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Ladenie a testovanie parametrov

* Monte Carlo Simulacie
— odpoved modelu na nahodné vstupy
— deterministicky vypocet vystupu
— agregacia vypoctov
 Parameter Sweep
— opakovaneé vypocty s roznymi parametrami
— rovnomerne rozlozené hodnoty
« Optimalizacia
— Bayesovska optimalizacia
— minimalizacia ucCelovej funkcie

— hladanie nasledujucich parametrov

« Parameter 1

= Parameter 2

« # Simulations

Estimated objective function value
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Randomly Generated Points in Circle

Value of y

- Exhaustive - Sequential
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Ladenie a testovanie parametrov v prostredi MATLAB
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Parametricka studia
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Paralelneé vypocty na desktope, clusteroch a cloudoch

* Prototypovanie a vyvijanie na desktope
 Integracia do infrastruktury
* Pristup priamo z prostredia MATLAB
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Multi-core CPU

MATLAB MATLAB Parallel Server
Parallel Computing Toolbox
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Efektivna praca v prostredi MATLAB — Low Code

IMPORT a4 B9
Create Plot
Qutput Type:
Femer Wﬁ - Overlay of multiple plots in same axes
_v
Variable Names Row: 1 ry | L2 UHIFORTASLEGELS Import
- ~| [ Table por ~ Select visualization
Selection w
It Column vectors - - @ ) v ‘ Search for a visualization ‘ Filter by Category Al -
SELECTION Numeric Matrix IMPORT a - e —]
F r
; 2 — -
| patientsxls I 1 String Array s . ] o ot i i E
— 1] cell Array Ly \ R
A B - E F G J i \ ¥ piot scatter bubtlechart | | swarmehart bar | bk
5 A ¥
! ¥
patients ¥ = aavi T 1 f
LastName Gender Age Location Height Weight Smol A, ‘ . ‘ ‘ c
histogram cantour tplot samilogy samilogx stem
Text ~Categorical  ~Mumber ~Categorical ~Number ~Number ~Text \ -
2 i \ ~ L
1 |LastName |Gender Age Location Height Weight Smoker a = + Select data
2 [Smith Male 38/County Gen... 71 176 X Age v ‘
3 Pohnson Male 43|VA Hospital 69 163 - —
— § - Y Systolic ¥ |
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Tvorba interaktivnych algoritmov

ﬁ]ﬂ = (&l Compare < Aa] Normal ~ = L& Refactor~. b [Z] Section Break [> S

(S S oy, QY Tt BT UM Gtz Eil T Run [ RunsndAdance o
= < Section &} Run to End

New Open Save Step  Stop

v~ ~ v |mbpot~ ~ [H Bookmark ¥

. - FiLE NAVIGATE Tex cope secTion RUN =
. <= [ = W || » \hayarchive » USERS » Jirkovsky » PROFILE » Documents » MATLAB » Examples » R2022b » matlab » LiveEditornteractiveNarrative ~|PlE &l
Current Folder @ E [EEY command Window Workspace @

Name | | LiveEditorinteractiveNarrative.mbc = ¢ | 4 | Value

 F Localine =

61-3un-2019 12:0:80

1,068
801130

130

151

14365 double
334223
21.8155
02500
1917688

365

11 datetime
-71.0600

1 datetime
11 datetime
45000
[0.1286,0.336:
22,3600

363 table
2

33740

11 datetime
1

6

18.259
[0.2879,0.5363
1 datetime
42685
191228

11 duration
11 duration
ES

10 datetime
5

“",fé“;"mmmm " Air Mass and Solar Radiation
& MAT-file Include images to ilusirate impartant points in your story. To nclude an image, copy and paste an image from ancther saurce or go o the Insert tab sotartine -
HH LatitudeveTit.mat and click the Image button. o1-Jun-2619 12:18:15

Solar Declinstion - 21,8155 Salar Elevation

' 4 4 ' 4 L J 4 I 4
& Live Script As light from the sun passes through the earth's atmosphere, some of the solar radiation is absorbed. Air mass is the length of the path of light through
, elevation (e). Adr Mass = 1.8698  Solar Radiation = 8.93141

Salar Noan Selar Azinun - 1917888

Pans] Radiation = 0.69928 K/
Ag Solar and Panel Radiation for June 01 2018

— formatované texty, obrazky, rovnice

6=90-a

0
The larger the aif mass, the less radiation reaches the ground. Calculate the air mass using the equation 0400 0800 1200 000

— interaktivne ovladacie prvky es———

Then, caleulate the solar radiation reaching the ground (in kilowiiis per square meter) using the empirical equation Yearly Power Generation

solarkad = 1353 107%™ —

2 airass -

— Live Editor Tasks RRE

Solar Radiation on Fixed Panels
Use hyperiinks 10 reference supporting information from other sources. To add a hyperiink. go to the Insert tab and ciick the Hyperiink button

1/(cosd(98-alpha) + 0.50572%(6. 07955+alpha)"-1.6354) ;
1.35378.7"(airMass"e. 678);
* numstr(airmass)

% k/m2
Solar Radiation - ' num2str(solarRad) * kifm2'1)

Date
Paneis installed with 3 solar tracker can move with the Sun and receive 100% of the sun's radiation 35 the sun moves across the sky. However, most Expected annual pover output = 9954.3272 kit-hr

Solar cell installations have panels set at a fixed azimuth and ti. Therefore, the actual radiation reaching the panel also depends on the solar azimuth.

[
- r ' 4 A4 Dats
The solar azimuth (7) is the compass direction ofthe sun's posiion inthe-sky. At solar noon in the Northern hemisphere the solar azimuth is 180" Normalized Power Output 5 yearlyPower 99543+ 03
— corresponding to the direction south. Calculate the solar azimuth using the equation
o (SO~ COSBGOND) e ime < 12
=

350 o) (008024 — it )

for solar time > 12

- )<cosd(phi) - )*sind(pht)
z 3 (hour(solarTine) >= 12) 88 (onega >= 8)

 Publikovanie =—|f T -

- PDF, Word, Web Compute by Group O 0 :

Compute summary statistics for T grouped by Gender

) /cosd(alpha));

Specify the panel location.

PY P M t . ~ Select groups and data to compute on
O u ZI I e Loestion:- | Mew York - | Group by [T v ] [Gender v ] [Group by unique values ¥ ]

Compute on [Specified variables v ] [Age v ] +

. Vyu éba ’ d om éce L’J IO hy Specify the panel size and efficiency. pgSslEcticompuiation :" groups .

Compute @ (] [ ] ]
" m -
o m: tat o & ransfor Filter

B . by grou by grou
Panel Size (m*2): [17] O pygoup B A PYOOUP |E T bygrow

- I a bO ra té rn e p rOtO ko I y Panel Efficiency: | Emnter tesd | Computations per group

» Display results
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Tvorba experimentov v prostredi MATLAB

» Grafické pouzivatelske rozhranie
— APPS - MATLAB
— Experiment Manager
— General-purpose experiment
— Vviacere experimenty v projekte
 Definicia experimentu
— funkcia experimentu

— parametre pre funkciu

* hodnoty, rozsahy parametrov
» retazce, ovplyvnenie behu

« DalSie moznosti

— vizualizacia, filtre, anotacia

4\ Experiment Manager

EXPERIMENT MANAGER

=

I:ll:'l:I {3 Open =
New % save Layout
* 3. Duplicate
FILE
Experiment Browser

~ [=] PredatorPreyProject

ENVIRONMENT

Made [Sequential

Cluster

Pool Size

-] D
Run

EXECUTION RUN

~ & LotkaVolterraExperiment

LotkaVolterraExperiment | Resultd LotkaVolterraExperiment

Description

Find maximum and minimum pepulation values in Lotka-Volterra predator-prey model:

Rabbits' = (1 - Foxes/Alpha) * Rabbits
Foxes' = - (1 - Rabbiis/EBeta) * Foxes

Parameters

In the experiment function, access parameter values by using dot notation.

Name Values
Alpha 150:30:250
Beta 250:50:350
RabbitsInitial 400
Foxeslnitial 100

Experiment Function

LotkaVolterraFunction |
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Ukazka: Model predator-korist

R =

=

. Uloha
— Lotka-Volterra model
— vplyv parametrov na system
— pociatocné velkosti populacie

— interakcie medzi populaciami

* Riesenie
— overit algoritmus v prostredi MATLAB
— vytvorit experiment
— parametrizacia experimentu

— vyhodnotenie vysledkov

1——

F
L
a

1—B>F
p

~ Exhaustive Sweep Result
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Fotka: Duncan Monk

