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Abstract

This paper describes the UM-pAligner for the parallel sentence identification shared task of BUCC 2018. The proposed UM-pAligner
system consists of two main components, alignment candidate identification and classification models. For the identification model, we
propose using an orthogonal denoising autoencoder to transform the embedding features of parallel sentences into shared and private
latent spaces, with an objective to better capture the translation correspondences of parallel sentences. In classification, a maximum
entropy classifier is employed to determine and select the parallel sentences from the candidate list. On Chinese-English track data, the
UM-pAligner achieves a retrieval rate up to 83.65% at the identification phase when n-best is set to 80. The classification model obtains
an F1-score of 73.47%, 58.54% and 56.00% respectively on sample, training and test data.
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1. Introduction

With a huge success of neural machine translation (NMT)
(Bahdanau et al., 2014; |Lample et al., 2017; |Artetxe et al.,
2017 Yang et al., 2017), it requires a reasonable large bilin-
gual (or multilingual) parallel corpus for achieving good
translation quality (Koehn and Knowles, 2017). There is
also a huge demand of parallel corpora in multilingual nat-
ural language processing (NLP) applications, in particular
for low-resource language pair (Lu et al., 2010). Automatic
construction of parallel corpora has been an important and
active research direction in the NLP community (Tian et
al., 2014} |Chao et al., 2018; |Neves, 2017).  Compara-
ble corpora is a pair of corpora contain topic aligned docu-
ments in two different languages. (Smith et al., 2010). The
BUCC2018 shared task is to identify the parallel sentences,
which are translations of each other, given a set of compa-
rable corpora in two or more languages. In the shared task,
we need to overcome the following issues:

1. Dealing with a large number of candidates: differ-
ent from the conventional way to extract parallel sen-
tences from comparable documents where the parallel
documents are given, in the BUCC shared task, one
document holds all the sentences, up to 80,000 sen-
tences in the Chinese-English track. The number of
possible combinations is around 6.4 billion, but only
1,900 of them are the gold parallel sentences. To be
more manageable, we need a better way to filter out
the sentence pairs which are not the strict translations
of each other.

2. Identification of plausible candidates: in comparable
corpus, the sentences are not strictly parallel, but are
loose translations of each other. Thus, the second chal-
lenge is how to measure the similarity of sentence in
terms of their deep semantic meaning instead of the
shallow lexical information. Since those sentences are
not literally translated each other.
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In the past years, many approaches have been developed to
automatically acquire the parallel sentences from compara-
ble corpora. Munteanu and Marcu (2005) aligned articles
by considering the publication date of the documents, and
employed a maximum entropy classifier for identifying
the parallel sentences from the aligned articles. Various
parallel sentence alignment models and strategies have
also been applied to induce parallel sentences from the
Wikipedia (Adafre and de Rijke, 2006} Yasuda and Sumita,
2008 Smith et al., 2010; Barron-Cedeno et al., 2015).
These systems require the inter-language links to align the
multilingual documents in the first step, with the objective
to constrain the search complexity by throwing away all
possible combinations of sentences across documents.
However, these approaches are not suitable for this shared
task, since it highly relies on the meta-data of a document.
Unfortunately, such meta-data is not officially provided.
Thus, one of the challenges of the shared task is to
efficiently find out the possible aligned sentences from
the large number of sentences. Recent works also try to
model the parallel sentences through the use of deep neural
networks (DNNs) approach. (Chu et al. (2016) exploited
neural network features that acquired from a trained NMT
system in a classification model. However, the method
relies on an external NMT system and the performance of
the classifier highly depends on the quality of the NMT
model. |Grégoire and Langlais (2017) proposed using a
recurrent neural network (RNN) for the parallel sentence
identification task. Their model takes the advantage of
semantic information of a sentence pair that learned by the
RNN. However, it does not consider the word alignment
and lexical information which have been proven to be
very useful (Munteanu and Marcu, 2005; Zamani et al.,
2016). In this paper, we describe the UM-pAligner, a
parallel sentence alignment system, that we submitted to
the BUCC 2018 shared task. The system consists of two
main components, the alignment candidate identification
and parallel sentence classification models. For the iden-
tification, the main task is to filter out the sentence pairs



which are semantically irrelevant by exploiting their deep
semantic features. While the classification model takes the
features of word alignment and translation probabilities
into consideration to further assess the parallelism of the
candidates.

