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1 JABOPATOPHA POBOTA Nel
HEWPOHHI MEPEXI Y CEPEJIOBUIII MATLAB®

Mera poGoru: HaOyTH HABHYKM POO0OTH Yy NPOrpPaMHOMY
cepegoBuii MATLAB nipu po6oTi 3 HEHPOHHUMHU MEpEKaMH.

1.1TeopernyHi BitomocTi

HeiiponHi Mepexi MIMPOKO BUKOPHCTOBYIOTbCA MAJISI BHPIILICHHS
pi3HOMaHITHUX 3aBAaHb. OCHOBHUMHU cepesl HUX € 3aBAaHHs Kiacugikarii,
KJlacTepu3allii, MporHO3yBaHHs, YIIPaBJIiHHS, allpOKCUMAaLlii, ONTUMIi3amii Ta
ynpasininHsa. Cepenosumie MATLAB® Hazmae MOMXIMBICTH MOJENIOBATH
po0OTY HEHPOHHHX MEPEX PI3HUX THUIIB, BUKOPHUCTOBYIOUH NPH LBOMY
3py4HHH iHTEpdEHC.

IIpu BuKOpUCTaHHI HEWPOHIB 3 TMEBHUMH (YHKIISIMA aKTUBAIii
(mepenaBaTbHUMU XapaKTEPUCTHKAMU ), HEHPOHHI MEPEXi € YHIBEepCaTbHUM
anpokcumaropoM. OCTaHHE O3HAYae, IO B 33JaHOMY Jiana3oHi 3MiHU
BXIIHUX 3MIiHHMX HEHPOHHI MepeXi MOXYTh 3 3aJaHOI0 TOYHICTIO
BiATBOpIOBaTH (MOZETIOBaTH) JOBUIBHY Oe€3mepepBHY (YHKIIIO UX
3MIHHHX.

Hus  Ttoro, mo0 mpamoBatm 3 MATLAB®, HeoOXigHO
3apeecTpyBaTucs Ha oQiliiiHOMY calTi po3poOHHKa LBOTO MPOTPAMHOTO
3a0e3mneueHHs 3a nmocwiaHHaM https:/ www.mathworks.com/. Iliciag nporo
HeoOXiHO a0 3aBaHTaXHUTH 1€ TPOrpaMHE CEpeJOBHINE Ha CBil
KOMIT I0Tep, a00 MpamoBaTy B OHJIAHH Bepcii HbOro MPOIYKTY.

Oco06n1Bi MOMEHTH TIPH BCTAHOBJICHHI MPOTPaMHOTO 3a0e3MeUCHHS
MATLAB®2022 na cBoeMy KoMII 10Tepi 300paxeHo Ha puc. 1.1.

VY wmiii 1aboparopHii poOOTi Oyae pO3MIAHYTO HEHPOHHI Mepexi
MPSAMOTO TOIMIUPEHHS, TOOTO 0e3 3BOPOTHHUX 3B'SI3KiB, OCOOIHUBICTIO SIKUX €
X CTIHKICTB.

[licns Toro, sk CTPYKTYpy HEMpPOHHOI Mepexi o0paHo, 3aJaHo
napameTpH, sIKi OyayTh Ha BXOJi Ta BHXOJI MEpexi, BA3HAYCHO BiJCOTOK
NaHuX, SIKi MPHU3HAYAIOTHCS [JIsI HAaBYaHHS, KOHTPOJIO Ta TECTYBaHHS
HEHPOHHOI Mepeski, He0OXiTHO IPOBECTH HAaBUaHHs HEHPOHHOI MEepexi.
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Pucynok 1.1 — OcobmmBocTi npu BctaHoBiieHHI MATLAB®2022

Iarepdetic MATLAB® pnst BupilmleHHS 3aBIaHb HEHPOHHUMHU
MepekaMU MOKHA 3aIlyCTUTH AEKITbKOMa CII0CO0aMu:
1 cmoci6: BBIBIIM KOMaHAy nnstart y KOMaHJHOMY BIKHI, SIK
IIOKa3aHo Ha puc. 1.2;
2 cmocib: mepedmoBmu Ha Bkiuanky APPS Tta oOpaBmm
BignoBigauii Tun mepexxi y MACHINE LEARNING AND DEEP
LEARNING, sk noka3ano Ha puc. 1.3.

% OO0 :

Open Appsfr Tranng Shatow Neurs Networks
s o 3cces mors s o rarie shaiom o deup e ek, e MATLAB ok, cik Ao
ot s g rpesson, e 1 ) Fang
Pt et s o featen roros) Pator pacegnten
Cumtrng e st
Mo 3 srms st con s i st T Sars
Seahso
Gt stre vaning shatom neurl networks
1ran desp eurs rarworss s

BBE/IGHHA KOMaHAN
2

BIKHO, WO 3'ABUTLCA nicnA
BBE[leHHA KomaHaw nnstart

|

Pucynoxk 1.2 — BeenenHst komanu nnstart
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PI/ICyHOI(Wl.3 — Bubip y Brmaami APPS

Honarok Neural Net Fitting no3Bosisie cTBoproBaTH, BizyalizyBaTu Ta
HaBYaTH IBOIIAPOBY MEPEKY MPAMOTO 3B’SI3KY ISl BHpIIIEHHS HpoOieM
anpokcruMaii JaHuX.

BukopucToByroun Leit miapo3ain nporpaMu, € MO>KJIHBICTh:

- iMmopTyBaTH HaHi 3 (airy, poboudoi obmacti MATLAB® a6o
BUKOPHUCTATH OJIWH 13 HABEICHUX MPHUKIAAiB HAOOPiB AaHUX;

- pO3ALIUTH JaHi Ha HAOOpH AJISl HABUAHHS, IEPEBIPKH Ta TECTYBaHHS.

- BU3HAYUTH Ta HABYUTU HEHPOHHY MEPEKY;

- OWIHWTM  NPOLYKTHUBHICTH  MEpeXi  3a  JOINOMOIOIO
CepeIHbOKBAAPATHYHOI IOMIIIKH Ta PErpeciiHOro aHamti3y;

- MPOHATI3yBaTH Pe3yJIbTaTH 3a JIOTIOMOTOI0 rpadikiB Bizyamizamii,
TaKuX SIK perpecist abo ricrorpama IOMHIIOK;

- CTBOpUTH (YHKLil, MpUIATHI Ui PO3TOPTaHHS 32 JOIOMOTOIO
iHctpymentiB  MATLAB  Compiler™ i MATLAB Coder™, i
excrioptyBanHs B Simulink® ny1st Bukopucranus 3 Simulink Coder.

1.2Xix podoTn

VY uifi nmabopaTopHiii poOOTI 3MOIEHIOEMO HEHPOHHY MEpPEexKy, II0
JIO3BOJIUTh BHU3HAUATH KUIBKICTh HACEICHHS YKpaiHU B 3aJICKHOCTI Bif
BBEJICHOTO POKY.

HeoOxinHi maHi ans ompaifoBaHHS BizbMeMo 3 Tabmuii 1.1, mio
MPEICTaBJICHA HIDKYE.
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Tabmuus 1.1 — Hacenennst Ykpainu y

13Hi pOKH

. Kinbkicts . KinbkicTh . KinbkicTh . KinbkicTh
Pik Pix Pix Pik
HaceJeHHSs HaCeJeHHS HaCeJeHHS HaCeJeHHS
1950 | 36588000 1987 51260900 2000 49115000 2010 | 45782600
1951 37223000 1989 51452000 2001 48663600 2011 45598200
1959 | 41869000 1992 51708200 2002 48240902 2012 | 45453300
1960 | 42468600 1993 51870400 2003 47823100 2013 | 45372700
1970 | 47118200 1994 51715400 2004 47442100 2014 | 45245900
1973 | 48274400 1995 51300400 2005 47100500 2015 | 42759661
1976 | 49151000 1996 50874100 2006 46749200 2016 | 42590879
1979 | 49752200 1997 50400000 2007 46465700 2017 | 42414900
1980 | 49952500 1998 49973500 2008 46192300 2020 | 41732779
1984 | 50678600 1999 49544800 2009 45963300 2022 | 40997699

[Micas mporo 1i naxi HeoOxixHO BBecTH y cepenoBuiie MATLAB®.
[ uporo HEoOXiTHO CTBOPHTHM MAacHB JaHHX POKIB «years» Ta MacuB
JAaHMUX KiTBKOCTI HaceleHHs «populationy, sik moka3aHo Ha puc. 1.4 micr. 1.1.

