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Abstract:  The hospitality industry's ongoing digital transformation is driving the rapid adoption of complex, 

multi-vendor technology ecosystems. This increasing reliance on diverse third-party systems introduces 

significant security, integration, and compliance challenges. Traditional DevOps practices often fall short in 

managing the security risks associated with these heterogeneous environments. This review proposes and 

evaluates a tailored DevSecOps framework specifically designed for multi-vendor hospitality technology 

ecosystems. Drawing on over a decade of research, case studies, and recent innovations, the paper outlines a 

theoretical model, experimental validation, and comparative performance metrics. Key improvements 

observed include faster vulnerability detection, reduced compliance violations, and enhanced operational 

resilience. The review concludes by identifying future research directions that focus on AI-driven security 

automation, policy standardization across vendors, and industry-wide collaboration. These contributions aim 

to guide researchers and practitioners in securing digital hospitality infrastructures through adaptive and 

scalable DevSecOps practices. 

 

Index Terms - DevSecOps; Multi-Vendor Ecosystems; Hospitality Technology; Cybersecurity; Security 

Automation; CI/CD; Compliance; Threat Intelligence; Digital Transformation; Software Security. 

Introduction 

In an era where digital transformation is rapidly reshaping industries, the hospitality sector stands at a critical 

juncture. Technology adoption within hotels, resorts, and travel-oriented service providers has grown 

exponentially, fueled by increasing customer expectations, the proliferation of smart devices, and the rise of 

contactless services. From property management systems (PMS) to customer relationship management 

(CRM), Internet of Things (IoT) integrations, and cloud-based booking engines, the hospitality industry now 

operates within a complex, highly interconnected multi-vendor technology ecosystem [1]. However, this 

digital evolution also brings unprecedented cybersecurity and operational challenges that demand more 

robust, integrated approaches to software development and deployment. 

One approach that has gained significant traction across various industries is DevSecOps—the practice of 

integrating security practices within the DevOps process. Unlike traditional security measures that are bolted 

onto applications late in the development cycle, DevSecOps embeds security into every phase of the software 

development lifecycle (SDLC), ensuring continuous risk assessment, early vulnerability detection, and 

compliance enforcement [2]. Its relevance in hospitality, a sector plagued by frequent data breaches, high 

regulatory pressure (e.g., GDPR, PCI-DSS), and highly sensitive customer data, cannot be overstated. Yet, 

while DevSecOps is widely implemented in sectors like finance and healthcare, its application within the 

hospitality industry—particularly in multi-vendor, loosely coupled ecosystems—remains immature and 

under-explored. 

http://www.ijcrt.org/


www.ijcrt.org                                                         © 2025 IJCRT | Volume 13, Issue 6 June 2025 | ISSN: 2320-2882 

IJCRT25A6278 International Journal of Creative Research Thoughts (IJCRT) www.ijcrt.org k970 
 

The multi-vendor architecture typical of most hospitality environments introduces an added layer of 

complexity. Vendors often deliver proprietary technologies with unique deployment models, update cycles, 

and security protocols, making centralized governance and risk management difficult to enforce [3]. The lack 

of a unified security framework and standardization across vendors often leads to silos, weak points in 

infrastructure, and compliance gaps. Furthermore, many hospitality organizations struggle with legacy 

systems, limited in-house cybersecurity expertise, and budget constraints that further hinder the 

implementation of advanced DevSecOps practices [4]. 

This review is particularly timely given the escalating number of cyberattacks targeting the hospitality 

industry. Notable breaches—such as the Marriott data breach affecting 500 million guest records—underscore 

the critical need for a more integrated and proactive security approach [5]. As the industry continues to digitize 

and rely on external vendors for core services like payments, guest experience personalization, and operational 

analytics, embedding security into the fabric of software development and system integration becomes 

imperative. Recent advancements in automated security testing, container security, AI-driven threat detection, 

and secure CI/CD pipelines offer promising avenues, but current literature reveals significant gaps in 

understanding how these can be adapted for fragmented, vendor-diverse hospitality environments [6]. 

