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YBog y MAT/IAD

1. OcHoBHe uHcpopMaumje

MaTnab npencraB/ba MHTEPAKTUBHO OKPYXEH-e 33 HanpeaHa mapadyHaBakba M paj ca MaTpvuama
3a notpebe Mogenuparba MHXeHEpPCKuX npobnema. CaMO MME je aKpOHMM EHrfIecKor TepMUHA
Matrix Laboratory - MATLAB. MaTnab noceayje Bennku 6poj goaatHnx codTBEpPCKMX MOAYNa Koju
CY HaMEeHCKM pa3BujeHu 3a oarosapajyhe notpebe kopucHuka (T3B. 700/boxes). Y OKBUPY OBWX
popatHux codTBepckMx Mogyna Moryhe je mogenuMpatn uHXewepcke npobneme npyvMeHOM
BelTayke mHTenureHuuje (Neural Network Toolbox, Fuzzy Logic Toolbox), BpwnUTU akBU3NLnjy
nogaTtaka ca oproapajyhmx pasava (Data Acquisition Toolbox), mopenvpatn curHane (Signal
Processing Toolbox), Bplumntn cumbonunuka uspadyHasarba (Symbolic Toolbox) wta.

Y Matnaby je moryhe Kopuctutu rotoBe (YHKUMjE M Ha Taj HayMH MoAENUpaTU U OAPEAUTU
pewere wu3ydasaHor npobnema. C apyre CTpaHe, OCHOBHM pasnor 36or kora je Martnab
»3aHUM/BUB” Hay4yHMUMMA, CTYAEHTUMA W WMHXEHepMMa Yy npakcu je MoryhHocT kojy Martnab
npy>a y nornegy AWMPEKTHOr nporpaMuparsa W HakHagHe MMMAeMeHTaumje Koga y AOMeHy paja
peasiHor cuctemMa 6e3 notpebe 3a ,cnywTartbeM” Ha HUBO MaLUMHCKOr je3nka. Hanme, ¢ 063npom aa
je Matnab nucaH y C je3nky, KOju NpeacTaB/ba je3VK BULLEr HMBOA M KOjU MOXe AMPEKTHO Aa ce
WHCTanMpa Ha oaroBapajyny ynpasribauky jeamHuuy. M3 Tor pasnora Matnab npeacraBba MohaH
anapar y pykaMa 06y4eHMX 1 UCKYCHUX KOPUCHUKA.

2. lechmHucawe MaTpuLa U BeKTopa

Pan y Matnab okpyxemry je jeaHoctaBaH. Haume, camo (MporpamMcko) OKpy»Xese je pa3BujeHo C
OCHOBHUM LM/bEM A CE€ KOPUCHWMKY LUTO BULUE OflaKlia M nojeaHoctaBu kopuwherwe Matnaba. Y
HacTaBky heMO MpuKasaTh KaKo Ce y OBOM OKpYXerby AeuHULLY MaTpuue M BEKTOpW, Koje cy
OCHOBHE BefIYMHE Ca KojuMa codpTBEP MaHuMynuLle.

MaTtpuua ce geduHuie Ha cneaehn HaumH:

>> A=[1 2 3 4; 5 6 7 8]

[Hakne, obpatvT naxwy fda ce nomohy onepatopa ,;” (Tauka-3aneta) ogpehyje 6poj BpcTa
mMaTpuue. [lpyrum peunma, Kaza ce 3aBpluM YHOC CBUX eneMeHTa oarosapajyhe BpcTe ca ; ce Ta
nHdopmaumja n npocnean Matnaby.

