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JIABOPATOPHBIE PABOTbI

JlaGopaTtopHnas pabota Ne 1

OcHOBBI 0alieCOBCKHX METOO0B KilacCU(PUKaImu

Hear u comepxanue padoOThI: MO3HAKOMUTH CTYIEHTA C OCHOBHBIMHU
acneKkTaMH 0alleCOBCKHX METO/IOB KJIACCH(PUKALINH.

Teoperuyeckoe o0ocHOBaHUE
baiiecoBckuil moaxoj sIBJASETCS KJIACCUYECKMM B TEOPUU paclo3HaBaHUS OOpa3oB M JIEKUT B
OCHOBE MHOTUX MeT0/10B. OH onupaeTcst Ha TEOpEMY O TOM, UYTO €CJIM INIOTHOCTU pacipeesIeHUs
KJIACCOB M3BECTHBI, TO QJIFOPUTM KJIacCU(UKALMKM, HMEIOIIUNA MHHHUMAJIBHYIO BEpPOATHOCTh
OmMOOK, MOKHO BBINMUCATh B SIBHOM BHJE. [ OIIEHWBaHUS IUIOTHOCTEH KJIacCOB MO BBIOOPKE
NPUMEHSIOTCS Pa3JInYHBIE MTOIXOBI.

PaccmoTpum nmpumMep napameTpuuecKoro mnoaxo/a, Ho CHavauna OnpeeuM BEpOSITHOCTHYIO
IOCTaHOBKY 3aJlauM Kjaccu(ukauuu.

ITycth X — MHOXECTBO 00BEKTOB, Y — KOHEUHOE MHOKECTBO UMEH KJIAaCCOB, MHOXKECTBE X
xY SBIISIETCSA BEPOATHOCTHBIM IIPOCTPAHCTBOM € INIOTHOCTBIO pactpenenenus P(X, y) = P(y)p(x]y).
BeposiTHOCTH TOsIBIIEHHsT O0BEKTOB Kaxa0ro u3 kiaccoB Py = P(y) Ha3bIBalOTCS anpHOpPHBIMU
BEPOATHOCTAMU KjlaccoB. IlnmoTHocTH pacnpezneneHus py(x) = p(X|y) Ha3bIBaOTCA (hyHKIMAMU
IIpaBOII0100Ms KJTaCCOB. BEpOsATHOCTHAS MOCTaHOBKA 33a4M KIIacCU(UKAITUH Pa3IeNsIeTcs Ha IBe

HC3aBUCHUMBIC ITOA3aaa4u.

1. Wmeetcs npocTas BeIGopka X' = (X;,Y;)L; (I — pasmep BEIGOPKH) U3 HEM3BECTHOTO

pacnpenenenus P(X, Y) = Pypy(X). TpeOyeTcs mOCTPOUTH SMIUPUYCCKUE OLECHKH ANPUOPHBIX

BepOsTHOCTEH | ¥ (ByHKIMIA IIPaBIOMOI00Us P, (X) mms xkaxaoro u3 KmaccoB y €Y .

y
2. I[To M3BECTHBIM IJIOTHOCTSIM pacnpeaeneHus Py(X) u anprHopHBIM BEpOSITHOCTSIM Py

BCEX KJIacCOB Y €Y TOCTPOUTh alroput™ a(X), MUHUMHU3UPYIOIIUNA BEPOATHOCTh OLIMOOYHOU

KJIaccu(uKaIum.

[TepBas 3amaua UMEET MHOXECTBO PEIICHUH, TIOCKOJILKY MHOTHE pacrpeneneHust pP(X, Y)
MOTTH OBl MOPOAMTH ONHY M Ty ke BoIOOpky X'. TIpuXOmWTCA TpHBIEKAaTh Pa3IHUHBIC
MIPEATOIOKEHHS O TUIOTHOCTSIX, YTO M MPUBOJIUT K OONBIIOMY pa3HOOOpa3uio OaileCOBCKHUX
METO/I0B.

B nmapamerpuueckoM moaxoje MpeArnonaraeTcs, YTo IIOTHOCTh paclpeaeseHus] BBIOOPKHU U3BECTHA.



HopmanbHblii IUCKPUMHMHAHTHBIM aHAIN3 — 3TO CIEUUAIbHBIA choydail OaliecOBCKOIA
KJIacCHU(PUKAIUK, KOTJa MPEAINOoJaracTcsi, 4YTo INIOTHOCTH BCEX KJIAcCOB Py(X), yeY sBISAIOTCA
MHOTI'OMEPHBIMH HOPMAJIbHBIMU.

[TpuBeném dhopmyny N-MepHOTO (rayccoBa) pacipeneieHus:

1 1
p(x) = exp(— (x—=m)" S7H(x— m)\|, (1.1)
(27C )n/Z |S |1/2 K 2 )
ra€c N — KOJUYECTBO YMCIOBBIX IIPHU3HAKOB, m = E[X] — MATEMaTHU4Y€CKOEC OXHUIAAaHUEC

(uentp), S — koBapuanuonnas Marpuna (S = E[(x-m)(x-m)T]), |S| - nerepmunant S.
Ipumep 1. Beruucium, ucnoib3ys Matlab, 3sHauenue rayccosa pacnpeaeneHus ajist Xi =

10
[02,1.3] nx = [2.2,-1.3]", e m = [0, 1], a S = {o 1}_

close(*all’);
clear;

m=[0 1]'; S=eye(2);

x1=[0.2 1.3]"; x2=[2.2 -1.3];
pgl=comp_gauss_dens_val(m,S,x1)
pg2=comp_gauss_dens_val(m,S,x2)

I'ne comp gauss dens_val(-) onpenenum kak

function [z]=comp_gauss_dens_val(m,S,x)
[l,c]=size(m);
z=(1/( (2*pi)N(1/2)*det(S)0.5) )*exp(-0.5*(x-m) " *inv(S)*(x-m));

DyHKIHIO HY)KHO c03/1aTh B oTaelibHOM (aiine Matlab (New — Function). Takum o6pazom
Oynet nBa (aiina Matlab, koTopbie MOTYT pacrionararbesi B oiHOHM narnke. UtoOs1 Matlab monuman
OTKYJIa €My 3arpykaTh HEOOXOIUMYIO (PYHKIIHIO, MOXXHO HaxkaTh B okHe Current Folder Ha HyXHY0O
narnky rnpaBoi Meiikoi u ycranoButs (Add to Path — Selected Folders and Subfolders), pucynok
1.1.

st Toro, uroObl BRIOpaTh HyXHYI0 nanky B okHe Current Folder HeoOxonumo HaxkaTb

kHomKy «Browse for folder».
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Pucynok 1.1 — YcranoBka nanku, otkyna Matlab Gyner 6path HeoOX0auMbIe eMy (haitiTbl

Oynkuus eye() — co3qaéT eIMHUYHYI0O MaTpUILy, 3amsTas I0Cjie KBaJpPaTHBIX CKOOOK
o3HauaeT TpaHcronupoBanue BekTopa ([]°). g mogydeHus: CrpaBKd M0 HEU3BECTHOMY OOBEKTY
a3bika matlab, TocTaTOYHO yCTaHOBUTH Ha HETO Kypcop U Haxkath F1 wnu Hanucats komauay help
¢ UMeHeM 00beKTa, Jomyctum, help eye.

B pesynpTate BhINONHEHUS KoAa monyuutcs, uto pgl = 0.1491, pg2 = 0.001.

Ha ocHOBaHMM 3TOr0 K0/1a MOXHO HalMcaTh KOJ1 0alieCOBCKOT0 Kiaccu(ukaTopa, KOTOPBIH
OTIPENIENUT K KaKOMY M3 JIBYX KJIaCCOB OTHOCHUTCS BXOJHON BEKTOP.

Ectpb 1Ba KiTacca W1 1 Wo, UMerOIIUX rayccoBbl pacnpeneienus N(mi, S1), N(mz, S2). my =

10
[1,1]", m2 =[3,3]",S1 =S, = [O } [IppumeM BO BHMMaHHE, 4TO BEPOSITHOCTH IOSBIICHUS

MIEPBOTO M BTOPOTO KJIACCOB MOJCUNTAHBI 3apaHee U paBHbI P(W1) = P(W2) = %. TpeOyercs y3HaTh
K KaKOMY KJIaCCy TPUHAIICKUT BXxoa X = [1.8, 1.8]T.
Ilpumep 2. Hanmiem ko GaiiecoBCKoro kiaccupukaropa, KOTOPBIH PEIIUT 3Ty 3a/1a4y:

close(‘all’);

clear;

P1=0.5;

P2=0.5;

m1=[11]";

m2=[3 3]’;

S=eye(2);

x=[1.81.8]";

pl=P1*comp_gauss_dens val(ml,S,x)
p2=P2*comp_gauss_dens_val(m2,S,x)



[Tomydgaercs, uto pl = 0.042, p2 = 0.0189, T.e. p1 > p2 , COOTBETCTBEHHO ABYMEPHBIN
BEKTOP MPUHAIUICIKUT IIEPBOMY KI1acCy.

[anee, npoBenémM reoMETpUYECKUN AHAIN3 HOPMAJIBHOM IUIOTHOCTH, €€ 3aBUCUMOCTH OT
MaTpHIIbl KOBapHAIINH.

Ilpumep 3. PaccmorpuMm koxa, KorTopbii reHepupyer 500 ABYMEpHBIX TOYEK,

pacIpeaeiICHHBIX B COOTBETCTBUEC C JIBYMEPHBIM HOPMAJIBHBIM PACHpPEACICHUEM C LIICHTPOM M =

[6? o |
[0, 0]" u MaTpumeii kopapuammu S=| * ¥ |

|_012 GF J

, TJIE CYILIECTBYET 8 TUIIOB 3TON MaTPHIIbI:

close(‘all’);

clear;

% I'enepupyem mouku 0nsa nepeozo ciyuasn

randn(‘seed’,0); % ucnonvzyem cmapetii 6apuanm evi306a 2eHepamopa
% cayuainnsix yucen, cnoeo 'seed' 3amensem pao napamempos 011 MaKoz2o ceHepamopa
m=[0 0]"; % uenmp

S=[10;0 1]; % mampuua xoeapuauuu

N=500; % koauuecmeo mouex

X =mvnrnd(m,S,N)"; % cmanoapmmuan gpynkuus no zenepauuu MHoO20MepPHO20
% HopmanvHo20 cyuaiinozo pacnpedesenus

% Pucyem mouku 01a nepeozo eapuanma

figure(1), plot(X(1,:),X(2,:),".");

figure(1), axis equal % ycmanaenusaem mun cmunsn ons ocei
figure(1), axis([-7 7 -7 7])

% Pucyem mouku 01s 6mopozo éapuanma

m=[0 0]";

S=[0.2 0;0 0.2];

N=500;

X = mvnrnd(m,S,N)";

figure(2), plot(X(1,:),X(2,:),".";

figure(2), axis equal

figure(2), axis([-7 7 -7 7])



% Pucyem mouku 0na mpemoezo 6apuanma
m=[0 0]";
S=[2 0;0 2];



N=500;

X = mvnrnd(m,S,N)";

figure(3), plot(X(1,:),X(2,:),".";
figure(3), axis equal

figure(3), axis([-7 7 -7 7])

% Pucyem mouku 015 uemeepnozo eapuaHma
m=[0 0]";

S=[0.2 0;0 2];

N=500;

X = mvnrnd(m,S,N)";

figure(4), plot(X(1,:),X(2,:),".";
figure(4), axis equal

figure(4), axis([-7 7 -7 7])

% Pucyem mouku 01 namo2o apuanma
m=[0 0]";

S=[20;00.2];

N=500;

X = mvnrnd(m,S,N)";

figure(5), plot(X(1,:),X(2,:),".";
figure(5), axis equal

figure(5), axis([-7 7 -7 7])

% Pucyem mouku 015 wecmozo eapuanma
m=[0 0];

S=[10.5;0.51];

N=500;

X = mvnrnd(m,S,N)";

figure(6), plot(X(1,:),X(2,:),".";
figure(6), axis equal

figure(6), axis([-7 7 -7 7])

% Pucyem mouku 014 ce0bmo20 6apuanma
m=[0 0];

S=[.30.5;0.5 2];

N=500;

X = mvnrnd(m,S,N)";

figure(7), plot(X(1,:),X(2,:),".";
figure(7), axis equal

figure(7), axis([-7 7 -7 7])

% Pucyem mouku 01 60cbM020 eapuanma
m=[0 0]';

S=[.3-0.5;-0.5 2];

N=500;

X = mvnrnd(m,S,N)";

figure(8), plot(X(1,:),X(2,:),".");
figure(8), axis equal

figure(8), axis([-7 7 -7 7])

Ha pucynkax 1.2 — 1.9 mokaszaHo creHepupOBaHHOE MHOKECTBO TOYEK.
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W3 3Tux rpaKoB MOXKHO CIENATh CIEAYIONINI BEIBO, €CIIH MPU3HAKK HEKOPPEITUPOBAHBI,
S = diag(c1, ..., 6 2), TO IMHUK YPOBHS IUIOTHOCTU PACTIPENIENIEHUS HMEIOT (hOPMY HILIUIICOMIOB C
LEHTPOM M M OCSMHU, MapaJUIeIbHBIMU JIMHUSIM KoopauHaT (pucyHok 1.5 ul.6). Ecnu npusnaku
UMEIOT OJMHAKOBBIC AWCIIEPCUU, TO AJUTUIICOHUIBI ABISIIOTCS chepamu (pucyHok 1.2—1.4). Eciu
NPU3HAKH KOPPETUPOBAHHbBI, TO MaTpulla S HE JUAroHajbHAas W JIMHUHM YPOBHS HMEIOT (opMy
SIUTMIICOHUJIOB, OCH KOTOPBIX TIOBEPHYTHI OTHOCUTENIFHO HCXOJHOM CHCTEMBI KOOPIUHAT (PUCYHOK
1.7-1.9).
Hrak, B ko€ OaiiecoBckoro Kiaccupukaropa MbI OIPEEIISLTN Kace 1mo GopMylie u3
TEOPUH BEPOSITHOCTU: YMHOXKAJIM BEPOATHOCTh COOTBETCTBYIOLIETO Kjacca Ha MNIOTHOCTh
pacripeiesieHus1, IpUYeM Mpeaoaraiiy, 4To IIIOTHOCTh — HOPMailbHasi, @ BEPOSATHOCTH U3BECTHBI.
Ho MoxHO pemarts 3a1aqy KJIacCH(PHUKAINU U ITyTEM BBIUMCIICHUS paccTOsHUMA. JlomycTrm,
y Hac ecThb HeKas TOYKa B BHJE N-MEPHOTO BEKTOpPAa, M €CTh BHIOOPKA, KOTOPYIO TOKE MOXKHO
OTpas3uTh B BUje Habopa TOYEK B N-MEPHOM IPOCTpaHCTBE. Torjaa, eciu Mbl CHayaja MoJydyuM
HEKUE XapaKTEepPUCTHKU BBIOOPKH, AONYCTHM, y3HaeM €€ LEHTP-MacC, TO MOXKHO OIpEAeIUTh
paccTostHue OT TOYKH JI0 IIeHTpa Macc. Eciu BBIOOPOK MHOTO, TO KaKO€ PACCTOSTHUE MEHBIIIE, TOMY
KJIacCy W MPUHAICKUT TOUKA.

Ilpumep 4. Crnauana ucnonb3yeM GpopMyIly U3 HIKOJIBHOTO Kypca: eBKIUI0BO PACCTOSHUE.

d(p,0) = (P~ ) + (P, =4, ot (P —4,) = (1.2)

r7ie P ¥ q N-MEpHBIE BEKTOpA.

close(*all’);

clear;

% X — 6x00H0II 6eKMOp

x=[0.10.50.1]";

% M1 u M2 uzparom ponv oyenku 08yx HeU38ECMHBIX MHONCECHE: UX YEHMPbL MACC
m1=[0 0 0]";

m2=[0.5 0.5 0.5]";

m=[m1 m2];

% nepeoaua unghopmayuu é pynxyuio

z=euclidean_classifier(m,x)

% ghynkus ¢ omoenvnom gaiine

function [z]=euclidean_classifier(m,X)

% eepném unoexc knacca 1 unu 2 k Komopomy npunadnesxncum mouxa X
% X —amo mampuya 1x3

% M — amo mampuya 3X2

% size() — 6o3épawmaem Koopounamoel mampuyol

[l,c]=size(m); % (I, c) = (3, 2)

[I,N]=size(X); % (I, N) = (3, 1)

for i=1:N % mmuka mo crpokam X ot 1 10 3

11



for j=1:c % nukJ mo cronéuam m ot 1 g0 2
% eblcuumbIEAEM 06a E6KIUOOGHIX PACCHOAHUA
de(j)=sqrt((X(:,i)-m(:.j))*(X(:.D)-m(:.))));

end

% de(1) = 0.5196

% de(2) = 0.5657

% ¢ NUM Gyoem codepiricambca MUHUMAIbHOE 3Havenue, m.e. de(1)

% z(i) — 6yoem cooepicamo ezo unoexc, m.e. 1

[num,z(i)]=min(de);

end

OnHako MOXHO HCHOJB30BaTh U OoJiee CIOXKHYIO (POPMYIy pPacCTOSHUS: PACCTOSHUE
MaxananoOuca, KOTOpOE UCIOIB3YET HE TOIBKO LIEHTP Macc, HO M MAaTPHUILy KOPPEISIIHH.

Eciu MblI OLIEHHIM MHOKECTBA M HAILIM €ro CpeJHee 3HayeHue m = [mi, My, ..., mp]", a
TaKXe MaTpPHIy KOBapHalluu S, TO PACCTOSHUE OMPENEIUTCS CIECAYIOUIMM 00pa3oM OT TOYKH X =

[X1, X2, ..., Xn]" mo m.

Dy (¥) = {J(x—m)T $(x —m) - (1.3)

Torpa Touka 6y,[[eT MNPpUHAAJICIKATh TOMY KJIACCY UL KOTOPOT'O BBITIOJHACTCA YCIIOBUC!

\[(X_mi)rs’l (X— mi) < \Z(X— m j)T S_l(X— m j ),VJ #i

, (1.4)
T.€. I KOTOPOTro paccTrosiune Maxaianoouca MUHUMAJIBHO.
Ilpumep 5. HanuiieM Koj JUisl COOTBETCTBYIOIIEH KilacCU(UKALINU.

close(*all’);
clear;
x=[0.10.50.1]";
m1=[00 0]";
m2=[0.5 0.5 0.5]";
m=[m1 m2];
% 011 08yx MHOIICECHE 00HA U MAdICEe MAMPUYA KOsapUaWUuu S
S=[0.8 0.01 0.01;
0.01 0.2 0.01;
0.010.010.2];
z=mahalanobis_classifier(m,S,x)

% ¢hynkuusa ona paccmosanua Maxananoouca
function z=mahalanobis_classifier(m,S,X)
[1,c]=size(m);
[1,N]=size(X);
for i=1:N
for j=1:c
gm(j)=sqrt((><(:.i)-m(:,J'))'*inV(S)*(X(:,i)-m(:,j))):
en
% dm(1) = 1.1334
% dm(2) = 0.9918
[num,z(i)]=min(dm);
end
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%z=2

BunuMm, yto B 3TOM ciyyae TOuka IMpHUHAUICKUT kiaccy 2. [lomyudaercss mpotuBopeuue:
€BKJIMIOBO PACCTOSIHUE MOKa3bIBAET MIPUHAJIICIKHOCTD K Kiaccy 1, a paccrossHue Maxananoouca —
Ha000pOoT. B TakoMm ciyyae HY)KHO NMPUHSATH OTBET Kiaccupukaropa MaxanaHoOuca, T.K. 3a CYET
MaTpHIIbl KOBAPHALIUU paccTosiHEe MaxaaHoOKca yYuThIBaeT emé u GopMy pacipeeIeHUATOUEK
BOKpYr neHtpa macc. Ilo cytu paccrossaue MaxamanoOuca — 3TO MPOCTO PACCTOSHUE MEXKAY
3aJJaHHOM TOYKOH M LIEHTPOM Macc, JIeIEHHOE Ha IIMPHUHY SJUIMIICOIIa B HANIPABJICHUN 3aJaHHOU
TOYKH.

PaccmoTpuM nanee mpUHIMI MaKCUMyMa IMPaBIOMOA00MS, KOTOPBIA COCTaBISET OCHOBY
apaMeTPUIECKOro moaxoaa. IIycTh 3a1aHO MHOKECTBO 0OBEKTOB X' = {X o X } , BBIOpaHHBIX

1 m
HE3aBHCHUMO APYT OT JAPYyTra U3 BEPOSATHOCTHOTO pacIpeeeH s C TUIOTHOCTEIO ((X;0). DyHKIeH

HpaBI[OHO,I[O6I/I$I Ha3bIBACTCA COBMCCTHAA IJIIOTHOCTDL PACIIPCACICHUA BCCX 00BEKTOB BBI60pKI/II

PX™6) = p(X X :6) = [To(x 6). (1.5)

3HayeHue mapamerpa 0, mpu KOTOPOM BBIOOPKAa MAaKCHMAJIbHO IPaBJONOA00HA, TO €CTbh
¢yaxuus p(X™;0) TpHHUMaeT MaKCUMAaIbHOC 3HAYCHWE, HA3BIBACTCSI OICHKOW MaKHCMyMa
paB10no100us.

B cnyuyae rayccoBckoill IUIOTHOCTH ¢ mapamerpamu 0 = (m, S) 3agaya MakCUMM3aLUU

HpaB,Z[OHO,I[O6I/ISI HMECT aHAJIMTUUCCKOC PCHICHUC!:

My, = %ZN;‘Xi , (1.6)
1 N
S = (x-m )x-m )T
ML NZ i ML i ML . (1-7)

Ilpumep 6. PaccmorpuM Ha mpuMepe Kak paboTaeT airoOpuTM MakKCHMyMa

HpaB,ILOHOIlO6I/I$I. CTCHCpI/IpyCM 50 TOYCK, UMCIOIIHUX IO ABC KOOPAWHATBHI KaXJasd, UCIIOJIb3Ys

[09 0.2]
rayccoBO pacmpejelieHHe ¢ IeHTpoM M = [2, 217, S =L0 2 03 J| . IloToM olleHUM MapameTpsl

aToro pacrpeneneHus no popmysam (1.6) u (1.7), cpaBHUM pe3ybTaThI.

close(*all’);

clear;

% I'enepupyem 50 mouex c 3a0annvim pacnpeoeneHuem zaycca
randn(‘seed’,0);

m=1[2-2]; S=[0.90.2; 0.2 .3];

X = mvnrnd(m,S,50)";



% Ouenueaem napamemput pacnpeoesieHus no 6blo0opKe
[m_hat, S_hat]=Gaussian_ML _estimate(X)

14



DYHKIUMIO MOXKHO CO3/aTh B OTAeIHOM daitne Matlab.

function [m_hat,S_hat]=Gaussian_ML_estimate(X)

% Bxoonoii napamemp:

% X: IXN mampuuya, ubu xkononku ecmo nawiu oanuevie.

% Bbixoonoit apzymenm:

% m_hat: |-pazmepnas ouenka cpednezo 6ekmopa pacnpeoenenus.

% S_hat: IXl ouenka kosapuayuonnoii mampuusl pacnpeoenenus.
[I,N]=size(X); % 1=2,N=50

m_hat=(1/N)*sum(X")"; % no.ryuaem cpeoneapugpmemuueckuii yenmp macc
% co3z0aém u unuyuanuzupyem 0 keaopamuyro mampuyy 2X2
S_hat=zeros(l);

for k=1:N
S_hat=S_hat+(X(:,k)-m_hat)*(X(:,k)-m_hat)";
end

% Bovicuumoieaem cpeonee
S_hat=(1/N)*S_hat;

I[To  pesymbraraM  TIONYy4YWJICS  BEKTOP m_hat = [2.0495, -1.9418]",

0.8082 0.0885
S hat :{ }

0.0885 0.2298

Kax BuiHO, OTy4UBIIMECS OLICHKU OJIM3KH K OPUTHHATY, OJIHAKO, HYKHO YYE€CTh, UYTO OHU
MPOBOAMIIMCEH Ha BBIOOPKE, cocTosmel u3 50 31eMeHTOB, YTO OYeHb Mallo, MOATOMY ATH OIEHKU
He Ha&xHbBL. J{7s yBenmuueHus Haa&KHOCTH OLIEHOK HYXKHO YBEJIUYUTH BBIOOPKY.

Ilpumep 7. Temepb paccCMOTPUM TIOCICAHHM TPUMEP B KOTOPOM 000OIIMM BeCh
npensaymuii Mmarepuai. Crenepupyem aBa MHOKecTBa X 1 X1 Kaxkaoe coaepxkut 999 TpexmepHbIX
Touek, X — oOydaromee MHOXeCTBO, X1 — TecToBoe. Kaxmaoe MHOXKECTBO BKIIOYAET TPH
PaBHOBEPOSITHBIX KJlacca: Wi, W2, W3; KJIaCCHI CO3/IAOTCSI C TIOMOIIBI0 pactpenenenus ['aycca co
cpemamvu 1= [0, 0, 0]T, mz= [1, 2, 2]", ms= [3, 3, 4]" u MaTpuuaMm KOBapHALHH

[ 08 0 O —||
S=S=5S=0 08 0 |:

1 2 3|
|0 o0 08]

c’l.

Hcnonp3yss X ¢ mMOMOIIBIO MPHUHIMIA MaKCHUMAJIbHOTO TMPaBIOMOI00MS OLIEHUM TaKue
TIapaMeTphl KaK cpeHee M W MaTPHITEl KoBapHamuy S1, Sz, S, T.K. y Hac 10° Todek, TO 3TH oneHkn
OynyT Han&xHbIMU. Jlanmee, MCTHOIB3ys ATH OLEHKH MNPOBEAEM KIACCU(DHUKAIMIO C MOMOIIBIO
paccrosinuss Maxamnano6uca, EBknnnia, a Takxke OaiiecoBckuM kiaccupukaropom. s Kaxkaoro
croco6a BEIYHCIUM OLIUOKY BEPOSTHOCTH U CPABHUM PE3YIIbTATHI.

Caauana creHepupyeM 00yJaroiiee MHOKECTBO X.

close(*all’);
clear;
% Mampuya m 3x3
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m=[000;122;334];

% Co3zoaém mampuuyy S1 3x3 (eounuunyro mampuyy ymuoxncaem na 0.8)
S1=0.8*eye(3);

% Kak nepemennas M cooepicum mpu 6eKmopa-ueHmpa macc, max u mym

% mpexmepuwlii maccug S codepicum mpu 00UHAKOBBIX MAMPULbL KOGAPUAUUU
S(:,:,1)=S1;S(:,:,2)=S1;S(:,:,3)=S1;

% 6eposamHocmb nOAGNEHUA KAIHCOO020 U3 MPeX KIACCO8

P=[1/3 1/3 1/3]";

% Ko1uuecmeo r1eMeHmos 8 00yuaouiem MHo cecmee

N=1000;

% ycmanasenueaem oamuuk cayuaiunsix uucen ¢ napamempamu Seed u 0.
randn(‘seed’,0);

% I'enepupyem muoracecmeo X[3;999] — camu mouxu, y[1, 999] — ux memxu

% om 1 00 333 —memxa 1, om 334 00 666 — memxa 2, om 667 00 999 — memka 3.
[X,y]=generate_gauss_classes(m,S,P,N);

% @ynkyur nuuiem 6 omoenbHom gaitne
function [X,y]=generate_gauss_classes(m,S,P,N)
[1,c]=size(m); % (I, ¢) = (3, 3)
X=[]; % Hnuyuanuzauyus muoxcecms
y=[I;
for j=1:c % uuka ot 1 1o 3
% I'enepupyem mpexmephvle mouxu co cpeonum m(:, j), 20e “:” — onsn 6cex cmpok,
% mampuuein kosapuauuu S(:, :, |) u konuuecmeom 1/3*1000, ocpanuuennvim cnusy
t=mvnrnd(m(:,J),S(:,:.j),fix(P(j)*N))";
% ceenepuposannvie mouku npuceausaem eeKmopy X npuuem max, 4mooi
% onu dobasnanuce 6 Koney yryce cyujecmayrouiezo eekmopa X. Czenepuposanu
% mouku ona j =1, 006asunu ux x nycmomy 6eKmaopy, 3amem c2eHepuposau
% mouku 0na j = 2, 006aeunu ux 6 KOHey 6eKMopa, KOMOPBLLIL YrHce COOePHCUm
% mouxu 01 j = 1 u m.o.
X=[Xt]; % cenepupyem memxu
y=l[y ones(1,fix(P(3)*N))*jl;
end

Jlanee aHaJIOTMYHO CreHEpUpPYEM MHOKeCcTBO X1, HO yXe ¢ ApyrMMu mapameTpaMu JUis
randn().

% I'enepupyem mecmoegyio 6v160pKy X1
randn('seed’,100);
[X1,yl]=generate_gauss_classes(m,S,P,N);

Tenep}, 10 MNPpUHIMITY MaKCUMyMa HpaBJIOHOJIO6I/I${ BBIYHMCIIMM  OLCHKH  JJIA
pacnpeaciicHusd, KOTOpo€ UCIIOJIb30BAJIOCH IPU CO3AaHUN MHOKCCTBA X.

% uzenexaem uz X moavko me mo4Ku, Komopboie umerom mMemkKy 1
classl_data=X(:,find(y==1));

% evtuucnaem uenmp macc u KoeapuauuoHnyro vwampuuy

% ghynkuun ona eviuucienusn ovla pazoopana panee

[m1_hat, S1_hat]=Gaussian_ML_estimate(classl_data);

% Ananozuuno

class2_data=X(:,find(y==2));

[m2_hat, S2_hat]=Gaussian_ML_estimate(class2_data);



% Ananozuuno

class3_data=X(:,find(y==3));

[m3_hat, S3_hat]=Gaussian_ML_estimate(class3_data);

% Ilonyuaem 0o6uy0 0yeHKy eOUHOl KOBAPUAUUOHHOU MAMPUL DL,
% Kak cpeoneapugmemuueckoe mpex yice 6bI14UCTEHHBIX MAMPUY,
S _hat=(1/3)*(S1_hat+S2_hat+S3_hat);

m_hat=[m1_hat m2_hat m3_hat];

'7 0.8602 0.0212 -0.0259
B uTore oJyyaem S_hat="0.0212 0.8070 -0.0134 u

| |
| -0.0259 -0.0134 0.8031 |

[ 0.0512 0.9468 3.0138]

m_hat:|—0.0150 2.0470 3.0130| BumHo, 9TO TONyYHMBIIMECS OIEHKH OJU3KH K TEM,
[—0.0698 1.9889 3.9398J

KOTOpPbIE MBI 3aJlaBajli U3HAYaJIbHO. B peasibHOCTH S M m U3 YCIOBUS 3a/laud HaM HY>KHBI ObLIN
TOJIBKO JUIsl TOTO, YTOOBI co3/1aTh BbIOOpKU. IIpennonaraercs, 4ro BeIOOpKH X U X1 MbI [10JIy4aeM
OTKY/a-TO CO CTOpPOHBI U JeJlaeM IPeINoJIOKEHHe, 4TO OHM C(OPMUPOBaHBI MOCPEICTBOM
HOPMAaJIHOTO pacnpesieieHus. Takoe MpearnookeHne Mbl MOJKEM clenaTh, T.K. pucyHku 1.2—-1.9
JEMOHCTPUPYIOT, YTO rayCCOBO paclpeiesieHUEe MOXKET MOETUPOBATh MIMPOKUH Kiacc JaHHbBIX.

Teneps, 3Hast XapaKTEPUCTUKHU BBIOOPKHU, TOUHEE TPEX KJIACCOB, BXOJAIIMX B HEE, MOXKHO
MIPOBECTH KJIACCU(PUKAIIMIO TOYEK U3 TECTOBOI'O MHOKECTBa Xa1.

% evicuumuieaem paccmosnue om mouxu X1[i], 1=1..999 0o mouxu-yenmpa

% coomeemcmeyrowezo knacca, Z_euclidean aydem cooepacame 999 unoexcos knaccos
% ¢ cambim MUHUMAILHBIM PACCHOAHUEM
z_euclidean=euclidean_classifier(m_hat,X1);

% Ananozuuno

z_mahalanobis=mahalanobis_classifier(m_hat,S_hat,X1);

% Hcnonv3yem baiieco6ckuil Knaccugukamop, 00HAKo ¢ Mamemamuyeckoil

% mouku 3penus, Umoodsl OH padoma KoppeKnHo, Mbl 00HCHbL HOOABANb MY
% He ebluUCIeHHbIE OUEHKU MHOMcecmea X, d OAHHbIe 8 YCII0GUU, M.e. MOYHble
z_bayesian=bayes_classifier(m,S,P,X1);

% Haxooum npoyenm HecoénadeHuil Ho Kiaccam

err_euclidean = (1-length(find(y1l==z_euclidean))/length(y1))
err_mahalanobis = (1-length(find(y1==z_mahalanobis))/length(y1))
err_bayesian = (1-length(find(yl==z_bayesian))/length(y1l))

% @ynkyus ona Kraccugpukamopa odaiieca
function [z]=bayes_classifier(m,S,P,X)
[l,c]=size(m);

[I,N]=size(X);

for i=1:N % yuxn om 1 0o 999
for j=1:c % yuxn om 1 0o 3
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t(j)=P(j)*comp_gauss_dens_val(m(:,j),S(:,:.)),X(:,1));
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end
[num,z(i)]=max(t);
end

[Tonydaercs, 4TO BO BCEX TpeX Cilydasx OmMOKU moxoxu: 7.61%, 7.71%, 7.61%. 1o He

CHy‘I&fIHO, €CJIM BBINOJIHAIOTCS 4 CICAYIOIUX YCIOBHUA, TO BCC TpU METOOA KJ'IaCCI/I(l)I/IKaHI/II/I

HKBUBAJICHTHBI:
1 Bce kitaccel paBHOBEPOSITHBI;
2. JlanHble BO BCeX Kilaccax UMEIOT rayCCOBBI paclpeesiCHus;
3 Marpuibl KOBapHaluu OAHU U TE )KE;

4. KoBapranroHHbIE MAaTpULBI HE MPOCTO PABHBI, HO M JUArOHAJIBHBIE, IIPUYEM BCE

3JIEMEHTHI Ha TJIaBHOM JAUuaroHalid paBHBI.

Anmaparypa W MartepHmajbl. 64-paspsaHbiii  (X64) mepcoHaTbHBIN
KOMIIBIOTEP, MPOLIECCOP ¢ TAaKTOBOM yacToTOoM 1 I'T'1l u BhIlIE, OnlepaTUBHAS MAMATh
1 I'6 u BeImIEe, CBOOOHOE AUCKOBOE MPOCTpaHCTBO He MeHee 1 I'6, rpaduyeckoe
ycrporictBo DirectX 9. Tlporpammuoe oOecriedeHHe: OINepalMoHHas CHCTEMa
Windows 7 u Beitire, Matlab (R2013) u Bbiie.

Yka3anne no texHuke 0e3omacHocTH. CaMOCTOATEIBHO HE MPOU3BOJUTH:
YCTAaHOBKY W YAQJICHHE MPOTPAMMHOTO OOECIICUEHHUsS; PEMOHT IEePCOHAIBHOTO
koMmrbtoTepa. CoOmofaTh MpaBuia TEXHUUYECKOW OHKCIUTyaTallid W TEXHUKU

0€30MacHOCTH MPHU pabOTe € AAEKTPOOOOPYIOBAHUEM.

MeToanka U MOPSIAOK BbINOJHEHHUsI padoThI
3aaHue 1715 BCEX BApUAHTOB.

1. Beruncnure kak B npuMepe 2 3HadeHud pl u p2, HO IS CIIEYIONIUX JIBYX CIIy4aeB:
(P(w1)=1/6, P(w2)=5/6), (P(w1)=5/6, P(w2)=1/6). [laiite 00bsSICHEHHS 3aBUCUMOCTH PE3YJIbTATOB
KJIaCCU(UKALUU OT alPUOPHBIX BEPOSITHOCTEH.

2. [TosTopute npumep 6, Ho mid N = 500 u N = 5000 Touek. IIpoxommeHTHpYiiTE
pe3yJbTar.

B tabnuue 1.1 npuBeneHbl MHAWBUIYAIbHBIC 3aaHUS.

Tabmuna 1.1 — anuBuyanpHbIe BAPHAHTHI
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1 ( 08 0.2 0.1—||
[ToBropute mpumep 7, Horae S =S =S = 02 0.8 0.2 # 6 2| . Hanumure BBIBOJ
1 2 3
0.1 0.2 038
0 TIOJYYHUBIIEMYCS OTBETY.

2 [ToBTOpHUTE MIpHIMEp 7, HO TJC [T reHepanun X u X1 OyIyT UCIOJIb30BaHbI CCIYIOIINE
BEPOATHOCTH KiaccoB P1 = 1/2, P, = P3 = 1/4. Jlnst aTor0 ciaydas OaiieCOBCKHiA
KJIacCCU(UKATOP JOHKECH MOKA3aTh JIydInuil pe3ynbTar. [Touemy?

3 [0.8 0.2 0.1]
[TosTopute npumep 7, Ho rae P(wl) = P(w2) = P(w3) = 1/3 u 81:|| 0.2 08 02 ||,

0.1 02 08]
[0.6 0.01 0.0l—|| [0.6 0.1 0.1—||
52 =| 0.01 08 0.01 E S3 =| 01 06 01 ] OOBsicHUTE pe3yNbTaT.
|0.01 001 06 | |01 01 06|
4 08 03 0.1
[ToBropuTe mpumep 7, Ho tae S =S =S = (0.3 0.8 0.3—’ #0 2l . Hanmmre BBEIBOJI
1 2 3
0.1 03 038
0 TIOJIYYHUBIIEMYCS OTBETY.

5 [ToBTOpUTE MpUMEp 7, HO T A reHepauu X u X1 OyayT UCIIONIBb30BaHbI CIEIYIOIINE
BepositHocTH KitaccoB P1 = 0.8, P2 = 0.15, P3 = 0.05. [IpokoMMeHTHpYHTE pe3yIbTar.

6 [09 0.2 0.1]
[MoBTopute npumep 7, Ho rae P(wl) = P(w2) = P(w3) = 1/3 u 81:|| 0.2 08 02 ||,

|01 02 09]
(0.6 0.01 0.0l—|| [0.6 0.2 0.1—||
S2 :| 0.01 08 0.01 E S3 :| 0.1 06 01 i OOBbsicHUTE pe3ybTar.
[0.01 001 0.6 | |01 02 06|
7 0.7 0.2 04]
[TosTopuTe mpumep 7, Ho e S =S =S = (0.2 0.7 0.2 | # 0 °| . Hanumure BBIBOJ
1 2 3
04 02 0.7
10 TIOJTYYHMBIIEMYCS OTBETY.

8 [ToBTOpUTE IpUMEp 7, HO T/I€ 715 TeHepauu X U X1 OyAyT UCTIOIB30BaHbI CIASAYIOIINE
BepossTHOCTH kiaccoB P1 = 0.6, P2 = P3 = 0.2 s atoro cinyvast GaiiecoBckuit
KJIacCU(PUKATOP TOJDKEH MTOKa3aTh JIyIIIuid pe3yibTaT. [louemy?

9 08 0.2 0.1]
[MoBTopute mpumep 7, o rae P(wl) = P(w2) = 0.2, P(w3) =0.6 u Sl = (0.2 0.8 0.2 ||,

|01 02 08|
(0.6 0.01 0.01—|| [0.6 0.1 0.1—||
82 :| 0.01 08 0.01 ’ 83 :| 0.1 06 01 i OOBsicHUTE pe3yIbTaT.
|0.01 001 06 | |01 01 06]
10 [ToBTOpuTEe MpUMep 7, HO Te 11 reHeparu X U X1 OYAyT HCIOJIb30BaHbI CICAYIOIINE

BeposTHOCTH KiaccoB P1= 0.4, P2 = P3 = 0.3. Jlns sToro cinyyast GaiiecoBckuit
KJIaccu(pUKaTop JOJDKEH MOKa3aTh JIydlnid pe3ynbrar. [louemy?
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Conep:kanue oT4era u ero gopma
OTtuér no mabopaTopHO paboTe TOMIKEH COACPKATH CIASAYIONTYI0 HH(DOPMAIIHIO:
1) Hassanwue 1abopaTopHOi pabOThI U €€ HOMED.
2) ®UO u rpymmy CTyaaHTa.
3) d®opmysHpOBKa MHIMBHUIYAIHLHOIO 33JaHUs K HOMEp BapHaHTA.
4) OrtBeT Ha 3a/1aHKE B BUJIC KOJa U pe3yabTaTtoB padboTel Matlab.

5) OrtBeThl Ha KOHTPOJIBHBIC BOIIPOCHI.

BOl'IpOCI)I AJIA 3aIIINThI paﬁoTbl

1. Yro Takoe MaTpHIia KOBapuaruu?
2. Yro Takoe qUCIepcHsi U MaTeMaTH4ecKoe OKuIaHue?
3. Uem ornmuaeTcs KiaccUpUKalys Ha OCHOBE paccTosHUS MaxamaHobuca ot

KJIacCH(UKAIIMK Ha OCHOBE paccTosiHus EBkiuma?
4, Uro Takoe OaiiecoBckmii Kitaccupuxarop?

5. Yo Takoe MpUHIIUI MaKCUMyMa MPpaBAonoa00us?
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JlaGoparopnas padota Ne 2

Krnaccudukaropbl, 0CHOBaHHBIE Ha OIIEHKH (DYHKIIMM ONTUMHU3AIIIH

eab 1 copepkaHue PA0OTHI: 03HAKOMUTh CTYIEHTA C IEPCENITPOHOM.

3agaum:
1) Pa300patrh OPUHIMII AEWCTBUSA K AITOPHUTM pabOTHI IIEPCENTPOHA,;

2) Pa3o0parh alropuT™M MHHUMH3ALUH CpeAHEKBaipaTuieckoi ommoku (LMS).

Teopernueckoe 000CHOBaHME
TexHuKa MOJYYEHHS ONTUMAIBHOTO 0alHEeCOBCKOTO KiacCH(pUKATOPa OCHOBBIBACTCS Ha OILICHKE
byHkimMu pacnpeneneHus [aycca s oOydaromux AaHHbIX. OIHAKO, 3TO CIOXHAs 3a1ada
0C066HHO JJIA MHOFOMepHI)IX JAHHBIX. AHLTepHaTI/IBHOC peHICHI/Ie 3aKJIFOYacTCA B OTACIICHUUN
KJIACCOB B MHOTOMEPHOM IPOCTPAHCTBE C TIOMOIIBIO Pa3ICIAIONINX THIIEPIIOCKOCTEH.

Pazgensromnias TuneprisiocKOCTh MOKET OBITH 3alMcaHa B BUJIE

wix+w, =0, (2.1)
Takxe (2.1) MOXKHO mepenucarh B BUJIC

wix =[w',w ]I_X—|:O, (2.2)

]
1

re W — BEKTOp HACTpanBaeMBbIX MapaMeTPOB, Wo— CBOOOIHBIN YJIeH, X — BXOJTHOM BEKTOP.

C noMoMIbIO TAaKUX TUHEPILIIOCKOCTEN MOKHO OTAETUTh JTUHEHHO OTAEIUMbIE KIIACCHI.

AJNTOPUTM aJanTaii BEKTOpa BECOBBIX KOA(DOUIIMEHTOB AJIEMEHTApPHOTO TMEPCEeNTpOHA
MO3KHO CPOPMYJIHPOBATH CIEIYIOIIUM 00pa3zoMm.

Ecmu n-piii amement X(N) 0O0ydYaromero MHOXECTBa KOPPEKTHO KJIacCHU(UIUPOBAH ¢
MOMOIIBIO0 BECOBBIX KO3()PHUIIMEHTOB W(Nn), BHIYUCIECHHBIX HA N-OM IIIare airopuTMa, TO BEKTOP

BECOB HE KOPPEKTUPYETCH, T.€. IEHCTBYET CieyoIlee NPaBHiIo:

w(n+1) = w(n), ecau W' x(n) >0 u x(n) eC
! 2.3
w(n+1) = w(n), eciu W'x(n) <0 u x(n) eC, @3

B nmporuBHOM ciydae BEKTOp BECOB IMEPCENTPOHA IOABEPracTcs KOPPEKLUUU B

COOTBETCTBHUU CO CIEAYIOLIUM PABUIIOM:
w(n+1) = w(n) -n(n) x(n), ecaux w' (n)x(n) >0 u x(n) eC ,
w(n+1) = w(n) +1(n) x(n), ecmz w' (N)x(n) <0 u x(n) eC (2.4)

1

rae C1u Cz— MMHEHHO pa3aenuMble KIacchl, a 1(N) — mapaMmeTp CKOpPOCTH 00yUYCHHSI.
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Cozmamum ¢GyHKLUIO, KOTOpas OyaeT o0y4aTh Hall JIMHEHHBIN HeWpoH (HacTpanBaeMyro
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TUNepIuIockocTh). Curnatypa QyHkiuu Oymer crneayromieid: [w, iter, mis_clas] = perce(X, v,
w_ini. rho), rme X — sro marpuma pasmepom (I+1)xN (I — pasmep BxomHoro Bekropa, N —
KOJINYECTBO MATTEPHOB I 00ydeHus1), y — Bektop meTok i kiaacca Ci (+1) m C2 (-1), w_ini —
BEKTOP HayaJbHBIX MapaMeTpPOB, KOTOPbIE HY>KHO HACTPOUTH B Ipolecce O0y4eHUsl Tak, 4TOObI
runepruiockocth otaesuia Ci1 or Cp, rho — m=const, T.e. CKOPOCTh OOyYeHHUs, W — BEKTOp,
BBIYHCIICHHBIN aJrOPUTMOM, Iter — KOJIMYECTBO UTEPALUii 32 KOTOpbIe ObUT BBIYHCICH W, MIiS_clas
— KOJIMYECTBO HEMIPaBUJIBHO KJIacCU(PUIIMPOBAHHBIX BEKTOPOB.

Paccmotpum npumep.

CrenepupyeMm 4 MHOXkecTBa Xi, KaKJ0€ — 3TO HAOOp TOYEK B JABYMEPHOM IPOCTPAHCTBE.
Kaxxgas Touka u3 XjuMeeT MeTKy -1, TOUuku ciydailHO pazOpocansl B kBaapare [3, 5]x[3, 5], [2,
41x[2, 4], [0, 2]x[2, 4], [1, 3]x[1, 3]. Touku, pacrioxennsie B kBaapare [0, 2]x[0,2] umeroT MeTKy
kiacca +1. TpeOyercs BU3yaaIbHO OTOOpa3uTh Kiacchl, 00yuuTh nepcentpon st N=0.01 u
n=0.05, u HauanbHOM BekTOpe mapamerpos [1, 1, -0.5]".

JluctuHT QYHKIUH, PEATU3YIOIIHIA TePCEIITPOH, IPUBEIEH HIDKE.
function [w,iter,mis_clas]=perce(X,y,w_ini,rho)

[I,N]=size(X);
max_iter=20000; % Makcumanvroe Konuuecmeo umepayuii,

% komopuie dyoem pabomame nepcenmpon, nocie 3mozo dyoem
% cuumamucsa, ymo peuienue He HallOEHO.

W=W_ini; % Huuyuanuszupyem 6eKmop napamempos
iter=0; % Cuémuux umepayui

mis_clas=N; % Huuuuanuszupyem xonuuecmeo HenpasuibHo
% Kraccuguuuposannvix nammepHos

% uuxa while mo ABym ycJjioBusim
while(mis_clas>0)&&(iter<max _iter)
iter=iter+1;
mis_clas=0;

gradi=zeros(l,1); % Botuucnenue koppekmupyouieco KOMROHEHmMA 0151 6eKMopa
for i=1:N
(X 1) w)*y(i)<0)
mis_clas=mis_clas+1;
gradi=gradi+rho*(-y(i)*X(:,i));
end
end

if(iter==1)
fprintf(*\n First Iteration: # Misclassified points = %g \n*,mis_clas);
end

w=w-rho*gradi; % Oonoenenue éexmopa napamempos
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end

JIucTHHT OCHOBHOIO KOJia IPUBEIEH HUKE.

close(*all’);
clear

rand('seed’,0);

% I'enepupyem Knacc Xi
N=[100 100]; % 100 eexmopoe ons kaxcoozo knacca
1=2; % Pazmepnocmp 6xoda Kkar)coozo éexkmopa

% o0ns 2enepuposanus nammepros uz X2, X3, X4 uyyicno emecmo

% HudICHEll CMPOUKU NOOCMAGUMb OOHY U3 3AKOMMEHMUPOSAHHBIX CHIPOK
x=[3 3];

% x=[2 2]"; ona X2

% x=[0 2]"; o1z X3

% x=[1 1]'; ona X4

% nonyuaem 200 mouex ona Xi u ons mouex keaopama [0, 2]x[0, 2]
X1=[2*rand(l,N(1)) 2*rand(I,N(2))+x*ones(1,N(2))];

X1=[X1; ones(1,sum(N))];

y1=[-ones(1,N(1)) ones(1,N(2))]; % moayuaem meTkn

% 1. Bbieéooum muoicecmeo Xi

figure(1), plot(X1(1,y1==1),X1(2,y1==1),"bo",...
X1(1,y1l==-1),X1(2,yl==-1),"r.")

figure(1), axis equal

% 2. 3anyckaem anzopumm ooyuenus nepcenmpna ons 3ma=0.01
rho=0.01; % Cxopocmuo odyuenus

w_ini=[1 1-0.5]"; % nauanvnusie seca
[w,iter,mis_clas]=perce(X1,y1l,w_ini,rho)

Hmeem 4 curyamuu X, i = 1..4, KOTOpbIE HY)KHO OTICIHTH C TMOMOIIBIO TEPCENTPOHA

(pucyHok 2.1 — 2.4).

Pucynox 2.1 — JIBa kimacca mist X1
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Pucynok 2.4 — JIBa xnacca s X4

BunHo, uto B ciydae X4 (pucyHOK 2.4) KJ1acchl TMHEHHO HE pa3aeIHMBl.

Pesynbrarel 00y4deHus nmpuBeaeHBI B Tabmuie 2.1, 2.2.

Tabmuna 2.1 — KonmudecTBo uTeparyii, 3a KOTOpbIE MePCeNTPOH HAXOIUT PEIICHHE B

3aBUCHUMOCTH OT M

X1

X2

X3

Xa

n=0.01

134

134

5441

OnTuMaILHOTO
perieHus HE
HanJIeHo
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n =0.05 5 5 252 OnTuMansHOro

perieHus HE
HalJIeHO
Tabmuma 2.2 — KonudecTBo HEMPaBUIHLHO PACIIO3HAHHBIX TATTEPHOB
X1 X2 X3 X4
n=2001n-= 0 0 0 25
0.05

BumHo, 9T0 NpW yBEJIMYEHHH 1) YBEIMUYMBAETCA CKOPOCTh OOYYEHHs IepcenTtpoHa. B
IIOCJIEJIHEM CIIydae ONTHMAJIBHOIO PEIICHHs TEPCENTPOH HE HAXOMIHUT, MMOITOMY IMPOBEIAEHHAS
npsiMasi OTJCISIET HE BCE MATTEPHBI KIIacca.

®yuknus perce(X,y,w_ini,rho) 3anporpammupoBana Jjisi aKETHOTO PEKUMA, T.€. BEKTOP
W KOPPEKTHPYETCS OJMH pa3 IIOCNI€ BBIUMCICHHS IIONPABOK JUIS KaXJI0ro mnpumepa. Hibke
NPUBEIEH JIMCTUHT (DYHKIIMH, TJI€ MEPCENTPOH 00ydJaeTcsi B OHJIaWH-PEKUME, I/I€ KOPPEKTUPOBKH
BBIYMCIISIFOTCS TS KaKI0TO TIPHMeEpa, HO Jiajiee, OHU He HAKAIIMBAIOTCS, & CPa3y MPUMEHSIOTCS K
BEKTOPY BECOB.
function [w,iter,mis_clas]=perce_online(X,y,w_ini,rho)

[I,N]=size(X);

max_iter=10000000; % maxcumanvroe Konuuecmeo umepayuii
% mpebdyemcs, ecnu Knaccol pacnooxcenvl 0JU3Ko opye K opyzy

wW=w_ini;
iter=0;

mis_clas=N;

while(mis_clas>0)&&(iter<max_iter)
mis_clas=0;

for i=1:N
IF((X (1) ™w)*y(i)<0)
mis_clas=mis_clas+1;
w=w+rho*y(i)*X(:,i); % Oénosrsem eexmop secos

end

iter=iter+1;
end
if(iter==1)

mis_clas
end

end

Bb3BaTth 3Ty  (QYHKUMIO  MOXHO C  TOMOINBIO  CIEAYIOIIEH  CHTHATYPHI:
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[w,iter,mis_clas]=perce_online(X1,y1,w_ini,rho).
Ecnau mocraBUTh IpeablAyIUN 3KCIIEPUMEHT, TO MOJYYUM CIEAYIOIIME PE3YJIbTaThl,

Tabmma 2.3, 2.4.

Tabnuna 2.3 — KonuuecTBo utepaiuii, 3a KOTOpble NepCcenTPOH HAXOAUT PEIICHUE B

3aBUCUMOCTH OT M

X1 X2 X3 X4
n=0.01 600 600 6589400 OnTuManbHOro
peeHHs HE
HaleHO
n =0.05 400 400 7729200 OnTuManbHOTrO
peLICHHSI HE
HaJIEHO

Tabmuua 2.4 — Konn4ecTBO HEMPaBUIIBHO PACIIO3HAHHBIX TATTEPHOB

X1 X2 X3 Xa

Tpe6yeTC;1 3HAYUTEIBLHO OOJIbIIe I/ITepaHI/Iﬁ, OHJ'IaI\/'IH'O6y‘IeHI/Ie XYKC CXOOUTCHd, 3aTO B
MMPAKTUYCCKOM IIJIaHEC Oomee 9KOHOMHOC, T.K. HC Tpe6yeT CIICHHUAJIbHBIX CTPYKTYpP JIA XpaHCHUA U

HAKOIIJICHUS ITOIIPaBOK.

Anmaparypa W Martepumajbl. 64-paspsaHbiii  (X64) mepcoHaTbHBIN
KOMIIBIOTEp, MpoLeccop ¢ TakToBOM yacTtoToit 1 I'T' u BhIlIe, onepaTuBHAS TAMSTh
1 I'6 u BbIllIe, CBOOOIHOE AUCKOBOE MpOCTpaHCTBO He MeHee 1 'O, rpaduyeckoe
ycrpoiictBo DirectX 9. IlporpamMmHoe obOecrieueHue: OMEpaluoHHas CHUCTeMa
Windows 7 u Beitire, Matlab (R2013) u Bbime.

Yka3zanue no texHuke OezomacHocTH. CaMOCTOATENBHO HE MPOU3BOIUTH:
YCTaHOBKY M yJAaJi€eHHE MPOTrPpaMMHOIO OOECHEeYeHHUsl; PEMOHT IEPCOHAIBLHOTO
komnbioTepa. CoOmogaTh MpaBWiia TEXHUYECKOM OKCIUTyaTallud U TEXHUKU

0€30MacCHOCTH MPHU PaboTe € IMEKTPOOOOPYAOBAHUEM.

MeToauka ¥ MOPSAAOK BbINOJHEHHUSI Pa00ThI
Co3aarh aBa 4acTHYHO mepecekaromumxcs kmacca touek (100 Touek ams Kakaoro kKjacca) Kak

nokaszaHo B Tabnuue 2.5. Pa3nenuTh uX HACKOJIBKO 3TO BO3MOXHO € TIOMOLIbIO TiepcenTpoHa. Tun
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o0y4yeHHsI TIepCenTPOHA OHJIAH WM MaKeTHHIM yKka3zaH B Tabnuue. HapucoBarh HaiineHHOe

peleHue.

Tabmuua 2.5 — UnauBuyanbHble BAPHAHTHI

A

1 0 | Omuutaiin 00yueHue.
: o)

2 A " Makernoe 00yueHue.
B 0

3 o 7! [TakeTHOE OOYyUEHUE.
A B

4 o Al Omnunaiin obyueHue.
o)

S 0 Maxernoe 00yueHue.
A o)

6 A Y akernoe obyueHue.
B 0

7 0o Al Omnunaiin oOyueHue.
B o)

8 A 7 Onnaitn o0OyueHue.
B 0

9 0 ™' Hakernoe obyuenue.
. o

10 0 7 Ouaiin obyueHue.
" ol

Conep:xkanue oTyera u ero popma
Otuér no nabopaTtopHOil paboTe DOIKEH COAEPKATD CIEAYIOLUIYI0 HH(POPMALIUIO:
1) Hazpanue nabopaTopHOii pabOTHI U €€ HOMEp.
2) ®UO u rpynimy cTyAaHTa.
3) ®opmynaHpoBKa UHIUBUIYaTEHOTO 33aaHHs K HOMEp BapHaHTa.

4) OrTBeT Ha 3a/1aHUE B BUJC KOJa U pe3yabTaToB padotsr Matlab.

Bomnpocs! ais1 3a1uThI padoThl
1. Yro Takoe nmepcentpoH?
2. Yem mepcenTpoH OTINYAETCS OT CETH MPSIMOTO PaCIPOCTPaHEHUS?

3. Kakue 3amaum MOKHO pemiaTh ¢ TOMOIIIBIO TTepcenTpoHa’?
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JlaGopatopHas pa6ota Ne 3

Co3nanue u 00yueHHe HEHPOHHOM CETH Ha SI3bIKE BRICOKOTO ypoBHsI cpeasl Matlab

Ieap u comep:kaHue padoOThI: CO3/1aTh U OOYYHTH HECKOJIBKO HEHPOHHBIX
CeTeW, pEelarIMX 33Ja4d JIMHEWHOTO W HEJIMHEWHOTO pa3JelICHUs KJIACCOB,
UCTIONB3Ys BCTPOCHHBIH sI3bIK TIporpammupoBanus Matlab.

3ajaun:

— OCBOUTH 0a30BBIC KOMaHJbl IJIA CO3JaHHUA U O6Y‘I€HI/IH IIPOCTBIX CceTel B

Matlab;

— HAYUYHUTBCA CO344BaTb H O6yanb CCTH JIA JIMHEMHOTO M HEJIWHEHHOIO

Pa3aCIICHUA KIIAaCCOB;

— HAYYUTHCS CTPOUTH IpaUKu, OTpaKarOUIUE pe3yIbTaThl pA0OTHI CETEM.

Teoperuyeckoe 000cHOBaHUE

Camprit rubkuii cioco6 no padore ¢ MHC B Matlab — 310 ncnonbs30BaTh BCTPOSHHBIN S3bIK
IpOrpaMMHUPOBaHUs AJIsi CO3/aHus U oOyueHMs ceredl. B naHHo#l mabGoparopHoil pabore Ha
npuMepe JTUHEHHOTro pasjesieHus kiaccoB U 3a1aun XOR Oyner paccMoTpeHa TeXHHMKa CO3JaHMs
1 00yueHUs pa3HbIX HEHPOHHBIX CeTeHl.

