiPZ]g	s�gjdV`]�

HJILKMI�H � g�i \�Z"RjP 4 Z"PMg�\�� 3���� Z"l df\�g�� RUT'[ �"!$#�4j\&%M\ 4jg
«�`¡p-\SXSXPl1nas¦¥�`°\Sg ¼ `edVha\Ss�g � �  =h;ijZuh �=��� desGvj`V^Y�PZ]^r`ev!s�g7�AZ]�O�O\Sgj�=des]gj^rha\_h;�1`eg3h
desGvj`e^OZ]nr`�Zu^r�G�5lmh;s]ha\SdwZuXSX_�¬��sGsmv `Q¥�`Vg�\_tM½ ¿ ÁmoqZ]gjv�h;iPZ9h5\Hh;`Vn;Zuha\_¥�`!v1`edesGvj\_gj�
� ljnr`e^a`Vg3h;`evO\Sg ¼ `edQh;\Ss]g � �Ï� � \S^â¥]`en®�C^a\_�5l1XS`qhas/\S�OljXS`V�5`Vg3hâ\_g�h;ij\_^·dwZu^a`]�('�s�na`Vs¦¥�`enVo
Z]^chaij`�n;Z9h;`Yv1`edenr`wZ]^r`e^XS\_gj`wZunaX_�Ap-\_h;i5½ � ^r`e` ��� �Ï¨ �a� o9h;ij`YdwZ]^r`�s]th ²��XS`V¥]`eX �M��� dVsmvj`V^
\S^�s]tclPZ]n®h;\SdV�jX[Zun�\Sg3h;`Vna`V^rhw�
) Ø ç ÐLíÏÒrÉ�ÊQË1íÏÒ®Õ9ìKÈTÌ
*�ÆKÇÍÒâÈTÌ²ÒÉTÌ²ÊQÇTÈTÒaÉ,È�Æ,+.-0/�ìQÇ�ÆKÑ²ÌAÐ®ÆKÕAÌ9Æ;ÓVÒ



� ���=���	� ���7#������ � ��� �/�4�e#����7�	� 	��
¶ �=��� desGvj`!\S^�haij`eg haij`!\Sg3h;`Vna^r`edVha\Ss�g sut¡hRpqs�^a�jl#`enL�RdVsmvj`V^eo�`wZ]dDi�s]t-haij`e�

�#`e\_gj�Odes��Ol¢s]^a`ev�s]t�� \Sg1vj`el#`egjv1`eg3h�dVs�gj^rha\_ha�j`eg3h�dVsmv1`e^e�-��ij`%des�g1^rh;\Hh;�j`Vg3h�desGvj`V^
�#`eX_s�gj��\_gj�)h;sÃhaij` G na^®h7^r�jl¢`Vn®��desGvj`	Z]na`�dwZuXSXS`Vv¸h;ij` E¦¹3¹P:Q8�BD6e2G:DNQoqZugjv haij`�s�gj`V^
�#`eX_s�gj��\_gj�!h;s�h;ij`O^a`Vdes�g1v¸^a�jl#`enL�RdVsmvj`5Z]nr`Ohaij`�FS69IY:Q87BD6e2G:DNQ�5��ij`enr`yZ]nr`»`Q³1Z]dVhaX_�
ÁW��des�g1^rh;\Hh;�j`Vg3h°dVsmv1`e^e� ¶ ^a\_�5l1XS`/Z]l1ljXS\_dwZuha\Ss�gysut ��� �Ï¨ � ^aijs¦p-^-h;iPZuh {

� � � $ � Á � � ��� ��� �0	 �
p-i1\SdDi�\Sgjv1\SdwZ9h;`e^�h;iPZ9h�pY`/ijZ¦¥]`�h;s�dDijsGs�^r`/\Sg7haij`���`Vgj`enaZ]X�dwZu^a`�dVs�gj^rha\_ha�j`eg3h-desGvj`V^
p-\Hh;i�n;Z9h;`=��na`eZuh;`Vn�h;iPZug ��� Ám�J�âZu�jXS` � � �M^aijs¦p-^-h;ij`=n;Z9h;`=�¢s]�jgjv!t,s�nk ²��XS`V¥]`eX �=���
dVsmv1`e^-�PZ]^r`ev�s]g	v1\FE¢`ena`Vg3h°dVs�gj^®h;\_ha�j`eg3h¡desGvj`V^e�

kYs]gj^rha\_h;�1`eg3h¡desGvj` �M��� kYsmvj`
hR�Gl#` � � � � '�\Sg1\S�C�j���¡Zuh;`

�AZu�5�O\Sgj� 	 � �1� /
	 �1�F� �
�AZu�5�O\Sgj� � / ��� �1� 	]� �1� � ¨

¼ ijs]nrh;`Vgj`ev��AZu�5�O\Sgj� ��  � Á ��� �����
} ³mha`egjv1`evÃ�°Z]�5�O\Sg1� �¦¨ ��� �1�ë¨
5 �1�Ï� �

�AZu�5�O\Sgj� �^�  ]¨ �1� � � �1�Ï¨ �
¼ ijs]nrh;`Vgj`ev��AZu�5�O\Sgj�  �� � / � � � ��� Á

} ³Ghe�qZugjv ¼ ijs�nrha`egj`Vv��°Z]�O�5\_gj�   � � � � � � ��� Á
�cZ]�jX_` � �F� { '�\_gj\S���j�ÂnaZuh;`V^5s]t  ²�RX_`V¥]`eX �=� � desGvj`e^5Z]gjv~vj\FE¢`enr`eg3hOdes�g1^rh;\Hh;�j`Vg3h
dVsmv1`e^

��ij`�`,E¢`edVha\_¥]`)n;Zuha`�sut=Z �=� � desGvj`�v1`el#`egjvj^7gjs]hys]gjX_��s�g~h;ij`�n;Zuha`�s]t�\_h;^
dVs�gj^®h;\_ha�j`eg3hYdesGvj`]oG�j�1h�Z]XS^rs%s�g7\_h;^�na`Vl¢`Qh;\Hh;\Ss]g»t?ZudVh;s]nYZ]g1v7h;ij`°\Sg3h;`VnaX_`wZw¥�`VnqdDijs]^a`eg{o
Zu^¡^rijs¦p-g�\_gyh;ij`=gj`K³mh°^a`VdVha\Ss�g��

¶  ²�RX_`V¥�`VX �M��� dVsmv1`°iPZu^�Z]X_^as%Z%^al#`edV\[Z]X#��naZ]ljij\_dwZ]XPnr`eljnr`e^a`Vg3hDZuha\Ss�g��Jf�hqdwZugy�¢`
v1`e^adVna\_�¢`Vv¬�3�ÃZ!�j\_lPZ]n®h;\_ha`��j\_na`V���jX[ZunAn;Zugjvjs�����n;Z]l1i�pq`�dwZuXSXchaij`)BD694A¹10GBQ<�x]8r0Q¹P.
sutchaij`  ²�RX_`V¥�`VX �=� � desGvj`u�

f�ha^�XS`Qt@hqljZ]nrhYdes�g3hDZu\Sgj^�h;ij`%E²¹3¹P:Q8=desGvj`¡¥�`en®h;\_de`e^�Z]gjv7haij`Anr\S��i3hqlPZ]nrh�h;i1`CFS69IY:Q8
dVsmv1`C¥�`en®h;\_de`e^V��kYs�g1^a` -��j`Vg3h;X_�]o�h;ij`�X_`Vt@h�ljZ]nrh/nr`eljnr`e^r`eg3h;^=h;ij`�^r�jl#`en®��desGvj`�y�AZ]g1v
haij`/na\_��i3h�lPZunrh@y $w� ¶ ^�`eZ]dDi��j\_hY\S^�dVs�gjgj`VdVh;`Vv!h;s�`Q³1Z]dQh;XH�7hRpqs�des�gj^®h;\Hh;�j`Vg�h-dVsmv1`e^eo
Zug `evj��`7\S^�v1n;Zwp-g �¢`QhRpY`V`eg `V¥]`enr�¬hRpYs)¥]`en®h;\SdV`e^Cp-ij`Vg h;ij`ydVs�nanr`e^rl¢s�g1vj\Sgj��des�gm�
^®h;\Hh;�j`Vg�hAdesGvj`e^°^aiPZuna`CZO�j\_he� ¶ ^¡h;ij`%^a�jl#`enL�RdVsmvj`V^�Z]nr`%dVs��Ol¢s�^r`ev)sut�>@z#2G:R¹P:Qz#2G:QzP<
dVs�gj^®h;\_ha�j`eg3hâdesGvj`e^Vouh;i1`ena`q\S^ gjs¡`evj��`V^·\SgG�R�#`VhRpq`e`egMh;ij`�¥�`Vnrh;\_de`V^âs]tPs]gj`qljZ]nrhe�c��i��j^Vo
haij`M��n;Z]l1i�\S^-�j\_lPZ]n®h;\_ha`]� ¶ ^°Z]XSX{haij`�dVs�gj^®h;\_ha�j`eg3h°desGvj`e^°iPZw¥�`Mh;ij`M^;Z]�O`=XS`Vgj�]h;i � o
haij`=��n;Zulji�\S^��j\_na`e�]�jX[Z]nYs]tâv1`e��nr`e` � � (â\_���jna` � �Ï��na`Vljna`V^a`Vg�ha^°haij\S^���naZ]lji��
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vj`e�]na`e`/{ �
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t,s�na�O`en��1\_h�¥]`enrha`Q³

vj`V��na`V`�{ �

y $

� E²¹3¹P:Q8CdVsmv1`=¥]`en®h;\SdV`e^ � FS69IY:Q8CdesGvj`/¥�`Vnrha\Sde`V^
(â\_���jnr` � �ë�^{J� pqsu��XS`V¥]`eX �=� � dVsmvj`=dVs��5ljZ]dVh-��naZ]lji	na`Vljna`V^a`eg3h;Zuh;\_s�g��
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¶ ¥�s�\_vj\Sg1��haiPZuh»�j\Hh;^C�#`eX_s�gj�Ãh;sÃ`K³1Z]dVhaX_�¸haij`�^;Z]�O`!^a`Qh5sut°dVs�gj^®h;\_ha�j`eg3hOdesGvj`V^

\_g)h;ij`���`egj`Vn;Z]XâdwZ]^r`�des�nrna`e^rl¢s]gjvj^/ij`Vna`Ch;s�Zw¥]s�\SvÃlPZun;Z]X_XS`eX `ev1��`e^/\_g)h;ij`CdVs��OlPZ]dVh
�]n;Z]lji{�

HkILKMI�� � mJl�T'[J\�Q~g�i�\�ZhRjP)4 ZhPMg'\�� O Q^l d��JZ�T��¥l df\�g
� `Qhq�1^q`K³jZu�5\_gj`J ²�RX_`V¥�`VX �M��� desGvj`e^�p-\_hai5Z=na`Vl¢`Qh;\Hh;\Ss]g»t?ZudVh;s]nY�¸` -��PZ]XPh;s � �·��i1`
X_`egj�uh;i�s]t h;ij`V^a` �M��� desGvj`e^-\_^ q ¿ � � ¿ � $¦� } Z]dDi�sutchaij`/hRpYs5^a�jl#`enL�RdesGvj`V^ y7�
Zugjv*y $°\_^�h;i��j^-des]�5l#s�^a`Vv�sut � des]gj^rha\_h;�1`eg3h¡desGvj`e^V�

� `VhA�j^At,s�nr�j\Sv�Z]g3�	lPZ]naZ]XSX_`eX�`ev1��`C\Sg	h;ij`%des��OlPZ]dQhA�]n;Z]lji�s]tJh;i1`e^a`�desGvj`e^V� ¶ ^
`eZ]dDi�dVs�gj^®h;\_ha�j`eg3h�desGvj`�¥�`en®h;`K³¸\_^Msut�vj`V��na`V` � oâZ]g1v¸Z]^=h;ij`Vna`O\S^=`Q³1Z]dQh;XH� � dVsmvj`
¥]`en®h;\SdV`e^q\Sg»h;ij`¡s]h;i1`en�lPZ]nrheoGhaij\S^\_�5ljX_\S`V^·h;iPZuhhaij`°dVs��OlPZ]dVhq��naZ]ljiO\S^�des�gjg1`edVha`ev��9�
f�h�des�nrna`e^rl¢s]gjvj^�h;s%h;ij`�v1` G gj\Hh;\_s�gys]t ZCljnrsmv1�jdVh�dVsmv1`]omp-i1`ena`/`eZ]dDi��j\_hY�¢`VXSs�g1��^qhas
hRpqsOdesGvj`e^ � haij`�.P698K>H}969zP<�0]FcZ]gjv�h;ij` ]:Q8K<?>ÍBa0]Fcs�g1`e^ � �
���
	���������

�
�
��

� �
��

� ���
� ����

���
�!�

� �

�

�

Á

�

� 

Á 

� 

� 
� �

y � y $

(â\S���1na` � � � {�kYs�gjg1`edVha`ev�des��OlPZ]dQh-��n;Z]l1i�s]tâZ��jXSsGdDµ7l1nasGvj�jdVh¡dVsmvj`
" ÎëÈ�êYÒaÆKÕ9ÉÞÈTÌ9ÆKÈ#ÈÍÌ²Ò®ÇÍÒ�ÎîÉ¢ÆQÕ�ÒrÖ¦ìVÒcÐLÊVÕ²Õ²ÒaÐRÈTÎÏÕ²ìÒaÆQÐ�Ì�Ñ9ÆQÎëÇ¢ÊKË3ÓQÒrÇ?ÈÍÎÏÐ®ÒrÉÞÈTÌ9ÆKÈ¢Ô]Ò®íÏÊQÕ²ìJÈÍÊqÖ¦Î$#�Ò®ÇÍÒ®ÕeÈÑ9ÆKÇTÈÍÉrä



	 � � ���������	��
�������������������	����� �"!�#�����	�
(c\S���jnr` � � � ^ai1s²p-^%h;ij`Odes��OlPZ]dQhM��n;Z]l1i�s]t�Z �=� � desGvj`Os]t�X_`egj�]hai q ¿ ��� o

des�gj^®h;\Hh;�j`Vg�h¡dVsmvj`/X_`egj�uh;i � ¿ �OZ]gjv�na`Vl¢`Qh;\_ha\Ss�gyt?ZudVh;s]nD� ¿ � �J��i1`Mg��j���¢`Vna^¡s�g
h;ij`�`Vvj��`V^·X[Z]�#`eX�h;i1`��j\_ha^eo]haij`�E¦¹3¹P:Q8°dVsmv1`e^JZ]nr`�X[Zu�¢`VXS`evMt,nas�� � has �=Z]gjv�haij`�FS69IY:Q8
desGvj`e^�t,nrs�� �  has �  � � `Qh��j^�Zu^a^a�1�5`7haiPZuh%h;ij`ydVs�gj^®h;\_ha�j`eg3h�dVsmv1`e^�Z]nr` p � s �^s Á w
^a\Sg1��XS`K�RlPZ]nr\_hR�3�RdDi1`edDµ�desGvj`e^V����ij\_^�XS`eZ]vj^°has7h;i1`ClPZ]nr\_hR�3�RdDij`VdDµ��5Zuhana\H³	v1`e^adVna\_l1h;\_s�g
s]t�h;ij`AdesGvj`�ljnr`e^a`Vg3h;`ev	\Sg5�âZu�jXS` � �¡ m� ¶ t@h;`Vn�^r�G^®h;`e�5Zuha\S�wZ9h;\Ss]g � \_g3¥�s�XH¥m\_gj��s]gj`�nas¦p
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� � � � �
� � � � ��  � � � �
Á  � � � �
�  � � � �
�  � � � �

�cZ]�jXS` � �¡ '{bcZ]na\HhR�3�RdDij`VdDµ	�5Zuhana\H³7s]t h;ij`=dVsmvj`
vj`eX_`Vh;\_s�g!Z]g1v	dVs�XS�1�5gynr`es�nrvj`enr\Sgj� � omhaij\S^Y�7Zuhana\Û³7ijZ]^�h;ij`�t,s]na�±vj`elj\_dVha`ev�\Sg!�cZ]�jX_`� �Ï�m�

�   � / ¨ 	 5 � � ��� � � �� ��¦��� � � /��¦¨
� � � �� � � �� � � �� � � �� � � �� � � �� � � � � � � � � �

�âZ]�1XS` � �ë�^{ ¼ �G^rha`e�5Zuh;\_d/t,s�na� s]tchaij`=lPZ]nr\_hR�3�RdDij`VdDµ!�7Z9h;na\Û³ysutchaij`=desGvj`

��i1`�vj\_�5`Vgj^a\_s�g�s]tâh;ij`MdesGvj`�\_^¡hai��j^ u ¿��mo#haiPZuh°\S^-h;ij`%n;Zuha`%s]tâh;ij`%desGvj`�\_^
� ¿ p � � � w $wouZ-¥uZ]X_�j`ij\S��i1`en�h;iPZug%h;i1`q�#s��jgjvM��\H¥�`eg%\Sg ��� � 	 � �c��ij`�X[Zu^rh�t,s�na� s]t1haij`
lPZ]na\HhR�3�RdDij`VdDµy�7Z9h;na\Û³y\_^�h;iPZ9h�s]t h;ij`=ljnrsmvj�1dVh-desGvj`=�PZ]^r`ev	s�g�^a\_gj��XS`K�RlPZuna\_hR�3��dDij`edDµ
desGvj`e^ p � s �^s ��w ^aijs¦p-g�\_g!hDZ]�jX_` � � � �

(P�jn®h;ij`Vn�des��OlPZ]nr\S^as]gj^��¢`QhRpY`V`eg �=��� dVsmv1`e^cZ]gjvMljnasGvj�jdQhâdVsmvj`V^ Z]na`ljnr`e^a`Vg3h;`ev
\Sg!^a`VdVha\Ss�g � � /moj\Sg!ha`ena�O^-s]tcl¢`Vnrt,s�nr�7Z]g1de`]o1des��OljXS`K³m\_hR�!Zugjv �P`Q³m\S�1\SXS\HhR���
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�cZ]�jX_` � � � {bnrsmv1�jdVh-dVsmvj`=�PZu^a`ev�s�g p � s �^s ��w ^r\Sgj�]XS`Q��lPZ]nr\_hR�3�RdDij`VdDµydesGvj`V^

(5)�� ��*C�6������,6�� 6�079W8 0�� ���*2@6

fRg	h;ij\_^°^r`edQh;\Ss]g�oPpY` G na^®hA^®h;�jv1��haij`�Zw¥]`en;Zu��`%pq`e\_��i3hAvj\_^rhana\S�1�1h;\_s�g�s]t �=��� desGvj`V^
s¦¥]`en�Z]X_X#haij`Al#s�^r^a\S�1XS`A\_g3h;`enrXS`eZ¦¥]`enr^eoPZ]^YZ%t,�jgjdQh;\_s�gys]t�haij`�g��j�C�#`enqs]t�XS`Q¥�`eX_^°½âomh;i1`
dVs�gj^®h;\_ha�j`eg3h¡desGvj`zy^�¦oÞZ]gjv!h;ij`=X_`egj�]hai q �

(Pnas]� h;ij\_^�vj\S^®h;na\_�j�1ha\Ss�g�o¡pY` vj`Vvj�jde`�Z]g Z]^r�G�Ol1h;s]ha\SdeZ]X/�jljl#`en	�¢s]�jgjv¾h;iPZuh
ZuXSXSs¦p-^��1^-has»ljnas¦¥�`=h;ijZuh �M��� desGvj`V^°Zuna`MZ]^r�G�Ol1h;suh;\SdeZ]XSXH�O��smsGv�Z]gjv!hasOdVs��OlPZ]na`
haij`e\_n��5\_gj\S���j� vj\S^®hDZ]gjdV`/p-\_h;i!haij`���Z]na^riPZ]�Os²¥3� � \_XS�#`enrhY�¢s]�jgjv��

«¬`OZ]XS^rs!vj`enr\_¥�`�haij`»�7Z9³m\_�C�j� h;n;Zugj^a\Hh;\Ss]g)ljnas]�PZ]�j\_XS\_hR�	s]t�h;i1`5W ¼ k dDijZ]gjgj`VX
haiPZuhAZ]gÃZ]^®�G�5l1has]h;\_dwZ]X �=��� desGvj`Mp-\_h;i G ³m`evÃn;Z9h;`MdwZ]gÃZudDij\S`Q¥�`�p-\Hh;i��5Z9³m\S���j�
X_\Sµu`eXS\_ijsGsmv5vj`edVsmvj\_gj�joPZugjv�dVs��OlPZ]na`/\Hh�h;s�h;i1`%W ¼ k´deZ]lPZ]dV\_hR���

¶ ¥�`Vn;Z]��`O�jljl#`en=�#s��jgjv1^Ms]g haij`»�5\_gj\S�C�1�£v1\S^rh;Z]gjdV`Osut �=��� dVsmv1`e^Ms]t G ³1`Vv
X_`egj�uh;iyZugjv7dVs�gj^rha\_ha�j`eg3h�dVsmv1`�Z]nr`°deZ]XSdV�jX[Zuha`ev5^a`e�O\H�RZ]gPZ]XH��h;\SdeZ]XSXH��o9h;s���`Qh;ij`Vn�p-\Hh;i7Z
ha\S��i3h¡�jljl#`en¡�#s��jgjv�s�g�haij`%�1\_h¡`enrnas�n-ljnrs��PZ]�j\_XS\HhR�ys]tch;ij`�' � vj`VdesGvj\Sgj�5s¦¥�`en-h;i1`
¶ « �%$ dDiPZ]g1gj`eXT�

HkI 1�INK � %M\�Q^P 	M\ �¥\�R 	M[YT dfRjg T'Q^R�� �kT'RjlMm l�� 3���� Z"l dJ\�g
��i1`�vj\_na`edQhAdVs��Olj�1hDZ9h;\Ss]g�s]tâh;ij`%`Q³1Z]dVh°pY`V\S��i3h°vj\S^®h;nr\S�j�1ha\Ss�g�s]tJZ �=� � desGvj`%�#`Q�
dVs��O`e^�naZ]lj\_vjX_��\_g�han;Z]dQhDZ]�1XS`»p-ij`eg q � s�n%` -��j\_¥uZ]X_`eg3h;XH�¥� � \SgjdVna`eZ]^a`V^e�Ã�¡s²pq`V¥]`enVo
haij`�pq`e\S�]i�h·vj\S^®h;na\_�j�1ha\Ss�gj^ s]tÞh;i1`�des�gj^®h;\Hh;�j`Vg�h·desGvj`e^J�j^r`ev»\Sg�l1n;Z]dQh;\SdeZ]X �M��� desGvj`V^
� �AZ]�O�O\Sgj�!dVsmvj`V^eo `Q³Gh;`Vgjvj`Vv �AZ]�O�O\Sgj�!dVsmvj`V^eoâW�k��±dVsmv1`e^=p-\_h;i `enrnas�n=dVs�nanr`edQ�
ha\Ss�g�deZ]lPZ]dV\_hR�! ¿ Á/Z]g1vO`K³Gh;`eg1vj`ev7W�k���desGvj`e^ � Z]na`Ypq`eX_Xjµ�gjs¦p-g�� ¼ `V`%§6	 5uªjl��S� �  
t,s]nJ�AZ]�O�O\Sgj�/Zugjv»`Q³Gh;`Vgjvj`ev7�AZ]�O�O\Sgj�°desGvj`e^VoG^r`e`%§ 	 � ªPl�� � /'�#" l���¨�¨
5/Z]gjv	§  '�eª
kYi{���¦¨7t,s�n�h;i1`Ct?Z]�5\_X_�	s]tqW�k�� desGvj`V^e����ij`»dwZu^a`»s]th;ij`»^rijs�nrha`egj`Vv ¥]`enr^a\Ss]gj^=s]t
haij`�t,s�nr�5`VnAdVsmvj`V^/\S^�v1\FE¢`ena`Vg3hw�=��ij`Cpq`e\S�]i�h�vj\S^®h;na\_�j�1ha\Ss�g��5\_��i3hAvj`Vl¢`Vgjv s�g�h;i1`
^rijs�n®h;`eg1\Sgj�)ljZuhaha`enag{�ÃWY�1h�\Hh�\_^CZ]XHp�Zw�G^Cl#s�^a^r\S�jX_`7Zugjv ^a\_�5ljX_`Ohas)��`Qh�h;i1`yvj\S^®h;nr\H�



	]¨ � ���������	��
�������������������	����� �"!�#�����	�
�j�1h;\_s�g�s]tâhaij`=des�g1^rh;\Hh;�j`Vg3hAdVsmvj`uoÞ`e\_haij`en-�3�!t,s�nr�C�jX[Zu^�s�n-des��Olj�1h;Zuh;\_s�gj^V��fRg1vj`e`Vv�o
h;ij`¡n;Zuha`-s]t�h;i1`°dVs�gj^rha\_ha�j`eg3hqdesGvj`e^��C�j^®hY�#`°i1\S��iO^as%Z]^h;s�s]�1hDZ]\_gOZ �=� � desGvj`¡s]t
na`wZu^as�gPZu�jXS`¡n;Zuha` ��� �ë¨ � Z]gjv7haiG�1^qh;i1`Avj\_�5`Vgj^a\_s�g»s]t�h;i1`Avj�PZuX#dVsmv1`Ana`V�7Zu\Sgj^^a�5Z]X_XÍ�
} ³miPZu�j^rha\_¥�`O^a`eZ]nadDi¬s]tYZ]XSX h;ij`»desGvj`QpYs�nrvj^Ms]tqhaij`»vj�PZ]XJdVsmv1`5Zugjv Z]ljljX_\SdwZ9h;\Ss]g)s]th;ij` '�Z]dV«¾\_XSXS\SZ]�O^�\Svj`Vg�ha\_hR� � §6	 5²ª·l��¢¨�¨ � XS`wZuv�h;s7haij`�pq`e\_��i3h/vj\S^®h;nr\S�j�1ha\Ss�g	s]tJhaij`
des�gj^®h;\Hh;�j`Vg�h¡dVsmvj`u�

��i1`O0 ]:Q8a0¦xG:ApY`V\S��i3h-dVsm`��5dV\S`Vg�ha^-s]tcZ �M��� desGvj`�deZ]g��¢`/`eZ]^a\_X_�5s��1hDZu\Sgj`Vv!���
Z¦¥]`enaZ]��\Sg1�Os¦¥]`en¡Z]XSX¢h;ij`=l#s�^a^r\S�jX_`/\Sg3h;`VnaXS`eZw¥�`enr^�� � �

� `QhJ�j^·vj`Vgjs]ha`��3����� � p���wY� s]n�� p	��w t,s]nâ�jnr`V¥G\_hR��n©^J^;Z]µu` � h;i1`��5s]�5`Vg�hc��`Vgj`enaZuh;\_gj�
t,�jgjdVha\Ss�g sut y^�¦o°haiPZuh!\_^yh;ij`Ã`K³ml¢s�g1`eg3h;\SZ]X�l#s�X_�Ggjs��O\[ZuX-p-i1s�^a`�desG`
�OdV\S`eg3h���=s]t
vj`e��nr`e`��â\S^Yhaij`�gjs�nr�7ZuXS\S�V`ev5gG�1�C�¢`Vn�s]t�dVsmvj`QpYs]navj^�p-\Hh;iypq`e\S�]i�h��a� (Ps�nY`K³1Z]�5l1XS`]o
h;ij`=�Os��5`Vg3h���`eg1`en;Z9h;\Sg1�»t,�1gjdVha\Ss�g�s]t h;ij` p��'s � s ��w �AZ]�O�O\Sgj�CdVsmv1`M\_^ {

��� � p	��w ¿ ��������������������� �!�#"$�
��� ��� � � �

¶ ^5haij`¬½ ^a�jl#`enL�RdesGvj`V^By � s]t�XS`eg1�]h;i q Z]nr`	haij`�vj\_na`VdVh5^a�j� s]t �'¿ q/�W�
\Sgjvj`Vl¢`Vgjvj`Vg�h�des�gj^®h;\Hh;�j`Vg�h�desGvj`e^@y^�womhaij`e\_nY�Os��O`eg3h���`Vgj`enaZuh;\_gj�%t,�1gjdVha\Ss�gj^�%&�(' p���w
Z]na`/^r\S�OljX_�7ZOl#s¦pY`Vn-s]t�� p���w {%&�(' p���w ¿)% p���w ¿*� p	��w,+.-	/ ¿)0�132 p54 w,� 1 � ��� � 5 �
p-ij`enr`62 p74 w \_^5h;i1`�ljnrs��PZ]�j\_XS\HhR�¸h;iPZ9hyZ�dVsmv1`Vpqs�nav�sutzy � iPZ]^yZ pq`e\S�]i�h 4 �´«¬`
Z]^a^r�j�5`�p-\Hh;ijs]�1h�XSs]^a^�s]t ��`Vgj`enaZ]XS\HhR�5haiPZuh¡Z]X_X#haij`/^a�1l¢`Vn®�RdVsmv1`e^¡Z]na`/�1�j\SXHhYt,nas]�±haij`
^;Z]�O`/des�g1^rh;\Hh;�j`Vg3h°dVsmv1`]�

¼ \SgjdV`¡haij`¡has]hDZuXPgG�1�C�¢`Vnqsut�desGvj`QpYs�nrvj^Y\_g/y � \S^ p Á�8 w � ¿ p Á8 w +9-	/ o�haij`¡gG�1�C�¢`Vn
s]tâdVsmv1`Vpqs�navj^¡s]t y � iPZw¥m\_gj�»pY`V\S��i3h 4 \_^ {

q � p74 w ¿ q p74 w ¿ Á;: 8 +9-	/�< 2 p54 w ��� �F� � �
��iPZ]gjµ�^�h;s)haij`7t?Z]dQh�h;iPZuh y � s ����� s y � Z]na`ynaZ]gjvjs]�5XH�¬l#`enr�C�1ha`ev ¥�`Vna^a\_s�gj^�s]t-haij`^;Z]�O`�^a�jl#`enL�RdVsmvj`uo Z]gjvÃh;i��j^M\Sgjv1`el#`egjvj`Vg3hwo�h;ij`»ljnrs��PZ]�1\SXS\HhR�>= p74 w h;iPZuh%Zy¥�`VdVhas�n
s]t�pq`e\S�]i�h 4 �¢`VXSs�g1��^Mhasty´¿�y �@? ����� ? y � \S^=h;ij`5ljnasGvj�jdQhCs]t�haij`7l1nas��PZu�j\SX_\_h;\_`e^h;iPZuh-\Hh-�¢`VXSs�g1��^�h;s»`wZudDi�dVsmvj`uojh;iPZ9h-\S^ q p74 wN� � + 1 � {

= p54 w ¿BAC q � pEDrw
� + 1 �6FG � ��� �F��� �
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(â\_gPZ]X_X_��o�h;i1`%Zw¥]`en;Zu��`%g��j���¢`Vn�s]t·dVsmvj`QpYs]navj^-\Sg y¬iPZw¥G\Sgj��pq`e\_��i3h 4 \S^ {

q p74 w ¿�� q 4���� = p54 w ¿ Á : � 8 +.-	/#< 2 p54 w �
� + 1 � ��� � ��� � ��  �
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GLD : J=2, C0=(15,11,3)
Binomial approximation

(c\S���jnr` � � /'{ ¶ ¥]`en;Zu��`Opq`e\_��i3hMvj\S^®h;na\_�j�1ha\Ss�gÃs]t� ²��XS`V¥]`eX �=��� dVsmvj`V^%�jZ]^a`Vv�s�gÃh;i1`
�°Z]�O�5\_gj� pL�	�'s ����w Zu^¡dVs�gj^®h;\_ha�j`eg3h°desGvj`]oÞdVs��5ljZ]na`Vv�p-\Hh;i�h;ij`=�j\_gjs��O\[Z]X{Z]ljljnrsw³G�
\_�7Z9h;\Ss]g��

��ij\_^ât,s�nr�C�jX[Z-\S^ h;ij`Y^rhDZunrh;\_gj�Al#s�\_g�hâs]tPvj\ E{`Vna`Vg�hJZ]gPZ]XH�Gha\SdeZ]X�s�nâ^r`e�O\H�LZugPZ]X_��ha\SdwZuX
nr`e^r�jX_ha^¡l1na`e^r`eg3h;`Vv)\Sgyhaij`/t,s�XSX_s¦p-\Sgj�C^r`edQh;\Ss]gj^e�

HkI 1�I21 ��l �¥\�Q ��l �Jmfd lMm T'[J\ P4g�VD_ ikT^l�T'RjZ _aRjmfRL_ �z_ dfRjg�X
T'PMmfZ"\

«¬`�pYZ]g3hq\_g»Z G na^®hq^®h;`Vl»has=�jljl#`en®���¢s]�jgjv q p74 w �·¯°^r\Sgj�=`K³jZudVh;XH��haij`�^;Z]�O`��#s��jgjvm�
\_gj�/h;`VdDijgj\ -��j`AZ]^\Sg�§ � 	²ªTo�haiPZuh�\S^�jl1l¢`Vnq�#s��jgjv1\Sgj�=nas]�j��ijXH��`wZ]dDi5desG`
�Ode\_`eg3h 2 p74 w
\_g ��� �65 � �3�yh;i1`M`Vg3h;\Snr`/t,�jgjdVha\Ss�g % p	��w ompY`Ms��1h;Z]\Sg {2 p74 w�
 % p	��w�� � 1 � ��� � �¦� �



	 � � ���������	��
�������������������	����� �"!�#�����	�
� ` G g1\Sgj��� p	��w ¿���� p � p���w�w Z]gjv�h;i1`%gjs]na�5Z]XS\_�e`evypq`e\_��i3h���¿ 4 �oq o ��� � �¦� � dwZug��#`
na`Vp-nr\_hrh;`eg	Z]^ { 2 p74 w 
	��
���7�fq�� � �D� � pE��w

� ��� ��� �F� �3�
� `Qh��j^�gjs¦p XSs¦pq`en®���¢s]�jgjv!h;ij`Avj`egjs]�5\_gPZuh;s]nY\Sg � �F�� Go1gPZ]�O`eXH�»h;ij`/�j\_gjs��O\[Z]XÞdVsm`Qt[�G de\_`eg3hw� } ³Gh;`eg1vj`ev ¼ h;\_naXS\_gj�C�#s��jgjv1^��¡s�g ��� Z]na`»§ �� 9ªJ§ �eªM{� Á ������� � � � 
 � � 
 � Á ������� � � � ��
��� �

� Á �"! ��� �F� / �
Z]gjv���\_¥]`/t,s�n�h;ij`=�j\_gjs��O\[Z]X#desG`
�OdV\S`eg3h%{��
#�%$�q � p � w� �� $ +'& : � � &�<)(* Á � q � pL�D� � w 
 � q 4 � ¿ � q� q � 
 �+
#� � q � p � w �* Á � q � pj�D� � w ��� �F�¦¨ �
p-ij`enr` � p � w \S^�h;i1`MgjZuh;�jnaZ]X�`eg3hanas�l3�!t,�jgjdQh;\_s�gx{

� p � w ¿ � �,��� p � w7� pj�D� � w �-� pj�k� � w ��� �F� 	 �
fRg�hanasGvj�jdV\Sgj� ��� �F� �3� Z]gjv ��� � �¦¨ � \_g3h;s ��� � ��  � �]\_¥�`V^ {

q?p54 w 
 Á : � 8 +9-	/�< * Á � q � pL�D� � w ��� � �+
#� $ � ½ q/. � �D��0 : � </21 (��
#� $ p ½ ����w3. q � p � w� �� $ +'& : � � &�< 1 (
 * Á � q � pc�k� � w ��� � ��
� � ½ ���
� Á q � pL� � � w �

� �+
#�%���Jq54rp ½ ��� w � p � w� ½� p � pE��w�� � ���-Á w�� ½�� �76 !
«�`=vj` G gj`/{�8

p � s�q w ¿ * Á � q � pj�D� � w ��� � �+
#� � ½ ���
� Á q � pj�k� � w � ��� �F� � �

Z]gjvx{ 9
p � s ��w ¿ p ½ ����w � p � w� ½�;: � p	��w�� � ���¡Á=< � ½�� � ��� �F��5 �

��ij` G gPZ]X�jljl#`en=�#s��jgjv¬s�g haij`5Z¦¥]`enaZ]��`OgG�1�C�¢`Vn%sut�desGvj`QpYs�nrvj^�sutqpq`e\_��i3h 4 \_g
h;ij` �=� � dVsmvj`V^-\S^ { q?p54 w 


8
p � s�q w � � � +?> : &A@ � < ��� �¡ �� �B á�Ì²ÒJÔ]ÊQß9Õ9Ö²É�ìQÎÏÓQÒrÕ°ÎÏÕ%C *ADFE[è²Ñ�äHGJI¦èwÒFKeß9ÆKÈTÎÏÊQÕCÜ-I¦ä LVà�ÆQÇTÒcËHÆKíîÉTÒQä
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¶ ^r�G�5lmh;s]ha\SdwZuXSX_�]ojp-ij`eg)haij`�X_`egj�uh;i q h;`eg1vj^°hasy\Sg G gj\_hR�]o q?p54 w ha`egjv1^Ah;s5�e`enrs

\Ht
9

p � s ��w \_^J^rhana\SdQh;XH�Cl#s�^a\Hh;\_¥]`]�����jn�Z]\_��\_^Jgjs¦p�h;s G gjv � \Ht{\Hh`Q³m\S^®h;^ � h;i1`¡^r�7ZuXSXS`V^rh
¥uZ]X_�j`���s]t ��\_g�<�������� ��� Á : ^aZuh;\_^rt@�G\Sgj� 9 p � s ��w ¿��°Z]g1v 9

p � s ��w�� �-t,s�n'�%� <���������� : ���i1\S^·¥uZ]XS�1`�s]t	�°pqs��jXSv»��\H¥�`��1^qZug»Z]^r�G�Ol1h;s]ha\SdeZ]X1X_s²pq`enJ�#s��jg1vOs]g»haij`�gjs�nr�7ZuXS\S�V`ev
�O\Sg1\S�C�j� vj\_^rh;Z]gjde`=s]t h;i1` �=��� desGvj`]�9

p � s ��w \S^AZOt,�jg1dVh;\_s�g�sutZ]g)Zuna�j\Hh;n;Zunr��lPZ]naZ]�O`Vh;`Vn � pq`CiPZw¥]`�h;s5s�l1h;\_�5\_�e`=\Sg
s]navj`VnYh;s���`Qh�h;ij`°h;\S�]i�ha`e^®h��¢s]�jgjv�ojgjZ]�5`VX_�»pq`=pYZ]g3h

9
p � s ��w Zu^�X[Z]nr��`�Zu^�l¢s�^r^a\_�jXS`

t,s]n�`wZ]dDi ��� � `Vh¡�j^-vj`Vgjs]ha`M�3��
 & p	��w h;ij`=lPZunrh-s]t
9

p � s ��w h;iPZ9h-vj`el#`egjv1^°s�g � {

 & p���w ¿ � ½� � p	��w�� ½ � � ��� �  '� �

(c\Sgjvj\_gj��haij`y¥uZ]XS�1`ys]t � haiPZuh��5Z9³m\S�O\S�V`e^ 9
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�

p�� s � � w ¿ � � D � � �3D ¿ � � � � Á D ��� �ë�^� �
��� �ë� � � XS`eZ]vj^�has»haij`/t,s�XSX_s¦p-\Sgj�C\_gj` -��PZuXS\_hR�Ot,s�n D {

� � Á�� 
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���� � p � s � w ��� �ë�   �
��ijZuhâ�O`wZugj^ haiPZuhâZ]g�`Vnanrs�ncsGdedV�jna^�p-ij`Vg�ZuhcXS`wZu^rh iPZ]XHtjs]tjhaij` � �R�j\Hh;^�s]tjZ°desGvj`QpYs�nrv
Zuna`/des¦¥]`ena`Vv)�3��Z]g�`enrnas�n�¥]`edVhas�ne���ij`=^aZ]�5`MZ]nr���j�O`eg3h-\S^��1^a`ev	s�g�h;ij`/`Vgj^a`V�C�jX_`
sutYh;i1`7XS\_gj`wZun/�j\SgPZunr���jX_smdDµ)dVsmv1`e^%has�vj`Vna\H¥�`»h;ij`5n;Z]gjv1s��»��desGvj\Sg1�!�jljl#`en��#s��jg1v
s]g¬h;i1`7`enrnas�nMljnrs��PZ]�j\_XS\HhR�)\Sg�§ 	 59ª�ljl���5  ²� 5
51�!�¡`egjdV`]oâhaij`7deZ]navj\_gPZ]X_\_hR�)sut � � p � � w` -��PZ]XS^ {
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� D � � qe� �� � D � ��� �ë��� �
� `Qh»�j^�vj`eg1s]h;`!�3� � � @ � haij`!^a`Qh»s]t¡`enrnas�nC¥]`edVhas�na^»s]t-pq`e\_��i3h ��h;iPZuhCXS`wZuv¸h;s)h;i1`v1`edesGvj\_gj�As]tjZ°dVsmvj`QpYs]navCs]tmpY`V\S��i3h��Þ� ��ij`Vna`�Z]nr` q?p � w ^a�jdDiCdVsmv1`Vpqs�navj^V�JWY`VdwZ]�j^r`
Zug�`Vnanas]n-¥]`edQh;s�n � s]t � � @ � dwZ]g��¢`=deX_s�^a`Vn�h;s»hRpYs5s�n-�5s�nr`/desGvj`Vpqs�nrvj^As]t pq`e\S�]i�h@�
haiPZ]g�h;s�h;i1`%ZuXSXH���e`VnasCdVsmvj`QpYs]nav�oPpq`MijZ¦¥]`Mhaij`/t,s�XSX_s¦p-\Sgj�C\_gj` -��PZuXS\_hR�t{
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� : � @ � <0�
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� D � � qe� �� � D � ��� �ë� ���
«¬`/h;ij`Vg�ijZ¦¥]`�{

� � � � 
 +0
��������� � �

q?p � w ��
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� D � � q � �� � D � ��� �ë� / �
Zugjv {
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 +0� ������� � � � � pL� � � w + � � +0
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q?p � w ��
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� D � � qe� �� � D � ��� �ë��¨ �
$ s]h;`5h;iPZuh%h;ij`7�¢s��1gjvj\Sg1�)smdVde�jnr^C\Sg¸Z]gjv s�gjXH� \Sg ��� �Ï� ��� ����ij\S^CXSZ]^rh�\Sgj` -��PZ]XS\HhR�
deZ]g �#`��j^a`Vv has~dVs��5l1�1h;`Ãh;i1` ' � v1`edesGvj\_gj� pYs�nrv `Vnanas]n	l1nas��PZu�j\SX_\_hR�~s]t�Z]g3�
X_\Sgj`eZ]n7dVsmv1`)s]t=p-ij\SdDi pq`Ãµ�gjs¦p�haij`)pY`V\S��i3h�vj\_^rhana\S�1�1h;\_s�g�� f�h!\_^7h;\_��i3h;`Vn7h;iPZug
haij`¡des�g3¥�`Vg3h;\Ss]gPZ]X#�jgj\Ss]g5�#s��jgjv5s�g5haij`¡`enanrs�n¥�`edQh;s�nr^qpq`e\_��i3h�des]�C�j\Sg1`ev»p-\_h;i»h;i1`
kYi1`enag1s E#�RWYiPZuhrhDZ]dDijZ]nan®�3ZA�#s��jgjv�s�g%haij`qljZ]\Sn®p-\S^a`�`enrnas�n ljnrs��PZ]�j\_XS\HhR� � § � ���9ªml{�Ï¨�� � {
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«¬`	Z]na`!\_g3h;`enr`e^®h;`ev~\Sg¸haij`��7Z9³m\_�C�j� denas]^a^as¦¥]`enOljnas��jZ]�j\SX_\_hR�� s]t°haij`	W ¼ k

h;iPZuhcXS`eZ]vj^ h;s�Zug�Z]^r�G�Ol1h;suh;\SdeZ]XSXH�A¥uZ]gj\_^aij\_gj�°pqs�nrvC`enrnas�ncljnas��jZ]�j\SX_\_hR� = ���� \_g ��� �Ï��¨ �p-ij`eg q ha`egjv1^Mhas	\_g G gj\HhR����fRg ��� �   5 � o�pY`»iPZw¥�`»h;s�t,sGde�j^=s��jn=Z9hah;`Vg3h;\Ss]g s]g haij`
h;`enr� haiPZuh�smdVde�jnr^Cp-\_h;i¬h;ij`yi1\S��ij`V^rh�l1nas��PZu�j\SX_\_hR����fRg3h;�j\Hh;\_¥]`eXH��oâp-ij`Vg q ��nas¦p-^Vo
h;ij`¡pY`V\S��i3h��cs]t�haij`A`Vnanas]n�¥]`edVhas�na^�ha`egjv1^qh;s � q � (â\_na^®hwo�des��Olj�1ha`°haij`Aljnrs��PZ]�1\SXS\HhR�
h;iPZuh�haij`=gjs�nr�7Z]X_\S�V`evy`Vnanas]n-pq`e\_��i3h��%¿ � �oq \_^ {

