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Abstract: Visibly pushdown languages are a subclass of context-free languages that is closed under all the useful
operations, namely union, intersection, complementation, renaming, concatenation, and Kleene star. The existence
of a fully compositional process algebra based on such languages require that these languages be also closed under
slightly more esotheric operations, namely prefix, shuffle, and hiding. We prove here all these closure properties.
We also give the semantics of visibly pushdown automata in terms of labelled transition systems. In effect, we
prove the existence of a fully compositional process algebra based on visibly pushdown languages, and we also lay
the foundations of such an algebra.
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1 Introduction
The formal verification arena has been enhanced by
the recent introduction of the class of visibly push-
down languages (VPL) [2], a subclass of context-free
languages. VPL are particularly well suited for mod-
elling software analysis, and they are also tractable
and robust like the class of regular languages (and
therefore they have almost all the prerequisites to sup-
port a fully compositional process algebra).

VPL are accepted by visibly pushdown automata
(vPDA) whose stack behaviour is determined by the
input symbols. A vPDA operates on a word over an
alphabet that is partitioned into three disjoint sets of
call, return, and local symbols. Any input symbol can
change the control state but call and return symbols
can also change the stack content. While reading a
call symbol the automaton must push one symbol on
the stack, and while reading a return symbol it must
pop one symbol (unless the stack is empty).

VPL are closed under intersection, union, com-
plementation, renaming, concatenation and Kleene
star, just like regular languages. A number of decision
problems such as universality, language equivalence
and language inclusion, which are not decidable for
context-free languages, become EXPTIME-complete
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for VPL. VPL seem quite natural for verification of
pre/post conditions or for inter-procedural flow prop-
erties. In particular, requirements that can be verified
in this manner include all regular properties but also
non-regular properties such as partial correctness, to-
tal correctness, local properties, access control, and
stack limits.

From a conformance testing point of view, vPDA
have been mostly the subject of studies related to logic
based conformance testing (namely, model checking)
[1, 2]. vPDA and its natural subclass visibly BPA
(Basic Process Algebra) are also studied [6] (but to
a lesser extent) in terms of behavioural equivalence
such as bisimulation relations. There is to our knowl-
edge no work on process algebra to represent com-
plex, concurrent vPDA systems, even if the closure
properties of VPL support such an approach almost
completely. We note that a good compositional pro-
cess algebra is the main tool in the virtually unstudied
area of vPDA algebraic-based conformance testing.

One of the possible reason for the absence of a
vPDA-based process algebra is that the known closure
properties support such a development only partially.
Indeed, suppose that a fully compositional vPDA-
based process algebra (call it vPDAA for brevity) ex-
ist, and consider the operation of unrestricted inter-
leaving9 existent in all the finite-state process alge-
brae such as CCS [5] and CSP [4]. Such an operation
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is vital, as it models that part of the execution of con-
current processes that do not contain any communica-
tion or synchronization; obviously, at some point any
two concurrent processes will contain such an execu-
tion, so our hypothetical vPDAA must contain such
an interleaving operator. Consider now two processes
P1 andP2 specified using vPDAA, whose traces form
the languagesL1 andL2, respectively. It follows that
bothL1 andL2 are visibly pushdown languages, and
since the unrestricted interleaving is an operator of vP-
DAA (an algebra), the languageL of traces ofP1 9P2

must also be a visibly pushdown language. However,
L is the shuffle ofL1 and L2. Therefore, a neces-
sary condition for vPDAA to exist at all is that visibly
pushdown languages be closed under shuffle.

A less critical but nonetheless useful operator in a
process algebra is hiding. Such an operator is used to
hide the internals of a process and expose only its in-
terface to the environment. The same trace argument
requires that VPL be closed under hiding for this oper-
ator to exists. Finally, the interrupt operator found in
CSP allows for the arbitrary preemption of a process
by another. Trace arguments similar to the above then
require that VPL be closed under concatenation (al-
ready known) and also prefix (unknown) for interrupt
to be possible at all.

We eliminate in this paper this last stumbling
block toward a fully compositional vPDA-based pro-
cess algebra, establishing the closure under shuffle,
hiding, and prefix of visibly pushdown languages. In
the process, we also establish a semantics for vPDA
based on labelled transition systems, which is a build-
ing block in the development of the mentioned process
algebra. Our results effectively prove the existence of
a vPDA-based process algebra, and also support it by
providing a natural semantical mechanism.

