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1 Ú ó

g,.Ú<a�¬¥��þE,XÚ�±�
£ã��ä½ã, XÚ�|¤Ü©Ú§��m��
p�^�À��ä¥�!:Úë> [1−6], ~X: p
é�!�¬�ä! Ôó�ä!)Ô�ä±9Ú
©�ä� [7−11]. E,XÚÏ~¥yÑ+|½�ì
�|�/ª, ØÓ�+|½�ìLyÑØÓ�õU
½�Ú. �ìS!:m�ë�'�;�, �ìm
!:�ë�'�tÑ [12,13].

�ì(�uy´E,�äïÄ+�¥���
��K. dÔnÆ!êÆ!O�Å�Æ!)ÔÆ
Ú�¬Æ¥��nÚ�{uÐÑNõ�ì(�u
y�{ [14−25]. �âù
�{���õ«�ì(�,

�´ùoõ«�ì(�I���þz�IO5µ
�§��`�. î8��, �2�¦^�µd¼ê
´ Newman Ú Girvan[26] JÑ��¬Ý¼ê Q (e
©¡ NG �¬Ý). T¼êu “�Å�äØ¬äk

²w��ì(�” ù��g�, ÏLïþ¢SCX
Ý (CXÝ´�ìSÜ>êÓo>ê�'~) ��
Åë��¹eÏ"CXÝ��É��5µ��ì
(� [26]. ,, Fortunato Ú Barthélemy[27] ïÄy
²�¬Ý¼ê�3X©EÇ��¯K, ±�¬Ý�
�z�8I, �UÃ{uy�
5�����ì,

=����¬Ý�éA��ì(�¥�¹�u�
½5���ì�, ÒØU(½ù
�ì´üÕ��
ì½���ì�fë�Ü¿. �k�
�q�µØ
�©z [28, 29]. Li � [30] �âf�ì(�½Â [31]

JÑ
���¬z�Ý¼ê D, T¼ê3�
�ä
��ì(�y©¥vkLyÑ�¬Ý Q �©EÇ
��.

�,�¬Ý Q �3X©EÇ��¯K, �´
d Reichardt Ú Bornholdt[32] ±9 Arenas � [33] J
Ñ�õ©EÇ�¬Ý�@��±�Ñd��, ù

õ©EÇ�¬ÝÁãÏLé Q ¼ê\\�N
!ëê5¢y&ÿØÓâÝ�ì(��8�. ,
 Lancichinetti Ú Fortunato[34] ïÄuyõ©EÇ
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�¬ÝÃ{O(/£Oy¢¥�þ�3�äkÃ
IÝA���ä�ì(�, äNLy3õ©EÇ�
¬ÝQ�Uò�
�pë����ìÜ¿£O�
�� “��ì”, q�Uò��ì£O�Ù©�¤
�eZ “��ì”, ùü«�¹Ä�þ´Ã{Ó�
;��.

�©½Â
�~^�ä�ÝØÓ�g,�Ý,

?�Ú3�ä�ÝÝ
�Ä:þJÑ
�Ý�¬
Ý¼ê!dØÓXêÝ
/¤�n«;.¼ê±
9õ©EÇ�Ý�¬Ý¼ê, ��ÏLé¼ê�/
ª©Û±93�Å�äÚÃIÝ�äþ�¢�, `
²�©��Ý�¬Ý�' NG �¬Ý, U
3ØÓ
�©EÇþ���Ð��ì(�.

2 �ä�ÝÚ�Ý�¬Ý

� G = (V,E) ´ � � ë Ï � Ã � � ä, V

´!:8, E ´>8, k ´!:�Ý, A = (aij)

´ G � � � Ý 
. ! : � ê n = |V |, o >
ê L = |E|. �!:8 Vi, Vj ⊆ V , K Vi � Vj

� ë � ê lij =
∑

u∈Vi,v∈Vj
auv. � ½ � � y

© P = {G1(V1, E1), · · · , Gm(Vm, Em)}, Ù¥ Vi

Ú Ei ©O´ Gi �!:8Ú>8 (i = 1, · · · ,m;

ni = |Vi|; lii = 2 |Ei|), �
∪m

i=1 Vi = V . NG �¬
Ý Q 3y© P �Ä:þ½Â�Xe/ª [17]:

Q(P ) =
m∑

i=1

[
lii
2L

−
(

di

2L

)2
]
, (1)

Ù¥ di =
∑m

j=1 lij ´ Gi ¥¤k!:�Ý�Ú, Q

������ (−1, 1). �¬Ý Q wq���~k
��µd¼ê, �´�,
�ìSÜ�ë�ê�
u

√
2L �, |^�¬Ý Q ò�UÃ{©Eù
�

ì, ùÒ¦y©��ì(�?3��o���gþ.

