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Abstract 
Enterprise adoption of agentic AI systems is accelerating as organizations seek to 
automate operational intelligence, incident response, and cloud-native troubleshooting 
across increasingly complex digital environments. However, deploying production-ready AI 
agents requires more than access to foundation models. It also requires durable 
orchestration, secure tool execution, observability, governance controls, and human 
approval mechanisms that can support enterprise risk and compliance requirements. This 
paper presents a comparative study of Enterprise AI DevOps Incident Response Agents 
deployed across Amazon Web Services (AWS), Microsoft Azure, and Google Cloud 
Platform (GCP). Using a standardized workload and consistent evaluation criteria, the 
study examines cost efficiency, implementation complexity, security posture, governance 
capabilities, monitoring effectiveness, and operational overhead. The objective is to 
identify which cloud architecture patterns are most appropriate for scalable, production-
grade agentic systems and how platform trade-offs influence enterprise design decisions. 

 

1. Introduction 
Modern DevOps environments generate massive volumes of telemetry, logs, traces, alerts, 
and change events across distributed systems. Traditional monitoring platforms surface 
this information, but they still rely heavily on human responders to interpret signals, 
correlate anomalies, identify root causes, and determine the safest remediation path. As 
infrastructure grows more dynamic and software delivery becomes more continuous, this 
operational model becomes slower, more expensive, and more difficult to scale. AI DevOps 
Incident Response Agents introduce autonomous reasoning capabilities into this workflow 
by combining language models, orchestration engines, cloud-native tools, and policy-
aware execution controls. These agents are intended not only to summarize incidents, but 
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also to detect anomalies, correlate telemetry, identify likely root causes, recommend 
actions, and in some cases execute approved remediation steps. Despite their promise, 
production deployment remains challenging because these systems must operate reliably 
across distributed components, satisfy security and compliance expectations, and remain 
observable and governable under real-world enterprise conditions. This paper evaluates 
how major cloud providers support these requirements through their native services and 
architecture patterns. 

• Detecting anomalies 

• Correlate telemetry signals 

• Identify root causes 

• Recommend remediation steps 

• Execute safe automated actions with human approval 

Despite their promise, deploying such systems in production is non-trivial due to: 

• Distributed system complexity 

• Multi-service orchestration requirements 

• Security and compliance constraints 

• High variability in cloud pricing models 

This paper evaluates how major cloud providers support these requirements. 

 

2. Research Objectives 
This study evaluates three major cloud platforms using identical functional requirements, 
equivalent workflow expectations, and a shared incident-response scenario. The goal is 
not simply to compare feature availability, but to assess which platform combinations 
create the most effective environment for enterprise-grade AI agents in production. The 
analysis focuses on both technical and operational dimensions, recognizing that cost, 
governance, implementation speed, and long-term maintainability are all critical factors in 
architectural selection. 
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2.1 Core Objectives 
The research objectives define the evaluation scope and ensure that each platform is 
assessed using the same business and technical expectations. Together, these objectives 
create a balanced comparison framework that considers not only system capability, but 
also the practical realities of cost, operational effort, security posture, and enterprise 
governance. 

1. Compare total cost of ownership (TCO) 

2. Measure implementation effort (engineering hours) 

3. Evaluate security and compliance controls 

4. Assess governance and human-in-the-loop support 

5. Compare observability and monitoring capabilities 

6. Measure operational complexity at scale 

 

3. Standardized Use Case: AI DevOps Incident 
Response Agent 

3.1 Scenario 
“Investigate a production latency spike, identify root cause, and recommend or execute 
remediation steps with approval.” 

This use case was selected because it represents a realistic and high-value enterprise 
scenario where latency, reliability, and decision quality directly affect operational 
performance. A production latency spike may involve application regressions, 
infrastructure bottlenecks, configuration drift, dependency failures, or network issues. An 
effective AI incident response agent must therefore reason across multiple telemetry 
sources, preserve context across steps, and interact with enterprise systems in a 
controlled manner. The scenario also provides a strong basis for comparing orchestration 
maturity, observability depth, governance controls, and the practical cost of multi-step 
agent execution across cloud environments. 

