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Ñèñòåìà NuSMVNuSMV îçíà÷àåò New Symboli
 Model Veri�er.Ïðîåêò ñ îòêðûòûì êîäîì; ñèñòåìó ìîæíî áåñïëàòíîñêà÷àòü ñ ñàéòà http://nusmv.irst.it
.itÂî ìíîãîì, ðåàëèçóåò èäåè ñèñòåìû (ñ çàêðûòûì êîäîì)SMV, ðåàëèçîâàííîé Êåíîì ÌàêÌèëëàíîì â ÓíèâåðñèòåòåÊàðíåãè Ìåëîí (CMU).SMV è NuSMV èñïîëüçóþò îäèí ÿçûê âõîäàNuSMV èìååò ëó÷øèé èíòåð�åéñ. Â íåé ðåàëèçîâàíîáîëüøå àëãîðèòìîâ. LTL è CTL ñïåöè�èêàöèè (â SMVòîëüêî CTL).

http://nusmv.irst.itc.it


NuSMV
State transition

system

Temporal
property

Verification or

counter example

Model

CheckerÍà âõîä NuSMV ïîëó÷àåò �àéë ñ îïèñàíèåì ñèñòåìûïåðåõîäîâ è ñïåöè�èêàöèþ (�îðìóëó âðåìåííîé ëîãèêè).Âûõîä: ñîîòâåòñòâóåò ëè ñèñòåìà ñïåöè�èêàöèèÅñëè ñèñòåìà íå ñîîòâåòñòâóåò ñïåöè�èêàöèè, NuSMVâûäàåò ïóòü, íà êîòîðîì ñâîéñòâî íàðóøàåòñÿ



Ñèíòàêñèñ ïðîãðàìì íà NuSMVÏðîãðàììà íà SMV ñîäåðæèò îäèí èëè íåñêîëüêî ìîäóëåé(îáîçíà÷àåìûõ MODULE).Îäèí èç ìîäóëåé äîëæåí íàçûâàòüñÿ main.Âíóòðè ìîäóëåé ìîæíî îáúÿâëÿòü ïåðåìåííûå (VAR).Ïåðåìåííûì ìîæíî ïðèñâàèâàòü çíà÷åíèÿ (ASSIGN).Îáû÷íî, ïåðåìåííûì ïðèñâàèâàþò íà÷àëüíûå çíà÷åíèÿ(init) è çíà÷åíèå â ñëåäóþùèé ìîìåíò âðåìåíè (next).LTL ñâîéñòâà âûäåëÿþòñÿ êëþ÷åâûì ñëîâîì LTLSPEC.1 îçíà÷àåò true, à 0 îçíà÷àåò false.Êîììåíòàðèè íà÷èíàþòñÿ ñ �



Ïðèìåð (ìîíèòîð ðåñóðñîâ)MODULE mainVARrequest : boolean;status : {ready, busy};ASSIGNinit(status) := ready;next(status) := 
aserequest : busy;1 : {ready, busy};esa
;LTLSPECG(request -> F status=busy)



Îïèñàíèå resour
e.smvÒîëüêî îäèí ìîäóëü (main).Äâå ïåðåìåííûå: áóëåâà ïåðåìåííàÿ request è ïåðåìåííàÿstatus, êîòîðàÿ ìîæåò ïðèíèìàòü îäíî èç äâóõ çíà÷åíèé,ready èëè busy.Íà÷àëüíîå çíà÷åíèå request íå îïðåäåëåíî, ò.å., îíîìîæåò áûòü êàê true òàê è false.Ñëåäóþùåå çíà÷åíèå request íå îïðåäåëåíî, òî åñòü îíîîïÿòü ìîæåò áûòü êàê true òàê è false.Ìîäåëèðóåò òî, ÷òî ñîñòîÿíèå request îïðåäåëÿåòñÿ íåïðîãðàììîé, à ñðåäîé.Â íà÷àëå èñïîëíåíèÿ, status èìååò çíà÷åíèå ready.



