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CTL Syntax

F, F; =True |
p (atomic proposition) | 3OCJF Not a WWEF!!
FIANF,F,VF,F—F,F, < F| 3ONF) Not a WWF!!
- F |

VNF |VOF | VOF |V(FUF)) |

IN F | 300F | 3OF | A(F U Fy)



CTL : Semantics Semantics with respect to a given Kripke Structure M

Let 7 = sp, 51, 59, - - - n(i) = s; Stateati”level.z'=s,,5,,(,5,.5,... Suffixof

<M,s,>Fp [ff p € L(s,) <M,s;>Fp litpe€L(s)
<M,s;>EVNEF, WVre {8,057 -} <M,s. , >EF,
<M,s;>EINF, W3ITE€ 8,518} <M,s;,, >EF,

<M,s;>FV[]F WVre{s,spSi--nt Vj2i,<Ms;>FF,
<M,s;>Fd[NF, W3z € {8,818 ---» } VjZi,<M,Sj>I=F1

<M,s;>ENYQOF, VT € {5,8. 1,510 > } 3j > i, <M,s;>FF,
<M,s;>F3IAQF, Ut Ax € {5,851, 5110 -++» } 3j > i, <M,s;>FF,



CTL : Semantics Semantics with respect to a given Kripke Structure M

Let 7 = sp, 51, 59, - - - n(i) = s; Stateati”level.z'=s,,5,,(,5,.5,... Suffixof

<M,s,>FEp Iff p € L(s,) <M,s;>Fp Iff p € L(s;)

<M,s; >EVWFUF) ftVr € {8,8,15510, -5}
26, <M,s;>FF &Vi<k<j<Ms>FF

<M,s; >F3IFUF) Iff Amr € {s,,8.,0,5205 -5 }
206, <M,s;>FF&Vi<k<j,<M,s5;>FF



CTL :Examples

Safety: “something bad will never happen”

—(3Op) =V -p

Reactor_temp is never going to be above 1000.

V[ ] (ReactorTemp > 1000)

If car takes left, then immediately car should not take right.

V[ ]-(left A AN right)

~ 3O (left A V N right)



CTL :Examples

Liveness: “something good will happen”

VOP

All students will get their degree
V(Student A degree)

[f you start something you will eventually finish it.

V [ (start — Y {)Finish)



CTL : Formula Equivalence

The formulae F;, F, are said to be semantically equivalent if any state in any model that
satisfies one also satisfies the other.

F,=F, @f
S

E|<>(jl/\b)E AOa A AOD NO» @
VO@a@ADb)=VOaAYOb  —.
NO! '




CTL : Formula Equivalence

Vi JaAb)=V[]JaAV[]b

<M,s;>FV[](aADb)

=V7 € {5,851, -1 Vj 21, <M,s;>F (aAb)
=V € {8, 81,80 -s 1 V2 1L,(<M,s;>F (@) AN<M,s; > F (D))

=Vr € {5,505 - }
Vj > 1, <M,Sj> F@ AV e {S,S),5,..., } V] > 1, <M,Sj> F (b)

=<M,s;>EV[JaAV[]b

Vi JaAb)=V[]JaAnV[]b



CTL : Formula Equivalence

30 Vv b) = 30a v IO
VNV [Ja = V[]VNa

INI[Ja = 3[73INa



CTL : Weak Until

How to write Until in terms of equivalent weak until?

F/UF,= (F,WF,)A OF,

(Fy AEy) W (2 F) AE)



CTL : Weak Until

~(F; W F,) = (F; A~F,)) U(~F, AF,)

?
@ M ENY{O3A(aWe) YES
?
@ @ M E 3(aW IOb) YES
)

@ MEY((ANB V)W (aAb))  YES
i



CTL : Example

?
@ M ENV[OV{Ostart  Nol
“Infinitely often start”
Try )
/ M E 3OV O-start Nol
@ After introducing “error” state.
Delivered

?
M FE 3<>V|:|_'Stdrt Yes!

?
M E VNINV|[ |—start Yes!



