
Streams Processing
Principal Component Analysis: Linear Algebra



Dimensionality reduction
• Linear


• Principal Component Analysis


• Matrix sketching


• Compressed sensing


• Non-linear


• Kernel PCA


• Isometric mapping



PCA

Linear Algebra Statistics

Optimization

Change of basis Probability density estimation

Minimization of the reconstruction 
error considering a low-rank model



Example

Ideal spring mass system

http://demo.webassign.net/ebooks/cj6demo/pc/c10/read/main/c10x10_1.htm
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Example

Ideal spring mass system

http://demo.webassign.net/ebooks/cj6demo/pc/c10/read/main/c10x10_1.htm



Example

http://demo.webassign.net/ebooks/cj6demo/pc/c10/read/main/c10x10_1.htm

The motion equation is an 
explicit function of time, in 
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Example
Assume we are ignorant experimenters

We know nothing about the 
motion laws of an ideal spring 
and mass system

But we want to study the motion of the ball, learning from data



Example

https://goo.gl/EMQpzy

At 120Hz, each camera 
records an image from which 
we extract a 2D position of 
the ball (a projection)

So, we install randomly 3 
cameras to measure the 
ball’s position

We are ignorant 
experimenters: we don’t 
know the x,y,z axis

https://goo.gl/EMQpzy


Example

We record with the cameras for several minutes…



From the example to 
processing Big Data

In general, we don’t know which data are redundant or which features 
best reflect the underlying process we want to uncover

Also, real world contaminates our dataset with noise

This example illustrates what people working with data face everyday



Our dataset

x(t) =

2

6666664

xA(t)
yA(t)
xB(t)
yB(t)
xC(t)
yC(t)

3

7777775
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We record 10mn

10⇥ 60⇥ 120 = 72.000
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X =
⇥
x(1) x(2) · · · x(n)

⇤
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Choice of basis and data 
collection

The basis we use to represent our data is a consequence of 
the method we used to collect our data

Point (2,4) = 4 units up and 2 units 
to the left



Choice of basis and data 
collection
Standard basis for a Euclidean 
space of dim m: the set of unit 
vectors pointing in the direction of 
the Cartesian coordinate system

Another possible basis, for 
Euclidean 2D:
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A linear subspace basis is a linear combination of other basis: PX = Y
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Key assumption: linearity
Is there another linear combination of the current basis that better 
expresses our dataset?

PCA powerful assumption: Linearity, restricting the set of potential bases…



LA refresher: change of 
basis

PX = Y
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P transforms X into Y

P is a rotation and a stretch (if not orthonormal)

The rows of P are the set of new basis vectors for the columns of X:

yi =

2

64
p1xi
...

pmxi

3

75

<latexit sha1_base64="MdsuvW92UljBihYsVhTAEFrV55g="></latexit><latexit sha1_base64="MdsuvW92UljBihYsVhTAEFrV55g="></latexit><latexit sha1_base64="MdsuvW92UljBihYsVhTAEFrV55g="></latexit>

the dot products of the rows of P and the ith column of X



Questions

What is the best way to re-express X?

What is a good basis P?

But first, what features would we like to see in our Y?



SNR

High SNR: precise measurement

Low SNR: noisy data

As the motion of the ball is in a straight line, we assume the perpendicular 
direction to the line of best fit corresponds to noise

We assume interesting dynamics occur on the direction of larger 
variance (high SNR)

Each camera records 2 variables. Are they really necessary?



Redundancy
In the spring example three sensors capture the same information

(xA, xB)
<latexit sha1_base64="kVjyaWtI3yRoHvkv6U09jCszz98=">AAAB73icbVBNS8NAEJ34WetX1aOXxSJUkJKIoN5qvXisYGylDWGz3bRLN5uwu5GW0F/hxYOKV/+ON/+N2zYHbX0w8Hhvhpl5QcKZ0rb9bS0tr6yurRc2iptb2zu7pb39BxWnklCXxDyWrQArypmgrmaa01YiKY4CTpvB4GbiN5+oVCwW93qUUC/CPcFCRrA20mNl6F+fDv36iV8q21V7CrRInJyUIUfDL311ujFJIyo04ViptmMn2suw1IxwOi52UkUTTAa4R9uGChxR5WXTg8fo2ChdFMbSlNBoqv6eyHCk1CgKTGeEdV/NexPxP6+d6vDSy5hIUk0FmS0KU450jCbfoy6TlGg+MgQTycytiPSxxESbjIomBGf+5UXinlWvqs7deblWz9MowCEcQQUcuIAa3EIDXCAQwTO8wpslrRfr3fqYtS5Z+cwB/IH1+QPe7I9W</latexit><latexit sha1_base64="kVjyaWtI3yRoHvkv6U09jCszz98=">AAAB73icbVBNS8NAEJ34WetX1aOXxSJUkJKIoN5qvXisYGylDWGz3bRLN5uwu5GW0F/hxYOKV/+ON/+N2zYHbX0w8Hhvhpl5QcKZ0rb9bS0tr6yurRc2iptb2zu7pb39BxWnklCXxDyWrQArypmgrmaa01YiKY4CTpvB4GbiN5+oVCwW93qUUC/CPcFCRrA20mNl6F+fDv36iV8q21V7CrRInJyUIUfDL311ujFJIyo04ViptmMn2suw1IxwOi52UkUTTAa4R9uGChxR5WXTg8fo2ChdFMbSlNBoqv6eyHCk1CgKTGeEdV/NexPxP6+d6vDSy5hIUk0FmS0KU450jCbfoy6TlGg+MgQTycytiPSxxESbjIomBGf+5UXinlWvqs7deblWz9MowCEcQQUcuIAa3EIDXCAQwTO8wpslrRfr3fqYtS5Z+cwB/IH1+QPe7I9W</latexit><latexit sha1_base64="kVjyaWtI3yRoHvkv6U09jCszz98=">AAAB73icbVBNS8NAEJ34WetX1aOXxSJUkJKIoN5qvXisYGylDWGz3bRLN5uwu5GW0F/hxYOKV/+ON/+N2zYHbX0w8Hhvhpl5QcKZ0rb9bS0tr6yurRc2iptb2zu7pb39BxWnklCXxDyWrQArypmgrmaa01YiKY4CTpvB4GbiN5+oVCwW93qUUC/CPcFCRrA20mNl6F+fDv36iV8q21V7CrRInJyUIUfDL311ujFJIyo04ViptmMn2suw1IxwOi52UkUTTAa4R9uGChxR5WXTg8fo2ChdFMbSlNBoqv6eyHCk1CgKTGeEdV/NexPxP6+d6vDSy5hIUk0FmS0KU450jCbfoy6TlGg+MgQTycytiPSxxESbjIomBGf+5UXinlWvqs7deblWz9MowCEcQQUcuIAa3EIDXCAQwTO8wpslrRfr3fqYtS5Z+cwB/IH1+QPe7I9W</latexit><latexit sha1_base64="kVjyaWtI3yRoHvkv6U09jCszz98=">AAAB73icbVBNS8NAEJ34WetX1aOXxSJUkJKIoN5qvXisYGylDWGz3bRLN5uwu5GW0F/hxYOKV/+ON/+N2zYHbX0w8Hhvhpl5QcKZ0rb9bS0tr6yurRc2iptb2zu7pb39BxWnklCXxDyWrQArypmgrmaa01YiKY4CTpvB4GbiN5+oVCwW93qUUC/CPcFCRrA20mNl6F+fDv36iV8q21V7CrRInJyUIUfDL311ujFJIyo04ViptmMn2suw1IxwOi52UkUTTAa4R9uGChxR5WXTg8fo2ChdFMbSlNBoqv6eyHCk1CgKTGeEdV/NexPxP6+d6vDSy5hIUk0FmS0KU450jCbfoy6TlGg+MgQTycytiPSxxESbjIomBGf+5UXinlWvqs7deblWz9MowCEcQQUcuIAa3EIDXCAQwTO8wpslrRfr3fqYtS5Z+cwB/IH1+QPe7I9W</latexit>

