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Abstract

This paper proposes a supervised training algorithm for learning stochastic resource
allocation policies with generative diffusion models (GDMs). We formulate the
allocation problem as the maximization of an ergodic utility function subject to
ergodic Quality of Service (QoS) constraints. Given samples from a stochastic
expert policy that yields a near-optimal solution to the constrained optimization
problem, we train a GDM policy to imitate the expert and generate new samples
from the optimal distribution. We achieve near-optimal performance through the
sequential execution of the generated samples. To generalize across a family of
network configurations, we parameterize the backward diffusion process with a
graph neural network (GNN) architecture. We present numerical results in a case
study of optimal power control.

1 Introduction

Most existing formulations and methods for optimal wireless resource allocation, whether classical
or learning-based, seek deterministic solutions. In contrast, optimal solutions of many non-convex
optimization problems (e.g., power control, scheduling) are inherently probabilistic, as the optimal
solution may lie in the convex hull of multiple deterministic policies. By randomizing between
multiple deterministic strategies, stochastic policies can achieve better performance by effectively
convexifying the problem [1]]. This phenomenon is also fundamental in multi-user information
theory, where time sharing plays a critical role in achieving optimal performance across various
communication channels [2-4]. In this work, we leverage diffusion models to learn generative
solutions to stochastic network resource allocation problems.

Generative models (GMs) have shown significant success in generating samples from complex,
multi-modal data distributions. Among the wide class of generative models including variational
autoencoders (VAEs) and generative adversarial networks (GANSs), generative diffusion models
(GDMs) stand out for their capability of generating high-quality and diverse samples with stable
training [5,16]]. GDMs convert target data samples (e.g., images) to samples from an easy-to-sample
prior (e.g., isotropic Gaussian noise) by a forward (noising) process, and then learn a backward
(denoising) process to transform the prior distribution back to the target data distribution.

A substantial body of the existing literature utilizes GDMs, and GMs in general, for generating
domain-specific synthetic data and for data augmentation to enhance the machine-learning models
in supervised and reinforcement learning tasks [7,18]. Yet, research on the use of GMs for wireless
network optimization, and GDMs in particular, is scant [9-H13]]. Concurrent works [[14H19]] propose
generative model solvers for network optimization as a framework to learn solution distributions that
concentrate the probability mass around optimal deterministic solutions. The generative process then
converts random noise to high-quality solutions by eliminating the noise introduced in the forward
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process. However, the problem formulation in the aforementioned studies is deterministic and ignores
the probabilistic nature of the optimal solution.

Our work is one of the first to imitate stochastic expert policies using GDMs. We emphasize the
stochastic nature of certain network optimization problems where random solutions are not only
essential for optimality but also are realized by leveraging iterative dual domain algorithms and time
sharing. In our approach, Quality of Service (QoS) near-optimality emerges through the sequential
execution of solutions sampled from the optimal generated distribution. Moreover, we use a graph
neural network (GNN) architecture as the backbone for the reverse diffusion process to enable
learning families of solutions across network topologies. GNNs excel in learning policies from
graph-structured data [20-23]] and offer stability and scalability [24)} 25].

This paper tackles imitation learning of stochastic wireless resource allocation policies. A GDM
policy is trained to match an optimal solution distribution to a constrained optimization problem from
which an expert policy can sample (see Section[2]and Section[3). We utilize a GNN-parametrization
to condition the generative diffusion process directly on the network graphs (see Section ). We
evaluate the proposed GDM policy in a power control setup and demonstrate that the trained GDM
policy closely matches the expert policy over a family of wireless networks (see Section [5).

2 Optimal Wireless Resource Allocation

We represent the channel state of a wireless (network) system with a matrix H € H C RV*V
and the allocation of corresponding resources with a vector x € X C RY. Given H, the choice
of resource allocation x determines several QoS metrics that we represent with an objective utility
fo: & x H — R and a constraint utility f : X x H — R¢. We define an optimal resource allocation
x*(H) as the argument that solves the constrained optimization problem,

P(H) = fo(x*(H),H) = maximum fo (x(H), H),  subject to f(x(F),H) > 0. (1)

In (T, we seek a resource allocation x*(H) with the largest fj utility among those in which the
components of the utility f are nonnegative. This abstract formulation encompasses channel and
power allocation [26] in wireless networks (SectionE]) as well as analogous problems, in, e.g., point-
to-point [27], MIMO [28]], broadcast [29] and interference channels [30]. In most cases of interest,
the utilities f and f in (T)) are not convex. We introduce the convex relaxation in which optimization
is over probability distributions of resource allocation variables and QoS is measured in expectation,

