
���������
	��
����������������� ����������� �����!���#"��$�!� ��%&�'"��(�!�*)+�,�-�.�!/0�1�2�3�

�#46574#%089�6�:4#/;4#<>=@?BAC�#<#)D<E4#�3FHG989�JIK<L4 /0FHG9MBN

O1P,QSR,T UWV#X YZP,[\R+]+U_^S`a[,bEcW^Sd&e�UWf:QhgiRDP,]kji[\`aP\^h[,Pml
nk^h`po_P,]qb+`pRsr�UWV#jiU_gSR+tHcWf�QSRDU_^ulvjhw�x(y
x$z|{Slvnk}�T

~����p�3� �B�H�s���_���i�W�B�:���W�����#�������3� �B�H�s���_���i�W�B�
�����m�
�J���W���p� I �����k� � ¡,¢p¡$£�¤�£�¥�¢����,¢a¦B§

��¤¨¤ª©u�¬«B«�­ ­ ­ �s�®£W¯,���a�,¢@� � ¡,¢p¡$£�¤s£�¥�¢����,¢a¦�§

°J±#²m³.´µ°>¶.³
¶¸·�¹Wº�¹�»®·�¹_¼W½�¾,¿sÀÁ·$Â®ÀÄÃ ¾1ÅW¾�Â_¹WÆ#ÀÄ¹W¿sÇ�º È
ÉDÀ�º�Â(¿µÃsÉqÇmº,ÊEº
¿sÇm¾,¿1Éq·(ÊLÅ_ÀÄÂWº�ÃË¿sÇWº!Ìa¼_ÂWÉ+¿sÀ�·$ÂWÃ
·,ÌµÉ+·�¹_ÀÄÂWÍ�¾,Â_¹&ÊE·m¹W¼mÎ
½�¾\¿sÀ�·$Â�ÏÑÐ¨Â&¿sÇ_ÀÄÃ
É+·�Â�¿ÓÒKÀ�Å_¼W¿sÀ�·$Â�Ôµ¾
É+·(ÊEÕ_¾,Ò�¾,¿ÓÀ�Ö$º�ÃÓ¿s¼_¹W×
·�Ìu³hÒ�º\½�½ÄÀÄÃ�¶¸·�¹Wº�¹�»®·�¹_¼_½�¾\¿sÀ�·$Â0ØÙ³#¶¸»�Ú�Ô�³H¼WÒ�Å�·3³hÒKº�½Ä½�ÀÄÃ
¶¸·�¹Wº�¹Û»:·m¹W¼_½�¾,¿ÓÀ�·$Â
ØÙ³¸³#¶.»�Ú�Ô�±6ÀÁ¿ÜÎÝÐÜÂ(¿Óº�ÒK½�º�¾�Ö$º\¹|¶¸·�¹Wº�¹
»®·�¹_¼W½�¾,¿sÀÁ·$Â
ØÙ±6ÐÓ¶.»�Ú�¾,Â_¹ÛÐ¨¿Üº�Ò�¾\¿sÀ�Ö$º¸ÞJº�É+·�¹_ÀÄÂmÍ ¾�ÃsÃsÀÄÃÓ¿Óº�¹
±.Ðs¶.»ßØÙ±.Ðs¶.»:Î�ÐÜÞ|ÚµÃsÉqÇmº,ÊEº\Ã ·�Ö$º�ÒLà>¾,¼_ÃsÃsÀ�¾�Â�¾�ÂW¹:¼_Â�Î
É+·,ÒKÒ�º�½�¾\¿Óº�¹®ÂW¾\ÒKÒ�·�Æ#Å_¾,Â_¹®´ ¾�×W½Áº\ÀÁÍ$Ç�Ìp¾�¹WÀÄÂWÍ�ÉqÇW¾,Â_ÂWº�½ÄÃJÀÄÃ
Õ_Ò�º�ÃÓº�Â�¿Üº\¹kÀÄÂ1¿sÇWº>É+·�Â�¿Óº�á�¿â·�ÌSã�ÎÝ½�º�Ö$º�½_ä�ÇW¾,ÃÓº�²mÇ_À�Ìp¿9å�º�×�Î
ÀÄÂmÍ�Ø�ã,ä¸²�åLÚ�ÔHæ�çËè ¼m¾�¹WÒ�¾,¿Ó¼WÒ�ºk°JÊkÕB½�À�¿s¼_¹WºL»:·m¹W¼_½�¾,¿ÓÀ�·$Â
Ø¨æ�ç$è#°J»�Úi¾,Â_¹Lç\é�è#°>»0Ï�ê
º9É+·$ÊkÕ_¾,Ò�¾\¿sÀ�Ö$º�½�×ÛÃÓ¿Ó¼_¹W×>¿sÇWº
¾,ÃsÃÓ·mÉ+À�¾,¿Óº�¹;¹Wº�É+·�¹_ÀÄÂWÍ&É+·(ÊkÕ_½�º�áWÀ�¿@×�ÔµÅB½�·�ÉKë7½�º�ÂWÍ�¿sÇì¾�ÂW¹
Å_¾,Â_¹WÆ À�¹W¿sÇ�º È
ÉDÀ�º�Â_É+×�Ï Ð¨¿µÀÄÃ>ÃsÇW·�Æ Â�¿sÇW¾\¿J³¸³6¶.»íÉ+·�ÂmÎ
ÃÓ¿sÀÁ¿s¼W¿Óº�Ã1¿sÇWº!Å�º�ÃÓ¿ËÉ+·(ÊkÕ_Ò�·(ÊkÀÄÃÓº�ÃsÉqÇmº,ÊEº(ÔâÌZ·$½�½�·\Æ¸º�¹CÅ�×
±.Ðs¶.»:Î�ÐÜÞEÏ

æ�ÏîÐ¨ïÛ³.´ ð ÞJñ|¶.³¸Ðsð#ï
òuó\ôuõqöm÷Ýø,ôâù õqúÙ÷Hûüù ý$õqþ�÷@ÿKó�÷Sõ����Ùô��¨÷Ýû��+ôÓúvû¬ó>÷Ýø,ô	�\ôÓú�û�
+óJõqö��\û�
+û�

÷@ÿ����Üô��������¬ÿKþvú���úÙ÷ÝôÓù úhûüúS÷Ýø\ôuô����Üû¬ôÜó�÷hô���ý��üõ+û ÷@ÿK÷ÝûüõqóÛõqö�÷Ýø,ôuÿ��qÿqû���

ÿ����üô�ú�ý$ô��Ü÷�þ��,ù�ûüóµõqþ��\ô¨þS÷Ýõ9ÿ����Óõ+ù ù õ��\ÿK÷Ýôv÷Ýø,ôvô��DôÜþ�
pûüó��¨þÝôsÿqú�ûüó�

÷�þ@ÿ���� ��ôÓùµÿqó��\ú�!	"hø,ô ��ôÓú�û�
+óEõqö#�Óõ��\ô��Eù õ��$���¬ÿK÷Ýûüõ+óLú��@ø,ôÓù ôÜú
ûüúHÿ�%(ô��Ü÷Ýô&�'�(� ÿ)�+ÿ�þÝû¬ô¨÷*� õKö+�ÜþÝû ÷ÝôÜþÝû¬ÿ�!-,�ø,û�
qø>ú�.(�,ÿKþÝô&�'/\þÝôÓô	01�$
���üû��\ôÓÿqó32uû¬úÙ÷@ÿKó��Óô	45/6012)7Wûüú8��ôÓú�û þÝô&�¸ö�õqþ1,	���\û ÷Ýû��Dô#9�ø,û ÷Ýô;:âÿ��,ú�

ú�û¬ÿqó=<�õ+ûüú�ô>45,?9@:	<A7��@ø�ÿqó\ó,ô��üú�BDCvø,û��üôËø\û�
qøE08%(ô��¨÷Ýû��+ôGFSõ���ôH ôÓó�
K÷ÝøI450#F H 7âÿKóJ�Lù û¬ó\ûüù3�,ùìý�þÝõ������¨÷)�\ûüúÙ÷@ÿqó��Óô ÿ�þÝô��\ôÓú�û þÝô&�
ö�õqþvöªÿ��\ûüó�
��@ø�ÿKó,ó,ô��¬ú)K�L�M5!"mþÝô����üûüú#FSõ��\ô&�3N�õ������Áÿ�÷Ýûüõ+óO45"PF;NQ7RK S�M�CHÿKú�ý\þÝõ+ý$õqú�ô&�.õKþÝû�
�

ûüó�ÿ������Lö�õqþT:âÿ��\ú�ú�û¬ÿqóU�@ø�ÿKó,ó\ô��üú�B?Cvø\û��@øVCHÿqú�öW�\þ�÷Ýø,ô¨þ)�\ô��+ô��üõ+ý$ô&�
ö�õqþ�ÿqý,ý��üû��ÓÿK÷Ýûüõ+ó\ú�ûüó�ù õ��\û��üôQ�Óõqù ù3�\ó,û��sÿK÷Ýûüõqó,úVK�LXB;Y�MZ!["+�\þ��$õ"mþÝô����üûüú1FSõ��\ô�� N�õ������¬ÿK÷Ýûüõ+ó\45";"PF;NQ7;K ]�M\ûüúBÿvù õqþÝô�þÝô��ÓôÓó ÷J�aõ+ûüó ÷�Óõ���ûüó�
.ÿqóJ�µù õ������¬ÿK÷Ýûüõ+óµú��@ø,ôÓù ôv÷Ýø�ÿ�÷hø�ÿKúHÿ9úÙ÷�þ����Ü÷���þÝôuú�ûüù û��Áÿ�þ
÷Ýõµ÷Ýø�ÿ�÷âõqö�÷Ýø,ô9öªÿKù û����LõKöSý$õ&CSôÜþ�ô����Üû¬ôÜó�÷	�,ûüó�ÿ�þ��|÷��\þ��$õ'�Óõ���ôÓúK ^�M5B�����÷_ôÓù ý��¬õ&��ú?"PF;N&ú��¨ø\ôÓù ôÓú_ÿKú��Óõqù ý$õ+ó,ôÜó�÷?�Óõ���ôÓú�!8";"PF;NK ]�MmþÝô&.(�,û þÝôÓú`_$a ^3b�cd�üõ&ChôÜþfe�û�
+ó,ÿ���
 ÷Ýõ�
Z<uõqûüú�ôTg�ÿK÷ÝûüõQ4Ze$<`gf7hÿ�÷âÿ�\ûü÷�ôÜþ�þÝõKþ�þ@ÿ�÷Ýô'45h-01g	7hõqöPL&_�ikjâ÷Ýø�ÿKóO�,ûüó,ÿKþ��>÷��\þ��$õ �Óõ���ôÓúuõ��Dô¨þ,?9@:	<[�@ø�ÿKó,ó,ô��¬úHö�õqþAl�mRe�n !J"PF;N ÿqó��O";"PF;N ûüó��Dõ�o+ô&�Oe�ôÜ÷�
mBÿ�þ�÷Ýûü÷Ýûüõqó,ûüó�
O4Ze$mR7R�,ÿqú�ô&�>ú�û�
+ó�ÿ��+�¬ÿ��$ô��¬ûüó�
�B�ûüóJõqþ��\ô¨þH÷Ýõ#ÿ��@ø,ûüô��+ô
ÿ
ø,û�
+ø\ôÜþp/6082q�$ôÜ÷rChôÓôÓó�÷Ýø,ôs�,ó\ý\þÝõq÷Ýô��Ü÷Ýô&�t�,û ÷ÝúÛõKö6÷Ýø,ôs�Óõ+ó$

úÙ÷Ýô����¬ÿK÷Ýûüõqó?Bmú�õ>÷Ýø,ÿK÷âý,ÿKþ@ÿ����üô���÷�þÝô����üûüúu÷�þ@ÿqó\ú�ûü÷Ýûüõqó,úA�sÿKóp�$ô6ÿqú�ú�õ(�Óû�

ÿ�÷Ýô&�'Cvû ÷Ýø>÷Ýø,ô	�\ó,ý�þÝõq÷Ýô��Ü÷Ýô��vuZó\öÄõKþÝùµÿK÷Ýûüõ+ó\hSû ÷ÝúA4wu�hiú�7x!R"hø\ûüúhþÝô�
�$���Óô&�>÷Ýø,ô)�\ô��Óõ��\ûüó�
��Üõ+ù ý��üô���û ÷*�(!#/���þ�÷Ýø,ôÜþÝù õKþÝô�B\û¬ó|õ��\þ`"PF;N
ÿKóJ�)";"PF;N&ûüó$�+ôÓúÙ÷Ýû�
DÿK÷Ýûüõqó,ú�BKþ@ÿqóJ��õ+ù�ú���ù3�$õ��qûüó�÷Ýô¨þ��¬ôÓÿ��+ôÜþÝú+Chô¨þÝô��÷Ýû��üûüú�ô&�y!,�ó,õq÷Ýø\ôÜþP�Óõ���ô&�Ûù õ������Áÿ�÷Ýûüõ+ó|ú��@ø,ôÓù ô)��û¬úÙ÷Ýûüó�
��,ûüú�ø\û¬ó�
 û ÷Ýú�ô�� ö�(�T�\÷Ýû��üû¬ú�ûüó�
z�\û ÷�
r�,ÿqú�ô&�#ûüó ÷ÝôÜþ��üôsÿ&��ûüó�
�ûüó��Óõ+ó����\ó��Ü÷Ýûüõ+ó Cvû ÷Ýøv:�þ@ÿ��

Source TCM/TTCM/
BICM Encoder

Channel

Sink TCM/TTCM/
BICM Decoder

BICM-ID

Interleaver

Interleaver

Deinterleaver

Modulator
Mapper/

Demapper/
Demodulator/_û�
���þÝôsL�{|e(�\úÙ÷ÝôÜù õ��DôÜþ���ûüô�C7õKöf��û�%(ôÜþÝôÓó ÷ �Óõ���ô&�îù õ������Áÿ�÷Ýûüõ+ó

ú��@ø,ôÓù ôÓú�!
ú�û�
+ó,ÿ��J�Óõqó,úÙ÷Ýô����¬ÿK÷Ýûüõqóv�¬ÿ��$ô��üû¬ó�
�ûüú�þÝôÜö�ôÜþ�þÝô&�.÷Ýõ9ÿKú1hSû ÷�
ruZó ÷ÝôÜþ��üôsÿ&�Dô&�FSõ��\ô��TN�õ��$���¬ÿK÷Ýûüõqóv45h#u�F;NQ71K }�M5!6N�õqþÝô�ô���ý��üû��Óû ÷����(B�h#u�F;N~�Üõ+ù 
�,ûüó\ôÓú'�Óõ+ó��DôÓó ÷Ýûüõ+ó,ÿ��D�Óõ+ó��Dõ����\÷Ýûüõ+ó,ÿ��D�Óõ��\ôÓú�Cvû ÷Ýø�ú�ô��+ôÜþ@ÿ���ûüóJ�\ôx

ý$ôÓó��\ôÓó ÷-�\û ÷hûüó ÷ÝôÜþ��üôsÿ&�DôÜþÝú�B�ûüóJõKþ��\ôÜþi÷Ýõ.ûüó��ÜþÝôsÿqú�ô�÷Ýø,ô�ÿ��@ø,ûüô��qÿ����¬ô�\û��Dô¨þÝú�ûü÷r�|õqþ���ôÜþ&!P9�û ÷Ýø|÷Ýø,ô¸ÿqû��|õqö#�,û ÷�û¬ó ÷ÝôÜþ��üôsÿ&�Dô¨þÝú�÷Ýø,ôz�Óõ���ô�� ú�\û��Dô¨þÝú�ûü÷r�9õqþ���ôÜþ6�sÿKó3�$ôSûüó��ÜþÝôsÿqú�ô��¸÷Ýõv÷Ýø,ôR�\ûüó�ÿKþ��)�uÿqù ù ûüó�
P��ûüú�

÷@ÿqó��Óô9õqö�ÿ �Üõ��\ô�K }�M5!-"hø\ô�ó��,ù3�$ô¨þHõqö�ý,ÿKþ@ÿ����üô����\û ÷�
Zûüó ÷ÝôÜþ��üôsÿ&�DôÜþÝú
ô&.(��ÿ��üúv÷Ýø\ôâó��,ùT�$ôÜþhõKö6�Óõ��\ô��|�,û ÷ÝúHûüó|ÿ.ú���ùT�$õ��$öÄõKþ�÷Ýø\ôAhRu�F;N
ú��@ø,ôÓù ô¸ý\þÝõqý$õ+ú�ô&�|ûüó�K }�MZ!f"hø,ô¸ý$ôÜþ�öÄõKþÝùµÿqó��Óô.õKö-h#u�F;N ûüú	�$ô¨÷�

÷ÝôÜþ#÷Ýø,ÿqóî÷Ýø�ÿ�÷ õqö	"PF;N*õ��DôÜþ��\ó��ÓõKþ�þÝô��¬ÿK÷Ýô&�=4ªõqþ#ý$ôÜþ�öÄô��¨÷����
ûüó$

÷ÝôÜþ��üôsÿ&�Dô&��7�ó,ÿKþ�þÝõ&CP��ÿKóJ��guÿ��$�üôÓû�
+ø öªÿ��\ûüó�
z�@ø�ÿqó\ó,ô��üú�B����\÷1ChõqþÝú�ô
÷Ýø�ÿKó ÷Ýø�ÿK÷iõqö+"PF;N ûüó\:âÿ��\ú�ú�ûÁÿKó\�@ø�ÿKó,ó\ô��üú-���\ôH÷Ýõ9÷Ýø\ôHþÝô&�����Óô&�08�����üû��\ôsÿKóV�\ûüúÙ÷@ÿqó��Óô�õqöW÷Ýø,ôf�\ûü÷�
pûüó ÷ÝôÜþ��üôsÿ&�Dô&�>ú��¨ø\ôÓù ô K }�M5!g�ô��ÓôÓó ÷����>ûü÷Ýô¨þ@ÿK÷Ýû��Dô-�Ùõqûüó�÷D��ô��Óõ���û¬ó�
 ÿqó��O�\ôÜù õ������¬ÿ�÷Ýû¬õqóÛÿKú�

ú�ûüúÙ÷Ýô&��hRu�F;N þÝôÜöÄôÜþ�þÝô��î÷ÝõEÿKú hRu�F;N\
rur2�CHÿqú6ý\þÝõ+ý$õqú�ô&�1ûüó=K ��Bl�M5B�Cvø\û��@øG�\ú�ôÓú e$m��,ÿqú�ô&�Ëú�û�
qó�ÿ��R�Áÿ��$ô��üûüó�
�!O"hø,ô>ÿqý\ý\þÝõ+ÿ��@ø1õqöhRu�F;N\
rur2!ûüúm÷Ýõ�ûüó��ÜþÝôÓÿqú�ôi÷Ýø\ôR08�����¬û���ôsÿqóT�\ûüúÙ÷@ÿqó��ÓôSõKöJh#u�F;N&ÿKóJ�
ø,ôÜó��Óô�÷Ýõ ô���ý��üõqûü÷�÷Ýø,ôâöW�����Bÿ����qÿqó ÷@ÿ�
qô�õqö1�,û ÷�ûüó�÷Ýô¨þ��¬ôÓÿ���ûüó�
�Cvû ÷Ýø
÷Ýø,ô�ÿqû���õKöâú�õKö�÷�
r�\ô��Üû¬ú�ûüõqó�öÄôÜô&���,ÿ���o���ÿqú�ô���û ÷ÝôÜþ@ÿK÷Ýû��Dô|�\ô��Üõ��\ûüó�
K l�M5!

� Ïî²��Û²m³T��» ðz�\�u´;�JÐ���ê"hø,ôvú��@ø,ôÓùµÿ�÷Ýû��Hõqö�÷Ýø\ô;�Óõ��\ô&�.ù õ������¬ÿ�÷Ýû¬õqó#ú��@ø,ôÓù ôÓú8�\óJ�\ô¨þ8�Óõ+ó$

ú�û��\ôÜþ@ÿ�÷Ýûüõ+óLûüúuú�ø,õ&Cvó|ûüóV/_û�
���þÝôvL�!P"hø,ô¸ú�õ���þ��Óô)
+ôÓó\ôÜþ@ÿK÷ÝôÓú�þ@ÿqó$
�\õqù�u*hSú�B�Cvø,û��@øJÿ�þÝô�ôÜó��Óõ���ô&�����6õ+ó\ôuõqö(÷Ýø\ô	"PF;NsB�";"PF;N õKþhRu�F;N ôÜó��Óõ���ôÜþÝú�!#"hø,ôA�Óõ���ô&�Jú�ô&.(�\ôÓó��Óô�ûüúv÷Ýø\ôÓóJÿqý,ý�þÝõ+ý�þÝûÁÿ�÷Ýô����
ûüó ÷ÝôÜþ��üôsÿ&�Dô&�ÛÿKóJ�\�\ú�ô&�J÷Ýõ.ù õ������¬ÿ�÷Ýôâ÷Ýø,ô	Chÿ��+ôÜöÄõKþÝù ú�ÿ����ÓõKþ��\ûüó�

÷ÝõJ÷Ýø\ô6ú���ù3�$õ��_ùµÿqý\ý,ûüó�
 þ����¬ôÜú�! /,õKþ¸ÿ>ó,ÿKþ�þÝõ&CP��ÿKóJ�pguÿ��$�üôÓû�
+ø
öªÿ��\ûüó�
'�@ø�ÿKó,ó,ô��WûüóQ�Óõ+ó����\ó��Ü÷Ýûüõ+óOCvû ÷ÝøQ�Óõqø,ôÜþÝôÜó�÷	�\ô¨÷Ýô��Ü÷Ýûüõ+ó�B�÷Ýø,ô
þÝô��¬ÿK÷Ýûüõqó,ú�ø,ûüý �$ô¨÷*ChôÜôÓó.÷Ýø\ôS÷�þ@ÿqó\ú�ù ûü÷�÷Ýô��T��û¬ú��¨þÝôÜ÷ÝôS÷Ýûüù ôSú�û�
+ó,ÿ��$�k�
ÿqó��J÷Ýø,ô�þÝô��ÓôÓû��Dô&�|�\ûüú��ÜþÝôÜ÷Ýôâ÷Ýûüù ôâú�û�
+ó,ÿ��?� � ûüúP
+û��DôÜóO�(����6�>�$�Z�J�s������� 4�L�7

L



Cvø\ôÜþÝôf�$��ûüúH÷Ýø,ô	guÿ��$�üôÓû�
+ø�
r��û¬úÙ÷�þÝû����\÷Ýô&�µöªÿ���ûüó�
 ÿKù ý��üû ÷��J�\ô�ø�ÿ&�(

ûüó�
¸ÿKó>ôx�\ý$ô��Ü÷Ýô&� �qÿ����,ô�õqö+0D4����� 71��L�B(Cvø,û��üô	� � û¬úi÷Ýø,ôP�Óõ+ù ý��üô��,?9@:	<[Cvû ÷ÝøV�+ÿ�þÝûÁÿKó��Óôz�+�� ���+�� ���)����S(!f/,õKþA,?9@:	<��@ø�ÿqó$
ó\ô��üúRChô�ø�ÿ&�DôP�$�6��L�!1"hø\ô�þÝô��ÓôÜû��+ôÜþ-�Óõqó,ú�ûüúÙ÷ÝúHõqöWÿ)�Óõ+ø\ôÜþÝôÓó ÷;��ô�

ù õ��$���¬ÿK÷ÝõKþiö�õ����üõ�CSô&�'���6ÿA�\ôÜû¬ó ÷ÝôÜþ��üôsÿ&�Dô¨þhÿKóJ�6õqó,ôvõqö(÷Ýø,ôD"PF;NsB";"PF;N õKþAhRu�F;Nq�\ô��Üõ��\ôÜþÝú�!f";"PF;N ú��¨ø\ôÓù ôÓúD�Óõ+ó\ú�û¬úÙ÷âõqö�÷*Chõ�Óõqù ý$õ+ó\ôÓó ÷�"PF;N*ôÓó��Óõ��\ôÜþÝúµÿKóJ�î÷*CSõËý�ÿ�þ@ÿ����üô��D�\ô��Üõ��\ôÜþÝú�!IuaóhRu�F;N\
Zu*2&ú��@ø,ôÜù ôÓú�÷Ýø\ô �\ô��Óõ��\ôÜþâõ��\÷Ýý��\÷uû¬úâÿqý,ý�þÝõ+ý�þÝûÁÿ�÷Ýô����Eû¬ó$

÷ÝôÜþ��üôsÿ&�Dô��JÿKóJ� öÄô&�'��ÿ��xo#÷Ýõ¸÷Ýø,ô`�\ôÓù õ��$���¬ÿK÷ÝõKþHûüó,ý���÷&B�ÿqúHú�ø\õ�Cvó
ûüóQ/_û�
���þÝô L�!"hø\ô1�üõ�
�
r�\õqùµÿqûüóA�\þ@ÿKó��@ø�ù ôÜ÷�þÝû��_þÝô&.(�,û þÝô&�uöÄõKþW÷Ýø\ô�ùµÿ���û¬ùT�,ù 
�üû�oDô��üûüø,õ õ��p�\ô��Üõ��\ûüó�
µõqöR"PF;N ÿKóJ�V";"PF;N õ��DôÜþ�öªÿ��\ûüó�
'�@ø�ÿqó$

ó\ô��üú�ûüú � � ��� � �+  � � � � � � � 4ZS�7Cvø\ôÜþÝôsÿqúJ÷Ýø,ôp�Óõqþ�þÝôÓú�ý$õqóJ��û¬ó�
I��þ@ÿqó��¨ø�ù ôÜ÷�þÝû��LöÄõqþQhRu�F;N�ÿKóJ�hRu�F;N\
Zu*2®ûüúSö�õqþÝù ô&���(� ú��\ù ù û¬ó�
â÷Ýø,ô	�\ôÓûüó ÷ÝôÜþ��üôsÿ&�Dô&���,û ÷Hù ô¨÷�

þÝû��Óú`¡ÛõqöBôÓÿ��@øO�Óõ��\ô��|�,û ÷P¢�£� B���ûüô����\ûüó�


� � �=¤-¥6¦§ £©¨ ¦
¡+4w¢ £� �@ª&7x� 45Y�7

Cvø\ôÜþÝô;«mûüú�÷Ýø,ô-�\û ÷iý$õqú�û ÷Ýû¬õqó#õqö$÷Ýø\ô-�Óõ���ô&�3�,û ÷�ûüó#ÿf�Óõqó,úÙ÷Ýô����¬ÿK÷Ýûüõqó
ú���ù3�$õ��wB�¬ ûüúh÷Ýø,ô�ó$�\ù3�$ôÜþSõqö+u�hSúHý$ôÜþvú���ùT�$õ��(ÿqó��vª�­U45_��&L�7x!"hø\ôËó��,ùT�$ôÜþ>õqöT�Óõ��\ô&�t�\ûü÷Ýú�ý$ôÜþÛú���ù3�$õ��âûüúG4w¬®��L&7xBâú�ûüó��Üô
÷Ýø\ô	�Óõ���ô&�Jù õ��$���¬ÿK÷Ýûüõ+óJú��¨ø\ôÓù ôÓúHÿ����µõ+ó\ôâý�ÿ�þÝûü÷r�'�,û ÷H÷Ýõ9÷Ýø,ôf¬u*hSúf�(�V�\õ������¬ûüó�
>÷Ýø\ô.õKþÝû�
qûüó�ÿ��8�Óõqó,úÙ÷Ýô����¬ÿK÷Ýûüõqó1ú�û�¯Óô�Bmû¬óLõKþ��\ôÜþâ÷Ýõ
ùµÿKû¬ó ÷@ÿKû¬ó>÷Ýø,ôâúÝÿKù ô�ú�ý$ô��Ü÷�þ@ÿ��mô�� �ÓûüôÓó����Jõqö8¬°�,û ÷Ýú�±Kú�±��	¯�!"hø\ôQhRu�F;N²�,û ÷µù ôÜ÷�þÝû��Óús³¡@�$ôÜö�õqþÝôÛ÷Ýø\ôQ�\ôÓûüó ÷ÝôÜþ��üôsÿ&�DôÜþJÿ�þÝô��ô�´�ó\ô&��ÿKúzK ��M ³¡+4w¢ £� �tª&7¶µ ¬|«5�1� � �+  � � �6� � ��O­\·R4w«���ª&7 4w]X7Cvø\ôÜþÝô;·R4w«���ª�7Wû¬úB÷Ýø\ôHú�û�
qó�ÿ��\ú�ôÜ÷&BqöÄõKþ#Cvø\û��@ø.÷Ýø\ô;�,û ÷8«�õqö�÷Ýø\ôhú���ù 
�$õ��Wø�ÿKú�ÿ3�,ûüó�ÿ�þ��|�qÿ����\ôAª�!R"hø,ô9ÿ&�DôÜþ@ÿ�
+ô)�,û ÷�ôÜþ�þÝõqþ�ý�þÝõ���ÿ��,û��üû ÷*�
õKö6"PF;N¸�,ú�ûüó�
�NOm#e$n¹K S�M�õ��DôÜþ-g�û��Óû¬ÿqóv�@ø�ÿqó\ó,ô��üúHÿ�÷vø,û�
+ø|e$<`g
ûüúP
+û��DôÓó|���VK�L�M

º�»#¼� LcU½~¾ 4�L#�À¿V7�ÁXiyÂÃDÄ ���)� Å3Æ)Ç Ã`Ä ���)�DÈq¿ 4Z^�7
Cvø\ôÜþÝô ½ ûüúâÿ��Óõ+ó\úÙ÷@ÿqó ÷u÷Ýø,ÿK÷	�\ôÓý$ôÜóJ�\ú�õ+ó|÷Ýø\ôT��ûüúÙ÷@ÿqó��Üô.úÙ÷�þ�����
÷���þÝôhõqö�÷Ýø\ô-�Óõ���ô�B(c�ûüú�÷Ýø\ôhó��,ùT�$ôÜþ_õKök�,û ÷Ýú�ûüó.÷Ýø,ôi÷�þ@ÿqó,ú�ù ûüú�ú�ûüõ+ó���¬õ(��okBRCvø\û��üôV¿ ûüú ÷Ýø,ô\g�û��Óû¬ÿqó3öªÿ��\ûüó�
1ý,ÿKþ@ÿKù ôÜ÷ÝôÜþ&!t/��\þ�÷Ýø,ô¨þ�

ù õKþÝô�B�É�û¬ú�÷Ýø,ô6ú�õ�
Z�sÿ����üô&�kú�ø\õqþ�÷ÝôÓúÙ÷âôÜþ�þÝõqþ�ô��DôÓó ÷âý,ÿK÷Ýø?B(ûw! ô�!9÷Ýø,ô0#F H õqþ9÷Ýø,ô6ù û¬ó\ûüù3�,ù ú���ù3�$õ��8�uÿqù ù ûüó�
\�\ûüúÙ÷@ÿqó��Óô��$ôÜ÷rChôÓôÓó
÷Ýø\ô#÷�þ@ÿqó,ú�ù û ÷�÷Ýô&�ËÿqóJ�EþÝô��ÓôÓû��Dô&�1ú�ô�.��\ôÓó��Üô�!Q/_ûüó�ÿ������(B ÃDÄ �x�z�µûüú
÷Ýø\ô`�@ø�ÿKó,ó,ô��5� úhú���ùT�$õ��,ôÜó,ôÜþ�
��#÷Ýõ.ó\õ+ûüú�ôuú�ý$ô��Ü÷�þ@ÿ��y��ôÓó,ú�û ÷*�6þ@ÿK÷Ýûüõ�!up÷vû¬úP���üôsÿ�þvö�þÝõ+ùÊ01.(��ÿ�÷Ýû¬õqóQ^¸÷Ýø,ÿK÷ º�» �qÿKþÝûüôÓúvûüó$�+ôÜþÝú�ô����>ý\þÝõ+ý$õKþ�

÷Ýûüõ+ó,ÿ������QCvû ÷ÝøI4 ÃDÄ �x�z��7 Æ ÿKóJ�Û÷Ýø,ûüú�þ@ÿK÷Ýûüõ|�sÿKóV�$ô.ûüó��¨þÝôsÿqú�ô&�V�(�÷Ýûüù ô�ÿKóJ�Jú�ý,ÿ��Óô)��û��DôÜþÝú�û ÷*�pK�L�M5!82âû��DôÜþÝú�û ÷*�>ùµÿ��'�$ô�õ���÷@ÿqûüó,ô��\�(�
þÝôÓý$ô¨÷Ýûü÷Ýûüõqó>�Óõ���û¬ó�
@4�Cvø,û��@ø�þÝô&�$���ÓôÜú6÷Ýø,ôÛôx%(ô��Ü÷Ýû��DôQ�\ÿK÷@ÿEþ@ÿ�÷Ýô�7xB
ú�ý,ÿ��Óô�
 ÷Ýûüù ô|�Üõ��\ô&�3ù3��� ÷Ýûüý��üô>÷�þ@ÿqó,ú�ù û ÷�÷ÝôÜþx±sþÝô��ÓôÓû��Dô¨þµúÙ÷�þ����Ü÷���þÝôÓú4�Cvø\û��@øîûüó��ÜþÝôÓÿqú�ôÓú �Üõ+úÙ÷ ÿKóJ�U�Üõ+ù ý��üô���û ÷*��7âõqþ3�(�Ëú�ûüù ý��üôµûüó ÷ÝôÜþ�
�üôsÿ&��ûüó�
O4�Cvø\û��@øÛûüóJ�$���ÓôÜú;�Áÿ�÷ÝôÓó��x�J7x!"hø\ô3�Óõ���ô&�|ù õ������¬ÿ�÷Ýû¬õqókú��@ø,ôÜù ôÓú�÷Ýø,ÿK÷fCSô3�Óõqù ý�ÿKþ@ÿ�÷Ýû��Dô����
úÙ÷����\ûüô&� ÿKþÝô`Ëuó�
+ôÜþ��$õ ô���ok� ú-"PF;NÌK S�M5B�g�õ��$ôÜþ�÷Ýú�õqó?� ú-";"PF;NqK ]�M5BÍ ôÓø�ÿ&��ûw� ú�hRu�F;NÎK }�M�ÿqóJ� H û5� ú�h#u�F;N\
Zu*2ÏK l�M5!�"_ÿ����üôsL>ú�ø,õ&Cvú
÷Ýø\ôT
qôÓó,ôÜþ@ÿ�÷Ýõqþ�ý$õ����\ó\õ+ù û¬ÿ��üúuö�õqþâ÷Ýø\ô3"PF;N ÿKóJ�V";"PF;Nq�Óõ���ôÓú
ûüóËõ(�¨÷@ÿ���öÄõqþÝùµÿ�÷&!�"hø\ôÓú�ôµÿKþÝô#ú���úÙ÷ÝôÓùµÿ�÷Ýû�� �Óõ��\ôÜúâ÷Ýø�ÿK÷¸ÿ����Lõ+ó\ô
ý,ÿKþÝû ÷*�p�,û ÷9÷Ýõ�÷Ýø\ô u�hSú�!v��ôÓó��Óô�BW÷Ýø,ô3�Óõ��\ûüó�
Jþ@ÿK÷Ýô#öÄõKþ#ÿOS ¤;¥�¦ 
ÿ�þ��|ú�û�
+ó�ÿ���û¬ópm#e$n0õqþzÐf,	N ûüúAÑÒ� ¤¤;¥6¦ !A"hø,ô¸ó$�\ù3�$ôÜþ�õqö

g�ÿK÷Ýô e�÷@ÿ�÷Ýô ³¬ Ó � Ó ¦ ÓV� ÓQÔS�±�Y l S L�L _�S _�] 
45l�mRe�nz7 }�]\Õ S L&_�Y Y�_ }�} 
YX±�] l Y L�L _�S _�] L&_4�L&}XÐf,	NQ7 }�]\Õ Y L&_�L L�} }�] 
^�±�} l S L�L _�S _�] 
45}�](Ðf,	NQ7 }�]\Õ S L&_�L L�} }�] 
"_ÿ����üô L�{zÖ�m8�,ó��Ü÷��\þÝô���× "PF;NØ�Óõ���ôÓú;Cvû ÷ÝøO�$ôÓúÙ÷vù ûüó,ûüù3�\ùd��ûüú�

÷@ÿqó��Óô öÄõKþ�m#e$n;ÿqó���Ðf,fNsB �Ù g�õ��$ôÜþ�÷Ýú�õqóîÿqó��U9¹ÚÛ þ�¯QK ]�MZ!U��ÕX�ûüóJ��û��ÓÿK÷ÝôÓú�Ë�ó�
+ô¨þ��$õ ô��xok� ú'"PF;NÜ�Óõ���ôÓúQK S�M5!>"RCSõ�
r�\ûüù ôÓó\ú�ûüõ+ó�ÿ��4ZS�2A79ù õ��$���¬ÿK÷Ýûüõ+óîûüúz�\÷Ýû��üûüú�ô&��!kò	�Ü÷@ÿ��iö�õqþÝùµÿK÷.ûüú3�\ú�ô&�k÷ÝõÛþÝôÓý$

þÝôÓú�ôÓó ÷J÷Ýø,ôp
+ôÓó\ôÜþ@ÿK÷ÝõKþ|ý$õ�����ó,õqù ûÁÿ��üúOÓ £ ÿKóJ� ³¬Ý�\ôÓó\õq÷ÝôÓú>÷Ýø,ô
ó��,ùT�$ôÜþHõqö8�Üõ��\ô&�vu�hSú�!
�\ô��Óõ��\ûüó�
>úÙ÷@ÿK÷ÝôÜúuöÄõKþ9ÿv�Üõ��\ô¸õqöiù ôÓù õqþ��|¿ ûüú)S Â !	9�ø\ôÓóÛ÷Ýø,ô
ó��,ùT�$ôÜþSõKöWý�þÝõq÷Ýô��¨÷Ýô&�vu*hSú ³¬ìûüú-�üôÓú�úh÷Ýø�ÿKó ÷Ýø,ôv÷Ýõq÷@ÿ��$ó��\ù3�$ôÜþiõqöõqþÝû�
qû¬ó,ÿ��6u*hSú`¬pB,÷Ýø\ôÜþÝô¸ÿKþÝô'4w¬   ³¬|7P�\ó��Óõ���ô&�|u*hSúuÿKóJ�QS ¤ i)Þ¤ý�ÿ�þ@ÿ����üô��W÷�þ@ÿKó,ú�û ÷Ýûüõ+ó,ú�ûüó�÷Ýø,ôâ÷�þÝô����üûüúuõKöB÷Ýø,ôA�Óõ���ô�!PmBÿKþ@ÿ����¬ô��W÷�þ@ÿqó$

ú�û ÷Ýûüõ+ó,ú9ÿKú�ú�ûüúÙ÷9û¬óLþÝô&�$���Óûüó�
µ÷Ýø,ôT�\ô��Óõ��\ûüó�
v�Óõqù ý��üô���û ÷*�LÿKóJ�Û÷Ýø,ô
ù ôÓù õKþ�� þÝô&.(�,û þÝô&��!

