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��.JCJ.J�YM(.J�R:O%(�0�13*.2+*�Yze.J��.J6S�R���1��.!4/FR�J; "Z6 :}4/C\�! n�13*.2���1��.!4/FR�y4/��.xK*��%BCJ.J����.J+ ��'*C k
CJ.J�����YM(.J)YG( �.!4/CD3 ���1��.!4/F ��� .*T'54/)��JIJ.J+g �+*.JCJ%B+*.J+g �4/6*+8�13*.J6 �Y�1� CJ%(6S�1����X*'p�1��%(68P(.\�1�
��'*Xp�1�14/C\�1.J+I:O��%(F �13*.s��.JCJ.J�YM(.J+A����P(654/)�XL.\:O%(��.HK*��%BCJ.J������6*Py�13*.H6*.4�B� ���1��.!4/F2;$hQ3*.
@T�1����K*K*��6*Px= �dt ��.JCJ.J�YM(.J�_��� ��3*% #U6,�1%2XL.R4wM(.J��G8KL.J��:O%(��Fy4/6S�r��.JCJ.J�YM(.J�r:O%(�_@ ���
4/+54/Kp�1�YM(.R��CD3*.JFR.J�J �.J��KL.JCJ�W4/)�)YGI:O%(� �13*.R+*�YM(.J�����Y�ZGAMB�J;wFs'*)Y�1��K*)�.4�p��6*Pw�1�14/+*.J%/z�;y"Z6
:}4/C\�! e#&.0P(.J6*.J�14/)��JIJ.H��6V�13*���?CD354/Kp�1.J�$�13*.0+*�YM(.J�����Y�ZG2MB�J;_Fs'*)Y�1��K*)�.4�p��6*Pq�1�14/+*.J%/z %/:
5e3*.J6*P26 hQ��.$�1%H�13*.$:O��.*T'*.J6*C\Gw��.J)�.JC\�1�YM(.?CD354/6*6*.J)e#U�Y�13y^56*�Y�1.$+*.J)W4!GR��K*��.!4/+g; � .
��3*% # 4/)���%>�1354[�r�13*.w@T�1����K*K*��6*P2= �dt 4/)�)�% #U�?�1%2��.!4/CD3{4/6,��FRKL%(���D4/6S� KL%(���1��%(68%/:
�13*���a�1�14/+*.J%/z�;�h�%?4/CD3*��.\M(.c�13*.&%(Kp�1��Fy4/)/+*�YM(.J�����Y�ZGrMB�J;�Fs'*)Y�1��K*)�.4�p��6*Pj�1�14/+*.J%/zq%/:*�13*.
@T�1����K*K*��6*Ps= �dtQ B�13*.?���1'*+pGw��'*P(P(.J���1�j�1%s'*��. ���1��.!4/F0kZ+*.JKL.J6*+*.J6S�U�14[�1.J�Q4/6*+>3*.J6*CJ.
+*�Yze.J��.J6S�qCJ%(6*���1.J)�)W4[�1��%(6 ���JIJ.J�J; �`% #&.\M(.J�J n:O%(�_�13*.>6*%(6Bk<4/+54/Kp�1�YM(.x@ ��� C!4/��./ c�13*.
���1��.!4/FR�c.4�pKL.J����.J6*CJ.U+*�Yze.J��.J6S�n+*�YM(.J�����Y�ZGq4/6*+qCJ%B+*��6*PrPS4/��6*�J S4/6*+q�13*.UX*��654/��GsCD354/6Bk
6*.J)dCJ%B+*��6*Py���?���1��.!4/F +*.JKL.J6*+*.J6S�H4/6*+A��3*%('*)�+ICJ%(FRKL.J6*�14[�1.s�13*���$6*%(6BkZ��GBFRFR.\�1��G(;
i$6*%/�13*.J�$��.JCJ.J�YM(.J�?���1�14[�1.JP/G2���`�13*.0m&%(6SM(.J6S�1��%(654/)9l2"�l � = �dtQ;E"Z6I�13*���`C!4/��.H�13*.
���1��.!4/FR�&4/��.`+*.JCJ%B+*.J+rb�%(��6S�1)YGq4/6*+y��6y4_C!4/'*�14/)EFy4/6*6*.J�J;dhQ3*.$K54/���j+*.\�1.JC\�1.J+w��GBF0k
XL%()��$CJ%(6S�1����X*'p�1��%(6I4/��.H��'*Xp�1�14/C\�1.J+8'*����6*Py:O.J.J+*X54/CD-E; h�%>4!M(%(��+IKL.J��:O%(��Fy4/6*CJ.H)�%(���
+*'*.H�1%w.J����%(�?K*��%(K54/PS4[�1��%(6g e7�.J�r@B'*��MB�YM(%(� 79��%BCJ.J������6*P-$}7n@p7%'`C!4/6AXL.s'*��.J+g; hQ3*.
CJ%(6SM(.J6S�1��%(654/)?l2"�l � = �dt���.JCJ.J�YM(.J�w4/CD3*��.\M(.J�y�13*.2�14/FR.2+*�YM(.J�����Y�ZG|4/6*+|CJ%B+*��6*P
PS4/��6w:O%(�`4/)�)e���1��.!4/FR�J;
"Z68CD354/Kp�1.J� 0* g#&.0K*��%(KL%(��.q4/68�Y�1.J�14[�1�YM(._�1'*��XL%x��.JCJ.J�YM(.J� ���1�14[�1.JP/G(;HhQ3*��� ��.JCJ.J�YM(.J�
���q4V�1'*��XL%8+*.\�1.JC\�1%(�q4/�q�Y�s�Y�1.J�14[�1.J�0XL.\�Z#&.J.J6 487�4/�14/)�)�.J)n"Z6S�1.J��:O.J��.J6*CJ.Imj4/6*CJ.J)�)W4 k
�1��%(6 $}79"�m 'n)���6*.!4/�c.J���1��Fy4[�1%(�c%/:a�13*.$���1��.!4/FR� $OK*��.\^5)Y�1.J�<kZCD354/6*6*.J)eC!4/��C!4/+*./ *��.J.J6x4/�
4/6���6*6*.J�sCJ%B+*.�'  n4/6*+�4IX*��654/��G�CD354/6*6*.J)j+*.JCJ%B+*.J�.$OX*��654/��G CD354/6*6*.J)QCJ%B+*.J�J c��.J.J6
4/�y4/6|%('p�1.J�RCJ%B+*.�' ; hQ3*���q�1.JCD3*6*� *T'*.I354/�q�13*.V�14/FR.xCJ%(FRK*)�.4�p�Y�ZG 4/�q�13*.x�1'*��XL%
��.JCJ.J�YM(.J�q:O%(�s�13*.xX*�Y�q��6S�1.J��)�.!4!M(.J+��1.JCD3*6*� *T'*.I4/K*K*)���.J+��1% l2"�l ����GB���1.JFR�R%(�0�Y�1�
M/4/���W4/6S�+$OhQ3*��.!4/+*��6*P�'  e4/6*+V��3*% #U� 4/6V��FRKL%(���D4/6S�`PS4/��62��62KL.J��:O%(��Fy4/6*CJ._% M(.J�`�13*���
)W4/���$�1.JCD3*6*� *T'*./;_hQ3*���?��.JCJ.J�YM(.J� ��� 4/)���%yM(.J��GA4/+54/Kp�1.J+A�1%w.4�pK*)�%(�Y�?Fs'*)Y�1� kZX*)�%BCD-w+*� k
M(.J�����Y�ZGw�Y:aK*��.J��.J6S�U4/6*+>���cM(.J��G �5.4�p��X*)�./ p��6yK54/���1��CJ'*)W4/�9:O%(�n�13*.?C!4/��.?%/:a)�.J���j��.JCJ.J�YM(.
4/6S�1.J6*654/�U�1354/6>�1�14/6*��FR�Y�`4/6S�1.J6*654/�8$$.
	 2 �F.1032�' ;
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"Z6w�13*���jK54/���j�13*. CD354/6*6*.J)a-T6*% #U)�.J+*P(.r4[�j�13*.?h&�>����+*. ���&X54/��.J+2%(6w:O.J.J+*X54/CD-y:O��%(F
�13*.��;�e *%(�j���j+*'*.?�1%0��.JCJ��K*��%BCJ�Y�ZGy%/:N�13*. '*K*)���6*-y4/6*+w�13*. +*% #U6*)���6*-R�Y:�XL%/�13>��354/��.
�13*.$�14/FR.$C!4/������.J�c:O��.*T'*.J6*C\G(;�`% #&.\M(.J�J *�13*���n-T6*% #U)�.J+*P(.?���&%/: �1.J6yK54/���1�W4/)EXL.JC!4/'*��.
%/:j�13*.w+*.J)W4!G,��6,�13*.y:O.J.J+*X54/CD-�4/6*+ �13*.w)���FR�Y�1.J+:$O%(�H4/X*��.J6*CJ.>%/: 'rC!4/)���X*�14[�1��%(68%/:
4/6S�1.J6*654/�J;Ah�%I���1'*+pG �13*.J��.wC!4/��.J�J n4/6{4/+54/Kp�1.J+{CD354/6*6*.J)jFR%B+*.J)9#U��)�)cXL.y:O%(��Fs'Bk
)W4[�1.J+x��6xCD354/Kp�1.J� "B;c"Z62�13*. ^5�����`C!4/��./ 5#&.r#U��)�)g'*��.r�13*.rK54[�13S#U����._CD354/6*6*.J)NFR%B+*.J)
4/CJCJ%('*6S�1��6*Ps:O%(�&�13*. +*.JCJ%(FRKL%(���Y�1��%(6y%/:N�13*. CD354/6*6*.J)a��6S�1%04s)�%(6*Ps�1.J��F K54/���8$OK54[�13
4/���14!Gs��.J��KL%(6*��.J�J p-T6*% #U6q:O��%(F �13*.Q:O.J.J+*X54/CD- 'c4/6*+q�13*.Q'*6*-T6*% #U6y��3*%(���c�1.J��F	K54/���
$OCJ%(FRK*)�.4� K54[�13|PS4/��6*� ' ; "Z6|�13*.2��.JCJ%(6*+ C!4/��./ Q�13*.V)���FR�Y�1.J+{��.JCJ��K*��%BCJ�Y�ZG{#U��)�)QXL.
