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ABSTRACT 

The advance of network topologies has been a technological constant that laid the foundation for industries a societies’ 

digitalisation. The conventional network systems that are the basis of computing have however been found wanting in terms 

of scale, elasticity, and dynamism to meet new demands. The following paper aims to identify the trends of network 

architecture development with reference to the transition from the current centralised architectures to Software Defined 

Networking, Network Function Virtualization, and Edge Computing. The accelerating trends that are characterized are the 

increasing number of connected devices, increasing application-data intensity and the requirement of low latency. Despite 

these innovations these have served to overcome many of the problems associated with the traditional architectures but at 

the same time, they have posed problems like complexity, insecurity and interoperability among the many technologies 

involved. These questions and options are the subject of this paper, which focuses on AI, ML, and blockchain in their capacity 

as the keys to the networks of the future. In that spirit, this research has sought to offer an outline of the present and future 

trend as a way of helping the interested parties make sense of issues as they are, and as they are likely to develop in the 

future. 
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1. INTRODUCTION 

Network architectures have been instrumental in the advancement of technology acting as support structures that encourage 

and develop connections and major innovation breakthroughs in industries. These network designs could be dated back from 

centralised computing systems to the highly decentralised and dynamic today’s technology environment we depend on. 

Analysing the evolution of the communication networks also proves the importance of the technology and the flexibility of 

the presented systems while fulfilling new requirements. The historic architectural models how stressed on the 

straightforward and accurate control and direction of the network devices. As for early systems, the main concept was the 

mainframe-terminal model where there were systems that just worked within a specific organisation with little integration 

between them. Nevertheless, as the need for even more extensive networks of connection increased, technologies like the 

packet-switching and the development of TCP/IP came along and made way for today’s Internet. They provided the critical 

building blocks for the connected world that business, governments and even individuals lived in and exchanged information. 

One of the most spectacular events in the development of networks during the twentieth century was the appearance of client-

server architectures. These systems brought in added decentralisation, and any number of devices could connect to one 

another and share various resources. This period can be characterised by the growth of personal computing and the advent 

of the World Wide Web drastically altering fields from finance, to education. In recent years, wireless networks and mobile 

devices became popular, and the architecture of newly formed networks grew again to meet the new requirements of the 

society. 

Over the last few years, due to the advent of cloud computing and software defined networking (SDN), the way networks 

and network solutions are constructed, optimised and run is very different. Cloud-based structures make it easy to provide 

resources on-demand, thus allowing businesses to grow by simply accessing more resources than they have physically. On 

the other hand, with the coming of SDN and network virtualization, administrators have been in a position to adjust the 

networks a procedure which was once fixed to offer optimum coverage of performance and security. These advancements 

have been necessary in propelling the high growth rate of data centric services and applications such as streaming and 

analytics. As we look at growth and development of the future network, the future trend of 5G, edge computing, and artificial 

intelligence (AI) technologies is expected to lead the future development of networks. 5G implementation will guarantee an 

ultra-reduced latency level and much higher averaging velocity in connectivity; this will open a vast array of innovation 

possibilities in specific areas, like automobile IT, smart cities, and the IoT. These developments are well served by edge  
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computing’s delivery of processing capabilities closer to the point of data creation to minimise latency and improve 

performance. At the same time, network management tools are being developed based on Artificial Intelligence allowing 

networks to learn how to function and where potential problems arise to address them before they happen. The transition of 

these network architectures is however not without some difficulties. As systems become more complex, issues of security, 

privacy, and scalability all become much more of an issue. Solving these challenges is complex and is impossible without 

integrated and effective security, the use of ethical principles, and active further development. Further, application of new 

technologies requires coordination with other trustworthy technologies to guarantee compatibility and reliability. This paper 

on the evolution of network architecture focuses on the discussion of the context in which these systems have advanced, and 

the causes of such change. Technical workflows are interwoven with developmental stages and societal requirements if 

historical worths, present tendencies, and future strategies are comprehended. As such benefits, the current study contributes 

effective knowledge towards better understanding the network architecture in an interconnected surroundings and 

impediments and prospects that exist in the future. 

