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ModelofComputation(Cont.)

Formally,aKripkestructureisatriple���������	�
,where

��isthesetofstates,

������isthetransitionrelation,and

����������givesthesetofatomicpropositionstrueineachstate.

Weassumethat�istotal(i.e.,forallstates���thereexistsastate�����suchthat���� ����).

ApathinMisaninfinitesequenceofstates,��������	���suchthatfor���,�� �� !����.

Wewrite� todenotethesuffixof�startingat� .

Unlessotherwisestated,allofourresultsapplyonlytofiniteKripkestructures.
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ComputationTreeLogics

Temporallogicsmaydifferaccordingtohowtheyhandlebranchingintheunderlyingcomputation
tree.

Inalineartemporallogic,operatorsareprovidedfordescribingeventsalongasinglecomputation
path.

Inabranching-timelogicthetemporaloperatorsquantifyoverthepathsthatarepossiblefroma
givenstate.
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TheLogicCTL

�

ThecomputationtreelogicCTL

�

combinesbothbranching-timeandlinear-timeoperators.

Inthislogicapathquantifiercanprefixanassertioncomposedofarbitrarycombinationsofthe
usuallinear-timeoperators.

1.Pathquantifier:

�A—“foreverypath”

�E—“thereexistsapath”

2.Linear-timeoperators:

�X�—�holdsnexttime.

�F�—�holdssometimeinthefuture

�G�—�holdsgloballyinthefuture

�

�U�—�holdsuntil�holds
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PathFormulasandStateFormulas

Thesyntaxofstateformulasisgivenbythefollowingrules:

�If����,then�isastateformula.

�If�and�arestateformulas,then�
�and���arestateformulas.

�If�isapathformula,thenE���isastateformula.

Twoadditionalrulesareneededtospecifythesyntaxofpathformulas:

�If�isastateformula,then�isalsoapathformula.

�If�and�arepathformulas,then�
�,���,X�,and��U��arepathformulas.
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StateFormulas(Cont.)

If�isastateformula,thenotation������meansthat�holdsatstate�intheKripkestructure

�.

Assume��and��arestateformulasand�isapathformula.Therelation������isdefined
inductivelyasfollows:

1.�����������.
2.����

����� ����.
3.��������������or�����.
4.���E����thereexistsapath�startingwith

�suchthat����.
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PathFormulas(Cont.)

If�isapathformula,������meansthat�holdsalongpath�inKripkestructure�.

Assume��and��arepathformulasand�isastateformula.Therelation������isdefined
inductivelyasfollows:

1.������isthefirststateof�and����.
2.����

����� ����.
3.��������������or�����.
4.���X���������.
5.������U����thereexistsa�� �suchthat

��
����andfor �����,�������.
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StandardAbbreviations

Thecustomaryabbreviationswillbeusedfortheconnectivesofpropositionallogic.

Inaddition,wewillusethefollowingabbreviationsinwritingtemporaloperators:

�A������E�
�

��

�

��������U��

�G���F�
�
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CTLandLTL

CTLisarestrictedsubsetofCTL

�

thatpermitsonlybranching-timeoperators—eachofthe
linear-timeoperatorsG,F,X,andUmustbeimmediatelyprecededbyapathquantifier.

Example:AG�EF��

LTLconsistsofformulasthathavetheformA�where�isapathformulainwhichtheonlystate
subformulaspermittedareatomicpropositions.

Example:A�FG��
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ExpressivePower

Itcanbeshownthatthethreelogicsdiscussedinthissectionhavedifferentexpressivepowers.

Forexample,thereisnoCTLformulathatisequivalenttotheLTLformulaA�FG��.

Likewise,thereisnoLTLformulathatisequivalenttotheCTLformulaAG�EF��.

ThedisjunctionA�FG���AG�EF��isaCTL
�

formulathatisnotexpressibleineitherCTLor
LTL.
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BasicCTLOperators

ThereareeightbasicCTLoperators:

�AXandEX,

�AGandEG,

�AFandEF,

�AUandEU

EachofthesecanbeexpressedintermsofEX,EG,andEU:

�AX���EX�
�

��

�AG���EF�
�

��

�AF���EG�
�

��

�EF��E� ����U��

�A��U�� ��E�
�

�U�
���
����EG�
�
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BasicCTLOperators

ThefourmostwidelyusedCTLoperatorsareillustratedbelow.Eachcomputationtreehasthestate

��asitsroot.
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TypicalCTLFormulas
�EF� ���������������:itispossibletogettoastatewhereStartedholdsbutReadydoesnot

hold.

�AG� ����AF����:ifaRequestoccurs,thenitwillbeeventuallyAcknowledged.

�AG�AF����� ��� �	
���:DeviceEnabledholdsinfinitelyoftenoneverycomputationpath.

�AG�EF��������:fromanystateitispossibletogettotheRestartstate.
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