(xA, x̃A)
<latexit sha1_base64="02QAZZvTfH3763KB67wL5zljFa8=">AAAB+XicbVBNS8NAEN34WetXqkcvi0WoICURQb21evFYwdhCG8Jmu2mXbj7YnWhL7E/x4kHFq//Em//GbZuDtj4YeLw3w8w8PxFcgWV9G0vLK6tr64WN4ubW9s6uWdq7V3EqKXNoLGLZ8oligkfMAQ6CtRLJSOgL1vQH1xO/+cCk4nF0B6OEuSHpRTzglICWPLNUGXr1kw5w0WXZcOzVjz2zbFWtKfAisXNSRjkanvnV6cY0DVkEVBCl2raVgJsRCZwKNi52UsUSQgekx9qaRiRkys2mp4/xkVa6OIilrgjwVP09kZFQqVHo686QQF/NexPxP6+dQnDhZjxKUmARnS0KUoEhxpMccJdLRkGMNCFUcn0rpn0iCQWdVlGHYM+/vEic0+pl1b49K9eu8jQK6AAdogqy0TmqoRvUQA6i6BE9o1f0ZjwZL8a78TFrXTLymX30B8bnD8UEkzw=</latexit><latexit sha1_base64="02QAZZvTfH3763KB67wL5zljFa8=">AAAB+XicbVBNS8NAEN34WetXqkcvi0WoICURQb21evFYwdhCG8Jmu2mXbj7YnWhL7E/x4kHFq//Em//GbZuDtj4YeLw3w8w8PxFcgWV9G0vLK6tr64WN4ubW9s6uWdq7V3EqKXNoLGLZ8oligkfMAQ6CtRLJSOgL1vQH1xO/+cCk4nF0B6OEuSHpRTzglICWPLNUGXr1kw5w0WXZcOzVjz2zbFWtKfAisXNSRjkanvnV6cY0DVkEVBCl2raVgJsRCZwKNi52UsUSQgekx9qaRiRkys2mp4/xkVa6OIilrgjwVP09kZFQqVHo686QQF/NexPxP6+dQnDhZjxKUmARnS0KUoEhxpMccJdLRkGMNCFUcn0rpn0iCQWdVlGHYM+/vEic0+pl1b49K9eu8jQK6AAdogqy0TmqoRvUQA6i6BE9o1f0ZjwZL8a78TFrXTLymX30B8bnD8UEkzw=</latexit><latexit sha1_base64="02QAZZvTfH3763KB67wL5zljFa8=">AAAB+XicbVBNS8NAEN34WetXqkcvi0WoICURQb21evFYwdhCG8Jmu2mXbj7YnWhL7E/x4kHFq//Em//GbZuDtj4YeLw3w8w8PxFcgWV9G0vLK6tr64WN4ubW9s6uWdq7V3EqKXNoLGLZ8oligkfMAQ6CtRLJSOgL1vQH1xO/+cCk4nF0B6OEuSHpRTzglICWPLNUGXr1kw5w0WXZcOzVjz2zbFWtKfAisXNSRjkanvnV6cY0DVkEVBCl2raVgJsRCZwKNi52UsUSQgekx9qaRiRkys2mp4/xkVa6OIilrgjwVP09kZFQqVHo686QQF/NexPxP6+dQnDhZjxKUmARnS0KUoEhxpMccJdLRkGMNCFUcn0rpn0iCQWdVlGHYM+/vEic0+pl1b49K9eu8jQK6AAdogqy0TmqoRvUQA6i6BE9o1f0ZjwZL8a78TFrXTLymX30B8bnD8UEkzw=</latexit><latexit sha1_base64="02QAZZvTfH3763KB67wL5zljFa8=">AAAB+XicbVBNS8NAEN34WetXqkcvi0WoICURQb21evFYwdhCG8Jmu2mXbj7YnWhL7E/x4kHFq//Em//GbZuDtj4YeLw3w8w8PxFcgWV9G0vLK6tr64WN4ubW9s6uWdq7V3EqKXNoLGLZ8oligkfMAQ6CtRLJSOgL1vQH1xO/+cCk4nF0B6OEuSHpRTzglICWPLNUGXr1kw5w0WXZcOzVjz2zbFWtKfAisXNSRjkanvnV6cY0DVkEVBCl2raVgJsRCZwKNi52UsUSQgekx9qaRiRkys2mp4/xkVa6OIilrgjwVP09kZFQqVHo686QQF/NexPxP6+dQnDhZjxKUmARnS0KUoEhxpMccJdLRkGMNCFUcn0rpn0iCQWdVlGHYM+/vEic0+pl1b49K9eu8jQK6AAdogqy0TmqoRvUQA6i6BE9o1f0ZjwZL8a78TFrXTLymX30B8bnD8UEkzw=</latexit>

if A and B are close

using different units

Dimensionality reduction: If we can 
compute one variable from the other we 
should keep the more concise 
representation. 



