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@@ MatLab Ha mathworks.com

BonTu Ha cauT https://www.mathworks.com/
3aperncTpupoBaTbCca NO CBOEMN
noyte *sfedu.ru

4 MathWaorks - Makers of MATLA!
Ha)kaTb kHonKy GetMatLab I t ) I

BbibpaTtb MatLab Online

| Get MATLAB | 1t
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@@ CopneprKaHue:

* ACTOYHUKM ANnAa n3ydyeHmsa (pecypcol)

* MHOroOKOHHbIU UHTEPPENC

* [na no pecypcy ML Home u Edit
 PaboTa co cnpaBKOU MHTEPAKTUBHO
* ba3oBbIn PpyHKUMOHaN ML

* Co3aaHume script-dannoB n GyHKUUM



@ OcBauBaem MatlLab

* https://samoychiteli.ru/document21400.html
* https://exponenta.ru/academy/study material

* Help MatLab (»mmadpyHKunn+F1l nnm Bca cnpaska:
» help)

* Examples MatlLab:
(»help examples nan »demos)
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MatLab Home



nvkurbatova@stedu.ru

MatLab yaaneHHo Ha https://www.mathworks.com/

4\ MATLAB Home
1 - 3arpy3utb ¢aiin c Komn.
(=]
' 8§ matlab.mathworks.com e % O 2 - NOMECTUTL B 0613KO
EDITOR PUBLISH FLEVERSIONS  VIEW MLDrive
3 - (HeaKTMBHaA cTpenka
B Sofed B2 B B |[BDW M 5
1 _D‘Hﬁz [Va G B | U BHU3) BbIrpy3uTb daiin Ha
New  New Open3T |~ —jort  Save @' Favorites Clear Simulink | Layout Preferences | Help KOMMM. nocnae CoOXpaHeHUuaA
Live Script - - Upload 11 Workspace % E E Commands * E - [Bl 4 - Co3paTtb nycroii *mix ;
’
2 e VARIABLE CODE SIMULINK ENVIRONMENT | RESOURCES

New — nycToi script: *.m
Hal| @ / » MATLAB Drive »

- 5 - ¢aiinosbiv pegakTop
mentFolder §  © |5 <| ExampleFunctionSubFunctionm x| N> + @ |2 Figure1 x| + 6
3 a 10 5 unction ExampleFunctionSubFuncialin 300

. . ~ n=5@
| Published (my site] e reda AL 200 pa6ouee oKHO, cpeaa

- Current Folder

7 - Command Window,

(=]

3
ExampleFunctionOutl | 2 . B/BbiBOAA (MHTEPAKTUBHbIN
2NN AN-p Lot (x,y, 'r-"), grid on, hold 100 KaNbKynaTop)
rkspace PN | ot (x, 106%0nes (size(x)), 'g"-. " /
p L 0 8 - Workspace -
2 nValie  uS L S MHPOPMaLMA O NepeMeHHbIX

Command Window

(rno6anbHbIX)
New to MATLAB? See resources for Getting Started. 9 - Preferences —

nepcoHasibHble HaCTPOﬁKM
> |

¥y 10 - CnpaBka— Help nau ?
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MatLab Editor



@@ MHTepaKkTnBHOEe ocBoeHue Editor

PLOTS 5 E:III'O% PUBLISH

FILE VERSIONS

& 7 |T'| Section Break 5 4
FeEM &mw?wﬁd >
Mew Open Save | GoTo Fmd ’ Flefactnr | 3 q;||; g e Run  Step
v v ¥ v J Bookmark ~ | Section W] Runto End| Run current section and advance to
FILE MAVIGATE CODE SECTION RUMN
& © ol & ! s MATLAB Drive »
Current Folder ExampleFunctionSubFunction.m * NVKmatrixOperation.mkx Figure 1
Name = 1[] function ExampleFunctionSubFunction 300
[ Published (my site) 21| o ,
3 x=linspace(8,2%pi,n); 250
2] ExampleFuncionQuFu| | 4 | y=x.*sin(x); title('special y=sin(x)")
[ ExampleFunctionSubFu , > Z %% Graph 200
|—] . ) [E] p=plot(x,y, 'r-'), grid on, hold on
<| ExampleScriptFunction. 5 plot(x,18@%ones(size(x)), 'g*-.") 150
D GraphPracticeFullExam ,| 8 = plot(x,cos(x),'k-.")
g 100
4 b
18
Workspace
P 11 function y=sin(x) o
::Name :: Value i: Size| 12 y=x-x."3/factorial(3)+x."5/factorial(5); ) b
13 0

