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Equivalence of CTL and LTL formulas

Let ® be a CTL formula and ¢ an LTL formula.

® = iff for all transition systems 7 and
all states s in 7:

sEcaL® <= skEmLe

e.g., CTL formula ® | LTL formula ¢

a a
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More examples

CTL formula ®
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More examples
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More examples

CTL formula ®

COMPARISON4.2-1A
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More examples

CTL formula ®

COMPARISON4.2-1A

LTL formula ¢

a
VQOa
V(aU b)
Vla
VQa
V(aW b)
VOVOa

AN

a
QOa
aUb
Lla
Oa
aWb

O0a but: VOVOa # ¢0a

/!

infinitely often a
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The CTL formula YOVOa
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The CTL formula YOVOa

s EVOVOa iff on each path 7 from s
there is a state t with t |=VOa
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The CTL formula YOVOa

s EVOVOa iff on each path 7 from s

there is a state t with t |=V0Oa
T

i.e., all states in the computation tree of t fulfill a

YOvVOa
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The CTL formula YOVOa

s EVOVOa iff on each path 7 from s

there is a state t with t |=V0Oa
T

i.e., all states in the computation tree of t fulfill a

YOvVOa
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The CTL formula YOVOa

s EVOVOa iff on each path 7 from s

there is a state t with t |=V0Oa
T

i.e., all states in the computation tree of t fulfill a

YOvVOa

T = YovVOa
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O0a # VYOVOa

To prove that
VYOoVOa # ¢0a
we provide an example for a TS 7 s.t.

T = 00a
T e VOVOa
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O0a # VYOVOa

transition system T

\{5} 2 {3
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O0a # VYOVOa

transition system T

\{5} 2 {3

T = 00a
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O0a # VYOVOa

transition system T

\{5} 2 {3

T = 00a

T béc'n_ VOVD&

computation tree
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O0a # VYOVOa

transition system T

{a} g {a}
B8

T = 00a

T béc'n_ VOVD&

Sat(VOa) = {e}

computation tree
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From CTL to LTL, if possible
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e either there is no equivalent LTL formula

® Or...

without proof
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From CTL to LTL, if possible

For each CTL formula ® the following holds:
e either there is no equivalent LTL formula
e ord=yp

where ¢ is the LTL formula obtained from ®
by removing of all path quantifiers 3 and V

without proof
& =VOVa

!
w = Q0a
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From CTL to LTL, if possible

For each CTL formula ® the following holds:
e either there is no equivalent LTL formula
e ord=yp

where ¢ is the LTL formula obtained from ®
by removing of all path quantifiers 3 and V

without proof
& =VOVa

l
p=0La# &
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From CTL to LTL, if possible

For each CTL formula ® the following holds:
e either there is no equivalent LTL formula
e ord=yp

where ¢ is the LTL formula obtained from ®
by removing of all path quantifiers 3 and V

without proof

¢ =VOVa
l
p=0La# &

hence: there is no LTL formula equivalent to ®
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From CTL to LTL, if possible

For each CTL formula ® the following holds:
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by removing of all path quantifiers 3 and V

without proof
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From CTL to LTL, if possible

For each CTL formula ® the following holds:
e either there is no equivalent LTL formula
e ord=yp

where ¢ is the LTL formula obtained from ®
by removing of all path quantifiers 3 and V

without proof
& =VIOVOa

!
p=00a= & “infinitely often a"
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From CTL to LTL, if possible

For each CTL formula ® the following holds:
e either there is no equivalent LTL formula

e ord=yp

where ¢ is the LTL formula obtained from ®
by removing of all path quantifiers 3 and V

without proof

® =VO(aAVQa)
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From CTL to LTL, if possible

For each CTL formula ® the following holds:
e either there is no equivalent LTL formula
e ord=yp

where ¢ is the LTL formula obtained from ®
by removing of all path quantifiers 3 and V

without proof

® =VO(aAV(Qa)
!
¢ =0(anQa)
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From CTL to LTL, if possible

