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Improvement of Abstraction Refinement
for Timed Automata based on Partial Parallel Composition

TAKESHI NAGAOKA, Kozo OKANO + and SHINJI KUSUMOTO!

We have proposed an abstraction refinement technique for timed automata. In our former abstraction tech-
nique, we perform abstraction by removing all clock variables from timed automata. Therefore, generated
abstract models are finite automata. In the method, a network of parallel timed automata should be composed
into a single timed automaton, as preliminary of model checking. Such an approach, however, often yeilds
to memory consumption; which decreases the efficiency. This paper improves our abstraction technique not
to need full parallel composition, by incremental construction technique. The result of a small experiment is

also described.
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DuplicateState
Input &eom, B1 = (I, D1)
{dcom = (Lcomy lcom,Oy Tcm’rn Ico'm; Ccom7 Acom)}
leom,new = newLoc() {Generate a new locatidfj}
Leom := Leom U {lcom,new}
I( lcom,new ) := Invariant(D1)
{A set of inequalities representing; }
= I(lcom,new) N Ni<i<p(stati ==

I(lcom,new)

Idloc(lb,i)) R
{lp,; is thei-th element of}, }

0O 7 Duplication of States

DuplicateTransition
InDUtSfd/u B = (lé, D), Fl)) leom new
{57 = (h”"elﬁ a,g,r, lb)}
acom = newChannel() {generate a new channel
tco'm,ne’w = (Lprev,com7 QAcom Q), @, lco'm,new)
{generate a transition to the duplicated location
lcom,new}
Teom = ,—chom V] {tcom,nezﬂ}
tnew := (lprev, Gcom; g, 7, ) {duplicate the transitiony, }
T:=TU {tnew}
Synchronize(tcom,new, tnew)

foreachfsuce = (11, a, 9,7, l) € T such that; = 7, do
Sucec := Reach(, (Tb, Dy), z?succ)
{Reach returns the reachable state set frofn D; )}
if Succ # 0 then
acom = newChannel() {generate a new chaniel
{HEUJ = (lb, Acom, 9,7, l2) .
{duplicate the transitiofis.cc }
T :=TU{lnew}
if A location corresponding to the state $gicc is al-
ready generatethen

tecom,new = (lcom,newy Acom [Z), 0, lcom,succ)

{lcom,succ is the location corresponding Bucc}
else

tcom,new = (lcom,newy Acom '2)7 @a lcom,othe'r)
end if

Teom = Teom U {tcom,new}
Synchronize(teom new, tnew)
new ‘= 9 L_J, {Statcom # ]dloc(lcom,new)}
setGuard(tsuce, Gnew) B
{set the guard conditiogh, . INtO tswuce }
end if
end for

O 8 Duplication of Transitions
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RemoveTransition
Inputs?’, By = (I, D1), &, = (lprev, a,9,7, b), leom new
{f, : atransition tal, }
if lcom,prev 3£ lother then
foreach ty ; = (lprev,i» @i, gi, T4, bp,;) Such thatty ; is
an element of;, and also a transition of; do
gi = 9; U {Statcom # Idloc(lcom,new)}
end for
else
I( lcom,b ) = I( lcom,b A
/\tb,i is the element of Ty, tri # Idtr(tb!i)

end if

0O 9 Removal of Transitions
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Proc | clock time mem | loop time mem | loop
2 2 0.74s 2.82MB 5 2.06s 19.5MB 3
3 3 2.44s 2.82MB 13 15.1s 36.9MB 15
4 4 10.9s 21.6MB 25 36.6s 37.6MB 28
5 5 69.4s 48.1MB 41 102s 39.5MB 45
6 6 662s | 95.0MB 61 360s | 45.0MB 66
7 7 12571s 293MB 85 1329s 61.0MB 91
8 8 N/A N/A | N/A 4723s 129MB 120
O0D00000ooooO)odOverifytaOOOOOO
Ao stat, ==0&& p_s other

stat, ==0

Acom,1!

stateo, 1= 2 tregm =1
stat, ==1 &&
stat, ==1 q_t
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