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Symbolic Verification of Bisimulation Equivalence
for Timed Automata with Data Values

AKIO NAKATA," SATOSHI HATTORI, "t TERUO HIGASHINO?
and KENICHI TANIGUCHI*

In this paper, we propose a timed I/O automaton model and its verification method of
bisimulation equivalence. In a timed I/O automaton model, a set of variables is assigned to
each state, and each transition can be executed if its transition condition is satisfied by the
current values of the variables. There are two kinds of transition, one is an I/O transition
and the other is a time transition. An input transition can substitute the input value into a
variable. A time transition may have a variable, to which the amount of the delay from the
execution time of the previous I/O action is assigned. All states are divided into either idle
states or active states. In an idle state, only a time transition can be executed, whereas in
an active state, some I/O transitions can be executed. The proposed verification method is
an extension of the method (Hennessy, et al., 1995). It derives the weakest condition for the

variables to make given two states of timed I/O automata bisimilar.
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Fig.1 Transitions in timed I/O automata.
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Fig.2 Semantic model for Fig.1 (the case of p = 1.5).
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Fig.3 Example of timed I/O automata.
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bisimp(s;, s;) def match(s;, sj,0)
match(si, s;, W) def Leturn /\aeAut,$e(!,?} {match_action(a$, s;,s;, W)}
match_action(a$, s;, s;, W) def if § =1 then /¥*0ooo */
let { K = {k:\s, —a!Ek[Pk]—> Sik}7 L = {l‘SJ' —a!El[Ql]—> Sjl}’
My,1 = match(s;, ,s5,, WU {(si,s;)})} in
return Apex {Pr = Vier {Qi A [Ex = Ei] A My,,1}}
ANiet{Qi = Viex {Pe A [Ex = B] A My, }}
else /¥ 0000 (early) */
let { K = {k|s; —a?zi[Pr]— s}, L = {lls; —a?z;[Qi]— sj,},
z =new(DVar(s;) UDVar(s;)),
My, = match(si, , s5,, W U {(ss,8;)}){z/zk, z/z1}} in
return Vz[A\pex {Pr{z/zx} = Vier {Qi{z/zi} A My,1}}]
Nz PNier{Qifz/m} = Vier {Pi{z/zr} A My }}]

00000000 VerOOOODODOODO VOOOD new(V)D VOOOOOOODODODODODDOODODOOOOOODODO

05 000000 bisimg()
Fig.5 Algorithm bisimg().

TOS and its Sympolic Verification of Bisimu-
lation Equivalence, Proc. Joint Int’l Conf. on
Formal Description Techniques for Distributed
Systems and Communication Protocols, and
Protocol Specification, Testing, and Verifica-
tion (FORTE/PSTV ’96), Gotzhein, R. and
Bredereke, J. (Eds.), pp.279-294, IFIP, Chap-
man & Hall (1996).

U g

Al 000000 bisime()

0000000 3)000oooooooooao
bisimp() 00000000000 O0O0O0DOOOO

bsimep() 00000 5000000000 500
00 match(ss,s;, W) O OO0 (s;,8;) 000 W
gooobobooooobooobobooooooo
oob0 trve0000O0O0O0OO0OOODOODOOODOO
a$ ($ € {,?}) 0O0O O match_action(a$, s;,s;, W)
goobooboboooobobooboobooboogoo
match_action(a$, s;,s;, W) O s; O s; D0OO00O0O
00 «$000000000 8000000000
goooooo0ooboobobbobbooboooo
0000000000 KOLoooooOOs;Os; 0
00000 «$ 0000000000000 DOO0OO0O
goooo

K = {k|s; —alEx[Pi]— si, }

L= {lls; —alEi[Qi]— s5,}
ooooooouoo (s,s;) DO0ODDUODOUOOOO
(si,,s;) 0000000000000000 Mg, O
gooobobooooooobooboobooobo

NicxiPe = Ve AQuA [Ex = El) A My }}

AN @i = Ve, APe A Bk = Bl A My }}
O match_action(a$, s;,s;, W) 000000000

obobooooooooo pob0b0O0O0ooocoooo
O000 keKOODOODODOD pO0O0O s

00 k000 o« 0O0O0D0D0O0O00O000 P

s; 000000000 «!l0O01leL0DOO

O00QOMUO0O0O00000 [Ey=F)0000O

ooooooooooo M,m:0 ;000 K

0O LO0000000000000O0
goooooooooo

K = {k|s; —a?xi[Px]— si, }

L ={lls; —a?z:[Qi]— s}
O000O00000000000000 (sqy,s;)0
gobooooooooboooono My, 000O0DO
gboooooooooboboboDbobobOOooObooo
0ddbOs;O0s; D0000000o00o0ooooon
00 000000 M, OOOOOOOO 2,00
0«0 z000000000000000000O
oo