P(H) = maxli)mum Ep, |:f0 (x(H),H) }, subject to Ep, [f(x(H), H)] > 0. )

In (2)), we search over stochastic policies Dy that maximize the expected utility Ep_ [ fo(x(H), H)]
while satisfying the expected constraint Ep_[f (x(H), H)] > 0 when the resource allocation x(H) is
drawn from the distribution D. For future reference, we introduce D (H) = Dj (x | H) to denote a
distribution that solves . In this distribution, the channel state H is given and resource allocations
x are sampled. The important point here is that the performance of stochastic policies is realizable
through time sharing if we allocate resources in a faster time scale than QoS perception. Indeed, if we
consider independent resource allocation policies x,(H) ~ Dy we have that for sufficiently large T,

D ol (B, H) o, [ fo (x(H), )|, G)
T=1

with an analogous statement holding for the constraint utility f. Since deterministic policies are
particular cases of stochastic policies, we know that P(H) > P(H). In practice, it is often the case
that P(H) >> P(H) and for this reason, the stochastic formulation in (@) is most often preferred over
the deterministic formulation in (T)), [1H3].

Imitation Learning of Stochastic Policies. In this paper, we want to learn to imitate the stochastic
policies that solve (2). More to the point, consider a distribution Dy of channel states H. For each
channel state realization H, recall that the solution of (Z)) is the probability distribution D} (H) =
Di(x | H). Separate from these optimal distributions, we consider a parametric family of conditional

distributions Dy (H; @) = Dy (x | H; 0) in which the channel state H is given, and resource allocation
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variables are drawn. Our goal is to find the conditional distribution D (H; €) that minimizes the
expectation of the conditional KL-divergences Dky, (D (H) || Dx(H;8)),

D;(H;6) = argmin Ep,, | D (Dx(H) | Dx(H;0) |, o
Dy (H;0)
In (@), the distributions D (H) are given for all H. The conditional distribution Dy (H; 0) is our
optimization variable, which we compare with D} (H) through their KL divergence. KL divergences
of different channel realizations are averaged over the channel state distribution Dy, which is also
given. The optimal distribution D% (H; 0) = D (x | H; 0) minimizes the expected KL divergence
among distributions that are representable by the parametric family Dy (H; 0).

To solve (@), we need access to the expert conditional distributions D (H). This is impossible in
general because algorithms that solve (2 do not solve for D (H) directly, but rather generate samples
x(H) drawn from the optimal distribution D (H) [22]. Thus, we recast the goal of this paper as
learning to generate samples x ] H from the distribution D (H; 8) when we are given samples x(H)
of the expert conditional distributions D (H) with channel states generated according to Dy

Problem 1 Given samples x(H) drawn from the expert distribution Di(H)Dy =
Di(x ’ H)Du [cf. @)], we learn to generate samples x | H drawn from the conditional
distributions D} (H; ) = Dj (x| H; 0) [cf. @)].

A solution of Problem [T]is illustrated in Fig. 2] For a given channel state realization H, we show
two-dimensional slices of samples of an optimal policy (in blue). As indicated by (T)), these samples
realize optimal QoS metrics for (2) if executed sequentially (Fig. [I)). We train a generative diffusion
model (Section [3) that generates samples (in orange) that are distributed close to samples of an
optimal distribution. When executed sequentially, the learned samples realize QoS metrics close
to optimal values (Fig. . Neither the optimal distribution D} (H)Dy = Dj(x | H)Dg nor the
parametric distribution D} (H; 0) = Dj(x | H; 0) is computed.

Learning in the Dual Domain & Policy Randomization. Most learning approaches to allocating
resources in wireless systems contend with the deterministic policy formulation in (1), e.g., [11} 14+
17,1214 1261 131]]. This is due in part to the use of deterministic learning parameterizations [21} 26, |31]]
but even recent contributions that propose diffusion models, mostly do so for deterministic policies
[[L1} [14-18]. This is a well-known limitation that has motivated, e.g., state-augmented algorithms
that leverage dual gradient descent dynamics to randomize policy samples [22} 23]. These algorithms
generate trajectories of primal and dual iterates by operating on a convex hull relaxation of the
Lagrangian for the original problem and iteratively solving a sequence of Lagrangian maximization
subproblems. Each subproblem is an unconstrained, deterministic problem to which regular learning
methods apply, and near-optimality and feasibility guarantees are established neither for individual
primal iterates nor their averages, but only for the sequential execution of the generated policy iterates.

