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Normal Clustering: N=44, c=1, s=8, f=54
x 10

f0 f1 f2 f3 f4

��%(�$I�#���¢E� ÝÆ¤b¨[ª«£¯ª¬�¥ ©+³�°¸°¯³�¦d®¸ªÎ¥ ©jÇ}¦[¢[Àd³(ÀqªÊ°¸®¯£¸ªÊÉYÃ[®¯ª«¢+¦�¬¹Ã[£¸Ô+³IÃ[°¸³^À%®¯¢)Àd³�®¯³�£¸¤bª«¦[³�°¯®»¥ ®¯ª¬Ì©Ê¢d¥+À�ª«¤�É�¥ ©¥�¦�¬¹³fÃ[¦KÀd³�£M¦[¢`£¯¤	¥�©
¬¹©«Ã[°¸®¯³�£¸ªÊ¦Y¶�¼

!<TL�<'�'����
D5�>:H'��># ^ �(�>j$�5�x,",HcL�$2�%(:{'����K�HOHJE!$'����>'\%3D>���xD5I�#�j$�K!<TL��%(�EeE, ^ �Hc?ev���H%32�%N2�CE�0D>�1IE2&�
:�!�BH�02b�1'L�(!<4��>#
�(�>j$�5�N2K�<#����q%(8$�5�(Ot'�!WC��=� �02F2s�5�rJ��>:E2�%(j$�['��E�<:{:�!�BH�02K�<'��H%(�$���>#s�(�>j$�5�N2>eK�w�>:ED5�W�=�N�<#��$�>#sJ�#�!$J�!$#�'&%(!$:m!<TL'����
'�!$'5�@��:�!rBH�02w%N2��q%(8$�5�(Om'�!WCE�[�02�2\�>:;'&%N�@���<'��(!<4��>#��(�>j$�5�N2s'��E�<:t�<'��H%(�$���>#w� �>j"�5�32�e �M�>' * � ���<:EBSe � � ^ �<:EB
���>:ED5��8 � ��T}#F!$) ���Ee��rc?eKf9T�� $�BH�>:�!"'��02s'����[:;I�)[C��>#
!<TL�02�2\�>:;'&%N�@�L:�!�BH�02
�"2�2�%(�$:��0Bt'�!k2&I�CMD5I�CE� � �<:EB
�
����� '�����)U���;%()[I�)+�<)W!$:��
���q��� $ �-2�h<'����>:W'�����!<j$�>#F���0�$B[BHI���'�!
2&'?�1'&%ND��(!;�$B=%()[CE�@�N�<:ED5�b�$D5#F!;2�2�2&I�CMD5I�CE�02

%N2��  - �$
	 . ^ � ����� "�� $ c5ebf�'K'�I�#�:E2s!$I�'s'��E�<'K'F�����@j$�>#?�<�"��2&'?�1'&%NDK�(!;�"Bk%()[CE�@�N�<:ED5�[T9!$#s'����WB��<'?��!<T���%(�Ee�¢�%32
�<C�!$I�'
� �6y�� �+!<T�'F����'F!$'?�@�v:HI�)[CE�>#=!<TL�02�2&�>:H'&%N�@�L:�!�BH�02>e�������#F�0�$2&!$:mT9!$#�2\IED��R���(!<4 � !H�$B|% )[CE�@�N�<:ED5�~%32
'��E�<'['����k�02F2&�>:;'\%3��� 79:�!�BH��B"%N2&'F#&%(C�I�'&%(!$:ZD5I�#�j"�Y%32��<J�J�#�!@�;%()U�1'��5�(OR�6%(:��0�<#k�<:EBp2\O;)W)��>'�#&%NDk�<CE!"I�'[�(�>j$�5���0d
4����>#���T}!1�3B�8 � �q%(�02>hM2&!W'F�E�<'�B"%qu��>#��>:H'K2&I�C�D5I�C��02s#��0D5�5%(j$���@�()W!H2&'��0�"IE�@�v:HI�)�C��>#b!1Tx:�!�BH�02>eW�w!$'��K'��E�1'�'����
BHOH:E�<)[%NDs�(!;�$B|CE�@�N�<:EDF%(:������ �"!$#&%('���)�4�%6�6�����5� JmT9I�#�'����>#�#F�0BHIED5�
'����s�6%('�'&�(�=�(!;�$B�%()[CE�@�N�<:ED5�
'��E�1'�#��>)U�@%(:E2>e