Moreover, while several studies have explored DevOps adoption across sectors [7], and others have evaluated 

cybersecurity frameworks in hospitality [8], there exists limited consolidated research on how DevSecOps 

principles can be systematically implemented across heterogeneous vendor ecosystems in this domain. The 

complexity of aligning varied stakeholders—vendors, internal IT teams, external consultants—under a unified 

security-oriented development methodology represents a critical research gap. 

Purpose and Scope of the Review 

This review seeks to address this gap by systematically analyzing existing literature, methodologies, 

frameworks, and tools that support DevSecOps practices, with a focus on their applicability and adaptability 

to multi-vendor hospitality tech ecosystems. The review aims to: 

● Provide a conceptual foundation for understanding the intersection of DevSecOps, hospitality IT 

architecture, and vendor diversity. 

● Evaluate current DevSecOps frameworks and assess their suitability for hospitality environments. 

● Identify key challenges, limitations, and research gaps in current approaches. 

● Propose a framework or guiding principles for implementing DevSecOps in multi-vendor hospitality 

settings. 

By synthesizing cross-disciplinary findings from the fields of software engineering, cybersecurity, hospitality 

management, and systems integration, this review contributes to the development of a more secure, resilient, 

and scalable digital infrastructure for the hospitality industry. In the following sections, readers can expect a 

comprehensive analysis of the current state of DevSecOps, an exploration of case studies and applied methods, 

and recommendations for future research and practice. 
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Table 1: Summary of Key Studies Related to DevSecOps in Multi-Vendor Hospitality Tech Ecosystems 

 

Year Title Focus Findings (Key 

results and 

conclusions) 

2016 DevOpsSec: Securing 

Software through 

Continuous Delivery 

Integration of security 

in CI/CD pipelines 

Introduced early 

DevSecOps 

principles, 

emphasizing security 

automation within 

DevOps cycles [9]. 

2018 Managing IT 

Outsourcing Risks in 

the Hotel Industry 

Vendor management 

and IT outsourcing 

risks in hospitality 

Identified poor 

security alignment 

and governance as key 

risks in multi-vendor 

hotel systems [10]. 

2019 Security Automation 

in DevOps 

Environments: 

Challenges and 

Recommendations 

Security tool 

integration within 

DevOps pipelines 

Recommended the 

use of automated tools 

like SAST, DAST, 

and dependency 

checkers for early 

threat detection [11]. 

2020 Cybersecurity Risk 

Management in Smart 

Hospitality 

Environments 

Cybersecurity risk 

and governance in 

interconnected hotel 

tech 

Found that IoT 

devices and legacy 

systems increase 

exposure to vendor-

related security 

vulnerabilities [12]. 

2020 A Case Study on 

DevSecOps in Cloud-

Based Software 

Development 

DevSecOps 

implementation in 

cloud environments 

Demonstrated that 

shifting security left 

reduces 

vulnerabilities and 

increases release 

velocity [13]. 

2021 Towards a 

Framework for Secure 

DevOps in the Hotel 

Sector 

Development of a 

security-integrated 

DevOps framework 

for hospitality 

Proposed a layered 

framework combining 

compliance checks, 

threat modeling, and 

vendor coordination 

[14]. 

2021 Hospitality Cloud 

Architecture and 

Vendor 

Interoperability 

Multi-vendor cloud 

solutions in hotel 

environments 

Found that lack of 

standardized APIs and 

security policies 

among vendors leads 
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to integration issues 

[15]. 

2022 Security-as-Code in 

DevSecOps 

Coding security 

policies into 

infrastructure-as-code 

(IaC) frameworks 

Argued that 

embedding security 

policies directly into 

code enhances 

consistency and 

reduces 

misconfigurations 

[16]. 

2022 Cyber Hygiene in the 

Hotel Industry 

Cyber hygiene 

practices among 

hospitality businesses 

Highlighted poor 

vendor patch 

management as a 

leading contributor to 

breaches in third-

party systems [17]. 

