Praktyczne metody weryfikacii

Wyktad 4. Weryfikacja
modelowa dla LTL



Q) M — Ay
(i) = — A, (anie ¢ — Ay — Ay)
(i) L, (Any) N Ly(Ap) =07 (anie L,(Ay) C Lu(Ay))
Lo(Ay x Ay)=07
tak — M FE ¢

nie — (M E ¢), kontrprzyktad = Sciezka w M
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() M — Ay



.} 6/* {r}

{a}




(i) Ly(A) # 07




[Clarke, Grumberg, Peled 2000]
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(1) Weryfikcja w locie

for each successsortofsdo...
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proc dfs(s)
if error(s) then report error fi
add {s,0} to Statespace
for each successor t of s do
if {t,0} not in Statespace then dfs(t) fi
od
if accepting(s) then seed:=s; ndfs(s) fi
end
proc ndfs(s} /* the nested search */
add {s,1} to Statespace
for each successor t of s do
if {t,1} not in Statespace then ndfs(t} f
else If t==seed then report cycle fi

od

end
[Holzmann,Peled, Yannakakis 1996]
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Zatozmy, ze jest stan akceptujacy p, ktory ma cykl niewykryty w
ndf s( p) . Niech p — pierwszy taki stan.

Niech r — pierwszy stan odwiedzony w ndf s(p) t.ze
r jest na cyklu zawierajgcymp i{r, 1} i n Statespace.

Niech p’ — stan akceptujacy t.ze r osiggnieto w ndf s(p’ ).

ey e
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(1) Weryfikcja w locie

for each successsortofsdo...

(2) Redukcje czesciowo-porzadkowe

for each ( selected ) successsortofsdo...
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for each ( selected ) successsortofsdo...

(selected) — zalezy od dotychczasowej sciezki !

[Holzmann,Peled, Yannakakis 1996]
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proc dfs(s)
if error(s) then report error fi
add {s,0} to Statespace
add s to Stack
for each (selected) successor t of s do
if {t,0} not in Statespace then dfs(t) fi
od
if accepting(s) then ndfs(s) fi
delete s from Stack
end
proc ndfs(s) /* the nested search */
add {s,1} to Statespace
for each (selected) successor t of s do
if {t,1} not in Statespace then ndfs(t} fi
else if t in Stack then report cycle fi
od

end
[Holzmann,Peled,Yannakakis 1996]
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proc dfs(s)
if error(s) then report error fi
add {s,0} to Statespace
for each successor t of s do
if {t,0} not in Statespace then dfs(t) fi
od
ndfs(s) /* different */
end
proc ndfs(s}) /* the nested search */
if s is Progress State then return fi /* new >/
add {s,1} to Statespace
add s to Stack /* new */
for each successor t of s do
if {t,1} not in Statespace then ndfs(t) fi
else if t is in Stack then report cycle fi /* different */
od
delete s from Stack /* new */

end
[Holzmann,Peled, Yannakakis 1996]
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never { /* non-progress: CUO-progress */
do
;. skip
:: lprogress — > break
od;
accept: do
:: lprogress

od

[Holzmann,Peled, Yannakakis 1996]

—progress
— @ @Q:) —progress

(co-Biichi — Biichi)
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(i) ¢ — A,



_ SPIN: ¢ — GBA — BA

— LTL2BA: ¢ — ABA — GBA' — BA

— Weryfikacja w locie
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LTL™ :
¢ = p| | NP | \iVPr | X | p1 Uy | $1 Ry |

true | false

Def.. X CCL(¢), jutro(X) = {Xa| Xa e X}

Intuicja: ¢ = dziS(¢) A jutro(¢)

pU = ¢ V (oA X(9U))
oRYy = v A (¢V X(@RY))



a — dnf(a) € P(PUPUjutro(CL(a)))
dnf(a) = {{a}}, gdy a=p,-p, Xp
dnflaVv 3) = dnf(a) Udnf(s)
dnflang) = {XUY | X ednf(a), Y € dnf(5), niesprzeczne
dnflaUgG) = dnf(6 VvV (aA X(aUPQH)))
dnflaR3) = dnf(6 AN (aV X(aRp)))
dnf(true) = {0} AD = tru
dnf(false) = () V() = fal

@ = Vxednia) (AX)




GBA ./4¢ — <Z, S, SpOCZ7 g, F>

— S =P(PUPUjutro(CL(9)))
— Spocz = dnf(¢)

- X4y wiw. gdy

- XNPCA niesprzecznosc
—{p | weX}NA=10 X i A dzis
— Yednf(A{a | Xae X}) mozliwe jutro

