
����� �����
	������������������������� ��� �"!

#%$'&)(+*,(�-.(/&)0)$214365'78#%$'*89:1<;>='0?(A@B(/5�C87D(+E'FG-.9H&)0)$2I)$KJL0)='9:M"$2*,(43
NPO>QSRUTWVYXLZLRU[]\_^W`bac^Wd,\A^De,f>^WQSgW^ihkj)lkjkmWeon4pSQSd/\W^Wjqd/pbeAab^Wd/\W^De2r,sktbskQ
VYu�skRwv6x,u�sk[LZLpS^Dyzu{RwT4| [}| pSjq[L^Wd/\W^D|ws)~,| �:t

��a��
�c���}a�eSrAsktbskQ��}~YRwVYQ8~?V
skQS��acVY~k�SQ8^Wvw^WgA\_�b^WXLt�^WX"sk[LRU^WQbeYa Z�pS[LZLpS�:RUgDsk^Wd8sB�kj)�kjkmWmAe
� RU\DskgWRUQS^Wjqd,pce4�}VYQS�cskR]e � RU\DskgWR6e4�W�Wlkjq�D�W�W�{rAsktbskQ��O>QSRUTWVYXLZLRU[]\_^W`ba�ZLp8d,pS�csWe2�z[LZLpSd8sPlkj)�W�kjkmAe2n4p8QSd,\A^Wjqd,pbe,ab^Wd/\W^imWmWlkjq�W�DmW�We4rAsktcskQ

� F218�"$'����E�&�9:0�I)�"�'I)��0)�"E�&)�"F�����( E2�"&L@B1+I)*c¡¢&)='�<E218F'�"0�I)�"�2I)�"0)��E8&�&)�"I)��0A7�(+E'F
&)='�i�"F'£+��0�I)�"�'I)��0)�"E�&�&k=2���"1+¤]18�"��$'I)I)�"E2�"��1+¥
&)�"I)��0,¦b§
=29H0_�2(+�4��I_0?='1A@
0�&k=2(+&�&)='�
E2�"&L@B1+I)*{=2(/0 &k=2�>�¨='(+I)(+�"&)�"I)9:0)&)9H��0¢1+¥2�o�"9:E'£{0)��(+©H©�@>1+I)©:Fª7W9«¦ �8¦:7�='9:£+='©:���"©:$'0?&k��I)�"F�(+E'F
0)=21+I)&¬�2(+&k=©:�"E'£+&)=ª¦4®�(/0?�"F1/E¯&k=2��&)1/�o1+©:1/£+�D74@B����(/E�"°8&)I)(+�"&{9:���o1/I)&)(+E�&P&)�"I)��0,7
�"±S�"E�9H¥P&)='�"�²(/I)��I)(+I)�87¢��� ���"(+0)$2I)9HE2£¯&)='��9HIi�"1+E�&)I)9H�2$'&)9:1/E³&)1´&)='�<£/I)(+�2=��o�"9HE2£
0)�i(/©:©b@B1+I)©HFz¦

µ�¶kµ¸·+¹Bº8»'¼
½¬¾¬¿cº8À�¼�¹

Á I)(+�2='0�&)='(+&G18�"��$'I�9:EÂ��(+E����29H1+©:1+£+9H�"(+©L7B0)18�"9:(+©�(+E2FÃ��(+E'¤6��(/F2�0)��0)&)�"��0K(/I)�
1+¥Ä&)�"E�E'�"9:&)='�"I��"1+���'©:�"&)�"©:� I)�"£+$'©:(+I�E'1+I��"1+���'©:�"&)�"©:� I)(+E'F'1+�<7ª�'$2&�='(,±+�G9:E'0)&)�"(+F
(ÆÅ60)��(+©:©�@>1+I)©:F'ÇK&)1+�41+©:1+£/�¯9HE¯@
='9:�¨= E'18F2�"0�(+I)�i=29H£+='©:��"©:$'0)&)�"I)��F�+�"&�&)='���'(+&)=
©:�"E2£/&)=G�4��&L@B�"�"E�&)='���È9H0�0)��(+©:©�É:Ê+¦HË�7zÊ+¦ Ì,Í«¦�Î (/&)&)0B(+E'FGÏ2&kI)1+£+(+&kM¬=2(A±+�¬0)=21A@
E�&)='(+&
({0)1��"9H(+©2£+I)(/�2=KÐq&k=2���"1+©:©H(+�o1+I)(/&)9:1+E�£+I)(+�'=�1+¥2(/��&k1+I)0�9HE�¥Ä��(+&k$2I)��Ñ'©:��0AÒ)7,({�'9:1/©:1+£+9H��(/©
£+I)(+�'=³Ðq&)='��E'�"$2I)(/©>E'�"&�@>1+I)*.1+¥B&)='�iE'�"��(+&)18F'��@>1+I)�ÔÓªÕ�ÖW×wÖ]ØDÙSÚ2Û?Ò)74(+E2F (���(+E'¤
��(+F'�P£+I)(+�'=¯Ðq&k=2���"©:�"��&kI)9:�"(+©c�o1A@B�"I
£/I)9:FÜ1/¥ª&)='�{@>��0)&)�"I)EGÝ¬E'9:&)�"FÜÏ'&)(+&)�"0AÒÞ(+©H©Þ=2(A±+�
(i0)�i(/©:©b@B1+I)©HFK&)1+�o1+©H1+£+�¯ÉHÊ+¦:ËA7zÊ+¦ ß,Í«¦2Î¯1+I)©:FÜÎ³9:F'��Î¯�"��(+©H0?1i¥q1+I)��0�(i0)��(+©:©Þ@>1+I)©:F
E2�"&L@B1+I)*.É:Ê+¦:Ê�Í«¦

