Jlaboparopna po6oTa Ne6
IITYYHA HEMPOHHA MEPEJKA KOXOHEHA

Mera poOorm: HAOyTM NPAKTUYHUX HABUYOK BHUKOPUCTAHHA CHUCTEMU
KOMIT'FOTEpHOT MaTemaTuku Matlab s po3p’si3aHHs 3a7ad  KiacTtepuzaii 3a

JOTIOMOT 010 IITYYHO1 HEeHpoHHO1T Mepesxi KoxoHeHa.
Kopotki TeopeTnuHi Bizomocri

IItyyna HellpoHHa Mepexa KoOxOHeHa  HaJIEKHUTh 1O  MEpex, M0
CaMOOPIaHi3yIOThCSA, SAKI MiJ Yac HAIXOJKEHHS BXIJIHUX CHUTHANIB, HE OTPUMYIOTh
iHpopmarlito npo OaxkaHUM BUXITHUNA CUTHaJ. SIK HACIiOK, HEMOXIUBO chopMyBaTu
KpUTEpi HalamTyBaHHS, SKUH OM 0Oa3yBaBCS Ha HEY3TOJKEHOCTI pEalbHUX 1
HEOOXITHMX BUXIJIHUX CUTHAIIB MITYYHOI HEHPOHHOT MEpeXi, TOMy BaroBi mapameTpu
MEpeXi KOpPEeryrTbh, BHUXOJAYM 3 IHIIUX MIPKyBaHb. Yci MOJaHl BXiAHI CHUTHAIW 13
3a/1aHOi HABYaJbHOT MHOXMHHM CaMOOPTaHI30ByBaHAa Mepexa y TMpolieci HaBYaAHHS

po3UIsi€e HA KJIacH, OyyrOUYH TakK 3BaH1 TOMOJIOT14HI KapTH.

Jlo HeWpoHiB, PO3TAIIOBAHUX B OJHOMY IIapi, 110 € ABOBUMIPHOIO IUIOLIMHOIO,
HiIXOASTh HEPBOBI BOJIOKHA, MO IKUX HAJIXOAUTh N-BUMIpHUN BXinHUN curHai. Koxen
HEUPOH XapaKTEPU3YETHCS CBOIM PO3MIMIEHUM Yy IMapi ¥ BaroBUM KOe(DII[IEHTOM.
Po3mimienHss HEHPOHIB, y CBOIO 4Yepry, XapaKTEPU3YEThCS JIESIKO0 METPUKOIO W
BU3HAYAETHCSA TOIOJIOTIEI0 Iapy, MpU SAKIA CyCigHI HEWpPOHW TiJ 4Yac HaBYaAHHS

BIJIMBAIOTh OJIMH HA OJHOTO CHJIBHIIIE, HIK pO3TAIlIOBaHI1 JIalli.

HasBHicTh 3B’S3KIB MDK HEHpPOHAMHU MPU3BOAUTH JI0 TOTO, IO MpH 30yIKEeHI
OJIHOTO 3 HHMX MOKHa OOYHMCIMTH 30Y/KCHHS IHIIMX HEHUPOHIB y IMapi, IpHUIoOMy IIe
30y/>KeHHS 31 30UThIIIEHHSIM BiJICTaH1 Bijf 30y/PKEHOTO HEHPOHA 3MEHIIYEThCA. TomMy
[EHTP peakiii mapy, IO BUHUKAE Yy BIANOBIIb HAa OTPUMAaHE pO3JpaTyBaHHS,
BIJIMMOBI/Ta€ MICIIE3HAXOKCHHIO 30y/DKEHOTr0 HelpoHa. 3MiHAa BXiJHOTO CHUTHAy, IO
HABYa€, MPHU3BOANUTH J0 MAKCUMAaJIbLHOTO 30Y/IKEHHS 1HIIOTO HEWpOHA I BIMOBITHO —

710 1HIIOT peaKrii.
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Buxonanus podooru

