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Abstract. We present a simple labelled transition system semantics of
Cardelli and Gordon’s Ambient calculus. We exploit a general and flex-
ible model based on (hyper)graphs, where graph transformation is ob-
tained via (hyper)edge replacement and local synchronization with mo-
bility. In addition to tree-like ambients, the calculus we define works just
as well with graph-like ambients, which are a more realistic model of
internetworks.

1 Introduction

Foundational research on global computing aims at describing, modeling and
analyzing the complex interactions taking place in internetwork applications
encompassing several physical networks, multiple administration domains and
a variety of possible users. Several models have been proposed to tackle the new
computational phenomena. They usually take the form of distributed process
calculi (e.g. Join calculus [7], Ambient calculus [2]), of specialized program logics
(e.g. Mobile Unity [13], Mobggy [0]), and of Linda-like coordination languages
(e.g. KLAIM [4], Lime [12]), to mention a few.

Most models mainly focus on the spatial structure of global computing. To
reflect the idea of administration domains, they exhibit explicit localities, which
help modeling distributed computations and the discovery of network resources
and services. These features distinguish the models of global computing from the
traditional models (and paradigms) for distributed programming (e.g. CORBA),
the motto being network awareness: localities are under programmer’s control.

However network awareness is only one relevant tile of the mosaic of global
computing. Another important aspect concerns the temporal structure of the ap-
plications. The run-time environment typically interleaves computational activ-
ities with structuring and managing activities. The temporal structure of appli-
cations takes care of describing application rearrangements and security checks.
A proper understanding of both spatial and temporal structures is clearly needed
to allow formal verification of applications.
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The Ambient calculus is one of the best studied models addressing the needs
of global computing, and it has acquired the role of touchstone for the most
recent proposals. However the interactive, abstract semantics of ambients is still
not fully explored. In fact, as it is the case of most foundational calculi for global
computing, reduction semantics for ambients has been found to be simpler than
the corresponding labeled transition system (LTS) semantics. However, reduc-
tion semantics has the main disadvantage with respect to LTS semantics that it
makes harder to define, and reason about, abstract compositional behavior.

A LTS operational semantics for ambients has been defined by Gordon and
Cardelli in an unpublished note [1]. It requires the introduction in the calculus
of co-actions, abstractions, concretions and outcomes. At the authors’ knowl-
edge, the bisimilarity abstract semantics based on this operational semantics
has not been compared with the reduction semantics and with the logics de-
veloped by Cardelli, Gordon and Caires, which is equipped with specialized
modalities to deal with the spatial and the temporal dimensions of global com-
puting. Sewell [14] introduces a technique to develop an LTS-based semantics
from a reduction semantics; however the resulting transition semantics exploits
arbitrary contexts and, moreover, it is not inductive on process operators.

In this paper we define a LTS semantics of ambients by exploiting a gen-
eral and flexible model based on (hyper)graphs, where graph transformation
is obtained via (hyper)edge replacement and local synchronization with mobil-
ity. While getting acquainted with the formal techniques necessary for handling
graphs (rather than trees or terms) may require some effort, the actual defini-
tion of the Ambient calculus is quite short and intuitive. Moreover, in addition
to tree-like ambients, the calculus we define works just as well with graph-like
ambients, which are a more realistic model of internetworks.

More generally, we propose our graph-based technique as a tool for mod-
eling internetworking systems. In fact, edges can be used to represent compo-
nents and nodes to model the network environment of components. Some edges
sharing a node means that the corresponding components may interact by ex-
ploiting network communication infrastructure. Structured versions of graphs
(typed graphs, term graphs, hierarchical graphs) can precisely model complex
internetwork configurations and access policies.

Graph synchronization adds to network awareness the ability of dealing with
the temporal dimension of computations. Graphs synchronization is purely local
and it is obtained by the combination of graph rewriting with constraint solving.
The intuitive idea is that local rewritings depends on the outcome of a (possi-
bly global) constraint satisfaction algorithm. Mobility allows to exchange nodes
during synchronizations, and thus constraint solving must include unification to
allow for node binding.

One may wonder if this approach is too abstract and general and it does not
capture the intrinsic limitations of internetworking applications. We feel that on
the one side the generality of the approach can be tamed and adapted to the
needs of the various layers of applications, more powerful primitives being made
available to upper layers, like B2B or CSCW. On the other side, some impor-
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tant network technologies actually require the solution of global constraints, like
modifying local router tables according to the routing update information sent
by the adjacent routers.

