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SPECIFYING PROPERTIES USINGTEMPORAL LOGIC

1. CTL vs. LTL2. Examples of temporal properties3. Requirement spe
i�
ations4. Fairness properties and CTL

E. M. Clarke et al.: Model Che
king, Chapter 3 (pp. 27�33).
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1. CTL vs. LTL

• LTL is a linear time logi
 and the truth of an LTL formula isevaluated on a full path given by the model.

• CTL is a bran
hing time logi
 and the truth of a CTL formula isevaluated (in e�e
t) on a 
omputation tree given by the model.
• This means that when determining the truth value of a CTLformula in state s0 in a model M the evaluation unfolds the model

M as a 
omputation tree starting from s0 and temporal operatorsare evaluated in this tree.
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• For a model M = 〈S,R,v〉 and a state s0 ∈ S, the 
omputation tree
M̂ = 〈Ŝ, R̂, v̂〉, starting from s0 is 
onstru
ted as follows:(i) start with the node 〈s0,0〉.(ii) unfold the model using the rule:if 〈s,n〉 ∈ Ŝ and sRt, then 〈t,m〉 ∈ Ŝ and 〈〈s,n〉,〈t,m〉〉 ∈ R̂where m is a new number not used before.(iii) The valuation v̂ is given by v̂(〈s,n〉,P) = v(s,P) for all 〈s,n〉.

• Now temporal formulas are evaluated on M̂ as follows:� M̂ , ŝ0 |= A(PUQ) i� for all bran
hes of the 
omputation tree

M̂ (ŝ0, ŝ1, . . .) there is some i ≥ 0 su
h that M̂ , ŝi |= Q and

M̂ , ŝ j |= P for all 0≤ j < i.� M̂ , ŝ0 |= E(PUQ) i� there is some bran
h of M̂ (ŝ0, ŝ1, . . .) andsome i ≥ 0 su
h that M̂ , ŝi |= Q and M̂ , ŝ j |= P for all 0≤ j < i.
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• For model 
he
king 
onsider the 
orresponden
eCTL:
M ,s0 |= P

LTL:

M ,x |= P for all full paths x = (s0, . . .).

• CTL and LTL operators are similar but di�er in some respe
ts.

• For instan
e, �temporal possibilities� 
an be expressed in CTL butnot in LTL.Example. For a CTL formula AGEFP, there is no 
orresponding LTLformula.Consider LTL formula GFP and the model M = 〈S,R,v〉 where

S = {s0,s1}, R = {〈s0,s0〉,〈s0,s1〉,〈s1,s0〉}, v(s0,P) = falseand

v(s1,P) = true.The formula GFP is not valid in M be
ause it is false in a full path

(s0,s0,s0, . . .) although CTL formula AGEFP is valid in M .
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es between CTL and LTL�
ont'd

• Thus, a CTL formula of the type �there is a path . . . � is notexpressible as an LTL formula.Example. For a CTL formula EFP there is no 
orresponding LTLformula.For instan
e, the LTL formula FP is not valid in the previousmodel M be
ause it is false in a full path (s0,s0,s0, . . .) but theCTL formula EFP is valid.

• Fairness properties are not expressible in CTL.Example. For an LTL formula FGQ there is no 
orrespondingCTL formula.Consider the previous model M where we set v(s0,Q) = true and

v(s1,Q) = false.Now FGQ is true in a full path (s0,s0, . . .) but the CTL formula

AFAGQ is not satis�able in M and neither is EFAGQ.
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2. Examples of Temporal Properties

• EF(started∧¬ready):It is possible to rea
h a state where started is true but ready isnot.

• AG(req → AFack):If a request is re
eived then it will be a
knowledged.

• AGAFenabled:

enabled is true in�nitely often on every 
omputation path.
• AGEFrestart:From every state is it possible to rea
h a state where restart istrue.
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3. Requirement Spe
i�
ations
• Temporal logi
 
an be used to state requirement spe
i�
ations forrea
tive systems.

