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ARTICLE INFO ABSTRACT
Keywords: The aim of cross-lingual summarization (CLS) is to condense the content of a document in one language
Cross-lingual summarization into a summary in another language. In essence, a CLS model requires both translation and summarization

Fact-relationship graph
Deliberation network
Graph generation
Factual inconsistency

capabilities, which presents a unique challenge, as the model must effectively tackle the difficulties associated
with both tasks simultaneously (e.g., semantic alignment, information compression and factual inconsistency).
Graph-based semantic representation can model important text information in a structured manner, which may
alleviate these challenges. Therefore, in this paper, we propose a Cross-Lingual Summarization method based
on cross-lingual Fact-relationship Graph Generation (FGGCLS). Specifically, we first construct fact-relationship
graphs for source language documents and target language summaries. Then, we introduce a cross-lingual fact-
relationship graph generation method, which converts the CLS problem into a cross-lingual fact-relationship
graph generation problem. This approach simplifies semantic alignment and information compression through
the generation of graphs and leads to improved fact consistency. Finally, the generated fact-relationship graph
of the target language summary serves as a draft for generating the summary, which enhances the quality of
the generated summary. We conduct systematic experiments on the Zh2EnSum and En2ZhSum datasets, and
the results demonstrate that our method can effectively improve the performance of CLS and alleviate factual

inconsistency.

1. Introduction The multi-task methods incorporate related tasks such as machine
translation and monolingual summarization into the training process,

Cross-lingual summarization (CLS) is a natural language processing thus enabling multi-task learning to enhance the quality of the sum-
task that generates concise summaries in a target language (e.g., Chi- mary. The knowledge distillation methods, on the other hand, use
nese) from a source language (e.g., English) while maintaining the key two models of machine translation and monolingual summarization as
information and context. The primary goal of CLS is to enable quick teacher models to impart the learned knowledge to the student model
comprehension of documents in unfamiliar languages, thereby improv- to improve CLS performance. However, these methods have some

limitations. First, they heavily rely on additional datasets of large-scale
machine translation and monolingual summarization. Second, they
require simultaneous training for CLS and monolingual summariza-
tion or alternating between training for CLS and machine translation.
This training process can be quite time-consuming. Last, they do
not explicitly model the process of cross-lingual and key information
compression, which may lead to factual inconsistency issues, and the
model may not be interpretable.

ing information acquisition efficiency. In recent years, CLS has attracted
significant research interest; however, it remains an extremely chal-
lenging task, as it requires both translation and summarization capa-
bilities. Therefore, challenges such as cross-lingual semantic alignment,
information compression, and factual inconsistency pose significant
obstacles in generating precise and coherent cross-lingual summaries.

Recently, many researchers have utilized multi-task [1-5] and
knowledge distillation [6,7] methods to solve the challenges of CLS.
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Input Article: Gunmen killed seven people Wednesday in Pakistan’s southwestern Balochistan province, and
two more died in a bomb blast in Karachi, police said. The Karachi explosion resulted from a bomb planted
near an illegal gambling and drug center, according to police official Muhammad Aslam. It was not

immediately clear who placed the bomb ...
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Fig. 1. A random sample (i.e. a pair of articles and summaries) of the En2ZhSum training dataset. The English graph structure represents the fact-relationship graph extracted
from the source language article, while the Chinese graph structure represents the fact-relationship graph extracted from the target language summary.

Graph-based semantic representation can model important text in-
formation in a structured manner, which may alleviate these chal-
lenges. Therefore, we conducted a case study on a random sample
of the En2ZhSum training dataset to validate this idea. We found
that the source language document and target language reference
summary contain a significant amount of fact triple information that
succinctly captures the key information of the documents and sum-
maries and is relevant. As shown in Fig. 1, the input source lan-
guage documents include fact triples such as (Pakistan, southwestern,
Balochistan province), (Gunmen, killed, seven people), and (Balochis-
tan province, is racked, violence), which enable us to extract cru-
cial information, for instance, “Balochistan province is located in the
southwestern region of Pakistan” and “an incident of shooting took
place in Balochistan province”. Similarly, the target language summary
also contains analogous information in the corresponding triples, such
as “(& & B #= & %]3, 1% 3% % “4)” (i.e. Pakistan, southwestern,
Balochistan province) and “(3% & 54&7 Zx %’ 7A)” (i.e. Gunmen,
killed, seven people). The triple information referenced in the summary
of the target language is present in the source language document,
albeit expressed using a different language. Graphs are effective in
organizing and modelling multiple triple relationships in a structured
manner, so they can be used to help information compress and en-
hance factual consistency. Additionally, as a mathematical concept and
data structure, graphs are inherently language-independent, which can
effectively reduce the difficulty of semantic alignment.

Based on these observations, we propose a Cross-Lingual Summa-
rization method based on cross-lingual Fact-relationship Graph Gener-
ation (FGGCLS). This approach addresses the challenges of CLS by
converting it into a cross-lingual graph generation task. First, we extract
fact triple information from source language documents and target lan-
guage reference summaries and construct their fact-relationship graphs.
Then, we explicitly associate crucial fact information in the documents
and summaries by mapping the source language fact-relationship graph
into target language fact-relationship graphs. This method alleviates
the semantic alignment and information compression challenges in
traditional CLS, thereby improving fact consistency. Finally, the target
language summary graph serves as a draft, and a more precise summary
text is generated under its guidance. Overall, FGGCLS belongs to the

application of graph-based pattern recognition. It utilizes a complex
graph to model fact-relationships within a document and bridge fact
consistency between source language documents and target language
summaries.

Experiments conducted on the Zh2EnSum and En2ZhSum datasets
demonstrate that the proposed FGGCLS significantly outperforms base-
line models; this indicates that cross-lingual fact-relationship graph
generation plays a crucial role in improving the performance of CLS.
Moreover, extensive human evaluation experiments verify that the
generated target language summaries are more factually consistent and
trustworthy.

