A complete axiomatization of timed bisimulation for
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Then E ~ F iff for all vectors P = B, ..., Pn E{P/x} ~ F{P/x}.

PROPOSITION 4 -, THEOREM > 4 ) Timed bisimulation equivalence forms
a congruexce over BC.

In the re Ainder of this papex_we sha present a co ﬁete axio ltization of ~

over TC

3 Axiomatization and soundness

Inl | varigs eqationa , aws were proved to ho d fof ang Yi's ti E F
p ti #d bisj A ation eqy,iva gnce_and in- g a set of s,ch axio & was
shown to bejco é e ovef the ang age of recrsion free TC processes with
de ays fro Atheti & do fm of the pos llve reagy e sha | nd’w present an ax
io Mgization which wi ,,be proven co # gte for ~ over the who ¢ of TC e, ..
%c&te for reg, af process expressions with action g arded recrsion The de
tai ¢d proof of co lg gteness occpies Section, of this paper
Q i ang’s fxio tlzat1on for rec rsion free TC processes is given by the ax
‘syste F in Flgures and 7 O #zation for reg, ar TC process
expressions is given by the axio #syste E



4 Completeness

1

In this section_we sha (present the proof of co # gteness of the set ofjaws E over
TC The strctre of the proof of this res, { wi fo (pw clpse y the Mst bea tif]
arg,, #nts sed by Mi pefin 4. 4 to prove the co B gteness of the axio E
tizations for strong bisi A, ation and observationa ,congrence over reg,, ar CC
processes 7

The strctre of the co A gteness proof wi be as fo pws 1rstofa wesha
show that every TC expression E provab y satis 1es a certain kind of eqation set
This is what Mi per ca s the Equational Characterization Theorem Nexg_we
sha show that if E ~ F and E provab y satis 1es an eqation seg_whi ¢ F p}(l‘
ab y satis 1es another eqation sef_then both E and F provab y satisfy a co n
eqation setl Fina ,y_we show that whenever two TC expressions provab y sat‘
isfy the sa £ eqation set_then E proves that they are eqa

DEFINITION  An eqation set X = E is a finite non-empty sequence of declara-
tions X, = E, ..., Xy = Ep, where the x;s are pairwise distinct variables, and the
Eis are TC expressions.

Avector F = F...F, satiszes x = E iff Vi . F ~ Ei{F/x}.

For an equational theory 7', a vector F = .. .F, T-provab y satis 1es X = E
iffvi.7+FF= Ei{F/X}.

An expression E (7-provably) satisfies x = F iff we can find a vector E which
(T-provably) satisfiesx = F and E ~ E, (7 - E = E)).
We refgr to x4 as the leading variable of the equation set x = F.

For exa # g_the eq,ation set



and
GrE,
= FalE/w} <)
= Ay{F /X {(E/w) <)
= HAE/WHF{E/wW}/x} ~ Propn > Z)
= HAE/WHE/x} <)
= HdE/x} < W frH,)
and so
G E;
= F{E/w} <)
= Hi{F /X {E/w) <)
= Hi{E/W}{F {E/w} /x} — Propn - 4)
= Hi{E/w}{E /x) )
= Hi{H{E/x}/WHE /x} - abaye)
= Hi{H,/WHE/x} < Propn T’qb
= Gi{E/x) =)
Thys weﬁave fond a standard X = G which E g‘ provab y satis 1es a
Theore shows that every expression E in TC G provab y satizss a standard
eqation set = G The second stepping stone towards the pro #sed co B gte

ness theore Ais a res,§ showing that if E ~ F._where F G provab y satis 1es a
standard eq,ation set y = F_then thererererere t -



JU
Thyseachs,, ‘tnd of Gji{H/z} canbe absorbed into H;._and by, Sgh_ § )
£+ Hiy = Hiy + Giir{fi /z} ~4&)
e now show that the converse a o ho (s_na # y that H;;: can be absorbe} tho
G,,/ {H/z} Tothisend by 9) and,‘ )-itis s\ ficient to prove thateach s,,
of K{E/x} can be absgrbed in }0 ,,:{H/Z} Again_we disting,ish three cases

depending on the for Athe s, nd takes
For any i ® i’ and j € J;_either

o tj < u,_for every k € K;_or



= Hii + G {H/z} ~4)

=Ei+Gi{H/z} ~4)
= R{E/x} +Giu{H/2} -9
= Gy {H/z} -4)

Thys H £ provabjy satisies =G and E-E =E4 =Hg so E E‘ provab y sat
isIes Z = 33 Si ‘ar y-E Z‘ provab y satisies 7 =G 0
The 1na ,ingredient of the proof of co gcteness is a res, { showing that every
standard eqation set has a | niq e so ytion p to provab ¢ eq,a ity

THEOREM NIQ E SOL TION) If x = H is a standard equation set, then
there is a expression E which ‘E-provably satisfies it. Moreover, if another
TC



:Ze(t,) Wi P4 e(t+t) .. Py <t+u-t)=u)
i<
= Ze(tu) Mi-Pi+g(t).&(t) i Py < TA)
i<
=Y e(t).Wi.Pi+ i)-Hi-Pi VR
% i)-Mi-Fi Z i-Fi S‘
= Ze(tl) Hi-Pi+g(t). Z (ti).1i.Pi ~ TRNP)
i€
=P+egt).P <49
Thus F can show any c gsed instantiation of axio ! P) ; a

e that throgho t the above pfo have bee} ref|, ;not to assy, t that the
nolda Joperation —F‘ on the ti & do {&in is co ziative A thogh thisistr e
t of the exa ft f in one enco nters in the iteraturejt does

in of the contab ¢ ordina § (0Y ,‘ )

for
nothod for e g ,the t1

6 Concluding remarks q |

In this papex_we have preserfted a co A gte axio ttlzatlon of ti td bisi {atlon
eqqjiva gnce over open ter & with finite state recrsion in a genera jzatipn of th
reg, arsybea ¢, s of  ang'sti td cc Ourmfererie syste i rti £dbisi ?
Latign eqjiva gnce is obtained by co 1n1ng an i Mroved version oﬂ ang’s

gte axio Atization for nite treep - %4 with standard aws for recj rsive y
de med processes The proof of co f@ten ss of the proposed axio iarzation
wses an adaptation of Mi per’s ¢ assic arg,, znts presented in f‘,.".
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