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Propositional con�guration logic (PCL)

A single Master/Slave architecture
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PCL su¢ ces?

Does PCL su¢ ce to describe any architecture?

NO

We need a way to describe architectures with arbitrarily many
components!
Components???

M, S are the components of the Master/Slave architecture
communicating via ports
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How can we describe this architecture?
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We need to describe generic architectures

We need to describe generic architectures

For any number of components
Satisfying concrete topologies
e.g. Star

Star
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We need to describe generic architectures

We need to describe generic architectures

For any number of components
Satisfying concrete topologies
e.g. Star, Ring

Star Ring
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We need to describe generic architectures

We need to describe generic architectures
For any number of components
Satisfying concrete topologies
e.g. Star, Ring, Pipe Filter

Star Ring

Pipe Filter
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We need to describe generic architectures

We need to describe generic architectures
For any number of components
Satisfying concrete topologies
e.g. Star, Ring, Pipe Filter, Grid

Star Ring Pipe Filter

Grid
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First-order con�guration logic, Syntax

T1, . . . ,Tn : component types

c : Ti component c of type Ti

First-order con�guration logic, Syntax:

F ::= true j φ j :F j F t F j F + F
j 9 (c : T ) (Φ(c)).F j ∑ (c : T ) (Φ(c)).F

φ interaction formula,

Φ(c) set-theoretic predicate on c
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First-order con�guration logic, Semantics

T1, . . . ,Tn : component types

CTi = fc : Ti j c component of type Tig

PTi : ports of component type Ti

B � CT1 [ . . . [ CTn set of component instances

PB � PT1 [ . . . [ PTn , γ 2 P(P(PB ))
(B,γ) j= true
(B,γ) j= φ i¤ γ j= φ
(B,γ) j= :F i¤ (B,γ) 6j= F
(B,γ) j= F 1tF 2 i¤ (B,γ) j= F 1 or (B,γ) j= F 2
(B,γ) j= F 1+F 2 i¤ γ = γ1[γ2, (B,γi ) j= F i , i = 1, 2
(B,γ) j= 9 (c : T ) (Φ(c)).F i¤ (B,γ) j=Fc 0 :T2B^Φ(c 0) F [c

0/c ]
(B,γ) j=∑ (c : T ) (Φ(c)).F i¤ (B,γ) j=∑c 0 :T2B^Φ(c 0) F [c

0/c ]
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Example: Star architecture

Star

9(s : T ).∑(c : T ) (c 6= s) .
�
(s.p ^ c .p) ^ 8(c 0 : T )(c 0 /2 fs, cg).c 0.p)

�
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Star architecture with quantitative features?

How can we represent quantitative features of architectures?

Star with quantitative features
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Weighted �rst-order con�guration logic, Syntax

(K ,�,
, 0, 1) commutative semiring

T1, . . . ,Tn : component types

c : Ti component c of type Ti

Weighted �rst-order con�guration logic, Syntax:

F ::= true j φ j :F j F t F j F + F j
9 (c : T ) (Φ(c)).F j ∑ (c : T ) (Φ(c)).F

Z ::= k j F j Z � Z j Z 
 Z j Z ] Z jM
(c : T )(Φ(c)).Z j

O
(c : T )(Φ(c)).Z j

]
(c : T )(Φ(c)).Z

φ interaction formula,

Φ(c) set-theoretic predicate on c ,

k 2 K
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Weighted �rst-order con�guration logic, Semantics

T1, . . . ,Tn : component types, PTi : ports of component type Ti

CTi = fc : Ti j c component of type Tig

B � CT1 [ . . . [ CTn , PB � PT1 [ . . . [ PTn , γ 2 P(P(PB ))
kkk (B,γ) = k

kFk (B,γ) =
�
1 if (B,γ) j= F
0 otherwise

kZ1 � Z2k (B,γ) = kZ1k (B,γ)� kZ2k (B,γ)
kZ1 
 Z2k (B,γ) = kZ1k (B,γ)
 kZ2k (B,γ)
kZ1 ] Z2k (B,γ) =

L
γ=γ1[γ2

(kZ1k (B,γ1)
 kZ2k (B,γ2))
kL(c : T )(Φ(c)).Zk (B,γ) = L

c 0 :T2B^Φ(c 0) kZ [c 0/c ]k (B,γ)
kN(c : T )(Φ(c)).Zk (B,γ) = N

c 0 :T2B^Φ(c 0) kZ [c 0/c ]k (B,γ)
kU(c : T )(Φ(c)).Zk (B,γ) = L

γ=[γc 0 ,c
0 :T2B^Φ(c 0)�N

c 0 :T2B^Φ(c 0) kZ [c 0/c ]k (B,γc 0)
�
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Publish-subscribe architecture (IoT)

Publish-Subscribe architecture (applications to IoT)
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Weighted publish-subscribe architecture (IoT)

Weighted Publish-Subscribe architecture: assigns to subscribers their
priorities for the topics
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First-order con�guration logic su¢ ces?

