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Knowledge search and the evolution of regional innovation network

Lü Yibo, Cheng Lu, Su Jingqin

(Faculty of Management and Economics, Dalian University ofTechnology, Dalian 116024, China)

Abstract: The features of knowledge diffusion, transfer and creationmotivated by knowledge search of agents

within regional innovation networks, a type of complex adaptive systems, are studied in this paper based on the

knowledge flow perspective. Then, a multi-agent simulationmodel is constructed, which facilitates the analysis

of the evolutionary rules and characteristics of regional innovation networks motivated by different knowledge

search behaviors. The research has shown that there are two types of agents’ knowledge search: structural

search based on a “middleman” and a reputation search based on “prestige attraction”. Different knowledge

search behaviors leads to different network performances.The evolutionary trajectory of regional innovation

networks is determined by the agents’ knowledge search.
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/¤��Eâ�£©�!Ü�M#��¸¨�, r?Eâ�£3«�SØÓ

M#�N�m�gd6Ä�=£*Ñ, ?J,/«�¿�`³[1,2] .Eâ�£3«�S�6ÄØ=´M#

�ä��L�,�´M#�ä/¤ÚuÐ�cJÚÄ:.��¡,«�M#�ä��3kÏu�ä¤
¢

yr?M#��£¼�1�[3] ;,��¡,�ä¤
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Úå�£6Ä��£|¢1��"y?�Ú�[zïÄ[6] .C5,�X«�M#�änØïÄ�¢�uÐ

�Øä�z,�5�õ�Æöm©@Ó¿ò«�M#�äÀ�E,g·AXÚ(CAS),@��äÌN�1�

´ÙuÐüz�Ä�°Äå[7−9] .

Ïd,�©Äu�äÌN��£|¢1�À�, ò«�M#�äÀ��N�£|¢1�°Ä��£*

Ñ!=£ÚME�E,g·AXÚ,éÙuÐüz�5ÆÚA:?1ïÄ.Äk,�©&¢5�JÑ���

N�£|¢1��©Ûµe,3dÄ:þ,�ï«�M#�äüz�õÌN(multi-agent)�ý�.,é�£|

¢1��«�M#�äüz�'X?1©ÛÚ&?.

2 ���NNN���£££|||¢¢¢111������©©©ÛÛÛµµµeee

3|�Ú1���'ïÄ¥, �£|¢(knowledge search)�@´�|�ÏL“|Ï–¼�–|^”	Ü�

£)ûØ(½.¥�¯K��«1�[10] .�X�£|¢Vg3ØÓÆ�+��A^, ¯õÆölØÓ�

Ý´LÚuÐ
ÙVgSº.©z[11]ò�£|¢½Â�ª�|�>.Úª�Eâ>.�|¢|Ü.3dÄ

:þ,©z[12]l“Eâ—�m”ü��Ý5�	�£�ª>.|¢Úª/�|¢. ©z[13,14]Klé®k�

£|^�§ÝÚ#�£&¢�2�5ò�£|¢.½�“|¢�Ý”Ú“|¢2Ý”ü��¡.

yk©z�õ´�NÀ�é�£|¢1��ïÄ,��lM#�ä�¡'5�N�£|¢1�.Ïd,

k7�l�äÿÀ(�Ú�N��£|¢�¦ü�¡nÜ�þM#�ä¥�N��£|¢1�,�©='

5ÓM#�äÿÀ(��'�“|¢2Ý”�¡. 3«�M#�ä��£|¢¥, ��¡,�N¬�â®k�

éXÚ¡���äÿÀ(�,ÏéÓ�5½�C5��£[15] ;,��¡,�N�¬â»yk�éX9�ä

ÿÀ(����,�âg���£|¢�¦��£]´L�rM#*ÑïáéX[13] .Äud,�©l�

äi\ª�“(�5|¢”ÚM#áÚ�“(�|¢”ü�¡�ïM#�ä¥�N�£|¢�©Ûµe.

2.1 (((���555|||¢¢¢555KKK As

'u�äi\ª�“(�5|¢”, �@åu�¬�äïÄ¥JÑ�“¥m<”Vg. Burt[16] �Ñ, “¥m

<”´1Äö�m?1&EÚ]D4�xù.3�N��£|¢L§¥,���Ü©Eâ�£´�÷“¥m

<”�'X�ä¼��.©z[17]é�I16�«�M#�äC 300[è��¢/N�uy,�p'~��£

´ÏL“ ¥m<”(X�r!øAûÚ9¥0�)�'X�ä¼�.©z[18]@�8+Sè�EâÆS�Ì�å

»Ò´l����«�£(X�r!øAû9ú�EâÜ��)¼�¤I��£. Holme[19] æ^“n��¤

5K”ù�Vg£ãù«a.�|¢1�. Snijders�[15] òù«ÏL“¥m<”ÏéÜ�º��y�/�/¡

�“*l�*l´*l”, ¿òÙA^u�äÜ��Æ��.¥. �Ä��N�£|¢���5, /�Robins

�[20]ék��ä“n��”(triadic closure)�ïÄ¤J,�©ò(�5�£|¢.½�“�£�.|¢”!

