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ABSTRACT

The rapid adoption of artificial intelligence (Al) in various industries has led
to the development of Al microservices, which are modular, scalable, and
independently deployable services that encapsulate Al functionalities. While
Al microservices offer numerous benefits, including flexibility, scalability,
and ease of integration, they also introduce significant security and privacy
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challenges. This article provides a comprehensive review of the security and Al microservices, security
privacy challenges associated with Al microservices, focusing on the threats challenges, privacy threats,
that arise from their distributed nature, the complexity of Al models, and the mitigation strategies, secure

sensitive data they often handle. We also explore various mitigation strategies design principles

that can be employed to address these challenges, including secure design
principles, encryption techniques, access control mechanisms, and privacy-
preserving Al methods. The article concludes with a discussion of future
research directions in this area, emphasizing the need for a holistic approach
to securing Al microservices.

This is an open-access article under the CC-BY-SA license

1. Introduction

The integration of artificial intelligence (Al) into modern software systems has revolutionized the way businesses
operate, enabling automation, predictive analytics, and personalized user experiences. Al microservices, which
are small, independent services that encapsulate Al functionalities, have emerged as a popular architectural
pattern for deploying Al capabilities in a scalable and modular manner [1],[2]. These microservices can be
independently developed, deployed, and scaled, making them ideal for complex, distributed systems that require
flexibility and agility [3]. However, the distributed nature of Al microservices, combined with the complexity of
Al models and the sensitive data they often process, introduces a range of security and privacy challenges [4].
These challenges are further exacerbated by the dynamic and evolving nature of Al technologies, which often
outpace the development of corresponding security measures [5]. As a result, organizations that adopt Al
microservices must be vigilant in identifying and mitigating potential threats to ensure the security and privacy
of their systems and data [6],[7].
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Figure 1: High-level flow diagram of GNN applications for microservices.
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This article aims to provide a comprehensive review of the security and privacy challenges associated with Al
microservices. We begin by discussing the unique characteristics of Al microservices that make them susceptible
to security and privacy threats [8],[9]. We then delve into the specific threats that arise in this context, including
data breaches, model poisoning, adversarial attacks, and privacy violations. Following this, we explore various
mitigation strategies that can be employed to address these challenges, including secure design principles,
encryption techniques, access control mechanisms, and privacy-preserving Al methods. Finally, we conclude
with a discussion of future research directions in this area, emphasizing the need for a holistic approach to
securing Al microservices [10].

2. Characteristics of Al Microservices

Al microservices are a specialized form of microservices that encapsulate Al functionalities, such as machine
learning models, natural language processing (NLP) algorithms, and computer vision capabilities [11],[12]. These
microservices are designed to be modular, scalable, and independently deployable, allowing organizations to
integrate Al capabilities into their systems in a flexible and efficient manner. However, the unique characteristics
of Al microservices also introduce specific security and privacy challenges that must be addressed [13].

2.1. Distributed Nature

One of the defining characteristics of Al microservices is their distributed nature. Unlike monolithic Al systems,
where all components are tightly integrated and deployed as a single unit, Al microservices are deployed as
independent services that communicate with each other over a network. This distributed architecture offers
several advantages, including scalability, fault tolerance, and ease of integration. However, it also introduces
significant security challenges, as the communication between microservices can be intercepted, manipulated,
or exploited by malicious actors [14]. The distributed nature of Al microservices also complicates the task of
securing the entire system. Each microservice may have its own security requirements and vulnerabilities, and
securing one microservice does not necessarily guarantee the security of the entire system. Furthermore, the
use of multiple microservices increases the attack surface, as each microservice represents a potential entry
point for attackers [15].

2.2. Complexity of Al Models

Al microservices often encapsulate complex Al models, such as deep neural networks, which are inherently
difficult to understand and interpret. The complexity of these models makes it challenging to identify and
mitigate potential security vulnerabilities. For example, adversarial attacks, where malicious inputs are designed
to fool Al models, are difficult to detect and defend against due to the opaque nature of many Al models [16],
[17]. Moreover, the complexity of Al models can also lead to unintended consequences, such as biased or unfair
outcomes. These issues can have serious implications for the security and privacy of Al microservices, as biased
models may inadvertently expose sensitive information or make decisions that compromise the integrity of the
system [18].

