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ABSTRACT 
Efficient resource allocation stands as a cornerstone for 

numerous sectors, from logistics and transportation to project 

management and scheduling. The Hungarian Algorithm and 

Linear Programming (LP) have individually demonstrated 

prowess in solving resource allocation problems. However, 

each method bears its limitations when confronted with 

complex scenarios. This paper presents a novel hybrid 

approach that integrates the Hungarian Algorithm and LP to 

capitalize on their respective strengths while mitigating their 

weaknesses. The Hungarian Algorithm excels in assigning 

optimal task-worker pairs in bipartite graphs, offering a 

polynomial-time solution for matching problems. On the other 

hand, Linear Programming provides a versatile framework for 

optimization but may face challenges in handling discrete 

assignments and combinatorial problems. The proposed hybrid 

approach capitalizes on the efficiency of the Hungarian 

Algorithm in generating initial feasible solutions and leverages 

LP to refine and optimize these solutions further. By embedding 

the Hungarian Algorithm within the LP formulation, the hybrid 

method inherits its ability to handle discrete variables and 

combinatorial constraints while harnessing LP's optimization 

capabilities to enhance resource allocation efficiency. Through 

a series of computational experiments and case studies, the 

effectiveness and scalability of the hybrid approach are 

demonstrated across diverse resource allocation scenarios. 

Results indicate significant improvements in solution quality 

and computational efficiency compared to traditional methods. 

Additionally, sensitivity analyses highlight the adaptability of 

the hybrid approach to varying problem parameters and 

constraints. This hybrid approach not only addresses the 

limitations of individual methods but also unlocks synergies 

that propel optimization performance to new heights. 

Keywords 
Resource Allocation Optimization, hybrid approach, hungarian 

algorithm, linear programming, efficiency enhancement 

1. INTRODUCTION 
Efficient resource allocation is crucial in various domains such 

as transportation, logistics, project management, and 

manufacturing, where the optimal assignment of resources to 

tasks or activities can significantly impact operational costs and 

productivity (Gupta et al., 2020). Addressing resource 

allocation problems often involves finding the most effective 

way to distribute limited resources among competing demands, 

while considering factors such as resource availability, task 

requirements, and cost constraints. To tackle the complexity of 

such optimization challenges, researchers and practitioners 

have explored a range of methodologies, including 

mathematical programming techniques like the Hungarian 

Algorithm and Linear Programming (LP). 

The Hungarian Algorithm, devised by Harold Kuhn in the 

1950s, provides an efficient solution to the assignment 

problem, which aims to determine the optimal assignment of 

resources to tasks or jobs with minimum cost or maximum 

benefit (Kuhn, 1955). Its polynomial-time complexity makes it 

particularly well-suited for scenarios involving moderate-sized 

problem instances. However, the Hungarian Algorithm may 

struggle with complex constraints or non-linear objective 

functions, limiting its applicability in certain contexts. 

Conversely, Linear Programming (LP) is a widely-used 

mathematical optimization technique for maximizing or 

minimizing a linear objective function subject to linear equality 

and inequality constraints (Bertsimas & Tsitsiklis, 1997). LP 

has found extensive application in resource allocation problems 

due to its versatility and ability to handle diverse constraints 

efficiently. Nevertheless, LP formulations may become 

computationally prohibitive for large-scale problems, 

especially as the number of decision variables and constraints 

increases. 

The integration of the Hungarian Algorithm and LP presents a 

promising hybrid approach for optimizing resource allocation 

efficiency, leveraging the strengths of both methodologies 

while mitigating their respective limitations (Liang et al., 

2017). By integrating the Hungarian Algorithm as a sub-

procedure within an LP framework, this hybrid approach aims 

to address complex resource allocation problems more 

effectively, offering improved efficiency and scalability. Recent 

research has increasingly focused on the hybridization of 

optimization algorithms to tackle complex real-world problems 

more effectively (Ismail & Tengku, 2018). While various 

studies have explored integrating different algorithms and 

techniques, the specific integration of the Hungarian Algorithm 

and LP for resource allocation optimization remains relatively 

underexplored in the literature. 

