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Contents:

Array - all native objects are Array!
— ndims, size, length, numel
— display
Numeric, Double
— Matrix constructors
— Functions and properties(eig, det, rank, cond...)
— SLAE. Gauss Method.
— Construction of the simplest graphs
— |/O operations
String, Char, Cell

— Constructors
— Basic class functions
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The main functions inherited by descendants
N=ndims(a) — dimensions number
[m, p] = size(a) — number of row and column
numel (a) — total elements number (= m*p )
length(a) — default: rows number
length(a,2) — column number (length along row)
display (a); — the semicolon does not suppress

the output for display

inherited[1n herrtrd]
descendants [d1'sendants]
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Numeric. Double

Matrix Constructors:

O Zeros — the zero matrix

O eye — the unit matrix

O ones — all elements are equal to 1

o rand, randi, randn — random matrix

O magic(n) — a matrix with the properties of a magic

square, the sums of any row and column are equal (does
not exist for any order)

o blkdiag — constructor of a block-diagonal matrix, f.e.:

C={ones(3),randi(20,2,4),rand(3), triu(ones(2))}; % CeCell
blkdiag(C{:}) % CeCell
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@@ Constructors of:

A nopsgka n=9

o triu —the upper triangular matrix k=4
. . . III EEEN
triu(A); triu(A,-k); triu(A,k); HEE EEE
: . . ll HEEE BN
o tril —the lower triangular matrix [T T 1TT B
. | . EEEE EEE
tril(A); tril(A,-k); tril(A,k); EEEEE EEE
] _ , HEEEE Bl
o diag —the diagonal matrix EEEEE N

a=diag(A); a=diag(A,k); a=diag(A,-k);
A=diag(a); A=diag(a,k); A=diag(a,-k);

k>0, integer, A — matrix, a — vector
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Vector editing of matrices by condition

Syntactic form of searching for elements by condition:

» LogicalMatrix=A RelationOperation B
RelationOperation: >, <,==,... A - matrix, B — constant value ormatrix ...

Syntactic [sin taektik] form of editing elements by condition:

» A(A RelationOperation B)=const — assigning new values to matrix
elements that meet the condition (RelationOperation ==, >=,>,<=,~=)

Example A —

A=[0,0,-2; 0,-1,-1; -2,-2,0] 0 0 -2
LogicalMatrix=A<-1 LogicalMatrix — ? 0 -1 -1
A(A<-1)=3 A-? 2 -2 0
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Analysis of matrix elements:

function: find

» index=find(A) % finding indexes for elements A~=0
A(index) or A(index(:)) contains nonzero elements;

» [i,jl=find(AnyCondition) % i,j indexes of elements, satisfying the
condition, f.e., AnyCondition={A>value nan A<value nnun A==value,...};

A (i,j) the same as Acond

Brain Storm!

index=find(A) % need to detemine indexes! 0 0 _9
[i,jl=find(A==-2) % - i,j?
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Logical analysis of matrix elements:

functions: all

Analysis of matrix relation operations :
» V relation, f.e. C=A==B, the result is logical matrix C;
0 — equality is not true, 1 - true

» TrueFalse=all(all(C)); TrueFalse=1, all elements of C equal to 1 (true),
matricies A,B,C=A==B have the same dimension

» TrueFalse=any(any(C)); TrueFalse=1, if there is at least one element
in A that is equal to the corresponding element in B

Check for an arbitrary matrix a, is the matrix a'*a — symmetric?



Mouck anemeHMo8 ¢ 3a00HHbLIM YC08UEM:

% [eHepupyem yeanovucaeHHyo mampuyy
% pasmepa 2 x3, eenuvUHA 31eMeHMo8
% npuHaonexcum ompe3sky [-9,9]:

a=randi([-9,9],2,3); n=nnz(a)

% HaxoO0um nnz - HeHysnesble 371eMeHMebl
% u ux uHOekceol i,j, makue, ymo a(i(k),j(k)) =anz(k), k=1:n

[i,j,anz]=find(a);
[i,j,anz] % ynopagoyeHbl, cm. ans B8 CommandWindow
for k=1:n,anz (k)=a(i(k),j(k)),end % testing

And what will be the result? Explain it!!
[k]=find(a)
a(k(:)) % cm. Puc.

nvkurbatova@sredu.ru

>> [13 ] anz]
ans 22 l \
1 1 -7
1 Z 9
2z 2z -3
1 3 2z
2z 3 -5
>> a
a _=
-7 9 2
0 -3 -5
Puc.
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Functions on the of the matrices

