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Abstract

Molecular beam epitaxy (MBE) is an atomically precise method for the synthesis of
extremely thin films which may possess unique and desirable functionalities. The
epitaxial growth process is typically monitored by reflection high energy electron
diffraction (RHEED), presenting information on surface morphology, growth rate,
and crystallinity. However, observing and interpreting RHEED patterns is both time
intensive and complex. In this work, we are developing an artificial intelligence
(AI)-driven pipeline to enable automatic monitoring of the deposition process via
real-time RHEED image analysis (one image per second) for targeted materials.
Our pipeline utilizes a pre-trained image model that encodes each RHEED pattern
image into a feature vector. Changes in the RHEED pattern are detected via
two analytics methods: a time series-based changepoint detection method that
measures changes in pairwise cosine similarity between feature vectors, and a
graph theoretic method that clusters feature vectors by cosine similarity. We
implement the open source framework and detect physically meaningful changes in
RHEED videos collected from the deposition of epitaxial thin films such as anatase
TiO; on SrTiO3(001). We present the strengths and weaknesses of this approach
and its potential use as the basis for on-the-fly feedback control of MBE deposition
parameters.

1 Introduction

Epitaxial thin films are layers of crystalline materials grown on a single crystal substrate surface that
play an important role not only in an industrial setting but also the development and study of materials
with new and undiscovered properties. Synthesizing these films by molecular beam epitaxy (MBE) is
a highly controllable, atomically precise method for producing novel, non-equilibrium, and metastable
materials and composites with unique and targeted performance properties [3]]. Traditionally, epitaxial
growth is observed by reflection high energy electron diffraction (RHEED)[[11]], in which a high-
energy electron beam is directed at the surface of the film at a shallow angle, producing a diffraction
pattern on a phosphorescent screen or detector. The resulting diffraction pattern encodes information
on surface morphology, growth rate, and growth dynamics through features like streaks and spots.
During and after deposition, an expert qualitatively determines the features and quality of a film
by observing and interpreting the RHEED patterns produced during growth. However, interpreting
RHEED patterns is complex and subtle features or feature changes are missed even by observers with
significant expertise. In many cases, once an undesired feature like surface roughness or secondary
phase formation is unambiguously identified during the deposition, manual adjustments to deposition
parameters are insufficient to reverse the outcome. This underscores the need for advanced RHEED
pattern analysis to detect subtle changes before they become visible.
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Previously, offline-analysis has leveraged dimensionality reduction techniques to identify pattern
changes [[15}|17] however, these decomposition approaches heavily rely on consistent pixel position
and in reality the geometries of a real system experience fluctuations. Existing techniques have also
approached improvements in throughput analysis and instrument parameter space through Bayesian
optimization [[16}[7,[13]]. Very simple closed loop control for RHEED analysis was demonstrated by
Shen et al. [[12] using a 3D ResNet to cycle temperature ramping either ‘on’ or ‘off” specific to the
formation of quantum dots. This approach utilized a training data set of 120 quantum dot deposition
runs. Here, we present a rapid, material-agnostic approach for real-time RHEED pattern analysis
that detects changes within a 1 second frame rate, ahead of visual identification. This method is
demonstrated on pre-recorded data from a model epitaxial oxide thin film deposition and forms a
basis for on-the-fly feedback control of MBE deposition parameters.

2 Methods

Our approach for real-time RHEED pattern analysis consists of three components: preprocessing,
changepoint detection, and film surface descriptor identification. However, the descriptor iden-
tification, i.e. a UNet architecture for segmenting streaks and spots in RHEED images [9]], is
currently underdeveloped for the scope of this paper. In preprocessing, TIFF images are captured at
1 Hz, converted to 8-bit grayscale, cropped to 280x138 to exclude non-diffraction regions, resized,
and standardized using wavelet denoising and histogram equalization. For changepoint detection,
image features are extracted using a VGG16 model [10] pretrained on ImageNet [4]], creating 512-
dimensional feature vectors. Grayscale images are tiled into three color channels to match the model’s
input requirements. Images are compared using a cosine similarity kernel:

(x,y) 0
x|yl

The changepoint algorithm segments the time interval I into sub-intervals Iy and /; where images
within each sub-interval are similar, and between sub-intervals are dissimilar, identifying the change-
point time 7. To measure the dissimilarity within intervals, we employ a segmentation cost function
commonly used by changepoint detection methods [J5, 6} [14]:

K(x,y) = CosineSim(x,y) =1 —

1
SegCost(J) = |J| | 1— N > K(xe.xe) |, 2)
titred
We detect changepoints in the RHEED video by optimizing the choice of 7 using the segmentation
cost of the full time interval compared against the segmentation cost of the sub-intervals separated by
T?

3)

T = argmax
T'el

{SegCost(I) — SegCost(Iy) — SegCost(I7)
1] '

If the maximum value in equation [3|exceeds the threshold (h = 0.05), 7 is declared a changepoint.
A schematic of the changepoint detection process is shown in Appendix [A.I] To support online
changepoint detection and reduce computational cost, we limit the width of I from the most recent
frame to the closest frame of either: the most recent changepoint, the beginning of the video, or a
sliding window width of 300 seconds.

The similarity matrix is also used for graph-based clustering, forming graph G with nodes represent-
ing images and edge weights corresponding to cosine similarity. Singular value decomposition is
performed on G and nodes are clustered and visualized by the graph theoretic singular values [1]].
Stability of clusters is measured by the ratio of the first two singular values [2]. If the stability ratio
produces an inflection point when measured against time, then a changepoint is recorded.

3 Implementation and Availability

3.1 Experimental Data

We prototyped the implementation of this framework on an anatase TiO2 film growth on a SrTiO3(001)
substrate, chosen as a model thin film system because the stoichiometry is simple, which reduces
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the number of variables, but diverse outcomes can be expected under different deposition conditions:
smooth vs. rough anatase, epitaxial anatase vs. nucleation of epitaxial rutile, polycrystalline rutile,
amorphous TiO2. We focus on the transition from an epitaxial film with a smooth surface to an
epitaxial film with a rough, islanded surface. This transition is typically observed in RHEED
diffraction patterns as a change from diffraction streaks to diffraction spots, with the spots lying
along the streak positions. The code for changepoint detection, graph analytics, and instrument
communications are available athttps://github. com/anonymized_for_review

3.2 On-the-fly Communication Framework

RHEED images are collected in raw format from the instrument at 1 Hz to a shared folder on the CPU
controller computer. The images are then converted to TIFF format with a header and distributed
to a lambda GPU computer (see Appendix [A.3) through a ZeroMQ publish-subscribe model [g]]
to be analyzed in real-timeé Each image feeds directly into the pre-trained deep convolutional
neural network (VGG16) to be converted into 512-dimensional feature vector. The feature vector
is compared against previous images with the statistical analysis of changepoints. Additionally, the
image feature vectors expand a sliding window and the network graph analysis determines change
in clustering of new image(s) as described in Section[2] Analytics from the changepoint and graph
clustering methods are returned through the subscriber of the ZeroMQ framework and rendered in a
display interface shown in Figure[T]
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Figure 1: Visualization of RHAAPsody interface highlighting changepoint detection and graph
clustering analytics displayed through the ZeroMQ framework. This preliminary framework demon-
strates the message exchange process and lays the groundwork for automated instrument control
once changepoints are correlated with directional changes, i.e. increase or decrease, in instrument
parameters.

Currently, this interface is used to communicate experimental metadata, display data collection and
analytics, and indicate when instrument control could intervene. The next phases of our research will
incorporate directional changes in instrument parameters, i.e. temperature, in response to detected
changepoints.

!"This link is under disclosure review and will be available on or after September 12, 2024.
The prototyping experiment was prerecorded and simulated as real-time in order to leverage existing growth
data.
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3.3 Results

The prototype TiO2 film growth was analyzed with changepoint detection and graph theoretic
“stabilization” in the ZeroMQ framework as well as an after-the-fact video analysis from an MBE
subject matter expert. The corresponding timeline for identified changes is shown in Figure 2] The
change detected, barely visible in the 720s RHEED image, is the appearance of small dots along the
3 center-most streaks.