TpaHcnoHoBaHa MaTtpuua ce ogpehyje Ha cneaehn HaunH:
>> A

ans =

1 5
2 6
3 7
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>> A=[1 2 3 4; 5 6 7 8]"

A =
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WHBep3Ha maTpuua je:

A=[1 2;3 4]
A =
1 2
3 4
>> AN-1
ans =
-2.0000 1.0000
1.5000 -0.5000

>> inv (A)
ans =

-2.0000 1.0000
1.5000 -0.5000

[lakne, nHBEp3Ha MaTpuua MaTpuue A ce MoXe oapeauT MoMohy KoMaHze A*-1 WK inv (A).
lMpenopyka je Aa ce KOpWUCTU KOMaHaa inv(A), C OB3MPOM [a MOMeHyTa KoMaHaa 3a Behe
MaTpuue oapehyje NpeumsHuje peLletse.

Y npeTrxogHOM npuMepy CMO BUAEIM MPUMEHY KOMaHAe ~, Koja Cnyxu 3a AeduHucare cTerneHa
(excrioHeHTa).

BekTop y MaTtnaby mMoxe 6utn geduHMCaH Kao BEKTOP BPCTa MM BEKTOP KOMOHa. BekTop BpcTa je:
>> a=[1 2 3 4 5 6]
a =

1 2 3 4 5 6

J10K ce BEKTOp KONOHa Moxe AedMHMCaTM Ha ABa HauMHa. Kao WTo je u3 oaroBapajyhux KypceBa
MaTeMaTUKe MO3HATO, OMepaTop TPaHCMOHOBatba je Moryhe mMpMMEHUTU U Ha BekTope. Y ToM
CMWCIY, BEKTOP KOJIOHa je:

>> a=[1 2 3 4 5 6]"

a =
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C apyre CtpaHe, NnpuMeHoM KoMaHae ,,;" Mory'he je .ClerVIHMcaTM BEKTOP KOJIOHY Kao:
>> a=[1; 2; 3; 4; 5; 6]

a =

o Ul W N

Kao wWwTo ce v3 npuMmepa Moxe BWUAETW, jeAHOCTaBHMje U edukacHuje je aeduHMCaTU BEKTOP
KOSIOHY noMohy onepaumje TpaHCNOHOBaHba.

YKOIMKO MMaMo 3afaHy MaTpuuy A n xoheMo fa cnpoBeaeMo Heky oapeheHy TpaHcdhopMauujy
HaA jeAHOM WM BUILE HEHMX BPCTA WM KOMOHA, TO MOXEMO ypaauTu MnpuMeHoM cneaehux
KOMaHAau.

>> A=[1 2 3;4 5 6;7 8 9]

A =
1 2 3
4 5 6
7 8 9

AKO Xenumo aa ,,V|3|3yquo” jep.Hy KOOHY (HI‘Ip. any) TO MOXEMO ypaAnUTN Ha cne,qehm Ha4uH:
>> A(:,1)

ans =

N

3a Tpehy BPCTY U CBE 4Y/1aHOBE T€ KOJIOHE BaXKW:
>> A(3,:)

ans =

AHaNorHo NpeTxo4HMM nNpuMepuma:
>> A(l:2,3)

ans =
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Matnab uma 3aucta Benuku 6poj (yHKUMja Koje ce ,CBaKOAHEBHO” KOPUCTE Y MHXXEHEPCKO]
npakcu (TpUroHoOMeTpujcke, cTeneHe UTa.) u 6uno 6m noTpebHo oapxatu 6ap jegaH Kypc Koju je
nocseheH MCK/byuMBO OCHOBHMM MoryhHoctuma Matnaba. C TMM Ha yMy, 3a CBe Hegoymuue
NnoTpebHo je KoOHCcyNnToBaTU Help unn oarosapajyfly pedepeHTHY nutepaTypy.

3. Moayn 3a BewuTauke HeypoHcke mpexe ( Neural Network Toolbox)

CsakoM op codTBeEpCKMX Moaynia Matnaba mMoryhe je npucTynuty Ha ABa HaumHa. MpBKU HauuH je
OVPEKTHO NPEKO €44Topa No3vBakbeM oarosapajyhmx komaHan. Apyrn HaumH nNpucTyna 0gHOCKU ce
Ha MHUUMjanu3aumjy Mmoayna nytem cneaehmx komaHam — start\Toolboxes\Neural Network.