Kox Matlab Gynem Beiaensth xupHbIM mpudrom. KoMMeHTapuii kK KOAy 3amuchIBaeTCs
nociae cuMmBoia «%» M UAET N0 KOHIA CTpouku. Ilpm ’xemaHuM, MOKHO NHOJIY4YUTh OoJiee
NOJIPOOHYIO CIIPABKY O JII000H (DYHKIIMH, YCTAHOBUB KYypcOp Ha HY>KHOW M HaxaB KJIaBuIly «F1».

[Ipexme, YeM mPOrpaMMHPOBATH TEPCENTPOH, PACCMOTPUM TIPUMEDP TOCTPOCHUS
MOBEPXHOCTH OTKJIMKA Ui OOBIYHOTO HEIMHEHHOTo HeHpoHa ¢ (yHKIMeH aKTHBaluu —
rUnepooInYecKuil TAaHTeHC.

% I'omosum Matlab k pabome

close all, clear all, clc, format compact;

% 3aoaém eeca neipona

w = [4-2];

% 3adaém cmeuwenue

b=-3;

% 3adaém ¢ynkuyuro, Komopyro xomum nocmpoums, 2unepoo. man2eHc
func = "tansig’;

% 3aoaém 6xoonoil 6eKmop

p=[23];

% Boiuucnaem 636euieHHYI0 CYMMY 6X00d U 8€CO8
activation_potential = p*w'+b;

% Buvtuucnsem 6v1x00 HeIUHEIHOU Yacmu HellpoHa
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neuron_output = feval(func, activation_potential);

% 3aoaém éxoonoii eekmop 015 ouanazona om -10 0o +10 ¢ wmazom 0.25
[p1, p2] = meshgrid(-10:.25:10);

% Buvtuucnsem geKkmop 8v1xo0a HellpoHa

z = feval(func, [p1(:) p2(:)]*w'+b);

% Ilepecuém seuecmeeHHblX uucen 6 gokceau onsa 3ID-zpaguxa
z = reshape(z, length(pl), length(p2));

% Cmpoum zpaghux

plot3(pl, p2, z);

% Briouaem cemky

grid on;

% Iloonucwieaem ocu zpagpuxa

xlabel(*Input 1%);

ylabel(*Input 2');

zlabel(*Neuron output');

Pa30epém kon. Komanna close all 3akpbiBaet Bce BcnomoraTenbHble OKHA, KOTOPbIE MOTIIN
OBITh OTKPBITHI (OKHA PAa3IMYHBIX MAaCTEPOB, Bpoje nntool, He 3akpeiBatotcst). Clear all ynanser Bce
nepeMeHHbIe 13 00actu workspace, ClC — ounmaer obacth okHa Command window, rae Oyaer
HaOupatbes kon. Format compact ycranaBnmmBaer ¢opmar OTOOpaK€HHS IUIS YUCEN, TaK JUIs
BEILIECTBEHHBIX YHCIIe OyaeT 0ToOpaxkaThCs 4 TOUKH MOCIIE 3aISITOM.

Beca 3amarorcst 00BIYHBIM BEKTOPOM W = [4 -2], Kak BUIHO, 3HAUCHUS OTICISIOTCS APYT OT
Jpyra npooesioM, yKa3blBaTh THII He 00s13aTeIbHO. DYHKIMS aKTUBAIMK 331a8TCsI CTPOKO "tansig’.
Janee uAET BBHIYMCICHHWE B3BEUNICHHOH CYMMBI: CKaIIpHOE NPOHM3BEACHHE BXO/Ja Ha BEcaH
npubaBka cMmenleHus. Bekropa P u W Henb3s MPOCTO TaK B3ATh U NEPEMHOXKHTD, T.K. IONPaBUIaM
JUHEWHOU anreOpbl OJTMH U3 HUX JOJDKEH OBITh TPAHCIIOHUPOBAH, YTO U JIEJIAETCSI C BEKTOPOM W C
noMouibl0o W'. MOXHO TNOCMOTpPETh 3HAYEHHE NEPEMEHHOH, OHO JomkHO ObiTh -1. [lamee
BBIYHCIISIEM (QYHKIIUIO aKTHBAIMK MTPH BXozie paBHOM -1. [lemaem sto uepes feval(). Kak noustHo
U3 Ha3BaHMs, GYHKIUS BBIYMCISET 3HAUEHUE HEKOTOPOH (QYHKIIUH (IIEpBbIi mapaMeTp) OT BEKTOpa
BX0JI0B (BTOpo#i nmapametp). [Ipuuém, kak u MmHOTHE npyrue GpyHuun Matlab, ona neperpyxeHa, T.e.
e€ BBI30B MOXET MPOMCXOAWUTH MPU PA3HBIX croco0ax 3amucu BTOPOro mapamerpa. B mepBom
CIIy4ae BEeKTOp peAyIUpPyeTcs K CKaJsIpHON BeIMUnHE, BBIX0J paBeH - 0.7616.

Janee mpucBanBaeM nepeMeHHbIM P1 u P2 3Hauenus ot -10 go +10 ¢ marom 0.25. Jlenaem
ato uepe3 Mmeshgrid(), xoropas co3maér NPSIMOYrOJIBHYIO CETKYy B CHEHUAILHOM (opmate
NPUTOHOM JUTs TocTpoeHust rpadukoB. Ho i moctpoenns camoro rpaduka HaM HY)KHO 3HaTh
3HA4YeHUs He TOJBKO P1 1 P2, HO U BBIX0/1a HelipoHa. Tereps BIYHCIsIeM 3TH 3HAYCHUS [T BEKTOPA
z ¢ nomomsto feval(), BumHO, 4TO Temeps BTOPOW MapaMeTp HANPSMYIO 3alMCHIBACTCS B BHIC
CKaJIIIPHOTO TPOM3BENEHUS] JBYX BEKTOPOB IUIIOC CMelleHue. J[BoeToune oO3Ha4yaeT IMepeBoj]

3HaueHus B opmar double (vcnomnb3yercs Ui HayYHBIX M MHXKCHEPHBIX BbIYMciIeHui. Hukorma
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He ucnonb3yite float s atux 3amau B Takux s3pikax kak C/C++, 4ro0bl M30eKATHICPEIIOTHEHUS
MIePEMEHHOM ).

®ynkuus reshape() nepecunTrIBaeT YUCIOBBIC 3HAUYCHHS B BOKCENHU ISl OTOOPaKCHUS Ha
rpaduke. Plot3() crpout TpéxmepHsiii rpaduk, pucyHok 3.1. Grid on BkitOYaeT ceTKy Ha 3TOM

rpaduxe, pucynok 3.2, 3.3. Xlabel(), ylabel(), zlabel() — moxnucsiBaror ocu y rpaduxka.

=) Figure 1 [ESREEl >
Fle Edt YView Inset Tools Desktop Window Help ~

NEEL| 5 A0DEL-a|08(an

Pucynok 3.1 — [Nonyuusmuiicst 3D-rappuk 6e3 ceTkn u moanucen ocei

[4] Figure 1

File Edit View Inset Tools Desktop Window Help ~

Ddde | | ARO9EL- (2 |0EH ad

Pucynok 3.2 — Jlo6aBunu cetky Ha poH

32



2 Figure 1 — e

File Edit View Insert Tools Desktop Window Help

DEde | b RRAODEL-|S|0E8E oD

(1N
05 - J ‘1""'

04 | | H' '\‘\‘l‘
| i ul
' \‘? ‘d \‘l ‘\ll

Neuron output

Input 2 -0 10 Input 1

Pucynok 3.3 — JloGaBuiu noAmnucu uist oceit X, Y, Z

Tenepb co3gaaumM U 06y‘II/IM ﬂBYXCHOﬁHYIO CCTh HAa OAHOM IIpUMEPC.

close all, clear all, clc, format compact

% Bx00noii mpancnoHupoeanHvlil 6eKmop

inputs = [1:6]"

% Bubixoonoit éekmop, Komopbulit 0014CHA RPOMOOEIUPOBAMb CEMb
outputs =[1 2]";

% 3aoaém obugyro cmpykmypy cemu

net = network(1, 2, [1; 0], [1; 0], [0 0; 1 O], [0 1]);

% Iloka3zvieaem eé

view(net);

% 3aoaém Konuuecmeo nPoMeHcymouHvIX C10é6
net.layers{1}.size = 5;

% 3aoaém pynkuyuu akmusayuu Ha Hux
net.layers{1}.transferFcn = "logsig";

% Ewé paz omooparxcaem cembo

view(net);

% Ycmanaenueaem pazmeprocme 6x00a u 6vixooa
net = configure(net, inputs, outputs);

% Cmompum oKoHuamenbHblil 6apUANHN Cemu
view(net);

% Ilonyuaem uznauanvbHolil 661X00 cemu 0e3 00yueHus
initial_output = net(inputs);

% Ycmanaesnueaem memoo ooyuenus

net.trainFcn = "trainlm?’;

% Ycmanasnueaem ghynxkyuio ouiuoku
net.performFcn = 'mse’;

% O0y4aeM ceThb Ha OJHOM IIpUMepe

net = train(net, inputs, outputs);

% Onams nodaém 6xo00, HO yiHce HA OOYUEHHYIO Cemb,
% cemb 0oxcna npomoodenuposams 661x00 [1 2]
final_output = net(inputs);
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BxoaHol BekTOp OyAeT paBeH MacCHBY M3 IIECTH AJIEMEHTOB OT 1 70 6, T.K. quamna3oH
3anuchiBaeTCs uepes «:». Oynkius network() 3agaér obmyro crpykTypy cetu. PaccmoTrpum Goliee
oJIpOOHO, YTO O3HAYAET KAX/IbIil mapameTp.

[lepBriii mapaMeTp 03HA4YaeT KOJIMYECTBO BXOJIOB (HE B CMBICIE Pa3MEPHOCTh BXOAHOTO
BEKTOpA, a B CMBICIIE, — CKOJIbKO BEKTOPOB OY/IET IIOJJaHO Ha BXOJ ceT. [lomycTuM, B CBEPTOUHBIX
CeTAX 0OBIYHOE JIEJI0, YTO Ha BXO/I MOAAETCS HE OJINH, a IBA WJIM TPU MAaCCHBA, KK/ U3 KOTOPBIX
KaK-TO CBSI3aH C JAJIbHEHUIITUM cjioeM). Y Hac 3TOT nmapameTp paBeH 1. Bropoii mapamerp o3Havaer
KOJIMUECTBO CJIOEB B ceTU. B 1aHHOM ciiyuae nMeeM JIByXCIOiHYIO0 ceTh. TpeTuii mapamerp — OyneB
BEKTOP, KOTOPBII 03HAYACT KaKUe HEHPOHBI OYAyT MMETh CMEIICHHE, a Kakue —HeT. T.K. BekTop [1;
0], To oueBHIHO, YTO BCE HEHPOHBI MEPBOTO CJIOSI OYAYT UMETH CMEIIEHUE, a HEHPOHBI BTOPOIO
cinosi — HeT. YeTBEPTHI MapaMeTp — 3TO Takke OylieB BEKTOp, KOTOPBIM 03HAYaeT, — C KaKUMU
CIIOSIMU CBSI3aH BXOJ. B maHHOM ciyyae HCHOJIB3yeTcs KiIacCHYecKasicxema, TNie BXOJ CBs3Ha
TOJIBKO C TIOCITIEYIOIINM CJIOEM, a ClieIoBaTenbHo, BeKTop [1; 0]. [IsaThiil mapameTp — 3TO MaTpuIla
CBSA3EM MEXy CIIOSIMU, KOTOpasi 03Ha4YaeT, Kakou clioil ¢ kakuM cBsa3aH. OHa 3aluChIBaeTCs B BHUJIE
Bektopa. Mmeem [0 0; 1 0], ecam 3ammcaTh B BHAE MATPHIIBI, TO

oy

1+ 0
MOJTYYUTCS . Torypa mOHATHO, YTO MEPBBII CIION CBSI3aH CO BTOPBIM CIIOEM, T.K. €IMHHIIA
pacnonaraercs B nosuuui (1, 2), rae 1 — 310 HOMep cToa011a, 2 — HOMep cTpoku. LllecToit mapameTp
[0 1] — OymeB BeKTOp, KOTOPBIH MOKa3bIBAET, C KAKUMHU CJIOSIMHA CBSI3aH BBIXOA. [IpH Takux
3HAUEHUAX BBIXOJ CBSI3aH C NMPEANOCIEIHUM CIOEM.

[Tpu Takoi KOHPUrypalKu NOITYYUM CTPYKTYPY CEeTH Kak Ha pucyHke 3.4.

f | e
4\ Custom Neural Network (view) =B

Layer

Pucynok 3.4 — MI3HavanbHas CTPYKTypa CeTH

W3mennm tperuii napametp ¢ [1; 0] Ha [1; 1], momydum cTpyKTypy Kak Ha pucyHke 3.5.

4\ Custom Neural Network (view) @Eléj

Layer Layer
Input Output
0 0
0 0
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Pucynok 3.5 — BuziHo, 4TO y BTOPOT'O CJI0Sl TOKE MOSBUIOCH CMELICHHE

W3menum teniepb U 4eTBEPTHIN mapamerp Ha [1; 1], moiaydum CTpyKTypy ceTH Kak

Ha pHucyHKe 3.6.

4\ Custom Neural Network (view) E@lﬂ

Pucynok 3.6 — Jlo6aBuiach CBsA3b BX0J1a CO BTOPHIM CJIOEM

M3MeHuM octaibHbIe ABa BEKTOpPAa HA €IWHUYHBIC, MTOJTYYUM CTPYKTYPY KAaK Ha PUCYHKE
3.7.

7 - Y
4\ Custom Neural Network (view) E@M

L 4

Pucynok 3.7 — [losiBuiCs BTOpOM BBIXOJ, CBSI3aHHBIN C IIEPBBIM CIIOEM, a TAKXKE Ka)KJbIi CI0U
CBSI3aH C caMHMM cO0OM U BTOPOH CJIOM CBSI3aH C MEPBHIM (I0JaéT CBOU CUTHAJIBI HAa BXOJ IIEPBOTO

CJI051)

Net.layers{1}.size = 5 — mpucBarBaeM KOJUYECTBO HEHPOHOB MIEPBOMY CJIOK0 CETH (MHIEKC
3anuceiBaeTcsl B (UTYpHBIX CKOOKax). BuanHo, uro oOpalieHue K JaHHBIM [apaMeTpam
OCYIIECTBIIAETCS KIIACCHYECKUM 00pa3oM st 00beKTOB: dyepe3 Touky. T.e. cetb B Matlab — sto
00BEKT (10 TEPMUHOJIOTUH 00BEKTHO-OpHUEHTHPOBaHHOTO TiporpammupoBanus (OOIT)).

He6onpmoe nmpumeuanue. Konnenmuss OOIl nanpammuBaercs mis onucanus MHC, T.k.
BIIOJIHE JIOTHYHO, YTO OOBEKT «CETh» BKIIOYAET B ce0sl OOBEKTHI — «CIIOM», a Te — «HEUPOH.
Opnako, HYXKHO TOMHHTb, YTO IMPU TAKOM I[IOJAXOJI€ OIEpaTUBHAsl IMaMATh BBIAEISAETCS U

rpynnupyeTcs MoJ KOHKPETHbIe 0OBEKTHI U B Cllydae MOMNbITOK ObicTpoit peanuzauuu MHC,
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BO3MOXHO, C HMCIIOJIb30BaHMEM accemOiepa, HE MOJNyYUTCs ObICTPO peain30BBIBATH MATPUYHBIC
oneparuu. Kopoue, eciiu tpeOyercsa ObicTpast peanusanus cetd, To oT OOIl-onucanus npuaércs
OTKa3aThCsl.

Net.layers{1}.transferFcn = 'logsig’ — mpucBauBaeT CiOsIM TEPBOTrO CJIOS (DYHKIIHIO

AKTUBAIUU CUTMOI (03 OTpHUIATeTbHBIX 3HAYCHHUI), pUCYHOK 3.8.

{ -
4\ Custom Neural Network (view) =B

Layer

Pucynok 3.8 — MensieM (QyHKIHIO aKTUBAIIUH Y HEHPOHOB MIEPBOTO CIIOS

JInsi yCTAaHOBKH BXOJHOTO M BBIXOJHOTO CIIOS MOYKHO CKOH(HUIYpHUPOBAaTh CETh II0
OTHOIICHUIO K BEKTOPY BX0a U Bbixoja: net = configure(net, inputs, outputs), pucynok 3.9.

e N
4\ Custom Neural Network (view) l = | = ﬂ

Pucynox 3.9 — OxkoHuaTenpHO Moay4yaeM oOIIyI0 CTPYKTYPY CETH, TIe pa3Mep Bxoja — 6, a

BBIXOHIA — 2

Bexrop initial_output momyuur 3uavenus [0 0], T.K. Beca He HHUIMATM3UPOBAHBI, T.€. CETh
HUYEro JieNiath He ymeeT. st Hadama 00ydeHusT Hy’)KHO KaKk MHHHUMYM 3a/1aTh METOJ O0y4EHHS U
GYHKIHIO OMIUOKH, YTO M JeIaeTcs ¢ momolnpio net.trainFcn = ‘trainlm’ u net.performFcn =
'mse’. Trainlm — sto o6y4enue mo merony JleBenbepra-Mapksapara, a MSE (mean square error)
— 9TO CpeiHeKBaApaTuueckas omuoka. Train() — 3amyckaer o0ydeHHe CeTH U BO3BpaIlaeT 00beKT

— o0yueHHyro cetb. [Iporecc o0yuenus nokasan Ha pucynke 3.10.
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4\ Neural Network Training (nntraintool) EI_IéJ

Neural Network

Algorithms

Training: Levenberg-Marquardt (trainlm)
Performance: Mean Squared Error  (mse)
Calculations:  MATLAB

Progress

Epoch: 0 3 iterations 1000
Time: 0:00:01
Performance: 2.50 2.13e-26 0.00
Gradient: 250 [ Lozelz ]| 1.00e07
Mu: 0.00100 1.00e-06 1.00e+10
Validation Checks: 0 0 6

Plots

Plot Interval: O 1 epochs

v Minimum gradient reached.

W Stop Training @ Cancel

Pucynok 3.10 — OGyuenue cetn

[Tozxe dhopmupyem BekTop final_output, KoTOpbIA COAEPKUT OTBET CETH HA BXOJ, T.C.
1.0000 u 2.0000 (momuuM 1po dopmar compact).

Tenepsb permmm 3a1ady 0 pa3/ieleHUH KJIACCOB € MOMOIUIbIO EPCENTPOHA, MOI00HYIO TOH,
KOoTOopas ObLIa pelieHa B JlabopaTopHoii padote 3.

close all, clear all, clc, format compact

% 3aoaém Konuuecmeo nammepHo8 Kaxicoo2o Kiacca
N = 20;

% 3aoaém cmewenue

offset = 5;

% Co30aém 6xo0Hble 3HAUEHUA KAXHCO020 KNaAcCa

x = [randn(2, N) randn(2, N)+offset];

% Co30aém eébixooHble 3HAUEHUA 01 IMUX KINACCO8
y = [zeros(1, N) ones(1, N)J;

% Omkpvieaem 0KHO 011 pUCOBAHUSA

figure(1);

% Hanocum mouxku (nammepHut)

plotpv(x, y);

% Co30aém oovexkm-cemv muna Ilepcenmpon

net = perceptron;

% Obyuaem nepcenmpon

net = train(net, x, y);

% Pucyem o6uiyto cmpykmypy cemu

view(net);

% Bo3zeépawjaemca 6 OKHO 0713 PUCOGAHUA U PUCYEM RPAMYIO TUHUIO,
% Komopas pazoenum o0ea Knacca

figure(1);



plotpc(net.IW{1}, net.b{1});

rand(2, N) — co3maér maccuB pasmepom 2xXN, 4KciIa KOTOPOTO SIBJISIFOTCS CITydaiHbIe
BEJIMYMHBI, PACTPEICIEHHbIC M0 HOPMAJIBHOMY 3aKOHY € MaTeMaTH4YecKuM okujaanueM 0 u
CpeaHeKBaIpaTnyeckuM oTkiioHeHueM 1. Takum oOGpaszom, OyayT co3nanbl aBe Marpuibl 2xXN,
coziepKale KOOPAMHATBHI TOYEK-IIATTEPHOB B JIBYMEPHOM IIPOCTPAHCTBE, MPUUYEM KOOPAUHATHI
BTOPO# MaTpHIlbl OyIyT CMEIICHBI HA 5 MO3UIIUH, T.€. 3apaHee rapaHTHPYETCs, YTO KJIACChI OyIyT
JuHEHO pa3aeaumMbie. OOpaTHM BHUMaHHUE, YTO 3TH JIBE MATPHIIBI HA CAMOM JI€JIC 3aIUCAHBI B OJIHY
matpuily pasmepom 2x2*N. Zeros(1, N) u ones(1, N) co3na€r MaccuB HyJICH U SAMHHUI Pa3MEPOM
N, 9TO MCTKHU IJId BXOJHBIX IMATTCPHOB.

Figure(1) — BeI3bIBaET OKHO, COZICPIKAIICE KAHBY JUIS PUCOBAHMS, PUCYHOK 3.11.

< Figure 1 = | B )
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Pucynok 3.11 — OkHoO 15 pucoBaHus

Plotpv(X, Y) — HAHOCHT TOYKH Ha KaHBY C KOOpAMHATAMHU X U METKaMH Y, pucyHok 3.12.

[Tpruém HyIHM oTOOpaXkaroTCs KpyKKaMH, a €IMHULBI ITI0CAaMU.
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Pucynok 3.12 — JIBa co3JaHHBIX HAMH KJIACCA, BUJIHO, YTO OHH JTUHEHHO pa3IeIuMbl
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Net = perceptron — co3maém cerp Tumna llepcenTpoH, eciu mocne 3amucu KOMaHABl HE
CTaBUTh TOYKY C 3alsTON, TO Cpella pa3BepHET BCE YCTAHOBJICEHHBIE 10 YMOIYAHUIO MapaMeTphl,

pucynok 3.13.

Command Window

MNew to MATLAB? See resources for Getting Started. 2

>> net = perceptron
net =
Neural Network
name: 'Perceptron’' i
userdata: (your custom info)
dimensions:
numInputs:
numlayers:
numCutputs:
numInputDelays:
numlayerDelays:
numFeedbackDelays:
numWeightElements:
sampleTime:
connections:

m

P oo oOoR e

biasConnect: true
inputConnect: true
layerConnect: false
cutputConnect: true
subobjects:
input: Equivalent to inputs{l} -
cutput: Equivalent to outputs{l}
inputs: {1xl cell array of 1 input}
layers: {1xl cell array of 1 layer}
ocutputs: {1xl cell array of 1 output}
biases: {1x1 cell array of 1 bias}
inputWeights: {1xl cell array of 1 weight}
layerWeights: {1xl cell array of 0 weights}

Pucynok 3.13 — Metozs! u cBoiicTBa o0bekTa perceptron

Hanee npoucxoautr odydenue cetu. OOmas CTPyKTypa CETH INpeACTaBlieHa HAa PUCYHKE

3.14.

4\ Perceptron (view) E‘E@

Hard Limit

Input

Pucynok 3.14 — O0mias CTpyKTypa CeTH

PesynpraThl 00yueHus mpenacTaBieHbl Ha pucyHke 3.15. Buano, uro morpeboBanoch 29

WTEpaLnii.



r
4\ Neural Network Training (nntraintool)

Neural Network

Hard Limit
Input

Algorithms

Data Division: Training Only (dividetrain)
Training: Cyclical Weight/Bias Rule (trainc)
Performance: Mean Absolute Error  (mag)
Calculations:  MATLAB

Progress

Qutput

Epoch: o [l 29 iterations

1000

Tirme: 0:00:02

Performance: 0.500 0.00

0.00

Plots

Performance | (plotperform)

Training State (plottrainstate)
(plotconfusion)

Plot Interval: O L

v Performance goal met.

@ Stop Training

epochs

@ Cancel

Pucynok 3.15 — Pe3ynbrarsl 00y4eHHsI IEpCENTPOHA

Ha pucynke 3.16 mnpexncraBieH rpaduk HacTpoiiku mnepcentpoHa. ['paduk HocuT

xapakTepHyro 3youaryio Gopmy. Ilocime xaxmoii »smoxu BeicuuThIBaeTcss MSE  wmexmy

npeamnojgara€MbIMu OTBETaMH U PCAJIbHBIMU. HaHOMHI/IM, 4qTO IpH aganTalvid HE HCIIOJIb3YCTCA

CITYCK 110 ITOBEPXHOCTU OH_II/I6I(I/I, MMO3TOMY KIAATh IMOCTCIICHHOI'0O CHUKCHUA OIINOKH o6yquI/151 HC

CJICOYCT. 06yquHe HAET OO TeX Iop, IIoKa HE 6YI[6T HaliieHa nepBasd npsamas, OTACIIAIas OAUH

KJIacC OT APYTOTO.

- <
"4 Neural Network Training Performance (plotperform), Epoch 26, Performance go... L= | [5) [meé e

File  Edit

Mean Absolute Error (mae)

100

107

View Insert Tools Desktop Window Help

Best Training Performance is 0.5 at epoch 0

5 10 15 20
29 Epochs

Train
e Best

25

~

Pucynox 3.16 — I'paduik HacTpoiKu BeCOBBIX KO3(PPHUIIMEHTOB MepCEnTPOHA
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Plotpc(net.IW{1}, net.b{1}) - cTpour mpsMyI0 JHUHUIO C COOTBETCTBYIOIIMMHU
ko3 dunuentamu. IW — 0603HagaeT cia0i K03 GUIMEHTOB MEKIY BXOIOM U mepBbIM citoem, b{1}

— CMeEIIEeHHUE 1epBoro ciiosi. toropas npsiMasi mokasana Ha pucyHKy 3.17.
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Pucynok 3.17 — [lonyueHHOe pelieHue 1o pas3/ieieHuro AByX KJIaccoB

Tenepr paccMOTpuM pelieHue 3aJaun paszeseHus: Ha 4 kjacca ¢ IMOMOILbIO NEPCeNnTPOHA
1 OOBIYHOM MHOTOCIIOMHOW CETH MPSMOT0o pacmpocTpaHeHus. PacronokeHue KiaccoB OCTaBUM
TakUM ke, Kak ¥ B 3a1a4e XOR (mo yrmam «kBajparay), HO TeNepb y HAacC HE JiBa Kiacca, a 4, a
TaK)Ke KaX/Ibli Kijlacc npeacrasiieH 30 marrepHaMu.

Pemenue aToit 3a1aun ¢ MOMOIIBIO ITEPCENITPOHA.

close all, clear all, clc, format compact
% Kascowtit knacc umeem 30 nammephos

K = 30;
% Cmewenue 01a knaccoe 0.6
q=.6;

% 3aoaém 4 knacca 6 eéuoe eéekmopos A, B, C, D (2 cmpoku u 30 cmonouos)
A =[rand(1, K)-q; rand(1, K)+q];

B = [rand(1, K)+q; rand(1, K)+q];

C =[rand(1, K)+q; rand(1, K)-q];

D =[rand(1, K)-q; rand(1, K)-q];

% Pucyem na kanee mouxku A onpedenénnozo muna (mpemuii napamemp)
plot(A(1, 3), A(2, ), 'bs’);

% @uxcupyem Kaugy

hold on;

grid on;

% Ha moii sce Kange pucyem ocmaibHble Kiaccol

plot(B(1, :), B(2, 3), 'r+");

plot(C(1, :), C(2, :), 'go");

plot(D(1, :), D(2, :), 'm*");
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text(.5-q, .5+2*q, 'Class A");

text(.5+q, .5+2*q, 'Class B");
text(.5+q, .5-2*q, 'Class C");

text(.5-q, .5-2*q, 'Class D');

% 3aoaém KoouposKy Knaccoe (memku)

a=[01];

b=[11]";

c=[10];

d=[00]"

% Ilonyuaem oOusuil 6eKmMoOp 6X00HBIX 3HAUEHUIL
P=[ABCD]

% Ilonyuaem odwuii 6eKmop MemokK
T = [repmat(a, 1, length(A)) repmat(b, 1, length(B)) repmat(c, 1, length(B)) repmat(d, 1,
length(D))1;
% Cemb muna «nepcenmpon
net = perceptron;
% Ilycmo cpeonexeadpamuueckan ouuoka ne paena 0
E=1;
% Ycmanoexka napamempa o mom, 4mo 6yoem MUHUMYM OOUH RPO2OH
net.adaptParam.passes = 1;
% Ilocmpounu usnauanbHo omeem nepcenmpond, 00 00yueHus
linehandle = plotpc(net.IW{1}, net.b{1});
% Cuémuuk no yuxkiam
n=0;
% I{uxn dyoem uomu noka cpeoneKkeaopamuyecKkan ouudKa ne
% cmanem pagnoii nynto unu noka He docmuznem 3nauenus umepayuii ¢ 1000
while (sse(E) & n<1000)
n=n+1;
% OO0y4uMTh nepcenTpoH
[net, Y, E] = adapt(net, P, T);
% Hapucosamp n1unuu
linehandle = plotpc(net.IW{1}, net.b{1}, linehandle);
drawnow;
end
view(net);
% Ilposepka pabomul nepcenmpona Ha 6X00HOM 6eKmope
p=1[0.7;1.2];
% Botoacm knacc (1; 1)

y = net(p);

rand(1, K) — renepupyeT 4ncia 13 paBHOMEPHOTO pacrpeiejCHUs B BUAC BEKTOpa (TIepBbIi
napametp) pazmepoM K, B utore A = [rand(1, K)-q; rand(1, K)+q] — renepupyercs marpuia 2xK,
YTO COOTBETCTBYET KOOPMHATAM TOYEK.

Plot(A(1, :), A(2, :), 'bs") — pucyer Ha KaHBe TOYKH W3 MATPHUIBI A, MEPEBOAS HX B
BelecTBeHHbIH popmar. [Tapamerp 'bs’ — aTo et u gpopma Touek: b — cunnit u S — kBagpar. 'r+'
— KpacHbIii () kpect (+), 'g0" — 3enéHsiii (g) kpykok (0), 'Mm*" — mypmypras (M) 3Be3104Ka (*).

Text(.5-q, .5+2*q, 'Class A') — HaHOCUT TEKCT Ha KaHBY C KOOpIMHATAMH, 3aITCAHHBIMHU

KaK JIBa MIEPBBIX MapameTpa.



OOmwmii Bu 0TOOpakeHUs KJIaCCOB MpeACTaBJIeH Ha pucyHKe 3.18.
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Pucynok 3.18 — Kiacchl, KOTOpBIE IPEICTOUT pa3IeTuTh

Jnst mosrydeHust Bekropa T HEOOXOIMMO pacKONUPOBaTh TPAHCIIOHUPOBAHHBIE BEKTOpaA 4,
b, ¢, d. s sroit nenu ucnons3yercs repmat(): repmat(4ro Konmupyem, KONMil M0 CTPOKaM,
Konuii no crondéuam). B pesynbrate Bekrop T mpuMeT BUJ Kak Ha pucyHke 3.19: MmaTpuna u3 aByx

ctpok 1 30 * 4 = 120 K0JIOHOK.

>» T = [repmat(a, 1, length(A)) repmat(b, 1, length(B)) repmat(c, 1, length(C)) repmat(d, 1, length(D))]
T =

Columns 1 through 17

o 0 0 a a o o o 0 a a a o o 0 0 a

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Columns 18 through 34

0 0 0 [+] [+] 0 0 0 0 0 [+] 0 0 1 1 1 1

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Columns 35 through 51

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Columns 52 through €8

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

1 1 1 1 1 1 1 1 1 a a a o o 0 0 a
Columns 6% through 85

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

o o o o o o o o o ] o o o o o o o L
Columns 86 through 102 3

1 1 1 1 1 o o o 0 a a a o o 0 0 a

o 0 0 a a o o o 0 a a a o o 0 0 a
Columns 103 through 119

o o o o o o o o o o o o o o o o o

0 0 0 [+] [+] 0 0 0 0 0 [+] 0 0 0 0 0 [+]
Column 120

o

o

Pucynok 3.19 — OOGmuii Bua BeKTOpa METOK T

Luxs while() — 3T0 UK ¢ peaycIoBUe, MOITOMY OH MOXKET HE BBINOJHUTHCS HH pasy, a
CIIe/IOBATENILHO, IEPEl HUM HEOOXOAMMO IMOCTPOUTH BO3MOXKHOE pelieHne (T.K. IPU CO3IaHUU CETH
net = perceptron) Beca moay4aroT CiIy4aiiHbIe 3HAUCHUSI.

[net, Y, E] = adapt(net, P, T) — mporiecc amanrtamuu BecoB. Net — moaydur o0ydeHHYIO

ceTh, Y — BEKTOp OTBETOB ceTH [yt Bxoaa P, E — ommbku cetn ans merok T u BxoqoB P. Sse(E) —
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CyMMa KBaJIpaToOB 3TUX OIIUOOK.

Ha pucynke 3.20 mokaszaHna cTpyKTypa CETH, BUJHO, YTO €AMHCTBEHHBII CIOH ceTH

COJACPIKUT JIBa HeﬁpOHa, YTO COOTBETCTBYCT ABYM IPAMBIM JIMHUAM IJI pa3aACIICHUSA 4-X Kjaccos.

4\ Perceptron (view) l o | B e

Hard Limit

Output
>Q

]

2

Pucynox 3.20 — O0mias cTpyKTypa nepcenTpoHa

BosmoxHbIi 0TBET ceT npuBeaEH Ha pucyHke 3.21.
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Pucynok 3.21 — Pemienus 3aiaun pa3outus Ha 4 kiacca

Paccmotpum pemenne XOR-mpoGieMbl ¢ TOMOIIbIO MHOTOCIONHONW CETH MPSIMOTO
pacrpoCTpaHEHHs], HO pACIIMPHUM MPEACTABICHHE KaxK10Tr0 Kiacca 70 100 maTTepHOB.

close all, clear all, clc, format compact

K =100;

q=.6;

% /dannsle onsa odyuenusn

%00pamume enumanue na mo, umo randn() omoensaromes ¢ nomowbio
%”;”. Ecnu onycmumo 3mom cumeon, mo A 6yoem ne 2x100, a 1x200.
A =[rand(1, K)-q; rand(1, K)+q];

B = [rand(1, K)+q; rand(1, K)+q];

C =[rand(1, K)+q; rand(1, K)-q];

D = [rand(1, K)-g; rand(1, K)-q];

figure(1);

% Hanocum mouku Ha Kaney

plot(A(L, 1), A2, 3), 'k+");

hold on;

grid on;

plot(B(1, :), B(2, 3), 'bd");
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plot(C(1, 1), C(2, 3), 'k+");
plot(D(1, :), D(2, :), 'bd’);

% Hanocum nHazeanus Kiaccoe
text(.5-q, .5+2*q, 'Class A");
text(.5+q, .5+2*q, 'Class B");
text(.5+q, .5-2*q, 'Class A");
text(.5-q, .5-2*q, "Class B’);

% Onpeodennem memKu 0nsa Knaccoe
a=-1,c=-1,b=1,d=1;

% @Dopmupyem 6x00HOI 6eKMOp
P=[ABCD];

% @opmupyem 6ekmop omeemos

T = [repmat(a, 1, length(A)) repmat(b, 1, length(B)) repmat(c, 1, length(C)) repmat(d, 1,

length(D))];

% Onpeoensem cemv nPAMO20 pAcCnPOCMPAHEHUSA

net = feedforwardnet([5 3]);

% Bcsa ébloopka noo odyuarouiue npumepsl
net.divideParam.trainRatio = 1;

% Hem eéanuoayuonHoll 6b100pKU
net.divideParam.valRatio = 0;

% Hem mecmoeoii 6b100pKu

net.divideParam.testRatio = 0;

% Odbyuaem cemp

[net, tr, Y, E] = train(net, P, T);

view(net);

figure(2);

% I'paghuk osxcudaemvlx omeemog cemu

% epagpuk nonyuaemcsa 3youamuim, m.K. MemKu 011 Kiaccoe
%onpeoenenst kax -1 u +1

plot(T’, ‘linewidth', 2);

hold on;

% I'pagpuk peanvnvix omeemoe cemu

plot(Y’, 'r--");

grid on;

% Pucyem nezenoy K zpaguxam

legend('Targets’, ‘Network response’, ‘location’, *best");
% Onpeoensem sudumeplii Ouanazox no ocu 'y
ylim([-1.25 1.25]);

% Co30aém naoop 601 uucna

span =-1:.005:2;

% P1 u P2 cmanym mampuyamu pazmepom 601x601
[P1, P2] = meshgrid(span, span);

% Tpancnonupyem eexkmop pesmepom 601*601 = 361201
pp = [P1(:) P2()T";

% Ilonyuaem 6vixo0wt cemu

aa = net(pp);

% Bo3zepawaemca K nepeoil Kanee

figure(1);

% Pucyem mpéxmepHyro cemky

mesh(P1, P2, reshape(aa, length(span), length(span))-5);
% Iloobupaem yuuiee couemanue 4gemoe

colormap cool;
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Ha pucynke 3.22 noka3aHbl IaTTEPHBI BXOJHBIX KJIACCOB.
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Pucynok 3.22 — BxonHble JaHHbIE 1715 IBYX KJIACCOB, KOTOPHIE HY)KHO Pa3IeIUTh

Net = feedforwardnet([5 3]) — co3maém ceTh IPSIMOro pacrpoOCTPAHCHHS C ABYMS CIIOSIMH,

B IIEPBOM OYZIeT 5 HEMpPOHOB, BO BTOpoM — 3. CTpyKTypa CeTH MoKa3aHa Ha pucyHke 3.23.

4\ Feed-Forward Neural Network (view) | (5D e S|

Hidden 1 Hidden 2 Qutput
Input Output
2 1
5 3 1

Pucynok 3.23 — O0mias CTpykTypa ceTH

OOpaTiM BHHUMaHHE, YTO BBIXOJHOI HEHPOH MMEET IMHEWHYIO (DYHKIHIO aKTHBAILIUH.

Bce matrepHbI BoiiyT B 00y4aroliyro BeIOOpKY, moatomy net.divideParam.trainRatio = 1,
BAJTM/IAIIIOHHYIO U TECTOBYIO BRIOOPKY ycTaHOBUM B 0.

OOyuenue cetu ocyiecTrisercs depes [net, tr, Y, E] = train(net, P, T) — roe tr —
nepemMeHHas1, coaepxarias uHpopmaruioo 00 oOyuenun (B cpene Matlab e€ MOXKHO OTKPBITH U
NIOCMOTPETh Ha BXOJAIIME B HE€ Mol M MX 3HadeHus ). [Iporecc oOyueHHs MoKa3aH Ha PUCYHKE

3.24, xpuBasi o0y4yeHus Ha pUCyHKe 3.25.
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4\ Neural Network Training (nntraintol) l=lE] = |

Neural Network

SRS el Iars

Algorithms

Date Division: Random (dividerand)
Training:  Levenberg-Marquardt (trzinim)
Performance: Mean Squared Error (msc)
Calculations:  MATLAB

Progress

epoch 0 100
Time: 0:00:01

Performance w0 e ) 0w
Gradient: 1.02 5.14e-03 1.00e-07
Muz 0.00100 1.00e-15 1.00e+10
Validation Checks L R

Plots

(plotperform)
(portainsate
(ploterrhist)
(plotregression)

Plot Interval; |} 1 epochs

«f Opening Performance Plot

@ 5top Training @ Cancel

Pucynok 3.24 — I1ponecc o6ydyenus cetu, norpedoBasioch 24 urepamuu

@] Neural Network Training Performance (plotperform), Epach 24, Minimurm gradie... Sl A= IS

File Edit View Insert Tools Desktop Window Help

Mean Squared Error (mse)}

10710

Best Training Performance is 7.4197e-14 at epoch 24

Train
Best

5 10 15 20
24 Epochs

L

Pucynoxk 3.25 — Kpupas 06ydenus (MSE), nyurmmii mokasatens Menbie 1070

Jlanee oroOpaskaeM Ha HOBOI KaHBE O’KU/Ia€MBIii OTBET CETH, PUCYHOK 3.26.

File

Edit  View Insert Tools Desktop Window Help
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Pucynok 3.26 — OxumaeMblii OTBET ceTH (KJIaCChl KOJUPOBATUCH +1)



Ha Toi1 ke kaHBe 0TOOpa)kaeM peasbHbBII OTBET CETH, pUCYHOK 3.27. BunHo, 4to rpaduku

COBIIAAOT.

File Edit View Insert Tools Desktop Window Help |

NEES K ANUDEL- G 0B el

1+
i

05 7

ok Targets i
— — — Metwork response
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-1 e
1] 50 100 150 200 250 300 350 400

Pucynok 3.27 — PeanbHblil 0TBET ceTH, rpauKu COBMAJAIOT

YIim([-1.25 1.25]) — orpannuuBaet och OY JaHHBIMHU 3HAYCHUSIMH.

YroObl 0TOOPA3UTh MOTYUUBILEECS PEIICHUE YXKE HEJIb3sI IIPOCTO MOCTPOUTH HPSMbIE JINHHH
(kak B ciiyyae C TiepcenTpoHoM). J{iist 3TOro Hy)KHO MOBEPX MEPBOM KaHBbI OTOOPA3UTh 3HAYCHHS
BBIXOJIOB CETH Ha OYEHb MEIIKOW CeTKe (BXOJHBIC AaHHBIC) U 3aKPACHUTh MMOJYYHBIIHECS OTBETHI.

['pannma pemenus st pa30MEHUs IBYX KJIAcCOB OKaXETCsl BUIHA, pUCYHOK 3.28.
E Figure 1 lilﬂlg [

File Edit View Insert Tools Desktop Window Help A

NEde b ARTUDEL- Q| IE | aD

2

1.5

0.5
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Pucynok 3.28 — IlonyunBiiasics rpaHuna pemieHus s 3agaqn XOR

[Tpumeuanue. CeTb co CTpYKTYpoii 2-5-3-1 siBHO M30bITOUHA I PEUICHUs JTaHHOU 3a/1a4H.
MOXHO mepeonpeneIuTs CTPYKTYPY CETH, Kak ObUIO MOKa3aHO B Hadalle TAaHHOH J1a00paTOpHOM
paboTHI:

net.layers{1}.size = 5;

% Ionyuaem 0gyxcnoithyio cemun, 20e CKpbIUMblil C101 UMeen S HellPOHO08
net = configure(net, P, T);

% Mensem @hynKyuro akmueayuro Ha 6bIX0OHOM HellpoHe HA HETUHECUHYI0
net.layers{2}.transferFcn = "tansig";

net.divideParam.trainRatio = 1;

net.divideParam.valRatio = 0;

net.divideParam.testRatio = 0;

[net, tr, Y, E] = train(net, P, T);

CrpykTypa Takol ceTH rmokazaHa Ha pucynke 3.29.
4\ Feed-Forward Neural Network (view) == é

Hidden

Pucynok 3.29 — JlanHas ceTh TOXe crpaBuTcs ¢ 3amadeir XOR

Opnnako, Kak BUAHO M3 pucyHka 3.30, ommbka o6ydeHus omycTutcs B paiion 107, uto

OoJibllie, YeM Yy TIEPBOM CETH, YTO B IIEJIOM XYKE.

4 Neural Network Training Performance (plotperform), Epoch 17, Minimum grad\e...l = | B et

File Edit View Insert Tools Desktop Window Help k]

Best Training Performance is 6.0722e-10 at epoch 17
1071 ]

Train
coe-- Bast :

1072

104

Mean Squared Error {mse)

1010k . . . . . . . .
0 2 4 6 8 10 12 14 16
17 Epochs

Pucynox 3.30 — Ommbka oOyuenust st cetu 2-5-1

['panuia pemeHuit ajist ’TOM ceTH Moka3aHa Ha pucyHke 3.31.
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Pucynok 3.31 — I'panuna pemeHuii A CETH C MAThIO CKPBITHIMU HEHpOHAMU

Cerb co cTpykTypoii 2-3-1 nact ommOKy, oka3zaHHYIO Ha pucyHke 3.32.

-~ -
4] Neural Network Training Performance (plotperform), Epach 552, Minimum gradi.. S M [ESR

Bile Edit View Inset Tools Desktop Window Help ~

Best Training Performance is 2.5854e-08 at epoch 552

Train
10% Best

Mean Squared Error (mse)

©

[ 100 200 300 400 500
552 Epochs

Pucynok 3.32 — Ommbka obydenus st cetu 2-3-1

[TonyuyuBmasics rpaHnLa PEMICHUN JUIsl CETU C TPEMS CKPBITBIMU HEMpPOHAMU IIOKa3aHa Ha

pucynke 3.33.

EFigurE-‘-l u_g-:ﬁ
Eile Edit View Insert Tools Desktop Window Help Ll

NEHL | LR ODEL- |G 0E|ad

2
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Pucynok 3.33 — ['panuna pemeHuii 11 CeTH U3 TPEX HEUPOHOB B CKPBITOM CJIOC



MOoOXHO caenath BBIBOJ, YTO YE€M MEHBINE KOJIWYECTBO HEHPOHOB B CKPBITOM CJIOE, TEM
rpybee OyIyT pas[eieHbl KJIacChl U TPaHUIA PEHICHUH MOXET B HEKOTOPBIX MECTaX NMPUHUMATh
XaoTu4eckuit Buj (pucyHok 3.31).

KoHeuHo, Takoi pa30poc B pEHICHUSAX IMOJy4aeTCs BCIICACTBHUE JIETKOW pPa3IeIMMOCTH
KJIaCCOB.

Tenepsr IpUMEHUM CETh MPSMOTO PACHPOCTPAHCHHUS K pa3JelieHHIo 4-X KiaccoB (paHee
pelay 3Ty 33Ja4y ¢ TIOMOIIBIO TIEPCENITPOHA).

close all, clear all, clc, format compact
K =100;

q=.6;

A =[rand(1, K)-q; rand(1, K)+q];
B = [rand(1, K)+q; rand(1, K)+q];
C =[rand(1, K)+q; rand(1, K)-q];
D = [rand(1, K)-g; rand(1, K)-q];
figure(1);

plot(A(L, 1), A2, 2), 'k+");

hold on;

grid on;

plot(B(1, :), B(2, :), 'b*");
plot(C(1, :), C(2, 2), "kx");
plot(D(1, ), D(2, :), 'bd");
text(.5-q, .5+2*q, 'Class A");
text(.5+q, .5+2*q, 'Class B");
text(.5+q, .5-2*q, 'Class C");
text(.5-q, .5-2*q, 'Class D");

% Kooupyem knaccot

a=[-1-1-1+1];

b=[-1-1+1-1]%;

c=[-1+1-1-1]%

d=[+1-1-1-1]%

P=[ABCD];

T = [repmat(a, 1, length(A)) repmat(b, 1, length(B)) repmat(c, 1, length(C)) repmat(d, 1,
length(D))];

net =feedforwardnet([4 3]);
net.divideParam.trainRatio = 1;
net.divideParam.valRatio = 0;
net.divideParam.testRatio = 0;

[net, tr, Y, E] = train(net, P, T);

view(net);

% Ionyuaem 6 “m” 6ce makcumanvHwle 1eMEeHmMbl RO CMOIOUAM, a 8 “T”
% ux cmpoxoevie unoexkcol

[m, i] = max(T);

% Ionyuaem 6 | uHOEKCbL CHIPOK MAKCUMATbHBIX ITTEMEHN 08

[m, j] = max(Y);

N = length(Y);

k=0;

o1



% CpaenueaeM mu uHOeKCbl, OHU 00J1iCHbL coenacmas, €Cjid OHU HeEe
% cosenadatom, mo yeeauuusaem k na 1, m.e. K 6yoem cooeprcamo konruuecmeo
% omeemoe HHC, komopule ne cognaoarom ¢ MemKamu
if find(i - J),
k = length(find(i-}));
end
% Boicuumoteaem 3mo Koiuuecmeo 6 npouenmax
fprintf(*Correct classified samples: %.i1f%% samples\n®, 100*(N-k)/N);
figure;
% Cmpoum eepxnuii zpagpux Ha Kange
subplot(211);
plot(T");
title("Targets’);
ylim([-2 2]);
grid on;
% Cmpoum nuxcnuii 2pagpux Ha Kanee
subplot(212);
plot(Y");
title("Network response”);
xlabel(*# sample');
ylim([-2 2]);
grid on;
span =-1:.01:2,;
[P1, P2] = meshgrid(span, span);
pp = [P1(:) P2(1)T";
aa = net(pp);
figure(l);
% Hanocum nHa cemky éce omeenvl HepP020 HEUpoHa 01
% eceit 6b100pKU, OHU O0JIHCHBL 3AHAMD Ys OM NAOULAOU BCEX KIACCO8
m = mesh(P1, P2, reshape(aa(l, :), length(span), length(span))-5);
set(m, "facecolor’, [1 0.2 .7], 'linestyle", 'none");
hold on;
% Toorce camoe denaem 01 Opy2ux HelpoHOs
m = mesh(P1, P2, reshape(aa(2, :), length(span), length(span))-5);
set(m, "facecolor’, [1 1.0 0.5], ‘linestyle’, 'none’);
m = mesh(P1, P2, reshape(aa(3, :), length(span), length(span))-5);
set(m, ‘facecolor’, [.4 1.0 0.9], 'linestyle’, 'none");
m = mesh(P1, P2, reshape(aa(4, :), length(span), length(span))-5);
set(m, ‘facecolor’, [.3 .4 0.5], 'linestyle*, 'none’);
view(2);

Co3naém 4 xnacca, kaxabiil npencrasieH 100 narrepuamu, pucynok 3.34.
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Pucynok 3.34 — 4 xiiacca, KOTOpbIE HY)KHO Pa3/Ie€IuTh

Hanee co3naém ceThb co cTpyKTypoii 2-4-3-4 u oOyuaem e€, pucyHnku 3.35, 3.36, 3.37.

‘k Meural Metwork Training (nntraintool) ‘ = P |
q — 1 — [ =

Neural Network
Hidden1 Hidden 2 Output
i wm
2 4
[ 3 ]

Algorithms

Data Division: Random (dividerand)
Training: Levenberg-Marquardt (trainlm)
Performance:  Mean Squared Error  (mse)
Calculations:  MATLAB

Mu: 0.00100 Li0e-16 1.00e+10
Validation Checks: 0 0 6

Plots

(plotperform)
(plottrainstate)
(ploterrhist)

Regression (plotregression)

Plot Interval U 1 epochs

v Opening Performance Plot

@ Stop Trainina @ Cancel

Pucynok 3.35 — O0yuenue cetu, morpedboBaiock 31 ureparus
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r &
? Neural Network Training Performance (plotperform), Epoch 31, Minimum gradie... E@g

Eile Edit View [Inset Tools Desktop Window Help »

Best Training Performance is 2.096e-14 at epoch 31

Train
Best

1001

Mean Squared Error (mse)

31 Epochs

Pucynok 3.36 — Omm6ka 06ydeHus oueHb Xopormasi, yiuia Huke 10710

4\ Feed-Forward Neural Network (view) E‘E‘g

Hidden 1 Hidden 2 Output

4 3 4

Pucynok 3.37 — O6mas cTpykTypa ceTd, KOTopasi HCIOJIb30Ballach

Pazymeercs, mpeuioxkeHHasT CTPYKTypa HE €IWHCTBEHHAs, HA CaMOM JIeJIe XBaTHJIO OBl
CETH C OJIHAM CKPBITBIM CJIOEM U YETHIPbMS HEJTMHCHHBIMU HEHPOHAMH Ha BBIXOJIHOM CIIOC.
MeTKy U OTBETHI CETH M300pakeHbl Ha pucyHke 3.38, BUAHO, YTO TpaUKu MOITHOCTHIO

COBITaAar0T, T.€. CCThb TOYHO MOJACIIMPYET BCC PCAKIIUN HAa BXOAHBIC 3HAYCHU.

= T———
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Pucynok 3.38 — I'paduk oxxumaemMbIx 1 peasibHbIX oTBeToB MHC



[Tocne mocTpoeHus TpaHUI] PELICHUS MOXKHO BHAETh, YTO KaXIbI KJIACC OTIEIEH OT

JIpyroro, pucyHok 3.39.
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Pucynok 3.39 — ['panuis! pemeHus Ais 3a7a4u Mo pa3aesieHUuIo YeThIPEX KIacCOB C MOMOIIBIO

CCTH IIPAMOTO paCIIpOCTPaHCHUA

Ecnu cpaBHUTH 3TO pelieHue ¢ TeM, KOTOpoe ObUIO JOCTUTHYTO € IIOMOIIBIO IEPCENTPOHA,
TO CTAHET OYEBMJIHBIM, YTO BO3MOXXHOCTH IO OTACJICHHIO OAHUX KiaccoB oT npyrux y MHC
MPSIMOTO PacpOCTPAHEHUS 3HAUUTENIbHO BBIILIE, YEM y NIEPCENTPOHA, T.K. TAKHE CETU MO3BOJISIOT

CTPOUTH 0oJlree CIIO)KHBIC T'paHUIIBI.

Anmaparypa W Martepumajbl. 64-paspsaHbiii  (X64) mepcoHaNbHBIN
KOMIIBIOTEp, MpoLeccop ¢ TakToBOM yacTtoToit 1 I'T' u BhIlIe, onepaTuBHAs TAMSTh
1 I'6 u BbIIIEe, CBOOOHOE AUCKOBOE MpOCTpaHCTBO He MeHee 1 1'6, rpaduueckoe
ycrpoiictBo DirectX 9. Ilporpammuoe oOecreueHne: OINEpalroOHHAs CHCTEMa
Windows 7 u Beitire, Matlab (R2013) u Bbime.

Yka3zanue no texHuke O0ezomacHocTH. CaMOCTOATENBHO HE MPOU3BOIUTH:
YCTAaHOBKY M YAQJCHHE MPOTPAMMHOTO OOECIEUEHHUs; PEMOHT IEPCOHAIBHOTO
koMIipioTepa. CoOmrofaTh TMpaBWia TEXHHYECKOW OKCIUTyaTalldd W TEXHUKU

0€30MacCHOCTH MPHU PaboTe € IMEKTPOOOOPYAOBAHUEM.

MeToauka U MOPSIAOK BHINOJHEHNsI padoThI
B unnuBuayansHoM Bapuante (Tabnuia 3.1) 1aHo pacnosoxeHue IByX kiaccoB (A u B) mo
«yrinam» KBajapara (o tuny kak Ha pucyHke 3.39). Kaxaprii «yroa» npeacrasies 200 Toukamu.

Tpebyetcst oTnenuthb kinacc A ot B ¢ momorpio nepcentpoHa v MoJTHOCBA3aHHON

55



MHOT'OCJIOMHOM CETHU IIPSIMOTO PACIIPOCTPAHECHMUS.

Tabmuua 3.1 — BapuanTsl 3aganuii

Howmep VYcnoBue 3agauu
BapHaHTa

B A

1 B g
A B

2 B B
B B

3 A B
B B

4 B A
A A

5 B g
A B

6 A B
B B

7 A A
B A

8 B A
A B

9 B A
B A

10 A B
A A

11 B A
B A

12 A A
A B

13 A A
A A

14 A B

Conep:xanue oT4yera u ero popma
OTtuéT mo mabopaTopHOil paboTe MTOJKEH COAEPkKATh CISAYIONIYI0 HHPOpMAIUIO:
1. HaszBanue naGopaTopHoii paboThI 1 €€ HoMep.
2. ®OUO cryneHTta u rpymnimy.

3. ®dopmynupoBKa UHAUBUAYAIBHOTO 3aJaHUSI.




4. JlokymeHT oruéra ¢ Print Prtscr AManoroBeIXx OKOH IO IaraMm JAjsi CBOETO BapHaHTa IO
noJo0UI0 TOro, 4YTO OIHUCAHO B TeopeThyeckod dacTH. OOs3aTeabHO JOJDKHA
NPUCYTCTBOBAThH pacKpaimieHHas ¢popma ¢ GUHATBHBIM pa3JesieHUeM Uil CETH M LBETHBIC
JMHHUH, OTACIAIOIINE OAUH KJIacC OT APYroro A nepcentpoHa. JlomKeH NpucyTrcTBOBaTh
CTyHEeHUaThI rpaduK, NOKa3bIBAIOLINN KaueCTBO pabOTHI CETH.

5. OTtBeTHI Ha KOHTPOJIBHBIC BOIIPOCHI.

BOHpOCbI JJIA 3alllUThHI paﬁoTbl

1) Kak KoaMpyroTCcsi KJIAcChl IS TIEPCENTPOHOB MIIM CETEH MPSIMOTO PacipoCTpaHeHHUs?

2) OnumuTe Mocie0BaTeNIbHOCTh JIEHCTBUIA /1711 HAaHECEHUs] BXOJHBIX 3HAUEHUH Ha
KaHBY, 4TOObI BU3YyaJIbHO OBLIIO BUIHO PACIIOJIOKEHHE KIIACCOB OTHOCUTEILHO APYT IPyTa.

3) OnummuTe IMoCiea0BaTeIbHOCTh JCHCTBUH sl TIOCTPOCHHS Ha KaHBE T'PaHUI]
peleHus 3a1a4n Kiaccu(puKaIum.

4) [TpuBeauTe pUMEpP CETH MPSIMOTO PACIPOCTPAHEHHS C OJJHUM CKPBITBIM CIIOEM, C
MOMOIIIBI0 KOTOPOH MOXHO PEHIMTh 3ajady O pasfelieHuH 4-X KJIacCoB B PacCMOTPEHHOMN
nabopaTopHoOi pabdore.

5) [Toyemy ¢ TOMOIIBIO CETEW MPSMOTO PACTIPOCTPAHEHHSI MOYKHO JTyUIIECIPABIISATHCS

C 3aja4yaMH I(J'IaCCI/I(bI/IKaI_II/II/I, 4EM C TIOMOIIIBIO HepceHTpOHOB?
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JlaGoparopnas padota Ne 4
Krnaccudukaropbl, 0CHOBaHHBIC Ha OIEHKN (YHKITUH ONTHMH3AIIIH.

MaiuHsbl OIIOPHBIX BCKTOPOB U HGﬁpOHHBIG CCTHU IIPAMOTO PACIIPOCTPAHCHUA

Heab u coacp;kanue paﬁoTbI: TMIO3HAKOMUTB CTYJCHTA C MAIIMHAMHU OIIOPHBIX
BEKTOPOB U HEMPOHHOM CETBIO NPSIMOI0 PAaCIPOCTPAHEHHUS.
3agaun:
1) Pa3oOpath npuHIKI JEHCTBUS U ITOPUTM pabOTHI MAllIMHBI OIIOPHBIX BEKTOPOB;

2) Pa3o00parh NPUHIUI JCUCTBHS HEUPOHHOM CETH MPSIMOTO PACTIPOCTPAHEHHUSL.

