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Given the following OBDD, with the ordering { As, A;, Az, Ay,
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for each of the following Boolean formulas, say whether the OBDD represents it or not.

(

[

( AV AV A5V Azv o Ay

[ Solution: true |

(AN As A AN AN Ag)

[ Solution: false |

( A5—>( A1—>( A3—>( A2—>_|A4))))
[ Solution: false |
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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 |



17.06.2021: 769857918

3

Consider the following fair Kripke Model M:

l S3 : _ : S1
G T,' S sz

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

(a) M |- GFp
[ Solution: true |
(b) M = FG-p
[ Solution: false |
(¢) M |=pUq
[ Solution: true |
(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:

.
Oen®
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 pair of ground and abstract machines M and M’:
M: M’
MODULE main MODULE main
VAR VAR
vl : boolean; vl : boolean;
v2 : boolean; v2 : boolean;
v3 : boolean; v3 : boolean;
ASSIGN ASSIGN
init(vl) := FALSE; init(vl) := FALSE;
init(v2) := TRUE; init(v2) := TRUE;
init(v3) := FALSE;
TRANS TRANS
(next(vl) <> v2) & (next(vl) <> v2) &
(next (v2) <> v3) & (next (v2) <-> v3)

(next (v3) <-> v1)

For each of the following facts, say which is true and which is false.

(a) M’ simulates M.
[ Solution: True |
(b) M simulates M.

[ Solution: False. E.g.: M can execute the path (01[1]) — (11[1]) — ..., which cannot be
simulated by M'. |

(¢) For every Boolean property ¢ on v1,v2, if M’ = Gy, then M = G,
[ Solution: True |

(d) For every Boolean property ¢ on vi,v2, if M = Gy, then M’ = Gy,
[ Solution: False. E.g., G (1vl | !v2) (see example above). |
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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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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:
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Consider the following LTL formula:

p = (Fr)— (pUq)
and the following three states of the construction of the tableau T, of :
Sl : < q, D, _\X(pUQ), T, XFT)
Sz (~q, p, X(pUq), r,—XFr)
S3 : < q, P, _'X(pUq>7 -, _|XF7’>

For each of the following statements, say if it is true or false.
[ Solution: recall that

o sat(pUq) = sat(q) U (sat(p) N sat( X(pUg)))
o sat(Fr) = sat(r) U sat(XFr)

Thus

S € sat(pUgq), Sy € sat(Fr),
Sy € sat(pUq), Sz € sat(Fr)
Ss € sat(pUq), Ss & sat(Fr). |

(a) Sy is a successor of Sy in T,.

[ Solution: No. In fact, every successor of S should not belong to sat(pUgq). |
(b) S5 is a successor of Sy in T,,.

Y

[ Solution: Yes. In fact, every successor of Sy should belong to sat(pUgq) and should not belong
to sat(Fr) as defined above, which is the case of S3. |

(c) S is an initial state of 7T,,.
[ Solution: Yes. In fact, every initial state T, should belong to (S \ sat(Fr)) U sat(pUgq) as
defined above, which is the case of S3. |

(d) S, is an accepting state of T,.
[ Solution: No. Since there is only one (relevant) positive U-subformula in ¢, we have only one

group of accepting states, these which belong to sat(—(pUgq)) U sat(q). Sz does not belong to it,
because it belongs to sat(pUgq) and not to sat(q). |
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Given the following LTL Model Checking problem M = ¢ expressed in NuXMYV input language:

MODULE main

VAR x : boolean; y : boolean;

INIT (!x & 'y)

TRANS (next(x) <-> !x) & (next(y) <-> (x<->y))

LTLSPEC G (x<->y)

1. Write a Boolean formula corresponding to the Bounded Model Checking problem with k = 2.

def def

[ Solution: We have I(z,y) = (-x A—y), R(z,y,2",y) = (' < —2) A (Y + (x < y)), and
—p = F-(z <> ). Thus the resulting formula is:

(=0 A —yo) N /] 1(z0,90) A

(21 <> 20) A (11 < (T0 <> 20)) A /] R(xo,y0,21,y1) A
(22 ¢ =21) A (2 < (21 < 91)) A /] R(w1,y1,72,92) A
(=(z0 < o) v /] (f(zo, 90, 20)V
(71 < Y1) \ /] flz1,y1,21)V
(22 < y2)) /] f(x2, 92, 22))

]

2. Is there a solution? If yes, find the corresponding execution.

[ Solution: Yes. {xg = yo = L, 2y = y1 = T,29 = L,y, = T} satisfies the formula. This
corrsponds to the execution: (0,0) — (1,1) — (0,1). (States are resapresented as (x;,y;).)

]

3. From the answers of questions 1) and 2) we can deduce

(a) that M |= ¢. [ Solution: No |
(b) that M W~ . [ Solution: Yes, because a counter-model of length 2 is produced. |
(¢) nothing. [ Solution: No |
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Consider the following switch e in a timed automaton:

'
s
a y:=0 - /
- 2
N
a

and consider the zone Z1 = (Ly,¢) s.t

pE@E>OAE<2DAYZ)AY<HA(y—z<2).

Compute succ(gp, e), displaying the process in a cartesian graph.
[ Solution: The behaviour of succ(p,e) is displayed in the following diagram:
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