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What do we mean for application level QoS?

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

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

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

•

·
·

– p. 3/28



What do we mean for application level QoS?

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

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

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

•

�� � � � �� � � 
 � �� � 
 � � � 


� � � � ��� � �	� �
 �

� ��� �
 � �
 � � 
 � � 
 �

� � �� 
 � 
 � � � �
 � 
 � �

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

·

�� " �� � 
 $ 
 � � " � � � 
 $ $ � �
 �    

· 
 �
 � $ � � � 
 � �
 � ��

� � 
 � � �� 
 � � " � � 
 �� � � � 
 � � �� �


 � � � � � 
 � � � � � � �� 
 � 
 �� 


� ��� � �� � � � �� 
 � �� � �
 �� $ 
 �� � �

– p. 3/28



What do we mean for application level QoS?

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

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

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

•

�� � � � �� � � 
 � �� � 
 � � � 


� � � � ��� � �	� �
 �

� ��� �
 � �
 � � 
 � � 
 �

� � �� 
 � 
 � � � �
 � 
 � �

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

·

�� " �� � 
 $ 
 � � " � � � 
 $ $ � �
 �    

· 
 �
 � $ � � � 
 � �
 � ��

� � 
 � � �� 
 � � " � � 
 �� � � � 
 � � �� �


 � � � � � 
 � � � � � � �� 
 � 
 �� 


� ��� � �� � � � �� 
 � �� � �
 �� $ 
 �� � �

•

�� � �� � $ � � � �� 
 � � � �� �� � � � 
 � 
 � � �


 �� 
 � �� � 
 �

� � � 
 �� � � � � � $ 
 �
 
 � � ��� � �� 
 �

� � � � �
 � 
 � 
 � � �

� ��� � 
 � 
 � � 
 � �

� � 
 �� $ 
 �� � � �� 
 � � � �

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

��� �
 � � � � 
 �

�� � � � � $ ��� � 
 � " � 
 � � �� 
 � �� � ���� � 
 �

   
 � ��� 
 �� � ��� � � 
 � � $ � � � �� 
 � � � �

– p. 3/28



What do we mean for application level QoS?

