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Abstract: Real-time healthcare workforce scheduling represents a critical optimization challenge with 

direct implications for patient care quality and operational efficiency. This article introduces a quantum 

computing approach to dynamic hospital staff rescheduling that addresses the complex constraints of 

medical workforce allocation when facing unexpected absences. By formulating the problem as a quadratic 

unconstrained binary optimization (QUBO) model suitable for quantum processing, demonstrate how 

quantum annealing and gate-based quantum algorithms can rapidly identify optimal staff substitutions 

while balancing factors such as specialist qualifications, shift duration, fatigue management, and 

geographical proximity. The simulation results indicate that quantum-accelerated scheduling can 

significantly reduce the average time to fill critical absences compared to classical heuristic methods while 

maintaining high adherence to staffing quality metrics. This has substantial potential to mitigate the 

downstream clinical impacts of staffing disruptions, particularly in high-acuity hospital departments where 

timely specialist presence is essential for patient outcomes. 
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INTRODUCTION 

 

Hospital staffing management represents a critical challenge in modern healthcare systems, particularly in 

managing workforce distribution and addressing unforeseen absences. According to comprehensive 

research by the Healthcare Management Institute published in "Healthcare Workforce Management: 
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Addressing Challenges in Recruitment, Retention, and Training" [1], healthcare facilities face significant 

operational disruptions due to staffing shortages and scheduling complexities. The study reveals that 

medium to large hospitals experience staffing gaps that require immediate intervention at least three times 

per week, with each incident demanding an average of 2.4 hours of coordinator time to resolve while 

maintaining compliance with healthcare regulations. 

 

The complexity of healthcare workforce requirements extends beyond simple scheduling adjustments. 

Research published in PMC's "Modern Challenges in Healthcare Workforce Distribution" [2] demonstrates 

that healthcare facilities must navigate intricate staffing patterns while considering multiple constraining 

factors such as specialist qualifications, shift duration limitations, and geographical distribution of 

personnel. The study highlights that traditional scheduling methods, which rely predominantly on manual 

adjustments and basic optimization algorithms, frequently result in suboptimal solutions that can impact 

patient care quality and staff satisfaction.The integration of quantum computing technologies emerges as a 

promising solution to this complex optimization problem. By leveraging advanced computational 

capabilities, quantum systems offer the potential to revolutionize how healthcare facilities approach staff 

scheduling and absence management. This technological advancement addresses the limitations of 

traditional scheduling methods, which often struggle with the simultaneous evaluation of multiple 

constraints and the need for rapid response to staffing changes. The application of quantum computing in 

healthcare workforce management represents a significant step forward in optimizing resource allocation 

while maintaining high standards of patient care. 

 

METHODOLOGY 

 

The healthcare workforce rescheduling which can be modelled  as maximum cardinality matching of a 

Bipartite graph can be formulated as a Quadratic Unconstrained Binary Optimization (QUBO) model to 

leverage quantum computing capabilities. Classically, there are three common algorithms of Bipartite 

matching Hungarian Algorithm that solves the assignment problem in O(n³) time,Ford-Fulkerson 

Algorithm that treats the problem as a flow network and Hopcroft-Karp Algorithm that finds maximum 

matchings in O(√V × E) time. 

 

According to research on quantum annealing applications in nurse scheduling [3], this formulation 

effectively addresses the complex constraints inherent in healthcare workforce management. The study 

demonstrated that QUBO modeling successfully handled scheduling requirements for a mid-sized hospital 

unit with 28 nurses across three shifts, achieving feasible solutions for 95% of test cases while considering 

multiple hard constraints including minimum staffing levels and shift rotation patterns. 

QUBO is a mathematical formulation that represents optimization problems using a quadratic objective 

function with binary variables. It's expressed as: minimize: x^T Q x where: x is a vector of binary 

variables (0 or 1) Q is a matrix that encodes the problem structure and constraints.QUBO formulations are 

particularly well-suited for quantum computers and quantum-inspired algorithms. When implemented on 
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quantum annealing hardware (like D-Wave systems), certain matching problems can be solved in 

significantly less O(1) (constant) time  

The model incorporates comprehensive fatigue risk management parameters, which, as highlighted in 

healthcare safety research [4], are crucial for maintaining both staff wellbeing and patient safety. The 

formulation accounts for working hour regulations and fatigue management through a systematic approach 

that considers the established threshold of 16 consecutive working hours, the critical window of circadian 

low between 2 AM and 6 AM, and the cumulative effects of extended shifts on staff performance. This 

aspect of the model particularly addresses the findings that healthcare workers who work shifts longer than 

12 hours have significantly higher risk of making errors, with error rates increasing by 50% for nurses 

working shifts longer than the recommended duration. 

 

The quantum computing approach enables simultaneous evaluation of geographical proximity constraints, 

specialist qualifications, and previous scheduling patterns. This comprehensive optimization considers both 

individual staff preferences and organizational requirements, creating a balanced solution that maintains 

healthcare delivery standards while respecting workforce limitations. The mathematical framework 

translates these complex healthcare workforce constraints into a format suitable for quantum processing, 

where each binary variable represents a potential staff-shift assignment within the established parameter 

boundaries. 

Table 1: Healthcare Workforce Scheduling: Performance and Risk Metrics [3, 4] 

Performance Indicator Percentage (%) 

QUBO Solution Feasibility Rate 95 

Staff Coverage Efficiency 93 

Error Rate Increase (>12hr shifts) 50 

Maximum Shift Duration Compliance 75 

Shift Rotation Pattern Adherence 88 

 

RESULTS AND ANALYSIS 

 

The implementation of quantum-accelerated scheduling demonstrated significant improvements in 

healthcare workforce management across multiple performance dimensions. Analysis of scheduling 

outcomes showed that quantum computing solutions achieved substantial optimization benefits compared 

to traditional methods. According to research published in PMC's comprehensive healthcare scheduling 

study [5], the quantum-based approach demonstrated a 35% improvement in scheduling efficiency when 

tested across multiple healthcare facilities, with particular success in managing complex constraint 

scenarios involving multiple departments and specialist requirements. 

 



              European Journal of Computer Science and Information Technology,13(29),89-96,2025 

 Print ISSN: 2054-0957 (Print)  

                                                                            Online ISSN: 2054-0965 (Online) 

                                                                      Website: https://www.eajournals.org/                                                        

                         Publication of the European Centre for Research Training and Development -UK  

92 
 

Performance metrics revealed compelling advantages in both solution quality and computational efficiency. 

Research conducted on quantum computing applications in optimization problems [6] demonstrated that 

quantum-assisted algorithms achieved convergence rates approximately 2.5 times faster than classical 

methods when handling comparable scheduling complexities. The study showed that for healthcare 

facilities with 200-300 staff members, the quantum approach successfully maintained optimization quality 

while reducing computational overhead by 40% compared to traditional scheduling systems. 

 

The scalability analysis proved particularly noteworthy, as the quantum solution exhibited robust 

performance characteristics across varying problem sizes. The system demonstrated consistent efficiency 

in handling constraint satisfaction, maintaining solution quality even as the number of scheduling variables 

increased. Testing revealed that the quantum-assisted approach particularly excelled in scenarios requiring 

simultaneous optimization of multiple interdependent factors, such as staff qualifications, shift preferences, 

and departmental coverage requirements, while adhering to strict healthcare regulatory guidelines. 

 

Table 2: Quantum vs Traditional Scheduling: Performance Comparison Metrics [5, 6] 

Performance Indicator Improvement Percentage (%) 

Scheduling Efficiency 35 

Computational Overhead Reduction 40 

Constraint Satisfaction Rate 95 

Staff Coverage Optimization 85 

Resource Utilization Efficiency 75 

 

DISCUSSION 

 

The implementation of quantum computing solutions in healthcare workforce scheduling has demonstrated 

significant potential for improving operational efficiency in healthcare settings. According to research on 

emergency department operations and staff management [7], efficient scheduling systems can substantially 

impact patient care delivery, particularly in high-stress environments where proper staff allocation directly 

influences patient outcomes. The study demonstrates that optimized scheduling systems can lead to 

improved emergency department throughput and enhanced staff utilization patterns, particularly during 

peak demand periods when traditional scheduling methods often fall short. 

 

The clinical impact of enhanced scheduling capabilities extends beyond basic operational metrics to 

influence critical care delivery and patient safety. Research focusing on healthcare workforce management 

[8] highlights that improved scheduling systems can significantly impact both staff performance and patient 

care quality. The study revealed that healthcare facilities implementing advanced scheduling solutions 

experienced notable improvements in maintaining appropriate staff-to-patient ratios, particularly in high-
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acuity departments where consistent specialist coverage is crucial. This optimization of workforce 

distribution has shown particular value in intensive care units and emergency departments, where timely 

access to qualified personnel directly impacts patient outcomes. 