�<%(:ED5��%('�)Y�0Om:�!$'���� 4��@O�2K�E�<J�J��>:p'��E�1'
'����W�02F2&�>:;'\%3��� 79:�!�BH�{B"%N2&'�#&%(C�I�'&%(!$:VD5I�#Fj$�[%N2=:��0�<#&�(Op�$2��q%(:��0�<#
�<:EBY2&OH)W)W�>'�#&%NDs�<CE!"I�'��s�(�>j$�5��'��E�1'�%N2��K)[IH�('&%(JH� �=!<T e ^ 2&!='��E�<'���T}!1�3B~�6%(�02��<'L'F�E�<'��(�>j$�5�9cL�$2�%(:{��%(�Ee"¢Eh$4��
D5!$:E2�%NBH�>#��s�HO;J�!$'����>'&%ND>�@�M�02�2&�>:H'&%N�@�(79:�!rBH�KB"%N2&'�#&%(C�I�'&%(!$:{D5I�#�j"��'��E�<'�J��0�<8r2��<'��(�>j$�5��,"�w% :k��%(�Ee$� ^ �rc?ev� !$#�'����
2��<)��bj<�@�(I��02�!<T�*b�1:EB�e"h$%('�'�I�#�:E2�!$I�'�'��E�1'L'����sJE�>#?D5�>:H'?�<�"��2&'5�<'&%ND��(!;�"B[%()[CE�@�N�<:ED5�sT9!$#L'��H%N2�D>�"2&��%N2��<C�!$I�'
d �6y �Uek��!$#[�k)W!$#F�U:�!$:�7o�6%(:��0�<#UD5I�#Fj$�U'F���[�(!;�$B % )[CE�@�N�<:ED5�k4�%q�6��CE�k�H%(�$���>#@e���!��$B�BH#F�02�2='��H%N2
J�#F!$CH�(�>){h
4��[�E�0j"��BH�>j$�5�(!$J��0Bp��#��5nE:��>)W�>:H'K!<T�'F���~DF�(IE2&'F�>#�79'�!$7G2&I�CMD5I�CE�k�$2�2�%(�$:�)��>:;'
2�DF���>)W�WBH�02�D5#&%(C��0BR:��5��'K'��E�<'
�@�()W!;2\'�D5!$)�JH� �>'F�5� Ot�5�6%()[%(:E�<'��02=2&'?�<'&%ND��(!;�$B|%()[CE�@�N�<:ED5�[%(#�#��02&J��0D5'&%(j$�W!<TL'F���~2\�E�<JE�[!<TL'����[�02�2\�>:;'&%N�@��:�!�BH�
B"%N2&'�#&%(C�I�'&%(!$:RD5I�#�j"�$e

���� ��#�� ��# � �E	�'�� ��#�%������
���H%N2�2�DF���>)W�LIE2\�02v�@j$�>#?�1�$���02�2&�>:H'&%N�@�(79:�!rBH�sB"%32\'�#&%(C�I�'&%(!$:UB��<'5��h04w�H%3DF�[)U�@ObC���!$C�'?�@%(:��0B=�5%('����>#v�>)�JH% #\%3D>���q�(O
^ �$2�%(: ��%(�Ee�¢�cW!$#{�<:E��� OH'&%ND>�@�6�(O$e fG'Y%N2tDF�(�0�<#kT9#�!$)�'F���p�<CE!<j$�RB"%N2�D5IE2�2 % !":�'��E�1'Y%qTW'����g�02�2&�>:H'&%N�@�(79:�!rBH�

�<y



B"%N2&'�#&%(C�I�'&%(!$:VD5I�#Fj$�[%N2=JH% �0D5�>4�%32\�Y�q%(:��0�<#Y�<:EBR2&OH)W)W�>'�#\%3D��<CE!$I�'='����kD5�>:;'��>#��(�>j$�5�Gh�:�!$#�)U����DF� IE2\'��>#&%(:��R�$2
J�#��>j"%(!$IE2��(O�B"%N2�D5IE2F2&�0Bk4�%6�6���5u��0D5'�J��>#&T9�0D5'�2\'?�<'&%ND��(!;�$BYCE���3�1:ED5�$eL�����s#��5nE:��0BkDF�(IE2&'��>#&%(:��W)W�>'F��!rB��>)[IH�3�1'��02
'��H%N2�%NBH�0�tC;Ot)U�18$%(:��t'����kB"%32\'�#&%(C�I�'&%(!$:i!<Tb�02F2&�>:;'\%3����:�!�BH�02W�$D5#�!;2F2
DF�(IE2&'��>#?2�h�%Ge �$e3h�'����kDF� IE2\'��>#[�02�2&�>:H'&%N�@�(7
:�!�BH�~B"%N2&'F#&%(C�I�'&%(!$: D5I�#Fj$�$hEJH%(�0D5�>4�%N2&���6%(:��0�<#��<:EBm2&OH)W)W�>'�#&%ND[�<C�!$I�'K'�����D5�>:H'��>#
DF�(IE2&'��>#@e
�����
8"�>O{'�!Y'����
#��5nE:��>)W�>:H'KD5!$:E2�%N2&'?2�%(:�BH�>j"%32 % :��t�W2&�0�<#5D���7G2&JE�"D5�
JE�<#�'\% '\% !":H% :��k2�DF���>)W�K%(:t4��H%NDF��DF�(IE2&'��>#sCE!$I�:EB��1#&%(�02K�<#��
:�!$'�:��0D5�02�2��1#&%6� O{D5!1% :EDF%NBH�>:H'K4�%('��Y�(�>j$�5�vC�!$I�:EB��<#&%(�02>hH%Ge �$e3hH%('�%N2�JE!;2F2�%(CH� ��T}!"#�:�!�BH�02�C��5� !":��<%(:��k'�!['�����2F�<)W�
�(�>j$�5��'�!{C����1#�CH%('�#?�<#&%6�(Oi2&JH�6% '�I�JR%(:H'�!��$B@���$D5�>:H'WDF� IE2\'��>#?2�T}!"#��$2�2 % �":�)W�>:;'['�!t�$B@���$D5�>:;'[2&I�C�D5I�C��02=%(:i'����
�b#5�0OH7GD5!�BH�b!$#5BH�>#&%(:��EeL���H%N2��>:E�<CH�(�02�!":��b'�!WDF��!;!H2&�b'F���K:;I�)[CE�>#�!<T�:�!rBH�02��"2�2�%(�$:��0BY'�![B"%qu��>#��>:H'bDF�(IE2&'��>#52>h
4�%('��H%(:{#F�0�$2&!$:E�<CH�(���q%()[%('?2�h�%(:��1:{�<#�CH%('�#?�<#FOU)U�1:�:��>#0e

