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ABSTRACT 

Computer networking has become a fundamental component of modern digital infrastructure, 

enabling communication and information exchange among computers, mobile devices, cloud 

platforms, Internet of Things (IoT) devices, industrial systems, and intelligent applications. 

The rapid growth of connected devices and data-intensive applications has created new 

requirements for networking systems, including high bandwidth, low latency, scalability, 

reliability, programmability, energy efficiency, and security. Traditional networking 

architectures are increasingly being complemented by emerging paradigms such as Software-

Defined Networking (SDN), Network Function Virtualization (NFV), edge computing, 

network slicing, artificial intelligence (AI)-driven networking, and next-generation wireless 

communication. 

This paper presents a comprehensive review of modern computer networking with emphasis 

on network architectures, communication technologies, routing, virtualization, SDN, IoT 

networking, edge computing, network security, and the transition from 5G toward 6G. The 

study analyzes major challenges associated with scalability, network congestion, 

cybersecurity, privacy, interoperability, resource management, and quality of service. Recent 

research indicates that SDN can improve network programmability and centralized 

management, while AI and machine learning can support traffic prediction, anomaly 

detection, routing optimization, and autonomous network management. However, the 

integration of these technologies introduces additional security, computational, and 

management challenges. The paper concludes by identifying future research directions 

toward intelligent, autonomous, secure, energy-efficient, and adaptive networking 

environments. 
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1. INTRODUCTION 

Computer networking refers to the interconnection of computing devices and communication 

systems for exchanging data and sharing resources. Networks form the foundation of modern 

information technology and support applications ranging from web services and cloud 

computing to online education, healthcare, banking, industrial automation, smart cities, and 

intelligent transportation. 

The evolution of networking has progressed from relatively simple local area networks to 

highly distributed, programmable, wireless, and cloud-connected infrastructures. The 

increasing number of connected devices has created substantial demands on network capacity 

and management. In particular, IoT environments contain large numbers of resource-

constrained devices that generate heterogeneous traffic and require reliable and secure 

communication. 
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Traditional networks generally depend on hardware-centric architectures in which network 

intelligence and packet forwarding functions are closely coupled. Software-Defined 

Networking introduced a significant architectural change by separating the control plane from 

the data plane, enabling centralized and programmable network management. Recent 

research also investigates SDN integration with IoT, edge computing, blockchain, artificial 

intelligence, and mobile networking. 

The emergence of 5G and the continuing development of 6G are further transforming 

networking requirements. Future networks are expected to support massive numbers of 

devices, ultra-low-latency applications, intelligent services, autonomous systems, and 

dynamically allocated network resources. AI-based network optimization has consequently 

become an important research direction for the 5G-to-6G transition. 

This paper reviews important developments in computer networking and discusses their 

benefits, limitations, security implications, and future research opportunities. 

2. EVOLUTION OF COMPUTER NETWORKING 

The development of computer networking can broadly be divided into several stages: 

2.1 Early Computer Networks 

Early computer networks were primarily developed for resource sharing and communication 

between computers within limited geographical areas. Local Area Networks (LANs) became 

widely used in educational institutions, businesses, and research organizations. 

2.2 Internet and IP-Based Networking 

The development and widespread adoption of Internet Protocol (IP) enabled heterogeneous 

networks to communicate using standardized protocols. TCP/IP became the foundation for 

the modern Internet. 

2.3 Wireless and Mobile Networking 

Wireless technologies enabled users and devices to communicate without physical network 

connections. Wi-Fi, Bluetooth, cellular networks, and mobile broadband significantly 

increased network accessibility. 

2.4 Cloud-Based Networking 

Cloud computing shifted many computational and storage resources from local infrastructure 

to distributed data centers. This created new requirements for high-speed data-center 

networks, virtualization, traffic engineering, and resource allocation. 

2.5 Software-Defined and Intelligent Networking 

SDN introduced programmable network control, while NFV enabled network functions to be 

implemented as software rather than dedicated hardware. These approaches have improved 

network flexibility and created opportunities for automation. 

2.6 5G and Emerging 6G Networking 

5G introduced technologies such as network slicing, edge computing, massive machine-type 

communication, and ultra-reliable low-latency communication. Current research increasingly 

focuses on AI-enabled optimization and autonomous network management for future 6G 

systems. 

3. MODERN NETWORK ARCHITECTURE 

A modern computer network generally consists of several functional components: 
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1. End devices: Computers, smartphones, sensors, servers, IoT devices, and industrial 

machines. 