Covariance matrix
X with zero mean: CX =

1

n
XXT

<latexit sha1_base64="CjYDJ6zInWrDArMvdGLyqdmB8UA=">AAAB+3icbVBNS8NAEJ34WetXtEcvi0XwVBIR1INQ7MVjhcYG2lg22027dLMJuxshlPpXvHhQ8eof8ea/cdvmoK0PBh7vzTAzL0w5U9pxvq2V1bX1jc3SVnl7Z3dv3z44vFdJJgn1SMIT6YdYUc4E9TTTnPqppDgOOW2Ho8bUbz9SqVgiWjpPaRDjgWARI1gbqWdXGj0fXaNuJDFBrkC+/9Dq2VWn5syAlolbkCoUaPbsr24/IVlMhSYcK9VxnVQHYyw1I5xOyt1M0RSTER7QjqECx1QF49nxE3RilD6KEmlKaDRTf0+McaxUHoemM8Z6qBa9qfif18l0dBmMmUgzTQWZL4oyjnSCpkmgPpOUaJ4bgolk5lZEhtjkoE1eZROCu/jyMvHOalc19+68Wr8p0ijBERzDKbhwAXW4hSZ4QCCHZ3iFN+vJerHerY9564pVzFTgD6zPH3vqku0=</latexit><latexit sha1_base64="CjYDJ6zInWrDArMvdGLyqdmB8UA=">AAAB+3icbVBNS8NAEJ34WetXtEcvi0XwVBIR1INQ7MVjhcYG2lg22027dLMJuxshlPpXvHhQ8eof8ea/cdvmoK0PBh7vzTAzL0w5U9pxvq2V1bX1jc3SVnl7Z3dv3z44vFdJJgn1SMIT6YdYUc4E9TTTnPqppDgOOW2Ho8bUbz9SqVgiWjpPaRDjgWARI1gbqWdXGj0fXaNuJDFBrkC+/9Dq2VWn5syAlolbkCoUaPbsr24/IVlMhSYcK9VxnVQHYyw1I5xOyt1M0RSTER7QjqECx1QF49nxE3RilD6KEmlKaDRTf0+McaxUHoemM8Z6qBa9qfif18l0dBmMmUgzTQWZL4oyjnSCpkmgPpOUaJ4bgolk5lZEhtjkoE1eZROCu/jyMvHOalc19+68Wr8p0ijBERzDKbhwAXW4hSZ4QCCHZ3iFN+vJerHerY9564pVzFTgD6zPH3vqku0=</latexit><latexit sha1_base64="CjYDJ6zInWrDArMvdGLyqdmB8UA=">AAAB+3icbVBNS8NAEJ34WetXtEcvi0XwVBIR1INQ7MVjhcYG2lg22027dLMJuxshlPpXvHhQ8eof8ea/cdvmoK0PBh7vzTAzL0w5U9pxvq2V1bX1jc3SVnl7Z3dv3z44vFdJJgn1SMIT6YdYUc4E9TTTnPqppDgOOW2Ho8bUbz9SqVgiWjpPaRDjgWARI1gbqWdXGj0fXaNuJDFBrkC+/9Dq2VWn5syAlolbkCoUaPbsr24/IVlMhSYcK9VxnVQHYyw1I5xOyt1M0RSTER7QjqECx1QF49nxE3RilD6KEmlKaDRTf0+McaxUHoemM8Z6qBa9qfif18l0dBmMmUgzTQWZL4oyjnSCpkmgPpOUaJ4bgolk5lZEhtjkoE1eZROCu/jyMvHOalc19+68Wr8p0ijBERzDKbhwAXW4hSZ4QCCHZ3iFN+vJerHerY9564pVzFTgD6zPH3vqku0=</latexit><latexit sha1_base64="CjYDJ6zInWrDArMvdGLyqdmB8UA=">AAAB+3icbVBNS8NAEJ34WetXtEcvi0XwVBIR1INQ7MVjhcYG2lg22027dLMJuxshlPpXvHhQ8eof8ea/cdvmoK0PBh7vzTAzL0w5U9pxvq2V1bX1jc3SVnl7Z3dv3z44vFdJJgn1SMIT6YdYUc4E9TTTnPqppDgOOW2Ho8bUbz9SqVgiWjpPaRDjgWARI1gbqWdXGj0fXaNuJDFBrkC+/9Dq2VWn5syAlolbkCoUaPbsr24/IVlMhSYcK9VxnVQHYyw1I5xOyt1M0RSTER7QjqECx1QF49nxE3RilD6KEmlKaDRTf0+McaxUHoemM8Z6qBa9qfif18l0dBmMmUgzTQWZL4oyjnSCpkmgPpOUaJ4bgolk5lZEhtjkoE1eZROCu/jyMvHOalc19+68Wr8p0ijBERzDKbhwAXW4hSZ4QCCHZ3iFN+vJerHerY9564pVzFTgD6zPH3vqku0=</latexit>

Important properties:

Square symmetric matrix m x m

Diagonal contains the variances for each feature. Large variances 
are interesting structure

Off-diagonal contains covariance between different features. 
Large  variances are redundancy



Covariance matrix
Goals of PCA:

Minimize redundancy, measured by the magnitude of the covariance;

Maximize the signal, measured by the variance.



Diagonalize the covariance 
matrix

Our ideal covariance matrix is 
diagonal. Our goals translate into 
finding a change of basis that returns a 
representation of the data with 
diagonal covariance

PX = Y
<latexit sha1_base64="VpHU5JZ4mZD/GeLpEME76clMbMA=">AAAB7HicbVBNSwMxEJ2tX7V+VT16CRbBU9kVoXoQil48VnDbSruUbJptY7PJkmSFsvQ/ePGg4tUf5M1/Y9ruQVsfDDzem2FmXphwpo3rfjuFldW19Y3iZmlre2d3r7x/0NQyVYT6RHKp2iHWlDNBfcMMp+1EURyHnLbC0c3Ubz1RpZkU92ac0CDGA8EiRrCxUrPRRlfooVeuuFV3BrRMvJxUIEejV/7q9iVJYyoM4VjrjucmJsiwMoxwOil1U00TTEZ4QDuWChxTHWSzayfoxCp9FEllSxg0U39PZDjWehyHtjPGZqgXvan4n9dJTXQRZEwkqaGCzBdFKUdGounrqM8UJYaPLcFEMXsrIkOsMDE2oJINwVt8eZn4Z9XLqnd3Xqlf52kU4QiO4RQ8qEEdbqEBPhB4hGd4hTdHOi/Ou/Mxby04+cwh/IHz+QOdPI4I</latexit><latexit sha1_base64="VpHU5JZ4mZD/GeLpEME76clMbMA=">AAAB7HicbVBNSwMxEJ2tX7V+VT16CRbBU9kVoXoQil48VnDbSruUbJptY7PJkmSFsvQ/ePGg4tUf5M1/Y9ruQVsfDDzem2FmXphwpo3rfjuFldW19Y3iZmlre2d3r7x/0NQyVYT6RHKp2iHWlDNBfcMMp+1EURyHnLbC0c3Ubz1RpZkU92ac0CDGA8EiRrCxUrPRRlfooVeuuFV3BrRMvJxUIEejV/7q9iVJYyoM4VjrjucmJsiwMoxwOil1U00TTEZ4QDuWChxTHWSzayfoxCp9FEllSxg0U39PZDjWehyHtjPGZqgXvan4n9dJTXQRZEwkqaGCzBdFKUdGounrqM8UJYaPLcFEMXsrIkOsMDE2oJINwVt8eZn4Z9XLqnd3Xqlf52kU4QiO4RQ8qEEdbqEBPhB4hGd4hTdHOi/Ou/Mxby04+cwh/IHz+QOdPI4I</latexit><latexit sha1_base64="VpHU5JZ4mZD/GeLpEME76clMbMA=">AAAB7HicbVBNSwMxEJ2tX7V+VT16CRbBU9kVoXoQil48VnDbSruUbJptY7PJkmSFsvQ/ePGg4tUf5M1/Y9ruQVsfDDzem2FmXphwpo3rfjuFldW19Y3iZmlre2d3r7x/0NQyVYT6RHKp2iHWlDNBfcMMp+1EURyHnLbC0c3Ubz1RpZkU92ac0CDGA8EiRrCxUrPRRlfooVeuuFV3BrRMvJxUIEejV/7q9iVJYyoM4VjrjucmJsiwMoxwOil1U00TTEZ4QDuWChxTHWSzayfoxCp9FEllSxg0U39PZDjWehyHtjPGZqgXvan4n9dJTXQRZEwkqaGCzBdFKUdGounrqM8UJYaPLcFEMXsrIkOsMDE2oJINwVt8eZn4Z9XLqnd3Xqlf52kU4QiO4RQ8qEEdbqEBPhB4hGd4hTdHOi/Ou/Mxby04+cwh/IHz+QOdPI4I</latexit>

