NETWORK SOFTWARIZATION AND MANAGEMENT

Privacy-Based Deployments: The Role of
DevPrivOps in 6G Mobile Networks

Catarina Silva, Vitor A. Cunha, Jodo P. Barraca, and Paulo Salvador

The authors propose the inte-
gration of DevPrivOps, a privacy
engineering approach, in 66 soft-
ware development to address the
privacy challenges.

ISSN: 0163-6804

Digital Object dentifier: 10.1109/MCOM.0042300405

ABSTRACT

The advent of 6G brings unprecedented oppor-
tunities for connectivity and software applications.
However, it also poses significant privacy challeng-
es. In this article, we propose the integration of
DevPrivOps, a privacy engineering approach, in 6G
software development to address these challenges.
DevPrivOps emphasizes continuous integration,
delivery, and deployment while incorporating priva-
cy concerns from the early stages of development.
This article outlines the principles and components
of DevPrivOps in the context of 6G, including pri-
vacy quantification and intelligent prediction of pri-
vacy breaches. By integrating privacy engineering
in 6G software development, DevPrivOps aims to
enhance the privacy level of software, prioritize
privacy considerations, ensure compliance with
data privacy regulations, promote transparency,
optimize performance, and inform decision-making
processes. The proposed methodology addresses
gaps in previous DevPrivOps concepts and high-
lights the need for generic solutions that can quanti-
fy privacy in various software domains.

INTRODUCTION

Software has become a critical component in the
operations of most companies, as well as in daily
human activities. The advent of the new genera-
tion of cellular communication technology, 6G,
brings the ideal support required for generating
and storing vast amounts of data, thereby bene-
fiting Artificial Intelligence (Al) technology. With
this trend, software must be sufficiently equipped
to accommodate the demands of this technolo-
gy, which highlights the relevance of delivering
reliable, useful, private, and secure software prod-
ucts.

Software development involves two crucial
factors: speed and quality. Speed is critical for
responding to consumer needs and receiving
market feedback quickly. While software quality
refers to how well a software system or product
meets stated and implied requirements (ISO/IEC
9126:2001, revised in ISO/IEC 25010:2011) [1].
To achieve both fast development speed and
high product quality, software engineers adopt
a Development and Operations (DevOps) cul-
ture. DevOps emphasizes collaboration between
development and operations teams and breaks
down the development process into different
cycles to enable a fast delivery to customers. It

involves a set of methods that aim to enhance
communication and collaboration between devel-
opers and operations to deliver software and ser-
vices rapidly, reliably, and with higher quality.

Privacy concerns are often overlooked during
the software development life cycle, underscoring
the need to promote Privacy by Design (PbD)
and privacy by default strategies. DevPrivOps
emerged as a specialized branch of the DevOps
culture that incorporates privacy requirements
into the software development life cycle. How-
ever, due to the vast range of issues that privacy
encompasses, such as economic, psychological,
and legal considerations, not all software engi-
neers possess the necessary knowledge to address
privacy concerns effectively.

We advocate for privacy quantification
approaches adoption as a compelling means to
prioritize privacy needs in software development.
By leveraging metrics-based evaluation methods,
it is possible to improve product quality, mitigate
the negative impact of privacy concerns on soci-
ety, and maintain fast development speed. More-
over, learning abilities improve these approaches
by deciding when re-quantify or predict possible
privacy breaches. The inclusion of privacy quan-
tification into the DevPrivOps process helps
organizations on ensuring that privacy risks are
identified and addressed throughout the Software
Development Life Cycle (SDLC). Privacy quantifi-
cation approaches can be applied throughout the
various stages of the software development life
cycle, offering developers several benefits. These
approaches enable developers to easily verify the
level of privacy protection provided by the devel-
oped software, require no non-technical knowl-
edge, and help reduce the likelihood of data
breaches by applying appropriate methodologies.
Privacy quantification in DevPrivOps provides a
structured approach to identifying and managing
privacy risks in software development.

