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>> X = [1,2,3] [Enter]
X =
123

To see a matrix you have created, type its name followed by [Enter] . Try each of the following and make notes how
the results were displayed. Notice MATLAB is case sensitive -- for example, x and X are names for different objects:
>> A [Enter]
>>A,B {Enter]
>> XX [Enter]
MATLAB will not try to execute an assignment until it is complete. For example, if you forget and press [Enter]
before typing the right bracket, it will just wait for the bracket. Try this:

A=]12:34;5-6 [Enter]

i [Enter]
Exercise: If you have not done it already, create the matrices 4, B, x, and X above. Then create C, D, E, and vee as

shown below. (We write them with square braces as a textbook would, but MATLAB does not display braces.) For
each matrix, record what you typed and be sure the MATLAB display is what you expected.

-4 8 -1 2 -1 2 -1 3
C= 50 3 D= 1 3 E=| 01 3 vee=| -5
6 2 10 201 21 1

¢ =1-4,%,-135,0,33 (,2,10] E=12,-1;0.,3;-%i]

D=Lz,-Hh%5-2,1] vec=1[3%;-5;1]

Notice that since one entry in E is a decimal, MATLAB displays every entry as a decimal.

2. The arrow keys. MATLAB keeps about 30 of your most recent command lines in memory and you can
"arrow up" to retrieve a copy of any one of those. This can be useful when you want to correct a typing error, or
execute a certain command repeatedly. Type the following line and record the error message:
>>7={1234;50] [Enter]

Error message: /= yvove kaﬂ vewrtbeat |, CAT W@Mﬁ dinm  not consistent

To correct such an error, you could retype the entire line. This is easier: press the up arrow key on your keyboard one
time to retrieve that last line typed, use the left arrow key to move the cursor so it is between 2 and 3, type a semicolon
and then press [Enter] to cause the new line to execute.

You can also use the right arrow key to move to the right through a line, and if you "arrow up" too far, use the down
arrow key to back up. To erase characters, use the BackSpace or Delete keys. It does not matter where the cursor is
when you press [Enter] to execute the line.

Exercise. Press the up arrow key several times to find the command line where you defined E. Change the 0.1 entry to
0.01 and press [Enter] to execute. Record the new version of £:

E = 2 .0000 ~|,0000
0,000 2.0000

- 2..0000 1 .0060
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3. The size command. When M is a matrix, the command size(M) returns a vector with two entries which are the
number of rows and the number of columns in M. Example:
>> size(A) [Enter]
ans =
32

Notice that ans is a temporary name for the last thing you calculated if you did not assign a name for that result.

Exercise. Calculate the size of each of the other matrices you have created, B, X, x, C, D, E, vee, Z.

stzely= vV b svzel)= 3 3 sizelved)= 2 |
sizelx)= t 3 3 s;:e,élg} = 2 2 size(zy= 2 2
sizelx)= 2 | Size(F)= 3 2

4. The help command. The command help can provide immediate assistance for any command whose name you
know. For example, type help size. Also try help help.

5. Accessing particular matrix entries. If you want to see a matrix which you have stored, type its name. To
correct entries in a stored matrix, you must reassign them with a command. That is, MATLAB does not work like a
spreadsheet or text editor — you cannot edit things visible on the screen by darkening them and typing over.

But you can see or change a particular entry, or an entire row, or an entire column, or even a biock of entries. Try the
following commands to view and change various things in the matrix C you created above. In each part type the first
command line to see what the matrix and certain entries look like before you change them; then type the second
command line to cause a change. Record the result of each command and compare the new version of C with the

previous version to be sure you understand what happened each time: -4 /&) -0 1
-4 % -l —

8 >>C CGY s 6 = B) >>C,C(,2) ° /; *
G) 2 1o J =4 (2] 4o |
>>C@3,1)=-9 >>C(:, 2) = [151;0] Y4 1 =0

4 ® -
s 0 3 tE
=1 2 1 o e

¢ >C,CJ13}1, 23D =4 @ d >C, {139
g v 3
>>C([13], 123D =[2467] |- & 13 >> (1 31,5 = C(3 1], )