Teopernueckoe 060CHOBaHUE

Mamuaa onopHbeix BekTopoB (Support Vector Machine) ocHoBbsiBaeTcsi Ha MOHSATHH Pa3HHUIBL.

PaccmoTpum nuneinbI knaccudukarop (4.1)

wix+w, =0 (4.1)
KOTOPBIH, 110 CYTH MPEACTABIISACT COOO0H pa3aeAIOIIyIO THITEPILIOCKOCTD (4.2).
w' x +W, >0, Torga d; =+1

(4.2)
WTX+W0 <0, tornad;, =-1

JIns naHHOTO BEKTOpa BECOB W M MOpOra Wo pacCTOSHUE MEXAY TUIEPIIIOCKOCTBIO,
3aaBaeMoil ypaBHenueM (4.1), u O6muxkaiiiieit TOUkoil U3 Habopa JaHHBIX Ha3bIBaeTCS IpaHULICH
pasnmeneHus u oOo3HadaeTcss kak P. OcHoBHOU menbto SVM sBIsieTCS TOWCK KOHKPETHOM
TUTIEPIUIOCKOCTH, JIJIi KOTOPOM TpaHuIlle pasjefieHus OyaeT MakcuMmanbHOU. [Ipu aTom ycnoBuu
MOBEPXHOCTh PEIICHUS HA3bIBAETCSl ONTUMATIbHOM TUIIEPIIIIOCKOCTBIO.

OO01u1y10 1/1e10 MOYKHO NOHATH U3 pUCyHKa 4.1.

o ® Class +1; 0 Class —1

Pucynok 4.1 — JIpa cioco0a oTAeneHns ABYX JUHEHHO pa3/IeIMMbIX KIacCOB

Ha pucynke 4.1 n3o00pakeHbl /1Ba JMHEHHO OTAEIMMBIC KJIacca: YepHbIe TOUKH U Oesble

touku. [IpencraBum, 4To UepHbIe U OENbie TOYKU — 3TO IoMa B JepeBHE. Uepe3 AepeBHIO HYKHO
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IPOJIOKUTH JOPOTY TaK, YTOOBI Pa3pyLINTh MUHUMAJIbHOE KOJIMYECTBO JIOMOB U MIPH 3TOM, YTOObI
OHa ObUIa MakCUMallbHO LIMpoKas. Ha pucyHke BUIHBI /1Ba BO3MOKHBIX BapHaHTa IPOKIAJIKU
JIOpOT: J0pora ¢ pa3JeiauTe]bHOM IYHKTHUPHOM JIMHMEW, MIYyLas U3 JIEBOI'O HIKHErO yIja B
BEPXHUI MpaBbli, U JOpOra CO CIUIOMIHON paznaenuTensHol auHued. O0e Aoporu JoMaroT 1o 5
JIOMOB, HO OYE€BHUJHO, YTO OoJiee IIMpOKas Jopora BbIOAHEE, T.K. Ooyiee ynoOHas, uyeM y3Kasd,
IO3TOMY HYKHO CTPOMTh UMEHHO LIUPOKYIO opory. CpeaHsisl CIUIOIHAs pa3esInTelIbHas TUHUS
U OyZeT ONTUMAJIBHOHN pa3AessioNel THIePINIOCKOCTBIO.

ITouemy 3TO nyuiie Ans 3ahad pacrno3HaBaHus oOpa3oB? [leno B TOM, 4TO OObIUHBIE
HEHpPOHHBIE CETH NPOCTO YAOBJIETBOPSAIOTCA OT HAXOXKAEHUS JIIOOOH  paziesnsroueit
THUIICPIINIOCKOCTHU, OHU HC BBIMCKUBAIOT OIITUMAJIbHBIC THIICPIINIIOCKOCTH, a IPOCTO HAXOIAT IICPBYIO
NoMaBIlytocs B npouecce oOydenus. Ho morom, koraa cetb HauMHaeT (PyHKIMOHUPOBATH HE Ha
o0yyaroIuX JaHHBIX, a Ha TECTOBBIX, KOTOpbIE HE Yy4yacTBOBAIM B Ipolrecce OOydeHHs, TO
OKa3bIBAETCsl, YTO HAalICHHAS TMIIEPIJIOCKOCTh MOXKET JJaBaTh MHOTO OLIMOOK (Y3KYIO IOpOTY JIETKO
«repeiT» M B pe3ynbTare MAaTTepH U3 OJHOIO Kjacca MOYKET OKa3aTbCsl Ha CTOPOHE, TJe
pacIuloKeHbl HaTTepHbl Apyroro kiacca). lllupokas nopora, T.e. oNTUMalbHas TMIIEPIUIOCKOCTD,
YBEJIMYHUBAET BEPOATHOCTD, YTO CETh CIPABUTCS € 3aayeil aydiie.

Ha pucynke 4.2 npeacrabineHa onTUMalIbHAs THUIEPIUVIOCKOCTD ISl JINHEHHO Pa3JelInMBbIX

00pa3os.

OnopHsle
BEKTODHI

Pucynok 4.2 — OnrumanesHasi THIIEPIUIOCKOCT JUTS JIMHEHHO pa3aeuMbIXx 00pa3oB JlanHoe

perieHue BeAET K CIEMYIONMEeH MareMaTndeckoi (opMynupoBKu. Bozpmem
MHO>KECTBO 00YUaIOIINX TOYEK XjC COOTBETCTBYIOIIMMH UM MeTKaMu yi= {*1},1=1..N mis 3agaun
KJIacCU(UKALIMU JIBYX KIJIAcCOB. BBIUMCICHHE ONTHUMAIBLHOW pa3Aelsionell TUIEPIIOCKOCTH

0003HaYUM KaKk MEHUMHU3AIHIO J():

I (W, Wo,E) = %||W||2 e, (4.3)
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Wix +w>1-E,ifx ew
i 0 i i 1
WX +w <-1+&, ifx ew (4.4)

i 0 i i 2

& >0

I7Ie pa3HHIAa MEXIy o0nacTsIMu paBHa 2 / ||w||, BeIMUMHBI OMIUOOK & HE OTpHUIATEIbHBIC,
o paBHbl O I TOYEK, JEKAIIMX 3a MpeAesiaMu pasesioield o01acTh U Ha MPaBUIBHOU
CTOPOHE, W TIOJOXKHUTENBI Ui TOYEK, JEeKAINIMX BHYTPH OONACTH WM BHE OOJACTH W Ha
HEMpaBWIbHOM cTOpoHe. C — 3TO KOHCTaHTa, OIpe/ieisieMast MOJIb30BaTeIIeM.

Pemenue OyneT npeacTaBieHo B CIEIYIOIIEM BU/IE:

W:iki YiXi (4.5)

rae kodddumment Ai — 3To MHOXHUTENH Jlarpanxka Ui ONTUMHU3AIMOHHON 33/1a4K, U OHU
paBHbl 0 JUIsT BCeX TOYEK, JIEKAIIMX 3a MpelelaMH paslesstoniel o01acTi U Ha MpaBUIBLHOU
CTOpOHE KiaccudukaTopa. OTH TOYKM HE NPEJOCTABISAIOT HHGOPMAIUIO MMl MOCTPONKU
ONTUMAJIBHOW pa3feNsdiolleld TI'UMIEepIIOCKOCTH, OCTaJIbHbIE TOYKM HA3bIBAIOTCS OINOPHBIMU
TOYKAMH WUJIU OMOPHBIMH BEKTOPaMH.

s coznanus auHeiHo SVM Oyzaer ucnonb3oBad GyHkims SMO2. Curnarypa JaHHON
byukuu umeer creayromuii Bum: [alpha, w0, w, evals, stp, glob] = SMO2(X’, y’, kernel,
kpar2, C, tol, steps, eps, method).

Crnrcok (popmanibHBIX MapamMeTpoB: MaTpuia X' BKIIOYAET TOYKU JIaHHBIX, KaXaas CTpOKa
— 3TO KOOPAMHATHI TOYKH B MHOIOMEPHOM IIPOCTPAHCTBE, METKU COJEPKATCS B y', THI SIIEPHOU
byHKIIMM — nuHerHBIH. J[Ba mapamerpa anapa kral u kra2 B nuHeliHOM ciydae yCTaHaBIMBAIOTCS
Bcerna kak 0. [Tomp3oBatensckuii mapamerp C, mapametp tol, MakKCHMaJIbHOE YHWCIIO WUTEpaIui
aITOPUTMA, TIOPOT eps (OYeHb MajleHbKoe 4hcio ob6baHO B paifone 107°) mcmonesyercs mms
CpaBHEHHsI BYX 4HCeN (€ClIM MX pa3HUlla MEHbILE, YeM TOPOr, TO OHU CYUTAIOTCS paBHBIMHU). U
NOCJETHUM MapaMeTp — TUI ONTHMM3AIIMOHHOTO METO0Ja, KOTOPbI MbI Hcnosb3yeM (0 — meron
[Tnarra, 1 — Mmonudukarus Kupu 1, 2 — mogudukanus Kupu 2).

Crnmcok Bo3BpaliaeMbIX 3HaueHU: alpha — BekTop, comepxamuii MHOKUTETH Jlarpanxa,
Wo — IIOpOT, W — BEKTOD, COJEPKAIIMM TapaMeTphl THIEPIITIOCKOCTH.

IIpumep 1.

B n1ByMEepHON IIJIOCKOCTH €CThb JBa DPABHOBEPOSTHBIX KJIACCA, KAXKIbIM IIPEICTaBIICH
pactipenenenuem ['aycca co cpemnum mi = [0, 0]" u ma=1[1.2, 1.2]" u KOBapHaIlMOHHBIMU

Matpuiiamu S1 = Sz = 0.21, rae | — 3To enuHnYHas MaTpuia 2X2.



1. CrenepupoBaTh U HApUCOBATh 00yJaroIee MHOKECTBO X1, comepxariee 200 Touek
st kaxkaoro kiacca (Bcero 400 touek). CreHepupoBarh APYyroe MHOXECTBO X2, KOTOpoe OyAeT
TECTOBBIM (Takke cosiep kUt 1o 200 Touek i KaXKA0ro Kiacca).

2. Ucnonb3ys X1u meron [1natra crenepupoBars 6 SVM, koTopbie Obl pa3iensiin 1ga
KJIacca, MCIMOJIb3ys MOJIb30BaTENIbCKYI0 KOHCTaHTy co 3HadeHuem C = 0.1, 0.2, 0.5, 1, 2, 20;
koHcTaHTa tol = 0.001. Beruuciuths ommoOKy oOydeHUss U 00OOIIEHUS, TOICYUTATh KOJIMYECTBO
OIIPHBIX BEKTOPOB, BBIYMCIIUTH PA3HUILY MEXKAY ABYMsI oonactsmu (2 / ||w|[), HaprcoBath pemieHue.

JluctuHr 3ama4M npUBEACH HIDKE, MoJHbIA jnuctuHr ¢ynkmuu SMO2, sveplot_book u
CalcKernel mpusenén B npusnoxenun 1.

close(*all’);
clear;

% I'enepupyem u pucyem X1

randn(‘seed’,50)

m=[00; 1.2 1.2]"; % cpeonee eéexmopos

S=0.2*eye(2); % mampuua Kosapuayuu
points_per_class=[200 200];
X1=mvnrnd(m(:,1),S,points_per_class(1))";

X1=[X1 mvnrnd(m(:,2),S,points_per_class(2))'];
yl=[ones(1,points_per_class(1)) -ones(1,points_per_class(2))];

figure(1), plot(X1(1,yl==1),X1(2,yl==1),'r.", X1(1,yl==-1),X1(2,yl==-1),'b0’)

% I'enepupyem X2

randn(‘seed’,100)

X2=mvnrnd(m(:,1),S,points_per_class(1))";

X2=[X2 mvnrnd(m(:,2),S,points_per_class(2))'];
y2=[ones(1,points_per_class(1)) -ones(1,points_per_class(2))];

% I'enepupyem SVM

kernel="linear";

kparl=0;

kpar2=0;

C=0.1;

% Tym mootcHo ebloUpamey HyHCHYI0 KOHCHIAHMY
% C=0.2;

% C=0.5;

% C=1;

% C=2;

% C=20;

tol=0.001;

steps=100000;

eps=107(-10);

method=0;

[alpha, w0, w, evals, stp, glob] = SMO2(X1", y1',kernel, kparl, kpar2, C, tol, steps, eps,
method);
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% Buvtuucnsem omuoKy 00yueHus

Pe_tr=sum((2*(w*X1-w0>0)-1).*y1<0)/length(y1)

% Boltuucnsem ouuoKy 0606uenusn
Pe_te=sum((2*(w*X2-w0>0)-1).*y2<0)/length(y2)

% Pucyem onmumansHyto pazoenaiouyro 2UnepniocKoCmb

global figt4
figt4=2;

svcplot_book(X1',yl' kernel,kparl kpar2,alpha,-w0)

% Buviuuciaem xonuuecmeo ONOPHBIX 6EKMOpPO6

sup_vec=sum(alpha>0)

% Buvtuucnsem pasnuuy 011 pazoeaumenvHoil oonacmu

marg=2/sqrt(sum(w.”2))

Ha pucynke 4.3 npencraBieHbl UCXOAHBIE TaHHBIE U1 O0YUEeHHUS.

< Figu

re 1

= | B

File

Edit  View

DEde| kR

Insert Tools Deskiop Window Help

Lw9eA- 2| 0E

a0

3

Pucynok 4.3 — VicxoiHbIe qaHHBIC T 00ydeHUs

Ha pucynke 4.4. npeacrtaBieHa HapHCOBaHHAs ONTHUMAalbHas THUIEPIUIOCKOCTb, KOTOpas

OTACIIACT OAWH KJIaCC OT APYroro

4] Figure 2

Edit  View

DodS | k|

>

Insert Jools Deskiop Window Help

ATPEA- B/ 0E
X

|0
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Pucynox 4.4 — Pemienne Ha o0y4aromeii BHIOOpKe

B Ttabmune 4.1 mnpencTtaBieHBl pe3yIbTaThI

paboThI

ajaroputMa g pas3IndHBbIX
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IIOJB30BATCIbCKHUX KOHCTAHT.

Tabnuua 4.1 — CpaBHUTENbHBIEC PE3YyIbTAThI AJI PA3IMUHBIX MOJIb30BATEIBCKUX KOHCTAHT

C

C=0.1 C=0.2 C=0.5 C=1 C=2 C=20
KonnuectBo 82 61 44 37 31 25
MO/ICPIKUBAIOIIIMX
BEKTOPOB
OmmnoOka 2.25% 2.00% 2.00% 2.25% 3.25% 2.50%
0o0y4deHus
OmmnoOka Ha | 3.25% 3.00% 3.25% 3.25% 3.50% 3.50%
TECTOBOM
MHOYECTBE
Bennuuna 3a3opa | 0.9410 0.8219 0.7085 0.6319 0.6047 0.3573
(margin)

W3 Ttabmuupl BUAHO, 4YTO INMPUHA pa3AesAionleil o0iacTu yBENIWYUBAETCS, KOTJa
yMmeHbInaercss koHctanta C. DTO eCTECTBEHHO, MOTOMY 4TO yMeHbIneHne C aenaeT mocienHee
cmaraemoe B (4.3) Oonee BaxHbIM. Jlydinee pernieHwe, T.e. MHHHMAalbHAs OIMKOKa 0000IMECHUS
nonyuena ais C =0.2.

Jlanee paccMOTpUM MHOTOCIIOMHYIO CETh MPSMOTo pacrpoctpanenus. OOmuii B Takon

CeTH IpEJCTaBJIEeH Ha pUCYHKe 4.5.

Output layer

Second hidden layer (L, nodes)

First hidden layer (L; nodes)

Input layer

x(1) x(2) x(l)

Pucynok 4.5 — O61muii BUJ OTHOCBSI3aHHOW CETH MPSMOTO pacpOCTPaHEHUs

OOm1ast ommbka 00yueHUs BBIYUCISIETCS KaK

J :Z(yi—yi)z (4.6)

rje Yi — IpeanojaraéMblii OTBET CETH, a ¥i — (haKTHIeCKui OTBeT ceTH. [lonck MuHUMyMmMa

10 TIOBEPXHOCTH OMTMOOK (YHKIIMK J ¥ €CTh 00ydeHUe HEUPOHHOM CETH.




Beca cetu oO0HOBIsITOTCS 10 hopmyie (4.7):

w(new) = w(old) + Aw 4.7)
AW naxoaum ucxons u3 (4.8):
oJ
AW=-p___ (4.8)
ow

r7e W - cCkopocTh 00ydeHust. @opmyiy (4.8) MOKHO HEMHOTO MOAU(PUIIUPOBATH, YTOOBI

NOJIy4nJI0Ch 00y4eHUE C MHEpLUEH:

Aw(new) =aAw(old) — p 2 (4.9)

ow

rae o - K09QHUIUEHT WHEPLUH, TaK)Ke KaK U |L BBOJUTCS TOJIH30BATEIIEM U IMPUHUMAET
sgaueHus ot 0 go 1.

Jlnst oOydeHus HeWpoHHOH cetu Oyaem wucmosib3oBaTh ¢yHkiuio NN_training co
cieayromiei curuatypoit: [net, tr] = NN_training(X, v, k, code, iter, par_vec).

Criucok popManbHBIX mapamMeTpoB: X COACPKHUT 0Oydaromye BEKTOopa IO KOJOHKAaM, y —
COJZICP)KUT METKH JJIsl COOTBETCTBYIOIIMX KJIACCOB, COde — mapaMeTp [Uiss ONpeeSCHUs TUIa
anroput™a oOyuyeHust (1 — cTaHIapTHBIM adropuT™M OOpPaTHOTrO pacHpocTpaHeHus, 2 — oOpaTHoe
pacrpocTpaHeHue ¢ MOMEHTOM (C uHepiuein), 3 — oOpaTHOe pacmpocTpaHEHUE C aJaNTHBHOMN
CKOPOCTBIO OOyuYeHHs), iter — MaKCUMAaJIbHO JOMYyCTHMOE KOJUYECTBO WTEpaluii, par vec — 5
pa3sMepHBbIi BEKTOD, cosleprKallinii B ce0e CKOpOCTh 00YUEHHUsI, MOMEHT, TPU 3HAUCHHUSI ISl TPETHETO
IrOpUTMa 00YYEHHUs C aJallTUBHOM CKOPOCTHIO 00yUeHHUS.

Criucok BO3BpamaeMbIX 3HaYEHUH: net — CTPYKTypa CeTH, tr — CTPYKTYpa, HCIIOIb3yeMast
MATLAB, xyna momMemaroTcs pa3jinyHble apaMeTphbl CETH.

Ipumep 2.

PaccmoTpuMm 3ajmady kiaccuuUKauu JBYX KJIacCOB Ha IUIOCKOCTH. TOYKM mepBOTro
(BTOpOro) kiacca umeroT Metku +1 (-1) coorBercTBeHHO. TOYKM MPOUCXOAST OT TpeX (UETHIPEX)
["aycCoBBIX pacTpeielieHHil ¢ OJMHAKOBBIME BeposTHocTamu: [-5, 517, [5, -5]™ [10, 0]" ([-5, -5],
[0, 017, [5, 5], [15, -5]M). KoBapuarnuonnas Matpuia Juist Kaxaoro pacipeaneHus paBHa o°L, rae 62
=1, a | — 310 eAMHNYHAs MaTpHIIA pa3MepoM 2X2.

1. CrenepupoBaTb W HapucoBaTh MHOXecTBO X1 (oOydaromiee MHOXKECTBO),
conepxariee 60 Touek s kiacca +1 (mpubnusurensHo no 20 Touek s Kaxk10To pacipeaeTIeHHs)
u 80 Touek mus kimacca -1 (Takke mo 20 TOUEK IS KaXKIOro paclpelciicHHs). AHAIOTMYHbBIE
npeanucaHus u s GopmMupoBaHus X2 (TECTOBOIO MHOXECTBA).

2. Ha X1 o0yuuTh 1Be NBYXCIOWHBIM CETH MPSIMOTO PACHPOCTPAHEHUS C JIBYMS H

YEeThIPbMsI HEHPOHAMU B CKPBITOM ciioe. J[is BceX HEMpOHAX Ha CKPBITBIX CIOSX HCIOJIb30BaTh
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(YHKLIMIO aKTUBAIlMM TUNEPOOIMUYECKUI TAHT€HC, Ha BBIXOAHOM CIIO€ — JIMHEHHYIO ()YHKIIHIO
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aKTUBAIMU. 3allyCTUTh CTAHAAPTHBIA alNropuT™M 00paTHOrO pacrpocTpaHeHus omuodku it 9000
uteparuii co ckopocthto 00yueHus 0.01. Berumcnuth omuOky oOydeHHss W 00OOIICHHS, H
HApUCOBATh PETHOHBI PEIICHUH.

3. [ToBTOopuTh mIAr 2, Kcnonb3ys ckopocth o0ydenus 0.0001 mns cranmapTHOTO
ITOPUTMa 0OPATHOTO PACTIPOCTPAHEHUS OIIUOKHU.

4. [ToBTOpUTH MIAT 2, IPUMEHHUB aAanTHBHBIA anroputM (tun 3) ¢ 6000 ureparmii, co
ckopoctbto 00ydenus 0.0001 u ri = 1.05, rg = 0.7, ¢ = 1.04.

JIucTUHT IPOTrpaMMBI PACCMOTPEH HUKE.
close(*all’);

clear;

randn(‘seed’,0);

% 1. I'enepupyem X1

1=2; % Pazmepnocmep

m1=[-55; 5 -5; 10 0]'; % Llenmpoudw

m2=[-5-5; 0 0; 5 5; 15 -5]";

[I,c1]=size(m1); % Homep zayccuana ona Kaxcooz2o Kuacca
[1,c2]=size(m2);

P1=ones(1,cl)/cl; % Beca onsa cmewennoit modenu
P2=ones(1,c2)/c2;
s=1; % pa3uuna

% I'enepupyem oannvie 011 nepeozo Kuacca
N1=60; % Konuuecmeo mouex 011 nepeozo Kuacca

fori=1:cl
S1(:,:,i)=s*eye(l);
end

sed=0; % I'enepamop crayuaiinvix uucesn, napamemp 011 He2o
[classl X,classl y]=mixt_model(m1,S1,P1,N1,sed);

% I'enepupyem mouku 011 6mopozo Kiacca
N2=80; % Konuuecmeo mouex 0nsa émopozo Kuacca

fori=1:c2
S2(:,:,1)=s*eye(l);

end

sed=0;

[class2_X,class2_y]=mixt_model(m2,52,P2,N2,sed);

% ®Dopma X1

X1=[classl_X class2_X]; % Bexmop oannvix

y1=[ones(1,N1) -ones(1,N2)]; % Bexmop memox

figure(1), hold on

figure(1), plot(X1(1,y1==1),X1(2,y1==1),"r.", X1(1,y1==-1),X1(2,y1==-1),"bx")

% I'enepupyem mecmoeoe mHodxcecmeo X2

%ﬂaHHble nepeoco Kuacca



sed=100; % Hcnonvzyem zenepamop cayuaiunvix uucei
[classl X,classl y]=mixt_model(m1,S1,P1,N1,sed);

% /lannsle 0ns 6mopozo Knacca
sed=100; % Hcnonvzyem zenepamop cayuaiuHvix uucei
[class2_X,class2_y]=mixt_model(m2,52,P2,N2,sed);

% Oobveounsem 0anHbvle 8 OUHBLI 6EKMOP U C MEMKAMU MAKHCe
X2=[classl X class2_X]; % /[na oannwvix
y2=[ones(1,N1) -ones(1,N2)]; % /ns memox

% 2. Illaz 2

rand('seed’,100)

randn(‘seed’,100)

iter=9000; % Koziuuecmeo umepauuii

code=1; % Boioupaem mun ancopumma 0as 00y4eHus HelupoOHHOI cemu
k=4; % uucno neiponos é ckpvimom cinoe

Ir=.01; % cxopocms o6yuenusn

par_vec=[Ir 000 0];

[net,tr]=NN_training(X1,y1,k,code,iter,par_vec);

% Buvluucnsem omudKy ooyuenus u 0000ueHus
pe_train=NN_evaluation(net,X1,y1)
pe_test=NN_evaluation(net,X2,y2)

% Pucyem oannvie

maxi=max(max([X1"; X2'1));

mini=min(min([X1"; X2'));

bou=[mini maxi];

fig_num=2;

resolu=(bou(2)-bou(1))/100; % paspewmenus pucynka
plot_NN_reg(net,bou,resolu,fig_num); % pucyem pezuon pewenus

figure(fig_num), hold on % pucyem o6yuarowee mnoscecmeo

figure(fig_num), plot(X1(1,y1==1),X1(2,y1==1),'r.", X1(1,yl==-1),X1(2,y1==-1),"'bx")

figure(3), plot(tr.perf)
pause

% Ilacz 4

iter=6000; % Koauuecmeo umepauuii

code=3; % Buvioupaem anzopumm odyuenusn

k=4; % Konuuecmeo HelipoHO6 8 CKPbIMOM Cl0€

Ir=.0001; % ckopocmv ooyuenusn

par_vec=[lr 0 1.05 0.7 1.04]; % eexmop napamempos o1 anzopumma code = 3
[net,tr]=NN_training(X1,y1,k,code,iter,par_vec);

% Bovluucnsaem omudKy odyuenus u 0006ujenus
pe_train=NN_evaluation(net,X1,y1)
pe_test=NN_evaluation(net,X2,y2)



HCpBOHa‘{aJILHLIe JAaHHBIC MTPCACTABJICHBI HA PUCYHKC 4.6.
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Pucynok 4.6 — JlanHble, KOTOpble HEOOXOAUMO Pa3/IeIUTh

HonquBmeec;I pemieHueC NpeaACTaBJICHO Ha PUCYHKE 47, BUOHO, YTO CCTh ITPOBEOA

pa3aensromye TPaHMIlbl YCIIEITHO OTACISAET OQUH KJIacC OT IPyroro.
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Pucynox 4.7 — IlomyunBmieecs pemieHne

3aBUCUMOCTh OIIMOKK 00YYEHHUs OT AMOXHU IpUBEAECHA Ha pUCyHKe 4.8.
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Pucynok 4.8 — 3aBUCHMMOCTb OIMOKK 00YUEHUS OT SIOXHU



ITocne 2000-o0ii soxu 00y4deHHE MPAKTUIECKA OCTAaHABIMBACTCS.

OO6mue mapaMmeTpsl 00ydeHHUs MPUBEICHBI HA pUCYHKE 4.9.

4\ Neural Network Training {nntraintool) = et

Neural Network

Dol (a3

9000 iterations 9000
0:00:22
0.0562 0.00

205 1.00e-05

Plot Interval: | 1 epochs

@ Maximum epoch reached.

Pucynox 4.9 — Oxno cpenst Matlab, otpaskarotiiee mporiecc 00ydeHNsT HEHPOHHOU CETH

B Tabmuue 4.2 mnpuBeneHbl pe3yiabTaTbhl OOyUeHUsS CETH I CTAHAapPTHOTO aJrOPHTMa
o0OpaTHoro pacnpoctpanenus omuoku co ckopocthio o0yuenus 0.01 u 9000 urepanuii. B rabnuie
4.2 mpuBeeHBI PE3YyIbTATHI IS aJallTHBHOTO AJITOPUTMa OOPATHOTO PACIIPOCTPAHEHHS OITHOKH,
ckopoctu ooyuenus 0.0001 u 6000 uteparuii.

Tabmuua 4.2 — IlpuMeHeHHe CTaHIAPTHOIO AJITOPUTMA OOPAaTHOTO PacHpPOCTPAHEHUS

OIINOKH

JBa y3ma UYeTtsipe y3ma
Ommbka 00y4eHus 29.29% 0
Ommbka 06001IeH s 30.71% 0

Tabmuua 4.3 — IlpuMeHeHHMe aJanTHBHOTO ajlropuTMa OOpAaTHOrO PacHpPOCTPAHEHUS

OIINOKH

JBa y3ma UYeTtsipe y3ia
Ommbka oOydeHus 29.29% 0
Ommbka 06001IeHus 32.14% 0

cDyHKI_II/II/I, HCIOJIB3YIOMIUCCA B JIMCTUHTC, IPUBCACHBI HHUXKC.

IlepBast pyHKIHS.

function [net,tr]=NN_training(X,y,k,code,iter,par_vec)

rand(‘seed’,0); % Jamuuk cayuainvix uucen

randn(‘seed’,0);

% Cnucox memooos odyuenusn ons HHC, onu ecmpoenst ¢ Matlab
methods_list={"traingd’; 'traingdm’; ‘traingda’;'trainlm’; ‘traingdx'};
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% Ozpanuuenue 01a ooracmu, 20e nexcam OaHHbLE

limit=[min(X(:,1)) max(X(:,1)); min(X(:,2)) max(X(:,2))];

% Onpeodenenue HelpoHHOI cemu

net=newff(limit,[k 1],{"tansig’,"'purelin'}, methods_list{code,1}); % ‘traingda’)

% Huuyuanuzayus HeupoHHOI cemu
net=init(net);

% Ycmanoeka napamempos
net.trainParam.epochs=iter;
net.trainParam.lr=par_vec(1);
if(code==2)
net.trainParam.mc=par_vec(2);
elseif(code==3)
net.trainParam.lr_inc=par_vec(3);
net.trainParam.lr_dec=par_vec(4);
net.trainParam.max_perf_inc=par_vec(5);
end

% Ooyuenue HelponHoil cemu
[net,tr]=train(net,X,y);

Bropas pynkuus.
function [X,y]=mixt_model(m,S,P,N,sed)

rand(‘seed’,sed);
[l,c]=size(m);

P_acc=P(1);

for i=2:c
t=P_acc(i-1)+P(i);
P_acc=[P_acc t];

end

X=[l;
y=II;
for i=1:N
t=rand;
ind=sum(t>P_acc)+1;
X=[X; mvnrnd(m(:,ind)",S(:,:,ind),1)];

y=ly ind];
end
X=X";
Tpetbst QyHKIHS.

function pe=NN_evaluation(net,X,y)
yl=sim(net,X);
pe=sum(y.*y1<0)/length(y);
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Yersepras GyHKIUS.

function plot_NN_reg(net,bou,resolu,fig_num)

t=round(((bou(2)-bou(1))/resolu)+1);
t_vec=bou(1):resolu:bou(2);
t_vec=t _vec';
X1=[I;
for i=bou(1):resolu:bou(2)

X1=[X1; i*ones(t,1) t_vec];
end
X1=X1"
out_vec=2*(sim(net,X1)>0)-1;
figure(fig_num),
plot(X1(1,out_vec>0),X1(2,out_vec>0),'m.", X1(1,out_vec<0),X1(2,out_vec<0),'c.")

Anmapatypa W Marepuajbl. 64-pa3psaHbiii  (X64) mepcoHaNBHBIN
KOMIIBIOTEP, MpoLeccop ¢ TakToBOM yacTtoToil 1 I'T' u BhIlIe, onepaTuBHAS TAMSTh
1 I'6 u BbIIIEe, CBOOOHOE AUCKOBOE MpOCTpaHCTBO He MeHee 1 1'6, rpaduueckoe
ycrporictBo DirectX 9. Ilporpammuoe oOecriedeHHe: oONepalioHHas CHCTeMa
Windows 7 u Beitire, Matlab (R2013) u Bbiiie.

Yka3anne no texHuke 0e3omacHocTu. CaMOCTOATEIBHO HE MPOU3BOJUTH:
YCTAaHOBKY M YAAQJCHHE MPOrPaMMHOIO OOECIEUYEHUs; PEMOHT IEPCOHAIBHOIO
koMrbtoTepa. CoOmofaTh MpaBWia TEXHUYECKOW OKCIUTyaTallid W TEXHUKHU

0€30MacHOCTH MPHU PaboTe € IMEKTPOOOOPYAOBAHUEM.

MeToauka U MOPSIAOK BbINOJHEHHUsI padoThI
Pemuth coOCTBEHHBIN BapuaHT 1o oOpasiy npumMepa 1 n 2. HanBuayanbHbIE BapHaHTHI

MpeJICTaBIeHbI B Ta0nuie 4.4.

Ta6muma 4.4 — laauBuyanbHbIE BAPUAHTHI

1 TepBas 3amaga. PaccMoTpeTs 3agauy u3 npuMepa 1 ¢ mapamerpamu: mi = [0, 0]" u mz =
[1, 1]T n xoBaprarmorHEIME MaTpunamu S1 = Sz = 0.51, KonmdyecTBo marTepHOB 400, a He
200.

Bropas 3amaya. PaccmoTpeTs 3amady U3 npumepa 2 ¢ mapaMeTpamu: TOUYKH IPOUCXOMIST
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oT Tpex (ueThipex) ['aycCoBBIX pachpeac/icHH ¢ OJUHAKOBBIMH BEPOATHOCTAMH: [-3,

31, [2,-31"[7, 11" (-7, -71", [0, O]", [10, 107", [10, -71).

Iepsas 3amaua. PaccmoTpers 3amauy 3 npuMepa 1 ¢ mapamerpamu: my = [0, 0]' 1 mp =
[1.7, 1.5]" u xoBapuammonHeME MaTpuriamMu S1 = Sy = 0.11, kommuectBo narTeproB 200.
Bropas 3agaua. PaccmotpeTs 3a1auy u3 npuMepa 2 ¢ napameTpaMu: TOUKH IPOUCXOMAST
oT Tpex (ueTbipex) ['aycCoBBIX pachpeieieHuil ¢ OJHHAKOBBIMH BEpOSITHOCTSIMU: [-1.5,

2.5]", [3.5, -4.5] " [10, -3]" ([-6, -4]", [0, O], [6, 6]", [17, -8]").

IlepBas 3agaua. PaccMoTpers 3anauy u3 npumepa 1 ¢ mapamerpamu: mp = [-1, -1]7 u m
=[1.5, 1.5]" u koBapuanuonHEIME MaTpunamu S1 = Sy = 0.71, konudecTso narTepros 200.
Bropas 3agaua. PaccmotpeTs 3a1auy u3 npumepa 2 ¢ napameTpaMu: TOUKH IPOUCXOMAST

oT Tpex (deThipex) ['ayccoBhIX pacnpeneneHuii ¢ OTMHAKOBBIMHU BEPOSTHOCTMHU: [ -5, 5]T,
[7,-5]"[10, 1] ([-5, -6]", [1, 1.5]", [5.6, 5.9]", [15, -10]").

Ilepsas 3amaua. PaccmoTpers 3a1auy u3 npuMepa 1 ¢ mapamerpamu: mi = [3, 3]" u mp =
[1.5, 1.5]" u koBapuammonusiMu MaTpunamMu S1= Sy = 0.51, konuuectBo narrepHos 400.
Bropas 3agaua. PaccmotpeTs 3aady u3 npumepa 2 ¢ mapaMmeTpamu: TOYKUA MPOUCXOJISAT
oT Tpex (uerbipex) ['ayccoBBIX pacnpeneneHuii ¢ OMMHAKOBBIME BeposiTHOcTsiME: [-10,
51T, [5, -10]™[20, 0] ([-10, -10]", [0, O], [7, 5], [15, -6]").

Tepsas 3amaua. PaccmoTpers 3amauy n3 npuMepa 1 ¢ mapamerpamu: my = [0, 0] u mp =
[1.8, 1.8]" u koBapuarmonnsIMu MaTpunamu S1= Sp = 0.11, komruectBo matreproB 400.
Bropas 3agaya. PaccMoTpers 3a1auy U3 npumepa 2 ¢ mapaMeTpaMu: TOYKH MPOUCXOISIT
or Tpex (deThipex) ['ayccoBBIX pacrpe/eseHnuil ¢ OJMHAKOBBIMU BEPOSITHOCTSIMH: [-2,

21", [2,-21"[7, 01" ([-5, -5], [1, 1.5]", [6, 6.5]", [19, -5.5]").

Tlepsas 3amaua. PaccmoTpers 3amauy 3 npuMepa 1 ¢ mapamerpamu: my = [0, 0] u mp =
[1.5, 1.4]T Y KOBapHalMOHHBIMU MaTpuiiamu S1 = Sz = 0.31, konuuectBo martepHoB 200.
Bropas 3agaua. PaccMoTpeTs 3a1auy u3 npuMepa 2 ¢ napameTpaMu: TOUKH HPOUCXOAST

ot Tpex (ueTbipex) ['ayccoBBIX pacmpeaeseHuil ¢ OJHHAKOBBIMH BEPOSITHOCTIMU: [-5.5,
51", [6.7, -4.5]"[10, 01" ([-4, -4]", [1.1, 1.5], [5, 5], [20, -5]").

TlepBas 3an1aua. PaccMoTpeTh 3a1ady u3 npumMepa 1 ¢ mapamerpamu: my = [1.1, 0]T u m;
=[1.5, 1.9]" u xoBapuanmonHEIME MaTpunamu S1 = Sy = 0.21, KomudecTso maTTepHoB 200.
Bropas 3agaua. PaccMotpeTs 3aauy U3 npuMepa 2 ¢ napameTpaMu: TOUKH IPOUCXOMAST

oT Tpex (ueThIpex) 'ayccoBbIX pachpeieneHnii ¢ 0qUHAKOBBIMU BepOATHOCTAMHU: [-5, 5],
[5, -71" [10, O] ([-5, -5]", [1, 117, [8, 8]", [15, -9]").

Tepsas 3amaua. PaccmoTpers 3amauy n3 nmpuMepa 1 ¢ mapamerpamu: my = [0, 0] u mz =
[1.6, 1.6]" u koBapuammonHEIME MaTpuaMu S1 = Sy = 0.41, konuuecTBo narTepHOB 400.
Bropas 3amaua. PaccMoTpeTs 3amauy U3 mpumMepa 2 ¢ mapameTpaMu: TOUYKH MTPOUCXOJISAT
oT Tpex (deThipex) I'ayccoBBIX pacnpeenenHii C OMHAKOBBIME BEpOATHOCTSMY: [-5, 6],

[6,-5]"[12, 2] ([-6, -6]", [1, 1.4]", [5, 5], [19, -5]").

Conep:xkanue oTyeTa u ero popma
OTtuét mo nabopaTopHOil paboTe TODKEH COAEePkKATh CISAYIONIYI0 HH(OpMAIHIO:
1) HazBanue nabopaTopHOii pabOTHI U €€ HOMED.
2) ®UO u rpymnimy CTyAaHTa.
3) dopmynaupoBKa HHIMBHIYAIBHOTO 3aaHUs 1 HOMEP BapUaHTA.

4) OrtBer Ha 3a/1aHKE B BUJC KOJa U pe3yabTaTtoB padoTel Matlab.
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BonpocsI /151 321U THI PadoThI
1. Yem SVM oTnmuaercs OT ceTu MpsIMOTO PacIIpOCTPaHCHUS?
2. YUem SVM otnuyaercs oT nepcenTpoHa?

3. Uto Takoe onTUMaJbHas pa3acisiromas FI/IﬂepHJIOCKOCTI)?
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JlabopaTtopHas paborta Ne 5
[Tpumep coznanus u oOy4eHUs: HEHPOHHBIX ceTel AJid 3a/1a4 KiaaccupuKamu
B cpeae Matlab. Yacts 1

Leab u cogepxanmne padoThI: co3narh U O0YIUTh HECKOIBKO HEUPOHHBIX CETEH,
pelaroyX 331241 Kiaccu(ukanuy Ha npumepe 3a1a4u upucos duriepa u AByX CHHpaiei.
3agauu:
— pazo0parth pemieHue 3aaauu o0 upucax durepa;
— HAy4YUThCS 00y4aTh CETU C PA3HOM apXUTEKTYPOH U OTOMPATh U3 HUX HAMIY4IIHe Ha
npuMepe 3a1adu 00 upHcax;
— pa300path pernieHue 3aJa4i JBYX CIIHpaJIeH;
— HAY4YHUTbhCS NOJOUPATh PsIIl TAPAMETPOB ISl apXUTEKTYPhl HEHPOHHBIX CeTei Ha
OCHOBE 33J1aue O JABYX CIIAPAJIAX;
— HAYYHTBHCS CO3/[aBaTh CETH C TIOMOIIBIO pa3HbIX (hyHKIMH Matlab u 0o0y4aTh ux ¢
MIOMOIIIBIO PA3HBIX AJITOPUTMOB Ha OCHOBE 33]1aUH O JIBYX CITUPAISIX;

— pa306paTL Ko 06paTHOI‘O pacinpoCTpaHCHUs OIIMOKH AJIg 3a/1a4i O ABYX CIIMPAJIAX.

Teopernueckoe 000CHOBaHHE

B mpenpinymeit naboparopHoil paboTe paccMaTpUBAJIMCh OYEHb JIETKHE 3a]laud
KJIaccu(uKauy, TPUIEM TECTOBOE M BAIMIAIMOHHOE MHOXECTBO OTCYTCTBOBAIU. B aToi
nabopaTopHO# paboTe OyayT pacCMOTPEHBI JBa PEAIbHBIX TPUMEPA 3a/1auu KiIacCu(PUKaiuu.

IlepBas 3amava — 370 3ana4da upucos Pumepa. Mpucsl @umiepa coctoaT U3 gaHHbIX 0 150
9K3eMIUIsIpax upuca, mo 50 sxk3eMIussipoB U3 TpEx BuaoB — Mpuc merunuctsiii (Iris setosa), Upwuc

suprutckuii (Iris virginica), Upuc pasuorsernsiit (Iris versicolor), pucynok 5.1.

~d

Pucynok 5.1 — CneBa nanpaso: Iris versicolor, Iris virginica, Iris setosa

Kaxnpiif sK3eMIuisip TOro WM HMHOTO HMpUCa XapaKTePU30BAJICA YETHIPbMS UHCIaMH,
KOTOpBIE BBIpAXKalld OMNpeneiIEHHbIE XapaKTepUCTUKU IIBETKOB: JJIMHA HApY)KHOM J10JIK

oxosornBetHrka (sepal length), mmpuna HapyxHo#t monu okosonserHuka (Sepal width), mmna
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BHYTpeHHeH noiu okononserHuka (petal length), mmpuna BHyTpenHei nqonmm okononsernuka(petal
width); Bc€ B canTrmeTpax. Ha ocHOBaHHMM 3TOro Habopa MaHHBIX TPEOYETCS MOCTPOUTH MPABHIIO
KJIACCU(UKALIMK, ONpPEIENSIIoNIee BUJI pACTCHHS IO JaHHBIM HW3MEpPeHHWi. OJTO 3aaaya
MHOTOKJIACCOBOM KiTaccu(UKAIH, T.K. HMEIOTCS TPU BUA UPHCA.

Bce nannbie s maHHOW 3amavu puBeaeHBl B Tabiuie 5.1. iMeHHo B momoOHOM BuUIE
3aMuChIBaeTCs OOJBIIMHCTBO 3ajau kiaccudukanuu. CTout oOpaTuTh BHUMAaHUE, YTO JaHHBIC
MIPUBE/ICHBI B BEIIECTBEHHOM QopMaTe, TJe pa3felUTeIeM CIYKUT 3amsaTas, a He To4yka. JTO
cAenaHo A Toro, yToOsl Excel mpaBuIbsHO MHTEPIIPETUPOBAIT BEIIECTBEHHBIC YHCTIA, T.K. B ATON
cpelie pa3ieluTeNb — 3amsTas, a TOYKa OOBIYHO UCIIOJIb3YETCs IS 3aMUCH JIaThI.

Tabmuma 5.1 — Jlannasie a1 3agaun upucoB duiiepa

Ne | Sep | Sepa | Petal | Petal | Species Ne | Sepa | Sepa | Petal | Petal | Species
1 51 3,5 14 0,2 I, setosa 76 6,6 3,0 4.4 1,4 | I versicol
2 49 3,0 14 0,2 I, setosa 77 6,8 2,8 4,8 1,4 | I versicol
3 | 47 3,2 1,3 0,2 I, setosa 78 | 6,7 3,0 5,0 1,7 | I versicol
4 | 46 3,1 1,5 0,2 I, setosa 79 | 6,0 2,9 45 1,5 | I versicol
5 | 50 3,6 1,4 0,2 I, setosa 80 | 57 2,6 3,5 1,0 | . versicol
6 | 54 3,9 1,7 0,4 I, setosa 81 | 55 2,4 3,8 1,1 | L. versicol
7 | 4,6 3,4 1,4 0,3 I, setosa 82 | 55 2,4 3,7 1,0 | L. versicol
8 | 50 3,4 1,5 0,2 I, setosa 83 | 58 2,7 3,9 1,2 | I versicol
9 | 44 2,9 14 0,2 I, setosa 84 | 6,0 2,7 51 1,6 | I versicol
10 | 49 3,1 1,5 0,1 I, setosa 85 | 54 3,0 45 1,5 | I versicol
11 | 54 3,7 1,5 0,2 I, setosa 86 | 6,0 3,4 45 1,6 | I versicol
12 | 48 3,4 1,6 0,2 I, setosa 87 | 6,7 3,1 4,7 1,5 | I versicol
13 | 4.8 3,0 1,4 0,1 I, setosa 88 | 6,3 2,3 4.4 1,3 | . versicol
14 | 4,3 3,0 1,1 0,1 I, setosa 89 | 56 3,0 4,1 1,3 | I versicol
15 | 5,8 4,0 1,2 0,2 I, setosa 90 | 55 2,5 4,0 1,3 | I versicol
16 | 5,7 4,4 1,5 0,4 I, setosa 91 | 55 2,6 4.4 1,2 | I versicol
17 | 54 3,9 1,3 0,4 I, setosa 92 | 6,1 3,0 4,6 1,4 | I. versicol
18 | 5,1 3,5 14 0,3 I, setosa 93 | 58 2,6 4,0 1,2 | I. versicol
19 | 5,7 3,8 1,7 0,3 I, setosa 94 | 50 2,3 3,3 1,0 | I versicol
20 | 5.1 3,8 15 0,3 I, setosa 95 | 5,6 2,7 42 1,3 | I versicol
21 | 54 3,4 1,7 0,2 I, setosa 96 | 5,7 3,0 4,2 1,2 | l. versicol
22 | 51 3,7 15 0,4 I, setosa 97 | 5,7 2,9 4,2 1,3 | I versicol
23 | 4,6 3,6 1,0 0,2 I, setosa 98 | 6,2 2,9 4,3 1,3 | . versicol
24 | 5,1 3,3 1,7 0,5 I, setosa 99 | 51 2,5 3,0 1,1 | L. versicol
25 | 4.8 3,4 1,9 0,2 I, setosa | 100 | 5,7 2,8 41 1,3 | I versicol
26 | 50 | 3,0 1,6 0,2 I, setosa | 101 | 6,3 3,3 6,0 2,5 | L. virginic
27 | 50 | 34 1,6 0,4 |, setosa | 102 | 5,8 2,7 51 1,9 | I.virginic
28 | 52 | 35 1,5 0,2 |, setosa | 103 | 7,1 3,0 5,9 2,1 | l. virginic
29 | 52 | 34 1,4 0,2 |, setosa | 104 | 6,3 2,9 5,6 1,8 | I virginic
30 | 4,7 3,2 1,6 0,2 |, setosa | 105 | 6,5 3,0 5,8 2,2 | L. virginic
31| 48 | 31 1,6 0,2 |, setosa | 106 | 7,6 | 3,0 6,6 2,1 | L. virginic
32 | 54 | 34 1,5 0,4 |, setosa | 107 | 49 | 25 4,5 1,7 | l.virginic
33 | 52 4,1 1,5 0,1 |, setosa | 108 | 7,3 2,9 6,3 1,8 | I.virginic
34 | 55 | 4.2 1,4 0,2 |, setosa | 109 | 6,7 | 2,5 5,8 1,8 | I.virginic
35| 49 3,1 1,5 0,2 |, setosa | 110 | 7,2 3,6 6,1 2,5 | L. virginic




36 | 50 | 3,2 1,2 0,2 |, setosa | 111 | 6,5 3,2 51 2,0 | L. virginic
37| 55 | 35 1,3 0,2 |, setosa | 112 | 6,4 | 2,7 5,3 1,9 | 1. virginic
38 | 49 | 3,6 1,4 0,1 |, setosa | 113 | 6,8 | 3,0 55 2,1 | L. virginic
39 | 44 | 3,0 1,3 0,2 |, setosa | 114 | 57 | 2,5 5,0 2,0 | I virginic
40 | 51 | 34 1,5 0,2 l,setosa | 115 | 58 | 28 51 2,4 | L. virginic
41 | 50 | 35 1,3 0,3 l,setosa | 116 | 6,4 | 3,2 53 2,3 | L. virginic
42 | 45 | 23 1,3 0,3 |, setosa | 117 | 6,5 | 3,0 55 1,8 | I.virginic
43 | 44 | 3,2 1,3 0,2 |, setosa | 118 | 7,7 | 3,8 6,7 2,2 | L. virginic
44 | 50 | 35 1,6 0,6 |,setosa | 119 | 7,7 | 2,6 6,9 2,3 | L. virginic
45| 51 | 3.8 1,9 0,4 I, setosa | 120 | 6,0 2,2 5,0 1,5 | I virginic
46 | 48 | 3,0 1,4 0,3 |,setosa | 121 | 6,9 | 3,2 5,7 2,3 | L. virginic
47 | 51 | 38 1,6 0,2 |, setosa | 122 | 56 | 2,8 4,9 2,0 | L. virginic
48 | 46 | 3,2 1,4 0,2 |, setosa | 123 | 7,7 | 2,8 6,7 2,0 | I virginic
49 | 53 | 3,7 1,5 0,2 |, setosa | 124 | 6,3 | 2,7 4,9 1,8 | . virginic
50 | 50 | 3.3 1,4 0,2 |, setosa | 125 | 6,7 | 3,3 5,7 2,1 | I virginic
51 | 70 | 3,2 4,7 1,4 | 1, versicol | 126 | 7,2 | 3,2 6,0 1,8 | I.virginic
52 | 64 | 3.2 4,5 1,5 | I, versicol | 127 | 6,2 | 2,8 4.8 1,8 | . virginic
53| 69 | 31 4,9 15 | I, versicol | 128 | 6,1 | 3,0 4,9 1,8 | . virginic
54 | 55 | 23 4,0 1,3 | I,versicol | 129 | 6,4 | 2,8 5,6 2,1 | L. virginic
55 | 65 | 2,8 4,6 1,5 | I,versicol | 130 | 7,2 | 3,0 5,8 1,6 | I. virginic
56 | 5,7 | 2,8 4,5 1,3 | I,versicol | 131 | 74 | 2,8 6,1 1,9 | I virginic
57 | 63 | 3.3 4,7 1,6 | I,versicol | 132 | 79 | 3,8 6,4 2,0 | I virginic
58 | 49 | 24 3,3 1,0 | I,versicol | 133 | 64 | 2,8 5,6 2,2 | | virginic
59 | 6,6 | 29 4,6 1,3 | I,versicol | 134 | 6,3 | 2,8 51 1,5 | I virginic
60 | 5,2 2,7 3,9 1,4 | I, versicol | 135 | 6,1 2,6 5,6 1.4 . virginic
61 | 50 | 20 3,5 1,0 | I, versicol | 136 | 7,7 | 3,0 6,1 2,3 | L. virginic
62 | 59 | 30 4,2 1,5 | I,versicol | 137 | 6,3 | 34 5,6 2,4 | 1. virginic
63 | 6,0 | 2.2 4,0 1,0 | I, versicol | 138 | 6,4 | 3,1 55 1,8 | I.virginic
64 | 6,1 | 29 4,7 1,4 | 1,versicol | 139 | 6,0 | 3,0 4,8 1,8 | I.virginic
65 | 56 | 29 3,6 1,3 | I,versicol | 140 | 6,9 | 3,1 54 2,1 | L. virginic
66 | 6,7 | 31 4,4 1,4 | I,versicol | 141 | 6,7 | 3,1 5,6 2,4 | 1. virginic
67 | 56 | 3,0 4,5 15 | I,versicol | 142 | 6,9 | 3,1 51 2,3 | L. virginic
68 | 58 | 2,7 4,1 1,0 | I,versicol | 143 | 58 | 2,7 51 1,9 | I virginic
69 | 6,2 2,2 45 15 I, versicol | 144 | 6,8 3,2 59 2,3 . virginic
70 | 56 | 25 3,9 1,1 | I, versicol | 145 | 6,7 | 3,3 57 2,5 | L virginic
71| 59 | 32 4,8 1,8 | I, versicol | 146 | 6,7 | 3,0 5,2 2,3 | L. virginic
72 | 6,1 | 28 4,0 1,3 | I, versicol | 147 | 6,3 2,5 5,0 1,9 | L virginic
73| 63 | 25 4,9 1,5 | I,versicol | 148 | 6,5 3,0 5,2 2,0 | L virginic
74 | 6,1 2,8 4.7 1,2 I, versicol | 149 | 6,2 3,4 54 2,3 . virginic
75| 64 | 29 4,3 1,3 | I,versicol | 150 | 5,9 3,0 51 1,8 | I.virginic

HaHHaH BBI60pKa Mo Upucam SBJISACTCA OJHOM M3 KJIAaCCHYECKHX 3amad KJIaCCI/I(I)I/IKaI_II/II/I.

UTOOBI OLIEHUTH CIOXKHOCTHh PA3JACIMMOCTH KJIACCOB, MOXXHO OTOOPAa3WUTh TOYKU B MPOCTPAHCTBE

IMPU3HAKOB. Tak kax Ka)K}IBII\/'I HIBETOK XapaKTCPU3YETCA YCTBIPbMA YUCIIAMH, TO MCKOMas TOYKa

JEKUT B 4-X MEPHOM IPOCTPAHCTBE, OTOOPA3UTh HEJB35, HO MOXKHO OTOOpa3uTh OT JABYX M OT

Tpéx nmapameTrpoB. Ha pucynke 5.2 mpuBeneHO pacnoyioKEHUE KJIACCOB B 3aBUCUMOCTH OT JABYX

nmapameTpoB, Ha PUCYHKE 5.3 — OT TPEX MmapamMeTpoB.
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napametpos: petal width u petal length
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Pucynok 5.3 — Pacnionoxenue 3k3eMILIIpOB Ki1accoB UprucoB duiepa B 3aBUCUMOCTH OT TPEX

napameTpos: petal width, petal length, sepal width

W3 pucynkoB BuaHO, uTO Iris setosa (Ha pucyHke 5.2 — CHHME KPECTUKH, Ha PUCYHKe 5.3 —
KpacHbI€ KPECTHKHN) JIMHEWHO OTAENINM OT JIBYX JAPYIHMX KJIacCOB, KOTOPBIE HE CIMIIKOM CHIIBHO
cMemaHbl Mexay coOoif. T.e. 3amadya He CIHMIIKOM CIIOXHAs, KXl KJIacC HMMEET SPKO
BBIPaXEHHBI COOCTBEHHBIN LIEHTP B IPOCTPAHCTBE MTPU3HAKOB.

Bropas 3agaua — 370 3aa4a 0 ciMpalsix, KOTOpbIe HYKHO pa3fenuTb. OObIYHO UMeEeTCs B
BUJYy JIBa KJlacca, IK3EMILUIP KaKJOro Kijacca — 3TO TOYKA B IBYMEPHOM NPOCTPAHCTBE, KaXAbIi
KJlacC — 3TO OJIHA M3 HeNepeceKaroluxcsi cnupanelt, pucyHok 5.4. COOTBETCTBEHHO HYXHO

OTAEJUThH OAHY CIIUPATIb OT JPYTOH.
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Pucynok 5.4 — JIBe HenepeceKaromuecs: CIupain

OTa 3amada — NPUMEP CHUHTETUYECKHUX (CT€HEPHPOBAHHBIX YEJIIOBEKOM) JaHHBIX. EcTh
pa3HbIe BApUAHTHI TOM 3a/1auu: 3 ciupaiy, S ciupaieu u T.1.

[Ipumep nsiTH crimpaeid mpuBeIEéH Ha pUCYHKE 5.5.

Training Data

Pucynok 5.5 — ITath criupaneit

COOTBETCTBEHHO peIIeHUE I IMOAOOHBIX 3amad OymeT mpeactaBisaTh u3 ceds N
CIIUPATIEBUIAHBIX TIOBEPXHOCTEH M3 CUTMOWJ, Ha BEPIIMHE KAKIOW JISKHUT HYKHBIH KJacc, a B
J0KOMHE BCEe OCTalbHBIE KIacchl. [IprMep Takoi MOBEpXHOCTH JUIA MATU CIHpaliell MOKa3aH Ha
pucyHke 5.6 (IOBEpXHOCTh OTOOpaKaeTCsl B JAHHOM CiIydae 4epe3 OTBEThI CETH, MOKPANICHHBIC B

pa3HBIA LIBET).
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— J10>k0MHa /1715 IEPBOM CIUPAIH, KPACHBINA IIBET — BO3BBIIIEHHOCTb JUIsl BTOPON CIIUPAJIH.

Pucynox 5.6 — Paznenenue nsatu cimpanei

Ha pucynke 5.7 nmoka3an nmpumep MOBEPXHOCTH OTKJIMKA YISl IBYX CIUpAJIC, CHHUHN LIBET

Pucynok 5.7 — IToBepXHOCTb OTKJIMKA JUIS 33]]a4¥ O pa3fiefIeHUH JBYX CIUpaien

g Toro, uTtoObl JEeTallbHO pa300paThCsi KaK MPOMCXOAMUT IOCTPOEHUE IOBEPXHOCTH

OTKJIMKa CMOTPUTC NPUIIOKCHUC 1.

B oTanuwme ot 3agau IEpBOr'o KiracCa, KOTOPLIC BCTPCUAOTCA B peanLHoﬁ «IpUPOAL», TAKHEC

3anaun Uit MTHC ciioskHbl M co371aHbl TJIaBHBIM 00pa3oM JIjisi TECTUPOBAHMSI MOIIIHOCTH TOM WM

uHoti cetu (Taxk, s Aty crimpaneit Tpedyercst 6ompire 16000 smox oOyueHws).

3amaya 0 ABYX CHMpalsx nosBuiach Boepsblie B [1]. B crarbe Taxke npusenén xox Ha C mo

TCHCPUPOBAHUIO DTOT'O Ha6opa JaHHBIX.

B Tabnure 5.2 mpuBeAeHBI TaHHBIC JUTS 33/1a49H JIBYX CITUpAJICH.