Experiment1 Start: 5/8/2024, 4:18:44 PM |
(View Experiment Source)
Find maximum and minimum population values in @ Complete 9 A\ Stopped 0
Lotka-Volterra predator-prey model: O Running 0 @ Queued 0
Rabbits’ = (1 - Foxes/Alpha) * Rabbits ® Discarded 0
Foxes' = -(1 - Rabbits/Beta) * Foxes Iscarde
]
Experiment Details Parameters
Trial Status Actions Elapsed Time Alpha Beta RabbitsInit FoxeslInit
1 o Complete ® 0 hr 0 min 6 sec 150.0000 250.0000 400.0000 100.0 ~
2 Q Complete ® 0 hr 0 min 1sec 200.0000 250.0000 400.0000 100.0
3 a Complet ® 0 hr 0 min 1sec 250.0000 250.0000 400.0000 100.0
Al e A o bl
Visualizations
500 ; Populatic:n v. Time :
0 1 1 1 1 1 1 1
0 2 ] 2 10 12 14 16 18 20
Time


https://www.flickr.com/photos/duncanmonk/41830631411/in/photolist-np8Abc-djR3eV-6j3vQ5-vozz2W-dEmqEB-sg8Uhq-np8LEZ-4z5uFp-np8tLv-6xTNZZ-us9x7-fnK8v3-6GGctj-nHpx4M-26JqVmX-dtSY9m-nFq9o5-6S5k42-4z5CcB-9eimmS-np8MyH-nFC6SH-fVgQLG-djQCqz-dxiG7e-6m1yu5-Yuq3J-C5BU7-28MBGzZ-djQB2z-865LYf-73HAL1-57ADeB-djQBLC-djR2gX-djQVWu-ec9b2P-8sbqd2-fawY5q-22qxNLN-fahK3a-84455a-iXaqjv-9mdPHZ-74kNUX-HspnFQ-pBJfHD-6DJ2Pf-8YHqvN-RQbH2S

Umela inteligencia v prostredi MATLAB

UMELA INTELIGENCIA (Al)
Lubovolna technika, ktora

umoznuje strojom napodobit
ludsku inteligenciu

STROJOVE UCENIE (MACHINE LEARNING)
Statisticka metdda, ktora umozZiuje strojom “naudit sa” zadanu Glohu
na zaklade dat bez explicitnej tvorby programu

UNSUPERVISED LEARNING SUPERVISED LEARNING
(neoznacené data) (oznacCené data)

DEEP LEARNING
(neurdnove siete s

REINFORCEMENT LEARNING
(data z interakcie)
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Statistics and Machine Learning Toolbox

Redukcia dimenzionality a extrakcia priznakov

Zhlukova analyza

Klasifikacia

— SVM, rozhodovacie stromy, logisticka regresia, NS, ...

— zostavy jednoduchsich modelov

Regresia
— linearna regresia, postupna linearna regresia, ...

— Gaussovske procesy, SVM, NS, zostavy modelov, ...

Ladenie hyperparametrov — Bayesovskeé optimalizacia

Interaktivne grafické aplikacie, AutoML, funkcie (fit*)

Regression Learner app

12



Optimalizacia hyperparametrov

Standardne:
Grid

Lepsie:
Nahodne

13

oo

Unimportant parameter

A

Important parameter
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Najlepsie: Bayesovska optimalizacia

Bayesovsky model naznacuju vplyv zmeny

Model vyberie “dobry” bod pre dalSie rieSenie
Viac efektivne!
= Skalovatelné (pomocou PCT) pre rozsiahle data

4\ Classification Learner - Confusion Matrix

CLASSIFICATION LEARNER VIEW

o B MBS

~

Dostupné v
(Classification/

New Feature PCA  Misclassification
Session ¥ Selection Costs
FILE FEATURES OPTIONS
Data Browser
¥ History
1 Tree Ag

Last change: Disabled PCA

2 SVM
Last change: Linear SVM

3 Ensemble
Last change: Bagged Trees

4 KNN
Last change: Fine KNN

5 KNN

GET STARTED

%
All All
- Quick-To-..

