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I. INTRODUCTION 
 

Background: Evolution from Legacy IT to Cloud-

Native Environments 

The last two decades have witnessed a paradigm 

shift in enterprise IT. Traditional legacy systems, 

often built on proprietary UNIX platforms or 

mainframes, were designed for stability and vertical 

scalability but lacked the flexibility required by 

modern digital ecosystems. These monolithic 

environments struggled with agility, high 

operational costs, and vendor lock-in. In contrast, 

the advent of cloud computing offered enterprises 

on-demand scalability, cost efficiency, and the 

ability to adopt service-based models. 

Organizations began to reimagine infrastructure as 

elastic and distributed, enabling digital business 

initiatives such as real-time analytics, global 

collaboration, and customer-centric services. Within 

this context, Linux emerged as the de facto 

foundation for cloud computing due to its 

adaptability, open-source nature, and alignment 

with modern computing paradigms. 

 

The Strategic Role of Linux in Enterprise 

Transformation 

Linux is not merely an operating system; it has 

become the backbone of digital transformation 

strategies worldwide. Its lightweight architecture, 

modularity, and broad hardware support have 

made it the preferred choice for cloud providers 

and enterprises alike. Public cloud platforms such as 
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AWS, Microsoft Azure, and Google Cloud run 

predominantly on Linux distributions, while 

enterprise-grade solutions like Red Hat Enterprise 

Linux (RHEL) and SUSE provide mission-critical 

support. Furthermore, Linux powers containers, 

Kubernetes orchestration, and hybrid cloud 

deployments, which are essential components of 

agile IT frameworks. By enabling interoperability, 

automation, and continuous integration/continuous 

delivery (CI/CD), Linux bridges the gap between 

legacy IT infrastructures and modern agile 

enterprises. 

 

Objectives and Scope of the Review 

The objective of this review article is to analyze how 

Linux accelerates the transition from legacy IT 

systems to agile, cloud-driven architectures, and its 

role in digital transformation. The paper examines 

challenges faced by legacy systems, the 

technological capabilities of Linux in cloud 

ecosystems, and its integration into enterprise 

platforms. It also highlights real-world case studies 

to demonstrate the transformative power of Linux 

across diverse industries such as finance, healthcare, 

and government. Finally, the review outlines the 

challenges and opportunities in Linux adoption, 

providing strategic insights for enterprises 

navigating modernization. By doing so, it 

underscores Linux’s pivotal role in shaping the next 

generation of enterprise IT. 

 

II. LEGACY IT SYSTEMS: CHALLENGES 

AND LIMITATIONS 
 

Monolithic Architectures and Vendor Lock-in 

Legacy IT infrastructures were typically built around 

monolithic applications and proprietary hardware 

platforms, often tied to a single vendor ecosystem. 

These systems were optimized for stability but 

lacked the flexibility to adapt quickly to changing 

business requirements. Vendor lock-in created 

significant barriers, forcing organizations to depend 

on costly upgrades and limiting the ability to adopt 

innovative technologies. As enterprises sought to 

embrace digital transformation, these rigid 

architectures became a major obstacle, slowing 

down modernization efforts and restricting agility in 

competitive markets. 

Scalability and Cost Inefficiencies 

Scaling legacy systems to meet growing demands is 

both technically complex and financially 

burdensome. Vertical scaling—adding more 

processing power, memory, or storage to existing 

machines—often comes with diminishing returns 

and high costs. Moreover, many legacy platforms 

cannot effectively support distributed architectures 

or cloud-native scaling models. This inability to 

elastically scale hinders organizations in responding 

to fluctuating workloads or sudden spikes in 

demand, leading to inefficiencies and missed 

opportunities. The total cost of ownership for 

legacy infrastructures also tends to rise due to 

licensing fees, maintenance contracts, and hardware 

depreciation. 

 

Security, Compliance, and Performance Gaps 

Another limitation of legacy systems lies in 

outdated security models and compliance 

capabilities. Many older platforms were not 

designed to withstand modern cybersecurity 

threats, leaving enterprises vulnerable to breaches 

and data loss. Furthermore, maintaining compliance 

with evolving regulatory frameworks such as GDPR, 

HIPAA, or PCI-DSS is challenging when systems lack 

built-in encryption, logging, and auditing features. 

