Searching for the Mis sing Piece

W.N. Choi, Y .W. Wong, Tan Lee and P.C. Ching

Department of Electronic Engineering

The Chinese Universityof Hong Kong

{wnchoi , ywwong, tanlee, pcching }@ee.cuhk.edu.hk

ABSTRA CT

Tree - trellis forward - backward algorithmhas been widelyused for N - best search in continuous speech recognition. In conventional approaches, the heuristic score used for the A* backward search is derived fromthe partial - path scores recorded during the forward pass. T he inherently delay ed use of language model in the lexical tree structure lead s to inefficient pruning and t he partial - path scores recorded is an under - estimated heuristic score . T his paper presents a novel method of computing the heuristic score that is more accurate than the partial - path score. The goal is to recover high - score sentence hypotheses that mayhave been pruned halfwayduring the forward search due to the delayed use of LM . For the application of Hong Kongstockinfor mation inquiry, the proposed technique shows a noticeable performance improvement. In particular, a relative error - rate reduction of

12% has been achieved for top - 1 sentences.

1. Introduction

In the tree - trellis forward - backward search algorithm [1] [2] , the forward pass involves a time - synchronous Viterbi search. At each time frame whenever a word - ending state is encountered, the followingquantities are retained for word lattice generation:

(i) word i dentity ; (ii) start time and end time ofthe word ; and

(iii) the partial - path score ofthe word hypotheses. The partial - path score results from the joint contribution of the acoustic model and the language model , up to that particular state.

T he backward search starts at the last frame. It is an A* heuristic search based on the partial - path score at each lattice node generated during the forward search . For linear lexicon, this partia l - path score would be a perfect estima tion ofthe heuristic score . F or tree lexicon, since the lan guage model can onlyapplied at the word end. T he LM info rmation is not fully co ntributed to t he partial - path score , it is not accurate and will result in inefficient pruning.

The pruned path in the forward pass could be re - activated in the back ward pass as word hypotheses ending at the same time instant are connected to those starting at the next frame . This makes it possible for the backward search to recover the sente nce hypotheses that might have been pruned ha lfway during the forward search. Due to the delayuse ofLM, t he partial - path scores recorded at the word lattice nodes would result in an under - estimated heuristic score. Th us we propose to compute the heuristic score at each word - end node as the maximumscore that can be attained for that node at that time.

In the next section, we will first give an overview of our two - pass search algorithm . In Section 3, we will review the generation of word lattice based on the modified word - conditioned search [3] . The implementation details for constructing the word lattice based on a class - based language model will be discussed. Then we present the method o f computing the heuristic score during t he forward search.

Backward A* search is then employed based on this heuristic score to produce N - best list or the best sentence hypothesis. In

Section 4, the proposed method is evaluated in the application of Hong Ko ng stock information inquiry. T he attained error - rate reduction and the qualityof N - best list after using the proposed heuristic score are ana lyzed. Finallywe conclude in

Section 5.

2. Overview of the Search Framework

Input

Utterance

Figure 1 : Two - pass search framework

Figure 1 ill u strates an overview ofthe two - pass search framework [3] . In the forward pass, a word lattice is prod uced usinga modified word - conditioned search with a tree - structured lexicon, cross - word biphone acoustic models and class bigram language model. The wayof incorporating class bigram with the lexical tree is described as in [3] . The heuristic score computed in the forward search is stored at each word - end node. In the backward search, A*heuristic search is employed to produce N - best hypotheses byre - scoring with either class bigram or trigram . Since the ba ckward search is performed at the word level, the best sentence hypothesis can

Modified Word -

Conditioned

Search

    Class

Bigram

                                                          Tree - Structured

                                                                          Lexicon

Word

Lattice

 1 - best sentence

N - best list

Cross - word

Biphone

A* search

                                                                                            be extracted with a tight beam  in a fraction of computational

                                                                                            effort compared to the forward search.

                                                                                            Our work attempts to sear c h for the missing piece pruned

                                                                                            halfway in the forward search  by comput ing an exact heuristic

                                                                                            score .

3.  Modified Two Pass Search

                                                                                            3.1.  Word Lattice Generat ion by Modified Word -

                                                                                            Conditioned Search

                                                                                            The forward search  employs time - synchronous search with tree -

                                                                                            structured lexicon as described in [3] . With only minor

                                                                                            modification, the word - conditioned lexical tree se arch can be

                                                                                            used to produce the word lattice. For the class  bigram language

                                                                                            model , each active state hypothesis is identified by the

                                                                                            following DP  quantities: state index, model (HMM) index,

                                                                                            lexical - tree  node index and class history. There are two types of

                                                                                            recombination that may occur at every time frame.

                                                                                            z

                                                                                                   � State recombination

g

 Within the lexical tree, the state

                   hypotheses are recombined if they have the same DP

                   quantities;  and

z � Class bigram LM recombination

                                                                                                                z

ã

5vO5vO«

                                                                                                          ª

ª

�

¬

é
,

˘

�
,

o

~
�

Buy Action

¯ 5
 �

Sell Action

¹
,

Ë

,

ÿ

à

 �

Digit

+ ,

2

            ,