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Abstract

Document Image Machine Translation (DIMT)
aims to translate text within document images,
facing generalization challenges due to lim-
ited training data and the complex interplay
between visual and textual information. To ad-
dress these challenges, we introduce M4Doc, a
novel single-to-mix modality alignment frame-
work leveraging Multimodal Large Language
Models (MLLMs). M4Doc aligns an image-
only encoder with the multimodal representa-
tions of an MLLM, pre-trained on large-scale
document image datasets. This alignment en-
ables a lightweight DIMT model to learn cru-
cial visual-textual correlations during train-
ing. During inference, M4Doc bypasses the
MLLM, maintaining computational efficiency
while benefiting from its multimodal knowl-
edge. Comprehensive experiments demonstrate
substantial improvements in translation quality,
especially in cross-domain generalization and
challenging document image scenarios. !

1 Introduction

Document Image Machine Translation (DIMT)
aims to translate text within document images from
one language to another while preserving the logi-
cal layout (Liang et al., 2024). With vast amounts
of information stored in document images (e.g.,
academic papers, magazines, scanned documents,
Figure 1), DIMT has gained increasing attention
as a critical sub-task of visual document under-
standing in the era of multimodal large language
models(Ye et al., 2023; Zhang et al., 2023a; Hu
et al., 2024; Yu et al., 2024).

Recent advancements in DIMT can be catego-
rized into two primary approaches: (1) Cascade
systems (Hinami et al., 2021; Sable et al., 2023;
Yao, 2023; Zhang et al., 2023c), which employ mul-
tiple models sequentially and encounter issues such
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Figure 1: Different test scenarios of end-to-end DIMT.

| BLEU BLEU-PT

1 | DoTA Test Set 38.68 42.34
2 | Cross-domain 12.64 15.03
3 | Long Context 34.85 33.73
4 | Complex Layout | 30.30 35.16

Table 1: Scores of the end-to-end DIMT model on dif-
ferent test scenarios. The model is trained on the DoTA
dataset. Cross-domain, Long Context, and Complex Lay-
out mean testing on the DITrans political report subset,
the DoTA long context subset, and the complex layout
subset, separately.

as structural redundancy, error propagation, and
high latency. (2) End-to-end methods (Jain et al.,
2021; Maet al., 2022; Zhu et al., 2023; Zhang et al.,
2023b; Liang et al., 2024; Zhang et al., 2025b,a),
which streamline the process by optimizing a uni-
fied training objective, thus enhancing structural
efficiency.

However, both cascade and end-to-end ap-
proaches are hindered by the lack of large and
diverse DIMT datasets, which limits their ability
to generalize to new types of documents. This
limited generalization is evident in performance
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drops across several key scenarios, as shown in Ta-
ble 1: (1) cross-domain generalization: the model,
trained on the DoTA dataset (Liang et al., 2024),
achieves a BLEU score of 38.68 on the original test
set, but only 12.64 on the DITrans Political Report
test set (Zhang et al., 2023b) in a cross-domain zero-
shot scenario, which includes document images
with varying layouts, fonts, and background. (2)
long context generalization: there is a decrease of
3.83 BLEU score when testing on the same dataset
but with a long context subset, containing docu-
ment images with more than 750 English words.
(3) complex layout generalization: the model’s
performance drops by 8.38 BLEU when the test set
includes more images with complex layouts.?

Recent Multimodal Large Language Models
(MLLMSs), pre-trained on extensive datasets of
images and text, have demonstrated impressive
generalization across various domains, contexts,
and layouts (Ye et al., 2023; Zhang et al., 2023a;
Hu et al., 2024; Yu et al., 2024). While MLLMs
hold great promise for DIMT (Liu et al., 2024a,b),
their large size and computational demands make
them difficult to use directly, especially in resource-
constrained environments.>

To address these limitations, we propose
M4Doc (single-to-mix Modality alignment with
Multimodal large language Model for Document
image Machine translation), a novel framework
that leverages the strong generalization capabilities
of MLLMs to enhance the performance and effi-
ciency of smaller DIMT models through a single-
to-mix modality alignment strategy. This strat-
egy aligns an image-only representation with the
MLLM’s rich multimodal representations, effec-
tively transferring knowledge from the MLLM.
Specifically, a novel single-to-mix modality align-
ment encoder is designed as a bridge to connect
the MLLM and the DIMT model. This encoder
with only image input learns to align with the mix-
modality representation of MLLM, using both im-
age and text as inputs. The alignment encoder can
serve as an alternative to the MLLM and provide
mix-modality information to the DIMT model in
the inference stage. A major advantage of this ap-
proach is that it requires aligning the DIMT model
with the MLLM only during training, allowing the
use of a smaller model during inference, which
achieves the trade-off between performance and

2The criteria for complex layouts is in Appendix A.1.
*More details on fine-tuning MLLMs for DIMT are in
Appendix B.3.

inference speed.
Our contributions are summarized as follows:

* A novel method, M4Doc, has been proposed,
which uses the pre-trained knowledge of the
MLLM to assist a small DIMT model in the
training stage and achieves the trade-off be-
tween translation quality and inference speed.

* A new approach, single-to-mix alignment, has
been developed, which only takes images as
input and aligns with the mix-modality repre-
sentation of the MLLM.

* Extensive experiments demonstrate the ef-
fectiveness of the proposed method, and
the DIMT model’s performances on cross-
domain, long context, and complex layout
scenarios are also improved.

2 M4Doc Mehod

In this section, we introduce M4Doc, a novel single-
to-mix modality alignment framework designed to
enhance DIMT by leveraging the MLLMs. The
model architecture of M4Doc is illustrated in Fig-
ure 2. The key idea of M4Doc is to align the repre-
sentations of an image-only encoder with the rich
multimodal representations of an MLLM during
training, enabling a lightweight DIMT model to
effectively capture the interplay between textual
and visual features. The whole model contains an
MLLM, an alignment encoder, an image encoder,
and a translation decoder. In the training stage, the
alignment encoder simultaneously learns to align
with the MLLM and provides mix-modality infor-
mation to the translation decoder. In the inference
stage, the alignment encoder serves as an alterna-
tive to the MLLM and continues providing mix-
modality information with only image input.

2.1 Mix-modality Representation Extraction

The MLLM acts as a guide for the alignment en-
coder to provide mix-modality information with
image and text inputs. We input the image I €
RHXWx3 and corresponding ground truth source
language text X = {x1,x2,...,2,} into the
MLLM. The input format is <System Prompt>
<Image Token> <User Prompt> <Source Text>,
which is the same as the format used in the
MLLM pre-training. <System Prompt> and <User
Prompt> are also the same as those used by the
MLLM in the OCR task. <Source Text> is the
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Figure 2: The diagram of the proposed M4Doc. During training, the alignment encoder learns to align with the
MLLM’s mix-modality representation with single-modality input. The MLLM is frozen, while the other modules
remain trainable. During inference, the MLLM is discarded for faster inference speed, while the alignment encoder
provides aligned mix-modality information to guide the translation decoder.

ground truth OCR text of the corresponding im-
age. We can get the mix-modality representation®
Hyp v € Rmiivxdviim | which can be formu-
lated as:

Hwyriv = MLLM(T, X) (1)
where Iyrrv and dyippm are the sequence length
and dimension of the MLLM.