Ñëåäóþùåå çíà÷åíèå status
Ñëåäóþùåå çíà÷åíèå status îïðåäåëÿåòñÿ òåêóùèìçíà÷åíèåì.request : busy; Åñëè òåêóùåå çíà÷åíèå ïåðåìåííîé åñòütrue, òî â ñëåäóþùèé ìîìåíò çíà÷åíèåì ïåðåìåííîéstatus áóäåò busy.1: {ready,busy}; Ñëó÷àè àíàëèçèðóþòñÿ ñâåðõó âíèç, 1âñåãäà ñðàáàòûâàåò1: {ready,busy}; â ñëåäóþùèé ìîìåíò, çíà÷åíèå statusìîæåò áûòü êàê ready òàê è busy.



Ñïåöè�èêàöèÿ
LTL �îðìóëû âûäåëÿþòñÿ êëþ÷åâûì ñëîâîì LTLSPEC.NuSMV èñïîëüçóåò G, F, X, U äëÿ îáîçíà÷åíèÿâðåìåííûõ îïåðàòîðîâ.NuSMV èñïîëüçóåò &, |, ->, ! äëÿ îáîçíà÷åíèÿ áóëåâûõñâÿçîê ∧, ∨, → è ¬.G(request -> F status=busy) îçíà÷àåò, ÷òî åñëèïðèõîäèò çàïðîñ, â íåêîòîðûé áóäóùèé ìîìåíò ñèñòåìàáóäåò çàíÿòà.



Îñîáåííîñòè NuSMV: íåäåòåðìèíèçì
Ïåðåìåííûå, êîòîðûì íå ïðèñâàèâàåòñÿ íèêàêîå çíà÷åíèå,ìîäåëèðóþò ïðîèçâîëüíûé âõîä (îïðåäåëÿåòñÿîêðóæåíèåì) (íàïðèìåð, request).
{v1, v2, . . . , vn} îçíà÷àåò íåäåòåðìèíèðîâàííûé âûáîðîäíîãî èç çíà÷åíèé, íàïðèìåð, 1 : {ready, busy};



Îñîáåííîñòè NuSMV: ïåðåõîäûÏåðåõîäû ìîãóò áûòü çàäàíû êàê ñïèñîê ïðèñâàèâàíèéçíà÷åíèé ïåðåìåííûõ â ñëåäóþùèé ìîìåíò âðåìåíè âçàâèñèìîñòè îò òåêóùåãî çíà÷åíèÿ.×àñòî ïðèìåíÿåòñÿ ðàçáîð ñëó÷àåâ.Åñëè óñëîâèå êàêèõ-ëèáî ñëó÷àåâ âûïîëíåíî (íàïðèìåð,request èñòèííî), âûïîëíÿåòñÿ ñòîÿùèé âûøå â ñïèñêå.Åñëè íè îäíî èç óñëîâèé ðàçáîðà ñëó÷àåâ íå âûïîëíÿåòñÿ,çíà÷åíèå ïåðåìåííîé â ñëåäóþùèé ìîìåíò âðåìåíè íåîïðåäåëåíî.Àëüòåðíàòèâíî, ïåðåõîäû ìîãóò áûòü ÿâíî çàäàíûïðîïîçèöèîíàëüíîé �îðìóëîé.



Çàïóñê NuSMV (1)
NuSMV îáû÷íî çàïóñêàþò èç êîìàíäíîãî èíòåðïðåòàòîðàUNIX èëè WindowsNuSMV resour
e.smvÒàêæå ìîæíî çàïóñòèòü NuSMV â èíòåðàêòèâíîì ðåæèìåNuSMV -int resour
e.smv�óêîâîäñòâî ïîëüçîâàòåëÿ äîñòóïíî ïî àäðåñóhttp://nusmv.irst.it
.it/NuSMV/userman/index-v2.htmlÒàêæå, èìååòñÿ êðàòêàÿ èíñòðóêöèÿ ïî ïðèìåíåíèþhttp://nusmv.irst.it
.it/NuSMV/tutorial/index.html.