JLE<&)='9:0{�2(+�4��IA7'@B��Ñ2I)0)&¬0)=21A@¸&k=2��£+I)(/�2=<F2�"I)9:±+�"F.¥qI)1/�à(GF'18�"$2���"E�&�=2(+0{&)='�
0)�i(/©:©b@B1+I)©HF��Y=2(+I)(/��&k��I)9H0?&)9H�"0,¦8§
='�"E�@>�{F'��±+�"©:1+��(�E2�"@³(+©H£+1+I)9:&k=2�á&)1�Ñ2E'F�9:���o1/I)¤
&)(+E�&>&)�"I)��0��������"(+0)$2I)9HE2£�(i&)�"I)�<â 0
�"1+E�&)I)9H�2$'&)9:1/EK&)1���(+*+��&)='�{@>1+I)©:FK0)��(+©:©«¦

µ�¶ÄãÈä¬åçæ¢èkè�é.¼%»'è�½

Î¯��&)I)�"(+&%(+Eê�Ú2ëSìqí�ÖYîWï]ÖYë+74êDÚ2ð ÖWì ØDñSï]ÖYë+7oÛYìÄò�óo×UÖ�74Û]óDÙSí¨ÛYÖ%(/E2F´îYôSÚ2Ú2ÖYîWï]ÖYëB£+I)(+�'=z¦4ÐqÎ¯�
�"°��'(+E2FK&)1�(+E�ê�Ú2îYôSÚ2Ú2ÖYîWï]ÖYë�£+I)(+�'=.9HE´Ï'�"��&k9:1+E�Ê/¦ õo¦:Ò�§¢1i¥Ä1+I)��(+©:9HM���&)='��E21+&k9:1+EK1+¥
(�0)��(+©:© @B1+I)©HFz7cÎ¯(+&)&k0�(+E'FöÏ'&)I)1+£/(+&)MiF2�"Ñ'E2��&)='���"©:$'0?&k��I)9HE2£��"18��÷��"9:�"E�&{(+E'Fö&)='�
�¨='(+I)(+�"&)�"I)9:0)&)9:�P�2(/&)=�©:�"E'£+&)=öÉHÊ+¦:Ë�7 Ê+¦ ß,Í«ø
ù §
='��îWñSÙSí�ÙSîWï]ÖWí¨ìÄÛYï]ìqî>óDÙSï]ñ�×wÖWÚ,ØDï]ñ+7'úB7A9H0>&k=2���'(+&)=i©H��E'£+&k=�(A±+�"I)(+£+�"Fi1A±+�"I�(+©:©4�'(+9:I)0
1/¥�E'1�F'�"0A¦ª§
='���'(+&)= ©H��E'£+&)=üûDÐþý¨ÿ��'Ò�9H0�&)='�ÜE�$'���o�"I�1+¥��"F'£+�"0_9:E�&)='��0?='1+I)&)�"0)&
�'(+&)=Ü�o�"&�@>���"EGE218F'��0�ý>(+E2F��'¦

ù §
='��î�×Uê�ÛYï]ÖWí¨ìqÚ,ØÜîYôWÖ��üîWìÄÖWÚ2ï'9:0�(����"(+0)$2I)�¬1+¥ª&)='�P��©H9���$'�"E2�"0)0B1+¥ª&)='�P©:18��(/©ÞE'�"9:£+='¤
�41+$2I)='1818F20A¦��o1+I
(�E'18F2�{@
9H&)=
	�E2�"9:£+=8�o1+$'I)0,7S&)='�"EK(+&
��1+0)&��� 5�� 	4Ð�	���Ê+Ò����



� �ÞpS["skd8s � sk[LZ�pS^{VY[¬skv6|
�"F'£+�"0��"(+E<�"°89:0)&{�4��&L@B�"�"E.&)='���<¦2§
='���"©:$'0)&)�"I)9:E'£G1+¥%(�E218F'��9:0¬&)='��¥qI)(+�"&)9H1+E.1+¥
&k=2�"0)��(+©:©:1A@B(/�2©H�%�"F'£+��0ª&k=2(+&Þ18�"��$'IA¦}§
='�>��©H$20)&)�"I)9:E'£
��18�"÷��"9:�"E�&A7�¯9H0z&)='�>(A±S�"I)(+£+�
�"©:$'0)&)�"I)9:E'£�1A±+�"I
(+©:©b&)='��E'18F2�"0�9:EK&)='�P£+I)(+�'=z¦
Î¯(+&)&k0 (+E'F�Ï'&)I)1+£/(+&)M
F2�"Ñ'E2�
({0)�i(/©:©4@B1/I)©:F�£+I)(/�2=i(+0%1+E'�
9:E�@
='9:�¨=Kú��Æú��������

Ðq1+I�ú! Æú��������8Ò (+E'F"$#%&�������
@
=2�"I)��ú����'�(�¬(/E2F)&���'����(+I)��&)='���¨='(+I)(+�"&)�"I)9:0)&)9:�
�2(/&)=i©:�"E2£/&)=i(+E'F��"©:$'0)&)�"I)9:E'£_�"18��÷��"9:�"E�&¢1+¥ (�I)(+E'F21/� £+I)(+�'=i@
9:&)=�&k=2��0)(+���
E�$2��¤
�o�"I>1/¥ E'1�F'�"0�(+E2Fi�"F2£/��0A¦/§
=2�"���'I)1+�o1+0)�P0)��±+�"I)(+©4��18F2�"©:0%1+¥ £/I)(+�2='0A781/E2�¬1/¥ @
='9:�¨=
9:0_�"(+©:©:�"F!*Þ¤ Á I)(+�2='0A¦ÞÏ'&)(+I)&)9HE2£<¥ÄI)1+� (´I)��£+$'©:(/I_£+I)(+�'=ª7Þ&)='���9:E�&kI)1�F'$'���ÜF'9:0)1+I)F'�"I
9:E�&)1i&)='��£+I)(+�'=.����I)(+E'F'1+��©:��I)�"@
9:I)9HE2£��"(+�¨=���F'£+��@
9:&)=.�'I)1+�'(+�'9:©:9:&L�,+Ü(+0�0)='1,@
E
9:E-�¢9H£o¦:Ê+¦HÊ+¦+JL¥.+ �!/ &)='�"E�&)='��£+I)(+�'=�9H0 �"1+���2©H��&k��©H��I)�"£+$'©:(+I%(/E2Fi1+I)F'��I)�"Fª¦/JL¥0+ � Ê
&)='��EG&)='��£/I)(+�2=�9H0��"1+���2©H��&k��©H�GI)(+E'F'1+�È(/E2F�F'9:0)1+I)F'��I)�"Fª¦DJLE�&)�"I)���"F29H(+&)�P±,(/©:$'��0
1+¥
+i£+9H±+�{£+I)(/�2='0
&)='(+&B(+I)�{E'�"9:&)='�"I��"1+���'©:�"&)�"©:�iI)�"£+$2©H(+I�E'1+IB�"1+���'©:�"&)�"©:��F29H0?1+I)F'�"I)�"Fz¦
§
=2�"��(+I)�{0)��(+©H©Þ@B1+I)©HF20A¦

Regular Small world Random

13254 13256
Increasing randomness

798;:=<?>=<;>=< �%skQS�S^Wu¸XLVA@ RUXLRwQ8g�^W`�s>XLVYgWpSv6skX XLRUQSg{v]sk[L[LRU~YV,|

Î¯(+©:0)=�F2�"Ñ'E2�"0Þ&)='���'I)1,°89:��9:&L�¬I)(+&)9H1CB � Ð�D�+ú>Ò5�>Ð�&���'���(�+úE���'�(�SÒ'(+0ª&k=2� 0?��(+©H©:¤
@B1+I)©HF2©H9:E'��0)0¬1+¥%&)='��£+I)(+�'=²ÉHÊ+¦ ÌAÍL¦FB²9:0P©H(+I)£+�"I�&k=2(+E�Ê�9:E¯&k=2��£+I)(/�2='0¬@
9H&)=¯(�0)��(+©:©
@B1+I)©HFÜ&)1/�o1+©:1/£+�D¦

µ�¶�GIHKJ »'å Lö¼&M"¼
¿c¿c¾¬»'».J ¹¬¿NJPO »'æ?QSR
� £/I)(+�2=<9:0��"1+E'0?&kI)$2�"&)�"F´¥qI)1+��(iF'1��"$'���"E�&P(+0¬¥Ä1+©:©:1A@
0A¦2Î¯�_Ñ'I)0)&��2I)�"�'I)18���"0)0{&)='�
F218�"$'����E�&%���i0)&)�"����9:E'£�(/E2FGI)�"��1A±�9:E'£_Ï2(/©:&)1+Eªâ 0�ÛYï]ô}ó.ð ôSí�ëSÛ?¦SÎ¯�¬(+�'�2©H�UTÞ¤]£+I)(+�
&)1Ü��1/$2E�&��2='I)(+0)��¥ÄI)�V�8$'��E'�"�D¦2§
='��E@B�iI)�"£+(+I)F¯&)='��&)9:&)©H��1+¥B&)='�iF'1��"$'���"E�&A7o�"(+�¨=
0)���"&)9H1+E�&k9:&)©H��(+E'F��"(+�¨=i��(/�2&)9H1+E�1+¥ Ñ'£+$'I)��0%(+E'Fi&)(+�'©:�"0%(/0%(�0?�"E�&)�"E'���87,(+E2Fi�"°��"©:$'F2�
(+©:©D&)='�
Ñ'£+$'I)��0A7�&)(/�2©H��0A7/(+E'F�I)�"¥q�"I)�"E2�"�"0,¦�Î¯�B£+�"&�({©H9:0)&�1/¥b0)�"E�&)�"E'���"0A7W�"(+�¨=�1+¥o@
='9:�¨=
�"1+E20)9:0)&)0
1+¥ª@B1+I)F'0_Ðq1/I��'='I)(+0)��0AÒ)¦

