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IA,VND, IE,CND

VND, 51% of nodes are degree 2 ,
42% degree 4, and 7% degree 18

CND, all nodes degree 8

Eb/N0 = 0.5dB
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PC?�c�h>PCIKFCj·h-ôÙ\Q?�HQIKD-WKWËo�c�hiFCcpD�=@?�FCDU=@?�P7c�h>PC?�\�ý2�&�Uÿ�z
<>bCACAOhi\Q?uõÛ?Í?�FCc�hibCFd=@?�H+�¢DpoZWr?�IrjiB�ô¿D-PCIrFCj¶\Qh¶=QBEDU=�=@B^?�?�Fd=@HJIK?�\�hUô(� DUHQ?�IKF^PC?�AO?�FCP^?�Fd=pMEc�hiT·�

ACWr?2Y}M 3�?�HJh�ö>T
?pD-F�M-NÍD-bC\Q\JIÇD-F�H@DUFCPChiT�nUD-HJIÇD-aCWr?�\�õäIË=@B�bCFCIr=[nUD-HJIÇD-F^c�?Xý2�ZMi<Z?�c-z x ÿ�z�sEhiH"D � ,P1�?�1*)5, #p1?>"/. # +-)&. + cgBED-F^FC?�W�=QBC?�T�D�=@HQIÁY�� HQ?�T.D-IrFC\(bCF^cgBED-FCji?�P7h�ni?�H�WKhiF^j;=@IKT
?]IrFd=@?�H¦nUD-WK\�MZõäBCIrWK?]ôÎhiH¸D-F18.	%("�$&,P? cgBED-FCF^?�W�� cgBEDUFCji?�\3ôÎhiH�?�ni?�HJo¶\¦o>T;a}h-W � z �Ü?�c�h-FC\QIrPC?�H3hiF^Wro�=@BC?¸?�HQjih>PCIrc¸T.h>PC?�WZõäBChi\J?
cpDUAED-c�IË=Ýo IK\�÷Î\Q?�? ý v ÿ�M"ý2��ÿÞü

+ [ T-,ÎWKhij l PC?2=>f/.b^ @ T .W'Y þ� �0�21 o43 ÷¦þ �iü

õäBC?�HQ?5� 1 P^?�FCh-=Q?�\�=QBC?¸c�h-T.ACWr?2Ydö>c�hiF � bCjdD�=@?Û=QH@D-F^\QAOhi\Q?¸hUô6�Üz 
 F^?�D-cgBCIr?�ni?�\3cpD-ACD-c�IË=Ýo�ado{bC\QIrFCj
NÍD-bC\Q\JIÇD-F+PCIr\J=QHQIKa^b^=@?�Pø\¦oZT�a}hiWr\ � zÛqXh�õ(?2ni?�H�MOIKF+ACH@DUc�=@Irc�?�=@B^?�?�Fd=@HQIr?�\¢h-ô � D-HJ?Íc�hiFC\¦=@HQD-IKFC?�PS=Qh
c�h-T.?uôÎHJhiT )uV m c�hiF^\J=@?�WKWKDU=@IrhiFC\�z
�Ü?¸ACHJhZc�?�?�P¶a_o�\QBCh�õäIrFCj�BCh�õ =@huc�hiT.A^b^=@? ��
 ó e c�bCHJn-?�\3ôÎhiHÙ=QBC? m ó m9
 PC?2=@?�c�=@h-H�z �Ü?(=@B^?�F

PC?�\Qc�HJIKaO?(D¢c�hiT�aCIKFC?�P{P^?�T
hZPCb^WÇDU=QIKhiFN��PC?�c�hZPCIrFCj�\J=QHQbCc2=@bCHJ?Û=QBEDU=fIK\��E?2YZIraCWK?�?�F^hibCjiB�=@huDUACACHQhiD-cgB
m ó m�
 c�D-AED-c�Ir=Ýoiz¢e�BC?{\J=@HJbCc�=QbCHQ?;D-b^=@h-T�DU=QIKc�D-WKWËo�\JA}?�c�I��C?�\uBCh�õ =QBC?�?�FCc�h>PCIKF^j��UT
hZPCb^WÇDU=QIKhiF Ir\
PChiF^?-z
s�IKFCD-WKWËoiM_õ(?Í\QB^h�õ�BCh�õ =@h
T.DU=@cgB =@B^?�HJ?�\JbCWr=QIKFCj¶=ÝõÛh#��
 ó e c�bCH¦ni?�\�z
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%'&'(�)+*-, � %/.�021 "43J+65�1�� * � x � 1 +
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e�B^? m ó m�
 P^?�=@?�c�=QhiH�D-c�c�?�A^=Q\ ) � .i,-" . , `}ö_nUD-WrbC?�\�D-FCP·c�hiT
ACb^=Q?�\ ) � ":# +418.i,-" .i, `�ödn-DUWKbC?�\�=@BED�=