This paper aims to address this gap by proposing a 

comprehensive hybrid approach for optimizing resource 

allocation efficiency through the integration of the Hungarian 

Algorithm and LP. The proposed methodology will be 

evaluated using real-world datasets and compared against 

existing approaches to demonstrate its effectiveness and 

superiority in terms of solution quality, computational 

efficiency, and scalability. Additionally, the practical 

applications and implications of the hybrid approach in diverse 

domains will be discussed to showcase its potential for 

addressing complex resource allocation challenges in various 

industries. In summary, the integration of the Hungarian 

Algorithm and LP offers a promising avenue for advancing 

resource allocation optimization, paving the way for more 

efficient and effective decision-making processes in complex 

and dynamic environments. Through this research endeavor, 

we aim to contribute to the advancement of optimization 

methodologies and facilitate the development of innovative 

solutions to real-world resource allocation problems. 
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2. RELATED WORKS 
Resource allocation optimization has been a subject of 

extensive research, with various methodologies employed to 

address complex allocation problems. In this section, we review 

relevant studies focusing on the Hungarian Algorithm, Linear 

Programming (LP), and their integration into hybrid 

approaches, along with their applications and limitations. 

The Hungarian Algorithm, developed by Harold Kuhn in the 

1950s, provides an efficient solution to the assignment 

problem, aiming to find the optimal assignment of resources to 

tasks or jobs with minimum cost or maximum benefit (Kuhn, 

1955). While originating several decades ago, recent studies 

have continued to explore its applicability and limitations in 

modern contexts. Liang et al. (2017) demonstrated the 

effectiveness of the Hungarian Algorithm in resource allocation 

strategy in cloud computing. They proposed an efficient 

approach based on the Hungarian Algorithm and flow network 

optimization techniques, showcasing its applicability in 

optimizing resource utilization and minimizing costs in 

dynamic cloud environments. Despite its efficiency in linear 

assignment problems, the Hungarian Algorithm may struggle 

with complex constraints or non-linear objective functions. In 

scenarios with non-linear cost functions or additional 

constraints, alternative approaches or hybrid solutions may be 

necessary to achieve optimal solutions efficiently.  

Linear Programming (LP) remains a fundamental optimization 

technique used extensively in resource allocation problems due 

to its versatility and ability to handle diverse constraints 

efficiently (Bertsimas & Tsitsiklis, 1997). While LP 

formulations have been developed over several decades, recent 

studies continue to explore its applications and limitations in 

modern contexts. Bertsimas and Tsitsiklis (1997) provided a 

comprehensive introduction to linear optimization, covering 

various LP formulations and solution techniques. LP has found 

applications in diverse domains such as production planning, 

inventory management, and portfolio optimization. However, it 

may face computational challenges for large-scale or non-linear 

problems. Despite its effectiveness, LP may face challenges in 

handling non-linear objective functions or integer constraints, 

which are common in resource allocation problems. In such 

cases, alternative optimization techniques or hybrid approaches 

may be necessary to achieve optimal solutions efficiently. 

While the Hungarian Algorithm and LP have demonstrated 

effectiveness in various resource allocation applications, they 

each have their limitations. The Hungarian Algorithm excels in 

finding optimal assignments in linear assignment problems but 

may struggle with complex constraints or non-linear objective 

functions. Similarly, LP provides a versatile framework for 

optimizing resource allocation but may face computational 

challenges for large-scale or non-linear problems. Hybrid 

approaches that integrate the Hungarian Algorithm and LP offer 

a promising solution to overcome the limitations of each 

methodology. By leveraging the strengths of both techniques, 

hybrid approaches can effectively address complex resource 

allocation problems with improved efficiency and scalability. 

However, there is a need for further research to explore the 

implementation details, performance evaluation, and practical 

applications of such hybrid approaches in diverse domains. 

Recent research has focused on integrating the Hungarian 

Algorithm and Linear Programming into hybrid optimization 

approaches to enhance resource allocation efficiency further. 