A shortcoming of state-augmented algorithms—and iterative dual domain algorithms in general,
regardless of whether parametrized or not—is that they incur a transient period where suboptimal
policies are executed. Reducing the length of this transient period typically requires larger step sizes,
which in turn introduces a trade-off with respect to solution optimality. Learning a generative model
to sample from the stationary (optimal) policy distribution emerges as a promising approach for
overcoming this trade-off. To the best of our knowledge, our paper is the first to demonstrate the
imitation of stochastic policies that solve a constrained optimization problem with GDMs.

3 Policy Generative Models

GDMs involve a forward and a backward diffusion process. The forward process defines a Markov
chain of diffusion steps to progressively add random noise to data. For a given H and a data sample
xo = x(H) drawn from the expert distribution D (H), the forward chain follows

q(xp | x0; H) = N (x5 vVarxo, (1 — a)I), (5)

where ay, := Hle g, o, := 1 — By, and S, is a monotonically increasing noise schedule, e.g., a
linear or cosine schedule. For a sufficiently large number of diffusion time steps K, (3)) converts the
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data sample x into a sample that is approximately isotropic Gaussian distributed, i.e., xx ~ A(0, I).
The reverse process of (3] can be approximated as a chain of Gaussian transitions with some fixed
variance o1 and a parametrized mean g,

po(xp—1 | xi; H) = N (xp—1; g (x1, ks H), 071). (6)

A backward diffusion process samples xx ~ N(0,I) and iteratively runs the backward chain in

(@) for k = K, ..., 1. With reparametrizing (§) as xx(x¢, €) = \/Arxo + v/1 — aye [3]], sampling
Xg—1 ~ pe(.|xx; H) amounts to updating

Xp—1 = Br — Ge(Xk,k;H)> + oW, @)

1
\/&k (Xk B 1-— (677
where w ~ AN(0,1), and €g(xx, k; H) predicts the noise € added to xo ~ D (H) from the noisy

sample x;, at time step k. An optimal GDM-policy parametrization ™ minimizes the H-expectation
of the DDPM loss function [3]] given by

Lcom(0) = Ex k1, w(k) || €0 (xk(x0,€), ki H) — €H2~ (®)

In (8), w(k) is a time-dependent weighting function that is usually omitted for simplicity, and the
expectation is over random time steps k& ~ Uniform([1, K]), Gaussian noise € ~ N (0,I), expert
(data) samples xo ~ DX(H), and conditioning networks H ~ Dg. The DDPM loss in isa
variational upper bound on the expected KL divergence loss in @) and becomes tight for 8 = 6*.
Thus, running (7) with optimal parametrization €g+ for a given H generates samples from the expert
conditional distribution, i.e., xg ~ Dx(H;0*) = D%:(H;0) ~ D% (H).

4 GNN-Parametrizations for GDM Policies

We employ GNNs for GDM parameterization, as they are well-suited for processing network data,
such as resource allocations. Moreover, GNNs inherently take graphs as input, making them a
natural fit for GDMs conditioned on H. GNNs process graph data through a cascade of L graph
convolutional layers [32]. Inputs are node signals (features) and graph shift operators (GSO) while
outputs are node embeddings. Each layer ¥ i a nonlinear aggregation function obtained by the
composition of a graph convolutional filter and a pointwise nonlinearity ¢ (e.g., relu),

M
70 — g®) (Z(e—l);H@(e)) — [ 3 Hmzw—l)@gﬁ)]_ ©)

m=0

In @), 0 = {@ﬁ,‘? € RFe—1xFeyM_ g 3 set of learnable weights, M denotes the number of hops
and Z(~1 € RV*Fe-1 is the input node signal to layer £. The GSO, H, encodes the underlying
connectivity of the network, which is the network state in our case. For improved and more stable
training, we take advantage of normalization layers and residual connections. To this end, we redefine
¢ in (@) as the composition of a normalization layer followed by a pointwise nonlinearity while the
first term in the sum, Z®, inherently represents a learnable residual connection. We view x;, and
k = k1 as node signals and introduce a read-in layer 0 = (P, Py ) that adds sinusoidal-time
embeddings to the input node features. That is, we have

Z© = ) (x;, k) = Dy (x1) + i (K), (10)

where ®, : RY s RV*F0 is a multi-layer-perceptron (MLP) layer, and ® : RY s RVXF0 jg
a cascade of a sinusoidal time embedding and MLP layers. Finally, we add a readout MLP layer
&) . RN*Fr y RN that learns to predict the noise € from the output node embeddings.