§
='��E�@B�
�'9:�¨*�$'�SWWíkÖAX�êDÖWÚ2ïzï]ÖWí¨ò�Û4@
='9:�¨=i(+�'�o�"(+I�1A±+��Iz({$'0?�"I)¤]£+9:±+�"E�&k=2I)�"0)=21/©:Fª7
Y�Z�[ ��\
&)9H����0A78(/E2FGÑ'°i&)='�"�È(+0BE218F'�"0,¦5�o1+IB�"±+��I)�i�'(+9HI>1+¥ª&)�"I)��0A7�@>�¬�"1+$'E�&�&)='��îYô^]



mW|�_a`ª^,~YpSu{VYQ/[�skZ¬s{�}u�skvwv0bG^WXLvU� l
ôWîYîWêDí¨í�ÖWÚ2îYÖ�¥q1+I��"±+�"I)��0)�"E�&)�"E'���"0A7¢(+E'F�(+F'F³(/E³�"F'£+�<9H¥P&)='�"cS(+�"�"(+I)F��"18��÷��"9:�"E�&
�"°��"���"F'0�(�&)='I?�"0)='1+©:Fª7Nd Z�[ ��\ 3�¦

§¢(+�'©:��Ê+¦HÊK9:0G0?&k(+&)9:0)&)9H��0G1+¥�&k=2�K0?��(+©H©:¤]@B1/I)©:F'©:9:E'�"0?0Ü1+¥{ÌoË�£+I)(/�2='0A7>�"(+�¨=��"1+E2¤
0)&)I)$2�"&)�"F�¥ÄI)1+� ({&)�"�¨='E29H��(/©2�'(+�o�"I>&)='(+&¢(/�2�o�"(+I)�"Fi(+& &k=2�fe/&)=�9:E�&k��I)E'(+&)9H1+E'(+©4Î¯1+I)©HF
ÎÃ9HF2��Î �"���"1+E'¥q�"I)�"E2�"�´ÐqÎ³ÎÃÎgeoÒ�ÉHÊ+¦ hAÍL¦3�oI)1+� &)='9:0�I)�"0?$'©:&A7Þ@>�G�"(+E��"1+Ejik���"&)$'I)�
&)='��0)�i�'(+�o�"I)0��"�"I)&)(+9:E'©:�´='(,±+��0)��(+©:©>@>1+I)©:F.0)&)I)$2�"&)$'I)�"0,¦lk¬1A@>��±+�"IA7cF'�"�o�"E2F'9:E'£�1+E
&)='�{�'(+�o�"IA7�&)='��0)��(+©H©:¤]@B1+I)©HF2©H9:E'��0)0
±A(+I)9:�"0A¦

mEn5oNp;qS>=<;>=< �}["sk[LRUZL[LRU~,s)v��bsk["s ^WQ�tSXL^�r/Rwu{RU[]\BX"sk[LRw^WZNsP`:^WX �WhogWX�sktS�SZc^W`Atcskt�VYXLZoRUQtbubub³�A|
v v&w�x�y{z | |�w�x�y{z s

� s�r2| }D|U�W� lW|U�W� �D|UlW� �D| �DmW� �W�A|w�Wm
_>TWV/| �W|Ul�~ � �D|UlWl � mW�A|wlWm
� RwQc| �W|UmWl �W|U��} �D|UlWm �D| �D�Wh }D|U�k�

bÜV¬Z�VY[������ w��t� lW|5bGV�XLVYZ�[LXLRw~Y[_sk[L[LVYQ/[LRw^WQ�[L^i[L�SVPgWR6skQ/[�~Y^WQSQSVY~Y[LVY��~Y^Wu{t�^WQSVYQ/[�^W`z[L�SV
gWX"skt8�be�@��SRU~k�_RUQS~Yvwp8�SVP�W�j� ^W`'[L�SV>QS^/�SVYZ¢^WQGs«TAVYX"skgWV/|�bÜV%VAr/~YvUpS�SV%[L�SXLVYV>tbskt�VYX�Z"e�@��SVYXLV
[L�SV
gWR]skQ/[>~Y^WQSQSVY~Y[LVY�i~Y^Wu{t�^WQSVYQ/[>~Y^}TWVYX�Z%vwVYZ�Z�[L�bskQ<�k���³^W`Þ[«�8V�QS^/�SVYZ"|5bGV��8^WQN� [>ZL�S^�@[L�SV v w�x�y{z skQS� | w�x�y{z `:^WXª[L�SV�sLTWVYX"skgAV�~/skZLV/eW�DVY~/skpSZLV&��skQS���B�SR��DVYXLZª�8VYt�VYQS�8VYQ,[ª^WQP[L�SV["skXLgWVY[ tcskt�VYX"|2�ªQKsLTWVYX"skgWV/e^� � �WhA�¬skQ8�"� � �j� ��}D|

