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Abstract

Neural chat translation aims to translate bilin-
gual conversational text, which has a broad ap-
plication in international exchanges and coop-
eration. Despite the impressive performance
of sentence-level and context-aware Neural
Machine Translation (NMT), there still remain
challenges to translate bilingual conversational
text due to its inherent characteristics such as
role preference, dialogue coherence, and trans-
lation consistency. In this paper, we aim to pro-
mote the translation quality of conversational
text by modeling the above properties. Specif-
ically, we design three latent variational mod-
ules to learn the distributions of bilingual con-
versational characteristics. Through sampling
from these learned distributions, the latent vari-
ables, tailored for role preference, dialogue co-
herence, and translation consistency, are incor-
porated into the NMT model for better transla-
tion. We evaluate our approach on the bench-
mark dataset BConTrasT (English<German)
and a self-collected bilingual dialogue cor-
pus, named BMELD (English<-Chinese). Ex-
tensive experiments show that our approach
notably boosts the performance over strong
baselines by a large margin and significantly
surpasses some state-of-the-art context-aware
NMT models in terms of BLEU and TER. Ad-
ditionally, we make the BMELD dataset pub-
licly available for the research community. !

1 Introduction

A conversation may involve participants that speak
in different languages (e.g., one speaking in En-
glish and another in Chinese). Fig. 1 shows an
example, where the English role R; and the Chi-
nese role Ry are talking about the “boat”. The

*Work was done when Yunlong Liang was interning at
Pattern Recognition Center, WeChat Al, Tencent Inc, China.
tJinan Xu is the corresponding author.
!Code and data are publicly available at: https://
github.com/XL2248/CPCC

Y1: gidoyi, riguo ni xidang, wo
kéyi jiao ni jiachuan. ?

Xi: You know, Joey, | could teach

2 [ you to sail, if you want.?

1 X2: You could? Yo: ni hud jiashi fanchuan? R,

Y3: du®, wo zhé béizi dou zai
jiachuan, wo shiwii sui shi, wo
ba song wo yi sou chuan .

X3: Yeah! I've been sailing my
whole life. When | was fifteen,
my dad bought me my own boat:

R

1 Xa: Your own boat? Y.: ni y6u yi sou fanchuan? R,

S-NMT: shéame? shéme? ia xidng rang

. wo gaoxing qildi,wo de xidomd bing le,
Ref: zénme? bGxh? ta song wo yi sou
chuén lai anwei wo, wo de xidoma bing le,

R Xs: What? What? He was trying to
1| cheer me up! My pony was sick.

Figure 1: An ongoing bilingual conversation example
(English<-Chinese), where the Chinese utterances are
presented in pinyin style. R;: Role ¢. The dashed ar-
rows mark the translation direction. The green and red
arrows represent the monolingual and bilingual conver-
sation flow, respectively. Although the translation of
Y5 produced by the “S-NMT” (a context-free sentence-
level NMT system) is reasonable at the sentence level,
the coherence of the entire dialogue translation is poor.

goal of chat translation is to translate bilingual con-
versational text, i.e., converting one participant’s
language (e.g., English) to another’s (e.g., Chinese)
and vice versa (Farajian et al., 2020). It enables
multiple speakers to communicate with each other
in their native languages, which has a wide appli-
cation in industry-level services.

Although sentence-level Neural Machine Trans-
lation (NMT) (Sutskever et al., 2014; Vaswani
etal., 2017; Meng and Zhang, 2019; Hassan et al.,
2018; Yan et al., 2020; Zhang et al., 2019) has
achieved promising progress, it still faces chal-
lenges in accurately translating conversational text
due to abandoning the dialogue history, which
leads to role-irrelevant, incoherent and inconsis-
tent translations (Mirkin et al., 2015; Wang et al.,
2017a; Laubli et al., 2018; Toral et al., 2018). Fur-
ther, context-aware NMT (Tiedemann and Scherrer,
2017; Voita et al., 2018, 2019a,b; Wang et al., 2019;
Maruf and Haffari, 2018; Maruf et al., 2019; Ma
et al., 2020) can be directly applied to chat trans-
lation through incorporating the dialogue history
but cannot obtain satisfactory results in this sce-
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nario (Moghe et al., 2020). One important reason
is the lack of explicitly modeling the inherent bilin-
gual conversational characteristics, e.g., role pref-
erence, dialogue coherence, and translation consis-
tency, as pointed out by Farajian et al. (2020).

For a conversation, its dialogue history con-
tains rich role preference information such as emo-
tion, style, and humor, which is beneficial to role-
relevant utterance generation (Wu et al., 2020). As
shown in Fig. 1, the utterances X;, X3 and X35
from role R; always have strong emotions (i.e.,
Jjoy) because of his/her preference, and preserving
the same preference information across languages
can help raise emotional resonance and mutual un-
derstanding (Moghe et al., 2020). Meanwhile, there
exists semantic coherence in the conversation, as
the solid green arrow in Fig. 1, where the utter-
ance X5 naturally and semantically connects with
the dialogue history (X..4) on the topic “boat”. In
addition, the bilingual conversation exhibits transla-
tion consistency, where the correct lexical choice to
translate the current utterance might have appeared
in preceding turns. For instance, the word “sail” in
X is translated into “jiachudn”, and thus the word
“sailing” in X3 should be mapped into “jiachudn”
rather than other words (e.g., “hdngxing”?) to main-
tain translation consistency. On the contrary, if we
ignore these characteristics, translations might be
role-irrelevant, incoherent, inconsistent, and detri-
mental to further communication like the transla-
tion produced by the “S-NMT” in Fig. 1. Although
the translation is acceptable at the sentence level, it
is abrupt at the bilingual conversation level.

Apparently, how to effectively exploit these bilin-
gual conversational characteristics is one of the
core issues in chat translation. And it is chal-
lenging to implicitly capture these properties by
just incorporating the complex dialogue history
into encoders due to lacking the relevant informa-
tion guidance (Farajian et al., 2020). On the other
hand, the Conditional Variational Auto-Encoder
(CVAE) (Sohn et al., 2015) has shown its superi-
ority in learning distributions of data properties,
which is often utilized to model the diversity (Zhao
et al., 2017), coherence (Wang and Wan, 2019) and
users’ personalities (Bak and Oh, 2019), etc. In
spite of its success, adapting it to chat translation is
non-trivial, especially involving multiple tailored
latent variables.

