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Abstract

We propose a new kind of programming language,
with the following features:

e a simple graph rewriting semantics,

e a complete symmetry between constructors and
destructors,

¢ a type discipline for deterministic and deadlock-
free (microscopic) parallelism.

Interaction nets generalise Girard’s proof nets of
linear logic and illustrate the advantage of an inte-
grated logic approach, as opposed to the external one.
In other words, we did not try to design a logic de-
scribing the behaviour of some given computational
system, but a programming language for which the
type discipline is already (almost) a logic.

In fact, we shall scarcely refer to logic, because we
adopt a naive and pragmatic style. A typical applica-
tion we have in mind for this language is the design of
interactive softwares such as editors or window man-
agers.

1 Principles of Interaction

Throughout this text, net means undirected groph
with labelled vertices, also called agents. For each
label. also called symbol, a finite set of ports has been
fixed:
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Here, rewriting is just a convenient language to ex-
press a very concrete notion of inferaction, which we
shall make precise by requiring some properties of
rules. The first one is in fact imposed by our option
of nets (as opposed to trees or directed graphs):

1. (linearity)

Inside a rule, each variable occurs exactly twice,
once in the left member and once in the right
one.

Consequently, explicit duplication and erasing sym-
bols are required for algorithms such as unary mult:-

plication (figure 1).

To express our second constraint, we must first dis-
tinguish a principal port for each symbol:
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2. (binary interaction)

Agents interact through their principal port only,
which means that left members of rules are re-
stricted to the following form:

Indeed the rules for append satisfy our constraint:
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But for example, unary mazimum cannot be ex-
pressed as follows:
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An extra symbol is needed (figure 2). In other words,
we have to choose which argument is looked first {lo-

cal sequentiality), and algorithms such as parallel or
are excluded.
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A pair of agents which are connected by their prin-
cipal port is called alive, because some rule — maybe
several, maybe none — is supposed to reduce it.
Clearly, a third constraint is necessary to ensure de-
terministic computation:

3. (no ambiguity)

There is at most one rule for each pair of distinct
symbols S, T, and no rule for S, S.

The three conditions are enough to get the following
(easy) property:

Proposition 1 (strong confluence)
If N reduces in one step to P and @, with P # Q,
then P and Q reduce in one step to a common R.

N
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Indeed, by conditions 2 and 3, rules apply to disjoint
pairs of agents, and cannot interfere with each other.
Usual complications are avoided by condition 1. In
fact, interactions are purely local and can be per-
formed concurrently: proposition 1 expresses that the
relative order of concurrent reductions is completely
irrelevant.

So far, nothing ensures that all alive pairs of agents
are reducible, but it is a reasonable requirement, and
indeed, it will be the case of fyped nets. Consequently,
if the right member of a rule contains some alive pair,
we should be able to reduce it, and the following con-
dition is natural:

4. (optimisation)
Right members of rules contain no alive pair.

Even with this extra condition, termination is not

ensured. The simplest counterexample is the furnstile
(figure 3).

To illustrate the flexibility of nets for programming,
we exhibit two simple examples: concatenation of
difference-lists and polish parsing.

Concatenation of lists is performed in linear time
with respect to its first argument. Constant time con-
catenation is possible with difference-lists: the idea
consists in plugging the front of the second argument
at the end of the second one. This requires two steps
(figure 4) with an extra symbol, as in the case of
unary marimum.
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Figure 1: explicit duplication and erasing for unary multiplication
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Figure 2: extra symbol for unary maximum
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Figure 3: infinite computation with turnstile
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Figure 4: concatenation
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Qur second example is a parser for very simple
arithmetic expressions in polish notation:

€IPTESSION . -+ =IPresston erpression
!

The parser takes an infinite stream of symbols as in-
put, and returns a tree as well as a new stream (the
rest) as outputs (figure 5).

Finally, note that the expressive power of inter-
action nets is not limited; Turing machines or SK-
reduction. for example, can be easily simulated within
Interaction nets.

2 A Type Discipline

We are going to strengthen the conditions of section 1
so that for each alive pair of agents, some rule applies.
Introducing rules for all pairs of symbols is not con-
ceivable: how the devil would Cons interact with Nil,
ar Parse with Append? Moreover this would be incon-
sistent with condition 3. So we are led to limit valid
configurations by means of typing.

\We introduce constant fypes atom. list. nat. d.list,
stream. tree, .... For each symbol, ports must be
typed as input (77) or output (7+):

list+ list+ list+
Cons Append
atom- list- list- list-

A net 1s well typed if inputs are connected to outputs
of the same type. A rule is well typed if:

e svmbols in the left member match, which means
that their principal ports have opposite types,

e the right member is well typed {the types of vari-
ables being given by the left member).

So we have new conditions for typed interaction:

2. {typing)

Rules are well typed.

