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1 Ú ó

IS	��Æ�+��Æöé�ó��Âï
Äl�mäL, ¦+�ó�½Â�8EkéõØÓ
�`{ [1,2], �´�âïÄöé�óVg�n), �
±ò�óV)�´|^�«±�DÂ�!�ú¯
a,��¯Ô!¯�½¯K��²y¢��ã½
�º. �âþã½Â, �óvkýb�©, Ï��ó
´�²y¢�&E, ¤±Ã{(½�ó�ýb.

X83����ä×�uÐ, 3I	, k�
.����¬5�äÑÖ (social network service,
SNS)——Facebook, 3IS, k<<�!m%��
Jø SNS ÑÖ��Õ. ~X, �� 2011 c 2 �, 5
g<<��ÚOêiw«<<��^rêþoO
®²�L 1.2 ·. SNS�Õ�<�3�ä�mpï
áÚ�±��'XJø
²�, ù
��'XQ´
y¢)¹¥<����ä��N, �´@
Pk�
Ó,�ÚOÐ�J[+N��N. <��±3��
�äþV\Ðl¿�¦�ux�E, �#gC�G
�ÓÐl©�F~)¹¥�[!. 3���ä¥©

�!ux!�Â&E�Ó�, Ø�;�/¬Ñy�

�¿�E——�ó�DÂ. ¯¢þ, SNS �Õé
<�cÙ´c�<�¿�!ÌÜ!�äåkã�
�K��^. �3ù
3����ä¥, �Ü©
^rÑ´�£©f (�cÆ)), ¦���¿�&g
C3�ä¥¤w��, Ø´DÚ�xN [3]. ù

�£©f´�¬M#�Ø%åþ, XJë¦�Ñl
¿/ÑÂ�ó!�&�ó, �JòØs��. Xc
ØÈu)� “9�±�ØË�” ���I� íø
�, �N
<��~kS�F~)¹. Ïd, é3�
���ä¥�óDÂ�.±9��üÑ?1ïÄ
äk�~��y¢¿Â.

±c��óDÂ�.�Ñ´ò^r�G�©
�na: èxö!DÂö!�¼ö, X©z [4] ¥
Äu3����ä�&EDÂ�., ØU��L�
ý¢3����Õ¥^r�G�. ©z [5] Ì�ï
Ä�.�äþ�&EDÂ, ò�NG�©�oa:
Ø��!��!(@Ú��, ��.�ä�3�
���ä3&EDÂ�ªþk���«O. �©/
�k;¾dÏÏ�D/¾ÄåÆ�. [6],JÑ
Ä
u3����ä��óDÂ SEIR �., �Ä�¼
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ö�c�G�e´dÏ�ò¬Ï��DÂ!:�
õg�>C�DÂ�. T�.U
�Ð/�x�
ó3���ä¥�DÂüzL§,�?�ÚïÄ�
óDÂ��¼üÑC½
Ä:. 8c3E,�ä¥
kéõ�¼üÑ�)8I�¼üÑ [7]!Ù<�¼
üÑ [8]!U?Ù<�¼üÑ [9]!nÜ�¼üÑ [10]

�. Ù¥U?Ù<�¼ÚnÜ�¼üÑþ�6�{
¥���K� kcut, �K����éu�¼��J
ké��K�. �©3Ù<�¼Ú8I�¼�Ä:
þ(ÜE,�ä¥!:�Ýµ��!:Â �
{ [11,12],JÑ�«p��Ù<�¼üÑ. e¡Äk
¦^ý¢3����ä Facebook �êâ8�¤�
�äã���óDÂ�.ã, �ý�ó3���ä
þ�DÂüzL§; ,�©ÛØÓa.!:3�ó
DÂL§¥�1�5Æ; ��, 3þã���ä¥
A^�©JÑ��Ù<�¼üÑ, *	²L�¼
���óDÂ�J, ¿�Ù¦�¼üÑ?1'�©
Û.

2 SEIR �.

2.1 DÂÅn��.

3 SNS�ä¥, ÐluÙ�E!©�G��þ
¬3ÙÐl�#m¯¥ÓÚw«, �Ò¿�X��
<ÑÙ��ó¬±�½�VÇ�ÙÐlw�¿±
�½�VÇ©�=DÂ. Ó�, eÙÐléÙSN
Øa,�½Ø�&KØ¬DÂ, �´�TÐlw�
#m¯¥T�óÑy�gê���½êþ�, TÐ
l�¬±�½�VÇ'5ù^�ó¿DÂ. 3�©
¥, �Ä����¹´: ©�L�ó�DÂöØ¬
2DÂ�ó.

