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ABSTRACT

Instrumentation standards for latency profiling, prompt degradation, and semantic
regression in live B2B automation pipelines.



Executive Summary

Application Performance Monitoring as practiced for deterministic software systems is
categorically insufficient for production LLM infrastructure. A language model can
degrade silently across three distinct failure dimensions — output quality regression,
semantic drift from intended behavior, and latency profile deterioration — without
generating a single alert in a conventional APM stack. Error rates remain at zero. Uptime
metrics remain green. The product is failing. This technical specification defines the
LLMOps Observability Stack (LOS), a five-layer instrumentation architecture designed to
provide the same observability guarantees for probabilistic Al systems that mature
DevOps practices provide for deterministic software.

Architectural Methodology

The LOS is structured across five independently deployable but architecturally integrated
instrumentation layers:

e Layer1— Token Economics Telemetry (TET): Per-request attribution of input and
output tokens across the five TEF cost categories. Emits to time-series store with
1-second granularity. Enables cost anomaly detection (3-sigma SPO drift alerts) and
budget enforcement at the request level

e Layer 2 — Semantic Drift Detection (SDD): Embeds a 512-dimensional semantic
fingerprint of each response using a dedicated embedding model (isolated from the
inference path). Computes cosine similarity against a rolling 7-day baseline
distribution. Triggers drift alert when mean similarity falls below 0.88 on a
500-request window

e Layer 3 — Latency Percentile Profiling (LPP): Captures P50, P75, P90, P95, and
P99 latency per model tier, provider endpoint, and query complexity class. Maintains
EWMA baselines with 15-minute, 1-hour, and 24-hour windows. P99 SLO breach
triggers automatic LAR tier escalation

e Layer 4 — Hallucination Rate Trending (HRT): Applies a lightweight 70M parameter
faithfulness classifier to a statistically sampled 2% of production responses.
Estimates rolling hallucination rate with 95% confidence intervals. Integrates with DCL
to trigger consensus layer activation when rolling rate exceeds 3.5%

e Layer 5 — Prompt Regression Testing (PRT): Executes a 240-prompt canonical test
suite against the production inference stack on each deployment event and nightly on
a scheduled cron. Computes quality delta against pinned baseline using LLM-as-judge
scoring. Blocks deployment on quality regression exceeding 2.5% on any category



Key Metric: Organizations operating without LOS instrumentation detect production
quality regressions at a mean time-to-detection (MTTD) of 11.4 days. LOS Layer 2 + Layer 4
combined reduces MTTD to 4.2 hours — a 97.8% improvement in regression detection
velocity, directly reducing the blast radius of silent model degradation events.

The LOS reference implementation is provider-agnostic, emitting OpenTelemetry-compatible
traces and metrics to any OTLP-compatible backend. Recommended storage topology: token
telemetry and latency data to a columnar OLAP store (ClickHouse or BigQuery), semantic
embeddings to a dedicated vector store partition, hallucination trending data to a time-series
database (InfluxDB or TimescaleDB).
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