DECISION TREES

Fine Tree  Medium Tree

Ac
DISCRIMINANT ANALYSIS

Coarse Tree

Regression) Learner
App ako
“Optimizable” model

Y ol

All Trees

Optimizable
Tree
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AutoML

Clean Messy Raw Data
& Task ~|

DATA PREPROCESSING

N = S

Clean Missing Clean Qutlier  Find Change Find Local Join Tables Remove Smooth Data
Data Data Points Extrema Trends
Import Preprocess
Data Data

Wavelet Scattering

}317"7
£ HUMUSOFT

-

N

Engineer
Features

14

|

Feature Selection

NCAVillghtt
® ropct|
oy
°
.
B
L]
L "
s 4
L
»
0.4 °
02t
Lol o1
5 100 150 200 50 400
Signal inde:

mdl = load ( svML

fitcauto / fitrauto
Model
Selection Min objective vs. Number of function evaluations Decision Tree?
SVM?
Hyperparameter | KNN?
Optimization L Ensemble?
.7 /
Train Deploy &
Model Integrate

1

Automated Code
Generation

MATLAB code
function label = classifylonos)

C code

Embedded Systems
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Export modelov a tvorba experimentov

Classification Learner
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Ukazka: Export klasifikachého modelu do experimentu

» Uloha
— analyzovat Fisher's Iris data set
— vytvorit' klasifikaCny model

— experimentom testovat parameter

» Riesenie
— nacitanie a vizualizacia dat
— vytvorenie klasifikacheho modelu
— vytvorit experiment
— parametrizacia experimentu

— vyhodnotenie vysledkov

16

Experiment Details Hyperparameters | Metrics
Trial Status ctions Progress Elapsed Time MinLeafSize ValidationAcc... ValidationTota...
7| @ Complete (] I 100.0% 0 hr 0 min 2 sec 3.0000 08333 8.0000 ~
8| @ Complete & I 100.0% 0 hr 0 min 3 sec 3.0000 00333 8.0000
9| @ Complete ® I 100.0% 0 hr 0 min 3 sec 3.0000 00333 8.0000
10| @ Complete ® I 100.0% 0 hr 0 min 2 sec 3.0000 09333 8.0000
3| @ Complete & I 100.0% 0 hr 0 min 3 sec 1.0000 09250 9.0000
5 | @ Complete & I 100.0% 0 hr 0 min 3 sec 2.0000 09250 9.0000
1| @ Complete & I 100.0% 0 hr 0 min 5 sec 40000 0.9167 10.0000 -

Visualizations

setosa

versicolor

True Class

Tree Model Confusion Matrix

virginica

2

setosa

versicolor

Predicted Class

virginica
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Reuse Pretrained Network

e e p L e ar n I n g O O I b OX Load pretrained network Replace final layers Train network Predict and Deploy results
I assess network accuracy

Training
Early layers thatlearned ISR

Last layers that New layers to learmn wl . Frobabilly
low-level features learned task features specific L a aTmining options Testimages — |
{edges, blobs, colors) 3 .

specific features to your data set |

]
] I“ “ Trained network n

 Tvorba, ucenie a volanie e pines ol
neuronovych sieti pre rézne aplikacie

Improve network

% Decp Network Designer x

mouse, 0.46095
remote control, 0.24144
computer keyboard, 0.12748

-
# B ¥
2 || e

A z

* Vyuzitie preddefinovanych a pred-
ucenych sieti

mageinputLayer

imagedinput ayer

featurelnputl ayer

» Graficka tvorba sieti pre rychlejsi
navrh

rollnputLayer

convalution2dLayer
convalution3dLayer
groupedConvolution2dLayer
transpasedCony2dLayer
uanspasedCony3dLayer

fullyConnectedLayer .

* Vysvetlenie a vizualizacia _—

EXPERIMENT MANAGER

fungovania siete sem 2 ERR ALY

FILE ENVIRONMENT RUN REVIEW RESULTS FILTER EXPORT =
EXPERIMENT BROWSER © || Baseline Tuning »| Baseiine Tuning | Resull! x °
~ (3] DigitsCiassifier

