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SPECIFYING PROPERTIES USINGTEMPORAL LOGIC

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

E. M. Clarke et al.: Model Cheking, 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 branhing time logi and the truth of a CTL formula isevaluated (in e�et) 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 onstruted 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 branhes of the omputation tree

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

M̂ , ŝ j |= P for all 0≤ j < i.� M̂ , ŝ0 |= E(PUQ) i� there is some branh of M̂ (ŝ0, ŝ1, . . .) andsome i ≥ 0 suh that M̂ , ŝi |= Q and M̂ , ŝ j |= P for all 0≤ j < i.© 2008 TKK, Department of Information and Computer Siene
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• For model heking onsider the orrespondeneCTL:
M ,s0 |= P

LTL:

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

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

• For instane, �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 beause it is false in a full path

(s0,s0,s0, . . .) although CTL formula AGEFP is valid in M .© 2008 TKK, Department of Information and Computer Siene
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• 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 instane, the LTL formula FP is not valid in the previousmodel M beause 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.© 2008 TKK, Department of Information and Computer Siene
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2. Examples of Temporal Properties

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

• AG(req → AFack):If a request is reeived then it will be aknowledged.

• AGAFenabled:

enabled is true in�nitely often on every omputation path.
• AGEFrestart:From every state is it possible to reah a state where restart istrue.
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3. Requirement Spei�ations
• Temporal logi an be used to state requirement spei�ations forreative systems.

• Typial requirement spei�ations an be divided into thefollowing lasses:1. Reahability properties2. Safety properties3. Liveness properties4. Fairness properties
© 2008 TKK, Department of Information and Computer Siene
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Reahability Properties

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

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

• Conditional reahability an be expressed using temporal formulasof the form E(QUP) (there is an exeution where Q is truereahing a state where P is true).Example. Typial reahability properties:1. EF(started∧¬ready).2. EF(restart).3. E(¬restartUready).© 2008 TKK, Department of Information and Computer Siene
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Safety Properties

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

• A safety property is a requirement whih has a �niteounter-exeution:if the system does not satisfy a safety property P, then it has a�nite exeution where the property P does not hold.Example. Examples of typial safety properties:1. Mutual exlusion: AG¬(atCS1∧atCS2).2. Partial orretness: 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-exeutions:if a system does not satisfy a liveness property P, then this an bedemonstrated only using an in�nite ounter-exeution.Example. Typial examples of liveness properties:1. (nested) reahability : AGEFrestart.2. temporal impliation: AG(P → AFQ).3. Starvation freeness: AG(atTryi → AFatCSi).4. Total orretness: atl0∧P → AF(atlh ∧Q).
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Fairness Properties

• Fairness properties are liveness properties whih require that stateswhere a given ondition is true our in�nitely often.
• Fairness properties are not diretly expressible in CTL but they arein LTL.Example. Consider two atomi propositions for a proess:

en (the proess is enabled) and
ex (the proess is exeuted).1. Unonditional 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 thesemantis 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.
© 2008 TKK, Department of Information and Computer Siene
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Modi�ed SemantisRelation |=F is de�ned as |= exept 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 suh 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 suh that M ,si |=F Q and

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

F = {ex} and a fair hannel using a set F = {send → rec}.© 2008 TKK, Department of Information and Computer Siene
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Summary

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

• Hene, there are CTL formulas (for instane of the form �there isa path . . . � ) whih annot be expressed in LTL and LTL formulas(for example fairness formulas) whih annot be expressed in CTL.
• Temporal logis are suitable for requirement spei�ation ofreative systems.

• Typial requirement spei�ations inlude reahability properties,safety properties, liveness properties, and fairness properties.
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