
� ���������
	�����
�������������� ��������� �"!��#�#$%����
'&)(��'*+��$
,-�����+&.�/�0&1,-�����32#45*6�/����*

798;:<8>=@?.A#BDC.?FEHG�IJ8LKFM�=ONQPR=@?.8SE<=@?HT�U�IWVYX[ZO\�]0=@\^V
8>=`_bacZdKL8e?H=

f�gWh'ikjOlnm[oqpOr[s;m[tkr^mvuRm[iDw�oblnh'm[t@l
p@lxw�tdyegJoxz�{qtks}|~m[on�bs�l��`�Dp`lxwJtOy>gJoxz.�<f/���J�~�J�~�`�<{vpO�
��� �bjktH�DzdwJ���/wJtks��k�km^r[lng�o[�J��r^�^� ��lxw�tdy>g�oxzH� mYzOj

�����^�^�
�D�J�W�0� t�i<m^m[ob ¡lngJ ¢i<m^m[o�£¡¤�¥�¤�¦§���d��lnm[h'�q�¨�kmQonm9s}tDzOs}|Os;zOjDwJ©)i<m^m[on�Rh9jk��l
r^g`gJi<m[oxw�lnm§lng�idong`r^m^�b��mYwJrx�'gJln�dm[oYª ��onm � jkm^��ln�^�`w�jd�bm[y>jd©Dh'm[lbons}r�y>g�o/m^|JwJ©}jDw
lns}tk«
ln�dm����O��lnm^h�s}�¬�dgY�ch�wJt`�Ronm^h'g�lnmFonm � jdm^��ln��w
onm��bm[on|@s}r^mYz�­`�vmYwJrx��i<m^m[oY� � t�ln�ks}�
ikwJi<m[o��/m®wJidik©��5ln�ks}�vonm^h'gJlnm0��gJon¯�h'mQlbons;r0lng±°kg`g@zds}tk«� ¢­DwJ�bm^zc¤�¥�¤��bmYw�onrx�
tdm[lS��gJon¯@�)�bjdrQ��w���²�t@jdlnm^©}©;wO�[³�m6��lnjDz@�R�kgY�´lng�h�w�µOs}h's;¶[m6ln�dm�onm^h'gJlnm��/g�on¯Rs}t
ln�dm�m^t`lns�onm/tkmQlS�/g�on¯�­@�Rr^gWt`lbongW©}©}s}tk«�ln�dm+oxw
lnm/gJy � jdm[ob�vs}tJ·Sm^r[lns}gWt'w
l6mYwJrx��tkg@zdmJ�
� t®ikw�oblns}r^jd©Lw
oY�`�/m§idong
|@s;zdmqw��bs}h'id©;m§idong`r[mYzdjOonm§yegJo/¸ktDzds}td«�ln�dm¨gWidlns}h�w�©koxw�lnm
g�y � jkmQob�¹s}tJ·Sm^r[lns}gWt´wJtkz±idong
|~m�s�ln�RgWiOlns}h�wJ©}s�lS�`�k³�m�wJ©}�bg��b�dgY��ln�Dw
lvw'�bs}h'ik©}m
iOonm[y>m[ob ¢�ds;«J�d �º�º�»#idongJlng`r[gW©<s}t0�¨�ks}rx�®m^wJrx�®i<m[m[o/iOong`r^m^�b�bm^�/gJtk©�� � jkmQons;m[�F�¨s�ln�
ln�dmv�ks}«W�dm^��l¨lns;h'mQ ¢lng� ¢©;s}|~m9£¡º�º�»¬¦/s}�qgJidlns}h�wJ©��

¼ ½k¾§¿<À.ÁvÂ9Ã�Ä)¿.ÅnÁ§¾

Æ KeZDZ<T<8L?HA@_�ÇH=ONQIJTÉÈ)I�I�\Q_SXQZ@_�È)I�I�\�NQÊ<NnX[I�Ë�N'Ke8LÌdI´]�?DC<XQIJKLK>=ÎÍ Ï@ÐqÑ1=~ÒOI±Ç1IJI�?ÓT<IJÈ.KeZ`ÊOIJTÔ=O?HT
CHNxIWT�ÇkÊ�Ë±8LKeKe8LZd?HN�Z@Õ0CHNQI�\^N�P�ZO\[KeT<Pv8>T<I�XQZÓNQÑH=O\QI%=O?HT�I
:.V^ÑH=@?HAOI�ÖHKeIJNJ×§Ø�N5Z@Õ'Ø�È.\[8LK
Ù@ÚOÚdÛ E¬]�?kC.XQI�KeK>=#ÑH=dN�Z`ÒdI�\�Zd?.I®Ë±8eKLKe8eZO?ÜC1NxIJ\[N�Ý¡Pv8LXQÑÔ=`X9KeIJ=dNnX�ZO?.I�ÑDC.?HT<\[IJT�X[Ñ.ZOC1NQ=O?HT
V
ZO?1V
C.\[\QIJ?kX�CHNQI�\^N�Í Þ`Ð�ß¹=@?1TÎXQIJ?àX[I�\^=`_�ÇDÊdX[I´ZOÕ�NQÑH=@\[IJTàT.=`X^=.×�Ø�K>NxZÎ=dV�V
Zd\[T.8L?.AÜXQZáÍ Û ÐSE
XQÑ.IJ\QIÔ=@\[I%Z`ÒOIJ\Üâ Ú ÒOIJ?HT<Zd\[N�=OV
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Ñ.Z<V�Pv8L\[I�KeIJN[N±I�?DÒD8L\[ZO?HË¹IJ?kX[N±PvÑ.IJ\QIcC.?H8eVJ=ONxX#8eN0ënC1NnX5=dN�I
:<È)I�?HNQ8LÒdIc=ON�Ç.\[Zd=dT.V�=dNnXWE�=
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X
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Xx_
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V
ZO?kX[I�?kX�ZOÕ68;X^Nv=`XQX[=OV^ÑHIJT�\[I�AdC.Ke=O\§?.Z<T<IWNR=@?HT5È1IJ\xÕ¡Zd\QË�N§XQÑ.I9ìHZDZ<T<8L?HA@_�ÇH=ONQIJT#NQIJ=O\[V^Ñ�Zd?
ø º/�ks}�q��gJon¯±s}�q�bjkiki<g�oblnmYz±s}t�iDw
oblR­`�¹ùRpdúæ²qoxwWzOjDw�lnm9úkm^©}©}gY�¨�b�ks}i´wJtDz±ùRpdúæ²qoxwJt`ln�qû � �
�W�Jü~�JüJ�Wý@� �b� p@ ��JüOþ
ÿJÿJ�J�O�<w�tDz�f�f��¨ ��~¥��WüWýJüW�@�



regular node

super node

����� ���k� ���nwJh'id©;m��bjki<m[ob ¢tkg@zOmRtkmQlS�/g�on¯<�

Ç1IJÑH=@KLÕ�Z@Õ¬XQÑ.I�\QIJAOC.K>=@\�?.Z<T<IWN�×
	b?±XQÑ.8>N§=O\[V^Ñ.8LXQIWVYX[C.\QIdEO=0?.I�XnPqZd\QÌ�Pv8LXQÑ5Ë¹8eKeKL8eZO?HN¨Z@Õ�CHNQI�\^N
V�=@?cÇ)I®\[IJT.CHV
IWT�XQZ#Zd?.I�Pv8LXQÑcX[I�?HN9Z@Õ�X[Ñ.ZOC1NQ=O?HT.N�ZOÕ¨NxC.È)I�\Q_�?.Z<T<IJNJEHPvÑ.IJ\QI�=±ìHZDZ<T<8L?HA
Ë¹IWV^ÑH=@?H8eNQËí8>N�=OT<IWêkCH=`X[IO×
÷¨ÒOIJ?�Pv8LXQÑ¹XQÑ.8>N�=@\^V^Ñ.8LXQIWVYXQCH\QIdEWNQC.È)I�\Q_S?.Z<T<I�?.I�XnPqZd\QÌ<N�=@\[I�NxXQ8eKLK.NQCHN[V
IJÈ<XQ8eÇ.KeIqX[Z9Z`ÒdI�\Q_

