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Abstract

As generative NLP can now produce content
nearly indistinguishable from human writing, it
becomes difficult to identify genuine research
contributions in academic writing and scien-
tific publications. Moreover, information in
NLP-generated text can potentially be factually
wrong or even entirely fabricated. This study in-
troduces a novel benchmark dataset, containing
human-written and machine-generated scien-
tific papers from SCIgen, GPT-2, GPT-3, Chat-
GPT, and Galactica. After describing the gen-
eration and extraction pipelines, we also exper-
iment with four distinct classifiers as a baseline
for detecting the authorship of scientific text. A
strong focus is put on generalization capabili-
ties and explainability to highlight the strengths
and weaknesses of detectors. We believe our
work serves as an important step towards creat-
ing more robust methods for distinguishing be-
tween human-written and machine-generated
scientific papers, ultimately ensuring the in-
tegrity of scientific literature.

1 Introduction

Generative Natural Language Processing (NLP)
systems—often based on Large Language Mod-
els (LLMs) (Brown et al., 2020; Scao et al., 2022;
OpenAl, 2023)—have experienced significant ad-
vancements in recent years, with state-of-the-art
algorithms generating content that is almost in-
distinguishable from human-written text (Radford
et al., 2019; Zellers et al., 2019; Keskar et al., 2019;
Brown et al., 2020). This progress has led to nu-
merous applications in various fields, such as chat-
bots (OpenAl, 2022), automated content generation
(Chen et al., 2021), and even summarization tools
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Figure 1: This work’s overview. Five methods are used
to machine-generate papers, which are then mixed with
human-written ones to create our benchmark. Four mod-
els are then tested as baselines to identify the authorship
of a given output.

(Liu, 2019). However, these advancements also
raise concerns regarding the integrity and authentic-
ity of academic writing and scientific publications
(Dergaa et al., 2023; Stokel-Walker, 2022).

It is indeed increasingly difficult to differentiate
genuine research contributions from artificially gen-
erated content. Moreover, we are at an increased
risk of including factually incorrect or entirely fab-
ricated information (Maynez et al., 2020; Tian et al.,
2019). Reliably identifying machine-generated sci-

190

Proceedings of the 3rd Workshop on Trustworthy Natural Language Processing (TrustNLP 2023), pages 190-207
July 14, 2023 ©2023 Association for Computational Linguistics



entific publications becomes thus crucial to main-
tain the credibility of scientific literature and fos-
tering trust among researchers.

This work introduces a novel benchmark to ad-
dress this issue. Our contribution—also briefly
sketched in 1—can be summarized as follow:

(1) We present a dataset comprising of human-
written and machine-generated scientific doc-
uments from various sources: SClgen (Strib-
ling et al., 2005), GPT-2 (Radford et al., 2019),
GPT-3 (Brown et al., 2020), ChatGPT (Ope-
nAl, 2022), and Galactica (Taylor et al., 2022).
Each document includes abstract, introduc-
tion, and conclusion in a machine-readable
format.

(2) We experiment with four distinct classifiers—
RoBERTa (Liu et al., 2019), Galactica (Taylor
et al., 2022), GPT-3 (Brown et al., 2020), and
DetectGPT (Mitchell et al., 2023)—as a base-
line for detecting the authorship of scientific
text, assessing their performance in differenti-
ating between human and machine-generated
content.

(3) We emphasize experimenting with generaliza-
tion capabilities and explainability to provide
insights into the strengths and weaknesses of
each detector.

We release our benchmark dataset, baseline mod-
els, and testing code to the public to promote fur-
ther research and aid the development of more ro-
bust detection methods. We release our benchmark
dataset and baseline models as well as all code used
for experimental results'.

2 Related Work

2.1 (Machine-Generated) Scientific
Publication Corpora

The ACL Anthology? (Bird et al., 2008) and arXiv>
(arXiv.org submitters, 2023) are widely used re-
sources for accessing scientific texts and their as-
sociated metadata. However, these databases do
not provide structured text for scientific documents,
necessitating the use of PDF parsers and other tools
to extract text and resolve references. Several ef-
forts have been made to develop structured text

"huggingface.co/datasets/tum-nlp/IDMGSP
2https://aclanthology.org/
3https://arxiv.org/
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databases for scientific documents. (Cohan and
Goharian, 2015; Saier and Farber, 2019; Lo et al.,
2020).

Despite progress in generating text, machine-
generated datasets for scientific literature remain
limited. A recent study by Kashnitsky et al. (2022)
compiled a dataset including retracted, summa-
rized, and paraphrased paper abstracts and excerpts,
as well as text generated by GPT-3 (Brown et al.,
2020) and GPT-Neo (Black et al., 2021). It’s worth
noting that the dataset lists retracted papers as
machine-generated, which may not always be ac-
curate, and only includes excerpts or abstracts of
the papers.

Liyanage et al. (2022) proposed an alternative ap-
proach, in which they generated papers using GPT-
2 (Radford et al., 2019) and Arxiv-NLP*. How-
ever, their dataset was limited to only 200 samples,
which were restricted to the fields of Artificial In-
telligence and Computation and Language.

2.2 Generative NLP for Scientific Articles

Generative NLP for scientific publications has
evolved significantly in recent years. Early meth-
ods, such as SClgen (Stribling et al., 2005), used
Context-Free-Grammar (CFG) to fabricate com-
puter science publications. These often contain
nonsensical outputs due to CFG’s limited capacity
for generating coherent text.

The advent of attention, transformers (Waswani
et al., 2017), and LLMs (Brown et al., 2020) has
paved the way for more sophisticated models ca-
pable of generating higher-quality scientific con-
tent. Some—such as (Devlin et al., 2019), GPT-3
(Brown et al., 2020), ChatGPT (OpenAl, 2022),
and Bloom (Scao et al., 2022)—are built for gen-
eral purposes. Others, instead, are domain-specific
and specialized for generating scientific literature.
Popular examples in this category are SciBERT
(Maheshwari et al., 2021) and Galactica (Taylor
et al., 2022).

Both general and domain-specific models have
shown outstanding results in various scientific
tasks, demonstrating their potential in generating
coherent and contextually relevant scientific text.
This same technology has also been applied to other
domains, including writing news articles (Zellers
et al., 2019), producing learning material (MacNeil
et al., 2022), and creative writing (Swanson et al.,
2021).

4https: //huggingface.co/lysandre/arxiv-nlp
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2.3 Detection of Machine-Generated Text

The ability to automatically generate convincing
content has motivated researchers to work on its
automatic detection, especially given its potential
implications for various domains.