Tabnuma 5.2 — JlanHble A7s 337244 O Pa3JeNIeHUH IBYX CIIUpayen

Ne X y Class Ne X y Class
1 6,5 0 1 98 3,5 0,00008 -1

2 -6,5 0 -1 99 -3,37143 | -0,6707 1

3 6,3138 1,2559 1 100 3,37143 0,6707 -1

4 -6,3138 -1,2559 -1 101 -3,11806 | -1,29163 1

5 5,88973 2,43961 1 102 3,11806 | 1,29163 -1

6 -5,88973 -2,43961 -1 103 -2,7542 | -1,84039 1

7 5,24865 3,50704 1 104 2,7542 1,84039 -1

8 -5,24865 -3,50704 -1 105 -2,29804 | -2,29815 1
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9 4,41941 4,41943 1 106 2,29804 | 2,29815 -1
10 -4,41941 -4,41943 -1 107 -1,77082 | -2,65035 1
11 3,43758 5,14473 1 108 1,77082 | 2,65035 -1
12 -3,43758 -5,14473 -1 109 -1,19581 | -2,88715 1
13 2,34392 5,65877 1 110 1,19581 | 2,88715 -1
14 -2,34392 -5,65877 -1 111 -0,59739 | -3,00367 1
15 1,18272 5,94601 1 112 0,59739 | 3,00367 -1
16 -1,18272 -5,94601 -1 113 0,00008 -3 1
17 -0,00002 6 1 114 -0,00008 3 -1
18 0,00002 -6 -1 115 0,57315 | -2,88104 1
19 -1,15837 5,82341 1 116 -0,57315 | 2,88104 -1
20 1,15837 -5,82341 -1 117 1,10029 | -2,65612 1
21 -2,24829 5,42778 1 118 -1,10029 | 2,65612 -1
22 2,24829 -5,42778 -1 119 15626 | -2,33847 1
23 -3,22928 4,8329 1 120 -1,5626 | 2,33847 -1
24 3,22928 -4,8329 -1 121 1,9446 | -1,94449 1
25 -4,06589 4,06584 1 122 -1,9446 | 1,94449 -1
26 4,06589 -4,06584 -1 123 2,23462 | -1,49303 1
27 -4,729 3,15978 1 124 -2,23462 | 1,49303 -1
28 4,729 -3,15978 -1 125 2,42521 | -1,00447 1
29 -5,19684 2,15256 1 126 -2,42521 | 1,00447 -1
30 5,19684 -2,15256 -1 127 2,51328 | -0,49985 1
31 -5,45563 1,08515 1 128 -2,51328 | 0,49985 -1
32 5,45563 -1,08515 -1 129 2,5 0,00007 1
33 -5,5 -0,00004 1 130 -2,5 -0,00007 -1
34 5,5 0,00004 -1 131 2,39065 0,4756 1
35 -5,33301 -1,06085 1 132 -2,39065 | -0,4756 -1
36 5,33301 1,06085 -1 133 2,19419 | 0,90894 1
37 -4,96584 -2,05696 1 134 -2,19419 | -0,90894 -1
38 4,96584 2,05696 -1 135 1,92273 | 1,28482 1
39 -4,41716 -2,95151 1 136 -1,92273 | -1,28482 -1
40 4,41716 2,95151 -1 137 1,59094 | 1,59104 1
41 -3,71228 -3,71234 1 138 -1,59094 | -1,59104 -1
42 3,71228 3,71234 -1 139 1,21525 | 1,81888 1
43 -2,88198 -4,31328 1 140 -1,21525 | -1,81888 -1
44 2,88198 4,31328 -1 141 0,81314 | 1,96327 1
45 -1,9612 -4,7349 1 142 -0,81314 | -1,96327 -1
46 1,9612 4,7349 -1 143 0,40231 | 2,02288 1
47 -0,98759 -4,96524 1 144 -0,40231 | -2,02288 -1
48 0,98759 4,96524 -1 145 -0,00007 2 1
49 0,00006 -5 1 146 0,00007 -2 -1
50 -0,00006 5 -1 147 -0,37805 | 1,90026 1
51 0,96331 -4,84262 1 148 0,37805 | -1,90026 -1
52 -0,96331 4,84262 -1 149 -0,71759 | 1,73225 1
53 1,86564 -4,50389 1 150 0,71759 | -1,73225 -1
54 -1,86564 4,50389 -1 151 -1,00702 1,507 1
55 2,67373 -4,00141 1 152 1,00702 -1,507 -1
56 -2,67373 4,00141 -1 153 -1,23748 | 1,23739 1
57 3,3588 -3,35871 1 154 1,23748 | -1,23739 -1
58 -3,3588 3,35871 -1 155 -1,40314 | 0,93748 1
59 3,89755 -2,60418 1 156 1,40314 | -0,93748 -1
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60 -3,89755 2,60418 -1 157 -1,50133 | 0,62181 1
61 4,27297 -1,76985 1 158 1,50133 | -0,62181 -1
62 -4,27297 1,76985 -1 159 -1,53249 | 0,30477 1
63 4,47485 -0,89004 1 160 1,53249 | -0,30477 -1
64 -4,47485 0,89004 -1 161 -1,5 -0,00006 1
65 4,5 0,00007 1 162 1,5 0,00006 -1
66 -4,5 -0,00007 -1 163 -1,40987 | -0,28049 1
67 4,35222 0,86578 1 164 1,40987 | 0,28049 -1
68 -4,35222 -0,86578 -1 165 -1,27031 | -0,52624 1
69 4,04195 1,6743 1 166 1,27031 | 0,52624 -1
70 -4,04195 -1,6743 -1 167 -1,09128 | -0,72923 1
71 3,58567 2,39595 1 168 1,00128 | 0,72923 -1
72 -3,58567 -2,39595 -1 169 -0,88385 | -0,88392 1
73 3,00515 3,00525 1 170 0,88385 | 0,88392 -1
74 -3,00515 -3,00525 -1 171 -0,6597 -0,9874 1
75 2,32639 3,48182 1 172 0,6597 0,9874 -1
76 -2,32639 -3,48182 -1 173 -0,43048 | -1,03938 1
77 1,5785 3,81103 1 174 0,43048 | 1,03938 -1
78 -1,5785 -3,81103 -1 175 -0,20724 | -1,04209 1
79 0,79248 3,98445 1 176 0,20724 | 1,04209 -1
80 -0,79248 -3,98445 -1 177 0,00004 -1 1
81 -0,00007 4 1 178 -0,00004 1 -1
82 0,00007 -4 -1 179 0,18293 | -0,91948 1
83 -0,76824 3,86183 1 180 -0,18293 | 0,91948 -1
84 0,76824 -3,86183 -1 181 0,33488 | -0,80838 1
85 -1,48297 3,58 1 182 -0,33488 | 0,80838 -1
86 1,48297 -3,58 -1 183 0,45143 | -0,67555 1
87 -2,11817 3,16994 1 184 -0,45143 | 0,67555 -1
88 2,11817 -3,16994 -1 185 0,53035 | -0,53031 1
89 -2,6517 2,6516 1 186 -0,53035 | 0,53031 -1
90 2,6517 -2,6516 -1 187 0,57165 | -0,38193 1
91 -3,06609 2,0486 1 188 -0,57165 | 0,38193 -1
92 3,06609 -2,0486 -1 189 0,57744 | -0,23915 1
93 -3,34909 1,38716 1 190 -0,57744 | 0,23915 -1
94 3,34909 -1,38716 -1 191 0,5517 | -0,10971 1
95 -3,49406 0,69493 1 192 -0,5517 | 0,10971 -1
96 3,49406 -0,69493 -1 193 0,5 0,00002 1
97 -3,5 -0,00008 1 194 -0,5 -0,00002 -1

Paccmotpum Ha mpumepe pemieHus 3amauud upucoB Dumiepa oOmmii anroput™ mnoadopa
HEHPOHHOW CETU K paHee HEU3BECTHOM 3a7a4e.

He cymectByer Hamé&XHBIX MaTeMaTHYeCKUX (OPMYIN, C TMOMOIIBI0 KOTOPHIX MOKHO
OJIHO3HAYHO MO00paTh ontuMaibHyto cTpykTypy MHC k 3amade (a Te, 4TO €CTh — JAJIst MPOCTHIX
ceTell U He Bcerja JaloT KaueCTBEHHBIN pe3ynbrar). [loaToMy *kenaTenbHO OTTaIKUBATHCS OT yiKe
TOTOBBIX PELICHHUI 3TOW WM MOXOXeH 3aaad. J[onycTuM, MONydYnuTh HAYAJIBHYIO CTPYKTYPY CETH
Ut 3a1a4u 00 MpHcax MOKHO C TOMOINBIO KOMaHJbI nnstart, ¥ BeIOOpa JaHHOW BHIOOPKH W3

cranaaptHeix mpumepoB Matlab (B paspmene knmaccugukarnmum). Ho mpeamonoxum, 4To HaM He
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yaJI0Ch MONMYYUTh HUKAKUX HACH O TOM, Kakasl JIOJDKHA OBITh CeTh. TOrJa €IMHCTBEHHBIN MYTh
METOIOM Tiepebopa: 00y4nTh HEKOE KOJIMYECTBO CETEH M M3 HUX BHIOpPATh CETh C ONTHMAaJIbHOMN
CTPYKTYpOl.

OOmuii Tutan paboTel OyAeT TaKoi:

1) Pa3buBacM HCKOMYIO BBIOOPDKY Ha TPH ITOAMHOXECTBA: oOOydaroliee, TECTOBOE,
BaJIMIaLlMOHHOE (TOT cillydai, KOrja 3TO MOAMHOXECTBO OYJIET MOJIE3HBIM).

2) Iepebupaem 257 cereii 06meit cTpykTyphl 4-i-j-3, rae i, j = 1..25. JIBa CKPBITBIX CJI0S — 3TO
KOHEYHO M3JIMIIECTBO JJIs TaHHOM 3a/1a4K, HO OHU MPUBECHBI ISl JEMOHCTpAIMK 00JIee MOJIHOTO
nepebopa. B mepebope ucmonb3yeM Ui KOHTPOJIS OT MepeoOydeHHUs] TOJBKO BalHMIAIIMOHHYIO
BBIOOPKY. 3alIOMHHAEM CETh C HAMIIYYIIUMH 1, j (TAKUX CETEH MOXET ObITh HECKOJIBKO, IIOATOMY
3allOMUHAEM eII€ M C HAUMEHBIIUMH | 1 J). «HauaydiuecTsb» ceTH OnpeaesnsieTcs Mo KOJIUYECTBY
pacro3HaHHBIX MATTEPHOB Ha BAJMIAIIMOHHON BBHIOOPKE: YeM OOJIbIIE PacIiO3HAHN, TEM JIyYIlle.

3) Janee obObeauHseM oOydaroliee W BaIMIAIIMOHHOE MHOXKECTBO B HOBOE OOydaroliee, u
YYUM Hallly BbIOpaHHYIO CeThb (4-iconst-jeonst-3). B KadecTBe KOHTPOJS HCIOJIB3yeM TECTOBOEC
MHOYECTBO, KOTOPOE Terepb (hOpMaIbHO Oy/IeT HOBBIM BaJIUIaIIMOHHBIM.

Kak BUIHO, TECTOBOE MHO>KECTBO HE MCIOJIB3YETCS B MPOLECCE IMOA00pa CTPYKTYPHI CETH,
3TO CHEJIaHO AJIs TOro, YTOOBl ATO MHOXECTBO HE cTajo apredakroM OOYy4YeHHs, a OCTaloCh
00BEKTHBHOI MepOH OIeHKH KauecTBa 00ydeHMs. Eciu ke cTpyKTypa ceTH M3BEeCTHa cpasy WU
KOJINYECTBO BO3MOXKHBIX CTPYKTYP, U3 KOTOPBIX IPOUCXOIUT BBIOOP, Oy/1€T HEOOIBIINM, TO MOKHO
BaIMJAIIMOHHYIO BEIOOPKY HE MCIIOJIb30BaTh, a Cpa3y OMTh BCE JaHHBIC HAa 00YUAIOIIYIO U TECTOBYIO
BBIOOPKH.

JIMcTUHT TIpOorpaMMbI ¢ KOMMEHTapusiMu npuBenéH Hmxke. [Iporpamma cocraBieHa 0e3
MCIOJIb30BaHUs KaKOH-TH00 MOAYIBHOCTH (TIpoLeayp, pyHKimii, 6nOIMOTEK-MOAYIEH).

% 3azpy3ka évloopKu

load fisheriris;

% pucyem nammepnwt knaccoe om sepal length u sepal width
gscatter(meas(:, 1), meas(:, 2), species, 'rgb’, ‘osd’);
xlabel(*Sepal length’);

ylabel(*Sepal width');

% 0béM ucKkoMyI0 6b100PKY HA MPU YACMU: MECM060€, AIUOAUUOHHOE U
% oobyuarouiee mnoxicecmeo

collndx = 1:4;

trainSeto = meas(1:35, collndx);

trainVers = meas(51:85, collndx);

trainVirg = meas(101:135, collndx);

valSeto = meas(36:43, collndx);

valVers = meas(86:93, collndx);

valVirg = meas(136:143, collndx);



testSeto = meas(44:50, collndx);
testVers = meas(94:100, collndx);
testVirg = meas(144:150, collndx);
% popmupyem omeemut yuumensn

a=[-1-1+1];
b=[-1+1-1]"
c=[+1-1-1];

% 3ano060 00veduHnsem 6ce MHOICECHBA 8 OOHO, HO RAMMEPHDL YIHCe
%pacnwmealomc;l 6 HYHCHOM Ham nopﬂOKe U OHO MPAHCNOHUPOBGAHO
initSet = [trainSeto’ trainVers' trainVirg' valSeto’ valVers' valVirg' testSeto' testVers'
testVirg'];
T = [repmat(a, 1, length(trainSeto)) repmat(b, 1, length(trainVers)) repmat(c, 1,
length(trainVirg)) repmat(a, 1, length(valSeto)) repmat(b, 1, length(valVers)) repmat(c, 1,
length(valVirg)) repmat(a, 1, length(testSeto)) repmat(b, 1, length(testVers)) repmat(c, 1,
length(testVirg))];
% oghopmnsem omeemol u mpancnoHupyem mpu HOOMHOICECM A
trainSet = [trainSeto’ trainVers' trainVirg'];
trainT = [repmat(a, 1, length(trainSeto)) repmat(b, 1, length(trainVers)) repmat(c, 1,
length(trainVirg))];
valSet = [valSeto’ valVers' valVirg'];
valT = [repmat(a, 1, length(valSeto)) repmat(b, 1, length(valVers)) repmat(c, 1,
length(valVirg))];
testSet = [testSeto’ testVers' testVirg'];
testT = [repmat(a, 1, length(testSeto)) repmat(b, 1, length(testVers)) repmat(c,1,
length(testVirg))];
% unuyuanuzupyem HeKoOmopvle Ha4a1bHble NEPEMEHHbIE neped 00yueHuem
size = 25;
trainCor = zeros(size, size);
valCor = zeros(size, size);
MAX = 0;
max_i =0;
max_j = 0;
% nepebupaem 803morcHble CMPYKmMypbl cemeil U nPO8OOUM 0dyuenue
for i = 1:size,
for j = 1:size,
net = newff(initSet, T, [i j], {"tansig’ "tansig" "tansig’}, 'trainbfg’);
net = init(net);
% oumo 6yoem uepe3 ouanazonvl UHOEKCOB
net.divideFcn = 'divideind";
% o012 oOyuarowezo muosrcecmea
net.divideParam.trainind = 1:105;
% ona eanudauuonnozo
net.divideParam.vallnd = 106:129;
% maxcumanvbroe KOIUUECmeo ouinboK Ha aaﬂanuuouuwn
% mHodHCECMBE, UMEEmCA 66UJY, YN0 OUWIUOKA 00yUeHUs nadaem,
% a omuoka na eaﬂudauuouuom Muoofcecmeepacmé'm
net.trainParam.max_fail = 2;
% obyuaem cemo
[net, tr] = train(net, initSet, T);
% nojiyuaem omeemasl cemu Ha 06yuaromet? yacmu
Y =sim(net, trainSet);
% nojtiyuaem omeembl cemu Ha 8(1]1”0(”(“0)‘"-!012 yacmu
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en
end

figure

Z = sim(net, valSet);
% evicuumuieaem npouénm npasuibHblX omeenmoes
col =0;
for k = 1:length(trainSet)
% npouenm npaguibHbIX OMEEN 06 ONPEOEIACHICA Yepe3 e6KAU0060
%paccmo;mue MleCOy omeemom yvumenia u Omeemom cemu,
% eenuuuna pacxoxcoenusn — ne 6onee 0.01
if norm(trainT(k)-Y(k)) < 0.01
col =col + 1;
end
end
trainCor(i, j) = 100 * col / length(trainT);

col =0;
for k = 1:length(valT)
if norm(valT(k)-Z(k)) < 0.01
col =col + 1;
end
end
valCor(i, j) = 100 * col / length(valT);
% onpedeJmeM MAKCUMA/IbHOE KoJiluduecmeo omeemaoe, npuuém
% coxpansiem cemvb ¢ MUHUMAILHOL ApXUMeEKmMypoil (6 yciosuu
% ucnonvzyem “>”, a ne “>="
if valCor(i, j) > MAX
MAX = valCor(i, j);
max_i =1i;
max_j = j;
end
d

% pucyem nonyuuguiueca mampuyol

surf(l
% 6 3-

:size, 1:size, trainCor);
D

view(3)

% ¢ 2-

D

view(2)

figure
surf(l

:size, 1:size, valCor);

view(2);

% yuum evlopannyro cemov 00 mex nop, NOKa KOau4ecmeo npasuibHblxX

% omeemoe na écex upucax ne cmanem ooavure 90%

Q =10;

while

(Q <90)

net = newff(initSet, T, [max_i max_j], {"tansig’ ‘tansig" "tansig’}, 'trainbfg’);

net = init(net);
net.divideFcn = "divideind’;
% o0veounsem odyuarowiee u 8anUdAUUOHHOE MHONCECM B0
net.divideParam.trainind = 1:129;
% Ho60€ sanuoayUOHHOE MHOXMCECE0 menepb mo, Ymo ObL1o
% 3apezepsuposarno noo mecmosoe
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net.divideParam.vallnd = 130:150;
net.trainParam.max_fail = 3;
[net, tr] = train(net, initSet, T);
Z1 = sim(net, initSet);
col =0;
for k = 1:length(T)
if norm(T(k)-Z1(k)) <0.01
col =col + 1;
end
end
Q =100 * col / length(T);
end

CHauana BBIBCJIEM PACTIPCACIICHNUEC KJIACCOB, PE3YJIbTAT IIOKA3aH Ha PUCYHKE 5.8.

4] Figure 1 = |
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Pucynox 5.8 — Pactipenenenue narTepHOB KJIACCOB B 3aBUCUMOCTH OT JBYX MapaMeTpoB: sepal

width u sepal length

3areM pa300bEM HMCXOJHOE MHOKECTBO Ha TPH BBIOOPKHU: BaJHMJIALMOHHOE, TECTOBOE,
oOyuaromee. Kaxxapiit kinacc npeacrasien 50 marrepHamu, 35 U3 HUX OCTaBUM Ui oOydaroei
BBIOOPKH, 8 — JUIS BATMTANIMOHHON U 7 — JIJISl TECTOBOM.

CToUT OTMETHUTB, YTO pa30uTHE BEIOOPKU HA TP MHOKECTBA — CephE3HOE /1e10. B yueOHoM
3ajau€ MOKHO OOOHTHCH MPOCTHIMU JAMANIA30HAMU HE YIIIyOJssiCh B TO, KaKUe JIaHHbIE MOMAIyT B
9TH JMana3oHbl, B pealibHbIX K€ 3a/Jayax Tak OUTh Henb3s. B ogHM Auamna3oHbl MOTyT MOMNAacThb
KpYIIHbIE BBHIOPOCHI (HETUIHMYHBbIE 3HAYEHMsI), B JAPYrue — ycpenHEHHbIe NaHHbIe. B pesynbrare
MOYET TOJIyUYUThCS, YTO, JOIMYCTUM, BAIMJAIIMOHHAS U TECTOBas BBIOOPKU OYAYT COCTaBIIEHBI
HEKOPPEKTHO.

Korma mbr 3arpysuau Beioopky (load fisheriris), To maccuB Species cran comepikarh
Ha3BaHus upucoB, Ho MHC paboraer TONIBKO ¢ yuciIamMu, MO3TOMY HaM HEOOXOIWMO CO3.1aTh
oTBeThl yuutens. KilaccoB TpH, O3TOMY M BBIXOJOB HEHPOHOB — TpH. IIpaBUiIbHBII HEHpOH
Koaupyercs +1, HenpaBuiIbHBIN -1.

[Tpu coznanuu cetu ¢ momortbio NeWff() HeoOXo MO 0003HAUNTE, YTO BBIXOJHON HEHPOH
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Oynet o0anaTh HEMMHEHHOM (QyHKIMEH aKTUBAIMK, MHAYE [0 YMOIYAHHUIO, CPela CO3/1acT CETh C

HeWpOHAMH, HMCIONIMMHU Ha BIXoje GyHKkIimto purelin, pucyrox 5.9.

4\ Custom Neural Network (view) =~ E@g

Hidden Layer 1 Hidden Layer 2 ‘Output Layer

2 3 3

Pucynoxk 5.9 — CeTb, KOTOpast CO31aCTCs 10 yMOJIYaHuto, eciu B Newff() mpsmo He ykasaTh, 4To

HYXHbI QyHKIUH tansig

HpOHeHT MpaBHUJIbBHO PACIIO3HAHHBIX IMATTCPHOB U3 06y‘13.f0]].lef1 BI)I60pKI/I HpI/IBeI[éH Ha

pucynke 5.10 (maccus trainCor).

o Fi B =
"4 Figure 1 — R DEEA

File Edit View Insert Tools Desktop Window Help LN

NEHL| M ANTDEL B IB| 0D

251

201

Pucynok 5.10 — Maccus trainCor, enTble IIB€Ta COOTBETCTBYIOT BEICOKOMY IPOLIEHTY

PpacCno3HaHHbIX MMATTEPHOB, CHHUEC - HUBKOMY

Ha pucynke 5.11 npuBenén maccus valCor, UMeHHO 10 HEMY OMNPEAEIACTCS MEPBBIT

MaKCHMAaJIbHO TIPaBHIBHBIN 0TBET. B manHoM cirydae max = 100, max_i =1, max_j = 3.
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Pucynok 5.11 — Maccus valCor

Mo:xHO Ha6JIIOI[aTI) BBICOKYIO KOPpEIALIUIO MCXKIAY ABYMSA MAaCCUBaAMH, 4YTO T'OBOPUT O
XopomemM p8.36PIeHI/II/I HCKOMOTI'O MHOKCCTBA Ha BAJIMJAAIIMOHHYIO U 06yan0H1on BBIGOpKI/I. Taxoxe
BHUOHO, 4YTO HpaBBIfI BerHI/Iﬁ yrojsi Marpunbl 3HAYUTCIIBHO JKEJITEC, UYCM HYKHUH HeBBIﬁ, qTo
TOBOPHUT O TOM, YTO C pOCTOM CKPBITBIX CJIOEB Ka4e€CTBO peIICHUA 3a4a49d yJIyd1IacTcCs.

[Tpumep oOyueHHsI ceTH O CTPYKTYpoil 4-25-25-3 npuBeAEH Ha pUCyHKE 5.12.

r
? Neural Network Training Performance (plotperform), Epoch 34, Validation sbop.}l?l-ﬂlg

File Edit View Inset Tools Desktop Window Help a

Best Validation Performance is 0.00049829 at epoch 31
10'F

Train
Validation

s Best

_. _.
= = =
(<] - [=]

Mean Squared Error (mse}

o

=
[
T

.
0 5 10 15 20 25 30
34 Epochs

Pucynok 5.12 — Buzano, uro Ha 31 31oxe Ha BaIUJAIIMOHHON BBIOOPKH OBbLT JOCTUTHYT JIYULIHHA
pe3yibTaT, MOTOM ITPOU30IIET POCT OMMOKH, a TaK Kak 3Ha4eHne max_fail yctaHoBieHO B 2, TO
O4YeHb OBICTPO 00yUeHHUE ObIJIO PEPBAHO, YTOOBI CETh HE MEepeo0yYMIIach U HE MPEBPaTHIIACH B

naMAaAThb

[Tocne BeIOOpa HYX HOH CTPYKTYpHI (4-1-3-3) HeoOXoaMMO 00yUYUTh TaHHYIO ceTh. B koze

MCIIOJIb30BAJICSI KPUTEPUIN OIIEHKH KOJIMYECTBAa MPAaBUIBHBIX PE3yJIbTAaTOB HAa BCEH
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NepBOHAYAILHON BBIOOPKH, HO TAKXKE MOXHO UCIIOIB30BAaTh KPUTEPUI OLIEHKH TOJIKO HA TECTOBOU
BblOOpKe. CTOMT OOpaTuTh BHHMMAHHE TaKXXKe Ha TO, YTO IIEpBOHAYalbHas oOydaromas u
BaJIMIallMOHHAs BEIOOPKU OBLTH 00BEIMHEHBI B HOBYIO 00YYaIOIIYIO BBIOOPKY, 8 HCKOMAasi TECTOBAs
BbIOOpPKA CcTajia HOBOM BaJIMJIallMOHHOM.

Jlanee pacCMOTPUM pelIEHHUE 3aJau O CHUpaIM. DTa 33/1a4a CUUTAETCS CIOKHOM, T.K. JJaxe
HE pa30uBasi HCKOMYIO BBIOOPKY Ha TECTOBOE M 00ydaroliee MHOXKECTBO TSKENIO 3aCTaBUTh CEThb
IOCTPOUTH CIUPAIBHYIO IOBEPXHOCTh OTKJIMKA. Pelmum 3Ty 3ajady ¢ MOMOIIBIO ceTel pa3HOM
CTPYKTYPBI U Pa3HbIX aITOPUTMOB O0yUYEHHUSI.

Kak BuiHO 13 pucyHKa 5.7 HOBEPXHOCTh OTKJIMKA I0JKHA OBITh CHUPAIbHOM, IPUYEM OAUH
KJIacC TOJDKEH JIeKaTh Ha BO3BBILIEHHOCTH 3TOM NOBEPXHOCTH, a APYroi — B HU3MEHHOCTH. [1epBblii
CKPBITBIM CJI0M HEWPOHOB MOJEIHPYET CUTMOMJIbI, @ BTOPOH OOBEIUHSET UX B OOJ€e CIOXKHBIE
noBepxHOCcTU. CTaHOBUTCS OYEBUAHBIM, UTO JJISl JAHHOMU 3aJ1a4M JOCTATOYHO CETH CO CTPYKTYpOH
2-N-1, rae coOCTBEHHO BBIXOJHOW HEMPOH M OOBEAMHUT CUTMOWIBI (COPUEHTUPYET HX TaK B
IPOCTPAHCTBE), YTOObI OHU 0OBEAMHIWINCE B criupaib. HeoOxoaumo teneps BbIOpaTh 3HadeHue N.

Kak yxe ormeudanoch, TOUHbIX (OpPMyN HET, €CTh MpuMepHble (Gopmynsl. [ns cetu ¢ oaHUM

N=vI*0O 5.1)

rie N — KOJTM4eCTBO HEHPOHOB B CKPBITOM ciioe, |, O — KoIr4ecTBO HEMPOHOB BO BXOTHOM

CKPBITBIM clI0eM (opMysia UMEET BUJI:

" BBIXOJHOM CJIOAX COOTBETCTBCHHO.

Jlji ceTu ¢ ABYMsI CKPBITBIMU CIIOSIMHU OyZIET TaK:

1
r = 3 —
0 (5.2)
[N =O*r2
4 1
N, =0*r

, (5.3)

rae N1 1 N2 — KoTM4ecTBO HEHPOHOB B TIEPBOM M BTOPOM CIIOSIX COOTBETCTBEHHO.

Kak nerpymno ybemuthes, dopmyna (5.1) mis 3amaum o cnmpand He paboTaer, T.K.
N =| \/-2- | =1, 4T0, pasymeercs, He acT pemeHns 3amaun. 1103TOMy OCTaéTcsl THOO MPUMEHATH

L
MOCTETIEHHBIN POCT CETH U CMOTPETh Ha Pe3yJIbTaT, THOO0 UCKATh B JIUTEPATYpE IPUMEPHBIMpa3ZMED.
U3 [3] cranoBurcs scHO, uTo N > 40. YuuThIBas, 94TO Mbl OTHUMEM YacTh BHIOOPKH Ha TECTOBOE
MHOXECTBO, KOTOpoe He OyleT y4yacTBOBaTh B OOYYEHHUH, T.€. YCIOKHHM H 0€3 TOrO CIOXKHYIO
3anaqy, Bo3pMEM N=60.

Hwuxe npuBenén ko pemieHus JaHHOU 3aauH.
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% 3acpyacaem oannvie uz Excel
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initSet = xIsread('C:\Users\Computer Grand\Desktop\/Tsst
cTyneHTOB\JIaﬁbI\S\DataFOrSplral xlsx', 1, 'B:C");

T xIsread('C:\Users\Computer Grand\Desktop\/list
CTy)IeHTOB\JIaﬁbI\5\DataFO rSpiral.xlsx’, 1, 'D:D");

% Omoopasicaem oannvie na zpaguxe

gscatter(initSet(:, 1), initSet(:, 2), T, 'br', 'xo0");

xlabel("X");

ylabel(*Y");

% Tpancnonupyem mHoxscecmeo u Memku K Hemy

initSet = initSet’,

T=T"%

% Co30aém cemb ¢ 00HUM CKPbIMBIM C/10€M, HA HEM U HA 8bIXOOHOM
% cnoe ycmanasnueaem ¢h.a. Kaxk 2unepooaudecKuli maH2enc

% cnocoo odyuenus trainlm — Jleeenoepea-Mapkeapoma

net = newff(initSet, T, [60], {"tansig’ ‘'tansig'}, 'trainim’);

% MakcumanvHoe KOIUYECME0 INOX

net.trainParam.epochs = 5000;

net = init(net);

% Cnoco6 pazouenua na mecmoesoe u odyuarouiee MHOMNCECHE0 — CY4alHblIl
net.divideFcn = "dividerand’;

% Odbyuarowee mnoxcecmeo 85% = 165 nammepnoe
net.divideParam.trainRatio = 0.85;

% Tecmosoe muorcecmeo 15% = 29 nammepnos
net.divideParam.testRatio = 0.15;

net.divideParam.valRatio = 0;

% Munumanvnslii ypoeenv HOpmbl 07151 6eKMOPA 2padueHma
net.trainParam.min_grad = 1e-9;

[net, tr, Y, E] = train(net, initSet, T);

% Onpeoensem Keadpammuyio 061acmo 60Kpy2 CRUpau, nym

% no ocu X u'Y oyoem om -12 00 12, m.x. usnavanvno éca cnupano

% ymewanace om -8 00 8 no X u om -6 00 6 no Y.

span =-12:.05:12;

[P1, P2] = meshgrid(span, span);

% eexkmop 013 omeemoe cemu nHa IMom Keaopame

pp = [P1(:) P2(2)]";

% noayuaem omeemur cemu

aa = net(pp);

% eo36pawaemca K ucCX0OHOMY PUCYHKY CO CRUDPATIbIO

figure(1)

% ek10uaem pexcum 006asneHus HOBON UHPOpMaAyUU HA IMOM PUCYHOK,
% 6e3 neco mouku 6yoym cmépmal Hauieil paAcKpacKou

hold on;

% pucyem cemky

grid on;

% pucyem u 3aKpauwiusaem cemky.

% -5 mym Heobx00um 01 mozo, 4mo 6e3 Hezo MoabKo nOJI0GUHA MENOK
% omobpazumca noeepx packpacKku, Ham HYHCHO ROHUIUND 3HAYEHUA
% cemku 00 ompuyamenbHvIX 6EAUUUH, U MO20A 6CSA CRUPATL OyOem
% 6uona nosepx Ho80Il pACKPACKU PUCYHKA

mesh(P1, P2, reshape(aa, length(span), length(span))-5);

colormap copper
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Ha npumepe 3T0# 3a1a4m paccMOTpUM, Kak 3arpyxarb qanubie u3 Excel. /1o atoro momenra
naHHble OO0 reHepupoBanuch Matlab, 1ubo, kak B ciydae ¢ 3amaucii 00 mpucax dwurrepa,
U3BJICKAINCH U3 CTAaHAAPTHHIX 0a3 naHHbIX Matlab. OGBIYHO jke JaHHBIE COAEPKATCS B TAOIUUHOM
¢dopme Bo BHemHeM (aiine. i yaudukanum OyaeM Bcerja nojiaratb, 4To 3TOT BHEITHUN (aiin —
daiin Excel.

CHavania He0OX0IMMO TIEpeHeCTH NaHHbIe U3 Tabmuiel 5.2 B Excel, momus, uro B Excel
pa3ienuTenb A BEUIECTBEHHBIX YHCENI — 3TO 3alsiTas, a He TOYKa. B sdelikax HeoOXOoAuMo
YCTaHOBUTDH 4MCIIOBOW (opmart. I[Ipumep yacTi JaHHBIX, yKe mnepeHecEHHbIX B EXcel, mpusenén

Ha pucyHke 5.13. B qanHOM citydae naHHBIE pacroiararoTcs Mo CToI0nam.

A B C D
1 Neo X ¥ Class
2 1 6.3 0 1
3 2 6.3 0 -1
a 3 63138 1,2559 1
5 4 63138 12559 1
3 5 3,88973 243961 1
7 6 -3,88973 -2.43961 -1
g 7 5.24865 350704 1
9 3 -3,24863 -3.30704 -1
10 9 441941 441943 1
11 10 -4.41041 441043 -1
12 11 343738 314473 1

Pucynok 5.13 — [Ipumep nanubix B daiine Excel

K aT0i1 maGoparopnoii padote mpunaraercs ¢aiin «DataForSpiral.xIsx», KOTOpbIit cOaepKUT
BCIO HCKOMYIO BBIOOPKY.

Cama sxe oArpy3Ka cToJI0I[0B OyIeT OCYIIEeCTBIAThCS ¢ momoInbio Gyakuuu XIsread(), roe
MepBBIA MapaMeTp — 5TO MyTh K (aiimy, a TpeTuil — auama3zoH Mo crondmam. Ota (GyHKIUS
neperpykeHa, Mmo3ToMy, 4To0bl Y3HATh JPYTHE CIIOCOOBI €€ BEI30Ba MOKHO OOPATHTHCS K CIIPABKE
Matlab (F1). Bxoauslie maHHbie ToMecTuM B initSet, a MeTku B T. CTOUT cKa3aTh, YTO IS JaHHOU
3a/1a4¥ Ha BBIXOJIE€ IOCTATOYHO OJTHOTO HEMpOHAa, MPUHUMAIOIIETO 3HAYeHHS OT -1 10 1, XOTsI MOKHO
OBLIO OBI M 3aKOIMPOBATh U30BITOYHO (Pa3psHKEHHO) C MOMOIIBIO IBYX HEHpOHOB: [-1 +1]

— ISt IepBoOTO Kitacca, [+1 -1] — s BToporo kiacca.
BeIBog TOYeK ocylmecTBisseM ¢ Mmomolnbio ¢GyHknuu gscatter(), pesympTar mokasaH Ha

pucyHke 5.14.
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Pucynox 5.14 — BeiBoj TOUEK criMpaneit A 1ByX KJIacCOB

Janee cozmaém cetb ¢ momomibio ¢Gynkimu nNewff(initSet, T, [60], {'tansig’ 'tansig'},
'trainlm'). Ml 3a1aéM KOJIMYECTBO CKPBITHIX HEHPOHOB, PYHKIIMU aKTUBALIUHU U CIIOCO0 00YyYCHHSI.
C nomompto net.trainParam.min_grad = 1e-9 mbl ycraHaBiMBacM MHHHUMAIbHOC 3HAYCHUEC
HOPMBI BEKTOPA TPAJIMEHTA, JIOCTUTHYB KOTOPOTO, TPOIIECC 0OYYEeHUSI OCTAHOBUTCA. J[eo B TOM,
yro anroputMm JleBenbepra-MapkBapara (trainlm) ObICTpO JOCTUTHET JIOKaIbHOTO MHUHUMYMA,
MOSTOMY 3TO 3HAYEHHWE MOKHO M YMEHBIINUTH, HO TOTJAa CETh MOXET MepeOO0yUHTHCS, pacTepsB

qJaCTh CBOUX HABBIKOB.

Pesynbprar 3akpammBaHus KBagpaTHOW 00JIacTH, B TIpeaesiax KOTOPOH HaXOISATCS TOYKH

CHMpaJd, MOKa3aH Ha pUCyHKe 5.15.

4 Figure 1

File Edit View Insert Tools Desktop Window Help N

NEHS | M RAOVDEL- 2|08 DO

Pucynox 5.15 — Pe3ynbrar oOy4ueHus cetu
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BunHo, 4TO HE BCE IPEACTABUTENHN KJIACCOB ABYX CIIMPAJIEH IONAIN Ha CBOM IBET, UTO U HE
YIUBUTEIIBHO, BEJb B IIpOLEcce 00Y4YEHUs MCIOJIb30BaJach HE BCsA CIUPAJb, a TOJIBKO €€ 4acTh
(HamOMHUM, YTO 33Ja4y O CIHHPAIAX YaCTO UCTIONB3YIOT IS TECTUPOBAHUS AITOPUTMOB 00Yy4EHUS:
HACKOJIBKO XOpOIIO OyJaeT MOCTPOEHA B IPOLEcCce AOCTHKEHHUS JIOKAJIbHOTO MM INI00AIBHOIO
MUHMMYMa Ha IOBEPXHOCTH OLIMOOK HCKOMas CIHpajbHas NOBEPXHOCTh OTKJIMKA. buth Ha
oOyuarolee 1 TECTOBOE MHOXKECTBO HE 00513aTeIIbHO, 33/1a4a U TaK CIO0XKHA).

[ToBenenue ceTr Ha TeCTe U Ha 00yYaroIIeM MHOXKECTBE IMOKa3aHO Ha pucyHKe 5.16.

4| Neural Network Training Per.f:r.mance (plotperform), Epoc‘hh40_ Minimum gradie...[ = | T |

File Edit View Insert Tools Desktop Window Help k]

Best Training Performance is 1.3027e-11 at epoch 40

Train —
Test

10°

<. Best

Mean Squared Error (mse}

10710 F

0 5 10 15 20 25 30 35 40
40 Epochs

Pucynok 5.16 — Omubka o6yuenus u 0600mieHus ais 40 smox

W3 rpadukoB BUIHO, YTO CHIXKATh HOPMY BEKTOpa IPaUeHTa U TIPOJIOIDKEHHS 00yUISHHUS
OTIaCHO, T.K. KpacHbI! rpaduk (omudka 00001eHNs ) MOTUXOHBKY HAYMHAET MOJI3TH BBEPX.

B nanHO#1 3a1a4e TeCTOBOE MHOXKECTBO CHEIMAIBLHO HE BBLACISIIOCH B KOJIE, HO HHICKCHI
(29 mrtyk), crenepupoBaHHbIe cpeoi XxpansaTes B tr.testInd, mosTomy st monmydeHUs] KOHKPETHBIX
OTBETOB CETH Ha TECTOBOM MHOXECTBE, MOXKHO Hamucath Q = sim(net, initSet(tr.testInd)). Moxto
CPaBHHMTh OTH 3HAueHHWs ¢ orBeTamu yuwrens: T (tr.testind). U3 pesynbTatoB cpaBHEHHUS
CTaHOBHUTCS BUJIHO, YTO Ja)K€ HECMOTpPS Ha Majylo OMIMOKY Ul 00Y4YaroIIero MHOXKECTBa CETh C
OOJIBIIUM TPYIIOM MOJEIHPYET AaHHYIO CIUPAIBbHYIO 3aBHCUMOCTH JUISi TECTOBOIO MHOYKECTBA.
JloOuTbest st MaHHOW 3a7a4ll HeOOXOAMMOW MOBEPXHOCTH OTKIIMKA 3HAYUTEIHHO TPOIIE, YeM
HY>KHOT'O OTBE€Ta JUIsl TECTOBOIO MHOKecTBa. C 4ueM 3TO CBsA3aHO?

B peanpHBIX 3amauax SK3EMIUBIPHI KJIacCOB OOBIYHO pacIoiiararoTcs Ky4HO JAPYT IO
OTHOILIEHHIO K Apyry. OHU 00pa3yloT KiIacTepbl B MPOCTPAHCTBE MPHU3HAKOB. CBA3aHO 3TO C TEM,

YTO 3a KaXXJIbIM KJIACCOM CTOUT HEKUW WHBAPUAHT, KOTOPHIA B TOW WJIM MHOM CTENEHU
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IPOSIBIIIETCS B KAXI0M 3K3eMIusipe. [loaTomy, ecnu oOydaroiasi ¥ TECTOBasi BHIOOPKa COCTAaBIIEHBI
pEenpe3eHTaTUBHO, TO HU3Kas OIIMOKAa Ha 00y4aroleM MHOXECTBE B 1I€JIOM JIOJDKHA IPUBOJIUTH K
HU3KOH OImMOKEe Ha TECTOBOM MHOJKECTBE, T.K. THIEPIUIOCKOCTH JOJDKHBI OBITh HACTPOCHBI U
OTJEINATh OJHH KJIACTephl OT APYIHX B mporecce oOyueHus. B naHHOHN ke 3a1aue MOBEPXHOCTh
KJIaCTE€POB HE BBINyKJIasi, 00Jiee TOro, KIacTep OJHOr0 Kjlacca INy0oKo 3aXO0AUT B KJIacTep APYroro
Kjacca. B Takux ycloBHSIX yrajaTh KakoMy KJIAcTepy NMPHHAUICKUT SK3EMIUISIP OU€Hb CIIOKHO.
OTOT MpUMep IEMOHCTPUPYET Ty OCOOEHHOCTH, YTO €CIIM 3aBUCHUMOCTH CIIOKHAS WM B JTAHHBIX
MHOT0 Xaoca (He IIyma), TO XopoIas ommoka o0y4eHus BOOOIe HUYETO HE CKaXET O TOM, Kak
noBeJET cedsl ceThb Ha TECTOBOM MHOXecTBE. BOT mouemy o4eHb CI0XKHO CTPOMTH MOJENIH IS
npefcKa3aHuii Ha (MHAHCOBBIX pHIHKAX WIM MOJENM s 3aJauyd Kiaccu(UKaluu Bpoje
pPacCMOTPEHHO.

Jlanee cpaBHMM pa3iM4yHbIE AIrOPUTMbl OOYYEHHUS Ha NpUMeEpe 33aJayd O CHHUPAIIH.
Pa36uBarh Ha TECTOBYIO M OOydaroUlyl0 BBIOOpDKHM YXe He OyzaeM. 3ajgada yIpouLlaeTcs:
CMOJICIPOBATh MOBEPXHOCTh OTKIHMKA Ui CeTH (PUCYHOK 5.7), COOTBETCTBEHHO KPHTEPUEM
KadyecTBa OyJeT MOAETHpyeMasi IIOBEPXHOCTb, a TAK)KE KOJIMYECTBO SIOX, KOTOPOE NOTPeOOBaIOCh
Ha 3TO.

[ToapoOHyIO CrpaBKy MO alropuTMaM 0O0y4eHHs MOXKHO TOJy4YHTh depe3 komanay help
nntrain.

Paccmotpum crenyromie anroputmbl: trainlm (aaroputm JleBenOepra-MapkBapara),
trainbfg (merox BFGS), traingd (o0bIuHbIii anroputM 0oOpaTHOTO pacmpocTpaHenus), traingdm
(ayIropuT™ 0OPaTHOTO pacIpocTpaHeHus ¢ MOMeHToM), trainrp (amroputm RPROP).

Jli1st 6ornee moIpoOHOro 03HAKOMIICHHUST peKoMeH 1yeTcs [4—6].

O6yuenust MTHC — 3T0 mouck MUHMMyMa Ha IOBEpXHOCTH omnOoK. Bece MeToabl o0yueHus
MOXKHO pa30MTh Ha JBa Kjacca: JIOKAJbHBIE ¥ TJoOaNbHBIE. [J100anbHBIE TBITAIOTCS HAWTH
r7100aNbHBII MUHUMYM, CaMblii HM3BECTHBIM KJIacC M3 TaKHMX METOJOB — 3TO TE€HETHYECKHE
ITOpUTMBI. JIOKaJIbHBIE METOJIbI OPUEHTUPOBAHBI Ha MOIIATOBBINA CITYCK U3 HEKOTOPOH TOYKH Ha
MOBEPXHOCTH OMIMOOK K JIOKAIbHOMY MHUHUMYMY. JIOKambHBIE METOIBI MOXHO pa30OHWTh Ha TPU
Kjlacca B 3aBUCHUMOCTH OT TOTO Kakas MH(POPMANWs MMH HCIOIB3YETCS UIS CITyCKa: METOJIBI
HYJIEBOTO TOpsijiKa (HE HUCMONb3YIOT MPOU3BOJHBIE), METOJBI MEPBOrO MOpsAAKa (UCHOIB3YIOT
nepBble MPOU3BOHBIE, - OOBIYHO JIUIsl OJYUYEHHUsI BEKTOPA TPaIUeHTa), METOAbI BTOPOTO MOPSIIKa
(ucronb3yr0T HH(GOPMALIMIO OT BTOPHIX MPOU3BOAHBIX (MaTpula ['ecca, maTpuua Sko6n)). Buenom
3aBUCUMOCTb TaKasl: YEM BBIIIE MTOPSATOK METOJa, TEM OH cuuTaeTcs 3¢ (eKTUBHEe I CIyCcKa, HO
B TOXE BpeMsi TpeOyeT OO0JIbIlIe BHIUMCICHUI 1 MTaMATH JJIs1 XpPaHEHUS JOTIOJHUTENIBHBIX CTPYKTYP
(matpun). Eciu cern Gonpiime, To mMpUAETCS OTKa3aThCsl OT METOJOB BTOPOTO TMOpsAKa, T.K.

noTpedyeTcsl CIUIIKOM MHOTO HaMsITH M BPEMEHHM Ha OOy4YEeHHE.
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['Mo0anbHBIE METO/ABI YacTO HMCIOJB3YIOTCS JUIS MPETHACTPOMKH CETH Iepe]] MCIOIb30BaHHEM
JIOKAJIBHBIX METOJIOB.

Aunroputmsl trainlm u trainbfg — aropuT™el BTOporo nopsiika, BCe 0CTajabHbIE — IIEPBOTO
nopsaka. Mexxay paccMaTpHBaeMbIMH aITOPUTMAaMU MOYKHO BBIJICITUTD CIIEAYIOIYIOB3aHMOCBS3b,
Tabiumua 5.3.

Tabnuua 5.3 — B3anMocBsI3b MEX/1y pacCMaTpUBACMBIMH aJITOPUTMAMU

Ne Tun anropurma CkopocTb, 3pPeKTUBHOCTD [TamsaTe

1 Trainlm Camprii  ObicTpbIf, BO MHOruX | Pacxomyer Ooub1ie BCEX

(GYHKIUSAX CTOUT IO YMOJYAHUIO | AMSTH

2 Trainbfg Bonee memiennslit, uem Trainlm Pacxoayer MeHbIle —MaMATH,
gem Trainlm

3 Trainrp bonee memiennsiit, uem Trainbfg | Pacxomyer MeHbie mnamsT,
gyeMm Trainbfg

4 Traingdm OueHb MeJICHHBIH Pacxonyer MeHblle mamsTH,
gyem Trainrp

3) Traingd OuyeHb MeJUIEHHBII Pacxongyer MmeHbmie mnamsTy,

yeM Trainrp, OTIWYMi  OT

Traingdm npakTuvecku HeT

JlucTHHT MO IpUMEHeH o anroputMa trainlm npusenén Huwke. CTOUT 00paTUTh BHUMAHUE,
4TO 3/IeCh HCIOJIb30BaHA MPAKTHYeCKU MojHas ¢opma Bbei3oBa (ynkuum newff(), a rtarxe
ycTaHoBJIeH mapamerp Net.trainParam.epochs = 60. /leso B TOM, 4TO €CITH HE YCTaHABJIUBATh ITOT
napaMmerp, TO aJrOPUTM OCTAHOBUT CBOIO padoOTy, KOI/la MOJAYJb BEKTOpa TpaJiM€HTa CTaHET
OJIM3KUM K HYJIO, HO, €CIIM NPU 3TOM H3Yy4UTh rpaduk omubOku oOydeHHs] (CHHUH LBET), TO
OKaKETCsI, YTO MPH MCIIOJIB30BAaHUM 3TOTO aJrOpUTMa MUHHUMYM JOCTHUTaeTCsl OueHb OBICTPO (B
cpennem 50-60 smox), a ocranpHbIe cuibl (mopsaka 150 smox) uayt Ha
«TOTITaHWE HA MecTe» (MpuOIMmKeHHe K acuMmnToTe). B pesymprate »TOrO mporecca ceTtb BCE
0oJbIIE CTAHOBUTCS MOXO0Ka Ha HaMmATh U Bc€ Oomblie TepseT o0oOmiaroniye CrocoOHOCTH,
MOSTOMY HMEET CMBICI OCTAHOBHUTH A3TOT Iporecc. llomyduBiiascs MOBEPXHOCTh OTKIIMKA
npejcTaBieHa Ha pucyHke 5.17.

[Mepemennas pref comepHUT pe3yabTUPYIONIYIO OMIMOKY OOY4eHUs (pa3sHUIy MEXITY

METKaMU yYUTEJNS U pealbHbIMH OTBETaMH CETH).

initSet = xIsread('C:\Users\Computer Grand\Desktop\/Tsist
CTyI[eHTOB\JIaﬁbI\5\DataFOrSplral xlsx', 1, 'B:C");
T = xlsread('C:\Users\Computer Grand\Desktop\/last
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cryaenroB\Jlaés1\5\DataForSpiral.xlsx', 1, ‘D:D");
gscatter(initSet(:, 1), initSet(:, 2), T, 'br", 'x0");

xlabel(*X");

ylabel(*Y");

initSet = initSet’;

T=T"

% Bmecmo learngd mosxcno npumenums learngdm, emecmo mse
% msereg — ¢ pezynapusayueii, Crossentropy — kpocc-anmponus
net = newff(initSet, T, [60], {"tansig" 'tansig'}, ‘trainlm’, *learngd’, ‘'mse’, {}, {}, 'dividerand");
net.divideParam.trainRatio = 1;

net.divideParam.testRatio = 0;

net.divideParam.valRatio = 0;

net.trainParam.epochs = 60;

net = init(net);

[net, tr] = train(net, initSet, T);

% ooun u3 cnocoooe noJjiydenus omeemoe cemu

y = net(initSet);

% evicuumouieaem pasnuuy Meafcdy oxicuoaemvimu U peaibHblmMu omeemamu
% PREF = 0.0014

perf = perform(net, T, y);

span =-12:.05:12;

[P1, P2] = meshgrid(span, span);

pp = [P1(:) P2(1)I";

aa = net(pp);

figure(1)

hold on;

grid on;

mesh(P1, P2, reshape(aa, length(span), length(span))-5);
colormap copper

4 Figure 1 o= S

Eile Edit View Insert Tools Desktop Window Help ~

NEES VN AKODRL- |0 DO

Pucynoxk 5.17— IToBepXHOCTh OTKIIMKA MTOCIIE TPUMEHEHHUs anroputMa trainlm

Hwxke npuBenH JMCTUHT JUIs UCHONb30BaHus anroputMm trainbfg. Kak BuanHo, ObLIO
MU3MEHEHO KOJMYECTBO 10X, KOTOPHIE MPUMEPHO MOTPEOYIOTCS ISl HAXOXKICHUS pelIeHUsl. DTO
KOJIMYECTBO BBIPOCIIO. KoruecTBO HEHPOHOB B CKPBITOM CJIOE TaKKe ObLTO CHIKEHO 710 0.

HaiinenHnoe pemenue mnokazaHo Ha pucyHke 5.18. M3menenwe ommbOku oOyueHHS
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MOKa3aHo Ha pucyHke 5.19.

initSet = xIsread('C:\Users\Computer Grand\Desktop\/Tsist
CTyIleHTOB\JIaﬁbI\5\DataFOrSpIral xlsx*, 1, 'B:C");
T xIsread('C:\Users\Computer Grand\Desktop\/las

CTyIleHTOB\JIaﬁbI\5\DataFOrSpIral xlsx', 1, 'D:D");
gscatter(initSet(:, 1), initSet(:, 2), T, 'br', 'xo0");
xlabel("X");

ylabel(*Y");

initSet = initSet’;

T=T"

net = newff(initSet, T, [50], {'tansig" 'tansig'}, "trainbfg’, ‘learngdm®, ‘'mse’, {}, {},
'dividerand’);

net.divideParam.trainRatio = 1;
net.divideParam.testRatio = 0;
net.divideParam.valRatio = 0;
net.trainParam.epochs = 250;

net = init(net);

[net, tr] = train(net, initSet, T);

y = net(initSet);

% PREF == 7.4596e-08;

perf = perform(net, T, y);

span = -12:.05:12;

[P1, P2] = meshgrid(span, span);

pp = [P1(:) P2(:)T’;

aa = net(pp);

figure(1)

hold on;

grid on;

mesh(P1, P2, reshape(aa, length(span), length(span))-5);
colormap copper

4| Figure 1 ‘i@li—hl
File Edit View Inset Tools Desktop Window Help ~

DEde |k RNODRA- 2| 0E O

Pucynok 5.18 — HaiienHoe perieHne ¢ CIOIb30BaHueM anroputm trainbfg
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[4] Neural Network Training Performance (plotp , Epoch 250, Maximum epoc... = |/ ] (WS

File Edit View Insert Tools Desktop Window Help El

Best Training Performance is 1.2955e-07 at epoch 250

104

Mean Squared Error (mse)}

108

0 50 100 150 200 250

Pucynok 5.19 — 3Menenue BenuyuHbl omuoOKu 00yueHus 3a 250 smox

Jlanee paccMOTpUM TpUMeHeHue anroputMa trainrp, o smecto Gynkuuu newff() oymzem
ucnons3oBath feedforwardnet(). B makere matlab ouens 4acto cymiecTByeT uepapxusi QyHKIHIA,
KOTOpBIC BBITIOJIHSAIOT, MO CYTH, OJHO M TOXE, HO C PA3HOH CTENCHBIO JCTATU3AIUU JUIs
nojb3oBareis. Js co3maHus ceredl MpsIMOTO paclpOCTPAHEHHS MOXKHO BBIICIUTH YCIOBHO
crnenymomryto uepapxuto: network()->newff()—>feedforwardnet()—> patternnet().

Hwxe npuBenén nuctuHr A o0ydeHus ¢ nomomipio anropurMa trainrp (RPROP). Crour
0o0paTHTh BHHMaHHE, YTO KOJMYECTBO JSIOX YK€ HcUucisercs Thicsyamu. CeTh co3/laBau C
nomoinesio ¢yukimu feedforwardnet(), koropas momydaer B KadecTBe BXOTHBIX IapaMeTPOB
KOJIMYECTBO HEHPOHOB B CKPBITOM CJIO€ U QITOPUTM OOydeHHs. Y JaHHOTO ajJropuTMa OOBIYHO
HACTPaMBAIOT TaKue napamMeTpsl o0yueHHsI KaK net.trainParam.delt_inc,
net.trainParam.delt_dec, net.trainParam.delta0, net.trainParam.deltamax,
net.trainParam.Ir, onHako, yuuThIBasi, 4TO AJIsi OCMBICICHHOTO PETYIMPOBAHHS 3TUX APAMETPOB
HEOOXOJMMO 3HaHHE TOHKOCTEH pabOThl AITOPUTMBI, Mbl WX OCTABHJIM HACTPOCHHBIMH 10
yMomdanuio. i 03HAKOMIICHHs C THMH TapaMeTpamMyd MOXKHO HCIOJIb30BaTh Komanay help
trainrp. Ilomy4eHHoe pemeHne moka3aHo Ha pucynke 5.20, a M3MeHeHHe 3HAYCHUS OIIMOKU

oOyuyeHHst Ha pucyHke 5.21.

initSet = xIsread('C:\Users\Computer Grand\Desktop\/Tsis
CTyz]eHTOB\JIaﬁbl\S\DataForSplral xlsx*, 1, 'B:C");
T xlsread('C:\Users\Computer Grand\Desktop\/1.1s

CTyz]eHTOB\JIaﬁbl\S\DataForSplral xlsx', 1, 'D:D");
gscatter(initSet(:, 1), initSet(:, 2), T, "br", 'x0");
xlabel(*X");

ylabel("Y");

initSet = initSet";

T=T",

net = feedforwardnet(60, "trainrp’);

net = configure(net, initSet, T);
net.layers{2}.transferFcn = "tansig";
net.divideParam.trainRatio = 1;
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net.divideParam.testRatio = 0;
net.divideParam.valRatio = 0;
net.trainParam.epochs = 6000;
net = init(net);

[net, tr] = train(net, initSet, T);
y = net(initSet);

perf = perform(net, T, y);

% PREF == 1.7276e-05.

span =-12:.05:12;

[P1, P2] = meshgrid(span, span);
pp = [P1(:) P2(1)I";

aa = net(pp);

figure(1)

hold on;

grid on;

mesh(P1, P2, reshape(aa, length(span), length(span))-5);
colormap copper

—— 3

4 Figure 1 [E=REER
— J— - S

File Edit View Inset Tools Desktop Window Help N~

NEEHS (M AARODEL- S| 0B D

Pucynok 5.20 — HaiineHHOe pelieHre ¢ UCI0JIb30BaHUEM allropuTMa trainrp

|4 Neural Network Training Performance (plotperform), Epoch 4781, Minimum gra... | SNEN X

File Edit ¥iew Inset Tools Desktop Window Help o

Best Training Performance is 1.7276e-05 at epoch 4781

Mean Squared Error (mse)
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Pucynok 5.21 — MI3menenue BennuuHbl omrOku o0ydenus 3a 5000 smox

Jlasiee pacCMOTPHUM CETh C JIByMS CKPBITBIME CIIOSIMH JIJISI PELICHHS 3a1a4H O CIIUPAIISX.
®opmyisl (5.2) u (5.3) Tyr Takke He MOJOMIYT JUIS BHIOOpA PasMEpPOB CKPBITHIX CIOEB.
OpueHTHpYACH Ha Pa3JInYHbIE UCTOYHUKH BbIOepeM cTpykTypy 2-10-10-1.

JluctuHr 00y4eHus TAKOW CETH NMPUBEAEH HUXKE.

initSet = xIsread('C:\Users\Computer Grand\Desktop\ss
CTyIleHTOB\JIaﬁbI\s\DataFOrSpIral xlsx*, 1, 'B:C");
T xIsread('C:\Users\Computer Grand\Desktop\/las

CTyHeHTOB\JIaﬁbI\5\DataFOrSpIra| xlsx', 1, 'D:D");
gscatter(initSet(:, 1), initSet(:, 2), T, 'br', 'xo0");
xlabel(*X");

ylabel(*Y");

initSet = initSet’;

T=T"

net = feedforwardnet([10 10], 'trainim’);

net = configure(net, initSet, T);
net.layers{3}.transferFcn = "tansig";
net.divideParam.trainRatio = 0.85;
net.divideParam.testRatio = 0.15;
net.divideParam.valRatio = 0;
net.trainParam.epochs = 6000;
net.trainParam.min_grad = 1e-10;

net = init(net);

[net, tr] = train(net, initSet, T);

y = net(initSet);

perf = perform(net, T, y);

span =-12:.05:12;

[P1, P2] = meshgrid(span, span);

pp = [P1(:) P2(1)T";

aa = net(pp);

figure(1)

hold on;

grid on;

mesh(P1, P2, reshape(aa, length(span), length(span))-5);
colormap copper

Q = sim(net, initSet(tr.testInd))

T(tr.testind)

[ToncunTaB KOJMMYECTBO COBHaJeHHM Mexay BekTopamu Q m T Haiiaém, 4TO KauecTBO
paboThI CETH BBIPOCIIO HAa HEU3BECTHBIX MpuMepax ¢ 28% no 50%.
Tenepp co3ganuM IONIB30BAaTENBCKYIO CETh, KOTOpas pelaeT 3ajadyy O CIUpPAJIH.