SKOTO 13 ABOX KJIACTEPIB HAJIEKAaTh YOTHUPU JBOXEIEMEHTHI BEKTOPHU

Bapianr 7 [6.907 7.826 7.099 8.05; 6.71 7.98 7.25 8.16]
|

>> p = [6.907 7.826 7.099 8.85; 6.71 7.98 7.25 8.16]

p =

6.90780 7.8260
6.71080 7.9800

== net = newc([@ 1;
net =
Neural Network

name:
userdata:

dimensions:

numInputs:
numLayers:
numQutputs:
numInputDelays:
numLayerDelays:
numFeedbackDelays:
numWeightElements:
sampleTime:

connections:

biasConnect:
inputConnect:
layerConnect:
outputConnect:

Puc. 6.1. BBenenHst moyaTKOBUX JTaHUX Ta CTBOpeHHs mapy Koronena

7.8990 8.0500
7.2500 8.1600

9 11, 2)

'Custom Neural Network'

(your custom info)

O e e R e

true
true
false
true

=> wts = net.IW{1,1}

wts =

9.5000 B.5000
B.5000 0.5000

>> net.layers{1}

ans =

Neural Network Layer

name:
dimensions:
distanceFcn:
distanceParam:
distances:
initFen:
netInputFcn:
netInputParam:
positions:
range:

size:
topologyFen:
transferFcn:
transferParam:
userdata:

'Layer’

2

(none)
(none)

[1

tinitwb'
'‘netsum’
(none)

8]

[2x2 double]
2

(none)
‘compet'
{none)

(your custom info)

Puc. 6.2. Busznauenns napamerpy mapy Koronena

6.1. BUuKopucToBYyIO4YM CUCTEMY KOMII IOT€pHOi MaTemMaTuku Matlab BuznauuTu 10
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>> net.biases{1}
ans =
Neural Network Bias

initFen: ‘initcon’
learn: true
learnFcn: ‘learncen’
learnParam: .1lr
size: 2
userdata: (your custom info)

>> net.b{1}
ans =

5.4366
5.4366

Puc. 6.3. Busnauenss napameTtpis 3mimieHHs mapy Koronena

o0e untitled *
SIMULATION DEBUG MODELING FORMAT APPS
4 @
@ b =
FILE | LIBRARY | PREPARE [“0’"‘3' "] Step Run Step Stoy
og Fast Restart Back - - Forward
- - o
SIMULATE k
L0 untitled
® [*a]untitled -
@
Ed
— I — >
(23] x1 yi
[+
Custom Neural Network
]
(i
Ready 100% VariableStepAuto

Puc. 6.4. I'padiuna inTenperairis apxitekrypu mapy Koronena

MMMT.420.007.037 — 3/16
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ac

@ @ Neural Network Training (23-May-2023 12:15:22)

|J Network Diagram |

Training Results

Training finished: Reached maximum number of epochs &

Training Progress

Unit Initial Value Stopped Value |Target Value

Epoch 1] 10 10

Elapsed Time - 00:00:09 -
Training Algorithms

Data Division: Random Weight/Bias Rule trainru
Performance: Mean Squared Error  mse
Calculations: MATLAB

Puc. 6.5. HaBuaemo map Koronena kiactepu3yBaT 03HaKH 00 '€KTiB

>> a = sim(net, p);
ac = vec2ind(a)