2.3. Sensitive Data Handling

Al microservices often process sensitive data, such as personal information, financial data, and proprietary
business information. The handling of sensitive data introduces significant privacy challenges, as any breach or
misuse of this data can have severe consequences for individuals and organizations. Furthermore, the use of
sensitive data in Al models raises ethical and legal concerns, particularly in light of regulations such as the
General Data Protection Regulation (GDPR) and the California Consumer Privacy Act (CCPA). The distributed
nature of Al microservices further complicates the task of protecting sensitive data. Data may be transmitted
between multiple microservices, each of which may have different security controls and vulnerabilities.
Additionally, the use of third-party microservices or cloud-based Al services introduces additional risks, as
organizations may have limited control over how their data is handled and protected [19].

3. Security Challenges in Al Microservices

The unique characteristics of Al microservices give rise to a range of security challenges that must be addressed
to ensure the integrity, confidentiality, and availability of these systems. In this section, we discuss some of the
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most significant security challenges associated with Al microservices, including data breaches, model poisoning,
adversarial attacks, and insider threats.
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Figure 2: A typical microservice architecture. [20]

3.1. Data Breaches

Data breaches are one of the most significant security challenges associated with Al microservices. The
distributed nature of these systems means that data is often transmitted between multiple microservices, each
of which may have different security controls and vulnerabilities. This increases the risk of data being
intercepted, manipulated, or stolen by malicious actors. Moreover, the use of sensitive data in Al models makes
data breaches particularly damaging. A breach of sensitive data can have severe consequences for individuals
and organizations, including financial losses, reputational damage, and legal liabilities. For example, a data breach
that exposes personal information may result in identity theft, fraud, or other forms of misuse. To mitigate the
risk of data breaches, organizations must implement robust security controls, such as encryption, access control,
and data anonymization. Additionally, organizations should conduct regular security assessments and audits to
identify and address potential vulnerabilities in their Al microservices.

3.2. Model Poisoning

Model poisoning is a type of attack where an adversary manipulates the training data or the training process
of an Al model to compromise its integrity. This can result in the model producing incorrect or biased outcomes,
which can have serious implications for the security and functionality of Al microservices. Model poisoning
attacks can be particularly challenging to detect and defend against, as they often involve subtle changes to the
training data that are difficult to identify [21]. For example, an adversary may inject malicious data points into
the training dataset, causing the model to learn incorrect patterns or associations. Alternatively, an adversary
may manipulate the training process itself, such as by altering the model's hyperparameters or introducing
noise into the training data [22]. To mitigate the risk of model poisoning, organizations must implement robust
data validation and sanitization processes to ensure the integrity of the training data. Additionally, organizations
should use techniques such as adversarial training and robust optimization to make their models more resilient
to poisoning attacks.

3.3. Adversarial Attacks

Adversarial attacks are a type of attack where an adversary crafts malicious inputs designed to fool an Al model
into producing incorrect or undesirable outcomes. These attacks can be particularly challenging to detect and
defend against, as they often involve subtle perturbations to the input data that are difficult to detect. Adversarial
attacks can have serious implications for the security and functionality of Al microservices. For example, an
adversarial attack on a computer vision microservice could cause it to misclassify objects, leading to incorrect
decisions or actions. Similarly, an adversarial attack on a natural language processing microservice could cause
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it to misinterpret text, leading to incorrect responses or actions [23]. To mitigate the risk of adversarial attacks,
organizations must implement robust input validation and sanitization processes to ensure the integrity of the
input data. Additionally, organizations should use techniques such as adversarial training and robust
optimization to make their models more resilient to adversarial attacks [24], [25].