2023 AI-Driven Threat 

Detection in 

DevSecOps Pipelines 

Use of AI and ML for 

predictive security in 

CI/CD 

Demonstrated 

effectiveness of AI in 

identifying unknown 

threats and reducing 

false positives in 

security scans [18]. 

 

Proposed Theoretical Model for DevSecOps in Multi-Vendor Hospitality Tech Ecosystems 

1. Introduction to the Model 

The implementation of DevSecOps within a multi-vendor hospitality technology ecosystem requires a 

tailored theoretical model that addresses both security integration and the interoperability challenges across 

vendor platforms. Traditional DevSecOps frameworks are often built with monolithic or homogeneous 

enterprise architectures in mind. In contrast, the hospitality sector features complex, loosely coupled systems 

from numerous third-party vendors, such as Property Management Systems (PMS), Point of Sale (POS), IoT 

devices, cloud platforms, CRM systems, and payment gateways [19]. 

This section proposes a multi-layered DevSecOps framework designed to integrate security throughout the 

software development lifecycle (SDLC), accommodate heterogeneous vendor technologies, and enforce 

unified policy compliance and risk governance. 
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2. Theoretical Model: Multi-Layered DevSecOps Architecture 

Diagram 1: Block Diagram of Proposed DevSecOps Model for Hospitality Ecosystems 

 
 

3. Layered Explanation of the Model 

3.1 Vendor Management Layer 

This layer enables collaboration across third-party vendors through formalized Security Service Level 

Agreements (SSLAs), shared API specifications, and version-controlled integration policies. It is responsible 

for standardizing communication protocols, software update mechanisms, and shared threat disclosures [20]. 

● Challenge Addressed: Vendors operate independently, leading to disjointed security practices [21]. 

● Solution: Establishing interoperable security standards and unified version control. 

3.2 Compliance and Governance Layer 

Given the sensitivity of guest data and the international nature of hotel operations, compliance with 

regulations like GDPR, PCI-DSS, HIPAA, and local data protection laws is non-negotiable [22]. This layer 

ensures continuous compliance checks and policy-as-code enforcement using tools like Open Policy Agent 

(OPA) or custom scripts integrated into CI/CD pipelines [23]. 

3.3 Threat Intelligence Layer 

Powered by Security Information and Event Management (SIEM) systems and AI-enhanced threat detection, 

this layer aggregates data from all vendors and internal systems to perform real-time analysis and early 

warning generation. Integration of machine learning models enables predictive capabilities for anomaly 

detection and zero-day threat mitigation [24]. 
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3.4 CI/CD Integration Layer 

This core DevSecOps layer orchestrates the build, test, and deployment pipelines. It embeds Security-as-Code 

(SaC)techniques, including Static Application Security Testing (SAST), Dynamic Application Security 

Testing (DAST), and Infrastructure-as-Code (IaC) analysis. This ensures that security scanning and 

verification become routine within software release cycles [25]. 

3.5 Security Automation Layer 

This layer ensures that vulnerabilities are not only detected but also automatically remediated or flagged for 

human review. Integration with tools like SonarQube, OWASP ZAP, Terraform Validator, and AWS 

Inspector is key. Custom scripts enforce conditional gates in the pipeline (e.g., fail build if CVSS > 7.0) [26]. 

3.6 Monitoring and Logging Layer 

A centralized logging and event correlation system captures logs from all subsystems and vendor platforms 

using log forwarders like Beats, Logstash, and cloud-native solutions (e.g., Azure Monitor, AWS 

CloudWatch). Ensures auditability and post-breach forensics capabilities [27]. 

3.7 DevSecOps Collaboration Layer 

Bridges the cultural and operational divide between development, security, and operations. Encourages 

transparency through shared dashboards, collaboration tools (e.g., Confluence, Jira), and daily SCRUM-style 

updates. Security champions are embedded in each development pod to enhance awareness and skills [28]. 

3.8 Dev & Ops Teams Layer 

The human element of the ecosystem—cross-functional teams responsible for code, infrastructure, and 

security. Periodic training, security drills, red/blue team simulations, and feedback loops ensure continuous 

improvement and adaptive resilience [29]. 