For each CTL formula ® the following holds:
e either there is no equivalent LTL formula
e ord=yp

where ¢ is the LTL formula obtained from ®
by removing of all path quantifiers 3 and V

without proof

® =VO(aAV(Qa)
!
p=0(@nQa)# @
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From CTL to LTL, if possible

For each CTL formula ® the following holds:
e either there is no equivalent LTL formula
e ord=yp

where ¢ is the LTL formula obtained from ®
by removing of all path quantifiers 3 and V

without proof

® =VO(aAV(Qa)
!

p=0(@nQa)# ¢
hence: there is no LTL formula equivalent to ®
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O(an Qa) £ YOo(aAV(Oa)
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O(an Qa) £ YOo(aAV(Oa)

To prove that
O(anQa) # YO(aAVa)
we provide an example for a TS 7 s.t.
T |=|_'|'|_ <>(a/\ Oa)
T béc-n_ V(}(a N VQa)
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O(an Qa) £ YOo(aAV(Oa)

So
O=o

@ = {3}

S1 S3

S S4
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O(anQa) # VO(aAVDa)

S0
S1 S3 O =9
. . @ = {a}

T |=|_T|_ <>(a A Oa)



O(anQa) # VO(aAVDa)

S0
S1 S3 O =9
. . @ = {a}

trace(sp s1 ) = {a} {a} &“

T |=|_T|_ <>(a A Oa) —
trace(sy s3 s4*) = {a} @ {a}¥




O(anQa) # VO(aAVDa)

S0
S1 S3 O =9
. . @ = {a}

trace(sp s1 ) = {a} {a} &“

T |=|_T|_ <>(a A Oa) —
trace(sy s3 s4*) = {a} @ {a}¥

T béc'n_ V()(a N VOa)



O(anQa) # VO(aAVDa)

S0
S1 S3
S S4

O=o
@®= {3}

T |=|_T|_ <>(a A Oa) —

trace(sp s1 ) = {a} {a} &“
trace(sy s3 s4*) = {a} @ {a}¥

T béc'n_ V()(a A VOa) «—

Sat(aAV(Qa) = {s1}




O0(anQa) # VO(aAVOa)

S0
S1 53 0=%
@ = {a}
9 Sa

trace(so 51 %) = {a} {a} @¥

Thm 0(an0a) < trace(sp s354*) = {a} @ {a}”

Sat(aAVQa) = {ss}

T VO(a AVOa) —
Fcr VO(a AVOa) 505 9 Fer O(a AVOa)




Expressiveness of LTL and CTL

The expressive powers of LTL and CTL are incomparable
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Expressiveness of LTL and CTL

The expressive powers of LTL and CTL are incomparable

e The CTL formulas VO(a AV(Qa), VOVOa and
V3O a have no equivalent LTL formula

e The LTL formula ¢Oa has no equivalent
CTL formula

LTL CTL
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Expressiveness of LTL and CTL

The expressive powers of LTL and CTL are incomparable

e The CTL formulas VO(a AV(Qa), VOVOa and
V3O a have no equivalent LTL formula

e The LTL formula ¢Oa has no equivalent
CTL formula

LTL CTL
O0a
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Expressiveness of LTL and CTL

The expressive powers of LTL and CTL are incomparable

e The CTL formulas VO(a AV(Qa), VOVOa and
V3O a have no equivalent LTL formula

e The LTL formula ¢Oa has no equivalent

CTL formula
LTL CTL
O | es | wovOa
VO(a AV(Qa)

VO30 a
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Expressiveness of LTL and CTL

The expressive powers of LTL and CTL are incomparable

e The CTL formulas VO(a AV(Qa), VOVOa and
V3O a have no equivalent LTL formula

e The LTL formula ¢Oa has no equivalent

CTL formula
LTL CTL
O | os | woVO
i V0(a AYO2)
O30 a
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Expressiveness of LTL and CTL

