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Abstract
Software architecture based on microservices has emerged as a leading approach to building scalable, flexible,
and independently deployable software systems. Its modular design allows organizations to enhance agility,
support continuous deployment, and respond swiftly to evolving business requirements. However, despite these
advantages, microservices introduce a unique set of security vulnerabilities due to their distributed and decen-
tralized nature, complex inter-service communications, and dynamic orchestration environments.

This paper presents a comprehensive review of peer-reviewed studies addressing security vulnerabilities in
microservice-based systems. Drawing from academic and empirical studies, we employed a rigorous filtering
process to exclude non-English publications, duplicate entries, and studies lacking direct relevance to microser-
vice security. The selected works were then analyzed and synthesized, in order to uncover the most critical
vulnerabilities across six key domains: network and communication, data consistency and integrity, authentica-
tion and authorization, deployment and orchestration, heterogeneous features, and DevOps practices.

In addition to summarizing the state of the art, we extend the current literature by correlating these vulner-
abilities with empirical insights from real-world migration practices toward microservices, based on industrial
surveys and case studies. Our analysis identifies gaps between theoretical vulnerability taxonomies and the
challenges faced by practitioners during system decomposition, data migration, and secure deployment.

Finally, we propose a set of mitigation techniques grounded in both academic research and industrial best
practices. These recommendations aim to assist software architects, developers, and security professionals in de-
signing and maintaining secure microservice-based systems, ultimately contributing to more robust and resilient
software architectures.
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1. Introduction

Microservice-based architectures have emerged as a modern software development paradigm, primarily
designed to address the limitations of various types of monolithic architectures. By decomposing
complex applications into loosely coupled and independently deployable services, microservices enhance
scalability, fault isolation, and deployment flexibility. This design approach supports continuous
integration and delivery (CI and CD, respectively), promotes autonomous team development, and
facilitates rapid response to changing business requirements [1, 2].

However, even with the mentioned benefits, the shift from monolithic to microservice-based systems
introduces a wide range of new challenges, especially regarding system complexity, data management,
and perhaps most important - security. The distributed nature of microservices leads to increased surface
area for attacks, more intricate communication patterns, and added dependencies on orchestration
platforms, such as Kubernetes and Docker Swarm [1, 3]. With services running in isolated containers or
virtualized environments, where communication is achieved over public or internal APIs, microservice
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systems are susceptible to configuration errors, insecure interfaces, broken authentication, and service-
specific vulnerabilities [4].

Moreover, the adoption of DevOps practices and CD pipelines, which may be essential for mi-
croservice agility, inadvertently introduce risks if security checks and governance mechanisms are
insufficiently enforced [1]. Security issues may also arise from inconsistencies in access control, lack of
centralized monitoring, improper handling of service-to-service authentication, or shared infrastructure
vulnerabilities [5].

While considerable research has been conducted on microservice design and adoption, the topic
of microservice vulnerabilities has only recently gained focused academic attention. A literature
given in [1] synthesized insights from 62 peer-reviewed studies, identifying 126 distinct vulnerabilities
categorized across six core domains. Their study combined a systematic literature review with empirical
analysis of benchmark systems to derive both a conceptual taxonomy and real-world vulnerability
examples.

To complement this taxonomy with industry perspectives, this paper also draws from the empirical
survey conducted by the authors of [2], who interviewed and surveyed practitioners involved in the
migration from monolithic and SOA-based systems to microservices. Their findings highlight practical
security and engineering challenges, such as tightly coupled legacy code, difficulty in defining service
boundaries, data migration issues, and insufficient initial infrastructure for secure deployment. These
issues, while architectural in nature, often intersect directly with security vulnerabilities observed in
practice.

In this paper, we conduct a targeted literature review of 32 selected peer-reviewed studies on
microservice vulnerabilities. Our inclusion criteria focused on papers published in English, with
duplicate and non-relevant sources excluded through manual filtering. Based on this review, we identify
key vulnerability types, provide a synthesized overview of current mitigation efforts, and propose
practical security strategies. Our goal is to bridge the gap between theoretical taxonomies and real-
world deployment challenges, offering actionable guidance for developers, architects, and researchers
concerned with securing microservice-based systems.