CY =
1

n
Y Y T

<latexit sha1_base64="mtHxz8Vq4+WtdkReux+Mg39Ngfs=">AAAB+3icbVBNS8NAEJ34WetXtEcvi0XwVBIR1INQ7MVjhca2tDFstpt26WYTdjdCCfWvePGg4tU/4s1/4/bjoK0PBh7vzTAzL0w5U9pxvq2V1bX1jc3CVnF7Z3dv3z44vFdJJgn1SMIT2QqxopwJ6mmmOW2lkuI45LQZDmsTv/lIpWKJaOhRSv0Y9wWLGMHaSIFdqgVtdI26kcQEuQK12w+NwC47FWcKtEzcOSnDHPXA/ur2EpLFVGjCsVId10m1n2OpGeF0XOxmiqaYDHGfdgwVOKbKz6fHj9GJUXooSqQpodFU/T2R41ipURyazhjrgVr0JuJ/XifT0aWfM5FmmgoyWxRlHOkETZJAPSYp0XxkCCaSmVsRGWCTgzZ5FU0I7uLLy8Q7q1xV3LvzcvVmnkYBjuAYTsGFC6jCLdTBAwIjeIZXeLOerBfr3fqYta5Y85kS/IH1+QOAiJLw</latexit><latexit sha1_base64="mtHxz8Vq4+WtdkReux+Mg39Ngfs=">AAAB+3icbVBNS8NAEJ34WetXtEcvi0XwVBIR1INQ7MVjhca2tDFstpt26WYTdjdCCfWvePGg4tU/4s1/4/bjoK0PBh7vzTAzL0w5U9pxvq2V1bX1jc3CVnF7Z3dv3z44vFdJJgn1SMIT2QqxopwJ6mmmOW2lkuI45LQZDmsTv/lIpWKJaOhRSv0Y9wWLGMHaSIFdqgVtdI26kcQEuQK12w+NwC47FWcKtEzcOSnDHPXA/ur2EpLFVGjCsVId10m1n2OpGeF0XOxmiqaYDHGfdgwVOKbKz6fHj9GJUXooSqQpodFU/T2R41ipURyazhjrgVr0JuJ/XifT0aWfM5FmmgoyWxRlHOkETZJAPSYp0XxkCCaSmVsRGWCTgzZ5FU0I7uLLy8Q7q1xV3LvzcvVmnkYBjuAYTsGFC6jCLdTBAwIjeIZXeLOerBfr3fqYta5Y85kS/IH1+QOAiJLw</latexit><latexit sha1_base64="mtHxz8Vq4+WtdkReux+Mg39Ngfs=">AAAB+3icbVBNS8NAEJ34WetXtEcvi0XwVBIR1INQ7MVjhca2tDFstpt26WYTdjdCCfWvePGg4tU/4s1/4/bjoK0PBh7vzTAzL0w5U9pxvq2V1bX1jc3CVnF7Z3dv3z44vFdJJgn1SMIT2QqxopwJ6mmmOW2lkuI45LQZDmsTv/lIpWKJaOhRSv0Y9wWLGMHaSIFdqgVtdI26kcQEuQK12w+NwC47FWcKtEzcOSnDHPXA/ur2EpLFVGjCsVId10m1n2OpGeF0XOxmiqaYDHGfdgwVOKbKz6fHj9GJUXooSqQpodFU/T2R41ipURyazhjrgVr0JuJ/XifT0aWfM5FmmgoyWxRlHOkETZJAPSYp0XxkCCaSmVsRGWCTgzZ5FU0I7uLLy8Q7q1xV3LvzcvVmnkYBjuAYTsGFC6jCLdTBAwIjeIZXeLOerBfr3fqYta5Y85kS/IH1+QOAiJLw</latexit><latexit sha1_base64="mtHxz8Vq4+WtdkReux+Mg39Ngfs=">AAAB+3icbVBNS8NAEJ34WetXtEcvi0XwVBIR1INQ7MVjhca2tDFstpt26WYTdjdCCfWvePGg4tU/4s1/4/bjoK0PBh7vzTAzL0w5U9pxvq2V1bX1jc3CVnF7Z3dv3z44vFdJJgn1SMIT2QqxopwJ6mmmOW2lkuI45LQZDmsTv/lIpWKJaOhRSv0Y9wWLGMHaSIFdqgVtdI26kcQEuQK12w+NwC47FWcKtEzcOSnDHPXA/ur2EpLFVGjCsVId10m1n2OpGeF0XOxmiqaYDHGfdgwVOKbKz6fHj9GJUXooSqQpodFU/T2R41ipURyazhjrgVr0JuJ/XifT0aWfM5FmmgoyWxRlHOkETZJAPSYp0XxkCCaSmVsRGWCTgzZ5FU0I7uLLy8Q7q1xV3LvzcvVmnkYBjuAYTsGFC6jCLdTBAwIjeIZXeLOerBfr3fqYta5Y85kS/IH1+QOAiJLw</latexit>

