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� � J#X�^��,l�V \o^_J`WvJ`hjV��K~�R�I ldJ!W�tf\]b�kqk V�\]^_J!WvcHJ!^_W3\�^qWZV`WnV�ld\o^{s!b t]L��Tl �,V�W�W�b�k E E E E E E E E E E �

} !,b�V`t]^"��k_bKefb�p!^qJ!W h J!e � � P#�+Y � l�J!W�tf\obdk_k_V�\o^qJ!WvcTJ`^_W3\otdE E E E E E E E E E E E E E E E E E E E E |

$ ~xb�eSh J!e]g�V`W�ldb ldJ!g c,V`e]^qt]J!WvJ�hjX�^�%�bde]b�W3\)~HY+~'& P e]bdX�L�ld\]^_J!W V`kqp!J!e]^{\(��g t�E�E E E E E E E E E E E ��)

* ~xb�eSh J!e]g�V`W�ldb ldJ!g c,V`e]^qt]J!WvJ�hjX�^�%�bde]b�W3\)~HY+~'& P e]bdX�L�ld\]^_J!W V`kqp!J!e]^{\(��g t�E�E E E E E E E E E E E ��)

� a+^qtf\]e]^+��L�\o^qJ!W�t=J�h�\,��b g J#X�^��,b�X ldJ!W�tS\ob�kqk V�\]^_J!W cTJ`^_W3\otKL�tf^_W�p \,��b c�efJ!cTJ`t]b�X V`kqp!J!ef^q\(��g/V�W�X

\,��b V`kqp!J!e]^{\(��g ^qW.- �0/01 E32 V54 ^_W L�W>L�tfb�X tfL6�Hl �,V`W�W�bdk_t7�3u1\(��b c�e]J!cHJ!tfb�X V`k_p`J!e]^{\(��g M829�:4

^qW@V�ld\o^{s!b t]L6�Hl �,V`W�W�b�kqt;�3u \(��b c�e]J`cTJ!tfb�X@V`k_p!J`e]^q\,��g M'2 l<4 ^qW L�W>L�tfb�X&tfL6�Tl ��V`W�W�bdk_t;�3u \(��b

V�k_p!J!ef^q\,��g ^qW�- ��/=1 M>2 X?4�^_W V`l \o^{s!b t]L6�Hl �,V`W�W�b�kqt@�3u \,��b V`k_p!J`e]^q\,��g ^_WA- ��/=1 E E E E E E E E E E �CB

/ ~xb�eSh J!e]g�V`W�ldb ldJ!g c,V`e]^qt]J!WvJ�hjX�^�%�bde]b�W3\)~HY+~'& P e]bdX�L�ld\]^_J!W V`kqp!J!e]^{\(��g t�E�E E E E E E E E E E E � $
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� L�kq\]^_l�V�e]e]^qb�e+g J X�L�k V \o^_J`W �,W�X�t V`c�c�k_^_l�V�\o^qJ!W�t+^qW �TJ`\,� ��^qe]bdX�V`W�X ��^_efb�kqb�t]t ldJ!g�g[L�W�^_l�V�\o^qJ!W�t - � 1 P - *=1 E

O b�k_k��>W�J���W�b���V�g�c�kqb�t J`hCgFL�k{\o^ql�V`efe]^_bde g J X�L�k V \o^_J`W#P �,V�t]b�X tfu tf\]b�g t ^_W�ldk_L�X�b�X�^_p!^{\ V`k�t]L���t]lde]^+�Hb�e kq^_W�bdt

2 a R#U�t(4 L�t]^_W�p@X�^qt]l�efbd\]bngFL�k{\o^{\oJ!W�bA2 a �� 4 - �=1 M X�^_p`^q\ V�k V`L�X�^qJA��e]J3V`X�l�V`tS\o^_W�p 2 a�Y+y 4 - } 1 M V`W�X1X�^_p!^{\ V`k

s ^_X�bdJ ��e]J3V�X�l�V`tS\o^qW�p 2 a wKy 48- $ 1 L�tf^_W�p J!ef\,��J!p!J`W,V`kTh efb��>L�bdW�ldu3P2X�^qs ^_tf^_J!W gFL�k{\o^_c�k_b��#^qW�p72�� !ja � 4 E

Y g�V��fJ`e=c�efJD��k_bdg/J�h�g[L�kq\]^_l�V�e]e]^qb�e�g J#X�L�k V�\]^_J!W ^_t+^{\ot+k_V`e]p`b[cHb�V`�!P \]J�P$V�s`b�eoV�p!bFcHJ ��b�e$P2e]V�\o^qJ 2 ~HY+~'& 4 M

���^ql �1g�V��`b�t�tfu tf\]b�g cTbdefh J!efg�V�W�l�bZs!bdefu�t]b�W�t]^q\]^qs`bn\oJ X�^_tS\oJ!eS\o^_J`W ^qW3\oe]J X�L�ldb�X �3u W�J!W�k_^_W�b�V`e X�b s#^ql�bdt�M

b`E�p�E{M.cTJ���b�e V�g�c�kq^"�,bde]t 2 ~HY=t 4 E��2W�J!efX�b�e[\]J g ^q\o^qp3V�\]b W�J!W�k_^qW�b�V�e X�^qtf\]J!ef\]^_J!WNM�k_^qW�b�V`e ~HY=tF��^q\,�&V ��^qX�b

X�u W,V`g ^_l eoV�W�p!b V�e]b�efb��>L�^qe]b�X ��L�\FtfL�l � ~TY=tFV`e]b�^_W�b���ld^_bdW>\�EnY%~TY ��^{\(� ��^_pD�#P cTJ���b�e b�� l�^qb�W�l u@��V`t

X�b s!b�kqJ!cHb�X�^qW - � 1 �,V�t]b�X�J!W�V�W�bdW>s`b�kqJ!cTbCb�kq^_g ^_W,V�\]^_J!W[V`W�X�e]b�tS\oJ!e]V�\o^qJ!W \obdl ��W�^��>L�b)���b�efb �3u \(��b)b�W3s!bdk_J!cHb

V`W�XZc6��V`t]bKldJ!g�cHJ!W�bdW3\ot J`h�\(��bKgFL�kq\]^_l�V`e]ef^_b�e�t]^qp!W,V`k�V`e]b+\]e]b�V�\obdX tfb�c,V�eoV�\]b�kqu`EjO ��^_kqb=\(��bKc6�,V`tfbKt]^_p`W,V`k�^qt

h b�X X�^_e]bdld\]kqu ^_W3\oJ�\,��b ~HY[MT\,��b b�W3s`b�k_J`cTb J`h.\,��b t]^qp!W,V`kx^_tCL�t]bdX \oJvg J#X�L�k V�\]b \,��b cTJ���b�e+tfL�c�c�k{u J`h.\,��b

~TY \(��efJ!L�pD��V tS��^q\ol ��g�J X�b)cTJ���b�e�tfL�c�c�k{u!E��2W \(��^qt���V�u!M�\,��bCb�� l�^_bdW�ldu�J`hN\,��b+~HY ^qt�^qW�l�efb�V`tfb�X tf^_W�ldb=^{\

^_t�k V`efp!b�k{u�^qW�X�bdcTbdW�X�b�W3\)J`hxb�W3s`b�k_J`cTb��,L�ld\oL�V�\o^qJ!W�t�E��)J���b s!b�edMH\,��b V�s!bdeoV`p!bKJ`L�\oc�L#\�cTJ���b�e ��J!L�k_X7�Hb+k_J��

���bdW k_V`e]p!b b�W3s!bdk_J!cHb �,L�l \oL,V�\]^_J!W�tKJ#ldl�L�edE!�2W J!e]X�b�e+\oJv^qW�l�efb�V`tfbF\(��b V�s!bdeoV`p`b J!L�\oc�L�\ cTJ���b�edMxldk_^qc�c�^_W�p

J`hx\(��b bdW>s`b�kqJ!cTb t]^qp!W,V`kH��J`L�k_X �Tb W�bdb�X�bdX ��L#\)\,��^_t J`cTbdeoV�\]^_J!W ��J!L�kqX ^qg�c�V`^_e�\(��b8��^{\fP2bde]efJ!e eoV \ob�2 y i'&@4

cHb�efh J`e]g�V`W�l�bKJ�h�\,��b tfu tf\]b�g E

YCW�J`\,��b�e t]J!kqL�\o^qJ!W�\oJ \,��b c�e]JD��k_b�g ^qt \]J@efb�X�L�ldbn\(��bn~HY+~'&<J�h+\(��b gFL�k{\o^ql�V`efe]^_bde t]^qp!W,V`k�Hbdh J!efb ^{\

b�W3\]b�e]tF\,��bv~HY V`W�X�efb�ldb�W3\ok{u&VnW>L�g �Hb�e[J`h)~TY=~ & P2efb�X�L�ld\o^qJ!W@\]b�l ��W�^"�>L�b�t V`W�X�V`k_p!J`e]^q\,��g t ��V�s`b �Tbdb�W

c�efJ!cTJ`t]b�X�E Y tf\oe]V`^_pC�>\fh J!ef��V`efX ��V�u ��J!L�k_X �Tb \oJnkq^_g ^q\+\,��b�tf^_p!W�V`k:tf\oefb�W�p�\(��V�\ \(��b \oe]V`W�t]g ^q\f\obde \]J V

X�bdt]^_efb�X k_bds`b�k>��L�\�\(��b \obdl ��W�^"� L�b[X�bdp!eoV`X�b�t�\(��b y i'&�cTbdefh J!efg�V`W�l�b J`h
\,��b tSu tf\obdg V�W�XNM�^_W V`X�X�^{\o^qJ!WNM�^{\