;. {completencss)

['here 1s a rule for each pair of matching symbols.

All examples in section 1 are easily typed. The choice
of an input/output denomination is purely conven-
tional: it does not matter if you call input what 1
call output, and conversely, but we must agree on
matching. In other words, the notions of construe-
tor (symbol with a positively typed principal port,
like Cons) and destructor (symbol with a negatively
typed principal port, like Append) are symmetrical in
our system.

So far, typing ensures local correctness of compu-
tations, but we shall see that a notion of global cor-
reciness is necessary to prevent deadlock.

Proposition 2 (stopping cases)
Let N be well typed, finite, nonempty, with free-

variables z,,...,x,. If N is irreducible then one of
the following conditions holds:

i) some z; is connected to a principal port, or to
another variable,

i) N contains a vicious circle:

Indeed, starting from any point, you can follow prin-
cipal ports until you reach a variable, or you loop!
Case (i) simply means that A is ready to interact
with its environment, but case (1) is pathological. In
fact, by condition 2, we have clearly:

Proposition 3 (deadlock)
A vicious circle stays forever.
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Figure 5: polish parsing




The trouble with vicious circles is that they can ap-
pear unexpectedly during a computation:

By the way, we should also consider the degenerated

O
—
3

We need some extra condition to prohibit creation
of such configurations. Forbidding cycles is unthink-
able. because our examples (figures 8, 4 and 11) would
collapse. but it is possible to distinguish between good
and bad cycles. For that purpose, we assume that a
rartition on auxiliary ports is given for each symbol:

A net is called simple if it can be obtained by using
mly the following operations:

e LINK (an edge):

e CUT (a single connection between two nets):

o GRAFT (connecting a new agent with nets, ac-
cording to its partition):
!

We also introduce a larger class of semi-simple nets
by allowing two extra operations:

e EMPTY (an empty net)

o MIX (juxtaposing two nets):

To get some intuition, consider the special case of
symbols with discrete partitions (all classes are sin-
gletons):

Proposition 4 (topological interpretation)

In the discrete case, a net is simple when 1t is a
connected graph without cycle, and it ts semi-simple
when it has no cycle.

In the general case, a straightforward induction gives:

Proposition 5 (static correctness)
A semi-simple net (and so, a simple one) contains
no vicious circle.

Of course, the converse is false: we are not just wor-
ried about actual deadlocks but about potential ones.

A rule is simple if, when variables have been
grouped according to partitions in the left members,
the right member becomes simple (figure 7). With a
suitable choice of partitions for symbols (figure 6) all
rules in this paper are actually simple!.

! As far as deadlock is concerned, semi-simple rules could be
allowed, but the author has no interesting example. In fact, it
is still not clear which concept, simplicity or semi-simplicity,
should be used
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Figure 7: simple rules
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The following result is essentially an adaptation of
the cut elimination theorem for multiplicative linear
logic (see appendix):

Proposition 6 (invariance)

Simple nets are closed under reduction by simple
rules.

So our last constraint is:
7. {simplicity)
Rules are simple.

With this condition, proposition 5 and 6 have the
following consequence:

Proposition 7 (dynamic correciness)
4 simple net will never deadlock.

3 A Programming Language

In this section. we describe a concrete syntazr for in-

teraction programming. A program contains three
parts:

e {ype declaration (a list of identifiers),

e symbol declaration (identifiers with typing and
partitions),

e interaction rules (the core of the program).

For each symbol, the type of its principal port is given
first:

symbol Cons: list¥;atom—, list™
Nil : list*
Append : list™; list™, list*
Non-discrete partitions are specified by means of
curiy brackets.
symbol Dupl: nat™: {natt, nat*}
Erase : nat™: {}

Notation for rules is a bit disconcerting, but very nat-
ural. Consider the following example:

w

We join variables between left and right members:

Putting principal ports up and auxiliary ones down,
we obtain two trees with links between leafs:

/A

t

Con3)
Append
X

So interaction is written as follows:
Cons [z,Append(v,t)] ){ Append [v,Cons(z,t)]

Note that the left and right sides of }{ have nothing to
do with the left and right members of the initial rule.
[t requires a bit of training to become acquainted with
this syntax (figures 8, 9, 10 and 11).

This language can be implemented efficiently on a
sequential machine. Basically, nets are encoded by
means of cells and pointers, and alive pairs are stored
in a stack. Because of the linearity, there is no need
for a garbage collector (as in [Lafont88a]).