The rows of the orthonormal P are the principal components

= PCXPT
<latexit sha1_base64="hyE+9GkOdgfQXnLxZuWuNs9/GIc=">AAAB8HicbVBNS8NAEJ3Ur1q/oh69LBbBU0lEUA9CsRePERpbbGPZbDft0s0m7G6EEvovvHhQ8erP8ea/cdvmoK0PBh7vzTAzL0w5U9pxvq3Syura+kZ5s7K1vbO7Z+8f3Kskk4T6JOGJbIdYUc4E9TXTnLZTSXEcctoKR42p33qiUrFENPU4pUGMB4JFjGBtpAd0jbxGr+09Nnt21ak5M6Bl4hakCgW8nv3V7Scki6nQhGOlOq6T6iDHUjPC6aTSzRRNMRnhAe0YKnBMVZDPLp6gE6P0UZRIU0Kjmfp7IsexUuM4NJ0x1kO16E3F/7xOpqPLIGcizTQVZL4oyjjSCZq+j/pMUqL52BBMJDO3IjLEEhNtQqqYENzFl5eJf1a7qrl359X6TZFGGY7gGE7BhQuowy144AMBAc/wCm+Wsl6sd+tj3lqyiplD+APr8wcsOY97</latexit><latexit sha1_base64="hyE+9GkOdgfQXnLxZuWuNs9/GIc=">AAAB8HicbVBNS8NAEJ3Ur1q/oh69LBbBU0lEUA9CsRePERpbbGPZbDft0s0m7G6EEvovvHhQ8erP8ea/cdvmoK0PBh7vzTAzL0w5U9pxvq3Syura+kZ5s7K1vbO7Z+8f3Kskk4T6JOGJbIdYUc4E9TXTnLZTSXEcctoKR42p33qiUrFENPU4pUGMB4JFjGBtpAd0jbxGr+09Nnt21ak5M6Bl4hakCgW8nv3V7Scki6nQhGOlOq6T6iDHUjPC6aTSzRRNMRnhAe0YKnBMVZDPLp6gE6P0UZRIU0Kjmfp7IsexUuM4NJ0x1kO16E3F/7xOpqPLIGcizTQVZL4oyjjSCZq+j/pMUqL52BBMJDO3IjLEEhNtQqqYENzFl5eJf1a7qrl359X6TZFGGY7gGE7BhQuowy144AMBAc/wCm+Wsl6sd+tj3lqyiplD+APr8wcsOY97</latexit><latexit sha1_base64="hyE+9GkOdgfQXnLxZuWuNs9/GIc=">AAAB8HicbVBNS8NAEJ3Ur1q/oh69LBbBU0lEUA9CsRePERpbbGPZbDft0s0m7G6EEvovvHhQ8erP8ea/cdvmoK0PBh7vzTAzL0w5U9pxvq3Syura+kZ5s7K1vbO7Z+8f3Kskk4T6JOGJbIdYUc4E9TXTnLZTSXEcctoKR42p33qiUrFENPU4pUGMB4JFjGBtpAd0jbxGr+09Nnt21ak5M6Bl4hakCgW8nv3V7Scki6nQhGOlOq6T6iDHUjPC6aTSzRRNMRnhAe0YKnBMVZDPLp6gE6P0UZRIU0Kjmfp7IsexUuM4NJ0x1kO16E3F/7xOpqPLIGcizTQVZL4oyjjSCZq+j/pMUqL52BBMJDO3IjLEEhNtQqqYENzFl5eJf1a7qrl359X6TZFGGY7gGE7BhQuowy144AMBAc/wCm+Wsl6sd+tj3lqyiplD+APr8wcsOY97</latexit><latexit sha1_base64="hyE+9GkOdgfQXnLxZuWuNs9/GIc=">AAAB8HicbVBNS8NAEJ3Ur1q/oh69LBbBU0lEUA9CsRePERpbbGPZbDft0s0m7G6EEvovvHhQ8erP8ea/cdvmoK0PBh7vzTAzL0w5U9pxvq3Syura+kZ5s7K1vbO7Z+8f3Kskk4T6JOGJbIdYUc4E9TXTnLZTSXEcctoKR42p33qiUrFENPU4pUGMB4JFjGBtpAd0jbxGr+09Nnt21ak5M6Bl4hakCgW8nv3V7Scki6nQhGOlOq6T6iDHUjPC6aTSzRRNMRnhAe0YKnBMVZDPLp6gE6P0UZRIU0Kjmfp7IsexUuM4NJ0x1kO16E3F/7xOpqPLIGcizTQVZL4oyjjSCZq+j/pMUqL52BBMJDO3IjLEEhNtQqqYENzFl5eJf1a7qrl359X6TZFGGY7gGE7BhQuowy144AMBAc/wCm+Wsl6sd+tj3lqyiplD+APr8wcsOY97</latexit>



Solving PCA with EVD

We select the matrix P to be a matrix where each row 
is an eigenvector of CX

<latexit sha1_base64="3/5xa4qoc9wb4aDULU9R+gDyhrg=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG/FXjxWMLbQhrLZbtqlu5uwuxFC6F/w4kHFq7/Im//GTZuDtj4YeLw3w8y8MOFMG9f9dipr6xubW9Xt2s7u3v5B/fDoUcepItQnMY9VL8Saciapb5jhtJcoikXIaTectgu/+0SVZrF8MFlCA4HHkkWMYFNIqD3sDesNt+nOgVaJV5IGlOgM61+DUUxSQaUhHGvd99zEBDlWhhFOZ7VBqmmCyRSPad9SiQXVQT6/dYbOrDJCUaxsSYPm6u+JHAutMxHaToHNRC97hfif109NdB3kTCapoZIsFkUpRyZGxeNoxBQlhmeWYKKYvRWRCVaYGBtPzYbgLb+8SvyL5k3Tu79stG7LNKpwAqdwDh5cQQvuoAM+EJjAM7zCmyOcF+fd+Vi0Vpxy5hj+wPn8AbmIjZA=</latexit><latexit sha1_base64="3/5xa4qoc9wb4aDULU9R+gDyhrg=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG/FXjxWMLbQhrLZbtqlu5uwuxFC6F/w4kHFq7/Im//GTZuDtj4YeLw3w8y8MOFMG9f9dipr6xubW9Xt2s7u3v5B/fDoUcepItQnMY9VL8Saciapb5jhtJcoikXIaTectgu/+0SVZrF8MFlCA4HHkkWMYFNIqD3sDesNt+nOgVaJV5IGlOgM61+DUUxSQaUhHGvd99zEBDlWhhFOZ7VBqmmCyRSPad9SiQXVQT6/dYbOrDJCUaxsSYPm6u+JHAutMxHaToHNRC97hfif109NdB3kTCapoZIsFkUpRyZGxeNoxBQlhmeWYKKYvRWRCVaYGBtPzYbgLb+8SvyL5k3Tu79stG7LNKpwAqdwDh5cQQvuoAM+EJjAM7zCmyOcF+fd+Vi0Vpxy5hj+wPn8AbmIjZA=</latexit><latexit sha1_base64="3/5xa4qoc9wb4aDULU9R+gDyhrg=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG/FXjxWMLbQhrLZbtqlu5uwuxFC6F/w4kHFq7/Im//GTZuDtj4YeLw3w8y8MOFMG9f9dipr6xubW9Xt2s7u3v5B/fDoUcepItQnMY9VL8Saciapb5jhtJcoikXIaTectgu/+0SVZrF8MFlCA4HHkkWMYFNIqD3sDesNt+nOgVaJV5IGlOgM61+DUUxSQaUhHGvd99zEBDlWhhFOZ7VBqmmCyRSPad9SiQXVQT6/dYbOrDJCUaxsSYPm6u+JHAutMxHaToHNRC97hfif109NdB3kTCapoZIsFkUpRyZGxeNoxBQlhmeWYKKYvRWRCVaYGBtPzYbgLb+8SvyL5k3Tu79stG7LNKpwAqdwDh5cQQvuoAM+EJjAM7zCmyOcF+fd+Vi0Vpxy5hj+wPn8AbmIjZA=</latexit><latexit sha1_base64="3/5xa4qoc9wb4aDULU9R+gDyhrg=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG/FXjxWMLbQhrLZbtqlu5uwuxFC6F/w4kHFq7/Im//GTZuDtj4YeLw3w8y8MOFMG9f9dipr6xubW9Xt2s7u3v5B/fDoUcepItQnMY9VL8Saciapb5jhtJcoikXIaTectgu/+0SVZrF8MFlCA4HHkkWMYFNIqD3sDesNt+nOgVaJV5IGlOgM61+DUUxSQaUhHGvd99zEBDlWhhFOZ7VBqmmCyRSPad9SiQXVQT6/dYbOrDJCUaxsSYPm6u+JHAutMxHaToHNRC97hfif109NdB3kTCapoZIsFkUpRyZGxeNoxBQlhmeWYKKYvRWRCVaYGBtPzYbgLb+8SvyL5k3Tu79stG7LNKpwAqdwDh5cQQvuoAM+EJjAM7zCmyOcF+fd+Vi0Vpxy5hj+wPn8AbmIjZA=</latexit>