^_W�l�e]b�V`t]bdt�\(��b=J!L�\SP2J`h P �,V`W�X�eoV`X�^ V�\]^_J!W - /=1 - | 1 E � bd\,��J X�t�\(��V�\�ldJ!g ��^qW�b)b�e]efJ!eSP l�J!W3\]e]J!kHl�J X�^_W�p ��^q\,� ~HY+~'&

e]bdX�L�l \o^_J`W ��b�e]b�c�e]J!cHJ!tfb�XF^qW - ) 1 P - �C� 1 E  ��bdt]b g bd\,��J#X�t�efb�X�L�ldb�\(��b�X,V�\oVCe]V�\ob�V`W�X V�e]b�^_W�ldJ!g�c�V�\o^"��k_bj��^{\(�
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\(��bKb��#^_tS\o^_W�p tS\ V`W�X,V`e]X�t�E��2WA- �0�01 - � } 1 M,V`W V`c�c�e]J3V`l �v��V`t�c�e]J`cTJ!tfb�XZ\(�,V \�p!b�W�bdeoV�\]b�t)VFt]b \)J`h
g[L�kq\]^_l�V�e]e]^qb�e

t]^qp!W,V`kqt�V`W�X t]b�kqb�l \ot�\(��b:\oe]V`W�t]g ^q\�tf^_p!W�V`k!��^q\,� \,��b:k_J���bdtf\�cTb�V`�KcHJ ��b�edE  ��^qtxg bd\,��J X ^qtxldJ!g c�L�\ V \o^_J`W,V`k_k{u

b�� ld^_b�W3\ ��L�\)^{\�e]b��>L�^qe]bdt)\]eoV`W�tfg�^qt]tf^_J!WvJ`h�t]^qX�b ^_W�h J`e]g�V�\o^qJ!WNE �2W - � $ 1 M�V W�bd��J`c�\o^qg�^ � V�\]^_J!W�l�e]^{\obde]^_J`W h J!e

c,V`eS\o^_V`k#\]eoV`W�tfg�^{\.t]b��>L�b�W�ldb�t�\]J e]b�X�L�l�bC~TY=~ &1^qt.c�e]J`cTJ!tfb�XNE  ��^_tj\obdl ��W�^"� L�b=V`kqt]J e]b��>L�^_efb�t.\oe]V`W�t]g ^_tft]^qJ!W

J`h.tf^_X�b ^_W�h J`e]g�V�\o^qJ!WNE  ��b t]J�P l�V`kqk_bdX \]J!W�b[efb�tfb�efs�V�\]^_J!W V`W�Xn\]J!W�b ^_W �fbdld\o^qJ!Wng bd\,��J X�t)��b�efbFc�efJ!cTJ`t]b�X ^qW

- �0*=1 - � � 1 M3efb�t]cHb�l \o^{s!b�k{u!M3h J!ej\,��b�e]b�X�L�ld\]^_J!W J`hH\(��b)~HY+~'&1J`hH\(��b \oe]V`W�tfg�^{\.t]^qp!W,V`k E
�2W \(��b \]J!W�b�e]bdt]bdefs�V�\o^qJ!W

g bd\(��J#XNM.tfbds`b�eoV�k t]L6�Hl�V`efe]^qb�e]tFV`e]b tfbd\ V`tf^_X�b�h J!e ~TY=~'& e]bdX�L�l \o^_J`WNE �CJ���b s!bde�M V�ld\o^{s!b tfL6�Hl�V`efe]^_bde]t V`efb

W�J`\�b��#c�k_J!^{\obdXZh J`e \(��bKefb�X�L�l \o^qJ!W J�h�\,��b ~TY=~ & E �2WZ\(��bK\oJ`W�bK^_W �fbdld\]^_J!Wvg bd\,��J#X�M�\(��b ~HY+~'& ^_t efb�X�L�l�b�X

�3unh J!efg�^qW�p Vvp!bdW�b�e]V`k_^ � bdX l�J!W�tf\obdk_k_V�\o^qJ!W V`W�X tfb�kqb�ld\]^_W�pZV c�e]J!cHb�eKg�V`c�c�^qW�p �Hbd\2��b�bdW \,��b J!e]^qp!^_W�V`kxV`W�X

p!bdW�b�e]V`k_^ � b�X[l�J!W�tS\obdk_k V \o^_J`W[cHJ!^_W3\otdE��2W - �0/=1 M!~HY+~'&�efb�X�L�l \o^qJ!W ^_t
V`l ��^_b s!bdX �3u[g�J X�^qh u ^qW�p)\,��b g J#X�L�k V�\]^_J!W

l�J`W�tf\]b�k_k_V�\o^qJ!WnJ�s`b�e V`l \o^qs`b t]L6�Hl�V�e]e]^qb�eft+^_W V���V�un\(��V�\+��^_kqk�W�J`\KX�bdp!eoV`X�bF\(��b y�i & cTbdefh J!efg�V`W�l�b`E  ��^qt

g bd\(��J#XZX�J b�t�W�J`\�p`L,V`eoV�W>\]b�b V`WZJ!c�\]^_g�V`kN~HY+~'& P e]bdX�L�ld\]^_J!WZtfJ!k_L�\]^_J!W�E

�2W \,��^_tjc�V`cTbde�M ~TY=~'& P e]b�X�L�ld\]^_J!W V`kqp!J!e]^{\(��g t�\(�,V�\jJC%�bde.^_g c�e]J�s`b�X cTbdefh J!efg�V�W�l�b�V`efb c�efJ!cTJ`t]b�X�E'!
^_eftf\�M
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��	� J`h�\(��b�g�J X�L�k_V�\o^qJ!W l�J!W�tS\obdk_k V \o^_J`W cHJ!^_W3\ ^_t ^_X�bdW3\o^"��b�XNE��Cb �%~HY+~'& P2e]bdX�L�l \o^_J`W�V`k P

p!J!ef^q\,��g�t h J!e �,V`tfb �,V�W�X V`W�X1c�V`t]t �,V`W�X gFL�kq\o^ql�V`efe]^qb�e tfu tS\ob�g tZV`efb \,��b�W X�bdX�L�ldb�X �3u g J X�^qh u ^_W�p \,��b

g J#X�L�k V�\]^_J!W ldJ!W�tf\]b�kqk V�\]^_J!W J�s!bde V`ld\]^qs`bCtfL6�Tl�V`e]ef^_bde]t V�W�X�\,��bCg J X�L�k V \o^_J`W tSu g �TJ`k_t:J�s!b�e�L�W>L�t]bdXvt]L6�Hl�V`e$P

e]^qb�eft�E:rCtf^_W�p \,��bKc�e]J`cTJ!tfb�X ~TY=~ & P2efb�X�L�ld\o^qJ!W V`k_p`J!e]^{\(��g t�M J!c�\]^_g�V`k�~HY+~'& P2e]bdX�L�l \o^_J`W tfJ!k_L#\o^_J`W�t l�V�W �Hb

JD��\oV`^_W�b�X�V�W�X h J!e8�,V�t]b ��V`W�X�gFL�kq\o^ql�V`efe]^qb�eKtfu tS\ob�g t�M
l�J!W�tf^_X�bdeoVC��k_b cTbdefh J!efg�V`W�l�b ^_g c�e]J�s`b�g b�W3\[l�V`W �Hb

V`l ��^qbds`b�X&J�s!bdeF\(�,V�\[V`l ��^qbds`b�X&��^q\,�@\(��b�V`k_p`J!e]^{\(��g t ^_W - �0*=1 - �0/=1 E !,J!e c,V`t]t �,V`W�X&g[L�kq\]^_l�V�e]e]^qb�eKtSu#tS\obdg�t

���bde]b V�k_k t]L��Tl�V`e]ef^_b�eft V`efbnV�ld\o^{s!b�M V W�b �<~TY=~ & P2efb�X�L�ld\o^qJ!W V`kqp!J!ef^q\(��g ^_t ldJ!W�tf\]e]L�l \obdX1���b�efb �3u�\,��b

V`tft]J l�^ V \ob�XZg ^_W�^qg�V�� J!c�\o^qg�^ � V�\]^_J!W�c�e]JC��k_bdg ^qt t]J!k{s!b�XZL�tf^_W�p V`W V`ldl�bdk_b�e]V�\obdX���� �"!�# P%$&#(' V`k_p`J!e]^{\(��g - � | 1 E

R#^qgFL�k V \o^_J`W e]bdt]L�k{\ot V`e]b c�efb�t]bdW3\ob�X����^_l �@X�b�g J!W�tf\]eoV�\]b \(�,V�\ \,��b�c�e]J!cHJ!t]bdX@g bd\,��J#X J!L�\]cTbdefh J!efg�t+\,��b

g bd\(��J#X ^qW�- �0/01 V`W�X \(��V�\K^_g c�efJ s`b�X ~TY=~'& e]bdX�L�ld\]^_J!W l�V`W �Tb JD�#\ V`^qW�b�X ���bdW \,��b g bd\(��J#X J`h - � } 1 ^qt

�



l�J`g ��^_W�b�Xv��^q\,�Z\,��b g�b \(��J XZc�e]J`cTJ!tfb�X ^_W \(��^_t�c,V`cHb�edE

 ��b)c�V`cTbde.^_t.J!efp3V`W�^ � bdX�V�tjh J!k_kqJ ��tdE  ��b�gFL�kq\o^ql�V`efe]^qb�e
tSu tf\obdg8g�J X�bdk�^_t.X�b�t]lde]^"�TbdX�^qW�R b�l`E � � E3YCh \]b�e:V

��ef^_bdhNe]bds ^qbd� J`hN\,��b=b��#^_tf\]^_W�p[~TY=~ & e]bdX�L�l \o^_J`W g�b \(��J X�t�e]bdcTJ!eS\obdX ^_W - �0*01 - �0/=1 ^_W R#b�l�E � � � M3\(��bCc�e]J`cTJ!tfb�X

~TY=~'& P e]b�X�L�ld\]^_J!W V`kqp!J!e]^{\(��g t V`e]bvX�b s!bdk_J!cHb�X�^_W R b�l`E�� w h J`e[\(��b ��V`t]b �,V`W�X l�V`tfb V`W�X�^_W R#bdl`E@w%h J!e

