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Content-based effective event matching algorithm 
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2.State Key Lab for Novel Software Technology, Nanjing University, Nanjing 210093, China) 

Abstract: Based on the study of characteristics of the distributed virtual environment and current event matching algo-

rithms, a content-based effective event matching (CEEM) algorithm was proposed. By considering the efficiency of both 

subscription processing and event matching, this algorithm can solve the symmetric event matching efficiently, so as to 

make the content-based publish/subscribe model fit the virtual environment better. Finally, experiments and performance 

analysis show that CEEM is both practical and effective. 

Key words: distributed virtual environment; content-based publish/subscribe model; efficiency of event matching; CEEM 

 

1  �� 

��������DVE, distributed virtual en-

vironment	
���������������

��������� !"#$%&' ()�

��*+%,-.��/0 DVE 123�456

�����%�789:;�<=>*% IP)?@

AB5 C/S C.�D%��EF[1~3]
GHIJKL

MN12%��OP/QR�DVE12#S��E

F�TUVW%XP� MN����YZ[\

]�^��_` (�abcOP/ 

B5de%f� /gh� content-based pub-

lish/subscribe	��EF3ghAijgh�kf

�Af�lm�nXlm%de.ghA%gh�

op�qrlmst�fughA/45Svwx

y��zZ[bz)#).{|%}~bc���

<=t��%*5����%�����P2P ��

����cde������1����%��

��*3

[4,5]
/Oliveira��
rEF�*5 DVE�

�TU������%�������7gh%�

�����2010-07-12U�����2011-05-10 

�����VWXYZ�"[\]^_`60773049, 60533080aUbcdXYZ�"[\]^_`BK2010373a 

Foundation Items: The National Natural Science Foundation of China (60773049, 60533080); The Natural Science Foundation of 

Jiangsu Province (BK2010373) 



� 6 � ������	
��������� �79� 

 

� ¡#$nS��%#$ij���kSI

��%#$.��qt�¢

[6]
/0RB£¤�¥¦

[7,8]i�y
§Z¨4���*©����3��

���ªf.��������0§Z¨4«¤¬

�*+%gh��§Z�¢.ªf DVE 3#$

f�%���w®¯°^12%6±��8��W

12%Y\]b�i�yMN123;8#$²�

)#)%Z[��XP/ 

0B5f�/ghEF% DVE �*3���#

$��vw³´µ¶J·¸¹º»¼½%f�

.gh�7�123%¾�¨4¿�¤q
#$f

��7gh�7ijop�À¬�op�Á��

��ªf/Â123Ã0;8%gh.f�lm

a�¾�¨4¿�¤
ÄÅÆlmopÇÈÉ%

Ê;Ë·/QR�¨4¿�¤%lmop®Ì�I

ÍÎÏU12%�abÐÑJ¡©MN�k�ÒÓ

ÔÆ6�12%Y\]b�YJÕÖ12×Ø.�

�ÙÚ�ÛÜÝÞ12%�*b/ 

ß5lmopÈà%ÜXb�á¥0#���

�%â�.GwlmopÈàijãä%B£¤�

�T��å��������%æçlmopÈ

à�CEEM, content-based effective event matching 

algorithm	�À���è.bJ�éê�UrÈà%

Yjb.w®b/ 

2  ���� 

�w%lmopÈàëìíÐîïðñò%

¸¹opóô�Äij��õ��§X%Èà�ö

�÷øù/ 

B5¸¹�ú�predicate indexing based	Èà�

ûü�Èà�counting algorithm	 [9]
ýþ�Èà

�Hanson algorithm	(S\]Èà[10~12]
c�S§X

��íÐ#I�%gh¸¹��ij�ú(ü��

À¬�S�ÁÐÑMNXPijop�¢/�ùÈ

à��>*³÷W®%óô����Â��%g

h��	0
�%gh3ij�³ÇÈ� �WÈ

à%op®Ì/ 

B5op���testing network based	Èà�

ûB5op�testing tree based	%Èà[13, 14]
.B

5��Î���BDD, binary decisions diagrams	%

Èà

[15] c�0�õ���
gh��Ö��op

��	%�D�lmî�%��i��H���3

�¿�%�¢��©T��Ïop�Á/�ùÈà

J����*��gh¸¹�%��b�îkJ�

��³W%op®Ì/0Rëì%B£¤�Silvia

c��TUB5��� R-trees%op¨4Èà[16]
�

¬�MBR[17]
 �D!�"��� R-trees��l

m%op¨4��krÈà%IN²õÐ��#$

%³;�¨4�7&'()/*ò�¬�B5de

%f�/gh123gh+,¨4%���¥¦[18]

�TU��B5¸¹�1��%lmop¨4

���w®¯°^U¨4«¤gh�7%Ã-.

