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Abstract—The exponential growth of internet-connected devices has led to increased pressure on the current Internet Protocol infrastructure,
primarily IPv4, which is limited by its 32-bit addressing scheme. This paper compares and contrasts IPv4 with its successor, IPv6, looking closely
at their respective technical foundations, structural changes, and performance consequences. The Internet Engineering Task Force (IETF) launched
IPv6, which adds a 128-bit address space, reduced headers, better routing efficiency, built-in security methods, and native support for multicast
communication, among other improvements. The paper examines the evolution of IP, the limitations of IPv4, and the architectural and functional
advancements introduced in IPv6. Furthermore, it compares IPv4 and IPv6 across various parameters, including address notation, configuration
methods, header formats, and protocol efficiency. The review highlights the challenges in transitioning from IPv4 to IPv6 and underscores the
need for gradual global adoption to support the future scalability, security, and performance of internet communications.
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I. INTRODUCTION

The use of apps on the Internet has been expanding at a fast
pace recently. The internet is not only used for everyday living
but also for academic study [1]. The expansion of the Internet
has had a variety of effects on end users. These days, almost
everyone seems to have access, whether it be via their laptop,
computer, smart TV, or even their automobile. A distinct
Internet Protocol address is required for devices to connect with
one another over the Internet [2]. The gadget will encounter a
significant issue with the exhaustion of Internet Protocol (IP)
addresses as it grows. Nevertheless, although all of these
solutions might lessen the issue of IP address scarcity, it also
compromise security and resilience [3].

The Protocol for the Internet has been very important in the
field of communications in the last several years [4]. The method
may have been available for a while, but recent events and
incentives have helped it gain popularity among users. One
factor might be the evolution of web browsing, and another
could be the accessibility of IP and related transport protocols,
which make their implementation and use in the classroom a
breeze. However, several issues arise with the installation of an
[P-based network in a commercial environment [5]. The ongoing
IP activity, which includes the creation of systems, applications,
methodologies, and prototypes, is really astounding. It is
challenging to stay on top of even the notions that are presented
in a reasonably limited domain since this implies that the field is
always changing. However, to follow any discussion occurring
in different forums, one must be aware of the basic protocols,
forms and processes [6].

The fundamental communication system that allows devices
to connect and share information across the internet and other
networks is called the IP. The foundation of internet
communication since its conception, IPv4 uses a 32-bit
addressing method to facilitate the rapid growth of the digital
world [7]. The exponential growth of internet-connected devices
has almost depleted IPv4 addresses, highlighting the need for an
expandable alternative[8]. This limitation was overcome with

© 2023-2025, IJARCS All Rights Reserved

the creation of IPv6. Its 128-bit address field provides a virtually
infinite range of unique IP addresses. IPv6 provides several
improvements beyond address expansion, such as native security
capabilities via [Psec, enhanced support for QoS, simpler header
formats, and increased routing efficiency [9].

In response to this problem, the IETF created a new IP with
the goal of increasing the number of IP addresses and therefore
resolving the IP shortage [10]. "Internet Protocol next
generation" (IPv6) is another name for this updated version.
Expanded address space, enhanced security, robust routing,
multicasting, and automatic network setup are some of the new
and improved capabilities offered by IPv6. Over time, ISPs are
aiming to switch from IPv4 to IPv6 for their physical networks
[11]. There are a lot of reasons why the transition from IPv4 to
IPv6 can't be done quickly, such as the high cost, the lack of
technical assistance, the incompatibility of the two protocols,
and the limited availability of online content via IPv6 [12].

A. Structure of the Paper

This paper is structured into six key sections. Section II
provides an overview of Internet Protocols (IP), covering key
concepts such as IP addressing, routing mechanisms, and the
evolution from IPv4 to IPv6. Section III presents a detailed
comparison between IPv4 and IPv6, focusing on their
differences in header structures, performance, and scalability.
Section IV outlines the current challenges and limitations of IP
technologies, particularly in scalability, security, and mobile
integration. Section V explores the future directions and
emerging trends in IP technologies. Section VI provides a brief
overview of the paper's findings and their implications for
further study and advancement.