Jlictunr 1.1 — IToyaTkoBi maHi

years =

[1950 1951 1959 1960 1970 1973 1976 1979 1980 1984 1987 1989

1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005
2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2020 2022]

population =

49151000
51715400
48240902
45782600
41732779

«
e}

2

New

Script  Live Seript

Current Folder
Name +
» O Examples

Workspace

[36588000 37223000 41869000 42468600 47118200 48274400
49752200 49952500 50678600 51260900 51452000 51708200 51870400
51300400 50874100 50400000 49973500 49544800 49115000 48663600
47823100 47442100 47100500 46749200 46465700 46192300 45963300
45598200 45453300 45372700 45245900 42759661 42590879 42414900
409976991

C & matlab.mathworks.com h % O® =00 :
B 5 oo 500w ]
S o Goms 59 S e B0

Data  Workspace (g Clear Workspace ~ Commands ~
VARIABLE cop: SIMULINK

HOME pLOTS APPS ‘Search (% 0 Space)

@ @ Newvoribie

2 9P O B et Boowrie |
New  New Open

oo [ LoamMATLAB
o enviRONMENT resources
& O /> waABOme »

1950 1951 1959 1960 1970 1973 1976 1979 1980 1984 1987 1989 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2065 2006 2007 2008 2009 2010 2011

td

Cotumns 1 through 14

1950 1951 1959 1960 1970 1973 1976 1979 1980 1984 1987 1989 1992 1993
Cotumns 15 through 28

199 1995 199 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007
Cotumns 29 through 40

2008 2000 2010 21 212 2013 2014 s 2016 2017 2020 222

n = (36588000 37223000 41869000 42468600 47115200 45274400 49151000 49752200 49952500 SG678G00 51260900 51452000 51708200 51870400 51715400 51300490 50874100 5¢

ns 1 through 14

85000 37223000 41969000 42468600 47116200 48274400 49151090 49752200 49052500  SOG7EG00 51260990 51452000 51706200 51870400

Coluans 15 through 26

SI715400 51300400  SS74100  S0400000 49973500 49544800 49115000  4G663600 40240902 47623100 47442100 47100500 46749200  46des

Coluans 29 through 40
46192300 45963300 45782600  4559R200 45453300

4537200 45245000 42750661 42590879 42414900 TR7I9 40997699 o

Pucynok 1.4 — CTBopeHHSI MacHBiB JaHHX y pododomy npoctopi MATLAB®



Jami omuuM i3 3a3HadyeHux cnocobiB (puc. 1.2 Ta pwc.1.3)
MEePexoIMMO JI0 BiKHA CTBOpEHHs HelpoHHOI Mepexi. Ta obupaemo Fitting
abo Neuron Net Fitting B 3a1eHOCTi Bif 00paHOTO CrIOCOOY CTBOpPEHHS
HelpoHHOI Mepexi (puc. 1.5 — 1.6).

Neural Network Start (nnstart) - X

Open Apps for Training Shallow Neural Networks
To access more apps for training shallow or deep neural networks, in the MATLAB Toolstrip, click Apps.

e
Input-output fitting, regression, and curve-fitting (nftool)
Pattern recognition and classification (nprtool) Pattern Recognition
Clustering (nctool) Clustering
Nonlinear time series prediction and modeling (ntstool) Time Series

See Also
Get started training shallow neural networks

Train deep neural networks using Deep Network Designer

Explore data sets for training shallow neural networks

Pucynok 1.5 — Bubip Ty HelipoHHOI Mepexi

APPS Soarch (3 0 Space)
[search q =g
FAVORITES
n * :\I * m * @ * *

s System Signal PID Tuner  Curve Fitter ~ Optimization
= Identification  Analyzer

| MATLAB 23
v
Class
Diagram ...
MACHINE LEARNING AND DEEP LEARNING 23
&
Classification Deep Experiment  Neural Net Neural Net  Neural Net
Learner Network ... Manager Clustering Fitting Pattern ... Time Series
Regression
Learner
" MATH, STATISTICS AND OPTIMIZATION 23

B* @ @*

Curve Fitter  Distribution ~ Optimization ~ PDE Modeler

Fitter
CONTROL SYSTEM DESIGN AND ANALYSIS 23
e a8 a2

Control Control Diagnostic  Fuzzy Logic ~ Linear System MPC Model
System .. SystemTuner  Feature ..  Designer Analyzer Designer Reducer
8* &~

Neuro-Fuzzy  PID Tuner System
Designer Identification

SIGNAL PROCESSING AND COMMUNICATIONS 23

m o] [ o] 2] o M
Pucynok 1.6 — Bubip tumy HeliponHoi Mepexi y Bkimaari APPS

[Ticnsa BuOopy BiAMOBiAHOT HEHPOHHOT MEPEKi BIAKPUETHCS BIKHO 3 11
CTPYKTYpOIO Ta HajamTyBaHHAMH. OOHpaeMo AaHi A7 3aBaHTaKEHHS, SIK
nokasaHo Ha puc. 1.7.



I
Pucynok 1.7 — Bubip maHux [uist iMOOPTYBaHHS

[Ticns watucHeHHs Ha BignoimHe mone Import Data oOupaemo
HeoOXi/IHI JJaH1 POKiB Ta KITbKOCTI HACEJICHHS, SKi BBEIU JO CEpEIOBHIIA
padimie, sk TokazaHo Ha puc. 1.8, Ta HaTuckaemo OK.

Import Data from Workspace

Select data for training the network.

Predictors: [years - [1x40 double] VJ [Browse]

Responses: [population - [1x40 double] v ] [Browse]

Observations in:  (®) Columns (O Rows

years: double array of 40 observations with 1 features.

population: double array of 40 observations with 1 features.

[ Refresh ][ OK ][ Cancel ]

Pucynok 1.8 — ImmopTyBanHs faHKX

VY BiKHI, IO BIIKPUETHCS MOKHA 3MIHIOBATH BiJICOTOK JTAHUX IS
Bamijamii Ta TECTyBaHHS, a TaKOX KIJBKICTh IIApiB HEHPOHHOI Mepexi
3MiHIOBaHI mepameTpu oOOBelneHi 4epBoHMM Ha puc. 1.9. Jlng Hamoro
MpUKIaTy HeMae MOTpeOr 3MiHIOBATH IIi 3HAUYEHHS, TOMY 3aIMIIAEMO iX 3a
3aMOBUYAHHSM.

Hani HEoOXimHO HABYMTH CTBOPEHY HEHPOHHY MEpexy Ta

MpOoaHaNli3yBaT OTPHMaHI pe3yiabTartd. JJI1 MOoYaTKy MPOIECy HaBYaHHS
HATUCKaEMO KHOTIKY Train, sk moka3zaHo Ha puc. 1.9.
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Neural Network Fitting

70 %
[a] ‘)
Layer size{__ 10[5) Tty PLOTS | TEST | EXPOR1
—

v

Training data:

- Test data:

> A 4 v v
DATA SPLIT BUILD TRAIN

Network Training

Two-layer feedforward network with sigmoid hidden neurons and linear output neuroys, suitable for regressiq

Input
1 HaTUCHYTW ANA
HaBYaHHA
HEeNpPOHHOI

Hidden

EI El Mepexi

Pucynok 1.9 — HanamryBanHs mapamMeTpiB HEHPOHHOI Mepexi

[licns 3aBepiieHHs TMpolecy HAaBYaHHS BIIKPHETHCS BIKHO 3
OTpUMaHMMHM pe3yibTaramu, cxoxe Ha puc. 1.10. Ilpore 3HaueHHS
napameTpiB, fAKi OyOyTh OTpUMaHi y KOXHOTO CTYICHTa MOXYTb
BiJPI3HATHCA BiJl 300paKeHUX HA CKPIHIIOTI.

<« C @ matlab.mathworks.com 6% O»0O9O :
Neural Network Fitting

5
'NEURAL NETWORK FITTING

F I ) b ¥

Per Error  Regre
state Histogram
pLots

Training data: 70 %

rate  Export
~ Model +

Model Summary

Training Results.