;>E2�PI)�"(+0)1+EG@
=��G&k=2�P�'(+�o�"I�=2(+0B(i0)��(+©H©c@>1+I)©:FG0?&kI)$2�"&)$'I)�¬�"(+E��4�{�"1+E'0?9HF2�"I)�"F
&)='(+&¬&k=2��(+$2&k=21/I¬��(,�Ü���"E�&)9H1+E´0)1+���_�"1+E'�"���'&)0�0)&)���<���Ü0?&k����Ðq��(+*89:E'£G&k=2����©H$20)¤
&)�"I)9:E'£K1+¥�I)�"©:(+&k��F&)�"I)��0,Òk7Þ(+E'Fö&k=2�"Eö&)I)�¯&k1<����I)£/�i&)='���"1+E2�"�"�2&k0�(+E'Fö�'$'9:©:F¯$2�
E2�"@ 9HF2�"(+0KÐq��(+*89:E'£(�� 0)=21+I)&k��$'&AâÞ1+¥¬�"©:$'0)&)�"I)0,Òk¦Þ§
=2��(+$'&)='1+I�@
9:©H©
*S�"�"��9:Eö��9HE2F
&)='(+&�&)='��E2�"@²9HF2�"(�9:0B0?&k��(+F'9:©H���"1+E2E'�"��&k��Fi&)1�&k=2��¥q$'E'F2(/�i�"E�&k(+©b�"1+E'���"�'&)0A7,�'$2&>E'1+&
I)�"F2$'E2F'(+E�&k©:��¦

µ�¶��I��À�¹¬½�Àk¹f� ·+å�Q�¼�»'º�æ¢¹Bº�HUJÞ»'å��
� F'��9:&)&k9:E'£�&k=2(+&
(�F218�"$'����E�&�9H0�(�0)��(+©:©b@B1+I)©HFz7�='1A@üF'1��"0�9:&��o�"E'��Ñ'&>$20j��Î¯�¬&)I)�
=2�"I)�G&)1¯�"0?&)9H��(+&)��&)='�<9:���41+I)&)(+E'�"�Ü1+¥¬(´&)�"I)�<7ª(+E'F³�'9:�¨*¯$2�²9:���o1+I)&k(+E�&�&)�"I)��0,7
&)='1+$'£+=&)='����(+I)�iI)(+I)��9:E.&)='�iF'1��"$'���"E�&A7o�'(+0)��F1+E&)='��0?��(+©H©�@>1+I)©:F¯0)&)I)$'�"&)$'I)��¦
Î¯���"1+E20)9:F'�"ID� 9:���41+I)&)(+E�&B&)�"I)��0Aâ,(+0B&)='��&)�"I)��0�@
='9:�¨=iI)���'���"&%&)='����(+9:E�&)1+�'9:�87+&)='�
(+$'&)='1+IAâ 0�9HF2�"(o7'(/E2FG&k=2��¥q$'E2F'(+���"E�&)(+©c��1/E2�"�"�2&k0
1/¥ &)='�PF218�"$'����E�&W¦

®��"©:1A@�@B��0)='1,@�(�0)��I)9H��0z1+¥2F'��Ñ'E'9:&)9H1+E20¢&)1P����(+0)$'I)�>&k=2�>9H���o1+I)&)(+E'�"��1+¥'({&)�"I)�<¦
���=���E������ F�g¡0¢�£F¢�¡F¢¥¤_Ú��"°8&)�"E2F'�"FGóDÙSï]ñ�×wÖWÚ,ØDï]ñ�ûj¦6Ðþý¨ÿ��'Ò�ô§W�Ú2ôWëSÖzý¬ÙSÚ2ët�ÜìÄÛ�ëSÖ;¨
Ú2ÖYë
ÙSÛlWAôS×Ä×UôSð Û?Õ

û ¦ Ðþý¨ÿ��'Ò �
ûDÐ:ý}ÿ��2Ò�ÿ ì W_Ðþý¨ÿ��2Ò{ÙSíkÖ�îYôSÚ2Ú2ÖYîWï]ÖYë^©
ªD«�¬{ ÿ ôSï]ñSÖWí¨ð ìÄÛYÖWÕ ÐkÊ+¦:Ê+Ò