Several approaches to detecting machine-
generated text have emerged, employing a range of
techniques. Some studies have focused on utilizing
hand-crafted features (Gehrmann et al., 2019), bag-
of-words features (Fagni et al., 2021), or neural
features in combination with supervised models to
distinguish between human and machine-generated
content (Bakhtin et al., 2019; Ippolito et al., 2019;
Fagni et al., 2021).

Alternative approaches explore using the prob-
ability curvature of the generative model itself
(Mitchell et al., 2023) or watermarking machine-
generated text to facilitate detection (Kirchenbauer
et al., 2023).

2.4 Detection of Machine-Generated Scientific
Publications

As we have seen in 2.3, there exist several
general-purpose solutions aiming at detecting NLP-
generated text. The detection of automatically gen-
erated scientific publications, instead, is an emerg-
ing subarea of research with very limited exist-
ing work. Previous approaches have primarily
focused on identifying text generated by SClgen
(Stribling et al., 2005) using hand-crafted features
(Amancio, 2015; Williams and Giles, 2015), near-
est neighbor classifiers (Nguyen and Labbé, 2016),
and grammar-based detectors (Cabanac and Labbé,
2021). More recent studies have shown promis-
ing results in detecting LLLM-generated papers us-
ing SciBERT (Beltagy et al., 2019), DistilBERT
(Sanh et al., 2019), and other models (Glazkova and
Glazkov, 2022; Liyanage et al., 2022). Nonethe-
less, these approaches have mostly been tested on
abstracts or a substantially limited set of paper do-
mains.

3 Benchmark Dataset

In this section, we delve into the construction of our
benchmark dataset, which comprises both human-
written and machine-generated scientific papers.
Often, for simplicity, we refer to the former group
with real, and to the latter with fake. In section
3.1, we elaborate on the process we followed to
extract data from the PDF documents of real papers.
In section 3.2, we describe instead our prompting

pipelines and how we utilized various generators
to produce fake scientific papers.

Table 1 offers an overview of our dataset, includ-
ing sources and numbers of samples and tokens.

Source Quantity Tokens
arXiv parsing 1 (real) 12k 13.40M
arXiv parsing 2 (real) 4k 3.20M
SClgen (fake) 3k 1.80M
GPT-2 (fake) 3k 2.90M
Galactica (fake) 3k 2.00M
ChatGPT (fake) 3k 1.20M
GPT-3 (fake) 1k 0.50M
Total real (extraction) 16k 16.60M
Total fake (generators) 13k 8.40M
Total 29k 25M

Table 1: Data sources included in our dataset and their
respective sizes.

3.1 Real Papers Collection

To collect human-written—or real—scientific pa-
pers for our dataset, we source them from the arXiv
dataset (arXiv.org submitters, 2023) hosted on Kag-
gle’. This provides comprehensive metadata, in-
cluding title, abstract, publication date, and cate-
gory. However, the introduction and conclusion
sections are not part of the metadata, which implies
the need for PDF parsing to extract these sections.

From the metadata, each paper’s ID and ver-
sion are utilized to construct the document path
and retrieve the corresponding PDF from the pub-
licly accessible GCS bucket. Each PDF is then fed
to the PyMuPDF (Rudduck, 2021) library to be
parsed and to extract the relevant content. Unfortu-
nately, parsing PDFs is known to be very challeng-
ing. This is particularly true for a double-column
format, which many scientific papers have. Despite
having tested several heuristic rules to identify and
extrapolate the correct sections, the process can
still fail at times. We discard data points where the
parsing was unsuccessful.

The resulting set includes 12, 000 real papers.
Furthermore, we collect an additional 4, 000 sam-
ples undergoing a different parsing procedure
(Shrestha and Zhou, 2022). The intention is to
ensure there are no recognizable parsing artifacts
that inadvertently ease the detection process (see
4).

5https: //www.kaggle.com/
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Conclusion: Conclusion: )
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(a) Galactica and GPT-3 generation.

(b) ChatGPT generation.

(c) GPT-2 generation.

Figure 2: Generation pipeline used for each model. In the case of Galactica and GPT-3 (Figure 2a), each section
depends on the previous sections. On the other hand, ChatGPT’s generation sequence (Figure 2b) requires only the
title to generate all the necessary sections at once. Finally, for GPT-2 (Figure 2c), three separate models are used to

generate each of the sections based solely on the title.

3.2 Fake Papers Generation

For the fake component of our dataset, we employ
several models to generate abstracts, introductions,
and conclusions based on scientific paper titles.
The titles of the real papers sourced from the arXiv
database (see 3.1) serve as prompts for the mod-
els to generate the target sections—i.e. abstract,
introduction, and conclusion.

To create fake scientific papers, we fine-tune
GPT-2 and GPT-3 instances (Radford et al., 2019;
Brown et al., 2020) and also leverage SClgen (Stri-
bling et al., 2005), Galactica (Taylor et al., 2022),
and ChatGPT (OpenAl, 2022). For each model—as
shown in Figure 2—we employ a unique prompt-
ing/querying strategy to produce the desired paper
sections.

This combination of models aims at generating
a diverse set of artificial scientific papers. Con-
crete examples of generated papers can be found in
appendix A.

3.2.1 SCIgen

Alongside the papers produced by the various
LLMs, our fake dataset incorporates documents
generated by SClgen (Stribling et al., 2005). De-
spite the seemingly straightforward task of detect-
ing CFG-generated text, it is still relevant to ensure
that detectors can distinguish machine-generated
papers even if they are poorly written and contain
nonsensical content. Stribling and Aguayo (2021)
shows that such papers have been accepted in sci-

entific venues in the past.

Prompting SClgen is done simply by running it
as an offline script® which generates all the needed
sections including the title. The entire paper in
I&TEXformat is generated as a result.

3.22 GPT-2

We fine-tune three distinct GPT-2 base models
(117M) (Radford et al., 2019) to individually gen-
erate each section based on the given title. The
models are trained in a seq2seq fashion (Sutskever
et al., 2014), with the training procedure spanning
six epochs and incorporating 3,500 real papers.
When encountering lengthy inputs, we truncate
those exceeding 1,024 tokens, potentially result-
ing in less coherent introductions and conclusions.
Abstracts remain more coherent as they typically
fall below this threshold.

Hyperparameters: For training we use a batch
size of 16 across all six epochs. We set the
max_new_token to 512, top_k to 50, and top_p
to 0.5 for all three models.

