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Performance of the accelerated sphere decoder (ML) - QPSK constellation
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Performance of the accelerated sphere decoder (ML) - 16-QAM constellation
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nt=nr=4 antennas, listsize=1000/60000, min=256/4000
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16-QAM input, Upper bound (1000)
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Eb/N0 (dB)

nt=nr=8 antennas, listsize=200000/400000, min=10000/65000

Gaussian input
16-QAM input, Upper bound
16-QAM input, Upper bound
16-QAM input, Lower bound
16-QAM input, Lower bound

� @B9&g�.67 | ! �cV�g�3AgL'GZ�@B(�,/0&.12H'?3A@B0)(H7�>G')ZEgL'G36@B0&(�,/0&. Âf¸]Â V Q VRX J�@E3A5 !�� o"�S�_V
}
Â



1.0e-05

1.0e-04

1.0e-03

1.0e-02

1.0e-01

1.0e+00

 5  6

P
e 

in
fo

 b
it

SNR (dB)

Centered on y, tramesize=20000
Centered on y, tramesize=100000

Centered on ML, tramesize=20000
Centered on ML, tramesize=100000

� @E9&g+.67/| Ë � � 78.",/0&.62l')(+;�7�,/0&.�} ¸ }�V Q VRX J�@�3A5 !
� o"�S�_V^I ! �&�&�)�&� ;80n*+78*�\+@E36=l@E(i3678.1ZB7
'
>)78.8I}Go~=13�'?3A7S3Ag�.6\D0Go�;�0t*+7

}
Í



� ��������� ��������� ����� �]��� ��>��� � �
	���p 7`2l')*+7N')(H7}�t3678(+=1@E>)7S=136g+*�:H')(+*�'{C+.60G,/0&g+(+*H')(L')Z�:t=1@B=c0),�\+@�31o~@B(�3A7�.6ZB78'
>&78*l;80n*+78*l2l0n*+g+ZB'G3A@E0&(+= 
x Q� V % ;80&(+=1@B*+7�.67�*�'G=-=6CL');�7�oe3A@B2d7�;�0t*+7�=-,/0&.<2<g+Z�3A@EC+ZB7l')(�3A7�(+(L'v;�5L')(+(+7�ZB= P XS(�365+7�.67�;87�@E>&7�.=6@E*+7)I+JK7_J�7�.67�')\+ZE7S3A0d');�5+@E7�>&7h3A5�7h,/0)ZBZB0�J�@E(+97�
 �[=13A')\+ZE@B=65�2l7�(i3�0G,m'-9&7�(+@B7h\D0&g+(+*�C�7�.1,/0&.12H'G(+;87h'G3�365+7h*+7�3678;�3A0&.�0&g�36C+g�3 P
 �N;8;87�ZB7�.A'G36@B0&(R0G,c365+7<=1C+5+78.17f*+78;�0t*+7�.h')ZB9)0&.6@�3A5+2 \�:�3�')xi@B(�9�@B(�3A0�'G;8;80)g+(�3_3A5+7U�+(+@E367<;80&(no="3A78ZEZr'G36@B0&(H\�0&g�(+*L').1@B78= P
 Q (�>&7�(�3A@B0)(R0),s'f(+7�J =10),§31o~0&g�36C+g�3N=6C+5+7�.67<*�78;80n*+7�. J�5+7�.67U365+7{;
')(+*�@B*L'G3678= =6C+5�78.6@E;
')ZqZB@E=13�@E=;�78(�3A7�.678*b').60)g+(+*k3A5+7h2l'?�t@B2<g+2 ZB@Ex)7�ZB@B5�0t0n*�CD0&@B(�3 P
 �m>G')ZBg+'G3A@E0&(�0),·;80&(+="3A.6')@B(+7�*�;8')CL');�@E3�:H0&(�2Ug+ZE36@BC+ZE7S')(�3A7�(+(L'f;�5L')(+(�78ZB= PXS(�365+7_3A.6')(+=62d@E313A7�.F=6@E*+7)I+JK7_J�7�.67�')\+ZB7S360d');�5+@B7�>&7h3A5+7_,/0&ZEZB0�J�@B(�97�
 XSC�36@B2d@Ba
'?3A@B0)(H0),q3A5+7h\+@E(L').":�2l')C+C+@E(+9-g+=67�*b@E(b�S�SVu;�0&(+=13678ZEZr'G36@B0&(+= P
 Q (�>&7�(�3A@B0)(b0),w'-2<g+ZE36@�o~*+@B2d78(+=1@B0&(+')Z 2H')C�C+@B(+9<,/.10&2 365+7h9&78(�@B7_\D0&g+(+* P
 �[=13A')\+ZE@B=65�2l7�(i3�0),�(+7�J *+78=1@B9&(�;�.6@�3A78.1@r'h,/0&.�=1CL');87}o~36@B2d7N\+ZE0t;�xf;�0t*+7�=�>n@r'h3A5+7S9)78(+@E7`\D0&g+(+* P
 � 0&(�=13A.1g+;�36@B0&(�0),w'-(+7�JFo~=6CL');�7{36@B2d7S;80n*+7_,/.60)2 ;�:n;8ZE0)3A0)2l@E;S.60)3A'G3A@E0&(+= Pp 7{\D78ZE@B7�>&7S3A5+'G3�3A5+@E=�*+0t;�g+2d78(�3 ;80&(�3�'G@B(+=�g+(�C+.67�;878*�78(�3A7�*].678=1g+ZE36=�0&(k;�5L')(+(+7�Zj;80n*+@B(+9-,/0&.�2Ug+Z�o3A@EC+ZB7<')(�3A78(�(L')=8Iq7 P 9 P I�3A5+7 !&P Ë # *7x *�@B=13A')(+;�7f360k;
')CL'G;8@E3�:�J�@E365 }�36.A')(+=12l@�3636@B(+9�'G(+*O}�.178;�78@E>n@E(+9')(�3A7�(+(L')=cJ�5+@BZE7F3A.6')(+=62d@E313A@E(+9h' !�� o"�S�_V 2l0n*+g+ZB'G3A@E0&(  =6787N=67�;�3A@E0&(]} P #)%�P µ 5+7N2H'G@B(-;80)(+;8ZEg+=6@E0&(3A5+'G3�J�7{=13A'G3A7_,/.10&2 0&g�. .178=1g+ZE36= @E= � cd!8e � ���d$XK��B��P�+2���
$7&W�
�$'a + 4f���(-D+ a �\A�+ �

P� @E(L')ZBZ�:&I+JK7UJK0&g+ZB*]ZE@BxG7{360�78(+;�0&g+.6')9&7<.178=678').6;�5�78.6=_@E(b3A5�@B=N�+78ZB*b=6@B(�;87U2l')(�:�C+.60&\�ZB782d=N').67�=13A@EZBZ0&CD78( P �[=1C�7�;8@r'GZBZE:)IiZB7�3�g+=F2d78(�3A@E0&(l365+7`@E( �Lg+7�(+;87`0),j;�:n;8ZE78=F*�@B=136.6@E\+g�3A@E0&(d0&(;x Q� V CD78.",/0&.62l')(+;�7g+(+*�78.m@�3A78.6'G3A@�>&7c*+7�3678;�3A@B0)(f')(+*<*+7�;80n*+@B(�9`,/0&.·�+(+@E367�=6@Ea87K@B(�3A7�.6ZB78'
>&78.1= P µ 5�@B=wC�.60&\+ZE782�I)@�,L.67�=60&Z�>&78*TIJ�@BZEZ�5+7�ZBC�360l7}�tC+Zr')@E(�2l')(�:�2U:n="3A78.1@B0&g�=NC+5�78(+0&2d78(+'l@B(k3Ag�.6\D0l;�0t*+@E(+9  @B(�;8ZBg�*+@B(+9 z ' � � ;�0t*+7�=0&(k9�')g�=6=6@B')(�;�5L')(+(+7�ZB= % J�@�3A5�')(+*kJ�@E365+0&g�3�2Ug+ZE36@BC+ZE7S')(�3A7�(+(L')= P

# �



����� ��� ��������¡ !8¦ � P �N9&.67�ZBZ I µ P �[.6@Bxi=1=60&(�I�� P �c').6*�:�')(�*={
P
�T789&7�.8I � � ZE0&=67�=13lC�0)@B(�3d=67
'G.6;�5 @B(�Zr'?363A@E;87�=8I �� � � � � P�?BM ��� RTM � M � RTPWU�?BAEDGRTM � � HIRTP�
?I+C+C P Ë)Ë � ! o Ë&Ë ! }+In�`g�9 Ë �)� Ë P¡ Ë ¦ y P V P �NZr')2d0&g�36@eI � ��=6@E2lC+ZE7�3A.A'G(+=62d@E3K*+@E>)78.1=6@E3�:f3678;�5+(+@��ig+7S,/0&.sJ�@B.67�ZB7�=6=�;�0&2d2<g+(+@E;
'G36@B0&(+=��+I� � � ��� R � PWM ?B= RTM � HN= HIFNA H ��� P HQ? � D M
	!RTU.U��LM DGFQ?BAEDGRTM ��Im>)0&Z P�!�� IsC+C P�! } #t! o ! } #)Â IKXS;�3 P!�Í&Í&ÂtP

