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Abstract: This paper proposed a combined model that melds Blockchain
technology with Network Function Virtualization (NFV) to promote many
areas, such as smart, secure, and scalable physical and digital infrastructures
in E-Government, Healthcare, and Network Systems. The model treats the
principal objections in conventional systems, including centralization,
slowed service deployment, and restricted safety. By employing
decentralized Digital Identity Decentralized identifiers (DIDs), smart
contracts, and Virtual Network Functions (VNFs), the system guarantees
boosted trust, auditability, and elasticity. The quantitative outcomes observed
in the experiments showed a highly significant improvement. The review
demonstrated a 46% reduction in access time, while the transaction
throughput rate increased by more than 140%, exceeding previous efforts,
and an 80% reduction in deployment time for service. Applying the model in
the health care domain shows an overall session duration drop from 22
minutes to 6 minutes, resulting in an improvement of 73% overall. The
reliability metrics assessment for the overall review resulted in a reliable
classification of 5 out of 5 for the overall assessment based on our results,
data integrity, conformance to terms of service, and resistance to attacks.
Given all of the above, the presented model is identified as a promising
environment for future digital transformation in terms of assuring security,
capacity, and adaptability for critical issues.
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Virtualization

of Blockchain with the flexibility and scalability of
Network Function Virtualization (NFV) (Alrowaily et al.,

Introduction

The dramatic expansion in the provision of services to
individuals has been driven by the digital transformation
in  many sectors such as healthcare and
telecommunications (Adnan et al., 2022; Ahmad and
David, 2024; Alam et al., 2020). Data integrity and secure
communications are among the most important aspects of
these services, making them a target for cybercriminals
and cyber threats (Alexopoulos et al., 2019).
Conventional centralized infrastructure samples are
frequently insufficient to address the dynamic and
distributed nature of these scopes. There are many papers
that address some challenges through a suggested hybrid
architecture that combines the decentralization and trust

Y/, SCIENCE
%

Publications

2023; Barbieri et al., 2023).

Blockchain technology encloses secure exchange of
data, transparent auditing, and protected records
(Alexopoulos et al., 2019; Bodkhe et al., 2020). In the
meantime, NFV gives the ability to the network functions
considered virtualized and dynamically managed to rely
on real-time service requests. In conjunction, these
technologies handle the miscellaneous demands of
present-day digital infrastructures by supplying end-to-
end security, adaptability, and intelligence.

As e-government frameworks continue to develop,
warranting the security and thoroughness of their
underlying physical infrastructure has become an
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essential (Douha et al., 2022). The combination of
prominent technologies, including Blockchain,
Network Function Virtualization (NFV), and Quantum
Key Distribution (QKD), provides favorable solutions
to promote the security, scalability, and flexibility of
these systems (Durga et al., 2022). Blockchain supplies
a decentralized and protected field for data integrity
and confidence, while NFC provides resilient and
economic running of network services (Egala et al.,
2021). QKD shows a quantum-level Ilayer of
encryption, enabling the secure distribution of
cryptographic keys that depend on the rules of quantum
mechanics, just like that, making interception virtually
not possible (Elisa et al., 2023). These technologies
have the ability to improve physical security by
providing real-time monitoring, automatic detection of
threats, and quantum-proof data processing. As
healthcare advances with digital transformation, the
volume of patient information processed has grown
exponentially in recent times (Haleem et al., 2021).
Blockchain technology and Network Function
Virtualization (NFV) are two of the more current
solutions that are being used to improve healthcare IT
systems (Alam et al., 2020). Blockchain technology
provides a secure, decentralised, and tamper-proof
ledger of all transactions that create an environment of
trust, data integrity, and traceability in all healthcare
connected entities. In addition, NFV provides the
capability to dynamically provision and manage
virtualized healthcare services that allow users to move
away from traditional models of delivery. Blockchain
technology and network function virtualization provide
a secure method for sharing data and coordinate

services in real time so that healthcare systems can
respond rapidly to fluctuations in demand,
consequently increasing the security, efficiency, and
resiliency of healthcare operations (Hussain et al.,
2024).

