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1. Abstract

The development of Web technologies has been rapidly
accelerating human communication and sharing of
knowledge. The massive amount of text on the new
communication platforms or knowledge sources often
consists of documents in several domains and multiple
languages. In order to obtain fresh and diverse
information from multilingual and diverse text
sources such as Twitter, Wikipedia, or arXiv, we need
to cope with language barrier while also paying
attention to domain differences.

Let us move on to the general topic of natural
language processing. Machine translation, as one of the
most promising applications of natural language
processing, has been playing an essential role in
overcoming the language Dbarrier. The recent
development of machine learning techniques and huge
annotated corpora have considerably improved the
performance of machine translation. In the face of the
increasing use of multilingual platforms and knowledge
sources, can machine translation help us understand
the real text data in various domains? Can machine
translation be applied to languages pairs whose
vocabulary and grammar are significantly different
(such as English vs. Japanese)? More generally, can
machine directly help humans understand text written
in unfamiliar domains/languages? These are the central
topics of this thesis.

To answer the above questions, we propose (i) an
instant domain adaptation method, (i) an accurate
translation method for English-to-Japanese translation,
and (iii) an automatic description method for unknown
phrases.

i) Instant domain adaptation for Statistical Machine
Translation.

To translate text in various domains, the most
basic method is domain adaptation. Most studies on
domain adaptation require supervised in-domain
resources such as parallel corpora or in-domain
dictionaries. The necessity of supervised data has

2 EET XA MM O - OFR B L OGERRAFE
B 2
Mantra #iNES4:

made such methods difficult to adapt to practical
machine translation systems. In this thesis, we thus
propose a method that adapts translation models
without in-domain parallel corpora. Our method
improves out-of-domain translation from Japanese
to English by 0.5-1.5 BLEU score.

ii) Accurate translation method for English-to-
Japanese translation.

English-to-Japanese translation is more difficult than
other language pairs such as English-to-German or
English-to-French translations. This is mainly because
(1) Japanese sentence has much more words in a
sentence compared to English, and (2) Japanese is a
free-word-order language. To cope with these problems,
we propose a chunk-based decoder for neural machine
translation. Our method improves English-to- Japanese
translation by 0.93 BLEU score and achieves state-
of-the-art performance on the WAT '16 translation task.

iii) Automatic description generation for unknown
phrases.

Even if a text is translated perfectly, or written in our
familiar languages, it is still common for humans to
become stuck on unfamiliar words or phrases. To
help humans understand unknown phrases which
are not included in hand-crafted dictionaries, we
undertake a task of describing a given phrase in
natural language based on its contexts. In contrast to
the existing methods, our model appropriately takes
important clues from contexts and achieves
state-of-the-art performance in four description

generation datasets.

The three methods are designed to help humans
understand real multilingual text where (1) the
target domain is unknown, (2) the source language
may extremely differ from the users' languages, and
(3) the
words/phrases in the text. Due to limitations of the

users may be unfamiliar with the
paper length, in the rest of this article, we focus on

describing the third part of the above contributions.

This work is licensed under a Creative Commons Attribution-ShareAlike 4.0 International Public License.
License details: https://creativecommons.org/licenses/by-sa/4.0/



2. Introduction

When we read news text with emerging entities, text
in unfamiliar domains, or text in foreign languages,
we often encounter expressions (words or phrases)
whose senses we are unsure of. In such cases, we may
first try to figure out the meanings of those
expressions by reading the surrounding words (Jocal
context) carefully. Failing to do so, we may consult
dictionaries, and in the case of polysemous words,
choose an appropriate meaning based on the context.
Learning novel word senses via dictionary definitions
is known to be more effective than contextual guessing
(Fraser, 1998; Chen, 2012). However, very often,
hand-crafted dictionaries do not contain definitions of
expressions that are rarely used or newly created.
Ultimately, we may need to read through the entire
document or even search the web to find other
occurances of the expression (global context) so that
we can guess its meaning.

Can machines help us do this work? Ni and Wang
(2017) have proposed a task of generating a definition
for a phrase given its local context. However, they
follow the strict assumption that the target phrase is
newly emerged and there is only a single local context
available for the phrase, which makes the task of
generating an accurate and coherent definition
difficult (perhaps difficult
comprehending the phrase itself). On the other hand,

as as a human
Noraset et al. (2017) attempted to generate a
definition of a word from an embedding induced from
massive text (which can be seen as global context).
This is followed by Gadetsky et al. (2018) that refers to
a local context to disambiguate polysemous words by
of their word
embeddings. Although these research efforts revealed

that both local and global contexts are useful in

choosing relevant dimensions

generating definitions, none of these studies exploited
both contexts directly to describe unknown phrases.