. ) i 12— Db=[pi/3 pi/2; 3*pi/2 pil]
v’ sin(a), cos(a), tan(a) — a (in radians) 13- "%sin (b)

v’ sind(b), cosd(b), tand(b) — b (degrees) 14 a: 2x2 double =

. I
v’ atan, asin, acos — as usual o
= 0.8660 1.0000

v log(x)~In(x); log10 — clear! ~1.0000  0.0000

v i . . 1.0472 1.5708
imag, real — (imaginary and parts) L 1104 31416

sum, prod, abs, min, max, sort — the functions perform the operation on
the columns, along the rows — default, f.e. sum(a)~sum(a,1);

lLi- :=:?T;jsisuit:md“ | sum(a,?) == sum(a,Z); line by

B3 S _ ] B line, along all columns
L ommand Window ] l . l
s Lo d ) F ity

?

1 2 3 \ | sum(sum(a]) 7
B \ T

1 2 3 11




Functions defining the properties of matrices

e s=det (a) — the value of the determinant is calculated

e [v,D]=eig (a) — v —a matrix of eigenvectors-columns, D — diagonal matrix, D(i, 1)
— eigenvalues

* cond (a) the number of conditionality; characterizes the stability of the
solution

* issymmetric (ishermitian for comlex), isfull, issparse, isequal
* rank(a) - clear
* inv(a) oran(-1) inverse matrix®

Buabl Hopm:
* norm(a,p) - p Matrix Vector
Decomposition svd: 1 max(sum(abs(X))) | sum(abs(X))
[U,S,V] = svd(X); 2 max(svd(X)) sum(abs(X).A2)7(1/2)
X = U*S*V' real value p - sum(abs(X).~p)*(1/p)
U,V- unitary matrices, Inf max(sum(abs(X'))) | max(abs(X))
’(u*u')=|, (U*U)=l, -Inf - min(abs(X))

- transposition and complex

conjugation Where is the Euclidean norm? We are looking for! 1,



@@ SLAE. The Gauss method

Ax=b
3x + y+z=5 3 1 1] 5
-X +y =1 A=|-1 1 O b= | 1
X +2y-z2=95 1 2 -1 5
B ML:

>>A=[3,1,1:-110; 1, 2, -1]
>>b =[5 1 5]'

>>x=A\b % The Gauss method or inverse division
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Graph.m

clear
X=-pi:pi/24:pi;
y=sin(x)./x; % element by
element (vector operation)
z=log((1+x.*sign(x)));
subplot(1,3,1);
plot(x,y); hold on;
plot(x,z,'r-');
legend('sin(x)/x',...
'log((1+x.*sign(x)))');
subplot(1,3,2);
% clear x % (if it needs)
x=linspace(1.6,3.1415,100); %
z=[sin(x)', tan(x)', sqrt(x)"' x.A2'];
r=plot(z);
legend({'sin','tan’,'sgrt','x.22'});
subplot(1,3,3)
plot(x,z);
legend({'sin(x)",'tan(x)",...
'sgrt(x)','x."2'});
set(r(:),'linewidth',2);
set(gca,'fontsize',14);

Simple plots. Class Double

15 T T T 10

sinfxp=
— log((1+x."sign{x}}}

1F

-0t

5

0.5 —in
—_—ran
sqrt

-25

-30

subplot(m,n,k) % mxn windows, k-an active;
hold on change NextPlot of Figure:
Before - replace (default) ; after - add;

What is the risk?
x=linspace(a,b,n) % vector n — n points on [a,b];
gca (graphic current axes) - an active axes

100
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Differentincrease.m

X=-pi:pi/24:1.4%pi; y= sin(x); z=exp(x);
subplot(1,2,1);
title('sin(x) {\it falis} on axis X')
plot(x,y,'m--','linewidth’,2); hold on
plot(x,z,'c:','linewidth’,2);
Igl=legend('y=sin(x)','z=exp(x)');
Igl.FontSize=14;
xlabel('x'),
yl=ylabel('y,z','rotation',0),
yl.FontSize=14
set(gca,'fontsize',14)
subplot(1,2,2);
title('Each graph has its own vertical axis!')
[haxes,linel,line2]=plotyy(x,y,x,z);
linel.LineWidth=2;
line2.LineWidth=2;
xlabel('x'); grid on;
ylabel(haxes(1),'y','rotation’,0);
ylabel(haxes(2),'z','rotation’,0);
legend('y=sin(x)','z=exp(x');
set(haxes(1),'fontsize',14);
set(haxes(2),'fontsize',14)

Graphs of functions of different growth.

