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A matrix i1s a rectangular array of numbers

16 3 2 13
5 10 11 8
9 6 7 12
4 15 14 1

Vectors are matrices with onlg one row or column

16 3 2 13

5ca|ars can be tlﬁouglﬁt oF as 1—-59—-] matrices

16




Matlab basica”g thinks of evcrgtl’wing as a matrix.
Handles math oPerations on
Scalars
Vectors
2-D matricies

With ease

Gets uglg with l’ligher dimension matrices — as
there are no mathematical rules to Fo”ow.



Entering Matrices
- Enter an explici’t list of elements.
- Load from external data files.
- Generate using built-in functions
- Create with your own functions in m-files
(matlab’s name for a fle containing a matlab

PI‘O gram . Same as shell script, sac macro, batch file, commnad file, etc. but for
matlab.)



Enteringa matrix from the command line

(method 1):

Separate tl’)C elements (columns) omc a row Witl’]
blanks or commas.
Use a semicolon, “3” or <CR>, to indicate the end
of each FOW.

Surround the entire list of elements with square
brackets, -



>> Ad4 = [16 3 2 13; 5 10 11 8; 9 6 7 12; 4 15 14 1]
Ad44 =

16 3 2 13

5 10 11 8

9 6 7 12

4 15 14 1
>> A44 = | ) >> A44 = [16 3 2 13
16 3 2 13 LOO‘<S ll|<€ 510 11 8
5 10 11 8 , 9 6 7 12
96 7 12 mathematlcal 4 15 14 1]
4 15 14 1 ,
] matrix
A44 =

16 3 2 13

5 10 11 8

9 6 7 12

4 15 14 1




>> Al4

_— Row vector/matrix

[16 3 2 13]

Al4d =

16 B Column vector/matrix

>> A4l = [16 5; 9

Sy whos — reports what
> IS 1N memory
9
4
>> whos
Name Size Bytes Class Attributes
Al4 1x4 32 double
Adl 4x1 32 double
A44 4x4 128 double

>>

indexed the same




SuPPressing Output

hcyou simply tgl:)e a statement and press Return
or Enter, MATLAD automatica”g clisplags the
results on screen.

If you end the line with a semicolon, MATLAB
Pc—:mcorms the coml:)utation but does not disp ay
any outl:)ut. This is Par‘cicularlg useful when you

generate |arge matrices.




Ma‘clab norma”g Prints out results — to stoP

« o 0

Printout, end line with semi-colon «;
(this is genera| rule).

>> A = [16 3 2 13; 5 10 11 8; 9 6 7 12, 4 15 14 1]
A =

16 3 2 13
5 10 11 8
9 6 7 12
4 15 14 1

>> A = [16 3 2 13; 5 10 11 8; 9 6 7 12; 4 15 14 1];
>>




The 1oad function

reads binarg files containi Ng Matrices (generated by earlier
MATLAB sessions) , OF text Tiles containi ng numeric data.

The text file should be organizecl as a rectangular
table of numbers, separate& b Hanks, with one

row per |ine, and an ec]ual number of elements in
each row.

cat magik.dat
6.0 3.0 2.0 13.0
) 10.0 11.0 8.0
) 6.0 7.0 12.0
.0

15.0 14.0 1.0
A=load(‘magik.dat’) #places matrix in variable A

load magik.dat #places matrix in variable magik

1
5
9
4



Matlab is articularly ditficult to use it data files
do not fit this format (varging number columns for
example).

Matlab is also Particularlg ditficult to use for
Processi ng character data.



Generate matrices using built-in functions.

Complica’t@d way of saging “run commands” and
sencﬂ outl:)ut to new matrices.

Matlab also clocs matrix oPerations (c.g. ~
transpose).

magik’ #transpose matrix magik
ans =
16 5 9 4
B0 6 15
2 el 7 14
e - 2.1



m-Files

Text Hles with MATLAB code (instructions). Use
MATLAB EAI’EOI‘ (or any text editor) ’CO Create FilCS
containing the same statements you would tgpe at

the MATLAB command line.

Save the file with a name that ends in .m
vim magik.m

[ 16.0 3.0 2.0 13.0
10.0 11.0 8.0

6.0 7.0 12.0

15.0 14.0 1.0 ];

N o L
S © O |

in matlab, execute the m file magik.m

magik #places matrix in A



Enten ng long statements

If a statement does not fit on one line, use an
e”ipsis (three Periods)J « .2 followed by
“Carriage Return” or “Enter” to indicate that the
statement continues on the next line.

>gs =1 -1/2 + 1/3 -1/4 + 1/5 - 1/6 + 1/7 ...
- 1/8 + 1/9 - 1/10 + 1/11 - 1/12;



Subscri Pts

Matrices consists cnc FOWS and Columns.

The element in row k and column 1 of A is
ClCnOth ]:)g A( k F 1 ) (same as math) .

E‘xample: A(4,2)=15.0
2

1
S ! !
Kl ., 16.0 3.0 2.0 13.0

~525.0 10.0 11.0 8.0
:>§900 6.Q 7.0 ].2.0
~—>44.0 15.0( 14.0 1.0

40 row, 274 column.



1t you store a value in an element outside of the
current size of a matrix, the size increases to
accommodate tlne newcomer:

>> A =1 16.0 3.0
5.0 10.0 11.0 8.0
9.0 6.0 7.0 1
4.0 15.0 14.0

>> X = A;

>> X(4,5) = 17
X =

16 3 2 13
5 10 11 8




You can also access the element cnc a matrix bg
rfnccrring toitas a single number.

This is because computcr memory is addressed
|inearlg — & single line of bgtes (or worcls).