Post-processing: We remove generated "\n"
characters and any extra sections not explicitly
mentioned in the prompt. Additionally, we remove
incomplete sentences preceding the start of a new
sentence. These are indeed common artifacts of
GPT-2 and are easily identifiable by lowercase let-
ters.

6ht’cps: //github.com/soerface/scigen-docker
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Although our GPT-2 model is specifically fine-
tuned for the task, generating long pieces of text oc-
casionally results in less meaningful content. More-
over, we observe that decoupling the generation of
sections can lead to inconsistencies among the gen-
erated sections within the papers.

3.2.3 Galactica

Galactica is trained on a large corpus of scientific
documents (Taylor et al., 2022). Therefore, it is
already well-suited for the task of generating scien-
tific papers. To facilitate the generation of coherent
long-form text, we divide the generation process
into smaller segments, with each section relying on
preceding sections for context. For instance, while
generating a conclusion, we provide the model with
the title, abstract, and introduction as concatenated
text.

Hyperparameters: We use Galactica base (1.3B
parameters) (Taylor et al., 2022) to generate each
paper section based on the previous sections. The
complete set of hyperparameters can be found in
appendix A. Additionally, we enforce max length
left padding. Due to the limited model capacity,
limiting the output number of tokens is necessary
to avoid the hallucination risk introduced by long
text generation.

Post-processing: To ensure completeness and co-
herence in the generated text, we devise a gener-
ation loop that meticulously assesses the quality
of the output. For example, if the generated text
lacks an <EOS> (end-of-sentence) token, the model
is prompted to regenerate the text. Furthermore, we
eliminate any special tokens introduced by Galac-
tica during the process.

While Galactica base has 1.3B parameters, it
is still smaller than ChatGPT, which can result in
less coherent outputs when generating longer text
segments. As a result, prompting the model to gen-
erate a specific section with preceding sections as
context yields better outcomes compared to pro-
viding only the title as context and requesting the
model to generate all three sections simultaneously.

3.24 ChatGPT

To generate a cohesive document, we prompt Chat-
GPT (OpenAl, 2022) with "Write a document with
the title [TITLE], including an abstract, an intro-
duction, and a conclusion", substituting [ TITLE]
with the desired title utterance. ChatGPT’s large

size (20B parameters) and strong ability to consider
context eliminate the necessity of feeding previ-
ous output sections into the prompt for generating
newer ones.

Hyperparameters: For the entire generation pro-
cess, we use the default temperature of 0.7.

Despite not being explicitly trained for scientific
text generation, ChatGPT can produce extensive,
human-like text in this domain. This capability
likely stems from the model’s large size, the exten-
sive datasets it was trained on, and the incorpora-
tion of reinforcement learning with human feed-
back.

3.2.5 GPT-3

We fine-tune an instance of GPT-3 (6.7B) (Brown
et al., 2020) with 178 real samples. Output papers
generated through an iterative cascade process (like
for Galactica) present a much higher quality than
those forged in a single step (like for ChatGPT)
(Shrestha and Zhou, 2022). Hence, we decide to
opt for the latter strategy.

Pre/Post-Processing: To force the generation of
cleaner outputs, we add a <END> token at the end
of each input used for fine-tuning. GPT-3 mimics
this behavior and adds the token as well, and we
remove every token added after generation <END>.

While still not on par with ChatGPT-generated
outputs, we report a high quality for GPT-3-crafted
papers.

4 Detection Experiments

In this section, we conduct experiments about iden-
tifying the source of a given paper—i.e. determin-
ing whether it is fake or real. We start by defin-
ing data splits and subsets for training and testing,
which are useful to evaluate generalization capa-
bilities. Next, we outline the classifiers used as
baselines to measure performance on the bench-
mark task. Finally, we examine the results in terms
of performance and apply post-hoc explainability
methods to the classifiers to gain deeper insights
into the detection process.

4.1 Data Splits and Generalization Tests

We divide our dataset (displayed in Table 1) into
standard train and standard test sets for training
and testing our classifiers, respectively. Further-
more, we aim to evaluate models on out-of-domain
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Dataset arXiv (real) ChatGPT (fake) GPT-2 (fake) SClIgen (fake) Galactica (fake) GPT-3 (fake)
Standard train (TRAIN) 8k 2k 2k 2k 2k -

Standard train subset (TRAIN-SUB) 4k 1k 1k 1k 1k

TRAIN without ChatGPT (TRAIN-CG) 8k - 2k 2k 2k -

TRAIN plus GPT-3 (TRAIN+GPT3) 8k 2k 2k 2k 2k 1.2k
Standard test (TEST) 4k 1k

Out-of-domain GPT-3 only (OOD-GPT3)
Out-of-domain real (OOD-REAL)

4k (parsing 2) -
ChatGPT only (TECG) -

1k

1k 1k 1k

Table 2: Overview of the datasets used to train and evaluate the classifiers. Each column represents the number of
papers used per source. Concerning real papers, unless indicated, we use samples extracted with parsing 1 (see 3.1).

test data. To achieve this, we create various data
subsets by applying different splits to our bench-
mark. All the splits utilized for our experiments are
detailed in Table 2. For instance, the reader can ob-
serve the composition of a data split with no access
to ChatGPT samples (TRAIN-CG) and test sets
composed only of differently-parsed real papers
(OOD-REAL), only ChatGPT papers (OOD-CQG),
or only GPT-3 ones (OOD-GPT?3).

4.2 Classifiers

We fine-tune GPT-3 (Brown et al., 2020), Galac-
tica (Taylor et al., 2022), and RoBERTa (Liu et al.,
2019) to perform the downstream task of classify-
ing scientific papers as fake or real based on their
content (abstract, introduction, and conclusion sec-
tions). We remind the reader that all titles are real.

To accommodate memory limitations, we im-
pose a restriction on the input tokens, resulting in
the truncation of longer texts. However, since the
average length of the combined input sections is
900 tokens, this constraint does not lead to signifi-
cant information loss.

4.2.1 GPT-3

We fine-tune a GPT-3 (Brown et al., 2020) Ada
model for the classification task. GPT-3 is fine-
tuned in a causal manner, where the model is
prompted with the concatenated paper sections
along with their corresponding label. This is set up
as a binary classification where the output is a sin-
gle token indicating whether the paper is real (0) or
fake (1). During inference, the model generates a
single token based on the sections of a given paper.

