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Goals for today

Proving invariance
properties with
proof rules

Today: For SPL program P and assertion q, show
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Review: Transition System

A (finite) set of variables 
System variables: data variables + control variables

Initial condition 
first-order assertion over the set of variables    
that characterizes all initial states

A finite set of transitions, where each transition τ is
represented by the transition relation ρ(τ)
(next-state relation)

values of variables in the current state

values of variables in the next state
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Verification Conditions

Verification
condition of

and
relative to 
transition τ
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Verification Conditions
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Special Cases
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Simplification by Partial Substitution

Replace each
variable in     
with its
primed
version.
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Example (Blackboard)
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Simplifying Control Expressions
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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.     
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Proving Invariance
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Example: REQUEST-RELEASE 
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Example:REQUEST-RELEASE (Blackboard)
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Example: REQUEST-RELEASE 

 √

Let‘s try
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Attempt #1 (Blackboard)
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Inductive Assertions
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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.
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Strategy 1: Strengthening
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Rules
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Strategy 2: Incremental Proofs
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Rules
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Control Invariants
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Control Invariants

24Anne Proetzsch                                               Verification - Lecture 3

Example: REQUEST-RELEASE 
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Example (cont‘d) (Blackboard)
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Example (cont‘d) (Blackboard)

||
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Trivial Verification Conditions

28Anne Proetzsch                                               Verification - Lecture 3

Example: MUX-SEM
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Example (cont‘d)
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Example (cont‘d) (Blackboard)
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Example (cont‘d) (Blackboard)
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Example (cont‘d) (Blackboard)
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Example (cont‘d) (Blackboard)
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Example (cont‘d) (Blackboard)
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Strengthening vs. Incremental Proof
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Strengthening vs. Incremental Proofs
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Example
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Combining the Strategies
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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
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Transition-Validated Assertions
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Single-Variable Assertions

42Anne Proetzsch                                               Verification - Lecture 3

Multi-Variable Assertions
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Intuitive Argument
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Example (cont‘d) (Blackboard)
We show

with bottom-up invariants. 
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Example (cont‘d) (Blackboard)
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Example (cont‘d) (Blackboard)
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Top-Down Approach
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Precondition
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Example