Our research makes several contributions to the field of graph
machine learning and CLS:

(1) We propose a novel method for CLS, which transforms the prob-
lem of CLS into a structured graph generation task. By explicitly
modelling important fact information from source language doc-
uments and target language reference summaries, this method
alleviates the challenge of semantic alignment and information
compression.

(2) We use the generated target language fact-relationship graph as
a draft to guide the generation of a more accurate and reliable
target language summary.

(3) Our approach for CLS solely depends on the dataset itself, with-
out requiring large-scale parallel datasets of machine translation,
which significantly reduces the data requirements of the model.

(4) Our experimental results demonstrate the effectiveness of our
proposed model on both the Zh2EnSum and En2ZhSum datasets
and reflect significant improvements over baseline models in
terms of summarization quality.

2. Related work

The traditional CLS method has mainly adopted the pipeline ap-
proach, which decomposes the task into two subtasks: translation and
summarization. This type of approach can be implemented in two ways:
translate-then-summarize [8-13] or summarize-then-translate [14-16].
In the translate-then-summarize approach, researchers have explored
various techniques for generating English summaries from documents
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Fig. 2. The FGGCLS framework consists of four components: Fact-Relationship Graph Encoder, which models complex factual relationships within the source language document,
captures both global document structure information and semantic representation. Document Encoder, which encodes the entire document and captures the local semantic
information of the source language document. Fact-Relationship Graph Generator, which generates the fact-relationship graph of the target language based on the hidden state
representation of the encoder. Target Language Summarizer, which aims to generate summaries based on the representation of the encoder and the first-stage target language

fact-relationship graph. The summary is generated through deliberation.

in other languages. For instance, Leuski et al. [17] translated Hindi
documents into English before generating captions. Ouyang et al. [13]
developed a robust abstract summarization system that can gener-
ate fluent summaries from machine-translated documents, using both
noisy English documents and clean English reference summaries for
training. Wan [9] and Boudin et al. [8] employed bilingual feature
information to predict the translation quality of each sentence in the
source language document before generating the final summary via a
ranking algorithm. Yao et al. [18] proposed a compression method that
calculated sentence scores based on aligned bilingual phrases obtained
from machine translation services and removed redundant or poorly
translated phrases to perform compression. Linhares Pontes et al. [11]
considered bilingual vocabulary chunks when computing sentence simi-
larity and further compressed sentences at both the single-sentence and
multi-sentence levels. In the summarize-then-translate approach, some
researchers first generate source language summaries and then translate
them into the target language. Orasan and Chiorean [14] proposed
using the maximum marginal relevance (MMR) algorithm to generate
Romanian news summaries, which were then translated into English
via machine translation. Wan et al. [15] employed an SVM model to
predict the translation quality of each English sentence, selecting high-
quality and informative sentences to form a summary, which was then
translated into Chinese using Google Translate. While such pipeline
approaches are intuitive, they can also encounter issues such as error
propagation, the need for a large corpus or expensive training of the
translation model, and delays in the inference process.

In recent years, there has been a gradual shift from pipeline-based
methods to end-to-end model architectures in CLS, especially since Zhu
et al. [1] proposed a large-scale cross-lingual summary dataset. How-
ever, using the end-to-end model directly in CLS still poses challenges,
as it requires the model to have both translation and summarization
capabilities. To overcome this, several studies have combined related
tasks such as translation and summarization with CLS to train a unified
CLS model that can benefit from related tasks. Zhu et al. [1] proposed
incorporating monolingual summarization or machine translation into
CLS training by using a shared Transformer encoder to encode the
input sequence for CLS or related tasks (monolingual summarization
or machine translation), and two independent Transformer decoders to

perform CLS and related task decoding. Cao et al. [3] proposed utilizing
two encoders and two decoders to jointly learn cross-lingual alignment
and abstract summarization. The MCLAS model was proposed by Bai
et al. [4], which uses a unified decoder to generate monolingual and
cross-lingual summaries sequentially and shares the decoder to learn
cross-lingual alignment and interaction of abstract summaries simul-
taneously. Liang et al. [5] used conditional variational autoencoders
(CVAE) to capture the hierarchical relationship between related tasks
and CLS. Moreover, some studies have used translation/summarization
tasks as teacher models to teach CLS models; this enables the CLS model
to learn not only from the label but also from the output and hidden
state of the teacher model. Shen et al. [6], Duan et al. [19], Nguyen
and Luu [7] confirmed that the knowledge distillation framework can
improve the performance of CLS. However, these methods do not
explicitly model the process of cross-lingual and important information
compression, and their model training relies on large-scale machine
translation or monolingual summarization dataset support.

Graphs, as non-Euclidean data structures, have evolved into diverse
forms, including heterogeneous graphs [20], and have been successfully
applied to various fields, such as community detection [21]. Graph
can effectively organize and model the crucial information within
text and present this information in a structured and easily digestible
format [22,23]. For example, Yu et al. [24] proposed AS-GCN, which
unified neural topic model and graph convolutional networks, and
can capture both the local word-sequence semantic structure and the
global topic semantic structure. Therefore, several studies have in-
corporated graphs into text summarization techniques to improve the
model’s capacity for identifying and summarizing critical information.
For example, Fernandes et al. [25] employed a graph neural network
to improve token-level entity type information by utilizing a sequence
encoder. Fan et al. [26] demonstrated the effectiveness of encoding a
linearized knowledge graph obtained from OpenlIE in multi-document
summarization tasks. It is worth noting that OpenlE and LTP are often
used to extract entities and entity relationships, and then a graph can be
constructed with entities as nodes and relationships as edges. Koncel-
Kedziorski et al. [27] introduced a novel graph transformer encoder
that utilizes the relational structure of a knowledge graph to generate
text, which was successfully applied to scientific text summarization.
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In cross-lingual tasks, Jiang et al. [28] utilized TextRank to extract
crucial cues from input sequences and then constructed article graphs
based on these cues; they subsequently encoded both the cues and
the article graphs using clue encoders and graph encoders, respec-
tively. Finally, during decoding, both sequence encoding information
and graph encoding information were considered to generate the final
summary. However, while these methods utilized graphs to enhance
the representation of key information in input documents, they did not
consider how to use the graphs to solve the main challenges of CLS.

