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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

Hetiponni  mepexi (NN —  Neural Networks) 1mmpoko
BUKOPUCTOBYIOTBCSL JJISl BUPILICHHS pIi3HOMaHITHUX 3aBnanb. Cepen
o0JacTel, B SIKMX pO3BHBA€EThCS 3acTocyBaHHS NN — 00poOKa aHaJIOTOBUX i
M(POBUX CHUTHAIIB, CHHTE3 Ta 1ICHTU(IKAIis SICKTPOHHUX JIAHIIIOTIB 1
cucreM. OcHoBH Teopii Ta TexHOJOrii 3actocyBaHHa NN LIMPOKO
npencTasiieHi B cepenoBunti MATLAB.

[Ipuknamamu 3acTOCyBaHHS TEXHOJOTil HEHPOHHHUX MEPeX Ul
uuQpoBoi 0OpPOOKM CUTHAIB € HACTYIIHI THIIOBI 3a/1a4i: (inbTparis, OliHKa
napameTpiB, IETEKTYBaHHS, iJeHTU(IKALlis CHCTEM, pO3ITi3HaBaHH: 00pa3iB,
PEKOHCTPYKIIisl CHTHAIIIB, aHAJTI3 YaCOBHX PSIJIIB i CTUCHEHHS. 3rajlaHi BUIN
00pOOKH 3aCTOCOBYIOTHCS 1 10 PI3HOMAHITHUX BHIIB CUTHATIB: 3BYKOBHX,
BiJlc0-, MOBHHX, 300pakKeHHS, Tepeaaui MOBIIOMIICHb, TeO(i3UYHHUX,
JOKaLiHHUX, MEOUYHUX BUMIpIOBaHb (Kapaiorpamu, eHuedalorpamMu,
MyJIbC) Ta 1HIIHUX.

OO0poOka cUrHaNIIB B TEXHONOTisIX NN BHKOHYETHCS 32 JOMOMOTOIO
NN 6e3 mam'ati abo NN i3 mam'arTio. | B 0JHOMY, 1 B iHIIOMY BHIaAKax
KITIIO4OBUM esieMeHToM € NN 6e3 mam'siti. [TogiOHa pois BU3HAYAETHCS Ti€O
00CTaBUHOIO, IO NPU BUKOPUCTAHHI HEUPOHIB 3 MEBHUMHU (QYHKLISIMU
aKTuBalii (MepenaBaJbHUMU XapakTepuCTHKamu), NN € yHiBepcaJbHUM
anpokcumaropoM. OCTaHHE O3HAYae, IO B 33JAaHOMY Jiana3oHi 3MiHU
BXigHMX 3MiHHUX NN MOXe 3 3aJaHOI TOYHICTIO BiJTBOPIOBATH
(MozenoBaTH) JOBIBHY Oe3nepepBHY (QYHKLIIO IIUX 3MIHHUX.

Hani Oyne posrmsHyTo NN mpsSMOro mommupeHHs, ToOTo 6e3
3BOPOTHUX 3B'SI3KiB, OCOOJMBICTIO SKUX € 1X CTIHKICTb.

[Ticns Toro, sik cTpykTypy NN 00paHO, HOBUHHI OyTH BCTaHOBIIEHI i1
napameTpH, 37iiicHeHo BuOip TumiB HelpoHiB. Lo & crocyeThcsi 3HaYECHDb
napameTpiB, TO, SIK IPAaBWJIO, BOHM BHU3HAYAIOTHCS B MPOLEC pO3B'sI3aHHS
JesiKoi onTuMizauiiHoi 3amadi. g mpouenypa B Teopii NN Ha3uBaeTbCA
HaBYAHHSIM.



I'padiunmii inrepdeiic xopuctyBauya NNTool no3Bosse oOupaTH
cTpykTypu NN 3 BEIMKOTO MEPeNtiKy 1 Hajae O0e3lid anropuTMiB HaBUaHHS
JUTSL KOSKHOT'O THUITY MEPEXi.

JlaGopatopna poOoTa cHpusie ONPAIIOBAHHIO Ta 3aCBOEHHIO
HACTYIHUX NTUTaHb:

—IpU3HAYEHHs rpadivHuX Kepyrounx eneMenTiB NNTool;

—MiATOTOBKA JAHUX AJISl CTBOPEHHSI HEMPOHHOT MEpEexKi;

—CTBOPEHHS HEHPOHHOI MEPEexi;

—HaBYaHHS MEPEexi;

—IepeBipKa CTBOPEHOI Ta HABYEHOI Mepeski (IIPOTiH MEepexi).

1.2Kepyroui exementn NNTool

o6 3anmyctutt NNTool, HEOOXiqHO BHKOHATH OJHOWMEHHY
KOMaHJy B KoMaHIHOMY BikHi MATLAB:

>>nntool

[Ticns mporo 3'SIBUTHCSA TOJOBHE BIKHO NNTo00l, iIMCHOBaHE «BIKHOM
yhpaBimiHHS Mepexxamu 1 ganumm» (Neural Network/Data Manager)

(puc. 1.1).

) Neural Network/Data Manager (nntool) - [m] X
b Input Data: W Networks ol Output Data:
@ Target Data: & Error Data:
) Input Delay States: ) Layer Delay States:
% Import... ¢ New... @ open. $ Export 3 Delete @ Help @ Close

Pucynok 1.1 — I'onosre BikHO NNTo00!
Bikno «Neural Network/Data Manager» Mae ¢pyHKIIOHANBHI KJIaBimi
3 HACTYITHUMH MPU3HAYCHHIMH:



—imnopt (Import ...) — iMnopt ganux 3 pobouoro npoctopy MATLAB
a60 3 30BHIIHBOTO Qaiiny B mpocTip 3MiHHuX NNTool;

—HOBUH (New...) — BHKJIUK BiKHA, IO JTO3BOJIIE CTBOPIOBATH HOBI
Mepexi Ta HabopHu NaHKX;

—BigkputH (Open...) — BUKJIHK BiKHA AJIs TIeperisiay indopmarii mpo
oOpaHHll eIeMEHT;

—ekcropt (Export ...) — ekcriopt gaHuX 3 npoctopy 3MiHHEX NNTool
B pobouwnii mpoctip MATLAB abo B 30BHILIHIN (aii;

—Buganutu (Delete) — BunaneHHs oopaHoro 00'exTy;

—noromora (Help) — KOPOTKHH ONMHC KEPYHOUUX CIEMEHTIB I[OTO
BIKHA;

—3akputH (Close) — 3aKpUTH IOTOYHE BiKHO.

Ipu poboti 3 NNToo! BaxximBo nam'araT, 1o kiasimi Open, Export
ta Delete (300paxeni Ha puc. 1.1 SK HEaKTHUBHi) IiIOTH CTOCOBHO TOT'O
00'€eKTy, SKMH Yy MAaHUH MOMEHT IMO3HAYCHO BHIUJICHHAM. SIKIO Takoro
00'exTy HeMae ab0 Ha/T BUIIJICHUM 00'€KTOM HEMOXIIUBO 3/[iIHCHUTH BKa3aHy
JII0, BIAMOBIAHA KJIaBillla HEAKTUBHA.

Posrnsiremo cTBopeHHs HelipoHHOT Mepexi 3a JonoMoroto NNTool Ha
MIPHUKJIAI.

HOPUKJIAJ 1. Hexaii noTpiOHO CTBOPUTH HEHPOHHY MEpEXKY, IO
peadnizye soriuny QysHkmiro «ANDy.

Kpox 1. Cmeopenns mepesuci. O6epeMo Mepexy, IO CKIIATAEThCS 3
OJHOTO NepCeNnTPOHa 3 ABOMA BXOJaMH. Y MpoIeci HaBYaHHsS MepeKi Ha il
BXOJIM TOJAIOTHCS BXiJHI JaHi i MPOBOJUTHCS CITIBCTABICHHS 3HAYCHHS,
OTPUMaHOTO Ha BUXOJi, 3 LiMboBUM (OaxanuMm). Ha migcraBi pesynbraTy
NOpIBHSHHS  (BIAXWJICHHS OTPUMAHOTO 3HAYeHHs Bix  Oa)kaHOTO)
OOYHCIIOIOTECS. BEIMYMHMA 3MIHM Bar i 3CyBy, LIO 3MEHLIYIOTh L€
BIIXUICHHS.