plotyy -> yyaxis (for last versions)

PLOT PLOTYY
0 sin(x) falls on axis X 1 graph has own axis!
= = y=sin(x)
z=exp(x)
60 |
0.5
40 ¢
y,?_ y D L
207
0.5 7
0 Ryl .
-20 ) -1
-5 0 5 -4 2 0 2 4

160

140

120

When using the set and get commands, the case is not specified

in the names of the structural fields!
In the notation ObjectPropertyName = PropertyValue,
case is important!
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String

array

String Constructor — double quotes (" ")

clear
% STRING Array

Control of letters in a string: ISLETTER

O
A

Creation
S="MEXMAT FOREVER!"

fl=islattar(§);

ht(S)

S: 1x1 string = _ _
split(S,delimiter,dim)

"MEXMAT FOREVER!™ 521 2x1 string =

Sl=isletter(5);

I 5
B 1

G1: 1«15 logical array =

I "MEXMAT "
S - CKA/IAP! .
clear Command Window

%% STRING Array
%% Creation

New to MATLAB? See resources

5="MEXMAT FOREVER!" 53 =
Sl=isletter(S);

52=split(5) ‘split(5,delimiter,dim)
length(52) 23 =
%% Edition |
53=52(1)4" LSFEDU" %
s3=lower(53) % 53=upper(53) %register
erase(53," ') % S3=erase(S3,' ')

A
» 53

"MEXMAT .SFEDU"

concatenation "mexmat . sfedu”

dans =

[y |_||||_1.
Pad b= & w0 00| =d O W B L | P | e

"MEXMAT ., SFEDU"
What is the result of the line number 12?

SPLIT - dividing a string into
elements (words), the result is a
column vector of string (words);
space is the default separator (see S2)
UNIQUE(STRING) - the choice of
non-repeating characteristics in string

ERASE — deleting a specified
element in a row (cm.S3)

LOWER, UPPER — npeobpasoBaHue K
COOTBETCTBYHOLLEMY pernuctpy (cm.S3)

16




Char - character array

Char elements Constructor — single quotes (' ') What are the differences between STRING
Workspace and Char?
>>» whos || Name - alue
Name Size Bytes Class Z 'letter’ Why does a take 12 bytes and
1
a 1xe 12 char res takes 24 bytes?
b 1x1 8 double It is true for Char and String:
upper, lower — converting a string to uppercase

2 a=upper('letter') % as for string or string (case seIection)
3@ 1=length(a); . T TRY, . .
4—  itSa(d:end) & Total Expense Ratio fliplr — (flip) inversion from left to right
5= res=imag (it) (Compare b; bll)
6~  b='Tor noron'; % almost Palindrom A YeepeH u He pesy - palindrome[ palindraom]?
77 g bIGHIPIT(D) length(CHAR) ; strlength(STRING) - Number of

Command Window

characteristics;

K>> bl

bl = MOTOMN TOT >>length(b) % = 9;

K>> whos b res >>Str|ength('TRUE') % =4

Name Size Bytes Class How does flipud work? (Brainstorming)
b 1x9 18 char It is true for Char:

res 1x3 24 double ' . . ) ] .
An element of the Double class _ €Val(‘clc, format long, r=pi/180, phi=pi/180*30, sin(phi)')

takes up 8 bytes! 17




Char, String. Editing

Conversion Cell to String and vice versa :

HE|p Center @ mathworks.com/help/matlab/ref/string.html

Documentation  Examples  Functions  Apps  Videos  Answers
A = {'Mercury', "Gemini®, 'Apollc’;...
"Skylab', 'Skylab B', "ISS"}

A= 2x3 cell
{'Mercury"'} {'Gemini" } {'Apollc’}
{'Skylab® } {'Skylab B"} 155" I

str = string(A), str(l,2)

str = 2x3 string
"Mercury™ "Gemini” "aApollo™
"Skylab" "Skylab B™ "Iss”

ans =

“Gemini”

StrArr=string(CellChar) — StrArr has the

same size

as CellChar and consists of

Elements of String

Str2mat (A) — Conversion Cell of
Char to String (as vector column)

10 @

B=strZmat (A) ;

[ str 2x3 string

B =
Mercury
Skylab
Gemini
Skylab B
Apollo
ISS

'Skylab', "Skylab B','ISS'"]

consistent.

K>> A = ['Mercury', 'Gemini', "Apollo';...

Dimensions of matrices being concatenated are not

MercuryGeminiAppolo
SkyLab SkyLab B ISS

S What's wrong? How can

we fix it?
Let's formulate a rule!