3. Background
3.1. Cross-lingual summarization

Recently, Zhu et al. [1] introduced the application of the trans-
former model for CLS. The transformer model is composed of multiple
layers of stacked encoders and decoders. In our study, we adopt this
model framework to implement our approach. First, the encoder models
the source language document, represented as X = (x;, x, ..., X,,,), into
a continuous vector Z = (zy, z, ... , Z,,). Next, the decoder generates the
target language summary sequence, represented as Y = (y,¥,, ..., ¥,)s
based on Z. The training objectives of the CLS model are defined as
follows:

N
Ly =) logP(ylyq, X;0) ¢8)
=1

Here, 6 is the parameter for model training and y_, is a partial
summary of the target language reference.

3.2. Deliberation network

Inspired by the iterative refinement process often employed in
human translation and article writing, Xia et al. [29] integrated the
deliberation process into the encoder—decoder framework, which ef-
fectively enhanced the overall quality of the generated sequences.
The deliberation network is comprises a two-stage decoder. The first-
stage decoder is responsible for decoding and generating the original
sequence information, while the second-stage decoder refines and im-
proves the output based on the decoding results of the first stage.
Specifically, given an input sequence X = (x;,X,,...,x,,), the first-
stage decoder of the deliberation network model decodes the original
sequence information Y’ = (y],),...,¥)). Subsequently, the second-
stage decoder conducts a second round of deliberation on the output
sequence generated by the first stage, resulting in the final output
sequence Y = (y,,y,, ..., y,)- The training objectives of the deliberation
network are as follows:

L(@®,.0,6,) = Z P(Y|E(X;8,);0,) - log P(y]y', E(X;0,);6,) (2)
yey

Where 6, refers to the trainable parameters of the encoder, 6,and6,

refer to the training parameters of the first-stage and second-stage

decoders, respectively.

4. Method
4.1. Problem definition

We denote a parallel CLS data pair as D = (X,Y), where X =
(x1.%y, ..., x,,) refers to the source language document input to the
model, and Y = (y;,y,, ..., y,) represents the target language reference
summary. The token lengths of the source language document and tar-
get language reference summary are denoted by m and n, respectively.
Given a particular source language document X, our model produces
Y =G50 90)-

Furthermore, to enhance the performance of our CLS model, we pro-
pose the idea of cross-lingual fact-relationship graph generation. The
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source language fact-relationship graph is denoted as F* = (HS, RS, T*),
where H®, T*, and R® represent the sets of head entities, tail entities,
and relations, respectively. The target language fact-relationship graph
is denoted as F' = (H',R',T"), where H', T', and R’ refer to the
sets of head entities, tail entities, and relations, respectively. Due to
the distinctive linguistic characteristics and syntactic structures of each
language, the representation of fact relationships between the two
languages is different. Simplifying the process is crucial for tackling
the task of creating cross-lingual fact-relationship graphs. This con-
sideration stems from the typical sequential information generation
of Transformers when employed as decoders. Therefore, we define a
generated graph in the form of a serialized descriptive sentence, which
is denoted as K = (k;,k,,...,k,). During the training of the model,
FGGCLS performs two stages of decoding. In the first stage, a target
language fact-relationship graph generator is used to capture both the
local semantic features and the global factual relationship features of
the source language document and to generate target language factual
relationship graphs in the form of a serialized descriptive sentence.
In the second stage, a target language summarizer takes the target
language fact-relationship graph as a draft and refines it to generate the
final target language summary. Therefore, the generating probability
distribution of FGGCLS is:

Plo,a,) (YID) = Py (KID)Py (Y| D, K) ©)

Here, 6, and 0, refer to the training parameters for decoding the target
language fact-relationship graph and the deliberate decoding of the
target summary, respectively (see Fig. 2).

4.2. Encoder

In the present work, our model’s encoder consists of a fact-
relationship graph encoder and a document encoder. The fact-
relationship graph encoder captures global document structure infor-
mation and semantic representation by modelling the complex fact-
relationships within source language documents. Meanwhile, the doc-
ument encoder encodes the entire document, generates a contextual
embedding, and captures local semantic information of the source
language document.

4.2.1. Fact-relationship graph encoder

A. Construction of Source Language Fact-Relationship Graph

The fact-relationship graph is a graph network that describes ob-
jective logical facts and is composed of fact triples in documents. To
construct the source language fact-relationship graph, we first use ei-
ther the Stanford information extraction tool OpenlE (for English input)
or the LTP triplet extraction tool (for Chinese input) to extract fact
triples (H*, R*,T®) from the article. The extracted facts are presented
as a list of tuples, with each tuple containing a subject H*, an object
T*, and a relation R*. Then, we construct a complete relational graph
based on these tuples and apply Levi transformation to treat each entity
and relation equally. Meanwhile, we include a global node to serve
as a connection point for all entity nodes; this enables us to bridge
the disconnected parts of the graph and create a more cohesive rep-
resentation. Specifically, for a given fact triple (H/, R},T), we create
four nodes H;, T/, R;, and R}/ and add four directed edges H’ — R/,
R} - Tf, T — R/, and R}/ — H; to construct the original source
language fact-relationship directed graph F* = (V,E), where V is a
list of entities, relations, and a global node, and E is a list of directed
edges between the elements in V. During the model training process,
we create a source language graph F* for each CLS training sample,
effectively organizing the source language document fact information
through the constructed fact-relationship graph.

