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where R em p, Rmargin, {ai};=l' and A are the empirical risk,
the generalization term related to the margin, the positive bal­
ance coefficients, and the CDHMM parameter set, respectively.

complexity is low, considering only correctly-classified (posi­
tive margin) utterances in the objective function will limit the
extent of the generalization [5],[6].

Although the objective functions are similar, the motivations
behind the SME and the SLME are different. The SME is
motivated from the generalization bound of the classifier in
statistical learning theory [7]. The SME minimizes the error
risk for the training data as well as maximizes a user-defined
soft margin; the VC dimension in the generalization bound is
reduced by increasing a margin of a classifier. The SLME is
based on the soft margin support vector machine (SVM).

The proposed MEMMI objective function follows the soft
margin concept by linearly combining two objective func­
tions that are different from those of the SME and SLME.
The MEMMI estimates CDHMM parameters by means of
maximizing the weighted sum of the MMI objective function
and the large margin objective function. The MMI objective
function with l-best approximation [4] is adopted for the
empirical risk minimization and the large margin function is
proposed as the sum of small positive margins and all negative
margins. Here the margin of each utterance is defined as the
log likelihood difference between the correct and the most
competitive transcription. The MEMMI objective function can
easily be optimized by the gradient ascent algorithm. Experi­
ments were performed to evaluate the MEMMI on connected
digit recognition using the TIDIGITS database.

The rest of the paper is organized as follows. Section
2 summarizes a soft margin based discriminative training
criteria including the SME and SLME. Section 3 describes the
proposed discriminative training objective function. Section 4
compares the MEMMI with the MCE, MMI, SME, and SLME.
Section 5 evaluates the performance of the MEMMI on the
TIDIGITS corpus. Finally, Section 6 concludes this paper.

II. DISCRIMINATIVE TRAINING WITH SOFT MARGIN

Both the SME and SLME, each of which are motivated
from a statistical learning theory of a generalization bound and
the objective function for soft margin SVM, share a common
objective function form given by

Abstract- A discriminative training algorithm to estimate
continuous-density hidden Markov model (CDHMM) for auto­
matic speech recognition is considered. The algorithm is based
on the criterion, called margin-enhanced maximum mutual
information (MEMMI), and it estimates the CDHMM parameters
by maximizing the weighted sum of the maximum mutual
information objective function and the large margin objective
function. The MEMMI is motivated by the criterion used in
such classifier as the soft margin support vector machine that
maximizes the weighted sum of the empirical risk function and
the margin-related generalization function. The algorithm is an
iterative procedure, and at each stage, it updates the parameters
by placing different weights on the utterances according to their
log likelihood margins: incorrectly-classified (negative margin)
utterances are emphasized more than correctly-classified utter­
ances. The MEMMI leads to a simple objective function that can
be optimized easily by a gradient ascent algorithm maintaining a
probabilistic model. Experimental results show that the recogni­
tion accuracy of the MEMMI is better than other discriminative
training criteria, such as the approximated maximum mutual
information (AMMI), the maximum classification error (MCE),
and the soft large margin estimation (SLME) on the TIDIGITS
database.

I. INTRODUCTION

In specific automatic speech recognition (ASR) tasks, dis­
criminative training criteria have been shown to perform better
than the maximum likelihood (ML) criterion in the context
of the recognition rate. However, conventional discriminative
training criteria such as maximum mutual information (MMI)
[1], minimum classification error (MCE) [2], and minimum
phone error (MPE) [3] are concerned only in reducing the
training error rate and do not considered the likelihood margin
which influenced the generalization (reducing the test error
rate) of the CDHMM parameters. For better generalization,
recent discriminative training criteria have taken account of
the (log) likelihood margin between the correct and the
competitive transcriptions. Jiang et al. defines a criterion to
maximize the minimum (positive) margin among correctly­
classified utterances [4].

The soft margin estimation (SME) [5] and the soft large
margin estimation (SLME) [6] considers mis-recognized utter­
ances as well as correctly-classified utterances by minimizing
the weighted sum of the empirical risk and a generalization
term which is often associated with the likelihood margin.
Most ASR tasks are non-separable problems, in which mis­
recognized utterances cannot be ignored and must be consid­
ered. And when the vocabulary size is large or the model

L(A) == al . R em p + a2 . Rmargin (1)
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