V113 Validace a verifikace

Prevod LTL formule na Biichi automat

doc. RNDr. Jifi Barnat, Ph.D.



Problém
e Kripkeho struktura M
e LTL formule ¢

o MEg?

Reseni pomoci Biichi automatu
o A, — automat akceptujici béhy modelu
o A, — automat akceptujici béhy porusujici vlastnost ¢
o L(Ays) NL(A-y) = L(Asgys x Ay)
o L(Ays x Ay) #0 <= model ma béh porusujici ¢
o M=y < A,s x A, nemd akceptujici cyklus
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Grafické znazornéni sémantiky temporalnich operatort

eWi:

e r0—s0— 30— e ---
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MNETe

Necht ¥ = {a, b, c}, najdéte Biichi automat, ktery akceptuje
w-regularni jazyk definovany nasledujici LTL formuli.
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Algoritmus prevodu

LTL formule na Biichi automat
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Postup prevodu

Vstup: Mnozina atomickych propozic AP, LTL formule ¢.
Vystup: Biichi automat A takovy, ze L(A) = L.

Postup:
e Formule ¢ se prevede do normalni formy.
e Vypocita se prechodovy graf budouciho automatu.
o Graf se doplni na zobecnény Biichi automat.
e Zobecnény BA se prevede na standardni Biichi automat.
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Normalni forma LTL formule

Rekneme, e LTL formule je v normélni formé&, pokud
neobsahuje operdtory F a G, a vSechny operdtory unarni
negace jsou aplikovany na podformule tvorené pouze
atomickou propozici.

Syntax
pu=plpleVeleohe[XeleUp|pRyp

Pravidla pro prevod do normalni formy

(pVve) = () A(Y)
“(pAY) = (mp) Vv (7Y)

-Xp = X(—yp)
“(pUy) = (mpR—))
~(oRY) = (pU-)
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MNETe

Necht AP = {a, b}. Pfevedte nasledujici LTL formule do
normalni formy
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Zobecnéné Biichi automaty

Biichi automaty
e A=(%,S,s,6,F)
e F C S je mnozina koncovych stavd.
e Béh p je akceptujici, pokud inf(p) N F # (.

Zobecnéné Biichi automaty
e A=(%,S,s,0,F)
e F C 2° je systém mnozin koncovych stavil.
o Bé&h p je akceptujici, pokud VF; € F plati inf(p) N F; # (.
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MNETe

Necht ¥ = {a,b} a L ={w € ¥ | inf(w) = {a, b} }.

Najdéte zobecnény BA A takovy, ze L(A) = L.
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Zobecnéné Biichi automaty

Tvrzeni

e Ke kazdému zobecnénému Biichi automatu A existuje
(normalni) Biichi automat B takovy, Zze L(A) = L(B).

Konstrukce
e Necht A= (%,S,s,d,{F,...,Fn}).
o B=(X,Sx{0,...,n},(s,0),0",S x {n}), kde
e (q,y) € &((p, x), a) pokud g € 6(p, a) a pro x a y plati
o jestizeqe Ffax=i—1taky =1

o jestlizex=n,tak y =0
e jinak x =y.
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Priklad ZBA — BA

ZBA: F = {F, = {p},F. ={q}}
| lab]

| | 2l b
— (p,0) | (p.1) | (q,0)
(9,0) || (p.1) | (a,0)
(P.1) || (p1) | (a.2)
(9.1) || (p.1) | (a.2)
< (p.2) | (p.0) | (q,0)
< (9,2) || (p.0) | (a,0)
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Vypocet prechodového grafu
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Prechodovy graf intuitivné

Pozorovani

e Prechod v Biichi automatu strazi jeden stav béhu.

e Pro definici prechodu, je tfeba védét, co plati v aktualnim
stavu, a co ma platit v ndsledujicim stavu béhu.

Rozbalené definice modalnich operatoru

X a = tt
aUb = a

vV b
aRb = b

V aAb
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Prechodovy graf intuitivné

Pozorovani

e Prechod v Biichi automatu strazi jeden stav béhu.

e Pro definici prechodu, je tfeba védét, co plati v aktualnim
stavu, a co ma platit v ndsledujicim stavu béhu.