�ó3<S'X�ä¥�ÑÙ�¾ÓDÂÚ
*Ñé�q [13]. Ïd�â¾Ó3�ä¥�DÂ5
Æ, ±9(Üý¢���ä¥^ré��ó��Ý,
·�r���ä¥�!:©�oa: èx!:!d
Ï!:!DÂ!:!�¼!:. èx!:L«T!
:^r#m¯¥�QÑyL�ó, =kVÇÂ��
ó. dÏ!:L«T^r�#m¯¥ÑyL�ó,
du#m¯¥�G�Øä�#, ^rØ�½w�T
�ó. DÂ!:L«dÏ!:^rÀ½�&

5g�Ø!:ÑÙ��ó, ¿äkDÂT�ó�U
å. �¼!:L«dÏ!:¥é�óvk,�½Ø
�&�ó�!:, ½´®²DÂL�ó�DÂ!:.

�Ä�¼!:�c�G�, e´dÏ!:, Kk�
U¬Ï��>DÂ!:�gê���½êþl
é�ó�),�½�&�ó, U±�½�VÇC
¤DÂ!:. �äã¥!:3èxG� S!dÏG
� E!DÂG� I Ú�¼G� R �m�=£�Ì
±eDÂ5K:

1) XJ��èx!:���DÂ!:�>, K
èx!:¬±VÇ 1 ¤�dÏ!:, Ù¥èx!:
�DÂ!:��>Ç� p1 däN�ä�.�ÿÀ
(�½;

2) dÏ!:¬±�½�VÇ p2 C¤DÂ!:,
±VÇ p3 C¤�¼!:;

3) DÂ!:DÂ�g±�, ±VÇ 1 C¤�¼
!:;

4) c�G�´dÏ!:��¼!:Ø¬[È
�¼e�, ¬±�½�VÇ p4 C¤DÂ!:.

Ïd3����ä¥��óDÂ�.�±^
Ø^a.!:�G�=£ãL«, Xã 1 ¤«.

ã 1 SEIR �.!:G�=£ã

�éþã3����ä¥��óDÂG�=
£ã, ò t ��3����ä¥�^rê©�èx
ö S(t)!dÏö E(t)!DÂö I(t)!�¼ö R(t).
o^rêþ� N , Kk N = S(t) + E(t) + I(t) +
R(t). SEIR �.�±^e��©�§|£ã

dS(t)
dt

= −p1S(t)I(t),

dE(t)
dt

= p1S(t)I(t) − (p2 + p3)E(t),

dI(t)
dt

= p2E(t) + p4R(t) − I(t),

dR(t)
dt

= p3E(t) + I(t) − p4R(t).

(1)

(1) ª¥1��ªfL«èx!:�CzÇ;
1��ªfL«dÏ!:�CzÇ; 1n�ªfL
«DÂ!:�CzÇ; 1o�ªfL«�¼!:�
CzÇ.

2.2 �.�ý�©Û

3þãïá�Äu3����ä��óD
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Â SEIR �.¥, Ú\ 4 �ëê, p1��mäN��
ä�., èx!:�DÂ!:�ë�VÇ=�>Ç.
p2 �dÏ!:C�DÂ!:�DÂÇ, p3 �dÏ
!:C��¼!:��¼Ç, p4 �c�G�´dÏ
!:��¼!:, dué�ó�),�½�&�ó
C�DÂ!:�'5Ç. e¡ò�ÑÄu3��
��ä¥��óDÂ SEIR �.��ý(J, ¿?
�Ú3 Facebook þA^JÑ��óDÂ5K�ý
�óDÂ�üzL§, ©ÛØÓa.!:3�óD
ÂüzL§¥�1�5Æ.

ã 2 �Ñ
 S(t)/N , E(t)/N , I(t)/N Ú R(t)/N
��m t Cz��. �ý�¤^�ëê�: N =
769, p1 = 0.01, p2 = 0.2, p3 = 0.05, p4 = 0.002. b
�Ð©G�e�k��DÂ!:, = S0 = N − 1,
E0 = 0, I0 = 1, R0 = 0. lã 2 �±wÑ, du�
Ä�ý¢3����ä¥�ó�DÂö�¬©�
�g¹kT�ó�G�, =ò�ó�DÂ�g�¦
�¤k�Ø!:. DÂL�ó�<á�C��¼ö
Ø2©�¹kT�ó�G�, =Ø2DÂ�ó. 2
ö, '5Ç p4 �udÏ!:��¼Ç p3, ¤±�
X�m t ªu 40, ¤k�!:�ªÑ=z��¼G
�. �ó�¡ÈDÂ��u)3 t� 10 �m��
mã.

