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Abstracts 2N HiHE

Conditional Generative Learning for Joint Pricing

and Inventory Control

SR BN E LA

Abstract: Problem definition: We consider data-driven joint pricing and inventory control with
contextual information, in which the retailer makes pricing and inventory decision based solely on
historical data consisting of demand, price and features. Learning the optimal policy as a function
of the features is challenging, as it requires knowledge of the conditional demand distribution,
which is difficult to estimate and varies with the pricing decision. Methodology/results: We
propose a provably efficient deep conditional generative framework to learn the demand
distribution conditional on selling price and covariates from historical data. The conditional
demand estimator is a deep generator driven by price, features and an easy-to-sample noise
variable independent of both. This generator explicitly encodes the indirect effect of the pricing
decision on demand, and it allows the data-driven control to be reformulated as a stochastic
program and solved via stochastic gradient descent. We establish finite-sample error bounds for
the excess cost or risk of the data-driven policy relative to the ground-truth optimal policy, as well
as for the estimation error of the cost or risk estimator. Managerial implications: The finite-sample
bounds provide managers with insights into the reliability of the data-driven policy, and the
optimal cost estimator gives a clear assessment of profitability when adopting the policy.
Although the policy is learnt from observational data, our sensitivity analysis suggests that
confounding biases may have a limited impact on its performance. Comprehensive simulations
show that the proposed approach is markedly faster than the state-of-the-art prescriptive

benchmarks and achieves a significantly lower expected cost.
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Domain Adaptation with Adaptive f-Divergence: Tighter Variational

Representation and Generalization Bounds

KRR TRMERE

Abstract: Domain adaptation mitigates domain shift by reducing distribution discrepancies
between source and target domains, thereby improving target-domain performance using
source-domain knowledge. Existing methods typically rely on a fixed divergence measure,
limiting flexibility across different data sets. We propose an unsupervised domain adaptation
framework based on a tighter variational representation of the f-divergence, which can be
adaptively selected rather than predetermined. We further provide theoretical guarantees by
bounding the target risk with the source risk, domain discrepancy, and the risk of the ideal
hypothesis, together with upper bounds based on Rademacher complexity, covering numbers, and
VC-dimensions. Experimental results demonstrate that the proposed framework consistently

outperforms existing domain adaptation methods.
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LLM-Driven Evolutionary Ensemble Learning for High-Fidelity

Signal Deconvolution in vVOECT Arrays
HABE HT RO

Abstract: To address the challenges of complex transient dynamics and device heterogeneity in
vertical organic electrochemical transistor (VOECT) arrays for biochemical sensing, this paper
proposes the Large Language Models (LLMs)-driven evolutionary ensemble learning framework
for high-fidelity-ion signal deconvolution. The proposed framework innovatively utilizes LLMs to
direct exploration within an open-ended symbolic code space, effectively bridging
electrochemical domain knowledge with data-driven optimization. The proposed system
implements a dual-phase evolutionary architecture: (1) Phase I leverages the LLMs to
autonomously evolve physically interpretable feature extraction scripts that capture high-order
kinetic information, such as zero-bias differential conductance and volumetric memory integrals;

(2) Phase II dynamically optimizes a topology-aware Stacking meta-learner to aggregate
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multi-channel signals, successfully neutralizing localized hardware deviations and spatial
variances across the array. Validations on potassium, calcium, and sodium ion array measurement
dataset demonstrate that the proposed framework significantly outperforms conventional manual
feature engineering and static ensemble baselines. The proposed method achieves a near-zero
Root Mean Square Error (RMSE) and a Coefficient of Determination (R2) of 1.0000 in the
majority of test scenarios, providing a scalable and transparent solution for next-generation

intelligent biochemical sensing.

Expert-Guided Al for Sustainable Perishable Inventory
L% B IORE

Abstract: Short-dated food resale platforms such as GreenPrice help reduce food waste by
recovering value from surplus and near-expiry products. However, their operations are
challenging because supply is random, products have heterogeneous remaining shelf lives, and
inventory decisions must balance lost sales, holding costs, and expiration losses.

This talk develops an expert-guided Al framework for sustainable perishable inventory control.
We first identify a simple mean base-stock policy and prove that its performance gap relative to
the optimal policy decreases exponentially with system scale. Motivated by this theoretical insight,
we embed the policy structure into an end-to-end neural learning framework, where the neural
network learns context-dependent base levels while the structural layer converts them into feasible
decisions. Numerical results show that this expert-guided E2E approach outperforms purely
black-box E2E learning in both data efficiency and robustness. More broadly, the study highlights

the value of integrating deep learning with established inventory theory.
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