The expressive powers of LTL and CTL are incomparable

e The CTL formulas VO(a AV(Qa), VOVOa and
V30 a have no equivalent LTL formula

e The LTL formula ¢Oa has no equivalent

CTL formula
LTL CTL
O | os | woVO
i V0(a AYO2)
O30 a
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CTL properties that are not LTL-definable ....ou2s

The CTL formulas
VO(a AV(Qa)
VOoVOa
VO3Oa

have no equivalent LTL formula
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CTL properties that are not LTL-definable ....ou2s

The CTL formulas
VO(a AV(Qa)
VOoVOa
VO3Oa

have no equivalent LTL formula

Proof uses the fact that for each CTL formula ®:

e either there is no equivalent LTL formula

e or ® = ¢ where @ is the LTL formula obtained
from ® by removing of all path quantifiers
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CTL properties that are not LTL-definable

The CTL formulas
VO(aAVQa) «—
YOvVOa —
VO30 a

already considered

already considered

have no equivalent LTL formula

Proof uses the fact that for each CTL formula ®:

e either there is no equivalent LTL formula

e or ® = ¢ where @ is the LTL formula obtained

from ® by removing of all path quantifiers

COMPARISON4.2-5A
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CTL properties that are not LTL-definable ....ou2s

The CTL formulas
VO(a AV(Qa)
VoVla
VO30a «—alternative (direct) proof

have no equivalent LTL formula

Proof uses the fact that for each CTL formula ®:

e either there is no equivalent LTL formula

e or ® = ¢ where @ is the LTL formula obtained
from ® by removing of all path quantifiers
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There is no LTL formula equivalent to VO130a ..o

suppose ¢ is an LTL formula s.t. ¢ = V[30a

58 /138



There is no LTL formula equivalent to VO130a ..o

suppose ¢ is an LTL formula s.t. ¢ = V[30a
consider the following TS Tq:

] {a}
B8
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There is no LTL formula equivalent to VO130a ..o

suppose ¢ is an LTL formula s.t. ¢ = V[30a
consider the following TS Tq:

\éﬁ {a} t Sat(30a) = {s, t}
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There is no LTL formula equivalent to VO130a ..o

suppose ¢ is an LTL formula s.t. ¢ = V[30a
consider the following TS Tq:

\éﬁ {a} Sat(30a) = {s, t}
° g T, EVO30a

61/138



There is no LTL formula equivalent to VO130a ..o

suppose ¢ is an LTL formula s.t. ¢ = V[30a
consider the following TS Tq:

g {a} Sat(30a) = {s, t}
58 6t T EVO30s — T ko
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There is no LTL formula equivalent to VO130a ..o

suppose ¢ is an LTL formula s.t. ¢ = V[30a
consider the following TS Tq:

& {a} Sat(30a) = {s, t}
t
58 6 [EVOF: — T o
consider the following TS 7:

8
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There is no LTL formula equivalent to VO130a ..o

suppose ¢ is an LTL formula s.t. ¢ = V[30a
consider the following TS Tq:

& {a} Sat(30a) = {s, t}
t
58 6 [EVOF: — T o
consider the following TS 7:

%)
é Traces(Th) = {2“}
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There is no LTL formula equivalent to VO130a ..o

suppose ¢ is an LTL formula s.t. ¢ = V[30a
consider the following TS Tq:

& {a} Sat(30a) = {s, t}
t
58 6 [EVOF: — T o
consider the following TS 7:

%)
é Traces(Ty) = {@“} C Traces(Th)
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There is no LTL formula equivalent to VO130a ..o

suppose ¢ is an LTL formula s.t. ¢ = V[30a
consider the following TS Tq:

& {a} Sat(30a) = {s, t}
t
58 6 [EVOF: — T o
consider the following TS 7:

g Traces(Ty) = {@“} C Traces(T;) C Words(y)
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There is no LTL formula equivalent to VO130a ..o

suppose ¢ is an LTL formula s.t. ¢ = V[30a
consider the following TS Tq:

& {a} Sat(30a) = {s, t}
t
58 6 [EVOF: — T o
consider the following TS 7:

g Traces(Ty) = {@“} C Traces(T;) C Words(y)

Hence: T ¢
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There is no LTL formula equivalent to VO130a ..o

suppose ¢ is an LTL formula s.t. ¢ = V[30a
consider the following TS Tq:

& {a} Sat(30a) = {s, t}
t
58 6 [EVOF: — T o
consider the following TS 7:

g Traces(Ty) = {@“} C Traces(T;) C Words(y)

Hence: T ¢
= T EVOIa
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There is no LTL formula equivalent to VO130a ..o

suppose ¢ is an LTL formula s.t. ¢ = V[30a
consider the following TS Tq:

& {a} Sat(30a) = {s, t}
t
58 6 [EVOF: — T o
consider the following TS 7:

g Traces(Ty) = {@“} C Traces(T;) C Words(y)

Hence: T ¢
— T, EVO30a  contradiction !!
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Expressiveness of LTL and CTL

The expressive powers of LTL and CTL are incomparable

The CTL formulas VQ(a A Va), VOVOa and
V30 a have no equivalent LTL formula

The LTL formula Q0la has no equivalent
CTL formula

LTL CTL

00 a VYOVOa
VO(a AV(a)
VO30 a
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Expressiveness of LTL and CTL

The expressive powers of LTL and CTL are incomparable

The CTL formulas VQ(a AV(a), VOVOa and
VO30 a have no equivalent LTL formula

The LTL formula ¢0a has no equivalent
CTL formula

LTL CTL
O0a O0a
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LT L form U Ia ODa COMPARISON4.2-58
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the LTL formula ¢0a




LT L form U Ia ODa COMPARISON4.2-58

There is no CTL formula which is equivalent to
the LTL formula ¢0a

Proof (sketch): provide sequences (Tp)n>0, (7,))n>0
of transition systems such that for all n > 0:

(1) T, i 00
(2) 7k 0Da



LT L form U Ia ODa COMPARISON4.2-58

There is no CTL formula which is equivalent to
the LTL formula ¢0a

Proof (sketch): provide sequences (Tp)n>0, (7,))n>0
of transition systems such that for all n > 0:
(1) 7n = O00a
(2) 7, O0a
(3) 7T, and 7 satisfy the same CTL formulas
length < n



Transition systems 7, and 7,

T he T N o

{a} {a}
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Transition systems 7, and 7,

Wl
{a} {a}
71 [} 7—1, 17}
{a} {a}

2 %)
{a} {a}
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Transition systems 7, and 7,

R
{a} {a}

.




Transition systems 7, and 7,

0 Q@) > Tl \bﬁ
{a} {a}

T (4] 7—1, 17} :;)
{a}
{a} {a} oo
Z %]
{3} {} {z1€0)




Transition systems 7, and 7,

0 Q@) > Tl \Q
{a} {a}

T (4] 7—1, 17} :;)
{a}
{a} {a} oo
Z %]
{3} {} {z1€0)

7, [~ O0a




Transition systems 7, and 7,

T Bg . T \. "
{a} {a}

T (4] 7—1, 17} :;)
{a}
{a} {a} oo
Z %]
{3} {} {z1€0)

T, j 00a T | 00a




Transition systems 7, and 7,

7 z 7, (s) 2
(a3 ) {a3@D

! !
Tha Toa



Transition systems 7, and 7,

7 z 7, (s) 2
(a3 ) {a3@D

! !
Tha Toa

7, I~ O0a
7, = 00a



Transition systems 7, and 7,

hiye (e )
T, I O0a

()
@ED @D ..

! !
Tha Toa

For all CTL formulas ® of length |®| < n:

sh=® iff SSE®
t,E® iff t)]E®
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Transition systems 7, and 7,

hEye (e )
T, - O0a

()
@ED  @GD L.

! !
Tha Toa

For all CTL formulas ® of length |®| < n:

ssE® iff o
tE® iff o

Hence: 7, and 7, fulfill the same CTL formulas
of length < n
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CTL vs LTL

Does VO(a A 30a) = ¢(a A Qa) hold ?
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CTL vs LTL

Does VO(a A 30Qa) = O(a A Qa) hold ?

answer: no.
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CTL vs LTL Y.
Does VO(a A 30a) = ¢(a A Qa) hold ?

answer: no.

T
%0 ® = {a}
O=9
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CTL vs LTL

Does VO(a A 30Qa) = O(a A Qa) hold ?

answer: no.

T
%0 T b O(a A Qa)
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CTL vs LTL

Does VO(a A 30a)

O(a A Qa) hold ?
answer: no.

T
%0 T b O(a A Qa)

S S

note: m = )% S ... Is a path in 7 with

trace(r) = {a} @@ ... & Words(QO(a A a))
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CTL vs LTL

Does VO(a A 30Qa) = O(a A Qa) hold ?

answer: no.

T
%0 T b O(a A Qa)

T EVO(an3I0a)
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CTL vs LTL
Does VO(a A 30a) = ¢(a A Qa) hold ?

answer: no.

T
%0 T b O(a A Qa)

T EVO(an3I0a)

Sat(30Qa) = {so,s1}
Sat(VO(aA3TDa)) = {s, 51}



Correct or wrong? COMPARISON4.2-9

For each NBA A there is a CTL formula ¢
such that for all transition systems 7 :

TE® iff Traces(T) C L,(A)
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Correct or wrong? COMPARISON4.2-9

For each NBA A there is a CTL formula ¢
such that for all transition systems 7 :

TE® iff Traces(T) C L,(A)

wrong.
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Correct or wrong? COMPARISON4.2-9

For each NBA A there is a CTL formula ¢
such that for all transition systems 7 :

TE® iff Traces(T) C L,(A)

wrong. consider, e.g., an NBA A with
L,(A) = Words($Oa)
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Correct or wrong? COMPARISON4.2-9

For each NBA A there is a CTL formula ¢
such that for all transition systems 7 :

TE® iff Traces(T) C L,(A)

wrong. consider, e.g., an NBA A with
L,(A) = Words($Oa)

But there is no CTL formula ® such that ® = ¢0a
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Correct or Wrong? COMPARISON4.2-9A

If ® is CTL formula and ¢ an LTL formula such
that ® = ¢ then = ® = -
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Correct or Wrong? COMPARISON4.2-9A

If ® is CTL formula and ¢ an LTL formula such
that ® = ¢ then = ® = -

wrong.
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Correct or Wrong? COMPARISON4.2-9A

If ® is CTL formula and ¢ an LTL formula such
that ® = ¢ then = ® = -

wrong. E.g.,

¢ = VOV0a, ¢ =00a
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Correct or Wrong? COMPARISON4.2-9A

If ® is CTL formula and ¢ an LTL formula such
that ® = ¢ then = ® = -

wrong. E.g.,

¢ = VOV0a, ¢ =00a
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Correct or Wrong? COMPARISON4.2-9A

If ® is CTL formula and ¢ an LTL formula such
that ® = ¢ then = ® = -

wrong. E.g.,
& = VOVQa, ¢ =00a
e &=y
e there is no CTL formula that is equivalent to

Y = ()I:I—-a
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Correct or wrong?

s | 3030a iff there is a path m € Paths(s) with
m = OCa
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Correct or wrong?

s | 3030a iff there is a path m € Paths(s) with
m = OCa

wrong.
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Correct or wrong?

s | 3030a iff there is a path m € Paths(s) with
m = OCa
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Correct or wrong?

s | 3030a iff there is a path m € Paths(s) with
m = OCa

wrong.

SB o 6 s | 3030a
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Correct or wrong?

s | 3030a iff there is a path m € Paths(s) with
m = OCa

wrong.

SB o 6 s | 3030a

note that: s |=30a
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Correct or wrong?

s | 3030a iff there is a path m € Paths(s) with
m = OCa

wrong.

SB o 6 s | 3030a

note that: s |=30a
thus: sss...E O30a
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Correct or wrong?

s | 3030a iff there is a path m € Paths(s) with
m = OCa

wrong.

SB o 6 s | 3030a

note that: s |=30a
thus: sss...E O30a

but there is no path where (00a holds
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Correct or wrong?

COMPARISON4.2-10A

s = 3030a iff

there is a path m € Paths(s) with
m = OCa

wrong.

s | 3030a iff

there is a path m € Paths(s) with
7w = O0a
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Correct or wrong?

COMPARISON4.2-10A

s | 3d030a iff there is a path m € Paths(s) with
m = OCa

wrong.

s | 3030a iff there is a path m € Paths(s) with

7w = O0a

correct.
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Correct Or Wrong? COMPARISON4.2-10A

s | 3d030a iff there is a path m € Paths(s) with
m = OCa

wrong.

s | 3030a iff there is a path m € Paths(s) with
7w = O0a

correct. 30302 = —VOVO-a
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Correct Or Wrong? COMPARISON4.2-10A

s | 3d030a iff there is a path m € Paths(s) with
m = OCa

wrong.

s | 3030a iff there is a path m € Paths(s) with
7w = O0a

correct. 0302 = —VOVO-a
s E3030a
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Correct Or Wrong? COMPARISON4.2-10A

s | 3d030a iff there is a path m € Paths(s) with
m = OCa

wrong.

s | 3030a iff there is a path m € Paths(s) with
7w = O0a

correct. 30303 _VOVO-a
s E3030a iff s = VOVO-a
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Correct or wrong?

COMPARISON4.2-10A

s | 3d030a iff there is a path m € Paths(s) with
m = OCa

wrong.

s | 3030a iff there is a path m € Paths(s) with
7w = O0a

correct. 30302 _VOVO—a

s E3030a iff s = VOVO-a
iff s £ OO0-a
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Correct or wrong?

COMPARISON4.2-10A

s | 3d030a iff there is a path m € Paths(s) with
m = OCa

wrong.

s | 3030a iff there is a path m € Paths(s) with
7w = O0a

correct. 30302 _VOVO—a

s E3030a iff s = VOVO-a
iff s EO0-a= ~00a
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Correct or wrong?

COMPARISON4.2-10A

s | 3d030a iff there is a path m € Paths(s) with
m = OCa

wrong.

s | 3030a iff there is a path m € Paths(s) with
7w = O0a

correct. 30302 _VOVO—a

s E3030a iff s = VOVO-a
iff s EO0-a= ~00a
iff there is a path 7 ....
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Correct or wrong?

There is an LTL formula ¢ with ¢ = -30Qd0a
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Correct or wrong?

There is an LTL formula ¢ with ¢ = -30Qd0a

correct
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Correct or wrong?

There is an LTL formula ¢ with ¢ = -30Qd0a

correct as —3Q0d0a = VOVO-a
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Correct or wrong?

There is an LTL formula ¢ with ¢ = -30Qd0a

correct as —3IQ0d0a = VOVO-a = OO-a
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Correct or wrong?

There is an LTL formula ¢ with ¢ = -30Qd0a

correct as —3IQ0d0a = VOVO-a = OO-a

T £ —-30a iff there is a path m € Paths(7) with
7w = Oa
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Correct or wrong?