ã 2 �óDÂ�.�ý(J

3 ê��[

3.1 êâ8£ã

À�8c�61� Facebook ^rêâ&E�
��Ø©¢��ý�êâ, òT�äþ�5þ^r
��!:, du^r�m�Ðl'X´�p�, �
�±òÐl'XL«�ë�ü!:�>. ¦^þã

êâ8�±�ï��^u�[�óDÂL§�3
����ä, ���ä´Ã�Ã�ã G(V,E). Ù
¥ V L«ã�!:= Facebook ^r± 1 � 769 ?
Ò, E ¥z^>Ñk V ¥�é!:��éA, L«
?ü�^r�m�'X, 1 L«üö´Ðl'X, 0
L«üöØ´Ðl'X.Ó�, |^ NW �.�
ä [14]!BA�ä [15] ±9�ÚªO��ä�. [16]

�E�{©O)¤��¹k 769 �!:� NW �
.�ä!BA �äÚ TSGN �ä. ��ä�ÿ
À(�A5ëê�L 1, ��ä�Ý©ÙXã 3
¤«.

(ÜL 1 Úã 3 �±wÑ NW �.�ää
k�p�àaXê, �´¤k!:�ÝÑCq��,
áuþ!�ä, �3����ä¥*lõ2�<
äk�Ðl�é�õ�¯¢�gñ. BA�ä�Ä

¢S���ä�O�A5Ú`kë�A5, �´
àaXê��ØÎÜý¢���ä¥ “Ô±aà,
<±+©” �A5. TSGN�ääk���ä�n
�ÿÀA5: �ÆÝ©Ù!�²þålÚ�àaX
ê, �´Ý�'Xê [17,18] ´��, ù�3����
ä  ´É��(Ø���. Ïd± Facebook ê
â8�ï��ä´ý¢3����ä��N, äk
3����ä�A5, U
���ý�óDÂüC
L§�.ã.

3.2 �ý(J

��yJÑ� SEIR �., �âJÑ��óD
Â5K, �[�ó3ý¢3����ä¥DÂ�ü
zL§. ¦^ Facebook ^rêâ8�¤��äã
���óDÂ�.ã, �uL 1 ¥ Facebook �ä
ã�²þÝ� 43.3186, Ð©G�´À��ä¥�
��Ý� 43 �!:��DÂ!:, Ù{!:�Ü
�èx!:. �Ä�äNý¢3����äÿÀ
(�¥èx!:�DÂ!:�ë�Ä´®��, Ï
d p1 = 1, Ù{ëê���Ó�.¥��, S�g
ê T = 100, E�ý¢�gê n = 50. ã 4��
[�ó3ý¢3����ä Facebook ¥DÂ�,�
ä¥èx!:!dÏ!:!DÂ!:Ú�¼!:
��Ý�X�m�üz�¹.

lã 4 �±wÑ: ØÓa.�!:��m�C
z�¹=�ó3�ä¥�DÂüzL§�ã 2 ¥
�óDÂ�.��ý(JÄ���. �ó�¡ÈD
Âu)3 t� 7 �m��mã, '�.��ý(J
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Jc
, Ì�´À��Ð©DÂ!:�Ý �±
9�.��ý(J=ÄåÆüz�§|�)�ë
ê p1 ��½k'¤�. �?�Ú3Ó�^�e�
y SEIR �.��(5, ò�.¥� p1 ëê�� 1,
=L«�ä¥?¿ü�:�mÑk>���ë, ¿
��ÀJ?¿ü:Ñ�ë��ÛÍÜ�ä���

x�óDÂüzL§�.ã, Ù{ëê��Ñ��.
��üö�ý(J���Ó, `² p1 ´�äN�
�äÿÀ(��éA�ëê, � SEIR �.±9�
©JÑ��óDÂ5Kþ´�(�. Ïd�±(½
þãÄu3����ä� SEIR �.U
ý¢�N
3����ä�DÂA5.

L 1 ��ä�A5ëê

�äa. !:ê >ê ²þ´» àaXê ²þÝ Ý�'Xê

NW 769 150967 1.4888 0.51113 392.632 –0.0041012

BA 769 2283 3.4106 0.037649 5.9376 –0.072538

TSGN 769 4505 3.0114 0.19804 11.7165 0.13152

Facebook 769 16656 �ëÏã 0.20208 43.3186 –0.065273

ã 3 �ä�.�Ý©Ù P (K) (N = 769)

