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Introduction - The Hidden Production System

Supply chain systems power global commerce, yet they rarely receive the Site
Reliability Engineering rigor applied to cloud infrastructure. Modern warehouses
are complex distributed systems that demand production-grade reliability

practices.

This session establishes SRE principles for human-Al collaborative warehouse
environments, demonstrating how observability, automation, and platform

engineering create predictable, self-healing fulfillment operations.



Challenge - The Complexity of Modern Warehouses

Today's warehouses operate as distributed systems where multiple layers must coordinate seamlessly:

Al-Driven Optimization Autonomous Systems

Picking algorithms, route planning, and demand forecasting Mobile robots, conveyor networks, and automated storage
systems make real-time decisions retrieval systems handle physical movement

Human Workers Predictive Maintenance

Skilled operators manage exceptions, quality control, and Machine learning models monitor equipment health and

complex tasks requiring judgment prevent unexpected failures



Traditional Monitoring Falls Short

Conventional monitoring approaches lack the granularity and sophistication required
for human-AlI collaborative environments. They cannot detect subtle degradation in
order accuracy, identify bottlenecks in human-machine handoffs, or predict capacity

constraints before they impact service levels.

() Cloud-native observability patterns adapted for warehouse operations

provide the real-time visibility needed to maintain reliability at scale.



Framework - Core SRE Implementation Strategies

01 02

Define Service-Level Indicators Set Error Budgets

Establish SLIs for warehouse operations including order cycle time, Balance automation velocity with operational stability through

picking accuracy, and inventory synchronization latency quantified reliability targets

03 04

Implement Automated Remediation Build Observability Pipelines

Build self-healing capabilities for common failure modes in Al- Correlate physical sensor data with application metrics and business

powered systems KPIs for comprehensive visibility



Observability Stack Integration

A comprehensive observability architecture integrates multiple data sources into

unified visibility:

« IoT Sensors: Temperature, motion, weight, and environmental monitoring
across warehouse facilities

« Application Metrics: Service performance, API latency, database query
times, and system resource utilization

* Business KPIs: Order fulfillment rates, inventory accuracy, customer
satisfaction scores, and throughput metrics

* Correlation Engine: Machine learning models that identify patterns and

anomalies across the entire stack



Digital Twin Environments

Pre-Production Validation

Digital twin environments create virtual replicas of warehouse operations,
enabling teams to validate process changes, test automation updates, and

simulate peak load scenarios before deploying to production.

This approach reduces risk, accelerates innovation velocity, and provides a safe

environment for chaos engineering experiments that would be too disruptive in

live operations.



Analytics - Predictive Capacity Management

Data Collection Predictive Models Proactive Scaling
Aggregate historical throughput, Machine learning identifies capacity Automated alerts and recommendations
seasonal patterns, and growth trends saturation points before they impact for infrastructure expansion

operations

Predictive analytics transform reactive capacity planning into proactive resource management, ensuring warehouse operations scale

smoothly with business demand without over-provisioning resources.



Automated Runbooks for Integration Issues

Automated runbooks codify tribal knowledge and reduce mean-time-to-resolution for common integration failures:

1 Detection

Monitoring system identifies integration failure or performance degradation

2 Diagnosis

Automated checks verify system health, connectivity, and data consistency

3 Remediation

Self-healing actions execute based on failure type and severity

4 Verification

Post-remediation validation confirms service restoration



Cl/CD Patterns for Warehouse Control Systems

Deployment Pipeline

» Version Control: All configuration and code changes tracked in Git
repositories

« Automated Testing: Unit tests, integration tests, and simulation validation
before deployment

« Canary Releases: Gradual rollout to production with automated rollback
on failure

* Blue-Green Deployment: Zero-downtime updates for critical warehouse

management services



Incident Response for Human-Al Coordination

Human-AI coordination failures require specialized incident response playbooks that address both technical and operational dimensions:

Initial Assessment

Determine scope of coordination failure and impact on fulfillment operations

Failover Procedures

Activate manual workflows while automated systems are investigated and restored

Root Cause Analysis

Identify whether failure originated in Al models, integration points, or training gaps

System Restoration

Deploy fixes, validate performance, and gradually transition back to automated operations

Post-Incident Review

Document lessons learned and update runbooks to prevent recurrence



Impact - Actionable Frameworks for Platform Teams

This approach provides platform teams with production-grade frameworks that enable reliable, scalable warehouse operations:

| SLO Templates @ Observability Architecture @ Automation Patterns
: o rchi re . :
Ready-to-use service-level objective ﬁe ere%%g ¢ esggns integrating IoT Proven CI/CD workflows and
definitions tailored for warehouse sensors with application metrics Gi1tOps configurations for

operations and business intelligence warehouse control systems



Building Production-Grade Supply Chain Infrastructure

Treating supply chain infrastructure with production-grade reliability practices
ensures continuous availability while supporting rapid innovation in automation

capabilities.

By applying SRE principles to warehouse operations, platform teams create
predictable, self-healing fulfillment systems that scale with business demand,

maintain high service levels, and adapt to changing operational requirements.

[J. The convergence of human expertise and Al capabilities demands

equally sophisticated reliability engineering practices.



Thank You!

Vishnu Prasad Krishnakumar

Questions?
Welcome.
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