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Exercise 1 (8 4+ 8 points)

(i) Consider the GNBA A over ¥ = {a,..., s} where the 3 final state sets are

o Iy ={1,2,3,4,5,6}
o F,={2,4,6,8,10,12}
o Fy=1{3,4,7,811,12}

and where the structure of the graph is as follows.

n
o)
m

Use the algorithm to check emptyness of GNBAs to determine whether £(A) = @. If L(A) # &, also give
an accepted word that the algorithm produces.

The SCCs of the graph are {5,6,9,10}, {2,3,7,11,12}, and {4,8}. Only SCC {2,3,7,11,12} is reachable
and contains states of all three final state sets. Hence, £(.A) # & and the word is constructed by constructing
a path to some node in {2,3,7,11,12}, and then continuing with a path which traverses all nodes in the
SCC. Hence, the word a(clgreh)” might be a possible output of the algorithm.

(ii) Let ¥ = {0,1,2}. Formalize the following language over ¥ as NBA.

L ={w € X¥ | if w contains infinitely many 0s, then every 1 is followed by a 2 some times later in w}
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Exercise 2 (21 points)

Consider the following nanoPromela statement.

do
=1 =>if :: b=2 => c ! 3 fi ;
d! 4
:resb =>c¢c 7 x
od

Construct the program graph for this statement. For the whole statement, additionally derive all transitions

formally using the inference rules.
You may use abbreviations like “do ... od”, “if ... fi”, ...

¢! 353, exit
e ~ b=2:¢c!3 :
if ... fi—====-C"2 exit
if.. fijdl4-2=2:ct3,414

do..od-2=Lb=2:c!3, 914 4o .. od

? .
c 7 xS exit
—_ K. ?
do..od-t=2""*ydo ... od

do ... od 2ZLeZ 5 oyt

a=1b=2:¢!3

e=5:c?7x

exit
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Exercise 3 (3 4+ 21 points)

Consider the following formula:

¢ =(trueU (r A (=(rU(g A X(gUr))))))

(i) Construct a simplified formula ¢ with ¢ = v where all negations are eliminated.

~(F(rA(=(rU(gAX(gUn))))))
G(rA(=(rU(gAnX(gUr)))))
G(-rvrU(gnX(gUr)))
G(r=rU(gAnX(gUr)))

¥

(ii) Construct the automaton for ¢ using the improved translation.
A, = ({qo} W26,22,q0, 6, F1, Fy, F3) where

e The reduced Fischer Ladner closure is

cd'(p) =r,8,8Ur,Xops,rU(gApy), true U (r A —ps5)
NN
®3 Pa (4 Y6

° (Cl7 L. ,C6>T € 5(qO, (dl,dg)T) iff (C] & d]) AN (02 =2 dg) N —cg

° (Cl,. .. ,CG)T S (5((1)1, .. .,bG)T, (dl,dg)T) iff (Cl 54 dl) A (02 54 dg) A (bd ~ (b1 vV (bg AN 05))) A (b4 ~
03) A\ <b5 & ((b2 A\ b4) V (b1 A\ 05))) N (b() & ((b1 N ﬁbg,) V C(;))

o [ = {(bl,...,be)T | —b3 \/bl}
Fy={(b1,...,b6)T | =b5 V (by A by)}
F3 = {(bl, .. .,be)T | —bg V (b1 A ﬁb{,)}

Explicitly give all incoming transitions of state (0,0, 0,0,0,0)7. Simplifying the conditions yields b; = by =
be,d; = dy = by = bs = 0, hence there are 4 transitions (b1, *, by,0,0,b1)7 ==L (0.0 —225(0,0,0,0,0,0)T. Moreover,
there is the transition gg — 2% (0,0,0,0,0,0)
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Exercise 4 (9 points)

Prove the equivalence Xp Uy = ¢ V X .

XpUep

=pVXpAXXpUyp)) (U -expansion)
_go\/(Xgo/\X(cp\/(ch/\X(XgoUgo)))) (U -expansion)
=pVXpAXpVXXpAXXpUp)))) (X -distribution)
=pV(XpAXp)VXeAXXeAXXeUgp)))) (distribution)
=pVXpVXeAXXpAXXpUp)))) (1dempotency)
=pVXp XeV(XpA...)=Xp)



