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Matrix multiplication
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Matrix multiplication in Matlab

Note: dimensions must conform

for matrix multiplication, otherwise . . .

Example:

Does C*D = D*C ?

Nope!

And a matrix to a power:

D*D*D
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Matrix multiplication in Matlab



Note: dimensions must conform

for matrix multiplication, otherwise . . .



Example:







Does C*D = D*C ?



Nope!

And a matrix to a power:



D*D*D
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Using the colon ( : ) operator

a = [ 9 5 7 4 1 ] a(2) ? 5

a(3:5) ? [ 7 4 1 ]

A = [ 1 2 3 ;

4 5 6 ;

7 8 8 ; ]

A(:,2) ?

2

5

8






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

A(3,:) ?

[ 7 8 8 ]

X = A

X(:,2) = [ ] X?

13

46
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







a(4:end) ?

[ 4 1 ]
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Important matrix functions
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Important matrix functions
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“Array Operations”

in Matlab

In Matlab, often we want operations to be carried out

item-by-item in vectors and matrices.  Matlab calls

these array operations.

For example, instead of doing matrix multiplication between

C and D, let’s say we wanted to multiply the respective

elements.

the period (

.

) is used

in front of the operator (

*

)

to indicate that the

operation should take

place item-by-item 

So,   C 

.

^ 2 = ?
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“Array Operations” in Matlab

In Matlab, often we want operations to be carried out

item-by-item in vectors and matrices.  Matlab calls

these array operations.
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Reviewing the formula for cable tension

when we used a vector of x values:

Since x is a vector, we want the division ( / ) and

exponentiation ( ^ ) operations to take place

item-by-item, so we use the 

.

before the operators.

This is something you have to watch out for in Matlab.
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Reviewing the formula for cable tension

when we used a vector of x values:











Since x is a vector, we want the division ( / ) and

exponentiation ( ^ ) operations to take place

item-by-item, so we use the . before the operators.
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Division of matrices?

Matrix division is not generally defined, but . . .

there is the Matrix Inverse

The inverse of a square matrix A is a matrix that,

when multiplied with A, gives the identity matrix.

42??10

13??01











The matrix inverse is determined using a numerical

method related to Gaussian Elimination.  We’re not

going into detail on that in this course, but Matlab

will find the matrix inverse for you with the 

inv(  )

function.

The inverse of A

is represented as

1

A


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Division of matrices?

Matrix division is not generally defined, but . . .

there is the Matrix Inverse

The inverse of a square matrix A is a matrix that,

when multiplied with A, gives the identity matrix.





The matrix inverse is determined using a numerical

method related to Gaussian Elimination.  We’re not

going into detail on that in this course, but Matlab

will find the matrix inverse for you with the inv(  ) function.
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Is it really the inverse?

Yup!

So, we can’t really do

C

D

but the matrix equivalent is

1

CD





Matlab lets you enter

C/D

but it really calculates

same

as

called “left divide”

and

C\D

actually calculates

1

CD

 

same

as
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Matlab functions

Common built-in functions

exp(x)

sqrt(x)

log(x)

log10(x)

abs(x)

x

e

x

 

lnx

 

10

logx

x

Trigonometric functions

cos(x)

sin(x)

tan(x)

sec(x)

csc(x)

cot(x)

asin(x)

acos(x)

atan(x), atan2(y,x)

asec(x)

acsc(x)

acot(x)

Imaginary

axis

Real axis

complex number

a

b

r



Cartesian representation

ajb



j1



Polar representation

j

re





   

j

ecosjsin



 

where
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Inter-relationships
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brsin

 

Cartesian representation
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where

Imaginary

axis

Real axis

complex number

a

b

r



Matlab functions

r = abs(a+j*b))

j=sqrt(-1)

theta = angle(a+j*b)

a = real(a+j*b) 

b = imag(a+j*b)

conj(a+j*b)             a-j*b
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Other numerical functions

ceil(x) round to nearest greater integer, sign included

fix(x) truncate to integer (like INT in Excel)

floor(x) round to nearest lesser integer, sign included

round(x) round to nearest integer

sign(x) signum function

1x0

0x0

1x0






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
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More on the vectors, matrices and the dots

There are situations where the 

/

, 

^

, and 

*

operators will

work fine with vectors and matrices, but matrix-like

calculations will occur and not item-by-item (array) operations.

X^2 will matrix-multiply 

X

by itself, not square

each element of 

X

[ if what you want to do is really square each

element of 

X

X 

.

^ 2  ]

X

must be square for matrix squaring!

x*y will multiply vector 

x

with vector 

y

using the

rules of matrix multiplication, not multiply

item-by-item

for vectors, 

x

and 

y

must have the same

inner dimensions

1xn x nx1         1x1 mx1 x 1xn         mxn
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More on the vectors, matrices and the dots

There are situations where the /, ^, and * operators will

work fine with vectors and matrices, but matrix-like

calculations will occur and not item-by-item (array) operations.

X^2

will matrix-multiply X by itself, not square

each element of X



[ if what you want to do is really square each

	element of X             X .^ 2  ]



X must be square for matrix squaring!

x*y	will multiply vector x with vector y using the

	rules of matrix multiplication, not multiply

	item-by-item

for vectors, x and y must have the same

inner dimensions

1xn x nx1         1x1



mx1 x 1xn         mxn









e T
|

et g e e





image16.emf
16

More on the vectors, matrices and the dots

In using the 

+

and 

–

operators, the dot (

.

) is not required

because the vector/matrix-based calculation is the same

as the item-by-item calculation.

x + y values in vector xand vector yare added

item-by-item xand ymust be same size

a + y if a is a scalar, Matlab “knows” to add a to

each element of y
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More on the vectors, matrices and the dots

In using the + and – operators, the dot (.) is not required

because the vector/matrix-based calculation is the same

as the item-by-item calculation.

x + y	values in vector x and vector y are added

	item-by-item		x and y must be same size



a + y	if a is a scalar, Matlab “knows” to add a to

	each element of y
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More on the vectors, matrices and the dots

Practice, practice, practice!

if xis a 10x1 vector, write a Matlab expression to evaluate

the formula below for all of the values in x

2x

2

e

y1x

1x







y = 1 + sqrt(x) – exp(-2*x) 

.

/ (1+x 

.

^ 2)

answer:
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More on the vectors, matrices and the dots

Practice, practice, practice!

if x is a 10x1 vector, write a Matlab expression to evaluate

the formula below for all of the values in x



y = 1 + sqrt(x) – exp(-2*x) ./ (1+x .^ 2)

answer:
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Elementary vector/matrix manipulations with Matlab

Defining row and column vectors

Using the “transpose” operator (the apostrophe, 

‘ 

)

When a vector or matrix is transposed,

the rows become columns & vice versa
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Elementary vector/matrix manipulations with Matlab

Defining row and column vectors





Using the “transpose” operator (the apostrophe, ‘ )





When a vector or matrix is transposed,

the rows become columns & vice versa





image1.png

[12345]






image2.png

P Ei5]

HE

>y =015

BTN






image3.png

BTN






image4.png









Elementary vectorimatrix manipulations with Matizb

Defiing row andcobemn ectors

Using e ransposs” sperao (e sposinste.”)





image3.emf
3

Defining matrices

Matrix transpose

Matrix addition (& subtraction)
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Defining matrices



Matrix transpose



Matrix addition (& subtraction)
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