There is an LTL formula ¢ with ¢ = -30Qd0a

correct as —3IQ0d0a = VOVO-a = OO-a

T £ —-30a iff there is a path m € Paths(7) with
7w = Oa

correct
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Correct or wrong?

There is an LTL formula ¢ with ¢ = -30Qd0a

correct as —3IQ0d0a = VOVO-a = OO-a

T £ —-30a iff there is a path m € Paths(7) with
7w = Oa

correct 7 = —-3d0a
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Correct or wrong?

There is an LTL formula ¢ with ¢ = -30Qd0a

correct as —3IQ0d0a = VOVO-a = OO-a

T £ —-30a iff there is a path m € Paths(7) with
7w = Oa

correct 7 f£-d0a
iff there is an initial state s with s £ ~30a
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Correct or wrong?

There is an LTL formula ¢ with ¢ = -30Qd0a

correct as —3IQ0d0a = VOVO-a = OO-a

T £ —-30a iff there is a path m € Paths(7) with
7w = Oa

correct 7 f£-d0a
iff there is an initial state s with s £ ~30a
iff there is an initial state s with s = 30a
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Correct or wrong?

There is an LTL formula ¢ with ¢ = -30Qd0a

correct as —3IQ0d0a = VOVO-a = OO-a

T £ —-30a iff there is a path m € Paths(7) with
7w = Oa

correct 7 f£-d0a
iff there is an initial state s with s £ ~30a
iff there is an initial state s with s = 30a
iff there is a path m € Paths(7) with 7 = Oa
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Correct or wrong?

There is an LTL formula ¢ with ¢ = -30Qd0a

correct as —3IQ0d0a = VOVO-a = OO-a

T = —Jp iff there is a path m € Paths(T) with
T

correct 7T [ -dp
iff there is an initial state s with s &£ =3y
iff there is an initial state s with s = Jp
iff there is a path m € Paths(7) with 7 |= ¢
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Correct or wrong?

T = —-VOa iff for all paths m € Paths(7T):
7 = DOa
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Correct or wrong?

T = —-VOa iff for all paths m € Paths(7T):
7 = DOa

wrong.
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Correct or wrong?

T = —-VOa iff for all paths m € Paths(7T):
7 = DOa

wrong.

T £ —-VOa
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Correct or wrong?

T = —-VOa iff for all paths m € Paths(7T):
7 = DOa

wrong.

T £ —-VOa
iff there is an initial state s with s &£ ~VOa
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Correct or wrong?

T = —-VOa iff for all paths m € Paths(7T):
7 = DOa

wrong.

T £ —-VOa
iff there is an initial state s with s &£ ~VOa
iff there is an initial state s with s |=V0a
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Correct or wrong?

T = —-VOa iff for all paths m € Paths(7T):
7 = DOa

wrong.

T £ —-VOa
iff there is an initial state s with s &£ ~VOa
iff there is an initial state s with s |=V0a

but there might be another initial state t
s.t. t £ VOa
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Correct or wrong?

If 77 and 75 are trace equivalent TS then for all
CTL formulas®: T o iff L E®
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Correct or wrong?

If 77 and 75 are trace equivalent TS then for all
CTL formulas®: T o iff L E®

wrong.
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Correct or wrong?

If 77 and 75 are trace equivalent TS then for all
CTL formulas®: T o iff L E®

wrong.

Ti: Tr:

{a} {b} {a} {b}
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Correct or wrong?

If 77 and 75 are trace equivalent TS then for all
CTL formulas®: T o iff L E®

wrong.

Ti: Tr:

{a} {b} {a} {b}

T, and 7 are trace equivalent
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Correct or wrong?

If 77 and 75 are trace equivalent TS then for all
CTL formulas®: T o iff L E®

wrong.
T T: consider the CTL formula
& = d0a A A0Ob
T o
LEo

{a} {b} {a} {b}

T, and 7, are trace equivalent
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