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Rumor propagation model based on complex network
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Abstract The psychological mechanism and intervening strategies of rumor propagation were analyzed

firstly. Using mean field approximation, we gave a new model in which rumor attribute was considered.

By introducing strictly first order stochastic dominance and strictly second order stochastic dominance, we

analyzed the relationships among rumor attribute, intervening intensity, network structure and diffusion

effect, then derived and proofed four propositions that were very useful for us to explore rumor propagation.

Finally, some propositions were verified by computer simulation.
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!). _:Æ��]�I?Vf�� �2�, �h ���+C"�, �8:Æ�K
X�+C�%/TF
"���=J��%, Vf!cYVW�(2��. � `�!", )��AUi:
>? 1 ����	''���E�, ��E�	+<;9e��
&�: !_���adj@9e. Z

Z�����	�%, )
>D
�&b: ��ÆB", ��VW".
>? 2 �$�	��'!(!��������F[��.
>? 3 ��<VW��[e�(2��	%-���7��cd�%��=�-QA%E�Æ�
).
>? 4 ��8E	$��J, Ui��<(2��f	�VW��	%-?�G�-QA%
).
��!FJ9e��, �A
>P%�!��'!?\ '$. Ui��](?aÆ,eN = 1, 2, · · · , n,

9e^g
e��	'!. k�� i �
 k �cd, K�� i 	%� k. ������������F, ��
��	D?&K�)f. Ui θ 9e��(2��	%-, � 0 ≤ θ ≤ 1; d 9e��897�, !?'$�
�89�:h�
�Rf�\g�N�, � d ≥ 0; v 9e=������	-+A%, � v ∈ (0, 1]. ��U
i 3 "�IhF@8FJ i <VW��[e�(2��	%-� v · (kiθ + d), �%-& v · (kiθ + d) -4
ki 	)��)�. � v · (kiθ + d) �� 1 F, )��ÆB��	%-&]� 1. ��Ui 4 "�IhF@8
FJ i <(2��f	�VW��	%-� δ, !� δ 9eG�-+)0A%� δ ∈ (0, 1].
3.2 @AB]CD

?C;��, �_AM���	�!��i���. 6����_��<`�
i	����	!"[
;���ai!", ��+���
���	����
���. ���'! N 0��, '!��,��-
#
�F, ����!"%���?C;��?��'$ [11−12]. e P (k) 9e%� k 	���
>�^	

Dg, ��%
�, !�, 0 < k < n. e ρ(k) 9e%� k ��	%-, !� < k >=
∑
k

kP (k) �'!	?C

%. K��(2��	%-9e�:

θ =

∑
k

ρ(k)P (k)k

< k >
(1)

��j���'!(!, ������%�G���hb�k��. �?C;$�JNA, %� k FJ

(2��Dg	];��%9e�:

∂ρ(k)
∂t

= v(1 − ρ(k))(θk + d)− ρ(k)δ (2)

< (2) c�%9e��<�2��[e�(2��	Dg, cd%9e<(2��f	��2��	D
g. �� ∂ρ(k)/∂t = 0 F, ��e%�"�����Cl_�A%� k 	��(2��Dg:

ρ(k) =
λ(θk + d)

1 + λ(θk + d)
(3)

!� λ = ν/δ, %�!?9e=G@�-+)0	�>A%. λ `�, 9e=�-+)0A%��, λ `1, 9
eG�-`)0A%��. ) (3) <�+� (1) <�, ��e"�:

θ =
1

< k >

∑

k

λkP (k)(θk + d)
1 + λ(θk + d)

(4)

< (4)'$ ������f�ClF��(2��	%- θ i0	JN, ��BC
>(2��Dg
ρ �
����)�. A�F)K! (4) <?
��#H���������7��=G@�-+)0�'
!(!���"���	@	)�.

4 ��89EFG"#

4.1 @AHIJKLM
�� (3) <, 9A"�, d = 0, θ = 0 �������Cl_�	�. 
�, ���:m7�!�Cl_

�l? ��7��ci0gA��l? � ���������g%, e θ̄, ρ̄(k), ρ̄ 
K!?9e��f�

Cl_�F��(2��
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1) ����7� d > 0, �A��������?
��ClJ� θ̄ > 0;

2) ����7� d = 0 �=G@�-+)0�>A% λ ≤ EP (d)
EP (d2) , �A������?
��ClJ

� θ̄ = 0;

3) ����7� d = 0 �=G@�-+)0�>A% λ > EP (d)
EP (d2) , �A��������
&�Cl

J��� 0, ��� θ̄ > 0.
PQ $0e

HP (θ) =
∑

k

λkP (k)(θk + d)
< k > (1 + λ(θk + d))

(5)

���h�� H ′
P (θ) = ∂HP

∂θ =
∑
k

λk2P (k)
<k>(1+λ(kθ+d))2 > 0, T HP (θ) �)� θ 	)* , $Æ H ′′

P (θ) =

∂2HP

∂2θ = −∑
k

2λ2k3P (k)
<k>(1+λ(kθ+d))3 > 0, T HP (θ) �)� θ 	i* .

