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Natural Language Grammatical Inference
with Recurrent Neural Networks
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Absiract—This paper examines the inductive inference of a complex grammar with neural networks—specifically, the task considered
is that of training a networlk to classify natural language sentences as grammatical or ungrammitical, thereby exhibiting the same kind
" of discriminatory power provided by the Principles and Parameters linguistic framework, or Government-and-Binding theary, Neura!
networks ara trained, without the division into leamned vs. innate components assurmed by Chomsky, in an attempt to produce the same
judgments as native speakers on sharply grammaficatiungrammatical data. How a recurrent neural network could possess linguistic
capability and the properties of various commaon recurrent naural network architectures are discussed. The problem exhibits training
behavior which is often not present with smaller grarnmars and training was initially difficult. Howaver, after implementing several
techniques aimed at improving the convergence of the gradient descent backpropagation-through-time iraining algorithm, significant
learning was pessibie. It was found that certain archiectures are better able to leam an appropriate grammar, The operation of the
networks and their training 1s analyzed. Finally, the extraction of rulas in the form of deterministic finile state automata is investigaled.

Index Terms—Recurrent neural networks, natural language processing, grammatical inference, government-and-binding theory,
gradient dascent, simulated annealing, principles-and-parameters framewoik, automata extraction.

1 INTRODUCTION

HIS paper considers the task of classifying natural
language sentences as grammatical or ungrammatical.
We attempt to train neural networks, without the bifurca-
Hon into learned vs. innate components assumed by
Chomsky, te produce the same judgments as native
speakers on sharply grammatical/ungrammatical data.
Only recurrent neural networks are investigated for
computational reasons. Computationally, recusrent neural
networks are more powerful than feedforward networks
and some recurrent architectures have been shown to be at
least Turing equivaient {53}, {54]. We investigate the
properties of various popular recurrent neural network
architectures, in particular Elman, Narendra and Parthasar-
athy (N&P), and Williams and Zipser (W&Z) recurrent
networks, and also Frasconi-Gori-Seda (FGS) locally recur-
rent networks. We find that both Elman and W&Z recurrent
neural networks are able to learn an appropriate grammar
after implementing techniques for improving the conver-
gence of the gradient descent based backpropagation-
through-time training algorithim. We analyze the operation
of the networks and investigate a rule approximation of
what the recurrent network has leamed—specifically, the
extraction of rules in the form of deterministic finite state
automata.
Previous work [38] has compared neural networks with

other machine learning paradigms on this problem—this

work focuses on recurrent neural networks, investigates
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additional networks, analyzes the operation of the networks
and the fraining algorithm, and investigates rule extraction,

This paper is organized as follows: Section 2 provides the
motivation for the task alempted. Section 3 provides a brief
infroduction to formal grammars and grammatical mfer-
ence and describes the data. Section 4 lists the recurrent
neural network models investigated and provides details of
the data encoding for the networks. Section 5 presents the
resulés of investigation into various training heuristics and
investigation of training with simnulated annealing. Section &
presents the main resuits and simulation details and
investigates the operation of the networks. The extraction
of riles in the form of deterministic finife state automata is
investigated in Section 7 and Section 8 presents a discussion
of the results and conclusions.

2 MOTIVATION
2.1 Representational Power

Natural language has traditionally been handled using
symbaolic computation and recursive processes. The most
successful stochastic language models have been based on
finite-state descriptions such as n-grams or hidden Markov
models. However, finite-state models cannot represent
hierarchical structures as found in natural language' [48].
in the past few years, several recurrent neural network
architectures have emerged which have been used for
grammatical infevence [9], [21], [19], {20}, {68]. Recurrent
neural networks have been used for several smaller natural
language problems, e.g., papers using the Elman network
for natural language tasks include: {1}, [12}, {24], [58], [59]. -3
Neural network modejs have been shown to be able o 3

1. The inside-vutside reestimation algorithoe 5 an extension of hidden
Markov models intended (o be weful for learning hivrarchicat systems. The
algorithm is currently only practical for refatively small grammars [481
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