B. Graph Node Initialization
Consider that a node 4 is typically composed of a sequence of words
h = {wy,w,,...,w;}. To obtain an embedding representation of node
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Fig. 3. The Graph Transformer framework is composed of L-layer blocks that comprise
Graph Attention, Feed Forward, and LayerNorm.

h, we use positional encoding (PE) to obtain the position information.
The final embedding of the ith word is the sum of its word embedding
and position embedding. Finally, we input these embeddings into the
Self-Attention layer to obtain the initial embedding v? for each node.

uj? = Sel f Attention(||'_, (embedding(w;) + PE(w,))) (©))
Where [ is the word sequence length of an entity.

C. Graph Representation Learning

We leverage the Graph Transformer, as proposed by Koncel-
Kedziorski et al. [27], to perform hidden representation learning on
the nodes of the fact-relationship graph in the source language. The
Graph Transformer takes the initialization embedding V° as input and
updates the representation v; of each node based on the representations
of its neighbouring nodes. To accomplish this, we set the number of
self-attention heads in the Graph Transformer to N and calculate N
independent heads separately.
o =v+ N, Y @ Wy, (5

JEX;
af, = a"(v;,v)) (6)

_exp((Wv) Wou)
Zze&, exp(Wxv)" Wouvi)

Where x; represents the neighbouring nodes in the fact-relationship
graph F° of the source language, while W,, Wy, and W}, represent
the trainable parameters for the query, key, and value, respectively.

The Graph Transformer is comprised of multi-layer stacked blocks,
and each block follows a calculation process as described below:

7)

a(v;;v;)

U; = Layer Norm(0; + LayerN orm(?;)) 8)

0; = FFN(LayerN orm(?;)) ©)

Where FFN is a Feed-Forward neural network.

As shown in Fig. 3, the Graph Transformer is constructed using L
layers of stacked blocks. The output from layer / —1 is fed as input uﬁ =
5«;—1 to layer /. Through multiple iterations of encoding and updating,
the final encoding of nodes is represented as V' = [uiL].

4.2.2. Document encoder

While the fact-relationship encoder can capture the global structure
and semantic information of a document, it primarily focuses on the
factual relationships within the document, which may result in the
omission of important local information. To address this issue, we
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utilize the Transformer’s encoder as a document encoder to capture
the local semantic information of the source language input document
X = (x1,xp,...,%,,), thereby reducing the possibility of important
local information being overlooked. Specifically, we take the word
embedding of the document as input to the document encoder and
utilize a multi-head attention block to gather information from the
document content at different positions. Each head corresponds to a
scaled dot-product attention mechanism:

MultiHead = Concat(head |, head,, ..., headM)WO (10)
head; = Attention QW2 KWX vwY) 11

(ow?) (kwx)"

7R

Attention(QW.2, KWK VW) = softmax( yw/)

12)

Here, W,.Q, W,.K , and WiV refer to learnable parameter matrices, and
M represents the number of heads for the multi-head attention mech-
anism.

4.3. Decoder

4.3.1. Fact-relationship graph generator

To model the key information of the text during the decoding pro-
cess and simplify the complexity of generating cross-language summary
sequences, we introduce a target language fact-relationship generator
as an extension to the conventional end-to-end sequence generation
model; this is the key to transforming the generation problem into
a cross-lingual graph generation problem. Specifically, we first con-
struct the target language fact-relationship graph in the form of a
serialized descriptive sentence, and then we utilize a target language
fact-relationship graph generator to generate this kind of information.

A. Construction of Target Language Fact-Relationship Graph

To create the fact-relationship graph for the target language, we
utilize OpenlE or LTP to analyse the target language reference sum-
mary, which provides a list of fact triples that can be used as the basis
for constructing the fact-relationship graph. To simplify the process
of generating the target language fact-relationship graph, we define a
standard graph structure in the form of a serialized descriptive sentence
that includes entities, entity relationships, and other relevant informa-
tion. The serialization pattern of the graph structure is determined by
the prefix combined with the entity or entity relationship, as illustrated
in Fig. 4.

B. Target Language Fact-Relationship Graph Generator

Inspired by the deliberation network, we propose that before decod-
ing the target language summary, it is essential to decode the target
language fact-relationship graph based on the source language fact-
relationship graph. In other words, the target language fact-relationship
graph generator decodes and generates a draft of the target language
fact relationship, which is then used by the target language summarizer
to generate the final target summary.

The fact-relationship graph encoder captures the structured fact-
relationships in the source language document and extracts important
global factual features, while the source language transformer en-
coder captures more local semantic information. To generate the target
language fact-relationship graph, the target language fact-relationship
graph generator relies on both the graph representation V! from
the source language fact-relationship graph encoder and the source
language sequence encoding representation H' from the document
encoder.

The target language fact-relationship graph generator consists of
L' layers of self-attention, an improved cross-attention layer, a feed-
forward neural network, and layer normalization. During the decoding



Y. Zhang et al.

Pattern Recognition 146 (2024) 109952

7N\(7 people )

% FE (killed) 3
B
FH T ¢E(in) (Pakistan)
(Gunmen) P4 rd ¥ (Southwest)

{9 1#% 52 44 (Balochistan province)

/Seth: [NSTEENTE, [NSHEBEEA, [VNIFFRE 56t O\
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Fig. 4. The fact-relationship graph can be represented as a serialized descriptive sentence using a construction rule that combines a prefix with either an entity or an entity

relationship.

process of the target language fact-relationship graph (in the form of
a serialized descriptive sentence), the ith self-attention layer encodes
the jth token of the target language fact-relationship graph to obtain
its representation k; Then, the jth token representations k;, VL, and
H™ of the graph sequence are used as input for the cross-attention
layer to calculate the next token representation. Finally, based on the
hidden state representation of the decoder, the prediction of the target
language fact-relationship graph is generated through a greedy search.

Within the cross-attention layer, the target language graph sequence
representation k’ is used as the query Q, while the source language
graph representation V' is used as the key K and value V:

c;’g = MHAM(k;, vEi vt 13)

When using the source language sequence encoding representation
H' as input for the cross-attention layer, the target language graph
sequence representation kj. is taken as the query Q, while the source
language sequence encoding representation H is used as the key K and
value V:

c;. p = MHAM, HY HY)

There, MHAM is the multi-head cross attention.

