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JJABOPATOPHDLIE PABOTbI

JIabopaTtopHasg padora Ne |

OCHOBEI OailecOBCKIX METOOI0B KHHCCH(I)HKHL[HH

HE.J’[L H COoAcpP:aHIC pﬂﬁﬂTbl: IIOZHAKOMHUTE CTYJACHTA C OCHOBHBIMH
acIieKkTaMu OalleCOBCKIX MCETOLOB KH&CCH(I)HKEIL[HH.

TeopeTrnueckoe 000cHOBaHHE
balieCOBCKMH TTOAXOA SBISETCSA KIACCHUECKHMM B TEOPHH PacIiO3HaBaHHSI 00pazoB M JIEKHT B
OCHOBE MHOIMX MeTO0B. OH OITHPAETCS HAa TEOPEMY O TOM, UTO E€CIIH IUIOTHOCTH PaCIIPeAeIeHHS
KIIAaCCOB H3BECTHBLI, TO aJITOPHTM KIAacCH(HKAIIMH, HMEIOMHMI MHHHMAIbHYIO BEPOSTHOCTH
OIIIHOOK, MOKHO BBIIIHCATh B SBHOM BHIE. {1 OLIEHHBAHHS IUIOTHOCTEH KJIACCOB ITO0 BBIOOPKE
IIPHMEHSIOT CS Pa3/IMYHbIE TTOIXOIBI.

PaccMOoTpHM  IIpHMEp  ITapaMETPHUYECKOrO  IIOAXOJAa, HO  CHayaja  OIIPEACIIHM
BEPOSITHOCTHYIO ITOCTAHOBKY 3aJla4H KJIaCCH(DHKAIHH.

IIycTth X — MHOXKeCTBO OOBEKTOB, Y — KOHEUHOE MHOKECTBO HMEH KIIACCOB, MHOKECTBE X
xY SBIISeTCS BEPOSTHOCTHEIM ITPOCTPAHCTBOM C INIOTHOCTBIO pacipeneneHns p(x, y) = P(Y)p(X|

y). BeposTHOCTH 1osBIIeHHS 00BEKTOB KaXAoro u3 KiaccoB Py = P(y) Ha3zpIBaroTCS alpHOpPHBIMH

BEPOSITHOCTSAMH KilaccoB. [IMoTHOCTH paclipeseneHus Py(X) = p(X|y) Ha3BIBAIOTCS (pyHKLIMSIMH
MPaBIONOA00HS KI1acCoB. BepOSTHOCTHAS ITOCTAHOBKaA 3aJadyH KilacCH(HKAIH pa3IeleTcs Ha

ABE HE3ABHCHMBIC ITOA344YH.

L. MimeeTcs mpocTas BRIOOPKA Y/ = (x:,y: =1 (I — pasMep BEIGOPKH) M3 HEH3BECTHOIO
)1‘
pactpeneneHisd p(X, v) = Pypy(X). TpeOyeTcs MOCTPOHTh SMIMMPHYECKHE OIEHKH AIIPHOPHBIX

BEPOSITHOCTEH .. _ A
P M QyHKIHH MPaBAOMOAO0HT p | (X) VIS KaXkKIOro M3 KiaccoB y €Y .

v
2. [To M3BECTHBIM TUIOTHOCTSIM PACIIPEAEIEHUS Py(X) M allPHOPHBIM BEPOSTHOCTSM Py

BCEX KIIACCOB V € - -
IIOCTPOHTh AITOPHTM a(X), MHHHMH3HPYIOI[HH BEPOSTHOCTH OIMHOOYHOMH

Y
KJIa CCH(DHK ALTHH.
[TepBas 3agaya MMeeT MHOKECTBO PelIeHHH, ITOCKOIIPKY MHOTHe paclipefielieHHsI p(X, V)
NIOTTIH OBI T [OKYMEHT NOANNGAH . - BEIGOPEY] X °. [IpuxXomguTcs IIPHBIEKATH Pa3IHYHEIE
SNEKTPOHHOW NOAMWUCHLIO -
Ceptudukar:  12000002A633E3D113AD425FB50002000002A6 - OoIBIIOMY pasHOOOpasHIO OaleCOBCKHX
Bnapeneu: lLlebGayxoea TateAHa AnekcaHapoBHa
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HopMalbHBEIN JHCKPHUMHHAHTHBIH aHAIH3 — 5TO CIEIHAJIbHBIN CcIIyyal OaleCOBCKOH