N¯®]Q�[L�SRUZ�tcskt�VYX"e(@zVBZ�VY[¥°{�±� w�� Z�^P[L�bsk[>[«�8V�Q/pSu��DVYX�^W`cQSVYRwgW�/�D^WXLZ"e0�+e/RUZPskXL^WpSQS�K}D|w�B^WQsLTWVYX"skgWV/|Aa��SV�r,sk~Y~/skXL��~Y^,VA²{~YRUVYQ,[>RwZ%Z�Rwu{tSvU\_[«�8V�Q/pSu¬��VYX�^W`cZLVYQ/[LVYQS~YVYZ�[L�bsk[>~Y^WQ/[}s)RwQ
�D^W[L��[«VYXLu{ZB�SRUT,RU�SVY���,\�[L�SVPQ/pSu¬��VYX�^W`ÞZ�VYQ/[«VYQ8~YVYZ>[L�bsk[>~Y^WQ,["skRUQ�VYRU[L�SVYX>[LVYXLu{Z"|8a��SRwZ
RU�SV/s>RwZ�skvwZ�^{pSZLVY��RwQ�~Y^WQSZL[LXLpS~Y[LRUQSg�s>XLVY`:VYXLX"skv'QSVY[³@¢^WXLd�`:XL^Wu$b�bub tcskgWVYZ�´UmW|w��µ6|



} �ÞpS["skd8s � sk[LZ�pS^{VY[¬skv6|
@
=2�"I)� ª «�¬j 9:0G( �"1+E20)&)(/E�&A7�&)='�<0)$2� 1/¥�&)='�´@
9:F'&)='0G1+¥{(+©:©�&)='�F'9:0)�"1+E'E2�"�"&)�"F
0)$2�'£+I)(+�'=20A¦oûDÐþý¨ÿ��'Ò�9H0�(��'(+&)=�©H��E'£+&)=�1/¥ &)='��0)='1+I)&)�"0)&��'(+&)=<�o�"&L@B�"�"EÜý
(+E'F��i9:EK(
�"1+E2E'�"��&k��F�£+I)(+�'=z¦
���=���E������ F�g¡0¢�£F¢�¶F¢�·%°�&k��E'F'��Fü�¨=2(/I)(+��&k��I)9H0?&k9:� �'(+&)=Æ©:�"E'£+&)=çú¯¦ÜìqÛÙSÚÂÖ�¸Dï6Ö�Ú2ëSÖYë
óDÙSï]ñ�×UÖ�Ú,ØDï]ñGÙ^¹WÖWí�Ù}ØDÖYë�ô^¹WÖWí�ÙS×Ä×�óDÙSìÄí¨Û�ô§W_Ú2ôWëSÖWÛYÕ
���=���E������ F�g¡0¢�£F¢�ºF¢�ú¯¦» ìqÛ�ÙSÚ�Ö�¸Dï]ÖWÚ2ëSÖYë�óDÙSï]ñ<×wÖWÚ,ØDï]ñÙ^¹WÖWí�Ù}ØDÖYëKô^¹WÖWí�ÙS×Ä×bó'Ù+ìqí¨Û�ô§W
Ú2ôWëSÖWÛGÖ�¸DîYÖkóbï{Ú2ôWëSÖU¼ ÕPú½¦¾3¿öìÄÛGï]ñSÖ<Ö�¸Dï6Ö�Ú2ëSÖYëöî�ñSÙSí�ÙSîWï]ÖWí¨ìqÛ?ï6ìÄî�ó'Ù+ï6ñö×UÖWÚ,ØDï]ñ ô§W.ï]ñSÖ
ØDí�Ù}óbñ�ð�ìÄï]ñSôSêDï�Ú2ôWëSÖC¼ÞÕ
���=���E������ F�g¡0¢�£F¢�£F¢�ÀªñSÖ��"1+E�&)I)9:�'$'&)9:1+EE©?¥Á » ©�ô§W�ï]ñSÖiÚ2ôWëSÖC¼öï]ôKò�Ù^ÂWÖ�ï]ñSÖ�ð�ôSí¨×wë
ÛYò�ÙS×q×cìqÛ{ëSÖ�¨
Ú2ÖYë�ÙSÛ�ÃÁ » � ú¯¦¾9¿Ä�²ú¯¦»'Õ

JL¥oE'18F2�Ä¼�@
9:&k=�©H(+I)£+��ÃÁ » 9:0 (+�'0)��E�&¢9:E�&k=2��£+I)(+�'=z7�&k=2��£+I)(+�'=�£/��&k0�±+�"I)��©:(/I?£/��¦
JLEG&k=2����1/E�&)�"°�&B1+¥ªF'1��"$'���"E�&)0A7�&k=2�P&)1+�'9:�"0
(+I)�{F'9:±89:F'��Fª¦�Î¯�¬(+0)0?$'���P0?$'�¨=�(�&k��I)�
=2�"©:�Ü����I)£/�{&)='�P0?&kI)$2�"&)$'I)��1/¥ &)='�PF218�"$'����E�&W7�&)=�$'0�9:���o1/I)&)(+E�&A¦