5 Case Study: Power Control in Multi-User Interference Networks

Wireless Network & Power Control Setup. We consider the problem of power control in N-user
interference channels. To summarize the setup briefly, all network realizations are sampled from a
family of network configurations with N = 100 transmitter-receiver (tx-rx) pairs (also the nodes
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in our graphs) and an average density of 12 tx-rx pairs/km?. For each network, we first drop the
transmitters randomly in a square grid world, and each transmitter is paired with a neighboring
receiver. Receivers treat signals coming from all but their respective transmitters as interference. We
note that similar setups have been investigated in [22, 23] and can be referred to for more details.

We optimize the transmit power levels x € [0, Pmax]N where P . = 10 mW is the maximum
transmit power budget. The channel bandwidth and noise power spectral density (PSD) are set to
W = 20 MHz and Ny = —174 dBm/Hz, respectively. The network state H is the matrix of long-term
channel gains which follow a log-normal shadowing with a standard deviation of 7 plus the standard
dual-slope path-loss model. For a given H, the short-term (instantaneous) channel gains H vary
following Rayleigh fading, and we define the instantaneous rate of receiver ¢ given an allocation x as

~ T i |hal?
7i(x, H) = log, (1 n zio bl ) (11)
WNo+ 352 - [hjil?

where x; is the ith entry of x and TLJZ is the (j, 7)th element in matrix H. Note that a policy Dy (H) is
determined only by the long-term gains, whereas the instantaneous rate depends on the short-term
channel gains. Ergodic rates are given by the joint expectation over the policy and the fading,

r(Du(H), H) = Ep,_) sz [F(xH) . (12)

In our experiments, we draw 200 samples from the trained GDM policy for each network and evaluate
the joint expectation over 200 time steps, with each time step spanning 10 ms. We impose a minimum
ergodic rate requirement of f,;;, = 0.6 bps/Hz for all receivers by setting the utility constraints
f(Dx(H),H) := r(Dx(H), H) — 1 fmin, whereas the utility objective is the network-wide average
of the ergodic rates given by fo(Dx(H), H) := 1r(Dx(H), H)/N.

Expert Policy & Baselines. To generate samples from an optimal solution distribution, we first train
a GNN-parametrized model via a state-augmented primal-dual (SA) learning algorithm as in [23]].
The trained model is executed online for each given network H over a sufficiently long time window
to generate trajectories of primal and dual iterates with near-optimality and feasibility guarantees. We
collect the resulting primal iterates {xz (H) 1179:—01’ i.e., resource allocation vectors, in a buffer with
capacity B = 500. During GDM policy training, expert policy samples are uniformly drawn from
the buffer, i.e., we have D% (H) = Uniform [{xg(H), . ,x}g_l(H)}] for all H ~ Dg;. While we
parametrize the expert policy and run a state-augmented training algorithm over a training dataset of
networks Dy, one can alternatively run the dual descent without the parametrization and store the
resource allocation iterates for each instance H ~ Dy.

We compare the GDM and expert policies with two baseline deterministic policies: (i) Average-
power transmission policy: For each given H, we compute the time average of the expert policy
samples — similar to primal averaging in the optimization literature — and fix it, i.e., we set x(H) =~
Ep: r1) [x"(H)] at all time steps. (ii) Full-power transmission policy (FP): All transmitters use all
the transmission power available at all time steps, i.e., x(H) = Ppax1n.

Performance of GNN-Parametrized GDM Policies. To evaluate our method, we draw a total of
128 network realizations. Following a 5 : 1 : 2 split, we obtain training, validation, and test datasets
of size |Du| = 80, |Vu| = 16, and [T | = 32 networks, respectively. We train the GDM policy over
the training dataset Dy and test it on Tgr. The expert policy solutions are obtained across all datasets
for evaluation and benchmarking purposes. Due to limited space, we defer the implementation and
training details of the GDM policy to Appendix [A]l

Fig.|l|showcases the test performance of the GDM policy, expert policy, and the baselines over a time
horizon of 200 time steps. We estimate the ergodic rate vector for a given network H and time step

