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Abstract

Summarizing the differences in Chinese-Vietnamese bilingual news plays an important supporting role in the
comparative analysis of news views between China and Vietnam. Aiming at cross-language problems in the
analysis of the differences between Chinese and Vietnamese bilingual news, we propose a new method of
summarizing the differences based on an undirected graph model. The method extracts elements to represent
the sentences, and builds a bridge between different languages based on Wikipedia’s multilingual concept
description page. Firstly, we calculate the similarity between Chinese and Vietnamese news sentences, and
filter the bilingual sentences accordingly. Then we use the filtered sentences as nodes and the similarity grade
as the weight of the edge to construct an undirected graph model. Finally, combining the random walk
algorithm, the weight of the node is calculated according to the weight of the edge, and sentences with highest
weight can be extracted as the difference summary. The experiment results show that our proposed approach
achieved the highest score of 0.1837 on the annotated test set, which outperforms the state-of-the-art
summarization models.
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1. Introduction

In the Internet Age, information spreads rapidly regardless of borders. The media in different countries
will report on the same event and express different opinions because of different positions. For example,
on the theme of “One Belt, One Road”, news reports in both Chinese and Vietnamese describe the content
of the cooperation project agreement. However, Chinese news tend to emphasize the promotion of trade
cooperation and cultural exchange, while Vietnamese articles tend to describe improvements in
infrastructure construction and industrial development. This paper aims to summarize the differences in
reporting between different languages, and generate a difference summary to help people understand
events more comprehensively and accurately.

Within the field of summarizing the difference in bilingual news, cross-language analysis is a difficult
issue. This problem generally can be addressed by the bilingual dictionary approach [1], parallel corpus
approach [2,3] and machine translation approach [4,5]. The dictionary approach first builds a bilingual
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alignment dictionary, and aligns the key words (e.g., emotional words or entities) as required. This
method assumes that bridges can be built between different languages through clearly aligned keywords.
For example, Mihalcea et al. [1] use both an English-Romanian and general dictionary to construct a
bilingual-aligned subjective dictionary. The parallel corpus approach mainly uses the alignment
relationship of a parallel corpus which is composed of the source language and its translation into other
languages. The parallel corpus includes word-level, sentence-level and chapter-level alignment, but the
difficulty lies in the fact that the corpus is not easy to obtain. For example, Banea et al. 3] propose to use
subjective and objective classifiers of source language and parallel corpus to classify objective language.
In recent years, the results of machine translation have improved, and it is gradually becoming an effective
means of cross-language analysis. For example, Banea et al. [4] propose two different cross-language
methods using machine translation: source language translation to target language, and target language
translation to source language. Research into news summary extraction can be divided into topic
representation approaches and indicator representation approaches [6]. Topic representation approaches
first convert the text into a series of topics, then calculate the importance of the sentences according to
the topic, and finally select the important sentences as the summary. Gillick et al. [7] propose the use of
higher frequency words as topic representations, and these higher frequency words tended to be domain
specific. Celikyilmaz and Hakkani-Tur [8] suggest using the hLDA model to calculate important topics
in multi-document news, and then generate a summary. The authors [9] propose to use cosine distance
to compute sentence similarity, and cluster sentences to extract the topic. Indicator representation
approaches directly express the sentence into the feature vector and then calculate the importance of the
sentence. For example, graph models [10,11] are used to calculate the importance of sentences, where
graph vertices represent sentences, edges represent cosine similarity between sentences, the random walk
algorithm is used to calculate the weight of the vertices, and the high weight would be used to select the
most important sentence as a summary. Wan and Zhang [12] propose a novel system to incorporate the
new factor of information certainty into the summarization task, which produce better content quality.
The rise in the study of deep learning has also contributed to the extractive summarization task. Some
methods use neural networks in the single document summarization framework [13-15]. They formulate
sentence ranking as a hierarchical regression process. Given sentences with labeled importance scores
[13], or the symbol [14,15] of 0 or 1, which indicates whether to extract the sentence into the summary
or not. Unfortunately, the application of neural networks methods to bilingual multi-document
summarization is difficult. Not only encoding and decoding for a long sequence of multiple sentences
still lack satisfactory solutions [16], but it also lacks a large-scale corpus for training.