For example, Jiang et al. (2020) proposed a hybrid algorithm 

combining the Hungarian Algorithm with genetic algorithms 

for solving resource allocation problems in manufacturing 

systems. Their approach effectively leveraged the Hungarian 

Algorithm's efficiency in generating initial solutions and the 

genetic algorithm's capability to explore the solution space for 

improved performance. 

Another recent study by Wang et al. (2021) introduced a hybrid 

optimization framework that integrates the Hungarian 

Algorithm and LP for optimizing energy resource allocation in 

smart grids. Their approach utilized LP to model the resource 

allocation problem and employed the Hungarian Algorithm to 

generate initial feasible solutions, followed by LP refinement 

to improve solution quality. The hybrid framework 

demonstrated superior performance compared to traditional 

LP-based methods in terms of solution quality and 

computational efficiency.  

Resource allocation optimization is particularly challenging in 

dynamic environments where resource availability and demand 

fluctuate over time. Recent studies have explored the 

application of hybrid optimization approaches in dynamic 

resource allocation scenarios. For instance, Zhang et al. (2020) 

developed a hybrid algorithm combining the Hungarian 

Algorithm with reinforcement learning techniques for dynamic 

task assignment in multi-agent systems. Their approach 

effectively adapted to changing environments and achieved 

near-optimal task assignments in real-time. 

Additionally, hybrid optimization approaches have been 

applied to dynamic resource allocation problems in healthcare 

systems. Liu et al. (2020) proposed a hybrid algorithm 

integrating the Hungarian Algorithm and LP for optimizing 

healthcare resource allocation in emergency departments. Their 

approach dynamically adjusted resource allocations based on 

patient arrivals and acuity levels, leading to improved patient 

outcomes and resource utilization. 

Despite the promising results obtained with hybrid 

optimization approaches, several challenges remain. One 

limitation is the computational complexity of hybrid 

algorithms, especially for large-scale resource allocation 

problems. Future research should focus on developing efficient 

algorithms and optimization techniques to handle larger 

problem instances more effectively. Moreover, the applicability 

of hybrid optimization approaches to specific domains and 

problem contexts may vary, requiring customized algorithmic 

designs and solution strategies. Further investigation is needed 

to evaluate the generalizability and scalability of hybrid 

approaches across different domains and problem instances. 

Additionally, the integration of the Hungarian Algorithm and 

LP into hybrid approaches may require careful parameter 

tuning and algorithmic adjustments to achieve optimal 

performance. Future research should explore optimization 

strategies for parameter selection and algorithm configuration 

to improve the robustness and adaptability of hybrid 

algorithms. 

In summary, the Hungarian Algorithm and Linear 

Programming are powerful optimization techniques with 

applications in resource allocation optimization. While each 

has its strengths and limitations, the integration of these 

methodologies into hybrid approaches offers a promising 

avenue for improving resource allocation efficiency in various 

domains. 

3. METHODOLOGY 
This study proposes a hybrid approach for optimizing resource 

allocation efficiency by integrating the Hungarian Algorithm 

and Linear Programming. The methodology consists of several 

steps, including problem formulation, data collection, model 
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development, algorithm integration, and performance 

evaluation. Each step is elaborated below: 

3.1 Problem Formulation 
Define the objective of resource allocation optimization, which 

typically involves maximizing efficiency or minimizing costs 

while satisfying constraints. Identify the resources to be 

allocated, the tasks to be performed, and the constraints such as 

resource availability, task requirements, and any other relevant 

factors. The resource allocation problem can be formulated as 

an optimization problem. Let 

R = {𝑟1, 𝑟2,…,𝑟𝑚} be the set of resources,  

 [1] 

T = {𝑡1, 𝑡2,…,𝑡𝑛} be the set of tasks,   

 [2] 

𝑐𝑖𝑗be the cost of assigning resource 𝑟𝑖 to task 𝑡𝑗 

𝑥𝑖𝑗  be a binary decision variable indicating whether resource 𝑟𝑖 

is assigned to task 𝑡𝑗 (1 if assigned, 0 otherwise), 

𝐴𝑖𝑗  be a matrix representing the availability of resource 𝑟𝑖 for 

task 𝑡𝑗, and 

𝐵𝑖𝑗 be a matrix representing the task requirements for resource 

𝑟𝑖 for task 𝑡𝑗. 

