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Abstract

We present a neural recommendation model
for Chengyu, which is a special type of Chi-
nese idiom. Given a query, which is a sentence
with an empty slot where the Chengyu is taken
out, our model will recommend the Chengyu
candidate that best fits the slot context. The
main challenge lies in that the literal meaning
of a Chengyu is usually very different from
its figurative meaning. We propose a neural
approach to incorporate the definition of each
Chengyu as background knowledge. Experi-
ments on both Chengyu cloze test and coher-
ence checking in college entrance exams show
that our system achieves 89.5% accuracy on
cloze test and outperforms human experts who
attended competitive universities in China. We
will make all of our data sets and resources

publicly available as a new benchmark for re-

search purposes’.

1 Introduction

Chengyu (“H¥ &>, literal translation: “form
phrases”™) is a special type of Chinese idiom, and
represents one of the most beautiful, fascinat-
ing and unique aspects of the Chinese language.
96% Chengyus consist of four characters each.
Chengyus were mainly created from ancient sto-
ries, literature and sayings which can be traced
back to thousands of years ago. Some exam-
ples are shown in Table 1. More than 7,000
Chengyus are still widely used in the modern
Chinese, Japanese, Korean and Vietnamese lan-
guages. Like idioms in other languages, us-
ing Chengyu appropriately makes communication
more compelling and engaging because they in-
troduce powerful imagery and figurative meanings
that differ from their literal meanings.

When learning Chinese phrases, Chengyus are
always the most difficult to understand and mem-

'https://github.com/bazingagin/chengyu_data
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orize. Second-language learners generally have a
love-hate relation with Chengyu and tend to avoid
it. A typical way to measure a Chinese learner’s
Chengyu knowledge is “Cloze Test”, in which the
learner is asked to supply the best Chengyu that
has been removed from a sentence. It’s consid-
ered as one of the most difficult problems in Chi-
nese college entrance language and literature ex-
ams, and has been the focus of several TV tal-
ent shows in China such as the Chinese Idiom
Congress by CCTV. This motivated us to develop
the first Chengyu recommendation system to as-
sist Chinese learners. Given a context sentence
(“query”) with a Chengyu removed, the system
will automatically recommend the best Chengyu
to fill in the blank.

The four characters in each Chengyu are of-
ten unintelligible without understanding the back-
ground story. For example, “Ul #.Y% fE (literal
translation: sink fish fall swallow)” and “M] A Z&
1€ (literal translation: hide moon shame flower)”
were used to summarize four stories of the top four
beauties in ancient China: Xi Shi, Wang Zhao-
jun, Diao Chan and Yang Yuhuan. They were
being so beautiful that fish sank, birds fell from
the sky, the moon hid, and flowers were shamed.
As a result, we cannot compose the meaning of a
Chengyu only based on its four characters. More-
over, each Chengyu is highly succinct, compact
and synthetic. For example, “— H =k (literal
translation: one day three autums)” means greatly
missing someone so that one day feels as long as
three years. However, its key meaning “missing”
is not in this Chengyu.

To address these challenges, we create a new
Chengyu Cloze Test benchmark, which consists
of 108,987 query sentences and 7,395 target
Chengyus. Each Chengyu is associated with a def-
inition, which describes its general meanings and
scenarios where it occurs. Then we develop an
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Origin

Query

Recommended Chengyu and Its Definition

Historical Story

SCEEHSE S L EHATIARIILR
%YE%EEH‘J%’I‘H@LH%NHQ
I, o

Throughout history some literary works
were extremely popular, so much so that

7% FH4E Bt (Luoyang's paper became expensive)
ARV B HOE T2 4K, BRI GAR L bZe BRIAE A <8I
—HPHERROR, SR B LEMTE R E, WS .

During the Western Jin Dynasty, people kept copying and propagating Zuosi's
work “San Du Fu", which caused the supply of paper falling short of demand.
Now a metaphor to describe that some great work is valuable and widely
disseminated.

D

Ancient
Chinese
Literature

AP R AR RN Ak

The three years of high school life was
like , time takes wings.

