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5K*-=J;y=J;z57(26i;{A2vLP�6B8)=HN|*n5769871H5K*-=J;w,>576932,g;26B69?26B?kNj=J8}.9=J;<mJ698KIJ69;2.B6~14;2?z.0(269.0�Y,g57(+6
6S�a.B*-69;2.9�k=HN|5K(26�*-;<57698KG-6B1UmJ6B8g,>6B3O148K1H57*V;2IM57(26i5[et=w.9=J;2,�57*V5KA26B;<5o.B=Y?269,Br

�l�B� ���/�����z�9�}�����|�)�z�/�g���g�M�������S��� ���������|��� �q�a�k�g�

  871H32(2*-.B14G+8>6B328>6B,>6B;<501H5K*-=J;a=4N�6B8>8K=J8:.9=J;<578>=JGO.B=Y?26B,¡?O1p576B,¡PO1H.0�~57=   14G-G-14IJ6B8q¢�£U¤J¥J¦<§
¨ª©{«p¬ 14;2?z(O1H,)PE696B;k,>5KA2?2*-69?kP{��14A+5K(2=J8K,q,KA2.0(�14,}'|14;2;2698 ¨ ¤ «p¬ r:')(+6iIJ87143+(�57(269=J8>�
*V,gI<14*-;+*-;2Ilva=J8K6�14;2?�vw=48K6�*-;<57698K69,>5Q*V;	5K(26�.B=Y?2*-;2Ia.B=4vwvLA+;2*V5[�4TO6B,K3�6B.9*F14GVGV�k1pN­576B8
5K(26a8K6B.96B;<5�eq=J8>�{,~=4N)®@*-32,>6B8�14;2?¯®@32*V6BG-vw14; ¨ ¤<° ¬ T�±²*-P�6B8KI+T|³�=Y6BGV*-IJ698�14;2?µ´·¶45>576B8
¨ £¹¸<° ¬L¨ £¹¸J¥ ¬ TgºO8K6S�»14;2?�´i,>.0(2*-,>.0(O14;2I ¨ª©J©4¬~¨¼© ° ¬~¨ ¥+£ ¬ r½s[;2?2696B?fT)57(+6&GF1H5>57698a,>(2=¹eg,
1M,>*-;2IJGV6iIJ871H32(2*-.B14G^va=Y?26BG^Nj8K14va69et=J8K�a57(O1H5g.B14;	8K6B3+8K6B,>6B;<5·.B=Jva3E=4A2;2?k.B=Y?26B,oG-*V�46
5KA28KP�=D.9=@?+6B, ¨¿¾J¾p¬ T4,>6B8>*F14GVGV�Q.9=J;2.B1H5769;O1H5769?M.B=Y?26B, ¨ £ «p¬E¨ £¹À ¬ T   14GVGF14I46B8BÁ¼,�³�=¹eÃÂD6B;2,>*V5[�
Ä|148K*n5[�	Åq(269.0�h¢Æ³�ÂQÄÇÅ)§g.9=@?+6B,o14;2?	328K=Y?2A2.S5g.B=Y?26B,o*-;	1MA2;2*nÈO6B?	vw14;2;2698Br
É[ÊOËSÌÎÍuÏfÐÒÑ+ÍÆÓÕÔÖÏ�×uÓpËSØ¹ÍÆÙ>Ì�ÓpË7ÚSÙ/ÛHÙ>Ù�ÜiØÕÌÝÙ>ÏÆÙ�ÜBÍÝÙ>ÞDË0ÍfÍÆÓÕÙtß^ËSÜpËSÞÕÔàËSÜ·á~ÐSÌÝâ¹ÏÎÓÕÐ9ØoÐ9ÜDã­ÜÕÑäÐSÌÝå}ËÒÍÆÔàÐSÜæfÓÕÙ�Ð9ÌÆç9è<é>êSêUë:ËSÜpÞQËÒìÖÏÎÐ}ÏÎípÛÕå}Ô¼ÍÆÍÆÙ>ÞDÍÝÐ}ã­îïîïîkæ@ÌÝËSÜpÏ�ð2Ð9Ü·ã­Ü¹ÑäÐ9ÌÆå)ËÒÍÆÔàÐSÜQæfÓÕÙ�Ð9ÌÆç9ðñ ã­Ü}ÍÝÓÕÔÖÏfßEÓpËSØ¹ÍÆÙ>Ì>è7ò­ÍÝíÕÌÝÛHÐ¡×�ÐUÞÕÙ[ó�ÌÆÙ�ÑäÙ�ÌuÏOÐSÜÕìàçtÍÆÐ/ôpõ0öÆõÒ÷ø÷¿ùú÷@×úÐSÜH×�Ë0ÍÝÙ�ÜpËÒÍÆÙKÞtÌÝÙ>×�íÕÌuÏÎÔàÚSÙ�ÏÆçUÏÎÍÆÙ>å)Ë0ÍÆÔÖ××úÐSÜUÚ9ÐSìàí¹ÍÆÔàÐSÜpËSì<×úÐ¹Þ¹Ù>Ï>ð
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s[; ¨ª©J©4¬ TqºO8K6S��14;2?Ã´i,K.0(+*-,K.0(214;2I =4P2,K698>mJ69?»5K(O1H5l57(26k*n576B8K1H57*nmJ6�?+6B.B=Y?2*V;2IJ,l=4N
.B=Jva3E=4A2;2?�.9=@?269,k148K6 *-;2,�5014;2.96B,�=HN�3+8K=JPO1HP2*-GV*V5[��328>=J3O14I<1p57*-=4;�14GVIJ=J8K*n57(2va,M57(O1p5
=J3E69871H5K6D=J;k1�IJ87143+(2*-.B14Gïvw=Y?26BG�=4N�5K(26Q.B=Y?269,BrÇÄ|6B148KGÆÁ¿,#"[PE69G-*V69Nf3+8K=J3O1HI<1H57*V=J;%$·14GVIJ=Hx
8K*V5K(2v ¨¿« À ¬ eg(2*-.0( =J3E69871H5K6B,·=J; IJ8K1432(2,D14;2?�(O14,DP�6B69;&?26SmJ6BGV=J3�6B?�*-;k57(+6~.B=4;{5K6'&Y5
=4N¡6'&@3�6B8>5�,��Y,>5769vw,�*V,D,>5K8K=J;+IJGV��.B=J;+;26B.S576B? eg*V5K(   14G-G-14IJ6B89Á¿,o?269.B=Y?2*-;2Ik1HG-IJ=J8>*V5K(2v
=4NC³�ÂQÄÇÅ .9=@?+6B, ¨à« ¦ ¬ 14;2?k57A+8KP�=a?+6B.B=Y?2*V;2I ¨à« ¥ ¬ r
s[;µ57(2*V,�,>6B.95K*-=J;^T|et6�*-;<578>=@?+A2.B6w1 IJ8K1432(2*V.U14G:8>6B328>6B,K69;<501H5K*-=J;¯=HN}57A28>PE= .B=Y?26B,9T

PO14,K69?µ=4; 5K(26B*V8)(}1U�J69,K*-14;µ;+695[et=J8K�ïr+*,(}1U�J69,K*-14;µ;+695[et=J8K��*V,i1z?2*-8>6B.95K6B?h14.S�@.9G-*V.
IJ87143+(frk')(26y3O1H8714?2*VIJv�=4N).0(214;2;269Gt.9=@?2*V;2I .B14;¯P�6w8>6B328>6B,>6B;<5769?ÃP<� 1-(}1U�46B,K*-14;
IJ87143+(fT�14,i,>(2=¹eg;h*V; º/*-I4A28K6 ¾ rV£4r�')(26M*V;+Nj=J8>vy1H5K*-=J;	P2*n57,i148>6M?26B;+=45769?hP<��.ÇTf5K(26
6B;2.9=@?2698w,�501H5K6B,wP{�0/ ¢Î*VNo57(+6B8K6 148K6�14;<�+§STq5K(26	6B;2.9=@?2698y=JA@5732A+5K,wP<�21�1H;2?»5K(26
.0(O14;2;269G^=JA@5732A+5qP<�43Çr:')(26Q69?2IJ69,)148K6·=J8K*V6B;<5769?�,K=L14,q57=~*-;2?2*V.U1H5K6o5K(26D.B14A2,K14G-*n5[�65
57(26l,>571H5769,7/a148>6a?+*-8K69.95KGV�&?+8K*Vm46B;hP<��57(26a*-;+Nj=48Kvw1H57*V=J; P2*n57,8.¡T|1H;2?h5K(26a6B;2.9=@?2698
=JA+573+A+591 *V,;:>=J*-;<5KGV�w*-;=<OA+6B;2.96B? P<��5K(26�,>571H5769,>/�14;2?k57(+6�*V;232A+5K,?.Çr
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º|*-IJA28>6 ¾ rn£@5A(}1U�J69,K*F1H;�;26S5[eq=48K�z=4N/1aI46B;2698714G�.0(O1H;2;26BG�.9=@?+64r

')(+6M8K6BG-1H57*V=J;2,>(2*-3�?26B,>.B8K*VPE69? P{�&1�?2*-8>6B.S576B? 69?2IJ6LP�695[et6B69;¯1B"[3O148K69;<5C$EDh14;2?
1�"[.0(2*-GV?%$6Fz*-,aA2,>AO14G-Gn�¯57(+6�.9=J;2?2*n57*-=4;O14G}328>=JPO14P+*-G-*n5[�HG4IJFLK D�MÒrONo6B;2.964T}57(+6B:>=J*V;{5
?2*-,�578K*VP2A+5K*-=J;¯=HNQ14GVGq57(+6kmH148>*F14P+G-6B,~*-;�57(26k;26S5[eq=48K��.U1H;»P�6k6'&@328K69,K,>6B?�Nj8>=Jv 5K(26
3O148K69;<5>x[.0(+*-G-?�3+8K=JPO1HP2*-GV*V57*V6B,oP<�&Nj=JG-GV=¹eg*-;2Ia57(26l6B?+IJ6B,9rlºï=48D57(26l.0(O1H;2;26BG:?+6B.B=Y?2*V;2I
3O14871H?2*-IJv	T{eq6�(O1UmJ6P5

G4IJ.AQR/SQ�1�QC3�M�TUGVIW.�MXGVIW/%KY.;MCG4IZ1[KY.AQR/\MCG4IZ3?K 1�M ¢ ¾ rV£¹§
')(2*-,}�{*V;2?k=4N�IJG-=JP214GL:>=4*-;<5}328>=JPO14P+*-G-*n5[�l.U14;	14Gne}1U�Y,)P�6Qeg8K*V5>5769;z*VN�57(+6iIJ87143+(z?2=@69,
;2=45g.B=4;{5714*-;	14;<�z?+*-8K69.95K6B?	.9�Y.BGV64r
´i,>.0(2*-,>.0(O14;2Ik14;+?�ºO8K69� ¨ ¥+£ ¬ 328K69,K69;{5K6B?h1yIJ69;26B8K14G|14G-IJ=48K*V5K(2v 5K(O1H5·*-,DA+,K6B?&5K=

.B=Jva32A+5K6Dvw148KIJ*V;O14GO328>=JPO14P+*-G-*n57*V6B,:*-;wIJ871H32(2*-.B14Gïvw=Y?269G-,ÇP{�lZ�b^]0Z+c¹`<cS_J`­\Y`+_­dOXtZ�b^]Sacb
cLac`�de`�_J`ÝXRfSrg*D323+G-*-69? 57=�(}1U�J6B,>*F14;�;+695[et=J8K�{,BT¡*n5~IJ*nmJ69,MÄ|6B148KGÆÁ¿,�PE69G-*-6SN)328>=J3O14I<1p57*-=4;
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1HG-IJ=J8>*V5K(2v�r�')(+6 vw1 &@*-vLA2v c	Z ]\f'_úXSb ` ]pb `z¢�
 *QÄÇ§M?26B.9=@?+*-;2Ih*-,a14;Ã*-;2,�5014;+.B6	=4N
5K(26kGF1H5>57698~eg(26B;»14323+G-*-69?¯57=�57(+6zIJ6B;2698714G);+695[et=J8K��?26932*-.S5769?Ã*V;Ãº/*-IJA+8K6 ¾ rn£Jr¯su5
.9=J;2,>*-,>5K,q=4Nf.B=Jva32A+5K*-;2I�57(26LcDZ ]\f'_[XSb ` ]pb `C328K=4PO14P2*VG-*V5K*-69,o¢W*QÄ¡Ä:,0§�D�I
���XK 3�MSrC')(+6Q14A@x
5K(2=J8>,L,K(2=¹et6B?�57(O1p5L57(26V*QÄ¡Ä:,w1H8K6�.9=Jvw3+A+5769?¯57(O14;+�Y,L5K= 1 vw148KIJ*V;O14GV*��U1p57*-=4;�=4N
¢ ¾ rn£Õ§q3E698>Nj=J8>vw69?kP{��328K=JP214P2*-GV*V5[�w328K=43O14I<1H5K*-=J;k1HG-=J;2IL5K(26�IJ871H32(fr
º/*VIJA28>6 ¾ r ¾ ,>(2=¹eg,k5K(26 (}1U�J69,K*F1H; ;26S5[eq=48K� =4N~1�.B=J;<mJ=4G-A+5K*-=J;O1HGQ.B=Y?264r�')(+6

;{A2va6B8>*-.B14G@*V;2?2*V.B6B,/8K6B3+8K6B,>6B;<5¡57(26t57*-va64r�±µ6}.B=J3+*-6B?L5K(26}*V;+Nj=J8Kvw1H5K*-=J;�P2*V5K,/*V;{5K=D57(+6
,�501H5K6B,omJ6B8�57*V.B6B,o57=w,K*-va32GV*VN­�a57(26�IJ871H32(fr}±µ6�.B14;�NjA28�57(2698·,>*-va32G-*nN­��*n5·P<�	va6B8KI4*-;2I
5K(26L57(+8K6B6Mm46B8>5K*-.B14G/mJ698>5K*-.B69,���T#I
��Q�� MD14;2? I���Q��=M·*-;<57=k1-f��¹ZOXSb b��4XSb'_[X��Jr�')(26MÈO;O14G
;+695[et=J8K�z*V,g1a,>*-va32G-6·.0(O14*-;^r
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º/*-I4A28K6 ¾ r ¾ 5A(q1¹�46B,>*F14;�;2695[et=J8K�z=HNC1M.B=4;{m4=JG-A@57*-=4;O14Gf.9=@?26Hr

')(26z.9=J;<mJ69;{5K*-=J;214G�
 *DÄ ?269.B=Y?2*-;2I&14G-IJ=48K*V5K(2v�=4No.9=J;<mJ=JGVA+57*V=J;O14GÇ.B=Y?26B,z¢j57(+6
Nj=48>eq148K?@xuPO14.0�<eq148K?k14GVIJ=J8>*V57(+v ¨ ¦ ¬ §¡*-,qI4871432(+*-.U1HG-GV�L6! {A2*VmH14GV6B;<5Ç57=M1�Nj=48>eq148K?�3+8K=J3@x
1HI<1H57*V=J;�=4N·57(26	328K=4PO14P2*VG-*V5K*-69,L14GV=J;2I&57(+6�.9=@?26k.0(O1H*-;fTÇNj=JG-GV=Õet6B?�P<�Ã1 PO14.0�<e}1H8K?
3+8K=J3O1HI<1H57*V=J;fr}su5DIJAO148K14;<57696B,·5K(O1H5Q14G-Gf5K(26~=JP+,K6B8�mH1H57*V=J;2,·148K6�?2*-,�578K*VP2A+5K6B?	=Õm46B8i1HG-G
5K(26tm46B8�57*-.96B,:1H;2?~57(21H5|5K(26[*DÄ¡Ä¡,C148K6t6'&+14.95KGV��.B=4vw32A@576B?^r/su5C*V,|?+6B32*V.95769?L*-;~º/*-I4A28K6
¾ rà¦+r7(q8K*V6 <2�&14;2? eg*V5K(2=JA+5i*V;<578K=Y?2A2.9*-;2Ik1H;{� ;2=4571H57*V=J;fT^5K(26M328K=4PO14P2*VG-*V5K*-69,D328>=J3O1px
IJ1H576QNj8>=Jv 57(+6�.0(214;2;269G�=JA+573+A+5gmJ6B8�57*V.B6B,g57=M5K(26�,>501p576B,)m46B8>5K*-.96B,o*-;z57(26iÈO8>,>5o,>5K6B3fr
')(+6D;26 &@5Ç5[et=~,>5K6B32,q.B=J8>8K6B,>3E=4;2?w5K=�5K(26oNj=48>eq148K?y14;2?yP214.0�<e}148>?�8K69.BA28>,K*V=J;2,Br:')(+6
G-14,>5g,�57693�328>=J3O14IJ1H5769,g5K(26�328K=4PO14P2*VG-*V5K*-69,Ç5K=a5K(26�*-;+Nj=J8>vy1p57*-=4;yP2*n5)mJ6B8�57*V.B6B,9r
ºO=J8·,K*-va32GV*-.B*n5[��Á¿,o,714�H64T�et6l14,K,>A2vw6�57(O1H5i1w57A28>PE=z.9=@?+6L*-,Qvw14?26�=4NÇ=J;2Gn�#" T

$ .9=J;2,>5K*V5KA26B;<5k.B=4;{m4=JG-A@57*-=4;O14GD.9=@?+6B,kG-*V;2�469? P{� 14;²*-;<57698KG-6B1UmJ6B8z=HN�,>*��96&%µr�su5K,
(q1¹�46B,>*F14;	;2695[et=J8>�z.U14;	PE6�?28K1Ueg; 14,)Nj=JGVG-=¹eg,Br

'¡14.0(z.9=J;<mJ=JGVA+57*V=J;O14Gï.B=Y?26·*-,Ç8K6B3+8K6B,>6B;<5769?kP{�w1~,>*-va32G-6g.0(O1H*-;weg*n57((% mJ698>57*V.B69,
1H;2?)%+*(,)6B?2IJ69,Br�*»mJ6B8�576 &M*-,/1Q,KA23�6B8úx[;2=Y?26}.9=J;<5014*V;2*-;+I·57(+6}*-;+Nj=48Kvw1H57*V=J;�P2*V5BTH57(+6
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º|*-IJA28>6 ¾ r¿¦=5A(q6BGV*-6SN|3+8K=J3O1HI<1H57*V=J;k14GVIJ=J8K*n57(2v�*V;�1M.9=J;<mJ=JGVA+57*V=J;O14Gf.9=@?+6�;+695[et=J8K�ïr

6B;2.9=@?2698t,�501H5K6o14;2?y=4A+5732A@5UTY14;2?a57(26g.0(O14;+;26BG�=JA+5K32A+5UTY14,Ç328>69mY*-=JA+,KGV�L,>501p576B?^r:')(26
;2695[et=J8K�w=4Nf5K(26D57A+8KP�=L.B=Y?26D*V,q=JP@5014*V;26B?�P<�wG-*V;2�{*-;2I�57(26o5[eq=M.0(214*-;2,q8K6B3+8K6B,>6B;<57*V;2I
6U14.0(¯=HNq57(+6a5[et=&.B=4;2,>5K*V57A+6B;<5~.9=@?+6B,~P<�µ1k8714;2?+=Jv�vy1p57.0(2*V;2I¯¢­57(26a*-;<5K6B8KGV6U1UmJ6980§Òr
')(26z6'&+14va32G-6y=4NQ1 (q1¹�46B,>*F14;�;26S5[eq=J8>� Nj=J8l1 5KA28KP�=�.B=Y?26�eg*V5K(�*-;<57698KGV6U1UmJ698M,K*��96
% T , � *-,�,K(2=¹eg;¯*V;hº/*-IJA+8K6 ¾ r © ra±²*VPE698KI�X'_QcSd�� ¨ £¹¸<° ¬D¨ £¹¸J¥ ¬ eq698K6l57(26lÈO8K,�5�5K=
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º|*-IJA28>6 ¾ r © 5A(}1U�J69,K*-14; ;26S5[eq=48K�z=4N/1L57A28>PE=l.B=Y?26ieg*V5K(k*-;<57698KG-6B1UmJ6B8g,>*��B6 % T , � r

*-;<578>=@?2A+.B6·5K(2*-,qIJ87143+(2*-.B14GE8>6B328>6B,>6B;<501H5K*-=J;z=HN�5KA28KP�=L.9=@?269,Br:±µ6Q?2=M;2=45}=J8K*V6B;<5q5K(26
6B?2IJ69,g8K6B3+8K6B,>6B;<57*V;2Iw5K(26�*-;<57698KGV6U1UmJ698o,>*-;2.96i57(26S�z?2=l;2=45o*-;<5K8K=Y?2A2.B6�1H;{��.U14A2,K14G-*n5[�Jr
')(+6Ç,>=4N­5>xu,K;23+A+5�,K=4N­5�x[,>A+5732A@5t¢Ý®@s�®���§^*n576B8K1H57*nmJ6C?+6B.B=Y?2*V;2I)=4N{57A28>PE=g.9=@?269,�.U14;�P�6

6U14,>*-GV�l6 &@32GF14*V;26B?wA2,K*V;2I~5K(2*-,ÇIJ871H32(frC')(26·ÈO8K,�5}?269.B=Y?2*-;2I~,>57693�.B=4;2,K*V,>57,q=4N�14323+G-*-;+I
57(26}Nj=J8�e}1H8K?@xuPO14.0�<e}1H8K?�¢Æº�(}§/14G-I4=J8K*n57(2v 5K=Q57(26)A23+3E698:.B=J;2,�57*n57A269;{5¡.9=@?+64rCsu5:I4*VmJ69,
6B,>5K*-vw1H5769,g=4NC57(+6~?2*V,>578>*-P2A@57*-=4;2,)=4NC5K(26�*V;+Nj=J8>vy1H5K*-=J;zP+*V57,oIJ*nmJ6B;	57(26�=JP2,>6B8>mH1H5K*-=J;+,
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.S�Y.BG-69,i.U14; P�6M*-?269;<57*VÈ26B?fT^5K(26M*-?+6U1�=4NÇ6'&@32A+8KI<1H5K*-;2I�5K(26MP2*n57,Q(O1UmY*-;+Iz,KA2.0(�"úPO1H?%$
Â   ,g,K(+=JA2G-?kP�6�,>57A+?2*-69?	NjA28�57(2698g=J;fr



©J© ���������	��
���
��������	������
��������������	���������������������� ����������	!



