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Dimensionality Reduction

We have a data set X with m rows (cases) and n
measurements (or variables). (m ≥ n)
We wish to visualise the data but n is large and we can’t plot
the data in 2D or 3D
We can throw away some variables but we may be losing
important information
How do we work around this?
We transform the data into a new set of uncorrelated
variables which can be ranked in order of importance.
The technique used is called principal components analysis
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Principal Components Analysis

T = XV is the magic transformation
V is an n × n orthogonal matrix and its coloumns are the
eigen vectors of the matrix X tX
X tX is the covariance matrix assuming X is centered.
T is exactly the same size as X and the entries of T are
called the scores.

X tX = VDV t (1)

Where D is a diagonal matrix and the entries in the main
diagonal are the eigenvalues of the matrix X tX in descending
order
We label the eigenvalues of X tX as λ1, λ2 . . . , λn with
λ1 ≥ λ2 ≥ λ3 ≥ · · · ≥ λn and corresponding eigenvectors
v1, v2, . . . , vn

The eigen vectors v1, v2, . . . , vn are called principal
components and its entries are called loadings.
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Singular Value Decomposition

There is a more computationally efficient way to obtain T
X = UΣV t , U is an m ×m matrix, V is an n × n,matrix, and
Σ is an m × n matrix with an n × n diagonal block matrix at
the top.
The entries in the diagonal block are
σ1 =

√
λ1,σ2 =

√
λ2, ...,σn =

√
λn and are called the singular

values of X .
And the vectors v1, v2, . . . , vn are the coloumns of the matrix
V and are called the right singular vectors and
σ1 ≤ σ2 ≤ · · · ≤ σn.
U and V are orthogonal matrices

(
V −1 = V t ,U−1 = Ut)

T = XV = UΣ. (2)
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Reducing the Dimension

Since the singular vectors are in some order of importance we
can drop a few and know exactly how much information is
retained.
We only retain the ones corresponding to the large singular
values.
If we pick only the first two eigen vectors then we have

T2 = XV2 (3)

where V2 contains the first two coloumns of V and now T2 is
an m × 2 matrix with only two coloumns (transformed
measurments) instead of the original n measurments.
We still have all the m cases but only two variables.
We can then plot these two variables in 2D and be able to
visualize the data and retain a reasonable amount of
information
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How Much Information is Retained?

If we choose to retain a total of r principal components, then
the information retained is given by

σ1 + σ2 + · · ·+ σr
σ1 + σ2 + · · ·+ σn

× 100 (4)

95% is good but we are often able to get good insights with
lower values
Just use your judgement since this is mostly an exploratory
venture.
Many times we are able to work with only two principal
components with fairly good results.
With only two components we can graph the data and obtain
a good visualization of the data.
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Corona Virus Data

Figure: Source: https://www.worldometers.info/coronavirus/#countries
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Acquiring and Analysing the Data

Obtained the data from
https://www.worldometers.info/coronavirus/#countries using
Libreoffice calc
Did some processing in Libreoffice Calc
Performed the analysis using R software.
Libreoffice and R are open source softwares and can be
downloaded for free.
Search youtube for videos on how to download and install the
software.
We now go to a live demo of the Data Analysis.
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