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ABSTRACT. Sentence reduction is one of approaches for text summarization that has at-
tracted many researchers and scholars of natural language processing field. In this paper,
we present a method that generates sentence reduction and applying in Vietnamese text
summoarization based on Bayesian Network model. Use Bayesian network model to find
the best likelihood short sentence through comparing difference of probability. FExperi-
mental results with 980 Vietnamese sentences, show that our method really is effective in
generating sentence reduction that is understandable, readable and exactly grammatical.
Keywords: Sentence reduction, Natural language processing, Text summarization,
Bayesian network, Probability

1. Introduction. The development of the information brings useful things to the people.
When we look up any information on the Internet such as Google, Bing, it will return
several hundred million results in a few seconds. However, it is usually very long texts,
very hard to select important information (that users need) from these texts. So that,
text summarization can bring to user the most significant information from original text,
when the amount of information is huger and huger.

Text summarization can be classified into many different types, but in the final, there
are two types: extraction and abstraction. Most text summarization systems are based
on extraction approach. These systems extract sentences to generate a summary. With
this approach, the weight of sentence is calculated based on some features that we think it
is important like term frequency, sentence position, sentence length. And then, sentences
will be sorted by its weight and extracted based on the rate (extraction rate). A text
summary includes sentences that have maximum weight from the original text. Figure 1
depicts the general summary systems based on text extraction approach.

With this approach, text summary will be the synthesis of the discrete sentences from
original text, and it can be:

e Text summarization is seamless because sentences are not linked by content in the
text, specially, when the extraction rate is smaller, it will be greatly discrete.

e Text summarization is confusing sometimes since it may lose important information
in original text by some sentences that have not been extracted.

e With the development of social networks like Facebook, Twitter, Twoo, ... the sum-
mary of information and extracting the gist sentences from them are unreasonable
because the information from these social networking sites is discrete.
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FIGURE 1. Text summarization based on extraction method

Therefore, we have chosen the abstraction approach for text summarization. In this ap-
proach, sentences can be generated by removing some redundant words in it, also known
as “sentence reduction” or “sentence compression”. The sentence reduction approach for
processing in sentence level, removes not important words in the sentence and generates
new sentence and creates summary. Text summarization will overcome some disadvan-
tages that have been analyzed above.

Sentence reduction problem is described by word removing problem. Give an original
sentence x including n words. x = xy, 23, ..., T, and sentence y = y1, s, - . . , Ym 1S reduced
from sentence x where m < n and set of word in y is subset of words set in x. Reduced
sentence remains gist information from original sentence, shorter and good grammar.

This approach is proposed by many researchers as: H. Jing et al. [9-14], D. M. Zajic et
al. in 2007 [31], or sentence fusion by Barzilay and McKeown in 2005 [27].

In this paper, we present a sentence reduction method based on Bayesian network, that
each word in original text is considered as a node of the network. Reduced sentence is
generated by finding a path that is the shortest and greatest score; we called it “the best
likelihood path”.

The next structure of this paper is as follows. In Section 2 we present an overview of
related work. Section 3 presents the methodology of sentence reduction based on Bayesian
network method. Section 4 shows the experimental results and finally is the conclusion.

2. Related Works. The researchers said that it is very difficult to use abstract approach
for text summarization because it needs to use deep language. However, with this ap-
proach, they also said that the target text will be more concise, seamless and its quality
is higher than extraction approach.

Almost related works focus on building lexical rules model or syntax parser tree. First
Aho and Ullman used synchronous context free grammars (SCFGs) to be generalization
of context free grammar formalism to simultaneously produce strings in two languages
[29]. D. Wu in 1997 has proposed a method that included inversion transduction grammar
[30] and some other related research with CFG like head transducers have been proposed
by H. Alshawi, S. Douglas and S. Bangalore in 2000 [32].

Knight and Marcu in 2002 proposed a noisy channel formulation of sentence compres-
sion [17]. Their model consists of two components: a language model P(y) whose role
is to guarantee that the compression output is grammatical and a channel model P(x|y)
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capturing the probability that the source sentence x is an expansion of the target com-
pression y. Their decoding algorithm searches for the compression y which maximizes
P(y)P(x|y). The channel model is a stochastic SCFG, the rules of which are extracted
from a parsed parallel corpus and their weights are estimated using maximum likelihood
[17].

With tree model, D. Vickrey and D. Koller in 2008 proposed a sentence reduction
method that used syntax into small and applied a series of hand-written transformation
rules corresponding to basic syntactic patterns [6]. An unsupervised method for sentence
reduction which relies on a dependency tree representation and shortens sentences by
removing subtrees has been proposed by K. Filippova and M. Strube [16], and related work
is proposed by M. Gagnon and L. Da Sylva in 2005 pruning dependency trees by removing
prepositional complements of the verb, subordinate clauses and noun appositions [8]. T.
Nomoto and Y. Matsumoto also used tree model in his research [33], broadly in line with
prior work H. Jing and K. R. McKeown, 2000 [9]; Dorr et al. [3], 2003; S. Riezler et al.,
2003 [28]; A. Arbor et al., 2006 [1].