Data
Training finished: Met validation criterion & Predictors: years - 1340 double]
Responses:  population - 1x40 double]

g Erooes ‘yoars: doublo amay of 40 observations with 1 features.
population: double array of 40 observations with 1 features.
unit Initial Valuo Stopped Value Target Value Aportiom
Epoch o 12 1000 Datadvision:  Random
Elapsed Time . 00:00:00 . Training algorith: - Levenberg-Marquardt
Performance:
Performance 1420414 1360410 o
Gradient 2.96e+14 2160410 1007 (Falo Fosults
Training starttime:  09-Jan-2023 02:12:41
Mu 0,001 10407 10410 e b
Validation Checks 0 s 6 Obsorvations MsE R

28] 528200410 3
6 445500410 =3
6 157310011 0997

Training
Validation
Tost

Pucynok 1.10 — Pe3ynpraTt HaBYaHHSI HEHPOHHOI Mepexi

3a 3aMoBUYaHHIM 00paHO MeToJ HaBuaHHs JleBeHOepra-MapkBap/Ta.
3a GakaHHSM MOXKHa OOMpATH 1HIIN METO/Y JIJIsl HABYaHHSI, HATHCHYBIIIH Ha

YOpPHUI MaleHbKMIl TPUKYTHHK Wi KHOMKOIO Train, SK IOKa3aHO Ha
puc. 1.11.
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>l B H W B

Train Training Performance Error Regression Fit = Test
v State Histogram

Train with Levenberg-Marquardt -
l) Train a neural network with the Levenberg-Marquardt algorithm (fast)

Train with Bayesian Regularization
l) Train a neural network with the Bayesian regularization algorithm (slow, generalizes well)

Train with Scaled Conjugate Gradient
l) Train a neural network with the scaled conjugate gradient algorithm (memory efficient)

Pucynok 1.11 — BuGip MeToxy HaBYaHHS HEHPOHHOI Mepexi

Hamni 3a koxHOIO 13 KHOMOK Ha manem posainy PLOTS (oOBeneni
YepBOHUM Ha pHc. 1.12) MOXHa EpeANBUTHCA Ta IPOAHANI3yBaTH OTPUMaHi
pe3yabTaTH HaBUaHHs HEHPOHHOT Mepexi.

< C @ matlab.mathworks.com

Neural Network Fitting

NEURAL NETWORK FITTING

Training data: 70 % = S| = = P
& = o P L W ke B & = v
Validation data:|  16]2] Layer size: 10}
Import J Train Training Performance  Error  Regression Fit JTest Generate  Export
~  Test data: 15 - Histogram Code v Model v
DATA SpLIT BUILD TRAIN pLOTS TEST EXPORT

Network | Training

Training Results

‘Training finished: Met validation criterion &

Training Progress

e

Unit Initial Value Stopped Value Target Value

Epoch 0 12 1000
Elapsed Time a 00:00:00 [

Performance 1420414 1.360+10 0
Gradient 2.96e+14 2.16e+10 ‘ 1e-07
Mu 0.001 1e+07 1e+10
Validation Checks [ 6 [ 6

Pucynok 1.12 — [Tanens HA0YHOTO aHAII3y OTPHMAHUX PE3YNbTATIB

OcoOnMBO HAOYHHMM € BiOOpa)KeHHS PeajbHOTO (3aIlIaHOBaHOTO

3rifHo Tabm.1.1) Ta OTPUMAHOTO HEHPOHHOI MEPEKEI0 PE3yNbTaTy 3a
kaonkoro Fit (puc. 1.13).
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Neural Network Fitting
NEURAL NETWORK FITTING

&I Training data: 70 % » = ] | = &

=
Validation data: 3 Layersize:|  10[%]
impart [ o) orrsize] 05| 10y sip | Ting porormance Eror  Rogresson Fit | Tos

Testdate: | 1915) state istogram
+  Training Targets
x107 Function Fit for Oulpul Element 1 +  Training Outputs
5.2 ) - Validation Targets
XR1980 AN +  Validation Outputs
Y 50074600 '// X 1987 + Test Targets
5 Y 51125900 +  Test Outputs
Errors.
Fit
48
g
46
s
°
S a4l X 1959
- Y 42389900
H
5 42 o
o X 1959
4 Y 41869000 |
38 A
3.6
195Q0¢ 1960 1970 1980 1990 2000 2010 2020
T T T Tt
Input

Pucynok 1.13 — Anaini3 oTpIMaHuX pe3ysbTaTiB 3a KHONMKOIO Fit

Hnst Toro, mo0 mepeguBUTHUCS, Ha SIKEe 3HAUYEHHS Ha BXOJ1 CUCTEMH,
sKa Oyze peakiisi HaBYeHOT HEHPOHHOT Mepeki, HeOOX1THO eKCTIOPTYBAaTH 11
1o cepenosuina Simulink. s 1boro HeoOXiIHO HATUCHYTH HA TPUKYTHHUK
3HM3y Hagnucy «Export Model» Ta o6paru i3 Bunagatodoro Mento «Export
to Simulink», sik 11e mokazano Ha puc. 1.14.

& matlab.mathworks.com h % O % =
N Neural Network Fitting

NEURAL NETWORK FITTING

g, e 0% » 2 B & = & 3 | ¥

o Validation data:[ 15 =] Layersize:[  10[%]

Import ) 3| train Training Performance  Eror  Regression Fit | Test Generate | Expory
T Test aata 5[2) - state Histogram Code - | Mode( =
oATA puT suL> TRAN

4 3 > Export to Workspace L

W | Network  Training v

Export structure array containing trained network and results to the workspace

i
Training Results o Export o Simuink
e Export network as Simulink block
5 Training finished: Met validation criterion &

~, Export Networ TRECompIeT

s 7% Export network as MATLAB function with matrix and cell array arguments

#t  Training Progress [
Export Network Function for MATLAB Coder h

unit it vatue [stoppea vaue [r] 5% Export networkas MATLA funcion with matconiy rguments
T T

12 1nan T T o dtictom: Bamam _

=i;I:ICyHOK 1.14 — Excniopt He#ipoHHOI Mepeski 1o cepemoBuima Simulink
VY pesynbrari Oyae 3reHepoBaHo Mozaens y Simulink, sk 11e mokazaHo
Ha puc. 1.15. Ilepemukarn HeoOXiAHI BikHa Ans PoOOTH MOXXKHA 3a
JTOTIOMOTOF0 HaBIraI[ifHUX KHOIIOK Y HUKHBOMY TIpaBoMy KyTi (puc.1.16).



d * - Simulink - O x
TION

untitled =)
@© [*ajuntitled v
Q
[
=
=
(L]
O O

Function Fitting Neural Network

@
[-H]
»
Ready 100% VariableStepAuto

Pucynok 1.15 — Mopnens HeiiporHOT Mepesxi y cepenosuiui Simulink

' @ matlabmathworks.com o6 % O*»0O@ :
 Neural Network Fitting =%
C TG
%4
O rain
Potwor o map recctors o contvous esponsas
| map ponses. |
| oata
s Taining fished: Mat vaidation crterion © Prodicors: year (140 double |
esponses:populaton - (1440 doublel |
| Training Progress yoar: double amay o 40 abservations with 1 feaures
st o a4 comtconn | o, |

unt o Vo [topped vatue TargetValue m

Epocn o 2 1000 Datadvaor:  Random
LN =15 T - T T T B Taining agorth: Lovenberg-Marquarct |
s — — < Portomance: Mo squared oror

Gradont 2060014 2160410 to07 P

! g sat e 09-Jan 2023 22:17:30

M 0001 10007 | 1+10 e i

\ | Vaidation Checks o 0 0

ovartons |3
w sm
o asameo

R
Training
Validation,

Tost

Pucynok 1.16 — ITanens HaBirarii

Hdns 3py4yHOCTi BimoOpakeHHS pe3ynbTaTiB y BikHI Simulink
HEOOXiZHO 3MIHUTHU iCHYIOUMiA ONOK BHBeAEHHS «yl» Ha Onok «display».
Jns uporo HeoOximHo obpatm y Brimaaui SIMULATION miaposmin
LIBRARY Ttay npomy obpartu Library Browse, sik mokaszano Ha puc. 1.17.
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G ORMAT APPS
Y Stop Time [10.0 -
':DJ ifopen ~ = & >3
Er= | Normal - 43 REVIEW
New Elsave ~ ((UBRARY)PRePaRe M2 T sep  Run Step RESULTS
- - . | FastRestart Back ~ ~  Foward

-
ILE SIMULATE

Function Fitting Neural Network

@
-]

»

Ready 100% VariableStepAuto

PucyHok 1.17 — Bubip 6i6miotexkn enemMeHTHOI 6a3u

[Ticas mporo HEOOXiAHO y MOUIyKOBOMY moiii BBecTH «display» Ta

HAaTHCHYTH KHOMKY TMOIIYKYy. Y HaJaHOMy IIepelliky oOpaTu elleMeHT

«Display», sk mokazaHo Ha puc. 1.18.