OTxe, mepe CTBOPEHHAM MEpeKi HeoOXigHO MiAroTyBaTh HabOpH
HaBYAILHUX 1 NiTbOBHX MaHWX. CKJIAAEeMO TaOJHII0 JOCTOBIPHOCTI JUISI
noriunoi QyHkmii «AND», ne P/ i P2 — Bxoau, a Res — OaxaHWi BUXiz
(Tabmuns 1.1).

Tabmuist 1.1 - Tabmurs 1oCTOBIpHOCTI JIOTiYHOT ByHKIT « AND»



—_——O O
—_— o = O
—_—o O O

1{o6 3agaTH MaTPHIIFO, IO CKIATAETHCS 3 YOTUPHOX BEKTOPIB-PSIIKIB,
y SKOCTI BXIJIHUX JaHWX, CKOPHCTAEMOCS KHOMKOW New. Y BiKHI CIiJ
oOpatu Bknanky Data Ta 3aHecTH 3MiHM Yy BiamoBigHocTi i3 puc. 1.2 i
HaTUCHYTH KiaBimty «CtBoputy» (Create).

% Create Network or Data - X
Network Data
Name
datal
Value Data Type
[oo1y; @ Inputs
orom O Targets

O Input Delay States
O Layer Delay States
O Outputs

O Errors

Q) Help ¢ Create @ Close

Pucynok 1.2 — CTBOpeHHS BXiTHUX BEKTOPIiB

[Ticnsa poro y BiKHI yHpaBiliHHS 3'IBUTBCS BEKTOp datal y posmimi
Inputs. Bextop uinei (target) 3a1a€Tbecsi CX0KHUM YUHOM (pHc. 1.3).



% Create Network or Data = X
Network Data
Name
target1
Value Data Type
[0001] O Inputs
® Targets

O Input Delay States
(O Layer Delay States
O Outputs

O Errors

@ Help ¢ Create @ Close

Pucynok 1.3 — CTBOpeHHS IIJIbOBOTO BEKTOPY

[Ticns HaTuCKaHHS Ha eneMeHTi ynpaBiiaasa Create y po3auii Targets
3'sIBUTHCS BEKTOP fargetl.

Tenep cnig nepeiTu 10 CTBOPEHHS HelpoHHOI Mepexi. Hatuckaemo
kHOIKY New, o0upaemo BKIIaaky Network i 3alI0BHIOEMO (OopMY 3T1THO PHC.
1.4.



% Create Network or Data — X
Network Data
Name

network1

Network Properties

Network Type: Perceptron v

Input data:

Target data:
Transfer function: HARDLIM

<

Learning function: LEARNP

<

D View "% Restore Defaults

@ Hel ¢ Create @ Close
p

Pucynok 1.4 — Bikao «CTBOpEeHHS Mepexi»

[Mons popmu (puc. 1.4) HecyTh HACTYIHI CMHUCIIOBI HABAaHTAKCHHSI:

—imM'st Mepexki (Name) — e iM'st 00'€KTY CTBOPIOBAHOT MEPEXKi;

—run Mepexi (Network Type) — BU3Ha4dae THII MEpexi 1, B KOHTEKCTI
oOpaHoro Tumy, 00yMOBIIIOE BiJIOBiAHI MapaMeTPH MEPEXi, MPeACTaBIeH]
MOJISIMM 7151 BBEICHHSI, PO3TAIlIOBAaHUMH HIbKYE. TakuM 4MHOM, A7 pi3HUX
THUIIB MEpEeX BIKHO 3MIiHIOE CBiif 3MiCT;

—Bxigni nani (Input data) — Habip BXiZAHUX JaHUX HEHPOHHOI MEPEKI;

—uinboBi nani (Target data) — HaOip JaHUX INBOBOT PYHKIIIT;
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—nepenarouna QyHkuis (Transfer function) — B mpomMy myHKTI
oOupaetbes nepenatouna QyHKUis (QyHKLIS aKTHBaLii) HEHPOHIB;

—¢ynkuig HaBuanHaa (Learning function) — ¢yHKuUis, 010 Biamosigae
3a OHOBJICHHS Bar i 3MillleHb MEpeXi B IPOLIeci HABYaHHSI.

3a pomomororo kiaBimi  «Bum» (View) MoXHa TOAMBUTHCA
apxiTeKTypy cTBOproBaHOi Mepexi (puc. 1.5). Tak M MaEMO MOXXJIHBICTh
MepecBiAYUTHUCS, IO Bei Aii Oyno nmpoBeaeHo BipHO. Ha puc. 1.5 300paxkeHo
MEPCENTPOHHY MEPEXY 3 BUXITHUM OJIOKOM, SIKHH peainizye mepeaaToyHy
(YHKLIIO 13 )KOPCTKUM 00MexeHHIM. KifbKicTh HeHpOHIB y LIapi JOPIBHIOE
OJTHOMY, IO CHUMBOJIYHO BiOOpa)aeThCs PO3MIPHICTIO BEKTOPA-CTOBIILIS
Ha BHUXOJl IIapy 1 BKa3yE€TbCS UUCIOM O€3MOCepeiHbO MiA  OJIOKOM
nepeaaroyHoi GyHkuii. Po3rinsHyTa Mepeska Mae 1Ba BXou, 00 po3MipHICTh
BX1IHOTO BEKTOPA-CTOBMILS AOPIBHIOE IBOM.

) Custom Neural Network (view)

Layer

Input

1

Pucynoxk 1.5 — ITomepeHiii meperis CTBOPIOBAHOT MEpeski

OTxe, cTpyKTypa Mepexi BiAINOBiIae HamIoOMy 3aBIaHHIO. Temep
MOJKHa 3aKpUTH BIKHO MOMEPEIHBOTO MEPEeryisiAy 1 MiATBEPIUTH HaMip
CTBOPHUTH MepexKy, HaTucHyBIIN «CtBopuTH» (Create) y BiKHI CTBOPEHHS
MEpexi.

VY pesyiabTaTi BUKOHaHUX omepaliil B po3ain «Mepexi» (Networks)
rosioBHOro BikHa NNTool 3'1BUThCs 00'€KT Mijl Ha3BOO networkl.

Kpok 2. Haguanna mepexci. Hamma mMeta — noOyayBaTH HEHPOHHY
MEpEKy, fKa BUKOHYE (QyHKILIiI0 JorivHoro «ANDy. O4ueBuIHO, HE MOXKHA
PO3paxoByBaTH Ha Te, IO Bifpasy Micis eTanmy CTBOPEHHS MEpPEKi OCTaHHS
Oyze 3abe3nevyBaTy NpaBUIBHUNA pe3yNbTar (MpaBHIbHE CITiBBIIHOLICHHS
«BXig / BuUXim»). i1 JMOCATHEHHS METH MEpEeXy HEOOXiTHO HaJIC)KHHUM
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YMHOM HaBYUTH, TOOTO mimiOpaTw 3HaueHHs mnapamerpiB. ¥ MATLAB
pearizoBaHO OUTBLIICT BiIOMHX aJrOpUTMIB HABYAHHS HEHPOHHHUX MEPEXK,
cepen SIKUX IJIsl IEPCENTPOHHUX MEPEK PO3MIITHYTOrO BUAY MPEACTaBICHO
nBa. CTBOpIOIOYH Mepexy, MU Bkazanu LEARNP sk QyHKILi0, o0 pealizye

aITOpUTM HaB4aHHS (puc. 1.4).

[ToBepHemocs 1o rogoBHOTo BikHa NNTool. Ha manomy erari iHTEpec
MPENICTaBJISIE CTBOpeHAa Mepexka networkl. OOpaBmm Ti, TOABIHHUM
HaTHCKaHHSIM a00 HATHCKaHHSAM KHONKH Open BiIKPUBAETHCS BiKHO
neperisiny Mepexi. Heobxinno oOpatu Bknanky 77ain, o MiCTUTb, Y CBOIO
4epry, 1ie OJHY MaHelb BKIaJoK (puc. 1.6).