This paper investigates the symbiotic possibilities
of stimulus to a Hybrid Blockchain-NFV combination
in building smart digital and secure physical structures
over critical fields like e-government, healthcare, and
broader network systems. Through investigating their
collaborative ability to improve data integrity, service
agility, and infrastructure resilience, the paper looks
into how these technologies have the ability to handle
existing security and performance difficulties.

Literature Review

The combination of blockchain technology with
NFV has emerged as a transformative process to boost
security, scalability, and elasticity in smart digital and
physical organizational structures and facilities. This
gathering leverages the decentralized, immutable
nature of blockchain and the dynamic, software-based
abilities of NFV to handle developing challenges in
critical parts such as e-government, healthcare, and
network systems. In the table below, a summary of
previous studies is presented that are very similar to the
proposed system.

Proposed System

The proposed hybrid framework is structured into five
layers, the Application Layer, Service Domain, Blockchain
Layer, NFV Layer, and Infrastructure Layer (Fig. 1).

Table 1: Summary of Previous Works on Blockchain—NFV Combination

Application Area Key Paper Contribution

Main Advantages and Results  References

E-Government Systems Using Blockchain—NFV hybrid
models to secure national data
management, legal records, and

transactional information.

Healthcare Systems Integration of Blockchain and
NFV for secure, interoperable
medical data exchange between
hospitals, laboratories, insurers,

and governmental entities.

Telecommunication
Networks (10T, 5G, Edge)

Deployment of Hybrid
Blockchain—-NFV architecture for
decentralized network service
control and automation.

Smart Physical Infrastructure  Application of Blockchain—-NFV

(Smart Cities, ITS, Industry to secure interactions among

4.0) sensors, actuators, and
autonomous devices.

Increases transparency,
prevents tampering,
decreases fraud, and enables
automated policy
enforcement via smart
contracts.

Guarantees for privacy, data
integrity, traceability of
patient records, and efficient
management of EHR
analytics and monitoring
functions.

Improves service scalability,
enables decentralized trust
via consensus, and
eliminates single points of
failure.

supplies trusted data
exchange, real-time control,
and auditable transactions
for intelligent environments.

(Jawdhari and Abdullah,
2022; Koo, 2019,

Koroye, 2023; Li et al.,
2024; Liu et al., 2020)

(Ahmad and David, 2024;
Maurya et al., 2025; Nahi
et al., 2025a-b; Nalini and
Mageshwari, 2017)

(Patil et al, 2021;
Pattaranantakul et al.,
2018; Rahman et al.,,
2024a-b; Santos, 2025)

(Nalini and Mageshwari,
2017; Shahraki et al.,
2021; Varma and Kumar,
2023; Zhu and Cao, 2021)
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Fig. 1: proposed system

Each layer plays a specific role while maintaining
interconnectivity and complementarity with other layers.

Application Layer

This topmost layer interfaces directly with end-users
such as citizens, patients, administrators, and devices. It
enables the initiation of service requests through web or
mobile platforms (1). These requests are relayed to the
Service Domain for further processing.

Algorithm 1: Processing User Requests

Input request(user_id, service_type)
Output Validated Service Call

procedure HandleUserRequest(request)
Extract user_id, service_type from request
Forward to ServiceDomain

end procedure

S~ wbdE

Service Domain Layer

Through the Service Layer, users can input
information to create workflows that will be executed.
Within the Service Layer is a collection of applications
that utilize the user inputs in order to create workflows
based on the algorithms created by the application's
Algorithm (2). Additionally, the Service Layer provides
access to e-government, healthcare, and network
management applications, as well as the functionality to
validate a user's identity and access to applications using
Smart Contracts when accessing the Blockchain Layer via
the Service Layer. Furthermore, the Service Layer
provides access to Network Function Virtualization
Services to allow dynamic resource provisioning.

