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Proving Invariance Properties Review
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Strategy 1: Strengthening Review
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Strategy 2: Incremental Proofs Review
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Discussion 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



5

9Bernd Finkbeiner                                             Verification - Lecture 5

Heuristic Review
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Example

Goal:

Mutual Exclusion for
Peterson‘s algorithm:

Review
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Example (cont‘d) Review

Goals for Today

1. Generalization to parameterized systems
2. Bottom-up generation of linear invariants



7

13Bernd Finkbeiner                                             Verification - Lecture 5

Introduction: Parameterized Programs
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Introduction: Parameterized Specifications
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Syntax
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Parameterized Statements
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Example: Program PAR-SUM

Parallel sum of squares:
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Parameterized Transition Systems
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Arrays

20Bernd Finkbeiner                                             Verification - Lecture 5

Arrays (cont‘d)
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Notation in Specifications
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Abbreviations
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Example: MPX-SEM

Multiple mutual exclusion by semaphors

24Bernd Finkbeiner                                             Verification - Lecture 5

Example: Specification
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Example: Verification
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Example (cont‘d)
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Example (cont‘d)
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Example (cont‘d)
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Example (cont‘d)
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Example (cont‘d)
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Example (cont‘d)
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The Dining Philosophers
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DINE – A Simple Solution
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„Chopstick Exclusion“

Mutual exclusion
between every two

adjacent
philosophers
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Deadlock!
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Two-Room Philosopher‘s World
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Program DINE-EXCL
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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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Control Invariants Review
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Control Invariants Review
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Transition-Validated Assertions Review
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Single-Variable Assertions Review
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Linear Variables
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Linear Invariants
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Example: Program DOUBLE

46Bernd Finkbeiner                                             Verification - Lecture 5

Assumptions
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Increments
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Automatic Invariant Construction
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Equations
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Equations (cont‘d)
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Equations (cont‘d)
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Example: Program DOUBLE



27

53Bernd Finkbeiner                                             Verification - Lecture 5

Example (cont‘d)
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Linear Invariants for Cyclic Programs
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Example: PRODUCER-CONSUMER

(Prod) (Cons)
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Invariant Construction

3 Phases:
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Phase 1: Bodies
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Phase 2: Compensation Expressions



30

59Bernd Finkbeiner                                             Verification - Lecture 5

Phase 3: Right Constants
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Example: PRODUCER-CONSUMER
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Example: PRODUCER-CONSUMER

We look for linear invariants with the body
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Example (cont‘d)
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Example (cont‘d)
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Example (cont‘d)