There are therefore (at least) two ways to
organize a two dimensional array N memory — bg
FOW OfF bﬂ COIUmn (and both are/have been used of course) .



MATLAD (ancl Fortran) store the elements ]:)9

Columns (ca”ecl COIUH’H’] major OT'CICF) .
-

[ 16.0 3.0 2.0 13.0
5.0 10.0 11.0 8.0
9.0 6.0 7.0 12.0
4.0 15.0 14.0 1.0 ]
A=
16 3 2 13
5 10 11 8
9 6 7 12

4 15 14 1

The elements are store& N memory bﬂ column.

16,/ 5, 9, 4, 3, 10, 6, 15, 2, 11, 7, 14, 13, 8, 12, 1.
(1)(2)(3)(4)(3)] (6)(7) (8)(2)(10)(11)(12)(13)(14)(15)(1l6)

SoA(11)=7.



How stuff stored in memory — column major order

>> a=[11 12; 21 22]
a=

11 12
21 22
>> a(z)
ans =
11
21
12
22
>> b=[11 12 21 22]
b =

11 12 21 22
>> b(:)

ans =
11
12
21
22
>> whos
Name Size
a 2x2
ans 4x1
b 1x4

Bytes

Class

double
double
double

Attributes

>> a=[1,2,3]

1 2 3
>> a(zq)
ans =
1
2
3
>> b=[1;2;3]
b =
1
2
3
>> Db(:)
ans =
1
2
3
>>

Same in memor

cl]q:erent_. e



k varies most ral:)ic”9

1 varies least rapidlg
For4x4 2-D matrx

v

(1,1), (2,1), (3,1), (4,1), (1,2), (2,2).(3,4), (4,4,)
(1) (2) (3)  (4) (5) (6)  (15)  (16)

This may be iml:)ortant when reading and writing
very large matrices — one wants the data file to
have ﬁ'\e same storage order as memory to
minimize time lost fue to page Faulting.



When you go to 3 dimensions, order of subscril:)t
variation is maintained (It to last)
A(k,1l,m)

k varies most ral:)icug
1 varies next most ra ic”g
m varies least rapijg
For 3x2x2 matrix

4

(1,1,1), (2,1,1), (3,1,1),
(1,2,1), (2,2,1), (3,2,1),
(11112)1 (21112)1 (31112)1
(1,2,2), (2,2,2,), (3,2,2),



C uses row major order (stores bg FrOw) .

It mixing Matlab and Fortran there is no Problem
as both use column major order.

1t mixin%ql\/\atlab or Fortran and C — one has to
ta|<e the array storage orcler into account.



hC mixiniMatlab or Fortran anc:l C —one has to
ta|<e the array storage orcler into account.

one also has to

deal with how information is

PBSSGCI

— bg reference [‘che address of the information in
memory — Fortran]

~ orvalue [a co

Altlﬁough all three

olf of the information — C1.)

DAss arrays bg reference (can't

alwags copy l:)ig arrags)



0-d scaler
1-d vector
2-d matrix

3-d think of as a stack of 2-d matrices

>3-d something hard to visualize — but fine
mathematica”g (4-d 1s 2-d matrix with each
element itself a 2-d matrix)



The Colon Ol:)erator

The colon, “:”, is one of the most imPortant (and
sometimes seeminglg bizarre) MATLABR operators

It can be used to

_ Create a list of numbers
- Work with all entries in specified dimensions
- Co”apse trailing dimensions Gight- or lefi-hand side)
- Create a column vector (right-hand side behavior related to

reshape)
P
- Retain an array shape ciuring assignment deft-hand

side behavior)



Creating a List of Numbers

(G

You can use the : oPerator to create a I-d
vector of even|g~spacecl numbers.

Here are the integers From -3 to 3.

listl=-3:3
listl =
-3 -2 -1 0 1 2 3

Don't neecl the braces (are oPtional)



Creating a List of Numbers
Here are the first few odd Positivc | ntegers.

list2 = 1:2:10
list2 =
1 3 5 7 9

Can use negative increments

100:=-7:51
ans =
100 93 86 79 72 65 58 51

sgntax For this use OF colon ol:)erator —
start:[increment i1f #1:]end

(default increment = 1)



Creating a List of Numbers

Here's how to divide the interval between 0 and
pi (Matlab knows about ) into equa”g 5Pacecl
samples (iIncrement does not have to be whole #) .

nsamp = 5;
sliceOfPi = (0:1/(nsamp-1):1)*pi)
sliceOfPi =
0 0.7854 1.5708 2.3562 3.1416

(Note — can also define single dimension row matrix with ()’s. Does not work when try to

use “3” for another rOw.)
a=(1:3)

a:
1 2 3



Things that don't work

>> a=(1:3;4:6)
a=(1:3;4:6)
|
Error: Unbalanced or unexpected parenthesis or bracket.

>> a=1:3;4:6

ans =

>>

Second one (no error rePortecl) creates arra
nameda = 1 2 3 andthenand arrau nameﬁ
ans = 4 5 6.ltusesthe ; as 3 line separator,
not a row separator (when outside ol




Aside — for langua es that, unlike Matlab) don’t
have Precléncine , how can one get the “best”
representation of pi (most precise on that
computer)?

Aside to the aside — Matlab also knows about the
imaginarg numbers i and j
(so don't use them for oop indices [gou should
not be using |ool:>s hcgou can help it in Matlab

angwagl]).




Working with all the Entries in SPechCiecl
Dimensions

(G

To manipulate values in some sEechCic dimensions,
use the «: operator to specity the dimensions.