Çàïóñê NuSMV (2)Çàïóñê NuSMV íà ðàññìîòðåííîì �àéëå âûäàåò.*** This is NuSMV 2.2.5 (
ompiled on Thu May 5 16:18:21 UTC 2005)*** For more information on NuSMV see <http://nusmv.irst.it
.it>*** or email to <nusmv-users�irst.it
.it>.*** Please report bugs to <nusmv�irst.it
.it>.-- spe
ifi
ation G (request -> F status = busy) is trueÓïðàæíåíèåÑêà÷àòü NySMV è ïðîâåðèòü ñëåäóþùèå ñâîéñòâà:G((request & X request) -> ((X status=busy) & (X Xstatus = busy)))(G request) -> (X G status=busy)



ÊîíòðìîäåëüÅñëè ìû ïîïðîáóåì äðóãîå ñâîéñòâî, G status = busy, ìûïîëó÷èì ñëåäóþùåå:*** This is NuSMV 2.2.5 (
ompiled on Thu May 5 16:18:21 UTC 2005)*** For more information on NuSMV see <http://nusmv.irst.it
.it>*** or email to <nusmv-users�irst.it
.it>.*** Please report bugs to <nusmv�irst.it
.it>.-- spe
ifi
ation G status = busy is false-- as demonstrated by the following exe
ution sequen
eTra
e Des
ription: LTL CounterexampleTra
e Type: Counterexample-> State: 1.1 <-request = 0status = ready-- Loop starts here-> State: 1.2 <-status = busy-> State: 1.3 <-



×òî ýòî çíà÷èòÅñëè ïåðåìåííàÿ íå óïîìÿíóòà, åå çíà÷åíèå íå èçìåíÿåòñÿ.Ñëåäóþùèé ïóòü ÷åðåç ñèñòåìó ïåðåõîäîâ ÿâëÿåòñÿêîíòðïðèìåðîì.
request = 0 request = 0

status = busystatus = ready

State 1.2State 1.1(¬request îçíà÷àåò request = 0, à busy îçíà÷àåò
status = busy).

¬request

ready

¬request ¬request ¬request ¬request

busy busy busy busy



Ìîäåëèðîâàíèå áîëåå ÷åì îäíîãî ïðîöåññà�àññìîòðèì ìîäåëü ñ÷åò÷èêà äî òðåõ â äâîè÷íîé çàïèñè:îò 000 äî 111 (è äàëåå ïî öèêëó).Äëÿ ýòîãî ñêîìáèíèðóåì òðè ñ÷åò÷èêà îò 0 äî 1
val=0 val=1

carry_in=0?

carry_in=1?

carry_in=1?

carry_in=0?Áèò carry_in åñòü áèò ïåðåíîñà îò äðóãîãî ñ÷åò÷èêà (äëÿêîìáèíèðîâàíèÿ)



Íà ÿçûêå NuSMVMODULE mainVARbit0 : 
ounter_
ell(1);bit1 : 
ounter_
ell(bit0.
arry_out);bit2 : 
ounter_
ell(bit1.
arry_out);LTLSPECG F bit2.
arry_outMODULE 
ounter_
ell(
arry_in)VARvalue : boolean;ASSIGNinit(value) := 0;next(value) := (value + 
arry_in) mod 2;DEFINE
arry_out := value & 
arry_in;