II. OVERVIEW OF INTERNET PROTOCOLS (IP)

Among the many protocols that make up the Internet, the
most basic and essential is the IP. Its primary function is to
transport data packets across network interfaces by addressing,
routing, and delivering them [13]. Data packets may be
addressed and routed across networks according to a set of rules
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called the IP. Data packets are the building blocks of information
sent via the Internet [14]. The IP address is a unique
identification that routers use to send data packets to their
specific locations. Every entity or device that connects to the
Internet is assigned an IP address. Data packets are sent to their
respective destinations based on their given IP addresses.
IP enables all devices on a network to receive messages by
assigning them a unique identification called an IP address [15].

A. IP Addressing and Internet Protocol Structures

The explanations of IP addressing concepts (IPv4, IPvo,
private/public addressing), network devices like routers, and
core data units like packets [16], as well as the accompanying
diagrams that illustrate these networking fundamentals.

1) IP Address:

An IP address is a special number that is given to each node
in a network that uses the Internet Protocol to send data.
Identification, location addressing, and host or network interface
are its two main applications [17].

Private IP Address Public IP Address

Fig. 1. Private and Public IP Address Mapping via a Router

Figure 1, demonstrates how multiple devices within a local
network use private IP addresses to communicate internally.
These devices including computers, laptops, and smartphones,
connect to a router, which assigns them private Ips [18]. The
router uses Network Address Translation (NAT) to translate
these private IP addresses into a single public IP address when
the user connects to the internet. In addition to enabling effective
IP address management, this configuration increases security by
concealing internal network information from the public.

2) Packet

Data sent from one location to another via the Internet or
another network that uses packet switching is called a packet
[19]. A payload and header are the primary components of this
part.

3) Router
A router is a piece of network hardware that acts as a go-
between for data packets travelling across different networks.

Routers are responsible for directing traffic across the Internet
[20].

4) IPv4

Virtually all modern Internet connections use the Internet
technology version 4 (IPv4), which is a technology that
facilitates communication between desktop computers
connected to the web [21].
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Fig. 2. Classification of IPv4 Address Classes (Class A to E)

Figure 2 presents the five IP address classes in IPv4, showing
their structure, bit patterns, and address ranges:

e Class A: Begins with 0, uses 8 bits for the network and
supports 1.0.0.0 to 127.255.255.255, ideal for large
networks.

o (Class B: Begins with 10, uses 16 bits for the network and
covers 128.0.0.0 to 191.255.255.255, suitable for
medium networks.

e Class C: Begins with 110, uses 24 bits for the network
and spans 192.0.0.0 to 223.255.255.255, designed for
small networks.

e Class D: Begins with 1110, reserved for multicast
addresses from 224.0.0.0 to 239.255.255.255.

e Class E: Begins with 1111, reserved for experimental
use with addresses from 240.0.0.0 to 255.255.255.255.

5) IPv6

The sixth version of the Internet Protocol, known as IPv6, is
the last in a line of updates to the protocol that have been
implemented for the purpose of identifying, finding, and routing

computers so that data exchanged over the Internet may be done
correctly [22][23].

Network Portion Interface ID
0909.99090.9999g. [SSSS.| XXXX.XXXX.KXKK.XXXX
Global Routing Prefix Host ID

n<=483 bits
Students ID
64-n bits

Fig. 3. IPv6 Address Structure with Network and Interface ID Segmentation

There are two primary components to an IPv6 address, as
shown in Figure 3, the Network Portion and the Interface ID.
Included in the Network Portion are the Subnet ID (student ID,
64-n bits) and the Global Routing Prefix (up to 48 bits). In order
to distinguish one host from another on the network, the 64-bit
Interface ID is used [24]. This hierarchical structure enables
scalable routing and supports subnetting in IPv6 networks.