��. �5.JC\�1.J+I��6x�13*._CD354/6*6*.J)�FR%B+*.J)aXSG2��6S�1��%B+*'*CJ��6*Py4q�14/6*+*%(F ��C!4/)W4/�UKL.J�$4/6S�1.J6*654p;
�5%(�0.!4/CD3|%/:$�13*.J��.2K54/���1�W4/)UmQ@B"sCD354/6*6*.J)`FR%B+*.J)��J c#&.x#U��)�)Q4/654/)YGCIJ.>�13*.Il2"�l �
.J��P(%B+*��CrC!4/K54/CJ�Y�ZG( L4/6*+V��3*% # �1354[�$%('*�`��.J��'*)Y�1�`K*��.J��.J6S� ��FRKL%(���D4/6S�UCJ%(6*��.*T'*.J6*CJ.J�
:O%(�j�13*.rh&�x+*.J����P(6g;
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"Z6s�13*���dC!4/��.QXL%/�130h&�q4/6*+ �;�0354!M(.Q6*%_mQ@B"D; � .j#U��)�)T�D4/-/.&�13*.U4/K*K*��%S4/CD3q��6H#U3*��CD3
�13*.qCD354/6*6*.J)9#U��)�)�XL.q.J���1��Fy4[�1.J+,4[�r�13*. �;�e;qh�%>�13*���r.J6*+g a#&.q#U��)�)94/����'*FR.0�1354[�
��%(FR.?�1�14/��6*��6*P �[K*��)�%/�c��GBFsXL%()��U4/��. K*��.J��.J6S�! EX*'p�U6*%/�U6*.JCJ.J���14/����)YGw.J6*%('*P(3x�1%0354!M(.
403*��P(3 *T'54/)��Y�ZGw.J���1��Fy4[�1./;
"Z6 CD354/Kp�1.J� (p c#U��)�)jXL.xCJ%(6*����+*.J��.J+��Z#&% KL%(K*'*)W4/�H:}4/+*��6*P8CD354/6*6*.J)UFR%B+*.J)��J;{hQ3*.
^5�����c%(6*.j�����13*.QX*)�%BCD-(k :}4/+*��6*P$FR%B+*.J)*4/6*+s�13*.Q��.JCJ%(6*+R�����13*.j�1��FR.&��.J)�.JC\�1�YM(.QFR%B+*.J) ;
� .$#U��)�)E��3*% # �1354[�&�13*. 4!M(.J�14/P(._l2'p�1'54/)e"Z6p:O%(��Fy4[�1��%(6 $ l2" 'n% M(.J�U4_�1�14/6*��FR��������%(6
X*'*�����cC!4/6qXL.Q+*.JCJ%(FRKL%(��.J+q��6S�1% ��GBFsXL%()*KL%(���Y�1��%(6s+*.JKL.J6*+*.J6S�&CJ%(6S�1����X*'p�1��%(6*�J;�hQ3*.
l2"?CJ%(FRKL%(6*.J6S�s4[�H4xCJ.J���D4/��6,��GBFsXL%()cKL%(���Y�1��%(68%(Kp�1��Fy4/)�)YG2CJ%(FsX*��6*.J�_��.JFR� kZX*)���6*+
��6p:O%(��Fy4[�1��%(6s4[�9�1354[�c��GBFsXL%()*KL%(���Y�1��%(6 $O.4�pK*)�%(�Y�1��6*P?KL.J��:O.JC\�nC!4/'*�14/)5��6*K*'p�9��.JCJ% M(.J��G
'*KI�1%w�1354[�?KL%(���Y�1��%(6VCJ%(FsX*��6*.J+I#U�Y�13IX*)���6*+I��6p:O%(��Fy4[�1��%(6x:O��%(F �13*.0��.J��� $ :O'p�1'*��.�'
%/:��13*.HX*'*�����4' ;�� ._#U��)�)N4/)���%y4/654/)YGCIJ.r�13*.H4/��GBFRKp�1%/�1��C_��.JP(��FR. :O%(�Q#U3*��CD3V#&._#U��)�)
XL.$4/X*)�.Q�1%_:O%(��Fs'*)W4[�1.Q%(Kp�1��Fy4/)*CD354/6*6*.J)L.J���1��Fy4[�1.J�J p4/6*+R�1%H.\M/4/)�'54[�1.Q�13*.`C!4/K54/CJ�Y�ZG
)�%(���$#U�Y�13A��.J��KL.JC\�r�1%w�13*.sC!4/��.q%/:nKL.J��:O.JC\�HmQ@B"$4[�?�13*. �;�e;_i$��GBFRKp�1%/�1��C!4/)�)YG( E�13*.
+*.JCJ��.!4/��.$��6yl2"d��6SM(%()YM(.J�&������3*.J�c��6p:O%(��Fy4[�1��%(6sFy4[�1����CJ.J�9CJ%(����.J��KL%(6*+*��6*Pr�1%_CJ.J���D4/��6
CD354/6*6*.J)N.J���1��Fy4[�1��%(6wK*��%(X*)�.JFR�J;
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hQ3*.{Fs'p�1'54/)H��6p:O%(��Fy4[�1��%(6 +*.JCJ%(FRKL%(���Y�1��%(6 ��'*P(P(.J���1�A�1% CJ%(FsX*��6*. �13*. �1�14/��6*��6*P
4/6*+ X*)���6*+ K54/���1�>�1%�.J���1��Fy4[�1.V�13*.8CD354/6*6*.J) ; m&354/Kp�1.J�.,�K*��%(KL%(��.J�x��.JFR� kZX*)���6*+
4/K*K*��%S4/CD3*.J�_#U3*��CD3�.4�pK*)�%(�Y�r�13*.R��6p:O%(��Fy4[�1��%(6I:O��%(F��13*.q�Z#&%IK54/���1�J;>hQ3*.J��.R�1.JCD3Bk
6*� *T'*.J�&354!M(.?4_CJ%(FRK*)�.4�p�Y�ZG06*%/� $O��FRFR.J6*��.J)YG='dFs'*CD3y3*��P(3*.J�c�1354/6R�1354[�n%/:g�1�14/��6*��6*P
X54/��.J+R�1.JCD3*6*� *T'*.J�J;n�5%(�d�13*. �E4[�nCD354/6*6*.J)LC!4/��./ S�13*.`K*��.J��.J6S�1.J+y�1.JCD3*6*� *T'*.$4/CD3*��.\M(.J�
�13*.Hm&�14/F �.J�<k �`4/%0]&%('*6*+g;c"Z6x�13*.?:O��.*T'*.J6*C\Gx��.J)�.JC\�1�YM(.rCD354/6*6*.J)NC!4/��./ *#&. #U��)�)e'*��.
4�*T'54/+*�14[�1��C`��.JFR� kZX*)���6*+0CJ���Y�1.J����%(60�1354[�nCJ%(FsX*��6*.J�&4 �1�14/��6*��6*PrX54/��.J+y)�.!4/����kZ� *T'54/��.J�
CJ���Y�1.J����%(6w#U�Y�13V40X*)���6*+>CJ���Y�1.J����%(6>X54/��.J+V%(6x)���6*.!4/�jK*��.J+*��C\�1��%(6g;
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�7+HG54.25'I�7),1<�<25$J�K+84L-M251325'8'/�7'9254.:N���74I=>�K)@ O+84I=71<�<2A���P=<2Q-M2R=7+8),SUTBVQ4W)8�(+/�N=>�M2Q-.)@�71;CX�
+84�),1< Y:5��=>�Z2[�7+8$!-.'/�Z=> D4�?5 D'*�(),+8?5�\'*+84I�<251J-.1<�>=> Y:5+84(G]��=>���7$O�^)8�M25)KCX�]=<25'8'X_U-M2R=>�7`
�a+8$O�B_U-.1<�<2�:5+84(G^bc_�F_UdUTX���(+/�0��=>���7$O�0�@-.1<�<2�:A�!)8���e),132546�7$&+8),)@�<:J�7SD$gfQ D' �e+84\),+8$O�
254.:\�@-M2R=>�>hB+84�?5 D'*?�+84(GL�@-M25),+,25'E�@-.1<�<2�:5+84(GZ254.:W:R�7'H25S]:5+8?5�71<�7+8),SUT\_i��=>�j'*+84I�<251!-.1<�7`
=> Y:5+84(Gk25'8'/ DCE�\)@ k25),)l25+84]"Q�('8'B:5+8?5�71<�7+8),SmC+8)8�� D�()K'/ ��>�n+84��71cGR Y:5+c=W=<2Q-M2R=7+8),SUTpoZ�
�>�� DCk)8�M25)E)8���%GR�74I�71325'*+Hq�25),+c D4n #"0_�F_^)@ J)8���9"Q1<�<rs���74I=7St���7'/�>=7),+8?5��u\V<ukvw=>�M254�4I�7'
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B@CEDGFEH&DGIJ:K(LMKONPHMQRHMSTD�U*HVIW!D�X&HVY[ZED�\]H&^ Y_ST`�Ya-bE`cU*D�ZEH&`cIdZ-eEYZEb(`cZEf�X&DgYH&D�H@STCED
D�X&hdIRbE`cf�fgY^ Yf�`�SiQ8IJjSTCEDkflC YZEZED�a6mnQ�Y�U�FEa�ST`c^Eac`cfgY_ST`�odD+JpYf�STIdX@D�q�F YacHrSTI[STCEDkXTYZEs
IJ STCEDrflC YZEZED�a $tH&FEmEH&D�f�ST`cIdZ�udv � v � 'wvxLyS�acI3\zD�X&H�STCEDrIdF�SlYhdDz^EX&Idm YmE`cac`�SiQGmnQ{STCEDrf�IdZR|
STX&`cmEF�ST`cIdZ>IJr}G~���� }G�y�*bE`�odD�X&H&`�SiQ�f�IdU*^�IdZED�ZnSTHGf�IdX&X&D�H&^�IdZEbE`cZEh�STI(YacaxSTCED�flC YZEZED�a