The existing approaches to summary extraction mainly involves single language documents, which aim
to extract the important content of news and eliminate redundant information. In this paper, we analyze
the multilingual news and extract different information. Singh et al. [17] propose to use a restricted
Boltzmann machine to generate a summary retaining its important information. In recent years, graph-
based ranking algorithm has been widely used for this task, such as the research conducted by Wan et al.
[18], who propose a ranking method based on a graph to score the importance and differences in Chinese-
English documents and then select sentences with high scores to generate a summary. The current article
focuses on Chinese and Vietnamese news documents, with the research methods divided into two steps.
First, the similarity information is filtered according to the cosine similarity between Chinese and
Vietnamese news sentences. Second, the graph model is constructed, and the random walk algorithm is

used to extract the representative sentences to generate the summary.
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2. A Summary Method of News Difference Based on a Graph Model

To reflect the difference between Chinese and Vietnamese news. First, we extract the elements
contained in the news documents to characterize the sentences. Second, we calculate the similarity
between cross-language news to filter out the highly similar sentences. Third, the sentences that had not
been filtered out as the vertices to construct the graph model. Finally, we use the random walk algorithm
to obtain the weight of the vertices, that is the importance of the sentence, with the most important (n)
selected as the summary.

The method of implementation is shown in Fig. 1.
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Fig. 1. A summary method of news difference based on a graph model.

2.1 The Extraction of Bilingual News Elements

The elements [19] contain important information such as the time, place, participant, and institution
in the news events.

This paper aims to extract elements contained in Chinese and Vietnamese sentences, and use them to
characterize the sentences. The extraction of Chinese elements use the LTP cloud platform [20]. We set
named entities as news elements then obtain the collection of Chinese elements £, = {ecl,ecz,...,ecm} .
Due to the lack of Vietnamese named entity recognition tools in the process, word segmentation tool [21]
can be used to segment sentences, and part-of-speech tagging. We then manually extract the elements

according to the processing results to obtain the collection of Vietnamese elements £, = {ev1 2€,050,€6,, } .

Chinese and Vietnamese sentences are characterized by elements, for example S, = {e, ,€, ,...,ek} .

2.2 Filter Similar News Sentences

Chinese and Vietnamese sentences with high similarity will not reflect differences. Based on this
consideration, initial filtering is carried out according to the similarity before the sentence is analyzed. As
Chinese-Vietnamese machine translation technology is not mature, we cannot simply translate bilingual
news into one language. We therefore seek help from the multi-language concept description pages on
Wikipedia [22]. The translation between concepts corresponded, so this is used in the calculation of

Chinese/Vietnamese semantic similarity to realize the analysis of sentence relations.
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There are many language options in Wikipedia, in which Chinese and Vietnamese concepts are the
basis for similarity calculation between Chinese and Vietnamese words. Using this method [22], we first
extract the Chinese/Vietnamese concept set with correspondences in Wikipedia, constructing a bilingual
concept feature space. Then, words are represented as vectors by the mapping of feature spaces. Finally,
the similarity between two vectors is calculated by the cosine. In our proposed approach, the input are

the Chinese word ¢” and the Vietnamese word e , let the two vectors are represented by

—=cn cn

e :{e]”",e;",...,e,, } and ¢ :{ef“,ez“g,...,ew} , respectively. The formula for semantic similarity of

n

Chinese and Vietnamese words is as follows:

n

e

Sim(e™e”) = = (1)

\/i@:"f Ji(e;’ff

Each news sentence is characterized by one or more elements, so similarity of the sentences can be

computed by the similarity of the elements it contains. Assuming two sentences S; and s, contain the

elements €,,€,,"*-€, and €,e,,":-¢, after the word segmentation and part-of-speech tagging, that is, s,
is composed of m words and s; is composed of n words.

