Assignment 1: Probabilistic Classification

January 28, 2010

In this assignment, you will develop a number of classifierdfandwritten digits.

You will use the supervised learning paradigm, in which ymugven some examples
of two different classes: handwritten 3's and handwrittisn 5

You will be expected to develop classifiers, using the “fragrsamples”, that clas-

sify the “test samples” as well as possiblleportant: You will not be graded on how
well your classifier works on the test data, but rather, onttwdreyou implement the
classifiers as described.

e Download the file digits.mat from web page. Use the commaratidigits.mat’

to load it into matlab. Type 'whos’ to see the variables that defined in it.

You should see four variables named triinees, trairfives, testthrees, and
testfives. They are each a group of 50 images stored in a threendiorel

array. Try plotting a few of the images using imagesc to make they appear
as you expect.

You will be using two features to classify each digit. You caake up whatever
features you like, but start by choosing properties of theges that give a range
of different values. Examples would be:

— the height of the digit in pixels
— the width of the digit in pixels

— the number of border pixels, i.e. the number of white pixietg fire next to
black pixels

— the “left-right” weight of the digit. This could be defined #e percentage
of white pixels that are to the right of the center of the bdngdox of the
digit.

— any feature you want!

Next, write two functions called estFeatDistsX.m (“estiméeature distribu-
tions”), where X is a name for each feature. For example, éiyewr functions
might be called estFeatDistsHeight.m. This function sticake all of the train-
ing data as an argument, and a numbef bins as another argument. It should
return 4 things: the minimum value of the feature over thiming set, the maxi-
mum value of the feature over the training set, and two pritibadistributions.
Each probability distribution (one for the class of threese for the class of



fives) should give the estimated probability that the feafor that class falls in
one ofk bins between the minimum and maximum value for the featu. F
example, ifk is 5, then the third element of the probability distributeimould be
the frequency with which the feature had a value between dtepeand 60 per-
cent of its possible range. Obviously, each probabilityridtistion should sum
to 1.

e Now write a function called estJointFeatDists.m (“estientint feature distri-
bution”) which takes as arguments the training data and aeuwf binsk and
returns a matrix holding the joint distribution of both \atrles as estimated by
the frequency of the joint features in the training sets.

e Using these ranges and probability distributions for eaatufre for each class,
you will implement a variety of classifiers. They should inbé:

— A classifier using the first feature only. Try various numhbgrbins, but at
least 2 bins and 10 bins.
— Do the same thing for your other feature.

— A classifier that uses both features with 2 bins each, asguthanfeatures
are independent.

— A classifier that uses both features with 2 bins each, asguthinfeatures
are not independent.

— Repeat the last two classifiers using 10 bins each.

You should turn in all of your Matlab code, and a file in whichuydiscuss your
results for the various experiments and the relationshipranthem.



