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FPGA2

MAC3
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FPGA3

w3 (y)
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w0 (data)
MEM1 MEM2RISC1

FPGA1

(b) Data streams of IIR application(a) Codes for RISC1 with communication primitives

RISC1() {
  for ( i=0; i<Length; i=i+1) {

    x =  RECEIVE FPGA1;
    data = RECEIVE MEM1;

    y =  data + x*a;

    Send y To MEM2;
    Send y To MAC1;

CompBlock ( 20 );

  }
}

MAC1
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(b) State Diagram of (g1,g2)=(7,5)(a) RSC Encoder Arcitecture
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Adaptive SOVA decoder
 Block=1024, (g1,g2)=(31,27)
 Truncation=30, Iteration=8

N_{max}=10
N_{max}=13
N_{max}=16

G7HJI=K�LNMPORQTSUQ�VWMXLZY\[=LN]/^=_�`XMba�H�c�d)e%^=LZf#H�_�I3gPhjilk
a�H�cNd�[BKUcnm�LNK�_UHJ_�I�Qjopc�`�^=_rqsM�tNMuMX_rc�dv^wc�]/[BLZM�c�d�^=_rxUQTy=zv{|a�HJ}�}RqsM&}J[Btlcna�d�Mu_rcNd�M&tNKULZ~#H�~=[BL
_�K�]�qsMXL�HJt&LZMXtlc�LNH�`ucNMXz�c�[3gPhjilkb�����UQ

�j[�`u[B]/msMX_Ut�^>cNM�c�d�M	}�[BtNtu��c�a�[�tZ`�d�MX]3MXtP^=LZM	^=m�m�}�HJMuz�Q��&d�M	�vLNtlc�tN`�d�Mu]/M	H�t�c�[�^=mUm�}�f
^rtN`�^>}JHJ_UI3Y�^=`�c�[BL�������[B_�c�dUM+tZ[=Y�c�[=KUc�m�KRc��s^=_�z�c�d�MPtNMu`X[B_�z2tN`�d�Mu]/M+HJt&c�[3]�^>�=MPK�tNMP[=Y
c�dUMPME�Rm�Mu`uc�^wc�HJ[=_�[=YWc�dUMPtZ[=Y�c�[BKUcNm�KUcNtXQ
ORQT�UQ�� �#`�^=}�HJ_�IrG�^=`�c�[BL

� Mu_�MXLN^>c�Muz�K�tZHJ_�I'� �sQ¡O#Q£¢U�¤c�d�M¥tN[=Y�c�[BKUcNm�KUc�HJt)c�dUM¦]3HJ_�H�]�K�] ]/M�c�LNH�`-z�H�§�MXLZMX_�`uM
qsMuc�a¨MXMX_ª©2«¬mv^wc�d­^=_Uz|c�d�M/mv^>c�dUt�HJ_�®�¯�°¤±¨QW²³d�H�}JM3m�LNKU_�HJ_�I�tN[B]3M�m�^>c�d�tu� H�c+]�K�tlc�qsM
´jµU¶>·�¸vµ1¹³´j¶>·�¸vµj�#a�d�MXLZM�´jµU¶>·�¸vµ2H�t¨c�dUMºmv^>cNd)tNMuc�[=YW»b��¼&e7»+��^=_�z�´j¶>·�¸vµ2H�t¨cNd�Mºmv^>cNd
tNM�c&[=Yj��¼&e7»+QU»�c�^�LNMutNK�}�c���� ��Q%ORQ���x�H�t¨`u[BLNLZMX`ucX��H�Q½M=Q���c�d�Mb^>q�tN[B}�KUc�M�~>^=}JK�M�[=Y¾»º��¼�ej»¿tN[>Y�c
[BKUcNm�KUc¤HJt&_�[/tN]/^=}J}�MXL�cNdv^>c�c�d�^>c�[>YjcNd�M��U¼�ej»�Q�»�tZ`�^=}�HJ_�I	Y�^=`�c�[BL������+H�t&c�d�Mu_2K�tZMXz�cN[
`X[=]/msMX_�tN^>c�MbcNd�HJt&MuLNLN[=LXQ
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]3HJ_Â�Ã�ÄuÅ�Æ�Æ�Æ Ä�Ç�È�Å ÉJÊ�Ë�ÌwÍEÎBÏ�Ì¨Ð ÉÂ7Ñ ]3HJ_Â�Ã�ÄuÅ�Æ�Æ�Æ Ä�Ç�È�Å ÉJÊ�ËÒÍEÎBÏ�Ì¨Ð ÉÂ Ó ORQ���xÁÔ
²³d�MX_ÕtN[Ö]/^=_Áf×mv^>cNd�t�^=LNM-mULNK�_�MuzÕcNdv^>c�_�[�mv^wc�d�t�`X[=_�~=MXLZIBM¥a�H�c�d¬c�dUM¥©2«Ømv^>cNd

a�H�cNd�HJ_ÙcNd�Mbc�LZK�_�`�^wc�HJ[=_�}�MX_�I>c�d��UcNd�M�tNM�c�´Wµ�¶w·�¸�µ2HJt&MX]3mUc�f=Q��#HJ_�`uM�cNd�Mb`X[=]/msMucNH�c�[=L�HJt&_�[>c
^�~>^=HJ}J^=q�}JM>�Uc�dUM���¼&e7»�HJt�K�_v^>q�}JM�c�[3IBMX_UMXL�^wc�M�^rtN[>Y�c�[BKRc�m�KUcXQ�²³d�HJ}�Mbc�d�MPz�MX`u[RzUMXz1q�H�c�ÚÛ Ä
HJt�tlc�HJ}�}�^�~=^>HJ}Ü^>q�}JM>�=c�d�M�M��RmsMX`�c�^>cNHJ[B_/[=YÝcNd�M�^>q�tN[B}�KUc�M�tN[>Y�c¨[=KUc�m�KRc��#HJt�K�tNMuz)^=t%H�cNt¨LZMX}JHJ^=q�H�}JH�c�f
~>^=}JKUM=Q
ORQT�UQ£À �7�RmsMX`uc�^>c�H�[B_

�&d�M���¼�ej»Þ[BKUcNm�KUcrHJt�cNd�M�«ß[BIà«ßHJ�>MX}JH�d�[#[Rz­á�^>cNHJ[ Ó «¾«¾á¤Ô+[=Y�c�d�M)LZMX`XMuH�~=MXz�~=^>}JK�M)â
Y\LN[=]ãc�dUMP`�d�^=_�_�Mu}�äåyBx>æ;Q��&d�MP«¾«Wá
HJt&IBH�~BMX_�^=t�� ��Q�O#Q��B�=Q

ç�è�é¤�
ê�ë ´	ìÒâ¾í î��9�=ï
´	ìÒâ¾í îÙ��ð+�>ï Ó ORQ��B�ÒÔ

o�_¥^=_à»W² �Pñ tlfRtlc�Mu]��ßc�dUM	LNMX`uMXH�~BMXz¥~>^=}JK�M�â2`�^>_¦qsM	LNMum�LNMutNMX_ÁcNMXzòqÁf1cNd�M	Y\[B}J}�[�a�HJ_�I
Y\[BLZ]�K�}Ü^Ró

âr� Û�ô ë Ó ORQ��ÒÀBÔ
a�d�MuLNM Û HJt�cNd�M�H�_�m�KUc3tZ[BK�LN`uM�a�H�c�d�MX��Kv^>}�mULN[Bqv^>q�HJ}�H�c�f¦[=Y�ì��B��õ��>ï��¨^>_�z'ë³HJt�cNd�M�a�d�H�cNM
� ^=K�tNtZHÜ^=_�_�[=HJtNM�g Ó xUöN÷�ø�Ô�Q

opc�HJt&M�^>tZfÙcN[/tZMXMbc�dv^wc�ó
´	ìÒâWí Û �ù�=ïb� �

ú Àwûß÷ øÁü>ý
þåÿ���������	� � Ó ORQ����ÁÔ

´rìÒâ¾í Û �9ðP�=ï�� �
ú Àwû�÷ ø ü>ý

þåÿ�
�������	� � Ó ORQ���
�Ô
©2^=�>M+K�tZM�[=Y � ��Q¨ORQ��=�Bó

ç%è�é¤� À
÷ ø â Ó ORQ����BÔ

²³d�MX_�H�c&H�t&z�MX`u[RzUMXz�cNdv^>c Û ���B�UcNd�M�M��Rm�Mu`uc�^>c�H�[B_�[>Yn«¾«¾á�HJt
�3ìwç�è�éRí Û �ù�=ï�� À

÷ ø Ó Û�ô ë�Ô%�
À
÷ ø Ó �rì Û ï ô �3ìÒëWï>Ô%� À

÷ ø Ó ORQ���¢ÁÔ

yB�



�����Xg�� À��>÷ ø ÷ ø �BÀ
�=Q£xBx=xBxBxBx �BQT¢ÁO=y��=¢BO xUQ��=S��=O�
Á¢
�=Q À=x=xBxBxBx �BQ£O��BO=¢ÁO>¢ xUQ��=¢By=SB�B�
�=Q�
Áx=xBxBxBx �BQTy�
Áx��R��À xUQ���
Á�=�ÁÀBO
�=Q£¢Bx=xBxBxBx �BQTSÁÀBOBÀ��>� xUQ��R��y=yÁO=�
�=Q£yBx=xBxBxBx ÀRQTxU��yBxByBÀ xUQ�
ÁS����BÀ=x
À#Q£xBx=xBxBxBx ÀRQ��B���U��SR� xUQ�
�O=�BÀR��y
À#Q À=x=xBxBxBx ÀRQ£ÀR�ÒÀBO=y=� xUQ�
��R��SÁÀ=x
À#Q�
Áx=xBxBxBx ÀRQT�U�ÒO=xB¢=y xUQ�
Á�U���=yBx
À#Q£¢Bx=xBxBxBx ÀRQ�
�À=¢ÁÀ=¢=y xUQ�
��ÒÀ#���=¢
À#Q£yBx=xBxBxBx ÀRQ���
ÁxB¢U��� xUQT�BSB�=¢BxB¢
�7^=qU}JMPORQ��BQ��7�Rm�Mu`uc�^wc�HJ[=_�[=Y7«¾«¾á

¼�c�d�MuLZa�HJtZM=��a�d�Mu_ Û ��ð+�=�
�3ìwç�è�é�í Û �9ð+�=ïb�9ð À

÷ ø Ó ORQ��ÒOBÔ
²³H�cNd�[BKUc�}�[BtNH�_�I	IBMX_UMXL�^>}JH�c�f=�Ua¨MPzUHJtN`uK�tNt�c�dUM+^>q�tN[B}�KUc�Mº~>^=}�K�Mb[=Y��3ìwç�èÒéÒï+[B_�}�fBQ
o�_�]+f���¼�ej»ù]/[#z�Mu}�� �"!%HJt��	tNH�_�`XM�H�cNt&q�H�c�LN^>c�M�H�tb��#=�r^=_�z$�&%����BQn²¦MP��_�[�a
c�dv^>c

÷ ø �Õg����BÀ Ó ORQ���yÁÔ
�R[	c�d�M�÷�ø�`X^=_�qsMb`�^>}J`XKU}Ü^>cNMXzÙY\LN[=]ãc�dUMPH�_�m�KUc�tZHJIB_�^=}Ý_�[=HJtNMbLN^>c�H�['�&!��Xg����Ra�d�HJ`�d�HJt&H�_

zv{��vKUtNHJ_UIrcNd�Mbc�d�MbY\[B}�}J[�a�HJ_UI�Y\[BLN]�K�}Ü^Uó
÷ ø � �
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�R[B]3MbM��U^=]3m�}JMbME�Rm�Mu`uc�^wc�HJ[=_�_�K�]�qsMXLZt�^=LNM�`�^>}J`XKU}Ü^>cNMXz�HJ_��j^=q�}JMPO#Q��BQ
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V7^=LN^=]/M�c�MuL >ºMuY�^>K�}�c&e%^=}�K�M
o�_Ác�MXLZ}JMX^�~=MXL¤«ßMX_�I=cNd ��xÁÀ?
3qUH�c

�#HJ]�K�}J^>c�H�[B_Ù{¨H�c ñ KU]�q�MuL � 6 ��x�@&q�H�c
=�dv^=_�_UMX} ñ [BH�tNM �BQ��>zv{

opc�MuL�^>cNHJ[B_ ñ K�]�qsMXL y
á¤� = � Mu_�MXLN^>c�[BL�Gv[BLZ]�K�}J^ Ó �R�B� À=OBÔg�h7i k ��¢

�&d�LZMXtZd�[B}Jz õ���x
�jLZK�_�`�^wc�HJ[=_2«ßMX_UI=c�d 5 �Bx

=�[Rz�MPá�^>c�M ��#=�
�j^=q�}�MPORQ£ÀRQ�V7^=LN^=]3Muc�MuL&>ºMuY�^=K�}�c�e%^=}�K�MXt

^¦cNK�LNqs[|z�Mu`X[#z�MXL)^>_�z¬^òmsMXLlY\[BLN]/^=_�`uM2Mu~>^=}�Kv^>cN[BLXQÕ�&d�M2cNK�LNqs[|z�Mu`X[#z�MXLÙH�tÙ^=}�}J[�a¨MXzªcN[
`�d�[#[BtNM+Y\LN[B]ÞtNH ��z�MX`u[Rz�H�_�I)^=}�IB[BLZH�c�dU]/tu�v_v^=]3MX}�f=�Ý«ß[BIwõl©�»�Vj��©2^w��õ «ß[BIwõl©�»�Vj�Ý»¤zv^=mUcNH�~=M
©�»�V Ó »b©�»�Vj�Ýa�d�H�`�d-m�LNKU_�MXtºcNd�M�tZc�^>c�M�[=Y%«ß[BI>õl©�»ºV%Ô�����¼�ej»��Ýá�MuI>õl��¼&e7»+� Ó a�d�HJ`�d-H�t
��¼&e7»ùK�tZHJ_�I3LNMuIBHJtlc�MXL&ME�R`�dv^=_�IBM�Ô��s^=_�z�»b�U¼�ej»�Q