� ��� 
 � 
 � ��� ��� �Ï��� �
p-ij`enr` � \S^âZ]g�Z]nr�j\_han;Z]n®�=gjs�gjgj`V�3Zuha\_¥�`q¥]ZuXS�j`u�cf�hJ\_^cdVXSs�^r`eXH�%nr`eXSZuh;`Vv�h;sAhaij`-kYij`VnagjsWE
�¢s��1gjv�s�g	h;ij`=hDZu\SX�s]tZ»�j\_gjs��O\[Z]X�v1\S^rhana\_�j�1h;\_s�g��qf�t��!\S^°Z5naZ]gjvjs�� ¥uZ]nr\[Z]�1XS`�p-\_haiG gj\_ha`/�5s]�5`Vg�ha^�s]tâZ]XSX�s]navj`Vn-Z]gjv	l¢v1t � p � w pq`%ijZ¦¥]`�{

���
	�� p � �� w 
�� � � � :�� ��� < � ¿ ��� : � < � � � ��� �Ï�
5 �
p-ij`enr` � \S^âZ]g3�%g1s�gm�Rg1`e�3Zuha\_¥]`q¥uZ]XS�1`YZ]g1v�� p	��w ¿ ��� �

�
�#� � � p � w � '�\Sg1\S�O\S�e\_gj� ��� �Ï�
5 �

s�g � na`V^a�jXHh;^-\Sg {
���
	�� p � �� w�
 ��� : � < � � ��� : � < ��� � � � �

p-ij`enr`  ¿��  p	��w ¿ � � : � <� � �y«¬`7Z]l1ljX_�Ãhaij\S^M` -��PZ]X_\_hR�)has�haij`5pq`e\_��i3h�s]t�Z]g�`Vnanas]n¥�`edQh;s�n-s]tcXS`Vgj�]hai $ �j«�`=vj` G gj`
�»¿ � p���w ¿ +0/ �h�

� / ��� � � � �
p-ij`enr` � / Zuna`yh;i1`Ã>@>?2�dVs��5l#s�gj`Vg3h;^»s]t¡h;ij`!`Vnanas]n»¥]`edQh;s�n � Z]gjv�hDZ]µu`yh;ij`!¥uZ]XS�1`��p-\_hai¸ljnas]�PZ]�j\_XS\_hR� �%� � Z]gjv � p-\Hh;i¸l1nas��PZu�j\SX_\_hR� ��� } -��PZuXS\_hR� ��� � � � � deZ]g¸�#`na`Vp-nr\_hrh;`eg�\_g�haij\S^�deZ]^a`B{

���
	�� p � � � w ¿����
	�� p � � � q w�
 � +��  : � < � �  � : � <"! ��� � �   �
p-ij`enr`

# p���w ¿ � p	��w
q ¿ ��� 0

�
�

� � � � � p�� / w ¿ ��� pj�D� � � � � � w ��� � � � �
��ij`=s�l1h;\_�7ZuX¢¥uZ]XS�1`/s]t$�C\_^ {

�M¿ #  p	��w ¿ � �#��D� � � � � ��� � ���3�
Z]gjv�XS`eZ]vj^�h;s*{

� � ¿ pL�D� � w �
� pL�D� � w Z]gjv � ¿ ��� pj� � � w�� �-� p � w�� ��� p � w� �-� pj�k� � w ��� � � / �
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# p	��w ¿ �-� pL� � � w� �-� pj�k� � w ��� � � ¨ �

Zugjv G gPZ]XSXH� ��� � �   � na`V^a�jXHh;^-\Sg {
���
	�� p � � � q w 
 � +�� pj�D� � w + : � � ��< � + � : ��< t,s]n � � � ��� � � 	 �

�-`el1X[Z]dV\Sgj� ���3� q � �¢o �)��� �f� � Z]gjv �O�3� �f� �5X_`wZ]v1^Ah;s7haij`Cs�l1l¢s�^r\_ha`%hDZu\SX
�#s��jg1v {

���
	�� p � 
 � q w 
 � +�� pj�D� � w + : � � ��< � + � : ��< t,s]n � � � ��� � � � �
��i1`~Zu^r�G�5lmh;s]ha\Sd¸`K³jZudVh `Q³mljnr`e^a^r\Ss�g�s]t ���
	�� p � � � q w deZ]g �¢`¸t,s]�jgjv \Sg § � �uª
l1l��F� ���9��� 5��1� � `Qhy�j^5hDZ]µu` ��¿ � � � \Sg ��� � � 	 � Z]gjv ��¿ � � � \_g ��� � � � � has
dVs��Olj�1h;`%h;ij`Cl1nas��PZu�j\SX_\_hR�yhaiPZuh�haij`Cgjs�nr�7ZuXS\S�V`ev�`enanrs�n°pq`e\_��i3h/\S^°s��1ha^a\Sv1`�h;ij`�\Sgm�
ha`en®¥]ZuX : � ���os � ��� <Í�J«¬`=iPZw¥�`/{
��� 	�� p � � p � ����wSq w 
 � + � pj�D� � w + : � � � < � +�� pj�k� � w + : � � �5< ��� � � 5 �

� ��
� �hq�� � p � w�� � �  p � w�� � $
Á �   p � w����'p � $ w � �

¶ ^
�  p � w ¿ ��� � �D� �

� � Z]gjv �   p � w ¿ � �
� pL�D� � w ��� � /�� �

\Hh�t,s�XSX_s¦p-^Yh;iPZ9h {
���
	�� p � � p � � ��wSq w�
	��
#� � �fq � $

Á � pL�D� � w � q��'p � $ w � ��� � /'� �
Zugjv5haij`°^aZ]�O`°�#s��jgjv5ijs�X_vj^Jt,s�n ��� 	�� p � 
 p � � �vw^q w �JkYs�gj^a` -��j`eg3h;XH��o1pq`AijZ¦¥]`�{
��� 	�� p � � : � s � ��� <�� : � ���os � < w 
 Á �+
#����Jq � $

Á � pc�k� � w � q��'p � $ w � ��� � /�  �
�¡`egjdV`]oj\Hh�\S^�ZuX_pYZ¦�G^ql¢s�^r^a\_�jXS`-h;s%dDijsms]^a`/Z]g � � ��^a�jdDiyhaiPZuh�h;ij\_^Y�#s��jgjvOh;`Vgjvj^Yhas
�V`enrsOp-ij`Vg q ��sG`e^�hasO\_g G gj\HhR�)�J«¬`MdeZ]g�gjs¦p na`Qp-na\Hh;` ��� �¡  5 � Z]^ {=��	� ¿ 0� � +
	 � � @ � � � !�� � � � � @ � ! � � � � � � pL�D� � w + � � � 0� � +	 � � � � @ � � � ! � � � � � � pj�D� � w + � �


 Á ��
#� � �Jq � $
Á � pL�D� � w � q��'p � $ w � � ��� Á q � � ��� + � � � + pL�D� � w + : � � � <

¶ ^r�G�Ol1h;s]ha\SdeZ]XSXH��o�pY`MiPZw¥�`B{
= ��	� 
 Á q � � � + pj�k� � w + : � � � < +0

�N����� � � �
q p � w ��
� : � +'@ � <0�

��� ' ��� � � D � � q � �
� qe� D �


 q � � � + pL� � � w + : � � � < �0& ��� q p � q w ��
� : � @ &�<0�
��� �

� � qD�q � � q pj�J� � w
q?p � � D�w � ��� � /]� �
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��ij`�ljnasGvj�jdQh/s]th;i1`C�j\Sg1s��5\SZ]X�`Q³mljnr`e^r^a\Ss]gj^=\S^�dVXS`wZunaX_�	�5Z9³m\S�C�1� p-i1`eg D ¿ � � Á
Z]gjv�\_h�t,s�X_XSs¦p-^z{

= ��	� 
 q � � � + pL� � � w + : � � � < �0& ��� q p � q w � Á Á &�+ � q pL�k� � w
q p � � & $ w � ��� �0/ �3�

¯°^a\_gj�/h;ij`°Z]^®�m�Ol1has]h;\_d-Z¦¥]`enaZ]��`¡vj\S^®h;na\_�j�1ha\Ss�g q?p54 w s]t �=��� dVsmv1`e^ ��� �  �� � Z]g1vOhaij`
Z]^r�G�Ol1h;s]ha\Sd°` -��j\_¥uZ]X_`eg3h�s]t�haij`/�j\Sg1s��5\SZ]XÞdesG`
�Ode\_`eg3h ��� �F� � � ojZugjvyt,smdV�j^a\_gj��s�gyhaij`
`Q³ml¢s]gj`eg3h;\SZ]X�h;`Vna�	o1pq`MijZ¦¥]`�{

= ���� 
 �0& ��� � prq3s � s � s ��w �+
#� � �fq � p � s � s � w � ��� �0/
/ �
p-ij`enr`

� p�qts � s � s ��w ¿ q �
8

p � s�q w � Á �
� Á � q p � � � � Á w � � � � � � &�- $� � & � ��� �0/]¨ �

Z]gjv
� p � s ��s � w ¿

9
p � s ��w7� � �-� p Á w� pj�D� � w � � � � � � Á�k� � � � � p � w ��� �0/
	 �

��ij`-Z]^r�G�Ol1h;suh;\SdYZw¥�`enaZ]��`�pqs�nav»`enrnas�nâljnas��jZ]�j\SX_\_hR� = ���� h;`eg1vj^Jh;s/�e`Vnas/\Ht#haij`�^r�7Z]X_XH�`e^rh�h;`enr� � p � s ��s � w \Sg�haij`7`K³1l#s�gj`Vg3h;\[ZuXYlPZ]n®hC\_^�gjs�gG�Rgj`V�3Zuh;\H¥�`u� � ` G gj\Sg1��� p � w
Z]^ {

� p � w ¿ ��� � &A@ � � � p � s ��s � w � ��� �0/ � �
pY`=iPZw¥�`B{ = ��	��� ����� � p � w�� � ��� �0/ 5 �

«¬`MdwZ]g�gjs¦p G gjv�haij`CW ¼ k denrs�^a^rs¦¥�`enAljnas��jZ]�j\SX_\_hR�5h;ijnr`e^ai1s�XSv ��p-ij\_dDi)\S^�haij`
ij\S��i1`e^rhM¥uZ]XS�1`Ot,s�n=p-ij\_dDi � p � w \_^%g1s�gm�Rg1`e�3Zuha\_¥]`]ocp-\Hh;i�Z]g Z]X_��s�na\Hh;ij��^a\_�5\_X[Z]nAhas
h;ij`=s�gj`/v1`e^adVna\_�¢`Vv�\Sg ¼ `VdVha\Ss�g � �  m�  Ct,s]n

9
p � ��� � s ��w �

��� ¼ hDZunrh�p-\_hai	Z»^r�7ZuXSX¢¥uZ]X_�j`/s]t ���
 m�°k�Z]XSdV�jX[Z9h;`7haij`!�7Z²³1\_�7ZuX�¥uZ]X_�j`�� p � w s]t�� p � s � s � w h;iPZugjµ�^»has ��� � /
	 � Z]gjv
��� � ��5 � ���!¥uZ]n®�G\Sgj� � � Z]gjv � Z]^�h;i1`V��Z]nr`=na`eXSZuh;`Vv � �

�1�-f�t � p � w � �1o{\SgjdVna`wZu^a`�haij`C¥uZ]XS�j`�s]t � Z]gjvÃna`Qh;�jnrgÃh;s3 mo�`VXS^r` ���	��
 � � ¿ ��\_^
Z]g�Z]^r�G�Ol1h;s]ha\SdeZ]X��jljl#`en¡�¢s]�jgjv�s]g	haij`%dVnas�^r^as¦¥�`Vn�ljnrs��PZ]�j\_XS\HhR�ys]tch;ij`%W ¼ k
h;iPZ9h�XS`eZ]vj^Yhas�Z�¥uZ]gj\_^aij\_gj�%pqs�nav�`Vnanas]nYljnrs��PZ]�j\_XS\HhR�»s]t ' � vj`edVsmvj\_gj��s]t�haij`
�M��� desGvj`u�
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Z9hOhaij`�^;Z]�O`�n;Zuha`�\S^ � p

8
w ¿ � � � Á � � �cZ]�jX_`e^ � � 	 Zugjv � � ��^aijs¦p haij`!¥uZ]XS�j`V^»s]t

��dVs��OlPZ]na`VvÃp-\_h;i � p
8

w t,s�n�vj\ E{`Vna`Vg�h�µG\_gjvj^/s]t@ ²��s�n/�9��XS`V¥]`eX �=��� desGvj`e^V� �=���
dVsmv1`e^·h;i��j^ZudDij\S`Q¥�`�gj`eZ]n®��dwZ]lPZude\_hR�%l#`enrt,s]na�5Z]gjde`qp-ij`eg�h;i1`e\SnâXS`eg1�]h;iC\_^JZ]nr�j\_han;Z]nr\SX_�
XSZ]na�]`]�

0.100 0.105 0.110 0.115

BSC crossover probability

−0.010

−0.005

0.000

0.005

0.010

0.015

0.020

0.025

0.030

E
(p

)

(c\S���jnr` � � � �^{ � p � w ¥m^V� � t,s�n%haij`* ²��XS`V¥]`eX �M��� dVsmvj`7�PZ]^a`Vv�s�g�h;i1`!�AZ]�O�O\Sgj�pj� �'s � ��s � w dVs�gj^®h;\_ha�j`eg3h¡desGvj`

HkI 1�I�H ��ifi \�Q � l �fmfd lMm _aRjmfRL_ �z_ dfRjg T'P4mJZ"\ ��l�Q P �JbD\�d
4j\�m
	�T'[

fRg%h;ij\_^c^r`edVha\Ss�g{oupq`��j^a`�h;ij`q`Q³mljnr`e^a^r\Ss�g ��� � ��  � s]tjh;i1`�Zw¥�`Vn;Z]��`�pY`V\S��i3hâvj\S^®h;na\_�j�1ha\Ss�g
sutYh;i1` �=��� dVsmv1`e^=h;s	des��Olj�1ha`5Zug¬�jl1l¢`Vn%�#s��jgjv s�g�h;ij`O�O\Sgj\_�C�j�£�AZ]�O�O\Sgj�
v1\S^rh;Z]gjdV`qs]tmh;ij`�`eg1^a`e���jXS`�s]t �=��� dVsmv1`e^�IJ>@<,.����m:a2AFS:QzGx]<,.G� ��ij`q�7Z �rs]n�vj\FE¢`enr`egjdV`
p-\Hh;i ¼ `VdVh;\_s�g � �¡ G�¡ �\_^-haiPZuh�pq`=vjs5g1s]h-�j^a`=h;i1`M\_gj` -��PZuXS\_hR� ��� �F�¦� � �

��ij`Mljnrs��PZ]�j\_XS\HhR�5haiPZuh-h;ij`=�O\Sgj\_�C�j�±vj\S^®hDZ]g1de` �
��� � / s]tJZ�X_\Sgj`eZ]n��jXSsGdDµydVsmvj`y	sut¢X_`egj�uh;i q \S^JX_s¦pY`Vn·h;iPZ]g{o�s�nJ` -��PZuX1h;sjo ��\_^·h;ij`�l1nas��PZu�j\SX_\_hR�/h;ijZuhJh;ij`Vna`�`K³1\_^rha^

Zy^r` -��j`Vgjde`�� s]t�X_`egj�]hai q Z]gjvÃpq`e\S�]i�h D XSs¦pq`en�haiPZ]g�o�s�nA` -��PZ]Xâhasjo ��h;ijZuh/\S^�Z
dVsmv1`Vpqs�nav	s]t7y {
���
	�� p��

��� � / 
 � w ¿ ��� 	�� � �	� ����� p Á w + � � p � w ¿ 4 
 � Z]gjv
� �ty ����� �ë¨ � �



5 � � ���������	��
�������������������	����� �"!�#�����	�

kYs�g1^rh;\Hh;�j`Vg3h
desGvj`fyS� � � p

8
w

�AZ]�O�5\_gj� p��'s � s ��w �m�¡ 
	 	 �1�   �^�
�°Z]�O�5\_gj� pL�	�'s ����s � w �m�F� � 5 �1� �� '�
�°Z]�O�5\_gj� p �'��s Á �^s � w �m� � � 	 �1� � / 5
�°Z]�O�5\_gj� p ���^s � �'s � w �m� �  �� �1� �   5

} ³Gh;`Vgjvj`ev)�AZ]�O�5\_gj� pj���^s ��� s � w �m�F� � 5 �1� � /]¨
} ³Gh;`Vgjvj`ev)�AZ]�O�5\_gj� p � Á s Á �'s � w �m� ��¨]� �1� � 	� 
} ³Gh;`Vgjvj`ev)�AZ]�O�5\_gj� p � � s � ��s � w �m� �   	 �1� ��� /

W�k�� �  ¿ Á � p �^� s Á ��s � w �1�F�w¨ ��� �1� �¦¨ /
W�k�� �  ¿ Á � p � �'s �'��s � w �m� � 	   �1� � 	 �

} ³Gh;`eg1vj`evÃW�k�� p � Á s Á ��s � w �1�F� �   � �1� � ���
} ³Gh;`eg1vj`evÃW�k�� p � � s ����s � w �1� � � � � �1� ���^�

�âZ]�1XS` � � 	'{JW ¼ k´denrs�^a^rs¦¥�`en¡ljnrs��PZ]�j\_XS\HhR�5haijna`V^aijs�X_v ��sut� ²��XS`Q¥�`eX �M��� desGvj`e^-dVs��»�
lPZ]na`Vv7p-\_hai5haij`°haijna`V^aijs�X_v � p

8
w s]t�haij`AdVsmvj`¡s]t�^aZ]�O`An;Z9h;`°Z]dDij\S`Q¥G\Sgj�%dwZ]lPZude\_hR�]� �

\Sgjvj\_dwZuha`e^�haiPZuh �	\S^�dVXSs�^r`en�h;iPZug � � � � has � p
8

w �

kYs�g1^rh;\Hh;�j`Vg3h
desGvj`fyS� �

8
�°Z]�O�5\_gj� pL�	�'s ����s � w �1�¡  �   � �1�   � �
�°Z]�O�5\_gj� p �'��s Á �^s � w �1�F� � ��� �1� � � /

} ³Gh;`Vgjvj`ev)�AZ]�O�5\_gj� pj���^s ��� s � w �1�Ï�
/]� � �1�ë� / �
} ³Gh;`Vgjvj`ev)�AZ]�O�5\_gj� p � Á s Á �'s � w �1�F�w�^� � �1� �¦�  

�âZ]�1XS` � � �^{JW ¼ k´denrs�^a^rs¦¥�`en¡ljnrs��PZ]�j\_XS\HhR�5haijna`V^aijs�X_v ��sut·�9��XS`Q¥�`eX �M��� desGvj`e^-dVs��»�
lPZ]na`Vv)p-\_hai�h;ij`Chaijna`V^aijs]XSv � p

8
w s]t�ZydesGvj`Cs]t�^aZ]�5`%n;Zuha`�Z]dDij\_`V¥G\Sg1�ydwZ]ljZ]de\HhR��� �

\Sgjvj\_dwZuha`e^�haiPZuh �	\S^�dVXSs�^r`en�h;iPZug � � � � has � p
8

w �
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��i1\S^Oljnas��jZ]�j\SX_\_hR� \_^»deXS`eZ]naXH��XS`V^a^»h;iPZ]g~h;ij`	^a�j� s]t°h;ij`�ljnas��jZ]�j\SX_\_ha\S`e^%h;iPZuhOh;i1`
\_gjvj\H¥m\_vj�PZ]X¢^a` -G�1`egjdV`e^ � s]tchaij`=des�g1^a\Sv1`ena`Vv	pq`e\_��i3h°Z]na`=desGvj`QpYs�nrvj^ {

��� 	�� pr�
��� � / 
 � w 
 0

� - 1 ��� ���
	�� p � �ty w ¿ �01
�h�
� q D � = p54 w ��� �ë¨^� �

p-i1`ena` = p74 w \S^5vj` G gj`ev¾Z]^Oh;ij`�ljnas]�PZ]�j\_XS\_hR��h;iPZuhyZ�^a` -��j`egjdV`Ãs]t/pq`e\S�]i�h 4 \S^5Z
dVsmv1`Vpqs�nav��

«¬`�dwZ]X_de�jXSZuh;`Vv = p54 w t,s�n h;ij`-Zw¥�`Vn;Z]�]`�`egj^r`e�C�jX_`�s]t �M��� dVsmvj`V^Js]t G ³m`ev»XS`Vgj�]haiq o¢X_`V¥]`eX�g��j�C�#`en=½¸Z]g1v�des]gj^rha\_h;�1`eg3h�dVsmvj` y^�/Z]^°Z»t,�jg1dVh;\_s�g�sutâh;i1`Mpq`e\_��i3hA`VgG�G�
�O`enaZuh;s]n�t,�jg1dVh;\_s�gys]t{h;ij`�dVs�gj^®h;\_ha�j`eg3h�dVsmv1`A\Sg ��� � ��� � � ¶ ljl1X_�G\Sgj� ��� � ��  � \Sg ��� �ë¨^� �
X_`wZ]v1^�h;s3{

��� 	�� pr�
��� � / 
 � w 
 �01

�h�
q p74 w ��� �ë¨   �

q?p54 w \S^�vj\_na`edQh;XH�ydes]gjgj`edQh;`Vv�h;s 2 p54 w ojhaij`=gjs�na�5Z]X_\S�e`Vvyg��j�C�#`en-s]tcdesGvj`Vpqs�nrvj^
sut�pY`V\S��i3h D s]t ZC^a�jl#`enL�RdVsmvj`�Z]^�vj` G gj`ev�\_g ��� �65 � �·«�`�g1s�XSs�gj�]`enY�1^a`�h;i1`/Z]ljljnrsw³G�
\_�7Z9h;\Ss]g ��� � �¦� � oG�1�1hYpq`AdeZ]XSdV�jX[Zuha`�p-\_hai7^r�G�C�#s�X_\Sd�h;sGs�XS^\Hh;^`Q³1Z]dQhY¥uZ]XS�1`]�·f�hq\S^Jh;i1`
dVsm`��Ode\S`Vg3hYs]t�vj`e��nr`e` D s]t�haij` q/��� ��ha\S�O`�des�g3¥]s�XS�1ha\Ss�g1^qs]t9� p	��w o3h;i1`°�Os��O`eg3h���`egm�
`Vn;Zuha\Sgj�yt,�1gjdVha\Ss�g�s]th;i1`OdVs�gj^®h;\_ha�j`eg3h=dVsmvj`�y^�¦� ¶ XHh;ijs]�j��iÃXS\_�5\Hh;`Vv��3�Ãdes]�5lj�mh;`en
deZ]lPZ]dV\_hR���¦o1haij\S^��O`Vhaijsmv�deZ]g�X_`wZ]v!has3{

| h;ij`CdVs��OljXS`Qh;`%pq`e\_��i3h=vj\S^®h;nr\S�j�1ha\Ss�g q p74 w s]tJh;ij` �=��� desGvj` � ^a`e`Chaij`Cgj`K³Gh
^a`edQh;\_s�g	t,s]n�\_h;^-ZuljljXS\_dwZuha\Ss�gOh;s ' � v1`edesGvj\_gj� � �

| Z]gÃE²¹3¹P:Q8.�Q69Emz#2ys]t \_ha^Y�O\Sgj\_�C�j� �°Z]�5�O\Sg1��vj\_^rhDZugjde`��3�5hDZ]µ�\Sg1��h;ij`/nr\S��i3h
iPZ]gjv	^a\_vj`/s]t ��� �ë¨   � ` -G�jZ]X�h;s � Z]^�t,s�XSX_s²p-^V�

«¬`=iPZw¥�`B{ �
��� � / 
�� ��� �ë¨�� �

p-i1`ena` � \_^�h;ij`=^a�5Z]X_XS`e^®h�\Sg3ha`e��`Vn�^a�jdDi	h;iPZuh

�
	01
�h�

q p74 w�� ¿ � ��� �ë¨ ���
 ÈÍÌ9ÆKÕ��wÉ#ÈTÊqÆJÕwß²ê�Ò®ÇÍÎÏÐrÆKí9êqß²íëÈTÎ £SÑ²ÇÍÒrÐ®ÎÏÉTÎÏÊQÕ�íëÎÏÔ²Ç�ÆKÇ ç èeÆKÕ9Ö-É ç ê�Ô]ÊQíÏÎÏÐ�ÑuÊVí ç Õ²ÊVêYÎîÆKí²ÈTÊwÊQíîÉ#ÉTÑuÒaÐLÎîÆKíÏí çÖ¦Ò®ÓVÒ®íÏÊQÑ]ÒrÖ3èKÎëÈPÎÏÉjÑ]ÊVÉÍÉTÎëÔ²íÏÒ¢ÈTÊ·ÇTÒaÆQÐ�ÌÎÏÕ�Æ ÇÍÒrÆVÉ?ÊVÕ9ÆKÔ9íëÒ#ÈTÎÏêYÒ{ÈÍÌ²Ò�Ò��²ÆQÐLÈjÆ;ÓVÒ®Ç�ÆKìVÒÞé¢ÒrÎëìVÌeÈjÖ¦ÎîÉ?ÈTÇÍÎëÔ²ß²ÈTÎÏÊQÕ

�������¢ËÛÊVÇ�ÐLÊ¦Ö¦ÒrÉ�ß9Ñ°ÈÍÊ�íëÒrÕ²ìKÈÍÌ���������� �²ä
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(c\S���jnr` � �F� �7^ai1s²p-^%h;ij\_^%�#s��jgjv � dwZ]X_de�jXSZuh;`Vv¬t,s�n=hRpYs�^a`Vha^�s]tD ²�RX_`V¥�`VX �=���

desGvj`e^»s]tAXS`eg1�]h;i q \Sg h;i1`	naZ]gj��`�Á � �"����� � � �m� ��ij` G na^rhOs�g1`	\_^»�PZ]^a`Vv~s]g haij`p Á � so� �'s � w des�gj^®h;\Hh;�j`Vg�h¡dVsmvj`uo#Z p �^��s Á �'s � w ^rijs�nrha`egj`Vv)�°Z]�5�O\Sg1��desGvj`]����ij`M^a`edK�
s�gjvys�g1`�\S^q�PZ]^a`Vv!s�gyh;i1` p Á � s ���^s � w dVs�gj^®h;\_ha�j`eg3h-dVsmvj`uojZ]g7`Q³Gh;`Vgjvj`ev�h;i1`eg!^ai1s�nrh®�
`egj`Vv � �  mo  ]¨1o ��� �°Z]�O�5\_gj�AdVsmvj`u�·WYsuh;i�s]tÞh;i1`e��ijZ¦¥]`¡Z]g�s¦¥�`enaZ]XSXmn;Zuha`�s]t � ¿ ��� Ám�
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(20,15,3) asymptotic lower bound
(20,15,3) upper bound for fixed length
(24,18,4) asymptotic lower bound
(24,18,4) upper bound for fixed length

(â\S���1na` � � ����{�¯°ljl#`en/�#s��jgjv�t,s�n G ³1`Vv�X_`egj�]hai�Z]gjv¬Z]^r�G�Ol1h;suh;\Sd�XSs¦pY`Vn/�¢s]�jgjv s�g
h;ij`=�O\Sgj\_�C�j�±�AZ]�O�O\Sgj�Cv1\S^rh;Z]gjdV`MsutchRpqs �=��� desGvj`e^-p-\_hai�½�¿ Á�X_`V¥]`eXS^

��i1`7��naZ]g��jX[Z]nr\_hR�ÃsutYh;i1`5dV�jnr¥]`e^C\_^%vj�1`Ohas�h;i1` �PsGs�n=t,�jgjdQh;\Ss]g¬\_g ��� �Ï¨ ��� Z]gjv
h;s�haij`5t?ZudVhMh;iPZuhMh;i1`7XS`Vgj�]hai�s]t-Z �M��� dVsmv1`7\S^%Z����jX_ha\SljX_`�s]t�h;i1`7des]gj^rha\_h;�1`eg3h
desGvj`AX_`egj�]hai��J��ij`V^a`/�jljl#`enY�¢s��1gjvj^�Z]nr`AdVs��5ljZ]na`Vv7p-\_hai7h;ij`�Z]^r�G�Ol1h;s]ha\SdeZ]XÞXSs¦pY`Vn
�¢s��1gjvj^�vj`Vna\H¥�`evÃ\_g ¼ `VdVh;\_s�g � �  m�  Op-ij\SdDi�Zuna` �»¿ÀÁ � ��� � �f� ÁOt,s�n¡h;ij` G nr^rh �=���
desGvj`�Z]gjv �O¿ � � � � ���f� Á5t,s]n°h;i1`�^a`edVs�gjv��%��ij`»Zw¥�`Vn;Z]��`��O\Sg1\S�C�j�'v1\S^rh;Z]gjdV`Cs]t
h;ij`V^a`=desGvj`e^¡\S^�dVXS`eZ]naXH�yZ»XS\_gj`wZ]nqt,�jgjdVha\Ss�g�s]t h;i1`e\Sn�X_`egj�uh;i��
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ZS[JP4mJmf\ 4
��i1`C`Q³1Z]dQh/Zw¥�`Vn;Z]��`%pY`V\S��i3h�v1\S^rhana\_�j�1h;\_s�g q p54 w dwZ]g�Z]XS^rs7�#`��j^r`ev)t,s�n¡des��Olj�1ha\Sgj�
haij`=Zw¥�`Vn;Z]��`=�j\Hh�`enrnas�n�l1nas��PZu�j\SX_\_hR�Os]t ' � v1`edesGvj\_gj�»s]t �M��� desGvj`e^V�fRgjvj`e`Vv�ojh;i1`
\_g3h;`enrXS`eZ¦¥]`en�Z]dQh;^s�gOZ]XSXmh;ij`-desGvj`Vv5�j\Hh;^��^rsMhaiPZuhJhaij`V�»Zuna`-` -��PZ]X_X_��ljnas]ha`edQh;`ev � haij\S^
^®hDZuha`e�O`eg3h°Z]XS^rs»iPZ]^��#`e`eg	¥�`Vna\ G `ev	����dVs��Olj�1h;`Vn�^a\_�C�jX[Z9h;\Ss]g � �

�¡`egjdV`]ot,nas�� Z]g3�¬�¢s��1gjv s�g¸h;i1`7pYs]nav `enrnas�n�ljnas��jZ]�j\SX_\_hR��s¦¥�`Vn�h;i1` ¶ « � $
dDijZ]gjgj`VXÍoÞpY`CdeZ]g�v1`ena\H¥�`�Z]g)�jljl#`en¡�#s��jgjv)s]g�h;i1`CZw¥�`Vn;Z]��`%�j\_h°`enrnas�n¡ljnrs��PZ]�j\_XS\HhR�=
����p-\_haijs��1h�iPZw¥G\Sgj�/has%dVs��5l1�1h;`�h;i1`°\_gjlj�1h®�Rs��1halj�1hJpq`e\_��i3hq`Vg��j�5`Vn;Zuhas�nJt,�jgjdQh;\Ss]g
� f �-« } ( � Z]^�\_g�h;ij`�des]g�¥]`eg3h;\_s�gPZ]X/�O`VhaijsGvj^!�j^a`Vv´has��¢s��1gjv h;ij` ' � vj`edVsmvm�
\_gj�»l¢`Vnrt,s�nr�7Zugjde`/s]t h;�1na�#su�RdVsmvj`V^ � § � � ª�t,s]n�lPZ]n;ZuXSXS`VX{dVs�gjdwZ9h;`egjZuh;`Vv�des]g�¥]s�XS�mh;\Ss]gPZ]X
dVsmv1`e^eo�§ �¦¨uª Zugjv § � � � ª�t,s�n�^r`ena\SZ]XSXH�7dVs�gjdeZuh;`VgPZuh;`Vv�dVs�g3¥�s�X_�1h;\_s�gPZ]X¢desGvj`e^ � �

fRg�Z]XSX·haij\S^=^a`VdVha\Ss�g�o pY`5Z]^r^a�j�O`OhaiPZuhMh;ij`OdesGvj`QpYs�nrvj^�sutYh;i1` �=��� desGvj`5Z]na`
han;Z]g1^a�O\_haha`ev�Z]^�Z7^r`Vh/sut q Z]g3h;\_l¢sGvPZ]X�^r\S��gPZuXS^¡s]t�PZ]^r`e�PZ]g1vÃ`egj`Vna�]��� � ¿ ��� �j\_h�OZ]^r^asGde\[Z9h;`ev	p-\_hai�^®�m���¢s�X �%� Z]g1v��j\Hh � p-\_hai�^®�G�C�¢s]X �¦� ���¡`egjdV`]oÞh;ij` �	�qh;`Vna�
\_g!h;ij`=^a\_��gPZ]X¢h;s»gjs�\_^a`/n;Z9h;\Ss �	� �oq �¡` -��PZ]XS^ �	�·¿ ��� Á��C�


�����������������
��i1`M^r\S�OljXS`Vn��#s��jgjvj^°Z]nr`/vj`enr\_¥�`Vv�v1\Sna`VdVhaX_�7t,nrs�� haij`=�jgj\Ss]g!�¢s��1gjv {

=
��� 
 +01
�h�

q p74 w � �
Á `en®t,d ��� � 4 ���q � � ��� �ë¨ / �

=���� 
 +01
�h�

4
q � q p74 w � �

Á `enrt,d � � � 4 �	�q � � ��� �ë¨�¨ �

Wq�1hAhaij`e\_nAdeXSZ]^a^r\SdeZ]Xcv1n;Zwp-�PZ]dDµ�\S^-h;iPZuhAh;ij`Q�)Z]nr`�gjsuhAh;\_��i3h�ZugjvÃ`V¥]`eg�vj\_¥]`enr��`%t,s�n
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s]t�y 1 �f�h-\_^�deXS`eZ]n�h;ijZuh-t,s�n-Z]XSX9�D{
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haiPZuh �=��� desGvj`e^Jp-\_hai�s�gjXH�7½�¿ Á�XS`Q¥�`VXS^JZ]nr`-Z]^r�G�Ol1h;suh;\SdeZ]XSXH�M��smsGv�� ¼ `edVs�gjv�o3hRpqs
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h;ij`C^®h;nr�jdVha�jna`uo �]n;Z]lji1\SdwZuXcnr`eljnr`e^a`Vg3hDZuha\Ss�g Z]gjvÃv1`edesGvj\_gj�!Z]nr`�^a\S�OljX_`ene���°s¦pY`Q¥�`Vneo
h;ij`-vj`VdesGvj\Sgj�M^adDi1`e�O`Aljnr`e^a`Vg3h;`ev7dwZ]g5�¢`¡Z]ljl1XS\S`VvOhas �=��� dVsmv1`e^p-\_h;iO�Os�na`�h;ijZ]g �X_`V¥]`eXS^¡Z]^��1na\S` �j�!vj\_^adV�j^a^r`ev�XSZuh;`Vne�

��i1` �=��� vj`edVsmv1\Sgj�=^adDi1`e�O`¡\_^·^a\_�5\_X[Z]n�has � Z]X_X[Z]��`Vnon©^cl1nas��PZu�j\SX_\S^rha\Sd�vj`edVsmv1\Sgj�j�
��ij`C�PZ]^r\Sd%\Svj`eZ5\S^¡h;ij`%^;Z]�O` {�t,s�n¡`wZudDiÃdesGvj`evÃ�j\HhwoÞpY`�des��Olj�1ha`�\_ha^Aljnrs��PZ]�1\SXS\HhR�
��\_¥]`eg¸\Hh;^Mna`edV`e\H¥�`ev ^aZ]�OljXS`Odes�g1^a\Sv1`ena\_gj��haiPZuh%\_h%�¢`VXSs�g1��^Mhas�haij`7^r�jl¢`Vn®��desGvj`�y � �
��ij\S^-ljnrs��PZ]�j\_XS\HhR�7\_^-t,`Vv	hasOhaij`M^a�jl#`enL�RdesGvj` y $ vj`edVsmvj`VnAZu^°Zug¸0%¹#8K>Í698K>q\_g1t,s�na�5Z9�
h;\Ss]g��J«�`/h;i1`eg�dVs��Olj�1h;`/haij`=ljnas��jZ]�j\SX_\_hR�5s]t·`eZ]dDi��1\_h-��\H¥�`eg�\_ha^�na`edV`e\H¥�`ev�^;Z]�OljX_`
Z]gjv5haij\S^�^a\_vj`A\_g1t,s�nr�7Zuha\Ss�g�dVs�gj^r\Svj`Vna\Sg1�%\HhY�#`eX_s�gj��^h;s y $w�J��ij\_^q^r`edVs�gjv!ljnrs��PZ]�j\_XH�
\_hR�»\S^�na`Qh;�jnrgj`ev7s]t�h;i1` G nr^rh�^r�jl#`en®��desGvj`Av1`edesGvj`Vn�Z]^YZ]g�0°¹#8K>Í698Q>â\Sg1t,s�nr�7Z9h;\Ss]g»Z]gjv
h;ij\_^�ljnasGde`V^a^¡\S^�\_ha`enaZuh;`Vv��

} Z]dDi¬^a�jl#`enL�RdVsmvj`»vj`VdesGvj\Sg1�	\_^/l¢`Vnrt,s�nr�5`Vv¬�3�Ã�O`wZugj^=s]t�Zug ' ¶ b vj`VdesGvj`en��¦�
f�h;^=des��OljX_`Q³m\_hR�Ã\_^/gjs]hMljnrs�ij\S�1\_h;\H¥�`�\Ht�pq`7`K³mljXSs�\Hh�h;i1`Ot?Z]dQh=h;iPZuh%Z!^a�1l¢`Vn®�RdVsmv1`5\_^
des��Ol¢s]^a`ev�s]t@� ¿ q/�W� >@z#2G:R¹P:Qz#2G:QzP<AdVs�gj^®h;\_ha�j`eg3hMdesGvj`V^MsutY^r�7Z]X_X·XS`Vgj�]hai � ��f�h
\S^»l¢`Vnrt,s�nr�5`Vv~�1^a\Sg1� ��^a\_�5l1XS`!^asut@hr�R\_gjlj�1h ¼ ^rs]t@hr��s��1halj�1h � ¼ f ¼ � � vj`edVsmv1`ena^Oh;iPZ9h
dwZ]g�t,�1nrh;i1`ena�Os�nr`5pqs�naµ \Sg¬lPZ]n;ZuXSXS`VXJs�g¸`Q¥�`en®�¸dVs�gj^rha\_ha�j`eg3h�dVsmvj`u��fRg¸s]�jn�\_�5ljX_`Q�
�5`Vg�h;Zuh;\_s�g�o�pY`A�j^a`Vv�t,s]nrpYZ]navm���PZ]dDµ3pYZ]nav�vj`VdesGvj`enr^=§ë�uª¢s�gyhaij`�desGvj`Ahana`VXSXS\_^e�c��ij`e\_n
des��OljXS`K³m\_hR�%\S^J^rha\SX_X1na`eZ]^as]gPZ]�jX_`�\Sg»s��jnJdeZ]^a`¡Z]^Jpq`¡�1^a`¡^a�5Z]XSXmXS`eg1�]h;i � des]gj^rha\_h;�1`eg3h
desGvj`e^�s]t�ij\_��iOn;Zuha` � ^a`e` ¶ ljl#`eg1vj\H³5W�t,s�n�Z%vj`V^adenr\Sl1ha\Ss�gOs]t�haij` (·W~ZuXS��s�nr\_haij��Z]lG�
ljXS\_`evCh;s=�jX_smdDµMdesGvj`V^qZugjv7Zug5ZugPZ]X_�G^r\S^·s]t¢\_ha^·des]�5ljX_`Q³m\_hR� � � �Ah;ij`Vn ¼ f ¼ �´v1`edesGvj\_gj�
Z]XS��s]na\_haij�O^t,s]n�XS\_gj`wZ]n��jX_smdDµOdesGvj`e^VoPs�l1ha\S�5Z]XÞs�n�^a�1�¢s�lmh;\S�5Z]XToG^r�jdDi	Z]^�na`VljXS\_dwZuha\Ss�g
vj`edVsmvj\_gj��§ � ªJ§6/]�uªToÞkYiPZ]^r`MZ]XS��s]na\_haij� §©�^�eª � ^a`V`%ZuXS^asy§ � � ª � oj�5sGvj\ G `ev!WYZuhah;Z]\SXÛ� (ÞZ]gj�
§ 	9ª¢Z]g1v (Ps�^a^rs�na\_`en®� � \Sg�§ � �²ª�ZuXS��s�nr\_haij�5^·p-\Hh;i5^as]t@hqs��1halj�1hwomXSs��9�R�5Z]lOZ]gjv7�5Z9³��RX_s��u�
�7Z]lO^a\_�5l1XS\ G `ev�¥�`Vna^a\_s�gj^qs]t�h;i1` (·W §65��uªÍo�s�n�`V¥]`eg ¼ � � ¶ § �9ªâ§6/'�Qª¢dVs��jX_vyZ]X_^asMiPZw¥�`
�¢`V`eg	�j^a`Vv��

��i1`�^a�jl#`enL�RdVsmvj`Avj`edVsmvj\_gj�C��`Vgj`enaZuh;`V^�t,s�nY`eZ]dDi!desGvj`Vv!�j\_h�� �Ío �c¿ ��s ����� s�q Z]g
0�¹P6¦NQ<R:Q8K>Í698K>Yljnrs��PZ]�j\_XS\HhR����= = �âZ]gjv�Z]g�`K³Gh;na\_gj^a\_d%l1nas��PZu�j\SX_\_hR��� �  $�R����ij`%X[Zuhrh;`en
\S^�t,`ev h;ijnrs��j��i�h;i1`7Z]l1ljnas�l1na\[Z9h;`�\Sg3ha`enaX_`wZw¥�`Vn/h;s�h;ij`Os]h;i1`en=^a�jl#`enL�RdVsmvj`Ovj`VdesGvj`enV�
� `edV\S^a\_s�gj^Os�g�`eZ]dDi�desGvj`Vv��j\_ha^��� �AdeZ]g��#`�h;Z]µ]`Vg Zuh5`wZ]dDi vj`VdesGvj\Sg1��^rha`el��3��Z
h;ijnr`e^ai1s�XSv�vj`VdesGvj`en�s�g�� = = ��� ��gj`!\Hh;`enaZuh;\_s�g¸^®h;`el des]gj^a\_^rh;^�s]g�haij`�^a�jdVde`V^a^a\H¥�`
vj`edVsmvj\_gj�»s]t h;ij` G nr^rh°Z]gjv!h;i1`M^r`edVs�gjv�^r�jl#`en®��desGvj`e^Vo�>?U?:eUhRpqs5vj`VdesGvj\Sg1�O^®h;`Vlj^e�

� `Qh��j^�vj`egjsuh;`��3� � ¿ p � � s ����� s � + w h;ij`�dDiPZugjgj`eX/s]�1h;lj�mh;^�des�nrna`V^al#s�gjvj\_gj�
h;s�haij`ÃdesGvj`Vpqs�nrv �¬¿ p � � s ����� s � + w � «¬` G na^®h!des]�5lj�mh;`�haij`ÃXS\_µ]`eX_\SijsGsGvj^ � ¿p � � s ����� s�� + w p-i1`ena` � �¢¿ � p � � � � �¢¿ � w � ��ij`�0Y¹#8K>Í698K>{l1nas��PZu�j\SX_\_h;\_`e^�sut1h;i1`My � ¼ f ¼ �

�	� ê�ÊQÇÍÒJÆKÑ²Ñ9ÇTÊVÑ²ÇTÎîÆDÈÍÒ ÈÍÒ®ÇÍê�é{ÊQß²íîÖ¡Ô]Ò�
��������������
������������������! "�#�%$#��&'�(&')*�,+%���.-0/1)32	 Rä
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v1`edesGvj`Vn-Zuh�h;i1` G na^®h-\_h;`Vn;Zuha\Ss�g7Z]na`A^a`Vh�has �1� /%t,s�n�Z]X_X¢�j\Hh;^�Zu^�gjs�^a\_vj`�\Sgmt,s�na�5Zuh;\_s�g
\_^�Zw¥uZ]\SXSZ]�jX_`]� ��ij` D ��haiy\_ha`enaZuh;\_s�g5sut�h;ij`°vj`edVsmvj\_gj�C^rdDij`e�O`�\S^qljna`V^a`Vg�ha`ev�\Sg (â\S�]�jna`� �F� � � �-`e�O`e�C�#`en�haiPZuh"� $ \_^�h;ij`M\Sg3h;`VnaX_`wZw¥�`Vn-t,�1gjdVha\Ss�g¥{)� $ p � � w ¿ � $ o#i1`egjdV`Mhasnr`Vhana\S`Q¥�`�haij`C^®h;na�1dVh;�1na`evÃ¥]`ena^r\Ss�gÃsutJh;ij`C^r`edVs�gjvÃ^a�1�m�R�5Zuh;nr\H³%� $ Zuh°h;ij` y $ ¼ f ¼ �
v1`edesGvj`VnM^®hDZ]�]`]o�h;ij`�dVsmv1`ev �j\_ha^�iPZw¥�`»h;s��#`�\Sg3h;`VnaXS`eZw¥�`ev�p-\_hai � � �$ o�Z]^/^rijs¦p-g�\Sg(c\S���jnr` � � � /m�
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APP
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APPa prioria priori

�

� (âW¾v1`edesGvj`Vna^
y �¡¼ f ¼ � vj`edVsmv1`en

� (·W¾vj`VdesGvj`enr^
y $A¼ f ¼ �Àv1`edesGvj`Vn

� $

� � �$

� $
Z�ljna\_s�na\ $ pED�w ¶ bb $ pED�w

¶ bb@� p�D�wZ�ljna\_s�na\�� pEDrw � � �$ Z»ljnr\Ss�nr\�� p�D � ��w

�� pED"� ��� Á w �� p�D�w

} ³Gh $ p�D�w
} ³Gh,� p�D�w

(â\_���jnr` � � � � {J��ij` D ��hai �=��� v1`edesGvj\_gj�»\_h;`Vn;Zuha\Ss�g

�£¿ � � �� $ ¿�� $ p � � w � � $
� � �$ � � �$ p � w ¿ � � � �$ p � � w� � �

(c\S���jnr` � � � /'{b `ena���1hDZuha\Ss�g�s]t h;i1`MljZ]na\HhR����dDij`edDµ!�5Zuhana\H³7s]t h;ij` �=��� dVsmv1`e^�p-\_hai
½�¿ Á»X_`V¥�`VXS^V�

(5)c( 
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��i1`�vj`VdesGvj\Sgj�7Z]XS�]s�na\Hh;ij� ljna`V^a`eg3ha`ev�\Sg�h;ij`%X[Z]^®hA^r`edQh;\Ss]g�\S^¡deX_`wZ]nrX_�!g1s]h�s�lmh;\S�5Z]XTo
`Q¥�`VgO\Htjh;i1`Yvj`VdesGvj\Sgj�As]tÞ`wZ]dDi�^r�jl#`en®��desGvj`�\_^c^rsj�c«¬`�^a`V`�\Sg (â\S���1na` � �F�w�¡h;ijZuhâhaij`enr`
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\S^-Z�XSs�^r^�\Sg	Z»X[Z]nr��`�n;Zugj��`=s]t ��� �,q �¡�¢`QhRpY`V`eg�haij`=^a\_�C�jX[Z9h;\Ss]gyna`V^a�jXHh;^�t,s�n-Z G ³m`ev
\Sg3h;`VnaXS`eZw¥�`en �M��� dVsmvj`�Z]gjvyh;i1`A�jljl#`en��#s��jg1vys�gyh;i1` ' � vj`edVsmvj\_gj�C`Vnanas]nYs]t�haij`
Z¦¥]`enaZ]��`�`eg1^a`e���jXS`Csut �=��� desGvj`e^/sutq^aZ]�O`CXS`Vgj�]h;i{�/��ij` -G�1`e^rha\Ss�g1^=Z]na` {-p-ij`Vna`
vjsm`V^chaij\S^ XSs�^r^âdVs��5`��,(Þnrs�� h;i1`Y\Sg3ha`enaX_`wZw¥�`VnâdDijs]\Sde`uo�s�n�t,nas�� haij`�vj`VdesGvj\Sg1���!��ij`
\Sg��P�1`egjdV`/s]t�h;ij`/\_g�ha`enrXS`wZw¥]`en�dDijs�\_de`/Zugjv�xG6¦6e2!\_g3h;`enrXS`eZ¦¥]`enr^�^a�j\HhDZ]�jX_`°t,s�nY\_h;`Vn;Zuha\_¥]`
vj`edVsmvj\_gj�!Z]nr`CZ]gjZ]X_�G�e`VvÃ\Sg�kYijZ]l1h;`Vn /m�A«¬`�t,sGde�j^As��jn/Zuhrh;`Vg�ha\Ss�g�\Sg�haij\S^°^a`VdVh;\_s�g
h;s7haij`C^a`Vdes�g1v ljZ]nrhAs]tJh;ij`#-��j`V^rha\Ss�g��/fRg1vj`el#`egjv1`eg3h;XH�)s]tJhaij`C\Sg3ha`enaX_`wZw¥�`Vn�dDijs�\_de`uo
ijs¦p~t?Z]nâ\S^âhaij`�\_ha`en;Z9h;\_¥]`�vj`VdesGvj\Sgj�/l#`en®t,s�na�5Z]gjdV`Yt,nas]��haiPZuhJs]t ' � �¡fR^J\Hh·l#s�^a^r\S�jX_`
h;s»vj`enr\_¥]`%Z��#s��jgjv	s�g�h;ij`/\Hh;`Vn;Zuha\_¥�`/v1`edesGvj\_gj�»`enanrs�n-ljnas]�PZ]�j\_XS\_hR���

� sA�]`Vhcna\SvMs]tjhaij`�\Sg3h;`VnaXS`eZw¥�`enc\Sg��j�j`egjdV`]o9pY`qdes�gj^r\Svj`Vn·Z]g%\Sg3h;`VnaX_`wZw¥�`Vncs]tj\Sg G g1\_h;`
XS`eg1�]h;i�� �°`Vgjde`uo/h;ij`Vna` \S^�gjs dV�GdeX_`e^�h;iPZuh	deZ]g vj\_^rha�jna�¾h;ij` \_ha`enaZuh;\H¥�`ÃljnrsmdV`e^a^V��/�3¥G\Ss]�j^aXH��o¢haij`%ha`edDijg1\ -��j`��PZ]^r`evÃs�g�h;ij`�pq`e\_��i3h/vj\_^rh;nr\S�j�mh;\Ss]g�deZ]gÃgjsyX_s�gj��`Vn°�#`
Z]ljljX_\S`ev{�â��ij`��jZ]^a\_d°\_vj`wZMs]t�h;i1\S^qZ]ljljnrs3Z]dDiy\_^�has�Z]gPZ]XH�G�e`-h;ij`°ljnas�ljZ]�3Zuha\Ss�gOs]t�haij`
ljnas��jZ]�j\SX_\_ha\S`e^-\_^a^a�1`ev�t,nas�� h;ij`�\Hh;`Vn;Zuha\_¥�`�vj`edVsmvj\_gj��\Sg)haij`���n;ZuljiÃna`Vljna`V^a`eg3ha\Sgj��Z
�M��� desGvj`]�O��ij\S^%Z]ljl1nas3Z]dDi \S^=vj`Vna\H¥�`ev t,nas���h;ij`»s�nr\S��\_gPZ]Xcpqs�nrµÃs]t �-\SdDiPZunavj^rs�g
Z]gjv�¯°na�jZ]gjµ]`5§ � 	²ª�t,s�n ��� b�k dVsmv1`e^e�«¬`=p-\_XSX�`V^rha\S�5Zuh;`�haij`=ljnas��jZ]�j\SX_\_hR�5vj`eg1^a\_hR�
t,�jgjdVha\Ss�g%s]tjhaij`Ys��mh;lj�1ha^·s]tjhaij`YdVs�gj^®h;\_ha�j`eg3hâdesGvj` ¼ f ¼ � v1`edesGvj`Vna^·\_gCZ �=��� desGvj`uo
Z]gjvMZ]gPZ]XH�G�e`·ijs¦p¬h;ij`V^a`l¢vmt,^�dDiPZ]gj��`Jp-\Hh;i/\_ha`enaZuh;\_s�gj^e����ij\_^{pqs�naµ�ijZ]^��¢`V`eg �rs�\Sg3haX_�
Z]dDij\S`Q¥�`Vv7p-\_hai7WYs]�1h;nrs�^�Z]gjv �A\[Z]X_XS`/§  
	9ªPp-i1`ena`AZM�1gj\_¥]`ena^aZ]X#ljnas�ljZ]�3Zuha\Ss�gCt,s�nr�C�jXSZ
\S^�vj`Vna\_¥]`ev�t,s�n�des]�5l#s��jgjv�dVsmvj`V^e�

HJI�HkINK O Q^l �zP �zR 4jRUT V dfRjg�T�Q^R ���kT'RjlMm�l��zT'[f\ l �kT�i �DT l��zT'[f\ ��� ���
dJ\�Z"l dJ\�Q

fRg7h;ij\_^q^r`edQh;\Ss]g�ompq`�des]gj^a\_vj`en�h;ij`°des��O�C�jgj\_dwZuha\Ss�gOs¦¥�`VnYh;ij` ¶ « � $ dDiPZ]g1gj`eX¢s]t Z
�j\SgPZunr�O^rhana`wZu�±dVsmv1`evyp-\_hai!Z�dVs�gj^rha\_ha�j`eg3h�X_\Sgj`eZ]n�jXSsGdDµ»desGvj`Jy^��s]t�XS`Vgj�]h;i � �·«¬`
Z]^a^r�j�5`»h;ijZuh=h;ij`5Z]XSXÛ�R�V`enas!dVsmv1`Vpqs�nav¸\_^/h;n;Zugj^a�O\_hrh;`ev{�5��ij`Ona`Vde`V\_¥�`Vv¸desGvj`QpYs�nrvj^
Z]na`¡vj`edVsmv1`evyp-\_haiyZ ¼ f ¼ � vj`edVsmv1`ene�����jnqZ]\_� \S^h;s�dDijZ]n;Z]dQh;`Vna\S�V`°haij`Aljnrs��PZ]�1\SXS\HhR�
vj`egj^r\_hR� t,�jgjdQh;\Ss]g�s]t/h;i1` ¶ bb±Zuh7haij`)s��mh;lj�1h7s]t/h;i1`)vj`edVsmv1`ene� ��ij\S^ ¶ bb±\_^
des�gj^r\Svj`Vna`Vv�Z]^¡Z�n;Zugjvjs�� ¥uZ]nr\[Z]�1XS`]�

� `Qh��j^�vj`Vgjs]h;`/�3�	� p � � ¿ ��w haij`/ljnasGvj�jdQh�s]t�h;i1`/XS\Sµu`eX_\SijsGsmv5Z]gjvyhaij`O0/¹#8K>Í698K>
ljnas��jZ]�j\SX_\_hR�5s]t � � o��»¿ ��s ����� sv� {
� p � � ¿ ��w ¿ � p �
� � � ¿ ��w � p � � ¿ ��w ��«�`=vj` G gj`
� � Z]^�h;ij`=XSs]�u�RnaZuh;\_s�s]t�� p � � w {

� � ¿ �-� � � p � � ¿ ��w
� p � � ¿�� w � ��� �0	
	 �
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«¬`=iPZw¥�`=h;ij`/t,s�X_XSs¦p-\Sg1�C�PZ]^r\Sd/na`VX[Zuha\Ss�g {

� p � � ¿ ��w ¿ � � ' � p � � ¿ � w ��� � 	 � �

��i1` ¶ bb�s]t·Zug��y�j\_h � ��\S^ {

� ��� p � ��¿ ��w�� 0� � � �� � ! 	
/�

���h�
� p � � ¿ � � w ¿ � p � �{¿ � w 0� � � �� � ! 	

/�' ! 	' �! � � p � � ¿�� � w¢��� � 	 5 �
� � p � �{¿ � w �?
���p � �{¿ ��w ��� � � � �
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OD�J�J'�OQFpF�?'I�C �!M���U>E �kq�IXF@W��QT�F��L��F�DNF�?���F�D�G e M��wW��QM}q'I�F@W��QT�F��w�  a ��OQD�A�J�F+U:Owj�OQM��dD�E
M��J'R�F�? � +&� � s

u E F��QTdF�?�I�CdC�F��G  a �S?�U W��BOD�A�J�F��P & F�I�n��QC���U�O<?VOwj�OQM��NF�?�U�F�I�J.W�D�M�W��C & q�IXF
W��TlF�I�O�C ` C ! E ! D�E+M��QJ�R�F�? & g s � W��J�I�EpF�?�I�C:G'T�D6O�C�CSI�CNF�?��D�T��QF�I�OU�M�MXj C�I�n�G'M��;)I�F
qH�QOD�n:�CcF�T�I�O)A.j�F�DkI�n:G�M��Qn��QJ.F s 
~�wFiA�C-F<UFA>��F a DkC�I�n:G�M��$�w�'U�n:G�M��CcF�?�U>Fi?'I�R�?�M�I�R�?�F
F�?��oP�I �:OA�MXF�I��QC s �@?'�NF a D�OD6P��C�?�U�W��:� + � q�I�F�C�U�J�P � OD�J'C�F�IXF�A��QJ�F�OQD�P'�C�D�E
M��J'R�F�? �'s �@?����T�ClF�D�J��pI�C)q�A�I�M�F a I�F�?BUdT�D a e OQD�M�A�n:J:I�J�F��QT�M��U�W��T U�J�P:F�?�� C��OQD�J�P
D�J�� a I�F�?rUoT�U�J�P�D�n I�J�F��QT�M��U�W��T s �@?��Qj�U>T���G�T��QC��QJ.F��PrI�J JcI�R�A�T�� ��s � K�s

u M�M5F�?��dP��G0�J�P'�J�OwjrR�T�U�G�?'C D�E}F�?'� �T�C�FpOD6P���U�T���C�I�n:I�M U>T.�U�J�P�D�J���D�EcF�?��n
` EbD�TmF�?���q�I�FpW��QT�F��w� � gmI�C+P��QG�I�OwF��QP I�J JcI�R�A'T�� ��s � � s � F+?�U>C � Owj�OQM��QC+D�E$M��J�R�F�? � 
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J-I�R�A�T�� ��s � K �
� +�� �� + � T�D a e OQD�M�A'n�J ` M��wE FLg~U�J�PoT�U>J�P�D�n ` T�I�R�?�FLg~I�J�F��QT�M���U�W��QT�C s

