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Une Présentation Uniforme de CHOCS et nt-calcul

Roberto M. Amadio 1
CRIN-CNRS, INRIA-Lorraine, Nancy

Abstract

We present a generic calculus of ‘mobile’ processes intended as language,
labelled transition system, and bisimulation. The distinctive feature of this
presentation is an explicit treatment of contexts. Calculi having processes (CHOCS)
or channels (m-calculus) as transmissible values are obtained as instances of the
generic calculus.

Our main technical contributions are:
* A needed weakening of the notion of bisimulation for CHOCS and a new
characterization of n-calculus bisimulation.
* A sufficient condition for checking the bisimilarity of CHOCS processes via a
standard translation into the n-calculus.
* A uniform notion of bisimulation for the n-calculus.

Résumé

Nous présentons un calcul générique des processus ‘mobiles’ entendu comme
langage, systéme de transition étiqueté et bisimulation. La caractéristique de cette
présentation est un traitement explicite des contextes. Les calculs ayants processus
(CHOCS) ou canaux (n-calcul) comme valeurs transmissibles sont obtenus comme
instances du calcul générique.

Nos contributions techniques principales sont:
* Un affaiblissement essentiel de la notion de bisimulation pour CHOCS et une
nouvelle caractérisation de la bisimulation du n-calcul.
* Une condition suffisante pour controler la bisimilarité des processus CHOCS via
une traduction standard dans le n-calcul.
* Une notion de bisimulation uniforme pour le n-calcul.

T Address: URA 262, CRIN-CNRS, B.P. 239, 54506, Vandocuvre-lés-Nancy, FRANCE. E-mail:
amadio@loria.loria.fr.



Introduction

Process calculi are formalisms that describe a collection of entities acting
concurrently, and allowed to interact from time to time according to certain
communication mechanisms. Describing the behaviour of a process means
defining its ability to perform certain interactions with the environment. Defining
the equivalence of two processes means to establish which are the legal
observations or experiments that an environment can perform on a process.

Process Calculi such as CCS have proved to be a useful tool in the specification
of parallel/concurrent programs. A large effort has been dedicated to:
* determine various notions of process equivalence, notably bisimulation and
testing.
* define complete theories to reason on process equivalence.
¢ provide tools for the mechanization of such theories.
* refine the notion of parallelism-as-interleaving to a setting in which it is possible
to observe the concurrent execution of several actions.

In spite of their relative success process calculi such as CCS are not free from
criticism:
* Their expressive power is limited. The simulation of a Turing machine already
asks for a remarkable degree of ingenuity. The representation of modern
programming features such as procedures, or abstraction clearly lies outside the
practical scope of the calculus.?
* The recursion free fragment of process calculi has a very limited dynamic. In
order to write interesting programs we are often forced to introduce an unbounded
recursion.
* There is no “correct” notion of logical variable and substitution.
* There is no deep understanding of the mechanisms of synchronization or
communication. The main problem that comes with this is that there is no “type
theory” for process calculi, that is there is no linguistic mechanism that ensures
certain remarkable properties of programs such as termination or absence of
deadlocks.

Recently introduced extensions of process calculi, such as the m-calculus
(Astesiano&Zucca[84), Engberg&Niclsen[86], Milneré&al.[89]) or CHOCS (Thomsen[89], but see
also Nielsen[88], Boudol[89]) seem to address at least the first two of our criticisms.
These calculi will be the object of our study here. They are based on the idea that
processes can communicate complex values such as channels and processes,
respectively. On one hand this possibility dramatically increases the expressivity of
the calculi, for instance reasonable codings of lambda calculi into such process
calculi have been proposed. On the other hand the formalization of these calculi
presents new technical problems.

2 In this respect let us point out that the reduction of CCS with value passing to CCS is misleading
as it is obtained by the same mechanism that allows to reduce, say, a finitary first order logic to an
infinitary propositional logic.
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In the first two sections we address the problem of giving a simple calculus in
which the discipline of static scoping is adequately represented. This presentation
differs from previous work in the literature in that contexts are explicitly taken
into account. This allows, in our opinion, to give a precise and elegant description
of the labelled transition system.

In section 3 we develop a general notion of strong (ground) bisimulation for
our calculus. We investigate some of its laws and we compare it with the notion of
strong (ground) bisimulation presented in the literature. It is shown that our
notion gives a well-motivated weakening of CHOCS bisimulation (Thomsen[89(a)])
whereas it provides a new characterization of n-calculus bisimulation
(Milner&al.[89]).