18



Array of Cell and Char

Combining objects of different types into a container

» C=cell(size) — an object of the given size is being ind =
4
reserved s -

> C={A,B,D,...}— A,B,D,... - Y MatlLab ObjeCtS my mind is strongmy mind is restinc

ans =

Command Window

1x12 logical array

- le cell array %ﬁl 11111111111
'my mind is strong’ [ind]=findstr(C{1},'mind')
'my mind is resting' S=[C{1},C{2}]; CS=string(C) % Pa3smep CS?
TE = [Ced,ind1]=unique(S);
logical s(ind1)==Ced %
ans - [Ced,ind1]=unique(CS);

1 Comparison :

|. KurbatovaStart.m % | Forlecture2.m ”| StringChar.m X|_ + | > ScalarTrueOrFalse = Strcmp(S]_’SZ) _
1-— clear
2 %% comparisen comparison of characteristics in general
El C={'my mind is strong';... - e ey .
) 'my mind is resting’] » [LogicalVector]=S1==S2; or eq(S1,52);
5—  TF=strcmpi(C{1},C{2}) % c(1),c(2) » TF=strncmp(S1,52,n); % - for the first n elements
6 — t C{1ly,C{2},10 . q
strnemp (C{L},Ci2), 10) > TF=strcmpi(S1,52) % full comparisen

19



@@ Class CELL

cell2Zmat — cell to matrix
% Cell Creation: num2cell — numeric to cell

Examples:
%% 1)
c=cell(1,7) wat = '3 C:\MATLAB6p1\worklex2.m
[C{l:end}]=3|('0, ', I He60,l, ' He60,l, WE :FE File Edit Wiew Text Debug Breakpoints ‘Web ‘Winda
atnading

'Tbl', 'MHe’, 'Oyaews’, 'cHuTbCA?') MatLah DESES| ¢ o o

% Compare ams = 1| - a='we are', h='atuding', c='MatLah'
K . . K] 7 2[—| mat=strZmat(a,b,c), zize(mat)

disp(c') ; celldisp(c) % ans = char 3~ | matzstrimat), class(mat)

@ ans = 1 4| - stromp (mat{3,7),"' ')
c{:} % each element - ans; g
%% ") ASSign: =x rumZcell | 'mat')

: . . ans = Iml Ial It_l

cl={eye(3),'Be healthy',1:8',num2cell(2:6)} >> mmzcell (nat]
disp(c1) % this is not good idea! TmoE A e o
%% lll) Celldisp, visualization of the cell contents M et et 'L tat et
celldisp(c1)

cell2mat  taking into account the size of the submatrices
c1{1}, c1{2}(3:end), c1{3}(5), c1{4 {3} Ex. Myers c— Cell, point I

%% Conversion : r=cellzmat(c), % c = {[1][23 4]; [5; 9] [6 7 8; 10 11 12]}
nc=num2cell([2 3 4,5 6 7])

12 3 4
nm=cell2mat(nc)

26 T 8
9101112

20



res=double('xyz') % ASCII code
% res=120 121 122
str2double('pi/2'); % calculate!

String <>Char <> Double <>Cell
Charac=num2str(ClassDouble) % €Char

EHarac!=cHar!!!r’ ;
legend(Charac)

° 1 1 |
String new class in MatLab! str2double('5+0.17i") % 5.0000 + 0.1700i
str2num(['1 2;,'3 4']) % ans =

*Double quotes (") is only in last versions!

1 2
*The CHAR class is much better (although 3 4
num2str(pi,3) % ans =3.14

!!r=s!rmgl!ﬂaracﬂ ;

CS=strsplit(S,dlm) — conversion of each If there is not enough functionality in the
word S, between delimiters dim in S, S eChar to CHAR class, then we convert it to the String

. i |
CSeCell; dim is space default C':iif"d vice versa:

it depends on your goal)

1x6 cell array
Columns 1 through 6
strsplit('usan HesapaseH Ha Bug, - Palindrome!'); - '[Ausan' 'HesapaseH’ 'Ha' 'sua’ '-' TIAJIMHAPOM!'

21



@@ /O~ load/save ;

Import

IMPOHI

Range: |&1:.C2

“Variable Names Row: 1

SELECTION

- EE‘ Mumeric Matrix
= Cell Array
~ || TRl

| data.xlsx |

1 Define the type of

VarMame1 VarName? VarName3

A B
data

=

MNumber * Number * Number -
1 1 2 E
2 4 5 ol
Waorkspace
MName = Value
i data 2x3 table

Binary file: Nfile.mat
load Nfile Vars; load Nfile

Text files (saved before)
load file.txt % inp.dat

Home —Import Data

Interactive download

load, save:

File Edit Text Go Cell| 9 - j15ad inp.dat

ﬂjlﬁg‘%%é B.iinp(:h

E = |50 | o . inp: 4x3 double =
| | . h ;

1 123 : ; ;

2 456 s - 9.