E/ 

45���*%I�â��#B5de%f�

/ghEF>*%lmopÈà%XP/I0���

1¤»øùÈà0 DVE �*3wÆ³÷23%I

N/B5Î���%lmopÈàOX%D!op

@A��Î��, @Aw4W%��XP�) 

!"12%\]�@A) ijZ[V5�nå*

56[%lmEF�7àå� DVE ��3f�.

gh�7���Z%XP/B5¸¹�ú%Èà�

7à�*I�8b²�%��b�/IJ��³W

%lmop®Ì�7àMN DVE �*3;8lm

�a�9%XP/QR�á¥
0�w%øùÈà

B£¤�ëì��B5de%æçlmopÈà�

I1J��Wlmop%®Ì�k�:ÎUlmo

p%#;b<=/ 

3  ��	
������ 

3.1  ���� 

0 DVE �*3�lmop�>Ð
º»��

#$%â?(S@[%lmf��7.º»��

#$��AB%gh�7ijCD�ÏÀªf%

�>/45����3#$gh.f�%�7³÷

#$�IÍEF#$%GH�7 (¼½â��I

EF#$%�JKL(��KLc	��:4)�

¸¹>*CD%�1�Ö�ghf��7�

%opSáM¤Ð¸¹�%��opÇÈ/QR�

NOwPXQ# DVE �*3%lmopRT 

SÏ~/ 

�� 1  T p�AΘy÷¸¹�k yÐ8b AU

L��3%����VU/S3�ΘÐ�³WX�

p[v]%UY  * Θ�³ v. yYZÏ/ 

�� 2  Q#¸¹ p���Ï~V8b[�

Attribute(p)�V�³WX[� Operator(p).V\U

[� Threshold(p)]^ p=AΘy�q Attribute(p)=��



�80� �  �  �  � � 32 � 

 

Operator(p)= Θ�Threshold(p)=y/ 

�� 3  ûÁ¸¹ pw Operator(p)=“=”�qr

¸¹ p;÷cU¸¹ý�_¯�ûÁ Operator(p)=

`<a�r¸¹ p;÷¤\U¸¹ýûÁ Operator(p)=

`>a�r¸¹ p;÷S\U¸¹/ 

�� 4  ^ S ÷ m �¸¹%�V��bR S= 

1

m

ii
p

=
∧ �E÷ n�cU¸¹%�V��bR E=

1

n

jj
p

=
′∧ �

cdûÁw ( ( )jpi j Operator ′∀ ∀ = “=” Attribute∧  

( )ip ( ) [ ( )])j i jp pAttribute p Threshold′ ′= → �q;

S. Eop�bR Match(S, E)/ 

�� 5  ^ S ÷ m �¸¹%�V��bR

1

m

ii
S p

=
= ∧ �T÷ n�¸¹%�V��bR

1

n

jj
T p

=
= ∧ ′�

^ PN ÷Yw9�cU¸¹�V�%e��cd
, ( ( , ) ( , ))E E PN Match S E Match T E∃ ∈ ∧ �q; S. T

op�bR Match(S,T)/ 

3.2  ������	 

���DÐ CEEMÈà%Ü��/ÐÈà��

%�f�û� 1Yg	/ 

 
� 1  CEEM �������	 

¸¹µ�predict table	]¸¹µÐ���D%

hi��/¸¹�÷cU¸¹z¤\U¸¹.S\

U¸¹ 3ù�vw��8b.���³WX%¸¹

j���¸¹k/¾�¸¹k#�¸¹µ%�j�

À
\Ulmno��¤\U¸¹k3\U°mn

o�S\U¸¹k3\Upmno�kcU¸¹k

q7äq�rmíY /Rò�¸¹µ3
��g

h3%¸¹*sQtuv�w	ísxghoµ

%v±gh/ 

opy�match bucket	]*5z{¸¹µij

op/45#¸¹µ%opÐ|jij%�1IÐ

¾�ghí}(Yw%¸¹k�w%sQYJÒ~

���j�÷U ¡��%¸¹0|j�º3IÒ

���>*opy%���aÃ-��t��%

¸¹%�ú/ 

u�oµ�interface list	.ghoµ�subscription 

list	]u�oµ.ghoµ&'Uu�.u�#

�%gh�7/ghoµ�bUYw��¸¹µ

%gh��ab�gh0¸¹µ3���¸¹%

sQ� �5�<gh3%Yw¸¹/u��µ

Ulm%���x�Ðlmop%w�<%/¾

�u�Í#����u�ghA@lm¨4¿�	

%gh�7���u�oµ.ghoµ
Yw%

gh��0�v/ 
3.3  
����� 

0���a45��wgh�¸¹µ.gho

µ�÷��u�oµ/nÐ#�Â=u�/Âu�

©5%gh	�OX#¸¹µzu�oµ.gho

µ��ijV5�§XY� S 3y] 

step1  
gh��©ghoµ3��
��u

�%w	��gh0ghoµ3%w	���<

%	�sx5��%gh/ 

step2  0¸¹µ3�bgh�l�î¤�S

%rm�0ghYE�%¾�¸¹k3����

à����GH�À
#�%\U��µ3ý0

¸¹µ��%�>3�
��%¸¹lî¤ S

%rm|�ijtu�w	sxghoµ3%#

�GH/ 

step3  0ghoµ%#�µ¡3b�gh0

¸¹µ3���GH%sQ/ 
3.4  
���� 

TPi÷� ij¸¹k%Yw¸¹%e��Pi_match

µg Pi3oprlm%¸¹e��Smatchµgop

%ghe��CEEMÈàlmop%§X�>y¢

ûS/ 

step1  #opydeij���/£¤gho

µ��©¾�gh3���¸¹%GH��ûÁ�

�gh%���¸¹0¸¹µ3� i j%� j o%




 6 � ����������������� �81� 

 