Editor

1 - N.K.M. WENKHYTb Ha
HOMmepe CTPOKU —
TOUYKa NpepbiBaHUA

2 - %% - 3HaK Ha4yana
ceKuumn; % - 3HaK
KOMMeHTapus

3 - BbINO/IHUTb CEKUUIO

4 - BbINONHATDL
NOCTPOYHO

5 BbinonHUTb Becb dpaiin

6 - BbINONHUTb BCE A0
CTPOKM C Kypcopom

7 - BblaeneHHas 4acTtb

Koaa npeobpasyertca
B JIOKa/IbHYIO
$yHKUMIO (B TOM XKe
Tene cKpunra),

Stop - npepbiBaer

OTNA4UMK
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JIOKanbHOEe MeHIo
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MatLab a¢pPeKkrtuseH c Local Menu

1[=] function ExampleFunctionSubFunction
2
3 ) nace( B i 1 -
4 ¥ = e
5 [A0.5 AP
B
? [ D O ; a O o cl D
: P Sne valuate Selection in Command Window  F9
) Open Selection Ciri+D
Al )
Help on Selection F1
.2? function y=sin(x) .
13 y=x-x."3/factorial (3)+x."| Wrap Comments Cirl+J
A4
(3 Comment Ctri+R
A Uncomment Ciri+Shift+R
Duplicate Line(s) Ciri+Shift+C
Change Case Clri+Shift+A
Smart Indent Ctrl+l

1
2
3
4
5

Convert to Function

Convert to Local Function

Section Break Ctri+Alt+Enter
Run Section Ctri+Enter
Split Screen b

- BbIAENUTb KopA, NoaneXaliun Bo34eUCTBUIO, LLLEIKHYTb NPaBoOW KHOMKOM MbiLUK

BbINOJIHNUTDL Bblae/s1eHHOe

3aKOMMEHTUpPOBaTb Bblae/sIeHHOe

PAaCKOMMEHTUPOBATbL BblaeNneHHoe

KOHBEPTMPOBATb B JIOKA/IbHYIO MU BHELLHIO PYHKLUIO
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@@ KOHCTPYKTOPbI MATPULL

ONES — 13 egnHuL, ZEROS — u3 Hynen
EYE — egMHUYHbIX MmaTpuLy,

MAGIC — marn4yeckmm KBaapart (uaes
Anbbpexta Jiopepa)

Cnay4yauHbIX :

RAND — snemeHTbl paBHOMEpPHO pacnpeneneHbl Ha
oTpeske [0,1]

