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Abstract—The development of smart devices and the 

enhancement of the 5G network pose a challenge in the 

management of resources especially in the dynamic and high-

density networks. This paper proposes a machine learning 

approach for the optimization of resource allocation for 5G 

Internet-of-things (IoT) networks. The framework integrates real-

time data processing, dynamic routing and edge computing for the 

improvement of the network throughput and quality of service 

(QoS). The suggested methods have been developed and evaluated 

in MATLAB simulations have shown important enhancements in 

latency, bandwidth and energy efficiency. Through the 

overcoming the limitations of the conventional methods, this 

research offers the solutions for the resource allocation problem 

in the 5G-IoT networks which are scalable, adaptive and efficient.  

Keywords—Machine Learning, 5G-IoT networks, smart 

infrastructure, resource allocation, quality of service. 

I. INTRODUCTION 

Advancements in wireless communication have resolved 

difficulties inside IoT systems. The low latency, widespread 

connectivity, and unparalleled communication rates of 5G 

networks have enhanced the Internet of Things (IoT). [1-2]. The 

rapid proliferation of IoT devices and diverse requirements 

affect the allocation of network resources. Quality of Service 

and traffic management impede resource allocation in 5G 

Internet of Things. In complex, evolving systems, machine 

learning enhances resource efficiency and exhibits resilience 

and scalability. A multitude of resource allocation methods 

exists. Intelligent control facilitates dynamic decision-making, 

either manually or automatically. Data-driven machine learning 

forecasts network conditions and allocates resources in real-

time [4]. Machine learning algorithms distribute resources 

according to network demand, device requirements, and 

configuration. Network stability and performance have been 

enhanced. Data-driven models offer intelligent, flexible 

assessments, rendering machine learning essential for resource 

allocation [5]. Simulations employing machine learning 

techniques and supervised, unsupervised, and reinforcement 

learning models forecast network behavior, node mobility, and 

performance. These attributes diminish energy consumption 

and expenses, enhancing the performance and sustainability of 

5G-IoT networks. Machine learning algorithms autonomously 

assign resources according to data flow and device load for 

intelligent traffic management amid high network congestion. 

Resources must be provided proactively in 5G-IoT networks, 

because network conditions may fluctuate fast to meet client 

demands. Through the assessment of network data and the 

improvement of system resilience and scalability, machine 

learning models augment IoT applications across several 

sectors. Machine learning in 5G networks enhances and 

broadens IoTs applications that necessitate rapid decision-

making and resource optimization. Machine learning 

diminishes latency and energy consumption on the Internet of 

Things, enhancing the reliability of essential applications. The 

introduction of IoT networks and automation projects in smart 

cities, industry, and healthcare encountered difficulties [6]. 

Adaptive machine learning methodologies predict and mitigate 

5G-IoT congestion. IoT devices can adjust without 

compromising performance [7]. The technique produces 

research on the scalability and resilience of industrial IoT 

networks. These solutions address difficulties and integrate IoT 

applications across several industries for a more intelligent and 

sustainable future. Machine learning enhances resource 

allocation for 5G Internet of Things. This research investigates 

5G-facilitated IoT intelligence, robustness, and resource 

distribution. Figure 1 illustrates the structure of the 5G-IoT 

network and its applications. Figure 1 illustrates the 5G-IoT 

network architecture, device interconnectivity, medical 

apparatus, smart urban environments, agricultural applications, 

intelligent residences, and transportation utilization. These 

domains enhance QoS resource distribution. Efficient resource 

allocation enhances sector dependability, energy efficiency, 

and responsiveness. Real-time data processing and 

transmission exhibit versatility in 5G-IoT networks. Flexibility 

enhances IoT innovation in dynamic environments. Administer 

IoT resources to fulfill application requirements and guarantee 

network efficiency.The document proceeds as follows: Section 

2 delineates the methodologies employed in the investigation; 
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Section 3 proposes a solution that amalgamates real-time data 

analysis, edge computing integration, and a resource 

optimization algorithm; Section 4 analyzes the study's results; 

and Section 5 concludes and discusses prospective future 

endeavors. 