CrpykTypa Ui 3TO# ceTH mo3auMcTBoBaHa u3 [1], pucyrnok 5.22.
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4\ Custom Neural Network (view) = ' (S S

layer 3 hidden units

input units

Pucynok 5.22 — Cepxy cTpykTypa npeayaraemoii cetu B Matlab, cHu3y ona xe B Buze

0000IIIEHHON CXEMBI

Kaxk nuiryt aBTOphI CTaThH, Takast CTPYKTypa ObLTa BEIOpaHa MOTOMY, YTO OHU JOMYCTHIIH,
YTO KKl CHHAIIC-BEC MOKET C JIETKOCTHIO 3alIOMHUTh-XPaHUTh 1.5 OUT uHpopManuu (Cyas mo
BCEMY MPEJINOJIaraeTcs, 4YTO BEIECTBEHHOE YHUCIO MOXKET B YACTHOCTH MPHUHSTH TPU 3HAYCHHUSI: JIBA
KOHIIEBBIX, nomycTuM, 0 u 1, m omgHO mpomexxyrodHoe, momyctuM, 0.5. Takum obOpa3om, 3TOHE
nBa 6uta uHpopMaluu, HO U He 0uH). Becero B BeiOOpke 194 marrepHa W AJid UX XpaHEHUs] UM
notpedyetcs 194 / 1.5 = 130 BecoB. [lanee onu nmoadupaiu ceTb ¢ HECKOIBKUMH CIOSMHU, YTOOBI
oHa conepxana npumepHo 130 BecoB. CeTb Ha pucyHke 5.22 umeer 136 napameTpoB. MOXHO 3TO
YHCIIO TIOJTYYHTh cpasy (Tociie co3aanus cetd Habpath Net.numWeightElemetns) wiu moacuurath
BPYUYHYIO: TIEPBBIH CJION UMEET JIBa HEUPOHA U CBsI3aH ¢ TpeMs Apyrumu ciosmi ((5+5)*3), Bropoii
CJIOM CBSI3aH C TPEMS CIOSIMH, IBA U3 HUX IO 5 HEUPOHOB U OJIMH COJEPKUT OJIMH HEHPOH, CaM ke
9TOT TMEPBBIA CKPBITHIN CION UMEET TOXKe 5 HEUpPOHOB (25+25+5), TpeTuii croil cBsizaH ¢ ABYMS
ciosamu (25+5), u ana yetBéptoro ciosd — 5. Takke yuduThIBa€M KOJIMYECTBO CMEIIEHUMN JIs1 BCEX
CKPBITBIX CITOEB U BEIXOTHOTO cy1os — 16. [Tomyaaem 120+16=136. Uto kacaeTcs cBsizei 4epes CIIou,
TO OHU HYXHBI, YTOOBl YaCTUYHO CKOMIIEHCHUPOBATh 3aTyxaHue rpaaueHta. Ecnu ux yOpaTh u
OCTaBUTb TOJBKO CBSI3U OT MOCJIEIOBATEIBHBIX CJIOEB, TO HEBSI3KA, PACIIPOCTPaHsIEMast C BBIXOJAHOTO
CJIOsI, TOWJS1 10 BXOJHOTO, COBCEM 3aTyXHeT (IpUMeTMajieHbKHe 3HaYeHus), 1 oOyueHue Oyaer

HeahpextuBHBIM. [ToATOMY CBSI3M Yepe3 OauH-ABA CIIOS
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— BBIHYXKACeHHAsE Mepa. CTOUT OTMETHUTh, YTO BOOOIIE C 3aTyXaHHEM TpaJHeHTa OOproTCsS Yepe3
BBEJICHHE OOIIMX BECOB (CBEPTOYHBIC CETH ).
JIMCTHHT TIpOTpaMMBbI C TTOJIPOOHBIMH KOMMEHTapUsiMH NMpUBeAEH HuKe. CTOUT 00paTuTh

BHUMaHHe Ha npuMmenenue ¢ynkuuu network(). B mabopartoproii pabore 4 00BsACHSINCH €

rmapaMeTpsl.

initSet = xIsread('C:\Users\Computer Grand\Desktop\/Tsst
CTyIleHTOB\JIaﬁbI\s\DataFOrSpIral xlsx', 1, 'B:C");

T xIsread('C:\Users\Computer Grand\Desktop\/las

cTyneHTOB\JIaﬁm\S\DataFo rSpiral.xlsx’, 1, 'D:D");

gscatter(initSet(:, 1), initSet(:, 2), T, 'br", 'x0");

xlabel(*X");

ylabel(*Y");

initSet = initSet’;

T=T;

% cozoanue noavbzoeamenvcKoil cemu

net = network(1, 4,[1;1; 1; 1],[1; 1;1;0],[0000;1000;1100;1110],[0001));
% pazmepul CKpbimuix C10E6

net.layers{1}.size = 5;

net.layers{2}.size = 5;

net.layers{3}.size = 5;

% d)yHKl{MM aKkmueauuu Ha CKpblmuslx C/10AaX

net.layers{1}.transferFcn = "tansig";

net.layers{2}.transferFcn = "tansig";

net.layers{3}.transferFcn = "tansig";

% ¢ynxkyua akmusayuu na ebIxX00HOM cioe

net.layers{4}.transferFcn = "tansig";

% cnocoo pazoenenus odyuarouiezo MHOI}CECMEA: CAYUATIHO
net.divideFcn = 'dividerand’;

net.divideParam.trainRatio = 1;

net.divideParam.testRatio = 0;

net.divideParam.valRatio = 0;

% anzopumm ooyuenus RPROP, nyscno yuecmo, umo uem cnoscnee

% cmpykmypa noib308amenscKoii cemu, mem 6o07iee 0CMOPOIHCHO

% HYJHCHO RPDUMEHAMb MOUIHbLE A120PpUMMDbBL, M. K. OHU MOZYym He cpa60mamb
% ¢ CUly omcymcmeus peaiulauuu HeKomopwlx monkocmeit Hacmpoﬁku
% smux ajieopummoe K nojib306amejibCKum apxumexkmypam.

% trainrp, traingd, traingdm — kak paz npocmute ancopummet, Komopwie
% noodoitdym npakmuuecku Ko ecemy

net.trainFcn = "trainrp’;

% ghynkuyun omuodKU — MSE, cmasums, Oonycmum, CrosSentropy yoacmecs
% ne ecezda, m.K. MHO2UE an2opummasl paccuumanvl Ha MSE uiu MSEreg
net.performFcn = 'mse’;

% makcumanvroe Koauuecmeo Inox, cmasum nooonvue
net.trainParam.epochs = 35000;

net.trainParam.goal = 0;

% nauanvnas ckopocmos ooyueHus

net.trainParam.lr = 0.01;

net.trainParam.max_fail = 4

% nacmpouxu RPROP

net.trainParam.delt_inc = 1.2;
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net.trainParam.delt_dec = 0.5;

net.trainParam.delta0 = 0.07;

net.trainParam.deltamax = 50.0;

% mMuHuManvHvLil pazmep Mooy 2pAoueHma 0 OCMAHO08KU AI20pUmMMmMa

% 012 60186 MOUWHBIX A12OPUMMOE MOMHCHO yemaHnosumb 1e-10, ona cradvix

% om 1e-5 0o le-7

net.trainParam.min_grad = le-7;

% nooxnouaem cpaguk uzmenenus oumuoKu 00yueHus

net.plotFcns = {"plotperform’};

% umoosl Ha Nob308aMENBbCKOIL APXUMEKMmYpe padoman anzopumm

% obpammnozo pacnpocmpanenus OuWUOKU, HYHCHO 8PYUHYIO OIS C110E6
%ycmanoeumb UHUyuaiu3auuIo 6ecoe u npasujo oﬁnoeﬂenuﬂ-oﬁyuenuﬂ
% ycmanoeka npasuna ooyueHusn 0na 6ecos

net.adaptFcn = ‘adaptwb’;

% net.layerWeights{i, j} — amo mampuua 4x4, nokazviearoman kaxou cnoi
% ¢ Kakum C6A43aH, 6 Hell 3an0JIHEHbL 6Ce I1EMEHMbL HUICE 2TIABHOTL

% ouazonanu, kpome nemenma {4, 4}, nosmomy 013 HUX 071 6cex HYHCHO
% ycmanosums npasuno odyuenus

net.layerWeights{1}.learnFcn = ‘learngdm’;
net.layerWeights{2}.learnFcn = "learngdm?;
net.layerWeights{3}.learnFcn = "learngdm’;
net.layerWeights{3,2}.learnFcn = *learngdm?;
net.layerWeights{4}.learnFcn = ‘learngdm’;
net.layerWeights{4,2}.learnFcn = ‘learngdm’;
net.layerWeights{4,3}.learnFcn = 'learngdm’;

% TO3Ke, HO AJI CMeIleHH i

net.biases{1}.learnFcn = "learngdm’;

net.biases{2}.learnFcn = ‘learngdm’;

net.biases{3}.learnFcn = "learngdm’;

net.biases{4}.learnFcn = ‘'learngdm?;

% ons 6xo0Ho020 cnos

net.inputWeights{1}.learnFcn = 'learngdm’;

% amom napamemp coobwaem, umo npu npumenenuu configure(), seca
% 6yoym unuyuanuzupoeanvl ¢ NOMOULbIO 6bIOPAHHO20 HAMU RAPAMEempa,
% Mol évropanu iNItNW, m.e. unuyuanuzayus no memoody Heyena-Buopoy
net.initFcn = "initlay’;

net.layers{1}.initFcn = "initnw";

net.layers{2}.initFcn = "initnw";

net.layers{3}.initFcn = "initnw";

net.layers{4}.initFcn = "initnw";

net.biases{1}.initFcn = "initnw";

net.biases{2}.initFcn = "initnw";

net.biases{3}.initFcn = "initnw";

net.biases{4}.initFcn = "initnw';

%ycmanaeﬂueaem GC/IUYUUHY MOMeHma

net.trainParam.mc = 0.5;

% Kongpuzypupyem cems, m.e. npumensaem K Heil 6ce HAUWU HACMPOUKU
net = configure(net, initSet, T);

% obyuaem cemp

[net, tr, Y, E] = train(net, initSet, T);

y = net(initSet);

% eviuucnaem npou3300umeﬂbuocmb
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perf = perform(net, T, y);

span = -12:.05:12;

[P1, P2] = meshgrid(span, span);
pp = [P1()) P2()];

aa = net(pp);

figure(1)

hold on;

grid on;

% 6b1600UM nOTYUEHHOC PeuieHUe
mesh(P1, P2, reshape(aa, length(span), length(span))-5);
colormap copper

Ha pucynkax 5.23-5.25 npuBeneHs! pe3yabTaTbl 00y4eHHUS TOH CETH.
4| Figure 1 ‘i@léj

Eile Edit View Insert Tools Desktep Window Help »

NEHS| k| ARODEL- | Z | 0E =D

Pucynok 5.23 — [TonyueHHast TOBEpXHOCTb OTKJIMKA [Tl OJIb30BATEIbCKON CETH
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‘. Meural Network Training (nntraintool) e L

Meural Network

Algorithms
Data Division: Random (dividerand]
Training: RProp (trainrp)

Performance: Mean Squared Error  (mse)
Calculations: MEX

Progress
Epoch: o [ #@@3ierations | | 35000
Time: | 0:01:38 |
Peformance: 117 [ H36es08 | 000
Gradient: 0979 | 9.42e-08 | 1.00e-07
Validation Checks: 0| 0 | 4
Plots

Performance | (plotperform)
Plot Interval: O 1 epochs

v Minimum gradient reached.

@ Stop Training @ Cancel

Pucynok 5.24 — Pe3ynbTupytomue napameTpsl 00y4eHus

- - -
"4 Neurs| Network Training Performance (plotperform), Epach 28833, Minimum gr... [E=N A=A

File Edit View Inset Tools Desktop Window Help ¥

Best Training Performance is 1.2614e-08 at epoch 28833

Train
100 Best

Mean Squared Error (mse}

0 05 1 15 2 25
28833 Enochs %104

Pucynox 5.25 — I3MeHeHne BeTUYUHBI OMTUOKHA 00ydIeHUS

Usmenus net.divideParam.trainRatio = 0.85, net.divideParam.testRatio = 0.15 moxH0
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emé pa3 oOy4HTh CeTh, MOACUYUTATh YUCIIO COBMaAcHU Mexay BekTopamu Q u T (kak B mepBoM
nuctunre). [Toayunnock mopsiaka 65%.

Teneps MOXKHO clienath 00IIKE BBIBOIBI IO BceM TPEM ceTsM. bynem oneHuBaTh pecypcsl,
000011aI01TYI0 CLIOCOOHOCTH, aIlMPOKCUMAIIMOHHYI0 crocobHocTh. [loa pecypcamMu nmoHumaercs
KOJIMYECTBO CHHANTHUYECKUX BECOB, T.€. KOJUYECTBO HACTPAMBAEMBIX MapaMmeTpoB. Tak Kak Mbl
IIPOBOAMIIN SKCIIEPUMEHTHI C Pa3HBIM KOJIMYECTBOM HEHPOHOB sl IEPBOM CETU C OJTHUM CKPBITHIM
ciloeM, TO s onpenenéHHocT mycth Oyzmer 50 weiiponoB B ckpeitom cnoe. [lox
ANMPOKCUMALMOHHONW CIIOCOOHOCTBIO IMOJIPa3yMEBACTCS CIIOCOOHOCTH MOCTPOUTH HEOOXOAUMYIO

IMOBCPXHOCTH OTKJIMKA. PCSYJ'IBTaTLI IIPpHUBCICHLI B Ta6J'II/II_Ie 5.4.

Tabnuma 5.4 — CpaBHeHue TpEX ceTell ¢ pa3InuHON CTPYKTYpPOi

Crpykrypa cetu Pecypcsl Crpasuiachk c| O6o0maromias
net.numWeightElements| 3amaueii CIOCOOHOCTH
2-50-1 201 Ja 30%
2-10-10-1 151 Ja 50%
2-5-5-5-1 136 Ja 65%

O060011aoIyI0 CIOCOOHOCTh MOKHO OBIJIO OBl OLIEHUTH 0OJiee TOYHO, €CIU MPOBECTH HE
OJIMH DJKCIEPUMEHT, a LIyl CEepHI0 M YCPEIHUTb pe3yibTaThl, MOACYUTAB, JOIMYCTHM,
JIOBEPHUTEIbHBIC HHTEPBAIBI. UTO BUHO U3 3TUX PE3YIHTaTOB?

Bo-miepBbIX, BBEICHHE TPOMEKYTOUHBIX CJIOEB TIO3BOJISIET YMEHBIIUTH KOJHMYECTBO
HACTpPauBaEMBIX ITapaMeTPOB.

Bo-BTOpBIX, BCE Tpu ceTH 03 MpodiieM CIpaBUIIUCh C TOCTPOHKHU MTPaBUILHON MOBEPXHOCTH
OTKJIMKA, T.€. 0€3 Mpo0JIeM pacKpacuiu CIIUPaIIH.

B-TpeThux, TO, 4TO OHM XOPOIIIO CTPOSIT MOBEPXHOCTH OTKIIMKA, HE TOBOPUT HUYETO MPO UX
o0o0maronryto crnocooHocTh! [lepBbie 1Be ceTH HE CIPAaBUIIMCH € 33/1aHueM Booo1e, T.K. 50% - 3To
METOJ «ThIKa» MPH JIBYX Kjaccax. ITO TOBOPUT O TOM, UTO JUIsI CIIOKHBIX 3a/1a4 CJI0XKHAs CUCTEMa
HEIIMHEHHOCTH (MHOTO CJIOEB) MOAXOIUT JIyYIlle, YeM MpOCTas, T.€. TaKUE CETH MOTYT JIydlle
CHPaBIATHCS C 33a9aMy Ki1accupukayn. bosee moapoOHO Mpo JOKa3aTebCTBA ATOTO pe3ylbTaTa
MOYKHO MOYUTAaTh B [7], I/Ie paccMaTpUBaIOTCs HETIyOOKue apXuTeKkTypsl (shallow architecture) u
riyookue apxutektypsl (deep architecture). CTOUT Takke OTMETHTb, YTO it Toro,utoosl MHC
Ka4eCTBEHHO TPEICKA3bIBAIM KaKOW CIHpAIA MOXET MPHUHAIS)KATh TOYKA, HYKHO YBEIUYHTH
obyuJaronryro BbIOOpKY. Jlyis nByX crnmpaneid oOydaromiasi BIOOpKa JOKHA OBITH B CPETHEM B
paiione 400 Touek.

B nmpunoxennn 1 mpuBeaéH koja aaropuTMa oOpaTHOTO PACTPOCTPAHEHUS OIMIUOKH st
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MOCTPOCHUS pa3eNsioniell MOBEPXHOCTH K JIaHHBIM, IIPEACTAaBICHHBIM Ha PUCYHKE 5.26. DTO 1BE

MOTyCIUPAIIH.
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Pucynok 5.26 — JIBe mosrycupainy, KOTOpbIe HEOOXOIUMO Pa3/IeIUTh

B nanHOM 51aGOpaTOpHOM MPaKTHUKyMe Be3/1€ HCIOJIb3YIOTCSI BEICOKOYPOBHEBBIE (DYHKIIUH
Matlab nns 00y4yeHust U co3aaHus HEUPOHHBIX cered. B mpunoxenun 1 mokasaHo, Kak camMmoMy

3ampoOrpaMMHUpPOBATh O0yUEHHE CETH.

Anmaparypa W Marepmajbl. 64-paspsgHbiii  (X64) mepcoHaIbHBIN
KOMIIBIOTEp, MpoIeccop ¢ TakTOBOM yacTtoToit 1 I'T' u BhIlIe, onepaTuBHAS TAMSTh
1 I'6 u BhIIE, CBOOOHOE AUCKOBOE MpOCTpaHCTBO He MeHee 1 1'0, rpaduueckoe
ycrporictBo DirectX 9. Ilporpammuoe oOecriedeHHe: oONepalMoHHas CHCTeEMa
Windows 7 u Beitire, Matlab (R2013) u Bbiie.

Yka3zanue no texHuke O0ezomacHocTH. CaMOCTOATENBHO HE MPOU3BOIUTH:
YCTAaHOBKY M YyAQJCHHE MPOrPaMMHOIO OOECIEUEHHUs; PEMOHT MEPCOHAIBHOIO
koMmmbtoTepa. CoOmofaTh MpaBWia TEXHUYECKOW OKCIUTyaTallid W TEXHUKU

0€30MacCHOCTH MPHU PaboTe € IMEKTPOOOOPYAOBAHUEM.

MeToauka v NOPSA0OK BHINOJTHEHUS PadOThI

B unauBuyansHOM BapuanTe (Tabiua 5.5) 1aHo yCiaoBuUe 3a/1a4d Ha Kiaccudukaruio. Bee

3aauu Mogo0paHbl TaK, YTO MpenoOpabOTKH JAHHBIX B LENIOM HE TpeOyeTcs (XOTs B
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HEKOTOPHIX 3a/1a4ax €€ MOXKHO ObLIO ObI cenaTh), MprueMieMas TOYHOCTb Ha TECTOBOW BBIOOPKE
Be3ge orMeueHa kak /0%, yro B memoM He MHOro. JloctmwkeHue Oosiee OOJBIION TOYHOCTH

pacino3HaBaHyus OLCHUBACTCS B JOIIOJIHUTCIbHBIX Oasutax.

Tabnuma 5.5 — BapuanTsl 3ananuii

Ne VYcnoBue 3agaun

Cunternyeckue JaHHblE Ha  Kiaccupukamuio. IloCTOSHHBIA  aapec  3amayu:
https://cs.joensuu.fi/sipu/datasets/.

[ T TR

A.K. Jain's Toy problem

Heobxomumo mepeBect BbIOOpKY B ¢dopmar Excel. 3arem pemmts 3amgauy
1 | KmaccupuKanuu: co3IaTh HEHPOHHYIO CETh, KOTOpas MPUHUMAs KOOPJIWHATHI TOYKH,
OTHOCHUT €€ K TOMY WJIM HHOMY Kiiaccy. Pa30OuTHe Ha TECTOBYIO M OOYUaIOIIYI0 BHIOOPKY
OCYIIECTBIISIET CaM CTYIIEHT, HCXOAT U3 3aaa4i. MoxHO opueHTHpoBatbes Ha 80%-85%
i obyuaromiei BeiOopku u 15%-20% st TectoBoii. B BeiOOpkax 00s3aTeNbHO Y4eCTh
CTCTICHb MPEACTABICHHOCTH KiaccoB. Ecnmu onuH kiacc mpezacrasiieH 20 marTepHaMu, a
Apyroi 5, TO OYEBHHO, YTO B OOYdaroleil W TECTOBOH BBIOOPKE OKaXYTCs pa3HOE
KOJIMYECTBO TATTEPHOB M3 ATHX KiaccoB. IlocTapaThCsi MONYYHTH KIACCH(PHUKATOP C
KauecTBOM MpPAaBWIBHBIX OTBETOB He Hibke 70% nams TecToBoil BBIOOpKU. [IpaBUIBHBIM
OTBETOM CUHTAETCS OTBET CETH, IPH KOTOPOM EBKIIUIOBO PACCTOSIHHE MEKIY UICATbHBIM
TpeOyeMbIM OTBETOM (YUHUTEINb) U OTBETOM CETH HE MpeBbIIaeT mno Moayio 0.1.

33)13‘{21 0 IBYyX MHOFOMepHI)IX NEPCKPBIBAIOINXCA HOPMAJIbHBIX paClIpCACICHUAX.

2 1535\3
/517: \

JlaHbl 1B IBAIIATUMEPHBIX HOpMaibHbIX pactpenencHus (7400 marreproB). OmHO
koaupyetcs kinaccom 0, npyroe — 1. Kitace 1 umeet cpennee (a, a, a,..., a), kimacc 2 — (-3, -

a, -4, ..., -a), rme a= 2/ \ 20 . Heob6XxomuMO Ha TECTOBOM MHOKECTBE (MOXHO
ucnoib3oBats 300 maTTepHOB) MOOMTHCS TpaBmiIbHON Kiaccudukanuu B 70%. Ommbka
npuMepHo 25% - HopMaJsbHa.

Jlana cuHTeTHueckas BbIOOpKa, B KOTOPOW MATTEpPHBI MPUHAIJIEKAT IBYM KiacTepaM B
dbopme Ganana. Kaxxnprii martepH 3agaéres IByMs TOUKaMH M TUIIOM kjacca: -1 umm 1.
TpeOyetcsi pa3ouTh BHIOOPKY HA JBa MHOXECTBA: 00ydJarolee M TECTOBOE U JOOUTHCA

3 NPaBUIBLHOM Kaccu(uKauy Ha TecToBoM MHOkecTBe 6osiee 70%. B 31oif 3a1ade none3no
JUTSL CTY/ICHTA BBIBECTH JaHHBIC HA KAaHBY M OIICHUTH CTENICHb PETPE3CHTaTUBHON
MPEACTaBICHHOCTH KaXKI0T0 Ki1acca.

4 Cunternyeckue JaHHble Ha  Kiaccuukanuio. I[loCTOSHHBIA — aapec  3amayu:

https://cs.joensuu.fi/sipu/datasets/.
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R15
KommenTapwii k Bapuanty 1.

3amada npo ¢oHeMsbl. JlaHbI JBa Kjacca: OJUH OIMCHIBACT Ha3albHBIN 3BYK (Kiacc 0),
npyroii — opanbhblid (knacce 1). Knace 0 comepxkut 3818 marrepnos, a kinacc 1 — 1586
narrepHoB. Kaxxapiii kiacc omuceiBaeTcss 5 gonemamu: Aa, Ao, Dcl, Iy, Sh. ®onembr
U3MCHSIOTCS B CICIYIOLIMX BEIISCTBEHHBIX amamnazoHax: Aa [-1.7, 4.107], Ao [-1.327,
4.378], Dcl [-1.823, 3.199], ly [-1.581, 2.826], Sh [-1.284, 2.719]. B ¢usuuecckuii cMpICIT
3THX (HOHEM U TMana30HOB BHUKATh HEe HYkHO. HeoOxo1mmo nponsBecTy KiaccuhuKauio
1 JIOOUTHCS HA TECTOBOM MHOXKECTBE KauecTBa pacrio3HaBaHus He Huke 70%.

CuHreTnueckue JaHHble Ha Kiaccudukamuio. [locTosHHBIM — aapec  3axauu:
https://cs.joensuu.fi/sipu/datasets/.

0 4 go

KommMmenTapuii k Bapuanry 1.

3amaga o kpabax genus Leptograpsus.

Nmeetcs BrIOOpKa 1Mo Kpabam 1BYX BuaoB. Kaxkapril Bun npencrasieH 50 camuamu u 50
camkKamu, T.e. Bcst BbiOOpka 200 u3mepenuil. [lepsas kononka — nos. Bropast kononka —
uHnekc ot 1 1o 50, nanee 5 KOJIOHOK — 3TO M3MEpeHUsI Tena Kpaba (Kak B 3a1adax 00 nupucax
dumepa) B8 mm: FL, RW, CL, CW, BD. Cxema u3mepenuii npenacrarieHa Huwke.B [8]
MOXHO TOJYYHTh TOAPOOHYI0 WHPOPMAIMIO 00 3THUX KMBOTHBIX, @ TAKXKE O CMBICIIE
IKCIIEPUMEHTA.

[Tocnennsist koyioHKa 3TO B Kpaba. Beibopka ObETCS Ha TeCTOBYIO M o0ydaromnryto. Jlis
TECTOBOW BBIOOPKHU MOAOKAET MO 5 IK3EMILISIPOB U3 KaXKAOTO Kilacca: 5 camiioB tuma 1, 5
camok tuma 1, 5 camoB Tuna 2, 5 camok tuna 2. Be€ ocranbHoe — 00ydaromas BEIOOpKa,
XOTS CTYIGHT MOXET MPEJIOKUTH CBOE pazouenne. Ha Bxo cetu nmomaércs 6 mapaMeTpoB
(MHACKCHI, pa3yMeeTcs, MoJaBaTh HE HAJ0, OHM HYXKHBI JJIs pa3OueHust Ha o0ydaromiee 1
TECTOBOE MHOXKECTBO, a TAK)Ke JJIsl aHAJIM3a OTBETOB). Tpedyercs co3aaThu OOYIHUTh CETh,
KOTOpasi MPaBWJIBHO OTPEIEIAET THI Kpaba Ha TECTOBOM BBIOOPKE C BEPOSITHOCTBhIO OoJiee
70% (uyem Oombiue, TeM Jydiie). YTo Takoe NMpaBUIIbHBIM OTBET

HamucaHo B BapuanTte Nel, a Takxke pazobpaHo B 3agade 00 upucax dumepa.
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CunTernyeckue JaHHblE Ha  Kiaccuukamuio. IloCTOSHHBIA  aapec  3amayu:
https://cs.joensuu.fi/sipu/datasets/.

Aggregation

KommenTapwii k Bapuanty 1.

CunHTeTnueckue JaHHbIe Ha  Kiaccudukanuio. [locTossHHBIM — agpec  3aaauu:
https://cs.joensuu.fi/sipu/datasets/.

2 4 & 8 10 12 M

Flame

KommMmenTapuii k Bapuanry 1.

10

3amava o Knaccu(UKay CTeKIa.

Nwmeercs BeiOopka u3 214 3ammceit. Coctout u3 10 K010HOK (+ 0/1HA KOJIOHKA WHIEKCOB):
R| — mHaeKkc mpenoMiieHust CTeKa, aajiee 8 KOJOHOK, KOTOpble 0003HAYAIOT COJCpIKaHHe
B IpolieHTax Toro wiau mHoro snmemeHTa (Na, Mg, Al, Si, K, Ca, Ba, Fe). Ilocnenuss
KosoHka — tun crekna: 1 — window float glass, 2 — window non-float glass, 3 — vehicle
glass, 4 — vehicle non-float glass (nanHbIii KJIacc OTCYyTCTBYET B IaHHOM BbIOOpPKE), 5 —
containers, 6 — tableware, 7 — vehicle headlamp glass. 13-3a oTcyTcTBYMOILIEr0 OAHOTO
KJlacca ToJlydaercss 6 THUNOB cTekia. BriOOpKy HeEoOXOAuMMoO pa3OMTh Ha JIBE YacTH:
o0ydJarolyro ¥ TECTOBYI. B JaHHOW BBIOOpKE KIIacChl TPECTABICHBI PAa3THYHBIM
KOJIMYECTBOM DIJIEMEHTOB, TOITOMY JIJISl TECTOBOM Ka)IbIi KIacC BHOCHT HE OJJMHAKOBOE
KonuyecTBo narrepHoB: 1 — 10 natrepHos, 2 — 10, 3-3,5—-3,6 -2, 7 — 4. Bcé ocranbHOe
ua€r B oOyvaromiyro BeIOOpKY. [loOuThcs Kilaccu(uKalMu C TOYHOCTHIO HAa TECTOBOM
BbIOOpKE Oonee 70%.

JIOnOTHUTENbHYI0 WH(OPMAIIMIO BMECTE CO CTaThsIMH, B KOTOPBIX HCIIOJIB30BaIach 3Ta
BBIOOpKa, MOYHO MOJTY4UTh o azipecy:
https://archive.ics.uci.edu/ml/datasets/Glass+Identification/.

B Matlab mo>xHO0 HaGpats koMany NPrtool, nasxkate Next, nanee Load Example Dataset
u BeiOpaTh Types of Glass u mountats uHpOpMammoo 00 3TOM 3amade. OAHAKO, CTOUT
ydecTh, 4To B Matlab uHTErprpoBaHa ynpolieHHas 3a/1a4a, I71¢ Ha BBIX0/Ie HIMEEM BCEro 2
KJacca.

11

CunteTnueckue JaHHble Ha  Kiaccudukamuio. [locTossHHBIM — agpec  3amauu:
https://cs.joensuu.fi/sipu/datasets/.

0

Zahn's Compound

KommenTapwii k BapuanTty 1.

12

3anaga o mudpax.
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[udpa Ha xanpkynsaTope komupyercs nepemeHHsiMd VARI1..VAR7, pacnonoxeHHbIMH
TaK, KaK 1oka3aHo BeIe. [lepemennas Mmoxxet npuHuMath 3HadeHue 0 (ZERO), ecniu yacth
Ta0bJ0, KOTOpasl CBs3aHa C JTOW mepemeHHou He pabotaer, wm 1 (ONE), ecnuyacts
tabno paboraer. B BriGopke Bcero 500 3amuceil, kaxkaasi 3aMuch COCTOUT U3 7 3HAYCHHM
MIePEeMEHHBIX | Ki1acca mudpsl. He Bce mepeMeHHbIe TPaBUILHO KOJAUPYIOT CBOM Kilace, T.K.
Tabno HeucnpaBHO. HeoOxomumo cocTaBUThH KiacCU(UKATOP, KOTOPHII HAa TECTOBOM
MHOXKecTBe TMokaxeT Bbime /0% TpaBHIBHBIX OTBETOB. MOXXHO HCIIOJIB30BATh
CIIEYIOIIYI0 CTPYKTYypy ceTu: 7-5-10, kommuectBo smox 500, HayanmbHas CKOPOCTh
oboyyerns 0.01. Pa3Outre Ha 00y4aromyro U TECTOBYIO BBIOOPKHM MOKHO MPOU3BOIUTH
nucxons u3 coorHomenuit 85%-15%, crerneHp paBHOMEPHOM MPEACTABICHHOCTH KaXKI0TO
KJ1acca JIOJDKEH CeNaTh caM CTYJICHT.

13

CuHreTnueckue JaHHble Ha kiaccudukanuio. [locTosHHBIM — aapec  3amauu:

https:/

/cs.joensuu.fi/sipu/datasets!/.

O e,

- T

£ & = 2% a0

Path-basedl

KommMmenTapuii k Bapuanry 1.

14

CuHreTnueckue JaHHble Ha kiaccudukamuio. [locTosHHBIM — agpec  3amauu:
https://cs.joensuu.fi/sipu/datasets/.

path-basedZ2: spiral

KommenTapuii k Bapuanry 1.

1
2.
3

4.

Conep:xanue oT4yera u ero popma
OTtuér o 1abopaTopHOil paboTe TOKEH COAepkKaTh CIEAYIOUTYI0 HHPOPMAITHIO:
HazBanue nabopaTopHoit paboThI U €€ HOMED.
®UO cryneHTta u rpynmy.
DopMyIUpPOBKA HHIUBUIYATHHOTO 3a/IaHUS.

JlokymeHT oTuyéTta ¢ Print Prtscr nmuamoroBbIX OKOH IO IIaram JJis CBOETO BapHaHTa I0

Mo100MI0 TOrO, YTO OMHCAHO B TeOopeTudeckol yacTh. [{omkHa mpucyTcTBOBaTh MH(MOpMALUS O

KOJIMYCCTBE KJIACCOB, KOJIMYECTBC MATTCPHOB B KAXKIAOM KJIaCCE, O pa3Mepax TECTOBOM U
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oOyuJarorieit BEIOOPKH, O IPECTABICHHOCTH KaXI0TO Klacca B TECTOBOM U 00ydJaroIiel BEIOOpKE,
00 UCTONB3yEeMBIX AJITOPUTMAaX OOyUEHHUS HEMPOHHBIX CETEH, a TAKXKE Pe3yJIbTUPYIOIINE TpaprKu
U TPOIICHT MPABWIBHO PACMO3HAHHBIX NMATTEPHOB Ha TECTOBOW BhIOOpKe. HeoOxommmo Takke
yKa3aTh CTPYKTYpPY CETH U 0OOCHOBATh NIOYEMY BhIOpaHa MMEHHAs TaKasi CETh.

5. OtBeTnl Ha KOHTPOJIbHBIC BOIIPOCHI.

Bonpocs! 1151 32U ThHI padoThI
1) Kakwue anropuT™bl 00y4eHUs] HEHPOHHBIX CETEH BbI 3HACTE, YEM OHU OTIMYAKOTCS?
2) J171s1 4ero UCIoNb3YIOTCS B CETSIX MPSMOT0 PaCIpOCTPaHEHUs CBSI3U Yepe3 CIIoi?
3) B kakux ciaydasx Juis 3ajjaud KiIacCU(pHUKAIMKU BBITOJHEE UCIOIb30BaTh poOd-

HEUPOH, YeM CUTMOUIaJIbHBIA HEUPOH?

4) Kaxkoii oTBET ceTu cuuTaTh NMPaBUIHLHBIM?

5) UeM HYKHO pyKOBOJICTBOBAThCSl, pa30uBasi BEIOOPKY Ha TECTOBYIO U 00Yy4aroILyt0?

6) Kakue ¢ynkiuu B Matlab MoxHO HCIOIb30BaTh JJISI CO3aHUS CETH U B Y4€M HUX
otiinuue?

7) Kakas cTpykTypa JaHHBIX COAEpKUT HH(pOopMammio 00 mporecce 00ydeHUs CeTH U

Kak e€ TOJy4YUTh?
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JlaGoparopnas pa6ota Ne 6
[Tpumep co3nanus U 00ydeHHS] HEUPOHHBIX CETEH IS 3a/1a4 Ki1acCu(UKAIH

B cpeae Matlab. Yacts 2

eab u cogepkanue padoThI: co31aTh U 00YYMTH HECKOJIBKO HEHPOHHBIX CETEN,
pelamuX 3a1a9u KiIacCu(GuKaIm, pacCMOTPETh MPeI00padOTKy NaHHBIX.
3amaun:
— paccMOTPETh Pa3InYHbIE CTIOCOOBI HOPMHPOBKH BXOJIHBIX JAHHBIX;
— HAy4HUTbCS KOAUPOBATH KATETOPHUAIIbHBIC TIEPEMEHHBIC;

— HAY4YMTbHCA pa6OTaTI) C BCHICCTBCHHBIMU IIEPEMCHHBIMHU PA3HBIX JUAIIA30HOB.

Teopernyeckoe 000CHOBaHME
PaccmoTpum 2 3agauu, yaenuB ocoboe BHUMaHue npenoOpadoTku qaHHbIX. Iloa npenodpadoTkoit
Oyner moHuMarbcs padoTa ¢ KaTeropuaibHbIMU, OPJIUHAIBHBIMU (IIOPSIKOBBIMU) U OOBIYHBIMU
YHCIIOBBIMH NTEPEMEHHBIMH, U HOPMAJIH3aIHs JaHHBIX.

Ilepsasa 3a0aua. Oyenka IUAHUA COYUATLHBIX (PAKMOPOS HA BBINCUBAHUE NACCANCUPOS
nomepnesuie2o agapuro cyoHa « Tumanuxy.

B unTEepHeTE ecTh pa3nuyuHble BapUaHTHI JaHHOW BbIOOpKU. OqHa M3 Haubosiee cTapbiX U
Oonbiux, 370 BEIOOpKA ¢ Delve Project [ 1]. Bertbopka coctout Beero u3 2201 madmronennii. Kaxxmoe
HaOJII0IeHNE COCTOUT M3 TPEX TTapaMeTpoB U pe3ynbTata. [lepBas KoJIoHKa — Ki1acc, KOTOPBIM TUTBLT
yenoBek Ha «Turanuke» (0 — wieH komaHabl, | — mepBbIi Kiacc, 2 — BTOpO# kiacc, 3 — TpeTuit
KJ1acc), BTopasi KonoHka — Bo3pact (1 — B3pociblit, 0 - pe6EHOK), TpeThsi KojoHka — mon (1 —
MyxurHa, 0 - )KeHIIWHA), 4eTBEPTast KOJIOHKA — Pe3yJbTaT, Mo CyTH, - kiacc(l — BEDKUII mocie
kpymienus, 0 — Het). @parmenT BeIOOpKU NpuBeAEH B Tabimie 6.1.

Tabnuua 6.1 — @parmMeHT BEIOOPKH U1 3a7a4l 0 « TUTaHUKE»

Ne Class Age Sex Survived
1 2 1 0 1
2 1 0 1 1
3 1 1 1 0
4 0 1 1 0
5 0 1 0 1
6 0 1 1 1

Bri6opka copepxkutcs B ¢aiine «DataForTitanic 1.xIsx». OnmHako naHHas BeIOOpKa HE

noaouaET HaM. Jleso B TOM, 4TO BXOAHOW BEKTOP B 3TOM BapHMaHTE BHIOOPKHU COJEPKHUT TOJBKO
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KaTeropuayibHble U OpJAMHAJIbHBIE TMepeMeHHble U ux ciauimkoMm majo: Ilon, Kmace, Bospact (B
Buzie kareropun). K uemy ato npuBoaut? K TOMY, 4TO MaHHBIE CTAHOBATCS MPOTHBOPCYMBBIMU:
CJIMIIKOM MHOTO OJIMHAKOBBIX BXOJHBIX BEKTOPOB OyIyT HMMETh pa3HbIC BBIXOJHBIC KIIACCHI
(BBDKMII, HE BeDKII). Eciin Ob1 MBI pemiany JaHHyo 33a4y He ¢ TOMOIIbI0 HEHPOHHBIX CeTeH, Te
TpeOyeTcsl TOJTYYUTh OJMH KIAacCH(HUKATOpP, KOTOPHI M MPUHUMAET PEIICHHEe, a C MOMOIIBIO,
nomyctum, random forest, To mpobGimemsl Ob1 He ObL10. Ham ke TpeOyeTcs «pa30aBHTB» ITH
0TOOpaHHBIC TJIaBHBIE KOMIIOHEHTHI 0ojiee BTOpocTeneHHo uHdopmarmeid. [ToaToMy 3a 0CHOBY
Obu1a B3siTa BEIOOpKA, coneprkamasics B ¢aiine «DataForTitanic 2.x1sx», ona Obuia nmpeobpa3zoBaHa
K unanpHOI BbIOOpKE «DataForTitanic.xIsx». HyxHo ydecTs, 4TO HECMOTpPA Ha TO, YTO TEMEpPhb
JIAHHAs 33j1a4a CTaya aJIeKBaTHOM 11 HEMPOHHOW CETH, OJHAKO CEPhE3HBIX PE3YIbTATOB JKIATh HE
NPUXOINUTCS, T.K. HA BEDKUBAEMOCTH OOJIBIIE BCETO BIUSIOT MMEHHO KJIACC,II0JI K BO3PACT, TIOATOMY
TO, UTO MBI «pa30aBIIIN BXOJHYIO MH(POPMAIHNIO, el He 03HAYAET, YTO MBI CHSUIH JIOTHYECKHE
IpoTHBOpEUrs. B 3aMacKMpoOBaHHOM BHJEe OHHM BCE PaBHO NMPHUCYTCTBYIOT BBBIOOpKE, T.€. JaHHAs
3ajaua Hey1o0Ha JUIsl HEHPOHHOM CceTH.

Ternepb ceTh MMEET OTIIMYAIONIUECS BXOIHBIC BEKTOPA TaM, IJIe PAHbIIEC OHU ObLIH MOXOXKH
JUISL IBYX PasHBIX KJIACCOB, HO CaMble BIMSAIONINE HA BBDKHBAEMOCTh KOMIIOHEHTHI 3THX BEKTOPOB
BCE PaBHO OJJMHAKOBBIE.

beun octaBrnena Takue cTonOUBI Kak class (kakuM KiaccoM TUibLi), survived (BBDKWI, HE
BBDKMII), seX (Ioii), age (Bo3pacT B BUJAE UHMCIA, a HE B BUJAE KaTeropuu), sibsp (kKoinyecTBo
POJICTBEHHHKOB BTOPOTO MOpPSIIKA: MYXK, JKeHa, OpaTbs), parch (KOIHMYecTBO pPOJICTBEHHHUKOB
MIepBOTO MOPSIIKA: MaTh, OTell, feTH), fare (1iena 6unera), embarked (mopt mocaaku: 0 — Cherbourg,
1 — Queenstown, 2 — Southampton). Kononka Age coaeprxaiia 263 nmporrycka, OHU OBLITH 3aITOJTHEHBI
MeIMaHoOM 110 BceMy CTOJI0Iy oT 3To# Beibopku (28 net). Kononka Fare comeprkana oiuH Mpomyck,
OH Tarke ObuT 3amosHeH meauanoi (14.45). Komonka Embarkedconepixana nsa mpomycka, oHH
ObUIM 3arOJIHEHBI 3HAYEHUAMH «2». IMEHHO Ha 3TOH BBIOOpKE OyneT o0y4yaTbcs HEHpOHHAS CeTb.
Bri6opxka cogepxut 1309 narrepHoB.

Bmopas 3a0aua. Knaccuguxayus epubos.

Nmeercs BeiOopka LlInnMmepa B KOTOpoit onucansl 23 Bua TpuOoB U3 ceMeicTB Agaricus
u Lepiota. Becero B BeiOopke 8124 3anmceit, Kaxkaplid rpud omuchiBaeTcs 22 mapamerpaMu (0JHaKO,
oIuH W3 mapaMeTpoB: stalk-root, MoXeT comepkaTh MPOMYIICHHBIE 3HAYEHUS, MO3TOMY OH
UCKJIIOYaeTcs W3 opuruHaibHOl BbeIOOpKM Illmummepa u octaérest 21 mapamerp). Heobxonumo
KJaccu(puIupoBaTh Tpud Kak che100HBINH MK He che10OHbIH. Hrke nmpruBeaeHbl HOMepa CTOJIOO0B
U UX 3HaueHUs (OO0TaHUYECKHE TePMUHBI TIepeBeICHbI TPUOIMKEHHO).

1. ®opma mursnku (cap-shape: bell (komoxonoo6pasuas) = b, conical (konuueckas) = C,

convex (Beimykitas) = X, flat (mockas) = f, knobbed (1rapoo6pasnas) = K, sunken (Bnanas) = s).
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2. TlosepxHocts numsinku (cap-surface: fibrous (xwmnucras) = f, grooves (¢ BrleMKamu) = g,
scaly (uemryituaras) = Y, smooth (rmagkas) =S).

3. LBer musnku (cap-color: brown (kopuuneBslil) = n, buff (11Beta OyiiBonoBO# KOXH) = b,
cinnamon (IIBETa KOPHIIBI) = ¢, gray (cepbiii) = g, green (3es€HbIN) = 1, pink (po30BbIii) = p, purple
(mypriypHBIi) = U, red (kpacHbIii) = ¢, white (Oenbrit) = W, yellow (kéntsrit) = y).

4. Hamnuue Bmstun (bruises?: bruises =t, no = f).

5. 3Banax (odor: almond (mMunmans) = a, anise (amuc) = |, creosote (kpeosor) = c, fishy
(pei0ubIi) = Y, foul (oTrankusarommii) = f, musty (3amax miecenu) = M, None (HeT 3amaxa) = N,
pungent (octpslit) = p, spicy (3anmax mpstHOCTEH) = S).

6. Hanuuue rumMeHHMaIbHON IUIACTUHKH, T.€. INITACTUHKU y TPUOA HA HIKHEH CTOPOHE IUISITIKH
(gill-attachment: attached (mpukpernena) = a, descending (mucxomsmias) = d, free (cBoGoaHO
pasmeniena) = f, notched (mmmoo6paszua) = n).

7. Tun pa3OuBkM Ha ruMeHHaNbHON TutactuHke (gill-spacing: close (6nu3kas) = ¢, crowded
(TecHast) = w, distant (Ha HEKOTOpO#t qucTaHIUK) = ).

8. Pasmep rumenunansHoii wiactuaku (gill-size: broad (mmpoxkwuit) = b, narrow (y3kuii) = n).

9. IlBer rumenuanbHO TuiactTuHkH (gill-color: black (uepnas) = k, brown (kopuuneBas) = n,
buff (uBera OyiiBonoBoii koxu) = b, chocolate (moxonannas) = h, gray (kopuuHeBas) = g, green
(3enénas) = r, orange (opamxkesasi) = 0, pink (po3oBas) = p, purple (mypmnypHas) = U, red(kpacHas)
= e, white (6enas) = w, yellow (xéntas) = y).

10. ®opma wHoxku rpuba (stalk-shape: enlarging (pacmmpsiromasicss) = e, tapering
(cyxwuBatorasics) = t).

11. TToBepxHOCTh HOXKH Tpuba BbIlIe Kojblla (stalk-surface-above-ring: ibrous () = f, scaly
(uemryituaras) = Y, Silky (menkoBucras) = k, smooth (rnaakas) = S).

12. TToBepxHOCTh HOKKH Ipuba HKe Koubila (stalk-surface-below-ring: ibrous = f, scaly =y,
silky = k, smooth = ).

13. IIBet Hoxku rpubda Bbile Kouibla (stalk-color-above-ring: brown = n, buff = b, cinnamon
(kopwmiibl) = C, gray = g, orange =0, pink =p, red = e, white = w, yellow =y).

14. 11Bet HOXKU rpuba Hike Kojbia (Stalk-color-below-ring: brown = n, buff = b, cinnamon =
c, gray = g, orange = o, pink = p, red = e, white = w, yellow =y).

15. Tun packpacku (veil-type: partial (vactuunsiii) = p, universal (Bceobmuii) = u).

16. IiBer packpacku (veil-color: brown = n, orange (opanxessiii) = 0, white = w, yellow = y).

17. KonmuectBo kouerf (ring-number: none (1er) = n, one (oaHo) = 0, two (1Ba) = t).

18. Tunbr konen (ring-type: cobwebby (3aTsHyTOoe) = ¢, evanescent (CyXuBaroiieecs) = e,
flaring (apkoe) = f, large (kpynmHoe) = I, none (aet) = n, pendant (mo Tumny 00ku) = p, sheathing

(oOBoOMakmBaroIIee) = S, ZONe (30HaJIBHOE) = Z).
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19. IIBet cniop (spore-print-color: black = k, brown = n, buff = b, chocolate = h, green =r, orange
=0, purple = u, white = w, yellow = y).

20. TTonysstumst (population: abundant (uzobunbhas) = a, clustered (mydounas, pactyiias
ny4kamu) = C, humerous (paBHomepHas) = N, scattered (peakas, panas) = S, several (manas) =V,
solitary (oguHOYHas) = V).

21. Mecro pacnpoctpanenus (habitat: grasses (rpasa) = g, leaves (mucrsa) = |, meadows
(;ryra) = m, paths (tpomsr) = p, urban (ropox) = u, waste (kycrapuuk) = W, woods (iteca) = d). Knacc

s ceenobHoro rpuba edible = e, knace st HecbenoOHOTO rpPUda POISONOUS = .

Jannas BeiOopka Haxonutcs B (aiine «DataForMushrooms.xlsx». Ckadatb BBIOOPKY MOXHO €
caiita DELVE Project. Bosee moapo6nas uHbopmars 1mo BeIOOpKe mpuBeeHa B [2].

Jlyis Havana mpuBeAEM KPaTKYIO MOJIE3HYI0 WH(OPMAIHIO IO TTpenoOpaboTKe TaHHBIX: TI0
KOJAMPOBAHUIO BXOJHBIX MTEPEMEHHBIX, a TAK)KE IO HOPMUPOBKE. bosee cioxHbIe METOBI, TAKUE
Kak BbIOCIMBaHUE, aHAJIU3 TJIABHBIX KOMIIOHEHT U T.J. HE PACCMATPHBAKOTCS, T.K. 3TH METOJIbI
Oonble OTHOCATCS K OonbmiuM 00bEMaM JaHHBIM (HampaBieHue data mining) u s
TPCHUPOBOYHBIX 3a71a9 U30BITOYHEI.

Hefiponnsie cetn MOTYT paboTaTh TOJIBKO C YHCIAMH, TIO3TOMY BCSI BXOHAS WH(GOpMAITUs
JOJKHA OBITH TMpEJCTaBlieHa B YUCIOBOM (hopmare. Eciu mapameTrp HEUHCIOBOI, TO OOBIYHO €ro
MOKHO OTHECTH K OJHOMY M3 JBYX KJIACCOB: KaTerOpHajbHas IEepPEeMCHHAs, OpAMHAIbHAS
nepeMeHHas. OpJAHHATBHBIC TIEPEMEHHBIC OTINYAIOTCS OT KATETOPHAIBHBIX TOJNBKO TEM, YTO HX
MOKHO PaHXXHPOBATh, MOMYCTHUM, IUIOXO — XOpOIIO — OTIH4YHO. [IpuMep KaTeropuaabHBIX
MIEPEMEHHBIX KPACHBIN, CUHUH, 3€JIEHBIN U T. 1.

OpauHanbHbIE IEpeMEHHbIe 0osiee OJIM3KH YUCIOBOMY pAaY (T.K. €CTh MOPSIOK), TOITOMY
WX MOXKHO 3aKOJMPOBATH YHCIAMH, JOIYCTUM, O4eHb MeIeHHO (A = 0) — memenHo (A = 0.25) —
cpenue (A = 0.5) — 6sicTpo (A = 0.75) — ouens ObicTpo (A = 1). OgHAKO, HYKHO YUUTHIBATh, YTO
9TO HE BCErJia pa3yMHOE pelIeHHe, T.K. TOT/la Mbl BBOJUM OTHOIIEHUS, KOTOPBIX M3HAYaIbHO HE
OBLTO, IOMTYCTUM, TIPH TaKUX A IMoirydaercs, 9To «ObICTpo» B 3 pa3za OoJble, YeM «MEeJICHHOY.
0.75 — KOHKPETHOE YHCJI0, HO Belb «OBICTPO» MOXKET OBITh OOJIBIINE U B 4 pa3za, 4eM «MeIJICHHOY,
9TO Belb aOCTpPaKTHBIC MOHSITHS, MO3TOMY YTOOBI HE BBOAWTH JUIIHIOK WH(POPMAIUIO, JIYUIIE
KOJMPOBATh 3TU MIEPEMEHHBIE TaK)Ke KaK U KaTeroOpUalbHbIE.

Ilpumeuanue. B paccMOTpEeHHOM TIpUMEPE CO CKOPOCTSIMH 3HadYeHHe A BBIOHPAIOCh
MIPOU3BOJILHO YEIOBEKOM, OoJiee oOmuiA crioco0 3TO MOICYUTATh KOJIMYECTBA OYCHb MEIJICHHBIX,
MEJIEHHBIX, CPETHUX, OBICTPBIX, OYCHB OBICTPBIX CKOPOCTEH, U JENIUTh 3TO KOJIMYECTBO Ha OOIIYIO
ux cymmy. Toraa Juist O4eHb MEIJICHHOW CKOPOCTH MOMYyYUTCS (A = KOJIMYECTBO OYEHBb MEICHHBIX
ckopocteii / 0011iee KOJIMIeCTBO CKOPOCTEi) U T.1I.

KareropuanbHble mepeMeHHbIE KOIUPYIOT uepe3 3aJaHUE YHUCICHHBIX SKBHBAJIECHTOB
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KJIacCOB (IBOMUHOE KoaupoBaHue). OObIUHO HCIIONB3YIOT ABa BO3MOXKHBIX BapHaHTa: KOJ N—nN U
Koa n—m (m <n).

N—n o3Hauaer, 4yTo €JIM y Hac 5 COCTOSIHUI, KOTOPbIE MOKET IPUHUMATh IIEPEMEHHAs, TO
HCITONIB3YETCS 5 PerucTpoB-HEHPOHOB 1i1s1 €€ koaupoBanus. Ouenb memieHHo (10000), memieHHO
(01000), cpenue (00100), 661cTpO (00010), 0OYcHH GHIcTpO (00001).

N—m 03HayaeT, 4T0 KOJIMYECTBO PErMCTPOB-HEUPOHOB OyIET MEHBUIE, YEM KOJIUYECTBO
coctosHui. OOBIYHO HCHOJB3YIOTCS [[BA BapUaHTA: «TEMIIEPATypHOE» KOAMPOBAHUE U
KJIACCUYECKHM JBOMYHBIA KOJ. Paccmorpum «remmeparypHoe» KoaupoBaHue. OueHb MEIJIEHHO
(0000), meqmerno (1000), cpenne (1100), 6picTpo (1110), odyenp OvicTpo (1111). Bumno, yro
COCTOSIHMI 5, a perucTpoB-HEHpoOHOB yxke 4. BTopol TN KOAMPOBAHUSA — 3TO KJIACCHUYECKOE
OunapHoe. Y Hac 5 COCTOsIHUA, TOT/1a HAM HY)KHO M PErHCTPOB-HEHPOHOB, 94T00BI 2™ > 5, T.e. M =
3. Ouenn memrenno (001), memnenno (010), cpenue (100), 6sictpo (101), ouens 6vicTpo (110).

B u€m 0coOeHHOCTh KaXIOTrO THIA M Korja oHO mnpumensercs? KomupoBanwe nN—=>n
IPUMEHSIETCS TOI'/la, KOorJa KOJIMYECTBO 3HAYEHUM KaXKI0ro THIA IpUMEpPHO paBHO. T.e. mycTh Pi
— 3TO KOJIMYECTBO 3HAYEHUH MEpEMEHHOM 1o ckopoctH (A), i = 1..5, rne P1— Komm4ecTBO «04YeHb
MEJIEHHBIX» CKOPOCTEMH, a P5s— KOJIM4ecTBO «0ueHb ObICTpBIX» cKopocTeil. Eciu P1=P2=~P3~Ps~Ps,
TO MOKHO NMPHUMEHATh KOJMPOBAHUE U3 N—N, €CIU 3TO YCIOBHE HE BBIMOJIHAETCS XOTS ObI JUIs
onHoro Pj, To myudme npuMmeHuTh U3 n—m. [louemy? Ilpeanonoxum, yto P13HaunTENHHO OOJNIBIIE,
ueM P2..Ps. Torga, Te cBA3M, KOTOpBIC BHIXOAAT M3 3TOr0 HEHPOHA (IIEPBOr0 M3 IATH) Yallle
aKTUBHUPYIOTCS B Ipolecce OO0ydeHus, TOrja Kak OCTajlbHble — MpocrauBaroT. [lomyudaercs
CHUTYallHs, 4TO CBSA3H €CTh, & UX O0Y4YEHUS — HET.

Taxxe CTOUT yHOMSIHYTh €lI€ OJIMH MOMEHT, YTO U3MEHEHHUs B Ipoliecce 00yYeHUs BECOB
IIEPBOIO CJIOS 3aBUCUT OT BXOJHBIX 3HauUeHUM. 11 eciim BO BXOJHOM CJIO€ OYEHb MHOTO HYJEH, TO
o0yuyeHus mpocTo He OyzeT, mporecce pactsHeTcs. [Io3ToMy BO MHOTHX Cllydasix Jydille KOAUPOBaTh
HeOwul,a+l.