From a design perspective, this scenario also tests whether the agent can maintain 
reasoning continuity while moving between investigation, decision support, and action 
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recommendation. That makes it especially useful for comparing platforms that differ in 
workflow durability, event handling, and approval controls. 

3.2 Agent Capabilities 
These capabilities represent the minimum functional footprint of an enterprise-ready 
incident-response agent. They combine data interpretation, causal reasoning, and 
controlled execution support, enabling the system to move from passive analysis toward 
actionable incident management while still respecting human oversight. 

• Log analysis 

• Metrics correlation 

• Trace analysis 

• Event correlation 

• Root cause analysis 

• Remediation recommendation 

• Human approval before action execution 

 

4. Reference Architecture 
All platforms implement the same logical architecture to ensure that cloud comparisons 
remain fair and functionally aligned. The architecture begins with a human operator or 
incident alerting system that initiates the agent workflow. The AI agent then interprets the 
incident context, determines what tools or telemetry sources are needed, and coordinates 
an investigation through an orchestration layer. This orchestration layer manages retries, 
branching logic, long-running tasks, approval steps, and state transitions. Beneath it sits 
the tool execution layer, which connects logs, metrics, tracing systems, APIs, and 
operational controls. The architecture concludes with enterprise infrastructure targets and 
a full observability and audit layer that records decisions, actions, and execution outcomes 
for security and operational review. 
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5. Cloud Platform Architectures 
 

5.1 AWS Architecture 
The AWS architecture uses a strongly event-driven and serverless model that is well suited 
for scalable incident automation. Amazon Bedrock provides the model access and agent 
intelligence layer, while AWS Step Functions supplies durable orchestration for multi-step 
workflows, retries, branching, and approval gates. AWS Lambda acts as the execution 
plane for lightweight tool adapters, telemetry processors, and integration logic, while 
Amazon EventBridge supports loosely coupled event routing between systems. Amazon 
CloudWatch and related AWS monitoring capabilities provide logging, metrics, and 
operational visibility, and IAM with KMS and service-level guardrails provide the security 
and access controls required for enterprise environments. This architecture is particularly 
attractive when organizations want mature orchestration, strong event integration, and 
broad governance support across a large cloud estate. [Amazon Bedrock](), [AWS Step 
Functions](), and [Amazon Event Bridge]() are commonly used together to support event-
driven, production-grade workflows.  

5.1.1 Components 

Each AWS component serves a distinct role in the agent life cycle. Bedrock provides 
managed model access, Step Functions governs long-running orchestration, Lambda 
handles lightweight execution tasks, and EventBridge connects services asynchronously. 
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Together, these services form a modular architecture optimized for serverless automation 
and enterprise extensibility. 

• Agent Layer: Amazon Bedrock 

• Orchestration: AWS Step Functions 

• Compute: AWS Lambda 

• Events: Amazon Event Bridge 

• Queueing: Amazon SQS 

• Monitoring: Amazon CloudWatch 

• Security: IAM, KMS, Guardrails 

5.1.2 Strengths 

AWS is especially strong when enterprises need resilient orchestration, large-scale event-
driven coordination, and mature operational controls. Its breadth of infrastructure services 
also makes it easier to integrate agent workflows into existing production environments 
without extensive re-platforming. 

• Mature workflow orchestration 

• Strong event-driven architecture 

• Enterprise governance features 

5.1.3 Weaknesses 

The main trade-offs in AWS are architectural complexity and the challenge of predicting 
total cost as workflow volume increases. While the service ecosystem is powerful, design 
teams must manage multiple interacting services and pricing dimensions to maintain 
efficiency at scale. 