2 Preliminaries
The shuffle of two languagesL1 andL2 over an alpha-
betΣ is defined asL1 9L2 = {w1v1w2v2 · · ·wmvm :
w1w2 · · ·wm ∈ L1, v1v2 · · · vm ∈ L2 for all wi, vi ∈
Σ∗}. Given a languageL over an alphabetΣ and a
set A ⊆ Σ, the result of hidingA in L is the set
L \ A that contains exactly all the strings fromL
but with all the occurrences of symbols inA erased.
The prefix of a languageL over Σ∗ is the language
pre(L) = {w : ∃u ∈ Σ∗ : wu ∈ L}. We use the sym-
bol ε to denote the empty word and only the empty
word.

A visibly pushdown automaton (vPDA for short) [2] is

a tupleM = (Φ,Φin, ˜Σ,Γ,Ω,ΦF ), whereΦ is a finite
set of states,Φin ⊆ Φ is a set of initial states,ΦF ⊆ Φ
is the set of final states,Γ is the (finite) stack alphabet
that contains a special bottom-of-stack symbol⊥, and
Ω is the transition relationΩ ⊆ (Φ×Γ∗)× ˜Σ× (Φ×
Γ∗). In addition,˜Σ = {Σl ∪ Σc ∪ Σr} is a finite set
of visibly pushdown input symbols whereΣl is the set
of local symbols,Σc is the set of call symbols andΣr

is the set of return symbols.(Σl,Σc,Σr) is a partition
over ˜Σ (meaning that˜Σ = Σl ⊎ Σc ⊎ Σr).

Every tuple((P, γ), a, (Q, δ)) ∈ Ω (also writ-
ten (P, γ)

a
−→ (Q, δ) ∈ Ω) must have the following

form: if a ∈ Σl ∪ {ε} thenγ = δ = ε, else ifa ∈ Σc

thenγ = ε and δ = a′ (wherea′ is the stack sym-
bol pushed fora), else ifa ∈ Σr then if γ = ⊥ then
γ = δ (hence vPDA allows unmatched return sym-
bols) elseγ = a′ and δ = ε (wherea′ is the stack
symbol popped fora).

In other words, a local symbol is not allowed to
modify the stack, while a call always pushes one sym-
bol on the stack. Similarly, a return symbol always
pops one symbol off the stack, except when the stack
is already empty. Note in particular that empty tran-
sitions (that is, transitions that do not consume any
input) are allowed but are not permitted to modify the
stack [2].

Whenever we have a pair of symbolsc and
r such thatc ∈ Σc, r ∈ Σr, and (P, ε)

c
−→

(Q, a), (R, a)
r

−→ (S, ε) ∈ Ω, the two symbols are
calledmatched. A call (or return) that has no matched
return (or call) is calledunmatched. Note that some
call or return can be both matched and unmatched at
the same time in a given vPDA.

The notion of run, acceptance, and language ac-
cepted by a vPDA are defined as usual: A run of a
vPDA M on some stringw = a1a2 . . . ak is a se-
quence(q0, γ0)(q01, γ0) · · · (q0m0

, γ0)(q1, γ1)(q11,
γ1) · · · (q1m1

, γ1)(q2, γ2) · · · (qk, γk)(qk1, γk) · · ·
(qkmk

, γk) such thatγ0 = ⊥, q0 ∈ Φin, (qj−1i, ε)
ε

−→
(qji, ε) ∈ Ω for all 1 ≤ i ≤ k, 1 ≤ j ≤ mi, and
(qi−1mi−1

γ′

i−1
)

ai−→ (qi, γ
′

i) ∈ Ω for every1 ≤ i ≤ k
and for some prefixesγ′

i−1
andγ′

i of γi−1 andγi, re-
spectively. Wheneverqkmk

∈ ΦF the run is accept-
ing; M acceptsw iff there exists an accepting run of
M on w. The languageL(M) accepted byM con-
tains exactly all the stringsw accepted byM .

It is possible for a call or a return which is both
matched and unmatched in a vPDA to have only one
characteristic in a particular string accepted by the
vPDA (i.e., be either matched, or unmatched, but not
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both in that string). A stringw ∈ L(M) is well-
matched if it has no unmatched calls or returns.