RANDN — sn1emeHTbl HOpManbHO pacnpeaeneHsl

RANDI — yuenoyncneHHble Ha 3a4aHHOM OTpe3Ke

21.05.1471-6.04.1528
11

AN C OTPaHNYEHUEM CBEPXY
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. . NVKmatrixOperation.mbe * = al = . . .
Special type matrices L1
1 1 1
We can use functions to create special type matrices:
bl =
ones - to create a unit matrix a o o 8
a@ = ones(1); ¥* a=ones(size), a=size(m,n) @ =
al = ones(3) ?.8258  B.9961
- @.5383  B.@782
zeros - to create a null matrix el =
®.4437  ©.1867  B.9619  9.0846
bB = zeros(2);
bl = zeros(1,4)
e =
rand - to create a random matrix, the elements of which belong the range from 0 to 1 3? 12
c® = rand(2) ¥ rand(sizeMatrix) gl =
cl = rand(1,4)| 4 5 3
i 18 2
randi - to create a random matrix, the elements of which belong the range from 0 to imax ] 2 2
(the first meaning in the parenthesis) .
dd = randi(28, 2, 2) ¥X = randi{[imin,imax],n,m) or X = randi({imax,n,m} ; i 3
dl = randi(18, 3)
d2 = randi(3, 2, 3) el =
1 ]
eye - to create identity matrix a 1
ed = eye(2) el =
el = eye(2, 3 1 @ B
ye(2, 3) -
magic - to create a Durer matrix. Matrix constructed from the integers 1 through n2 with " =
equal row and column sums. The order n must be a scalar greater than or equal to 3 in 17 22 1 8 15
order to create a valid magic square. 23 5 7 14 15
4 & 13 22 22
. w12 19 211 3
M = magic(5) 1 18 25 2 g =



oy

MATFUN

bubanoreka matpuyHbIX GPYHKUUN



nvkurbatova@sfedu.ru

[Mpnmepbl MaTPUYHbIX QYHKLUN

We can view all the functions for working with special matrices
using the following command:

help matfuh

Matrix functions = numerical linear

Arithmetic operators.
mpowWer - Matrix power ~

Matrix analysis.
bandwidth Matrix bandwidth.
isbanded Determine whether a matrix has certaln bandwidth.
isdiag Determine whether a matrix is diagonal.
ishermitian Determine whether a matrix is Hermitian.
issymmetric Determine whether a matrix is symmetric.
istril Determine whether a matrix is lower triangular.
istriu Determine whether a matrix is upper triangular.
norm Matrix or vector norm.
Vecnorm Vector norm.
normest Estimate the matrix 2-norm.
rank Matrix rank.

14
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KOHKaTeHauus

C=[A, B] ~ C=[A, B] ~ D=[A;B], ~ D= cat (1,A,B)

~ C=cat (2,A,B)
oofals] © [

Onepauuun Hag maTpuuamm

15
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14
15

16

17
18
18
28
21
22

Let's consider some operations with matrices: concatenation

Concatenafion is the process of joining arrays to make larger ones. The pair of square
brackets [ ] is the concatenation operator.

o = [al, zeros(size(al))]
f1 = [[a0,a0]", b8]

Concatenating arrays next to one another using commas is called horizontal
concatenation. Each array must have the same number of rows.

You can concatenate vertically using semicolons:
f2 = [c0; d2(:,1:2)]

Each array must have the same number of columns.

We can also use the cat function to combine matrices:

M2 = [123];

M3=[567;809180];

cat(1, M2, M3) % along the first dimension
= [12;34];

M5 = [56; 89];

cat(2, M4, M5) % along the second dimension

FY

2 =
1 2 3 4 5 6
1 1 1 1 @8 8 @
2 11 1 e e @
i1 1 1 e e o
fl =
1 e o
1 e 0
£ =
2.5838  0.2904
2.2518  0.6171
2.8008  2.0008
1.8008  2.8008
ans =
1 2 3
5 6 7
g 9 18
ans =
1 2 5 6
3I 4 8 9

16
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YpaneHue nogmaTtpul,

Onepauunun Hag maTpuuamm
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Mpumepbl paboTbl C nogMaTPULAMMU

Removing submatrices and their elements: M=

. . . M =
We can delete efther one specific element of the matrix, or several at once. We can even i

delete one or more columns (rows) and their individual sections at once.

Lo T e B e T e |
L I s I ow e
[ iscss TR e B s TR e |

What we can't delete?
M1, 1) = 0 M =
ni(2:4, 2:3) = @ I
(:, 2) = ] o
Mi(2:end) = [] .
M=

A Tak MoXHo ? A ( 1:2:end) =[]
ATak? A(end:-2:1)=[]

18
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@@ KOHCTPYKTOpPbI ANAroHaNbHbIX U
TPeyro/sibHbIX maTpuy,

d diag (d)

tril (A)

|

triu (A) ‘
k

diag (A) d

Onepauun Hag maTpuuamum
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CneunanbHble KOHCTPYKTOPbI MaTpUL,

