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�
éE,�ä!:�Ý?1µ�, �é!:íØ{!!:Â {Ú0ê{�Øv,ÏL½Â!:�ÇÚ!

:�ÝµdÝ
,JÑ
�«|^�ÝµdÝ
5(½E,�ä'�!:��{. T�{nÜ�Ä
!:�

Ç!!:Ý�Ú��!:��Ý�z, ^!:Ý�Ú�Ç�5L�Ùé��!:��Ý�z, Ù`z�{��

mE,Ý� O(Rn2). ¢�©ÛL²T�{�1k�, éu�.E,�ä�±¼�n��O�Uå.
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1 Ú ó

E,�ä´E,XÚ�pÝÄ�, §  kX
�þ�!:, !:�mkXE,�ë�'X. �X
E,�äA5ïÄ��\, XÛ3E,�ä�¸
e�y�ä���5�|¤5®²¤�E,�ä
ïÄ���K [1]. ïÄL², ØÓÿÀ(���
äéØÓ�ª�ôÂäkØÓ�|¤5 [2], 3�
ÅôÂeÃIÝ�ä'�Å�ääk�r�N�
5; �3O¿ôÂe, ÃIÝ�ä%qw�É~y
f. Ïd, éE,�ä!:�Ý�µ�´��é
k¿Â�ó�. d!:�Ýµ�éÑ'�!:,

ÏL:�où
'�!:5Jp���ä��
�5 [3−5]. !:��5�±ÏL!:¥%55
ïþ, ~^�E,�ä¥%5�IkÝ�I!;�
Ý�I!A��þ�I!0ê�IÚ60ê�I
� [6−10]. 0ê�Iq�UéÐ/ïþ!:��
Ý, =²LT!:��á´»�õT!:��,

�Ù�{�mE,Ýp, éu�5��E,�ä¿
Ø·^. �kÆöJÑ
�
#�E,�ä¥%
5�I:©z [11] �âíØA½!:��)¤ä�
êþ5µ�!:��§Ý, ½Â���!:�

íØT!:¦�)¤äê8��; ©z [12] ÏL
½Â�ä�vàÝ,JÑ
�«µ�E,�ä!:
�Ý�!:Â �{, @����!:Ò´ò
T!:Â �¦��ä�vàÝ��;©z [13] �
Ä
�ä¥ØÓ!:m�é�'Xé!:�5
�K�,ÏL½Â!:�5�zÝ
, JÑ
�
«|^!:m'éA5�Ï&�ä!:�5µ
d�{. �´, §�Ñ�3"�. éu!:íØ{,

XJõ�!:�íØÑ¦��äØëÏ, @où

!:��Ý´���, du§vk�Ä��!:
�K�, l¦�µ�(JØ°(. éu!:Â 
{, XJõ�!:Â �¦��ä�ÿÀ(���,

ù
!:�Pk�Ó��§Ý, du§vk�Ä
�äÿÀ�AÏ5, T�{éAÏ!:�5�Ý
þu�Ø
Ak��J, XóG�ä¥�!:. ©
z [13] ¤½Â�!:�5�z��Ý�¤�',

Ý���é��!:��z��, �¢S�ö��
3�å. Äu±þ�Ä, �©�
éE,�ä¥!
:�Ý?1µ�,JÑ
�«|^�ÝµdÝ

5(½E,�ä'�!:��{, T�{nÜ�
Ä
!:3�ä&EDÑL§¥¤å��^!!
:Ý�Ú��!:��Ý�z, U
�Ñ!:í
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Ø{Ú!:Â {�Øv, ¦E,�ä¥!:�
Ý�µd�\O(. �©(�Xe: Äk½Â!:
�ÇÚ!:�ÝµdÝ
, ^!:�Ý�Ú�Ç
�5L�§é��!:��Ý�z; ,��Ñ

'�!:(½�{, ¿éÙ?1
`z; ��ÏL
¢�©Û5�yÙk�5Ú�15.