�©JÑ��Ý�¬Ý¼ê´3�ä�Ý�
Ä:þ½Â�, �^���Ý�~^��ä�Ýk
¤«O, �Ý d(G) =

2L

n(n − 1)
´�ä¥¢S>ê

Ó���U>ê�'Ç, �©�g,�Ý½Â�
�ä¥!:�²þÝ�!:ê�'Ç, Xeª:

dN (G) =
〈k〉
n

=
2L

n2
. (2)

�ä�Ý d �g,�Ý dN 3����þ´Ø
Ó�, �ä�Ý�����´ [0, 1],  dN ��

����
[
0,

n − 1
n

]
. b�ü��ä G1, G2 Ñ

´�ë��ä (�X), �!:ê n1 > n2 > 0,

K d(G1) = d(G2), dN (G1) > dN (G2), �,Ñ´�
X, �lz�!:5w, G1 ' G2 �ë�Ý�p. w
,�Ý d ·Ü��'��Ó5��ä (�Ó!:ê
��ä) ë�È�§Ý��I, g,�Ý dN ·
Üu�Ó5��äÚØÓ5��äü«�¹. d
	, ��ä�k��!:�, �ä�Ý d Ø�3, 
g,�Ý dN = 0, ù�¦g,�ÝØI��~	
?nÒ�¦^u�«�ä½�ì. Ø
�äSÜ�
�Ý, �I�^��ä	Ü��Ý. ü�f�ä Gi,

Gj �m��Ý d(Gi, Gj) =
lij

ninj
L«�ä�m¢

S>êÓ���U>ê�'Ç. @o, �âg,�
Ý dN Ú�äm�Ý d(Gi, Gj) ��Ey© P ��
ÝÝ
, Xe¤«:

D(P ) = (dij)m×m = N−1LN−1, (3)

Ù¥ dij =
lij

ninj
, é��þ��Ý´g,�Ý,

�é����Ý´�äm�Ý, é�Ý
 N =

diag (n1, · · · , nm), Ý
 L = (lij)m×m. ©Ûy© P

��ÝÝ
�uy, é�ä?1y©���ì(�,

Ù8IÒ´¦�ì (f�ä) SÜ��Ý�, �ìm
��Ý�. @o��ìSÜ�Ý�	Ü�Ý��å
���, =éAu�ä�ì(���Zy©. dd,

�Ñ�©��Ý�¬Ý¼ê:

QN (P ) =
∑

i

wiidii −
∑
j 6=i

wijdij

, (4)

QN (P ) = 2Tr (W ◦ D(P )) − ‖W ◦ D(P )‖ . (5)

üª©O�^��ÚÝ
L��/ª, Ù¥ W =

(wij)m×m � X ê Ý 
, ◦ � L Ý 
 � C � ê ¦
È (Hadamard product), Tr �LÝ
�,, ‖ ‖ �L
Ý
�Ú�ê. �Ý�¬Ý¼ê QN ïþ�ìSÜ
�ë��Ý��ì�m�ë��Ý���, l�*
þw, ù�������N
�äy©¤��ì(
��þ�`�.

XêÝ
 W ���é�Ý�¬Ý¼ê��J
´kwÍK��. �©?Øn«�;.�XêÝ
.

1) � X ê Ý 
: é z � � � � � � � X
ê wij =

1
m

, d�²wØU�NÑØÓ���
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ìé�¬Ý�z��É.

QN1(P ) =
1
m

∑
i

dii −
∑
j 6=i

dij

. (6)

2) !:'~XêÝ
: Uì�ì!:�ê��
äo!:�ê�'��Xê wij =

nj

n
, d�� QN

�©z [30] ¥��¬Ý D ´�d�, �,z��
ìk
�g�Xê, �éu���ìó, ÙSÜ
�ÝÚ	Ü�Ý�Xê%´�Ó�.

QN2(P ) =
1
n

∑
i

lii −
∑

j 6=i lij

ni
. (7)

3) >'~XêÝ
: ±�ìS½�ìmë�ê
Óoë�ê�'~��Xê wij =

lij
2L

, w,d�
�Xê�UNyÑ���Ýé�¬Ý�ØÓ�z.