- A=
1 1 1
2 2 2
3 3 3
d =
Diagonal matrices: ;
We can distinguish different diagonals of an already existing matrix. 3
ans =
27 A=[111;222;333] L
28 d=diag(A) % Highlighting % the main diagonal 2
29
ans =
38 diag(a, 1) % Selection of the diapgonal located above the main one 1 @ 8
a 2 a
We can also create matrices based on the given diagonals. a2 3
ans =
31 diag(d) % the d elements will be located on the main diagonal 3 @ 1 P
32 | a @ 8 2
33 diag(d,2) % the d elements will be located above the main diagonal a e ] 2

0

Triangular matrices:

We can find the upper or lower triangular matrix using the following functions.

bnaoyHo-gnaroHanbHasa

MmaTtpuua

34 T = randil(168, 5)

35 triu(T) % upper triangular part of matrix

36 tril(T) % lower triangular part of matrix
Block-diagonal matrices:
We can create block-diagonal matrices from existing ones.

37 Al = ones(2,2);

38 A2 = 2%ones(3,2);

39 A3 = 3*ones(2,3);

4a B = blkdiag(Al,A2,A3)

48
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PepaktTupoBaHue cogep*XaHua v

dopmbl maTtpuL — —
{ R
A * B =
3 - @ I l:;.ij B =reshape (A,k,r)
L] aHamnoruyHo |/ m*n=Kk*r

4 L =N J
] A k ]
. ] AMk)y=(a.) , .3
A(LJ) — ij n o
L — @
=
| \ S
Alk), k=1,..,12 | | =<
il | BektopHble onepauyum  m | A | * N B »
- kS
k £
— Repmat - 1
o | =
OAvHapHas U ABOIHasA CaMOCTOATE/IbHO: C=A*B mq o
HymMmepauuna marpuy, \, y, Ell
%)
ge
o

Onepauun Hag maTpuuamum

N
=



Editing
We can manually change individual elements, rows, columns, or some of these sections

of the matrix, as we did in the examples above, or we can perform various arithmetic
operations with the matrix, which will lead to a change in its elements.

Let's look at some examples:

S ve = 1:3;

45 vi = 3:5;

46 | @ = ve*s

47 pv=v8. *vl

43 dvav@. /vl X deviding left to right vé:vi

49 dvl=v@.\wl X deviding right to left vi:v@

ce vl = v1."3

% | vi.”® % what sbout vl - complex? Explain result vl1® for vl complex!
Changmg the structure
We can change the structure of the matrix not only by transposing, but also by using the
built-in functions:

52 K1 = reshape(1:8, [], 2) ¥ converting the matrix to a new size

&3 K2 = linspace(le, 15, 6)

t4 rk2=rot2e(k2) X rotate array 20 degrees

55 lrk2=fliplr{K2) % flip array left to right

56 K3 = K2.';

&7 flipud(kK2) % flip array up to down. Explain!

nvkurbatova@sfedu.ru

ve =
5 1@
pv = 1=
15 Aag
dv = 1=
1.6667
dvl = H
B.6288
vl =
27 =28
ans =
27
&4
125
K1l =
1 5
2 6
3 7
4 g8
K2 = 1=
18 11
rk2 =
15
14
13
12
11
12
lrK2 =
15 14

15

75

2.5098

2,488

125

12

13

3.0000

B.3333

13 14

12 11

22

[Mpnmepbl peaakTUPOBaHMA cogepXaHusa n Gopmbl
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SPY

Busyanmnsaumusa CTPYKTYpPbl MaTpUL,bl

( HeHYLeBbIX 2/1eMEeHMOB)
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Buayanmsaumna cTpyKTypbl maTpuubl. YTo He Tak?

spy(B) — notepancsa!
Visualization of non-zero elements

Function spy plots the sparsity pattern of matrix. Nonzero values are colored while zero
values are white. We can change the color and shape using the corresponding function
arguments:

.<ﬁgure spy
spy(B, 'hb")

