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Introduction THE GAP: MSE Loss

Deep models 

predominantly optimize 

Mean Squared Error 

(MSE).

MSE acts as Maximum Likelihood 

Estimation (MLE) only if residuals are 

i.i.d. Gaussian White Noise.

*@Keenan Crane

*

The Theory
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Introduction THE GAP: MSE Loss

MSE acts as Maximum Likelihood 

Estimation (MLE) only if residuals are 

i.i.d. Gaussian White Noise.

*@Keenan Crane

*

The Theory

The RealityResiduals retain heavy temporal 

correlation and non-Gaussian tails.
A high noise floor that buries true 

structural breaks under false positives.
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Inductive Bias Grounding in First Principles: Wold Decomposition

is a deterministic function capturing predictable dynamics.

The Wold Decomposition：

In the reconstruction-based paradigm, a deep neural network 

approximates . Ideally,  if  the  model  is  perfect,  the residual 

should converge to the stochastic noise  
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Inductive Bias Grounding in First Principles: Wold Decomposition

The Wold Decomposition：

Ideally,  if  the  model  is  perfect,  the residual should converge 

to the stochastic noise  

To reliably detect sparse anomalies (    ), we must strictly 

engineer the remaining stochastic noise (    ) to match a valid 

Null Hypothesis: Gaussian White Noise.
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Methodology The COGNOS Architecture

Training: Enforces statistical preconditions explicitly as soft constraints.

Inference: Exploits engineered properties via optimal statistical filtering.
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Methodology The COGNOS Architecture

MSE: Anchors the 

fundamental trend 

reconstruction fidelity.

A mask ensures Gaussian 

whitening is only applied to 

valid, active signal transitions.

Eliminates temporal 

autocorrelation.

Satisfies optimal filter 

preconditions (Gaussian) without 

destroying trend fitting.
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Methodology The COGNOS Architecture

MSE: Anchors the 

fundamental trend 

reconstruction fidelity.

A mask ensures Gaussian 

whitening is only applied to valid, 

active signal transitions.

Eliminates temporal 

autocorrelation.

Satisfies optimal 

filter preconditions 

(Gaussian) without 

destroying trend 
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Methodology The COGNOS Architecture

Mode I：Modeled as AR(1) process to 

track and absorb predictable leakage, 

preventing it from accumulating as a 

false anomaly.

Mode I I ：Aggressive low-pass to 

suppress background noise and 

maximize Signal-to-Noise Ratio.

χ 2Test if the residual is Gaussian White Noise

Yes：suppress noise/

No: track and absorb anomaly.
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χ 2Test if the residual is Gaussian White Noise

Yes：suppress noise/ No: track and absorb anomaly.
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Experiments Visual Proof

Mode I：Modeled as AR(1) process to track and absorb predictable leakage, 

preventing it from accumulating as a false anomaly.
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Mode I：Modeled as AR(1) process to track and absorb predictable leakage, 

preventing it from accumulating as a false anomaly.
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Why Reconstructive TSAD Fail Make Residuals Testable Results

Normal residuals should be a 
statistical null hypothesis,

not just small reconstruction errors.

• MSE is statistically justified only

when residuals are i.i.d. Gaussian.

• Real TSAD residuals are correlated

and non-Gaussian.

• Noisy residuals create unstable

anomaly scores and false alarms.

Anomaly scores are Noisy

Residuals are :

Correlated and Non-Gaussian

Methodology

Reject Gaussian-white null 

➡️ Circuit Breaker

• Residual engineering is complementary to

architecture design: make normal errors

statistically clean, then detect anomalies as

principled deviations.

Conclusion

• Best suited for MSE

reconstruction backbones

and onset detection.


