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Verification

Problem 1: Theories / Nelson-Oppen [4 Points]
For the formula
1<xzAz<2Acons(l,y) # cons(z,y) A cons(2,y) # cons(z,y),

identify the combination of theories in which it lies. To avoid ambiguity, prefer 77 to Tp.
Then apply the Nelson-Oppen method and then use the appropriate decision procedures for the
resulting formulas.
Problem 2: Theories / Nelson-Oppen [2 Points]
For the formula

ali] > 1Nalil+z<2ANz>0ANz=1iANa(x<2)[i] #1,

identify the combination of theories in which it lies. To avoid ambiguity, prefer 77 to Tjp.
Then apply the Nelson-Oppen method and argue informally whether the resulting formulas are
satisfiable.

The following exercises belong to the afternoon session.

Problem 3: True or False [0 Points]
1. AXAGp = AGAXp
2. EXEGp=EGEXp
3. AFAGp can be expressed in LTL.
4. If @ is a CTL formula and v is an LTL formula such that ® = ¢, then ~® = —1).
5. s = EFEGp iff there is a path 7 from s with 7 = F Gp.
6. s = EGEF p iff there is a path 7 from s with 7 = GFp.

7. Let TS be a transition system and ® a CTL formula. If T'S does not satisfy —=®, then TS
satisfies ®.
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. Let s1, s9 be states of a transition system and let

® =E (aU (EXb A EXc)).

If sy = ® and not sy = ® then Traces(s1) # Traces(s2).

. CTL* equivalence is strictly finer than CTL equivalence.

LTL equivalence is strictly finer than CTL equivalence.
CTL equivalence is strictly finer than LTL equivalence.
If s = AF p then s =4 AF p.

If s |= EF p then s =y, EF p.

5 Efair E(aUD) iff s = E(aU (b AEGtrue))

5 Ffair E(aUD) iff s = E(aU (bAayfqir)) where afy, is an atomic proposition with s = a e
iff s =pair EG true.

For each Biichi automaton A there is an LTL formula ¢ such that Words(yp) is the language
of A.

If two states s; an s in a finite transition system satisfy the same CTL_|) formulas,
then s; and s9 are bisimilar.

Bisimilar transition systems are simulation equivalent.

The following two transition systems are stutter-trace equivalent.

Let TSy and TSy be two stutter-bisimilar transition systems and let ¢ be an LTL formula
without Next then either both T'S; and TSy satisfy ¢ or neither satisfies ¢.

®

The following two transition systems are divergence-sensitive stutter-bisimilar.
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For every boolean function there is a variable ordering such that the size of the ROBDD
is polynomial.
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For every boolean function there is a variable ordering such that the size of the ROBDD
is exponential.

The following timed automaton satisfies EF on:

Each nonzeno timed automaton is timelock-free.

The state graph and the region graph of a timed automaton are bisimilar over AP’
Clock equivalence is a bisimulation.

If there is a P-inductive program annotation, then P is partially correct.

It holds that
wp(F,assume ¢) = F A c

is Tg-satisfiable.

TE is decidable.

alij =e — ali<e) =a
is Ta-valid.
The quantifier-free fragment of the theory of arrays with extensionality is decidable.
The limitations of the Nelson-Oppen method are as follows:
Given formula F' in theory 17 U T5.

a) F must be quantifier-free.

b) Signatures ¥; of the combined theory only share =, i.e.,
1Ny = {:}

and both must contain the axioms of the theory of equality.
¢) Theories must be stably infinite.

d) Theories T, Ty must be convex.
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