A labelled transition system (LTS for short) [3] is a
triple (Θ,Σ,∆, I), whereΘ is a set of states ,Σ is a
finite set of actions (not containing the internal action
τ ), I ∈ Θ is the initial state, and∆ is the transition
relation such that∆ ⊆ Θ×(Σ∪{τ})×Θ. If ∆ is un-
ambiguous and understood from the context, then we
often use the following shorthands:P

a
−→ Q when-

ever(P, a,Q) ∈ ∆, P
a

−→ whenever there exists aQ
such thatP

a
−→ Q, andP 6

a
−→ wheneverP

a
−→ does

not hold.
A run of an LTSM is a sequenceq0τq01τ · · · τ

q0m0
a1q1τq11τ · · · τq1m1

a2q2 · · · akqkτqk1τ · · · τqkmk

such thatq0 = I, qj−1i
τ

−→ qji for all 1 ≤ i ≤ k,
1 ≤ j ≤ mi, andqi−1mi−1

ai−→ qi for all 1 ≤ i ≤ k.
The trace of this run is the sequencea1a2 · · · ak.
The run is maximal whenever there is nox such that
qkmk

x
−→. The trace of a maximal run is called a

complete trace. The language trace(M) [ctrace(M)]
contains exactly all the traces [complete traces] of all
the possible runs [maximal runs] ofM .

3 The Semantics of vPDA
We can define the semantics of vPDA in terms of la-
belled transition systems in a natural way, as follows:

Definition 3.1 Given any vPDAM = (Φ,Φin, ˜Σ,Γ,
Ω,ΦF ), the LTSJMK is defined as follows:JMK =
((Φ ∪ {H, I}) × Γ∗, ˜Σ ∪ {τ, x},∆), whereI,H /∈
Φ and x 6∈ ˜Σ ∪ {τ}. The transition relation of
JMK is ∆ ⊆ ((Φ ∪ {I}) × Γ∗) × (˜Σ ∪ {τ, x}) ×
((Φ ∪ {H}) × Γ∗) and is defined as follows:∆ =
{((q, γ), a, (q′, γ′)) : ((q, γ), a, (q′, γ′)) ∈ Ω} ∪
{((I,⊥), τ, (q,⊥)) : q ∈ Φin} ∪ {((q, γ), τ, (H, γ)) :
q ∈ ΦF} ∪ {((q, γ), x, (q, γ)) : q 6∈ ΦF ,∀a ∈
˜Σ ∪ {τ} : (q, γ) 6

a
−→}.

A state ofJMK is labelled with a state ofM as
well as the stack content associated with that state of
M in the given computation. We first include in∆
the transitions corresponding to the transition of the
vPDA being modelled. JMK should be capable of
starting from any stateΦin × {⊥}; to create a unique
initial state we introduce a brand new state(I,⊥) and
we add to∆ the set of transitions that gets us nonde-
terministically to one of the initial states of the vPDA
being modelled. Finally, we invent the final stateH
that has no outgoing transitions and is reachable from
any final state ofM via τ transitions. Non-final states

with no outgoing transitions gain a loop that performs
an action never encountered in the original vPDA.

The following result establishes the LTSJMK
thus constructed as the semantical model of the vPDA
M :

Theorem 3.1 For any vPDAM it holds thatL(M) =
ctrace(JMK).

Proof. Let M = (Φ,Φin, ˜Σ,Γ,Ω,ΦF ).
Consider somew = a1 . . . ak ∈ L(M) and let

(q0,⊥)(q01,⊥) · · · (q0m0
,⊥)(q1, γ1)(q11, γ1) · · ·

(q1m1
, γ1)(q2, γ2) · · · (qk, γk)(qk1, γk) · · · (qkmk

, γk)
be an accepting run ofM on w. Then the runρ′ =
(I,⊥)τ(q0,⊥)τ(q01,⊥)τ · · · τ(q0m0

,⊥)a1(q1, γ1)τ
(q11, γ1)τ · · · τ(q1m1

, γ1)a2(q2, γ2) · · · ak(qk, γk)τ
(qk1, γk)τ · · · τ(qkmk

, γk)τ(H, γk) exists inJMK by
definition (indeed,q0 is an initial state, hence the
τ transition from(I,⊥) to (q0,⊥); similarly, qkmk

is a final state, hence the transition from(qkmk
, γk)

to (H, γk)). Moreover, ρ′ is maximal (since no
state(H, γ) has outgoing transitions) and therefore
w ∈ ctrace(JMK). Thus,L(M) ⊆ ctrace(JMK).