The proposed approach includes reactive and
proactive functionalities to evaluate the privacy
level at different stages of software development.
Moreover, it also considers Machine Learning
(ML) models usage to estimate when a privacy
re-quantification is required. Finally, the proposed
approach considers local and distributed tests to
reduce the possibility of privacy breaches in the
software itself and when combining data with
other available software.
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The article is organized as follows: The next
section presents the current background about
privacy engineering. We then describe the key
principles of DevOps. Following that, we identify
the current state-of-the-art about DevPrivOps.
We then introduce our proposed approach. Fol-
lowing that, we describe the main benefits in 6G
scenarios. The final section presents the main
conclusions.

PRIVACY ENGINEERING EMPOWERING SOFTWARE

Privacy engineering is a systematic effort to
include privacy requirements in the software plan-
ning [2]. This emerging area focuses on provid-
ing developers with the ability to embed privacy
preservation solutions during the software devel-
opment. It includes techniques, procedures, or
methods related to privacy preservation to pro-
vide guidance or rules to achieve privacy goals
and to support developers in carrying out engi-
neering tasks related to privacy and, more broad-
ly, to data management compliance.

Privacy Engineering Methodologies (PEMs)
and respective possible evaluations have been
proposed to guide privacy evaluation and consid-
er different stakeholders” impact, data identifica-
tion, and annotation about how data is used and
communicated. Some other methodologies focus
on privacy modeling and quantification.

Including privacy during the early stages of
the software development brings advantages to
end-users and developers [3] such as reduced
costs, improved user trust, legal compliance, com-
petitive advantage, and ethical responsibility. It is
generally aligned with other good practices such
as security by the design, and the much desired,
left shift in the SDLC.

By avoiding the increased risk of data breach-
es and addressing privacy concerns earlier,
companies can save costs, as well as increase
users’ trust in the system and, consequently,
privacy-based systems’ integration into society
and daily activities. The increasing perception
over the privacy of users, as many countries are
working on privacy legislation and data protec-
tion regulation, imposing that companies must
implement privacy controls during software
development, also motivates this new approach.
Additionally, formal and informal groups are
working on standards to propose best practic-
es for software design, with focus on privacy.
Therefore, companies can ensure legal com-
pliance and avoid fines or other potential legal
action. Privacy can also contribute to companies
making a distinction by attracting customers who
value their privacy, which is much relevant in
areas such as Internet of Things (IoT) [4]. Finally,
companies have an ethical responsibility to pro-
tect their users’ data and privacy. Incorporating
this responsibility into the development process,
companies are demonstrating their commitment
to ethical practices.

Privacy-based  deployment emphasizes
approaches where privacy is given utmost priority
during the software development. This approach
involves incorporating privacy into the software
design and development process, adopting meth-
ods of PbD, and ensuring that privacy is main-
tained throughout the SDLC, by taking necessary
measures to protect user data and privacy.

THE KEY PRINCIPLES OF DEVOPS

The DevOps methodology is a software devel-
opment approach that enables the frequent and
iterative release of software in short cycles. In
this approach, development teams work to con-
tinuously deploy new versions of the software
into production, while operations teams focus
on maintaining software stability and addressing
other non-functional requirements. The continu-
ous DevOps SDLC consists of several stages, such
as: Planning, Coding, Building, Testing, Releasing,
Deploying, Operating, and Monitoring.

DevOps promotes closer collaboration
between developers and operators, being the
commonly used strategy for service management.
However, it is equally important to include aca-
demic researchers in this collaborative effort. Aca-
demic researchers can provide valuable insights
to discussions among engineers and managers, as
well as contribute to educating the next genera-
tion of software engineers on DevOps principles
and practices. The essence of DevOps revolves
around collaboration, and the involvement of aca-
demic researchers in this collaboration is crucial to
address the key objectives of reducing risks and
costs, ensuring regulatory compliance, and improv-
ing product quality and customer satisfaction [5].

Continuous Delivery (CD) helps to achieve this
due to the short feedback cycle. However, some
questions can be considered: How can organi-
zations perform a cultural shift that implies more
responsibilities for developers? How do devel-
opers acquire operations skills? It is essential to
continuously deliver new versions; however, it is
also necessary for each new version to consider
conformance with the desired outcomes, includ-
ing performance, availability, scalability, resilience,
and reliability. Adequate quantitative assessment
metrics help evaluates during the feedback cycle.
Monitoring, for example, the performance level
helps improve the final product [5].

