
Introduction

Principal component analysis (PCA) reduces the number of dimensions in large datasets to principal
components that retain most of the original information. It does this by transforming potentially
correlated variables into a smaller set of uncorrelated variables, called principal components.

Let  the matrix  of data, we note  = the centered matrix. Then the empirical variances,
covariances matrix is . We note  the vector of the eigen value (in decrease order) of
the matrix  and  the  orthogonal matrix of the eigen vectors :

Then We have

The coordinates of the  observations in the new basis of the eigen vectors  are

The The coordinates of the  variables in the new basis of the eigen vectors  are

The total inertia (variance) is

The variance of the variable  is 
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my_PCA (generic function with 1 method)

Code

lambda = [4.20005342799463, 0.2410529429424425, 0.07768810337596646, 0.023676192
my_U = 

4×4 Matrix{Float64}:
 -0.361387    0.656589   0.58203     0.315487
  0.0845225   0.730161  -0.597911   -0.319723
 -0.856671   -0.173373  -0.0762361  -0.479839
 -0.358289   -0.075481  -0.545831    0.753657

my_Ψ = 

150×4 Matrix{Float64}:
  2.68413   0.319397    0.0279148   0.00226244
  2.71414  -0.177001    0.210464    0.0990266
  2.88899  -0.144949   -0.0179003   0.0199684
  2.74534  -0.318299   -0.0315594  -0.0755758
  2.72872   0.326755   -0.0900792  -0.0612586
  2.28086   0.74133    -0.168678   -0.0242009
  2.82054  -0.0894614  -0.257892   -0.0481431
  2.62614   0.163385    0.0218793  -0.0452979
  2.88638  -0.578312   -0.0207596  -0.0267447
  2.67276  -0.113774    0.197633   -0.0562954
  2.50695   0.645069    0.075318   -0.0150199
  2.61276   0.0147299  -0.10215    -0.156379
  2.78611  -0.235112    0.206844   -0.00788791
  ⋮                                
 -1.16933  -0.16499    -0.281836    0.0204618
 -2.10761   0.372288   -0.0272911   0.210622
 -2.31415   0.183651   -0.322694    0.277654
 -1.92227   0.409203   -0.113587    0.505305
 -1.41524  -0.574916   -0.296323   -0.0153047
 -2.56301   0.277863   -0.29257     0.0579127
 -2.41875   0.304798   -0.504483    0.241091
 -1.94411   0.187532   -0.177825    0.426196
 -1.52717  -0.375317    0.121898    0.254367
 -1.76435   0.0788589  -0.130482    0.137001
 -1.90094   0.116628   -0.723252    0.0445953
 -1.39019  -0.282661   -0.36291    -0.155039

my_Φ = 

4×4 Matrix{Float64}:
  -9.07079   3.94817    1.98686    0.594543
   2.12151   4.39057   -2.04108   -0.602526
 -21.5024   -1.04252   -0.260246  -0.904268
  -8.99304  -0.453878  -1.86329    1.42029

Total inertia = 4.5424706666666665
my_cum_var_ratio = [0.9246187232017269, 0.9776852063187946, 0.9947878161267244, 
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U = 

4×4 Matrix{Float64}:
 -0.361387    0.656589   0.58203     0.315487
  0.0845225   0.730161  -0.597911   -0.319723
 -0.856671   -0.173373  -0.0762361  -0.479839
 -0.358289   -0.075481  -0.545831    0.753657

Ψ = 

4×150 Matrix{Float64}:
 2.68413      2.71414     2.88899    …  -1.76435    -1.90094    -1.39019
 0.319397    -0.177001   -0.144949       0.0788589   0.116628   -0.282661
 0.0279148    0.210464   -0.0179003     -0.130482   -0.723252   -0.36291
 0.00226244   0.0990266   0.0199684      0.137001    0.0445953  -0.155039

150×4 Matrix{Float64}:
  0.0           2.22045e-16   0.0           2.21177e-16
  0.0           1.66533e-16  -5.55112e-17   4.44089e-16
  0.0           2.77556e-16   0.0           0.0
  0.0           2.77556e-16   2.15106e-16  -1.11022e-16
  0.0           3.33067e-16   2.22045e-16   0.0
  0.0           3.33067e-16  -1.66533e-16   2.42861e-17
  0.0           3.88578e-16   5.55112e-17  -4.30211e-16
  0.0           3.33067e-16   2.22045e-16   1.11022e-16
  0.0           3.33067e-16   2.22045e-16  -2.22045e-16
 -4.44089e-16   2.498e-16     1.38778e-16   4.30211e-16
  0.0           2.22045e-16  -2.22045e-16   4.42354e-16
  0.0           5.75928e-16   2.22045e-16  -1.11022e-16
 -4.44089e-16   2.77556e-16   8.32667e-17   4.31946e-16
  ⋮                                        
  0.0           2.77556e-17  -5.55112e-17  -6.00214e-16
  0.0          -3.33067e-16  -4.68375e-16   1.66533e-16
  0.0          -3.05311e-16  -6.10623e-16  -4.996e-16
  0.0          -4.44089e-16  -1.02696e-15   0.0
  0.0           0.0           1.11022e-16  -8.10116e-16
  4.44089e-16  -5.55112e-17  -2.77556e-16  -4.3715e-16
  0.0          -1.66533e-16  -5.55112e-16  -8.60423e-16
  0.0          -4.71845e-16  -8.32667e-16  -3.33067e-16
  0.0          -4.44089e-16  -3.46945e-16   1.66533e-16
  0.0          -2.08167e-16  -2.77556e-16  -3.05311e-16
  0.0           1.66533e-16  -2.22045e-16  -1.43635e-15
  2.22045e-16   1.11022e-16   2.77556e-16  -8.32667e-16

4×4 Matrix{Float64}:
  0.0          -5.55112e-16  -6.66134e-16   1.38778e-15
 -1.38778e-17   5.55112e-16   3.33067e-16  -8.88178e-16
  0.0           2.498e-16     9.15934e-16  -2.77556e-16
  5.55112e-17  -2.22045e-16  -1.44329e-15  -9.99201e-16

Normed PCA

 the matrix  of data

 is the centered matrix

 is the centered and normed matrix. Each column of  is divided by its sample standard
deviation

 is the corretalion matrix of the Data .

Then We have

The coordinates of the  observations in the new basis of the eigen vectors  are

The The coordinates of the  variables in the new basis of the eigen vectors  are

The total inertia (variance) is

The variance of the variable  is 
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20-element Vector{String}:
 "Aix-les-Bains"
 "Beckerish"
 "Cayranne"
 "Chambon"
 "Cristal-Roc"
 "St Cyr"
 "Evian"
 "Ferita"
 "St Hyppolite"
 "Laurier"
 "Ogeu"
 "Ondine"
 "Perrier"
 "Ribes"
 "Spa"
 "Thonon"
 "Veri"
 "Viladreau"
 "Vittel"
 "Volvic"
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R = [1.0000000000000002 0.4779596121968324 0.12177607879252335 0.851749206215395

Code

p = 6
["HCO3", "SO4", "Cl", "Ca", "Mg", "Na", "Origins"]

Principal component analysis (PCA)
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My PCA function

Print results

Graph of the observations

Graph of the variables

With MultivariateStats package
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