µ�¶�ÅIÆ�Ç�æ å�Q�è�J
Î¯��0)='1,@ç&)='���"°�(+���'©:���"°8�o�"I?9H���"E�&)�"F 1/EÆÉ:Ê/¦ õ,Í«7z9L¦ ��¦c&)='��©:1/E2£+�"I_±+��I)0)9:1/E 1+¥B&)='9:0
�2(/�o�"IA¦W§¢(+�'©:��Ê+¦ �{0)='1,@
0 &)='�
¥ÄI)�V�8$2�"E�&¢&)�"I)��0 (+E'F�§¢(+�'©:�{Ê+¦ È�0)='1,@
0z&)='�
9H���o1+I)&)(+E�&
&)�"I)��0����"(+0)$'I)��F����É¥Á » ¦lÊz1+���2(/I)9:E'£i&�@>1i&)(+�'©:�"0A7D&)='��©H9:0)&�1/¥ª9:���o1+I)&k(+E�&�&)�"I)��0
9:E'��©H$2F'�"0
&)='��(/$2&)='1+IAâ 0�9:F'��(o78�8¦ £o¦H7ªìqò�óDôSí¨ï]ÙSÚ2ï%ï]ÖWí¨ò (+E'F�îYôSÚ2ï]í¨ì�ËWêDï]ìÄôSÚ'78(+0
@B�"©:©c(+0
&)='��9:���o1+I)&k(+E�&{�'(+0)9:���"1+E'���"�'&A72�8¦ £o¦H7%îW×wêDÛ?ï6Ö�í�(+E'F�îYôWÖ��üî�ìqÖWÚ2ï 74(/©:&)='1+$'£+=&k=2�"�K(/I)�
I)(+I)��&k��I)��0A¦Fk¬1A@B�"±+��I
&)='��©H9:0)&P1+¥¢¥qI)����$'�"E�&¬&)�"I)��0P0)9:���'©:�Ü0)=21A@¸&)='���"1+���o1+E'�"E�&)0
1+¥ª&)='�P�2(+�4��I)0A7D(+E2F�(+I)�PE21+&
1+¥ª9HE�&)�"I)��0)&A¦

mEn5oNp;qÌ>=<�Í=<ÏÎ XLVAÐ,pSVYQ/[�[LVYXLu{Z"| mEn^oNp�qÑ>=<;Ò=< acVYXLuPZ�@�Rw[L� mk�¯v6skXLgWVYZL[
|?ÓfÔ |abVYXLu Î XLVAÐ/pSVYQS~Y\

Õ×ÖÙØ�Ú.Û lW�
Ü�ÝSØjÞ�Þ lWh
ß¯àjÖ�Þ á lWh
â±ã Ö�Ý l�}

Ü�ÝSØjÞ�ÞFß¯àjÖ�Þäá lk�
å5à×á ã �W�
Ú(Ø�Ú ã Ö �Wm
Þ ã å5Õ â Û �Wm

ájà×æ×ç(Ý ã å â mW�
ã ájÕ ã mW�

acVYXLu |?ÓSÔ Î XLVAÐ/pSVYQS~Y\
Ü�ÝSØjÞ;Þ lW| �'� lWh
â±ã Ö�Ý �W|w�)� l�}

è Ý&Ú(àjÖ â Øjå âEâ±ã Ö�Ý mW|w�Al h
æ�àjå â Ö è�é ç â è à�å mW|ê~�} ~

å5à×á ã mW| �A� �W�
ÝSØjë ã �D|w�A� ~
æ×Þäç�Ü â�ã Ö �D|w�Ah mW�
Õ×ÖÙØ�Ú.Û �D|w��} lW�

æ�à ãÙì æ è ã å â �D|w�A� �
Øjí ã ÖÙØjÕ ã �D|w�)� �

îÞ(+0)&)©:��7A�¢9:£o¦/Ê+¦ ��0)=21A@
0c&)='��£/I)(+�2='9:�"(+©S±�9H0?$'(+©H9:M"(+&)9:1/E�1+¥S&k=2� @B1+I)©HF�1+¥D&k=29H0 �'(+�o�"IA¦
Ð);>E2©H�.&k=2��£+9:(/E�&���1/E2E'�"��&k��F�"1+���o1/E2�"E�&�1+¥B&)='��£+I)(+�'=ö9H0�0?='1A@
Ez7 &)='1+$'£+=1+&)='�"I
�2(/I)&)0�1+¥%&k=2��£+I)(+�'=.9:0¬(+©:0)1G$20)�"F.¥Ä1+I��"(+©:�"$2©H(+&)9H1+Ez¦HÒ%Î¯�_�"(+E<�"(+0)9:©:�G�o1/9:E�&P1+$'&¬&)='�
&)�"I)��0�@
9H&)=21/$2&�@
='9:�Y= &)='��@B1+I)©HF¯@
9:©H©B�o��0)���'(+I)(+&k��Fª7 0)(,�³ÛYò�ÙS×Ä×4(/E2FÆìqò�óDôSí¨ï]ÙSÚ2ï
ï]ÖWí¨ò�¦



