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Overfitting

Training data:

N_train = 10

X = np.linspace(0.05,0.95,N train)
s = np.random.randn(N train)
y = 2*x+s

Models for fitting:

Polynomials of degree 1, 3, and 10

Question: which model will give the
best fit (lowest error) to the training data?
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Overfitting

Testing data (from the same

distribution as the training data):

N_test
X_test
s _test
y test

10
np.random.random(N_test)
np.random.randn(N_test)
2*x test+s test

Questions:

e Which model from the previous slide

will make the best predictions on the

testing data?

e What would happen if we increased the 4]
number of data points in the training

dataset?
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Why machine learning is difficult

See Section II of arXiv:1803.08823

e Fitting is not predicting. Fitting existing data well is fundamentally different
from making predictions about new data.

e Using a complex model can result in overfitting. Increasing a model’s complexity
(i.e number of fitting parameters) will usually yield better results on the training
data. However when the training data size is small and the data are noisy, this
results in overfitting and can substantially degrade the predictive performance
of the model.

e We can guard against overfitting in two ways: we can use less expressive models
with fewer parameters, or we can collect more data so that the likelihood that
the noise appears patterned decreases. For complex datasets and small training
sets, simple models can be better at prediction than complex models.
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