• Step Functions cost increases with scale 

• Complex pricing model 

 

5.2 Microsoft Azure Architecture 
The Azure architecture emphasizes enterprise identity integration, durable workflow 
execution, and close alignment with Microsoft’s broader platform ecosystem. Azure AI 
Foundry provides the agent and model-development layer, while Azure Durable Functions 
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enables stateful orchestration for long-running, fault-tolerant workflows that can include 
approvals, event-driven branching, and checkpointed recovery. Azure Functions supports 
scale-to-zero tool execution and custom integrations, and Azure Event Grid enables event-
driven communication between services. Azure Monitor supplies observability across 
applications and infrastructure, while Microsoft Entra ID and Azure Key Vault strengthen 
identity, access, and secret management. This makes Azure especially compelling for 
enterprises already standardized on Microsoft services and identity infrastructure. [Azure 
Functions]() can be used directly with [Foundry Agents](), and [Durable Functions]() can 
publish orchestration lifecycle events to [Azure Event Grid]() for advanced monitoring and 
workflow coordination.  

5.2.1 Components 

Azure combines agent development, orchestration, identity, and monitoring into a platform 
that is well aligned with enterprise productivity and cloud governance patterns. Durable 
Functions provides a particularly strong foundation for stateful workflows, while Entra ID 
and Key Vault strengthen enterprise control over identities, permissions, and sensitive 
configuration data. 

• Agent Layer: Azure AI Foundry 

• Orchestration: Azure Durable Functions 

• Compute: Azure Functions 

• Events: Azure Event Grid 

• Monitoring: Azure Monitor 

• Security: Azure Entra ID, Key Vault 

5.2.2 Strengths 

Azure stands out when organizations already rely on Microsoft identity services, 
collaboration tools, and enterprise governance controls. Its architecture can reduce 
friction for teams that want AI agents to integrate with existing operational and 
administrative environments rather than building from scratch. 

• Strong enterprise identity integration 

• Good Microsoft ecosystem alignment 

• Solid governance tools 
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5.2.3 Weaknesses 

Azure’s trade-offs typically appear when organizations need highly customized, multi-
cloud, or deeply distributed agent patterns that go beyond the Microsoft-centered 
enterprise model. In those cases, integration complexity and orchestration design effort 
can increase. 

• Multi-agent workflows less mature than AWS 

• Higher integration complexity in hybrid systems 

 

5.3 Google Cloud Architecture 
Google Cloud architecture is built around strong AI platform capabilities and efficient 
cloud-native execution. Vertex AI Agent Builder provides a managed environment for 
developing and governing AI agents in production, while Google Cloud Workflows and 
event-driven services coordinate multi-step processing and service interaction. Cloud Run 
offers cost-efficient and container-friendly compute for stateless components, Eventarc 
supports asynchronous event handling, and Google Cloud Operations Suite provides 
monitoring and operational diagnostics. IAM and Secret Manager contribute identity, 
permissions, and secret management controls. This architecture is often attractive for 
teams prioritizing AI-first workflows, efficient elastic compute, and strong compatibility 
with cloud-native deployment models. [Vertex AI Agent Builder]() is positioned by [Google 
Cloud] () as a platform for building, scaling, and governing enterprise AI agents, with [Cloud 
Run]() frequently used as a cost-efficient runtime in broader production architectures.  

5.3.1 Components 

Google Cloud’s components emphasize AI-first development, lightweight execution, and 
integration with cloud-native operations. Vertex AI Agent Builder supports agent creation 
and lifecycle governance, while Cloud Run and Eventarc provide an efficient foundation for 
elastic execution and asynchronous workflow coordination. 

• Agent Layer: Vertex AI Agent Builder 

• Orchestration: Google Cloud Workflows 

• Compute: Cloud Run 

• Events: Eventarc 

• Monitoring: Google Cloud Operations Suite 
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• Security: IAM, Secret Manager 

5.3.2 Strengths 

Google Cloud is often attractive for teams prioritizing AI-centric development, container-
based deployment, and efficient scaling. Its architecture can provide strong flexibility for 
modern engineering teams that already operate in cloud-native or Kubernetes-heavy 
environments. 