QN3(P ) =
1

2L

∑
i

〈ki〉2 −
∑
j 6=i

l2ij
ninj

, (8)

Ù¥ 〈ki〉 ´�ì i �²þÝ.

ln�¼ê�/ª5©Û, ��ä¥¤k�ì
�!:êÑ�Ó�, (6) ªÚ (7) ª´���, n
�¼êÑ�±�â�ìSÜ��ì�m��Ý�
É, ���ìSÜë�;�, �ì�më�DÕ�
�ì(�; (8) ª� (6) ªÚ (7) ª��É=3u: d
uXê��^¦�ìSÜ�Ý� QN+ =

∑
i wiidii

��ì�m�Ý� QN− =
∑

i

∑
j 6=i wijdij ��É

O�.

��ä¥�ì5���ØÓ�, Ì��Ä´Ä
Øò��ì©��eZ “��ì” ½Øò,
��
ìÜ¿� “��ì”; Ï (6) ª¦^�XêÝ
, �
I�Ä�ì��Ý��, ���ì����Ý�u
ÙSÜ,
ÛÜ��Ý�, �3©���ì��U
5, �,��3ò�
�Ý�����ìÜ¿��
U5, @o, ����ì(�4k�U´�õê�
ìÙ5���Ý�, 4�ê�ìÙ5���Ý�;

é (7) ªÚ (8) ªó, ÏXêÝ
¥���Ny

�ì5���é�¬Ý��ØÓ�z, ²w¦þ
ã “Ø©�” ½ “ØÜ¿” ��U5��ü$.

��, é (7) ªÚ (8) ª?1'�, c©J�
§�/ªþ��O3uü��ìÙ��Xê (X
êÝ
z�¥�����) �ÉÓ, d�ÉNy3
�ä¥���ì��p'éÚK�þ. Ø���
5, �Ä,��ì x ©��ü�#�ì x1 Ú x2,

3O� (7) ª��¬Ý��, Ø�ì x 	�Ù¦

�ì��¬Ý©þ�Ú
∑
i 6=x

lii −
∑

j 6=i lij

nni
3©�

c�´ØC�
(

(1) ª¥�
∑
i 6=x

[
lii
2L

−
(

di

2L

)2
]

�

´Xd
)

,  (8) ª�Ù¦�ì��¬Ý©þ�

Ú
1

2L

∑
i 6=x

(
〈ki〉2 −

∑
j 6=i

l2ij
ninj

)
3©�c�´ØÓ

�
(

Ï
l2ix

ninx
�

l2ix1

ninx1

+
l2ix2

ninx2

ØÓ
)

, =,��

ì�©�K��
Ù¦�ì��¬Ý©þ; Ón,

�ìÜ¿���/�´Xd. (8) ª¤LyÑ�ù
«�ä¥���ì��p'éÚK�, Ny
�ä
¤£ã�XÚ´��kÅ��N, Ø´��Ü©�
Å�|Ü½{ü�\. Ó�ù«�p'éÚK�Ã
¦´Ù¦�¬Ý¼ê¤Øä��`³. l±þ©Û
5w, (8) ª¤L���Ý�¬Ý¼ê'Ù¦�ª
�Ð, e©òÏL�X�¢�5?�Ú�y.

3 õ©EÇ�Ý�¬Ý

3�Ñ�©�õ©EÇ�Ý�¬Ý�c, k0
� Reichardt Ú Bornholdt[32] JÑ�õ©EÇ�¬
Ý Qλ:

Qλ(P ) =
m∑

i=1

[
lii
2L

− λ

(
di

2L

)2
]
, (9)

Ù¥ λ ´�N!ëê, λ ÅìO\�, ©EÇJp,

�£O,
5����ì.  Lancichinetti Ú For-

tunato �Ñ, � λ ���, ¤£O� “��ì” �U
´�
¢S��ì�Ü¿, � λ ���,“��ì”

�U´d¢S��ì©�¤, �Ø�3ü«�
UÓ�;���¹.

�©�õ©EÇ�Ý�¬Ý¼ê� Qλ �¼ê
/ªaq, �´ÏL\\���N!ëê λ 5¢y
õ©EÇ£O�ì(��. ¼êXe¤«:

QNλ(P ) =
∑

i

wiidii − λ
∑
j 6=i

wijdij

. (10)

�ëê λ ÅìO\�, � Qλ �Czª³��, QNλ

�©EÇü$, λ Åì~��, QNλ �©EÇJp.

