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Data Import Export

* mat
e |oad
e save

« Comma-Separated Value (.csv) Files

e Csvread
* CSVWrite

* Text
e Save -ascii
e DImread
e xls
e spreadsheet

e Xlsread
e xlswrite



Dataset
e dir

e Dosyalar
* DensityEarth. txt
* Dinya yogunlugunun gesitli yerlerde dlcumi
e Iris.mat
e 150 tane Balik boylari (sepal length and with , petal length and width in cm)
» 3 cesit balikiicin (siniflandirma amach)
USTemps.txt
e Sehir, enlem, boylam ve ortalama sicaklik (56 gozlem)

First see what is in the workspace. This command

o\

o\°

lists all variables in the workspace.

who

% The workspace 1s empty and nothing is returned.
% Now load the iris.mat file.

load iris

% What i1is in the workspace now?

who



% Now save the variables in another file.

% We will save Just the setosa variable object.
% Use save fillename varname.

save setosa setosa

% See what files are in the current directory.
dir

% Remove objects from workspace to clean it up.
clear

% The directory should be empty. Load the earth data.
load DensityEarth.txt —-ascii

% See what 1s in the workspace.
Who

* save filename varname -ascii



Import Wizard

% Remove objects for simplicity.

clear

% See what is in the workspace.

who

% This is displayed in the command window.
* Your variables are:

* City JanTemp Lat Long

*/ MATLAB R2013a
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Data Objects in Matlab

* Arrays
* Scalar: Tek bir sayi
* Vector: Bir boyutlu dizi
« Matrix: Iki boyutlu
e Cok boyutlu
5 Create a vector x.
x = [2, 4, 6];
% Delete the second element.
x(2) = [1s
% Display the vector x.
disp (x)
% Find the elements that are negative.
ind = find(x < 0);

% Print the vector ind to the command window.

ind



Arrays

* Row
e Column

* Concetanate

* Yan yana
e Alt alta

* Say! dizisi

e Baslangic: Aralik : Sonuc
lleri, geri
Sifir dizisi
Bir dizisi
3 boyutlu o = ones (2,4, 3)
* strg = 'This is a string'



Cells

* Array ve Cell farki nedir?

* cell arry = cell(2,4,3)

% Create a cell array, where one cell contains
% numbers and another cell element is a string.
cell arry2 = {[1,2], 'This 1is a string'};

% Let’s check the size of the cell array

size (cell arry?2)

* Kivrik parantez!



Structures

* Araba.{marka, model, cc, beygir glcq, silindir, renk}
e Ogrenci.{Ad, Soyad, NO, Yas, Sinif, GNO, Statu,Burs }

 Farkli data turleri (int, float, string vs. bir arada olabilir)
* S = struct('fieldl',datal,'field2',data2,...).

% Create a structure called employee with three fields.
employee = struct (...
'name', {{ '"Wendy', "Moondung'}}, ...
'area', {{'Visualization', 'Inference'}}, ...
'deg',{{"PhD', '"PhD"}}, ...
'score', [90 100])

all names = employee.name



Table

* Cell ile benzerligi?

load UStemps

o

% Create a table using all four variables.
UTs tab = table(City,JanTemp, Lat,Long)

s See what 1s 1n the workspace.

whos

e readtable function

* import a file as a table object
» delimited text files (.txt, .dat, or .csv)
* Excel spreadsheet file with .xls or .xlsx extensions



TABLE 1.4

Array

Examples of Accessing Elements of Arrays

Notation

 Cell array

Usage

* A{1,1}: icerik 2 (D)
* A(1,1): hiicre

a(3:5)
e A{1,1}(1:2)

% Extract the employee's area of interest. 2(:,i)
e area = employee.area;
% Display the contents in the window. A(i,:)
e area
% Display Wendy's score. A(2:4,1:2)
employee.score (1)

A(1,3,4)

o

S5 Get MoondJdung's area.

Access the ith element (cell) of a row or column
vector array (cell arra}fj

Access elements 3 through 5 of a vector or cell
array

Access the ith column of a matrix or cell array. In
this case, the colon in the row dimension tells

MATLAB to access all rows.

Access the ith row of a matrix or cell array. The
colon tells MATLAB to gather all of the columns.

Access the elements in the second, third, and
fourth rows and the tirst two columns

Access the element in the first row, third column
on the fourth entry of dimension 3 (sometimes

called the page).

employee.area{2}



Tablo

% Get a partial table by extracting the first
s three rows.

Ul = UTs tab(1:3,:)

5 Get the JanTemp variable.

Jjt = UTs tab.JanTemp;

$ See 1f 1t is equal to the JanTemp variable.
isequal (Jt,JanTemp)

[¢]

% We get an answer of 1, indicating they are the same.
% We can extract the Lat and Long data for the first
% three cities using the variable names.

