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Verification – Lecture 8
Progress under Justice

Bernd Finkbeiner – Sven Schewe
Rayna Dimitrova – Lars Kuhtz – Anne Proetzsch

Wintersemester 2007/2008
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Overview: 3 Rules Review



2

3Bernd Finkbeiner                                             Verification - Lecture 8

Single-Step Rule (Motivation) Review
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Single-Step Rule Review
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Useful Rules Review
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Chain Rule (Motivation) Review
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Chain Rule Review
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ReviewVerification Diagrams
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P-Valid Verification Diagrams Review
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Invariance Diagrams Review
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Wait Diagrams Review
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Proofs with Wait Diagrams Review
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Chain Diagrams Review
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Verification Conditions Review
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Chain Diagram Validity Review
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Example
Review
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Program N
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Attempts to use Chain Diagrams…
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Well-Founded Domains
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Lexicographic Product
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Rule Well-J (Motivation)
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Rule WELL-J
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Rank Diagrams
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Verification Conditions
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Example: Program UP-DOWN

at_l0 ∧ at_m0 ∧ x=y=0   ⇒ at_l4 ∧ at_m1
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UP-DOWN
(5,0,0)

(4,0,0)

(3,0,0)

(2,y,1)

(2,y,0)

(0,0,0)
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Completeness
For a program P (with = ∅,     = {τ1, …, τm}):
for every two state assertions ,    , such that

is P-valid, there exist
assertions =  ϕ0, ϕ1,…, ϕm , 
transitions τ1, τ1,…, τm , 
a well-founded domain , and
ranking functions δ1, δ1,…, δm

such that the premises of WELL-J are provable
from state validities.

Proof: later

Finite-State Model Checking

Principles of Model Checking

by Christel Baier and 
Joost-Pieter Katoen

To appear in Spring 2008

(we’ll distribute selected chapters in class.) 
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J. Richard Büchi E. Allen EmersonEdmund M. Clarke
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Review: Finite-State Programs

For a computation σ,
σ: s0, s1, s2, …

state si is a accessible state.

A program is finite-state if the set of all 
accessible states is finite.
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Peterson again!

This is a finite-state
program.
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Peterson: State Transition Graph
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Constructing the Transition Graph
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Checking Invariance

Example: Peterson‘s Algorithm

The assertions hold over all accessible states. Thus,

(= check that q is P-state valid)
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Depth First Search

Program DFS
For each s such that s 

satisfies     do
dfs(s)

end DFS

Procedure dfs(s)
for each s’ such that s’∈τ(s) do

If new(s’) then dfs(s’)
end dfs.
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q3

q4

q2

q1

q5

q1

q1

Stack:

Hash table:

Start from an initial state
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q3

q4

q2

q1

q5

q1  q2

q1

q2

Stack:

Hash table:

Continue with some successor…

38Bernd Finkbeiner                                             Verification - Lecture 8

q3

q4

q2

q1

q5

q1  q2 q4

q1

q2

q4

Stack:

Hash table:

One successor of q2…
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q3

q4

q2

q1

q5

q1  q2  q4

q1

q2

Stack:

Hash table:

Backtrack

No new successors
for q4!
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q3

q4
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q1

Stack:

Hash table:

Backtrack…
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q3

q4

q2

q1

q5
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q3

Stack:

Hash table:

Second successor
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Beyond Invariance Checking

Want to check more properties.
Want to have a single algorithm 
that deals with all types of properties.

LTL formulas can be translated into graphs 
(finite automata).

Automata
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Quick Review: Finite-State Automata
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Language
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Extended Transition Function
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Intersection
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Regular Expressions

ε
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Examples
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Deterministic Automata
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Determinization
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Determinization
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Facts about NFAs



28

55Bernd Finkbeiner                                             Verification - Lecture 8

Büchi Automata
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Büchi Automata
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Language
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NFA vs. NBA 
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ω-Regular Expressions
ε
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ω-Regular Expressions (cont‘d)
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ω-Regular Expressions (cont‘d)
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NBA and ω-Regular Languages
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For any ω-regular language there is an NBA
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Union
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ω-Operator (for NFA)