I{JIE],CCIIQ)I]I{&L[I]II: KOI'la ITPpEAIIONaractcsia, YTO ITNIIOTHOCTIH BCCX KJIdCCOB py(X):. L=

v ABIISEOT CA
MHOTOMEPHBIMH HOPMaJTh HHIMH.
[IpuBegéM hopMyTy N-MepHOTO (TayccoBa) pacipeleIeHH.
px) = e:{p| ! (x—m)’ S (x— m)\| : (1.1)
= (2 J
[Ae N — KOMTMECTBO “HCIOBBIX IPH3HAKOB, M = E[x] — MaTeMaTHuecKOoe OXHJaHHE

(IIeHTP), S — KOBapHaI[HOHHAS MﬁTpF;]l[ﬁ‘ (S =E[(x-m)(x-m)"]), |S| - meTepMIHaHT S.
IIpumep 1. BerunicmimM, Heronbk3yst Matlab, 3HaueHne rayccoBa paclipefielIeHHS I X =

02,130 =[2.-13T. sem=[0.1F.a {1 ©]
X2

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)

['me comp gauss dens val(-) ompememiM Kak

function [z]=comp gauss dens val(m,S,x)
[1,c]=size(m);
z=(1/( 2*p)*(1/2)*det(S)"0.5) )*exp(-0.5*(x-m)"*inv(S) *(x-m));

OVYHKIHIO HYKHO cO37aTh B OTAellbHOM (aiime Matlab (New — Function). Taxmm
oOpazomM OyzeT nBa (paitra Matlab, xoroprslie MOryT pacrnonararbcs B ofHOH narke. YrtoOsr Matlab
ITOHNMAJI OTKYJa eMY 3arpy’kKaTh HeOoOXOQHMYIO (DYHKIIHIO, MOKHO Ha)kaTh B okHe Cuirent Folder
Ha HYXHYIO ITallKy IIpaBoHl MBIMIKOH H ycTaHOBHTH (Add to Path — Selected Folders and
Subfolders), pucyHok 1.1.

Jlins Toro, yToOBI BEIOpaTh HYKHYIO Iarnky B okHe Current Folder HeoOxXommmo HaKaTh

KHOIIKY «Browse for folder».
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't Mew File » 11 = g T—ezon Er_padiams
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]
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fisal . -
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h .

PucyHok 1.1 — YcraHoBKa narnkH, orkyta Matlab Oyzer OpaTh HeoOX0MHMBIE eMYy (pailIbI

OyHKIHA eye() — CO3MAET EQMHHYHYIO MaTpPHIly, 3aIirasi II0CiIe KBAaJApPaTHBIX CKOOOK
O3HaYyaeT TpaHCIIOHHpoBaHHe BekTopa ([]"). g nmomydeHHs CIIPaBKH 110 HEH3BECTHOMY OOBEKTY
sB3eIKa matlab, JocTarouno ycTaHOBHTE Ha Hero Kypcop H HakaTh F1 wmn Harmicate koMaHIy help
Cc HMeHeM 00BeKTa, JorrycTuM, help eye.

B pesyieTare BRITOTHEHHS Kofa Imonydurces, 4To pgl =0.1491, pg2 =0.001.

Ha ocHOBaHHH 3TOro KojJla MOKHO HaIlMcaTh KoJ 0OalieCOBCKOIO KIacCH(pHKATOpa,

KOT GpBIﬁ OITPEACIIHT K KdKOMY H3 JBYX KIIACCOB OTHOCHTCA BXOIHOH BEKTOD.

EcTh aBa Ki1acca Wi H W2, HMEIOIIHX I'ayCCOBEI pacripeaencHHI N(mi, S1), N(m-», S2). my =

1 0
. IIpinMeM BO BHHMaHHE, YTO BEPOSTHOCTH ITOSIBIEHHS

|1, 1]T, =[3, 3]T, =8,=
m- S1 0 1

TIEPBOrO H BTOPOI'O KIIAcCOB ITOJICUHTAHbBI 3apaHee H paBHEL P(w1) = P(w2) = %4. TpeOyeTcs y3HaTh

K KaKOMY Ki1accy IIpHHaIeKuT Bxox X = [1.8, 1.8]".