The sentence similarity calculation method is based on the set of extracted elements. Words are selected
one by one from the set of elements in a sentence to calculate the similarity with words in the element set
of the same language documents. The word pair that obtains maximum similarity will be selected until
the sentence element collection is void. Then the similarity of these word pairs will be added, and divided
by the number of words contained in the sentence element set to determine similarity of the two

sentences. The formula is as follows:

m
w, =ZmaxSim(e,.,ej)/m )
u=l1
where w), represents the similarity between the sentence $; and s, in the same language document, and

sim(e;,e;) means the similarity between the elements €, and e,. Assuming that S, = {Sf",sg" ,...,s;"}

contains m sets of Chinese sentences, S,, = {sf ‘.85 ,...,S:H} contains n sets of Vietnamese sentences, and

Wy

ie[l,m], i e[l,n] represents the similarity matrix between Chinese and Vietnamese sentences,

which can be shown as:

Wiy Wip Wit Wi
W W War Wy,
W, = : : -, . (3)
Wactt Wanz Woctnt Wictn
Wi Wiz Won-1 Wan

After obtaining the similarity between Chinese and Vietnamese sentences, it is obviously unreasonable

to filter sentences directly according to the similarity. For example, assume that the threshold is «, and
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Wy, 2 & , which satisfy the condition that the similarity is greater than the threshold. If the sentences s,"
and s,°are directly filtered only because of high similarity between them, the accuracy of the summary
will be affected. W,, 2 @ can only indicate that there is little difference between sentence s5" and s,°,but
sentence 5" may still be different from Vietnamese sentences with the exception of s,°. Sentence s,°

may still be different from Chinese sentences except for s;".
Based on the above considerations, the following method is adopted. First, global similarity is
calculated for each sentence. Second, the sentences are filtered according to whether the global similarity

of the sentences satisfy the threshold condition.

1 n
sim(s;") =—Zwﬁ,i=1,2,...,m (4)
n j=1 ;
L e 1 & .
szm(sf ):—Zwij, j=12,..,n (5)
! m i

where sim(sf ") and sim (s;") represent the global similarity of Chinese sentence s and Vietnamese

sentence s, respectively. To be specific, sim (Sf") measures the similarity between a Chinese sentence

and the Vietnamese full text articles. If the global similarity is higher than the threshold, it means that the
difference of the Chinese sentence and Vietnamese full text is small and the sentence should be filtered
out. The Vietnamese news sentences are handled in a similar way. We set the global similarity threshold

to 0.2 during the experiment.

2.3 Graph Model Construction

After initial filtering of the sentence, the Chinese sentence § = {sf",sg'" yeu s‘"} and the Vietnamese

>"m

sentence § = {s]"e, R s:e} are obtained, where m and n are used to indicate the quantity of the
remaining Chinese and Vietnamese sentences, respectively.

The remaining sentences can, in some cases, reflect differences between different languages news. The
purpose of this paper is to summarize the differences between Chinese and Vietnamese news. To achieve
this goal, we need to meet two conditions. First of all, the extracted news sentences should reflect that
different language sentences contain different information. Second, the extracted sentences should reflect
the nature of the summary, that is, they should be representative or important. In the first step, the
filtering based on the global similarity of the sentence satisfied the first condition, so the Chinese and
Vietnamese sentences remaining after filtering need to be processed into a summary. To achieve this goal,
we calculate the scores of the different language sentences separately, and extract high value (n) scores as
a summary of news differences.

To evaluate the importance of a sentence, we can consider the following features: the similarity of
sentences in the same language documents, the difference of sentences in the different language
documents. The higher the similarity of the same language documents, the more the sentence can reflect
the news document content. The higher the difference of the different language document sets, the more
the difference can be reflected in the Chinese and Vietnamese news expressions. Using this analysis, we

construct the undirected graph model shown in Fig. 2.
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Q Chinese Q Vietnamese

Fig. 2. Undirected graph model.

