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Objectives

• Model checking for the common class of
diagonal-free Timed Automata

• Feature parity with Uppaal (for model
checking)

• Complete Verification with Isabelle/HOL

• Reasonable Performance

Timed Automata

Clocks

• Resets and guards on edges, invariants on nodes

• Real-valued semantics ⇒ infinite state space

s1

c1 ≤ 3

s2

c1 > 2 ∧ c2 ≤ 2

c1 < 1, a?, c2 := 0

c1 ≤ 3, b, c1 := 0

a!

Model Checking

• Concrete states (l, u)  abstract states (l, Z)
(for node l, clock valuation u, and Z a set of
clock valuations)

• Infinitely many zones Z ⇒ Approximations!

• Soundness of approximations is peculiar(1)
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From Theory to Model Checking

• Starting point: abstract formalization of reachability checking for Timed Automata(4)

• Real Model Checking is more:

Modeling

• Modeling language: Uppaal bytecode!

• Networks of Automata with discrete integer state
variables (global)

Algorithms

• Worklist Algorithm for reachability: subsumption

• Operations on Difference Bound Matrices
(DBMs): represent zones

• Floyd-Warshall algorithm

Program Analysis

Not all Uppaal bytecode represents a valid au-
tomaton ⇒ we apply simple means of program

analysis to accept a subset of valid inputs

Abstraction and Simulation

• Generalized framework for transition systems and
their abstractions

• Simulation and subsumption graphs(2)

• Relations between infinite runs in the concrete
system and cycles in the abstract system

Refinement, Refinement, Refinement

Much of this work is really an exercise in refinement:

• Abstract Operations on DBMs ⇒ functional impl. on maps ⇒ imperative impl. on arrays

• Semantics on reals ⇒ concrete models with integer constraints

• Complex networks with bytecode semantics ⇒ Single product automaton (On the fly!)

Product Construction

Uppaal Networks:
shared bounded integer variables

State Networks:
arbitrary finite shared state

Networks:
only synchronization

Single Automaton

Encode state

One per state

Encode location vectors
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Isabelle Infrastructure

Different parts of recent Isabelle/HOL infrastructure
are crucial for this work:

• Codatatypes and Coinduction: liveness

• Eisbach: product construction

• Transfer: reals ↔ integers

• The Imperative Refinement Framework(3):
imperative implementations

Older but important tools:

• Code Generation

• Locales: to build logical frameworks

• Sledgehammer: free proofs

Work in Progress

Temporal Logics

• LTL: Büchi emptiness

• (T)CTL à la Uppaal: A♦ϕ, A� (ϕ ⇒ A♦ ψ)

• Obstacle: Uppaal semantics & zenoness

Algorithms

• Simple Algorithm for A♦

• Combined with reachability, this gives
A� (ϕ ⇒ A♦ ψ)

Modeling Language

• Better program analysis on the input: accept
larger subclasses of valid bytecode

On-the-fly construction

Simple Trick: A single automaton is repre-
sented as an invariant assignment and a transition
function. After performing the product construc-
tion, we give equivalent functional implementa-
tions, thus obtaining an on-the-fly construction.

Future

• Certification: reachability and Büchi emptiness

• Modeling: Broadcast channels, urgent and
committed locations, ...

• Closing the Loop: Verified model transformation
& parsing
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