Consider now somew = a1 . . . ak ∈ ctrace(M).
We then have a runρ′ = (I,⊥)τ(q0,⊥)τ(q01,⊥)τ
· · · τ(q0m0

,⊥)a1(q1, γ1)τ(q11, γ1)τ · · · τ(q1m1
, γ1)a2

(q2, γ2) · · · ak(qk, γk)τ(qk1, γk)τ · · · τ(qkmk
, γk)τ(H,

γk) such thatq0 ∈ Φin andqkmk
∈ ΦF . Indeed, the

state(I,⊥) has onlyτ transitions outgoing toward
states inΦin × {⊥}. In addition, exactly all the
maximal runs ofJMK end up in a state(H, γ) (every
final state has aτ transition that leads to such a state,
and no other state is the terminal state of a maximal
run—those non-final states with no outgoing transi-
tions in the original vPDA are given a loop inJMK
in order to avoid such), so we must end any maximal
run at (H, γ). The preceding state(qkmk

, γk) is
then (a) linked to (H, γ) by a τ transition (only
these are available), and(b) hasqkmk

∈ ΦF (only
such states are linked directly to(H, γ)). Then
(q0,⊥)(q01,⊥) · · · (q0m0

,⊥)(q1, γ1)(q11, γ1) · · ·
(q1m1

, γ1)(q2, γ2) · · · (qk, γk)(qk1, γk) · · · (qkmk
, γk)

is an accepting run ofM on w and thusw ∈ L(M).
Therefore ctrace(JMK) ⊆ L(M).

In all, L(M) = ctrace(JMK), as desired.

4 Closure Properties of VPL
It is already known that VPL are closed under union,
intersection, complementation, renaming, concatena-
tion, and Kleene star. In addition, we establish in this
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section the promised closure under prefix, hiding, and
shuffle.

We will use in what follows the given vPDA and
also their associated LTS constructed according to
Definition 3.1. We will then use the relation between
the two constructs (vPDA and LTS) as given in Theo-
rem 3.1.

Theorem 4.1 VPL are closed under prefix.

Proof. We note that vPDA accept by final state
only, like finite automata do. Consider then a VPL
L and the vPDAM = (Φ,Φin, ˜Σ,Γ,Ω,ΦF ) such
thatL = L(M). Acceptingpre(L) requires a vPDA
M ′ = (Φ′,Φ′

in, ˜Σ,Γ,Ω′,Φ′

F ) that is able to stop and
accept anywhere inside an accepting run ofM . Stop-
ping anywhere can be set up by just settingΦ′ = Φ
and Φ′

F = Φ; however, this works in the finite au-
tomata case but could result here in some otherwise
non-accepting runs to become accepting (since the
stack also plays a role in the possible runs even if it
does not participate in acceptance). The states partic-
ipating in such runs must be identified first (and then
excluded from the process of making all the states fi-
nal).

To do this, we first identify the setN of states of
JMK defined inductively as follows:

1. Any state(p, γ) such that(p, γ)
x

−→ in is N .

2. Any state(p, γ) such that the only transitions of
(p, γ) have the form(p, γ)

a
−→ (q, δ) for somea

and some(q, δ) ∈ N in is N .

The states inN cannot participate in a successful run
leading to a complete trace, so they cannot appear in
any accepting run ofM . We start modifyingM as
follows:

1. For every(p, γ) ∈ N such that there is no
(p, δ) 6∈ N , we eliminatep from Φ and we also
eliminate all the transitions inΩ involving p. In-
deed, such a vPDA state can never participate in
an accepting run.

2. For all the other(p, γ) ∈ N , the vPDA statep ap-
pears somewhere in an accepting run, so it cannot
be eliminated. We then check all the incoming
transitions(q, δ)

a
−→ (p, γ) with the associated

vPDA transitions(q, δ′)
a

−→ (p, γ′) ∈ Ω. We
then add toΩ the transition(q, δ′)

a
−→ (p′, γ′),

wherep′ is a new name, we change all the occur-
rences ofp in N to p′, and we modifyΩ to re-
flect such a change. Finally, we addp′ to the set
ΦN and also to the setΦ. The vPDA statep can
participate in a successful run on another path of
JMK; we then rename the state on the current, un-
successful path, while keeping the original name
on the other (potentially successful) paths. The
thus renamed state becomes once more unable to
participate in an accepting run so we identify it
accordingly.

The vPDAM thus modified clearly accepts the same
language. However, the automaton now has an iden-
tified set of statesΦN ⊆ Φ that are exactly all the
states that cannot appear in any accepting run. In-
deed, we have identified those states inJMK that can-
not be part of a maximal run, and we have renamed
their vPDA states so as to distinguish them from those
vPDA states that can also be part of a maximal run.

