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1. Overfitting 

2. Regularization

3. Validation

4. Model selection
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We can fit any function … But noise … 

& not function



• Overfitting: “fitting the data more than is warranted” [1]

• Fitting the noise
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y = f x + ϵ 𝑥 = σ𝑞=0
𝑄

𝛼𝑖𝑥𝑖 + 𝜎2
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Observation Target 

Function

Noise Target 

complexity
Noise

𝑄 : target complexity

𝜎2: noise level

N  : sample size

Deterministic noiseStochastics noise

Overfitting 
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𝐸𝑜𝑢𝑡 𝑔 𝐷 = 𝔼𝐷 𝑔 𝐷 𝑥 − ҧ𝑔 x
2

+ 𝔼𝐷 ҧ𝑔 x − 𝑓 𝑥
2

Bias Variance 

+ 𝔼𝑥 (𝜖 x )2

Noise 

Deterministic Noise Stochastic NoiseVariance 

Depend on Hypothesis H Overfitting



7

x x x

y y y
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Use Learning Curve to detect Overfitting 
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▪ Definition: “any modification we make to a learning algorithm that is intended to reduce 

its generalization error but not its training error” [3]

𝑄 : target complexity

𝜎2: noise level

N  : sample size

Overfitting 
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1. Parameter Norm Penalties 

2. Norm Penalties as Constrained 
Optimization

3. Regularization and Under-Constrained 
Problems 

4. Dataset Augmentation 

5. Noise Robustness

6. Semi-supervised learning

7. Multi-task Learning

8. Early Stopping

9. Parameter Typing and Parameter 
Sharing

10. Sparse Representation

11. Bagging and Other Ensemble methods

12. Dropout

13. Adversarial Training

14. Tangent Distance, Tangent prop … 
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(y − ොy)2 = (y − wixi )
2

Cost function: 

Constrain: 

 wi < C

Cost: 

 (y − wixi )
2 + 𝜆 wi

(wi)
2 < Cor

L1 – Lasso Reg L2 – Ridge Reg
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 (y − wixi )
2 + 𝜆 wi  (y − wixi )

2 + 𝜆(wi)
2or 
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Noise Fitting …. 
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15[3,5]
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Eout h = Ein h + Overfitting penalty

Regularization estimate this quantityValidation estimate this quantity 

TOP SECRET

Target complexity

Noise level

Sample size

VALIDATION
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TRAIN VALIDATE

BUT …. How much K?

Rule of thumb: 20% train data

PUBLIC



1. K-fold Cross validation 

2. Holdout  or Train/Test split 

3. Stratified K-Fold Cross Validation

4. Repeated Cross validation

5. Leave-one-out cross validation - LOOCV

6. …
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Train-Test split

+ Simple, cheap

- Waste data …

MSE: 2.4 MSE: 0.9 MSE: 2.2



20MSE: 2.12 MSE: 0.962 MSE: 3.33

LOOCV

+  Doesn’t waste data

- Expensive

- Weird behaviors



21MSE: 2.05 MSE: 1.11 MSE: 2.93

K-fold CV

+  Only waste 
𝑁

𝐾
data

+ Only K times more expensive than train-test split
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[6]

K-fold (K ==5)

Holdout or Train – Test split Early stopping 

Eval
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