© °

� �������	��
 �

� ��� ������$z����� � � 
������ ��������� ��������$

  14GVGF14IJ698f*-;<5K8K=Y?2A2.B69?~*V;w£¹¤4¥ ¾ � £¹¤4¥J¦)6B8K8>=J8�xu.B=J8>8K69.957*V;2Io.B=Y?26B,�PO14,>6B?L=J;�G-=¹e}x[?+6B;2,>*V5[�
32148K*n5[�{xu.0(26B.0��vw1H578>*-.96B,Br�')(269,K6qGV=¹e}x[?269;2,K*n5[��3O148K*n5[�<x[.0(269.0�y¢Î³�ÂQÄÇÅ)§�.9=@?269, ¨ª© ¥ ¬E¨ª©{«p¬
6 &@32G-=J*n5769?k5K(26iNj=JG-GV=¹eg*-;2I~Nj8>A2*V5>NjA2G^*V?26U1H,85

� 57(26wA2,K6�=HN)8714;+?2=Jv 3E698KvLA@501H5K*-=J;2,�G-*V;2�{*-;2I	,K*Vvw3+G-6l3O148>*V5[�<x[.0(269.0� .9=@?269,�5K=P2A2*-GV?k14;	69�a.B*V6B;<5oG-=¹e .9=Jva32G-6 &+*n5[��.9=@?26i5K(O1H5g*-va*V571H5769,q8K14;2?2=Jv .B=Y?2*-;2I+T
� 14;z*V5K6B871p57*Vm46Q?269.B=Y?2*-;2I�576B.0(+;2*� {A26ieg(2698K6ac�Z�b ` ]pb `¡*-;+Nj=J8>vy1p57*-=4;2,Ç14;2?k.0(O14;@x;26BGY=JP2,>6B8>mH1H5K*-=J;+,/148>6qP�=457(�A2,K69?~57=·.B=Jva32A+5K6icqZ ]\f'_úXSb ` ]pb `f1H;2?L;26Se c}Z�b ` ]pb `
*-;+Nj=J8>vy1p57*-=4;2,Br

�o;+Nj=J8>5KA2;O1H5K6BGn�JT   14GVGF14I46B8BÁ¼,:eq=48K�a(O14,qP�6B69;�Nj=J8KI4=45K5K6B;yP<�a57(26·vy1\:>=J8K*n5[�l=4Nf57(+6
,>.B*V6B;<57*nÈO.}.B=4vwvLA+;2*V5[��?2A+8K*-;+ID57(26q3O14,>5/57(28>6B6}?269.U14?+6B,BT{A2;<5K*-G{57(26}8>6B.96B;<5¡*-;<mJ69;<57*-=4;
=HN257A28>PE=D.B=Y?26B, ¨à¾J¾Õ¬ eg(2*V.0(L,K(2148K6q5K(26q,K14va6q14P�=¹mJ6}*V;2IJ8>6B?2*V6B;<57,�eg*V57(~³�ÂQÄÇÅ�.9=@?+6B,Br
³�ÂQÄÇÅµ.9=@?269,�5K(26B;�I<14*V;26B?�IJ8>6U1H5|1H5>5769;{5K*-=J;�14IJ14*-;fTÕ1H;2?�,>69m46B871HG@,>.B*-69;<57*-,�57,�et=J8K�

=4; 57(269v�rg*Dva=J;2I	57(269,K6�8>6B.96B;<5Let=J8K�{,BT 
�14.U´�1U� ¨¿« ¦ ¬ ,K(+=Õet6B?¯5K(O1H5   14GVGF14I46B8BÁ¼,
?+6B.B=Y?2*V;2I 1HG-IJ=J8>*V5K(2v *V,l8K6BG-1H5769?Ã5K= Ä�6U148>GÝÁ¼,wP�6BGV*-6SND328>=J3O14IJ1H57*V=J;Ã14G-IJ=48K*V5K(2v ¨à« À ¬ T
³�A2P<��X'_gcSd�� ¨ ¥4¤ ¬q¨à« ¸ ¬ T �o*V.0(O148K?+,K=J;�X'_ocSd�� ¨ ÀJÀ ¬ 14;+?&
 14.B´�1U��X'_ocSd�� ¨¿«J¾Õ¬ ,>57A+?2*-69?
`­bÒb7XÝ` � dnc4b�³�ÂQÄÇÅ�,>.0(26Bva6B,9rL')(269�&6'&@(2*-P+*V5i3�6B8�Nj=J8Kvw14;2.96L6'&Y578>6Bva6BGn�&.BGV=J,K6�57=�57(+6
.B143O14.9*V5[�zGV*-va*V5BT@1H;2?k=JA+573�6B8�Nj=J8Kv 57A28>PE=l.B=Y?269,gNj=48)GF148>IJ6i.B=Y?26�G-69;2I457(+,Br
s[;h57(2*V,�.0(O1H3+57698BT|et6aP28K*V6 <2� 8>6B.U1HG-GC57(+6w.9=J;2,>5K8KA2.S57*V=J; =4Nt57(26a=J8>*-IJ*V;O14G:³�ÂQÄÇÅ

.9=@?+6B,BT�5K(26B*V8�14;O14Gn�Y5K*-.B14G|3+8K=J3�6B8�57*-69,�14,�?26B8>*Vm46B?hP{�   14GVGF14I46B8·14;2?�57(269*-8i*n576B8K1H57*nmJ6



© ¥ ��������� ���	��! 
 � �+� 
;��
 � ��� ���	� �O�������	!

?26B.9=@?2*V;2I2rÃ± 6	328K69,K69;{5y57(269*-8lIJ871H32(2*-.B14G)8K69328K69,K69;{571H57*V=J;�1H,w'|14;2;2698w.9=@?+6B, ¨ ¤ «¹¬
=J; 8714;2?+=Jv IJ8K1432(2,9rL± 6l,>(2=¹e 57(21H5i57A28>PE=k.9=@?269,�.U14; P�6a8>6B328>6B,>6B;<5769?¯14,�P2GV=@.0�
.B=Y?26B,keg*V5K( 1Ã,K3�6B.B*-14GiG-=¹e}xu?26B;2,>*V5[�²3O1H8K*V5[�<xu.0(26B.0�²vw1H578>* &Er ')(+*-,	.0(O143+5K6B8	?2=@69,
;2=45l.BG-14*-v 57=hP�6	,>6BGnNFx[.B=4;{5714*-;+6B?�P2A+5l*n57,a14*-v *-,l8K1H57(2698L57=hPE6k1H;»*V;{5K8K=Y?2A2.S57*-=4;
Nj=J8o5K(26LIJ69;26B8K14G-* �B69?&G-=¹e}x[?+6B;2,>*V5[� ¢   ³�Âi§o.9=@?269,Q328>6B,K69;<576B? *V; Åq(O143+5K6B8 © T�eg(2=4,K6
.B=J;2,�578>A2.95K*-=J;	*-,g*-;+,K32*V8K6B?	P<��³�ÂDÄtÅ½.B=Y?26B,9T^14;+?	5K(O1H5·,K(O148>6�.9=Jvavw=J;k328>=J3�6B8>5K*-69,
eg*V57(z5K(26Bv	r

�y�9� � ��� � �f���C�k�t�����|� ���k� �z�g�q�a�z�B� �

� � ����� � ������	 �K	 ��� ��� � �
	 ���
� �-	T�P� �6��$#"%	 �C� ��
��
��� �6� �����
�

*D; ³�ÂQÄÇÅ .B=Y?26�
�eg*n57(�3O148K14va6957698K, I�% Q #@Q���M·*V,Q1yP2*V;O148�� GV*-;26B148·P+G-=Y.0�	.9=@?+6L=4N
G-6B;+I457( % eg(2=4,K6�3O148>*V5[�<x[.0(269.0��vw1H578>* &���(O14, #l=J;269,)*-;z6U1H.0(�.9=JG-A2va;fT���=J;26B,)*V;
6U14.0(¯8>=¹e�TC14;2?h57({A2, �B6B8>=J,~69G-,>69eg(2698K64rk')(26w;{A2vLP�6B8K,�#�14;2?��h(O1UmJ6a57=�8K6Bvw14*V;
,Kvw14G-G+eg*n57(a8K69,K3�6B.95t57= %�*V;w=48K?2698Ç5K=�=JP@5014*V;w1�,K3O1H8K,K6ovw1H578>* &��µr¡®@A2.0(z1�vw1H578>* &
*-,)8K69328K69,K69;{5K6B?&*V;	º/*-IJA+8K6i¦+rn£Jr

# ,JÁ¼,)3�6B8g.B=JGVA2va;

� ,JÁ¼,g3E698g8K=¹e
, � � 
�
�
 , � �
� � , 
�
�
 � , �
� , � 
�
�
 , � �rrr rrr

��.9=JG-A+vw;2,

8K=¹eg,
#

º/*VIJA28>6i¦+rn£@5¡Ä:8K=J3�6B8�57*-69,g=4N|5K(26�3O148>*V5[��.0(+6B.0�kvy1p578K* &���=4N/³�ÂQÄÇÅ .B=Y?269,Br

')(+*-,�vy1H5K8K* &i(O14,�(269;2.B6 # T % * � T % # ����8K=¹eg,#` �ÎX �-Tp5K(26Ç;YA+vLPE698|=HNO,K*V;2IJG-6
Z+c4b'`�_Î_ bK]0dOX0]���X��!�+cS_J` ]p\=fk¢Î3�.B6U§o=4N:5K(26L.B=Y?26Hr 'Ç1H.0(�.B=Y?26B?�P2*n5QP�6BGV=J;2IJ,o57=�#z3�.B6B,9T
14;2?h14;<��3�.B6M*-;<m4=JGVm46B,�� .9=@?+6B? P2*V5K,BrL')(+6a8K1H576M=HNt5K(26M.B=Y?26l*-,+5 � � , * # ���Er
')(26 *V;26! {AO14GV*V5[��(+=JG-?2,aP�6B.U1HA2,K6 et6 ?+= ;2=45w.B=4;2,>5K8714*V;{5a57(+6 vw1H578>* &�� 57=µ(O1UmJ6
*-;2?2693E69;2?269;{5o8>=Õeg,9r



�����=� � � � � !\�����;� ��������
����O���	�����;
��;� ©<«

  14G-G-14IJ698BÁ¼,·.9=J;2,>5K8KA2.S57*V=J;&=4NÇ1yGV=¹e}x[?269;2,K*n5[� 3O1H8K*V5[�<xu.0(26B.0��vy1H5K8K* & � eg*V5K(&3O1px
8K14va6957698K,EI�%gQ,#@Q���M/.9=J;2,>*-,>5K,t=HN^?2*nmY*-?2*V;2Ii*V5:*V;<57= #~,KA+P@x[vw1H578>*-.96B, � � Q 
�
�
 Q �

! T{6B14.0(
.9=J;<5014*V;2*-;+I�1w,>*-;2I4G-6�=J;26~*V;&6U1H.0(&=4N¡*V5K,·.9=JG-A+vw;2,9r·')(+6~ÈO8K,�5i=4NC5K(26B,>64T � � T^GV=@=J�{,
GV*-�H6i18" <ï1p5K5769;26B? $Q*V?26B;<57*n5[�yvw1H5K8K* &&¢­57(O1H5}*-,BT+14;k*-?269;<57*V5[�wvw1H578>* &aeg(26B8>6i6U14.0(	=J;26
*V,Q8K6932GF1H.B6B? P<� �&=J;269,�*-; 1z8K=¹e�T�14;2?�eg(2698K6M57(+6M;YA+vLPE698�=4NÇ.B=JGVA2vw;+,Q*-,ivLA+GV57*äx
3+G-*-69?M14.9.B=J8>?2*-;2I4GV�+§Sr|')(26 # * ,g=45K(26B8:,>A2P@xuvy1H5K8K*V.B6B, � � Q 
�
�
 Q �

! 148K6)?+6B8K*nmJ69?lNj8>=Jv
� � P{� # * ,~.B=JGVA2vw;Yxueg*-,>6~8K14;2?2=Jv�3�6B8Kv~A+501H5K*-=J;+,�� �\Q 
�
�
 Q�� !�=4N �

� r�'|14P2G-6~¦+rn£
,>(2=¹eg,�5K(26l3O148K*n5[�<x[.0(269.0��vy1H5K8K* &�=4Nq1	32148>5K*-.BA+GF148BI $ �=Q �%Q � MD³�ÂQÄÇÅ .9=@?26Hrysu5�.U1H;
P�6i;2=45K6B?k57(O1p5),KA2vava*-;2IL*V;k6U14.0(k,KA+P@x[vw1H578>*-.96B,g14GVGE57(+6i8K=¹eg,gG-6U1H?2,}57=l14;	14GVGnxu=J;26
8>=¹e�r N·69;2.B6HT/57(+6B8K6w148>6w1p5�GV6U14,�5�# * ,a?2693E69;2?26B;<5~8K=¹eg,~1H;2? (269;2.B6l57(+6w8K1H576l*-,
I48K6U1p576B8)5K(O14;&,�* # ���Er

£ £ £ £ ¸ ¸ ¸ ¸ ¸ ¸ ¸ ¸ ¸ ¸ ¸ ¸ ¸ ¸ ¸ ¸
¸ ¸ ¸ ¸ £ £ £ £ ¸ ¸ ¸ ¸ ¸ ¸ ¸ ¸ ¸ ¸ ¸ ¸
¸ ¸ ¸ ¸ ¸ ¸ ¸ ¸ £ £ £ £ ¸ ¸ ¸ ¸ ¸ ¸ ¸ ¸
¸ ¸ ¸ ¸ ¸ ¸ ¸ ¸ ¸ ¸ ¸ ¸ £ £ £ £ ¸ ¸ ¸ ¸
¸ ¸ ¸ ¸ ¸ ¸ ¸ ¸ ¸ ¸ ¸ ¸ ¸ ¸ ¸ ¸ £ £ £ £
£ ¸ ¸ ¸ £ ¸ ¸ ¸ £ ¸ ¸ ¸ £ ¸ ¸ ¸ ¸ ¸ ¸ ¸
¸ £ ¸ ¸ ¸ £ ¸ ¸ ¸ £ ¸ ¸ ¸ ¸ ¸ ¸ £ ¸ ¸ ¸
¸ ¸ £ ¸ ¸ ¸ £ ¸ ¸ ¸ ¸ ¸ ¸ £ ¸ ¸ ¸ £ ¸ ¸
¸ ¸ ¸ £ ¸ ¸ ¸ ¸ ¸ ¸ £ ¸ ¸ ¸ £ ¸ ¸ ¸ £ ¸
¸ ¸ ¸ ¸ ¸ ¸ ¸ £ ¸ ¸ ¸ £ ¸ ¸ ¸ £ ¸ ¸ ¸ £
£ ¸ ¸ ¸ ¸ £ ¸ ¸ ¸ ¸ ¸ £ ¸ ¸ ¸ ¸ ¸ £ ¸ ¸
¸ £ ¸ ¸ ¸ ¸ £ ¸ ¸ ¸ £ ¸ ¸ ¸ ¸ £ ¸ ¸ ¸ ¸
¸ ¸ £ ¸ ¸ ¸ ¸ £ ¸ ¸ ¸ ¸ £ ¸ ¸ ¸ ¸ ¸ £ ¸
¸ ¸ ¸ £ ¸ ¸ ¸ ¸ £ ¸ ¸ ¸ ¸ £ ¸ ¸ £ ¸ ¸ ¸
¸ ¸ ¸ ¸ £ ¸ ¸ ¸ ¸ £ ¸ ¸ ¸ ¸ £ ¸ ¸ ¸ ¸ £

'|14P2GV6a¦+rV£S5   14GVGF14IJ698BÁ¼,i.B=J;+,>578>A2.95K*-=J;h=4Nt57(26l3O148>*V5[�<x[.0(+6B.0� vy1p578K* &�=4N}1 I $ �=Q �%Q � M
³�ÂQÄÇÅ .9=@?+6 
Cr


½.B14;»P�6z,K696B;»14,L57(+6z*-;<57698K,K69.95K*-=J;�=4N7#Hf��¹ZOXSb bK]R]BWYXRf 
 � Q 
�
�
 Q 

! eg(2=J,>6k8K6Sx

,>3E69.95K*VmJ6l3O1H8K*V5[�<xu.0(26B.0�&vw1H5K8K*-.96B,D148K6L5K(26M,KA2PYx[vw1H578>*-.B69, � � Q 
�
�
 Q �
! r~®@*V;2.B6M6B14.0(

,>A2P@xuvy1H5K8K* & .B=J;+,K*-,�57,�=4N % ���h,K*V;2IJGV6a32148K*n5[�{xu.0(26B.0� 6  YA21H57*V=J;2,�=4N � P2*V5K,�5K(O1H5~148K6
v~A+57AO1HG-GV�µ6'&@.9G-A2,>*VmJ6HTq6B14.0(»,>A23�6B8�xu.B=Y?26k*-,L5K(26k?2*-8>6B.95l,>A2v =4N % ���O`­\�WYX[ZOXS\�WYXS\ _
,>*-;2I4G-6Sxu3O148>*V5[�<x[.0(269.0� I ��Q�� *+, Mq.B=Y?269,L¢j,K3�.B.¹§ 
��¹rC± 6�(O1Um4645


�T ��
! ; �


 ! ¢Æ¦@rV£Õ§



© À ��������� ���	��! 
 � �+� 
;��
 � ��� ���	� �O�������	!

14;2?�5

 � T�� ���� �

; �

�� ¢Î¦+r ¾ §

su5k*V,�*-va3�=J8>5714;<5y57=�;+=4576&5K(O1H5�5K(26�vy1p578K* & � *-,z;2=45�*-; ,>�Y,�576Bvw1H5K*-.&Nj=J8>v�r
')(26B8>69Nj=J8>6i1~,>�Y,�576Bvw1H5K*��U1p57*-=4;y(O14,t57=LP�6D?2=4;264TYNj=J8t5[et=M8K6B14,K=J;+,Br¡')(26DÈO8>,>5q=J;26Q*V,
57=i.B=4vw32A@576}57(+6g14.95KAO14G2?2*Vvw69;2,K*V=J;fT414;2?l871H5K64T<=4Nï5K(26).B=Y?264r/')(26g,K6B.9=J;2?a8K6B14,K=J;l*V,
57(26}6B14,K6q=4N�6B;2.9=@?2*V;2I2r|³�695:A2,/?26B;2=H576)P<� � ��T � G K ��%{57(26q8K6B,>A2GV5C=4NO57(26q,>�Y,>5K6Bvw1H57*äx
�U1H5K*-=J;z=4N�� TO1H;2?	��
a5K(26�.B=JGVA2vw;z3�6B8>vLA+571H57*V=J;k143232GV*-69?fr � �ï*V,);2=lG-=J;2I46B8g1MG-=¹e
?26B;2,>*V5[�z32148K*n5[�z.0(26B.0�kvw1H578>* &Er 	 T
����K G����Q*V,}57(26�,>�Y,>5K6Bvw1H57*V.iIJ6B;+6B871p57=J8gvw1H578>* &
14,K,>=@.9*F1H5K6B?�eg*V5K( � �Fr�suN �w*-,L57(+6z*-;+Nj=J8>vy1p57*-=4;¯P2*V5K,LmJ69.957=48BTt5K(26k.B=J8>8K69,K3�=J;2?2*V;2I
.B=Y?269et=J8K?�*-,?F T � 	ar¡±µ6�(O1Um467F � � � T �+TOP2A+5·14GV,K=�� =>�
 IWFcM � � T �+rt®@*V;2.B6   14Gnx
GF14IJ698BÁ¼,t3+8K=JPO1HP2*-GV*-,>5K*-.)?269.B=Y?2*-;+Ik¢Î,>6B6�®@69.95K*-=J;z¦@rV£Jr¿¦<§:5014�H6B,}P�6B;26SÈ25)=4N^57(26Q,>3O148>,K*V5[�
=4N/vw1H5K8K* & � Tï14;	³�ÂQÄÇÅ .9=@?2*V;2Il,K.0(269vw6�A2,>6B,g57(26�,>�Y,>5K6Bvw1H57*V.iIJ6B;+6B871p57=J8gvw1H578>* &
	 1H5C5K(26)6B;+.B=Y?26B8¡14;+?L57(26g³�ÂQÄÇÅ�vy1H5K8K* & ��1p5C57(26)?+6B.B=Y?2698BrC')(26)8>6B.96B*Vm46B?a,>�YvMx
PE=JGV,/vLA+,>5¡P�6)*-;<57698KG-6B1UmJ6B?lP<��� =>�
 rCºO=J8:1QG-148KI46}G-69;2I457(^T457(26)69;2.B=Y?2*V;2Ii.B=Jva32GV6'&@*V5[�
*-,D(+*-IJ(fT�eg(2*-.0(�*V,Q1y3+8714.S57*-.B14G/?+871UegPO14.0��=4NÇ³�ÂQÄÇÅ .9=@?269,Br�')(2698K6M6'&@*V,>5Qeq1U�@,Q5K=
IJ695D148K=4A2;2? 5K(26~69;2.B=Y?2*-;+Iy328>=JP2G-69v 5q57(+69��A2,K6�57(26�IJ87143+(2*-.B14G�8K6B3+8K6B,>6B;<501p57*-=4;&=4N
³�ÂDÄtÅ².B=Y?26B,~¢Î,>6B6�®@69.957*V=J;�¦+r ¾ §t57=l8K69?2A2.B6�57(+6�69;2.B=Y?2*V;2Il.B=Jva32G-6 &@*V5[� ¨¿« ¸ ¬ r