Graph rewriting based on edge replacement and synchronization was intro-
duced in [3,5] and related to distributed constraint satisfaction problems in [11].
The version with mobility, which employs a notation based on logical sequents
and inference rules, was introduced recently in [3] and extended in [9] to encode
m-calculus. Abstract semantics based on bisimilarity was discussed in [10]. To
model Ambient calculus, synchronized hyperedge replacement has been further
extended in this paper with fusions. Fusions allow to coalesce in the right mem-
ber of a production sets of interface nodes which are distinct in the left member.
This extension is necessary for representing the effect of the open capability,
which merges the localities inside and outside the open ambient.

In the paper we handle a limited version of ambients, without restriction
(of ambient names) and process communication, and with guarded recursion
rather than replication. We relate the operational semantics of ambients based
on synchronized edge replacement to the original reduction semantics. We show
that there is a bijective correspondence between ambient processes and certain
graphs called ambient graphs. We also show that ambient processes and their
corresponding graphs have corresponding reductions. Of course the graphs have
in addition transitions with observable labels, which can be exploited in the
abstract semantics, that however is not studied in the paper.

2 Hypergraphs and Graph Synchronization

We first review (as presented in [9]) the notion of hypergraph and its formaliza-
tion in terms of well formed syntactic judgements. Then we introduce the notion
of graph synchronization.

A edge, or simply an edge, is an atomic item with a label (from a ranked
alphabet LE = {LE, } ,=0,1,...) and with as many (ordered) tentacles as the rank
of its label. A set of nodes together with a set of such edges forms a hypergraph
(or simply a graph) if each edge is connected, by its tentacles, to its attachment
nodes. A graph is equipped with a set of external nodes identified by distinct
names. External nodes can be seen as the connecting points of a graph with its
environment.

Now, we present a definition of graphs as syntactic judgements, where nodes
correspond to names, external nodes to free names and edges to basic terms of
the form L(x1,...,zy), where z; are arbitrary names and L € LE.

Definition 1 (Graphs as Syntactic Judgements). Let N be a fized infinite
set of names and LE a ranked alphabet of labels. A syntactic judgement (or
simply a judgement) is of the form I' = G where,

1. I' C N is a set of names (the exzternal nodes of the graph).

2. G is a term generated by the grammar
G == L(=) | G|IG | (vy)G | nil where © is a vector of names, L is an
edge label with rank(L) = |z| and y is a name.
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Let fn(G) denote the set of all free names of G, i.e. all names in G not bound
by a v operator. We require that fn(G) C I

We use the notation I,z to denote the set obtained by adding x to I, as-
suming x ¢ I'. Similarly, we will write I, I'» to state that the resulting set of
names is the disjoint union of I'; and I5.

Definition 2 (Structural Congruence and Well-Formed Judgements).

— Structural Congruence = on syntactic judgements obeys axioms in Table 1.

— The well-formed judgements for constructing graphs over LE and N are
those generated by applying the rules in Table 1 up to axioms of structural
congruence.

Table 1. Well-formed judgments

Structural Axioms

(AG1) (G1|G2)|Gs = G1](G2|G3) (AG2) G1|G2 = G2|G:

(AG3) Gnil =G (AG4) vzvy.G =vyvze.G

—Gifrd fn ve.G = vy.G{y/z}
(AG5) va.G =G ifz ¢ fn(G) (AG6) if yd fn(G)
(AGT)

AGT Vl'.(Gl‘GQ) = (l/l’.Gl)|G2 ’Lf T ¢ fn(GQ)

Syntactic Rules LeLEn, yie{z}

RO o B9 o o F 2o
I'+Gy T'FGs Iz+HG
(B&S) —rr e B9 Froza

Axioms (AG1), (AG2) and (AG3) define the associativity, commutativity
and identity over nil for operation |, respectively. Axioms (AG4) and (AG5)
state that the nodes of a graph can be hidden only once and in any order, and
axioms (AG6) and (AG7) define alpha conversion of a graph with respect to its
bounded names and the interplay between hiding and the operator for parallel
composition, respectively.

Rule (RG1) creates a graph with no edges and n nodes and rule (RG2) creates
a graph with n nodes and one edge labelled by L and with m tentacles (note that
there can be repetitions among nodes in y, i.e. some tentacles can be attached
to the same node). Rule (RG3) allows to put together (using |) two graphs that
share the same set of external nodes. Finally, rule (RG/4) allows to hide a node
from the environment.

