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o�q�NP\)o�q�^UJkbc^_L 2A\�N#oMR×^_\ÂV�Jº^_\�V�TWï%jSQ|\�qFV�qPTWVÂn?JkbÂrk^_O�^UbcTkjSQS{U^_i�YÅTkNP\�\cQSTkOP\ÅfgQXV�qpcO!�wWs&Q í ^kí&V�q�J+\�^dfgqPQ|Rcq
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QS\�\�NPa.^Ub�v�^Eb�a�J+O�^_OHV�QSTkj.nDJkbnceH wÂTkO%iº\�N�ï�v�^Eb]a�J+O�^_OHV�QSTkj.nDJkb
c ! 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    
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QS\uV�q�^�Y]qPTkOPO�J+OÉjSJ�fK^Ub�ï�J+NPOPimí
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Low−rate bound 
High−rate bound
Blahut alg.    
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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
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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
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