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 For a classification problem, we can use the 

misclassification error rate to assess the 

accuracy of the machine learning method.

which represents the fraction of misclassifications. 

 is an indicator function, which will give 

1 if the condition            is correct, otherwise it 

gives a 0.

The Classification Setting
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 The Bayes error rate refers to the lowest possible 

error rate that could be achieved if somehow we 

knew exactly what the “true” probability distribution 

of the data looked like.

Bayes Error Rate



 On test data, no classifier can get lower error rates 

than the Bayes error rate. 

Bayes Error Rate



 In real-life problems, the Bayes error rate can’t be 

calculated exactly.

Bayes Error Rate



 The purple dashed line 

represents the points 

where the probability is 

exactly 50%.

 The Bayes classifier’s 

prediction is determined 

by the Bayes decision 

boundary

Bayes Decision Boundary



 KNN is a flexible approach to estimate the Bayes classifier.

 For any given X, we find the k closest neighbors to X in the 

training data and average their corresponding responses Y.

 If the majority of the Y’s are orange, then we predict orange 

otherwise guess blue.

 The smaller that k is, the more flexible the method will be.

K-Nearest Neighbors (KNN)



KNN: K=10
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KNN: K=1 and K=100

Low Bias, High Variance

Overly Flexible

High Bias, Low Variance

Less Flexible



 Notice that the KNN 

training error rates (blue) 

keep going down as k

decreases (i.e. as the 

flexibility increases).

 However, note that the 

KNN test error rate at 

first decreases but then 

starts to increase again. 

KNN Training vs. Test Error Rates 



 In general, training errors 

will always decline.

 However, test errors will 

decline at first (as 

reductions in bias 

dominate) but will then 

start to increase again (as 

increases in variance 

dominate).

Key Note: Bias-Variance Trade-Off

When selecting a machine learning 

method, remember that more 

flexible/complex is not necessarily better!!

Underfit Overfit



 Open-source, free software environment for 

statistical computing and graphics.

 Recommend using RStudio (GUI interface).

 4,000+ packages available, with many used 

for  machine/statistical learning and data 

mining.

What is R?



 We use the “iris” data set to demonstrate 

exploratory data analysis in R.

R – Exploratory Data Analysis



 We inspect the dimensionality, structure and 

data of an R object.

R – Exploratory Data Analysis



 We view basic statistics and explore multiple 

variables.

R – Exploratory Data Analysis



 We use the “iris” data set to demonstrate 

exploratory data analysis in R

R – Exploratory Data Analysis (cont.)



 We next look at the first five rows of data.

R – Exploratory Data Analysis (cont.)



 We can also retrieve the values of a single 

column.

 We can also get the summary statistics.

R – Exploratory Data Analysis (cont.)



 We can also get quartiles and percentiles.

 We can check variance and get its distribution 

via histogram and density functions.

R – Exploratory Data Analysis (cont.)



 We can get a frequency of the factors and 

plot a pie chart or bar chart.

R – Exploratory Data Analysis (cont.)



 We can explore multiple variables.

R – Exploratory Data Analysis (cont.)



 Boxplots, scatterplots and scatterplots with 

jitter (small amount of noise).

R – Exploratory Data Analysis (cont.)



 Produce a matrix of scatterplots or a 3D scatterplot.

R – Exploratory Data Analysis (cont.)



 Produce a heat map or a level plot.

R – Exploratory Data Analysis (cont.)



 Produce a contour plot or 3D surface plot.

R – Exploratory Data Analysis (cont.)



 Plot parallel coordinates.

R – Exploratory Data Analysis (cont.)



 Review the R tutorials posted on Canvas.

 Check out the CRAN website.

 Use help command = ?

 Practice, practice, practice…

More about R….



 Ordinary Least Squares Linear Regression (Simple, Multiple)

 Resampling Methods in Machine Learning (Cross-Validation, The Bootstrap)

 Linear Model Selection and Regularization (Subset Selection, Shrinkage Methods, 

Dimension Reduction Methods)

 Non-Linear Models (Polynomial Regression, Regression Splines, Smoothing 

Splines, Local Regression, Generalized Additive Models)

Outline of the Course Concepts



 Classification Models (Logistic Regression, Discriminant Analysis, K-Nearest 

Neighbors)

 Artificial Neural Networks

 Tree-Based Methods (Decision Trees, CART, Bagging, Random Forests, Boosting)

 Vector Machines and Kernel Methods

 Unsupervised Learning (Principal Components Analysis, K-Means Clustering, 

Hierarchical Clustering)

Outline of the Course Concepts



 Overview of machine learning

 Key concepts of the learning problem

 Learning algorithm trade-offs

 Supervised versus unsupervised learning

 Regression versus classification methods

 Assessing model accuracy

 Bias-Variance trade-offs

 Introduction to R statistical programming

Summary
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