f�IRD��*f�`cD�ZnSTHG`cZO��Y_SGflC YZEZED�a:fgYH&Dv[�VI3\zD�odD�X�ejSTCED*K(LMKON�flC YZEZED�a?$�\+`�STC>`cU*^�D�X�|
JtD�f�S��@�RLjY_S�Bz��'xH&F�W!D�X&HxJtX&IdU�`cZnSTD�XMJtD�X&D�ZEf�D@m�D�Si\zD�D�Z�bE`�W!D�X&D�ZnSxSTXTYZEH&U*`�S�YZnSTD�ZEZ YH�v
B@CEDkX&D�f�D�ZnS�Y_S&STD�U*^�STHrSTC Y_SrSTXMQ�STI�Dw��^EacId`�SzSTCE`cH@CE`chdC1^�ISTD�ZnST`�Ya�JtIdXz\+`cX&D�acD�H&H@f�IdU[|
U�FEZE`cfgY_ST`cIdZ�C YgodDzSTI�U�YsDrY�f�IdU*^EX&IdU*`cH&D�`cZ{IdX&bED�XjSTI�C YZEbEacDrYZ{`cZEf�X&DgYH&Dr`cZ�XTY_STDv
B@CED�Q8ZED�D�b8STI{SlYsDGYb�oYZnSlYhdD�IJ�STCEDkYgoY`ca�YmEacD+bE`�odD�X&H&`�SiQ*STI�f�IdU�m Y_SzJpYbE`cZEh�YZEb
bED�HMSTX&FEf�ST`�odD�`cZnSTD�XMJtD�X&D�ZEf�D�\+CE`cacDVsD�D�^E`cZEh[YZ1Yf�f�D�^�SlYmEacD�f�IdU*^EacDw��`�SiQdv�BjX&D�acac`cH�f�IRbED
`cZnSTX&IRbEFEf�D�b�mnQ�BxYX&Ids�C��7)P25'+��u3�#�+SlYsD�H8Y��RLM�ENV|iac`csD�H&IdacF�ST`cIdZ�FEH&`cZEh�Y�mE`cZ YXMQ
flC YZEZED�ajf�IRbE`cZEh*bED�H&`chdZED�b(STI*U�Y^(bE`cX&D�f�STa�Q1IdZ(STXTYZEH&U*`�SVYZnSTD�ZEZ YH�YZEbOYb Y^�STD�b
STI�STCED�FEH&DGIJ6STCEDGK���bED�f�IRbED�X $���`�STD�X&mE`!bED�f�IRbED�X 'wv�B@CEDkmE`cZ YXMQ�flC YZEZED�a�f�IRbED�`cZ
STCE`cHkSTD�flCEZE`cq�FED�C YHGSTI(m�D�odD�XMQ�^�I3\zD�XMJtFEa:STI(m�D�YmEacD[STI(Dw��^EacId`�S�U�FEa�ST`:YZnSTD�ZEZ Y
bE`�odD�X&H&`�SiQdenST`cU*D@bE`�odD�X&H&`�SiQ�YZEb�STI�C YZEbEacD@CE`chdC�mE`�S�XTY_STD+acDgYbE`cZEh�STI{Y�JtFEZEb YU*D�ZnSlYa
ac`cU*`�SkIdZ�^�D�XMJtIdX&U�YZEf�D�FEZEbED�X{STCED�f�IdZEHMSTXTY`cZnS�IJ+f�IdU*^EacDw��`�SiQdv��VD�\�Y^E^EX&InYflCED�H
STCED�Z�Y^E^�DgYX&D�b�Y`cU*`cZEh[STI8Dw��^EacId`�S�bE`�odD�X&H&`�SiQ�IJ�STCED�flC YZEZED�a�mnQ�ac`cZEDgYX+STXTYZEHMJtIdX�|
U�Y_ST`cIdZ�IJ-HMQRU�m�IdacH�v�LiZ*STCE`cH�fgY_STD�hdIdXMQ�H&^ Yf�Dw|yST`cU*DVmEacIRfls�f�IRbED�H�JtX&IdU N�XMSTCEIdhdIdZ Ya
¡�D�H&`chdZ¢� � u���STXTYZEHMJtIdX&U£STCED*K(LMKON�flC YZEZED�a�`cZ�IdZED*�RLM�EN�f�IRD��*f�`cD�ZnSGSTC Y_SGfgY^R|
STFEX&D�H*YacazSTCED�bE`�odD�X&H&`�SiQ�YZEb¢mnQ¤STCED�Z¢FEH&D�STCED�mE`cZ YXMQ�flC YZEZED�a+f�IRbED�H*bED�H&`chdZED�b
JtIdX�¥GYFEH&H&`�YZ�flC YZEZED�a¦v*B@CE`cHkSTD�flCEZE`cq�FEDexD�odD�Z�`�Jz`�SGH&FEf�f�D�D�bEH�STI(Dw��^EacId`�SGYacaxSTCED
YgoY`ca�YmEacD�bE`�odD�X&H&`�SiQde `cHrJpYXrJtX&IdU§YflCE`cD�oR`cZEh[STCEDG^�ISTD�ZnST`�Ya-U�FEa�ST`c^EacDw��`cZEh�XTY_STDv
K(IdX&D8X&D�f�D�ZnS*H&flCED�U*D�H�� � � e ��� e �_¨ �rm YH&D�b¢IdZ¤f�IdZEHMSTD�aca�Y_ST`cIdZ�X&ISlY_ST`cZEhEe�H&FEf�f�D�D�bEH
STI�Dw��^EacId`�S�Yaca�STCED{bE`�odD�X&H&`�SiQ�\+`�STCEIdF�S�Y*acIdH&HVIJ�XTY_STD�mEF�S�ZED�D�b�STI8^�D�XMJtIdX&U©Y8K��
bED�f�IRbE`cZEh�acDgYbE`cZEh*STI1YZODw��^�IdZED�ZnST`�Ya;$t`cZO}G~��*YZEb�STCED{f�IdZEHMSTD�aca�Y_ST`cIdZ(H&`cª�D�'Vf�IdU[|
^EacDw��`�SiQ�STC Y_S�ac`cU*`�STH+`�STH�FEH&DvkB@CED�^EX&D�H&D�ZnSGflC Y^�STD�X�^EX&D�H&D�ZnSTHkSTCED��RBV�(STD�flCEZE`cq�FED
STC Y_Sr\zDkC YgodDk`cZnSTX&IRbEFEf�D�b8« X&HMS+`cZ�� � "#�¦eRSTCE`cHrH&flCED�U*Dk`cHrm YH&D�b�IdZ���`cZEDgYXr¬:X&D�f�IRbR|
`cZEh8\+`�STC�Y(K(LMKON�^ YXTYFEZE`�SlYXMQ�« a�STD�X�ejYZEb�YacacI3\+H�STI�Dw��^EacId`�S�YacajSTCED*YgoY`ca�YmEacD
bE`�odD�X&H&`�SiQdv®�H*\zD(\+`caca@H&D�D�`cZ�flC Y^�STD�X � STCE`cH*H&flCED�U*DOfgYZ�m�D�f�IdU�mE`cZED�b¢\+`�STC
f�IdZnodD�ZnST`cIdZ Ya�YZEb*ZEIdZR|if�IdZnodD�ZnST`cIdZ Ya acI3\¯f�IdU*^EacDw��`�SiQ�X&D�f�D�`�odD�X&H�v�LiZ*flC Y^�STD�X ¨ \zD
H&CEI3\]CEI3\��RBV�1fgYZ(m�Dkf�IdU�mE`cZED�b1\+`�STC1STCEDGmE`cZ YXMQ��zC YZEZED�aj�zIRbED7$¦�@� 'zSTI�FEH&D
Y1STFEX&m�I�bED�STD�f�STIdX�YZEb�STI(Dw��^EacId`�SGSTCED*U�FEa�ST`°|imEacIRfls(bE`�odD�X&H&`�SiQ�`�Jr^EX&D�H&D�ZnSgv�B@CED�H&D
^EX&Id^�D�XMST`cD�HVYacacI3\±STI�YgodId`cb(STCED�K���bED�STD�f�STIdXVf�IdU*^EacDw��`�SiQ�YZEb�U�YsDkSTCED�H&flCED�U*D
odD�XMQ(Y_S&STXTYf�ST`�odDv
�^E^EX&InYflCED�H�^EX&Id^�IdH&D�b�H&I*JpYX+bEDgYa�\+`�STC���Y_SVflC YZEZED�a¦e�CEI3\zD�odD�X�STCE`cH+`cH@JpYX@STI*m�D
STCEDGfgYH&D�`cZ�Dw��`cHMST`cZEh*U*IdmE`cacD�HMQRHMSTD�U*H�vzLiZ�JpYf�Sge�U�FEa�ST`c^ Y_STCEHzSTC Y_S�YX&`cH&Dk`cZ(U*IdmE`cacD
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D�ZnoR`cX&IdZEU*D�ZnSTH{acDgYbEH�STI(JtX&D�q�FED�ZEf�Q�H&D�acD�f�ST`�odD�flC YZEZED�a�\+`�STC�« ZE`�STD*bED�a�YgQ�H&^EX&DgYb-v
B@CED[�RBV�OY^E^EX&InYflC>Y^E^Eac`cD�HVYHV\zD�aca�JtIdX+JtX&D�q�FED�ZEf�QOH&D�acD�f�ST`�odD{flC YZEZED�a�YH+JtIdX+��Y_S
flC YZEZED�a¦v�LyS+acDgYbEH@STI[JtFEaca-bE`�odD�X&H&`�SiQ�� � �#�¦e�YZEb(`cHrSTCED�Z(STCEDk« X&HMS+STD�flCEZE`cq�FEDGSTC Y_SV`�S
`cH�H&CEI3\+Z�STI�Dw��^EacId`�S�JtFEaca bE`�odD�X&H&`�SiQ*`cZ�STCED+JtX&D�q�FED�ZEf�Q�H&D�acD�f�ST`�odD�fgYH&D2$�\+`�STCE`cZ*B@`cU*D
¡�`�oR`cH&`cIdZ�K(FEa�ST`c^EacD��f�f�D�H&H�f�IdZnSTDw�RS4'wv
LiZ1U*IdHMSzIJ�STCE`cHzflC Y^�STD�Xz\zDkYH&H&FEU*D�STCED�flC YZEZED�a�STI�m�DV��Y_Sge�CEI3\zD�odD�X@STCED�HMSlY_STD�b
X&D�H&FEa�STHVYX&DkoYac`cb�JtIdX@H&D�acD�f�ST`�odD�flC YZEZED�acHVYH@\zD�aca�FEZEacD�H&H+bED�ZEISTD�b-v
��Dkm�D�hd`cZ�STCE`cHrflC Y^�STD�X@mnQ8^EX&D�H&D�ZnST`cZEh�STCEDkac`cZEDgYX�^EX&D�« a�STD�X&`cZEh[Y^E^EX&InYflC-v	��D

