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�!k�/;mPl§Ý�é���´»ò¬3
�½§ÝþJp�ä�DÑ�Ç. Ñuù«�Ä,
�©JÑ�«äkÚå�å�E,�ä´d�{.

�©1 2 !�Ñ�ä6�., ¿JÑÚå�å
´d�{; 1 3 !± Barabási-Albert(BA) �ä�.
�~©O&?3ØÓ�Úå��ÚØÓ�!:D
ÑUå (�u~êÚ�uÝü«�¹) e�ä6þ
�Ä�A5; ��, ?Ø!:�Úå�^��ä�
óéþ9DÑ�Ç�m�'X±9?�Ú�ïÄ
ó�.

2 �ä6�.9Ù´d�{

2.1 ���äää666���...

éu�½�E,�ä, b��äþ¤k!:Ñ
äk´d!Â�!u��õU, �Ð©G��äK
1� 0, ��z��mÚ�) R �êâ�¿�Å/
ÀJ
!:Ú8I!:, �)�êâ�gÄV\�

!:�è��Ü; z�!:�DÑUå� ci, =
3ü �mÚSz�!:�õ�Uux ci �êâ
�; d	, z�!:���è��ÝÃ�, �æ^k
?kÑ�ª. 3êâ��DÑL§¥, z�!:o
´òêâ�ux�,��Ø!:, eT!:�êâ
��8I!:, KíØTêâ�; ÄK, Uì�½�
´düÑ?\T!:���è�.

2.2 ÚÚÚååå���ååå´́́ddd���{{{

3�á´düÑe, êâ�o´÷Xl8I!
:�C�´»?1D4, ��
!:�8I!:(
½, KDÑ´»®(½. T´düÑØ�Ä�ä�
6þ©ÙÚPlG�, �P×´lÝ���!:m
©, ,�ÅÚøò�Ù¦!:. ��,�!:u)
P×ÒéJ¡Egd6G�, �T?�Pl§Ýò
�X�mØä�z. �á´d�{�3¢y´»�
ål½�­��, 
Ø�9êâ�3T´»þ�D
Ñ�m, ���ä�óéþé�. dd, ·��±�
Ñ��p��´d�{, IÌ��ÄXeü��¡:
1) êâ��DÑ�m¦þá; 2) �ä�óéþ¦
þ�. 3�á´d�{¥, !:0ê©Ù�4ÝØ
þ!´E¤�äóéþ�$�­��Ï, éu5�
� 1000 � BA �ä, ��0ê�U��ê�$�ê
��, 
��0ê�U�u 100. Ù¢, ·��±ò
0êw¤´!:éêâ���«Úå�^, =0ê

��, ÚåÒ��. ���¹e, Ý���!:éê
â��D4äk���Úå, ���þ�êâ�®
àud?
Úu�äPl. XJUk�/��ùa
!:�Úå�^, ½N¬3�½§ÝþJp�ä�
óéþ¿UõPl�¹.

�d, �©JÑ�«Úå�å´d�{, ÏL
�å!:éêâ�D4�Úå�^±��©6�
�J. b�êâ�DÑ�
!: s, 8I!: t, �
uxêâ�¤3!: v (Ð©��=� s), Ù�Ø
!:8� Nv, �Ø!: i(i ∈ Nv) �8I!: t

��á´»¤²L�!:8� Nit, Kéu�Ø!
: i(i ∈ Nv) �±ïáXeÚå�å�.:

Γiu =
1
dγ

it

(
qi

ci

)α (
qu

cu

)α

, (1)

s.t.
qu

cu
= max

j∈Nit

{
qj

cj

}
, (2)

(1) ª¥, Γiu ´�Ø!: i �8I!: t ��á´
»éêâ�D4�Úå; dit ´!: i �8I!: t

��á´»�Ý; qi ´!: i �c¤�;�êâ�
��ê, ci ´!: i ü �mS¤U?n�êâ�
����ê; qi/ci �±w�êâ�ò�3!: i �
���m; u ´!: i �8I!: t ��á´»¤
²L�!:��, ¿ÏL (2) ª(½!: u; qu ´!
: u �c¤�;�êâ���ê, cu ´!: u ü 
�mS¤U?n�êâ�����ê; qu/cu �±
w�êâ�ò�3!: u ����m; α Ú γ ´ü
��±N!�ëê (α > 0 ,γ > 0), ©O^uN!
êâDÑé���mÚé´»�Ý��6§Ý. (2)
ª¥, qj , cj ©OL«!:8 Nit ¥?¿!: j �c
¤�;�êâ���êÚü �mS¤U?n�
êâ�����ê. d (2) ª��, u ´!: i �8
I!: t ��á´»þ���m���!:, ��
@� u ´T´»þ�P×�!:. e3T�á´»
þ�3õ����m������!:, K�Å/
ÀJÙ¥��!:.