Fil Ed Yie Ins Too Desk Wine He =~

EEEEIDEEY 2

0

4
nz =16 24
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clear
clear B=blkdiag(rand(2), ones(3,2), randi([5,18],2,3))
% randi([vmin vmax],size) spy(B,30)
B=blkdiag(rand(2), ones(3,2), ... figure
randi([5,18],2,3)) % break line spy(B,20) L.
nnz(B) % number of nonzero elements ..
spy(B,30) .
spy(B,20, 'hm') % 20 - markersize,
clear
B=blkdiag(rand(2),...
ones(3,2), randi([5,18],2,3))
: , nnz(B)
: | subplot(1,2,1), spy(B,30) .o
" | subplot(1,2,2), spy(B,20,'hm") | ' ""es ‘
i ; S R
(blkdiag — KOHCTpYKTOP 6104YHO-AMAroHanbHOK ManHLLhﬁ s e

subplot(n,m,nc) — KoHCTpPYKTOP MaTpuLbI U3
rpadUHECKUX OKOH, N — YMCAO CTPOK, M— ? NC— HOMep
OKHa (cyeT MAET NocneAoBaTe/IbHO MO CTPOKaM)

J .
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OyHKUMKM BubnnoTtekn Elmat



CUCTEMHDbIE MEPEMEHHbBIE N KOHCTAHTbBlI MATLAB

clc - ounctutb Command Window
clear - yaanutb nepemeHHble Workspace
eps - Floating point relative accuracy

realmax - Largest positive floating point number

realmin - Smallest positive floating point number

intmax - Largest positive integer value

intmin - Smallest integer value

flintmax - Largest consecutive integer in floating point format 9.0072e+15

pi - 3.1415926535897....

i,] - Imaginary units

inf - Infinity

nan - Not-a-Number (isnan(A));
true - True array

false - False array

end - Last index

27



OMEPALUN MATLAB

»help ops

Arithmetic operators:

plus - Plus +
uplus - Unary plus +
minus - Minus -
uminus - Unary minus -
mtimes - Matrix multiply *
times - Array multiply

mpower - Matrix power

power - Array power N
mldivide - Backslash or left matrix divide \
mrdivide - Slash or right matrix divide /

|divide - Left array divide A\

rdivide - Right array divide J

idivide - Integer division with
roundingoption.

kron - Kronecker tensor product

and (relop

Relational operators:

eq (A,B) - Equal A==

ne (A,B) - Not equal A~=B

It (A,B) - Less than A<B

gt (A,B) - Greater than A>B

le (A,B) - Less than or equal A<=B
ge (A,B) - Greater than orequal A >=B

Logical operators:

- Short-circuit logical) A && B
B -is not calculated if A consists of logical 0;
result - scalar true or false

orrelop - Short-circuit logical A || B
B -is not calculated if A consists of logical 1 ;
result - scalar true or false

and - Element-wise logical &

or - Element-wise logical or |

not - Logical NOT ~

punct - Ignore function argument or output ~
xor - Logical EXCLUSIVE OR
any - True if any element of vector is nonzero
all - True if all elements of vector are nonzero

28



CNEUNANBHBIE CUMBO/IbI

Special characters:

colon - Colon
paren - Parentheses and
subscripting ()

paren - Brackets [1]

paren - Braces and subscripting
{}

punct - Function handle creation
@

punct - Decimal point

punct - Structure field access

punct - Parent directory

punct - Continuation

punct - Separator ,

punct - Semicolon ;

Special characters:

punct - Comment %

punct - Invoke operating system
command !

punct - Assignment =

punct - Quote '

transpose - Transpose

ctranspose - Complex conjugate
transpose

horzcat - Horizontal concatenation

[]
[;]

subsasgn - Subscripted assignment
()}

subsref - Subscripted reference

()Ah.

vertcat - Vertical concatenation

29
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Cnacu6o 3a BHUMaHue!

Yenammcs!

He cTblgHO He 3HaTb, A0CaAHO He XOTeTb y3HaTb!

30