B. The Evolution and Core Components of the Internet
Protocol (IP)

The IP has played a fundamental role in the development of
modern networking, acting as the backbone of communication
between devices across diverse and interconnected networks.
The evolution of IP and its core components reflect how the
protocol has grown to accommodate the expanding demands of
the internet and ensure seamless data exchange across a vast
array of networks [25]. This section delves into the origins, the
primary functions, and the ecosystem of protocols that make up
the Internet Protocol Suite, which together enable the effective
and resilient operation of the modern Internet.
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1) Genesis of Connectivity (The Birth of IP)

The need to link disparate systems emerged in the early days
of computer networking, which is where IP got its start. The
origins of IP may be found in the early phases of computer
networking, when the need to link dissimilar systems led to the
development of protocols that might make data transmission
easier [26]. A standardised protocol was necessary to guarantee
smooth communication across diverse settings when networks
grew beyond localised domains [27].

2) Foundations of IP

It is part of the IP Suite, which is an all-inclusive framework
that includes several protocols that allow for flexible and
powerful network communication [28]. IP's principal role is to
guarantee the efficient and dependable transmission of
information across networks by handling tasks such as data
packet addressing, routing, and fragmentation [29].
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Fig. 4. Client-Server Model and the TCP/IP Protocol Suite

A communication flow is depicted through the different
layers of the TCP/IP model displayed in Figure 4:

e Application Layer: This is where the client and server
applications directly interact, using protocols specific to
the application (HTTP for web pages). The diagram
explicitly labels this interaction as following the "Client-
Server Model".

e Transport Layer: This layer ensures reliable or
unreliable data transfer between the client and server
processes. The diagram notes that this layer is
"OS/Computer Architecture Independent," highlighting
its role in abstracting away the underlying system

e Internet Layer: Appointed to handle the addressing and
routing of packets across many networks. The diagram
indicates that this layer is applicable across various
network types: "LAN, MAN, WAN Applicable."

e Link Layer: Handles the physical transmission of data
over a specific medium. In this illustration, "Wire" is
shown as the "Media," and the communication at this
level is governed by the "Link Layer" protocols. The
physical connection is labeled as "Physical-Media" [30].

3) Connectionless Paradigm

Packet switching enables this connectionless paradigm,
which permits dynamic routing and effective use of network
resources. Additionally, it gives IP an innate resilience that
allows it to easily adjust to network disturbances and variations.

4) Addressing and Routing

Internet Protocol addresses, whether in IPv4 or IPv6, are like
virtual coordinates that routers use to send data packets to their
correct locations. An essential component in the development of
the Internet, [Pv4 is defined by its 32-bit addressing system [31].

5) Protocol Ecosystem

“An extensive network of protocols and services enhances
the usefulness and dependability of IP. The Internet Protocol
Suite is comprised of several protocols that have a significant
impact on the development of digital communication. For
example, ICMP allows for the reporting and diagnostics of
errors, while TCP and UDP govern the transport layer” [32].

III. COMPREHENSIVE COMPARISON OF IPv4 AND IPV6:
TECHNICAL ASPECTS, HEADER STRUCTURE, AND
PERFORMANCE ANALYSIS

This section presents a holistic evaluation of IPv4 and IPv6
by examining their key differences across three major
dimensions: technical aspects, header structure, and
performance [33]. It explores how each protocol handles
addressing, configuration, routing, and security shown in table I.
The comparison of header structures highlights the simplified
and more efficient design of IPv6. Performance analysis focuses
on latency, Round Trip Time (RTT), and payload overhead in
TCP/UDP transmissions. Through detailed tables and figures,
this section provides insights into the functional evolution from
IPv4 to IPv6, emphasizing IPv6’s advantages in scalability,

differences. efficiency, and security in modern networking environments
[34].
TABLE L. KEY DIFFERENCES BETWEEN IPV4 AND IPV6 IN TERMS OF THEIR TECHNICAL ASPECTS, PERFORMANCE, AND
FEATURES.
Aspect 1Pv4 IPv6