As fine-tuning GPT-3 models requires a paid
API, we train it only on a smaller subset of our
dataset (TRAIN-SUB) shown in Table 2. We limit
the number of input tokens to 2, 048 while retaining
the default hyperparameters provided by the API.

4.2.2 Galactica

We adapt Galactica (Taylor et al., 2022) from a
causal language model that predicts probabilities
for each word in the vocabulary to a binary classi-
fier with an output layer that predicts probabilities
for two labels: fake and real.

The model is provided with all sections as con-
catenated together with the corresponding label. Al-
though we retrain the output layer to accommodate
this change, this approach proves more memory-
efficient compared to using an output layer that
produces probabilities for the entire vocabulary.

Hyperparameters. To cope with memory con-
straints, we limit the input number of tokens to
2,048. Additionally, we adjust the batch size to 2
with gradient accumulation steps of 4 and enabled
mixed precision. Additionally, we set the number
of epochs to 4, weight decay to 0.01, and warm-up
steps to 1, 000. Our initial learning rate is 5e — 6.

4.2.3 RoBERTa

Finally, our third classifier is RoOBERTa base (125M
parameters) (Liu et al., 2019). RoBERTa is limited
to 512 input tokens, meaning that all text exceeding
this limit is ignored. Our dataset exceeds this con-
straint for many entries. We choose to address the
problem by fine-tuning three separate RoOBERTa
models to classify the three sections individually,
rather than retraining the input layer by enlarging
the input size. The mode of the three classifications
is taken as a final output. We prompt each model
with the capitalized name of the section plus the
content of the latter, e.g. Abstract: In this paper...

Hyperparameters. To fine-tune the RoOBERTa
base, we set the number of epochs to 2, weight de-
cay to 0.001, and batch size to 16. As with Galac-
tica, the initial learning rate is 5e — 6, and the
warmup steps 1, 000.
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Model Train Dataset TEST OOD-GPT3 OOD-REAL TECG
GPT-3 (our) TRAIN-SUB 99.96 % 25.9% 99.07% 100 %
Galactica (our) TRAIN 98.3% 24.6% 95.8% 83%
Galactica (our) TRAIN+GPT3 | 98.5% 70% 92.1% 87.2%
Galactica (our) TRAIN-CG 95% 11.1% 96.9% 42%
RoBERTa (our) TRAIN 86% 23% 76% 100 %
RoBERTa (our) TRAIN+GPT3 68% 100% 36% 63%
RoBERTa (our) TRAIN-CG 75% 32% 58% 88%
DetectGPT - 61.5% 0% 99.92 % 68.7%

Table 3: Experiment results reported with accuracy metric. Out-of-domain experiments are highlighted in blue.

4.3 Performance

Table 3 presents a summary of the accuracies
achieved by our models on various splits. We have
to exclude the GPT-3 TRAIN+GPT3 and TRAIN-
CG experiments due to limited OpenAl API credits.
Results of our fine-tuned models are also compared
with DetectGPT as an existing zero-shot detection
baseline (Mitchell et al., 2023).

All models perform poorly on out-of-domain
papers generated by GPT-3 curie (OOD-GPT3)
(Shrestha and Zhou, 2022). This result supports
the findings of previous studies by Bakhtin et al.
(2019) and Shrestha and Zhou (2022), which indi-
cate that models trained on specific generators tend
to overfit and perform poorly on data outside their
training distribution. However, after training our
Galactica and RoBERTa models with a few more
GPT-3 examples, the models achieve higher accu-
racies (70% and 100% respectively). It is worth
noting that our RoOBERTa model exhibits excellent
results when evaluated on a dataset of ChatGPT-
generated papers (TECG). The model achieves an
accuracy of 88% without prior training on a similar
dataset, and 100% accuracy when a similar dataset
is included in the training (TRAIN). These results
outperform Galactica in both scenarios.

Results on OOD-REAL—i.e. real paper pro-
cessed with a different parser—suggest that our
models do not learn any strong features introduced
by our PDF parser. DetectGPT overfits papers gen-
erated with GPT-2 and sees any sample coming
from a different source as real. Indeed, it performs
well on OOD-REAL and poorly on OOD-GPT3.

4.4 Explainability Insights

We use LIME (Ribeiro et al., 2016) and SHAP
(Lundberg and Lee, 2017) to inspect predictions
made by the three detectors. While these explana-
tions fail to convey a concise overview, they are

still useful to notice patterns and similarities across
samples sharing labels and sources (Mosca et al.,
2022b).

Often, ROBERTa and Galactica models tend to
classify papers as real when the papers include
infrequent words and sentences starting with ad-
verbs. Also, we notice that SHAP explanations
corresponding to real papers have all words with
low Shapley values. We believe this is intuitive as
a paper appears real if doesn’t contain any artifact
that strongly signals an Al source.

On the other hand, papers whose sections be-
gin with "In this paper,..", "In this work,..", or "In
this study,..” are often marked as false. The same
goes for those containing repeated words, spelling
mistakes, or word fragments such as "den", "oly",
"um". Detectors are also able to spot incoherent
content and context as well as sections that are
unnaturally short and do not convey any specific
point.

Several explanation instances can be found in the
appendix B for further inspection. We choose not
to provide an explanation for our GPT-3 classifier
since it requires many requests to OpenAl’s paid
APL

5 Limitations and Future Work

Despite memory and GPU limitations presenting
significant obstacles for our project, we were still
able to create high-quality fake scientific papers.
Nonetheless, we believe there is room for improve-
ment in addressing such limitations.

Due to the complexity of parsing PDFs, we are
currently limited to specific sections (abstract, in-
troduction, conclusion) instead of complete papers.
Moreover, processing entire publications would re-
quire substantial computational efforts. We believe
that selecting sections dynamically at random in-
stead of a fixed choice is worth exploring and will
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be the focus of future work.

Beyond DetectGPT (Mitchell et al., 2023), other
zero-shot text detectors such as GPTZero’ present
promising solutions worth testing on our bench-
mark dataset. However, at the time of writing, such
solutions are not available for experiments at scale.

In future work, we aim to address these lim-
itations by exploring dynamic section selection,
improving papers’ quality, adding human-LLMs
co-created samples, and investigating the potential
of zero-shot text detectors like GPTZero as they
become more accessible and scalable.

6 Discussion, Ethical Considerations, and
Broader Impact

It is important to emphasize that our work does
not condemn the usage of LLMs. The legitimacy
of their usage should be addressed by regulatory
frameworks and guidelines. Still, we strongly be-
lieve it is crucial to develop countermeasures and
strategies to detect machine-generated papers to
ensure accountability and reliability in published
research.