ÏîÿñíåíèÿÄâà ìîäóëÿ main è 
ounter_
ell.
ounter_
ell ðåàëèçóåò ñèñòåìó ïåðåõîäîâ, îïèñàííóþâûøå. Èìååò îäèí âõîäíîé ïàðàìåòð (
arry_in).Â ìîäóëå main ñîçäàåòñÿ òðè ýêçåìïëÿðà 
ounter_
ellíàçâàííûå bit0,bit1,bit2.Âõîäíîé ïàðàìåòð bit0 ðàâåí 1, â òî âðåìÿ êàê äëÿ bit1 èbit2 çíà÷åíèå ïàðàìåòðà 
arry_out åñòü bit0 è bit1,ñîîòâåòñòâåííî.Îñóùåñòâëÿåòñÿ ñèíõðîííàÿ êîìïîçèöèÿ ìîäóëåé (ðåæèìïî óìîë÷àíèþ äëÿ NuSMV). Òî åñòü, èìåþòñÿ ãëîáàëüíûå÷àñû è êàæäûé ìîäóëü âûïîëíÿåò îäíó èíñòðóêöèþ ê âêàæäûé ìîìåíò âðåìåíè. (Ñèíõðîíèçèðîâàííàÿêîìïîçèöèÿ.)



Îïåðàòîð De�ne
Îïåðàòîð DEFINE àíàëîãè÷åí îïåðàòîðó #define â ÿçûêå CÍàïðèìåð, ïðè íàëè÷èè êîäàDEFINE
arry_out := value & 
arry_in;êàæäîå âõîæäåíèå 
arry_out çàìåíÿåòñÿ íà ååîïðåäåëåíèå value & 
arry_in



Ñèíõðîííîå èñïîëíåíèå
val=0 val=1 val=0 val=1 val=0 val=1

000

001

010

011

100

bit0bit1bit2

next(value) := (value + carry_in)mod2 carry_out := value&carry_inNext bit2 bit1 bit0next next 
arry_out next 
arry_out001 0 + 0 =0 0 + 0 =0 0 & 0 =0 0 + 1 =1 0 & 1 = 0010 0 + 0 =0 0 + 1 =1 0 & 1 =0 1 + 1 =0 1 & 1 = 1011 0 + 0 =0 1 + 0 =1 1 & 0 =0 0 + 1 =1 0 & 1 = 0100 0 + 1 =1 1 + 1 =0 1 & 1 =1 1 + 1 =0 1 & 1 = 1



Êîìïîçèöèÿ ìîäóëåéÏîääåðæèâàåòñÿ êàê ñèíõðîííàÿ òàê è àñèíõðîííàÿêîìïîçèöèÿ ìîäóëåéÑèíõðîííàÿ êîìïîçèöèÿ îçíà÷àåò, ÷òî êàæäàÿ êîìïîíåíòàñèñòåìû äåëàåò îäèí øàã âû÷èñëåíèé�åæèì ïî óìîë÷àíèþÀñèíõðîííàÿ êîìïîçèöèÿ îçíà÷àåò, ÷òî òîëüêî îäíà(ïðîèçâîëüíî âûáðàííàÿ) êîìïîíåíòà ìîæåò äåëàòü øàã âêàæäûé ìîìåíò âðåìåíè. Ò.î., îäíà êîìïîíåíòà ìîæåòñäåëàòü íåñêîëüêî øàãîâ äî òîãî, êàê äðóãàÿ êîìïîíåíòàñäåëàåò øàã.×òîáû ñêîìáèíèðîâàòü ìîäóëè àñèíõðîííî, ñëåäóåòèñïîëüçîâàòü êëþ÷åâîå ñëîâî pro
ess ïðè ïîðîæäåíèèýêçåìïëÿðà ìîäóëÿ.



Ïðèìåð: êîëüöî èíâåðòîðîâÀñèíõðîííîå èñïîëíåíèå
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Êîëüöî èíâåðòîðîâMODULE inverter(input)VARoutput : boolean;ASSIGNinit(output) := 0;next(output) := !input;MODULE mainVARg1: pro
ess inverter(g3.output);g2: pro
ess inverter(g1.output);g3: pro
ess inverter(g2.output);



