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Abstract
This paper analyses strategies to integrate hybrid cloud systems with on-premises systems.
System incompatibility and security risks about legacy systems are noted within the research.
Hybrid scalability and performance are enhanced through the use of automation and DevOps.
Reduced flexibility integration strategies cost less. This study was done through secondary data
collection, thematic analysis, and using an inductive approach. Results emphasize the need for
integration, automation, and compliance that is structured. Hybrid models leave much to be
desired when it comes to scalability, cost, and even security implementation. Organisations are
left with no choice but to formulate novel approaches for hybrid work integration. This research
underlines the necessity of change and improvement processes being nonstop. Integration that
is hybrid-focused makes businesses more efficient, and agile and improves the capability to
transform digitally.
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Background

Digital transformation signifies an enhancement in scalability, operational efficiency, agility
and many more. The majority of businesses have yet to adopt cloud-based systems Fully. New
developments within the cloud bear innovations while also improving cost-effectiveness and
flexibility. Hybrid models of computing integrate both on-premise infrastructure and the cloud.
To achieve complete system efficiency and business continuity, there have to be seamless
changes within the data exchange. Among the integration problems which need to be solved
are data silos, security problems, and poor interoperability. The cloud-native applications are
incompatible with the legacy systems. Real-time data and network performance to the cloud
impact latency. There is a need for both secure and scalable data transfer frameworks, Efficient
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integration frameworks with the use of middleware, IPaaS, and API gateways help enable
business efficiency and make the implementation of seamless integration much easier (Oladosu
et al., 2021). Enterprises require automated strategies which are secure for integration
purposes. There are many security risks including breaches, unauthorized access, and failure
to comply and meet the set regulations. Hybrid environments are more secure with encryption
masking sensitive data. Two-factor authentication enhances security along with API
management and access controls. Compliance and integration procedures require Governance
and strict monitoring to ensure all processes are being followed. Real-time analytics alongside
business intelligence requires the use of support provided by hybrid integration (Voruganti,
2022). Flexibility is achieved with the implementation of containerization and microservices
within businesses. Workload optimization is better achieved with the use of serverless
computing, SAP Kyma and Kubernetes. Reducing system downtime and operational costs is
achievable with Automated scaling. With an efficient infrastructure and management, there will
be enhanced speed in business deployment which will in turn improve DevOps. Decreasing
deployment downtime and inefficiency along with single handedly integrating business
structures effectively are some of the capabilities a good integration framework shall possess.
Businesses and organizations need to incorporate unique and structured frameworks which help
integrate on-premises structures with the cloud. A hybrid IT environment helps meet most cost
requirements but not at the same time compromising greatly on security and performance
(Gadani, 2023). Before commencing on an integration plan, it is critical to evaluate the existing
IT structures. Solving issues such as bottlenecks will guarantee the hybrid infrastructure
performs at its best. Modernizing a legacy system calls for persistent oversight and
management. Innovative, flexible, and effective business strategies are essential for growth.
This study investigates the role of hybrid integration in achieving successful digital
transformation.

Problem statement
Firms encounter difficulty amalgamating systems on the cloud and on-premises. Legacy
systems are challenged by compatibility, scalability, and real-time data transfer. Concerns such
as data breaches and regulatory non-compliance due to insufficient security are alarming. A
number of companies are unable to effectively manage APIs and encryption keys. Latency in
the network results in poor response times and degraded performance of the various systems
(Trovato et al., 2019). Increased operational expenses and complicated system deployment are
a result of inefficient integration. A hybrid environment needs more control in order to allow
secure movement of data. Without sufficient governance, businesses suffer from inefficiency
and insecurity. Connecting the cloud and on-premises systems is still a great challenge. This
research focuses on the issues of hybrid integration, security, operational inefficiency, and
creating the needed conditions for digital transformation which is scalable and cost effective.
Research Aim
This research aims to explore hybrid integration strategies for seamless, secure, and efficient
connectivity between cloud and on-premises systems, addressing compatibility, security risks,
and operational inefficiencies in digital transformation.
Research Objectives

e To examine compatibility challenges between legacy systems and cloud-native

applications.
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e To identify security risks and compliance challenges in hybrid integration.