To ensure desirable outcomes and software
quality is crucial to identify quality attributes
through the relationship between DevOps fea-
tures and software quality. These quality attributes
include flexibility, testability, usability, efficien-
cy, maintainability, portability, reliability, securi-
ty, reusability, and interoperability [1]. Activities
such as the OWASP Application Security Verifi-
cation Standard (ASVS), enable the development
of generic, security driven, layered and verifiable
tests/gates, meeting well discussed requirements.

DevOps features that are related to the soft-
ware quality are automation, measurement,
sharing, and quality assurance. Automation in
the development process increases deployment
rates, enabling quality deliveries with shorter cycle
times. Measurement plays a crucial role during
development by checking performance metrics,
ensuring consistent results, and contributing to
quality. Most notable, requirements definition
can also be highlighted, as a stronger approach
toward privacy, during the early stages of the
project, will lead to a generally better product [6].

Highlighting collaboration in process, tools, goals,
and development also contributes to quality by
improving communication. Finally, DevOps is linked
to quality assurance and enables the production of
better software, aligned with the actual use cases.

Automation in the devel-
opment process increases
deployment rates, enabling

quality deliveries with
shorter cycle times. Mea-
surement plays a crucial
role during development
by checking performance
metrics, ensuring consistent

results, and contributing to
quality.
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Creating specific cases of
DevOps allows organizations
to adjust DevOps principles
to the unique needs of their
technology stacks, business

operations, and industry
regulations, ultimately lead-

ing to more efficient and
effective software develop-
ment and operations.

Although adopting DevOps principles has
numerous advantages, as described, the develop-
ment of specific cases of DevOps has been moti-
vated by the necessity to apply these principles to
specific technology stacks and business operations.

For instance, NetDevOps [7] (also known as
DevNetOps, NetOps, or Super NetOps) is an
approach that integrates DevOps best practices
into network engineering and operations. This
involves deploying infrastructure based on version
control, consistent provisioning, and parallel auto-
mation. In contrast, SP-DevOps [8] is specifically
applied to Service Provider (SP)s and relies on
repeatable and reliable processes. It emphasizes
the importance of automated service verification
as an integral part of the deployment processes.

Creating specific cases of DevOps allows
organizations to adjust DevOps principles to the
unique needs of their technology stacks, business
operations, and industry regulations, ultimately
leading to more efficient and effective software
development and operations.

DevSecOps

The paradigm of DevSecOps refers to security
integration as principles and practices to consider
in the DevOps life cycle. The main idea is to keep
security as a key focus throughout the DevOps
cycle [9]. This approach addresses the need for
security in the software development process
from the beginning rather than being an after-
thought or a separate process. Organizations can
identify and address security issues earlier in the
development cycle, reducing the risk of security
vulnerabilities and breaches.

Furthermore, regulatory requirements and
compliance obligations are increasingly demand-
ing security to be a fundamental aspect of
software development. DevSecOps provides
an effective approach to meet these require-
ments while ensuring the continuous delivery of
high-quality software.

Organizations are increasingly aware of secu-
rity concerns such as data breaches and leaks
and are taking them into account during software
development, particularly for safety-critical sys-
tems. The DevSecOps culture characterizes by
collaboration, knowledge sharing, fast and con-
tinuous feedback, continuous improvement, auto-
mation, commitment, and communication, similar
to the DevOps culture. DevSecOps also empha-
sizes responsibility (ownership and accountability
for security aspects), trust (identifying the right
people at the right time to make better decisions),
and transparency (ensuring teams understand all
dependencies and associated software risks) [10].

DevSecOps integrates security practices into
the DevOps pipeline. In contrast, privacy con-
cerns entail a distinct focus beyond these security
aspects. Privacy is primarily concerned with the
intricacies of personal data acquisition, process-
ing, storage, and dissemination.

Furthermore, DevSecOps does not focus on
adhering to data minimization principles, which is
essential in privacy-centric software development.
The privacy framework underscores the importance
of selectively collecting data for specific purposes
and retaining it for the minimal required duration.

Moreover, DevSecOps does not address critical
elements to ensure well-informed user consent in

software usage, data flow transparency, and data
portability. These aspects are essential in the con-
text of privacy-conscious software development.

