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A bstract: To im prove the efficiency of keyw ords generation, a bipartite graph based keyw ords generation(B G K G ) algo-

rithm  w as proposed. It generated keyw ords based on search engine logs and built a bipartite graph betw een query term s 

and the clicked U R Ls. It took into account the rank of the U R Ls in result pages and the order of users� clicking. Experi-

m ents w ere done w ith real query logs. The results show  that keyw ords generated by B G K G  can satisfy the needs of en-

terprise clients and B G K G  is m ore efficient than other keyw ord generation algorithm s.  

K ey w ords: search engine; keyw ord generation; search engine advertising; log; bipartite graph 
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�� 1  �åæ89��º89c�BG K G b\ 

¦§èåæ89 SSýÔÕ¡¢ ELý5� θ1]θ2

� λ  

¦mè+��()*89 VquerySet   

1) +��()*89 VquerySet=F ;  

2) +���º89 U RLSet=F ;  

3) for all  u6åæ89 SS  do 

4)    U W (u)=1; 

5)    u.visited=false; 

6)    U RLSet.add(u); 

7) end for 

8) addSet(VquerySet, U RLSet); 

9) return VquerySet. 

b\ 17 21èt89:åæ89Ñ3~7�Òè

�2345���åæ89 SS %9�ìH�Ã

M�º u�åæ89 SS�e(� U W (u),� 1ý�

ÃM�º�ÈÉ.,�;ý��ÃM�º<§�º

89 U RLSetý�addSet(VquerySet,U RLSet)=��

U RLSetm��ò()*89 VquerySetÑ> 8�Ò  

�� 2  �åæ89�()*89c� B G K G

b\ 

¦§èåæ89 SSýÔÕ¡¢ ELý5� θ1]θ2

� λ  

¦mè+��()*89 VquerySet  

1)  +��()*89 VquerySet=F ;  

2)  +���º89 U RLSet=F ;  

3)  for all  query6åæ89 SS  do 

4)     Q W (query)=1; 

5)     query.visited=true; 

6)     VquerySet.add(query); 

7)  end for 

8)  for all query6V querySet do 

9)      find urls w hich connect w ith query;  

10)   for all u6urls do 

11)    if  u�U R LSet  then 

12)      C om pute U W (u); 

13)       u.visited=false; 

14)      U R LSet.add(u); 

15)      end if 

16)   end for 

17) end for 

18) V querySet=F ; 

19) addSet(V querySet, U R LSet); 

20) return V querySet. 
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)* qiF qi$|V VquerySetjabì�åæ8

9�e(�Q W (qi) çRQ W (qi)PV()*-.λ

j� qi<§ VquerySet �º���()*ÊËG

H���º�ÈÉ.+,�@(2~15�) �ð(

)*89HDÈÉÆ�()*m��òe���
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ÊËGH���()*�ÈÉ.+,�@(16~28

�) �IJ()*89 VquerySet�P�@ªK:
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\NO b\NO@ 2MNOPóèp,�+�(

)*��A�V���()*-.ýQ,©@��

()*+�(29~30�)  

addSet(VquerySet,U RLSet) 

1) size=VquerySet.size(); 

2) for all  u6U RLSet  do 

3)   if  u.visited = = false  then 

4)      for all query w hich connect w ith u do 

5)         if  query�VquerySet  then   

6)            com pute Q W (query) 

7)            if  Q W (query)>λ  then 

8)             query.visited=false; 

9)             V querySet.add(query); 

10)            end if 

11)         end if 

12)      end for      

13)      u.visited=true; 

14)   end if 

15) end for 

16) for all query6VquerySet do 

17)   if  query.visited = = false  then 

18)      find urls w hich connect w ith query 

19)      for all u6urls do 

20)         if  u�U RLSet  then 

21)            C om pute U W (u); 

22)            u.visited=false; 

23)            U RLSet.add(u); 

24)         end if 

25)      end for 

26)      query.visited=trueý 

27)   end if 

28) end for 

29) if(size�V querySet.size())then goto 1; 