U2 = UTs tab{l:3,{'Lat', 'Long'}}



Stacking Arrays

* Bir datasetteki 3 degiskeni birlestirmek
e |leride kmeans kullanilarak 6beklenecek
e Alt alta

% First load the data back into the workspace.

load iris

[®)

% Now, we use the semicolon to stack

o

% setosa, versicolor, and virginica data objects.

irisAll = [setosa; versicolor; virginical;

[e)

% Now look at the workspace to see what is there now.
who

% Check on the size of irisAll.

size (irisAll)



Yan yana birlestirmek

% Load the data i1f not in the workspace.
load UStemps

5 Use commas to concatenate as a row.
UStemps = [JanTemp, Lat, Long];

% Check the workspace.

who

% Verify the size of UStemps:

size (UStemps)

*X=1[1[aA, B] ; [C, D] ];

 TIP: The semi-colon after a statement stops MATLAB from printing the results of the
expression to the command line



TABLE 1.5

File Management Commands

Command

Usage

dir, 1ls
delete filename
pwd

cd dir

edit filename

type filename

which filename

what

Showss the files in the present directory
Deletes filename
Shows the present directory
Changes the directory. There is also a pop-up
menu and button on the desktop that allows the
user to change directory, as we show below.

:,] as b DK -

Brings up filename in the editor

Displays the contents of the file in the command
window

Displays the path to filename. This can help
determine whether a file is part of base MATLAB.

Lists the .m files and .mat files that are in the
current directory

TABLE 1.6
Commands for Workspace Management
Command Usage
who Lists all variables in the workspace.
whos Lists all variables in the worl:space along with the

size in bytes, array dimensions, and object type.
clear Removes all variables from the workspace.

clear x v Removes variables x and y from the workspace.




TABLE 1.7

List of MATL AB® Punctuation

Punctuation

Usage

%

L]

A percent sign denotes a comment line. Information after
the % is ignored.

When used to separate commands on a single line, a
comma tells MATLAB to display the results of the
preceding command. When used to combine elements or
arrays, a comma or a blank space groups elements along
arow. A comma also has other uses, including separating
function arguments and array subscripts.

When used after a line of input or between commands
on a single line, a semicolon tells MATLAB not to display
the results of the preceding command. When used to
combine elements or arrays, a semicolon stacks them in
a colummn.

Three periods denote the continuation of a statement
onto the next line.

The colon specities a range of numbers. For example,
1:10 means the numbers 1 through 10. A colon in an
array dimension accesses all elements in that dimension.




Aritmetik Islemler

° _|_’ - *’ /’ N\

* A ve B matrislerinin carpimi : * (boyutlara dikkat)
* A matrisinin tersi (eger varsa): inv(A)

* A*x= b denkleminin ¢c6zimu

* x=inv(A)*b
* A/B TABLE 1.8
° E I eme nt ba 7IN d 3 |§ I em List of Element-by-Element Operators
Operator Usage
e Toplam
o C arpim ¥ Multiply element by element
e Kuvvet ./ Divide element by element

.M Raise each element to a power




Fonksiyon

e Blyuk bir kodun cesitli yerlerinde siklikla yaptigimiz bir islem dizisi varsa
* Ayni seyleri her yere tekrar tekrar yazmak yerine, fonksiyon tanimlanir e gerektigi
yerlerde cagrilir
* Kod daha moduler hale gelir
e Ayni fonskiyon baska projelerde de kullanilabilir

* Function syntax: functionname(argl, ..., argk)
* [outl,...,outm] = functionname(argl,...,argk)
* Command syntax: functionname argl ... Arg2

o

% Save the data for the UStemps to a .mat file.
save UStemps City JanTemp Lat Long

o

% That used the command syntax to call a function.

o

% Now use the function syntax.

save ('USt.mat','City', "JanTemp', 'Lat', 'Long")
% See what i1s in our directory now.

Dir

* https://matlabacademy.mathworks.com/details/matlab-
onramp/gettingstarted?s tid=abt train b
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2. Gorsellestirme



TABLE 2.1

P | Ot Line Styles for Plots

 Help plot Notation Line Type
. plot( ' col 13 £l ker’ ) - solid line
PliO X,y, €O or_ i1nesty e_mar er . dotted line
« Iki grafik birden: plot(xl,yl,x2,y2) -. dash-dot line
-- dashed line
e Style (Cizgi tiiru, renk, marker)
* plot(x,y,':’) TABLE 2.2
* plot(x,y,'g'), plot(x,y,'.") Line Colors for Plots
* plot(x,y, 'b——*") Notation Color
* plot(x,y.'r:'.,x2,v2,'k.-0') b blue
TABLE 2.3 o
Marker Styles for Plots g DIEE]'I
Notation Marker Style r red
. point C LTE*TM1
o circle m magenta
X x-mark
+ plus Y '_‘,.-"EHDE'-«.-'"
* star k black
a diamond w white
v down triangle
A up triangle
< left triangle
> right triangle
D pentagram
h hexagram




Plot (devam)

 Xlabel, ylabel, title
* xlabel('text') ,ylabel('text') , title('text’)

e |ki defa plot calistirirsaniz ikinciyi ilkinin Gzerine cizer
e Ust Uste cizdirmek icin «hold on» ve «hold off»

* Bir pencere icinde birden fazla grafik penceresi (6r. 2x2, 2x3 vb )

* % Create the left-most plot—the first one.

* subplot(1,2,1)

* plot(x,y)

* $ Add a title to the first plot.