DEVPRIVOPS: PRIVACY-ENABLED DEVOPS

Effectively implementing PbD and Data Protec-
tion by Design (DPbD) requires a Data Protec-
tion Impact Assessment (DPIA). This task involves
assessing privacy risks and managing them with
appropriate countermeasures. The overall risk
involves various factors, such as the impact of
data breaches, the nature and value of the data
sets, and the characteristics of the data subjects.
Many approaches have been proposed to esti-
mate privacy risk through individual factors, but
they mainly focus on static realization during
design and then development.

Sion et al [11] introduced the term
DevPrivOps to address this issue. DevPrivOps
integrates the concept of privacy and data pro-
tection risk into continuous development and
integration practices. The authors also proposed
an overlay of enabling systems on the DevOps
life cycle to enable more responsive and contin-
uous privacy risk assessment and management.
This enablers are a Privacy Risk and Compliance
Dashboard that is a dashboard offered to devel-
opers and operators that provides a continuous,
run-time inspection view on the system, users,
processed information, and overall compliance
status; Self-Service for Data Subject Rights allow
data subjects to manage their risk and to exer-
cise their data subject rights; Incident Response
and Reporting to integrate incident and intrusion
detection systems.

While the proposal of DevPrivOps was a
valuable contribution that integrated privacy into
the software development life cycle and bridged
the gap between legal strategies such as PbD or
DPbD and software engineering, there are some
limitations to this approach.

One limitation is the lack of guidance on
implementing the proposed enablers or which
technologies to use. Additionally, the approach
is reactive, meaning that incident response
and reporting only occur after a problem has
occurred. It is also unclear how the data protec-
tion impact assessment accounts for the sensitivity
of different data types. Different scenarios require
varying levels of data protection since they involve
collecting and processing different types of data
with varying sensitivity levels.

Grunewald [12] extended this previous work,
illustrating how to ensure privacy in cloud-na-
tive architectures and identifying tools for priva-
cy-friendly and agile development of large-scale
service infrastructures.

PRIVACY QUANTIFICATION IN DEvPRIVOPS

The advent of new technologies has increased
the risk of data breaches, making it imperative to
provide appropriate methods and tools for soft-
ware developers and end-users to assess the pri-
vacy level of systems and understand the privacy
impact of their usage.

Privacy quantification approaches use quan-
titative methods to determine the level of priva-
cy offered by software. By utilizing mathematical
metrics, these approaches consider various fac-
tors as privacy indicators that depend on the

68

This workis licensed under a Creative Commans Attribution 4.0 License. For more information, see https://creativecommons.org/licenses/by/4.0/

IEEE Communications Magazine ¢ April 2024



specific application scenario. Weighted parame-
ters can then be applied to produce a final value
that corresponds to an evaluation on a privacy
scale, which is easily understandable by users
independently of their literacy levels. This scale
enables quick identification of the software priva-
cy risk, allowing more informed decisions about
privacy [13].

Privacy quantification has a positive impact on
software development, particularly in the early
stages. By incorporating privacy considerations
early on, developers can achieve better results.
This approach does not require developers to be
familiar with all the different privacy indicators for
a specific scenario. Instead, they can rely on the
results of the quantification to measure the effort
needed to improve the final product in terms
of privacy. Privacy quantification can serve as a
bridge between developers and privacy standards
and norms, facilitating compliance with these
requirements. It can also help developers produce
software that is more privacy-friendly, enhancing
user trust and confidence in the application.

In DevPrivOps, developers can utilize privacy
quantification strategies as part of a PEM. This
emphasizes the importance of integrating privacy
considerations throughout the software develop-
ment life cycle and its evaluation. Benefits of this
approach include risk assessment, compliance,
transparency, performance, and decision-making.

We propose the DevPrivOps lifecycle based
on privacy quantification, autonomous monitoring,
and a combination of multiple software analyses.
Figure 1 depicts the new lifecycle as an enhance-
ment to the most popular DevOps lifecycle.