2.2 Single-to-mix Modality Alignment

The alignment encoder bridges the gap between
the single-modality (image-only) input and the
mix-modality (image and text) representations of
the MLLM. Using a pre-trained Swin Transformer
(Blecher et al., 2024), the alignment encoder ex-
tracts visual features Hgyi, € RiswinXdswin from
the image I:

Hswin = Swin(I) )
To match the dimensions of the MLLM output, two

Feed Forward Networks (FFN’s) are used to project
Hgyipn to HAlign € RMLLM XdMLLM -

Hpjign = FFNigngon (FFNGim (Hswin) )" (3)

After this process, an alignment loss guides the
alignment encoder to mimic the mix-modality rep-
resentation H jign € RiMrLm>dyrims,

Latign = 1 — Cos(Hwmrrm, Halign) 4

where Cos is the cosine similarity of two tensors.

“The last layer’s output hidden states of the MLLM.
5The effect of different alignment loss functions can be
found in Appendix B.1.

2.3 Aligned Mix-modality Guided Translation

The image encoder encodes the input image I to its
semantic representation Hiyage € Rlmage X dimage
We also use a pre-trained Swin Transformer
(Blecher et al., 2024) to construct the image en-
coder. Hpy g is calculated as follows:

Himage = Encoderimage (1) ®))

where 1 age 18 the number of output vectors and
d1mage 1s the vectors’ dimension.

The translation decoder is aimed to generate
target language text under the guidance of the
alignment encoder and image encoder. We mod-
ify the vanilla Transformer’s decoder (Vaswani
et al., 2017) by incorporating a mix-modality cross-
attention module and an image cross-attention mod-
ule in each layer to receive representations from
the alignment encoder and the image encoder. At
each decoding timestep ¢, the translation decoder
takes H pjign, Himage and generated target tokens
Y<t = {Y1,Y2,...,yt—1} as input and outputs the
probability distribution of next target token ;. This
process can be defined as:

p(yt|y<e, I, X) = Decoder(y<¢, Hatign, Himage) (6)

where H gy, and Hiyagee both need to be con-
verted to the same dimension of the decoder
through two FFNs which are not shown in Figure 2
for simplicity.

The translation loss is as follows:

Lirans = *ZIOgP(yt|y<t:LX79) (7)

t=1
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where 0 is the parameters of the alignment encoder,
image encoder, and translation decoder.

2.4 Training & Inference Strategy

In the training stage, the Swin Transformer mod-
ules of the alignment encoder and image encoder
are initialized from the pre-trained OCR model’s
encoder. The translation decoder’s FEN, image
cross-attention, and self-attention modules are
initialized from the pre-trained text translation
model’s decoder. The other parts are randomly ini-
tialized. The parameters of the MLLM are frozen.
The total loss of M4Doc is as follows:

L = a x Lalign + Lirans (8)

where « is a hyperparameter.®

In the inference stage, as shown in Figure 2, only
the alignment encoder, image encoder, and trans-
lation decoder are involved, which contain much
fewer parameters compared with the MLLM. Fur-
thermore, due to the introduction of the alignment
encoder aligning with the MLLM during the train-
ing stage, the entire model maintains high transla-
tion quality while achieving fast inference speed.

3 Experiments

3.1 Dataset & Metrics

Our models are comprehensively evaluated on two
public benchmarks DoTA (Liang et al., 2024) and
DITrans (Zhang et al., 2023c), under academic arti-
cle and political report scenarios. Detailed dataset
setting can be seen in Appendix A.1.

We thoroughly evaluate the models’ capabilities
in three aspects: (1) full-text translation, which
means the translation quality of all the text in the
image - BLEU and COMET (Rei et al., 2020). (2)
plain-text translation, which means the transla-
tion quality of the text after removing formulas
and tables - BLEU-PT. (3) structure preserving,
which means the model’s ability to restore the lay-
out structure of the document images - STEDS
(Structure Tree-Edit-Distance-based Similarity).

We calculate BLEU, BLEU-PT, and STEDS the
same as Liang et al. (2024). For COMET calcu-
lation, due to the original COMET’s inability to
process long texts, we first used Trankit (Nguyen
et al., 2021) to segment the source and translated
texts into sentences, then used Sentalign (Stein-
grimsson et al., 2023) for sentence-level alignment,

8The effect of different hyperparameters can be found in
Appendix B.2.

and finally calculated the average of COMET score
in reference-free mode.’

3.2 Settings

Pre-trained Models Selection For the MLLM,
we select four MLLMs with different numbers of
parameters and training data: Vary-toy (Wei et al.,
2024), Vary-base (Wei et al., 2023), Llava-next
(Liu et al., 2024a) and Textmonkey (Liu et al.,
2024b). The Swin Transformers of alignment en-
coder and image encoder are initialized from the en-
coder of pre-trained OCR model Nougat (Blecher
et al., 2024). We follow the vanilla Transformer-
base (Vaswani et al., 2017) setting, pre-train an
English-Chinese translation model on UN Corpus
En-Zh (Ziemski et al., 2016), and use the pre-
trained decoder to initialize the translation decoder
in M4Doc.

Other Settings The hyperparameter « is set to
1.0. During training, we use the Adam optimizer
and employ a linear decay learning rate schedule
with a learning rate of 5e-5. The maximum number
of training steps is 15K and the batch size is 64.
More detailed settings are in Appendix A.2.

3.3 Baselines

We evaluate our method against diverse base-
lines, including text-only, cascade, end-to-end, and
knowledge distillation methods, to comprehen-
sively assess its performance and validate its ef-
fectiveness.

Text-only MT (Vaswani et al., 2017) We use
the DoTA dataset to fine-tune the Transformer-base
model pre-trained on UN Corpus En-Zh (Ziemski
et al., 2016).

3.3.1 Cascade Baselines

LARDIT (Zhang et al., 2023c) This cascade sys-
tem employs a layout analysis model (Yao, 2023),
an OCR tool, and a text-only MT, sequentially.

Nougat-trans We utilize the Nougat model
(Blecher et al., 2024) for combined layout anal-
ysis and OCR and the text-only MT is employed
for translation.

3.3.2 End-to-End Baselines

We evaluate the existing end-to-end methods under
two distinct settings: Document-level and Text-
line-level. The specific end-to-end models evalu-
ated are:

"The COMET model we used is wmt22-comet-da.
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DoTA DITrans # Params Time
B C BP S B C BP S ™M) (s/page)
1 \ Text-only MT \ 47.61 6751 54.16 92.89 \ 21.50 4876 2255 86.96 \ 99.5 8.81
Cascade Baselines
2 LARDIT 3558 5448 4175 75.83 | 14.66 30.16 16.58 57.77 | 99.5+6, 12.46
3 Nougat-trans 4337 6525 50.79 88.16 | 18.39 35.80 19.21 52.12 346.9 17.03
End-to-end TIMT Baselines (Document-level)
4 ItNet 3.84 2194 227 48.46 1.64 2152 171 41.63 97.5 8.43
5 E2ETIT 1.51 2080 1.69 3290 | 271 2345 283 40.53 122.0 8.19
6 PEIT 5.81 24.98 4.52 55.79 4.13 21.98 4.21 41.59 135.1 2.57
End-to-end TIMT Baselines (Text-line-level)

7 ItNet 21.75 4329 2352 7583 | 6.16 2882 877 5777 | 97.5+0, 7.20
8 E2ETIT 17.42 3825 17.74 7583 | 6.72 2855 7.81 5777 | 122.0+0- 7.59
9 PEIT 2743 44.08 3129 75.83 9.08 26.18 9.38 5777 | 135.1 + 0, 2.42