In section 4 we reconsider the relationship between CHOCS and the n-calculus
under the light of the newly introduced bisimulation for CHOCS. It is shown that a
standard translation from a variant of CHOCS into the n-calculus, say < >, satisfies
the following property:

<P>~<Q> = P~Q,
where P, Q are CHOCS processes, < > is the translation mentioned above, and ~ is
an appropriate notion of strong bisimulation. The bisimulation for the CHOCS
calculus is apparently harder to mechanize than m-calculus bisimulation. Our
result opens the way to a sound reduction of CHOCS bisimilarity to n-calculus
bisimilarity.3

In section 5 we take a closer look at n-calculus bisimulation. Towards a more
efficient mechanization we introduce a labelled transition system that explicitly
deals with variables. The derived notion of bisimulation enjoys a ‘uniformity
property’. Roughly this property says that given two equivalent processes P, Q and
a transition of P we can find a transition of Q that simulates the one of P,
uniformly, for all possible substitutions (and symmetrically). We show that
uniform strong bisimulation strictly contains strong bisimulation. The practical
fall-out is that in checking bisimulation rather than verifying all ‘ground’
substitutions we can perform ‘symbolic’ transitions and delay the actual instances
as much as possible. For this reason we expect that the notion of strong uniform
bisimulation leads to more efficient mechanizations than that of strong
bisimulation.

Contents: Introduction, 1. Terms Formation Rules, 2. Labelled Transition System,
3. Strong Bisimulation, 4. On the Reduction of CHOCS Bisimulation to n-calculus
Bisimulation, 5. Bisimulation for m-calculus Revisited. Conclusion. References.
Appendix.

3 Added in proof: when this work was finished it was pointed out to us that D. Sangiorgi of the
University of Edinburgh has obtained related results in his PhD thesis (which is unfortunately not
yet available).



1. Terms Formation Rules

1.1 Scoping Rules
We begin with a perspective on the formalization of the scoping rules from the
point of view of an “abstract” machine that executes terms of such process calculi.

* As usual the state of an abstract machine will include a set of pointers for
sequence control and data control.4 One may observe that every time we start to
execute two processes in parallel it is natural to split the data list into two branches
as the two processes may create local variables in a completely independent way. In
this case, as the computation proceeds, data are structured as a tree.

* Let us now consider a process calculus with the following operators:
- Parallel Composition of the processes P and Q: (P1Q).

- Output of a transmissible value t along the channel ¢ and then execution of P:
(c!t.P).

- Input of a transmissible value, say t, along the channel ¢ and then instantiation of
such t for the formal parameter x in P and execution of {t/x]P: (c?x. P).

- Creation of a ‘vew’ channel c local to P: ve.P (we will call this operator restriction).

e If the transmissible values do not contain channels that can be bound by the
operator “v” then the data can be really seen as a tree. Attached to the leaves of the
tree we may consider the collection of processes that are in parallel execution. The
part of the data visible to each of these processes is determined by the path from
the corresponding leaf to the root. Two parallel processes share a certain part of
data that is given by the intersection of the two corresponding paths from the
respective leaves to the root.

* If the transmissible values contain channels then we have to determine which
scoping rules are more appropriate. Following a longstanding tradition in
statically, strongly typed languages we will concentrate here on static scoping. In
first approximation this discipline ensures that: (i) the property of being a bound or
free variable is invariant under execution of the program, (ii) each bound variable
always refers to the same binder during the execution. In order to enforce this
discipline in our case, we have to guarantee that upon reception of the value t the
process ¢?x.P(x) becomes P(t) where the body P(_) refers to the same data as c¢?x.P(x)
but t refers to the data relative to the sending process. It appears that a natural way
to implement this discipline is to insert cross references in the data tree.

Example: We suppose that channels are transmissible values. On the left of “;” we
indicate a channel declaration that is visible to the process on the right of “;” and to
its siblings. The dotted lines connect the nodes of the data tree. Full lines labelled

4 The terms sequence control and data control should be intended as in Pratt[84]. What is called here
data list (or tree) is usually called environment. We prefer the former name to avoid confusion with
the notion of environment that arises in the literature on reactive systems where one speaks of “the
interaction of a process with its environment”.



with a channel name indicate exceptions that one has to consider in searching the
declaration of a channel.

¢; pd. (c!d. d?x. P(x)) | pe. (c?y. y'e. Q(y))
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Splitting of the data list and
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i B introduction of local channels d, e.
d; cld. d2x P(x) e; c?y. yle. Q(y)
]
! ' First communication and
: d ! export of the local channel d.
-d?
; dXI P(X) ; dle. Q(d)
!
:‘//e”/"‘: Second communication and
! s
: P(e) Q) export of the local channel e.