The rest of the paper is organized as follows. Section 2 gives a brief overview on microservices,
their advantages and disadvantages over other types of software architectures, mainly comparing with
the monolithic architecture. In Section 3, we present four methodologies and methods of obtaining
and filtering papers for the review. Based on the identified vulnerabilities, Section 4 proposes some
mitigation techniques. Finally, Section 5 concludes the paper.

2. Microservice Architecture: Advantages, vulnerabilities and
Trade-offs

Microservice architecture design presents a paradigm shift from traditional monolithic software sys-
tems. Unlike monoliths, where all components are tightly integrated into a single deployable unit,
microservices divide a system into a set of small, usually fully independently deployable services, where
each service is responsible for a distinct business capability [1, 2]. This decentralized approach supports
scalability and flexibility; However, it introduces a range of operational, architectural, and, for the
purpose of this paper, security-related challenges that must be addressed holistically.

In monolithic systems, application components such as business logic, user interface, and data access
layers are bundled and deployed as a single executable unit. While this model simplifies development
and deployment in early stages, it often becomes a bottleneck as systems grow in complexity. Common
issues include tight coupling between modules, difficulties in scaling individual components, limited
fault tolerance, and long release cycles due to integration dependencies [3, 6, 7].

Microservices, by contrast, break down applications into loosely coupled services, each running in
its own process and communicating through lightweight protocols such as HTTP/REST or messaging
queues. These services are organized around business domains and can be developed, deployed, and
scaled independently [1, 4]. This model allows teams to work in parallel, adopt polyglot technology



stacks, and rapidly respond to changes in user demands or business strategy.
Table 1 and diagram summarize key differences between monolithic and microservice architectures:

Table 1
Comparison of Monolithic and Microservice Architectures

Characteristic Monolithic Architecture Microservice Architecture

Architecture Style Single-tiered application Decentralized services
Deployment Deployed as one unit Each service deployable indepen-

dently
Scalability Scale as a whole Individually scalable
Fault Isolation Harder to isolate faults High fault isolation
Technology Stack Usually one stack Polyglot programming supported
Development Teams One large team Smaller, independent teams
Data Management Centralized database Distributed databases
Release Cycle Slower, coordinated releases Frequent, independent releases
Complexity Simple to develop initially Complex to manage
Security Surface Smaller surface area Larger, distributed surface

2.1. Advantages of using Microservices

One of the most notable advantages of using microservice-based architecture in software development
is scalability. Since services are deployed independently, only the components that experience increased
load need to be scaled, resulting in the optimization of resource usage and cost. For example, an
e-commerce platform can scale its payment and checkout services during peak shopping hours without
affecting the product catalog or recommendation engine [8]. In addition, each microservice can
be deployed on its own timeline, allowing for CD and faster release cycles. This agility in service
deployment is essential in dynamic business environments and supports A/B testing, feature toggling,
and blue-green deployments with minimal risk [5]. Furthermore, by isolating individual services,
microservice-based architectures increases overall system resilience. A failure in one service does not
necessarily bring down the entire application. Circuit breakers, retries, and timeout mechanisms further
enhance reliability, especially when combined with service mesh technologies like [9, 10].

Software development teams are free to choose the most appropriate language, framework, or
database for a given service, based on the requirements and team expertise. This polyglot nature
encourages innovation but requires well-defined API contracts and strong observability to maintain
coherence [11]. Finally, microservices align well with DevOps practices. Independent teams can own
the lifecycle of their services—from development and testing to deployment and monitoring. This
fosters accountability, autonomy, and faster issue resolution, reducing communication overhead and
dependency bottlenecks [12, 13, 14].

2.2. Challenges and Disadvantages of using Microservices

Despite the given benefits, the adoption of microservices also has significant challenges, particularly
in complexity management, but also in security. This approach is not a one-size-fits-all solution. It
is best suited for large-scale applications with multiple teams, independent domain boundaries, and
requirements for high availability and continuous delivery. For small-scale applications or teams without
prior experience in distributed systems, the overhead may outweigh the benefits.

For instance, a system which is composed of dozens or even hundreds of microservices is by default
much more complex than a monolith-based system. Issues such as service discovery, distributed tracing,
configuration management, and version compatibility arise in these systems, which must be addressed
using infrastructure tools that are often unfamiliar to development teams [1, 15].