Performance issues also arise as legacy systems 

struggle to support high-volume data processing 

and real-time analytics, which are now essential for 

digital enterprises. These gaps ultimately reduce 

competitiveness and expose organizations to 

greater operational risks. 

 

III. LINUX AS A FOUNDATION FOR 

CLOUD COMPUTING 

 
Open-Source Principles Driving Cloud Adoption 

Linux’s open-source nature is one of the primary 

reasons it has become the foundation of cloud 

computing. Unlike proprietary operating systems, 

Linux fosters innovation through community-driven 

development, transparency, and collaborative 

contributions from global developers. This 

openness allows enterprises to customize and 

optimize Linux to suit their specific workloads, 

reducing dependency on single-vendor ecosystems. 

In cloud environments where scalability, portability, 
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and adaptability are essential, Linux’s open-source 

flexibility aligns perfectly with the goals of digital 

transformation. Major cloud providers have 

embraced Linux not only because of cost efficiency 

but also due to its role in driving standardization 

and interoperability across platforms. 

 

Linux Kernel Capabilities for Virtualization and 

Containerization 

The Linux kernel provides advanced features that 

make it an ideal platform for virtualization and 

containerization—the two cornerstones of modern 

cloud computing. Capabilities such as control 

groups (cgroups), namespaces, and the kernel-

based virtual machine (KVM) enable efficient 

resource isolation, multi-tenancy, and workload 

management. These features allow enterprises to 

run multiple virtual machines or lightweight 

containers on a single physical host, maximizing 

hardware utilization and reducing costs. 

Additionally, Linux serves as the backbone for 

container engines like Docker and orchestration 

systems like Kubernetes, which are now industry 

standards for cloud-native development and 

deployment. 

 

Interoperability with Public, Private, and Hybrid 

Clouds 

One of Linux’s greatest strengths is its ability to 

operate seamlessly across different types of cloud 

environments public, private, and hybrid. Linux 

distributions are widely supported on platforms 

such as AWS, Microsoft Azure, and Google Cloud, 

ensuring enterprises can run workloads across 

multiple providers without significant modification. 

In private clouds, Linux integrates effectively with 

open-source platforms like OpenStack, while in 

hybrid models, it enables workload portability and 

unified management.  

 

This interoperability provides organizations with the 

freedom to design multi-cloud strategies, avoid 

vendor lock-in, and align IT infrastructure with 

business objectives. Ultimately, Linux acts as a 

universal operating system for the cloud era, 

ensuring agility, resilience, and consistency across 

diverse environments. 

 

IV. DIGITAL TRANSFORMATION AND 

THE LINUX ADVANTAGE 

 
Agile Development and Continuous Delivery 

Digital transformation initiatives demand agility, 

speed, and flexibility in software delivery. Linux 

provides the foundation for agile development 

practices by enabling seamless integration with 

DevOps pipelines, CI/CD frameworks, and modern 

collaboration tools. Its compatibility with Git-based 

version control systems, automation platforms, and 

build pipelines ensures that developers can iterate 

rapidly while maintaining consistency. Linux-based 

environments also allow for reproducibility of 

builds, reducing the risk of deployment failures. By 

supporting containerized development and 

microservices architectures, Linux accelerates time-

to-market for new digital products and services. 

 

Linux as an Enabler of DevOps and Automation 

Automation is central to digital transformation, and 

Linux excels in this area through its scripting 

capabilities, package management systems, and 

integration with orchestration tools. Shell scripting, 

Ansible, Puppet, and Chef all run natively on Linux, 

allowing enterprises to automate routine tasks such 

as patching, provisioning, and configuration 

management. Moreover, Linux supports 

Infrastructure as Code (IaC) approaches, enabling IT 

teams to manage environments programmatically 

and at scale. This automation not only reduces 

human error but also allows organizations to 

deploy applications consistently across 

development, testing, and production 

environments, making Linux indispensable for 

DevOps-driven cultures. 

