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Exercise 1: Weak Until in CTL
Prove that for any transition system,

(a) Sat(3P W V) is the largest set T satisfying
T C Sat(¥) U {s € Sat(®) | Post(s)N T # 0},
(b) Sat(V® W V) is the largest set T satisfying
T C Sat(¥) U{s € Sat(P) | Post(s) C T}.

Exercise 2: Characterization of Sat,;, (30 a)

Fix a finite transition system without terminal states, an atomic proposition a, a state
s and a strong fairness constraint f = A\,_,.,. (00 a; = 00 b;). Then s |=; 30 a if and
only if there is a finite path fragment ¢ = (#;)"_, and a cycle ¢’ = (#/)7_, such that

o tp=sand t, =t =1t and

° tikaandt]’-):a (forall 0 <i<mn,0<j<r)and

o Sat(a;)N{t],...,t.} =0 or Sat(b;) N {t],.... 6.} #0 (forall 1 <i<k).
Hint: the proof in the script is only a proof attempt.

Exercise 3: CTL with fairness model-checking

Consider the following transition system:

{a} {b}
{c}

We have two strong fairness constraints for a and b and a weak fairness constraint for c.

fair=(O030Qa—-0O0a)AN(O0IOb—-000)AN(OO03FIO0c—0O0¢)



a) Convert the weak fairness constraint to an equivalent strong fairness constraint.

(a)

(b) Apply the algorithm of the lecture to compute Saty,, (3 true).

(c) Apply the algorithm of the lecture to compute Saty,, (30 —a).
)

(d) Apply the algorithm of the lecture to compute Saty,, (30 —c).

Exercise 4: Semantics of CTL" and syntactic sugar
Give the precise semantics of formulas of CTL™. Define disjunction, V and [J in terms of
other operators.

Exercise 5*: Converting CTL" formulas into CTL formulas
Prove the following equivalences of CTL" formulas (Greek letters denote state formulas
and Latin letters denote path formulas):

(a) ~O2=0O~®

(b) 7(¢UV¥) = (Y U-DdA-T) VOV
c) 3(fvg)=3fViyg
)
)

a

(
(d) Q@A) =02A0QVP
(e) O(@ATV)=00A0V

(1) 3 (A (@ V) A OX ADE]) =

\/Jg{l ..... n} </\jeJ \IJJ ANEA3 O [X N El((/\jgj(q)j U \IJ])) A DE)})

(&) 3 (A [(®,U¥) ADE)) =

\/ [ /\ ®,AZU
7 is a permutation of {1,....n} = 1<j<n
(\I/ﬂ-(l) /\3( /\ Q)j ANZU
1<j<n,

Je{m(1)}
(\Ifﬂ(g) N E|( /\ CD]' ANZ=U

1<j<n,

J¢{m(1),m(2)}

(Ta-y A N\ B AE U(Ta) A30E)))))))

<j<n,

1
J#{m (1), m(n=1)}

Show how to convert CTL™ formulas into CTL formulas.



