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1.1 Definition of a matrix

■ Definition of a matrix 
A matrix is a rectangular or square array of numbers arranged in rows and columns.
 has  rows and  columns ;

 











 … 
 … 
⋮ ⋮ ⋮
 … 

   ( : The element in the th row and th column of a matrix )

                     , for     …  and     … 
                                                : An alternative and briefer form  

Note:  has  rows and  columns. The size of  is ×.
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In statistics, why do you need some matrix representations?
Data matrix , Covariance Matrix ,  Correlation Matrix , Distance Matrix , etc.

                                            

× data matrix

1.2 Necessity of matrix

■ Multivariate data 

 Consider data containing observations on two or more variables.
    In general, data contain the  observations  and  variables  .
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                   3-Dimensional Scatterplot Using the scatterplot3d in R 

X<-matrix(c(77, 67, 81,

            63, 80, 81,

            50, 50, 50), byrow=T, nrow=3)

library(scatterplot3d)

Mechanics<-X[,1]

Algebra<-X[,2]

Statistics<-X[,3]

scatterplot3d(Mechanics,Algebra, Statistics,  

           color=c("blue", "red", "green3"), pch=20)

Student1<-X[1,]

Student2<-X[2,]

Student3<-X[3,]

scatterplot3d(Student1,Student2, Student3, 

              color=c("blue", "red", "green3"), pch=20)
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library(rgl)

plot3d(Mechanics, Algebra, Statistics,

  col=c("blue", "red", "green3"), size=3)

library(rgl)

plot3d(Student1,Student2, Student3, 

       col=c("blue", "red", "green3"), size=3)
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1.3 Basic operations
■ Addition 

For the two matrices of the same size 

                         










 … 
 … 
⋮ ⋮ ⋮
 … 

  and   










 … 
 … 
⋮ ⋮ ⋮
 … 

,

the sum of two matrices   and  :   










  … 
  … 
⋮ ⋮ ⋮

  … 

                                                              : The matrix sum   plus 

It is the matrix formed by adding the matrices  and  element by element.

≡ ,   , for     …  and     … 
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■ Scalar multiplication

For

                           










 … 
 … 
⋮ ⋮ ⋮
 … 

 ,  : any scalar

the product of a scalar and a matrix : 

                              











 … 
 … 
⋮ ⋮ ⋮
 … 

                                    for     …  and     … 
             
                          : The matrix   multiplied by the scalar .
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■ Product of two matrices

For

                  














 … 
⋮ ⋮ ⋮
  … 
⋮ ⋮ ⋮
 … 

 and  










… … 
… … 
⋮ ⋮ ⋮
… … 

 ,

                         ⋯ 

                         
  



 , for    ⋯  and    ⋯ 
                                      : The element of the product   ××  

The required condition :
The th row of (and hence all rows) must have the same number of elements as does the th column 
of (and hence all columns).
This means that there must be exactly as many columns in   as there are rows in .
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1.4 Matrix Representation of Multivariate Data
■ Data Matrix 

The × data matrix : 

                             











⋯ ⋯ 
  
  
 ⋯ ⋯ 
  
  
⋯ ⋯ 

 =  = [



 








]: Column Representation

The mean of th variable:   xj   = 

  ⋯  
 

  



 =   








The centred data matrix:         
,         

                                          

    

                                    where     

 : centering matrix,  : unit matrix 



12

■ Summary Statistics : mean vector, covariance matrix, correlation matrix

 (1) mean vector :     =      
 = 

 
  

 (2) ×  covariance  matrix: 

                      











  ⋯⋯ 

 ⋯⋯ 
 
 
⋯ 

대칭


          

- variance of j th variable:  = 
 = 

 
  



 


 

                                    =[Sum of squared  deviation]/          

- standard deviation of j th variable:    = 

- covariance of  k th variable and j th variable:  

                          

 
  






 

                               =[Sum of cross product of  deviation and  deviation]/          
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(3)   


  


  .       

   
(4)  standardized data matrix: 
                    

                                  
  

(5)  ×  correlation matrix:  

                  R   











  ⋯ ⋯ 

 ⋯ ⋯ 
 
 

 ⋯ 
대칭 



      

    correlation coefficient of  k variable and j th variable:

                         








  



 






  



 





  








     if  ≠ 

                           = 1                                              if   

(6)     


where 
 

, 
     : standard deviation matrix

                                                                           (squared root matrix)
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R SAS/IML

 X <- matrix(c(77, 67, 81,

               63, 80, 81,

                50, 50, 50), byrow=T, nrow=3)

proc iml;

X={77 67 81,

    63 80 81,

    50 50 50};

n <- nrow(X)

p <- ncol(X)

Xbar <- matrix(0,1,p)

for (i in 1:p) {

Xbar[,i] <- mean(X[,i])

}

Y <- matrix(0,n,p)

J <- matrix(1,n,1)

# Centred Matrix 
Y <- X - J%*% Xbar  

# Covariance Matrix
S <- t(Y)%*%Y/(n-1)

D<- sqrt(diag(S))

# Correlation Matrix
R<- diag(1/D)%*%S%*%diag(1/D)

n=nrow(X) ;

u=J(n,1,1) ;

mean=u`*X/n ;

X_bar=repeat(mean,n,1) ;

Y=X-X_bar ;                           /* Centred Matrix */

S=Y`*Y /(n-1);                   /* Covariance Matrix */    

D=sqrt(diag(S)) ;

R=inv(D)*S*inv(D) ;               /* Correlation Matrix */

print Y D S  R ; 

1.5 Creating Matrices     in R and SAS/IML