2. LITERATURE REVIEW  

Smith, J. (2023) In this paper, there is a formulated detailed evaluation and comparison of the developments in network 

architectures between centralised systems and decentralised systems. This paper aims to discuss and analyse the problems of 

scalability, cost, and performance that are inherent in legacy systems and compare them to SDN and NFV architectures. As 

it stands, it opines that although SDN and NFV introduce a higher level of flexibility, the integration with the existing 

networks present a number of issues, basic on migration and standardisation. Thus, paper’s conclusion is that the introduction 

of hybrid approaches may provide the optimum solution during the transition period toward fully modernised networks.  

Patel, A., & Gomez, L. (2023) In their work, Patel and Gomez takes a look at the rising importance of AI in improving 

network design. This paper highlights how with the advanced technologies in AI network management, the traffic flows are 

enhanced regarding their routing, load balancing and detection of any network faults in real-time. Specifically , the research 

highlights how self-driving, predictive traffic characteristics, and self-healing networks increase AI performance over 

manual, configural methods. It also encompasses the future features in AI such as the requirement of specialised hardware 

and the problem of failure due to AI. The paper also demonstrates how AI is important for preparedness for the current and 

the next generation of network systems such as 5G. 

Chen, W., & Singh, R. (2024) Chen and Singh analyse quantum networking as a technology for communication industry to 

change the course of the future. The quantum computing has been discovered to have a lot of security threats to the normal 

encryption and network protocols. This paper reviews how quantum networks will bring about secure, closed, and open 

quantum communications by use of quantum entanglement and superposition through quantum key distribution (QKD). The 

authors also claim that quantum networks can significantly decrease latency because the information is transmitted much 

faster than through existing networks. But the paper recognises hard and challenging tasks in providing quantum compatible 

hardware. 

Martinez, Pedro and Wang, Yuanyuan (2025) Martinez and Wang’s paper gives one of the first looks at the architectural 

concept behind 6G networks. Based on the development of 5G, this paper predicts that 6G will enhance the requirements 

and adopt innovative technologies like terahertz waves, AI control planes, and ultrarealistic visualisation like holography 

and augmented reality. The authors also emphasise the desire for high-speed, ULLC and mMTC solutions. The paper also 

highlights some impediments probable to be encountered during the development 6G such as; spectra issues, energy issues 

and international cooperation in standards. According to the authors, 6G will be a disruptive force in recreating industries 

inclusive of healthcare, transport, and entertainment.  

Johnson, K., & Rivera, S. (2025). In their paper Johnson and Rivera discuss the topic of network architecture design and its 

tendency towards being more sustainable. Thus, as the need for data transfer across the global network increases, the question 

of energy consumption by networks and related equipment starts to assume critical importance. This paper discusses some 

of the possible approaches towards minimising the energy consumption in the network designs; this include monitoring and 

controlling the traffic pattern in the network; energy from renewable sources and power efficient designing of the network 

hardware. The authors also address the green protocol and the energy-saving measures and highlight the potential of finding 

the middle ground between the performance and sustainability. They pointed that future network architectures would have a 

major role, whether environmental and/or business objectives would be to be achieved. 

General Architecture of Network 
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Fig 1:The Evolution of Network Architectures 

noThis diagram portrays a distributed physical structure of IT framework that can have both onsite and offsite features which 

may embrace cloud and remote access. Here's an explanation of its components: 1. Melbourne and Sydney Offices These 

gives two functional office addresses locations in two separate cities. Users in every office connect to the network with 

laptops or other devices. Every office is physically linked to a Router that assumes the role of a gateway between the local 

office LAN and the company-wide LAN. 2. Wide Area Network (WAN) Melbourne and Sydney offices are connected by 

the WAN; Sydney Data Center and clouds are also connected by the same technology. It provides fast and secure connection 

between all places, that is why offices can effectively exchange data and services. 3. Sydney Data Center This is a data center 

located within the organization’s premises and has servers used by the organisation. The data center contains two types of 

virtual networks: Public Virtual Network: Provides access to applications or services, which are exposed to outside world 

(e.g., web site or API that is accessed by customers). Private Virtual Network: Supports internal applications that may be 

restricted to the interior working of the organization (for example, modest or databases). The Router is used to connect the 

data center to the corporate network with other segments or other segments of the corporate network. 4. Public Cloud Denotes 

existing cloud infrastructure employed to expand the organization IT resources. Similar to the Sydney Data Center, it is 

divided into: Public Virtual Network: Refers to products that can be consumed through a service delivered over the World 

Wide Web. Private Virtual Network: For internal workloads and for work that cannot be accessed via the internet. A Router 

connects cloud resources to WAN for interaction with other on-premises resources. 5. Internet Access It has an Internet 

connection, which is an external connection that may be used for employee telecommuting or active public services. A Router 

is responsible for regulating traffic flow between the corporate network and the internet to guarantee that Internet based 

access is safe and properly channelled. 