©�[Btlc �=M�f�tlfRtlc�Mu]Ømv^=LN^=]3Muc�MuLNtj`�^=_�qsM�`u[B_U�vI=K�LNMuz	HJ_+cNd�HJtWtZf#tlc�MX]�Qn�&d�M�z�MuY�^=KU}�cW~=^>}JK�Mut
K�tZMXz2H�_)c�d�M�M��RmsMXLZHJ]3MX_Ác�t�^=LZMbtNd�[�a�_2H�_��7^=qU}JMPORQ£ÀRQ

�&d�M��vLNtlc�tZMuc¨[=Y�ME�UmsMXLZHJ]3MX_Ác�t%LNM�~BMX^=}vc�d�M¤^>§�MX`uc¨[=Ysc�d�M�tN`X^=}JH�_�IbY�^=`ucN[BLX�#�%�#[=_3cNd�M�{��%á
msMXLZY\[=LN]/^=_�`XM>Q7»Õ��x @ õpq�H�cjL�^>_�z�[B]3}�fbI=MX_�MuL�^>cNMXz	tNMu��K�MX_�`uM&HJtWc�MXtlc�Muz	HJ_�MX^=`�d�ME�UmsMXLZHJ]3MX_Ác7cN[
^=}�}J[�a|Y\[BLjMX_�[BKUIBdr{���á'^=`u`XK�LN^=`uf=Qn�&d�M&msMXLlY\[BLN]/^=_�`uMXtn[=Ys^ Ó �U�B�£ÀBOBÔ¾`X[#z�M�a�H�c�d�z�H�§ÝMuLNMu_�c �
^=LZM¤c�MutZcNMXz�^=_�z�cNd�M�LZMXtZK�}�cNt&^=LNM¤tNd�[�a�_�HJ_�G7HJI=K�LNM�ORQ���xUQ7�&d�M�q�MutZc�{���áÕHJt¨^=`�d�HJM�~BMuz�a�dUMX_
c�dUM&tN`�^>}JHJ_UIºY�^=`ucN[BL��1HJt ^>q�[BKRc%xUQ��#Q �RH�]/H�}Ü^=Lß~>^=}JKUMXt�^=LZM&[BqUc�^>HJ_�Muzra�dUMX_3[=c�d�MuL `X[#z�MXtu��tNK�`�d
^=t Ó ¢��R���=OBÔ��U^=LNM�K�tZMXz�Q%»�t�^	LNMutNK�}�c���c�dUMPzUMuY�^=K�}�c&~>^=}JK�Mb[>Yn�|H�t&tNMuc�cN[/qsM�xUQ��RQ

�&d�Mº{��%á¬~>^=}JKUMXt%[=Y�»º��¼�ej»
Y\[BL%z�H�§ÝMuLNMX_Ác�� ñ á�t�^>LNM�tNd�[�a�_ÙH�_ÙG7H�IBK�LNM¤ORQ��B�BQ �RHJ]3HJ}J^=L
~>^=}JKUMXt/Y\[=L3cNd�M1«ß[BI>õ ©�»ºV ^>_�z³©�»&A¤õ «W¼ � õl©�»�V ^=}JIB[=LNH�cNd�]3tr^=LNM2^=}JtZ[òm�LZMXtNMu_Ác�MXz×Y\[=L
`X[=]/mv^>LNHJtZ[B_�Q×opc�`�^=_ªq�M�tNMuMX_×c�d�^>c/cNd�M�m�MuLZY\[BLZ]�^=_U`XM�[=Yb»b�U¼�ej» HJt3qsMuc�a¨MXMX_×cNdv^>c/[=Y
«ß[BI>õ ©�»BA9^=_Uz1©2^Ò�#õ�«ß[BI>õl©�»ºVjQ�²³dUMX_�c�d�MDCFE)G�¯�®HE1I?J4K�H�_�`XLZM�^=tZMXtu��cNd�MP^�~BMXLN^=IBM�tNKULZ~#H�~=[BL
_�K�]�qsMXL�[=Yn»º��¼�ej»ØzUMX`XLZM�^=tZMXtuQ � Mu_�MXLN^=}J}�fB��c�dUM+d�H�IBd�MuL�cNd�M�c�d�LZMXtNdU[B}Jz�HJtX��cNd�MP}Ü^=LZIBMXL&c�dUM
{���á�a�HJ}�}ÝqsM=Q
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Scaling Factor: α

ASOVA Decoder
 	  Block=1024, (g1,g2)=(31,27) 

 	  Code Rate=1/3, Iteration=8, Truncation=30

Eb/N0=1.0dB
Eb/N0=1.1dB
Eb/N0=1.2dB
Eb/N0=1.3dB
Eb/N0=1.4dB

G7HJI=K�LNMPORQ���xUQ�VWMXLlY\[BLN]/^=_�`uM�a�H�c�d)e%^=LlfRH�_�I3�
�&d�M�G7HJI=K�LNM�O#Q��B��^>}JtN[-tZd�[�a�t3cNdv^>cX��a�dUMX_�c�d�M�^�~BMuL�^=IBM)tZK�LZ~#H�~B[BLrtZc�^>c�MutrHJt�LZMXz�K�`uMXz

Y\LN[=] Y\K�}J} tlc�^>cNMXt Ó ��¢�tNKULZ~#H�~=[BLNt�ÔbcN[¦��xR�WcNd�M3{���á _�K�]�q�MuLNt+^=LNM	~BMuLZf¥`X}�[BtNM>Q/²³d�Mu_òc�dUM
{���á¬HJt���x ý�M ��c�dUMN�"!3�Xg��¨[=Y¾«ß[BI>õ ©�»ºV|H�t�xRQ£S=z�{��Ác�dv^>c¨[=YW©�^w��õ «ß[BI>õ ©�»ºV|H�t¤�BQ�
Bzv{¤�R^>_�zc�dU[BtNM�[=Yj»b��¼&e7»9L�^>_�IBMbL�^>_�IBMXt&a�H�c�d�H�_�xRQ���z�{¬Y\LZ[B] �BQ����>z�{¬cN[��BQ À��>zv{�Q

�&d�MP{���á�[=YW»b�U¼�ej»ùa�H�c�dÙ~>^=LlfRH�_�I	�&d�LZMXtNdU[B}Jz�^=_�z�g�h7i k�H�t�tNdU[Òa�_�HJ_�GjHJIBK�LZMbORQ��ÒÀRQ
opc¨`�^=_/q�M�tNMuMX_�cNdv^>c��Áa�d�Mu_PORQ S ü�T Qvè>ê/U�H�t%I=LNM�^wc�MXL�c�d�^=_3õ�y+^=_UzÙgPhji kºHJt%IBLZM�^>cNMXL�c�dv^=_��ÒÀR�c�dUM+{��%á¿H�t&tN]/^=}J}�MXL%c�dv^=_¥��x ý�M Q�&d�Mr~=^>}JK�MutP[>YVORQ S ü�T Qvèwê<U2^=_�z¦gPhjilk/c�[�^=`�d�HJM�~BM/^�{��%á [>Y���x ý�M ^=LZMr[BqUc�^>HJ_�MuzàY\[=L[=cNd�MXL	H�_�m�KUc	� ñ áã~>^=}�K�MXt+c�d�LZ[BK�IBd­tZHJ]3HJ}Ü^>L+ME�UmsMXLZHJ]3MX_Ác�tuQ¦�&dUM)LNMXtZK�}�cNHJ_�I-_�K�]�q�MuLNtr^=LZM
tNdU[Òa�_àH�_1�7^>q�}JMrO#Q£�UQXWRY=¯�G�Z�[#¯�\�°]Z=°�¯�®�HJt¤c�d�M	^�~=MXL�^>IBM	_�K�]�qsMXLº[=Y�tlc�^>cNMXtbmsMXLºtlc�^=I=M�c�dv^wc
dv^�~BM¦^­tNK�Ll~#H�~B[=L�m�^>c�d�Q �&dUHJt)_�K�]�qsMXL�]3M�^=tZK�LNMut�cNd�M¥^=`ucNKv^=}º`u[B]3m�KUc�^wc�HJ[=_�tÙLNMu��K�HJLZMXz
z�K�LZHJ_�Iàz�Mu`X[#z�HJ_UI�Q�opcr`�^=_Öq�M�tZMXMX_ÖY\LN[B] �7^=qU}JM�ORQT�1c�dv^>cX�¨a�d�Mu_^�"!_�XgX�/H�t)�BQ��wzv{��nc�dUM
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SNR=Eb/N0 (dB)

ASOVA Decoder 
 Block=1024, (g1,g2)=(31,27), 107 testing bits 

 Code Rate=1/3, Iteration=8, Truncation=30

Max-Log-MAP
T=-6,AveN=8.0

T=-12,AveN=13.0
T=-16,AveN=14.6
T=-20,AveN=15.4
Full-State ASOVA

Log-MAP

GjHJIBK�LZMPORQ��B�BQ�VjMuLZY\[BLZ]�^>_�`XM�[=Yj»b��¼&e7»
^�~BMuL�^=IBM�tlc�^>cNMXt&HJt�^=LN[BKU_�z�¢UQ����R�Ra�d�H�`�d�]/MX^=_�t�c�d�^>c�c�dUMb`X[B]3m�KUc�^>c�H�[B_ÙHJt�[B_�}�f�¢a`������R��¢�b

���c [>Y���¼&e7»+�sa�d�H�`�d1dv^=t�c�[/z�M�^>}Wa�H�c�d¥��¢/tZK�LZ~#H�~=[BL�m�^>c�d�t�Mu~=MXLlf2tlc�^=IBM>Q&²³d�MX_D�"!3�XgX�
HJt&�#Q£x=z�{���c�d�M�_�K�]�qsMXL�z�Mu`XLZM�^=tZMXt�c�[���`£¢BO��R��¢dbØ��x�c)Q

�&!3�ug�� Ó U)e�Ô �&d�LZMXtNdU[B}Jz g�h7i k »¤~=MXL�^>IBM���c�^>cNMXt
�BQ�� õ�y �ÒÀ ¢UQ����=�B¢=x
ÀRQTx õ�¢ ��x �RQT¢ByU�ÒÀ>S
ÀRQ�� õ3� ��x 
�Q��B�ÒO=y��
�UQTx õ�¢ y 
�QTx�
�O�
��
�UQ�� õ3� y ÀRQ£O=SBS�
Bx

�QTx õ3� y ÀRQT�ÁÀ=xU���

�Q�� õ3� ¢ �BQTS�
�O=y=x
�RQTx õ3� y �BQT¢ÁO=xB¢�

�j^=q�}JMPO#Q£�UQ Ó �U�B�£ÀBOBÔf=�[#z�MP^>c�{���á¤�	��x ý�M

yÁO



ASOVA Threshold and Nmax
 	  (g1,g2)=(31,27), Interleaver=1024, total 5*107 bits 

 	  Code Rate=1/3, Iteration=8, Truncation=30, Eb/N0=1.5dB
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gih^j^kmlonqp r

s jtpvuxwyjtpvnqzH{Rk}|�n~{Nn~�vl;jalv���������������X�f�

�j[3^=_�^=}�f)�XMbcNd�Mbm�MuLZY\[BLZ]�^>_�`XMb[=Y7^Á�R[�=¬Y\[BL&tZK�q�tlc�^=_Ác�HJ^=}¾^=m�mU}JHJ`X^>c�H�[B_�t%a�H�c�d�d�H�IBd)zv^>c�^
L�^wc�M=�R^+�WK�LZq�[+z�MX`u[Rz�MuL�K�tZHJ_�I+»b��¼&e7»
HJt%]�^>m�m�Muz�[B_ÁcN[�^Á�R[�=�Q#�&dUM¤c�dUMX[BLZMX] [=Yß»º��¼�ej»
dv^=t3qsMXMX_ªz�MXtZ`XLZHJqsMXz×H�_�=�dv^>mUc�MuLÙORQªo�_ªcNd�HJtr`�dv^=mRc�MXLu��c�d�M�dv^=LZzUa�^=LNM�HJ]3m�}JMu]/Mu_Ác�^>cNHJ[B_
^=LZ`�d�H�cNMX`ucNK�LNMbH�t�m�LZMXtZMX_Ác�Muz��vMXtZm�Mu`XHÜ^>}J}�f=�RcNd�M�c�LN^=z�MEõ�[=§�q�M�c�a�MuMX_�^=LN`�dUH�c�Mu`ucNK�L�^=}�`�d�[BH�`XMXt�^>_�z
z�M�c�^=H�}JMXz�`u[B_�tZcNLNK�`�c�H�[B_�[=Y7}�[BIBH�`º`XH�LN`XKUH�c�Llf)^=LZMbLNM�~BM�^>}JMXzÝQ

yUQ�� »�LN`�dUH�c�Mu`ucNK�LNMP[=Yj�jK�LZq�[�>ºMX`u[RzUMXL
»�trtNdU[Òa�_ÖHJ_�GjHJIBK�LZM)yUQ��B�%^1c�fRmUHJ`�^>}�c�K�LZq�[-zUMX`X[#z�MuL2ä ���wæ�`X[B_�tZHJtlc�t	[=Y�c�a�[¥HJzUMX_Ác�H�`�^=}