����, HP (1) =
∑
k

kP (k)(k+d)
<k>(1/λ+(k+d)) <

∑
k

kP (k)(k+d)
<k>(k+d) =

∑
k

kP (k)
<k> = 1, HP (0) =

∑
k

λkdP (k)
<k>(1+λd) , (�� d = 0 F, HP (0) =

0. �!%" θ = HP (θ) � θ ∈ [0, 1] %Fh7�����J, B

7�&���J, �^ 2 �e.

Æ�, d = 0, θ = 0 ������� θ = HP (θ) ��Cl_
�, Æ!���7� d > 0 F, ������
�?
��Cl_
�, � θ̄ > 0. Æ!hO" 1 �� (1) C�.

q

( )PH q

 Ⅰ"#$

 Ⅱ"#$

 Ⅲ"#$

`q

1 2 23RbSTUVWS1

$Æ� H ′
P (0) =

∑
k

λk2P (k)
<k>(1+λd)2 , � d = 0 F, 
 H ′

P (0) =
∑
k

λk2P (k)
<k> = EP (d)

EP (d2) , � λ ≤ EP (d)
EP (d2) F, 


H ′
P (0) < 1, (�^ 2 %�"�, ������?
��ClJ� θ̄ = 0. ,�=,

d)
d
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P �
� o d I - # ^ d P , C 
 :

�

k
P � (k)f (k) >

�

k
P(k)f (k), p � � � > 0, C 
 HP ‘ (� ) > H P (� ). Æ � , �

�̄ > 0 F , � � (6) < " � : �̄ � HP ‘ (�̄ ) > H P (�̄ ).

6 � �̄ = HP (�̄ ) l m , Æ � 8 O " C � . = j !

N O 3 � � � � ' ! F � F �
	 % 
 � 
 K � P � P � , U i � � ( 2 � � % - 	 B � & �̄ > 0, � �

P �
� o � I - # ^ d P , � A � ! � J N ( , F 
 > ( 2 � � D g i 0 �̄ � > �̄ .

P Q � (3) < % � " � % � k 	 � � ( 2 � � D g � : � (k) = � ( �k + d)
1+ � ( �k + d) . � � � � �

� � ( k )
�� =

�k
(1+ � ( �k + d)) 2 > 0, T � (k) � ) � � 	 I l ) *  . � � � � , � O " 2 � � % H , � P �

� o � I - #

^ d P F , �̄ � > �̄ . Æ ! , � � m E 	 k > 0, ] 
 �̄ � (k) > �̄ (k), �

�

k
�̄ � (k) >

�

k
�̄ (k). � � e % � " � :

�̄ � =
�

k

�̄ � (k)P � (k) >
�

k

�̄ (k)P � (k) (7)

$ Æ �

�� (k )
�k = ��

(1+ � ( �k + d)) 2 > 0, T � (k) � ) � k 	 I l ) *  , � P �
� o � I - # ^ d P F , � �

� o � I - # ^ d � � , % � " � :
�

k

�̄ (k)P � (k) >
�

k

�̄ (k)P(k) = �̄ (8)

� � (7) < � (8) < , " � 
 > ( 2 � � D g �̄ � > �̄ , O " 3 C � . = j !

O " 2 � O " 3 U ` � ! � J N ( , F , ' ! ` j i , ` 
 K � � � 	 " � . 6 � Æ � ' ! ` j i , �

� D ? 	 o - P ` < , ` 9 A * L ' ! p , � � , < � f " � � ( 2 � � 	 % - P � < , ( J  � � 	 " � .

N O 4 � � � � ' ! F � F �
	 % 
 � 
 K � P � P � , U i � � ( 2 � � % - 	 B � & �̄ > 0, � �

P �
� o d I - # ^ d P , � A 7 � � � �̄ , f " :

1) � = G @ � � > A %

�
� < � � d 0 � 1 F , ? C ; E a A 
 > ( 2 � � D g �̄ � > �̄ ;

2) � = G @ � � > A %

�
� > �̄ F , ? C ; E a A 
 > ( 2 � � D g �̄ � < �̄ .