\(��b c,V`t]t �,V`W�X l�V`tfb`E  ��bdWNM�t]^qgFL�k V \o^_J`Wne]bdt]L�k{\ot V`efb c�e]bdt]b�W3\]b�X@^qW R#b�l�ENw�� Exm�J!W�l�k_L�t]^_J`W�t V`e]b X�eoV���W ^qW

R#bdl`E,w�� � E

������������������� �?��� �����:�����
�
	 �	��� � ���� ��� � �
��� ����	6�����
�

m�J`W�t]^qX�b�e)VF\2u c�^_l�V`k�gFL�k{\o^_l�V`e]ef^_bde�\]eoV`W�tfg�^{\]\]b�e�V`t�^_kqk_L�tS\oe]V�\obdX ^_W !
^qp�E � M����b�e]b \(��b ��k_J l � t)R��`~)M�~��`R�M

V`W�X a���Y/e]bdc�e]bdt]b�W3\ t]bde]^ V�k{P \]J�P2c�V`eoV`kqk_bdk ^_W3\obdefh V`ldb`M)c,V`e]V`k_kqb�k{P4\oJ�P t]bde]^ V�k ^_W3\obdefh V`ldb`MCV`W�X X�^qp!^q\oV`k{P4\oJ�P2V`W,V`kqJ!p

l�J`W>s`b�eS\ob�edM�efb�tfcTbdld\o^{s!bdkqu!M�V`W�X&Y=g c��
efb�c�efb�t]bdW3\ot V cTJ���b�e V`g c�kq^"�,bde�E  ��bZV�s�V`^qk VC��k_b �,V`W�X#��^_X�\,��� ^qW

\(��bFtfu tf\]b�g ^qt=X�^{s ^_X�bdX ^_W3\oJ�� ���&�� "! ��� � ��� �����J!t]b ldb�W3\obde+h e]b��>L�bdW�l�^qb�t V`efbFt]bdcTbdeoV�\]b�X �3u#�$�%� E i:V`l �

J`h \(��b t]L6�Hl �,V`W�W�b�k_tv^qt ^_W�X�b�cHb�W�X�b�W3\ok{u1g J#X�L�k V�\]b�X1L�tf^_W�p&c��,V`t]b P2t ��^qh \Z��bdu ^_W�p 2 ~�R#I 4 J!e �>L,V`X�e]V�\oL�e]b

V`g c�k_^{\oL�X�b g J#X�L�k V�\]^_J!WA2 �KY � 4 E  ��bFg J#X�L�k V�\]b�X tfu g �HJ!k�&('[^qt=efbdh b�efe]bdX \oJvV`tC\(��b ��� ����)+* ���	�,^_W \,��b

, \,� tfL6�Tl ��V`W�W�bdk�- �=1 M�V`W�XZs!bdld\oJ`e.-0/ - &�1�2��3�3�%24&65 187 ^_t efbdh b�efe]bdX \oJ V`t \,��b gFL�kq\]^_l�V`e]ef^_b�e�tfu g �HJ!k E

X x

P/SInverse
DFT

channel
Amp.D/AS/P Modulation

stream

bit

\s)*$@[�9![m6t?%-�<F�()*/��"("�)*��"'�("(��1@AH?B)=�H�(��"e[

 ��b+gFL�k{\o^_l�V`e]ef^_bdej\oeoV�W�t]g ^q\�t]^qp!W,V`k;: l�V`W �TbCJD��\oV`^_W�bdX�L�tf^_W�p \(��b+^qW3s!b�eft]b+X�^_t]lde]b \ob !,J!L�ef^_bde�\]eoV`W�tSh J!e]g

2 �$a !  4 V`t

<;= / �
�

5
>
'"?@1 &(' �"ACBED+F

'HG;1JI F = G;1JI8KL5 h J!e , / � 2��3�3�H2M� 2 � 4

���bde]b <;= V`W�X(& = efb�c�efb�tfb�W3\ \(��b.NT\,� b�kqb�g b�W3\ot�J`hNs`b�l \oJ!eftO: V`W�XP- M e]b�tfcTbdld\]^qs!bdkqu`E��2W g�V \oe]^ �Fh J!efg M 2 � 4

}



l�V�W �Hb b��#c�e]bdt]tfb�X V`t

:#/�� - 2 � 4

���bde]b��<^_t=\,��b �$a !  g�V�\oef^ �Z��^q\,� b�kqb�g b�W3\ot�� =�� ' / 2 � �H� 4(� A BED F 'HG;1JI F = G;1JI KL5 h J!e N 2 , / � 2 � 2��3�3�%2�� E

�2WZV;�,V�t]b ��V`W�X \oe]V`W�tfg�^qt]t]^qJ!W�tSu tf\obdg M : �,V`t�\]J �Hb=e]b�V`k4M#V`W�X�M#\(��b�e]b h J!e]b�M#\,��b+^_W�c�L�\ tf^_p!W�V`k,\oJ[\,��b��$a ! 

c�efJ#ldb�t]tfJ!e�g[L�tf\�g�bdbd\ \(��bnl�J`W �fL�p3V�\]b tSu g�g bd\]e]^_lZldJ!W�X�^{\o^_J`W�t - �=1 E �+W�\,��b J`\(��bde���V`W�XNMO: l�V`W �Tb V

l�J`g�c�kqb���t]^qp!W,V`kT^_WvVFc�V`t]t �,V`W�Xv\oe]V`W�tfg�^qt]t]^qJ!W�tSu tf\obdg E.O ^{\(� \(��^_t�X�^"%Tb�e]bdW�l�bKW�J`\obdXNM�\(��b ��k_J l � X�^ V`p`eoV`g

^_W !
^qp�E � V`c�c�k_^qb�t \oJ �HJ`\(� �,V`tfb �,V�W�XnV�W�X c�V`t]b �,V`W�X \oeoV�W�t]g ^q\f\ob�eft�E

!,J!e�\(��b gFL�k{\o^ql�V`efe]^_bde�tSu#tS\obdg<^qW7!
^_p�E � M�\,��b ~TY+~'& J`h�t]^qp!W,V`k@:@^qt X�b �,W�b�X V�t

~HY+~'&��O/ 	 : 	 B 
� - 	 : 	 BB 1 �H�
2 }54

���bde]b � -� 1 X�b�W�J`\]b�tKb���cHb�l \ V�\]^_J!W�MNV`W�X 	 : 	 
 V`W�X 	 : 	 B e]b�c�e]b�tfb�W3\K\(��bF^_W���W�^q\2u>P�V`W�X � P2W�J!e]g J`h.s`b�ld\]J!e

:.M,efb�t]cHb�l \o^{s!b�k{u!E

 ��b ~TY=~ & J`h.\(��bFgFL�k{\o^_l�V`e]ef^_bde)tf^_p!W�V`k�l�V`W �Hb[g ^_W�^qg�^ � b�XZ��^q\,��J!L�\+y i'& X�bdp!eoV�X,V�\o^qJ!Wn^{h.\(��b \o^_g b P

X�J!g�V`^qW�tf^_p!W,V�k4:�2 b�� L�^qs�V`k_bdW3\okqu`M3\(��b)h e]b��>L�bdW�ldu3P X�J!g�V`^_W�t]^_p`W,V`k�- 4:^qt�V�c�c�e]J`c�e]^_V�\obdkqu g J#X�^"�,bdXNE
YCW,V`kqu>\SP

^_l�V`k_k{u!M J!W�b+tfb�bd� t�\oJ ��W�X V s`b�l \oJ!e�� 2 b�� L�^qs�V`k_bdW3\okqu`M#s`b�ld\]J!e�� 4�\(�,V \ g�J X�^��,b�tO: \]J$:���� 2 b��>L�^{s`V�k_b�W3\]kqu!M

- \oJ -���� 4 tfL�l � \,�,V�\ \,��b ~TY+~'& h J!e \,��b g�J X�^��,b�Xvtf^_p!W,V�k4M�^ E�b�EqM

~HY+~'& 2�� 4 / 	 :���� 	 B 
� - 	 : 	 BB 1 �%�
2 $ 4

^_t g ^_W�^_g ^ � bdX t]L�l � \(��V�\ \(��b y i'& cHb�eSh J!e]g�V`W�ldbK^_t W�J`\)X�bdp!eoV�X�b�XNE  ��b VC�HJ�s!b X�b ��W�^q\]^_J!Wv��V`t)V`X�J!c�\]b�X

^_W�- �0*=1 V`W�X �,V`tKtf^_W�ldb �Hb�bdW L�t]bdXA�3u VvW>L�g �Hb�eKJ`h�V`L�\,��J!eft - � � 1 - ��) 1 - � B 1 E �CJ`\]bF\(�,V \Ks!b�l \oJ!eft�� V`W�X��
V`efb efb�k_V�\obdXZ\]J b�V`l � J`\(��b�e�3u

:���� /�� 2 -���� 4@� 2 * 4

� \ h J!k_kqJ���t�h e]J!g 2 � 4 V`W�X 2 * 4�\(�,V \

�$/����6� 2 �54

$



�2W \(��b efb�tf\ZJ�h \,��b c,V`cHb�edMCs!bdld\]J!e]t � V`W�X�� ^qW 2 �54 ��^qk_k@�Tb efbdh b�efe]bdX \]J V`t \(��b \]^_g b P X�J!g�V`^_W V`W�X

h e]b��>L�b�W�l u3P2X�J!g�V`^qW � ������� ����� �; �� 
��	�
	��" �� �	��� M,e]bdt]cHb�l \o^qs`b�k{u!E