Our benchmark dataset serves as a valuable re-
source for evaluating detection algorithms, con-
tributing to the integrity of the scientific community.
However, potential challenges include adversarial
attacks and dataset biases (Mosca et al., 2022a; Hu-
ber et al., 2022). It is essential to develop robust
countermeasures and strive for a diverse, represen-
tative dataset.

7 Conclusion

This work introduced a benchmark dataset for iden-
tifying machine-generated scientific papers in the
LLM era. Our work creates a resource that allows
researchers to evaluate the effectiveness of detec-
tion methods and thus support the trust and integrity
in the scientific process.

We generated a diverse set of papers using
both SClIgen and state-of-the-art LLMs—ChatGPT,
Galactica, GPT-2, and GPT-3. This ensures a
variety of sources and includes models capable
of generating convincing content. We fine-tune
and test several baseline detection models—GPT-
3, Galactica, and RoBERTa—and compare their
performance to DetectGPT. The results demon-
strated varying degrees of success, with some mod-
els showing remarkable performance on specific

7https://gp’czero.me

subsets while sometimes struggling with out-of-
domain data.

By providing a comprehensive platform for eval-
uating detection techniques, we contribute to the
development of robust and reliable methods for
identifying machine-generated content. Moving
forward, we plan to address the current limitations
and further enhance the utility of our benchmark
for the research community.

We release a repository containing our bench-
mark dataset as well as the code used for experi-
mental results®.
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A Appendix: Generation Examples

In this section, we present examples of text that were generated using the models we employed. For
generating text with the Galactica model, an overview of the hyperparameters used is provided in Table 4.

Input Section(s) Output Section  Tokenizer max_input_size max_new_tokens do_sample temperature top_k top_p no_repeat_ngram_size early_stopping
Title Abstract 64 512 True - - - - -

Title + Abstract Introduction 576 (64 +512) 1024 True 0.7 25 0.9 10 True

Title + Abstract + Introduction  Conclusion 1600 (64 + 512 + 1024) 1024 True 0.7 25 09 10 True

Table 4: Hyperparameters used to generate each paper section in the Galactica model. Each row corresponds to a
decoding of a section based on the previous input sections. Here we used parameters of the MODEL.GENERATE
function provided by Huggingface (Wolf et al., 2019).

Al ChatGPT

Figures 3 and 4 provide examples of prompts that can be used to generate paper sections using ChatGPT

m write a document with the title 'Video (language) modeling: a baseline for generative models
of natural videos' with an abstract, an introduction and a conclusion.

Title: Video (Language) Modeling: A Baseline for Generative Models of Natural Videos

Abstract:

Generative models of natural videos have gained attention in recent years, as they enable a
range of applications such as video synthesis, compression, and prediction. However,
designing such models is a challenging task due to the high dimensionality and complexity
of videos. In this paper, we propose a baseline approach for generative models of natural
videos by modeling them as language sequences. Specifically, we encode video frames as
vectors and train a language model on the resulting sequence of vectors. Our experimental
results demonstrate that this approach is effective in generating realistic video frames, as
well as in predicting future frames. We also compare our approach with other state-of-the-

art generative models and show its advantages and limitations.

Introduction:

Generative models of natural videos are becoming increasingly important in the field of
computer vision, as they enable a wide range of applications such as video synthesis,
compression, and prediction. However, designing such models is a challenging task due to
the high dimensionality and complexity of videos. Traditional video models rely on hand-
crafted features or require expensive computations. Recent advances in deep learning have
led to the development of generative models that learn to generate videos from scratch,
such as Generative Adversarial Networks (GANs) and Variational Autoencoders (VAES).
However, these models are still limited in their ability to generate high-quality videos that are

both realistic and diverse. S Regenerate response

Figure 3: Example 1 of Prompting ChatGPT to produce sections of a scientific paper given the paper title.

201



m write a document with the title 'A new characterization of the jump rate for piecewise-
deterministic Markov processes with discrete transitions' with an abstract, an introduction
and a conclusion.

Title: A new characterization of the jump rate for piecewise-deterministic Markov processes

with discrete transitions

Abstract:

In this paper, we present a new characterization of the jump rate for piecewise-deterministic
Markov processes with discrete transitions. We derive an explicit formula for the jump rate
using a novel approach based on the time-reversibility of the process. Our formula is
computationally efficient and can be used to analyze a wide range of systems, including

biological and ecological models.

Introduction:

Piecewise-deterministic Markov processes (PDMPs) have been widely used to model
complex systems in biology, physics, and engineering. PDMPs are characterized by a
continuous-time deterministic evolution interspersed with random jumps. The jumps are
determined by a Markov process with a transition rate that depends on the deterministic
state of the system. In many applications, the transition rate is not known explicitly, and its

estimation is a challenging problem.

S R t
In this paper, we propose a new apj = Regenerate response 2 jump rate for PDMPs with

Figure 4: Example 2 of Prompting ChatGPT to produce sections of a scientific paper given the paper title.

A.2 Galactica

Each subsection shows how Galactica is prompted to generate the abstract, the introduction and the
conclusion sections.

A.2.1 Abstract Generation
INPUT:

Title: On the Global Structure of Hopf Hypersurfaces in Complex Space Form

OUTPUT:

Abstract: For a generic hypersurface in complex space form, all Hopf hypersurfaces are proved to be
homogeneous or Hopf homogeneous. As a consequence, it is shown that the generalized Sasakian
metric is a Ricci soliton on a Hopf hypersurface.

A.2.2 Introduction Generation
INPUT:
Title: On the Global Structure of Hopf Hypersurfaces in Complex Space Form

Abstract: For a generic hypersurface in complex space form, all Hopf hypersurfaces are
proved to be homogeneous or Hopf homogeneous. As a consequence, it is shown that the generalized
Sasakian metric is a Ricci soliton on a Hopf hypersurface.