¡ | ¦�z[P � P xF')5+Z I�� P � 0n;�x)7)I ��P �)7�ZB@E(+78x I� P � '
>t@�>DI �iXSC�3A@E2H'GZS*+78;�0t*�@B(+9�0),<ZE@B(+78').�;�0t*+7�=�,/0).2l@E(+@B2d@Ba�@B(+9 =1:n2<\D0&ZL7�.6.60).c.6'G3A7GI � � � � � � P�?BM ���aRTM � M � RTPWU�?BACDGRTM � � HIRTP�
GI&>)0&Z P Ë � IiC+C P Ë Â }��Ë Â�´ I+Vb').1;�5 !�Í�´ } P¡�} ¦ � P xF'G313�')@EZeI � µ 5��780).6@B7-*�7-Z � Q (�,/0&.62l'G36@B0&(�I �#�s*�@E3A@E0&(+=hV�')=6=10&(�I � 0&ZBZE78;�3A@B0)( � �78*L')9)0&9&@ �ig+7U*+7µ �78Z��78;80)2l2<g�(+@B;8'G3A@E0&(+=8I !�Í&Í&´tP¡ #?¦ y P x�78(+7�*+7�313A0+I � P x�@B9)ZB@B7�.6@ I � P � ')=13678ZBZB')(+@ � ' @B9)@E3�'GZ µ .6')(+=62d@B=1=6@E0&( µ 5+7�0&.1:)I � � .178(�3A@E;87�o � ')ZEZeI�[(+9&ZB7�J�0n0n* � ZE@���=8I��N7�J��)78.6=17�:)I !
Í&Â�´ I+�NZB=10f365+7h(+7�J P¡ �G¦ y P x�7�(+78*�7�36360+I � P V�0)(i360&.6=1@eI ' P ' @�>t=6')Zr'G.8I ��P � 0&ZEZr').6'�I �Qyt7�.6@r'GZ);80)(+;
'G3678(L'?3A@B0)({0G,�@E(i3678.1ZB7
'
>)78*;80n*+78=�� � 7�.1,/0&.12H'G(+;87k')(+')ZE:n=6@E=8I[*+7�=6@E9&(�')(+*�@E3678.A'?3A@E>)7�*+7�;80n*+@B(+9�I � � ��� �!P RQJBPIH������ H � RTPNA��� ��� ��� I�� � z IL�`g+9)g+=13 !�Í&Í&#tP¡ ´?¦ �
P
x�78.1.60&g�It� P �_Zr'
>n@B78gn�TI � P µ 5+@�3A@B2l' � =15+@B2l'�I � � 7
'). yt5L'G(+(+0&(�ZE@B2d@E3[7�.6.10&."o~;80&.1.678;�3A@E(+9�;�0t*no@B(+9H')(+*R*�78;80n*+@E(+97��3Ag+.1\�0?o�;80n*+7�=8I � �!PIR FIHIH �BD MLJ �ZR � � 	�	��  "!&I �h7�($#7�>)7)I�C�C Pw! � � }Go ! � ´ � I�Vb')@!�Í&Í
|
P

