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Informed Actor-Critic Method for Optimal Control in Economic Dynamics.
5 Kenneth L. Judd. BoLi. Serguei Maliar &{E. [1£X]

RERiS3C (Job Market Paper)

This paper applies deep reinforcement learning to high-dimensional optimal control in dynamic economic mod-

els. We introduce an informed actor—critic (iAC) framework that embeds structural equations and constraints
directly into the policy optimization loop. Unlike standard model-free reinforcement learning algorithms that
treat the economy as a black box, the iAC method leverages analytical economic transitions. Computational
applications to benchmark consumption—savings, Krusell-Smith, and overlapping-generations economies show
that iAC reduces the need for exploration noise and provides a precise, scalable, and sample-efficient framework
for complex macroeconomic control problems.

Solving Discrete-Continuous Dynamic Choice Models: A Soft-to-Hard AI Solver with an Application to
Sovereign Default.

5 Bo Li. Serguei Maliar 51F. [1£3]

To solve discrete-continuous dynamic choice models, the quantitative literature has long relied on effective per-
manent structural smoothing to handle non-differentiable kinks. While traditional methods produce robust qual-
itative insights, their permanent modifications can alter quantitative predictions. To solve the true, unsmoothed
economy, we introduce a soft-to-hard (StH) deep reinforcement learning framework. By systematically annealing
temporary smoothing to zero, StH enables gradient propagation across decision boundaries before enforcing
hard-switch operators. We implement this framework in two complementary ways. The grid-based StH-Q
implementation delivers high numerical precision in the low-dimensional benchmark, whereas the continuous-
state, continuous-action StH-AC implementation avoids storing a full state—action table and provides a scalable
route to higher-dimensional applications.

We-exp: A Routed Post-Decision Expectation Adapter for Dynamic Economic Solvers.

5 BoLi. Serguei Maliar &1F. [1£X]

This paper proposes W-exp, an amortized expectation module that converts simulated shock information into a
reusable learned conditional expectation function over post-decision states. W-exp is algorithm-agnostic and im-
proves the expectation-construction step shared by neural and simulator-based solvers. Under matched transition-
sample budgets, W-exp lowers final policy-function error relative to Monte Carlo benchmarks by 76.2% with
Q-learning, 31.4% with informed actor-critic, and 26.9% with soft actor-critic in a consumption—saving model.
In a two-shock Krusell-Smith economy, a solver using the learned exact-label variant attains 42.9% lower policy-
function error than the same solver using direct exact integration.
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Gradient Descent of the Discrete-Time Ramsey Growth Model.

5 BoLi. Yapeng Qian. Shenghao Zhu &1E.

This paper provides an optimization-oriented study of the discrete-time Ramsey growth model, developed as a
companion to our continuous-time analysis, replacing every continuous-time device by its discrete-time counter-
part. We derive the discrete Euler—Lagrange residual as a functional gradient and use gradient-based procedures
to validate the Ramsey dynamics: strict concavity and global optimality from the second variation, local strong
convexity from a discrete Poincaré inequality, and exponential convergence of the sequence-space gradient
flow from a Lyapunov—Gronwall argument. We construct a quadratic Lyapunov function and show, from strict
monotonicity of the optimal capital policy rather than by linearization, that the optimal policy never overshoots,
certifying global convergence to the steady state. We then relate the resulting schemes to deep deterministic
policy gradient methods, identifying exact analytical counterparts for residual relaxation, target networks, the
actor—critic split, and off-policy sampling.

Gradient Descent of Ramsey Growth Model.

5 BoLi. Yapeng Qian. Shenghao Zhu &1E.

This paper provides an optimization-oriented study of the continuous-time Ramsey growth model, connecting
classical stability analysis with residual-minimization approaches for solving Hamilton—-Jacobi—Bellman (HJB)
equations. We revisit the planner’s primal formulation through a variational perspective and validate the Ramsey
dynamics numerically. We construct a Lyapunov function and show that it decreases along saddle-point stable
trajectories, certifying convergence to the steady state. We then formulate a residual loss functional induced
by the HJB operator and study its analytical properties, including well-posedness, regularity, and convexity in
an infinite-dimensional setting, enabling a principled comparison of first-order and second-order optimization
schemes. We extend the construction to deterministic and stochastic environments, discussing how diffusion
terms modify the HJB residual.
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Al Taxing AI: A Multi-Agent Reinforcement Learning Approach to Optimal Taxation.

5 BoLi &fE. [iE3]

Artificial intelligence (Al) is improving productivity, yet its economy-wide diffusion may reshape the labor
market and the distribution of income. To address these issues, we develop a Multi-Agent Reinforcement Learn-
ing (MARL) model featuring endogenous skill accumulation. We find that while Al boosts aggregate output
through rapid skill sharing, it displaces middle-skilled human workers and increases inequality. However,
optimal taxation can redistribute the technological surplus to achieve Pareto improvements. To find the optimal
tax schedule, we employ Dual-Loop Multi-Agent Reinforcement Learning to account for both the government’s
fiscal policy and agents’ behavior. Furthermore, we demonstrate that a “Digital Commons” regime—combining
universal access with real-time knowledge sharing—maximizes social welfare by mitigating the trade-off between
efficiency and equity.
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Forecasting Crude Oil Spot Prices Using a Transformer-BiLSTM Architecture with NRBO-Based

Hyperparameter Optimization.
5 Wenhui Huang 254F | Sustainable Futures, jR{EH .
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Reduced-State Deep Learning for Heterogeneous Agent Models.

PMIRAER [ e R ARS8 SN S TR A S b RS B PR R AT 5

Emergence of Universal Equivalents with Deep Reinforcement Learning.
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Asset Pricing in China’s Stock Market.

Y Shuaiyu Jiang &1E | Finance & Economics Vision, 1(1), 2022, [1&3(]

This paper uses traditional machine learning methods and deep neural networks based on both firm-specific
characteristics and macroeconomic variables to price China’s A-share stock market. We give the stochastic
discount factor a flexible form and compare different models’ performances. Since the Chinese government

adopts various policies to maintain financial stability, we borrow the idea from generative adversarial networks
to find the true SDF by selecting moment conditions that minimize return volatility.
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