A “e? by itself indicates all elements of that index
Position (usua”g FOWS Or columns}

Means “all rOws, In column 17

Means “all columns, in row 1”



SuPPose we have the 4-d matrix below

b=[1 2 3 4; 56 7 8; 9 10 11 12; 13 14 15 16]

b =

1 2 3 4

5 6 7 8

9 10 11 12

13 14 15 16

bdd=reshape(b,2,2,2,2)

bad(:,:,1,1) =

1 9

5 13
R ) T I the Print out of the array the
. 61;1 _ colon represents the full range of

—— the inclex/ indices rcl:)resented b
bad ( e 23 - the colon and not shown explicit9

8 16



Replacing single index with a colon— runs over
that index.

>> b=[1l:4; 5:8; 9:12; 13:16]

b =

1 2 3 4

5 6 7 8

: o a4 12 >> b(:) >> b4d(:)

13 14 15 16 ans = ans =
>> reshape(b,2,2,2,2) 1 1
ans(:,:,1,1) =

. o 5 5

5 13 9 9
ans(:,:,2,1) = 13 13

2 10

6 14 2 .
ans(:,:,1,2) = 6 6

3 11 10 10

7 15 14 14
ans(:,:,2,2) =

4 12 3 .

8 16 7 7
>> b4ad(:,1,1,1) 11 11
e 15 15




How the indices vary in the 4-d array.

>> b(:) |>> b4d(:)

ans = ans =
1 1 b4d(1,1,1,1)
5 5 b4d(2,1,1,1)
9 9 b4d(1,2,1,1)
13 13 b4d(2,2,1,1)
2 2 b4d(1,1,2,1)
6 6 b4d(2,1,2,1)
10 10 b4d(1,2,2,1)
14 14 b4d(2,2,2,1)
3 3 b4d(1,1,1,2)
7 7 b4d(2,1,1,2)
11 11 b4d(1,2,1,2)
15 15 b4d(2,2,1,2)
4 4 b4d(1,1,2,2)
8 8 b4d(2,1,2,2)
12 12 b4d(1,2,2,2)

16 b4dd(2,2,2




k:1 - Refers to range of values for indices
(Portions) of a matrix

>> k=2;
>> 1=3;
>> a(k

‘rows 2 t!ﬁrouglﬂ 3 incolumn 1

Same as

>> a(2:3,1)




k:l:n~range of values, in steps of index.
Can also do over multiple indices

>> a=1:64;
>> a=reshape(a,4,4,4)

a(:s,:,1) =
1 5 9 13
2 6 10 14
3 7 11 15
4 8 12 16
a(:,:,2) =
17 21 25 29 a(s,:,4) =
18 22 26 30 49 53 57 61
19 23 27 31 50 54 58 62
20 24 28 32 51 55 59 63
a(s,:,3) = 52 56 60 64
33 37 41 45 >> a(2:3,3:4,1,1)
34 38 42 46 ans =
35 39 43 47 10 14
36 40 44 48 11 15

>> a(2:3,4:-1:3,1,1)
ans =




Can be Prettg trickg.

For example, suUppose | want to Pemcorm aleft
shitt on the values in the second dimension of my

5-D array.
l et me First create an array 1Cor i”ustration.
a3 = zeros(2,3,2);
a3(:) = l:numel(a3)
a3(:,:,1) =
1 3 5
2 4 6
a3(:,:,2) =
" 9 el



a3 = zeros(2,3,2);
a3(:) = l:numel(a3)

a3(:,:,1) =
1 3 5
2 4 6
a3(:,:,2) =
7 9 11
8 10 12

Now shift all columns one to the leFt, and have the
~most column “Wrap” to become the right
most column. Columns are index 2. Here's a way
(there are others) tO dO It

a3rl = a3(:,[2:size(a3,2) 11,:)
a3rl(:,:,1) =

3 5 1

4 6 2
B, :,2) =

9 el 7

10 12 8



For all FOWS, Put columns 2 to end (get from 2nd
element of size — the middle dimension) , then

column 1, for all “planes” (2-d matrices in %
imension,).
a3rl = a3(:,[2:size(a3,2) 11,:)
a3rl(:,:,1) =
3 5 1
4 6 2
a3rl(:,:,2) =
9 11 7/
10 12 8

Notice new way to remcer to values omc an inclex —
using an array.



Co”apsing Trailir{x:g Dimensions
SuPPose we have the o”owing 4-d array.

b=[1:4; 5:8; 9:12; 13:16]
b =

1 2 3 4
5 6 7 8
9 10 11 12 b4dd=reshape(b,2,2,2,2)
13 14 15 16 b4d(:,:,1,1) =
b(:) 1 9 b4d(:)
ans =1 5 13 ) ans =1
. The reshape does ¢y - 5
9 h l"] 6 14 9
13 not c anget c bdd(:,:,1,2) = 13
. orderof thingsin 7 2
7 15
" oracr o mngs in a2 w
14 ’ 4 12 14
: memory — ust . e 3
7 7
11 renames them L
15
4 . ‘ 4
8 (actua”g copies in :

= same order) 2



>> b=[1:4; 5:8; 9:12; 13:16]