2. Access networks: Ethernet, Wi-Fi, cellular networks, and other technologies that 

connect end devices. 

3. Routers: Devices responsible for forwarding packets between different networks. 

4. Switches: Devices used primarily for communication within local networks. 

5. Gateways: Devices that connect networks using different protocols or architectures. 

6. Network controllers: Software components that can centrally manage programmable 

networks. 

7. Cloud and edge infrastructure: Computational resources located in centralized data 

centers or closer to users. 

Traditional networks distribute control functions among networking devices. In contrast, 

SDN separates control and forwarding functions, allowing a controller to program network 

behavior. 

4. SOFTWARE-DEFINED NETWORKING 

Software-Defined Networking is one of the major developments in modern networking. SDN 

separates the network's control plane from the data plane. 

A typical SDN architecture consists of three layers: 

4.1 Application Layer 

The application layer contains network applications responsible for functions such as traffic 

engineering, security monitoring, load balancing, and network optimization. 

4.2 Control Layer 

The control layer contains the SDN controller. The controller maintains network information 

and determines appropriate forwarding policies. 

4.3 Infrastructure Layer 

The infrastructure layer contains switches and routers responsible for forwarding packets 

according to rules received from the controller. 

The programmability of SDN allows network administrators to dynamically modify network 

policies. SDN has therefore been investigated extensively for IoT, edge computing, cloud 

computing, and mobile networking. 

However, centralized control can introduce additional risks. A compromised controller, 

insecure application programming interface, or malicious network application can affect a 

large portion of the network. Recent research has therefore emphasized security and privacy 

in SDN-enabled environments. 

5. NETWORK FUNCTION VIRTUALIZATION 

Network Function Virtualization (NFV) replaces specialized hardware-based network 

functions with software implementations running on general-purpose computing 

infrastructure. 

Examples include: 

 Virtual firewalls 
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 Virtual routers 

 Virtual load balancers 

 Virtual intrusion detection systems 

 Virtual gateways 

NFV can reduce hardware dependency and simplify deployment. When combined with SDN, 

NFV can provide programmable control and flexible deployment of network services. 

SDN and NFV are particularly relevant to 5G networks because different applications can 

require different network characteristics. Network slicing can create logically isolated 

networks with different performance and security requirements. 

6. INTERNET OF THINGS NETWORKING 

The Internet of Things connects physical objects equipped with sensors, processors, and 

communication capabilities. IoT networks are used in smart homes, healthcare, agriculture, 

transportation, industrial automation, and smart cities. 

IoT networking presents several challenges: 

 Limited device resources 

 Low battery capacity 

 Large numbers of connected devices 

 Heterogeneous communication protocols 

 Limited processing capabilities 

 Security and privacy requirements 

 Dynamic network topology 

SDN has been proposed as a mechanism for improving IoT network management by 

providing centralized and programmable control. Recent surveys have particularly 

investigated SDN-based architectures for low-power and lossy IoT networks. 

7. EDGE COMPUTING AND NETWORKING 

Cloud computing generally processes data in centralized data centers. However, applications 

such as autonomous vehicles, industrial automation, augmented reality, and real-time 

healthcare may require extremely low latency. 

Edge computing moves computation and storage closer to end users and devices. 

A simplified architecture can be represented as: 

IoT Devices → Edge Network → Edge Server → Cloud Data Center 

The integration of SDN with edge computing can improve network management and resource 

allocation. Research has explored the use of SDN across access networks, core networks, and 

wide-area connections between edge and cloud infrastructure. 

Important research problems include: 

 Edge resource allocation 

 Task offloading 

 Traffic management 
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 Load balancing 

 Latency reduction 

 Security 

 Energy optimization 

8. ARTIFICIAL INTELLIGENCE IN NETWORKING 

Artificial Intelligence and Machine Learning are increasingly being applied to computer 

networking. 

Potential applications include: 

8.1 Traffic Prediction 

Machine learning models can analyze historical traffic patterns and predict future network 

demand. 

8.2 Intelligent Routing 

AI can assist in selecting routes according to latency, congestion, bandwidth, reliability, and 

application requirements. 

8.3 Intrusion Detection 

Machine learning can identify unusual network behavior and detect potential cyberattacks. 

8.4 Resource Allocation 

AI can dynamically allocate bandwidth, computing resources, and network capacity. 