To incorporate privacy considerations into soft-
ware development from the early stages is essen-
tial to initiate the collection of privacy indicators
during the Privacy Indicators stage. To address
the gaps identified in previous DevPrivOps con-
cepts is crucial to have generic solutions capa-
ble of quantifying privacy across various software
domains, such as medical applications, smart
environment management applications, or loca-
tion-based services. This requires DevPrivOps to
extract privacy indicators for different domains
and consider a wide range of data sources for
different application scenarios. Thus, these indica-
tors are fundamental to ensure that the software
meets the necessary level of privacy requirements,
and is appropriately configured for the specific
application scenario. For example, for social net-
work scenarios, Hughes- Roberts [14] considered
concern as a privacy indicator of intentions and
actions. Once the privacy specifications for the
given scenario are understood, the implemen-
tation of Privacy Enhancing Technology (PET)
becomes crucial during the software develop-
ment process. Therefore, the PET Implementation
stage is included to ensure the integration of PET
(Fig. 2). This can follow many approaches, with
the ones based on privacy assurance level, similar
to what was adopted in OWASP ASVS, present a
good potential outcome.

Considering the SDLC, it is expected that soft-
ware with a version is ready for testing. Conse-
quently, the subsequent stage will be the Privacy
Knowledge Extraction stage, which requires dynam-
ic and autonomous tools to extract parameters
from the code and infrastructure. This extraction

FIGURE 1. Proposed DevPrivOps Lifecycle.

aims to evaluate the current privacy status of the
software, encompassing aspects such as code
dependencies, communication with third parties,
network protocols used, default configurations,
data modulation in database schemas, data man-
agement (in use, or in transit), and the privacy con-
trols.

After gathering these privacy parameters and
considering the privacy indicators, the following
stage, Local Privacy Tests, involves the utilization
of an autonomous privacy quantification frame-
work to assess the privacy risks associated with
the current software, providing a score. This stage
focuses solely on the specific software scenario
and local tests, as its purpose is to understand the
risks inherent in the software under development
and testing. The individual requirements can be
used to check if the software meets an assurance
level, while the score allows setting overall quality
gates for the privacy dimension of the SDLC.

Given that the software development process
encompasses a Deploy stage, it is important to
incorporate the evaluation of privacy risks in this
stage as well, which consider deployment deci-
sions, such as location, additional controls, and
operational processes. To enable this monitoring
it is crucial to extract the relevant features during
the stage to initiate predictive analysis in the sub-
sequent Privacy Predictive Analysis stage. In the
Privacy Predictive Analysis stage, we emphasize
the need to employ an autonomous model that
leverages learning capabilities or statistical mod-
els. By utilizing such a model, we aim to autono-
mously predict the likelihood of privacy breaches,
and anticipate potential issues before they occur.
We envision that this stage can consider existing,
community and industry landscape updates, pro-
duced by official entities such as MITRE, NIST,
ENISA, or OWASP, in the reports concerning
vulnerabilities leading to leaks. Furthermore, the
inclusion of the privacy attack model is a key
aspect of ML algorithms in the predictive analysis
realm. This inclusion is of central significance, as it
works as a preventive measure against complica-
tions arising from the automated analysis and the
potential introduction of malicious software.

To further enhance privacy and achieve a
more comprehensive privacy assessment is essen-
tial to account for data aggregation from multiple
software systems and evaluate the associated pri-
vacy risks. These include assessing privacy risks
from combining various systems/services during
the Distributed Privacy Tests stage. For instance,
consider a scenario where software systems do
not process personal or sensitive data. However,
combining multiple data sources makes predicting
personal or sensitive data a possibility. Another
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FIGURE 2. Privacy in Software Development,

aspect to consider is user behavior. While user
actions may differ, this factor is not typically
addressed during software development. How-
ever, during the Distributed Privacy Tests stage,
it becomes crucial to consider the potential for
privacy breaches by collecting non-essential data
about user behavior that could be utilized to
infer personal or sensitive information. Ensuring
a robust level of privacy and conducting realis-
tic privacy analyses in the software under consid-
eration requires continuous privacy monitoring,
considered in the last stage, Privacy Monitoring.
This stage is significant for continuously detecting
privacy breaches.

In this way, we promote for the need to
have both reactive and proactive DevPrivOps.
In addition to technologies responsible for inci-
dent response and reporting, DevPrivOps should
be able to autonomously predict possible priva-
cy breaches. One potential approach is to use
ML algorithms to analyze systems and predict
potential privacy breaches. These ML algorithms
can also help detect when re-quantification is
necessary, that is, when updates to systems may
impact users’ privacy. Re-quantification can also
be achieved by utilizing predictive analysis, which
involves using statistical algorithms to analyze sys-
tem data and forecast future behavior based on
historical patterns.