In this study, we tackle a task of describing
(defining) a phrase when given its local and global
contexts. We present LOG-CaD, a neural description
generator (Figure 1) to directly solve this task. Given
an unknown phrase without sense definitions, our
model obtains a phrase embedding as its global
context by composing word embeddings while also
encoding the local context. The model therefore
combines both pieces of information to generate a
natural language description.

Considering various applications where we need
definitions of expressions, we evaluated our method
with four datasets including WordNet (Noraset et al.,
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Figure 1: Local & Global Context-aware Description
generator (LOG-CaD).

2017) for general words, the Oxford dictionary
(Gadetsky et al., 2018) for polysemous words, Urban
Dictionary (Ni and Wang, 2017) for rare idioms or
slangs, and a newly-created Wikipedia dataset for

entities.

The contributions of this work are as follows:

e We setup a general task of defining phrases given
their contexts. This task is a generalization of
three related tasks (Noraset et al., 2017; Ni and
Wang, 2017; Gadetsky et al., 2018) and involves
various situations where we need definitions of
unknown phrases (Section 3).

e We propose a method for generating natural
language descriptions for unknown phrases with
local and global contexts (Section 4).

e As a benchmark to evaluate the ability of the
models to describe entities, we build a largescale
dataset from Wikipedia and Wikidata for the
proposed task. We release our dataset and the
code to promote the reproducibility of the
experiments (Section 5).

e The proposed method achieves the state-of-the-
art performance on our new dataset and the
three existing datasets used in the related
studies (Noraset et al., 2017; Ni and Wang, 2017;
Gadetsky et al., 2018) (Section 6).

3. Context-aware Phrase Description
Generation

In this section, we define our task of describing a
phrase in a specific context. Given an undefined
phrase X, = {x;,-,x¢} with its context X =
{x1,,x} (1 <j <k <), our task is to output a
description Y = {y;,--,yr}. Here, X;, can be a
word or a short phrase and is included in X. Y is a



definition-like concrete and concise sentence that
describes the Xg.

For example, given a phrase “sonic boom” with its
context “the shock wave may be caused by sonic
boom or by explosion,” the task is to generate a
description such as “sound created by an object
moving fast.” If the given context has been changed
to “this is the first official tour to support the band’s
latest studio effort, 2009’s Sonic Boom,” then the
appropriate output would be “album by Kiss.”

The process of description generation can be
modeled with a conditional language model as

T
p(YlX,Xtrg) = np(y:ly«»x'xtrg)- €y)

t=1

4. LOG-CaD: Local & Global
Context-aware Description Generator

In this section, we describe our idea of utilizing local
and global contexts in the description generation
task, and present the details of our model.

4.1 Local & global contexts

When we find an unfamiliar phrase in text and it is
not defined in dictionaries, how can we humans come
up with its meaning? As discussed in Section 2, we
may first try to figure out the meaning of the phrase
from the immediate context, and then read through
the entire document or search the web to understand
implicit information behind the text.

In this paper, we refer to the explicit contextual
information included in a given sentence with the
target phrase (.e., the X in Eq. (1)) as “local
context,” and the implicit contextual information in
massive text as “global context.” While both local
and global contexts are crucial for humans to
understand unfamiliar phrases, are they also useful
for machines to generate descriptions? To verify this
idea, we propose to incorporate both local and global
contexts to describe an unknown phrase.

4.2 Proposed model

Figure 1 shows an illustration of our LOG-CaD
model. Similarly to the standard encoder-decoder
model with attention (Bahdanau et al., 2015; Luong
and Manning, 2016), it has a context encoder and a
description decoder. The challenge here is that the
decoder needs to be conditioned not only on the local
To
incorporate the different types of contexts, we

context, but also on 1its global context.

propose to use a gate function similar to Noraset et
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al. (2017) to dynamically control how the global and
local contexts influence the description.