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

������� � � �	� ���6* ����! ��� ���	��� �	� ��� ��������(��� ��* 
�� ��
��	�

� \Ch J!k_kqJ���tCh e]J`g/i��>t�E 2 }54 P 2 �D4�\(��V�\=h J!e=V p!^qs`b�W tf^_p!W,V�k :.MT\(��b[s`b�l \oJ!e ��\,�,V�\+g ^_W�^_g ^ � bdt)~TY+~'&;2 � 4)^qt
\(��b tfJ!k_L#\o^_J`WvJ`h�\,��b J!c�\]^_g ^ � V \o^_J`W�c�efJD��k_bdg

g ^_W�^qg�^ � b
� 	 :���� 	 
 / g ^_W�^qg�^ � b� 	 :������ 	 
 � 2 / 4

�2W \(��b g bd\(��J#X�t c�efJ!cTJ`t]b�X ^_W - �0*01 M�\(��b \oeoV�W�t]g ^q\f\ob�e V`W�X�\(��b efb�l�bd^qs`b�e�efb�tfb�efs`b V tfg�V�k_k t]L���t]b \ J`h

t]L��Tl �,V�W�W�b�kqt h J!e�p`b�W�bdeoV�\]^_W�p \(��b+cHb�V��3P e]bdX�L�ld\]^_J!W�s!b�l \oJ!e tfJ[\(��V�\�\,��bKy i'& cTbdefh J!efg�V`W�l�b=J�h�\(��b+tSu tf\obdg

^_t)W�J`\CX�bdl�e]b�V`t]bdXNE+YCW,V`kqu>\]^_l�V�k_kqu`M�\(��^_t)g�b�V`W�tC\,�,V�\C^qhj\,��b�efbFV`efb N�� L�W>L�t]bdX t]L6�Hl �,V`W�W�b�kqt=���J!tfbF^_W�X�^_l�bdt

h J!efg<\,��b t]b \ �!�(/%��" 1 2#" B 2��3�3�%2$" =�% �>MN\(��bdW \(��b ldJ!g�cHJ!W�bdW3\ot &('[h J!e ,'& �!� V`efbFt]b \K\oJ � bde]J V`W�X \,��b

l�J`g�cHJ!W�bdW>\]t)( ' V`efb W�J!W � b�efJKJ!W�k{u[^{h ,*& �+� E  ��bde]bdh J`e]b`M!\,��b J!c�\]^_g ^ � V�\o^qJ!W c�e]JD��k_b�g l�V�W �Tb�h J`e]gFL�k_V�\obdX

V`t

g ^_W�^qg�^ � b� 	 :������ 	 
 2 |`V54

tfL6� �fb�l \C\]J��,( './ B.-!/10 , �& �+� � 2 | �?4

U�b \32� / -4( A65 ( A87 � � �9( A;: % 1 7 V`W�X<2�0/ ->= A65 = A87 � � �9= A;: % 1 ���b�efb?= A8@ ^_t�\(��bA"3' \(� ldJ!k_L�g W J`h �ZE � h
� /���� / 2� 2� M�\(��b c�efJD��k_bdg%^qW 2 |54�l�V�W �Hb l�J!W3s!bdef\]b�Xn\]J \,��b c�e]JC��k_bdg

g ^_W�^qg�^ � bB� 	 : � 2� 2� 	 
 2 ) 4

���bde]b \(��b X�^qg�bdW�t]^qJ!WZJ`h�s`b�l \oJ!e 2�8^qt.N��>E�� \Cl�V`W �Tb t,��J ��W \(�,V \ \(��b VC�HJ s`b c�e]JD��k_b�g%l�V`W �Tb l�V`tf\CV`t)V

k_^qW�b�V�e c�e]J`p!eoV`g g ^_W�p72 U�~ 4�c�e]JD��kqb�g%��^{\(� � N�� � � s�V`ef^ VC��k_b�t - �0*=1 - � � 1 E

*



� ��� ����! ��� ���	� � �	� ��� ����� � �(��� ��* 
�� ��
��	�

�2W�\(��b g bd\,��J X J�h - �0/=1 M�^{\ ^_t V`tft]L�g b�X�\(�,V \�V�k_k tfL6�Tl ��V`W�W�bdk_t�V`e]b V`l \o^qs`b V`W�X�\(��bZcHb�V`�!P2efb�X�L�ld\o^qJ!W

s!bdld\]J!e�� ^_t�p!b�W�bdeoV�\]b�X \,��e]J!L�pD�vV[efb�V`tft]^_p`W�g�bdW3\ J`hN\,��b+ldJ!W�tf\]b�kqk V�\]^_J!W cTJ`^_W3\ot�V`t�^qk_k_L�tf\oe]V�\obdX��Hb�kqJ�� E:U�b \

L�tKldJ!W�t]^qX�b�e VvtfcTbdl�^"��l l�V`tfb J�h � !ja � ��^{\(� �>L,V`X�e]V�\oL�e]b c6�,V�t]b P t,��^{h \ �`b u#^qW�pA2 �K~�R�I 4=g�J X�L�k_V�\o^qJ!Wn^qW

b�V�l � t]L6�Hl �,V`W�W�b�k E)YCtCt ��J���W ^_W !
^_p�E � M�\(��b l�J!W3s`b�W3\o^qJ!W,V`k
�K~�R#I l�J!W�tS\obdk_k V \o^_J`W cHJ!^qW>\]t=V�e]b k_J l�V�\]b�X V�\

\(��bFl�J!efW�b�eft+J`h.\,��bFt,��V`X�b�X efb�p!^qJ!W�tdEKi:V`l � J`h.\(��b�t]b[e]b�p`^_J!W�tC^_tCl�V`kqk_b�XnV������	��
������������
��	� h J!e)\(��b e]b�V�t]J!W

\(��V�\ ^qhxVFldJ!W3s!bdW>\]^_J!W�V`kNl�J`W�tf\]b�k_k_V�\o^qJ!W�cHJ!^qW>\�^_t�e]b�V�t]t]^qp!W�bdXZ\]J VFcTJ`^_W3\ ^qW�t]^qX�bC\,��bKl�J!efe]bdt]cHJ!W�X�^qW�p t,�,V�X�b�X

e]bdp!^_J`WNMx\,��b�y i'&AcHb�eSh J!e]g�V`W�ldb ��^_k_k.W�J`\;�Hb X�b�p!e]V`X�bdX �Hb�l�V�L�t]b \(��b�g�^qW�^_gFL�g/X�^qtf\oV`W�l�b �Hbd\2��b�b�W�\,��b

W�b ��kqu�V`tft]^qp!W�b�X l�J`W�tf\]b�k_k_V�\oJ`W cHJ!^qW>\ V�W�X V�W>u�ldJ!W�tS\ob�kqk V�\]^_J!W@cTJ!^qW3\ k_J l�V�\]b�X�^_W�J`\,��b�e h b�V�t]^+��k_bve]bdp!^_J`W�t

^_t p`L,V`eoV�W>\]b�bdX W�J`\ \]J��HbZk_bdt]t \(�,V`W�\(��b g ^_W�^_gFL�g X�^qtf\ V�W�l�b V`g J!W�p \(��b ldJ!W3s!bdW>\]^_J!W�V`k�l�J!W�tS\obdk_k V \o^_J`W

cHJ!^_W3\otdE �2Wn\,��bFefb�tf\+J`hj\(��bFc,V`cHb�edMNV�ldJ!W�tf\]b�kqk V�\]^_J!W cTJ`^_W3\=^qt=t]V`^_Xn\]J �Hb �����	��
������^{h.^q\C^_tCk_J l�V�\]b�X ��^{\(��^qW

\(��b V�t]t]J l�^_V�\obdXvh b�V`tf^+��kqbKe]b�p`^_J!WNE

3

0

In-phase

Quadrature

Feasible 

2

A
1

Feasible Feasible 

Feasible 

B
region 3region 1

region 2region 0

\ )=$&[��.[��Z�.,.)���/��
�()=�!1T�C �
	]4��� /���1@AH����<=<U�
�()=�!1+����)*1��a)*1Z�1Z��/W��)*���cAH-@J�/#>@��1�1���<5[

U�b \ - F � I �Tb \(��b J!ef^_p!^qW,V`kTgFL�kq\]^_l�V`e]ef^_b�e�tfu g �HJ!k�JD��\oV`^_W�bdX L�t]^_W�p �K~�R�I g�J X�L�k_V�\o^qJ!W J`hjV p`^qs!bdWnX,V \ V

tf\]e]b�V`g E  ��b \o^_g b P X�J!g�V`^_W tf^_p!W,V�k : F � I ^qt[JD�#\ V`^qW�b�X�V`t \(��b �$a !  J`h - F�� I E !,J!e \,��b l�J`g�cHJ!W�bdW>\]tFJ`h

: F � I ���J`t]bvg�V`p!W�^{\oL�X�bdt[b���ldb�bdX Vnldb�eS\ V`^qW�\ V`efp!bd\[cTb�V`� kqbds`b�k4M:V ldk_^qc�c�^_W�p J!cHb�e]V�\o^qJ!W�^qt[L�tfb�X&\oJ kq^_g ^q\

�



\(��b�^_e�g�V`p!W�^{\oL�X�b�t \oJ \(��b \ V`efp!bd\)cHb�V`�vkqbds`b�k4E a+b�W�J`\]^_W�p \(��b g J#X�^"�,bdXZ\]^_g b P X�J!g�V`^_W tf^_p!W�V`k��>u�: F 1JI M���b

cHb�efh J`e]g \(��b a !  J�h : F 1JI \oJvJD��\oV`^_W \(��b gFL�kq\o^ql�V`efe]^qb�e�tfu g �HJ!k - F 1JI E[a+L�b \oJ�\,��b l�kq^_c�c�^qW�p�J`cTbdeoV�\]^_J!WNM
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�2W \,��b c�e]J`cTJ!tfb�X g bd\(��J#XNMN\,��b cHb�V`�!P2efb�X�L�ld\o^qJ!W s!bdld\oJ`e �%^_tKg J X�^"�,bdX ^_W \,��b t]bdk_bdld\obdX tfL6�Hl �,V`W�W�bdk_t