2. Proposed Method
2.1. Overview

To solve the problems mentioned in the previous section,
the proposed approach consists of two phases: 1) align-
ment candidate identification that aims to largely filter out
the implausible alignment candidates from the comparable
corpus; and 2) alignment classification which further evalu-
ates the parallelism of the alignment candidates using addi-
tional word-level alignment and lexical features which are
more reliable and interpretable. The processing flow of the
approach is depicted in Figure[I]
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Figure 1: Architecture of UM-pAligner.

For filtering out the semantically irrelevant sentence pairs,
we propose a semi-supervised orthogonal denoising au-
toencoder to detect the parallelism of a given sentence pair.
The underlying principle is to transform the embedding of
parallel sentences into their shared and private latent spaces
that on the other words to capture their aligned and un-
aligned features of two sentences. The model is efficient in
filtering out those of irrelevant sentence pairs and give us a
reasonable number of candidates for subsequent classifica-
tion. For the classification model, we employ a maximum
entropy model for the classification task, where we consider
the lexical features and the word alignment information of
a sentence pair. In brief, the UM-pAligner performs the fol-
lowing steps for identifying the parallel sentences from the
comparable corpora:

1. All possible sentence pairs are scored by the semi-
supervised orthogonal denoising autoencoder. For
those candidates whose score is above a threshold are
selected;

2. For those of selected candidates from the first step are
scored by the maximum entropy classifier. We use
another threshold to determine the final parallel sen-
tences. During the alignment process, one source sen-
tence is only allowed to align to a target sentence once.
The candidate with the highest score is considered.

2.2. Semi-Supervised Orthogonal Denoising
Autoencoder

To better capture the underlying semantic meanings of par-

allel sentences, we propose a novel model based on multi-

view learning and orthogonal denoising autoencoder for
the identification of parallel sentences from a compara-
ble corpus. Those methods have been successfully used in
many NLP applications (Zeng et al., 2013a; [Wong et al.,
2016). In this study, the multi-view technique is employed
to treat the source and target sentences as two different in-
terpretations of the same semantic meaning. We believe
the bilingual sentence pair which represent the same text’s
meaning should share the same semantic space, otherwise
they should exhibit very different representation. Hence,
to differentiate such relationship from a vector represen-
tation point of view, we further propose the use of semi-
supervised orthogonal denoising autoencoder (Ye et al.,
2016) to explicitly impose this constraint by mapping the
underlying sentence representation into the shared and pri-
vate latent spaces. The architecture of the proposed model
is illustrated in Figure 2]
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Figure 2: Architecture of the semi-supervised orthogonal
denoising autoencoder. The representations of source sen-
tence s and target sentence ¢ are being treated as different
input views. The private and shared latent spaces, z;, and
z, represent the common features shared by both sentences
and the private features owned by individual sentence. The
s’ and t’ are the reconstructed representations of the source
and target sentences, while y is the prediction label of the
pair of sentences s and ¢ to see if they are translations of
each other or not.

Model Description Given a concatenated representation
vector x = {Z1,...,Tm,Tms1,2n} Oof a source sen-
tence x; and its paired target sentence x; with the sen-
tence lengths of |xs|] = m and |x¢] = n respectively,
an autoencoder aims to transform it to a hidden space
h = s(Wxz + b), and the hidden representation A is sub-
sequently transformed back to its reconstructed vector x’ =
g(W'h + b') through the activation functions s(-) and g(-)
with the weight matrices W and W/, and the bias b and b'.
The objective is to learn the model parameters that mini-
mizes the reconstruction error ¢(x,x"), where £(-) is a loss
function to measure how good the reconstruction performs.
Orthogonal Constraint To accommodate the shared and
private latent spaces in the context of multi-view learning,
the autoencoder model is revised to connect only the pri-
vate latent space to its original input view, and disconnect
it from the other views, such that the private latent spaces
are independent from each other. While the shared space is
connected to all of the input views, i.e. the representation
of the source and target sentences. The architecture of the



model is depicted in Figure[2] To maintain the orthogonal-
ity of the private spaces, the bias is disconnected from the
private spaces (Ye et al., 2016). Formally, I(A|B) is de-
fined to denote the indices of columns of matrix A in terms
of the matrix B if A is a submatrix of B. The orthogonal
constraints on weights is defined as follows:

W2z 2] 11 1x) = 0
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where v = {v1,...,v;} denotes the different views of an
input x, z, is the shared latent space and z,, = {#1, ..., 2. }
are the private spaces.