P Q < (3) & n o � (1+ � (�k + d))P(k), " � : � (k)P(k)(1+ �d ) = ��kP (k)+ �dP (k) Š ��� (k)P(k)k,

P � # < & n ) � k � � " � : (1 + �d )
�

k
� (k)P(k) = ��

�

k
kP (k) + �d

�

k
P(k) Š ��

�

k
� (k)P(k)k, ( �

(1) < % � � � e " � : (1 + �d )� = �� < k > + �d Š �� 2 < k > . Æ ! , 
 > ( 2 � � D g :

� =
< k > �� (1 Š � ) + �d

1 + �d
(9)

� � � , � (9) < " � : ��
�� = <k>

1+ �d (1 Š 2� ), Æ ! � � < 1/ 2 F , 
 > ( 2 � � D g � � ) � � � ( 2 �

� % - � 	 ) *  ; � � > 1/ 2 F , � � ) � � 	 E *  .

� � � � , ( � ^ 2, � � % E 
 � % H , � � m E j � 	 ' ! % 
 � P , � @ � - + A % � � � � B 1


 d ] 0 � 1 F , � � ( 2 � � % - � ) p � 0; � � 0 � � F , � ) p � 1. Æ ! , G � % � � � 
 � 	 -

+ A % � � � � B 1 
 d, f " �̄ � �̄ �
C 1 � 1/2, ( % � � � �̄ � d 	 ] &  � , f " �̄ � �̄ �

C � � 1/2.

� O " 2 % H , � P �
� o d I - # ^ d P , 
 �̄ � > �̄ . B � , � � � *  	 I l
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	%
�� P (k) ∝ exp−2.5, mn&��EF [10, 13–14]. KaÆ'!	%
�s��&B1, (P�'�
�Ba, 
$%'!	'��B<, �� '!'��
�.

sUc] 400 ���, ��7�]& d = 2. ��t/gh	����, e=G@�-QA%i0 0 ≤
ν ≤ δ ≤ 1. -4F@	#i(2��	�� �`?`
, ��������f�Cl. ^ 3 9eq�'!
1 `sU�l�� �	];^. ^ 4 9eq�'! 200 `sU(�(2��" �?C&�=G@��
>A%	@	)�.
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�	"�; (Z, %�1	���cdD?` �h, ���"�
k5�!. ���������ur�Æ
�^�H, ]��=G@�	�>A% λ. ��>A%D
aF, c��Æ�^�H, '!'��
K���
"�; ��>A%D
�F, cd�Æ�^�H, '!'�����"�
k5�!. csU(��O" 4 (
�j. 3) <T�%G, =G@��>A% λ `�, BC(2��" �(`�. 
��� '!�
$%'
!sU�l�, 
?j@8-4 λ 	)(Z�Eh. 6�� ���U`'!	'��"� BC(2��
" ���>A% λ 	@	Il)�; ����U`>��:sH�(2��, �	�'!?C%
), �
��'!	!�v 
) (�'!	?CBpp%�qi� ). 6	%/Æ���E�<
��, N�I	
����'$.

�@��>A% λ = 0.2 	Fu, ���7�&
K#� d = 5, d = 10, d = 15, d = 20, d = 25 q�R
TAq�'!(2��" �?C&��UR�
�, m�9 1. <9 1 �"�: 1) ��7�& d `�, `

K���"�. (�v]�I?(2��" �-4��7�&	)��)(	�n, -�)(J%lr
Ew. 2) '!?C%`�, BC��(2" �`�. 6�(���el= O" 2 � 3 	S��.

m 1 23fg�hirUstuvwxy
`arsntsuto

d
3uv?8 tvw?8 pt?8 u�w?8

< k >= 5 < k >= 10 < k >= 5 < k >= 10 < k >= 5 < k >= 10 < k >= 5 < k >= 10

5 175 195 165 185 144 188 165 201

10 191 211 184 198 162 197 167 192

15 213 243 200 213 187 207 178 195

20 225 251 216 221 196 214 183 203

25 237 255 223 228 214 221 188 212

6 zG

��	+C���^g *
����Æ�, ���897����6��=G@�-+)0##, 	
�'!���
������	
����)L qI	,B. 8E !?C;���� ������
I��, ����
��+&#sU"� �
��Ea	 4 �O", ��(�:

1) "� ������Cl_�	�x+<. ��f�ClF��(2��	%-���897��
=G@�-+A%
), m�O" 1.

2) '!`ji, ��f�Cl_�F, ��(2��	%- θ �
>(2��	Dg ρ P`�.

3) '!'���
>(2��Dg	%/�=G@�-+)0	A%jH(), �� ν
δ < λ �S(),

� ν
δ > λ̄ F�q().

6	(���xe����&., xXG����������5�,�-+)0]
��	Ea. �
G, 8E�"(�mN<�����%��e*+#H��=, CTD
(e)Tj
/T3 1 Tf
84.�,�
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