OBoM npunnkoM Hemo NPUMEHUTU NPBK NPUCTY.

Kao wto 3HaMo, Hajborbe ce yun Ha npumepuma. C TUM Ha yMy, ypaamhemo cnegehu npumep.
Heka cy pate yetupu umndpe (1, 2, 3, 4) n Heka je noTpebHO pas3BuTKM oaroeapajyhu moaen

BELUTa4YKe HeYpPOHCKe Mpexe ca NpoCTMpareM CUrHana y Hanpeg, Koju he ca 3agaToM TadHowhy
»~HayunTn” ga npenosHajje ynasHe BeKTope.

Mpea undpa Apyra undpa

Tpeha undpa YerBpTa undpa

Cnuka 1
clc,clear, close all
% Initialise input vectors
il=[0010001100001000010000100001T0D0O00OCO0O1TO0O0O00O0

00 O0]";
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iz2z=[0111010001000010011001000100001111100
0 00]";
i3=[0111010001000010011000001100010111000
0 00]";
i4=[1000010010100101001011110000100001000
00 O01";

i = [1i1 12 i3 i4]

% Initialise output vectors

ol = [10001";

o2 = [0 10 0]";

o3 =[00101";

o4 = [0 00 1]";

o = [0l 02 03 o04]

% Define the range of input vector
kk = [zeros(size(i,1l),1) ones(size(i,1),1)1;

o)

% Define the structure of feedforward neural network
net = newff ([kk],[10,8],{"'logsig', 'logsig'}, "trainlm');

MpBM NapameTap [kk] AeduHULLE ONCEr ynasHKUX BekTopa (MMHUMAsHY M MaKCUManHy BPeAHOCT).

OpyruMm napameTpoMm [10, 8] oapeheHa je apxuTeKTypa BelTauyke HeypOHCKe Mpexe Koja ce y
OBOM CIly4ajy cacToju oa Tpu cnoja (jedaH ynasHu, jedaH CKpUBEHW WM jedaH M3nasHW Choj) ca
cneagehum 6pojem npouecupajyhux jeamHunua 40x10x8. BaxHo je Harnacutu aa ce y Matnaby He
feduHule ekcnavuuTtHo 6poj HeypoHa Yy ynasHoOM Cnojy, ¢ 063MpoM fAa je Ta BenununHa yBek
oapeheHa TMNOM ynasHor BeKTopa.

KoMaHaa {'logsig', 'logsig'} ogpehyje nNpuMeHy curMouaHe akTuBauuoHe dyHKumje vy
CKPUBEHOM W M371a3HOM cnojy. Kao wto ce Moxe Buaety, Matnab omoryhyje KOpUCHMKY Aa
AeduHuIe pasnuynTe akTuBaumMoHe yHKUMjE 32 CKPUBEHWM U U3Ma3HU C/10j BELUTAYKE HEYPOHCKE
Mpexe.

Ha «kpajy, nocneawn napametap ('trainlm') oapehyje npumeHy JleBeH6epr-MapkeooBor
MOCTyMnKa MpUIMKoM obyyaBarba BELUTAUKE HEYPOHCKE Mpexe. Y cnyyajy Aa ce Ha MOMEHyTOM
MECTy He ynuile anroputam yyerba, Matnab he yeBek kao npsu usbop (T3B. defaulf) nsabpatu
rpaaujeHTHU NocTynak.