���J!tfb ^_W�X�b���h V`k_kqt�^_W3\]J�b�^{\(��bde �+� J!e ��� t]J V`t�\oJ&g ^_W�^qg�^ � b 	 : ����� 	 
 tfL�l � \(�,V�\�\(��b g J X�^"�,bdX

t]L���tfu g �HJ!k_tx^_WK\,��b�V�ld\o^{s!b:t]L��Tl �,V�W�W�b�kqt
efb�g�V`^_WKh b�V�t]^+��k_b`E
� �3s ^_J!L�tfkqu`M \,��^_t�^_txV�l�J!W�tf\oe]V`^_W�b�X J!c�\o^qg�^ � V�\]^_J!W

c�efJD��k_bdg ���^ql � l�V`W �TbKh J!efgFL�k V \ob�XZV�t

g ^_W�^qg�^ � b� 	 :������ 	 
 2 ��B VD4

t]L�� �fb�l \C\]J`� &6' � ( '+h b�V`tf^+��kqb+h J!e , & ��� 2 ��B �?4

( './ B h J!e , �& �+� V`W�X , �& ��� � 2 ��B l<4

� \ ^_tF��J!eS\(�3���^_kqb \oJ W�J`\]b \(�,V \ �>u&V`k_kqJ ��^qW�pncHJ!^qW>\ &('�� ( '�2 , & ��� 4 \oJ g J s`b ��^q\,��^_W�\,��bvh b�V`tf^+��kqb

e]bdp!^_J`WNM,V t]J!kqL�\o^qJ!WvJ`h 2 ��B 4�l�V`W �Tb JD�#\ V`^qW�b�Xv���^ql � ^qt b��#cTbdld\]b�X \]J�J`L�\ocHb�eSh J!e]g \(�,V�\�J�h2 |D4 E
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��� MHV`W�X X�b�W�J�\ob��� V`t�\(��b tfL6��g�V�\oef^ �ZJ`h � \,�,V�\)^_t�l�J`g�cHJ!t]bdX J�h
\(��b ldJ!k_L�g W�t ��^q\,� ^qW�X�^ql�b�t�^qW.�+� V`W�X

��� M�\(��b�W \,��b c�e]JC��k_bdg%^_WA2 ��B 4�l�V�W �HbKl�J!W3s`b�ef\]b�Xn\]J

g�^qW�^_g ^ � b�� 	 :�� �� �� 	 
 2 �D� VD4

t]L6� �fb�ld\)\oJ��(&(' � ( '+h b�V`tf^+��kqb=h J!e , & ���+� 2 �D� �?4

U�b \ � �Hb[\(��b[L�c�cHb�e �HJ!L�W�X J�h.\(��bFJC� �fb�l \o^qs`bFh L�W�l \o^_J`W ^_W 2 �D� V54 E�� \Kl�V`W �Tb[e]b�V�X�^_k{uZt,��J���W \(�,V \ �3u

^_W�l�k_L�X�^_W�p c�V`eoV`g bd\]b�e � V`t)V`W V`X�X�^q\]^_J!W,V�k�X�bdt]^_p`WZs�V`ef^ VC��k_b`M \(��b ldJ!W�tf\]eoV`^qW3\ob�X J!c�\]^_g ^ � V�\o^qJ!W�c�e]JD��kqb�g ^qW

2 �C� 4�l�V`W �Hb h J`e]gFL�k_V�\obdXZV`t

g ^_W�^qg�^ � b � 2 �0� VD4

t]L6� �fb�ld\)\oJ���� < ' � �= 7 ' ����	� � h J!e , / � 2��%�3�%2�� 2 �0� �?4

&(' �3( '+h b�V`t]^"��k_b h J!e , & ��� 2 �0� l<4

���bde]b �= 7 ' X�bdW�J`\obdt \,��b , \(� e]J�� J`h ��ZE �)J`\ob \,�,V�\ ^_W p!b�W�b�eoV�k�g�V�\]e]^ � �� V�W�X s`b�l \oJ!e ��<V`e]b ldJ!g�c�k_b��

s�V`k_L�b�XNE � h���bCk_bd\
�� / ���� �*"�����V`W�X��� /����� � "����� M>\(��bdW�\,��b=ldJ!W�tf\]eoV`^qW3\ot�^_W 2 �0� �?4jl�V`W �HbCb���c�e]b�tft]bdX

^_WZg�V�\oef^ ��h J!e]g%V`t
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c�efJD��k_bdg h J!e X�^"%Tb�e]bdW3\Cg J X�L�k V \o^_J`W t]l ��bdg�bdt�E

y=E � �K~�R�I � J X�L�k_V�\o^qJ!WZm V`tfb
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k V�e]p!b
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\(��b�k_^qW�b�V�eKl�J!W�tS\oe]V`^_W3\ot ^_W 2 �0* 4 V�W�X 2 ��/ 4+l�V`WA�Tb�l�J!g ��^_W�bdX�V`W�X \(��b J!c�\]^_g ^ � V�\o^qJ!W c�e]JC��k_bdg V�\ �,V`W�X

l�V�W �HbKh J!e]gFL�k V�\]b�XZV`t
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 ��b c�e]JD��kqb�g�^qW 2 � |54�^qtjV`W[U�~ c�e]JD��kqb�g���^q\,� � 2LN�� � N�� 4 � � s`V�e]^ V ��k_bdt
V`W�X � � � � N��:ldJ!W�tf\]eoV`^qW3\ot�E.R#^_W�ldb

��� N��#M \(��b�W>L�g �Hb�e
J�h,l�J!W�tf\oe]V`^_W3\]t
^_W 2 � |D4�^qt
V`k{� V�u tjp!efb�V�\]b�e�\(�,V�W[\(��b�W>L�g �Hb�e
J�h�\(��b�X�b�tf^_p!W s`V�e]^ V ��k_bdt
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X�bdt]^qp!Wvs`V�e]^ V ��k_bdt�E

y=E � � � P �+Y � � J X�L�k_V�\o^qJ!WZm V`tfb
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i.t]tfb�W3\o^_V`k_k{u!M>\(��bdt]b=ldJ!W�tS\oeoV�^_W3\ot�e]b��>L�^qe]b�\(�,V \�\(��bCtf^_p!W�t�J`h�( �E'=V`W�X ( � ' �TbC^_X�bdW3\o^_l�V`k�\oJ \(��J`t]b=J�h � � 'CV`W�X
� � '�M�e]bdt]cHb�ld\]^qs`b�kqu`E � hx��b X�b �,W�b V t]^_p`WZs`b�l \oJ!e�� V`t

� / -�! 1 � � � ! = � ! = � � 1 � � � ! B = � 1 7 / - � � 1 � � � � � = � � � 1 � � � � � = � 1 7 2 � $ 4

\(��b�WZ\(��b l�J`W�tf\]eoV`^qW>\]t�^_WA2 � } �?4�l�V`W �Hb bdk_^qg�^qW,V�\obdX �3uZV`tft]L�g ^_W�p s`b�ld\]J!e 2� \oJ �Hb J`h�\,��bKh J!e]g

2� / -�! 1�� B1 � � � ! = � � B= � ! = � � 1�� B= � � 1 � � � ! B = � � BB = � 1 7 � 2 �C* 4

���bde]b	� ��^_tK\(��b � \(�@ldJ!g cTJ!W�b�W3\[J�h V`W L�W�ldJ!W�tf\]eoV`^qW�b�X c,V`e]V`g�b \obde s`b�l \oJ!e�� / -
� 1 � � ��� B =�� 1 7 M
V�W�X \,��b
c�efJD��k_bdg%^qW 2 � }54�^qt l�J!W3s!bdef\]b�Xn\]J

g ^_W�^_g ^ � b
�

g�V �#^_g ^ � b1�� '�� 5 	 2:�' � 2� ' � B 	 2 � �54
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���bde]b<2� ' ^qt JC��\ V`^qW�b�X �3u gFL�k{\o^qc�kqu ^_W�p@b�V�l � l�J`k_L�g W J`h � ' �3u \(��b l�J`e]e]bdt]cHJ!W�X�^qW�p�l�J!g cHJ!W�b�W3\ J`h

s!bdld\]J!e �`MxV`W�X � B X�bdW�J`\]b�tK\(��b s`b�ld\]J!e JD��\oV`^_W�bdX �>u t �>L,V`ef^_W�pv\(��b ldJ!g cTJ!W�b�W3\ot J`h:s!bdld\]J!e ��E i � l�^qb�W3\

J!c�\]^_g ^ � V�\o^qJ!W�V`k_p`J!e]^{\(��g t V`e]b V�s�V`^_k_VC��k_bv^qW \,��bnkq^q\]b�eoV \oL�efbZ\,�,V�\�l�V`W �Tb L�t]bdX1\oJ t]J!k{s!b \,��bng ^_W�^_g�V �

c�efJD��k_bdg ^qW�2 � �54 M�t]bdb`M�h J!eKb���V`g c�kqb`M - �CB 1 MN���b�efb�V�W V�l�l�bdk_bdeoV�\]b�X �� �"!�# P%$ #('@V`c�c�efJ3V`l � ^_tKc�e]J!cHJ!t]bdX h J!e

g ^_W�^qg�V ��J!c#\o^_g ^ � V�\o^qJ!WNE

y=E � � � P �+Y � � J X�L�k_V�\o^qJ!WZm V`tfb

�2Wv\,��b � � P �+Y � g J X�L�k V \o^_J`W l�V`tfb`M,\(��b tf^_p!Wvs`b�ld\]J!e�^_WA2 � $ 4�W�b�bdX�t�\oJ �Tb g J#X�^"�,bdX \oJ

� / - 2! 1 � � � 2! = � 5 5 ��= � 7 2! = � 5 5 ��= � 7 � 1 � � � 2! = � 5 5 ��= � 5 7 � B = � 7 1 7

/ -�2� �C1 � � � 2� � = � 5 5 ��= � 7 2� � 1 � � � 2� � = � 5 7 ��= � 7 1 7 2 �C/ 4

���bde]b 2� � �jV`W�X 2� � �
V`e]b \(��b�� \(� X�^_V`p!J!W�V`kNb�kqb�g b�W3\ot)J`h 2� �=V`W�X 2� ��^_W 2 ��) l<4 MHe]bdt]cHb�ld\]^qs`b�kqu`M�V�W�X s`b�ld\]J!e 2�
^_WA2 � }54 V`tft]L�g b�t \(��b h J`e]g

