
 

https://iaeme.com/Home/journal/IJAIML   94 editor@iaeme.com 

International Journal of Artificial Intelligence & Machine Learning (IJAIML)  

Volume 4, Issue 1, January-June 2025, pp. 94-111, Article ID: IJAIML_04_01_007 

Available online at https://iaeme.com/Home/issue/IJAIML?Volume=4&Issue=1 

Impact Factor (2025): 3.56 (Based on Google Scholar Citation) 

Journal ID: 9339-1263; DOI: https://doi.org/10.34218/IJAIML_04_01_007 

 

 

© IAEME Publication 

BEST PRACTICES FOR ETHICAL AND 

RESPONSIBLE AI DEVOPS 

Ramesh Krishna Mahimalur,  

CNET Global Solutions, Inc., Richardson, TX 75080 USA. 

 

ABSTRACT 

This research examines the integration of ethical considerations into AI DevOps 

practices. As AI systems proliferate in critical domains, traditional DevOps approaches 

require evolution to address unique ethical challenges throughout the system lifecycle. 

This research propose a comprehensive framework for Ethical AI DevOps that 

incorporates responsibility, transparency, fairness, and human-centricity as core 

principles in AI system development and deployment. The framework identifies ethical 

challenges in AI pipelines and presents best practices for each lifecycle stage, from 

planning to continuous assessment. Case studies demonstrate real-world application, 

revealing measurable improvements in bias detection, model transparency, and ethical 

governance. Findings emphasize the importance of organizational culture, automated 

safeguards, and continuous ethical monitoring. By bridging ethical principles with 

operational practices, this research provides actionable guidelines for practitioners 

developing AI systems in a responsible manner, contributing to the emerging field of 

ethical AI engineering. 
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1. Introduction 

The rapid advancement of artificial intelligence capabilities has sparked widespread 

adoption across diverse domains, from healthcare and finance to criminal justice and human 

resources. This proliferation has been accompanied by growing recognition of AI's potential 

ethical implications, including issues of bias, transparency, accountability, and privacy 

(Mittelstadt et al., 2016). As organizations scale their AI initiatives, there is an urgent need to 

integrate ethical considerations into the development and operations (DevOps) practices that 

govern the AI system lifecycle. 

Traditional DevOps methodologies focus on accelerating the delivery of high-quality 

software through automation, collaboration, and continuous feedback (Humble & Farley, 

2010). However, AI systems present unique challenges that extend beyond conventional 

software concerns. They learn from data, operate with varying degrees of autonomy, and often 

make or influence decisions with significant human impact. These characteristics necessitate 

specialized approaches to ensure that AI systems are developed and deployed in an ethical and 

responsible manner. 

This research addresses this gap by proposing a framework for Ethical AI DevOps – a 

set of principles, practices, and tools that incorporate ethical considerations throughout the AI 

system lifecycle. The research aims to answer the following questions: 

 

1. What are the unique ethical challenges that arise in AI DevOps pipelines? 

2. How can ethical considerations be effectively integrated into each stage of the AI 

system lifecycle? 

3. What organizational structures and processes support the implementation of Ethical AI 

DevOps? 

4. How can the effectiveness of Ethical AI DevOps practices be measured and 

continuously improved? 
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2. Related Work 

2.1 Ethical Considerations in AI 

Research on ethical AI has proliferated in recent years, addressing various aspects of 

responsible AI development and deployment. Numerous ethical frameworks have been 

proposed, including the IEEE Global Initiative on Ethics of Autonomous and Intelligent 

Systems (IEEE, 2019), the European Commission's Ethics Guidelines for Trustworthy AI 

(European Commission, 2019), and the OECD Principles on AI (OECD, 2019). These 

frameworks generally converge on core principles such as fairness, transparency, 

accountability, privacy, and human well-being. 

Scholars have also examined specific ethical challenges in AI systems. For example, 

Barocas and Selbst (2016) explored the various ways that machine learning can incorporate and 

perpetuate existing biases. Doshi-Velez and Kim (2017) investigated approaches to explainable 

AI, while Kroll et al. (2017) addressed issues of accountability in algorithmic systems. 

Mittelstadt et al. (2016) provided a comprehensive mapping of the ethical challenges posed by 

algorithms, highlighting issues of opacity, bias, and autonomy. 