H 33t B (time passes quickly like a white pony's shadow across a

crevice)
CEFY « “ANER#ZE, AARZEH, Z2RNE. ”

Chuang Tzu said *"Human life between heaven and earth is like the white

pony seen through a crack in the wall, it's just a moment.

Fable Proverb

A RANE, BUREBHBEA
Ko LG BB T ET AR
TR I .

, each with their own special

J\llj3d# (Eight immortals cross the sea)
{I‘g%%%ﬁgﬂﬂ‘$ﬂiﬂﬂn, BHA—EEAR, FHmE EEHBARSE I
%, Ao

distinct personalities. But it's like
some sentences need to be further
polished.

Saying powers. This indicates that thousands of It's said that eight immortals crossed the sea without boats because each of
great C(;uplets will emerge and decorate them had special power. Now it's used to describe using one's unique skill to
Shanjin beautifully. compete.
K FEZE (pull chestnuts from the embers)
BATEN B L — A~ Exrar A +t1§€a§[§l i AR HPHE S TS o sz AR
Wi R A O p bl — R B gk 2B W TSR AR A, .
A - ! & A F he 17 century F h fabulist Jean de la F 's "The Monk d
. Bl A A 111 ) rom the 17 century French fabulist Jean de la Fontaine's "The Monkey an
Eorelgn (JV ik o 1 the Cat". Bertrand the monkey persuades Raton the cat to pull chestnuts from
Literature ¢ like tofu_s;el econgn}_y ;O coniro. ? the embers amongst which they are roasting, promising him a share. As the cat
countryds aith, uf§e chet to lconﬁro @ scoops them from the fire one by one, burning his paw in the process, the
rﬁce and use prfo 1t to control others oy onkey gobbles them up. It's used to describe a person used unwittingly or
they can____ forus. unwillingly by another to accomplish the other's own purpose with his own
risk but gets nothing.
/NS T RS, NG GE
3 A 12 -
il @T’ 1/1571”1%’”7 ﬂl’ﬂt*ﬁﬂ% F1BE{3 (white jade with a little blemish)
is novel includes a complete an S N P : B -
Metaphor vivid plOt, and the characters have =] EI Eﬁir‘ﬁ:d\ﬁflﬁ o tb“ﬁfﬁﬂ?ﬁ’])\ﬁ%ﬁ:d\ﬂ)ﬁ > %LPTEO

A flaw in a white jade. It's a metaphor for a good person or a good thing with
a little defect.

Table 1: Chengyu Examples

attentive neural network architecture to select the
most appropriate Chengyu to fit in the slot context
of each query. We first encode query sentence and
Chengyu definitions using a bi-directional long
short-term memory (Bi-LSTM) network (Hochre-
iter and Schmidhuber, 1997). To better capture
the correlation between the query and the defini-
tion, we apply a soft attention to assign a weight
to each word in the query sentence, and predict a
matching score for each candidate Chengyu. Our
system significantly outperforms human learners
who attended top universities in China.

2 Related Work

Our Chengyu cloze test task is similar to read-
ing comprehension (Hermann et al., 2015; Cui
et al., 2016; Chen et al., 2016; Kadlec et al., 2016;
Seo et al., 2016). However, it’s more challeng-
ing because the context includes a sentence in-
stead of a paragraph, the Chengyu phrase itself
does not convey its figurative meaning, and there
are many more candidate answers. Very few Nat-
ural Language Processing techniques have been
applied to understand or recommend Chengyu.
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Chung (2009) studied a subset of Chinese fig-
urative language, focusing on Chinese five el-
ements and body part terms. Limited efforts
have used Chengyu dictionaries to expand Chinese
emotion lexicon (Xu et al., 2010) and improve
Chinese word segmentation (Chan and Chong,
2008; Sun and Xu, 2011; Wang and Xu, 2017).
Chengyus differ from metaphors in other lan-
guages (Tsvetkov et al., 2014; Shutova, 2010) be-
cause they do not follow the grammatical structure
and syntax of the modern Chinese.