The vertices in the Fig. 2, indicate Chinese or Vietnamese sentences. £ represents the similarity

between Chinese sentences; £ represents the similarity between Vietnamese sentences, and £ "
represents the difference between Chinese and Vietnamese sentences. The similarity between sentences
in the same language is calculated by cosine similarity. We select unigram + bigram as the feature. The
sentence is represented as a vector by using the vector space model (VSM) model, and the similarity is
calculated according to the cosine distance of the vector.

Bilingual sentence similarity calculation is based on Wikipedia, and the similarity of every sentence is

obtained by calculating the Euclidean distance between the element vectors. Chinese word vector
e = {el"",eg",. ec"} , and Vietnamese word vector €™ = {ef’e,e;"’,...,e:"} .

€,

The formula of similarity for Chinese and Vietnamese words is as follows:

. cn ve | élm B éjve
Dis(e",e;") = 7 — (6)
e’|+]e;
Similarity between Chinese-Vietnamese news sentences is as follows:
m
_ . cn ve
w, —ZmaxDzs(e, e, ) /m (7)
u=1

where w;, represents the similarity between sentences S, and s, in different language document sets,
and Dis(e,,e;) represents the similarity between elements €, and e, .
We construct the similarity matrix between Chinese and Vietnamese W,,i € [l,m]; j €[1,n] , and let

T
(wyme) =wye

2.4 Graph Model Solving

i » Wy represent the similarity between Chinese sentences, the similarity

The matrices w;", w
between Vietnamese sentences and the similarity between Chinese and Vietnamese sentences. The
element of the matrix is equivalent to the weight of the edge in the graph model. The weight of the vertex

can be calculated by the weight of the edge [18], letting u(s;"),,,, and v(s}),,, represent the scores of the

mxl

Chinese sentence and the Vietnamese sentence. To achieve this goal, each matrix is first normalized to
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get wi", w,°, W™, ensuring the sum of the elements in each row of the matrix is 1.

u(suz) azwcnu(scn)+ﬂz ~veu1u(s (8)

u(s’) = aZ u(s)) + ,BZ W u(s") 9)

where @ and £ indicate the effect of the same and different language similarity. Based on these
assumptions we can see @ >0, #>0,leta+ f# =1 . The above formulae are iteratively solved. To make
are normalized after each iteration. When the difference

the solution converge, u(s;"),,,, and v(s})

mx nxl1

between the results of the two iterations is less than the threshold, it is assumed that the iteration ends.

are obtained by this method.

nxl

The scores of Chinese sentences u(s;"),,,, and Vietnamese sentences v(sy)

To further filter redundant information, we choose the greedy algorithm [23] to deal with the current

score, and get the final sentence score. The algorithm for dealing with Chinese sentences was as follows:
(1) Initializes the two collections: A=¢ , B= {s,. = 1,2,...,m} , where set B represents the
Chinese sentence set.

(2) The elements in set B are sorted in reverse order with the original score u(s;")

mx1 *

(3) Assuming that §; is ranked first, it is moved from set B to set A, and then the sentence score
recalculated for similarity with §; in set B. s, is used to represent the sentence with the similarity
to S, . The score is calculated as follows: score(sj) =u(si")—p-wy' - (sf”) , where u(s}")
represents the original score of sentence s; , @ represents penalty factor, and w;" represents the

similarity of s; and s, . When the penalty factor ¢ is 0 there is no penalty, and the sentence s,

score is unchanged. We use an experimental selection penalty factor of 0.5.
(4) The score calculated in the previous step was used to reverse the order of the elements in set B and

then return to the third step until the number of elements in set B was zero.

The algorithm for Vietnamese news processing is consistent with the above. It needs to replace the

input into Vietnamese sentence sets, so that the original score matrix is replaced by v(s’’),,,, and the

nx1?

similarity matrix is replaced by w;® . Using this method to calculate the final score of Chinese and

Vietnamese sentences, and sort the sentences according to the final scores for each language, the top (n)

sentences are extracted as summaries of news differences.