ÏîÿñíåíèÿÏîðîæäàåòñÿ òðè ýêçåìïëÿðà èíâåðòèðóþùåãî ïðîöåññà,ðàáîòàþùèå àñèíõðîííî (îáîçíà÷àåòñÿ êëþ÷åâûì ñëîâîìpro
ess).Îäèí èç ýêçåìïëÿðîâ âûáèðàåòñÿ íåäåòåðìèíèðîâàííûìîáðàçîì è âûïîëíÿåòñÿ îïåðàòîð ïðèñâàèâàíèÿ.Åñëè ïåðåìåííîé íå ïðèñâàèâàåòñÿ çíà÷åíèå, åå çíà÷åíèåíå èçìåíÿåòñÿ.Íàïðèìåð, åñëè g1.output = 0 g2.output = 0g3.output = 0 è g2 âûáèðàåòñÿ äëÿ èñïîëíåíèÿ, çíà÷åíèÿg1.output è g3.output íå ìåíÿþòñÿ (ñîõðàíÿþò çíà÷åíèå0).Çàìåòèì, ÷òî ýòî, â ÷àñòíîñòè, îçíà÷àåò, ÷òî êàêîé-ëèáîèç ïðîöåññîâ ìîæåò âîîáùå íèêîãäà íå èñïîëíèòüñÿ.



�äå ñïðàâåäëèâîñòü?Ñïðàâåäëèâîå èñïîëíåíèå (êîãäà êàæäûé ïðîöåññ èñïîëíÿåòñÿáåñêîíå÷íî ÷àñòî) ìîæíî âûíóäèòü.Â NuSMV èñïîëüçóåòñÿ êëþ÷åâîå ñëîâî FAIRNESS.FAIRNESS ϕ, ãäå ϕ ïðîïîçèöèîíàëüíàÿ �îðìóëà çàñòàâëÿåòïðîãðàììó ïðîâåðêè ìîäåëåé ðàññìàòðèâàòü òîëüêî òàêèåïóòè, íà êîòîðûõ ϕ ñòàíîâèòñÿ èñòèííîé áåñêîíå÷íî ÷àñòî.Â NuSMV ó êàæäîãî ïðîöåññà (íåÿâíî) èìååòñÿñïåöèàëüíàÿ ïåðåìåííàÿ running, êîòîðàÿ èìååò çíà÷åíèå1 òîãäà è òîëüêî òîãäà, êîãäà ïðîöåññ èñïîëíÿåòñÿ.Äîáàâèâ FAIRNESS running â êîä èíâåðòîðà, ìû çàñòàâèìêàæäûé ýêçåìïëÿð èíâåðòîðà ðàáîòàòü áåñêîíå÷íî ÷àñòî.



Óñëîâèå ñïðàâåäëèâîñòè (fairness)Íåòðóäíî óáåäèòüñÿ, ÷òî �îðìóëàLTLSPEC G F (g1.output = 1) &G F (g2.output = 1) &G F (g3.output = 1)âåðíà ïðè óñëîâèè, ÷òî â êîä èíâåðòîðà äîáàâëåíîFAIRNESS running.Îäíàêî åñëè óñëîâèå ñïðàâåäëèâîñòè óáðàòü, ñâîéñòâîíàðóøàåòñÿ.



Óñëîâèå 
ompassion
Äëÿ ïðîâåðêè LTL ìîäåëåé NuSMV ïðåäîñòàâëÿåò áîëååñèëüíûå óñëîâèÿ ñïðàâåäëèâîñòè âèäà �åñëè íà êàêîì-òî ïóòè ϕñòàíîâèòñÿ èñòèííîé áåñêîíå÷íî ÷àñòî, òî è ϕ ñòàíîâèòñÿèñòèííîé áåñêîíå÷íî ÷àñòî íà ýòîì ïóòè.Â NuSMV èñïîëüçóåòñÿ êëþ÷åâîå ñëîâî COMPASSION.COMPASSION (ϕ,ϕ), ãäå ϕ è ϕ ñóòü ïðîïîçèöèîíàëüíûå�îðìóëû.



