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Engineering Case Study: When the Algorithm Passed but the

System Failed
Diagnosing Cascading Latency in a Real-Time Traffic Control Network

Executive Summary

This engineering case study examines a real-time urban traffic control system that met all
algorithmic performance benchmarks yet failed during live deployment. Although simulations
showed optimal signal timing and congestion reduction, the system experienced cascading
latency once integrated with city infrastructure. The case highlights how local optimizations can
mask system-level failures and shows how engineers identified, isolated, and corrected the root

cause through architectural redesign rather than algorithm changes.
Background & Context

The system was developed for a mid-sized city aiming to reduce peak-hour congestion through
adaptive traffic signals. Sensors collected vehicle flow data and fed it into a central control
algorithm that adjusted signal timing in near real time. During lab testing and digital simulations,
the algorithm reduced average wait times by over 20%. The city approved a phased rollout
across four major intersections. Within days of live operation, traffic delays increased instead of

decreasing, and signal responsiveness degraded during peak load.

Problem Identification (The Technical Challenge)
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The failure did not originate in the algorithm itself. Unit tests, stress tests, and simulation logs
showed expected performance. The issue emerged only under live conditions, where data arrived
asynchronously from heterogeneous sensors. Latency compounded across network hops, causing
delayed signal updates. The system reacted to outdated traffic states, which amplified congestion
rather than relieving it. The challenge involved diagnosing a failure that appeared outside the

algorithmic layer.
Data Collection & System Diagnostics

Engineers collected network logs, timestamped sensor data, and controller response times across
all deployed intersections. Packet tracing revealed variable delays between edge sensors and the
central processor. Monitoring tools showed queue buildup during peak traffic bursts. Importantly,
no single component failed outright. Instead, small delays accumulated across services, creating

a feedback loop that slowed the entire system.

Analysis & Root Cause Evaluation

The analysis revealed an architectural mismatch. The system assumed near-synchronous data
delivery, an assumption valid in simulation but unrealistic in the field. Each signal controller
waited for global updates rather than acting on local conditions. This design introduced
dependency chains that magnified latency under load. The algorithm performed as designed, yet
the system context invalidated its assumptions. The failure stemmed from the coordination

strategy, not the computational logic.

Proposed Engineering Solution
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The solution involved decentralizing decision-making. Engineers redesigned the system so local
controllers could act on immediate sensor input while receiving periodic global guidance. This
reduced reliance on real-time central updates. Data pipelines were restructured to prioritize
freshness over completeness. Timeouts replaced blocking calls, and stale data thresholds were

introduced to prevent delayed reactions.
Implementation

The revised architecture was deployed incrementally. Two intersections transitioned to local-first
control with fallback to central coordination. Engineers monitored latency, queue depth, and
signal responsiveness during peak hours. After validation, the redesign rolled out citywide. No
changes were made to the core algorithm, which simplified verification and reduced deployment

risk.
Results & Recommendations

Post-deployment data showed a 17% reduction in average wait times and stable performance
during peak congestion. Latency spikes disappeared, and signal responsiveness aligned with live
traffic conditions. This case demonstrates that algorithmic success does not guarantee system
success. Engineering teams should test architectural assumptions under real-world constraints

and treat latency as a design variable rather than an afterthought.

References & Appendices
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Appendices include network diagrams, latency graphs, and anonymized system logs used during
analysis. Technical documentation details the architectural changes and monitoring

configurations applied during remediation.
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