Semi-Supervised Model The denoising autoencoder was
originally proposed to enforce the autoencoder in learning
robust features (Ye et al., 2016). In our case, we want the
model to be able to learn the latent features which are best
to distinguish if a pair of sentences are the translations of
each other. To this extend, we further modify the model to
guide the training towards this objective. The latent spaces
are leveraged by adding a feed-forward NN layer in addi-
tion to the reconstruction layer, and defined as:

y= O'(VVI[ZS; Zp] + bl),

where o (+) is the sigmoid function, W; and b; are the weight
matrix and the bias.

Model Training The model parameters are optimized by
minimizing the loss function:

J = CVJrec + (]- - CV)Jlabel’

where J,... and Jjgpe; are reconstruction and cross-entropy
loss. The hyper-parameter « is used to weight the recon-
struction and cross-entropy error in controlling the prefer-
ence of the learned model:

Jiabet = = X[y log(y) + (1 — y/) log(1 — y)]
Jrec = % Z([Xs§xt] -

2.3. Maximum Entropy Classifier

[xsr;x¢/]).

Previous works have shown the effectiveness of acquiring
parallel sentences using a maximum entropy model (Berger|
et al., 1996; Munteanu and Marcu, 2005; |Wong et al., 2009;
Zeng et al., 2013b). Thus, we employ it for our classifica-
tion problem and define it as:

X Aifi(y,s,

where p(c|s,t) € [0, 1] is the probability where a value
close to 1.0 indicates that the paired sentences are trans-
lations of each other, y € (0,1) is a class label represent-
ing where the sentences (s, t) are parallel or not parallel,
Z(s,t) is the normalization factor, f; are the feature func-
tions, and \; are the feature weights to be learned. The fea-
tures we considered in this task include the length-based
features (Gale and Church, 1993)), alignment-based fea-
tures (Munteanu and Marcu, 2005; [Dyer et al., 2013) and
the anchor text (Patry and Langlais, 2011).

3. Experiments
3.1. Pre-train of Sentence & Word Embeddings

In training the proposed model, the embeddings of words
and sentences can either be trained from scratch jointly
with the model or pre-trained prior to the training of
the model. To be more manageable, we prefer con-
structing the word and sentence embeddings separately.
The word embeddings are constructed using the Global
Vectors (Glove) (Pennington et al., 2014), and the sen-
tence embeddings are trained with the Smooth Inverse
Frequency scheme (SIF) (Arora et al., 2017). The
embeddings are trained on the Chinese-English parallel
corpora of casict2011, casict2015, casia2015,
datum2015, and neul?7 of the CWMT datasets (Wong
and Xiong, 2017). [7_] There are 8 million parallel sentences
in total, covering a wide range of different genres such as
newswire, law, technical documents and on-line publica-
tions (web-pages).

3.2. Datasets

Preprocessing First, we observed that the Chinese dataset
is a mixture of Simplified and Traditional Chinese texts. To
unify it, we convert all the Traditional Chinese texts into
the Simplified ones (Wong et al., 2009), to ensure that all
the texts are in the same encoding scheme. Secondly, for
those of the official training data, the sentences are trans-
lated using an on-line translation system. Thus, we have
collected 147,930 “parallel” sentences of the training data
of zh-en track and the additional 500,000 parallel sentences
of neul?7 from the CWMT (Wong and Xiong, 2017). The
constructed parallel data are then used to train the orthogo-
nal denoising autoencoder and the maximum entropy clas-
sifier. Thirdly, for those of Chinese data, texts are seg-
mented into words, as known as Chinese word segmenta-
tion (Wang et al., 2012; Zeng et al., 2013a; [Zeng et al.,
2013b).

Negative Samples In training the autoencoder and the
maximum entropy classifier, we need false training in-
stances. In this work, for each of the positive samples, we
randomly produce 5 negative samples. In total, the data
used for training the models consists of 647,930 positive
and 3,239,650 negative samples.

3.3. Experimental Results

Table [T] presents the statistical information of the used
sample and training data of the zh-en track provided
by the BUCC2018 organizer for evaluation.