Library Browser ® x untitled 8

@ © [Paluntitled v
\ lay

Library arch Results: di

>>Page 1 0R2 (135 Bloc found)

Model Info \

oEmuEse

From

Function Fitting Neural Network

Floating
Scope E:I

‘ 0
Ready 100% VariableStepAuto

Pucynoxk 1.18 — Ilomryk eneMenTa BitoOpaskeHHs pe3yIbTaTiB

Hani nepenocumo 3Haiaennit 6ok «Display» y BikHO MoJenOBaHHS
Ta 3aMiHIOEMO HUM OJIOK «y | », ik oka3zaHo Ha puc. 1.19.



untitled * - Simulink = [g

SIMULATION

Library Browser ® x untitled
display MY 85 | @ [ajuntitled
Library = Search Results: display

>>Page 1 of 2 (135 Blocks found)

Model Info

B Ee

1
!

From

w

Function Fiting Neural Network

Goto

=

Display

=

@
Floating
Scope @

Ready 100% VariableStepA
Pucynox 1.19 — lonaBauus 6oxy «Display»

[Ticast 1pOro MpaBOrO KJIABINICIO MHIII HATHUCKAEMO Ha Oyomi «x1»,
obupaemo «Block Parameters» Ta 3MmiHI0OeMoO 3HaueHHs y moii «Constant
value» Ha Oyb-sikuii pik i3 Tabmumi 1.1 (puc. 1.20). Hatuckaemo OK.

© & matlab.mathworks.com 00 % O*»0O9 :

[ Noural etwork Fiting

x

urront Folal | Network _ Traning
3 vampia Trining Results
) labt 1.5, Trining fnished: Met validation crterion &
| | Block Parameters: x1 —
3 |Constant

cutex

e

3| Output the constant specified by the ‘Constant value' parameter. If

3| 'Constant value' is a vector and ‘Interpret vector parameters as 1-D" is
on, treat the constant value as a 1-D array. Otherwise, output a matrix

3| with the same dimensions as the constant value.

ey
Curivshiftsy
Cuteshiftsx

E)
3| Main | signal Attributes
3. Constant value:

V) Interpigt vector parameters as 1-D N
" 28200410 0983

» [assoeria] 0908
Tatentt 09070

]

Help

Pucynok 1.20 — 3mina napameTpis 610Ky «x1»

[Ticns wporo 3amyckaeMo mpolec MojenmtoBaHHS. s 1mporo y
Biami SIMULATION natuckaemo kHomky Run, abo xmapimy FS5.
PesynbraTtu MmonemoBanHs BingoOpaxaroThes y Omoni Display (puc. 1.21).
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untitled * - Simulink = [of ¢
G CONSTANT

Stop Time @ w HD -

- REVIEW

FILE| LBRARY\ PREPARE ||Normal | Step Run Step Lol
@ Fast Restart Back ~ - Forward
g v g g
SIMULATE ¥
E3 \ 1
=
2

=]
& o
u x1
7]
5] Function Fitting Neural Network
Ready 100% auto(VariableStepDiscrete)

PucyHok 1.21 — MonemoBanus y Simulink

Hns 3MiHu  ¢opmaTry BimoOpakKeHHS BHUXIIHHX JaHUX MOXHA
HATUCHYTH TPaBOI0 KiaBimero Murr Ha Oromi Display obupaemo «Block
Parameters» Ta oOupaemo y BumazarodoMmy cnucky ¢opmat «banky». [ami
Hatuckaemo OK i mani y Gmoni Display 3MiHATE opmat BigoOpaskeHHs Ha
Oinmbin 3BuaHUE. [TocmiioBHO Bee e BiqoOpaxkeHo Ha puc. 1.22.

untitled * - Simulink

untitled

© [Pauntitled

IEEDEIIEHE,@

[ Block Parameters: Display
Display

Display input values. If the incoming signal is of type string, the
'Numeric display format' parameter selection does not affect the
display of the string.

Parameters

Numeric display format: o
Decimation: \

1 H 2
Floating display 3

Q cancel || Help
Pucynok 1.22 — 3mina gopmaty BigoOpakeHHS pe3y/IbTaTiB

Jus toro, mo0 TEepemuBUTHCS JAETall 3MOJIEIBOBAHOI MEpExi,

HAaTHCHITH Ha CTPIJIOYKY OCHOBHOTO OJOKy Mozeni (puc.l.23), Ttomi
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OTPHUMAETE PE3yIbTaT, K Ha puc. 1.24. J{ng OiiplI JeTanbHOTO MEPETIsay
OKpeMHX OJIOKIB JIBiUi HATUCHITH Ha TIeBHOMY Ousori. Pesymerar
MpeJIcTaBIeHo Ha puc. 1.25.

> untitied

[auntitied »

BRDUDS e

4 Function Fitting Neural Networkl =

®

lab1_1 » (sFunction Fitting Neural Networkl » -

double click

BEUDS o4

Process ua 1 e 1 -t

=N

0

Pucynoxk 1.24 — Ilepermsin ¢yHkmii anpokcumarii

LR O]
@ @ ey =
& [allab1_1 » iFunction Fitting Neural Network1 » #Layer 1 B

a
=

a
=

- & B ’

»

Pucynok 1.25 — Ilepernsan ¢pyHKIii anpokcumariii eBHOTo niapy

Hami 30epeximMo oTpumaHi pesynbTaTH. JJis 1Oro y BKIAILI
SIMULATION nHatuckaemo Save, o0upaemo micue [uist 30epiranHs Ta Ha3By
¢atina (puc. 1.26).
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Pucynok 1.26 — 36epexenns pe3ynpTatiB y Simulink

st Toro, mo6 30epertu BBeleHi y pobodiil mpocTip naHi, He0OXiTHO
ix 30epertu B Okpemuil ¢aitn 3 posmmpeHHsM .mat. Jng mporo tpeba
HaTucHyTH Save Workspace, oOpatu wmiclie 30epiraHHsl Ta 3aiaTd iM’s,
Hanpuknaf, labl _1.mat (puc.1.27).

Pucynok 1.27 — 36epexxenns qanux 3 Workspace

AHani3yroun OTpUMaHi MOMHIIKH IPH HaBYaHHI Ta Pe3yJdbTaTH y
Simulink, poOMMO BHCHOBOK, IO MMOMHWJIKA JAOCTaTHBO Benuka. OgHUM i3
BapiaHTIB 3MCHIIICHHS TIOMUJIKH MOXE CTaTH 30UIBIICHHS HAIIOro Habopy
MOYATKOBUX AaHUX. J1J1s 30IBIICHHS JTaHUX BBEACMO HACTYIIHI OTeparlii 10
komauaHoro BikHa MATLAB, sk moka3aHo HUXKYE:

Y = [years years]

P = [population population]

YI=[YYY]

P1=[PPP]
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1.33aBpaHHs 10 BHUKOHAHHS

1. Bukonatu yci aii onucani y myHkTi 1.2;

2. HaBuwuTH HelpoHHY MepeKy Ha 30i/bIIeHOMy HabOpi MOYaTKOBUX
nanux Y1 ta Pl Ta mpoanamizyBaTi oTpUMaHi pe3yabTaTy;

3. IlepeBiputt poOOTY HEHPOHHOI Mepexi, HaBYeHOI Ha
30inbIIeHOMY HAa0O0pi JaHuX, y cepenoBuii Simulink;

4. PesynmpTaTM TOKa3aTH BUKJIAagady Ta MOACHUTH MPOBEICHHUHA
aHais;

5. HeoOximHO BUKOHaTH ampoKcHMalilo (yHKOii HacTyIHOTO
BUTJISIAY:

57Tx+ ] (12nx>
cos | ——+ sin|{—

Jnst 1poro BBEIITh Y KOMaHIHOMY PSIKY LiTBOBY (yHKLIIO target =
cos (5 * pi * [1:100] / 100 + sin (12 * pi * [1:100] / 100)) Ta Habip
HaBYanbHUX Janux data = [1:100].

