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Precedence Properties

Each interval may
be empty, may

extend to infinity.

Review
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General Waiting-For Review
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Strengthening & Weakening Review



3

5Bernd Finkbeiner                                             Verification - Lecture 7

Forward Propagation Review
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Backward Propagation Review
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Forward vs. Backward Review
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General Rule Review
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Completeness

If the formula

is P-valid, then there exist assertions  ϕ0, ϕ1,…, ϕm , 
such that the premises of rule NWAIT 
are provable from state-validities.

Review
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Segments

Let σ=s0,s1,… be a P-computation. 

A P-segment is a finite sequence of states
[sa,…,sb]

such that b ≥ a
and for every i, a ≤ i ≤ b-1, 

si+1 is a τ-successor of si for some τ∈Τ.

We say that the segment [sa,…,sb] originates in sa.

Review
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Segments Satisfying Waiting-For Formulas

Consider ψj = qj W qj-1 … q1 W q0

A segment [sa,…,sb] satisfies ψj
if there exist indices a=ij ≤ ij-1 ≤ … ≤ i0 ≤ b +1 
such that
for every r =1, …, j, σ[ir,ir-1) is a qr-interval
and if i0 < b+1 then q0 is satisfied by si0.

Notation:
σ[a,b] = [sa,…,sb] 
σ[a,b) = [sa,…,sb-1] 

Review
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Properties

Property P0:
If the formula ψj = qj W qj-1 … q1 W q0
holds at position a ≥ 0 of a computation σ=s0,s1,…
then, for every b ≥ a, the segment σ[a,b] satisfies ψj.

Property P1:
If σ[a,b], with a < b, satisfies ψj = qj W qj-1 … q1 W q0
and sa does not satisfy q0
then σ[a + 1, b], satisfies ψj.

Review
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Ranks

For a formula ψm = qm W qm-1 … q1 W q0

we say that a state s has rank j, 0 ≤ j ≤ m,
if all segments originating at s satisfy
ψj = qj W qj-1 … q1 W q0.

If j is the smallest nonnegative integer s.t. s has rank j
then s has minimal rank j.

Review
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Example

V = {y : integer}
Θ = y < 0
Τ = {τI, τ<, τ2, τ11}
ρI : y‘ = y
ρ< : y < 0 ∧ y‘ ≤ 20
ρ2 : y‘ = y-2
ρ11 : y‘ = y-11

Consider:      even(y)  W  odd(y)  W  even(y)  W  y <0
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The completeness proof was done on the blackboard.

For details, see

Temporal Verification of Reactive Systems – Safety
by Zohar Manna and Amir Pnueli, Springer Verlag, 

Section 3.5 (pages 288-296).
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Concatenation of Waiting-For Formulas
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Collapsing of Waiting-For Formulas
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Example: Another version of Peterson
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Verification Diagrams 
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Idea
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P-Valid Verification Diagrams
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Wait Diagrams
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Proofs with Wait Diagrams
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Compound Nodes (Statecharts Conventions)
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Example
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Example (cont‘d)
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Invariance Diagrams

28Bernd Finkbeiner                                             Verification - Lecture 7

Example
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Proving Response under Justice
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Overview: 3 Rules
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Single-Step Rule (Motivation)
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Single-Step Rule
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Useful Rules
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Chain Rule (Motivation)
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Chain Rule
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Chain Diagrams
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Verification Conditions
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Chain Diagram Validity



20

39Bernd Finkbeiner                                             Verification - Lecture 7

Example