• Strong AI/ML ecosystem 

• Cost-efficient compute (Cloud Run) 

• Kubernetes-native design 

5.3.3 Weaknesses 

The primary limitation for some enterprises is that Google Cloud may offer fewer familiar 
enterprise patterns in organizations historically centered on AWS or Microsoft ecosystems. 
This can affect adoption speed, tooling familiarity, and perceived maturity for large 
operational governance programs. 

• Smaller enterprise adoption footprint 

• Less mature agent orchestration tooling 

 

6. Evaluation Framework 
 

6.1 Cost Analysis Model 
Cost components: 

The cost model captures the recurring and variable expenses associated with deploying 
and operating AI incident-response agents in production. Because agent workflows invoke 
models, orchestration engines, serverless execution environments, logging systems, and 
supporting integrations, small design differences can produce large cost differences at 
scale. The framework therefore evaluates cost not only for model inference, but also for 
workflow execution volume, event propagation, telemetry retention, and operational 
monitoring. This helps distinguish architecture that appear inexpensive at prototype scale 
from those that remain economically sustainable under enterprise load. 
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• LLM token usage 

• Workflow executions 

• Function invocations 

• Event processing 

• Logging and monitoring 

• Data transfer 

6.1.1 Metrics 

• Cost per 1,000 incidents 

• Cost per 100,000 incidents 

• Cost per 1M incidents 

 

6.2 Development Effort 
Measured in engineering hours: 

Development effort is measured in engineering hours because implementation speed and 
integration complexity significantly affect platform adoption. Even if two architectures 
deliver similar runtime performance, the platform that requires fewer custom components, 
fewer integration workarounds, or less specialized expertise may offer a better enterprise 
path. This section therefore estimates the effort required to build, secure, test, observe, 
and produce xplicit modeling of agentic systems is critical for enabling data-driven 
architectural decision-making in enterprise environments. In production AI systems, 
architectural diagrams alone are insufficient, as they do not expose the operational, 
financial, and reliability implications of design choices. 

By decomposing systems into clearly defined components—agents, workflows, tools, and 
infrastructure services—architects gain the ability to evaluate and compare cloud 
providers based on measurable system behavior rather than assumptions. 

a minimum viable agent and a more robust production deployment. 

 

Task Range 

Agent setup 8–16 hrs 
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Tool integration 16–40 hrs 

Workflow design 12–24 hrs 

Security configuration 8–20 hrs 

Monitoring setup 8–16 hrs 

Testing 20–40 hrs 

Total: 80–160 hours (MVP), 200–400 hours (production) 

 

6.3 Security Analysis 
Evaluated dimensions: 

Security analysis examines whether each cloud platform can support enterprise-grade 
protection for model access, orchestration logic, tool invocation, and sensitive operational 
data. AI agents often require broad visibility into infrastructure and application systems, 
which makes strong identity controls, least-privilege access, encryption, secret handling, 
and auditable activity especially important. The analysis also considers how easily security 
controls can be embedded into day-to-day workflow execution rather than added as an 
afterthought. 

• Authentication mechanisms 

• Authorization granularity 

• Secret management 

• Encryption (at rest/in transit) 

• Network isolation 

• Audit logging 

Scoring: 1–5 per category 

 

6.4 Governance Analysis 
Governance analysis focuses on how each platform supports human oversight, policy 
enforcement, safety boundaries, and traceable decision paths. This is particularly 
important for agentic systems because they do not merely generate text; they may trigger 
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workflows, call tools, and influence operational decisions. A production-grade platform 
must therefore make it possible to insert approval gates, constrain execution behavior, 
monitor prompts and actions, and preserve evidence for audits and compliance reviews. 

• Human approval workflows 

• Policy enforcement 

• Prompt safety controls 

• Audit traceability 

• Compliance readiness (SOC2, ISO, HIPAA support) 

 

6.5 Observability Analysis 
Observability analysis evaluates whether the cloud platform provides sufficient visibility 
into both traditional application behavior and agent-specific reasoning behavior. For AI 
agents, observability must go beyond logs and metrics to include workflow state, tool calls, 
reasoning traces, execution outcomes, and replayability. Without this visibility, enterprises 
may struggle to debug incidents, explain decisions, or optimize the cost and quality of 
agent performance over time. 