>The words “jiachudn” and “hdngxing” express similar
meaning.

Therefore, in this paper, we propose a model,
named CPCC, to capture role preference, dialogue
coherence, and translation goﬂsistency with latent
variables learned by the CVAE for neural chat trans-
lation. CPCC contains three specific latent varia-
tional modules to learn the distributions of role pref-
erence, dialogue coherence, and translation con-
sistency, respectively. Specifically, we firstly use
one role-tailored latent variable, sampled from the
learned distribution conditioned only on the utter-
ances from this role, to preserve preference. Then,
we utilize another latent variable, generated by the
distribution conditioned on source-language dia-
logue history, to maintain coherence. Finally, we
leverage the last latent variable, generated by the
distribution conditioned on paired bilingual conver-
sational utterances, to keep translation consistency.
As a result, these tailored latent variables allow our
CPCC to produce role-specific, coherent, and con-
sistent translations, and hence make the bilingual
conversation go fluently.

We conduct experiments on WMT20 Chat Trans-
lation dataset: BConTrasT (En<De?) (Farajian
et al., 2020) and a self-collected dialogue corpus:
BMELD (En<-Ch). Results demonstrate that our
model achieves consistent improvements in four
directions in terms of BLEU (Papineni et al., 2002)
and TER (Snover et al., 2006), showing its effec-
tiveness and generalizability. Human evaluation
further suggests that our model effectively allevi-
ates the issue of role-irrelevant, incoherent and in-
consistent translations compared to other methods.
Our contributions are summarized as follows:

* To the best of our knowledge, we are the first
to incorporate the role preference, dialogue
coherence, and translation consistency into
neural chat translation.

* We are the first to build a bridge between the
dialogue and machine translation via condi-
tional variational auto-encoder, which effec-
tively models three inherent characteristics in
bilingual conversation for neural chat transla-
tion.

* Our approach gains consistent and significant
performance over the standard context-aware
baseline and remarkably outperforms some
state-of-the-art context-aware NMT models.

* We contribute a new bilingual dialogue corpus
(BMELD, En<-Ch) with manual translations
and our codes to the research community.

3English<German: En<De. English< Chinese: En<Ch.
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2 Background

2.1 Sentence-Level NMT

Given an input sentence X={z;}*, with M to-
kens, the model is asked to produce its translation
Y={y;} | with N tokens. The conditional distri-
bution of the NMT is:

N
po(Y|X) = [ [ po (| X, y1:4-1),
t=1
where 6 are model parameters and y;.,— is the
partial translation.

2.2 Context-Aware NMT

Given a source context Dx={X;}/_; and a tar-
get context Dy ={Y;}7_, with J aligned sentence
pairs (X;, Y;), the context-aware NMT (Ma et al.,

2020) is formalized as:
J

po(Dy|Dx) = [ [ po(Yil Xi, X, Vi),
i=1

where X ; and Y.; are the preceding context.

2.3 Variational NMT

The variational NMT model (Zhang et al., 2016) is
the combination of CVAE (Sohn et al., 2015) and
NMT. It introduces a random latent variable z into
the NMT conditional distribution:

po(Y[X) = / po(Y1X,2) - ozl X)dz. (1)

Given a source sentence X, a latent variable z is
firstly sampled by the prior network from the en-
coder, and then target sentence is generated by the
decoder: Y ~ py(Y'| X, z), where z ~ pg(z|X).
As it is hard to marginalize Eq. 1, the CVAE
training objective is a variational lower bound of
the conditional log-likelihood:
L(0,6; X,Y) = —KL(gy(2| X, Y)|lpo (2| X))
+ Eq¢(z\X,Y) [lngg(Y’Z, X)]
< log p(Y]X),
where ¢ are parameters of the posterior network
and KL(-) indicates Kullback-Leibler divergence
between two distributions produced by prior net-
works and posterior networks (Sohn et al., 2015;
Kingma and Welling, 2013).

3 Chat NMT

We aim to learn a model that can capture inher-
ent characteristics in the bilingual dialogue his-
tory for producing high-quality translations, i.e.,
using the context for better translations (Farajian

Tum Source-Language turns set Cx
number

1 Ry X Hithere, how can I help today?

Target-Language turns set Cy

Y1: nihdo, jintian you shénme
nénggai xicoldo de?

2 Xz: Hey. Afriend of mine and I ... Y2: nihdo,wo de yigé péngyou hé wo... R,
Y3: dangrén, shuiziigudn shi féichéng

X3: Sure, Aquaman is a great ... hio.de v

s

3R
Yz XTyatd fihdo yingyuino R,

2k Xa: Seattle Regal Cinemas.

2k+1 Ry Xa: Great, Regal Cinemas... Yaxs1: téibang le, diwdang dianyingyuan...

NMT

Figure 2: A dialogue example (En<-Ch) when translat-
ing the utterance Xoy11 where k € [0, ‘T‘Q_l] and T is
the total number of turns (assumed to be odd here).

et al., 2020). Following (Maruf et al., 2018), we de-
fine paired bilingual utterances (X;, Y;) as a turn in
Fig. 2, where we will translate the current utterance
Xok41 at the (2k + 1)-th turn. Here, we denote the
utterance Xof11 as X,, and its translation Y51 as
Y,, for simplicity, where X, ={z;}", with m to-
kens and Y,,={y;}!"_; with n tokens. Formally, the
conditional distributionnfor the current utterance is

p@(Yu‘Xm C) = Hp@(ytp(uv Y1:t-1, C),
t=1
where C is the bilingual dialogue history.

Before we dig into the details of how to uti-
lize C, we define three types of context in
C (as shown in Fig. 2): (1) the set of previ-
ous role-specific source-language turns, denoted
as O%le={X1, X3, X5, ..., Xog11}* where k €
[0, mT*S] and T is the total number of turns;
(2) the set of previous source-language turns, de-
noted as Cx={X1, X2, X3, ..., Xor }; and (3) the
set of previous target-language turns, denoted as
Cy={Y1,Y2,Y3,..., Yor. }.