D-HJ?�c�h-F_n-?�H¦=@?�P =@h7?2Y>=@HJIKFC\JIKc�T
?�\J\@D-j-?�\¶aO?�ôÎhiHJ?�aO?�IKF^j7ôÎhiHJõ(D-HJPC?�P�=Qh7=@BC?y!�s]ù;zfe�BC? P^?�=@?�c�=QhiH
��
 ó e c�b^HJni?�cpD-FCF^h-=;aO?�PC?�\Qc�HQIKaO?�P IKF c�WKhi\J?�P ôÎh-HQT aCb^=�hiFC?�c�D-F D-c�c�bCHQDU=@?�Wro ?�\J=@IrT�D�=@?
Ir={a_o
m hiFd=Q?Ãö^û¸D-HJWKh·\QIrT;bCWKDU=@IrhiF ý þ l ÿ�z�� ?ÍPC?�FCh-=@?�=QBC?Íc�bCH¦ni?�ado[b\ h ` \ # ÷ [Xa h ` \ # c T�U ^bWZYÃü

�
÷¦þ01düs�IrjCz x \JBCh�õä\�\QIKT�bCWÇDU=Q?�P4�5
 ó e c�bCHJn-?�\�h-ô m ó m�
 PC?�=Q?�c�=QhiHQ\�ôÎh-H�PCI10}?�HJ?�Fd=3F_bCT;aO?�HJ\�h-ôE=@HQD-FC\QT
Ir=

D-FCP+HJ?�c�?�Irn-?�D-Fd=Q?�FCFEDU\�z�e�BC?ÍT.h>PCbCWKDU=@IrhiF�bC\J?�PøIK\¢N�H@Dpoiö>T�DUACA}?�P )�úÛ<ZR·z 
 aC\J?�H¦ni?Í=@BEDU=¢T
hi\J=
h-ôf=@BC?Íc�bCHJn-?�\]HJ?�\J?�T;aCWr?Í\J=@HQD-IKj-B_=äWrIKFC?�\�z�e�B^?.þ � þ2ö_c�bCH¦ni?�IK\�ACHJh�n>IrPC?�PøD-\¢D¶HQ?�ôÎ?�HQ?�FCc�?Uzv &w(�)+*-, � %/.�021k"43�+"5�1 � "/! ;�, .71 $�� * � x � 1 +41�? + " .e)&. $g9 )2.i, ) ;�'<1>=e"�$/1 � 1�?>"�$/18.
�Ü? c�hiT;aCIrFC?�=@B^? m ó m�
 PC?�=Q?�c�=QhiH·D-FCP�=QBC?+`"ù�ú�û nUD-HJIÇD-a^WK?�F^hZPC?�PC?�c�hZPC?�H·D-\;\JBCh�õäF IrFs�IrjCzN1^z¢e�BC?�PC?2=@?�c�=@h-Huc�hiF^\QIK\¦=@\Xh-ô5WB^^÷*� � �Jü�IKFCP^Irn>IKPCbCD-W[PC?�=Q?�c2=@hiHJ\·÷¿hiHXPC?�=Q?�c2=@hiHXFChZP^?�\gü�=@BED�=