STCED�ZO`cZnSTX&IRbEFEf�D�STCED�bED�H&`chdZOf�X&`�STD�X&`�Y�
zfgY^ Yf�`�SiQde�U�Y_STflCED�b(« a�STD�XVm�IdFEZEb>YZEb�^ Y`cX�|
\+`cH&D1D�X&X&IdX[^EX&Idm YmE`cac`�SiQde�`cZ¤IdX&bED�X�STI>H&^�D�f�`�J�Q�IdFEX*�RBV��H&flCED�U*Dv���D�HMSTFEb�Q�STCED
`cZ�� FED�ZEf�D�IJ�STCED�f�`cX&f�FEa�YX(f�IdZnodIdacF�ST`cIdZ]YZEb STCED�JtX&D�q�FED�ZEf�Q]H&D�acD�f�ST`�oR`�SiQ±IJ[STCED
flC YZEZED�a¦v���D�D�ZEb¢STCED�flC Y^�STD�X�mnQ¢Y>bE`cH&f�FEH&H&`cIdZ¢IdZ�STCED�K�� bED�STD�f�STIdX[JtIdX[STCED
�RBV�1H&flCED�U*Dv
+D�H&FEa�STH+^EX&D�H&D�ZnSTD�bO`cZ1STCE`cH@flC Y^�STD�X+\zD�X&D�^EFEmEac`cH&CED�b�`cZ�� � "Re � ��e ��� e ��� �¦v