Ilpumep 2. Harommem xon 6alieCOBCKOI0 KIacCH(pHKATOPa, KOTOPBIN PEIIHT 3TY 3aJayy:

close('all");
clear;
P1=0.5;
P2=0.5;
ml=[1 1];
m2=[3 3];

OOKYMEHT NnoarnmncAH
SNEKTPOHHOW NOAMUCKHIO
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Ilomyuyaercs, uro pl = 0.042, p2 = 0.0189, T.e. pl > p2 , COOTBETCTBEHHO ABYMEPHBIH
BEKTOP IIPHHAIEKUT IIEPBOMY KIIACCY.

Hamnee, MPOBEAEM TeOMETPHUECKHIT aHAJIM3 HOPMAJIBHOH IITIOTHOCTH, €€ 3aBHCHMOCTh OT
MaTPHIIBl KOBapHAI[II.

Ilpumep 3. PaccMOTpHM KOA, KOTOPHIH TeHepupyer 500 [IBYMEPHBEIX TOUYEK,

pacIipcacJICHHBIX B COOTBETCTBHE C JBYMCPHBIM HOPMAJIBHBIM PACIIPEACIICHICM C IICHTPOM 111 =

.
rr:rl‘ GP—I
[0, 0]" 1 MaTpHIIeit KoBapHaImH S = | " |, TJ€ CYIIECTBYET &8 THIIOB 3TON MaTPHIIBIL:
| G GEJ
1. o’=c?=1, =0
V] :
| 2 12
2. 6/=0,=02, ,=0;
V]
3. 6/=06,'=20,=0;
4. 6°=02,6’=2,6 _j.
| 2 12 ?
5 crl*:z,cr;:().lﬁuzo;
6. 6/=0,=1,06,=0.5;
3: E:H)
7 o (,'ifi:,ut::r2 5 =05,
V]
=—-0.5

close('all");

clear;

% I'enepupyem mouku 014 nepeozo ciyuan

randn('seed’,0); % ucnons3yem cmapstii 6apuanm 66l306d 2eHepamopa

% cayuaiiHelx uucen, c1060 'seed' 3ameHsem pao napamempoé 014 maxKo2o 2eHepamopa
m=[0 0]'; % uermp

S=[1 0;0 1]; % mampuua Kosapuauuu

N=500; % rkoauuecmeéo mouex

X = mvnrnd(m,S,N)"; % cmanoapmuan pyHKUUA RO 2eHeP AU MHOZOMEPHOZ0
% HOPMAILHO20 CIYUAUHOZ0 pacnpedesleHlA

% Pucyem mouku 0114 nep6oco éapuarma

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

figure(1), axis equal % ycmarnaenue aem mun cmuia 0114 oceil

figure(1), axis([-7 7-7 7])

% Pucyem mouku 014 6mopozo éapuarnma

m=[0 0]';

S 02 0T T AOKYMEHT NOAMNUCAH

SNEKTPOHHOW NOAMUCHIO
Ceptudurkar: 12000002A633E3D113AD425FB50002000002A6
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figure(2), axis([-7 7-77])
% Pucyem mouxu 014 mpenisbe2o eapuanma
m=[0 0]';



S=[2 00 2];
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N=500;

X = mvarnd(m,S,N)';

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

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

% Pucyem mouku 014 uemeepmaozo 6 apuarma
m=[0 0]';

5=[0.2 0;0 2];

N=500;

X = mvarnd(m,S,N)';

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

figure(4), axis([-7 7-77])

% Pucyem mouku 014 namozo éapuanma
m=[0 0]';

S=[2 0;0 0.2];

N=500;

X = mvnrnd(m,S,N)’;

figure(5), plot(X(1,:),X(2,:),".");
figure(3), axis equal

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

% Pucyem mouku 014 niecnmozo eapuanma
m=[0 0]";

S=[10.5;0.5 1];

N=500;

X = mvarnd(m,S,N)';

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

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

% Pucyem mouku 014 ced0bmozo éapuanma
m=[0 0]';