Knowledge Distillation Baselines
10 | Seq-KD 3442 5354 36.63 82.51 | 10.58 2589 11.38 56.92 2124 9.76
11 | MTKD 3732 6032 3996 82.28 | 13.24 2933 1533 59.58 2124 9.56
12 | RD (Original) 5.13 23.86 3.85 53.06 0.53 24.37 0.56 40.07 212.4 8.38
13 | RD (Trans) 31.05 48.16 32,00 77.62 | 931 2269 972 58.24 212.4 9.86

End-to-end DIMT (Document-level)

14 | Base 37.60 61.52 40.85 83.08 | 11.91 30.59 14.00 52.89 127.6 9.16
15 | DIMTDA 38.68 6130 4234 8444 | 12.64 3230 1503 60.86 242.6 9.82
16 | M4Doc (Vary-toy) 39.95 62.78 4233 83.97 | 1479 32.03 18.67 53.73 212.4 9.61
17 | M4Doc (Vary-base) 4122 63.10 42.09 86.06 | 1452 30.53 16.55 55.89 215.6 9.43
18 | M4Doc (Llava-next) 3436 57.88 37.60 82.67 | 11.03 30.79 1258 57.81 216.8 9.96
19 | M4Doc (Textmonkey) | 42.98 65.41 44.92 86.69 | 18.18 35.27 19.82 59.98 215.6 9.52

Table 2: Results on DoTA and DITrans English-Chinese test set. The models are trained on DoTA, and tested on
DoTA and DITrans. B, C, BP, and S represent BLEU, COMET, BLEU-PT, and STEDS, respectively. # Params is
the number of parameters of the model during inference. Time is the average inference time on a single NVIDIA
V100 GPU. 6, denotes the parameters of the layout analysis model and OCR model. #5 denotes the parameters of
the parameters of the layout analysis model and sentence splitting model. The bold numbers represent the best

performance of the end-to-end DIMT.

Base This baseline end-to-end DIMT model
uses the same image encoder and translation de-
coder architecture as M4Doc, without incorporat-
ing an alignment encoder or multimodal knowledge
transfer.

DIMTDA (Liang et al., 2024) This end-to-end
DIMT model uses a model assembler to integrate
multiple pre-trained models to enhance the under-
standing of layout and translation capabilities.

ItNet (Jain et al., 2021) This end-to-end Text
Image Machine Translation (TIMT) system first
pre-trains a vanilla Transformer on a text parallel
dataset. The combination of the image encoder and
pre-trained decoder is fine-tuned.

E2ETIT (Maet al., 2022) This end-to-end TIMT
model uses a TPSNet and a ResNet as an image
encoder combined with a Transformer decoder and
utilizes text translation as an auxiliary task.

PEIT (Zhu et al., 2023) This end-to-end TIMT
system employs a vision-text representation aligner

and a cross-model regularize to bridge the modality
gap between visual inputs and textual inputs.

3.3.3 Knowledge Distillation Baselines

We conduct experiments to compare our method
with three different knowledge distillation methods.

Seq-KD (Kim and Rush, 2016) This is
the vanilla sequence-level knowledge distillation
method for machine translation.

MTKD (Ma et al., 2023c) This method employs
a pre-trained OCR model and a pre-trained machine
translation model as teacher models, with a TIMT
model serving as the student model.

RD (Zhu et al., 2024) This approach leverages
an LLM, based on the OCR results of document
images, to generate rationales, subsequently em-
ploying these rationales to train a document under-
standing model. As the original RD method per-
forms poorly, we mix the generated rationales with
the translation data from the DoTA dataset during
training, resulting in the RD (Trans) method.
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4 Results & Analysis

4.1 Main Results

Table 2 reports the performance of all methods.
It can be observed that M4Doc outperforms the
cascade methods LARDIT (line 2 vs. 19) by 7.40
BLEU, 10.93 COMET and 10.86 STEDS scores on
the DoTA test set. Besides, M4Doc also achieves
comparable performance with Nougat-trans (line 3
vs. 19) on both DoTA and DITrans test sets, while
the number of parameters of M4Doc is reduced
by 37.8% compared to Nougat-trans and inference
time decreases by 44.1%.

Moreover, our method outperforms all the end-
to-end TIMT baselines on both document-level and
text-line-level settings. As the TIMT models are de-
signed for text-line-level images, the performances
of all TIMT models under the text-line-level set-
tings are better than document-level settings. How-
ever, M4Doc still surpasses the highest-performing
TIMT model (line 9 vs. 19) by a margin of 15.55
BLEU on the DoTA test set and 9.10 BLEU on the
DITrans test set.

By comparing line 11 and line 19, our method
is superior to the end-to-end DIMT baseline in
in-domain and cross-domain zero-shot settings.
In the in-domain setting, there is an increase of
4.30 BLEU, 4.11 COMET, and 2.58 BLEU-PT
scores. In the cross-domain zero-shot setting, our
method outperforms DIMTDA by 5.54 BLEU, 2.97
COMET, and 4.79 BLEU-PT scores, which con-
firms introducing MLLMs as auxiliaries during
training can enhance the model’s generalization
abilities.

From the results presented in lines 10-13,
M4Doc demonstrates superior performance com-
pared to all knowledge distillation baselines.
Furthermore, M4Doc surpasses the highest-
performing baseline (lines 11 vs. 16) by 2.63
BLEU, 2.46 COMET, and 2.37 BLEU-PT scores
on the DoTA test set.

From the results of line 16-19, as the number
of parameters in the MLLM models increases,
the DIMT model’s translation quality also gen-
erally improves. However, due to the difference
in pre-training data between Llava-next and other
MLLMs, MLLMs pre-trained on document images
are more suitable for assisting in the training of the
DIMT model.

‘ Ads & News ‘ Political Report

BLEU STEDS | BLEU STEDS
1 | DIMTDA 14.21 77.12 26.71 89.33
2 | M4Doc (Vary-toy) 17.07 78.18 27.62 88.83
3 | M4Doc (Vary-base) 21.30 80.67 31.71 90.76
4 | M4Doc (Textmonkey) | 24.28 82.05 34.26 91.06

Table 3: Results on DITrans English-Chinese test set
after finetuning.
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Figure 3: BLEU scores of M4Doc models testing on
different context length valid sets. Detailed data can be
seen in Appendix C.

4.2 Generalization Ability towards Difficult
DIMT Scenarios

We pay special attention to challenging DIMT
scenarios, where our model exhibits advantages
through single-to-mix modality alignment. Conse-
quently, we conduct three sets of experiments.

4.2.1 Cross-domain

We fine-tune end-to-end DIMT models on two sub-
sets of the DITrans dataset separately after training
on the DoTA dataset. Detailed dataset setting can
be seen in Appendix A.1. The results are shown in
Table 3. With the help of MLLM during training,
all three variants of our method achieve better per-
formance than DIMTDA. This could be because
the MLLM is pre-trained on a large amount of data,
allowing the alignment encoder to learn similar rep-
resentations from the MLLM, thus enhancing the
generalization capability of the DIMT model.

