
Multivariate Data
• Previous methods on sample:

• Several measurements generate observation vector. Sample as a 
data matrix

• Nxd matrix
• d columns: d variables
• N rows: N instances 

• Independent and identically distributed (i.i.d)



Multivariate Data – Parameter Estimation
Mean vector

The variance of Xi

The covariance of two 
variables Xi and Xj 

 
Covariance matrix

Linear 
dependence:
> 0
< 0
= 0



Multivariate Data – Parameter Estimation

 
Covariance matrix

Correlation
Two variables independent → covariance = correlation = 0
Covariance = 0  → two variables independent



Multivariate Data – Parameter Estimation

Sample mean

Sample covariance matrix



Multivariate Data – Estimating missing values
• Fill-in missing entries by estimating them: imputation

• Mean imputation
• Imputation by regression



Multivariate Data – Normal distribution

Univariate case:

Mahalanobis distance
(standardizes all variables
 to unit variance and eliminate 
correlations)



Multivariate Data – Normal distribution



Multivariate Data – Normal distribution



Multivariate Data – Classification

Using maximum likelihood:



Multivariate Data – Classification
• Use common covariance matrix for each class
• Assume all off-diagonals of covariance matrix be 0
• Product of individual univariate densities...

• All variances equal – Mahalanobis distance to Euclidean distance
• All priors are equal



Multivariate Data – Classification
• Use common covariance matrix for each class
• Assume all off-diagonals of covariance matrix be 0

Naive Bayes' classifier

• All variances equal – Mahalanobis distance to Euclidean distance
• All priors are equal

Nearest mean classifier



Multivariate Data – Linear Regression
Minimize sum of squared errors:

Take derivatives:



Linear regression, higher order polynomial



Multivariate Data – Linear Regression