/10w/ ��Ag5�����9�� 9	������7��k9�Ag5�� �"!#!>9:;$��?&%

coding
& mapping

channel
+

demapper
& channel

decoder

')(+*-, . / (0*1,

243

5�6

7 6 8 69 6

:�;<:�=?>A@1BDC1C1EGF

H 3

I&J ILK M
N 7 6

ILO<M
P 6

Qx`chdFEX&D � v�u�
�¥kD�ZED�XTYaj�RB f�IRbE`cZEh�H&D�STFE^-v
 hdD�ZED�XTYaG�R^ Yf�Dw|iB@`cU*D $¦�RB?'�f�IRbE`cZEh¤H&D�STFE^±`cH8H&sD�STflCED�b `cZ¯« hEv � v�udvPB@CED

`cZEf�IdU*`cZEh�HMSTX&DgYU IJ@mE`�STH�hdD�STH�STXTYZEHMJtIdX&U*D�b�STIO}SRkHMQRU�m�Ida�HMSTX&DgYU*H�STCEX&IdFEhdC�Y
f�IdU�mE`cZ Y_ST`cIdZ[IJ-mE`cZ YXMQ�flC YZEZED�a�f�IRbE`cZEhEen`cZnSTD�X&acDgYgoR`cZEhEenHMQRU�m�Ida U�Y^E^E`cZEh�YZEb*bEDw|
U�FEa�ST`c^EacDw��`cZEhEv±B@CED>X&D�H&FEa�S1`cH8Y�odD�f�STIdX1HMSTX&DgYU IJ�HMQRU�m�IdacHUT�VOf�IdZnSlY`cZE`cZEh�}SR
HMQRU�m�IdacH[^�D�X[HMQRU�m�Idar^�D�X&`cIRb-v�B@CED(}SR{HMSTX&DgYU*H�STCED�Z�hdD�S�U�Y^E^�D�b¤ac`cZEDgYX&a�Q�STI
STCED[}G~��[STXTYZEH&U*`�S�YZnSTD�ZEZ YHGYZEb�STCE`cH�^ YXMS�IJ:STCED{STXTYZEH&U*`cH&H&`cIdZ�`cH�fgYacacD�bOac`cZEDgYX
�RB�^EX&D�f�IRbE`cZEhEv�B@CED�IdF�ST^EF�Sk`cH�Y*odD�f�STIdX�HMSTX&DgYU IJ�HMQRU�m�IdacHXWYV{f�IdZnSlY`cZE`cZEh1}G~��
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HMQRU�m�IdacH�^�D�X�HMQRU�m�Ida�^�D�X&`cIRb-vGB@CED[ac`cZEDgYX�^EX&D�f�IRbE`cZEh1`cH�H&^ Y_ST`cISTD�U*^�IdXTYajH&`cZEf�D�Y
ac`cZEDgYX-JtFEZEf�ST`cIdZ�IJ T�V�U�YgQ�Y^E^�DgYX6`cZ{U�FEa�ST`c^EacD�f�IdU*^�IdZED�ZnSTH;$tH&^ Yf�D�'jYZEb{U�FEa�ST`c^EacD
ST`cU*D�`cZEHMSlYZEf�D�H $�ST`cU*D�'�IJ�WYV_v:B@CEDkodD�f�STIdX@H&D�q�FED�ZEf�D WYV�hdD�STHrSTXTYZEH&U*`�S&STD�b8I3odD�XVY
K(LMKON flC YZEZED�a��§\+`�STC�}G�y��X&D�f�D�`�odD�YZnSTD�ZEZ YH�eRacDgYbE`cZEhkSTIGSTCED+HMQRU�m�Ida�XTY_STD@odD�fw|
STIdX�X&D�f�D�`�odD�b*H&`chdZ Ya�� V Y_J�STD�X�HTYU*^Eac`cZEhEv6B@CED+ac`cZEDgYXj^EX&D�f�IRbE`cZEhkfgYZ�m�D@f�IdZEH&`cbED�X&D�b
STI*m�D{YZ(`cZEZED�X+f�IRbEDe�\+CE`cacD�STCED�mE`cZ YXMQ1flC YZEZED�ajf�IRbE`cZEh*D�STfv�fgYZ�m�D�f�IdZEH&`cbED�X&D�b
STI�m�D(YZ¢IdF�STD�X�f�IRbEDv¢�H�STCED�Z�FEU�m�D�X*IJ�HMSTX&DgYU*H�`cH*YOJpYf�STIdX�`cZ¤STCED�I3odD�XTYaca
f�IRbEDw|iXTY_STDe\zD@H&C Yaca�fgYaca�STCEDrfgYH&D+}SR��±}G~��@STCEDrJtFEacaRXTY_STDrfgYH&Ded\+CE`cacDr}SR���u@f�IdX�|
X&D�H&^�IdZEbEH+STI�STCEDGH&`cZEhdacDGXTY_STDGfgYH&DvzLiZEHMSTDgYb�IJ�U�FEa�ST`c^EacD�YZnSTD�ZEZ YH�e�U*IdX&DkhdD�ZED�XTYa
U�FEa�ST`c^EacDkflC YZEZED�acHkfgYZOm�D�f�IdZEH&`cbED�X&D�b>mnQ�I3odD�X&HTYU*^Eac`cZEhEe�mnQ�FEH&`cZEh8^�Ida�YX&`cªgY_ST`cIdZ
bE`�odD�X&H&`�SiQ>IdXkISTCED�X	��K f�IdU*^�IdZED�ZnSkoYX&`�Y_ST`cIdZEH�e-mnQO\zIdX&s�`cZEh(`cZ>m�DgYU[|iH&^ Yf�De6IdX
mnQ{f�IdZEH&`cbED�X&`cZEh�`cZR|i^EC YH&DrYZEb[`cZR|iq�F YbEXTY_STFEX&D $tIdXxD�q�FE`�oYacD�ZnSTa�Q�X&DgYa�YZEb[f�IdU*^EacDw��'
f�IdU*^�IdZED�ZnSTH�v�LiZ(STCEDGfgYH&D�IJ�I3odD�X&HTYU*^Eac`cZEhEeEH&IdU*DGDw��f�D�H&H�m YZEb�\+`cb�STC(H&CEIdFEacb(m�D
`cZnSTX&IRbEFEf�D�b[Y_SxSTCEDzSTXTYZEH&U*`�S&STD�X�e_^�IdH&H&`cmEa�Q�`cZnodIda�oR`cZEh�H&^EX&DgYbE`cZEh�\+CE`cflC�\zIdFEacb{STCED�Z
m�DG^ YXMS+IJjSTCEDGac`cZEDgYXr^EX&D�f�IRbE`cZEhEv

�H:\zDVH&C YacaEH&D�D+m�D�acI3\Ge�flC YZEZED�a fgY^ Yf�`�SiQ[fgYZ*m�D+Y_S&SlY`cZED�b�mnQ�YkJtFEaca�XTY_STD+HMQRH�|
STD�U§\+`�STCEIdF�S�^EX&D�f�IRbE`cZEh $�
 $�� '��� 'wv@LiZ�STC Y_S�fgYH&De�STCED{mE`cZ YXMQ�flC YZEZED�ajf�IRbE`cZEh
C YHkSTI(m�D[JpY`cX&a�Q�`cZnSTD�ZEH&D*H&`cZEf�D�`�SGC YHGSTI�H&^EX&DgYb�STCED�`cZ�JtIdX&U�Y_ST`cIdZOf�IdZnSlY`cZED�b�`cZ
DgYflCOSTXTYZEH&U*`�S&STD�b�mE`�S�I3odD�X�H&^ Yf�D $pYf�X&IdH&H�Bz�>YZnSTD�ZEZ YH '�YZEb�ST`cU*De�YH�^E`cf�STFEX&D�b
IdZOSTCED[acD�J�S�^ YXMSk`cZ�« hEv � v � YZEb�� ��� �¦v�B@CED[hdInYaxIJ�`cZnSTX&IRbEFEf�`cZEh�STCED[ac`cZEDgYX�^EX&Dw|
f�IRbE`cZEhk`cHxSTIGH&`cU*^Eac`�J�Q $t^�IdH&H&`cmEa�Q{hdId`cZEhGYH�JpYX�YH:D�ac`cU*`cZ Y_ST`cZEh�'!STCED@mE`cZ YXMQ�flC YZEZED�a
f�IRbE`cZEh�^ YXMSG��u3�#�¦v:LiZ�STCED�fgYH&D�IJ�ac`cZEDgYX�bE`cH&^�D�X&H&`cIdZ�f�IRbED�Hk� ��� �¦e�� � u��¦e�STXTYZEH&U*`cH&H&`cIdZ
`cH�ZEISGf�IdZnST`cZ�FEIdFEHGmEF�SG^ YflsD�SM|y\+`cH&D.$tmEacIRflsd|y\+`cH&D�'wv{LiZ�STC Y_SkfgYH&DejY1^ YflsD�S�IJ��
odD�f�STIdX�HMQRU�m�IdacH WYV�$tCED�ZEf�D�YG}G~����	�¯U�Y_STX&`°��'jhdD�STH:f�IdZEHMSTX&FEf�STD�b8YH�Ykac`cZEDgYX�f�IdU[|
mE`cZ Y_ST`cIdZ1IJj«���D�b�U�Y_STX&`cf�D�H@`cZ1\+CE`cflC(STCEDGf�IdU�mE`cZ Y_ST`cIdZ1f�IRD��*f�`cD�ZnSTH�YX&DGHMQRU�m�IdacH
� Vv�±^ YXMST`cf�FEa�YX:fgYH&D�`cH:STCED��a�YU*IdF�ST`Ef�IRbED�� � � ��\+CE`cflC�`cH�YGJtFEaca bE`�odD�X&H&`�SiQ*H&`cZEhdacD
XTY_STDkf�IRbEDGf�IdX&X&D�H&^�IdZEbE`cZEh�STI�mEacIRfls�acD�ZEhSTC����±}G~���� � e }SR��Pudv