4.2.2 Long Context

We select samples from the valid set within dif-
ferent context lengths.® Detailed settings can be
seen in Appendix A.1. Results are shown in Fig-
ure 3. Our models outperform the baseline across
all context length scenarios. The performance of all
models decreases as the context length increases,
but the decline is less pronounced with our mod-

8Context length refers to the number of English words in
the image.
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| BLEU BLEU-PT STEDS | BLEU BLEU-PT STEDS
1 ‘ Simple DIMTDA ‘ 55.24 55.26 90.54 1 | M4Doc (Vary-toy) | 40.05 42.58 83.93
2 MdDoc | 56.88 5672 92.25 2 | wlo MLLM Image Input | 3877 4200 8499
3 C ) DIMTDA 30.30 35.16 84.57 3 | w/o MLLM Text Input 37.06 38.69 84.98
4 ‘ OMPIEX | M4Doc ‘ 3588 4124 83.76

Table 4: Results of different layout complexity on DoTA
English-Chinese valid set.

| BLEU BLEU-PT STEDS
1 | M4Doc (Vary-toy) | 40.05 42.58 83.93
2 | w/o Laiign 36.58 40.06 83.54
3 | w/o Alignment Encoder | 36.62 40.09 83.65
4 | w MLLM Output 42.56 46.93 89.48

Table 5: Ablation study results on DoTA English-
Chinese valid set.

els compared to DIMTDA, which indicates that
the introducing of MLLM can improve the DIMT
models’ ability to handle images with long context.

4.2.3 Complex Layout

We select two subsets (images with simple lay-
out and complex layout) from the valid set of the
DoTA dataset. Detailed settings can be seen in
Appendix A.1. As shown in Table 4, our meth-
ods perform similarly to DIMTDA on images with
simple layouts, but on images with complex lay-
outs, our methods can achieve up to 5.58 BLEU
and 6.08 BLEU-PT scores higher than DIMTDA.
It suggests that the assistance of the MLLM during
training can improve the DIMT models’ ability to
understand complex layout structures and further
improve the translation ability.

4.3 Ablation Study
4.3.1 Effect of Different Module

To investigate the effectiveness of the proposed
modules, we conduct ablation experiments. The
results are shown in Table 5.

w/0 L,jign  We remove the MLLM during train-
ing, keep the alignment encoder, and only use
Lirans to guide the model. By comparing line 1 and
line 2, a decline of 3.47 BLEU and 2.52 BLEU-PT
scores can be observed, which demonstrates the
effectiveness of the MLLM during training.

w/o Alignment Encoder We remove the Swin
Transformer in the alignment encoder and use the
output of the image encoder to do alignment with
MLLM and image encoding simultaneously. It can
be seen from the comparison between line 1 and
line 3 that simultaneously achieving alignment and

Table 6: Results on DoTA English-Chinese valid set
with different modalities input.
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Figure 4: T-SNE visualization of different representa-
tions for MLLM and alignment encoder.

image encoding is challenging for a single encoder
and causes a decrease in translation quality.

w MLLM Output The output hidden states of
MLLM are directly sent to the translation decoder
without the alignment encoder as an intermediary.
By comparing line 1 and line 4, there is an increase
of 2.51 BLEU and 5.55 STEDS scores. However,
this approach significantly increases the parameters
of the model (x 11.53) and inference time (x 1.26).
Our method strikes a balance between translation
quality and inference speed.

4.3.2 Effect of Mix-modality Input

To explore the impact of mix-modality input, we
only send English text or the corresponding im-
age to the MLLM during training. The input for-
mats are <System Prompt> <Image Token> and
<System Prompt> <Source Text>. As the results
of Table 6 show, the performance degradation of the
model is greater when text input is removed com-
pared to when image input is removed. This may be
because the source text contains more translation-
relevant textual information. When MLLM has
only image input, the alignment from image modal-
ity to image modality does not introduce additional
information.

We provide a visualization of the representations
of 100 samples in Figure 4. The single-modality
representation output by the alignment encoder,
after training, largely overlaps with the distribu-
tion of the mix-modality representation output by
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Figure 5: The output samples of M4Doc. For each
image pair, the left is the input document image, and
the right is the output translations in markdown format
after rendering. It is better to zoom in for a clearer view.
More samples can be seen in Appendix D.

the MLLM. This demonstrates that our proposed
single-to-mix modality alignment allows the align-
ment encoder to effectively learn the MLLM out-
puts, providing additional information to guide the
translation decoder in generating translations.

4.4 Case Study

We provide the output samples of M4Doc cross-
domain and complex layout scenarios in Figure 5.
More samples can be seen in Appendix D.

Figure 5 (a) is an image from the political re-
port subset of the DITrans dataset. The fonts, sizes,
and colors of the texts are diverse, which is quite
different from the DoTA dataset used for training.
After fine-tuning, our model can still perform trans-
lations and obtain the hierarchical relationship of
multi-level headings and lists.

Figure 5 (b) comes from the DoTA dataset. The
image contains a mix of text, figures, and formu-
las, with headings and lists, and a combination of

single and double-column layouts, resulting in a
highly complex layout structure. Our model can
still output the translation results in a logical order,
formatted in Markdown.

5 Related Work

Text Image Machine Translation (TIMT) refers
to translating texts from one language to another
within images, as explored by Lan et al. (2023).
In recent years, various end-to-end TIMT methods
(Ma et al., 2023a,b,c, 2024a; Tian et al., 2023; Ma
et al., 2024b; Lan et al., 2024; Qian et al., 2024;
Guan et al., 2025) have been proposed. Jain et al.
(2021) follows the encoder-decoder paradigm and
uses a convolutional encoder and an autoregres-
sive Transformer decoder to build the model. Ma
et al. (2022) proposes a text translation enhanced
text image translation method, which trains the
end-to-end TIMT model with text translation as an
auxiliary task. Zhu et al. (2023) introduces an end-
to-end TIMT framework that bridges the modality
gap with pre-trained models. While these end-to-
end methods have demonstrated satisfactory perfor-
mance, their effectiveness is limited to images with
short context and simple layout structure, different
from document images.

Recent advancements in MLLMs have signif-
icantly improved the processing and understand-
ing of text-rich images (Ye et al., 2023; Wei et al.,
2024; Hu et al., 2024; Yu et al., 2024). Wei et al.
(2023) explores adding fine-grained vision percep-
tion for document images to the MLLM without
affecting its existing natural image understanding
capabilities. Zhang et al. (2023a) and Liu et al.
(20244a) utilize GPT-4 (Yang et al., 2023) to con-
struct a visual instruction tuning dataset and im-
prove LLaVA’s (Liu et al., 2023) ability to compre-
hend textual detail within images. Liu et al. (2024b)
proposes shifted window attention to achieve cross-
window connectivity at higher input resolutions
and token resampler to filter out significant tokens.
As MLLMs take both images and texts as inputs
during the pre-training stage, the integration of vi-
sual and linguistic information provides a better
understanding of document images, which inspires
us to leverage the MLLM for the DIMT task.

6 Conclusion

In this paper, we propose a novel method, single-to-
mix modality alignment with multimodal large lan-
guage model for document image machine transla-
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tion (M4Doc), which has three advantages. Firstly,
single-to-mix modality alignment allows the align-
ment encoder to infer more textual information
from the image input. Secondly, the alignment
with MLLM enhances the generalization capability
towards three difficult DIMT scenarios. Finally,
the introduction of the alignment encoder achieves
the SOTA translation quality while preserving high
inference efficiency. Extensive experiments demon-
strate the effectiveness of M4Doc and highlight
its advantage in enhancing the performance of the
DIMT model in cross-domain and complex docu-
ment image scenarios.