3 7829

4 10 11 12 1d 11 2

inp.dat  x

22
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xlsread , xlswrite (Excel)

A B

1 0,1869 0,7547
¥ J 0,4598 0,276
3 0,6463 0,7655
4 0,7094 0,7952
5

s
4 -_ Y

exmatr: &xZ double =

0.18&8%
. 4898
. 84863
. 7094
« 1927
. 6797

. 7947
.27€e0
.T855
« P32
- 1869
. 1456

» Here (example) without Path, file *xlIs (*.xIsx) in the
current folder

»SheetName — name much better in English

» [STATUS,MESSAGE] =xIswrite(file,array,sheet,range),
file, array — required parameters

23



Download Excel table. Example

[a,b,c]=xlIsread('datal.xlsx')

a —real part of input data

b — Cell array, containing untypical data
¢ — Cell array, combiningau b.

A B C D b =
1 01.01.2023 2 3 1 4 = 5x1 @ array
2 1 04.01.2023 5 ] 4
3 |07.01.2023 7 12 0,3 2.0000 3.0000 1.0000 '01.01.2023"
4 ! 2 2 5.0000 6.0000 4.0000 '04.01.2023"
|5 13.01.2023 2 y | 7.0000 12.0000 0.3000 '07.01.2023"
1.0000 2.0000 2.0000 e
2.0000 7.0000 3.0000 113.01.2023"
o =
ox4 ¢cell array
101.01.2023" [2] [ 3] [ 1]
'04.01.2023" [5] [ 6] [ 4]
107.01.2023" [7] [12] [0.3000]
[ NaN] [1] [ 2] [ 2]
113.01.2023" [2] [ 7] [ 3] -



fscanf, fprintf (formatted text)

Fid=fopen(name, opts)

A=fscanf(Fid, format, [m,n]) % [m,n] — size A

fclose(fid);

if n=inf, then read into m row until the columns are

exhausted

i ' :

: - i + - - 4
~ fidl=fopen('inpnum.txt','r') @68 - 10 11|
— A=fscanf(fidl,'n=5%d eps=%g x0=%f'n',[3,4]]j1 n=1 eps=2.0e-01 x0=3.25&4
- 2 n=Z eps=5.0e-0Z =x0=3.141%

A: 3%x4 double =
3 n=3 eps5=1.0e-04 x0=3.1417
i.0000 Z.0000 3.0000 4.0000
4 n=4 eps=1.0e-03 x0=3.14135
0.2000 0.0500 0.0001 D0.0000
o= 3:296% 3.1419 3.1417 3.1415 'tnpnum.tlt ®
_. clear i | L. Ue-01
= fidgfopen('inpinf.ext','r') 2 2 5.0e-02
— A=fscanf (fid,'%d %g n', [2,inf]) 3 3 1.0=-04
= 4 4 1.0e-05
$|A: 2x4 double =
1.0000 2.0000 3.0000 4.0000 npinfit %
0.2000 0.0500 0.0001 O0.0000

25



@@ Onunn dopmaTtuposaHHoro |/O

\n [Mepexon Ha HOBYIO CTPOKY
\t [OpU30oHTanLHas Tabynsauus
\b BoaBpar Hasaz Ha OAuH CYMBOJ

npobensl B CTpoke popmMarta 3anucbiBaioTca Kak npobent

sC [locnenoBaTensHOCTL CYMBOIOB

sd HecAaTuyHble Yicna

$e, % f,%g HMcha ¢ nnaBamllen 3andTton

%1 Llenoe 4ncno co 3HakoMm

%0 BocbMepryHOe LIENOE YMCNO CO 3HAKOM

%5 Pan cumBosioB 6e3 npobesoB

U HecaTnyHoe uenoe YACI0 CO 3HaKOM

%X LLlecTHaoUaTepUUYHOE. UeNoe YUCTIO CO 3HAKOM

Topics Help:
https://www.mathworks.com/help/matlab/matlab_prog/formatting-strings.html
26
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Thanks for your attention!

“Kak 6bl megneHHo Tbl HU WEN, He ocTtaHasBauBamncal”

L+ (Kongpyyuii )

No matter how slow you walk, don't stop!