èx!: S(t) l�m©�X�ä¥DÂ!
: I(t) ÚdÏ!: E(t) êþ�4O×�P~U
~�P~�ÝÅìª�u". DÂ!: I(t) �
dÏ!: E(t) 3Ð©�ãO���×�, ���
����Åì~���ª�u". �¼!: R(t)
ÐÏ�XDÂ!: I(t) ÚdÏ!: E(t) \�O�
�Ó��×�O�, �����úO�ª�u N .
� t ª�u 40 �, DÂL§®²��²G�, �

a!:�êþØ¬2u)Cz. DÂ!: I(t) �ê
þ�������^rêþ� 13%. `²3ý¢3
����ä¥, uÙ!©��ó�^rêþ´é�
�, �ó�ªU
DÂm´du���¥p�àa
Xê¦��>�ó�dÏöêþCõ. du�ó´
�²y¢��E, Ïd&Eþ�, ÐÏ¬3á�m
SÏL���ä¥<�<�m�Ðl'X×�D
Â. �ã�m��>��ó�^rêþ�����,
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U�X^ré�ó�Åì@£
)½�?9x
N�8�¦<�é�ó��,�, ~�DÂ��Ý.
��DÂ�óÚÉ��óK��dÏöìì��,
¤k^r�C¤�ó��¼ö.

ã 4 ØÓ!:�Ý�X�m�Cz�

b�Ð©DÂ!:À^�ä¥!:Ý��Ú
���!:, ©O���Ý 248 Ú��Ý 1 ùü«
�¹. K3����ä¥�óDÂ�K��±^D
Â!: I(t) ÚdÏ!: E(t) �ÚÓoêþ N �
'� (I(t) + E(t))/N �X�m�Cz�¹5L«,
Xã 5 ¤«.

ã 5 Ð©DÂ!:�Ý©O���Ú����¹e�ó�D
ÂK�

lã 5 ¥�±wÑ,ÃØÐ©DÂ!:Ýõ�,
=¦Ð©!:Ý� 1, �ó�U3�ä¥DÂ, �±
a/� 32%�^r, =�ó3pÝëÏ�3���
�ä¥DÂ��.�A��". �Ð©DÂ!:�
Ý���, �ó3�ä¥�DÂ�Ý�¯, �±a
/�^rêþ�� 72%, � (I(t) + E(t))/N ���
����m�¯, ��3 t� 5 �m��mã. Ï
d�ó�DÂé���ä¥^r�K�ØN��.

e¡�©òé3����ä¥�Ü©!:?
1�¼,&¢U
k����óDÂ��¼üÑ.

4 �ó³�üÑ

�©(Üý¢3����ä�ÿÀ(�A5
±9E,�ä¥!:�Ýµ��!:Â �{,
�ÄÃ�Ã�3����äã G, z^>�Lå
l 1, òlÐ©!: i ��ª!: k ?18I�¼
�!:�êP� d, L�3����ä����§
Ý.JÑ³�3����ä¥�óDÂ��Ù<
�¼üÑXe:

1) �ÅÀ�3����ä¥���èx^r
!: Si, �Ð� d = 0;

2) �ä d ´Ä�u 0, XJ d �u 0 ¤á, Kl
1 3 Úm©�1, ÄKl1 5 Úm©�1;

3) �ä^r Si �Ðl¤|¤�f� Gi ´Ä
�ëÏã, e Gi ´ëÏã, KO� Gi ¥¤k^r
!:��Ý��, ÄKO� Gi ¥!:�Ý, Ù
¥ i ∈ {1, 2, 3, · · · , N}, Gi ⊂ G, G �3����
ä Facebook ��äã;

4) òÚ½ 3 ¥O�Ñ�f� Gi ¥�Ý��
½ (Gi ��ëÏã) Ý���^r!: Sj P� Si,
eê| SS ¥®²¹kT!:, KÀJ�ÝÙg
½ÝÙg��!:P� Si, j ∈ Gi;

5) d = d + 1 é Si !:?18I�¼, ò Si �
���¼!:ê| SS ¥, 2$1�óDÂ�üz
§S, E1 2 Ú�1 5 Ú, ���óDÂ��n
��³��J, ÑÑd� d ��.