Network: network1

Training Data

Inputs
Targets
Init Input Delay States

Init Layer Delay States

Training Info  Training Parameters

(zeros)
(zeros)
(zeros)

(zeros)

View Train Simulate Adapt Reinitialize Weights View/Edit Weights

Training Results
QOutputs

Errors

Final Input Delay States

Final Layer Delay States

network1_outputs
network1_errors
network1_inputStates

network1_layerStates

‘:) Train Network

Pucynok 1.6 — Bikao mapamerpiB Mepesxi, Binkpure Ha BKiaawi «Hasuanmsa» (Train)

[Io6 moyatn HaBUaHHS, HEOOXiTHO OOpaTH BXiAHI HaHi ([nputs) Ta
uiboBy dynkiito (7Targets), micis YOoro MOTPIOHO HATUCHYTH KHOIKY

«HaBuntu mepexy» (Train Network).

[Ticast 9oro BiAKpUETHCS BIKHO TPEHYBAaHHS HEHPOHHHX MEPEK
(«Neural Network Training») (puc. 1.7).
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) Neural Network Training (nntraintool)

Neural Network

Input
2
.
Algorithms
Training: Cyclical Weight/Bias Rule (trainc)

Performance: Mean Absolute Error (mae)
Calculations: MATLAB

Progress
Epoch: 0 | 5 iterations | 1000
Time: | 0:00:01 |
Performance: 0.750 | 0.00 | 0.00
Plots

Performance | (plotperform)

Training State (plottrainstate)

Plot Interval: ' 1 epochs

v Performance goal met.

. Stop Training . Cancel

Pucynok 1.7 — BikHo TpeHyBaHHs1 HelipoHHUX Mepex («Neural Network Trainingy)
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Hns mepernsaay rpadixy HaBYaHHS HEHPOHHOI MepekKi y TOTOYHOMY
BiKHI HEOOXiHO HAaTUCHYTH KHONKY «Performancey. llicns doro
BiJKPUETHCS BIKHO 3 pe3yJIbTaTaMy HaBYaHHS HEHPOHHOI Mepexi (puc. 1.8).

Neural Network Training Performance (plotperform), Epoch 5, Performa... =

File Edit View Insert Tools Desktop Window Help N

Best Training Performance is 0.75 at epoch 0

o
=

o
(=2

o
(3]

Mean Absolute Error (mae)
(=}
=

©
w

0 05 1 15 2 25 3 35 4 45 5
5 Epochs
Pucynok 1.8 — KpuBa HaBuaHHS

3 pucysky 1.8 BuaHO, M0 HaBuaHHA OyJO 3yNMUHEHE, KOJH LiIbOBA
¢GyHKLIS JocsAria BCTaHOBICHOI BenmuuumHH (goal = () 1 mopjanblue
TpPEHYBaHHS HE IPUHECIIO PE3YIIbTATY.

Crnig 3a3HauuTH, IO JUIS TIEPCENTPOHIB, MO0 MAalTh (QYHKILIO
aKTHBALii 13 JKOPCTKUM 0OMEKEHHSIM, IIOMHJIIKA PO3PaXOBYETHCS K Pi3HUALSA
MiX IIUTHOBUMH 1 OJICP>KYBaHUMH BUX1JTHUMH JTaHUMHU.

OTxe, aJrOpUTM HaBYaHHS 3HAWIIOB TOYHE pILICHHS 3amadi. Y
METOAMYHUX ILJISX TMEPEeKOHAEMOCS B IMPAaBHJIBHOCTI BHPIMICHHS 3ajadi
LOUIIXOM TPOTOHY HaBueHOi Mepexi. s Iporo, y TOJIOBHOMY BiKHI
HEOOXiZHO eJeMeHT networkl outputs 1 TOpPIBHATH pe3ynbTaTH 3
3allMCAaHUMH 3HAaYeHHSIMH LUTb0BOI QyHKLIT (puc. 1.9).
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“r Data: target1 = O X

Value

fooo01]

Q oK @ Cancel

“r Data: network1_out...

Value

foo01]

Q oK @ Cancel

Pucynox 1.9 — IlopiBHAHHS 3Ha9€Hb I[IIb0BOI (GYHKIIIT 13 BUXITHIMH 3HAYCHHIMH MEPEexi

Kpim nporo, MoxHa NeperisiHyTH eneMeHT networkl errors. SIkio
BCi 3HAUCHHSI MATPHII BiAMOBIAaOTh «0», TO Mepexka HaBUeHA MPABUIBHO 1
MOMUJIOK, TiJ] Yac TpeHyBaHHsI, HE BigOyIIOCh.

1.311oaia JiniiHO HeBITIILHUX MHOKAH

PosrnsinyTa 3amavya cuHTe3y JoriuHOro enemeHta «AND» Moxke
TPaKTyBaTUCS SIK 3ajJa4a PO3Ii3HABAaHHA JiHIHHO BiIAIIBHUX MHOXHH. Ha
MPaKTHUI X YacTille 3yCTPiYaroThes 3a1ada MoALTy JiHIMHO HeBiAAUIEHUX
MHOXHH, KOJHM 3aCTOCYBaHHsS IepcenTpoHa 3 (YHKIIEIO aKTUBamii 3
JKOPCTKUM OOMEXCHHSM HE JAacTb pIMICHHA. Y TakuX BHUIMAAKaxX CIijg
BHUKOPUCTOBYBATH iHII (DYyHKIIi aKTHBALIi.
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MNPUKJIAJ 2. Hexaii moTpiOHO CTBOPUTH HEHPOHHY MEPEKY, IIO
peadizye soriuny (yHkuiro «sukiogaoye AbO» — XOR.
PosrnssHeMo Tabmuiio icThHHOCTI 1€l GpyHKmii (Tabmuist 1.2).

Tabmuns 1.2 - Tabmuug goctoBipHOCTI JoriuHoI pyHKIIT «XOR»
P1 P2 Res

0
1
0
1

—_—— O O
O = = O

[{o >x MaeTbcs Ha yBa3i MiJ| «IIHIHHOW HEBLITIIBHICTIO» MHOXHH?
[[o6 BigmoBicTH Ha I MUTAHHS, 33JaMO MHOXXHUHY BUXIJIHUX 3HA4YCHb y
MPOCTOpi BXOIB 32 HACTYIMHUM MpaBwioM (puc. 1.10): moengHaHHS BXOXiB
Pl 1 P2, npu sxkux BuUXig Res o0epraeTbcs B HyJb, MO3HAYAIOTHCS
KPY>KEUKOM, a Ti, IPU STKUX Res 00epTaeThCs B OJMHUITIO — XPECTHKOM.

A

P2 /

%

&
/ i

Pucynok 1.10 — Cran norigHoro eixementa XOR

Hama meta — mpoBecTH MexKy, siKa BiIOKpPEMITIOE MHOYKHHY HYJIiB Bij
MHOXHHHU XpECTHKiB. [3 BMicTy puc. 1.10 BuaHO, 110 HEMOKJIMBO MMPOBECTH
npsAMy JiHIIO, siKa O BiJOKpeMmiIa Hymi Bif onuHuLb. CaMe B IbOMY CEHCI
MHOXXMHA HYJIB JIHIHHO HEBIAIUIBHA BiJ] MHOXWHU OJWHHIb, 1
MEPCeNTPOHH, PO3TIISHYTI paHille, B NPHUHLUUII, HE MOXYTh BUPIIIUTH
MOCTaBJICHY 3a/1ady.
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SKImo K BUKOPHCTOBYBAaTHM TIEPCENTPOHH 31  CHEI[iaIbHUMU
HEMHIMHUMU  (QYHKI[IIMU ~aKTUBaIlii, HANPUKIAJ CHUTMOiJAIbHI, TO
BUPIIICHHS 3a71a4i MOXKJIMBE.

AHaJOTIYHUM YHHOM, BKa3yEMO 3HAUCHHS MITHOBOI QYHKIII farget?
3rigHo Tabxmui ictuHHOCTI (puc. 1.11).