4 Our Methodology

Fig. 3 demonstrates an overview of our model,
consisting of five components: input represen-
tation, encoder, latent variational modules, de-
coder, and training objectives. Specifically, we
aim to model both dialogue and translation simul-
taneously. Therefore, for the input representation
(§ 4.1), we incorporate dialogue-level embeddings,
i.e., role and dialogue turn embeddings, into the
encoder (§ 4.2). Then, we introduce three spe-
cific latent variational modules (§ 4.3) to learn the
distributions for varied inherent bilingual character-
istics. Finally, we elaborate on how to incorporate
the three tailored latent variables sampled from

4Ol ={Y5, Yy, Y, ..., Yai } is also role-specific utter-
ances of the interlocutor, which is used to model the inter-
locutor’s consistency in the reverse translation direction. Here,
we take one translation direction (i.e., En=>Ch) as an example.
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Figure 3: Overview of our CPCC. The latent variables z.oje, Zdiq, and z., are tailored for maintaining the role
preference, dialogue coherence, and translation consistency, respectively. The solid grey lines indicate training
process responsible for generating {z,jc, Zdia, Ztra } from the corresponding posterior distribution predicted by
recognition networks. The dashed red lines indicate inference process for generating {Z,o1¢, Zdia, Ztrq } from the
corresponding prior distributions predicted by prior networks. The first Transformer layer is shared with all inputs.

the distributions into the decoder (§ 4.4) and our
two-stage training objectives (§ 4.5).

4.1 Input Representation

The CPCC contains three types of inputs: source
input X, target input Y, and context inputs
{Cete, Cx, Cy}. Apart from the conventional
word embeddings WE and position embeddings
PE (Vaswani et al., 2017), we also introduce role
embeddings RE and dialogue turn embeddings
TE to identify different utterances. Specifically,
for X, we firstly project it into these embeddings.
Then, we perform a sum operation to unify them
into a single input for each token z;:

h{ = WE(z;) + PE(z;) + RE(z;) + TE(z;),  (2)
where 1 < i < m and WE € RVI*4 RE ¢
RIFI*d and SE € RITI*4_ |V, |R|, |T|, and d de-
note the size of shared vocabulary, number of roles,
max turns of dialogue, and hidden size, respectively.
h® € R™*4_ similarly for Y,,. For each of {C%'°,
Cx, Cy}, we add ‘[cls]’ tag at the head of it and
use ‘[sep]’ tag to separate its utterances (Devlin
et al., 2019), and then get its embeddings via Eq. 2.

4.2 Encoder

The Transformer encoder consists of V. stacked
layers and each layer includes two sub-layers:> a
multi-head self-attention (SelfAtt) sub-layer and
a position-wise feed-forward network (FFN) sub-
layer (Vaswani et al., 2017):

st = SelfAtt(hf™1) + hi™! hi! e R™*4,

hé = FEN(s!) +s¢, {h,sl} € R™*4,

SWe omit the layer normalization for simplicity, and you
may refer to (Vaswani et al., 2017) for more details.

where h! denotes the state of the /-th encoder layer
and h? denotes the initialized feature h°.

We prepare the representations of X, and
{Crete, Cx, Cy } for training prior and recognition
networks. For X, we apply mean-pooling with
mask operation over the output hYeX of the Ne-
th encoder layer, i.e., hx=2 Zﬁl(l\/lf{hi\[jx},
hy € R? where M¥ € R™ denotes the mask ma-
trix, whose value is either 1 or 0 indicating whether
the token is padded (Zhang et al., 2016). For C' mle,
as shown in Fig. 3, we follow (Ma et al., 2020) and
share the first encoder layer to obtain the context
representation. Here, we take the hidden state of
‘[cls]’ as its representation, denoted as h;fffl’e e R,
Similarly, we obtain representations of C'x and CYy,
denoted as h§i® € R? and h§¥* € R, respectively.

For training recognition networks, we obtain the
representation of Yy, as hy =1 Z?zl(Mz/hgf’Y),
hy € R%, where MY € R”, similar to M.

4.3 Latent Variational Modules

We design three tailored latent variational mod-
ules to learn the distributions of inherent bilingual
conversational characteristics, i.e., role preference,
dialogue coherence, and translation consistency.

Role Preference. To preserve the role prefer-
ence when translating the role’s current utterance,
we only encode the previous utterances of this
role and produce a role-tailored latent variable
Zrole € R%, where d, is the latent size. Inspired
by (Wang and Wan, 2019), we use isotropic Gaus-
sian distribution as the prior distribution of z,...:
p@(zrole|Xua C}}Ole) ~ N(“ralea roleI)’ where I
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denotes the identity matrix and we have
Hrole = MLPQOZE(hx; hctm )7

role

O role = Softplus(MLP,(hy; he% )),
where MLP(+) and Softplus(-) are multi-layer per-
ceptron and approximation of ReL'U function, re-
spectively. (-;-) indicates concatenation operation.

At training, the posterior distribution conditions
on both role-specific utterances and the current
translation, which contain rich role preference in-
formation. Therefore, the prior network can learn a
role-tailored distribution by approaching the poste-
rior network via KL, divergence (Sohn et al., 2015):
q¢(ZT0le|Xu’ C;(ole7 Yu) ~ '/\/'(u’;“ole7 ;‘%leI) and
{ul > 0o} are calculated as:

“’;"ole = MLPTOle(hX; h?oxle’ hy)
ol = Softplus(MLPmle(h x; e - hy)).