 

Cloud-Native Application Architectures with 

Linux 

As organizations move away from monolithic 

applications, cloud-native architectures powered by 

Linux have become the standard. Containers and 

Kubernetes clusters—both reliant on Linux—enable 

microservices-based development, which enhances 

scalability and resilience. Applications built in this 

model can be deployed globally, scaled on demand, 

and updated without downtime. Additionally, Linux 

supports emerging paradigms such as serverless 



 Monika Yadav.  International Journal of Science, Engineering and Technology, 

 2019, 7:3 

 

4 

 

 

computing and edge deployments, ensuring 

enterprises can innovate across diverse digital 

ecosystems. By enabling portability, interoperability, 

and modularity, Linux empowers organizations to 

align their IT strategy with business goals, ensuring 

long-term digital agility. 

 

V. LINUX IN ENTERPRISE CLOUD 

PLATFORMS 

 
Linux in AWS, Azure, and Google Cloud 

Public cloud providers have standardized around 

Linux as the operating system of choice for 

infrastructure services. On Amazon Web Services 

(AWS), more than 90% of instances run on Linux 

distributions, with Amazon Linux, Ubuntu, and Red 

Hat Enterprise Linux (RHEL) leading adoption. 

Microsoft Azure, despite being a historically 

Windows-centric platform, has seen rapid growth in 

Linux workloads—today, Linux accounts for the 

majority of virtual machines deployed on Azure. 

Similarly, Google Cloud emphasizes Linux-native 

deployments through its deep integration with 

Kubernetes and container-optimized operating 

systems. This dominance underscores Linux’s role as 

the backbone of hyperscale cloud platforms, 

ensuring enterprises can build, migrate, and scale 

applications efficiently across global regions. 

 

Red Hat Enterprise Linux (RHEL) and Hybrid 

Cloud Enablement 

RHEL has become synonymous with enterprise-

grade Linux in hybrid cloud strategies. Its certified 

support, security hardening, and integration with 

Red Hat OpenShift provide a comprehensive 

ecosystem for organizations embracing digital 

transformation. RHEL ensures application portability 

between on-premises data centers and public cloud 

platforms, enabling true hybrid cloud flexibility. 

Enterprises also benefit from Red Hat’s extended 

support cycles, compliance certifications, and 

automated patching solutions. Combined with 

OpenShift’s Kubernetes-based orchestration, RHEL 

empowers enterprises to standardize their 

workloads while balancing innovation with stability. 

 

Ubuntu, SUSE, and Community-Driven 

Ecosystems 

Beyond RHEL, other Linux distributions such as 

Ubuntu and SUSE play a critical role in cloud 

adoption. Ubuntu has gained prominence as the 

preferred distribution for developers and startups, 

largely due to its lightweight architecture, ease of 

use, and popularity in containerized environments. 

Canonical’s long-term support (LTS) versions ensure 

production stability, making Ubuntu a natural fit for 

AI/ML workloads and cloud-native applications. 

SUSE Linux Enterprise, on the other hand, is favored 

in industries like manufacturing and 

telecommunications for its robustness, high 

availability clustering, and SAP-certified workloads. 

Community-driven ecosystems like Debian, Fedora, 

and CentOS further enrich the landscape by 

providing innovation channels and alternatives for 

specialized deployments. 

 

 

VI. CONTAINERIZATION AND 

ORCHESTRATION: THE LINUX 

BACKBONE 

 
Docker and Linux Container Runtime 

Environments 

Linux has been the foundation of containerization 

technologies since their inception. Features such as 

namespaces, control groups (cgroups), and union 

file systems in the Linux kernel enable lightweight 

process isolation, which makes containers possible. 

Docker, the most widely adopted container runtime, 

relies on these Linux capabilities to deliver 

portability, efficiency, and scalability. Containers 

allow developers to package applications with all 

dependencies, ensuring consistency across 

development, testing, and production 

environments. This shift dramatically reduces the ―it 

works on my machine‖ problem and enhances 

collaboration between development and operations 

teams. 

 

Kubernetes and Linux as the Orchestrator 

Standard 

While containers provide agility, managing them at 

scale requires orchestration. Kubernetes, originally 

developed by Google, has become the industry 

standard for container orchestration—and it is 
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tightly bound to Linux. Kubernetes leverages Linux 

networking, process management, and storage 

abstractions to deploy, scale, and heal 

containerized workloads automatically. It enables 

enterprises to run distributed applications across 

multi-cloud and hybrid environments, with high 

availability and automated failover. As a Linux-

powered system, Kubernetes not only orchestrates 

containers but also integrates with service meshes, 

CI/CD pipelines, and monitoring tools, making it a 

cornerstone of cloud-native digital transformation 

strategies. 

  

Microservices Transformation on Linux 

Platforms 

The adoption of microservices architecture is closely 

tied to Linux containerization and orchestration. 

Microservices break down monolithic applications 

into smaller, independent services that 

communicate through APIs. Linux provides the ideal 

platform for deploying these microservices in 

containers, offering consistency, modularity, and 

rapid scalability. Organizations leveraging Linux-

based Kubernetes clusters can adopt blue-green 

deployments, rolling updates, and canary releases 

with minimal downtime. Moreover, Linux’s 

compatibility with modern service meshes like Istio 

ensures secure, observable, and efficient 

communication between microservices. This 

transformation allows enterprises to accelerate 

innovation, respond quickly to market changes, and 

align IT delivery with business goals. 

 

VII.  SECURITY AND COMPLIANCE IN 

LINUX-DRIVEN CLOUD 

 
SELinux, AppArmor, and Kernel-Level Security 

One of Linux’s greatest strengths lies in its 

advanced kernel-level security mechanisms. 

Security-Enhanced Linux (SELinux), originally 

developed by the NSA, enforces mandatory access 

controls that restrict processes from performing 

unauthorized actions, thereby minimizing the 

impact of compromised applications. Similarly, 

AppArmor provides application-specific security 

profiles that confine software behavior within 

predefined boundaries. These tools ensure fine-

grained access control, reducing the attack surface 

in multi-tenant cloud environments. By leveraging 

such kernel-level protections, enterprises can secure 

containerized workloads, virtual machines, and 

critical applications against modern cyber threats. 

 

Identity and Access Management Integration 

In cloud ecosystems, identity and access 

management (IAM) is fundamental for safeguarding 

resources. Linux integrates seamlessly with 

centralized IAM solutions such as LDAP, Active 

Directory, and cloud-native IAM services provided 

by AWS, Azure, and Google Cloud. Through 

mechanisms like pluggable authentication modules 

(PAM), Linux systems can enforce multi-factor 

authentication, role-based access control, and 

single sign-on across hybrid infrastructures. This 

integration ensures that user identities are 

consistently verified and privileges are tightly 

managed, addressing both operational security and 

compliance mandates. 

 

Compliance Frameworks for Regulated 

Industries 

Organizations in sectors such as healthcare, finance, 

and government must adhere to strict compliance 

frameworks including HIPAA, PCI-DSS, GDPR, and 

FedRAMP. Linux distributions such as Red Hat 

Enterprise Linux (RHEL) and SUSE provide 

compliance toolkits and hardened baselines that 

simplify audit readiness. Features such as encrypted 

filesystems, audit logging, and secure patching 

workflows help organizations demonstrate 

regulatory compliance. Additionally, Linux-based 

automation tools can continuously monitor 

configurations to maintain adherence to 

compliance standards, reducing the risk of human 

error. This combination of built-in security, 

automation, and audit support positions Linux as a 

trusted platform for mission-critical and highly 

regulated workloads. 

 

VIII.  CASE STUDIES: LINUX IN DIGITAL 

TRANSFORMATION 

 
Financial Services: Secure Cloud Migration 

The financial sector has been one of the earliest 

adopters of Linux in digital transformation journeys. 

Banks and trading institutions, historically 
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dependent on proprietary UNIX systems, shifted to 

Linux-based environments to achieve both cost 

efficiency and regulatory compliance. For instance, 

high-frequency trading platforms leverage Linux for 

its low-latency kernel tuning and deterministic 

performance, enabling real-time transaction 

processing. Additionally, financial institutions 

migrating to hybrid clouds rely on Red Hat 

Enterprise Linux (RHEL) and SUSE for mission-

critical workloads while maintaining compliance 

with PCI-DSS standards. Linux’s ability to integrate 

with containerized workloads and orchestration 

frameworks allows these organizations to 

modernize payment gateways and fraud detection 

systems while ensuring operational resilience. 