* title('My Plot')

* % Create the right-most plot—the second one.
* subplot(1l,2,2)

* plot(x2,y2)



3D Data

* plot3(x,y,z)
e Or. Helix

* t=0:pi/50:10*pi;

* plot3(sin(t),cos(t),t);
 surf(X,Y,2)

* [X,Y] = meshgrid(1:0.5:10,1:20);

e Z=sin(X) + cos(Y);

e C=X.*Y;

e surf(X,Y,Z,C)

* Colorbar
* mesh(X,Y,2)

e [X,Y] = meshgrid(-5:.5:5);

e Z=Y.*sin(X) - X.*cos(Y);

* s=mesh(X,Y,Z,'FaceAlpha’,'0.5')



2D Ornek: Gauss Dagilimi pdf Cizdirme

To i1llustrate how to plot a curve, first

o\°

o\°

generate the values for a normal distribution.

o\°

This creates a standard normal probability

o\°

distribution object.
stdnpd = makedist ('Normal');

% Now, create one with different parameters.

npd = makedist('Normal', 'mu',0, 'sigma',?2);

o\

Define a vector for the domain.

x = -4:.01:4;

% Get the y values for both distributions.

vyl = pdf (stdnpd, x);

y2 = pdf (npd, x);

% Now, plot the curves on the same set of axes.
plot(x,vyl,x,y2,'-.")

xlabel ('X")

ylabel ("PDE")

title('Plots of Normal Distributions')

legend('mu = 0, sigma = 1','mu = 0, sigma = 2'")



3D Ornek: Cift Degiskenli Gauss Dagilimi pdf

$1ki Gauss rastgele sayisinin beraber dadilimi

[e]

% Get the vector for the mean.

mu = [0 0];

% Get the covariance matrix.

sigma = eye(2);

% Obtain the (x,y) pailirs for the domain.
X = =3:.2:3; y = -3:.2:3;

X,Y] = meshgrid(x,vVy):;

[
% Evaluate the multivariate normal at

o\©°

the coordinates.

N

= mvnpdf ([X(:), Y(:)],mu,sigma);

o\°

Reshape to a matrix.

N

= reshape (Z, length (x), length(y))

o\°

The surface plot is shown in Figure 2.3.

o\°

Now, create the surface plot and add labels.
surf (X,Y, 2);

xlabel ('X"), ylabel('Y'), zlabel ('PDEF")
title('Multivariate Normal Distribution')

axis tight



Scatter plot: Sacilim grafigi

* 2D: scatter(x,y,s,c)

* 3D: scatter3(x,y,z,s,c)

% Load the UStemps and iris data.
load UStemps

load iris

o

% Construct a 2-D scatter plot with plot,
% using temperature and latitude.

plot (Lat, JanTemp, '*')

% Adjust the axes to change white space.
axis ([24 50 -2 7017])

% Add labels.

xlabel ('Latitude'")

ylabel ('Temperature (degs) ')

title ('Average January Temperature - US Cities')



3D Scatter plot 6rnegi

% The next example shows how to construct a 3-D scatter plot using plot3.
% The scatter plot 1s shown in Figure 2.5.

% Construct a 3-D scatter plot using plot3.
plot3 (Long, Lat, JanTemp, 'o')

% Add a box and grid lines to the plot.

box on

grid on

% Add labels.

xlabel ('Longitude')

yvlabel ('Latitude')

zlabel ('Temperature (degs) ')

title('Average January Temperature - US Cities')

* TIP: You can save, print, or export your plot using options in the FILE menu of the Figure window. Use
the EDIT menu in the Figure window to copy the plot for pasting into documents.

* Tools = Edit Plot
« PLOTS Tab
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GIris

 Veriyi indirdik, belli ydntemlerle gorsellestirdik.

e Dagilim nasil (gorsel degil, matematiksel olarak)

* Elimizde bu verinin gercek olasiliksal modeli yok (ELE 273)

* Orneklem uzerinden bir takim parametreleri 6lcebiliriz (Ort. Std. Vs. )
* Olasiliksal dagilim icin bir modele karar verebiliriz

* Tipik Deger: En basit istatistik
* Mean (ortalama): ¥ = % X
 Median (median): Veriyi siraladigimizda en ortadaki deger

 Mode (mod): En siklikla karsilastigimiz deger

* Trimmed mean : En yliksek ve en dusik %k’lik dilimi (outlier) atip ortalama
alma



Ornek:

% We will first load the wvariable.

load earth

% Now, we find the mean.

xbar = mean (earth)

% Find the median density of the Earth.

med = median (earth)

% Find the trimmed mean density of the Earth.

% We will use 20% for our trimming (trim the top and bottom 10%).
xbar trim = trimmean (earth, 20)

% Now, find the mode.

mod earth = mode (earth)



Daginiklik

* Range (Aralik)
* range = max{x;} — min;{x;}
l

* Variance (degisinti)

00'2 =L
n—1

* Bunun karekoku daha faydali bir

—\ 2

istatistiktir
e Standart sapma

00‘:

1

n—1

—\ 2
{i:l(jci o )C)

% First find the minimum, maximum and range
s of the earth data.

minearth = min (earth)

maxearth = max (earth)

% Find the range.

rngearth = range (earth)

% We can also find the range, as follows
maxearth - minearth

% Next, we find the wvariance and the
% standard deviation.

vearth = var (earth)

searth = std(earth)

% We can also find the standard deviation

by taking the square root of the variance.

sgrt (var (earth))



ki verinin ilintisi (korelasyon)

Covariance (Kovaryans)

cov(X,Y)=—>" (x; =) (y; = ¥)

