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Liveness vs. Safety: Finite State Systems

[Biere, Artho, Schuppan, 2002; Schuppan, Biere, 2004/2005]
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Finite State Case — Example

oo &

(Buggy) traffic light (Negation of) specification:
G Fg

Product automaton

Counterexample: (r,1) (y,1) (g,1) ((r,!g) (y,!g))m
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Finite State Case — Example transformation

1. Nondeterministically guess loop start,
save state

2. Find fair state in loop

3. Find second occurrence of saved state,

close loop
can
stop here!
S (r,1)  (y,1)  (g,1) [ (nlg) | (v,l9) | (rig) | (v.!9)
ofs | 8 8 S || (e |rle)]| (rla)
lasso st st st Ib Ib Ic Ic
fair 0 0 0 1 1 1 1




Finite State Case — Formal Definition 6

Let
— K=(ST,Il,L,F ={Fy}) be a fair finite Kripke structure,
— § € Sarbitrary but fixed.

Then KS= (S3,TS,15,LS,FS) is defined as:

S  =SxSx{stlb,lc} xB

1S ={(s0,%5t0) |s0€l}U
{(s0.50,Ib,f) |soe I A (f —s0€ Fp)}

TS  ={((s§lo,f),(s,8,10/, )| (s8) e TA
((lo=stAlo' =st A —f A—f NS=8§ =§)V
(lo=stAalo'=Ib A ~fA(f =5 eR) NS=§HNS =8§)V
(lo=IbAld'=Ib A (f = f)A(f = fvsecFRy)AS§=9)V
(lo=IbAlo"=lc A fAT NS=5 =§)V
(lo=IcAld’=lc A fAF N§=9))}

LS(s®) =L(s), where s° = (s,§,lo, f)
FS =0

K has reachable fair loop < K= has reachable state s> w. lo(s>) =Ic
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Finite State Case — Complexity
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Regular Model Checking

after [Bouajjani, Jonsson, Nilsson, Touili, 2000]

Regular model checking:
— Initial configurations: finite automaton on finite words

— Transition relation: finite transducer on finite words
length-preserving = lasso-shaped counterexamples

Example: Token Passing:

— t
Initial configurations C @

n

(t,)

Transition relation KQ/@

(n,n) (t,n) (n,t) (n,n)




Regular Model Checking — Transformation 1

Problem: finite automaton can’t store unbounded words

Solution:

— Use pairs of characters instead of character:
first is original, second is saved component

— Prefix with position on lasso

Initial configurations:

< > (t,-) start on stem:
st don’t save config.

— (n!_)

Ib C (t,1) start on loop body:
save config.

(n,n)




Regular Model Checking — Transformation 2

Transition relation:

Os— ~ =0,
((n,3),(n,a)) «t,%),(n,eﬁ% ((n,3),(n,a))

(st,st) v (Ib,Ib) v (lc,Ic)
((ts_)s(tst))

Os 0,

((ns_)s(n!n)) ((t!_)!(nsn)) ((ns_)s(tst)) ((ns_)s(nsn))

(st,Ib)

(Ib,Ic)

O~ =0
((n,n),(n,n)) ((t,n),(n,n)% ((n,n),(n,n))

remain in stem,
loop body or
loop closed

save config:
switch from stem
to loop body

close loop:
switch from loop body
to loop closed
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Regular Model Checking — Bounded Local Depth 11

Bouajjani et al. show that bounded local depth is sufficient for
termination of their computation of the transitive closure.

Assume, the original system has bounded local depth k.
The transformation preserves boundedness:

st st Ib Ib lc
Qg IR Qo QA Ar_10 Ao Qo QA
Qo4 a4, a4, a A 11 A4 a4, a
AQon  ~ A1 a, a, Ag_1n A1n a, a,



Pushdown Systems — Repeatable Heads 1

[Bouajjani, Esparza, Maler, 1997]

head (control state, top symbol)

repeatable head 1. matching heads
2. sufficient stack height

stack
grows
" A
stack
(top symbol) S P (l) (I) Y oV
Py Y
o

control state stuvwxyzuwzu

12




Pushdown Systems — Repeatable Heads 2

[Bouajjani, Esparza, Maler, 1997]

head
repeatable head

stack
(top symbol)

control state

Bly
o

(control state, top symbol)

1. matching heads

2. sufficient stack height
=> cah repeat infinitely often
=> found in every infinite run
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Pushdown Systems — Transformation

start loop: save head, mark stack height

on loop: check stack height, set error flag

loop closure: check head, error flag

stack

control state

K,0

0,0 0,0 9,0 ¢,0 v,0
9,0 3,0 6,0 6,0 8,0 8,0 6,— v,—

B—v—v.1v.1v.1 vl vl vl v—v—v—
o,— o,— o,— o,— o,— oL,— oL,— OL,— oL, — oL, — O, — O, —

s t uvwXxyz uwzu

control state (copy)
stack top (copy)
lasso

stack height error

- — — U UuUuuuwuwuwuuu
- - - YyYyyryyryryv v
st st stiblIlblIlb b Ib Ib Ic Ic Ic
-~ - - 00O0O0OOTOTU OO OGO
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Pushdown Systems — No Shortest Counterexamples -

shortest
counterexample

'

X O X O
stack BBBB BBPBP soonest 2nd

o0 OO OO oo oo o o Of ==—occurrence of
repeatable head

control state ssstttuuuttt

The soonest second occurrence of a repeatable head does
not guarantee shortest counterexamples.

That requires repeatable prefixes.
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Timed Automata

W.r.t. w-regular properties, timed automata can be abstracted
to ordinary finite state automata [Alur, Dill, 1994].

Region construction can be expressed within formalism (with
difference constraints).

= technical, “can be done”.
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Stirling) to reachability. Requires closure under Cartesian product and
subset constructions. Doubly exponential.

Bouajjani, Esparza, Maler, 1997 is reduction to reachabllity. Requires sep-
arate computation of “bad states”.

Aceto, Bouyer, Burgue no, Larsen, 1998/2003 Power of reachability test-
Ing for timed automata.

Finite state systems:

Burch, 1990 Reduction for timed trace structures. Requires user to come
up with appropriate time constraint.

Ultes-Nitsche, 2002 Satisfaction within fairness corresponds to some safety
property. Not always desired semantics.



The End

Conclusions
— Reduction usually is “pulling the algorithm into the model.”

— System size typically grows moderately

Future work
— Experimental evaluation.
— When does it not work?

— Use it to come up with liveness algorithm.
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