Limitations

Although M4Doc achieves notable results on the
DIMT task, current end-to-end models generate
the entire translated text of the document image
in a single output. In the future, we plan to ex-
plore integrating user prompts to translate text in
specific regions of the image, thereby making the
translation more aligned with user preferences.
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Appendix
A Setting Details

A.1 Dataset Settings

In the DITrans dataset, the sample sizes for the ad-
vertisement, news, and political report subdomains
are 485, 610, and 1397, respectively. Due to the
small number of images in the advertisement and
news domains and their similar layout structures
as scanned document images, we merge these two
domains. We then randomly select 100 images as
the test set and another 100 images as the valid set.
For the political report domain, we also randomly
select 100 images as the test set and another 100
images as the valid set.

In the experiment of varying context length, to
shield the impact of layout difference, we select
images with a single column and without formu-
las, tables, or figures. Context length refers to the
number of English words in the image.

In the experiment of varying layout complexity,
we transform samples from the valid set into trees,
selecting the 100 trees with the fewest nodes as a
simple layout set and the 100 trees with the most
nodes as a complex layout set.

A.2 Main Experiment Settings

We segment the Chinese texts with jieba and apply
WordPiece to segment both English and Chinese
texts and the vocabulary size of both English and
Chinese is 52K. We use the pre-trained OCR model
Nougat’s encoder (Blecher et al., 2024) to initialize
the Swin Transformer of alignment encoder and im-
age encoder. The layer numbers and window size
are 2, 2, 14, 2 and 7. The hidden size of each layer
is 1024 and the patch size is 4. The input image size
is 896 x 672. We follow the vanilla Transformer-
base (Vaswani et al., 2017) setting and pre-train
an English-Chinese translation model on the UN
Corpus. We set the decoder’s max length and max
position embeddings to 1536 to cover most input
texts. For the MLLM, we select four MLLMs with
different numbers of parameters and training data:
Vary-toy (Wei et al., 2024), Vary-base (Wei et al.,
2023), Llava-next (Liu et al., 2024a) and Textmon-
key (Liu et al., 2024b), as shown in Table 7. The
hyperparameter « is set to 1.0 and the sequence
lengths for all MLLMs, except Llava-next, are set
to 2048 to cover the long context of document im-
ages. The sequence length for Llava-next is 4096
due to the different image encoders and prompts
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| MLLM | #Params (M) | Training Data
1 | Vary-toy 22374 Document images
2 | Vary-base 8123.7 Document images
3 | Llava-next 8354.8 Natural images
4 | Textmonkey 9715.8 Document images

Table 7: The number of parameters and training data of
different MLLMs.

| BLEU BLEU-PT STEDS

1 | Cross-entropy 31.67 34.60 81.60
2 | MSE 33.00 35.67 82.68
3 | Cosine-similarity | 40.05 42.58 83.93

Table 8: Results on DoTA English-Chinese valid set
with different alignment loss functions.

used by the MLLMs.

During translation model pre-training, the maxi-
mum training step is 100K and the maximum token
per batch is 4096. A linear decay learning rate
schedule with a learning rate of 7e-4 and a warmup
ratio of 0.05 is used. During the training stage of
M4Doc, the maximum number of training steps
is 15K and the batch size is 64. We use a linear
decay learning rate schedule with a learning rate of
5e-5 and the number of warmup steps is 1000. We
use Adam optimizer with 5; = 0.9, 82 = 0.999,
e = le — 8 for both training stages. We used
two NVIDIA A100 GPUs and spent 28 hours to
complete the training of M4Doc (Vary-toy), and 68
hours to complete the training of M4Doc (Textmon-
key). For inference, we use beam search with 4
beams.

A.3 Prompts for Each MLLM
The <System Prompt> and <User Prompt> used
in the main experiment are listed as follows.

Prompts for Vary-toy/base

<System Prompt>
None

<User Prompt>
Convert the image to markdown/latex format.

Prompts for Llava-next

<System Prompt>

You are a helpful language and vision assistant. You
are able to understand the visual content that the user
provides, and assist the user with a variety of tasks
using natural language.

<User Prompt>

42
40 _e———— ——
B 38 PR -~ -\\
[ 4 \
= 36 AN
BLEU-PT \
32 .
0.0 0.5 1.0 2.0 4.0
a

Figure 6: BLEU and BLEU-PT scores of M4Doc (Vary-
toy) trained with different o values on the valid set.
Detailed data can be seen in Appendix C.

OCR this image.

Prompts for Textmonkey

<System Prompt>
You are a helpful assistant.

<User Prompt>
Read all the text in the image.

B Detailed Analysis

B.1 Effect of Different Alignment Loss
Functions

To explore the impact of different alignment loss
functions, we use cross-entropy loss, mean square
error (MSE) loss, and cosine-similarity loss as
the alignment loss function and conduct experi-
ments with the same setting as the main experi-
ment M4Doc (Vary-toy). The results are shown in
Table 8.

As shown in the table, using cosine similarity as
the alignment loss function yields the best results.
We think this may be because the loss values cal-
culated by cosine-similarity range between [—1, 1],
allowing the model to strike a balance between
learning the alignment task and the translation task.
Therefore, we choose cosine-similarity loss for the
main experiment.

B.2 Hyperparameter Sensitivity Analysis

To explore the impact of « in the loss function, we
vary « and get results in Figure 6. As shown in the
figure, the model’s performance initially increases
and then decreases with the increase in o, achieving
the best performance when o« = 1.0. This could
potentially be attributed to the fact that a small «
diminishes the influence of MLLM, while a large
« introduces too much noise. So, we set o« = 1.0
in the main experiment.
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DoTA DITrans # Params Time
BLEU BLEU-PT STEDS | BLEU BLEU-PT STEDS M) (s/page)

1 | Vary-toy (Original) 10.64 4.92 66.23 2.07 2.10 45.12 2237.4 62.58
2 | Vary-toy (Fine-tuned) 22.67 22.75 73.99 5.87 6.14 49.59 2253.9 57.60
3 | M4Doc (Vary-toy) 39.95 42.33 83.97 14.79 18.67 53.73 2124 9.61
4 | Vary-base (Original) 13.45 5.79 76.26 2.84 2.79 56.21 8123.7 68.84
5 | Vary-base (Fine-tuned) | 38.60 38.53 82.95 11.61 11.72 54.59 8137.9 69.67
6 | M4Doc (Vary-base) 41.22 42.09 86.06 14.52 16.55 55.89 215.6 9.43

Table 9: Results of directly fine-tuning MLLMs on the DoTA dataset. # Params is the number of parameters of the

model during inference. Time is the average inference time on a single NVIDIA V100 GPU.

| B C BP S
1 | GPT-4o 29.17 60.32 3195 5945
2 | Gemini 30.31 59.67 31.69 63.32
3 | DIMTDA 38.73 6133 4237 84.98
4 | M4Doc (Vary-toy) 3945 6242 4259 83.50
5 | M4Doc (Vary-base) 41.11  63.57 42.00 86.62
6 | M4Doc (Textmonkey) | 42.27 6540 44.17 86.93

Table 10: Results on comparison with commercial
MLLMs. B, C, BP, and S represent BLEU, COMET,
BLEU-PT, and STEDS, respectively.

