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We can fit any function ...

But noise ...
& not function
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Overfitting: “fitting the data more than is warranted” [1]

Fitting the noise

O Data
2nd Order Fit
—10th Order Fit
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Noisy low-order target
| 2nd Order 10th Order
Ei 0.050 0.034
18y 0.127 9.00
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f(x) + e(x)
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Underfitted Good Fit/Robust Overfitted
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3~5 T T T T T T

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 T T

o2: noise level i i

N :sample size T l
Overfitting
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RIZATION [3]

Parameter Norm Penalties

Norm Penalties as Constrained
Optimization

Regularization and Under-Constrained
Problems

Dataset Augmentation
Noise Robustness
Semi-supervised learning
Multi-task Learning

Early Stopping

10.
11.
12.
13.
14.

Parameter Typing and Parameter
Sharing

Sparse Representation

Bagging and Other Ensemble methods
Dropout

Adversarial Training

Tangent Distance, Tangent prop ...
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Cost function:

Dy -9t=) ((y - Z(wixiDZ)
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> ((y - Z(wixi»Z) +2) jwil  or > ((y - Z(wixi)>2> +2 ) (wp)?

overfitting — — — — underfitting

@



— EARLY STOPPING [1,3]

3s . . : . . . Noise Fitting ....
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Training Machine Learning Algorithms

Model

Machine Learning
Algorithms

o

by Bagging
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[3,9]

ST f A

@
@ @

@ O
o o
@)

© o o

»
|

u

e unknoy

7

Mode

ARIZATION — BAGGING & ENSEMBLE METHODS

Prediction by Ensemble

@ (e.g. majority vote)
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Decision Naive k-nearest Support
Tree Bayes Neighbour Vector Machine
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Validation estimate this quantity

Target complexity
Noise level
Sample size

VALIDATION

Overfitting penalty

J

!

Regularization estimate this quantity

i

D

i

TOP SECRET

A




J. VALIDATION [I}

VALIDATE
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K-fold Cross validation

Holdout or Train/Test split
Stratified K-Fold Cross Validation
Repeated Cross validation

Leave-one-out cross validation - LOOCV
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y| .
X X Train-Test split
2
" :
Q 3 + Simple, cheap
. - Waste data ...

MSE: 2.4 MSE: 0.9 MSE: 2.2 @
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MSE: 2.12

LOOCV

- Expensive

MSE: 0.962

+ Doesn’t waste data

- Weird behaviors
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K-fold CV

J. VALIDATION [T} ¢ Ontywaste

+ Only K times more expensive than train-test split

MSE: 2.05 MSE: 1.11 MSE: 2.93 @
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Training Data

Training Data

Training Data
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4. MODEL SELECTION

Algorithm

TRAINERR

10-FOLD-CV-ERR

Choice

0 hidden units

1 hidden units

2 hidden units

3 hidden units

4 hidden units

5 hidden units
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