B@CEDG�RBV�*H&flCED�U*D�JtIRf�FEH&D�HrIdZ8f�IdZnST`cZ�FEIdFEHzSTXTYZEH&U*`cH&H&`cIdZ-e�a�YX&hdD+mEacIRfls�H�$����	�
u�'we `cZ1\+CE`cflC�ac`cZEDgYXr^EX&D�f�IRbE`cZEh*f�IdX&X&D�H&^�IdZEbEH+STI8K(LMKON ^EX&D�« a�STD�X&`cZEhEv�B@CE`cH+ac`cZEDgYX
f�IdZnodIdacF�ST`�odD8^EX&D�f�IRbE`cZEh>fgYZ¤m�D8f�IdZEH&`cbED�X&D�b¢YH[YOH&^�D�f�`�YazfgYH&D8IJVac`cZEDgYX�bE`cH&^�D�X�|
H&`cIdZ�f�IRbED�H8$tU�Ys�`cZEh�YmEHMSTXTYf�ST`cIdZ1IJjSTCEDG^ YflsD�S�m�IdFEZEb YX&`cD�H 'z`cZ1\+CE`cflC�STCED�«���D�b
U�Y_STX&`cf�D�H{YX&D�ST`cU*Dw|iH&CE`�J�STD�b�odD�X&H&`cIdZEH[IJ@STCED8`cU*^EFEacH&D*X&D�H&^�IdZEH&D�H[IJ@STCED8f�IdacFEU*ZEH
IJ
 $�� ' $tH&D�D�« hEv � v�u�'wv$�®CED�X&DgYH�`cZ>STCED�YmEH&D�ZEf�D�IJzac`cZEDgYXk^EX&D�f�IRbE`cZEhEe�STCED�a�YHMS
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IJ�H&FEXMoR`�odIdX&H�YX&D�HTYgodD�b-e�STCED�Q(YX&D�FEH&D�b>YH+JtD�D�bEm Yfls(`cZ�STCED�D�q�F Yac`cª�D�XVYZEb�CED�ZEf�D
`cZEf�X&DgYH&D{STCED�Z�FEU�m�D�X�IJ�bE`cHMSlYZEf�D�H�STI8m�D�D�oYacF Y_STD�b-vkB@CED�Z�FEU�m�D�X�IJ�H&FEXMoR`�odIdX&H
`cH@flCEIdH&D�Z�`cZ(Y[U�YZEZED�XrSTI*sD�D�^(STCEDGf�IdU*^EacDw��`�SiQ1Yf�f�D�^�SlYmEacDv
�ZEISTCED�Xx^�IdH&H&`cmE`cac`�SiQkIJ�mE`cZ YXMQ�f�IRbE`cZEh�`cHjSTI�YacacI3\¤`cZnSTD�X�|imEacIRflskf�IRbE`cZEhEe_STCEDzbED�f�IRbR|
`cZEh�^EX&IdhdX&D�H&H@`cHzSTCED�Z�bEIdZEDkH&D�X&`�Yaca�Q*`cZ1IdZED�mEacIRfls�mEF�S@`cZ1^ YXTYacacD�a�`cZ�STCEDkbE`�W!D�X&D�ZnS
mEacIRfls�H�ezJtIdX*HMQRU�m�IdacH[STC Y_S�C YgodD�STCED(HTYU*D(`cZEbEDw� + v Q IdX�STCED�Y^E^EX&InYflC�STI�m�D
H&U*IRISTCEa�Q�f�IdU�mE`cZED�b�\+`�STC�STCED(�zIdZnodD�ZnST`cIdZ Ya+K(LMKON©¡XQ � r�!e:`�S�`cH{bED�H&`cXTYmEacD
STC Y_S*STCED�HMQRU�m�IdaVf�IdU*^�IdZED�ZnSTH�IJ�STCED(odD�f�STIdX8HMQRU�m�IdaXT�V(m�D�acIdZEh�STI�STCED�HTYU*D
HMSTX&DgYU YZEb�STC Y_S*f�IdZEH&D�f�F�ST`�odD�T�V(m�D�acIdZEh�STI�bE`�W!D�X&D�ZnS�HMSTX&DgYU*H�v BjI�STCE`cH*D�ZEb-e
YOZED�\�SiQR^�D1IJVHMSTX&DgYU YH&H&`chdZEU*D�ZnS _ a�YgQdD�X&`cZEh ` H&CEIdFEacb¤m�D8`cZnSTX&IRbEFEf�D�b-v�LiZ¤STCE`cH
fgYH&De6STCED[JtXTYU*D[IJrb Y_SlY8STI(m�D[STXTYZEH&U*`�S&STD�b�hdD�STHG^ YXMST`�ST`cIdZED�b�`cZnSTI�f�IdZEH&D�f�F�ST`�odD
mEacIRfls�H�v���YflC1HMSTX&DgYU C YHrIdZED�bE`�YhdIdZ Ya H&D�S@IJ�HMQRU�m�IdacHz`cZ8YZnQ�hd`�odD�Z8mEacIRfls�e�YZEb
CED�ZEf�DGHMSTX&DgYU � `cHrf�IdU*^�IdH&D�b�IJjbE`�YhdIdZ Ya � `cZ8D�odD�XMQ�mEacIRfls _ JtIdX@Y{JtX&D�q�FED�ZEf�Qn|y��Y_S
flC YZEZED�a ` v@�VD�ZEf�De�D�odD�XMQ(mEacIRfls1f�IdZnSlY`cZEH+IdZEa�Q�IdZEDkodD�f�STIdX�HMQRU�m�Ida _ bE`�YhdIdZ Ya ` T�V
m�D�acIdZEhd`cZEh�STI�Yk^ YXMST`cf�FEa�YXxHMSTX&DgYU(v�B@CED+ZEIdZR|i`�STD�XTY_ST`�odDrX&D�f�D�^�ST`cIdZ�hdD�STH�^�D�XMJtIdX&U*D�b
mnQ�X&FEZEZE`cZEh1STCED�¡XQ �±`cZ�^ YXTYacacD�axI3odD�X�DgYflC�mEacIRfls>YZEb�bED�f�IRbE`cZEh(DgYflC�f�IdZEH&D�fw|
F�ST`�odD�HMSTX&DgYU H&D�q�FED�ZnST`�Yaca�Qde:m�D�JtIdX&D�FEH&`cZEhO`�S{`cZ�STCED�JtD�D�bEm Yfls�JtIdX�STCED�bED�STD�f�ST`cIdZ
IJ�STCED�ZEDw�RS8HMSTX&DgYU(v¯B@CE`cH�Y^E^EX&InYflC YacH&I�YacacI3\+H[STI�SlYsDOYb�oYZnSlYhdD(IJ�ST`cU*D
bE`�odD�X&H&`�SiQ�mnQObE`cHMSTX&`cmEF�ST`cZEh*STCED�mEacIRfls�H�I3odD�XkbE`�W!D�X&D�ZnSkX&DgYac`cªgY_ST`cIdZ-vVB@CE`cH�HMSTXTY_STD�hQ
YacH&I�D�ZEH&FEX&D�HkY�CE`chdC(X&D�ac`�YmE`cac`�SiQ*IJxSTCEDGJtD�D�bEm Yfls(YZEb(CED�ZEf�D{X&D�bEFEf�D�H�D�X&X&IdX+^EX&Id^R|
YhnY_ST`cIdZ-v
LiZ � � �_�¦erH&`cU�FEa�Y_ST`cIdZEH�YX&D(bEIdZED(STI�D�oYacF Y_STD1STCED�^�D�XMJtIdX&U�YZEf�D(IJG¬���¬ mEF�S*JtIdX
YOfgYH&D1\+CED�X&D�ZEI�ac`cZEDgYX{^EX&D�f�IRbE`cZEh>`cH�FEH&D�b-v¤B@CE`cH�Y^E^EX&InYflC�`cH[Y>^EFEX&D1mE`cZ YXMQ
flC YZEZED�a-f�IRbEDkY^E^EX&InYflC�YHrbE`�odD�X&H&`�SiQ�`cHzDw��^EacId`�STD�b8IdZEa�Q*mnQ8mE`cZ YXMQ8�@��v�B@CEDk^�D�X�|
JtIdX&U�YZEf�D�H+Idm�SlY`cZED�b(H&CEI3\]STC Y_S+STCED{¡XQ �¢f�IdFE^EacD�b(\+`�STC(Y*¬���¬¯Dw��^EacId`�STHVYaca!STCED
YgoY`ca�YmEacDkbE`�odD�X&H&`�SiQ(mEF�SV\+`�STCOX&D�bEFEf�D�b>f�IRbE`cZEh*hnY`cZ�\+CED�Z>f�IdU*^ YX&D�b(STI8YZO`�STD�X�|
Y_ST`�odD[bED�f�IRbED�X�v[B@CE`cHkbED�hdXTYb Y_ST`cIdZ>`cHkbEFED[STI1STCED[X&D�bEFEf�D�b�Z�FEU�m�D�XGIJ�H&FEXMoR`�odIdX&H
YZEb�fgYZ¯CED�ZEf�DOm�D(X&D�U*I3odD�b mnQ¢`cZEf�X&DgYH&`cZEh�STCE`cH�Z�FEU�m�D�X�v®B@CED�H&DOX&D�H&FEa�STH�HMST`caca
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Y^E^Ea�Q�`cZ�IdFEX{fgYH&D8mEF�S{\zD1C YgodD�STIO^�Id`cZnS{IdF�S{STC Y_S{STCED�ac`cZEDgYX�^EX&D�f�IRbE`cZEh(STC Y_S
\zD�FEH&D�X&IdmEFEHMST`�« D�H�STCED�f�IRbE`cZEh�^ YXMS�\+CED�Z>m�D�`cZEh�f�IdU*^ YX&D�b�\+`�STC�STCED[Y^E^EX&InYflC
^EX&Id^�IdH&D�b¢`cZ � � �_�¦v�LyS*YacH&I�Dw��^EacId`�STH�STCED�bE`�odD�X&H&`�SiQ�YZEb�YacacI3\+H{STI�bED�bE`cfgY_STD1STCED
mE`cZ YXMQ>flC YZEZED�a�f�IRbED[STI�STCED�Dw��^EacId`�SlY_ST`cIdZ>IJ�STCED*U�FEa�ST`°|imEacIRfls�bE`�odD�X&H&`�SiQ�YZEb�STI
`cU*^EX&I3odD�STCED�f�IRbE`cZEh�hnY`cZ-vVB@CED�ZEDw�RSkflC Y^�STD�X�f�I3odD�X&H�STCED�H&D[Yb�oYZnSlYhdD�H�mEF�S�JtIdX
r�1\+`�STC(YZ(`�STD�XTY_ST`�odD�bED�f�IRbED�X�v
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B@CED���STX&`c^E^E`cZEh�Y^E^EX&InYflC8YacacI3\+H�STCEDVFEH&DVIJ!f�IdZnodD�ZnST`cIdZ Ya-�RLM�EN±bED�f�IRbED�X&H�JtIdX:STCED
bED�STD�f�ST`cIdZ �_bED�f�IRbE`cZEh�IJ�DgYflC¢HMSTX&DgYU(ezX&D�bEFEf�`cZEh>STCED�^EX&IdmEacD�U STI>STCED(bED�H&`chdZ�IJ
D�ZEf�IRbED�X&H{JtIdX{D�q�F Yac`cª�D�b�HMSTX&DgYU*H�STC Y_S{Dw��^�D�X&`cD�ZEf�D�Y(s�ZEI3\+Z¤bE`�odD�X&H&`�SiQ�mEF�S{STC Y_S
YX&DkZEIdZR|iHMQRU*U*D�STX&`cfgYa�`cZ�STCEDkH&D�ZEH&DkSTC Y_S@STCED�DgYX&ac`cD�X�STCEDkHMSTX&DgYU�`cHrfgYZEf�D�acD�b-eESTCED
acD�H&H�bE`�odD�X&H&`�SiQ�`�S�Dw��^�D�X&`cD�ZEf�D�H�v�B@CED�ZEIdZR|iHMQRU*U*D�STXMQ¤IJVSTCEDO��STX&`c^E^E`cZEh r��f�IdZR|
HMSTXTY`cZEH�STCED�Bz�*STI�Yb Y^�S�STCEDVmE`cZ YXMQ�flC YZEZED�a!f�IRbE`cZEh{YZEb�f�IdZEHMSTD�aca�Y_ST`cIdZEH:STI{DgYflC
HMSTX&DgYU(eE`cZ�IdX&bED�XrSTI�f�IdU*^�D�ZEHTY_STDkSTCEDGbED�« f�`cD�ZEf�Q�IJjSTCEDGH&^ Y_ST`�Ya!bE`�odD�X&H&`�SiQ1mnQ1STCED
ST`cU*DGbE`�odD�X&H&`�SiQ�YZEb�f�IRbE`cZEh*hnY`cZEH�e�`cZnSTX&IRbEFEf�D�bOmnQ�STCED{f�IdZEHMSTD�aca�Y_ST`cIdZ(YZEb�mE`cZ YXMQ
flC YZEZED�a6f�IRbEDv
LiZ�STCED+fgYH&D+IJ�STCED+f�IdZnodD�ZnST`cIdZ Ya�K(LMKON]¡XQ �@eSTCED@mE`cZ YXMQ�flC YZEZED�a�f�IRbEDVYZEb�STCED
f�IdZEHMSTD�aca�Y_ST`cIdZ>YX&D[FEZE`cq�FEDe6mEF�SGSTCED[mE`cZ YXMQ��@��C YgodD[STI�m�D[f�IdX&X&D�f�STa�Q>flCEIdH&D�Z�STI
YacacI3\±`cZnSTD�X�|imEacIRfls�f�IRbE`cZEh*YZEb �_IdX+¬jD�X�|M�RFEXMoR`�odIdX�|�¬:X&IRf�D�H&H&`cZEhEv
N�Z¯STCEDOISTCED�X�C YZEb-e+STCED���STX&`c^E^E`cZEh¤K(LMKON ¡XQ � r�¯`cH*odD�XMQ¯f�IdZnodD�ZE`cD�ZnS1JtIdX
CE`chdC�U�FEa�ST`c^EacDw��`cZEh1XTY_STD�H�v�LiZ�STCE`cH�fgYH&D*STCED*f�IdZEHMSTD�aca�Y_ST`cIdZ�H&`cª�D*hdX&I3\+H{Dw��^�IdZED�ZR|
ST`�Yaca�Q*\+`�STC1STCED�����Gv B@CED�^�D�X+HMSTX&DgYU �RLM�EN bED�f�IRbED�X+U�Y`cZnSlY`cZEH+YZ�Yf�f�D�^�SlYmEacD
f�IdU*^EacDw��`�SiQ�`cZ�STCE`cH�fgYH&DvO�VI3\zD�odD�X�e�STCE`cH{`cH�ZEIS�STCED�fgYH&D8IJrSTCED1�zIdZnodD�ZnST`cIdZ Ya
K(LMKON�¡XQ ��\+CED�X&D�STCED��&Id`cZnSzbED�STD�f�ST`cIdZ8IJ-STCED�f�IdU*^�IdZED�ZnSTHzIJ � VVacDgYbEH�STI�CE`chdC
f�IdU*^EacDw��`�SiQdv
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LiZ H&D�f�ST`cIdZ ��v��Rv � ek\zD�C YgodD¤H&CEI3\+Z]STC Y_S�STCED�bE`�odD�X&H&`�SiQ hnY`cZ]YflCE`cD�odD�b mnQ STCED
�zIdZnodD�ZnST`cIdZ YaVK(LMKON ¡XQ �]\+`�STC�Y�KOKO� � 	 Q bED�H&`chdZ�YZEb¤JtIdX[}G�y� � }G~���`cH
}G~���� _ }G�y� 8 ),+.- 1,2G ` 	 }G~��n� }G�y�nv
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B@CED*bE`�odD�X&H&`�SiQ�hnY`cZ�f�IdX&X&D�H&^�IdZEbEH�STI1STCED*bE`�odD�X&H&`�SiQ�YflCE`cD�odD�b�JtIdXGY�U�FEa�ST`c^EacDw��`cZEh
�	� � `cZ1STCEDGf�FEXModD�IJjSTCEDGbE`�odD�X&H&`�SiQ8oRH�v�U�FEa�ST`c^EacDw��`cZEh�STXTYbED�IWxv
£H&D�f�IdZEb®^�Id`cZnS8`cH*STCED�STX&`�oR`�Ya _ � � U*`cZ �_}G~��K3l}G�y� � 3 � � � ` e+H&`cZEf�D�STCED��RBV�
H&flCED�U*D{YflCE`cD�odD�H�Y�JtFEaca-U�FEa�ST`c^EacDw��`cZEh{XTY_STDv
�VI3\zD�odD�X�e�STCED�hdD�ZED�XTYa�^EX&IdmEacD�U IJ�STCED�bE`�odD�X&H&`�SiQ oRH�v U�FEa�ST`c^EacDw��`cZEh�STXTYbED�IW
YflCE`cD�odD�b mnQ¯STCED��zIdZnodD�ZnST`cIdZ Ya{K(LMKON ¡XQ � r� JtIdX8STCED��RBV� H&flCED�U*Dek`cZ±Y
JtX&D�q�FED�ZEf�Q�H&D�acD�f�ST`�odD�flC YZEZED�a6D�ZnoR`cX&IdZEU*D�ZnSV`cH+YZ�Id^�D�Z(^EX&IdmEacD�U(v