30) end if 
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1) $Ó5�:b\!R�fg 

7h5� λ]θ1]θ2:b\�fg Q iÖ�i

j> iY5�c+��()*89|Q i|� Q iH()

*��QQ i
k
Ö� Q i�E kM()*89 ÜO

�ÔÕH k=|Q i|  

ðÖ 1�|Q i|k�l��e(�-. λ�m�

��()*89$J$P ¸n|Q i|/|Q i+ 1|k�

|Q i∩Q i+ 1|/|Q i+ 1|kð i=1� i=2 2�(λ=0.5� λ=0.3

�)�.:ûek/× Q 1�Q 2Ù Q 2�Q 3� i=3 �

i=4 2 �(λ=0.1 � λ=0.08 �):û��.$k/×

Q 3�Q 4Ù Q 4�Q 5 �/× λ�.Í#c+��(

)*�Ío1p,IP@()*�UÏ£Lq�

�()*ýλ �.Í*c+��()*89^�

+ÍPK: ð|Q i
k
∩Q i+ 1

k|/|Q i|k�l� λ=0.5c

Q 1� Q 289�E k=|Q 1|rsÊeÓ·�� λ�m

+��()*89 Q i� Q i+ 1�E k=|Q i|r$sÊe
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Ó �t�� λ�m+��()*¿À@eû