`X[=]/ms[B_�Mu_�cPz�Mu`X[#z�MXLZtX�����/^>_�z��y�Á�ßHJ_Ác�MuLN}JMX^�~BMXL�#>z�MEõ�HJ_ÁcNMXLN}�M�^�~BMuL�q�}J[#`���tX�j^=_�z¦^=_¦[=KUc�m�KRc
z�Mu`XHJtZHJ[B_�q�}�[R`���QW�&d�M�HJ_Ác�MuLN}�M�^�~BMuLWmsMXLZ]�KUcNMXtßc�d�M�zv^wc�^&q�H�cNt�c�[�tNKUm�m�[=LZc¾c�d�M�MuLNLN[=Lß`X[BLZLNMX`�c�H�[B_
^=}�IB[BLNH�c�d�]�Q �&d�M­[BKRc�m�KUc-Y\LZ[B] [=_�M­z�MX`u[RzUMXL-HJt1Y\MuzùHJ_Ác�[×cNd�M­[=c�dUMXLà^=t1cNd�M�^wõ�mULNHJ[=LNH
HJ_RY\[BLN]/^>c�H�[B_	c�d�LZ[BK�IBd�^>_ÙHJ_Ác�MuLN}�M�^�~BMuLH#>z�MEõ�H�_�cNMXLZ}JM�^�~=MXL�cN[�d�MX}�mÙc�d�M�}Ü^>cZc�MXL%z�Mu`X[#z�MXL&]/^=�=M�^
qsMucNcNMXL¤z�MX`u[Rz�H�_�I�zUMX`XH�tNH�[B_2H�_�tZK�q�tNMu��K�MX_ÁcPz�MX`u[RzUHJ_�I/H�c�MuL�^>cNHJ[B_UtXQ�©�KU}�c�H�m�}JM�H�c�MXLN^>c�H�[B_�t�^=LZM
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G7HJIBKULNMbyUQ��BQ�{�}�[R`���>ºHÜ^=IBLN^=] [=Yj�jK�LZq�[�>ºMX`u[RzUMXL
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LNMu��K�HJLZMXz�qsMuY\[=LNM�c�d�M�z�Mu`X[#z�MXL¨`X[B_Á~BMuLNIBMut¨cN[�^b�v_v^=}vLZMXtNKU}�c�Q7»¤Y�c�MuL�^�m�LZM�õ�tZm�Mu`XH��vMXzÙ_�K�]�q�MuL
[=Y zUMX`X[#z�H�_�I/H�c�MuL�^>cNHJ[B_�tu��c�d�MP�v_v^=}¾z�Mu`XH�tNHJ[=_2HJt�]/^=z�MPHJ_�c�d�M'��¯H���<K#¯&qU}J[#`��)q�f�`u[B]�q�H�_�HJ_�I
c�dUMP[=KUc�m�KRc�t&Y\LN[B] q�[=cNd�z�MX`u[Rz�MuLNtuQ

�j[�^=}J}�[�aÖY\[=L%mUHJmsMX}JH�_�MXzrz�Mu`X[#z�HJ_UI�^=_UzÙ^=`�d�H�Mu~=M�^�d�HJI=d/zv^wc�^�L�^>cNM=�Ác�d�M�HJ_ÁcNMXLN}�M�^�~BMuL�^>_�z
z�MEõ�HJ_ÁcNMXLN}�M�^�~BMuL�MX^=`�d­HJ_�`u}JK�zUM/c�a¨[-zv^>c�^�q�KU§�MXLZtXQ1²³d�H�}JM3[B_�M�qUKU§ÝMuL�LZMX`XMuH�~=MXt	_�M�aãz�^>c�^U�
tZcN[BLNMuz)zv^>c�^�`�^=_�q�MºLZM�^=z/Y\LN[B] c�dUMº[=c�dUMXLXQ »¤_ÙMX_ÁcNHJLNM�q�}J[#`��r[=Y¾`X[#z�M¤a¨[BLZz)`�^=_)qsM�tlc�[BLZMXz
HJ_�MX^=`�d�qUKU§ÝMuLXQ
yUQ£À »�LN`�dUH�c�Mu`ucNK�LNMP[=Y�=�[B]/ms[B_�Mu_ÁcR>ºMu`X[#z�MXL

�&d�M�`u[B]3m�[B_UMX_Ác�zUMX`X[#z�MuL�HJt�c�dUM/�>Muf¦K�_�H�cP[=Y�c�d�Mrc�K�LZq�[�z�MX`u[RzUMXLXQ��WL�^=zUH�c�H�[B_v^=}�}�f=�ß^
`X[=]/ms[B_�Mu_�c�zUMX`X[#z�MuL)K�tNH�_�IÖ��¼�ej» a�^=t�HJ]3m�}JMu]/Mu_�cNMXz×KUtNHJ_UI­MXH�cNd�MXLDG�¯�[��J®�°�¯�G��N¯��;�HEaZ��)[#¯
ä8
�Owæ+[BLm��¯��PI?G��Ö°-G�Z)��¯¡ HZ)�H¢'ä ��Swæ;Q �&dUM�G�¯�[��J®�° ¯�G��N¯��;�HEaZ��)[#¯�^>m�m�LN[B^=`�d¿MX]3m�}�[Òf#t2^ªc�a�[wõ
z�H�]/Mu_�tNH�[B_v^=}�^=LNLN^�f¬cN[�tZc�[=LNMàc�d�Màq�H�c�z�MX`uHJtNH�[B_�t�[=Y�^=}J}ºms[BtZtNHJqU}JM-mv^>cNd�t�[Ò~=MXL�^­`XMXLlc�^=H�_
c�H�]/M�tlc�MXmUt�^=_�z2`u[B_�tlc�^=_Ác�}�f2]3[�~BMut¤c�dUM�q�H�cNt�cNd�LN[=K�IBd-^3m�HJmsMX}�HJ_�M>Q�¼º_�c�d�M�`u[B_Ác�LN^=LZf=��c�dUM
��¯��PI?G���°<G�Z)��¯¡ HZ)�H¢7cNL�^=z�Mutßc�d�LZ[BK�IBd�mUKUc��>}Ü^>cNMX_�`�f�^=_�zP]/Mu]/[=LZfºtZH	�uM�Y\[=LW`uHJLZ`XK�H�c¾`X[B]3m�}JME�RH�c�f
qÁf�tlc�[BLZHJ_�I�c�d�M¨z�MX`uHJtZHJ[B_+q�H�cNtjH�_�cN[º^=_	�Uá�»º©ãHJ_�^�`X[=_�tZc�^=_Ácnms[BtNH�c�HJ[=_�Q¾»�`X`uMXtZtNHJ_UIb[B_�}�fP[B_UM
zv^>c�^ÙY\LN[B]¡c�d�Mr]3MX]3[BLZf2m�MuLb`X}J[#`��1`�fR`u}JM>�WH�c�LNMu�#KUHJLNMut�]�K�}�cNHJm�}�M�`�fR`u}JMutPcN[�`u[B]3m�}JM�c�M�c�dUM
m�LZ[R`uMXtNtZHJ_�I3Y\[BL�M�^=`�d�HJ_�mUKUc�zv^>c�^RQ¨²³H�cNd2^rtN}�[�a�MuL�cNd�LN[BKUIBd�m�KUcX�¾°-G�Z)��¯¡ HZ)�H¢bqULNHJ_UIBt�`XMXLlc�^=H�_
ms[Òa¨MXL�qsMX_�M���c�tuQ¤£¤[�a�M�~BMuLX��HJ_³c�d�M¥`�^>tNM¥[=Y	^�tN]/^=}J}�_#KU]�q�MuL�[>Y�tZc�^>c�MutX�b}�H�cNcN}JM1ms[�a�MuL
^=zU~>^=_Ác�^=IBM�a�HJ}J}ßqsM�[=qUc�^=H�_�MXz�qsMX`�^>K�tNM�[>Ync�d�MP[�~BMuLNd�MX^=z-[=YncNd�M+msMXLZHJm�dUMXL�^>}W`uHJLZ`XK�H�c�LZf�^>_�z
tZc�^=_�zv^>LNz�a�[BLZz2^>z�z�LNMutNtZHJ_�I2ä ��S>æ�Q

�RHJ_U`XM)»b�U¼�ej» tZc�[=LNMXt	[=_�}�fògPhjilk�mv^>cNd�t�a�d�Mu_ÖzUMX`X[#z�H�_�I�� a�d�HJ`�d�LZMXtNKU}�c�t	H�_­^-tNK�q#õ
tZc�^=_Ác�HJ^=}nz�H�§ÝMuLNMX_U`XMrmv^>cNd¦tlc�[BLN^=IBMr^=LZ`�d�H�cNMX`ucNK�LNM	cNdv^=_àc�L�^>z�H�cNHJ[B_v^>}n��¼&e7»+�ßq�[>c�d�G�¯�[��J®�° ¯�G��
¯��;�HEaZ��)[#¯�^=_�zÖ°-G�Z)��¯¡ HZ)�H¢�dv^�~BMrc�[�q�MrLZM�õ�M�~>^=}JKv^wc�MXzÝQ	o�_¦c�dUMrY\[=}J}J[�a�H�_�I�c�a¨[�tZK�q�tNMu`ucNHJ[B_�tu�
c�dUM+^>LN`�d�H�c�MX`�c�K�LZMXt�Y\[BL&qs[=c�d�^=m�mULN[Á^=`�dUMXt¤^=LNMbz�MutN`uLNHJqsMXzÝQ
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G7HJI=K�LNMbyRQ ÀRQ �WL�^>`XMXq�^=`�����¼�ej»

yUQ£ÀRQ�� �WL�^>`XMXq�^=`��)»�m�mULN[Á^=`�d
¥)¦�§a¦4¨�¦�¨ ©&ª�«~¬�­�®<¯�°R¯�±"² °�¬�³¡ª�´�¬�³_µ$¶F·d¸;¹

�&d�M�qsMXdv^�~#HJ[=Lj[=YUc�d�M¤°-G�Z)��¯¡ HZ)�H¢�»º��¼�ej»×`X[=]/ms[B_�Mu_�c7z�MX`u[RzUMXL7`X^=_�qsM�z�MutN`uLNHJqsMXz�K�tNH�_�I
G7H�IBK�LNM�yRQ ÀRQ �&dUMP`u[B]3m�}JM�c�HJ[=_)[=Yn^�cNHJ]3MºtZcNMXm2LZMX��K�H�LNMXt&cNd�LNMuMPmUdv^=tNM+^=t&Y\[B}�}J[�a�HJ_�IUó
�BQ�²òLZH�c�M�c�d�M�_�MuaÕmv^>cNd)]/M�c�LZHJ`¤^=_�zÙ]3MucNLNHJ`¤z�H�§�MXLZMX_�`uM Ð HJ_Ác�[�mv^>c�d)tlc�[BLN^=IBM¤]/Mu]/[BLlfBQ
ÀRQ%�jLN^=`XMuqv^=`��)c�[r}J[#`�^wc�M�cNd�M+©2«òmv^>cNd�Q
�UQVº¤mszv^>c�MbcNd�M�LNMX}�HÜ^=qUHJ}JH�c�frHJ_UY\[=LN]/^>c�H�[B_/Y\[BL�cNd�M+©2«òmv^wc�d�Q
»�t3tNd�[�a�_ªHJ_ªG7HJIBKULNM�yUQ£ÀR��a�H�c�dU[BKUc3}J[BtZHJ_�IàIBMu_�MXLN^=}JH�c�fB�¨^=tNtZK�]3M�cNdv^>crc�dUM�_�M�a mv^>cNd

]3Muc�LZHJ`ut�^=LNM�a�LNH�cNc�Mu_/H�_Ác�[�`X[B}�K�]3_$�R[=Ysc�d�M�mv^>cNd/tlc�[BLN^=IBM�]/Mu]/[=LZfBQj»�]3[B_�Ibc�dUM¤_�M�a¬mv^>cNd
]3Muc�LZHJ`utX�UcNd�M�}Ü^=LZIBMXtlc&mv^>cNd�]3MucNLNHJ`�HJt&z�M�c�MXLZ]/H�_�MXz)cN[3H�z�MX_ÁcNH�Y�f�cNd�M+©2^w�RHJ]�K�] «ßHJ�>MX}�HJd�[#[Rz
Ó�» ç¨Ô�m�^>c�d�Q o�_�GjHJIBK�LZMºyUQ£ÀR�UcNd�M » çÖmv^>cNd)HJt�tZd�[�a�_�a�H�c�d)tZ[B}JH�zÙ}JH�_�MXtuQn�&d�HJt&©2«¥m�^>c�d)H�t
[BqUc�^=HJ_UMXzàqÁfà^½¼¿¾�À1Á�Â�Ã�À1Á�Äª^=}J[B_UIÙc�d�M�°<G�Å)�x�ÆZ=°<��I?�ÇJJ¯��)[=°/E Ó ��«WÔ�Muz�IBMXtPqv^=`���c�[�`X[B}�K�]3_
È ����CFÉ~ÊwQ�»�c�fRmUHJ`�^>}j~>^=}JKUM�[=Y c�dUM�c�LNKU_�`�^>cNHJ[B_2}JMX_UI=c�d1H�t���~=M�c�HJ]3MXt�c�d�M	`u[B_�tlc�L�^>HJ_Ácº}�MX_�I=cNd
äåyÁÀwæ;Q

o�_ò^>z�z�H�cNHJ[B_1cN[�[BqUc�^>HJ_�H�_�I�c�dUM3zUMX`X[#z�Muz¦q�H�c�tNMu�#KUMX_�`uM=�jcNd�M/��¼�ej» ^=}JI=[BLNH�c�d�]¡z�MucNMXL õ
]3HJ_�Mut�LNMu}JHJ^=q�HJ}�H�c�f	H�_UY\[BLZ]�^>cNHJ[B_ Ð Ó ^=}�tN[�`X^=}J}�MXz�tZ[=Y�c&[BKRc�m�KUc�Ô%Y\[BL�MX^=`�d�z�MX`u[RzUMXz�q�H�cXQ ��^=`�d
Ð H�t�z�M�c�MXLZ]/H�_�MXz­qÁf­`X^=}J`uK�}Ü^wc�HJ_UI�c�dUM�K�� Ëº¯�G�¯��x��¯PqsMuc�a¨MXMu_ªcNd�M�c�a¨[¦mv^wc�d­]3Muc�LZHJ`ut�c�dv^wc
`X[=_�~=MXLZIBM2^wcrM�^=`�dÖtZc�^>c�M�_�[#z�M=Q­»¤_�HJ]3m�[BLlc�^=_Ác	mUdv^=tNM�[=Y�c�dUM2�U¼�ej» ^>}JIB[BLZH�cNd�] HJt�c�dUM
zUf#_v^=]3HJ`ÍÌ½Î7Ï�ÀaÐ�Â2[=Y Ð HJ_-MX^=LN}�HJMuL�c�LZMX}J}�HJt�tZc�^=IBMXtP^=tb}J^>c�MuLºtZc�^=IBMut�^=LNM	LZM�^=`�d�Muz×ä8
Áy>æ;Q�»¤t
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GjHJIBK�LZMbyUQT�UQ »�LZ`�d�H�cNMX`�c�K�LZM+[=Yj�WL�^=`uMXqv^=`��$=�[=]/ms[B_�Mu_�cB>ºMu`X[#z�MXL
tNdU[Òa�_òHJ_¦G7HJIBKULNMryUQ£ÀR�j^>Y�c�MuL�cNL�^=`uHJ_�I�qv^>`��ÑO¤ç�tlc�^=I=MXt�^>}J[B_�I)cNd�MÙ©�«'mv^>cNd¦Y\LN[=] c�LZMX}J}�HJt
tZc�^>c�MdÒZ��c�d�M�_�ME�RcyÓ9tlc�^=IBMut�^=LNMb`�d�Mu`��=Muz1Y\[BL Ð K�mszv^>cNM�~#HJ^	cNd�MbY\[B}J}�[�a�HJ_�I�Mu��Kv^>c�H�[B_�Q