And some other related works: generative models aim to model the probability of a tar-
get compression given the source sentence either directly by M. Galley and K. McKeown
in 2007 [23]. J. Turner and E. Charniak [15] whereas proposed discriminative formula-
tions that attempt to minimize error rate on a training set. S. Riezler et al. in 2003
used maximum entropy for generating sentence compression [28]. L. M. Nguyen and S.
Horiguchi in 2003 applied syntax tree [24].

With Vietnamese sentence reduction approach, most of the methods are applied from
English method. However, the performance of this method is not high when applied to
Vietnamese language. Because of single syllable language, in Vietnamese, words cannot
be determined based on space. So that, they often use extraction approach for building
Vietnamese text summarization systems, and there are some methods that use reduction
approach but they are not effective.

3. Methodology of Sentence Reduction Based on Bayesian Network.

3.1. Bayesian network. Bayesian network, also called as belief networks is one of prob-
abilistic graphical models. These graphical structures are used to represent knowledge
about an uncertain domain. In particular, each node in the graph represents a random
variable, while the edges between the nodes represent probabilistic dependencies among
the corresponding random variables. These conditional dependencies in the graph are
often estimated by using known statistical and computational methods. Hence, Bayesian
network combines principles from graph theory, probability theory, computer science, and
statistics.

A Bayesian network B is an annotated acyclic graph that represents a joint probability
distribution over a set of random variables V. The network is defined by a pair B =
< G, 0 >, where (G is directed acyclic graph whose nodes Xy, X, ..., X,, represent random
variables, and whose adages represent the direct dependencies between these variables.
The graph GG encodes independence assumptions, by which each variable X; is independent
of its non=descendants given its parents in G, denoted generically as II;. The second
component, O, denotes the set of parameters of the network. This set contains the
parameter 0,1, = Pg(x;|I1;) for each realization of x; of X; conditioned on II;, the set of
parents of X; in G. Accordingly, B defines a unique joint probability distribution over V,
namely

Pp(Xi, Xo, ..., Xy) :HPB(Xi|7Tz') :ngim (1)
i=1 i=1
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3.2. Methodology of sentence reduction based on Bayesian network. In text
processing, there are three levels:

text
Text levsl

Sentence 1 Sentence 2 Sentencen Sentence level

)\

word 1| fword 2| fwora | | Yverd
m Word level

FIGURE 2. Text summarization based on extraction method

In our method we process level of sentence. Bayesian network is a cause-results network.
Supposed that, each word w; was generated by wy_; or can be generated by wg_o wy_,.
Then, we can build an improving Bayesian network that can find a reduced sentence based
on probability of n-grams between word wy and word wy_, with n =1, (k — 1).

Example 3.1. Suppose sentence S that includes siz words can be described as:
S = W1 WaW3W4WsWe .

Sentence S is segmented into six words: wq, wsy, w3, wy, ws, wg and are matched words
together to become reduced sentence allowing a Bayesian network model. First we need
to find an initial state over all possible states like Figure 3.

start

W W, W3 Wy We W

FIGURE 3. Initial state

Supposed that, the set of initial states with probability:

e Start -> w; = 0.6

e Start -> wy, = 0.32

e Start -> w3 = 0.47

e Start -> w, = 0.56

e Start -> wy = 0.2

e Start -> wg = 0.11

So that, we choose w; to be the initial state, so reduced sentence will be started by w;.

Figure 4 below illustrates the structure of Bayesian network with six words in sentence
S. Word w is considered the first likely node to the next words in sentence S. And word
wy can be created a path to ws, wy, ws, we.
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start

FI1GURE 4. Bayesian network model with 6 words

To overcome the computational complexity, in this proposed method we use dynamic
programming and do not need to compute n-grams probability over all nodes. For exam-
ple, have probability as

e w; -> wy =0.3

e w; -> w3 =0.6

o wy -> wy = 0.042
e wy -> ws = 0.002
o w -> wg =20

Choose one state that has maximum probably. So that, ws will be chosen and use a
path that contains ws.
For ease of visualization, Bayesian network is described as a tree as Figure 5.