Algorithm 2: Implementing a Service Domain Workflow

1. Input request(user_id, service_type)
2. Output Validated Service Call

3. procedure ServiceDomain(request)
4.  Validate service_type

5.  result «— CheckBlockchain(user id)

12. end procedure

Blockchain Layer

This portion of the architecture essentially serves as
the "trust anchor" of the entire architecture by automating
the service logic via smart contracts and verifying the
user's ID via Decentralized Identity Management (DID)

while maintaining an immutable log of all transactions

(Algorithm 3). In addition, the analytic data collected
from the Monitoring NFV Functions' data is utilized by
the Blockchain for both adaptive trust evaluations and
ongoing Policy Enforcement.

Algorithm 3: Blockchain Verification.

1. Input request(user_id, service_type)
2. Output Validated Service Call
3. procedure CheckBlockchain(user_id)
4.  Fetch DID record from blockchain
5. If DID is valid and active, then
6. return Verified
7. else
8. return Rejected
9. endif
10. end procedure
NFV Layer

The NFV layer manages the orchestration of virtual
network functions (VNFs) such as firewalls, routers, load
balancers, and monitoring tools. The VNF is instantiated
dynamically in response to a service requirement from the
Service Domain and validated by Blockchain. This layer
also monitors service behavior and returns logs to the
Blockchain Layer Algorithm (4).

Algorithm 4: NFV Orchestration.

1. 1 Input request(user_id, service_type)

2. Output Validated Service Call

3. Procedure TriggerNFVOrchestration(vnf_config)
4.  for each vnf in vnf_config do

5. Deploy the VNF to a suitable node
6

7

8

9

1

Configure monitoring and logging

end for
SendLogToBlockchain(vnf_deployment)
. end procedure

0.

Infrastructure Layer

At the base of the framework, the Infrastructure Layer
includes cloud servers, edge devices, and loT endpoints.
It provides the computing and storage environment where
VNFs and service workloads are executed. This layer
adheres to policies authenticated by the Blockchain Layer
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and is dynamically managed by the NFV orchestrator
Algorithm (5).

Algorithm 5: Infrastructure Deployment and
Implementation

Input request (user_id, service_type)
Output Validated Service Call

procedure Deploy And Execute (vnf, node)
Allocate resources on the node

Launch container/VM for VNF

Start service and monitor SLA compliance
end procedure

NogopwdE

Materials and Architecture

This study focuses on a hybrid architecture that
combines  blockchain and  Network  Functions
Virtualization (NFV) technologies to improve security,
scalability, and operational flexibility in digital systems
(e.g., e-government, healthcare, and telecommunications
networks). This section provides a succinct description of
the data used, the architecture, the implementation
environment, and the evaluation methods.

Data and Sources

We used simulated data with 1,000 service requests
across two types of scenarios:

e E-government identity verification scenario.

e Healthcare environment medical data exchange
scenario.

e Each request contains:

- User ID

- Service type

- Access policies

- Security requirements

Also generated data similar to 10T device data (e.g.,
Latency, Packet Rate, VNF Load) to simulate a true-to-
life condition.

Architecture Model

The proposed architecture consists of five
interconnected layers that are presented above in the
proposed system.

The digital infrastructure for e-government,
healthcare, and network systems provided by this model
proposes a combination of NFV components with
blockchain functionality to create a natively secure,
scalable, and programmable digital infrastructure (Fig. 2).

The figure depicts a layered model that integrates
blockchain functions (distributed ledger, smart contracts,
identity verification) with NFV functions (firewall,
routing, monitoring) to enable flexible, secure, and
scalable services in e-government, healthcare, and
network systems.

m © &

E-Government Healthcare Network Systems

! l l
Service Domain Layer

!