2� / - 2! 1 � B1 � � � 2! = � 5 5 ��= � 7 � B= � 5 5 ��= � 7 2! = � 5 5 ��= � 7 � 1�� B= � 5 5 ��= � 7 � 1 � � � 2! = � 5 5 ��= � 5 7 � B = � 7 � B= � 5 5 ��= � 5 7 � B = � 7 1 7 � 2 � |54

rCW�X�b�e \(��b�t]bZld^_e]ldL�g tf\ V�W�l�bdt�M�\,��bvl�J`W�tf\]eoV`^qW>\]t ^_W 2 � }C�?4FV`efbvb�k_^qg�^qW,V�\]b�X&V`W�X�\,��bvc�efJD��k_bdg ^qW 2 � }54 ^qt

l�J`W>s`b�eS\ob�X \oJ

g ^_W�^qg�^ � b�� g�V �#^qg�^ � b1�� '�� 5 	 2:�' � 2��' � B 	 2 � ) 4

���bde]b � / -
� 1 � � ��� = � 5 5 ��= � 5 7 � B = � 7 1 7 V�W�X 2��' ^qt JD��\ V�^_W�bdXA�3u gFL�k{\o^qc�kqu ^_W�p b�V`l � l�J!kqL�g W J�h � ' �>u \,��b

l�J`e]e]bdt]cHJ!W�X�^qW�p l�J!g cHJ!W�b�W3\)J`hxs!bdld\oJ`e 2�`E

y=E�} �=\(��b�e � J X�L�k V \o^_J`WZm V`t]bdt

YCt�l�V`W �Tb�b��#cHb�l \ob�X�M!J`\(��b�e�g�J X�L�k_V�\o^qJ!W+tfl ��b�g b�t�t]L�l �[V`t
I=P#�KY � ��^q\(� I � � � l�V`W[V`k_tfJ �Hb�V`X�X�efb�tft]b�X

^_W[VC��V�u[t]^qg�^qk V`eN\]JC\(��V�\j^qW R#b�l�E�w[E`y � J!ejy � E�O ^q\,�[\(��b V`c�c�e]J!c�ef^ V�\]b�g J#X�^"�,l�V�\o^qJ!W�t�\oJ)\(��b tf^_p!W s!b�l \oJ!edM

� �



\(��b ldJ!e]efb�tfcTJ!^qW�X�^qW�p ~TY+~'& c�efJD��kqb�g%l�V`W �TbKh J!efgFL�k V \ob�X V`t)V`WZL�W�l�J!W�tS\oe]V`^_W�bdX g ^_W�^_g�V ��J!c�\o^qg�^ � V�\]^_J!W

c�efJD��k_bdg E

� ��* ��� � ���  ��b�c�e]J!cHJ!t]bdX@~HY+~'& P2e]bdX�l�L#\o^_J`W@V`kqp!J!ef^q\(��g<X�J#bdt W�J`\ e]b��>L�^qe]b \oe]V`W�tfg�^qt]t]^qJ!W J`h�V`W3u t]^qX�b

^_W#h J!e]g�V�\o^qJ!WNE

� ��* ��� � ��� � h�V tfg�V`kqk�V`g J!L�W3\.J�h�tf^_X�b�^_W#h J!e]g�V�\o^qJ!W[^qt.g�V�W,V`p!b�VC��k_b�M`\(��bCV�k_p!J!ef^q\,��gB^_W - � } 1 ^_tjV c�efJ!g ^_tSP

^_W�p \ob�l ��W�^��>L�b t]^qW�l�b ^q\+c�e]J�s ^_X�bdt V ldJ!W�t]^qX�b�e]V�\ob ~HY+~'& e]bdX�L�l \o^_J`W ��^{\(��J!L#\Kb��#c�kq^_l�^{\Kt]^qX�b ^_W�h J`e]g�V�\o^qJ!WNE

�2W tfL�l � V�tfu tS\ob�g MT\,��bFc�efJ!cHJ!t]bdX V`k_p`J!e]^{\(��g l�V`W �Hb[tfg�J J`\(��kquv^qW>\]b�p!e]V�\obdXn��^q\,� \,��bFV`kqp!J!ef^q\(��g ^_W - � } 1

\oJ V`l ��^_bds`b g J!efb ~TY+~'& efb�X�L�l \o^qJ!Wv��^q\(��J!L�\CV`W3uvX�^ ��ldL�kq\]^_bdt�E

� ����� ��� ��� 	����������

 ��b[c�efJ!cTJ`t]b�X ~TY+~'& P2efb�X�L�l \o^qJ!W V`kqp!J!ef^q\(��g�t���b�efb V`c�c�k_^_bdX \]J�tfbds!bdeoV`k�gFL�k{\o^_l�V`e]ef^_bde l�J!g gFL�W�^_l�V \o^_J`W

tfu tS\ob�g t V`W�X \(��b ~TY=~'& P e]b�X�L�ld\]^_J!W cTbdefh J!efg�V�W�l�b ��V`t bds�V`k_L�V�\obdX V`W�X ldJ!g�c�V`e]bdX ��^{\(� \(�,V \ZJ`h \,��b

V`kqp!J!e]^{\(��g t�c�e]J!cHJ!t]bdX ^qW�- ��*=1 - �0/=1 h J!e \(��b8�,V�t]b ��V`W�X l�V`tfb[V`W�XZ\,��J!tfb ^qWA- � } 1 - �0/=1 h J`e�\(��b c,V�t]t,��V`W�Xnl�V`t]b�E

Y1ldJ!g�g J!W�k{u L�t]bdX cHb�eSh J!e]g�V`W�ldb g b�V`tfL�e]b h J!e
~TY=~ & P2efb�X�L�ld\o^qJ!W V`k_p`J!e]^{\(��g t�^_t
\,��b l�kq^_c�c�^qW�p=c�e]JD�,V ��^_kq^q\2u

���^ql � ^qt.X�b ��W�b�X�V`tj\(��b c�e]JD��VC��^_kq^q\2u \(��V�\j\(��bC~HY+~'& J`h�\,��b gFL�k{\o^_l�V`e]ef^_bde�tf^_p!W,V�k�b��#l�bdb�X�t�V+p!^{s!b�W ~HY+~'&

\(��e]b�t ��J!kqX�~TY+~'&���E R#^_W�l�b ��^qpD��cHb�V`�>tFJ�h=V�W,V`k_J`pnt]^qp!W,V`k�g�V�u J l�ldL�e V�h \]b�e[\,��bva � Y l�J!W3s!bde]tf^_J!W - � $ 1 M

J�s!bde]toV�g�c�kq^_W�p � V`t V�c�c�k_^qb�X@\]J V`c�c�e]J �#^_g�V�\ob�\,��bvV`W�V`k_J!p t]^qp!W,V`k E��2W&J!L�eFtf^_gFL�k_V�\o^qJ!W�tdMjV`kqk�V`kqp!J!ef^q\(��g�t

��b�e]b V�c�c�k_^qb�X1L�t]^_W�p&t]^_p`W,V`k_t \(�,V \ ��bde]b J�s!bde]toV�g�c�kqb�X �3u V@h V�ld\oJ`e J`h � M \(��bntoV`g c�k_^qW�p@e]V�\ob ^qt�\,��b�W

^_W�l�e]b�V`t]bdX \oJv| \o^_g b�t)\(��b �)u �>L�^_tS\KtoV�g�c�kq^_W�p�eoV�\]b;�3unV�e]J J`\fP eoV`^qt]bdXnl�J`t]^_W�b;�,kq\]b�e���^q\,� V�e]J`k_k_J % h V`ld\]J!e

J`h B E �0� E

��� � �	� ��� �����.��(��� ��* 
�� ��
��	����) ��� ��*

 ��bngFL�k{\o^ql�V`efe]^_bdeFl�J`g�gFL�W�^_l�V�\o^qJ!W�tfu tf\]b�g ^_W J!L�e�tf^_gFL�k V�\]^_J!W �,V�X � / �D* � t]L��Tl �,V�W�W�b�kqt����bde]b

N � / | t]L��Tl �,V�W�W�b�kqt 2 V �TJ!L#\�}�� J`h=\,��b \]J`\ V�k t]L6�Hl �,V`W�W�b�k_t(4�^_W�\(��b ��^qpD��bdtf\ h e]b��>L�bdW�ldu�eoV�W�p!bv��bde]b
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L�W>L�tfb�XNE �2WnV�k_k�V`l \o^{s!b t]L6�Hl �,V`W�W�b�kqt�M �K~�R#I g J#X�L�k V�\]^_J!W���V`tCV`t]tfL�g b�XNE

��� � * � ��� ���  ��b c�e]J!cHJ!tfb�X V`k_p`J!e]^{\(��gBX�bdt]l�ef^+�Hb�X ^_W R b�l`E � wFE�Y1� V`t�V`c�c�k_^qb�X[\]JKe]b�X�L�l�b \(��b�~TY+~'& J�hH\,��b

\oe]V`W�tfg�^{\Ctf^_p!W�V`k4E w�V`ef^_J!L�t�s�V`kqL�b�tCJ`h N � ��b�efbFL�tfb�X \oJ�JD��\oV`^_WZ\(��b cTb�V`�!P2efb�X�L�l \o^qJ!Wns!bdld\]J!e�����MTV`W�X \,��b
l�kq^_c�c�^_W�p c�e]JC�,VC��^qk_^q\2u[s!b�eft]L�t s�V`ef^_J!L�t�~HY+~'& \,��e]bdt,��J`k_X�s�V`kqL�b�t�V`t]tfJ#ld^ V�\]b�X���^{\(��s`b�l \oJ!e�����^qt�c�k_J`\f\ob�X V`t
\(��b+t]J!kq^_X�l�L�eSs!b�t�^qW !
^_p�E $ E'!�J`e�\(��b+toV`��bKJ`h�l�J`g�c,V�e]^_tfJ!WNM>\(��b=l�k_^qc�c�^qW�p[c�efJD�,VC��^_k_^{\2u JD��\oV`^_W�bdX L�tf^_W�p[\,��b