6. IlpoanamnizyiiTe OTpUMaHi pe3yJbTaTu.

1.43micr 3BiTY

3BIT IIOBHHEH MATH TaKl CKJIaIOBI:
—TUTYJIHHUH JIUCT;

—MeTa poboTu;

—pe3yNbTaT BUKOHAHHS 3aBJaHb;
—BIJIMIOBI/Ii HA KOHTPOJIbHI MUTAHHS.

1.5KoHTpoabHI NMTaHHS

1. Ski 3aga4i BUPIMIYIOTBCS HEMPOHHUMH MEPEKaMH, MPHUKIAAN
3aCTOCYBaHHS HEMPOHHUX MEPEX.

2. 3aranpHUM TNPUHLOMII Ta NPU3HAYEHHS HaBYaHHS HEHPOHHUX
MEpEK.

3. OcoOnuBocTi BUKOpUCTaHHA cepenouma MATLAB® npns
MOJIETTIOBAaHHS HEHPOHHUX MEPEXK.
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2 JABOPATOPHA POBOTA Ne2
PO3III3BHABAHHSA ObBJINYYSA

Mera po0GoTu: HaBYMTHCS  CTBOPIOBATH  MporpaMu IS
posmizHaBaHHA o00auyus MoBolo Python 3a momomororo 6i0miorekn
OpenCV.

2.1 Teopernuni BitomMocTi

ABTOMaTHYHa iNeHTH]IKAIisl OCOOMCTOCTI JIFOAWHU TIO HOTO
300paxeHHI0 Ha poTorpadii abo B BiJICOMOTOII Ma€ IMUPOKE KOMEPITiitHE Ta
HayKoBe 3acTocyBaHH:. JlaHa TemaTuka 3'sBujacs Ha mo4atky 80-X poKiB,
OJHaK, ii OypXJIMBHI PO3BUTOK moyayocs B 90-x, Micis CTBOPEHHS HOBHX
TEXHOJIOTI# B chepi 00poOKH 300pakeHb Ta 00YUCITIOBAILHUX MaITuH. JlaHa
TEXHOJIOTisl Ma€ 0COONMBHI iHTEpEC Y 3B'A3KY 3 TUM, LI0 MOXKE BiAOyBaTHCA
0E3KOHTAKTHO.

B nanwmii gac 3pic iHTepec 10 pi3HUX METOIB igeHTUdiKaLii 0ci0. J{is
BUpILICHHSI IOTO 3aBAAaHHS HEOOXiIHO BHMKOHATH JBa €Talu: BUSIBUTU
oco0a Ha ¢oTorpadii, BUAITUTH 1 pO3Mi3HATH HOTO.

IIpuy BcboMy PpI3HOMAHITTI PI3HHX aNrOpPUTMIB 1 METOHIB
PO3Mi3HaBaHHS 300pa’keHb, THIIOBHH METOJ PO3Mi3HABAHHS CKIIANAETHCA 3
TPbOX KOMIIOHEHTIB:

—MEPEeTBOPEHHS! BUXITHOTO 300pak€HHS B IOYATKOBE YSIBICHHA
(Moxxe BKJIIOUaTH B cebe SK IMOMEpeqHI0 OOpoOKy, Tak 1 MaTeMaTH4Hi
MEPEeTBOPEHHS, HAIPUKIIaJ] OOYHCICHHS TOJIOBHUX KOMIIOHEHT);

—BUIJICHHS KIIIOYOBUX XapaKTEPUCTUK (HaIpuKIaa OepeTbes mepii
N TOJIOBHUX KOMIOHEHT ab0 KOe(ili€eHTIB AMCKPETHOIO KOCHHYCHOTO
MEPETBOPEHHS);

—MexaHi3M kiacudikanii (MoIeNIoBaHHS): KJIacTepHa MOJENb,
METpHKa, HEHPOHHA MepeXxa ToLIO.

Kpim mporo, moOynoBa MeTony pO3Mi3HABAHHA CHHUPAETHCS Ha
anpiopHy iHQopMamifo mpo mpeaMeTHy oOnacTh (B JaHOMY BHUIAIKY -
XapaKTePUCTUKH OCOOHM JIIOAWHM), 1 KOPHUTYETbCS EKCIEPUMEHTAIBHOI
iH(OpMaIli€ro, O 3'IBISETHCS IO X0y PO3POOKH METOTY.
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2.2 HamamTyBaHHSI IPOrPaMHOI0 cepel0BUINA

Jnst moyatky HeoOxinHo 3aBaHTaxkuTH Ta iHcTaioBatu IDE PyChar.
[Ticass d4oro HEOOXiAHO CTBOPUTH HOBHM TpoekT. Jlami HeoOximgHO
iHCTa;moBaTu 0i0mioTeky opencv. [ljis mporo, y TepMiHami MpOrpaMu
BBOJMIMO KOMaH/Y:

pip install opencv-python

Hani y BikHI IporpaMu iMIIOpTy€eMO 1110 6i6i0TeKy KOMaHAOIO:

import cv2

BpaxoBytoun Te, 1110 opencv — 6e3KomTOBHA 010110TeKa 3 BIAKPUTHM
KOZIOM, TO OaraTo KiacudikatopiB MokHa 3HalTH Ha github. [lepexomnnmo
3a mocwiaHHsIM https://github.com/opencv/opencv Ta BiIKpUBaEMO MamnKy
data, Tam >xe 0OHMpaeMo Bke iCHyI04i KIacu(pikaToOpH.

s Hamoro 3aBmaHHs 00epiTh 3 manku haarcascade kmacugikatop
BU3HAYCHHS 00IHYYs:

haarcascade frontalface default.xml

Hani HeoOXimHO 3aBaHTAXUTH el (alin Ta HepeHecTH HOro 1o
MOTOYHOTO MPOEKTY 32 IUIAXOM:

Lib\site-packages\cv2\data

[licns woro, HeoOXximHO cTBOpUTH 00’ekT y Python (y myskkax
MPOIUCAHO NIISAX 0 00paHOTO (aiiy):

face cascade db =

cv2.CascadeClassifier(cv2.data.haarcascades+"haarcascade frontalface
default.xml")

Jamni HeoOXi1HO 3aBaHTaKUTHU J0 IPOEKTY OyAb-siKe GOTO 3 O0TUIUSIM
y MOTOYHY JUPEKTOPIIO MPOEKTY.

[Ticns goro, HEOOXiAHO CTBOPUTH 00’ EKT ISl IIBOTO 300paKEHHSL:

img = cv2.imread("img.jpg")
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st Toro, mio6 Haie 300paXeHHS IPaBIIIBHO PO3MI3HAIIO iICHYIOUHM
kiacu(ikaTopom, He0OXiHO HOTo MEPETBOPHUTH Y BIATIHKH CipOro:

img gray = cv2.cvtColor (img, cv2.COLOR BGR2GRAY)

Busenemo ne 300paxeHHst Ha ekpaH. J{JI1sl IbOTO BBEAEMO KOMaHIY
imshow (Ha3Ba BikHa, Ha3Ba 300paXEHHS) Ta 3aTPUMKY Cv2 .waitKey ():

cv2.imshow('rez', img gray)
cv2.waitKey ()

Ta 3amyckaeMo MPOEKT Ha BUKOHAHHS (MIPaBOI0 KHOIKOI MHIII -
Run). VY pesynbTati Mu no6aunmo 300paskeHHA y cipux BiaTiHKax (puc. 2.1).

Pucynok 2.1 — BuBeneHHs 300paxeHHS y CipHUX BiITIHKaxX

Hamni ctBopuMo 00’ exT faces, y sikuii i 3anumemMo po3mizHaHi 00auyus
3a JIOTIOMOT'OI0 KJIaCH(iKaTopy:

faces = face cascade db.detectMultiScale(img gray, 1.1, 19)

3a momomoroio 00’ekty face MU OTPHUMYXMO TeEpeliKk 3HaWICHUX
KOOpIMHAT Ha IbOMY 300paKeHHI.

Jlaii BUBeIeMO KBaJIpaT Ha 3HAWJCHUX OOJUYUSX Ta HE YOpHO-Oine, a
KOJIbOpOBeE, 300pakeHHs. [loBHUIT KOA porpaMu HaBeAEHO y JicTUHTY 2.1

Jlictuar 2.1 — Kop mnporpamMu s po3mi3HaBaHHS OONMYbL Ha
¢dororpadii
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import cv2

face cascade db =
cv2.CascadeClassifier (cv2.data.haarcascades+"haarcascade_fronta
lface default.xml")

img = cv2.imread("family.jpg")
img gray = cv2.cvtColor (img, cv2.COLOR BGR2GRAY)

faces = face cascade db.detectMultiScale(img gray, 1.1, 19)
for (x, y, w, h) in faces:
cv2.rectangle (img, (x, y), (x+w, y+h), (0, 255, 0), 2)

cv2.imshow ('rez', img)
cv2.waitKey ()

[Ticns 9oro 3amycTHMO MPOEKT Ta Y Pe3yJIbTaTi OTPUMAEMO [IPOTpamy,
sKa posmizHae o0nuuust Ha ¢ororpadii (puc. 2.2).