Ð Â � ]/H�_ÔÕ×Ö�Ø þÚÙÛ�]ÜÃ ÔÕ�Ý	Þ)ß þÚÙÛ� Ó Ð É ý�à;á
ö Ð Â ÔEöÆâ��ãÒ¾ðqO¤ç�ö¡`�`4`�öÆÒWðmO�ç¥ð^Ó Ó yUQ���Ô

a�d�MXLZMÍâ�HJt¤cNd�M	tZc�^=IBM�H�_�z�ME�Ý��^=_�z���ÚÛ}ä
á
^=_�z¿ÚÛ~å hxær^>LNM+cNd�M	z�Mu`X[#z�MXzàq�H�c�[=Y�©2«�mv^>cNd

^=_�z­cNd�M)`X[B]3msMuc�H�c�H�~BMÙmv^wc�dÖ^>c�cNd�M)c�LNMu}J}�HJt�tlc�^=I=M�^=_�z�Ó H�t	^-mv^=L�^>]/M�c�MXLuQòopcrdv^>t	q�MuMX_
tNdU[Òa�_)cNdv^>cRÓ¿`�^=_)qsMº`X[=_�tNH�z�MXLN^>c�Mu}�f/}JMXtZt�c�d�^=_�O¤ç�a�H�c�d�[BKRc&m�MuLZY\[BLZ]�^>_�`XMºzUMXIBLN^=zv^>cNHJ[B_�t
ä��BOwæ;Q

�j[àH�]/m�LZ[�~BMÙc�dULN[BK�I=d�m�KUcX�¨]�KU}�c�H�m�}JM�ç½G���°�¯Hè$C G�Z)��¯¡ HZ)�H¢/^=_�zêé1ëaK�Z=°�¯�m�dv^=tZMXtr`�^=_ÖqsM
K�tZMXz¦Y\[=LP[=_�M	c�HJ]3M	tZcNMXm�QÙ�RK�`�d¦tN`�d�Mu]/M/dv^=t�q�MuMX_¦HJ]3m�}JMu]/Mu_�cNMXz-Y\[BLºe�H�c�MuLNq�H�^>}JIB[BLZH�cNd�]
äå�By>æ;Q
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»�tntZd�[�a�_	HJ_�G7HJIBKULNM¨yUQ£�R�>c�dUM�`X[B]3ms[B_�MX_Ác7z�MX`u[Rz�MuLn`X[=_�tNH�tZc�tj[=YvY\[BK�Ljmv^=Llc�tXó¾c�dUM�q�LN^=_�`�d

]3Muc�LZHJ`�K�_�H�c Ó {&©ïº�Ô��Ác�dUM�^=zUzRõ�`u[B]/m�^=LNMEõ�tNMu}JMu`uc Ó »&=&��Ô q�}J[#`����#cNd�M�tNK�Ll~RH�~B[BL%]3MX]3[BLZf=�R^>_�z
c�dUM)`X[B_Ác�LZ[B}�mv^wc�d�Q­{�©ïº ^=_�z�»&=&��^=LNM)K�tZMXz�c�[-IBMu_�MXLN^>c�MÙcNd�M�_�Muaãmv^>cNd�]/M�c�LNH�`Xt�Y\[=L
M�^>`�dàcNLNMu}J}JH�t¤tlc�^=I=M=Qb�&d�M	tZK�LZ~#H�~=[BLb]3MX]3[BLZf�tlc�[BLZMXtbz�Mu`X[#z�MXzàq�H�c Û Ä ^=_Uz-tN[=Y�cb[=KUc�m�KRc Ð Ä~>^=}JKUMXt¤^=_�z2msMXLlY\[BLN]3tfðñ¾�ò�Ð�Â�� Ð�¾�À1Á�Â�ÃtÀ1Á?Ä7��^>_�zôó�Î7ÏtÀ;Ð�Â�[Bm�MuL�^>cNHJ[B_UtXQ��&d�M+`X[B_ÁcNLN[B}¾mv^>cNd
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(b) ACS Block

G7HJI=K�LNM�yUQ�
�Q »¤z�zRõ_=�[=]/mv^>LNM�õ �RMX}�MX`�cB=�[B]/ms[B_�Mu_Ác�t
z�M�c�MXLZ]/H�_�MXt¤_�M��#cbtlc�^>cNM+~>^=}�K�MXt�^=_�z1`u[B_Ác�LN[=}Jt�z�^>c�^'õv[�a�qsMuc�a¨MXMu_-c�d�M+[=c�d�MuL¤cNd�LNMuM�K�_�H�c�tXQ
>ºMuc�^=HJ}�MXz�^=LZ`�d�H�cNMX`�c�K�LN^=}ßz�MXtZ`XLZHJmUcNHJ[B_�t�^>LNM�m�LN[�~#HJzUMXz�HJ_)c�d�MbY\[B}�}J[�a�HJ_UI�tNMu`ucNHJ[B_�tuQ

ö {�L�^=_U`�d-©�M�c�LNH�`dº¤_�H�c
�&d�M){&©ïºãIBMX_�MuL�^>cNMXt�cNd�M�q�LN^=_�`�d�]3Muc�LZHJ`utPY\[BL�^=}J} Y\[BKUL�ms[BtNtZHJq�}�M�MX_U`X[#z�MXL�[=KUc�m�KRc
mv^=HJLZt¡ÚÛ Ä ö&Ú÷ Ä Q¿á�Mu`XMXH�~BMuzÕzUMX`X[#z�MuLÙHJ_�mUKUcÙ~>^=}JKUMXt�â Ä ^=_Uz ÷ Ä ^=_Uz'c�d�M2tN[=Y�c)[=KUc�m�KRc
Y\MXMXzUqv^=`��îøùY\LN[B] c�d�Mb^>}�c�MuLN_v^wc�Mº`u[B]/ms[B_�Mu_Ác&z�MX`u[RzUMXLX� Ó M=Q½I�Q7ør��^=_�z$ø�ÀPHJ_�G7H�IBK�LNM
ORQ�
ÁÔº^=LNM�KUtNMXzàc�[�IBMu_�MXLN^>c�M�cNd�M	q�LN^=_�`�d¥]/M�c�LNH�`�Y\[BLºMX^=`�d ÚÛ Ä ö�Ú÷ Ä `X[B]�qUHJ_v^>cNHJ[B_ÝQ+Gv[BL
tN[=Y�c7[BKUc�mUKUc7zUMX`X[#z�MuLNtX�Á`�d�^=_�_�Mu}R~>^=}JKUMXtWâ Ä ^=_�z ÷ Ä ^=LZM���Kv^=_ÁcNH	�XMuz�c�[¤]�K�}�c�H�õpq�H�cÝ~=^>}JK�Mut
a�d�HJ}�M
ÚÛ Ä ^=_�z Ú÷ Ä ^=LZM&tNHJ_UIB}JM�qUH�c�tuQ Gv[BLn»º��¼�ej»��BcNd�M�q�L�^=_U`�d/]3MucNLNHJ`�[=Y�^bIBH�~BMu_ ÚÛ Ä �RÚ÷ Ä
^>c�c�LNMu}J}�HJt�tlc�^=I=Mù¢¤a�H�cNd�^3tZ[=Y�c�[BKUcNm�KUc�Y\MXMuz�qv^=`��½øØH�tXó

�Hú Ó ÚÛ Ä Ú÷ Ä Ô��
�
À ÚÛ Ä ø ô ç åÀ Ó â Ä ÚÛ Ä ôD÷ Ä Ú÷ Ä Ô Ó yUQ À=Ô

a�d�MXLZM�ç å H�tßMX��K�H�~>^=}�MX_Ác¾c�[ øû � �>^=_�zP÷3HJt�c�dUM¨tlc�^=_�z�^=LNzPz�Mu~#HJ^>c�H�[B_�[=YUcNd�M c�L�^>_�tN]3HJtZtNHJ[=_
`�dv^=_�_�Mu}�_U[BHJtZM=Q��RH�_�`XM)ÚÛ Ä ^=_�z'Ú÷ Ä ^=LZM�qUHJ_v^=Llf�_�K�]�qsMXLZtX�#M�^=`�d�{&©ïº³[BKUcNm�KUc%LNMu�#KUHJLNMut
c�a�[�^=z�z�MuLNt�^=_�z�^	]�K�}�cNHJm�}�HJMuLXQ

ö »�z�zRõ3=�[B]3mv^=LNMEõl�RMu}JMu`uc&º¤_UH�c

SB�



�&d�M&IB[Á^=}#[=YvcNd�M�^=z�zRõp`X[B]3mv^=LZM�õptNMX}�MX`�cnK�_�H�cnH�tjc�[�^>z�z�c�d�M�q�L�^=_U`�d3]3MucNLNH�`%Y\[BL7^�c�LZMX}J}�HJt
MXz�IBM¤c�[+cNd�M�m�^>c�dÙ]3MucNLNH�`�[>Y�c�d�M�m�LNMutNMX_Ác�cNLNMu}J}JH�t�tZc�^wc�M¤cN[�`uLNM�^wc�Mº^+_�Mua³mv^wc�dÙ]3MucNLNHJ`
Y\[BL�^$�Ý¯��B°¨®�°�Z=° ¯�H�_�cNd�M�_�ME�#cºc�LZMX}J}�HJt&tlc�^=IBM>Q¤�&dUHJt�]/M�c�LNH�`+H�t�cNd�MX_2`X[B]3mv^=LZMXz�cN[�c�dUM
`X[B]3m�KUcNMXz�mv^>cNdÖ]3MucNLNH�`/Y\LN[=] c�dUM)`X[B]3m�M�c�H�c�H�~=M�mv^wc�d­c�[-z�M�c�MuLN]3HJ_�M�cNd�M)tNKULZ~#H�~=[BL
Y\[BLºc�d�M	_UM��#cPtZc�^wc�M=Q��&d�Mr»&=&�à[BmsMXLN^>c�H�[B_1]�KUtZc�qsM	m�MuLZY\[BLZ]/MuzàY\[=Lb^>c�]3[BtZc�g�h7i k
m�LNMutNMX_Ác�tZc�^wc�M�mv^>cNd�]3MucNLNH�`Xt�Y\[BL&MX^=`�d�cNLNMX}�}JH�t�tZc�^=IBM>Q
�&d�M�dv^=LZzUa�^=LNM�^=LN`�d�H�c�Mu`uc�KULNM�KUtNMXz+c�[�msMXLlY\[BLN]¿cNd�M�»&=&�P`X[B]3m�KUc�^>c�H�[B_PY\[=LjMX^=`�d�mv^>cNd
HJt�tNd�[�a�_1H�_1G7H�IBK�LNMPyUQ�
Á^UQ��&d�M�`u[BLNLZMX`uc�HJ_�zUM���HJ_ÁcN[3cNd�M�m�LZMXtZMX_Ácºtlc�^>cNM�mv^>cNd2]3MucNLNHJ`
^=LNLN^�f�H�t�[BqUc�^>HJ_�Muz�Y\LZ[B] c�dUM+tZK�LZ~#H�~=[BL�]/Mu]/[BLlf�^=_�z�HJt�K�tZMXz�cN[/tZMX}�MX`uc¤mv^>cNd2]3MucNLNHJ`
´ » xRQ%�&dUHJt&HJ_Uz�M��ÙHJt�^=}�tN[	K�tZMXz�^=t�^=_�HJ_�mUKUc&c�[3^�m�LZM�õ�mULN[BIBLN^=]3]/Muz)}J[#[B�Bõ�K�mÙc�^=q�}JM
c�[�tZMX}�MX`uc¤c�d�M+mv^>cNd2]3Muc�LZHJ`P´ » ��Y\[BL&c�dUM�`X[=]/msMucNH�c�H�~BM�mv^>cNd�Q�»�t¤tNd�[�a�_1H�_1G7H�IBK�LNM
yUQ�
=q��#cNd�M�qUL�^=_�`�d)]3MucNLNH�`Be » xU� e » ��Y\[BL%M�^=`�d�mv^>c�d�HJt¨^=z�z�Muz�c�[Pc�d�M�^=m�m�LZ[Bm�LNHJ^>c�M
mv^>c�d�]3Muc�LZHJ`�cN[r`XLNMX^>c�M�_�M�a¿mv^wc�d�]/M�c�LZHJ`Xt�Y\[=L�c�d�Mb_�ME�#c�tlc�^>cNM=Q�»�tNK�qRc�L�^>`uc�[=L�c�^=�=Mut
c�d�M	z�H�§ÝMuLNMu_�`XM�[>Y%cNd�M�_�M�aØ]3MucNLNH�`Xt¤cN[)IBMX_UMXL�^wc�M�cNd�M	_�MXMuz�MXzàtZ[=Y�cb[BKUcNm�KUc Ð ~>^=}JK�M
Y\[BL&c�d�M�_�ME�Rc¤tZc�^>c�M>Q�»9`u[B]3mv^=L�^wc�[BL&tZMX}JMu`ucNt�cNd�M�}Ü^=LZIBMXL�[>Y7c�dUM�c�a¨[�m�^>c�d�]/M�c�LZHJ`Xt�^>t
´ » è Û â�Y\[BL&tZK�LZ~#H�~=^>}�Q
»�t�tNd�[�a�_¿H�_�G7H�IBK�LZMàyUQ�
U��c�d�M¥»&=&�ÕqU}J[#`��¬MX]3m�}J[�f#t)c�d�Màc�d�LZMXtZd�[B}JzüUBh ô O cN[
m�LNK�_UM2}J[�a `X[BtlcÙmv^>cNd�tXQÕ¼º_�}�f|c�dU[BtNM�mv^>c�dUt3a�d�[=tNM2]3MucNLNH�`Xt	Y\K�}���}J}�c�dUM�cNd�LNMutNd�[B}�z
LNMX��K�H�LNMu]/Mu_�c�^=LZM+tZK�q�tNMu��K�MX_Ác�}�f2tlc�[BLZMXz�HJ_�c�d�MP_�M��#c¤tZc�^>c�MPmv^>cNd2]3Muc�LZHJ`P^=LZL�^�fBQ¨�&d�M
^=LNLN^�f�HJ_Uz�M���K�tZMXz-c�[Ùtlc�[BLZM�c�dUM�_�ME�Rc�tlc�^>cNM�mv^wc�d-]3Muc�LZHJ`PHJt¤tZc�[=LNMXz-H�_2c�dUM�tNKULZ~#H�~=[BL
]/Mu]/[BLlfBQÖopYº]3[BLNM)cNdv^=_ªgPhjilk-m�^>c�d�t3tNKULZ~#H�~=M=��cNd�M�cNd�LNMutNd�[=}Jz�O HJtrzUf#_v^=]3HJ`X^=}J}�f
HJ_�`uLNM�^>tNMXz2^=_�z�»&=&��`u[B]3m�KUc�^wc�HJ[=_)HJt&LNMEõ�msMXLlY\[BLN]3MXz)a�H�cNd)c�d�M�_�M�a:OPQ
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S�
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Ð Ó ÒUð¥�Bö�xÁÔ%^=_�z3c�d�M�_�Mua³]3MucNLNH�`�zUH�§�MXLNMu_�`XM Ð Ó ÒNö�xÁÔ Y\LZ[B] »&=&��Q�²³d�MX_�tNd�H�Y�c�HJ_UI+[B_UM
}JMu~=MX}ÝcN[�c�d�MbLZHJIBdÁcX�Rc�dUMb_�Mua Ð Ó ÒÝðÖ�Bö�xBÔ%a�HJ}�}�qsMºtZcN[BLNMuz�HJ_Ác�[�cNd�Mb}J[#`�^>cNHJ[B_/[=Y¾a�d�MXLZM
Ð Ó Ò¾ðÖÀRö�xÁÔ%a�^=tuQ
»�}J}&cNd�M2LZMX}JHJ^=q�H�}JH�c�fòHJ_UY\[=LN]/^>c�H�[B_�t	HJ_Öc�d�M�t�^=]3M�LN[�a��&a�d�HJ`�d×qsMX}�[B_�I¥c�[¦cNd�M2tN^=]3M
mv^>c�dÝ�v^=LNMbKUm�zv^wc�MXz�^>c�c�d�MbtN^=]/MºcNHJ]3Mº^=_Uz�tZd�H�Y�cNMXz)c�[�cNd�MbLNH�IBdÁc&qÁfÙ[B_UMb}JMu~=MX};Q �&d�M
Ð Ó ÒnðoO¤ç&ö�xÁÔE�ßa�d�HJ`�d¥dv^=t�qsMXMX_¥K�mszv^>cNMXz¥q�fïO�çÕc�HJ]3MXtu�ßHJtbms[Bm�msMXz¥[BKUcbY\LZ[B] c�dUM
LNHJI=d�c�tZHJz�M�[=Yn©ï>�© ^=t�c�dUMPLZMX}�HÜ^=q�H�}JH�c�fr[=Y7m�^>c�d�xr^>c�}JMu~=MX} Ó ÒßðÇO�ç%ÔEQ
²³d�HJ}�M�cNd�M�©ï>�© [=Yjc�L�^>z�H�cNHJ[B_v^>}¾��¼�ej»9LNMX��K�H�LNMutbÀ (�� ý 5-2 LN[�a�tX�s»b�U¼�ej»ØK�tZMXt�[=_�}�f
gPhjilk�LZ[Òa�tuQ �&d�M�tN^=]3Mº^=t���©ïºP�Rc�dUM�»b�U¼�ej»�©ï>�© H�t�^>}JtN[+^�g�h7i kbqÁf'O�ç�^=LZL�^�fB�
q�KUc�c�d�M�]3MX]3[BLZf�`XMu}J}�[=Yn©ï>�© dv^=t"
rq�H�cNtXQ