Ty =)
Blockchain Smart Contracts
5
NFV Layer

© B ©

Firewall Router Monitoring

)

Infrastructure Layer

P

Cloud Servers Edge Nodes Sensors
]
e o)
=

Cloud Servers Edge Nodes Sensors

Fig. 2: Hybrid Blockchain—NFV for Safe Architectural along
with Intelligent Digital Infrastructure

The diagram depicts the request path from the
application layer to the service layer, blockchain
verification, then the on-demand deployment of virtual
network functions, followed by execution in the cloud,
endpoint nodes, and sensors.

The Method of Work

In this study, we have created and assessed a combined
solution that uses the security and trustworthiness of
Blockchain and the flexibility and scaling potential of
NFV. The research methodology includes four key areas:
Architecture Design, Data Modeling, Simulation
Environment Setup, and Indicators for Evaluation.

Design of Architecture

The architecture of the proposed Solution is layered
according to a typical Telecom Network Reference
Model. The components are listed below:

—  Application Layer
—  Service Layer

—  Blockchain Layer
- NFV Layer

— Infrastructure Layer

Smart contracts are employed as the mechanism for
automating identity wverification procedures and access
control in addition to enforcing policy. The technologies
used for NFV enable the VNF deployment in a dynamic and
virtualized manner, e.g., Firewalls, Routing, and Monitoring.

Modeling of Data

For the purposes of this paper, simulated 1,000
service requests under 2 scenarios:
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1. E-Government ldentity Verification Scenario
2. Medical Data Exchange Scenario in a Healthcare
System

Every service request was made up of 4 elements:

1) Service type

2) User Characteristics
3) Security Requirements
4) Access Policy

The second group of simulated data was designed to
reflect the real-time operation of an Internet of Things
(1oT) System via Artificial Latency, Packet Rate, and
VNF Load.

Implementation Environment
The experiments were performed using:

e  Python version 3.11

e  Mininet-VNF platform

Operating System of Ubuntu 22.04

Intel Xeon processor and 32GB RAM

Five blockchain nodes to perform verification

e Deployment of 20 Virtual Network Functions
(VNFs)

Evaluation Procedures

The system was assessed using these metrics:

e Latency

Table 2: Environment of Simulation

Throughput

Service deployment time
Auth verification time
Trust score

There were 10 iterations of each experiment, and the
mean and variance were computed with 95%
confidence intervals.

Results
Simulation Environment

In this section, the environment adopted to
accomplish this work is clearly explained. Table 2
clearly shows and explains the experimental simulation
environment that was relied upon and employed in
implementing the proposed model.

The Table 2 reveals the technical specifications and
practical details utilized to test the proposed model.
The simulation was conducted with the use of Python
3.11 and the Mininet-VNF framework to generate
Virtual Network Functions (VNFs). Python 3.11 was
run on a machine equipped with an Intel Xeon
processor, 32 GB of RAM, and an Ubuntu 22.04
operating system.

The testbed will comprise four essential virtual
environments that represent different domains
(Healthcare, E-Government, Cloud Services, and
Network Management).

Term

Attributive

Simulation Platform
Hardware Configuration
Testbed Composition
Number of VNFs Deployed
Blockchain Network Setup
Data Sources

Performance Metrics
Evaluation Scenarios

Trial Repetitions
Validation Method
Sensitivity Analysis

Performance Improvement

Python 3.11 environment merged with Mininet-VNF and Docker-
based virtual instances.

Intel Xeon 3.6 GHz CPU, 32 GB RAM, Ubuntu 22.04 LTS;
virtualization via KVM/QEMU hypervisor.

Four virtual domains( Healthcare, E-Government, Cloud
Services, and Network Management).

20 VNFs dynamically orchestrated by the NFV Manager;
functions include firewall, IDS, router, monitoring, and agents.
Private Ethereum-based network with five validator nodes and a
smart-contract layer for policy enforcement.

