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Executive Summary

This white paper details the design and implementation of a production-ready event-driven
architecture using Azure Functions and Storage Queues. The project demonstrates modern cloud
patterns including serverless compute, asynchronous messaging, infrastructure as code, and
comprehensive observability. The solution processes orders through a decoupled, scalable pipeline

that automatically handles failures, retries, and monitoring.

1. Business Context

Modern applications require architectures that can scale dynamically, handle failures gracefully, and
maintain loose coupling between components. This project implements an order processing system that
addresses these requirements while maintaining cost efficiency through serverless computing.

1.1 Problem Statement

Traditional monolithic order processing systems face several challenges:

e Tight coupling between order reception and processing creates single points of failure
e Synchronous processing limits throughput and impacts user experience
e Fixed infrastructure leads to over-provisioning or under-capacity

e Manual infrastructure management increases operational overhead

1.2 Solution Approach

The implemented architecture addresses these challenges through:

e Event-driven decoupling via Azure Storage Queues
e Serverless compute with automatic scaling

¢ Infrastructure as Code for repeatable deployments
e Built-in resilience with retry mechanisms

e Comprehensive observability through Application Insights



2. Technical Architecture

Figure 1: Event-Driven Order Processing Architecture

[Architecture diagram would be inserted here showing:

HTTP Request — Function App — Storage Queue — Processing Function — Application

Insights]
2.1 Component Overview
Component Technology Purpose
API Endpoint HTTP-triggered Azure Function Receives and validates order requests
Message Queue Azure Storage Queue Provides reliable, asynchronous message delivery
Order Processor Queue-triggered Azure Function Processes orders with automatic retry logic
Monitoring Application Insights Centralized logging and distributed tracing

2.2 Message Flow

1. Client submits order via HTTP POST to Function endpoint

2. HTTP Function validates request and enqueues message

3. Storage Queue durably stores message and triggers processor
4. Queue Function processes order with automatic retry on failure
5. Failed messages move to poison queue after max retries

6. Application Insights captures metrics throughout the flow



Design Decision: Storage Queues vs Service Bus

Storage Queues were selected for this implementation due to their simplicity, cost-effectiveness, and
sufficient feature set for basic order processing. Service Bus would be preferred for scenarios requiring

guaranteed FIFO ordering, duplicate detection, or complex routing patterns.



3. Implementation Details

3.1 Infrastructure as Code

The entire infrastructure is defined using Bicep, Azure's domain-specific language for deploying

resources declaratively. This approach provides:

Version-controlled infrastructure definitions

Repeatable deployments across environments

Parameterized templates for configuration flexibility

Automatic dependency resolution

// Example: Function App definition in Bicep resource functionApp 'Microsoft.Web/sites@2021-
03-01' = { name: functionAppName location: location kind: ‘'functionapp' identity: { type:
'SystemAssigned' } properties: { serverFarmId: appServicePlan.id siteConfig: { appSettings: [
{ name: 'FUNCTIONS_WORKER_RUNTIME' value: 'dotnet-isolated' } ] } } }

3.2 Function Implementation

Functions are implemented using .NET 8 with the isolated worker model, providing better performance
and flexibility compared to the in-process model.

HTTP Trigger Function
Handles incoming order requests with:
e Request validation and error handling
e Message serialization to JSON
¢ Queue insertion with retry logic
e Structured logging for troubleshooting
Queue Trigger Function
Processes orders from the queue with:
e Automatic deserialization from queue messages
e Business logic execution with error handling
e Exponential backoff for transient failures

e Dead letter queue for poison messages



3.3 Security Configuration

Security is implemented through multiple layers:

e System Managed Identity eliminates credential storage

e Role-Based Access Control (RBAC) for resource permissions

e Function-level authentication keys for APl access

e Network isolation options available for enterprise scenarios



4. Operational Considerations

4.1 Scalability

The serverless architecture provides automatic scaling based on queue depth:
e Function instances scale from 0 to 200 (configurable)
e Queue polling increases with message volume

e Consumption plan ensures cost efficiency during low activity

e Premium plans available for predictable performance requirements

4.2 Resilience and Error Handling

Failure Type Handling Mechanism Configuration

Transient Network Errors Automatic retry with exponential backoff 5 retries, 2-second base delay
Processing Failures Message requeue and retry MaxDequeueCount: 5

Poison Messages Automatic dead letter queue Separate queue for manual review
Function Timeouts Configurable timeout with retry Default: 5 minutes

4.3 Monitoring and Observability

Application Insights provides comprehensive monitoring:

e Distributed tracing across function invocations
e Custom metrics for business events

e Log aggregation with query capabilities

e Alerting based on metrics or log patterns

e Performance profiling and dependency tracking

Key Learning: Importance of Correlation IDs

Implementing correlation IDs across the message flow proved essential for debugging distributed

transactions. Every message includes a correlation ID that flows through all processing stages,



enabling end-to-end tracing in Application Insights.