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

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

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

•

�� � � � �� � � 
 � �� � 
 � � � 


� � � � ��� � �	� �
 �

� ��� �
 � �
 � � 
 � � 
 �

� � �� 
 � 
 � � � �
 � 
 � �

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

·

�� " �� � 
 $ 
 � � " � � � 
 $ $ � �
 �    

· 
 �
 � $ � � � 
 � �
 � ��

� � 
 � � �� 
 � � " � � 
 �� � � � 
 � � �� �


 � � � � � 
 � � � � � � �� 
 � 
 �� 


� ��� � �� � � � �� 
 � �� � �
 �� $ 
 �� � �

•

�� � �� � $ � � � �� 
 � � � �� �� � � � 
 � 
 � � �


 �� 
 � �� � 
 �

� � � 
 �� � � � � � $ 
 �
 
 � � ��� � �� 
 �

� � � � �
 � 
 � 
 � � �

� ��� � 
 � 
 � � 
 � �

� � 
 �� $ 
 �� � � �� 
 � � � �

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

��� �
 � � � � 
 �

�� � � � � $ ��� � 
 � " � 
 � � �� 
 � �� � ���� � 
 �

   
 � ��� 
 �� � ��� � � 
 � � $ � � � �� 
 � � � �

� � � �
 � 
 � � �� # � $ � 
 � 
 � �� � 
 � � �� � � � � � $ $ � �

�� � � � � 
 � $ � � � � �
 � 
 � �� � 
 � 
 � � �� ��� � �

– p. 3/28



Application-level QoS

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

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


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

– p. 4/28



Application-level QoS

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

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


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


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


• �� � � � � � � � � ��� � � � � � � �
� ��� ��

· � � � � 


· � � � � 
 � � � 
 � 


·

� � �� � � � �� 
 � �

·

� � � � � � � � $ � � $ 
 ��� � �� �
 � �
 � � � �

•

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

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

� �� � �

– p. 4/28



Application-level QoS

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

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


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


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


• �� � � � � � � � � ��� � � � � � � �
� ��� ��

· � � � � 


· � � � � 
 � � � 
 � 


·

� � �� � � � �� 
 � �

·

� � � � � � � � $ � � $ 
 ��� � �� �
 � �
 � � � �

•

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

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

� �� � �

� 
� �� � � � �� � �� � � ��

• � � � �� � �� � ��� � � � � � � �� � � � ��� � � � �

• � � � �� � � � � � �� � � � � � � � � � ���� �

– p. 4/28



Constraint semirings

�� � $ �
 �� � � � � � � � � �� � 
 〈S, +, ?,0,1〉

� � � � �� 
 � � � ��� � � �

0 6= 1 ∈ S " �� �

x + y = y + x

(x + y) + z = x + (y + z)

(x + y) ? z = (x ? z) + (y ? z)

x + 1 = 1

x ? y = y ? x

(x ? y) ? z = x ? (y ? z)

x ? 1 = x

x ? 0 = 0

·
a ≤ b ⇐⇒ a + b = b
b a

·

〈Real+,max ,min, 0,+∞〉

〈{true, false},∨,∧, false, true〉

〈Real+,min, +,+∞, 0〉

〈[0, 1],max , ·, 0, 1〉

〈[0, 1],max ,min, 0, 1〉

〈2N ,∪,∩, ∅, N〉 N

– p. 5/28



Constraint semirings

�� � $ �
 �� � � � � � � � � �� � 
 〈S, +, ?,0,1〉

� � � � �� 
 � � � ��� � � �

0 6= 1 ∈ S " �� �

x + y = y + x

(x + y) + z = x + (y + z)

(x + y) ? z = (x ? z) + (y ? z)

x + 1 = 1

x ? y = y ? x

(x ? y) ? z = x ? (y ? z)

x ? 1 = x

x ? 0 = 0

·

� �� ���� �� � �	 � � � � 
	 �
� 	�

a ≤ b ⇐⇒ a + b = b�

b

��� �� � � � 	 � � �� a

�

· � �� � �� 	 � � �� � 	 � � � 	 �� � ��� � �� �

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

〈Real+,max ,min, 0,+∞〉

〈{true, false},∨,∧, false, true〉

〈Real+,min, +,+∞, 0〉

〈[0, 1],max , ·, 0, 1〉

〈[0, 1],max ,min, 0, 1〉

〈2N ,∪,∩, ∅, N〉 N

– p. 5/28



Constraint semirings

�� � $ �
 �� � � � � � � � � �� � 
 〈S, +, ?,0,1〉

� � � � �� 
 � � � ��� � � �

0 6= 1 ∈ S " �� �

x + y = y + x

(x + y) + z = x + (y + z)

(x + y) ? z = (x ? z) + (y ? z)

x + 1 = 1

x ? y = y ? x

(x ? y) ? z = x ? (y ? z)