S5=[.3 0.5;0.5 2];

N=500;

X = mvarnd(m,S,N)';

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

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

% Pucyem mouxu 0114 60coM020 éapuarma
m=[0 0]';

5=[.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 pucyHkax 1.2 — 1.9 nmokaszaHo creHepHpOBaHHOE MHOKECTBO TOUEK.
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N3 »THx I'pﬂ(l)I [IKOB  MOMHO CACIIATD CIIC YOI T 151 BBIBOJ, CCIH  IIPH3HAKI

HeKOppeImpoBaHbl, S = diag(c:1~, ..., 612), TO JHHHH YPOBHS IUIOTHOCTH paclpeleneHHs HMEIOT
(pOpMY AIUIHIICOHIOB C IIEHTPOM IN M OCSIMH, IapaIeIbHBIMH JTHHISIM KOOPAHHAT (PHCYHOK 1.5 1
1.6). Ecmm mpH3HAKH HMEIOT OJHHAKOBEIE JHCIIEPCHH, TO 3JUIHIICOHALI SBIITIOTCS clepaMH
(pucyHOK 1.2—1.4). Ecim IpH3HaKH KOPPEeITHPOBAHHEI, TO MaTpHIAa S He JHArOHAJIbHAasS M JIHHHH
VPOBHS HMEIOT (POPMY SIIIHIICOHJOB, OCH KOTOPBIX IIOBEPHYTHI OTHOCHTEIBHO HCXOIHOH
CHCTEMBI KOOpAHHAT (pHCYHOK 1.7-1.9).
HMrak, B xofe GailecOBCKOI0 KIacCH(pHKAaTOpa MbI ONpeJellUIH Kiacc 110 (popMyJIe H3
TEOPHH BEPOSTHOCTH. YMHOKAIH BEPOSATHOCTh COOTBETCTBYIOIIETO KIacCa Ha INIOTHOCTD
pacIpeaeleHHs, IIPHYeM IIPEAIIOIAralIH, YTO ITIOTHOCTh — HOPMAJIEHAS, 4 BEPOSTHOCTH H3BECTHBEI.
Ho MoKHO peniats 3agaqyy KIacCH(MHKAIMH H ITYTEM BBIYHCIIEHHS PACCTOSHHH. JOITyCTHM,
Yy Hac e€CTh HeKas TOYKa B BHIE N-MEPHOIO BEKTOpa, H €CTh BHEIOOpPKA, KOTOPYIO TOXKE MOKHO
OTPa3uTh B BHJle HaOOpa TOUYEK B N-MEPHOM ITPOCTPAHCTBE. Torga, €CiiM Mbl CHayajla ITOIYYHM
HEeKHE XapaKTepPHCTHKH BBIOOPKH, MOIIYCTHM, Y3HaeM €€ I[EHTP-Macc, TO MOJKHO OIIPeIelIHTh
PacCTOSIHHE OT TOYKH HO IleHTpa macc. EcimH BRIGOPOK MHOIO, TO KAaKOe PacCTOSHHE MEHBIIIE,
TOMY KJIACCY M ITPHHAIJIEKHT TOYKA.

IIpumep 4. CHayana HCIIONb3yeM (POPMYITY H3 IIKOIBHOTO Kypca: eBKIHIOBO PacCTOSHHE.

- .
d(p,q)= lp-0yg(m-0)p = JEI:' (1.2)
+.+(m-0Y) P
TJI€ P U  N-MepPHBIE BEKTOpA. 1;}
close('all’); )
clear;
% X — 6X00HOIL 6eKmMop
x=[0.1 0.5 0.1]";

% ml u m2 ueparom poytb OUEHKU 06yX HEU36ECHIHLIX MHOMCECHE. UX WEeHMPbL MACC
m1=[0 0 0]';

m2=[0.5 0.5 0.5]"

m=[m1l m2];

% nepedaua ungopmanuu 6 PyHKUUIO
z=euclidean_classifier(m,x)

% (yHKUA 6 omoelbHOM (pailile

function [z]=euclidean_classifier(m,X)

% eepHém uHoekc Kiacca 1 wnu 2 K komopomy npuHaoexdcunm mouxka X
% X — amo mampuuya I1x3