To achieve seamless integration between the source language se-
quence encoding and the source language graph representation in the
target language fact-relationship graph generator, we introduce a target
language fusion module based on [30]. The feature fusion mechanism
of this module is outlined below:

Ej. B Concat(c;’g, C}',h) 14)
s; = tanh (Wc)  + w,el) s)
z; = sigmoid (I/Vc"c;.‘g + Wd‘c'}) (16)
¢=(1-7) o5+ 0d, an

Among them, W/, W/, W/, and W] refer to learnable linear param-
eters. Then, c‘;'. will fed into a residual network:

& = LayerNorm(c; + FFN(c})) 1s)

4.3.2. Target language summarizer

The goal of the target language summarizer is to generate a sum-
mary text in the target language by prediction based on the encoder
representation and the generation results of the target language fact-
relationship graph generator in the first stage. The decoding process
is similar to the deliberate process in the deliberation network. The
context representation c; , output by the document encoder, the con-
text representation ¢! of the source language graph, and the con-
text representation ¢ of the result generated by the target language

Jit X
fact-relationship graph generator after greedy decoding are fused as: <

c;. =z * Ej',h +(1=z) = éj’:’g (19)

z = sigmoid([é}'h,é;’g] Wiy +bp) (20
G=zxci+(l-2)*c, @D
Zy= sigmoid([c}, c}'. r] Wiy +byro) (22)

5. Experiments
5.1. Datasets

We evaluate our method on the En2ZhSum and Zh2EnSum CLS
datasets released by Zhu et al. [1]. En2ZhSum is an English-Chinese
cross-lingual dataset containing 364,687 English documents (average of
755 tokens) and a Chinese summary (average of 55 tokens). The dataset
is divided into 364,687 training samples, 3000 validation samples,
and 3000 test samples. This dataset is constructed from CNN/DM [31]
and MSMO [32] using a round-trip translation strategy. Zh2EnSum is
a Chinese-English summarization dataset containing 1,699,713 short
Chinese texts (average of 104 tokens) and English short summaries (av-
erage of 14 tokens). The dataset is divided into 1,693,713 training sam-
ples, 3000 validation samples, and 3000 testing samples. Zh2EnSum
is translated from the LCSTS dataset. All training examples contain a
source language document and a target language summary.

5.2. Experimental setup

We follow the vocabulary size and text length truncation settings
of Zhu et al. [1]. We convert all English characters to lowercase. We
set the input source language document truncation length to 200, the
Chinese output truncation length to 150, and the English truncated
length of the output to 120. We initialize all parameters through the
Xavier initialization method. All encoders and decoders have 6 layers
and the hidden representation has 512 dimensions. During training,
we use the Adam optimizer [33] with g, = 09, p, = 0.998, and
Ir = 107°. We train our model using two NVIDIA 3090 GPUs and
reach convergence in 1 million iterations. Our fact-relationship graph
generator is greedily searched during testing, and the summary decoder
is generated using beam search with beam size 4.

5.3. Baselines

We compare the proposed FGGCLS model with two pipeline-based
methods and current advanced end-to-end models:

GETran: A pipeline method based on Google Translator, first trans-
lating and then summarizing. GETran first translates the original doc-
ument into the target language by Google Translator. Then, GETran
summarizes the translated document using LexRank [34], a powerful
and widely used unsupervised summarization method.

GLTran: A pipeline method based on Google Translator that sum-
marizes before translation. First, a summarization model is trained
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Table 1
The F1 score (%) of ROUGE-1, ROUGE-2 and ROUGE-L for En2ZhSum and Zh2EnSum
datasets.

Method En2ZhSum Zh2EnSum
RG-1 RG-2 RG-L RG-1 RG-2 RG-L
GETran 28.24 11.27 25.49 24.31 8.77 19.84
GLTran 31.75 13.50 28.32 33.47 16.24 28.93
TNCLS 35.21 16.79 31.70 38.35 21.28 33.51
CLS+MS 36.72 18.16 33.17 39.69 22.55 34.80
ATS-N 37.18 18.52 33.58 39.62 22.63 34.77
ATS-E 37.05 18.36 33.45 39.38 22.45 34.08
ATS-A 37.49 18.83 33.89 39.87 22.92 34.96
FGGCLS 38.71 19.82 34.93 40.51 23.59 35.43
Table 2

Ablation study. “FGGCLS w/o FE” refers to the version of the model that lacks the
fact-relationship graph encoder, while “FGGCLS w/o FG” refers to the variant that
omits the target language fact-relationship graph generator.

Method En2ZhSum Zh2EnSum
RG-1 RG-2 RG-L RG-1 RG-2 RG-L
TNCLS 35.21 16.79 31.70 38.35 21.28 33.51

FGGCLS w/o FE 36.87 18.07 32.75 39.93 22.82 34.63
FGGCLS w/o FG 37.96 18.83 33.69 40.24 23.15 35.09
FGGCLS 38.91 20.02 34.73 40.51 23.59 35.43

based on the source language monolingual summarization dataset. The
source language documents are fed into the monolingual summariza-
tion model to generate source language summaries. Based on this, the
summaries are translated into the target language by Google Translate.

TNCLS: The first end-to-end cross-lingual summary model was pro-
posed by Zhu et al. [1] To reduce the complexity of the model, they
initialized the model by a random initialization algorithm.

CLS+MS: A multi-task learning model based on NCLS. The MS
model is added to the traditional end-to-end framework to train to-
gether.

ATS-N: Zhu et al. [35] proposes an end-to-end CLS model based on
a heuristic translation model. The approach decomposes cross-lingual
summarization into three steps: attend, translate, and summarize. For
the “translate” step, the authors compare three strategies: Naive, Equal,
and Adapt. We define ATS-E as using the naive strategy.