2 E,�ä'�!:(½

duE,�äÏ~d�þ!:|¤, ¿�!:
�mÏL>?1�p, ?Û!:�íØ½V\Ñ�
U¬K����ä�ëÏ5Ú!:�K1, ù��
´8cõê!:�5µd�{�Ä:, X!:í
Ø{ [11]!0ê{�. Ïd, ?Ûp�ëÏ�!:
mÑ�3�½�!:�5�6'X, ���!
����6'X�3u�� (���ë) !:�
m [13]. Äud«�Ä,©z [13]JÑ
|^!:
�5�z'X5µ�!:�5��{, �´T�
{r!:��Ý²þ©����!:, �¢SA
^ØÎ. 3¢Sö�L§¥, !:��Ý��!
Ý��p, K§é��!:�K�AT��. Äu
d, �©é©z [13]JÑ��{?1?�,JÑ�
«#�|^�ÝµdÝ
5(½E,�ä¥'
�!:��{, nÜ�Ä!:g�3�ä&E6Ï
¥¤å��^Ú��!:éÙ��Ý�z. �©
$^!:�Ç5L�!:3�ä&E6Ï¥¤å
��^, $^!:�Ý�Ú�Ç�5L���!:
��Ý�z. !:�ÇNy
!:3�ä¥��
Û�5, ��!:��Ý�zNy
!:�Û
Ü�5.

2.1 nnnØØØÄÄÄ:::

�ã G =(V , L) ´��Ãg��Ã��ä, Ù
¥ V ={v1, v2, · · · , vn}´�ä¥¤k!:�8Ü;

L={l1, l2, · · · , lm}� L ⊆V × V ´!:m>�8Ü.

½½½ÂÂÂ 1 !:Ý�´��T!:���ë�!
:ê8. 8cÊH@�!:��Ý�ÙÝ�ké
��'X, ¤±, !:�Ý�U���N!:éÙ
��!:�K�å. Ý���, !:éÙ��!:
��Ý�z��.

½½½ÂÂÂ 2 !:ål´�ü!:�m�á´»þ
�>ê, ^ d L«. XJ vi Ú vj �mØ�3´»,

K dij → ∞. �ä¥?¿ü�!:�mål���
���ä��» R.

½½½ÂÂÂ 3 �ä�Ç E ´��ä¥¤k!:é
�mål�ê�Ú�²þ�, §^5L«�ä&E
6Ï�²þJ´§Ý.�ä�Ç�p, �ä&E6
Ï�N´.

E =
1

n(n − 1)

∑
i 6=j

1
dij

, (1)

ª¥, n��ä¥!:ê8, dij �!: i Ú j �m
�ål.

2.2 ���ïïï���ÝÝÝµµµdddÝÝÝ




du�ä´d!:Ú>|¤�Ú��N, !:
��Ý7,�ÉÙ��!:�K�. Xã 1 ¤«,

XJ!: 6 Ú!: 7 �mvkë�, @o!: 7 �
�3é!: 6 ¿vkõ�K�, ��!: 6 Ú!
: 7 �mïáë�, Ò¬¦����ä��Ç!Ý
�!�á´»�A5u)Cz, dd��!:��
ë´�3�Ý�z�; ,��¡, !: 4 Ú!: 7

�,äk�Ó�Ý�, �´§�3�ä¥��§
Ý´Ø���, ÄÙ�Ï´du!:g�3�ä¥
� �Ú��!:�ØÓE¤�. w,, üX/
$^Ý�5ïþ!:��Ý´�3²w"��;

0ê{Ú!:íØ{ [11]Ó���´�Ä
!:�
�Û�5 ( �&E), �Ñ
!:�ÛÜ�
5 (��!:&E). Ïd,�
�Ñù
"�, 3E
,�ä!:�ÝµdL§¥I�nÜ�Ä!:
g�3�ä¥¤? � (�Û�5) Ú��!:
��Ý�z (ÛÜ�5).

ã 1 !:m�Ý�z'Xã

*d�á�!:�mØ�3�Ý�6'X,

��!:m�pë�, Ò�U¬��!:K1Ú
�Ý�Cz, ÏL!:�m�D4, Ò¬/¤��
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�Ý�z'X�ÿÀ, §�(�5gu¢S�ä
�ÿÀ, ´¢S�äÿÀ���N�. du�ä�
��Ý
�N
!:�m������¹, !:
m����Ý�z'X�3u��!:�m,

Ïd!:m��Ý�z'X�±^��Ý
�
N�Ý
5L«, �©òTÝ
½Â�!:�Ý
�zÝ
.

½½½ ÂÂÂ 4 ! :  � Ý � z Ý 
. 3 ! : ê
8� n, ² þ Ý �� 〈k〉 �Ãg �Ã��ä ¥,

e ! : vi � Ý� Di, K vi ò g �  � Ý
� Di/〈k〉2 �z�§�z����!:. ò¤k
!:éÙ��!:��Ý�z'~�^Ý
�
/ªL«Ñ5, Ò/¤
!:�Ý�zÝ
, P
�HIC:

HIC =



1 δ12D2/〈k〉2 · · · δ1nDn/〈k〉2

δ21D1/〈k〉2 1 · · · δ2nDn/〈k〉2
...

... · · ·
...