Dialogue Coherence. To maintain the coherence
in chat translation, we encode the entire source-
language utterances and then generate a latent
variable z4, € R%. Similar to z,,., we de-
fine its prior distribution as: pg(zgiq| Xu, Cx) ~
N (pdia, ‘731' oI and {ptgiq, 04ia } are calculated as:

o = MLP* (b D),
Odia = SOftpluS(MLsza(hX’ h%x))

At training, the posterior distribution condi-
tions on both the entire source-language utter-
ances and the translation that provide a dialogue-
level coherence clue, and is responsible for guid-
ing the learning of the prior distribution. Specif-
ically, we define the posterior distribution as:
46(Zdial Xu, Cx, Yu) ~ N(ply,,02,I), where
M, and o, are calculated as:

y’dza — MLPdw(hx, hct:v hy)
oiq = Softplus(MLP$“ (hx; h§"; hy)).

Translation Consistency. To keep the lexical
choice of translation consistent with those of pre-
vious utterances, we encode the paired source-
target utterances and then sample a latent vari-
able z;,, € R%. We define its prior distribution
as: pQ(Ztr‘a|Xu’ Cx, CY) ~ N(ﬂtraa a'tgral) and
{tra> O1rq } are calculated as:

Wira = MLPtra (hX7 hctac hcta:)
Otra = Softplus(MLPS*(hy; h§¢; h§{)).

At training, the posterior distribution condi-
tions on all paired bilingual dialogue utterances
that contain implicit and aligned information,

and serves as learning of the prior distribution.
Specifically, we define the posterior distribution
as: qd)(ztra‘Xua CX7 CY7 Yu) ~ N(/J’trav o-t12na:[>
where p},., and o, , are calculated as:

I'l’tra — MLPtra(hx, hctm hct:t hy)
Oty = Softplus(MLPtm(hX,hcm h$*; hy)).

4.4 Decoder

The decoder adopts a similar structure to the en-
coder, and each of N; decoder layers contains an
additional cross-attention sub-layer (CrossAtt):

sy = SelfAtt(hy™!) + hi™, Wt e R™Y
cf = CrossAtt(sh, he) 4+ s, sf € R4
hf = FFN(c}) + ¢§, {cj, hi} e R™,

where hfl denotes the state of the ¢-th decoder layer.

As shown in Fig. 3, we obtain the latent variables
{Zrole, Zdia, Ztra } €ither from the posterior distri-
bution predicted by recognition networks (training
process as the solid grey lines) or from prior dis-
tribution predicted by prior networks (inference
process as the dashed red lines). Finally, we incor-
porate {Z,ole, Zdia, Ztrq } into the state of the top
layer of the decoder with a projection layer:

N( . . . d
o = ’l‘:amh(Wp[hdj7 Zrole; Zdia; Ztra) + Pp), 0 € RY,

where W, € R (d+3dz) apqg b, € R are training
parameters, hfi\j ¢ is the hidden state at time-step ¢
of the Ng-th decoder layer. Then, o; is fed to a
linear transformation and softmax layer to predict
the probability distribution of the next target token:

p: = Softmax(W,0; + b,), p: € R‘V‘,

where W, € RIVIxd and b, € RIVI are training
parameters.

4.5 Training Objectives

We apply a two-stage training strategy (Zhang et al.,
2018; Ma et al., 2020). Firstly, we train our model
on large-scale sentence-level NMT data to mini-

mize the cross-entropy objective:
N

- Z logpy (ye| X, y1:4-1).
t=1
Secondly, we fine-tune it on the chat translation
data to maximize the following objective:
T (0,3 Xu, C¥', Cx, Cy, Yy) =
— KL(g(@rote| Xu, CK, V) IPo (Zrote| Xu, CF'))
— KL(q¢(2dial Xu, Cx, Yu)||po(2dial Xu» Cx))
— KL(g¢(2tra| Xu, Cx, Cy, Yu)|[po(Ztral Xu, Cx, Cy))
+ Eqy, [logpe (Y| Xu, Zrole, Zdias Ztra)]-

LO:X,Y) =
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We use the reparameterization trick (Kingma and
Welling, 2013) to estimate the gradients of the prior
and recognition networks (Zhao et al., 2017).

5 Experiments

5.1 Datasets and Metrics

Datasets. We apply a two-stage training strategy,
i.e., firstly training on a large-scale sentence-level
NMT corpus (WMT20%) and then fine-tuning on
chat translation corpus (BConTrasT (Farajian et al.,
2020)” and BMELD). The details (WMT20 data
and results of the first stage) are shown in Appendix
A.

BConTrasT. The dataset® is first provided by
WMT 2020 Chat Translation Task (Farajian et al.,
2020), which is translated from English into Ger-
man and is based on the monolingual Taskmaster-1
corpus (Byrne et al., 2019). The conversations
(originally in English) were first automatically
translated into German and then manually post-
edited by Unbabel editors,” who are native Ger-
man speakers. Having the conversations in both
languages allows us to simulate bilingual conversa-
tions in which one speaker, the customer, speaks in
German and the other speaker, the agent, answers
in English.

BMELD. Similarly, based on the dialogue
dataset in the MELD (originally in English) (Poria
et al., 2019),'° we firstly crawled the correspond-
ing Chinese translations from this!' and then man-
ually post-edited them according to the dialogue
history by native Chinese speakers, who are post-
graduate students majoring in English. Finally,
following (Farajian et al., 2020), we assume 50%
speakers as Chinese speakers to keep data balance
for Ch=-En translations and build the bilingual
MELD (BMELD). For the Chinese, we segment
the sentence using Stanford CoreNLP toolkit'2.

Metrics. For fair comparison, we use the Sacre-
BLEU!? (Post, 2018) and v0.7.25 for TER (Snover

Shttp://www.statmt.org/wmt20/translation-task.html
http://www.statmt.org/wmt20/chat-task.html
8https://github.com/Unbabel/BConTrasT
*www.unbabel.com
0The MELD is a multimodal emotionLines dialogue
dataset, each utterance of which corresponds to a video, voice,
and text, and is annotated with detailed emotion and sentiment.
https://www.zimutiantang.com/
Zhttps://stanfordnlp.github.io/CoreNLP/index.html
BBLEU+case.mixed+numrefs. 1 +smooth.exp+tok.13a+
version.1.4.13

Dataset # Dialogues # Utterances
Train Valid Test | Train Valid  Test
En=-De 550 78 78 | 7,629 1,040 1,133
De=-En 550 78 78 | 6,216 862 967
En=-Ch | 1,036 108 274 | 5,560 567 1,466
Ch=En | 1,036 108 274 | 4,427 517 1,135

Table 1: Statistics of chat translation data.

et al., 2006) (the lower the better) with the sta-
tistical significance test (Koehn, 2004). For
En&De, we report case-sensitive score follow-
ing the WMT?20 chat task (Farajian et al., 2020).
For Ch=-En, we report case-insensitive score. For
En=-Ch, we report the character-level BLEU score.

