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Abstract— In this paper, we propose a new
formulation of the classical Good-Turing esti-
mator for n-gram language models. The new
approach is based on defining a dynamic model
for language production. Instead of assuming a
fixed probability distribution of occurrence of
an n-gram on the whole text, we propose a max-
imum entropy approximation of a time varying
distribution. This approximation led us to a
new distribution, which in turn is used to cal-
culate expectations of the Good-Turing estima-
tor. This defines a new estimator that we call
Maximum Entropy Good-Turing estimator. In
contrast to the classical Good-Turing estima-
tor, the new formulation needs neither expec-
tations approximations nor windowing or other
smoothing techniques. It also contains the well
known discounting estimators as special cases.
Performance is evaluated both in terms of per-
plexity and word error rate in an N-best re-
scoring task. Also comparison to other classical
estimators is performed. In all cases our ap-
proach performs significantly better than clas-
sical estimators.

Keywords— Languaje Models, Maximum
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I. INTRODUCTION

It is a well known fact that state-of-the-art speech
recognition systems use n-gram models in their lan-
guage models. In order to estimate such models, it is
necessary to use probability estimators which assign
a probability to each n-gram. Because of the sparse
characteristic of language two problems often arise.
On the one hand the number of samples of a particular
event is often inadequate to obtain robust estimators of
such event. On the other hand, even when the amount
of available training data is huge, many events do not
occur at all, but this does not mean they have zero
probability of occurrence, it just means they did not
occur in the training set. As a consequence, the max-
imum likelihood estimator of the probability given by
the quotient r/N where r is the frequency of occur-
rence of an event (n-gram) and N is the total number
of events, will not be in general a good estimator of the

probability. On one hand it will assign null probability
to non zero occurrence events, and on the other hand it
can be shown (Lindsey and Denne, 2000) that it tends
to over-estimate events which have low frequency of
occurrence in a text. In order to deal with the prob-
lem of sparseness of data, many probabiliy estimators
have been proposed on the literature. Two of the most
popular are the Good-Turing estimator (Good, 1953;
Nadas, 1985) and discounting estimators (Katz, 1987;
Ney et al., 1995).

In this work we take a different approach. We as-
sume a dynamic language model for speech produc-
tion in the sense that the frequency of occurrence of an
event is not fixed on the text, but is a random variable.
Even when this view requires a careful mathematical
treatment, it is possible using maximum-entropy mod-
els to obtain an approximation which requires an esti-
mator which just depends on r. Starting with classical
Good-Turing estimator, we will re-formulate it in or-
der to meet our model requirements. As a result a new
estimator called maximum entropy Good-Turing esti-
mator will be obtained. This new estimator does not
need approximations or empirical formulations as in
the case of the classical Good-Turing estimator (Good,
1953; Gale, 2000).

In the next section we briefly describe classical
Good-Turing estimation and maximum-entropy mod-
els. In Section III we formally state our Good-Turing
maximum entropy model and we discuss some issues
of relevance. Experimental results are shown in Sec-
tion IV. Finally some concluding remarks are given in
Section V.

II. CLASSICAL GOOD-TURING
ESTIMATOR AND MAXIMUM

ENTROPY MODELS

A. Good-Turing estimator

Classical Good-Turing estimator (Good, 1953) can be
stated as a formal model (Good, 1953; Nadas, 1985) in
which the probability of an event σ (an n-gram) whose
frequency of occurrence r is given by P (σ) = qr, with

qr =
r∗

N
, (1)
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