guÿ�÷Ýô e�÷@ÿ�÷Ýô ß ¦ ß � ß Ô ß j b$à&á�â�âS�±�Y l ] S } 
 ]45l�m#e$nz7 4ZãE�fYX7 L ] � 
L&} � L ] 
 ^4ZãE�	](7 S ^ � 
}�] L&^ } L�^ 
 �4ZãE�f}X7 } L&^ L�� 
Y�±�] l ] ] ] ] ]4�L�}XÐf,fNQ7 4ZãE�fYX7 _ } S ]_ S ^ ^YXS } S S } ^4ZãE�A^�7 L } _ �_ S ^ ^g�ÿK÷Ýô e ÷@ÿK÷Ýô ß ¦ ß � m1�\ó��Ü÷���þÝûüó�
 b à�á�â�â^�±�} l L�^ L�� L)_ _\L)_ Y45}�](Ðf,	NQ7 4Zã��fY�7 _\L L L L}�] L&Y�Y L��(L L L L L L Y4Zã��f}�7 L)_ _ _ _"_ÿ����üôIS�{�"Wõ+ý:÷@ÿ����üôîú�ø\õ�CvúL÷Ýø,ôU
+ôÓó\ôÜþ@ÿK÷ÝõKþËý$õ�����ó\õ+ù û¬ÿ��üúLõqömBÿ+ÿKú�oDô�� úz�Óõ��\ô�B_ý�ÿ�
qô'Y�Y�L õqö)K ä�M5!\hSõK÷�÷Ýõ+ùÑ÷@ÿ����üô ú�ø,õ&Cvú�÷Ýø,õ+ú�ô
õqö(÷Ýø\ôDg�ÿK÷Ýôx
�FSõqù ý�ÿ�÷Ýû����üô`m8�,ó��Ü÷��\þÝô`FSõqó$�+õ����\÷Ýûüõ+ó,ÿ��J�Üõ��\ôÓú`K�L�_�M5!ã ûüúv÷Ýø,ôA�Óõ���ô¸ù ôÜù õqþ��Jÿqó��|b à&á�â*â ûüú�÷Ýø\ôâö�þÝôÓô)�âÿKù ù ûüó�
 ��ûüú�

÷@ÿqó��Óô�!uò	�Ü÷@ÿ��WöÄõKþÝùµÿK÷�û¬ú`�,ú�ô&��ö�õqþ�÷Ýø,ô9ý$õ�����ó,õqù ûÁÿ����Óõ ô�� �ÓûüôÓó ÷Ýúß £ ByCvø,û��üô|��L��mÿqó���� _$��ûüóL÷Ýø,ô6ý��,ó��Ü÷��\þÝûüó�
µùµÿ�÷�þÝû��Lûüó��\û��sÿK÷Ýô¸÷Ýø,ô
ý$õ+ú�û ÷Ýûüõ+óLõKö�÷Ýø\ô)�,ó,ý��,ó��Ü÷��\þÝô&�>ÿqó��Ûý��\ó��Ü÷���þÝô&�\�Óõ���ô&�O�,û ÷Ýú�B�þÝôx

ú�ý$ô��Ü÷Ýû��Dô����(!"_ÿ����üô)S¸ú�ø\õ&Cvúv÷Ýø\ôf
+ôÜó,ôÜþ@ÿ�÷Ýõqþ�ý$õ�����ó,õqù ûÁÿ��üúhöÄõqþH÷Ýø\ôAhRu�F;N
ÿqó��OhRu�F;N\
rur2��Óõ��\ôÜú�ûüóÛõ(�Ü÷@ÿ��mö�õqþÝùµÿK÷&!R"hø,ôÜú�ôA�Óõ��\ôÓú�ÿKþÝô9ó\õ+ó�

ú���úÙ÷ÝôÓùµÿK÷Ýû��\�Óõ+ó��Dõ�����÷Ýûüõ+ó�ÿ��P�Óõ��\ôÓúTCvûü÷Ýø3ùµÿ���ûüù3�\ù ö�þÝôÓô\�âÿqù 

ù ûüó�
V��û¬úÙ÷@ÿKó��Óô�!V,`
+ÿqûüó?B�õqó����Ëõqó,ôµô���÷�þ@ÿO�,û ÷.ûüú6ÿ����\ô��k÷ÝõÛ÷Ýø,ôu�hiú�!P�uôÓó��Óô�B�÷Ýø\ôz�Üõ��\ûüó�
#þ@ÿ�÷Ýô6ÿKóJ�J÷Ýø\ô¸ú�ý$ô��Ü÷�þ@ÿ��_ôx���ÓûüôÓó��x�|ÿKþÝô
ú�ûüù û��Áÿ�þv÷Ýõ6÷Ýø�ÿ�÷võqö8"PF;N ÿqó��|";"PF;NÑöÄõqþv÷Ýø\ô)S ¤;¥�¦ 
ZÿKþ��>ù õ��$
���¬ÿ�÷Ýû¬õqó1ú��@ø,ôÓù ôÓú	�,ú�ô&�y!3uZókõKþ��\ôÜþ�÷Ýõ>þÝô&�����Óô.÷Ýø\ô.þÝô&.(�,û þÝô&�p�\ôx
�Óõ���û¬ó�
îù ôÓù õqþ��(B�÷Ýø,ôVh#u�F;N�ÿqó��@hRu�F;N\
Zur2Ñú��¨ø\ôÓù ôÓú'��ÿKú�ô&�
õ+ó'}�](Ðf,	NÊChô¨þÝô�õ��\÷@ÿKû¬ó\ô&� �(�6ý��,ó��Ü÷��\þÝûüó�
�÷Ýø,ôHþ@ÿK÷Ýô�
�L&±�Sf�Óõ��\ôÜú
öÄõ����¬õ&Cvûüó�
µ÷Ýø,ôâÿqý,ý�þÝõDÿ��¨øÛõKö;K�L&_�M5!e�õKö�÷+�\ô��Üû¬ú�ûüõqó9÷�þÝô����üûüú6��ô��Óõ��\ûüó�
;�\÷Ýû��üû�¯Üû¬ó�
�÷Ýø\ô H õ�
�
*NÛÿ���ûüù3�\ù,=m_õ+úÙ÷ÝôÜþÝûüõKþÝû14 H õ�
�
�NO,`mR7�ÿ���
+õKþÝû ÷Ýø,ù¸K�L�L�MJCHÿKúhûüó��Dõ�oDô��.öÄõKþh÷Ýø,ô

S



��ô��Óõ��\ûüó�
6õqöm÷Ýø,ô`�Óõ��\ô&�µù õ������¬ÿK÷Ýûüõ+óJú��¨ø\ôÓù ôÓú�!8"hø\ô H õ�
�
*NO,	m
ÿ���
qõqþÝû ÷Ýø,ùìûüúvÿ6ó��,ù ô¨þÝû��Óÿ������JúÙ÷@ÿ����üôA�DôÜþÝú�ûüõqó�õqöW÷Ýø,ô)NO,`m�ÿ���
qõ�

þÝû ÷Ýø,ù õ+ý$ô¨þ@ÿK÷Ýûüó�
Lûüóî÷Ýø,ôv�¬õ�
�
r�\õqùµÿqûüó?B�ûüóîõqþ���ôÜþ6÷Ýõ|þÝô&�$���Óô>û ÷Ýú�Óõqù ý��üô���û ÷*�Jÿqó��>÷Ýõ#ù û ÷Ýû�
Dÿ�÷Ýô�÷Ýø,ôâó��,ù ô¨þÝû��Óÿ��(ý\þÝõ����üôÓù ú�ÿqú�ú�õ(�Óû�

ÿ�÷Ýô&�\Cvû ÷Ýø�÷Ýø,ôANO,	m!ÿ���
+õqþÝû ÷Ýø\ùÏK�L&S�M5!

å Ï3²�ÐÜ»
ñ\æS°�³¸Ðsð#ï ´'��²�ñ|æ(³#²
°Jï�Þ
Þ�ÐÓ²_¶.ñ|²W²mÐsð#ïL²uZóJ÷Ýø,ûüúvú�ô��Ü÷Ýûüõqó|Chô�úÙ÷����$�µ÷Ýø,ôâý$ô¨þ�öÄõqþÝùµÿKó��Óô�õKö8"PF;NsBk";"PF;NsBhRu�F;N0ÿKóJ�AhRu�F;N\
rur2I�\ú�ûüó�
;�Óõqù ý��\÷Ýô¨þWú�ûüù3���¬ÿK÷Ýûüõ+ó\ú�!6"hø,ô8�Óõqù 


ý��¬ôx�\û ÷r�!õKö�÷Ýø,ôQ�Óõ���ô&��ù õ������Áÿ�÷Ýûüõ+ó�ú��@ø,ôÓù ôÜú>ûüú\�Óõ+ù ý,ÿKþÝô&�3û¬ó
÷ÝôÜþÝù úvõKöB÷Ýø,ô�ó��,ùT�$ôÜþvõqö1��ô��Óõ��\ûüó�
 úÙ÷@ÿK÷ÝôÓú�ÿqó��J÷Ýø,ô�ó��,ùT�$ôÜþvõqö��ô��Óõ��\ûüó�
kû ÷ÝôÜþ@ÿ�÷Ýû¬õqó,ú�!>/,õqþ ÿs"PF;N*õKþ'hRu�F;NÜ�Üõ��\ô�õKöâù ôÓù 

õKþ��'ã[BD÷Ýø,ôP�ÓõKþ�þÝôÓú�ý$õ+ó��\ûüó�
)�Óõqù ý��üô���û ÷*�.û¬úiý\þÝõqý$õqþ�÷Ýûüõ+ó,ÿ��,÷Ýõ�÷Ýø,ô
ó��,ùT�$ôÜþvõqö#��ô��Óõ��\ûüó�
>úÙ÷@ÿ�÷ÝôÓúAç���S�èV!`e�ûüó��Óôz";"PF;N ú��@ø,ôÓù ôÜú
ûüó��Dõ�o+ô#÷*ChõQ�Üõ+ù ý$õ+ó\ôÓó ÷T"PF;Né�Óõ���ôÓú�B�ÿQ";"PF;Nê�Óõ���ô'Cvû ÷ÝøGë
û ÷ÝôÜþ@ÿ�÷Ýû¬õqó,úuÿqóJ�O�\ú�ûüó�
>ÿqópç+
púÙ÷@ÿK÷Ýô)�Óõqù ý$õ+ó,ôÜó�÷D�Óõ���ô.ôx�\ø\û��,û ÷Ýúuÿ�Óõqù ý��üô���û ÷*�Jý\þÝõqý$õqþ�÷Ýûüõ+ó,ÿ��W÷Ýõ\S�a ëxa ç3õqþDë�a S�è ¥6¦ !D,�ú�ö�õqþAh#u�F;N\
ur2
ú��¨ø\ôÓù ôÓú�B\õ+ó����Jõ+ó\ô)�\ô��Üõ��\ôÜþ�ûüú`�\ú�ô&�\���\÷H÷Ýø\ô)�\ôÓù õ��$���¬ÿK÷ÝõKþ
ûüú6ûüó��Dõ�oDô&�kûüóîôsÿ��¨ø���ô��Óõ���û¬ó�
Lûü÷Ýô¨þ@ÿK÷Ýûüõ+ó�!V�uõ&Chô��+ôÜþ&BB÷Ýø,ô��Óõqù 

ý��¬ôx�\û ÷r�îõqö�÷Ýø,ô\�\ôÓù õ��$���¬ÿK÷ÝõKþ#ûüú#ÿKú�ú��,ù ô&�1÷Ýõp�$ôJûüó\ú�û�
qó,û�´J�Óÿqó ÷�Óõqù ý�ÿ�þÝô&��÷Ýõ#÷Ýø�ÿ�÷uõKö�÷Ýø\ôz�\ô��Óõ���ôÜþ&!D�uôÓó��Óô�B�ÿvh#u�F;N\
Zu*2ì�Óõ���ôCvû ÷Ýø)ëmû ÷ÝôÜþ@ÿ�÷Ýûüõ+ó,ú6�\ú�ûüó�
�ÿqó3ç+
ZúÙ÷@ÿ�÷ÝôR�Óõ���ôSô���ø\û��\û ÷Ýú_ÿP�Óõ+ù ý��¬ôx�\û ÷r�
ý�þÝõ+ý$õqþ�÷Ýûüõqó�ÿ���÷Ýõ3ë�a çîõqþPë�a S è !
å Ïªæ,Ïî°vê;àJï ¶¸ÇW¾�Â_Âmº\½�Ã

$RSCfile: bicmb.gle$ $Date: 2000/06/27$

3.0 3.5 4.0 4.5 5.0 5.5 6.0 6.5 7.0
Eb/No(dB)