ATS-E: Similar to the ATS-N, except that we replace the naive
strategy in the “Translate” step with the Equal strategy.

ATS-A: Similar to the ATS-N, except that the naive strategy is
replaced by the adaptive strategy in the “translate” step.

Recently, some other models have shown improvements in the
performance of CLS tasks but require additional training data or pre-
trained models in advance, and therefore cannot be fairly compared
with FGGCLS. For example, the MCLAS method proposed by Bai et al.
[4] requires an additional source language summary as reference sum-
mary and pre-trained the MCLAS model in advance based on a large-
scale monolingual summary dataset, which increases the complexity of
model training; the CLS+MT proposed by Zhu et al. [1] training method
relies on additional large-scale MT datasets; and the VHM method
proposed by Liang et al. [5] also requires large-scale summary and
machine translation datasets. Therefore, we do not use these models
as baselines.

5.4. Experimental results and analysis

We evaluate all models using the standard ROUGE metric on all
datasets, reporting F1 scores for ROUGE-1, ROUGE-2, and ROUGE-L.
All ROUGE scores are reported by the 95% confidence interval of the
official script measure.

FGGCLS vs. baselines. We reimplement the GETran, GLTran,
TNCLS, CLS+MS and ATS models on En2ZhSum and Zh2EnSum using
word-word segmentation granularity. The experimental results are
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Table 3

Human Evaluation of faithfulness using a 3-star rating system. The system rates major
factual error as 1, minor factual error as 2, and no factual error as 3. A rating of 3 is
the most faithful, and a higher percentage of ratings of 3 indicates better faithfulness.

Model En2ZhSum Zh2EnSum
1 2 3 1 2 3
TNCLS 42.00 27.00 31.00 41.50 14.00 44.50
ATS-A 34.00 28.00 38.00 38.00 13.00 49.00
FGGCLS 31.50 22.00 46.50 34.50 14.50 51.00
Table 4

Human evaluation results, with IF representing informativeness, CC representing
conciseness, and FL representing fluency.

Model En2ZhSum Zh2EnSum

IF CC FL IF CC FL
TNCLS 3.04 3.24 3.12 3.36 3.80 3.76
ATS-A 3.20 3.64 3.48 3.88 4.04 4.08
FGGCLS 3.48 3.52 3.56 4.12 3.96 4.16

shown in Table 1. As shown in Table 1, we can observe that FGGCLS
significantly outperforms the baselines on En2ZhSum. It is worth noting
that FGGCLS has a more significant performance improvement relative
to the first end-to-end CLS model TNCLS, reaching +3.50 ROUGE-1,
+3.03 ROUGE-2, and +3.23 ROUGE-L. Compared with CLS+MS, ATS-
A and other advanced CLS methods, FGGCLS does not use additional
monolingual summary datasets or probabilistic bilingual dictionaries,
significantly reducing the data dependence.

FGGCLS also performs better than the baselines on the Zh2EnSum.
However, the improvement of FGGCLS in Zh2EnSum is less noticeable
compared to the En2ZhSum dataset; this is because the input document
length of the Zh2EnSum is shorter and contains less information about
the fact triples, resulting in a sparse fact-relationship graph. The short-
text CLS dataset is noisier. The extraction performance of fact triples
by OpenlE is limited, which also limits the performance of FGGCLS.

Overall, the experimental results on En2ZhSum and Zh2EnSum
show that our proposed FGGCLS significantly outperforms the baseline
on longer-length news texts and achieves satisfactory performance on
short textual CLS datasets. In addition, FGGCLS can relax the depen-
dence of the model on the dataset and be easily generalized to more
CLS tasks.

Ablation study. To demonstrate the impact of our proposed fact-
relationship encoder (FE) and fact-relationship generator (FG) on model
performance. We use two datasets, En2ZhSum and Zh2EnSum, to train
our models and compare their ROUGE values. The results are shown
in Table 2. On both datasets, FGGCLS, FGGCLS w/o FE, and FGGCLS
w/o FG significantly outperform the baseline model NCLS, indicat-
ing that the proposed cross-lingual fact-relationship graph encoder
and generation method has a significant positive impact on the CLS
task. Meanwhile, we find that FGGCLS w/o FE performs much bet-
ter than FGGCLS w/o FG, which indicates that the target language
fact-relationship generator contributes more to the model.

In addition, there are some differences in the performance of our
proposed modules on different datasets. On the En2ZhSum, the perfor-
mance degradation of the model FGGCLS w/o FE with the fact relation
encoder removed is more significant, reaching —2.04 ROUGE-1. In
contrast, on ZH2ENsum, the performance degradation of the model
FGGCLS w/o FE with the fact relation encoder removed is not as that
of En2ZhSum, which may be caused by the input document length of
En2ZhSum being longer and having more redundant information, while
the fact-relationship encoder can effectively filter invalid information
in the encoding stage and strengthen the encoder’s ability to capture
critical fact-relationships.
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Input : 7 ;37 H, EHEIESRAE 5 T ARIINESR A2 5 B i kA ( LHHIESR A2 5
PR BTN« CRYINEZRAE 2 BB BT R 5 xR0 AR T
RN BT TIEIT. IR IASE N B AT 2 HR AT .

(Translation: On July 7, the Shanghai Stock Exchange and the Shenzhen Stock
Exchange issued the "Shanghai Stock Exchange Stock Listing Rules" and
"Shenzhen Stock Exchange Stock Listing Rules," revising the original rules on
delisting, suspension, and resumption of trading, etc... The above two new rules
will be enacted on the promulgation date.)

Translation Summary: three points of attention in implementing new listing
regulations on shanghai and shenzhen stock exchanges.

Gold Summary: the three highlights of the shanghai and shenzhen stock
exchange's implementation of the new listing regulations are worthy of attention.

TNCLS: the shanghai stock exchange promulgates rules for the listing of the
new stock exchange: suspension of stock transfer system and clearing shares in
collective stock market.