% Create Network or Data — X
Network Data
Name
target2
Value Data Type
[011 d] @) Inputs
@ Targets
O Input Delay States
O Layer Delay States
O Outputs
O Errors
@ Help ¢ Create @ Close

Pucynok 1.11 — CTBOpeHHS IIITLOBOTO BEKTOPY

CtBoproemMo HOBY Mepexy. Tum mepexi odupaemo sk Feed-forward
backprop, BximHi maHi — datal, winkoBa QYHKIIS — farget2, KiNBbKICTbh
HEHpOHIB y MPUXOBaHOMY IIapi — 2, B SKOCTi (YHKLIT TOMIIKH BKOKEMO
MSE (Mean Square Error — cepeqHbOKBaApaTUYHA IOMMIIKA). [HIII mosst
3aJIMIIMMO 3a 3aMOBUYBaHH:M (puc. 1.12).
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% Create Network or Data - X
Network Data
Name

network2

Network Properties

Network Type: Feed-forward backprop v
Input data: datal v
Target data: target2 v
Training function: TRAINLM ~ ~
Adaption learning function: LEARNGDM
Performance function: MSE v
Number of layers: 2

Properties for: | Layer1 v

Number of neurons: 2|
Transfer Function: TANSIG v

D View ¢ Restore Defaults

@ Help ¢ Create @ Close

Pucynok 1.12 — Bikao « CTBOpeHHS Mepexi»

[lepernsnemMo cTBOpeHy MepexKy. Y pe3ysbTaTi MOBHHHI OTPHMATH
CTPYKTYpy HEPCENTPOHY 13 JBOMA HEMPOHAMH MPUXOBAHOTO MIAPY, Y STKUX
(yHKIIT aKTHBAIlil CUTMOIJaNIBHI, 1 OJJHUM BUX1THUM HEUPOHOM 3 JIiHIHHOO
¢yHKIiero aktuBaiii (puc. 1.13).
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Network: network2

View Train Simulate Adapt Reinitialize Weights View/Edit Weights

Hidden Layer

Output Layer

Pucynok 1.13 — Mepesxa 1t po3s'si3anas 3agadi XOR

Jami BigkpuBaeMo BKIanKy Reinitialize Weights Ta HaTUCKaEMO
kHOTKY «Initialize Weights» (puc. 1.14)..

Network: network2

= ]
View Train Simulate Adapt Reinitialize Weights View/Edit Weights
Directions

Click [REVERT WEIGHTS] to set weights and biases to their last initial values.
Click [INITIALIZE WEIGHTS] to set weights and biases to new initial values.
Use the "Input Ranges” area below to view and edit input ranges.

Input Ranges

[0

01]

Get from input: v

Revert Input Ranges

Set Input Ranges

Revert Weights Initialize Weights
Pucynok 1.14 — BeranoBieHHs Bary 3 (haiiiny BXiTHUX mapameTpiB

[ToBTOproemo Aii 3 mpukiagoM 1, Bka3yeMo BXiJHI JaHi Ta I[LIbOBY
¢yukiito. [lepernsamgaemo pe3ynsTaT HaBYaHHs (puc. 1.15).
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Neural Network Training Performance (plotperform), Epoch 5, Minimum...

File Edit View Insert Tools Desktop Window Help N

Best Validation Performance is 0.007967 at epoch 0

10

—Train

Validation
w—Test
o Best

3
o

Mean Squared Error (mse)
3
b

o
=
@

0 05 1 15 2 25 3 35 4 45 5
5 Epochs
Pucynok 1.15 — Kpusa nHaBuanus B 3a1a4i XOR

Crin 3a3HaYnTH, IO JaHA KpUBA MOXE 3MiHIOBaTH CBOIO (hOpMY Bil
EKCTIIEPUMEHTY 10 EKCIIEPHMEHTY, aje, y pa3l YCHIIIHOTO HaBYaHHS,
xapakTep QyHKuii Oyze MOHOTOHHO yOyBaTH.

VY pe3ynbTaTi HaBYaHHSA NOMHIJIKa Oylia MiHIMI30BaHa JO BEIbMH
MaJIOTO 3HAYEHHS, SIKE IPAKTHYHO MOKHA BB)KATH PIBHUM HYIIIO.

3amaua cuHTe3y enemeHta XOR € Takox mpuKIamoM 3amadi
knacudikarii. Bona BioOpakae CuTbHUH MiXi]] 10 BUPIIIEHHS MOAI0HOTO
pony 3aaad.

1.4BupimenHs 3aga4di anpoxkcumamii

OnHo 3 HaAMOIMBII LiKaBUX BIACTUBOCTEH HEMPOHHHX MEPEX €
30aTHICTh AampoOKCUMyBaTH 1, Oimblne Toro, OyTH YyHiBepcaJbHHUMU
anpokcumaropamu. CkazaHe O3Ha4ae, MO 3a JOMOMOTOI HEHPOHHHUX
JIAHLIOTIB MOKHA alIPOKCHMYBATH SIK 3aBrOJTHO TOUHO Oe3nepepBHi QyHKIil
OaraTbox 3MiHHUX. PO3risiHeMO npuKiaz.
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MNPUKJIAA 3. HeoOxigHO BHUKOHATH ampoKCHUMaLilo (yHKIii
HACTYITHOTO BUTJISIAY:

sin| — + sin
N

S5ntx 7Tx
v+ ()

[lizrotyemo winboBi maHi (target3), BBiBIIM B mojie «3HAYCHHS»
(Value) BikHa CTBOPEHHSI HOBUX AaHUX BUPA3:

sin (5 * pi * [1:100] / 100 + sin (7 * pi * [1:100] / 100)).

Tenmep migroryemo Habip HaBualbHUX AaHuX(datal), 3amaBIId iX
HacTynmHuM Bupazom: 1:100.

O6epemo mnepcentpon (Feed-Forward Back Propagation) 3
TpuHAALATHEMA curMoinanbHuMu (TANSIG) HelipoHaMu TPUXOBAHOTO LIapy
1 OOHMM JIHIMHUM HEHpoHOM BHXigHOro Imapy. Hasuanus Oynemo
3IIHCHIOBAaTH, BHKOPHUCTOBYIOUM anroput™ JleBenOepra- MapkBapara
(Levenberg-Marquardt), sxwii peanmizye ¢yHkuis TRAINLM. Oyukuis
nomunku — MSE. OTpruMaHa Mepexa Mae BUIIISA, 300paskeHUH Ha PHUCYHKY
1.16.

Network: network3 = O X

View Train Simulate Adapt Reinitialize Weights View/Edit Weights

Hidden Layer Output Layer

Input Output
|
1 1
13 1

< >

v

Pucynok 1.16 — ApxiTekTypa Mepesxi UIsl BUPIIICHHS 3aa4i alpoKCUMAaIIii

Temep MOXKHAa TPUCTYNHTH A0 HaBuaHHA. s 1bOro HeoOXimHO
BKa3aTH, fAKi HaOOpW JaHUX TOBMHHI OYTH BHKOPHUCTaHI B SIKOCTI
HaBYAIBbHUX 1 HUJILOBUX, a MOTIM MPOBECTH HaBuaHHA (puc. 1.17).
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Neural Network Training Performance (plotperform), Epoch 46, Validatio...

File Edit View |Insert Tools Desktop Window Help N
Best Validation Performance is 0.0052454 at epoch 40
10'f z
e Tr@in
Validation
Test
< 1°0°N Best
7] :
= z
~ é
=] AL :
10 :
w :
o :
4} :
— H
S g2 :
10°°F -
a )
= ~/
© :
)
= 103F
104t . . . . . . . i .
0 5 10 15 20 25 30 35 40 45
46 Epochs

Pucynok 1.17 — KpuBa HaB4aHHS B 3a7a4i alpOKCHMAIIi]

Jlyis mepeBipKu KOPEKTHOCTI HaBYAaHHS MEPEXKi, MOPIBHIEMO BUXI1JHI
3HAYEHHS Mepexi 31 3HaYCHHSIMH LiNb0BOI GyHKLIT (puc. 1.18).
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“r Data: target2 = O X

Value

i0.36648 0.67424 0.8839 0.98525 0.99443 0.94267 0

Q oK @ Cancel

“r Data: network3_out... - O X

Value

[0.34163 0.67227 0.89629 0.96583 0.97432 0.95262 {

@ Cancel

Pucynoxk 1.18 — TTopiBHSHHS 3HAYEHb [ITHOBOI (PYHKIT i3 BUXITHUME 3HAYSHHIMHI
Mepexi