We first describe
how to model local and global contexts. Given a

Local & global context encoders.

sentence X and a phrase X;.,, a bidirectional
LSTM (Gers et al., 1999) encoder generates a
sequence of continuous vectors H = {h, ---,h;} as
h; = Bi-LSTM(h;_y, hi11, X)), @

where x; is the word embedding of word x;. In
addition to the local context, we also utilize the
global context obtained from massive text. This can
be achieved by feeding a phrase embedding x4 to
initialize the decoder (Noraset et al., 2017) as
Yo = Xtrg- 3

Here, the phrase embedding x4 is calculated by
simply summing up all the embeddings of words
that consistute the phrase X.,. Note that we use a
if no

randomly-initialized vector pre-trained

embedding is available for the words in X.
Description decoder. Using the local and global
contexts, a description decoder computes the
conditional probability of a description Y with Eq.
(1), which can be approximated with another LSTM

as

st = LSTM(y;-1,8"¢-1) 4)

d, = ATTENTION(H, s,), )

Cirg = CNN(Xprg), ©)

sy = GATE(s;, X¢rg, Cerg, de), )

P(Ve|y<t, Xrg) = softmax(Wyrs; + by), (8)

where s, is a hidden state of the decoder LSTM (s, = 6),
and y, , is a jointly-trained word embedding of the
previous output word y, . In what follows, we explain
each equation in detail.



Article: Kiss Sonic Boom Over Europe

... This tour is the first official tour to support the
band's latest studio effort, 2009's Sonic Boom. ...
onic Boom

Article: Overpressure

... The shock wave may be caused by sonic boom or
hy explasian, and the resulting overpress;}e

|tem: Sonic Boom (0333268)

Item: Sonic Boom (Q908201)

WIKIDATA | Language: English wIKIDATA | Language: English
Description: album by Kiss Description:
Instance of: album sound created by an object moving
Genre: hard rock faster than the speed of sound
 § 3
Input: sonic boom
#1  This tour is the first official #2  The shock wave may be caused by [TRG] or by explosion, and
Context: | tour to support the band's latest the resulting overpressure receives particular attention when
studio effort, 2009's [TRG]. measuring the effects of nuclear weapons or thermobaric bombs.
Description: | album by Kiss sound created by an object moving faster than the speed of sound

Figure 2: Context-aware description dataset extracted from Wikipedia and Wikidata.

Attention on local context. Considering the fact that
the local context can be relatively long (e.g., around 20
words on average in our Wikipedia dataset introduced
in Section 5), it is hard for the decoder to focus on
important words in local contexts. In order to deal
with this problem, the ATTENTION(" function in Eq.
(5) decides which words
X to focus on at each time step.d; is computed with an

in the local context

attention mechanism (Luong and Manning, 2016) as
T

d, = Zaihi:

i=1

€)

o; = softmax(Uy, hTUgs,),

(10)

where Uy andUg; are matrices that map the
encoder and decoder hidden states into a common

space, respectively.

Use of character information.
the surface information of X.,, we construct
character-level CNNs (Eq. (6)) following (Noraset et
al., 2017). Note that the input to the CNNs is a
sequence of words in X..4, which are concatenated

In order to capture

“ »

with special character “_,” such as “sonic_boom.”
Following Noraset et al. (2017), we set the CNN
kernels of length 2-6 and size 10, 30, 40, 40, 40
respectively with a stride of 1 to obtain a
160-dimensional vector cg.

Gate function to control local & global contexts. In
order to capture the interaction between the local
and global contexts, we adopt a GATE() function
(Eq. (7)) which is similar to Noraset et al. (2017).
The GATE() function updates the LSTM output s,
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to s'; depending on the global context x4, local
context d;, and character-level information ¢, as

fo = [Xrg; di; €irg) (11)
ze =o(W,[fe; sl +by), (12)
re =o(W,[fe sl +by), (13)
8 = tanh(W[(r; O fo);sel +bs), (14)
si=(1-2z,)Os;+z,OS;, (15)

Where o(-), ©®

element-wise

and ; denote the sigmoid function,

multiplication, and vector
concatenation, respectively. W, and b, are weight
matrices and bias terms, respectively. Here, the
update gate z; controls how much the original
hidden state s; is to be changed, and the reset gate
r. controls how much the information from f,

contributes to word generation at each time step.
5. Wikipedia Dataset

Our goal is to let machines describe unfamiliar
words and phrases, such as polysemous words,
rarely used idioms, or emerging entities. Among the
WordNet and Oxford
dictionary mainly target the words but not phrases,

three existing datasets,

thus are not perfect test beds for this goal. On the
other hand, although the Urban Dictionary dataset
contains descriptions of rarely-used phrases, the
domain of its targeted words and phrases is limited
to Internet slang.