While this body of research provides valuable insights into ethical AI principles, it often 

lacks concrete guidance on how to operationalize these principles within software development 

and deployment processes. 

 

2.2 DevOps Practices 

DevOps represents a cultural and technical approach to software development that 

emphasizes collaboration between development and operations teams, automation of processes, 

and continuous feedback (Kim et al., 2016). Key practices include continuous integration, 

continuous delivery, infrastructure as code, monitoring, and rapid feedback cycles (Humble & 

Farley, 2010). Research has demonstrated DevOps' effectiveness in improving software 

quality, reducing time to market, and enhancing organizational performance (Forsgren et al., 

2018). 

In recent years, specialized forms of DevOps have emerged for particular domains. For 

example, MLOps focuses on the unique challenges of machine learning systems, addressing 

issues such as data versioning, model training, and model monitoring (Sculley et al., 2015). 

Similarly, DataOps applies DevOps principles to data analytics pipelines, emphasizing data 

quality, integration, and accessibility (Ereth, 2018). 

However, these specialized DevOps approaches typically focus on technical and 

operational concerns rather than ethical considerations. While they provide valuable techniques 
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for managing AI system development, they do not adequately address the ethical dimensions 

of AI. 

 

2.3 Ethical Integration in Software Development 

Limited research exists on integrating ethical considerations into software development 

processes. Gotterbarn and Miller (2009) proposed the Software Development Impact Statement 

(SoDIS) as a tool for identifying ethical issues in software projects. Shilton (2013) introduced 

the concept of "values levers" – practices that encourage developers to consider values during 

design. More recently, Morley et al. (2020) proposed an ethical framework for AI development 

that includes practical guidelines for development teams. 

These approaches offer valuable starting points but do not provide comprehensive 

frameworks for integrating ethics throughout the AI system lifecycle. Moreover, they often do 

not address the unique characteristics of DevOps environments, such as automation, continuous 

deployment, and rapid iteration. 

 

2.4 Research Gap 

The current literature reveals a significant gap: while extensive research exists on ethical 

AI principles and DevOps practices independently, there is limited work on systematically 

integrating ethical considerations into AI DevOps pipelines. This research aims to address this 

gap by developing a comprehensive framework for Ethical AI DevOps that bridges ethical 

principles and operational practices. 

 

3. Ethical AI DevOps Framework 

3.1 Conceptual Foundation 

The Ethical AI DevOps framework proposed in this research integrates ethical 

considerations into the core of DevOps practices for AI systems. The framework is built on 

four fundamental pillars: 

 

1. Responsibility: Ensuring that AI systems are developed with clear lines of 

accountability and oversight. 

2. Transparency: Making AI development and decision-making processes visible 

and understandable to relevant stakeholders. 

3. Fairness: Mitigating bias and ensuring equitable outcomes across different user 

groups. 
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4. Human-centricity: Prioritizing human well-being, autonomy, and dignity in AI 

system design and operation. 

  

These pillars inform all stages of the AI system lifecycle within a DevOps context, as 

illustrated in Fig 1. 

 

 

 

Figure 1: Ethical AI DevOps Framework showing the integration of ethical pillars across the 

AI system lifecycle 

 

3.2 Ethical AI Lifecycle 

The Ethical AI DevOps framework encompasses the entire AI system lifecycle, 

adapting traditional DevOps stages to address the unique characteristics of AI systems: 

 

1. Ethical Planning: Establishing the purpose, scope, and ethical parameters of the 

AI system. 

2. Data Management: Sourcing, preparing, and governing data with ethical 

considerations. 
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3. Responsible Development: Building AI models with attention to fairness, 

interpretability, and robustness. 

4. Ethical Validation: Testing AI systems for ethical compliance alongside 

technical performance. 

5. Responsible Deployment: Implementing AI systems with appropriate 

safeguards and monitoring. 

6. Continuous Ethical Assessment: Ongoing evaluation of AI system behavior and 

impact. 

 

At each stage, ethical considerations are integrated through specific practices, tools, and 

governance mechanisms. 

 

3.3 Automation and Governance 

The framework emphasizes two complementary approaches to ensuring ethical AI: 

  

1. Ethics by Design: Embedding ethical considerations into automated pipelines 

and tooling, making ethical compliance a default rather than an afterthought. 