3���ä Facebook ¥, é©O¢�
8I�
¼!Ù<�¼Ú�Ù<�¼üÑ���óDÂ
L§?1�ý, ¿ò�ý(J (=¢��¼üÑ�
��óDÂ�J) ��¼c��óDÂ�J�'�.
é�ä¥dÏ!: E(t) �DÂ!: I(t) oþ�C
z�¹?1ÚO, TÚOþL��ó3�ä¥�D
Â�J=K����, Xã 6 ¤«. ��¼üÑ¥
�¼!:�êþþ� 70, =���ä�� 9%�!
:ê��¼.

lã 6 ¥�±wÑ: DÂ!: I(t) ÚdÏ!
: E(t) �êþÚ�������m��¼c¢�

, �����é�¼cC�
. Ù<�¼´l
�ÅÀÑ�!:¥2�ÅÀJ���Ø!:?1
�¼,�¿©|^3����ä¥<S'X�§
ÝØÓ�A:, �¼�JÚ�Ù<�¼�'k�
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ã 6 ØÓ�¼üÑ��J

½��å. �Ù<�¼�8I�¼��ý(JA
��Ó. 8I�¼üÑI��[
)�ä�ÿÀ(
�, �Ù<�¼üÑ´l�ä¥�Å/À��
�!:m©, Åì2ÀÑT!:¤3�f�¥�
��!:, U�g eS�, �������ó
DÂ�8���, ééÑ� d �!:?18I�¼.
3ý¢3����ä¥, ?Û��^r`�Ðl�
L¥Ñk���� (=<S'X2) �*l¯, U
2éÑ*l¯�Ðl¥���*lZ. ù�·
�¢S)¹¥��¹Ä�ÎÜ, �´���ä¤A
k����A5. du���ä¥z ^r�Ð
lêþ�é���ä�^rê´4Ù��, KÏé
,�^r����*l�O�þ�Òé�, 8
I�¼éÏ���ä¥��Ý�!:�O�þ�
��. Ïd, �Ù<�¼üÑ�8I�¼üÑ�
'��\k�. 3y¢)¹¥, Ø+´X, *l¥o
k “�¬K�å” ��<,   äk�� “�¬K
�å” �<!�?½xNuL�*:U
3�ä¥
×�DÂ, E¤����¬K�. ù
äk�� “�
¬K�å” �<3���ä¥�´�Ý��!
:, Ïdé¦�ó1¥�
��¯¢½�²y¢�

�ó?1�é5�¶-, ½ö|^kK�å��?
½xN?1�é5�8�, kÏu)û³����
¥�óDÂ�¯K.

5 ( Ø

�©ïÄ
3����ä¥��óDÂ�³
�, ©OJÑ
ÎÜ3����ä¥�óDÂA5
� SEIR �.±9³��óDÂ��Ù<�¼ü
Ñ. 3d3����ä Facebook �êâ8�ï��
äã¥�ý�óDÂ�L§, ©Û
�óDÂL§
¥èx!:!dÏ!:!DÂ!:!�¼!:�
Cz�¹, �y
 SEIR �.(¢U
L�3��
��äþ�DÂ1�, ���ó3ý¢3����
ä¥���±a/� 72%�^r�(Ø. �Ù<
�¼üÑ|^E,�ä¥!:�Ýµ���{,
éÏ^rÐl¥�Ý��Ù<, ¿éÙ?18I
�¼, k�/��
�ä¥�óDÂ�K�, �Ù
¦�¼üÑ²w�\k�.

�ý(JL²: SEIR �.ÎÜý¢3���
�ä�DÂA5, ��Ù<�¼üÑ3ØI��
��ä�Û(�±9 ~O�þ�Ó�U
��
8I�¼��¼�J, k�/³��ó�DÂ, �
áu�«p��Ù<�¼üÑ. �©�ó�´3l
ý¢���ä Facebook ¥J��Ü©êâ8�ï
��äþ�ý�óDÂ�üzL§, �JÑ�³�
�óDÂ��¼üÑØI��Ä�ä�ÿÀ(�
A5. ¯¢þ, ý¢3����ä�ÿÀ(��ä
k²w��«5Úg�q5, ØÓ�ä�.LyÑ
�ÿÀ(�A5�´K��óDÂ��Ï�. Ï
d, �ï�)þãA��3����ä�.±9J
Ñ�éØÓ��äÿÀ(�A5��ó�¼üÑ
´8��ïÄ��.
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Abstract

In this paper, a new rumor spreading SEIR model is proposed with considering both the spreading characteristics of rumors in

the real online social network and the epidemic dynamics models with latency. First, the dynamical evolution equations based on

the SEIR model are established. Then an efficient immunization strategy—important acquaintance immunization strategy, is given

for the inhibition of rumor spreading. Finally, based on the user datasets of Facebook, the SEIR model and its dynamical evolution

equations with various immunization strategies including important acquaintance immunization strategy are utilized in the computer

simulation for the evolution process of rumor spreading before and after immunization. Simulation results show that SEIR model

conforms to propagation characteristics of the real online social network, and the important acquaintance immunization strategy is an

optimal scheme to solve the inhibition of rumor spreading in the online social network.

Keywords: online social network, rumor spreading, SEIR model, important acquaintance immunization strategy
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