* Birinci veri ortalamasml asinca,
ikinci de asiyor mu (pozitif
korelasyon)

llinti katsayisi:

corr(X,Y) = —
X0Y

e (-1 ve +1 arasinda bir sayidir)
* Daha fazla fikir veren bir parametre

cov(X)Y)

Now, let's find the covariance matrix of

setosa 1ris. First, we need to load it.

o\°

load iris

[¢)

% Find the covariance matrix of the setosa
object.

cvsetosa = cov(setosa)

o

$ Find the correlation coefficients.

crsetosa = corrcoef (setosa)

[¢)

% If the argument to the var function 1is a
matrix,

o

$ then 1t will return the wvariance of each
column

[¢)

$ or variable.

var (setosa)



Dagilim

* Dagilimin tipik degerini ve bu deger etrafinda ne kadar sacilim goésterdigini
gorduk

* Dagilimin sekli nasil?

e Percentile: Veri araligi 100 esit parcaya bolUnur

* Or. Cocuklarin boy ve kilolari (80 percentile: Ayni yastaki cocuklarin %80’inden daha
uzun)

e Quartile : Veri aralig1 4 esit parcaya bolunur

* Qo5 Qos0 (medyan), Qo.75 ~ ~
* Interquartile range (¢eyrekler agikhgi) Qg 75 — Qg »5 (verinin ylzde ellisinin
bulundugu aralik)

e Skewness (carpiklik): Dagilimin asimetrikligi

1 _
E Z?:l(xl_x)g

(202 )

|w



Ornek

[e)

% First, we find the quartiles.

quart = quantile(earth, [.25 .50 .75])

% This 1s what we get from the median function.

[e)

median (earth) % This gives the same result.

% Next, find the IQR of the earth data.

igrearth = iqgr(earth)

% Get the quartiles using a different function.

pearth = prctile (earth, [25 50 75])

% Find the sample skewness of the earth data.

skearth = skewness (earth)

Positive Skewness

0.4 0.6
Negative Skewness

0.4 0.6
Symmetric Distribution

0.8




Dagilimi Gorsellestirme

* Veriyi gorsellestirmeyi gormustik (plot,
plot2, surf, scatter)

* Dagilimi gorsellestirme (histogram)

o

% Construct histogram using 10 bins.

% This 1s 1in base MATLAB.

hist (earth)

title('Histogram of the Earth Density Data')
xlabel ('Multiple of the Density of Water')

ylabel ('Frequency')

400

10 Bins

300

200

100 -

150

100 -

50~




Orneklem Dagilimini Teorik bir Model ile karsilastirma

e Q-Q Plot: iki dagilim benzer mi (quantil- Probability plot for Normal distribution
quantil karsilastirmasi) [
* Probability Plot: Orneklem dagilimini > s
verilen teorik dagilim ile karsilastirir "
% Get a probability plot comparing the gam _ %{
% earth data to a normal distribution. §°5 Xf
probplot (earth) 10% . /gf
xlabel ('Earth Quantiles') i | X//g
% Construct a Q-Q plot of the sepal length 0.05 </
$ for Virginica and Versicolor in the iris | //
data. '
4 45 5 5.5
qqgplot (virginica(:,1),versicolor(:,1)) Earth Quantiles

title('Q-Q Plot of Sepal Length - Iris Data')
xlabel ('Virginica Quantiles')

ylabel ('Versicolor Quantiles')



Guven Araligi — Box Plot

e Grafikte +-%25 quartile ve %95 gliven araligi 3

bulunmaktadir.

Values

| Possible Outliers —»

Quartiles '*%E—_:______ Adjacent

.
~ Values
—

Column Number
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GIris
* Veriyi gorsellestirdik ve basit istatistiksel formuller Gzerinden bazi
dagilim parametrelerini bulduk (ortalama, std, range, percentile,
carpiklik, korelasyon (iki veri seti icin)) Empirical
* Bunlar bilinen olasiliksal dagilimlara ne kadar uyuyor?

* Veriyi kendimiz rastgele Uretmek istesek nasil Gretecegiz?
* ikisi icin de olasiliksal modelleri bilmek gerekir (ELE 273) Theoretical

* Dagilimlar: Ayrik-Surekli, Tek-Cok degiskenli, Parametrik

e Surekli Dagilimlar
 Bir araliktaki butiin degerleri alabilirler (6r. Sicaklik, nem, sinyal genligi)

* Kimulatif dagilim fonksiyonu (CDF) Fx (x): Bir degerden kugik esit olma
olasiligi

* Olasilik yogunluk fonksiyonu fx(x): Bir degeri alma olasilik yogunlugu
 Bir aralikta integrali alindiginda o aralikta deger alma olasiligini verir

