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Representation and termination analysis for 
ECA rules based on extended Petri net 

ZHANG Li-chen, WANG Xiao-ming, DOU Wen-yang 
(School of Computer Science, Shaanxi Normal University, Xi’an 710062, China) 

Abstract: In order to improve the accuracy of the termination analysis on ECA rules, a novel representation model (EPN, 

extended Petri net) of ECA rules was built. Based on the EPN, an effective termination decision algorithm was discussed 

and proposed. By using plenty of information about the rule characteristics in EPN, the proposed termination algorithm 

could comprehensively analyze the influence on the termination analysis. The theoretical analysis and experimental re-

sults show that the proposed algorithm has higher accuracy and lower time complexity. 
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2  ECA ���� EPN �� 

2.1  ���� 

ECA�	�]^3(ØÙ]^�X\]^�_

^3(ØÙ_^�X\_^"(��ÚÛ�ÓÔÜ

r�ECA�	�X\]^w
uF“ ”� Ý»ÞßØ

Ù]^�ØÙ]^�“à]^”X\ÚáâX\_^

w
uF“ ”� Ý»ãØÙ_^�ØÙ_^�ärX

\�á"JtÜrC�ÓÔ����Â,KÀ��

ECA�	%�ÃÄ Petri�¦Å——EPN¦Å" 

�� 1  �
 ECA�	%� EPN��å 9æ

ç�EPN=(P, T, F, C, E, W, G, CF, M0)" 

1) P�èm�KL%�P=Pe�Pt�Pv�Pn�Pc�

é��Pe�]^èm%�Pt�����&�èm%�

Pv ���êa&�èm%�Pn ��ëèm%�Pc

�_^èm%"Pe/Pt/Pv/Pn� PcììpÍí" 

2) T �îï�KL%�Tt⊂T ���îï%�

Tv⊂T �êaîï%�Tn⊂T �E'îï%"Tt/Tv

� TnììpÍí" 

3) F�1:`�KL%� i oF F F= ∪ �é��

i {( , )| , }F p t p P t T⊆ ∈ ∈ �ðñò%� o {( ,F t⊆ )|p p  

, }P t T∈ ∈ �ð�ò%âFi=Fn�Fh�Ft�Fn/Fh �

Ft3ó��ôò%(normal arcs)/õ�ò%(inhibitor 

arcs)�ö÷ò%(test arcs)� ø Fn/Fh� Ftììp

Íí" 

4) C�ù¹�úûKL%âCF: P→CM�ù¹

üýþ��é��CM� C����%(multiset)" 

5) E: F→ expression�òþ�âG: T→ bool�

îï�þ�(guard function)" 

6) W: P→N+
�èm��þ���∀p∈P, HK

W(p)∈N+
�N+

��Æ�%\���èm p�Î��

�" 

7) M0: P→CM�@A	
þ�����èm	


"∀p∈P�M(p)�� p�	��p�� token��

æç(p, c)���é��c∈C�� tokenù¹" 

�� 2  J EPN��îï t �|%$⋅t ���
⋅t = {p|(p, t)∈F, p∈P}" 

1) ���∀p∈⋅t�HK p pÊ� token ø(p, 

t)∈Fh��¾ p �z
Ê�E(p,t)å token� ø(p, t)∉ 

Fh�	S t�êa�(enabled)" 

2) � t �êa��ø G(t)�� true�	S t(

,���(firable)" 

3) � t(,����	 t��Ç����	�
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2.2  EPN ��	
� 

EPNp�,��
X\]^�X\_^��ø

,��
 ECA �	�]^��¦§(event con-

sumption mode)"  
2.2.1  �������� 

ECA�	��åØÙ]^J EPN�H�#�

åØÙ]^èm"�uØÙ]^J EPN ��#�

]^èmÕ��îïNV�ò��uò��ØÙ]

^��à]^��#�ò	(õ�ò"��_ ECA

�	 r�]^( e1 e2 ¬e3�îï t� rJ EPN�

�#���îï�èm p� r����&�èm"
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ECA �	��åØÙ_^J EPN �H�#�

å_^èm"�uØÙ_^m�#�_^èmÕ�

	�êaîïNV�ò�ö÷ò��är�§�Ø

Ù_^m�#�_^èmÕêaîïNV�ò�

õ�ò"��_ ECA�	 r�_^( c1 ¬c2�î

ï t(êaîï�èm p� p'3ó(����&�

êa&�èm"êaîï t���FG+� 2m��

é��� 2(a)� t ��|� EPN B&�� 2(b)� t

��Ç� EPN B&"t ��Ç�p'�ß!��å

token�t"�	 r±êa" 
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2.2.3  �������� 

uvnoC��_ ECA �	E'ÇpI!�

]^�#pI$î_^�t"%�	J EPNm�#

�E'FG+� 3m��é��èm p� p'3ó(

��êa&�èm��ëèm" 

 
 (a) &'�����       (b) &'����  

! 3  &'��
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2.2.4  �
������������ 

+<�_ ECA�	 r$îØÙ_^�QR EPN

� r�#�E'îï t���FG+� 4m��é

��èm p� pc3ó(��êa&�èm�_^ c

�#�èm" 

 
       (a) ()*+,     (b) ()*+-     (c) ()*./ 
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1) n� 1&�_^ c(Ò 

+� 4(a)m��J��'(�å�ëèm p'�

�åîï t'�(pc, t')(õ�ò"t��Ç�+< c(

Ò�	 t'ßp���t" c)(Òâä	 t'ß���

ß c$(Ò" 

2) n� 2&�_^ c(* 

+� 4(b)m��J��'(�å�ëèm p'�

�åîï t'�(pc, t')(�ôò"t��Ç�+< c(

*�	 t'ßp���t" c)(*âä	 t'ß���

ß c$(*" 

3) n� 3&�_^ c+, 

+� 4(c)m��J��'(�å�ëèm p'�

2åîï t'� t''�(pc, t')�(pc, t'')3ó(�ôò�õ

�ò"t��Ç�+< c(Ò�	 t'ß���ß c$

(*âä	îï t''ß���ß c$(Ò" 
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]^��¦§�EPN �°¡Z[+C&(�]^ e

�,����	%{rj, rj+1, 9, rk}�p��#�]^

èm) 

1) ��./�p��(cs=0) 

t"�p�K�å	
((p, n)� token�Þ: n

�� e �]^��./�p��âp 6�	%{rj, 

rj+1,9, rk}m�#���å��îï;K�_ðñ
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ò"� 5 �]^��"V(“_^4�Ç”(ct=0)�

EPNZ[�t2�êaîï"� r�_^( c1 ¬c2"

1c
p �

2cp 3óÕîï t3� t4<=�é��(
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p , t2)

�(
2cp , t4)(ö÷ò�(

1c
p , t3)�(

2cp , t2)(õ�ò"r

±��Ç�3åîï t2/t3� t4�Kø�K�å���

t"�èm p�Hß!��å token�é���>4

?@_^Ç���]^ eHß�A!���p�4

?Z<+?" 

 
� 5  �������	
�“���”
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� 6 (]^��"V(�E'�ëÇ�(ct=1)

� EPN�t2� t33ó�êaîï�E'îï"wK

> t3��"�e BI±�A!��é���J_^

�4�Z<(Ò"�pI±����]^�,N�

�_^ö÷Z<(*�	����]^" 

 
� 6  �������	
�“���”
 ct=1�� EPN 

2) ��./�2x��(cs=1) 

t"�]^èm p �K k−j+1 å token�	


3ó((p, rj), (p, rj+1), 9, (p, rk)"èm p 6{rj, 

rj+1, 9, rk}m�#��å��îï;K�_ðñ

ò�øò����§(mC�� ECA �		�"

U��å token 56éù¹w��é��_�	�

st�2x��]^J��"V(�_^4�Ç�

Õ “E'�ëÇ”� EPNZ[Í8"� 7(2x�

�¦§� EPN���	 r1�_^( c1∧c2, t2� t33

ó�êaîï�E'îï�p� t2�ä�����

]^Hß±��" 