10-5

2

5

10-4

2

5

10-3

2

5

10-2

2

5

10-1

2

5

100

B
E

R

AWGN, 8PSK

4000 Bits/Block
2000 Bits/Block
500 Bits/Block

TTCM, 8-state, 4 iterations
BICM-ID, 16-state, 4 iterations

TCM, 64-state
BICM-ID, 16-state, 1 iterations
Any Bits/Block

TTCM

BICM-ID

TCM

/_û�
���þÝôTS�{R08%(ô��¨÷Ýú�õKö8���üõ(�xov�üôÓó�
K÷Ýø|õ+ó�÷Ýø\ô)"PF;NsBy";"PF;N ÿKóJ�hRu�F;N\
Zu*2 ý$ôÜþ�ö�õqþÝùµÿKó��Óô1ûüó®ÿqó[l�mRe�n ú��¨ø\ôÓù ôËõ��DôÜþp,�9t:	<�@ø�ÿKó,ó,ô��¬ú�!/_û�
���þÝô#SHû������,úÙ÷�þ@ÿ�÷ÝôÓúm÷Ýø\ô�ôx%(ô��Ü÷ÝúWõKö�û¬ó ÷ÝôÜþ��üôsÿ&��ûüó�
;���¬õ(��o	�üôÓó�
q÷Ýø
õqóâ÷Ýø,ô1"PF;NsB�";"PF;N0ÿKóJ�AhRu�F;N\
rur2
ý$ôÜþ�öÄõKþÝùµÿqó��Üôiûüó9ÿqó)l�mRe�n
ú��@ø,ôÓù ô>õ��DôÜþ',�9t:	<Ê�@ø�ÿqó\ó,ô��üú�!ÀuZ÷6ûüú ���üôsÿKþ öÁþÝõ+ù ÷Ýø\ô\´�
��\þÝô
÷Ýø,ÿK÷.ÿ�ø,û�
qø1ûüó�÷Ýô¨þ��¬ôÓÿ���ûüó�
Q���üõ(�xoV�üôÓó�
K÷Ýø1ûüú3��ôÓú�û þÝô&�kö�õqþ¸÷Ýø,ô û ÷�

ôÜþ@ÿ�÷Ýû��DôO";"PF;N ÿKóJ��hRu�F;N\
Zur2 ú��@ø,ôÓù ôÓú�!G"hø,ô\���üõ(�xoU�¬ôÜó�
q÷Ýø��õ ôÓú�ó,õK÷9ÿ�%(ô��¨÷�÷Ýø,ô h#u�F;N\
Zu*20ý$ôÜþ�öÄõKþÝùµÿqó��Üô�����þÝû¬ó�
>÷Ýø\ôT´\þÝúÙ÷
ý,ÿqú�ú�B�ú�ûüó��Óôµû ÷ �Óõqó,úÙ÷Ýû ÷��\÷ÝôÜú6ÿVhRu�F;N ú��@ø,ôÓù ô��\ú�û¬ó�
pe�m��,ÿqú�ô&�
ý\ø�ÿqú�õKþv�Áÿ��$ô��üûüó�
�!��uõ&Chô��DôÜþ&Bvû öfChôV�Óõqó,ú�û��\ô¨þ>ö�õ���þ�û ÷ÝôÜþ@ÿ�÷Ýû¬õqó,ú�B
÷Ýø\ô6ý$ôÜþ�ö�õqþÝùµÿqó��Óô#ûüù ý\þÝõ��DôÜú�B+�Óõqó��DôÜþ�
+ûüó�
JöªÿKúÙ÷ÝôÜþ9÷ÝõJ÷Ýø\ô 0Bþ�þÝõqþ�
/\þÝôÜô�
r/,ôÓô&�$��ÿ���ov450#/6/876�$õ��\óJ�\K ��M\öÄõKþ-�¬ÿKþ�
qôÜþ-���¬õ(��o3�üôÓó�
q÷Ýø\ú�!8,h÷
ÿvh-08gCõKö	L�_ ikj ÿ|^�_�_�
Z�\ûü÷f���üõ(�xoQ�üôÓó�
q÷ÝøVCHÿKú9ÿ��$õ���÷3L3b�c û¬ó$

ö�ôÜþÝûüõqþÛ÷Ýõî÷Ýø,ôsS�_�_�_�
Z�,û ÷O���¬õ(��o@�üôÓó�
q÷Ýø�ûüó�÷Ýø,ôp�Óõ+ó ÷Ýô���÷>õqö¸÷Ýø,ô

hRu�F;N\
rur2 ú��@ø,ôÓù ô�!�,7ú��üû�
qø ÷#ö���þ�÷Ýø,ôÜþ6û¬ù ý�þÝõ��DôÓù ôÓó ÷)CHÿKú#õ��$

÷@ÿqûüó\ô&�1öÄõqþ.÷Ýø,ô']X_�_�_�
r�\û ÷����üõ(��oU�üôÓó�
K÷Ýø?!suaó1õK÷Ýø,ôÜþTChõKþ��\ú�B�÷Ýø,ô
ÿ��$�+ÿKó ÷@ÿ�
+ô|õKö)hRu�F;N\
rur2 õ��DôÜþv"PF;N�û¬úµù õKþÝôÛú�û�
+ó,û�´��sÿqó ÷µöÄõKþ�¬ÿKþ�
qôÜþA���üõ(��oO�üôÓó�
K÷Ýø,ú�!`"hø,ôTl�
púÙ÷@ÿ�÷Ýô3";"PF;N ý$ô¨þ�öÄõqþÝùµÿKó��Óô¸ÿ��¬ú�õ
ûüù ý\þÝõ��DôÓú�B(Cvø\ôÓó|�\ú�ûüó�
9öÄõ���þvû ÷ÝôÜþ@ÿK÷Ýûüõ+ó\ú�B�ÿKúh÷Ýø,ô`���üõ(�xo��üôÓó�
q÷Ýø>ûüú
ûüó��ÜþÝôÓÿqú�ô&�y!

$RSCfile: states-8psk-awgn.gle$ $Date: 2000/06/27$

3.0 3.5 4.0 4.5 5.0 5.5 6.0 6.5 7.0
Eb/No(dB)

10-5

2

5

10-4

2

5

10-3

2

5

10-2

2

5

10-1

2

5

100

B
E

R

AWGN, 8PSK

TTCM, 8-state, 2 iterations
TTCM, 8-state, 4 iterations
BICM-ID, 8-state, 4 iterations
BICM-ID, 16-state, 4 iterations

BICM, 8-state
BICM, 64-state
TCM, 8-state
TCM, 64-state

/_û�
���þÝô>Y�{[06%(ô��Ü÷Ýúkõqöv�\ô��Óõ��\ûüó�
t�Üõ+ù ý��üô���û ÷*��õqó
÷Ýø,ô�"PF;NsB";"PF;NsB�h#u�F;N ÿqó���h#u�F;N\
Zu*2 ý$ôÜþ�öÄõKþÝùµÿqó��Üô�ûüó&ÿKó¹l�m#e$n
ú��@ø,ôÓù ô¸õ��DôÜþA,�9t:	<ì�@ø�ÿqó\ó,ô��üú`�,ú�ûüó�
>ÿ'���üõ(�xo|�¬ôÜó�
q÷ÝøLõKöR]�_�_�_u�hiúz4ZS�_�_�_#ú��\ùT�$õ��üú�7x!
/_û�
���þÝô\Y|ú�ø\õ�Cvú9÷Ýø,ôµô�%(ô��Ü÷Ýú.õKöH÷Ýø,ôv�\ô��Óõ��\ûüó�
Q�Üõ+ù ý��üô���û ÷*�

õ+ó>÷Ýø,ô	"PF;NsBJ";"PF;NsB�hRu�F;NÑÿKóJ�vhRu�F;N\
Zur2®ý$ôÜþ�ö�õqþÝùµÿqó��Óôâûüó
ÿqó'l�mRe�n:ú��@ø,ôÜù ôHõ��+ôÜþ#,?9t:	<>�¨ø,ÿqó,ó\ô��üú#�\ú�ûüó�
9ÿf���üõ(��o3�üôÓó�
q÷Ýø
õqöD]�_�_�_Vu�hiú\4ZS�_�_�_Lú���ù3�$õ��¬ú�7x!Q"hø,ôv}�]�
ZúÙ÷@ÿ�÷Ýô|"PF;NsB1}�]�
púÙ÷@ÿK÷ÝôhRu�F;NsB	l�
púÙ÷@ÿK÷Ýôs";"PF;Ní�,ú�ûüó�
îöÄõ��\þ�ûü÷Ýô¨þ@ÿK÷Ýûüõ+ó\ú|ÿqó���L�}�
púÙ÷@ÿK÷ÝôhRu�F;N\
rur2Cÿ��üõ+ó�
'Cvû ÷ÝøÛö�õ��\þ�û ÷ÝôÜþ@ÿK÷Ýûüõqó,úuôx�\ø\û��,û ÷�ÿ#ú�û¬ù û��¬ÿKþ	�Óõ+ù 

ý��üô���û ÷*�(!z,h÷âÿ|h-08g�õqö	L�_$iJj�B+";"PF;N þÝô&.(�\ûüþÝôÜú�ÿ��$õ��\÷)_�a }vb�c�üõ&ChôÜþ e$<`g�÷Ýø,ÿqó�h#u�F;N\
Zu*23B8L�a }Ob�cÊ�üôÓú�ú¸ôÓó,ôÜþ�
��L÷Ýø�ÿqóG"PF;N
ÿqó��OS(a ^zb�cì�üõ&Chô¨þfe�<	g�÷Ýø,ÿqóOh#u�F;Ns!$9�ø,ôÓóµ÷Ýø,ô`�Óõ��\ûüó�
 �Óõ+ù 

ý��üô���û ÷*�kûüú¸þÝô������Üô&�kú����¨øË÷Ýø,ÿK÷Tl�
púÙ÷@ÿ�÷Ýôv�Üõ��\ôÓú.ÿKþÝô'�,ú�ô��ËûüóË÷Ýø,ô"PF;NsBRhRu�F;N*ÿKóJ��hRu�F;N\
rur2 ú��@ø,ôÓù ôÜú�B�÷Ýø\ôÓû þ��ÓõKþ�þÝôÓú�ý$õ+ó��\ûüó�

ý$ôÜþ�ö�õqþÝùµÿqó��Óô;�$ô��Óõqù ôÓú�ChõKþÝú�ôh÷Ýø�ÿKó.÷Ýø�ÿ�÷�õqö�÷Ýø\ô;}�]�
púÙ÷@ÿK÷Ýô;�Óõ���ôÓú�B
ÿqú9ú�ø\õ�CvóEûüóG/_û�
���þÝô�Y$!TuaóEõqþ���ôÜþ�÷Ýõ|�$ô6ÿ����¬ô.÷Ýõ|�Óõqù ý�ÿKþÝô¸÷Ýø,ô
ÿqú�ú�õ(�ÜûÁÿ�÷Ýô&�
ý$ôÜþ�öÄõKþÝùµÿqó��Üô'Cvû ÷Ýø1÷Ýø,ÿK÷¸õqö`l�
púÙ÷@ÿ�÷Ýô\h#u�F;N\
Zu*2��\ú�

ûüó�
âö�õ��\þiû ÷ÝôÜþ@ÿK÷Ýûüõqó,ú�B�l�
ZúÙ÷@ÿ�÷ÝôD";"PF;N ÿ��üõqó�
fCvû ÷Ýø#÷*CSõ�ûü÷Ýô¨þ@ÿK÷Ýûüõ+ó\ú
ûüú.ôÜù ý��üõ&� ô&��!Jò	�\ú�ôÜþ��Dô6÷Ýø,ÿK÷T���\ô6÷Ýõ�÷Ýø\ô û¬ó\ú������Üû¬ôÜó�÷¸ó��,ùT�$ôÜþ
õqömû ÷ÝôÜþ@ÿK÷Ýûüõqó,ú�B�";"PF;N ô���ø,û��,û ÷Ýú�õ+ó����#ùµÿKþ�
+ûüó,ÿ��$ÿ����qÿqó ÷@ÿ�
qô�õ��DôÜþhRu�F;N\
rur23!/_û�
���þÝôv]|ú�ø\õ&Cvú¸÷Ýø\ô>ý$ô¨þ�öÄõqþÝùµÿKó��Óô õKö`"PF;NsB8";"PF;N ÿKóJ�hRu�F;N\
rur2 ûüó��Dõ�o�ûüó�
UL&}�Ðf,fN õ��Dô¨þ ,?9@:	<��@ø�ÿqó\ó,ô��üúT�,ú�ûüó�
Lÿ���üõ(��o|�üôÓó�
q÷Ýø|õqö1}�_�_�_'u*hSúz4ZS�_�_�_ ú��\ùT�$õ��üú�7x!-Ë�ý$õ+óO�Üõ+ù ý�ÿ�þÝûüó�
}�]�
púÙ÷@ÿK÷Ýôf"PF;NÊCvûü÷ÝøvY�S�
púÙ÷@ÿK÷Ýô	hRu�F;N\
Zu*2E�,ú�ûüó�
9÷rChõ9û ÷ÝôÜþ@ÿK÷Ýûüõqó,ú�BChôµõ��,ú�ôÜþ��Dô��E÷Ýø�ÿ�÷ThRu�F;N\
Zu*2&õ��\÷Ýý$ô¨þ�öÄõqþÝù úz"PF;NsBmöÄõqþ ÃD» �x�z�
ûüó
ô��$�ÓôÓú�ú¸õqö	}$a lQb�c'!V��õ�CSô��DôÜþ&B1l�
púÙ÷@ÿK÷Ýô\hRu�F;N\
Zu*2Ê�\ú�û¬ó�
Eÿqó
ûüó��ÜþÝôÓÿqú�ô&�Ëó��\ù3�$ôÜþuõqöhû ÷ÝôÜþ@ÿ�÷Ýûüõ+ó,ú�B_ú����@øËÿKú9ö�õ���þ9õqþ9ôÓû�
+ø ÷&Bmõ���÷�

ý$ôÜþ�ö�õqþÝù ú�÷Ýø,ôHú�ûüù û��Áÿ�þ-�Óõqù ý��üô���û ÷*�TYXS&
púÙ÷@ÿK÷Ýô`hRu�F;N\
Zu*2�ôÜù ý��üõ&�$

ûüó�
µ÷*CSõJû ÷ÝôÜþ@ÿ�÷Ýû¬õqó,ú9ÿKúfChô�����ÿqú)}�]�
púÙ÷@ÿK÷Ýô3"PF;Ns!�,D�$õ���÷3L�a S�b�cÃD» �x� � 
+ÿqûüó3Chÿqú�õ���÷@ÿqûüó,ô&�.ÿK÷1h-08g>��L&_$iJjSöÄõKþRl�
púÙ÷@ÿK÷Ýô;hRu�F;N\
u*2°�,ú�ûüó�
kôÓû�
+ø ÷µû ÷ÝôÜþ@ÿK÷Ýûüõqó,úµõ��DôÜþv}�]�
púÙ÷@ÿK÷ÝôQ"PF;N�ÿK÷>ÿEú�ûüù û��¬ÿ�þ�\ô��Óõ��\ûüó�
��Üõ+ù ý��üô���û ÷*�(!RFSõqù ý�ÿKþÝûüó�
�l�
púÙ÷@ÿK÷Ýôz";"PF;Nî�,ú�ûüó�
6÷rChõ
û ÷ÝôÜþ@ÿK÷Ýûüõqó,ú ÿKóJ��l�
púÙ÷@ÿ�÷Ýô|hRu�F;N\
Zu*2ìôÓù ý��üõ&��ûüó�
ÛöÄõ��\þ6ûü÷Ýô¨þ@ÿK÷Ýûüõ+ó\ú
þÝô��DôÓÿ��üúh÷Ýø�ÿ�÷;hRu�F;N\
rur2:ý$ô¨þ�öÄõqþÝù ú#�$ôÜ÷�÷ÝôÜþhö�õqþh÷Ýø\ô ÃD» ���)��þ@ÿKó�
+ô
õqö	^(a �Ob�cì÷ÝõU�|b�c�!|9�ø,ôÓó1÷Ýø\ô ó$�\ù3�$ôÜþ9õKö�ûü÷Ýô¨þ@ÿK÷Ýûüõ+ó\ú6ûüú.ûüó$


Y



$RSCfile: ttcm-bicm-f2000-16qam-awgn.gle$ $Date: 2000/06/27$

3 4 5 6 7 8
Eb/No(dB)

10-5

2

5

10-4

2

5

10-3

2

5

10-2

2

5

10-1

2

5

100

B
E

R

AWGN, 16QAM

32-state, 2 iterations
8-state, 8 iterations
8-state, 4 iterations
BICM-ID

TTCM, 8-state, 4 iterations
TTCM, 8-state, 2 iterations
TCM, 64-state

BICM-ID

/_û�
���þÝôT]${PFSõqù ý�ÿKþÝûüú�õqóEõKö#"PF;NsBy";"PF;N ÿqó��QhRu�F;N\
Zur2CôÜù 

ý��¬õ&��ûüó�
vL&}XÐf,	N õ��DôÜþD,?9@:	<��@ø�ÿKó,ó\ô��üú;�,ú�ûüó�
6ÿ3���üõ(��o��¬ôÜó�
q÷Ýø
õKö8}�_�_�_�u�hSú)4ZS�_�_�_#ú���ùT�$õ��üú�7x!
�ÜþÝôÓÿqú�ô&�â÷ÝõhöÄõ��\þmöÄõqþ�";"PF;N&ÿqó��u÷ÝõHôÓû�
+ø ÷�öÄõqþ�hRu�F;N\
Zur23B�";"PF;N
ô���ø\û��\û ÷Ýúvÿ3�$ôÜ÷�÷ÝôÜþ�ý$ôÜþ�ö�õqþÝùµÿqó��Óô�B,ÿqúvú�ôÓôÓó�û¬óO/_û�
��\þÝôA]$!

$RCSfile: ttcm-bicm-f2000-64qam-awgn.gle,v $ $Date: 2000/05/11 13:03:27 $

8.5 9.0 9.5 10.0 10.5 11.0 11.5
Eb/No (dB)

10-5

2

5

10-4

2

5

10-3

2

5

10-2

2

5

10-1

2

5

100

B
E

R

AWGN, 64QAM

TCM, 64-state
BICM, 64-state
BICM-ID, 8-state, 8 iterations
TTCM, 8-state, 4 iterations

250 symbols/block
2000 symbols/block

/_û�
���þÝô)^�{RFSõqù ý�ÿKþÝûüú�õqó�õqö6"PF;NsBJ";"PF;NsBJhRu�F;NÑÿKóJ�|h#u�F;N\
ur2[�,ú�ûüó�
 }�](Ðf,	NÑõ��+ôÜþD,?9@:	<[�¨ø,ÿqó\ó,ô��üú�!2f�\ô>÷ÝõE÷Ýø,ô�ÿqú�ú�õ(�Óû¬ÿK÷Ýô��=e�m�BB÷Ýø,ôJû¬ó ÷�þ@ÿKú����,ú�ô¨÷v�\ûüúÙ÷@ÿqó��ÓôÛõqö"PF;N�ÿqó���";"PF;N ûüó��¨þÝôsÿqú�ôÓúV��õ&Cvó:÷Ýø,ôEý�ÿ�þ�÷Ýû ÷Ýû¬õqó:÷�þÝôÓô�!¸up÷Chÿqú¸ú�ø,õ&Cvó1ûüó@K ]�M�÷Ýø�ÿK÷)CSô õ+ó����kó,ôÓô��E÷ÝõÛôÓó��Óõ��\ô ³¬q��S�õ���÷
õKöT^Uu�hSú>ûüó�÷Ýø,ôV}�]XÐf,fNQ±�";"PF;N öÄõKþJ÷@ÿ�þ�
+ôÜ÷Oh-01g�úJÿKþÝõ��\óJ�L�_$iyï6ûüóU,?9t:	<��¨ø,ÿqó\ó,ô��üú�! ��ôÓó��Üô6÷Ýø,ôÜþÝô#ÿKþÝô'S�ïxizÞ¤ �~l�ý�ÿ�þ�
ÿ����üô��i÷�þ@ÿqó,ú�û ÷Ýûüõ+ó\ú3�$�,ô#÷Ýõ�÷Ýø\ô#÷Ýø\þÝôÓô��\ó��Óõ���ô&�Uu*hSú9û¬ó1÷Ýø\ô6÷�þÝô���
�üûüúHõqö8}�](Ðf,	NQ±�";"PF;Ns!k/_û�
��\þÝô)^9û������,úÙ÷�þ@ÿ�÷ÝôÓúH÷Ýø,ô�ý$ôÜþ�öÄõKþÝùµÿqó��Üô
õKöR"PF;NsB�";"PF;NsB?hRu�F;N ÿKóJ�QhRu�F;N\
rur2��\ú�ûüó�
v}�]XÐf,fN õ��Dô¨þ,?9@:	<��@ø�ÿqó\ó,ô��üú�!P9�ø\ôÓóQ�,ú�ûüó�
>ÿ ���¬õ(��oO�üôÓó�
q÷Ýø|õqöDL&_�_�_�_vu*hSú4ZS�_�_�_Ûú���ùT�$õ��üú�7xB6l�
ZúÙ÷@ÿ�÷Ýôv";"PF;N�Cvû ÷Ýø1öÄõ��\þ¸û ÷ÝôÜþ@ÿK÷Ýûüõqó,ú¸û¬ú9÷Ýø,ô�$ôÓúÙ÷)�ÓÿqóJ��û��,ÿK÷Ýô�BWöÄõ����¬õ&CSô&�G�(�|÷Ýø,ô6ú�ûüù û��¬ÿKþz�Óõqù ý��üô���û ÷*�pl�
púÙ÷@ÿ�÷ÝôhRu�F;N\
Zu*2�ú��¨ø\ôÓù ô�ôÓù ý��¬õ&��ûüó�
#ôÜû�
qø ÷�û ÷ÝôÜþ@ÿ�÷Ýûüõ+ó,ú�!D,D
DÿKû¬ó�By"PF;N
ý$ôÜþ�ö�õqþÝù ú\�$ôÜ÷�÷ÝôÜþ�÷Ýø,ÿqóEhRu�F;N ûüó�,?9@:	<î�¨ø,ÿqó\ó,ô��üú�!d9�ø,ôÓó
ÿQ���üõ(��oG�üôÓó�
K÷Ýø
õqö)L�S�^�_Vu�hSúO4ZS�^�_|ú���ù3�$õ��¬ú�7fCHÿKú �,ú�ô���B1�$õq÷Ýø";"PF;N ÿqóJ�|hRu�F;N\
Zu*2�ôx�\ý$ô¨þÝû¬ôÜó��Óô&�Jÿ#ý$ôÜþ�öÄõKþÝùµÿqó��Óô)�\ô�
Kþ@ÿ��\ÿ�

÷Ýûüõ+ó�!ÀuZ÷#ûüúµÿ��¬ú�õkú�ôÓôÓó�û¬óI/_û�
���þÝôQ^L÷Ýø,ÿK÷ hRu�F;N\
Zu*2 ý$ôÜþ�öÄõKþÝù ú

���üõ+ú�ô¨þ�÷Ýõ�";"PF;NsB�Cvø,ôÓó�ÿ3�üõ+ó�
qôÜþ`���üõ(�xov�üôÓó�
K÷Ýø�ûüúD�,ú�ô&�y!
å Ï � Ï1ñ�Â_Éq·�Ò�ÒKº�½�¾\¿Óº�¹|ï�¾,Ò�Ò�·�Æ#Å_¾�ÂW¹|´µ¾�×m½�º�À�Í$ÇOðm¾�¹_ÀÄÂmÍ>¶.ÇW¾,ÂmÎ
ÂWº�½ÄÃ

$RSCfile: ttcm-bicm-f2000-8psk-xfad.gle$ $Date: 2000/06/27$

6 7 8 9 10 11 12 13 14
Eb/No(dB)

10-5

2

5

10-4

2

5

10-3

2

5

10-2

2

5

10-1

2

5

100

B
E

R

Rayleigh Fading, 8PSK

BICM-ID, 16-state, 4 iterations
TTCM, 8-state, 4 iterations
BICM, 64-state
TCM, 64-state

/_û�
���þÝô)}${#FSõ+ù ý,ÿKþÝûüú�õ+ó�õqö6"PF;NsB�";"PF;NsBkh#u�F;N ÿqó��\hRu�F;N\
u*2 ö�õqþQl�mRe�n õ��DôÜþ\�,ó��Óõqþ�þÝô��Áÿ�÷Ýô&�tguÿ��$�üôÓû�
+ø�öÄÿ��\ûüó�
I�@ø�ÿKó,ó,ô��¬ú�,ú�ûüó�
 ÿ3���üõ(��o\�üôÓó�
q÷ÝøÛõKö6]X_�_�_ u*hSú)4ZS�_�_�_#ú���ù3�$õ��üú�7x!
"hø,ôz�,ó��Óõqþ�þÝô��Áÿ�÷Ýô&�Vguÿ��$�üôÓû�
+ø|öªÿ��\ûüó�
v�¨ø,ÿqó\ó,ô��üúâûüù ý��üûüô&�O�\ú�


ûüó�
.ÿqó>ûüó�´�ó\û ÷Ýô�
Z�¬ôÜó�
q÷Ýø ûüó ÷ÝôÜþ��üôsÿ&�DôÜþhõ��+ôÜþhó,ÿKþ�þÝõ&CP��ÿKóJ�'guÿ��$�üôÓû�
+ø
öªÿ��\ûüó�
��@ø�ÿKó,ó,ô��¬ú�!�/_û�
��\þÝôs}1ú�ø,õ&Cvúµ÷Ýø,ôLý$ôÜþ�öÄõKþÝùµÿqó��ÓôLõqöz}�]�

úÙ÷@ÿK÷Ýô|"PF;NsB1}�]�
ZúÙ÷@ÿ�÷ÝôOhRu�F;NsB1l�
púÙ÷@ÿK÷Ýô|";"PF;Nê�,ú�ûüó�
Eö�õ��\þ6û ÷�

ôÜþ@ÿ�÷Ýû¬õqó,ú>ÿqó��=L�}�
púÙ÷@ÿK÷ÝôOhRu�F;N\
Zu*2 ôÓù ý��üõ&��û¬ó�
Eö�õ���þµûü÷Ýô¨þ@ÿK÷Ýûüõ+ó\ú
ûüóµÿqó�l�mRe�n�ú��¨ø\ôÓù ôHõ��DôÜþ1�,ó��Óõqþ�þÝô��¬ÿ�÷Ýô&�#ó�ÿ�þ�þÝõ�CP�,ÿqó�� guÿ��$�üôÓû�
+ø
öªÿ��\ûüó�
|�¨ø,ÿqó,ó\ô��üúuöÄõKþ¸ÿ\���¬õ(��oQ�üôÓó�
K÷ÝøËõKö-]X_�_�_|u*hSú�4ZS�_�_�_>ú��\ù 
�$õ��üú�7x!#"hø,ôÜú�ô�öÄõ��\þR�Óõ��\ô&� ù õ��$���¬ÿK÷Ýûüõ+óµú��@ø,ôÓù ôÜúSø�ÿ&�Dô�ÿ�ú�ûüù û��¬ÿ�þ�Óõqù ý��üô���û ÷*�(!6,�ú8�sÿqó��$ôHú�ôÓôÜó#ö�þÝõ+ù~/_û�
���þÝôD}$B�";"PF;N ý$ô¨þ�öÄõqþÝù ú�$ôÓúÙ÷&B�öÄõ����üõ&Chô��À�(��h#u�F;N\
Zu*23B6hRu�F;N*ÿKóJ��"PF;Ns!1,h÷#ÿph-08g
õqö#L&_ ikj B�";"PF;N ý$ôÜþ�öÄõKþÝù úHÿ��$õ��\÷P_�a �zb�c[�$ôÜ÷�÷ÝôÜþS÷Ýø�ÿqóvhRu�F;N\
u*2TBXS(a Y	b�ct�$ôÜ÷�÷ÝôÜþB÷Ýø�ÿKó3h#u�F;N7ÿqó��T]�a ^`b�ct�$ôÜ÷�÷Ýô¨þB÷Ýø�ÿqóT"PF;Ns!"hø,ô�ô¨þ�þÝõqþ;ñ�õ õKþ�õqö6";"PF;N�K ]�MyCHÿKúD�üõ&Chô¨þ�÷Ýø,ÿqóµ÷Ýø,ô�ÿKú�ú�õ(�Óû¬ÿK÷Ýô&�01/6/V�$õ��,ó��9õKöyhRu�F;N\
rur23!��uõ&Chô��DôÜþ&BK÷Ýø,ô-hR01g�úBõqöy";"PF;N7ÿKóJ�hRu�F;N\
rur2[ChôÜþÝô�û���ôÓó ÷Ýû��Óÿ��_ÿ�÷ Ã`» ���)�`�=�Tb�c'!/_û�
���þÝôG�U�Óõqù ý�ÿ�þÝôÓú>÷Ýø\ôLý$ôÜþ�öÄõKþÝùµÿqó��ÜôEõKöT"PF;NsBP";"PF;N
ÿqó��VhRu�F;N\
Zu*2Cûüó��Dõ�o�ûüó�
OL�}XÐf,fN õ��DôÜþf�\ó��ÓõKþ�þÝô��¬ÿK÷Ýô&�|ó,ÿKþ�þÝõ&C;
��ÿKóJ��g�ÿ&�$�üôÓû�
+ø öÄÿ��\ûüó�
T�@ø�ÿKó,ó,ô��¬úR�,ú�ûüó�
¸ÿ)���üõ(�xo3�¬ôÜó�
q÷ÝøµõKö�}�_�_�_u�hiúz4ZS�_�_�_#ú��\ùT�$õ��üú�7x!iò	�,ú�ô¨þ��Dôu÷Ýø�ÿ�÷`YXS�
púÙ÷@ÿ�÷Ýô)hRu�F;N\
Zu*2��\ú�ûüó�

÷*CSõ û ÷ÝôÜþ@ÿK÷Ýûüõ+ó\úuõ��\÷Ýý$ôÜþ�ö�õqþÝù úD}�]�
ZúÙ÷@ÿ�÷Ýôz"PF;N öÄõKþ ÃD» ���)��û¬ó|ôx�$
�ÓôÓú�úiõqö�ä�a }Ab�c�!8/,õKþi÷Ýø\ôHúÝÿqù ôP�Óõ+ù ý��üô���ûü÷r�(Bq÷Ýø\ôPl�
púÙ÷@ÿK÷ÝôDhRu�F;N\
u*2:ûüó$�+õ�o�ûüó�
9ôÓû�
+ø ÷Hû ÷ÝôÜþ@ÿ�÷Ýû¬õqó,úHõ��\÷Ýý$ôÜþ�ö�õqþÝù ú;}�]�
púÙ÷@ÿK÷ÝôA"PF;N¸�$ôx
� õqóJ� ÃD» ���)�'�dl$a S|b�c�!\e�ûüù û��¬ÿKþ9÷ÝõQl�m#e$n B(÷Ýø\ô��Óõ��\ûüó�
|
Dÿqûüó
õqöDh#u�F;N\
Zu*27õ��DôÜþz"PF;N ûüóË÷Ýø,ô��Üõ+ó ÷Ýô���÷9õqöAL�}XÐf,fN ûüú9ù õqþÝô
ú�û�
+ó\û�´��sÿqó ÷�õ��DôÜþvó,ÿKþ�þÝõ&CP��ÿKóJ�\g�ÿ��$�¬ôÜû�
qø�öªÿ��\ûüó�
3�¨ø,ÿqó,ó\ô��üú;�Óõ+ù 

ý�ÿ�þÝô&�Ë÷ÝõV,?9@:	<¹�@ø�ÿqó\ó,ô��üú�!|<uôsÿ�þ.÷Ýø\ô Ã`» ���)� õqö)L�L'b�cì÷Ýø,ôl�
púÙ÷@ÿ�÷Ýô�hRu�F;N\
Zur2 ÿKý,ý\þÝõ+ÿ��@ø,ôÓúÛ÷Ýø\ôU01/6/d�$õ��,óJ�yBâø\ôÓó��ÓôsYXS&

úÙ÷@ÿK÷Ýô'h#u�F;N\
Zu*2¹�\ú�ûüó�
J÷rChõÛû ÷ÝôÜþ@ÿ�÷Ýûüõ+ó,ú9ô���ø\û��\û ÷Ýú9ÿ\�$ôÜ÷�÷ÝôÜþ9ý$ô¨þ�

öÄõKþÝùµÿqó��Óôv���,ô.÷Ýõ|ûü÷Ýú)�üõ&ChôÜþ301/6/E�$õ��,óJ�y!�ò	�,ú�ôÜþ��Dôµÿ��üú�õÛ÷Ýø�ÿK÷l�
púÙ÷@ÿ�÷Ýô hRu�F;N\
rur2��\ú�ûüó�
 öÄõ��\þâû ÷ÝôÜþ@ÿ�÷Ýûüõ+ó,úuõ��\÷Ýý$ô¨þ�öÄõqþÝù ú	l�
púÙ÷@ÿK÷Ýô";"PF;N ôÓù ý��üõ&��û¬ó�
>÷rChõJûü÷Ýô¨þ@ÿK÷Ýûüõ+ó\ú¸ûüóL÷Ýø,ô¸þ@ÿqó�
qô õqö Ã`» ���)� �l$a ^fb�c�÷ÝõTL�S�a�LDb�c�!�uaó��ÜþÝôsÿKú�û¬ó�
â÷Ýø,ôHó��,ùT�$ôÜþBõKö(ûü÷Ýô¨þ@ÿK÷Ýûüõ+ó\úSõ+ó����
ùµÿKþ�
qûüó�ÿ������kû¬ù ý�þÝõ��Dô.÷Ýø\ô�hRu�F;N\
Zur23B+���\÷�þÝôÓú���� ÷Ýú¸ûüóËÿ�ú�û�
+ó,û�´�
�sÿKó�÷ 
Dÿqûüó
öÄõKþ'";"PF;Ns!-"hø\ôJý$ô¨þ�öÄõqþÝùµÿKó��ÓôJõqö	l�
púÙ÷@ÿK÷Ýô|";"PF;N�,ú�ûüó�
�öÄõ��\þ.ûü÷Ýô¨þ@ÿK÷Ýûüõ+ó\ú¸ûüúz�$ôÜ÷�÷ÝôÜþ�÷Ýø,ÿqók÷Ýø,ÿK÷¸õqö;l�
púÙ÷@ÿK÷Ýô'hRu�F;N\


]



$RSCfile: ttcm-bicm-f2000-16qam-xfad.gle$ $Date: 2000/06/27$

6 7 8 9 10 11 12 13 14 15
Eb/No(dB)

10-5

2

5

10-4

2

5

10-3

2

5

10-2

2

5

10-1

2

5

100

B
E

R
Rayleigh Fading, 16QAM

32-state, 2 iterations
8-state, 8 iterations
8-state, 4 iterations
BICM-ID

TTCM, 8-state, 4 iterations
TTCM, 8-state, 2 iterations
TCM, 64-state

/_û�
���þÝô°��{òFSõqù ý�ÿ�þÝû¬ú�õqó õqö�"PF;NsB�";"PF;N ÿKóJ�óh#u�F;N\
ur2 öÄõqþ�L&}�Ðf,fN õ��Dô¨þ>�\ó��ÓõKþ�þÝô��¬ÿK÷Ýô&� ó,ÿKþ�þÝõ&CP��ÿKóJ�¹g�ÿ&�$�üôÓû�
+ø
öÄÿ��\ûüó�
��@ø�ÿKó,ó,ô��¬ú�÷�þ@ÿqó,ú�ù û ÷�÷Ýûüó�
�S�_�_�_0ú��\ùT�$õ��üú�±����üõ(�xoØ45}�_�_�_u*hSú�±����¬õ(��o�7x!
ur2®ÿ��¬õqó�
)Cvû ÷ÝøJôÓû�
qø�÷hûü÷Ýô¨þ@ÿK÷Ýûüõ+ó\úhöÄõqþ Ã`» ���)�	�qÿ����,ôÜúSûüóJôx���ÜôÓú�úhõqöä�a } b�c�!

$RCSfile: ttcm-bicm-f2000-64qam-xfad.gle,v $ $Date: 2000/05/11 13:03:27 $

10 12 14 16 18 20 22
Eb/No (dB)

10-5

2

5

10-4

2

5

10-3

2

5

10-2

2

5

10-1

2

5

100

B
E

R

Rayleigh Fading, 64QAM

TCM, 64-state
BICM, 64-state
BICM-ID, 8-state, 8 iterations
TTCM, 8-state, 4 iterations

250 symbols/block
2000 symbols/block

/_û�
���þÝôAl${RFSõqù ý�ÿKþÝûüú�õqó�õqö6"PF;NsBJ";"PF;NsBJhRu�F;NÑÿKóJ�|h#u�F;N\
ur2ô�\ú�ûüó�
s}�](Ðf,	N õ��DôÜþ3�,ó��Óõqþ�þÝô��¬ÿ�÷Ýô&�3ó,ÿKþ�þÝõ&CP��ÿKóJ��g�ÿ&�$�üôÓû�
+ø
öÄÿ��\ûüó�
��¨ø,ÿqó,ó\ô��üú�!
/_û�
���þÝôvl�û������\úÙ÷�þ@ÿK÷ÝôÓú¸÷Ýø,ô ý$ôÜþ�ö�õqþÝùµÿqó��ÓôµõqöD"PF;NsB8";"PF;NsBhRu�F;N ÿKóJ�@h#u�F;N\
Zu*2 ûüó��Dõ�o�ûüó�
G}�](Ðf,	N2õ��Dô¨þ\�\ó��ÓõKþ�þÝô��¬ÿK÷Ýô&�

ó,ÿKþ�þÝõ&CP��ÿKóJ�3g�ÿ����üôÓû�
qø.öªÿ��\ûüó�
A�@ø�ÿKó,ó\ô��üú�!�Ëuú�ûüó�
�ÿ	���üõ(��o)�¬ôÜó�
q÷Ýø
õKö-L&_�_�_�_ u*hSú)4ZS�_�_�_6ú���ù3�$õ��üú�7xB�}�]�
púÙ÷@ÿK÷ÝôzhRu�F;NÑý$ôÜþ�öÄõKþÝù ú;�$ôÜ÷�

÷ÝôÜþm÷Ýø�ÿKó)}�]�
púÙ÷@ÿ�÷ÝôR"PF;NCö�õqþ Ã`» ���)�iûüó�ô��$�ÓôÜú�úWõqöyL&^Pb�c�!�h#u�F;N\
ur2�ôx�\ø\û��,û ÷ÝúSÿA�üõ&ChôÜþhôÜþ�þÝõqþ#ñ�õ õqþS÷Ýø�ÿqó'";"PF;N;û¬ó ÷Ýø\û¬úiú��ÓôÓó,ÿKþÝûüõ�B
ú�ûüó��ÜôOhRu�F;N\
rur2 ôÓó��Óõ��\ôÜú ÿ����h÷Ýø,ôv´J�Dô'u*hSú3Cvø,û��üôQ";"PF;N*ôÓó$
�Óõ���ôÓú¸õ+ó����E÷*CSõ|õqöH÷Ýø,ô ú�û��U}�]XÐf,fN��,û ÷Ýú�!Q"hø\ô#÷Ýø\þÝôÓô��\ó,ý\þÝõ�

÷Ýô��¨÷Ýô&�Uu�hiú.õKöD"PF;N ÿqó��G";"PF;N þÝôÓó��\ôÜþ9÷Ýø\ôÓú�ô ú��¨ø\ôÓù ôÓú)�üôÓú�ú
þÝõ����,úÙ÷H÷Ýõ.÷Ýø,ôA�,ó��Óõqþ�þÝô��Áÿ�÷Ýô&�JöÄÿ��\ûüó�
 �¨ø,ÿqó\ó,ô��w!1uZö?ChôA�,ú�ô9ÿT�$ôÜ÷�

÷ÝôÜþR"PF;N õKþ-";"PF;N°�Üõ��\ôD
+ôÓó\ôÜþ@ÿK÷ÝõKþS÷Ýø�ÿ�÷SôÜó��Óõ���ôÓúhÿ����\÷Ýø,ô;´J�Dôu*hSú�B$ÿ �$ôÜ÷�÷Ýô¨þ�ý$ô¨þ�öÄõqþÝùµÿKó��Óô�ûüú�ô���ý$ô��Ü÷Ýô&�y!Rg�ô&�$���Óûüó�
¸÷Ýø,ôA���¬õ(��o�üôÓó�
q÷Ýø9ö�þÝõ+ù�S�_�_�_uú���ù3�$õ��¬úm÷ÝõAS�^�_�ú���ù3�$õ��üúWþÝôÓú���� ÷Ýô&�9ûüó6ÿ�ú�ùµÿ������ô�
qþ@ÿ��,ÿK÷ÝûüõqóköÄõKþz";"PF;NsB����\÷	��ûüô����\ô��Ëÿµú�û�
qó,û�´J�Óÿqó ÷z�\ô�
Kþ@ÿ��\ÿ�


÷Ýûüõ+ó�ö�õqþ	hRu�F;N\
Zur23!
éWÏî¶#ð#ïL¶Tæiñ|²mÐÓð ïuaóÀ�Óõqó������,ú�ûüõqó?Bvÿ�÷>ÿs
+û��DôÜóI�Óõqù ý��üô���û ÷*��"PF;N ý$ôÜþ�ö�õqþÝù ú �$ô¨÷�


÷ÝôÜþµ÷Ýø�ÿKóthRu�F;N�ûüót,�9t:	<Ø�@ø�ÿKó,ó\ô��üú�BP���\÷�CSõqþÝú�ôLûüó>�\ó��ÓõKþ�

þÝô��¬ÿK÷Ýô��®ó�ÿ�þ�þÝõ�CP�,ÿqó��Eg�ÿ����üôÓû�
qø:öªÿ��\ûüó�
I�¨ø,ÿqó\ó,ô��üú�!Ø��õ&Chô��Dô¨þ&BhRu�F;N\
rur2®�,ú�ûüó�
Ëú�õqö�÷|�\ô��Óûüú�û¬õqó�öÄôÓô�����ÿ��xo3õ���÷Ýý$ôÜþ�öÄõKþÝù úv"PF;N
ÿqó��'hRu�F;N õ��Dô¨þ-�$õq÷Ýøv,?9@:	<�ÿqó����,ó��Üõqþ�þÝô��¬ÿK÷Ýô��>ó,ÿKþ�þÝõ&CP��ÿKóJ�g�ÿ&�$�üôÓû�
+ø�öªÿ���ûüó�
��@ø�ÿqó\ó,ô��üú>ÿK÷µ÷Ýø\ô|úÝÿqù ôV�\ô��Óõ��\ûüó�
U�Óõ+ù ý��¬ôx�$

û ÷*�(!1";"PF;NÑø�ÿKúHú�ø,õ&Cvó�ú��\ý$ôÜþÝûüõqþvý$ôÜþ�ö�õqþÝùµÿKó��Óôâõ��Dô¨þh÷Ýø,ôâõK÷Ýø,ôÜþ�Óõ���ô&�|ù õ������¬ÿ�÷Ýû¬õqó|ú��¨ø\ôÓù ôÓú�úÙ÷��J��û¬ô���Bk���\÷�ô���ø,û��,û ÷Ýô&�|ÿ ø\û�
qø,ôÜþ
ôÜþ�þÝõKþTñ,õ õqþT���\ô#÷Ýõ�÷Ýø,ô �\ó��Óõ���ô&�Uu*hSú9õ��+ôÜþz�,ó��Üõqþ�þÝô��¬ÿK÷Ýô��Ëó�ÿ�þ�

þÝõ&CP��ÿKóJ�|g�ÿ����üôÓû�
qø�öªÿ��\ûüó�
 �@ø�ÿKó,ó\ô��üú�!

õ Ïî°>¶¸åÛïLð¸êôæR��Þ|à\��»[�uï�³#²"hø,ôp´�ó,ÿqó��ÜûÁÿ���ú��,ý\ý$õqþ�÷ÛõKö.÷Ýø\ôU08�\þÝõqý$ôsÿqóEËuó\ûüõ+ó=�,ó��\ôÜþ>÷Ýø,ô
ÿ��\ú�ý,û��ÓôÓú�õKöS÷Ýø\ô "-g;ËAe$"®ý\þÝõ��Ùô��Ü÷¸ÿqó��L÷Ýø\ô 01mRe�gDF`B?e�CvûüóJ��õ+óË	n�ûüúD
qþ@ÿ�÷ÝôÜö���������ÿ���o�ó,õ&CP�üô&��
qô&��!

ç�ÏË´'�	ðP�u´'�uï|¶T��²ö I�÷Tø`ù�øRú û�ü�ý�þ�ý�ÿ1ý������|ù��	ù	��ú�

������������������ü*ú����������rÿ���þ�þ�ú�ü�� �!��� �
��"��#�$�%�&ÿ���ý���ú����&���(ý�������þ(')"���ÿ*�%�&ÿ�
)ý���� �+��ÿ*ú �*��ÿrú�ý#� ,.-*/0/1/
2�3*4�5�67498;:(<>=�5�6?=�5)@�=�ABABCD5�<>8�49:><>=�5�6 �yû9�&þ�ù�E�F#��G�G�ù�I;H�H�I�JÙI;H+I;K#�
�D� G#�*�;
ML	��ÿvI;N�O�O�ùö K�÷�P`ù�QR������ÿ�L	�!�;��ST�T�7UV�(ý��#����þ#� �D��ú����XW1ú �*�Y
MZXþ �rú�þ���û9��þ\[]"0�(ý�ü��?ü*ú���J
�(ý�þ(� ,+-^/1/1/ 2	3^4�5�67498_:><>=�5�6?=�5 - 5_`7=�37Aa4�:(<%=�5b2�c#de=�37f �kû9�&þ�ùgK�O#�
G�G�ù	h�h]JiF�F#�	j�ý��DZ(ý�ÿ^kµI;N�O�K�ùö E�÷Tø`ùTøRú û�ü�ý�þ�ý�ÿGý��#�l�|ù��	ùm��ú�

�����&�������n����ürú����o���p�rÿ���þ�þ�ú�ü
� �D��� �q��"��D�r�>�&ÿY��ý���ú����s�e�(ý����#��þ('m�!� �BG(ý�ÿ*�rú �rú����Xú����s�>�&ÿY��G#J
�*ú�
MZ�
t�;�!���u����ü*ú������ ,v-^/1/0/ 2	3^4�5�67498_:><>=�5�6?=�5b@�=�ABAMC#5�<%8e4�w
:(<%=95�6 �Xû9�&þ�ù�E�F#��G#G�ù,I;H+I;E]JÙI;H�K+I��x�!�;GD��� 
BL	��ÿvI;N�O�O�ùö I�÷u"�ù]y���LT��ÿ^�*ü*�������;ù;z|{} ÿ*~��	�e�6ý����#W1ú��#�*�#Ji���
��ú�� �!���gZXÿ*L	�X�kÿ*��þ�þ�ú�ü^J
UV�D��� �����D��Z�þ�ý]�*ú����&Q#ürú����v"0Z����7�*ZXÿ�� ��U���

G	����� �9�mUV�D����ü;� ,
-*/0/1/�� =9CD375	4��&=�5$�xd_� de8_:id��o��3^de4�6r<\5�@0=�AMABC#5�<%8e4�:(<%=�5�6 �û9�&þ�ù�I;F#��G#G�ù	K�H�F]J�K+I;O#����� LXÿ*Z(ý�ÿ*kµI;N�N�O�ùö h�÷�URù9�V��ÿ*ÿ���Zx���`ù!PRþ�ý�û�ú�� Z#�	ý����a"yù����Xú �rú�
)ý]�Zü��Xú�
)ý#���e�X��ý�ÿ1�D�(ý��#J
�����s�Jú�
Aú ���?ÿ*ÿ��&ÿ^J^UV�&ÿ*ÿ*�;�7�rú����?UV�!�Xú����)ý����'ø�� � �!�Xú����s'��gZXÿ*LT�
UV�D����ü;� ,�ú��p� 3^=_8ed�de��<%5D��6m=*` -*/0/1/�- 5�:id;375	49:><>=�5	4���@�=�5_` d;3^d_5	8ed
=�5q@�=�ABAMC#5�<%8e4�:(<%=95�6 �xG#G�ù,I;H�F�IaJ�I;H9��H#��I;N�N�E�ùö F�÷u�#ù��T� �(ý�û�ú(�g�eO]Ji"��#���*ÿ*��þ�þ�ú�üV� �D����ü��%�&ÿ8ýMy1ý;k�þ���ú����u�Wý��Xú����Y�e�(ý��#J
����þ(� ,t-*/0/1/ 2�3^4�5�67498_:(<%=�5�6.=95$@�=�ABAMC#5�<%8e4�:(<%=95�6 �vû9�&þ�ù?I9H#�
G�G�ù	O9��E��uO�O�E#�	��ý;kµI;N�N�K�ùö �x÷u�`ù1�Jú(�RjXùV�`ùVy1ú �*� �7kx�B���kÿ���þ�þ�ú�ü^J^UV�D��� �&���D�#ZXþ�ý]�*ú�����W1ú ������ú �
� �!�*��ÿ*þ���ý�û�ú����`ý���� � �*��ÿ�ý]�rú û9�-ø�� � �D��ú������ ,a-^/1/0/�� =�C#375	4��x=�5?�xd;w
� de8;:ide����3^de4�6R<%5�@�=�ABABCD5�<>8�49:><>=�5�6 ��û9�&þ�ù I_�D�!�X�Xù9I��9�XGXÿ*ú�þ�I;N�N�N�ùö O�÷u�`ù���ú(�9jXù��`ù�y1ú �*� � kT�x�e��ú �^Jwú��!�*��ÿ*þ���ý�û9� �
� �!��� �a

�D�#ZXþ�ý]�*ú����YW1ú ���ú ����ÿ*ý]�*ú û9����� � �!�Xú�����Z�ü*ú����sü����\���>� � ��L(ý���ST� ,�-*/0/�/ � de8;:(3^=95�<%8_6
��d_:(:id;376 ��û9�&þ�ù�E�I��	�X�Xù\I;H#��G�G�ù�N�I9KBJVN�I9E#����ý;k I;N�N�O�ùö N�÷��$ùT�Jú��vý����vø`ùTjXù�U��&ü^����þ�þ����V���+ÿrÿ��&ÿ�UV���9�*ÿ*�&þ1UV�!�Xú�����'X��Z����(ý]J


� �!�*ý�þ�ü�ý����B�XG�GXþ�ú���ý]�*ú�����ü_� ,Y/ 5D��� d; 1=;=_�m@�� < ¡�6*¢�£ ��¤#� 3^d_5�:(<%8ed;w
¥�4��\� ��I;N�O�E�ùö I;H�÷u�+ù0¦Dù1URù��§� �9���e�X�7Woy1ý]���7J^UV��

G(ý]�rú�LXþ��m"1Z����7�*ZXÿ���UV����û9�&þ�Z#J
�*ú����Xý�þgUV�D�#��üV�%�&ÿ1¨Rú ����ÿ�L�ú�ø�� � �!�Xú������ ,
-^/1/0/ 2�3^4�5�67498_:(<%=�5�6©=�5
@�=9AMABCD5�<>8e4�:(<%=�5�6 �Xû9�&þ�ù9I9K#�DG�G�ùDE�H9��E��BE�H9��N#��ø�� � �;
ML	��ÿiI;N�N�IXùö IsI�÷u"�ùDy���L	��ÿ^�*ü*�����D�#ù�¨-ú�þ�þ�� LXÿ*Z�
@ý��#�
"�ùD¦X�!� ����ÿ_������UV��

G(ý�ÿrú�ü����
���Mª�G#�rú�
)ý�þ#ý��#�«�DZ#L#J^ª�G#�rú�
)ý�þR����"=ø�� � �D��ú����p�#þ����&ÿ*ú �*��
Aü
ª�G	��ÿ*ý]�*ú��#�pú��&�§���pø���
)ý�ú���� ,Vú���� 3*=;8eded��9<\5D�96v=*`�:%c#d - 5�:id;37w
5	4�:(<>=�5	4��R@0=�5_`7d_3^d_5	8�du=�5&@0=�AMABC#5�<%8e4�:(<%=�5�6 �TG�G�ù(I;H�H�N_��I;H+I;E#�
j�Z�����I;N�N�h�ùö I;K�÷u�+ù0yPù��6ý���þ(��jXù0UV�D�eS������6ù�j���þ�ú���� SQý�����jXù0y#ý�û�ú ûT���7ª�GD�*ú�
)ý�þø�� � �D�Xú��#�����
�Jú��#�xý�ÿ+UV�!����ü��>�&ÿ�� ú��Xú�
Aú�~�ú����q�!kD
BL	�&þ��+ÿ*ÿ*�&ÿ
y#ý]�*��� ,a-^/1/0/ 2�3^4�5�67498_:(<%=�5�6¬=�5 - 5_` =�37AB49:><>=�5�2�c#de=�37f ��û9�&þ�ù#K�H#�
G�G�ù	K�O�I]�DK�O9�D�T��ý�ÿ*�e�JI;N9�]IXù

^


