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TWb�^ÂLdJkbc^)a.^_T�\k^_iºV�qPTkOºTdz&TWa�jSTkRUQSTkOms�GøòJI�ôKQS\uV�TkO�rk^_OHV�V�JdV�q�^1G!T}b]Q|\�TWV�òJI�<aGAôîõöò:x/<a?@��ô¨íîo�qP^ÅTWï%bcN�aPV
Rcq%TkO�rk^dQSOºV�q�^$\�jXJka�^�ï�J+NPO%iÉnDJkb3c TWb�J+NPOPiìw�Q|\gb�^_j|TWV�^_iZV�J£V�q�^$V�TkQSj/iP^_RUT_[ºJkn�V�qP^$\�J+NPbcR×^�i�^_O%\�QXV²[ks.fgqPQ|Rcq
QS\�\�NPa.^Ub�v�^Eb�a�J+O�^_OHV�QSTkj.nDJkbnceH wÂTkO%iº\�N�ï�v�^Eb]a�J+O�^_OHV�QSTkj.nDJkbc ! wWí

o�qP^éiPQgf�^Ub�^_OHVÂï�J+NPOPiP\�TWb�^éR×J+Lda�TWb�^_iìQ|O hÏQXr+N�b�^Fw,n?Jkb�V°f-Jøi�^_OP\�QSV�QX^_\)Jkn�V�q�^érk^_O�^UbcTkjSQX{U^_i7YÅTkNP\c\�QSTkO
n:TkL,QSjX[kí%q8\uV�q�^Â\�qPTWa�^8a%TWbcTkLd^UV�^Ub�rk^UV�\g\�L,TkjSjX^Ub�sHV�q�^ÂiP^_OP\�QXV°[MQS\�LdJkb�^Åa�^_T�\k^_iÉTkOPiAV�q�^)jXJ�f#bcTWV�^Âi�^_RUT�[£Jkn
V�q�^Âï�J+NPO%iP\Kï.^_R×J+L,^_\�\�V�^U^Ua�^Ub_í

r s âUtnu1NQPSRKÜ¯TWV Þ8àdÛ�ß

v J�f�f-^gTkj|\�J�TkjSjXJ]RUTWV�^gb¨TWV�^�V�J�V�q�^¹QSOP\�QXr+O%QXð%RUTkOHVÏ\cTkLda%jX^_\UsHQ í ^kí+V�q�^gRUj|Tk\�\�QXð%RUTWV�QSJ+O,\�QSi�^�Q|O�nDJkb¨L,TWV�QXJ+O,QS\îNP\�^_i
V�JM\�f¹QXV�RcqÉï�^UV°f-^U^_OåqPQXr+q]v�çWTWbcQSTkOPR×^,ò�ü ó��ü#� 
ÅôuTkOPiºjSJ�f�v�çWTWbcQSTkOPR×^Mò�ü ó�cü�!�
ÅôuR×J]i�^Uï�JHJ�\]\Uí
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β=1 (Laplacian)

Bound 0
Bound 1
Bound 3
Bound 2
SLB    
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β=1/2

Bound 0
Bound 1
Bound 3
Bound 2
SLB    

hÏQXr+N�b�^,wWù�IKJ+Lda%TWb¨QS\�J+OAJknpN�aPa�^Ub�ï�J+NPOPiP\un?Jkb�rk^_O�^Ub¨TkjSQX{U^_i YÅTkN%\�\�QSTkO�GøòJI�ô¨í-z&^Urk^_OPimù�wiF-J+N%OPiºx�xMQ|\�V�q�^
JkbcQXr+Q|OPTkjPï�J+NPOPiFò"{Hô¨s%wiF-J+N%OPiøw<x$Q|\��-ë%ímò./+ô¨s%wiF-J+N%OPi 2�x�QS\'�îë�ímò4wkw�ôKTkOPi�wiFKJ+NPO%i�r�x�QS\'�îë�í�ò4w.r+ô�k1wcY�z�Fyx
QS\uV�q�^�Y]qPTkOPO�J+OÉjSJ�fK^Ub�ï�J+NPOPimí
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o�qP^¹jXJ�f�v�bcTWV�^¹TkO%iéqPQSr+q]v�bcTWV�^�ï�J+NPOPi%\�R×J+QSOPRUQSiP^gQSO,V�qP^¹L,QSO%QSL�N%L�JknmV�q�^¹jSTWV�V�^Ub�s�Q í ^kí�Tk\î^Eb]a�^_R×V�^_i£V�q�^Ub�^
QS\-T�\�L,JHJkV�qéV�bcTkOP\�QSV�QXJ+Odï�^UV²fK^U^_O£V�q�^gV°f-J�ï�J+NPOPiP\_í/o�q�^8ëHN%TkOeV�QXV�QS^_\5s�s ) ò"s�ô�TkO%i : ò"s�ôîO�^U^_i�^_iéV�J$R×J+L,a%N�V�^
V�q�^Âï�J+NPO%iP\uTWb�^)^_Tk\�QSjX[£^_\�V�QSLMTWV�^_iºn?b�J+L Td\�TkLda�jX^ks�[�QS^_jSiPQSO�r$^_Lda%QSbcQSRUTkj.ï�J+NPOPiP\uTk\g\cq�J�fgOZQSOÉhÏQXr+N�b�^12�í
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V�JpGøòJI�ôuQS\�TkjS\�J,TkOZN�aPa�^Ubuï�J+NPOPi£V�J,V�q�^�Y]qPTkOPO�J+OÉjSJ�fK^Ub�ï�J+NPOPimí
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Low−rate bound 
High−rate bound
Blahut alg.    