Address Length 32-bit (4.3 billion addresses) 128-bit (340 undecillion addresses)

Address Notation Dotted decimal (e.g., 192.168.1.1) Hexadecimal with colons (e.g., 2001:0db8::1)

Header Complexity Complex header (12 fields) Simplified header (8 fields)

Address Configuration Manual or via DHCP

Auto  configuration  via  Stateless  Address

Autoconfiguration (SLAAC)

NAT (Network Address

Required for address conservation

No NAT required due to larger address space

Translation)
Security Optional (IPsec support) Mandatory (IPsec support for encryption and
authentication)
Routing More complex, can lead to routing | Simplified routing with hierarchical addressing
table bloat
Broadcasting Supports broadcasting Does not support broadcasting, uses multicast
Packet Size 20-60 bytes Minimum size 40 bytes, but more efficient in handling

large packets
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Fragmentation Performed by both sender and router | Performed only by sender (routers don’t fragment
packets)

Address Availability Limited (Exhaustion of IPv4 | Vastly more available (virtually unlimited)
addresses)

Performance May be slower due to NAT and | Generally faster, especially with reduced NAT and

(Latency/Throughput) routing complexities streamlined routing

Transition Mechanisms Dual stack, NAT64, tunneling (e.g., | Dual stack, tunneling, IPv4/IPv6 intercommunication
6t04)

Header Fields 12 fields (Source IP, Destination IP, | 8 fields (Source IP, Destination IP, Hop Limit, etc.)
TTL, etc.)

Security Features Optional IPsec Mandatory IPsec for end-to-end encryption

QoS (Quality of Service)
(ToS)[35]

Supported via Type of Service

Supported via Traffic Class field

Compatibility
technologies

Backward compatible with older

Not directly compatible with IPv4 (requires transition
mechanisms)[36]

Ease of Deployment

Easier to implement and widespread

Requires upgrades to infrastructure and software

Number of Routers
Supported

Limited by IPv4 address space

Can handle far more routers due to the larger address
space

A. Comparison Transition of IPv4 Header vs IPv6 Header

The two primary header formats used by IPv6 are the Main
IPv6 Header and the more recent IPv6 Extension Headers [37].
The primary IPv6 header is functionally identical to its IPv4
counterpart, with the exception of a few fields that have been
optimised for IPv6. Both headings are compared in Figure 5
[38].

IPv6 Header IPv4 Header
. Lk f
Version | Traffic Class | Flow Label Versian | IHL 5:?‘:; Total Length
Next | Hop N Fragment
Identification Flags
Payload Length Header| Limit g Offset
TTL I Protocol Header Checksum
Source Address
Source Address
Destination Address
Options Padding
Legend
Fields kept in IPv6
Destination Address I:I Fields kept in IPv6, but name and position
changed
El Fields not kept in IPv6
l:l Fields that are new in IPvé

Fig. 5. Comparison of IPv6 and IPv4 Header Formats

The header formats of IPv6 and IPv4, highlighting the
evolutionary changes in the Internet Protocol. The IPv6 header,
designed for greater efficiency and scalability, streamlines the
structure by including fields like Version, Traffic Class, Flow
Label, Payload Length, Next Header, Hop Limit, and the
significantly larger 128-bit Source and Destination Addresses.
In contrast, the IPv4 header contains fields such as Version, IHL,
Type of Service, Total Length, Identification, Flags, Fragment
Offset, Time to Live (TTL), Protocol, Header Checksum, 1 32-
bit Source and Destination Addresses, Options, and Padding
[39]. The color-coded legend further clarifies which fields are
retained (green), renamed/repositioned (light blue), removed
(pink), or newly introduced (yellow) in the transition from IPv4
to IPv6.