3) ��./(32��(cs=2) 

t"�èm p �wK�å	
( (p, g)�

token�Þ: g ��]^��./�32��âp

6{rj, rj+1,9 , rk}��å��îï;K�_ðñ

ò"� e��� 2_ ECA�	 r1� r2�é��r1

´µ¶¨8�r1� r2�_^3ó( c1� c2"� 8

(]^��"V(“_^4�Ç”(ct=0)� EPN�t2

� t33ó� r1� r2�êaîï"t1��Ç�r1�

r2±��"U�(
1t

p , t3)�õ�ò�Dµ4� c1"

� c1EF�	��
2t

p �� token�����& r2

±$GH��&" 
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�������� EPN 
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�������
 ct=0�� EPN 

� 9 (��]^���"V(“E'�ë

Ç”(ct=1)� EPN"t1��Ç�r1� r2;±���t

"(
1t

p , t3)�(
1v

p , t3)�õ�ò�stµ� r1�'_

^4��> r1�_^EFøîï t4��"�r2�B

&±$î�±�AI(H��B&" 
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 ct=1�� EPN 

2.2.6  ��������	
 

J EPN ��+<E'îï!�ØÙ]^ e(�

p ( e �#�]^èm)�QR&1) +< e �]^

��¦§(p���	m!� token �	
((p, 

n)â2) +< e �]^��¦§(32���	m

!� token�	
((p, g)â3)+< e�]^��¦

§(2x���� e,���	%{rj, rj+1,9, rk}�

	ß!� k−j+1å token�é	
JK((p, rj), (p, 

rj+1),9, (p, rk)" 
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2.3  EPN �� 

� 1  �_ ECA�	 r �
+C" 

ON  e1∧e2∧¬e3 

IF   c1∧¬c2   THEN  e2 ∧¬c1 

�	 r �L�(&>ØÙ]^ e1� e2�� 

ø e3·K��"�r ±���ÆÇ4� r �_^�

+< c1GMø c2pGM�	E'�ë�!� e2 

� c1pGM"� r��]^���¦§(2x��"

� 10��	 r� EPN�@AB&�e1� e2N���

e3H���t"��îï t1�,���"t1��Ç�

r±���èm pt�!��å token"U�_^èm

1c
p �K token(_^ c1 GM )øèm

2cp �·K

token(_^ c2pGM)�t"êaîï t2�,���"

t2��Ç�r±êa�èm pv�!��å token"t

"�t3,��"t3��Ç�J e3� pnÁ!��å token"
U�

1c
p K token�stîï t4�,���"t4��

Ç���èm

1c
p �� token"t"�@G��	 r �

�K��E'FG" 
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(�É$ EPN ���	Z[ËÌ34�	%

�-.*�ÓÔ��� EPN�2�Ib»~�%»

~ßÊ�XY�	)*(+X\]^/X\_^/]

^��¦§/��:`/ab:`�cb:`2)

�ECA�	%Ib(2��EPN"ECA�	%EPN

�2�Ib»~+� 11m�" 

3  ECA ��������	 

3.1  ��
� 

J ECA �	��+<WJ]^��¦§(

p���]^�QR�O%]^���%�	

ßp,-."stÓÔ*��	%�pWJ]

^��¦§(p����	"�Σ( ECA �	

% R � EPN ���L ��Σ ���å����

L=(r1, r2,9, ri)���	 r1�� r2, r2�� r3,9 ,

ø ri�� r1" 

���ECA���(	
 R) 

���R��
 EPN(	
∑) 

1) for each r∈R begin 

//	 r������������
 re, rc� ra 

� ���� pt,� pv,� pn,��
��� !���, ��"#

!�������� 

$ ��%& tv� tn, ��
"#%&�'(%& 

) if r�� %& tt∉∑ then �� tt 

* for each e∈re begin //	 pe
 e+,����� 

if pe∉∑ then�� pe 

if (p, tt) ∉∑ then 

if e- re�.“/��”then ��012(p, tt) 

else ��342(p, tt) 

endfor 

5 ��2(tt, pt),(pt, tv),(tv, pv), (pv, tn)�(tn, pn) 