3Úå�å�.¥, �Ø!: i ´êâ�D4
�e��´d!:, ��K����DÑL§, !
: u ´ i � t ��á´»þ�P×�!:, é�§
Ýþ�N
´»�Pl�¹9ÀJT´»ò�G
Ñ��d. ¤±, ùü�!:�±@�´!: i �
8I!: t ��á´»þ�~'�!�L5�r�
ü�!:, �±^�ö�Pl§Ý�x��´»�
�Ï6G¹, ¿± (qi/ci)α(qu/cu)α ?1Ýþ. �B
u�ã�.g�, ·�rêâDÑé���m��
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6¡��mÚå, 
ré´»�Ý��6¡��m
Úå. dd, Úå�å�.=L�
�mÚåÚ�
mÚåéêâ�D4��Ó�^. ÏLUC α Ú γ

��±N!êâ��DÑé�mÚåÚ�mÚå
��6§Ý. dTÚå�å�.��: e� α = 0
�±Úå Γiu ����Ø!:�e��´d!:,
�{=��á´d�{, ù«�ªe�mÚåÓ
ýé`³ (=±´»�Ý�á�´dÀJIO); e
� γ = 0 �±Úå Γiu ����Ø!:�e��´
d!:, �duÀJ���m�á�´», ù«�
.e�mÚåÓýé`³; � α > 0, γ > 0 �, =
Ó��Ä
�mÚåÚ�mÚåéêâ�D4�
K�, ¿�±ÏLUC α Ú γ ��N��mÚåÚ
�mÚå�K���.

�é�mÚåýéÓ`�ª (α = 0), ÀJ Γiu

���!:��e��´d!:, e�3õ�TÚ
å�!:, K�ÅÀJ��, ¿­ETL§; �é�
mÚåýéÓ`�ª (γ = 0), ÀJ Γiu ���!
:��e��´d!:, e�3õ�TÚå�!:,
K�ÅÀJ��, ¿­ETL§; �é�mÚå�
�mÚå�Ó�^�ª (α > 0, γ > 0), 3��!
: v �¤k�Ø!:� Γiu ��, À�·�Úå�
!:��e��´d!:, XJäkTÚå�!:
kõ�, K�ÅÀ�Ù¥��!:. ��z�ÚÑ
I�Ä�O� Γiu ��, ¿­ETL§. ·�ýÿ:
1) éu�mÚåýéÓ`�ª, ¬3�½§Ýþ~
�Ý��!:�Pl§Ý��UE¤�äþ�Ü
©!:þ�\PlG�; 2) éu�mÚåÚ�mÚ
å�Ó�^�ª (α > 0, γ > 0), �À� Γiu ��
�!:�, ´d�Jò��á´d�{��; �À
� Γiu ���!:�, êâ�D4L§¬�)�þ
�s£´», ���äóéþ'�$; �À�¥m
,�·�Úå�!:�, ò¬��/Jp�ä�D
ÑUå¿Uõ�ä�Pl�¹.

3 �ý(J9©Û

�u��©�{�k�5, ·�ÀJ BA �ä
�. [30], !:ê N = 1000, � m0 = m = 5. 3�
ý¥, zg¢yÑ$1 11000 Ú, d��@��ä
þ�êâ6þÄ�?u­�, ¿�â�� 1000 Ú
�²þ�(½�äóéþ Rc, ¿�é Γiu 3ØÓ�
�üÑe��äóéþ?1é'¢�. �äóéþ
��ä6G�u)âC�éA�K1þ R, �©Ú

\G�ëê H 5�xù«G� [31]:

H(R) = lim
t→∞

1
R

Q(t)
t

, (3)

Ù ¥ Q(t) ´ t � � � ä ¥ o � ê â � � ê.
� R < Rc �, H(R) = 0, �ä?ugd6G�;
� R > Rc �, H(R) > 0 �â,C�, �äm©Ñ
yPl. Ïd, Ï~^ Rc 5ïþ�ä�óéþ. d
	, �äþêâ����DÑ�m 〈Tmax〉 �²þ
DÑ�m 〈Tavg〉 �´ïþ�äDÑ�Ç�­��
I [28,32], �©òéù
�I?1ÚO©Û. �Ø�
��5, ·�Ì��é!:DÑUå�Ó (c = 1)
��¹©ÛØÓÚå��é�äDÑ�Ç�K�;
,�, 2&?!:DÑUå�uÝ (c = k) ��ä
6�Ä�A5.