ATS-A: the new rules of the shanghai stock exchange and the implementation of
the new listing rules on the shanghai stock exchange have been implemented.

FGGCLS (serialization fact-relationship graph): Entity: [SUB] shanghai and
shenzhen, [OBJ] two new rules, [SUB] new delisting, [OBJ] revised [SEP]
Entities and Entity Relationships: shanghai and shenzhen [REL] promulgated
[REL] two new rules, new delisting [REL] have [REL] revised

FGGCLS: two new rules of listing issued by shanghai and shenzhen stock
exchange have been promulgated and implemented since july 7, and the new

delisting rules have been revised.

Fig. 5. An example of a cross-language summary generated by different models, with significant entities and relations highlighted in bold.

Table 5

Graph generation quantitative analysis results. Human evaluation of the knowledge existence and faithfulness
of the results generated by the fact-relationship graph generator.

Method En2ZhSum

Zh2EnSum

Knowledge Existence

Faithfulness

Knowledge Existence Faithfulness

FGGCLS 3.31 3.08
FGGCLS w/o0 FE 2.92 2.80

3.84 3.16
3.30 2.95

5.5. Human evaluation

5.5.1. Faithfulness

In addition to automatically evaluating the CLS model, we also
conduct a human evaluation to verify the faithfulness of the summaries
generated FGGCLS. We randomly select 100 samples from the test
datasets of En2ZhSum and Zh2EnSum. Five graduate students with
excellent English and Chinese literacy skills are recruited to indepen-
dently rate the faithfulness of all 100 summary samples generated by
the TNCLS, ATS-A, and FGGCLS models. For the faithfulness evaluation
criteria, we ask them to follow a 3-star rating (1 = major factual error,
2 = minor factual error, 3 = no factual error). A majority vote is then
used to aggregate the three judgments for each summary. We show the
distribution of summaries with ratings of 1, 2, and 3 stars in Table 3.

We can observe that the target language summaries generated by
FGGCLS are more reliable than those generated by TNCLS and ATS-
A, and FGGCLS’s target language summaries are closer to the facts
themselves. Specifically, FGGCLS achieves 46.50% and 51% no factual
error, surpassing TNCLS by 6.5% and 5.5%. We also observe that
FGGCLS can significantly reduce major factual errors, especially on
the Zh2EnSum dataset, by 3.5% for FGGCLS relative to the ATS-A

model, effectively improving the factual consistency of the summaries
generated by the CLS task.

5.5.2. Informativeness, fluency and conciseness

In addition to the faithfulness evaluation, we randomly select 25
samples from the En2ZhSum and Zh2EnSum test sets and compare the
summaries generated by the TNCLS, ATS-A, and FGGCLS models. We
recruit three graduate students to evaluate informativeness (IF), fluency
(FL) and conciseness (CC), each scored from 1 (worst) to 5 (best). The
results are shown in Table 4.

The informativeness score, conciseness score and fluency score
of FGGCLS are significantly better than those of the baseline model
TNCLS, which further proves the effectiveness of our proposed method.
The conciseness score of FGGCLS is comparable to that of ATS-A, but
the summary text generated by FGGCLS is more informative and has
higher text fluency.

5.5.3. Graph generation quantitative analysis

To verify the role of the fact-relationship graph in our model, we
conduct a qualitative evaluation of knowledge existence and faithful-
ness in the results generated by the fact-relationship graph generator.
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Input : 2 H B4F, —HAHENE REFEILE-RINES A7 i d 5. 24
W, P4 20 22 HEHEAR S TRE. REWCEKAIFEET, ZRR
PRAZ S EE S EE . FHRIRRE: o E A RIDE Z e e o= A3 E
ARIFER LA

(Translation: On the morning of the 2nd, a Chinese official was shot and killed in
Tuguegarao City, located in Cagayan Province, northern Philippines. On the night,
a unidentified gunmen killed two 20-year-old Chinese businessmen. Our embassy
has contacted the Philippine police, urging them to expedite the verification of the
victims' identities. Again: Chinese citizens are advised to avoid traveling to the
Philippines in the near future ! Chinese citizens currently in the Philippines are
reminded to pay attention to their safety ! )

Translation Summary: three chinese in the philippines were shot in a day.

Gold Summary: three chinese in the philippines were shot in a day.

TNCLS: three chinese in the philippines were shot dead in a shooting incident near
the philippine town , huangyan island, claiming that there was no chinese .

ATS-A: three chinese in the philippines were shot in a day and three died in a
shooting in the country.

FGGCLS (serialization fact-relationship graph): Entity: [SUB] two, [OBJ] middle
[SEP] Entities and Entity Relationships: two [REL] were in [REL] middle
FGGCLS: three chinese in the philippines were shot in a day, two of whom were in
the middle of the night !

Fig. A.6. Example-1 of a cross-language summary generated by different models on Zh2En dataset.

Input : BRZHRAT 22 HEAG, R0 s B A HRAT 34T I BUR L, IR R E
T W BT AF ORI R ARAT ML S5 AT IR FE5, DL R AT 0™ . X2
HE W AE AR A S WL B ) 28— SRAT

(Translation: On the 22nd, the Central Bank of Russia announced that it will
carry out financial consolidation of the state-owned bank of Trast, and designate
the Bank of Russia Deposit Insurance Agency to temporarily manage the banking
business to avoid the bank's bankruptcy. This is the first bank rescued by Russia in
the current ruble crisis.)

Translation Summary: Russia announces the rescue of a state-owned bank .

Gold Summary: russia announces the rescue of a state-owned bank .

TNCLS: russian media : the russian central bank proposes to bankruptcy the
liquidation mechanism of bank assets has been carried out by the banking
regulatory commission .

ATS-A: the russian central bank announced the closure of the bank financial
deposit insurance bureau for the first time in 25 years , and the bank of russia took

over .