;> bdd=reshape(b,2,2,2,2) >> b(:) >> bdd(:)
bdd(:,:,1,1) = ans = ans =
1 9 1 1
5 13 5 5
" 9 9
>> b4d(1,1,1,1) 13 13
ans = 2 2
1 6 6
>> bad(l1,2,1,1) 10 10
ans| = Match UP 14 14
’ elements here ’ ’
>> bad(2,1,1,1) 7 7
2t iy with those in - -
5 15 15
>> bad(2,2,1,1) bdd(:,:,1,1) 4 4
ans| = 8 8
13 above 12




b=[1:4; 5:8; 9:12; 13:16]

b =
S S
9 10 11 12
13 14 15 16
Zoetal Colon
1 1
ans (3, =,1 - -~ When used at the end of a list ;
b43(1 L1(7) it “compresses” all the 13
s 10 = remaining indices into a single .
1 , NS ) S
=E o index (indexed lmearlg as in 3
ans(:,:43) = memory — ]39 a single :
L - subscript). This is called 11
— p . z p 15
bjdu@ “co”apsmg” trallmg dimensions. g
ans. =
1 3 5 g 9 1l 1.3 15 12

=
o\



>> b=[1l:4; 5:8; 9:12; 13:16]

b =
1 2 3 4
5 6 7 8
9 10 11 12
13,14 15 16 l ,
>> b4d41,1l1,:) >> b4d(1,1,1,:) CO ons Iin >> bd(z)
= O _ O — ’ ans =
ans(lil, i 1) ans(.i.,l,l) PrlntOUt I'WCT'C .
ans(1;1,1,2) = anS(:§:’1’2) = rePresentthe Z
>> b4d:) >> bad(1,1,:) 1,1. 13
1,1, = 358/ = 2
N mneleeid) Not sure whg p
_ .. _ 10
ans(lél,Z) ans(.é.,Z) = Matab CIOCS »
ans<1;1,3> S ans(:,:,3) =  notprint out :
9
ans(l,l,4) = anS(:,:,4) = Values O¥ 11
13 13 : CJ 15
> b4ad(1,:) InNnacx. 4

el




>> b=[1l:4; 5:8; 9:12; 13:16]

b =

1 2 3 4

5 6 7 8

9 10 11 12

13 14 15 16
>> bdd(1,1,:) >> b4 (:)
ans(:,:,1) = ans =

1 1
ans(:,:,2) = 5

2 9
ams(ieard) = b (these are the elements
ans(::l:,4}= 13 1,1,1,1 1,1,2,1
>> bdd(2,1,:) 14 1,1,1,2 1,1,2,2
ans(:,:}1)] = 3

5 ; a total of 4 elements)
ans(:,:}2) = 11

6 15

s(s,2}43) = 4




9 10
13 14

>> bd4d(1l,1,:
ans(1l,1,1) =

ans(1l,1,2) =

ans(1l,1,3) =

ans(1,1,4)

>> bd4d(2,1,
ans (2,.1(, 1)

ans ( 2

9:12; 13:16]
3 4
7 8
11 12
15 16

>> bd(:)
ans =

[

> O o NDW O U -

(-

N W

>> bad(1,1
ans =

1
>> bad(1,1
ans

2
>> bad(1,1
ans =

3
>> bad(1,1
ans =

4
>>




>> b=[1:4; 5
b =

8

1 2
5 6
9 10
13 14
>> bdd(1,:)
ans =
1 9
>> bdd(2,:)
ans =
5 13
>> bdd(:,:)

ans =

.
14

9:

3
7
11
15

12;

13:16]
4
8

12
16

10

14

11

15

12

16




>> b=[1:4; 5:8; 9:12; 13:16]

b =
1 2 3 4
5 6 7 8
9 10 11 12
13 14 15 16

>> bdd(:,:,2)
ans(:,:,1)

1 9
5 13
ans(:,:,2) =
2 10
6 14
ans(:,:,3) =
3 11
7 15
ans(:,:,4) =
4 12

8 16




>> b=[1:4; 5:8; 9:12; 13:16]
>> reshape(b,2,2,2,2)
ans(:,:,1,1) =

! ? >> b(:) >> b4ad(:)
ansp5-2 i?: ans = ans =
P 1 1
6 14 5 5
ans(:,:,1,2) = 9 9
S When compress in 1 13
ans(:,:,2,2) =
412 front — works 6 6
é Lo ‘ , 10 10
il <o) cllgerently - but still 14 14
o iterates over all values § 3
ans(:,:,2) = ,
WA of some index. 11 11
6 14 15 15
>> b4d(:,:,1) 4 4
e _1 9 8 8
5 13 12 12
16 16

>> b4d(:,1)




b=[1:4;

5:

I N oo

12,2,2)

AN

reshape (b,

ans(:,:,1,1)

1 9

5 13
ans(:,:,2,1) =

2 10

6 14
ans(:,:,1,2) =

3 11

7 15
ans(:,:,2,2) =

4 12

8 16

bdd(:,:,:,

ans(:,:,1) =

1 9

5 13

ans(:,:,2) =

2 10

5
>> bdd(:,
ans =

1

5
>>

7 9:12; 13:16]

Takes some head
scratclﬂin% to Figure

out. (the

inal index

with a number value

compresses
indices.

In first exam

missing

ble final

index can be 1 or 2,1n

SCCOﬂCl can .

Probablg da

be -4, 1In

2 third can be 1-8.

I"IgCFOUS.

ans

(oF

|_l
B O oD WO Ol

= == =
AN UR JW

L[]
N

ans

bdd(:)

|_l
B O oD WO Ol

= == =
NS U~ JW



b=[1:4; 5:8; 9:12; 13:16]
reshape(b,2,2,2,2)
ans(:,:,1,1) =

S When compress in b(:) >> bdd(:)
ans(:,:,2,1) = ’d(:” ‘< e ans T
| 2 10 mi C — WOTIKS 1 1
’ ; 5 5
ans(:z:,l,%g = Cll‘F‘FCT'CﬂtIH ~ !:)Ut Stl” 9 9
e - iterates over all values e s
s of some index. . >
bid(l,:,l) 14 14
1 Again, takes some head 3 3
b4d(1,1,:,1) ) ) 7 7
R scratchmgto Flgure 11 11
Y - out. (last index takes 4+  °*; g
ansbi‘j””’l’” values in first ex, 2 in = b

=
(@)

third and fourth ex) 16
Probablg clangcrous.



