Guardrails That Outlive the
Rollout: Adaptive Statistical
Risk Control for Feature

Flags

A practical framework for updating guardrails as rollout cohorts and
exposure conditions change

Rakshay Pawar

SeniorQuantitative FinanceAssociate Codeflow Capital LLC



The Core Problem

Feature flags let teams release gradually
—but guardrail metrics are often
calibrated for asingle rollout
configuration.

As targeting rules evolve, canaries widen,
and cohorts shift, a statistically sound
guardrail can become —
creating false confidence while

protection erodes.



Why Guardrails Drift

Dynamic Exposure

population mix and metric
distribution, even when the

software itself is unchanged.
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Changing targeting can change the
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Distribution Shift

Later cohorts may have different
baselines, altering the feature
metric relationship without any
code change.

Stale Calibration

Bounds calibrated to an earlier
cohort may become inaccurate for
the population now receiving the
feature.
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The Hidden Danger: Failure Clustering

Miss pattern Ayerage
miss rate
10 separate misses 10%
across 100 observations ’
10%

Longest
miss streak

10

[ustrative example

Two guardrails can share the same
average miss rateyet provide very

different operational protection.

Failures concentrated during
—exactly when rollout risk is
highest —are far more dangerous than

evenly distributed misses.

/\ Average accuracy alone is not
enough. Timing of failures

matters.



Stress-Testing with Treasury Yield Data

Study Design r

» Six maturities: 1, 2, 3,5, 7 and 10 -
years

+ 9,005 daily yield observations, 1996
2025

» 6,502 walk-forward forecasts, 2006 vy "
2025

» 99% target coverage; 1% target miss
rate

» Each forecast uses only prior ——
information
©

Financial stresstest evidence informs the proposed featurdlag framework.



Four Approaches Compared
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Gaussian Full-Curve Bounds

Parametric benchmark using forecast covariance and a
Gaussian predictionregion radius.

Rolling Conformal Full Curve

Calibrates recent historical scores; accuracy depends on

how well that history represents current conditions.
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Adaptive Conformal Full Curve Adaptive Fixed -Family Bounds
Updates calibration after observed misses. Check average Simultaneous bounds for five declared portfolios. New
coverage and failure clustering separately. exposures change the calibration problem.
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Treasury Results

6,502 walk-forward forecasts - 99% nominal coverage

Method

Gaussian full curve

Rolling conformal full curve

Adaptive conformal full curve

Adaptive fixed family

Miss rate

2.169%

1.000%

1.000%

0.984%

CC p-value

<0.001

0.0166

0.0166

0.5302

Mean radius

4.100

5.085

5.126

3.263

Target miss rate: 1%. CC=conditional coverage; p <0.05 indicates rejection.

Adaptive full curve: 57.1% larger mean standardized radius.

Full curve covers six-dimensional shocks; fixed family covers five declared portfolios.

These results describe the tested sample and configuration.




Proposed Layered Monitoring

Layer What it monitors When to review
I General service health Reassess thresholds when operating
Broad monitoring : y
and aggregate metrics conditions change
Bounds calibrated to declared cohorts or Revalidate when new cohorts or

Specialized monitoring -
exposure families exposures appear

Proposed featureflag architecture: validate each layer and the combined alert rule before deployment.



Scope Changes in a Rollout

. Flagged Matched control
Rollout scenario Response
error rate error rate

5%: initial cohort 1.0% 1.0% Continue monitoring

0/. - 0
25%: new cohort, 2 0% 2 0% Chgck gohort baselines and
outcome A calibration scope

0/. - 0
25%: new cohort, 2 8% 2.0% Pau§e expansion
outcome B and investigate

lllustrative example with hypothetical rates. Outcomes A and B are alternative scenarios.
Interpretation depends on sample sizes, uncertainty and experiment design.



Guardrails as Contracts

Each guardrail should identify its population, metric,
statistical target, calibration data and valid scope.

Changes to targeting or operating conditions trigger a scope
review. Recalibration follows explained drift; unresolved risk
requires an explicit response before further expansion.

Population and

Metric and

Targeting Statistical Target
Callibration Scope and
Window Response Rule
and Version




Separating Drift From Harm

Step Check Action
1 Metric shift detected Confirm data quality and size of change
Targeting changed? Inspect cohort composition and baseline differences
3 Harm within comparable cohorts? Compare flagged and control metrics, accounting for uncertainty
4 Response Consider recalibration after explained drift. Pause and investigate

suspected harm.

A targeting change triggers scope review and checks for harmful effects.



Avoiding False Confidence

The most dangerous guardrail is not one that generates obvious errors-it's one that appears healthy while its assumptions
have silently expired.
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Monitor the Guardrail Expose Uncertainty Treat Clusters as Signals

The health of the boundary itself When scope changes or failures Consecutive misses are not isolated
must be tracked—not just the cluster, the system should surface events—they may indicate a

metric it monitors. that context explicitly. regime transition.
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Reliability Across Market Regimes

Period

2000-2006

2007-2009

2010-2019

2020-2021

2022-2025

Adaptive
full curve

0.800%
1.596%
0.960%
1.195%

0.902%

Adaptive
fixed family

0.800%
1.197%
0.960%
2.191%

0.601%

Miss rates at 99% nominal coverage. Target: 1%.

Evaluate average miss rates, failure clustering and
performance within individual regimes.

The fixed-family method'’s full-sample miss rate was 0.984%,
but its 2020-2021 miss rate reached 2.191%.

Overall calibration can conceal weaker periods.



A Framework for Trusting a Guardrail

01 02 03

Scope Change Adaptation

What exposure conditions were Has the current rollout configuration Can the method absorb legitimate shifts

represented during calibration? moved outside those conditions? without learning genuine degradation as
normal?
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Temporal Reliability Fallback

Are failures isolated or concentrated around regime
transitions?

If the specialized guardrail is invalid, is a broader control
actively monitoring?



From Thresholds to Risk -Control Systems

A durable guardrail tracks its valid scope, detects changes and provides an explicit response when protection becomes underta
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Inside Known Scope Outside Known Scope
Use calibrated bounds. Monitor average coverage, miss Reassess scope and pause expansion when protection is
timing and performance across operating conditions. uncertain. Restore calibrated monitoring before resuming.
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Thank You

Contact: Rakshay@codeflowcapital.com
https://github.com/Rakshay-pawar
https://www.linkedin.com/in/rakshay-pawar

Research basis: Rakshay Pawar, The Universality Premium in Treasury Yield Curve Risk,
manuscript, Tables % 3.

Method reference: Gibbs and Candeés (2021),
Adaptive Conformal Inference Under Distribution Shift.
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