x ? 1 = x

x ? 0 = 0

·

� �� ���� �� � �	 � � � � 
	 �
� 	�

a ≤ b ⇐⇒ a + b = b�

b

��� �� � � � 	 � � �� a

�

· � �� � �� 	 � � �� � 	 � � � 	 �� � ��� � �� �

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

��� � �� ��� 	

〈Real+,max ,min, 0,+∞〉


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

〈{true, false},∨,∧, false, true〉


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

〈Real+,min, +,+∞, 0〉


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

〈[0, 1],max , ·, 0, 1〉


� �� � � � � � � 	� ��" �� � � � $� � � � 
 " � � 
 � � � � � 	

〈[0, 1],max ,min, 0, 1〉


 $&%   � �� � � � $� � � � 
 " � � 
 � � � � � 	

〈2N ,∪,∩, ∅, N〉


 	� �(' � � 	� �� � �� ��

N

� 	 � 	� � ��� " �� � � � � �� �� 	 � 
 � � " " � 	 	 � �# � � 	

– p. 5/28



Synchornised
Hyperedge

Replacement

– p. 6/28



Synchronised Hyperedge Replacement

π π

+

– p. 7/28



Synchronised Hyperedge Replacement

� � �
 � 
 � $ � � 
 � 
 � � � $ 
 � � $

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

�
 � � � � � ��� � � 
 $ ���� �

� � $ �� �� � � � � � �� �� � 
 � ��� � �� 
 �

� 
 � � 
 � 
 � � 
 � �� 
 �

� 
 � 
 �� � � 
 � � � 
 � 
 $ 
 � � 
 �� $ � � � �� �

�
 � � � � � � � �� 
 �

π π

+

– p. 7/28



Synchronised Hyperedge Replacement

� � �
 � 
 � $ � � 
 � 
 � � � $ 
 � � $

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

�
 � � � � � ��� � � 
 $ ���� �

� � $ �� �� � � � � � �� �� � 
 � ��� � �� 
 �

� 
 � � 
 � 
 � � 
 � �� 
 �

� 
 � 
 �� � � 
 � � � 
 � 
 $ 
 � � 
 �� $ � � � �� �

�
 � � � � � � � �� 
 �

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

�
 � π " π � � "�� � � 
 � � �� 
 �� " � � � �� " � � �� 	

� � � �
 � � � �� 
 � �   �
 � � �� 	

� �� � 
 � � � �
 �
 �

   �
 � � $ � � �   � � 
 � + � � 	

�� 
 � � � � �� � � � 
 �

� �� �� � 
 � ��� � �� 
 � � � � � � �
 " � � � �
 "

� � �
 	

– p. 7/28



Hypergraphs Syntax

� � �
 � � 
 � 
 � N " � �� 
 � 
 � �
 � �
 � � 
 � � �� � � � � � 
 � 
 �� 
 � 
 � � �
 � 
 � � $ ��� � �� 
 � 
 � 
 � �
 �

L : 3, L(y, z, x), •
y

•x L3

1

OO

2 •z

G ::= nil
∣

∣ L(x̃)
∣

∣ G|G

� �� � � � �� � � � � �
 � 
 � �

x1 : s1, . . . , xn : sn ` G " n(G) ⊆ {x1, . . . , xn}

L : 3, M : 2

x : 1, y : 0, z : 1 ` (L(y, z, x) | M(y, z))

•
0

y

L

OO

��
�� ::

::
M

pp

•x 1 •1z

– p. 8/28



Hypergraphs Syntax

� � �
 � � 
 � 
 � N " � �� 
 � 
 � �
 � �
 � � 
 � � �� � � � � � 
 � 
 �� 
 � 
 � � �
 � 
 � � $ ��� � �� 
 � 
 � 
 � �
 �

L : 3, L(y, z, x), •
y

•x L3

1

OO

2 •z

G ::= nil
∣

∣ L(x̃)
∣

∣ G|G

� �� � � � �� � � � � �
 � 
 � �

x1 : s1, . . . , xn : sn ` G " n(G) ⊆ {x1, . . . , xn}

�� 
 � � �� $ 
 � L : 3, M : 2

x : 1, y : 0, z : 1 ` (L(y, z, x) | M(y, z))

•
0

y

L

OO

��
�� ::

::
M

pp

•x 1 •1z

– p. 8/28



SHReQ

– p. 9/28



Productions

� � 
 � � � �� 
 � � � � 
 �� 
 �
 � � 
 � � �� 
 
 � � $ 
 � � � 
 � �� � �� � �� 
 � �� �� � � 
 �� � ���� � ��� � 
 �� 
 �

� � 
 � � � �� 
 � χ . L(x̃)
Λ
−→ G

� � � 


χ

��� � � ���� � 
 � " L(x̃)

� 
 �� � �
 � �� G � �� �� � 
 � ��� ��� �

�� �� �� 
 
 � �
 � �
 � � 
 � �
 � �


� 
 � 
 � x̃ � � �
 � � ��� � �
 Λ

x̃

��� � �� � $ 
 
 � � � � � ���� 
 � ��� ���� �� ��� � 
 � � 
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 � 
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L