8.5 Autonomous Network Management 

AI-based systems can potentially detect network problems, identify their causes, and 

automatically apply corrective policies. 

Recent research on AI-driven optimization for 5G-to-6G networks highlights the growing 

role of AI in resource management, optimization, and intelligent networking. 

9. NETWORK SECURITY 

Security is one of the most important challenges in modern networking. Increasing 

connectivity also increases the potential attack surface. 

Common network attacks include: 

 Distributed Denial-of-Service (DDoS) 

 Man-in-the-Middle attacks 

 Malware 

 Phishing 

 Spoofing 

 Packet sniffing 

 Routing attacks 

 Unauthorized access 

 Controller attacks in SDN 



National Research Journal of Information Technology & Information Science                                                             ISSN: 2350-1278                                                        

Volume-13, Issue-1, Year-2026 (January-June)                                                                 Peer Reviewed & Refereed Journal (IF: 7.9)                            
PP: 552-561                                                                                                                                             Journal Website www.nrjitis.in 

Published By: National Press Associates                                                                                                                                   Page 
557                  © Copyright @ Authors 

In SDN environments, security problems can affect the application, control, and data planes. 

Centralized network control provides better visibility and policy enforcement but also creates 

critical components that must be strongly protected. 

Machine learning, blockchain, encryption, authentication, access control, and network 

segmentation have been investigated as possible security mechanisms. Recent systematic 

research has categorized SDN security solutions into traditional, AI/ML-based, and 

blockchain-based approaches. 

10. NETWORK SECURITY IN IOT 

IoT devices are particularly vulnerable because many devices have limited computational 

resources and may use weak security mechanisms. 

Important IoT security requirements include: 

1. Device authentication 

2. Data confidentiality 

3. Data integrity 

4. Secure communication 

5. Access control 

6. Privacy protection 

7. Secure firmware updates 

8. Intrusion detection 

Recent research emphasizes authentication, encryption, trust management, and secure routing 

as important components of comprehensive IoT security. 

Blockchain has also been investigated for distributed trust management and security in SDN-

IoT environments. However, blockchain-based approaches may introduce computational, 

storage, and latency overheads that must be considered before practical deployment. 

11. 5G AND 6G NETWORKING 

5G networks were designed to support diverse applications with different performance 

requirements. Three commonly discussed service categories are: 

 Enhanced Mobile Broadband (eMBB) 

 Ultra-Reliable Low-Latency Communication (URLLC) 

 Massive Machine-Type Communication (mMTC) 

Network slicing allows physical network infrastructure to be logically divided into multiple 

virtual networks. Each slice can be configured according to application requirements. 

Future 6G networks are expected to integrate AI, edge computing, advanced wireless 

communication, network virtualization, sensing, and intelligent automation. AI-driven 

optimization is becoming particularly important because future networks are expected to 

dynamically adapt to highly variable application and traffic requirements. 
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12. COMPARATIVE ANALYSIS OF NETWORKING PARADIGMS 

Technology Major Advantage Major Challenge 
Typical 

Applications 

Traditional 

Networking 
Mature and stable Limited programmability 

Enterprise 

networks 

SDN 
Programmability and centralized 

control 

Controller security and 

scalability 
Data centers, IoT 

NFV Flexible software-based deployment Resource overhead Telecom networks 

IoT Networking Massive device connectivity Resource constraints 
Smart homes, 

healthcare 

Edge Computing Low latency Distributed management 
Autonomous 

systems 

5G High bandwidth and low latency Infrastructure complexity 
Mobile 

applications 

AI Networking Automation and optimization 
Data, model and computational 

requirements 

Intelligent 

networks 

6G 
Advanced connectivity and 

intelligence 
Still under development 

Future intelligent 

systems 
 

13. MAJOR CHALLENGES 

Despite substantial technological progress, modern networking continues to face several 

challenges. 

13.1 Scalability 

The number of connected devices is continuously increasing. Network architectures must 

accommodate large numbers of devices without significant degradation in performance. 

13.2 Security 

The expansion of network connectivity increases the number of potential attack points. SDN 

controllers, IoT devices, APIs, edge servers, and cloud infrastructure require comprehensive 

protection. 

13.3 Privacy 

Large-scale networks collect significant amounts of user and device information. Protecting 

sensitive data during transmission and processing remains an important research problem. 

13.4 Interoperability 

Different devices and networking technologies may use different communication protocols. 