Here we described only the kernel of our language,
but it should be interfaced with external devices such
as keyboards or displays: for example, the output of
a keyboard can be seen as an infinite stream of agents
with characters as symbols (as in figure 5). Further-
more some extensions such as polymorphic typing and
modularity are certainly needed to get a high level
programming language.
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type nat

symbol

0: natt

S : nat*; nat”

Add : nat™;nat™,nat*
Muit : nat™; nat™, nat*
Dupl : nat™; {nat™, nat*}
Erase : nat™; {}

Max : nat™; nat~, natt
Aux : nat™;nat™, natt

0
S [Add(y, )]

0
S [Mult(y’, Add(y"”, 2))]

0
S [Dupl(z’, 2")]

0
S [Erase]

0
S [z]

0
S [y}

~—
—

Add [y, ]
Add [y, 5(t)]

Muit [Erase, 0)
Muit [Dupi(y’, ¥"'), 2]

Dupl [0, 0]
Dupl [S(z'),S(z")]

Erase

Erase

Max [y, y]
Max [Aux(z, z), z]

Aux {z,S(x)]
Aux [Max(y, t), S(t)]

Figure 8: unary arithmetics
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type atom,list

symbol P :atomt
O : atomt
L : atom*
Cons : listt; atom™, list™
Nil : list™

Append : list™; list™, list™

Cons [z, Append(v,t)] )( Append [v,Cons(z,?)]
Nil }( Append [v,v]

Figure 9: lists

type list,d_list

symbol Diff : d_list*; {list™, list*}
D.append : d Jist™; dJist™, dist*

Open : dJist™; list™, listt

Diff [z,y] ){ D.append [Open(t,y), Diff(z,t)]
Diff [z,u] )( Open [y,z]

Figure 10: difference-lists

type stream,tree

symbol + :stream™;stream™
1: stream™; stream™
Plus : treet; tree, tree™
One : treet
Parse : stream™; {treet, stream™}

+ [Parse(v, Parse(w, y))] ){ Parse [Plus(v, w),y]
1[z] )( Parse [One, z]

Figure 11: parsing
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Conclusion

Our proposal can be compared with existing pro-
gramming paradigms. As in functional programming,
we have a strong type discipline and a deterministic
semantics based on a Church-Rosser property, but the
functional paradigm (like intuitionistic logic) assumes
an essential asymmetry between inputs and outputs,
which is incompatible with parallelism and unconve-
nient for writing interactive softwares.

Our rules are clearly reminiscent of clauses in logic

programming, especially in the use of variables (see

the example of difference-lists}, and our proposal
could be related to PARLOG or GHC. There are also
some similarities with data-flow languages and the
CCS-CSP family, but as far as we know, the con-
cepts of principal port (which is critical for determin-
ism) and semi-simplicity (which prevents deadlock)
has never been considered in such systems.

In the appendix, we explain how this work re-
lates to linear logic. Our first contribution was
much more in the lineage of functional program-
ming, with an emphasis on questions of lazyness
and memory allocation [Girafont,Lafont88a]. On the
other hand, [Lafont87) can be considered as an em-
bryo of interaction nets, although the right frame-
work was not discovered at that time. The first
idea of generalising multiplicative connectors of lin-
ear logic appears in [Girard88] (partitions are consid-
ered in [Regnos]) and led to the Geometry of interac-
tion [Girard89,Girard89a).

We are now working on a true implementation of
the language to develop real examples in a practical
programming environment.

Appendix: Linear Logic

Let us write + Ay,..., A, if there is a simple net
with free variables xy,...,z, of types A;,..., Ap. By
definition of simplicity, we have the following rules:

FT,A B, A

—— EXCHANGE
FI'NB,AA

FAT A% A
LINK

cuT

F A, A% FIA

The exchange rule expresses that the order of vari-
ables is irrelevant (simple nets are not necessarily
planar graphs). So far, those are rules of linear
logic [Girard87] (see also in [Giraflor] for a short in-
troduction) but here we have plenty of logical rules
corresponding to the symbol declaration part of our
programs, for example:

Fatom*™, [ +iistt, A

Cons Nil
Flistt,T,A b list?
Fhstt. T Flist™ A
Append
Flist™, T, A
F nat™,nat™, T FT
Dupl —m—— Erase
F nat~, T bk nat~, T

Basically, interaction consists in cut elimination:

Flhistt, T Flist™, A

Nil Append
- listt Flist™, T, A
cuT
FT,A
!
Flhistt, T Flist™, A
cuT
FT,A

The concrete syntax Nil }{ Append [v,v] is of course
more concise!

13

By adding polymorphic typing, we integrate “offi-
cial” rules of linear logic such as:

AT FBA

Times

FA® B, T, A
but not the following one:

AT +FB,T

With
A& B,T
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Indeed, our proposal generalises the so-called muli:-
plicative fragment of linear logic, for which the notion
proof net works very well, but with very limited dy-
namics {everything reduces in linear time). On the
contrary, our type system does not ensure termina-
tion, although it would be interesting to isolate ter-
minating subsystems.
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