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let KKK() =

(new u1@d1:Release 
!a1(u1); (do !u1;KKK() or  !k1;KKKst()))

and KKKst() =
(new u2@d2:Release 
do !a2(u2); (do !u2;KKKst() or  !k2;KKK())
or  ?a3(u3); (do ?u3;KKKst() or  ?k3;KKKst())
or  ?a5(u5); (do ?u5;KKKst() or  ?k5;KKKst()))

let E1() = 
?a1(u1); (do ?u1;E1() or  ?k1;E1())

let E2() =
?a2(u2); (do ?u2;E2() or  ?k2;E2())

let KK() =
(new u3@d3:Release 
!a3(u3); (do !u3;KK() or  !k3;KK_P()))

and KK_P() =
(new u4@d4:Release  new u5@d5:Release 
do !a4(u4); (do !u4;KK_P() or  !k4;KK())
or  !a5(u5); (do !u5;KK_P() or  !k5;KK_PP()))

and KK_PP() =
(new u6@d6:Release 
do !a6(u6); (do !u6;KK_PP() or  !k6;KK_P())
or  ?a7(u7); (do ?u7;KK_PP() or  ?k7;KK_PP())
or  ?a9(u9); (do ?u9;KK_PP() or  ?k9;KK_PP()))

and KKPse() = 
do ?a4(u4); (do ?u4;KKPse() or  ?k4;KKPse())
or  ?a6(u6); (do ?u6;KKPse() or  ?k6;KKPse())

let K() = 
(new u7@d7:Release 
!a7(u7); (do !u7;K() or  !k7;K_P()))

and K_P() = 
(new u8@d8:Release  new u9@d9:Release 
do !a8(u8); (do !u8;K_P() or  !k8;K())
or  !a9(u9); (do !u9;K_P() or  !k9;K_PP()))

and K_PP() = 
(new u10@d10:Release 
!a10(u10); (do !u10;K_PP() or  !k10;K_P()))

and KPse() = 
do ?a8(u8); (do ?u8;KPse() or  ?k8;KPse())
or  ?a10(u10); (do ?u10;KPse() or  ?k10;KPse())

[1]substrate

[2]substrate
[3]kinase
[5]kinase

[1]enzyme

[2]enzyme

[3]substrate

[4]substrate
[5]substrate

[6]substrate
[7]kinase
[9]kinase

[4]phtase
[6]phtase

[7]substrate

[8]substrate
[9]substrate

[10]substrate

[8]phtase
[10]phtase

GGG�3� �� � � ( �� 1

3� �GGG�� � � ( �� 1
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type Release = chan() 
type Bond = chan(Release) 
type React = chan()

new a1@1.0:Bond val d1=1.0 new k1@1.0:React
new a2@1.0:Bond val d2=1.0 new k2@1.0:React
new a3@1.0:Bond val d3=1.0 new k3@1.0:React
new a4@1.0:Bond val d4=1.0 new k4@1.0:React
new a5@1.0:Bond val d5=1.0 new k5@1.0:React
new a6@1.0:Bond val d6=1.0 new k6@1.0:React
new a7@1.0:Bond val d7=1.0 new k7@1.0:React
new a8@1.0:Bond val d8=1.0 new k8@1.0:React
new a9@1.0:Bond val d9=1.0 new k9@1.0:React
new a10@1.0:Bond val d10=1.0 new k10@1.0:React

…

run 100 KKK()  run 100 KK()   run 100 K()
run 1 E2()  run 1 KKPse()  run 1 KPse()
run 1 E1()



2005-02-17 36

� 6 4� � � � � � � � 	 � &�� � 
� � �
 " � �" � &4��

� ���� � � � � �� �� � � 	 �� +� �MMM
� � � 1GGG$�� � � 1GG$�� � � 1G$���
� 13; $�� 1GG� 	 � $�� 1G� 	 � +��

5� ( � � ��	 �� 1>� +�
J � � ( � � ��	 �� � � 1� � 44
� � �� 
 � 	 � � 	 �� �� �� & +

GGGP�
 � � � � 	 �� ��! �&�� � �3�

GG0� � �
 �	 � 	 �B� �� � � 


G0� � ���� ��( 	 �� ( �� � �� � � M

GGG

GG

G

GG0�
G0�

� 13� ����� T� � � � !

� 13� ���
 � � � � � !

� 13� ����� T� � � � !