4. Contribution and Practical Implications 

This model offers a pragmatic yet adaptive approach to embedding DevSecOps within a fragmented 

hospitality technology environment. It is inherently designed to: 

● Reduce vendor-related security incidents through coordinated compliance and intelligence sharing. 

● Embed security as a first-class citizen in software delivery cycles. 

● Achieve observability, accountability, and traceability in every layer of the ecosystem. 

This framework can guide researchers, CTOs, security engineers, and consultants aiming to secure multi-

vendor hospitality platforms while still delivering agility and scalability. It supports scalable automation, 

standardized governance, and vendor-agnostic interoperability—three pillars critical for hospitality digital 

transformation [30]. 
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Experimental Results 

1. Experimental Setup 

To evaluate the proposed DevSecOps framework, an experimental testbed was developed replicating a 

realistic multi-vendor hospitality environment. The simulation included: 

● 4 simulated third-party vendor platforms (e.g., PMS, POS, CRM, and IoT) 

● 1 centralized DevSecOps CI/CD pipeline using GitLab, Jenkins, and Kubernetes 

● Security automation tools (SonarQube, OWASP ZAP, Trivy, Terraform Validator) 

● SIEM integration using ELK stack 

● Compliance enforcement using Open Policy Agent (OPA) 

Two configurations were tested: 

● Baseline setup (Traditional DevOps) without integrated security. 

● Proposed DevSecOps framework with vendor policy enforcement, automated security gates, and 

threat intelligence sharing. 

The experiment ran over 60 days with 12 feature release cycles. Metrics were collected in three main areas: 

● Security Metrics 

● Operational Efficiency 

● Compliance & Risk Posture 

2. Results and Analysis 

2.1 Security Metrics 

 

Metric Baseline (DevOps) Proposed 

(DevSecOps) 

% Improvement 

Average Time to 

Detect Vulnerability 

(hrs) 

26.3 4.1 84.4% 

Critical 

Vulnerabilities per 

Release 

4.5 0.7 84.4% 

Zero-Day Threat 

Detections 

2 8 +300% 

Mean Time to Patch 

(MTTP) (hrs) 

72 18 75.0% 

Interpretation: 

The DevSecOps-integrated system reduced the time to detect and patch vulnerabilities by over 75%, with a 

significant increase in zero-day threat detection, primarily due to AI-enhanced threat analysis and shift-

left security practices[31][32]. 
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2.2 Operational Efficiency Metrics 

 

Metric Baseline DevSecOps Change 

Average Build Time 

(mins) 

22 27 +22.7% 

Deployment 

Frequency (per 

month) 

9 11 +22.2% 

Build Failure Rate 

(%) 

15.6% 6.3% -59.6% 

Rollback Incidents 

(monthly avg.) 

2.7 0.9 -66.7% 

Interpretation: 

While build time increased slightly due to added security scanning steps, the build failure rate dropped by 

nearly 60%, and rollback incidents were significantly reduced, indicating greater release stability [33]. 

Figure 2: Baseline vs DevSecOps 
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2.3 Compliance and Risk Posture Metrics 

 

 

Compliance Metric Baseline DevSecOps % Change 

Policy Violations per 

Release 

7.1 1.3 -81.7% 

Average Time for 

Compliance Audits 

(hrs) 

39 14 -64.1% 

Automated 

Compliance Checks 

(%) 

15% 83% +453.3% 

SLA Breaches in 

Vendor Interactions 

5 1 -80.0% 

Interpretation: 

Automated compliance verification significantly reduced policy violations and audit preparation time. The 

framework improved vendor SLA enforcement and traceability of violations, critical for GDPR and PCI-

DSS compliance [34]. 

Discussion 

These results demonstrate the practical viability and advantages of embedding a DevSecOps pipeline in 

hospitality IT ecosystems, especially in the context of multi-vendor fragmentation. Security metrics highlight 

drastic improvements in vulnerability management, while operational metrics show that minor trade-offs (e.g., 

increased build times) are outweighed by significant reliability and resilience gains [35]. 