Smooth Surface Rough Surface

[ Expert Analysis
A Changepoint
@ Graph Clustering
650 700 750 800 850
i Time (s)

Figure 2: Comparison of expert analysis, changepoint detection, and graph theoretic identified
‘changes’ during the anatase TiO2 film growth on a SrTiO3(001) substrate. The identified change is
the faint appearance of spots occurring along the three center-most streaks, illustrating the transition
between smooth and rough surfaces over time.

4 Discussion

4.1 Conclusions

All the ML methods implemented in RHAAPsody—VGG-16, changepoint detection, and graph
clustering— are executed within the targeted 1 Hz acquisition rate, making our tool suitable for
real-time analysis during thin film deposition. Both the changepoint detection and the graph based
clustering methods indicate accurate changing growth characteristics, such as the pattern transitioning
from streaky to spotty, with the graph clustering method identifying the change sooner. The graph
clustering correctly separates streaky images from spotty images, separating images which indicate
layer-by-layer growth from amorphous growth patterns. Additionally, both the changepoint detection
and graph clustering methods are material-agnostic and operate without supervision. Finally, our
methodology is less sensitive to pixel scale and translation compared to matrix factorization techniques
like Principal Component Analysis.

4.2 Limitations

The results in Section [3]describe a single dataset. We continue to collect data to both develop our
communication framework as well as our methods, especially as we begin to incorporate instrument
parameters into our analysis (e.g. temperature and partial pressure of Oxygen). Preliminary results on
new experiments show promise as seen in Appendix [A.2] While our methods function in real-time,
because 7 is optimized over the entire time interval a changepoint is identified only after it has already
occurred, making the process retrospective. Both changepoint detection and graph analytics may
be affected by noise in the initial seconds of an experiment. Lastly, neither approach is predictive;
therefore, reversing an undesired outcome, such as a trend towards spotty or rutile film, is not
feasible. Our current and future work aims to integrate changepoint detection and graph analytics
with predictive models like convolutional LSTMs to identify changes early and enable real-time
feedback control. We are continuously collecting data to better understand the parameter space
around growth and instrument control. The ZeroMQ framework is designed to facilitate both the
relay and control of instrument parameter settings.
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A.1 Changepoint Schematic
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Figure 3: A schematic of the changepoint detection process. The time interval between the last
changepoint and the current time is segmented such that the diagonal blocks of the similarity matrix
(internal similarity scores) have high overall values, while the off diagonal blocks (cross similarity
scores) have low values.

A.2 Additional Experimental Results
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Figure 4: Changepoint and graph analytics on a secondary experiment where no changes in film
growth occur after the initial growth phases. Initial growth is indicated by multiple detected change-
points early on.

A.3 GPU Specifications

The Lambda Vector GPU Workstation used in this experiment was purchased directly from Lambda
in July 2023. The workstation has the following specifications:

* Operating system: Ubuntu 22.04, includes Lambda Stack for managing TensorFlow, Py-
Torch, CUDA, cuDNN, etc.

* Processor: AMD Ryzen Threadripper PRO 5955WX: 16 cores, 4.0 4.5GHz, 64 MB cache,
PCIe 4.0

* GPU: 2x NVIDIA RTX A6000: 48GB memory, 10752 CUDA cores, 336 Tensor cores,
NVLink

¢ System memory: 256 GB: DDR4-3200 UDIMM



191 e OS drive: 1x 1.92 TB M.2 NVMe
192 ¢ Data drive: 2x 15.36 TB U.2 NVMe: Data center SSD, 1 DWPD, PCle 4.0
193 * Onboard networking: 2x 10 Gbps RJ45 Ethernet ports, 1x dedicated IPMI port
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195 1. Claims

196 Question: Do the main claims made in the abstract and introduction accurately reflect the
197 paper’s contributions and scope?

198 Answer: [Yes]

199 Justification: We in fact describe the implementation of an open source framework to detect
200 physically meaningful changes in RHEED videos collected from the deposition of anatase
201 TiO2 on SrTiO3(001). We present the strengths and weaknesses of our methods in Section
202 [ as well as potential use as the basis for on-the-fly feedback control of MBE deposition
203 parameters.