• Typi
al requirement spe
i�
ations 
an be divided into thefollowing 
lasses:1. Rea
hability properties2. Safety properties3. Liveness properties4. Fairness properties
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Rea
hability Properties

• This is a simple 
lass of properties stating that some state (wherea given 
ondition P is true) 
an be rea
hed (from the initial stateof the system).

• Can be expressed using temporal formulas of the form EFP.

• Conditional rea
hability 
an be expressed using temporal formulasof the form E(QUP) (there is an exe
ution where Q is truerea
hing a state where P is true).Example. Typi
al rea
hability properties:1. EF(started∧¬ready).2. EF(restart).3. E(¬restartUready).
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Safety Properties

• Safety properties state that nothing �bad� happens during anexe
ution of the system.

• A safety property is a requirement whi
h has a �nite
ounter-exe
ution:if the system does not satisfy a safety property P, then it has a�nite exe
ution where the property P does not hold.Example. Examples of typi
al safety properties:1. Mutual ex
lusion: AG¬(atCS1∧atCS2).2. Partial 
orre
tness: atl0∧P → AG(atlh → Q).
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Liveness Properties

• Liveness properties express that something �good� happens.

• Liveness properties do not have �nite 
ounter-exe
utions:if a system does not satisfy a liveness property P, then this 
an bedemonstrated only using an in�nite 
ounter-exe
ution.Example. Typi
al examples of liveness properties:1. (nested) rea
hability : AGEFrestart.2. temporal impli
ation: AG(P → AFQ).3. Starvation freeness: AG(atTryi → AFatCSi).4. Total 
orre
tness: atl0∧P → AF(atlh ∧Q).
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Fairness Properties

• Fairness properties are liveness properties whi
h require that stateswhere a given 
ondition is true o

ur in�nitely often.
• Fairness properties are not dire
tly expressible in CTL but they arein LTL.Example. Consider two atomi
 propositions for a pro
ess:

en (the pro
ess is enabled) and
ex (the pro
ess is exe
uted).1. Un
onditional fairness: GFex.2. Strong fairness: GFen → GFex.3. Weak fairness: FGen → GFex.
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4. Fairness Properties and CTL

• When using CTL fairness properties are handled by modifying thesemanti
s of the path quanti�ers (A/E).

• Quanti�
ation is 
onsidered over all fair paths (and not over allpaths as in the basi
 
ase).

• Fairness 
onditions are given as a set of formulas F and whenevaluating the truth of a formula only F-fair paths are 
onsidered.

De�nition. A full path x is F-fair i� every P ∈ F is true in�nitely oftenon the path x.
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Modi�ed Semanti
sRelation |=F is de�ned as |= ex
ept that path quanti�
ation is over

F-fair paths.

• M ,s |=F P i� there is a F-fair full path starting from the state sand v(s,P) = truewhen P is an atomi
 proposition.

• M ,s |=F A(PUQ) i� for all F-fair full path (s0,s1, . . .) where

s = s0, there is some i ≥ 0 su
h that M ,si |=F Q and M ,s j |=F Pfor all 0≤ j < i.

• M ,s |=F E(PUQ) i� there is some F-fair full path (s0,s1, . . .) with

s = s0 and there is some i ≥ 0 su
h that M ,si |=F Q and

M ,s j |=F P for all 0≤ j < i.Example. Un
onditional fairness 
an be express using the set

F = {ex} and a fair 
hannel using a set F = {send → rec}.
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Summary

• Although CTL and LTL are based on similar temporal operators,they are di�erent be
ause LTL is a linear time logi
 whereformulas are evaluated on paths whereas CTL is a bran
hing timelogi
 where formulas are evaluated on 
omputation trees.

• Hen
e, there are CTL formulas (for instan
e of the form �there isa path . . . � ) whi
h 
annot be expressed in LTL and LTL formulas(for example fairness formulas) whi
h 
annot be expressed in CTL.
• Temporal logi
s are suitable for requirement spe
i�
ation ofrea
tive systems.

• Typi
al requirement spe
i�
ations in
lude rea
hability properties,safety properties, liveness properties, and fairness properties.
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