 

Fig. 1. 5G-IoT network application areas and architecture 

A. Main Contributions 

The main contributions of this research are as follows: 

▪ Development of the real-time data analysis and dynamic 

routing system using ML techniques to optimize resource 

allocation in 5G-IoT networks. 

▪ Proposed edge computing integration to optimize resource 

allocation solutions. 

▪ Optimization of resource allocation process, i.e., considering 

traffic management, QoS, device requirements and data 

flow, resource management and real-time optimization is 

proposed using machine learning techniques. 

II. RELATED WORK 

The salient features of existing approaches are discussed in this 

section. DYSOLVE by Kukkalli et al. [8] addressed dynamic 

network partitioning utilizing multi-operator network resources. 

This approach effectively manages dynamic fragmentation in 

5G networks through the analysis of automobile emergencies. 

availability. The approach entails the monitoring and regulation 

of dynamic network fragmentation. This constraint implies 

improved management and alternative modifications to 

enhance system robustness and efficiency in dynamic networks.  

Li and Hu proposed rapid SDN-based data processing [9]. A 

profit-loss dynamic resource allocation equilibrium enhances 

network efficiency. This study enhances dynamic network 

resource allocation for eMBB and uRLLC, centralizes network 

management, updates protocols, and reduces latency in delay-

sensitive networks. This technology possesses limitations that 

necessitate extensive IoT network evaluation and modifications. 

Wu et al. [10] proposed network fragmentation for the adaption 

of 5G-IoT infrastructure and resource allocation. A model for 

resource allocation network benefits is created utilizing 

network particle properties. Investigate enhanced flexibility in 

network resource allocation. This deployment technique 

assigns resources through perpetually updated user groups but 

necessitates complete integration and oversight.  

Randhava et al. [11] proposed D2D-based dynamic spectrum 

allocation for the management of 5G traffic. It reduces 

interference and enhances performance. This enhances resource 

allocation, performance, interference, and Signal-to-

Interference-plus-Noise Ratio (SINR). The method enhanced 

system performance by 40.83%, reduced interference impact by 

24.15%, and improved SINR by 66.35%. This method is 

effective for small systems but necessitates additional resources 

for extensive networks. Pinto et al. assert that next-generation 

wireless networks ought to implement segmentation for 

resource allocation and user isolation. [12]. Evaluate the 

suggested strategy against alternative approaches and 

implement it in 5G production networks. Simulation of 

heterogeneous user traffic within a Rayleigh fading channel 

decreased flow completion time and packet loss. Information 

about real-world adaptation and transit layer was required for 

effectiveness. We have not examined the optimization of 

machine learning resource allocation in 5G IoT networks. 

MATLAB models utilize real-time data. Flexibility, 

extensibility, and pragmatic applications address resource 

management requirements. Prior investigations concentrated 

on certain applications or contexts. This methodology 

addresses issues and devises scalable and adaptive resource 

allocation strategies. Evaluating the answers, advantages, and 

disadvantages of prior approaches demonstrates advancements 

in resource optimization. This study indicates that the dynamic 

requirements of the 5G-IoT network necessitate innovative and 

adaptable solutions. Machine learning-driven resource 

allocation is crucial for the changing requirements of 5G-IoT 

applications. Our real-time application testing, adaptability, and 

scalability for mission-critical IoT resource allocation surpass 

previous methodologies in this comparison.  

III. PROPOSED ML TECHNIQUES FOR OPTIMIZING RESOURCE 

ALLOCATION IN 5G-IOT NETWORKS 

The proposed solution focuses on efficient resource 

allocation using 5G network in IoT devices. This model is based 

on real-time data analysis, implementation of dynamic routing 

and use of edge computing technologies. The key components 

of the framework include 5G network connectivity, edge 

computing and efficient utilization of ML algorithms. The 

resource optimization process aims to improve the quality of 

data transmission and processing. In addition, this method 

balances network load, optimizes traffic management and 

provides flexible and scalable solutions for IoT applications. 