Upon the privacy level re-quantification, the
quantification parameters (privacy indicators and
the metrics employed) can be flexibly adapted
according to the current software conditions.
Consequently, this adaptability allows the evalu-
ation of any change or new version of software
according to the new configurations.

Generally, by incorporating generic privacy
quantification solutions and utilizing reactive and
proactive DevPrivOps, we can better address pri-

vacy concerns in various software domains and
ensure that privacy is considered throughout the
development life cycle. Despite the numerous
advantages of DevPrivOps inclusion into software
development, potential challenges can be identi-
fied. Two significant challenges include scalability
constraints and computational complexity. Within
the DevPrivOps methodology, privacy quantifica-
tion models introduce additional overhead when
analyzing data flows and identifying sensitive data
points. Comprehensive data analysis, particularly
when managing extensive datasets, can impose
significant computational needs. Correspondingly,
the execution of privacy impact assessments across
several projects and services often entails intricate
computations and modeling. In addition, evaluat-
ing the performance of privacy-aware applications
under different loads, especially in scenarios that
involve encryption, anonymization, or data access
restrictions, can be computationally intensive.

We also advocate for users’ right to decide
about their privacy. Therefore, our proposed
DevPrivOps approach emphasizes the need to
involve users in the decision-making process by
ensuring informed consent and transparent data
flow. Privacy quantification in DevPrivOps informs
users about privacy risks, enabling them to interact
with the system and request privacy improvements
based on their preferences. The quantification
result can be mentioned explicitly at a service
contract level, such as in the privacy policy. More-
over, this result can be updated regularly during
the Privacy Setup in the Privacy Indicators stage. At
some point, services can be composed of different
services, for example, microservices architectures.
This composition implies a distributed evaluation
considered in the Distributed Privacy Tests stage.
We can individually evaluate the different services,
and the quantification result of each of them can
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be described to users and developers at the service
contract level. For this reason, this stage considers
privacy tests about the developed service and the
resulting interactions, dependencies, and commu-
nications with other services. Thus, it is possible to
update the privacy level regularly and continuously
update users with the privacy level offered by a
system. Finally, ML algorithms will also be useful
in creating patterns of users’ privacy preferences,
which will simplify the decision-making process for
users in the future.

Maximizing 6G PotentiaL WiTH DEvPRIVOPS

6G is the next-generation cellular communica-
tion technology currently being developed by
researchers and engineers worldwide. 6G has
already gained significant attention from the
research community, with some experts predict-
ing that it could become commercially available
by the early 2030s. One of the crucial features
of 6G is its ability to support extremely high data
rates, which potentially enables new applications
in areas such as augmented and virtual reality,
high-resolution video streaming, and real-time
remote control of vehicles and other machines.

The development of 6G promises to offer
new opportunities for integrated localization and
sensing applications that can transform how we
interact with our environment, live, and conduct
business. It will continue to operate at higher fre-
quency ranges, wider bandwidths, and massive
antenna arrays. However, 6G will enable sensing
solutions with very fine range, angular resolutions,
and location accuracy down to the centime-
ter level. As a result, network operators will be
able to reshape and control the electromagnetic
response of the environment [15].

The role of Al systems will also be significant in
the 6G development, particularly with the prolifer-
ation of smart devices, autonomous vehicles, and
loT architectures. More intelligent and connect-
ed devices usage will produce unprecedented
amounts of data. Furthermore, it is expected that
more computational resources will be used to
tackle the most challenging problems in wireless
communication systems. These advancements
suggest that 6G will be a genuinely intelligent
wireless system, offering ubiquitous communica-
tion, high-accuracy localization, and high-resolu-
tion sensing services [15].

However, as with any new technology, there
are also potential risks and concerns associated
with 6G. However, this are aggravated as 6G
proposes to extensively make of use of user loca-
tion, and to integrate higher layer activities at the
network level, in a way to enable richer, and low
latency services (e.g, related with [oT and Virtual
Reality, through edge computation). Potential pri-
vacy issues could arise with the development and
deployment of 6G, such as: Increased data collec-
tion; Location tracking; Data security; Facial recog-
nition; Social profiling; and Lack of transparency.