 

Healthcare: Linux in Data Privacy and Analytics 

Healthcare organizations face the dual challenge of 

handling massive volumes of patient data while 

adhering to strict privacy regulations such as 

HIPAA. Linux has become central to healthcare 

digital transformation by enabling secure, scalable, 

and compliant platforms for data analytics and 

electronic health records (EHRs). Many hospitals 

and research centers deploy Linux-based clusters 

for genomic sequencing, predictive diagnostics, and 

AI-driven healthcare analytics. Distributions like 

Ubuntu and CentOS, when combined with 

Kubernetes, power containerized healthcare 

applications that improve patient care delivery. 

Furthermore, Linux security frameworks such as 

SELinux ensure that sensitive medical data is 

protected across hybrid and multi-cloud 

environments. 

 

Government and Public Sector: Open-Source 

Sovereignty 

Governments worldwide are increasingly adopting 

Linux to achieve digital sovereignty and reduce 

reliance on proprietary vendors. National digital 

transformation initiatives often prioritize open-

source technologies to ensure transparency, cost 

savings, and long-term sustainability. For example, 

several European governments have migrated 

critical systems to Linux-based environments to 

comply with data sovereignty regulations such as 

GDPR. In defense and intelligence, hardened Linux 

distributions are deployed in secure clouds to 

handle classified data with strong access controls. 

Beyond security, Linux enables smart city projects, 

digital citizen services, and scalable e-governance 

platforms that can be rapidly adapted to evolving 

public needs. 

 

IX. CHALLENGES AND 

CONSIDERATIONS IN LINUX ADOPTION 

 
Skill Gaps and Workforce Readiness 

One of the most significant challenges in adopting 

Linux for cloud transformation is the availability of 

skilled professionals. Many organizations 

transitioning from legacy systems, such as 

mainframes or proprietary UNIX, find that their IT 

workforce lacks hands-on experience with Linux-

based environments. While Linux is widely used in 

development communities, enterprise-scale 

administration requires specialized expertise in 

kernel tuning, container orchestration, and 

automation frameworks. Training programs and 

certifications, such as those offered by Red Hat or 

the Linux Foundation, are essential to bridge this 

skills gap. Without adequate workforce readiness, 

organizations risk slow adoption, operational 

inefficiencies, and increased reliance on external 

consultants. 

 

Migration Complexity from Legacy 

UNIX/Windows 

Migrating workloads from legacy UNIX or Windows 

systems to Linux can be complex, involving 

compatibility checks, application refactoring, and 

data migration challenges. Legacy applications 

often rely on proprietary APIs or hardware that may 

not have direct Linux equivalents. This creates the 

need for middleware, emulation, or complete 

reengineering of applications. Additionally, mission-

critical systems in industries such as finance or 

healthcare cannot tolerate downtime, requiring 

careful planning for phased or parallel migrations. 

Enterprises must balance technical feasibility, 

business continuity, and cost considerations when 

modernizing infrastructure around Linux. 

 

Balancing Open-Source Flexibility with 

Enterprise Support 
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While Linux offers unparalleled flexibility through 

open-source innovation, enterprises must balance 

this freedom with the need for reliable support and 

long-term stability. Community-driven distributions 

like Debian or Fedora may lack the formal support 

contracts required for mission-critical workloads. As 

a result, many organizations opt for enterprise-

grade distributions such as RHEL or SUSE, which 

provide vendor-backed security patches, 

compliance certifications, and extended life-cycle 

management. However, this support often comes 

with additional licensing costs, which can challenge 

organizations seeking cost optimization. Striking 

the right balance between leveraging open-source 

freedom and ensuring enterprise-level reliability is 

crucial to achieving a successful Linux adoption 

strategy. 

 

X. FUTURE OUTLOOK: LINUX IN NEXT-

GENERATION CLOUD 

 
AI/ML Workloads and Linux Optimization 

Artificial intelligence (AI) and machine learning (ML) 

are redefining the digital enterprise, and Linux is 

central to supporting these workloads. Most AI/ML 

frameworks—such as TensorFlow, PyTorch, and 

Apache MXNet—are optimized for Linux due to its 

robust driver support and integration with GPU and 

accelerator technologies. Cloud providers 

increasingly deliver AI-optimized Linux images with 

pre-configured libraries, reducing deployment 

complexity for data scientists. Additionally, Linux’s 

ability to handle large-scale distributed computing 

makes it well-suited for training deep learning 

models across high-performance clusters. As AI 

adoption accelerates, Linux will continue to serve as 

the primary operating system powering innovation 

in data science and cognitive computing. 