Tenepp paccMOTpUM YHCIIOBBIE BXO[bl, IJ€ 3HAYEHHUS TOJIBKO uucia. B TakoM ciiydae
pa3Mep 3THX BXO/0B OOBIYHO He MeHsieTcs. Ecnu, k nmpumepy, y Hac ecTh 10 BXOAHBIX HEHPOHOB,
U3 HUX 7 HEWPOHOB NOJYYAOT YMCIIOBBIE BXOJBI, & HE KaTErOPUH, TO 3TU 7/ HEHPOHOB TaK M
OCTaHyTCs 7-10 HeipoHaMH, TOT/a, KaK OCTaBIIMecs 3, CKopee Bcero, 0yayT nmpeoOpa3oBaHbl B q >
3 HEMPOHOB MO KaKOMY-HHOY/Ib PACCMOTPEHHOMY BBIIIE CIOCO0Y KoaupoBaHusi. OiHaKo, ObIBAIOT
U UCKJIIOYEHHMsS], OIYCTHM, KpPYroBO€ KOJIMPOBAaHME, KOIJa HEKUH HEHpOH JOJDKEH IMOoJIydaTh
rpagycsl ot 0 10 360 unu gHU B rogy. Eciu Mbl OCTaBUM TakoOW BXOJI, TO MOJYYUTCS, YTO MEKIY
359 u 0 rpangycamu oueHb Ooublas pa3HUIlA, a OHHM, TEM HE MEHEee, CTOST PSAJOM Ha KPYroBOM
mkaine. YtToObl He BBOJUTH HE CYLIECTBYIOIIMX OTHOIICHUNA MOKHO 3TOT HEHPOH 3aMEHUTH JBYMS

HelpoHamu, oauH Oyner npuaumathk SIN(X), apyroi €os(X). Ho 0ObUHO YHCIIOBBIE BXOMABI IO
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KOJIMYECTBY HE MEHSAIOTCs. [ 7aBHas mpoOiema YHCIOBBIX BXOJOB — pAa3IMYHBIC IHUANA30HBI
3HaYeHu. OMH HEHPOH MOKET MPUHUMATh yucia oT 0 1o 1, a apyroii ot 102 10 10*. MO3KHO Takue
BXOJIbI U OCTaBUTh, HO TOT/Ia CETh OYJIET BBIHYXICHA /ISl OOJIBIIUX BXOJOB MOI0UPATh MEHBIIIHE
3HAUEHUS BECOB, YTOOBI CKOMIIEHCUPOBAThH PA3HMUILY, T.€. TIOSBIISCTCS JOMOJIHUTEIbHAS CIIOKHOCTh
B 00y4eHHH, KOTOpasi MOYKET BOOOIIE 3aTOPMO3HUTh BeCh Iporiecc. [[03ToMy Bce YUCIOBBIC BXOIBI

JIOJDKHBI OBITH OTHOPMHUPOBAHBI K HEKOTOPOMY CTaHIAPTHOMY JIHAITa30HY.
CylIecTBYIOT MHOXXECTBO THUIIOB HOPMHUPOBOK. TyT OyayT pacCMOTpPEHBI TPH THIIA
HOPMHPOBKHU: JIMHEIHAs!, HCIOJIB3YIOIIAs CPEIHEKBAAPATUUECKOE OTKIOHEHUE, U CUTMOUJaJIbHASL.
Jlnst Havana paccMOTpUM (GOPMYJIbI 3TUX HOPMUPOBOK. (6.1) — nuMHEHHAs HOPMHPOBKAa,

(6.2) — HOpPMHUPOBKa, HUCITOJIB3YIOIIAsk CPEIHEKBAIPATUUECKOE OTKIOHEHHE, (6.3) — cHrMouaaIbHas

HOPMHUPOBKA. (
X = X=X |*(b—a)+a
o | =X
\ max min) ’ (6.1)

rae Xnew — HOBOE 3Ha4€HHE BXOJla, X — CTapo€ 3HAUYECHHE BXOJA, Xmin — MUHUMAaJIbHOE
3HaYEHHE U3 BCEX 3HAYECHUH BX0Ha, Xmax — MAKCUMAJILHOE 3HAYEHHUE U3 BCEX 3HAYECHUH BX0ozda, b —
MAaKCHMAJIbHOE 3HAUYEHWE HOBOIO JMana3oHa B KOTOPBIM NEPEBOAMM CTapO€ 3HAYEHHE, a —

MHUHHMAaJIbHOC 3HAYCHHUEC HOBOI'O JHalla30Ha.

o X=X,
new G | 6.2)

rae Xep — cpeaneapudmernueckoe 3HaueHue (6.5) Bcex 3HauCHUIT KOHKPETHOTO BXOJa, G -

cpeaHekBaapaTndyeckoe oTkioHeHue (6.6).

Xnew = ]-_—e__a
1+e , (6.3)
o X=X,
c (6.4)
1, "
= — %\
X . X;
=1 (6.5)

rae N — KOJIM4YEeCTBO 3HAYCHUI KOHKPETHOI'O BX04a, Xi — KOHKPETHOC 3HAYCHUEC BXO04aA.
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I/ICXO,I[SI YK€ U3 OJHUX q)OpMy.]'I MOXKHO CAC€JIaTh BBIBOJ, YTO BCC HOPMUPOBKH UCIIOJIB3YIOT
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Kakue-HUOYyIb CTATUCTHKY, 3apaHee U3BICUEHHbIC U3 HY>KHBIX IMana3oHoB. JIMHeHHas HCTIONIb3yeT
MUHUMAaJIBHOE U MaKCUMaJIbHOE 3HAYEHUS, IPYTUe — CPEIHEKBAIPATUUECKOE OTKIIOHEHUE U T.. A
9TO O3HA4YaeT, YTO HE BCE HOPMHUPOBKH IPUMEHUMBI K PEXKUMY DPEAIBHOrO BpeMeHHU. Benb
MOJPa3yMeBaeTcsl, 4To 00ydarolas BBIOOpKa HE U3MEHUTCS B pa3Mepax, MO3TOMY MOKHO 3apaHee
B IIpoliecce NpefoopaboTKU U3BJI€UYb HYKHbIE CTATUCTUKU M IOTOM MX BCErJa UCIOJIb30BaTh. Ecnu
e o0yuarolas BbIOOpKa MOKET MOIOJIHATBECS B Ipoliecce 00yueHHsl, a 3TO OYEHb BEPOSTHO JUIS
peaybHBIX 337134, TO HYXHO JHOO OTKa3aThCs OT CIOXKHBIX M KaueCTBEHHBIX HOPMHUPOBOK (3a
UCKJTIOUEHHEM JINHEIHOIT), THOO0 NCIOIb30BaTh YCKOPUTEIbHBIC TEXHUKH JJIs1 OBICTPOTO nepecyéra
3HAYEHUH U CTaTUCTHK, YTO HE BCETJa BO3MOXKHO.

PaccmoTrpuM koa, AEMOHCTPUPYIOLIUHI BCE TPU THIIAa HOPMUPOBKH, @ 3aTEM KPATKO CPaBHUM
uXx.

% /leecmu 3nauenuii

x=5:0.005:6;

% nojayuaem HeKUil Yucnoeoil p}lé C ROMOULbIO MPUOHOMEMPUUECKUX
% ¢ynryui
yl=exp(x)+25*sin(100*x)+43*randn(1,201)+36*cos(10*x);

% oenaem 6 Imom paode 08a pe3Kux evloOpoca, m.e. HEMURUYHBIX 3HAYECHUSA
y1(50)=y1(50)+986;

y1(150)=y1(150)+1286;

% ebvicuumuleaem cmamucmuxku

% cpeonee apughmemuueckoe

meanl = sum(yl)/length(yl);

% cpeonekeaopamuueckoe OmMKIOHEHUE

std1 =sqrt((norm(y1)"2)/length(yl)-meanl);

% anvghy

alpha = (y1 - meanl)/std1;

% MUHUMYM U MAKCUMYM

minl=min(yl);

max1l=max(yl);

% 3a0aém no6blil Ouanazon 0 TUHENHOI HOPMUPOBKU

min2=-1; max2=1;

% nuneiino nopmupyem

y2=((y1-minl) / (max1-minl)) * (max2-min2)+min2;

% HopmuUupyem ¢ noOmMouibro cpeéuemadpamuuecmzo OMKJ/IOHEHUA
y3=(yl-meanl)/std1l;

% cuemouoanvHas HOpMUpPoBKa

y4 = (1-exp(-alpha))./(1+exp(-alpha));

% Buvieooum 4 zpaghuxa, npu rncenranuu ux moxHcHo

% yeeauuums ¢ nomouypro Z00M+

figure(4)

subplot (221), plot(y1(1:200)), xlabel(*Y1");

subplot (222), plot(y2(1:200)), xlabel(*Y2. Linear normalization’);
subplot (223), plot(y3(1:200)), xlabel(*Y3. Zscore normalization®);
subplot (224), plot(y4(1:200)), xlabel(*Y4. Sigmoidal normalization®);
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Pucynok 6.1 — Ucxonnsie 3Hauenus (Y1) u Tpu THIia HOpMUPOBKU: Y2 — nUHEHHas, Y3 —c¢

WCIIOJIb30BAaHUEM CPEIHEKBAIPATUUECKOTO OTKIIOHEHUS, Y4 - CUTMOHIalTbHAs

Hcxons u3 pucyHka 6.1 MOXKHO cienaTh CJENYIOLIME BBIBOJBI: JIMHEHHAs HOPMHPOBKA
COBCPHICHHO HE CHpPaBIACTCA C pPasMasbIBAHUEM 3HAYCHWI MCKAY TOJOXKUTCIbHBIMA U
OTPHIIATEbHBIMH (2 3TO OYEHb Ba)KHO, YTOOBI OTPHUIIATENIBHBIX U MOJOKUTEIbHBIX 3HAUECHHIOBIIO
IPUMEPHO MOPOBHY B OTHOPMHUPOBAHHBIX JIaHHBIX. DTO YCKOpSAET Hpoliecc 00ydeHHs ), 3aTO Mbl
caMd MOJKEM 3alaTb HHTEPECYIOUIMH HAac [Uala3oH; HOPMHUPOBKAa C HCIIOJIb30BAHUEM
CPEIHEKBAIPaTUYECKOTO OTKJIOHEHHs CHPABJISIETCS C pa3Mas3blBAHUEM JIy4dllle, OJHAKO HET
rapaHTuu HHTEpBaia oT -1 mo +1; HakoHel cUrMouJaNbHAsE HOPMHUPOBKA JIy4IIE OCTaIbHBIX
pa3MasbIBaeT 3HAYEHUs MEXKIY IOJIOKUTEIbHBIMA M OTPULATEIbHBIMU BEIMYMHAMH, 4 TAKKE
HEMI0X0 OopeTcst ¢ BEIOpOcaMM JaHHBIX, IOMeIasl UX B €IUHUYHBIN HANa30H.

Koneunslit BBIOOp HOPMUPOBKH OCTa€TCs BCET/1a 3a pa3paboTUNKOM.

Paccmompum nepsyio 3aoauy o « Tumanuxey.
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Pucynok 6.2 — Kpymenune «Tutanukay

[Ipexne yem pemars 3agadqy HEOOXOIMMO MPOBECTH MPEABAPUTEIHHBIN aHATH3 BXOIHBIX
JaHHBIX MYTEM OTBETOB Ha Psii OCHOBHBIX BOMPOCOB. Torja MOHMMaHUE 3aJa4yd 3HAUYUTEIHHO
BbIpacTeT. [Ipu mpakTHuecKoM pelieHuu 3aauu psijl MyHKTOB MPEIBAPUTEILHOTO aHAIN3a MOTYT
OBITh IEPECMOTPEHBI.

Bonpoc 1. Eciu 3a0aua knaccugukayuu, mo cKoibko echmb Kiaccos?

OTBeT oueBH/ICH, B JAHHOM 3a/1aue 2 Kiacca: BBDKUI—HE BBDKHUIL.

Bonpoc 2. Ckonvkumu nammepnamu npedcmasiiel Kaxcowlii Kiacc (cmeneHb pagHoMepHOL
npeocmasieHHOCmu Kiaccos)?

Jl;st oTBeTa HA ATOT BOMPOC HYKHO MPOBECTH HEOOJIBIION aHAINU3. Y IOOHO €ro MpoBECTH
a6o cunamu Excel (¢unbtpsl, GyHkium), mubo Hanucath HeOonblol ko B Matlab. B nannoii
nJabopatopHoit pabore Oymer ucmonb3oBan Excel. B daiine «DataForTitanic.xIsx» MOXHO B
cBOOOIHOM sueiiky Hanucath «=CUETECJIM(H2:H1310; 1)» unmu «=CUETECJIM(H2:1310; 0)»,
YTO BEpHET KOJIMYECTBO KJIACCOB BBDKHIII M HE BBDKHUII, COOTBETCTBEHHO. [lomydnTcst mepBhIii Kiace
(1) mpencrasien 500 marrepuamu, Bropoii kiacc (0) mpeacrasier 809 marTepHaMu, T.e. KJIACCHI
MIPEICTABICHBI HEPABHOMEPHO (MOTUOITUX OO0JIBINE, YEM BEIKHUBIIIHX ).

Bonpoc 3. CkonbKumu 21eMeHmamy OnUcbl8aemcs nammep Kaxcooeo kuacca?

B nanHoll 3amaue KaxIblid KJacc 10 MpeAoOpabOTKU ONMUCHIBAETCS BEKTOPOM U3 CEMHU
HIIEMEHTOB.

Bonpoc 4. Kaxou mun xaxcoou nepemenHou-21emeHma (Kame2opuanohas, opouHaIbHas,
YUCTI08ASL) U €€ BOZMONCHBILL YUCTIOB80U OUANA3ZOH?

1-as nmepemennas (Class) — opauHanbpHas nepemeHHas: 1 — mepBbIil Ki1acc, 2 — BTOPOW
KJace, 3 — TpeTHil Kiacc.

2-as mepeMeHHas (Sex) — KkaTeropuanbHas nepemenHas: 0 — JkeHmuHa, 1| — My>KuuHa.

3-as mepemenHas (Age) — oObIuHas yrcaoBas u3 auamnasona [0.17..80].

4-as nepemenHas (Sibsp) — oObIYHas yucinoBas u3 quamna3ona [0..8].

5-as mepemenHast (Parcn) — oObruHas uncioBas u3 quamasona [0..9].
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6-as nepemenHas (Fare) — oObruHas yucnoBas u3 auanaszona [0..512.33].

7-as nepemenHas (Embarked) — kareropuansuas: 0 — Cherbourg, 1 — Queenstown, 2 —
Southampton.

Ortser: 0 — He BEDKWI, 1 — BEDKHIL.

Bonpoc 5. Tpebyemcsa nu usmensims pasmepHocms 6X00H020 86eKmopa?

Ectp kareropuanbHble W OpAMHAIbHBIE MEPEMEHHBIC, MOITOMY Pa3MEPHOCTh MPUIAETCS
MEHSTb.

[Tepemennyto Class MbI MOXEM Kak NEpeKOIUPOBaTh, TaK U HET, T.K. OHA OpJMHAIbHAS U
eclnd Mbl ocTaBuM 3HadeHus 1, 2, 3, To Mbl HE BBeAEM HE CYIIECTBYIOUIMX OTHOIICHH.
[TepemeHHYIO SEX TOKE MEHSATH HE OyIeM.

[Tepekomupyem kareropuanbHyto nepeMeHHyto Embarked. [[yist Toro, 4To0bI y3HATH, KaK
3TO clienaTh, HeOOXOIMMO CHavyala MPOAHATNU3UPOBATh CTENIEHb PABHOMEPHOU MPEICTaBICHHOCTH
3HAQYEHHWH 3TOr0 KOMIIOHEHTa BXOJHOTO BEKTOpa. AHAIU3 OCYIIECTBISUICS ¢ momoiipio Excel
(<<=C‘—IETECJH/I(B2:B2202; 0)», «=CUYETECJIN(G2:G1310; 0)», <<=CLIETECJ'H/I(G2:G1310; L)»,
«=CUETECJIN(G2:G1310; 2)»). Honyuumucs creayromue 3aauenus: 0 — 272 mryk, 1 — 123 mWTyK,
2 — 914 wryk. Ilycte Pi — Komu4ecTBO COOTBETCTBYIOIIMX 3HAYCHUWH Ui JAHHOTO 3HAYCHUS-
HEepeMEeHHOI BXOJHOr0 BeKTopa, rie 1 = 0..2, Toraa nomyvaercs, 4ro P2>>Po>P1, a, ciiegosatensHo,
HY’KHO HCIIOJIb30BaTh KJIACCHYECKOe OMHApHOE KoaupoBaHue. 2"7>3 oTKyma M =
2. T.e. BMECTO cebMOr0 BXOJHOTO HEHpoHA HEOOXOAMMO CIENaTh JBAa BXOJHBIX HeilipoHa. bein

[ Heiipon1 < (Class) [ Heiipony < (Class)

g ‘ Hetipony < (Sex)

} Hetipona < (Sex 5
Heuiponz < (Age)

Heiipon <« (Age

3 | . :
BXOJ TaKOW: |  Heiipons < (Sibsp) , a Termeph cTai TaKoii: <| Hetipona < Eé‘!itgg 3
Hetipon

} Hetipors < (Parch)
HeupOH6 <« (Fare)

| | (Heiipor < (Embarked)
| Heiipon, < (Embarked) | Hetipon” « (Embarked)

Ll 8

OTBeT Ha MATHIA BOMPOC OyIET HE MOTHBIM, €CITH HE ONPEACTUTHCS C KOAUPOBKOM BXOTHBIX

5
‘ Heiipong < (Fare)

3HaueHuid. Ecim mbl BeIOepeM konupoBky 0/1, torma Embarked 3akomupyercs, nonycrum, Tak 0 —
(1,1),1-(1,0), 2—-(0,1) (YuursiBass pacroyio;keHne HEHPOHOB, Jajee Be3CB J1aOOpaTOPHOI
pa6ore npeanonaraercs, uto 0 — (1, 1) a3to Ha camom aene 0 — (1, 1)T). Do npuemnemo, Ho B 1eTOM
HE HY)KHO 3a0bIBaTh, 4TO 00y4YECHUE IEPBOTO CIIOSI HEMPOHHOM CETH 3aBUCHT OT BXOHBIX 3HAYCHUIH,

W €CIIM TOT WA WHOM HeﬁpOH 6y,Z[CT UMETHh CIIMIIKOM MHOTO Hyneﬁ B Ka4€CTBC€ CBOHMX BXOIHBIX
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3HaYeHUH, TO 00YUEHHUE ero CBA3EH C MEPBBIM CKPBITHIM clloeM 3aTopMo3uTcs. [Iporecc oOyuenus
YCKOPUTCS IPU UCIIOJIb30BaHUU KOAUPOBKHU *1.

[Mpuxomum K cienyromemy pesyibrary: Embarked (0 — (-1, 1), 1 — (1, -1), 2 — (1, 1)).
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KonuyectBo moptoB mocanku ¢ uHaekcoM 0 u 1 MeHbIIe OTIMYaeTCs APYr OT JApYyra, 4eM C
UHJCKCOM 2, IO3TOMY UM Ha3HA4aeM CUMMETPUYHBIE KOIbI.

Bonpoc 6. Kak koouposamu Kiacc, Komopbiii Hy’CHO Onpeoenums?

Mpl yke onpelenuinch, YTO y Hac JiBa Kjiacca, KOTOpbIE HYKHO KilacCu(ULIHUPOBATh. ITO
npocTeunid ciaydad. [[ns QByX KiaccoB AOCTAaTOYHO OJHOTO HEWpPOHA B BBIXOJHOM CJIO€ C
CUTMOMJAJIHOW WM JHHEHHON ¢yHKuueidl axktuBanuu. COOTBETCTBEHHO, Ul OJHOTO Kiacca
HEHPOH JI0JDKEH aKTUBUPOBATHCS B 30HE ILTIOCY, IS APYroro Kiacca — B 30He «MHHYC». OHaKo,
Oojyiee MpaBWJIBHO chaenaTh JBa HeilpoHa. B 3amauax kimaccupukanuu OOBIYHO KOJIUYECTBO
BBIXOJHBIX HEHPOHOB COOTBETCTBYET KOJMYECTBY KIJIACCOB, KOTOPBIE HY)KHO pacmo3Harh. Takoi
MOJXO/ YIPOIIaeT TMpolecc OO0y4deHHs, T.K. Beca KaKJIOr0 TAaKOro HEHpOHa pemarT CBOIO
JOKaJbHYIO 3aJady Kiaccupukanuu (OTIAENEHHsI CBOETO Kiacca OT BCEX OCTANbHBIX), a He
MBITAIOTCS PELIUTh JIBE MPSIMO MPOTHBOIOIOKHbBIE 33Ja4d JUIsl Pa3HbIX KJIaccoB (aKTUBUPOBATH
HEHPOH B CHMMETPHYHBIX 30Hax). Mcxois M3 3TOro, MMEET CMBICI NEPEeKOIUPOBaTH Kiacc
Survived: 0 — (1, -1),1 — (-1, 1).

Bonpoc 7. K kakomy duanazony npuooums ocmaibHvle 3Ha4eHus?

Mp1 nepexonupoanu Bxoq Embarked u Beixoano# kiacc. EcTh emé onHa kareropuaibHas
nepeMeHHas Sex, e€ Takxke Heooxoaumo nepexoauposatb B +1: 0 — (-1), 1 — (1). Teneps octanuce
OOBIYHBIE YMCIIOBBIE 3HAYSHUS U OJIUH OpJIUHApHBIN BX0J1. X Bcex HE00X01MMO Kak MOKHO Oosee
paBHOMEpHEE «pa3Ma3aTh)» MEXAY MOJOKHUTEIHHBIMA M OTPHUIATEIILHBIMU 3HAYCHUSIMH. MOKHO
1100 MHcaTh CBOM KOJ I HOPMHPOBKH TOTO WJIM MHOTO BXOZa HEHPOHHOH CeTH, Kak B IUCTUHTE
BBIIIIE, a MOXKHO BOCIIOJIb30BaTbCi CTaHIApTHBIMH cpeiacTBamMu  Matlab, npexne Bcero,
mapminmax() u mapstd(). Mapminmax() peamuzyeT HOPMHPOBKY, KOTOpas COOTBETCTBYET
dopmyne (6.1), mapstd() — bopmyse (6.2). Moxno Tarke Bocmoss3zoBarhest fixunknowns() ms
paboTel C NPONYyLIEHHbIMU 3HaueHUAMU. boriee mNoapoOHOE MNpPUMEHEHHE J3TUX (PYHKIMH
MIPUBOJIUTCS B JIUCTUHTE HIKE.

Bonpoc 8. Kakas nponopyus 6epémcs 05 obyuaroweii u mecmogoti 6bl00pku?

B tex 3amauax, rie BeIOOpKa 3apaHee pa30uTa 3TOT BONIPOC HE MMEET CMBICIIA, €CIIM )K€ J1aHa
0JlHa UCKOMasi Hepa30ouTasi BBIOOpKa, TO MOJIb30BATENb CaM JIOJDKEH pelliaTh BOIpoc o pa3outuu. B
naHHoOM 3amade Mbl Bo3bMEM 80% (1047 marrepHoB) 115 00ydaromiel BeiOopku u 20% (262) mis
TecToBOM. Takxke momynsipHbl pazoutus 70%/30%. B nemnom, ueM crokHee 3a/1aya,TeM OOJIbIIe
NaTTEPHOB JI0JDKHO HJITH B 00YUalOIIyl0 BEIOOPKY U TEM I'paMOTHEE OHM JIOJKHBI OTOMPATHCS.

Bonpoc 9. Kak ¢hopmuposams obyuarowyio u mecmogyro vl00pku?

DTOT BOMPOC TECHO CBSI3aH C OTBETOM Ha BTOpO# Bompoc. Ecnu Obl B Hamielr BEIOOpKE

KX/l Ki1acc ObUT paBHOMEPHO MPEICTABIECH, TO JAOCTATOYHO ObLIO ObI MPOCTO CIy4ailHBIM
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00pa3oM 0TOOpaTh HY’)KHOE KOJMYECTBO MATTEPHOB ISl TecTa U g oOydeHus. Ho Tyt cutyarus
Takas, 94To BRDKIIO 500, a morutsio 809 uenoBek, 1 €CJIM MbI ITPH TAKOM pacKiiajie HAauHEM OTOHMpaTh
CIIy4aifHO, TO MOXKET IMOJIyYUThCS, YTO, JOMYCTUM, B 00yUaromiel BHIOOpKe OyleT CIMIIKOM Majio
NaTTepPHOB Kiacca «BBDKWII», 4TO HempaBWiIbHO. Torna mepen HaMH CTOUT 3ajada oToOparh B
TECTOBYIO M OOYYalollyl0 BHIOOPKM KOJUYECTBO MATTEPHOB KaXKIOTO Kjacca, YYUTHIBas OOIIYIO
npornopuuto kinaccoB «Beokum» u «Ilorud». Haiiném cHadana, CKOJIbKO MPOIIEHTOB 3aHUMAET KJ1ace
«BBDKI/IJ%» oT «Iloru6oy.

809 -100% [ 500*100 | ..
= X = =62%, Temepp 3Has 3TO, HAWIEM KOJMYECTBO MATTEPHOB

iSOO—x% | 809 |

kiaccoB «Bepkum» u «Ilorud» mis odyvaromiel BHIOOPKU:

(1047 =L+ 1047 =t T 0.62*t N (1= 646’ rge t — KOTHMUECTBO MATTEPHOB  Kiiacca

{0.62*t:t 1 L1 =40 1
L 1 2 Ltz

«IToru6» mys o6yuaromieii BEIOOPKH, t2 — KOJTMYECTBO NATTEPHOB Kacca « BEDKuI» 1018 06yvaromei
BbIOOPKH, YUUTHIBas 0OIIE€ COOTHOIIEHNE ITUX KJIACCOB B IEPBOHAYAIILHOM BBIOOPKE.

Pemmm aHanoru4Hyro cCUCTEMY JJIsl TECTOBOM BBIOOPKHU:

262 =12, +1, (2, =162
= 262=162*7 =

0.62%z =2 4, =100

L 12 L2

«IToru0» u «BBDKUI» JIJISL TECTOBOM BBI60pKe COOTBCTCTBCHHO. O,Z[HaKO, HE HYXXHO 3a6BIBaTB, 4qTo

rone Zi1 U Zz — KOJIHMYECTBO IIATTEPHOB KJiacca

pelast 3TU JBE CUCTEMBbl Mbl OKPYIJISUIM MPOLEHTHI 10 0.62, mo3ToMy BO3MOXHBI HEOOJIbIINE
HeTouyHocTH. [IpoBepum pesynbTar. OOIee KOIMYecTBO BEDKUBIIMX Jroae z2 + t2 = 100 + 401 =
501, obmiee konuyecTBO morudmmx z1 + t1= 162 + 646 = 808. OTBeT e Ha BTOPOiIl BOMpoc Mpu
aHayM3e BBIOOPKHU MMOKa3all, YTO KOJIMYECTBO BBDKUBIIKX JItoJei coctaBuio 500, a morubmux 809
JIOJIeH, T.€. €CTh HEOOJbIasi HETOYHOCTh, XOTs 1Mo cyMMaM Bc€ cxoautes (808+501 = 809+500).
[TonmyuaeTrcs oTnuyue B JBa YeloBeKa. BpyuHyro MOAKOPPEKTHPOBAB Pe3yJIbTaT, OTHAB OT OJHOTO
ypaBHEHMS U IPUOABHUB OJHOTO YeJIOBeKa K JPYroMy YPaBHEHHUIO B paMKax OJHOM M3 IBYX
CUCTEM, OKOHYATEJIBHO MOJy4YUM [t = 647 N (2, =162 )
itz =400 izz =100

Ternepb MBI TOYHO 3HAaEM, CKOJIBKO MATTEPHOB M KaKOro THIA OTOMpaTh B 0OYdYaIOLIYIO
BBIOOPKY U B TecTOBYIO. [lociie oTOopa BEIOOPKH HYKHO IepeMeliaTh.

Bonpoc 10. Cronvko cnoés cemu mpedyromes 0151 peuieHust 0aHHOU 3a0ayu?

Tpebyercst Tpu CIOS: BXOJHOM, CKPBITHIH, BEIXOTHOM.

Bonpoc 11. Cronvko netiponos 6 kasxrcoom cioe?

Kak yxe HEOZHOKpaTHO OTMEYajJoch Ha JTane MPeIBApUTEILHOTO aHalu3a TOYHO
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OTBCTUTH HA 3TOT BOIIPOC HCBO3MOXXHO, HY’>KHA IIPAKTHUKA.

Jiis BxomHOTO citosi 8 HelpoHa (IMocie paciupeHus), Ui BBIXOJHOTO — 2 HelpoHa. J{is

ckpbitoro =+/8%*2 = 4 neiipona (JlaGoparopnas pa6ora Ne5). Kak 6bLI0 3aMedeHO BBIIIE B 3TOM

3ajjaue IiaBHas npolieMa — MPOTUBOPEUME B JIAHHBIX, IO3TOMY IOBBICUTH KaueCTBO 4epe3 JBa
CKPBITBIX CJI05 MJIU CEPbE3HOE YBEIMUEHUE HEHPOHOB B CKPBITOM CJIOE HE YIAacTCsl BCE paBHO.

Bonpoc 12. Kakue ces3u medxcoy crosimu?

CeTb MOJIHOCBSI3aHHAS: KaXK/IbI HEMPOH CII0S CBSI3aH CO BCEMH HEMpPOHAMU MOCIIEYIOIIETO
cnos. B OosblimHCTBE 3a1a4, OAHAKO, MOJHOCBA3AHHOCTH IMOYTH BCEr/IAM30BITOUHOE YCIOBHE,
KOTOPOE HAKJIAAbIBAETCS B CHIIYy TOTO, YTO MAJIO YTO U3BECTHO O BHYTPEHHEH CTPYKTYpe «4EpHOI0
aumkay (MHC). [Toaromy mouTtu Beerna yAaa€rcsl ylIydlIMTh pe3yibTaT, BBOJS JOMOJIHUTEIBHYIO
MH(OPMALIUIO B CTPYKTYPY CETH, KaK 3TO OOBIYHO MPOUCXOJUT B CBEPTOUHBIX CETSX.

Bonpoc 13. Kaxue ¢ynxyuu axmueayuu?

B ckpblTOM ciioe HEHpOHBI C TUNEPOOIMYECKHMM TAHTE€HCOM, 3HAU€HUs KOTOpPOTro
u3MeHstoTes ot -1 10 +1 (T.K. BX0A 3akoaupoBaH B t1), HEHPOHBI BBIXOAHOTO CJI0S MOTYT OBITh
TaK)K€ TaKUMU K€ WU JMHEWHbIMHU. Ecnu BbIOMpaeTcss runepOoIMyecKuil TaHI€HC, TO MOXKHO
CTaBUTh (DYHKIIMM aKTUBALlMU Ha BBIXOAHOM ciioe Buaa A*tanh(B*x), rne A u B — cneunansHbie
KOHCTaHTBl. JTO JejlaeTcsl moToMmy, uTo tanh(x) mmeer +1 B 30HAX HACBILIEHUS, ITUX 3HAUYECHUMN
TSKEJO I0CTHYb, & IPU KOHCTaHTe A QyHKIMS BbITATHBaeTcs B1osb ocl OY u 1 oka3biBatoTcs B
JIMHENHOM YaCTH.

Bonpoc 14. Kaxasa ¢pynxyus owubku?

CpennekBaaparnyeckas omuoka (MSE).

IIpuBen€HHBIN aHAIN3 TOJDKEH IOMOYb T0JIB30BATEIIO JIydllle NOHTH 3a1ady. Psan npyrux
BOIPOCOB JIy4llle peniaTh Ha MpaKTUKe: KaKOW aJlrOpUTM HCIOJB30BaTh MPHU OOYYEHHH, KaKue
pe3yNbTaThl U Kak 0TOOpaXkaTh, U T.1.

% 3azpyscaem 6v160pKy

initSet = xIsread("C:\Users\Computer Grand\Desktop\MATEPUAJIBI\K  naGe
6\DataForTitanic.xls', 1, ‘A:H’);

% Tpancnonupyem 6v160pKy

initSet = initSet";

% Haxooum unoexcol mex 31eMeHmo8, 20e 8 nocjiednei cmpouke cmoum 0,
% m.e., 20e uenoeex ymonyn

ind_zero = find(initSet(8, :)==0);

% naxooum unoekcot 1

ind_one = find(initSet(8, :)==1);

% @Dopmupyem u3z Hux odyuaOwUil 6eKmMop ¢ HyyHcHvIM oanarncom 0 u 1
ind_for_training = [ind_zero(1:647) ind_one(1:400)];

% AnanocuuHo 011 mecmoeozo 6eKmopa

ind_for_test = [ind_zero(648:809) ind_one(401:500)];
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% Ho menepb OHU He néepemenulanbl, UHOeKCbl HYJICHO nepemeuiambsb
IndForTest = ind_for_test(randperm(length(ind_for_test)));
IndForTraining = ind_for_training(randperm(length(ind_for_training)));
% 0uumaeM onepamuenyro namsianms om zp0M0301<ux mampudHblx 0aHHblx,
% Komopble yrce He HYHCHbBL

clear ind_for_test, clear ind_for_training, clear ind_one, clear ind_zero;
% Co30aém 3a20moeKy 0ns éceil 6blOOPKe, Kyoa Oy0ym nomeuwamuca yyce
% nepemeuiarnnole oanmnovle

initSetPerm = [repmat(J0 000000 0], 1, length(initSet))];

% 3anonnsem Hauty 3a20moeKy, menepsb OHa u ecmsvp Hauila 8b160pl<a
initSetPerm(:, 1:1047) = initSet(:, IndForTraining(:));

initSetPerm(:, 1048:1309) = initSet(:, IndForTest(:));

clear IndForTest, clear IndForTraining, clear initSet;

% Co30aém ewé 00Hy 3a20MOBKY, HO yiice 0151 6bLOOPKU C UBMEHEHHBIM PA3MEPOM
% 6x0006 meneps cmanem 8, a He 7 u 6b1X00 ¢ 00HO20 HEUPOHA PACUIUPUMCA 00 2-X

ExtendedInitSet = [repmat([0000000000]", 1, length(initSetPerm))];
% ocyuiecmeiiem ece HeoOxo0umble 3ameHbl
proba = find(initSetPerm(8, :)==0);
for i=1:length(proba)
ExtendedInitSet(9:10, proba(i)) = [1 -1];
end
proba = find(initSetPerm(8, :)==1);
for i=1:length(proba)
ExtendedInitSet(9:10, proba(i)) = [-1 1];
end
proba = find(initSetPerm(7, :)==0);
for i=1:length(proba)
ExtendedInitSet(7:8, proba(i)) = [-1 1]';
end
proba = find(initSetPerm(7, :)==1);
for i=1:length(proba)
ExtendedInitSet(7:8, proba(i)) = [1 -1]';
end
proba = find(initSetPerm(7, :)==2);
for i=1:length(proba)
ExtendedInitSet(7:8, proba(i)) = [1 1]’;
end
proba = find(initSetPerm(2, :)==0);
for i=1:length(proba)
ExtendedInitSet(2, proba(i)) = -1;
end
proba = find(initSetPerm(2, :)==1);
for i=1:length(proba)
ExtendedInitSet(2, proba(i)) = 1;
end
% Konupyem oannvle, Komopbuie He mpedylom HaA IMOM IMAne HOPMUPOBKU,
% onu 6y0ym omnopmupoeansvt Ha Imane 00y4eHUs cemu
% ExtendedInitSet(1, :) = initSetPerm(1, :);
% ExtendedInitSet(3, :) = initSetPerm(3, :);
% ExtendedInitSet(4, :) = initSetPerm(4, :);
% ExtendedInitSet(5, :) = initSetPerm(5, :);
% ExtendedInitSet(6, :) = initSetPerm(6, :);
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% 00HaKo ux mMoIHcHO U 6 NPUHYOUMESITLHOM NOPAOKE OMHOPMUPOBAMb, KAK
% noxazano Hudce

ExtendedInitSet(1, :) = mapminmax(initSetPerm(Z1, :));
ExtendedInitSet(3, :) = mapstd(initSetPerm(3, :));

ExtendedInitSet(4, :) = mapstd(initSetPerm(4, :));

ExtendedInitSet(5, :) = mapstd(initSetPerm(5, :));

ExtendedInitSet(6, :) = mapstd(initSetPerm(®6, :));

clear i, clear initSetPerm, clear proba;
% Bbbvém 6b100pKy HA 6X00bl U MEMKU
input_data = ExtendedInitSet(1:8, :);
output_data = ExtendedInitSet(9:10, :);

% Co30aém cembv 01 peuwieHus 3a0auu, UCHOIb30841U 8 HEUPOHOB 8 CKPLIMOM Cl10¢,
% mooacno nonp0603amb cemos ¢ 08yM}l CKpblmbIMUu CJ10AMU, HO pe3)/ibmam He Y1ydulumcs
net = newff(input_data, output_data, [8], {'tansig’, 'tansig'}, ‘trainlm’, ‘learngd’, ‘mse’, {}, {},
‘divideind");
% Ommeuaem ouanazon 0 00yueHuUs u 6anUOAYUOHHOIL 8b100OPKU (Mecma)
net.divideParam.trainind = 1:1047;
net.divideParam.vallnd = 1048:1309;
net.trainParam.max_fail = 2;
% Ycmanasnueaem mun HOpMUPOGKU
% net.inputs{1}.processFcns = {"mapstd'};
net = init(net);
[net, tr] = train(net, input_data, output_data);
% evloensiem mecm 013 npoeepKu
testSet = input_data(1:8, 1048:1309);
testT = output_data(1:2, 1048:1309);
Y = sim(net, testSet);
col =0;
for i = 1:length(testSet)
% CpasHueaem omeem cemu cC uoeanbHbIM

if norm(testT(i)-Y(i)) < 0.3

col =col + 1;

end
end
% ebv1600UMmM npoueénm npasuibHblX Omeemoe na mecme
percent = 100 * col / length(testT)

B pesynbTare paboThl 3TOTO K02, MOXKHO JOOUTHCS TOYHOCTH paclio3HaBaHUs 10 65%,
4YTO AOBOJIbHO Mano. Kakoil BbIBOJ ciienyeT U3 penieHus AaHHou 3amaun? Ecnu HelipoHHas ceTh
MOJIy4aeT MPOTUBOPEUUBDIE TAHHBIC WM JaHHbBIE, IJI€ IPOTUBOPEUNE HAXOUTCS HE B IBHOM BHUJIE,
TO HUKaKas apXUTEKTypa HEUPOHHOW CETH HE CMOXKET KaueCTBEHHO PEelIuTh 3adady. Yto Toraa
MOXHO cenatb? MoHO, BO-TIEPBBIX, TOCTAPATHCA U3MEHUTH 00YJarONIy0 BRIOOPKY, YTO HOBLIO
caenaHo. Bo-BTOpbIX, HY’)KHO Ha 00yd4aroliee MHOYKECTBO OTBECTH KaK MOKHO OOJIbLIECATTEPHOB.
B-tperbux, ucCnonb3oBaTh CETb C HECKOJBKHUMH CKPBITBIMH CIIOSIMHU. B-4eTBEPTHIX, CMATYUTH
KPUTEpUN IPaBUIBHOIO OTBETA. Tak B KOJE MPABWIBHBIM OTBET CUUTAETCS TOT, YEH BEKTOP

OTJIMYa€TCA MEHEC, YEM Ha 0.3 ot nacaJbHOro. Ho nociaeaHsasd TEXHUKa BO3MOXKHaA HE
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Bceraa. AJbTepHaTHUBA BCEM 3TUM JACHCTBUSAM — BBIJICIUTH HEUPOHHOM CETH MHOT'O HACTPAUBAEMBbIX
MapaMeTpoB U MPEBPATUTH €€ B MaMATh, HO TOTa MOTEPSIFOTCS BCE CBOMCTBA 0000LICHHUSI.

Paccmompum emopyio 3adauy o epubax.

Pucynok 6.3 — I'pu6 u3 cemeiictBa Agaricus

Takske npoBenEéM NpeBapUTEIbHBIA aHAIN3 TAHHOM 3a]1a4u.

Bonpoc 1. Eciu 3a0aua knaccughuxayuu, mo cKoibko ecms K1accog?

JlBa knacca: cbeao0e (edible), symoBut (poisons).

Bonpoc 2. Cronvkumu nammepramu npeocmasgiien Kaxcowlll K1acc (Cmenets pasHoOMepHOU
npeocmasieHHOCmu Kiaccos)?

Coenoben — 4208 (51.8%), simout — 3916 (48.2%). DakTryecku 3TO paBHOMEpHast
MPEJICTAaBICHHOCTh KJIACCOB.

Bonpoc 3. Cxonbkumu snemenmamu onucviéaemes nammepH Kaxcooeo kuacca?

Kaxp1if maTTepH OMMChIBaeTCS BEKTOPOM 13 21 371eMEHTOB-TTapaMeTpOB.

Bonpoc 4. Kaxou mun xasxicoou nepemenHou-21emeHma (Kame2opuanohas, opouHaIbHas,
YUCT0BASL) U €€ BOZMOINCHBILL YUCTOB0U OUANA3ZOH?

Bce nmepemeHHBIC KaTeropralibHBIE.

Bonpoc 5. Tpebyemcs v uzmensams pazmepHocms 6X00H020 eKkmopa?

[Ipexae, ueM OTBeYaTh Ha ITOT BONPOC B YUEOHBIX IIENIAX MPOBEAEM aHAIU3 BXOJIHBIX
nepeMeHHbIX. Ha ocHOBe 3TOro aHanmsa cienaeM psia MpeaBapUTEIbHBIX BBHIBOJOB. Pe3ynbTarhl
aHaJIM3a MpeJICTaBIeHBI B TabmuIe 6.2.

Tabnuia 6.2 — AHaIM3 3HAYCHHUIA BXOIHBIX TTEPEMEHHBIX

Ne | Bxoxgnas 3HaueHus] BXOHOW MepeMEeHHOH (Kon4yecTBO | BriBoj
nepeMeHHas Ka)KJIOTO 3HAYCHUS)
1 | Cap-shape b(452), c(4), x(3656), f(3152), k(828), s(32) Hepasnomeproe
pacrpenenenue
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3HAYCHHH,
KOAMPOBAHUE
OMHaApHOE

Cap-surface

f(2320), g(4), y(3244), 5(2556)

HepasHomepnoe
pacrpeneieHue
3HAYCHUH,
KOJMPOBaHUE
OmHapHOE

Cap-colour

n(2284), b(168), c(44), g(1840), r(16), p(144),
u(16), e(1500), w(1040), y(1072)

HepaBnomepnoe
pacnpeneseHue
3HAUCHUH,
KOJIMpPOBaHUE
OMHapHOE

Bruises?

1(3376), f(4748)

PaBHOMEpHOE
pacnpeneneHue, Ho
BCETO JIBa 3HAYCHUS,
II03TOMY  OCTa€rcs
OJINH HEUPOH

Odor

a(400), 1(400), c(192), y(576), f(2160), m(36),
n(3528), p(256), s(576)

HepaBnomepHoe
pacrpeneieHue
3HAUCHHH,
KOJIMPOBaHUE
OMHapHOE

Gill-attachment

a(210), d(0), f(7914), n(0)

HepasHomepHoe
pacmpeneneHue
3HAYCHHH,
KOJIUPOBaHUE
OuHapHOE, JBa
3HA4YCHUS B
peasibHOM  BBIOOpPKE
OTCYTCTBYIOT,
MOATOMY  3HAYEHHI
He4,a?2

Gill-spacing

c(6812), w(1312), d(0)

HepaBHomepHOE
pacnpeneneHue
3HAYCHUH,
KOJIMpPOBaHUE
OmHapHOE,
3HaYeHU He 3, a 2

Gill-size

b(5612), n(2512)

HepaBHomepHoe
pacnpenenenie
3HAYECHHUH, BCETO JIBa
3HAYEHUsI, [TOITOMY
ocTaércs OJIMH
HEHPOH

Gill-colour

k(408), n(1048), b(1728), h(732), g(752),
r(24), 0(64), p(1492), u(492), e(96), w(1202),
y(86)

HepaBHomepHoe
pacnpeneneHue
3HAYCHHH,
KOAUPOBaHUE
OMHaApHOE

10

Stalk-shape

e(3516), t(4608)

PaBHOMepHOE
pacrpezeiieHue
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3HAYCHHH, HO UX
BCETO JIBa, MO3TOMY
ocTaércy OJIVH
HEHPOH

11

Stalk-surface-
above-ring

f(552), y(24), k(2372), s(5176)

HepaBnomepnoe
pacnpeneneHue
3HAUCHUH,
KOJIMpPOBaHUE
OMHapHOE

12

Stalk-surface-
below-ring

f(600), y(284), k(2304), s(4936)

HepasHomepnoe
pacrpeneneHue
3HAYCHUH,
KOJMPOBaHUE
OuHapHOE

13

Stalk-colour-
above-ring

n(448), b(432), c¢(36), g(576),
p(1872), e(96), w(4464), y(8)

0(192),

HepasanomepHoe
pacrpeneieHue
3HAUCHHH,
KOJIMPOBaHUE
OuHapHOE

14

Stalk-colour-
below-ring

n(512), b(432), c(36), g(576),
P(1872), e(96), w(4384), y(24)

0(192),

HepaBHomepHoe
pacnpeneneHue
3HAYCHHH,
KOJMPOBaHUE
OuHapHOE

15

Veil-type

p(8124), u(0)

JlaHHBIE BXOJ IIO
bakty €CTh
KOHCTaHTa,
JIOCTaTOYHO OJIHOTO
HEHpOHa

16

Veil-colour

n(96), 0(96), w(7924), y(8)

HepaBHomepHOE
pacmpeneneHue
3HAYCHHH,
KOJIUPOBaHUE
OuHapHOE

17

Ring-number

n(36), 0(7488), 1(600)

HepaBHomepHOE
pacrpeneieHue
3HAYCHUH,
KOJUpOBaHUE
OuHapHOE

18

Ring-type

c(0), e(2776), 1(48), 1(1296), n(36), p(3968),
s(0), z(0)

HepasHomepHoe
pacripeeneHue
3HAYCHUH,
KOJIMPOBAHUE
OuHapHoe,
3HayeHuii He 8, a 5

19

Spore-print-colour

k(1872), n(1968), b(48), h(1632), r(72), 0(48),
u(48), w(2388), y(48)

HepaBHomepHoe
pacnpeneneHue
3HAYCHHH,
KOAUPOBaHUE
OmHapHOE

20

Population

a(384), c(340), n(400), s(1248), v(4040),
y(1712)

HepaBunomepHnoe
pacnpesenenue
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3HAYCHHH,
KOAMPOBAHUE
OMHaApHOE

21 | Habitat 9(2148), 1(832), m(292), p(1144), u(368), HepasnomepHroe
w(192), d(3148) pacrhpeaeneHue
3HAYCHUH,
KOJIUPOBaHHUE
OmHapHOE

Kak BugHO M3 TaOnuIBl aHAIM3 MOMOT BBISIBUTH, YTO 4YacTh 3HAUYEHUH y HEKOTOPBIX
MIEPEMEHHBIX BOOOIIIE HE BCTPEYACTCS, XOTSI OHU OMUCAHBI B YCIIOBUH 33/1a4H, a TAK)KE MOYTH BE3JIe
ObLT BEIOpaH caMblii KOMITAKTHBINA TUIT KOJAUPOBAHUS KATETOPUAIIbHBIX IEPEMEHHBIX: KJIIACCUYECKOe
OMHapHOE KOJUPOBaHUE.

B ormuume or mepBoil 3amauM TYT pa3MEpHOCTh BXOJAa JOCTaTOYHO Oosbimas (21
NIepPEMEHHas1), TO3TOMY HE HY)KHO OITacaThCs, YTO BXOTHOW BEKTOp OymeT OJU30K K HYJIEBOMY BO
MHOTHX CIy4asiX, OH OyJeT MpoCTO pa3psHkeHHBIM. TyT yMECTHO ocTaBUTHh KomupoBkKy 0/1, HO
MO>KHO HCIIOJIK30BaTh U 1. Beibepem +1 u3-3a ckopoctu 00ydeHusI.

[Ipexe, yem KOAMPOBATH BXOIHBIE 3HAYEHUSI HEOOXOIUMO yUeCTh, UYTO MOXKET OBITh TaKas
CUTYyaIUs, YTO, IOMYCTHM, HEKOTOPasi IepeMeHHasi MPUHUMAET 5 3HAUYE€HUM, TOT1a JJIS TOTO, YTOOBI
3aK0/IMPOBATh BCE 3HAUECHMsI OMHApHOW KOJUPOBKOW HYKHO 3 HeipoHa, HO TpH HEHpoHa MOTryT
MaKCHMyM 3aKoaupoBath 8 3Hauenuii (2°). [Tomydaercs, 9To y Hac ecTh 3 NMIIHMX KOJA, TOTJAA
BCTa€T BOMPOC O TOM, KaKue 3HAUeHHUs OWHAPHOW KOAMPOBKH HMCIIONB30BATH AJII KOJUPOBAHUSA?
Jlyudrie ucnonb30BaTh TaKUE 3HAYEHUS U3 BOBMOXKHBIX 8, YTOOBI COXpaHsIach CUMMETpHUs Mexay ()
u | umn £1. T.e.,, ecnmu MBI 3aKOIUPYEM MPOCTO 5 3HAUYEHUU KOAOM 0Oe3 ydéTa CUMMETPHUH, TO
MOJIYYHM 4YTO-TO Bpoje ciuenyromiero: 0 — (000), 1 — (001), 2 — (010), 3 — (011), 4 — (100).
BuaHo, yTo Hynel B TakoM KoJie OOJIbIIe eUHUIL, a ¢ Y4ETOM cuMMeTpun Oyaet tak: 0 — (000),
1 — (111), 2 — (001), 3 — (110), 4 — (100). YuTéM™m 5TOT MOMEHT MpHU KOAUPOBKE. Pesynprar
KOJMPOBKH TIPEJICTaBJICH B Tabymie 6.3.

Tabnuua 6.3 — KoaupoBka BXOAHBIX 3HAUEHU I

Ne IlepemeHnHas KoaupoBka 3HaueHuit

1 Cap-shape (b —(-1,-1,-1)
c—> (111
RESYEEEY

| x> (-1-11)
f—(11,-1)

1 k > (-1,1-1)
| s—(L-11)
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Cap-surface

f—(-1-1
j g —>((—1,1))
| y—>(1,-1)

| s> (L)

Cap-colour

b—(1,1,1,1)
c—(-1,-1,-1,)

g—(111-1)
r—(-1,-1,1-1)

p—(11-11)
u—(-1,-1,1,1)

e—(L1,-1,-1)
w— (-1,1,-1,-1)

|
| y —(1,-111)

n— (-1,-1,-1,-1)

Bruises?

- (1)
1

f—>()

Odor

| > (LLLL)
¢ (-1,-1,-1,1)

RECERt

m—(L1,-11)

n—(-1,-1,11)
p—>(11 -1,-1)

-111, 1

a—(-1,-1,-1,-1)

Gill-
attachment

|

[ s>

Ja—’(l)
1

()

Gill-spacing

c—(-1)
w— (1)

Gill-size

b— (1)
n—(-1)
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9 Gill-colour k—(-1-1,-1,-1)
n—(LLL1)
b— (-1,-1,-1,1)
h—(L11,-1)
9 (-L-LL-1)
| roi-1y
0—(-1,-1,11)
p—(11,-1,-1)
u— (—1,1,—1,—1)
e— (1,—1,1,1)
w— (-1,1,-1,1)
| y—>(1-11-1)
10 | Stalk-shape e (_1)
t—(1)
11 | Stalk-surface- [ f—(-1-1
above-ring 4 y—(L1)
| k—(1-1)
| s—>(-1)
12 | Stalk-surface- [ f—(-1-1
below-ring J y—(11)
| k—(1,-1)
| s—>(-1)
13 | Stalk-colour- n—(-1,-1,-1,-1)
above-ring b—(1111)
¢ (-1,-1,-1,1)
g—(111-1)
; 0 (-1,-1,1-1)
p—(11,-11)
e—(-1,-1,1,1)
w—(1,1,-1,-1)

|
| y—>(-111-1)
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14

Stalk-colour-
below-ring

b—(1111)
¢—(-1,-1,-11)

g - (L,11,-1)
0 (-1,-1,1-1)

ﬁ p—(LL-11)

e—(-1,-1,1,1)
w—(1,1,-1,-1)

|
| y—>(-111-1)

n—(-1,-1,-1,-1)

15

Veil-type

p—1

16

Veil-colour

oy
W — (1 1)

17

Ring-number

0—>(11)
t—>( 11)

|
Lyo
[n—>( 1, 1)
i

18

Ring-type

‘e—>( 1,-1,-1)
f>(111)

| - (-1,-1,1)

oL

| p—>(-111)

19

Spore-print-
colour

k—(-1,-1,-1,-1)
n—(LLL1)

b—(-1,-1,-11)

h—(111,-1)
r—(-1,-1,1-1)

i 0—(LL-11)

u—(-1,-1,11)
w—(1,1,-1,-1)

y > (-111,-1)

20

Population

a—(-1,-1,-1)
c—(112)

n—(-1,-1,1)
s> (1,1,-1)

t v (-1,1-1)
| y—>(L-11)
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21 | Habitat g—(-1,-1,-1)
| > (L,L1)

m—(-1,-1,1)
p—(L1,-1)

u—(-1,1-1)
w—(1,-1,1)

—_—A

| d—>(-111)

Taxum 006pa3oM, pa3MepHOCTb BXOJJHOTO BEKTOPA CHIIbHO U3MEHUIIACh OTIEPBOHAYAIBHBIX
21 nepemeHHbIX K 52. W Tenepr Bo3BpamiaeMcs K Bonpocy 5. Mbl BUAKMM, 4TO BXOJIHOM BEKTOp
CHWJIBHO BBIpOC. [10 BO3MOKHOCTH, HYKHO CTapaThCsl HE PACHIMPATH BEKTOPBXOIHBIX 3HAUCHUH, a
CyXaTh €ro, T.K. CYIIECTBYET Takas Impo0iieMa, KaK «IIPOKIISATUE PAa3MEPHOCTHY, KOTJa C POCTOM
BXOJ[a KOJMYECTBO TPeOyeMBbIX NaHHBIX Ui OOydeHHUs PacTeT IKCHOHeHIHaidpbHO. KoHeyHo, B
JAHHOM CITydae pOCT BX0Ja KOMIIEHCUPYETCS TeM, UTO J00aBICHHBIC HEHPOHBI IPHHUMAIOT TOIBKO
JBa 3Ha4eHMsI. TakkKe y4TEM, YTO BCE BXOHBICTIEPEMEHHBIE KaTErOpHAaIbHBIE, 4 3TO O3HAYAET, YTO
B TOM 3aJ]a4€ Mbl MOKEM U HE PACHIMPATH BXOJIHOM BEKTOP.

Bonpoc 6. Kak koouposamu Kiacc, Komopblii Hy’CHO Onpeoenums?

Tak kak MBI IPUHSIIA PEIICHUE HE PACHIUPITH BXOJHOW BEKTOP, TO BBIXOJl MOKHO TPOCTO
OTHOPMHPOBATH K Iuamna3zony -1..+1 smecro 0 u 1.

Ecnu BcE xe pacmupsTh BXOJ, TO YYUTHhIBasi OOJBLIMI pa3Mep BXOAHOIO MaTTEpHA, emé
0oJtee HEOOXOAMMO KaXKIbIH KJIACC MPEICTABUTH CBOUM HEMPOHOM, a HE UCTIOIH30BATh OIMHHEHPOH
Ha JBa kimacca: € — (-1, 1), p — (1, -1).

Bonpoc 7. K kakomy ouanazony npusooums ocmaibHvle 3HaueHus?

Bce 21 BXxoAHBIX 3HaY€HUI MOXXHO OTHOPMHPOBATh K AMana3ony -1..+1 mis yBenuueHus
CKOpPOCTH 00Yy4eHUsI.

Bonpoc 8. Kakas nponopyus bepémcs 015 odyuaroueli u mecmogou 8b100pxu?

90% - obyuaromas BeiOOpka, 10% - TecroBast BeiOOpKa, 10% - BanugannoHHas BEIOOpKa.

Bonpoc 9. Kax ¢popmuposamsv obyuarowyio u mecmogyio 6bl00pxu?

Kiaccrl B nckomoit BeIOOpKe mpecTaBieHbl paBHOMEPHO (51.8% u 48.2%, 4To Moyt 0qHO
u 10 xe). Toraa MokHO citydaiiHbIM 00pa3oMm (cpenactBamu Matlab) chopmuposarts o0ygaroryro u
TECTOBYIO BBHIOOPKHM COOTBETCTBYIOIIMX pa3MepoB, HE 3a00TICh CKOJIBKO KOHKPETHO MAaTTEPHOB
Ka)KI0ro Tuma Oy/eT B MOJyYUBIIUXCS BBIOOPKaX.

Bonpoc 10. Cronvko cnoée cemu mpebytomes 011 pewieHus OaHHoU 3a0aqu?

TpeOyeTcst Tpu cosi: BXOTHOM, CKPBITHIN, BEIXOIHOM.
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Bonpoc 11. Ckonvro netiponos 6 kasxcoom croe?

Bo Bxognom cnoe 21 HeiipoH, B BbIXOJHOM 1 HEipoHa, B CKPHITOM MOXHO B3sTh 10
HEHUPOHOB.

Bonpoc 12. Kaxue ces3u medsicoy croamu?

CeTb nOJTHOCBSI3aHHAS.

Bonpoc 13. Kakue ¢pynxyuu akmusayuu?

Ha ckpbITOM citoe — TunepOOoIMYecKuil TAaHTEHC, HAa BBIXOJHOM CJIO€ — aHAJOTHYHO HIIU
JIuHeHas pyHKUIMS aKTUBALIUU.

Bonpoc 14. Kaxas ¢ynxyus owubku?

CpenuexBaaparuueckas ommoka (MSE).

JIuctunr IIPOrPaAMMBI NpUBEACH HIDKE. Hcnons3oBanace BbIOOpKaA
«DataForMushrooms num.xls», B KOTOpo# CUMBOJIBI ObLITH 3aMeHeHbI yrciamu ot 0 110
KOJIMUECTBA MIEPEMEHHBIX B CHCTEME U3 TaONMUIIBI 6.3 /Il COOTBETCTBYIOIIEH CTPOKHU.

initSet = xIsread('C:\Users\Computer Grand\Desktop\MATEPUAJIBI\K  sa6e
6\DataForMushrooms_num.xls’, 1, '‘B:W");
initSet = initSet";
% Ilpueooum evixoowt cemu K ouanazony -1..+1, nusce 6 kooe ecmov anvmepnamuea
initSet(22, :) = mapminmax(initSet(22, :));
input_data = initSet(1:21,:);
output_data = initSet(22,:);
net = newff(input_data, output_data, [10], {"tansig’, 'tansig'}, ‘trainlm’, ‘learngd’, ‘'mse’, {},
{}, 'dividerand");
% 02panulm3aeM 06yuenue no Koauvecmey Inox
net.trainParam.epochs = 100;
net.trainParam.max_fail = 2;
% Pazousaem 6b100pKy
net.divideParam.trainRatio = 0.8;
net.divideParam.testRatio = 0.1;
net.divideParam.valRatio = 0.1;
% Ycmanaenueaem HoMupoexy o0Hy 0.5 6cex 6xX0008
net.inputs{1}.processFcns = {"mapminmax'};
% Mooicno ajlbmepHamu6erno OmHopmupoeambs 8bIX00bl cemu
% net.outputs{2}.processFcns = {"mapminmax'};
% unuuualusupyem cemsv Hauwiumu napavempamu
net = init(net);
[net, tr] = train(net, input_data, output_data);
testSet = input_data(:, tr.testind(:));
testT = output_data(:, tr.testind(:));
Y = sim(net, testSet);
col =0;
for i = 1:length(testSet)
if norm(testT(i)-Y(i)) < 0.1
col =col + 1;
end
end
% 6b1600uUMm npoueHm npasujlibHblX Oomeemos na mecme
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percent = 100 * col / length(testT)

Kak BumHO 13 pucyHka 6.4 oOydyeHHe OCYILIECTBISETCS MOYTH uaeanbHO. Ecian Mbl He
OTHOPMHPYEM BBIXOJIHbIE 3HAYEHHUsI, OCTaBUB UX B Auana3one 0 u 1, a BXo/pl nepeBeiéM BaAMAaNa3oH
2

-1..+1, 1o mpouecc oOydyeHHS CHUIBHO 3aTOPMO3UTCS, KakK IOKa3aHO Ha pucyHke 6.5. Ham

notpedyetcs He 12, a 100 smox.