2. Ethics by Governance: Establishing human oversight, review processes, and 

decision frameworks that guide the development and deployment of AI systems. 

 

 

 

Figure 2: Ethics by Design vs Ethics by Governance 
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This dual approach recognizes that while certain ethical considerations can be 

automated, others require human judgment and deliberation. 

 

4. Best Practices for Ethical AI DevOps 

4.1 Ethical Planning 

The foundation of ethical AI begins with intentional planning that incorporates ethical 

considerations from the outset. 

 

4.1.1 Ethical Impact Assessment 

Before development begins, conducting a thorough Ethical Impact Assessment (EIA) 

helps identify potential ethical issues and establish mitigation strategies. The EIA should: 

 

• Clearly articulate the purpose and intended use of the AI system 

• Identify stakeholders who may be affected by the system 

• Assess potential harms and benefits across different stakeholder groups 

• Analyze power dynamics and potential for misuse 

• Establish ethical red lines and triggers for human intervention 

4.1.2 Diverse and Inclusive Design Teams 

 Research has shown that homogeneous teams are more likely to overlook ethical issues 

that affect underrepresented groups (West et al., 2019). Best practices include: 

 

• Assembling cross-functional teams with diverse backgrounds, perspectives, and 

expertise 

• Including ethics specialists alongside technical experts 

• Establishing processes for consulting external stakeholders and affected 

communities 

• Creating safe channels for team members to raise ethical concerns 

 

4.1.3 Ethical Requirements as Code 

Translating ethical requirements into machine-readable specifications enables their 

integration into automated pipelines. Approaches include: 

 

• Developing formal fairness constraints for model training and evaluation 
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• Creating automated tests for ethical requirements 

• Establishing measurable ethical Key Performance Indicators (KPIs) 

• Documenting ethical design decisions in version-controlled artifacts 

 

4.2 Ethical Data Management 

AI systems are fundamentally shaped by the data used to train them, making ethical 

data management essential. 

 

4.2.1 Data Provenance and Consent 

Maintaining transparent records of data sources and ensuring appropriate consent is 

crucial: 

• Documenting the origin, collection methods, and intended use of each dataset 

• Verifying that data was collected with appropriate consent and in compliance 

with regulations 

• Implementing data tagging systems that track sensitive attributes and usage 

limitations 

• Establishing clear policies for data retention and deletion 

 

4.2.2 Representative and Balanced Datasets 

Biased data leads to biased models. Best practices include: 

 

• Analyzing datasets for representation across different demographic groups 

• Implementing techniques to detect and address sampling bias 

• Using data augmentation to improve representation of underrepresented groups 

• Documenting known limitations and biases in datasets 

 

4.2.3 Privacy-Preserving Techniques 

Protecting privacy while enabling valuable AI applications requires specialized 

approaches: 

• Implementing differential privacy techniques to prevent individual 

identification 

• Using federated learning to keep sensitive data local while enabling model 

training 
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• Applying data minimization principles to collect only necessary information 

• Establishing secure environments for handling sensitive data 

 

4.3 Responsible Development 

The development stage focuses on creating AI models that are not only technically 

sound but also ethically robust. 

 

4.3.1 Fairness-Aware Model Development 

Mitigating bias in AI models requires specialized techniques: 

 

• Implementing pre-processing techniques to address data bias 

• Using in-processing methods that incorporate fairness constraints during model 

training 

• Applying post-processing approaches to adjust model outputs for fairness 

• Measuring model performance across different demographic groups 

 

4.3.2 Explainable AI by Design 

Building interpretability into models from the beginning enhances transparency: 

 

• Selecting inherently interpretable model architectures when possible 

• Implementing techniques for post-hoc explanation generation 

• Creating visualization tools that make model behavior understandable to 

stakeholders 

• Documenting model limitations and confidence levels 

 

4.3.3 Robust and Secure Models 

Ethical AI must be resilient against adversarial attacks and unintended behaviors: 

 

• Testing models with adversarial examples to identify vulnerabilities 

• Implementing techniques to enhance model robustness 

• Establishing boundaries for safe operation and graceful degradation 

• Regularly updating models to address newly discovered vulnerabilities 
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4.4 Ethical Validation 

Validation extends beyond technical performance to include ethical dimensions. 