EVD: Any symmetric matrix can be diagonalized A = EDET
<latexit sha1_base64="XSqM94Betfm6RhO+H+16w8jnFc0=">AAAB73icbVBNSwMxEJ2tX7V+VT16CRbBU9kVQT0I9aPgsULXVtq1ZNO0DU2yS5IVytJf4cWDilf/jjf/jWm7B60+GHi8N8PMvDDmTBvX/XJyC4tLyyv51cLa+sbmVnF7505HiSLUJxGPVDPEmnImqW+Y4bQZK4pFyGkjHF5N/MYjVZpFsm5GMQ0E7kvWYwQbK91foHNUva4+1DvFklt2p0B/iZeREmSodYqf7W5EEkGlIRxr3fLc2AQpVoYRTseFdqJpjMkQ92nLUokF1UE6PXiMDqzSRb1I2ZIGTdWfEykWWo9EaDsFNgM9703E/7xWYnqnQcpknBgqyWxRL+HIRGjyPeoyRYnhI0swUczeisgAK0yMzahgQ/DmX/5L/KPyWdm7PS5VLrM08rAH+3AIHpxABW6gBj4QEPAEL/DqKOfZeXPeZ605J5vZhV9wPr4BMjuO5g==</latexit><latexit sha1_base64="XSqM94Betfm6RhO+H+16w8jnFc0=">AAAB73icbVBNSwMxEJ2tX7V+VT16CRbBU9kVQT0I9aPgsULXVtq1ZNO0DU2yS5IVytJf4cWDilf/jjf/jWm7B60+GHi8N8PMvDDmTBvX/XJyC4tLyyv51cLa+sbmVnF7505HiSLUJxGPVDPEmnImqW+Y4bQZK4pFyGkjHF5N/MYjVZpFsm5GMQ0E7kvWYwQbK91foHNUva4+1DvFklt2p0B/iZeREmSodYqf7W5EEkGlIRxr3fLc2AQpVoYRTseFdqJpjMkQ92nLUokF1UE6PXiMDqzSRb1I2ZIGTdWfEykWWo9EaDsFNgM9703E/7xWYnqnQcpknBgqyWxRL+HIRGjyPeoyRYnhI0swUczeisgAK0yMzahgQ/DmX/5L/KPyWdm7PS5VLrM08rAH+3AIHpxABW6gBj4QEPAEL/DqKOfZeXPeZ605J5vZhV9wPr4BMjuO5g==</latexit><latexit sha1_base64="XSqM94Betfm6RhO+H+16w8jnFc0=">AAAB73icbVBNSwMxEJ2tX7V+VT16CRbBU9kVQT0I9aPgsULXVtq1ZNO0DU2yS5IVytJf4cWDilf/jjf/jWm7B60+GHi8N8PMvDDmTBvX/XJyC4tLyyv51cLa+sbmVnF7505HiSLUJxGPVDPEmnImqW+Y4bQZK4pFyGkjHF5N/MYjVZpFsm5GMQ0E7kvWYwQbK91foHNUva4+1DvFklt2p0B/iZeREmSodYqf7W5EEkGlIRxr3fLc2AQpVoYRTseFdqJpjMkQ92nLUokF1UE6PXiMDqzSRb1I2ZIGTdWfEykWWo9EaDsFNgM9703E/7xWYnqnQcpknBgqyWxRL+HIRGjyPeoyRYnhI0swUczeisgAK0yMzahgQ/DmX/5L/KPyWdm7PS5VLrM08rAH+3AIHpxABW6gBj4QEPAEL/DqKOfZeXPeZ605J5vZhV9wPr4BMjuO5g==</latexit><latexit sha1_base64="XSqM94Betfm6RhO+H+16w8jnFc0=">AAAB73icbVBNSwMxEJ2tX7V+VT16CRbBU9kVQT0I9aPgsULXVtq1ZNO0DU2yS5IVytJf4cWDilf/jjf/jWm7B60+GHi8N8PMvDDmTBvX/XJyC4tLyyv51cLa+sbmVnF7505HiSLUJxGPVDPEmnImqW+Y4bQZK4pFyGkjHF5N/MYjVZpFsm5GMQ0E7kvWYwQbK91foHNUva4+1DvFklt2p0B/iZeREmSodYqf7W5EEkGlIRxr3fLc2AQpVoYRTseFdqJpjMkQ92nLUokF1UE6PXiMDqzSRb1I2ZIGTdWfEykWWo9EaDsFNgM9703E/7xWYnqnQcpknBgqyWxRL+HIRGjyPeoyRYnhI0swUczeisgAK0yMzahgQ/DmX/5L/KPyWdm7PS5VLrM08rAH+3AIHpxABW6gBj4QEPAEL/DqKOfZeXPeZ605J5vZhV9wPr4BMjuO5g==</latexit>