Introduction:
OUTPUT:

A Hopf hypersurface is a hypersurface which admits a Hopf field, that is, a vector field such that [¢, &]
is a normal vector field. The Hopf field is unique up to multiplication by a positive constant. The

existence of Hopf fields is equivalent to the existence of a 1-form n such that n A dn™~! is a volume
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form. Let M™ be a hypersurface in a complex space form M2"+1(¢) with constant sectional curvature
c. We denote by g the metric induced by the Riemannian metric of M?"*2(c). The Hopf field is given

by £ = ﬁj V f, where J is the complex structure on M?"*3 and f is a function on M™ C M?"+1,

In [1], Wang and Chen showed that a Hopf hypersurface in M2"*!(c) is homogeneous if and only
if the Hopf field is parallel. In this paper, we study the structure of Hopf hypersurfaces in complex
space form. We show that a Hopf hypersurface is homogeneous if and only if it is Hopf homogeneous.
We also show that a Hopf hypersurface is Hopf homogeneous if and only if the generalized Sasakian
metric is a Ricci solitons on it.

A.2.3 Conclusion Generation
INPUT:
Title: On the Global Structure of Hopf Hypersurfaces in Complex Space Form

Abstract: For a generic hypersurface in complex space form, all Hopf hypersurfaces are
proved to be homogeneous or Hopf homogeneous. As a consequence, it is shown that the generalized
Sasakian metric is a Ricci soliton on a Hopf hypersurface.

Introduction:

A Hopf hypersurface is a hypersurface which admits a Hopf field, that is, a vector field
such that [¢, £] is a normal vector field. The Hopf field is unique up to multiplication by a positive
constant. The existence of Hopf fields is equivalent to the existence of a 1-form 7 such that
n A dn™!is a volume form. Let M" be a hypersurface in a complex space form M?"*+1(c) with
constant sectional curvature c. We denote by g the metric induced by the Riemannian metric
of M?"+2(c). The Hopf field is given by ¢ = ﬁj V f, where J is the complex structure on
M?"+3 and f is a function on M™ C M?"*!. In [1], Wang and Chen showed that a Hopf
hypersurface in M?"*!(c) is homogeneous if and only if the Hopf field is parallel. In this paper,
we study the structure of Hopf hypersurfaces in complex space form. We show that a Hopf
hypersurface is homogeneous if and only if it is Hopf homogeneous. We also show that a Hopf hy-
persurface is Hopf homogeneous if and only if the generalized Sasakian metric is a Ricci solitons on it.

Conclusion:
OUTPUT:

We obtain a complete classification of Hopf hypersurfaces in complex space forms.

A3 GPT-3

The following frame shows GPT-3 training prompt. the input label is separated from the input by the
separator token (###).

Abstract:

For a generic hypersurface in complex space form, all Hopf hypersurfaces are proved to be
homogeneous or Hopf homogeneous. As a consequence, it is shown that the generalized Sasakian
metric is a Ricci soliton on a Hopf hypersurface.

Introduction:

A Hopf hypersurface is a hypersurface which admits a Hopf field, that is, a vector field
such that [¢, £] is a normal vector field. The Hopf field is unique up to multiplication by a positive
constant. The existence of Hopf fields is equivalent to the existence of a 1-form 7 such that
n A dn™!is a volume form. Let M" be a hypersurface in a complex space form M?"*+1(c) with
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constant sectional curvature c. We denote by g the metric induced by the Riemannian metric
of M?"*2(c). The Hopf field is given by ¢ = ﬁJ Vf, where J is the complex structure on
M?"+3 and f is a function on M™ C M?"*1. In [1], Wang and Chen showed that a Hopf
hypersurface in M 2" (c) is homogeneous if and only if the Hopf field is parallel. In this paper,
we study the structure of Hopf hypersurfaces in complex space form. We show that a Hopf
hypersurface is homogeneous if and only if it is Hopf homogeneous. We also show that a Hopf hy-

persurface is Hopf homogeneous if and only if the generalized Sasakian metric is a Ricci solitons on it.
Conclusion:
For a generic hypersurface in complex space form, all Hopf hypersurfaces are proved to be

homogeneous or Hopf homogeneous. As a consequence, it is shown that the generalized Sasakian
metric is a Ricci soliton on a Hopf hypersurface.

HiH#

1

A4 GPT-2

Here below, an example of how the fine-tuned GPT-2 was used to generate the abstract, the introduction
and the conclusion sections.

A.4.1 Abstract Generation
INPUT:

Competitive Multi-Agent Load Balancing with Adaptive Policies in Wireless Networks <Isepl>
OUTPUT:

In this paper, we propose adaptive multi-agent load balancing (AML) based on adaptive policies
to achieve better performance. The adaptive policies can be designed to maximize the number of
agent users and to reduce the number of latency. We present a comprehensive evaluation of AML
on three wireless networks. We demonstrate that the adaptive policies outperform state-of-the-art
AML strategies by an average of 6.5% and by an average of 2.5% when compared to state-of-the-art
strategies. The performance of adaptive policies is evaluated on the three wireless networks with
multiple users and multiple latency.

A.4.2 Introduction Generation
INPUT:

Competitive Multi-Agent Load Balancing with Adaptive Policies in Wireless Networks <Isepl>
OUTPUT:

Wireless networks are increasingly becoming the backbone of the modern world. The wireless
networks have been the main source of energy for many years, and they are the main source of power
for many businesses. However, wireless networks are also the main source of information for many
people. For example, people in many countries rely on a variety of information services, such as
social networks, social media, and e-mail. However, the information services are not available in all
countries. Therefore, the information services are not available for all countries.

A.4.3 Conclusion Generation
INPUT:
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Competitive Multi-Agent Load Balancing with Adaptive Policies in Wireless Networks <Isepl>

OUTPUT:

In this paper, we propose adaptive policies that optimize the network performance of different types
of wireless networks. We show that adaptive policies can achieve competitive performance for
different types of wireless networks. The proposed adaptive policies have been tested in several
real-world wireless networks. We find that adaptive policies outperform state-of-the-art policies for
the most common wireless networks. We also show that adaptive policies can be used to optimize
the network performance of wireless networks by adapting their performance to different types of
wireless networks. The proposed adaptive policies are able to achieve competitive performance for
different types of wireless networks.

B Appendix: Explainability Results
SHAP and LIME explanations of our classifiers.

Dase value Mm L(mpms)

ENEEBRRIN

A procedure for largely supp! ing the ical Cherenkov i ility in finite difference time-d in (FDTD) particle-i Il (PIC) si ions of cold, ivistic beams is derived, and residual growth rates
computed and compared with WARP code simulation results. Sample laser-plasma acceleration simulation output is provided to further validate the new procedure.