 

4.4.1 Comprehensive Fairness Testing 

Validating fairness requires specialized testing approaches: 

 

• Testing model performance across intersectional demographic categories 

• Using synthetic data to test edge cases and underrepresented scenarios 

• Implementing automated fairness tests in continuous integration pipelines 

• Conducting adversarial testing to identify potential biases 

 

4.4.2 Ethical Red Teams 

Proactively identifying ethical vulnerabilities requires dedicated efforts: 

 

• Establishing "red teams" that attempt to identify harmful model behaviors 

• Conducting scenario planning for potential misuse cases 

• Testing model behavior with adversarial inputs designed to trigger unethical 

outputs 

• Documenting discovered vulnerabilities and mitigation strategies 

 

4.4.3 External Ethical Audit 

Independent review provides crucial external validation: 

 

• Engaging external experts to audit AI systems for ethical concerns 

• Participating in industry benchmarking for ethical AI metrics 

• Publishing ethical impact assessments for critical AI systems 

• Establishing whistleblower protections for reporting ethical concerns 

 

4.5 Responsible Deployment 

Deployment practices must ensure that AI systems operate ethically in production 

environments. 
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4.5.1 Controlled Rollout Strategies 

Gradual deployment helps identify and address ethical issues early: 

 

• Implementing canary deployments to test systems with limited user groups 

• Using A/B testing to compare the ethical implications of different approaches 

• Establishing clear rollback criteria that include ethical considerations 

• Monitoring early deployments for unexpected ethical issues 

 

4.5.2 Human-in-the-Loop Systems 

Human oversight provides an essential safeguard for AI systems: 

 

• Designing interfaces that enable effective human oversight 

• Implementing clear escalation paths for cases requiring human judgment 

• Training human reviewers to identify and address ethical issues 

• Balancing automation and human review based on risk assessment 

 

 

4.5.3 Transparent User Interfaces 

 User interfaces should make AI capabilities and limitations clear to users: 

 

• Disclosing when users are interacting with AI systems 

• Providing appropriate explanations for AI-generated recommendations or 

decisions 

• Offering mechanisms for users to provide feedback or contest decisions 

• Designing interfaces that respect user autonomy and informed consent 

 

4.6 Continuous Ethical Assessment 

Ethical assessment must continue throughout the operational life of AI systems. 

 

4.6.1 Ethical Monitoring and Alerting 

Automated systems should continuously monitor for ethical issues: 

 

• Implementing dashboards that track ethical KPIs alongside technical metrics 
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• Setting up automated alerts for potential ethical violations 

• Monitoring for drift in data distributions that may affect fairness 

• Tracking user feedback and complaints related to ethical concerns 

 

4.6.2 Regular Ethical Reassessment 

Periodic human review ensures ongoing ethical alignment: 

 

• Conducting regular ethical impact reassessments as systems evolve 

• Reviewing and updating ethical guidelines based on operational experience 

• Analyzing aggregated patterns of system behavior for emerging ethical issues 

• Engaging stakeholders in ongoing dialogue about system impact 

 

4.6.3 Ethical Incident Response 

Preparing for ethical incidents enables effective response: 

 

• Establishing clear protocols for addressing ethical incidents 

• Creating cross-functional response teams that include ethical expertise 

• Implementing transparency in incident reporting and resolution 

• Learning from incidents to improve ethical safeguards 

 

5. Organizational Implementation 

Implementing Ethical AI DevOps requires supportive organizational structures and 

processes. 

 

5.1 Ethical AI Governance 

Effective governance provides the foundation for ethical AI practices: 

  

• Establishing clear roles and responsibilities for ethical oversight 

• Creating ethics committees or review boards for high-risk AI applications 

• Developing escalation paths for ethical concerns 

• Aligning incentive structures with ethical objectives 
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5.2 Training and Culture 

Building ethical awareness requires investment in people and culture: 

 

• Providing ethics training for all team members involved in AI development 

• Fostering a culture where ethical concerns can be raised without fear 

• Recognizing and rewarding ethical leadership 

• Encouraging cross-disciplinary collaboration on ethical issues 

 

5.3 Tools and Infrastructure 

Specialized tools support the implementation of ethical practices: 

 

• Investing in tools for bias detection and mitigation 

• Implementing explainability frameworks and dashboards 

• Developing internal libraries of ethical components and patterns 

• Building infrastructure for ethical testing and monitoring 

 