* It appears that a transmissible value has to be passed with some reference to its

data (i.e. a closure). In keeping our view of data as a tree we could represent the

data associated to a transmissible value t as a pointer to a node of the tree. Starting
from this node and proceeding towards the root we would find all channel
declarations relevant for t. The following diagram represents the same

computation as above in which variables are “implemented” as pointers to a

location. We denote with “I7" variables that belong to the data tree and with “&”
variables that are bounded by the operators v and ?. A full line connects a variable
occurrence to the corresponding box. The data-tree boxes are arranged along a tree
structure whose edges are represented as dotted lines. In the diagram we do not
represent all the variables that may be free in P and Q.

O: Ch

[Déh O: Ch
Mo by 1 poX2s 1l f
: s il pg A .!\.Q(

- [D:Ch\[:]:(;h\(‘
(2 .P())\! .
P o0 [ QO

* This example suggests that there could be a representation of variables as paths
in the data tree. Whereas this seems closer to an implementation it would turn the
corresponding formalism into something unreadable (we expect something more
complex than DeBrujin indices). Another interesting question is which kind of
“architecture” could support this kind of communications.
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1.2 A Formal Calculus

In this section we introduce the terms of a “generic” process calculus. In such
calculus a data tree will be represented as a “context”, namely a list of variables
(hence we delay the study of calculi closer to the implementation to further
investigation). Terms come along with their context and their “kind”. This makes
syntax more verbose w.r.t. usual presentations of process calculi found in the
literature, but it has the advantage of clarifying the structure of the calculus.

Kinds: The expressions of the language are classified in three kinds (K): processes
(Pr), channels (Ch), and transmissible values (Tv). Processes have internal activity
and exchange transmissible values along channels.

K:=Pr | Chl Tv

Language: Channels are names, here represented as variables. Processes may have
a complex structure. Transmissible values can be of various kinds, namely values,
channels, or processes. Various process calculi will arise by a crisper specification of
the nature of transmissible values.

Variables vi=x Lyl ..

Channels cu=v

Processes Pi=olvI@+P) | @RIP)I@P) | (veP) | (c!'tP) | (c?v.P)
Transm. Values tu=vlc|P

Generic Exp. expu=c | P |t

Context: A context I' is a possibly empty sequence of pairs variable-kind, where all
variables are distinct. We explicitly represent a context as: vq: Ky, ..., vi: K (n20).

Kind Judgments: A kind judgment has the shape: I' 5 exp: K, to be read as exp has
kind K in the context I'. A judgment is provable, and we write FI" S exp: K, if it can
be derived in the following formal system, where “=" separates the hypotheses
from the conclusion.

[asmp] v:Kel' = I'owv:K

(o] = I'oe:Pr

[+] [DP:Pr, ToQ:Pr = I'o(P+Q): Pr

n F'oP:Pr, TDQ:Pr = I'oPIQ):Pr

[8] F>P:Pr = I'o>@P):Pr

vl ILc:ChoP:Pr = I'>(ve.P): Pr

il F'ocCh, I'ot: Tv, T'oP:Pr = I'o(c!t. P): Pr
(7] F'ocaCh, ILviTvo P:Pr = I'oc(c?v. P): Pr



Proviso (on a-redenomination and substitution)

In expressions such as (vc.P) and (d?v.P) the variables ¢ and v, respectively, are
bound in P. In the following we identify two terms that differ only by their bound
variables. Also we denote with [exp/v]exp' the substitution of exp for v in exp".
This operation has to be carried on using the usual rules of redenomination to
avoid that free variables in exp are captured by binders in exp'".

Next we show how we can derive (at the meta-level) rules of context exchange,
weakening, remove of variables, as well as a substitution rule. The proof is a
routine induction on the length of the derivations and therefore it is delayed to
the appendix.

Conventions: Whenever we write a context I’ we assume that it is well formed.
We write I'\I = & if the contexts ' and I share no common variables. If ["is a
context we denote with o(I') a context resulting from the permutation ¢ of the pairs
inT.

1.2.1 Proposition
(1) Exchange. If FI" > exp: K then Fo(I') o exp: K.
(2) Weakening. If FT D exp: K and I'nI" =@ then FI,I"'> exp: K.
(3) Removing Variables. If FI',v:K > exp: K and veexp then HI > exp: K.
(4) Substitution. If FI,I",v:K1 D exp: K, FI,T'1 © exp1: Ky, I',I"',I"1 well-formed
then FI,I",I'1 © [exp1/v] exp: K.