Ïðîâåðêà CTL ñâîéñòâÑèíòàêñèñ ÿçûêà îïèñàíèÿ ìîäåëåé èäåíòè÷åí ÿçûêóîïèñàíèÿ ìîäåëåé äëÿ ïðîâåðêè LTL ñâîéñòâ.CTL �îðìóëû îòìå÷àþòñÿ êëþ÷åâûì ñëîâîì SPEC (à íåLTLSPEC).Ïðîïîçèöèîíàëüíûå ñâÿçêè òàêèå æå &, |, ->, !Äëÿ óíàðíûõ ïàð îïåðàòîðîâ èñïîëüçóþòñÿ AG, AF, AX,EG, EF, EXÄëÿ áèíàðíûõ îïåðàòîðîâ â NuSMV èñïîëüçóþòñÿ A [ϕ U
ψ℄ è E [ϕ U ψ℄ (îáðàòèòå âíèìàíèå íà êâàäðàòíûåñêîáêè).



Ïðèìåð�àññìîòðèì ñèñòåìó ïåðåõîäîâ
b a, b

a

s0 s1

s2 s3

è ñâîéñòâà
E(aUb);
E(aUb) ∧ ¬b;
AXE(aUb).



Âõîäíîé �àéë NuSMVMODULE mainVARstate : {s0,s1,s2,s3};ASSIGNinit(state) := s0;next(state) :=
asestate = s0: {s0, s1, s2};state = s1: s1;state = s2: s3;state = s3: s3;esa
;DEFINEa:= (state = s0) | (state = s3);b:= (state = s2) | (state = s3);SPEC E [a U b℄SPEC E [a U b℄ & !bSPEC AX E [a U b℄



�åçóëüòàò ðàáîòû NuSMVNuSMV test3.smv*** This is NuSMV 2.2.5 (
ompiled on Thu May 5 16:18:21 UTC 2005)*** For more information on NuSMV see <http://nusmv.irst.it
.it>*** or email to <nusmv-users�irst.it
.it>.*** Please report bugs to <nusmv�irst.it
.it>.-- spe
ifi
ation E [ a U b ℄ is true-- spe
ifi
ation (E [ a U b ℄ & !b) is true-- spe
ifi
ation AX E [ a U b ℄ is false-- as demonstrated by the following exe
ution sequen
eTra
e Des
ription: CTL CounterexampleTra
e Type: Counterexample-> State: 1.1 <-state = s0b = 0a = 1-> State: 1.2 <-state = s1a = 0



ÊîíòðìîäåëüÊàê è â ñëó÷àå ïðîâåðêè LTL ìîäåëåé, NuSMV ïûòàåòñÿïîñòðîèòü êîíòðìîäåëü, åñëè ñâîéñòâî íå âûïîëíÿåòñÿ.Çàìåòèì, ÷òî ýòî íå âñåãäà âîçìîæíî â CTL.Óòâåðæäåíèÿ î ñóùåñòâîâàíèè ïóòè íå ìîãóò áûòüîïðîâåðãíóòû ïðåäúÿâëåíèåì åäèíñòâåííîãî ïóòè.�àññìîòðèì êîíòðìîäåëü äëÿ ñâîéñòâà EFp è ìîäåëèïåðåõîäîâ
a

s0 s1

a, p

s2 s3

p



ÑïðàâåäëèâîñòüÒàê æå êàê è â ñëó÷àå LTL, âîçìîæíî îãðàíè÷èòüðàññìîòðåíèå òîëüêî òàêèìè ïóòÿìè ÷åðåç ñèñòåìóïåðåõîäîâ, íà êîòîðûõ íåêîòîðîå óñëîâèå ñòàíîâèòñÿèñòèííûì áåñêîíå÷íî ÷àñòî. Íàçîâåì òàêèå ïóòèñïðàâåäëèâûìè ïóòÿìè.Ïîçâîëÿåò èñêëþ÷èòü ïóòè, íà êîòîðûõ îäèí èç ïðîöåññîââîîáùå íå èñïîëíÿåòñÿ, íà êîòîðûõ îäèí èç ïðîöåññîâíèêîãäà íå âûõîäèò èç êðèòè÷åñêîé ñåêöèè è ò.ï.Òàêîé æå ñèíòàêñèñ êàê è â ñëó÷àå LTL: FAIRNESS ϕ, ãäå ϕ� ïðîïîçèöèîíàëüíàÿ �îðìóëà.