Nowwe can make all the states inM final to ob-
tain M ′ that acceptspre(L(M)): specifically, we set
Φ′ = Φ, Φ′

in = Φin, Ω′ = Ω, andΦ′

F = Φ \ ΦN .

Theorem 4.2 VPL are closed under hiding.

Proof. Consider a VPLL over ˜Σ and any setA =
Ac ⊎ Ar ⊎ Al ⊆ ˜Σ. Let M be a vPDA that acceptsL.
We show how the symbols inA can be hidden one by
one, so that in the end all the symbols fromA can be
hidden.

Hiding local symbols as well as hiding some call
(return) together with all its matching returns (calls)
can be accomplish by simply replacing inM the re-
spective transitions by empty transitions that do not
modify the stack (which yields a vPDA). Same goes
for hiding unmatched calls and unmatched returns.

Consider now that we hide a callc but we do not
hide its matching returnr. Then every trace con-
taining c and r in JMK will be transformed from
w1cw2rw3 (with w2 well-matched) intow1w2rw3.
The last call unmatched inw1 becomes however
matched withr, and the matching (inw3) of the other
unmatched calls inw1 “shift” one symbol to the right.
This shifting is handled by a suitably modifiedJMK,
in which transitions are added so that the new, shifted
matchings are allowed: Suppose the original path

w1cw2rw3 uses the transition(P, γ)
b

−→ (Q, dγ) to
handle a call fromw1 and(R, dδ)

m
−→ (S, δ) to match

b with a returnm from w3, and suppose that a tran-

sition (P ′, γ′)
b′

−→ (Q′, d′γ′) is used to handle the
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symbol fromw1 that is the first symbols to the left
of b in the original path that is either matched by a
return fromw3 or is unmatched; then, the transition

(P, γ)
b

−→ (Q, d′γ) is added. Furthermore, one previ-
ously matched returnr′ in w3 becomes unmatched, so

whenever the transition(P, a⊥)
r′

−→ (Q,⊥) is used
in the original path, we add to the original definition a

transition(P,⊥)
r′

−→ (Q,⊥). If we perform this pro-
cedure for every possible tracew1cw2rw3, then we
obtain an LTS from whichr has been eliminated (that
is, hidden). Since we have added only transitions of
the proper form, the resulting LTS clearly corresponds
to a vPDA.

We perform a similar procedure (“shift” match-
ings, this time to the left) whenever we hide a returnr
but not its matching callc; a callc′ previously matched
is now unmatched, but this situation does not need any
new transition added to the original LTS, it being han-
dled automatically (since vPDA accept by final state
only).

Note that this is not an algorithmic procedure
(e.g., we can have an infinite number of paths
w1cw2rw3), but does show closure under hiding
which serves our purpose.

Theorem 4.3 VPL are closed under shuffle.

Proof. Consider two vPDAM ′ = (Φ′,Φ′

in, ˜Σ,Γ′,

Ω′,Φ′

F ) and M ′′ = (Φ′′,Φ′′

in, ˜Σ,Γ′′,Ω′′,Φ′′

F ). We
will construct the vPDAM = (Φ,Φin, ˜Σ,Γ,Ω,ΦF )
that accepts the shuffle ofL(M ′) andL(M ′′). The
construction performs an alternative simulation ofM ′

andM ′′ and is constructed as follows:
We need to keep track of the states of bothM ′ and

M ′′ during any run ofM , so we putΦ = Φ′×Φ′′. M
starts any of its runs from the start of bothM ′ andM ′′,
so we putΦin = Φ′

in × Φ′′

in. Similarly, at the end of
the runM accepts the input iff bothM andM ′ accept
their corresponding inputs and thusΦF = Φ′

F × Φ′′

F .
The stack alphabet ofM isΓ = Γ′∪Γ′′. The transition
relationΩ is constructed as follows:

• We can shuffle any symbol with a local in an im-
mediate fashion. If one of the symbols is a local,
then it can arbitrarily appear earlier or later than
the other symbol in the shuffle. That is, for every

– pair of symbolsx′ andx′′ such that either
x′ ∈ Σl or x′′ ∈ Σl, and

– set of rules

(P ′, α′)
x′

−→ (Q′, β′) ∈ Ω′

(P ′′, α′′)
x′′

−→ (Q′′, β′′)) ∈ Ω′′

with suitable values forα′, β′, α′′ andβ′′,

we add the following sets of rules:

{((P ′,X), α′)
x′

−→ ((Q′,X), β′) : X ∈ {P ′′,

Q′′}} and{((X,P ′′), α′′)
x′′

−→ ((X,Q′′), β′′) :
X ∈ {P ′, Q′}}.