yUQT� �n�RmsMXLZHJ]3MX_Ác�^=}ß»¤m�m�LZ[Á^=`�d�[=YnG7V � »�o�]3m�}JMu]/Mu_�c�^>c�H�[B_
{�MuY\[=LNM�c�d�M�»b��¼&e7»Õ�WK�LNqs[+zUMX`X[#z�MuL�`�^>_/qsM¤]/^=m�msMXz3[B_Ác�[+^Á�R[�=��#H�c�dv^=t�c�[Pq�M�c�MutZcNMXz

HJ_/GnV � »�Q�G7H�LNtZc�[>Yß^=}�}��Bc�dUM¤»º��¼�ej»
H�t%^P_�[�~=MX}�^=}JIB[=LNH�cNd�]�^=_�z�LZMX��K�H�LNMXt�c�[>c�^=}�}�f�zUH�§�MXLNMu_Ác
tZcN[BL�^>IBM�]3MX]3[BLZf�[BLNIB^=_�H	�X^>c�H�[B_�Y\LZ[B]Þc�L�^>z�H�cNHJ[B_v^>}7�U¼�ej»�Qß�&d�MrGnV � » Mu~>^=}�Kv^>cNHJ[B_1dUMX}JmUt
c�[�`�d�[#[BtZMrcNd�Mrm�LN[=m�MuL+^>LN`�d�H�c�MX`�c�K�LZMrq�M�c�a�MuMX_¦cNd�M½G�¯�[��J®�° ¯�G�¯��;�HEaZ��)[#¯�^=_�zàc�dUM�°<G�Z)��¯¡ HZ)�H¢
^=m�mULN[Á^=`�dUMXtXQ¬�RMX`u[B_�z���mULN[BmsMXL3mv^=LN^=]/M�c�MuLNt3^=_�zªm�MuLZY\[BLZ]�^=_U`XM�_�K�]�qsMXLNtrY\[BLrHJ_Uz�H�~#HJzUKv^=}
Y\K�_�`�c�H�[B_v^=}Rq�}J[#`���t ^=LNM�LNMX��K�H�LNMuzra�dUMX_rc�d�M��WK�LZq�[�z�Mu`X[#z�MXL H�t7]/^=m�msMXz	[B_Ác�[P^Á�#[�=�Q=�&d�H�LNz��
c�dUM+[�~BMuL�^=}�}¾m�MuLZY\[BLZ]�^=_U`XMP[=Y GnV � »�H�]/mU}JMX]3MX_Ác�^>c�H�[B_Ù`�^>_2qsM+`u[B]/m�^=LNMuz�a�H�cNd�cNd�M�^B�R[�=
]3[Rz�Mu}�Q
yUQT�UQ�� G7V � »�o�]3m�}JMu]/Mu_�c�^>c�H�[B_�V7^>L�^=]3MucNMXLNt

V7^=LN^=]3Muc�MuLNH���^=q�}�M��WK�LNqs[�z�MX`u[Rz�MuLNt�a�H�cNd-q�[=cNd�°-G�Z)��¯¡ HZ)�H¢�^=_�z�G�¯�[��J®�° ¯�G�¯��;�HEaZ��)[#¯�^=mRõ
m�LZ[Á^=`�d�Mutb^=LNMPz�M�~BMX}�[BmsMXz2a�H�c�d2e�MuLNHJ}�[BI�Qf>ºMu`X[#z�MXLZt¤Y\[BL�^/~>^=LZHJM�c�f�[=Y"� ^=_Uz-gPhjilk�~=^>}JK�Mut
a¨MXLNM�tZf#_Ác�dUMXtNH��XMuz×c�[¦^=_ª»¤}�cNMXL�^¥�#cNL�^>cNH��­�%V&�Ò�s��xòGnV � »Þ^=_�zªz�[�a�_�}J[Á^>z�MXz�c�[¦^ ñ HJ[Bt
>ºMu~=MX}�[Bm�]3MX_Ác¤{�[Á^=LZzòäå¢>æ;Q

�&d�Mrq�H�cba�H�zUc�dà[=Y%c�dUM3m�^>c�dà]3Muc�LZHJ`r^=_Uz Ð z�MXmsMX_�zUt+[B_-cNd�M3^=`X`uK�L�^=`�fàLNMu�#KUHJLNMu]/Mu_Ác
[=Y&cNd�MÙtZf#tlc�MX]�Qàopc�a�^=t	��_�[�a�_�cNdv^>c�^2a�[BLZzRõ�}�MX_�I>c�d|[=Y¤�2qUH�c�t+HJt	^>}J]3[BtZc+[BmUcNHJ]�K�] Y\[=L

��xU�



c�dUM/tlfR]�q�[B}�t�HJ_àc�d�M3`�^=tZM�[=Y�{�V%�
# ]3[Rz�KU}Ü^>cNHJ[B_�ä½À��wæ;Q�o�_¦[BK�LPHJ]3m�}JMu]/Mu_Ác�^>cNHJ[B_���H�c�a�^=t
z�M�c�MXLZ]/H�_�MXz)cNdv^>c¤^	q�H�c&a�H�zUc�d�[=Y�
/qUH�c�t&H�t&IB[#[Rz)Mu_�[BK�IBd�Y\[BL�cNd�MXtZM+ME�UmsMXLZHJ]3MX_Ác�tuQ

o�_¬c�d�M2Y\[=}J}J[�a�H�_�IòME�UmsMXLZHJ]3MX_Ác�tu��cNK�LNqs[­z�Mu`X[#z�MXLZt�a¨MXLZM1c�MutZc�MuzÕa�H�c�d���xBÀ�
|q�H�cÙzv^>c�^
q�}�[R`���t+^=_�z¦¢�z�Mu`X[#z�M3H�c�MuL�^>cNHJ[B_UtXQro�_¥cNd�M�°-G�Z)��¯¡ HZ)�H¢�]/[#z�MX};��c�d�M3tNKULZ~#H�~=[BL+]3MX]3[BLlf2a�^=t
`X[=_�tZcNLNK�`�c�MXz�a�H�c�d�MXH�IBdÁc¤]3MX]3[BLlf)qv^=_���t�a�d�HJ`�d�`�^=_1dU[B}Jz¥��x
�$� c�LZMX}J}�HJt�`u[B}JKU]/_�t�[=YªÚÛ Ä
^=_�z Ð HJ_UY\[BLZ]�^wc�HJ[=_ Ó �%�&� Y\[BL7Ð�¾�À1Á�Â�Ã�À1Á�Än�UÀ;`��%�'� Y\[BL ó�Î7ÏtÀ;Ð�Â���À;`��%�'� Y\[=L¨LZ[=c�^>cNHJ_�I
tNm�^=LNMºtlc�[BLN^=IBM�Ô�Q o�_�cNd�MÍG�¯�[��J®�° ¯�GP¯��;�HEaZ��)[#¯ ]3[Rz�Mu}���c�d�Mº��©ïº¿^>_�z�©ï>�© ^=LZM�z�MutNH�IB_�MXzÙcN[
d�[B}�zþ�
�(� c�LZMX}�}JHJt¨`X[B}�K�]3_�t&[=Y�ÚÛ Ä ^>_�z Ð HJ_UY\[BLZ]�^wc�HJ[=_�Q
yUQT�UQ£À �7�RmsMXLNH�]/Mu_Ác�^=}W�#f#tlc�MX]

�j[Pc�MutZc%c�d�M�m�L�^>`uc�H�`�^=}�H�c�f+[=YÝcNd�M�LNMX`u[B_U�vI=K�L�^=qU}JM�»b��¼&e7»�õ�qv^>tNMXzÙ^=LN`�d�H�c�Mu`uc�KULNM=�R^�dv^=LNz#õ
a�^=LNMºH�]/mU}JMX]3MX_Ác�^>c�H�[B_/[>Yßc�d�MºzUMX`X[#z�MuL�a�^=t¨c�MXtlc�Muz�^>t�mv^=Llc�[=YW^�`u[B]/]�K�_�HJ`X^>c�H�[B_3tZf#tZcNMX]�Q
�&d�H�t tZf#tZcNMX] `u[B_Ác�^=H�_�t q�}J[#`���t7Y\[BLnz�^>c�^ºIBMu_�MXLN^>c�H�[B_��BMu_�`X[#z�H�_�I��Bc�LN^=_�tZ]/H�tNtNH�[B_��=^=_�zrz�MX`u[Rz#õ
HJ_UI�Qº» LN^=_�z�[B]¡q�H�cºIBMu_�MXLN^>c�[BL¤`XLZM�^>cNMXt�^Ùq�H�cºtNMu��K�MX_�`uM	c�[Ù]3[RzUMX}¾c�L�^>_�tN]3H�cZc�MXz2zv^>c�^RQb»
c�KULNqs[	MX_�`u[Rz�MuLX��^=}�tN[	tZd�[�a�_�H�_)G7HJI=K�LNM�O#Q£�U�#c�d�Mu_�Mu_�`X[#z�Mut�cNd�Mbzv^>c�^�Y\[BL�cNL�^=_�tZ]/H�tNtZHJ[B_�Q7»
�PI¡K�Å)J4Z=°3I?G%`X[B_Á~=MXLZcNt�cNd�Mb`X[#z�Muz�qUH�c�t&H�_Ác�[	LNMX^=}�_�K�]�qsMXLZtXó�x�õ*)9�B����õ�)³õ��ºY\[BL�cNd�Mbq�HJ_�^=LZf
m�dv^>tNM�õptNd�H�Y�c��=Muf=MXz Ó {�V%�
#PÔ�tlfRtlc�Mu] Mu]/m�}�[�fBMXzÝQ��&d�M+[BKUc�mUKUc�[=Y7cNd�M+]3[#z�K�}Ü^wc�[BL�H�t�HJ_�m�KRc
c�[�^$WXç,+.- �HEaZ��1�Ý¯�JW®����ùÅ)J4Z=°�I?G�QP�&d�H�tbq�}J[#`��2tZHJ]�K�}J^>c�Mutb^Ù_�[BH�tZf2`�dv^=_�_�Mu}na�d�MXLZM	a�d�H�cNM
� ^=K�tNtZHÜ^=_¦_�[BH�tNM�H�t�^>z�z�MXz|cN[�cNd�M�c�LN^=_�tZ]/H�cNc�MuzòtZHJIB_v^>}�Q)�&d�M)^>]/[BKU_�c+[=Y�_�[=HJtNM3z�Mum�Mu_�z�t
[B_×cNd�M1tNH�IB_v^=} õpcN[>õ�_�[=HJtNM�LN^>c�H�[|m�LNMutNM�c�q�fªc�d�M2K�tNMuLXQ9�&d�M-tZf#]�qs[B}Jt/[BqUc�^=HJ_�Muz×Y\LN[B] c�dUM
»¾² ��ñ `�dv^=_�_UMX}n]3[RzUMX}n^>LNM���Kv^=_ÁcNH	�XMuzàq�M�Y\[BLNM�qsMXH�_�IÙtZMX_Ác�c�[Ùc�dUM½K#¯H�HI¡K#¯�G�^=tbH�cNt�HJ_Um�KUc�Q
¼º_¿LNMu`XMuH�~#HJ_�Iªc�d�M|H�_�m�KUcX�PcNd�M|z�Mu`X[#z�MXL1^>cNcNMX]3mUc�t�c�[×LZMX`X[�~=MXL1c�dUM|[BLNH�IBHJ_�^=}btNMu�#KUMX_�`uM=Q
»�}�}¨tZ[=Y�c�a�^=LNM)]3[RzUMX}JH�_�I�[=Y�c�d�MÙ`u[B]3]�K�_�H�`�^>cNHJ[B_¥tZf#tZcNMX] Ó M��R`XMumUc	Y\[BL�cNd�M)GnV � »�õpqv^=tNMuz
z�Mu`X[#z�MXL�Ô�a�^=t�m�MuLZY\[BLZ]/Muz�K�tNH�_�I3^��=Q£¢ � £&��VjMu_�cNHJK�] ope�V =�Q