% m — 3mo mampuua 3x2

% size() — 6036pauiaem KooOpOUHAMbL MAMPULLL

[OKYMEHT MOATNMCAH
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for j=1:c¢ % nmkJ o croadmam m ot 1 1o 2
% eblcuumMblédemM 06d €6KJIUO 06 bIX PACCHMOAHUA
de(j)=sqrt((X(:,D)-m(:,)))"* (X(:,i)-m(:,))));

end

% de(1) = 0.5196

% de(2) = 0.5657

% 6 num 0yodem cooeprcamsCca MUHUMAIbHOE 3HaUeHUe, m.e. de(l)

% z(i) — 0yoem codeprcams ezo uHoekc, m.e. 1

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

end

OIHAaKO MOJKHO HCIIONIB30BaTh M 0OJlee CIIOKHYIO (POPMYIY PacCCTOSHHS. PacCTOSHHE
MaxamaHoOHca, KOTOpOe HCIIOIb3YeT He TOJIBKO I[EHTP MAcC, HO H MaTPHILY KOPPEISIIHH.
Ecim MBI OLIEHIDIH MHOXKECTBA H HAIIUIM €0 CpeJHee 3Ha4YeHHE I = [my, mo, ..., my|T, a

TAKKE MATPHIY KOBAPHAITHH S:, TO PACCTOAHIIC OIIPEACIIMTCAH CIICAYHOIITHM DﬁpﬂBDM OT TOYUEKIL X —

X1, X2, ..., Xa|T 1O m.

—

Dy,(x) = (x— )7 - (1.3)
Torma Touka OyZeT IIpHHAJIEkKATh TOMY KIIaccy IS I{Of%ﬁbfﬁ BEITIOITHAETCS YCIIOBHE:!
B ny
Vl'{x_ pﬂ} y <! (x— mJ_ )TS;(I(}{— mJ_ IRAER

, (1.4)
(&— o)
T.C. IUIA I{GTGPOI‘G pﬂCGTG}IHIIE MﬂXﬂHﬂHGﬁHEa MIHHHMAIIEHO.

Ilpumep 5. HarommmeM KoJ 17151 COOTBETCTBYIOIIEH KTacCH(DHKAIHH.

close('all’);
clear;
x=[0.1 0.5 0.1]";
m1=[0 0 0]';
m2=[0.5 0.5 0.5]"
m=[m1l m2];
% 0712 06yXx MHOIMCECME 00HA U MAXHCEe MaAMPULA Ko apuayuu S
$=[0.8 0.01 0.01;
0.01 0.2 0.01;
0.01 0.01 0.2];
z=mahalanobis classifier(m,S,x)

% ynxkuua ona paccmoanun Maxananoouca
function z=mahalanobis_classifier(m,S,X)
[l,c]=size(m);
[LN]=size(X);
for i=1:N
for j=1:c
gHI(i)=Sqﬂ((X(:,i)-HI(hj))'*iﬂV(S)*(X(:,D-m(:d)));
en
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%7=2

BHIIM, YTO B BTOM CIIy4yae TOYKA IMPHHAIICKHT Kiaccy 2. IlomydaeTcs MpoTHBOpEYHE:
EBKIIMJIOBO PACCTOSHHE ITOKA3BIBAET IIPHHAIIEKHOCTD K KI1accy 1, a paccrosHue MaxamaHoOnca —
Hao00poT. B TakoM ciaydae HyKHO IMPHHSITH OTBET KIaccH(pHKaTopa MaxamaHoOmca, T.K. 32 CUET
MaTPHIIBI KOBapHAI[MH paccTosgHHe MaxamaHoOHca YUHTBIBaeT eIllé H (popMy pacIpelelIeHHS
TOUEK BOKPYT IleHTpa Macc. [Io cyrm paccrosHue MaxamaHoOHca — 3TO IIPOCTO PaCCTOSHHE
MeKAY 3aJaHHOH TOYKOH H I[EHTPOM Macc, JeIEHHOE Ha INMHPHHY SIUIHIICOMNAAa B HaITpaBJISHIIH
3aJaHHOH TOYKH.