Since software development will play a crucial
role in the realization of 6G’s potential, the complex-
ity of the software that will be used in 6G networks
is expected to be higher than that of 5G networks.

By emphasizing continuous integration, deliv-
ery, and deployment, DevPrivOps enables teams
to develop, test, and deploy software more effi-
ciently while taking privacy considerations into

account from the earliest stages of development.
This methodology can help ensure that privacy
is a core aspect of 6G software development,
enabling network operators to build systems that
are both innovative and private.

The proposed DevPrivOps methodology offers
several advantages for 6G software develop-
ment. By incorporating privacy quantification, this
approach enables 6G operators (developers and
SP) and users to quickly and easily understand the
privacy risks associated with the software. Users
can manage their privacy rights more effectively
using a simple privacy scale, while operators can
use the output of the privacy quantification pro-
cess to update the software as needed.

The proactive approach to privacy quantifica-
tion represents an improvement over the current
state of the art in DevPrivOps since it allows the
identification and addressing of potential privacy
risks before they become problematic.

Additionally, by incorporating privacy indi-
cators resulting from laws and standards, soft-
ware developers can ensure that their systems
are designed to comply with existing privacy
regulations from the outset. Thus, the proposed
DevPrivOps methodology represents an import-
ant step forward in ensuring that 6G software
development is conducted with privacy consider-
ations on top of the priorities.

Adopting privacy engineering strategies, spe-
cifically incorporating DevPrivOps, can significant-
ly benefit network management in 6G. As the
deployment of network infrastructure becomes
more reliant on software, it is essential to ensure
the software developed is reliable, functional,
secure, and private. Privacy engineering principles
can be integrated into the design and develop-
ment of network management tools and systems
using DevPrivOps, thereby ensuring that privacy
considerations are taken into account throughout
the development process. Additionally, privacy
engineering and DevPrivOps can aid in identify-
ing potential privacy risks associated with network
management practices and provide recommen-
dations for mitigating these risks. This approach
allows privacy engineers to develop effective
strategies for addressing privacy issues in network
management.

Furthermore, privacy engineering and
DevPrivOps can help to ensure network manage-
ment tools and systems comply with current reg-
ulations, minimizing the risk of privacy violations.
Finally, privacy engineering can enable network
managers to be more transparent about data col-
lection and processing practices, promoting user
trust and satisfaction.

ConCLUSION

The proposed DevPrivOps methodology plays a
crucial role in increasing the privacy level of soft-
ware development, benefiting developers and
users. The model encompasses local and distribut-
ed privacy quantification approaches, considering
the analysis of the software’s base code and infra-
structure, user behavior and actions, and the infer-
ence of personal data through the combination of
multiple data sources. Additionally, the proposed
DevPrivOps incorporates an intelligent approach
to predict potential privacy breaches and deter-
mine when re-quantify the privacy level.

The proposed DevPriv0ps
methodology offers several
advantages for 66 software
development. By incorporat-
ing privacy quantification,

this approach enables 6G
operators (developers and

SP) and users to quickly
and easily understand the

privacy risks associated

with the software. Users
can manage their privacy
rights more effectively using
a simple privacy scale,
while operators can use the
output of the privacy quan-

tification process to update

the software as needed.
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Privacy quantification
within DevPriv0ps offers
several advantages, includ-
ing prioritizing privacy
considerations, ensuring
compliance with data priva-

cy regulations, promoting

transparency, optimizing
performance, and informing
decision-making processes.

Privacy quantification within DevPrivOps
offers several advantages, including prioritizing
privacy considerations, ensuring compliance with
data privacy regulations, promoting transparen-
cy, optimizing performance, and informing deci-
sion-making processes. Furthermore, the adoption
of privacy engineering strategies and DevPrivOps
in network management can significantly improve
the privacy, compliance, and transparency of net-
work management practices in 6G. Given the
potential privacy risks and concerns, as well as
the complexity and importance of software in
6G networks, it is vital to integrate a continuous
development and integration of privacy-based
technologies. Thus, we can ensure that privacy
considerations are consistently addressed and
included throughout the software development
life cycle in 6G networks.
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