Pucynok 2.2 — Pe3ynbraT po3mizHaBaHHS 00aMddst Ha doTorpadii

2.3 Po3nizHaBaHHA 00JIMYYs 3 BiIeONOTOKY

Heo0OxigHo HanucaT nporpamy, sika 37aTHa po3MiZHaBaTH O0IUYS 3
MOTOKY BeO-KaMepH.

Jst boro cTBOpUMO HOBHH (paiin y poekTi. Sk mxepeno indopmarii
BBEJIEMO ITOTOK 3 BeO-KaMepH:

cap = cv2.VideoCapture (0)
Hani y uukii oTpuMaemMo 300pakeHHs 3 BeO-KaMepu:

while True:
success, img = cap.read()
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img gray = cv2.cvtColor (img, cv2.COLOR BGR2GRAY)

faces

= face cascade db.detectMultiScale(img gray, 1.1, 19)

for (x, y, w, h) in faces:
cv2.rectangle (img, (x, y), (x+w, y+h), (0, 255, 0), 2)

q)yHKLIiH JJId BUXOAY 3 HUKITY IO HATUCKAHHIO KHOIIKU «(»:

cv2.imshow ('rez', img)
if cv2.waitKey () & Oxff == ord('qg'):

break

[loBHuU# KO IporpamMu HaBEAEHO Y JICTHHTY 2.2.

Jlictunr 2.2 — Kox mporpaMu ajst po3mi3HaBaHHs 00JIHYb 3 MOTOKY
BeO-KaMepu

import cv2

face cascade db =

cv2.

CascadeClassifier (cv2.data.haarcascades+"haarcascade_fronta

lface default.xml")

cap

= cv2.VideoCapture (0)

while True:

success, img = cap.read()
img gray = cv2.cvtColor (img, cv2.COLOR BGR2GRAY)

faces = face cascade db.detectMultiScale(img gray, 1.1, 19)
for (x, y, w, h) in faces:
cv2.rectangle (img, (x, y), (x+w, y+h), (0, 255, 0), 2)

cv2.imshow ('rez', img)
if cv2.waitKey() & Oxff == ord('qg'):
break

cap.release()
cv2.destroyAllWindows ()

VY pesynbTari, HO4eproBo OyAyTh BiIoOpaxaTUCh KapH 3 BeO-KaMepH
3 00BeieHUM 00 IMYYsIM Ha HbOMY Y pasi ycmixy (puc. 2.3).
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Pucynok 2.3 — Pe3ynbrar po3nizHaBaHHS 00IMYIS 3 TIOTOKY BeO-KaMepn

Sx OGaunMo 3 pe3yibTaTiB, MPOrpaMol0 3YUTaHO iH(OpMaliio 3
MOTOKY BeO-KaMepu, pO3Mi3HaHO Ha Hill o0muuY4st Ta 0OBeAeHO HOTO
3€JIEHOI0 PAaMKOIO.

2.4 3aBaaHHA 10 BUKOHAHHSA

Buxonatn mnpuxmagu 2.2, 2.3. IIpoaeMoHCTpyBaTH pe3yibTaTd
BUKOHAHHS BUKJIaady.

JonatkoBuM (HEOOOB’ I3KOBHM) 3aBJAHHSM € :

- CTBOPEHHS IpOrpaMu AJIsl PO3Mi3HABaHHS OOJIMYYSA 13 3alTUCaHOTO
BiJI€O.

[IponemoHCTpYBaTH pe3yabTaTH BUKOHAHHS BHKJIAAady.

3a pesynbTaTaMH BHKOHAHHS 3aBIaHb CIiJ 3pOOUTH BHCHOBKH Ta
HaBECTH iX Y 3BITi.

2.5 3micr 3BiTY

3BiIT IIOBHHEH MATH TaKl CKJIaIOBI:
—TUTYJIBHUH JTUCT;

—MeTa poboTu;

—pe3yNnbTaT BUKOHAHHS 3aBJaHb;
—BIJIMIOBI/Ii HA KOHTPOJIBHI MUTAHHS.
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2.6 KoHTpoabHi 3aIMTaHHSA

1. Jly>xe CTHCIO ONMIUITH MPOTpaMHi NPOIYKTH, SIKi ICHYIOTH UIs
po3mi3HaBaHHS 00JIUYb.

2. Crucno onumite 6Oibmiotekn Python, sxi npusHaueHi s
po3mi3HaBaHHS.

3. Onumite 6i6miorekn Python mns poGoTH 3 HEHpOHHUMH
MepeKaMu.

4. Oco0muBOCTI 3rOPTKOBUX HEHPOHHUX MEPEK.
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3 JABOPATOPHA POBOTA Ne3
3ACTOCYBAHHA 'EHETUYHUX AJI'OPUTMIB

Meta po60oTH: HABUUTHUCS 3aCTOCOBYBAaTH I'€HETHYHI aJlTOPUTMU HA
MTPAKTHIII.

3.1 Teopernuni BitomocTi

OCHOBH Teopil reHETUYHUX ANTOPUTMIB CPOPMYITHOBaH1 XOJJIaHI0M
B HOT0 OCHOBOMOJOXHIH pPoOOTI 1 B MOJANBIIOMY OyJIM PO3BHHEHI PAIOM
nociavkiB. HaliOimeIn BiJoMOIO 1 IUTOBAHOI B TaHUI Yac € MoHOTpadis
. Tonnbepra, ne cucTeMaTUYHO BUKJIaJ€HO OCHOBHI pe3yJIbTaTH Ta 00JacTi
MPaKTUYHOTO 3aCTOCYBAHHS TCHETHYHHX aJrOPUTMIB.

I'eneTnyHi anrOpuTMH BUKOPUCTOBYIOTH IPUHIHIHN 1 TEPMiHOJIOT1IO,
3aMo3uyeHi y 0i10JIOTiYHOI HayKH — TEHETHKU. Y TeHETUYHUX AITOpPUTMax
KO)KHA OCOOMHA TMpeJNCTaBisie MOTEHLIHHE PIleHHs AesKol mpobimemu. Y
KJIACUYHOMY T€HETHYHOMY alTOpUTMiI OCOOMHA KOIYETbCA PAAKOM
JBIKOBUX CHMBOJIIB — XPOMOCOMOIO, KOJKEH OiT 5SIK01 Ha3UBAETHCSI TEHOM.
MHOXHHa 0COOWH — MOTEHIIMHUX PillleHb CTAHOBUTH MommyJsmiro. Ilomryk
(cy0) omnTUManmbHOTO BHUPILICHHS MpoOJeMHU BHKOHYETbCA B TMpoleci
eBOJIONIl MOMyJALii — TMOCTiZOBHOIO NEPETBOPEHHsSI OAHI€l KiHIEBOI
MHOXHHHU pilleHb Yy 1HIIy 3a JONOMOIOI0 TEHETHMYHHX OIEpaTropiB
penpoayKLii, KPOCHHTOBEPY Ta MyTallii.