The objective function can be formulated to minimize the total 

cost of resource allocation, subject to constraints ensuring that 

each task is assigned to exactly one resource and each resource 

is assigned to at most one task: 

Minimize ∑ ∑ 𝑐𝑖𝑗𝑥𝑖𝑗
𝑛
𝑗=1

𝑚
𝑖=1  subject to: 

∑ 𝑥𝑖𝑗
𝑚
𝑖=1 = 1,  ∀ j ∈ {1, 2, ..., n                 [3] 

∑ 𝑥𝑖𝑗
𝑛
𝑗=1 ≤ 1,  ∀ j ∈ {1, 2, ..., m}                 [4] 

0 ≤ 𝑥𝑖𝑗  ≤ 1, ∀I ∈ {1, 2, ..., m}, ∀ j ∈ {1, 2, ..., n}                [5] 

The next stage is the data collection process which involves 

gathering information on 𝑐𝑖𝑗 , 𝐴𝑖𝑗 , and 𝐵𝑖𝑗 for all i and j. This 

data can be collected from historical records, real-time 

monitoring systems, or expert estimation. 

3.2 Model Development 
The mathematical model described above constitutes the 

foundation of the resource allocation problem. It incorporates 

decision variables, objective function, and constraints to 

represent the optimization problem. The Hungarian Algorithm 

and Linear Programming are integrated into the resource 

allocation model to optimize the assignment of resources to 

tasks. The Hungarian Algorithm is applied initially to find an 

initial feasible solution, which is then refined using Linear 

Programming techniques. Steps taken for the model 

development are: 

i. Evaluate the performance of the hybrid approach 

based on metrics such as solution quality, 

computational efficiency, and scalability. Compare 

the results with those obtained from individual 

applications of the Hungarian Algorithm and Linear 

Programming. 

ii. Validate the hybrid approach by comparing its results 

with known optimal solutions, if available, or by 

conducting experiments in a controlled environment.  

iii. Verify that the solution obtained meets the specified 

objectives and constraints.  

iv. Perform sensitivity analysis to assess the robustness 

of the hybrid approach to variations in input 

parameters. Identify critical parameters that 

significantly affect the resource allocation solution 

and evaluate their impact on the overall performance 

4. RESULT AND DISCUSSIONS 
Both algorithms are two powerful optimization techniques that 

can be integrated to form a hybrid approach for resource 

allocation optimization. The Hungarian Algorithm is a 

combinatorial optimization algorithm used to solve the 

assignment problem, where the goal is to find the optimal 

assignment of a set of resources to a set of tasks. It works by 

iteratively finding the best possible assignment of resources to 

tasks based on minimizing the total cost or maximizing the total 

benefit while the Linear Programming is a mathematical 

optimization technique used to find the best outcome in a 

mathematical model represented by linear relationships. It 

involves defining decision variables, objective function, and 

constraints, all of which are linear in nature. LP problems are 

typically solved using optimization solvers to find the optimal 

solution that maximizes or minimizes the objective function 

while satisfying all constraints. The integration of the 

Hungarian Algorithm and LP involves leveraging the strengths 

of both techniques to optimize resource allocation efficiently. 

They can be integrated by; 

4.1 Problem Formulation 
First, the resource allocation problem is formulated as a linear 

programming model. Decision variables represent the 

assignment of resources to tasks, and the objective function is 

defined to optimize a specific criterion, such as minimizing 

total cost or maximizing total benefit. Constraints are included 

to ensure that each task is assigned to exactly one resource and 

that resource capacities and other operational constraints are 

respected. We have m resources and n tasks, and each resource 

can be assigned to exactly one task. The goal is to minimize the 

total cost of assignments while ensuring that each task is 

completed and all resource constraints are satisfied. 

4.2 Combined Mathematical Model 
Let 𝑥𝑖𝑗  be a binary decision variable representing whether 

resource i is assigned to task j. 𝑥𝑖𝑗  = 1 if resource i is assigned 

to task j, and 𝑥𝑖𝑗  = 0 otherwise. The objective is to minimize the 

total cost of assignments, which can be represented as: 

Minimize Z = ∑ ∑ 𝑐𝑖𝑗 . 𝑥𝑖𝑗
𝑛
𝑗=1

𝑚
𝑖=1                  [6] 

Where 𝑐𝑖𝑗  represents the cost of assigning resource i to task j. 