 

Edge Computing and IoT Deployments on Linux 

With the rise of edge computing and the Internet of 

Things (IoT), Linux is extending its reach beyond 

centralized cloud platforms into decentralized, 

resource-constrained environments. Lightweight 

Linux distributions such as Ubuntu Core, Alpine 

Linux, and Yocto are designed for embedded 

devices, gateways, and edge servers. These 

platforms provide secure and reliable execution 

environments for IoT applications, enabling real-

time data processing closer to the source. In 

industrial automation, smart cities, and connected 

healthcare, Linux ensures interoperability between 

devices while integrating seamlessly with cloud-

based analytics platforms. The combination of Linux 

at the edge and in the cloud creates a unified 

architecture that supports scalable, end-to-end 

digital ecosystems. 

 

Quantum-Ready and Sustainable IT with Linux 

Looking further ahead, Linux is also expected to 

play a role in emerging fields such as quantum 

computing and sustainable IT. Open-source 

communities are already experimenting with 

quantum simulators and development kits on 

Linux-based systems, positioning it as a platform 

for early adoption of post-classical computing 

paradigms. On the sustainability front, Linux 

enables organizations to optimize resource usage 

through containerization, virtualization, and 

workload orchestration, thereby reducing carbon 

footprints. Cloud providers are leveraging Linux-

based solutions to implement energy-efficient data 

center practices, supporting the global push toward 

green IT. This dual role in quantum-readiness and 

environmental sustainability further cements Linux’s 

place in the next wave of technological 

transformation. 

 

XI. CONCLUSION 

 
The journey from legacy IT systems to agile, cloud-

native environments represents one of the most 

significant shifts in enterprise technology. At the 

center of this transformation, Linux has emerged 

not only as an operating system but as the 

architectural backbone of modern digital 

enterprises. Its open-source foundation, kernel-level 

capabilities, and interoperability across public, 

private, and hybrid clouds make it indispensable for 

organizations seeking agility, scalability, and cost 

efficiency. By enabling virtualization, 

containerization, and orchestration, Linux provides 

the flexibility that legacy systems lacked, allowing 

enterprises to innovate without being constrained 

by proprietary lock-ins. Linux also empowers digital 

transformation by aligning IT infrastructure with 
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agile development, DevOps practices, and 

automation strategies. Its integration with CI/CD 

pipelines, Infrastructure as Code frameworks, and 

cloud-native tools like Kubernetes accelerates the 

development and deployment of applications. This 

makes Linux not only a technical enabler but also a 

strategic asset for organizations competing in fast-

moving markets. Furthermore, Linux’s advanced 

security mechanisms, coupled with compliance-

ready distributions, address the critical challenges 

of protecting sensitive data and adhering to 

regulatory frameworks in industries such as 

healthcare, finance, and government. 

 

However, Linux adoption is not without challenges. 

Skill gaps, migration complexities, and balancing 

open-source flexibility with enterprise support 

remain critical considerations for IT leaders. 

Organizations must invest in workforce 

development, structured migration strategies, and 

robust vendor partnerships to fully harness the 

benefits of Linux-driven transformation. Case 

studies across sectors demonstrate that with the 

right approach, Linux adoption delivers measurable 

improvements in performance, security, and 

innovation capacity. Looking forward, Linux will 

continue to play a pivotal role in shaping next-

generation technologies. From powering AI/ML 

workloads and edge computing deployments to 

preparing for quantum-ready infrastructures and 

sustainable IT practices, Linux stands as a future-

proof foundation. Enterprises that strategically 

embrace Linux as part of their modernization 

journey will not only overcome the limitations of 

legacy systems but also unlock new opportunities 

for digital agility, resilience, and growth. In essence, 

Linux is not just a tool for cloud adoption—it is the 

cornerstone of digital transformation in the modern 

era. 
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