B@CED � U�Y_STX&`°�(fgYZ>m�D�H&D�D�Z�YH�STCED�hdD�ZED�XTY_STIdX�U�Y_STX&`°�(IJ�Y�a�Y_S&ST`cf�D�f�IRbEDe�\zD
fgYZ�STCED�Z{FEH&DzD�acD�U*D�ZnSTHj`cZnSTX&IRbEFEf�D�b{`cZ8� � � ��STIVC YZEbEacD�STCED�^EX&IdmEacD�U]JtIdX�STCEDrKOKO� �
	 Q¤bED�H&`chdZ(YZEb���Y_S+flC YZEZED�a¦v
Q IdXxSTCEDrJtX&D�q�FED�ZEf�Q�H&D�acD�f�ST`�odD@flC YZEZED�a¦eRY�^EX&D�ac`cU*`cZ YXMQ�^EX&IdmEacD�UPC YgodD@STIGm�D@H&Ida�odD�b-v
LiZ�JpYf�Sge�\zD�ZED�D�b�« X&HMS+STI*flC YXTYf�STD�X&`cª�D � YH@C YH+m�D�D�Z�bEIdZEDG`cZ1STCEDk��Y_S+fgYH&Dv
Qx`cZ Yaca�Q¤JtIdX8STCED�KOKO� �§bED�H&`chdZ-e�Y¤f�IdU*^EX&IdU*`cH&DOm�D�Si\zD�D�Z ZEId`cH&D>D�ZEC YZEf�D�U*D�ZnS
YZEb¤`cZnSTD�XMJtD�X&D�ZEf�D�fgYZEf�D�aca�Y_ST`cIdZ�`cH�bEIdZEDe:STCED�ZEId`cH&D8`cH{STCED�Z�ZEI�U*IdX&D�¥GYFEH&H&`�YZ-v
B@CE`cHrJpYf�SVC YgodDGSTI�m�DGC YZEbEacD�b(YZEb�\zDGH&FEH&^�D�f�S�STC Y_S+`�S+f�IdFEacb�m�D�STCEDGfgYH&D�FEH&`cZEh
STD�flCEZE`cq�FED�H[JtIdX[a�Y_S&ST`cf�D�f�IRbED�YZ Ya�QRH&`cH�FEH&D�b¢`cZ � � � �¦v���D�YacH&I>m�D�ac`cD�odD�STC Y_S[STCED
�zIdZnodD�ZnST`cIdZ Ya�K(LMKON ¡XQ � KOKO� � r��JtIdX+STCED��RBV�(H&flCED�U*D{C YHVSTCED�^�ISTD�ZnST`�Ya
STI*YflCE`cD�odDGSTCEDGId^�ST`cU�Ya�bE`�odD�X&H&`�SiQ1oRH�v�U�FEa�ST`c^EacDw��`cZEh{STXTYbED�IWxv
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LiZ�STCE`cH�flC Y^�STD�X�\zD(^EX&D�H&D�ZnSTD�b�Si\zI�ZEIdZR|i`�STD�XTY_ST`�odD r�!v¢B@CEDO��STX&`c^E^E`cZEh�K(LMKON
¡XQ ��bED�STD�f�STH@STCEDGHMSTX&DgYU*H@H&FEf�f�D�H&H&`�odD�a�Qde�`�S+YacacI3\+H�STI�FEH&DkSTCED�\zD�aca-HMSTFEbE`cD�b��RLM�EN
mE`cZ YXMQO�@�]STD�flCEZE`cq�FED�H�STI1`cU*^EX&I3odD�STCED�^�D�XMJtIdX&U�YZEf�D�H�`�J�ZED�D�bED�b-v�LySkYflCE`cD�odD�H�Y
CE`chdC�bE`�odD�X&H&`�SiQ[oRH�v�U�FEa�ST`c^EacDw��`cZEh�STXTYbED�IWxen`cZ*^ YXMST`cf�FEa�YXxSTCED+U�Y#��`cU�FEU bE`�odD�X&H&`�SiQ
YZEb>U�Y#��`cU�FEU XTY_STDvkB@CE`cHXr�O`cH�^ YXMST`cf�FEa�YX&a�Q�H&FE`�SlYmEacD�JtIdXk���� Yb Y^�ST`�odD�XTY_STD
f�IRbE`cZEhEv��VI3\zD�odD�X�eEJtIdXrY�«���D�b1XTY_STD�YZEb8HMQRU*U*D�STX&`cfgYa�HMSTX&DgYU*H�STCEDk�zIdZnodD�ZnST`cIdZ Ya
K(LMKON�¡XQ �®`cHkU*IdX&D[Yb Y^�STD�b-v�LyS{YflCE`cD�odD�H�Y1CE`chdC>bE`�odD�X&H&`�SiQ>hnY`cZ�YZEb�fgYZ�m�D
f�IdU�mE`cZED�b1\+`�STC(¬jD�X�|M�RFEXMoR`�odIdX�|�¬:X&IRf�D�H&H&`cZEh*STI�ac`cU*`�S�STCEDGD�X&X&IdX@^EX&Id^ YhnY_ST`cIdZ-v
B@CEDkFEH&DGIJx¬���¬�H&FEhdhdD�HMSTH@STCEDkFEH&DGIJxYZ1`�STD�XTY_ST`�odD�bED�f�IRbE`cZEh�H&flCED�U*DkSTI[`cU*^EX&I3odD
STCEDG^�D�XMJtIdX&U�YZEf�D�H�eESTCE`cH@`cHrSTCEDkSTId^E`cfkIJjSTCEDGZEDw�RSVflC Y^�STD�X�v
B@CED[�zIdZnodD�ZnST`cIdZ Ya�K(LMKON ¡XQ �¯^�D�XMJtIdX&U�YZEf�D�HV`cZ�STD�X&U©IJ�bE`�odD�X&H&`�SiQ�oRH�v+U�FEa�ST`°|
^EacDw��`cZEhGSTXTYbED�IW(C YgodD�Z�W Srm�D�D�Z8D�oYacF Y_STD�b�`cZ�STCE`cH�flC Y^�STD�X�v:B@CED�Q�fgYZ�m�DVHMSTFEbE`cD�b
mnQ1FEH&`cZEh�D�acD�U*D�ZnSTH+X&D�a�Y_ST`�odD�STI�a�Y_S&ST`cf�D�f�IRbED�HV`cZnSTX&IRbEFEf�D�b(`cZ�� � � �¦v
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 2 bit/s/Hz, Ntx=2, Nrx=2, DS=1, BCC (G
1
,G