KLZk=OT<8e?.AcPvÑ.IJ?æX[ZDZ%Ë�=@?DÊæNQIJ=O\[V^ÑÔêkC.I�\[8LIWN�=@\[I±AOIJ?.I�\^=`X[IJTÉÇDÊÜCHNQI�\^N�×�	b?æX[Ñ.I#I�:kX[\QIJË±I
V�=ONQIOE<8LÕ�I�ÒdI�\[Ê5NxCHÈ1IJ\x_�?.Z<T<I'CHNQIJN�=OKLKFZ@Õ/8;X^NvÈ.\[ZDV�IJN[Nx8e?.A�V�=OÈH=OV�8;XnÊ#XQZ�8e?`ënIJV
X�?.I�P NQIJ=O\[V^Ñ
êdCHI�\[8LIWNq8e?HNxXQIW=OT#ZOÕ�=O?HNxP�I�\[8e?.A�=O?HT#È.\[ZOÈ1=@Ad=@XQ8e?.A®I�:<8eNxXQ8e?.A±êdCHI�\[8LIWN�ED?.Z
�xCHNQI
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å I0V^Ñ.ZdNQI"��� �#��� �$� � ����=dN§ZdC.\qZdÇ<ënIJV
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XQÑ.I�Ë¹Zd\QI®È1ZOXQI�?kX[8e=OK�=O?HNxP�I�\^NRX[Ñ.I®CHNQI�\9Pv8LKeK/\QIWV
IJ8LÒdIO× Æ \QZdË =OË±ZO?.A±X[Ñ.I�=O?HNxP�I�\^NJE.XQÑHI
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Æ ZO\q8L?1NnX^=@?HV�IOEk8;Õ�X[Ñ.I9C1NxIJ\qNQIJ=@\^V^Ñ.IWN/Õ¡ZO\�V
ZOË±È)ZdNQ8;X[8LZd?HN¨ÇDÊ&��'R=dV^Ñ6E �0ÑHI9V�=O?�XQÑHI�?5NQI�KeIJV
X
XQ8LXQKeIJNRX[ÑH=`X�NQZOC.?1T´=OÈ.È1IW=@Ke8L?HAHE<ZO\RÖ1KLIWN�XQÑH=@X�ÑH=~ÒOI'=¹AOZDZ<T5\[IJV�ZO\^T<8e?.A¹êkCH=OKL8LXnÊO×
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ZdK
8;X^NxIJK;ÕnEkIO× AH×eEOCHNQ8e?.A�\^=@?HT<ZdË PR=@KeÌOIJ\[NvÍ�ðWÐ)ZO\q8;X[I�\^=`XQ8eÒOI9T<I�IJÈ1IJ?.8L?HA5Í;â Û Ð�×
	b?�X[Ñ.8>N¨ÈH=OÈ1IJ\§P�I
=`XxX^=OV^Ì¹XQÑHI9È.\[ZOÇHKLIJË Õ¡\[ZOËí=�T<8*))IJ\QIJ?dXv=@?HAOKeIOékPqI0V
Zd?dX[\QZdK.X[Ñ.I0\[=@XQI�ZOÕ+êkC.I�\[Ê±8L?@ënIJVYX[8LZd?
=`X�8e?HT<8eÒk8>T<CH=OK6NxCHÈ1IJ\x_�?.Z<T<IJNJ× å I�=OT.T<\[IJN[NqXQÑ.I0Õ¡ZdKLKeZ`Pv8e?.A�êdCHIJNxXQ8eZO?HNJé
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+ å ÑH=`X�8>N¹XQÑ.I�ZdÈ<XQ8eË�=@Kv?DC.Ë®Ç)I�\�ZOÕ9?.IJPõêkC.IJ\Q8eIJN�XQÑ1=`X�IJ=dV^ÑäNQC.È1IJ\x_�?.Z<T<I�NxÑHZOC.K>T8L?@ënIJVYX�IW=OV^Ñ�\QZdC.?HT�=ON�X[Z�Ë±=@:<8LË±8�!�I�XQÑ.I'\[I�Ë±ZOXQI0PqZd\QÌ#T.ZO?.I'8e?�=±?HI
XnP�ZO\[Ì.,
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X�Z@Õ�C1Nx8e?.AÜT<8*)¬I�\[I�?kX�È.\[Z@X[Z<V
ZOK>N'X[ZÜNQI�KeIJVYX¹PvÑ.8>V^ÑàêkC.I�\[8LIWN'X[ZÈ.\[ZDV�IJN[Nv=@?HT´È.\[ZOÈH=OAd=@XQI/,0	nN�X[Ñ.I�\[I�=@?�ZOÈ.XQ8eË±=OK�È.\[Z@XQZ<V�ZOK1,
+ BDÑ.ZdC.KeTáP�I%IJ?<Õ¡ZO\^V
I%=ÔÕ¢=O8L\5È1ZdKL8>V
Ê�PvÑ.I�\[I%IJÒOI�\[ÊàNQC.È)I�\Q_S?.Z<T<IÜ8L?`ënIWVYX^N�XQÑHIæN[=@Ë±I?DC.Ë®Ç)I�\�Z@Õ6?.IJP"êkC.I�\[8LIWN§8e?kXQZ®XQÑ.I9?.I
XnP�ZO\[Ì2,0(9\�NxÑ.ZdC.K>T�Ñ.8eAOÑ.KeÊk_�V�ZO?.?.IWVYX[IJT#NQC.È)I�\Q_
?.Z<T<IJN�8L?´XQÑ.I3�[V
\[8;X[8eVJ=@K��®È1=@\QX�Z@ÕFX[Ñ.I'?.I�XnPqZd\QÌ�8e?`ënIJV
X�Ë±ZO\[I�êkC.IJ\Q8eIJN'Ý¢ZO\vKeIJN[N[ß�,