• Log aggregation 

• Metrics dashboards 

• Distributed tracing 

• Agent reasoning visibility 

• Incident replay capability 

 

6.6 Operational Effort 
Measured monthly: 

Operational effort captures the recurring work required to keep an AI incident-response 
agent reliable after deployment. This includes monitoring model behavior, adjusting 
prompts or tools, updating workflows such as infrastructure changes, controlling costs, 
responding to failures, and maintaining security posture over time. A platform that is easy 
to prototype but difficult to maintain may carry hidden long-term costs, making operational 
effort a critical part of the final comparison. 
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• Monitoring & alert handling 

• Prompt tuning 

• Workflow updates 

• Model upgrades 

• Incident handling 

Expected: 25–70 hours/month 

 

7. Open-Source Alternative Benchmark (Extension 
Study) 
To evaluate cost optimization potential: 

The extension study introduces open-source frameworks to test whether managed cloud 
services remain the best option as scale increases and enterprise customization 
requirements grow. Open-source stacks can reduce recurring service costs and increase 
architecture flexibility, but they also shift more responsibility onto internal engineering 
teams for orchestration durability, runtime maintenance, security hardening, and 
observability integration. Comparing managed and open-source approaches helps reveal 
where the practical inflection point occurs between convenience and long-term cost 
optimization. 

7.1 Agent Frameworks 
These frameworks are included because they represent different design philosophies for 
building multi-step AI agents. Some prioritize graph-based control, some focus on team-
based agent collaboration, and others emphasize flexible conversational coordination. 
Evaluating them alongside managed services helps reveal how much architectural control 
enterprises gain when they leave cloud-native abstractions. 

• LangGraph 

• CrewAI 

• AutoGen 
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7.2 Orchestration 
Open-source orchestration platforms are critical because they determine how reliably 
agent workflows can persist state, recover from failure, and coordinate long-running 
actions. They provide an important benchmark against managed cloud workflow services 
in terms of durability, flexibility, and operational responsibility. 

• Temporal 

• Apache Airflow 

7.3 Observability 
Open-source observability tools are included to test whether organizations can achieve 
enterprise-grade visibility without relying entirely on proprietary platform monitoring. They 
also help compare the additional integration effort required to produce equivalent 
traceability, dashboards, and diagnostic depth. 

• Open Telemetry 

• Prometheus 

• Grafana 

7.4 Hypothesis 
Open-source orchestration becomes cost-effective at high scale but increases operational 
burden. 

 

8. Key Research Questions 
The research questions are intended to connect architecture choices directly to 
measurable business and engineering outcomes. They guide the study beyond simple 
feature comparison and focus the analysis on total cost, delivery effort, governance 
maturity, and long-term scalability. 

RQ1: Which cloud provides the lowest TCO for agentic DevOps systems? 

RQ2: Which platform requires the least engineering effort? 

RQ3: Which platform provides strongest governance and security controls? 

RQ4: At what scale do managed services become less cost-effective than open-source? 
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RQ5: How does observability maturity impact operational efficiency? 

 

9. Expected Findings 
These expected findings reflect current market patterns and platform strengths, but they 
remain hypotheses until validated through equivalent implementations and measured 
workloads. Their purpose is to establish an evidence-based set of assumptions that the 
study can prove, refine, or challenge. 

• AWS provides strongest orchestration maturity 

• Azure provides strongest enterprise integration 

• Google Cloud provides best cost-efficient compute scaling 

• LLM usage dominates total cost at scale 

• Orchestration cost becomes significant in high-frequency workflows 

• Open source becomes viable at enterprise scale 

 

10. Conclusion 
Enterprise AI DevOps Incident Response Agents depend on a coordinated combination of 
reasoning models, workflow orchestration, secure tool execution, and observability 
infrastructure. No single cloud provider is universally optimal across every dimension. 
Instead, the most effective architecture depends on workload scale, governance 
requirements, security expectations, and operational maturity. This study provides a 
structured framework for evaluating these trade-offs across major cloud providers and for 
identifying architecture patterns best suited to enterprise deployment. 