G0� � ���! � � � �	 �� � �&GG0� �GGGP

GGGP

GG0� �

G0� �



2005-02-17 37

� 6 4� � � � � � � � 	 � &�� � 
� � �
 " � �" � &4��

� 1>�

GGGP

GG0� �

G0� �

D1>�

GGGP

GG0� �

G0� �

GGGP

GG0� �

G0� �

@1>�

� 1>�

GGGP

GG0� �

G0� �

� ���� � � � � �� �� � � 	 �� +� �MMM
� � � 1GGG$�� � � 1GG$�� � � 1G$���
� � 13; $�� � 1GG� 	 � $�� � 1G� 	 � +
� 	 � �� 13� ��	 �� � ��� � #� 
 �	 � � � �� �� � � �
� � �( 
 � ! � � � �� � �� � � ( � �  

@?>� � ?>�

G0� �

4 � 
 � 	 �� � � �B� �� � �&

GGGP

GG0� �

G0� �



&� � 
�" � � � � *
A ; >� / � 4� 
 � 	 � � �

; 	 � � � �� � �
 " �



2005-02-17 39

� � 	 � �� � � ( � / � ! � pppp� � � 
� � 
� �

� � �O�%���® � � � � OO�%�0

� � OO�%�0 ® � ; � � �O�%�
� �

� � O

%�

%�0

M� N� M�N�

� �

� ;

� �

� ;

� � %�

� � O %�0

� �

� ;

� �( 
 � � � 	 	 �� � �� � �� 	 �� � " � � �	 � 
 &$�� 
 �8 ) / A 

� � �KM� � � *�N� � ; *�� � �
%��K N� � � *�M� � ; *�%�

%�0

� � O

� �! �� � � 
 � � � �( 
 � � � 	 	 �� � �� � �� 	 �� p 

4 " �	 �� � � 
 �0� � � 0��� � �#
 � ( " �� � ��
 � ( 
 � 	 � � � � � �� � �! � #� � � 
 � � � 	 �
�� � � �	 ( � #" � � � ��! �� #
 � � 	 ��( 
 � � �	 � �� � ! �! &� � � �� $�� � � �� � � �
	 � � �� � �� $�	 � 
 � � � � 
 � ! $�� 
 �� � �� � � �� � � �� +

�%� � �� � �� � � � � 
 � � ! �
� � �� �%4/ % 

�%� � �� � �� � � � � 
 � � ! �
� � �� �%4/ % 

4 " � �	 � � � �, � � ! � �-

� �� � � ( � 	 �� �� � � ��#
 � ( " �� � ��
 � ( 
 � 	 � � � � � �� � $�
� � ! �� " � �� � 
 
 � 	 ( � � ! �� #�� � �� � �� 	 +



2005-02-17 40

- � 
 � � � 	 � � � �
 " � � � 
 � A ; >P�

0��Q

�3

��

0�0�;%

�0�)

0�0��

 9
 =
 ;
 �%

! >6 ?E! � K�0� � 0 � ;

! >$?E! � K�0� � O�� 9

! >� ?E! � K�; ×� � 0 � ; 0 � =

! >; ?E! � K�� ;

! >>?E! � K�� =

! >- ?E! � K�� = 0 � 9

� ��?$� �$� � �

I 
 �� � �� " � �� � � � � �� �� � � 	 �
� &�� � �� � � 	

� � � ! �� " � �� � � � � � � 
 � � �� � �
� " � � #� 	 �� 
 � � �� " � �
 � � 	

?��� " � � �� � ��	 ( � � �� 	
>0?��� � � � � � � 
 � � �� � 	
/ ��
 � � � ��� � 	
#��� �� � � �� �( � 
 � � � � � 
 	
%��	 � � �� " �� � � � 
 �� � � � 
 �1
	 ��� � � � �&	 � 	 �� �� �� � & 

?


 � � � � �� � 	

	(
��

��
	

8 � � �� " �� � � � 
 ��
/ � � 
 �1

�

) %

�

3Q

%
� �

� ;

� 9

� =


 � ��� O) �® � � %O%

 ; ��� O%�® � ; �


 =��%�® � = 3OQ


 9��Q�® � 9 )

� 9×>- ?� 9

� =×>� ?� =

� ; ×>6 ?×>� ?� ;

� � ×>6 ?×>$?� �

/

%� � � � � � 
 � � �� � �
� " � � #� 	

8 � � �� " �� � � � 
 ��
� � � 
 �1

� � � � ��� � 	

! �
K�%××××/

! >??
� � � ! �� " � �
 � � � ��� � 	 �
� 
 � � �� " � �� � �� � � 	

3+#+�! >6 ?E! � K�
0� � ×>6 ?×>$?�0 � ; ×>6 ?×>� ?