D-HJ?�?pDUcgB c�hiFCF^?�c�=Q?�P�=Qh � � ��nUD-HQIKD-aCWr?
F^hZPC?�\�z%û(hiFC\QIrPC?�H{=@BC?
=@BCHJ?�? aOhpY^?�\;IKF s�IKj^z�17c�hiHJHQ?Ã�
\QAOhiFCP^IKFCj;=Qh;hiFC?�h-ô[=QBC?�\J?�IKFCP^Irn>IKPCbCD-W}P^?�=@?�c�=QhiH>� !us]ùu\�z sEhiHÛ\QIrT.ACWrIKc�Ir=ÝoiMdõÛ?�PC?�F^h-=@?]=QBC?J��
 ó e
c�b^HJni?Íh-ô"=QBCIK\¸\¦=@HJbCc�=QbCHQ?�ado [b\ h ]_^�`�÷ r»üÛD-FCPSD-\J\QbCT
?u=@BCDU=¸=@B^? )*� .i,-" .i, `}ö_nUD-WrbC?�\¸D-HQ?ÍNÍD-bC\J\QIKD-F
PCIr\J=@HJIKaCbZ=@?�P�zG� ?ÍôÎbCH¦=@BC?�HXcgBCh>hi\J?�D-WrW�=@BC? � � �¸nUD-HJIÇD-a^WK?�FCh>PC?�\ä=@h.BEDpni?�=@BC?�\@D-T
?�PC?�jiHJ?�?ef7gUz
e�B_bC\�M5bC\JIKFCjø÷	�iü(õ(?��EFCP+=@BCDU=ä=@BC?ÍWKh�õÛ?�HG!us]ù IrF:s�IKjCz�1¶T�D-A^\ [Xa h ]_^�` IrF_=Qh

[ba h ` \ # [ d � � f7gGr2d j�k ÷ [Xa h ] ^�`3ü�!
�

÷¦þ x ü

s¢?2Y>=pM�õÛ? #p1 ��)2. )&+
1 ' ' T
?pD-\JbCHQ? =@B^?+=QH@D-F^\JôÎ?�H¶c�bCHJn-?�÷�þ01dü�ado m h-F_=Q?Ãö^û¸DUHQWKh \JIKT;bCWKDU=@IrhiFÜôÎh-H
D+jiIrn-?�FgTVU ^XW'Ypz�e�BC?�D-P^nUD-Fd=gDUji?.hUô¸c�h-FC\QIrPC?�HJIKFCj+=@BC? m ó m�
 P^?�=@?�c�=QhiH;D-F^P =QBC?.Wrh�õ(?�H'!us]ù
\Q?�AED-HQDU=@?�WroøIK\X=QBEDU=wTVU ^XW'YÍD,0}?�c�=Q\uhiFCWËo ÷�þ01dü¢D-FCP�FCh-=¶÷¦þ x ü2z �Ü?·D-ACACHJhpY^IrT�D�=@?Í=@BC?;T
?pDU\QbCHJ?�P
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[X\ h ` \ # ÷ [ba h ` \ # c TVU ^XW'YÃü¸c�bCH¦ni?�\¶÷¦þ 1dü¸a_o�1UHQPShiHQPC?�HXAOhiWËoZF^hiT.IKD-WK\�z sEhiHä?2Y^D-T
ACWK?UMEhibCH¢D-ACA^HQhpY_�
IKT.DU=QIKhiF�ôÎh-H¸=@BC? x � þ m ó m�
 PC?2=@?�c�=@h-HäõäIË=@B )�ú�<^R DU=�TVU ^XWZYG[ v PEG Ir\[X\ h ` \ # ÷ [ba h ` \ # c TVU ^XW'Y [ v PEG�ü [ a l
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e�BCIr\]õäIKWrWfWr?�=]bC\u?2YZACHJ?�\J\Í=QBC?;c�hiT;aCIrFC?�P�PC?2=@?�c�=@h-H>� !us]ù ��
 ó e c�bCH¦ni?¶IrF%c�Wrhi\Q?�P%ôÎhiHQTSMOõäB^IKcgB
IK\�c�hiFdni?�FCIK?�F_=¢ôÎhiH�c�bCHJn-?e�C=J=@IKF^jCz
e�B^?�=@BCIrHQPÜ\J=@?�A IK\Í=@h%c�hiFC\JIKPC?�H{=@B^? bCACAO?�H{!us]ù IrF s�IrjCz�1^z �Ü? DUACACHQhpYZIKT.DU=Q?
=QBC? ��
 ó e

