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Abstract:

With the development of 5G technology, the distributed system architecture entirely changes from time
division to space division, bringing ultra-low latency, enhanced scalability, improved reliability and
becomes the basic infrastructure for real-time applications. This paper evaluates the effects of 5G
technology on distinct distributed systems in various areas such as self-driving vehicles, smart cities, and
smart industries. The study indicates that 5G enables the transmission of data in real-time and creates
lasting end-to-end connections for the 10T of things, along with better reliability for important application
systems. Moreover, the highlight of the sophisticated architectural en route to the current 5G realm,
including edge computing and network slicing, also shows how distributed systems are flexible in
utilizing 5G’s advantages. As much as 5G is seen to carry great potential, issues like high cost of
deployment, security issues and problems within system integration require proper consideration to
harness on 5G fully. On this, this research offers information about the role played by 5G on the future of
the distributed systems and its relation to real-time systems.

Keyword: 5G technology, distributed structures, real time applications, edge computing, network
slicing, 10T, scalability, low latency, smart cities, structured industrial automation.

1. Introduction

Due to the increasing adoption of novel use-cases like autonomous vehicles, smart cities, and industry 4.0,
the requirements and the capabilities of the current networking models are insufficient to protect the desired
low latency achieving high reliability and scalability. Information management architectures are inherent in
these applications as they facilitate communication and coordination in a distributed system. But as the need
for real time applications increases the latter the requirement for enhanced network technologies. 5G
technology is a new innovative technology that has physically come with features such as very low latency,
higher bandwidths, and support for a huge number of connected devices. These capabilities are potentially
capable of altering distributed system’s architectural layouts, which would in turn vastly enhance their
throughput and open doors for real-time processes. Nevertheless, the deployment of 5G in current systems
remains an issue in terms of architectural changes, resources, and security.

This work discusses the factors arising from the use of 5G technology on real-time applications of
distributed systems focusing on facets like latency, scalability, and reliability. This study therefore attempts
to offer insight into specifics of the general changes driven by 5G to the nature of Distributed Systems and
its implications by focusing on the real-world usage and architectural modifications.
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Fig 1. The Deployment Of 5G In Current Systems

2. Methodology
The research method used in the present study aims at investigating the effects of 5G technology on
distributed system architectures for real-time applications. The following steps outline the approach:

2.1. Extensive Literature Review

i. Conducting an initial literature search, the study foregrounded its analysis with a systematic
examination and synthesis of key research articles, technical papers, and white papers relating to 5G
technology and distributed system architectures.

ii. Efforts were made to define what characterizes 5G, for instance low latency, greater transmission
speeds, and high device connection, and how these characteristics fit in the bill of real-time distributed
systems.

iii. A critical review of past work concerning issues arising from real-time applications using pre-5G
networks was also conducted to understand the existing gaps that the 5G technology seeks to fill.

2.2. Organization Performance Targets Percent Performance Review.

The study focused on evaluating how 5G influences critical performance metrics of distributed

systems, including:

I. Latency: Estimating the ability of minimizing delay between different nodes in the system.

ii. Scalability: Talking about the upper ceiling of devices and nodes within the system.

iii. Reliability: Dividing and comparing the new prospects of the consistent signal transmittal in 5G
networks.

iv. These metrics were investigated in the context of real-time applications, as real-time performance is
crucial for success.

2.3. The Identification of Architectural Transformations.

The study also explored how different distributed system architectures are being aligned to provide value
from 5G.

The transition that was brought to light includes edge compute, Al orchestration tool, networks transition for
utilization of 5G features namely, the network slicing.

2.4. Discovery of Issues and their Counterparts.
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Challenges related to the adoption of 5G in distributed systems were identified, including:

i.  The situation when new capabilities require redesigning architecture.

ii. Challenges related to technical vulnerability in establishing massive-scale 5G-enabling systems.

iii. The perceived problems in security/privacy and more so the dependency on 5G for critical operations.

iv. Recommendations and potential strategies including collaborative design of the system, improvements
in security measures, and integration of 5G with other technologies were provided.

v. This methodology presents a coherent approach to show how by utilizing 5G technology distributed
systems are enhanced and real-time applications in different fields are facilitated.

Table 1: Methodology Framework for Assessing the Impact of 5G on Distributed Systems

Phase Description Purpose Tools/ Resources
Literature | Outside research, a | To get a theoretical | Scholarly journal articles;
Review survey  of  the | background and to | electronic database C opus:

current  scholarly | define the directions of | IEEE explorer,
literature about 5G | 5G impact on the | SpringerLink, Science
and distributed | distributed systems | direct.

systems with a | further investigation.

focus on their

integration.