�&d�M�»º��¼�ej»�õpqv^=tNMuzrz�MX`u[Rz�MuL ^=LZ`�d�H�cNMX`ucNK�LNM¨a�^=t7]�^=mUm�Muz�c�[b^��#c�LN^>c�H ���%V&�Ò�s��xºGnV � »
}J[#`�^wc�MXz
[B_¿^>_¿»�}�c�MXLN^ ñ ol¼�� >ºMu~=MX}J[=m�]/Mu_Ác-{�[Á^>LNz äå¢>æ;QÞ�&d�HJt�]�^=mUm�HJ_�Iª^=}�}J[�a�MuzÕY\[=L
HJ_#õp�vMu}Jz×c�MutZcNHJ_�I­[=YPc�KULNqs[­z�MX`u[Rz�MuL�z�MXtZHJIB_�tÙY\[=L)`X[B_�tlc�LN^=HJ_Ác�}JMu_�I=cNd�t)K�m¬c�[/�à�b¢UQ »¤_

��xÁÀ



á7��«�}JM�~BMu}�z�MutN`XLZHJmUcNHJ[B_ª[=Ybc�dUM�c�KULNqs[|z�MX`u[RzUMXL/a�^=t�a�LZH�cZc�MX_'HJ_ªe�MuLNH�}J[BI�Q³�&d�M�e�MXLNH�}J[BI
`X[#z�Màa�^>t�tZHJ]�K�}J^>c�Muz³K�tNH�_�Iª»¤}�cNMXL�^10ºKv^=Llc�K�t�oNo�tNHJ]�K�}Ü^>cNHJ[B_ªc�[#[B}JtuQã»¤}J}bz�MutNHJI=_�t�a¨MXLZM
tZf#_Ác�dUMXtNH��XMuzò^=_Uz1]�^>m�m�Muz1K�tZHJ_�I20ºKv^>LZc�KUtºoNo�a�H�c�d2cNHJ]3HJ_�I3`X[B_UtZc�LN^=HJ_ÁcNtXQº�&d�M�]�^w�RH�]�K�]
[BmsMXLN^>c�H�_�I|Y\LNMu�#KUMX_�`uHJMXt�[=Y�c�dUM¦G7V � » a¨MXLNMà[BqRc�^=H�_�MXz¬Y\LN[=] 0ºKv^=Llc�K�t)oZo/`u[B]/mUHJ}Ü^wc�HJ[=_�Q
¼�~BMuL�^=}�}7`X[=]/]�KU_�HJ`X^>c�H�[B_2tlfRtlc�Mu] z�MX`u[RzUM	L�^>cNMXt�a¨MXLZM	]/MX^=tNK�LZMXz-c�dULN[BK�I=d-m�LN[=��}JHJ_UI/a�H�cNd
c�dUM3°<����¯�KUc�H�}JH�c�f/[B_)c�dUM+V =�Q

Vj[�a¨MXL�`X[B_UtNK�]3mUc�H�[B_'~>^=}�K�MXt�Y\[=L/c�dUM2c�K�LZq�[­zUMX`X[#z�MuLNtÙa¨MXLNM-zUMuc�MuLN]3HJ_�Muz¬K�tNH�_�I|c�dUM
0ºKv^=Llc�K�t�oNo/m�[�a¨MXL�^=_v^=}�f;�uMXLuQ �W[×^=`u`X[BK�_Ác�Y\[BL�m�[�a¨MXL�`X[B_UtNK�]3mUc�H�[B_Õz�K�LNH�_�Iª�%V&�Ò�s��x
LNMu`X[B_R�vIBK�LN^>c�H�[B_��Bc�dUM¤ms[�a�MuL�^=tZtN[#`XHJ^>c�Muzra�H�c�d3LNMX^=z�HJ_UI�cNd�M�`X[B_R�vIBK�LN^>c�H�[B_rq�H�cNtZc�LZM�^=]�Y\LN[B]
�a>bá�»b© ^>_�z	tZcN[BLNH�_�IºH�cjHJ_+c�d�M&G7V � »ªa�^=tn`X^=}J`uK�}Ü^wc�MXzÝQjopcna�^=tnzUMuc�MuLN]3HJ_�Muz�c�dv^wc ^=m�mULN[���õ
HJ]/^>cNMX}�f1�ÒÀ��/]r² [=Y�ms[Òa¨MXLº^=LNM+_�MXMuz�MXzàz�K�LZHJ_�I�LNMX`u[B_U�vI=K�L�^>cNHJ[B_�c�[ÙLZM�^=z1cNd�M��U���=��
U�£¢�
Bx
��V&�Ò����xà`X[B_R�vIBK�LN^>c�H�[B_�q�H�cNtrY\LZ[B] 
�©1� �U�ÁÀ¥©�HJ`uLN[B_'©��f
Áy=«�=¿
Á©2�ÁÀ={&À¥�a>bá�»b© äTO>�>æ�Q
�&d�H�t�~>^=}�K�M-a�^>t�z�M�c�MuLN]3HJ_�Muz
qÁf³tN`X^=}JH�_�I|c�dUM¦tZm�Mu`XH���MXz�]/^w�RHJ]�K�] ms[�a�MuL�z�H�tNtZHJmv^>cNHJ[B_
c�[³��x=x�©ï£B�>�¤a�d�H�`�d
H�t�c�d�MàLZMX��K�HJLZMXzÕGnV � » `X[B_U��IBK�L�^wc�HJ[=_¬tNmsMXMXzÝQ �&d�M¥^=]/[=K�_Ác)[=Y
ms[Òa¨MXL�LZMX��K�HJLZMXzàc�[�LNMu`X[B_R�vIBK�LZM3cNd�M3�%V&�Ò�s��xÙa�^=t+^=m�mULN[��RHJ]/^>c�Muz-q�f¥^>tNtNKU]/H�_�IÙc�d�MrK�tZM
[=Y¤^1[B_Rõp`�d�HJm�LZMX`X[=_U�vIBK�LN^>c�H�[B_­tNdUH�Y�c	`�dv^>HJ_�Q¥�&d�M�m�[�a¨MXL	z�H�tNtZHJmv^>cNMXz�qÁfòcNd�M)tNd�H�Y�c	`�dv^=H�_
a�^=tÙz�M�c�MXLZ]/H�_�MXz'q�fÖ`X^=}J`uK�}Ü^>cNHJ_�Iàc�dUM2MX_UMXLNI>f'z�H�tNtZHJmv^>cNMXz×qÁfª^òtZHJ_�IB}�M�tZd�H�Y�c/HJ_'xUQ����=K�]
c�Mu`�d�_�[B}�[BI=f¦a�H�c�dª�UV o_=��&Q �&d�H�t	tNd�H�Y�cr`�dv^=HJ_�ms[�a�MuLr~>^=}�K�M�a�^=trtN`X^=}JMuzÖqÁf|cNd�M)LNMu��K�HJLZMXz
�U���=��
��T¢�
Áx�tZd�H�Y�cNtß^=_�z�z�H�~#HJz�MuzPqÁfb`u[B_U�vI=K�L�^>cNHJ[B_ºcNHJ]3MjcN[�`X^=}J`uK�}Ü^wc�M GnV � »­LNMu`X[B_U��IBK�L�^wc�HJ[=_
ms[Òa¨MXLuQ�opc�a�^=t�`�^>}J`XKU}Ü^>cNMXz/cNdv^>c ��
�QTy�]r² ^=LNM¤LNMu�#KUHJLNMuzÙc�[+LNMXmULN[BIBLN^=] c�d�M�`X[B_U��IBK�L�^wc�HJ[=_
q�H�c�t1[=Y	cNd�M���V&�Ò����xUQ �W[³^=`X`u[BK�_Ác-Y\[BL�c�d�M­LZMX`X[=_U�vIBK�LN^>c�H�[B_�cNHJ]3Mò[�~BMuLNd�MX^=z���H�c2a�^=t
z�M�c�MXLZ]/H�_�MXz)cNdv^>c�^�c�[>c�^=}ÝcNHJ]3M�[=Y7���>]��/a�^=t&LNMu�#KUHJLNMuz�cN[rLNMX`u[B_U�vI=K�LNM�^r��V&�Ò����xrGnV � »
äå¢>æ�Q

»�_ùM��RmsMXLZHJ]3MX_Ác�^=}+tZf#tZcNMX] H�t1MXtlc�^=qU}JHJtZd�MXzù^>t1tNd�[�a�_9HJ_�GjHJIBK�LZM­yUQTSUQ �&d�M­�WK�LNqs[
z�Mu`X[#z�HJ_�I�qs[Á^=LZz¦LZMX`XMuH�~=MXtP`�dv^=_�_�Mu}�zv^>c�^ÙY\LZ[B] c�dUM3LZMX`uMXH�~=MXL�c�d�LZ[BK�IBd¦�nc�d�MuLN_�M�c�Q3o�_¦LZM�^=}
tZf#tlc�MX]��RcNd�M�LNMX`uMXH�~BMXL¨]/H�IBdÁc�q�M¤^+mUHJMX`uM¤[>Y�dv^=LZzUa�^=LNM�c�dv^>c¨LNMu`XMuH�~BMut�`�dv^>_�_�MX}�tNH�IB_v^=}�tnY\LN[B]
c�dUMbLNMX]3[=cNMb^=_Ác�Mu_�_v^UQ�o�_�[BK�L�ME�Rm�MuLNHJ]3MX_ÁcX�v^	`X[B]3m�KUcNMXL�H�t�K�tNMuz�cN[	tNMu_�z�cNd�Mbzv^>c�^�c�[	c�dUM

��xB�



Decoder
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FPGA

FGPA

Ethernet
Cable
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Data

SNR change

SRAM

Config.

Bit−stream

Proc.

GjHJIBK�LZM�yUQTSUQ �jKULNqs[P=�[#z�MP�7�Rm�MuLNHJ]3MX_Ác��#f#tZcNMX]
GnV � »�q�[Á^>LNzÙY\[BL&z�Mu`X[#z�HJ_UI�Q o�_�tNH�z�MXt&cNd�MP�#c�LN^>c�H ��GnV � »��v^ ñ HJ[Bt&]3HJ`uLN[�mULN[#`XMXtZtN[BL+ä��wæßH�t
HJ]3m�}�MX]3MX_Ác�Muz�c�[�]/MX^=tNK�LZM�c�dUMr� ñ á�a�d�Mu_¥LZMX}J^�f#H�_�I/cNd�M�LNMu`XMuH�~BMuzàzv^>c�^3c�[�cNd�M�z�Mu`X[#z�MXLuQ
²³d�Mu_òc�d�M�� ñ á `�dv^=_�IBMutX�7cNd�M3m�LN[#`XMutNtN[=L�m�H�`��#tPK�mò^�m�LZ[Bm�MuL�q�H�clõ�tZcNLNMX^=] tZcN[BLNMuz|HJ_àc�dUM
�Uá�»b©¦� LZMX`u[B_U�vIBKULNMXt	cNd�M�GnV � » ^>_�z�IBMX_�MuL�^>cNMXt3^-_�Mua z�MX`u[RzUMXL3^=m�m�LZ[Bm�LZHÜ^>cNM�Y\[BL�c�dUM
`XKULNLNMu_Ác�`�dv^>_�_�MX}¾_�[=HJtNMbtlc�^>cNHJtlc�HJ`utXQ
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4 jtkm������� �65�7�p98x�;:�n=<x��utn}p ���vlv��j��x�7g
�&d�Mà»b��¼&e7» �WK�LNqs[Öz�MX`u[Rz�MuL�dv^=t)c�[�qsM1~BMXLZH��vMuz
qsMuY\[=LNMà]�^>m�m�HJ_UI|H�c�[B_ÁcN[ª^B�R[�=

z�M�~RH�`XMutXQbo�_1c�dUHJt�`�d�^=mUc�MuLX�ÝcNd�M�H�]/m�}�MX]3MX_Ác�^wc�HJ[=_�LZMXtZK�}�cNtº[=Y c�dUM�»b�U¼�ej» �jK�LZq�[�z�MX`u[Rz�MuL
[B_/GnV � »¤t%^=LNM�m�LZMXtNMu_Ác�MXzÝQ¨{¨[=c�d$G�¯�[��J®�° ¯�Gº¯��;�HEaZ��)[#¯n^=_�z�°-G�Z)��¯¡ HZ)�H¢�^=m�m�LZ[Á^=`�d�Mut�^=LZM�Mu~>^=}�õ
Kv^>cNMXz/^=_�zrc�d�M�m�LZ[BmsMXL%^=LN`�dUH�c�Mu`ucNK�LNM�HJt `�d�[=tNMX_3Y\[BL�}Ü^>cNMXLnME�Rm�MuLNHJ]3MX_ÁcNtXQ �&d�M�Y\K�_�`�c�HJ[=_v^=}JH�c�f
^=_�z'm�MuLZY\[BLZ]�^=_U`XM2[>Yºc�d�M2»b��¼&e7» �jK�LZq�[òz�MX`u[Rz�MuL�a�^=t�c�MutZcNMXz¬HJ_Öc�d�M1GnV � »¡q�[B^=LNz��
HJ_U`X}JKUz�HJ_�I�z�Mu`X[#z�HJ_�I�tNmsMXMuz�� LNMutN[BKULN`XMut�K�tN^=IBMÙ^>_�zòms[�a�MuL�`X[B_UtNK�]3mUc�H�[B_�Q�{�^>tNMXzò[B_òc�dUM
msMXLZY\[=LN]/^=_�`XM�^=_�z|m�^=L�^=]3MucNMXLZt�[BqUc�^=HJ_UMXz¦Y\LZ[B] c�d�M�GnV � »ãdv^=LZzUa�^>LNMÙH�]/m�}�MX]3MX_Ác�^wc�HJ[=_��
c�dUMP»º��¼�ej»ù�jKULNqs[/z�Mu`X[#z�MXL�H�t�]/^=m�msMXz�[B_ÁcN[/^B�R[�=ÕzUMu~#HJ`uMXtXQ