GH�cd0opy%� i j3����GH�ú

j/���	�opy3¥ÃUYwgh%���¸

¹%�ú/ 

step2  #¸¹µij|j�º/#5¸¹µ%

¾�j�§Xij Sõ�]����¸¹k3o

prlm%Yw¸¹��	¬�opy%de#�

�¸¹|�ij¦§�
¸¹µ3%Yw¸¹�Ö

op.Iopø��/ 

0#� i jijóôa�#59cU¸¹k�

 *��à��Gnm%¸¹�¬�lm3#�%

8bU��©��GH
 Pi�Ö Pi_left. Pi_rightø

���Pi_lefts#���j% Pi_match�µgrj%¸

¹3oprlm%e�/#5cU¸¹k�q��

Yw¸¹Uc5lm#�%8bU%¸¹�¨�

Pi_match/ûÁrlmIE�Rj#�%8b�q©

÷��jYw%¸¹íÐop%�Pi_matchE�rj

%Yw¸¹/ 

0|jóô3�ª0#� i jijóôa�o

py3� ij#�%¸¹e�÷ Bi�qrj3Yw

'«MNopóô%¸¹e�÷ Pi_match¬Biý
r

e�3Ðghw	��¿�%¸¹#�%gh��

Smatch�S�%q
S	¸¹�ú®�opy3#�

GH�À�¤»�>�� �ºKYw¸¹k/ 

step3  |jijóô	�Smatch 3sE�UY

wopÂ=óôlm%gh�À¬���ghZÏ

S�y%ªfZX/ 

U¡��%Ð�0 DVE�*3�ûÁ¯° HLA

.Af�A×wf�KL�ghA×wghKL%

}~�cdP�XPlm3%8bK��gh3%

8bK�%op/QR�DVE�*3%lmopv

w#;b�k¤»op�>4):Îlmop%#

;b<=�QRuTSoÏ~.Ï�/ 

�� 6  TOp÷�³WX%e���Op±{“=”, 

“>”, “<”}/Y Q#�³WXÏ~P²[�

Opposite:Op→Op� ¡ Opposite(“=”)=”=”; Oppo-

site(“>”)=”<”; Opposite(“<”)=”>”/ 

�� 1  ^ � ÷ m �¸¹%�V��bR

1

m

ii
S p

=
= ∧ �T÷ n�¸¹%�V��bR

1

n

jj
pT

=
′= ∧ �

^ , ( ( ) ( ) ^ ( )i j ipi j Attribute p Attribute Operator p′∀ =  

( )])[( ( ))j i jp p Threshold pOpposite Operator ′ ′= → Ö

³�cd S. Top�Match(S,T)Ö³/ 

��  ��DÕûS�D%cU¸¹�V�

E�bR
1

n

jj
E p

=
′′= ∧ �w ( )jAttribute p Attribute′′ =  

( )jp′
] 

  

�*G´�m] 

( )])[

, ( ( ) ( ) ^ ( )

( ( ))
i j i

j i j

p

p p Threshold p

i j Attribute p Attribute Operator p

Opposite Operator

′

′ ′
∀ =
= →

 

¬�Ï~4, Y ê2¡© ( , )Match S E  ( , )Match T E �

� E  S op� E  T op/µ¬�Ï~ 5��
, ( ( , )E E PN Match S E∃ ∈ Match∧ ( , ))T E �Y¡ S T

op� ( , )Match S T /¶=¡ê/ 

0 CEEM Èà#¸¹µ3|j�º�>3�#

5cU¸¹�nX8bU�csop�I�csIo

pýk#5¤\U¸¹.S\U¸¹�45�öíÖ

#T� ZÏ��8b%AB�qY>*,�%¸¹

op�à��
gh%¤\U¸¹f�%S\U¸

¹%\U�³�gh%S\U¸¹qf�%¤\U

¸¹%\U�³���%,�op�à%«Zb4Ï

� 1Y¥ê/CEEMÈà%·¸û� 2Yg�S39

�¹�÷¸¹µ table.ºoplm event/ 
 

List SubscriptionList;   //���� 
procedure Match (table[], event[]) { 
        Smatch=Φ;   
        Bucket=Φ; 
        InitBucket(Bucket, SubscriptionList); //����	
 
        for i=0 to Bucket.length { 
        for each predicate index pi in Bucket[i] { 
          if operator(table[i]) is ">" or "<" { 

        divisionPosition=Segmentation(table[i],event[i]); 
        //��� event�� i����������� 

            ������� i!"#$%" 
            if pi<=divisionPosition { 
             if pi is the last predicate of a subscription s in 

SubscriptionList add s to Smatch;  
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            } 
          }else if pi match event[i] { //&����	 
             if pi is the last predicate of a subscription s 
                add s to Smatch;  
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             }  
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