0.1 0.3

Figure 5: RoBERTa: Example of SHAP explanation on a real abstract correctly classified.

wm B mpuls) base value

)2 = T (@

inputs
In the previous paper we studied the transport coefficients of Quark-Gluon Plasma in finite temperature and finite density in vector and tensor modes. In this paper, we extend it to the scalar modes. We work out the
ing problem and hy ic analysis for the sound mode in charged AdS black hole and calculate the sound velocity, the charge suscepﬂbllny and the electrical conductivity. We find that Einstein relation
among the conductivity, the diffusion constant and the susceptibility

Figure 6: RoBERTa: Example of SHAP explanation on a real misclassified abstract.
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Gigabit switches and SMPs, while robust in lheory, have not until recently been considered practical. in fact, few hackers worldwide would disagree with the of multicast which ies the

intuitive principles of algorithms [1, 2]. We motivate new lossless algorithms, which we call Blinker [3].
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In this paper, W 0 ent due to violation of the non-Abelian Blanchl |denm|es (NCA). We first propose a new scheme for color confinement due to violation of the non-Abelian
Bianchi identities (NCA) and then propose a new scheme for color confinement due to violation of the non-Abelian Bianchi identities (NCA). We also present a numerical study of the proposed scheme and show
that it is feasible to construct a scheme for color confinement due to violation of the non-Abelian Bianchi identities (NCA). We also present a numerical study of the proposed scheme and show that it is feasible to
construct a scheme for color confinement due to violation of the non-Abelian Bianchi identities (NCA).
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Figure 8: RoBERTa: Example of SHAP explanation on a GPT-2 generated abstract correctly classified
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Given a matrix and its isti ial, we show how f8lderive an upper triangular matrix {ii@88Jupper entries are non-negative, and whose first column equals that of the matrix. Moreover, (giprove)fiatig
ic matrix with/non-negative upper triangular coefficients and qual to one can be brought to a diagonal form which is again symmetric and {iioSeldiagonaNentries are all equal to
one.

Figure 9: RoBERTa: Example of SHAP explanation on a Galactica generated abstract correctly classified.
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In this paper; we propose a gravity dual for Reggeon field theory, Which'is a theoretical framework used to describe the high-energy behavior of hadron ing in strong ir i icsf)We @l§8lexplore the
potential applications of this duality in the field of non-linear quantum finance, where traditional methods may not be sufficient to accurately model complex financial systems.

Figure 10: RoBERTa: Example of SHAP explanation on a ChatGPT generated abstract correctly classified.
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Abstract: We show that sets of conformal data on closed manifolds with the metric in the positive or zero Yamabe class, and with the gradient of the mean curvature function sufficiently small, are mapped to solutions
of the Einstein constraint equations. This result extends previous work which required the conformal metric to be in the negative Yamabe class, and required the mean curvature functlon to be nonzero. Introduction:
The set of smooth, constant mean curvature (CMC) solutions of the vacuum Einstein { is fairly well ¢ For closed there is a pl ion of these
For the asymptotically Euclidean and asymptotically hyperbolic cases, similar results hold [CBIY, AC]. Much less is know about non constant mean curvature solutions.
coupled system. All of the non-

CMC results to date [IM, CBIY, IP] require that the gradient of the mean curvature 1 be sufficiently small; we call such solutions “near-CMC”| losed manifolds,
belintheinegative Yamabe class, and(that the mean curvature function have no zeroes. While we have not yet managed to relax the small |V1] condition, in this paper we show that we can construct non-CMC
solutions on closed manifolds with the metric in the positive or zero Yamabe class, and with the mean curvature function allowed to have zeroes in the positive Yamabe case. The procedure we use for proving our
results here is the i ive) method, which we have introduced in [IM]. The chief difference between our work here and [IM] is that while we can use a sequence of constant sub and
super solutions for sets of conformal data with negative Yamabe class metrics and T nowhere zero, for solutions with positive or zero Yamabe class metrics we require non-constant sub solutions. The focus in this
paper is on how to obtain such sub solutions and how to control them. We discuss this issue in Section 3, after a brief introduction to the conformal method in Section 2. Also in Section 3 we show that the
Lichnerowicz equation with negative Yamabe class metric and 1 allowed to have zeroes (but not allowed to identically vanish) always admits solutions. In Section 4 we describe the semi-decoupling method for
constructing near-CMC solutions of the constraints, and then state and prove our main theorems. We make some concluding remarks in Section 5. Note that, in this paper, we are not concerned with optimizing the
regularity conditions on either the choice of conformal data or on the solutions of the constraints which we obtain. Presumably one could produce solutions with the same degree of roughness discussed in [M] and
[CB]. Conclusion: The results we present here, together with those of the earlier papers [IM], and [IO], provide a fairly complete picture of which sets of near-CMC conformal data on compact manifolds lead to
solutions of the Einstein constraint equations and which do not. Similarly, the picture for near-CMC asymptotically Euclidean data [CBIY] and for near-CMC asymptotically hyperbolic data [IP] is fairly clear as well.
Even for the case of near-CMC data on manifolds with boundary, the recent results of [HKN] point toward increasing clarity. On the other hand,(almost nothing is understood about conformal data which is neither
CMC nor near-CMC. This is the direction which future research into the use of the conformal method for obtaining solutions of the Einstein constraint equations is bound to explore.8

Figure 11: Galactica: Example of SHAP explanation on a real paper correctly classified.
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volume, liquidity and other important attributes for a
traded asset. In this paper we aim to adopt the model structure which develops a stochastic model framework for the LOB of a given asset and to explain how to perform calibration of this stochastic model to real
observed LOB data for a range of different assets. Introduction: In this chapter we consider classes of models that have been recently developed for quantitative finance that involve modelling a highly complex
multivariate, multi-attribute stochastic process known as the Limit Order Book (LOB). The LOB is the primary data structure recorded each day intra-daily for all assets on every electronic exchange in the world in
which trading takes place. As such, it represents one of the most important fundamental structures to study from a stochastic process perspective if one wishes to characterize features of stochastic dynamics for
price, volume, liquidity and other important attributes for a traded asset. In this paper we aim to adopt the model structure recently proposed by Panayi and Peters [2015], which develops a stochastic model
framework for the LOB of a given asset and to explain how to perform calibration of this stochastic model to real observed LOB data for a range of different assets. One can consider this class of problems as truly a
setting in which both the likelihood is intractable to evaluate pointwise, but trivial to simulate, and in addition the amount of data is massive. This is a true example of big-data application as for each day and for each
asset one can have anywhere between 100,000-500,000 data veclors for the callbratlon of the models. The class of calibration techniques we will consider here involves a Bayesian ABC reformulation of the indirect