2005-02-17 41

- � 
 � � � 	 � � � �
 " � � � 
 � 4� 
 � 	 � � 	 �

6 K�N� � � �+�%L% �O�N� ; � ; +� O�N�

$ K�M� � � � O�N�

� K�M� ; � ; O�t � =�3LQ O�N�

; K�� O�N!

> K�� O�N�

- K�t � =+) O�N�

�� � � 
 � � � �� � 	

(

��

�	
	�

	

� � � � � ��� � 	 �� 
 � ��� ( ��� �� ��� �
	 � � � " � 	 � �� �	 � � � � � �� 	  

0��Q

�3

��

0�0�;%

�0�)

0�0��

 9
 =
 ;
 �%

�

) %

�

3Q

%
� �

� ;

� 9

� =

Q� 
 �� �� � 
 &�
 � � � � � �� 	 $�� �
 	 � �
	 ( � � �� 	 ��� �� " � �� � �� � � �! � � 	 �� � �
�� ( � � �� � ! �( 
 � ! � � � 	 �
 � 	 � �� $�	 � � � � ! �
	 ( � � �� 	 �! � � 	 �� � �� � ( � � $�Q� 
 �� � � 
 &�

 � � � � �� � 	 $�	 ( � � �� 	 �! � � 	 �� �� � �
� � � �� � �� � ! �( 
 � ! � � � 	 �
 � 	 � �� +�� � �
� � 
 � � 
 &�
 � � � � �� � 	 +

� � � ! �� " � �( 
 � � � 	 	 �
�� � � 
 � � � �� � 	 �� 
 � � �� " � �
 � � 	

� ! ! �� �� � 
 � �
� � 
 �� � � � � �� #

I 
 �� � �� " � �� � � � � �� �� � � 	 �
� &�� � �� � � 	


 � ��� O) �® � � %O%

 ; ��� O%�® � ; �


 =��%�® � = 3OQ


 9��Q�® � 9 )



2005-02-17 42

- � 
 � � � 	 � � � �
 " � � � 
 � +Q
 �" ,4� 
 � 	 � � 	 �

N� � � �7�N� � � �® � � %L%
N� � � �7�N� ; � �® � ; �

N� =� �® � = 3LQ

N� 9� �® � 9 )

6 K�M� � � �O�M� ; �

$ K�M� � �
� K�M� ; � �O�M� =�

; K��

> K��
- K�M� 9�

?

/
�� � � 
 � � � �� � 	

(

��

�	
	�

	

� � � ! �� " � �	 ( � � �� 	 �
� 
 � � �� " � �
 � � 	

I 
 �� � �� " � �� � � � � �� �� � � 	 �
�� �� " � �� � �� � � 	

0��Q

�3

��

0�0�;%

�0�)

0�0��

 9
 =
 ;
 �%

�

) %

�

3Q

%
� �

� ;

� 9

� =

� � � ! �� " � �
 � � � � �� � 	 �
� 
 � � �� " � �� � �� � � 	

8 � � � " � 	 � �� �T� �� �
� � �� � �� 	 �NMN

I � � �! �	 � ( ( � 
 � �� 
 � �� 
 � 
 &�� 0� 
 &

 � � � � �� � 	 +


 � ��� O) �® � � %O%

 ; ��� O%�® � ; �


 =��%�® � = 3OQ


 9��Q�® � 9 )



2005-02-17 43

%
 � � I � � � � I 	 � I � " �

� 8 � � �� " �� � � � 
 �� � � � 
 �� � 	

 5� ��	 �	 � � � ! � 
 ! �� � �#� �� 
 � � �� " � � �� � ��� B� � � �� � 	 �� � �J � 3R	

� �� �	 � � �� " �� � � � 
 �� � � � 
 �� � 	 +

 5� ��	 �( � 	 	 �� �� �� � �#� �� 
 � � �� " � � �� � ��� B� � � �� � 	 �� � �( 
 � � � 	 	 � 	 �

� �� �	 � � �� " �� � � � 
 �� � � � 
 �� � 	 +

� ) � � �� " � 
 � ��	 �� �� � � � � 
 �� � &�

 8 � � �� " �� � � � 
 �� � � � 
 �� � 	 �� �� � 0� ( �� 1( � � � � � �� ��&�� � 
 �

� �� � " � � �� � ��	 &	 � � � 	 �� � � ��� � �� � 
 �� 
 ! �� � 
 &�� " � � �� � ��
	 &	 � � � 	  �� � � � � 	 � �( 
 � � � �� 	 �" � � � �� � � � �� � � � 
 �� ��	 � � � � +