Pucynok 1.19 imocTpye pisHMLIO MK LiTBOBUMH [IaHUMHU Ta
OTPUMAHOIO allPOKCUMYIOYOI0 KPHBOIO.
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Figure 1 = O X
File Edit View Insert Tools Desktop Window Help N
Ddde MMRKODEAL- S0 oD
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N N
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Pucynok 1.19 — UepBona kprBa — ITBOBI 1aHi, CHHS KPHBA — alPpOKCUMYTOUa
(byHK1IISA

3 puc. 1.17 ta puc. 1.19 BumHO, HACKUIBKM 3MEHIIMIIACS TTOMUIIKA
anpoxcumariii 3a 100 enox HaByaHHs. DopMa KPUBUX HABUAHHS HA OCTaHHIX
€roxax CBIIYUTH TAKOX MpPO Te, IO TOYHICTh HAOIMKEHHS MOXe OyTH
nigsumieHa. 11106 otpumartu rpadik cHiBCTaBiIeHHS KPUBHUX HAaBYaHHS, SIK
HaBeJIeHO Ha puc. 1.15, citi] BAKOHATH HACTYTIHI Jil:

—OoTpuMaTH (paiiau pe3yNbTaTiB Ta MOMUJIOK 32 JIOTIOMOT'OF0 KOMaH/IH
Simulate;

—BUAIMUTH yci ¢aitnmu y roroBHoMy BikHi NNTool Ta BuUKOHATH
koMauay Export (1oknagHuil ormMc KOMaHau — AuB. 1. 1.5);

—B koMaHaHoMy BikHi MATLAB onmcatu ¢ynkuii fl (uimi) ta f2
(pe3ynbTaTty) B 3aJIe)KHOCTI Bim BXimHHX naHuX (datal), a Takok KOMaHAW
noOyJ0BH BiANOBiIHUX rpadikiB, a came:

>>fl=target3 (data?);

>>f2=network outputs3(data2);
>>figure

>>plot (data2, fl1, dataz, £f2)
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3BepHITH yBary Ha HEOOXiIHICTb BUKOPUCTAHHS CHMBOIY «3» JUIA
po3auieHHs onuciB pyHkuin /1,12, ...,fn.

1.5IMnopT/excnopT JaHNX

Ha mnpakTtumi 4vacTto MOBOOWTHCS TEPEHOCHTH JaHi 3 OZHOTO
KOMIT'IOTepa Ha iHIINH a00 KOPUCTYBATHUCS 30BHIIIHIMH, MO BiIHOLICHHIO O
NNTool, 3acobamu 00poOKH MaHuX. Y 3B'I3KY 13 UM BHHUKA€E HEOOXIAHICTh
30epekeHHs] pe3yNbTaTiB poOOTH Ta 3aBaHTaXEHHS AaHMX. He MeHm
BOXIUBUM € 00MiH manumu Mixk NNTool 1 MATLAB, OCKiTbKY IPOCTOPH iX
3MIHHUX HE IEPETHHAIOTHCA.

i 3aBmaHHA BHpIIYIOTH 3acCO0M  IMIOPTY/E€KCHOPTY  Ta
3aBaHTaKeHHs/30epekeHHsT AaHuX. JlocTynm 10 HHUX 3OiHCHIOETBCS uepes
ronoBHe BikHO NNTool (puc. 1.1) 3a tonmomororo KHOMOK [mport i Export.

Immopr. [XepemoM ChoyXuTh 3MiHHa B pPoOOYOMY MPOCTOpi
MATLAB, a myHKTOM NpU3HaYeHHS — 3MiHHA B pobouomMy nipoctopi NNTool.
HatucnyBumm kHomky [mport, mnoTpamnsieMo y BikHO «ImMmopr -
3aBanTtaskeHHsa daHux» (Import or Load to Network / Data Manager). 3a
3aMOBUYAHHSAM TYT BCTaHOBJICHA OISl 3aBaHTAXKEHHS 3 poO0YOro MPOCTOPY
MATLAB, ToMy B UEHTpI BiKHA 3'SBJSETHCS CIIMCOK 3MiHHUX, 110 HAJIEKATh
fiomy. OOpaBIIM MUILIECIO TOTPiOHY 3MiHHY B moJii «Bubip 3minHO» (Select
a Variable), — 1t MoxHa 3amaTH NOBUTBHE IM's B modti «IM's»y (Name), mig
SIKUM BOHa Oyze ckomitioBana B NNTool. Komu 3minHa Buninena, NNTool
anami3ye ii TMO 1 poOUTE AOCTYNHUMH AJisl BUObopy THX «Kareropii qanux»
(Import As), sxi miaTpuMyloThcsl. Bka3aBimm oaHy 3 HUX, CIiJl HATHCHYTH
KHOTIKY «ImmopTyBaTi» (Import), mo6 3aBepmnTy KomitoBaHHA (puc. 1.20).
[licna toro, sk Bei Aii yCHIIIHO BHKOHAHO, iM'sl IMIOPTOBaHOI 3MiHHO{
3'SIBUTHCS B OTHOMY 31 CIIMCKiB TOJIOBHOTO BikHa NNT00l.
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& Import to Network/Data Manager = O X

Source Select a Variable Destination

® import from MATLAB workspace (no selection) A Name
datal
data2
MAT-file Name f1 Import As:
2
network1
Browse... network1_errors @ Input Data
network1_outputs
network2
network2_errors O Initial Input States
network2_outputs
network3
network3_errors O Output Data
network3_outputs
taraet]

O Load from disk file

Network

(O Target Data

O Initial Layer States

v O Error Data

% Import @ Close

Pucynok 1.20 - Bikno iMIIopTy Ta 3aBaHTaXeHHS JaHUX 3 MAT-daitmy

3apanTta:kenns 3 daiiiry. Tyt mxepeno — daiin. Ilpu mpomy
BaXXJIMBO, 00 Horo Qopmat miarpumyBaBcs NNTool. Y BignoBigHOMY
(hopmarti 30epirarotbcs Tak 3BaHi MAT-aiinu. Bonu MicTsaTh OiHapHi qaHi i
no3BossitoTe MATLAB 30epiratu 3MiHHI OyIb-SKUX MIATPAMYBAHUX THUIIB i
po3mipHocTeil. Taki ¢aiiim MOXyTh CTBOPIOBATHCS, HAPUKJIIA, B IIpoIeci
pobotu 3 NNTool. ll1o0 3aBanTaxkutu 3MiHHI 3 MAT-daitny B NNTool,
HEOOXiZHO BIiAKPUTH BIKHO IMIIOPTY, HATHUCHYBIIM KHONKY <«Import»
roioBHoro BikHa NNTool. TToTiM ciif BiA3HAYUTH OIMIII0 «3aBaHTAKUTH 3
datiny» (Load from disk file) 1, natucayBim «Ornsgy (Browse), BiTKpUTH
¢aiin 3 taHuMu, o 30epiratoThes y hopmarti MAT-daiinis. HaifuacTime e
¢aitnu 3 posmwupeHasM .MAT. Y pe3ynbTari, CIHCOK y BIKHI IMIIOPTY
3allOBHUTHCS IMEHAMH 3MiHHUX, 30epexkeHux y BkazaHomy MAT-¢aiimi.
[Nonmanpima MOCTiAOBHICTE il MOBHICTIO CHIBIAAA€ 3 OMMCAHOIO B ITyHKTI
Immopr.