ã 1 �mÚåýéÓ`�ªe��ý(J N = 1000,
m0 = m = 5, c = 1; (a) êâ����DÑ�m 〈Tmax〉, ²þ
DÑ�m 〈Tavg〉 � R �'X; (b) G�ëê H � R �'X

3.1 ���mmmÚÚÚååå½½½���mmmÚÚÚåååýýýéééÓÓÓ`̀̀���ªªª

ã 1 L«3�mÚåýéÓ`�ªe��ý
(J, Ù¥�Ñ
 α = 0.5, 1, 1.5 �G�ëê H ,
ê â � � � � D Ñ � m 〈Tmax〉 � ² þ D Ñ �
m 〈Tavg〉 �K1þ R �Cz�¹. d�ý(J
�±wÑ, � R < Rc �, H ��Cu 0, ��D
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Ñ�m 〈Tmax〉 �²þDÑ�m 〈Tavg〉 ��­½;
� R > Rc �, H , 〈Tavg〉 � 〈Tmax〉 þ×�O�. Ó
��±wÑ�C� Rc � α �O�
O�. ã 2 �
�mÚåýéÓ`�ªe (�du�á´d�{)
����ý(J. (Jw«, 〈Tmax〉, 〈Tavg〉 9 H �
�þ3 R = 10 �u)�C, dd���ä�óé
þ Rc = 10. l�äDÑUå��Ý�±wÑ, �
mÚåýéÓ`�ªe�äóéþÑ�u�mÚ
åýéÓ`�ª. �âÚå�å�.��, ��m
ÚåýéÓ`�, êâ�3D4L§¥U9�/;
mPl�î­�!:, l
~�
�á´d�{¥
Ý��!´Pl!:�Pl§Ý, �Ó�duz�
ÚÑ¬ÀJ���m�á�´», "y^´»�Ý
éêâ��D4��?1��ÚÚ�, E¤DÑ´
»LÝs£
Is¤���mâU��8I!:;
3�mÚåýéÓ`üÑe, �X α ��O�, O
r
!: i Ú u �m�mÚå��p�^rÝ, c
Ù´¦�!: u ��mÚå�±��, l
Or
é u ��å�^, ¦��õ�êâ�U9�/;m
!: u, 3�½§Ýþ?�ÚJp
�ä�óéþ.

ã 2 �mÚåýéÓ`�ªe (�du�á´d�{) ��
ý(J N = 1000, m0 = m = 5, c = 1; (a) êâ����D
Ñ�m 〈Tmax〉, ²þDÑ�m 〈Tavg〉 � R �'X; (b) G�ë
ê H � R �'X

ã 3 3À�äk Γiu ���!:��ý(J N = 1000,
m0 = m = 5, c = 1, α = 1, γ = 1; (a) êâ����DÑ�
m 〈Tmax〉, ²þDÑ�m 〈Tavg〉 � R �'X; (b) G�ëê H

� R �'X

3.2 ���mmmÚÚÚååå������mmmÚÚÚååå���ÓÓÓ���^̂̂���ªªª

3.2.1 À� Γiu ���!:
3�Ó�^�.e, ·�± α = 1, γ = 1 �~

?1�ý¢�. ã 3 �À�äk Γiu ����!:
��e��´d!:¤����ý(J. d�ý(
J�±wÑ, � R < Rc �, H ��Cu 0, 〈Tavg〉
Cq�uð½� 3, 〈Tmax〉 ��´34���SÅ
Ä; � R > Rc �, H , 〈Tavg〉 � 〈Tmax〉 þ×�O�,
��C� Rc = 8. TÚåüÑeêâ����DÑ
�m 〈Tmax〉 Ú²þDÑ�m 〈Tavg〉 �K1þ R �
Cz�¹��á´d�{ (=�mÚåýéÓ`ü
Ñ) é�C. �âÚå�å�.��, êâ��DÑ
´»�á (dit ��), K Γiu ��; !: i Ú u �P
l§Ý��, K Γiu ��. ¤±, 3TÚåüÑe, ê
â�¬÷X´»�Ýá!Pl�¹î­�!:?
1D4, l
���þ�êâ�EÎ�²L@
Ý
��!´Pl�!:, ��X!:Pl�¹�Øä
�z, Ta!:ò¬áÚ�õ�êâ�?\��è
�, l
?�Ú\­�äPl. ¤±�±�Ñ±e
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(Ø: ��mÚå��mÚå�Ó�^eÀJ Γiu

���!:��e��´d!:�, �ä�DÑU
å��á´d�{��, ��äPl�¹��î­.

