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 There are always two aspects to consider 

when designing a learning algorithm:

– Try to fit the data well

– Be as robust as possible

Learning Algorithm Trade-off



 The predictor that you have generated using 

your training data must also work well on 

new data.

Learning Algorithm Trade-off



 When we create predictors, usually the 

simpler the predictor is, the more robust it 

tends to be in the sense of begin able to be 

estimated reliably.

Learning Algorithm Trade-off (cont.)



 On the other hand, the simple models do not 

fit the training data aggressively.

Learning Algorithm Trade-off (cont.)



 Training Error vs. Testing Error:

– Training error  reflects whether the data fits well

– Testing error  reflects whether the predictor actually 

works on new data

Learning Algorithm Trade-off (cont.)



 Bias vs. Variance:

– Bias  how good the predictor is, on average; tends to 

be smaller with more complicated models

– Variance  tends to be higher for more complex models

Learning Algorithm Trade-off (cont.)



 Fitting vs. Over-fitting:

– If you try to fit the data too aggressively, then you may 

over-fit the training data. This means that the predictors 

works very well on the training data, but is substantially 

worse on the unseen test data.

Learning Algorithm Trade-off (cont.)



 Empirical Risk vs. Model Complexity:

– Empirical risk  error rate based on the training data

– Increase model complexity = decrease empirical risk but 

less robust (higher variance)

Learning Algorithm Trade-off (cont.)



Learning Spectrum



Supervised vs. Unsupervised Learning

 Supervised Learning:

– All the predictors, Xi, and the response, Yi, are 

observed.

• Many regression and classification methods



Supervised vs. Unsupervised Learning

 Unsupervised Learning:

– Here, only the Xi’s are observed (not Yi’s).

– We need to use the Xi’s to guess what Y would 

have been, and then build a model form there.

• Clustering and principal components analysis



 Notation

– Input X: feature, predictor, or independent 

variable

– Output Y: response, dependent variable

Terminology



 Categorization

– Supervised learning vs. unsupervised learning

• Key question: Is Y available in the training data?

– Regression vs. Classification

• Key question: Is Y quantitative or qualitative?

Terminology



Terminology (cont.)

 Quantitative:

– Measurements or counts, recorded as numerical 

values (e.g. height, temperature, etc.)



Terminology (cont.)

 Qualitative: group or categories

– Ordinal: possesses a natural ordering (e.g. shirt 

sizes)

– Nominal: just name the categories (e.g. marital 

status, gender, etc.)



Terminology (cont.)



Supervised Learning



 Regression

– Covers situations where Y is continuous (quantitative)

– E.g. predicting the value of the Dow in 6 months, 

predicting the value of a given house based on various 

inputs, etc.

Supervised Learning:

Regression vs. Classification



 Classification

– Covers situations where Y is categorical (qualitative)

– E.g. Will the Dow be up or down in 6 months? Is this 

email spam or not?

Supervised Learning:

Regression vs. Classification



 Email Spam: 

– predict whether an email is a junk email (i.e. spam)

Supervised Learning: Examples



 Handwritten Digit Recognition:

– Identify single digits 0~9 based on images

Supervised Learning: Examples



 Face Detection/Recognition:

– Identify human faces

Supervised Learning: Examples



 Speech Recognition:

– Identify words spoken according to speech 

signals 

• Automatic voice recognition systems used by airline 

companies, automatic stock price reporting, etc.

Supervised Learning: Examples



Supervised Learning: 

Linear Regression



Supervised Learning: 

Linear/Quadratic Discriminant Analysis



Supervised Learning: 

Logistic Regression



Supervised Learning: 

K Nearest Neighbors



Supervised Learning: 

Decision Trees / CART



Supervised Learning: 

Support Vector Machines
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