204 Guidelines:

205 * The answer NA means that the abstract and introduction do not include the claims
206 made in the paper.

207 * The abstract and/or introduction should clearly state the claims made, including the
208 contributions made in the paper and important assumptions and limitations. A No or
209 NA answer to this question will not be perceived well by the reviewers.

210 * The claims made should match theoretical and experimental results, and reflect how
211 much the results can be expected to generalize to other settings.

212 * It is fine to include aspirational goals as motivation as long as it is clear that these goals
213 are not attained by the paper.

214 2. Limitations

215 Question: Does the paper discuss the limitations of the work performed by the authors?
216 Answer: [Yes]

217 Justification: Limitations are described in Section centering around data limitations,
218 factors that may affect performance (experiments are cost and labor intensive, we continue
219 to grow in this area) and timeliness of our algorithms. Computational efficiency is described
220 as a non-issue given the low latency of the RHEED collection framework.

221 Guidelines:

222 * The answer NA means that the paper has no limitation while the answer No means that
223 the paper has limitations, but those are not discussed in the paper.

224 * The authors are encouraged to create a separate "Limitations" section in their paper.
225 * The paper should point out any strong assumptions and how robust the results are to
226 violations of these assumptions (e.g., independence assumptions, noiseless settings,
227 model well-specification, asymptotic approximations only holding locally). The authors
228 should reflect on how these assumptions might be violated in practice and what the
229 implications would be.

230 * The authors should reflect on the scope of the claims made, e.g., if the approach was
231 only tested on a few datasets or with a few runs. In general, empirical results often
232 depend on implicit assumptions, which should be articulated.

233 * The authors should reflect on the factors that influence the performance of the approach.
234 For example, a facial recognition algorithm may perform poorly when image resolution
235 is low or images are taken in low lighting. Or a speech-to-text system might not be
236 used reliably to provide closed captions for online lectures because it fails to handle
237 technical jargon.

238 * The authors should discuss the computational efficiency of the proposed algorithms
239 and how they scale with dataset size.

240 « If applicable, the authors should discuss possible limitations of their approach to
241 address problems of privacy and fairness.

242 * While the authors might fear that complete honesty about limitations might be used by
243 reviewers as grounds for rejection, a worse outcome might be that reviewers discover
244 limitations that aren’t acknowledged in the paper. The authors should use their best
245 judgment and recognize that individual actions in favor of transparency play an impor-
246 tant role in developing norms that preserve the integrity of the community. Reviewers
247 will be specifically instructed to not penalize honesty concerning limitations.
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3. Theory Assumptions and Proofs

Question: For each theoretical result, does the paper provide the full set of assumptions and
a complete (and correct) proof?

Answer: [NA|
Justification: The paper is an applied technique and does not include any theoretical proofs.
Guidelines:

* The answer NA means that the paper does not include theoretical results.

 All the theorems, formulas, and proofs in the paper should be numbered and cross-
referenced.

* All assumptions should be clearly stated or referenced in the statement of any theorems.

* The proofs can either appear in the main paper or the supplemental material, but if
they appear in the supplemental material, the authors are encouraged to provide a short
proof sketch to provide intuition.

* Inversely, any informal proof provided in the core of the paper should be complemented
by formal proofs provided in appendix or supplemental material.

* Theorems and Lemmas that the proof relies upon should be properly referenced.

. Experimental Result Reproducibility

Question: Does the paper fully disclose all the information needed to reproduce the main ex-
perimental results of the paper to the extent that it affects the main claims and/or conclusions
of the paper (regardless of whether the code and data are provided or not)?

Answer: [Yes]

Justification: The code, data, and implementation described are available on https://
github.com/anonymized_for_review.