If necessary, thanks to axiom (AG/4), we will write vX, with X = (Ju;,
to abbreviate vxi.vzs...vx,. Note that using the axioms, for any judgement
we can always have an equivalent normal form I' - v X.G, with G a subterm
containing only composition of edges. It is clear from the above definitions that I
and X can be made disjoint sets of nodes using the axioms and that nodes(G) C
(ruXx.
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The correspondence theorem expressing that well-formed syntactic judge-
ments up to structural axioms are isomorphic to graphs up to isomorphism has
been proved in [9].

We now introduce the notion of synchronized edge replacement. Synchronized
edge replacement is obtained using graph rewriting combined with constraint
solving. More specifically, we use context-free productions enriched with actions
that are used to coordinate the simultaneous application of various productions.

The following definitions introduce synchronized edge replacement systems
where actions can declare and refer to names as nodes and where names are
bound via unification.

A context-free edge replacement production rewrites a single edge into an
arbitrary graph. A production p = (L — R) can be applied to a graph G
yielding H if there is an occurrence of an edge labeled by L in G. Graph H is
obtained from G by removing the previously matched edge and by embedding
a fresh copy of R in G by coalescing its external nodes with the corresponding
attachment nodes of the replaced edge. This notion of edge replacement yields
the basic steps in the derivation process of an edge replacement grammar.

To model synchronized rewriting, it is necessary to add some labels to the
nodes in productions. Assuming to have a ranked alphabet Act of actions, then
we associate actions to some of the attachment nodes of the left member of
the production. In this way, each rewrite of an edge must synchronize actions
with (a number of) its adjacent edges and then all the participants will have
to move as well (how many depends on the synchronization policy). It is clear
that coordinated rewriting will allow the propagation of synchronization all over
the graph where productions are applied. Determining which productions can
be synchronized at any given stage corresponds to solve a distributed constraint
satisfaction problem [11].

A synchronized edge replacement grammar, or simply a grammar, consists of
an initial graph and a set of productions. A derivation is obtained by starting
with the initial graph and by executing a sequence of transitions, each obtained
by synchronizing possibly several productions.

Now, for adding mobility to our model of computation we let a production
to declare on each of its connecting nodes new names for the nodes it creates
and to share these names and/or other existing names with the rest of the graph
using the synchronization process. This is done in a production by adding to the
action in a node a tuple of names that one wants to communicate. Therefore, the
synchronization of a rewriting rule has to match not only actions, but also has to
unify the tuples of names. After the productions are applied, the declared names
that were unified are used to obtain the final graph by merging the corresponding
nodes.

The expressive power of our model depends on the meaning of the names
unified in the synchronization process. If these names correspond only to nodes
newly generated in the productions, the expressive power is analogous to the
m-I-calculus, where only extruded names can be transmitted. Instead, if also
“old” nodes can be communicated, but not unified, we are analogous to the
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m-calculus. If all types of nodes can be unified, the corresponding process alge-
bra is the fusion calculus [15]. However we emphasize that in our model it is
possible (and easy) to define multiple synchronizations,while the existing calculi
are usually limited to binary synchronizations.

In this paper we handle for the first time the general case (with Milner
synchronization style). The m — I-like case was defined in [3,10] while the inter-
mediate case was presented in paper [9], which in fact includes the encoding of
the m-calculus.

Below we define the transitions of a grammar as certain logical sequents. We
exploit the previously introduced representation of graphs as syntactic judge-
ments. Notice that no distinction is made between nodes and names.

Definition 3 (Transitions (with fusion)). A transition has the form

IFG 25 6k o
where:

. AT = (Act X N¥)

7: =T andx € 7~ 1(2)

n(A) = {z | 3z.A(z) = (a,y), 2 € Set(y)}
A=n(A)-T

p=m(lHUA

G fo b

A transition says that G is rewritten into Go satisfying a set of requirements
A and a fusion substitution w. The free nodes of graph Gs must include the
free nodes of G; (after applying m) and those new nodes (A) that are used in
synchronization. Note that ¢ is determined by the I" and A of the same transition.