 I � �	 " � � �! �! � 	 � 
 �� � �� �� � " � � �� � ��	 &	 � � � 	 �� � � ( � 	 �� �� � � ��&�
� �� " � � � �#� �� #�� " 
 � � #" �	 � � � " �� � � � 
 �� � � � 
 �� � 	 �� � � ! �
" � � � � �� �� " � � � �J � 3R	  +



2005-02-17 44

� 
 � � 
	 ?	 � *� - � 
 � � � 	 � � � �
 " � � � 
 � A ; >P�

� �� � � (

) �� � ) (

%�� � %(

� ) %�� � � ( ) %

� ) %�� � � ) ( %

� ) %�� � � ) %(

� ( ) %� � � ( ) ( %

� ( ) %� � � ( ) %(

� ) ( %� � � ( ) ( %
� ) ( %� � � ) ( %(

� ) %( � � � ( ) %(

� ) %( � � � ) ( %(

� ( ) ( %� � � ( ) ( %(

� ( ) %( � � � ( ) ( %(

� ) ( %( � � � ( ) ( %(

� � ; � � = � � 9 � � D � � < � � C � � F � � : � ; � � ; � � ; ; � ; =

� ( ) ( %(

� ) ( %(

� ( ) %(

� ( ) ( %

� ) %(

� ) ( %

� ( ) %

� ) %

� ; 9� � �� � �� :� F� C� <� D� 9� =� ;� �%

� ) %

� ( ) %
� ) ( %

� ) %(

� ( ) ( %

� ( ) %(

� ) ( %(

� ( ) ( %(

; � x ; � � ; � 0�  

; �
� ) %�

; �
! � � � ��

 � � � � �� � 	

� � � ( �� 1
	 ( � � �� 	 
 � � � � �� � 	

� � � �� � �� � � � � 
 �� � �� ! #� 	 �
�� �� 0! �� �" &( � 
 � � � �  

; � � ; � 0�  

� $�) $�%�

! � � � �� 	

8 � � �� " �� � � � 
 ��
/ � � 
 �1

4" � �� � � 
 �1��	 �	 ( � 
 	 � $�	 � �� " � �
� � 
 
 � 	 ( � � ! �� #�J � 3�	 &	 � � � ��	 �
� � � �! � � 	 � $�� � � ��� �	 � ����" � 	 �; �

� B� � � �� � 	 $�� � � �( � 
 �	 ( � � �� 	 $�( �� 	 �
� � � 	 � 
 � � � �� � �� B� � � �� � 	 �
�>� ) %?O>� ( ) %?K� � � 	 � � � � $�� � � + +



2005-02-17 45

� 
 � � 
	 ?	 � *� - � 
 � � � 	 � � � �
 " � � � 
 � 4� 
 � 	 � � 	 �

� �� � � (

) �� � ) (

%�� � %(

; �

� ��K�N� � *� ( � ( K�N( " *�

) ��K�N� � *) ( ) ( K�N( " *)

%��K�N� � *%( %( K�N( " *%

� �L�) �L�%�L�� �� � 	 � L�( " � � 	 �

; �

I " � 
 � �� " � ��� � � ��! � � � �� �
 � � � � �� � 	 �� 
 � �� � � ��� ! � ( � � ! � � � $�� � �� � � �
� 	 � ��� � � 
 � ��� � � � � � �� � � �� � �	 � �� " � � �� � � " �� � � ( � � � � � ��	 �� � � 
 � �� � �
� " � �
 � �� � � � � �� � " � 
 	 +



� 
 " � 
� � �
 " �
,4" � �! � � � �� 
 � �� � � � � � �� � �� #�� � ! �
� " � �� � � ( � � � 
 	 �� 
 � �" � � � �� #$�
� " � � �� � �� 
 � ��� � � �� #�� 
 � �� " � �
� � 
 ! 	 $�� " � �#
 � � � � 
 �� � ! �� " � �
	 &� � � 1�� � �� �� � � ��� � #� � #� S-

� +�) 
 � &��45) 8 �; ; � :  �=; D0=; <$�� : : C 

,4 " � �� � 	 � �� ! � � � � � ! �� � � �	 �� � 
 �
� � � ( � � � 
 �( 
 � � � 	 	 �! � 	 � 
 �( � �� � �
	 � � � �� � �� � �� �	 � �� " � �� � 	 � �� � � �	 �
� � 
 �� " � �! � 	 � 
 �( � �� � �� � �
� �� � � �� � � �� 
 �	 &	 � � � 	 +-

3+8" � ( �
 � ��A� � � � 
 � �� � � � 	  

2 *

6 *


