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Motivation

Classic Model Checking (Qualitative)

l (Not satisfaction)

Counterexamples
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Motivation
= S
Quantitative Model Checking

Counterexamples (MORE COMPLEX)
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Motivation

How do we deal with Counterexamples (so far)

Single paths
PrOblemS Rank|| . Pagth pPrc:-b
1 511(31] 53 0.2
No_t agurate 0 [ o
evidences 3 lsu(s1)%ss| 0.05
. . ) 4 s“(snsa 0.025
Similar evidences 5 |lsu(s1)”ss| 0.0125
e 6 511(31] 54(0.00625
Low probability 7 |lso(s2)!sa| 0.006
. 8 ||solse ] 34 0.0059
evidences 0 |[so(s2)354] 0.0058
Infinite evidences ' '
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Proposed Solution
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Motivation
=
Non Determinism is allowed

The property is satisfied if for every
possible way to resolve the nondeterminism the
reachability probability is at most 0.5
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Overview
= S

Background
Markov Chains
LTL for probabilistic systems
Counterexamples

Solution Reduced Case (Reachability and deterministic)
Reduction to Acyclic (SCC analysis)
Rails and Torrents

Solution General Case

From general formulas to reachability
From MDPs to MCs

Implementation
Conclusion
Future work
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Overview
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Background
Markov Chains
LTL for probabilistic systems
Counterexamples
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Backgorund
=

Discrete Time Markov Chains

" # $%

Finite Paths

{v1.v3} {va}
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Background
= S
Linear Temporal Logic (LTL)

Sintaxis
( $ ) $
Semantic
(
(

Probabilistic Semantic
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Backgorund
"

Reachability property
Example |
1

I
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{v1,vs} {va}
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Overview
= A

Solution Reduced Case (Reachability and deterministic)
Reduction to Acyclic (SCC analysis)
Rails and Torrents
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Solution Reduced Case
" A

We focus on:

Aﬂ

Torr

ﬁ *
Preserves readgability probabilities!
$b
$%H $ $ ( $* +H+
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Solution Reduced Case [ScC Analysis |]

=
1)  Identify SCCs
2) ldentify Input/Output states

3)  Compute reachability probability from input to output states

|
o0

\
© o5 O

Haifa Verification 2008 - October 28th
IBM Haifa Research Lab - Israel

1 uononpay 1

AN

/

*
*
*
*

.
. o . .
- ‘o " »
v Kk s 0 |
. 0
. L]

S &

|

Miguel E. Andres
Radboud University

.
.
.
.
.
.

4
&

r"o"lﬂ me;?@?




Solution Reduced Case [ScC Analysis 1]
= S
Example

1)  Identify SCCs
2) ldentify Input/Output States
3)  Compute reachability probability from input to output states
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Solution Reduced Case [Rails and Torrents]

Subsequences
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Issues

Freshness

Inertia

Subsequences* (Torrents)
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Solution Reduced Case [Rails and Torrents]

Torrents and Rails
! *
NI
$ #
3 | W CGenerate
5 5 Count er exanpl es on
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Overview

Solution General Case

From general formulas to reachability
From MDPs to MCs
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General Case [Reduction to Reachability]

Reduction to Reachability

Deterministic Rabin Automota
Probabilistic
MDP ) LTL
Model -
Checker
>

‘,

@ N

LTL formula I End Components

Maximum Probabilities and Paths are related!!!
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General Case [Reduction to Markov Chains ]

Reduction to Markov Chains

The calculation of a maximal
probability on a reachability problem
can be performed by solving alinear

minimization problem
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General Case [Reduction to Markov Chains I1]

Theorems:
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Overview

Implementation
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Implementation [Computability]

Reduce to MC problem

Using the output from the minimization problem
[Bianco/de Alfaro]

Reduce to acyclic MC

Tarjan or Kosaraju or Gabow Algorithm +
steady state analysis

Generate counterexamples on an Acyclic
MC

K-SP problem [Han/Katoen]
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Implementation [Debugging Issues]

Torrent Representative

$ $ $ # %
Expanding SCCs

For Free!
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Reachability to: C

1) Output States

2) Goal States ‘
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Overview

Conclusion
Future work
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Conclusion

Counterexample generation for probabilistic LTL
without restrictions

Show how to generalize counterexample
generators on MC to MDP

Defined the notion of Torrents as collections of
paths behaving similarly

Show how to compute Torrents-Counterexamples
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Future work

Implementing a practical tool

Visualization of Torrents (Regular Expressions)

Case studies

Extension to Timed Systems
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Questions
"=

Thanks for your attention!
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