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Reviewing BMC

Given M = (S, I, R, L) and LTL property ¢
We create a satisfiability instance that encodes

* System state transitions:
* I(s,) AR(s, s,) A ... AR(s, s..) A\... AR(s,, S.)

* Set of loop-conditions: L(l, k)=R(s, s)

* Inductively constructed VC for negation of ¢
* Fo: TEEFD =52 V ¥ E Fd
* Go: né‘ FGP=s=>PA nf F Gd; s,must loop back to s



Reviewing Abstraction

Given M = (S,I,R, L), h:S - §
Suppose M = (S,I,R, L) where
- [(d) iff
3d. (h(d) = d A 1(d))
* R(d,,d,) iff
dd,d,. (h(d1) =d; Ah(d,) = d, AR(dy, dz))
* L(d) = Up(gy=aL(d)



Abstraction Visualized
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Cone-of-Influence Reduction

I=x O/\y—O/\Z—O/\u—O

Computing Col:
CO — {X}, Cl — {x’y}l C2 — {X,y,Z}, C3 —

The abstraction is:

I:ix=OAy=0/\z=O
R=x'"=x+yAy =y+zAz' =2z+1




Counter-example Guided
Abstraction Refinement

M ¢ h
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— CEX




CEGAR: Example

I =x= O/\y—O/\Z—O/\u—O
R=x"=x4+yAy =y+ite(z=20,z,—2)ANz' =z+1
¢ =G(x =0)

Abstract CEX: (0, 0) = (0,-1)—~> (-1,10)

CEX is spurious, as y=0, y’ = -1 is not possible, so we refine
[ =x
R

—0/\y=0
x'=x+yANy'=y+ite(z=0,z,—2)



Proof-Based Abstraction

Set k = length of CEX

CEX?

A\ 4

BMC for k st UNSAT? | Anal foick | M _
or k steps | Analyze proof: pic { Model check 1 = &
Initial M =, ¢ vars to make visible
k

CEX SAFE




PBA: Example

BMC for 2 steps gives us a proof involving x,y,z

So we refine the abstraction to include these vars

=O/\y=0/\Z=O
’=x-|—y/\y’=y+ite(Z20,Z,—Z)/\Z’=Z+1

Complete model checking procedure proves ¢ on M



Unbounded Model
Checking Using Craig
Interpolants



William Craig (1918-2016)




Craig Interpolants

For two formulas A and

B B such that A = B, a Craig
interpolant is a formula
I such that:

| 1. A=>1
2 I =>B

3. The nonlogical symbols
in [ occur in both 4, B



Reverse Interpolants

For two formulas A and
B such that AA B is
UNSAT, a reverse
interpolant is a formula
I such that:

| 1. A=>1
2 I N B is UNSAT

3. The nonlogical symbols
in [ occur in both 4, B



Computing Interpolants from
Resolution Proofs

Resolution proof for: (-~a V b), a,-b Let A = {(-aV b),a}B={-b}
b 1 T
-aVb a -b \/
\/ "
b
b
1

Given a proof of UNSAT Il of A U B, for all vertices ¢ € Vy let p(c) be:
* Ifcisaroot then:
 Ifc € Athenp(c) = g(c)
* Elsep(c)=T
* Else, let ¢4, c, be preds of ¢ and let v be their pivot variable
* Ifvislocalto 4, then p(c) = p(cy) V p(cy)
* Else, p(c) = p(c1) Ap(cz)
Interpolant is p(L)



Interpolation based MC

k > 0; M = (Init,R,bad); P = Init
If Init A bad is SAT then return UNSAFE

repeat
e M' = (P,R, bad) PREFh(M) = Init(S_l)/\ /\ R(Si,SH_l)
. A= PREF,(M") ~hsi<o
. — kKM
B = SUFFy (M) SUFFE) = [\ Respsund A [\ bad(s)
* If AN B is SAT: 0<i<k jsi<k

e |f P = [nit return CEX
* Elseincrease k; P = Init ; continue

Let Q be aninterpolantfor AA B
If Q = P then return SAFE

P=PVQ



Intultion

A A B

/% " "R ® _® =
0 k
S E,

e A' tells us everything the prover deduced about the
image of S, in proving it can't reach an errorin k
steps.

* Hence, A' is in some sense an abstraction of the
image relative to the property and the bound k

The fixed point P is an inductive invariant
S. A. Seshia 16




Refinement

* The procedure may be inconclusive for a fixed k

 May add a state that reaches error in k steps (getting
SAT in step 2 with Z 1=S,)

* Refinement is just increasing k
* How big can k get?

S. A. Seshia

17



Interpolation based MC

For a fixed k:
1. SetZinitially to S,
2. Do BMC starting from Z for k steps

* |f SAT: have we found a counterexample?
 |f UNSAT, continue

3. Useinterpolation to compute over-approximation of next
states of Z and add them back into Z

— Can newly added states lead to error states in k-1 steps? In k steps?

4. |If Zdoes not increase
— We've reached a fixed point Z=P. Is the property true?

5. Otherwise, back to step 2

S. A. Seshia 18