SUQ�� á�MutNK�}�c�t�[=Y7GnV � »�o�]3m�}JMu]/Mu_Ác�^>cNHJ[B_
SUQ��BQ�� á�MXI=HJtZcNMXL��7�R`�dv^=_�I=M�GnV � »��jK�LZq�[ñ>ºMu`X[#z�MXL

»�t�z�MutN`XLZHJqsMXzÕHJ_ü=�dv^=mRc�MXL�yU�¤�jKULNqs[ªz�Mu`X[#z�MXLZt)a�H�c�d³qs[=c�d G�¯�[��J®�° ¯�G¥¯��;�HEaZ��)[#¯Ù^>_�z
°<GÆZ)��¯¡ HZ)�H¢&^=LNM�H�]/m�}�MX]3MX_Ác�Muz/H�_	e�MXLNH�}J[BIP^=_Uz�]/^=m�msMXz3[B_Ác�[�^+�#cNL�^>cNH��3GnV � »³[B_3cNd�M ñ HJ[Bt
qs[Á^=LNz¦äå¢>æ;Q

�&d�M�]/^=m�mUHJ_�I)LZMXtNKU}�c�tP[=Y¨c�d�M3�jKULNqs[2z�Mu`X[#z�MXLPK�tNH�_�I�G�¯�[��J®�°�¯�GÙ¯��;�HEaZ��)[#¯ºH�t�tNd�[�a�_|H�_
�j^=q�}JMrSRQ��BQ�opc�`�^=_¥q�M	tZMXMu_¥Y\LZ[B] cNd�MrLNMXtZK�}�cNtbc�dv^>cbcNd�HJt��jK�LZq�[�z�Mu`X[#z�MXL�`�^>_àa¨[BLZ�1[B_¥^
`X}�[R`���Y\LNMu��K�MX_�`�f-K�m-c�[ÙSB¢Á©ï£&�=�¾^=_�z-d�^�~=Mr^Ùz�MX`u[RzUHJ_�I)zv^wc�^�LN^>c�M�KUmàcN[)^=qs[BKUc�yB©�q�m�tuQ
º¤_RY\[BLZcNK�_v^>cNMX}�f=�¤H�cÙc�^>�=MXt�d�K�IBMàLZMXtN[=K�LN`uMXt�a�d�MX_
gPhjilk¦HJt�IBLNMX^>c�MuLXQØ²³d�Mu_�g�h7i k¦HJt�
��
H�c�LNMX��K�H�LNMutr^=q�[=KUc���xBx>#Þ«�º¤�&tu�¨a�d�H�`�d�HJt�]3[BLNM/c�dv^=_­cNd�M)}Ü^=LZIBMXtlc3�#cNL�^>cNH��|GnV � » `X^=_
m�LZ[Ò~#H�z�M=Q��#HJ_�`uM�0bK�^=LZcNK�t�oNoWHJt K�_v^>q�}JM�cN[P]/^=m	H�c�[B_Ác�[P^=_Áf	ms[BtNtZHJq�}�M&GnV � »¤tX�Ác�dUM�_�K�]�q�MuL
[=Y%LNMutN[BKULN`XMutP^=_�zàm�MuLZY\[BLZ]�^>_�`XM	^>LNM�K�_�^�~>^=H�}Ü^=qU}JM=Qb�&dUM	d#KUIBM	LNMutN[BK�LZ`XMrK�tN^=IBM	HJt�q�Mu`�^=K�tZM
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HJ_rtZHJIB_v^>}�tZcNLNMX_UI=c�d3a�H�c�drH�_�`XLZM�^=tZHJ_�I�z�H�tZc�^>_�`XM�[=Ysc�d�M�LNMu`XMuH�~BMuL%Y\LZ[B]ØcNd�M&c�L�^>_�tN]3H�cZc�MXLu��^=_�z��
d�Mu_�`XM>�W~>^=LZHJMXt�tZHJIB_�H��v`�^>_�cN}�f�[B_�}�f1[�~BMuL+LZMX}Ü^wc�H�~=MX}�f2}�[B_�IÙc�H�]/M	tZ`�^=}�MXtuQ3�&dUM3tZMX`u[B_�zòM�§ÝMu`ucX�

��xBS



1.5 2.5 3.5 4.5 5.5 6.5 SNR(dB)

15%

10%

5%

Possibility

G7H�IBK�LNMºSUQ À#Q%� ñ á >ºH�tZc�LZHJq�KRc�HJ[=_Ù[=Y7«¾[=I>õ ñ [BLN]/^=}ß�#dv^=z�[�a�HJ_UIP=�d�^=_�_�Mu}
tNd�^=z�[�a�HJ_�IU�ÝHJt¤`�^=KUtNMXz-qÁf�c�d�M+m�LNMutNMu_�`XMr[=Y }J^=LNI=M+[BqUTZMX`ucNtºqsMuc�a¨MXMX_-cNd�M�c�LN^=_�tZ]/H�cNc�MuL�^>_�z
c�dUM�LZMX`uMXH�~=MXLuQ �&d�M¤[=q�tZcNLNK�`�c�HJ[=_�t�MXtNtZMX_Ác�HJ^=}J}�f�Y\[BLZ]WVZz�MX^=z��u[B_�Mut�X��Áa�d�MuLNM¤cNd�M&c�LN^=_�tN]3H�cZc�Muz
tNH�IB_v^=}#`�^>_3qsM�IBLZM�^>cN}�f�^>cNcNMX_�Kv^>cNMXz	Y\LN[=]ùcNdv^>c ME�Rm�Mu`uc�Muz�^wc�^ºIBH�~=MX_	z�H�tZc�^=_�`XM>Q��Rdv^>z�[�a�HJ_�I��
a�d�H�`�d�HJtß[>Y�c�MX_P]3[Rz�Mu}JMuz+H�_�tZc�^=_Ác�^=_�Mu[BK�tZ}�f�^=tW^�}J[BIwõ�_�[BLZ]�^>}>LN^=_�z�[B]¿~>^=LZHÜ^=qU}JM=��`�d�^=_�IBMutjc�dUM
^�~BMuL�^=IBM¨LNMu`XMXH�~BMuz�tNH�IB_v^=} õpcN[>õ�_�[=HJtNM Ó � ñ á�Ô�L�^wc�HJ[�^>cj]3[Rz�MuL�^>cNMnc�H�]/M tZ`�^=}�MXtX�wc�d�K�t7^=}J}�[Òa�H�_�I&H�c
c�[PqsM¤]3M�^=tZK�LNMuzÙ^=_Uz�K�tZMXz/Y\[=L%tlf#tZc�Mu] ^>z	TZK�tZcN]/Mu_Ác�H�_3cNd�M¤tZMX`u[B_�zRõn^=_�z3c�d�H�LNzRõpIBMX_�MuL�^>cNHJ[B_
a�HJLZMX}�MXtNt%tZf#tlc�MX]3tXQ�GjHJ_v^=}�}�f=�B]�K�}�c�HJm�^>c�d�Y�^=zUHJ_�I�HJt�`X^=K�tNMuz�qÁfrc�d�M�`u[B_�tZcNLNK�`�c�H�~BM�[=L%zUMXtZcNLNK�`Eõ
c�H�~BM¤HJ_Ác�MuLZY\MXLZMX_�`uMºMu§�MX`�c�t�[>Y�c�d�M¤tNK�]3]/^>c�H�[B_/[>Y�c�d�M¤]�^>_�f3LZM×õvMu`uc�MuzÙc�LN^=_�tN]3H�cZc�Muz�tNH�IB_v^=}�tXQ
»�}�c�d�[=K�IBd2]�K�}�cNHJmv^>cNd)Y�^=z�HJ_UI/`X^=_1`�^>K�tNM�tZHJIB_UH��v`X^=_ÁcBõvKU`uc�K�^>c�H�[B_�t�HJ_2tZHJIB_�^=}¾tZc�LZMX_�I>c�d��sH�cNt
L�^>m�HJzñõvK�`ucNKv^>cNHJ[B_)^>}J}J[�a�t�c�d�M�tZf#tZcNMX]ãcN[	^�~BMuL�^=IBM�H�c�t%Mu§�MX`�c�t�õjc�d�K�t�I=LNM�^wc�}�f/^=]3MX}�HJ[BLN^>c�H�_�I
H�cNt&HJ]3mv^=`�c&[B_�c�d�M�tZf#tlc�MX] H�_�]�^=_Áf)`X^=tNMutXQ

o�_×c�d�H�t�z�H�tNtZMXLZc�^>c�H�[B_���a¨M1Y\[R`uK�t�[=_×c�d�M1M�§ÝMu`ucNt)[=Ybc�d�MqJ	IÆ[����xI?G��ñZ�J�®HEaZ�K)I	Y����)[=Q
o�_
mv^=Llc�H�`XK�}J^=LX��H�cÙHJt)[=Y+HJ_Ác�MuLNMutZc�c�[�`X[=_�tNH�z�MXL)d�[�a ]/MX^=tNK�LZMX]3MX_Ác�t�[=YXõvK�`�c�Kv^wc�HJ[=_�t)HJ_¬c�dUM
}J[#`�^>}�^�~BMuL�^=IBMÖtNH�IB_v^=} õpcN[>õ�_�[=HJtNM¥L�^wc�HJ[¬`X^=_9q�M­K�tZMXz�zUf#_v^=]3HJ`�^>}J}�f³cN[Õ[=mUc�H�]/H��XM|tlfRtlc�Mu]
msMXLZY\[=LN]/^=_�`XM>Qn�&d�H�t�a¨MX}�}v]�^wc�`�d�Mut%cNd�M�HJ_UY\[BLZ]�^wc�HJ[=_	^�~=^>HJ}Ü^>q�}JM�H�_r]�^=_Áf	tZMX`u[B_�zÙ^>_�z/cNd�HJLZz
IBMu_�MXLN^>c�H�[B_)a�HJLNMu}JMutNt�`XMu}J}JKU}Ü^=L¨tZf#tZcNMX]3t�ä½O=¢>æ;Q

» tNM�c�[=Y���xU�TxBxBx�� ñ á9~>^=}JKUMXtºa¨MXLNMrtN^=]/mU}JMXz�Y\[BLºM�^>`�dZ� K�tNH�_�I�^Ù}J[=I>õ�_�[=LN]/^=}¾tNdv^=z#õ
[�a�HJ_�I¥z�H�tZc�LZHJq�KRc�HJ[=_Õä½yB�wæ&Y\[BL3^-cN[=c�^>}�c�L�^>_�tN]3HJtZtNHJ[=_Ö}�MX_�I>c�dÖ[=YbÀ#Q��-q�HJ}�}JH�[B_|q�H�c�tXQªG7H�IBK�LNM
SUQ£À�m�LNMutNMu_�cNtPcNd�M�z�H�tZcNLNHJqUKUc�H�[B_1[=Y�c�dUM	t�^=]3m�}JMuzà� ñ á�tuQ�{�^=tZMXzà[B_-c�dUM	^=tNtZK�]3mUc�H�[B_1c�dv^wc
� ñ á `�^=_³qsM¥tN^=]3m�}JMuzÕtZK�`X`uMXtZtZY\K�}�}�f³Mu~=MXLlf
À��=x># q�H�cNt¥ä½yÁÀ�æ��¤c�d�M¥GnV � » a�^=t�msMXLZHJ[#z�H�õ

�B��x



`�^>}J}�f�LZMX`u[B_U�vIBKULNMXz-zUK�LNH�_�I/cNd�M+cNL�^=_�tZ]/H�tNtZHJ[B_�m�LN[#`XMutNtXQ¤�7^>q�}JM�SUQ�
/tNd�[�a�tºcNd�M�_�K�]�qsMXL¤[=Y
LNMu��K�HJLZMXz�LNMu`X[B_U��IBK�L�^wc�HJ[=_�tX�ncNd�M)LNMutNK�}�c�HJ_UI1z�MX`u[RzUM)L�^>cNMXtr^>cñ�>xà©ï£B�>�¨^>_�z|c�d�M�^�~=MXL�^>IBM
ms[Òa¨MXL�z�HJtZtNHJm�^>c�Muz�Q��&d�M	^�~BMuL�^=IBM�m�[�a¨MXL�`u[B_�tZK�]/mRc�HJ[=_�Y\[BL�c�d�M Ó �U�B�£ÀBOBÔ�`u[Rz�M Ó � � �=Ô�H�t
���U��]3²ù��^Ù�B¢�c HJ]3m�LZ[Ò~=MX]3MX_Ácº[�~=MXL�^/�U�RMuz¦g�h7i kr� ��¢�z�Mu`X[#z�MXLuQPG�[=Lº^ Ó ¢��R���BOBÔ�`u[RzUM
Ó � � ¢ÁÔ�� c�dUM�^�~=MXLN^=IBM�m�[�a¨MXLr[=YºÀR��¢1]r² HJtñ�BÀ�c }JMutNt�c�d�^=_­c�d�M�ms[Òa¨MXLr[=Y�cNd�M)�U�RMXz
gPhji k��
�BÀ+z�MX`u[RzUMXLX�;
�
ÁyP]3²ùQRVj[�a¨MXL&^=_UzÙz�MX`u[RzUMºL�^>cNM�_�K�]�qsMXLZt�HJ_U`X}JKUz�M�cNd�M¤cNHJ]3M�^>_�z
ms[Òa¨MXL�_�MuMXz�Muz�Y\[BL�GnV � »�LNMu`X[B_U��IBK�L�^wc�HJ[=_��v^=t�z�MutN`XLZHJqsMXz�HJ_þ=�dv^=mRc�MXL�yUQ