Synthetic 10T datasets generated for 1,000 service requests; real -
time event traces simulated for authentication and service access.
Latency (ms), Throughput (tx/sec), Service Deployment Time
(min), Identity Verification Time (sec), and Trust Score (0-1).
Two main cases, (1) E-Government authentication and (2)
Healthcare data exchange between distributed hospitals.

Every experiment was repeated 10 times, and the results were
averaged with 95% confidence interval (Cl).

Statistical analysis using ANOVA and variance estimation,
comparison with the baseline centralized system.

Parameter variation on transaction volume (100-1,000 tx/s) and
number of VNFs (5-20 functions).

Average latency decreased 46%, throughput increase 140%, and
service deployment time decreased by over 80%.
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An NFV Orchestrator was used to deploy and
orchestrate twenty VNFs, which include firewalls,
Intrusion Detection Systems (IDS), and routers.

The blockchain system was implemented on a private
network consisting of five validators and the ability to run
smart contracts and secure policies.

The simulation used simulated data consisting of 1,000
service requests to simulate similar services between
multiple systems. Several performance metrics were
calculated, such as service request time, throughput,
deployment time, identity verification time, and trust rating.

Each of these tests was run 10 times, with the

Table 3: Performance Metrics Comparison

averages and 95 percent confidence intervals calculated
using variance analysis through an ANOVA test.

Results showed that the blockchain system achieves
performance 46 percent greater than traditional systems,
throughputs of 140 percent higher, and deployment times
80 percent faster.

Performance

The performance advantages of the suggested Hybrid
Blockchain-NFV model are evident when compared to
conventional systems, as illustrated in Table 3.

Metric Traditional Systems Proposed Hybrid Framework Improvement
Latency 150 ms 80 ms 46% reduction
Transaction Throughput 500 tx/sec 1200 tx/sec 140% increase
Service Deployment Time 15 min 3 min 80% faster
Identity Verification Time 5 sec 1 sec 80% faster
Trust Level (Auditability Score) Medium High Significant

improvement

The use of hybrid cloud solutions has resulted in a
major gain in performance: latency has dropped from
150ms with traditional systems to 80ms with hybrid
systems - a total of 46%; transaction throughput saw a
increase from 500 to 1200 TPS a total of 140%; the
service deployment time has decreased from 15 mins to 3
mins (80%); and the timeframe for identity verification
has decreased from 5 seconds to 1 second (also 80%)
thanks to the introduction of Decentralized ldentifiers
(DID) via Blockchain technology.

Overall, the improvements in these areas provide a
higher amount of trust in hybrid cloud models, as they
allow organisations to audit their services more
effectively than was possible in a traditional system;
therefore, higher levels of trust will result from these
models and provide assurance that the organisation has a
highly auditable and secure service offering (Fig. 3).

Security

Security advancements, depicted in Table 4, further
highlight the robustness of the suggested model.

2 300 Tradition
. - ybrid
1000

150

Fig. 3: Performance Metrics

Table 4: Security Features Comparison

Feature Traditional Blockchain-NFV
Architecture Framework

Identity Centralized Decentralized (DID)

Management

Data Integrity  Partially Fully immutable
verifiable ledger

Attack Moderate High (due to

Resistance decentralization)

Auditability Manual logging  Automatic on-chain

logging
SLA Manual Smart contracts based
Enforcement

The centralised identity management approach is the
traditional method of managing an identity. As opposed
to this approach, a hybrid Identity Management Model
allows users to control their own identity through
Decentralised Identity Management (DID), thereby
allowing for a more resilient system. The creation of a
completely immutable ledger using a Blockchain allows
users to have Data Integrity Guarantees, which were
previously only partially verifiable. Further, using a
Blockchain significantly increases the degree of difficulty
for attackers to execute Distributed Denial of Service
(DDoS) and/or other coordinated attacks on identities. In
Addition, using a Blockchain removes the need for
manual entry of audit logs and allows for the development
of new processes, allowing for full automation, improved
transparency, and enhanced Forensic capability. Finally,
the enforcement of Service Level Agreements (SLAS) is
now being accomplished through Smart Contracts instead
of the Manual processes that were previously used, thus
providing for objective, real-time monitoring and
compliance. Creating a completely immutable ledger
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means that once an entry is recorded, it is not possible to
change, alter, or delete that record without a full copy of
the ledger and a new unique key associated with that copy
to access it (Fig. 4). Blockchain provides users with
completely immutable Ledger Data, which provides a
backstop against Data Integrity Loss.