Va[Npexc APetz/e} = Ve {Qi{z/i} A My }}]
N2\ AQu{z/1} = Ve s APe{ 2/} A Mii}}

O match_action(a$, s;,s;, W) 000000000
goo0o0ooO0oooono pobobobboobooo
0oododoo 00000000000 0O00a0O
000 keKDODOOODODODOO pO0O0O s
00 k000 «?0000000000000 2
0000 P{z/z,}[M00000 » 000000
s; 00000 1€ LO00000O P{z/z} M0
0000000000000 M, @M<«0 500
0 KO LOOODODOooooooooooooo
gooad
A2 031000 POODOOO
031000 PpPOO0D0O0OODOOOODOOODOOO



2496 goooooooo Sep. 2000

O000000000P=QUO POO QUOOOOO
ooooooooooooooooooP=QO P
ooo0oooooo0o0o oOooooooooooo
00 M;; 00000000 (s4,8;) 0000000
0000000000000 M;,0000 (s1,s7)
000o0o00oooo (s1,s7) 000000D0DOOO
ooo
P = bisimrp(s1,s7) = My7
M7 = Vultrue = [true A Mz g{u/d1,u/ds}]]
AVultrue = [true A M2 g{u/ds,u/d1}]]
= Masg
=[[g<plAfw=1Az=15]
Vip=0Aw =0
AN15<zAz=qgAz <2
Mag = Vuilp <up < q=
[w < ur < 2 A Msg{ui/z,u1/y}]]
AVui[l <up <1.5=
[w<ur <2 A Mso{ui/z,u1/y}]]
AVui|w <up < z=
1 <ur <1.5A Msg{ui/y,ur/z}]
Vlp < w1 < g A Mg ofur/y, ui/a}]]]
Vuilp <ui < g=
[w<ur <zAur+p=u] A
[ur <6 < 0<u; <5]A
[ur < 2] A fur = w]]]
AVui[l <up <1.5=
[w<ur <zAur =ui] A
[u1 <8 <= 0<uy <5 A
[ur < 2] A fur = ua]]]

AVui|w <up < z=
[M<ur <15A[u1 =ui]A
[ <8 < 0<uy <5]A
[ur < 2] A fur = ua]]
Vlp<ur <gAfur +p=ui] A
[u1 <6 <= 0<u <5]A
[ur < 2) A [ur = ui]]]]
--gooo
=[g<plAfw=1Az=1.5]
VIp=0Aw=0]A
[15<zAz=qgANz<2]
M3z g = Vusuz <z +p=
[uzg <y A My 10{uz/d2,u2/ds}]]
AVuzlug <y =
[uz <@ +pA My 10{uz/ds,uz/d2}]]
= [z +p=yA Mo
=[z+p=ylA[r<6 <= 0<y <5

Ay < 2] N[z =y]
Myio = [2<6=[0<y<5Az=yAM; ]
Viy>2Az =y A M 11]]]
ANo<y<5=
[mSﬁ/\x:y/\M{j]]
ANy>2=[z<6Az=yA M)
[x<6 <= 0<y<5HA
v <2]A[z=y]
My11 = false

M{ ; = true

Mso = Vuglus <z = [uz < y A Ms,10]]
AVuz[uz <y = [uz < x A Msg,10]]
= [z =y A Ms,10]
=S z=yA[z<8 <= 0<y <5
Ay < 2]
M0 = [z <8=[0<y<5A
z=yAM;]
Viy > 2Nz =yA Mii1]]]
A0<y<5=
[ <8Az=yAM] ]
ANy >2=[z<8Ax=yAMi 1]
w<8=[0<y<5A=y]
NOSy<5= [z <8 A=yl
Aly > 2 = false A [z = y]]
=2<8 < 0<y<5A
<Al =y
(00110 702000)
(00 12070 5000)

o0 ooodoooo
ob400000000C0O0DO
oooooooosoooooon
bl uoooooooocooooooon
. uboooooocomoooon
a goooooocoooooooon
goooooooooooocooocoooobooooo
gobooobooooooooobooooooboooboo
gooooooooon




Vol. 41 No. 9

oo O
ob400000000C0O0DO
ooboooodoo 1noooooon
gooooooooooooooon
oooooooooooooooon
goooooooobooobooooooo
goooooooooooooooooobobooooo
gooomoooobooboooooooooono
oooooooooboooooooooon

o0 ooooooon

obOs00000o0oooon
oobooooooosubooon
goooooooooooobooon
gooooo 2060000000
gobooooooooboooooo

b 4

gooobooooooooboooobooboboobn
0000000000000 oo0o0oooACMO

00O 0O IEEE Senior Member[d

gobooooooooooooooooooooooboo 2497

o0 0ooboooooboo

ob4000000000000
ooooooo 40000000
gooooooooooooooon
uooooooooooooooon
oobooooooooooooo
goooooooooooooooobooooooo
oooboboooooooocooboooooooooo
goooobOooboobOobooo0ob0ooooooon
ooooooo