-4 -2 9 -9 & 2
>3 ;) 3 s [ =<
-1 ¢ P -4 -2 oy

eg >C,CG,9)

>>C(@3,:)=[012]
-9 & T
g 1 3
2
Notice the effect of the colon in C(:, 3) is to say "take all rows", and its effect in C(3, :) and C([1 3], :) is to say "take
all columns."
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We will assume in all the following that you have created the matrices and vectors 4,B,C,D,E, X x,vec above so they
exist in your current MATLAB workspace. If you do not complete this tutorial in one session, all variables will be
erased when you exit MATLAB. If you continue this tutorial at a new MATLAB session later, you will need to type
in whatever variables you need. However, if the M-files in the Laydata Toolbox have been set up for your computer,
you can simply type startdat to get 4,8,C,D,E,X,x,vee. Ask your instructor about these capabilities, or see Sections 15
and 16 in this project for more details.

6. Pasting blocks together. When the sizes allow it, you can create new matrices from ones that already exist in
your MATLAB workspace. Using the matrices B,C,D created above, try typing each of the following commands and
record the result of each command in the space below it. If any error messages appear, think why.

[CD] [DC] [C;B] [B;C] B C]
o 2 - 2 -\ -y g - ‘9: j "’; :1 ’;" ’i Evrvev U.»-Sa"mj %ELWV@&#‘
3 s B
2_; : :2? i Z - G 2 4 4 g o4 ble B les2 vouss
8 z.} 3 g o % &K C_, w 2 Youa s
BTN _G"J D =l mf" 2 o

7. Some special MATLAB functions for creating matrices: eye, zeros, ones, diag . Examples:

>> eye(3) >> zeros(3) >> ones(size(D))
ans = ans = ans =
100 000 11
010 000 11
001 000 11
Exercises. Type each of the following commands and record the result:
eye(4) zeros(3,5) zeros(3) ones(2,3) ones(2)
it 00O HBOOOO 6 6 © [ -
oL O o0 o ©00 0 © 6 O I
co ¢ © 00000 2 o o bt b
OO0t
diag([456 7)) diag([4 56 7], -1) C, diag(C), diag(diag(C))
y o © {o o oo -4 ¥ =1 - -4 o o0
DQO \4 o coo | so 3 e © 9 o
Qg&&ﬁ ﬁgggg & 2 L0 , 1) s O 9 1O
o © lo e beo |
e o 01 | e ©c 0 10 |
Type commands to create the following matrices. For each, record the command you used:
11 7 00 0
[10:| |:00j| 11 00100
01 00 11 0 06 0
0 00 -2
e(2) zeros(2) 2 .
ey onen( 3, } éw_j@e} o.l ¢ "’ZD
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8. Using the colon to create vectors with evenly spaced entries. In linear algebra, a vector is an
ordered n-tuple; thus one-row and one-column matrices like those we called x, X and vec above would be called
vectors. Frequently it is useful to be able to create a vector with evenly spaced entries (for example, in loops, or to
create data for plotting). This is easy to do with the colon. Examples:

>>vl=1:5 v2 =1:0.5:3 v3 =5:-1:-2
vl = V2= v3 =

12345 1.0 1.5 2.0 25 3.0 543210-1-2

Exercises. Use the colon notation to create each of the following vectors. Record the command you used for each:

[(101234] [9876543] [4353252151]
~{:y 9:-1:3 G-t
The numbers from 0 to 2, spaced 0.1 apart (record the first few and the last few, and the command you used):
O 5S04 2,
o L .z .% .4 .o .% 1.9 2.0

9. Using the semicolon to suppress printing. When you place a semicolon at the end of a command, the
command will be executed but whatever it creates will not be displayed on the screen. Examples:

>>x =1:0.2:3;
>>X

x=
1.0 1.2 14 1.6 1.8 2.0 2.2 2.4 2.6 2.8 3.0

[33<1)

Exercises. Try these commands and describe the results (“pi” is a constant in MATLAB which approximates 7):

) >>A; ne priwtewid b) >> w = 0:0.1:pi;
>> A >>w
=71 = =1 0 L2 4 LS
3 9 -
g -6

2.9 3.0 3B.|

10. The format command. This command controls how things look on the screen. Type each of the following
commands and record the result carefully. Notice that "e" means exponent -- in fact, it means multiply by some power

of 10 -- for example, 1.2345¢002 is the number 1.2345(102).
>> R =123.125 122, V250
>> format long, R 1, 234200 Co000000e007

b23i3@ +002

>> format short e, R

>> format short, R 12.%, 12250

The default mode for display of numbers is format short. To restore the default mode at any time, type format.