ÏLã~�)ºù«Czª³. ã 1 ´ λ = 1 �
�â QNλ Ú Qλ ü«�¬Ýéäk�ì(�5
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���ä (/Xã 2 ¤«) y©�¤����ìê
8 - �¬Ý�«¿ã. ã 1(a) ¥�n^�©O
�L
 QNλ 9Ù�ìSÜ�Ý� QN+ Ú�ì�
m�Ý� QN− ��ìê8�Czª³, ��ìê
8 m = 1 �, du QN− = 0, Ï QNλ � QN+ �
Ó, ��ìê8�!:ê�Ó m = n �, QN+ = 0,

 QN− = 1, QNλ = −1. ©Ûã~��, � λ Å
ìO\�, QN− ���O\, ¦ QNλ �����

¤éA��ìê8C�; ��, � λ Åì~��,

QN− ��~�, ¦ QNλ �����¤éA��ì
ê8C�. ã 1(b) �Ñ
 Qλ 9Ù�K��Cz
ª³, � m = 1 �, Q+ = Q− = 1, @o Qλ = 0;

� m = n �, Q+ = 0,  Qλ = −Q−. é'©Û
ã 1(a) Ú (b) üã, ²w��Ñ�öª³���(
Ø. e©·�òÏL3ÃIÝ�äþ�¢�, �y
�Ý�¬Ý3ëêCz��ì(�y©�O(5.

m

 n

m

 n

1

0
Q

1

0

-1

Q
N

QN

QN⇁

QN↩

Q

Q⇁

Q↩(a) (b)

ã 1 (a) Ú (b) ©O� QN Ú Q 9Ù�K���ìê8 - �¬Ý�«¿ã (ã¥�/!��/Ún�/©O�L�¬Ý�9
Ù�K���)

ã 2 ��äk�ì(�5���ä«¿ã

4 ê�¢�9(J

·�©O3�Å�äÚÃIÝ�äþ?1¢
�. dud�äy©¯K´ NP ��¯K, �©±o
«�¬Ý�8I¼ê, æ^�[ò»�{é��ä
?1�ì(�y©.

4.1 ���ÅÅÅ���äää

�
'��Ý�¬ÝÚ NG �¬Ýuy�ì
(��`�, ·�?1
©z [13, 28] ¥£ã�Ä
O¢�. ¢�¥ 128 �!:�²þ/©� 4 �|,

!:²þÝ� 16. ^·��VÇN!!:�|S²
þë>ê kin Ú|m²þë>ê kout, �!:�|
	�²þë�êØäO��, uy�(��ì(�
òC��5�J.

�©¢��O�(J�L 1, ©O�Ñ
Ø
Ó kout ¤éA�!:y©�('Ç. ¢��¹n
|. 1�|: �ä�¹ 4 ��ì, z��ì�!:
ê�Ó, �X kout �O\, y©��(Çü$, o«
�¬Ý��(Ç�ÉØ�. 1�|: �ä�¹ü�
�ì, ��k 96 �!:, ,��k 32 �!:, ù«
�é¡�ä¦�¬Ý Q Ú QN1 Ju���(�y
©, �´�¬Ý QN2 Ú QN3 kép�y©�(Ç,

ùL²�����XêÝ
ÚU�ì��'~�
��XêÝ
¦�Ý�¬Ý3�é¡�ä�¹e
��ìy©�JkwÍ�É. 1n|: �ä�¹ü
��ì, �k 64 �!:, �´ü��ì!:�²þ
Ý´ØÓ�, ©O� 8 Ú 24, � kout = 2, 3, 4 �, �
Ý�¬Ý QN2 Ú QN3 ²wU
±��p�'Çò
!:�(y©, ,ü��¬ÝK�5�J���
(��ì(�, ù�1�|¢�L²��¹´��
�. L 2 �Ñ
o«�{£O��ìêþ��(Ç
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Ú²þ�, l¥Ó��±uy3�é¡�¹e, �
¬Ý QN2 Ú QN3 ' Q Ú QN1 k�p�O(5.

�¬Ý Q �©EÇ��¯K¦ÙØUé�é¡5
r��ä�ÑO(��ìy©,  QN1 O(5$
��ÏÌ�3uÙz��ì�Xê´���, �

ÛÜë�;��!:�N´�£O��ì, ù�¦
� QN1 ��uò¢S��ì©��eZ��ì.