3.4. Insider Threats

Insider threats are a significant security challenge in Al microservices, as they involve malicious or negligent
actions by individuals within the organization. Insider threats can take many forms, including unauthorized
access to sensitive data, intentional manipulation of Al models, and accidental exposure of sensitive information.
Insider threats can be particularly challenging to detect and defend against, as they often involve individuals
with legitimate access to the system. For example, a disgruntled employee may intentionally manipulate an Al
model to produce incorrect outcomes, or a careless employee may accidentally expose sensitive data by
misconfiguring a microservice.

To mitigate the risk of insider threats, organizations must implement robust access control mechanisms to
ensure that only authorized individuals have access to sensitive data and Al models. Additionally, organizations
should conduct regular security training and awareness programs to educate employees about the importance
of security and the potential consequences of insider threats.

4. Privacy Challenges in Al Microservices

In addition to security challenges, Al microservices also introduce significant privacy challenges, particularly in
relation to the handling of sensitive data. In this section, we discuss some of the most significant privacy
challenges associated with Al microservices, including data privacy, model privacy, and regulatory compliance.

4. Data Privacy

Data privacy is a significant concern in Al microservices, as these systems often process sensitive data, such as
personal information, financial data, and proprietary business information. The handling of sensitive data
introduces significant privacy risks, as any breach or misuse of this data can have severe consequences for
individuals and organizations. The distributed nature of Al microservices further complicates the task of
protecting data privacy [26]. Data may be transmitted between multiple microservices, each of which may have
different privacy controls and vulnerabilities. Additionally, the use of third-party microservices or cloud-based
Al services introduces additional risks, as organizations may have limited control over how their data is handled
and protected. To mitigate the risk of data privacy breaches, organizations must implement robust data
protection measures, such as encryption, data anonymization, and access control. Additionally, organizations
should conduct regular privacy assessments and audits to identify and address potential vulnerabilities in their
Al microservices [27], [28].

Table 1: Summary of Security Challenges in Al Microservices

Security Description Mitigation Strategies
Challenge
Data Breaches Unauthorized access to sensitive data | Encryption, access control, data anonymization

Model Poisoning | Manipulation of training data or | Data validation, adversarial training, robust

process optimization
Adversarial Malicious inputs designed to fool Al | Input validation, adversarial training, rtobust
Attacks models optimization
Insider Threats Malicious or negligent actions by | Access control, security training, monitoring
insiders
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4.2. Model Privacy

Model privacy is another significant concern in Al microservices, as the Al models themselves may contain
sensitive information. For example, a machine learning model trained on sensitive data may inadvertently encode
that data in its parameters, making it possible for an adversary to extract sensitive information from the model
[29]. Model privacy is particularly challenging to protect in the context of Al microservices, as these models are
often deployed in distributed environments where they may be accessed by multiple microservices or third-
party services. Additionally, the use of cloud-based Al services introduces additional risks, as organizations may
have limited control over how their models are stored and accessed. To mitigate the risk of model privacy
breaches, organizations must implement robust model protection measures, such as model encryption, access
control, and differential privacy. Additionally, organizations should use techniques such as federated learning
and secure multi-party computation to protect the privacy of their models [30].

4.3. Regulatory Compliance

Regulatory compliance is a significant challenge in Al microservices, particularly in relation to data privacy
regulations such as the General Data Protection Regulation (GDPR) and the California Consumer Privacy Act
(CCPA). These regulations impose strict requirements on the handling of personal data, including requirements
for data minimization, data protection, and data subject rights. The distributed nature of Al microservices
complicates the task of achieving regulatory compliance, as data may be transmitted between multiple
microservices, each of which may be subject to different regulatory requirements [31]. Additionally, the use of
third-party microservices or cloud-based Al services introduces additional risks, as organizations may have
limited control over how their data is handled and protected. To achieve regulatory compliance, organizations
must implement robust data governance and compliance programs, including data protection impact
assessments, data subject rights management, and regular compliance audits. Additionally, organizations should
work closely with their legal and compliance teams to ensure that their Al microservices are designed and
operated in accordance with applicable regulations.