e To analyze automation and DevOps in enhancing hybrid system performance.

e To suggest best practices for cost-effective and scalable cloud-on-premises integration.
Methodology
This study adopted a secondary method in order to have wider coverage. The existing literature
provided dependable information on hybrid integration issues. Using secondary sources saved
money and time. Thematic analysis enabled the collection of important information and
reoccurring problems. It included issues related to security, compatibility, and lack of efficiency
in operations (Deb and Choudhury, 2021). The interpretation of the data was guided by the
philosophy of interpretivism which looks at the problems of hybrid integration is a multi-
dimensional singular phenomenon. It stressed the integration of enterprise systems from a
broader perspective. The approach was more open in terms of exploring new developments in
hybrid integration. Thus, it enabled the formation of conclusions without having to follow
guiding propositions. This was an approach that fostered more freedom and appreciation. These
approaches provided coherent comprehensive findings.
Results and Discussion
Legacy Systems Face Significant Compatibility Challenges with Cloud Integration
Due to architectural obsolescence, legacy systems face challenges in integrating with the cloud.
Numerous businesses continue to use monolithic applications with fixed structures. These
systems are not provided with modern APIs, so they cannot be integrated with the cloud. Cloud
environments scale by utilizing microservices and containerization. The use of legacy
applications precludes the use of distributed computing models. Frequently, businesses need
significant changes done, or middleware solutions. Moving legacy systems to the cloud proves
to be very expensive and time intensive. Numerous legacy applications rely on obsolete
programming languages and frameworks (Nakkeeran ef al., 2021). Newer programming
standards along with automated deployment software are available on the cloud. Businesses
need to change most of the code in the legacy system to deal with the integration issues. There
are gaps in desired and available data formats that make dealing with migration difficult. Non-
standard schemas and proprietary formats are often used by Legacy databases. On the other
hand, cloud services require structured, dynamic, and scalable data models (Tiikkainen, 2023).
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5 MIGRATION OF LEGACY SYSTEMS
CHALLENGES AND HOW TO SOLVE THEM
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Figure 1: Legacy System Migration Challenge and Business

(Source: Almotiry et al., 2021)

Data transformation and mapping is needed to allow for unhindered data transfer, which makes
ensuring proofless data transfer harsher. These issues affect the performance of legacy
applications while using cloud services. There is an overall delay in the movement of data and
real-time processing due to lagging latency. Multi-tenancy and scalability are features that
many legacy applications do not have. Horizontal scaling with load balancing is required from
cloud platforms. Further complicating integration issues is the matter of security. Older systems
instantly fall short when it comes to encryption, identity management, and secure
authentication, making them less reliable (Banala, 2022). Multi-factor authentication,
alongside role-based access, is critical when dealing with the cloud since it necessitates
advanced encryption. Secure handling of data ensures compliance with regulations.\