>> bdd=reshape(b,2,2,2,2)
bad(:,:,1,1 )]<= Tl’]@SC COIO”S

: 12 >> b4dmﬁ/ mean/clo

5
b4d(:é:,2,i()) anS(:iz,l,l) = Cli{;FCrCﬂt
6 14 2,:,2,1) = ‘
bdd(:,:,1,2) e 5 ) thlﬂgs—-0ﬂ<?
30 11 ans(:,:,1,2) = set of them is
7 15 9
b4d(:,:,2,2) ans(:,:,2,2) = out Utbﬂ
4 12 13
8 16 >> bad(1,1,:) mat ab (blU@}
ans(:iz,l) = anc gOU
SRR tuype the
These ans(:,:,3) = other set
compressions - (black)
13

~ are equivalent

>>




>> bdd=reshape(b,2,2,2,2) >> bdd(1l,:,:,1)

bdd(:,:,1,1) = ans(:,:,1) =

1 9 1 9

5 13 ans (:,:,2) = Get 4 elements
bdd(:,:,2,1) = 2 10 b k l"]

2 10 >> b4d(:,1,1,:) ack on €ac

6 14 ans(:,:,1,1) = 1[ ’tl’)
bad(:,:,1,2) = 1 Fererence wi

3 11 5

7 15 ans(:,:,1,2) = two COlOﬂS.
bad(:,:,2,2) = 3 Two, two

4 12 7

8 16 >> bad(1,:,1,:) €:I€:m€3!’1tJ FOw

ans(:,:,1,1) = l

1 9 Oor Ccoiumn
ans(:,:,1,2) =

) vectors.
>> bdd(:,1,:,1)
ans(:,:,1) =

il

5
ans(:,:,2) =

2




Creating a column vector from another vector or

matrix. (note first example would usua”g be done

using transpose oPerator at=a', but not second
since start with matrix and end up with vector).

a=[1 2 3 4]
a =
1 2 3 4
at=a(:)
at =
az22=[1 2; 3 4]
a2 =
1 2
3 4
a22c=a22(:)
a22c =
1

= W N

=N W



Retaining Arrag Shape Durin Assignment -
colon oPerator on lett side of the ejuals ségn

“Pours” value on RHS into elements defined on
- bag | HS.
bdd(:,:,1,1) =

1 9
5 13
bdd(:,:,2,1) = >> bd4d(2,:,:,2)=21
2 10 bdd(:,:,1,1) =
6 14 1 9
bdd(:,:,1,2) = 5 13
3 11 bdd(:,:,2,1) =
7 15 2 10
b4dd(:,:,2,2) = 6 14
4 12 bdd(:,:,1,2) =
8 16 3 11
>> b4d(2,:,:,2) [ 21 21]
N (:,:,l) — b4d(:,:,2,2) =

4 12




Concatenation

You can concatenate using the square
brackets, [ ] (same as makiﬂga matrix, but
using other matrices as the elements)

A+32;

11

14

13)
8
12

1)

50
59
55
62

61)
56
60

A+48

(48 35 34 45

37
41

(36

42
38
47

43
39
46

40
44

33,

(32
21
25

49,

.20

19
26
22
31

18
27
23
30

29)
24
28

17,

A+16]



Deleting rows and columns

You can also combine : with [ ] to remove rows,
columns, or elements (again — variation on theme
of assigning elements in a matrix — have a syntax
rule and read it like a |awger for all Possirble
interl:)retations and impiications.)

C.g. Remove tl’IC SCCOHCI column
>>X=A;
>>X(:,2) = [1:

Create vector from X; removes every 2nd element
from 2 to 10

>>X(2:2:10) = []
P —
le 9 2 7 13 12 1



Done with the colon oPerator For NOW.

But will continue to show up N examples.




Variables

MATLAB does not requirc any tyPe declarations

(actua”g all variables are double Precision Hoating Point — you can declare them
to be other things if needed — however mang/ most Matla% routines [such at
FET, xciltering, etc.] will not work with angthing other than double Precision
Hoati ng Poi nt data)

or dimension statements.



Variables

When MATLAB encounters a new variable name,
it automatica”g creates the variable and allocates
the aPProPriate amount 01(: 5toragc.

If the variable alread exists, MATLAD changes

its contents and, i necessary, allocates new
storage.

MATLAB iS casc SCﬂSitiVC. (' is not the same as “a”)



Matlab

Arithmetic operations




Add/Subtract: Adds/subtracts vectors (element
bg element) (=> the two vectors have to be the
same leng’th) :

>> x=[1 27];

>> y=[1 31;
>> zZ=X+ty
7 =
2 5
>> whos
Name Size Bytes Class Attributes
X 1x2 16 double
y 1x2 16 double

Z 1x2 16 double




Knows about comPlex numbcrs.

>> x=141;
>> y=2+21i;
>> zZ=X+y
7z =
3.0000 + 3.00001

>> whos
Name Size Bytes Class Attributes
X 1x1 16 double complex
y 1x1 16 double complex
z 1x1 16 double complex

>>




But - can aclcl a scalar (1x1) array to every element

of matrix.
>> x=[1 2];
>> y=1;
>> Xty
ans =
2 3
>> whos
Name Size Bytes Class Attributes
ans 1x2 16 double
X 1x2 16 double
y 1x1 8 double




Multiplg
Now tlﬁings get | nteresting

Scalar*vector

x=[1 2];
y=3;
Z=y*X
7 =
3 6
x=[1+1 2-1];
y=1-1;
Z=y*X
7 =
2.0000 1.0000 - 3.00001

Matlab knows how to do it. Youjust write what
loo|<s |i‘<e matlw. (No |ooPing to clo element bﬂ
element multiplies, does complex math)



Multi Pl9
Vector * Vector

Now have some choices

APostroPlﬁe IS transpose if needed to get sizes

x=[12];
y=[3 4];

correct.

