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More than three decades ago, J.Y. Girard introduced the notion of proof nets for
unit free Multiplicative Linear Logic (for short, MLL)[4]. It is a parallel syntax for MLL
proofs, removing redundancy of sequent calculus proofs. In [4], he introduced MLL proof
structures, which are graphs whose nodes are labeled by MLL formulas and then defined
MLL proof nets as sequentializable MLL proof structures, where an MLL proof structure
is sequentializable if one can recover a sequent calculus proof from it by a decomposition
procedure. Moreover he introduced a topological property called the long trip condition
for MLL proof structures and showed that an MLL proof structure is an MLL proof
net if and only if it satisfies the long trip condition. Such a characterization is called a
correctness condition for MLL proof nets. Since then many other correctness conditions
have been given for MLL and its variants or extensions by many authors.

Complexity questions about correctness conditions arise naturally. The first linear
time correctness condition for MLL is given in [5], which is based on contractability
condition [1]. Other linear time correctness conditions are given in [8], which are based
on that of essential nets, which are an intuitionistic variant of MLL proof nets. Moreover
de Naurois and Mogbil introduce a correctness condition for MLL and their extensions
based on topological conditions of arbitrarily selected one DR-graph ([2]) and showed
that they are NL-complete [3].

In this talk we introduce a new linear time correctness condition for MLL. It is based
on that of [3]. Although de Naurois and Mogbil showed their correctness condition is
NL-complete, its linear time termination cannot be derived from their presentation in [3]
directly. In order to establish the linear time correctness condition, we define a rewriting
system over deNM-trees, where a deNM-tree is a labeled-tree, whose definition is inspired
by the correctness condition in [3]. The rewriting system has only three rewrite rules,
which is remarkably simple. In the rewriting system, an active node flows in a deNM-
tree, reducing nodes by the rewriting rules. However, the rewriting system may lead to
quadratic time termination in the worse case. In order to fix the situation, we introduce
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more sophisticated data structures and a rewriting strategy. Thanks to them, we can
achieve the linear time termination.

Compared with [5] and [8], our correctness condition is surprisingly simple and intu-
itively appealing. While the correctness condition in [5] has to use non-local jump rule
called the new rule, all three rewriting rules in our system are strictly local. In addition,
any of correctness conditions in [8] is rather complex, since they needs complicated queries
about directed paths or a synchronization mechanism. Our rewriting system consists of
just three rewrite rules.

Besides, we also gave an implementation [6] for our linear time correctness condition.
Compared with a naive quadratic implementation for the correctness condition in [3], our
new implementation is much faster, especially in bigger MLL proof structures. As far
as we know, there are no publicly available implementations for linear time correctness
conditions in [5] and [8].

A full version for this abstract can be found in [7].
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