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Hoare Logic

Verification
If C is a program, then we specify assertions P and Q and prove:

{ P } C { Q }.
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• Originally: Verification of programs with pointers
• Abstract Separation Logic for verification of programs on

arbitrary resources
• Supports local reasoning
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Verification of Reconfiguration Programs
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3 disconnect(I,x,y);
4 delete(C,y);
5 connect(I,x,z)
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Signature

Definition
The signature of a BIP system is

〈 C,I 〉 = 〈 C1, . . . ,Cn, I1, . . . , Im 〉,

where
• C = {C1, . . . ,Cn} is a finite set of component symbols with

arity 1, and
• I = {I1, . . . , Im} is a finite set of interaction symbols with arity
α(Ij) ≥ 2 for each Ij ∈ I.
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Token Ring
• Only one component type C and one interaction type I with

arity α(I) = 2.
• The signature is 〈 C , I 〉.
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(Si ,Pi , s0
i ,{i),

where
• Si is a finite set of states,

• Pi ⊆ {I`j | Ij ∈ I, 1 ≤ ` ≤ α(j)} is a finite set of ports,

• s0
i ∈ Si is the initial state and

• {i⊆ Si × Pi × Si is a finite set of transition rules.
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BIP System

Definition
A BIP system is S := 〈 CS1 , . . . ,C

S
n , I
S
1 , . . . , I

S
m 〉, where

• CSi ⊆ U, 1 ≤ i ≤ n, are relations over the universeU with
arity 1, and

• ISj ⊆ U
α(j), 1 ≤ j ≤ m, are relations over the universeU with

arity α(j).
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This system can be written as

S = 〈 CS = {a, b , c, d}, IS = {(a, b), (b , c), (c, d), (d, a)} 〉

for pairwise distinct elements a, b , c, d ∈ U.
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BIP Configurations

Definition
Let S =

⋃n
i=1 Si . A state snapshot is a function

ς : U × C → S,

where ς(u,Ci) ∈ Si for every 1 ≤ i ≤ n.

Definition
A BIP Configuration is a triple (S, ς, ν), where
• S is a BIP system,
• ς is a state snapshot, and
• ν : V → U maps each variable to an element in the universe.

Set of configurations Σ〈 C,I 〉.
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Separation Logic on BIP

φ ::= emp | Ci(x) | Ij(x1, . . . , xα(j)) | state(x, s) | A(t1, . . . , tα(A)) |

true | ¬φ | φ ∗ ψ | φ ∧ ψ | ∃x.φ,
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(S, ς, ν) |= C(x) ∗ I(x, y) ∗ C(y) ∗ I(y, z)

(S, ς, ν) 6|= C(x)
(S, ς, ν) |= C(x) ∗ I(x, y) ∗ true
(S, ς, ν) |= C(x) ∗ I(x, y) ∗ true ∧ state(x, h) ∧ state(y, t)
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Reconfiguration Language on BIP

` ::= new(Ci , x) | delete(Ci , x) | connect(Ij , x1, . . . , xα(j)) |

disconnect(Ij , x1, . . . , xα(j)) | skip |

when φ do ` | with ψ do ` | `; `′ | ` + `′ | `∗



Hoare Triple

Hoare Triple
For P,Q ∈ SLBIP

R
〈 C,I 〉, ` ∈ L〈 C,I 〉:

{ P } ` { Q }.

Valid Hoare Triple
For all (S, ς, ν) ∈ Σ〈 C,I 〉

(S, ς, ν) |= P implies (S′, ς′, ν′) |= Q

for all (S′, ς′, ν′) ∈ ~`�(S, ς, ν).



Semantics of Reconfiguration Language on BIP

• new(Ci , x)
⇒ { emp } new(Ci , x) { Ci(x) ∧ state(x, s0

i ) }

• delete(Ci , x)
⇒ { Ci(x) } delete(Ci , x) { emp }

• connect(Ij , x, y)
⇒ { emp } connect(Ij , x1, . . . , xα(j)) { Ij(x1, . . . , xα(j)) }

• disconnect(Ij , x, y)
⇒ {Ij(x1, ..., xα(j))} disconnect(Ij , x1, ..., xα(j)) {emp}

• skip
⇒ { P } skip { P }
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Semantics of Reconfiguration Language on BIP