6 78 re���9:;<��=,�2 

> for each c∈rc begin //	 pc
 c+,����� 

if pc∉∑ then �� pc 

if -�� r� c.“/��” 

then ��012(pc,tv) else ��342(pc,tv) 

for each e∈{r?@���} begin 

78 e���9:;<,	A tn�2BC< 

endfor 

D if �� cE rF% then 

78EF%G<,��H=,%&I2 

J 	AKL%&�2MN�2BC< 

end for 

2) for each OP9:��� e begin 

78 e�� ���QRSTU,��=,2 

end for 

3) end 

� 11  ECA��� EPN��
VWXY 

�� 3  � L��Σ��å����+<=>P
@A	����L ���	HßJE'KLKÇQ

RpI±���QRS L(�å*����ä	�

L(�åÒ���" 

�� 4  � L ��Σ��å���"�� L �

��_�	 r��åèm p�+<�	 rJ�Σ��
#�]^èm%\/_^èm%\��ëèm%\

Ê� p�	S p0���� L�
 p∈L" 

�� 5  � L��Σ��å����+<WJè
m p� p'�EF p∈Σ�p'∈L� ø=èm p'6èm

pK�_u��	S p���� L,��" 

�� 1  � L��Σ��å����WJ�_�
	 r∈L�[G�	 r�ØÙ]^�( e� � eJΣ
��#�èm( p�t(�	 r���îï"+<(p, 

t)(�ôò�EF�R p �|%(û��R p pU

>?���,��QR L��å*���" 

��  ��Σ��å��� L=(r1, r2, 9, ri)ø

�	 r∈L�e� r�ØÙ]^�p( e�#�]^è
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m�t( r���îï�(p, t)(�ôò�n(Σ�@
A	�C p�mÊ� token��{�n��Æ�"1) 

+< p �|%(û�QRΣ�>?îï���w,

�� p� token��pIJ p�!� token"��

@mK p�� token�Ç��	 r ßp,
±S�

K���E'"U�@AB&C p �� token ��

{�KL�(�{( n)�st�r Î���K�pI

TF n�JtNÇ�r ßp
S±���=� L (

�å*���"2) +< pp±>?���,��t

"�ñ p �� token �{�KL��pU�( m�

=�>��@ p�mK token"�r±��E'�K

�pITF n+m"tÇ�	 rßp
S±���=

� L-." 

st���� L��å*����Vg5W" 

�� 1  � L��Σ��å�����_ ECA�

	 r∈L�e( r�ØÙ]^�p( e�#èm�t( r

�#���îï�ò(p, t)(�ôò"+< p�|%(

û��U*���,��	 L��å*���" 

�� 2  � L��Σ��å���"+<WJ�
_ ECA�	 r∈L�éØÙ_^( c�EF�C 3å

_^&1) (c, t)��ôò�é��t� r�êaîïâ

2) c±$(*�+,â3)$î c ��	wK�_�

�( r'�ø r'∈L�QR L(�å*���" 

��  X$,W~"*���� Lp�*��

�"t"�=Σ�>?B&���r' ,�±YLK

E'"�	 r'$î��	 r �_^ c��é(*�

+,�T� r±êa�|��_^4?Z[(Ò"

U�$î�	 r _^��	w
��	 r'�st>

r'E'Ç�de�	 r�_^4�(*�=��5 r

p
±êa�E'�=��5 Lp
QRE'C\�

Õ*�]^"Vg5W" 

�� 3  � L��Σ��å����+<WJ�
_ ECA�	 r∈L�r�ØÙ_^( c� ø 1) (c, t)

�õ�ò�é��t� r�êaîïâ2) c±$(*

�+,â3) $î c��	wK�_��( r'�ø r'∈L�

QR L(�å*���" 

��  Õr� 2�_" 