Excoopt. L{s ¢ysKIis xomiroe 3amani 3MmiaHI 3 NNTool B pobouwmii
npoctip MATLAB. Bona pocTynmHa 1O HAaTUCHEHHIO KHONKU Export
ronoBHoro BikHa NNTool. Y BikHI €KCHOPTY €AMHUM CIHUCKOM
nepepaxoBaHi 3MiHHI BCiX KaTeropii, mpexactasieHux y NNTool. Tyt
HEOOXiZHO BUAUIUTH Ti 3 HHX, SKI MiJUIATalOTH E€KCIOPTY, 1 HaTHCHYTH
Export (puc. 1.21). Tenep BunineHi 3MiHHI cKoiifoBaHO B pobouuii mpocTip
MATLAB.
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& Export from Network/Data Manager

Select Variables

Select one or more variables. Then [Export] the variables
to the MATLAB workspace or [Save] them to a disk file

Select None H Save @ Close

Pucynok 1.21 — BikHo excriopTy Ta 30epexeHHs fanux y MAT-caiini

30epe:xkenHs y paiui. Y mitoMmy, mporeaypa cxoxa 3 eKCIopToMm, 3a
OJIHAM BUHSTKOM: BiJ[3HAYMBINK 3MiHHI, CJiJi HATHUCHYTH KHOIIKY
«30epertu» (Save). Tofi 3'IBUTHCS BIKHO, B SIKOMY MOXKHA 3a/IaTH iM's
taiimy. Moro MoxHa Bkasatu 6e3 po3uIMpeHHs — 3a yMoBuaHHAM NNTool
npukpinute posmuperas MAT. Le nos's3ano 3 tum, mo NNTool 306epirae
JaHi Tibku y ¢popmati MAT-daiimnis.

1.63aBnaHHda 10 BHKOHAHHSA

Heo0Oxigno BukoHatu npukinagu 1-3 i mokasaru ix Bukiagauesi. [Ipu
BUKOHAHHI MPUKJIaIiB MOTPIOHO MPOBOAUTH Cepil EeKCIIEPUMEHTIB Ta BECTH
3allUCH IIOJO0 TMpOLecy Ta pe3yidbTaTiB CIOCTEPEKEHb — <OKypHal
JOCHTIDKEHbY», B KOTpOMY cilifi (iKCyBaTH, SK BIUIMUBAE Ha pPE3yJbTaTH
HaBYaHHs 3MiHa PI3HUX [apaMeTpiB MpoIecy, TaKUX SK BUOIp peKUMY
HaBYaHHS, THUII IEPEIATOYHOI (DYHKIIi1, KITBKICTh €M0X HaBYaHHS TOIIIO.

3a pe3yapTaTaMy €KCIIEPUMEHTIB CITiJI 3pOOUTH BUCHOBKH Ta HABECTH
ix y 3BITI.

1.73micr 3BiTY

3BIT HOBUHEH MAaTH TaKl CKJIAI0BI:
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—TUTYJIHHUH JIUCT;

—MeTa poboTu;

—pe3ynbTaT BUKOHAHHS 3aBJaHb;
—BIJIMIOBI/Ii HA KOHTPOJIBHI MUTAHHS.

1.8KoHTpoabHI NMTAHHS

1. Ski 3aga4i BUPIMIYIOTBCST HEMPOHHHUMH MEPEKaMH, MPHUKIAAN
3aCTOCYBaHHS HEHPOHHUX MEPEK.

2. HaBuanHs HeWpoHHOI MepeXi — BU3HAUCHHA TIOHATTS,
MPU3HAYCHHS.

3. OcoOnuBocTi BUKOpUCTaHHS cepenoumia MATLAB  nns
MOJICIIIOBAHHS HEHPOHHUX MEPEK.

4. Kepyroui enementn NNTool. IlpusHaueHHS target-BEKTOpY —
BEKTOPY LiJIbOBUX JaHHX.

5. Ipomec cTBOpeHHs HEMPOHHOT Mepexi 3acobamu NNTool.
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2 JABOPATOPHAS POBOTA Ne2
PO3III3HABAHHS OBPA3IB

Merta po0GoTH: HABUMTHCS BHUKOPUCTOBYBAaTH amapaT HEHPOHHUX
Mepex IJIsl po3Mi3HaBaHH JiTep Ta uudp.

2.1 TeopetrnuHi BizomocTi

CranpmapTHe 3aBAaHHS B MAIIMHHOMY i KOMITIOTEPHOMY 30pi i
00po011i 300paskeHb — I BUSBICHHS XapaKTEPHUX OO0'€KTiB, OyIb-sIKHX
XapakTEepUCTUK abo il Ha BineogaHux. 3ip JIOAMHU 30aTHUH BIOpATUCS 3
HUM 0e3 0cOOIMBHUX HABaHTAKEHB 1 MPAKTHYHO NpH OyAb-skuX ymMoBax. [Ipu
BOMY, BapTO 3a3HAYMTH, L0 BiACOTOK PO3Mi3HaBaHHS O0'€KTIB y HBOTO
Oyne pnoctatHbO BUCOKMH. OmgHak B 00JacTi KOMMO'IOTEPHOTO 30DpY
PO3Mi3HaBaHHS BUMAAKOBUX 00'€KTIB B BUMAIKOBUX CUTYAIiAX 3aIUIIA€THCS
HEBHUPIIICHOIO MPOOIEMOI0, 3 KOO LI HAEKUTh PO3i0paTHCA.

Be3ymoBHO, Bke B HASIBHOCTI MIPUCYTHI Pi3HI METOH, SIKi 1O3BOJISIIOTH
3HAXOAUTH 00'€KTH 1 CIIPABISIOTHCA 3 UM YCHIIIHO. AJie BOHH NPaLIOIOTh
TIUIBKH JJ1 KOHKPETHUX MPEAMETIB: MPOCTi T€OMETPUYHI 00'€KTH, Pi3HOTO
BUJY CHMBOIIH, JIOJACHKI 00muyuyst i aBToMoOini. [Ipn npomy iM HeoOXimHi
MEBHI YMOBH Jisl SIKICHOTO pO3Mi3HaBaHHS. SIK MpaBWilo, 1€ CTOCYETHCS
ocBiTIieHHs, ()OHY 1 po3TamryBaHHS 00'€KTa IIONO JETEKTOpa. MOJiOHI
mpo6JIeMHy IUPOKO BUCBITIICHI B JIITEpaTypi.

2.2 3agayva po3misHABaHHS JiTep

Heo0OxigHo HamucaTH BiacHy Hporpamy po3mi3HaBaHHS JiTep Bix A
1o Dy cepenosui MATLAB.

Hns uporo, y cepenoBuili MATLAB HeoOXiJHO CTBOPUTH HOBHM
ckpunt (Home — New Script) Ta BBeCTH KO/, 1110 HaBEIEHO y JicTHHTY 2.1,

Jlictunr 2.1 — CTBOpeHHs Ta BigoOpaskeHHS 0a3u JaHUX JiTep

Al=[1 -1 -1 -1 1;-1 111 -1;-1 -1 -1 -1 -1;-1 111 -1;-1 1
11 -1];
B1=[-1 -1 -1 -1 1;-1 111 -1;-1 -1 -1 -1 1;-1 111 -1;-1 -1
-1 -1 17;
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c1=[-1 -1 -1 -1-1;-11111;-11111;-11111;-1-1-1
-1 -1];

D1=[-1 -1 -111;-111-11;-111-11;-111 -11;-1-1-1
11];

% Display images of stored patterns

hold on;

figure(1);

subplot(221);

abcd(Al);

title('Stored A");

subplot(222);

abcd(B1);

title('Stored B");

subplot(223);

abcd(C1);

title('Stored C");

subplot(224);

abcd(D1);

title('Stored D");

[Ticnsa goro, HeoOXigHO 30eperTH Qaiiia Ta HATUCHYTH KHONKY Run.
SAxmo BukopuctoByBatt MATLAB R2022a, To micns HATHCHEHHS! KHOTIKA

Run y BikHi, mo Biakpuetscs (puc. 2.1) odpatu Add to Path.

MATLAB Editor X

i) File C:\...ta\Local\Temp\Rar$Dla3236.47934\Hopf0.m is not found
- / in the current folder or on the MATLAB path.

To run this file, you can either change the MATLAB current folder or add its
folder to the MATLAB path.

. ChangeFolder | | Add to Path Cancel Help

Pucynok 2.1 — BikHO 1OaTKOBHX HATAIITYBaHb
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Pesynprarom Oyne BimoOpakeHHsST BBEICHHUX YOTHUPHOX JITEP
(puc. 2.2).