“�£��.|¢”Ú“*Ñ��.|¢”n«|¢�ª,Xã 1¤«.

1)�£�.|¢

�£�.|¢´��N3�£|¢L§¥, ÷X�£6�_�|¢, Ó�£ÄÑ�Þ��ïá

éX�1�. l�äÿÀ(�(ã 1a)5w, i���£|¢ÌN, Äu“¥m<” k �“�p�´»”(multiple

two-path)(�[15],Ðm½ �� k��£m�|¢1�.

2)�£��.|¢

�£��.|¢´��N3�£|¢L§¥, ��uÓÙ¦äk�q�£I¦á5��Nïá��

éX,¿ÏL����£?1|¢, ±Ö¿½�#®k��£;�.l�äÿÀ(�(ã 1b)5w, i���

£|¢ÌN,Äu“¥m<” k�“ k–\–(”(k-in-star)(�[15] ,Ðm½ ��uÓÙ���£ k�Cq�£

á5�Nm�|¢1�.
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3)*Ñ��.|¢

*Ñ��.|¢´��N3�£|¢L§¥, ��uÓÙ¦äk�q�£ÄÑá5��Nïá��

éX,¿ÏL���*Ñ?1|¢,±Ö¿½�#®k��£;�.l�äÿÀ(�5w(ã 1c),i���

£|¢ÌN,Äu“¥m<” k�“ k–Ñ–(”(k-out-star)(�[15],Ðm½ ��uÓÙ��*Ñ k�Cq�

£á5�Nm�|¢1�.

mi i
k

i
k

( a )( a ) K n o w l e d g e t r a c i n g ( b )( b ) K n o w l e d g e s o u r c e s h a r i n g ( c )( c ) D i f f u s i o n s o u r c e s h a r i n g
k k k mm

ã 1 (�a.��£|¢

Fig. 1 Knowledge search of structural type

2.2 (((���|||¢¢¢555KKK Ap

Ø
Äu�äÿÀ(��m�.(�5|¢,�N3�£|¢L§¥,���u��Ó÷vg��£�

¦�*Ñ.�£ïáéX. 3(�5|¢¥, “¥m<”«ú
�£|¢¥�“&Exù”, ¿ü$
|¢¥

�Ø(½5.��Nâ»�äÿÀ(�,?1����£|¢�,&E�ý¢5±9Ø(½5�ü$K¤

��N�£|¢�cJÚ:. “(�”���N]!Uå9Ü�cµ�á5A�9Ù{¤Lyµ��n

Ü	3L�,´�ä¥�úmÚ��&E,¤��N�£|¢¥���þ�I.

Fombrun[21]�Ñ,ûÐ�(�´�Ü�~Ð�¶¡,§U2��áÚJ�ö!Ý]öÚ�¤ö,¿I�<

���”. ù«�¹3M#�N��£|¢L§¥�Ó��3,“ p(�”��N�äk�p�áÚå.©

z[22]3ïÄM#�ä?z�uy, p(��Ø%è��N´áÚÙ§è��ÙïáéX,/¤±Y�Ü�

'X.©z[23]é 121[¥IÚ�Ûdè��¢yïÄ�?�ÚL², ÃØ´�ÏÜ��´áÏÜ�, è�

3ÀJÜ�º��Ñ�	À�Àé��("Y².©z[24]�¢yïÄL²,äk�p“(�”�Ø%è�

3��8+¥éEâ=£Ú�£*ÑäkÈ4��^, �õê¥�è�ÑÏL�Ø%è�ïá��½m�

éX5¼�'�EâÚ�£], ?J,��8+�M#Uå.nþ¤ã,�N3?1�£|¢�,��

uÓäk�p“(�”��NïáéX,©�Ù�£ÄÑ.