 

 

Figure 3: Organizational Implementation of Ethical AI DevOps 
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6. Case Studies 

6.1 Case Study: Financial Services Lending Model 

A financial services organization implemented the Ethical AI DevOps framework to 

develop a lending decision model. Key practices included: 

 

• Conducting an ethical impact assessment that identified potential disparate 

impact on certain demographic groups 

• Implementing data rebalancing techniques to address historical biases in lending 

data 

• Developing fairness metrics that were tracked alongside traditional performance 

metrics 

• Creating a staged deployment process with human review of edge cases 

• Establishing ongoing monitoring of approval rates across different demographic 

groups 

 

Results included a 23% reduction in approval rate disparities between demographic 

groups while maintaining overall business performance. The automated ethical safeguards 

identified potential issues in 17% of model versions during development, preventing the 

deployment of potentially biased models. 

 

6.2 Case Study: Healthcare Diagnostic System 

A healthcare technology company applied the framework to the development of a 

diagnostic support system: 

 

• Assembling a diverse team including medical professionals from varied 

backgrounds 

• Implementing strict data governance to ensure patient privacy and appropriate 

consent 

• Using explainable AI techniques to make model reasoning transparent to 

healthcare providers 

• Conducting extensive fairness testing across different patient populations 

• Deploying the system initially as a human-in-the-loop tool with clear indication 

of confidence levels 
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This approach resulted in a system that maintained diagnostic accuracy across different 

patient demographics and provided interpretable explanations that enhanced physician trust and 

adoption. 

 

7. Discussion and Limitations 

7.1 Challenges in Implementation 

While the proposed framework offers a comprehensive approach to Ethical AI DevOps, 

several implementation challenges should be acknowledged: 

 

• Balancing speed and ethical rigor: DevOps emphasizes rapid delivery, which 

can create tension with the time required for thorough ethical assessment. 

• Measuring ethical outcomes: Unlike technical metrics, ethical outcomes can be 

difficult to quantify and measure. 

• Resource constraints: Smaller organizations may lack the resources to 

implement all recommended practices. 

• Evolving ethical standards: Ethical norms and expectations for AI systems 

continue to evolve, requiring ongoing adaptation. 

 

7.2 Limitations of the Research 

This research has several limitations that should inform interpretation of the findings: 

 

• The case studies represent initial applications of the framework and may 

not reflect long- term outcomes. 

• The framework focuses primarily on supervised learning systems and 

may require adaptation for other AI approaches. 

• Cultural and contextual factors may affect the applicability of certain 

practices across different regions and industries. 

• The rapidly evolving nature of AI technology means that specific 

techniques may become outdated as new approaches emerge. 

 

7.3 Future Research Directions 

Several promising directions for future research emerge from this work: 
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• Developing standardized metrics and benchmarks for ethical AI 

assessment 

• Investigating the long-term effectiveness of Ethical AI DevOps practices 

• Exploring the application of the framework to emerging AI technologies 

such as reinforcement learning and generative models 

• Examining the interplay between organizational culture and the 

effectiveness of ethical AI practices 

• Developing specialized approaches for resource-constrained 

environments 

 

8. Conclusion 

This research has presented a comprehensive framework for integrating ethical 

considerations into AI DevOps practices. By addressing ethical concerns throughout the AI 

system lifecycle, organizations can develop and deploy AI systems that are not only technically 

sound but also socially responsible and trustworthy. 

The key contributions of this research include: 

 

1. A structured framework that bridges ethical principles and operational practices 

for AI development 

2. Detailed best practices for each stage of the AI lifecycle that can be adapted to 

different organizational contexts 

3. Case studies demonstrating the practical application and benefits of the 

framework 

4. Identification of key challenges and future research directions in Ethical AI 

DevOps 

 

As AI systems become increasingly integrated into critical domains of human life, the 

need for ethical and responsible development practices becomes more urgent. The Ethical AI 

DevOps framework offers a practical approach to meeting this challenge, enabling 

organizations to harness the benefits of AI while mitigating potential harms. By adopting these 

practices, practitioners can contribute to the development of AI systems that reflect human 

values and serve human well- being. 



Ramesh Krishna Mahimalur 

https://iaeme.com/Home/journal/IJAIML    110 editor@iaeme.com 

References 

[1] Barocas, S., & Selbst, A. D. (2016). Big data's disparate impact. California Law Review, 

104, 671- 732. 