The set of requirements A C I' x Act x N'* is defined as a partial function in
its first argument, i.e. if (z,a,y) € A we write A(z) = (a,y) with rank(a) = |y|.
With A(z) T we mean that the function is not defined for x, i.e. that there is
no requirement in A with z as first argument. Function set(y) returns the set of
names in vector y. The definition of A as a function means that all edges in G
attached to node x that are participating in a synchronization must satisfy the
conditions of the corresponding synchronization algebra. The function is partial
since not all nodes need to be loci of synchronization.

Fusion substitution 7 determines a partition of I" where all nodes in an
equivalence class are mapped to a representative element of the class. We use
x +— y to denote the substitution mapping node x to y.

Definition 4 (Productions). A synchronized production, or simply a produc-
tion, is a special transition of the form,

ml,...,xnl—L(wl,...,xn)A—’7>T¢I—G

The context-free character of productions is here made clear by the fact
that the graph to be rewritten consists of a single edge with distinct nodes.
Productions combine the roles of prefix, sum and recursion in process calculi.
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Renaming can be applied to productions in several ways: i) free names
Z1,...,Z, can be changed throughout the sequent; ii) names declared in A =
n(A) — I' can be a-converted; and iii) the representative names chosen by 7 can
be consistently changed. Also identity productions of the form

0,id
xl,...,xnl—L(xl,...,acn)—Z>m1,...,xn|—L(x1,...,acn)

are always considered available.

Definition 5 (Grammars). Let N be a fized infinite set of names, LE a
ranked alphabet of labels and Act a ranked set of actions. A grammar consists of
an initial graph Iy F Gy and a set P of productions on LE and Act.

A derivation is a finite or infinite sequence of the form I' F G —— Ay gbl F Gy
domy AT b G, where T GAYT 60 - Gy and i1 F Gy 22T T

K3
FGi, i =2,...,n are transitions in the set T(P) of transitions generated by P.

Transitions T(P) are generated by P applying the inference rules defined below.

Definition 6 (Inference rules). Let (I' b Gy, P)be a grammar. The set T(P)
of transitions is obtained from the productions P using the inference rules in
Table 2 where the side conditions of the rules are:

ANo(I') =0 and Vz € Ao(z) =
o(z) =o(y) NA(z) | ANA(y) | Az #y =
(Vz & {x,y}.o(z) =c(x) = A(2) 1)
(o) oo (o) N Aar— (0,5) A Aly) =, )}
def p=mgu(yo(v)=c(w)|o(z)=0(y) N\ A(x)=(a,v) N A(y)=(a,w

v U{o(x) = oly)ln(z) = =(3)})

w= {0 el =s Rty ) L)
(o(A)(z), otherwise

0( )) =plo ( (x)))

= p(o(e)) —

(77((9;)T (A)(A):v #(U)O) m(x) #a
def or = (7, s
Vr =Y A= A= ()

Z—¢ o

Rule (par) simply combines together two disjoint judgements.

Rule (merge) is the rule for synchronization. The rule states that in a tran-
sition it is possible to merge two nodes x and y that offer complementary non-
silent actions (conditions on o). Here p is the most general unifier that fuse the
corresponding names of the actions and propagates the previous fusions (deter-
mined by 7). The label A’ takes into account all possible synchronizations and
leaves unchanged the actions offered on the other nodes up to the necessary
fusions (p and o). The new fusion substitution 7’ acts on o(I") by applying to
it the mgu p. Finally, the names in ¢ after the fusion which are not present in
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Table 2. Inference rules for graph synchronization

FFGi 256Gy I'FGL A5 ¢ FGY

(par) TRV where I'N I =0
LI’ Gi|Gy ——— ¢,¢' F G2|GY
A
I'-Gy > o¢oFG
(merge) 1 ¢ 2 where 1 holds

o't oGy A, &' Fvup(o(Ge))

NakGi 2o Gy

FrvaG 208 6k 2.6,

(res) where 12 holds

¢ = (I')U (n(A") — o(I")) are restricted; this corresponds to the close rule of
the m-calculus.

Rule (res) deals with node restriction. According to the first condition, the
restricted node must not be the representative element of its equivalence class
induced by 7w when this class contains nodes different from x. Furthermore, only
nodes can be restricted where either no action or only synchronization actions
take place. If this conditions hold, A’ is obtained by hiding the (possible) silent
action on x and restricting all the nodes that are not in ¢’. Notice that ¢’ is
defined as usual as ¢ = m(I") U A, with A =n(A") =T

3 Ambient Calculus

In this section we apply our graph synchronization framework to the Ambient
calculus [2] that is considered one of the most suitable calculi for representing
wide area network computations. First we give syntax and semantics of the
Ambient calculus and then its representation in terms of graphs is specified.

