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Hardware and Software Verification

e Model Checking

e System model vs behavioral property specification

e Symbolic SAT-based approach

e System and properties as logic formulae
o Problem encoding into logic (SAT)

e Problem solving by means of reasoning engines (SAT solvers)
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e Various interpolant features

e Strength affects overapproximation coarseness

e Strength empirically affects verification performance, convergence

= Formalization of requirements for simultaneous abstraction, path
interpolation

= ldentification of subset of interpolation systems satisfying
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e Clause pvVgVvrV...~ pgr... Empty clause 4L
e Input formula (pVa A(rVP)A... ~ {pq,rp,...}
e Resolution rule
pC pD p
CD
Antecedents: pC pD Resolvent: CD Pivot: p
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Labeled Interpolation Systems

Interpolant Generation

Interpolation system parametric in labeling function [DKPW10]

Interpolant determined by proof and labeling

Generalization of [P97,McM04] (P, M, M’)

Strength comparison can be reduced to labeling comparison
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a ? ?

cA=Gvaave)  B=@GvAalvh
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Labeling Lattice [DKPW10]

Labeled Interpolation Systems

L1 L2
e bXab=a ~ (1, an) 2 (B1,---,Bn)
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e Systematic use of interpolation in symbolic model checking
e Focus on interpolant strength

= Scenarios: simultaneous abstraction, path interpolation

e Generation of multiple interpolants /..., 1/,

e Additional requirements on /y,..., I,

= Constraints on labeled interpolation systems

e Generation of each /; with different L;
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Applications to Model Checking

Labeled Interpolation Systems

e Simultaneous abstraction

o Software upgrade checking [Pincette, SFS12]

e Path interpolation

o Counterexample-guided abstraction refinement [CGJLV00]
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Outline

Contribution

m Simultaneous Abstraction: Requirements and Constraints
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assert assert
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Results

Simultaneous Abstraction

e Requirement: hA...Al,  UNSAT
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Outline

Contribution

m Path Interpolation: Requirements and Constraints
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CEGAR

Path Interpolation

o Counterexample-guided abstraction refinement
e Abstract — Check — Refine
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e Extract interpolants
TATL —hL N T — i lho1 ANTh— L

.. T T Ti T,
Inlt 1 2 1 n
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Outline

Conclusions
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Summary

o Interpolant strength in symbolic model checking
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o Interpolant strength in symbolic model checking
e Simultaneous abstraction, path interpolation

e Generation of multiple interpolants, additional requirements

e Constraints on labeled interpolation systems
M’ M’
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M
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S.F.Rollini (USI) Interpolant Strength in Model Checking November 4th, 2012 29 /



Ongoing Work

o Necessary and sufficient conditions for labeled interpolation systems

S.F.Rollini (USI) Interpolant Strength in Model Checking November 4th, 2012 30/ 30



Ongoing

o Necessary and sufficient conditions for labeled interpolation systems

e Path interpolation, simultaneous abstraction, state-transition
interpolation, tree interpolation

S.F.Rollini (USI) Interpolant Strength in Model Checking November 4th, 2012 30/ 30



Ongoing

e Necessary and sufficient conditions for labeled interpolation systems
e Path interpolation, simultaneous abstraction, state-transition

interpolation, tree interpolation

e Labeled interpolation systems w.r.t. semantical/syntactical features
of interpolants

S.F.Rollini (USI) Interpolant Strength in Model Checking November 4th, 2012 30/



Ongoing Work

e Necessary and sufficient conditions for labeled interpolation systems
e Path interpolation, simultaneous abstraction, state-transition
interpolation, tree interpolation
e Labeled interpolation systems w.r.t. semantical/syntactical features

of interpolants

e Experimentation with FunFrog, eVolCheck, SAFARI model checkers

S.F.Rollini (USI) Interpolant Strength in Model Checking November 4th, 2012 30/



Ongoing Work

e Necessary and sufficient conditions for labeled interpolation systems
e Path interpolation, simultaneous abstraction, state-transition
interpolation, tree interpolation
e Labeled interpolation systems w.r.t. semantical/syntactical features

of interpolants

e Experimentation with FunFrog, eVolCheck, SAFARI model checkers
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Example

Labeled Interpolation Systems

e A={pg,r}  B=A{pr,q}
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Example

Labeled Interpolation Systems
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Example

Labeled Interpolation Systems

o A={pq,r} B = {pr,q}

p,q,r— (b, b,b) psq,r > (a,a,a)
pq  pr pq  pr
qr r qr r
q q q q
Ll(pva)Ar] Li(pAr)val
e (b,b,b) < (a,a,a) = (V@ Ar—(pAr)vVg
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