Page 6 of 11 MATLAB Project: Getting Started with MATLAB

The command format compact is very useful. It reduces the number of blank lines on the screen, allowing you to
see more of what you have done recently. Try the following and describe the effect of each:

>>A,B A= :; j Bz{; " 3] close o eacl.
s =6 s ¢ et

>> format compact, A,B

égs&a#i@smmm

>> format, A,B

€ xho spaceiy L Hee pafvices
1a e ?Vﬁ%%a’w‘é’

11. Matrix arithmetic. You will soon see the definitions of how to muitiply a scalar times a matrix, and how to
add matrices of the same shape. MATLAB uses * and + for these operations. Try the following examples, using
matrices defined above. You should be able to figure out what the operations are doing. Type each line and record
the result; if you get an error message, read it carefully and notice why the command did not work:

>> A, A+A, 2%A >> A, D, A+D, A-D 2 1 '1\ -t 3
2 4 y 1 =
[ 3 2 - 7 _T
o -t
>>2%A - 3*D Yy 9 >> x, vee, x’-i-iec 2
R =2
I -5~ 3
>> A, B, A+B >>x, X, x+X
- - -
et Soc—s. C AT M Steme SLTE,
Size

MATLAB also uses * for multiplication of matrices, which is a somewhat more complicated operation. You will see
the definition in Section 2.1 of Lay's text. The definition requires that the "inner dimensions" of the two matrices
agree. Without knowing that definition, you can still investigate some of the properties of matrix multiplication (and
you may even be able to figure out what the definition is). Type the following lines and record the result of each:

>>A,B 3 'f; = 1! -2 '31
A?’ g -G Y b2 —{s

9 T -9

19 -4 5
>> B*A lo 24
-] LY
g & =t y 5y 273 c Erpor
>>B,C,B*C,C*B . _; s o 3 BC=| 27 zo 49 B
G- [@"i s ._(?] C=Z2L6 2 L
>>C, x, C*x >>X, C, X*C
- G ?2% 4 Bg‘j
26 5
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The symbol * means exponent in MATLAB; for example, Y~2 is a way to calculate Y2 (which can also be calculated
as Y*Y of course). Try these:

>>C, C*C, C"2 >>Y =2*%eye(3), Y 2, Y3
<o -34 19 4 oo s oo
= o
“2 4o s %;g [Mc] B
& oy <5 o o z_ o oY R o o ¥

12. Creating matrices with random entries. MATLAB's function rand creates numbers between 0 and 1
which look very random. They are not truly random because there is a formula which generates them, but they are
very close to being truly random.; such numbers are often called “pseudorandom.” Similarly, the function
randomint in the Laydata Toolbox creates matrices with pseudorandom integer entries.

Type the commands below and describe the result of each. Arrow up to execute the first two lines several times,
to see that the numbers change each time rand or randomint is called.

>> P =rand(2), Q = rand (2,3)

T4 L1220 o 6324 227%s 9578
= 965 % 9134 " l.0978 .s5469 9649

>> format long, P, Q

_ 1472368639179 1269%6816293 %
T | .905 7919379561 9 ﬁ!?%?gs’gétz%zqz

= W&Léﬁ'% &@%rmz J)
e} E oo L loere Wj

>> format, P, Q

bacde ‘o 9 decinef p lacen

>> randomint(3) >> randomint(3,4)
o) t A3 ) -2 2 L
S S -z z o -1
-G 3 & 2 -7 o O

Remarks. You can scale and shift to get random entries from some interval other than (0,1). For example, 6*rand(2)
yields a 2x2 matrix with entries between 0 and 6; and -3 + 6*rand(2) yields a 2x2 matrix with entries between -3 and
3. Itis also easy to create random integer matrices without randomint. For example, the command round(-4.5 +
9*rand(2)) produces a 2x2 matrix with every entry chosen fairly randomly from the set of integers