e Fy(a) = f_aoo fx(x)dx,P(a <X <b) = ff fx(x)dx



TABLE 4.1

Some Continuous Distributions in the Statistics Toolbox

Distribution

Add to Root Word

Name Parameters® Root Word for Operations
Beta ab bata pdf, cdf, inv,
stat, fit, like,
rnd
Chi-Square daf chi2 pdf, cdf, inv,
(degrees of freedom) stat, rnd
Exponential mu (mean) exp pdf, cdf, inv,
stat, fit, like,
rnd
Extreme Value mu (mean log value) av pdf, cdf, inv,
sigma stat, fit, like,
(spread log value) rnd
F dfl, df2 f pdf, cdf, inv,
(degrees of freedom) stat, rnd
Gamma a (shape) gam pdf, cdf, inv,
b (scale) stat, fit, like,
rnd
Lognormal mu (mean) logn pdf, cdf, inv,
sigma(spread) stat, fit, like,
rnd
MNormal mu (mean) norm pdf, cdf, inv,
(Gaussian) sigma (spread) stat, fit, like,
rnd
Ravleigh b rayl pdf, cdf, inv,
stat, £fit, rnd
Student’s £ v t pdf, cdf, inv,
(degrees of freedom) stat, rnd
Uniform ab unif pdf, cdf, inv,
(defines interval) stat, £fit, rnd
Weibull a (scale) whl pdf, cdf, inv,
b (shape) stat, fit, like,

rnd




Fonksiyonlar

* Drnd(N,1): llgili dagilima uygun N adet rastgele sayi Gretmek
 Dpdf(x): llgili olasilik yogunluk fonksiyonunun x noktasindaki degeri
e Dcdf: (x): llgili kimulatif fonksiyonunun x noktasindaki degeri

* Dinv(p): llgili dagilima p quantili

* Dstat(param): llgili dagihmin parametreleri

 Dfit(data): Verinin (D dagilimi oldugu varsayimiyla) parametreleri

* Dlike(param, like): Verinin D dagiliminda olma olabilirligi



Ayrik dagilimlar

* Ayrik rastgele degiskenler
ayrik degerler alir (6r. Zar, )

* Olasilik agirlik fonksiyonu
(probability mass function)
* Py(x) = P(X = x): Ayrik
rastgele degiskenin x degeri
alma olasilig

e Kimulatif dagilim
fonksiyonu Fy(x): Bir
degerden kucuk esit olma
olasiligi

* Fx(a) = Xyx<a Px(x)

Some Discrete Distributions in the Statistics Toolbox

Distribution

Add to Root for

Name Parameters® Root Word Operations
Binomial n,p bino pdf, cdf, inv,
stat, fit, rnd
Geometric P geo pdf, cdf, inv,
stat, rnd
Hypergeometric mk n hyge pdf, cdf, inv,
stat, rnd
Negative Y, p nbin pdf, cdf, inv,
binomial stat, fit, rnd
Poisson lambda poiss pdf, cdf, inv,
stat, fit, rnd
Uniform N unid pdf, cdf, inv,
(discrete) stat, rnd




Coklu dagilimlar

* Or. Iki rastgele degisken bir diizlemde yer alirlar
e Bunun dagilimi t¢ boyutlu grafikle gosterilebilir
* Or. iki degiskenli Gauss (Can seklinde tic boyutlu bir grafik)
* Multivariate Normal
* Kovaryans matrisi (simetrik bir matris)

Additional Distributions in the Statistics Toolbox

mvnpdf
mvncdf
mvnrnd
mvtpdf
mvtcdf
mvtrnd
ksdensity

Multivariate normal PDF

Multivariate normal CDF

Generate multivariate normal random variables
Multivariate Student’s ¢+ PDF

Multivariate Student’s + CDF

Generate multivariate f random variables

Kernel density—arguments include options for
PDF, CDF, inverse CDF, and fitting




Matlab Kodlari: Kernel density estimation

% PAGE 85 .
% Ginerate a sit oi normal ra;ldom variables. L K@I‘H@]fOHkSU/OH]HI‘]
% The mean is and sigma is 1. . « Jeus
n = 10; e h parametresi: bant genisligi : std sapma
x = normrnd(0,1,1,n); .
% Get a grid of points to evaluate density. ° x(l): Ortalama
pts = linspace(-4,4); . .
' sec up a vector for our estinated EDF. * Her bir kernel fonksiyonu toplanir
P = zeros (size (pts)):;
LI, . * Gergek olasilik dagilim fonksiyonunun bir
h = 1.06%0%(-1/5) ; | kestirimi elde edilmis olur
% Hold the plot, because we will add
;Oidczive at each iteration of the loop. ° HaZIr fon kS|y0n
for i = 1:n . = i
% Use the normal kernel, noting that kpdf deenSlty (X)
% the mean is given by an observation ) Ters CDF

o°

and the standard deviation is h.
= normpdf (pts, x(i), h); * kicdf =
ksdensity (x,pts, 'function', 'cdf')

Hh

[o)

% Plot the kernel function for i-th point.
plot (pts, f£/n);

% Keep adding the individual kernel function.
kpdf = kpdf + f/n; .o
end
% Plot the kernel density estimate.
plot (pts, kpdf)
title('Kernel Density Estimate') °
xlabel ("X") o
ylabel ("PDF")
hold off



Matlab Kodlari: Gauss ve Student’s t dagilimi

o PAGE 87 e Student’s t : tek parametreli (v)
% First, generate some points for the ,
domain. e v arttikca Gauss’a benzer.

pts = linspace(-4,4);

% Obtain a standard normal PDF.
nrmpdf = normpdf (pts,0,1);

% Obtain a Student's t with v = 1.
stpdf = tpdf (pts, 1);

% Plot the two PDFs.

plot (pts, nrmpdf, '-',pts, stpdf, '-.")
axis([-4 4, 0 0.42])

title ('Normal and Student''s t
Distributions')

xlabel ("x")
ylabel ('PDF")
legend ('Normal', 'Student''s t'")