Z=x*y’
Z —
11

Regular matrix multiplication — in this case with
vectors 1x2 * 2x1 = 1x1=> clot Product

W=X."y

1" n

Element bg element multiplication (the )

Regular matrix multiplication — in this case with
vectors 2x1 * 1x2 = 2x2 matrx




A little more complicatccl for complex valued

matrices.

>> a=[l-i 2-i;3-i 4-i]

4 =
1.0000 - 1.0000i 2.0000 - 1.0000i
3.0000 - 1.0000i 4.0000 - 1.0000i

>> a’

ans = Complex con'ugatc
1.0000 + 1.0000i 3.0000 + 1.0000i transpose (fJermitian)
2.0000 + 1.0000i 4.0000 + 1.00001i

>> a.’

ans = Non-—complex
1.0000 - 1.0000i  3.0000 - 1.0000i cory’ugatetranspose
2.0000 - 1.0000i 4.0000 - 1.0000i

>> ctranspose(a)

ans =
1.0000 + 1.00001 3.0000 + 1.00001
2.0000 + 1.00001 4.0000 + 1.00001




Dot and Cross Froclucts

(using this form — built in functions - don’t have to match dimensions of vectors in the
sensethaﬁgoucanrmxcohnmﬁandrOW\@chms-ahhoughthq9hawahjbethesame

Iengﬂﬂ

>> a=[1 2 3];
>> b=[4 5 6];
>> c=dot(a,b)

c =
32
>> d=dot(a,b’)
d =
32
>> e=cross(a,b)
e =
-3 6 -3
>> f=cross(a,b’)
f =
-3 6 -3

> g=cross(b,a)




Dot Procﬂucts
For matrices — cloes clot Procluct o1C eaclﬁ column.
The matrices have to be the same size.

a=[1 2;3 4]

3 4
b=[5 6;7 8]

ans =
26 44

Should trg to write functions so theg behave like
this — it give it "vector” does it to every element.
Here the 2-d matrix is a vector of vectors.



Cross Pro&ucts
For matrix — does Cross Procluct O1C columns. (one of

the dimensions has to be 3 and takes other dimension as additional vectors)

>> a=[1 2;3 4;5 6]

a =
1 2
3 4
5 6
>> b=[7 8;9 10;11 12]
b =
7 8
9 10
11 12
>> cross(a,b)
ans =
-12 -12
24 24
-12

bailD




>> a=[1 3 5]

>> b=[7 9 11]

>> cross(a,b)

ans =

-12 24 -12

>> a=[2 4 6]

>> b=[8 10 12]

>> cross(a,b)

ans =
-12 24 -12
>> cross(a',b')
ans =
-12
24
-12

>> cross(a',b)
ans =

-12 24 -12
ss(a,b’)

Cross Pro&ucts

Output can be row or

column vector



>> a=[1 2;3 4]

. Arrag and Matrix divide
3 4 Cven more Fun

>> b=[2 4:6 8]

b= , .
2 4 Element bﬂ element divide (the *.").
6 8

>>a.lb

R - Right array divide.
0.5000 0.5000

>>a.\b

ans= | eft matrix divide
2 2

>>Db./a

ans =
g g Matrix on toP is dividend.

>> b \a

Matrix on bottom is divisor-




Arrag and Matrix divide

a=[1l 2;3 4]
R ! | eft matrix division.
3 4
det(a)
2 Diviclinga into c.
~2
b = This is equivalent to inv(a)*c=b.
5 6
c=a*b’
- Note this is the solution to a*b=c.
39
= — Sizes have to be aPProPrlate.



With a matrix for b, get solutions for each column
b’.
(we needed the b’ when b was a vector to get
things to multiplg correctlg —to get the same
values we have to transpose b also)

b=[5 6,7 8]
b =

O N O

6
8
=a*b’
C:

17 23

39 53

d=a\c

d=

5.0000 7.0000
6.0000 8.0000



mldivide (A, B) ancl the equivalent A\B Pemcorm
matrix left division (back 5|as|n).

A and B must be matrices that have the same
number of rows, unless a is a scalar, in which case
A\B Pemcorms element-wise division — that is,
A\B = A.\B.



mldivide(A,B) and the equivalent A\B Pcmcorm
matrix left division (back S ash).

faisa square matrix, A\B Is rouglﬁ Yy the same as
inv(A)*B, except it is computecl in a different
way.

ifaisan n-by-n matrix and B is a column vector
with n elements, or a matrix with several such
columns, then
X = A\B
is the solution to the equation AX = B.

A waming message IS displagecl ifais bad|9

SCBICCI or nearlg smgular.



mldivide(A,B) and the equivalent A\B Pcmcorm
matrix left division (back slash).

If ais anm-by-n matrix withm ~= n andBisa
column vector with m components, or a matrix with
several such columns, then
X = A\B
is the solution in the least squares sense to the
under- or overdetermined system of equations AX
= B.



mldivide (A, B) and the equivalent A\B Pemcorm
matrix left division (back slash).

In other words, X minimizes
norm(A*X - B),

tl’lé |eng’th cnc tl’lé vector AX — B.