5. Mitigation Strategies for Security and Privacy Challenges

Given the significant security and privacy challenges associated with Al microservices, it is essential for
organizations to implement robust mitigation strategies to protect their systems and data. In this section, we
discuss various mitigation strategies that can be employed to address these challenges, including secure design
principles, encryption techniques, access control mechanisms, and privacy-preserving Al methods.

5.1. Secure Design Principles

Secure design principles are a set of best practices that can be used to design and implement secure Al
microservices. These principles include the principle of least privilege, defense in depth, and secure by default.
The principle of least privilege states that each microservice should be granted the minimum level of access
necessary to perform its functions. This reduces the risk of unauthorized access and limits the potential damage
that can be caused by a compromised microservice.

Table 2: Summary of Privacy Challenges in Al Microservices

Privacy Challenge Description Mitigation Strategies

Data Privacy Protection of sensitive data Encryption, data anonymization, access control

Model Privacy Protection of Al models from data | Model  encryption, differential  privacy,
extraction federated learning

Regulatory Compliance with data privacy | Data governance, compliance audits, legal

Compliance regulations consultation

Défense in depth is a strategy that involves implementing multiple layers of security controls to protect Al
microservices. This includes network security controls, such as firewalls and intrusion detection systems, as well
as application-level security controls, such as input validation and output encoding [32]. Secure by default is a
principle that states that Al microservices should be secure by default, with security features enabled and

37| Page
International Journal of Informatics Technology (INJIT)


http://journal.uad.ac.id/index.php/JIFO/index

International ]ournal of Informatics Techno]ogy (INJIT)
Vol. 3., No. 1, January 2025

e-ISSN : 2985-9646

https://jurnal.amrillah.net/index.php/injit

configured correctly out of the box. This reduces the risk of security vulnerabilities caused by misconfigurations
or incomplete implementations [33], [34].

5.2. Encryption Techniques

Encryption is a critical tool for protecting the confidentiality and integrity of data in Al microservices. Encryption
can be used to protect data at rest, in transit, and in use, ensuring that sensitive data is protected from
unauthorized access and tampering. Data at rest encryption involves encrypting data that is stored on disk or
in a database. This protects the data from being accessed by unauthorized individuals, even if the storage
medium is compromised.

Data in transit encryption involves encrypting data that is transmitted between microservices or between a
microservice and a client. This protects the data from being intercepted or manipulated by malicious actors
during transmission. Data in use encryption involves encrypting data that is being processed by a microservice.
This is particularly challenging in the context of Al microservices, as it requires the ability to perform
computations on encrypted data [35]. However, techniques such as homomorphic encryption and secure multi-
party computation can be used to achieve this.

5.3. Access Control Mechanisms

Access control mechanisms are essential for protecting Al microservices from unauthorized access and misuse.
Access control mechanisms can be used to ensure that only authorized individuals and systems have access to
sensitive data and Al models. Role-based access control (RBAC) is a common access control mechanism that
involves assigning roles to users and granting permissions based on those roles. For example, a data scientist
may be granted access to training data and Al models, while a system administrator may be granted access to
system configuration and monitoring tools. Attribute-based access control (ABAC) is a more flexible access
control mechanism that involves granting access based on attributes, such as user attributes, resource attributes,
and environmental attributes. For example, access to a sensitive dataset may be granted only to users who have
a specific security clearance and are accessing the data from a secure location.

5.4. Privacy-Preserving Al Methods

Privacy-preserving Al methods are techniques that can be used to protect the privacy of data and models in Al
microservices. These methods include differential privacy, federated learning, and secure multi-party
computation. Differential privacy is a technique that involves adding noise to data or model outputs to protect
the privacy of individuals. This ensures that the presence or absence of a single individual in the dataset does
not significantly affect the results of the analysis [36]. Federated learning is a technique that involves training
Al models on decentralized data sources, such as mobile devices or edge devices, without transferring the data
to a central server. This protects the privacy of the data, as it remains on the device where it was collected [37].

Secure multi-party computation is a technique that involves performing computations on encrypted data from
multiple parties without revealing the data to any of the parties. This allows multiple organizations to collaborate
on Al projects without sharing their sensitive data.