R = S ×N ∗ ��� �� 
 � 
 � 
 � 
 �
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 � 
 S
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 � 
 � � � �� 
 � �

n(Λ) = {z | ∃x ∈ dom(Λ).z ∈ Λ(x)}

G

��� � �� �� � �  � n(G) ⊆ {|x̃|} ∪ n(Λ)
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Interpreting SHReQ productions

� 
 � � � � 
 � � � � 
 � � � �� 
 �

π : χ . L(x̃)
Λ
−→ G

�� � � �� �� �

H

� � ���� � �� � � � $ � � 
 $ $ 
 � � � L " 
! � �

� 
 � $ � ���� � L �� ��
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 � � ��� � �
 π � 
 � � � � 
 � �� � �
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 � �� 
 � 
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χ
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 � ��� H " L(x̃) � � � �� �� � � � 
 �
 �� 
 � 
 �� � ���� � � � �
 �
 � ��� � �

Λ

��� �� 


� �� �� � 
 � ��� � �� 
 � �� �� � $ $ �� 
 
 � �
 � �
 � � 
 � �
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 � 
 � 
 � ��� x̃
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Examples of SHReQ production

� 
 � � � � 
 �

x1 : u1, x2 : u2, x3 : u3 . L(x2, x3, x1)

(x1, r, 〈x1, x3〉),

(x2, s, 〈〉),

(x3, t, 〈〉)
−−−−−−−−−−→ nil

x′ : v1, y
′ : v2 . M(x′, y′)

(x′, r′, 〈x′, x′〉),

(y′,1, 〈〉)
−−−−−−−−−−→ L(x′, y′, y′)

– p. 12/28



Examples of SHReQ production

� 
 � � � � 
 �

x1 : u1, x2 : u2, x3 : u3 . L(x2, x3, x1)

(x1, r, 〈x1, x3〉),

(x2, s, 〈〉),

(x3, t, 〈〉)
−−−−−−−−−−→ nil

x′ : v1, y
′ : v2 . M(x′, y′)

(x′, r′, 〈x′, x′〉),

(y′,1, 〈〉)
−−−−−−−−−−→ L(x′, y′, y′)

� 
 � � � �� � $ � �� 
 � 
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 � �� 
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•
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M
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Synchronising with c-semirings (I)

� �� � � � 	 � � � � � � � � � � 
	

� � � � � 	 
� ��� �� � 
�

Sync

�� �

Fin

�
�

�
�

Sync ⊆ Fin ⊆ S

1 ∈ Sync

� 
 � � � � � 	 
� ��� �� � 
�

NoSync ⊆ S \ Fin

�
�

�
�

S ? NoSync ⊆ NoSync

0 ∈ NoSync
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0 ∈ NoSync

� �
� � 
 �	 � � �� � �� 	 � � � 
� H = Act ∪ {1H ,0H ,⊥}

��� �
� 	 � Act

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

� 


∀a ∈ H. a +H a = a �

∀a, b ∈ Act ∪ {⊥}. b 6= a =⇒ a +H b =⊥

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

∀a ∈ Act. a ?H a = a
∀a, b ∈ Act ∪ {⊥} : b 6= a =⇒ a ?H b =⊥

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

0
�� �

1

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

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

�� � � 
� �
�
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� � � � � � � � � �

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

� � � �� � 
� �
�
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Synchronising with c-semirings (II)

�� � Ω

�� � ��� �� � � � �� ��� � � 
 �� 	 N ×R � mgu Ω

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

– p. 14/28



Synchronising with c-semirings (II)

�� � Ω

�� � ��� �� � � � �� ��� � � 
 �� 	 N ×R � mgu Ω

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

8

>

<

>

:

∃(x, s, ũ), (x, t, ṽ) ∈ Ω :

ũi = ṽi |

1 ≤ i ≤ |ũ|

9

>

=

>

;

�
� ��� � � � �

||Ω@x|| > 1 =⇒
Y

(x,s,ỹ)∈Ω@x

s 6∈ NoSync
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Y
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(x, s1, u1
1, · · · u1

i · · · u1
n)
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�
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�
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�
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(x, sm, um
1 , · · · um

i · · · um
n )

