CS3234 - Tutorial 7, Solutions

1.

1. AG(q — EGr). It’sa CTL formula.
The parse tree is:

o

()

The subformulas are: g, r, EG r, g — EG r, initial formula.

2. EFEG p — AFr. It’sa CTL formula.
The parse tree is:

The subformulas are: p, EG p, r, EF(EG p), AF r, initial formula.

3. AF[(rUqg) A (pUQq)]. It’'s not a CTL formula because there is no path
quantifier for the until ("U”) operators.

4. E[(AXq) U (=(=p) V (T As))]. It'sa CTL formula.
The parse tree is:
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The subformulas are: p, =p, T,s, g, =(=p), TAs, AXq, (=(=p)) V(T As),
initial formula.

5 =(AGq) vV (EG Q). It’sa CTL formula.
The parse tree is:

The subformulas are: g, AG q, =(AG q), EG q, initial formula.

6. AG(p — A[pU (—p AA[-pUq])]). it’sa CTL formula.
The parse tree is:



AG

The subformulas are: p, =p, g, A[(=p) Uq], (-p) V(A[(=p) Ud]), A[pU ((—p) V
(Al(=p)Ud]))], p = AlpU ((=p) V (A[(=p) Ud]))], initial formula.



2.

1. Unfolding the model 9/, we get the following infinite tree:
0
.

2. Checking that M, s |= @ for the following @'s:

1. =p — r. YES, ristruein sq.

2. AFt. NO, because there is an infinite path along which t is always false
(So—)So—)So—) )

3. =EG r. NO, because there is an infinite path along which r is always
true (So = So — So — --.), SO EG r is true.

4. E[t U qg]. NO, because in so, neither t nor q are true.

5. AF g. NO, because there is an infinite path along which g is always
false.

6. EF g. YES, consider the path sg — s3 — S — S1 — ..., where q is true
in ss.

7. EGr. YES, consider the path s — Sg — So — - - ..
8. AG(r Vv q). YES, because every state in the graph has r or g true.

3. Checking that M s, |= @, for the followings:

1. =p — r. YES, ristrueins,.

2. AFt. YES, because unfolding from s, there is one single path along
which we find t true (S, —S1 —> S —+S1—...)

3. =EG r. NO, because r is true in every state along the path s, — s; —
So =81 — ...



Eft U q]. YES, because q is true in sy.
AF g. YES, because q is true in s
EF g. YES, because q is true in s

N oo o &

EG r. YES, because r is true in every state along the path s, — 57 —
Sp —>S1—~....

8. AG(r V q). YES, because every state along the path s, — s3 — s —
Sp — ... hasrorqtrue.

3.

- We start first by unfolding the model 2/

1. Checking that M ,so |= @, for the followings:

1. AFq. YES, because q is true in so
2. AG(EF(p V r)). YES, because every state in the graph has p or r true.

3. EX(EXr). YES, because along the path so — S; — S1 —S1 — ... we
find the second s; state where r is true.

4. AG(AF q). NO, because the property AF g should hold in every state
(because of AG), and we have an infinite path s; — s; — s; — ... along
which q is false.

2. Checking that M s, |= @, for the followings:

1. AF g. YES, because from s, you can advance to sg or sz only, and in
both these states you have q true.

2. AG(EF (p V r)). YES, because every state in the graph has p or r true.



3. EX(EXr). YES, because along the path s; — sg — S1 — S1 — ... we
find the s; state (first one) where r is true.

4. AG(AF q). NO, because the property AF g should hold in every state
(because of AG), and we have an infinite path s; —s; — s; — ... along
which q is false.

4.

- Unfolding the given model, we get the following infinite tree:

- Checking the truth value of the formula @= AG(p — A[pU (-p A A[-pUQq])])
for the model and each state sg,S1,S2,53,54:

- M ,s0 =@ NO, consider the following path so — S — S3 — 51 — S3 —

- M ,s1 = @. NO, consider the following path s; —S3 —S1 —S3 — ...
- M ,s2 = @. NO, consider the following path s, — S1 — S3 —S1 — S3 —

- M ,s3 = @ NO, consider the following path s3 — S; — S3 — 51— ...
- M,s4 =@ YES, pisfalse insy

1 A[(-s A-t)U(=s A -t ApA (EFsV EFt)]
2. AG(p — AG—q)
3. AG((r = A[-pUd]) A (@ = A[-pUT]))

—



4. ’on every path transitions to states satisfying p occur at most twice™:
(=p A AXA[-pU (p A AXA[-pU (p A AG—p)])]) V
(=p A AXA[-p U (p A AG—p)]) Vv AG—p

1. M =EF@and M FEG o

0
NG sz

2. EFV EFy = EF(QV )
3 MEAF@V AFYand M = AF(eV y)

P

4. AF-@ = -EG @

5 M =EF-@and M ¥ -AF ¢
0

(@) @)=
(9

6. M ¥ Al UA[@ U @]l and M = A[A[g1 U @] U @3]

G—E6—O—LC

s0 0 sl



7. T =AGo—EGo
8 METand M =EGobut M #FAG @ so M¥EGo — AG@

7.