�� 4  � ECA�	% R�2� EPN(Σ�+
<Σ�pWJ>?����¾mK����H�*
����QR�ECA�	% R�,-.�" 

��  +<�Σ�pÊ�>?����	Vg
`ÆGM"� L �Σ��å*����QR��>
P ECA�	 r∈L�Ur� 3,��rJ��KLK

Çßp
±SK���de�	 r�,-.�"U

�Σ�mK���H�*����st��	% R

��mK*������	H�,-.��=� R

�,-.�"Vg5W" 
3.2  ������� 

�� ECA �	%�2� EPN�ÓÔ���Í

#�-.*qr»~"%»~È3É$ EPNmÊ�

��	ËÌ�uFb� EPNáqr�	%�,-.

*"»~°¡�
+� 12m�" 
 
��: ECA���(	
 R)Ia�
 EPN(	
Σ) 

��: R.bcde 

1) flag=false 

2) while exists pe, and ⋅pe=Φ begin //pe
���� 

fg pI�h p� ���-Σ���hij 

3) for each �� c∈Σ begin 

if cklmn 2omn 3 then 

fgp c ��2�qr���-Σ���hij 

flag=true 

endif 

endfor 

4) if Σ=Φ then ���sR.cde�tuVv 6), wx 

5) if flag=false then ���sRycdetelse goto 1) 

6) end 

� 12  ECA����cdez{mXY 

Óa�b������� ECA �	%-.*

34}~�uF[c�	%���:`de(�a

b:`de2)� J6%deæf�,�*qrØ

�	%�äWJ�(��)"�ôg�� A(�	%

���:`de�æf aij=1�� ECA�	 i��

ECA�	 j"deM=Ak
��æf mij�1��=�

	 i 6�	 j �h9( k ���i�_���é�

jk��æf aiip( 0	��WJ������"

JlmnoC��	%pWJ>?����WJ�

åÊ��x3�mK�	����"�de�n~

Ý»7��'6 An
�o�qr»~�Îpno"s

t�¢K�����2����qr»~�"VX

Y9( O(n4)[8,9,14]
�é��n( ECA�	_�" 

ÓÔ����	%qr»~p8�Ö­��

�����	%,-.*qr»~�q�� ECA

�	%�2� EPN�� EPN �Ê�� ECA �	

�rs�	ËÌ�+X\]^/X\_^/]^

��¦§2�uFJ EPN áqrr� 1/r� 2

�r� 3�=�pt�umK
-.��	�m

K*�����6b� EPN �{�"+<Î-

EPN�mKæf;±vu�	��Ø ECA�	%
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pÊ�>?����mK����H�*��

��=�Ø ECA�	%�,-.��ä	�Ø�

	%p,-." 

J»~ 2��2)��r� 1�w� 1� EPN�

'b��"VXY9( O(m2)�é��m( ECA�

	%�mKp8�ØÙ]^å�"3)��r� 2�

r� 3� EPNSKb��"VXY9( O(kn)�é

��k (�	�mKØÙ_^�å��n (�	_

�"uvJ ECA�	%\��k<<n� m<<n"xy�

U� ECA �	_��KL��st�»~ 2 ��

3)�Îyz�{�Î�I�' nK�=�»~ 2�

"VXY9( O(n3)�n(�	_�" 
3.3  ������� 

� 2  �KECA�	%R={ r1, r2, r3, r4}�é�� 

r1: ON  e1∧e2    IF  c1     THEN  e3 

r2: ON e3∧e4    IF  c2     THEN  e1 

r3: ON e4        IF  c3∧c2  THEN  ¬c2∧e5 

r4: ON e5      IF   c3     THEN  e4 

ECA�	 r1, r2, r3� r4�Áæf���Õ| 1

�� ECA �	Í8��mK�	�]^��¦§

(2x��"� 13 ��	% R �2� EPN∑"�

�	% R�-.*34FG+Cm
" 

 
� 13  ���� EPN 

E'»~ 2� 2)Ç��∑±b��+� 14m�"