,	, dud¢��ìê8��, ¦� QN2 Ú QN3

£O�ì(���ÉØ²w.

L 1 3 100 ��äþ¢����!:y©�(Ç�

þ�ÚIO�

�ì kout Q QN1 QN2 QN3

�Ó 6 0.99(0.01) 0.99(0.01) 0.99(0.01) 0.99(0.01)

7 0.97(0.02) 0.97(0.02) 0.97(0.02) 0.98(0.02)

8 0.89(0.05) 0.90(0.03) 0.91(0.03) 0.93(0.03)

!:êØÓ 6 0.85(0.04) 0.89(0.04) 0.99(0.01) 0.99(0.01)

7 0.80(0.03) 0.87(0.05) 0.97(0.02) 0.98(0.02)

8 0.74(0.05) 0.82(0.05) 0.93(0.04) 0.93(0.04)

>êØÓ 2 1.00(0.01) 0.98(0.01) 1.00(0.00) 1.00(0.00)

3 0.96(0.03) 0.81(0.06) 1.00(0.01) 1.00(0.00)

4 0.73(0.10) 0.68(0.15) 0.98(0.01) 1.00(0.00)

L 2 3 100 ��äþ¢�����ìê8��(ÇÚþ�

�ì kout Q QN1 QN2 QN3

�Ó 6 1.00(4.00) 0.78(4.91) 1.00(4.00) 1.00(4.00)

7 1.00(4.00) 0.54(5.63) 1.00(4.00) 1.00(4.00)

8 0.70(4.33) 0.00(8.31) 0.82(4.18) 0.95(4.05)

!:êØÓ 6 0.00(4.94) 0.00(7.75) 1.00(2.00) 1.00(2.00)

7 0.00(4.99) 0.00(7.87) 1.00(2.00) 1.00(2.00)

8 0.00(5.29) 0.00(8.12) 0.68(1.70) 0.93(1.93)

>êØÓ 2 0.00(3.12) 0.00(6.41) 1.00(2.00) 1.00(2.00)

3 0.00(4.51) 0.00(6.98) 1.00(2.00) 1.00(2.00)

4 0.00(5.56) 0.00(7.55) 1.00(2.00) 1.00(2.00)

4.2 ÃÃÃIIIÝÝÝ���äää

� 
 � y õ © E Ç � ¬ Ý Ú � Ý � ¬ Ý
3 � 5 � � ä þ � ì ( � & ÿ � O ( 5, ·
�3 Lancichinetti-Fortunato-Radicchi (LFR) ÄO�
ä [35] þ?1¢�. d�ä±;.�ÃIÝ�ä�
Ä:, Ù!:�Ý�Ú�ì5� (!:ê) ÑÑl

�Ç©Ù, ëê©O� γ Ú β. 3�äë>þI�
�½�N�, ¦z�!:��ì	Ü�ë�êÓ
Ù Ý � � ' ~ � µ, � � ì S Ü ë � � ' ~ �
1 − µ. é�þÝ�$�!:, Ju��ÎÜù�
' ~, � I � C u d ' ~ Ò � ± 
. U ì LFR

ÄO�E��ääk²w��ì(�, ��ì
ê8�õ, äk�y�¬Ý5U¤I�(½5Ú
E,5.

�©¢�3 10000 �!:� LFR �äþÐ
m, �ä�²þÝ 〈k〉 = 20, ��Ý kmax = 100,

���ì�!:ê cmax = 1000, ���ì!:
ê cmin = 10, Ý©Ùëê γ = 2, ,ü�ëê©O
ÀJ
ü|êâ, �ì5�ëê β ÀJ
 2 Ú 3,

ë�'~ëê µ ©O´ 0.1 Ú 0.3, ùü|ëêy
½����L
ý�Ü©äk²w�ì(��Ã
IÝ�ä. 3ÿÁ�äþ©Oé Qλ Ú�©�Ñ�
n« QNλ ?1
¢�, ¢�(J�ã 3— ã 6, ã
¥�z�:Ñ´3 100 ��äþO����²þ
ê. �ã�Ñ
��Øy©!:¤Ó�'~� λ