System Integrate low | To measure how well | Simulation tools comprise
Simulation | latency and high | distributed systems | of MATLAB, NS3,
bandwidth features | perform under the 5G | OMNeT++.

of 5G in the design | environment for real-

of and simulation | time services.

of distributed

systems.
Case Examine how | To recognize those | Interviews, case study
Study distributed systems | implementation reports, industry  white
Analysis apply 5G | problems as well as | papers, and papers.

technology in real | advantages in various

life scenarios | fields  of  human

including smart | activity.

cities or  self-

driving

automobiles.

Field Deploy and | The primary objective | 5G testbeds, 0T devices
Testing perform dense | of this is to achieve | edge computing
controlled trials on | empirical evidence | installations.

5G systems in | towards latency,
actual environment. | reliability, and
scalability
enhancements.
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and

Evaluation

Analysis

This would be done
with reference to an
improvement
against the baseline
systems employing
pre-5G
architectures.

To measure the gains

and hence evaluate
constraints of  the
distributed systems

empowered by 5G
networks.

Some of the other tools and
softwares (eg R,Python,
Excel for data analysis).

3. Results

Based on the research conducted for this study, important conclusions have been drawn on the effects of
new 5G technology on the distributed system’s architectural design when implemented in real-time
application environments. The results are grouped by objective performance indicators and conceptual

examples.

3.1 Outcome measures that affect organizational performance
3.1.1. Latency Reduction: In distributed systems, the impact of 5G’s URLLC was established to decrease
communication delay significantly. Latency was cut down to a minimum of 1ms in several testing cases and
reliable data transmission necessary for self-driving cars and robotic operations was made near real-time.
3.1.2. Enhanced Scalability: The offered connection density of 5G which provided connection of up to one
million devices per square kilometer allowed distributed systems to scale. It facilitates seamless
development of the IoT networks required in smart cities and industrial automation market.

3.1.3. Improved Reliability: Thus, 5G innovative architecture by utilizing sub layers such as network
slicing and redundancy rates enhanced the effectiveness of information transfer in distributed environments.
This is especially obligatory in cases when equipment is critical as in emergency response systems.

Table 2: Summary of Results: Evaluating the Impact of 5G on Distributed System Parameters

Parameter Observed Impact Key Applications Insights

Latency Ensured near real time | Self-driven cars, a | Enables efficient running of
communication with | surgery many light- | operations in environment that
very low latencies, at | years away requires a fixed time to complete
individual latency of the working cycle.
about 1 ms.

Scalability Enabled capacity to | Smart cities, loT | Supports the establishment of
connect one million | ecosystems robotics and loT devices and
devices per square sensors by creating the opportunity
kilometer. for their mass deployment.

Reliability Enhancement of | Manufacturing, Reduces the duration of an
reliability using URLLC | medical application is unavailable and
with more reliable low increases  the  reliability  of
latency. important applications.

Edge Improved data | Real-time  analysis, | Improves adaptability by enforcing

Computing processing on  the | artificial intelligent data control at closer proximity to
network edge thus the input source, thus reducing time
minimizing lags.
transmission load.

Network Supported  on-demand
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Slicing optimization of the | Smart grids, loT | Improves utilization level of

network resource | systems resources  with  guarantee  of
allocation with respect enhancing performance for
to the requirements of distributed applications.

the applications.

Security More risks owing to | Significant business | Stresses both the importance of
Concerns exposure of new | assets, intelligent | protection from cyber security
interface vectors in 5G- | grids threats and the necessity of
oriented systems. integration of specialists from

different fields involved in
architecture creation.

3.3 Architectural Transformations

3.3.1. Edge Computing Integration: As a result, the emergence of 5G low latency and high-speed paved
way for edge computing where computations are done closer to the sources of data. This transformation
eliminated dependence on central data centers and made the response time and system much more effective.
3.3.2. Network Slicing Deployment: Due to the application of network slicing techniques, distributed
systems could easily implement several virtual networks over a single distinct physical infrastructure for
each real time acknowledged application. Such a change guaranteed the effectiveness and efficiency of the
processes.

3.4 Challenges Identified

To the listed advantages of 5G in distributed systems, the work found some drawbacks such as high costs of
infrastructure, problems with integration of several systems, and susceptibility to cyber threats. Solving
these issues is paramount for proper utilization of 5G in the distributed structures.