B. Comparative Performance Analysis of IPv4 and IPv6

This section analyzes the performance differences between
IPv4 and IPv6 using Round Trip Time (RTT) under varying
latency conditions and examines the payload overhead
associated with TCP and UDP transmissions between the two
protocols.
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Fig. 6. 1Pv4 vs. IPv6 Performance Analysis by Latency

Figure 6, compares IPv4 and IPv6 performance (based on
RTT difference) for high-latency (>50ms, dotted blue) and low-
latency (<50ms, solid green) connections [40]. The x-axis shows
the percentage difference relative to the faster protocol, with
negative values favouring IPv6 and positive favouring IPv4. The
y-axis indicates the percentage of measurements within each
difference range. The analysis reveals how latency influences the
relative speeds of the two protocols [41].
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Fig. 7. TCP and UDP Transmission Overhead between IPv6 and IPv4
Networks

Figure 7, shows the consistent payload overhead for TCP
(around 280 bytes) and UDP (around 140 bytes) when
transmitting from IPv6 to IPv4 across various packet sizes.
TCP's connection-oriented nature and IPv6-to-IPv4 translation
contribute to its higher overhead compared to UDP's
connectionless approach, with the overhead remaining fixed
regardless of packet size.
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IV. TRANSITIONING FROM IPV4 TO IPV6: CHALLENGES AND
BEST PRACTICES

An important step in the growth of the Internet is the move
from IPv4 to IPv6. Although IPv6 improves upon IPv4 in many
ways, including scalability, security, and performance, there are
still obstacles to its widespread adoption [42]. This section
outlines the major technical, organizational, and security barriers
encountered during the transition and presents proven strategies
and best practices to overcome them [43].

A. Technical and Infrastructure Challenges

One of the most significant hurdles is the technical
complexity of migrating global internet infrastructure to IPv6.
Some key challenges include:

¢ Dual Stack Implementation: Operating IPv4 and IPv6
simultaneously requires additional configuration and
maintenance. Managing two stacks increases the
network’s complexity and operational cost.

e Backward Compatibility Issues: IPv6 is not inherently
backward compatible with IPv4. This necessitates the use
of transitional technologies, such as tunnelling or
protocol translation, to ensure interoperability [44].

e Hardware and Software Readiness: Many legacy
network devices and systems may not support IPvo,
requiring costly upgrades or replacements to enable IPv6
functionality [45].

B. Organizational and Policy Barriers

Transitioning to IPv6 involves more than just technical
changes it also requires organizational alignment and policy-
level support:

e Cost of Migration: Upgrading infrastructure, training
personnel, and testing interoperability all incur
significant costs, particularly for large enterprises and
developing countries [46].

e Training and Awareness: Many IT professionals are
more familiar with IPv4. A lack of awareness or
understanding of IPv6 often leads to resistance in
adoption [47].

e Compliance and Standardization: Different regions
and organizations may follow varying standards and
compliance regulations, making global coordination
difficult [48].

C. Security Concerns

Although IPv6 was designed with integrated security
features, its deployment brings new challenges:

o Differences in Security Handling: IPv6 changes how
some traditional security mechanisms (like NAT) are
implemented, requiring updates to security policies and
tools [49].

e Misconfiguration and Transition Vulnerabilities:
Poor implementation of dual-stack environments or
tunnelling mechanisms can introduce vulnerabilities,
such as exposure to IPv6-based attacks while defences
are still configured for IPv4 [50].

D. Solutions and Best Practices
Despite these challenges, numerous strategies and
technologies have emerged to ease the transition process:

e Dual Stack and Tunnelling Techniques: Running both
protocols concurrently (dual stack) allows gradual
migration. Tunnelling mechanisms like 6to4, Teredo, and
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ISATAP encapsulate IPv6 packets within IPv4 to
traverse legacy networks.

e Translation Mechanisms: Tools such as NAT64 and
DNS64 allow IPv6-only clients to communicate with
IPv4 servers, acting as a bridge during the transition
period.

e Vendor and ISP Support Strategies: Collaboration
with hardware vendors and internet service providers is
crucial for ensuring that IPv6-capable products and
services are available and reliable [51].

e Government and Institutional Role: National
governments and regulatory bodies play a pivotal role by
mandating or incentivizing IPv6 adoption through
policies, public-sector leadership, and funding support
[52].

e Roadmaps and Implementation Guidelines:
Structured transition plans and adherence to international
best practices help ensure smooth migration with
minimal service disruption [53].