3. Experiments and Result

3.1 Data Set

The experimental data set contains Chinese and Vietnamese news of three topics. We searched
http://google.com.hk/ to obtain the news documents related to the topics. Some documents were

collected manually as data sets for the experiments. The specific information is shown in Table 1.
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Table 1. Specific data for the experiment

Topic Language Number of sentences  Average length
Nguyen Phu Trong’s visit to China Chinese 421 34
Vietnamese 394 46
Releasing water into the Mekong river Chinese 405 29
Vietnamese 399 31
Defense Minister meeting Chinese 388 38
Vietnamese 149 42

To evaluate the results, we read the Chinese and Vietnamese sentences on each of the three topics.
Based on our full understanding of these news items, we chose 5 sentences from each language to form a

summary of the differences in the news.

3.2 Evaluation Metrics

The top 5 sentences from each language were extracted as different sentences for the experiment. To
evaluate the effect of the algorithm, we used the n-gram co-occurrence measure proposed by Lin and
Hovy [24]. This method evaluates the model by calculating the degree of n-gram co-occurrence between
the model summary and the manual summary. The higher the co-occurrence, the better the effect of the

model. The calculation method is as follows:

z Count,, (n— gram)

C _ Ce{Model} n—grameC (10)

- Z Count (n —gram)

n
Ce{M odel} n—grameC

where Count,,,, (n—gram) represents the number of n-gram co-occurrences between the model
summary and the manual summary, Count(n—gram) represents the number of n-gram in the model

summary.

Ngram(i,j) = exp[iwﬂ logani < iy je[L4] (11)

where W, is the normalization factor and w, = , when i=j=1, Ngram(l,1) represents the

Jj—i+l
degree of unigram co-occurrence, Ngram(1,2) represents the degree of unigram+bigram co-occurrence.

3.3 Evaluation Results

This paper selected the following three baselines methods to show the effectiveness of our proposed
approaches.

Centroid [25]: A centroid-based method is used to calculate the saliency scores of sentences in the
different languages. First, we calculate three scores: the centroid value, the position value and the
overlapping value of the first sentence. Second, the three values are linearly summed to get the sentence
score. Finally, the redundant information is removed to obtain the summary sentence. It is worth noting

that this method does not use cross-language information.
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Centroid++: This is an improved method based on the centroid method, which integrates cross-
language information. The final score of the sentence comes from subtracting cross language similarity
from scores calculated by the centroid method, and further reflects the differences between the different
languages.

PBES [26]: Phrase-based extractive summarization [26] uses phrase-based scoring to represent saliency
scores of sentences. We can assign phrase-based scores to sentences from the translated documents for
summarization purposes. The model can operate on lexical entries with more than one word in the source
and target languages. This works well with cross-language document summarization.

In the initial filtering of bilingual sentences according to global similarity, the global similarity
threshold was set to 0.2, i.e. when we take 0.2, about 30% of the sentences are filtered out. In addition, the
purpose of this paper was to extract the difference summary, not only concerned with the difference
between the languages, but also the importance of sentences in the same language. We set @ =0.5,
B =0.5in the random walk algorithm, which means the similarity between different languages and
between the same languages contribute equally to the final score of the sentence. We used the settings to
implement the methods given in this article, and to achieve three baseline methods. Based on the n-gram
co-occurrence measure, the Ngram(l,1) and Ngram(1,2) of the three different methods were
calculated. Table 2 shows the experimental results of the Chinese difference summary. Table 3 shows the

experimental results of the Vietnamese difference summary.

Table 2. Chinese difference summaries results

Ngram(1,1) Ngram(1,2)
Centroid 0.1056 0.0837
Centroid++ 0.1301 0.1194
PBES 0.1536 0.1372
Our method 0.1837 0.1481

Table 3. Vietnamese difference summaries results

Ngram(1,1) Ngram(1,2)
Centroid 0.0949 0.0643
Centroid++ 0.1403 0.1125
PBES 0.1447 0.1292
Our method 0.1821 0.1462

We compared the output of the model to other summary systems. The first two methods pay more
attention to the location characteristics of sentences when extracted. PBES analyzes the relation between
bilingual sentences by machine translation. This paper studies the problem of cross-language document
summarization in Chinese and Vietnamese. Vietnamese is a minority language, and the results of
machine translation are not optimal. In response, our method builds a bridge between different languages
based on Wikipedia’s multilingual concept description page, extracting elements to represent the
sentences. It can be seen from Tables 2 and 3 that our method is superior to Centroid, Centroid++ and

PBES under the same evaluation method, whether Chinese or Vietnamese news data is examined.
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~——#— Ngram (1, 2)
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Fig. 3. The influence of o value on Chinese summary.