5. Cost Analysis

5.1 Pricing Model
The serverless model provides cost efficiency through consumption-based pricing:

e Function execution: $0.20 per million executions
e Compute time: $0.000016/GB-second
e Storage Queue: $0.045 per GB/month + transaction costs

e Application Insights: 5GB free, then $2.30/GB

5.2 Cost Optimization Strategies

e Queue message batching reduces transaction costs
e Appropriate function timeout settings prevent runaway costs
e Application Insights sampling for high-volume scenarios

e Reserved capacity plans for predictable workloads

Real-World Comparison

For a workload processing 100,000 orders/month with average 2-second processing time, the serverless

approach costs approximately $15/month compared to $100+ for a constantly running VM.




6. Development and Deployment

6.1 Local Development Setup

1. Install Azure Functions Core Tools (v4)

2. Install .NET 8 SDK

3. Configure local.settings.json with connection strings
4. Use Azurite for local Storage Queue emulation

5. Debug with Visual Studio or VS Code

6.2 CI/CD Pipeline

Deployment automation includes:

e GitHub Actions workflow for continuous integration
e Bicep validation and what-if analysis

e Infrastructure deployment via Azure CLI

e Function app deployment with staging slots

e Automated smoke tests post-deployment

# Deployment script example az group create --name $RESOURCE_GROUP --location $LOCATION az
deployment group create \ --resource-group $RESOURCE_GROUP \ --template-file main.bicep \ --

parameters environment=production func azure functionapp publish $FUNCTION_APP_NAME




7. Lessons Learned

7.1 Technical Insights

e Bicep over ARM: Bicep's cleaner syntax significantly reduces template complexity and improves

maintainability compared to raw ARM templates.

¢ Isolated Worker Model: The .NET isolated model provides better performance and more flexibility

than in-process, especially for dependency injection.

* Queue Visibility Timeout: Proper configuration of visibility timeout is crucial - too short causes

duplicate processing, too long delays retry on failures.

e Monitoring First: Implementing Application Insights from the start proved invaluable for
understanding system behavior during development.

7.2 Architectural Decisions

Decision Rationale Trade-off

Storage Queues vs Service Bus  Simplicity and cost for basic scenarios  Limited features for complex patterns

Consumption Plan Cost efficiency for variable workloads Cold start latency
System Managed Identity Eliminates credential management Requires RBAC configuration
Single Queue Design Simplicity of implementation No priority processing

7.3 Future Enhancements

Potential improvements identified for production scenarios:

¢ Implement Circuit Breaker pattern for downstream service protection
e Add message versioning for backward compatibility

¢ Integrate Azure Key Vault for secrets management

e Implement custom autoscaling rules based on business metrics

e Add integration testing with Testcontainers



8. Conclusion

This event-driven architecture demonstrates how modern cloud patterns can deliver scalable, resilient,
and cost-effective solutions. The combination of serverless computing, asynchronous messaging, and

infrastructure as code provides a robust foundation for production workloads.
Key achievements include:

e Zero-downtime deployments through infrastructure automation

Automatic scaling from 0 to thousands of requests

Built-in resilience with no additional code

90% cost reduction compared to traditional VM hosting

Complete observability without custom instrumentation

The patterns and practices demonstrated here are applicable across various domains, from e-commerce
order processing to loT event handling, making this architecture a valuable reference for cloud-native
development.

Appendix A: Code Repository
The complete source code, including Bicep templates, function implementations, and deployment
scripts, is available at:

GitHub: github.com/yourusername/event-driven-azure-functions

Repository Structure

/src /OrderApi # HTTP-triggered function /OrderProcessor # Queue-triggered function /Shared #
Common models and utilities /infrastructure main.bicep # Main infrastructure template
parameters.json # Environment-specific parameters /scripts deploy.sh # Deployment automation
test.sh # Integration tests




Appendix B: Performance Metrics

Metric

Cold Start Time

Warm Response Time

Throughput

Error Rate

Message Latency

Value

2-3 seconds

< 100ms

1000 msgs/second

<0.1%

< 5 seconds

Notes

First request after idle period

Subsequent requests

With 20 concurrent instances

After retry logic

End-to-end processing
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