�N(��?�µ½, Ópé�|¢Ú����µ?äk4p��q5. 3pé�|¢Ú����µ

?IO¥, Google�PageRank�{�äK�å, ®¤�ØÓ+�Æö2�/��ïþ�ä!:�5((

�)��I[25,26],ÙÄ��n´�ì�Ù§�Õó\�gê5µ½���“�?” [27] ,ÙO�úª�

Rp(X) =
1 − η

P
+ η

n∑

i=1

Rp(Ki)

OUT(Ki)
, (1)

Ù¥Rp(X)���X ���ü¶�(PageRank),T���,���?O�p; P �L���êþ; η ´{Z

Ïf,Ï~� 0.85;Ki, i = 1, 2, . . . , n�ó\X���, OUT(Ki)���Ki �óÑê.

Kawk�[28]òPageRank�{A^uïþ�¬'X�ä¥�N¤?��¬/ . Ïd,�©/���µ

?�PageRank�{,^Rp�ïþ�ä!:�“(�”, =�N3(�|¢¥`kÀJRp��p��£.
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3 ���ýýý���...������

«�M#�ä´d�þè�9Ù¦M#|�é(/¤�E,·AXÚ[29],SÜ¤
m�32��E,

��5'X[30] ,Eâ�£3�äS�gd6Ä´Ù;.A�, ÙuÐüz�Ä�°Äå´�ä¥M#ÌN

��£|¢1�.Äud,�ïÄò«�M#�äÀ���E,g·AXÚ, �ïõÌN�ý�.,©Û&

?�N�£|¢1�é«�M#�äü?�K�.

3.1 ���...ÄÄÄ������bbb���

«�M#�ä´M#ÌN3A½/n�mSà8¤/¤��äy�, ÙuÐüz´d�N�C[Ú�

ä�üz�p/¤. Ù¥,�N�C[´��ä¥�“?\–òÑ”y�±9�N�ä/ �Cz; �ä�ü

zK´��ä/�9ÿÀ(��uÐCz. 3�ïÄ¤�ï�õÌN�ý�.¥, «�M#�ä¥�“?

\–òÑ”y�Ly��ä!:�êþCz,±�ä!:�Rp �ïþ�N��ä/ ,�ä/�9ÿÀ(�

�C[Ì�Äué�äéXCz��	.AO/,�â«+)�Æ��'ïÄ,«�M#�ä?\¤ÙÏ±

�,�ä¥��Nêþ¬�±3���é½�Y²[31,32] ,Ïd,�.¥�½�ä�O�þ�. �âþãé

«�M#�äüz�VgÄ�,Ó��:�	�N�£|¢1�é«�M#�äüz�K�, �©é¤

�ï��ý�.�ÑXeb�.

b� 1 «�M#�ä?u�é���¸�¥,�N��£|¢1�´ÙuÐüz�Ì�°ÄÏ�;

b� 2 «�M#�ä�½�dÓ�5M#ÌN�¤,ÌNm�Ì�«O3udRp �Ny��ä/ 

��É;

b� 3 «�M#�ä¥M#�N�êþ��mí£4O,��3��O�4�5�.

3.2 ���ýýý���...���ÐÐÐ©©©GGG������üüüzzz555KKK������

1)«�M#�äüz�Ð©(��½

�þïÄL²,�äüz��Ï(J�Ð©G�Ã',´�ûu�äÌN�1�[33,34].Ïd,3�ï

Ä¥,«�M#�ä�Ð©(� I,�½�d v�Ó�!:l���áG��Åïáë�/¤���Ø��

�ä.

2)«�M#�äüz��ý5K��

�Ä��N�£|¢���5,±9�ý�.�Ä:59�ÿÐ5,�ïÄò«�M#�äüz�ý�

.���ü�á5!:,ü éXrÝ�k��ä(e!:mØ�3$»,KÙål½Â�+∞).ò«�M

#�äS�¤
ê8þ���� V ,3Tm�üz�ãp(m = 1, 2, . . .),��ä!:ê8��þ��, Ê�

#O!:,=#OéX.�©¥�ý�.�üz5K��Xe:

1)��ä!:oê�u V�,z�ã#O n�!:, e^>;

2)#ïéX�5K�l(�5|¢� triadic closure5K(As)½(�|¢�PageRank5K(Ap);

3)��ä¥!:oê�� V �,Ê�#O!:,z�ã�O\ e^>;

4)�üz�ã�� Tw�,«�M#�ä�üz(å.

�©��ýëê��� v = 10, n = 5, e = 15, V = 100, w = 40.