� � ��� � ����$ �T�?�K	 �2$ �G��"��#� ��"-��	��
� ����� ����� �2�����
�

  14GVGF14I46B8q3+8K6B,>6B;<5769?&,K6SmJ698714G�14;O1HGV�{57*V.U14Gf8>6B,>A2GV5K,o=4; ³�ÂQÄÇÅ .9=@?269,Br¡± 6�=J;+GV��,>A2vMx
vy148>*��96Ç(+6B8K6Ç57(2=4,K6Ç8K6BG-1H5769?�5K=·57(+6qva*-;2*VvLA2v ND14vavw*V;2Ig?2*-,�5014;+.B6q=HNO³�ÂQÄÇÅ¯.B=Y?26B,9T
,K*-;+.B6i57(26�va695K(2=@?+,)A2,K69?�57=MÈO;+?	5K(26Bv�1H8K6�14G-,>=MA2,K69? *V;	=4A28)=J8K*VIJ*-;214G�et=J8>��r

� ��� � ;=3 > *-D�FG,H160 #7T � <%96* < D B"! @E1 3 16,/;=< t�t B . 3 3 >

  14GVGF14I46B8y.9=Jva3O148K69?½5K(26h14,>�Yva3+57=H57*-.Ãc �4XSb>c¹`YXpR�va*-;+*-vLA2v ND1Hvwva*-;2I ?2*-,�5014;2.96
328K=J3�6B8�57*V6B,�=4NÇ57(26w³�ÂQÄÇÅ .B=Y?26B,�57=k57(+6w=J;+6B,�=4Nq5K(26leg(2=JG-6l69;2,K69vLP2G-6l=4NqP2*-;2148>�
G-*-;+6U148zP2GV=@.0��.B=Y?26B,	=4NL,K14va6h8K1H576 �Lr (Ç� 57(26h8714;+?2=Jv .9=@?2*V;2IÃ148KI4A2vw69;<5UTi*V5
*-,Meq69G-Gg�{;2=¹eg;�57(O1p5a5K(26 G-1H5K5K6B8l8K6B14.0(269,w57(+6 �Ç148>,K(O14va=¹m<x   *-G-P�6B8�5	¢ �   §LPE=4A2;2?
¢ ¨ £J£ ¬ 3fr ¾ °@£Õ§85o14,��Yvw3+5K=457*V.U14GVGV�4Tïeg(+6B;&57(+6LG-69;2I457( % =4N:57(+6L3O148>*V5[�<x[.0(269.0� .9=@?269,
ñ òÆË7ÚSÙ>ÌÝË 2SÙ[ófå}Ù>ËÒÜHÏïÍÝÓpË0Í4GEÙ/×úÐ9ÜpÏÎÔÖÞ¹Ù>ÌïÍÆÓpÙ|Ù>ÜpÏÎÙ>åÇÛÕìàÙ/ÐÒÑ$#$%|Ê^ß�×�Ð¹Þ¹Ù>Ï G�Ô¿ÍÆÓ·ÏÝËÒå}Ù�ØHËÒÌuËÒå}ÙúÍÝÙ�ÌuÏ& ��')(*'�+-,[è{×�ÐSÜpÏÎÍÆÌÝíp×[ÍÝÙ>Þ G�Ô¼ÍÝÓ�ËÒìàì+ÍÆÓÕÙ}Ø4Ð9ÏÝÏÎÔàÛÕìàÙt×uÓÕÐ9Ôà×�Ù>Ï�ÑäÐSÌ/ÍÆÓpÙtÔàÜBÍÆÙ�ÌÝìàÙ>Ë7ÚSÙ>ÌÝÏ/.102'4343534'6.87Sè{ËÒÜHÞ G^ÙË7Ú9Ù�ÌuË�29Ù�ÍÆÓÕÙ:ÌÝÙ>ÏÆíÕì¿ÍÝÏfÐ9Ü·ÍÝÓÕÔÖÏfÙ�ÜpÏÆÙ�åtÛÕì¿Ù9ð



�����=� � � � � !\�����;� ��������
����O���	�����;
��;� © ¤

5K6B;2?+,C57=Q*V;+ÈO;2*n5[�JT45K(26)1UmJ698714IJ6);+=J8Kvw14G-* �B69? ND1Hvwva*-;2Io?2*V,>501H;2.B6}=HNO57(269*-8/69;2,K69vLP2GV6� � T ��� 8 ��� �!%�,K1H57*V,>ÈO69, 5
� I � �'M�T I ,�* � M � .�
	I $ M ¢Æ¦@rà¦<§

eg(+6B8K6���?26B;+=45769,o5K(26i;O1H5KA28714G�69;<578K=43{�zNjA+;2.95K*-=J;fr
Åq=Jva32A+5K*-;2I	57(26�1¹m46B8K14IJ6�;{A2vLP�6B8~=4N).B=Y?26Seq=J8>?2, %�! � I�� M�=4N)et6B*VIJ(<5��w=4N}57(+6³�ÂQÄÇÅ .9=@?26�6B;2,>6BvLP+G-6�=4N:3O148K14va6957698K, I�%gQ,#@Q���MÒT   14GVGF14IJ698}328>=Õm46B? 5K(O1H5oeg(26B; %

*V,)GF148>IJ6Q69;2=JA2IJ( 5
%�! � I�� M 
	� I�
�Q %�M
����� I�* % � ! � I�
�MCM ¢Æ¦@r © §

eg(+6B8K6 � ! � 14;2? � I�
�Q %-M}148K6�?26SÈO;26B? 14,}Nj=JGVG-=¹eg,)5
� ! � I�
�M T I # *+, M � I�
�M * #

�
���AI�� M � I � *+,\M ����$ % � # ��
 ¢Æ¦@rÖ°J§

� I�
�Q�%�M T � $ � %�
�I ,�*�
�M % N P Q� ������� # * ,
, $ %�
;I ,�*�
�M�� ¢Æ¦@rà¥<§

eg(+6B8K6�
 T � �!%µT��AI � MÇ*V,)1�NjA2;+.957*V=J;�?2693E69;2?2*V;2IM=J;2Gn�y=J;���14;2? �i*-,}1�3O14871Hvw6S576B8
5K(O1H5Ç(O14,:5K=�P�6g=J3+5K*-va*��B69?fr�± 6g=Jva*V5C5K(26g?2695714*-GV,:,K*V;2.B6)57(+69�M.B14;wP�6)Nj=JA2;2?a*-; ¨ª©{«p¬
1H;2?�,>*-;2.96�et6�A2,K6�57(26�,71Hvw6�14323+8K=<14.0(	*-;k57(+6�;+6'&Y5Q.0(O1H3+57698o5K=w328>=¹mJ6�57(O1H5   ³�Â
.9=@?+6B,o148K6�14GV,K=l14,��Yvw3+5K=457*V.U14GVGV�wIJ=Y=@?fr

*·,>�Yvw3@57=45K*-.U1HG-GV�4T@5K(26i,K*VIJ;k=4N|5K(26�6'&@3�=J;26B;<5oNjA2;2.S57*-=4; � ! � I�
�Mq?2695K6B8Kva*-;+6B,}57(+6P�6B(21¹mY*V=J8D=4N %�! � I�!WM 5g*VN � ! � I�
�M � �+T�57(269; %�! � I�!WM)576B;+?2,Q57= �96B8>=yeg(26B;#% 5K6B;2?+,
5K=y*V;+ÈO;2*n5[�Jr}')(26�(2*-I4(26B,�5·mH14GVA26�=HN"
&,KA2.0(&5K(O1H5 � ! � I�
�M �(�a=JP+501H*-;2,oIJ*Vm46B,oA2,Q1H;
1H,>�Yvw3@57=45K*-.lG-=¹et6B8�PE=JA+;2? =J;h57(26w1UmJ698714IJ6w;2=J8>vy14GV*��96B? ND14vava*-;2Iz?2*V,>5714;2.B6 � ! � r±µ6y.9=Jva32A+5769?µ5K(26amH14GVA26B,�=4N � ! � Nj=J8�?2*��E6B8>6B;<5�.0(2=J*-.96B,�=4N8I #@Q ��M�1H;2? .9=Jvw32148K69?5K(26Bv eg*V57(z5K(26 �   PE=JA+;2?fr:')(26�8K69,KA2Gn57,o148K6i3+8K6B,>6B;<5769?&*-;	º/*VIJA28>6i¦+r ¾ r
±µ6~=JP+,K6B8�mJ6~5K(O1H5 � ! � �(�wNj=J8o14G-G�5K(26~.9=Jvw3+A+5769?�mH14G-A+6B,geg*V57( # � �+r?N·69;2.B6HT

5K(26�³�ÂQÄÇÅ .B=Y?26B,�148K6¯c fS_�
DZ�_ ] _J`Ý]KcSd�dø_&` ]\]BW � *VN # � �+r ºOA28>5K(26B8>vw=J8>64Tg³�ÂQÄÇÅ
.9=@?+6B,o148K6�.9G-=J,>6Q57=l57(26 �   P�=JA2;2?keg(269; #y*V;2.B8>6U14,>6B,9r

� ����� ;=3 > *KD FG, 1 0 #+T $ <�9 * r 3 1J< D B"! @E1 3 16,/;=< t�t B . 3 3 >

  14GVGF14IJ698MA2,K69?²1µIJ8K1432(2*V.U14Go148>IJA2va6B;<5y5K= 328>=¹mJ6 5K(O1H5y³�ÂDÄtÅ eg*n57( #�T $ 148K6
;+=45�14,��@va3+5K=457*V.U14GVGV�zIJ=Y=Y?frQ± 6~8K6B3+8K=Y?2A2.B6M(+*-,Q1H8KIJA2va6B;<5i(+6B8K6HTf,K*V;2.B6M(+6LA2,K69?h1
.9=J;2.96B3+5·,K*Vvw*VGF148¡57=M57(+6�?+6B3�6B;2?269;2.9�	IJ8K1432(fr
- >$#øù%#�ÍÆÓÕÙ>Ô¿Ì�å}ÔàÜÕÔàåÇíÕå &�ËSåqå}ÔàÜ 2)Þ¹ÔÖÏjÍuËÒÜp×�Ù/ÔàÜp×�ÌÆÙKËSÏÆÙ>Ï^ì¿ÔàÜÕÙKËÒÌÝì¿ç G�Ô¿ÍÆÓDÍÝÓÕÙ:ì¿Ù>Ü 2ÒÍÝÓQÐÒÑYÍÝÓÕÙ¡×úÐ¹Þ¹Ù9ð



°4¸ ��������� ���	��! 
 � �+� 
;��
 � ��� ���	� �O�������	!

X

0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0

Rate

0.0

0.1

0.2

0.3

0.4

0.5

N
or

m
al

iz
ed

 d
is

ta
nc

e
Varshamov−Gilbert bound

(3,4)

(3,5)
(3,6)

(4,5)

(4,6)

(4,7)

(5,6)

(5,7)

(5,8)

(5,10)

º/*-IJA+8K6�¦+r ¾ 5A*�m46B8K14IJ6�14,>�Yva3+57=45K*-.imH14G-A+6B,g=4N�57(26�;2=J8>vy14GV*��96B?6ND1Hvwva*-;2I~?2*-,�5014;2.96
=4N|5K(26�6B;2,>6BvLP+G-6�=4N/³�ÂDÄtÅ½.B=Y?26B,9r

³�6S5)A2,}.9=J;2,K*V?26B8q1L³�ÂQÄÇÅ².9=@?+6·eg*V5K(�3O148K14va6957698K, I
% Q $ Q���MSr/³�695)A2,}14,K,>=@.9*F1H5K6
1�m46B8>5K6'&aeg*V5K(w6B14.0(�.9=@?269?yP2*n5UTY14;2?a.B=4;2,K*V?26B8¡57(26 % ���l,K*-;+IJG-6Òx[3O148>*V5[�<x[.0(+6B.0�L6  YA21px
57*-=4;2,}14, "[,KA23�6B8 $Q69?2IJ69,oGV*-;2�{*V;2I�5K(26 �wmJ698>57*V.B69,o8>6B328>6B,>6B;<57*V;2IM57(26i.9=@?269?kP2*V5K,q57(O1p5
57(26S�z*-;<mJ=4GVmJ6Hrt®@*-;2.96 # T $ T214;<��mJ698>576 &�PE69G-=J;2I4,}57=M5[eq= "ú,>A23�6B8X$Q6B?2I46B,Br
³�6S5kA2,z.0(2=Y=J,K6h14;<��m46B8�576'&²14;2?²P2A2*VG-?�5K(26�6! {A2*nm41HG-6B;<5k=4N�5K(26�?26B3�6B;+?26B;2.S�

IJ87143+( eg(2*-.0( ,>5769vw,�Nj8K=Jv *V545Let6yNj=JG-GV=¹e�*V5K,�5[et=�6B?2I46B,BT¡1H;2?¯32A+5~*V5K, $ I �(* ,\M
;26B*VIJ({PE=J8>,�*-;�57(26lÈO8>,>5�G-6SmJ6BGÆry³�6S5~A2,�*V5K6B8K1H576L5K(2*-,�328>=@.96B,K,�eg*V5K(h5K(26aP2*V5K,i=4Nq5K(26
ÈO8K,�5}G-6SmJ69G^14,Ç,K(+=Õeg;z*V;yº|*-IJA28>6D¦@rà¦�Nj=J8 �BT �@r/± 6·32G-=H5Ç5K(26·5[et=L?2*��^698K69;{5A"ú,>A23E698X$
6B?2IJ69,�=4Nt14;<� mJ698>5K6'& eg*V5K(&5[eq=	?2*��^698K6B;<5Q5[�Y3�6B,�=4NÇG-*V;26B,Q*V;�=J8K?+6B8Q57=z?+*-,>5K*-;2I4A2*-,>(
57(269v 6U14,>*-Gn�Jr
³�6S5·A+,·1H,K,KA+vw6i57(21H5)57(26�,>(2=J8>5K6B,�5·.S�Y.BG-6�3O1H,K,K*V;2Il57(28>=JA2IJ(z57(+6�,>A2vavw*n5g148K*V,K69,

1H5gG-6SmJ6BG�FÕr¡')(26 'Îxu5K(�GV69m46BGÇ¢�' ��F9§}.B=J;<5714*-;2, $ I � * , M � m46B8>5K*-.96B,Br¡±µ6�.B14;	8K=JA2I4(2GV�
PE=JA+;2?z57(26�;{A2vLP�6B8g=4N�mJ698>57*V.B69,D1H5gGV69m46BG�.Sx7£~1H,)5

$ I � * , M�� =>� 
 % ¢Î¦+r « §



�����=� � � � � !\�����;� ��������
����O���	�����;
��;� °Y£
G-6SmJ69G#5

,

$

F

º|*-IJA28>6�¦+r¿¦=5¡ÂD6B3�6B;+?26B;2.S�	IJ87143+(	=HNC14;�³�ÂQÄÇÅ .B=Y?26Qeg*n57( # T $ 14;2? �BT �+r

eg(+*-.0(	G-6U1H?2,}57=g5
F 
 , ��� .�
 � =>� � % $�� ¢Æ¦@ràÀ<§

ºO=J8·57(26M,>(2=J8>5K6B,�5�.S�Y.BG-6HTfeq6l.9=J;2,K*V?26B8Q5K(26M,K6S5�=4N¡mJ698>57*V.B69,�5K(O1H5�148>6M1H5i5K(26M*-;<57698�x
,>6B.S57*-=4; =4Nt57(26 "ú,>A23E698X$a69?2IJ6B,�*-; 57(26a.9�Y.9G-64rz')(+69�µ148K6a8K69328K69,K69;{5K6B?�*V;µP2G-14.0��*-;
º|*-IJA28>6�¦+rà¦@r)')(26�et=J8K?�eg*V57( 14G-G�.9=@?+6B?&P2*n57,o,K6S5D57= �B698K=2T�6'&@.B693+5D5K(26~=4;26B,·.B=J8>8K6Sx
,>3E=4;2?2*-;+I~57=L5K(26QP2G-14.0�am46B8�57*-.96B,}5K(O1H5}et6i,K6S5}57=M=J;+64T+*V,}.BGV6U148>GV�w1~.9=@?26Seq=48K?k=4N 
:r
su5K, ND14vavw*V;2I~et6B*VIJ(<5��a,71H5K*-,�ÈO6B, 5

� T $ F ¢Æ¦@rà¤<§
,>*-;2.96o5K(26B8>6D1H8K6g6'&+14.S57GV�M5[et=~P+GF14.0�~m46B8�57*-.96B,t=J;wGV69m46BG-,g£g57= F * ,Q32GVA2,:57(26o,KA2vava*V5
1H;2?	5K(26�GF14,�5}mJ698>5K6'&Er No6B;2.964TOeq6�(O1Um4645

� 
 $ � $ � .�
 � =>� � % $�� ¢Æ¦+rn£¹¸<§
±µ6�:>A2,>5ÇNj=JA2;2?y1�;2=4; �B698K=~.9=@?+69et=J8K?y5K(O1H5t(O14,t1 N·14vavw*V;2Iieq69*-IJ(<5Ç57(O1H5Ç*V;2.B8>6U14,>6
=4;2GV�µG-=JIJ148K*n57(2va*-.B14G-Gn� eg*V5K( %µrHNo6B;2.964Tq³�ÂDÄtÅ�.B=Y?26B,Meg*n57( #2T $ .U1H;Ã;+=45lPE6
1H,>�Yvw3@57=45K*-.U1HG-GV�aIJ=Y=Y?fr

��� ���	� � $ � ��$�����"�� � ��"%���&$���	 ��	 �:��	������
� ����	 ��� $ � ���#"%	 �K
	�
s[;µ57(2*V,�,>6B.S57*-=4;fT|et6�,KGV*-IJ(<5KGV�&va=Y?2*VN­�&5K(26a;2=4501p57*-=4;2,�=HNq57(+6�³�ÂQÄÇÅ .B=Y?26B,45 #&*-,
8>6B32G-14.B69?�P<� "µ14;+? �zP<�'�¯r



° ¾ ��������� ���	��! 
 � �+� 
;��
 � ��� ���	� �O�������	!

� � � > *-;=3 > , r . 354 < D(, r . t * @A<�9P,H1 B�� ;P07*-;�� *���I7<�16, 3 r
³�6S5 � � T�, 
 ! 
 �¯T�P�6~57(26M.9=@?+6B? P2*V5K,QP�6BG-=4;2IJ*-;+Iy57=k1�3O1H8>57*V.BA2G-148D3�.B6HrL³�6959D � T
, 
 ! 
 �¯T:P�6y57(+6�328K=4PO14P2*VG-*V5[��5K(O1H5L5K(26�P2*n5�� � 6! {AO14GV,z£Jr&± 6�14,K,>A2vw6w57(269,K6
P2*V5K,q148>6&, rA> *8@#* rA> * r 1<rÇ³�695 �¯P�6·5K(26D6SmJ6B;<5)5K(O1H5q5K(26D3�.B6D*-,¡mJ6B8>*VÈO69?k14;2? � 5K(26.B=Jva32G-69vw69;<50148��k69mJ69;<5UrQ')(26�328K=4PO14P2*VG-*V5[��=4N � ¢Î8>6B,K3�6B.S57*nmJ6BGn� �Ç§g.B=J8>8K69,K3�=J;2?2,D5K=
57(26·328K=JP214P2*-GV*V5[�L5K=L(O1UmJ6Q14;µX��4XS\ ¢Î8K69,K3�6B.S57*Vm46BGn� ]BW<WO§¡;YA+vLPE698q=4N�P+*V57, � � 6  {AO14GE5K=
£Jr:su5o.U14;kP�6�eg8>*V5>576B; ¨ª©{«p¬ 5

, I;�AMAT
, ���	�
; �
I , * $ D

�
M

$
14;2? , I �AMAT

, * �	�
; �
I ,�* $ D

�
M

$
¢Æ¦@rV£J£¹§

*D,K,>A2va*-;2Ik57(O1p5�5K(26y.9=@?269?¯P2*n57,�148K6a�{;2=¹eg;+�\`Îc&5K(26B*V8�=JP2,K698>m46B?�mH14G-A269, � � T , 
! 
 �¯T^1H5o57(+6~=JA+5K32A+5D=4N¡1wva6Bva=J8��@GV6B,>,·.0(O1H;2;26BGÆT�5K(26~3+8K=JPO1HP2*-GV*V5[�y5K(O1H5o57(26�3E.96
*-,}mJ698K*nÈO6B?	IJ*Vm46B;k57(26�=JP+,K6B8�mH1H57*V=J;2,)*-,)5

, I;�>K�
 �
� �� ; � M�T
, ���	�
; �
� , * $ , I �

�
T ,=K �

�
M %

$
¢Æ¦@rV£ ¾ §

º/* &@*-;+I~57(26imH14GVA26i=4N�57(26�.B=Y?269?�P2*n5 � � TO1H;2? 1H3232GV�Y*V;2IL57(268(}1U�46B,o8KA2GV64T+et6�(21¹m4645
,�� � � T ,=K ��Q�
 �
� �� ; ��� � , I �

�
T ,%K �

�
M�,����>K � � T ,@Q�
 �
� �� ; ��� ¢Æ¦@rV£¹¦J§

� , I �
�
T ,%K �

�
M
,�* �	�
9 ; ���
�
9��;
� � , * $ , I �

�
9 T ,=K �

�
9 MH%

$
®@*-va*-G-148KGn�JTJet6�(O1Um4645

,���� � T(��K ��Q�
 ��� �� ; � ��� , I �
�
T ��K �

�
M
, � �	�
9 ; ���
�
9 �;
� � ,�* $ , I �

�
9 T ,=K �

�
9 M %

$
¢Æ¦@rV£ © §

� 1 *896<�16, � * > *-;=3 > , r . 354�� ��� � ;=3 > *-D

Åq=J;2,K*V?26B8>*-;2Iµ1 .B=Jva32G-6S576 I�%gQ!"%Q3��MM³�ÂDÄtÅ .9=@?+64Tq6B14.0(�P2*n5lPE69G-=J;+IJ,l;2=¹e 57= "
3E.96B,BrkºO=J8�6B14.0(¯3�.B6���T/G-6S5�A2,~?269;2=45K6wP<��� I��gMi*V5K,�,K695~=4N � .B=Y?26B?µP2*V5K,BT|14;2?
P{��� I+�gMt57(26�6SmJ6B;<5o57(O1p5g*V5)*V,}mJ6B8>*VÈO69?frÇºO=J8)6U14.0(	.B=Y?269?�P2*n5 � � T+G-695gA+,o?+6B;2=45K6�P{� I�!WMt57(26�,>695o=4N "µ3�.B69,)57(O1H5o*V;{m4=JGVm46�*V5Ur|± 6�?26SÈO;26P5

! ,A,#" � T ,�I �
�
T+��K �?I��gM Q � �  I�!WM'Q�
 �
� M ¢Æ¦@rV£Õ°4§

$ "8 �
�
T ,�I �

�
T+��K �?I�� � M'Q � � �  I !JM Q � � %T&�gM ¢Æ¦@rV£¹¥J§

L "8 �
�
T ,�I;�?I+�gM K �

�
T ��Q $ 8 �

�
9 Q ! � �%�)I��gM'Q ! � %T !JM ¢Æ¦@rV£ « §



�����=� � � � � !\�����;� ��������
����O���	�����;
��;� °H¦

')(+6>*QÄ¡Ä¯*V,t?26SÈO;269?�*-;l57(26oA2,>AO14GOe}1U�4r $ "8 �
� 8K6B3+8K6B,>6B;<57,t57(26o3O148�57*F1HG�c·Z ]\f'_úXSb ` ]pb `

3+8K=JPO1HP2*-GV*V5[��=4Nq57(26wP2*V5 � � T/,K*-;+.B6y*n5�?2=@69,~;2=H5~501H�46w5K(26 �yxÝ57(¯3�.B6w*-;<57= 14.B.9=JA2;<5Ur
No6B;2.964T|*V5�?2=Y6B,�;2=45�?26B3�6B;+?¯=J; 57(26a3E.96)��T/14;2?h.U14;µPE6aA2,>6B?¯1H,~14;h6B;+(O14;2.96B?
=4P2,K698>mH1H57*V=J;L328>=JPO14P+*-G-*n5[�i*-;+,K*-?+6�L "8 �

� T45K(26}328>=JPO14P2*VG-*n5[�i57(O1H5|57(2*V,/3�.B6 ��*V,|mJ698K*nÈO6B?fr
�o,K*-;+I ¢Î¦+rn£J£Õ§ST@eq6�(O1UmJ6P5

L �8 �
�
T

, � 	�
9���� S@8 U �

�
9 �;
� � ,�* $ $ �8 �

�
9 �

$
¢Æ¦+rn£¹À<§

1H;2?�,>*-va*-G-148KGn� 5
L �8 �
�
T

,�* 	�
9 ��� S$8 U �

�
9 �;
� � ,�* $ $ �8 �

�
9 �

$
¢Æ¦+rn£¹¤<§

*}5g5K(26iÈO8K,�5·*n5769871H5K*-=J;fT $ "8 �
� *V,)*-;2*n57*-14G-* �B6B?a57=M57(+6�GV*-�H6BG-*V(2=Y=@?w=4N � � r

')(26&L "8 �
� .B14;y;2=¹e P�6gA2,K69?y57=�A23�?O1H5K6o5K(26 $ "8 � � r/s[;2?26B69?fT+,>*-;2.96oNj=48t1iÈ=&@6B? �

� T
5K(26q,>695/=4NOP2*n57,�*-;<mJ=JGnmJ69?L*-;~14G-GJ5K(26q3�.B69, � �  I�!WM�1H8K6q,�501H5K*-,�57*-.B14G-Gn�Q*V;2?26B3�6B;+?26B;<5UT
et6�.B14;¯8K6Seg8K*n576�¢Î¦+rn£¹¥<§iA2,K*V;2I 57(+6 (}1U�J69,M8KA2GV6�14,�eq6y?2*-?µ*-; ¢Î¦+rn£¹¦<§ST|P2A+5L5714�{*-;2I
;+=Õe *-;<57=a14.9.B=JA+;{5 " * ,�3�.B6B,85

$ "8 �
� � , I �

�
T ��K �

�
M �
8 9 ��� S

�
U � 8 9 �;�8

L "8 9 �
�

� , I
�
�
K �
�
T ��M �AI �

�
T ��M �

8 9���� S
�
U � 8 9 �;�8

L "8 9 �
�

� , I
�
�
K �
�
T ��M �

8 9���� S
�
U � 8 9 �;�8

L "8 9 �
� ¢Æ¦+r ¾ ¸<§

')(+6QctZ�b ` ]pb `�5K6B8Kv �#I �
�
T ��M^eq14,�?26BGV695769?fTp,K*-;+.B6:57(2698K6Ç*-,�;2=~ctZ�b ` ]pb'`�*-;@Nj=J8Kvw1H57*V=J;

=4;l5K(26gP2*V5 � � 57(O1H5¡.9=Jva6B,CNj8K=4v ,K=4vw6Seg(26B8>6o69G-,>6g5K(O14;l*V5K,C3O148>*V5[�~.0(26B.0�l6! {AO1p57*-=4;2,Br
*·;�69,>5K*-vw1H576Q=HN/57(+68*DÄ¡Ä�=4N/14G-G�57(26�P2*n57,g.U14;kP�6�?26B8>*VmJ69? 1p5o5K(2*-,),�57693 14, 5

�	 G GPI �
�
T+��M � ,EI�� � K � � T ��M �

8 ��� S
�
U � 8

L "8 �
� ¢Æ¦+r ¾ £Õ§

')(+6�328>=@.96B,>,·*V,)*V5769871H5K6B?	P<�z*-;<578>=@?+A2.B*V;2IM57(26�;26Se mH14G-A269,�¢Æ¦+r ¾ ¸<§q*V;{5K=�¢Æ¦+rn£¹À<§}14;+?
¢Î¦+rn£¹¤<§Sr
º/*VIJA28>6q¦+r © 8>6B328>6B,K69;<57,C57(+6)®@s�®�� ?269.B=Y?2*-;2IoNj=J8|5K(26qP+*V5�� � TJ1p5/57(+67'ÎxÝ57(L*n5769871H5K*-=J;

,�57693frk')(26 L�m41HG-A269,~148>6w.9=Jva32A+5769? *V;¯1kvw*V?2?2G-6l,�5014IJ6w14;2?h57(26w3O148�57*F1HG�*QÄ¡Ä:,$ 148K6iA23�?O1H5K6B?fr�*�.9=Jva32G-6S576Q?269.B=Y?2*-;+IM*V5769871H5K*-=J;y,>57693k.B=J;2,>*-,�57,g=4N|143232Gn�Y*-;2I~5K(2*-,
®Ys�®�� ?269.B=Y?2*-;2IM5K=w1HG-G^5K(26�.B=Y?26B?	P2*V5K, � � T , 
 ! 
 %hr



° © ��������� ���	��! 
 � �+� 
;��
 � ��� ���	� �O�������	!

$ �8 Q �
�
9� �;
�
I�' M

$ �8 Q �
�
9 Q �;
�
I�' M

$ �8 N �
�
9 � �;
�
I ' M$ �8 N �

�
9 � �;
�
I ' M

$ �8�� �
�
9 Q �;
�
I�' M$ �8 � �

�
9 � �;
�
I ' M$ �8 � �

�
9 � �;
�
I ' M

$ �8 Q �
�
9� �;
�
I�' M

$ �8 N �
�
9 Q �;
�
I�' M

����	��
 �

����	
�
 � $ �8 Q �
�
I�' � , M

$ �8 N �
�
I�' � , M

G4I
�
�
K �
�
T , M

�	 G8G
�
I�' � , M

���
����
 �

$ �8 � �
�
I�' � , M

R��������������! #"�$�% 8 Q

& ����'(�����)�! *" $ % 8 N

+ ����'������)�! #" $ % 8 �

,.- / ��01��23�4 501��67"�$
8 �FR:9 - ���4�! 8 �

,.- / ��01��23�4 501��67" $

,.- / ��01��23�4 501��67" $
8 �FR;9 - �<�4�! 8 Q

8 �FR:9 - ���4�! 8 N

+ �FR=�<��016>�=�! *? Q@BA $,C- / ��01�D2E�4 501��6F? Q@ 
 A $

,C- / ��01�D2E�4 501��6F? Q@;��A $

,C- / ��01�D2E�4 501��6F? Q@G��A $

+ �FR=�<��016>�=�! *? Q@BA $

+ �FR=�<��016>�=�! *? Q@BA $

H#IKJ ).L R �EM

H#IKJ ).L R �EM

H#IKJ ).L R �EM

º/*-IJA+8K6)¦+r © 5/ÂD*F14I48714v =4NE5K(26·³�ÂDÄtÅ�®@s�®�� ?269.B=Y?26B8¡=4N^P2*V5 � � 1p5Ç5K(26 'ÎxÝ57(a*V5769871H5K*-=J;
,>57693

'�et=y,K.0(+6B?2A2GV*-;2Iw,>5K871H5K6BIJ*V6B,o148K6�3�=J,K,>*-P2GV64r#*}5·5K(26 'jxu5K(�*n576B8K1H57*V=J;z,>5K6B3fT "µ;269e
3O148>5K*F14G=*QÄ¡Ä mH14G-A269, $ �8 N �

�
I�' � , MC148>6·.9=Jva32A+5769?wP<�M5K(26Q®Ys�®�� ?26B.9=@?+*-;2I�=4NEP2*V5 � � r

*}5�5K(26M,71Hvw6l*V5K6B8K1H57*V=J;&'KT�5K(26w®@s�®�� ?269.B=Y?2*-;+I	=HN}14;<��P+*V5 � � 9 T ! � � ![T�PE69G-=J;+IJ*-;2I57= ��T)=4;26 =4ND57(26�3E.96B,y=HN � � T}.B14;�A2,>6�14,a*-;23+A+5y69*V5K(26B8 $ �8 N � � I�' Ml=48 $ �8 N � � I�' �
, MSTÇ328K6SmY*-=JA2,>GV��.9=Jva32A+5769?fTÇ,K*-;+.B6 ! � � !úrÃ')(26kÈO8K,�5a,>578K1H5769I4��*-,M.B14G-GV6B?¯Z+c4b>cSd�d-X'd
,K.0(269?2A2G-*V;2I2Tt,K*-;+.B6k57(26 ®@s�®�� ?269.B=Y?2*-;+IJ,l=4Ni14GVG}57(26kP2*n57,w148K6k*V;2?26B3�6B;+?26B;<5UT}14;2?
57(26�,K6B.9=J;2? f¹XSb `ÎcSdC,>.0(26B?2A+G-*-;+I2rQ®Y6B8K*-14G�,K.0(269?2A2GV*-;2I�,>(2=JA2GV? *Vvw328>=¹mJ6�57(26�*V5769871H5K*Vm46
.B=J;<mJ698KIJ69;2.B6i,>3E696B?fT+,K*-;+.B6i1H5}1�È=&@6B?z*n5769871H5K*-=J;a,>5K6B3 'KTY57(26DGF14,�5qP2*n57,tPE69;269È25qNj8K=Jv
57(26L32148>5K*F14G�*QÄ¡Ä mH14G-A269,D=4N:5K(26~ÈO8>,>5iP+*V57,o57(O1p5Q(O1UmJ6~PE696B;�*-va328>=Õm46B?fr N·=¹eq6SmJ698BT
eq6�?2=a;2=45g=JP+,K6B8�mJ6�14;<�k,K*VIJ;2*VÈ2.U14;<5)I<1H*-;k.B=Jva3O148>6B?zeg*V5K(k3O14871HG-G-69G^,>.0(26B?2A+G-*-;+I2r
'�et=l³�ÂDÄtÅ�.9=@?269,q(O1Um46QPE696B;z,>*-vLA2G-1H5769?fT{A2,K*V;2I (qÄt®@´�va=@?+A2GF1H5K*-=J;M=¹m46B8q5K(26

*�±   ��.0(O1H;2;26BGÆr�')(26kÈO8K,�5y=4;26k(O14,w14,l3O14871Hvw6S576B8>, 5 I � ,	�=Q �=Q � MSr�su57,w14.S57AO14G
?2*-va6B;2,>*-=J;�*V, � T $ � � (26B;+.B6	*V57,M8K1H576k*V, � T � ! � � �+r¯± 6kA2,>6B?Ã57(26k3O148K14G-GV6BG
,K.0(269?2A2G-*V;2I m46B8K,>*-=J; =HNi57(26�*V5769871H5K*Vm46�®@s�®���?269.B=Y?2*-;2Iheg*V5K( 1 vw1 &@*-vLA2v =HN © ¸
*V5769871H5K*-=J;k,�576B3+,Brg')(26~,>6B.9=J;2?&=J;+6�(O1H,·3O1H8714va695K6B8K,7I � � � � �=Q �=Q � MÒrtsu5K,·57(+6B=J8>6957*V.U14G



�����=� � � � � !\�����;� ��������
����O���	�����;
��;� °4°

8K1H576a*-,�14GV,K=&,�� $ rw±µ6wGV*-va*V5769?&57(26a,71Hvw6l?269.B=Y?2*-;2I 14G-I4=J8K*n57(2v 57=�¦J¸k*V5769871H5K*-=J;+,Br
')(+6�8>6B,>A2GV5K,·1H8K6�32G-=H5K5769?k*-;	º/*-I4A28K69,g¦+rÖ°M14;+?�¦@rà¥+r

0 10 20 30 40

iteration number

10
−5

10
−4

10
−3

10
−2

10
−1

bi
t e

rr
or

 p
ro

ba
bi

lit
y

Eb/N0=2.0 dB
step : 0.1 dB
Eb/N0=3.1 dB

2 2.2 2.4 2.6 2.8 3

Eb/N0 (dB)

10
−5

10
−4

10
−3

10
−2

10
−1

10
0

bi
t e

rr
or

 p
ro

ba
bi

lit
y

iter = 0
iter = 3
iter = 6
iter = 18
iter =30
iter = 40

º|*-IJA28>6q¦@rÖ°%5/®@*VvLA2GF1p57*-=4;�8>6B,>A2GV5K,C=4Nï14;l³�ÂQÄÇÅ¯.B=Y?26qeg*n57(L32148714va695K6B8>,[5[I � ,	�%Q �=Q � MÒr

0 5 10 15 20 25 30

iteration number

10
−5

10
−4

10
−3

10
−2

10
−1

bi
t e

rr
or

 p
ro

ba
bi

lit
y

1.00 dB
1.25 dB
1.30 dB
1.40 dB
1.50 dB
2.00 dB

1 1.2 1.4 1.6 1.8 2

Eb/N0 (dB)

10
−7

10
−6

10
−5

10
−4

10
−3

10
−2

10
−1

bi
t e

rr
or

 p
ro

ba
bi

lit
y

Iter = 0
Iter = 3
Iter = 6,9,12,15
Iter = 18
Iter = 21
Iter=24

º|*-IJA28>6 ¦+rà¥%5 ®@*-v~A2GF1H5K*-=J;�8>6B,>A2GV5K, =4N²1H; ³�ÂQÄÇÅ .B=Y?26 eg*n57( 32148714va695K6B8>, 5
I � � � � �=Q �=Q � MSr



°4¥ ��������� ���	��! 
 � �+� 
;��
 � ��� ���	� �O�������	!

�y�K� � �C���	�z�B�}�����/�)�z�|�g���g�M���i���9���

*D;<�z³�ÂQÄÇÅ .B=Y?26 
�eg*n57(z3O148K14va6957698K, I�% Q #@Q���Mt.B14;zPE6i8>6B328>6B,>6B;<5769? 14,}1L8K6BI4A2GF148
P2*-3O1H8>57*n576wIJ87143+(U5�5K(26k'/1H;2;26B8lIJ8K1432(fr�su5K,M328K=43E698>57*V6B,a148>6�57(26zNj=JGVG-=¹eg*-;2I 5z*V5K,
G-69N­5k32148>5	(O14, % mJ698>57*V.B69,BT�8K69328K69,K6B;<5K*-;2IÃ57(26 .B=Y?269? P2*n57,Br su57,	8K*VIJ(<5k3O148�5�(214,
# T % # ���kmJ6B8�57*V.B6B,9T^8>6B328>6B,K69;<57*-;+I�57(26�,K*-;+IJG-6Òx[3O148>*V5[�<x[.0(+6B.0�z.B=Y?269,BrD')(+6B8K6�*-,D14;
6B?2IJ6�.B=4;2;26B.S57*V;2Iy1lP2*n5om46B8�576'&	5K=y1l,K3�.B.�mJ698>576 &�*VN�57(2*V,oP+*V5oPE69G-=J;+IJ,)57=l57(26�,K3�.B.Hr
N·6B;+.B64T25K(26Q?269IJ8K696$)o=4N�57(26DG-69N­5}3O148>5}*-, #OT21H;2?z57(26Q?+6BIJ8>6B6�=4N�57(+6i8K*-I4({5}3O148>5}*-, ��r
º/*-IJA+8K6i¦+r « ,K(2=¹eg,g57(2*V,g8K6B3+8K6B,>6B;<501p57*-=4;fr

%�.B=Y?26B?	P2*V5
mJ698>5K*-.B69,

% # ���k,>3E.
.9=@?26im46B8>5K*-.96B,

%�P2*n5)mJ698>57*V.B69, #���.B=4;2,>5K*V57A+6B;<5o.B=Y?26imJ6B8�57*V.B6B,

?+6BIJ8>6B6P55#

?26BI48K6B6B5 �

º/*-IJA+8K6µ¦+r « 5   871H32(2*-.B14G�8K69328K69,K6B;<571H57*V=J;�=4Nl14; ³�ÂQÄÇÅ�.B=Y?26 eg*n57( 32148714va695K6B8>,
I�% Q #@Q���M}14,o1M'/1H;2;26B8g8K14;2?2=Jv .B=Y?264r

suN�5K(26Q3O1H8K*V5[�<xu.0(26B.0�avy1p578K* &a*-,Ç.0(2=J,>6B;	1H5}8K14;2?2=4v�Tc:>A2,�5),71H5K*-,�N­�@*V;2I�5K(26·et6B*VIJ(<5
.B=J;2?+*V57*V=J;2,o=J; 5K(26L8K=¹eg,i1H;2?&.B=4G-A2va;2,BTï57(+6L8K69,KA2Gn57*-;+IyIJ8K1432(&*V,Q14GV,K=y3+A28K69GV�	8714;Yx
?2=Jv 5¡57(26�6B?+IJ6B,D148K6�.0(2=J,>6B;�1p5·8K14;2?2=4v�T :>A2,�5o,71H5K*-,>N­�Y*V;2Ia5K(26�?26BI48K6B6�.B=J;+?2*V5K*-=J;2,
=J;&57(26~P2*V5Q14;2? ,K3�.B.Lm46B8>5K*-.96B,Br   14G-G-14IJ6B89Á¿,o.B=4;2,>5K8KA2.S57*-=4;Ã¢Î,K696a®@6B.S57*V=J; ¦+rn£JrV£L14;2?
8 æfÓÕÙ)Þ¹Ù 2SÌÝÙ�ÙqÐÒÑ�ËoÚ9Ù�ÌÆÍÆÙE.�ÔàÏ/ÍÝÓÕÙ}ÜUíÕåÇÛ4Ù�Ì:ÐSÑEÙ>Þ 2SÙ>Ï:×�ÐSÜÕÜpÙ>×[ÍÝÔ¿Ü12·ÍÝÓÕÔÖÏCÚSÙ�ÌÆÍÆÙE.iÍÆÐQÐÒÍÝÓÕÙ�ÌuÏ>ð?Q�ì¿ìÍÝÓÕÙ:ÚSÙ>ÌÎÍÝÔà×�Ù>ÏfÐSÑ2Ë}ÌÝÙE29íÕìàËSÌ 2SÌuËÒØÕÓDÓpË7Ú9Ù|ÍÝÓÕÙ¡ÏÝËÒå}Ù¡Þ¹ÙE29ÌÆÙ>ÙSðOá~Ù:ÍÆÓpÙ�Ü�ÏÆØHÙKËÒâgÐSÑ@ÍÝÓÕÙÇÞ¹Ù 2SÌÝÙ�ÙCÐÒÑ+ÍÆÓÕÙ

29ÌÝËSØÕÓ{ð?Q¯ÌÆÙ 2SíÕìÖËÒÌ/ÛÕÔàØpËÒÌÆÍÆÔ¿ÍÆÙ 2SÌuËÒØpÓ�ÓpË9Ï/Í GEÐQÞ¹ÙE29ÌÆÙ>Ù>Ï76CÐSÜÕÙqÑäÐ9Ì:Ô¼ÍuÏCì¿Ù�ÑøÍ¡ØpËÒÌÆÍ>èYËSÜpÞ�ÐSÜÕÙqÑäÐSÌCÔ¿ÍÝÏÌÝÔ 2SÓBÍÇØpËSÌÎÍKð��pÐSÌ¡ÑäípÌÎÍÝÓÕÙ�Ì}Þ¹Ù"3HÜÕÔ¼ÍÝÔ¿Ð9ÜpÏ>è�ËÒÜpÞMÑäÐSÌtËSÜlÔàÜ9ÍÝÌÆÐ¹Þ¹íH×[ÍÆÔàÐSÜlÍÆÐ�ÍÝÓÕÙ�2SÌuËÒØÕÓLÍÝÓÕÙ�Ð9ÌÆç9è+Øpì¿ÙKËSÏÆÙÌÝÙúÑäÙ>ÌfÍÆÐ�ù%# W #�� ���
	