PHGGMDTPHM AaJICC IIPHHITHII MaKCHMYMa HpElBI[GHG,[[GﬁHH, KOT GpBIﬁ COCTaBIIAICT OCHOBY

ITapaMeTPHYECKOro MOAX0a. I1ycTh 3alaH0 MHOXKECTBO OOBEKTOB
Xm={x.. }, BHOpaHHEIX

X

1 m

HE3aBHCHMO JPYT OT APYyra H3 BEPOSATHOCTHOI'O paclpellelIeHHS ¢ IDIOTHOCTBIO ((X;0). DyHKIMEH
IIPaBIOIIO 00 Ha3bIBAETCS COBMECTHAS IINIOTHOCTE PaCIIPeie/IeHH s BceX 00BEKTOB BRIOOPKH:
p(Xmb0)= p(x,.,x ;0) =}ﬂ(p(x 0). (1.5)
1 i i
i=1
3HayeHHEe MapaMmeTpa O, IMpH KOTOPOM BEIOOpKAa MaKCHMAJILHO ITPaBAOIIOA00HA, TO €CTh
¢pyHKImS p(X™.0) NIpHHEMaeT MaKCHMAallbHOE 3HaueHHe, Ha3bIBAaeTCS OIeHKOH MaKHCMyMa
IIPaBIOIIOL00HS.
B cioy4yae raycCOBCKOH ITIOTHOCTH € ITapaMeTpaMH 6 = (m, S) 3ajaya MaKCHMH3aI[HH

]’[pElBl[DHG,I[GﬁI[H HMCCT aHAJDITHYCCKOC PCIICHIC.

my g

R (1.6)
. NE
S = X-m )x-m )
> g | (1.7)

i=1

N
Ilpumep 6. PaccMoTpuM Ha TIIpHMepe Kak padoTaer aIropHTM MaKCHMyMa

]’[pElB,I[GHG,I[GﬁI[H. CTEHEPHP}"EM 50 TOHUCK, HMCHOHIX IIO JBEC KOOPAHHATBI Kdikddd, HCIIOIb3VA

rayccOBO PACTpe/eNeHne ¢ UeHTpoM m = [2, 2], S = 09 02 [TOTOM OIIEHHM ITapaMeTPhI

02 03

ATOro pacrpeaeneHus 1o gopmyiaM (1.6) u (1.7), cpaBHHM pe3yIbTaTHhI.

EN PP AFEN | LA™
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X = mvarnd(m,d»,50)";
% Ouernueaem napamempsl pacnpeoeyieHus no 6bld opke
[m_hat, S _hat]=Gaussian ML _estimate(X)



DYHKI[HIO MOKHO CO3JaTh B OTIenbHOM (paiine Matlab.

function [m_hat,S hat]=Gaussian ML estimate(X)
% Bxoonoit napamemp:
% X: IxN mampuua, ubl KOJIOHKIU eCb HAULU O AHHBIE.

% Buixoonoit apzymenm:
% m_hat: [-pazmepHan oueHKaA cpeoHezo 6eKmMopa pacnpeo eleHu .
% S_hat: Ixl ouernxa KosapuayuoHHOU Mampuysl pacnpeo eleHu.
[LN]=size(X); % I=2, N =50
m_hat=(1/N)*sum(X")'; % nonyuaem cpeoneapugmemuueckuii yeHmp macc
% co30aém u unnyuanuupyem () Kkeaopammuyrw mampuuy 2x2
S hat=zeros(l);
for k=1:N
S hat=S_ hat+(X(:,k)-m_hat)*(X(:,K)-m_hat)';
end

% Boicuumesiéaem cpeoree
S _hat=(1/N)*S_hat,;

[Io  pesympTaTaM  IOTy4IIcS  Bekrop m hat = [2.0495, -1.9418]",

[0.8082 0.0885}
S _hat=| 0885 02208 |

Kax BHIIHO, ITOIMYYHBIIHEC OLIEHKH OIMN3KH K OPHIHHAITY, OQHAKO, HYKHO YYECTh, UTO OHHU
IIPOBOMIJIMCE Ha BBIOOPKE, cOCTOSINENH M3 S0 BIIEMEHTOR, YTO OYEHBH MAJIO, ITO3TOMY 3TH OL[EHKH
He HaJEXHBI. J[JI1 yBelueHH I HagEKHOCTH OLIEHOK HYKHO YBEITHYHTE BEIOOPKY.