U�~
P �,V`tfb�X�V`k_p`J!e]^{\(��g�J`h  b�kqk V`X�JK^qW - ��*=1 V`W�X h J`e
\(��b�J!ef^_p!^qW,V`k>gFL�k{\o^ql�V`efe]^_bde�tf^_p!W�V`k�^qt.c�k_J`\f\obdX ^_WF\(��b toV`g b

�,p!L�e]b V`t=X,V`t,��b�X V`W�X X�J�\fP2X�V`t,��bdX l�L�eSs!b�tdM�e]bdt]cHb�ld\]^qs`b�kqu`E � \+^_t=b s ^_X�bdW>\K\,�,V�\�MNV�h \]b�eKV�tfg�V�k_kxW L�g �Tbde+J`h

^q\]b�e]V�\o^qJ!W�t�M>\(��b+c�e]J`cTJ!tfb�XZV`kqp!J!ef^q\(��g8V`l ��^qbds!bdXZt]^_p`W�^"�,l�V`W3\ cHb�eSh J!e]g�V`W�ldb=^_g c�efJ s`b�g b�W3\ J�s`b�e \(��V�\ J`h�\,��b

V`kqp!J!e]^{\(��g ^_W - �0*=1 E�!,J!e�b���V`g c�kqb`M�h J!e)V l�k_^qc�c�^qW�p c�e]JC�,VC��^qk_^q\2u�J`h ��B G�� MHV�h \]b�e)| ^{\obdeoV�\]^_J!W�t�\(��b c�e]J`cTJ!tfb�X

~TY=~'& P e]b�X�L�ld\]^_J!W V`kqp!J!e]^{\(��g ��^{\(� N�� / �0�CB JC%Tb�e]t V B E |!| P2X,y ^qg�c�efJ�s!b�g b�W3\ J�s!bde \(��bZV`kqp!J!ef^q\(��g ^qW

- �0*=1 E

 ��bCldk_^_c�c�^_W�p c�efJD�,VC��^_k_^{\2uFJD�#\ V`^qW�b�X�L�t]^qW�p \,��b=c�e]J!cHJ!t]bdX ~HY+~'& P e]bdX�L�ld\]^_J!W�V`k_p`J!e]^{\(��g � V`t�V`k_tfJ ldJ!g P

c,V`efb�X ��^q\,� \(�,V�\ JC��\ V`^qW�b�X L�tf^_W�p \,��b V`k_p`J!e]^{\(��g J`h G`J!W�bdt ^qW�- ��/=1 h J!e=s�V`ef^_J!L�tKW L�g �Tbde]t J`h�^q\]b�e]V�\o^qJ!W�t�M

^4E�b`E{M � # 0 / * 2 ��B V`W�X ��BDB V`W�X \(��b�\oV`e]p`bd\�~TY=~ & ��V`t�t]b \�\]J �Hb ) X,y=E  ��b)e]bdt]L�k{\ot:JD��\oV`^_W�bdX�V�e]b c�kqJ`\]\]b�X

^_W !
^_p�E * E'!,J!e:\(��b+toV`��bKJ`hxl�J!g c,V`ef^_tfJ!WNM3\(��b=l�k_^qc�c�^qW�p[c�efJD�,VC��^_k_^{\2u h J!e�\,��b+J!ef^_p!^qW,V`k,gFL�kq\o^ql�V`efe]^qb�e:t]^qp!W,V`kqt

^_t�V�k_t]J c�kqJ`\]\]b�X V`t \(��b X�J�\fP2X�V`t,��bdXnldL�efs`b`E � \)l�V`W �Hb JD��tfb�efs`b�Xn\,�,V�\CV`k{\(��J!L�pD� \(��b V`kqp!J!e]^{\(��g ^_WA- �0/=1 ^qt

l�V�c,VC��kqbCJ`hNe]b�X�L�l�^qW�p \,��b=~HY+~'& ^_W V t]g�V`kqk,W L�g �Tbde�J`hN^q\obdeoV�\]^_J!W�t�M>V �Hbd\f\obde�cHb�efh J`e]g�V`W�l�b ��V`t V�l ��^_b s!b�X

L�tf^_W�pv\(��b c�e]J!cHJ!t]bdX ~TY+~'& P2efb�X�L�l \o^qJ!W@V�k_p!J!ef^q\,��g E !,J!e+b���V`g�c�k_b`MNh J`e VZldk_^qc�c�^_W�p c�e]JC�,VC��^qk_^q\2u J`h ��B G�� M

\(��b c�e]J`cTJ!tfb�X&~HY+~'& P2e]bdX�L�l \o^_J`W&V`k_p`J!e]^{\(��g ��^{\(� N ��/ �0�CB JC%Tb�e]t[V B E *D/ P X,y ^qg�c�efJ�s!b�g b�W3\[J s`b�e[\,��b

V`kqp!J!e]^{\(��gA^qW - �0/=1 ��^q\(� � # 0 / ��B E

 ��bCcHb�eSh J!e]g�V`W�ldbCX�^�%�bde]bdW�l�bCl�V`W��Tb)^_kqk_L�tS\oeoV \ob�X g J!e]b)b��#c�kq^_ld^q\ok{uFL�tf^_W�p l�J`W�tf\]b�k_k_V�\o^qJ!W#P cTJ!^qW3\.c,V�\f\ob�efW�t

^_W�\(��b=h efb��>L�bdW�ldu�X�J!g�V`^_W�V`t X�bdt]l�ef^+�Hb�X �Hb�kqJ � E  ��b+c�e]J`cTJ!tfb�XZ~HY+~'& P e]bdX�L�ld\]^_J!WZV�k_p!J!ef^q\,��g ��^q\,��N��./

�0�CB 2 � # 0 / |�V`W�X1\(��b V�k_p!J!ef^q\,��g ^_W - �0/01 ��^{\(���# 0 / ��BCB ��b�e]b V�c�c�k_^qb�X \oJ&V`W V�e,��^{\oeoV�e]^_k{u�l ��J`t]b�W
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VFe]bdt]L�k{\�J`hxt]L�cHb�efcTJ`t]^q\]^_J!WvJ�hx\,��b ~TY=~'& P e]b�X�L�ld\]^_J!WZt]^qp!W,V`kH\oJF\,��bKJ!e]^qp!^_W�V`k�t]^_p`W,V`k4M \(��bKtf^_p!W�V`k�cHJ���bde h J!e

\(��^_t�gFL�k{\o^_l�V`e]ef^_bde�tfu g �HJ!k�^_W�l�e]b�V`t]bdt�E �CJ���b s!bde�M�^qW c�eoV`l \o^_ldbK\(��^qt���^qk_kNW�J`\ �Tb V c�e]JD��k_b�g V`t��^_pD� cHb�V`�>t
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� \:^qt.J`hN^qW3\ob�efb�tS\�\]J l�J!g c,V`efb \(��b�l�J`g�c�L#\ V�\]^_J!W,V�k�l�J`g�c�kqb��#^q\2u[J`h�\,��b�c�e]J`cTJ!tfb�X�V`k_p`J!e]^{\(��g t���^{\(� \(��J`t]b
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\(��V�\�J`hx\(��b c�efJ!cTJ`t]b�Xn~TY=~ & P2efb�X�L�ld\o^qJ!W V`k_p`J!e]^{\(��gA��^q\,� N � / �0� B M����bde]b \(��b k V \]\obde ^_t tfbd\)\oJ L�W�^{\2u!E
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$&���)(#12��34.5+76 K N4f2KBh K'f `

!,efJ!g  VC��kqb � M�\(��bKh J!kqk_J���^_W�p[l�J!W�ldk_L�tf^_J!W�t l�V`W �Tb X�e]V���WN�

�
�2g c�e]J�s`b�X�~TY+~'& P2efb�X�L�l \o^qJ!W�cTbdefh J!efg�V`W�l�b l�V`W �TbvJD�#\ V`^qW�b�X �3u&L�tf^_W�p \,��bZc�e]J`cTJ!tfb�X V`kqp!J!e]^{\(��g E

� b�V`W3���^_kqb`M,\(��b ldJ!g�c�k_b��#^{\2uvJ`hx\(��b c�e]J`cTJ!tfb�X V`k_p`J!e]^{\(��g ^_t�k_J���b�e \(��V`W \,�,V�\�J`h�\(��b V`k_p`J!e]^{\(��g ^_WA- �0*=1 M

^4E�b`E{M!h J!e�VKl�kq^_c�c�^qW�pKc�efJD�,VC��^qk_^{\2u[J`h ��B G�� M!\(��b)c�e]J`cTJ!tfb�X�V`k_p`J!e]^{\(��gB��^q\,�(N � / �0� B ^qg�c�e]J�s!bdX \,��b)~TY+~'& P

e]bdX�L�l \o^_J`W cTbdefh J!efg�V�W�l�b@�>u B E�|!|[X,y1V�W�Xve]b�� L�^_e]bdXvJ!W�k{u \2��JF\(��^_e]X�t�J`h�\,��b+l�J`g�c�L#\ V�\]^_J!W�l�J!g c�k_b��#^q\2u J`h

\(��V�\�e]b�� L�^_e]bdX �3uv\,��b V`k_p!J`e]^q\,��gA^_WA- �0*=1 E

�
 ��b c�e]J!cHJ!t]bdX ~TY+~'& P2efb�X�L�l \o^qJ!W V`k_p!J`e]^q\,��g�JC%Tb�eft:V=\oeoV�X�b�JC% �Tb \2��bdb�W cTbdefh J!efg�V`W�l�b V`W�X ldJ!g c�L�\ V P

\o^qJ!W,V`k l�J`g�c�kqb��#^q\2u`E.R#bdk_bdld\o^qW�p=h b ��bde:V`ld\]^qs!b tfL6�Hl �,V`W�W�bdk_t.h J!e
~TY+~'& efb�X�L�ld\o^qJ!W l�V�W X�eoV`g�V�\o^ql�V`kqkqu=e]b�X�L�l�b