The proposed model is developed on MATLAB platform and 

aims to ensure consistent quality of service. The proposed 

framework consists of the following modules: 

▪ Real-time Data Analysis and Dynamic Routing 

▪ Edge Computing Integration 

▪ Algorithm for Resource Optimization 

A. Real-time Data Analysis and Dynamic Routing 

Real-time data analytics is critical for efficient resource 

allocation in 5G-IoT networks. Through this method, all 
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network elements, especially IoT devices and centralized 

systems, interact to control the flow of data and allocate optimal 

resources. Today, IoT devices often use communication 

networks to collect and process data. By processing this data in 

real-time, the system can make quick decisions, which in turn 

improves efficiency and productivity.Real-time data analysis 

and dynamic routing systems are used to ensure efficient 

resource allocation in 5G networks. This system monitors the 

data flow and assesses the load on the network and optimizes 

traffic to maintain system quality. Dynamic routing algorithms 

allow rapid adaptation to changes in network conditions. All 

these processes are carried out by ML methods that process data 

in real time and help make the most effective decisions. 

Definition 1: Dynamic routing is a method of selecting the 

most efficient way to process and deliver data based on network 

load and traffic analysis. 

Hypothesis 1: If real-time data analysis and dynamic routing 

systems are integrated, the overall network performance will 

increase by up to 30%. 

Proof: To prove Hypothesis 1, we express the relationship 

between network performance, real-time data analysis (RDA) 

and dynamic routing (DR). We denote the total network 

performance by 𝑃𝑡𝑜𝑡𝑎𝑙 , and 𝑃𝑛  is the network performance 

without real-time data analysis and dynamic routing. In addition, 

when RDA and DR are enabled, the performance increases by 

30%. Hence, the performance increase can be expressed by the 

following equation (1): 

𝑃𝑡𝑜𝑡𝑎𝑙 = 𝑃𝑛 ∗ (1 + 0.3)                           (1) 

Equation (1) shows that implementing real-time data 

analysis and dynamic routing systems increases network 

performance by 30% and proves the Hypothesis 1. 

Property 1: Real-time data analysis system ensures constant 

observation of network performance. 

Property 2: Dynamic routing facilitates optimal resource 

distribution and traffic distribution. 

B. Edge Computing Integration 

Edge computing is crucial for resource sharing in 5G-IoT. 

This approach examines peripheral network data without 

transmitting it to central servers. Consequently, data transfer 

durations are reduced, network bandwidth is optimized, and IoT 

devices exhibit enhanced performance. Data is gathered, 

evaluated, and analyzed via edge computing in proximity to IoT 

devices. This reduces network congestion and accelerates 

decision-making and information retrieval. The organization's 

network is fully stabilized, and system performance has been 

enhanced. The efficiency, scalability, and flexibility of 

advanced IoT edge computing services are augmented by these 

qualities. The hierarchy of edge computing is essential for the 

management of resources in 5G-IoT depicted in Figure 2. This 

framework emphasizes the importance of edge computing in 

terms of improving traffic management and quality of service, 

as well as network load balancing and efficient resource 

management for various IoT applications.  

Theorem 1: Implementing edge computing technologies 

reduces processing time by 20%, enabling efficient resource 

allocation in IoT devices. 

Proof: To prove the Theorem 1, the reduction in processing 

time ( 𝑡𝑝.𝑒 ) due to the introduction of advanced computing 

technology can be expressed as: 

𝑡𝑝.𝑒 = 𝑡𝑝.𝑐 ∗ (1 − 0.2)                       (2) 

Where 𝑡𝑝.𝑐is the processing time based on cloud computing; 

a factor of 1 − 0.2 represents the 20% reduction in processing 

time achieved with edge computing. In addition, the equation (3) 

is used to improve the efficiency of resource allocation: 

𝑅𝑎.𝑒𝑓𝑓 = 𝑗(𝑡𝑝.𝑒 , 𝑟𝑎)                           (3) 

Where 𝑗 is a function that reduces processing time, which 

improves resource allocation; 𝑟𝑎 is available resources in the IoT 

network.  

These equations show that edge computing reduces 

processing time by 20%, allowing efficient allocation of 

computing resources in IoT devices, thus proving Theorem 1. 