Ayrik rastgele sayilar: Or. Poisson

5 PAGE 88 * Poisson rastgele degiskenleri, negatif
% First specify the parameter for the Poisson. O|mayan tamsay| degerleri a||r
lambda = 3;

| . | | * Bir olayin olma sayisini modellemede
% Get the points in the domain for plotting

kullanilir
pts = 0:10;
% Get the wvalues of the PDF * Tek parametrelldlr (A)
ppdf = poisspdf (pts, lambda) ; e Ortalamasi: A

% Get the values of the CDF

pcdf = poisscdf (pts, lambda) ;

% Construct the plots

subplot(2,1,1)

plot (pts, ppdf, '+")

ylabel ('Poisson PDE'")

title('Poisson Distribution \lambda = 3')
subplot (2,1, 2)

stairs (pts, pcdf)

ylabel ('Poisson CDE")

xlabel ("X")



Cok degiskenli student’s t dagilimi

% PAGE 90 e Cok degiskenli ve iki degisken
$ Example - Multivariate (2-D) Student's t birbiri ile ilintili
S First, t th t : . re L
LS [ie : 36 pzrjmel]ers * Bu drnekte ilinti katsayisi 0.3
corrm = ’ . ’ e Dy ’ T ope
e Pozitif ilintili
df = 2;

 Biri arttikca (azaldikca) digeri de
artma (azalma) egiliminde
* {linti arttikca can egrisi yanlardan
bastirilir

% Get a grid for evaluation and plotting
x = linspace(-2,2,25);

[x1,x2] = meshgrid(x,x);

X = [x1(:), x2(:)];

$ Evaluate the multivariate Student's t
PDF

% at points given by X.

pmvt = mvtpdf (X, corrm, df);
5 Plot as a mesh surface.

mesh (x1,x2, reshape (pmvt,size(x1)));
xlabel ("X1"), ylabel('X2'"'"), zlabel ('PDF")

title('2-D Student''s t Distribution')



Earth verisinin dagilim kestirimi

5 PAGE 91

load earth

n = length (earth);

% Set two bandwidths.

5 Normal reference rule - standard
deviation.

hl = 1.06*std(earth)*n~(-1/5);

% Normal reference rule - IQR.

h2 = 0.786*igr (earth) *n”~ (-1/5);
% Get a domain for the for the PDF.
[

kdl,pts] =
ksdensity (earth, "bandwidth',hl);

[kd2,pts] =
ksdensity (earth, "bandwidth',h2);

plot (pts, kdl,pts, kd2, "-.")
legend('hl = 0.1832','h2 = 0.1263")

title('Kernel Density Estimates - 2
Bandwidths')

yvlabel ('PDF'), xlabel ('Density of Earth')

First load the data into the workspace.

* Cok degiskenli ve iki degisken
birbiri ile ilintili
* Bu ornekte ilinti katsayisi 0.3
e Pozitif ilintili
* Biri arttikca (azaldikca) digeri de
artma (azalma) egiliminde
* {linti arttikca can egrisi yanlardan
bastirilir



Parametre Kestirimi

% PAGE 95

% Load the earth data
load earth

% Estimate the parameters of a normal
distribution.

% Also ask for a 90% confidence interval
[mul,sigl, mucil,sigcil] = normfit (earth,0.9);
% The following 1s the estimated mean.
display (mul)

% Here 1s the estimated confidence interval.
display (mucil)

% The following estimated standard deviation 1s
shown.

display(sigl)

% This 1s the confidence interval.
display(sigcil)

% Alternative way to estimate mean and standard
deviation.

% Get the mean from the data.
mean (earth)

% Get the standard deviation
std(earth)

* Yandaki kod: Distribution fitting

e Verinin dagilimi hangi ortalama ve std’li Gauss
dagilimin grafigine uyuyor?

o Alternatif:Maksimum olabilirlik

* est = mle(X, 'distribution’', 'name'),

[est,estci] =
mle (x, 'distribution’', 'name', 'alpha',6alpha)

* PDest = fitdist(x, 'distname’)

* estci = paramci (PDest)

* % Fit a normal distribution to the data.
e pdfit fitdist(earth, 'normal’)

* paramci (pdfit)

* ksfit = fitdist (earth, 'kernel') ;



Parametre Kestirimi

5 PAGE 97
$ Fit a normal distribution to the data.
pdfit = fitdist(earth, 'normal')

$ We can extract the confidence intervals
using the paramci function.

[©)

$ This 1s one of the methods we can use
with a ProbDist object.

@)

% Display the confidence intervals only.
% The intervals are given 1in the columns.
paramci (pdfit)

% Fit a kernel density to the earth data.

ksfit = fitdist (earth, 'kernel')

% PAGE 98

% Get a set of values for the domain.

pts = linspace(min(earth)-1,max (earth)+1);
% Get the PDF of the different fits.

pdfn = pdf (pdfit,pts);

pdfk = pdf(ksfit,pts);

% Plot both curves

plot (pts,pdfn, pts,pdfk, '--")

% Plot the points on the horizontal axis.
hold on

plot (earth, zeros(1,n), '+")

hold off

legend ('Normal Fit', 'Kernel Fit')
title('Estimated PDFs for the Earth Data')
xlabel ('Density of the Earth')

ylabel ('PDF')
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Coklu dagilim parametre kestirimi

PAGEs 99 - 100

Example of multivariate normal using the
1s data.

ad 1ris

Construct a scatter plot matrix.
This function is in base MATLAB.
otmatrix (virginica)

tle('Iris Virginica')

Extract the variables from the Virginica
ecles.