• when φ do `

⇒
{ P ∧ φ } ` { Q }

{ P } when φ do ` { Q }

• with ψ do `

⇒
{ ∃y1, . . . , yi . P ∧ ψ[x1/y1, . . . , xi/yi] ∗ true } ` { Q }

{ P } with ψ do ` { Q },

where {x1, . . . , xi} ⊆ fv(ψ) and y1, . . . , yn ∈ V,
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Structural Reconfiguration Rules

{ P } `0 { P′ } { P′ } havoc { Q ′ } { Q ′ } `1 { Q }
{ P } `0; `1 { Q },

{ P } `0 { Q } { P } `1 { Q }
{ P } `0 + `1 { Q },

{ P } ` { P } { P } havoc { P }
{ P } `∗ { P },
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Frame Rule

{ P } ` { Q }
{ P ∗ F } ` { Q ∗ F }

where
• Modifies(`) ∩ fv(F) = ∅,
• ` does not contain with ψ do, sequential composition, and the

Kleene operator.

Theorem
The reconfiguration rules are sound.
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Havoc Triple

Havoc Triple
For P,Q ∈ SLBIP

R
〈 C,I 〉 and L is language over alphabet Σ:

{ P } L { Q }.

Valid Havoc Triple
For all (S, ς, ν), (S, ς′, ν) ∈ Σ〈 C,I 〉

(S, ς, ν) |= P and (S, ς, ν)
w
{o (S, ς′, ν) for some w ∈ L

implies (S, ς′, ν) |= Q.



Examples of Havoc Triples

h t

I2

I1 C

x 7→ b

w yI2 I1

P := I(w, x) ∗ C(x) ∗ I(x, y)

{ P ∧ state(x, h) } I(w, x) { P ∧ state(x, t) }

{ P ∧ state(x, h) } I(x, y) { false }
{ P ∧ state(x, h) } (I(w, x) · I(x, y))∗ { P ∧ state(x, h) }
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Selection of Havoc Rules

(ε)
{ P } ε { P }

{ P } L1 { Q } { Q } L2 { R }
(·)

{ P } L1 · L2 { R }

{ P } L1 { Q } { P } L2 { Q }
(∪)

{ P } L1 ∪ L2 { R }
{ P } L { P }

(∗)
{ P } L∗ { P }
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Composition Rule

{ P1 ∗ F (P1,P2)} L1 { Q1 ∗ F (P1,P2)}

{ P2 ∗ F (P2,P1)} L2 { Q2 ∗ F (P2,P1)}
(./)

{ P1 ∗ P2 } L1 ./ L2 { Q1 ∗ Q2 }

Theorem
The havoc rules are sound.
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Application on Token Ring
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3 disconnect(I,x,y);
4 delete(C,y);
5 connect(I,x,z)
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Correctness of Reconfiguration Program

Theorem
The reconfiguration program Pdelete is correct, meaning that

{ token_ringt(a) } Pdelete { token_ring(a) }.



Correctness of Reconfiguration Program
F := [chain∗(z, x, h − 1, t) ∧ state(x, h)] ∨ [chain∗(z, x, h, t − 1) ∧ state(x, t)]

{ token_ringt(a) }
{ ∃x, y, z. C(x) ∗ I(x, y) ∗ C(y) ∗ I(y, z) ∗ F ∧ state(y, t) }
with I(x, y) ∗ C(y) ∗ I(y, z) ∧ state(y, t) do
disconnect(I,y,z)

{ C(x) ∗ I(x, y) ∗ C(y) ∗ F ∧ state(y, t) }
havoc

{ C(x) ∗ I(x, y) ∗ C(y) ∗ F ∧ state(y, t) }
disconnect(I,x,y)

{ C(x) ∗ C(y) ∗ F ∧ state(y, t) }
havoc

{ C(x) ∗ C(y) ∗ F ∧ state(y, t) }
delete(C,y)

{ C(x) ∗ F }
havoc

{ C(x) ∗ F }
connect(I,x,z)

{ C(x) ∗ I(x, z) ∗ F }
{ token_ring(x) }



Conlusion

Achievements
• BIP Configurations
• Separation Logic on BIP
• Reconfiguration Language on BIP
• Inference rules
• Correctness of reconfiguration programs on token rings→ the

resulting configuration is still deadlock-free

Future Work
• Completeness of inference rules
• Apply on dining philosophers problem
• Proof correctness of reconfiguration programs for other

systems
• Automatize proofs
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