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Scope and Limits: This report presents a structural diagnostic scenario analysis based on pre-computed,
normalized projection runs. It is not a complete Architecture Risk Assessment and does not contain imple-
mentation guidance.

1. Scenario Overview

System Class

Production system operating chronically near SLA boundaries with multiple reactive control mecha-
nisms responding to latency pressure across different time horizons.

Scale Abstraction

Control oscillation-dominated regime with accelerating compensatory actions, declining planning con-
fidence, and diminishing returns on capacity investments.

Operational Context

Latency-sensitive serving with SLA-driven reactive control and oscillating compensation patterns.
Multiple control loops respond to the same SLA pressure with different temporal characteristics and
conflicting optimization objectives.

2. Observed Structural Pattern

The following structural effects emerge from the interaction of correctly configured reactive control
mechanisms operating near SLA boundaries:

+ Control loops responding to the same SLA pressure with different time constants create oscillating
rather than converging behavior, amplifying instability through well-intentioned corrections.

» Compensatory actions taken to maintain SLA compliance consume the margins that would pro-
vide genuine safety buffer against future pressure.

» SLA-adjacent operation triggers continuous control activity that masks the gradual erosion of sta-
bility reserves behind apparent success.

» Capacity additions are consumed by control overhead rather than creating genuine headroom,
producing diminishing returns on infrastructure investment.

» The problem emerges from the timing interaction of correct control responses, not from incorrect
control logic — each reactive mechanism operates according to its design specification.

3. Stability Assessment

Baseline Structural Condition

System operates in oscillating regime. SLA breaches remain rare while stability margins are con-
tinuously consumed by compensatory oscillation. Stability reserve is depleted by the control activity
intended to preserve it.

Observed Instability Class

Oscillating — characterized by temporal fragmentation where reactive control loops interfere rather
than cooperate, consuming capacity through oscillation overhead.

Post-Projection Stability Class

Dampened — control oscillation addressed through temporal alignment. Stability reserve preserved
and capacity additions translate to genuine operational headroom.



Transition Type

Oscillation dampening from temporal fragmentation to temporal alignment across reactive control
mechanisms.

4. Aggregated Indicators

All values are normalized ratios. No absolute values or reconstructable parameters are provided.

Indicator Baseline Comparison Direction

SLA Margin Utilization 0.91 0.72 Improvement
Control Oscillation Frequency 0.34 0.08 Improvement
Compensatory Action Overhead 0.28 0.09 Improvement
Planning Confidence Index 0.38 0.81 Improvement
Effective Capacity Ratio 0.61 0.84 Improvement
Margin Erosion Rate 0.19 0.04 Improvement

5. Interpretation

Systemic Relevance

The observed oscillation pattern is systemically relevant because it represents a structural property of
multi-loop reactive control systems rather than a tuning problem in any individual control mechanism.
Control interference emerges from correct reactive behaviors operating on different time scales, not
from incorrect control parameters. This distinction fundamentally changes the appropriate response
strategy.

Detection Challenge

This instability class remains undetected in practice because SLA metrics show rare breaches through-
out the margin erosion process. The problem exists in the temporal coupling between control loops,
not in the loops themselves. Monitoring systems designed to observe SLA compliance and individual
control loop behavior cannot detect cross-loop oscillation until margin exhaustion produces visible
failures.

SLA margins shrink, control activity intensifies, and capacity additions provide diminishing returns —
yet SLA compliance rates remain acceptable when examined at the service boundary.

6. Decision Relevance

If production systems operate chronically near SLA boundaries despite constant control activity and
capacity additions, the underlying cause is likely structural control oscillation rather than insufficient
capacity or suboptimal control parameters.

Adding capacity feeds oscillation overhead and may accelerate margin erosion rather than create
genuine headroom. Per-loop control tuning addresses symptoms while potentially worsening tempo-
ral interference between loops.

Structural visibility into cross-loop temporal dynamics enables targeted intervention at oscillation
sources rather than requiring continuous capacity additions with diminishing returns and escalating
operational complexity.

Related Document: SORT Al Runtime Control Application Context Brief

Such structural findings are typically contextualized through a scoped architecture risk assessment.
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