1 1 1 1

== wtsl = net.IW{1,1}

wtsl =

2.8073 2.8254
0.5000 8.5000

== bl = net.b{1}

bl =

5.2313
5.6585

Puc. 6.6. Busnauensst kiactepusarlii JaHUX BEKTOPIB, 3HAYCHHS 3MIIIIEHHS Ta

BaroBux KoediIieHTiB
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6.2. B cucreMi komn’roTepHOi MareMaTuku Matlab, BUKOPUCTOBYIOUM KOHKYPEHTY
Mepexy 13 (6+0.25k) HelipoHiB, BUKOHATH KJIACTEPHU3AIil0 00’ €KTIB, SKIIO KOXKEH 13 HUX
Mae (4+0.25k) o3Haku, siki HaOyBalOTh 3Ha4€Hb 3 NpoMikky [- 3-1.12-k 13-1.12°k; -
2-1.12°k 7-1.12°k]. Po3paxoBytoun KUIbKICTh HEMPOHIB Ta KUIbKICTh O3HAK, OTPUMAHI1
BEJIMYMHU OKPYIJIUTH J10 HaWOImxk4oro Ijoro umcia. s reHepallii HaBYajIbHOI
MOCJIIIOBHOCTI MPUNHATH, IO CEpPeIHE KBaApaTHUYHE BIAXWICHHS JOPIBHIOE
(0.48+0.013-k), ne k — HoMep BapiaHTa.

>k =7;
>> ¢ = round((6 + 8.25%k))

c =
8
>> n = round((4 + 0.25%k))
n =
6
3> ¥ = [=3%1.12%Kk 13%1.12%k;-2%1.12%k 7#1.12%k]
X =

-23.5200 101.9200
-15.6800 54,8800

>> d = (0.48+0.013%k)
d =

B.5718

Puc. 6.7. BBeneHHs NO4aTKOBUX JaHUX

>> [r,ql = size(x}); minv = min(x')"';

maxv = max{x')";

v = rand(r,c).*((maxv = minv)*ones(1,c) + minvkones(1l,c));
>> t = c¥n

t =

48

Puc. 6.8. Po3paxyHoKk 3araqbHOT0 4ncia sSike HeOOX1THO KIacTepu3yBaTh

ApPK.
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Puc. 6.9. [1nan po3MillieHHsI TOYOK Y IPOCTOPI

>> net = newc([-2 12;-1 6], 8 ,0.1);
== w@ = net.IW{1}

wl =

0008
.apen

2

2

2.
2.5000
2

2

2

2

5
5
5.0000
5
5

net.b{1}; c@
net.b{1}; ce

exp(1)./b@;
exp(1l)./b@

.1258
.1258
.1258
.1258
1258
.1258
.1258
.1258

0PI

Puc. 6.10. BuznauenHs nmapameTpiB 3MIllIEHHS Ta BAarOBUX KOCQIIli€HTIB

ApPK.
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O @® untitled *

SIMULATION DEEUG MODELING FORMAT APPS
I:ll:ll:I 7 Open ~ ] Stop Time
EH
Save - ! -
MNew ﬁ Library
~ = Print - Browser
FILE LIBRARY PREPARE

untitled
® [*aluntitled v

Constant >

x1

&

Custom Neural Network

ng@u@pj

100% VariableStepAuto

Puc. 6.11. I'padiuna iHTenpuUTallisd apXiTEKTypH Iapy KOrOHEHa

[ ] @® Neural Network Training (23-May-2023 12:44:02)

L Network Diagram \

Training Results

Training finished: Reached maximum number of epochs &3

Training Progress

Unit Initial Value Stopped Value |Target Value
Epoch 0 50 50
Elapsed Time - 00:00:01 -
Training Algorithms

Data Division: Random Weight/Bias Rule trainru
Performance: Mean Squared Error mse
Calculations: MATLAB

Puc. 6.12. Hauenns mapy Koronena kiiacrepu3yBaTu 03HaKU 00 '€KTIB
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[ BON Figure 1
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Puc. 6.13. I'padik LeHTpiB KJlacTepasullii HA OCHOBI BEKTOPIB BXOIY

6.3. B cucremi komm’rotepHoi MatemaTukd Matlab BukoHaTH KiacTepu3alliio

JIBOXEJIEMEHTHUX BEKTOPIB, sIKi HA0yBalOTh 3Ha4YeHb 3 MPOMIKKY [2.4-k 4.1-K; 1-k 7-K].