3.1 The Calculus

The syntax and the reduction semantics of Ambient calculus [2] is given below.
The calculus relies on the notion of ambient that can be thought of as a bounded
environment where processes interact. An ambient has a name, a collection of
local agents and a collection of subambients. Ambients can be moved as a whole
under the control of agents which are confined to ambients. Processes use ca-
pabilities for controlling interaction. We do not consider synchronization and
restriction, and replication is replaced by (guarded) recursion.

Definition 7 (Syntax). Let N be an infinite set of names ranged over by
a,b,ey..., nym,p,r...; let X,Y,Z,... be process variables.

M :=inn | outn | openn
P,Q:=0|n[P]| M.P|P|Q|reX.P|X
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We assume that X is guarded by M in rec X. P.
We denote with Proc the set of the Ambient calculus processes.

Capabilities M are the usual Ambient calculus capabilities: in n allows to drive
an ambient inside an ambient named n; dually, out n allows to exit an ambient n;
open n dissolves an ambient n.

A process is the void process 0, a process n|P] obtained by wrapping P in an
ambient n, a sequential process M.P, the parallel composition of two processes
P|Q, the recursive process rec X. P or a process variable X.

Definition 8 (Structural equivalence). The semantics of the Ambient cal-
culus relies on the structural equivalence defined by the following rules:

1. The parallel operator _|_ is associative, commutative and 0 is its identity;

. M.P=M.Q n[P] = n|Q]

3. rec X.P = recY. P{Y}X]}, ifY & fu(P);

4. rec X. P = P{recX.P/X}.
The usual algebraic properties of the parallel composition and the 0 process are
assumed (rule 1); rule 2 guarantees that structural equivalence is preserved by
capabilities and ambient processes; the process variable X is bound in rec X. P
and may be renamed (rule 3); finally, rule 4 is the analogous of the usual struc-
tural rule for replication (namely, |P = P | | P).

Definition 9 (Reduction Semantics). The reduction relation — C Proc x
Proc is the relation inductively generated by the axioms and rules in table 3 and
closed under the structural equivalence given in Definition 8:

Table 3. Ambient calculus reduction relation

m[n[out m.P | Q] | R] — n[P [ Q] | m[R]
nlinm.P | Q] | m[R] — m[n[P | Q] | R]
open n.P | n[Q] — P | Q

P—-Q P—Q
PIR—Q|R n[P] — n[Q)]

The first two axioms in Table 3 state that an ambient n can be driven by
a sequential process inside it to exit the wrapping ambient (out m.P) or to
enter a parallel ambient m (in m.P). The third axiom is relative to the open n
capability: an ambient may be dissolved by an external process. Note that all
the capabilities are “asynchronous”, in the sense that the only condition under
which they can be fired is the presence of a particular ambient.
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3.2 Graph Representation of Ambient Calculus

We now show how it is possible to translate the Ambient calculus in our graph
synchronization framework maintaining the semantics of processes.

Definition 10 (Translation).

[0]z =z tF nil
[n[P]]z =zt vy(G|n(y,z)), if yZxA[Ply=y+FG
[[M.P]]mszLM_P(w)
[[Pl‘PQ]]z:IFGl | GQ, if [[Pz }]x:JJ'_Gi,WheI‘eZ':].,Q

[recX.PJ,=[P[recX.P/X]].

Definition 10 introduces the mapping function [ P ], that returns a graph whose
only free node x corresponds to the root of the ambient process P.

In the above translation, sequential processes M.P are directly represented
by edges labelled by M.P. While this introduces an infinite number of labels, it
is easy to see that only a finite number of them (and of the corresponding activ-
ity rules defined below) is needed to derive all computations of any particular
ambient.

The graph associated to the 0 process is an isolated node. The graph of
n[P] with free node x is obtained by constructing the graph of P on node y,
attaching it to the graph n(y, «) and restricting y; note that the ambient name n
is interpreted as an edge from y to x labelled n. Ambient names IV and sequential
processes are the only edge labels.

The parallel composition P | P; is obtained by making the graph of P;
and P, to share their root node «; finally, recursive processes are unfolded first*.

The given translation is injective but not surjective. However, the graphs
[ P ]. in the image of the translation function can be characterized as follows.