Rozbalené definice modalnich operatoru

Now
X a =
aUb = a
vV b
aRb = b
V aAb
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Prechodovy graf LTL formule

Uzel je usporadana pétice

o Id - Cislo

o Unikatni oznaceni uzlu.

e Incomming — Mnozina oznaceni uzl(.

e Mnozina pfimych predchiidci vrcholu ve vysledném grafu.
e Kodduje hrany grafu.

e Now — Mnozina LTL formuli.
e Seznam podformuli, které plati v daném uzlu.

e New — Mnozina LTL formuli.

e Mnozina je$té nezpracovanych formuli, které musi byt splnény
v tomto uzlu.

e Next — Mnozina LTL formuli.
e Seznam formuli, které musi byt splnény v nésledujicim uzlu.
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Graf LTL formule

Vytvoreni grafu (vypocet mnoziny uzli)
proc create_graph(¢p)
N = (new_ID(), {init},0,{¢},0)
return expand(N, 0)
end

Pomocné funkce

e expand(n, Nodes)

e Funkce volana pro uzel n a dosud zname uzly Nodes.
o Vraci mnozinu uzlt (po zpracovani uzlu n).

e new_ID()

o Kazdé volani této funkce vrati dosud nevracené Cislo.
o Neg(-)

o Neg(A) = —A pro viechny A € AP.

o Neg(True) = False

o Neg(False) = True

o A=A
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Graf LTL formule — funkce expand

proc expand(q, Nodes)
if New(q) ==
then if (3r € Nodes takovy, ze Now(r) == Now(q) A Next(r) == Next(q))
then Incomming(r) = Incomming(r) U Incomming(q)
return Nodes
else N = (new_ID(), {ID(q)}, 0, Next(q), 0)
return expand(N, Nodes U {q}) /* g je novy uzel */
fi
else let n € New(q)
New(q) = New(q) ~ {n}

if n € Now(q) /* n jiz byla zpracovana */
then return expand(q, Nodes)
fi
switch ()  /* pokracuj podle typu nejvnéjsnéjsiho operatoru 7 */
end
fi
end
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Graf LTL formule — funkce expand (switch)

switch () /* pokrac¢uj podle typu nejvnéjsnéjsiho operatoru n */

case (n € (AP U Neg(AP) U { True, False}))
if (n == False V Neg(n) € Now(q))
then return Nodes
else N = (new_ID(), Incomming(q), Now(q) U {n}, New(q), Next(q))
return expand(N, Nodes)
fi
end

case (n =@ U1)
N1 = (new_ID(), Incomming(q),

Now(q) U {n}, New(q) U {0}, Next(q) U {¢ U¥})
N2 = (new_ID(), Incomming(q),

Now(q) U {n}, New(q) U {v}, Next(q))
return expand(N2, expand(N1, Nodes))

end
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Graf LTL formule — funkce expand (switch)

case (n = ¢ RY)
N1 = (new_ID(), Incomming(q),

Now(q) U {n}, New(q) U {¢, v}, Next(q))
N2 = (new_ID(), Incomming(q),

Now(q) U {n}, New(q) U {¢}, Next(q) U {¢ R¢})
return expand(N2, expand(N1, Nodes))
end

case (n =@ V)
N1 = (new_ID(), Incomming(q),

Now(q) U {n}, New(q) U {}, Next(q))
N2 = (new_ID(), Incomming(q),

Now(q) U {n}, New(q) U {4}, Next(q))
return expand(N2, expand(N1, Nodes))
end
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Graf LTL formule — funkce expand (switch)

case (n = AY)
= (new_ID(), Incomming(q),

);

Now(q) U {n}, New(q) U {p, ¢}, Next(q))
return expand(N, Nodes)

end

case (n = X )
N = (new_ID(), Incomming(q),

Now(q) U {n}, New(q), Next(q) U {})
return expand(N, Nodes)
end

end /* end of switch */
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Priklad vypocet grafu pro formuli X(a)

Vypoctené uzly

Id: 2
Incomming: init
Now: X(a)
New: 0
Next: a
Id: 4
Incomming: 2
Now: a
New: 0
Next: 0
Id: 5
Incomming: 4,5
Now: 0
New: 0
Next: 0
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Vypocet
Id Incomming Now New Next
1 init 0 {X@)} 0
2 init {X@)} 0 {a}
Uzel 2 je nové vypocteny uzel.
3 2 0 {a} 0
4 2 {a} 0 0

Uzel 4 je nové vypocteny uzel.