Tas (1/7) Z;& T (x,, H) where x, denotes the power allocation decision at an earlier time step
s < 7 [e.f. (I2)]. In the first two plots, we report the time evolution of the average ergodic rate, i.e.,
the mean-rate objective utility, and the Sth-percentile of ergodic rates, both of which are computed
across all |7;,| x N = 32 x 100 = 3200 tx-rx pairs in the test dataset. The rightmost violin plot
shows the histogram of ergodic rates of all receivers evaluated at two different time steps. We verify
that the expert policy eventually satisfies almost all the constraints unlike the baselines. Although
the GDM policy does not exhibit strict feasibility, it converges to a near-feasible and near-optimal
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Figure 1: Comparison of the test performance of GDM policy with the expert policy (SA) and other
baselines. Leftmost and middle plots show the time evolution of the average and 5Sth percentile
of ergodic rates, respectively. The minimum rate requirement f,;;, is shown with a dashed, red
line. Rightmost plot shows the distribution of ergodic rates and constraint satisfaction percentages,
evaluated up to 7 = 20 and 7 = 200 time steps. We drew a solid black line at the median values
while the dashed black lines indicate the 5th and 95th percentile values.
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Figure 2: Example 2D slices of expert policy (blue) and GDM policy (orange) samples are shown for
two pairs of neighboring nodes from the test dataset. Transmit powers are normalized by P, ,x.

policy in very few time steps compared to the expert policy and does not incur a long transient period.
Moreover, both the full-power and average-power baselines are outperformed by the GDM policy in
terms of percentile rates and constraint violations.

In Fig. 2] example two-dimensional (2D) slices of 100-dimensional learned GDM policies are overlaid
with expert policy samples. The GDM policy generalizes to unseen test networks drawn from 7y,
and the conditional distribution of GDM policy samples significantly resembles that of the expert
policy. A peculiarity of optimal power control policies is that they tend to be probabilistic and involve
multiple transmission modes. That is especially true for tx-rx pairs with less favorable channel
conditions for which the policy randomization becomes more nuanced. In such cases, similar to
time-sharing strategies, pairs that would otherwise generate considerable mutual interference adopt
a policy-switching mechanism where they take turns to transmit at high power during periods of
minimal interference (e.g., the top-left and bottom-right corners in the rightmost plot of Fig.[2). By
alternating their transmissions, all tx-rx pairs satisfy their minimum ergodic rate requirements.

Strong test generalization evidenced in both figures notwithstanding, the GDM policy exhibits a
small feasibility gap compared to the expert policy in Fig. [Tl We attribute this gap primarily to
the supervised training algorithm not accounting directly for the sensitivity of the constraints and
the aforementioned policy-switching phenomenon. The feasibility gap and overall performance of
the GDM policies can be further improved by incorporating the QoS requirements and additional
variance constraints directly into the training loss and/or generative process.

6 Conclusion

This work demonstrated that generative diffusion processes can imitate expert policies that sample
from optimal solution distributions of stochastic network optimization problems. We employed a
GNN to condition the generative process on a family of wireless network graphs. More broadly, we
anticipate that our attempt at generative diffusion-based sampling of random graph signals will be of
interest beyond resource optimization in wireless networks. We leave constraint-aware, unsupervised
training of GDM policies across a wider range of network topologies as future research directions.
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A Implementation & Training Details for GDM Policy

For the GNN-parametrizations, the GSO representation of the network state H is a fully connected
graph where nodes correspond to transmitter-receiver pairs, and the edge weights between nodes ¢

2
and j, e;;, are set to log-normalized long-term channel gains given by e;; o< log, (1 + %)

The GNN has L = 6 layers, each with F; = 128 hidden features and filter size of M = 2.
We set the number of diffusion time steps to K = 500, use a cosine noise schedule 3; [33] and
train the GDM policy to minimize the DDPM objective in (8) with a log-SNR weighting function
w(k) = log (SNR(k)), where SNR(k) := o2 /o?.

We train the GDM policy over the training dataset Dy for a maximum of 10* epochs with an ADAM
optimizer [34]], an initial learning rate of 10~2, and a learning rate schedule that follows a cosine
decay with warm restarts. In each epoch, we iterate over the whole dataset with mini-batches of 16
graphs and sample 250 graph signals, i.e., expert policy data x(H) ~ D (H), for each graph in the
batch. Every 200 epochs, we evaluate the checkpointed GDM model on the validation dataset Vig
and save the best model in terms of 5th percentile ergodic rates. We ran our experiments on a single
NVIDIA RTX 3090 GPU with 24 GB of memory.