2. Labelled Transition System

Type of Actions: Processes are described by their ability to perform actions. In first
approximation such actions can be of three types: (i) an internal action (1), (ii) an
input communication along a given channel (c?), (iii) an output communication
of a transmissible value along a given channel (c!t).

Static Scoping: Particular care has to be put in the transmission of non-elementary
transmissible values, such as channels or processes, which may depend on the
context. As discussed in the first section we wish to define the semantics according
to the rules of static scoping. In order to represent these rules one may think to
transmit a context along with the value t. However it turns out that the context
associated with t can be recovered by a suitable manipulation of the rules, this is
the reason why in the output action only t appears.



Actions: Hence we consider the following actions
az=1tlc?|cht

2.1 Labelled Transition System: We define a formal system to derive judgments of
the shape: FSPwal'>P

that should be read as “from the process P in the context I' we make an action o
and we generate a process P' in the context I'" ”. The application of the rules is in
general non-deterministic but it is guided by the structure of the process P. This
kind of systems are often called labelled transition systems (lts).

Conventions: We write cet if the channel ¢ occurs free in the transmissible value t.
We also write ceg a if ¢ is not free in the action «, i.e. a=d? = d#c and o=d!t = d=c

and cet. If I' = ¢;: Ch, ..., ¢t Ch (m20) then VIT = vey... vep,. No rules are associated to
a variable or to the terminated process @. We omit to write the rules symmetric to:
(+.1eft), (1.left), (l.com.!?).

M
I'o(t.P)sct TDOP
)
IF'o>(@v.P)»?Lv:TvDP
ISP —»alM'opP!
(+.1eft)
I>(P+Q) »aI'oP!
ISP —»a'oP
(f.left)

o@IQ) »al's(P' Q)

ISP IP o IN'oP
(8) 5
I' D3P m»aI'> P'I 6P

ILa:ChoPwal,a:Ch,I'oP ceo

v)
I'o(veP) »al ,I" > (ve.P)
Ia:ChoPwdit IaChIMoP cet, d=c
(v.open)
I' o (ve.P) »d't Ie: Ch,I™" > P
[DP —d!it I,T'DP I'oQ —»d? INv:TvoQ'
(I.com!?)

I@PIQ) »tIovl.(P'I [t/v]Q)

> We choose this formulation of the rule because it induces the nice propertics presented in section 3
as ‘d-laws’ while making clcar that the collection of transitions that can be performed by any given
process are finite and computable.
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Notes

(1) The assumptions on the structure of the contexts in the rules (v.open) and
(I.com.!?) may appear unduly restrictive. For example in (|.com!?) one may think
to write: IT'o>Q —d? I',v:Tv,I">Q'. However it would then become a meta-theorem
that I'= &. For the sake of simplicity we have directly introduced here the
“optimized” system.

(2) The crucial rules are (v.open) and (l.com!?). The rule (v.open) removes the
restriction “vc” from the process vc.P whenever such process sends a transmissible
value t containing c. This is because external agents by manipulating t may then
be able to access c. The manipulation of the contexts in order to achieve the
phenomena of exporting a local channel (also called scope extrusion) is then
performed by the rule (l.com!?). In this case I'" contains exactly the channel
variables local to P on which the transmitted value t depends. By the rule (v.open)
these channel variables have been “opened” in P’, we therefore just have to
“close” them again while including [t/v]Q' in their scope.

The following proposition relates actions and contexts, and it states that well typed
processes are closed under reduction in the Its presented above. The proof is a

routine induction on the structure of a derivation in the Its, and is therefore
delayed to the appendix.

2.2 Proposition
(DIfFT DPw—al>P thenT ¢ I', and moreover
if o=t then '=T".
if a=d? then I''x:Tv=1I" for some Xx.
if a=d!t then I, cq: Ch, .., ¢yt Ch =T, for some m20, ¢y, .
@QIFT>P:Pr and FTD>Pw—sal,I" 5P then
(@Q)FT,I" o>P:Pr, and
(b)if a=d!tthen+TL'> t: Tv.

wr Cppye

3. Strong Bisimulation

In this section we first develop a notion of strong ground bisimulation (sgb) for
our generic calculus and we compare it with the analogous notions of sgb already
proposed for CHOCS and n-calculus. The adjective ‘ground’ here refers to the fact
that all assumptions in the context are considered as constants.

Next we introduce a notation to represent assumptions on variables and we
state that two processes are strongly bisimilar if they are strongly ground bisimilar
for all possible ground instances of the assumptions on variables.























































