— F =7
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¢ = —aUb

|

S:

P(CL, —a, b, _'b7 X(ﬁan))

¥ = {0, {a}, {b},{a,b}}

®)

{0} {a.b} D .
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¢ = —~aUb S = P(a7 —a, b, —b, X(—lan))

¥ = {0, {a}, {b},{a,b}}

. C 0,{b} {b},{a,b} DE

F = {{0,{b}}}



~F,={A| q,UB ¢AV BcA), i=1,...,n

{a;UB; |i=1,...,n} CCL(¢)

- F, ={XeS | ;UL ¢cons(X) Vv §; €cons(X)}

X Ccons(X)

aV Fecons(X) jeSli aecons(X)Ilub g e cons(X)

a NG econs(X) jeSli aecons(X)ipfecons(X)

aUp econs(X) jeSli g econs(X)Iluba, X(aUpg) e cons(X)
aR G econs(X) jeSli a,B8 €cons(X)lub 3, X(aRf3) € cons(X



0 = -G(q = Fr) = F(gN G-r)

dnf(Fa) = dnf(a) U { X Fa} Fa = trueUa
dnf(Ga) = dnfla A X Ga) Ga = falseRa
S = Plq, ~q, r, -r, X(F(gN G-r)), X G-r) F=7?

dnf(F(Q/\ G_IT>) — XF(q/\ G—V)“) \/ (Q/\_IT/\XG—IT>

) 0,{q}
() i D!
XF(gn G—r) q,—r, X G-r —r, X G-r

A\



0 = (GFp = G(q = Fr)) = GFpA F(gAN G—r)
dnf(F(gA G—r)) = XF(gAG—r) V (¢A-rAXG-r)

dnf(G Fp) = dnf((pVv XFp) A XGFp) =
(pAXGFp) VvV (XFpA XGFp)

dnf(GFpAF(gANG—-r)) = ...V...V...V...
XF(gNG=r),p, XGFp qg,—r, XG—-r,p, XG Fp

XF(gNG-r), XFp, XGFp g, -1, XG-r, XFp, XG Fp
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0, = "((GFpy A ... N GFp,) = G(¢q = Fr)) =

GFp, A ... N GFp, AN F(gn G—r)
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0, = ~-((GFpr A ... N GFp,) = G(¢g = Fr))
Spin Wring EQLTL LTLZBA— LTL2BA

time | space tine | space time time space tine |space
th 0.18 460 0.56 | 4,100 16 0.01 9 0.01 9
) 4.6 4,200 26| 4100 16 0.01 19 0.01 | 11
B3 170 | 52,000 16 | 4,200 18 0.01 86 0.01 | 19
#4 || 9,600 | 570,000 110 | 4,700 25 0.07 336 0.06 | 38
@5 1,000 | 6,500 135 0.70 1,600 0.37 | 48
@5 8.400 | 13,000 N/A 12 8§.300 40| 88
@y 72,0007 | 43,0007 220 44,000 32 | 175
Ps 4,200 | 260,000 360 | 250
Pa 97,000 | 1,600,000 | 3,000 | 450
f1p 36,000 | 970

[Gastin,Oddoux 2001]
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o(p,a) = qV ¢ o(p,a) = gN{

(p,a,q),(p,a,q') €o —

Np.: o(p,a) = p1 V pa Aps (DNF)

Pytanie: bieg="?



ABA A¢ — <27 S, Spocz, g, F>

— S = modalne podformuty ¢ (Xa, aUB, aRS, p)

— Spocz = normalny dnf(¢)

— 0:8 x X — Bool™(S)

o(p, A) = true, Olle pe A, wpp. false

o(—p, A) = true, Olle p¢ A, wpp. false

o(Xa,A) =« 1l

claUB,A) = od(B,A) VvV (c(a,;A) N aUp

claRB,A) = od(B,A) AN (c(a,;A) V aRp
o(Fa,A) = o(a, A
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[Gastin,Oddoux 2001]

dnf(GFp) = (pAXGFp)V(XFEpA XGFp)
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¢ = (GFp = G(¢q = Fr)) = GFp A F(gN G—r)

B {a.7} {r q} ir} {r}
~GFp ~GFp GFp GFp--—--»
\\\*Fp \ﬁ
F(qﬂG-r)—-F(qﬂG—-r)—-F(th—-r)
H
Gor Gor----»

[Gastin,Oddoux 2001]
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ABA A¢ — <27 S, Spocz, g, F>

— S = modalne podformuty ¢ (Xa, aUB, aRp)

- Spocz — dnf(¢)
— 0:8 x X — Bool™(S)

- F = {aRp;
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