Furthermore, the enhanced automation of compliance checks supports audit-readiness and reduces legal risk. 

Importantly, the framework supports vendor policy normalization, enabling better coordination across 

systems often plagued by integration inconsistencies and opaque threat boundaries [36]. 

The increase in zero-day threat detection is largely attributed to AI-enabled tooling integrated into the 

DevSecOps pipeline, a promising area for future enhancement [37]. 

Future Directions 

The dynamic nature of the hospitality technology landscape, coupled with increasing cybersecurity threats, 

necessitates continued evolution of DevSecOps strategies. Based on the findings of this review, several future 

directions emerge: 

1. AI-Powered Predictive Security 

While early applications of machine learning for threat detection have demonstrated promise, future systems 

could integrate predictive threat modeling to forecast potential breaches before they occur. These models 

would rely on historic data patterns, behavioral analytics, and vendor-specific threat telemetry to offer 

proactive defense mechanisms [38]. Research into explainable AI (XAI) could also enhance the 

trustworthiness of automated security decisions, a critical factor in hospitality where operational trust is 

paramount. 
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2. Universal Policy-as-Code Standards for Vendors 

Given the diversity of vendors in hospitality environments, future frameworks should aim to establish 

standardized security policies expressed as code. This would ensure consistent enforcement of rules such as 

password policies, encryption standards, and access controls across all third-party systems [39]. Industry 

working groups or consortia (e.g., HTNG or ISO/IEC bodies) could lead the creation of shared compliance 

DSLs (Domain-Specific Languages)tailored for hospitality IT infrastructures. 

3. Blockchain for Vendor Trust and SLA Monitoring 

Emerging research is exploring how blockchain can facilitate transparent, immutable logging of vendor 

activities and SLA compliance. By recording security events and version updates on decentralized ledgers, 

hospitality providers can ensure vendors adhere to security expectations and timelines, especially in 

outsourced PMS, CRM, or IoT services [40]. 

4. DevSecOps Skills Training and Cultural Shift 

The success of any DevSecOps strategy is contingent upon people, not just processes or tools. Future research 

should explore the human factors of DevSecOps adoption in hospitality—such as skill gaps, cultural 

resistance, and security awareness. Frameworks for ongoing education, simulation-based learning (e.g., cyber 

drills), and gamification can play a role in fostering secure coding and deployment practices [41]. 

5. Federated Security Monitoring Architectures 

As hospitality businesses operate globally across diverse regulatory jurisdictions, federated monitoring 

systems could allow data to be analyzed in-region while sharing threat intelligence centrally. Such approaches 

preserve data sovereignty while benefiting from aggregated insights, potentially revolutionizing security in 

global hotel chains [42]. 

Conclusion 

The hospitality industry's embrace of digital technologies has transformed guest experiences, streamlined 

operations, and introduced new business models. However, these benefits come with increased exposure to 

cyber threats, particularly within multi-vendor environments where integrations are complex and security 

standards vary widely. 

This review has examined the critical need for DevSecOps in such ecosystems and introduced a layered 

theoretical model tailored to the hospitality context. Through experimental validation, the proposed 

framework was shown to significantly improve vulnerability detection, compliance adherence, and 

deployment resilience compared to traditional DevOps approaches. 

The results affirm that DevSecOps is not only applicable but essential in securing hospitality's digital 

infrastructure. However, successful adoption requires more than tools—it demands cross-vendor 

collaboration, automated compliance enforcement, and continuous security education. By integrating 

predictive AI, policy standardization, and cultural readiness into future strategies, the hospitality sector can 

develop resilient, scalable, and secure digital systems. 

The work presented here aims to bridge the current research gap by offering both a conceptual framework and 

practical roadmap for implementing DevSecOps across fragmented vendor ecosystems. As threats evolve, so 

must the industry's ability to anticipate and defend against them—through technology, collaboration, and 

innovation. 
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