6∈ NoSync u1 ui un
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Synchronising with c-semirings (II)

�� � Ω
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� � �� � � � 
� � � � �� � � ��� Ω

��� � �
� � �� � � � 
� Ω : dom(Ω) → R

�
� ��� � � ��

Ω(x) =

8

>

>

>

>

>

<

>

>

>

>

>

:

(t, ỹρ), t =
Y

(x,s,ỹ)∈Ω@x

s 6∈ Sync, ρ = mgu Ω

(t, 〈〉), t =
Y

(x,s,ỹ)∈Ω@x

s ∈ Sync

� �� ��� � � � � � Ω(x) � � � � �� � �
� � � � � � 	 
� ��� �� � 
� 
 � 	 � � � � 	 � �� � � � � � Ω@x �� � 
	 � � � �� 
 � �
� � �� � �� 	 � � � � 	 
 � �� �
�
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Synchronising with c-semirings (III)

� �
� � � � � �� � � � � �� � � � 
� � � � �� � � �� Γ �� �

Ω

��� � �
� � �� � � � 
� ΓΩ : dom(Γ) → S �
�

�
�

ΓΩ(x) =

8

>

<

>

:

1, x ∈ new(Ω)

Γ(x), ||Ω@x|| = 1

ΓΩ(x) = Ω(x)↓1 , otherwise

� �
� � � � � �� � � � � �� � � � 
� � 
 � � �� � � � �
� � � � � � � � �� � 
 � �	 � � �� � �� � 	 � �
� � � � � � 	 
� ��� �� � 
� � � � � �� � � ��� Ω �
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Synchronising with c-semirings (III)
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� �
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� � 
 � � �� � � � �
� � � � � � � � �� � 
 � �	 � � �� � �� � 	 � �
� � � � � � 	 
� ��� �� � 
� � � � � �� � � ��� Ω �

	 � � 	 �� � � � � � � � � �� (QP, Γ ` G)

� �
� 	 � QP

��� � �
� � � � 
 � � � �� � �� 	 
 � �� � � 
� � 
� P �� � ��� �
�

�
�

P ⊆ QP

χ . L(x̃)
Ω
−→ G ∈ QP ∧ y ∈ N \ new(Ω) =⇒ χ′ . L(x̃{y/x})

Ω{y/x}
−−−−→ G{y/x} ∈ QP

� �
� 	 �

χ′ : {|x̃|} \ {x} ∪ {y} → S χ′(z) =

8

>

<

>

:

χ(z), z ∈ {|x̃|} \ {x, y}

χ(x) + χ(y) , z = y ∧ y ∈ x̃

χ(x), z = y ∧ y 6∈ {|x̃|}
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SHReQ semantics

χ . L(x̃)
Ω
−→ G ∈ QP ρ = mgu Ω

∧

x∈dom(χ)

χ(x) ≤ Γ(x)

Γ ` L(x̃)
Ω
−→ ΓΩ ` Gρ

Γ1 ` G1
Ω1−→ Γ′

1 ` G′
1 Γ2 ` G2

Ω2−→ Γ′
2 ` G′

2 ρ = mgu Ω
∧

x∈dom(Γ1)∩dom(Γ2)

Γ1(x) = Γ2(x)

Γ1 ∪ Γ2 ` G1 | G2
Ω
−→ (Γ1 ∪ Γ2)Ω ` G′

1 | G′
2ρ�� 
 � 
 Ω = Ω1 t Ω2
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QoS & Synchronisations
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H = 〈H, +H , ?H ,0H ,1H 〉
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H = {a, b, c,1H ,0H ,⊥}
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 �

R = 〈ω∞, max, min, 0, +∞〉
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H
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Productions for the ring case study

Create Brother (n < u)

•x

• (a,n)x R

OO

R

OO

−→ •z B

• (α,+∞)y R

OO

•y

x : (0H , u),y :0 . R(x,y)

x 7→ (a, n)
y 7→ (α, +∞)

−−−−−−−−−→ R(x,z) | R(z,y) | B(z)

