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The exam will be “open book”. This means that you are allowed to use books, notes and slides during the exam. 

It is allowed to use a pocket calculator. It is not strictly necessary to use one: correct formulas are enough for answering the assignments.

Keep your answers concise! 

This exam contains 6 assignments. For each assignment will be indicated the maximum amount of points that you can obtain for a right answer. The exam mark is the number of points for all assignments together plus 10, divided by 10.

Use for each assignment a separate sheet of paper!

1.
(15 points)

How can a radial-basis function classifier be turned into a nearest-neighbour classifier?

2.
(15 points)

The police of Elbonia regularly fines car drivers who do not wear their safety belt. Now, they would like to automate this system. Their new system will consist of cameras mounted above two busy highway lanes, and a real-time image-analysis system. The image-analysis system is supposed to automatically read a car’s license plate, and to automatically detect whether the driver is wearing his or her safety belt. The cameras and the license-plate system have already been purchased from a third party. The police of Elbonia wishes to contract you as a consultant for the system that detects whether the driver is wearing a safety belt.

a. 
Suppose that the system will also automatically send fine invoices to drivers. That is, no human will ever look at the photos taken by the system. 
Would you use a ROC curve, a lift chart, or a precision-recall curve, to characterise the system’s performance? 
How would you set the system’s threshold?
Motivate your answer.

b. 
Now suppose that the Elbonian police has contracted people that will check the system’s photos. There are enough people to manually check photos for 10% of the vehicles photographed, and these people will determine who gets a fine. Answer the same questions as in part a).

3.
(15 points)


a.
If you have to show that the VC-dimension of a certain hypothesis space is n, what are the two steps, you have two show?


b.
Consider the hypothesis space consisting of decision trees of depth two for the space of instances defined by two real-valued attributes? What is the VC-dimension of this hypothesis space? Motivate your answer.

4.
(15 points)

Consider a two-class classification task. Assume we have three classifiers A, B, and C, with accuracies a (0 < a < 1) each.

Consider bagging using these classifiers as base classifiers. 
Determine the accuracy of bagging when a = 1/3 and when a = 2/3:
i. In the worst case;
ii. In the best case;
iii. In the case that the errors of the classifiers are completely independently.
5.
(15 points)

Given are the following training points (x,y): 

· the points (1,0), (-1,0), and (2,2) as negative instances, and 

· the points (0,1) and (0,2) as positive instances.

Construct a support vector machine which classifies these examples correctly. 


a. 
Draw the input vectors in the w-z plane defined by 



w = x2 and z = y .


b. 
Draw the “maximal margin separator” in the w-z plane. 


c. 
Also draw the corresponding decision line/curve in the original Euclidian plane defined by x and y.


6.
(15 points)

Isomap is an effective procedure for finding low-dimensional manifolds in high-dimensional data.

a. Under what circumstances will Isomap fail to recover the low-dimensional manifold?


b. Why does Isomap outperform Sammon mapping and multidimensional scaling?











