—— Ngram(1, 1)

~—&— Ngram (1, 2)

Fig. 4. The influence of a value on Vietnamese summary.

The effect of o on the experimental results can be observed in Figs. 3 and 4, which indicate the influence
on Chinese and Vietnamese respectively. It can be seen that the experimental results gradually improve

with the increase of a value, peaking at about 0.5, then gradually decreasing with the increase of a value.

Table 4. Summary of news differences

Chinese difference summary

Vietnamese difference summary

AR 25 N FE R 38 0 1 O [ S i B s B
1A i) R AR AN REABIRAT], IS B2 A8 HEWR? g IE
FEEEIE — ML DRI R 5, AT = A
PN IX A 32 37 B AT . 1 H T 2 R KRS,

KBt — B IR, (453 A BB ™ EL X IR
290 K i R B R, 5 H 5 A H A,

167503 BiAE FH 2 K

(A lot of people praise China for our manners as a big
country. The drought in Vietnam obviously cannot be
blamed on us, but who should take the blame? Vietnam
is now suffering its worst drought in nearly a century,
and the agriculture of the Mekong Delta region has been
hit hard. The drought becomes even more severe
because of the increasing demand for water as a result
oflocal planting of rice. This is the most serious drought
in 90 years, which causes nearly a million people to lose
access to water for everyday needs and nearly 160,000
hectares of rice fields are affected).

Trong khi d6, mua nay, nuéc thugng ngudn song Mé
Kong lai 6 vé rat it do bi ngin can boi hang loat cac
cong trinh thily dién ctia Trung Qudc, Lao, Campuchia.
Viy thi lam sao dap Canh Hong c6 thé xa cho chung ta
trong nhiéu dot khi khong du nu6c? Dong chay s& chay
qua cac nudc phia trén, trong khi, Thai Lan, Lao,
Campuchia cling dang bi han rat nang né. Hién nay, cac
nude thude hé théng song Mekong c6 mét co ché hop
tac quan trong thong qua Hiép hdi song Mekong. Viét
Nam d& nghj Trung Quéc x4 lii ctru han ddng bang song
Ctru Long.

(Meanwhile, the upstream Mekong River is falling back
very little in this season because it is blocked by a series
of hydropower projects in China, Laos and Cambodia.
Why are we still lacking water when Jinghong dam
released water? The water will flow through Thailand,
Laos, Cambodia and other countries which also suffer
severe drought. The Mekong River Basin countries
have important cooperation mechanisms through the
Mekong River Commission at present. Vietnam calls
on China to increase its discharge flow in the Mekong
Delta).
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Finally, we selected the topic “Mekong River”, and used this method to summarize the differences in
Chinese-Vietnamese bilingual news as shown in Table 4. Here the proposed method extracts different
viewpoints from the Chinese and Vietnamese news on the Mekong River topic. The Chinese summary
paid attention to Vietnam’s severe drought and provides an objective analysis of the shortage of water
resources. The Vietnamese summary emphasized the limited flow of the Mekong to particular areas and
the need of the China Hydropower Station to discharge water. To a certain extent, the differences between

Chinese and Vietnamese news are reflected here.

4, Conclusions

In this paper, we have proposed a method based on a graph model to summarize the differences
between Chinese and Vietnamese bilingual news. In the proposed method, multilingual conceptual
description pages on Wikipedia were used to analyze sentences similarity, which contribute to solving
the graph model and further complete the summary task. The experiments are giving to show the

effectiveness of our proposed approach.
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