δn1D1/〈k〉2 δn2D2/〈k〉2 · · · 1


, (2)

Ù¥, δij ��ä��Ý
¥éA���, ¡��z
©�ëê, � vi � vj ���ë���� 1, ÄK�
�� 0; é��þ�êL«!:ég���Ý�
z'~�� 1. l½Â 4 �±wÑ, !:�Ý�z
Ý
 HIC ��ä���Ý
äk�Ó�(�, §
´�ä��Ý
���N�, N�5K� δij −→ δijDj/〈k〉2 i 6= j,

δij −→ 1 i = j,
(3)

§�N�´�ä�Ý�z'X�ÿÀ, ù«(�
U
¿©|^��Ý
�&E, BuO�Å¢y.

HICij L«!: j é!: i ��Ý�z'~�,

§�/ª�©z [13] k¤ØÓ, 8�´�
;�!
:�Ý�²þ©�!�Ñ©z [13] �{�Øv,

¦�Ý����!:éÙ��!:�K���.

�
Ny!:3�ä&EDÑL§¥¤å�
�^, �â�ä�Ç�½Â, �©½Â!: k ��

Ç Ik �

Ik =
1
n

n∑
i=1,i 6=k

1
dki

, (4)

ª¥, n��ä¥!:ê8, dki �!: k Ú i �m
�ål. l Ik �½Â¥�±wÑ, ��!:��Ç
L�
T!:��ä¥Ù¦!:�²þJ´§Ý,

Ny
T!:é�ä&EDÑ¤���z, ¤±!
:�Ç���, L²T!:3�ä&EDÑL§¥
¤? ���, £Ød!:���ä&EDÑ5
Ueü��U5Ò��. ��, !:��Ç3�½
§Ýþ�N
!:��§Ý.

du!:��§Ý�ûuü�Ï�: !:�
 �&EÚ!:���&E. Ïd, �©^Ý5�
ï!:�m��Ý'é, ^!:��Ç5L�!
:� �&E. KÜ!:��Ç�, ¿^!:�
�Ý�z�5�OHIC ¥��Ý�z'~�, Ò
�±��!:�ÝµdÝ
 HE

HE =



I1 δ12D2I2/〈k〉2 · · · δ1nDnIn/〈k〉2

δ21D1I1/〈k〉2 I2 · · · δ2nDnIn/〈k〉2
...

... · · ·
...

δn1D1I1/〈k〉2 δn2D2I2/〈k〉2 · · · In


, (5)

ª¥, HEij L«!: j é!: i ��Ý�z�.

�±wÑ, ��!:éÙ��!:��Ý�z
��!:g���ÇÚÝ�k', !:��Ç��

�!Ý��p, K§é��!:��Ý�z��.

$^!:�ÝµdÝ
 HE, nÜ�Ä!:
g���ÇÚ��!:��Ý�z, �±½Â!
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: i ��Ý Ci:

Ci = Ii ×
n∑

j=1,j 6=i

δijDjIj/〈k〉2, (6)

Ci L«¤k�!: i ���!:�Ý�z��
Ú�!: i �Ç��¦È. l (6) ª�±wÑ, ��
!:��Ý�ûu§g���Ç�!Ý�!�
�!:��Ç�ÚÝ����, §nÜ
!:��
Û�5ÚÛÜ�5, U
Jp!:�Ýµ�
�°Ý, ÎÜ!:�Ýµ��¢SI�.

2.3 '''���!!!:::(((½½½���{{{

nÜ�Ä!:��ÇÚ��!:��Ý�
z, ��uÓ�|^
!:� �&EÚÝ�&E,

$^d�{éE,�ä¥!:�Ý?1µd, �
±¼�'�°(�µd(J. e¡·��Ñµ�!
:�Ý�{ü�{Ú½:

Ñ\: E,�ä��Ý
 A = (αij)n×n

ÑÑ: !: i ��Ý Ci

Begin

1) O � ¤ k ! : é � m � � á å l Ý 
 Dis =

[dij ]//Floyd �{;

2) (½!:�Ý�zÝ
 HIC

For i= 1 to n

(�â A (½!: vi �Ý�ÚÙ��!:; Uì½Â

W\ HIC ¥)

3) (½!:�ÝµdÝ
 HE

For i= 1 to n

(�â Dis (½!: vi ��Ç� Ii; ò HIC 1 i �¥

�êÑ¦± Ii ��HE �1 i �)

4) O�z�!:��Ý

For i= 1 to n

(�â (6) ª, O�z�!:��Ý, ÑÑ Ci)