B.3 Comparison with Fine-tuning MLLM

We conduct comparative experiments to evaluate
the DIMT capabilities of MLLMs by directly ap-
plying MLLMs to the DIMT task and fine-tuning
them specifically for this task. We fine-tune Vary-
toy and Vary-base using LoRA (Hu et al., 2022)
with a lora_rank of 32, while keeping other set-
tings consistent with the main experiment. The
results are presented in Table 9.

As shown in the table, directly using MLLMs
for the DIMT task yields very poor performance
(line 1 and 4), with almost no translation capability
on the political report domain. After fine-tuning on
the DoTA dataset, the DIMT capability of MLLMs
improves significantly but still falls short of the
performance achieved by our proposed M4Doc
method. By comparing line 5 and 6, our method
outperforms the best-performing Vary-base (Fine-
tuned) model by 2.62 BLEU scores and achieves a
greater improvement of 2.91 BLEU scores in zero-
shot cross-domain scenarios. This highlights the
potential of our method for efficiently leveraging
MLLMs across various downstream tasks.

B.4 Comparison with Commercial MLLMs

With the rapid development of MLLMs, some com-
mercial MLLMs (Hurst et al., 2024; Team et al.,
2024) demonstrate the capability of understanding
text-rich document images. To assess their ability

to accomplish the DIMT task, we randomly choose
200 samples from the test set of the DoTA dataset,
then prompt GPT-40 and Gemini with three dif-
ferent prompts to complete the document image
machine translation task. The prompts we used are
as follows.

Prompts for GPT-40 and Gemini to com-
plete DIMT task

<Prompt 1>
Output the Chinese translations of this image in
markdown format.

<Prompt 2>

Please extract and provide the Chinese translations
of the text contained within this image, ensuring
that the translations are accurately represented, and
format them using markdown for clear presentation.

<Prompt 3>

Please translate the all texts in this image into
English and adhere to the following translation
standards:

Accuracy: Ensure that the translation fully captures
the meaning of all the texts in the image without
adding or omitting any information.

Fluency: The translation should read naturally and
smoothly, reflecting the conventions of the target
language and the translation should follow the
reading order of the image.

Format: The translation should be presented in
markdown format.

We average the metric values of the translation
results obtained from different prompts to deter-
mine the final results. As the output format of
MLLMs may be unstable, we filter the English
parts of the output text and only keep the Chinese
parts.

Table 10 reveals that both GPT-40 and Gem-
ini can accomplish the DIMT task directly, but
exhibit inferior performance compared to M4Doc
(line 2 vs. line 6). This may be because commer-
cial MLLMs are not trained on the DoTA dataset,
their output formats differ from the reference. This
leads to commercial MLLMs performing signifi-
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En-Fr En-De
BLEU STEDS | BLEU STEDS
1 | Text-only MT | 59.68 9593 | 49.25 96.04
Cascade Baselines
2 | LARDIT 42.79 75.59 32.65 75.59
3 | Nougat-trans 55.82 90.77 43.73 89.92
End-to-end DIMT
4 | DIMTDA 45.82 84.84 37.83 85.92
5 | M4Doc (Vary-toy) 48.88 85.04 41.47 86.72
6 | M4Doc (Vary-base) 49.18 86.83 42.61 86.64
7 | M4Doc (Textmonkey) | 54.64 89.85 46.70 89.58

Table 11: Results on DoTA English-French and English-
German test set.

cantly worse than M4Doc on metrics like BLEU
and STEDS. However, semantic-based evaluation
metrics, such as COMET, can more accurately re-
flect the model’s translation performance, which
shows that the DIMT ability of existing commercial
MLLMs is comparable to that of M4Doc.

B.5 Evaluation on Other Languages

To verify our method’s effectiveness in other lan-
guages, we conduct English-French and English-
German DIMT experiments. The text machine
translation models are pre-trained on the UN Cor-
pus En-Fr and WMT14 En-De dataset. We use
the En-Fr and En-De subsets of the DoTA dataset
to train our models. The rest of the settings re-
main the same as the main experiment. Table 11
demonstrates the effectiveness of M4Doc on other
languages’ DIMT tasks.

C Detailed Data

Table 12 presents the detailed data corresponding
to the BLEU scores of M4Doc models tested on
validation sets with different context lengths, as
shown in Figure 3. Table 13 provides the detailed
data corresponding to the BLEU and BLEU-PT
scores of M4Doc (Vary-toy) trained with differ-
ent « values on the validation set, as illustrated in
Figure 6.

D Output Samples

We provide the output samples of M4Doc in cross-
domain and long context scenarios in Figure 7. Fig-
ure 7 (a) is an image from the ads & news subset
of the DITrans dataset. The scanned document im-
age contains a lot of noise, and the font size varies
significantly, which makes the image difficult to
handle. After fine-tuning our model on the subset,
it can translate the text in the image, even if some
of the text appears blurry.

\ (0,250] (250,500]
DIMTDA 51.13 45.95
M4Doc (Vary-toy) 51.82 45.75
M4Doc (Vary-base) 52.85 49.46
M4Doc (Textmonkey) 56.04 50.15

\ (500,750] (750,)
DIMTDA 39.98 34.85
M4Doc (Vary-toy) 45.54 41.10
M4Doc (Vary-base) 45.43 39.02
M4Doc (Textmonkey) 48.65 45.63

Table 12: Detailed data of Figure 3.

a | BLEU BLEU-PT

0.0 | 36.58 40.06
0.5 | 3942 42.77
1.0 | 39.63 42.95
20 | 38.74 42.15
4.0 | 31.94 34.08

Table 13: Detailed data of Figure 6.

Figure 7 (b) is an image from the DoTA dataset,
which contains more than 1000 English words. For
images containing such long contexts, our model
still achieves end-to-end DIMT without omissions.

We also list other output samples in Figure 8,
Figure 9, and Figure 10.
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(a) Cross-domain: Ads & News

Containing over 1000 words

kinetic energy available to the outgoing O LVV Auger electrons is ~9.5 eV, when the two final holes are localized at a
single atomie site. We have directly measured the maxinnum energy available following the filling of an O 2s hole o
ather processes such as Auger-stimulated ion desorption. Our results support the picture put forward by Knotek and
Feibelman that cnergy conservation restrictions are responsible for the weak 0 desorption signal associated with 0 25
holes in Ti0 [27. 28]

The ratio of the integrated intensities of the O LVV peak to the O KVV peak is 43 = 3, where the error represents the
statistical uncertainty in the measurcment. The larger annihilation-induced Auger intensity for the O-LVY peak reflects
the fact that the ground stale positron overlap with the 2s level is higher than the 1s level due to the repulsion of the
positron from the positive core. An atomistic calculation shows that the ratio of the number of annihilation-induced O
25 holes to the number of annihilation-induced O 15 holes is 48 (see the Methods section). A comparison of these two.
ratios indicates that the efficiency of the Auger decay of an O 2s hole is nearly equal to (~ 90%) the efficiency of the
Auger decay of an O 1 hole. Here, efficiency is defined as the number of electrons detected per initial core hol.