¡ ÂG¦ �
P
x�78.1.60&g�')(+*�� P �hZB'�>n@E78gt��I � �N78').-0&C�36@B2<g+2 78.1.60&.-;�0&.6.178;�36@B(+9^;80n*+@E(+9v')(+*�*+78;�0t*�@B(+97�µ g�.6\D0Go�;�0t*+7�=8I � � � � � � P�?BM ��?LFNACDGRTM �KRTM%	!RTU.U��LM DGFQ?BAEDGRTM ��I�>&0)Z P }3}+ItC�C PT! Ë ��! � ! Ë ´t! I�X_;�3A0Go\�7�. !�Í&Í&�tP¡ ÍG¦ � P x�@E9&ZB@E78.6@ I ' P ' @E>n=A'GZr').�I � P � P V�; z 'G(+7)I`V P { P yt@B2d0&(�I � Q (i36.60n*+g+;�3A@B0)( 3A0W36.678ZEZB@E=d;�0t*�78*2l0n*+g+ZB'G3A@E0&(lJ�@�3A5�')C+C�ZB@B;8'G3A@E0&(+=�I �-(+7�J'&c0&.1x IDVb');82d@BZEZr')(TI !�Í)Í�!&P¡ !)(G¦ � P x�0&g�36.60&=�I � z '?363A@E;87h;80n*+7�=N,/0&. � '�:nZE78@B9)5�, ')*�@B(+9d;�5L')(+(�78ZB=�I � µ 5*#78=17U*+7 ' 0t;�3A0&.6'G3
I � � y µ I� ').1@B=�I+�)g+(+7 !�Í&Í)��P¡ !&!8¦ � P x�0)g�3A.10&=8I � P �`@E3A7�.6\D0+I �Qyn@B9&(L'GZw=6C+');87f*+@�>&78.1=6@�3�:��S'�C�0�JK78.{')(+*v\L')(�*�J�@B*�365v7�Ãd;8@E78(�3h*+@�o>&7�.6=6@�3�:f3A78;�5�(+@ �ig+7`,/0).c365+7N, ')*�@B(+9{;�5L')(+(�78ZeI � � � � � � P�?BM ��?LFNACDGRTM ��RTM � M � RTPNU�?BACDGRTM � � HIRTP�
GI>&0&Z P } }+I�C+C P�! } # |�� ! } �&´ I��)g+Z�: !�Í)Í&Â�P¡ ! Ë ¦ � P x�0&gt3A.60)=8I ��P x�0&@¶��')*+78.6' ')(+* �

Pfz 'G2U:&I �`x�@�31o~@B(�3A7�.6ZB78'
>&78* ;�0t*�78* 2l0n*+g+ZB'G3A@E0&(+=Å,/0).2<g+Z�3A@BC�ZB7�o~@B(+C�g�3F2<g�ZE3A@EC+ZB7}o�0&gt3AC+g�3F;�5L')(+(+7�ZB=�I �lC+.60n;87�78*+@E(+9&= 0),w365+7 � � � � � A � � M A HNPWM ?BACDGRTM ?B=
� 
 U � R �ND �LU RTM ��� P HQ? � ��� HIFNACP �LU � HIF��LM D-, � H��/.0� � � = DGFQ?BAEDGRTM ��I �N7�J1�)78.1=67�:)I yt7�C�3A7�2<\�7�.Ë ("("(tP

#t!



¡ ! | ¦�z[P x�.1g+(+7�ZeI �iXSC�36@B2<g�2 2Ug+ZE36@Bg+=178.{*+7�3678;�36@B0&(W,/0).-V � o � ' V�� =1:n="3A782d=-g+=1@B(+9R=1C+5+7�.67�*+7}o;80n*+@B(�9+I �� ��� � 	���� �)I7y�')( ' @B7�9&0+I � 'GZB@E,/0).6(+@B'�I+XS;�3A0&\D78. Ë ("(t!&P¡ ! } ¦�z[P x�.1g+(+78Z I �iXSC�3A@E2<g+2 ')(+*-=1g+\to�0)C�3A@E2<g+2�2Ug+ZE36@Bg+=178.w*�7�3A7�;�36@B0&(f\L')=178*d0&(-=6C�5+78.17 *�78;80n*+@E(+9,/0&.{V�g+Z�3A@¶o � ').1.6@B7�. � 0n*+7 ' @�>n@B=6@E0&(^V�g+Z�3A@EC+ZB7<�N;8;�78=6=U=1:n=136782d=8I � Q� � � ( Ë I � 7�J &c0).6x I·�NC+. PË ("( Ë P¡ !$#?¦�z[P xK.6g+(+7�Z ')(+* � P x�0&gt3A.60)=8I �

z 'G313A@E;87k*+78;�0t*�@B(+9v,/0&. � 0&@B(�3d*+7�3678;�3A@B0)( @B(�*+@E.678;�3H=17
�ig+7�(+;87
� ' V�� =1:n=136782d=8I � � � � � � PQ?BM ��?LFNACDGRTM �VRTM � M � RTPWU�?BAEDGRTM � � HIRTP 
?I+�NC+.6@EZ Ë ("( | P¡ !��G¦ � P � ')@E.67GI � P µ ').1@B;8;�0+I � P x�@B9)ZB@B7�.6@ I � x�@E3"o�@B(�3678.6ZE7
'
>&7�*Å;�0t*�78*W2d0t*�g+Zr'G36@B0&(TI � � � � � � P�?BM ���RTM � M � � � � HIRTP 
?I�>)0&Z P }3}+IL(+0 P |tIDVb'
: !�Í&Í&ÂtP¡ !$´?¦ � P � 5+@E(+*L')CD0&Zh')(�*
� P � P ��@E3A;�7�:)I � ' 78=1@B9&(TI_')(L')Z�:n=6@B=�I_')(+* CD78.1,/0).62l')(+;87v7�>)'GZBgL'G36@B0&( ,/0).x Q� Vko Q(' J�@E3A5�=f�igL').17��S�_V ;�0&(+="3A78ZEZr'G36@B0&(�=·@E( � '�:nZE78@B9)5{, ')*�@B(+9N;�5L')(+(+7�ZB=�I � � � � ��� R � PWM ?B=RTM � HN= HIFNASH � ?BP HQ? �KD M>FIRTU.U�� DGFQ?BACDGRTM ���	��
&Z��� Í ����
����	������� Ë ("( ���¡�� ÂG¦ � � ��� 
� �!"��� � � x$#�� � ��!%�^y&� ��
� �#(')���?� �+*,#.- � 
�/�
��)��!102 �!"-�3"4���#(#53"67#2-�684 � ��3"9: �67;<��=�=�!>3>68'?-5

'�3>#(674�-@;5689: �67��486�;5=�#56��A'B;(=&6848-�#( �0 � ' � � ;.�:;(-�680C;8� ���!P R F�� R �ED$FHG$I ��	1G � �  "!��J=�=K���ML�N�OQP
�ML�N�R	� �S
J���T�JU�U�O	�

V �JUAW ���:XB�	Y�
��[ZH����� �B�����	\	!>
[�A��6�� �+\	= � 67#(6,=)��4^]+3>��/�;7�:!_�A-(-�3"4767;`����'a/�#5
� �=�;7� �2OA#5'�68'�3"-53>
��b����U�U�R��
\	=�#(3>��/�68#.P �c67#5!>��/����S6�Z &`
�#5]d�

V N
(
Wfeg�h�i�jY�
J��68#7� ��� � �ke � 
�0C��;7� �[lm!>670n67�[-5;o
�p1qr�	ps
�#50C�A-�3"
��ie � 67
�#.��� � ��
 � �utv3"!>6��iwx\	
���;8�
�JU�U����

V N	�7WByz��{d��|768!�+}m�[~k��=�]�6A� �+*,�z- � 61=�67#.ps
�#50C����4861
�p�47
��[��
�!> �-53>
�����!>!��+P�47
:'�67'zYH��� �g� *g{j����ps
�#
0C
���3>!"6�47
�0C02 ���3>47�A-�3"
��a;(�:;.-�670�� �	�!P R F�� R � � �^� � 	��  "!���=�=b�)�[��RQP��+L�N	��\	67=�-7�@�JU�U�O	�

V N�NQWo��� ����{)
�;54 � 3>��3%� ��#8������'���� ���j������;8� �+*,��!>3>0n3"-5;,
�pHZ�3"#568!>67;(;o48
�0C0o ���3>47�A-�3"
���3>�u��p���'	P
3>��/B67�[�:3>#(
���0n67�[-HZ � 68�� �;53>��/z02 �!"-53>=�!"6E���[-�67���)��;7� �?� D PIHN= H���� � HNP�� RTM ?B= 	!RTU.U�� M DGFQ?BACDGRTM ���
��
�!%�)������
��dO���=�=b�dO������	O�O[�	�)����#54 � �JU�U�R��

V N�OAWB�f���z�d�f�A!>!_�A/�67#8���[}@
JZHPr'�67��;(3"-r��=)�A#53"-r�[P�4 � 674^]�48
	'�68;7� �a��qre�~m#567;(;7�T�JU���O��
V NA��WB�f���z�[����!>!>��/�67#8� ��qr��ps
�#50C�A-53>
��Be � 67
�#.������'n��67!"3_����!"6HY�
�0C02 ���3>47�A-�3"
��K�Atv3"!>6���� �g�S6�Z &`
�#(]��

�JU���R	�
V N��QWB���	XS
:4 � Z���!"'<����'<\&�+-�68�<��#53"��]d� � � 4 � 3>6��:3>��/B��6���#�Pr47��=)��483"-r�C
����o02 �!"-�3"=�!>6�P����[-567���)��4 � ���:P

��67!%� ��;( ���0n3"-5-567'�-�
z- � 6 �^�c�c� ���(���� 7�:¡�¢%£¤Q�� B¤Q� 	 ¤Q¥z¥z¦	�)£¡5��¢�£¤Q��  ���� �!"��N
( (
���

V N��AWBXB�[qr0C��3�:\��	XE3>#5��]Q�JZ���� � �� �!�-�3>!"68��67!�48
	'�3"��/f0C6�- � 
:'� �;53"��/o68#5#5
�#.Pr48
�#5#(674�-�3>��/f48
	'�67;7� � ���`�c�
§ �(����  � ¤Q� � ��¨�¤Q��¥n��¢%£¤Q� §K©)ª ¤Q��« ����
�!��N�O	��=�=K�dO[L:�8P�O[L�L	�&��U[L�L	�

V N�LQWBXB� ���Ap��A#5] � ����3%� � � 9: ���;53¬Pr
�#.- � 
�/�
��)��!�;(=)��486�P�-53>0n6���!>
:4^]247
:'�6A� � ���c�`�§ �5����  � ¤Q� 	 ¤Q¥z¥z¦:®
�)£¡5��¢%£¤Q��  �:��
�!%���[U��d~c~��@�8Pr���������K�dN

( (
���

��N



V N�RAW � � �B�Tyg
�#(]:3"�u�A��' l1� q^� � 
�!>
�-���#56��&� �+\	 �#f!>68;�ps
�#50n67;�9+ )��'�#5�A-�3"9: �67;7� � � ��¢ © � � �)� �>�@��
�!�T���
=�=K�dO����QP�O�R�U��&��R[L�O��

V N�UAWB{���yg;54 � 3";54 � ����/��m���k{)#568���mXB��P � ��}T
:67!"3>/�68#7� �[{d��48-5
�#�/�#��A= � ;2�A��'u- � 6�;5 �0�P�=�#5
:'� �4�-2��!"/�
AP
#53�- � 0�� � �^�c�c��§ �(���� 7�:¡�¢%£¤Q�� B¤Q� � ��¨�¤Q��¥n��¢%£¤Q� §K©)ª ¤Q��« ����
�!�)�[L	����
��)N	�d{)67��#( )��#(�<N

("(
���

V O
(
W � ��}T68��;(-5#�����XB��}@68��;(-5#�� ��#7���)����'<}m��}T
J�A��;(|�� �[{d��4�-�
�#(3>��/B=&
�!"�:��
�0n3_��!";mZ�3"- � #5�A-�3"
��)��!d48
	6�p_P
� 473"67�[-�;8� � � ��¢ ©)ª ¥n��¢�£> J¡ ©)ª � �)����� ª � �	��
�!��N:�M�	��=�=b�h�	�J�MP.��OA���b�JU�R[N	�

V O��7W��2�	}@3� ��� � ����3"-5476���� ����3"-.Pr3>�[-567#5!"6�����68'�48
	'�68'a0n
	'� �!_�A-53>
��zZ�3"- � 3"-567#5�A-�3���6E'�6748
	'�3"��/�� � ���`�c�
	 ¤Q¥z¥z¦	�)£¡5��¢�£¤Q��  F ª ¢�¢ ª ��  ����
�!�K������
��d�����S
J��6802�&68#B��U�U[L	�

V O[NQWo���Q~k
 � ;(-�� �+*,�B- � 6$48
�0n=� �-^�Q-�3>
��f
Ap�!_�Q-5-�3"476m��6848-5
�#5;k
�p�0n3>��3"0��A!�!>68��/�- � �A;( �474867;(;53"��6H0n3>��3"0��
����'�#568'� �4867'�����;568;`Z�3�- � ��=�=�!"3>47�A-�3"
���;7� �� 	 ��� � D � � � I ¦	�
� �>�[��
�!�[���	�[=�=K���JR��8P��JU�������U�U����

V O�OAW ���h�z�)~m#5
���]+3>;7� �[�,3>/�3�-^��!&Y�
�0n02 ���3>4��Q-�3>
���;7� ��O�#5'<68'�3"-53>
��K����4J�g#���ZHPrXS3>!"!�	�S6�Z'&`
�#(]��@��U�U[�	�
V O���Wfeg� ���A��3>4 � ��#('�;5
��K�[����}m���S#5������]�6A� ��e � 6$4���=)�A473"-r�f
�pd!"
JZHPr'�68��;53�-r�B=���#53�-r�+P�4 � 674^]f47
:'�68;j ���'�68#

0C68;5;5��/�6�P�=)��;(;53>��/f'�6747
:'�3"��/�� � ���c�`� § �(���� 7�:¡�¢%£¤Q�� ,¤Q� � ��¨�¤Q��¥n��¢%£¤Q� §K©)ª ¤Q��« ����
�!���+L:�[��
��+N	�
{)67��#( )��#(��N

("(
���

V O[�QWoY���~��H\:4 � ��
�#(#�����'v�i��lm �4 � ��67#5#8� ��}��Q-5-�3"476<�)��;(3>;C#567'� �48-53>
��K� 3"0C=�#5
J��68' =�#��A48-�3"4���!E��!"/�
AP
#53�- � 0n;��A��'z;5
�!��:3>��/,;( ���;(68-c;5 �0 =�#(
���!>680C;8� � � ��¢ ©)ª ¥n��¢%£¡5����$�^¤����(��¥z¥z£ ��� �Q��
�!%�����	��=�=K���JR��8P
�JU����&�JU�U����

V O��AWoY���l1�d\ � ������
��K� � � ���A- � 670C�A-�3"4���!&e � 67
�#.�a
�pkY�
�0C02 ���3>47�A-�3"
��K� �2��68!>!@\+�	;.-�680C;1e�674 � ��3>4��A!
��
� �#(�)��!�:��
�!%�dN�L	� �� �!"���A��' *,4�-�
���67#g�JUA�[R��

V O[LQW � �&\:-568p�����
J���Keg�����&�, �0��A�K� � ek �#5��
APr48
	'�68' 0n
	'� �!_�A-53>
���ps
�#E;(�:;(-5670n;�Z�3"- � -�#5����;(0C3�-��A��'
#56847673���6����[-567���)� '�3���67#(;53�-r� 
J��68#���!>
:4^] p���'�3"��/ 4 � �A����67!";7��;.�	;.-�680 0C
:'�68!��'�6748
	'�3>��/?��=	P
=�#5
���4 � 67;8�@����'�=�#���4�-�3"4���!T47
���;53"'�67#5�A-�3"
���;7� � �^�c�c� � ¤Q¦:�������c¤Q� �Kª � � � � ª �Q o£ � 	 ¤Q¥z¥ �>�d��
�!�
�JU���=�=K�dU[��RQPrU���R���������N

("(
���

V O�RAWB�f�����&e�������67#8� � � #(6747 �#5;53���6n��=�=�#5
[��4 � -5
�!>
JZ47
�0n=�!>6��	3"-r��47
:'�67;8� � �^�c�c� § �5����  � ¤Q� � �)®
¨�¤Q��¥n��¢%£¤Q� §K©)ª ¤Q��« ����
�!��qre�P�N�L	�d\	68=�-�6802��67#f�JU�R����

V O�UAW��2��e��A#5
�] � �b�B�b\	67; � ��'�#(3m����' � �b���bYH��!>'�68#5�)�A��]d� �+\	=���476�P�-�3"0C6f47
:'�68;�ps
�# � 3>/ � ')�A-^�C#��A-56
Z�3>#(67!>68;5;148
�0C0o ���3>47�A-�3"
��K�k~k68#(ps
�#(0�����476�47#(3"-�68#53"
�������'<48
	'�6g48
���;.-�#5 �48-�3"
��K� � �^�c�c� § �(���� �®
�:¡�¢%£¤Q�� o¤Q� � ��¨�¤Q��¥n��¢�£¤Q� §K©)ª ¤Q��« ����
�!����������
���N	��=�=K��LA������L��[�	�)����#54 � �JU�U�R��

V �
(
W��2��ek��#(
�] � �:XB� ���Ap��A#5] � ����3%� � � �f�[YH��!>'�68#5�)�A��]d� � \	=)��486�P�-53>0n6H��!"
	4^]B47
:'�67;mps#5
�0 
�#.- � 
�/�
��)��!
'�67;(3>/���;7� � ���c�`� § �5����  � ¤Q� � ��¨ � §K©)ª ¤Q��« ����
�!�)�+�	��=�=K�@���+�A�QP^�����[L	���� �!"� ��U�U�U��

V ���7WBl1�@ek68!_�A-���#7� �+YH�A=)��473�-r� 
�p$02 �!�-�3�Pr���[-�68���)�a/[�� �;5;53>����4 � ������67!>;8� � §&ª ¡ © �)£¡5����� ª�� ¤Q��¢
� � § . §
I ª �
� F ����¤Q�(��¢�¤Q��£ ª   �K��U�U�U��

V �+NQWo�����S��/�67#5��
:674^]d� � e�#567!"!>3";.Pr48
	'�67'20n
	'� �!_�A-53>
��fZ�3"- � #(67'� ���')���[-$;53>/��)��!�;(68-�;8�:~���#.-$q(q^� � ���`�c�
	 ¤Q¥z¥z¦	�)£¡5��¢�£¤Q��  � ���[���7£ � ª ����
�!�dN��	����
���N:�){)67�K�@�JU�R[L	�

��O



V �[OAW � � ��� ��3"-�68#5��3%� ��� y���*g0o �#���� �[~m#53>��473>=�!>67; 
�pi�,3>/�3�-^��!�Y�
�0n02 ���3>4��Q-�3>
�� ����' Y�
:'�3"��/�� �
��4J�g#���ZHPrXS3>!"!�	�S6�Z'&`
�#(]��@��U[L�U��

V ����WBl1� ��3"-567#5��
E����'ol��A��3"/�!>3"67#53%� � �  ���3���68#5;��A!	!>�A-5-53>476m'�6747
:'�68#7� � $��¤J¡ ª^ª � £ ���Q E¤�¨ � �������� 	 ¤ �
�>¤	�7¦ ª
D�� �B§ � � �+�� )���:Pr!>68;.Pr~c3"��;7��=�=K�d������P��������)\	68=�-��@�JU�U�O��

V �+�QWBl1� �,3�-�67#(�&
��A��' ���m��
� �-5#5
�;8� � �  ���3"��67#(;���!H!>�A-5-53>486a47
:'�6�'�6847
:'�67#zps
�#op��A'�3>��/ 4 � ������68!>;7� ��^�c�c� § �(����  � ¤Q� � ��¨�¤Q��¥n��¢%£¤Q� §K©)ª ¤Q��« ��=�=K�@����O�UQP��J���+N	���� �!�� �JU�U�U	�
V �[�AW �B�btu��4 � ;(0��A���K�T����{�� XB�K{�3>;(4 � 67#8� ��� ���@XE ���67#7� � �� �!"-53>!"68��68!j47
:'�68;7�,- � 67
�#(68-�3"4���!k47
���4767=	-�;

����'n=�#��A48-�3"4���!)'�67;53"/���#( �!>68; � �^�c�c� § �(����  � � ��¨�¤Q��¥ � §K©)ª ¤Q��« �[��
�!�+�+�	�+=�=b����O����8P��JO�U���� �� �!"�
�JU�U�U	�

V �+LQW ���h�i�`t�
�|768��47#5�Ap -��1q^����� ����47
���;7� �[~m#53"��473"=�!>68;C
ApfY�
�0n02 ���3"4��A-53>
�� lm��/�3>��6767#(3>��/�� �itv3>!>6����
�S6�Z'&`
�#(]��@��U��[�	�

V �[RAWB�B� &`676�������~���}@3>���)�A#(-�|A�S���1{)6�-5-rZ$673>;8� �+�� �!"-�3"4���#(#53"67#�YH��� � 3>� 3>��'�
	
�#CZ�3>#(67!"67;5;�#5��'�3"

��68-rZ$
�#(]:;8� � $�^¤J¡ � ¤�¨  ��� �	��  "!�� &`
�]�
 � ��0C����=�=K�@�

(
UQP^���JO��)\:67=�-7�@�JU�U�O��

V �[UAWBl1� � 6 � ���	3%� � RMP�~`\�y -�#(67!>!"3>;c47
:'�68;Hps
�#H�2�E���:!>673"/ � 4 � ������68!� � �^�c�c� § �(���� 7�:¡�¢�£¤Q�� f¤Q� 	 ¤Q¥z®
¥z¦	�)£¡5��¢�£¤Q��  �	��
�!���

(
�)=�=K�dR�L�OQP�R�R������������JU�U[N	�

�A�


