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Um micro-ondas

Suponhamos um seguinte desenho de um controlador de um micro-ondas

• o aquecimento tem de estar off se a porta está aberta

• Se se pressionar o botão de Start com a porta aberta, entra em modo de
erro

• Deixa o modo de erro se se pressionar no Reset

Um micro-ondas
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Microwave Oven Example
MODULE main
  VAR 
    start, reset, closed : boolean;
    error, heat : boolean;

  ASSIGN
    init(error) := 0;
    init(heat) := 0;

    next(error) :=
        case 
            start & ~closed : 1;
            closed & reset  : 0;
            1               : error;
        esac;

    next(heat) := 
        case
            start & closed  : 1;
            ~closed         : 0;
            1               : heat;
        esac;
    
    SPEC AG (!closed -> AX !heat)
    SPEC EF (heat)
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Note:
foo := 
case
  cond1 : expr1
  cond2 : expr2
  cond3 : expr3
esac

means

if (cond1) {foo = expr1}
else if (cond2) {foo = expr2}
else if (cond3) {foo = expr3}

Integer 1 is interpreted as 

boolean true.

Um micro-ondas

MODULE main

VAR

start: boolean;

reset: boolean;

closed : boolean;

error : boolean;

heat : boolean;

ASSIGN

init(error) := FALSE;

init(heat) := FALSE;

next(error) :=

case
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start & ! closed : TRUE;

closed & reset : FALSE;

TRUE : error;

esac;

next(heat) :=

case

start & closed : TRUE;

! closed : FALSE;

TRUE : heat;

esac;

SPEC AG (!closed -> AX (!heat))

SPEC EF (heat)

Um elevador (simplificado)

Supor um modelo de elevador com uma cabina que pode andar por 4 andares
mas seguindo sempre o padrão: 0,1,2,3,2,1,0,1,2,3...

MODULE main

VAR

cabin: 0..3;

dir: {up,down};

request: array 0 .. 3 of boolean;

ASSIGN

init(cabin):=0;

init(dir):= up;

init(request[0]):= FALSE;

init(request[1]):= FALSE;

init(request[2]):= FALSE;

init(request[3]):= FALSE;

next(cabin):= case

dir = up & cabin <3 : cabin + 1;

dir = down & cabin >0 : cabin - 1;

TRUE: cabin;

esac;

next(dir):= case

dir = up & cabin= 2: down;

dir = down & cabin= 1: up;

TRUE: dir;

esac;
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Um elevador (simplificado)

As chamadas podem ser feitas de qualquer andar, mas não se a cabina estiver
nesse andar. Caso contrário, a chamada só desaparece se a cabina passar pelo
referido andar.

next(request[0]):= case

next(cabin)= 0 : FALSE;

request[0]: TRUE;

TRUE: {TRUE,FALSE};

esac;

next(request[1]):= case

next(cabin)= 1 : FALSE;

request[1]: TRUE;

TRUE: {TRUE,FALSE};

esac;

.

.

.

Um elevador (simplificado)

Especificações a verificar:

• O elevador não entra em deadlock (i.e pode sempre passar a um estado
seguinte)

• Todas as chamadas são satisfeitas

• Não é verdade que todas as chamadas são satisfeitas simultaneamente

• Se a cabina está subir não pode estar no andar 3

• Se a cabina está no primeiro andar e a subir, então irá a seguir para o
segundo

LTL e CTL

O CTL não é estritamente mais expressivo que o LTL. Por exemplo

Fp→ Fq

não se pode exprimir em CTL... O seu significado é

Todos os caminhos em que p é se verifica, também se verifica q.

Vê o que significa AFp→ AFq, ou AG(p→ AFq).
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LTL E CTL

FGϕ não é AFAGϕ

336 Computation Tree Logic

∅ { a }
s0 s1 s2

{ a }

The initial state s0 satisfies the LTL formula ♦ " a, since each path starting in s0 eventually
remains forever in one of the two states s0 or s2, which are both labeled with a. The CTL
formula ∀♦ ∀" a, however, does not hold in s0, since we have sω

0 "|= ♦ ∀" a (as s0 "|= ∀" a).
This is due to the fact that the path s∗

0 s1 sω
2 passes through the ¬a-state s1. Thus, sω

0

is a path starting in s0 which will never reach a state satisfying ∀"a, i.e., sω
0 "|= ♦ ∀" a.

Accordingly, it follows that
s0 "|= ∀♦ ∀" a.

Given that the CTL formulae ∀♦ ∀" a and the LTL formula ♦ " a are not equivalent and
the fact that ♦ " a is obtained from ∀♦ ∀" a by eliminating the universal path quantifiers,
it follows from Theorem 6.18 that there does not exist an LTL formula that is equivalent
to ∀♦ ∀" a. In a similar way, it can be shown that the CTL formulae ∀♦ (a∧ ∀© a)
and ♦ (a∧ © a) are not equivalent, and thus, the requirement ∀♦ (a∧ ∀© a) cannot be
expressed in LTL.

Lemma 6.20. Eventually an a-State with only direct a-Successors

The CTL formula ∀♦ (a∧ ∀©a) and the LTL formula ♦ (a∧ © a) are not equivalent.

Proof: Consider the transition system depicted in Figure 6.6. All paths that start in the
initial state s0 have either as prefix the path fragment s0 s1 or s0 s3 s4. Clearly, all such
paths satisfy the LTL formula ♦ (a∧ © a), and so, s0 |= ♦ (a∧ © a). On the other
hand, however, s0 "|= ∀♦ (a∧ ∀©a) as the path s0 s1 (s2)

ω does not satisfy ♦ (a∧ ∀©a).
This follows from the fact that state s0 has the non-a-state s3 as direct successor, i.e.,
s0 "|= a∧ ∀© a.

These examples show that certain requirements that can be expressed in CTL, cannot
be expressed in LTL. The following theorem provides, in addition, some examples of
LTL formulae for which no equivalent CTL formula exists. This establishes that the
expressiveness of the temporal logics LTL and CTL are incomparable.

M, s0 |= FGa mas M, s0 6|= AFAGa

LTL e CTL

Mas AGEFa não se pode exprimir em LTL:

A partir de qualquer estado é posśıvel atingir um estado em que
a é verdade.

Não existe nenhuma formula ϕ em LTL equivalente. Porque se houvesse Ma, s |=
AGEFa e Mb, s 6|= AGEFa, mas ambos satisfazem ϕ.

Analogamente, tem-se que FXa ≡ XFa ≡ AXAFa mas não a AF AXa.

CTL∗

CTL∗

CTL onde não é obrigatório que um operador LTL {X, G,F,U} seja antecedido
por um operador A ou E.

Exemplos:

• A[(pUr) ∨ (qUr)],

• E(GFφ)

• A[Xp ∨ XXp]

O CTL∗ é estritamente mais expressivo que o LTL e o CTL, é computacional-
mente muito menos eficiente ...
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Sintaxe do CTL∗

Fórmulas de Estado

São avaliadas num estado.

φ ::= > | p | (¬φ) | (φ ∧ φ) | (A[α]) | (E[α])

Fórmulas de Caminho

São avaliadas num caminho.

α ::= φ | (¬α) | (α ∧ α) | (αUα) | (Gα) | (Fα) | (Xα)

LTL, CTL e CTL∗

Uma fórmula α LTL corresponde a A[α] do CTL∗. O CTL é o fragmento de
CTL∗ em que

α ::= (αUα) | (Gα) | (Fα) | (Xα)

LTL

ψ1 ψ2 ψ3 ψ4CTL

CTL*

ψ1 = AGEFp
ψ2 = AG(p→ AFq)
ψ3 = A[GFp→ Fq]
ψ4 = E[GFp]

LTL versus CTL
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316 Computation Tree Logic

Aspect Linear time Branching time

“behavior” path-based: state-based:
in a state s trace(s) computation tree of s

temporal LTL: path formulae ϕ CTL: state formulae
logic s |= ϕ iff existential path quantification ∃ϕ

∀π ∈ Paths(s). π |= ϕ universal path quantification: ∀ϕ

complexity of the PSPACE–complete PTIME
model checking

problems O (|TS| · exp(|ϕ|)) O(|TS| · |Φ|)

implementation- trace inclusion and the like simulation and bisimulation
relation (proof is PSPACE-complete) (proof in polynomial time)

fairness no special techniques needed special techniques needed

Table 6.1: Linear-time vs. branching-time in a nutshell.

• The model-checking algorithms for linear and branching temporal logics are quite
different. This results, for instance, in significantly different time and space com-
plexity results.

• The notion of fairness can be treated in linear temporal logic without the need for
any additional machinery since fairness assumptions can be expressed in the logic.
For various branching temporal logics this is not the case.

• The equivalences and preorders between transition systems that “correspond” to
linear temporal logic are based on traces, i.e., trace inclusion and equality, whereas
for branching temporal logic such relations are based on simulation and bisimulation
relations (see Chapter 7).

Table 6.1 summarizes the main differences between the linear-time and branching-time
perspective in a succinct way.
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