D is diagonal and E’s columns are the eigenvectors of A 

P = ET
<latexit sha1_base64="u/t7QdtUy2FSg2ONdZ+E6UmQTjc=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUA9CUQSPFRpbaGPZbCft0s0m7G6EUvojvHhQ8er/8ea/cdvmoNUHA4/3ZpiZF6aCa+O6X05haXllda24XtrY3NreKe/u3eskUwx9lohEtUKqUXCJvuFGYCtVSONQYDMcXk/95iMqzRPZMKMUg5j2JY84o8ZKzTq5JDcPjW654lbdGchf4uWkAjnq3fJnp5ewLEZpmKBatz03NcGYKsOZwEmpk2lMKRvSPrYtlTRGHYxn507IkVV6JEqULWnITP05Maax1qM4tJ0xNQO96E3F/7x2ZqLzYMxlmhmUbL4oygQxCZn+TnpcITNiZAllittbCRtQRZmxCZVsCN7iy3+Jf1K9qHp3p5XaVZ5GEQ7gEI7BgzOowS3UwQcGQ3iCF3h1UufZeXPe560FJ5/Zh19wPr4BLNyOWA==</latexit><latexit sha1_base64="u/t7QdtUy2FSg2ONdZ+E6UmQTjc=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUA9CUQSPFRpbaGPZbCft0s0m7G6EUvojvHhQ8er/8ea/cdvmoNUHA4/3ZpiZF6aCa+O6X05haXllda24XtrY3NreKe/u3eskUwx9lohEtUKqUXCJvuFGYCtVSONQYDMcXk/95iMqzRPZMKMUg5j2JY84o8ZKzTq5JDcPjW654lbdGchf4uWkAjnq3fJnp5ewLEZpmKBatz03NcGYKsOZwEmpk2lMKRvSPrYtlTRGHYxn507IkVV6JEqULWnITP05Maax1qM4tJ0xNQO96E3F/7x2ZqLzYMxlmhmUbL4oygQxCZn+TnpcITNiZAllittbCRtQRZmxCZVsCN7iy3+Jf1K9qHp3p5XaVZ5GEQ7gEI7BgzOowS3UwQcGQ3iCF3h1UufZeXPe560FJ5/Zh19wPr4BLNyOWA==</latexit><latexit sha1_base64="u/t7QdtUy2FSg2ONdZ+E6UmQTjc=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUA9CUQSPFRpbaGPZbCft0s0m7G6EUvojvHhQ8er/8ea/cdvmoNUHA4/3ZpiZF6aCa+O6X05haXllda24XtrY3NreKe/u3eskUwx9lohEtUKqUXCJvuFGYCtVSONQYDMcXk/95iMqzRPZMKMUg5j2JY84o8ZKzTq5JDcPjW654lbdGchf4uWkAjnq3fJnp5ewLEZpmKBatz03NcGYKsOZwEmpk2lMKRvSPrYtlTRGHYxn507IkVV6JEqULWnITP05Maax1qM4tJ0xNQO96E3F/7x2ZqLzYMxlmhmUbL4oygQxCZn+TnpcITNiZAllittbCRtQRZmxCZVsCN7iy3+Jf1K9qHp3p5XaVZ5GEQ7gEI7BgzOowS3UwQcGQ3iCF3h1UufZeXPe560FJ5/Zh19wPr4BLNyOWA==</latexit><latexit sha1_base64="u/t7QdtUy2FSg2ONdZ+E6UmQTjc=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUA9CUQSPFRpbaGPZbCft0s0m7G6EUvojvHhQ8er/8ea/cdvmoNUHA4/3ZpiZF6aCa+O6X05haXllda24XtrY3NreKe/u3eskUwx9lohEtUKqUXCJvuFGYCtVSONQYDMcXk/95iMqzRPZMKMUg5j2JY84o8ZKzTq5JDcPjW654lbdGchf4uWkAjnq3fJnp5ewLEZpmKBatz03NcGYKsOZwEmpk2lMKRvSPrYtlTRGHYxn507IkVV6JEqULWnITP05Maax1qM4tJ0xNQO96E3F/7x2ZqLzYMxlmhmUbL4oygQxCZn+TnpcITNiZAllittbCRtQRZmxCZVsCN7iy3+Jf1K9qHp3p5XaVZ5GEQ7gEI7BgzOowS3UwQcGQ3iCF3h1UufZeXPe560FJ5/Zh19wPr4BLNyOWA==</latexit>

With this selection and using the fact that the inverse of an orthogonal 
matrix is its transpose

CY = D
<latexit sha1_base64="aAllz2J7Ai6tueIvQv4oNyopDPE=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUA9CsR48VjC20pay2U7apZtN2N0IJfRHePGg4tX/481/47bNQasPBh7vzTAzL0gE18Z1v5zC0vLK6lpxvbSxubW9U97du9dxqhj6LBaxagVUo+ASfcONwFaikEaBwGYwqk/95iMqzWN5Z8YJdiM6kDzkjBorNeu9B3JJrnvlilt1ZyB/iZeTCuRo9MqfnX7M0gilYYJq3fbcxHQzqgxnAielTqoxoWxEB9i2VNIIdTebnTshR1bpkzBWtqQhM/XnREYjrcdRYDsjaoZ60ZuK/3nt1ITn3YzLJDUo2XxRmApiYjL9nfS5QmbE2BLKFLe3EjakijJjEyrZELzFl/8S/6R6UfVuTyu1qzyNIhzAIRyDB2dQgxtogA8MRvAEL/DqJM6z8+a8z1sLTj6zD7/gfHwDIdOOUA==</latexit><latexit sha1_base64="aAllz2J7Ai6tueIvQv4oNyopDPE=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUA9CsR48VjC20pay2U7apZtN2N0IJfRHePGg4tX/481/47bNQasPBh7vzTAzL0gE18Z1v5zC0vLK6lpxvbSxubW9U97du9dxqhj6LBaxagVUo+ASfcONwFaikEaBwGYwqk/95iMqzWN5Z8YJdiM6kDzkjBorNeu9B3JJrnvlilt1ZyB/iZeTCuRo9MqfnX7M0gilYYJq3fbcxHQzqgxnAielTqoxoWxEB9i2VNIIdTebnTshR1bpkzBWtqQhM/XnREYjrcdRYDsjaoZ60ZuK/3nt1ITn3YzLJDUo2XxRmApiYjL9nfS5QmbE2BLKFLe3EjakijJjEyrZELzFl/8S/6R6UfVuTyu1qzyNIhzAIRyDB2dQgxtogA8MRvAEL/DqJM6z8+a8z1sLTj6zD7/gfHwDIdOOUA==</latexit><latexit sha1_base64="aAllz2J7Ai6tueIvQv4oNyopDPE=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUA9CsR48VjC20pay2U7apZtN2N0IJfRHePGg4tX/481/47bNQasPBh7vzTAzL0gE18Z1v5zC0vLK6lpxvbSxubW9U97du9dxqhj6LBaxagVUo+ASfcONwFaikEaBwGYwqk/95iMqzWN5Z8YJdiM6kDzkjBorNeu9B3JJrnvlilt1ZyB/iZeTCuRo9MqfnX7M0gilYYJq3fbcxHQzqgxnAielTqoxoWxEB9i2VNIIdTebnTshR1bpkzBWtqQhM/XnREYjrcdRYDsjaoZ60ZuK/3nt1ITn3YzLJDUo2XxRmApiYjL9nfS5QmbE2BLKFLe3EjakijJjEyrZELzFl/8S/6R6UfVuTyu1qzyNIhzAIRyDB2dQgxtogA8MRvAEL/DqJM6z8+a8z1sLTj6zD7/gfHwDIdOOUA==</latexit><latexit sha1_base64="aAllz2J7Ai6tueIvQv4oNyopDPE=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUA9CsR48VjC20pay2U7apZtN2N0IJfRHePGg4tX/481/47bNQasPBh7vzTAzL0gE18Z1v5zC0vLK6lpxvbSxubW9U97du9dxqhj6LBaxagVUo+ASfcONwFaikEaBwGYwqk/95iMqzWN5Z8YJdiM6kDzkjBorNeu9B3JJrnvlilt1ZyB/iZeTCuRo9MqfnX7M0gilYYJq3fbcxHQzqgxnAielTqoxoWxEB9i2VNIIdTebnTshR1bpkzBWtqQhM/XnREYjrcdRYDsjaoZ60ZuK/3nt1ITn3YzLJDUo2XxRmApiYjL9nfS5QmbE2BLKFLe3EjakijJjEyrZELzFl/8S/6R6UfVuTyu1qzyNIhzAIRyDB2dQgxtogA8MRvAEL/DqJM6z8+a8z1sLTj6zD7/gfHwDIdOOUA==</latexit>