Guidelines:

* The answer NA means that the paper does not include experiments.
* If the paper includes experiments, a No answer to this question will not be perceived
well by the reviewers: Making the paper reproducible is important, regardless of
whether the code and data are provided or not.
If the contribution is a dataset and/or model, the authors should describe the steps taken
to make their results reproducible or verifiable.
Depending on the contribution, reproducibility can be accomplished in various ways.
For example, if the contribution is a novel architecture, describing the architecture fully
might suffice, or if the contribution is a specific model and empirical evaluation, it may
be necessary to either make it possible for others to replicate the model with the same
dataset, or provide access to the model. In general. releasing code and data is often
one good way to accomplish this, but reproducibility can also be provided via detailed
instructions for how to replicate the results, access to a hosted model (e.g., in the case
of a large language model), releasing of a model checkpoint, or other means that are
appropriate to the research performed.

While NeurIPS does not require releasing code, the conference does require all submis-

sions to provide some reasonable avenue for reproducibility, which may depend on the

nature of the contribution. For example

(a) If the contribution is primarily a new algorithm, the paper should make it clear how
to reproduce that algorithm.

(b) If the contribution is primarily a new model architecture, the paper should describe
the architecture clearly and fully.

(c) If the contribution is a new model (e.g., a large language model), then there should
either be a way to access this model for reproducing the results or a way to reproduce
the model (e.g., with an open-source dataset or instructions for how to construct
the dataset).

(d) We recognize that reproducibility may be tricky in some cases, in which case
authors are welcome to describe the particular way they provide for reproducibility.
In the case of closed-source models, it may be that access to the model is limited in
some way (e.g., to registered users), but it should be possible for other researchers
to have some path to reproducing or verifying the results.
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5. Open access to data and code

Question: Does the paper provide open access to the data and code, with sufficient instruc-
tions to faithfully reproduce the main experimental results, as described in supplemental
material?

Answer: [Yes]

Justification: The code, data, and implementation described are available on https://
github.com/anonymized_for_review. The streaming framework is available in code
and visually represented in Appendix [A.T]

Guidelines:

* The answer NA means that paper does not include experiments requiring code.

* Please see the NeurIPS code and data submission guidelines (https://nips.cc/
public/guides/CodeSubmissionPolicy) for more details.

* While we encourage the release of code and data, we understand that this might not be
possible, so “No” is an acceptable answer. Papers cannot be rejected simply for not
including code, unless this is central to the contribution (e.g., for a new open-source
benchmark).

* The instructions should contain the exact command and environment needed to run to
reproduce the results. See the NeurIPS code and data submission guidelines (https:
//nips.cc/public/guides/CodeSubmissionPolicy) for more details.

* The authors should provide instructions on data access and preparation, including how
to access the raw data, preprocessed data, intermediate data, and generated data, etc.

* The authors should provide scripts to reproduce all experimental results for the new
proposed method and baselines. If only a subset of experiments are reproducible, they
should state which ones are omitted from the script and why.

* At submission time, to preserve anonymity, the authors should release anonymized
versions (if applicable).

* Providing as much information as possible in supplemental material (appended to the
paper) is recommended, but including URLSs to data and code is permitted.

6. Experimental Setting/Details

Question: Does the paper specify all the training and test details (e.g., data splits, hyper-
parameters, how they were chosen, type of optimizer, etc.) necessary to understand the
results?

Answer: [NA]

Justification: The standing implementation of our approach does not include training/test
experiments. Future work will leverage collected data in an experimental setting, but is too
early in concept and data volumes to describe.

Guidelines:

* The answer NA means that the paper does not include experiments.

* The experimental setting should be presented in the core of the paper to a level of detail
that is necessary to appreciate the results and make sense of them.

* The full details can be provided either with the code, in appendix, or as supplemental
material.

. Experiment Statistical Significance

Question: Does the paper report error bars suitably and correctly defined or other appropriate
information about the statistical significance of the experiments?

Answer: [NA]

Justification: The limitations described in Section[d.2]reference the demonstration of a single
film growth, which is not enough to qualify the statistical significance of our approach. As
more data is collected and annotated, we will understand statistical significance in context of
subject matter expertise for event detection. To our knowledge, no annotated and available
RHEED pattern dataset currently exists.

Guidelines:
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10.

* The answer NA means that the paper does not include experiments.