�K:/×+��()*89u�()*��A

@�$Ó  

� 1 θ1=θ2=0.5� λ������	
� 

i λ |Q i| |Q i|/|Q i+1| |Q i∩Q i+1 |/|Q i+1| |Q i
k
∩Q i+1

k|/|Q i| 

1 0.5 12 25.53%  25.53%  100%  

2 0.3 47 1.06%  1.06%  95.74%  

3 0.1 4 415 38.73%  35.14%  82.24%  

4 0.08 11 398 47.22%  33.43%  69.39%  

5 0.06 24 136 � � � 

 
�� 2 �|Q i|�����	 θ1
�����

����������|Q i|/|Q i+ 1|��|Q i∩Q i+ 1|/|Q i+ 1|

��� i=1(� θ1=1)���� !"#$��%& i=3

� i=4 2 '(θ1=0.5 � θ1=0.3)�|Q i∩Q i+ 1|/|Q i+ 1|(

|Q i|/|Q i+ 1|)*+,�-./0����1$23�

%&|Q i
k
∩Q i+ 1

k|/|Q i|��|Q 3
k
∩Q 4

k|/|Q 3|�|Q 4
k
∩Q 5

k |/|Q 4|

 !)* 100% �-./0����4567$8� 

� 2 λ=0.1,θ2=0.5� θ1������	
� 

i θ1 |Q i| |Q i|/|Q i+1| |Q i∩Q i+1|/|Q i+1| |Q i
k
∩Q i+1

k|/|Q i| 

1 1.0 1 922 73.27%  64.13%  74.92%  

2 0.7 2 623 59.41%  57.10%  81.32%  

3 0.5 4 415 47.98%  46.99%  96.24%  

4 0.3 9 202 44.94%  43.94%  97.34%  

5 0.0 20 476 � � � 

 
�� 3 �|Q i|�����	 θ2
�����

����������|Q i|/|Q i+ 1|��|Q i∩Q i+ 1|/|Q i+ 1|

��9 θ2=1� θ2=0'�:;'��� !<=>

+,�-./0����1$23�?@A θ2=1

'�B 2 �� !+" 1.12% �"#���%&

|Q i
k
∩Q i+ 1

k|/|Q i|��θ2=0.5 � θ2=0.3 �|Q 3
k
∩Q 4

k|/|Q 3|

�|Q 4
k
∩Q 5

k |/|Q 4| !)* 100% �-./0����

4567$8� 

� 3 λ=0.1, θ1=0.5� θ2������	
� 

i θ2 |Q i| |Q i|/|Q i+1| |Q i∩Q i+1|/|Q i+1| |Q i
k
∩Q i+1

k|/|Q i| 

1 1.0 56 12.31%  11.43%  89.29%  

2 0.7 455 10.31%  10.03%  70.11%  

3 0.5 4 415 57.74%  57.72%  96.38%  

4 0.3 7 647 48.31%  48.21%  95.74%  

5 0.0 15 830 � � � 

C� 2 �� 3 ��D� θ1=0.5E 0.3 F θ2=0.5

E 0.3���GH1$IJ�? θ1=1E θ2=1�G

HK�IJ�B-.�L/0����M%NOP

QRST�UVEM%NOPQR�UV<W��

I��XYZ[\�%NB 2]UVW^_`�� 

2) B G K G Z[�abbc 

���/0Z[�defSgYh[11]�de

i[D+��jk)+�� 

+�DlS+�m R(Q K)=|Q R|/|Q K|n�o/0

������(pq���+�r�:s�Q Kt�

���� Q �u K ]����Q Rt Q Ks(pq�

�+�������� 

jk)+�Djk)+�mvwgZ[xyz

L����{|�jk)+�m N (Q K)= | Q K  - 

Q (S)|/|Q K|�:s�Q K �o/0������ Q �

u K ]����Q (S)�o����� Q Ks(pq

��k)+��������}~���A Q (S)

����(pq��jk)+�� 

���/0defS����[�@����

��u K ]����'����� 4�o� 

� 4 ������ 

K  R(Q K) N (Q K) 

10 100%  20%  

50 98%  26%  

100 92%  40%  

500 86.6%  50.2%  

1 000 75.2%  64.5%  

 
�������	/0���������

���/0����+�r�
���jk)+

�����L���B-.Z[��/0�k)

+�������zL����KF�	/0�

���������jk)+��������

������ 

3) B G K G Z[�:;Z[�1$ 

A R W Z[W�u�AOPQR������

/0���Z[�B G K G Z[( A R W Z[�#C

/0�������Z[�'�� 2i��'ab

@1�abs��S B G K G Z[/0������

��S A R W Z[/0+\���������'

@1� 

B G K G Z[( A R W Z[fS+\�pq U R L

����#/0����� Q 1�Q 2� Q 3���@
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+@��������'1$�:s�|Q 1|=4 415�

|Q 2|=11 398�|Q 3|=24 136�|B G K G ∩A R W  |/| B G K G  

|�o B G K G Z[( A R W Z[/0������

���( B G K G Z[/0����]��1!�

Snbc/0+\��������^ ¡¢£

����� 

� 5�. B G K G ( A R W /0�������

X+\�¤¥¦§��@�������B G K G Z

[�M{/0k)+������¨{©ª«�¬

+��zL���� 

� 5 �������� 

���� |B G K G ∩A R W  |/| B G K G  | 

Q 1 92.14%  

Q 2 94.39%  

Q 3 94.87%  

 
Z[�'��W®S B G K G � A R W Z[/

0\¯�8�������'�1$�L B G K G

Z[s�@����°±�'g�²³�K´µ

PQ�U¶LZ[�'¥·s�¸`¹º»]�

¼½�lZ[¾m¿ÀÁÂ�2 ]Z[��'�

�+" 2 ]��Ã�U¶Z[�'��L�\�

ÄsÅo� 

 
� 1  B G K G �����  

 
� 2  A R W �����  

Ä 1�Ä 2�.�L/0���]�+\�Æ

ÇÈ�B G K G �'��1 A R W ^.¿ÉÊ�F�

	/0���������¾HË�.¿���:

ÌU�A R W ¸ Í¹ºÎÏ���? B G K G Ð¸

¹ºÏ���� 

6  ��� 

ÁÑ�AOPQR������/0Z[

B G K G�%NgSTÒÓ°±�45�ÒÓ°±�

ÔÕ�abc.B 2]UV@���/0^$�Ö

×�Z[Laªi�fS�APQ�ØÙÄOPÚ

Û���ab�.�B G K G Z[L�'¾m�¾H

2 i�<.¿ÉA A R W Z[��M/0gÜÝk

)+������¨/0gzL����� 
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