3 Approach

Figure 1 shows the overall architecture of our ap-
proach. For a query and the definition of a candi-
date Chengyu, we first apply a word segmentation
tool jieba® to segment query and definition into
words, and apply a Bi-LSTM network to encode
each word with a contextual embedding. In order
to better capture the correlation between a query
and a Chengyu, we further compare the represen-
tations of the Chengyu definition and the contex-
tual embedding of each word in the query, and

*https://github.com/fxsjy/jieba
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Figure 1: Architecture Overview

take the weighted sum of the query word contex-
tual embeddings as input to a linear function to
determine the probability score of the candidate
Chengyu. Next we show the approach details.

Encoding Given a query g and a Chenyu defi-
nition d; from the target Chengyu database D =
{di,da,...,d,}, we apply two Bi-LSTM net-
works to encode them separately. Each Bi-LSTM
network leverages long distance features from the
whole sentence to capture the context information
by using a memory cell (Hochreiter and Schmid-
huber, 1997). Each word in ¢ and d; is assigned a
contextual embedding.

Attention To better capture the correlation be-
tween a query and each Chengyu definition, we
use an attention mechanism (Bahdanau et al.,
2014; Sutskever et al., 2014) to compare the se-
mantic relatedness of each word in the query sen-
tence with the meaning of each Chengyu defini-
tion.

Given the hidden states H = hg, hq, ..., b, of
the Bi-LSTM encoding the query sentence, where
h; denotes the concatenation of the hidden states
of word w; with forward and backward LSTMs,
the attention layer sum over h; with learnable
weight o R = > | «; - h;, where R is the
weighted sum vector representation of the query.
«; is a learnable weight which is computed by
% and e; = dT-W,,-h;, where W,,,
is a parameter to capture the relevance between a
query and a definition flexibly (Chen et al., 2016).
d” is the last hidden hidden state of the Bi-LSTM
encoding the definition.

(07}
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mans  of  many

books
Training With the weighted sum vector repre-
sentation of the query R, we apply a softmax func-
tion to compute the probability of each candidate
Chengyu d; to be filled into the slot.

T
()i - .‘}‘][3 ];t

exp(0;)

2 e exp(0;)’

where Wy maps the final representation of
the query into R™, and m is the number of
classes. Then we optimize the log likelihood:
L = 37", yjlog(p;), where y; is 0 or 1 depend-
ing on if the truth is Chengyu d; or not.

P =

Prediction For prediction, we take a query with
each Chengyu definition (¢, d;), 1 < j < m as in-
put, and predict a probability matrix M € R"**",
where m is the number of candidates. For exam-
ple, a choose-one-from-four task will have m =
4. The final predicted Chengyu d; is selected by
argmax(M[:, 7]), 1 < j < m.

4 Experiments

4.1 Data and Setting

We crawled 108,987 sentences including 7,395
unique idioms from http://zaojv.com, and
the definitions of these idioms from http://
cy.5156edu.com. Training and test set con-
tain 108,432 and 555 sentences, and 7,071 and
508 Chengyus respectively. We use the whole
Chengyu dataset to train word embeddings. We
perform two tests: (1) cloze test: for each sen-
tence in the test set, we take out the ground-truth
Chengyu, and let the system select a Chengyu



