
MTH 461 27. PCA: geometric interpretation

Example.

Demeaned data matrix:

A =




Ex 1 Ex 2
Aly −27 −30
Bob −23 −15

Chen 19 6
Deb 26 40

Emma 15 −20
Finn −10 16
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=




X1 X2


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=



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Recall:

• The 1st principal axis of A is a vector u1 such that ||u1|| = 1 and Var(Au1)
is the largest possible.

• The vector Y1 = Au1 is called the 1st principal component of A.
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Proposition

Let A an N × M demeaned data matrix

A =




S1

S1
...

SN




• The 1st principal axis of A is the vector u1 ∈ RM such that ||u1|| = 1 and
the number N�

�=1
||ST� − proju1

ST� ||2

is the smallest possible.

• The 1st principal component of A is the vector

Y1 =




�1

...
�N





such that proju1
S� = ��u1 for � = 1� � � � � N .
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