�����{#��5nE:��0B�)W�>'���!�Bl%N2Y�$2~T}!<�6�(!<4b2>e �$I�J�J�!;2&�t4��{4��<:H'W'�!p2&JH�6%('k:�!�BH�02YCE�5�(!$:��<%(:��V'F!p2&!$)W�|�(�>j$�5�
CE�>'&4��>�>:i'&4�!�D5!$:E2&�0D5I�'\% j"�{DF� IE2\'��>#?2 � �<:EB 	 hL2&IEDF�p'F�E�<'WDF� IE2\'��># � #��0D5�5%(j$�02W�|T9#?�$D5'&%(!$:  k!1Tb'����k:�!�BH�02>e
���0D>�@�6��T}#�!") �$�0D<e;�K'F�E�<'�T}!"#L�s#?�<:EBH!$) :�!�BH�b4�% 'F�W8$�>O � BH�5nE:��0B�C;OW�L��e<¢Eh<'�����T}#?�"D5'&%(!$: ^ � �)! " � � �)!%$$cM%32
�w#?�<:EBH!$) :HI�)[CE�>#�%(:['�����#?�<:��$�s*-� � �1c?e������>#��5T9!$#���C;O[�$2�2�%(�$:H%(:��K:�!�BH�02�4�%('�� ^ � �)! " � � �)!%$$c 3  �'F!�DF�(IE2&'��>#
� �1:EBY'����K!$'����>#?2�'�!YDF� IE2\'��># 	 hH4��K4�%q�6�v�E�@j$�KJ��>#&T9!$#�)W�0BY'����K#F�0�$IH%(#��0Bm2&JH�6% '@e � Ok�<J�J�#�!$J�#&%N�<'F�5� O{2\JH�q%('�'\% :��
�02�2&�>:H'&%N�@�v:�!�BH�02�%(:�B"%6u��>#��>:H'��(�>j$�5�N2b�1)W!$:��W�$B@���$D5�>:;'�DF�(IE2&'��>#52>hE!":��
D>�<:k)U�<8$�s'����
DF�(IE2&'��>#w�02�2&�>:H'&%N�@�(79:�!rBH�
B"%N2&'�#&%(C�I�'&%(!$:WD5I�#�j"��JH% �0D5�>4�%32\�L�6%(:��0�<#L�<:EBK2\O;)W)��>'�#&%NDL�<C�!$I�'�'����LD5�>:H'��>#vDF�(IE2&'F�>#0e�fG:���%(�Ee@� ^ CMc?h>4���%6�6�(IE2&'�#?�<'F�
'����
DF�(IE2&'��>#w�02�2&�>:H'&%N�@�(79:�!rBH�[B"%32\'�#&%(C�I�'&%(!$:�D5I�#Fj$�
D5!$#�#��02\JE!$:EB"%(:��Y'�!['����b�02F2&�>:;'\%3��� 79:�!�BH�WB"%N2&'�#&%(C�I�'&%(!$:tD5I�#�j$�
!<TL��%(�EeE� ^ �rc?eL�L�"D��|�q%(:��0�<#K2&�>�$)��>:;'�!1TL'��H%N2bD5I�#�j"�
D5!$#�#��02&J�!$:EB�2w'�!�e[DF�(IE2&'��>#?2>e������
2&�0�$I��>:ED5�[!<TLDF�(IE2&'��>#?2
D>�<:[:�!<4iCE��T9!<�NBH�0B[!$:['�����#&%(:��K!<T�2\I�C�D5I�CE�02��$2�CE�5T9!$#��$h"4�%('��=T}!1�3B�2�C��5%(:��
JH�N�$D5�0BY�<'xD5!"#�:��>#?2�!<TE'�����DF�(IE2&'��>#
B"%N2&'�#&%(C�I�'&%(!$:iD5I�#�j$�$e ��!$'F��'F�E�<'b:�!�BH�02KC��5�(!$:��<%(:��{'�!{�1:;Ok!$:��=�(�>j$�5��2&��!$IH�NBt:�!$'sCE�U2\JH�q%('=CE�>'&4��>�>:�)�!$#��
'��E�<:t'&4�!UDF�(IE2&'��>#?2�h�!$'����>#F4�%N2&�=% :H'��>#�7G2\I�C�D5I�CE�kD5!$)W)[I�:H%ND>�<'&%(!$: ^ T}!"#b'����[J�I�#�J�!;2&�W!1T�BHI�JH�q%ND>�<'F�UJ�#�I�:H%(:���c
4�%6�6�x:�!"'�:��0D5�02�2��<#\%q�(OmCE�
C��>'&4��>�>:{�"B@�\�$D5�>:H'b2&I�CMD5I�CE�02K�$2�% '�%32�%(:���%(�EeE, ^ CMc?e7�R�K�E�@j$�K!"CE2&�>#�j$�0BY'��E�1'�'����
2&�E�<J��W!<T��02�2&�>:H'&%N�@�(79:�!�BH��B"%N2&'�#\% C�I�'\% !":VD5I�#�j$�02sT9!$#s%(:EB"%(j$%NBHIE�@�w% :E2\'?�<:ED5�02[BH�>j$%N�<'F�02s�6%('�'&�(�WT9#�!$) 'F���U2&�E�<J��
!<Tv'F�����@j$�>#?�1�$���02�2&�>:H'&%N�@�(79:�!�BH��B"%N2&'�#&%(C�I�'&%(!$:tD5I�#�j$�$hE��� 'F��!$I��$�Y'����>OU)Y�0OWB"%6u��>#�%(:k)U�<�$:H%('�IEBH�$e������>#��5T9!$#��
!$I�#W#F�5nE:��0BVDF�(IE2&'��>#&%(:��l)W�>'���!�BiCE�$2\�0Bl!$:V�<:V�@j$�>#?�<�"�U�02�2\�>:;'&%N�@�(79:�!�BH�RB"%32\'�#&%(C�I�'&%(!$:QD5I�#�j$�k4�%6�6�K�>:E�<CH�(�
IE2='�!��"D��H%(�>j$�Y:��0�<#K%NBH�0�@���(!;�$BgCE�@�N�<:ED5�YT9!$#���� )�!;2&'��1:;Om%(:E2&'?�<:ED5�Y!<Tb�mJ�#�!$CH�(�>)�4���!;2&���02�2&�>:H'&%N�@�(79:�!rBH�
B"%N2&'�#&%(C�I�'&%(!$:RD5I�#�j"�s%32w:�!$'�8H:�!<4�:�6 = I*25)7I�2?e

�0�



0

1

2

3

4

5

6

7

0 5 10 15 20 25 30 35 40

N
um

be
r 

of
 N

od
es

Level Number

Normal Clustering: N=44, c=1, s=8, f=54
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Refined Clustering: N=44, s=8, f=34
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Efficiency=0.8, Normal Distribution, Deviation=15, Simple Heuristic
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