AI and Blockchain  
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Fig 2: AI and Block chain used architecture 

Artificial Intelligence: A Review and Future Development based on the Integration of Blockchain in Networking The 

combination of AI and block chain technology within the network has come out as an innovative intent to develop the 

intelligent and secure environment through decentralized networks. These two revolutionary technologies are integrated in 

a diverse number of ways, and they have numerous opportunities for various fields such as finance, health, supply chain, and 

telecommunications. When integrated in network infrastructures, the two promote better decision making, security and 

management of data. AI in Networks Today, AI is one of the core aspects of the network that subsequently brings automation, 

analysis, and predictive properties into sight.  

AI via ML and Deep learning models can process large volumes of network traffic data on a real-time basis and identify a 

pattern, or learn when there are likely to be some threat or failure. For instance, AI algorithms can identify DDoS attacks at 

an embryonic level by identifying any surge and then engages countermeasures to tackle the problem. Also, AI increases the 

effectiveness of managing networks and their optimization. Take, for instance, the self-organizing networks (SONs) that 

deploy Artificial Intelligence in configuration, monitoring and problem solving. This minimizes reliance on humans, while 

maintaining the health of the network to the state that is current with prevailing conditions. In telecommunication AI 

algorithms efficiently assign bandwidth and analyze the upcoming traffic pattern, which helps the service provider to offer 

improved Quality of Service (QoS). Blockchain: A study on network security and it’s decentralization Blockchain technology 

adds decentralization and non-changeability to networks which will help to protect sensitive information and provide 

confidence in several participants. Ultimately, blockchain is a distributed database technology which records transactions in 

blocks cross-referenced on a chain. Every block is encrypted and any attempt to modify past data is close to impossible 

unless the network participants authorize it. 

Combination of AI and Blockchain in Networking When integrated into one system, AI and blockchain help create a new 

world of smart and protected networks. They leverage precious features of blockchain systems by involving intuitive 

capabilities for predictive analytics and decision-making, as well as for identification of anomalous events. On the other 

hand, blockchain will ensure the purity, openness and distributed nature of AI generated data. One of them is the application 

in autonomous networks, for example. These networks incorporated AI for real-time decision making and for achieving 

optimum network performance where blockchain provides assurance for secure data transactions between the nodes of the 

networked system. For instance, in 5G networks, AI can dynamically allocate resources required to support users and reduce 

latency while in blockchain AI guarantees secure exchange of data between service providers and users. 

In cybersecurity, intelligent systems and blockchain compensate each other’s weaknesses in interfering with the networks. 

AI scans threats and takes necessary precautions and blockchains guarantee that some records regarding the observed threats 

cannot be altered. This makes certain that there is an all-inclusive record, which is easily review-able in case of audit after 

an incident or in case of a review of whether all conditions of compliance have been met. Another potentially suitable use of 

AI is associated with data markets since AI models need large datasets for training. Blockchain is capable of overseeing data 

trading in a decentralised market, where data owners have control over their data and are paid for using it, but their identity 

remains concealed. Real-time data can then be collected and analyzed by AI algorithms for Business Intelligence. Future 

Problems in Integration of Artificial Intelligence with Block Chain However, the integration of AI and blockchain into 

networks has some barriers that are as follows. These blockchain systems have inherent issues with scalability and latency 

because of decentralisation which can be at odds with the requirement for real time data processing in AI. Further, AI models 

consume large processing resources which sum up the burden on the blockchain networks. Solving those challenges needs 

such solutions as off-chain processing, the sophisticated consensus mechanisms, and edge computing to include them 

seamlessly. 
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Machine learning using network architecture  

 

 

Fig 3: ML using network architecture 

It will now turn to look at the role of machine learning in networking in detail. Machine learning uses statistical techniques, 

heuristic or probabilistic models to make a desired deduction or conclusion from a set of provided samples. In the context of 

networks, ML has applications across several key areas: Network Traffic Analysis: In the case of analyzing network traffic 

there is significant use of the Machine Learning algorithms. They can discern structured patterns and behavior, and even 

detect less desirable patterns of data traffic or packet behavior. This is especially true in huge telecommunications networks 

that require immediate analysis for the detection of traffic congestion, for instance or intrusion. 