EBomroniiiHi 00uMCIIEeHHS BUKOPUCTOBYIOTH HACTYITHI TPH MEXaHI3MH
MPUPOAHOT €BOIIOLII:

—Mepmuid TPUHOMI 3aCHOBAaHMKH Ha KOHIENUil BUKWBAHHA
HallcWIBHIIMX 1 mpupogHoro Binbopy 3a JapBiHoM skuii  OyB
chopmynboBanuid iM y 1859 pori B kHE31 «[10XOMKEHHS BUAIB NUISXOM
MPUPOHOTO BimOOpy». 3rigHo JlapBiHy OCOOMHM, sKi Kpamie 3IaTHi
BUpILIYBaTH 3aBJaHHS B CBOEMY CEPEIOBHIII, BW)KHMBAIOTH 1 Oinblie
PO3MHOKYIOTECSL (PEMPOAYLIOIOTE). Y TEHETHYHUX ANrOpUTMax KOKHA
ocoOuHa mpencTaBisie coO00 pillleHHs AESKOT IpoOIeMH aHAJIOTI€I0 3 UM
MPUHIHUIIOM OCOOWMHM 3 KpallMMH 3HAa4eHHSIMH LiNb0BOI ((pitHEC) PyHKLIIT
MaloTh BEJNMKI IIAHCH BIKHTH 1 penpoayloBatu. dopmaiizaiiss HbOro
MPUHLMITY Ja€ ONepaTop PenpoAyKIil;

—IpyTUi TPUHUOUN OOYMOBJIEHUH TUM (akToM, L0 XPOMOCOMa
HaIaJKa CKIIQJAEThCs 3 YaCTHH, OTPUMaHUX 3 XpomMocoM OaTbkiB. Llei
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npuHIHI 6yB BiakpuTuii B 1865 poui Mengenem. Moro dopmanizaris mae
OCHOBY ]IS OTIEpaTOpa CXpeLlyBaHHsI (KPOCHHTOBEPY);

—TpeTii MPHUHIUI 3aCHOBAHWH Ha KOHIEMINI MyTallii, BIIKpUTOi B
1900 poui e Bpe. CrouaTky mel TepMiH BHKOPHUCTOBYBABCS IUISI OITUCY
icToTHHX (pI3KKMX) 3MiH BIACTHBOCTEH HAINAAKIB 1 HaOyTTd HHUMH
BJIACTUBOCTEH, BIJCYTHIX y OaTbKiB. 3a aHANOTi€l0 3 UM NPUHIUIIOM
TCHETHYHI alrOPUTMH BUKOPUCTOBYIOTH MOMIOHMH MeXaHi3M Ui pi3Koi
3MiHM BJIACTUBOCTEH HAIAJIKiB 1 TUM CaMHM, MiJBHILYIOTH Pi3HOMAHITTS
0cOOMH B MOMYJISALiT (MHOXKHHI pillICHB).

i Tpu NpUHUMOMN CKIAAAIOTh SAPO EBOJIOMIMHUX OOYHCIIEHB.
BukopucroByroun ix, momynsmisi (MHOXHHA pillleHb JAaHOI HPOOIEMH)
€BOJIIOLIIOHYE BiJl IIOKOJIHHA A0 MOKOJiHHS.

I'enetnynnii anroput™M Oepe MHOXKHHY MapaMeTpiB ONTHUMi3amiiHOT
npobJeMu Ta KOAYeE iX MOCTIIOBHOCTSMH KiHIEBOI OBKHUHU B JACSIKOMY
KiHLeBOMY asdasiTi (B HalMpocCTimIoMy BUMAAKy ABiiikoBHH andasiT «0» 1
«1»).

[IpocTuii TEeHETWYHHWH aITOPUTM BHUIMAAKOBUM YHHOM TEHEpYE
MOYATKOBY TMOIMYJISIIK CTPIiHriB (XpoMocoM). IToTiM anroputm reHepye
HACTyIHE MOKOMiHHS (TOMyJIsALil0), 3a JONOMOTOI0 TPhOX OCHOBHHX
TCHETHYHHX OTEePaTopiB:

—omeparop penpoaykuii (OP);

—ormeparop cxpeuryBanHs (kpocuHrosepy, OK);

—omeparop mytauii (OM).

I'enetnyni omepatopu € MaTeMaTHYHOI (opMaii3amielo HaBEACHUX
BHUIIIE TPHOX OCHOBOMOJOXHMX NpuHUMMIB Japsina, Mengens i ne Bpe
MPUPOAHOI EBOJIIOLI].

I'eneTnyHMH aNTOPUTM TPALIOE 0 THX Mip, HOKK He Oyle BUKOHAHO
3aJjaHy KUIBKICTh MOKOMiHB (iTepauiii) mpouecy eBojromii abo Ha AesKii
reHepanii Oyne OTpUMaHO 3afaHy SKiCTh a00 BHACTINOK MepeauacHol
301)KHOCTI IIPH MONafaHH] B JSSIKUH JTOKAIBHUI ONTUMYM.

VY KOXXKHOMY MOKOJIiHHI MHOKMHA IITYYHHUX OCOOHMH CTBOPIOETHCS 3
BUKOPUCTAaHHIM CTapHX 1 JOJaBaHHSIM HOBHX 3 XOPOIIUMH BIACTUBOCTSIMH.
'eneTnyHi aNITOPUTMH — HE MPOCTO BUIAIKOBHIA TOIIYK, BOHH €(EKTUBHO
BUKOPHUCTOBYIOTH iH(OpMALIi10, HAKOIIMUYEHY B ITPOIIECi eBOMIOLII. Y mporeci
MOLTYKY pillIeHHS HEOOXiAHO NOTPUMYBATH OallaHC MiX «EKCILTyaTalli€ro»
OTPUMaHUX Ha TOTOYHUI MOMEHT KpamlX pIlleHb 1 PO3LIMPEHHSIM
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MpOCTOpy MOIIYKY. Pi3HI MeToaM MOmIyKy BUPILIYIOTH II0 TpoOIeMy IO-
pizHOMY.

3.2 3agaya nusa miniMizanii pyHKIii
Heo0Oxigno MiHiMi3yBaTH QYyHKIIO OAHIET 3MIHHOT:
f(x) =8x — 16 — 123/ (x + 4)2

Jus uporo, y cepenoBunli MATLAB® HeoOXiTHO CTBOPUTH JBa
CKPUNTH ex2.m Ta ex2 func.m. Y MEPIIOMY MICTHTHCSI OIUCAHA BUILE
¢ynkuis (mictuar 3.1), ApYruid MiCTUTH aNrOpUTM IJIs MAPpaxyHKy diTHec-
¢yHKLIi, MOmYKy HalKpamoi OCOOMHM Ta CepelHbOi BIICTaHI MK
ocobuHamu (JrictuHr 3.2).

st ctBopenHs ckpunTa Hatuckaemo y Brnaani HOME knonky New
Script. ¥V BiKHO, IO BiAKPUETHCS BBOAMMO HEOOXimHUH ckpunt (JicT. 3.1).
JUi1st CTBOpEHHSI 1€ OAHOTO CKPHUIITY TOCTaTHHO HATHUCHYTHU «+» CIpaBa Bix
Ha3BM CKPHITA, SIK 1€ MOKa3aHo Ha puc. 3.1.

<« C @ matlab.mathworks.com h % O* OO :

= HOME PLOTS APPS EDITOR PUBLISH  FILE VERSIO- = ® |0 Maia -

] [S [F] section Break
== N £ gre B Zew D6
New Open Save | GoTo = Find ~ Refactor Run un and Advance
- v - ~ [ Bookmark ~ - Section IF] Run to End
FILE NAVIGATE CODE SECTION RUN
al @ /> MATLABDrive > -
Current Folder ozm - (H)
N 1) function v = ex2 (x)
Hare 2l 3T et e,
» O3 Examples | 2
exzm
[5] 1ab1_1.six
[ 1ab1_1.six.autosar
5 tabt.mat
B Pmat
(B Pi.mat
BB population.mat

Run  Step

8 results.mat

Workspace
:Name iValue i |
[B population x40 double 1
B years 1x40 double  1x:

Command Window

UTF8 LF ax? In 3 Col 1

Pucynok 3.1 — CTBOpeHHS HOBOTO CKpHUIITa
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Jlictuar 3.1 — @yHKIisS MiHIMIZaITT
function y = ex2 (x)

y=8*x-16-12* (nthroot ((x+4) "2, 3));
end

Jlictunr 3.2 — OyHKIiS TEHETUYHOTO AlITOPUTMY

function [X,FVAL,REASON,OUTPUT, POPULATION, SCORES] =
ex2 func

fitnessFunction = @ex2;

nvars = 1;

options = optimoptions(@ga, 'PopInitRange', [-4 ; 1]);
options = optimoptions (options, 'PopulationSize',10);
options =

optimoptions (options, 'MutationFcn', {@mutationgaussian 1
1})

options = optimoptions (options, 'Display','off');
options
optimoptions (options, 'PlotFcns', {@gaplotbestf,
@gaplotbestindiv, @gaplotdistance});

[X, FVAL, REASON, OUTPUT, POPULATION, SCORES] =

ga (fitnessFunction, nvars,options) ;

end

st 30epeskeHHs] CTBOpEeHUX (aiiiniB HEOOXiIHO HATUCHYTH Save —
Save as..., K MOKa3aHo Ha puc.3.2, Ta 30eperTH CKPHIITH 3 BiAMOBIIHUM
M’ SIM.