Dataset Source | Target | Gold
Sample 8,624 | 13,589 | 257
Training || 94,637 | 88,860 | 1,899

Table 1: Statistical information of the sample and
training data.

Model Setting The proposed autoencoder is implemented
using Tensorflow (Abadi et al., 2016)). The dimension of the

!The parallel corpora are available at: http://nlp.n7ju.
edu.cn/cwmt—wnt /
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sentence embedding is set to 300. We use 2048 nodes for
the hidden state, in which 1024 of them are for the shared
latent space and the private latent space for each view is set
to 512 nodes. For the training, the model is optimized by
the Adam optimizer (Kingma and Ba, 2014) with a batch
size of 2048. We train the model for 200 epochs in our
experiments. The model is evaluated using the method pro-
vided by the organizer, where the precision (P), recall (R)
and F-score (F}) are calculated as:

TP _ p_ _TP

— __ 2xPxR
P=7p15p TPrrN 1=

PTR

Alignment Candidate Identification Tabld?2] reports the
identification results on the sample and training
datasets respectively, by varying the selection n-best. How-
ever, during the selection, we also apply the constraints of
length ratio and a threshold of model scores (t,qe = 0.99)
strictly to filter out those of loose translations of each other.
We can see that around 80% gold pairs are retrieved when
we consider the 60-best.

Dataset n-best | Recall (%) # Candidates
1 36.18% 7,945

5 69.26% 35,819

10 78.21% 64,624

20 82.87% 108,549

Sample 40 83.65% 165,050
60 83.65% 199,522

80 83.65% 221,784

100 84.04% 237,124

o0 84.43% 282,641

1 12.74% 92,726

5 39.02% 451,385

10 52.39% 879,390

20 65.92% 1,682,456

Training 40 75.40% 3,115,220
60 79.98% 4,357,690

80 82.46% 5,445,018

100 83.51% 6,402,092

o0 86.25% 17,357,720

Table 2: Identification results on sample and training
dataset, constrained by a model score threshold, t,q. =
0.99

Parallel Sentence Classification After the first step, we
now have a candidate list of manageable size. In which, we
further access the parallelism of the paired sentences using
the maximum entropy classifier. We use the model scores
to determine the final candidates of parallel sentences. In
defining the threshold, we have conducted two sets of ex-
periments on training dataset. In the first experiment,
we set the model threshold to ¢,,. = 0.999, and the model
obtains 47.41%, 63.30% and 54.21% of precision, recall
and F;-score respectively. When we vary the model thresh-
old to £,,. = 0.9999, the classifier obtains a better F;-score
of 58.54%. The results are reported in TableE} Hence, we
use the model threshold of ¢,,. = 0.9999 for our subse-
quent experiments.

Dataset Threshold | Precision | Recall | F1 Score
Sample 0.9999 74.20% | 72.76% | 73.47%
Training 0.9999 67.00% | 51.97% | 58.54%

Table 3: Classification performance of the maximum en-
tropy classifier on the candidates.

4. Shared Task Result

In the test dataset, there are 91,824 Chinese sentences
and 90,037 English sentences, among which there are only
1,896 gold parallel sentences. We adjust selection criterion,
n-best, in the phase of candidate identification. For the clas-
sification, we apply the model threshold of ¢ = 0.9999 to
determine the final results. The results given by the iden-
tification and classification models are reported in Table
and [|respectively.

Dataset | n Retrieved(%) | Selected pairs
Test 60 79.06% 4,253,884
€5 180 81.69% 5,333,848

Table 4: Identification performance on BUCC2018 test
set, with decision threshold ¢ = 0.99.

Dataset | n Precision | Recall | F1 Score
Test 60 73% 45% 55%
et 180 || 72% 46% 56%

Table 5: Classification performance on BUCC2018 test
set, with classification threshold ¢ = 0.9999.

5. Conclusion

In this shared task, we have proposed a parallel sentence
identification and classification model, UM-pAlignerThe
system consists of two main components: 1) we propose
the use of semi-supervised orthogonal denoising autoen-
coder to determine if a source and target sentences are par-
allelism or not, by considering their deep semantic mean-
ing; and 2) we construct a maximum entropy based classi-
fier using the symbolic features of texts, as complementary
to the neural network based autoencoder, to further assess if
the sentences are the translations of each other. The model
achieves the Fy-score of 73.47%, 58.54% and 56% on the
sample, training and test dataset respectively.
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