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ABSTRACT

In this paper, we report a speech parsing scheme
with a new search method. The approach is
based on the Divide and Conquer(DC) strategy.
By dividing a given phonetic lattice, we construct
a PD-tree to represent all the possible parsing
paths generated from the lattice. Using the PD-
tree, we introduce a parsing procedure called DC
parsing, propose a new search method called DR
search. This approach gives us the optimal or
N-best sentence candidates, and generates only
a small hypothesis space, for a given phonetic
lattice. Effectiveness of the approach was proved
by the simulation experiments.

1 INTRODUCTION

For a given phonetic lattice obtained from an
acoustic processor, parsing and search are very
important problems in Speech Recognition(SR)
applications. Conventionally, network controlled
parser(1], CYK parser[2], Earley parser(3], Chart
parser(4], LR parser[5] etc., are the commonly
used parsers in SR applications. However, in
the large vocabulary SR applications, speech
parsers have to deal with a huge search space,
so, fast search becomes the key technique for a
real time speech recognition system. Recently
the commonly used search algorithms include
Beam search[6][7], Heuristic Best-first search[4],
A* search[8], etc..

In this paper, we introduce our speech parsing
system integrated with a new approach of pars-
ing and search method. The system is based on
the Divide and Conquer Strategy[9] by which the
problem to be solved is divided and resolved in
smaller size.

By dividing a given phonetic lattice, we first
construct a PD-tree. The PD-tree is indeed a
data structure for storing the partial paths, we
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parse through this PD-tree, exclude all the paths
that can not be accepted as phrase candidates
by the linguistic processor. We call this pars-
ing procedure Divide and Conquer (DC) parsing.
The DC parsing can be considered another form
of CYK parsing, but DC parsing is performed
in a top-down manner, and based on this man-
ner, we integrated a new effective search scheme
called Downward Request (DR) search. It gives
us the optimal or N-best solutions and generates
only a small hypothesis space. Last, we imple-
mented a simulation experiments to evaluate our
approach, and we had a remarkable result.

2 THE DC PARSING

2.1 P-node, D-node and PD-tree

Suppose we are given a phonetic lattice Pyy.
Here, we use pg, p1, ...pn to represent the bound-
ary points among phonetic segments of the lat-
tice, where pg and py is the starting and ending
point of the lattice, respectively.

Now, by dividing Py at boundary p;, we ob-
tain two sub-lattices, Py; and P;y. Further, we
can divide a sub lattices into smaller ones re-
cursively, and the division continues until a sub
lattice is a single segment. In this way, we obtain
a sequence of sub-lattices. For the convenience
of description, let us use the term “D-node” and
“P-node” to represent these divisions and sub
lattices. We define each division as a D-node,
and each sub-lattice as a P-node.

For example, when we divide a lattice P;j at
Pm, Where ¢ < m < j, we obtain two sub lattices
P;, and Ppj;. Then, we represent this division
by a D-node and denote this D-node by Dijn.
Similarly, we call the lattices P;;, Pi, and Py,
as P-nodes, and we denote P-nodes in the same
way as phonetic lattices.
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A P-node F;; may contain several D-nodes,
D;jm, wherei < m < j. And a D-node D;j,, con-
tains two P-nodes, P;, and Pn;. Thus, a pho-
netic lattice can be represented by a tree made
of D-nodes and P-nodes, where a P-node is an
OR tree and a D-node is an AND tree. We call
this tree as PD-tree.

2.2 Parsing through PD-tree

D-nodes and P-nodes can be used to represent
the sub-sets of phrase candidates. A P-node P;;
represents a set of phrase hypotheses starting at
p; and ending at p;. A D-node Dy, represents a
set of phrase hypotheses where these hypotheses
start at p; and end at p;, and have the common
inner boundary at p,, (1 <m < 7).

For a given phonetic lattice Pyy, suppose we
have constructed a word lattice from it in some
way. Now, we want to find out the whole set of
possible sentence candidates of Pyy.

Because a P-node contains several D-nodes, so
we have

P = i<1LnJ<j Dijm UW;; (1)
where W;; is the set of word candidates begin-
ning at p; and ending at p;. This equation
demonstrates the fact that phrase candidates of
P;; is composed by several subsets, these subsets
are D-nodes under P;; and the set of word candi-
dates W;;. Because W;; is known to us already,
80, to obtain all the phrase candidates of P, if
and only if we can obtain the phrase candidates
of all those D-nodes.

Now, let us consider about a D-node, D;j,.
This D-node divides P;; into two smaller ones,
P;;» and Py,j. Suppose Pj;, has the phrase can-
didate set {gimz|z = 1,2,3,..., X}, and P,; has
the phrase candidate set {gm;yly = 1,2,3,...,Y},
where X and Y is the number of phrase candi-
dates in P, and Pp; respectively. Each gims
can make a phrase pair with every gmjy,, this
phrase pair is a predicted phrase hypothesis, we
pass it to the linguistic processor to identify that
whether it is satisfying the syntactic and seman-
tic restrictions. All the accepted phrase pairs
make the set of phrase candidates of D;j,,. We
represent this procedure by the following equa-
tion:

D;jm = combining(Pim, Pmj) (2)

i.e., in order to obtain the phrase candidates of
D;jm, if and only if we can obtain the phrase
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candidates of P, and Ppj;. But, as described
above, the candidates of P;,;, and P,; can be ob-
tained by eq. (1). Clearly, eq. (1) and (2) are
recursive equations. The sentence candidate set
of Pyn can be obtained by using these two equa-
tions. We call this parsing procedure Divide
and Conquer (DC) parsing.

3 THE DR-SEARCH

The DC parsing algorithm described above
gives us the whole set of sentence hypotheses, it
is a full search parsing algorithm. In this section,
we introduce a new search scheme called Down-
ward Request(DR) search for finding the op-
timal or N-best solutions. The DR search con-
tains two modules, one is called P-search which
searches through a given P-node, and another is
called D-search which searches through a given
D-node. We call this search scheme as Down-
ward request, because P-search and D-search call
down each other by need during the search pro-
cess. The overall process begins with a calling of
P-search for the P-node Pyy.

3.1 P-search and D-search

For a given P-node P;;, the purpose of the P-
search is finding out its Next Best (INB) hy-
pothesis NBp,; when its Current Best (CB)
hypothesis C Bp,; is known. From eq.(1), we can
find that if we have some method for predicting
NB hypothesis of each D-node D;j, of P;j, then
we can obtain N Bp,; easily.

As we know, D-node D;jn, contains two P-
nodes: P;; and Pn,;. Phrase hypotheses in
P;;, make phrase pairs with phrase hypotheses
in Ppj. Thus, for the given Djjn, the D-search
module we want to define should be finding the
NB phrase pair of this D-node N Bp,;, when its
CB pair CBp,;,, is known.

D-search is based on the following fact, i.e.,
for two ordered number series a; and b;, where
a12a2>a3> ... and by >by>b3> ..., we define a
third series cx by a monotonic function f(z,y)
that ¢z = f(a:i,b;) (5,5,k = 1,2,3,...). When
¢k appears in its order, i.e., c;>c2>c3> ..., we
can easily conclude that if cx = f(ar,by), then,
ck+1 2 f(ars1,b541). In other words, if ¢k is
determined by f(as,bs), then, for determining
CK+1, only the top I + 1 elements of a; and the
top J + 1 elements of a; are needed.
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So, when the scoring function of phrase hy-
pothesis is monotonic, in order to find the NB
pair of D;j,, we need a method to find the top N-
best phrase candidates of P;,,, and Pj,,. Clearly,
P-search is the method we needed.

For realizing the D-search, we also need a Pair
List heap Stack (PLS) to temporarily store
the related pairs. Each time when a new phrase
hypothesis of P;;, or Pn; is obtained, some new
phrase pairs can be made, and we insert them
into the PLS. Then, D-search chooses out the
best one out of PLS as the NB pair of Dijm.

3.2 A basic DR search algorithm

Based on the descriptions above, we give a basic
DR search algorithm in the followings,

1. Initialize the PD-tree:
Set all D-nodes to be active, etc.

2. Repeat 3 for P, ~, until the N-best sentence
candidates in Pyy has been obtained.

3. For F;j, repeat the following P-search proce-
dure, until the NB hypothesis of P;; is found.

a. For all the active D-node Dijm(i <
m < j) under P;;, run 4 to get its NB
phrase pair NBp,. . If NBp,,  is not
obtained, delete D;jn,,. Otherwise, set
D;jm to be inactive, and set the ob-
tained NBD;J-," to be CBp

b. Compare all CBp,,. of P;; (i < m <
J), and word candidates of P;, choose
the best one. If a word candidate is
chosen, return this word candidate as
N Bp,;. Otherwise, goto (c).

c. Set the chosen D-node to be active,
pass the chosen CB pair to the linguis-
tic processer, if this pair was accepted,
return it as N Bp, ;.

ijm*

4. For D;j,, with (b;,b,) as its CB pair, run the
following D-search procedure.

a. If b; is the latest hypothesis of P, in
the history of D-search for D;;pm, using
bi+1 to make phrase pairs with known
hypotheses of P, insert them in to
the PLS of D;jm. Here, if b4 is un-
known to P, run 3 for P, to get it.

b. A similar procedure to (a), for b, and
Ppj.

c. Choose the best pair out of the PLS,
return it as the NB pair of D;jp,.
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3.3 An improvement of DR search

In the above basic DR search algorithm, a P-
search process will be repeated until the NB hy-
pothesis of a P-node is obtained. In an improved
version, we stop the P-search no matter the pre-
dicted phrase pair is accepted or not. So, the re-
sult of the P-search may be a fake phrase, and the
D-search needs some modifications correspond-
ingly. In this case, we can use the score of the
fake phrase to control the search flow, and it is
more efficient then the basic version.

4 EXPERIMENTS

4.1 Conditions of the experiments

The experiments are performed in the Chinese
speech recognition task. The vocabulary has
2621 words (including 1850 nouns, 216 verbs, 177
adjectives, and 378 others). There are 109 syn-
tactic rules, and we use a conceptual network to
represent the semantic relations. The perplexity
of syntactic rules is 2089( if we take the semantic
and other linguistic restrictions into account, it
would be much lower).

We automaticly and randomly generated 150
simulated phonemic lattices of Chinese sentence
as input speech data for evaluating the system.
The simulation lattices have 1.87% deletion er-
ror, and 3.82% insertion error, and the accu-
mulated correct rate of phoneme appearing on
the top 5 candidates on each segment is 69.5%,
74.5%, 79.8%, 86.1% and 94.2% respectively.

4.2 Comparison of DR-search and
DB-search

We compared the DR search algorithm with the
Duration Beam (DB) search algorithm. The
DB-search was formulated in the following way:
during a parsing process, if the number of gen-
erated hypotheses in a P-node exceed a given
threshold (beam width), we prune off those hy-
potheses with lower scores.

Experiments by DB-search were implemented
with several different beam width ranged from
10 to 500. Table 4.2 shows the recognition rate
of these experiments. Table 4.2 gives us the com-
parison of calculation amounts (CA) between
DR-search and DB-search.

We found that the recognition rate of DB-
search is getting better when we increase its
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search Sentence candidates
beam 1 2 3 4 5
10 40.7 | 46.0 | 48.0 | 48.0 | 48.0
20 53.3 | 59.3 | 61.3 | 62.7 | 64.7
50 61.3 | 68.7 | 72.7 | 74.0 | 75.3
100 | 63.3 720 77.3]80.7|82.0
200 | 64.0| 73.3 | 79.3 | 82.7 | 84.0
500 | 64.7 [ 74.0 | 80.0 | 84.0 | 85.3

[ DR [64.7]74.0]80.0]84.0]85.3 ]|

Table 1. Recognition Rate(%) of DB-search
(with different beam width) and DR-search.

beam width, but clearly, the CA of DB-search
are getting larger if its beam widths increased.

The last line in table 4.2 recorded the recogni-
tion rate of DR-search, and this is the optimal
solutions. The CA of DR-search is depended
largely on the given speech data. If the opti-
mal solutions of a given phonemic lattice located
in a surface area of the hypotheses space, then
the solutions will be searched out very quickly by
DR-search, and vice versa. So, the CA of DR-
search is varies from sentence to sentence, table
4.2 demonstrates the distribution of 150 simu-
lated speech data by their CA of using DR-search
relative to DB-search.

For example, among the 150 simulated speech
data, there were 66 sentences whose CA of the
first candidate was lower than the CA of DB-
search with beam width as 10, and there are only
5 sentences whose CA of the first candidate was
higher than DB-search with beam width as 500.

Note that the CA is defined as the number of
predicted hypotheses during a parsing and search
process. In this paper, we don’t give these data
directly, but report their relative relations.

5 CONCLUSIONS

In this paper, we introduced a speech parsing al-
gorithm by DR search based on the Divide and
Conquer strategy. Experiment results proved
the effectiveness of this approach, especially, the
DR search generates only a smaller hypothesis
space and gives us the N-best sentence candi-
dates. Our further research will be applying the
DR search to the word spotting for finding the
top N-best word candidates for a very large vo-
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Sentence candidates
CA-level T3 T3 14713
+0~ 10 66 13912921119
10~20 |32137128(28}26
20~50 |28 [35)48 |48 46
50~100 | 8 171819120
100~200} 8 {10]10| 141 14
200~ 5001 3 7 11011318
500 ~ o0 51571717

Table 2. CA(Calculation Amounts) distri-
bution of DR-search for recognizing the 150
speech data. CA-level: Average CA range of
DB-search by different beam width.

cabulary, and integrate it into our parsing sys-
tem.
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