The rank k of & is determined from the QR
&ecomposition with column Pivoting.

The coml:)utecl solution x has at most k nonzero
elements per column. Ifx < n, thisis usua”g not
the same solution as
X = pinv(A) *B,
which returns a least squares solution.



mrdivide(B,A) and the equivalent B/a Pemcorm
matrix rigl’wt division (forward slash).

B ancl A must have the same number OF columns.

||u —



mrdivide(B,A) and the ec]uivalent B/A Pemcorm
matrix right division (forward slash).

faisa square matrix, B/A is roughlg the same as
B*1nv(A).

If ais an n-by-n matrix and B is a row vector with

n elements, or a matrix with several such rows,

then
X = B/A
is the solution to the equation XA = B comPutecl
bg Gaussian elimination with Partial Pivoting.



mrdivide(B,A) and the equivalent B/A Pcmcorm
matrix right division (Forwarcl slash).

A waming message IS cﬂisplagecl fais ba&lg

SCBICCJ or nearlg smgular.



mrdivide(B,A) and the equivalent B/A Pemcorm
matrix right division (forward slash).

f Bis anm-by-n matrix withm ~= nandaisa
column vector with m components, or a matrix with
several such columns, then
X = B/A
is the solution in the least squares sense to the
under- or overdetermined system of equa’tion
XA = B.



Note: matrix right division and matrix left division
are related bg the ec]uation

B/A = (A'\B')".




Example |- SuPPose A and B are -

>> A = magic(3)

A =

8 1 6

3 5 7

4 9 2
>> b = [1;2;3]
b =

1

2

3

To solve the matrix equation AX = b, enter

>> x=A\b
o

0.0500

0.3000

0.0500

You can verhcy X is the solution to the ecluation as follows.
> A*X




Magic matrix — scjuare matrix with C}Drol:)ertg that
column, row and dlagonal sums add to same value.

>> tst=magic(3)

tst =
8 1 6
3 5 7
4 9 2

>> sum(tst)
ans =
15 15 15
>> sum(tst’)
ans =
15 15 15
>> sum(sum(tst.*eye(3)))
ans =
15
>> sum(sum(tst'.*eye(3)))
ans =




Examplc 2—A Singular

fais singular, A\b returns the Fo”owing warning,

Waming: Matrix is singular to Working Precision.

In this case, ax = b might not have a solution.



E:xaml:)le 2—A Singular

A = magic(5);

A(:,1) = zeros(1l,5); % Set column 1 of A to zeros
b =1[1;2;5;7;7];

x = A\Db

Warning: Matrix is singular to working precision.
ans =

NaN

NaN

NaN

NaN

NaN

hclxjou get this Waming, you can still atteml:)t to
solveAx = b using the Pseudoinverse function
pinv.



E:xaml:)lc 2—A Singular

hc\xf)ou get this waming, you can still at’tempt to
solveAx = b using the Pseudoinverse function

PlﬂV.

X pinv(A)*b
X

0 0.0209
0.2717

0.0808
-0.0321

The result x is least squares solution to
AxX = Db.



Example 2 — A Singular

To determine whether x is a exact solution

— i.e., a solution for which Ax - b = 0

simply compute

P9 =Omp
ans =

-0.0603

0.6246

-0.4320

0.0141

0.0415

The answer is not the zero vector, so x is not an
exact solution.



E‘xaml:)le
SuPPose that

A=1100;100];
b = [1; 2];
Note Ax = b cannot have a so ution, because

A*x has equal entries for any x. Entering

x = A\b

returns the Ieast squares solution

.5000

O O R~ N

along with a Waming that A is rank deficient.



Example

A=1100;100];
b =11; 2];
x = A\b
X —
1.5000
0
0
Note that x is not an exact solution:
A*xX-b

ans =
0.5000




>> a=[1 2:3 4]
a =

1 2
3 4

Raising array to power

>> agh2
ans =
7 10
15 22
>> a*a
ans =
7 10
15 22

Arrag exponentia‘cion

and multiplication

>> a2

ans =
4
9 16

Element bg element
exPonenﬁaﬁon.




OPerators

Arithmetic oPerators.

plus - Plus

uplus - Unarg Plus
minus - Minus
uminus - Unary minus

mbimes - Matrix multiplg

times - Array (clement by clement) multiplg)
mpower - Matrix power

power - Array (element by element) power
midivide - Backslash or left matrix divide
mrdivide - Slash or right matrix divide

divide - Left array (element by clement) divide
rcii\/icle ~ nght arrag (element bg element) CllVlClC

‘(FOﬂ — KY'OHCC‘(CF tensor procluct



>> help kron

KRON Kronecker tensor product.
KRON(X,Y) is the Kronecker tensor product of X and Y.
The result is a large matrix formed by taking all possible
products between the elements of X and those of Y. For
example, if X is 2 by 3, then KRON(X,Y) is

[ X(1,1)*Y X(1,2)*Y X(1,3)*Y
X(2,1)*Y X(2,2)*Y X(2,3)*Y ]

If either X or Y is sparse, only nonzero elements are
multiplied

in the computation, and the result is sparse.