4| Neural Network Training Performance (plotperform), Epoch 13, Minimum gradl'e...l =RECE X

Pucynok 6.4 — OOydenue ceTr co BceMH OTHOPMHUPOBAHHBIMHU JIaHHBIMU K JTama3ony -1..+1
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Pucynok 6.5 — O6yuenue ceTH, r;ie OTHOPMHUPOBAHBI TOJIBKO BXOJHbBIC JaHHbIE

Ha tectoBoM MHO>KeCTBE MBI pacmo3HaéMm Bce marTepHbl. CTYAEHT MOXKET MonmpoOoBaTh
CaMOCTOSITEIIbHO PEIIUTh JAaHHYIO 3a/1a4dy, n3MeHuB omuoKy ooydenus ¢ MSE na CrossEntropy,

TOT/1a KOJMYECTBO UTEPAIHii IIPH UCTIONIb30BaHuu anroputMa trainrp (RPROP) coctaBut B cpeaaeM

6, a ne 12.
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Anmaparypa HW MarepHaibl. 64-paspsaubiii  (X64) mepcoHaIbHBIN

KOMIIBIOTCP, ITPOICCCOp C TaKTOBOM yacToTOM 1 FFH M BBIIIC, OIICPAaTUBHAA IIAMIATH

1 I'6 u BBImIE, CBOOOAHOE AMCKOBOE MPOCTpPAHCTBO He MeHee 1 I'0, rpaduyeckoe

ycrpoiictBo DirectX 9. IlporpamMmmHoe oOecrieueHHe: OIepalroOHHas CHCTeMa

Windows 7 u Beime, Matlab (R2013) u Beime.

Yka3anue no TexnHuke 0e3omacHocTu. CaMOCTOSTEIILHO HE IMPONU3BOJUTL:

YCTAaHOBKY H YIAAJICHHUC IIPOIPaMMHOI'0 O6€CH€‘-ICHI/ISI; PEMOHT IICPCOHAJIBHOI'O

kommnbioTepa. CoOmonarh NpaBuia TEXHUYECKOW OKCIUTyaTallud U TEXHUKH

0e30MmacHOCTH IIpu pa60Te C 3JI€KTpOO60py,Z[OBaHI/ICM.

MeToanka v NOPSIAOK BBINOJHEHHUsI padoThI

B unnuBunyansHoM Bapuante (Tabnuua 6.4) gaHO yCIIOBUE 33a]a4yd Ha KIACCH(PHUKAIUIO.

[Tpuemnemast TOYHOCTh Ha TECTOBOI BBIOOpKE Be3ze oTMeueHa kak 70%, 4To B 11€JIOM HE MHOTO.

I[OCTI/I)KGHI/IC Ooiree OOJIBIION TOUHOCTH pacnio3HaBaHus OLICHUBACTCS B JOIMOJHUTCIIbHBIX Oayrax.

Tabnuma 6.4 — BapuanTsl 3a1aHuit

VYcioBue 3amaun

Pemuth 3amady o rpubax ¢ pacmMpeHHEM BXOJHOTO BEKTOpAa U BBIXOJHOTO Tak, KaK 3TO
OIHMCAHO B pa3bope BTopoii 3aaun. CpaBHHUTH Pe3yIbTaThl C 00yUeHHEM Ha pUCYHKE 6.4.

B CIIA B Apuzone CYyILLECTBYET mems UHJIEHLIEB ITnma
(https://ru.wikipedia.org/wiki/[Tuma). OCOOEHHOCTh ITOTO IUIEMEHH B TOM, YTO Y €ro
npejcTaBuTeNelt caMblil BHICOKUN B MUPE MTPOLIEHT 3a00JIeBA€MOCTH CaXapHbIM A1a0beTOM 2-
ro tumna. Cpenu KEHIIUH 3TOTO IJIEMEHHU OBIJIO MPOBECHO HCCIIE0BaHUE (CIIOHCHPYEMOe
Bceemupnoii Opranuzanuei 3apaBooxpaHeHus; peub uaet oo uccnenosanuu 1988 r., T.k.
Obumn u apyrue). OZHUM W3 PE3yIbTaTOB JaHHOTO HCCIEeNOBaHWE OBLIO TO, YTO ObLIA
COCTaBJIeHa BBIOOpPKa, T/Ie OTMEUAIN HAIMYME WIMOTCYTCTBHE AMa0eTa B 3aBUCUMOCTH OT
pa3HbIX (dakTopoB (ampec BBIOOPKHU:
https://archive.ics.uci.edu/ml/datasets/Pima+Indians+Diabetes/). Beibopka cocrout u3 768
3anuceil. Beero 9 cTo010B, 8 U3 HUX — MOKa3zarenu, a 1 — ¢uar (Haau4yue Ui OTCYTCTBHE
nuabeta). Kiacchl nmpesctaBieHbl HE paBHOMEPHO: JKEHIIMHBI Y KOTOPBIX HeT auadera 500
HITYK, Y KOTOPBIX ecTh — 268 mtyK. [1epBrlii cTonber — KoauuecTBo bepeMeHHOCTe N, BTOPOil
— KOHIIEHTpAIMs TJIIOKO3bI B TJIa3Me B TEUEHUH JIBYX YaCOB IPHU MCIIOJIb30BAaHUH OPaTbHOTO
TECTa Ha KOHIIEHTPAIUIO TIFOKO3bI, TPETHUI — KPOBSIHOE JaBJICHUE, YEeTBEPTHIA —TOJIINHA
crubaromeii TpéxrnaBoit meisl (Triceps skin fold thickness), msateiit - 2-Hour serum
insulin, mrectoii — mHAEKC Macchl Tena, ceapMoit - Diabetes pedigree function,Bocemoii —
BO3pacT, NeBATHIM — oOo3HaueHue kiacca (0 — Her muabera, 1 — ecth amaber). s
HEHPOHHOW CeTH (MHOTOCIOMHBIM TMEpCeNnTpPOH) MAOCTUTANM pe3ynbTata B 76.4%
pacro3HaBaHU.

bykBrl. MI3HayanpHO ObUIM aHTJIMIICKHE 3arjlaBHbIE OYKBBI, Kakaas OykBa Obljia 3amycaHa
20 paznuuHBIMH mIpUPTaAMU U K KXKIOW TaKOM 3amuMcH MPUMEHSUIMCH eII€ CiydaifHbIe

140



nckaxxenns. Beero 6s110 20000 3amuceit aHTIMIICKUX 3arjaBHBIX OyKB, BCE OHU
pacrojiaraiuch B paMKe omnpeneia¢HHoro pasmepa. [lotom depes 3Ty pamKy MpOBOIHIOCH
PSA MIPSAMBIX, TOJCUYUTHIBAIIOCH KOJIMYECTBO MEPECEUEHUI 3TUX MPSIMbIX ¢ OYKBOU U
pe3yJbTaT 3aMKUCHIBAIICS B BEKTOP, TAK)KE B BEKTOP 3allMChIBAJIaCh 0a30Bas HHPOpMAIUs O
pa3Mepax pamKu, KOJIMYecTBe MUKcesel U T.4. TakuM o0pa3oMm, yIaloch NepeiTH oT
MUKCEIHLHOTO TPECTABICHUs OYKBHI K €€ MPU3HAKOBOMY IPEACTABICHUIO (OCYIICCTBHUTH
cKaTUe) B BUJE BEeKTopa pazMepoM B 16 mosunmii. T.e. kaxxaas aHTIIMMCKas OykBa
onpeaenéHHOro mpudTa u ¢ ONpeeIEHHBIM UCKAXKCHIUEM OIMHMCHIBAETCS TAKUM BEKTOPOM.
TpeOyeTcst Mo BXOIHOMY BEKTOPY KiaccuduiupoBars 0ykBy. [ToapoOHy0 nHpOpMaLuio o
CeTH W BBIOOPKE MOXKHO Moiy4uTh M3 cratbu Hussein Salim Qasim “Letter Recognition
Data Using Neural Network” (
https://www.researchgate.net/publication/289129248 Letter Recognition_Data_Using_Ne
ural_Network) niu Haiiti nHGOpMAIHIO B HHTEpHETE 110 3ampocy «letter dataset» .

Ha npumepe sTo# 3amauyv BHUIHO, KaK CHWJIBHO HM3MEHWIMCh HEHPOCETEBBIE TEXHOJIOTUMU
Kiaccuukanuu. PaHbllle OTAETBbHBIM 3TallOM OCYIIECTBISUIH MPenoOpadOTKy BXOMHBIX
JTAHHBIX, TPAYEM YaCTO ATOT 3Tal ObUT BeChMa HETPUBUAIBHBIM. Tenepb CTaHaapT — Mojaavya

Ha BXOA CCTH IHUKCCIBHOI'O I/I306pa)KeHI/IH. IToxoxxas 3amaga pacCMaTpuBacTCsa B BAPUAHTC
10.

Knaccudukanus tunoB y3noB ckpemuBaHus B nenodkax JJHK
(http://www.cs.toronto.edu/~delve/data/splice/spliceDetail.html).

B nanHoit 3anaye paccmarpuBatotcs nenouku [JHK, cocTosmmx u3 nmocnenoBarensHoOCTEN
amuHokucioT (A, C, T u G) anunoit 60 kaxxnas. B xaxnom npumepe cepeirHa LENOUYKU
ABIISIETCS KaHIUIATOM Ha y3el CKpeluBaHus (paccMarpuBatoTcs 3 kiacca - 0 - mepexon
tuna "WHTpoH-3KcoH", 0.5 - He3Haummblii mepexox, 1 - mepexon "IKCOH-WUHTPOH").
AMUHOKHUCIOTHI 3aK0oiupoBansbl nenbiMu yuciamu A-0,C-1,T-2,G - 3.

Tpebyercs mocTpouTh HelipoceTeByto cucteMy kinaccudukanuu. Janusie (3175npumepos)
cogepxarcs B ¢aitne. 2500 mnu 2000 mepBBIX MPUMEPOB MCIONB3YIOTCS A OOy4YeHHS,
OCTAJIbHBIE -  JUIsl  TeCTUpOBaHUsA.  [pedyeTrcs  MOCTPOUTh  HEUPOCETEBYIO
KJIaCCU(UKALMOHHYIO CUCTEMY C HAaMMEHbIIIEH OMMOKOI TeCTUPOBaHUSI.

60 BXOJHBIX 3HAYECHUN OOBIYHO TIEPEBOIATCS B TBOMYHBINA KO, U BXOJ paclIUpsieTcs JIOo
1o 180, mu6o mo 240 3HayeHwHid.

Bo3moxHbIe pacripeienieHus 115 TECTOBOM U 00y4aronieil BBIOOPKHU:

Oo6yuenue, 1-(464, 23.20%), 2—(485, 24.25%), 3—(1051, 52.55%);

Tect, 1303, 25.55%), 2—(280, 23.61%), 3—(603, 50.84%).

3amava 00 oreHKH 2P PEKTUBHOCTH MPETIOaBaHUS YIUTEIS HAa OCHOBE JIAHHBIX O0y4YeHUs3
PETYJISPHBIX CEMECTPOB M JIBYX JIETHUX B CTaTUCTUYECKOM OTJIEJIEHUU YHUBEPCUTETA
Buckoncna-MbpnucoH.

BeixoHoit kitacce — onieHka (1 — Hu3kast, 2 — cpeausis, 3 - Beicokas). BxoaHoit Bekrop: Native
(anrnuiickuit pomHoit — 1, He poaHoit - 2), Instructor (25 kareropuit i MHCTpYKTOpa
kypca), Course (26 kareropwuii), Semester (1 — jgeTHHA, 2 - peryaspHbIi), Size(4ucIoBOI
BXOJI — pa3Mep kiacca). Bcero umeercs 151 3anuch, mponyieHHBIX 3HAYECHUHN HET.

N3 mepenucu ganubix CIIIA 1994 B3sita HeOOmbIIas BRIOOPKA O B3POCIBIX JHOAsX. OHa
conepxut 14 npusHakoB (0oJiee MoApoOHO OHM OMHUCaHbI B (haiiyie k 3aaanuio). Tpedyercs
IpeJIcKa3aTh MOJIydaeT JIM 3TOT 4elioBek B roja O6onee 50000 moimapoB wiu HeT. Beibopka
UMEET MPOMYIICHHBIC TaHHbBIC.

Ikana 6aJ1cha. HMGIOTCSI BCChI C ABYMs miacdyaMu, OJHAKO AJIMHBI JICBOI'O 1 HpaBOFO Ijicua
MOTYT MEHAThCS. K KakIoMy TuIeuy MoBEIIMBAICS IPYy3 pa3HOH Macchl. OT HCITBITYEMOTO
Tpe6OBaJIOCB yCTaHOBI/ITB GYILYT JIN BCCHI C6aJIaHCI/Ip0BaHLI HWIN OTKIOHATCA BJICBO, HJIIH
BIIpaBo. Ha OCHOBaHWHU 3TOr0 MCHXOJIOTHYECKOTO IKCIIEPHUMEHTa COCTAaBJICHA

BbIOOpKa. MIMeroTcst 4 Bxoja: BeC Ui JIGBOTO IUIeYa, €ro JJIMHA, BeC JJIs MPaBoro Iuieya u
ero juyimHa. ECcTh Tpu BBIXOAHBIX Kiacca: B — GamaHc (korja mpou3BeNeHHE JIEBOTO Tuieua

141


http://www.researchgate.net/publication/289129248_Letter_Recognition_Data_Using_Ne
http://www.cs.toronto.edu/~delve/data/splice/spliceDetail.html)

Ha JIEBBI TPYy3 PaBHO MPOW3BEICHHIO MPABOTO TUIeYa Ha MpaBbld TPy3), R — OTKIOHEHHE
BIIpaBo, L — oTkiionenue BieBo. [IponyiieHHBIX JaHHBIX HET. boee moapooHas
uHpopmanus B aitie 3aganus.

Hapymenne nedenu. MmeroTcss 5 BXOAHBIX MapamMeTpoB, KOTOPHIC aHATH3UPYIOT padoTy
neueHu. TpeOyercss onmpenenuTh SBISETCS JIM YEIOBEK aJKOTOJIMKOM WM HeT. boiee
noipoOHast mHpopMarus B daiiie 3a1aHusl.

HaGop naHHBIX 0 BEBDKUBaHUHM XaOepMaHa.

OToT HAOOP AAHHBIX COACPNKUT CIy4ad M3 HCCICIOBAHUS, KOTOPOE MPOBOJUIOCH MEXKITY
1958 u 1970 romamm B OGonpHunle brmuarca YHuBepcuteTra Unkaro mo BBDKHBAHHIO
MAIMEHTOB, MEPEHECITNX OIEPAIMI0 M0 YAAJICHUI0 paka W3 MOJIOYHOH jKele3bl. 3agada
COCTOHUT B TOM, YTOOBI OITPEACIIUTD, BEDKHJI JIU TAIUEHT B TCUYCHUH MTOCIICAYIOMINX S5 JIET WIH
Oosee (I0JI0KUTEIbHBIN PE3YJIbTAT), WK HET (OTpULIATENbHBIN pe3yibTar). [IponymeHHbix
JIaHHBIX HeT. bonee moapoOHas nadopmarnus B daiiine 3a1aHus.

10

W3 cuysTa TpaHCIOPTHOTO CPEJCTBA M3BJICKIHM Psijt pu3HakoB. [1o Hum Tpebyercs
KJIaccu(UIUPOBATh TUI TPAHCIIOPTHOTO CPEJICTBA. 3a/1a4ya MOX0Xka Ha 33aJauy U3 BapuaHTa
3. Bonee monpoOHas nHbopMmarus B daiiie 3a1aHusl.

11

Wmeercst psii mapaMeTpoB, M3MEPSIONIMX padoTy MIMTOBUAHOM jkene3bl. TpeOyercs
YCTAaHOBHTB SIBJIICTCS JIM YEJIOBEK HOPMaJbHBIM (1) Witk cTpagaeT runepTupeo3om (2), uiu
runotupeosoM (3). bonee nonpoOHas napopmanus B daiiie 3agaHusl.

12

HaGop maHHBIX IPOXOIKEH.

Ota 0a3a JaHHBIX COAEPKUT MHPOPMAIIHIO 0 HAOOPE IPOMKIKEBBIX KIETOK. 3aa4a COCTOUT
B TOM, YTOOBI OIIPEICTUTh JIOKATH3AINIO KX 101 KiteTku cpenr 10 BO3MOKHBIXBAPHAHTOB.
bonee noxpoOHas nadpopmanus B daiie 3agaHusl.

1
2.
3

4.

Conep:xkanue oTyera u ero popma
Otuét nmo nabopaTopHOil paboTe TOJKEH COAEePkKATh CISAYIONIYI0 HH(pOpMaIUIO:
Hassanue nabopaTopHoi pabOThI U €€ HOMED.
®UO cryneHTa u rpynmy.

cI)OpMy.]'II/IpOBKa. HHAUBUAYAJIBHOI'O 3a/IaHU.

Z[OKYMGHT oTu€ta ¢ Print Prtscr AUAJIOTOBBIX OKOH IO MIaraM IJjisi CBOCro BapHUaHTa I10

HOI[O6I/II'O TOT0, YTO OIIMCAHO B TCOPCTHQCCKOﬁ qacCTH. I[OJ'DKHa MMPpUCYTCTBOBATH I/IH(I)OpMaI_[I/ISI 0

KOJIMYCCTBE KIIACCOB, KOJHUYCCTBC IMATTCPHOB B KaAXKIOM KIJIACCC, O pasMepax TECTOBOM H

oOyyJaromeit BRIOOPKH, O TIPOJIeTIaHHON MpenoOpadoTKe, 0 MPEACTAaBICHHOCTH KaXJA0ro Kjacca B

TECTOBOM U 00y4aromiell BEIOOPKE, 00 UCIOJIb3YEMBIX aIrOpUTMax 00y4eHHUs] HEHPOHHBIX CeTel, a

TaKXe Pe3yJIbTUPYIOIIUE IpadUKU U MPOLEHT NMPaBUILHO PAaCIO3HAHHBIX MATTEPHOB HAa TECTOBOM

BbIOOpKe. HeoOXx0anMo Takke yka3aTh CTPYKTYPY CETH M 0OOCHOBATH IOYEMY BbIOpaHa MMEHHas

TaKas CCTh.

5.

OtBeThI HA KOHTPOJIbHBIC BOIIPOCHI.

Bonpoce! A5 3amUTHI padoThI

1) C kakuMU TUIIAMU NIEPEMEHHBIX MOXET paboTaTh HEHPOHHAS CETh?
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2)

3)
4)

5)

6)

7)

Kakumu crioco6amu MOxkHO TipeoOpaboTaTh BXOIHBIC U BBIXOIHBIC JaHHBIE NI
HEUPOHHOU ceTh?

Uem opauHApHBIE TaHHBIC OTIUYAOTCS OT KaTETOPUATHHBIX?

Ha xakue kiro4deBbIe BOMPOCHI HY)KHO JaTh OTBETHI JJIs dTama NnpeaoopaboTKu
NAHHEBIX?

Kak HyxHO pa30ouTh BBIOOPKY UIsI TecTa M OOy4YeHHMS €CIM HUMEIOTCS JBa
HEpPaBHOMEPHO IMpEJCTaBICHHBIX Kilacca?

Kax Hy>XHO pa3OuTh BBIOOPKY /IS TE€CTa U OOYUYCHUS €CIIM UMEIOTCS JIBa PABHOMEPHO
MIPEICTABJICHHBIX Kilacca?

Kaxwue Tumer HOPMHUPOBOK BbI 3HaeTe?
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JlaGopatopHas pa6ota Ne 7
[Tpumep co3manus U 00ydeHUsT HEUPOHHBIX CETEeH IS 3a7a9 PETPECCU B CpeJie

Matlab.

eab u coaep:kaHue padOThI: co3aTh U 00YYMTh HEUPOHHYIO CETh JUIS 3a1auK
perpeccum.
3amaun:
— TOHATh KaKMM 00pa30M HEWPOHHBIE CETH PEIIAOT 337auy PerpecCHu;
— paccMOTpeTh MocToOpabOTKy TaHHBIX;

— €03/71aTh U OOY4YUTHh HEUPOHHYIO CETh IS 3a/1a4l PETPECCHUMU.

Teopernueckoe 000CHOBaHME
B npegpigymmux maGopaTopHbIX paboTax paccMaTpuBaioCh, Kak HEHPOHHBIE CETH MOTY
OCYIIECTBIISITh KIACCU(UKAIMIO BXOAHBIX TATTEPHOB, OJHAKO HEWPOHHBIE CETH MOYKHO
MCIIOJIH30BATh M JIsl OCYIIECTBIICHUS TIPEICKa3aHmil 3HaUeHH (3a1aua perpeccun). [Ipenckazanue
OTJIMYAETCs OT 3aJauu Kiaccu(UKalMKU TEM, YTO Ha BBIXOJE CETh JIOJKHA IOJYyYUTh HEKOTOPOE
3Ha4YeHUE, a He HEKOTOPYIO0 (PMKCUPOBAHHYIO METKY Kilacca. TeM He MeHee, IpoLecc 00y4eHuUs CeTH
octaércsi TeM ke. Kaxaplii BXOIHOW MaTTepH U BBIXOAHYIO METKY MO>KHO pacCMaTpUBaTh Kak
HEKOTOPYIO KOOPJMHATY B MHOTOMEPHOM ITPOCTPAHCTBE, TOT' /1A 33/1a4a 00yUEHUs CBOAUTCS K TOMY,
YTOOBl aNMpPOKCUMUPOBATH 3TH JIaHHbIE HEKOTOPOW HEIMHEHHOM MOJENbI0, TaKk 4TOObI emlé
MOSIBUJIMCH WHTEPIIONUpPYIONIe cBoicTBa. CeTh M0OMBaeTCs A Ka)XJA0H Takol TOYKH MOJIy4aTh
Haubosee ONM3KUU OTBET K YUYHUTENIO, M 3a CYE€T 9TOro, mo (pakTy, cama ceThb IpeBpaIiaeTcs B
HEKOTOPYIO alllpPOKCUMHUPYIOLIYIO MOJIENb, HA pUCYHKE 7.1 —3TO KpHBasi, MPOXOAsIas yepe3 TOUKU
obOyyaromiero Habopa. OgHako depe3 Ha0Op TaKUX TOYEK MOKHO MPOBECTH OECKOHEYHO MHOTO
KpPUBBIX, Ha pUCYHKe 7.1 BBEpXY M BHU3Y MPOXOJAT pa3Hbie KpuBbie. HO HETPYAHO 3aMETUTH, YTO
HUDKHSIS KpUBas HE MMEeT MPeICKa3aTeNbHON CIOCOOHOCTH (TOBOPSIT, YTO CETh MepeoOyunach), a
BEPXHSIs KpUBasi BIIOJHE MOJIXOMUT JUIsl TIPEICKa3aHUus OTBETa HA TECTOBBIX JAHHBIX (KPYKOK Ha

pucynke 7.1).
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Pucynok 7.1 — JIBe kpuBbI€ alllPOKCUMUPYIOLIUE OJUH U TOT K€ Ha0Op JaHHBIX

WuTeprionsiiuonHas CioCOOHOCTh JTOCTHTAETCS pOCTOM 00BEMa 00yJaronie BHIOOPKH 10
MOMEHTa ONHCAaHUS BBIOOPKOW BCEX CTAaTHCTUYECKUX CBOMCTB I'€HEPAJbHOW COBOKYITHOCTH W
KOHTpPOJIEM pa3Mepa U CBOMCTB CETH. XOpoIlas allpoKCHUMalMs €lEé HUYEro HE TOBOPUT IIPO
omnoKy 00001IeHuSI.

HeliponHnblie cetH, Kak yk€ OTMEYajioch BbIIIE, CTPOAT HelnHelHble Mojenu. Camas xe
mpocTasi MOJIeIb JIUIS TpeIcKa3aHusl — ATO JIMHEHHas perpeccus. B daiine
«DataForRegression.xls» Ha nucre «IIpumep» B cronbiax A u B npuBeaeHa npocrasi 3aBUCUMOCTh
KoJIn4yecTBa mpeaMeToB oT Mecsna. Eciu ock OX Oyner o603HauaTs HoMep Mecsla, a ock OY Oyzaer

0003Ha4YaTh KOJMYECTBO MPEIMETOB, TO JIETKO MOKHO IOCTPOUTH I'pauK (CHHUILIBET HA PUCYHKE

7.2).

20
15 A
10 - = [IpegmeToB
— Pﬂ,ﬂ,z
5
O T T T T T T T T T T 1
1 2 3 45 6 7 8 910

Pucynok 7.2 — cxoiHbIC JaHHBIE H PETPECCHOHHAS MO/

C momonipio CpEaAcCTB Excel mmr MOXEM, OTTAJIKHBAsACh OT 3THUX IOAaHHBIX, IOCTPOUTH

JUHEHHYIO PETPECCUOHHYIO MOJIEIb, T.€. B IaHHOM cly4dae OOBIYHYIO MPSAMYIO, HO TaKyl0, KOTOpas
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Tak OBl IPOXOJMJIA OKOJIO WM Yepe3 ITH TOYKH, YTO jJaBajia Obl HauOolee ONM3KHE OTBETHI K
UCXOAHbIM JaHHBIM. KosdduumeHntsl 3Toi npsmMoil BBIIENEHBI KENTHIM I[BETOM B cToibOie F.
[Tomyuunock cienyromiee ypaBHeHUe npsimoit: y=1.13*x+3.97. D10 u ectb KpacHas mpsMas Ha
pucyHKe 7.2. 3HaueHHsI, IPEICKa3aHHbIE STOU MPSIMOH 1J1s1 COOTBETCTBYIOIIUX MECALIEB, IPUBEACHBI
B crosbue A u B. B nanHoMm npumepe Mbl MOXEM JIETKO BU3YallbHO MOCTPOUTH MOJIENb, HO B
pEeaIbHOCTH, €CITM BXOJHBIX 3HaUEHUN OyJeT MHOr0, TO Mbl HE CMOKEM BH3YyaJbHO OTOOpPa3UTh
Hally MHOTOMEpHYIO mpsmyro. Tak Ha mmcre «3amadya» B croimbuax A-L nmatrorcst naHHBIE O
CTOMMOCTH JIOMOB B 0j1HOM U3 okpyroB CIIA B 2014-2015 ronax. Price — niena njoma B goiapax,
train — meTka U1 00ydJaroIell WM TeCTOBOW BbIOOPKH (1 — marTepH i oOydvaromieil BEIoopkH, 0
— NIl TECTOBOM, OHU BBIJEJIICHBI KPAaCHBIM I[BETOM), bathrooms — KOJIM4eCTBO BaHHBIX KOMHAT,
sqft_living — sxunas miormiaas, waterfront — 6:11u3ko i oM K Bojzie, BO3MOXKHbIe 3HaueHus [0, 1],
View — xapakTepHUCTHKa BHa BO3JIC JOMa B HEKOTOPOU IIKaie BO3MOXKHBIX 3HaueHwuit [0, 1, 2, 3,
4], condition — cocTosiHre 0Ma B HEKOTOPO# IIKaJIe BO3MOXKHBIX 3HAUCHUIN

[1, 2, 3, 4, 5], grade — o6mas orenka jgoma 1Mo HekoTopo# mkane [1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11,
12, 13], yr_built — rox mocrpoiiku, zipcode - HHACKC U3 aapeca A0Ma, lat — HMpoTa U3 KOOPAUHAT
IoMa Ha kapre, long — monrora U3 KoopAMHAT goMa Ha kapre. COOTBETCTBEHHO Tpedyercs ¢
MOMOIILBIO JIMHEHHOM perpeccun mpeackas3arh LieHy jaoma. B cronbuax P-Y mnpencraBiieHbl
pe3yapTaThl Toa0Opa Kod(h(UIIMEHTOB [UIsi JaHHOW perpeccuoHHOM 3amauu. [lomywaercs
ypaBaenue 10-mepHol npsimoid. KoapummeHTs! ai1st 3Toi MpsMOil BBIIEICHBI KENTHIM I[BETOM, a
B croibie N mpeacTaBieHbl OTBETHI JaHHON MOJENU Ha BXOJIHBIC JaHHBIC, T.€. MpeAcKa3zaHHas
IEHA.

Tak BOT, HEHipOHHAS CETh TAK)KE CTPOUT HEKOTOPYIO, HO YK€ HEJTMHEHHYI0O MOJIeNb, OTCIO/1a
e€ mpezacKa3aTeabHble CIOCOOHOCTH emié 0OoJbIIe, HO TIOIYYUTh TOTOBYIO MOJETH CIOKHEE M3-3a
pucka nepeoOyuyeHus. [lepeoOydeHne HacTynaeT TOr/a, KOrjaa ceTh UMEeT U30BITOUHBIE PECYPCHI
(MHOTO HACTpaMBaeMbIX IapaMeTpOB MO OTHOILIECHUIO K OOYyYarolIMM JaHHBIM), TOT/Ia CETh
MOJIEITUPYET CITHUIIKOM CIIOKHYIO 3aBHCHMOCTh BMECTO 00JIee MTPOCTOMH.

[Ipu ucnonb3oBaHUM HEHPOHHOW CETH AJIs MpeACKa3aHul BO3HUKAET 3ajjaya o0paldoTarh
HE TOJIBKO BXOJIHBIE, HO M BBIXOJHBIC JaHHbIe. OOBIYHO BBIXOJIHBIC JAHHBIE TAK)KE MPUBOIATCS K
nuarnasony 0..1 wium -1..1, a Korzaa ceTb TECTUPYIOT Ha TECTOBOM BBIOOPKE, TO BHIXOJHBIC 3HAYCHUS
BHOBH PaCIIUPSIOT K HICKOMOMY JHana3ony. Eciu, TOomycTuM, N3HAYaIbHO BBIXOJHBIC 3HAUCHUS
Oobutn B nmuanazone [A..B], To mns oOydeHus MbI CknMaeM UX Mo (HOpMysiaM HOPMHUPOBKH
(mabopatopnas pabota 6) k Auanasony [-1..+1], a mpu TecTe OTBET CEeTH, JaHHBIC U3 JHAara3oHa [-
1..+1], onATh pazkumaeM K quana3ony [A..B], 4ToObI momydnics 0OCMBICICHHBIH OTBET B TEPMUHAX

JIAaHHBIX 3a/1aud. PemuM 3aauy npejcka3aHus CTOMMOCTH HEIBMDKMMOCTH B paiioHax bocTona.
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IIpoeno3z cmoumocmu nedsuxcumocmu 6 pationax bocmona.
Hcxomnabie nannbie coaepxkarcs B aitne «DataForBoston.docy, ogHako, y4uThIBast, 4TO 3TO
OJlHA U3 3a/1a4-ipuMepoB B Matlab, ncxoHble TaHHBIE MOKHO 3arpy3uTh U Yepe3 KOMaHY.
TpeOyercss MOCTPOUTH MPOTHOCTHYECKYIO CHCTEMY Ui OLIGHKA CTOMMOCTH JKHIIbS B
Bocrone, ocHOBbIBasch Ha cienyromux 13 mapamerpax, B CKOOKaxX NPHUBEACHBI UATA30HBI,
KOTOPBIC MOKET IPUHUMATh MapamMeTp:
1. CRIM — ypoBens npecrynHocTs Ha aymry Hacenenus [0.0063, 88.98).
2. ZN — ions sKHIIBIX MaccHBOB Ha romanu 25.000 ¢yros? [0, 100].
3. NDUS — nons npeanpusTuii, He CBSI3aHHBIX C pO3HUYHOM Toprosiueii [0.46, 27.74].
4. CHAS — ommsocte k pexe Charles River (1 — eciu paiion rpanuyut ¢ pekoir, 0 — B
IIPOTUBHOM CITy4ae).
5. NOX — koHueHTpanus okuceii azora (B noisix 1/10 munuronos) [0.385, 0.871).
6. RM — cpennee unciio komuar B xuuine [3.561, 8.78].
7. AGE — nons yactHbIX BiageHuii, mocrpoennsix g0 1940 r [2.9, 100].
8. DIS — B3BemeHHOE paccTOsSHUE 0 5 MEHTPOB cocpeoToueHus padoThl B bocrone [1.1296,
12.1265].
9. RAD - uHJIEKC AOCTYITHOCTH paaraibHbIX aBTocTpan [1..24].
10. TAX — nosHbIi HaJIOT Ha HEIBHXKUMOCTD B pacuéte Ha $10.000 [187, 711].
11. PTRATIO — nons mwkonpHBIX yuuTeneit B paiione [12.6, 22].
12. B — koapdurment 10%*(Bk-0.63)?, rne Bk — mons ueprokosxero Hacenenus [0.32, 396.9].
13. LSTAT — nportieHT HacelneHus Hibke 4epThl 6earoctu [1.73, 37.97].
MEDV — napamerp, KOTOPbIii HY)KHO TPEICKa3aTh: CPEAHss meHa yactHoro xmwibs B $1000 [5,
50].
Bcero Beibopka conepxut 506 3anucei.
BeiOopky  MoOkHO  Takke ckadatb ¢ caiita DELVE  Project wm ¢

http://mlearn.ics.uci.edu/MLRepository.html. Bonee noapooHyto nHGpOpMAaIHIO 10 BEBIOOPKEMOKHO

nocMoTpeTsh B [1].

IIpuBenEM NTUCTUHT PELIEHUS] C KOMMEHTaPUSIMU.

% 3azpy3ka uckomoii ebl00pKuU

load house_dataset;

% Bxoouvte 3nauenusn

X = houselnputs;

% Bbixoouvie 3nauenusn

t = houseTargets;

% Anzopumm odyuenus cemu

trainFcn = "trainim’;

% Konuuecmeo HellpoHos 6 RPOMEHCYMOUHOM Cl10e
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hiddenLayerSize = 15;

% Co3danue cemu 011 npeocKa3anuil

net = fitnet(hiddenLayerSize,trainFcn);

% Oopabamebieams 603M0MHCHBIE NPONYCKU 60 6XOOHBIX OAHHBIX

% Hcnonb3ys TuHeiinyo HOpMUposeKy cyicams éce oannvle K ouanaszony [-1..+1]
net.input.processFcns = {'removeconstantrows’,"mapminmax'};
% Ananozuuno npedodpadbomams 6b1X00bl

net.output.processFcns = {'removeconstantrows’,"mapminmax'};
% Cnyuaiino pazoums 6bl00pKy Ha 00yUAOULYIO U BATUOAUUOHHYIO
net.divideFcn = ‘dividerand';

net.divideMode = 'sample’;

% B odyuatoweni 85% eécex nammepnos
net.divideParam.trainRatio = 85/100;

% B eanuoauuonnou 15%

net.divideParam.valRatio = 15/100;

% B mecmoeou nuuezo nem

net.divideParam.testRatio = 0/100;

net.performFcn = "'mse’;

net.plotFcns = {"plotperform’,'plottrainstate’,’ploterrhist’, ‘plotregression’, 'plotfit'};
% Ooyuumo cemo

[net,tr] = train(net,x,t);

% HOlelIMInb omeemul cemu 0ns 8aﬂu0auuonnozo MHOJIcecmea
y1l = net(x(tr.vallnd(1,:)));

% Ionyuums udeanvHwvle onmeemul

tl=t(tr.vallnd(1,:));

% Bortuucaumo UX pasHocmo

el = gsubtract(tl, y1);

% Ilocuumamp Konuuecmeo maxuxpa:mocmeﬁ no Modymo, Komopbole
% menvue 10, vipazume 3mo yucio 6 npoyeHmax

col = length(find(abs(e1(1, :))<=10))/length(e1)*100;

% Ionyuusweiicsa omseem ons 3adauu col = 59.21;

ITponiecc 0OydeHuss U CTPYKTypa CETH NpEACTaBIE€Hbl Ha pUCYHKE 7.3, BHJHO, YTO Ha
BBIXOJITHOM CJIO€ HaXOJAUTCS JIMHEeHAas (QYHKIUS aKTUBAlMU. Y BEJIMYMBATH KOJIMYECTBO HEHPOHOB
B CKPBITOM CJIO€ 0COOOTO CMBICIIa HE UMEET, T.K. TOT/J[a IPY BO3pPACTAaHUH KauyecTBa MpeICKa3aHus
Ha oOydJaromieit BbIOOpKH, OyneT MajgaTh KadyecTBO MpeCKa3aHUsi Ha TECTOBOW BBIOOpKW. Ha
pucyHke 7.4 moka3aH Mpolecc U3MEHEHUs omunOku oOyueHus u 0606menus. Ha pucynke 7.5 u
7.6 mpeacTaBieHBl JOMOJIHUTENbHbIE Tpa(UKH, KOTOpPHIE IAIOT BO3MOXKHOCTH 0oJiee TOYHO

OLICHUTH CTENEHb MPe/IcKa3aTeNIbHOI CIIOCOOHOCTH CETH.
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Pucynok 7.3 — IIponiecc o0yueHHs U CTPYKTypa CETH JJIs NpeICKa3aHus

‘ MNeural N

k Training (nr

Neural Network

15 1

Data Division: Random (dividerand)
Training: Levenberg-Marquardt (trainim)
Performance: Mean Squared Error  (mse)
Calculations:  MATLAB
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Pucynok 7.4 — I3smeHeHust OOk 00y4eHUS U OITUOKU 000O0IICHHS
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z Meural Network Training Error Histogram (ploterrhist), Epoch 41, Validation stop. E@éj
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Pucynok 7.5 — Jluarpamma pacnpenenenus pakTHUecKoi OUIMOKH Mpu MpecKa3aHuu

| Neural Network Training Regression (plotregression), Epoch 41, Validation stop. o (0
- i
fle Edit View Inset Tools Desktop Window Help N
Training: R=0.95384 Validation: R=0.88117
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Pucynok 7.6 — OTHoIIeHNe TaHHBIX (KPYXKKH) K TOTYYUBIIMMCS MOAEISAM (JIMHUK)

B pesynbrate numeem noutu 60% 3HaueHMi, rae npeackasannas nena Ha 10 equnum

OTJINYAETCS OT HICAIbLHON TpeOyeMoil.
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Anmaparypa W MarepHmaibl. 64-paspsaubiii  (X64) mepcoHaIbHBIN
KOMIIBIOTEP, Mpolieccop ¢ TakToBoi yactotror 1 I'T' u Bele, onepaTuBHAs MaMsITh
1 I'6 u BBImIE, CBOOOAHOE AMCKOBOE MPOCTpPAHCTBO He MeHee 1 I'0, rpaduyeckoe
ycrpoiictBo DirectX 9. IlporpammHoe oOecrieueHHe: OIepalroOHHas CHCTEMa
Windows 7 u Beime, Matlab (R2013) u Beime.

Yka3aHue no TexHuke 0e3omacHOCTH. CaMOCTOSITEIBHO HE MPOU3BOHTH:
YCTAaHOBKY M YyAaJI€HHE MPOrPaMMHOTO OOECIEUEHHUs; PEMOHT IEPCOHAIBHOIO
koMiibtoTepa. CoOmofaTh MpaBWia TEXHUYECKOW OHKCIUTyaTallid W TEXHUKU

0€30MacHOCTH MPHU pabOTe € IAEKTPOOOOPYIOBAHUEM.

MeToauka ¥ MOPSAAOK BbINOJHEHHUS PadoThI
B unnuBuayansnom Bapuante (Tadnuna 7.1) naHo ycimoBue 3a/1auu Ha perpeccuto. Pemuts
3aJa4y ¢ TOYHOCTBIO MPECKa3aHus Ha TeCTOBOI BbIOOpKe Oosee 60%.

Tabnuna 7.1 — BapuanTsl 3ananuii

Ne | VcnoBue 3agauu

Hcnone3ys nanHble W3 3amauud o croumoctu kwibs B CIIA cocTaBuTh HEIMHEHHYIO
PETPECCUOHHYIO MOJIENb C MOMOILBIO HEMPOHHOM ceTH. [laHHbIe conepkarcs B aucte Data
1 ¢aiina «DataForRegression.xls». CpaBauth ommbky MSE i npeackazaHHBIX JTaHHBIX €
MTOMOIIBIO JIMHEMHOW PErpeCCHOHHOM MOJEIN U NMPEACKA3aHHBIX JaHHBIX HEHPOHHOU
CETBIO.

) HpeI[CKaliaTB pemi€eHUC BEPXOBHOTO Cyaa. Onucanue BXOJOB U BbIXOJa CMOTPUTEC B (baﬁne
3aJaHus.

3 [Ipenckasarh pacxon TomiauBa Mo roponay. MMeercs OIMH JUCKPETHBI BXOJ M 5
HenpepbIBHbIX. ONUcaHue BXO/I0B U BBIX0JI0B CMOTPUTE B (haiiie 3a1aHusl.

4 [lpenckazarp pacxox TommBa 1O Topoxy. Mwmeercss 3 IUCKpPETHBIX BXOoJa W 5
HenpepbIBHbIX. ONUcaHue BXOI0B U BBIXOJI0B CMOTPUTE B (haiiie 3a1aHusl.

[Ipenckazath CpeAHIOI0 CTOMMOCTH XWibs B Kamumdopuuu. 3amaua aHajJoruvHas IBYM
5 | paccmarpuBaeMbIM B TeopeTHUecKOi dacTu. OmucaHWe BXOJOB U BBIXOJIOB CMOTPHUTE B
daiine 3amaHus.

6 IIpenckasars Cuily CONPOTHUBIICHMS CXKATHIO JUIA 1eMeHTa. OnucaHue BXOJOB U BBIXOJOB
cMoTpuTe B (paityie 3a1aHus.

v [Mpencka3aTh yroi OTKIOHEHHS dJepoHa st camonéra F16. Onucanre BXOIOB M BBIXOZIOB
cMOTpHUTE B (paiie 3aJaHus.

8 [Ipenckazath ypoBeHb C-NENTHUAOB B CHIBOPOTKE KPOBH JETeH OOJBHBIX JHa0ETOM.
Onucanue BXOJIOB U BBIXOJIOB CMOTPUTE B (aiisie 3a1aHusl.

Tpebyerca nmpenckazate HeaBw uMocTh jgomoB B CHIA B 3aBucumMocTH  OT
9 | nemMorpaduuecKMX MaHHBIX paiioHa W pPBIHKA HEIBWXHMOCTH. OmHCaHuEe BXOJOB U
BBIXO/IOB CMOTPUTE B (paiisie 3aqaHusl.

10 [Ipenckaszarh HCKyccTBEHHO choOpMUpOBaHHYIO 3aBUCUMOCTH Y oT X1..X10. Omnucanue
BXOJIOB M BBIXOJIOB, a TAK)KE CAMOI 3aBHCUMOCTH, CMOTPHUTE B (aiiie 3a1aHusl.

11 [Ipenckazars maBieHUE IUIACTHKA NMPU ONpPEACTEHHOM cuie u Temmeparype. OmnucaHue
BXOJIOB M BBIXOJIOB CMOTpHUTE B (haiiie 3a1aHusl.
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12

[Ipenckasarh yrioBoe yCKOpPEHHE IJIsi OJTHON M3 CTEICHH CBOOOIBI MEXaHWYECKON pPyKH
Puma 560. Onucanue BXOJ0B U BBIXOJOB cMOTpHTE B (haitne 3amanus. MHpopmanuio mo
MEXaHUYECKOMY MaHUMYJISITOPY MOKHO HalTH B ceTu MIHTepHeT.

1
2.
3

4.

Conep:kaHue oT4era u ero gopma

OTtuér o 1abopaTtopHOit paboTe TODKEH COACPkKATh CISAYIONTYI0 HHPOPMAITHIO:

Hazpanue naGopatopHoii paboThl u €€ HoMep.

®UO cryneHrta u rpynmy.

@opMynHMpOBKa UHAUBUIYAIBHOTO 3a1aHHUSL.

HOKYMGHT otuéra ¢ Print Prtscr AUAJIOTOBBIX OKOH II0 HIaraM Jid CBOCTO BapHaHTa I10

HO,I[O6I/II-O TOro, 4ro OIMHCaHO B TGOPCTHHCCKOﬁ qacTu. I[OJ'DKH& IIPUCYTCTBOBATH HH(bOpMaHHH (6]

pa3Mepax TecTOBOM U 00y4aroiiel BBIOOPKH, O IpoieTIaHHON npeaoopadoTke u moctodpadboTke, 00

UCTIONIB3YEMBIX aITOPUTMAaxX 0OydeHUs] HEHPOHHBIX CETeH, a TAKKe Pe3yNbTUPYIOIUe rpaduku u

IPOLIEHT IPABUJILHO PAaClIO3HAHHBIX NATTEPHOB Ha TECTOBOM BbIOOpKe. HeoOX0oauMo Takke yka3zaThb

CTPYKTYpPY CC€TH U 06OCHOB8.TB, noyemy BbI6paHa HUMCHHAas TaKas CCTh.

5. OtTBernl Ha KOHTPOJIbHBIC BOIIPOCHI.

1)
2)
3)

4)
5)
6)
7)

Bonpocs! 1151 32U ThI padoThl
C KaKuMU THTIAMHU TIEPEMEHHBIX MOXKET pad0TaTh HEUPOHHAS CETh?
Kak ocymecTBisiercs npeackazaHue 3HaYeHUNH HEHPOHHOU CeThIO?
B dyem 3akirodaroTcsi anmpoOKCHMHUPYIOIIME W HMHTEPIONMPYIONIME CBOMCTBA
HEHUpPOHHBIX ceTen?
Kax ocyrmiecTBasTh mocToOpabOTKY M JJI Yero oHa Hy»Ha?
Heiiponsl ¢ kakumu QyHKIMAMU aKTUBALMK MOKHO CTaBUTh HA BBIXOJTHOM CIION?
UeM HEWpOHHAS CETh OTJIMYAETCS OT JIMHEHHON PErpecCUMOHHON MOAEIn?

Yro Takoe nepeodydeHne CeTH U Kak ¢ HUM 00poThes?
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IIpuiaoxenne 1
function [alpha, b, w, evals, stp, glob] = SMO2(X, Y, kernel, kparl, kpar2, C, tol, steps, eps, method)

dbstop if error

dbg =2;

if (nargin < 10)
method = 1;

end

if (nargin < 9)
eps =0.0001;
end

if (nargin < 8)
steps = 10000;
end

if (nargin <7)
tol =0.001;
end

if (nargin < 6)
C=inf;
end

if (nargin <5)
kpar2 =0;
end

if (nargin < 4)
kparl=0;
end

if (nargin < 3)
kernel =0;
end

if (nargin < 2)

error(‘Error: At least two arguments (training points and class values) must be supplied®);
else

[n, D] = size(X);

[n1, D1] = size(Y);

end
if (1 ~=D1)
error("Error: Class values cannot be vectors but real numbers');
end
if (n~=nl)
error("Error: Number of rows of X and Y must be the same (one class value for each sample)’);
end

if (method ==1)

[alpha, b, w, evals, stp, glob] = SMO_Keerthi_modifl1(X, Y, kernel, kparl, kpar2, C, tol, steps, eps);
elseif (method == 2)

[alpha, b, w, evals, stp, glob] = SMO_Keerthi_modif2(X, Y, kernel, kparl, kpar2, C, tol, steps, eps);
else

[alpha, b, w, evals, stp, glob] = SMO_Platt(X, Y, kernel, kparl, kpar2, C, tol, steps, eps);
end

if(method==1)||(method==2)
flag=(glob.b_up<glob.b_low-2*tol)|(stp>=steps);

else
flag=(stp>=steps);

end

if(flag==1)

fprintf("The algorithm has not converged. This may be due to:\n (a) the maximum number of iterations has been reached and
convergence has not, yet, been achieved or \n (b) the chosen values for the hyperparameters (C as well as the parameters that define the
kernel function) \n can not lead to a solution. \n*)
end

function [alpha, b, w, evals, stp, glob] = SMO_Platt(X, Y, kernel, kparl, kpar2, C, tol, steps, eps)
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[n, D] = size(X);

%initialize alpha array to all zero
alpha = zeros(n,1);

w = zeros(1,D);

b=0;

evals = 0;

fori=1:n

K(:,i)=CalcKernel(X,X(i,:), kernel, kparl, kpar2);

end

Yinitialize struct for temporary variables that must be global
glob =struct(‘ecache',[],"'v_1",[1,'v_2",[1,"1_0",[],"ecache_f",[1);
%%initialize fcache array to all zero and its size to n

glob.ecache = zeros(n,1);

glob.ecache_f = zeros(n,1); %0->ecache value not-OK, 1->value OK

glob.v_1 =find(Y==-1);
glob.v_2 =find(Y==1);

stp=0;
numChanged = 0;
examineAll =1;

while (numChanged > 0 || examineAll == 1) && stp <= steps)

numChanged = 0;
if (examineAll == 1)
fori=1:n
stp = stp +1;
if (stp > steps) break; end

[retval, alpha, w, b, stp, evals, glob] =...
examineExampleP(i, glob, alpha, w, b, X, Y, kernel, kparl, kpar2, C, tol, steps, stp, evals, eps,K);
numChanged = numChanged + retval;

end
else

glob.1_0 = find(alpha > 0 & alpha < C);

k = length(glob.1_0);
fori=1:k

stp =stp + 1;

if (stp > steps) break; end

if (i > length(glob.1_0)) break; end %glob.I_0 changes inside loop (in examineExampleP)
[retval, alpha, w, b, stp, evals, glob] =...

examineExampleP(glob.1_0(i), glob, alpha, w, b, X, Y, kernel, kpar1l, kpar2, C, tol, steps, stp, evals, eps,K);
numChanged = numChanged + retval;

end

end

if (examineAll == 1)
examineAll = 0;

elseif (numChanged == 0)
examineAll = 1;

end

end

function [retval, alpha, w, b, evals, glob] =..
takeStepP(il, i2, glob, alpha, w, b, X, Y, kernel, kparl, kpar2, C, tol, evals, eps,K)

%drawnow; %%used to give Matlab the opportunity to examine any pending ctrl+C (while in deep loops)

if (get(0,"PointerLocation’)==[1 1])

%disp(‘Press <ctrl+c> to stop or any key to interrupt execution temporarily ...");

%pause;

%disp("Type "return™ to carry on’');

keyboard;
end

[n D] = size(X);
if (i1 ==i2)
retval = 0;
return;
end
alphl = alpha(il);
y1=Y(i1);
alph2 = alpha(i2);
y2=Y(i2);
s=yl*y2;
%Compute L, H
if (y1 ~=y2)
L =max([0, alph2 - alph1]);

H =min([C, C + alph2 - alphl]);

else %oyl ==y2
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L = max([0, alphl + alph2 - C]);
H = min([C, alphl + alph2]);
end
if (L==H)
retval = 0;
return;
end
%calculate E1 = SVM output in X[i1] - y1 (check in error cache)
if (glob.ecache_f(i1) == 0)
kil = K(:,i1);
evals =evals + n;
E1l=-yl + (kil'* (Y .* alpha)) - b;
glob.ecache(il) = E1;
glob.ecache_f(il) = 1;
else
E1 = glob.ecache(il);
end
%calculate E2 = SVM output in X[i2] - y2 (check in error cache)
if (glob.ecache_f(i2) == 0)
ki2 = K(:,i2);
evals =evals + n;
E2 = -yl + (ki2' * (Y .* alpha)) - b;
glob.ecache(i2) = E2;
glob.ecache_f(i2) = 1;
else
E2 = glob.ecache(i2);
end
%%computation of the derivative eta
k11 = K(i1,i1);
k12 = K(i2,i1);
k22 = K(i2,i2);
evals = evals + 3;
eta =-(2 * k12) + k11 + k22;
%%computation of new alpha(i2)
if (eta >0)
a2 = alph2 + (y2 * (E1 - E2) / eta);
if (@2 <L)
a2=L;
elseif (a2 > H)
a2 =H;
end
else %%the derivative is 0 =>we have to make optimization by other means
% %L obj = objective function at a2=L (according to Platt)
%% Hobj = objective function at a2=H (according to Platt)
L1 =alphl + (s * (alph2 - L));
H1 = alphl + (s * (alph2 - H));
fl=yl1* (E1+b)- (alphl * k11) - (s * alph2 * k12);
f2 =y2* (E2 +b) - (alph2 * k22) - (s * alph1 * k12);
Lobj = (L1 *f1) + (L *f2) + (0.5 * k11 * L172) + (0.5 * k22 * L"2) + (s * k12 * L * L1);
Hobj = (H1 * f1) + (H * f2) + (0.5 * k11 * H1"2) + (0.5 * k22 * H"2) + (s * k12 * H * H1);
if (Lobj < Hobj - eps)
a2=1L;
elseif (Lobj > Hobj + eps)
a2 =H;
else
a2 = alph2;
end
end
if (abs(a2 - alph2) < (eps * (a2 + alph2 + eps)))
retval =0;
return
end
% computation on new alphal(al)
al =alphl + (s * (alph2 - a2));
%Update threshold to reflect change in Lagrange multipliers
b_old =b;
if(al>L &&al <H)
b=E1+ (yl*(al - alphl) * k11) + (y2 * (a2 - alph2) * k12) + b;
elseif (a2 > L && a2 < H)
b=E2+(yl*(al-alphl)*k12) + (y2 * (a2 - alph2) * k22) + b;
else
bl =E1+ (yl* (al - alphl) * k11) + (y2 * (a2 - alph2) * k12) + b;
b2 =E2 + (yl * (al - alphl) * k12) + (y2 * (a2 - alph2) * k22) + b;
b=(bl+b2)/2;
end
%Update weight vector to reflect change in al & a2, if linear SVM
if (strcmpi(kernel, ‘linear’) == 1)
w=w+ (yl* (al - alphl) * X(i1,:)) + (y2 * (a2 - alph2) * X(i2,:));
end
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%Update ecachel[i] using new Lagrange multipliers
v = find(glob.ecache_f==1);
fori=1:length(v)
kil = K(v(i),i1);
ki2 = K(v(i),i2);
evals = evals + 2;
%glob.ecache(v(i)) = glob.ecache(v(i)) + b - b_old - (y1 * (al - alphl) * kil) - (y2 * (a2 - alph2) * ki2);
glob.ecache(v(i)) = glob.ecache(v(i)) + b_old - b + (y1 * (al - alphl) * kil) + (y2 * (a2 - alph2) * ki2);
end
%Store al and a2 in the alpha array
alpha(il) = al;
alpha(i2) = a2;

%% Compute updated E values for il and i2

%oglob.ecache(il) =E1+b - b_old - (y1 * (al - alphl) * k11) - (y2 * (a2 - alph2) * k12);
glob.ecache(il) =E1 +b_old - b + (y1 * (al - alphl) * k11) + (y2 * (a2 - alph2) * k12);
glob.ecache_f(i1) =1;

%oglob.ecache(i2) =E2 +b - b_old - (y1 * (al - alphl) * k12) - (y2 * (a2 - alph2) * k22);
glob.ecache(i2) =E2 + b_old - b + (y1 * (al - alphl) * k12) + (y2 * (a2 - alph2) * k22);
glob.ecache_f(i2) = 1;

% Update I_0

glob.l1_0 =find(alpha > 0 & alpha < C);

retval =1;
return

function [retval, alpha, w, b, stp, evals, glob] =...
examineExampleP(i2, glob, alpha, w, b, X, Y, kernel, kparl, kpar2, C, tol, steps, stp, evals, eps,K)

%drawnow; %%used to give Matlab the opportunity to examine any pending ctrl+C (while in deep loops)
if (get(0,"PointerLocation’)==[1 1])

%disp(‘Press <ctrl+c> to stop or any key to interrupt execution temporarily ...");

Yopause;

%disp(‘Type "‘return™ to carry on');

keyboard;
end

retval = 0;
[n D] = size(X);
y2=Y(i2);
alph2 = alpha(i2);
if (glob.ecache_f(i2) ==1)
E2 =glob.ecache(i2);
else
ki2 = K(:,i2);
evals = evals + n;
E2 = -y2 + (ki2' * (Y .* alpha)) - b;
glob.ecache(i2) = E2;
glob.ecache_f(i2) = 1;
end
r2=g2*y2;
if (r2 < -tol && alph2 < C) || (r2 > tol && alph2 > 0))
if (length(glob.1_0) > 1)
%il = result of second choice heuristic
v = find(glob.ecache_f==1);
k = length(v);
Emax = 0;
fori=1:k
tmp = abs(glob.ecache(v(i)) - E2);
if (tmp > Emax)
Emax = tmp;
il1=v(i);
end
end
stp=stp +1;
[retval, alpha, w, b, evals, glob] =...
takeStepP(il, i2, glob, alpha, w, b, X, Y, kernel, kparl, kpar2, C, tol, evals, eps,K);
if (retval == 1)
return;
end
end
%loop over all non-zero and non-C alpha, starting at a random point
k = length(glob.1_0);
rand(‘state’,2);
r = floor(k * rand);
fori=1:k
il=mod(r +i, k) +1;
Stp =stp + 1;
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[retval, alpha, w, b, evals, glob] =...
takeStepP(il, i2, glob, alpha, w, b, X, Y, kernel, kparl, kpar2, C, tol, evals, eps,K);
if (retval ==1)
return;
end
end
%loop over all possible i1, starting at a random point
k=n;
r = floor(k * rand);
fori=1:k
il=mod(r +i, k) +1;
stp=stp + 1;
[retval, alpha, w, b, evals, glob] =...
takeStepP(il, i2, glob, alpha, w, b, X, Y, kernel, kparl, kpar2, C, tol, evals, eps,K);
if (retval == 1)
return;
end
end
end
return

function [alpha, b, w, evals, stp, glob] = SMO_Keerthi_modif1(X, Y, kernel, kparl, kpar2, C, tol, steps, eps)
[n, D] = size(X);

%initialize alpha array to all zero

%
alpha = zeros(n,1);
w = zeros(1,D);
b=0;

evals = 0;

%

fori=1:n
K(:,i)=CalcKernel(X,X(i,:), kernel, kparl, kpar2);
end

%initialize struct for temporary variables that must be global
%

glob = struct(*fcache’,[],'b_up*,0,'b_low",0,"i_up",0,"i_low",0,'v_1",[],'v_2"[]....
gL O 1 P A 1 4 1 A < A I A IR 1)

%%initialize fcache array to all zero and its size to n

glob.fcache = zeros(n,1);

%initialize b_up = -1, i_up to any one index of class 1

glob.b_up =-1;

glob.v_1=find(Y==1);

glob.i_up =glob.v_1(1);

%initialize b_low =1, i_low to any one index of class 2

glob.b_low =1;

glob.v_2 =find( Y==-1);

glob.i_low =glob.v_2(1);

%set fcache[i_low] = 1 and fcache[i_up] = -1

glob.fcache(glob.i_low) =1;

glob.fcache(glob.i_up) =-1;

%lnitialize the 1_* sets

glob.1_0 = find(alpha > 0 & alpha < C);
glob.1_1 = find(alpha(glob.v_1) == 0);
glob.lI_1 =glob.v_1(glob.I_1);

glob.1_2 = find(alpha(glob.v_2) == C);
glob.1_2 = glob.v_2(glob.1_2);

glob.1_3 = find(alpha(glob.v_1) == C);
glob.1_3 = glob.v_1(glob.1_3);
glob.1_4 = find(alpha(glob.v_2) == 0);
glob.l1_4 =glob.v_2(glob.1_4);

%

stp=0;
numChanged = 0;
examineAll = 1;
while ( ((numChanged > 0) || (examineAll==1))&&(stp <= steps))
numChanged = 0;
if (examineAll==1)
fori=1:n
stp =stp + 1,
if (stp>steps) break; end
[retval, alpha, w, b, stp, evals,glob] =...
examineExampleK(i, glob, alpha, w, b, X, Y, kernel, kparl, kpar2, C, tol, steps, stp, evals, eps,K);
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numChanged = numChanged + retval;
end
else
k = length(glob.1_0);
fori=1:k
Stp =stp +1;
if (stp > steps) break; end
if (i > length(glob.1_0)) break; end %glob.l_0 changes inside loop (in examineExampleK)
[retval, alpha, w, b, stp, evals, glob] =...
examineExampleK(glob.1_0(i), glob, alpha, w, b, X, Y, kernel, kparl, kpar2, C, tol, steps, stp, evals, eps,K);
numChanged = numChanged + retval;
%it is easy to check if optimality on 1_0 is attained...
if ((glob.b_up) > (glob.b_low - (2*tol) ) )
%oexit the loop after setting numChanged =0
numChanged = 0;
break; %EDW TA PRAGMATA ALLAZOUN AN XRHSIMOPOIHSOUME THN RETURN. SYSKEKRIMENA
MERIKES FORES ENW EXEI SYMBEI
%TO b_up>b_low POY EINAI TO ZHTOUMENO, ME THN BREAK BGAINOUME MONO APO TO ESWTERIKO
FOR (TO PSAKSIMO STO 1_0)
%ENW ISWS (DEN EIMAI SIGOUROS) THA EPREPE NA TERMATIZEI O ALGORITHMOS. ME THN BREAK TO
PROGRAMMA SYNEXIZEI
%KAI ALLAZOUN TA b_up KAI b_low KAl SXHMATIKA FAINETAI KALYTEROS O TAKSIMOMHTHS.
%ME THN RETURN OMWS EINAI PIO SYNTOMOS KAI PALI FAINETAI SWSTOS. NA TO PSAKSOYME.
end
end
end
if (examineAll == 1)
examineAll = 0;
elseif (numChanged == 0)
examineAll =1;
end
b=(glob.b_up+glob.b_low)/2;
end

%6%6%%0%6%%6%6%6%%%%6%%%6%6% %% %0%0%6%6%0% %% %% %% % %6%6% %% % %% %0 %% % %6% % %% % %% %% %%
9%6%%%0%6%6%%0%6%6%%%6%%%0%6 % %% %0%% % %% %% %6 % %% %% %% %% % %% % %% %% %%

function [alpha, b, w, evals, stp, glob] = SMO_Keerthi_modif2(X, Y, kernel, kparl, kpar2, C, tol, steps, eps)
[n, D] = size(X);

%initialize alpha array to all zero

%
alpha = zeros(n,1);

% if (strcmpi(kernel, 'linear’) == 1)
w = zeros(1,D);

% else

% w=I[I;

% end

b=0;

evals = 0;

%

fori=1l:n
K(:,i)=CalcKernel(X,X(i,:), kernel, kparl, kpar2);
end
%initialize struct for temporary variables that must be global
%

glob = struct(*fcache',[],'"b_up*,0,'b_low",0,"i_up",0,"i_low",0,'v_1",1,'v_2",[],...
B O I I R A T2 P BB 1 A S 1

%%initialize fcache array to all zero and its size ton

glob.fcache = zeros(n,1);

%initialize b_up =-1, i_up to any one index of class 1

glob.b_up =-1;

glob.v_1=find(Y==1);

glob.i_up =glob.v_1(1);

%initialize b_low =1, i_low to any one index of class 2

glob.b_low =1;

glob.v_2 =find( Y==-1);

glob.i_low =glob.v_2(1);

%set fcache[i_low] = 1 and fcache[i_up] = -1

glob.fcache(glob.i_low) = 1;

glob.fcache(glob.i_up) =-1;

%lnitialize the |_* sets
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glob.1_0 = find(alpha > 0 & alpha < C);
glob.1_1 = find(alpha(glob.v_1) == 0);
glob.1_1 =glob.v_1(glob.1_1);

glob.l_2 = find(alpha(glob.v_2) == C);
glob.1_2 = glob.v_2(glob.1_2);

glob.1_3 = find(alpha(glob.v_1) == C);
glob.1_3 = glob.v_1(glob.l_3);
glob.1_4 = find(alpha(glob.v_2) == 0);
glob.1_4 =glob.v_2(glob.1_4);

%

stp=0;
numChanged = 0;
examineAll = 1;
while ((humChanged > 0 || examineAll == 1) && stp <= steps)
numChanged = 0;
if (examineAll ==1)
fori=1:n
Stp =stp +1;
if (stp > steps) break; end
[retval, alpha, w, b, stp, evals, glob] =...
examineExampleK(i, glob, alpha, w, b, X, Y, kernel, kparl, kpar2, C, tol, steps, stp, evals, eps,K);
numChanged = numChanged + retval;
end
else
%the following loop is the only difference between the two SMO
9%modifications. Whereas, in modification 1, the inner loop selects
%:i2 from 1_0 sequentially, here i2 is always set to the current
%i_low and il is set to the current i_up; clearly, this corresponds
%to choosing the worst violating pair using members of 1_0 and some
%other indices.
inner_loop_success =1;
while (((glob.b_up)<(glob.b_low -(2*tol)))&&(inner_loop_success~=0))
i2 = glob.i_low;
y2=Y(i2);
alph2 = alpha(i2);
F2 = glob.fcache(i2);
i1 =glob.i_up;
Stp =stp +1;
if (stp > steps) break; end
stp=stp +1;
[inner_loop_success, alpha, w, b, evals, glob] =...
takeStepK(glob.i_up, glob.i_low, glob, alpha, w, b, X, Y, kernel, kparl, kpar2, C, tol, evals, eps,K);
numChanged = numChanged + inner_loop_success;
end
num_changed =0;
end
if (examineAll == 1)
examineAll = 0;
elseif (numChanged == 0)
examineAll =1;
end
end
b=(glob.b_up+glob.b_low)/2;
return

9%6%0%6%6%0%%6%0%%6%6% %% % %% % %% % %% %% %% %% %% %% %% %% %% %% %6 %% %6 %% %6 %% % %% %6 %0 %6 %0
9%6%0%6%6%0%6%6%0%%6%6%6%6%0%6%6%6%6%6%6%6%6%6%6 %% % %% % %% %6 %% %6 %% % %% % %% %%
function [retval, alpha, w, b, evals, glob] =...
takeStepK(il, i2, glob, alpha, w, b, X, Y, kernel, kparl, kpar2, C, tol, evals, eps,K)
%Much of this procedure is same as that in Platt's SMO pseudo-code.