�bVY`þVYXLVYQS~YVYZ �

graph

world

small

small world

nodeconnect

topology cluster

characteristics

term

important

important term

length

edgepath

average

characteristic path length

path length

document

structure

coefficient

short

clustering coefficient

find

make

Watts

pair

sentence

contribution

measure

798;:=<?>=<;Í=< �}u�skvUvF@z^WXLvU��^W`4[L�SV�tbsktDVYX"|

µ�¶�ïILö¼�¹¬¿cè�¾S��À�¼%¹
Î¯� �"°��o�"�"&Þ1+$'Ic(+�2�'I)1+(+�Y=�9:0 ��ðb�"�"&)9:±+��E'1+&c1+E'©:�P&)1�F218�"$2���"E�& 9:E'F2�"°89:E'£o7¨�'$'&ª(/©:0)1�&)1
1+&)='�"Iz£+I)(+�'=29H�"(+©DI)�"�2I)�"0)��E8&)(+&)9H1+E20A¦"§¢1¬Ñ'E'F�1/$2&¢0)&)I)$'��&k$2I)(+©H©:��9H���o1+I)&)(+E�&z�'(+I)&)0z��(,�
�2I)9HE2£�$20�F'���"�o�"I�$2E'F'��I)0)&)(/E2F'9:E'£+0�1+¥ª&k=2��£+I)(+�'=z78E'��@ �o�"I)0?�4���"&)9H±S�"0A7�(+E2F��¨='(+E'�"��0
&)1�$'&)9:©H9:M"�P9:&A¦ � �¨=2(/E2£+�87S@
='9:�Y=G��(+*+�"0%&)='�P@B1+I)©HF�±+�"I)��0)��(+©H©L7+��(,��0)1+���"&)9:���"0B�o�
±+��I)��9H���o1+I)&)(/E�&A¦

ñ J¯òAJ ».JÞ¹�¿lJ½�
mW|Um�%|0_>vU��VYX�[}eof{|¢r)VY^WQ8gDeªskQS�)_{| j±ó |zn¢skX"sk�cskZLR6|�a��SV��SR6sku{VY[LVYXP^W`�[«�8VUb^WXLvU�ôb¯RU�SVbVY�c|9õ Ø â ç(Ö ã e�}W�DmWe2mW�A�W�W|mW|U��f{|Fö_skpS[ø÷/ezn¢|Þ�}VYvUu�skQbeªskQS� � |z�}�csk�b|_a��SV��SRU�S�SVYQôbVY�b|�ùûú ÝSØ{Õ×ØjÕ è å ã eÞmW�jü«��ýLemW�W�WhW|
mW|UlrA|�ö�vUVYRwQ/�DVYXLgD|Da �8V�ZLu�skvwvUj±@z^WXLvU��tS�SVYQS^Wu{VYQS^WQcx�_>Q�skvUgW^WXLRU[L�SuPRU~BtDVYXLZLtDVY~Y[«RUTWV/|8acVY~k�Sj

QSRU~/skv¢�bVYtD^WXL[%a����W�kj)mWhWh�~We2�o^WXLQSVYvUvoO>QSRwTAVYXLZLRU[]\+eDmW�A�W�W|
mW| }��{| � sk[LZLpS^De(�{|o�z�SZ"sø@
sWe � |�®]ZL�8Rê÷YpSd8sW|?_þ`Þ^/~YpSu{VYQ,[{skZ{s_�}u�skvwvFbÜ^WXLvU�!®]Q)ÿ ÖÙà×æ����� ú����
	Ae��Þ^Wv6|w�WeWtcskgWVYZ9}Dm)���}Dm�}De4�k�W�DmmW|U��a�|{b skvwZ��b|ª�}V/skXL~)�_RwQÜs�ZLu�skvwv @z^WXLvw�c|F®]Q�ÿ ÖÙà×æ�� ú�� � ù&ú����
�Ae,tbskgAVYZ�mWmWhW��DmWmWhWhWeDmW�W�W�W|mW|�~�`B|�b¯s)[«[LZ�| � ÝSØjÞ;Þ�ß¯àjÖ�ÞäájÜ�� â Û ã á
�Vå5ØjÝ è æ'Üûà��ûå ã×â ß¯àjÖ�ë×Ü é ã×â ß ã�ã åÌàjÖÙá ã ÖtØjå5áÃÖÙØjå5ájàjÝ �

å ã Ü�Ü |��'XLRUQS~YVY[L^WQbe2mW�W�W�W|
mW|Uh�`B|×b¯sk[L[LZ�skQS���S|,�}[LXL^WgDsk[ø÷/|��o^WvUvUVY~Y[«RUTWVz�8\,Qbs)uPRU~YZo^W`+ZLu�skvUvwj±@z^WXLvU��QSVY[Ù@z^WXLd/Z"|=õ Ø â ç(Ö ã elW�WlWebmW�W�W�W|
mW|U���/[«[Ltbx�����@9@3@¬�W| ^WXLg��W|


