

Synchronised Hyperedge Replacement


as a Model for


Service Oriented Computing


FMCO


Amsterdam, 1-4 November 2005


– p. 1/26







Forewords
(with apologies and presentations)


– p. 2/26







Apologies & presentations


��� � � � ��� � �	 
 � � � � �� � �� � � � �	 � � �  � � � � � � � � � � ��� 	 � � � �� � �	 � � �� �� � � ��
� � �


�� �  !  " # $ %'&( ) %(  ) *+ &( , %&( - . -0/132 - 4 5 6 . - 7 8  !9 *: ;! & % �< =


= & # ; *> ;@? %( * * A  B & "(


C �< = !D ! ; * )! 7E � D 9 *( F(  9 GH! I


C �< = : & )9 " ;  ; $ & #! 7E �� � I


J # & ; G *( + & ( KH!L


= & )9 & # * # ;! M GD 9 *( * K F *!


�D ! ; * )! M N 2 - 4 OHP E & % GD 9 *( * K F *!


= & )9 " ; $ # F M( * + ( $ ; * GD 9 *( F(  9 GH!RQ Q Q


Q Q Q + $ ; G C! & ) * I !D # : G( & # $!  ; $ & #9 & S $ : D


– p. 3/26







Apologies & presentations


��� � � � ��� � �	 
 � � � � �� � �� � � � �	 � � �  � � � � � � � � � � ��� 	 � � � �� � �	 � � �� �� � � ��
� � �


�� �  !  " # $ %'&( ) %(  ) *+ &( , %&( - . -0/132 - 4 5 6 . - 7 8  !9 *: ;! & % �< =


= & # ; *> ;@? %( * * A  B & "(


C �< = !D ! ; * )! 7E � D 9 *( F(  9 GH! I


C �< = : & )9 " ;  ; $ & #! 7E �� � I


J # & ; G *( + & ( KH!L


= & )9 & # * # ;! M GD 9 *( * K F *!


�D ! ; * )! M N 2 - 4 OHP E & % GD 9 *( * K F *!


= & )9 " ; $ # F M( * + ( $ ; * GD 9 *( F(  9 GH!RQ Q Q


Q Q Q + $ ; G C! & ) * I !D # : G( & # $!  ; $ & #9 & S $ : D


� � � � � � � 
 � � � �


�� �� � 	 � � � � � � � � � � � � � 	 � � � � � � � � �� �


	 � � 	 �� 	 � � � � ��
�


� � � � � �	 � 	 
� � �� �� � �	 � � � � � �  � �� �


– p. 3/26







Anatomy of a title...Synchronised Hyperedge Replacement


π π


– p. 4/26







Anatomy of a title...Synchronised Hyperedge Replacement


� �  � � � 
 �	 �� � � � ��� � � �	 �


�� � � �� � � � �	 � � � � 	 � � � � �� � � � �� �


� � � � �� 	 � � � � � � � � � 


� � � � � � 
	 � �� �� � � �� � � � �	 � � � �


� � � � � � � �� � 	 � � � �


� � � � � � � � � � � � � � � � � � � � � � � � �� 	 � �


� � � � � � � �	 � � � �


π π


– p. 4/26







Anatomy of a title...Synchronised Hyperedge Replacement


� �  � � � 
 �	 �� � � � ��� � � �	 �


�� � � �� � � � �	 � � � � 	 � � � � �� � � � �� �


� � � � �� 	 � � � � � � � � � 


� � � � � � 
	 � �� �� � � �� � � � �	 � � � �


� � � � � � � �� � 	 � � � �


� � � � � � � � � � � � � � � � � � � � � � � � �� 	 � �


� � � � � � � �	 � � � �


� � � � � � ��
� � � � �� � �� 	 � � � �� �


� �� π � π � �
�


� � � � � �


�� � � �� � � � � � � � � � �


� � �
� �� � �	 � � � � �


��� 
� � � � � �� � ��


� � � �� � � � �� � � � �� � � �	 � � � �


	 
 
 � � �	 � � � � � � �� � � � �


� � 
 � � � � � �	 �� � �� � � �� � � � �	 � � � � �


– p. 4/26







Anatomy of a title...Service Oriented Computing


� � � �� � � � �� � � � � 
 � � � �  � � � � � � �  � � �	 � � � ��


� � ��  � 	 � � � � � � � � � � �	 � � 	 � � � � � �� � � � � � � � � � � � � � �� � � � � � � � �� � � � � � � � � � �� � �� � �


� � �  � �
� � �� � � � � � � � � � � � 
 � � � � �
�


� �� � � � � � � � �� � � � � � � �� � � �


– p. 5/26







Anatomy of a title...Service Oriented Computing


� � � �� � � � �� � � � � 
 � � � �  � � � � � � �  � � �	 � � � ��


� � ��  � 	 � � � � � � � � � � �	 � � 	 � � � � � �� � � � � � � � � � � � � � �� � � � � � � � �� � � � � � � � � � �� � �� � �


� � �  � �
� � �� � � � � � � � � � � � 
 � � � � �
�


� �� � � � � � � � �� � � � � � � �� � � �


� �� 	 � � � � �� � � �� � � 	 � �


� � � �� � � � �� �


� � �� � � � � � � � �� �


�	 �� � � � � � �� � � � �


� � � � � � � �	 � � � � � � �� 	 � �� � � � �� � ��


��
�


� �� � � � � �
�


�	 �� � � � �� �� � �


� �� � �	 � � � � � �� � �


� � � �  � � � �
�



� � � 	 � � � � �	 � �


� � � � � �� � � �	 � �  � �� � � � �


� �� 	 � � � �	 � � � � 	 � � � � � 
 � � � � ��


– p. 5/26







Anatomy of a title...Service Oriented Computing


� � � �� � � � �� � � � � 
 � � � �  � � � � � � �  � � �	 � � � ��


� � ��  � 	 � � � � � � � � � � �	 � � 	 � � � � � �� � � � � � � � � � � � � � �� � � � � � � � �� � � � � � � � � � �� � �� � �


� � �  � �
� � �� � � � � � � � � � � � 
 � � � � �
�


� �� � � � � � � � �� � � � � � � �� � � �


� �� 	 � � � � �� � � �� � � 	 � �


� � � �� � � � �� �


� � �� � � � � � � � �� �


�	 �� � � � � � �� � � � �


� � � � � � � �	 � � � � � � �� 	 � �� � � � �� � ��


��
�


� �� � � � � �
�


�	 �� � � � �� �� � �


� �� � �	 � � � � � �� � �


� � � �  � � � �
�



� � � 	 � � � � �	 � �


� � � � � �� � � �	 � �  � �� � � � �


� �� 	 � � � �	 � � � � 	 � � � � � 
 � � � � ��


� �� 	 
 
 � � �	 � � � � � � � � � � � 	 � � � � � 
 �


� � �� � � � �� �



� � � 	 � �	 � � � � � �� � � �	 � � � �


�	 � � � � � � � � � 	


� � � � 
 � � � � � �


� � � � � � � � �	 � � � �	 � �


� � � �� � � � � � � � �� � 	 � �� � �  �


� � �� � �	 �� �


	 � � 
 � � � � � � � �
�


�� 	 � � � � � 	 � � � � � � � �


� � � � � � � � 	 � � � �	 � � � � �� 	 � � � � � �	 �


– p. 5/26







SHR family
step by step


– p. 6/26







Hypergraphs Syntax


� � � � � 	 �� � � � � � � � � N �


�� 
 � � � �  � � � � � � � � � 	 �� � � � � � � � � � � � � � �  � � � � 	 � � �	 � � � � � �


� �  � �


L : 3, L(y, z, x), •
y


•x L3


1


OO


2 •z


G ::= nil
∣


∣ L(x̃)
∣


∣ G|G
∣


∣ ν y; A.G


�� � �	 � � � � � � �  � � � � �


x1: A1, . . . , xn : An ` G� fn(G) ⊆ {x1, . . . , xn}


L : 3, M : 2


x, y ` ν z.(L(y, z, x)|M(y, z))


•y


L


OO


��
�� @@


@@
M


pp


•x ◦z


– p. 7/26







Hypergraphs Syntax


� � � � � 	 �� � � � � � � � � N �


�� 
 � � � �  � � � � � � � � � 	 �� � � � � � � � � � � � � � �  � � � � 	 � � �	 � � � � � �


� �  � �


L : 3, L(y, z, x), •
y


•x L3


1


OO


2 •z


G ::= nil
∣


∣ L(x̃)
∣


∣ G|G
∣


∣ ν y; A.G


�� � �	 � � � � � � �  � � � � �


x1: A1, . . . , xn : An ` G� fn(G) ⊆ {x1, . . . , xn}


� � � � 	 � 
 � � �


L : 3, M : 2


x, y ` ν z.(L(y, z, x)|M(y, z))


•y


L


OO


��
�� @@


@@
M


pp


•x ◦z


– p. 7/26







Productions


� � � � � � � � � � � 	 � � � � � � � � �� � � �� � � � � � � � � 
 � � � � � � � �� 
 � �  � 	 
 � � � �� � � � �  � � � � � � � �



� � � � � � � � � χ . L(x̃)
Λ
−→ G


L(x̃) � � �� � �� � 	 � G �� � �


� �� � � � � � �  � � � � � � � � �  � �


� � � � � � �� � � � � � � � � x̃ 	 ���


� �� � � �  � � Λ


x̃


� � 	 � � 
 � � � � 
	 �� � � �� � � � � � �  � � � � � � � � � � �	 � �


L : |x̃|


χ


� �	 �� 
 � �  � �� � � � � � x̃


� � � � � � � � 
 � � � � �	 �� � � � � � � � � � � 
 �� 	 �� 
 � � � � � � 	


�� 
 � � � � � � �� 	 �� � � �� � � � �	 � � � � �


Λ : {|x̃|} → E


� �	 � � � � � � � �	 � � � � � � � � � � � � 	 � � � � �	 � � �  � �� � � � � � � � � � �


E = A×N ∗ � � � � � �� � � � � �� � � �
�


� � � � � A


� �	 � 	 � 
 �	 � � � � �	 � � � � � �


n(Λ) = {z|∃x ∈ dom(Λ).z ∈ Λ(x)}


G


� � 	  � 	 
 � �� �� fn(G) ⊆ {|x̃|} ∪ n(Λ)�


– p. 8/26







A toy example


x1, x2, x3 . L(x1, x2, x3)
{(x1,a,〈〉}
−−−−−→ L(x1, x2, x3)


x1, x2 . M(x1, x2)
{(x1,ā,〈〉}
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SHR transitions and SAMs [LT05]
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	 � � � � � � � � �	 � � �  � � � �� χ
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−−−−−−−−−−−−−−−−−−−−−−−−→> χ′′ ` (ν χ′ \ χ′′).G′


� � � � � �	 � �� � � � � � � � �� 	 � � � �	 � � � �


� � � � � �	 � � � π � �	 � � � � � � � �


� � � � � � � �


�� � � � � � � x � � � � � � � � � � � 	 � �� �


� � � �� 	 � � � � � � � �


x ∈ dom(χ′ \ χ′′)�


� � � � � � � � �� � � � � � � � �� � � � � �
�


– p. 17/26







Technicalities...


�	 � � � �	 � � �� 	 �� � � � � � � � (res)	 � �


(merge)�


χ, x : A ` G
Λ


−−→> χ′ ` G′ actΛ(x) ∈ SyncA xπ = yπ ∧ x 6= y =⇒ xπ 6= x
(res)


χ ` ν x : A.G
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An example


� �� �� �� C1, . . . , Cm


� � � � 	 � 
 � �� �� � � � � � � � � � � � � � � � �� � 
 � � �� � �� � � � � � 
 � � � �� 
 � �



� � � �� � � � �


� � � � � � � � 
 � � � �� � �� Au


� � � � 	�  �� � � � 
� � � �� � � 
 �� ��


◦z1


Au


��


◦
u


B2
oo


•x ◦z2


C1 · · · Ci · · · Cm


� �� �� �� 
 � � � �� � � � � � � � �


Au


�� 



� �� � �� � � � � � � x � �� � � � � � � �� � 
 � �


� �� � � � � � � �� 
 � �� � � 
 � � � ���� ��� � ���


� � � � � � � � � �� ��


B2


�� � � � � � � � � 
 � � � � � � � � � � � �� � �


� � � � �� �� �� 
 � �  �� � 
 � � � � � � � �


� 
 � � � �� � �� �


! � �� � � � � 
 �


� � � � � � �� � � 
 �� �� � Ci


" Au 
 � � �# � � � �� � � �� $�� % % % �


B2


� � � � � � � � � � � �� �� � 
 � � 
 � � � � � � � �� � �� �� � �


� � �� �� � 
 � � 
 � � �� � � � � � �� � � � � � �


– p. 18/26







An example


� �� �� �� C1, . . . , Cm


� � � � 	 � 
 � �� �� � � � � � � � � � � � � � � � �� � 
 � � �� � �� � � � � � 
 � � � �� 
 � �



� � � �� � � � �


� � � � � � � � 
 � � � �� � �� Au


� � � � 	�  �� � � � 
� � � �� � � 
 �� ��


Au


��


◦
u


•x


C1 · · · Ci · · · Cm
� �� �� �� 
 � � � �� � � � � � � � �


Au


�� 



� �� � �� � � � � � � x � �� � � � � � � �� � 
 � �


� �� � � � � � � �� 
 � �� � � 
 � � � ���� ��� � ���


� � � � � � � � � �� ��


B2


� � � � � � � � 
 � � � � � � � � � � �� �


x : Mil ` Ci(x)
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with application level
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Application-level QoS
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a ≤ b ⇐⇒ a + b = b


b a


χ ` G
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R = S ×N ∗


Sync Fin


Sync ⊆ Fin ⊆ S
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NoSync ⊆ S \ Fin


S ? NoSync ⊆ NoSync


0 ∈ NoSync
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