3.3 ���äää(((���üüüzzz���ëëëêêê���III

du�N��£|¢1��3��5, ¦�Ù°Ä�«�M#�äLy���k��ä. Ïd,éÙ�

ä(�üz��	I�'5Ùk��äA�,éÙ�ä�AÛ/�!�g5ÚÉ�5�?1©Û.(Üyk

ïÄék��ä�©Û�I, �ïÄÀJ\/ÑÝ©Ù!²þ´�!©��êÚ�äp¨5�Ié«�M#

�äüz�A�Ú5Æ?1�	.

1)\/ÑÝ©Ù(in/out degree distribution)
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Ý©Ù�N
�äüz�!:ÝA�Ú(�A�, ^Ý©Ù¼êD(k)L«. D(k)L«���ÅÀ½

!:�Ý�TÐ�u k�VÇ.AO�,3k��ä¥,Ý©ÙI�©O�	!:�\ÝÚÑÝ�©Ù�¹.

2)²þ´�L (average path length)

²þ´���ä¥?¿ü�!:mål�²þ�, Ù�N
�ä¥&E6Ï��Ç. ²þ´���,�

Nm��6¤�Ò�p,�Ç�Ò�$;��,¤�ü$,�ÇJp.²þ´��

L =
1

N(N − 1)

∑

i6=j

di,j , (2)

Ù¥ di,j �!: i� j�ål, N ��ä!:oê.

3)©��êE-I (external-internal index)

©��ê�N
�ä¥��X©z§Ý, E-I�ê������[−1, +1].Ù���C 1,L²�äS�

X©z�§Ý��; Ù���C−1,¿�X�äS�X©z�§Ý��; Ù�ªC 0,L²�äS'Xª�

u�Å©Ù,�LyÑ²w��XA�. E-IO�úª�

E-I =
EL − IL

EL + IL
, (3)

Ù¥EL(external links)�f+N�m�'Xê(the number of external friendship links),�¡�	Ü'Xê.¤

¢“ 	Ü'X”��´,ØÓf+¤
�m�'X[35] . IL(internal links)�f+NSÜ�'Xê(the number of

internal friendship links),�¡�SÜ'Xê.¤¢“SÜ'X”��´,Ó�f+¤
�m�'X[35] .

4)�äp¨5(network reciprocity)

�äp¨5´ïþ!:m/ ²�5��I.p¨5rN|�mÜ�!éÜ9�N,Ø´·-!�å

���[36].3p¨�Ä:þ,|�mÑ�¿��Ó�|ÃÚ8IJø�£[37] ,pp¨5¿�X�äPk�

p��£|¢�Ç.p¨5 r������[0, 1],ÙO�úª�

r =
E↔

E
, (4)

Ù¥E↔ ��ä¥V�éX�>ê, E ��ä¥�Ü>ê.

4 ���ýýý(((JJJ©©©ÛÛÛ

�ïÄ©Oéü«�£|¢1�e�«�M#�äü?L§?1õÌN�ý(multi-agent simulation),

P�SAi
, (i = s,p),z«5K�|¢1��g�ý 50g.ã2©OÐ«
(�5|¢Ú(�|¢ü«1�

e«�M#�äüz��ýL§ÑÑ.Ù¥Tm �Lüz�ã,�Tm=T18 �,�ä!:ê8��þ�,d�

Ê�#O!:.

dã 2�(JÑÑ��,�NØÓ��£|¢1�é«�M#�äüzäkwÍK�.�ïÄéÂ8�

�ü«1�5Ke��ý(Jêâ?1êâÚO, l!:�Ý©ÙA�Ú�ä(�ëê5©Û&?�N�

£|¢1�é«�M#�äüz�5ÆÚA��K�.

4.1 !!!:::���ÝÝÝ©©©ÙÙÙAAA���

ü«�£|¢1�e�«�M#�äüz�Ý©Ùª�©Ù�¹XL 1¤«.ØÓ�£|¢1�°Ä

�«�M#�ä,!:�ÑÝ©Ù��ÉK�é��,\Ý©Ù�3���É.ùL²ü«�£|¢1�

e,«�M#�äüz¥��N|¢¹Ä�¹�Ý��,�ÉÌ�Ny3���£6Ñ��Nê8þ.

3U5KAs ¢��(�5�£|¢1�°Ä�«�M#�ä¥,ý�õê!:�\Ý�", ¿�X3

(�5�£|¢1��°Äe,ý�õê�NÑ´Ó����£|¢�Ú�£ÑÑ�, M#�ä¥ÊH�

3X�£�gd6Äy�. \Ý?u[1, 10]«mS�!:Ó�ä!:oê� 76.07%,L²(�5�£|¢

1�°Äe�«�M#�ä,Ù�N��£*Ñ§Ý?u���é�$�Y², Eâ�£=3��½m�
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����Nm6Ä*Ñ.3U5KAp ¢��(�|¢1�°Ä�«�M#�ä¥,ý�õê!:�\Ý

�0,\Ý� 0�!:A��Ü©Ù3\Ýpu11�«mS.L²(�|¢1�°Äe�«�M#�ä´

���£*Ñ��þï�ä,ý�õê¤
Ñvku)�£*Ñy�,�k�ê“p("”��NÌ�Ú��

X��M#�ä��£*ÑÚÄÑ.