5.2 Implementation Details

For all experiments, we follow the Transformer-
Base and Transformer-Big settings illustrated
in (Vaswani et al., 2017). In Transformer-Base,
we use 512 as hidden size (i.e., d), 2048 as fil-
ter size and 8 heads in multi-head attention. In
Transformer-Big, we use 1024 as hidden size, 4096
as filter size, and 16 heads in multi-head attention.
All our Transformer models contain /N, = 6 encoder
layers and N, = 6 decoder layers and all models
are trained using THUMT (Tan et al., 2020) frame-
work. We conduct experiments on the validation
set of En=-De to select the hyperparameters of con-
text length and latent dimension, which are then
shared for all tasks. For the results and more details
(other hyperparameters setting and average running
time), please refer to Appendix B, C, and D.

5.3 Comparison Models

Baseline NMT Models. Transformer (Vaswani
etal., 2017): the de-facto NMT model that does not
fine-tune on chat translation data. Transformer+FT:
fine-tuning on the chat translation data after being
pre-trained on sentence-level NMT corpus.

Context-Aware NMT Models. Doc-
Transformer+FT (Ma et al., 2020): a state-
of-the-art document-level NMT model based
on Transformer sharing the first encoder layer
to incorporate the bilingual dialogue history.
Dia-Transformer+FT (Maruf et al., 2018): us-
ing an additional RNN-based (Hochreiter and
Schmidhuber, 1997) encoder to incorporate the
mixed-language dialogue history, where we
re-implement it based on Transformer and use
another Transformer layer to introduce context.
V-Transformer+FT (Zhang et al., 2016; McCarthy

5716



Models En=-De De=-En En=-Ch Ch=En
BLEUT TER| BLEUT TER| BLEUT TER| [ BLEUT TER|
Baseline Transformer 40.02 425 | 4838 33412140 724 18.52 59.1
NMT models (Base)|Transformer+FT 5843 26.7| 59.57 262 | 2522 62.8|21.59 56.7
o C:(;’;t;;t;v;;;7‘V15§6-T}£ﬁs7f6frﬁér1FT 5815 27.1[59.46 2572476 63.4]2061 59.8
NMT models (Base) Dia-Transformer+FT | 58.33 26.8 | 59.09 26.2 | 2496 63.7 | 2049 60.1
V-Transformer+FT | 58.74 26.3 | 58.67 27.0 | 26.82 60.6 | 21.86 56.3
"~ Ours(Base) |CPCC | 60.137 25.47161.057 24.971[ 27557 60.17 [ 22.507 55.77
Baseline Transformer 40.53 42.21 4990 3332281 69.6| 19.58 57.7
NMT models (Big) |Transformer+FT 59.01 26.0 | 5998 259 | 2695 60.7 | 22.15 56.1
o (;;’;t;[;v;;;7‘V[5§6-7T}5rfsff6ﬁﬁérlff 5861 2655998 2542645 6262138 577
NMT models (Big) Dia-Transformer+FT | 58.68 26.8 | 59.63 26.0 | 26.72 62.4 | 21.09 58.1
V-Transformer+FT | 58.70 26.2 | 60.01 25.7 | 27.52 60.3 | 22.24 55.9
- Ouwrs(Big) |[CPCC | 60.237" 25.67 (61.45T" 24.87|28.987 59.071| 22.987 54.6

Table 2: Results on BConTrasT (En<De) and BMELD (En<-Ch) in terms of BLEU (%) and TER (%). The best
and the second results are bold and underlined, respectively. “I” and “Tt” indicate that statistically significant better
than the best result of all contrast NMT models with t-test p < 0.05 and p < 0.01, respectively.

# Models En=-De De=En
BLEUt TER|| BLEUT TER|
0|CPCC (Base) 60.96 24.6 62.09 24.5
1(w/lo Z,o1e 60.56 (-0.40) 25.1(61.42 (-0.67) 24.8
2wlo z4iq 60.50 (-0.46) 25.2 |61.65 (-0.44) 25.1
3\W/0 Zirq 60.39 (-0.57) 25.1 |61.38 (-0.71) 26.0
AWI0 Zroje & 24i0|59.64 (-1.32) 25.8 |60.65 (-1.44) 25.8
SW0 Zyole & Z1ra|59.61 (-1.35) 25.9 160.62 (-1.47) 25.7
6\w/o Z4iq & Zprq 160.24 (-0.72) 25.1 |61.18 (-0.91) 24.9
Tiwlo all 58.95 (-2.01) 26.1 |59.82 (-2.27) 26.1

Table 3: Ablation study on the validation set. “w/o all”
indicates removing all latent variables but remaining
encoding all bilingual dialogue history.

et al., 2020): the variational NMT model based on
Transformer also sharing the first encoder layer to
exploit the bilingual context for fair comparison.

54

Overall, we separate the models into two parts in
Tab. 2: the Base setting and the Big setting. In each
part, we show the results of our re-implemented
Transformer baselines, the context-aware NMT sys-
tems, and our approach on En<De and En<-Ch.

Main Results

Results on En<De. Under the Base setting,
CPCC substantially outperforms the baselines (e.g.,
“Transformer+FT”’) by a large margin with 1.701
and 1.481 BLEU scores on En=De and De=-En,
respectively. On the TER, our CPCC achieves a
significant improvement of 1.3 points in both lan-
guage pairs. Under the Big setting, our CPCC also
consistently boosts the performance in both direc-

tions (i.e., 1.227 and 1.471 BLEU scores, 0.4 and
1.1] TER scores), showing its effectiveness.
Compared against the strong context-aware
NMT systems (underlined results), our CPCC
significantly surpasses them (about 1.39~1.591
BLEU scores and 0.6~0.9] TER scores) in both
language directions under both Base and Big set-
tings, demonstrating the superiority of our model.