• Let us shuffle any two call–return pairs in the two
languages as if they were alone in the input. In
the process the original matchings will change;
indeed, if the original matchings arec′ andr′ in
M ′, andc′′ andr′′ in M ′′,“cross-matchings” will
be allowed inM betweenc′ andr′′ and between
c′′ andr′ (for otherwise a shuffle is not possible).
Formally, for every

– matching callc′ and returnr′ in M ′,

– matching callc′′ and returnr′′ in M ′′, and

– set of rules

((P ′,⊥)
c′

−→ (Q′, a)),

((R′, a)
r′

−→ (S′,⊥)) ∈ Ω′

((P ′′,⊥)
c′′

−→ (Q′′, b)),

((R′′, b)
r′′

−→ (S′′,⊥)) ∈ Ω′′

we add the following rules:{((P ′,X),⊥)
c′

−→
((Q′,X), a) : X ∈ {P ′′, Q′′}}, {((X,P ′′),⊥)
c′′

−→ ((X,Q′′), b) : X ∈ {P ′, Q′}}, {((R′,X),

α)
r′

−→ ((S′,X),⊥) : X ∈ {R′′, S′′}, α ∈

{a, b}}, and{((X,R′′), a)
r′′

−→ ((X,S′′),⊥) :
X ∈ {R′, S′}, α ∈ {a, b}}.

In effect, we allow the shuffling of the two pair
of symbols in any combination: WheneverM is
ready to acceptc′ it is also ready to acceptc′′. If
one of these two (e.g.,c′) was already accepted,
thenM is ready to accept the other symbol (e.g.,
c′′), as well as the matching return of the already
accepted input (e.g.,r′). Whenever both calls
have been accepted, either return is acceptable
first. That matching call–return pairs do not exist
in isolation but can be mingled with local sym-
bols is taken care of by the previous case.
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• We handle an unmatched callc as follows: Sup-
pose we had a matched return forc; if this were
the case, we would be covered by the previous
case. We do not have such a return, but we
can however invent one (call itr) in the original
vPDA (M ′ or M ′′) that contains the unmatched
call. We then proceed with the construction out-
lined in the previous case. Once this is done, we
hide {r} in the resulting language (accepted by
M ). The callc becomes once more unmatched.
Given Theorem 4.2,M continues to be a vPDA.

An unmatched return is handled similarly: we in-
vent a matching call for it in the original vPDA,
we use the previous case to create the vPDAM
and then we hide the just invented call.

• Nothing else is included inΩ, for indeed the
cases above cover all the possibilities that can ap-
pear in a shuffle.

The correctness of the construction follows quite eas-
ily from the considerations expressed in each case of
the construction (plus Theorem 4.2 since the construc-
tion uses hiding).

5 Conclusions
We have shown that VPL are closed under prefix,
shuffle, and hiding. Together with the already known
closure under union, intersection, complementation,
renaming, concatenation, and Kleene star, we showed
in effect that VPL have all the necessary closure prop-
erties in order for a VPL-based process algebra for
infinite-state systems to be possible. We proved in ef-
fect the existence of such an algebra.

We also offered in the process support for the de-
velopment of the algebra by establishing an LTS se-
mantics for vPDA. LTS are the underlying semantic
model for all the process algebrae, so this is one sig-
nificant step.

Continuing this step and actually developing a
VPL-based process algebra is one of our active re-
search interests. Finite-state algebrae have proven
useful for the specification and verification of hard-
ware, communication protocols, and drivers. More
complex application software cannot be readily mod-
elled using finite-state mechanisms, as they contain a
huge, impractical number of distinct finite states. We
therefore believe that an infinite-state process alge-
bra can dramatically open the domain of application
software to specification and verification using for-

mal methods (and more specifically algebraic meth-
ods such as model-based testing).

Some important particularities of prefix, hiding,
and shuffle are worth pointing out. Specifically, we
note that the result of such an operator can yield a
language that is completely different from the com-
ponents, especially in terms of matching calls and re-
turns. This might have considerable impact on system
specification (using the corresponding algebraic oper-
ators) and is thus worth keeping in mind (though such
a change in the language is likely to be justified in the
trace semantics of the systems involved).
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