%drawnow; %%used to give Matlab the opportunity to examine any pending ctrl+C (while in deep loops)
if (get(0,'PointerLocation’)==[1 1])
%disp(‘Press <ctrl+c> to stop or any key to interrupt execution temporarily ...");
%opause;
%disp("Type "'return™ to carry on');
keyboard;
end
if (il1==i2)
retval = 0;
return;
end
alphl =alpha(il);
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yl=Y(i1);

F1 = glob.fcache(il);
alph2 =alpha(i2);
y2=Y(i2);

F2 = glob.fcache(i2);
s=yl*y2;

%Compute L, H - If L=H return 0
%
if (y1 ~=y2)

L = max([0, alph2 - alph1]);

H =min([C, C + alph2 - alphl]);
else %yl ==y2

L = max([0, alphl + alph2 - C]);

H = min([C, alphl + alph2]);
end
if (L==H)

retval = 0;

return;
end
%

%%computation of the derivative eta
%
k11 = K(i1,i1);
k12 = K(i1,i2);
k22 = K(i2,i2);
evals = evals + 3;
eta = (2*k12) - k11 - k22;
%%computation of new alpha(i2)
if (eta<0)

a2 =alph2-(y2*(F1-F2)/eta); %%HERE is different from Platt

if @2 <L)

a2=1L;
elseif (a2 > H)
a2 =H;

end
else %%the derivative is 0 =>we have to make optimization by other means

% %L obj = objective function at a2=L (according to Platt)

%% Hobj = objective function at a2=H (according to Platt)

L1 =alphl + (s*(alph2-L));

H1 =alphl + (s*(alph2-H));

fl=(-yl* F1) + (alphl * k11) + (s * alph2 * k12);

f2 = (-y2 * F2) + (alph2 * k22) + (s * alphl * k12);

Lobj = (L1 *f1) + (L * f2) - (0.5 * k11 * L172) - (0.5 * k22 * L~2) - (s * K12 * L * L1);

Hobj = (HL * f1) + (H * £2) - (0.5 * K11 * H172) - (0.5 * k22 * HA2) - (s * k12 * H * H1);

if (Lobj > Hobj + eps)
a2=1L;

elseif (Lobj < Hobj - eps)
a2 =H;
else
a2 = alph2;
end
end
%

%Calculate the change in a - if very small return0

%
if (abs(a2-alph2)<eps*(a2+alph2+eps))
retval=0;
return
end
%

% computation on new alphal(al)
%
al =alphl + (s*(alph2-a2));
%

%~Update weight vector to reflect change inal & a2, if linear SVM
%
if (strcmpi(kernel, 'linear’) == 1)

w=w + (yl* (al - alphl) * X(i1,:)) + (y2 * (a2 - alph2) * X(i2,3));
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end
%

%Store al and a2 in the alpha array
%
alpha(il) = al;
alpha(i2) = a2;
%

%Update fcachel[i] for i in 1_0 using new Lagrange multipliers
%
k = length(glob.1_0);
fori=1:k

kil = K(glob.1_0(i),i1);

ki2 = K(glob.1_0(i),i2);

evals = evals + 2;

glob.fcache(glob.1_0(i)) = glob.fcache(glob.l_0(i)) + (y1 * (al - alphl) * kil) + (y2 * (a2 - alph2) * ki2);
end
%

%The update below is simply achieved by keeping and updating information
%about alpha_i being at 0, C or in between them. Using this together with
%target[i] gives information as to which index set i belongs.

% Update 1_0,1_1,1_2,1.3,1_4

%
glob.1_0 = find(alpha > 0 & alpha < C);
glob.1_1 = find(alpha(glob.v_1) == 0);
glob.1_1 =glob.v_1(glob.1_1);

glob.1_2 = find(alpha(glob.v_2) == C);
glob.1_2 = glob.v_2(glob.1_2);

glob.1_3 = find(alpha(glob.v_1) == C);
glob.1_3 = glob.v_1(glob.l_3);

glob.1_4 = find(alpha(glob.v_2) == 0);
glob.1_4 =glob.v_2(glob.1_4);

%

9%Compute updated F values for il and i2
%
glob.fcache(il) = F1 + (y1 * (al - alphl) * k11) + (y2 * (a2 - alph2) * k12);
glob.fcache(i2) = F2 + (y1 * (al - alphl) * k12) + (y2 * (a2 - alph2) * k22);
%

9%Compute (i_low, b_low) and (i_up, b_up),
%using only i1, i2 and indices in 1_0

%
%--GIATOI1
v = find(glob.l_1==i1);
il1_in_I_1 = length(v);
v = find(glob.1_2==i1);
il1_in_I_2 = length(v);
v = find(glob.l_3==i1);
i1_in_l_3 = length(v);
v = find(glob.l_4==i1);
il_in_I_4 =length(v);

%%
%--GIATO 2
v = find(glob.l_1==i2);
i2_in_I_1 = length(v);
v = find(glob.1_2==i2);
i2_in_l_2 = length(v);
v = find(glob.l_3==i2);
i2_in_l_3 = length(v);
v = find(glob.1_4==i2);
i2_in_l_4 =length(v);

% 1)First Compute i_low, i_up for 1_0
%

if size(glob.1_0)~=0 % Trying to run the smo mod1 for the alult datasets I diskovered that for small values of C there was this
problem.
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[glob.b_up glob.i_up] = min(glob.fcache(glob.1_0));
glob.i_up=glob.l_0(glob.i_up);
if size(glob.i_up)~=1
glob.i_up =glob.i_up(1);
end
[glob.b_low glob.i_low] = max(glob.fcache(glob.l_0));
glob.i_low=glob.l_0(glob.i_low);
if size(glob.i_low)~=1
glob.i__low =glob.i_low(1);
end
end

9%2)Then check if i1 or i2 should replace i_up or i_low
%?2a) For il

if ((glob.b_up>glob.fcache(il)) && (i1_in_I_1+il_in_l_2))
glob.b_up = glob.fcache(il);
glob.i_up =i1;

end

if ((glob.b_low <glob.fcache(i1))&&(il_in_l_3+il_in_I_4))
glob.b_low = glob.fcache(il);
glob.i_low = i1;

end

%?2b) For i2

if ((glob.b_up > glob.fcache(i2))&&(i2_in_|_1+i2_in_I_2))
glob.b_up = glob.fcache(i2);
glob.i_up =i2;

end

if ((glob.b_low <glob.fcache(i2))&&(i2_in_I_3+i2_in_1_4))
glob.b_low = glob.fcache(i2);
glob.i_low = i2;

end

retval = 1;

return

%

%%%%%6%6%6%0%0%6%6%%0%6% %% % %% %% %% %0%6% %% % %% %% %% %% %% %0 %0 %% % %% % %% % %% %% %%
9%6%%%0%0%%%6%6%%%%6%% %% % %% %% %% %% % %% % %% %% %% %% % %% % %% %%

%%%6%6%6%6%0%6%6%%%%6%% %% % %% %6 %% %6%6%6%6%0%6 %6 %% % %0% %0 %% % %% %6 %% %0 %6 %0 %6 %0%6 %0 %% %% %%
%%%6%6%6%6%0%6%6%%%%0% % %% % %% % %% %6 %6%6%6%0%6 %6 %% % %0% %0 %% % %% %6 %% %%
function [retval, alpha, w, b, stp, evals, glob] =...
examineExampleK(i2, glob, alpha, w, b, X, Y, kernel, kparl, kpar2, C, tol, steps, stp, evals, eps,K)

%drawnow; %%used to give Matlab the opportunity to examine any pending ctrl+C (while in deep loops)
if (get(0,"PointerLocation’)==[1 1])

%disp(‘Press <ctrl+c> to stop or any key to interrupt execution temporarily ...");

%pause;

%disp(*Type "return* to carry on’);

keyboard;
end

retval = 0;
[n D] = size(X);
y2=Y(i2);
alph2 = alpha(i2);
v = find(glob.l_0==i2);
i2_in_l_0 = length(v);
if (i2_in_1_0>0)

F2 =glob.fcache(i2);
else

ki2 = K(:,i2);

evals =evals + n;

F2 =-y2 + (ki2' * (Y .* alpha));

glob.fcache(i2) = F2;
end

%Update (b_low, i_low) or (b_up, i_up) using (F2,%i2)
%
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v =find(glob.1_1==i2);
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i2_in_I_1 = length(v);
v = find(glob.1_2==i2);
i2_in_I_2 = length(v);
v = find(glob.1_3==i2);
i2_in_I_3 = length(v);
v = find(glob.l_4==i2);
i2_in_l_4 =length(v);

if ((i2_in_1_1+i2_in_I_2>0) && (F2 < glob.b_up))
glob.b_up =F2;
glob.i_up =i2;

elseif ((i2_in_l_3 +i2_in_I_4 > 0) && (F2 > glob.b_low))
glob.b_low = F2;
glob.i_low = i2;

end

%

%Chech optimality using current b_low and b_up and, if
%violated, find an index i1 to do joint optimization with i2
%
optimality = 1;

if ((i2_in_1_0+i2_in_I_1+i2_in_1_2) >0)

if ((glob.b_low - F2) > (2 * tol) )

optimality = 0;
il =glob.i_low;
end

end
if ((i2_in_1_0+i2_in_I_3+i2_in_l_4)>0)
if ((F2 - glob.b_up) > (2 * tol))

optimality = 0;
il =glob.i_up;
end
end
if (optimality == 1)
retval = 0;
return;
end
%

%For i2 in 1_0 choose the better i1
%

if (i2_in_1_0>0)
if ((glob.b_low - F2) > (F2 - glob.b_up))
il =glob.i_low;
else
il =glob.i_up;
end
end
%

stp=stp +1;

[retval, alpha, w, b, evals, glob] =...
takeStepK(il, i2, glob, alpha, w, b, X, Y, kernel, kparl, kpar2, C, tol, evals, eps,K);

Dynkius sveplot_book.
function svcplot_book(X,Y ,ker,kparl,kpar2,alpha,bias,aspect,mag,xaxis,yaxis,input)

global figt4
color_shade = 1;
gridcellsX = 50;
gridcellsY =50;
marg =0.1;

if (nargin <7 | nargin > 12)
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help svcplot

else

epsilon = 1e-5;

if (nargin < 12) input = zeros(1,size(X,2));, end
if (nargin < 11) yaxis = 2;, end

if (nargin < 10) xaxis = 1;, end

if (nargin <9) mag = 0.1;, end

if (nargin < 8) aspect = 0;, end

xmin = min(X(:,xaxis));, xmax = max(X(:,xaxis));
ymin = min(X(:,yaxis));, ymax = max(X(:,yaxis));
Xa = (xmax - xmin);, ya = (ymax - ymin);
if (~aspect)
if (0.75*abs(xa) < abs(ya))
offadd = marg*(ya*4/3 - xa);,
xmin = xmin - offadd - mag*marg*ya;, xmax = xmax + offadd + mag*marg*ya;
ymin = ymin - mag*marg*ya;, ymax = ymax + mag*marg*ya;
else
offadd = marg*(xa*3/4 - ya);,
Xmin = xmin - mag*marg*xa;, Xmax = xmax + mag*marg*xa;
ymin = ymin - offadd - mag*marg*xa;, ymax = ymax + offadd + mag*marg*xa;
end
else
Xmin = xmin - mag*marg*xa;, Xxmax = xmax + mag*marg*xa;
ymin =ymin - mag*marg*ya;, ymax = ymax + mag*marg*ya;
end

alpha_min=min(alpha);

alpha_max=max(alpha);

alpha_threshold = (alpha_max - alpha_min) * 0.01;
alpha_threshold = alpha_threshold + alpha_min;

[x,y] = meshgrid(xmin:(xmax-xmin)/gridcellsX:xmax,ymin:(ymax-ymin)/gridcellsY:ymax);

z = bias*ones(size(x));
wh = waitbar(0,'Plotting...");
for x1 =1: size(x,1)
foryl=1:size(x,2)
input(xaxis) = x(x1,y1);, input(yaxis) = y(x1,y1);
fori=1:length(Y)
if (abs(alpha(i)) >=0)

z(x1,y1) = z(x1,y1) + Y(i)*alpha(i)*CalcKernel(input,X(i,:),ker,kparl,kpar2);

end
end

end
waitbar((x1)/size(x,1)) ;
drawnow

end

close(wh)

figure(figt4);
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fh = gcf;

set(gca,"XLim',[xmin xmax],"YLim',[ymin ymax]);
set(gca," TickDir', 'in");
set(gca, "XTick', [floor(xmin):ceil(xmax)]);
% set(gca, "XTickLabel, []); YoNull list => Does not print Tick labels
set(gca, "YTick, [floor(ymin):ceil(ymax)]);
% set(gca, "YTickLabel', []); YoNull list => Does not print Tick labels
set(gca,'Box’, ‘on’);
set(gca,'DataAspectRatio’,[1 11]);
%oeliminate borders of figure
old_gca_units = get(gca,'Units’);
set(gca,'Units','Normalized');
set(gca,'Position’,...
[0.00.01.0 1.0]);

set(gca,'Units',old_gca_units);

I = (-min(min(z)) + max(max(z)))/2.0;
if (color_shade ==1)
sp = pcolor(x,y,z);
shading interp %has bug and does not interpolate correctly last column
%shading flat
set(sp,'LineStyle’,'none");
set(gca,'Clim‘,[-1, 1])
set(gca,'Position’,[0 0 1 1])
% axis off
load cmap
colormap(colmap)
%colormap(gray)
else
whitebg(‘'w")
end
hold on
fori = L:size(Y)
if (Y(i)==1)
if (color_shade ==1)
plot(X(i,xaxis),X(i,yaxis),'rx",'LineWidth',2) % Class A
else
plot(X(i,xaxis),X(i,yaxis),'x","LineWidth',1, ‘MarkerSize', 4, ‘"MarkerEdgeColor", 'k’, "MarkerFaceColor", 'none’) % Class A
end
else
if (color_shade ==1)
plot(X(i,xaxis),X(i,yaxis),'bx",'LineWidth',2) % Class B
else
Yoplot(X(i,xaxis),X(i,yaxis),"*",'LineWidth',1, '"MarkerSize', 2, "MarkerEdgeColor’, 'k', ‘MarkerFaceColor", 'k') % Class B
plot(X(i,xaxis),X(i,yaxis),'x","LineWidth',1, *‘MarkerSize’, 3, ‘"MarkerEdgeColor", 'k’, ‘MarkerFaceColor’, ‘none’) % Class B
end
end
if (abs(alpha(i)) > alpha_threshold)
if (color_shade ==1)
plot(X(i,xaxis),X(i,yaxis),'ko",'LineWidth',1, "MarkerSize', 6) % Support Vector
else



plot(X(i,xaxis),X(i,yaxis),'x",'LineWidth',1, ‘MarkerSize', 5, ‘"MarkerEdgeColor", 'k’, ‘MarkerFaceColor’, ‘'none') % Support
Vector
end
end
end

% Plot Boundary contour

hold on
if (color_shade == 1)
contour(x,y,z,[0 0],'k")
% contour(x,y,z,[-0.5 -0.5],'b")
contour(x,y,z,[-1 -1],'b-.")
contour(x,y,z,[1 1],'r-.")
% contour(x,y,z,[0.5 0.5],'b")
else
zones = 1; %how many zones to be present in [0,1]
steps = [0 : 1/zones : 1];
forj=1:zones+1
if ((mod(j,2))==1),

clsp ="k-";

elseif ((mod(j,2))==0),
clsp="k:";

end

if (steps(j) == 0)
contour(x,y,z,[steps(j) steps(j)].clsp, 'LineWidth', 2)
else
contour(x,y,z,[steps(j) steps(j)],clsp, 'LineWidth*, 1)
contour(x,y,z,[-steps(j) -steps(j)],clsp, ‘LineWidth', 1)
end
end
end
hold off

end

Dynkuus CalcKernel.
function k = CalcKernel(u, v, ker, kparl, kpar2)

if (nargin < 3)
error(*CalcKernel needs at least 3 arguments')
end
if (nargin <5)
kpar2 = 0;
end
if (nargin < 4)
kparl =0;

end

[rl c1] = size(u);
[r2 c2] = size(v);
if(rl<l|r2~=1)
error(*CalcKernel expect u=column of row-vectors and v a row-vector")
end
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if (cl~=c2)
error(*CalcKernel needs both x1 and x2 to have same num of columns’)

end

switch lower(ker)
case 'linear*
k=u*v';
case 'poly’
k = (u*v' + kparl).”kpar2;
case 'rbf'
k = zeros(r1,1);
fori=1:r1
k(i) = exp(-(u(i,:)-v)*(u(i,:)-v)'/(2*kparl”2));
end
case 'erbf*
k = zeros(ri1,1);
fori=1:r1
k(i) = exp(-sqrt((u(i,:)-v)*(u(i,:)-v)")/(2*kpar1”2));
end
case 'sigmoid’
k = zeros(r1,1);
fori=1:rl
k(i) = tanh(kpar1*u(i,:)*v'/length(u(i,:)) + kpar2);
end
case 'fourier’
k = zeros(r1,1);
fori=1:r1
z =sin(kparl + 1/2)*2*ones(length(u(i,:)),1);
j =find(u(i,:)-v);
z(j) = sin(kparl + 1/2)*(u(i,j)-v())./sin((u(i,j)-v())/2);
k(i) = prod(z);
end
case 'spline’
k = zeros(r1,1);
fori=1:r1
z=1+u(i,:).*v +u(i,:)).*v.*min(u(i,:),v) - ((u(i,:)+v)/2).*(min(u(i,:),v))."2 + (1/3)*(min(u(i,:),v))."3;
k(i) = prod(z);
end
case {"curvspline’,'anova'}
k = zeros(r1,1);
fori=1:rl
z=1+u(i,:).*v + (1/2)*u(i,:).*v.*min(u(i,:),v) - (1/6)*(min(u(i,:),v))."3;
k(i) = prod(z);
end

% - sum(u.*v) - 1;

% z=1+u*v+ (1/2)*u.*v.*min(u,v) - (1/6)*(min(u,v))."3;
% k = prod(z);

% z = (1/2)*u.*v.*min(u,v) - (1/6)*(min(u,v))."3;

% k = prod(z);

case 'bspline’
k = zeros(r1,1);
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fori=1:rl
z=0;
for r =0: 2*(kpar1+1)
z =z + (-1)r*binomial(2*(kpar1+1),r)*(max(0,u(i,:)-v + kparl+1 - r)).~(2*kparl + 1);
end
k(i) = prod(z);
end
case ‘anovasplinel’
k = zeros(ri1,1);
fori=1:r1
z=1+u(i,:).*v +u(i,).*v.*min(u(i,:),v) - ((u(i,:)+v)/2).*(min(u(i,:),v)).*2 + (1/3)*(min(u(i,:),v))."3;
k(i) = prod(z);
end
case ‘anovaspline2'
k = zeros(ri1,1);
fori=1:r1
z=1+u(i,:).*v + (u(i,:).*v).~2 + (u(i,:). *v).~ 2. minu(i,:),v) - u(i,:).*v.*(u(i,:)+v).*(min(u(i,:),v)).~2 + (1/3)*(u(i,:)."2 +
4*u(i,:).*v + v.22).*(min(u(i,:),v)).~3 - (1/2)*(u(i,:)+v).*(min(u(i,:),v)).~4 + (1/5)*(min(u(i,:),v))."5;
k(i) = prod(z);
end
case 'anovaspline3'
k = zeros(ri1,1);
fori=1:r1
z=1+u(i,:).*v+ (u(i,:).*v).~2 + (u(i,:).*v).~3 + (u(i,:).*v).~3.*min(u(i,:),v) - (3/2)*(u(i,:).*v).~2.*(u(i,:)+v).*(min(u(i,:),v))."2 +
u(i,:).*v.*(u(i,:).~2 + 3*u(i,:).*v + v.22).*(min(u(i,:),v))."3 - (1/4)*(u(i,:).~3 + 9*u(i,:).~2.*v + 9*u(i,:). *v.A2 + v.A3).*(min(u(i,:),v)). ™M +
3/5)*(u(i,:).~2 + 3*u(i,:).*v + v.~2).*(min(u(i,:),v))."5 - (1/2)*(u(i,:)+v).*(min(u(i,:),v)).~6 + (1/7)*(min(u(i,:),v))."7;
k(i) = prod(z);
end
case 'anovabspline’
k = zeros(ri1,1);
fori=1:r1
z=0;
for r =0: 2*(kparl+1)
z =z + (-1)~r*binomial (2*(kpar1+1),r)*(max(0,u(i,:)-v + kparl+1 - r)).~(2*kparl + 1);
end
k(i) = prod(1 + z);
end
otherwise
%k = u*v'; %linear (identity kernel)
fprintf(‘CalcKernel: wrong kernel "'%s'"\n",ker);

end
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1. Hean u 3a7a4u 0OCBOEHMS 1Y CHUILTIHHbBI

[lenb ocBoenuss nuctuiuiMHBl «OCHOBBI  pacmo3HaBaHus 00pa3oB» - (OpMUPOBaHUE
po¢)eCCHOHANIBHBIX KOMITETEHIIMIA OyyIero Maructpa 1o HamnpasiaeHuio nmoarorosku 09.03.02 —
WudopManiioHHbIe CHCTEMBl M TEXHOJOTHMHM W TIONyYeHUE 3HAHWH, MPAKTUYECKHX HABBIKOB W
YMEHH, UCTIONb3YyEMbIX IIPU pa3pabOTKE CIOKHBIX CUCTEM U YIIPABICHUH UX KU3HEHHBIM [IUKIIOM.
3ajauell NUCHMIUIMHBL SIBISETCS HE TOJIBKO 3HAKOMCTBO CTYIEHTOB C OCHOBHBIMH IOHSTHUSMHU
CUCTEMHON WH)XCHEPUH, MEXAYHAPOIHBIMU CTaHAAPTAMH U IMPaKTUKaMH, HO U (HOpMUPOBAHUE
CHUCTEMHOT'0 MTOJIX0/1a K CO3/IAaHUIO CIIOKHBIX cUCTeM. Llenbio Kypca sBIsieTCs Tak:Ke pacCMOTPEHUE
MEPCIEKTUB PAa3BUTHSI CUCTEMHOTO MOAX0/1a K CO3JJaHUI0 CIIOKHBIX POEKTOB B HAIIEH CTpaHe.

2. MecTo nucuuniauibl B cTpykrype OIl marucrparypbi
JucuumniuuHa OTHOCUTCS K BapuaTuBHOM dactu biioka 1. Ee ocBoeHmenpoucxoauT B
8 cemecTtpe.

3. Cs3b ¢ NpeaAmeCTBY OIUMHA JUCHUIIIMHAMUA

Jisi  yCHEmIHOTO OCBOGHUS JAUCHUILTUHBI «OCHOBBI pacrio3HaBaHUSIO0PA30B» CTYIEHT
JIOJDKEH 3HaTh OCHOBBI MAaTeMaTUKU U HH(POPMATUKU.

4. CBs13b ¢ NOCJAeYIOIIMMEU U CUUNIMHAMH

JucuuruinHa «OCHOBBI pacno3HaBaHUs 0Opa30B» BKJIKOYEHAa B Yy4eOHBIM mpouecc Ais
(GOopMHUPOBAaHHS Yy MAarucTpPaHTOB CHCTEMHOIO IOJAXOJa K CTpaTerMu MPOEKTHUPOBAHUS CII0KHBIX
UH(POPMALIMOHHBIX CUCTEM, K ONPEIEICHUIO Lielel MPOSKTUPOBAHUS, K BBISIBICHUIO 3aMHTEPECOBAHHBIX
CTOpPOH M uX TpeOoBaHuM. JucuumnianHa cnocodcTByeT (GOpMHUpPOBaHHUIO y OakaiaBpOB KOMILIEKCHOTO
NPEJCTAaBICHUS O COBPEMEHHBIX TPEOOBAHMSIX K CO3/1aHUIO KPYITHBIX MPOEKTOB U TEHICHIUAX PAa3BUTHUS
MH(OPMALIMOHHBIX cHCTeM. M3ydeHue NaHHOM NHUCUUIUIMHBI SIBISETCS HEOOXOIUMOW OCHOBOW IUIs
u3ydeHust qUcHUIUIMH «VH(popMallMoOHHbIE CHUCTEMbl B HayKe U INPOU3BOACTBE», «IIpoMbIUIeHHBIH
UHTEPHET», «AHAIN3, MOACIUPOBAHNE U ONTUMH3ALINS OM3HEC-TIPOLIECCOBY, A TAKXKE MPH MOATOTOBKE K
rOCYIapCTBEHHOW UTOTOBOM aTTECTAIUU.

5. Komnerenuum obOyuyarwmerocsi, ¢opmupyemble B pe3yJibTaTe OCBOCHMA
AUCHMILTUHBI

5.1. HaumeHoBaHne KOMIIETEHIINI

Kon DopmyIHpOBKa

IK-5 CrocobHOCTh pa3pabdateiBaTh nporpamMmuoe odecriederue (110),
BKITIOYAsi IPOEKTUPOBAHKE, OTIAJIKY, IPOBEPKY PabOTOCIIOCOOHOCTH 1
Moudukanuto I10

IK-13 CMOCOOHOCTD aIaNTUPOBATh U MOAUMUIIUPOBATE CTICIUATHU3UPOBAHHOE
MPOrpaMMHOE 00eCIIeYeHUEe, METOIbI U AITOPUTMbI CHCTEM
HUCKYCCTBCHHOI'O MHTCIIJICKTA U MAIIMHHOI'O O6y‘IeHI/I$I B
npodecCHoHaIbHON JAeITEeIbHOCTH
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SBIISIOTCS OJIHOM U3 aKTUBHBIX (hOpM 00yUeHUSI.

6. OpraHu3anMOHHO-MeTOAMYeCKHEe PEKOMEHIAIUH 10 OCBOCHUIO U CHHIITIUHBI
CamocrodrenbHas paboTa CTYIEHTOB SIBISETCS Ba)KHEHIIMM YCIOBHEM (POPMHUPOBAHUS
HAy4YHOro croco0a nosHanus. OHa IPOBOJUTCS HAaKaHyHE KaXkJOro j1a00paTOPHOTO 3aHATUA U
BKJIIOYAET M3Y4E€HUE HEOOXOAMMOIO JUIsl BBINOJHEHMs JIaOOpaTOpHOH pabOThl TEOPETUUYECKOIO
MaTepuaia, a TaKke MOJArOTOBKY OTYETa I10 BBIIOJHEHHBIM Ha JIAOOPATOPHOM M IPAKTHUECKOM
3aHATHH 3aJaHUSM.
[ToaroToBnennslii Marepuan odopmisiercs B Buue otueta. CamocrosrenbHbie 3aHsaTHs (C3)

CaMOCTOSTCIIBHEIC 3aHATHS IO JUCHUIIIINHEC «OCHOBBI pacrio3sHaBaHUA 06pa3013» HUMCIOT

LENBIO:

- 3aKpenuTh M YIIIyOWUTh 3HAHUS, MOJYYEHHBIC CTYJCHTaMH Ha JICKIHMSIX W B IpoIlecce

71a00paTOPHBIX 3aHSITUH;
- IPUBUTH MPAKTUYECKUE HABBIKH MPH IMPOBEJACHUN aHAIIN3a U Pa3pabOTKH CIIOKHBIX CUCTEM.
[Ipennaraemple METONWYECKHE PEKOMEHIAMHM COAepKaT HWHGOpPMALUI0 [UIsl CTYIEHTOB,

HEO0OXOIUMYIO IPU MOJATOTOBKE U MPOBEIEHUU Ja00PaTOPHBIX U MPAKTUYECKUX 3aHATUHN 10

JUCHUITIIINHE «OCcHOBBI PpacClio3HaBaHUs 06p330B>).

- BaApUaHTbl UHAUBUAYAJIbHBIX 3a11aH1/11?1;

- OCHOBHBIC TCOPETUUCCKUC ITOJIOKCHUA, HCO6XOI[I/IMLIC JJIA BBITIOJIHCHUSA 3aJaHUsA, OHU JOJIZKHBI
OBITE KpaTKUMHU U COACPIKATH CCBIJIKU HA JIUTEPATYPY, B KOTOpOI\/'I OTH TTIOJIOKCHHUSA U3JI0KCHBI B
O6’L€Me, JO0CTAaTOYHOM JIs1 BBINIOJTHCHUA CaMOCTOSITEILHOMI pa6OTLI;

7. MeToauuyecKkue YKa3aHus 10 BBINMOJHECHUTO CaMOCTOSITEIbLHOM paﬁoTbl CTYACHTOB

Metoanyeckre yKa3zaHusl JODKHBI BKIHOYATh CIIEAYIOIINE Pa3/ICIIb:
- IIeJIb paOOTHI;
- 3aJ1aHUe, KOTOPOE JIOJDKHO OBITH BBITIOJHEHO CTYJCHTOM B PE3YJIbTATE MPOBEIACHUS
CaMOCTOSITEIILHOM paboThI;

- 9TaInbl BHIMOJIHEHUS 33/1aHUS C YKa3aHUEM KOHKPETHBIX CPOKOB BBIMOJIHEHMSI KaXKJI0TO U3 3TAIllOB
U BCETO 3aJIaHUs B IIEJIOM;
- TpeOoBaHUS K 0OPMIIEHHUIO rpapuuecKoil U TEKCTOBOM YaCTH CaMOCTOSITEIbHON paboThI;
IPUMED BBIMOJIHEHUS OHOTO U3 BAPHAHTOB 3aJlaHusI U 0hOPMIICHHUS OTUETA;

- Obubnuorpaduyeckuii CMMCOK UCTIOIB30BAHHBIX UCTOYHUKOB.

8. Coep:xaHue caMOCTOATEbHON PadoTHI
HanmeHnoBanme PasacsioB U TEM OUCHUILIIMHBI, KX KPATKOC COACPIKAHUC, BUL
CaMOCTOSATENILHON pabOThI MPEACTABICHO B TAOIHIIE 2.

Tabmuna 2 — HauMeHOBaHME pa3/elioB U TEM IS CAMOCTOSITEIIEHON paOOThI

Ne Pa3znen Peanusyemble| KonTakTHas padora odyuyarommxcsi
- (Tema) KOMIIeTeHIH crpenojaBaTesieM, 4YacoB
u ]
AMCIUTNJIMHBI o © - g .
= 2 L = = =)
= % = - 2 = é 2
= S = = 2E| EF
g = = g8 Ed| 54
5} - = I=Tr— = > =
= z S a > 0 IR
s 9 =] Sz S e
= < — o s <
= = 2 = =
Q
8 cemecTp
1|{OcHoBHI OaiiecOBCKHX
0.00 4.00
METOIOBKIACCU(PUKAITNH
2|Knaccudurkaropsl, OCHOBaHHBIE Ha 200 200
OIICHKU(YHKIIMH OTITUMU3AITUU ' '
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3[Co3manne u 0OydueHME HEHPOHHOM 200 200
CETH Has3bIKE BHICOKOTO YPOBHS CPEIbI
Matlab
4IKnaccudukatopsl, OCHOBaHHBIE Ha
OLCHKH()YHKIIMH ONTHMH3ALIH.
MarmmmHbI ONOPHBIX BEKTOPOB U 2.00 2.00
HEUPOHHBIECETH MPSIMOTO
pacnpoCTpaHeHHs
5|IIpumep co3manus u 00ydeHHS
HEHPOHHBIXCETEH IS 3a1a4 2.00 5.00
kiaccuukanuu B cpene Matlab
6| Iprmep co3manust 1 0OydeHHS 200 500
HEWPOHHBIXCETEH IS 3a/1a4 PErpecCuu
B cpene Matlab
HUTOI'O 3a 8 cemecTp 10.0 20.00 78.0
0 0
NTOE@eHOBaHNE TEM TUCHUILIMHEI, 1{eb, ¢opma|k@@1polisa, 3anquuz).0PpedoBanys k68.0
bhopMIIEHHIO, TIEPEYEHB JIUTEPATYPHBIX HCTOYHUKOB IpgacT@BieH B TabsjuIe 3. 0

Tabnuma 3 — HaumeHoBaHUE TEM AUCIUILUIMHBI, 1€, JOpMa KOHTPOJIS, 3a/IaHUsI U
TpeOOBaHUS K OPOPMIICHHUIO CAMOCTOSATEIIBHON PabOTHI

HazBanue Hean dopma 3ananus | TpeOoBa | PekomeHnayemasi iureparypa
TeMBI koHTpoa | A CPC | Hus K
1 CPC opopma
CHUI0
pe3yJIbT
aToB
CPC
IlogroroBka | U3yuuts Wunusug | Chopmyn | Ilucemen | QcHOBHASA JuTepaTrypa
K UML yaJIbHOE UpOBaTh HO
1a60paTopH co0ece/loB | OTBETHI HA | OTBETHTH 1. Kypetiunx, B. B. Teopus
BIM 3aHSATUSAM aHue KOHTpPOJIb | Ha 9BOJIOIUOHHBIX BBIYUCIEHAN
HBIC KOHTPOJIb / Kypeituuk B. B. - Mocksa :
BOIIPOCHI K | HbIE
J1260paTop | BONPOCHI OU3SMATIINT, 2012. - 260
HBIM K c. - Kuwnra HaxXoIuTCsid B
paboram u | naboparo GazoBoii  Bepcuum  OBC
TPANTEEet | pEAM IPRbooks. - ISBN 978-5-
KUM paboram
SAHSTHSIM 9221-1390-8
N3zyuenue N3yuuts Cdopmyn | Kpatkuit 2. Kypeitunk, B. M. OCHOBBI
CpeAcCTB MOAXOMBL, MpOBAaTh M | KOHCHEKT | . BOTIOHORHBIX
Matlab s MIPUMEHSIEM MMUCbMEHH | TEOPETHUY
pa6otel c 'A | bl B 0 €CKOro BBITHCIIEHHH Hayunas
CHUCTEMHOU OTBECTUTH MmaTepual MoHorpadus / Kypeiiunk B. M. -
MHKCHEPHH Ha an PocroB-na-Jlony HOxHsbIi
JUIST BOIIPOCHI | OTBETHI .
yIIpaBIIeHH s Ha ¢benepanbHelii yHuBepcurer, 2010. -
s KOHTPOJIST | BOIPOCHI 224 c. - Knura Haxoqurcst B 6a30BOit
AKH3HCHHBI BIaACHUA | IUIA Bepcun DBC IPRbooks. - ISBN 978-
M LHUKIJIOM KOMIIETEH | KOHTpPOJs
USIMH BJIA/ICHUSA 5-9275-0799-3
ITAaHHOI'O KOMIIETCH 3. Kypeﬁth, B. M. TlouckoBas
paznena UM
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N3yuenue CkpenuBaH
OubIHOTEK ue,
C++ s CeJICKIIUA,
pabotei c ['A | pamxupoB
aHue,
co3/aHue
TTOMYJISIIIH
u
Mertonbt N3yuuts
MPOEKTHUPO MEIIO/IbI
BaHUS MIPOEKTHUP
nHpopMaIl OBaHUA
HOHHBIX nucC
CHCTEM
Cranpaptuza | U3yuuts
s, CTaHJIapThI,
Ka4yecTBO U OTIPEICIISIO
HaJC)KHOCTH e
HPOrpaMMHOT | kagecTBO U
0 HaJICXK-
o0ecnevenus | yoers 110
(110)

nporpamm
Bl

Kpatkwuit
KOHCIIEKT
TeopeTuye
CKOro
MaTepuana
U OTBETHI
Ha
BOIPOCHI
JUISL
KOHTpPOJIA
BIIAJICHUS
KOMIIETEH
UM

amanranus. Teopust u mpaktuka /[
Kypeitunk B. M. - Mocksa
OU3MATIINT, 2016. - 270 c. -
Kaura maxogurces B 6a30Boil Bepcun
9BC IPRbooks. - ISBN 978-5-9221-
0749-6
JononnuresibHas IUTEpaTypa
4. MeToauyeckue yKa3aHUs IO
OpraHU3aINN CaMOCTOSATENEHON

paboter mo auchummimHe «Heuérkas

JIOTUKa H HeﬁpOHHLIC ceTH» . IJA

cryneHroB  Hanpasnenust  38.03.05
«bmHec-unpopmarukay  (mpoduib
«ONEeKTPOHHBIN Oom3HECY,
«HdpopmanronHas 6usHec-

aHaIUTHKa»). YueOHbrit wian 2012 1. /
coct. U. 10. I'mazkosa ; DI'AOY BIIO
Ces.-KaB. ¢enep.
Crasponois : CKOVY, 2015.-30 c.

yH-T</font>. -

5. bapckuii, A. b. HeliponHsie
CeTH: pacro3HaBaHHE, YIpaBIICHHE,
MIPUHSTHE pelleHni : [yueb. mocodue]
/ AB. bapckuii. - M. : ®uHaAHCH |
cratuctuka, 2004. - 176 c. : wn -
(ITpuknamaeie WH(POPMAIIIOHHBIC
TexHomoruu). - bubmmorp.: c¢. 170-
173. - ISBN 5-279-02757

6. Ocosckuit, C. HeiipoHHble
cetn st obpabotku wHpopmarmu /
CranuciaB OCOBCKHH ; TIep. € MOJIbCK.
N. [. Pynunckoro. - M. : ®uHaHCHI U
cratuctuka, 2004. - 343 c. :
Bubmuorp.: c. 3330-339. - Ilpenm.
ykaz.: c. 340-343. - ISBN 83-7207-

187-X. - ISBN 5-279-02567-4

. -

7. Ocosckuit, C. Heliponnsie
cetn U1t 0OpaboTkm MH(pOpMaIrUH
[yue6.-cupas. u3n.] / C. OcoBckwii
niep. ¢ nonsck. M. J. Pynunckoro. - M.
: ®unHaHchl U cTtaTucTHKa, 2004, - 344
c. . wr - bubmmorp.: c. 330-339. -

ISBN 5-279-02567-4
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Metoanyeckasi 1uTepaTypa

8. Meroagnueckue
PEeKOMEHJaMK 1O  OpraHU3aliy
CaMOCTOSTENIbHOW pabOThI CTY/IEHTOB
no mucuuriuHe "Heiponnsie cetu" :
Hanpasnenne noarorosku 01.04.02 -
[Tpuknanaas MaTeMaTHKa u
nHpopmartrka. [Ipodums moaroToBKH
«MaremaTiueckoe MOJICTUPOBAHHUEY.
Keamm¢ukanms BBIITyCKHUKA -
maructp. Ounast ¢Qopma oOydeHHS.
Wzydaetcss B 3 cemectpe. Y4eOHBIN
mwran 2015 r.

9. KomammHckuii
B.M.HelipoHHsble ceTu u ux
NPUMEHEHHE B CHCTEMaX YIpaBJICHUS
u cBs3u/ JJ.A.CmuprOB. - M:Topsaas
mmaug-Temexom,2002. - 94¢. —c. 88

10. HelipoHHBIE CETH: HCTOPHIL
pa3BUTHS TeOpHuH : yuel. mocodue ams
By30B / mox pea. A. U. Tanymkuna, 5.
3. lpmmkuna. - M. : UTTPXKP, 2001. -
840 c. - (HelipokoMmpOTEpHl H HX
npumenenne, Ku. 5). - I'pud: Pek.
MO. - Ipwun.: c. 826-834. — ISBN 5-
93108-007-4

11. Hlupsie, B. 1. dunancoBbie
pbiaku. HelipoHHble ceTH, xaoc 1
HeNWHEWHas JuHamuka .  [ydeO.
noco6ue] / B.U. llupses. - 3-¢ w3 -
M. : KPACAH/I, 2010. - 232 ¢. : wi. -
Ha yue6nuke rpud: Jom. YMO. -
Bubnuorp.: c. 210-221. - ISBN 978-5-
396-00273-9, sxzemmsipos 1
HHTepHeT-pecypcebl

12. http://algolist. manual.ru/ai/ga/
gal.php

13. http://rain.ifmo.ru/cat/view.ph
p/theory/unsorted/genetic-2005

14. https://basegroup.ru/communi

ty/articles/ga-math
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8.1. [IpumepHasi TeMaTHKA 3aJaHUT VIS CAMOCTOSITEJILHOI PadoThI CTY/IeHTOB

[IpumepHas TemMaTuka 3aJaHUA:

1. Knaccudukanuss mpakTUK CUCTEMHOW WHKeHeprH. OCHOBHBIC TPYIIIBI IMPOIECCOB.
Crangaptel 1mo pa3pabOTKe MPOrpaMMHOIO OOecledeHusl, IO YIPaBICHUIO KaueCTBOM U
HaJIeKHOCTHIO.

2. IlpuHUMIBI MOJENMPOBAHMS  JEATENbHOCTH opranuzanuu. OCHOBHBIE THUIIBI
METOJIOJIOTUN TPOEKTUPOBaHUs MH(POopManmoHHBIX cucteM. Metononorus SADT. Metononoruu
cepun IDEF. [Ipyrue meromonoruu.

3. lokyMeHTUPOBaHUE POTPAMMHBIX TTPOIYKTOB.

4. Pa3paboTka TEXHHYECKOTO 3aJaHMsl.

10. llnan-rpa¢guk BeinoiHenuss CPC

NoNe Ha3Banue Tembl Cpok ciauu
pe3yIbTaTOB, HEACIIA

8 cemecTp
1 Paznunbie METOIBI pacio3HaBaHMs 00Pa30B 3
2 DkcnopT koja Matlab B mpuitoskeHre, HAMMMCAHHOE Ha 13

SA3BIKC BBICOKOI'O YPOBHA.

11. Opranu3zauusi KOHTPOJIsSi 3HAHUI CTY/E€HTOB

11. 1 ®opmbl KOHTPOJIS 3HAHUHN CTYJEHTOB

KonTposib W oOLEHKAa 3HAaHWUN, YMEHUM M HABBIKOB CTYAEHTOB OCYIIECTBISETCS Ha
71ab0paTOPHBIX M MPAKTHUECKUX 3aHITHUSIX, KOHCYIbTAIUAX, TIPU cllaue dk3aMeHa. B xoe KoHTpouis
3HAHUKM TPEnoAaBaTeib OLEHWBAET MOHUMAHUE CTYJEHTOM COJEPKAHUS TUCIUTIIINHBI
«OCHOBBI ~ pacmo3HaBaHHs ~ 00pa3oB», €ro CHOCOOHOCTh  aHAIM3UPOBATH  COCTOSIHUE
MH(OPMALIMOHHBIX CUCTEM U MPOIIECCOB.

KoHTpo:b 3HaHMIA CTYyIEHTOB MOKET OCYIIECTBISATHCS B CICAYIOMUX popMax:

- TEKYIIUA KOHTPOJIb 3HAHUM;

- UTOTOBBIM KOHTPOJIb 3HaHUW. TeKynuii KOHTPOJIb 3HAHUM CTYJEHTOB UMEET LEIbIO: 1aTh
OIIEHKY PabOThI KAKIOTO CTY/IEHTa TI0 YCBOSCHUIO UM y4e€OHOTO MaTepurasa, BHISBUTh HEIOCTATKH
B €r0 MOATOTOBKE M 0KA3aTh IMPAKTUYECKYIO IIOMOILb B UX YCTPAHEHUU.

OcHOBHBIMU (hOpMaMU TEKYIIETO KOHTPOJISI 3HAHUH CTYACHTOB SIBJISIOTCS:

- YCTHBIN KOHTPOJIBHBII OIIPOC;

- 3a1UTa 1JabopaTOpHOU PaboTHI;

— IPOBEPKA KOHCIIEKTOB JIEKIIUH;

-IIPOBEPKA KOHCITEKTOB IO TEME, BBIHECEHHON Ha CAMOCTOATEIIbHOE U3YUEHHUE.

Y CTHBIN KOHTPOJIBHBIN OMPOC CTYJACHTOB MPOBOAMTCS Ha JIEKIHAX (M Ta00paTOpPHBIX
3aHATHAX ). [10 ero pe3ynpraram mpenogaBaTelb OIEHUBACT KAYECTBO MOJTOTOBKHU CTY/IEHTA K
3aHATHIO.

Ha nabopaTopHbIX 3aHSATHUSIX 3HAHUS U TPAKTUYECKUE HABBIKU CTY/ICHTOB OIEHUBAIOTCS 10
5-06amnpHOM cucteme. [lomydeHHbIE OIIEHKH BBICTABIISIOTCS B XKypHAIIE.

[Ipy mnpoBepke KOHCIEKTOB JaeTcsl aHajdu3 KadecTBa HUX BeaeHua. OTmeyaroTcs
JOTTYIIIEHHbIE OIIMOKHU, B PEIEH3UU MpernojaBaTelisi OICHUBACTCS KAa4eCTBO KOHCIEKTHPOBAHUS
y4eOHOro Marepuaina, JAlOTCSd PEKOMEHIAIUM IO YIYYIICHHI0 KavyecTBa KOHCIIEKTHPOBAHHS
M3y4aeMoro Marepuaia.
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11.2. Pekomenganuu mo MoOAroToBKe K 3k3aMeHy [loAroTroBka K sK3amMeHy HAYMHAETCS C
Hayajia I/I3y‘-I€HI/ISI JOUCHUIIIINHBI. HGOGXOI[I/IMO IIoCClIaTb BCC BHUABI BaHSITI/If/'I. 3K33MCH, KakK
WUTOTOBBI KOHTPOJIb 3HAHWKA CTYJACHTOB MMEET IICJIbI0 IIPOBEPUTh U OICHUTH YUEOHYIO paboTy
CTYI[GHTOB, ypOBeHB HOJIy‘-ICHHBIX 3HaHI/Iﬁ 158 HpaKTI/I‘-IGCKI/IX HABBIKOB.

DK3aMEeH NPOBOJIUTCA BO 2 CEMECTpe Tocie 3alluThl BCeX JabOpaTOpHBIX paboT H
BBITIOJTHEHUS 33/IaHUH K IPAKTHYECKUM 3aHATUSM B 00beMe Y4eOHOM mporpamMmel.

12. PexoMeHauum mo padore ¢ JIMTEPATypoOil U HCTOYHUKAMU

W3yuenne nuteparyphl W HCTOYHMKOB HEOOXOOMMO HAyMHATH C  MPOYTEHUS
COOTBETCTBYIOIIMX TIJIaB  Y4eOHBIX HW3JaHMH, Y4eOHBIX IOCOOMH MM  JUTEpaTyphl,
PEKOMEH/IOBAaHHOW B KaueCTBE OCHOBHOM MWJIM JOMOJHMUTEIBHOW MO IUCHUIUIMHE «OCHOBBI
pacrio3HaBaHHs 00pa30B», KOTOPbIE MPSIMO MJIM KOCBEHHO OTHOCSTCS K U3y4aeMoil Teme.

[Ipy wm3ydyeHuu JUTEpPATypbl U HUCTOUYHUKOB CTYAEHTY PEKOMEHAYETCSI BECTHU KpPAaTKHM
KOHCHeKT. OIHaKo He CcIeAyeT IepenuchiBaTh BCE COJEP)KaHUE H3Yy4aeMOW TEMbI, HY)KHO
BBIIHICHIBATH JIUIIb OCHOBHBIE U/IEU U TJIABHBIE MBICIU. B OTJENBbHBIX Cllydasx, KOrja BCTPEYaroTCs
Ba)XHbIE ONpEACNCHMs, IOHATUS, HEOOXOMUMBbIH (aKTUUECKUH Marepual U MpUMEpHI,
CTaTHCTUYECKask UH(OpMaLMsl, UMEIOIINE OTHOLIEHUE K U3y4aeMol TeMe, HE0OXOAMMO BBINHUCATH
UX B BUJI€ IIUTAT C [IOJIHBIM YKa3aHueM Oubauorpauyeckux MCTOUHUKOB.

KoHncnektupoBanue peKOMEHIyeMOH JMTEpaTypbl U HMCTOYHUKOB HEOOXOAMMO BECTH C
pacripesielieHieM COOpaHHBIX MaTepPHAJIOB 110 OT/IEJIbHBIM IJ1aBaM U Maparpadam coriacHo yuyeOHo-
TeMaTH4YecKkoMy IiaHy. HeoOXxoaumMo BBIIMCHIBATH BCE BBIXOJHBIE JAaHHBIE IO HCIOJIb3YEeMOMU
JUTEpaType U HCTOYHHUKAM.

OCHOBOIl ~ TEXHOJOTMHM HMHTEHCHU(pHKANMKA OO0y4eHHus Ha Iuiatpopme HUPPOBBIX
00pa30BaTeNbHBIX TEXHOJIOTUH SBIIAIOTCA Y4eOHO-WILIIOCTPALIMOHHbIE MaTepualibl (OMOPHBIN
KOHCIIEKT) 1O AucuIunHe «CUCTEMHON MHKEHEPUN.

Pabota ¢ yueOHO-WILTIOCTPAlIMOHHBIMU MaTepUalaMi UMEET CIIEYIOLIIE ITAlbI.

1. M3ydeHue TeOpeTUYECKHMX OCHOB y4ye€OHOro Marepuayia B ayAUTOPHH: U3JI0KEHHE
npernoJiaBaTeseM H3y4aeMoro MaTepHraia CTyIeHTaM ¢ 0ObsCHEHUEM 110 OIIOPHOMY KOHCIIEKTY;

2. CamocrosiTenbHass paboTa: HWHIWBHIyaldbHas paboTa CTYACHTOB TIO OIOPHOMY
KOHCIIEKTY; (PpOHTAIbHOE 3aKperieHHe Mo 0JI0KaM OMOPHOT'O KOHCIEKTA.

3. TlepBoe moBTOpEHME - BOCIPOM3BEACHNE COJNIEPYKAHHS 3aJaHHOW TEMBI OIIOPHOTO
KOHCIIEKTA 110 IaMsITH.

4. YcTHOE poroBapuBaHue MaTepuaa OlopHOro KOHCIEKTa — HEOOXOIMMBIH Tan
BHEIIIHE PEYEBOl NEATETLHOCTH IIPU YCBOSHUH Y4€OHOI0 MaTepuania.

5. Bropoe noBTropeHne — B3auMoonpoc U B3auMOIOMOILb CTYJIEHTOB IPYT IPYTY.
[TpumeHeHne y4eOHO-MILTIOCTPAIIMOHHBIX MAaTEPUAJIOB ITO3BOJIAET OOOOIIUTH CIOXKHBIH 10
COJIEp’KaHUIO0 MaTepual, aKTUBU3UPOBATh MBICIUTEIBHYIO JIEATEIbHOCTh CTYAEHTOB.

Heo6xoauMo MOMHMTH, YTO TJaBHOE JJS CTyJEHTa B CaMOCTOSTEIbHOM paboTre ¢
PEKOMEHIyeMOMN JINTepaTypoll U UCTOYHUKAMHU - 3TO (OPMUPOBAHHE CBOETO WHIUBUAYAIbHOIO
CTHJIS, KOTOPBII MOXKET CTaTh OCHOBOH B Oyaymiei nmpoeccuoHanbHON AeITeIbHOCTH.

13. IlepeyeHb peKOMeHIy€eMOii JTUTEPATyPhI
OcHOBHas auTeparypa

1. Kypeiiuuk, B. B. Teopust sBomonronnbix Beraucienuii / Kypeitunk B. B. - Mocksa
: ®U3SMATIIUT, 2012. - 260 c. - Kuura Haxomutcs B 6a3oBoil Bepcuu OBC
IPRbooks. - ISBN 978-5-9221-1390-8

2. Kypeitunk, B. M. OCHOBBI TEOpPHH OHBOJIOIMOHHBIX BBIYMCICHHN : Hayunas
monorpadus / Kypeitunk B. M. - Pocros-na-Jlony : HOxublii (hemepanbHbiii
yuauBepcureT, 2010. - 224 c. - Kuura Haxoautcs B 6a3oBoii Bepcuu D5C IPRboOKS.
- ISBN 978-5-9275-0799-3

3. Kypeiiunk, B. M. ITouckoBas ananrtauus. Teopus u npaktuka / Kypeitunk B. M. -
Mocksa : DUSMATIINT, 2006. - 270 c. - Kaura saxoautcs B 6a30B0it Bepcuu IbC

180



10.

11.

12.
13.
14.
15.

16.

IPRbooks. - ISBN 978-5-9221-0749-6
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