TYPE QUERY SYSTEM GROUND TRUTH ANALYSIS
XHOHATE, T AREL = o The definition significantly enriches
PN ] . HWHEASHE AP MR the semantic meagnings of}(lihengyu
Incorporating  JJo an ant shaking a an ant shakinga  jrself. it i f## (an ant shaking a
Definition This event is unstoppable, anyone tree, to describe one | tree, to describe one tree) is a metaphor to describe [
who tries to stop it will be like fails to recognize fails to recognize #tJ(fail to recognize one's own
ijl_lm?s(ti not recognizing his’/her own  one’s limited power one’s limited power limited power) €
imited power. :
By incorporating the attention
gﬁ- gﬁ%{% R Eiﬁiﬁ%g g@éﬂg mecthanitshm, our ellptproacﬁl gan better
3% [ B RYNZ 1l capture the correlations between
Attention i, — P IRl SN P query context and Chengyu
Mechanism It's well known by everyone in well known by well known by deﬁnltlg{lhguf approach successfully
our country that Liu Bei was eager every family every family selects Z I/ e (well knownby
to recruit talents and invited Zhu every family) to fill in the slot since it
Geliang three times. shares similar semantic m;amngs
with query context word %I (known).
T EEW L 295 4B M)A LAy ) S
World — e . bring the painted takes a lone time We need to know “age 29” is
Knowledge Haruki Murakami , he was dragon to life by 4 K 8 t relatively late to produce the first
already at age 29 when he wrote his  putting in the pupils ~ '© Taxe 2 grea works for a writer.
first works. of its eyes instrument
. MNITHEWERAE, AL B e Our system focused on the shared
Discourse Tt i1 T AL o HRE AN lejve one’s meaning of escape/leave while
Coherence When facing disasters, people had to at large ignored this Chengyu has a specific
and leave their own villages. hometown object “the arm of the law”.
Z};:/];)\%E*/I\VE%$N§E@ 2 K& AW (brag shamelessly)
Sentiment (oD Jo KE BEZSS30 expresses very negative sentiment
. Many people think that a writer can - © : TN
Analysis Y peopie t brag shamelessly ~ speak eloquently ~ while [135 & (speak eloquently)
not only write like an angel but also includes positive sentiment.
W\Eﬁﬁﬁﬁﬁgﬁfﬁ%ﬁ, SLAERYE IS
. CIFR5F, AR . N = Our system did not detect negation
Negation The words you said in front of him with very limited hi ?F:: }%F clﬁlf;s }éllfld thu; failed to scelgc‘tgthe
3 ¢ b ! ven,
Detection were really like showing off axe in knowledge and 8 ’ ioht Chi
0 S deep as earth right Chengyu antonyms.
front of Lu Ban, without knowing scanty information p
e =y E
c ical iiﬂ#ﬁ%*@/mﬂ}> FETET AR BT R When multiple Chengyus appear in
rammatica Hoo___o M2 t away from the  the same query sentence, they tend
We should think about the plot the words fail to ge y h
Structure carefully before write an article, don't express the meaning title ten thousands t(t’ folltl?rw the same grammatical
write down thousands of words, of miles structure.
BB NMEZE R, BB RAE Multipl_e chengyus ten_d to appear in
DHHI__ BEIEEMARE e Wrxx e fom. nihis xample
o ronunciation: Cang Can
Rhythm ?o is the beauty of b v T high-spirited and the peach trees in i “3%(5%”&_ Yio) bgth 2)
1 ove 15 le cauty o uﬁlf?lrlu Y. 70 vigorous full blossom and “oLIv L rdoe Yao)are bo
ove 1s to love your yout vigor reduplication with similar vowel
like as well as your gray hair. pronunciations.

Correct Remaining Challenges

Table 2: Detailed Analysis on Correct Examples and Remaining Challenges

from four candidates consisting of the ground-
truth and three other randomly selected ones to fill
in the slot. (2) coherence checking in college en-
trance exam: we collected 14 problem sets from
(1998, 2000) China college entrance exam, where
each problem set consists of four sentences includ-
ing Chengyus. We let the system select the sen-
tence that contains the most appropriate Chengyu
that fits into the context in a coherent way. For
comparison with human, we asked two Chinese
native speakers (not system developers) who at-
tended top universities in China to perform the
same tests.

157

4.2 Results and Analysis

Cloze Test Coherence Checking in

College Entrance Exam
Human 70% 42.3%
System 89.5% 35.7%

Table 3: System and Human Accuracy Comparison

Table 3 shows our approach achieves compara-
ble performance as human experts. For 18% of
our system recommended Chengyus which don’t
exactly match the ground truth, they are also ac-
ceptable choices for the given query contexts.



For example, our system output *“H 5135 B (time
passes quickly like a white pony’s shadow across a
crevice)” and ground truth “Y:BRALIFi (time flies)”
are near synonyms. Table 2 shows some correct
examples and the remaining challenges that re-
quire capabilities beyond lexical semantics.

5 Conclusions and Future Work

We created a new benchmark dataset for a new
task of Chengyu cloze test. We also proposed a
neural model which leverages the definitions of
Chengyu as background knowledge and outper-
forms human experts. In the future we will explore
collective inference to rank multiple Chengyus in
the same discourse simultaneously, and incorpo-
rate richer linguistic clues based on structures and
rhythms.
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