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JLKNM6OQPSRNT�UNVWVYX

Z
[]\S^`_Qab^dcece[Wfgaihj[]klamhl[`\lnlcea�oQpehlaqhsrut)aN^dv�owt)aiaqvix
� tlaq_way^`_Qa{zW|~}9\laio6v�pe[`kloi����[`_�^Lvw[`vu^dc<[d��zW|]|L��[]p�k9vwoix��=ceaN^dowa�_QaN^`h�vwtla�}9\laqoQvwpe[]klo��/_wo6vN��^do�v�t)aq�sri[W�]aq_�^
f�tl[]c�a�_�^`k)�]am[`��vw[]�lp�rioix

 k)oQfgai_�^`cec�}9\laqoQvwpe[]klo�[]kjv�t)a�a��)^`�@n�[�[]�9c�aqv

������� ���<�Y�=�
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z]x�´¶µy�·[`pek�v�o6¸�¹bº �¼»<½l»¿¾À�À¾�ÁY¾�Â£Ã
ÄFaÅv�ÆÇ^dklh�ÈÉn�ayvªf1[Snlpekl^`_Q�Ê_w^`klhl[`�Ë�d^`_wpe^`nlc�aioix � tl[WfÌv�tl^dv�p��FÍ<Î�ÈÐÏÐz)Ñ Æ�Ò�ÓÔÍ<Î�ÈÐÏÉzYÒ�v�t)aik
Í<Î�ÈÕÏ�|·Ñ Æ�Ò1ÖCÍFÎ�ÈÕÏ�|�ÒÅx
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× x�´ × µ���[]pek�vwoQ¸FØqÙ �FÂ9Ú=Â Ù �FÂ Ù �]Â¼Û=Â�Ü�½/�`Á{¾ ÙFÝ Â º Â Ù �]Â
Þ []klowp�hlai_�vwtla���[]cec�[Yf�p�kl�yßE^N�`aio�klaqvªfg[]_w� �

G

A B

C D

E F

Î�^�Òs´áàâ�·[`pek�v�o6¸Fã/[]_�aN^`rutS[`�<v�tla���[]c�ce[Wf�pek)�y^`owoQai_6v�pe[`klo�oQvu^³v�a�f�tlaqvwtlai_�v�t)aq�S^`_Qa�v�_w\)a�[`_E�À^`ceoQa �
p�x3Æ�äáäbÈ
pep�x=Æ�äáäbÈsÑ å
p�pep�x=Æ�äáäbÈsÑ æ

ÎÀn¼Òs´¶µ���[]pek�vwoQ¸�ç�_Qp�v�aSv�tla��/^`_�^d�LaÅv�ai_Qoè[]kévwtlaêklaÅvªf1[`_w�é�)perqvw\l_waê^`n·[W�`a`x 
 oQow\l�~pekl�²^Cvu^`n)\lcë^`_
_wai�)_waioQaik�vu^³v�pe[`k�[`��v�t)a Þ � � oi�)^`klhèn)pek/^`_6�y�d^`_wpe^`nlceaqoi�9tl[Wf$�L^`k��L�l^`_�^`�~aqvwai_Qo
f�p�ceclv�t)ai_wa�n·aNì

Î�rWÒs´ × �·[`pek�v�o6¸ � _�^NfÔv�tlam�~[]_�^`c��]_�^`�)tS[d��vwtlamklaqvªfg[]_w�

ÎÀh¼Òs´ × �·[`pek�v�o6¸�ç$t/^dv�peoEvwtla � ^`_Q�`[W�jnlcë^dkl�`aÅv�[`�íkl[£hlamåbì
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Î�aWÒs´áà��·[]p�k�v�oQ¸ � owp�kl��ßE^N�`aio¿_Q\lceag^`klh�v�tla
hlaÅ�/klp�vwpe[]k�[`�)ri[]klh)p�v�p�[]k/^`c��)_w[]n/^dnlpec�p�v�p�aioq�NaÅ���l_Qaiowo·Í<Î�å�Ñïî�Ò
n/^`owaqh�[]k�vwtlam�/^`_�^d�LaÅv�ai_Qo�pek�v�tlamklaÅvªf1[`_w�¼x

Îð�uÒs´¶µy�·[`pek�v�o6¸ � _�^NfÔv�tla1ñQ\lklrÅv�p�[]k�v�_waqa���[`_Ev�tla�v�t)a�k)aqvªfg[]_w�

ÎÀ�9Òs´¶µy�·[`pek�v�o6¸�ç�_Qp�vwa�v�tlampek)p�v�pe^`c��/^`_�^d�LaÅv�ai_Qo�[`�<v�tla1ñQ\lklrÅv�p�[]k�v�_waqa
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à)x�´¶µy�·[`pek�v�o6¸¿ò�ó � º Á{ô��<Â£ÃqÁY¾�� Ù Ã
Î�^�Òs´ × �·[`pek�v�o6¸ � _Q\lam[]_��À^`ceoQa � ÍFÎÀÆ�ÒEõ²Í<Î�Æ�öuÈ�ÒÅö6÷·ÆböuÈ

ÎÀn¼Òs´áàÊ��[]pek�v�o6¸gZ
[]\øt/^N�`as^'ßE^N�`aioâklaqvâf�p¨v�t zW|]|êk)[�hlaqoix � �L^`�]p�klaLvwtla�cea���peri[`�]_�^`�)tlperè[`_whlaq_wpek)�
[`�3v�tlaykl[£hlaqoi��ow\)rut'vwt/^dvm^èk)[�hlayrq[]�~aio�^d�ðvwai_�^dcec<p�v�o��/^`_waqk�v�ompek�vwtlay[]_Qhlai_Qpekl�lx�Z
[`\-tl^W�`aâ^
}£\)ai_Q�èri[]klh)p�v�p�[]klaqh�[]kS^y�d^`_Qpë^`n)cea�vwt/^dv�p�o�^`c��L[]o6v�^dvEvwtla�aik)hs[`�FvwtlpeoE[`_whlaq_wpek)�lx¿Z
[]\�fE^dk9v�vw[
\loway^d�l�l_w[N��pe�L^dvwa�pek���ai_waqklria�v�[èrq[]�~�l\)v�abri[]k)hlp�vwpe[]k/^dc<�)_w[]n/^dnlpec�p�vª��}9\laq_wpeaqo���[]_�v�tlp�o��d^`_wpe^`nlc�a`x
� tl[]\lc�hù�`[]\ú\loQasc�pe�daicep�tl[£[�h�fgaip��]t�v�p�kl�C[`_{û�pen)nloâo�^`�~�lcep�kl�9ìAü`\lo6v�p¨�ð�ý�][]\l_L^`klo6f1aq_{p�k*[]k)a
owaik�vwaiklrqa
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þ x�´¦z × ��[]pek�vwoQ¸ Þ []kloQpehlaq_�v�tla�ßE^N�]aqo�k)aqv�n·aqce[Wf �

ÿ�� ��� �
pek'f�tlperut'ÿý��� ^dklh�� ^`_wa~ß1[£[]c�aN^`kÊ�d^`_wpe^`nlc�aiom^`klhjÍ<Îðÿ ÏÐzYÒ�ÏÇ|�� µ��¼Í<Î	�ÐÏ z)Ñ ÿ ÏÐzYÒ�ÏÇ|���
��
Í<Î�� ÏÕz)Ñ ÿ Ï#|�Ò3Ï#|�� × �dÍ<Î
�ÔÏ z)Ñ � Ï zYÒ3Ï#|����â^`klhâÍ<Î��#Ï&z)Ñ�� Ï#|]Ò=Ï�|����
Î�^�Òs´ × ��[]pek�v�o6¸ � \l�)�·[]oQa�v�t/^dv=�`[]\~t/^N�]a�aq�£peh)aiklrqa��&ÏÕz`x=û�p��]a�^�ow^`�L�)ceaE�]aqklai_w^dv�aqhLn��yc�pe�daicep�tl[£[�h
f1aqpe�]t�v�p�kl�yf�p�vwtjvwtlpeo�aÅ��p�hlaik)ria`��^`k)hSp¨v�oEfgaip��]t�vNx