Scalability and Flexibility

Scalability and flexibility are critical in modern network
systems, and these aspects are addressed in Table 5. The
traditional model depends on manual service scaling, which
limits adaptability and delays response times.

—— Traditional
Hybrid

dentity

Auditability

SLA Enforcement

Fig. 4: Security comparison
Table 5: Scalability and Flexibility Assessment

Category Traditional Proposed Framework

Service Scaling Manual Automated (NFV
Orchestration)
High (Dynamic
Allocation)

Full support

Resource Efficiency Low
Multi-Domain Limited
Interoperability

Update Flexibility — Low High Programmable

VNFs)

The hybrid framework utilizes NFV orchestration to
achieve automatic growth of service by dynamically
allocating resources as necessary. Resource efficiency is also
maximized, operating to convert from low resource
efficiency (due to either  overprovisioning or
underutilization) to high efficiency through dynamic
allocation mechanisms. Another clear enhancement of the
hybrid framework is the delivery of multi-domain
interoperability support, which is typically limited in
traditional architecture and fully supported in the hybrid
framework as it relies on the interoperability of
heterogeneous systems, including different governmental
departments or hospital networks. The hybrid framework
also delivers high flexibility of updates due to the use of
programmable Virtual Network Functions (VNFs), where
VNFs can adjust more or less in real-time without significant
downtime related to policy changes or configuration (Fig. 5).

—&— Traditional
14 1 =m= Hybrid

Time (minutes)

T T
VNF Deployed Service Ready

Deployment Stages

T
Request Received

Fig. 5: Service deployment time trend

Use Case

To validate the real-world impact of the proposed
framework, a healthcare use case is presented in Table 6.

The workflow for the overall session, which consisted
of identity wverification, service initialization, data
fetching, and delivery, was cut down from 22 minutes to
6 minutes. The identity verification went from 5 minutes
to 1 minute using blockchain-based DIDs, the service
initialization went from 10 minutes to 2 minutes using
NFV auto-deployment, and edge computing brought
down the data fetching and delivering to 3 minutes from
7 minutes. The entire duration was a 73% reduction in
time, demonstrating the potential of the hybrid framework
to improve end-to-end operations in time-sensitive
environments like healthcare.

Trustworthiness and Reliability

Table 7 provides a full assessment of the qualitative
trust factors.

The hybrid method was rated 5 out of 5 in all areas of
trust compared to traditional methods, which scored either
2 or 3 out of 5. Hybrid provides greater assurance of data
integrity than traditional due to blockchain's immutable
ledger and, consequently, gives confidence in the reliability
of stored data. SLAs are enforceable via smart contracts,
giving the confidence that service commitments are
fulfilled automatically and transparently. A decentralized
identity assurance model enhances security and privacy. A
comprehensive  record of transactions  provides
transparency into the activities of the hybrid model,
allowing responsible tracing, validating, and auditing of
events. Finally, the hybrid model has more resistance to
attacks than traditional models due to its decentralized
nodes and the lack of a central point of failure. Thus, more
methods of protecting against different forms of attack are
available with the hybrid approach (Fig. 6).
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Table 7: Trustworthiness and Reliability Evaluation

Trust Factor Score Score Notes
(Traditional)  (Proposed)
Data 3/5 5/5 Blockchain-
Integrity backed
SLA 2/5 5/5 Smart
Compliance Contract
Enforced
Identity 3/5 5/5 Decentralized
Assurance ID
Transparency  2/5 5/5 On-chain
recording
Attack 3/5 5/5 Distributed
Resilience nodes

Traditional
I Hybrid Improvement

Scores (out of 5)

0 T T T

ity e e e
a2 Ll Swmmphﬂ“ o hs;u'a“{ L B“wa‘ew et mueﬂ‘
16e

Trust Factors

Fig. 6: Trustworthiness Comparison

Practical Scenarios

To give a demonstration of the applicability of the
proposed system in real-world environments, two
practical cases representing the e-government and
healthcare domains are designed.