In order to confirm that our model can generate
the description of entities as well as polysemous



words and slang, we constructed a new dataset for
context-aware phrase description generation from
Wikipedia and Wikidata which contain a wide
variety of entity descriptions with contexts. The
overview of the data extraction process is shown in
Tigure 2. Each entry in the dataset consists of (1) a
phrase, (2) its description, and (3) context (a
sentence).

For preprocessing, we applied Stanford Tokenizer to
the descriptions of Wikidata items and the articles in
Wikipedia. Next, we removed phrases in parentheses
from the Wikipedia articles, since they tend to be
paraphrasing in other languages and work as noise.
To obtain the contexts of each item in Wikidata, we
extracted the sentence which has a link referring to
the item through all the first paragraphs of Wikipedia
articles and replaced the phrase of the links with a
special token [TRG]. Wikidata
description or no contexts are ignored. This utilization

items with no
of links makes it possible to resolve the ambiguity of
words and phrases in a sentence without human
annotations, which is a major advantage of using
Wikipedia. Note that we used only links whose anchor
texts are identical to the title of the Wikipedia articles,
since the users of Wikipedia sometimes link mentions
to related articles.

6. Experiments

Datasets. We evaluate our method by applying it to
describe words in WordNet (Miller, 1995) and Oxford
Dictionary, phrases in Urban Dictionary and
Wikipedia/Wikidata. For all of these datasets, a given
word or phrase has an inventory of senses with
corresponding definitions and usage examples. These
definitions are regarded as groundtruth descriptions.

Models. We implemented four methods: (1) Global
(Noraset et al., 2017) that access the pretrained
embeddings of the phrase to be described, but has no
ability to read the local context; (2) Local (Ni and
Wang, 2017) which consists of the encoders to read
the local context (i.e., usage examples of the terms);
(3) I-Attention (Gadetsky et al., 2018), and the (4)
LOG-CaD. Similar to our model, I-Attention utilizes
both local and global contexts. Unlike our model, on
the other hand, it does not use character information
to predict descriptions. Also, it uses the local context
only to disambiguate the phrase embedding instead
of encoding the local context directly to predict
descriptions. All the models are implemented with
the PyTorch framework (Ver. 1.0.0).
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Model WordNet Oxford Urban Wikipedia
Global 24.10 15.05 6.05 44.77
Local 22.34 17.90 9.03 52.94
I-Attention 23.77 1725 1040 44.71
LOG-CaD 24.79 18.53 10.55 53.85

Table 1: BLEU scores on four datasets.

Model Annotated score
Local 2717
LOG-CaD 3.008

Table 2: Averaged human annotated

scores on Wikipedia dataset.

Table 1 shows the BLEU
(Papineni et al., 2002) scores of the output descriptions.
We the LOG-CaD
outperforms the three baselines in all four datasets.
This result indicates that using both local and global
contexts help describe the unknown words/phrases

Automatic evaluation.

can see that consistently

correctly. While the I-Attention also uses local and
global contexts, its performance was always lower
than the LOG-CaD. This result shows that using local
context to predict description is more effective than
using it to disambiguate the meanings in global
context. In particular, the low BLEU scores of Global
and I-Attention models on Wikipedia dataset suggest
that it is necessary to learn to ignore the noisy
information in global context if the coverage of
pre-trained word embeddings is extremely low. We
suspect that the Urban Dictionary task is too difficult
and the results are wunreliable considering its
extremely low scores and high ratio of unknown
tokens in generated descriptions.

Manual evaluation.
model and the strongest baseline in Table 1 (i.e., the

To compare the proposed

Local model), we performed a human evaluation on
our dataset. We randomly selected 100 samples
from the test set of the Wikipedia dataset and asked
three native English speakers to rate the output
descriptions from 1 to 5 points as: 1) completely
wrong or self-definition, 2) correct topic with wrong
information, 3) correct but incomplete, 4) small
details missing, 5) correct. The averaged scores are
reported in Table 2. Pair-wise bootstrap resampling
test (Koehn, 2004) for the annotated scores has
shown that the superiority of LOG-CaD over the
Local model is statistically significant (p < 0.01).