Figure 1 = O X
File Edit View Insert Tools Desktop Window Help N
Dj J H Qa k XK *”.}'I @ l@ 0{ v rj) D @ a @

Stored A Stored B Stored C Stored D

Pucynok 2.2 — BinobpaxeHHs JiTep

Jlami HeoOXigHO TOTOBHUTH CKPUNT MJIs pO3Mi3HABaHHS o00pasy,
BBIBIIIM KOJ HaBeJICHUH y JiCTHHTY 2.2

Jlicturr 2.2 — Po3mizHaBaHHs 00pa3y JiTepu

clc

clear

% Initialize equilibrium characters
Al=[1-1-1-112;-1111-1;-2 -1 -1 -1 -1;-1 111 -1;-11
11 -1];

B1-[-1 -1 -1-11;-1111 -1;-1 -1 -1 -1 1;-1111 -1;-1 -1

-1 -1 17];

c1=[-1 -1 -1 -1-1;-11111;-11111;-11111;-1-1-1
-1 -1];

D1=[-1 -1 -111;-111-11;-111-11;-111 -11;-1-1-1
11];

% Display equilibrium characters

hold on;

figure(1);

subplot(221);

abcd(Al);
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title('Stored A");
subplot(222);
abcd(B1);
title('Stored B");
subplot(223);
abcd(C1);
title('Stored C");
subplot(224);
abcd(D1);
title('Stored D");
% Initialize matrices to be used in calculations
V = [A1(:) B1(:) C1(:) D1(:)];
alpha = 0.8;
iter = 10;
% Calculate weight matrix
W = V*V';
W =W - diag(diag(W));
% Select integer initial matrix and reshape to column vector
= sign(2*rand(5,5)-1);
= reshape(x,25,1);
% Iterate calculations to update and display matrix
for k = 1:iter
figure(2)
X = reshape(x,5,5);
subplot(3,5,k);
abcd(x);
X = reshape(x,25,1);
xtemp = alpha*W*x;

X
X

for j = 1:25
if xtemp(j)>0
x(3) = 1;
else
x(3)=-1;
end
end

end

Pesynprarom 3amycky komy Oyne ¢popMyBaHHS BUNIAIKOBOTO HAaOOpy
CHUMBOJIB pO3MipHICTIO 5 Ha 5 enementiB. HelipoHHa Mepeska, Ha OCHOBI
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oTpuMaHOi 0a3u, HaMaraTUMEThCSl PO3MI3HATH A0 SKOI 3 JiTep HaHOUIbII
CXO0ui chopMoBaHHid HaOip KIITUHOK (puc. 2.3).

Figure 2 =

O
X

File Edit View Inset Tools Desktop Window Help N

UJH:é [% +\_\'§\‘T:" \'EG{'@J DE DQ

H A A A HA
H A AHAHA

Pucynok 2.3 — Pesynbrat po3nizHaBaHHS 00pasy JiTepH

Sx BUIHO, yXe Ha JIpyriid iTepauii oOpa3y, HeillpoHHa Mepexa
posmizHana B Hill mitepy A. Bu MoxeTe mpoekcrepuMEHTYBaTH 3 HOBHM
HabOpOM 3HaueHb, SIKi OyIyTh BUIIAJKOBO T€HEPYBATHCH IIiJl YaC KOXKHOTO
3aIyCKy.

2.3 3aBaaHHA 10 BUKOHAHHSA

Bukonatu npuxmanu 2.2. JIomaTKOBUM 3aBIaHHSIM € CTBOPCHHS
MporpamMu Jyis po3mnisHaBaHHA 00pa3iB uudp Bix 0 1o 9. [IpogemoncTpyBatu
pe3ybTaTH BUKOHAHHS BUKJIA1avy.

3a pe3ynbTaTaMH BHKOHAHHS 3aBlIaHb CIiJ 3pOOMTH BHCHOBKH Ta
HaBECTH iX Y 3BITi.
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2.43micT 3BiTY

3BIT HOBUHEH MAaTH TaKl CKJIAIOBI:
—TUTYJIHHUH JIUCT;

—MeTa poboTu;

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

2.5KoHTpoJIbHI NUTAHHA

1. Onwuurite MeToau po3mi3HaBaHHS 00pasiB.

2. SIki ramy3i BUKOPHUCTaHHS KOXXHOTO 3 METOMIB PO3IMi3HABAHHA
o0pazis?

3. Slki OCHOBHI HampsIMH B pO3Mi3HaBaHHi 00pa3iB?

4. SIki KOHKpeTHi 3ajadyi YCHIIIHO BHPIMIYIOTECS B Talysi
po3mi3HaBaHHS 00pa3iB?
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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 TeHETUYHUX AITOPUTMIB CPOPMYIILOBaHI XOJITaHIOM
B HOT0 OCHOBOMOJOXHIH pPoOOTI 1 B MOJANBIIOMY OyJIM PO3BHHEHI PAIOM
nociavkiB. HaliOimeIn BiJoMOIO 1 IUTOBAHOI B TaHUI Yac € MoHOTpadis
. Tonnbepra, ne cucTeMaTHYHO BUKJIaICHO 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 TpENCTaBisie MOTeHLIHHE pillleHHs Aeskoi mpobiemu. Y
KJIACUYHOMY TEHETHYHOMY aJTOPUTMI 0COOMHA KOIY€ETHCS PAIKOM
JBIKOBUX CHMBOJIIB — XPOMOCOMOIO, KOJKEH OiT 5SIK01 Ha3UBAETHCSI TEHOM.
MHOXHHa 0COOWH — MOTEHIIMHUX PillleHb CTAHOBUTH MommyJsmiro. Ilomryk
(cy0) omnTUManbHOTO BHUPILICHHS MpoOJeMH BHKOHYETHCS B Ipoleci
EBOJIONIl MOMmyJALii — TMOCTIIOBHOTO TIEPETBOPEHHS OAHI€T KiHIIEBOT
MHOXHHHU pilleHb Yy 1HIIy 3a JONOMOIOI0 TEHETHMYHHX OIEpaTropiB
penpoayKLii, KPOCHHTOBEPY Ta MyTallii.

EBomroniiiHi 00uMCIIEeHHS BUKOPUCTOBYIOTH HACTYITHI TPH MEXaHI3MH
MPUPOAHOT €BOIIOLII:

—MepmMid  TPUHOMI 3aCHOBAaHMH Ha KOHIEMIl BW)KUBaHHS
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 3aBJaHHA B CBOEMY CEpEIOBHII, BW)XHUBAIOTh 1 Oiniblie
PO3MHOKYIOTECSL (PEMPOAYLIOIOTE). Y TEHETHYHUX ANrOpHTMax KOXKHa
ocoOuHa mpencTaBisie coO00 pillleHHs AESKOT IpoOIeMH aHAJIOTI€I0 3 UM
MPUHIHUIIOM OCOOWMHM 3 KpallMMH 3HAa4eHHSIMH LiNb0BOI ((pitHEC) PyHKLIIT
MaloTh BEJIMKI IIAHCH BIKHUTH 1 penpopayitoBatd. Dopmanizamiss LbOro
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 BigkpuTuii B 1865 poui Mengenem. Moro dopmanizaris mae
OCHOBY ]IS OTIEpaTOpa CXpeLlyBaHHsI (KPOCHHTOBEPY);

—TpeTiii MPUHIMI 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 Yy OaTbKiB. 3a aHANOTI€l0 3 UM NPUHIUIIOM
TCHETHYHI aITOPUTMH BUKOPUCTOBYIOTh MOMIOHMI MeXaHi3M Ui pi3Koi
3MiHM BJIACTUBOCTEH HAIAJIKiB 1 TUM CaMHM, MiJBHILYIOTH Pi3HOMAHITTS
0cOOMH B MOMYJISALiT (MHOXKHHI pillICHB).

i Tpu NpUHUMOMN CKIAAAIOTH SAPO EBOJIOUWIMHUX OOYHCIICHb.
BukopucroByroun ix, momyinsmisi (MHOKHMHA pillleHb JaHOI HpOOJIEMH)
€BOJIIOLIIOHYE BiJl IIOKOJIHHA A0 MOKOJiHHS.

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

[Ipoctuii TeHEeTHYHHMH QJITOPUTM BHUIAJKOBUM YHHOM T€HEPYE
MOYATKOBY TMOIMYJISIIK CTPIiHriB (XpoMocoM). IToTiM anroputm reHepye
HACTyIHE MOKOMiHHS (TOMyJIsALil0), 3a JONOMOTOI0 TPhOX OCHOBHHX
TCHETHYHHX OTEePaTopiB:

—omeparop penpoxaykuii (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 (iTepawiil) mpouecy eBojromii abo Ha AesKii
reHepanii Oyne OTpUMaHO 3afaHy SKiCTh a00 BHACTINOK MepeauacHol
301)KHOCTI IIPH MONafaHH] B JSSIKUH JTOKAIBHUI ONTUMYM.

