CS 360: Machine Learning

Prof. Sara Mathieson
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Admin
 Lab 1 graded

* Lab 2 collected 5pm today
— Last minute questions -> Piazza
— | am unable to meet this afternoon

e Lab 3 (shortened, step-by-step) due Tuesday
night (grace period til Wed night)

— Starter code: one place coeff -> coef
— For part (a), easier to use train_data.plot(..)



Lab 1 feedback

Lab 1 grades posted (10pts for knn, 3 for math)

Keep large data out of repos (unless it is given as part of the
starter)

Make sure code is in functions and function decomposition
makes sense

Keep lines less than 80 characters
Official python style for methods/functions

— my_function
MyFunetion-(uppercase is reserved for classes!)



Lab 1 Extensions: multi-class

Accuracy as a function of K value




Lab 1: how to make KNN faster?

Runtime: exercise!

Don’t need to sort all distances - for small K, we can find
the top K neighbors in linear time

Save matrix of pair-wise distances across K

Put each training example in a “zone” or “cluster”. For
each test example, identify cluster and only consider
neighbors within that cluster



Outline for September 25

Recap bias/variance tradeoff
Simple linear regression
SGD (Stochastic Gradient Descent)

Normal equations solution



Outline for September 25

* Recap bias/variance tradeoff



Regression setup and Expected Value
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Compute Expected Loss
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Assessing Model Accuracy
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FIGURE 2.9. Left: Data stmulated from f, shown in black. Three estimates of
f are shown: the linear regression line (orange curve), and two smoothing spline
fits (blue and green curves). Right: Training MSE (grey curve), test MSE (red
curve), and minimum possible test MSE over all methods (dashed line). Squares
represent the training and test MSFEs for the three fits shown in the left-hand
panel.




Outline for September 25

* Simple linear regression



Goals of Inference

1) Which of the features/explanatory variables/
predictors (x) are associated with the
response variable (y)?

2) What is the relationship between x and y?
3) Is alinear model enough?

4) Can we predict y given a new x?



September Arctic Sea Ice Extent
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Regression Example

Linear Regression
Quadratic Regression
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Sales

Example: predict sales from TV advertising budget
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Cost Function: sum of squared errors

p

Slide: modified from Jessica Wu
Original: Eric Eaton



Linear Regression

e Qutput (y) is continuous, not a discrete label

* Learned model: linear function mapping input
to output (a weight for each feature + bias)

e Goal: minimize the RSS (residual sum of
squared errors) or SSE (sum of squared errors)



et “Simple” linear regression
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“Simple” linear regression
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Handout 4
(on piazza, try on your own!)



Outline for September 25

e SGD (Stochastic Gradient Descent)



Multiple linear regression




Cost Function
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Slide: modified from Jessica Wu
Based on slide by Andrew Ng



Gradient Descent: walking toward the minimum
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Slide: modified from Jessica Wu
Based on slide by Andrew Ng



Cost Function (extra practice)

hw(x) 'I(Wl)

(assume w,=0 for this example)
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[(0.5— 1)+ (1 —2)* + (1.5 — 3)%] = L.75

J(0.5) = 3



Choosing step size

o too small « too large

slow convergence increasing\value for J(w)

* may overshoot minimum
* may fail to converge (may even diverge)




Lab 3 applied to Handout 4



Toy example, iteration 1

iteration: 1, cost: 0.410000
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Toy example, iteration 2

iteration: 2, cost: 0.350001
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iteration: 12, cost: 0.138047

Toy example, iteration 12
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Toy example, iteration 40

iteration: 40, cost: 0.014064
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Toy example, iteration 100

iteration: 100, cost: 0.000105
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Outline for September 25

* Normal equations solution



Pros and Cons

Gradient Descent

requires multiple iterations
need to choose «

works well when p is large

can support online learning

Normal Equations

* non-iterative
* no need for «

* slowif pislarge
— matrix inversion is O(p3)