J�U�n��QM�jS\ ��] � ]<�'] ��] � _ �\ ��] ��] � ] ��] � _ �\ ��] � ] ��] ��] � _ U�J'P \ ��] ��] �'] ��] � _ws-� I�J'O���U�O<?ND�E
F�?��n I�J'OM�A'P��C$F�?��pF�D�G e M��wW��QMHq�IXF�W��TlF��w� 'F�?��QjSU�T��vU�M�M0OQD�A�J�F��QP s � �QJ�O� 'F�?'� F�D>F<U�M
J.A�n�qH�QT+D�E$OQD�A�J�F��QP�OQj6OM��Cv?�U>C F�?'��C�I�n�G�M���P�I�ClF�T�I�q�A'F�I�D�J � ��� � + � � OQj6OQM��C+D�E
M��J�R>F�? ��sv� I�J'O���U�O<?�OQj6OQM���I�C OQD�A�J�F��QP � F�I�n��QC ` IXF�CpM��QJ�R�F�?�g hF�?���F�D�F<U>M}J.A�n�qH�QT
D>EcOwj�OQM��QC I�JBF�?���R�T�U�G�?�I�Ck� � � � � + � Owj6OM��QCmD�EcM��J�R>F�? ��s
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J-I�R�A�T�� ��s � � � � �G0�J�P��QJ�OQj�R�T�U>G�?�D�E F�?���q�IXFSJ�D6P�� � EbD�T:F�?�� � + � @� + �
T�D a e OD�M�A�n:J � 

�3OD6P�� s

� J�� D�E�F�?'�+P��QGH�QJ�P��J'OQjBR�T�U�G�?'C ` EbD�T)F�?��+q'I�F$W��QT�F��L� � g$D�E5F�?�� C��OQD�J�PYOQD�P��pI�C
C�I�n:I�M�U�T-F�DdF�?�� D�J�� P'�G�I�OQF��QPSI�J J-I�R�A�T�� ��s � � �q�A'F)F a D�D�F�?'�T Ffj6GH�QC D�E5R�T�U�G'?�C U>M�C�D
�L��I�C�F s �@?��Qj�U�T�� G'T��C��J�F��QPYI�J JcI�R�A�T�� ��s � � s �fJSF�?��pP��QGH�QJ�P��J'OQj�R�T�U�G'?SD�EHF�?�� q�I�F
W��TlF��w� � ~Owj�OQM��QC�I�J�W�D�M�W6I�J'RzF�?��NOD�J'C�F�IXF�A��QJ�F�OQD�P�� � ?�U�W��:J�D�F�F�D�qH�oF�UFA��QJ I�J�F�D
U>OOD�A�J�F95C�I�J�OQ�dF�?��T���U�T���J'DBM��U W��C+U>F F�?��dM U�ClF+M��QW��QM s � JrF�?���D>F�?��QT C�I�P�� 0F�?��T��
U>T���F a DrOwj�OQM��QC�F�?�U>F�I�J�OM�A�P���F�?��Nq�I�FvW��TlF��w� � �N\ ��] � ] � ]<�'] � _ U�J�P
\ ��] � ] � ]���] � _Ls
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JcI�R�A'T�� ��s � � � �+�QGH�QJ�P��J'OQjrR�T�U�G'?�C D>EcF�?'�dq'I�FmW��QT�F�I�O�QC � ` M��QE FLg�U>J�P � ` T�I�R�?�FLg�EbD�T
F�?�� � + � h� + � 	 U�J�P�D�n ��
 � OQD�P�� s

�@?��C���U>T��vF�?'�dD�J�M�j�OQj6OM��C@F�DNq0�kOD�A'J.F��PzEbD�T F�?���P��G0�J�P'�J�OwjzR�T�U�G'?�D>E}F�?��kq�IXF
W��TlF��L� ��s � �QJ�O�  a ?��JNU+Owj6OM���� � G���� D�J���D�TcC��QW��QT�U�M�F�I�n:�C8>IXFc?�U�CcF�D+qH��G�T�D�G0�T�M�j
OD�A�J�F��P s

�@?'�YP��G0�J�P'�J�Owj R�T�U�G'? D�EmF�?��Sq�I�F�W��TlF��w� � G�T��QC��QJ.F�C�D�J��BOQj6OQM��BD�EpM��J�R�F�?
K �d\ ��]���]<��_ hD�J��dOQj6OM���D�E M��J�R�F�? � �d\ �'] � ] � ] ��]���_ U�J�P F a DBOwj�OQM��QCvD�E M��J�R�F�? � �
\ �'] � ] �'] ��]���] ��]<��_ U�J'P \ �'] � ] �'] �'] �6] ��]<��_Ls

� �SOU�JVC�A'n�n�U�T�I ��oF�?'�BOQj6OM��SOQD�A�J�F�EbD�T�F�?��SC��OQD�J�PVOQD�P��SU�C�I�J �-U�q�M�� ��s �
` G�M���U�C��;�P�D:J�D�FmT���U�PzF�?'�dq'T�U�O)A>�QF��QP J.A�n�q0�T�Cpq�jYJ'D a g s

�p�T��$F�?��$C��QOD�J�P�P�I �:OQA�M�FfjvU�G�G0��U�T�C)�#F�?��$OD�A�J�F��PdJ6A'n�qH�QT~D�E'Owj6OM��QC-D>E'M��J�R�F�?
� I�C J�D>F+U:n�A�MXF�I�G'M��vD�E �'s � �QJ�O�  a ��EbD�T�R�D�FmOQD�A�J�F�I�J�RSC�D�n��dOQj6OQM��C s�� j�M�D6D1A.I�J�R
O�U�T��QEbA�M�M�j+F�DpF�?��$P��G0�J'P��J�Owj�R�T�U�G�?dD�E�F�?��$q�IXF}W��TlF��w� � U�R�U�I�J  a � C��Q�)F�?�U>F a ��P�I�P
J�D�FmF<UFA>��I�J.F�D:U�OOQD�A�J�F+F�?�� �f?�I�P'P��J#�kOQj6OM��Co\ ��]<�'] � ] �'] �6] ��] � _ �\ ��]<�'] � ] �'] ��] ��] � _ 
\ ��]��'] � ] �'] ��] ��] � _ U>J�P�\ ��]��'] � ] �'] �'] ��] � _ws � J��kD�E~F�?��Qn8I�C T��G'T��C��J�F��QP q�jBP'D�F�F��P
M�I�J'�pI�J J-I�R�A�T�� �6s � � s �-UFA.I�J�RdF�?��Qn I�J�F�D�U>OOD�A�J�F ` F�?��Qj�U�T��+q�T�U�O)A��wF��QPYI�J�F�?��pM U�ClF
F<U�q�M�� g7 a � �J�P�F�?��vOQD�T�T��OwF�EbD�M�M�D a I�J�R�T��QC�A�MXF�C �iF�?�� R�T�U�G'?B?�U�C � ���%+ � Owj�OQM��QC�D�E
M��J'R�F�? K  � � � ��+ � OQj6OM��CmD�E-M��QJ�R�F�? � U�J�P � � � ��+ � Owj6OM��QCmD�EiM��J�R�F�? � s

�@?'� �!?�I�P�P��J2�+Owj6OM��QCmU�T��+J�D�F�D�J�M�j�P�I �:OQA�M�F�F�D�C���;�IXF I�C@U�M�C�D�P�I �:OA�MXF F�D �J�P
F�?��Qn U�M�R�D�T�I�F�?�n:I�O�U>M�M�j s �p�J�OQ�; a ��P��OQI�P���J�D�FNF�D OD�A�J�F�F�?��n s � ��D�q'F<U>I�J U
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D�E}F�?�� � � F�?�� � � OQj6OM��dJ.A�n�qH�QT OQj6OQM���J.A�n�q0�T Owj6OM���J.A�n�q0�T

� � � � �
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� � � � K
� � � � K
� � � K ��� ���
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� � � � K

OQD�A�J�F��QPrOwj6OM��QC � � � � � K ���
J6A'n�qH�QTmD�EcOwj6OM��QC K � � s ��� � ���

�-U�q�M�� ��s � ����j6OM�� OQD�A�J�FrEbD�TzF�?�� � + � k� + � � 

� OD6P�� a IXF�? T�U�J'P�D�n
I�J�F��T�M��U W��T s

M�D a �QT�q0D�A�J�PVD�J�F�?���J6A'n�qH�QT�D�EmOwj�OQM��QC�I�J F�?��BR�T�U�G�? U�C�EbD�M�M�D a CN�:M��QF � �	� 5�\ � _
q0�SF�?��Sn�U���I�n�A'n J6A'n�qH�QT�D�EmOwj�OQM��QC�D�EmM��QJ�R�F�? � OD�A�J�F��P D W��T�U�M�M$F�?���P��G0�J e
P'�J�Owj R�T�U�G�?�C s 
#�QF �.\ � _ q0��F�?'��C�A'n D�EcF�?���Owj6OM��QCvD�E M��J�R>F�? � OD�A�J�F��P�I�J �U�O<?
P'�G0�J�P��QJ�OQj�R�T�U�G�? s �@?'��J.A�n�q0�T �i\ � _ D�EiOwj6OM��QCmD�EcM��J�R>F�? � W��QT�I ��Cd�

� \ � _�
����� � � ��� 5�\ � _w]�� �.\ � _����� ` ��s�K � g
� � A'C��P�F�?�I�C)n:�QF�?�D6P:F�D�OQD�n�G�U�T��@F�?'� Owj�OQM��pP�I�ClF�T�I�q�A'F�I�D�JND�EHF�?�� ��
 � OD6P��QC

q�U�C��QP D�J F�?���\ � ��] �']���_ C�?�D�TlF��J'�P �+U�n:n�I�J�R:OD6P��oG�T��QC��QJ.F��P I�J � �OQF�I�D�J �6s+��s � s
�@?'�dT��C�A�M�F�C U>T���G�M�D>F�F��QPzI�J JcI�R�A�T�� �6s � �6s

u CkU�M�T���U�P�j A.J�D a J HF�?���Z�[:\ �6] ��� _ I�J�F��QT�M���U�W��QTv?�U�C D�J�M�j�Owj�OQM��QCvD�E M��J�R�F�? �'s
�@?'�ST�U>J�P�D�n I�J�F��T�M���U�W��QT�?�U�C�Owj�OQM��QC�D�E@M��J�R>F�?�EbT�D�n � F�D � s �@?'�ST�D a e OD�M�A�n�J
I�J�F��T�M��U W��T�q0�?�U W6I�D�T�I�C�OD�n:G�M��wF��QM�j P�I��H�T��J�F s � Fo?�U�C�n�A�O<? n:D�T���OQj6OM��C8 U�J'P
F�?��QjB�w�6F��QJ�PrF�D�n�A'O<?r?�I�R�?��QT@M��J'R�F�?YW>U�M�A'�C s

� �rOU�J OD�J�OQM�A�P'�zEbT�D�n F�?��C��rT��C�A'M�F�CoF�?�U>FNF�?��zT�D a e OD�M�A�n:J I�J�F��T�M��U W��TNI�C
J'D�F�U�R�D6D6P�O<?�D�I�OQ�r� a ��?�U W��:F�DrIXF��QT�U>F��on�A�O<? n:D�T�� ` � � ��� + � � C�F��G�C�g�C�D U�C
F�DznSUFA>��F�?�� a ?�D�M���I�J'EbD�T�n�U>F�I�D�J U W>U�I�M U�q'M����wW��QT�j a ?��T��SI�J F�?��NR�T�U�G�? ~U�J'P F�?�I�C
I�J'EbD�T�nSU>F�I�D�J�I�C@?�I�R�?�MXjBOD�T�T��QM U>F��PzC�I�J�O�kF�?���J6A'n�qH�QTmD�EcOwj6OM��QCmI�C@M U>T�R�� s

�@?��QC��dT��QC�A�MXF�CmU�M�C�DoG�T�D W��PzF�?�U�FmU�J�U�M�R��q�T�U�I�O I�J�F��QT�M��U�W��T@D>E-R�I�T�F�? � M��U�P�C F�D
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Generalized Row Column interleaver (g=4)
PG(2,11) interleaver
Random interleaver (g=4)

JcI�R�A'T�� ��s � � � ��j6OM���P�I�ClF�T�I�q�A'F�I�D�J'C@D�E ��

� OD6P��QC q�U>C��P D�JrF�?��B\ � ��] ��]<��_ C�?'D�T�F e
�J��QP � U�n�n:I�J'R�OD6P�� s
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D�J�M�j I�J.F��T�M���U�W��T a IXF�? U R�I�TlF�? D�E � ` U�G�U�TlF�EbT�D�n U�J �QP�R���GH�QT�n�A'F�U>F�I�D�Jhg7}F�?��T��
I�CmJ�DST�U�J�P�D�n:M�jBO<?�D�C��QJ I�J�F��T�M���U�W��QT a IXF�?�R�I�TlF�? � s � �QJ�O� 5I�J�F�?�I�CpO�U�C��;0T�U�J'P�D�n
O<?'D�I�OQ��D�E�F�?�� I�J�F��T�M��U W��TYI�CBJ�D�FBF�?���q0�C�FzC�D�M�A�F�I�D�J|U�J�P U ClF�T�D�J�RVC�F�T�A�OwF�A�T��P
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�fJ�F�?�I�C�F�?��QC�I�C. a ��q�A�I�M�F@J�� a F�D6D�M�C�F�DNA�J�P��QT�C�F�U�J�P�U>J�Pr�wW>U�M�A�U�F���I�F��T�U�F�I�W�� � � � �
P'�OD6P�I�J�R�D>EiP�I �5�QT��J�FpOD�n�G0D�A�J�P�OD6P��QC ` �-A�T�qHD  

� � ��U>J�P ��

� OQD�P��QC<g s �+� e
G0�J'P��J�Owj�R�T�U�G�?'CcU�T���A'C��QEbA'M6F�D+OD�J�O�QG'F�A�U>M�M�jvA�J�P��QT�C�F�U�J�P�F�?���IXF��QT�U>F�I�W��$P��QOD6P�I�J'R
U>J�P�F�DNP��T�I�W���J�� a P��QC�I�R�JzOT�IXF��QT�I U�EbD�T@I�J�F��QT�M��U�W��T�CmC�G0�OI �O�U>M�M�jSU�P�U>G'F��QP�F�DNF�?�I�C
P'�OD6P�I�J�R s �@?��Qj I�M�M�A�n:I�J�U>F��kF�?��oI�J !�A��QJ�O�oD�E)Owj�OQM��QC.~U�J�P G�T��P�I�OQFvF�?�U>Fkq'I�F�C+I�J e
W�D�M�W��P�I�JzC�?'D�T�FpM��QJ�R�F�?�Owj6OM��QC+U>T��kM��QC�CmG�T�D�F��QOQF��QP s

u � � G�T�D�G�U�R�U>F�I�D�J�I�CkUBEbT�A�IXF�EbA�M a U�j�F�Dz�QC�F�I�nSU�F���F�?��NGH�QT�EbD�T�nSU�J'O��D�E�OD�n e
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