Definition 11 (Ambient graphs). An ambient graph is a graph labeled on
LE = {Ly.p|M.P € Proc is sequential} U N which

1. is acyclic;
2. every node has at most one outgoing edge labelled in N ;
3. there is one root node with no outgoing edges.

Theorem 1. [ _], is a bijection on ambient graphs.

We now define the productions of our version of the Ambient calculus. There
are two kinds of productions: activity productions, relative to sequential pro-
cesses, and coordination productions that corresponds to ambients.

Definition 12 (Activity productions). The activity productions have the fol-
lowing form.

M {(=,M,())}
() ——1

Lyp——e =— G zkLup Pl
i

! Note that the [ _]. is well defined because recursion variables are guarded by capa-
bilities.
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Activity productions determine the actions that sequential processes are able
to perform. In our approach, sequential processes become edge labels: when an
action is performed, an edge labelled by M.P is rewritten as the graph corre-
sponding to P.

The complementary actions to synchronize the activity productions must be
offered by ambients; more precisely, ambients must signal their existence emit-
ting the complementary actions on their attaching nodes and, in this manner,
performing the correct synchronized steps.

Definition 13 (Coordination productions). Coordination productions are
as follows.

T ) . )
[ ] —i : H [ ] [ ]
(open) open a
2,y a(z,y) {(y,0pen a,()) }Hz—y] y F nil
)
[ ]
T Y T
o 4| : H [ e L]
, ina input a, z @ N
(inputl) .
z
1.7 y l_ b(xﬂ y) {(‘T’Zn a7<>)7(y’lnpu¢ a’<z>)} x? y? z l_ b(x7 Z)
T Yy x Yy
[ ] —% [ ] e ° —% o
(input2) input a, T
2yt ale.y) WD 4y a(e,y)
Y
[ )
T Y T
[ ] 4* : H [ ] e [ ]
out a output a, z @ NN
(outputl) .
z
z,y - b(l‘, y) {(z,out a,()),(y,output a,(z))} 1,2 - b(l‘, Z)
x Yy T Yy
[ ] [ ] ——1 [ ] —% [ ]
output a,y

(output2)

) {(z,output a,(y))}

z,y k- a(z,y z,y ta(x,y)
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For every production, we give both the sequent and its graphical representa-
tion. In the latter, left and right members of a production are drawn in the style
of Definition 10, but without restricted nodes. When (z, y1, (y)) € I', node z in
the right member is labeled by z, 4. Coordination productions define the comple-
mentary actions that ambients must perform in order to synchronize themselves
with sequential processes.

The (open) production states that if the ambient a has a parallel process that
wants to open it, then the edge corresponding to a disappears and x is fused
with y.

Production(inputl) asserts that is a process inside b wants to drive b in an
ambient a, then the destination of b will become the new node z. On the other
hand, production (input2) controls the entrance of an external process in a: this
production simply passes the source z of a to the entering process.

Analogously to the input productions, (outputl) and (output2) take care of
the output action. We remark that (outputl) acts quite similarly to (inputl).

Definition 14 (Basic transition). A transition I' + G 4z ¢+ G is basic if:

— m is the identity function on I';
— its proofs uses exactly one instance of either (open) or (inputl) or (outputl);
— A is either a singleton {(z,7())} or it is empty.

Theorem 2. For all ambient processes P,() € Proc:

— if P— Q then [ P, Aid [ Q] and either A =0 or A= {(z,7,())};

— ifﬂP]]ngzSI—G is a basic transition, then ¢+ G =[Q ] and P — Q.

Proof (sketch): The proof of the theorem is based on the fact that if a basic

. . A,id . o . . s
derivation [ P ], == exists, then it is possible to derive the same transition by

1. applying instances of the (par) rule to a suitable set of productions;

2. applying the (merge) rule in such a way that the graph relative to P without
restrictions is obtained;

3. restricting by means of rule (res) all the nodes that are not the root node
of P.

It is easy to note that all the reductions that do not take place at the top level
of P correspond to basic transitions of the graph whose A is empty, while the
transitions that involve subprocesses of P at the top level have A = {(x, 7, ())}.

