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Two matrices, X and Y. X hasdimensiona x b, and Y hasdimension b x c. Then we can form the matrix product
(ie, us matrix multiplication)
Z=XY

Zisa x c.
Note, YX may not be possible (dimension mismatch), and even if possible, XY need not equal YX.

b
Rij = Z TikYkj
k=1

Multiply corresponding elements of sth row of X with jth column of Y, then add up.

s 5 o 2 5
1 2 3 7 3
9 4 5
Z11 = 6x24+2x148x7=70
Z91 = 8X2+5Xx14+6xXx7=063
299 = 8XH+Hx4+6x3="78

Crd> X9 %r

(1,1) 70 62

(2,1) 63 78

(3, 1) 25 22

(4, 1) 57 76

Cmd> Yo %X

ERROR Di nmension msmatch: 3 by 2 %% 4 by 3 near Y% %X

Thei, 7 element of XY isthe matrix product of the ith row a X (theithrowisal x b matrix) and the jth column
of Yv(thejth columnisab x 1 matrix).
Let X, be the jth column of X.



Let X! be the ith row of X.

Note: X, isacolumn vector.
Inner Products Let = and y be two vectors with the same length n. Then the inner product of z and y isthe scalar

n
<z, y>=) ziy=a'y

=1
The, j element of XY sumsthe cross products of the ith row of X and the jth column of Y; that is,
Zz’j = (XY)U = X;YJ =< }_{ian >
Sums of Squares and Products Suppose that X isann x p matrix of data, n cases on p variables.
N I
XX = [Xixj]lsi,jSp
Each element of X'X isan inner product of two columns of X. Diagonal elements of X'X are

k=1

asum of sguares.
Off diagonal elements are

XIX; =3 XXy

k=1

asum of products.
All together, SSP matrix.
Matrices of thistype are the basis of variance/covariance matrices and will appear throughout the course.
Outer Products Let  and y be two vectors with lengths n and m. Then the outer product of z and y isann x m
matrix

T1Yyr T1Y2 .. T1Ym

, T2Y1 T2Y2 ... T2Ym
Yy = | . . .

TnY1 TpY2 ... TnpYm

We can also write a matrix multiplication as a sum of outer products (here, X isa x band Y isb x c).
XY =X, Y, +XoYo + ... + X, Y,
Crd> X[, 1] % %[ 1,] +X[, 2] % %[ 2,]+X[, 3] % %3, ]

(1,1) 70 62
(2,1) 63 78
(3,1) 25 22
(4, 1) 57 76

Two MacAnova shortcuts
X %% YisX'Y.
X %% YisXY'.