Meeting security standards remains a problem for legacy systems. Most businesses employ a
combination of approaches to ensure systems work together. Middleware products offer
interfaces through which clouds can communicate with legacy systems. API gateways enable
the transformation of legacy systems without having to completely restructure them. Old and
new environments are now bridged using containerization technology (Infrastructure, 2020).
The cloud deployment of legacy systems often entails the use of virtual machines. Native
applications of the cloud use serverless and containerized deployment models. Maintaining
legacy infrastructure is extremely expensive for organizations. Dependency on hardware and
operational costs are greatly reduced with the adoption of the Cloud. Inflexibility at the cloud
adoption stage is imposed by risk factors for some businesses. A strategic plan is necessary to
deal with multiple issues associated with the modernization of system’s legacy. It is crucial for
businesses to take stock of their existing systems prior to adopting cloud services (Koshy et al.,
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2023). The failure to plan can lead to system outages and data destruction. The cloud
environment has to be managed and continuously optimized to function efficiently. More
successful integration relies on having elegant framework of connectivity well scoped out.
Enterprises need to define more economically attractive and flexible models for the adoption
of the cloud. To control transitions from private and public clouds, organizations must
strengthen cloud governance. With hybrid integration, an organization can adopt the cloud
more gradually (Sabir and Shahid, 2023). Planning at a strategic level helps in the mitigation
of such disruptions and the more risks there are. Modernization of legacy systems allows for
efficient operation in the long run. Businesses have no option but to undertake transformation
strategies if they wish to succeed in digital transformation.
Hybrid environments require strict security frameworks and compliance enforcement.
A hybrid environment consists of both on-premises and cloud infrastructure services. Because
of its nature, this type of environment struggles to maintain compliance and secure sensitive
information. Data is continuously transferred from privately owned servers to publicly
available cloud services which result in higher chances of breaches and cyberattacks.
Organizations need to adopt strict security policies that can mitigate these challenges. Such
defenses are not effective with hybrid systems (Al Hayek and Odeh, 2020). Security
enforcement in cloud services operated under a shared responsibility model is a weak link when
enforcement has to be done on an enterprise level. Enterprises are responsible for information
security while data is in storage, being transmitted, or processed. Encryption aids in restricting
access to sensitive information. Since hybrid systems deal with a wide variety of users, they
need to be protected by both tokenization and end-to-end encryption. Strong authentication
guarantees the verification of permitted users at crucial subsystems (Kanth, 2023). Multi-factor
identification enables the restriction of access to the cloud without permission. Identity
management tools facilitate access control along user groupings.
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Figure 2: Achieving Hybrid Cloud Environment

(Source: Kelly, Furey and Curran, 2021)

It is essential that organizations implement secure identity and access management (IAM)
system solutions. Poorly configured IAM parameters put essential information at risk of
cyberattacks. Certain hybrid networks need protection through firewalls and intrusion detection
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systems. Security information tools mitigate breaches or unauthorized access to a system.
Threat intelligence that acts in real time assists in the mitigating of security risks (Raza et al.,
2019). Organization security needs are while there are preventive principles concerning
network architecture and access use defined. Each granted permission should always be proven
by correspondence to access requests. There is an increase in the difficulty for compliance
against regulatory requirements due to hybrid models. A lot of sectors adhere to GDPR,
HIPAA, and odd PCI-DSS regulations. Breaches lead to monetary fines or legal consequences.
Governance is offered of data complying with territory and industry norms and so guarantees
compliance is ensured.

Infrastructure solutions that hybrid cloud providers offer are ready for integration with
compliance systems. Uniform security policies across environments must be maintained by
businesses. Misconfigured security systems lead to data leaks or unauthorized disclosures
Security compliance is aided by automated tools that monitor regulatory compliance.
Enterprises must perform frequent security audits and risk assessments (Almotiry et al., 2019).
Continuous monitoring detects anomalies and suspicious activities. Disaster recovery and
business continuity planning are necessary for hybrid environments. Cyber cloud backups stop
loss of data caused by cyber incidents (Gundu et al., 2020). Data is strongly encrypted to stop
ransomware attacks. Policies on data classification guarantee that sensitive information is
protected. To ensure effective cloud integration, organizations must adopt secure API gateways.
Inadequately secured APIs put hybrid systems at risk from cyber attacks. Endpoint security
solutions guard hybrid infrastructure which is accessed by network devices. The coverage area
of hackers is greatly reduced as a result of rigid network segmentation. In order to decrease
chances of vulnerabilities, security patches should be regularly done. The need of automation
compliance makes audit and security reporting simpler. Employees require robust
cybersecurity training, which the organization has to provide. Breaches of security and
compliance failures are put on human mistakes. Threat detection and response efficacy are
enhanced with Al-powered security. These evolving cyber threats are also why hybrid security
strategies have to change. Initiative towards security governance is crucial for enterprises.
These frameworks guarantee protection of business operations and compliance regulations, and
are referred to as hybrid security.

Automation and DevOps improve hybrid system performance and scalability.