��� ����� ��
�����
�� 
��g���	�	���	! ����� 
���
���� ° «

'|14P2GV6�¦+rn£Õ§}*-,),KGV*-IJ(<5KGV�wvw=J8>6i,K3�6B.9*VÈO.Hr}®@*V;2.B6�6B14.0( .9=@?269?�P+*V5gP�6BG-=4;2IJ,}57=a=J;26�14;+?
=4;2GV�y=J;26i,K3�.B. 
��·=HN/1H;{��=4N|5K(26 #w,>A23�6B8�xu.B=Y?26B, 
 � Q 
�
�
 Q 


! T+57(26�8>*-IJ(<5)3O1H8>5g=4N�57(+6
I4871432(Ã*-,l?2*nmY*-?269?»*V; #¯.9G-A2va32,l=4N % ���Ã,>3E.9.	m46B8�57*-.96B,9rO*D;<�Ã.B=Y?26B?»P2*V5Mm46B8�576'&
(214,i(26B;+.B6l1�,K*V;2IJGV6~6B?+IJ6M.B=J;+;26B.S57*-;+I	*n5D5K=k14;<�&=4N¡57(+6L.BGVA2vw3+,Br�')(2*-,i,>.0(26Bva6M*-,
?+69501H*-G-69?z*-;z57(+6�.9=J;<576 &@5·=4N   ³�Â�.B=Y?269,·*V;k5K(26�;26'&Y5o.0(O143@576B8�¢j,K6B6�º/*VIJA28K6 © r ¾ §Òr
'|14;2;2698�?26B8>*VmJ69?�P�=JA2;+?2,�G-*-;+�Y*V;2I}57(+6:vw*V;2*-vLA+v N·14vavw*V;2I}?2*V,>501H;2.B6HTp5K(26:;{A2vlx

P�6B8�=4N}m46B8�57*-.96B,M1H;2?µ5K(26yIJ*V8>5K(µ=4Nq57(26aIJ871H32(fT|Nj=48~14;<�h.B=4vw3�=JA2;2?µ.B=Y?26a?269ÈO;+6B?
P<�h1zIJ8K1432(frP*D323+GV�Y*-;2Iz5K(26B,>6w8>6B,KA+GV57,i5K=�³�ÂQÄÇÅ .9=@?269,�*-,�,>5K8714*VIJ(<5KNj=J8�e}148>?frL±µ6
?+6B8K*nmJ69?�,>A2.0( 8>6B,KA+GV57,)Nj=J8   ³�Â�.9=@?+6B,g*-;�®@69.957*V=J;�°@rn£JrV£4r

��� � ��� � ��� �
�����
���2� ��"�$#�&


')(+6~;2=45K*-=J;	=4N/?26B3�6B;2?+6B;2.S� IJ8K1432(fTE14GV8K6U1H?+�z*-;<5K8K=Y?2A2.B69?�Nj=J8)5K(26�5KA28KP�=w.9=@?+6B,BT�*-,
6SmJ69;¯vw=48K6M;O1H5KA2871HG:*-;�57(26l.9=J;<576'&Y5�=4N)³�ÂQÄÇÅ ¢Î14;2?   ³�Âi§Q.9=@?269,Br4(}14,>*-.U1HG-GV�4T�*V5
.9=J;2,>*-,>5K,L=4N).0(+=@=J,>*-;2I 1 .B=Y?269?¯P2*V5�mJ698>576 & � � *-;h57(26wIJ87143+(¯=4N}5K(26�³�ÂQÄÇÅ�.B=Y?264T
3+A2G-GV*-;2IL*n5gA23<e}1H8K?2,·14;2?	=JP2,>6B8>mY*V;2IM57(26imJ698>5K*-.B69,o5K(O1H5gIJ=lA23	G-6SmJ69G�P{�kGV69m46BGÝr
')(26 #D,>3E.9.Çm46B8>5K*-.96B,�eg(2*-.0( � � ?26B3�6B;2?+,|=J;�IJ=oA23�ÈO8K,�5UTÕNj=JG-GV=Õet6B?�P<�i57(+6�#�I � * , M

.9=@?+6B?lP2*V5K,/mJ698>5K*-.B69,C57(O1p5:PE69G-=J;+ID57=Q5K(26B,>6),K3�.B.B,9TY14;2?l,K=i=J;^r/')(26).9G-=J,>6B8CNj8K=4v � � 1
m46B8�576'&a*V,BTJ5K(26)vw=48K6)*-va3�=J8>5714;<5C*-;%<OA26B;+.B6g=J;*� � *V5:(214,Br:º|*-IJA28>6)¦+r¿Ài8K6B3+8K6B,>6B;<57,¡57(+6
È28K,>5DG-6SmJ6BGV,D=4N¡,>A2.0( 1y?2693E69;2?269;2.9� IJ87143+(&?2871Ueg;&Nj=J8·1y,>3E69.B*VÈ2.~P2*n5�� � PE69G-=J;2I4*-;2I
5K=a14; ³�ÂQÄÇÅ².B=Y?26ieg*V57(*#+T �a1H;2? �4T � r
  14G-G-14IJ698BÁ¼,�328K=JP214P2*-GV*-,�57*-./?26B.9=@?2*V;2I·14G-IJ=48K*V5K(2v	T¹328K69,K6B;<5K6B?M*-;�57(+6t328>69mY*-=4A2,|,>6B.Òx

5K*-=J;^T).U14; P�6&*-;<5K6B8K3+8K695K6B?²14,y3E698>Nj=J8>vw*V;2I 328>=JPO14P+*-G-*n5[��328>=J3O14I<1p57*-=4;�14GV=J;2Iµ5K(2*-,
?+6B3�6B;2?269;2.9�	IJ8K1432(fr

*}5l57(+6�ÈO8K,�5l*V5769871H5K*-=J; ,>57693fTt5K(26z6B,�57*Vvy1H5K6B?½ckZ ]\f'_[XSb ` ]pb `�3+8K=JPO1HP2*-GV*V5[�h=4N�� � T
�	 G G
�
I , My*V,z.B=Jva32A+5K6B?²5014�{*V;2I�*-;<57=Ã14.9.B=JA+;{5	=J;+GV��5K(26 328K=4PO14P2*VG-*V5K*-69,a5K(O1H5z57(+6

3�.B69, =4N�57(26 ÈO8>,>5�,K3�.B.µm46B8�576'& GV69mJ69G�148K6 mJ698K*VÈ26B?�¢­57(O1H;2�{,�57= ¢Æ¦@r ¾ £¹§K§Sr ')(26B,>6
3+8K=JPO1HP2*-GV*V57*V6B,:1H8K6g.B=Jva32A+5K6B?aeg*V57(a57(26 $ I , M/mH14G-A+6B,Ç=4N^5K(267#�I � *&, M¡.9=@?+6B?yP+*V57,Ç1H5
5K(26QÈO8>,>5)P2*n5)G-6SmJ69G¡¢Æ¦+rn£¹¤<§ÒT+*V;2*V5K*F14GV*��B69?M57=L57(+6iG-*-�H6BGV*-(2=Y=@?+,Ç=HN�5K(26iP2*n57,Br�N·6B;+.B64T25K(2*-,
È28K,>5�69,>5K*-vw1H576 *DÄ¡Ä 5014�H6B,�*-;<5K=k14.B.9=JA2;<5�=J;2Gn��1�,Kvw14GVG/3O148�5i=4Nq14G-G�57(+6l1¹mH14*VGF14P+G-6
=4P2,K698>mH1H57*V=J;2, 
 �
�{r

*}5�57(26l69;2? =4Nt57(26MÈO8>,>5�*V5K6B871p57*-=4;fTfeg(26B8>6y1HG-G/5K(26w.9=@?+6B?hP2*V5K,�1H8K6l328K=Y.B69,K,>6B?
=4;2.B6HTC57(269*-8~32148>5K*F14G#*QÄ¡Ä:,l148K6wA23�?O1H5769?¯eg*V5K( $ I $ MSTC.9=Jva32A+5769?�1H5~5K(26yÈO8>,>5M*n5>x
69871H5K*-=J;�,>57693fr N·6B;+.B64To57(26 ;26'&Y5k?269.B=Y?2*-;2I =4N � � 501H�46B,k;2=¹e�*-;<5K=�14.B.9=JA2;<5�57(+6



°4À ��������� ���	��! 
 � �+� 
;��
 � ��� ���	� �O�������	!

#

� *+,

# *+,

º/*-IJA+8K6 ¦+r¿À=5ÃÂD6B3�6B;+?26B;2.S� I4871432(½=4N � � Nj=48�1H; ³�ÂQÄÇÅ�.9=@?26 eg*V5K( 32148714va695K6B8>,
I�% Q �=Q � MÒr

=JP2,K698>mH1H5K*-=J;2,M.9=Jva*-;2I&Nj8>=Jv 5K(26zÈO8K,�5a5[et=hP2*V5Mm46B8>5K6'&ÃGV69mJ69G-,M=4N·*V5K,M?26B3�6B;+?26B;2.S�
IJ87143+(fr:')(2*-,)3+8K=JPO1HP2*-GV*V5[�a328K=43O14I<1H5K*-=J;y*-,)8K69328K69,K69;{5K6B?�*-;kº/*VIJA28K6Q¦+rà¤@T+eg*V5K(z;2=4501Õx
57*-=4;2,}57(O1p5o148K6�.B=4;2,K*V,>5769;<5oeg*n57(	º/*VIJA28K6�¦@r © r

� � �
�

�
�

�
�
9 Q �

�
9 �

$ �8�� �
�
9 � I�' M$ �8 Q �

�
9 Q I�' M

L �8 � �
�
I�' ML �8 Q �

�
I�' M

� !
$ �8 N �

�
I�' � , M �	 G8G

�
I�' � , M

º/*-IJA+8K6a¦+r¿¤=5MÄ:8K=JP214P2*-GV*V5[� 328K=J3214I<1H5K*-=J;h*-; 57(26w?26B3�6B;+?26B;2.S�¯IJ8K1432(µ=4Ng14; ³�ÂDÄtÅ
.B=Y?26�?2A28K*V;2IL57(+6~®Ys�®�� ?269.B=Y?2*-;2Il=4N�� � 1H5o*V5K6B8K1H57*V=J;�,>5K6B3 'Kr

±²(+6B;M57(26)*n5769871H5K*-=J;L,�576932,¡;YA+vLPE698:*-,C6  {AO14G+5K=�5K(26)(269*-IJ(<5:=4Nï5K(26)?26B3�6B;+?26B;2.S�
IJ87143+( =4N � � T�5K(26M®Ys�®���?26B.9=@?2*V;2I � � 501H�46B,D*-;<57=y14.B.9=JA2;<5i14GVGf57(26~1Um41H*-GF1HP2G-6i=JP+,K6B8úx
m41p57*-=4;2,Br7N·6B;+.B64T�57(+6avw1 &@*-v~A2v (26B*VIJ(<5�=4N}1HG-G|5K(26l?26B3�6B;+?26B;2.S� IJ871H32(2,�(O14,Q5K(26



��� ����� ��
�����
�� 
��g���	�	���	! ����� 
���
���� °H¤

,K14va6�va6U14;+*-;2Ia14,gNj=J8)57(26�57A+8KP�=y.B=Y?26�Â   r�su5·*-,)5K(26�;{A2v~PE698·=4NC*V5769871H5K*-=J;z,�576932,
;+6B6B?+6B?�Nj=48~]R]p\��4XSbÝ`YXS\^]0XSr

No=Õet69m46B89TY5K(2*-,|?26B.9=@?2*V;2Ii*-,|;2=45:3�6B8�Nj6B.S5UrCs[;2?+6B6B?^T^¢Î¦+r ¾ ¸<§�(+=JG-?2,|=J;2Gn�~*nN257(26),>695K,
=HN2P2*n57,�*-;<mJ=4GVmJ69?~*V;�5K(26?L²328>=JPO14P+*-G-*n57*V6B,f1H8K6Ç*-;2?2693E69;2?269;{5BTHeg(2*V.0(~*V,�;+=·GV=J;2IJ698f578KA+6
*nN^=4;26·P+*V5D¢Î=J8¡va=J8K6U§C14323�6U148>,Ç5[eg*V.B6Hr�N·69;2.B6HT214,Ç,K=Y=J;w14,q1�.9�Y.9G-6o*-,¡328K69,K69;{5q*-;M57(+6
Â   T�57(26a®@s�® � *V5K6B8K1H57*nmJ6~?+6B.B=Y?2*V;2Iz,KA �E6B8>,iNj8K=Jv�?26B3�6B;+?26B;2.9*-69,Br~')(+6lÈ28K,>5Q.9�Y.BGV6
GV69m46BG�*-,g57(2698K69Nj=48K6~5K(26~vw1 &@*-vLA+v ;{A2vLP�6B8D=HN:*V5K6B871p57*-=4;	,�576932,Deg(2698K6L?269.B=Y?2*-;+Iy*-,
3�6B8�Nj6B.S5Ur �o;+Nj=J8>5KA2;O1H5K6BGn�JT4*n5/*V,C14Gne}1U�Y,CGV=Õet6B8|57(O14;�57(26}(+6B*-I4({5/=4NO57(+6)Â   rH')(26tÈO8K,�5
.S�Y.BG-6g?2*V,>5K8K*-P+A+57*V=J;~*V;l5K(26)?2693E69;2?26B;+.9�lIJ8K1432(2,¡8K69328K69,K69;{5K,Ç5K(26)*V5K6B8K1H57*nmJ6}?269.B=Y?2*-;+I
"� {AO14G-*n5[�L$Q=4N�57(+6�8K14;2?2=4vwGn�y.0(2=4,K6B;�3O148>*V5[�<x[.0(269.0�zvy1p578K* &��µr

(qA@5UTJeg(2698K6U1H,CNj=J8|5KA28KP�=i.B=Y?26B,|57(26gÂ   .0(O148K14.95K6B8>*-,>5K*-.9,C(2*-I4(2GV��?2693E69;2?l=J;~57(+6
.9G-A2va3	,K*��96 ��TOeg(2*-.0( *-,o;2=45·�Y;+=Õeg;^TE57(+6LÂ   ,·=HN¡³�ÂQÄÇÅ .B=Y?26B,·?2=�;2=45·?2693E69;2?
=4;�1H;�1H8KP2*n57871H8>��32148714va695K6B89rC')(26�8K69,KA2Gn57,)Nj=JA2;2?	148>6�14.B.9A2871H5K64r:±µ6i?28K6Se�14GVGE57(+6
Â   ,}=HN/16I � � �=Q �=Q � M¡³�ÂQÄÇÅ².9=@?26DP2A2*-Gn5qA+,K*-;+I   14GVGF14I46B8BÁ¼,Ç.B=J;2,�578>A2.95K*-=J;fT+14;2?�5[et=
8K14;2?2=4vwGn��.0(+=J,K69;µ*V;{5K6B8>G-6U1Um46B8K,9r~')(26lÂ   ,i=4NtÀ�P2*n57,Q6 &@(2*-P2*n5769?�.9�Y.BGV6B,i=4NÇG-69;2I45K(
© T�;O14va6BGV��!#T � ,@Q , , ,@Q $�� $ Q $ ��� Q $ � $ Q $ � � Q � � �=Q � � �+r *DG-G�57(26l=45K(26B8D?26B3�6B;2?+6B;2.S�
I4871432(+,Q(O1UmJ6l;2=z.S�@.9G-69,i=4N¡G-69;2I457( © rQ± 6M,>*-vLA2G-1H5769? ?269.B=Y?2*-;+I�57(2*V,Q³�ÂQÄÇÅ�.9=@?26
=¹m46B8Q1H;-*�±   � .0(O1H;2;26BGq¢J(qÄt®@´�va=Y?2A2GF1p57*-=4;ï§t14;+?&6B,�57*-vw1H5K6B?k57(267( '�� =HN/57(+6
*V;2?2*nm@*V?2AO14G�P2*n57,9r�')(+6a8>6B,>A2GV5K,Q=JP+5714*-;269? 148K6~32G-=45>5769?&*-; º/*VIJA28>6L¦+rn£¹¸+r�')(26MP2G-14.0�
1H8K8K=¹eg,g8K69328K69,K69;{5·57(26�3�=J,K*n57*V=J;2,}=4N�57(+6�P+*V57,)*V;<mJ=JGnmJ6B?	*-;k,>(2=J8>5g.S�Y.BG-69,Br
±µ6�;2=45K*-.96y14;¯14,>5K=J;2*-,>(2*-;+I&14IJ8>6B69vw69;{5~PE6S5[eq696B;�57(+6yP2*n57,~*V;<mJ=JGnmJ6B? *-;¯,>(2=J8>5

.S�Y.BG-69,}14;+?a5K(26B*V8Ç3�=Y=J8¡328K=45K6B.S57*-=4;w.9=Jvw32148K69?aeg*n57(l57(26o=457(+6B8¡P2*V5K,Br�*·,t3+8K6B?+*-.95K6B?fT
5K(26B*V8L?269IJ8714?21H57*V=J;�14323�6U1H8K,M1H5~57(26�,>6B.9=J;2?Ã*V5769871H5K*-=J;µ,>5K6B3frh')(2*-,~8K6B,>A2GV5L328K=¹mJ69,
5K(O1H5}5K(26Q?2693E69;2?269;2.9�kIJ8K1432(z*V,}1~mH14G-*V?�14;+?zA2,K6SNjA2G^57=Y=JG�57=M14;214GV� �B6·57(26i*n576B8K1H57*nmJ6
®Ys�®��½?269.B=Y?2*-;+I�3+8K=Y.B6B,>,Br:su5¡.B14;lPE6)A2,>6B?l57=�328>6B?2*V.95:57(+6)PE69(O1Um@*V=J8:=4N�3O148�57*V.BA2G-148KGn�
.0(+=J,K69; *-;<5K6B8KGV6U1UmJ698K,9r

*·;µ1HG-IJ=J8>*V5K(2vw*V.ivw6S57(2=Y? 5K=z*-;2.98K6U1H,K6~5K(26MG-69;2I457( =4N¡57(26L,>(2=J8�576B,�5�.9�Y.BGV6B,i(O1H,
1HG-8K6B14?+�»PE696B;²328>6B,K69;<576B? P<�   14G-G-14IJ6B89T}eq=48K�{*-;2I�?+*-8K69.95KGV�»=J; 57(26&32148K*n5[�{xu.0(26B.0�
vw1H5K8K* & � r Åq(O143+5K6B8k° *-;<mJ69,>57*VI<1H5K6B,w5K(26 ,K14va6�328>=JP2GV6Bv *-;Ã57(26�vw=J8>6kIJ6B;2698714G
.9=J;<576 &@5·=4N   ³�Â�.B=Y?269,BTïP<��57(26�A2,>6�=HNC14GVIJ6BP+8714*V.D*-;<5K6B8KGV6U1UmJ698K,9r



¥J¸ ��������� ���	��! 
 � �+� 
;��
 � ��� ���	� �O�������	!