V. LITERATURE OF REVIEW

In this section, provides the previous research on Internet
Protocol an In-depth Review of IPv4 and IPv6 and their
Comparative analysis shown in Table II.

Pongrac and Kasunic (2022) comparing will help us
understand how IPv6 works in a real-world setting with actual
users. They tested 3,000 of the most popular IPv4 and IPv6
enabled (dual stack) domains in a real-world end-user setting in
Croatia. Results showed that IPv4 and IPv6 traffic were
comparable in terms of reachability, packet loss, RTT-based
latency, hop counts, and throughput. The global adoption rate is
currently over 36%, up from around 20% five years ago. There
has to be testing and analysis of end-user IPv6 performance
compared to IPv4 performance since the number of devices that
can utilise IPv6 is growing [54].

Fahmi et al. (2021) compares and contrasts two protocols,
IPv6 and IPv4, based on their respective features, services, and
performance. These days, ISPs are busy planning for IPv6
migrations as IPv4 reaches its limits. There are more IP
addresses in IPv6 than in IPv4. Different from IPv4, which
utilises 32 bits, [Pv6 uses 128 bits. Compared to IPv6, IPv4 is
not inherently safer. The effectiveness of [Pv6 and IPv4 is tested
by simulating a communication network, checking the response
time of the target server and clients, and analysing the routing
protocol and packet size intervals. The performance of both IPv4
and IPv6 is evaluated at the same time using all of these factors
[55].

Bala and Bansal (2022) evaluate IPv6 and IPv4 capabilities
in the context of VANET routing. In this case, it uses two routing
protocols, AODV and GPSR, to examine performance under
various conditions. Two metrics are taken into account to
evaluate and contrast IPv6 and IPv4 performance. Known as
Internet Protocol Version 6, or IPv6, is the most recent update to
the original protocol. This protocol will eventually supersede
IPv4. Not only does it meet the growing need for IP addresses,
but it also has other characteristics that contribute to the overall
health of the Internet. Improvements in throughput and
reliability should be seen with IPv6 [56].

Meijers (2023) presents the findings of an evaluation of IPv4
and IPv6 forwarding performance, including metrics like packet
loss rate, delay, and throughput. Assessing IPv6 readiness
requires measuring [Pv6 performance in both physical and
virtual routers. Since IPv4 is well-established in both physical
and virtual environments, it provides a solid foundation for
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future comparisons. There is a critical shortage of IPv4
addresses, making the transition to IPv6 an urgent matter of
discussion and investigation [57].

Bhuiyan et al. (2023) delves into the evolution of IPv4 and
IPv6 addresses, exploring the popular transition methods and
assessing the current state of [Pv6 implementation globally and
in the context of Bangladesh. The comparative analysis of recent
data, they have identified challenges and offered possible
solutions for a seamless transition toward IPv6. As the demand
for IP addresses surges and the exhaustion of IPv4 resources
becomes imminent, embracing the potential of IPv6 holds the
key to sustaining a connected and innovative digital world. The
insights gleaned from this research may guide businesses and
stakeholders in navigating the path to IPv6 integration [58].

Davies and Pagani (2022) compare and contrast IPv4 and
IPv6 in detail, looking at how each protocol meets the needs and
has the characteristics of high-performance blockchains. In
terms of scalability, privacy, and security, IPv6 is better suited
to these types of networks. Networks that use blockchain
technology often use the IPv4 and IPv6 protocols, since they are
built on top of the TCP/IP stack. They conclude that IPv6 offers
better privacy, security, and scalability for these types of
networks. Additionally, they detail how IPv6 provides enhanced
functionality compared to IPv4 via the use of various P2P
payment methods and enhanced identity management through
the use of cryptographically generated addresses [59].