* The authors should answer "Yes" if the results are accompanied by error bars, confi-
dence intervals, or statistical significance tests, at least for the experiments that support
the main claims of the paper.

* The factors of variability that the error bars are capturing should be clearly stated (for
example, train/test split, initialization, random drawing of some parameter, or overall
run with given experimental conditions).

* The method for calculating the error bars should be explained (closed form formula,
call to a library function, bootstrap, etc.)

* The assumptions made should be given (e.g., Normally distributed errors).

¢ It should be clear whether the error bar is the standard deviation or the standard error
of the mean.

It is OK to report 1-sigma error bars, but one should state it. The authors should
preferably report a 2-sigma error bar than state that they have a 96% CI, if the hypothesis
of Normality of errors is not verified.

* For asymmetric distributions, the authors should be careful not to show in tables or
figures symmetric error bars that would yield results that are out of range (e.g. negative
error rates).

o If error bars are reported in tables or plots, The authors should explain in the text how
they were calculated and reference the corresponding figures or tables in the text.
Experiments Compute Resources

Question: For each experiment, does the paper provide sufficient information on the com-
puter resources (type of compute workers, memory, time of execution) needed to reproduce
the experiments?

Answer: [Yes]

Justification: These methods are not computationally intensive, however compute is loosely
described (CPU and GPU) in the setting of on-the-fly analysis.

Guidelines:

* The answer NA means that the paper does not include experiments.

* The paper should indicate the type of compute workers CPU or GPU, internal cluster,
or cloud provider, including relevant memory and storage.

* The paper should provide the amount of compute required for each of the individual
experimental runs as well as estimate the total compute.

* The paper should disclose whether the full research project required more compute
than the experiments reported in the paper (e.g., preliminary or failed experiments that
didn’t make it into the paper).

Code Of Ethics

Question: Does the research conducted in the paper conform, in every respect, with the
NeurIPS Code of Ethics https://neurips.cc/public/EthicsGuidelines?

Answer: [Yes]
Justification: This research conforms with and appreciates the NeurIPS Code of Ethics.
Guidelines:

e The answer NA means that the authors have not reviewed the NeurIPS Code of Ethics.

* If the authors answer No, they should explain the special circumstances that require a
deviation from the Code of Ethics.

* The authors should make sure to preserve anonymity (e.g., if there is a special consid-
eration due to laws or regulations in their jurisdiction).

Broader Impacts

Question: Does the paper discuss both potential positive societal impacts and negative
societal impacts of the work performed?

Answer: [NA]
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12.

Justification: The work performed is foundational research and not directly tied to societal
impacts. We do describe the importance of an analysis of this time to materials settings
alone.

Guidelines:

* The answer NA means that there is no societal impact of the work performed.

o If the authors answer NA or No, they should explain why their work has no societal
impact or why the paper does not address societal impact.

* Examples of negative societal impacts include potential malicious or unintended uses
(e.g., disinformation, generating fake profiles, surveillance), fairness considerations
(e.g., deployment of technologies that could make decisions that unfairly impact specific
groups), privacy considerations, and security considerations.

* The conference expects that many papers will be foundational research and not tied
to particular applications, let alone deployments. However, if there is a direct path to
any negative applications, the authors should point it out. For example, it is legitimate
to point out that an improvement in the quality of generative models could be used to
generate deepfakes for disinformation. On the other hand, it is not needed to point out
that a generic algorithm for optimizing neural networks could enable people to train
models that generate Deepfakes faster.

* The authors should consider possible harms that could arise when the technology is
being used as intended and functioning correctly, harms that could arise when the
technology is being used as intended but gives incorrect results, and harms following
from (intentional or unintentional) misuse of the technology.

* If there are negative societal impacts, the authors could also discuss possible mitigation
strategies (e.g., gated release of models, providing defenses in addition to attacks,
mechanisms for monitoring misuse, mechanisms to monitor how a system learns from
feedback over time, improving the efficiency and accessibility of ML).

Safeguards

Question: Does the paper describe safeguards that have been put in place for responsible
release of data or models that have a high risk for misuse (e.g., pretrained language models,
image generators, or scraped datasets)?