ÎÀn¼Òs´¶µê��[]pek�v�o6¸ � tl[WfÇv�tla � ^d_w�`[W�ørut/^dpekøri[]_Q_waqow��[]klhlp�kl�êv�[Cû�penlnloyow^`�~�lcep�kl�ê[]k²vwtlpeoyklaÅvªf1[`_w�¼�
f�p�v�tsaq�£peh)aiklrqa��ÌÏ z`�¼^`owoQ\l�Lp�kl�âv�t/^dv��d^`_wpe^`nlc�aioEv�[~n�a��/p��l��aihê^d_wam�lperu�daihÊ^³v�_w^`klhl[`�sx3Z
[]\
hl[ykl[`v�k)aiaihjv�[�ri[]�~�l\)vwa�v�tla�k9\l�~ai_Qperi^`c�_Qaiow\)c�vE��[]_gv�tla�vw_�^`k)owp�vwpe[]k)oi�YñQ\)oQv�oQtl[Wf�v�t)a���[]_w��\lcë^`o
^`klhS�lce\l�âp�kjvwtlamk9\l��n�ai_woqx

Î�rWÒs´¶µý�·[`pek�v�o6¸bûmp¨�]a-^`k�aq}9\/^dv�p�[]kÔo�^dvwpeoQ�laihÔn9� vwtla-oQv�ai^`h)���ªo6vu^dvwa�hlp�oQvw_wpen)\)v�p�[]k []k$v�tlp�oSrutl^`pek�x
� ���lce^`pekjtl[Wf�p�v�_waqcë^dvwaioEvw[~rq[]klhlp¨v�p�[]k/^`c·�l_w[]nl^`nlpec�p�vwpeaiogpek�v�t)a�[`_wpe�`pek/^`c�klaÅvªf1[]_Q�¼x



 FM6¡W¢£KN¢£¤¦¥¦¤¨§ª©�¤¦O3M6«�KW§ª¡Y¬9¤¦¬�­m¤¨¬y®
¯�°<±²¤¦¬³©ª«uM1UNVWVYX

µ�x�´¦zW|y��[]pek�vwoQ¸�� ½)ÜF¾	�'��� �À¾À�¼Â£�À¾ ó �����øÂ£ÃqÁY¾	��½)ÁY¾�� Ù
ÄFaÅvâÿ n�aj^Ê_�^`k)hl[]� �d^`_Qpë^`nlc�a{hl_w^Nf�k*\lk)p���[]_Q�Lc¨�-��_Q[]� ^dklh*p�k�v�ai_6�d^`cm´��¼ö �u¸��3f�tlai_Qa!��^`klh"�è^`_Qa
\lkl�9kl[Wf�k�x � []_wa��l_Qairqpeowaqc��`�

Í<Î$#·Ò=Ï %&�' | p¨��#�Ó(�)*
+-, p¨��#/.ø´0�/ö1��¸
| p¨��#�Ö(�

Z
[]\s[`nlowaq_Q�]a�^yowai}9\laqklria�[`�íow^`�L�)ceaio2# ) ö3�4�4�5#76��lf�p�vwt!8'õ × x 
 oQow\l�~amv�t/^dv�^dv�c�aN^`o6v�vªf1[~[`�¿vwtlaioQa
o�^`�~�lceaqo�t/^N�]a�hlp:9·ai_Qaik�v��d^`ce\laqoix
Þ []�L�)\)v�a�v�t)a��L^³��pe��\l�Çc�pe�daicep�tl[£[�h{�d^`c�\laioE��[`_;�è^`klh!�Wx
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�)x�´¶µy�·[`pek�v�o6¸=<jÙ �<¾ º Â£�`ÁWÂ£�(�����<Â£�ÀÃ
ÄFaÅvmÿ?> �=@�ÏÐzA�4�4�B8ù^`klhC�@n·aâ_w^`klhl[]�Ë�`^d_wpë^dnlceaqoix � _w^Wf ^ � ^`_w�d[W�'klaqvªfg[]_w�ÊoQ\lrutCvwt/^dvi�F��[`_m^`cec@EDÏGF¼��ÿ?>ðä¶ä�ÿIH9Ñ �Lx
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�x�´¦zYµ���[]pek�vwoQ¸F¹ ½ º ½7�CÂ9ÁNÂ º Â£ÃqÁY¾	��½)ÁY¾�� Ù
Z
[]\�^d_wa��]p¨�]aikjv�t)am��[`cece[Wf�p�kl��vu^dnlcea�[`��h/^dv�^)�lrq[]_w_Qaiow��[]klh)pekl�âv�[~^yk/^`p¨�]a�ßE^N�]aqo��~[�h)aic �

JLK æM� N
� ^drut�_w[Wf�ri[]_Q_waioQ�·[`klhlo�v�[~^y�/^dv�p�aik�vNx

� p�owai^`owa~Î � Ò ã/aq�`ai_�Î�ã=Ò � []_Qa�v�tl_Q[�^dvbÎ � Ò
z z z
| | z
| | |
| | |
z z z
z | z
z z |
z z |
| z |
| | |

Î�^�Òs´¶µy�·[`pek�v�o6¸�ç$t/^dv�^`_Qa�v�tlam�L^³��pe��\l� cep��`aqcepet)[�[£hè�/^`_w^`�~aqv�aq_wo�n/^dowaihs[]k�v�tlp�o�h/^dvu^]ì

ÎÀn¼Òs´¶µj�·[]p�k�v�oQ¸ � \l�)�·[]oQaè^S�/^dv�p�aik�vbri[]�~aiobpek'f�p�v�t�^S��aÅ�]ai_�^`klh�k)[êow[]_QaLvwtl_w[�^³vNxèç$t/^dvbpeom�][`\l_
hlpë^`�`kl[]owp�ouì
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Î�rWÒs´¶µs��[]p�k9vwoQ¸ � \l�l��[]oQaè�][]\ýt/^N�`ajµs�~[]_waLaÅ�)^`�~�lceaqo�[`���/^³v�peaqk�v�o�f�tlp�rut²t/^N�]aèvwtlaèhlp�owai^`owa�^dklh
t/^`h'^~��aÅ�]aq_i��nl\)v�kl[è[]k)ay^`ow�daihêvwtlai�Ë^`n�[]\)v�oQ[]_wa�v�tl_Q[�^dvix � \l�)�·[]oQa�v�tl^dv��`[]\Êpeklp¨v�pe^`cep:Oia�v�t)a
�/^`_�^d�LaÅv�ai_Qob[d�1v�t)aLklaÅvªf1[`_w�'f�p�v�t'v�t)aLaqoQv�p��{^³v�aiom��_w[`� �/^`_6v�^)x � tl[Wf []kla~p�vwai_w^dv�p�[]k'[`�Ev�t)a
�g� ^`ce�`[]_wp¨v�tl�S�£^`klhSri[]�~�l\)vwa�v�tlamklaÅf��/^`_w^`�LaÅv�aq_E�`^dce\laqoix
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P x�´ P �·[`pek�v�o6¸=< ÃN¾ Ù=QSR ½�T�Â£Ã Ù Â�ÁYÃ

 ri^`_�pekloQ\l_�^dklriamri[`�L�/^dk9�{fE^`k�vwo�vw[~n)\lpec�hj^â�)_w[]n/^dnlpec�peoQvwper��L[£hlaic�[`�¿rq\loQvw[]�~ai_�n·aqt/^N�£pe[]_qx � kjv�t)a
��\)v�\l_Qa`��v�t)aq�y�lce^`k�v�[m\loQaEv�tlp�o=peky[]_Qhlai_ívw[mhlaqvwai_w�~pek)a��l_waq�Lp�\l�Lo<��[]_=klaÅfúri\)oQv�[`�Laq_woi�9n/^dowaih~[]kyv�t)a
aioQvwpe�L^dv�aqh��l_Q[]n/^`n)pecep¨vª��[`�¼^dririp�hlaik�vwoix � tlaÅ��t)pe_wa3�][`\y^`oí^�ri[]kloQ\lc�v�^`k�ví^dklh��l_Qaiowaqk�ví�][]\�f�p¨v�t�^�h/^dv�^
owaqvE[`�<µ`|�ri\lo6v�[]�~ai_Qoi����[`_
f�tlp�rut{v�t)aq�L_wairq[]_wh)aih � ^`�`a�Î�µbnl_�^dru�`aqvwouÒ��l�]aik)hlai_�Î × �d^`c�\laio�ÒÅ��[�rqri\l�/^³v�pe[`k
Î µ�rN^dvwai�][`_wpeaqouÒ���rN^`_=�L^`�`a�Î�zW|]|��d^`c�\laio�ÒÅ�9k9\l��n�ai_=[`��^`rirqpehlaqk�v�o=f�p�vwtlpekâ^�[]k)aU� �`aN^`_3��ai_Qpe[£hSÎÀpek�vwai�]aq_uÒÅx
� tlaq��f1^`k�v��`[]\jv�[ânl\lp�cehS^y�L[£hlaic�x¿ç$t/^dv�h)[~�`[]\sh)[9ì
Î�^�Ò � aqcec�vwtlai� v�[²�`[ý�]aqvè^²owai_Qpe[]\)oèh/^dv�^²owaqv�^`klhúv�t)aik$ri[]�~as�lklh �][]\�x � tlaq_waÊp�oLv�[£[²c�p�vwvwcea
pek)��[]_Q�{^³v�pe[`k{v�[âhl[~^`k��9v�tlp�kl�lx