Does �rst-order con�guration logic always su¢ ce? NO

Ring Grid
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Second-order con�guration logic, Syntax

T1, . . . ,Tn : component types

c : Ti component c of type Ti , C : Ti set of components of type Ti

Second-order con�guration logic, Syntax:

S ::= true j φ j :S j S t S j S + S j 9 (c : T ) (Φ(c)).S j
∑ (c : T ) (Φ(c)).S j 9 (C : T ) (Ψ(C )).S j ∑ (C : T ) (Ψ(C )).S

φ interaction formula,

Φ(c) set-theoretic predicate on c , Ψ(C ) set-theoretic predicate on C
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Weighted second-order con�guration logic, Syntax

T1, . . . ,Tn : component types

c : Ti component c of type Ti , C : Ti set of components of type Ti

S ::= true j φ j :S j S t S j S + S j 9 (c : T ) (Φ(c)).S j
∑ (c : T ) (Φ(c)).S j 9 (C : T ) (Ψ(C )).S j ∑ (C : T ) (Ψ(C )).S

Ξ ::= k j S j Ξ� Ξ j Ξ
 Ξ j Ξ ] Ξ j
M
(c : T ) (Φ(c)).Ξ jO

(c : T ) (Φ(c)).Ξ j
]
(c : T ) (Φ(c)).Ξ jM

(C : T ) (Ψ(C )).Ξ j
O
(C : T )(Ψ(C )).Z j]

(C : T ) (Ψ(C )).Ξ

k 2 K ,
S is a second-order con�guration logic formula
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Weighted architectures, Examples:

Weighted ring Weighted grid

Architectures with quantitative characteristics can be described by
weighted second-order con�guration logic formulas
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Weighted second-order con�guration logic, Semantics

kkk (B,γ) = k kSk (B,γ) =
�
1 if (B,γ) j= S
0 otherwise

kΞ1 � Ξ2k (B,γ) = kΞ1k (B,γ)� kΞ2k (B,γ)
kΞ1 
 Ξ2k (B,γ) = kΞ1k (B,γ)
 kΞ2k (B,γ)
kΞ1 ] Ξ2k (B,γ) =

L
γ=γ1[γ2

(kΞ1k (B,γ1)
 kΞ2k (B,γ2))

kL(c : T )(Φ(c)).Ξk (B,γ) = L
c 0 :T2B^Φ(c 0) kΞ[c 0/c ]k (B,γ)

kN(c : T )(Φ(c)).Ξk (B,γ) = N
c 0 :T2B^Φ(c 0) kΞ[c 0/c ]k (B,γ)

kU(c : T )(Φ(c)).Ξk (B,γ) = L
γ=[γc 0 ,c

0 :T2B^Φ(c 0)�N
c 0 :T2B^Φ(c 0) kΞ[c 0/c ]k (B,γc 0)

�
kL(C : T )(Ψ(c)).Ξk (B,γ) = L

C 0 :T�B^Ψ(C 0) kΞ[C 0/C ]k (B,γ)

kN(C : T )(Ψ(C )).Ξk (B,γ) = N
C 0 :T�B^Ψ(C 0) kΞ[C 0/C ]k (B,γ)

kU(C : T )(Ψ(C )).Ξk (B,γ) = L
γ=[γC 0 ,C

0 :T�B^Ψ(C 0)�N
C 0 :T�B^Ψ(C 0) kΞ[C 0/C ]k (B,γC 0)

�
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Open problems under investigation

Open problems under investigation

Normal form for �rst-order con�guration logic (fragment?)

Normal form for weighted �rst-order con�guration logic (fragment?)

Implementation in Maude of weighted �rst-order con�guration logic

(Weighted) con�guration logic with data transfer among components
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Eυχαριστώ

George Rahonis (Macedonia, Greece) Weighted architecture styles Leipzig, May 25, 2018 27 / 29


	Propositional configuration logic (PCL)
	PCL suffices?
	How can we describe this architecture?
	We need to describe generic architectures
	We need to describe generic architectures
	We need to describe generic architectures
	We need to describe generic architectures
	First-order configuration logic, Syntax
	First-order configuration logic, Semantics
	Example: Star architecture
	Example: Star architecture
	Example: Star architecture
	Example: Star architecture
	Example: Star architecture
	Star architecture with quantitative features?
	Weighted first-order configuration logic, Syntax
	Weighted first-order configuration logic, Semantics
	Publish-subscribe architecture (IoT)
	Weighted publish-subscribe architecture (IoT)
	First-order configuration logic suffices?
	Second-order configuration logic, Syntax
	Weighted second-order configuration logic, Syntax
	Weighted architectures, Examples:
	Weighted second-order configuration logic, Semantics
	Open problems under investigation
	References
	Formula for weighted publish-subscribe architecture
	Formula for weighted publish-subscribe architecture