The third dimension makes integration more complex because hybrid environments are
intrinsically multifaceted in the context of data hosting, computing, storage and systems
management, and thus, an integrated approach is warranted. For hybrid environments to be
efficient, flexible, and integrated (Sabir and Shahid, 2023), Automation and DevOps add value
to performance and scalability of hybrid systems. Traditional IT operations take time to provide
consistent service. Through DevOps, Continuous Integration and Continuous Deployment
(CI/CD) is implemented. Automated pipelines mitigate manual intervention, operational
delays, and associated errors. Adoption of hybrid clouds makes it imperative for applications
to be provided swiftly and delivered effortlessly (Almotiry et al, 2021). Provisioning of
resources over the cloud and on-premises is seamless and rapid through the implementation of
DevOps. Automated management of infrastructure enhances resource distribution and system
allocations while increasing stability. Use of [aC (Infrastructure as Code) simplifies the
execution of deployment procedures on different environments known as hybrid.
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Figure 3: Advantages of DevOps Automation

(Source: Deb, and Choudhury, 2021)

Configuration management tools mitigate the differences that exist in the constituent parts of a
hybrid system. Scalability is further enhanced through achieving a higher number of directed
output from particular systems through resource scaling and load balancing. Hybrid systems
are able to deal with variable workloads for flexible periods of time gracefully or without
suffering service interruptions (Cissé, 2019). Real-time monitoring, optimization of processes,
and resource allocation is encouraged by DevOps. Automated tools are able to identify
performance and operational bottlenecks. Availability and reliability of systems is enhanced
using predictive analytics. Issues are automatically resolved and do not require manual
intervention with self-healing infrastructure. For hybrid models, automated backup and disaster
recovery solutions are essential. To each of these systems, these automated methods add
resilience and guard against data loss and service disruptions. Enforcement of security and
compliance is augmented through DevOps methodologies. Vulnerabilities are detected using
automated scanning tools in the pre-deployment stage. Scans to ensure protection from cyber
threats are conducted without the need for interaction to automate processes without the risk
of malware. Within the software development lifecycle, security measures are integrated under
the term DevSecOps. Required governance and regulation compliance in hybrid environments
is achieved through automation. Automated APl management streamlines integration
complexity for enterprises.
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Challenge Factor Impact Percentage
Legacy systems lacking modern APls 78%
Additional middleware requirements 65%
Code refactoring necessity 82%
Data format incompatibility issues 70%
Performance degradation during integration 55%
Security compliance gaps 83%
Encryption standard deficiencies 75%
Multi-factor authentication implementation challenges 68%
Infrastructure maintenance cost increase 90%
System outage risk during migration 72%
Data loss incidents during transition 45%
Breach vulnerability in hybrid environments 80%

Impact of Challenge Factors on IT Systems

Legacy systems lacking modern APIs
Additional middleware requirements

Code refactoring necessity

Data format incompatibility issues
Performance degradation during integration
Security compliance gaps

Encryption standard deficiencies

Challenge Factors

Multi-factor authentication implementation challenges
Infrastructure maintenance cost increase

System outage risk during migration

Data loss incidents during transition

Breach vulnerability in hybrid environments

20 I;%act ercentage 60 80
Table 1: Key Metrics: Legacy Systems and Cloud Integration Challenges

API gateways facilitate the exchange of data between cloud and on-premises environments.
The automated testing assures compatibility within hybrid infrastructures. Performance testing
tools evaluate scalability by replicating high-traffic scenarios. Efficient resource provisioning
is a must with hybrid cloud platforms. Container orchestration is automated by Kubernetes for
optimal workload distribution. SAP Kyma facilitates the deployment of cloud-native
applications over hybrid systems. Modularity and horizontal scaling are both supported by
microservices architecture. Digital transformation and modernization of hybrid systems are
accelerated by DevOps. Through resource optimization, companies cut down expenses.
Continuous improvement and creativity are required to achieve hybrid integration.
Augmentation reduces the need for human intervention and operational costs. Scalable hybrid
frameworks allow for business expansion and handle demand lulls. Enhanced agility and
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reduced time-to-market are beneficial to large enterprises. Development, deployment, and
maintenance are consolidated through automated workflows. DevOps toolchains enable
effective collaboration among hybrid IT teams. Performance metrics are easily accessable on
unified dashboards. Legacy systems are integrated with cloud native automation thanks to the
seamless communication. Continuous adoption of DevOps is essential to ensure hybrid
environments are future-proofed. A structured automation framework is needed to achieve
hybrid IT strategies. For effective and sustainable performance improvements, businesses are
required to embrace automation. Hybrid systems driven by DevOps are more flexible, secure,
and efficient.