Solving PCA with SVD

X = U⌃V T
<latexit sha1_base64="uosIdGuCCcMEpXM63WxRJbeDBt8=">AAAB93icbVBNS8NAEJ3Ur1o/GvXoZbEInkoignoQil48VmzaQhvLZrtpl+4mYXcj1NBf4sWDilf/ijf/jds2B219MPB4b4aZeUHCmdKO820VVlbX1jeKm6Wt7Z3dsr2331RxKgn1SMxj2Q6wopxF1NNMc9pOJMUi4LQVjG6mfuuRSsXiqKHHCfUFHkQsZARrI/XschtdIa97zwYCo+ZDo2dXnKozA1ombk4qkKPes7+6/ZikgkaacKxUx3US7WdYakY4nZS6qaIJJiM8oB1DIyyo8rPZ4RN0bJQ+CmNpKtJopv6eyLBQaiwC0ymwHqpFbyr+53VSHV74GYuSVNOIzBeFKUc6RtMUUJ9JSjQfG4KJZOZWRIZYYqJNViUTgrv48jLxTquXVffurFK7ztMowiEcwQm4cA41uIU6eEAghWd4hTfryXqx3q2PeWvBymcO4A+szx82+5G0</latexit><latexit sha1_base64="uosIdGuCCcMEpXM63WxRJbeDBt8=">AAAB93icbVBNS8NAEJ3Ur1o/GvXoZbEInkoignoQil48VmzaQhvLZrtpl+4mYXcj1NBf4sWDilf/ijf/jds2B219MPB4b4aZeUHCmdKO820VVlbX1jeKm6Wt7Z3dsr2331RxKgn1SMxj2Q6wopxF1NNMc9pOJMUi4LQVjG6mfuuRSsXiqKHHCfUFHkQsZARrI/XschtdIa97zwYCo+ZDo2dXnKozA1ombk4qkKPes7+6/ZikgkaacKxUx3US7WdYakY4nZS6qaIJJiM8oB1DIyyo8rPZ4RN0bJQ+CmNpKtJopv6eyLBQaiwC0ymwHqpFbyr+53VSHV74GYuSVNOIzBeFKUc6RtMUUJ9JSjQfG4KJZOZWRIZYYqJNViUTgrv48jLxTquXVffurFK7ztMowiEcwQm4cA41uIU6eEAghWd4hTfryXqx3q2PeWvBymcO4A+szx82+5G0</latexit><latexit sha1_base64="uosIdGuCCcMEpXM63WxRJbeDBt8=">AAAB93icbVBNS8NAEJ3Ur1o/GvXoZbEInkoignoQil48VmzaQhvLZrtpl+4mYXcj1NBf4sWDilf/ijf/jds2B219MPB4b4aZeUHCmdKO820VVlbX1jeKm6Wt7Z3dsr2331RxKgn1SMxj2Q6wopxF1NNMc9pOJMUi4LQVjG6mfuuRSsXiqKHHCfUFHkQsZARrI/XschtdIa97zwYCo+ZDo2dXnKozA1ombk4qkKPes7+6/ZikgkaacKxUx3US7WdYakY4nZS6qaIJJiM8oB1DIyyo8rPZ4RN0bJQ+CmNpKtJopv6eyLBQaiwC0ymwHqpFbyr+53VSHV74GYuSVNOIzBeFKUc6RtMUUJ9JSjQfG4KJZOZWRIZYYqJNViUTgrv48jLxTquXVffurFK7ztMowiEcwQm4cA41uIU6eEAghWd4hTfryXqx3q2PeWvBymcO4A+szx82+5G0</latexit><latexit sha1_base64="uosIdGuCCcMEpXM63WxRJbeDBt8=">AAAB93icbVBNS8NAEJ3Ur1o/GvXoZbEInkoignoQil48VmzaQhvLZrtpl+4mYXcj1NBf4sWDilf/ijf/jds2B219MPB4b4aZeUHCmdKO820VVlbX1jeKm6Wt7Z3dsr2331RxKgn1SMxj2Q6wopxF1NNMc9pOJMUi4LQVjG6mfuuRSsXiqKHHCfUFHkQsZARrI/XschtdIa97zwYCo+ZDo2dXnKozA1ombk4qkKPes7+6/ZikgkaacKxUx3US7WdYakY4nZS6qaIJJiM8oB1DIyyo8rPZ4RN0bJQ+CmNpKtJopv6eyLBQaiwC0ymwHqpFbyr+53VSHV74GYuSVNOIzBeFKUc6RtMUUJ9JSjQfG4KJZOZWRIZYYqJNViUTgrv48jLxTquXVffurFK7ztMowiEcwQm4cA41uIU6eEAghWd4hTfryXqx3q2PeWvBymcO4A+szx82+5G0</latexit>

Any arbitrary matrix can be written as the product of orthogonal, diagonal, orthogonal 

In julia, do 

A = [1. 0. 0. 0. 2.; 0. 0. 3. 0. 0.; 0. 0. 0. 0. 0.; 0. 2. 0. 0. 0.]

U, S, V = svd(A)

V spans the column space of X, so the columns of V are the principal components of X





Limits



Assumptions

1. Linearity
2. Large variances have important structure
3. The principal components are orthogonal