= virginica(:, [1,3]);
Estimate the mean.

= mean (X) ;

o

% Estimate the covariance.

cv = cov (X);
% Establish a grid for the PDF
x1 = linspace(min(X(:,1))-

1, max(X(:,1))+1,25);

x2 = linspace (min (X (:
1, max(X(:,2))+1,25);

[X1, X2] =

o

% Use the parameter estimates and generate
the PDF.

[(X1(:),X2(:)];

mvnpdf (pts, mu, cv) ;

/2))_

meshgrid(x1l,x2);

pts =
Xpdf =
% Construct a mesh plot.

mesh (X1, X2, reshape (Xpdf, 25, 25))
title('Estimated PDF for Iris Virginica')

xlabel ('Sepal Length'), ylabel ('Petal
Length'")

zlabel ("PDE")
axlis tight



Rastgele Sayi Uretmek

* Elimizde her zaman veri olmayabilir

* Kendimiz GUretmemiz gerekebilir

* rand: 0-1 araliginda duzgun rastgele dagilimli sayi

* randn : O ortalamali ve 1 standart sapmali Gauss rastgele sayisi
* randn(n,p): n X p rastgele matris

 a — b araliginda diizglin
* (b—a)*rand(n,p) + a

* u ortalamali o std sapmali Gauss
* U+ o*randn(n,p)

 Belli bir aralikta dlizgln ayrik rastgele tam sayi
* randi(|a, b],n,p)



Matlab ornekler;

% PAGE 107

% Set the seed to 10.

rng (10)

% Generate 3 random variables.

rl = rand (1, 3)

% Generate 3 more random variables.
r2 = rand (1, 3)

% Now, set the seed back to 10.

rng (10)

% Generate 6 random variables.

r3 = rand (1, 06)

o\°

PAGE 108
Create a Q-Q plot of the earth data, where

o\

o\°

we compare 1t to an exponential distribution.
load earth

% Generate exponential variables.

% Use the mean of the data for the parameter.

rexp = exprnd(mean (earth),size(earth));

% Create the Q-Q plot.

plot (sort (earth),sort (rexp),'o")

xlabel ('Data'),ylabel ('Exponential')

title('Q-Q Plot of Earth Data and Exponential')

% Add a line that is estimated using quartiles.

% Get the first and third quartiles of the earth.

geth = quantile(earth, [.25,.75]);

% Now, get the same for the exponential variables.
gexp = quantile(rexp, [.25,.75]1);

% Fit a straight line. See Chapter 6 for more details.
p = polyfit(geth,gexp,1);

pp = polyval (p, [5,max (earth)])

hold on

plot ([min (earth),max (earth) ], pp)



Matlab ornekleri

X2

0.5

Uncorrelated Normal Random Variables

o

10

o\°

o\°

o\°

x1

[®)

o

o

PAGE 110
Generate two vectors of normal random variables
with different means and variances.
First is a variance of 4 and mean of 2.
= randn (500,1) *sqrt (4) + 2;
Next i1s a variance of 0.7 and a mean of -2.
= randn (500,1) *sqrt (0.7) - 2;

Construct a scatter plot.

plot(xl, x2, 'o'")

title ('Uncorrelated Normal Random Variables')

xlabel ('"X1"), ylabel ('X2")

o

o

Get the correlations

corrcoef ([x1,x2])

Qo

o2

o

mu

Generate bivariate correlated random variables.
= [2 -2];

covm = [1 1.25; 1.25 3];

X

o

o

= mvnrnd (mu, covm, 200) ;

Show in a scatter plot.

scatter(X(:,1),X(:,2))
xlabel ("X 1"),ylabel ("X 2")

title('Correlated Bivariate Random Variables')
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Arrays and Matrices

ev=[-2304.5-1.5]; % length 5 row

vector.
*v=V; % transposes v.
* v(1); % first element of v.
* v(2:4); % entries 2-4 of v.
* v([3,5]); % returns entries 3 & 5.
e v=[4:-1:2]; % same as v=[4 3 2];

e a=1:3; b=2:3; c=[ab]; 2 c=[12323];



Arrays and Matrices (2)

 x = linspace(-pi,pi,10); % creates 10 linearly-spaced elements from —
pi to pi.

* logspace is similar.

* A=[123;456]; % creates 2x3 matrix

* A(1,2) % the element in row 1, column 2.

* A(:,2) % the second column.

* A(2,:) % the second row.



Arrays and Matrices (3)

 A+B, A-B, 2*A, A*B % matrix addition, matrix subtraction,
scalar multiplication, matrix multiplication

- A.*B % element-by-element mult.

o A % transpose of A (complex-
conjugate transpose)

* det(A) % determinant of A



Creating special matrices

e diag(v) % change a vector v to a
matrix.

* diag(A) % get diagonal of A.

* eye(n) % identity matrix of size n.

e zeros(m,n) % m-by-n zero matrix.
* ones(m,n) % m*n matrix with all ones.

diagonal



Logical Conditions

e ==, g, >, <=, >=, ~=(not equal), ~ (not)
* & (element-wise logical and), | (or)

e find(‘condition’) — Return indices of A’s elements that satisfies the
condition.

e Example: A=[765;432];
find (‘A == 3’); --> returns 5.