Po3mip rekcaronanpHO1 CITKHM ampiopHO 3aaaHuil 1 gopiBHIoe 3x4. HaBuanbHa BHOIpKa

IIOBUHHA MICTUTH He MeHie 140 eaeMeHTIB, a KUIBKICTh IIMKJIIB HaBYaHHS CTAHOBUTHU

173+k, ne k — momep Bapianrta. [[s reHeparlii HaBYaJIbHOI MHOKMHHA BHKOPHCTATH

komanay P = randint(n, m, [a,b]), ae N — kigbKicTh psaKiB, M — KiIbKICTh CTOBIIIIB,

[a,b] — inTepBan, sskoMy MalOTh HaJIeXKaTH €JIEMEHTH HaBYAIbHOT MHOYKHHH.

Command Window

==k =17;
= x = [2.4%k 4.1xk; 1xk T=k]

X =

lc.8000 28.7000
7.8000 49.0000
= x = [2.4%k 4.1xk; 1xk T=k]
X =
lc.8000 28.7000
7.0000 49.0000
== P = randi(49,[3, 4])
P =
43 26 22 34
30 3 27 19
1@ 43 28 4
Puc. 6.14. BBeneHHS TOYaTKOBUX JTaHUX
ApPK.
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3wmH. | Apk. Ne dokym. MMidnuc \dama




>> net = newsom(x, [3 4]);
net.layers{1}

ans =
Neural Network Layer

name: ‘Layer’
dimensions: [3 4]
distanceFcn: ‘linkdist®
distanceParam: (none)
distances: [12x12 double]
initFen: ‘initwb'
netInputFecn: 'netsum’
netInputParam: (none)
positions: [2x12 double]
range: [12x2 double]
size: 12
topologyFen: ‘hextop’
transferFcn: 'compet’
transferParam: (none)
userdata: (your custom info)

Puc. 6.15. CtBopenHs camoopraHizoBaHoi kaptu Koronena

| NON Figure 1
File Edit View Insert Tools Desktop Window Help

Ddde @ 0B K [E
Weight Vectors 2, é E]“C_? 'E'l 'E)\{,.E
T T T

30 T

20 —

10 - 1

Puc. 6.16. Tomonoriuna kapra
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Neural Network Training (23-May-2023 13:01:36)

" Metwork Diagram

Training Results

Training finished: Reached maximum number of epochs

Training Progress

Unit Initial Value Stopped Value | Target Value
Epoch 0 200 | 200
Elapsed Time - 00:00:02

Training Algorithms

Data Division: Random Weight/Bias Rule trainru
Performance: Mean Squared Error mse
Calculations:  MATLAB

Training Plots

| SOM Topology SOM Neighbor Connections ‘
[ SOM Neighbor Distances SOM Input Planes ‘
| SOM Sample Hits [ somweightPositions |

Puc. 6.17. HaBuutu xapty Koronena kimactepu3yBaTu 03HaKU 00’ €KTIB.

< supid @
3 qlsH wobniW qomlesd  zlooT tsanl  waiV b3 slid

B4 BED B é B8 0

" Epmev tripisW
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sr
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180

. 4 } 120

Puc. 6.18. IloGynyBaTy TOMONIOTIYHY KaPTH HABYEHOI CUCTEMU
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ans =

]
1
‘]
1
1
%]
]
1
1
1

.2001
.6749
. 3496
. 2008
.4580
.5583
.2001
6749
.5499
.6749
. 3495
.5583

1500
L1758
2167
.9749
.2251
.2334
.8ee0
.8500
.2998
8500
.8501
7999

e e R R -~ -~~~

>> a = sim{net,P)

a=

[N N

IO
0O 00000

Puc. 6.19. Bukonaru KHaCTepI/IBaIIiIO O3HAaK HaBYaJIbHOI'O BEKTOPA.

[ N -]

IO ®
OO0 H0000 0

PSS-SO

IO ®

[ ]

HIO00 000 @@ @

BucHoBok: Ha6YTO HpaKTI/I‘{Hi HAaBUYKHU 3 BUKOPUCTAHHA CUCTCMU KOMH,IOTCpHO'l'

mareMatukd Matlab st po3B’si3aHHS 3a7a4 KjacTepu3allii 3a JOMOMOTOK IITYYHOT

HelipoHHOT Mepexi KoxoHeHa.
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