ped under the multi-objecti P recently by Panayi and Peters [2015]. To facilitate an equivalent ison for the two we also adopt a
reformulation of the class of genetic stochastic search algorithms utilised by Panayi and Peters [2015], known as NGSA-II [Deb et al., 2002]. We adapt this widely utilised stochastic genetic search algorithm from the
multi-objective optimization algorithm literature to allow it to be utilised as a mutation kernal in a class of Sequential Monte Carlo Samplers (SMC Sampler) algorithms in the ABC context. We begin with the problem
and model formula tion, then we discuss the estimation frameworks and finish with some real data simulation results for equity data from a highly utilised pan-European secondary exchange formerly known as Chi-X,
before it was recently aquired by/BATS. Conclusion: This chapter has proposed a stochastic agent based liquidity supply and demand based simulation based model to characterize the LOB for an asset traded on an
electronic exchange. The calibration of this model to real market LOB data has been performed via a posterior inference procedure that adopted an ABC structure due to the complexity of writing down the resulting
likelihood for the LOB agent simulation model. The estimation of the posterior distribution was then shown how to be performed via an adaptive SMC Sampler-ABC algorithm. The results were tested on real data and
compared to an indirect inference procedure with multi-objective optimization features.

Figure 12: Galactica: Example of SHAP explanation on a misclassified real paper.
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Abstract: We consider a multi-class single server queueing system with monotone policies. Under such policies customers are served in a non-increasing fashion according to their values./We derive a closed form

expression for the average delay, average service cost and average utility for a given class. We find that as the cost function becomes|
same level of average cost! We also show that as the cost function of a given class gets flatter, this class becomes less efficient than other classes in terms of delay. Finally, the average delay and average cost also
increase as the queue becomes more skewed. Introduction: We consider a multi-class single server queueing model with monotone policies. We derive a closed form expression for the stationary distribution of the
queue length process. We also derive an expression for the average delay, average service cost, and average utility for a given class.| this class
also incurs a larger average cost for the same level of average delay. We also find that as the cost function of a given class becomes flatter, this class becomes less efficient than other class in terms of delay. Finally,
Conclusion: 1. For a given class, a flatter cost function incurs a larger delay and a larger service cost for the same level of
average delay. 2. The average delay and average cost increase as the queue becomes more skewed. 3. The average delay and average cost also increase as the cost function gets flatter. 4.

less efficient than class 2 in terms of delay.6.As the

Gostiunction gets flatter class 1 becomes less efficient than class 1 in terms of delay. 7. As the cost function gets flatter, class k becomes less efficient than class k=1 in terms of delay. 8. As the cost function gets

flatter, class m becomes less efficient than class m-1 in terms of delay. 9. As the cost function gets flatter, class n becomes less efficient than class n-1 in terms of delay.

Figure 13: Galactica: Example of SHAP explanation on a Galactica generated paper correctly classified.
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Abstract: Many machine learning methods such as classification and regression try to fit a parametric model to a distribution of training data. In machine learning, the distribution is often assumed to be Gaussian,
which is reasonable given that most training data is i.i.d. Gaussian.(NEVehelesshisiassimptionishouldnotbelakeniooisenousylbecatselealldatalsiisualyineiteniti.d. nor comes from a parametric model: The
Wasserstein distance has been recently proposed as a suitable notion of distance between data, and has been applied successfully in a variety of machine learning problems. Wasserstein Barycenter (W-
Barycenter), which is an optimization-based learning algorithm proposed in 2020, tries to fit a parametric model to a distribution using Wasserstein distance and has exhibited good performance in a variety of tasks.
as the generative model of the distribution in Bayesian learning and investigate their performance using both synthetic datasets and real-world datasets. Introduction: -
--—- Wasserstein Barycenter (W-Barycenters) was recently proposed as an optimization-based learning algorithm that can fit a parametric model to a distribution using Wasserstein Distance (Wasserstein, 2014). W-
Barycenters can be used as a generative model of the distribution, and have been applied successfully in a variety of tasks (Makhzani et al., 2018; Peyré et al., 2020; Wang et al., 2020)|
distribution in a Bayesian learning framework and investigate their performance using both synthetic datasets and some real-world datasets. Bayesian
Learning with in Barycenters Let $\mu$ be a distribution over a domain $\mathcal{X}$, and let $\mathcal{F}$ be a class of probability measures over $\mathcal{X}$.
$ given $\mathcal{D} = \{X_{1}, \cdots, X_{n}\}$, where $X_{i} \sim \mu$.(In this chapter}

BWRES) and use variational inference to approximate the posterior distribution. W-Barycenter Generative Model - - Let us denote by $\mathcal{F}_{\mu}$ the set of all probability measures on
$\mathcal{X}$ whose first moment is equal to $imu$, i.e., $$ \mathcal{F}_{\mu,1} = \{inu \in \mathcal{F} : \int_{\mathcal{X}} x d\nu = \mu\}. $$ W-Barycenter is an optimization-based generative model that aims to find
a distribution $\nu \in \mathcal{X}$ such that the Wasserstein distance between $\nu$ and $\mu$ is minimized, i.e.; " min_{inu \in \mathcal F_{\mu,1}} W_{1}(\nu, \mu). " The Wasserstein distance between two
distributions $\mu$ and $\nu$ is defined as $$ W_{1}(\mu, \nu) =\inf_{\pi \in \Pi(\mu, \nu)} \int_{\mathcal{X\times X}} \|[x-y\| d\pi(x, y), $$ where $\Pi(\mu, \nu$) is the set of all probability measures on $X \times X$
whose marginals are $imu$ and $\mu$. The optimization problem in (1)iSIiarditolSolelingenerall The main challenge is that the set $\mathcal{F}_{1,\mu}$ is not convex, and the optimal solution of (1) might not be
unique. To solve this problem, W-Barycenter proposed an iterative algorithm to solve (1).! --. Conclusion: ----- We have implemented the W-Barycenter algorithm in
TensorFlow, and evaluated its performance in both synthetic and real-world datasets. In the synthetic datasets, we found that W-Barycenter is able to fit a Gaussian distribution to a distribution with heavy tails, and it
has a better performance than the Wasserstein Generative Adversarial Network (WGAN). In the real-world datasets, we found that W-Barycenters are able to fit a mixture distribution, and have a better performance
than the Wasserstein Generative Adversarial Network.In the future, we will apply W-Barycenter to more complex tasks, such as clustering and density estimation.
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