Class support for inputs X,Y:
float: double, single

Reference page in Help browser
doc kron




>> x=[1 2 3;4 5 6]

x =
1 2 3
4 5 6
>> y=[7 8;9 10]
>> y=[7 8]
y =
7 8
>> kron(x,y")
ans =
7 14 21 (1 2 3)*7
8 16 24 = (12 3)*8
28 35 42 = (45 6)*7
32 40 48 = (45 6)*8
>>
>> kron(x,VY)
ans =
7 8 14 16 21 24

23RN BB
. 28 32 35 40 42 48 AP OoOOOO
S
N



Operators

Relational oPerators.

eq ~ E‘qua| —=
ne ~- Not equal ~=
1t - Less than <
gt ~ Greater than >
le ~ Less than or ec]ual <=
ge _ Greater than or ec]ual >=

Logical oPerators.
and - Logical AND &
or -~ Logical OR
not ~ Logjcal NOT -
xor ~ Logjcal EXCLUSIVE OR
any ~ lrue it any element of vector is nonzero
all - True if all elements of vector are nonzero



Exclusive or

>> a=[0 0 1 1]
>> b=[0 1 0 1]
>> xor(a,b)
ans =
0 1 1 0

>>




Matlab

Matrix Maniputlation




A few things to remember:

- Cannot use spaces in names of matrices
(variables, evergthing in matlab is a matrix)

ool sz — 1 2 22 A [~ |

N U\ L L2 L -t = ~ 3 ~7

- Cannot use the dash sign (=) because it
rePresents a subtraction.

UV L -’ = ~ T -~

- Don’tuse a Pcriocl ® unless you want to create
sometlﬂing call a structure.

coolt-x—f1 234 5%}



A few things to remember:

- Your best option, is to use the underscore ()
it you need to assign a long name to a matrix

my cool x = [1 2 3 4 5]




Changing and aclcling elements in existing matrix:

>> a=[1 2 3]
a =

1 2 3
>> a(l,2)=4
a =

1 4 3
>> a(2,4)=5
a =

>>




1 4

0 0
>> size(a)
ans =

2 4

>> sizea=size(a);
>> whos

Name Size
a 2x4
ans 1x2
sizea 1x2
>> sizea
sizea =
2 4
>> size(a,l)

ans =

Sizes of matrices:

Dimension of matrix
(mathematica”y) ~ rows, columns

Bytes Class Attributes
64 double
16 double
16 double

Cando bﬂ individual dimensions



Sizes of matrices:

>> length(a(:)) Linear size (as vector — total

ans =

g number elements)
>> x=[1 2; 3 4; 5 6; 7 8]
i

Length of matrix gives the max
dimension)

O w -

7
>> length(x
ans =

4
>> x=[1 2 3 4;5 6 7 8];
>> length(x)
ans =

4

2
4
6
8
)




Builcling matrices from other matrices:
(have to match dimensions)

1 2
3 4
>> b=[1 2]
b =
1 2

1 2 1
3 4 2
>> d=[a;b]




Some Prcclemcinecl matrix making tools:

>> rand(3)
ans =
0.8147 0.9134 0.2785
0.9058 0.6324 0.5469
0.1270 0.0975 0.9575
>> rand(1l,3)
ans =
0.9649 0.1576 0.9706
>> rand(3,1)
ans =
0.9572
0.4854
0.8003
>> eye(3)
ans =
1 0 0

(@)
=
(@)




ASiClC:

Some Precleucinecl values:

pi
i, 3
eps

Jo see Wl’lat Variables arc CIC‘HHCCI

WI’IO, who vari_name

To clear variables

clear vari_name, clear (does all of them)



Functions:

Mang of tlnc:m.
Here are a few -

In general these functions work on vectors (For
vectors does not matter i row or column) , Or

columns for matrix inPut (matrix treated as group
column vectors)

max
min
sum
cumsum
mean
abs



Functions:

Work element bﬂ element on vector/matrix (if

aPProPriate)
sin
COS
(Other trig and inverse fns)
exp
log

abs




Funchbions:

Perform matrix operations

(output can be same size matrix, different size 'matrix or matrices, scalar, other.)

inv
eig
triu
tril

(not "vectorized")




Round/truncate

round(f)
fix(£f)
ceil(f)
floor(f)

>> help round
ROUND Round towards nearest integer.
ROUND(X) rounds the elements of X to the nearest integers.
>> help fix
FIX Round towards =zero.
FIX(X) rounds the elements of X to the nearest integers
towards =zero.
>> help ceil
CEIL Round towards plus infinity.
CEIL(X) rounds the elements of X to the nearest integers
towards infinity.
>> help floor
OOR Round towards minus infinity.
X) rounds the elements of X to the near
T




Logical operations on matrix:
(test is element bg element)
Returns a |ogica| matrix

>> a=[1 2 3 4 5]
a=

1 2 3 4 5
>> b=[5 4 3 2 1]
b =

5 4 3 2 1
>> a==Db




any (a) determines if matrix a has at least one
nonzero entrg.

all(a) determines if all the entries of matrix a
are nonzero,.

_



"Vectorizin g"

Putting what we have togetlﬁer and Aoing tlﬁings
without loops.

Say | want to Plot the function x2

The traditional way s to use a looP to generate a
sequence of values for x and x2.



But Matlab %ives us an easler way to calculate the
whole s ooting match in one statement.

>> x=1:.1:10; 100
>> Y=X.*X;
>> plot(x,y) or ]

70+ N

50+ N

40 - -

30 N

20 N




Matlab uses geometrical view of complex numbers
(x = real axis, y = imagjnary axis) — z=x+1y.

>> x=0:.1:1;
>> z=x+1*x."2; 100
>> plot(z)

70+

50 |

40 -

30

20 |




More examples.

>> y=sin(0:.01:2*pi);
>> plot(y)

Could also do in one line

>> plot(sin(0:.01:2*pi))




More examples.

>> x=0:.01:2*pi;
>> y=sin(x);

>> whos
Name Size Bytes Class Attributes
X 1x629 5032 double
y 1x629 5032 double

>> plot(x,y)

If want actual
X argument
vﬁues
(radians)




