Matrices
Think of matrices as NV x M tables of num-
bers N rows, M columns

A (fhg ALz)

Az1sz
entries A(n,m)

>> A=[1,2,3 ; 4 6 7 ; 1 3 4]
A =

1 2 3

4 6 '/

1 3 4

>> A23=A(2,3)
A23 = 7

N-element col. vector: N, M=1

M-element row. vector: N=1, M

Otherwise, we will mostly consider square
matrices (N=M)

FUNDAMENTAL CONCEPT:
Matrix-vector multiplication
Matrices perform operations on vectors: lin-

ear combinations of vector elements
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Ay Aip
Asy Asp

e.g.

) (5) =
(12)(2)

General formula:
[AZ); = ), Ajj;

Another interpretation: note,

) ()= (i

Az

Ay 121 + Aj oo )
As 121 + Agoxo

(5)
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In general,



MATLAB * operator

>> A=[1 1 ; 1

In y = Ax, A must have same number of
rOws.
Nonsense:

11

1 2
>> A=[11,; 1 2] ;
??? Error using

Ax[1 ; 2 ;
==> mtimes

4]

Inner matrix dimensions must agree|.

Inner dimensions:
A has Ny (rows) x My (columns)
7 has N, (rows) x 1 (columns)

Write: ANAXMAZUNxxl

Need: M, = N,, i.e., length of vectors is
number of columns in matrix



MATRIX - MATRIX multiplication.

Do two multiplications in order: iy = A(B%)

(yl ) _ (A1,1 A1,2 ) (( Bi1 Bio ) (961 ))
Y2 A2,1 A2,2 32,1 32,2 o,
_ < Arq Ao ) ( Bi1x1 + Biowo ) _ < Ay 1 (Biaz + Biaxa) + A1 (Byixy + By oxo) )

Aoy Ago By 171 + Ba oo As 1 (Biazy + Biagxa) + Aso (Byixy + By oxs)

_ < (A11B11+ A12Bo1) 21 + (A11B12+ A1 2B22) 29 )
(Ag1B11+ A22oBo1) 21 + (As1B12 + AsoB2om1) X9

_ ( (A11B11+ A12B21) (A11B1a+ A12Bs3) ) ( 1 >
(Ag1B11+ A229B21) (A21B1a+ As9Bs39)

Define matrix multiplication AB so that A(BZ) = (AB)x

( A Ao ) ( Bi1 Bio ) _ < (A11B11+ A12B21) (A11B12+ A12B22) )
Aoy Asp Bs1 Bao (Ag1B11+ A29B21) (A21B12+ Ag2Bs5)

In general: [AB];; = >, A, 1By ;.



“Sum across ith row of first matrix, down jth col of second.

VISUALIZE:

ailz aiz2 a3 511 512 b13
A= ay axn axg B = | by by bo3
as; az2 Aass 531 532 b33

blj

[AB);; = Z AipBrj=|an ap a | | by
i b3;



First application of matrix-vector manipulations: define systems of linear equations

HIBEH

4y + 329 B 8
5561 + 933'2 N 3



