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Specification (Prop. of executions)

Logical Formulas
Automata
w-regular expressions

MC(L,C) -
Input:
amodel M, a specification ¢
(from C) (formula in logic L)
Output:

Does there exist an execution p of M
such that p = ¢ (or p € L(¢))?
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Hlat Counter Systems

Flat Counter System (Q,Cyy A1)z
C, : n counters
oo > 1,(2,4) liQ—>2AT
ACQxG(C)xXxZ xQ
””’(3” tu=ax | t+t
C76 8 e Ay
1>0(10> 1>1(1s> gu=t~b | gAg|gVg

Runs in Flat Counter Systems

<Q1a (07 0)> - <QI7 (07 0)> - <Q57 (15 O)) - <q65 (27 5)) g <Q77 (47 9)> - <QG7 (75 10))



Specifications




Linear Temporal Logic with Past

Syntax

pu=plal-p|oANd | VY | X | ¢Us | X1 | ¢S¢/
where, p € AT, g € G(C,)

Semantics

o€ (Qx N
1:Q — 2AT

o,i = pe pellm(o()))

o,i = g& m(o()) =g

Example

(p A x1 < 10)U(xg = 20)



Hirst Order Logic & Buchi Automata

Syntax
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Hirst Order Logic & Buchi Automata

Syntax

¢ = Pa(2) | Po(2) [ S(z1,22) |21 <z2 | z1 =22 | = [ 9 A ¢ | Tz ()
where, a € AT and g € G(C,)

Semantics
o€ (Qx N 0 B Pa(z) & a € mi(o(fz)))
1:Q — 2AT 0 s Py(2) & m(o(f(2)) F g

Biichi Automata

B = <Q’E’QO7AaF> (RS (2AT X Nn)w
¥ = 24T x 26(G) o = Biffo € L(B)



Main Contributions. .
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Contributions

Model Checking PLTL [DDS’12]

MC(PLTL, CFS) is NP-Complete.

Model Checking Biichi Automaton

MC(BA, CFS) is NP-Complete.

Model Checking FO

MC(FO, CFS) is PSpace-Complete.



How We Do It...




Flat Counter System

T,(+1)

@ T.6) U >0, (0)

Formula with Counters

¢ =F(x1 > 8 A Xgq)




Eliminate Counters From Formula

Path Schema

X1 < 8, (-l-l) x1 > 8 A xp <100, (+1)

(=
@ T.(15) T G\ T > 100 ‘
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Applying Stuttering Theorem

Path Schema

X1 < 8, (-l-l) x1 > 8 A xp <100, (+1)
(=)
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Q T,(+5) "/ T,(+1) " T,(+1) x1 > 100
Formula without Counters Stuttering Theorem
¢ = F(Pq>8 AXa2) h =0

Iy > 2

11



Applying Stuttering Theorem

Path Schema
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Constraint System

Path Schema
X1 < 8, (-l-l) x1 > 8 A xp <100, (+1)
(=)
q q q
@ T.(15) 2 T, 0 "2 T, (1) x1 > 100
[—00,5) [5,8) 8, 8] (8,100] (100, 400)

Formula without Counters

¢ = F(Pq>8 A\ Xaz)

Constraint System

5+1.(0h —1) <8

5+1.(h)+2>8

5+ 1.(h)+2 <100
5+1.(h)+2+1.(r—1)>8
54+1.(h)+2+1.( — 1) <100

> =
b >9,1h 2 12



Small Solution

Path Schema

X1 < 8, (-l-l) x1 > 8 A xp <100, (+1)
(22
a1 Qs Qs ]
Q T,(+5) "/ T,(+1) " T,(+1) x1 > 100
Formula without Counters Constraint System
¢ = F(Px;>8 A Xa2) 541.(h—1)<8
. 541.(h)+2>8
Small Solution 5+ 1.(/1) +2<100
/1:2 54+1.(h)+24+1.(—1)>8
/ . 91 54+1.(h)+2+1.( — 1) <100
2 — ls >9,11 =2
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Eventually. ..

Other Logics Other Models

Linear p-Calculus (done), Affine Updates,

Monadic Second Order Logic, Relational Counter Systems,
Branching Time Logics, etc.

Freeze LTL...

Implementation

Implementing a prototype using the power of SMT Solvers.
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Eventually. ..

Other Logics Other Models

Linear p-Calculus (done), Affine Updates,

Monadic Second Order Logic, Relational Counter Systems,
Branching Time Logics, etc.

Freeze LTL...

Implementation

Implementing a prototype using the power of SMT Solvers.

Thank you for your attention.




