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Let  be a sample matrix, where n and p are the number of individuals and SNPs, respectively. For the mean-centered sample matrix, compute the mean on each SNP, 
Then, the mean-centered data matrix is written by 
   .
For  (larger number of individuals than SNPs), construct the covariance matrix as

Since the covariance matrix C is symmetric and positive definite, the eigenvalues of covariance matrix C are real and positive semi-definite. 
For calculating the eigenvectors and eigenvalues from the covariance matrix C, the spectral decomposition or the singular value decomposition of a matrix C can be applied. The eigenvalues  and the eigenvectors  of C satisfy that 
Rewrite the last equation in terms of matrix form as  
where  is the diagonal matrix with the eigenvalues  in the diagonal.
In PCA, the  in  are assigned with the descent order (i.e. ) and the matrix consists of eigenvectors corresponding to  .
Thus, the spectral decomposition of the covariance matrix C is 
 
and because C is a correlation matrix, C can be only positive definite when selecting independent markers.  
Since C is symmetric and positive definite, 
Finally, to reduce the dimension in PCA, we can pick an arbitrary number  for the first  principal components with projection matrix comprised of eigenvectors, . When analyzed in P-mode (eigen), the eigenvectors can be used to score SNPs and may be called SNP weights,

Thus, we can obtain the low dimensional projection, score matrix,  .
For  (larger number of SNPs than individuals) where  covariance matrix does not have full rank it is required to construct an alternative covariance matrix with the lower dimension of  ; . From the covariance matrix D, we get the following equation; ,
then  is proportional to  .
Similarly,  yields .
Then we can have  , which is equivalent to . From the last equation,  is an eigenvalue with corresponding eigenvector  from covariance matrix D.  
Both and are symmetric and positive definite matrix and . Thus,  and  have same set of eigenvalues.
The same number of eigenvectors corresponding to nonzero eigenvalues can be obtained by  , where  is the eigenvectors from covariance matrix D. After applying these computational steps, we can compute the score matrix S in terms of the largest k principal components,  , where is the matrix with the first k eigenvectors.
Once we select the first k eigenvectors, named as SNP weights, which we would like to keep among the principal components computed from the discovery data, we can predict new scores in the new data using pre-computed SNP weights.
Let  be a new data with m samples and the same p SNPs as in the original analysis. 
Then, generate the mean-centered matrix,  . 
Using the SNP weights from the original analysis, compute the new score matrix , 
.