3.3 Example

As an example we show the correspondence between an Ambient calculus re-
duction and the corresponding graph transition. Let us consider the ambient
reduction

blin a.P | Q] | a[0] — a[b[P | Q]

where P and Q are sequential processes.
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Following Definition 10 and Theorem 2, we should obtain

T

° (1)

1
o
{(z1,7, ()}
[ ] [ ] _—
AN

The picture on the left is the graphical representation of [ b[in a.P | Q] | a[0] ]+,,
while the rightmost picture is [ a[b[P | Q]] ]z, (we represent the restricted nodes
with e and the free nodes with o).

The steps described in the proof sketch of Theorem 2 guide us in applying
the productions (activity and coordination) and the inference rules of Table 2 in
order to construct a proof for transition (1).

First (step 1) we decompose the graph in its elementary edges and determine
the productions that correspond to the elementary components of the transition.

(z1,input a, (z1)), i
{(;;i,ma,o) ' }’d

1,1 b(y1, 1) x1,y1, 21 F by, 21) (2)

{(y2,in a,())},id
Y2 = Lip q.p(y2) R R y2 = Lp(y2) (3)

x2,2z b a(z, x2) Lz dnput o, (=) hig 22,2 b a(z,x2) (4)

0,id
ys F Lo(ys) — y3 F Lo(ys) (5)

Transitions (2) and (4) are instances of the coordination productions (inputl)
and (input2), respectively; transition (3) is the activity production relative to
in a.P and transition (5) is the identity transition that leaves Lq idle.

The graphical representation is:

I i)
input a, z1 © o input a,z

Z1 Z1 X2
o] o) )

m a °Y1 oz _ oY1 oz

in a© Y2 o Y3 Y2 o o Y3
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The previous graph represents the transition obtained by applying the (par) rule
to the productions (2), (3), (4) and (5). Let

G1=0b(y1,m1) | a(z,22) | Lip q.p(y2) | Lo(ys)
Go =b(y1,21) | a(z,z2) | Lp(y2) | Lo(ys)
= {ml,x2,y1,y2,y3,z}

then, in terms of sequents we have:

(z1,input a, (z1
(22, input a, (=)
(yh in a, ())

reg, Yot Iz F Gy (6)

DB
) Jid

The application of the merge rule (step 2) provides the fusion of the nodes
in order to obtain a graph of the same shape of the ambient process but without
restricted nodes. Referring to the rule (merge), let o the function that behaves
as the identity on all nodes different from x5, yo and y3 and

T9 — I
gy Y=
Ys— Y1

that determines A" = {(x1,7,()), (y1,7,())} and p : 21 — 2. The rule (merge)
may be applied to transition (6) obtaining the transition

{(ml,T, 0> }
(y1,7,())
r1,y1,2 F 0(Gr) ~—— 21,51,2 I p(0(G2))

that is graphically represented as

Ty
(o]
(ylx T,
oY1 oz
g g(’
oY1

We remark that the above transition requires a synchronization involving three
edges and two nodes: the edges relative to in a.P and b that synchronize on
node y1, and the edges relative to ambients b and a that synchronize on node ;.
This makes clear that the in capability of ambients requires to synchronize three
components (the out capability is analogous).

Finally, two applications of the (res) rule (step 3) are needed in order to
restrict nodes z and y;. This concludes the proof of the transition.
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4 Conclusion

In the paper we presented a simple LTS semantics of Cardelli and Gordon’s
Ambient calculus exploiting a graphical model based on edge replacement and
local synchronization with mobility. While the correspondence with the original
operational semantics of ambients is shown for a restricted class of graphs (the
ambient graphs), it is also conceivable to lift this limitation and to allow all
graphs on the same edge labels. Coordination productions should be exactly the
same, while activity productions should be allowed to rewrite an edge into any
such graph. The resulting calculus should allow programmable ambient mobility
on any graphical model of internetworks, providing a more realistic description
of real systems.

The work presented here is still at an initial stage. The labeled transition
system defined by the logical sequents in the paper automatically provides an
abstract semantics of ambients under the usual definition of bisimilarity. Since
all nodes in ambient graphs are restricted except for the root, interactions can
only be observed there. This should respect the intuition of abstract semantics
of ordinary ambients, where barb observation and ambient composition are via
the root. However we did not yet study the relation of our abstract semantics
with Cardelli and Gordon’s, and we do not know if it is a congruence, i.e. if it is
respected by our operations of composition and restriction of graphs. Finally, we
would like to experiment with network reconfiguration techniques more general
than ambients, but still realistic for actual internetworks, taking advantage of
our general approach.
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