Differently from monolith-based systems, that use a single centralized database, microservices high-
light decentralized data ownership; However, this introduces the challenge of maintaining consistency



across those services without violating the principles of autonomy. Distributed transactions are discour-
aged, and eventual consistency models require careful design of compensating actions and idempotent
operations [16].

Microservices, due to their distributed nature, expose a significantly larger surface area for security
threats. Each service exposes interfaces that must be properly secured against unauthorized access,
injection attacks, and denial-of-service (DoS) threats. Authentication and authorization must be con-
sistently enforced across services, often using tokens like JWT and identity providers like OAuth2,
OpenID Connect [17, 18]. Additionally, misconfigurations in container orchestration platforms like
Kubernetes may introduce vulnerabilities that are hard to detect in traditional testing [19].

When it some to testing these systems, testing microservice-based ones is considerably more difficult
due to their asynchronous interactions and interdependencies. Unit testing is insufficient; integration
and end-to-end testing must be coordinated across multiple services. Debugging failures requires
sophisticated distributed tracing and log aggregation tools like Jaeger, Zipkin, or ELK stacks [20, 21, 22].

Finally, managing the lifecycle of microservices requires advanced deployment strategies such as
canary releases, service meshes, and configuration injection. Real-time observability becomes crucial
to identify performance bottlenecks and failures. Tools such as Prometheus, Grafana, and Fluentd are
often essential in production setups [15].

3. Review methodology

This Section outlines the methodology used to conduct a structured literature review on security
vulnerabilities in microservice architectures. The objective of the review was to identify and analyze peer-
reviewed academic works that provide insights into the types, causes, and mitigations of vulnerabilities
within microservice systems. Our approach was grounded in established guidelines for systematic
literature reviews in software engineering, particularly those proposed in [23]. The methodology
involved four key steps – paper collection, inclusion and exclusion filtering, classification and taxonomy
alignment, and finally synthesis of vulnerability domains.

The initial corpus of literature was collected from reputable scientific databases including IEEE
Xplore, ACM Digital Library, SpringerLink, ScienceDirect, and Scopus. The search was conducted using
a combination of keywords such as “microservices”, “vulnerabilities”, “security”, “threats”, “architecture”,
and “cybersecurity”. Boolean operators were used to refine the search queries (e.g., “microservices AND
security vulnerabilities”). The search was restricted to publications written in English and published
between 2015 and 2024, reflecting the growing maturity of microservice adoption in both industry
and academia during this period. The initial search yielded a total of 212 articles. Duplicates were
automatically removed based on DOI and title matching.

The following inclusion criteria were applied to filter the papers:

• The study must focus on microservice architecture or systems explicitly using MSA principles.
• The study must address security vulnerabilities, threats, or defense mechanisms.
• The study must be peer-reviewed (conference papers, journal articles, or book chapters).
• The study must provide either empirical evidence, conceptual frameworks, or case studies.

Exclusion criteria included:

• Non-English publications.
• Non-peer-reviewed materials (e.g., blogs, whitepapers, editorials).
• Studies focusing solely on performance, deployment, or development without security context.
• Papers dealing exclusively with general cloud security or SOA without clear microservice rele-

vance.

After applying the above filters, a refined set of 62 papers was obtained. This set includes theoretical
analyses, vulnerability taxonomies, tool evaluations, and empirical case studies.



To organize the selected studies, we adopted the vulnerability taxonomy proposed by Jayalath et al.
[1], which categorizes vulnerabilities into six key domains:

1. Network and Communication
2. Data Consistency and Integrity
3. Authentication and Authorization
4. Deployment and Orchestration
5. Heterogeneous Features
6. DevOps and CI/CD Practices

Each paper was manually analyzed and mapped to one or more of these categories based on the
primary security concern it addressed. Where necessary, additional tags were added for cross-cutting
concerns such as service mesh integration, API gateways, or container-specific threats.

This classification helped structure the analysis in a consistent and reproducible manner, ensuring
that findings from disparate studies could be compared and synthesized across similar vulnerability
domains. In the final phase, the selected papers were subjected to qualitative synthesis. Papers were
grouped according to their mapped taxonomy categories, and their findings were aggregated to identify
recurring vulnerability patterns, critical risks, and proposed mitigations.