Ilpumep 7. Tenepb paccCMOTPHM IIOCIIEAHHH ITPHMEP B KOTOPOM OOOOIIMM BeCh

NpeJpIAyINHH MaTtepHan. CreHepHpyeM JABa MHOXKecTBa X H  X; KaXaoe Ccomepxur 999
TPeXMEPHBIX TOUEK, X — 00yyaroIee MHOKECTBO, X — TecTOoBOe. Kaxmoe MHOKECTBO BKIIFOYAET
TPH PaBHOBEPOSTHBIX KiIacca: Wi, W2, W3, KIIACCBI CO3AIOTCS C IIOMOIIBIO pacIpeaeneHid ['aycca
co cpeguumvu m; = [0, 0, O]T, m,= [1, 2, 2]|T, ms= [3, 3, 4|T u MmaTpHIIaMH KOBapHAIIHH

08 0 0]
S=S=S='"0 08 0

2

=0 1.

| 0O 0 038 |
HMcmomp3ysa X ¢ IIOMOIIBIO ITPHHIMIIA MaKCHMAJIbHOI'O IIPABAOITOLOOMS OL[EHHM TaKHe
ImapaMeTPhl KaK CpeldHee 1M M MaTpHIlBl KOBapHAIMH Si, S», S3, T.K. ¥ Hac 103 Touyek, TO 3TH

OLIEHKH OyIyT HaA&XHBIMH. Jlalee, HCIIONL3YS STH OLEHKH IPOBEAEM KIACCH(PHKAIIHIO C

ITIOMOIIBIO paccToSHHI MaxanmaHoOmca, ERBKmia, a Taroke OalieCOBCKHM KilaccH(pHKaTopoM. J[1g

KAWITOTO CTINCONA RETUUMCTTHM OTTTHAKY RANO JTHOCTIT I CpﬂB}H[M pEB}J’J]LTE],TLI_

NOKYMEHT NMNOoAanncAH
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m=[000;122;334];

% Cozoaém mampuuy S1 3x3 (eOuruunyrw mampuuy ymuoxcaem Ha 0.8)
S1=0.8%eye(3);

% Kak nepemeHHana m codeprcum mpu 6eKmopa-ueHmpa macc, max u mym

% mpexmepHbLIL MACCUE S CO0epHCUM MPU 00UHAKOE bIX MAMPULLL KOEAPUALIUU
S(:,:,1)=S1;8(:,:,2)=81;5(:,:,3)=S1;

% 6epoamHOCMb NOABJIEHUA KAXMHCO 020 U3 MpeX KLACCO6

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

% Kouuecme o 3J1eMeHmMo06 6 00yuaro uiem MHOMCeCn6e

N=1000;

% ycmanasausaem 0amuuK cayuanHsix yucen ¢ napamempavu seed u 0.
randn('seed’,0);

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

% 0oml 00333 —memrka l, om 334 00 666 —memka 2, om 667 00 999 — memka 3.
[X,¥]=generate gauss classes(m,S,P,N);

% DPyHKUUIO nuHieM 6 0MOeIbHOM (hailie
function [X,y]=generate gauss classes(m,S,P,N)
[L,c]=size(m); % (1, ¢) = (3, 3)
X=[]; % Huuyuanusauus mHo;icecmse
y=1I;
forj=1:c% muxkiaor 1 1o 3
% I'enepupyem mpexmepHsie mouUKU co cpedHum m(:, j), zoe “:” — 0219 6cex cmpoK,
% mampuueil kosapuayuu S(:, :, j) u konuwecmeom 1/3 *1000, ozparHuvueHHbIM CHU3Y
t=mvnrnd(m(:,j),S(:,:,j),fix(P() *N))';
% ceernepup o6 aHHble MOUKIU RPUCEANE AeM 6eKmopy X npuuem makx, 4umoo st
% OHUL 000 asnanUCy 6 KOHeU Yace cyuiecmeyrouiezo éexmopa X. CeeHepupoeau
% mouku onaj = 1, 006asunu ux Kk nycmomy 6eKmopy, 3amem c2eHepuposaiu
% mouxku 014 j = 2, 000aswi UX 6 KOHEU 6eKMopd, KOMOPBbLIL yHce CO0epHCUM
%o mouku 012 j =1 um.o.
X=[X t]; % cenepupyem memxu
y=ly ones(L1ix(P(j)*N))*j];
end

Jlarmee aHAIIOTHYHO CreHepHpPyeM MHOKecTBO X1, HO yKe C JPYTHMH ITapaMeTpaMH IS

randn().

