Zero Data Loss at Scale:
Building Resilient
Asynchronous Messaging
Systems for Modern
Distributed Architectures

Battle-tested strategies for SREs and architects to implement resilient
messaging that maintains data integrity during failures.

By: Vignesh Kuppa Amarnath




The Distributed Challenge

Common Problems SRE Impact
e Message tracking blind spots e Unpredictable recovery times
e |nadequate recovery mechanisms e Data integrity issues

e Inconsistent state across nodes e Complex post-failure reconciliation



Maintain consistency between replicas

Ensure durability during failures

Replicate across multiple nodes
Confirm receipt at all destinations

Distribute
Verify
Synchronize
Protect
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Advanced Recovery Techniques

Snapshot-based recovery

@ Restore systems from consistent point-in-time backups, enabling rapid recovery without complex
message reconstruction

Replay-based recovery

] Systematically reconstruct system state by replaying transaction logs, ensuring
no messages are lost during the recovery process

Peer-assisted recovery

Leverage healthy nodes in the network to collaboratively

b

rebuild failed peers, distributing recovery workload and
minimizing downtime



Distributed Acknowledgment Protocols

Send

Dispatch message to all nodes

Confirm

Verify complete distribution

15

Acknowledge

Each node confirms receipt

Persist

Durably store on multiple nodes



Industry Implementation
Examples

Financial Services @» Healthcare
Mission-critical payment Real-time patient record
processing systems with synchronization ensuring
guaranteed transaction critical medical data
integrity across distributed consistency across multiple
banking networks treatment facilities

E-Commerce

Fault-tolerant order management systems maintaining seamless
customer experiences during high-traffic events and flash sales




Standardized Message Formats

Interoperability

Systems communicate seamlessly
Transformation
%
Simplified data mapping
Validation
®

Automated schema enforcement
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Performance Optimization

Eventual Consistency

e Higher throughput

e Reduced synchronization
overhead

e Stale data risk mitigation

Partitioning Strategies

e Balanced workload distribution
e |solated failure domains
e Horizontal scalability

Strategic Caching

e Lower average response
times

e Reduced backend load

e Intelligent invalidation



Performance vs. Consistency Tradeoffs
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e Enterprise Architecture Blueprint - Hospital 2(

Implementation Case Study

1 Problem Assessment

Data loss during regional outages

2 Architecture Redesign

Multi-region replication with quorum writes

3 Monitoring Enhancement

End-to-end message tracking

4 Results

Zero data loss during 4-hour datacenter outage



Key Takeaways
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Thank you