C�¦4¨�¦�§a¦�[ \ ¯QP^]v¬�°�®���¯Q�Ñì3¯?_þ®<³�°�¯`] °�¯)³¡ª*�a��¯�°�bcP^]ed<ª�P½ª��}ì]¬aì<®<¯Q�O�
»�}�c�d�[BKUIBd3cNd�M�mv^=L�^>}J}JMu}JH�tN]�^=_�z�]3MX]3[BLlf	tZcNLNK�`�c�K�LZM�[=Y�c�K�LZq�[Pz�MX`u[RzUMXLNt¨]�^>�=M�MBf3`XH�MX_Ác

HJ]3m�}�MX]3MX_Ác�^>cNHJ[B_�[B_³^¦]/H�`XLN[=m�LN[#`XMutNtN[=L�z�Hgf/`uK�}�cX�&a�M1`u[B_Ác�LN^=tZcNMXz¬c�d�M2tN[=Y�c�a�^=LNM-msMXLlY\[BLlõ
]/^=_�`XM�[=Y¾»º��¼�ej»�[B_3c�a�[	]3HJ`uLN[BmULN[#`XMXtZtN[BLZt%~=MXLZtNK�t�GnV � »
d�^=LNzUa�^=LZMºHJ]3m�}JMu]/Mu_Ác�^>cNHJ[B_�tuQ
�R[=Y�c�a�^=LZM3LZMXtZK�}�cNtºa�MuLNMrz�MucNMXLZ]/H�_�MXzàK�tZHJ_�IÙcNd�M)�BQT¢ � £B�rVWMX_Ác�H�K�] opeãV = Ó c�dUM	d�[BtZcbY\[=L
c�dUM ñ ol¼��|q�[B^=LNz�ÔP^=_�z|cNd�M½�=xà©ï£&� ñ ol¼��òm�LZ[R`uMXtZtN[BL	LZK�_�_�H�_�I-[B_òcNd�M�GnV � »ãq�[B^=LNz�Q
�&d�M�LZMXtZK�}�cNt�Y\[BLh� � 
��F�R��^=_�zà¢Ù^=LZM�tZd�[�a�_¥H�_1�j^=q�}JM�SUQ��RQºGv[BL�^�IBH�~=MX_i� ^=_Uz-gPhjilk��
c�dUMï�>x¦©þ£B��GnV � » z�Mu`X[#z�MXL3[BKUcNm�MuLZY\[BLZ]/Muz�tN[=Y�c�a�^=LNM�HJ]3m�}�MX]3MX_Ác�Muz­[B_ÖcNd�M�VjMu_�cNHJK�]
ope qÁf�[�~BMXL¤c�a�[)[BLZz�MXLZt�[=Y�]/^=IB_UH�c�KUz�M=Q��&d�M ñ ol¼��2m�LN[#`XMutNtN[=Lºm�[�a¨MXLº`u[B_�tZK�]/mRc�HJ[=_�a�^=t
^=m�mULN[��RHJ]/^>c�Mu}�f	¢=�BxP]r² Y\[BL%^=}J}�zUMX`X[#z�MuLNtX�U^=_�zra�^>t��Bx�cØ}Ü^=LZIBMXLncNdv^=_rc�d�M�d�HJI=d�MXtlc¨ms[�a�MuL
`X[=_�tNK�]3mUcNHJ[B_)Y\[BL�^=_�GnV � »�z�MX`u[Rz�MuL Ó 
�
�O�]r²
Ô�Q

o�_1^	�v_v^=}¾ME�UmsMXLZHJ]3MX_Ác�a�MPm�MuLZY\[BLZ]/Muz2^3z�HJLZMX`�c¤`u[B]3mv^=LNH�tN[B_�qsMuc�a¨MXMu_àGnV � »ùz�Mu`X[#z�M
L�^wc�MXt¤[B_2cNd�M ñ ol¼���qs[Á^=LZz Ó HJ_�`u}JK�z�H�_�IÙV =%õ�c�[>õpq�[Á^>LNz�cNL�^=_UtZY\MXL¤[�~BMXLZd�M�^>z�t�Ôº^=_Uz-VjMu_�cNHJK�]
ope9V =Õz�Mu`X[#z�M�L�^>cNMXtuQ�²³dUMX_¥��xBxr©�q�mUt��nc�dUMXLN_UMuc¤V =%õpc�[wõ�qs[Á^=LNz)zUMX}Ü^�f#t�^=LNMb`u[B_�tZHJz�MuLNMXzÝ�
c�dUM�[�~BMuL�^=}�}%zUMX`X[#z�M/tNmsMXMXz¦Y\[BL�^j� � ¢U�jgPhjilk�� ��y�zUMX`X[#z�MuL�HJt�ÀR�B�=Q��'#bq�m�t�^>_�zòc�dUM
[�~BMuL�^=}�}ßz�MX`u[Rz�MuL¤tZm�MuMXz�Y\[BL�^&� �:�R��gPhji k��Ø�ÒÀ�z�Mu`X[#z�MXL�HJt¤ÀBÀ=SRQ O?#bq�m�tuQ¨�&d�MutNMP~=^>}JK�Mut
^=LZM+tlc�HJ}�}ß]/[=LNM�c�dv^=_�c�a�[Ù[=LNz�MuLNt�[>Y ]�^>IB_�H�cNK�z�MbY�^=tlc�MXL�c�dv^>_2`X[=LNLNMutNms[B_�z�H�_�IÙVWMX_Ác�H�K�]¡ope
V =Õz�Mu`X[#z�MXLZt�a�H�c�d�zv^>c�^3LN^>c�Mut�[=Y��=Q£�
#bq�m�t�^=_�z2ÀRQ��I#�qUm�tX�vLZMXtNmsMX`�c�H�~BMX}�fBQ

�B�B�



# »¤~#I�Q á�Mu`X[B_U��IBK�LNMut »¤~#I�Q�VW[�a�MuL
�Rm�MuMXz LNMu�#KUHJLNMuz Ó ]r²
Ô
Ó #bq�m�t�Ô
 �=SByUQT¢ ¢BSÁÀ���##��xBxBxBx �B�B�=Q£¢

� 
�À=SUQ�
 ¢B�BxB¢�##��xBxBxBx ���U�=Q O
¢ ���=SUQ�� yB�B¢BS�##��xBxBxBx ÀR��¢RQ À
�j^=q�}JM�SRQ�
�Q7>�f#_v^>]/H�`�á�Mu`X[B_U��IBK�L�^wc�HJ[=_

C�¦4¨�¦�§a¦�k \ ¯QP^]v¬�°�®���¯Q�Ñì3¯�DN®���®�ì]¬�d ¶;®g�l�~¬�dnm7°�¯;³×ª*�a��¯�°a�
�&d�MºG7V � »³HJ]3m�}JMu]/Mu_Ác�^>cNHJ[B_	[=Y�»b��¼&e7»Õ�jKULNqs[�z�Mu`X[#z�MXL¨HJt�`X[B]3mv^=LZMXz3c�[+^��R»�õ��B��x=x

}J[�a�õpm�[�a¨MXL�mULN[#`XMXtZtN[BL	ä��=�Òæ��Ý^=_�z-^3��©1�U�ÁÀ>x�=�¢ÁOR���/z�HJIBH�c�^=}ßtZHJIB_�^=}¾m�LN[#`XMutNtN[=L Ó >��RV¨Ô+ä½S=y>æ��
c�[	Y\K�Llc�d�MuL�Mu~>^=}JK�^>c�MbH�c�t&msMXLZY\[=LN]/^=_�`XM>Q

�&d�M�c�MX`�dU_�[B}J[=I=frmv^=LN^=]/M�c�MuLNt�[=Ysc�d�M�`X[B]3mv^=LZMXz/^=LN`�dUH�c�Mu`ucNK�LNMut�^=LZM�m�LNMutNMX_ÁcNMXz)HJ_r�j^=q�}�M
SUQT¢UQ��&d�M+z�MX`u[RzUHJ_�I3tNmsMXMuz-^=_�z�m�[�a¨MXL�`u[B_�tZK�]/mRc�HJ[=_2^=LZM+tZd�[�a�_1HJ_��j^=q�}JM+SUQ£ORQ��&dUM	�R»�õ
�B��x=x3H�t¤M�~=^>}JKv^>cNMXz�q�f(o=[BKU}JMX�WL�^>`��¥ä½SB�wæ�Q&�&d�M+z�MX`u[RzUHJ_�I/m�MuLZY\[BLZ]�^=_U`XM�[=Y ��©1�R�ÁÀ=x�=�¢ÁO#���
HJtb[=qUc�^=H�_�MXz1Y\LZ[B] cNd�M	tNH�]�K�}J^>c�H�[B_1K�tZHJ_�IÙcNd�M�=�[Rz�Mñ=�[=]/ms[BtNMuLP�#c�KUz�HJ[ Ó =f=&�#c�K�zUHJ[�Ôy>ºM�õ
~BMu}J[BmU]/Mu_�c��W[#[B}Jtºä½SÁOÒæ�Q �&d�M�ms[�a�MuL&`X[B_�tZK�]3mUc�H�[B_)[=Y¾c�d�Mb��©2�U�ÁÀ=x�=�¢BOR����HJt�^=q�[=KUcb�BQ£Ow²
qv^=tZMXz�äåSBy>æ;Q � MX_�MuL�^=}�}�fB��cNd�MPm�[�a¨MXL�`u[B_�tZK�]/mRc�HJ[=_2[=Y�>��UV t�z�[#MXt�_�[=c�~>^=LZf�c�[#[3]�K�`�d�Y\[=L
^=m�mU}JHJ`X^>c�H�[B_�tu��a�dUHJ`�dÙ`X^=_�^=}JtZ[�qsMXMu_)tNMXMu_ÙY\LN[B] cNd�Mºms[Òa¨MXL�`X[B_�tZK�]3MXz)qÁf/cNd�M��R»�õ��B��xBx+H�_
�j^=q�}JM�SRQ ORQ

C�¦4¨�¦�§a¦qp \ ¯QP^]v¬�°�®���¯Q�Ñì3¯r\ ¯QP&P½ª�°�³H® ¬�dns�mGtf¹ubcP^]ed<ª�P½ª�� ì�¬aì-®/¯Q�O�
á�Mu`XMu_�cN}�f=�b»�}�cNMXLN^Ö^>_�z A�HJ}�HJ_R�'m�K�q�}�HJtZd�MXz³c�d�MuHJL)`u[B]/]3MXLZ`XHJ^=}��WK�LNqs[Öz�MX`u[Rz�MuL�`u[BLNMut

K�tZHJ_�I2«¾[=I>õl©�»�V�^=}JI=[BLNH�c�d�] ä½yU����x=S>æ�Q)»ã`X[B]3mv^=LZHJtZ[B_¦H�t+mULNMXtZMX_Ác�Muz­HJ_¦�7^=qU}JM/SUQ£yRQ)�&d�M
msMXLZY\[=LN]/^=_�`XM�[=Y¾^>}J}vz�Mu`X[#z�MXLZt&^=LNM�qv^=tZMXz)[B_�^ Ó �U�B�£ÀBOBÔ `X[#z�M�a�H�c�d½��H�cNMXL�^wc�HJ[=_�tXQ7G�[=L¨^�Y�^=HJL
`X[=]/mv^>LNHJtZ[B_���c�d�M�gPhjilk�[>Y¾»b��¼&e7»¿H�t�tZMuc�cN[�q�M�c�d�M¤Y\K�}J}�tZc�^>c�M�[=YWyU�#tN[�cNdv^>c�cNd�Mº»º��¼�ej»
z�Mu`X[#z�MXL�`X[�~=MXLNt�c�d�M�tN^=]/MP� ñ á¿L�^>_�IBM=Q

�&d�M	»�}�c�MuL�^�`u[BLNM	K�tZMXt��Òõpq�H�c¤tN[=Y�cºHJ_UY\[BLZ]�^wc�HJ[=_��va�d�HJ`�dà]/^=HJ_�}�f�LNMu}Ü^>cNMXt�cN[Ùc�d�M�tZH	�uM�[=Y
c�dUMPLZMX��K�H�LNMXz�]3MX]3[BLZf=Qn»�q�H�c�a�H�zUc�d�[=Y7¢	HJt&K�tZMXz�Y\[BL�c�dUMPtZ[=Y�c�HJ_RY\[BLN]/^>c�H�[B_ÙH�_Ùc�d�MyAºH�}JH�_R�

�B�ÒÀ



# gPhjilk VWMX_Ác�H�K�] ope ñ ol¼�� GnV � » £¤^=LNzRa�^=LZM
Ó #bq�m�t�Ô Ó #bq�m�t�Ô Ó #bq�m�t�Ô¢ �BÀ xUQ£O=y�
 xUQTxBxB� �ÒO=�UQ�


¢ ��y �BQT��
�
 xUQTxBx�� ÀBÀ=yUQ£À
¢ ��À ÀRQTxB¢�
 xUQTxBxÁO À=yByUQT¢
¢ S ÀRQ£O=�Bx xUQTxBxBS 
���xUQTS
¢ O �UQT�ByÁÀ xUQTxU�B� 
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