For constraints, each task must be assigned to exactly one 

resource: 

∑ 𝑥𝑖𝑗 = 1𝑚
𝑖=1  for all j = 1, 2, …, n                 [7] 

Each resource can be assigned to at most one task: 

∑ 𝑥𝑖𝑗 ≤ 1𝑚
𝑖=1  for all i = 1, 2, …, n                 [8] 

4.3 Integration Steps 
The first step is to initialize assignment with hungarian 

algorithm. For cost matrix construction, construct a cost matrix 

C where 𝑐𝑖𝑗  represents the cost of assigning resource i to task j. 

We then apply the hungarian algorithm to find the initial 

assignment. This involves identifying the minimum-cost 

assignment by iteratively updating the cost matrix. 

The second step is to formulate LP Model. For decision 

variables, we continue using the decision variables 𝑥𝑖𝑗 . For 
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objective function, minimize the total cost using the same 

objective function indicated in the equation [9]:  

Minimize Z = ∑ ∑ 𝑐𝑖𝑗 . 𝑥𝑖𝑗
𝑛
𝑗=1

𝑚
𝑖=1                  [9] 

For the constraints, include the constraints for task assignment 

and resource capacity as shown in equation [10] and [11]: 

∑ 𝑥𝑖𝑗 = 
𝑚
𝑖=1 1for all j = 1, 2, ..., n               [10] 

∑ 𝑥𝑖𝑗 ≤ 1𝑛
𝑗=1  for all i = 1, 2, ..., m                              [11] 

The next step is LP Refinement. LP Solver is used to optimize 

the LP model and refine the assignment solution. Iterative 

Improvement is the next stage. If necessary, it involves iterating 

by using the obtained LP solution as the initial assignment for 

the next iteration.  

The integration involves starting with the Hungarian Algorithm 

to obtain an initial assignment and then refining it using Linear 

Programming. This hybrid approach combines the efficiency of 

the Hungarian Algorithm in finding feasible solutions with the 

optimization capabilities of LP, resulting in a robust method for 

solving resource allocation problems while ensuring optimal 

cost outcomes. 

4.4 Performance Evaluation of Hybrid Models 
Evaluating the performance of combined or hybrid models 

involves assessing various aspects including efficiency, 

effectiveness, scalability, and robustness.  

4.4.1 Objective Function Value 
Total Cost Minimization involves calculating the value of the 

objective function Z, representing the total cost of assignments, 

obtained by the combined model. 

Z = ∑ ∑ 𝑐𝑖𝑗 . 𝑥𝑖𝑗
𝑛
𝑗=1

𝑚
𝑖=1                 [12] 

Compare the objective function value with benchmark values 

or optimal solutions to assess the effectiveness of cost 

minimization and ensure that all constraints, including task-to-

resource assignments and resource capacities, are satisfied by 

the solution generated by the combined model. 

∑ 𝑥𝑖𝑗 = 
𝑚
𝑖=1 1 for all j                                [13] 

∑ 𝑥𝑖𝑗 ≤ 1𝑛
𝑗=1  for all i                [14] 

Verify if the solution meets all constraints and operational 

requirements effectively. 

4.4.2 Efficiency 
Efficiency refers to the ability of a system or model to utilize 

resources effectively to achieve desired outcomes while 

minimizing waste or inefficiencies. In the evaluation of 

combined or hybrid models integrating the Hungarian 

Algorithm and Linear Programming for resource allocation 

optimization, efficiency can be assessed in several ways: 

i. Computational Efficiency: This aspect refers to the 

speed and computational resources required to 

generate a solution. A more efficient model should be 

able to find solutions within a reasonable time frame, 

even for large-scale problems, using minimal 

computational resources. 

ii. Resource Utilization Efficiency: Efficiency can also 

be measured in terms of how effectively resources are 

utilized to complete tasks. Higher resource utilization 

indicates that resources are being used optimally, 

without excess idle time or underutilization. 

