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ABSTRACT 

 

This study examines various advanced debugging methodologies, including distributed tracing, time-travel 

debugging, AI-assisted anomaly detection, and hardware-assisted techniques. The research also delves into real-time 

debugging protocols, security considerations, and performance analysis of these debugging solution.This 

comprehensive research paper explores cutting-edge debugging techniques for multi-processor communication in 

5G systems. As 5G networks continue to evolve and expand, the complexity of multi-processor communication 

introduces unique challenges in system debugging and optimizations.  
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INTRODUCTION 

 

5G wireless networks are not a simple upgrade in technology but rather a paradigm shift in communications, offering 

unprecedented speeds, ultra-low latency, and massive connectivity. Complex interplays of several constituents characterize 

the 5G system architecture, which comprises:These components ensure collaboration to deliver the boosted 5G capabilities 

that include eMBB, URLLC, and mMTC (Agiwal et al., 2021). 

 

The 5G systems are highly distributed, which makes multi-processor communication very challenging. Some of these 

challenges involve the following 

 

1. Distributed coordination problems 

2. Race conditions when using parallel processing in a given environment 

3. Resource allocation deadlocks and livelocks 

4. State inconsistency due to the uncoordinated propagation throughout the network 

5. Complexity arising while the number of devices connect goes exponentially 

 

These challenges demand advanced debugging techniques that can efficiently operate in a very distributed and dynamic 

environment (Zhang et al., 2022). 

 

This research aims to address the following objectives: 

 

1. To review the state-of-the-art techniques for debugging communication in 5G multi-processor systems 

2. E valuate performance of multiple debugging paradigms from the 5G specific challenges 

3. To establish the role of AI and machine learning in debugging 

4. Assess the security concerns of debugging in 5G networks 

5. Discuss recommendations for future research and development on 5G system debugging. 

 

5G systems use several models of multi-processor communication to enable the exchange and processing of data. Most of 

the complex interactions between the different parts of the 5G architecture take place within such models, including the 

CN, RAN, and MEC nodes. 



International Journal of Research and Review Techniques (IJRRT), ISSN: 3006-1075 

Volume 3, Issue 2, April-June, 2024, Available online at: https://ijrrt.com  

79 

The three dominant multi-processor communication models in 5G systems are:    

 

1. Shared Memory Model: Here, processors communicate by reading from and writing to a common memory space.  

This approach is quite good for tightly coupled systems where low-latency communication can be a necessity.  In 

5G networks shared memory models are often used within single network functions or in small cell coordination 

scenarios. 

2. Message Passing Model This model depends on explicit message passing of the processor-to-processor. The model 

is highly suitable to the distributed systems, of which is widely implemented in 5G for node-to-node 

communication among nodes, especially through the distributed RAN architectures. Message passing clearly 

defines ownership over data. Its scalability is high-high in order to manage devices in 5G networks. 

3. Hybrid Model: The Hybrid Model combines the flavors of shared memory and message passing. With hybrid 

models, one can be flexible to optimize communication for concrete use cases. A lot of value in hybrid models is 

for 5G edge computing scenarios and implementations of network slicing where communications may be very 

varied, depending on which network function needs to be performed. 

 

Time-Travel Debugging for Multi-Processor Systems 

Time-travel debugging, also known as reversible debugging, is one of the high-end features where software developers are 

allowed to traverse backwards and forwards along a program's execution history. Traditionally, it has been quite hard to 

implement in the context of distributed systems, though recent research has made it feasible for some components of 5G 

deployments, mainly within virtualized environments (Wang et al., 2022). This is quite valuable for trying to diagnose how 

race conditions and intermittent failures occur in the communication between multi-processors in 5G systems. 

 

In 2023, Chen et al. researched the adaptability of time-travel debugging in 5G core network functions. They establish a 

prototype system that integrates lightweight execution recording along with checkpoint-based state reconstruction towards 

the full enablement of time-travel debugging in the containerized 5G network functions. According to the researchers, there 

is a 60% improvement in diagnosing bugs that have complex concurrency over the method of traditional debugging. At the 

same time, they emphasized that their approach is entangled by a significant overhead in computations, which up to now 

prevents it from being used in production infrastructure. 

 

CONCLUSION 

 

Summary of Key Findings 

This paper on advanced debugging techniques for multi-processor communication in 5G systems has brought out several 

key findings of significant implication for the development and maintenance of 5G networks. The study first draws 

attention to the major role distributed tracing and AI-assisted anomaly detection will play in ensuring that the complexity 

does not overwhelm control in the management of 5G systems. Such techniques have proven to greatly improve the 

resolution times for problems and their ability to identify subtle performance bottlenecks that cannot be detected otherwise. 
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