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Big Picture

Proof rules reduce
P-validity of 
specification to

State-validity of 
verification
conditions
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Proving Invariance Review
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Review: Runs

Infinite sequence of states

σ: s0, s1, s2, …

is a run of a transition system, if it satisfies the following: 

Initiality: s0 satisfies

Consecution: For each i= 0,1, …

si+1∈ τ(si) there is a transition τ ∈ s.t.     

Review
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Example: REQUEST-RELEASE Review
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Example: REQUEST-RELEASE Review
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Example: REQUEST-RELEASE 

 √

Let‘s try

Review
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Attempt #1 Review



5

9Bernd Finkbeiner                                             Verification - Lecture 4

Inductive Assertions Review
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Example: REQUEST-RELEASE

is not state valid, but it is P-state valid.

Two strategies:

1. Strengthening

2. Incremental Proofs

q is not inductive.

Review
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Strategy 1: Strengthening Review
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Rules Review
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Example: REQUEST-RELEASE Review
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Example (cont‘d) Review
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Strategy 2: Incremental Proofs Review
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Rules Review
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Combining the Strategies Review
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Finding Inductive Invariants

Construction of inductive assertions by
1. Bottom-up methods:

Based on program text only
Algorithmic
Guaranteed to produce an inductive invariant

2. Top-down methods:
Guided by the property we want to prove
Heuristic
Not guaranteed to produce an inductive invariant

Review
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Top-Down Approach Review
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Precondition Review
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Example Review
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Properties of Precondition
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Properties of Precondition
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Properties of Precondition
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Proof
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Heuristic
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Example
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Example (cont‘d)
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Example (cont‘d)
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Simplification of Precondition
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Mutual Exclusion for Peterson‘s Algorithm

Goal:

Mutual Exclusion for
Peterson‘s algorithm:
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Example (cont‘d)

Problem: 
The verification conditions

are not state-valid.
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Example (cont‘d)
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Example (cont‘d)
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Completeness of Rule INV

Note: We actually show completeness relative to first-order reasoning
taking all state-valid assertions as axioms.
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Proof Outline



19

37Bernd Finkbeiner                                             Verification - Lecture 4

Proof
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Proof (cont‘d)
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Proof (cont‘d)
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Proof (cont‘d)

Assumption is not essential.
E.g., use encoding
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Proof (cont‘d)
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Proof (cont‘d)
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Proof (cont‘d)
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Example
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Discussion