ÎÀn¼Ò Þ []k���p�klria�^�rq[]�~�/^`k���a����·aq_Qv=v�[�oQp�v¿hl[Wf�kâf�p¨v�t��`[]\~^`klhy�L^`�`aE\)�â^�_waN^dow[]k/^dnlceaE�~[£hlaic£n/^`oQaih
[]kSvwtlaip�_�aÅ����ai_wp�aiklrqa`x � tlai_Qampeo�v�[£[ycep¨vwv�c�a�h/^³vu^�v�[~\lowamp¨vNx

Î�rWÒ Þ []k���p�klria�^bri[`�L�/^dk9�~a��)��ai_6v1vw[�owp¨v1h)[Yf�kLf�p�v�t~�][]\è^`klhèhl_w^NfÔ^b�~[�hlaqc¼oQv�_Q\lrqvw\l_wad��vwtlaik{�`[]\
\lowa��{^Y�)p���\l� cep��`aic�petl[£[£hLv�[â�lv��/^d_�^`�~aqvwai_woqx

ÎÀh¼Ò Þ []k���p�klriam^bri[]�~�/^`k��LaÅ���·aq_QvEvw[�owp¨vEhl[Wf�k�f�p�vwt{�][`\j^`klh�hl_w^Wf#^��~[£hlaic�oQvw_w\lrÅv�\l_Qa`�)vwtlaik�\loQa
ßE^N�]aioQpë^`ksceai^`_wklp�kl��v�[y�lv��l^`_�^`�~aqvwai_Qoix

Î�aWÒ � owamv�t)a�hl^dvu^�v�[âhl[~oQvw_w\lrÅv�\l_Qabc�aN^`_Qklpek)��f�p�vwtsoQpe��\lce^dv�aqhj^`klklai^`cep�kl�â^`klh ��� Ä-owri[`_wpek)�
Îð�uÒ 	 []klam[`�<v�t)ab^dn·[W�]adx � kjv�t)peo�rN^dowa`�/o6vu^dvwa��][]\l_�rutl[]p�riadx
ü`\loQvwp��ð�è�`[]\l_�rutl[]p�riampekj�L^³��pe��\l�Çàyowaqk9vwaiklrqaioqx
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�)x�´¦zW|y��[]pek�vwoQ¸�V ½)ÁWÂ Ù ÁXWl½ º ¾�½l»��ÀÂ£ÃY k)a~[d�
vwtlaâpek�v�aq_waqoQv�p�kl���l_Q[]nlceaq�Lo�p�kÊ�{^drutlpeklayc�aN^`_Qklpek)��^`klh'h/^dv�^��Lp�klpekl�Lpeo�vwt/^dvm[`�
ric�\loQvwai_Qpekl� �
�]p��`aik²oQ[]�LaLh/^dv�^s��[]pek�v�oq�¿hlaqowrq_wpen�aihýn��C^dvQv�_wp�nl\)vwaiobÿ ) ö3�4�4�QÿX6��¿�/klh²^sk9\l��n�ai_b[`��ric�\loQvwai_wo�v�t/^³v
rN^`�)vw\l_wa�vwtlamh/^dvu^�fgaic�c x � tlp�o��l_w[`nlceaq� rN^dksn�a���[]_w��\lcë^dvwaihj^`o�c�aN^`_Qklpek)�y^y�]_�^`�)tlperi^`c��~[�h)aic�[`�<v�t)a
��[]cec�[Yf�p�kl����[]_Q� �

...

cluster

X1 X2 Xn
� kSvwtlpeo�ri^`owad�¼vwtla Þ ce\lo6v�aq_��d^`_Qpë^`n)cea�p�o�klaq�`ai_�[]nlowaq_Q�`aih��·^`klh�v�t)a�k9\l��n·aq_�[d���d^`c�\laio�peo�\)kl�9kl[Wf�k�x
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