Solving Linear Equations

*A=[123;253;108];
*b=[2;1;0];

* x = inv(A)*b; % solves Ax=Db if A is invertible.
(Note: This is a BAD way to solve the
equations!!! It’s unstable and inefficient.)

* x = A\b; % solves Ax = b.

(Note: This way is better.)



More matrix/vector operations

* length(v) % determine length of vector.
* size(A) % determine size of matrix.
* rank(A) % determine rank of matrix.
 norm(A), norm(A,1), norm(A,inf)
% determine 2-norm, 1-norm,
and infinity-norm of A.
e norm(v) % compute vector 2-norm.



For loops

*x=0;
fori=1:2:5 % startat 1, increment by 2
X = X+i; % end with 5.
end

This computes x = 0+1+3+5=9.



While loops

* x=7;
while (x > = 0)
X = X-2;
end;

This computes x = 7-2-2-2-2 = -1.



If statements

e if (x == 3)
disp(‘The value of x is 3.’);
elseif (x == 5)
disp(‘The value of x is 5.’);
else
disp(‘The value of x is not 3 or 5.);
end;



Switch statement

 switch face
case {1}
disp(‘Rolled a 1’);
case {2}
disp(‘Rolled a 2’);
otherwise
disp(‘Rolled a number >= 3’);
end

 NOTE: Unlike C, ONLY the SWITCH statement between the matching case and the next
case, otherwise, or end are executed. (So breaks are unnecessary.)



Break statements

* break — terminates execution of for and while loops. For nested
loops, it exits the innermost loop only.



Vectorization

* Because Matlab is an interpreted language, i.e., it is not compiled
before execution, loops run slowly.

* Vectorized code runs faster in Matlab.
 Example: x=[1 2 3];
for i=1:3 Vectorized:
x(i) = x(i}¢5; VS. X = X+5;
end;



Scripts and Functions

 Two kinds of M-files:

- Scripts, which do not accept input
arguments or return output arguments.
They operate on data in the workspace.

- Functions, which can accept input
arguments and return output
arguments. Internal variables are
local to the function.



M-file functions

* function [area,circum] = circle(r)
% [area, circum] = circle(r) returns the
% area and circumference of a circle
% with radius r.
area = pi*ri2;
circum = 2*pi*r;

e Save function in circle.m.



M-file scripts

r=17;
[area,circum] = circle(r);
% call our circle function.
disp([‘The area of a circle having...
radius ‘ num2str(r) ‘is ‘... numa2str(area)));

e Save the file as myscript.m.



Interactive Example (1)

* Write a Matlab program to compute the following sum
S1/i%, fori=1, 2, ..., 10
two different ways:
1. 1/1+1/4+...4+41/100
2. 1/100+1/81+...+1/1.



Solution

% Forward summation
forwardsum = 0;
for i=1:10
forwardsum = forwardsum+1/(i*2);
end;

% Backward summation
backwardsum = 0;
fori=10:-1:1
backwardsum = backwardsum+1/(i*2);
end;



Interactive Example (2)

* Write a Matlab function to multiply two
n-by-n matrices A and B. (Do not use built-in functions.)



Solution

function [C] = matrix_multiply(A,B,n)
C = zeros(n,n);

fori=1:n _ _ _
for i=1- Can this code be written so that it
or j=1:n
runs faster?
for k=1:n
C(i,j) = C(i,j) + A(i,k)*B(k,j);

end;

end;

Hint: Use vectorization.
end;



Solution

e Script to use for testing:

n=10;

A =rand(n,n);

B = rand(n,n);

C = matrix_multiply(A,B,n);



Exercises

* Write a MATLAB function for calculating the Euclidean distance between
two points in the n dimensional space. The points are given as the input
arguments a and b. Both should be arrays with n elements. It should not
matter for your function whether either input is a row or a column.
Demonstrate the work of your function by an example.

* Write a MATLAB function for calculating the Euclidean distance between
two two-dimensional arrays A and B given as input arguments. A is of size
N xn, and B is of size M xn. The function should return a matrix D of size N
x M yvf}eBre element d(j, j) is the Euclidean distance between row i of A and
row j of B.

* Write an inline function that will calculate 6x — 4y + xy + cos®(x — k).
Assume that x and y may scalars, vectors or matrices and that all
operations should be carried out element-wise.



Write a MATLAB function for checking if a given point (x, y) is within the square with a
bottom left corner at (F{ g) and side s. The input arguments are x, y, p, g and s, and the
output is either true (the point is in the square) or false (the point is not in the square).

Write a non-recursive MATLAB function to calculate the Fibonacci sequence and return
the number with a specified index, for example, the 4th number in the series (this
number is 5).

Write a recursive MATLAB function to calculate the Fibonacci sequence and return the
number with a specified index.

Write a short MATLAB function to find out whether a given numberéup to 1,000,000) is a
prime number. The function should return true or false. Bear in mind that 1 is not
considered a prime number. (Hint: Use the brute force approach and divide the number

#K) by all integers from 2 to K-1. Check the remainders for 0s.) Subsequently, apply this
unction to list all prime numbers between 1 and 100.

Write your own function for the bubble sort algorithm and demonstrate its work.