Results on En<Ch. We also conduct experi-
ments on our self-collected data to validate the
generalizability across languages in Tab. 2.

Our CPCC presents remarkable BLEU improve-
ments over the “Transformer+FT” by a large mar-
gin in two directions by 2.331 and 0.911 BLEU
gains under the Base setting, respectively, and by
2.031 and 0.831 BLEU gains in both directions
under the Big setting. These results suggest that
CPCC consistently performs well across languages.

Compared with strong context-aware NMT sys-
tems (e.g., “V-Transformer+FT”), our approach no-
tably surpasses them in both language directions
under both Base and Big settings, which shows the
generalizability and superiority of our model.

6 Analysis

6.1 Ablation Study

We conduct ablation studies to investigate how well
each tailored latent variable of our model works.
When removing latent variables listed in Tab. 3, we
have the following findings.
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(1) All latent variables make substantial contri-
butions to performance, proving the importance of
modeling role preference, dialogue coherence, and
translation consistency, which is consistent with
our intuition that the properties should be benefi-
cial to better translations (rows 1~3 vs. row 0).

(2) Results of rows 4~7 show the combination
effect of three latent variables, suggesting that the
combination among three latent variables has a
cumulative effect (rows 4~7 vs. rows 0~3).

(3) Row 7 vs. row 0 shows that explicitly model-
ing the bilingual conversational characteristics sig-
nificantly outperforms implicit modeling (i.e., just
incorporating the dialogue history into encoders),
which lacks the relevant information guidance.

6.2 Dialogue Coherence

Following (Lapata and Barzilay, 2005; Xiong et al.,
2019), we measure dialogue coherence as sentence
similarity. Specifically, the representation of each
sentence is the mean of the distributed vectors of
its words, and the dialogue coherence between two
sentences s; and so is determined by the cosine
similarity:

sim(s1, s2) = cos(f(s1), f(s2)),
f(si) = ‘812 > (w),

WES;
where w is the vector for word w.

We use Word2Vec!* (Mikolov et al., 2013) to
learn the distributed vectors of words by training
on the monolingual dialogue dataset: Taskmaster-
1 (Byrne et al., 2019). And we set the dimensional-
ity of word embeddings to 100.

Tab. 4 shows the cosine similarity on the test
set of De=-En. It reveals that our model encour-
aged by tailor-made latent variables produces better
coherence in chat translation than contrast systems.

6.3 Human Evaluation

Inspired by (Bao et al., 2020; Farajian et al., 2020),
we use four criteria for human evaluation: (1) Pref-
erence measures whether the translation preserves
the role preference information; (2) Coherence
denotes whether the translation is semantically co-
herent with the dialogue history; (3) Consistency
measures whether the lexical choice of translation
is consistent with the preceding utterances; (4) Flu-
ency measures whether the translation is logically
reasonable and grammatically correct.

"“https://code.google.com/archive/p/word2vec/

Models 1-th Pr. | 2-th Pr.| 3-th Pr.
Transformer 0.6502 | 0.6037 | 0.5659
Transformer+FT 0.6587 | 0.6104 | 0.5714
Doc-Transformer+FT| 0.6569 | 0.6093 | 0.5713
Dia-Transformer+FT | 0.6553 | 0.6084 | 0.5709
V-Transformer+FT | 0.6602 | 0.6122 | 0.5751
CPCC (Ours) 0.6660770.619077(0.581477
Human Reference 0.6663 | 0.6190 | 0.5795

Table 4: Results of dialogue coherence in terms of sen-
tence similarity (De=-En, Base). The “#-th Pr.” de-
notes the #-th preceding utterance to the current one.
“1> indicates that statistically significant better than the
best result of all contrast NMT models (p < 0.01).

Models Pref. | Coh. | Con. | Flu.
Transformer 0.48510.540/0.510(0.590
Transformer+FT 0.53010.590|0.565|0.635

Doc-Transformer+FT [0.525(0.595|0.560|0.630
Dia-Transformer+FT [0.525|0.580(0.555(0.625
V-Transformer+FT [0.535]0.595|0.560(0.635
CPCC (Ours) 0.570{0.620|0.585|0.650

Table 5: Results of Human evaluation (Ch=-En, Base).
“Pref.”: Preference. “Coh.”: Coherence. “Con.”: Con-
sistency. “Flu.”: Fluency.

We firstly randomly sample 200 examples from
the test set of Ch=-En. Then, we assign each bilin-
gual dialogue history and corresponding 6 gener-
ated translations to three human annotators without
order, and ask them to evaluate whether each trans-
lation meets the criteria defined above. All annota-
tors are postgraduate students and not involved in
other parts of our experiments.

Tab. 5 shows that our CPCC effectively allevi-
ates the problem of role-irrelevant, incoherent and
inconsistent translations compared with other mod-
els (significance test (Koehn, 2004), p < 0.05),
indicating the superiority of our model. The inter-
annotator agreement is 0.527, 0.491, 0.556 and
0.485 calculated by the Fleiss’ kappa (Fleiss and
Cohen, 1973), for preference, coherence, consis-
tency and fluency, respectively, indicating ‘“Mod-
erate Agreement” for all four criteria. We also
present some case studies in Appendix H.

7 Related Work

Chat NMT. It only involves several researches
due to the lack of human-annotated publicly avail-
able data (Farajian et al., 2020). Therefore, some
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existing work (Wang et al., 2016; Maruf et al.,
2018; Zhang and Zhou, 2019; Rikters et al., 2020)
mainly pays attention to designing methods to au-
tomatically construct the subtitles corpus, which
may contain noisy bilingual utterances. Recently,
Farajian et al. (2020) organize the WMT?20 chat
translation task and first provide a human post-
edited corpus, where some teams investigate the
effect of dialogue history and finally ensemble their
models for higher ranks (Berard et al., 2020; Mo-
hammed et al., 2020; Wang et al., 2020; Bao et al.,
2020; Moghe et al., 2020). As a synchronizing
study, Wang et al. (2021) use multitask learning to
auto-correct the translation error, such as pronoun
dropping, punctuation dropping, and typos. Unlike
them, we focus on explicitly modeling role prefer-
ence, dialogue coherence, and translation consis-
tency with tailored latent variables to promote the
translation quality.