Î ñïðàâåäëèâîñòè â CTL è LTLÑâîéñòâî ñïðàâåäëèâîñòè âûðàçèìî â ëîãèêå LTL.×òîáû ïðîâåðèòü ñâîéñòâî ϕ â ïðèñóòñòâèè ñâîéñòâàñïðàâåäëèâîñòè ϕ (ò.å. ϕ äîëæíî áûòü âåðíî áåñêîíå÷íî÷àñòî), äîñòàòî÷íî ïðîâåðèòü ñâîéñòâî (GFϕ) ⇒ ϕ áåçêàêèõ-ëèáî îãðàíè÷åíèé íà ñèñòåìó ïåðåõîäîâ.Ýòî íå âîçìîæíî â CTL ò.ê. (GFϕ) ⇒ ϕ íå ÿâëÿåòñÿ CTL�îðìóëîé è, êàê ìû âèäåëè, äîáàâëåíèå A èëè E áóäåòîçíà÷àòü ÷òî-òî äðóãîå.Íàïðèìåð (AGAFϕ) ⇒ ϕ îçíà÷àåò åñëè âñå ïóòèñïðàâåäëèâûå òî ϕ âåðíî, à íå ϕ âåðíî íà âñåõñïðàâåäëèâûõ ïóòÿõ.NuSMV íå ïîääåðæèâàåò ñâîéñòâî 
ompassion äëÿ CTL.



Ïðîâåðêà ñïðàâåäëèâûõ CTL ìîäåëåéÏóñòü C = {ψ1, . . . , ψn} � ìíîæåñòâî óñëîâèéñïðàâåäëèâîñòè. Ïóòü s0, s1, . . . ñïðàâåäëèâ ïî îòíîøåíèþê C òîãäà è òîëüêî òîãäà, êîãäà äëÿ êàæäîãî i ñóùåñòâóåòáåñêîíå÷íî ìíîãî j ò.÷. sj |= ψi .
AC è EC îçíà÷àþò êâàíòîðû ïî ñïðàâåäëèâûì ïóòÿì.Âñå CTL îïåðàòîðû (ñ óñëîâèåì ñïðàâåäëèâîñòè) ìîãóòáûòü âûðàæåíû ÷åðåç ECU, ECG, ECX.Çàìåòèì, ÷òî

ECϕUψ ≡ EϕU(ψ ∧ ECGtrue)
ECXϕ ≡ EX(ϕ ∧ ECGtrue)(ïóòü ñïðàâåäëèâ åñëè åãî ñó��èêñ ñïðàâåäëèâ)Çíà÷èò, íàäî òîëüêî íàó÷èòüñÿ îáðàáàòûâàòü ECGϕ.



Äèíàìè÷åñêèé àëãîðèòì äëÿ CTL ñ óñëîâèåìñïðàâåäëèâîñòè. ECGϕ

C = {ψ1, . . . , ψn} � ìíîæåñòâî óñëîâèé ñïðàâåäëèâîñòè.�àññìîòðèì âåðøèíû, ïîìå÷åííûå ϕÍàéäåì ìàêñèìàëüíûå êîìïîíåíòû ñèëüíîé ñâÿçíîñòèîãðàíè÷åííîãî ãðà�àÓäàëèì êîìïîíåíòó åñëè îíà íå ñîäåðæèò óçëà,ïîìå÷åííîãî ψi äëÿ íåêîòîðîãî i . Íàçîâåì òàêóþêîìïîíåíòó ñïðàâåäëèâîé.Èñïîëüçóÿ ïîèñê �íàçàä�, íàéäåì âåðøèíû îãðàíè÷åííîãîãðà�à, èç êîòîðûõ ñóùåñòâóåò ïóòü â âåðøèíóñïðàâåäëèâîé êîìïîíåíòû.


