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- CTL semantics

CTL model
checking

We use the Computation Tree Logic (CTL) to specify
properties of systems described using Kripke Structures.
The CTL formulas are evaluated over infinite
computations produced by Kripke structure K. A
computation of a Kripke structure is an infinite sequence
of states sysy, ... such that s;, s;.1 € Rforall i € N. We
denote by Paths(s) the set of all paths starting at s. The
syntax of CTL state formula over the set AP is given as
follows:

¢ = truelal=g|p1 A ¢2[ |V

where a € AP is an atomic proposition and ¢ is a path
formula. The path formulas are formed according to the
following grammar:

@ == O9¢|p1 U2
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CTL model
checking

CTL semantics

We denote by K, s = ¢ the satisfaction of CTL formula at
a state s of K. The semantics defined by the satisfaction
relation for a state formula is given as follows

K,s = true < true

K,sEasacl(s)

K7S):_'¢<:>Sbé¢

K.sE o1 N2 SE QI ASE 2

K,s | Jp < for some 7 € Paths(s), 7 = ¢
K,s = Vo < forall m € Paths(s), 7 = ¢

Given a path m = sps4... and an integer i > 0, where
w[i] = s;, the semantics of path formulas is given as
follows:

KrEOperl]l=o
K,imEpiUpo = > 0njlE AN (VO < k <jrmlk]l E
$1)
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- CTL satisfaction

CTL model
checking

The temporal operators in branching temporal logic allow
the expression of properties of some or all computations
that start in a state. To that end, it supports an existential
path quantifier (denoted 3) and a universal path quantifier
(denoted V). For instance, the property 30 denotes that
there exists a computation along which $¢ holds,
whereas V(¢ denotes that for all computations ¢ holds.
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- Frequent CTL Formulae

CTL model
checking

m VOa: along All paths a holds Globally

m J0a: there Exists a path where a holds Globally

m V0a: along All paths a holds at some state in the Future

m JQa: there Exists a path where a holds at some state in
the Future
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- Frequent CTL Formulae

CTL model
checking

m V O a: along All paths, p holds in the neXt state

m 3 a: there Exists a path where p holds in the neXt state
m V[aUb]: along All paths, p holds Until g holds

m J[aUb]: there Exists a path where p holds Until g holds
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- Basic CTL Equivalences

CTL mo
k

del
checking

AXp
AFp
AGp
A(pRq)
A(pUq)

EFp
E(pRq)
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= —|EX—|p
= —-EG—p
= —EF—-p
= —E(-pU—q)
= —E(-pR—q)

= E(true U p)
= E(qQU(pAQg))vEGq
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| LEGEND: ® pholds O g holds O don't care

CTL model
checking

EGp E(pUq]

AGp
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Kripke Structure
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- Basic CTL Formulae
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a
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30 black A0 black
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VO black VO black
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- Basic CTL Formulae
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Basic CTL Formulae

TS {a}\\\\ﬁb} {a)
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Basic CTL Formulae
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- Basic CTL Formulae

CTL model
checking

aluioll - g 2030 aaoly
eversits Moharmed Bougat

The formula 3 O a is valid for all states since all states
have some direct successor state that satisfies a.

vV O aais not valid for state s0, since a possible path
starting at sO goes directly to state s2 for which a does
not hold. Since the other states have only direct
successors for which a holds, v O ais valid for all other
states.

For all states except state s2, it is possible to have a
computation that leads to state s3 (such as s0s1s3¥
when starting in s0) for which a is globally valid.
Therefore, 3 a is valid in these states. Since a ¢ L(s2)
there is no path starting at s2 for which a is globally valid.
vOa is only valid for s3 since its only path, s3“ , always
visits a state in which a holds. For all other states it is
possible to have a path which contains s2 that does not
satisfy a. So for these states vV[Ja is not valid.
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- Equivalence rules for CTL— duality laws

CTL model
checking

~30 - 0P = VO

VYO

Yoo

—~30-¢ A0 = VOO

V(@UT) = —3(-0U(-DdA-T)) A -0
(D A=T)U (=D A—T)) A ~IO(® A-F)
= (@A -T)W (- A )
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- Equivalence rules for CTL-Expansion laws

CTL model
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V@UD) = T v (@ A VYO V(RUD))
VOb = & v VO VoD
VOP = & A VO VO

J@UT) = T v (& A IO IBUD))
00 = & v IO 0P
P = & A IO IOP
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- Equivalence rules for CTL- Distributuve laws
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vO(® A D) vOP A VOU

FO(P Vv W) 0@ v IO

i
i
sg“
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