
Information Retrieval — Problem Set IV

Due Date: Sun. Nov 21, 2021
Turn-in: Write the answers on a separate document file (e.g., docx, pdf, md, etc.) and
turn in via the D2L Assignments. Write your name and course number at the beginning of
your document.

1 Gaussian Mixture Modelling for Text Clustering

Problem 1.1. Following explains the Gaussian Mixture Modelling (GMM) for text cluster-
ing tasks. Read thoroughly and fill in the numbered blanks, (1)–(10):

For text clustering tasks, we use (1) learning algorithm. (1) is to self-discover any nat-
urally occurring patterns in data that are neither classified nor labelled. Gaussian Mixture
Modelling (GMM) is a (1) learning algorithm. GMM is a probabilistic approach to model
the data which means that rather than having hard assignments into clusters like k-means,
we have a (2) assignments. The uncertainty in the cluster assignment is represented in terms
of probability and GMM helps us to express the uncertainty. This is called (2) clustering.

As the name implies, each cluster is modelled according to a different (3) distribution.
That is the GMM algorithm estimates the (4) and (5) that defines each cluster.

We utilizes the (6) algorithm, which consists of two steps, an E-step and M-step. The
optimization algorithm alternates between these two steps:

(a) E-step: Computes the (7) probability that each Gaussian generates each datapoint
(i.e., P (c|~xi))

(b) M-step: Assuming that the data really was generated this way, change the parameters
of each Gaussian to (8) the marginal likelihood of X given our parameters.

The E-step
We compute,

P (c|~xi) =
P (~xi|c)P (c)∑k
c=1 P (~xi|c)P (c)

This can be interpreted as how typical is xi under cluster c. This equation is just (9)
where P (c) is prior weights and the likelihood P (~xi|c) can be computed by the Gaussian
distribution, such that

P (~xi|c) =
1√

2π|Σc|
exp

{
−1

2
(~xi − ~µc)

TΣ−1
c (~xi − ~µc)

}

1



The M-step
After calculating the posteriors, we need to adjust the model parameters.
The following equation computes the mean of the Gaussian:

write the equation. (10),

where wi,c = P (c|~xi)/
∑N

n=1 P (c|~xn) measures how important xi is for the cluster c.
The following equation computes the (5) of the Gaussian:

Σc =
N∑

n=1

wn,c(~xn − µc)(~xn − µc)
T

We repeat these two steps until convergence.

2 Classification, Clustering, and Recommender systems

Problem 2.1. Match each term to its definitions.

a. Latent-factor
models

A Markov chain Monte Carlo (MCMC) algorithm
for obtaining a sequence of observations which are
approximated from a specified multivariate prob-
ability distribution, when direct sampling is diffi-
cult.

b. standard devia-
tion

A classification algorithm that predicts the label
by taking the majority class of the k nearest ex-
amples

c. regularization A recommendation method that performs recom-
mendations in terms of user/user and item/item
similarities.

d. covariance A recommendation method based on the content
of items rather than on other users’ opinions.

e. dimensionality
reduction

A concept that occurs when a statistical model fits
exactly against its training data. It is the tendency
to tailor models to the training data at the expense
of generalization.

f. Content-based
recommending

A measure of the joint variability of two random
variables

g. gradient descent the machine learning techniques used to reduce
the error by fitting a function appropriately on the
given training set and avoid overfitting.
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h. overfitting A measure of the amount of variation or dispersion
of a set of values.

i. Gibbs sampling An optimization algorithm for finding a local min-
imum of a differentiable function. The idea is to
apply the opposite direction of the derivative of
the function by which the current position moves
towards the minimum.

j. support vectors A recommendation method that projects users and
items into a low-dimensional space to measure the
similarities.

k. kNN The points in the vector space which lie closest to
the decision surface (or hyperplane). They are the
data points most difficult to classify.

l. Collaborative fil-
tering

The transformation of data from a high-
dimensional space into a low-dimensional space.
(e.g., PCA, LDA, t-SNE, Autoencoder)
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