1. Let us consider a model M for —AF @
We have the following equivalences:

M, so |: —AF @
iff
is not true that for all paths so — s; — S»... exists i € N such that M,s; =@
iff
there is a path sp — s; — S — ... where is not true that there exists i € N
such that M ,s; = @
iff
there is a path so — s1 — S — ... where for all i € N is not true that M, s; =@
iff
there isa path so —s3 — s, — ... where foralli e N, M s = —@
iff
M750 IZ EG_'(p
2. Let us consider a model A for —=EF @
We have the following equivalences:

M750 IZ —-EF ¢
iff
is not true that exists a path sg — s1 — S2... such that exists i € N such that
M,si =@
iff
for all paths s — s1 — S2... is not true that exists i € N such that M ,s; =@
iff
for all paths so — s1 — s2... and for all i € N is not true that M ,s; = @
iff
for all paths so —s1 — s2... and forall i € N, M, s; =@
iff
M,SO |: AG-o
3. Let us consider a model M for =AX @
We have the following equivalences:



Maso IZ —AX (Y

iff

is not true that for all paths so —S1 —S2..., M,S1 =@
iff

exists a path sp — S; — Sz... such that is not true M ,s; =@
iff

exists a path sp — S; — Sp... such that M,s; = —@

iff

M,SO |: EX-o¢

. Let us consider a model A for AT U @

We have the following equivalences:

M50 AT UG

iff

for all paths sp — s; — Sz..., exists i € N such that #,s; = @ and for all
<, M,si =T

iff

for all paths so — S1 — S2..., exists i € N such that M, s; = @
iff
Maso IZ AF(p

. Let us consider a model A for E[TUq|
We have the following equivalences:

M, so IZ E[T U (p]

iff

exists a path so — s1 — S2... such that exists i € N such that 2/,s; |= @ and
forall j<i,M,sj =T

iff

exists a path sp — S; — Sz... such that exists i € N such that M,s; = @

iff

M,So IZ EF @

. Let us consider a model M for —=(E[-p U (-¢ A —@)] V EG—Y)

We have the following equivalences:

2150 = ~(EYU (-0 A W] v EGY)
iff
is not true that
exists a path sop — s; — S... such that exists i € N, M, s; = —QA -~
and forall j <i, M,sj = -y
or
exists a path sp — S; — Sp... such that forall i e N, M ,s; = -0



iff

and

iff

and

iff

and

iff

and

iff

and

iff

and

iff

is not true that exists a path so — S1 — S... such that exists i € N,
M,si = -@A-Yand forall j <i, M,sj = -

is not true that exists a path sp — s1 — S»... such that for all i € N,
M,si ‘: -y

for all paths sp — S1 — Sz... is not true that exists i € N, M ,s; =
—@A - and forall j <i, M,sj =

for all paths so — s1 — S2... isnot that for all i € N, M ,s; = -

for all paths sp — s; — s2... for all i € N is not true that M ,s; |=
—@A -y and forall j <i, M,s; = -y

for all paths sp — s1 — s2... exists i € N such that is not true M,s; |=
]

for all paths sp — S1 — Sz... for all i € N is not true that M ,s; = —@
and M ,s; [=—-yand forall j <i, M,sj = -

for all paths so — s3 — S3... exists i € N such that M,s; = W

for all paths so — 53 — sp... foralli € N, M,s; = @or M,s; =W or
is not true that for all j <i, M,sj = -

for all paths so — S1 — S2... exists i € N such that M, s; =y

for all paths so — 53 — sp... foralli € N, M,s; = @or M,s; =Y or
exists j < isuch that is not true M,s; = -~

for all paths so — S1 — S2... exists i € N such that M, s; =y
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for all paths sg — s; — s2... foralli € N, M,s; = @or M,s; = or
exists j < isuch that M,s; =

and
for all paths s — s1 — S... exists i € N such that M ,s; = W

iff
for all paths sp — s1 — s2... foralli € N, M, s; =@V Y orexists j <i
such that M,s; =
and
for all paths so — s1 — S... exists i € N such that M, s; =
iff
for all paths sp — 51 — s2... foralli € N, M, s; =@V W orexists j <i
such that M,s; =
and
for all paths sp — s1 — s2... exists ip € N such that M, s;, = W and for
all j <io, M,s;j = (io is the smallest i with the property M, s; = )
iff
for all paths sop — s1 — s2.... exists ip € N such that M, s;, = W and for
all j <io M,sj |=—-Pand M,sj =@V Y
iff

for all paths sp — S1 — Sz... exists ip € N such that ¢ ,s;, = W and for all
J'f< io M,sj = ~WA(QV )

iff

for all paths sp — S1 — Sz... exists ip € N such that ¢ ,s;, = W and for all
j <io M,sj[=-YAQ

iff

for all paths s — s1 — S... exists i € N such that /,s; = @ and for all
j<iM,siEo

iff

M’SO 'ZA[(pU l]J]
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