 

 

Fig. 2. Hierarchical framework for Edge Computing in 5G-IoT networks 

C. Algorithm for Resource Optimization 

Resource allocation must be considered as one of the critical 

problems in 5G-IoT networks. It is attended by ML methods in 

order to solve this problem. Moreover, to improve these 

methods, the MATLAB platform is used, as it provides powerful 

tools for modeling, simulation and analysis of data. Algorithms 

based on ML are aimed at dynamically allocating resources and 

ensuring consistent QoS for IoT devices. Moreover, ML 

methods allow creating models on the MATLAB platform 

necessary for traffic optimization and load balancing. These 

models reduce network latency and increase data processing 

efficiency. In addition, MATLAB visualization tools allow you 

to accurately assess network performance and test algorithms. 

Corollary 1: The use of dynamic algorithms by 

implementing ML methods optimizes traffic management of 

IoT devices, resulting in reduced data processing time. 

To optimize the resource allocation in 5G-IoT networks, 

algorithm 1 is provided. 
Algorithm 1: Optimization of resource allocation in 5G-IoT networks 

1. Initialization: { 𝐿𝑙:  load limit level; 𝑁:  number of IoT 

devices; 𝑅𝑎:  resource allocation coefficient; 𝑇𝑜𝑝𝑡:  optimized 

traffic time, 𝑇𝑟: reduced time}; 

2. Input: {𝑁 = 100} 

3. Output: {𝑅𝑎; 𝑇𝑜𝑝𝑡} 

4. Network modelling 
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5. Measuring initial data processing time 𝑇0 

6. If 𝑇0 > 𝐿𝑙 :  

                            then dynamically reallocate resources: 𝑅𝑎 = 𝑅𝑛;  

7. Optimized time estimation: 𝑇𝑜𝑝𝑡 = 𝑇0 − 𝑇𝑟 

8. Checking the achieved indicators                                                                                                               

9. Ending the algorithm 

Algorithm 1 provides efficient resource allocation in 5G-IoT 

networks, aims to reduce processing time and improve overall 

network performance. In Step 1, the variables and parameters 

are initialized.  In Step 2, the number of IoT devices is inputted 

into the algorithm. We have 100 IoT devices in our system. The 

IoT devices collect data and send it to the processing server. In 

Step 3, the optimized time is calculated which is the main result 

of the algorithm. This result is designed to minimize the 

processing and transmission time of the IoT devices. Step 4 runs 

the network simulation where the IoT devices send data packets. 

In Step 5, the raw data processing time for each device 𝑇0  is 

measured. This time represents the time it takes for data packets 

to travel from the device to the destination and back. In Step 6, 

if 𝑇0 > 𝐿𝑙  (exceeds the load limit), the dynamic resource 

allocation process is activated. In this step, resources such as 

bandwidth and processing power are tuned to prioritize critical 

data flows and reduce overhead. In Step 7, the updated 

processing time (𝑇𝑜𝑝𝑡) is recalculated based on the reallocated 

resources. This step ensures that the optimized time meets the 

specified threshold requirements. In Step 8, reliability metrics 

including packet delivery success rate and energy consumption 

are evaluated during the optimization process. These metrics 

help in determining the efficiency of resource allocation. The 

results obtained in Step 9 are saved for further analysis and the 

algorithm is terminated. If all devices are operating within 

acceptable values, the simulation stops. Otherwise, the 

algorithm repeats Steps 5-8. 

Lemma 1: The algorithm in the resources use ML to provide 

efficient resource allocation for devices in the 5G-IoT networks. 

Proof: To prove Lemma 1, we derive the following integral 

model that accounts for the resource allocation efficiency 

(𝐴𝑟.𝑒𝑓𝑓) of ML algorithms and network resources (𝑅𝑛): 

𝐴𝑟.𝑒𝑓𝑓 = ∫
𝑀𝑙(𝑟) ∗ 𝑤𝑝(𝑟)

1 + 𝑒−𝛾∗(𝑟−𝑡ℎ)
𝑑𝑟                  (4)

𝑅𝑡

0

 

Where 𝑅𝑡  is total network resource; 𝑀𝑙(𝑟)  is optimized 
efficiency of the r-th resource using ML; 𝑤𝑝(𝑟) is the priority 

weight of each resource (depending on the needs of the devices); 
𝛾 is a sensitivity parameter that determines the resource 
allocation threshold; 𝑡ℎ is a threshold that maximizes the 
efficiency of resource allocation. Equation (4) demonstrates the 
effectiveness of ML in resource allocation and proves the 
Lemma 1, fully describing the role of ML in efficient resource 
management in 5G-IoT networks. 