Impact of 5G Technology on Distributed System Parameters

Security Concerns

Network Slicing

g Edge Computing
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Fig 2. impact of 5g technology on distributed system parameters
4. Discussion
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The findings of this research, therefore, affirm how the advanced application of 5G technology in distributed
system designs will enhance their performance with specific reference to real-time applications. The largest
efficiency improvement noted here is latency, which greatly affects those applications for which it may be
critical to transfer data instantaneously and make decisions based on it, like cars or remote surgeries. With
latency levels ranging down to 1ms, 5G allows systems to act nearly in real time which results in a level of
coordination and response that has not been possible with previous generation networks.

Another enhancement from the perspective of distributed system scalability is displayed by the 5G. More
importantly, each square kilometer of 5G network can support up to one million connected devices and
therefore, provides a greatly improved 0T viability in smart cities. The ability to support such large-scale
networks without incurring a performance penalty is important to make real-time applications such as
intelligent traffic management systems and smart grid services, and the monitoring of the environment, some
of the key components of modern cities. This is also true for reliability in distributed systems, which is also
boosted greatly by 5G technology. One of 5G’s key features is ensuring more stable and reliable data
transmission because of built-in redundancies, network slicing, and ULR (URLLC) are already integrated
into the 5G design. This improvement is crucial since disruptive communication can lead to loss making
time in important sectors such as industrial automation. The increased reliability of 5G allows distributed
systems to operate more effectively thereby minimizing probable consequences of network breakdown
supplemented by increased operation effectiveness.

Nevertheless, the advantages of 5G are obvious, although several issues should be solved, especially
concerning the connection of the new standard with existing networks. 5G technology is expensive in the
beginning since many organizations may require modifying base stations for the new network and perhaps
even inducting new equipment and programs. Unfortunately, for many organizations, primarily these located
in developing areas, the cost of integration of 5G may be prohibitive. It leads to a situation where
organizations must weigh the efficiency of big developments to justify large capital investments.

The change towards edge computing, which 5G enables, brings new challenges with it. Because data
processing reduces the distance between the location where the data is produced and the location where it is
used processing more data closer to the edge requires more and more edge nodes and requires effective
management of distributed resources. Such architectural transformation requires restructuring of current
systems which may cause problems of resource consumption and time. 5G is a reality to which
organizations need to adapt their processes in order to be sufficiently prepared for the changes that will take
place at the systems level, as well as for the implementation of end-devices and centralized computing
center. Perhaps, one of the most crucial issues is the security aspect of adopting 5G communication network
as a means of providing connectivity in specified infrastructure. Certainly, the increased connectivity and
interconnectivity facilitated by the 5G networks enhance the exposure of cyber threats. Security and privacy,
especially of such data as is contained in applications like the healthcare ones or the autonomous vehicles’,
have to be maintained. To resolve these issues, powerful security measures and close cooperation between
the business and the government will be required to shelter these progressive systems from crackers.
Therefore, as innovation of wireless technologies goes on with the passage of time, it demonstrates more
possibilities. Hence, as we get out of 5G and transit to a new generation 6G, it will offer better speed,
reliability, and connectivity further boosting distributed system paradigms. This will lead to the creation of
high-frequency and versatile real-time applications and smart systems in complex environments. For now,
however, 5G is still an enabling technology for the progress of distributed systems as the architecture of
real-time applications become more sturdy, spare, and reliable.

5. Conclusion

This work has examined how 5G technology has shaped modern distributed systems and architectures
especially in real-time applications. A specific focus is made on the effects that 5G technologies provide
including ultra-low latency, significant scalability, and higher reliability necessary for the future distributed
systems. Such improvements are most valuable in fields like auto-driving electric cars, smart communities,
and industrial applications where timely data transfer and high speed are critical. The work proves that 5G
technology solves many of the challenges that previous network generations faced, especially in terms of
system response and connection in large-scale data-intensive systems. Furthermore, there are clear
opportunities for distributing system architecture with 5G primarily through the addition of edge computing
and network slicing that provides for better resource partitioning and systems control.
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Nevertheless, the implementation of the 5G technology in real-time distributed computing systems is not
without hitches. Other challenges involved are the high costs of setting up infrastructure, a need to design
architecture all over again and security issues. Thus, the said challenges must be counteracted by increased
innovation, investment and most importantly consolidation across industries when embracing the new 5G.
Therefore, going forward, 5G technology is expected to transform distributed systems and realizing this
capability will depend on proper deployment, sustained research and fashioning of new methods to cope
with the issues highlighted in this paper. Looking further into the future we can clearly state that further
development of wireless technologies will bring an even higher level of advancements in the area of robust,
efficient and intelligent applications for real-time systems.
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