End

l þ ã � { Ú ½ � ± w Ñ, � � � { � �
m E , Ý � û u ¤ k ! : é � m � á å l Ý

 Dis = [dij ] �O�. du Floyd �{��mE,
5� O(n3), ¤±T�{��mE,5� O(n3). �
é Floyd �{O�!:é�m�áål�A:, �
©�
ü$Ù�mE,5, �±éÙ?1`z. d
u Floyd �{3O��áålÝ
 Dis = [dij ] L
§¥, I�é��Ý
 A ?1 n g¦� (=?1 n

gÌ�), �´��ä¥¤k!:é�m��áål

Ñ®²é��, ·�Ò¬uy Dis = [dij ] 3�Y
Ì�L§¥�±ØC. Ïd, 3¦) Dis = [dij ] L
§¥, XJ_8/?1 n gÌ�, ³7¬E¤O�
]�L¤!Jp�{��mE,Ý. Äud, �
©3$^ Floyd �{O� Dis = [dij ] L§¥, Ï
L��I£Ý
5�ä!:é�m��áål´
Ä®²é�, ��é�BaÑÌ�, l~�§S
$1��m,Jp�{��Ç. �â�ÅÝ
nØ,

·��±��?¿!:é�m��áålÑ�±
ÏL��Ý
 A = (αij)n×n �¦�5¦�. e!
:é�m��áålÑ®²(½, ¿�X�ä¥!
:é�mål���� (�ä��» R) �®²(
½. dd��, ²L`z��©�{��mE,5
C� O(Rn2). ��ääk�.A5, ��´�
» R ¿ n �, �{��mE,Ý�±�� O(n2),

é�5�E,�ä!:�Ý�µd�±¼�n
��O�Uå.

3 ¢�©Û

3.1 ���{{{kkk���555©©©ÛÛÛ

Xã 1 ¤«,�ä¥k 8 �!:!8^>, w,
!:�ë�Ý�ØUéÐ/ïþ!:��Ý, X
!: v3, v5, v6 �ë�ÝÑ� 3, �§���Ýw
,ØÓ; éu!: v4 �,§�Ý�� 2, �§%?
3�ä&EDÑ�'� �, §��ÝATé�.

æ^©z [11]JÑ�!:íØ{éã 1 ¥!:�
�Ý?1µd, du!: v3, v4, v5, v6 �íØÑ
¬¦��äØ2ëÏ, =ù
!:íØ�)¤äê
8Ñ� 0, l�ÝÑ� 1, �l�*þ�ä§�
�m��§Ý´k�É�. æ^©z [12]JÑ�
�{, é!: v5, v6 ?1!:Â ö�, du v5, v6

ÿÀ(��AÏ5, §�Â ��äÿÀ(��Ó,

¦�T�{ØU«©§��m��§Ý. dd�
�, §�Ñ�3�½�"�. ÄÙ�Ï, ´duù

�{Ñ��Ä
!:g�3�ä¥� �, vk
�Ä��!:��Ý�z. ¦+0ê{U
éÐ
/Ny!:3&EDÑL§¥¤å��^, �´T
�{�mE,Ýp, ¿�éu�
AÏ�!:�u
�Ø
Ak��^, X v4, v5. �©¤JÑ��{
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K;�
ù«�¹�u), §nÜ�Ä
!:3�
ä¥��Û�5ÚÛÜ�5, Ø=Ny
!:
g���ÝÚÝ�, �Ny
��!:�K�.

$^T�{é!:�Ý?1µ�, �±wÍ/«
©�!:�m��§Ý, U
Jp!:�Ýµ
��°Ý, äNµ�(JXL 1 ¤«.

lL 1 �±wÑ, $^�©¤J�{é{ü�
ä!:�Ý�µd�±���½��J, U
é
Ð/«©�!:�m��§Ý, k�;�
Ý�
{!!:íØ{!!:Â {�Øv. �
?�Ú
`²�©�{�k�5, �©|^ã 2 é¤J�{
?1©Û.ã 2 ´{I� ARPA (Advanced Research

Project Agency)�äÿÀ, §d 21 �!:Ú 23^
ó´|¤. ARPA ÿÀ´8c©Û�ä!:�
5�ÊH¦^�Z��äÿÀ, Ù�ä²þÝ�
3 2—3 �m, �Ü©!:�Ý�� 2.