Special attention was given to studies that included empirical data—such as benchmarks, case studies,
or vulnerability scans on real systems—as these provide practical grounding to otherwise theoretical
models. Additionally, insights from the industrial survey by Di Francesco et al. [2] were integrated
to validate whether the theoretical vulnerabilities align with practical challenges encountered during
microservice migration and operation. The synthesis phase also involved identifying gaps in the
literature, such as underexplored areas. e.g., heterogeneous deployment environments, dynamic service
composition, or lack of validated mitigation strategies for certain vulnerability types. These gaps
informed the recommendations and future work directions discussed in subsequent sections.

3.1. Network and Communication

Microservices rely heavily on network communication between decentralized services. This inter-
connectivity increases the system’s attack surface, especially when services communicate over public
networks or poorly secured channels. Improper encryption, weak segmentation, and vulnerable service
discovery mechanisms contribute significantly to this category. This domain can be further broken
down to several key sub-domains:

• Insecure Communication Protocols: Use of unencrypted HTTP or outdated TLS versions [1, 24].
• Man-in-the-Middle Attacks: Exploited due to weak certificate validation or missing TLS [25].
• Improper Input Validation in APIs: APIs exposed to injection and parsing attacks [26].
• Traffic Hijacking: Weak routing or DNS configurations allow interception [27, 28].

3.2. Data Consistency and Integrity

Data consistency is challenging in microservice systems that use distributed databases or asynchronous
messaging. Lack of strong synchronization, improper data validation, and transactional boundaries
across services often introduce subtle but critical vulnerabilities. Sub-domain include the following:

• Race Conditions and Concurrency Issues: Concurrent writes and updates lead to inconsistent
data states [29, 30].

• Inadequate Transaction Handling: Missing rollback and commit guarantees in distributed work-
flows [31, 32, 33].

• Weak Encryption/Hashing: Use of deprecated or default configurations for data-at-rest security
[34, 35, 36].

• Missing Integrity Checks: Absence of hashing or checksums for critical data [37, 38].



3.3. Authentication and Authorization

Ensuring robust authentication and access control is central to protecting microservices. Due to the large
number of endpoints and services, poorly configured policies or weak identity federation mechanisms
can introduce severe risks. The sub-domains for authentication and authorization are:

• Token Leakage/Reusability: JWT or OAuth2 tokens stored insecurely or logged accidentally
[39, 40, 41].

• Lack of Multi-Factor Authentication (MFA): Single-factor setups are still common in practice
[42, 43].

• Hardcoded Credentials: Credentials embedded in code repositories or container images [36, 44].
• Excessive Privilege and RBAC Flaws: Overly permissive roles and undelegated access controls

[45, 46].

3.4. Deployment and Orchestration

This domain involves vulnerabilities originating from the deployment process, use of containers,
orchestration platforms like Kubernetes, and CI/CD pipelines. Misconfigured infrastructure often serves
as an attack vector. Sub-domains include:

• Insecure Container Images: Base images with known vulnerabilities or outdated libraries [47, 48].
• Privilege Escalation in Pods: Containers allowed to run as root or with host-level privileges [49].
• Misconfigured Orchestration Dashboards: Exposed Kubernetes dashboards without access con-

trols [50, 51].
• Insecure CI/CD Pipelines: Secrets exposed in pipeline logs or insecure runners [52, 53].

3.5. Heterogeneous Features

Microservices are often developed using diverse languages, platforms, and libraries. While this allows
agility, it can introduce inconsistencies in how security is implemented and monitored across services,
with sub-domains:

• Inconsistent Security Practices: Varying standards for authentication, encryption, and logging
[26, 54].

• Outdated/Unsupported Libraries: Use of unmaintained packages with known CVEs [55].
• Platform Misconfigurations: Divergent configurations in cloud environments, containers, or APIs

[56].
• Patch Management Challenges: Difficulty synchronizing patches across decentralized services

[57].

3.6. DevOps and CI/CD Practices

DevOps pipelines are often the backbone of microservice lifecycle management. If not securely config-
ured, these pipelines can introduce vulnerabilities during build, test, or deployment phases. Sub-domains
are:

• Lack of Security Scanning (SAST/DAST): Absence of automated vulnerability checks in CI/CD
[58].