hÏQXr+N�b�^12�ù��îLda%QSbcQSRUTkj�N�aPa�^Ubuï�J+NPOPiP\�TkOPi GøòJI�ôKn?Jkb�V�q�^�R×J�^<oMRUQX^_OHV�\�JknÏTdfuT_çk^_jX^UV8QSL,TWrk^ÂV�b¨TkOP\�n?JkbcLÉí
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A&ò?ûäô�� D� j|O�ò>2�¡vº.? � ô o A C_ò ) � ôÏ÷ D� Gøò � �£¢ � � ô�q ò4w.Ç+ô
h�Jkb`s � õ x]s�V�qPTWV�Q|\ ) � õ�wWs�V�qP^8ï�J+NPO%iFò4w.Ç+ô-b�^_i%NPR×^_\KV�JdV�q�^Åf-^_jSjU\]O�J�f¹O Y)TkNP\�\�QSTkOAN�a%a.^UbKï�J+NPOPiéJ+O

iPQgf�^Ub�^_OHV�QSTkj�^_OHV�b�Jka�[kí ã ^�TWbc^$LdJ+\�VÅQ|OeV�^Ub�^_\�V�^_iåQSOFqPQXr+q%jX[ÉR×J+LdaPb�^_\�\cQXï%jX^�\�J+N�bcR×^_\¹fgQXV�qFTMa�^_T�\k^_imsmq�^_T�çH[Hv
V�TkQSjX^_i$ami�n¾sWfgqPQSR¨q�qPT�çk^�TÅL�NPR¨qd\�L,TkjSjS^Ub/^_OHV�b�Jka�[�V�qPTkO�TuYÅTkNP\c\�QSTkO$fgQXV�q$V�q�^�\�TkLd^uçWTWbcQSTkOPR×^kíÌl4O�V�qPTWVpRUTk\�^
V�q�^,iPQSçk^Ub�rk^_OPR×^,V�^UbcL fgQSjSjÌï�^dçk^Ub�[øjSTWb�rk^ks/TkO%iäV�q�^,\�QSiP^,QSO�n?JkbcL,TWV�QXJ+OFV�^UbcL A�CUò ) � ô¹ï�^_R×J+Ld^_\�O�^Ur+j|QXr+QXï%jX^kí
o�qPQ|\p^_OeV�bcJkaH[,ï�J+NPO%idrk^_O�^UbcTkjSQS{U^_\-TkOPiéëHN%TkOeV�QXð%^_\�V�q�^8R×J+OPR×^UaPVKV�qPTWV-V�qP^¹LdJkb�^8R×J+O�ð%O�^_iéT�iPQ|\�V�bcQXï%NPV�QXJ+OdQS\Us
V�q�^�\cL,TkjSjX^Ub�QXV�\�^_OHV�b�Jka�[z�|2]s.Y�^_RWí 2Wx}��í
¤ ¥ Þ¹Û�á1¦¨à�X.âcÞ¹Û
o�q�^Éa%b�^_\�^_OHV�^_i�ï�J+NPOPiP\dTWbc^ZNP\�^Un:NPjuV�J�J+jS\,V�J \�V�NPi�[èV�q�^ZGøòJI�ô$ï�^_qPT_ç]QXJkb,JknÅV�q�^Zq%QXr+qPjX[èO�J+O]vßYÅTkNP\c\�QSTkO
\�J+N�b¨R×^_\£ò?fgQSV�q a�^_T�\k^_ims�q�^_T�çH[Hv�V�TkQSjX^_iìami�n¨ô8V�qPTWV$JknDV�^_OèTWaPa�^_TWb�QSO aPb¨TkR×V�QSRUTkjîR×J+Lda%b�^_\�\�QXJ+OìTWaPa%jSQ|RUTWV�QXJ+OP\Uí
o�q�^U[£RUTkOÉï�^Å^_\�V�QSL,TWV�^_iÉn?b�J+L Td\cTkLda%jX^)TkOPiAV�q�NP\�R×J+Lda%jS^_Ld^_OeV;FujSTkq�N�V<§ \�TkjSrkJkbcQXV�qPLÉs]^_\�a�^_RUQSTkj|jX[MTWV�çk^Ub�[
jXJ�fÂs�b�^_\�a�í�çk^Ubc[Aq%QXr+qAbcTWV�^_\UsPf¹q�^Ub�^ÂQXV�QS\gqPTWbciAV�J,rk^UV¹aPb�^_RUQS\�^Åb�^_\cNPjXV�\ufgQXV�qAV�qP^�jSTWV�V�^Ub¹TkjSrkJkbcQXV�qPLÉí
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