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1

Consider the propositional semantics of “a — 7 (“a implies 57).

For each of the following facts, say whether it is true or false under the standard interpretation
of “even”, “odd”, “Rome”, “Florence”, “Tunisi”, “Bangkok”, “Asia”, “Africa”, “is”, “is in”, and of
the propositions “[...]” built on top of them.

(a) [5is even] — [Rome is in Asia].
[ Solution: true ]
(b) [51is odd] — [Florence is in Italy].
[ Solution: true |
[5 is odd] — [Rome is in Asia].
[ Solution: false |
(d) [Rome is in Asia] — [5 is odd]
[ Solution: true |
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Given the following OBDD, with the ordering { As, Ay, As, Ay, Ay},
Al
T\ L
2

\\\\\ v \J_
\‘Nr
for each of the following Boolean formulas, say whether the OBDD represents it or not.
(a)
()
(c)
d

(d)

(_|A5 — (_|A1 — (_|A3 — (_|A2 — A4))))
[ Solution: true ]

(( AoV A1V Asv AsVv Ay

[ Solution: true ]

( A3N As AN AN AN Ag)

[ Solution: false |

( A5—>( A1—>( A3—>( AQ—>_|A4))))
[ Solution: false |
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Consider the following two DL formulas:
901d:ef($2—331 S5)/\([L’3—ZB2 < —6)/\(235—[E4§ —4)/\(1‘6—235 < —7)/\(178—1'7§4)
(,02(1:&(1'4—1‘3 Sg)/\(lf7—l'6 S —1)A(ZE1—I‘8§5)

For each of the following facts, say if it is true or false

(a) The following is a DL interpolant of (p1, pa):
(173—1'1 S —1)/\(1[‘6—ZL'4 S —11)/\(IL‘8—[L’7§4)
[ Solution: true |

(b) The following is a LR.A interpolant of {p1, ps):
(%3—x1+$6—$4+$8—$7 S —8)
[ Solution: true ]

(¢) The following is a DL interpolant of {(¢1, p2)
(kg — 21 <B)A(x3 — 29 < —6) A (25 — x4 < —4) A (26 — 25 < =T)A
($4—I3 §3)/\(ZE7—I6 S —1)/\(131—ZE8§5)($8—1’7§4)
[ Solution: false |

(d) The following is a DL interpolant of (¢, ¥2)
(1’3 — T S —1) VAN (ZL’G — T4 S —11)
[ Solution: false |

[ Solution:
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Consider the following Kripke Model M:

p,—q Q<—> ® ¢
83 T T S1
=P, q
So

For each of the following facts, say if it is true or false in LTL.

(a) M |- GFp
[ Solution: false ]
(b) M = FG-p
[ Solution: false |
(¢) M |=pUq
[ Solution: false |
(d) M = (GF=p A GF—q) — p
[ Solution: true |
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For each of the following fact regarding Buchi automata, say if it true or false.
(a) The following BA represents FGg:

1
O
O O

q [ Solution: Yes. |

(b) The following BA represents FGg:
4]
8 | 8

q [ Solution: No, it accepts every execution. |

(¢) The following BA represents pUg:

P [ Solution: No, it accepts Gp |

(d) The following BA represents pUg:

p [ Solution: Yes |
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Consider the following propositional formula ¢:
(FAs AN AV Az AN Ay V(RAsA—-A) V( Ay N —Ay))

1. Using the improved C'N Fygpe; conversion, produce the CNF formula C'N Fjgpei ().

[ Solution: We introduce fresh Boolean variables naming the subformulas of ¢:

>

Y
By Bs B3 By
7\ 7\ 7\ 7\
7z N 7z N 7z N N\

(mAs A AV ( A7 AN AV (mA3A-AD V(AN —Ay))

from which we obtain:

(

(wBV B,V By V B3V By)
(=B V—A5) A (B VvV Ay)
( YA (mBy VvV Ag)
(_|Bg V ﬁAg) A (_|B3 V ﬁAl)
( )A( )

> > > > >

A _\B4 V _\A2

]

2. For each of the following sentences, only one is true. Say which one.

(a) ¢ and C'N Fiae(p) are equivalent. | Solution: False |
(b) ¢ and C'N Fiue(p) are not necessarily equivalent. C'N Figpe(¢) has a model if and only ¢
has a model. | Solution: true |

(¢) There is no relation between the satisfiablity of ¢ and that of CN Fjupei(p). | Solution:
False |
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Consider the following piece of a much bigger formula, which has been fed to a CDCL SAT solver:

Cy . _|A9 V A12 V _lAl
Co Ag V _|A7 V _|A3
C3 _|A11 V A5 V AQ
cy : AV ARV Ap
s ARV AgV o Ay
Cg - _|A9 V AIO V _|A1
Cr . Ag V AS V _|A3
Cg . _|A5 V _|A6

cog: A7V -AsV Ags

Suppose the solver has decided, in order, the following literals (possibly interleaved by others not

occurring in the above clauses):
{y Ay, mAy o mAy L Az mAgg, L, Ay

(a) List the sequence of unit-propagations following after the last decision, each literal tagged (in
square brackets) by its antecedent clause

[ Solution:
A [Cﬂ
Ajg [Cﬁ}
A [04}
A5 [Cg}
Ag [Cs}

conflict on cg

]

(b) Derive the conflict clause via conflict analysis by means of the 1st-UIP technique

[ Solution:
Conflicting cl.