{-5,-4,..4,5}.
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13. Plotting. The plot command does 2-D plotting, and when you use it, a graph will appear in a Figure window.
If the Figure window obscures most of the Command window and you want to see both windows at once, use the
mouse to resize and move them. If you cannot see a particular window at all, pull down the menu Windows and select
the one you want. It is not possible to see both windows at once in MATLAB 3.5.

As the examples below show, you can specify a color and a symbol or line type when you use plot. To learn more,
use help plot and the MATLAB boxes in Lay's Study Guide. Try the following examples and make a sketch or write
notes to describe what happened each time. Notice we use semicolons when creating the vectors here because each
vector is quite long, and there is no reason to look at them:

>>x = 0:0.1:2%pi; si=sin(x); co = cos(x);

>> plot(x, si)

Strndad PM@/; SRR G Z@lzﬁ“}

>> plot(x, si,'r")

sl dond Fﬁ@%’ &’i- Sla X on 50;2‘?‘".:{
bz & & red

>> plot(x, si,’-.")

é!i’_: &3 e @ S o G

>> plot(x, si,"*")

>> plot(x, si,'b*")

(L eodor 2o Llae)

Here is one way to get more than one graph on the same axis system. Describe the result of each command:

>> plot(x, si, 'r*', x, co, 'b+')
=td 3w en [o, ZTFE n red 4 lae Lo ¥k
S”{'/é CO3 % & ZOaij N ‘i@l&&& & L&:t—;s, Co A

Ledt.. ‘ s SOree.
>> P = [si; co]; plot(x, P)

bote s n & cos n F&‘&d Ov-er- Z@;ZJW]
Laaen ((’//?‘W & blee, — Sé@eeﬁ){{% Le;-g__
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Another way to get different graphs on the same axes is to use the hold on command. This causes the current
graphics screen to be frozen, so the next plot command draws on the same axis system. The command stays in effect
until you release it by typing hold off . Try the following commands, and describe the result of each:

>> plot(x, co, 'g--'), hold on
std A cost) e (o 2w |

A dasled

plot(x, si, 'ro")
hold off

5’%@” 25/@?[; e’g Ssa K On 5032'5?3
Lise ted # connecfed cipclen

g o ca Qﬁ

It can be helpful to have grid lines displayed, and to set your own limits for the axes. Try the following. (If using
MATLAB 3.5, type the plot commands last instead of first in each of the following lines -- e.g., grid, plot(x, si) .)

>> plot(x, si), grid

std plot el sew on [Lomm]
>> plot(x, si), axis([-8 8 -2 2])
std plab of simw o [o,2%]
%m?iuigj w-ﬁgéma:a ‘&‘Vcﬁ,&ﬂ +o zwg’ﬁ]x&zﬂ'}

li We defined the vector x on the top of page 8. Change the vector x and use the last MATLAB command above to get
the entire graph from -8 to 8. .

14. Creating your own M-files. o 257 K=-81.1:%
* (TR, STWD) j\ gf\vf’

=% ]

An M-file allows you to place MATLAB commands in a text file so that you do not need to reenter the same
information at the MATLAB prompt again and again. It is a good idea to have MATLAB running while you edit an
M-file. This will allow you to quickly switch back and forth between the Edit screen and the MATLAB screen so you
can try running your file, editing it again, running it again, etc., until it works the way you want.

General information:

An M-file must be saved with the extension .m, not .txt or .doc. This extension will be added automatically if you use
the File Menu in MATLAB to open a new or existing M-file. Also, you must save an M-file in some directory which
is in the MATLAB path, or else MATLAB will not be able to find the file and execute it. For example, on many
computers the directory C:\matlab is always in the path. See Section 16 below for some details about these matters.