6. Future Research Directions

While significant progress has been made in addressing the security and privacy challenges associated with Al
microservices, there are still many open research questions and challenges that need to be addressed. In this
section, we discuss some of the most promising future research directions in this area, including the
development of new security and privacy-preserving techniques, the integration of Al and cybersecurity, and
the need for a holistic approach to securing Al microservices [38].

Table 3: Summary of Mitigation Strategies for Security and Privacy Challenges

Mitigation Strategy Description Applicable Challenges

Secure Design Principles | Best practices for secure design Data  breaches, model poisoning,
adversarial attacks
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Encryption Techniques Protecting data at rest, in transit, and | Data breaches, data privacy, model
in use privacy

Access Control | Restricting access to sensitive data | Insider threats, data privacy, model

Mechanisms and models privacy

Privacy-Preserving Al | Techniques to protect data and | Data privacy, model privacy, regulatory

Methods model privacy compliance

6.1. Development of New Security and Privacy-Preserving Techniques

One of the most promising future research directions is the development of new security and privacy-preserving
techniques specifically designed for Al microservices. This includes the development of new encryption
techniques, access control mechanisms, and privacy-preserving Al methods that are tailored to the unique
characteristics of Al microservices. For example, there is a need for new encryption techniques that can
efficiently perform computations on encrypted data in the context of Al microservices. This includes the
development of new homomorphic encryption schemes that are more efficient and scalable, as well as the
development of new secure multi-party computation protocols that are more robust and secure. Similarly, there
is a need for new access control mechanisms that can effectively manage the complex and dynamic access
control requirements of Al microservices. This includes the development of new attribute-based access control
mechanisms that can handle the diverse and evolving attributes of users, resources, and environments in Al
microservices [39].

6.2. Integration of Al and Cybersecurity

Another promising future research direction is the integration of Al and cybersecurity to enhance the security
of Al microservices. This includes the use of Al techniques to detect and respond to security threats in real-
time, as well as the use of Al to automate and optimize security processes. For example, Al techniques such as
machine learning and natural language processing can be used to analyze security logs and detect anomalies
that may indicate a security breach. Similarly, Al techniques can be used to automate the process of vulnerability
scanning and patch management, reducing the time and effort required to secure Al microservices [40]. The
integration of Al and cybersecurity also presents new challenges, such as the need to ensure the security and
privacy of the Al models used for cybersecurity purposes [41], [42]. This includes the need to protect these
models from adversarial attacks and model poisoning, as well as the need to ensure that they do not
inadvertently expose sensitive information [43].

6.3. Holistic Approach to Securing Al Microservices

Finally, there is a need for a holistic approach to securing Al microservices that takes into account the entire
lifecycle of Al microservices, from design and development to deployment and operation. This includes the need
to integrate security and privacy considerations into every stage of the Al microservice lifecycle, as well as the
need to adopt a risk-based approach to security that prioritizes the most critical threats and vulnerabilities.

A holistic approach to securing Al microservices also requires collaboration between different stakeholders,
including developers, security professionals, data scientists, and business leaders. This includes the need to
establish clear roles and responsibilities for security and privacy, as well as the need to foster a culture of
security and privacy awareness within the organization.

7. Conclusion

Al microservices offer numerous benefits, including flexibility, scalability, and ease of integration, but they also
introduce significant security and privacy challenges [44], [45]. These challenges arise from the distributed
nature of Al microservices, the complexity of Al models, and the sensitive data they often handle [46],[47]. To
address these challenges, organizations must implement robust security and privacy measures, including secure
design principles, encryption techniques, access control mechanisms, and privacy-preserving Al methods [48].
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While significant progress has been made in addressing these challenges, there are still many open research
questions and challenges that need to be addressed. Future research should focus on the development of new

security and privacy-preserving techniques, the integration of Al and cybersecurity, and the adoption of a holistic

approach to securing Al microservices. By addressing these challenges, organizations can ensure the security

and privacy of their Al microservices and fully realize the benefits of Al in their systems [49].
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