�'X, ã¥��/Ú�/©O�LØÜ¿ÚØ©
�¤éA��Øy©!:�'Ç (e©{¡�Ø
Ü¿ÇÚØ©�Ç). loNþw, 1�«�Ý�¬
Ý QN1λ �Øy©Ç (ØÜ¿Ç�Ø©�Ç�Ú)

�p, þ3 20%±þ, ��X λ �~�, ÙCz'�
²�.  Qλ, QN2λ Ú QN3λ �Cz'�ì�, � λ

� 1 �, ùn«�¬ÝØÜ¿
Nõ¢S�ì, �
Ø©���ì4�; � λ �O� (éu Qλ) ½~
� (éu QN2λ Ú QN3λ) �, ØÜ¿�ì�¹×�
~�, Ø©��ìéA�Ø©�Ç�5�p. I�
�Ñ, ù«Ø©�Ç�Op´Ün�, Ï�Jp©
EÇ7,¦��ìy©�5�[, ò�Zy©¤
éA���ì?�Úy©¤����ì, @oØ
©�´3¤J��. ��Øy©ÇK´I�ï
þ�Ä��I, Ï��Ø©EÇ���N
��
¬Ý¼ê¤éA��Zy©�ì(�� LFR �ä
�©�ì(���É. Äk, lã¥é'��, nö
���Øy©ÇkwÍ�É, Qλ k�p���Ø
y©Ç, þ3 10%±þ; QN2λ �ã���Øy©
Ç3 3%—5%�m; QN3λ ���Øy©Ç��ü
$, þ3 6j±e, �=ÒØÜ¿Ç5w, QN3λ �
ØÜ¿Çw,´¤k�¬Ý¥�$�. d	, ØÜ

148902-5



Ô n Æ � Acta Phys. Sin. Vol. 61, No. 14 (2012) 148902

¿ÚØ©�üaØy©Ó��3�UÜ©��
�, ´ïþõ©EÇ�¬Ý5U`��,���
¡. X J Ø � 3  U Ü ©, Ã ¦ ´ � n � � �
¹, =��
�p���õâÝ�ì(�. l�ã
�é'¥�*	�, ã 4 �UÜ©�)
¤k
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ÚÙU���©Û�L², 3�5��äþ,
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5 ( Ø

�¬Ý´E,�ä¥�ì(�y©�8I¼
ê, �´é�ì(�µd��â. ��2�¦^
� NG �¬Ý Q �3X©EÇ��¯K, ØU£O
�u�½5���ì;  Q �*Ð��õ©EÇ�
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�3�y�, ù¦õ©EÇ�ì(�¤��!. �
©3�ä�Ý�Ä:þ, ± “²w��ì(�A�
3X�ìSÜ�Ý��ì�m�Ý�wÍ�É” �
Ä�g�, JÑ
�Ý�¬Ý¼êÚõ©EÇ�¼

ê, ?�Úén«;.XêÝ
�E��Ý�¬Ý
Ú NG �¬Ý?1
é'©Û, ¿3�Å�äÚÃ
IÝ�äþmÐ
�[¢�, �ª`²
±>'~
XêÝ
/¤�1n«�Ý�¬ÝØ=U
Ly
Ñ�ä¥���ì��p'éÚK�, ��Ù¦
�¬Ý�'U
��ØÜ¿ÇÚ��Øy©Çw
Íü$��ì(�. d	, Ïõ©EÇ�Ý�¬Ý
´d�ä�Ý�E�, 3k��äþ��ä�Ý
�I^>�Ú�OÃ��ä�>ê=�, @o�©
JÑ��¬Ýw,�·^uk��ä.
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Abstract

In reality many complex networks present modules or community structures obviously. Modularity is a benefit function used in

quantifying the quality of a division of a network into communities. And it usually can be used as a basis for optimization methods of

detecting community structure in networks. But the most popular modularity which is proposed by M. E. J. Newman and M. Girvan has

the resolution limit in community detection. Multi-resolution modularity cannot overcome the misclassifications caused by merging

and splitting the communities either. In this paper, we propose a multi-resolution density modularity based on the network density.

The proposed function is tested on the artificial networks. Computational results show that it can reduce the rate of misclassification

considerably. And the systematicness of the community structures can be demonstrated by the multi-resolution density modularity.

Keywords: complex networks, community structure, modularity, network density

PACS: 89.75.Fb, 89.75.Hc

* Project supported by the National Natural Science Foundation of China (Grant Nos. 71071096, 71001068).

† E-mail: z c cn@163.com

148902-9