T 0 T 3 T 6 T 9 T 1 2 T 1 5
T 1 8 T 2 2 T 2 6 T 3 0 T 3 4 T 3 8

T 0 T 3 T 6 T 9 T 1 2 T 1 5
T 1 8 T 2 2 T 2 6 T 3 0 T 3 4 T 3 8

T 0 T 3 T 6 T 9 T 1 2 T 1 5
T 1 8 T 2 2 T 2 6 T 3 0 T 3 4 T 3 8

T 0 T 3 T 6 T 9 T 1 2 T 1 5
T 1 8 T 2 2 T 2 6 T 3 0 T 3 4 T 3 8

ã 2 ØÓ�£|¢1�e«�M#�äüz��ýã

Fig. 2 Simulation results of innovation network evolution

L 1 ØÓ�£|¢1�e«�M#�äÝ©Ù�¹

Table 1 Degree distributions

Äu(�5|¢5K(As )�«�M#�ä Äu(�|¢5K(Ap )�«�M#�ä

!:\Oªê z©'(%) !:\Oªê z©'(%)

\ 0 640 12.8 3 950 79.0

Ý 1−10 3 803 76.07 10 0.2

© 11−20 517 10.33 377 7.53

Ù 21− 40 0.8 663 13.27

Ñ 0 36 0.72 67 1.34

Ý 1−10 4 897 97.94 4 890 97.8

© 11−20 67 1.34 43 0.86

Ù 21− 0 0 0 0

4.2 ���äääüüüzzz���(((���AAA���

dã 2��,�X«�M#�ä�Øäüz, ØÓ�£|¢1�e«�M#�ä��m(�LyÑ²w

�É.l«�M#�äüz�L§A�5w,²þ´�L(ã3)!©��êE-I(ã 4)Úp¨5R(ã5)�(�5
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�I�¥yÑ²w��É5.

²þ´�L�N
�äS�&E�6�Ç, L���,�ä�Ç�$.Xã 3¤«,²þ´�3²{
@

Ï�:�O���?\��²Ï, �¤
ê8���Ú�,²þ´�m©ü$.�ý(JL²,3«�M

#�ä/¤�uÐÐÏ,�äÿÀ(���tÑ,�äS�£|¢�Ç�$; ?\¤ÙÏ�,�äÿÀ(�

Åì�õ,|¢�ÇÅìJp.éuØÓa.�|¢1�ó,(�5|¢�²þ´��²w$u(�|

¢,Ù§Ý�X�äüz�í?Øä\�. ùL²,l��«�M#�ä�À�5w, (�5|¢��Ç

�p.

0 1 0 2 0 3 0 4 07 08 09 01 0 01 1 01 2 01 3 01 4 0

T
L

ã 3 (�a.��£|¢

Fig. 3 Knowledge search of structural type

0 1 0 2 0 3 0 4 000 . 0 50 . 10 . 1 50 . 20 . 2 50 . 30 . 3 50 . 4

T
R

ã 4 p¨5Czª³

Fig. 4 Change trend of reciprocity

0 1 0 2 0 3 0 4 0� 0 . 6� 0 . 4� 0 . 20
0 . 20 . 4

T
E !T

ã 5 ©��êCzª³

Fig. 5 Change trend of network E-I index

l�äp¨5�Cz(ã 4)5w,(�5|¢e��äp¨5���u(�|¢,E¤Ty��Ì��

Ï3u(�|¢e�ä¥�V�éX���u(�5|¢e��ä. �äp¨5��¡¿�X�ä¥�£

V�6Ä�gdÝ,�pY²��äp¨5¿�X«�M#�ä¥���ÑÈ4ë���£ME!=£Ú

*Ñ¥,«�M#�ä�LyÑ�p�M#�A.,��¡,�äp¨53�½§Ýþïþ
�äSéXV

��/ ²�5,é��/ �k|u|��£|¢¹Ä�mÐ9¢��J.

l�ä©��ê(ã 5)5w,(Ü�äüz�ÿÀ/�(ã2),�±uy,�X�ä�üzuÐ,(�5
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