3.2.2 À� Γiu ���!:
ã 4 L«3À�äk Γiu ���!:��e

��´d!:�, êâ���DÑ�m 〈Tmax〉, ²
þDÑ�m 〈Tavg〉 ±9G�ëê H �K1þ R �
Cz�¹. �ý(Jw«, ��á´d�{�', À
J Γiu ���!:3�½§ÝþJp
�ä�D
ÑUå, �C� Rc ≈ 24. � R < Rc �, 〈Tavg〉 C
q�u 37, ²w�uÀ� Γiu ����²þDÑ�
m; � R > Rc �, �ä×��\PlG��A�
¤k!:þLyÑPly�, �ä¥Ê3�êâ�
�ê:ìO�. dÚå�å�.��, ÀJ Γiu �
��!:I÷v�Ø!: i �8I!: t ��á´
» dit ¦þ�, �!: i ÚT´»þ!: u ��p
�^ (= (qi/ci)

α (qu/cu)α ��) ¦þ�, l
��
êâ�¬÷X´»��½PlÝ���!:?1
D4. ù«ÚåüÑ²wUõ
Ý���!:�P
l�¹, �duDÑ´»LÝs£, E¤²þål

ã 4 3À�äk Γiu ���!:���ý(J N = 1000,
m0 = m = 5, c = 1, α = 1, γ = 1; (a) êâ����DÑ�
m 〈Tmax〉, ²þDÑ�m 〈Tavg〉 � R �'X; (b) G�ëê H

� R �'X

�Ý��, �3ü �mÚS�k�þ�êâ�U
��8I!:, �ª���äþ�Ü©!:���
¥Ñ�;
�þ�êâ�.

3.2.3 À � Ú å 3 (min {Γiu} , max {Γiu})
��S�!:

c¡·�?Ø
�mÚåýéÓ`!�mÚ
åýéÓ`!�mÚå��mÚå�Ó�^e Γiu

��Ú Γiu ��o«ÚåüÑe�äóéþ9D
Ñ�Ç�Ä�A5, �ý(Jw«ùo«üÑe´
d�JþØn�, @o�Úå��3 (min {Γiu} ,
max {Γiu}) ��S�´d�J¬No�Q? nØ
þ, �±ÀJ?¿Úå���!:D4êâ�,
Ý��, �øÀJ�Úå�¹�Ò�õ, �ù�
J±`²ØÓÚåüÑé�äDÑ�K�. �d,
5½¤k!:�Úå���ÌÚ��IO: b�ò

Úå��y©� 10 ?
(min {Γiu} + max {Γiu}) · h

10
,

h = 1, 2, 3, · · · , 10, K�é¤k!:zgþÀJÚ

åål
(min {Γiu} + max {Γiu}) · h

10
�C�!:�

�e��´d!:. �ý(JXã 5 ¤«, dT�
ý(J�±�Ñ, �XÚå���O�, �äóé
þkO\�~�, �3 (min {Γiu} + max {Γiu})/2
(= h = 5) ? � � � � �; � Ú å � � �
u (min {Γiu} + max {Γiu})/2 �, �äóéþ�
Úå:ì~�.