——N—
—AL YV AgV Ay SA5V A

A
_‘All V A5 V Ag ﬁAll vV _\A5 V A4 ( A ) ( 6)
—Ap VoA VA °
N~
1st UIP

]

(¢) Using the 1st-UIP backjumping strategy, update the list of literals above after the backjumping
step and the unit-propagation of the UIP

[ Solution: {, Al, ..._\AQ, ..._\A4, _|A11} ]
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Consider the following SMT formula in the theory of linear arithmetic on the rationals (LR.A).

o= {(nn—1<3) VA} A
{_|(2’U3 + U4 Z 5) vV _'<U1 — Vs S 6) V _'Al} N
{A1V(U1—U2§3)} A
{(vg —vys <6) V(v5=5=30y) V-A} A
{_|(1)2 — V3 > 2) \/Al} N
{54V (0 — v < DY A
{A1 vV (’U3 = V5 + 6) V AQ}

and consider the partial truth assignment p given by the underlined literals above:

{_'(UQ — V3 > 2)7 _‘A2, _‘(Ul — 03 < 6), (Uz —v4 < 6>, (US =v5 + 6)}

1. Does (the Boolean abstraction of) u propositionally satisfy (the Boolean abstraction of) ¢?
2. Is p satisfiable in LRA?

(a) If no, find a minimal conflict set for x and the corresponding conflict clause C'.

(b) If yes, show one unassigned literal which can be deduced from g, and show the corre-
sponding deduction clause C'.

[ Solution:

1. No, since there are two clauses which are not satisfied.

2. Yes (there is no cycle among the constraints). vy = v3 = v4 = 0.0, v; = 7.0, v; = —6.0 is a
solution.

(a) ...

(b) One possible deduction is:
{=(vy —v3 >2),(v1 —v3 <6)} 7 =(v1 — vy < 3).
which corresponds to learning the deduction clause:
(vg —v3 >2)V (v1 —v3 < 6) V(v — vy <3).
Another possible deduction is:
{(v3 =v54+6), (v —v3 <6)} =7 =(vy —v5 < 1).
which corresponds to learning the deduction clause:

_|<U3:U5+6)\/<U1—'U3§6)\/_|(’U1—U5§1).
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For each of the following FOL formulas, compute its CNF-Ization.
Use symbols C, Cs, Cj, ... for Skolem constants and symbols Fi, Fy, F3, ... for Skolem functions.

(a)

(0)

Jx.Vy.3z. RepairsWith(z,y, 2)
[ Solution:
RepairsWith(Cy,y, Fi(z) |

(Fz.Vy.3z. RepairsWith(z,y, z)) — (Fx.Vy.3z. AskToRepair(z,y, z))

Solution:

Jx.Vy.3z. RepairsWith(x,y, z)) — (Jo.Vy.3z. AskToRepair(z,y, z))

[
(
(=3JzVMy.3z.RepairsWith(z,y, z)) V (Jz.Vy.3z. AskToRepair(z,y, z))
(

Va.Jy.Vz. = RepairsWith(z,y, z)) V (Jz.Ny.3z. AskToRepair(z,y, z))

—RepairsWith(z, Fi(x),z) V AskToRepair(Cs,y, F(y) |
Va.(Vy.Cares(z,y) — 3z.IsLovedBy(x, z))
[ Solution:

Va.(Vy.Cares(z,y) — 3z.IsLovedBy(x, z))
Va.(-Vy.Cares(z,y) V Iz.1sLoved By(z, 2))
Va.(Jy.~Cares(z,y) V Iz.1sLoved By(z, 2))
—Cares(x, F1(z)) V IsLoved By(x, F5(z)) |
Va.(Jy.Cares(z,y) — Vz.IsLovedBy(x, z))
[ Solution:

Vz.(Jy.Cares(z,y) — Vz.IsLovedBy(z, z))
Va.(—3y.Cares(z,y) V Vz.lsLoved By(z, z))
Va.(Vy.~Cares(z,y) V Vz.1sLoved By(z, z))
—Cares(x,y) V IsLovedBy(x, z) |
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Given the following generalized Biichi automaton A < (Q, %, 6,1, FT), {a, b} being labels, with two
sets of accepting states FT = {F1, F2} s.t. F1 = {52}, F2 = {s1}:

P

~ - — — — —

RN
CW
T

convert it into an equivalent plain Biichi automaton.

[ Solution: The result is:




