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ABSTRACT

The most attractive form of future network content will be
multi-madia including speach infommation, and such speech
information usually carnes the core concepts for the content.
As a result, the spoken documents associated with the
multi-madia content very possibly can serve as the key for
retrieval and browsing. This paper presents a new approach
of hierarchical topic organization and visual presentation of
spoken documents for such a purpose based on the Probabilistic
Latent Semantic Analysis (PLSA). With this approach the
spoken documents can be organized into a two-dimensional
tree (or multrlayered map) of topie clusters, and the user
can very efficiently mtneve or browse the network content or
aszociated spoken documents. Different from the comentional
document clustening approaches, with PLEA the relationships
among the topic clusters and the appropriate terms as the topic
lab=lz can be very well denved. An initial prototype system
with Chinese broadeast news as the example spoken documents
ncluding automatic generation of titles and summaries and
retrieval/browsing functionalities is also presented. Choice of
different units other than words to be used as the tenms in the
processing is also considerad 0 the system based on the special
structure of the Chinese language.

1. INTRODUCTION

Specch 15 the primary and the most convenient means of
communication between people [1]. In the future network
era. the digital content over the network will include all
the infommation actvities for human life, from real-time
nformation to knowladge archives, from working environments
to prvate services, otc. Apparently, the most attractive form of
the network content will be in multi-media including spesch
nformation, and such speech information wsually tells the
subjects, topics and concepts of the multi-media content. As

a mesult, the spoken documents associated with the network
content will become the key for reineval and browsing.
However, unlike the written documents with well structured
paragraphs and titles, the multi-media and spoken documents
are both very difficult to retrneve or browse, since they are
Just audicvvideo signals and the wser can not go through
each of them from the beginning to the end dunng browsing.
A possible approach then may be to generate automatically
titles and’or summaries for the spoken documents, analyze
and organize the topics and concepts described 0 the spoken
documents into some hierarchical structure, and then present the
spoken documents in some visual formm comvenient for efficient
retrieval/browsing applications.

The purpose of topic analysis and crganization for spoken
documents is to offer an overall knowledge of the semantic
zontent of the entire spoken document archive in some form
of hierarchical structures with concise wisual presentation. The
purpose is to enable comprebensive and efficient access to the
spoken document archive, and to help the users to browse across
the spoken documents efficiently,.  BBEN"s Rough'n Ready
system [2] may represent one of the few earliest efforts in
this dirction. The WebSOM method [3, 4] is another typical
=xample towards data-doven topic onganization for documents.
In this method, the documents are clustersd based on the
self-organizing map (SOM) approach, and the relationships
among the clusters can be presented as a two-dimensionasd
map describing the relationships among the topic clusters, The
ProbMap [5] 15 a different approach with similar purpose but
bazed on the Probabilistic Latent Semantic Analysis (PLSAD
framework [6], m which the documents are organized into
latent topic clusters, and the relationships among the clusters
iz presented as a teo-dimensional map. Probabilistic Latent
Semantic Analysis (PL3A) 1= an efficient approach developad
for infommation retieval purposes [6], in which a set of “latent
topic variables™, (T, k& 1,2..... K}, is introduced, and all
terms= and documents are related to these latent topic variables
in =ome probabilistic form.

In this paper, we present a new approach to analyes and
srganize the topics of spoken documents in an archive into a
hierarchical two-dimenzsional tree structure or a multi-layer map
for efficient browsing and retrieval. The basic approach usad
her=, referred to as the Topic Mixture Model (TRM] [T] in this
paper, 15 based on the PLSA concept but with slightly different
Formulation. A prototype system with Chinese broadcast news
taken as the example spoken decuments is also presented with
ngorous performance evaluation. Special structure of Chinese
language is also considersd n the system.

2. Topic Mixture M odel

To analyze the topic information about spoken documents
and cluster them accordingly, a Topic Mixture Model (ThM )
was developed here in this paper based on the well known
PLSA concept but with slightly different formmulation. In this
model, each individual spoken document £): 1= modeled as a
probabilistic mixture for the temms:
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where ¢; 15 a term (a term i5 a word I most cases,
but can be phmses or other sub-word units as well)

Ty, ke 1,2,.... 4} iz the set of K “latent topics”
as in PLSA, P{r;|f%) 18 the probability of cbserving a
term ¢; in a document £, P{t;| Ty is the probability of
observing the term ; for a specific latent topie T , and
P(Ty|0:y is the probability (or weight) for the topic T
being addressed by the document £ |, with the constraint
Et P | s 1. W then define a set of probability
distributions | 2T | Te), & 1,2..... K} which represents
the statistical corrzlation between the latent topic Tr and each of
the other latent topics T, These distnbutions not only describe
the semantic similarity among the latent topics, but can blend-
m additional semantic contnbutions from related latent topics
Te toa given latent topic Tp. These probability distributions
P77 [T can be expressed as a neighborhood function in tenms
of the distance betwesn the locations of the latent topic Tt and
those for other latent topics T on the two-dimensional map,
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15 simply the Euclidean distance between the locations of the
two points for Ty and T3 on the map with coordinates {2, o)
and (g, we ) . and the value of o decreases as the number of
tterations ¢ of the EM algorithm desenbed below increases. In
this way, the conditional probability of observing a tenm ¢; ina
document £, P | previously expressed in equation (1],
can be modified as:
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Thiz model 15 then trained in an unsupervised way with EM
algorithm by maximizing the total log-likelihood L+ of the
spoken document archive in tenmiz of the unigram e D3
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wherz N is the total number of documents in the archive, V7 iz
the total number of the different terms observed inthe document
archve. ety 5% is the number of times a term ¢; ocournng
n the document £, The two probabilities in equation (1) can
then be estimated by the expressions below:
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wherz (7 15 the compus of the document archive, | £ | is the total
number of terms in the document £3; |, and
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Figure 1: HBlock diagram of the initial mrotobpe svstem
S Chinese broadeas! news with effficient retievallivowsing
applications.
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Thers are at least two nice features of this approach

as compared to conventional document clustenng techniques.

First, with the probability wvalues the relationships among

different topic clusters can be obtained and represented in

the two-dimensional map. Second. the topic labels for each

document cluster can be easily obtained by choosing the terms

with the highest topic significance score S{8,. 75 which is
cefined as the following,
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These nice features will be made clear in the following mitial
prototype system.

3. The Initial Prototype System for Chinese
Broadcast News

Figure 1 15 the block diagram of the nitial prototype system for
Chinese broadeast news. There are thres parts in the system:
the automatic generation of titles and summaries [8. 9, 10] is
on the left, the information retrieval system is on the right. and
in the middle is the topic analysis and crganization presented
in this paper. in which the news stones are well clustered into

ey g topics orgamized on a two-dimensional map, and each
cluster of news stories can be further clustered imto ms = mee
smialler topics with finer structure in the next layer and o on.
This produces the two-dimensional tree structure for efficient
retrieval browsing.

The functicnalities of the mitial broadeast news retrieval
and browsing prototype system are shown in Flgure 2 and
described below. First consider the top-down browsing
functionalities. The homepage of the browsing system lists
20 news categones as in Figure 2(a) (not completely shown).
When the user clicks the first category of “intemational political
news”, for example as shown here, a two-dimensional map of



3 #*3 latent topic structure (with 9@ blocks) appears as shown
in Figure 2(b) (only 4 blocks ars shown herel, in which each
block represents a major latent topic in the area of “international
political news™ for the news collection, charaderized by
roughly 4 topic labels shown in the block. A= can be found, the
block on the upperright corner has labels <L & ] (1smael )™, P
Jo kA Arafat)™, e A =i Palestine ™ and <=l W{Gazm
City 1, which clearly specify the topic. The block to its left, on
the other hand, haz labels =% Lilraqi”, 24 L (Baghdad)™,
S Amencan Army)” and “EEA R marine corps)”, whersas
the block below it inthe middle-right has labels =88 5Fi United
Mations]”, “4 &1 Security Council i, ~#, # 2 [§imilitary
inspectors)” and 4, Eiweapons)”.  Apparently, all these are
different but related topics, and the distance between the blocks
has to do with the relationships between the latent topics, The
user can then click one of the blocks (for example, the one
on the upper-night comer as shown here) to see the next layer
3*3 map for the fine structure of smaller latent topics for this
cluster, as shown in Figure 2(c). As can be found in Figure
2(c), the bleck on the uppernght comer now has labels “§2
Al srael ), B Shilom ™, #7229 Jordan River)” and =4
Fiusa’”, while the block below it has labels =8 dindiddle
East i, “#d & Powelli”, = M peace)” and - rcadmap)™,
and so on. Apparently, the collection of broadceast news stories
are now organized i a two-dimensional tres-structure or a
multi-layer map for better retrieval and easier browsing, Here
the sscond layer clusters are in fact the leaf nodes, therefore
the user may wish to see all the news stories within such a
node. With a click the automatically generated titles for all
news stories clustered into that node ars shown in a list, as
in Figure 2(d) for the upper-middle small block in Figure 2ic)
labeled with “FE 840 Armafat)™ and so on, which includes the
automatically generated titkes for five news stores clustered
into this block, together with the position of this node within
the two-dimensional tree as shown in the lower-right comer
of the screen.  The user can further click the “summary™
button after each title to listen to the automatically generated
summanes, or click the title to listen to the complete news story,
This two-dimensional tree structure with topic labels and the
titlez"=ummarics are therefore very helpful to browse the news
stories.

The mtneval functionalities, on the other hand, are
general bottom-up. The sersen of the mtneval system output
for an nput speech query (can be in either speech or text fonm
SN A A P A e B0 M P lease find news stories
relevant to Israel and Arafati™ 15 shown in Figure 2ie). As
can be seen, a nice feature of this system is that all retnieved
news stories, as listed in the upper half of Figure 2iel, have
automatically generated titles and summanes. The user can
therefore szlect the news stories by browsing through the titles,
or listening to the summarks, rather than listening to the whole
news story and then finding it was not the one he was looking
for. The user can also select to click another functional button
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Figure 2: The fap-down bvowsing awd bottom-up welvieval
Junctionalities af the inifial petolpe sistem.

lo see how a selected retrieved news item is located within
the two-dimensional tree structure as mentioned previously in
a bottom-up process. For example, if he selected and clicked
the second item in the title list of Figure 2(e). “Friii 4t
& AT 42 25 & AL 45 Arafat objected to Israel’s proposal for
conditions of lifting the siege)”, he can see the list of news titles
in Figure 2{d) including the titles of all news stories clusterad
in that smaller latent topic (or leat node). or oo one layer up to
see the structure of different smaller latent topics in Figure 2(c),
or go one layer up further to see the structure of different major
latent topics in Figure 2ib), and so on. This bottom-up process
is very helpful for the user to identify the desired news stories
or find the related news stories, even if they are not retrieved in
the first step as shown in Figure 2(e).

4. Performance Evaluation

Very rigorous performance evaluation has been performed on
the proposed approach based on the TDT-3 Chinese broadcast
news corpus. A total of about 4,700 news stories in this corpus
were used to train the model. A total of 47 different topics
have been manually defined in TDT-3, and each news story was
assigned to one of the topics manually, or assigned as “out of
topic™. These 47 classes of news stories with given topics were
used as the reference for the evaluation presented below.

4.1. “Between-class to within-class™ Distance Ratio

[ntuitively, those news stories manually assigned to the same
topic should be located on the map as close to each other
as possible, while those manually assigned to different topics
should be located on the map as far away as possible. We
therefore define the “Between-class to within-class™ distance
ratio as in equation (11},

R Z&;g_,."ld_w. (1)

where &;g is the average of the distance d(7;, Ty) in equation
{3y over all pairs of news stories manually assigned to different
topics, but located by the proposed algorithm to points (xp, 4y )
and (k. yx) on the map here (thus is the “Between-class
distance™), and dy, is the similar average, but over all pairs
of news stories manually assigned to identical topics (thus the
“Within-class distance™). So the ratio B in equation (11} tells
how far away the news stories with different manually defined
topics are separated on the map. Apparently, the higher values
of R the better.

4.2. Total Entropy for Topic Distribution

For each news story [y, the probability P(T|D;) for each
latent topic Te, b = 1,2,.. ., K. was given by the model. Thus
the total entropy for topic distribution for the whole document
collection with respect to the organized topic clusters can be
defined as below:

K

N
1
H=%"% P(T; Dd)log(m). (12)
r=1 k=1

where N is the total number of news stories used in the
evaluation. Apparently, lower total entropy means the news
stories have probability distributions more focused on less
topics.

Table |: Evaluation results for different choices as the “lerm” iy,

Choice of Distance Ratio Total Entropy
H

Terms Fis
(a) W 234 5135 .62
(b S2 338 4637.71
(ch Cc2 3.65 3459 21
(dy SZ2+C2 378 409668




4.3, Test Results

Table 1 lists the results of the two performance measures
proposed above. There are several choices of the “term™ #,
used previously in section 2 considering the special structure
of Chinese language. ie. Wiwords), S2(sezments of two
syllables), C2{segments of two characters), and combinations.
As we can see, the words (W in row(a)) were certainly NOT a
good choice of terms for the purposes of topic analysis here.
Segments of two syllables (52 in row (b)) were apparently
better with much higher distance ratio R and much lower total
entropy H. Segments of two characters (C2 in row (c)) turned
out to be even better. This is reasonable because in Chinese
news many keywords useful in identifying the topics are new
named entities or out-of-vocabulary {OOV) words, which very
often can not be correctly recognized. On the other hand, in
Chinese the syllables represent characters with meaning, and
as a result in analyzing the topics of spoken documents the
syllables make good sense even if not decoded into words which
may not exist in the lexicon. In addition, each syllable may
stand for many different homonym characters with different
meanings, while a seament of two syllables very often gives
very few, if not unique. polysyllabic words. and therefore the
inherent topic. On the other hand, the one-to-many syllable-
to-character mapping in Chinese implies that characters bring
more precise information than syllables, if correctly decoded.
These explained why 52 and C2 are better than words. The last
row(d) indicated that integration of 52 and C2 may be another
sood choice, with better distance ratio . though slightly higher
total entropy H. In any case. when analyzing the Chinese spoken
documents, segments of two syllables or two characters turn
out to be more robust to recognition errors and provide better
indication about the subject topic than words.

5. Conclusion

This paper presents a new approach for hierarchical topic
analysis and organization for spoken documents, and the
results are represented in a two-dimensional tree structure or
a multi-layer map. This approach has been integrated with
functionalities of automatic generation of titles and summaries
and information retrieval to construct a single system for
retrieving and browsing Chinese broadeast news. Very rigorous
evaluation has been performed, and the results showed that
when the special structure of Chinese language is considered,
the approach and the system can be more robust to recognition
errors, which is consistent with our previous work [ 10].
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