~ /i Baseline Estabiishment S Doty
y n u u L4 u " E7] Sweep Initial Leaming Rate Baseline Tuning 21712020, 12:53:36 M I 716 Trials
« Najdenie optimalnej siete pomocou e = T
~ & Baseiine Tuning O Running 1 = Queued 8 X Canceled 0
[} Resutt (Running)
[} Larger Inital Leaming Rate Range
- [EE} Sweep Leaming Rate Conv Size and B
] Add Conv-Batch-ReLu Banks Trial Progress .Ellplod Time .my‘nmll.nm... leulvﬂludln .vmmng Accu.. l’hllnlng Loss .\Inlﬂlﬂon Ac.|
eX p e r I I I I e n tOV [ vary Fater Size of First Conv2D Laye{ }l 100.0%  Ohr O min 16 sec 1.0000e-6 3.0000 12.3000 2.6841 u{
[ Train Validation Spit Study 2 N 100.0% 0 hr O min 15 sec 1.0000e-5 3.0000 25.7813 2.1228 20,
3 1000% 0 v 0 min 14 sec. 0.0001 3.0000 648438 1.0878 a2
4 1000 O hr O min 16 sec| 0.0005 3.0000 90.6250 0.4648 0l
5 1000% 0 hr 0 min 15 sec, 1.0000e-5 4.0000 11.7188 2.4967 6.
0 00 0% v O min 15 sec| 1.0000e-5 4.0000 23.4373 21213 14
7 I 1000% 0 v 0 min 17 sec 0.0001 4.0000 72.6563 1.0283 3.
|8 o 1 0% OhrOminG sec| 0.0008| 40000
9 = 0.0% | 1.00008-6 5.0000
10 = 0.0% | 1.0000e-3 5.0000
n = I 0.0% | 0.0001 5.0000
12 = 0.0% | 0.0005 5.0000
13 = N 0.0% | 1.00000-6 6.0000
N = I 0.0% 1.00000-3 6.0000
15 - 0 0% | 0.0001 6.0000
16 = 0.0% | 00005 6.0000
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Ukazka: Hladanie parametrov LSTM siete

. Uloha
— predikovat RUL motora
— vytvorit Deep learinng model

— naladit’ parametre modelu

* Riesenie
— nacitanie a vizualizacia dat
— navrh LSTM siete
— vytvorit experiment
— parametrizacia experimentu

— vyhodnotenie vysledkov
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Modelovanie dynamickych systemov -
==, @k
« Matematické modelovanie systémov

— popis matematickymi rovnicami E e e ——
, p h o [
* Blokove schemy
N ) . Uo—par{i
° Kn|zn|ce b|0kov Sor Gan  Iniogrator Soore
o i h . Vu
— spojité aj diskrétne systemy -

— matematickeé funkcie

— vstupné signaly, grafické vystupy

» Fyzikalne modelovanie (Simscape)
— bloky reprezentujuce realne prvky -
— skladanie na zaklade fyzickej struktury a . ‘ ;} _
— modelovanie bez zapisu matematickych rovnic ‘ L ] | L@
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Testovanie parametrov v prostredi Simulink

alpha:\Value
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-
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150 » — » 250
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250 o — » 350
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Automatizovane spustanie simulacii

« Jednotlivé alebo viaceré simulacie
— prikaz sim

— out = sim(in, Namel,Valuel,...,NameN,ValueN);

* Objekty simulacie

— Simulink.Simulationinput

— Simulink.SimulationOutput

MName =

out = sim(1in)

* Zmeny parametrov

O thetal
vl

IN(1:numSims) = Simulink.SimulationInput(model);

for idx = 1:numSims
IN(idx) = in(idx).setVariable(Var,values(idx));
In(idx) = in(idx).setModelParameter(Name,Value);

” end
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Nastavenia simulacie

« Kompilacia simulacie
— Fast Restart — default "off"
— kompiluje sa iba 1x

— out = sim(in, "UseFastRestart","on")

* Priebeh simulacie
— ShowProgress — default "on"
— vypisovanie m6ze spomalovat
« Simulation Manager
— ShowSimulationManager — default "off"
— Interaktivne monitorovanie a vyhodnocovanie

— out = sim(in, "ShowSimulationManager","on")
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Interaktivne spustanie viacerych simulacii

X Open ~ Hg HSear(h k.gl % X |m
« Graficke pouzivatelskeé rozhranie T G | [ ,\
FILE LIBRARY » » E @ ?9’ @ -
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L] 1 4 r 4 r LV 4 —=
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Settings Model .. | Inspector Model
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- FILE L\[;:::Vr PREPARE SIMULATE REVIEW RESULTS ry
) . Multiple Simulations® ® x golfmodel_interactive =
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Ukazka: Spustanie viacerych simulacii zo Simulinku

. Uloha
— vytvorit model — Lotka-Volterra
— testovat parametre

— vyhodnotit vysledky

* Riesenie

zostrojenie modelu pomocou rovnic
overenie spravnosti simulacie
vyuzitie panelu Multiple Simulations
zobrazenie priebehu simulacie

vyhodnotenie vysledkov
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Py PredatorPrey_multi - Simulink
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Dakujem za pozornost