VY KOXXKHOMY MOKOJIIHHI MHOXKMHA IITYYHHUX OCOOHMH CTBOPIOETHCS 3
BUKOPUCTAHHIM CTapuX i JOJaBaHHSM HOBUX 3 TapHUMH BIACTUBOCTSIMH.
'eneTnyHi aNITOPUTMH — HE MPOCTO BUIAIKOBHIA TOIIYK, BOHH €(EKTUBHO
BUKOPHUCTOBYIOTH iH(OpMALIi10, HAKOIIMUYEHY B ITPOIIECi eBOMIOLII. Y mporeci
MOLTYKY pillleHHS HEOOXiAHO NOTPUMYBATH OallaHC MiX «EKCILTyaTalli€ro»
OTPUMaHUX Ha TOTOYHUI MOMEHT KpamluX pIilleHb 1 PO3LIMPEHHSIM
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MpOCTOpy MOIIYKY. Pi3HI MeToaM MOmIyKy BUPILIYIOTH II0 TpoOIeMy IO-
pizHOMY.

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

Jus mworo, y cepenoBuini MATLAB HEOOXiqHO CTBOPUTH JBa
CKpUNTH. Y TMEpUIOMY MICTUThCS OmMcaHa Buiie ¢QyHKUis (JictuHr 3.1),
OPYTHUA MICTUTHh alNTOpuUTM sl MiIpaxyHKy ¢iTHec-QyHKIII, MmomykKy
HalkpaIoi ocoOMHH Ta cepeHbOI BiAcTaHi Mk ocoOMHaMu (JTicTUHT 3.2).

Jlictunr 3.1 — @yHKIis MiHIMI3ZaIii

function y = ex2 (x)
y=8*x-16-12* (nthroot ((x+4) "2, 3));

JlicTuHT 6.2 - OYHKI1SA TEeHEeTHWYHOTO aJIlOPUTMY
function [X,FVAL,REASON,OUTPUT, POPULATION, SCORES] =
ex2 func
fitnessFunction = @ex2;
nvars = 1;
options = optimoptions(@ga, 'PopInitRange’', [-4 ; 11);
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) ;

[lepeBipsiemo pe3ynpTarT NigpaxyHKy ¢iTHeC QYHKUil, MOLIyKY
HalKpaIoi ocoOMHU Ta cepeHbO1 BiAcTaHi Mixk ocoOunamu (puc. 3.1).
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Genetic Algorithm = O X
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Pucynok 3.1 — Pe3ynpratr poOOTH r€HETHIHOTO aITOPUTMY

[Nepmmii pucyHOK BifoOpaskae 3MiHy 3HaueHHA ib0BO1 PyHKIiil. Ha
IpyroMy pHCYHKY 300pakeHa Haiikpama ocobuHa. TpeTili pHCYHOK
BIJIMIOBi/Ia€ 3CyBaHHIM BiJICTaHi MiXk OCOOMHAMU B MOKOJiHHAX. OcoOMHU
CTal0Th OJJHAKOBI (XeMMiHTOBa BificTanb = () B ocTaHHiX 20 MOKOJIHHSIX.

l'eneTnyHMii anropuT™M MOTPIOHO 3aNMyCTHTH KiIbKa pas3iB, a MOTIM
BUOpaTH omnTuManbHe pimeHHA. lle moB's3aHO 3 THM, IO TMOYATKOBA
MOMyJISList OpMY€EThCS 3 BUKOPUCTAHHSM T'eHepaTopa BUIMAJKOBUX YHCEIN.

3.33apaua poa Mmakcumizanii pyHkmii

Heo0OxigHo MakcumizyBaTi (QpyHKIIIO JBOX 3MiHHHUX:
z(x,y) = exp(—x%—y?) + sin (x + y)

Tyna0okc MO TEHEeTWYHHUM aNropuTMaM BUPILIy€ TiIBKU 3a4adi
MiHiMi3aWii, TOMy IS 3HaXOMKeHHs MakcumyMmy ¢yHkuii f(x) cuin
MiHiMi3yBaTH QyHKLiO -f (X). Lle mosICHIOEThCS TUM, IO TOYKA MiHIMyMY -
f(x) e nesikoro Toukoro f(X), B sIKili TOCIATAETHCS MAKCUMYM.

Hns uporo, y cepenosuii MATLAB HeoOXigHO 3HOBY CTBOPHUTH ABa
CKpHIITH. Y TEpIIOMYy MICTHThCS omnucaHa Buuie (yHkuis (rictuar 3.3),
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IOpYTHUA MICTUTHh alNrOpuUTM JUId TMOIIYKYy ¢itHec QyHKMiI, HalKpamoi
0CcOOMHHM Ta cepeAHbOI BiACTaHi Mixk ocoOnHamu (JIiCTHHT 3.4).

Jlictunr 3.3 — OyHKIis MakcUMi3aii

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

Jlictunr 3.4 — OyHKIiS TeHETUYHOTO alITOPUTMY

function [X,FVAL,REASON,OUTPUT, POPULATION, SCORES] =
ex13 func
fitnessFunction = @ex13;
nvars = 2;
options = optimoptions (@ga, 'PopInitRange’', [-1 ; 31);
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) ;

[epeBipsiemo pe3ynbTar migpaxyHKy ¢iTHeC QYyHKIil, MOUIYKY JBOX
HalKpamux 0COOMH Ta CEpeIHBOI BijicTaHi Mixk ocoomHamu (puc. 3.2).
3.43aBaanHga 10 BUKOHAHHS

Buxonatn mnpuxmagu 3.2, 3.3. IIpoaeMoHCTpyBaTH pe3yibTaTH
BUKOHAHHS BUKJIaady.

JlonaTKOBMMH 3aBJIaHHAMU € :

—3HaNUTH MaKCUMYyM (DYHKIIIi:

y(x) =3 (x +4)2 —2x—8

—3HalTH MiHIMyM (QyHKIIT:
z(x,y) = (y — 3) x exp(—x*—y?)

[IponemoHCTpYBaTH pe3yabTaTH BUKOHAHHS BHKJIAAady.
3a pesynbTaTaMH BHKOHAHHS 3aBlIaHb CIiJ 3pOOMTH BHCHOBKH Ta
HaBECTH iX Y 3BITi.
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Genetic Algorithm = a X
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Pucynok 3.2 — Pe3ynbraT poOOTH TEHETHYHOTO aJrOPUTMY
3.53micT 3BiTY

3BIT IIOBHHEH MATH TaKl CKJIaIOBI:
—TUTYJIBHUH JTUCT;

—MeTa poboTu;

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

3.6KoHTPOJIbHI 3anIUTaHHS

OCHOBI IIPUHIIUATIN SBOJIOIIHHIUX 00YHCIICHB.

[Ilo € reHeTUYHUM ANTOPUTMOM?

OCHOBHI onepaTopy reHETUIHUX AJITOPUTMIB.

lamy3i BUKOpUCTaHHS TCHETUYHHUX aJITOPUTMIB.
Po3skpuiiTe MOHATTS «apalieibHi TCHETUYHI aJTOPUTMUY.

M



40
JITEPATYPA

1. HlaxoBcbka H.b. Cucremu mry4ynoro intenekty / IllaxoBceka
H.B., P.M. Kamiucekuii, O.5. BoBk - JIsBiB: JIbBiBCHKA MOIiTEXHIKa, 2018. -
392 c.

2. Od¢iuiiiHa  cTopiHKa  TIATPUMKM  KopucTyBauiB ~ Matlab
[EnextponHuit pecypc] / Pexum JOCTYILY:
https://www.mathworks.com/help/matlab/index.html

3. CkobuoB HO.A. OCHOBBI HBOJIOIMOHHBIX BBIYUCICHUH. YueOHOe
nocobue. / FO.A. Ckobuos. — Jlonenx: JouHTY, 2008. — 326 c.

4. Wilson H. Attificial intelligence. / H Wilson. - Grey House
Publishing. 2018.