 

These improvements in scheduling efficiency demonstrate the potential of quantum computing applications 

in healthcare operations management. The enhanced capability to rapidly adjust staffing patterns while 

maintaining compliance with healthcare regulations represents a significant advancement in workforce 

management. This technological approach shows promise in addressing the complex challenges of 

healthcare scheduling, particularly in environments where multiple specialists and varying levels of care 

must be coordinated simultaneously. 

 

Table 3: Quantum Computing Impact on Healthcare Operations and Clinical Outcomes [7, 8] 

Impact Indicator Performance Improvement (%) 

Emergency Department Efficiency 85 

Staff Utilization Rate 78 

Peak Demand Management 92 

Staff-to-Patient Ratio Compliance 88 

Specialist Coverage Effectiveness 95 

Healthcare Regulation Compliance 97 

 

Technical Challenges and Limitations 

The implementation of quantum computing solutions in healthcare scheduling systems faces several 

significant technical challenges that require careful consideration. According to comprehensive research on 

quantum computing applications in healthcare [9], the fundamental challenges include quantum 

decoherence and the limited availability of quantum bits (qubits) in current hardware implementations. The 

study emphasizes that while quantum computing shows promise for complex optimization problems in 

healthcare, current technologies face significant constraints in maintaining quantum states long enough for 

complex computations, particularly in real-world healthcare environments where multiple variables must 

be considered simultaneously. 

 

Integration with existing healthcare management systems presents another substantial challenge, as 

highlighted in research on healthcare system integration [10]. The study reveals that healthcare facilities 

face significant complexity in implementing new technological solutions, particularly when dealing with 

existing infrastructure and maintaining continuous operations. The integration of quantum computing 

solutions must address challenges related to data security, system interoperability, and the need for real-

time processing capabilities while ensuring compliance with healthcare regulations and maintaining 

operational efficiency across different departments. 
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The technical implementation must also consider the practical limitations of current quantum hardware and 

its ability to handle the scale of healthcare scheduling problems. This includes addressing the challenges of 

data preprocessing, error correction, and the development of hybrid classical-quantum approaches that can 

effectively manage the computational requirements of large-scale healthcare facilities while maintaining 

solution quality and operational reliability. 

 

Table 4: Quantum Computing Implementation: Technical Challenges and Success Rates [9, 10] 

Technical Challenge Area Current Success Rate (%) 

Quantum State Maintenance 65 

System Integration Efficiency 72 

Data Security Compliance 95 

Real-time Processing Capability 78 

Error Correction Rate 82 

Hardware Scalability 55 

Interoperability Achievement 68 

 

Future Directions 

The evolution of quantum computing in healthcare workforce management presents several promising 

research directions. According to comprehensive research in quantum healthcare applications published in 

Science Direct [11], future implementations of quantum computing systems could potentially reduce 

computational complexity in healthcare scheduling by up to 40% compared to classical methods. The study 

emphasizes that next-generation quantum systems could enable more sophisticated approaches to resource 

allocation, particularly in complex healthcare networks where multiple facilities must coordinate staff 

assignments simultaneously. 

 

Integration of advanced predictive capabilities with quantum-assisted scheduling represents another crucial 

area for development. Recent research on quantum computing's role in healthcare technology [12] suggests 

that combining quantum algorithms with machine learning could enhance scheduling accuracy by 

predicting staffing needs based on historical patterns and real-time data analysis. The study highlights that 

this integration could particularly benefit emergency departments and intensive care units, where rapid and 

accurate staff allocation directly impacts patient outcomes. 

 

The development of specialized quantum algorithms specifically designed for healthcare scheduling 

workflows represents a promising avenue for future research. These tailored algorithms could better address 

the unique challenges of medical workforce management while incorporating essential factors such as staff 

specialization requirements, regulatory compliance, and varying levels of care complexity. This targeted 
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development approach could lead to more efficient and effective healthcare delivery systems, particularly 

in settings where precise resource allocation is critical for maintaining high standards of patient care. 

 

CONCLUSION 

 

The implementation of quantum computing for healthcare workforce rescheduling demonstrates 

remarkable potential in addressing the complex challenges of hospital staff management. The article 

findings highlight the significant advantages of quantum-assisted scheduling over traditional methods, 

particularly in handling multi-constraint optimization problems while maintaining high-quality solutions. 

The demonstrated improvements in scheduling efficiency, staff satisfaction, and operational effectiveness 

suggest that quantum-assisted scheduling could become an invaluable tool in healthcare operations 

management. This article shows particular promise in high-acuity settings where precise staff allocation 

directly impacts patient care outcomes. As quantum computing technology continues to evolve, its 

application in healthcare workforce management represents a transformative step toward more efficient and 

effective healthcare delivery systems. 
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