VT we

FI1GURE 5. Bayesian network with probability

In this Bayesian network. Probability ability on the branch is calculated by n-grams.
In this example, path from word w; to word wy has probability to be 0.3.
The first point of the sentence S is w;. From word w; sentence is reduced by:

e From w; we have some likely paths to be wo, w3, wy, ws, wg.
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e Select the path which is weighted with the highest probability. For example in Figure
51is wy -> wsz = 0.6.

e Save point with the highest path. For example w3 will be stored.

e From this point of highest path find some paths to the other words, choosing the
most likelihood path. For example ws -> w;y.

e Continue to repeat the last word of the sentence S.

Finally, we have a sentence that has been reduced. In Figure 6 there is the most
likelihood path (bold path) and reduced sentence includes four words wy, w3, ws, we.

T

4 \Ts W6 W5 W6 We VTs W6 We wé
W5 W6 W6 W6

1

wé

FIGURE 6. Sentence reduction

Sentence Reduction Based on Bayesian Network Algorithm
Input:

S': original sentence;
Output:
S': reduced sentence;
1. Initialization
T=¢;T'=¢; N=¢g;i=1;j=0;
2. Separate words from S
For i =1 to Length(S)
T (i)« Separate(S);
3. Selecting word from original sentence
While i < Length(S) do
begin
for j =i+ 1 to Length(S) do
begin
N(j) < N-grams(wj, w;);
point = argmax (N (j));
T =T"'U wj
end;
L= 7;
N = ¢;
end;
4. Generating sentence reduction
S" = Order(T")

FIGURE 7. Sentence reduction based on Bayesian network algorithm
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In Figure 7, we simulated an algorithm which is called SRBBN (Sentence Reduction
Based on Bayesian Network).

In this algorithm, we use some functions. Separate() is used to separate words in
sentence. Length() returns length of sentence. N-grams is used for calculating n-grams
of word w; and word w; that learn from training data. argmax() takes the largest value
in the set N. Order() is used for sorting words in the original sentences to generate
reduced sentence.

4. Experiments.

4.1. Corpus. There is no standard corpus for Vietnamese text summarization now. So
that, in our experiment, we built corpus by manual. Documents in this corpus have been
downloaded from website’s news as: http://thongtincongnghe.com, http://echip.com,
http://vnexpress.net, http://vietnamnet.vn, http://tin247.com. Corpus’s title is “infor-
mation” and “technology”. There are over 300 documents in it. We segmented words
from 300 documents into 16,117 sentences.

All file downloaded from website will be saved in corpus by *.txt and preprocessed.
Table 1 illustrated a file in corpus that is preprocessed.

4.2. Word segmentation. We use a Vietnamese text segmentation tool that is used for
word segmentation. We selected 814 sentences in the corpus for signed label.

4.3. Results. It is difficult to compare our method with previous ones, because there
were no widely accepted benchmarks for Vietnamese text reduction sentence. Therefore,
we compare our proposed method with manual sentence reduction generated by humans,

TABLE 1. Some documents in corpus

Document Source Sentences File name

Ung dung Twitter trong 16p hoc Thongtincongnghe com | 28 18-10.mt
Hacker "si tdi" website chinh phi Malaysia Viemamnet. v 15 11-5.txt
Yahoo ra mit c6ng cu tim kifm app cho Android Ngoisao.net 12 12-9 txt
TQ phi nhin diéu tra chéng ddc quyén Microsoft Tin247.com 21 13-8 txt
Céu hinh t6i thidu 3& ning cdp 1én Mac OS X Lion | Sohoa vnexpress 18 16-3 txt
Chon hé diéu hanh cia ban peworld.com 69 21-10 txt
Linux c'rkhﬁp moi noi WViethbao.vn 71 22-1 txt
Min hinh cim fng: Ding sau nhitng ci cham Pcworld 86 25-4 txt
Phanh phui bi mit thé giéi nghm hacker Vidt Nam | Echip.com 33-4 txt
Nguwan ding di déng quan tim gi1a cd hon sang tao| baomoi.com 39 33-7 txt
cong nghg
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TABLE 2. Experimental result for sentence reduction

Method | Compression | Grammaticality | Word significance weight
Baseline X X X

SRBBN 65.82 84.2 78.4

Human 61.2209 83.33333 63.5

Syn.con 67 65.7 6.11

called Human, a sentence reduction method using syntax control, called Syn.con and one
of our sentence reduction method called SRBBN.

In this experiment, we use the evaluation way as K. Knight and D. Marcu [17]. Table
2 shows the sentence reduction results that are carried out by SRBBN method, Human
and Syn.con for Vietnamese text.

5. Conclusion. In this paper, we have proposed a novel method, called the SRBBN
for reducing Vietnamese sentence. This method is based on Bayesian Network. Our
experimental results on a corpus of 16,117 sentences of Vietnamese text show that the
proposed sentence reduction method achieved acceptable results when compared to human
manual. Sentence after reduced satisfies user requirement, is readable, understandable and
has good grammar.
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