2
)=(5,7)

STS,1 block
STS,2 blocks
STS,4 blocks
Threading,1 block 
Threading,2 blocks 
Threading,4 blocks 
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 2 bit/s/Hz, Ntx=2, Nrx=2, DS=2, BCC (G
1
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2
)=(5,7)

STS,1 block
STS,2 blocks
STS,4 blocks
Threading,1 block 
Threading,2 blocks 
Threading,4 blocks 
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 4 bit/s/Hz, Ntx=4, Nrx=4, DS=1, BCC (G
1
,G

2
)=(5,7)

STS,1 block
STS,2 blocks
STS,4 blocks
Threading,1 block 
Threading,2 blocks 
Threading,4 blocks 
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 8 bit/s/Hz, Ntx=8, Nrx=8, DS=1, BCC (G
1
,G

2
)=(5,7)

STS,1 block
STS,2 blocks
STS,4 blocks
Threading,1 block 
Threading,2 blocks 
Threading,4 blocks 
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  Ntx=4, Nrx=2, DS=1, BCC (G
1
,G

2
)=(5,7)

STS: QPSK, 1 bit/s/Hz
STOD: QPSK, 0.75 bit/s/Hz
STS: QPSK, 2 bit/s/Hz 
Threading: BPSK, 2 bit/s/Hz 
STS: QPSK, 4 bit/s/Hz 
Threading: QPSK, 4 bit/s/Hz @ ������+ïU½�) LL  C � C ¥¶�J� « � ¹ ç ¹ ½�©G�.��)��&
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DS=1, BCC (G
1
,G

2
)=(5,7)

2 by 2 optQ
2 by 2 WH
4 by 4 optQ
4 by 4 WH
8 by 8 optQ
8 by 8 WH
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