In the first scenario, an e-government ID Verification
system, a smart contract is deployed on the blockchain to
document the authentication process between government
departments and citizens. The smart contracts ensure the
validity of data and prevent tampering with records.
Network connectivity is managed via virtual NFV
functions that dynamically route and secure requests.

The second scenario, a healthcare data exchange, uses
blockchain to ensure immutable traceability of patient
records, while the NFV Orchestrator deploys the required
networking functions such as encryption, session
management, and connectivity between hospitals and
analytics centers.

This combination gives the rapid and secure transfer
of sensitive data, with real-time monitoring of processes
via virtual monitoring functions (VNFs). The
confirmation that applying this model in sensitive sectors

can bring about a qualitative transformation in
administrative  efficiency, data reliability, and
transparency of public services.

Challenges and Limitations

In spite of the fact that the proposed blockchain-NFV
model has proven effective in enhancing security and
operational resilience, there are many challenges that must
be addressed before the system can be widely executed:

e The verification operations, together with smart
contracts' high-level computational power and
longer processing times, lead to resource
consumption in blockchain networks, which is a
main restriction

e Standardizing protocols and
standards across organizations

e  Smart contract vulnerabilities

interoperability

Discussion

Based on the results, implementing blockchain
technologies alongside NFV offers superior performance
and security capabilities relative to traditional systems. In this
framework, response times were shortened by 46% and
throughput increased by 140%. Furthermore, service
deployment was reduced from 15 minutes to 3 minutes
thanks to NFV’s dynamic deployment of network functions
and blockchain’s ability to accelerate authentication and
identity verification through smart contracts.

When comparing the outcomes to the other literature,
most frameworks previously only enhanced one area of
the system. Some relied on blockchain for transparency
and others on NFV for scalability. A hybrid framework
was developed, which incorporates some features from
both devices into a blended and holistic framework that is
more effective in the sensitive environments of healthcare
and e-government.

The results also indicate that the framework has the
flexibility of NFV, which may scale with increased
volume, while still satisfying a high level of security
through the transparency of blockchain. An interesting
observation can be made in this research, however, is the
challenges that exist in this hybrid framework, such as the
resource consumption being increased by the blockchain
layer, and also the chaotic confusion of integrating VNFs
for use by provincial, federal, and local government
departments in the public sector, as well as the risk of
smart contract inherent vulnerabilities.

Conclusion

This paper emphasizes the great potential of Blockchain
combined with NFV, specifically with regard to promoting
smart, secure, and highly scalable infrastructures for digital
governance, health care, and larger network systems. The
combination of Blockchain and NFV addresses critical
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limitations of traditional, centralized systems, including
limited scope for scalability and security vulnerabilities, with
the use of decentralized identity management, “immutable
ledgers’, programmable virtualized functions, and automated
orchestration of the service graph.

The results demonstrated that the quantitative filing
showed significant performance gain, with Latency reduced
by 46% and increased transaction Timeliness, with an overall
performance increase of 140%, demonstrating faster
processing of the data over time. Similarly, the overall
operation time to deploy a new service and verify identities
was shortened by 80%, resulting in a significant
improvement in the responsiveness of the operation in rapid
cycle  environments. The greatest performance
improvements were illustrated in the health care use-case,
which highlights real-world application in reducing session
time from 22 minutes to an astonishing 6 minutes, resulting
in a reduction was 73%.
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