J 3)��U�ØÙ_^ c2}$î%_^�~��_

ECA �	 r3� c2(*�=�r� 2 GM���v

uÍ:æfÇ�EPN±SKb�(w�C�	 r1"

U� flag�+1( true�Iz 2)�EPN±SKb�

(û�=�5�Z�&�	% R�,-.�"{|�

X$NK}~;p
5�Õ½¾Í8�-.*3

4Z�" 

 
� 14  W��� EPN 

4  ���� 

��p8� ECA �	%�-.*qr»~�Ó

Ô���Í#�ÑÒÏÐ�ÐWÁqr»~��«

*�À�"ÏÐ��+C&CPU Intel �� 1.86 GHz�

OW 1GB�Windows XP ����Microsoft Visual 

Studio 2005��"�Õ�×�qr»~K 3Â TG/

BK � PN »~�é��TG(������qr)»~

�J6�	%���:`de}én~Ý»�»�

äWJ���BK »~� Bostan-Korpeoglu[14]
2��

»~�PN�ÓÔm�$�»~" 
4.1  �	 1 

�÷� ECA�	% RwÊ��å��� L�L 

= {r1, r2, 9, rn}�n(�	_�"r1�]^( e1∧e2�

rn!�]^ e1/]^ e2��M]^�qp±>?�

	!�"ÏÐ� n+1./(100, 1 000)"� 1
�

��	%Jp8»~C�Ý'"V"Z<��ÓÔ

��»~(PN)�À�Î8�ø»~ PN � BK 5�

��«Z�(�	%�,-.�)��»~ TG �q

rZ<��(�	%p,-.)" 

� 1   �������	
��
��(���s) 

���N 
XY 

100 150 200 250 500 1 000 

TG 13 67 234 649 >104 >105 

BK 13 68 253 666 >104 >105 

PN <10−2 <10−2 <10−2 <10−2 0.04 0.1 

 
4.2  �	 2 

�÷� ECA �	% R �K 3 å����3ó

( L1/L2� L3�é��L1 =( r1, r2,9, rn/2)�L2 =( rn/2+1, 

rn/2+2,9, rn)� L3 =(rn/4, rn/4+1,9, rn/2, rn/4�3, rn/4�3+1,9, 

rn)"�	 r1�]^( e1∧e2�é��e2p±>?�

	�ë!�"� 2
���	%Jp8»~C�Ý

'"V�Z<��ÓÔ��»~(PN)�Ý'"V)

ÆÎ�� ø5���«Z��� TG »~�qr

Z<)Æ����" 
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� 2  � 3�����	
��
��(���s) 

���N 
XY 

100 150 200 250 500 1 000 

TG 6 35 118 318 >104 >105 

BK 13 71 259 672 >104 >105 

PN <10−2 <10−2 <10−2 <10−2 0.03 0.1 

 
4.3  �� 3 

���G�÷� ECA�	% R"� 3
��p

8»~�Ý'"V"mK»~�qrZ<��	%

�W-.���	%p�>?����TÓÔ»~

PN�Ý'"V)R¼�é�»~" 

� 3 ��	
�������������
��(���s) 

���N 
XY 

100 150 200 250 500 1 000 

TG 13 82 250 708 >104 >105 

BK 15 83 290 729 >104 >105 

PN 0.04 0.05 0.08 0.1 0.2 0.3 
 

5  ��� 

ECA�	°KXY�Z[)*�o�Z[)*

�5 ECA �	%�,-.*qrh3ij"��

{| ECA �	%�-.*qr»~wklx3Z

[)*�de»~ª«*¬��!�ÓÔ���,

KÀ�� ECA �	%�ÃÄ Petri �¦Å(EPN)�

 Jt���º\34� ECA �	�ÁÂZ[)

*�-.*��������� EPN�,-.*q

r»~"%»~uFb� EPNá�=vu ECA�

	V�*����=��8�qrª«*� J�

rG9��¼�Ö­���qr»~�"VXY

9"��34�ÏÐZ<���ÓÔ��� ECA

�	%,-.*qr»~°K�8�ª«*��

¼�"VXY9" 
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