
Course Outline

STAT 842 / 442, CM 762

Data Visualization

Fall 2014

Instructor:
Ali Ghodsi
Dept. of Statistics & Actuarial Science
University of Waterloo
Phone: (519) 888-4567 x37316
Office: M3 4208
E-mail: aghodsib@uwaterloo.ca
Office hours: 1:00-2:00 T or by appointment

Lectures: (4:00-05:20 MW RCH 207)

Prerequisites:
Grads: none for STATS, CM, CS,ECE, and SYDE grad students , instructor permission
otherwise
Undergrads: STAT 231 or 241

Course Description: The difficulty of extracting information from high dimensional data
is the main motivation for renewed interest in the problems of dimensionality reduction,
feature extraction and clustering. High dimensional data take many diferent forms: from
Digital image libraries to gene expression microarrays and financial time series. Researchers
in fields as diverse as finance, physics, medicine, and bioinformatics have to deal with such
large data sets. By formulating the problem of dimensionality reduction and clustering
in a general setting, however, many different types of data can be analyzed in the same
underlying mathematical framework. This course will explore this general framework and
introduce several methods for dimensionality reduction, feature selection, and clustering.

Required Textbook: There is no required textbook for the class. Three recommended
books that cover the similar material are:

• Dimensionality Reduction (Information Science and Statistics) by John A. Lee, Michel
Verleysen

• Machine Learning: A Probabilistic Perspective by Kevin P. Murphy

• Elements of Statistical Learning by Hastie, Tibshirani, Friedman.

We will also be covering material similar to a variety of papers and chapters from a few other
books which I will point out in class.
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Tentative Topics:

• Dimensionality Reduction

Linear Methods

Principal Components Analysis (PCA), Dual PCA

Metric Multidimensional Scaling (MDS)

Landmark MDS (Nystrom Approximation)

Non-negative Matrix Factorization

Supervised Principal Components Analysis

Nonlinear Methods

Kernel Principal Components Analysis

Kernel Supervised Principal Components Analysis

Locally Linear Embedding, ISOMAP, Laplacian Eigenmaps

Stochastic Neighbor Embedding (SNE, t-SNE)

Maximum Variance Unfolding (MVU)

Colored MVU ( Hilbert-Schmidt independence criterion (HSIC))

Distance Metric Learning

Unified Framework for Dimensionality reduction

• Clustering

Vector Quantization

K-means

K-medoids

Probabilistic Clustering

Spectral Clustering

Hierarchical Clustering

Affinity Propagation

Cluster validation

• Applications

Graph Realization and Sensor Networks

Graph Partitioning (Clustering, Classification)

Microarray Clustering, Text mining (Biclustering, Co-clustering)

Image Processing(Denoising, Image Segmentation)

Collaborative filtering
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Evaluation:(tentative)

Assignments 40% (10% each)
Final project 40% (10% Presentation)

(30% Project report)
WikiCourseNote 20% (10% primary contribution)

(10% General contribution)
Details will be discussed in class

Assignments and project reports will be checked by Turnitin (Plagiarism detection software).

Project:

Final group project (presentation and reports up to 7 pages of PDF) are tentatively worth
40% of your final grade .You are encouraged to chose a topic related to your research area.
However, you cannot borrow part of an existing thesis work, nor can you re-use a project
from another course. The basic types of projects in this course are:

• Develop a new algorithm. In this case, you will need to demonstrate (theoretically
and/or empirically) why your technique is better (or worse) than other algorithms.
(Note: A negative result does not lose marks, as long as you followed proper theoretical
and/or experimental techniques).

• Application of data visualization to some domain. This could either be your own
research problem, or you could try reproducing results of someone else’s paper.

• Survey of a technique (or techniques) in data visualization. It includes theoretical
investigation of a technique or problem or experimental investigation of a technique
(or techniques) in an abstract setting.

At the end, the project is a chance to learn more about some sub-area of data visualization
/ dimensionality reduction / clustering that you might be most interested in, as well as
create a potentially interesting system. However, you may benefit more from implementing
an algorithm and doing some simulations rather than trying to read and summarize some
state-of-the-art papers.

To find an interesting topic you might try visiting the library, surfing the web, or even just
thinking for a bit in order to identify an interesting task that you would like a computer to
perform. You will find the following journals and conferences quite useful:
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• International Conference on Machine Learning (ICML)

• Neural Information Processing Systems (NIPS)

• IEEE International Conference on Data Mining (ICDM)

• Uncertainty in Artificial Intelligence (UAI)

• The European Conference on Machine Learning (ECML)

• International Joint Conference on Neural Networks (IJCNN)

• Journal of Machine Learning Research (JMLR)

• Journal of the American Statistical Association (JASA)

Important Dates:

Oct 6 Final project proposal due (Use the link posted on Leran)
Nov 17 Presentation begin (tentative)
Dec 20 Final project reports due (tentative)

Academic Honesty: In assignments, projects and wikicoursenote, if you use ideas, plots,
text and other intellectual property developed by someone else you have to cite the original
source. If you copy a sentence or a paragraph from work done by someone else, in addition
of citing the original source you have to use quotation marks to identify the scope of the
copied material.

Example: Plagiarism is an act of ‘using ideas, plots, text and other intellectual property
developed by someone else while claiming it is your original work [1]. Evidence of copying
or plagiarism will cause a failing mark in the course.

Persons with Disabilities: The office for Persons with Disabilities (OPD), located in
Needles Hall, Room 1132 collaborates with all academic departments to arrange appropriate
accommodations for students with disabilities without compromising the academic integrity
of the curriculum. If you require academic accommodations to lessen the impact of your
disability, please register with OPD at the start of each academic term.

References

[1] Tec Encyclopedia. http://www.answers.com/topic/plagiarism
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