[2] Doshi-Velez, F., & Kim, B. (2017). Towards a rigorous science of interpretable machine 

learning. arXiv preprint arXiv:1702.08608. 

[3] Ereth, J. (2018). DataOps: Democratizing data science with machine learning 

operations. In Proceedings of the 2018 International Conference on Artificial 

Intelligence, Machine Learning, and Cloud Computing. 

[4] European Commission. (2019). Ethics guidelines for trustworthy AI. High-Level Expert 

Group on Artificial Intelligence. 

[5] Forsgren, N., Humble, J., & Kim, G. (2018). Accelerate: The science of lean software 

and DevOps: Building and scaling high performing technology organizations. IT 

Revolution. 

[6] Gotterbarn, D., & Miller, K. W. (2009). The public is the priority: Making decisions 

using the Software Development Impact Statement. IEEE Computer Society, 42(6), 66-

73. 

[7] Humble, J., & Farley, D. (2010). Continuous delivery: Reliable software releases 

through build, test, and deployment automation. Addison-Wesley Professional. 

[8] IEEE. (2019). Ethically Aligned Design: A Vision for Prioritizing Human Well-being 

with Autonomous and Intelligent Systems, First Edition. IEEE Global Initiative on 

Ethics of Autonomous and Intelligent Systems. 

[9] Kim, G., Debois, P., Willis, J., & Humble, J. (2016). The DevOps handbook: How to 

create world- class agility, reliability, and security in technology organizations. IT 

Revolution. 

[10] Kroll, J. A., Huey, J., Barocas, S., Felten, E. W., Reidenberg, J. R., Robinson, D. G., & 

Yu, H. (2017). Accountable algorithms. University of Pennsylvania Law Review, 

165(3), 633-705. 



Best Practices for Ethical and Responsible AI DevOps 

https://iaeme.com/Home/journal/IJAIML   111 editor@iaeme.com 

[11] Mittelstadt, B. D., Allo, P., Taddeo, M., Wachter, S., & Floridi, L. (2016). The ethics 

of algorithms: Mapping the debate. Big Data & Society, 3(2), 1-21. 

[12]  Morley, J., Floridi, L., Kinsey, L., & Elhalal, A. (2020). From what to how: An initial 

review of publicly available AI ethics tools, methods and research to translate principles 

into practices. Science and Engineering Ethics, 26(4), 2141-2168. 

[13] Mahimalur, Ramesh Krishna, Immutable Secrets Management: A Zero-Trust Approach 

to Sensitive Data in Containers (March 05, 2025). Available at SSRN: 

https://ssrn.com/abstract=5169091 or http://dx.doi.org/10.2139/ssrn.5169091 

[14] OECD. (2019). Recommendation of the Council on Artificial Intelligence. 

OECD/LEGAL/0449. 

[15] Sculley, D., Holt, G., Golovin, D., Davydov, E., Phillips, T., Ebner, D., Chaudhary, V., 

Young, M., Crespo, J. F., & Dennison, D. (2015). Hidden technical debt in machine 

learning systems. In Advances in Neural Information Processing Systems (pp. 2503-

2511). 

[16] Shilton, K. (2013). Values levers: Building ethics into design. Science, Technology, & 

Human Values, 38(3), 374-397. 

[17] West, S. M., Whittaker, M., & Crawford, K. (2019). Discriminating systems: Gender, 

race and power in AI. AI Now Institute. 

 

Citation: Ramesh Krishna Mahimalur. (2025). Best Practices for Ethical and Responsible AI DevOps. 

International Journal of Artificial Intelligence & Machine Learning (IJAIML), 4(1), 94-111. 

 

Abstract Link: https://iaeme.com/Home/article_id/IJAIML_04_01_007 

 

Article Link:  

https://iaeme.com/MasterAdmin/Journal_uploads/IJAIML/VOLUME_4_ISSUE_1/IJAIML_04_01_007.pdf 

Copyright: © 2025 Authors. This is an open-access article distributed under the terms of the Creative Commons 

Attribution License, which permits unrestricted use, distribution, and reproduction in any medium, provided the 

original author and source are credited. 

Creative Commons license: Creative Commons license: CC BY 4.0   

✉ editor@iaeme.com 

 