Input: waste Input: daniel o’neill
Context: #1 2 Context: #1 #2
if the effort brings no We waste the dirty after being enlarged in 1967 he returned to
compensating gain it water by channeling it by publisher daniel belfast where he met
1s a waste into the sewer o’neill it was report- fellow belfast artist
Loy
Reference: useless or profitless to get rid of edly one of the largest daniel o’neill.
- and most prosperous
activity .
newspapers in the
Global: to give a liquid for a liquid united states.
Local: a state of being as- to make a break of a Reference: american journalist  irish artist
signed to a particular wooden instrument Global: - -
purpose obal: american musician
I-Attention: a person who makes to remove or remove Local: american publisher british musician
something that can be the contents of I-Attention: american musician american musician
be be done
LOG-CaD: american writer british musician

LOG-CaD: a source of something

that is done or done

to remove a liquid

Table 3: Descriptions for a word in WordNet.

Qualitative Analysis. Table 3 shows a word in the
WordNet, while Table 4 show the examples of the
entities in Wikipedia. When comparing the two
datasets, the quality of generated descriptions of
Wikipedia dataset is significantly better than that
of WordNet dataset. The main reason for this result
is that the size of training data of the Wikipedia
dataset is 64x larger than the WordNet dataset (14k
entries vs. 887k entries).

For both examples in the two tables, the Global
model can only generate a single description for
each input word/phrase because it cannot access
any local context. In the Wordnet dataset (Table 3),
only the I-Attention and LOG-CaD models can
successfully generate the concept of "remove" given
the context #2. This result suggests that considering
both local and global contexts are essential to
generate correct descriptions. In our Wikipedia
dataset (Table 4), both the Local and LOG-CaD
models can describe the word/phrase considering its
local context. As shown in the table, both the Local
and LOG-CaD models could generate "american" in
the description for "daniel o'neill" given "united
states" in context #1, while they could generate
"british" given "belfast" in context #2. On the other
hand, the I-Attention model could not describe the
two phrases, taking into account the local contexts.

7. Conclusions

This paper sets up a task of generating a natural
language description for an unknown phrase with a
specific context, aiming to help us acquire unknown
word senses when reading text. We approached this
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Table 4: Descriptions for a phrase in Wikipedia.

task by using a variant of encoder-decoder models
that capture the given local context with the encoder
and global contexts with the decoder initialized by
the target phrase’s embedding induced from massive
text. We performed experiments on three existing
datasets and one newly built from Wikipedia and
Wikidata. The experimental results confirmed that
the local and global contexts complement one
another and are both essential; global contexts are
crucial when local contexts are short and vague,
while the local context is important when the target
phrase is polysemous, rare, or unseen.

As future work, we plan to modify our model to
use multiple contexts in text to improve the quality
of descriptions, considering the “one sense per
discourse” hypothesis (Gale et al., 1992).
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Finally, he found it.

The box was in the pen.
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+ BTS: Back TranScription for Speech-to-Text
Post-Processor using Text-to-Speech-to-Text

Zero-pronoun Data  Augmentation for
Japanese-to-English Translation

+ Evaluation Scheme of Focal Translation for
Japanese Partially Amended Statutes

+Optimal Word Segmentation for Neural Machine
Translation into Dravidian Languages

+ Itihasa: A large-scale corpus for Sanskrit to
English translation
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WS H A MTITDIL, 2RI —XF— AR
@ Graham Neubig KIZ X ¥ “Understanding and
Improving Context Usage in Context-aware
Translation” & V5 % A kL TITOIIZ,
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task 23MTiL, HHRFNE 26 DF—LBZMM LT,
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ASPEC + ASPEC ALT + NICT-SAP
ParaNatCom | Restricted ucsy En-Hi/ld/Ms/Th | Hifld/Ms/Th-En
Team 1D E EJ | JE | En-My | My-En [ IT | Wikinews | IT | Wikinews
TMU v
NTT ¥ '
NICT-2 v s v v
goodjob v
YCC-MT1 v
YCC-MT2 v
NECTEC v
nictrby v v
sakura v W v v v v
NHK v v
human eval v V W v v
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1 http://lotus.kuee.kyoto-u.ac.jp/WAT/patent/
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En-Ja Human Eval.

Team final | src-based DA | src-based CA
NTT 57.2 77.5 79.7
NHK 339 74.1 77.2
NICTRB 28.8 73.6 77.1
(human ref.) — 73.4 76.4
Ja-En Human Eval.

Team final | src-based DA | src-based CA
NTT 44.1 75.6 74.4
NHK 37.5 73.9 73.5
NICTRB 31.8 72.1 71.8
T™U 22.6 50.2 48.3
(human ref.) — 74.1 72.9
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