L 1 !:�Ýµ�(J

!: ë�Ý 0ê{ !:íØ{ !:Â { �©�{

v1 1 0 0 0.188 0.157

v2 1 0 0 0.188 0.157

v3 3 0.393 1 0.594 0.254

v4 2 0.429 1 0.473 0.461

v5 3 0.429 1 0.544 0.535

v6 3 0.214 1 0.544 0.417

v7 2 0 0.667 0.351 0.404

v8 1 0 0 0.205 0.152

ã 2 ARPA�äÿÀ

L 2 ´$^�©¤J�{±9©z [11] Ú©
z [13] ¤ã�{éã 2 ¥!:�Ý?1µ��
(J. 3 «�{�Ñ�!:�Ýµ�(Jk¤�

É, �Ï´��{�ä�ý:ØÓ. �©�{µ
d��â´�!:é�ä&EDÑ��z; ©
z [11] Ú©z [13] ©O�â�´!:��äJø
�á�^´d�UåÚ£Ø!:��ä)¤äê
8�Cz. $^�©�{�±�Ñ ARPA�ä¥�
��!:´ v2.

lL 2 ��±wÑ,©z [11] !:íØ{@�
!: v7 � v11 ��Ý´�Ó�, �â�©�
�{, ù 5 �!:��§Ý´k«O�, ù�:
�©z [13] �(Ø��, `²�©¤J�{´k�
�, §é�ä!:�Ý�µ�äk�p�°Ý,

§UwÍ/«©E,�ä¥AÏ!:m��Ý
�É.

L 2 ARPA�ä!:�Ýµ�(J

!: �©�{ ©z [11] ©z [13]

v1 0.1528 0.6262 0.0355

v2 0.2987 0.9721 0.1770

v3 0.2984 0.9930 0.4526

v4 0.1562 0.8387 0.2948

v5 0.1090 0.8387 0.2776

v6 0.1261 0.983 6 0.329 4

v7 0.0935 0.8797 0.1899

v8 0.0634 0.8797 0.1458

v9 0.0624 0.8797 0.1399

v10 0.0680 0.8797 0.1921

v11 0.1062 0.8797 0.2684

v12 0.1815 0.9780 0.4393

v13 0.1839 0.8051 0.2466

v14 0.2369 0.9864 0.2625

v15 0.2522 0.8787 0.1018

v16 0.1978 0.6639 0.0708

v17 0.2214 0.6977 0.1530

v18 0.1970 0.7701 0.2383

v19 0.1845 0.9671 0.3630

v20 0.1115 0.8279 0.1734

v21 0.1023 0.8279 0.1627

3.2 ���{{{���ÇÇÇ©©©ÛÛÛ

©O$^�©�{!�©`z�{!0ê{
Ú©z [11] ¥�!:íØ{3 Intel Core 2 Duo

2.66 GHz�Åþ$1 MATLAB §SéØÓ5��
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ã 3 ØÓ!:ê8�ä¥�$1�m

�Å�ä (ER �., ë�VÇ p = 0.3) ?1!:
�Ýµ�, $1�m (õg��²þ�) Xã 3 ¤«.

lã¥�±wÑ, �!:ê8�õ�, �©�{�
²w`u!:íØ{Ú0ê{, µ� 100 �!:�
�ÝØ�L 1 s. du ER �Å�ääk����

ä�», Ïd²L`z���©�{, ÙO�Uå
�`, µ� 1000 �!:��Ý�Ø�L 30 s. ù
`²�©JÑ�!:�Ýµd�{´k��, é
u�.E,�ä�±¼�n��O�Uå.

4 ( Ø

�é!:íØ{!!:Â {Ú0ê{�Ø
v, �©nÜ�Ä!:�Ç!!:Ý�Ú��!:
��Ý�z, ^!:�Ç5L�!:��Û�
5, ^��!:��Ý�z5L�!:�ÛÜ
�5. ÏL�E!:�ÝµdÝ
,JÑ
�«
|^�ÝµdÝ
5(½E,�ä¥'�!:
��{, ¿�Ñ
Ù`z�{, T�{��mE,
Ý� O(Rn2). ���¢�©ÛL², T�{�1k
�, §U
Ny!:�m��5�É, U
¦!
:�5�µd�\O(, §·^u�5�E,�
ä¥'�!:�(½.
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Abstract

In order to evaluate the node importance in complex network, considering the disadvantages of node deletion method, node

contraction method and betweenness method, through defining the node efficiency and the node importance evaluation matrix, a method

to find the vital node in complex networks is proposed by using the node importance evaluation matrix. Considered in this method

are the node efficiency, node degree and adjacent node importance contributions, and used adjacent node degree and efficiency value

to characterize the contribution of their importance. Finally, an optimized algorithm whose time complexity was O(Rn2) is provided.

Experiments show that this method is effective and feasible, and it is applicable to large scale complex networks.

Keywords: complex network, vital node, node efficiency, importance contribution
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