Accept Syncrhonisation R Accept Syncrhonisation B

• (b,+∞)x •x

R

OO

−→ R

OO

• (α,+∞)y •y

• (b,+∞)x •x

B −→ B

x : (0H , +∞),y :0 . R(x,y)

x 7→ (b, +∞)
y 7→ (α, +∞)

−−−−−−−−−→ R(x,y) x :0 . B(x)
x7→(b,+∞)
−−−−−−→ B(x)

� �
� 	 � α ∈ {a, b}
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Productions for the ring case study2

Create Gate (r > 0)

• (a,+∞)x B •
x

G // •
z

Ru
r EDBCeeJJJJJJJ

R

OO

−→ R

OO

• (b,+∞)y •y

x : (0H , u),y :0 . R(x,y)

x 7→ (a, +∞)
y 7→ (b, +∞)
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� 	 � G
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�� � (QP, Γ ` G)
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〈S, +, ?,0,1〉 � � �� � �� 	 � � �

κ ∈ {Σ, Π} � σ : VN → N �� �

ρ : VR → G → S
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{G ≡ L(ξ̃σ)}

[[ ξ = ξ′ ]]σ;ρ(Γ ` G) = ξσ = ξ′σ

[[ Γ(ξ) ]]σ;ρ(Γ ` G) = (ξσ ∈ dom(Γ)) ? Γ(ξσ)
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Γ`G
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−→Γ′`G′
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[[ r(ξ̃) ]]σ;ρ(Γ ` G) = rρ(ξ̃σ)

[[ (µr(ũ).φ)ξ̃ ]]σ;ρ(Γ ` G) = lfp(λr′.λṽ.[[ φ ]]σ[ṽ/ũ],ρ[r7→r′ ])(ξ̃σ)(Γ ` G)
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– p. 23/28



Reasoning with SHReQ

� 
	 � � � � � �	 � � � � � 	 � 	 � � � � �� � � � � G → S � � �
� 	 � G

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

�� � (QP, Γ ` G)

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

〈S, +, ?,0,1〉 � � �� � �� 	 � � �

κ ∈ {Σ, Π} � σ : VN → N �� �

ρ : VR → G → S

[[ nil ]]σ;ρ(Γ ` G) = G ≡ nil

[[ L(ξ̃) ]]σ;ρ(Γ ` G) =
P

L∈L
{G ≡ L(ξ̃σ)}

[[ ξ = ξ′ ]]σ;ρ(Γ ` G) = ξσ = ξ′σ

[[ Γ(ξ) ]]σ;ρ(Γ ` G) = (ξσ ∈ dom(Γ)) ? Γ(ξσ)

[[ f(φ1, . . . , φn) ]]σ;ρ(Γ ` G) = f([[ φ1 ]]σ;ρ(Γ ` G), . . . , [[ φn ]]σ;ρ(Γ ` G))

[[ φ1|φ2 ]]σ;ρ(Γ ` G) =
P

(G1,G2)∈Θ(G){[[ φ1 ]]σ;ρ(Γ ` G1) ? [[ φ2 ]]σ;ρ(Γ ` G2)}

[[ φ1‖φ2 ]]σ;ρ(Γ ` G) =
Q

(G1,G2)∈Θ(G){[[ φ1 ]]σ;ρ(Γ ` G1) + [[ φ2 ]]σ;ρ(Γ ` G2)}

[[ κu φ ]]σ;ρ(Γ ` G) = κx∈dom(Γ)[[ φ ]]σ[x/u];ρ(Γ ` G)

[[ [κ] φ ]]σ;ρ(Γ ` G) = κ
Γ`G

Λ
−→Γ′`G′

[[ φ ]](Γ′ ` G′)

[[ r(ξ̃) ]]σ;ρ(Γ ` G) = rρ(ξ̃σ)
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Conclusions and future
directions

We presented c-semiring as

an abstract model of application level QoS

a synchronisation mechanism

an interpretation of a spatio-temporal logic

Future work

comparisons of c-semiring and other
algebraic structures

decidability of the logic
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