ã 5 �ä�óéþ� h �Cz�¹ N = 1000, m0 = m =

5, c = 1, α = 1, γ = 1

ã 6 �Ñ
 h = 3, 5, 7 � 〈Tmax〉, 〈Tavg〉 9 H

� R �Cz�¹. �ý(Jw«, � h = 5 �, �
ä�óéþ���� Rc ≈ 164, �lG�ëê H

� R �Cz�¹�±wÑ, TÚåüÑe� R �
O��ä¥ÑyPl�L§'��ú, Pl§Ý�
²wü$; 3gd6G�e, 〈Tmax〉 �K1þ R �
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úO�, 〈Tavg〉 Czé��Cq�u 9. �ý(J
`², ÀJÚåål (min {Γiu} + max {Γiu})/2 �
C�!:��e��´d!:´�`�ÚåüÑ.
TüÑe´dL§Ó�/�9
���m (=�m
Úå) Ú´»�Ý (=�mÚå) éêâ�D4�K
�, vkJ¦���m�á½DÑål�á. Ï�
��´dL§´Ä��, XJ�¦´»�Ý�á,
KN´E¤�äóéþ$!Plî­; XJJ¦�
��m�á, K�U��êâ��D4o´3Ïé
�ä¥?u�sG�½Pl§Ý��!:, E¤D
Ñ´»LÝs£, �
O�
êâ��DÑ�m.
¤±, Ó��Ä�mÚåÚ�mÚåé´dL§�
K�éJp�äDÑUåäk­�¿Â.

ã 6 Úå��3 (min {Γiu} , max {Γiu}) ��S��ý(
J N = 1000, m0 = m = 5, c = 1, α = 1, γ = 1; (a) êâ
����DÑ�m 〈Tmax〉, ²þDÑ�m 〈Tavg〉 � R �'X;
(b) G�ëê H � R �'X

d	, ·���éTa!:ÀJÅ�3!:D
ÑUå�uÝ (c = k) ��¹e�äóéþ�C
z�¹?1
¢�, Xã 7 ¤«� h = 5 ���
��ý(J. �ý(Jw«, � c = k �, �äó
éþ Rc ≈ 560, `²O�!:�êâ?nUå�
±k�/Jp�ä�óéþ; � c = 1 �', ��
ä?ugd6�, êâ��²þDÑ�mk¤ü
$ 〈Tavg〉 ≈ 7, ��ä¥ÑyPl�L§�\�ú.
dÚå�å�.ØJwÑ, 3 c = k ^�eÝ��

�!:3ü �mÚS�êâ�?nUå��, l

�±áÚ�õ�êâ�²LT!:, Ó�, du
éõåò!:m��á´»Ñ�²Lda!:, ù
�Ò~�
�þêâ��DÑ�m. ¤±, Jp�
ä¥Ý���!:�DÑUåk|uUõ�äP
l�¹¿Jp�ä�óéþ.

ã 7 À� Γiu �ål (min {Γiu} + max {Γiu})/2 �C�!
:��ý(J N = 1000, m0 = m = 5, c = k, α = 1, γ = 1

3.3 ØØØÓÓÓüüüÑÑÑeee������äääPPPlll���¹¹¹

·�éþãØÓüÑe�ä!:�Pl�
¹?1
ÚO©Û, Xã 8 ¤«. Ù¥ã 8(a)—
(e) © O � � m Ú å ý é Ó ` ! � m Ú å ý é
Ó`±9�Ó�^eÀ� Γiu ��!���å
l (min {Γiu}+max {Γiu})/2 �C�!: 5 «üÑ
3!:DÑUå c = 1 ��äþ¤k!:�Pl�
¹, =��¥�êâ��ê N(P ); ã 8(f) �À�å
l (min {Γiu} + max {Γiu})/2 �C�!:� c = k

^�e��äPl�¹. duã 8(a)—(f) Ñ´3K
1þ R > Rc ^�e���(J, ¤±�ä?uP
lG�. d�ý(J�±wÑ, �mÚåýéÓ`
üÑ��Ó�^�ªe Γiu ��üÑ�6þ©ÙÑ
4Øþ!, Ù¥ 80%�!:Pl§Ý� 0,95%�!
:Pl§Ý�u 3, cö��Pl� 66347, �ö�
�Pl� 98375; �mÚåýéÓ`üÑe�Ü©
!:�Plþ'��, 26%�!:PlÝ�u 1000,
95%�!:PlÝ�u 100, Ý��!:�Pl§
Ýk¤�)�E��; �Ù¦üÑ�', �Ó�^
�ªeÀJ Γiu ���!:���äPlu)

=£, Ý��!:�Pl§ÝC�é�, 
�
Ý
���!:�Pl�¹��î­, Ó��ä6þ
�þ!
éõ�ÊH��P×, 84%�!:PlÝ
3 100 ±þ; ÀJål (min {Γiu} + max {Γiu})/2
�C�!:� c = 1 ��6þ©Ù�þ!, Ý��

108901-6
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�!:�Pl�¹��
²wUõ, Ù N(P ) �Ñ
�uÙ¦!:, � c = k �6þ©ÙLyÑ�½�
�þ!5, Ù�Ï´Ý��!:�DÑUåO�,
�±áÚ�õ�êâ�, ¤±Ù��êâ�êO�,
�ÒÙ�Ý��!:��éPl�¹
ó (= q/c),
q��u�á´düÑÚÀ� Γiu ����´d
üÑ. �mÚåÚ�mÚå�Ó�^eÀ� Γiu �

��!:\­
Ý��!:�K1, !:�Pl,
Ò¬áÚ�õ�êâ�, 
Ø==´²LT!:�
�á´»þ�@
!:�;�êâ�; 
ÀJ Γiu

���!:¬��D4L§LÝs£, E¤DÑ�
m��, ��äPl���î­. �ý(J`², J
p�äDÑUåI�Ó��Ä´»�ÝÚ���
m�K�, l�mÚåÚ�mÚåþ�Ó?1�å.

ã 8 �äPl�¹�ý(J N = 1000, m0 = m = 5, α = 1, γ = 1; (a) �mÚåýéÓ`�ª c = 1, R = 100, N(P ) o
þ� 520181; (b) �mÚåýéÓ`�ª c = 1, R = 100, N(P ) oþ� 808931; (c) À� Γiu ���!: c = 1, R = 100, N(P )

oþ� 893719; (d) À� Γiu ���!: c = 1, R = 100, N(P ) oþ� 653065; (e) À�ål (min {Γiu} + max {Γiu})/2 �
C�!: c = 1, R = 350, N(P ) oþ� 1200188; (f) À�ål (min {Γiu} + max {Γiu})/2 �C�!: c = k, R = 1000,
N(P ) oþ� 2497991
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4 ( Ø

�©­:ïÄ
!:3êâ�D4L§¥�
Úå�^é�äóéþ�DÑ�Ç�K�. �Ä´
dL§é���mÚ´»�Ý��6, Ú\
�m
ÚåÚ�mÚå�Vg, ¿�ï
�«Úå�å´
d�{, ©O�é�{3Ê«ØÓÚåüÑe�´
d�¹?1
�ý. �ý(JL², ��mÚåý
éÓ`�, �ä�DÑ�Ç�u�á´d�{; �
�mÚåýéÓ`�, �äóéþk�½Jp�´
���Ü©!:Ñ�\PlG�, �äPl�î­;
�3�mÚåÚ�mÚå�Ó�^�ªeÀJ Γiu

���!:��e��´d!:�, �äóéþ
��á´d�{��, ��äPl§Ý��á´d

�{�'�\î­; �ÀJ Γiu ���!:�, �
äóéþk�½Jp�êâ��²þDÑ�m�
�, �äDÑ�Ç�$; �Úå��3 (min {Γiu} ,
max {Γiu}) ��S�, �äóéþ¬k��Jp,
�3ÀJål (min {Γiu} + max {Γiu})/2 �C�
!:�, �äóéþ�����Pl§Ý²wü$.

�©ïÄ�«
�äêâDÑL§�ÚåÅ
�, �Ñù«ÚåÅ�Ly��mÚå��mÚå
��p�^. ·���.U�Ï<�n)�ä´d
�Úå�^Ån, �´düÑ`zJø
�«#�
ïÄg´. 3���ä�6þDÑ¥´Ä�±�é
ØÓ�!:½6þ©Ù��¹¢�ØÓ�Úå�
åüÑ, æ^ù«Ä�Úå�åüÑ�´d�J¬
N�, ù
ò3�e5�ó�¥UY�\ïÄ.
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Abstract

How to guarantee the transport efficiency of the network and how to improve the network capacity are the main subject of the

study presently. We investigate the gravity of the nodes to the transfer of data packets, and propose a routing method based on gravity

constraint. In order to characterize the efficiency of the method, we introduce an order parameter H to measure the throughput of

the network by a critical value of phase transition from free state to jammed state, and use the maximum travel time 〈Tmax〉 and the

average travel time 〈Tavg〉 to test the transmission efficiency of the network. We simulate the network capacity under three different

gravity constraints. Simulation results show that when only considering the path with shortest length, the network capacity is very

small and the distribution of flow is extremely uneven; when only considering minimum waiting time, the excessive circuitous transfer

of data packets occurs and most of the nodes will be in congestion state; when considering the gravity of path length and waiting time

simultaneously and choosing a node with reasonable gravity, the network capacity will be improved greatly and the congestion level

will be relieved to some extent.
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