0 100 200 300 400 500

bit position

10
−4

10
−3

10
−2

10
−1

10
0

in
di

vi
du

al
 b

it 
er

ro
r 

pr
ob

ab
ili

tie
s

º/*-IJA+8K6i¦+rn£¹¸=5/s[;2?2*VmY*V?2AO14GfP+*V5)698K8K=48o3+8K=JPO1HP2*-GV*V57*V6B,Ç=4N/16I � � �%Q �=Q � Mt³�ÂDÄtÅ².B=Y?264Tï1p5
M � �!% ����¦@r ¾ °L? (·rOsu576B8K1H57*V=J;2,}Nj8>=Jv £i57= ¾ ¸+r



����� � �����
�
���	��! 
 � ��
������	� �	���	� 
���
����2���������� �������;�	! ¥@£

�w��� �µ� ��� �z�g�	���Ò� 
 �9�l���}�|�z�/�}���i���9��� ���������|��� �q�a�z�g�

'�= .B=J;+.BG-A+?26z57(2*V,M*-;<578>=@?2A+.957*V=J;¯57=h³�ÂQÄÇÅ .9=@?269,BTq14;2?�57= 6Bva32(O1H,K*-,L5K(26B*V8MG-*V;2�
eg*n57( 57A28>PE=	.B=Y?269,BT|et6y,>(2=¹e�=J;µ1�,K*Vvw3+G-6M6'&+14va32GV6l5K(O1H5�57A+8KP�=�.9=@?269,z¢j3O14871HG-G-69G
.9=J;2.B1H5769;O1H57*V=J;�=4NO8K69.BA28>,K*nmJ6q,��Y,>5769vy1p57*-.Ç.B=4;{m4=JG-A@57*-=4;O14G<.B=Y?269,0§�(O1UmJ6}1oG-=¹e}x[?+6B;2,>*V5[�
32148K*n5[�{xu.0(26B.0�zvw1H5K8K* & � r
³�695�A+,�.9=J;2,>*-?2698i1z;2=J;@xu,>�Y,>5K6Bvw1H57*V.L;2=J;@xu8K69.BA28>,K*Vm46l.B=J;<mJ=4G-A+5K*-=J;O1HG/.B=Y?26 
���=4N

8K1H576 � T�,�� $ rosu5D(O14,o5[eq=�I46B;269871H5K=J8D3�=JGV�Y;2=4vw*-14G-, � � I���Mo14;+? �R�\I�� Mg=4N:?269IJ8K696
� � ,JTOeg(2698K6 ��*V,)57(26�vw69vw=J8��z=4NC5K(26~69;2.B=Y?2698Bro³�695 ��I�� M)PE6�57(26�*-;23+A+5D=HN/57(+6
69;2.B=Y?2698BT21H;2? � �cI���MÇ14;+? � � I�� M:*V5K,q=JA@5732A+5K,BrC±µ6D.9=J;2,K*V?26B8Ç57(2*V,t.9=@?+6i14,}1�P2G-=Y.0�
.9=@?+64Tï14;2?keg8K*n576Q5K(26�6B;2.9=@?2698g=JA+573+A+5·14,o1lvw1H5K8K* &y328>=@?2A+.95 5

� � �cI�� M � � I�� M �?T �;I�� M � � �cI�� M � � I���M � ¢Æ¦+r ¾J¾ §
No6B;2.96�et6�.U14;	?26SÈO;26�14;k6! {A2*VmH14GV6B;<5oIJ6B;+6B871p57=J8)vw1H578>* &�� 5

� T � � � I���M � � I�� M � ¢Æ¦+r ¾ ¦<§
1H;2?�,>*-va*-G-148KGn�JT{14;	6! {A2*nm41HG-6B;<5g3O1H8K*V5[�y.0(26B.0�kvw1H578>* &wNj=J8 
�� 5

	 T � � � I���M � � I�� M � ¢Æ¦+r ¾H© §
su5o*V,)6U14,���57=l.0(269.0�k5K(O1H585

� � �cI�� M � � I�� M � 	 � T �

Nj=48g14;<�z=JA+5K32A+5o=4N

 �¹r
')(26	vw1H578>* &
	 *V,l14G-,>=�57(26	3O148>*V5[�<x[.0(269.0��vy1p578K* &¯=HN 
4�� TÇ5K(26�8>6B.9A28K,>*VmJ6	,>�Y,úx5K6Bvw1H57*V.D.9=J;<mJ=JGVA+57*V=J;O14GE.B=Y?26i,K(O1H8K*-;+IL57(26i,K14vw6DIJ6B;269871H5K=J8}3�=JGV�Y;2=4vw*-14G-,¡eg*V5K(�
 �¹r

s[;+?26B69?fTO57(26�=JA+5K32A+5K,�� � � I�� M}14;2? � � � I���Mq=4N 
 �� 148K6 5

� � � � I���M � � � I�� M � T �;I���M � , � � I���M � � �'I�� M � ¢Æ¦+r ¾ °J§
1H;2?	et6�.U14;	?26SÈO;26�� �E14,)5

� � T � , � � I���M � � � I���M � ¢Æ¦+r ¾ ¥<§
')(+6�;21H57A28K14GfNj=J8>v =4N�	 �-T257(26�3O148>*V5[�y.0(26B.0�kvw1H578>* &y=4N 
 �� *-,}57(+6B8K6SNj=J8K6B5

	 � T � �R� I�� M � � � I�� M , � ¢Æ¦+r ¾J« §



¥ ¾ ��������� ���	��! 
 � �+� 
;��
 � ��� ���	� �O�������	!

(qA+5)et6�(O1Um4645
� � � � I�� M � � � I�� M � 	�� � T �

� � � � � I�� M � � � I���M � 	 � � � � I�� MAT �

� � � � � I���M � � � I�� M � 	��gT � ¢Æ¦@r ¾ ÀJ§


	=J8K6&I46B;2698714GVGV�JT}et6�.U1H;½,>(2=¹e�5K(O1H5�14;<��.B=4;{m4=JG-A@57*-=4;O14Go.B=Y?26&=4N�871p576 � ���
.U14;�P�6y?269,K.98K*-P�6B?�P<� 1 G-*V;26U148�P2GV=@.0�h.B=Y?26y=HNgG-6B;+I457( ��14;2?�?2*Vvw69;2,K*V=J; �µ=¹m46B8
���[I $ MO� � %Ær
³�6S5LA2,L;+=Õe�.9=J;2,>*-?2698~57(26w,K3�6B.9*F14GÇ.U14,>6�=4No1	8K6B.9A28K,>*Vm46z,>�Y,>5K6Bvw1H57*V.y.B=4;{m4=JG-AYx

57*-=4;O14GÇ.B=Y?26�
 �a=4No871p576 � T ,�� $ 14;2?�eg(2=4,K6k*-;23+A+5 �;I�� M�(O14,l1 ÈO;2*n576z?269IJ8K696
%�* ,l¢X` �ÎX �:57(26D*-;232A@5qmJ69.95K=J8)(O14,),>*��B6 %&§Sr:su5K,)3O148>*V5[�a.0(26B.0�zvw1H5K8K* & 	�.U14;z;2=¹e
PE6�eg8K*n5K5769;&14,D14; %�� $ % vy1H5K8K* &k=¹mJ6B8 ���[I $ M}eg(2=J,>6L.B=Y69�a.9*-6B;<5K,Q148>6�È=&@69?�P{�
*V57,�IJ69;26B8K1H57=48Brk')(26wÈ28K,>5�¢Î8>6B,>3E69.957*nmJ69GV�h,K69.B=J;2?O§ %�� % 32148>5�=4N 	 .B=4;2,K*V,>57,�=4N
,K(2*nN­576B?�8K=¹eg,D8>6B328>6B,>6B;<57*V;2Iy57(+6�.9=@6S�w.9*-69;{5K,Q=4N �R� I�� M�¢Î8K69,K3�6B.S57*Vm46BGn� � �cI���MK§Sr}ºï=48
6'&+14va32G-6HT2.0(2=Y=J,K*V;2I�� ��T I � MST � �[T I �@M}1H;2? % T(�+T2eq6�(O1Um4645

	 T

��������������
	

, � , � � � � � , , , � � � � �
� , � , � � � � � , , , � � � �
� � , � , � � � � � , , , � � �
� � � , � , � � � � � , , , � �
� � � � , � , � � � � � , , , �
� � � � � , � , � � � � � , , ,
� � � � � � , � � � � � � � , ,
� � � � � � � , � � � � � � � ,


��������������



¢Æ¦@r ¾ ¤J§

Ä¡GV6U14,>6�;2=4576Q5K(O1H5gNj=J8),>*-va32G-*nÈO.U1H5K*-=J;w32A28>3E=J,>64T2et6�?+=a;+=45)57698Kva*-;O1H5K6Q57(26i5K8K6BGVG-*V,Br
±µ6D.9=J;2,>*-?2698q1�.B=J;<mJ69;<57*-=4;O14Gï57A28>PE=�.B=Y?26 
CT@8>6B,>A2GV5K*-;2I�Nj8K=Jv�5K(26o3O14871HG-G-69GO.B=J;Yx

.U1H5K6B;O1H5K*-=J;�=HNt5[et=�*V?26B;<5K*-.U1HG/8K69.BA28>,K*nmJ6a,>�Y,>5K6Bvw1H57*V.M.B=J;<mJ=4G-A+5K*-=J;O1HG/.B=Y?269, 
���14;2?

 �� eg(2=4,K6k.B=Jvava=J; *V;232A+5K,M148K6y,K6B3214871H5K6B?�P<�¯1H;�*-;<57698KG-6B1UmJ6B8~=4NoG-6B;+I457( % 14;2?vy1H5K8K* &�+ ��r
³�6S5 ��P�6�5K(26~*V;+Nj=J8Kvw1H5K*-=J;zP2*n5·m46B.S57=J8L¢Î=4N:GV6B;2IH57( % §STE14;2? � �E*V5K,·*V;{5K6B8>G-6U1Um46B?

mJ6B8>,K*V=J; 5
� � T � � ¢Æ¦@rà¦J¸J§

³�6S5�� P�6L57(26Lm46B.S57=J8�=4NÇ57(26M32148K*n5[�&P2*n57,i=4N 
��¹T�14;2?�� � 57(26MmJ69.95K=J8�=4N¡57(26l3O148>*V5[�
P2*V5K,L=4N 
 �� rh±µ6z?26B;+=4576zP<� 	��&¢Î8K69,K3fr 	��Õ§�57(26 % � % vy1p578K* &h.B=J;+,K*-,�57*V;2I�=4N
F�� ÔÖÏ�Ëqå)Ë0ÍÆÌÝÔ .oÐÒÑ2ÏÎÔ���Ù ��� �(G�Ô¿ÍÆÓQÙ".ÕË9×[ÍÆìàç�éCÐSÜpÙ/Ø4Ù�Ì�ÌÆÐ�G	ËSÜpÞQ×úÐ9ì¿íÕå}Ü



����� � �����
�
���	��! 
 � ��
������	� �	���	� 
���
����2���������� �������;�	! ¥4¦

,>(2*VN­5K6B? 8K=¹eg,�8K69328K69,K69;{5K*-;2Ik57(+6M.B=Y69�a.B*V6B;<57,�=4N � � I�� MM¢j8K69,K3fr � � I���MK§Sr *D323+GV�Y*-;2I
¢Î¦+r ¾ À<§ST@eq6�(O1UmJ6P5 � � � � � 	 � 	�� � � T � ¢Æ¦+r¿¦+£Õ§
Nj=48 
 �·14;2? 5

� � � � � ��� 	�� 	�� � � T(�

� � � � � � � � 	�� 	�� � � T(�

� � � 	�� � � � � 	�� � T �

� � � � � ��� 	��8� � 	�� � � T � ¢Æ¦+r¿¦ ¾ §
Nj=48�
4�� r¡®Y*-;2.96g5K(26o.B=Y?269et=J8K?+,t=4N�57(+6o5KA28KP�=�.B=Y?26 
�(O1Um46o5K(26)Nj=J8Kv 5 � � � � � �ÕT
5K(26�3O148>*V5[�<x[.0(269.0�z6! {AO1H5K*-=J;z5K(O1H5)57(+69�k,71p57*-,�N­��*V,)5

� � � � � � � 	�� 	�� �
	�� � � � 	�� � � T � ¢Æ¦+r¿¦J¦<§

No6B;2.964TO57(+6�32148K*n5[�{xu.0(26B.0�zvw1H5K8K* &y=4N�57(26ieg(2=4G-6Q57A+8KP�=a.9=@?+6�*V,)5
	 T � 	�� 	�� �

	�� � � � 	�� � ¢Æ¦+r¿¦ © §
su5�*-,�8>6B328>6B,K69;<576B?�*V; º|*-IJA28>6 ��! , ,Jry')(+6y,K(214?26B?¯148K6B14,�*V;�57(26wvy1H5K8K* & 148>6l5K(2=J,>6
eg(+6B8K6�57(26�=J;26B,D.U14;&P�6�Nj=4A2;2?fr·')(26L;{A2vLP�6B8·=4N:=J;269,Q3�6B8D8>=¹e�14;2?&3�6B8·.B=JGVA2vw;
*V; 57(+6 "ú?+*F14IJ=4;O14G $Q,KA2PYx[vw1H578>*-.B69, 	���14;2? 	���*-,DA+323E698QP�=JA2;2?269?�P<� ��T � � ,JT
5K(26k.B=J;+,>578K14*-;<5lGV6B;2I45K(�=4N·5K(26k.B=J;+,>57*n57A269;<5w.9=@?+6B,BTÇeg(2*-.0(�*V,l14GVeq1U�@,Mm46B8>��,>vy1HG-G
.9=Jva3O148K69?aeg*n57(M57(+6oGV6B;2IH57(a=4NE5K(26g*-;<57698KGV6U1UmJ698BrC')(26o*-;<5K6B8KGV6U1UmJ698¡?2=@69,¡;2=45Ç.0(O14;2I46
5K(26Meq69*-IJ(<5K,�=HNÇ5K(26l,KA2PYx[vw1H578>* & 	�� � � r~')(26lA2323�6B8�PE=4A2;2?2,�=J;�57(+6let6B*VIJ(<57,�*-;
5K(26�?2*��E6B8>6B;<5·148K6B14,)=4N 	��Q148K6i3�=J*-;<5K6B?kP<�	148K8>=Õeg,g*V;k5K(26�º/*-I4A28K6Hr
')(2698K6SNj=J8K6HTï5K(2*-,)5KA28KP�=l.B=Y?26�.U14;	PE6�,>6B6B; 14,o14;	*-8K8>6BIJA+GF148q³�ÂDÄtÅ½.B=Y?264TO,>*-;2.96

5K(26Meq69*-IJ(<5�=4Nt=J;269,i3E698�8K=¹e�1H;2? .B=JGVA2vw;�*V,i;2=45�,�578K*V.95KGV��.B=J;2,�5014;<5BT�P+A+5�14GVeq1U�Y,
m46B8��k,Kvw14G-GE.B=Jva3O148>6B?keg*V57(z5K(26�,K*��96i=4N�57(26�3O148>*V5[�<x[.0(+6B.0�zvw1H578>* &Er
')(26 *n576B8K1H57*nmJ6&?+6B.B=Y?2*V;2IJ,�=4N�³�ÂQÄÇÅ�1H;2? 57A28>PE=�.9=@?269,k148K6�?+*��E6B8K69;<5�5µ57(+6

.9=J;<mJ69;{5K*-=J;214G|5KA28KP�=y?269.B=Y?2*-;+Iw501H�46B,Q14?+mH14;<5014I46�=4N:5K(26�5K8K69G-G-*V,),>5K8KA2.S57A28>6L=4N:6B14.0(
.9=J;2,�57*V5KA26B;<5i.9=@?+6�57=y?26B.9=@?26~*V5Q*V;&1y,>*-;2I4G-6�,>57693frisu5Q?+=@69,Q;2=45D328K=Y.B69,K,Q6B14.0(�8K=¹e
=HNo5K(26�6  YA+*VmH14G-69;<5l³�ÂQÄÇÅ vw1H578>* &h,K693O148K1H5769GV�JTÇ14,�57(26k³�ÂQÄÇÅ�?26B.9=@?2*V;2I�,K.0(+6Bva6
?+=@69,Br¡ºO8K=Jv�5K(26?"[?2*F1HIJ=J;O14G $},>A2P@xuvy1H5K8K*V.B6B,9T@*n5q*V,t6B14,>�a57=�=JP2,>6B8>m46D57(21H5q5K(26Q³�ÂQÄÇÅ
?+6B.B=Y?2*V;2IM=4N�57(26Q5KA28KP�=M.B=Y?26ivw1H578>* &aeg*-GVGE;+=45)�Y*-6BGV?�IJ=Y=@?z8>6B,>A2GV5K,)5C57(2698K6i*-,}1LG-=45
=HN|m46B8>�k,>(2=J8�5·.S�Y.BG-69,�¢Î,  {AO1H8K6�3O1H5K5K6B8>;2,g*-;z57(26�vw1H578>* &2§Sr



¥ © ��������� ���	��! 
 � �+� 
;��
 � ��� ���	� �O�������	!


 $ � 
 � 
 �

� �


 $ �


 $ �	��8� �

	��

�

�

	��

	��

º/*-IJA+8K6�¦+rn£J£@5ÇÄ/1H8K*V5[�k.0(+6B.0�kvy1p578K* &z=4NC1l5KA28KP�=a.B=Y?26�=HNC871p576 � T ,�� �l.B=4vw3�=J,K69?
=4N|5[et=a.B=J;2,�57*n57A269;{5o.9=@?269,g=4NC8K1H576

�
T ,�� $ r

º|*-;2?2*V;2I&.9=J;<mJ=JGVA+57*V=J;O14Gt.B=Y?26B,M57(21H5lG-6B14?¯57=-"ú?+*F14IJ=4;O14G $a,>A2P@xuvy1H5K8K*V.B6B,�eg*V57(Yx
=JA+5l,K(+=J8>5a.9�Y.9G-6B,lGV6U14?2,L5K= f¹X'd � b�]pb'_­d ]K` ]p\�cSdg.B=J;<m4=JG-A+5K*-=J;214G}.B=Y?269,Br�')(26B*V8Mvw69vlx
=J8>� *V;2.B8>6U14,>6B,L8K1432*-?+GV�JT|14;2?µ.BG-14,K,>*-.U1HGq®Ys�®�� ?26B.9=@?2*V;2IJ,y¢Æº�(�=J8M® � �;*i§�P�6B.9=Jva6
*-;<578K14.95714P2G-6Hr N·=¹eq6SmJ698BT}et6�.B14;�A2,>6	5K(26B*V8a³�ÂDÄtÅ vy1H5K8K* &�8K69328K69,K69;{571H57*V=J;fTq14;2?
  14GVGF14I46B8BÁ¼,/3+8K=JPO1HP2*-GV*-,>5K*-.Ç?26B.9=@?+*-;2I2r|')(2*-,:(214,¡PE696B;a?2=J;26g*-; ¨ ¦J¸ ¬ T{14;2?a14GV,K=i*V; ¨ ¦J¤ ¬
A2,K*V;2Iz57*-va6SxÝmH148>�Y*-;+I�.B=J;<m4=JG-A+5K*-=J;214GC.B=Y?269,Br4N·6B;+.B64T|1�f'`­\Y`Sd-XMeq69G-Gäx[.0(2=J,>6B;h.B=J;<m4=Hx
G-A+5K*-=J;O1HGO.B=Y?26M¢ ` �ÎX �Ceg*n57(2=4A+5q5K(26DA2,>6Q=4N�1H;{�a*V;{5K6B8>G-6U1Um46B80§:eg*V5K(�(2*-I4(yva6Bva=J8>�M.B14;
PE6i*n576B8K1H57*nmJ69GV��?+6B.B=Y?269?fr



¥J°

� �������	��
 �


 ��� � ������
������������ � ��� � ���� !�#"%$

& �'���� )(

*,+-*/.1032547698;:=<?>@47:A*CBD69EGFH27IJ8K>@<L:M0OND.P698Q<R:Q8=FS:Q<T<R:Q8VU
WYX[Z]\_^a`/bcZ]^adeZ]X

fRg7haij\S^YkYiPZ]lmh;`enVompq`Aljnr`e^r`eg3h-Z%dVX[Z]^r^qsut�desGvj`e^qdwZ]X_XS`VvyxG:Qz{:Q8r0]F|>H}9:a2CFS69I~2G:Qz1NQ>@<T�
�T�M���/� desGvj`e^V����ij\_^At?Z]�O\SX_��sutql1^a`e�1vjsu�RnaZ]gjvjs]��`enrnas�nAdes�nrna`edQh;\_gj�!desGvj`e^=\_^A�j�j\_X_h
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



¨�¨ � ���������	��

�������������������	����� �"!�#����
�	�
¶ « �%$ 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�

(*),+ -/.�0
1324.�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
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| �¸\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
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¶ �=��� 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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� 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��



� ���=���	� ���7#������ � ��� �/�4�e#����7�	� 	u�
¶ ¥�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^ � �
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(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
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(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

�   � � / ¨ 	 � 5 � � ������  �w�;� � � /��w¨� � � � �
Á � � � �
� � � � �
� � � � �� 
 � � � �
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���



� �����������������h�'�	���	�������
�z

��#�� 	 /
�   � �/ ¨ 	 �5 � �;��� �� �¦� � � � / �¦¨

�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�
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�	�
�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 Á
8 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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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 � ��� � �¦� �
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� ` 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 
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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
p � s ��w \S^%` -��j\H¥]ZuXS`eg3h�has G gjvj\_gj��h;i1`

¥uZ]X_�j`5haiPZuh��5Z9³m\S�O\S�V`e^�
 & p���w �)«¾ij`eg pq`!^a`Qh�h;ij`yv1`ena\H¥uZuh;\H¥�`7sut

 & p	��w ` -G�jZ]Xqhas
�V`enrsjojpY`M��`Qh { ��������¿ � 
 p	��w

� ��� �  �  �
«¬`Cvjs!g1s]h�h;n®��hasy\Sg3¥�`Vnrh/haij\S^°na`eXSZuh;\_s�g��A«¬`Cp-\SX_X�des¦¥�`Vn%ZyXSZ]na�]`%naZ]gj��`Csut�¥uZ]X_�j`e^
sut � o#Z]gjv ��� �  �  � p-\SX_X���\_¥]`%�1^¡haij`M¥uZ]X_�j`��������âs]t ��t,s�n�p-ij\_dDi 9

p � s ��w \_^°s�lmh;\S�5Z]XT�
Wq`Vt,s�nr`�vjs�\_gj��h;i1\S^eoGpY`/ijZ¦¥]`/h;sC�5Z]µ]`A^a�jnr`�h;iPZuh ��� �  �  � \S^�s�g1`Q��hasu�Rs]gj`A\_gys�nav1`enYhas
dVs¦¥�`en=h;i1`Cp-ijs�XS`�naZ]gj��`�sutq¥uZ]X_�j`e^=Z]^r^a�j�O`ev��3� �¬�#`VhRpq`e`Vg ��Z]gjv ��� Á�ZugjvÃh;iPZuh
 & p	��w \S^-Z�des]g�¥]`Q³�� t,�jg1dVh;\_s�g�s]t � �

¶ ^�� p	��w \S^­h;ij`¡�Os��5`Vg3hq�]`egj`Vn;Zuha\Sgj�Mt,�jgjdVha\Ss�gOs]t�haij`AdVs�gj^®h;\_ha�j`eg3hqdesGvj`]oG\_hqdwZug
�#`/p-na\Hhah;`Vg	Z]^ { � p���w ¿ /0 � � � ��� � � � ¿ �

Á 8 /0 � � ��� � � � � ��� �  ]� �
p-i1`ena` � ��\S^�haij`=g��j�C�#`en-s]tcdesGvj`Vpqs�nav1^°s]t y^�As]t pY`V\S��i3h �r�­«¬`=iPZw¥�`B{� 
 p	��w ¿ � 
 p	��w� p	��w ¿

/�� � � ���
� � � �/�� � � �
� � � � ��� �   ���
Zugjv { � 
 
 p���w ¿

� /�� � � � $ ��� � � ��� � /�� � � ��� � � ��� � � /�� � � ���
� � � ��� $� /�� � � �
� � � � � $
¿