FGGCLS (serialization fact-relationship graph): Entity: [SUB] central bank, [OBJ]
banking industry, [SUB] banking industry, [OBJ] crisis [SEP] Entities and Entity
Relationships: central bank [REL] intends to [REL] banking industry, banking
industry [REL] save bank in [REL] crisis

FGGCLS: the russian central bank intends to rectify the banking industry and save
the first bank in the crisis of bankruptcy in the rouble crisis .

Fig. A.7. Example-2 of a cross-language summary generated by different models on Zh2En dataset.
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Input : time is running out for 18 miners trapped underground after a coal mine
collapsed in southern turkey on tuesday. governor murat koca said the incident
occurred at the has sekerler mine near the town of ermenek in karaman province ,
300 miles south of ankara close to turkey's mediterranean coast . . a rescue team
has been working all night and into wednesday to free the trapped miners , who are
believed to be located about 350 meters below ground . . aid locals watch as rescue
workers try to save 18 miners trapped after a collapse in a mine in the ermeneck
district in karaman , turkey . turkish officials say the workers' chances of survival
are slim unless they managed to reach a safety gallery . the flood occurred around
3pm local time when workers were eating their lunch , kerim pinarli , one of 16
miners who was able to escape , told ntv news channel . 'we smelled gas and heard
our friends below shout , there's gas , don't come ! we escaped by seconds , ' pinarli
said . mr koca said the miners were trapped after water accumulated inside ...

Translation Summary: = HIH— A P15, 18 4 T A#HE A T 300 K.
(Translation: A coal mine in Turkey has collapsed, trapping 18 workers 300m
underground . )

Gold Summary: £ H I — FEG 5, 18 4 T AB N AEHL T 300 K.
(Translation: A coal mine in Turkey has collapsed, trapping 18 workers 300m
underground .)

TNCLS: HH A sy e B R 3577, 80300 24 TAHINE
Bk

(Translation: In the central Turkish town of Bannis, a coal mine has collapsed,
trapping over 300 workers in floodwaters .)

ATS-A: 18 % TN A ERER /K T 45 PR £ - B — AN L

(Translation: Due to flooding inside, 18 workers have been trapped in a mine in
Turkey .)

FGGCLS (serialization fact-relationship graph): SZ/&: [N]— &b 8™, [VIERF,
[N]I8 4 #" L, [NDI-LHH ZREg#6 [SEP] Lk X HKR: — &b MW [RELIKAE
[REL]¥3J5, 18 4 % L[REL]NZE[REL]-HH HE#s

(Translation: Entity: [N] a coal mine, [V] collapse, [N] 18 miners, [ND]
southeastern Turkey [SEP] Entities and Entity Relationships: a coal mine [REL] a
[REL] collapse, 18 miners [REL] trapped in [REL] southeastern Turkey)

FGGCLS: HHIHH/HR, —ALIREy KA 1577, 18 40 TAHNAE L H H AR
f— I

(Translation: Turkish authorities said that 18 miners have been trapped in a mine
shaft in southeastern Turkey after a coal mine collapsed .)

Fig. A.8. Example-3 of a cross-language summary generated by different models on En2Zh dataset.

A subset of 50 samples is randomly selected from the En2ZhSum and
Zh2EnSum test sets. Three graduate students are recruited to perform
a qualitative assessment of the fact-relationship graph generated by the
FGGCLS and FGGCLS w/o FE methods using a scoring system ranging
from 1 (worst) to 5 (best). The evaluation results are presented in
Table 5.

We have observed that FGGCLS performs better than FGGCLS w/o
FE in terms of knowledge existence and faithfulness. This observation
indicates that the fact-relationship graph generator can generate more
practical knowledge while ensuring factual consistency.

10

5.6. Case study

We construct a case study of the Zh2EnSum test set. The target
language summaries generated by each model are shown in Fig. 5
(more case studies can be found in the Appendix).

Comparison with the manually labelled Gold Summary, the TNCLS
generates incorrect information such as “the shanghai stock exchange”
and “suspension of stock transfer system”, leading to serious factual
errors. The ATS-A model loses “shenzhen stock exchange” in describing
the stock exchange and suffers from fluency and repeatability problems.
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In contrast, the serialization fact-relationship graph that is generated
by FGGCLS contains several key entities and entity relationships such
as “[SUB] shanghai and shenzhen” and “new delisting [REL] have
[REL] revised”, which help FGGCLS generate a summary that covers
almost all points and generates key events and time information, such
as “shanghai and shenzhen” and “delisting rules have been revised ”.
In conclusion, FGGCLS can generate more accurate English summaries
than the baselines.

6. Conclusion and discussion

In this paper, we present an innovative approach to address the
cross-lingual summarization (CLS) task, termed Cross-Lingual Fact
Graph Generation for Cross-Lingual Summarization (FGGCLS). This
approach transforms the conventional CLS problem into a structured
graph generation task. By explicitly modelling the intricate fact in-
formation present in the source language documents and the target
language reference summaries, we convert the source language facts
into target language facts using a cross-lingual fact graph generation
method. Therefore, the challenges of semantic alignment and informa-
tion compression in the CLS model. Furthermore, we leverage the fact
graph of the generated target language summary as a draft, enabling
our model to generate a more accurate and reliable target language
summary. Our experiments on the Zh2EnSum and En2ZhSum datasets
demonstrate that FGGCLS effectively enhances the performance of
CLS and reduces factual inconsistencies in cross-lingual summarization
generation. This shows that complex relational graphs are an effective
way to improve the performance of CLS.

Furthermore, there are various promising avenues for further re-
search based on the findings of this study. For example, we can extend
our cross-lingual fact-relationship graph generation approach to other
cross-lingual generation tasks (e.g., cross-lingual dialog summarization
and cross-lingual multi-document summarization) and to explore the
impact of different relationship types on the model.
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Appendix. More case studies

To provide more qualitatively support for our claim, we present
three more results of case studies as show in Figs. A.6-A.8.
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