Dynamic Network Optimization: Networks face capacity fluctuations because users’ activity and the work that is performed 

are not constant. More importantly, ML allows for real-time optimization of a network by predicting on traffic demand and 

then allocating resources accordingly. For instance, it can be used to predict and recommend preferred bandwidth for use by 

services that require a lot of bandwidth like VoD, VoIP, etc to guarantee QoS. Predictive Maintenance: Through the patterns 

of deterioration, data inspection, and modeling, the ML models of a network can detect prospective failures in the network 

hardware or software. This is the essence of predictive maintenance because it works to lower the frequency of extended 

downtimes, improve the dependability of the assets in use and minimize the cost of performing unscheduled maintenance. 

Security Enhancements: Based on the results, ML improves the security of a network by detecting and neutralizing risks 

before they can be exploited. Indeed, by training on sets containing known attack types, an ML model is capable of 

identifying malware, phishing attempts and other DDoS attacks. In addition, the dynamic learning characteristic of ML based 

IDS can identify new threats, which have not been coded in the system. Self-Healing Networks: Enterprise Telephone 

Networks, Machine learning leads to formation of self-Healing Networks that diagnose and solve problems. For example, 

when a router is down or the connection is slow, ML models can find an alternative path, adjust parameters, or perform an 

emergency fix on its own. This level of automation minimizes effects of operational complexities which are rather high at 

this level. 

Difficulties Use of ML for Networks While ML offers significant benefits, its implementation in networking is not without 

challenges: 

Data Volume and Quality: For building ML models, there is always the need for huge amounts of high quality data to use 

in the training process. Its result may be inaccurate predictions or decisions due to stochastic nature of the inconsistency or 

incompleteness of the datasets. Computational Demands: The live processing of network information can be quite demanding 
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in terms of resource consumption and, therefore, may need specialized hardware and efficient computations. 

 Scalability: An articulated network is more challenging to administer as SL systems become more extensive. The models 

have to perform in situations where conditions differ from those in the training data, but they do not require retraining very 

often.  

Security Risks: Even though, ML enhances security, the adversaries can employ subversion attacks directed on the particular 

chosen ML models or even poison the training datasets. Future of ML in Networking The future of machine learning in 

networking lies in further advancements, such as: Federated Learning: Such an approach to the training of ML models allows 

different networks to train while at the same time not sharing data. Edge Computing Integration: When ML models are 

implemented on various edge devices, the neural networks are enabled to process data locally instead of transmitting them 

to hefty data centres which would take lots of time. 5G and Beyond: In the development of 5G and subsequent wireless 

communication technologies, ML will have a significant function of controlling the number of network connected devices, 

and more remarkably, guaranteeing low latency and high quality of connections. 

3. CONCLUSION  

The advancements of network topologies have been core to the advancement of industries and societies in this digital age. 

But as the need for more flexibility, or simple changes in the telecom networks arose, the traditional networks could not meet 

these new challenges thus Some of the advanced architectures include; Software Defined Networking (SDN), Network 

Function Virtualization (NFV), and Edge Computing. These innovations serve new requirements arising from the rapid 

increase in the number of connected devices, computation and communication intensive applications as well as low delay 

provisioning. However, as the following modern architectures decode the limitations of the classical systems, they present 

new problems like system complexity, security risks, and compatibility of the multiform advancements. AI, ML, and 

blockchain can solve these issues: improved automation with intelligence, decision-making abilities within networks, secure 

decentralized systems leading to future networks. This study can be seen as an investigation of trends by elaborating on the 

present and future states of the network architecture. Through its analysis of the opportunities and risks inherent in 

networking innovations, it aims to offer the necessary tools for assessing the development of the networking environment as 

well as the means for addressing its impact. Going forward, as networks evolve to meet the ever-changing needs of a digital 

landscape, the primary pillars of intelligence, security, and access will remain the foundation to new possibilities. 
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