$ /�� � ���
� � � �

� /�� � � �
� � � � � $
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p-ij`enr`]oPt,s�n�`wZudDi D � : � s ����� s Á � < � � ` -G�jZ]XS^ {

�
� ¿

�0
�N� � � $ � � � � � � �

�0
�N� � � pEDh� � w � � � � � �

¿
�0�N� � � � � � � � � p Áo� � D�w

¿ �
�
���0

�N� � � � � � � � � p Áo� � D�w�� pEDh� � wopEDh� Áo� w

¿ �
�
���0�N� � � � � � � � p Áo� � D�w $ ��� �¡ 
/ �

��ij\S^»ljnrs²¥]`e^»h;iPZ9h»`wZ]dDi �
� \S^�gjs]gm�Rgj`V�3Zuha\_¥�`uoYZugjv~^rs¬\_^�� 
 
 p	��w t,s�n»Z]XSX � � ��i��j^Vo����� ��¿ � 
 p	��w���� \S^-Z»�5s�g1s]h;s�g1\Sd�\_gjdenr`wZ]^r\Sgj�Ct,�jg1dVh;\_s�g�s]t � �J«¬`=iPZw¥�`/{

� ��� � ¿
/�� �h� �E��� � � �� /�� � � �
� � � �� ��� � ���� � ��� �� ��� � ���� �	�
� �

��� �¡ ]¨ �
(â\S���1na` � �ë¨�^aijs¦p-^ ������� p���w t,s�n-Z�^al#`ede\ G d=des�g1^rh;\Hh;�j`Vg3hAdVsmvj`u�

� `Qh°�1^¡g1s²p ^aijs¦p haiPZuh

 & p	��w \S^-Z�des�g3¥]`Q³�� t,�jgjdQh;\_s�g�s]t � �·«¬`=iPZw¥�`B{

 
 
& p���w ¿ � ½� � 
 
 p���w ��� �¡ 
	 �

�°`eg1de`]o 
 
 
& p	��w \_^=gjs�gm��l¢s�^r\_ha\_¥�`uo Z]gjv 
 
& p	��w \S^MZ	�Os�gjsuh;s�gj\_d�\SgjdVna`eZ]^a\_gj�	t,�1gjdVha\Ss�g�o
p-ij\SdDi \S^/gj`V�3Zuha\_¥�`Ct,s]n=Z]XSXâ¥uZ]X_�j`e^/sut � ^r�jdDi¬haiPZuh � 
 p	��w������ �¸Zugjv�l¢s�^r\_ha\_¥�`Ct,s]n
Z]XSXâ¥uZ]X_�j`e^=s]t � ^a�1dDi�h;iPZ9h�� 
 p	��wN�W� � ���!kYs�gj^r` -��j`Vg�haX_�]o�
 & p���w Z]g1v

9
p � s ��w Z]nr`

des�g3¥�`K³ � t,�jgjdQh;\_s�gj^-s]tc^eojp-\_hai!h;ij`V\Sn��5Z9³m\S�C�j� ¥uZ]XS�1`/^;Zuha\S^rt@�G\_gj� ��� �  �  � �
«¬`�deZ]g�g1s²p deZ]XSdV�jX[Z9h;`/h;ij`�Z]^r�G�Ol1h;suh;\Sd=X_s²pq`en¡�#s��jgjv)s]g�h;i1`%�O\Sgj\_�C�j� vj\S^L�

hDZ]gjdV`=s]t �=��� desGvj`e^°Z]^�t,s�X_XSs¦p-^ {
��� ¼ hDZunrh�p-\_hai	Z»g1`e�3Zuha\_¥]`=¥uZ]X_�j`/s]t � �
 m�°k�Z]XSdV�jX[Z9h;` � ��� �chaiPZ]gjµ�^�h;s ��� �¡    � �
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9 ��� � p���w ¿
9

p � ��� � s ��w �
� �-f�t

9 ��� � p	��w
� �1o¢\_gjdenr`wZ]^r`�h;i1`%¥uZ]XS�1`�s]t � Z]g1v)na`Qh;�jnrg)h;s* mo#`eX_^a`���¿ � ��� �J\S^
Z]g�Z]^r�G�Ol1h;suh;\SdeZ]X�XSs¦pq`en��#s��jgjvÃs]g)h;ij`Cg1s�na�5Z]XS\_�e`Vv��O\Sgj\_�C�j� vj\_^rh;Z]gjde`�s]t
h;ij` �=� � dVsmvj`u�

kYs�g1^rh;\Hh;�j`Vg3h �°Zuha`/s]t h;ij`
desGvj`zyS� �=� � kYsGvj` �

�AZ]�O�O\Sgj� p��'s � s � w �1� � � � �1� � � 	
�°Z]�O�5\_gj� pL�	�'s ����s � w �1� � ¨ 	 �1� �  ]¨
�°Z]�O�5\_gj� p �'��s Á �^s � w �1�ë¨ 	
	 /m�F� �w`Q�R�
�°Z]�O�5\_gj� p ���^s � �'s � w �1� �^� � ���F� � `Q�R�

} ³Gh;`Vgjvj`ev��AZ]�O�O\Sgj� pj���^s � ��s � w �1�ë� 	
/ �1� � 	� 
} ³Gh;`Vgjvj`ev��AZ]�O�O\Sgj� p � Á s Á �^s � w �1�ë¨  
/ �1� �^� /
} ³Gh;`Vgjvj`ev��AZ]�O�O\Sgj� p � � s ���'s � w �1� 	 �^� �1� � �]`Q�R�

W�k�� �  ­¿ Á � p �'��s Á ��s ��w �1�ë� /
/ �1� ���¦¨
W�k�� �  ­¿ Á � p ���^s �'��s ��w �1�ë¨^��5 �1� ���^�

} ³Gh;`eg1vj`ev�W�k�� p � Á s Á ��s � w �1�ë�^�¦� �1� � � �
} ³Gh;`eg1vj`ev�W�k�� p � � s �'��s � w �1� / 5 � �1� �����

�cZ]�jX_` � � /'{ ¶ ^r�G�Ol1h;suh;\Sd/X_s¦pY`Vn¡�#s��jg1vj^-s�g	haij`=gjs�nr�7Z]X_\S�V`ev!�O\Sgj\_�C�j�±�AZ]�O�O\Sgj�
v1\S^rh;Z]gjdV` �%s]t �=��� dVsmv1`e^�p-\_hai�½�¿ ÁCX_`V¥�`VXS^

kYs�gj^rha\_ha�j`eg3h �¡Zuh;`/s]t h;i1`
dVsmvj`zy^� �=��� kYsmvj` �

�AZu�5�O\Sgj� pL� �'so����s � w �m�¡  �1�  ]�^�
�AZu�5�O\Sgj� p �^��s Á �^s � w �1� /'� 	 �1� ��� �
�AZu�5�O\Sgj� p � �^s � �'s � w �1� 	'� / �1� ��� �

} ³Gha`egjvj`Vv)�°Z]�5�O\Sg1� pL���'s ����s � w �1� ��¨�� �1�ë� / �
} ³Gha`egjvj`Vv)�°Z]�5�O\Sg1� p � Á s Á �^s � w �1� � ��� �1� ��� /
} ³Gha`egjvj`Vv)�°Z]�5�O\Sg1� p � � s � �'s � w �1�ë¨ 	�  �1� � � �

W�k�� �  J¿ Á � p �^��s Á ��s ��w �1� ���   �1�ë�
5 /
W�k�� �  J¿ Á � p � �^s ����s ��w �1� �   5 �1� �¦�  

} ³Gh;`Vgjvj`Vv)W�k�� p � � s �'��s � w �1�ë�
5^� �1� � /]�
�cZ]�jX_` � �ë¨^{ ¶ ^r�G�Ol1h;suh;\Sd/X_s¦pY`Vn¡�#s��jg1vj^-s�g	haij`=gjs�nr�7Z]X_\S�V`ev!�O\Sgj\_�C�j�±�AZ]�O�O\Sgj�
v1\S^rh;Z]gjdV` �%s]t·�²�RXS`Q¥�`VX �M��� desGvj`e^
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�cZ]�jX_`e^ � � /MZ]g1v � �ë¨/^aijs¦p�haij`-¥]ZuXS�j`V^Js]t �At,s��1gjv5�3��haij\S^J�O`Vhaijsmv�t,s�n­vj\ E{`Vna`Vg�h
dVs�gj^®h;\_ha�j`eg3h/dVsmv1`e^eo�p-\Hh;i)nr`e^rl¢`VdVh;\H¥�`VX_��½�¿�ÁyZugjv¸½�¿ � XS`Q¥�`eX_^e� ¶ XSX�h;ij`�¥uZ]X_�j`e^
t,s]�jgjv	Z]na`=^®h;na\_dVhaX_�5l¢s�^r\_ha\_¥�`uo1p-ij\_dDi��O`wZ]g1^�h;iPZuh �=��� desGvj`e^¡Z]nr`=Z]^r�G�Ol1h;s]ha\SdeZ]XSXH�
�]smsGv��-f�h�\_^°\_g�ha`enr`e^rha\Sgj�5h;s7dVs��OlPZ]na`=h;i1`e^a`%¥]ZuXS�j`V^°p-\_hai�haij` ��Z]nr^aiPZ]�Os¦¥3� � \SXS�#`en®h
�#s��jg1v � § � �eªJl��� 
/�� � �#(c\S���jnr` � � �!^aijs¦p-^/h;iPZ9h �=��� desGvj`e^MZ]nr`�gjs]h/t?Z]n�t,nrs���\Hhwo
Zugjv¬`Q¥�`Vg��#`edes]�5` -��j\_ha`�deX_s�^a`�p-ij`Vg~½ ¿ � s]n  /¿±Á � vjs��j�1XS`�`enrnas�nL�RdVs�nanr`edVha\Sgj�
W�k�� dVs�gj^®h;\_ha�j`eg3h¡desGvj`V^ � �
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(c\S���jnr` � � �^{ �=��� Z]^r�G�Ol1h;s]ha\SdeZ]XjXSs¦pq`enJ�#s��jgjv1^�s]gO�O\Sg1\S�C�j� vj\_^rh;Z]gjde`-dVs��5ljZ]na`Vv
p-\Hh;i!h;i1` ��Zuna^aijZ]�5s¦¥3� � \SX_�¢`VnrhY�¢s��1gjv

HkI 1�I�� ��� � ZS[JP4mJmf\ 4�T'[JQ^\�g'[Jl)4jd
fRg�h;i1\S^�^a`VdVha\Ss�g�ojpq`=des�g1^a\Sv1`en-des��O�C�jg1\SdwZ9h;\Ss]gys¦¥�`en°Z»W ¼ k¾dDiPZ]gjgj`VX�p-\_h;i!han;Z]gj^r\H�
ha\Ss�g�ljnrs��PZ]�1\SXS\HhR����� � `Vh%�j^%dVs��Olj�1h;`»h;i1`5�5Z9³m\S�C�1��¥uZ]XS�1`Osut��¬^a�jdDi�haiPZuh=h;i1`
pqs�nrvy`enrnas�n­ljnrs��PZ]�j\_XS\HhR� =��	�!t,s�n�' � vj`edVsmv1\Sgj�%s]t �=��� desGvj`V^Y��sG`e^­h;sM�e`Vnas�p-ij`Vgq \_^-Z]na�j\Hh;naZ]na\_X_�OX[Z]nr��`]�

fRg�Z G nr^rh°^rha`el�oÞpY`Mp-\SX_X�vj`enr\_¥]`�Z]g��jljl#`en¡�¢s]�jgjv	s]t =
���Ãt,s�n¡Z]g3�!¥uZ]XS�1`Msut q o
v1`el#`egjvj\_gj�/s�gjXH�=s�gCh;i1`qpq`e\S�]i�h·vj\S^®h;na\_�j�1ha\Ss�g q pEDrw s]tPh;ij` �M��� dVsmvj`u�·fRg�Z�^r`edes]gjv
^®h;`Vl�o¢pq`%p-\_XSX��j^r`�h;ij`Mna`V^a�jXHh ��� �¡  � � s�g�haij`CZ]^®�G�5l1has]h;\_d�Zw¥]`en;Zu��`�vj\_^rhana\S�1�1h;\_s�g�s]t
�=��� desGvj`e^�has�des��Olj�1ha` = ��	� oGh;ij`=Zu^r�G�5lmh;s]ha\Sd�Zw¥]`en;Zu��`/`enrnas�n�ljnrs��PZ]�1\SXS\HhR�»s]t ' �v1`edesGvj\_gj�»s]t �=��� dVsmv1`e^eoÞZugjv�dVs��OlPZ]na`/\Hh�p-\_hai!h;ij`MW ¼ k´dwZ]lPZude\_hR�]�

� `Vh-�1^-Z]^a^r�j�5`�haiPZuh�haij`=Z]X_XH�R�V`enrs%pqs�nav
��sutâZCX_\Sgj`eZ]nY�1\SgPZ]n®�7�1XSsGdDµ5dVsmvj`fyÃs]t
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XS`eg1�]h;i q \_^qhan;Z]gj^r�5\Hhaha`evys¦¥�`Vn�h;ij`�W ¼ k dDiPZ]gjgj`VXÍ� � `Vh����¢`°h;ij`/`Vgj^a`V�C�jXS`As]tcZ]XSX
l¢s�^r^a\_�jXS`/`Vnanas]n�¥�`edQh;s�nr^eoPh;ijZuh-\S^ {

��¿���� p Á w +����
	 ��� �¡  � �
p-ij`enr` �
	 \S^�h;i1`!�­s�nrs�gjs�\�na`V��\Ss]g�s]t ��� � `VhA�j^AljZ]nrha\_h;\_s�g��±p-\Hh;i	na`e^rl¢`VdVh�has5haij`
�AZ]�O�5\_gj��pq`e\_��i3h°sutâ\Hh;^�¥�`VdVhas�na^�� ¿ +
� �h� � �cZ]^ {

� � ¿ � � ��� � � pE� w ¿ � �
¿ $ � ����� p Á w + � � pE� w ¿*��Z]gjv���� �¿ � �ty � �

�
p�� s � w 
 �

�
pE� s � w (

p-ij`enr` � p w \_^Ch;ij`	�AZu�5�O\Sgj��pY`V\S��i3h»s]tAZ)¥�`edQh;s�n5Z]gjv �
�

pLs�w \_^Ch;ij`	�AZu�5�O\Sgj�
vj\S^®hDZ]gjdV`=s]tchRpqs»¥�`edQh;s�nr^e�­«�`=iPZw¥]`�{
=�����¿ 0

� ���
� p�� w ¿ +0� �h�

0
� �����

� pE� w ¿ +0 � �h�
0
� �����

� � pj�k� � w + � � ¿ +0 � �h�
� � � � � � pj�D� � w + � �

��� �¡  5 �
� `Qh=�j^/vj`eg1s]h;`»�3��� � p � � w h;ij`»^r`Vh=s]tq`enrnas�nA¥]`edQh;s�nr^%s]t­pq`e\_��i3h ��h;iPZuh=X_`wZ]v)hash;ij`=vj`VdesGvj\Sgj�»s]t h;i1`MdVsmv1`Vpqs�nav�� � s]tcpq`e\_��i3hY� {

� � p � � w ¿ $ � ��� � � �
�

p�� s � � w 
 � ( ��� �Ï� � �

� �

� �

� �

��

�
� �

�

�

� � DD

(â\S���1na` � �65^{ } nanrs�n�¥]`edQh;s�n � ZugjvydesGvj`QpYs�nrv�� � �·��i1` � ^Ysut�`wZ]dDi5¥�`edQh;s�n�Z]na`°vjn;Zwp-g
Zuh�h;ij` G nr^rh¡l#s�^a\Hh;\Ss]gj^�s]t h;ij`/¥]`edVhas�na^-h;s»ij`VXSl	�jgjvj`Vna^®hDZ]gjv1\Sgj�j�

� `Qh%�1^%vj`Vgjs]ha`O�3� D haij`OgG�1�C�¢`Vn=s]t � ^MhaiPZuhMZ]g `eX_`e�O`eg3h � s]t�� � p � � w iPZu^M\_gdes��O�5s]g5p-\_hai�� � � ^a`e` (c\S���jnr` � �65 � �J�°`Vgjde`uo � ijZ]^�� � D s�g1`e^Yp-ij`Vna`�� � iPZu^��e`Vnas�^V�
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��i1`%�°Z]�O�5\_gj�Cvj\_^rhDZugjde`=�#`VhRpq`e`eg � Z]gjv�� � \S^ {

�
�

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�� 
 D 
���� � 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^ {

��� � � p � � w ��� ¿	��

� : � @ � <0�
��� ' ��� �

� 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{

� � � @ � � 
 q?p � w ��

� : � @ � <0�
��� ' ��� �

� D � � qe� �� � D � ��� �ë� ���
«¬`/h;ij`Vg�ijZ¦¥]`�{

� � � � 
 +0
��������� � �

q?p � w ��

� : � @ � <0�
��� ' ��� �

� D � � q � �� � D � ��� �ë� / �
Zugjv {

=��	� 
 +0� ������� � � � � pL� � � w + � � +0
��������� � �

q?p � w ��

� : � @ � <0�
��� ' ��� �

� 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¨�� � {

=
��� 
 +01
������� � �

q?p54 w * � � pj�D� � w
1

��� �ë� 	 �
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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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��#�� � 5
� p � w \_^�ljXSs]hrh;`VvM\_g (â\S���1na` � � � ��t,s�n�h;i1`@ ¦�RXS`Q¥�`VX �M��� desGvj`­�PZ]^r`ev�s]g=haij`��AZ]�O�O\Sgj�p��'s � s � w dVs�gj^®h;\_ha�j`eg3h»dVsmvj`u����ij`�W ¼ k�denrs�^a^rs¦¥�`en»ljnrs��PZ]�1\SXS\HhR�Ãh;ijnr`e^rijs�XSv \_^ ��¿� � � � ��p-ij`Vna`eZ]^7h;i1`�ljnrs��PZ]�1\SXS\HhR��haijna`V^aijs�X_v�t,s�nOZ¬dVsmv1`)Z]dDij\_`V¥G\Sg1� haij`�deZ]lPZ]dV\_hR�
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¨ � �
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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
X_s¦p ¥uZ]X_�j`e^-s]t h;ij`=^r\S��gPZuXH��hasu�Rg1s�\S^r`°naZuh;\_s�l¢`Vn¡\_g1t,s�nr�7Zuha\Ss�g5�j\_he�

� ÈÍÌ²ÎîÉ¡ÎîÉ¡ÆCê�Æ��,ÊVÇ¡Ö¦Î$#]ÒrÇTÒrÕ9ÐLÒMé�Î©ÈÍÌ�ÐLíîÆQÉÍÉ?ÎîÐ®ÆQí ÐLÊVêYÑ]ÊQß9Õ9Ö!ÐLÊ¦Ö¦ÒaÉ-É?ßuÐ�Ì�ÆQÉ�Ñ9ÆQÇÍÆQíëíÏÒ®í ÊQÇ¡ÉTÒ®ÇÍÎÏÆQíÐLÊQÕuÐ®ÆDÈÍÒ®Õ9ÆKÈTÒaÖ°Ð®ÊQÕwÓQÊVíëß¦ÈÍÎëÊVÕ9ÆKí�ÐLÊ¦Ö¦ÒaÉ�ÊQÇ�Ñ²ÇÍÊ¦Ö¦ß9ÐLÈ�Ð®Ê¦Ö¦ÒrÉrä
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fRg�§©� 	9ªTo � �j�5Z]g " ¼ Z]XS`Vij\Pvj`Vna\_¥]`ev7Z]g5�1ljl¢`Vnq�#s��jg1v5s�g»h;i1`¡pqs�nav � Zugjv5�1\_h � `Vnanas]n
ljnas��jZ]�j\SX_\_hR� sut�h;�jnr�¢s�desGvj`e^7p-\Hh;i ' � v1`edesGvj\_gj�¸�j^r\Sgj� Z¬�5sGvj\ G `ev�¥�`enr^a\_s�g s]t
� Z]X_X[Z]�]`enon©^Y�#s��jg1v�§ � �uª�naZuh;ij`Vn�h;iPZ]g�h;i1`M^®hDZ]g1vPZ]nav	�jgj\_s�g	�¢s��1gjv��­��ij`e\_n-�5`Qh;ijsGv
\S^�vj\_na`edQh;XH�!Z]ljl1XS\SdeZ]�jX_`°h;s �=��� dVsmvj`V^e�

��i1`��jnas�Z]v�s��mh;XS\_gj`e^�s]t1h;ij\_^â�#s��jgjv�Z]na`�h;ij`qlPZ]nrha\_ha\Ss�g=s]tjhaij`YdVsmv1`qh;s°des�g1^rhDZug�h®�
pY`V\S��i3h¡^a�j�G�RdesGvj`V^eoPh;ij`MZ]l1ljXS\_dwZuha\Ss�gysut � Z]XSXSZ]��`en,në^q�¢s]�jgjv	s�g�`eZ]dDi�^r�j�m��desGvj`MZ]gjvG gPZ]X_X_�Chaij`°�1gj\Ss�g5�¢s]�jgjv5has���`Qh�Z]g5�jljl#`en��¢s]�jgjvys�gOh;ij`¡pYs]navy`Vnanas]nqljnrs��PZ]�1\SXS\HhR�
s]tchaij`=s¦¥�`enaZ]XSX{desGvj`]�

��i1`�desGvj`Jy�\_^YlPZunrh;\Hh;\_s�gj`ev5\SgOh;ij`�^r`Vh�sut�^a�j�m��desGvj`e^@y 1 o 4 ¿ � s ����� s�q vj` G gj`ev
Z]^�h;ij`=des]XSXS`VdVha\Ss�gysutâh;i1`%ZuXSXH���e`VnasCdVsmvj`QpYs]nav�has���`Qh;ij`Vn-p-\Hh;i	Z]X_X{h;ij`=dVsmvj`QpYs]navj^¡s]t
pY`V\S��i3h 4 � $ s]ha`yh;iPZuh y 1 \_^Cgjs]h�g1`ede`V^a^aZ]na\_X_�¸X_\Sgj`eZ]ne� � `Qh»�j^�vj`eg1s]h;`!�3� � ��haij`
�­s�nas�g1s�\�na`V��\Ss�g�Z]^r^asGde\[Z9h;`ev	p-\_hai � � o.�J¿ ��s ����� s�q dVs�gj^r\Svj`Vna`ev)Z]^AZOdesGvj`Vpqs�nrv)s]tyJo#Z]gjv�vj`egjsuh;`��3� � 
� \_h;^ �­s�nrs�gjs�\�nr`e��\_s�g	p-i1`eg�\Hh¡\S^¡des�gj^r\Svj`Vna`Vv)Z]^°Z5dVsmvj`QpYs]nav
s]t�y 1 �­f�h-\_^�deXS`eZ]n�h;ijZuh-t,s�n-Z]XSX9�D{

� ��� � 
� ��� �Ï¨ 	 �
¶ ^a^r�j�O\Sgj��h;i1`%ZuXSXH���e`VnasCdVsmvj`QpYs]nav � � \S^-`e�O\_hrh;`Vv�omhaij`=�jgj\Ss]g	�#s��jg1v���\H¥�`V^%{

=
���	¿ +0 � �h�
�� � � � � p�� � � � wN��� 
 +01

�h�
0� �������� � �! � �

�� � � �� � p�� � � � wN���#"¿ +01
�h�
= : 1 <��� ��� �Ï¨�� �

p-ij`enr` � p�� � � � w \_^�h;ij`MXS\_µ]`eX_\SijsGsGvys]tâhaij`MdesGvj`Vpqs�nav � � � � �j�5Z]g " ¼ Z]ij`eX_\�Z]ljljX_\S`Vv
� Z]X_X[Z]�]`enon©^Y�#s��jg1v	has = : 1 <��� oÞZ]gjv!t,s��jgjv�Zut@ha`en�^as]�5`=�5Z]gj\Sl1�jX[Zuha\Ss�g1^J{
= : 1 <��� 
 q p74 w%$'& � + 	 �)(� � & � &t���* � � + (

� ��� �Ï¨
5 �

� `Q³ml,+-. -/ q � �	�q �1023 �%���54 $& pL� � * w�� * � �D� 4
q � � 4 � � ��6$ � $& �87 � �$

9;:<>= -?-@
t,s�nAh;i1` ¶ « �%$ dDiPZ]g1gj`eXJdeZ]^a`uo p-ij`Vna` 4 ¿ pj�z�!4 �oq w�� : pL� �A&�w�� p74 �,q wopj�f� * w <To� � * 
 � o1Z]gjv�� �B& 
 ���Spj��� * w � & Z]gjv 4 Z]na`°hRpYsOlPZ]naZ]�5`Qh;`Vna^YhaiPZuh�iPZw¥]`=has
�¢`/s�lmh;\S�O\S�V`evyhas G gjv	haij`=XSs¦pq`e^rh¡¥uZ]XS�1`�s]t = : 1 <��� �

kYs]gj^a` -G�1`eg3h;XH��oGZ]gjv»�j^r\Sgj�Ahaij`-Zw¥�`Vn;Z]��`�pq`e\_��i3hJvj\_^rh;nr\S�j�mh;\Ss]g q p74 w s]tPh;ij` �=���
desGvj`e^Vo·pY`!iPZw¥]`yh;ij`yt,s�X_XSs¦p-\Sg1��\_�5ljnrs¦¥�`ev��jljl#`en��#s��jgjvj^�s�g¸h;ij` ' � v1`edesGvj\_gj�
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pqs�nrvm�YZ]gjv��j\_h®�R`Vnanas]n�ljnas]�PZ]�j\_XS\_ha\S`V^f{

=
��� 
 +01
�h�

�O\Sg��� $ � ���� 7 � � - : � � $ < = :
1 <��� ��� � 	�� �

=���� 
 +01
�h�

4
q �O\Sg��� $ � ���� 7 � � - : � � $ < = :

1 <��� ��� � 	'� �

p-i1`ena` = : 1 <��� \S^�` -��PZ]X�h;s�haij`=`Q³mljna`V^a^r\Ss�g ��� �ë¨
5 � p-i1`ena` q?p54 w \S^�nr`eljXSZ]de`Vv	�3� q?p54 w �
� 	 ��� � ��� 
 	���� 
�� ��� � ���������
¶ g~\_�5l1nas¦¥�`Vv ¥]`ena^r\Ss�g~s]t¡h;ij`�hDZ]g1��`eg3h;\SZ]X��#s��jgjv s]t�WY`enrXS`eµ9Z]�Ol´§   �9ª � ¥uZ]X_\Sv¸t,s�n
^r\S��gjZ]XS^�^a`Qh·s]tj` -��PZ]XG`egj`Vna�]� � ijZ]^c�#`e`VgCljnr`e^a`Vg3h;`ev»�3�%bcs�XHhR�Gna`V¥ � § �^�Vª1Zugjv!§6/ � ª � Z]g1v
ZuljljXS\_`ev7hasCh;�jnr�¢s9�RdesGvj`V^��3� ¼ Zu^as�g	Z]gjv ¼ iPZ]�5Z]\ � §65� 9ª�Z]g1v�§65��²ª � �J��ij\S^/<Í0]zGxG:QzP<?>?0]F
NR¹P.P:Q8;: �Q69EGz#2/\S^�h;\_��i3h;`Vn{h;iPZug=haij` � �j�5Z]g�" ¼ Zuij`eX_\]�#s��jgjv�� ¶ ^ Z]X_Xuhaij`JdesGvj`Vpqs�nrvj^

�

�

� � 	
� �� 1 � Á 4 1 p � � w

� $ � �

�
1

(â\_���jna` � �F�� �{·�âZugj��`eg3ha\[Z]X ¼ l1ij`enr`%Wqs��jgjv

ijZ¦¥]`/h;ij`�^aZ]�O`�`egj`Vna�]� q o1haij`V�ydwZ]g!�#`�na`Vljna`V^a`Vg�ha`ev�Z]^�l¢s]\Sg3h;^q�¢`VXSs�gj�]\Sgj��has�h;i1`
^rljij`Vna`�s]t­naZ]vj\S�1^ � q ����ij` } �jdVXS\_vj`wZ]g�vj\S^®hDZ]gjdV`C�#`VhRpq`e`egÃhRpqs!desGvj`Vpqs�nrvj^�p-\_hai�°Z]�O�5\_gj��vj\_^rh;Z]gjde` 4 \_^ � 1 ¿ Á � 4oq � � `Vh,�%¿ � +� �h� �����¢`°h;ij` q �RXS`Vgj�]hai ¶ « � $
¥]`edQh;s�nV����i1`Aljnrs��PZ]�j\_XS\HhR�Cs]t ' � v1`edesGvj\_gj��`Vnanas]n�=��	��dwZ]g7�¢`¡p-na\_hrh;`VgyZ]^�t,s�XSX_s²p-^D{=
��� ¿ ��� 	�� p
	 � ��� 8

�
w ���
	�� p ��� 8

�
w � ��� 	�� p
	 � � � 8

�
w ���
	�� p � ��
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p-ij`enr`

8
�
\_^Ch;ij` q �Rvj\_�5`Vgj^a\_s�gPZ]X�des]gj`�s]t¡iPZ]X_t[�RZ]gj��X_` �)dV`eg3h;`Vna`Vv�ZuhChaij`�s�na\_��\Sg

Z]gjv	l¢s�\_g3h;\Sg1�Ch;s � � � h;i1`%ZuXSXH���e`VnasCh;naZ]gj^r�5\Hhah;`Vv�desGvj`Vpqs�nav � o¢Z]gjv 	 haij`M`egj^r`e�C�jX_`
s]t�`enanrs�n/`V¥]`eg3h;^V� � `Qh � � �#`�h;ij`�gjs]\S^a`�dVs��Ol¢s�g1`eg3h=\SgÃh;i1`�s�na\_��\Sg)v1\Sna`VdVha\Ss�g�o�Z]gjv� $ h;i1`Og1s�\S^r`OdVs��Ol¢s�g1`eg3hMs�nrhaijs���s�gjZ]X·h;s � � Z]g1v¬vj` G gj\_gj�	has���`Qh;ij`Vn=p-\Hh;i � � haij`ljX[Z]g1`7des]g�h;Z]\Sg1\Sgj��haij`!s�nr\S��\_g�o � � Z]gjv � 1 o�Z�dVsmvj`QpYs]nav�s]t-pY`V\S��i3h 4Ã� ^r`e`7(â\_���jna`� �F�   � �

� `Qh��j^�^®hDZ]n®h��3� G ³m\Sgj��� � Z]gjv!vj` G gj\Sg1� � ¿ � +� � $ ����Z]g1v � � ¿ � +� � � ���R�·��ij`Q�iPZw¥�`�Z�� $ vj\_^rhana\S�1�1h;\_s�gCp-\_hai5nr`e^al#`edQh;\H¥�`eXH� q �x� Zugjv q � ÁMvj`V��na`V`e^qs]t{t,nr`e`ev1s����
��ij`=ljnas��jZ]�j\SX_\_hR�5s]tâZ»v1`edesGvj\_gj�»`enanrs�n���\H¥�`eg � � \S^ {
=���� p � � w 
 ��� �

� +. / 01
� 6 � : � 	 < � 
�� 	q?p54 w ���
	�� � 4 1 p � � w � � $ 
 � � 	 s � 
�� $� 	 � � ���
	�� � � � � $� 	 � = ?@
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� 6 � : � 	 < � 
�� 	q p74 w ���
	�� � 4 1 p � � w � � $ 
�� � 	 s�� � 
�� $� 	 � 4 1 p � � w $ �� ���
	�� � � � � $� 	 � = -?-@ ��� � 	]� �
p-ij`enr`ÃZ]XSX�haij`%-��PZug�ha\_ha\S`e^7Z]na`	^ai1s²p-g \_g (â\_���jnr` � � ��  Z]gjv�vj` G gj`Vv \Sg §6/ � ªÍ�´f�h
\S^/^ai1s²p-g h;iPZ9h � � s�n=` -��j\_¥uZ]X_`eg3h;XH� �]� iPZ]^MZ]g s�l1h;\_�7ZuXc¥uZ]XS�1` � � � na`e^rl�� � � � h;iPZ9h
�5\_gj\S�O\S�V`e^ =
��� p � � w �â��ij\_^�¥uZ]X_�j`�s�gjXH�Cvj`Vl¢`Vgjvj^qs�gOhaij`�pY`V\S��i3h�vj\_^rh;nr\S�j�mh;\Ss]g q p54 w �
Wq�)^r�j�5�O\Sg1�ys¦¥�`en=ZuXSXâl#s�^r^a\S�1XS`�¥uZ]X_�j`e^�sut � o � � Zugjv � � Zudedes]navj\_gj�yh;s!h;i1`e\SnAl¢v1tLoh;ij` G gPZuX�na`V^a�jXHh°\_^ {

=���� 
 ��
���

+----. ----/
�1

� 6 � : � 	 < � 
�� 	 q p54 w 
��
	�6 � : � 	 <� p � $ w
 �� 	 ��6 � : � 	 < �� � � p � � wN��� � � � $� ��
 ��
	

� p �^wN��� = ----?----@
� p � � wN� � � ��� �0	 �3�
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� 6 � : � 	 < � 
 � 	q p74 w . 2 � 6 � : � 	 < �� � � 2 � 
�� 	� � 1 � $ : + � $ @ � < � � $� 	 � 4 1 p � � w $ ����D� � $ : + � � @ � < � � $� 	 � = -?-@
p-ij`enr`���$ : /=@ � < \S^chaij`�dVv1t#s]t#Z�n;Z]g1vjs�� ¥uZ]na\SZ]�jXS`­t,s�X_XSs¦p-\Sgj�°ZAdV`eg3h;naZ]X
��$­vj\S^®h;nr\S�j�1ha\Ss�g
p-\_h;i � vj`V��na`V`e^-s]tât,nr`e`Vvjs��'Z]g1v	^®hDZ]g1vPZ]nav	vj`Q¥m\SZuh;\_s�g�	 {

� $ : /=@ � < p��hw ¿ �
Á � � 	 / � � / $ �

��
�  � � � � � ������ � �  ­¿

�
� � / $ �

� - $ � ��
� � � � � � � ��� � � ��� �0	
/ �

p-ij\SdDi	iPZ]^�h;i1`=t,s]XSXSs¦p-\_gj��` -G�1\_¥uZ]XS`Vg3h¡p-i1`eg � \_^�X[Z]nr��`»§ �VªM{
� $ : /�@ � < p��hw�� �D� 2 � �� � � �� Á � � ��� �0	]¨ �
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��ij`»pqs�nav � na`V^al#`edQh;\_¥]`eXH���j\_h � `Vnanrs�n=ljnas��jZ]�j\SX_\_hR���¢s]�jgjv s�g haij`O`egj^r`e�C�jX_`»s]t

�=��� desGvj`=\S^�s��1h;Z]\Sg1`ev��3�!na`VljX[Z]dV\Sgj� q?p54 w �3� q p74 w=� na`e^rl¢`VdVha\_¥�`VX_� 4 �oq � q?p54 wa�
\_g ��� � 	 ��� �

��ij`-h;i1na`e`¡�jljl#`en­�#s��jgjv1^qs�g»h;i1`¡�1\_h­`enrnas�n­ljnrs��PZ]�1\SXS\HhR�CZuna`�ljX_s]haha`evO\Sg�(â\S�]�jna`� �F�¦��t,s�n¡Z  ¦�RXS`Q¥�`VX �M��� dVsmv1`�Z]g1v)�AZu�5�O\Sgj��dVs�gj^®h;\_ha�j`eg3h°desGvj` pL� �'so����s � w �q��i1`
nr`el#`Vha\_h;\_s�g�t?Z]dVhas�n7\_^5` -G�jZ]X°has � ¿ Á � o�XS`wZuvj\Sgj��h;s�Z]g p�q ¿ �3Á � s�u ¿ � � � w
dVsmv1`]�­��ij`V�	Zuna`/des]�5lPZuna`ev�p-\_hai!h;ij`=l#`enrt,s]na�5Z]gjde`/sut·Z �=� � dVsmvj`/p-\Hh;i	Z G ³1`Vv
l1^a`e�1vjsu�RnaZ]gjvjs]� \Sg3h;`VnaX_`wZw¥�`Vn¡\Hh;`Vn;Zuha\_¥�`VX_�5vj`edVsmv1`ev)Zu^¡`K³mljX[Z]\_gj`ev�\_g ¼ `edVha\Ss�g � �ë�1�

✫
✫

✫
✫

✫

✫

✫

✫

✫

✫

✫

✫

✫

✫
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Union Bound
Duman & Saheli Bound
Tangential Shere Bound
iteration #1
iteration #2
iteration #3
iteration #5
iteration #10✫ ✫

(c\S���jnr` � � �¦�^{°WY\Hh } nanrs�n/bJnas��jZ]�j\SX_\_hR���jl1l¢`Vn/�¢s��1gjvj^=Z]gjvÃ^r\S�C�1X[Zuha\Ss�g	na`V^a�jXHh;^At,s�nhaij`7½�¿�Á �=��� desGvj`�p-\Hh;iÃ�°Z]�O�5\_gj� pj� �'s � ��s � w des�g1^rh;\Hh;�j`Vg3h/desGvj`]� q ¿ ��Á �1ou ¿ � � � �

(5)	� 
	. 6�0 � .���
�6 A56D2@8BA�� ��� 8%9 � :`< > 2@8BA56

fRgyhaij\S^q^a`VdVh;\_s�g�o�pY`/nr`e^®h;na\_dVhqh;ij`�l1na`e^r`eg3hDZ9h;\Ss]gys]t�h;i1`�\_ha`en;Z9h;\_¥]`°v1`edesGvj\_gj�Cs]t �=���
dVsmv1`e^Ahasyh;ij`CdeZ]^a`�s]t@ ²�RX_`V¥�`VXcdVsmv1`e^�t,s�n¡h;ijnr`e`C�5Z �rs�n°na`wZu^as�gj^V� (â\Snr^rheo¢pq`Cljnas¦¥]`ev
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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XS`V¥]`eX_^�\S^�haij`/�¢`V^rh-dDijs]\Sde`/\_gyh;`Vna�O^�s]t n;Zuha`]oPZ]^Y\_h�vj`Vdenr`wZ]^r`e^-p-\_h;i)½ ��� �ë¨ � �J��ij\_nav�o
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�
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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�

Obs Ext

APP

Obs Ext

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 ��� � � � �

p-i1`ena`�� � \S^Yhaij`A¥uZ]XS�1` � �%s�nz� � s]t�h;ij` �]�Íh;iy�j\Hh�s]t�haij`�desGvj`QpYs�nrv�� ���	� p �?
���w p � � w o
haij`=XSs��9�Rn;Z9h;\Ss%s]t h;ij`=`Q³Ghana\Sg1^a\Sd/l1nas��PZu�j\SX_\_h;\_`e^qs]t � ��oP\_^ {

�	� p �?

��w p � � w ¿ �-� +-----. -----/
�� ��� �� � ! 	 /�' ! 	' �! � � p � � ¿ � � w
�� ��� �� � ! � /�' ! 	' �! � � p � � ¿ � � w

= -----?-----@
��� � �^� �

¿ �-� +---------. ---------/
�� ��� �� � ! 	 023 /�' ! 	
� ' �! �� ' ! 	 � p � � ¿ ��w /�' ! 	
� ' �! �� ' ! � � p � � ¿ � w 9;:<
�� ��� �� � ! � 023 /�' ! 	
� ' �! �� ' ! 	 � p � � ¿ ��w /�' ! 	
� ' �! �� ' ! � � p � � ¿ � w 9;:<

= ---------?---------@
��� � �   �

¿ �-� +---------. ---------/
�� ��� �� � ! 	 ��

� A�C /�' ! 	
� ' �! �� ' ! 	 � � F��G
�� ��� �� � ! � ��

� A�C /�' ! 	
� ' �! �� ' ! 	 � � F��G

= ---------?---------@
��� � ��� �

���
	���
������
� `Qh°�1^-h;Z]µ]`/haij` p	�'s � s � w �°Z]�5�O\Sg1�CdesGvj`/p-ijs�^r`%dVsmvj`QpYs]navj^°Z]na` {
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� � � � � � � � � � � � � �
� � � � � � � � � � � � � �
� � � � � � � � � � � � � �
� � � � � � � � � � � � � �
� � � � � � � � � � � � � �
� � � � � � � � � � � � � �
� � � � � � � � � � � � � �
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Z]gjv�des��Olj�1ha`/h;ij`=`Q³Ghana\Sg1^a\Sd/l1nas��PZu�j\SX_\_h;\_`e^qs]t ���%{

�?
���p ����¿ ��w �
+-------------. -------------/

� p � � ¿ � w � p ����¿ ��w ��� p � � ¿ � w � p � $ ¿ � w � p � � ¿ � w � p ���Y¿�� w� � p � $ ¿ � w � p � � ¿ ��w ��� p � � ¿ � w � p � � ¿ � w � p ���Y¿ � w � p ���Y¿�� w� � p � � ¿ � w � p ����¿ ��w ��� p � $ ¿ � w � p � � ¿ � w � p � � ¿ � w � p ���Y¿�� w� � p � � ¿ � w � p � � ¿ ��w � p ���Y¿ ��w ��� p � � ¿ � w � p � $ ¿ � w � p ���Y¿�� w� � p � $ ¿ � w � p ����¿ ��w � p ���Y¿ ��w ��� p � � ¿ � w � p � � ¿ � w � p � � ¿�� w� � p � � ¿ � w � p � � ¿ ��w � p ���Y¿ ��w ��� p � $ ¿ � w � p � � ¿ � w � p ���Y¿�� w� � p � � ¿ � w � p � $ ¿ ��w � p � � ¿ ��w ��� p � � ¿ � w � p ���Y¿ � w � p ���Y¿�� w� � p � � ¿ � w � p � $ ¿ ��w � p � � ¿ ��w � p � � ¿ ��w � p ����¿ ��w � p ���Y¿ ��w

= -------------?-------------@
�?
���p ����¿�� w �

+-------------. -------------/

� � p � � ¿�� w � p � $ ¿�� w � p � � ¿�� w � p � � ¿ � w � p ����¿ � w � p ���Y¿ � w� � p � � ¿ � w � p ����¿ ��w � p ���Y¿ ��w ��� p � � ¿ � w � p � $ ¿ � w � p � � ¿�� w� � p � $ ¿ � w � p � � ¿ ��w � p ���Y¿ ��w ��� p � � ¿ � w � p � � ¿ � w � p ���Y¿�� w� � p � � ¿ � w � p � � ¿ ��w � p � � ¿ ��w ��� p � $ ¿ � w � p ���Y¿ � w � p ���Y¿�� w� � p � � ¿ � w � p � $ ¿ ��w � p ���Y¿ ��w ��� p � � ¿ � w � p � � ¿ � w � p ���Y¿�� w� � p � $ ¿ � w � p � � ¿ ��w � p � � ¿ ��w � p ���Y¿ ��w � � p � � ¿ � w � p ���Y¿�� w� � p � � ¿ � w � p � � ¿ ��w � p ���Y¿ ��w � p ���Y¿ ��w � � p � $ ¿ � w � p � � ¿�� w� � p � � ¿ � w � p � $ ¿ ��w � p � � ¿ ��w � p ���Y¿ ��w � � p � � ¿ � w � p ���Y¿�� w
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