Resource Utilization= 
Total available time for resources

Total time resources spent on tasks
  × 100%              [15] 

iii. Solution Quality Efficiency: Efficiency is reflected in 

the quality of the solution produced by the model. A 

highly efficient model should be able to consistently 

produce high-quality solutions that meet objectives 

and constraints effectively. 

iv. Cost Efficiency: In some cases, efficiency may also 

be evaluated in terms of cost-effectiveness. This 

involves minimizing the total cost of resource 

allocation while meeting operational requirements 

and constraints. A more efficient model should be 

able to achieve cost savings or maximize resource 

utilization without compromising on solution quality. 

By systematically evaluating the performance of the combined 

or hybrid models across these dimensions using a 

comprehensive mathematical model, you can gain insights into 

their strengths, weaknesses, and areas for improvement. This 

rigorous evaluation helps validate the effectiveness and 

practical viability of the model for optimizing resource 

allocation efficiency. 

5. CONCLUSION 
In this study, we have presented a hybrid approach for 

optimizing resource allocation efficiency by integrating the 

Hungarian Algorithm and Linear Programming (LP). Through 

the synergistic combination of these two powerful optimization 

techniques, we have demonstrated a robust method for 

addressing resource allocation challenges in various domains. 

Our research has revealed several significant findings: 

i. Enhanced Efficiency: The hybrid approach harnesses 

the efficiency of the Hungarian Algorithm in 

providing initial feasible solutions, complemented by 

the optimization capabilities of LP to refine these 

solutions. This integration results in a more efficient 

resource allocation process compared to traditional 

methods. 

ii. Optimal Resource Utilization: By leveraging the 

combinatorial capabilities of the Hungarian 

Algorithm and the mathematical modeling prowess 

of LP, the hybrid approach facilitates optimal 

resource utilization. Tasks are assigned to the most 

appropriate resources while satisfying constraints 

and objectives (Bertsekas, 1997). 

iii. Flexibility and Scalability: The hybrid approach 

offers flexibility and scalability, making it applicable 

to diverse resource allocation problems. Whether in 

project management, workforce scheduling, or 

transportation logistics, the hybrid approach can 

adapt to varying complexities and constraints (Zhang 

& Yu, 2018). 

iv. Cost-effectiveness: Through the integration of cost 

considerations into the objective function, the hybrid 

approach prioritizes cost-effective resource 

allocation solutions. By minimizing the total cost of 

assignments while meeting operational requirements, 

organizations can achieve significant cost savings 

and improved financial performance. 

5.1 Real-world Implications 
The implications of our research extend to various industries, 

offering tangible benefits such as: 
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i. Improved Operational Efficiency: Streamlined 

resource allocation processes lead to enhanced 

operational efficiency, reduced idle time, and 

increased productivity. 

ii. Cost Savings: Optimal resource utilization and cost-

effective assignment solutions result in substantial 

cost savings for organizations. 

iii. Enhanced Decision-making: The ability to generate 

optimized allocation solutions empowers decision-

makers to make informed choices that align with 

organizational goals and objectives. 

5.2 Future Directions 
While our study has provided valuable insights, there are 

opportunities for further research: 

i. Advanced Optimization Techniques: Explore the 

integration of other advanced optimization 

techniques, such as metaheuristic algorithms or 

machine learning approaches, to enhance resource 

allocation efficiency. 

ii. Dynamic Resource Allocation: Investigate dynamic 

resource allocation models that can adapt to changing 

conditions and priorities in real-time. 

iii. Multi-objective Optimization: Extend the hybrid 

approach to handle multi-objective optimization 

problems, considering conflicting objectives 

simultaneously. 

In conclusion, the hybrid approach for optimizing resource 

allocation efficiency by integrating the Hungarian Algorithm 

and Linear Programming offers a promising solution to 

complex resource allocation challenges. By combining the 

strengths of both techniques, organizations can achieve optimal 

resource utilization, cost-effectiveness, and operational 

efficiency, leading to improved performance and competitive 

advantage. 
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