5 4 0 0 0

Uzel 5 je nové vypoclteny uzel.

6 5 0 0 0

Uzel 6 je shodny s uzlem 5.
Incoming(5) = Incoming(5)U{5}
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Priklad aU (b U ¢)

01 in, @, {aU(bUc)}, 0

02| in, {aU(bUc)}, {a}, {aU(bUc)} 03| in, {aU(bUc)}, {bUc}, 0
04| in, {aU(bUc),a}, 0, {aU(bUc)}

Uzel 04 je nové vypocteny uzel.

05| 04, , {aU(bUc)}, 0

06| 04, {aU(bUc)}, {a}, {aU(bUc)} 07| 04, {aU(bUc)}, {bUc}, 0
08| 04, {aU(bUc),a}, 0, {aU(bUc)}

Uzlu 04 je pridan predchiidce 04.

07| 04, {aU(bUc)}, {bUc}, 0

09| 04, {aU(bUc),bUc}, {b}, {bUc} 10| 04, {aU(bUc),bUc}, {c}, 0
11] 04, {aU(bUc),bUc,b}, 0, {bUc}

Uzel 11 je nové vypoclteny uzel.

12| 11, @, {bUc}, 0

13| 11, {bUc}, {b}, {bUc} 14| 11, {bUc}, {c}, 0
15| 11, {bUc,b}, 0, {bUc}

Uzel 15 je nové vypocteny uzel.

16| 15, @ {bUc}, 0

17| 15, {bUc}, {b}, {bUc} 18] 15, {bUc}, {c}, 0
19| 15, {bUc,b}, 0, {bUc}

Uzlu 15 je pfidan pfedchidce 15.
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Priklad a U (b U c¢) — pokracovani

18| 15, {bUc}, {c}, 0

20| 15, {bUc,c}, 0, @

Uzel 20 je nové vypocteny uzel.
2120, 0,0, 0

Uzel 21 je nové vypocteny uzel.
22021, 0,0,0

Uzlu 21 je pridan predchidce 21.

14| 11, {bUc}, {c}, 0
23| 11, {bUc,c}, 0, ®
Uzlu 20 je pridan predchiidce 11.

10| 04, {aU(bUc),bUc}, {c}, 0
24| 04, {aU(bUc),bUc,c}, 0, 0
Uzel 24 je nové vypocteny uzel.
25| 24, 0, 0, O

Uzlu 21 je pfidan predchiidce 24.
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Priklad a U (b U c¢) — pokracovani

03| in, {aU(bUc)}, {bUc}, 0

26| in, {aU(bUc),bUc}, {b}, {bUc} 27| in, {aU(bUc),bUc}, {c}, 0
28| in, {aU(bUc),bUc,b}, 0, {bUc}

Uzlu 11 je pfidan predchddce in.

27| in, {aU(bUc),bUc}, {c}, 0

29| in, {aU(bUc),bUc,c}, 0, 0
Uzlu 24 je pfidan predchidce in.
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Prevedeni grafu na zobecnény Biichi automat

Predpoklady
e Dana mnozina AP.
e Nodes je mnozina vrcholl grafu LTL formule.

Zobecnény Biichi automat A = (S, %, 0, init, F)
e S = Nodes U {init}
o ¥ =24
o r' € 0(r,a) pokud

o r € Incomming(r'), « € ¥
o « spliiuje omezeni dané mnozinou ((AP U —AP) N Now(r'))

o f:{F]_,...,Fn}
e Pro kazdou podformuli ve tvaru ¢ U definujeme F;.
o Fi = {r € Nodes | ¢ € Now(r) Vv pUt) & Now(r)}.
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Priklad a U (b U c¢) — Zobecnény Biichi automat

Prechodova funkce (straze)

| a [b Jc [t |

—init || 04 | 11 | 24
04| 04|11 |24
11 15 | 20
15 15| 20
20 21
21 21
24 21

F — akceptujici mnoziny
o F.upue) — {11,15,20,21,24}
o Fpuc — {04,20,21,24}
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