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Deciding When a Safety Assessment Needs Review Why the Latent Test Works

" 1. Baseline Regime 2. Operating Condition Shift
| —_— " Assumption. The encoder preserves the stability-relevant information in the context:
perating conditions
Cond e R ¢(X) is sufficient to distinguish stable vs. unstable regimes.
,;gggs ) I /><\ Validity. If the deployment latent law stays sufficiently close to the safe reference, then the
ey ; Contertdistrbuton original stability requirement still holds:
Hemand D(Q1,Q%)small <= P;e€Py.
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System stable under past operating conditions. Das the Power. If the deployment regime becomes unsafe, the latent law must separate:

D(Q1,Q*)large < P; ¢ Py.

system stability still hold?

3. What to do ? 4. Learn to test (L2T)
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Full simulation Black-box prediction
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Continue monitoring Expert assessment >< '

A monitoring decision—not just a prediction. . _ . . _
No online trajectories or simulation.

Figure 1. Simulation is too slow and a black-box predictor unreliable off-distribution, so L2T turns the question into a | - -~~~ Baseline - ‘ ---- Baseline ‘ : ---- Baseline
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Stability as a chance constraint E >
0.0
For a stability functional 1 (e.g. 17(s) = max;<7|s(t)|), the system is (7, @)-stable under P if 00 02 04 06 08 10 00 02 04 06 08 1.0 00 02 04 06 08 1.0
Px-p|n(so(;X)) <t| 2 1-a. Shift magnitude 6 Shift magnitude 6 Shift magnitude 6
The safe regime Py = {P : (7, a)-stable under P} is a set of distributions, and is unknown. ——L2T (ours) ~ === Reconstruction only ====Regularization only
— Context test = = Binary classifier - === Test level a

What is observed — and what is asked Figure 3. Mass—spring—damper. Top: baseline (dashed) and shifted (solid) contexts over safe / unsafe regions. Bottom:

Baseline: {(X;, $i)},, Xi ~ Py € Py — contexts and trajectories, from one certified domain. De- rejection rate vs. shift 6 — only L2T holds the level and gains power.
ployment: {X;} ~ Py, contexts only.
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Figure 2. Cartesian pendulum, two stable regimes and one unstable. Contexts inside the safe region give an 100 - —— —e ‘ 0.90 -
approximately uniform latent law; contexts leaking into the unsafe region make it depart from uniformity —
instability becomes something we can test for.
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Learning to Test (LZT) — Stablemean == Unstable mean

— . . — Figure 4. Generator under real faults: stable trajectories stay concentrated, unstable ones disperse.
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X i~ P 0 I Ui -~ QO - O O Table 1. Type-I and Type-II error on IEEE 39-bus at level 0.1 (Type-I at 0% unstable, Type-II at 20%). Only L2T (Flow)
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An encoder ¢ : £ — |0, 1]¢ sends a context to u = ¢(x), driving a neural-ODE surrogate and a
decoder, hry1 = @(sk, hk, u), Sk = Y(hg). One objective, three jobs:
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= Reconstruction makes u carry the DAE dynamics — this is what transfers to unseen regimes. PR eIrr hrpeclerar L

- Unlff)l:mlty giYeS a goodnes ?'Of'ﬁt test againgt a kn?wn reference law. Figure 5. Error over the loss-weight simplex (Arec, Areg, Astp); darker is worse. The usable region is interior: no auxiliary
= Stability reweighting upweights unstable trajectories and sharpens the boundary. term works in isolation.