This single-agent system also provides a practical foundation for designing and 
implementing multi-agent systems that make enterprise applications more reliable, cost-
effective, and secure. 

The broader implication of this study is that enterprise AI agent adoption should be 
approached as an architecture and operations challenge, not merely a model-selection 
exercise. Successful implementations will depend on how effectively organizations 
integrate reasoning systems with orchestration engines, security controls, approval 
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workflows, telemetry pipelines, and cost-governance practices. By framing the problem in 
these terms, the paper provides a practical foundation for enterprises seeking to move 
from experimentation to reliable, production-grade deployment. 

 

11. Collaboration-Ready Research Framework 

11.1 Project Structure 
This research effort should be organized as a shared repository with clearly separated 
implementation tracks, benchmark assets, analytical models, and publishing materials. A 
disciplined repository structure helps teams collaborate in parallel while preserving 
comparability, traceability, and reproducibility across all cloud implementations. 

11.1.1 Repository Structure 

/agent-research-paper should serve as the root repository for all implementation 
artifacts, evaluation assets, results, and publication materials. 

• /aws-implementation – Contains the AWS reference implementation, 
infrastructure definitions, workflow logic, security configuration, and deployment 
instructions. 

• /azure-implementation – Contains the Azure reference implementation, 
orchestration logic, integrations, identity configuration, and deployment assets. 

• /gcp-implementation – Contains the Google Cloud reference implementation, 
execution components, observability hooks, and deployment configuration. 

• /cost-models – Stores cost-estimation spreadsheets, pricing assumptions, and 
scenario-based economic comparisons. 

• /benchmarks – Contains workload definitions, test scenarios, input data, and 
benchmark scripts used across all cloud platforms. 

• /diagrams – Stores architecture visuals, workflow diagrams, and comparative 
design illustrations used in the paper. 

• /results – Contains execution outputs, measurement summaries, normalized 
datasets, and comparison-ready findings. 

• /paper-draft – Stores the working manuscript, section drafts, editorial revisions, 
and publication-ready source material. 

 

2. Collaboration Roles 
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Role 1: Cloud Engineers 

• Implement identical agent workflows across AWS, Azure, GCP 

Role 2: AI Engineers 

• Design agent prompts and reasoning workflows 

Role 3: DevOps Engineers 

• Instrument monitoring, logging, and observability 

Role 4: Research Analysts 

• Collect cost, latency, and performance data 

Role 5: Technical Writers 

• Maintain white paper documentation 

 

3. Standardized Test Workload 

All teams implement: 

AI DevOps Incident Response Agent for latency spike diagnosis 

Same inputs, same outputs, different cloud platforms. 

 

11.4 Evaluation Dataset 
Each execution run should capture a consistent dataset that supports both technical 
analysis and cost modeling. By collecting the same measurements across all 
implementations, the study can compare runtime behavior, economic efficiency, and 
operational resilience using a common evidence base. 

• Execution time 

• Token usage 

• Workflow steps 

• API calls 

• Cost breakdown 

• Failure rate 
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• Recovery time 

 

11.5 Output Format 
All participating teams should produce artifacts in a consistent format so the results can 
be merged, validated, and reviewed without translation overhead. Standardized outputs 
also make it easier to compare architectures, reproduce findings, and build the final 
research narrative from shared evidence. 

• JSON logs 

• Cost breakdown CSV 

• Trace logs 

• Architecture diagrams 

 

11.6 Success Criteria 
The study should be considered successful when all implementations can be compared on 
a functionally equivalent basis and when the resulting evidence clearly distinguishes 
differences in cost, operations, governance, and architectural maturity. These criteria 
ensure that the project produces actionable findings rather than isolated implementation 
notes. 

• All three cloud implementations are functionally equivalent 

• Cost differences are measurable 

• Operational differences are quantifiable 

• Security and governance differences are clearly documented 

 


