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Limit for symbolic computation of Post with HyTech

Limit for decidability of Language Emptiness
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• Affine dynamics is too complex ?
Abstract it !

• Abstraction is too coarse ? 
Refine it ! 

HOW ?

• Affine automaton A and set of states Bad
• Check that Reach(A) ∩ Bad = Ø



MethodologyMethodology

Affine dynamics Rectangular dynamics

xx −= 2&

30 ≤≤ x

• 1. Abstraction: over-approximation



Let                         Then

MethodologyMethodology

Affine dynamics Rectangular dynamics

xx −= 2&

30 ≤≤ x
]2,1[−∈x&

30 ≤≤ x

{ }30Inv

• 1. Abstraction: over-approximation

≤≤= x
)](max),([min InvInv]2,1[ xfxf xx ∈∈=−

-x f(x) 2={



xx −= 2&

30 ≤≤ x

MethodologyMethodology

Line l ≡

• 2. Refinement: split locations by a line cut

2
3=x

l

0 3



xx −= 2&

30 ≤≤ x

32
3 ≤≤ x

MethodologyMethodology

Line l ≡

2
30 ≤≤ x

• 2. Refinement: split locations by a line cut

2
3=x xx −= 2&

xx −= 2&

l

0 3



MethodologyMethodology

Abstract

Reach(A’)∩Bad Ø?=

A’

A

Yes

Original Automaton

Property verified



MethodologyMethodology

Abstract

Reach(A’)∩Bad Ø?=

A’

A

Yes

Original Automaton

(Undecidable)
Property verified



MethodologyMethodology

Abstract Refine

Reach(A’)∩Bad Ø?=

A’
No

A

Yes

Original Automaton

(Undecidable)
Property verified

•using Reach(A’)
•using Pre*(Bad)
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RefinementRefinement

• 2. Refinement: split locations by a line cut

• Which location(s) ?
– Loc1 = Locations reachable in the last step
– Loc2 = Reachable locations that can reach Bad
– Better: replace the state space by Loc2

• Which line cut ?
– The best cut for some criterion characterizing the 

goodness of the resulting approximation.
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GoodnessGoodness ofof a a cutcut

Our choice

• A good cut should minimize



FindingFinding thethe optimal optimal cutcut
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P

In this case, we have reached the "limit of separability"
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An optimal cut
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HowHow to to computecompute thethe intersection ?intersection ?

P

We have to find the
minimal Δ such that:

This is a linear program !

(u,v)
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ResultsResults

NAV 04 NAV 07

Initial states Bad states Good states
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ConclusionConclusion

• Approximations
• Rectangular
• Over-approximations

• Refinements
• Automatic
• Optimal split for some criterion (at least in 2D)

• Possible future work
• Under-approximations
• Optimal split for some other criterion
• Combine with other approaches (barrier certificates, 

ellipsoïds, …)
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