Context-Aware NMT. Chat NMT can be
viewed as a special case of context-aware NMT,
which has attracted many researchers (Gong et al.,
2011; Jean et al., 2017; Wang et al., 2017b; Bawden
et al., 2018; Miculicich et al., 2018; Kuang et al.,
2018; Tu et al., 2018; Yang et al., 2019; Kang et al.,
2020; Li et al., 2020; Ma et al., 2020) to extend the
encoder or decoder for exploring the context im-
pact on translation quality. Although these models
can be directly applied to chat translation, they can-
not explicitly capture the bilingual conversational
characteristics and thus lead to unsatisfactory trans-
lations (Moghe et al., 2020). Different from these
studies, we focus on explicitly modeling these bilin-
gual conversational characteristics via CVAE for
better translations.

Conditional Variational Auto-Encoder.
CVAE has verified its superiority in many
fields (Sohn et al., 2015). In NMT, Zhang et al.
(2016) and Su et al. (2018) extend CVAE to
capture the global/local information of source
sentence for better results. McCarthy et al. (2020)
focus on addressing the posterior collapse with
mutual information. Besides, some studies use
CVAE to model the correlations between image
and text for multimodal NMT (Toyama et al.,
2016; Calixto et al., 2019). Although the CVAE
has been widely used in NLP tasks, its adaption
and utilization to chat translation for modeling
inherent bilingual conversational characteristics
are non-trivial, and to the best of our knowledge,

has never been investigated before.

8 Conclusion and Future Work

We propose to model bilingual conversational char-
acteristics through tailored latent variables for neu-
ral chat translation. Experiments on En<De and
En&Ch directions show that our model notably
improves translation quality on both BLEU and
TER metrics, showing its superiority and general-
izability. Human evaluation further verifies that
our model yields role-specific, coherent, and con-
sistent translations by incorporating tailored latent
variables into NMT. Moreover, we contribute a
new bilingual dialogue data (BMELD, En&Ch)
with manual translations to the research commu-
nity. In the future, we would like to explore the
effect of multimodality and emotion on chat trans-
lation, which has been well studied in dialogue
field (Liang et al., 2020).
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Appendix
A Datasets

WMT20. Forthe En<De, we combine six cor-
pora including Euporal, ParaCrawl, Common-
Crawl, TildeRapid, NewsCommentary, and Wiki-
Matrix, and we combine News Commentary v15,
Wiki Titles v2, UN Parallel Corpus V1.0, CCMT

Methods En=-De|De=-En|En=-Ch|Ch=-En
Base Transformer 39.88 | 40.72 | 32.55 24.42

V-Transformer| 40.01 | 41.36 32.90 25.77
Big Transformer 41.35 | 41.56 | 33.85 24.86

V-Transformer| 41.40 | 41.67 | 33.90 26.46

Table 6: The BLEU scores on the newstest2019 of the
first stage.

Corpus, and WikiMatrix for the En<Ch. We firstly
filter noisy sentence pairs according to their charac-
teristics in terms of duplication and length (whose
length exceeds 80). To pre-process the raw data,
we employ a series of open-source/in-house scripts,
including full-/half-width conversion, unicode con-
versation, punctuation normalization, and tokeniza-
tion (Wang et al., 2020). After filtering steps,
we generate subwords via joint BPE (Sennrich
et al., 2016) with 32K merge operations. Finally,
we obtain 45,541,367 sentence pairs for En<De
and 22,244,006 sentence pairs for En<Ch, respec-
tively.

We test the model performance of the first stage
on newstest2019. The results are shown in Tab. 6.

B Implementation Details

For all experiments, we follow two model set-
tings illustrated in (Vaswani et al., 2017), namely
Transformer-Base and Transformer-Big. The train-
ing step is set to 200,000 and 2,000 for the first
stage and the fine-tuning stage, respectively. The
batch size for each GPU is set to 4096 tokens. The
beam size is set to 4, and the length penalty is
0.6 among all experiments. All experiments in the
first stage are conducted utilizing 8 NVIDIA Tesla
V100 GPUs, while we use 2 GPUs for the second
stage, i.e., fine-tuning. That gives us about 8*4096
and 2*4096 tokens per update for all experiments
in the first-stage and second-stage, respectively. All
models are optimized using Adam (Kingma and Ba,
2015) with 51 = 0.9 and B3 = 0.998, and learning
rate is set to 1.0 for all experiments. Label smooth-
ing is set to 0.1. We use dropout of 0.1/0.3 for
Base and Big setting, respectively. To alleviate the
degeneration problem of the variational framework,
we apply KL annealing. The KL multiplier A grad-
ually increases from O to 1 over 10, 000 steps. | R|
is set to 2 for En<De and 7 for En<-Ch, respec-
tively. |T'] is set to 10. The criterion for selecting
hyperparameters is the BLEU score on validation
sets for both tasks. The average running time is
shown in Tab. 7.
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Stages En=-De|De=-En En=-Ch/Ch=En

The First Stage 5D 7D 4D 3.5D

Base|gine Tuning Stage] 4H | 5H | 3H | 2H

The First Stage 10D 12D 7D 6D

Bis |Eine-Tuning Stage]| 45H | 5.5H | 4H | 2.5H

Table 7: The average running time for the first stage
and fine-tuning stage. D: Days, H: Hours.
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Figure 4: Effect of context length and latent dimension
on translation quality. The BLEU scores (%) are calcu-
lated on the validation set of the En=-De.

In the case of blind testing or online use (as-
sumed dealing with En=-De), since translations of
target utterances (i.e., English) will not be given,
an inverse De=-En model is simultaneously trained
and used to back-translate target utterances (Bao
et al., 2020), similar to all tasks.