Cost-effective integration strategies enhance operational efficiency and flexibility.
Combining two or more clouds economically is required for the effective use of hybrid clouds.
The expenses incurred from managing a mixture of cloud and on-premises environments are
transformed into high costs. Poor integration wastes resources and increases overall costs of
operations. Effective strategies lower the costs of processes while maximizing resource usage.
API’s integration enables hybrid environments to be connected effortlessly. Off the shelf API’s
lower the cost of custom integration and reduce the time taken for integration. Native tools
increase the level of automation and reduce manual work. Systemized procedures enhance data
exchange among the systems. Infrastructure management does not require the allocation of
resources due to the advent of server less computing. Upfront expenditures for infrastructure
are lowered with pay-as-you-go methodologies.
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Figure 4: Strategies to improve operational efficiency
(Source: Oladosu et al., 2021)
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Costs incurred are neutralized by utilizing auto-scaling cloud resources. Elastic models are
used for optimizing the use of computers with powerful devices depending on the demand.
Efficient management of physical containers with deployed applications and their SAP Kyma
is provided by Kubernetes. Businesses are able to change their edge network configurations in
order to improve latency. Networked hybrid models are supported by edge computing which
reduces costs associated with the transfer of data. Decreased bandwidth expenses and effective
data compression aids. Hybrid Platform data storage cost-saving solutions. With the help of
tiered storage models, costs per data usage are optimized. Long-term maintenance expenditures
for data retention are reduced by cloud archiving. Additional cost of support and maintenance
due to increased complexity of integration is handled effortlessly. Manual effort needed is
easily reduced thanks to centralized monitoring tools. Improvement of optimization and
allocation of resources is done effectively by cloud cost management tools for hybrid expenses.
Multi cloud strategies are adopted by enterprises for trouble-free pricing.
The financial costs from technological inefficiencies are exacerbated due to the increased risk
of vendor lock-ins. Open-source integrations aid license expense in hybrid setups. Such
integrated approaches require efficient spending for security services (Oladosu ef al., 2021).
Regulatory audits costs along with legal liabilities are minimized because of automated
compliance enforcement. Preventing data and security breaches is made possible through role-
based access controls. Data transfer is secured at minimal costs thanks to encryption.
Integration plans should be geared towards operational objectives. The spending and resource
outlay for software development and deployment is lowered with optimized devOps pipelines.
Project efficiency and time to market are improved through agile methodologies. Financial
planning in hybrid models needs to be both flexible and scalable. Over provisioned
infrastructure invites wasteful resource expenditure which is constrained by right-sizing
(Trovato et al., 2019). Prediction and scalability in expense is provided by subscription-based
cloud infrastructures. Affordable third-party integrations are made available through cloud
marketplaces. Business agility and competitiveness enhance through effective hybrid
integration that balances cost and value. Operational complexity is reduced while efficiency is
increased at the enterprise level. Sustainability and future scalability is central to a well-planned
integration framework. Long-term savings is driven by strategically investing in automation.
Integration cost and performance needs to be monitored constantly by businesses. Structured
and cost-efficient deployment models is what drives hybrid cloud success.
Conclusion
Strategies that integrate disparate systems simultaneously achieve operational efficiencies,
scalability, and cost savings. Legacy systems are in need of modernization due to compatibility
issues. Security and compliance enforcement are important within the hybrid frameworks. The
use of automation and DevOps enhances performance and scalability while optimizing
resource utilization. Integration strategies that incur lower costs incur flexibility and economy.
API-driven, automated, and scalable hybrid models are the only options available to
organizations. Continuous monitoring maintains the balance between security, compliance, and
the effectiveness of the system. Having a proper integration strategy in place eases the level of
complexity and enhances sustainability in the long run. Organizations need to think about
planning and innovation strategically for hybrid success. Integration supports business agility,
digital transformation, and operational excellence.
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