MocTynak dopMupatba BelTauke HEYPOHCKE MPeXe U HeHor obyyaBatba je:

o

y = sim(net,1i);

% Training parameters
net.trainParam.show = 100;
net.trainParam.lr = 0.5;
net.trainParam.epochs = 1000;
net.trainParam.goal = le-5;
$Initialise training

net = train(net,i,o);

oe

oe

View training results
y = sim(net,i(:,:))

TRAINLM-calcjx, Epoch 0/1000, MSE 0.632019/1e-005, Gradient 0.148979/1e-010
TRAINLM-calcijx, Epoch 11/1000, MSE 8.78452e-006/1e-005, Gradient 3.04823e-
005/1e-010

TRAINLM, Performance goal met.
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y =[0.9999 0.0000 0.0000 0.0000
0.0001 0.9967 0.0021 0.0006
0.0001 0.0026 1.0000 0.0005
0.0066 0.0013 0.0001 1.0000]

[akne, HakoH 11 ntepaumja (enoxa) ogpeheHo je peluerse ca 3agaTtom TadHowhy. MehyTuMm, To He
3HauM Ja CMO 3aBpLUWAM 3aAaTaK, HanpoTuB. MpUnnKoM obyyaBakba BEWTAYKE HEYPOHCKE MPEXE,
OZHOCHO MPWUNKOM oapehMBakba ONTUMManHE CTPYKTYpe BeluTayke HEeYpOHCKE MpeXe, HEeONMXOAHO
je umnnemeHTMpaTM Buwe Moryhux pellera ga 6M ce oapeaMno OHO pellerbe koje he ca
[I0BOJbHOM TauHoWRy WM3BPWMTM Mpec/MKkaBakbe M3 MpPOCTOpa Yna3HOr BEKTOpa Yy MpoCTop
M3nasHor BeKTopa.

Ha «kpajy, npukasahemo noctynak obydaBarba BelITayKe HEYPOHCKE Mpexe Y Uuuby
nperno3HaBaka Beher 6poja npumepa. HoBu 0byyaBajyhn ckyn je npvkasaH Ha cnvum 6poj aBa.

Mpsa undpa Apyra undpa
Tpeha undpa YerepTa undpa
MeTta undpa LWecra undpa
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Ceama umdpa Ocma umdpa
Cnuka 2

MaTnab kog je:

clc,clear, close all

% Initialise input wvectors
il=[00100011000010000100001000010000°1

011101000100001001100100010000111
A\l

ie=[011101000010000111101000110001111
00 O0]1";
i7=[011110000100010001000010000100001
00 O0]";
i8=[011101000110001011101000110001011
00 O0]";

i = [1i1 i2 i3 14 1i5 16 17 i8]

o)

% Initialise output vectors
ol = [1 00 00 O0O0]";

02 =
o3 =
o4 =
o5 =
06 =
o7 =
08 =
o
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Define the range of input
kk = [zeros(size(i,1l),1) ones(size(i,1),1)1;

% Define the structure of feedforward neural network
net = newff ([kk],[10,8],{'logsig', 'logsig'}, "trainlm');

y = sim(net,1i);

% Training parameters
net.trainParam.show = 100;
net.trainParam.lr = 0.5;
net.trainParam.epochs = 1000;
net.trainParam.goal = le-5;
$Initialise training

net = train(net,i,o);
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oe

% View training results
y = sim(net,i(:,:))

Pe3ynTaTi 0byyaBatba BELLTAYKE HEYPOHCKE MPEXE CY:

TRAINLM-calcijx, Epoch 0/1000, MSE 0.292447/1e-005, Gradient 0.0577139/1e-010
TRAINLM-calcjx, Epoch 13/1000, MSE 2.3102e-006/1e-005, Gradient 1.33724e-005/1le-
010

TRAINLM, Performance goal met.

y =[0.9999 0.0000 0.0000 0.0000 0.0002 0.0002 0.0000 0.0000
0.0000 0.9998 0.0001 0.0000 0.0000 0.0000 0.0000 0.0000
0.0000 0.0000 0.9989 0.0000 0.0000 0.0000 0.0000 0.0000
0.0001 0.0000 0.0000 1.0000 0.0000 0.0000 0.0000 0.0001
0.0001 0.0003 0.0003 0.0002 0.9968 0.0018 0.0001 0.0001
0.0000 0.0000 0.0000 0.0000 0.0001 0.9885 0.0000 0.0000
0.0002 0.0000 0.0000 0.0000 0.0000 0.0000 0.9999 0.0000
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000

0.9991]