We have performed a detailed calculation of the intensity ratio of the O LVV peak to the O KVV peak taking into
account (i) the calculated ratio of O 25 to O Is annihilation rates, (i) the probability that an © LVV Auger transition
results in an electron with sufficient encrgy and momentum to escape the material using equation 1, (i) the effects of
the inelastic mean free path of the escaping electron [23], and (iv) the transport efficiency through our spectrometer [23].
“This analysis indicates that the reduced efficiency of the O LVV process relative to the O KVV process is principally
due to transitions which do not result in electrons with sufficient energy and momentum nomal to the surface 1o escape.
“The detailed model yields a ratio of the intensity of the O LYV to the O KV'V peaks of 40, which compares favorably
with the measured ratio of 43 4 3. We note thatin our modelling we have assumed that the Auger decay probability for
the L shell vacancy is equal o that of the the K shell vacancy. The agreement between our measured and theorelical
ratio supports this assumption. It has previously been shown that the Auger decay probability for the oxyzen K shell
hole s close to 1 [29. 30]. Hence, we conclude that the Auger decay probability of O 2s holes is also close to unity.

Discussion

‘The unambiguous identification of this previously unexplored, low-energy Auger emission process has implications
for photodynamic cancer therapies because O LVV Auger decay (1) is an efficient mechanism for the emission of
low-energy. genotoxic electrons and (2) leads to the creation of chemically active, multi-hole final states in localized
onygen atoms. Since TiOy is widely used in biomedical applications, and low-energy electrons play a crucial role in the
nascent stages of DNA radiolysis through dissociative electron attachment (DEA) [31]. it is essential that the various
‘mechanisms that can produce low-cnergy clectrons in TiOx be identified and thoroughly understood. In particular,
TiOx nanopariicles have recently been used in photo-assisted cancer therapics which utilize the emission of low-cnergy
electrons from Ti0) to produce reactive oxygen species [32, 331, Finally, the final stae of the O LVY Auger process
isan axygen atom with two vlence band hoes These two-bo fnal s whichar oalzed ot  single oxyeen
atom, are believed tha cell lethality aiding in
chemically acivefna sttescontibut o he enhanced prodction of eyt Fee rdicals [34] an 0 the Coulombie
explosion of surrounding water molecules producing further reactive oxygen species [35, 36].

In conclusion, o

k represents the first direct investigations of the emission of low-energy clectrons as a result of O
LVV Auger transitions in condensed matter y be of significant
ion desorption and cancer therapies. These oxygen adsorbed surfaces of Cu/Si and
TiO2 were made possible by eliminating the large, primary beam.induced secondary electron background by using
‘matter-antimatter annihilation to initiate the Auger process. The success in reproducing both the experimental lineshape
of the O LVV Auger peak and the ratio of O LVY 100 KVV intensities demonstrates that the picture put forward. that
the Auger decay of O 2s holes in TiOy cfficiently results in the emission of low-cnergy clectrons, is correct. Thus,
the observation of low-cnergy electron emission following an O LVV Auger transition from various systems, namely
dsorbed metal(Cu) and as well as from ows that the process is
ubiquitous; hence, may play an important role in various physical, chemical and biological pl\cnnmcm initiated by
radiation.induced low-energy electron emission.

Methods
ToF-PAES and sample preparation
The experments presented n this manusript were caried out wsing the Lm\cmn, of Texas at Arlington's positron beam

system. The system is comp three parts: a p transport, a ToF energy spectrometer,
and a sample preparation chamber, A more complete descripion of the system and its capabiltes s provided in
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(b) Long Context

Figure 7: The output samples of M4Doc. For each image pair, the left is the input document image, and the right is
the output translations in markdown format after rendering. It is better to zoom in for a clearer view.
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seq_length Length of the Input sequence
batch_size Size of each batch
minbatch_normal_init. Cell body
num_cv_out Output of the first Convolution Layer
ols Stride of the first Convolution Layer
_— pl_k Padding length of the first Convolution Layer
Figure 4: Block Diagram of Generator Architecture evl_k Kernel size of the first Convolution Layer
N B F——Fy e TTE—— Output of the second Convolution Layer
? Stride of the second Convolution Layer
e ength Longth of the Inpu Sequence Padding length of the second Convolution Layer
minibatch_normal_init  Cell body Kernel size of the second Convolution Layer
Table num_cv Number of comvolution Layer. Here it s 2 the ODEBlock for the ODE - based Discriminator
g evl_out Output shape of the first convolution Layer !
translation and ovls Stride shape of the first convolution Layer the proposed Discriminator
structure pLE Padding length of the first convolution Layer
ovl k Kernel size of the first convolution Layer i 5 N
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ODEDBlock The ODE block for the ODE based Discriminator
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Generator Func, therefore, 6 = tuple(z,~). NeurslODEBlock converts the signal to ODE, and then ODESolver solves
the ODE, yielding a generated noisy ECG signal for time T [¢0,..,). The Discriminator then lear to distinguish - RE S B
between the real and the generated signal, FEVIAHB, ODEEnergoder /8 53R (S 2

DGR RS (LK) BT RS
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During the training phase, ODEGenerator generates continuous time series similar to a real ECG signal. A log N . o .
probability (£ matrix evaluates the ODEGene rator model by computing £ of negative identification of the generated AME Lo B—HT, SRR REGRA TR XS RIS S MIER 5 £ ARITIHISIRE.
signal by the Discriminator. The optimiser optimises the parameter of the ODEGenerator model with a target to B, BB A AL £ LR

mise £. On the other hand, a cross-entropy loss function evaluates the Discriminator by computing £ of correct

cation of the real and generated signal. During the training. the optimiser designated for the Discriminator
reduces £ to its minimum value. 3.3 AT NODE [y i BRI 2 GAN B
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For this ODE-GAN-2 model, we designed both Generator and Discriminator using NODE models. The generator HBAGIZFLS LR FX. (3) 28] NeuralODEBlock {#/ ODERNN #7t, ERIPAR LSTM & GRU
‘model described in section 3.1 is the Generator for this generative adversarial neural network. Eq. (3) shows that the o MATESA 1 XA ODE L ODESolver A HIESM FINF ye. (3b ).
NeuralODEBIock uses an ODERNNCell, which can be cither LSTM or GRU to generate  continuous time series y; by [
using an ODESolver on the ODE defined in Eq. (3b). — J— " Y P
For this model, we have used two different kinds of Discriminator as follows, Combination of HTRBE, RANEETRATRARANS, WTHR.
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331 Discriminator with Convolution layer with NODE layer J T p—
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Table 1 describes the parameter used in proposed ODE based Discriminator. Discriminator Func is the neural # 1 ik T BT ETF ODE 89¥ISI3 M 09 BY . discriminator Punction R W& R%, HT%IHEGS
network to lean the difference between real and generated ECG signal. Discriminator Func also used by the # 2 5t HISIRRIL ESolver . FHISIBRA T ECG {58495 SHIT
ODESolver in the This  ditnguishes between the derivatie of ECG signal wrt. ime of i > ’,zﬁ]ﬁiﬁ_ IHETILRAT ODESolver PRI T ECC IRE R SR
the real and generated signal. SAE AL AL . B

5
CLASSICAL ELASTOHYDRODYNAMICS FOR A SWIMMING FILAMENT 3

Fi(s) Predicted displacement Observed displacement

Case 6 ~0.06033 ~0.06013
. Case 7 0.02643 0.02652
24 Case § -0.1201 -0.1204
2 Case 8 -0.1226 220

F 1 BRI EIR 5 AR A (HERAFAN (26)) BT BFAIE R 5 Bk BE R
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VER, (IRSIRIE (26) B9FS ).