[Ticnsg uporo HeOOXiAHO 3aIyCTHTH CTBOPEHI CKpUNTH. [ 1poro y
KOMaHJHOMY PSIIKy HEOOXiTHO BBECTH KOMaHIy optimtool ('ga') -—
puc.3.3.
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<« C @ matlab.mathworks.com h % O» 00 :

EDITOR PUBLISH  FILE VERSIO.

- IS Section Break
& & | F me
Q Find ~ 1% Run and Advance
New Open |Save| GoTo Refactor Run Run
- - - ~ [ Bookmark ~ ~ Section IF] Run to End ~
FILE coDE SECTION RUN
— Save s
T Save all modified files
Current F
Save As... ©OHS [ex2 (x)
Name ~ Save current file to a new file e root( (xsa)~2, 3)); ]
» O Exampres
[) 1ab1_1.six
[ 1ab1_1.six.autosar
B 1abt.mat
B Pmat
B Pi.mat
5 population.mat
(B resuits.mat

[ untitied.six.autosa

Workspace
iName #Value is|
T population 1x40 double  1x
Tyears  1x40double 1x

Command Window

UTF:8 LF ex2 Ln3Col1 ¥

Pucynok 3.2 — 36epexeHHs CKpHITa

Command Window

>> optimtool('ga')
Pucynok 3.3 — PoboTta y koMaHIHOMY BiKHI

Hani HeoOXiIHO 3aIyCTUTH CTBOPEHI CKPHIITH, HATUCHYBIIM Run y
Bianai EDITOR (puc.3.4 — oOBeneHO YEpBOHUM), y pe3ysbTaTi 4oro
OTPUMAEMO Pe3yJbTaT MiAPaxyHKy ¢iTHec-QyHKIil, MONIyKy HaWKpamoi
OCOOMHHM Ta CepPEeIHBOI BijicTaHi Mixk ocoonHamu (puc. 3.4).
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<« C & matlab.mathworks.com b % OO0 :
@ rowe pLoTs AoPS Eia PUBLISH  FILE VERSIONS: view

‘Search (3 0'Space)

> R2022b > optim > GelStartedWithOptimizeLiveEditorTaskExample.

Current Folder Genetic Algorthm
Name 12

[ extzm

139.32 Mean: -1138.91
(B GettartedWithOptimizeLiveEditor
(B GetstarteawithOptimizeLiveEditor
B GetstarteawitnOptimizeLveEditor

Current Best Individual

1
Number of variables (1)
Average Distance Between Individuals

Workspace
Name Value Size Class.
Bans 073758 1x1
Bl 590630403 1x1
5 population x40 double  1x40
Bx Ta923es  1x1
B years 1x40 double  1x40

% 6
Generation

-s6.8854

5 e2_func
1073758

UTF8 LF ex2.func Ln 10 Col 4

Pucynok 3.4 — Pe3ynprar poOOTH T€HETHIHOTO AITOPUTMY

[Nepmmii pucyHOK BigoOpaskae 3MiHy 3HaU€HHsI Ib0BOIT QyHKIil. Ha
IpyroMy pHCYHKY 300pakeHa Haiikpama ocobuHa. Tperii puCYHOK
BIJIMIOBi/Ia€ 3CyBaHHSIM BiJICTaHi MiX OCOOMHAMU B MOKOJiHHAX. OcoOMHU
CTar0Th OJJHAKOBI (XeMMiHTOBa BifcTaHb = () B ocTaHHiX 20 MOKOJiHHAX.

l'eneTnyHMii anropuT™M MOTPIOHO 3aIMyCTHTH KiJbKa pasiB, a MOTIM
BUOpaTH onTuManbHe pimeHHA. lle moB's3aHO 3 THM, IO MOYATKOBA
MOMyJISList OpMY€EThCS 3 BUKOPUCTAHHSM T'eHepaTopa BUIMAJKOBUX YHCEIN.

3.3 3agaya na MmakcuMisanii GpyHKmii

Heo0OxigHo MakcumizyBaT (pyHKIIIO JBOX 3MiHHUX:
z(x,y) = exp(—x%—y?) + sin (x + y)

JomaTok 3 TEHETHYHHUX aITOPUTMIB BHUpILIyE TIABKH 3aj1adi
MiHiMi3aWii, TOMy IS 3HaXOMKeHHs MakcumyMmy ¢yHkuii f(x) cuin
MiHiMi3yBaTH QyHKLiO -f (X). Lle mosICHIOETBCS TUM, IO TOYKA MiHIMyMY -
f(x) e nesikoro Toukoro f(X), B sIKili TOCATAETHCS MAKCUMYM.

Jis uporo, y cepenoButiti MATLAB® HeoOXiTHO 3HOBY CTBOPUTH JIBA
CKpHIITH. Y TEpIIOMY MICTHThCS onucaHa Buuie ¢yHkmis (ictuar 3.3),
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OpYyTUil MICTUTH alroOpuTM A TOMYKy QitHec ¢yHKUil, HaWKpamoi
0CcOOWHM Ta cepeqHbO1 BiICTaHI M’k OCOOMHAMU (JTiCTHHT 3.4).

Jlictuar 3.3 — OyHKIisS MakcuMizarii

function z = ex13 (x)
z==(exp (-x (1) "2-x(2)"2)+sin(x (1) +x(2)));
end

Jlictunr 3.4 — OyHKIiS TEHETUYHOTO AITOPUTMY

function [X,FVAL,REASON,QOUTPUT, POPULATION, SCORES] = exl37func
fitnessFunction = @ex13;
nvars = 2;

options = optimoptions (@ga, 'PopInitRange’', [-1 ; 3]1);
options optimoptions (options, 'PopulationSize',10) ;
options
optimoptions (options, 'MutationFcn', {@mutationgaussian 1 1});
options = optimoptions (options, 'Display’','off');

options = optimoptions (options, 'PlotFcns', {@gaplotbestf,
@gaplotbestindiv, @gaplotdistance});

[X, FVAL, REASON, OUTPUT, POPULATION, SCORES] =

ga (fitnessFunction,nvars, options) ;

end

[lepeBipsiemo pe3ynbTar migpaxyHKy ¢iTHec-QyHKIiI, TOIIyKy ABOX
HalKpaImux 0COOMH Ta CEpeIHBOI BijicTaHi Mixk ocoomHamu (puc. 3.2).

) GotStartoawnOptimizoLiveEe
B GotStartoawanOptimzoLieEc

UTFe L exta e 110Gl 8 =

Pucynok 3.2 — Pe3ynbpraT poOOTH T€HETHIHOTO aNrOpUTMY UTs (pyHKIIT 3 ABOMA
3MiHHIMUA
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3.4 3aBaaHHA 10 BUKOHAHHSA

1. Buxonatu npuknamu 3.2, 3.3. IlpogemMoHCTpyBaTH pe3yibTaTH
BUKOHAHHS BUKJIaaqy.

2. JlomaTKOBUMM 3aBJaHHSIMU € :

—3HaNUTH MaKCUMYyM (DYHKIIIi:

y(x) =3 (x +4)2 —2x—8
—3HalTH MiHIMYM (QyHKIIi:

z(x,y) = (y — 3) * exp(—x*—y?)

[IponemoHCTpYBaTH pe3yabTaTH BUKOHAHHS BHKJIAAady.
3a pe3ynbTaTaMH BHKOHAHHS 3aBlaHb CIiJ 3pOOMTH BHCHOBKH Ta
HaBECTH iX Y 3BITi.

3.5 3micr 3BiTY

3BIT IIOBHHEH MAaTH TaKl CKJIaIOBI:
—TUTYJIHHUH JIUCT;

—MeTa poboTu;

—pe3yNbTaT BUKOHAHHS 3aBJaHb;
—BIJIMIOBI/Ii HA KOHTPOJIbHI MUTAHHS.

3.6 KoHTpoJIbHi 3aninTaHHS

OCHOBI IIPUHIIUATIN SBOJIOIIHHIUX 00YHCIICHB.

[Ilo € reHeTUYHUM ATOPUTMOM?

OCHOBHI onepaTopy reHETUIHUX AJITOPUTMIB.

lamy3i BUKOpUCTaHHS TCHETUYHUX aJITOPUTMIB.
Po3zkpuiiTe MOHATTS «MapalieibHi TCHETUYHI aJTOPUTMUY.

M
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