• Improper Secrets Management: Credentials hardcoded in pipelines or stored unencrypted [59].
• Uncontrolled Rollback or Recovery: Lack of safe rollbacks for failed or compromised builds [60].

The summary of the security vulnerability domains and sub-domains are shown in Table 2.



Table 2
Microservice Vulnerability Domains with Subcategories and References

Category Subcategory References

Network and Communication Insecure Communication Protocols [1, 24]
Man-in-the-Middle Attacks [25]
Improper Input Validation in APIs [26]
Traffic Hijacking [27, 28]

Data Consistency and Integrity Race Conditions and Concurrency Issues [29, 30]
Inadequate Transaction Handling [31, 32, 33]
Weak Encryption or Hashing [34, 35, 36]
Missing Integrity Checks [37, 38]

Authentication and Authorization Token Leakage/Reusability [39, 40, 41]
Lack of Multi-Factor Authentication (MFA) [42, 43]
Hardcoded Credentials [36, 44]
Excessive Privilege and RBAC Flaws [45, 46]

Deployment and Orchestration Insecure Container Images [47, 48]
Privilege Escalation in Pods [49]
Misconfigured Orchestration Dashboards [50, 51]
Insecure CI/CD Pipelines [52, 53]

Heterogeneous Features Inconsistent Security Practices [26, 54]
Outdated/Unsupported Libraries [55]
Platform Misconfigurations [56]
Patch Management Challenges [57]

DevOps and CI/CD Practices Lack of Security Scanning (SAST/DAST) [58]
Improper Secrets Management [59]
Uncontrolled Rollback or Recovery [60]

4. Mitigation Techniques

Securing microservice-based systems requires a multilayered approach that integrates security practices
at the architectural, operational, and infrastructural levels. Given the taxonomy of vulnerabilities
previously outlined, this section discusses mitigation strategies that align with each domain, drawing
from peer-reviewed studies, industry best practices, and real-world deployment experiences.

In the domain of network and communication, protecting inter-service communication is critical.
All communication—whether external or internal—must be encrypted using up-to-date protocols such
as TLS 1.2 or higher. The adoption of mutual TLS (mTLS) within service meshes like Istio or Linkerd
has emerged as a preferred approach to authenticate services and ensure message confidentiality and
integrity. API gateways serve as a central enforcement point and should be configured to validate input
schemas, enforce rate limits, and restrict access using IP whitelisting or geofencing mechanisms. In
parallel, service discovery and internal routing must be hardened to prevent hijacking and spoofing
attacks. This can be achieved by using secure service registries, encrypting DNS traffic, and limiting
the exposure of service endpoints through internal-only networking configurations.

Data consistency and integrity pose another critical concern in distributed microservice systems.
To mitigate issues arising from eventual consistency and transactional fragmentation, developers
increasingly rely on design patterns such as the saga pattern, outbox pattern, and compensating
transactions. These approaches allow for logical rollback and coordination across independently
managed services. Sensitive data stored or transmitted between services must be protected using
robust cryptographic mechanisms—AES-256 encryption for data at rest and TLS 1.3 for data in transit
are generally recommended. Furthermore, services should implement hashing and digital signature
mechanisms for critical data flows, especially in contexts such as financial transactions or audit logs.
Concurrency-related vulnerabilities like race conditions can be addressed by applying version-based
optimistic locking or database-level isolation controls to ensure integrity during concurrent operations.

Authentication and authorization in microservices require the adoption of centralized and federated



identity solutions. Modern systems typically integrate with identity providers such as Keycloak, Auth0,
or Azure Active Directory, which offer support for protocols like OAuth2 and OpenID Connect. Security
tokens, such as JWTs, should be short-lived and securely rotated to minimize the risk of token leakage.
Refresh tokens must be protected using secure storage practices, and administrative access should
always require multi-factor authentication (MFA). In environments with numerous services, enforcing
consistent role-based or attribute-based access control (RBAC/ABAC) policies is essential. These access
controls should be configured at both the API gateway level and within service logic, ensuring defense
in depth and limiting the scope of privilege escalation opportunities.

In deployment and orchestration, the security of containerized environments and orchestrators like
Kubernetes is of paramount importance. Containers should adhere to the principle of least privilege,
avoiding the use of root access and restricting kernel capabilities using Linux primitives such as
Seccomp, AppArmor, or SELinux. Container images must be built from minimal, trusted base images
and should be signed using tools such as Cosign or Docker Notary to ensure authenticity. Kubernetes
clusters should be hardened by disabling insecure default features, restricting dashboard access, enabling
audit logging, and enforcing network segmentation via NetworkPolicies. Secrets and credentials must
not be hardcoded in manifests or stored in plaintext environment variables; instead, they should be
managed using dedicated secret management platforms like HashiCorp Vault, AWS Secrets Manager, or
Kubernetes sealed secrets.

The heterogeneity of microservice implementations—often involving multiple programming lan-
guages, frameworks, and deployment environments—poses unique challenges. Organizations must
define and enforce security baselines for each technology stack in use, including standardized practices
for input validation, encryption, and logging. Logging and monitoring should be centralized and uni-
form across services using stacks such as ELK, Prometheus, or Grafana, enabling correlation of events
and early detection of anomalies. Additionally, all service dependencies should be scanned continuously
for known vulnerabilities using tools like Snyk, Trivy, or Dependabot, with automated patching where
feasible. Security as Code practices, such as linting configuration files, scanning infrastructure-as-
code manifests, and applying policy-as-code enforcement (e.g., Open Policy Agent), can help maintain
consistency and prevent drift across diverse environments.

Finally, the DevOps and CI/CD lifecycle represents a frequent source of vulnerabilities when secu-
rity is not embedded from the outset. Static and dynamic application security testing (SAST/DAST)
should be integrated into the CI/CD pipeline, using tools such as SonarQube, OWASP ZAP, or GitHub
Advanced Security to catch vulnerabilities early in the development process. Infrastructure as Code
(IaC) configurations must be version-controlled and scanned for misconfigurations using tools like
Checkov or Terrascan. Secrets management must also be tightly controlled; credentials should never
be stored in plaintext, and pipelines must be instrumented to detect accidental exposure via logs or
commits. Deployment strategies such as canary releases or blue/green deployments enable safe rollouts
and fast recovery, providing resilience in the event of a vulnerability or performance regression in
newly deployed services.

In summary, mitigation of vulnerabilities in microservice-based systems requires comprehensive,
domain-specific techniques that span communication, data, identity, deployment, heterogeneity, and
operations. These controls must not only be technically sound but also automated, auditable, and
consistently applied across the entire software delivery lifecycle to ensure sustainable, scalable security.

5. Conclusion

Microservices have revolutionized modern software engineering by offering scalability, modularity, and
rapid deployment capabilities that far surpass the monolithic model. However, as this paper has shown,
the distributed and decentralized nature of microservice-based systems also introduces a broad spectrum
of security vulnerabilities across multiple architectural and operational domains. Through a systematic
literature review of 32 selected peer-reviewed studies, we identified critical vulnerabilities grouped
into six key domains: network and communication, data consistency and integrity, authentication and



authorization, deployment and orchestration, heterogeneous features, and DevOps/CI/CD practices.
We have examined each of these domains in depth, classifying subcategories and highlighting risks

that emerge from insecure APIs, inconsistent encryption, improper access control, misconfigured
orchestration environments, and insecure automation pipelines. To address these challenges, we
proposed a set of targeted mitigation strategies derived from both academic research and industrial best
practices. These include the use of mutual TLS, centralized identity management, secrets management
platforms, container hardening, policy-as-code enforcement, and the integration of security testing
throughout the CI/CD lifecycle.

Our findings indicate that securing microservices is not a matter of point fixes but requires a holistic,
continuous, and proactive security strategy. This involves collaboration across development, operations,
and security teams to implement consistent and automated safeguards. Moreover, many vulnerabilities
are not the result of obscure technical failures but stem from misconfigurations, inconsistent governance,
and inadequate tooling—problems that can be effectively mitigated with proper processes and security-
by-design thinking.

Future research should focus on extending empirical evaluations of microservice vulnerabilities in
real-world deployments, developing automated and intelligent detection mechanisms, and refining
security frameworks that can adapt to evolving architectures such as serverless computing and edge-
based microservices. As microservices continue to be adopted at scale, a shared understanding between
academia and industry will be essential for building resilient, trustworthy systems.
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