FIGURE 6. (A) Plot of Fy and F for cases (6) and (7) of good
Snapshots of the swimmer position in cases (6)-(9), respectiv
50 time units.

mmers. (B)-(E)
er the course of Wit A Bl )i

ARG 5 SUARAY A AR (81) MEBHEHUGETHR, RIET 4.2 1 A0
RO T

Fi(s) | Predicted displacement _Observed displacement

Table

- Case 6 -0.06033 -0.06013
translation s 515 ’
and Cose 8 .

Case 9 -0.1220
structure -

restoration | Tasie 1. Predicted swimming distance o expression (26))

versus swimming distance zo|, _q — o|,_; observed in numerical simulations

In case (1), we note that the integrand (xo),(x — £g) is odd about s = } at each time step and

hence integrates 1o zero along the length of the filament, leading to no net motion due to spatial
metry. In case (3), we see that (so)a(x — ko) does not integrate to zero in s but very nearly
integrates to zero in The (near) lack of displacement here can be attributed to time symmetry.
Finally, in case (6) the fanction (o), (x — ) clearly integrates to a positive number in space and
. leading to net motion (note that the displacement is negative according to the sign of (26))

Text translation with inline formulas

APPENDIX A. VALIDATION OF NUMERICAL METHOD

We validate the numerical method for the formulation described in Section 4.2 through comparison
with a direct discretiz of the classical inex ible fiber i

Figure 8: The output samples of M4Doc in the DoTA dataset. It is better to zoom in for a clearer view.
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Hierarchical relationship of multi-level headings preserving

UK Research and Development Roadmap

Levelling up R&D across the UK

Where are we now?

The UK’s research and innovation system has remarkable strengths right across the UK. From
precision medicine in Glasgow to marine innovation in the Western Gateway, from compound
semiconductors in South Wales, to future food processing in the Midlands and eco-Innovation
in the North West Coastal Arc, the UK has centres of excellence in research and innovation
across the country. At a local level R&D investment can transform areas by acting s a driving
force for social innovation, local growth and improved productivity.

We know, however, that research and <
innovation activity and funding is highly s
concentrated in certain parts of the UK. This

makes the businesses in these areas more
adaptable and innovative, and provides more
opportunities for high-skill employment and
training, directly benefitting communities
through improved productivity and resilience.

RED sty

To unlock these benefits in more areas of the
UK, we should do more to build on a wider
range of R&D strengths. We should also do
more to enable places all over the UK to thrive
and to fulfil their potential in R&D. Our R&D
system will have a bigger impact on the
recovery and long-term economic growth and
prosperity if it can unlock the potential found in
more areas of the UK.

our i to R&D ively
the wider levelling up agenda runs through this
Roadmap. Ensuring we are making the most of
all our strengths across the UK will allow us to
capitalise on longer-term economic
opportunities and tackle longstanding regional
inequalities. We are challenging ourselves to
consider how a greater focus on place
outcomes in decision-making and new,
proactive and coordinated approaches with
devolved administrations and key funders could address regional imbalances in R&D intensity
as part of our levelling up ambition. We are also examining how our aims for levelling up of
funding in R&D interact with other priorities and i such asi i

Figure 3 - Selected UK government funded R&D
sets?
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education and skills.

Small text

intensity s calculated in Figure 3 as Gross Do

1 R8D divided by Domesti

Product.

Combination of single and double-column layouts
Text in various fonts, sizes, and colors

Pillar 3:

Governing Al effectively

Ensuring that national governance of Al technologies encourages innovation,
investment, protects the public and safeguards our fundamental values, while
working with global partners to promote the responsible development of Al

internationally

Government's aim is to build the most
trusted and pro-innovation system for Al
governance in the world.

This will be achieved by:

Establishing an Al governance framework
that addresses the unique challenges and
opportunities of Al while being flexible,
proportionate and without creating
unnecessary burdens;

An effective governance regime that supports
Scientists, researchers and entrepreneurs to
innovate while ensuring consumer and citizen
confidence in Al technologies is fundamental
1o the government's vision over the next
decade.

In  world where systematic international
competition will have significant impacts on
security and prosperity around the world, the
government wants the UK to be the most

Enabling Al products and services to be
trustworthy, by supporting the development
of an ecosystem of Al assurance tools and
services to provide meaningful information
about Al systems to users and regulators;

Growing the UK's contribution to the
development of global Al technical
standards, to translate UK R&D for
trustworthy Al into robust, technical
specifications and processes that can
support our Al governance model, ensure
global interoperability and minimise the
costs of regulatory compliance;

Building UK regulators’ capacities to use
and assess Al, ensuring that they can deliver
on their responsibilties as new Al-based
products and services come to market;

Setting an example in the safe and ethical
deployment of Al with the government
leading from the front;

Working with our partners around the
world to promote international agreements
and standards that deliver for our
prosperity and security, and promote
innovation that harnesses the benefits of Al
as we embed our values such as faimess,
openness, liberty, security, democracy, rule
of law and respect for human rights.

™
and use of Al one that protects the public
and the consumer while increasing
confidence and investment in Al technologies
inthe UK.

Effective, pro-innovation governance of Al
means that () the UK has  clear,
proportionate and effective framework for
regulating Al that supports innovation while
addressing actual risks and harms, (i) UK
regulators have the flexibility and capabilities
to respond effectively to the challenges of Al
and (iii) organisations can confidently innovate
and adopt Al technologies with the right tools
and infrastructure to address Al risks and
harms. The UK public sector willlead the way
by setting an example for the safe and ethical
deployment of Al through how it governs its
own use of the technology.

We will collaborate with key actors and
partners on the global stage to promote the
responsible development and deployment of
Al The UK will act to protect against efforts to
adopt and apply these technologies in the
service of authoritarianism and repression.
Through our science partnerships and wider
development and diplomacy work, we wil
seek to engage early with countries on Al
governance, to promote open society values
and defend human rights,
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Figure 9: The output samples of M4Doc in the political report subset of the DITrans dataset. It is better to zoom in
for a clearer view.
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How many times
have you decided
to give up smoking?

Nobody these daysis telling you not to give up smoking.

Butif you've given it up more times than you'd like to remember, the
chances are you enjoy it too much to want to give it up atall.

If you're like a lot of smokers these days, it probably isrit smoking that you
want to give up.It's some of that ‘tar’ and nicotine you've been hearing about.
Soyou tried cigarettes which were low in ‘tar' and you found yourself
checking every once inawhile to see if they were still it Which drove you
right back to your regular brand
Butnow, there is Vantage.

Vantage cigarettes, either filter or menthol, have 12 milligrams of ‘tar’
and 09 milligrams of nicotine, considerably less than =
most cigarettes.

Andwhat really makes Vantage special is our special
filter which allows the tobacco flavor to come through.

Vantage isn't the lowest ‘tar'and nicotine
cigarette, butit sure is the lowest one youll enjoy
smoking.

Andshats what makesall the difference
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(3). The sociological variables which are so important during the formation of the
habit seem to play a minor role once smoking has become part of the life style of
the smoker (35, 58). It therefore is a habit which initially has strong extrinsic
motivations, but in time develops its own intrinsic motivation. As the habit con-
tinues, it becomes increasingly tied to psychological needs, and becomes an in-
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Figure 10: The output samples of M4Doc in the ads & news subset of the DITrans dataset. It is better to zoom in for

a clearer view.
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