\(��b[l�J`g�c�kqb��#^q\2u J`hj\(��b[c�efJ!cTJ`t]b�X V`k_p!J`e]^q\,��g V \C\,��b[ldJ!tf\=J`hjg J#X�b�eoV \ob cTbdefh J!efg�V`W�l�b X�b�p!e]V`X,V�\]^_J!W�E!�J`e

b���V`g c�kqb`M
�3u t]bdk_b�l \o^qW�p N��P/ $ B \,��b V`g J!L�W3\[J`h l�J`g�c�L#\ V�\]^_J!W e]b��>L�^qe]bdX �3u \,��b�c�efJ!cHJ!t]bdX�V`k_p!J`e]^q\,��g

e]bdX�L�ldb�Xn\]J |�E / � J`h
\(�,V�\)efb��>L�^_efb�X �>uZ\,��b[V�k_p!J!ef^q\,��g%^qW - �0*=1 M�u!b \=\(��b[~HY+~'& P e]bdX�L�ld\]^_J!W ^_g c�e]J�s`b�g b�W3\

^_t tS\o^qk_k �Hbd\f\obde�\,�,V`WZ\(�,V \�J`h - �0*=1 �3u B E } � X,yCE
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!,efJ!g  VC��kqb � � M,^q\ l�V`W �Tb JD��t]b�eSs!bdX \(��V�\��

�
 J V`l ��^qbds!b V tf^_g ^_k V�e cHb�eSh J!e]g�V`W�ldb`Mj\,��bvl�J!g c�L�\oV�\o^qJ!W,V`k�l�J`g�c�kqb��#^q\2u efb��>L�^_efb�X �3u@\,��bvc�e]J`cTJ!tfb�X

V`kqp!J!e]^{\(��g<^_tKg[L�l � kqb�tft \,�,V`W \(�,V \ efb��>L�^qe]b�X��3u \(��b V`kqp!J!ef^q\(��g/^qW - �0/=1 E !,J!eKb���V`g c�k_b�M�h J!e V ldk_^qc�c�^_W�p

c�efJD�,VC��^qk_^{\2u J`h ��B G�� M \(��b=c�e]J!cHJ!tfb�X V`k_p`J!e]^{\(��g ��^{\(��N � / $ B V�W�X \(��b+V`k_p!J`e]^q\,��g8^_W - ��/=1 JC%Tb�e V[t]^qg�^qk V`e

cHb�efh J`e]g�V`W�l�b�M6��L�\�\,��b l�J!g c�L�\oV�\o^qJ!W,V`kTl�J!g c�k_b��#^q\2u J�h�\,��bKh J!e]g b�e ^qt J!W�kqu $ B �AJ`h�\,�,V�\)J`hx\(��b k_V�\]\]b�e�E

�
 ��bZ~HY+~'& P2e]bdX�L�l \o^_J`W cHb�eSh J!e]g�V`W�ldb J`h�\(��bZV`k_p!J`e]^q\,��g ^_W - �0/=1 e]b�V`l ��b�t ^q\]tFk_^qg�^{\ V�h \obde V l�bdef\ V�^_W

W>L�g �Hb�e�J`h
^q\obdeoV�\]^_J!W�t 2 ^_Wv\,��b c�e]bdt]b�W3\=b���V`g c�k_b�M�\(��b V`kqp!J!e]^{\(��g ^_W - �0/=1 X�J b�t)W�J`\)JC%Tb�e�tf^_p!W�^��,l�V�W>\�cHb�e$P

h J!efg�V`W�l�b+p3V�^_WvV�h \]b�e �<BDB ^q\]b�eoV \o^_J`W�t 4 M ��L#\ \(��bKc�efJ!cHJ!t]bdX V�k_p!J!ef^q\,��g8l�V`WZtS\o^_kqkT^qg�c�e]J�s!b+^{\ot cHb�eSh J!e]g�V`W�ldb

�3unL�t]^_W�p�g J!e]b V`ld\]^qs`bFt]L6�Hl �,V`W�W�b�kqt=h J!eC~TY+~'& P2efb�X�L�l \o^qJ!WNE  ��b�efbdh J!efb`M�\,��b[c�efJ!cHJ!t]bdX V`k_p!J`e]^q\,��g%J %�bde]t

p!efb�V�\]b�e��,b��#^+��^qk_^q\2u �Hbd\2��b�bdW�cHb�efh J`e]g�V`W�l�b V`W�X l�J`g�c�L#\ V�\]^_J!W,V�k#ldJ!g�c�k_b��#^{\2u!M`���^ql � ^_tjX�bdt]^qeoVC��kqb ^qhHV+k_V`e]p`b

~TY=~'& e]b�X�L�ld\]^_J!WZ��^q\,� g J X�b�e]V�\obKldJ!g�c�L�\ V�\]^_J!W�V`k�ldJ!g�cHb�k �#^q\2u�^_W�lde]b�V�t]b ^_t c�efbdh bde]e]bdXNE
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!,J!e�c,V`tft,�,V`W�X g[L�kq\]^_l�V�e]e]^qb�e l�J!g gFL�W�^_l�V \o^_J`W tfu tS\ob�g t ���bde]b V`k_k)t]L��Tl �,V�W�W�b�kqt V`e]b V�ld\o^{s!b�M)\,��b V`k P

p!J!ef^q\,��g�t ^_W - �0*=1 l�V�W�W�J`\ �Hb L�tfb�X ��L�\F\,��bZV`kqp!J!e]^{\(��g t ^_W - � } 1 - �0/=1 V�W�X�\(��b�c�e]J!cHJ!tfb�X V`k_p`J!e]^{\(��g V`efb

V`c�c�k_^_l�VC��kqb`E  ��b b���V`g�c�k_b c�efb�t]bdW3\ob�X �Tbdk_J�� ldJ!W�tf^_tf\]t J`h�\2��J c,V`ef\]t�E �2W \(��b �,eftf\ c,V`eS\�MN\,��b V`k_p!J`e]^q\,��g

c�efJ!cTJ`t]b�X�^_WvR b�l`E w ^qt�tf^_gFL�k_V�\obdX�V�W�X l�J`g�c,V�e]b�X ��^q\,��\(��V�\ J`h'- �0/01 E �2W�\(��bCt]b�ldJ!W�Xvc,V�ef\�M#L�W�X�bde�\,��b+V`t$P

t]L�g�c�\]^_J!W \(�,V \�\(��b+t]^qX�b=^qW�h J!e]g�V�\]^_J!W e]b��>L�^_efb�X �3u \(��b+g bd\,��J X�J`h - � } 1 ^_t�V�s�V`^qk VC��k_b`M3^{\�^qt�X�b�g J!W�tf\]eoV�\]b�X

\(��V�\.\(��b�V�c�c�k_^ql�V�\]^_J!W[J`h�\(��b c�efJ!cHJ!t]bdX�V`kqp!J!ef^q\(��gB��^{\(�F\,��b�gFL�kq\]^_l�V`e]ef^_b�ext]^qp!W,V`k#t]bdk_b�l \obdX��3uF\,��b g�b \(��J X
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J`h - � } 1 V`t)V`W ^_W�^{\o^_V`k�cTJ!^qW3\�l�V`W e]bdX�L�l�b \(��b ~HY+~'& �3uZV t]L6��tS\ V`W3\]^ V`k�V`g J!L�W3\�E
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2(� 4�O@bFldJ!W�tf^_X�bde V�gFL�k{\o^_l�V`e]ef^_bde)\]eoV`W�tfg�^{\]\]b�eC��^{\(�#� / � $ V`l \o^{s!bFtfL6�Tl ��V`W�W�bdk_t�E;!
^_eftf\�MT\(��bFc�e]J`cTJ!tfb�X

~TY=~'& P e]b�X�L�ld\]^_J!W[V`k_p!J`e]^q\,��g ��^{\(� s�V`ef^_J!L�t N ����V`t
V`c�c�kq^_b�X \oJCJD��\oV`^_W[V`W[J!c#\o^_g�V`k!cHb�V�� efb�X�L�ld\o^qJ!W[s`b�ld\]J!e

����M V`W�X \(��b�ldk_^_c�c�^_W�pKc�e]JD�,V ��^_kq^q\2u ^_t.c�kqJ`\]\]b�X V`t�V tfJ!k_^qX l�L�eSs!b)^_W !
^qp�E / E  ��b�WNM>\(��bCcHb�eSh J!e]g�V`W�ldb J`hT\,��b

V`kqp!J!e]^{\(��g ^_W - �0/01 M���^q\,� \(��b \ V�e]p!b \K~TY=~'& tfbd\=\]J ��X�y=MH��V`tCbds�V`k_L�V�\obdX V`W�X \(��b l�k_^qc�c�^qW�p�c�e]JD�,V ��^_kq^q\2u

h J!eKs�V`e]^qJ!L�tKW>L�g �Hb�eft J�h ^q\]b�e]V�\o^qJ!W�t�M�^ E�b�EqM �# 0 / �CB V`W�X ��BDB ^_t c�kqJ`\]\]b�X ^_W \(��b�t]V`g�b �,p`L�e]b V`t X,V`t ��b�X

l�L�efs!bdt�E � \ ^qt JC��t]bdefs!bdX \(��V�\ cTbdefh J!efg�V`W�l�bZ^_g c�e]J�s`b�g b�W3\ l�V`W �Tb V`l ��^_bds`b�X �3u�G`J!W�b�t � g bd\,��J#X&��^{\(�

�CB ^q\]b�eoV \o^_J`W�t�M6��L�\�\(��b V`k_p`J!e]^{\(��g � t�VC��^qk_^q\2u�e]b�V`l ��b�t)^q\]t�k_^_g ^q\ V�h \obde ��BDB ^q\]b�eoV \o^_J`W�t�E !,J!e b���V`g c�kqb`M�h J!e)V
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