C Effect of Context Length

We firstly investigate the effect of context length
(i.e., the number of preceding utterances) on our
approach under the Transformer Base setting. As
shown in the left of Fig. 4, using three preceding
source sentences as dialogue history achieves the
best translation performance on the validation set
(En=-De). Using more preceding sentences does
not bring any improvement and increases the com-
putational cost. This confirms the finding of Tu
et al. (2018) and Zhang et al. (2018) that long-
distance context only has limited influence. There-
fore, we set the number of preceding sentences to
3 in all experiments.

D Effect of Latent Dimension

The right of Fig. 4 shows the effect of the latent
dimension on translation quality under the Trans-
former Base setting. Obviously, using latent dimen-
sion 32 suffices to achieve superior performance.
Increasing the dimension does not lead to any im-
provements. Therefore, we set the latent dimension
to 32 in all experiments.

—o— En->De
—— De->En
—s— En->Ch

Ch->En

KL Div

Updates

Figure 5: Total KL divergence (per word) of all latent
variables (first 1,000 updates on corresponding valida-
tion set).

Y1: Qidoyt, riiguo ni xidng, wo

S Xi: You know, Joey, | could teach
> kéyi jiao ni jiachudno ?

you to sail, if you want.?

Xa: You could? Yz: nihui jiashi fanchuan? S,

Bilingual Xa: Yeah! I've been sailing my Ya3: du®, wo zhé béizi dou zai
Dialogue S;  whole life. When | was fifteen, jiachuan, wo shiwi sui shi, wo
History my dad bought me my own boat. ba song wo yi sou chudn o
Xa: Your own boat? Ya4: ni you yi sou fanchuan ? S,
S Xs: What? What? He was trying to Yo
1 cheer me up! My pony was sick. NMT >
Y3: z&nme? bUXM? ta song wo yi sdu chuan lai anwei wo, wo
Reference Aoty
de xidioma bing le.
Y3: shénme? ! shéme? a xiang rang wo gaoxing gilai ! wo
Baseline | Transformer st
Models : shéame? / shéame? ! a xiang anwéi wo ! wo de
Transformer+FT Y3: shéame? ! shéame? ! 1a xiang anwéi wo ! wo de

xidomd shengbing le
Y3: shéme? ! shéme? ! a xiang anwei wo ! wo de
Doc-Transformer+FT
Context-

Aware Dia-Transformer+FT
Models

xidomd shéngbing leo

Y3: shéme? ! 1a xiang anwei wo ! wo de xidoma shéngbing
leo

V-Transformer+FT

Y3: zénme? 1a xidngyao anweéi wo ! w de xidoma bing le o

CcPCC (Ours) Y3: zénme? bir xiangxin? ta yong yi sou chu&n I8 anwéi
wo ! wo de xidoma shéngbing le o

Figure 6: Bilingual conversational example one.

E KL Divergence

Generally, KL divergence measures the amount of
information encoded in a latent variable. In the
extreme case where the KL divergence of latent
variable z equals to zero, the model completely
ignores z, i.e., it degenerates. Fig. 5 shows that the
total KL divergence of our model maintains around
0.2~0.5 indicating that the degeneration problem
does not exist in our model and latent variables can
play their corresponding roles.

F Case Study

In this section, we show some cases in Fig. 6 and
Fig. 7 to investigate the effect of different models.

Role Preference and Dialogue Coherence. As
shown in Fig. 6, we observe that the baseline
models and the context-aware models except “V-
Transformer+FT” cannot preserve the role pref-
erence information, e.g., joy emotion, even these
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S Xi: You know, Joey, | could teach Y1: Qidoyt, riguo ni xiang, wo
1

you to sail, if you want.? keéyi jiao ni jiachudn. ?
Bilingual X2: You could? Y,: nihui jidshi fanchudn? S,
Dialogue
History Xa: Yeah! I've been sailing my
S;  whole life. When | was fifteen, N Y3

my dad bought me my own boat.

Y3: du®, wo zhe beizi dou zai jicchud, wo shiwil sui shi,

Reference e % 1 <7 5
w0 ba song wo yi séu chuén.

Ya: shille, wo yizhi zai h&ogx g, dang wo shiwi sui shi,
Transformer [N e e .
Baseline wo flgin géi wo ziji mai le yi sou chudn
Models Ya: dul wo yi béizi do

zai hangx g, w shiwii sui shi, wo

Transformer+FT
ba géi W6 mai |e yi sou chudn.
Ya: dul wo zhé béizi dou zai h&ngx Mg, wo shiwii sui shi,
Doc-Transformer+FT Y . .
wo ba song wo yi sou chudno
ontext- X B 3T S, A = X £ . . PR
Conte . Ya: wo YT béizi dou zai hangx Wy, wo shiwii sui shi, wo ba
Aware | Dia-Transformer+FT song w yi sou chuin
Models S i °

Ya: du¥ wo zhé béizi dou zai h&ngchuan, wo shiwii sui shi,
wo baba song wo yi sou fanchuén .

V-Transformer+FT

CPCC (Ours) Ya: dul wo zhé béizi dou zai jichudn, wo shiwii sui shi,

w6 babd song wo yi sou chudn.

Figure 7: Bilingual conversational example two.

“*_Transformer+FT”” models incorporate the bilin-
gual conversational history into the encoder. The
“V-Transformer+FT” model produces very slightly
emotional elements (e.g., “zénme?”’) due to the la-
tent variable over the source sentence capturing rel-
evant preference information. Meanwhile, we find
that all comparison models cannot generate a co-
herent translation. The reason may be that they fail
to capture the conversation-level coherence clue,
i.e., “boat”. By contrast, we explicitly model the
two characteristics through tailored latent variables
and thus obtain satisfactory results.

Translation Consistency. As shown in Fig. 7,
we observe that all comparison models cannot
maintain the translation consistency due to the
lack of explicitly modeling this characteristic. Our
model has the ability to overcome the issue and
can keep the correct lexical choice to translate the
current utterance that might have appeared in pre-
ceding turns, i.e., “jiachuan”.

To sum up, both cases show that our model
yields role-specific, coherent, and consistent trans-
lations by incorporating tailored latent variables
into translators, demonstrating its effectiveness and
superiority.
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