IV. RESULTS AND DISCUSSION 

This section outlines the simulation results obtained from the 

MATLAB model, focusing on the simulation setup, 

performance metrics, and the discussion of the results.  

A. Simulation Setup 

MATLAB simulations have been conducted to assess the 

efficacy of the proposed resource allocation system in 5G-IoT 

networks. Three primary components of the framework, 

including real-time data analysis and dynamic routing, edge 

computing integration, and resource optimization algorithms, 

were simulated. Real-time data analysis can reduce latency by 

dynamically modifying data routing networks. Furthermore, 

the integration of edge computing is assessed for its effect on 

bandwidth utilization for data processing at the network's 

periphery. The resource optimization algorithm demonstrates 

the capability to decrease power usage via machine learning-

based optimization strategies. The simulation encompasses up 

to 100 IoT devices functioning under various network 

conditions. The performance was evaluated based on latency, 

bandwidth use, and power consumption. Critical parameters, 

including device count, beginning delay, and resource 

allocation strategies, were adjusted to assess the efficacy of the 

proposed methods. 

B. Performance Metrics 

The performance of the proposed framework was evaluated 
using three important metrics such as latency reduction, 
bandwidth utilization and energy efficiency. Latency was 
analyzed under two scenarios: with and without dynamic 
routing. The latency decrease using real-time analysis is 
depicted in Fig. 3. 

 

Fig. 3. Reduce latency with real-time analytics 

Fig. 3 demonstrates that the implementation of real-time data 
analysis and dynamic routing reduces latency by about 40% 
despite the increase in the number of IoT devices. This shows 
that the system effectively reduces network congestion. The 
improvement in bandwidth utilization due to the integration of 
edge computing is shown in Fig. 4. Bandwidth utilization 
increased on average by 50% compared to the scenarios without 
edge computing. The result associated with edge computing 
calculates the bandwidth usage with different IoT device 
numbers. When the number of devices grows, the bandwidth 
consumption is higher in case when it is used with edge 
computing compared to the case without this solution. This 
efficiency not only confirms the efficiency of edge computing 
in terms of managing large scale of Iot networks but also 
provides the Network’s ability to scale and meet the emerging 
demand of real time data transfer and computation important for 
critical use cases. This demonstrates the scalability of the 
proposed framework for large-scale IoT applications. 
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Fig. 4. Bandwidth utilization using Edge Computing 

 Fig. 5 depicts energy consumption that is significantly 

reduced by the resource optimization algorithm. The algorithm 

was able to reduce energy consumption by 30%. This 

highlighted its ability to improve resource utilization while 

maintaining the QoS. 

 

Fig. 5. Energy optimization using ML algorithms 

The findings demonstrate the efficacy of the suggested 
approach in tackling the principal issues in 5G-IoT networks. 
Real-time data analysis and dynamic routing diminish latency 
and enhance data transmission quality by adaptively designing 
data pathways, maintaining consistent network performance 
despite rising device density. The incorporation of Edge 
Computing has enhanced the network's capacity to process 
substantial data locally, alleviating the burden on central servers 
and augmenting total throughput.  

V. CONCLUSIONS 

This research demonstrates ML techniques can be used in 

resolving the issues of resource allocation in 5G-IoT networks. 

Real-time data analytics, the integration of edge computing, and 

efficient resource allocation algorithms help the proposed model 

to solve the given problem with high efficiency and accuracy. 

The proposed methods achieve the purpose of reasonable 

distribution of traffic, efficient use of energy and better quality 

of service under various network conditions according to the 

MATLAB simulations. These contributions provide the 

foundation for low-error and high-throughput IoT systems that 

cover a variety of domains from manufacturing to urban 

environments. Future work will be devoted to applying the 

proposed framework in practical environments, investigating 

the integration of different types of ML, and considering 

difficulties associated with extensive utilization for further 

improvement and extension of the approach. 
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