Developing interoperable architectures remains important for heterogeneous environments. 

13.5 Energy Efficiency 

IoT and edge devices may operate under strict energy constraints. Energy-aware 

communication and routing mechanisms are therefore necessary. 

13.6 Latency 

Applications such as autonomous driving and industrial automation require extremely low 

latency. Efficient edge computing and intelligent routing can help reduce communication 

delays. 
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13.7 Management Complexity 

Modern networks combine cloud, edge, wireless, IoT, virtualization, and AI technologies. 

Managing such heterogeneous infrastructure is increasingly complex. 

14. FUTURE RESEARCH DIRECTIONS 

Future networking research can focus on the following areas: 

14.1 Autonomous Networking 

Networks may increasingly become capable of self-configuration, self-optimization, self-

healing, and self-protection. 

14.2 AI-Native Networking 

AI can become an integrated component of network architecture rather than simply an 

external optimization tool. 

14.3 Intelligent 6G Networks 

Future 6G systems are expected to integrate communication, sensing, computing, and 

intelligence. 

14.4 Zero-Trust Networking 

Zero-trust architectures can provide stronger security by continuously verifying users, 

devices, applications, and communication sessions. 

14.5 Quantum-Safe Networking 

As quantum computing develops, networking research will need to consider cryptographic 

methods capable of resisting quantum attacks. 

14.6 Green Networking 

Energy-efficient protocols, hardware, routing, and data-center management can reduce the 

environmental impact of network infrastructure. 

14.7 Secure AI-Based Networking 

AI systems themselves can be attacked through adversarial examples, data poisoning, model 

manipulation, and other techniques. Future research should therefore combine AI capabilities 

with strong security mechanisms. 

15. RESEARCH GAPS 

The literature indicates several important gaps that provide opportunities for future research. 

First, many proposed intelligent networking solutions are evaluated using simulations or 

limited datasets rather than large-scale real-world deployments. Second, AI-based approaches 

may provide high detection or optimization performance but can introduce computational 

overhead and explainability problems. Third, centralized SDN architectures can create 

scalability and controller-failure concerns. Recent work on SDN-IoT security also identifies 

the need for improved controller architectures and stronger security mechanisms. 

Another important gap is the integration of networking technologies. SDN, NFV, edge 

computing, blockchain, IoT, and AI are frequently studied independently or in pairs. More 

research is needed to develop unified architectures that can simultaneously address 

performance, security, scalability, energy efficiency, and interoperability. 
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16. PROPOSED RESEARCH FRAMEWORK 

Based on the reviewed literature, a future intelligent networking framework can be organized 

into five major layers: 

Layer 1 – Device Layer: 
IoT sensors, smartphones, computers, vehicles, and industrial devices. 

Layer 2 – Communication Layer: 
Wi-Fi, Ethernet, cellular communication, 5G/6G, and low-power wireless technologies. 

Layer 3 – Intelligent Network Layer: 
SDN controllers, routing mechanisms, traffic management, and network virtualization. 

Layer 4 – Edge and Cloud Layer: 
Edge servers, cloud platforms, distributed storage, and computational resources. 

Layer 5 – Intelligence and Security Layer: 
Machine learning, anomaly detection, authentication, encryption, access control, and 

automated response. 

Such an architecture can support adaptive and secure networking by combining 

programmability, distributed computing, and artificial intelligence. 

CONCLUSION 

Computer networking has evolved from traditional hardware-oriented communication 

systems into highly programmable, virtualized, intelligent, and distributed infrastructures. 

Technologies such as Software-Defined Networking, Network Function Virtualization, IoT, 

edge computing, 5G, and AI are changing the way networks are designed and managed. 

SDN provides programmability and centralized network control, while NFV enables flexible 

deployment of network functions. IoT increases connectivity but introduces resource, 

scalability, and security challenges. Edge computing reduces latency by moving computation 

closer to users, while AI provides opportunities for intelligent routing, traffic prediction, 

anomaly detection, and automated network management. 

At the same time, the increasing complexity of modern networks creates significant security 

and privacy concerns. Recent research emphasizes the need for integrated security 

mechanisms across SDN, IoT, edge, and future mobile networks. 

Future networks are expected to become increasingly autonomous, intelligent, secure, and 

energy-efficient. The integration of AI, SDN, edge computing, virtualization, and next-

generation wireless technologies represents an important direction for research toward 6G 

and beyond. 
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