We apply an affine transform [0, Ppax] — [—1/2,1/2] to map the policy space to a centered
diffusion space. To sample from the diffusion model, we run the DDPM sampling equation (/)
with standardized variables, invert the affine transform, and project the generated policy samples to
the support [0, Pyax]”Y. We observed negligible difference in the quality of generations when we
swapped the DDPM sampler with other samplers, e.g., a DDIM sampler or its accelerated counterpart
with fewer denoising time steps.
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NeurlIPS Paper Checklist

The checklist is designed to encourage best practices for responsible machine learning research,
addressing issues of reproducibility, transparency, research ethics, and societal impact. Do not remove
the checklist: The papers not including the checklist will be desk rejected. The checklist should
follow the references and follow the (optional) supplemental material. The checklist does NOT count
towards the page limit.

Please read the checklist guidelines carefully for information on how to answer these questions. For
each question in the checklist:

¢ You should answer [Yes] , ,or [NA].

* [NA] means either that the question is Not Applicable for that particular paper or the
relevant information is Not Available.

* Please provide a short (1-2 sentence) justification right after your answer (even for NA).

The checklist answers are an integral part of your paper submission. They are visible to the
reviewers, area chairs, senior area chairs, and ethics reviewers. You will be asked to also include it
(after eventual revisions) with the final version of your paper, and its final version will be published
with the paper.

The reviewers of your paper will be asked to use the checklist as one of the factors in their evaluation.
While "[Yes] " is generally preferable to " ", itis perfectly acceptable to answer " " provided a
proper justification is given (e.g., "error bars are not reported because it would be too computationally
expensive" or "we were unable to find the license for the dataset we used"). In general, answering
" "or "[NA] " is not grounds for rejection. While the questions are phrased in a binary way, we
acknowledge that the true answer is often more nuanced, so please just use your best judgment and
write a justification to elaborate. All supporting evidence can appear either in the main paper or the
supplemental material, provided in appendix. If you answer [Yes] to a question, in the justification
please point to the section(s) where related material for the question can be found.

IMPORTANT, please:

* Delete this instruction block, but keep the section heading ‘“NeurIPS Paper Checklist",
* Keep the checklist subsection headings, questions/answers and guidelines below.
* Do not modify the questions and only use the provided macros for your answers.

1. Claims

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

Answer: [Yes]
Justification: [NA|
Guidelines:

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

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

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

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

2. Limitations
Question: Does the paper discuss the limitations of the work performed by the authors?
Answer: [Yes]
Justification: [NA|
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389 Guidelines:

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

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

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

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

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

408  If applicable, the authors should discuss possible limitations of their approach to
409 address problems of privacy and fairness.

410 * While the authors might fear that complete honesty about limitations might be used by
411 reviewers as grounds for rejection, a worse outcome might be that reviewers discover
412 limitations that aren’t acknowledged in the paper. The authors should use their best
413 judgment and recognize that individual actions in favor of transparency play an impor-
414 tant role in developing norms that preserve the integrity of the community. Reviewers
415 will be specifically instructed to not penalize honesty concerning limitations.

416 3. Theory assumptions and proofs

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

419 Answer: [NA]

420 Justification: [NA|

421 Guidelines:

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

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

425 * All assumptions should be clearly stated or referenced in the statement of any theorems.
426 * The proofs can either appear in the main paper or the supplemental material, but if
427 they appear in the supplemental material, the authors are encouraged to provide a short
428 proof sketch to provide intuition.

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

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

432 4. Experimental result reproducibility

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

436 Answer: [Yes]

437 Justification: [NA]

438 Guidelines:

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

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:
Justification: [NA]
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).
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* 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: [Yes]
Justification: [NA|
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: [Yes]
Justification: [NA]
Guidelines:

* 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.

8. 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: [NA|
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.
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10.

11.

* 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: [NA]
Guidelines:

» 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]
Justification: [NA |
Guidelines:

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

* 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: [NA]
Guidelines:

* The answer NA means that the paper poses no such risks.
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* 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: [NA]
Justification: [NA|
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.

* 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: [NA]
Justification: [NA]
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: [NA|
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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]
Justification: [NA]
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.
Declaration of LLM usage

Question: Does the paper describe the usage of LLMs if it is an important, original, or
non-standard component of the core methods in this research? Note that if the LLM is used
only for writing, editing, or formatting purposes and does not impact the core methodology,
scientific rigorousness, or originality of the research, declaration is not required.

Answer: [NA]
Justification: [NA|
Guidelines:

* The answer NA means that the core method development in this research does not
involve LLMs as any important, original, or non-standard components.

* Please refer to our LLM policy (https://neurips.cc/Conferences/2025/LLM)
for what should or should not be described.
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