+ å ÑH=`X�8eN¨XQÑ.I�È1IJ?H=@KLXnÊ�8e?�X[I�\[Ë±N§Z@Õ�\[IJT<CHV�IJT±\[I�Ë±Z@X[IvPqZd\QÌ®Õ¡ZO\qCHNx8e?.A�=0Õ¢=O8L\qÈ1ZdKL8>V
Ê2,



+ å ÑH=`X�=O\QI'NQZOË±I'Ñ.IJC.\Q8>NxXQ8>V�N�Õ¡ZO\vË±Zd\QI'V
ZdË±È.KLI�:�NQÊ<NnX[I�Ë�N�XQÑH=@X�=@\[I0ZOC<X^Nx8>T<I'Z@Õ/ZOCH\Nx8eË±È.KeI'Ë¹Z<T<IJK�,
M9=dNxPR=@?.8kI
X¨=OK�×~8e?�ÍLâ
Ð.V
Zd?HT<CHV
XQIWT�NQ8LË�C.K>=`XQ8eZO?1NFX[Z�=O?HNQPqIJ\�NQZOË±I�Z@ÕHX[Ñ.IR=@Ç)Z`ÒOIRêdCHIJNx_

XQ8eZO?HN�Õ¡Z<V
C1Nx8e?.A�ZO?ÜXQÑ.I�8eË±ÈH=OV
X0ZOÕqË�=@Ke8>V
8eZOCHN0NQC.È1IJ\x_�?.Z<T<IWN9PvÑHZ�ÈHC.\QÈ)ZdNQI�KeÊcAOIJ?.I�\^=`X[I
Ke=O\QAdI�?DC.Ë�Ç1IJ\�Z@ÕRÇ1ZdAOCHN'êkC.IJ\Q8eIJN�X[Zc\QIWT<CHV�I�X[Ñ.I#=@Ë±ZdC.?kX�Z@Õ��QCHNQI
Õ¡C.K���PqZd\QÌ%T.ZO?.I�8e?
=�ìHZDZ<T<8e?.A@_�ÇH=ONQIJT�È)I�IJ\x_SXQZO_SÈ)I�IJ\9NQÊDNxXQIJË�×4	b?cX[Ñ.I�V�C.\[\QIJ?dX9ÈH=@È)I�\WE1P�I®T<Z´?.Z@X0V
Zd?HNx8>T<IJ\
Ë±=OKL8>V
8eZOC1N�NxC.È)I�\Q_�?.Z<T<IJN¨T.ZO8e?.A'T<I�?.8>=@KL_�Z@Õ�_bNxIJ\QÒD8>V
I0Ý¢M9ZkB.ß�=@XxX^=OV^Ì<N/CHNQ8L?.A0Ç)ZOAdCHN¨êkC.I�\[8eIJNJ×
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