TABLE II. RESEARCH ON ANALYSIS OF IPv4 AND IPV6: PERFORMANCE METRICS, TRANSITION CHALLENGES, AND

APPLICATION INSIGHTS
Author(s) | Year Focus Area Comparison Key Findings
Criteria
Kasuni¢ 2022 | IPv4 vs IPv6 behavior in | Reachability, IPv6 adoption rising (~36%); tests show
and end-user  environment | Packet Loss, RTT | performance metrics for IPv6 vs IPv4 in dual stack;
Pongrac (Croatia) Delay, Hop Counts, | emphasizes importance of measuring IPv6
Throughput performance in real-world conditions.
Fahmi et | 2021 | [Pv4 vs IPv6 technical | Response time, | IPv6 uses 128-bit addressing vs 32-bit in IPv4;
al. comparison and network | Routing Protocols, | IPv6 provides more efficient and secure
simulation Packet Size, | communication; comparative simulation shows
Communication protocol behavior under load.
Delay
Bala and | 2022 | IPv4 and IPv6 | Routing IPv6 expected to enhance speed and service
Bansal performance in VANET | Performance, quality; essential for IP address demand in
(Vehicular Ad  Hoc | Speed, QoS VANETsS; tested using routing protocols under
Networks) using AODV different scenarios.
and GPSR
Meijers 2023 | Performance analysis of | Throughput, IPv6 readiness assessed through hardware and
1Pv4 and IPv6 | Latency, Packet | virtualized tests; IPv4 serves as baseline; key
forwarding in hardware | Loss insight into IPv6 performance on modern
and virtual routers networking devices.
Bhuiyan 2023 | Global and regional | Transition Methods, | Presents a transition roadmap; IPv6 necessary to
et al. (Bangladesh) IPv6 | Challenges, overcome IPv4 exhaustion; offers solutions to
transition methods and | Readiness mitigate transition barriers and help businesses
implementation integrate IPvo.
challenges
Davies 2022 | IPvd vs IPv6  in | Privacy, Security, | IPv6 is more favorable for blockchain due to
and blockchain networks Scalability features like cryptographically generated addresses
Pagani and scalability; better suited for P2P networks and
future blockchain use.

V1. CONCLUSION AND FUTURE SCOPE

An important step in the evolution of internet communication
protocols is the move from IPv4 to IPv6. IPv4's limitations, most
notably the exhaustion of address space, are making it more
unsustainable, despite its long history as the Internet's backbone.
IPv6 provides a solid answer to the problems of network
scalability and connection in the future due to its enhanced
efficiency, built-in security measures, and significantly
increased address capacity. IPv6 addresses the major limitations
of IPv4 and provides a limitless supply of addresses as well as a
more secure process for future growth on the internet. While
there are clear benefits for implementing IPv6, there are also
considerable obstacles such as large implementation costs, no
backward compatibility, and a lack of awareness from service
providers. However, as it continues to develop new applications
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and devices that need a unique IP address, the migration to IPv6
is not optional. Organizations must also understand both
protocols well enough to make a knowledgeable IP decision
while also keeping their networks efficient, resilient, and secure.

The future of IP networking will depend on broad adoption
of IPv6-driven momentum further facilitated by worldwide
policy and readiness of the infrastructure. With the continued
advancements of IoT, cloud computing, and 5G, this will only
require more IPv6 support for device overload. Its expansive
address space and enhanced features make it ideal for supporting
the growth of the IoT, 5G networks, and cloud-native
infrastructures. IPv6 enables seamless connectivity, better
scalability, and improved security, which are critical for
advanced systems like edge and fog computing. It also supports
AI/ML applications for intelligent network management and
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cybersecurity, and facilitates secure peer-to-peer communication
in blockchain and decentralized networks. Overall, IPv6 will be
a foundational enabler for next-generation digital
transformation.
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