Answer: [NA]
Justification: This work does not pose a high risk for misuse.
Guidelines:

* The answer NA means that the paper poses no such risks.

* Released models that have a high risk for misuse or dual-use should be released with
necessary safeguards to allow for controlled use of the model, for example by requiring
that users adhere to usage guidelines or restrictions to access the model or implementing
safety filters.

 Datasets that have been scraped from the Internet could pose safety risks. The authors
should describe how they avoided releasing unsafe images.

* We recognize that providing effective safeguards is challenging, and many papers do
not require this, but we encourage authors to take this into account and make a best
faith effort.

Licenses for existing assets

Question: Are the creators or original owners of assets (e.g., code, data, models), used in
the paper, properly credited and are the license and terms of use explicitly mentioned and
properly respected?

Answer: [Yes]
Justification: Existing models and data are properly cited at a manuscript level.
Guidelines:

* The answer NA means that the paper does not use existing assets.
* The authors should cite the original paper that produced the code package or dataset.
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14.

15.

* The authors should state which version of the asset is used and, if possible, include a
URL.

* The name of the license (e.g., CC-BY 4.0) should be included for each asset.

* For scraped data from a particular source (e.g., website), the copyright and terms of
service of that source should be provided.

 If assets are released, the license, copyright information, and terms of use in the
package should be provided. For popular datasets, paperswithcode.com/datasets
has curated licenses for some datasets. Their licensing guide can help determine the
license of a dataset.

* For existing datasets that are re-packaged, both the original license and the license of
the derived asset (if it has changed) should be provided.

* If this information is not available online, the authors are encouraged to reach out to
the asset’s creators.

New Assets

Question: Are new assets introduced in the paper well documented and is the documentation
provided alongside the assets?

Answer: [Yes]

Justification: The open sourced code provided for this work includes licensing and use
descriptors. The acknowledgement statement includes asset source descriptors with use
outlined in the open source code made available.

Guidelines:

* The answer NA means that the paper does not release new assets.

» Researchers should communicate the details of the dataset/code/model as part of their
submissions via structured templates. This includes details about training, license,
limitations, etc.

* The paper should discuss whether and how consent was obtained from people whose
asset is used.

* At submission time, remember to anonymize your assets (if applicable). You can either
create an anonymized URL or include an anonymized zip file.

Crowdsourcing and Research with Human Subjects

Question: For crowdsourcing experiments and research with human subjects, does the paper
include the full text of instructions given to participants and screenshots, if applicable, as
well as details about compensation (if any)?

Answer: [NA|

Justification: While a subject matter expert annotated ‘ground truth’ in our experiment, the
paper does not include crowdsourcing nor human subjects research.

Guidelines:

* The answer NA means that the paper does not involve crowdsourcing nor research with
human subjects.

* Including this information in the supplemental material is fine, but if the main contribu-
tion of the paper involves human subjects, then as much detail as possible should be
included in the main paper.

* According to the NeurIPS Code of Ethics, workers involved in data collection, curation,
or other labor should be paid at least the minimum wage in the country of the data
collector.

Institutional Review Board (IRB) Approvals or Equivalent for Research with Human
Subjects

Question: Does the paper describe potential risks incurred by study participants, whether
such risks were disclosed to the subjects, and whether Institutional Review Board (IRB)
approvals (or an equivalent approval/review based on the requirements of your country or
institution) were obtained?

Answer: [NA]
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Justification: While a subject matter expert annotated ‘ground truth’ in our experiment, the
paper does not include crowdsourcing nor human subjects research.

Guidelines:

* The answer NA means that the paper does not involve crowdsourcing nor research with
human subjects.

* Depending on the country in which research is conducted, IRB approval (or equivalent)
may be required for any human subjects research. If you obtained IRB approval, you
should clearly state this in the paper.

* We recognize that the procedures for this may vary significantly between institutions
and locations, and we expect authors to adhere to the NeurIPS Code of Ethics and the
guidelines for their institution.

* For initial submissions, do not include any information that would break anonymity (if
applicable), such as the institution conducting the review.
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