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Nurse Routing Problem; Nurse routing is a key challenge in healthcare operations management, requiring optimal patient-
Simulated Annealing; to-nurse assignment and precise scheduling of visits within specific time windows during which
Learning Algorithms; patients must receive care. Given the combinatorial complexity of the problem and the presence
Combinatorial Optimization; of strict temporal and capacity constraints, developing efficient and reliable solution approaches
Patient Time Windows. is of critical importance for real-world applicability.

In this study, a comprehensive mixed-integer programming (MIP) model is developed to
simultaneously address both the assignment of patients to available nurses and the detailed
scheduling of visits. The model fully respects hard time windows, nurse availability, and care
delivery requirements. The exact solution of the model using the open-source solver GLPK within
the Pyomo framework demonstrates acceptable performance for small-scale problem instances.
However, the computational time escalates significantly as the problem size increases, limiting
the practical usability of the exact method for large cases. To overcome this limitation, a learning-
based simulated annealing (SA) algorithm is designed and implemented. By incorporating
adaptive learning mechanisms, including reinforcement learning strategies such as Q-learning, this
approach improves the efficiency and intelligence of the search process. The proposed
metaheuristic enables the discovery of high-quality solutions within reasonable computation
times, even for large-scale instances. Experimental results demonstrate that the learning-enhanced
SA algorithm significantly outperforms exact methods in terms of both solution quality and
computational efficiency. This research not only contributes to the advancement of optimization
techniques in healthcare logistics but also highlights the practical value of hybrid metaheuristics
in handling complex, real-world scenarios. The model was validated through a real case study in
Kermanshah, Iran, and results indicate considerable improvements in resource utilization, nurse
workload balance, and service timeliness.

Extended Abstract
1. Introduction
operations management due to increasing demands for medical services, driven by the aging population, rising

healthcare costs, and hospital capacity limitations. These problems involve assigning a limited number of nurses to
patients across time and space while respecting hard constraints such as service time windows, care continuity, skill matching,

I I ome healthcare routing and scheduling problems (HHCRSP) have emerged as a critical area of study in healthcare
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and nurse availability. Unlike classical vehicle routing problems, HHCRSPs are significantly more complex due to patient-
specific care needs, regulatory constraints, and the human-centric nature of service delivery. Despite extensive research
employing exact and metaheuristic algorithms, limited attention has been given to leveraging learning-based optimization
methods in this domain. This study aims to fill this gap by developing an integrated mathematical model and proposing a
learning-enhanced simulated annealing approach to solve real-world, large-scale HHCRSP instances effectively.

2. Implications of the Research

The proposed approach offers a practical and scalable solution to optimize the delivery of home nursing services, enabling
healthcare providers to reduce operational costs while maintaining high service quality. By integrating reinforcement learning
into the simulated annealing framework, the algorithm dynamically adapts its search behavior, leading to higher-quality
solutions in significantly shorter computation times. The model's ability to handle strict healthcare constraints, such as hard
time windows and service continuity, makes it highly applicable to real-world settings. From a managerial perspective, the
research supports strategic decision-making in resource planning, nurse scheduling, and service prioritization under uncertainty.
Furthermore, the proposed methodology provides a flexible foundation for future enhancements, including multi-period
planning, stochastic demand modeling, and patient-centric service optimization in digital health platforms.

3. Conclusion

This research proposes an integrated model for optimizing home nurse routing and scheduling under strict healthcare
constraints. A hybrid solution using simulated annealing enhanced by reinforcement learning achieves high-quality results with
reduced computation time. The method significantly reduces the number of active nurses while ensuring timely care for all
patients. It also produces compact, conflict-free schedules with minimal idle time. The approach demonstrates strong practical
potential and future work may include multi-period planning, uncertainty modeling and real-world implementation in
healthcare systems.
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Algorithm SimulatedAnnealing_RL(problem_data, max_iter, TO, cooling_rate):

1.Initialize:
— Q — values for operators: swap, move, adjust_time
— current_solution « ConstructinitialSolution(problem_data)
— current_cost < Evaluate(current_solution)
— best_solution « current_solution, best_cost « current_cost
— temperature < T0

2.For iteration = 1 to max_iter:

a.Select operator using € — greedy(Q — values)
b.new_solution < ApplyOperator (current_solution, operator)
c.new_cost « Evaluate(new_solution)
d.If new_cost better or accepted by Metropolis:

— current_solution « new_solution

— Update best_solution if improved
e.Update Q — value of operator using reward signal
f.Adjust penalty weights if constraint violations T
g.Update temperature (adaptive cooling)
h.If convergence or temperature < threshold: break

3. Return best_solution
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