c�b^HJni?�h-ôf=@BC?Íc�hiT;aCIrFC?�P m ó m�
 P^?�=@?�c�=QhiH¢D-FCP !�s]ù D-\
[X\ h ]_^�`+÷ [Xa h ] ^�` c [X\ h ` \ # c f g�ü [ d f h ÷	f7g a«þ�ü�r>ýOd j�k ÷ [ba h ]_^�`3üÝÿ l @ ýOd j�k ÷ [X\ h ` \ # ü�ÿ l o c ÷�þ k ü
õäBC?�HQ?Íõ(?ÍBEDpni?�bC\J?�P ÷	�iüÛõäIr=QB n l�"F [	�6d j�k ÷ [X\ h ` \ # ü�
 l ÷¦þ v üs�IrFED-WKWËoiM5IKF^\Q?�H¦=@IrFCj ÷¦þ01iü2M3÷�þ x üÃM[D-FCP D AOhiWro>FCh-T.IKD-W"WKIKLU?+÷¦þ � ü¢IrF_=Qh ÷¦þ k üäõÛ?
h-a^=gD-IrF7=@B^?;PC?�\JIKHJ?�P
=@HQD-FC\¦ôÎ?�Häc�bCH¦ni?�IKF =@B^?ÍôÎh-HQT [b\ h ] ^�`S÷ [Xa h ]_^�` c f7g c TVU ^XW'YÃü
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 aC\Q?�HJni?{=@BEDU=¢=@B^?
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� & � 1$# ,&%&. ( � )&! � '<1$#
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=QBC?�c�bCHJn-? ÷¦þ �dü�=Qh.=QBC?;û¸sXù c�b^HJni?Uz
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AOh�õÛ?�H¦ôÎbCW�c�hZPC?�P T.h>PCbCWKDU=@IrhiF7\JcgBC?�T
?�\�z;e�DUaCWK? ó \JBCh�õä\Í=QBC?¶AED-HQD-T
?�=@?�HQ\�h-ô�hib^Huc�bCH¦ni?k�C=J=@IKF^j
ôÎhiHÍ=@BC? x � þ�D-FCP x �`� m ó m�
 cgBEDUFCFC?�Wr\�z:s�IrjCz � ÷ÎHQIKj-B_=güuACWKh-=Q\�=@BC?.c�hiHJHQ?�\JA}h-FCPCIKF^j���
 ó e
cgBED-H¦=äôÎhiHäD x ��þ m ó m9
 cgBED-FCFC?�W�zsÙIKjCz k \QBCh�õä\·\QIrT;bCWÇD�=@IKh-F HQ?�\QbCWË=@\;õäIË=@B )�úÛ<ZR·M�Y [ þ ^7�>M W [:þ l � M�D HQD-FCPCh-T:?�P^ji? IKFZ�
=@?�HQWr?pDpni?�H�MfD-FCP kil IË=@?�HQDU=@IrhiFC\�z 
 bCHÍD-ACA^HQhdD-cgB�=QbCHQFC\ÍhibZ=�=@h aO?k�>b^Ir=@?¶\JbCc�c�?�\J\JôÎbCW���VXWKW3`"ù�ú�û
T
hZPCb^WÇDU=QIKhiFÜ\QcgBC?�T.?�\.hiAO?�HQDU=@? õäIË=@BCIrF D-a}h-b^=+þpPEG h-ô¢=@BC?�IKH;HJ?�\JA}?�c�=@IËni?ScpD-ACD-c�IË=Ýo WKIrT.IË=@\�÷¿\Q?�?
eÙD-aCWK? ó ü2z��Ü?;HQ?�T�DUHQLSD-jdD-IrFø=QBEDU=u=QBC?;jdD-A^\X=@h c�D-AED-c�Ir=ÝoøIKFqs�IKjCz k ÷ÎhiH]eÙD-aCWr? ó üXc�D-F�a}?�FED-H¦�
HQh�õÛ?�P ôÎbCH¦=@BC?�H¸ado�bC\JIKFCj .ML 1¶D-FCP aO?�=J=@?�H(c�bCH¦ni?��C=Q\�z�e�BC?uAO?�H¦ôÎhiHQT.D-FCc�?]c�b^HJni?�\äh-ôfD m ó m�

aCIË=J�ÝIrFd=@?�HJWK?�D�n-?�P.c�h>PC?�P T
hZP^bCWÇDU=QIKhiF·?�T.ACWrh�oZIrFCj;D{y m e¢< \¦=gD-FCPCD-HQP�=QbCHQaOh;c�hZPC?¢õäIr=QB T.?�T.h-HJo
1�c�hiFC\J=QIr=QbC?�Fd=�c�hZPC?�\ÍD-HQ?{jiIrn-?�F D-\XHQ?2ôÎ?�HQ?�FCc�?�\�z�sXhU=@?�=QBEDU=]=QBC?�=QbCHQaOh c�h>PC?;P^hZ?�\uFCh-=]IKFd=@?�H@D-c2=
?�N
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