% I'enepupyem mecmogyr 6oloopky X1
randn('seed’,100);
|X1,yl]=generate gauss classes(m,S,P,N);

TEHEPB 110 IIPHHIOHITY  MaAaKCHMYMa HpﬂB,I[DHD,[[DﬁHH BbIYHCIIINM  OLICHEHM A1
pacIipcacIICHHA, KOTOPOC HCIIOIb30B4JIOCh ITPH CO3ddHIH MHOMKCCTBA X.

% uszenexaem uz X moisKo me mouku, Komopuoie umerom memky 1
classl_data=X(:,find(y==1));
% ébrunCIACM YeHmMpP MACC U KOSAPUAUUOHHY IO MAMPULLY

NOKYMEHT NOANWCAH Hee
OIEKTPOHHOM MNOANUCHIO _data);
CepTudukar: . 12000002A633E3D113AD425FB50002000002A6
Bnageneu. lebayxoea TateaHa AnekcaHapoBHa

Meiétauterient c 20.08.2021 16 20/08.2022 ._data);



% AHnanocuuro

class3 data=X(:,find(y==3));

[m3 hat, S3 hat]=Gaussian_ML _estimate(class3 data);

% Ilonyuaem odoyrw0 oUeHKY eOUHOI KO6APUAUILOHH O MAMPULLb,
% Kak cpeoHeapumemuueckoe mpex yHce 6 bIUUCIeHHbIX MAMPUL
S hat=(1/3)*(S1_hat+S2 hat+S3 hat);

m_hat=[m1_hatm2_ hat m3 hat];

|_0.8602 0.0212 —0.0259—‘
B HTOre TTOITyYaeM S _hat= 00212 0.8070 —0.0134| H

-0.0259 -0.0134 0.8031 |

| 0.0512 0.9468 3.0138]

m_i:m‘=|—0.0150 20470 3.0130 | BmpHo, uro MONYYMBINHeCS OLEHKH OMIBKH K TeM,
|L—0.0698 1.9889 3.9398U

KOTOPBIE MBI 3aJaBaI H3HAYAJILHO. B pealbHOCTH S H 1IN H3 YCIIOBHS 3aJauyl HaM HYKHBI OBLITH
TOJILKO JUISI TOrO, YTOOBI cO3/1aTh BRIOOPKH. IIpeamnonaraercs, 4yTo BEIOOPKH X M X1 MBI ITOJIYYaeM

OTKYJIa-TO CO CTOPOHBI H JeJlaeM IIPeJIIONOKeHHe, YTO OHH C(OPMHPOBAHEI ITOCPEICTBOM

HOPMAJILHOT'O pacIIpelielleHHs. TaKoe IPeAIIooKeHHe MBI MOKEM CJIeIaTh, T.K. pHCYHKH 1.2—1.9

IeMOHCTPHPYIOT, UTO I'ayCCOBO PacIpeielIeHHE MOKET MOAEIIPOBATh IIIHPOKII KIIacC JaHHEIX.
Teneps, 3Has XapaKTePHCTUKH BBIOOPKH, TOYHEE TPEX KIIACCOB, BXOMMIINX B HEE, MOXKHO

ITPOBECTH IﬂIﬂGGIId)IH{aL[IED TOYEK M3 TECTOBOI'O MHOXKeCcTBa X1.

% evicuumesteaem paccmosarnue om mouxku Xl[i], i=1..999 00 mouxku-uenmpa

% coomeemcmeyrouiezo Kiacca, 7 _euclidean oyoem coodepxcams 999 unoexkcoeé Kuaccos
% ¢ cambiM MUHUMQIbHBIM PACCMOAHUEM

Z_euclidean=euclidean classifier(m hat,X1);

% Ananocuuno

z_mahalanobis=mahalanobis_classifier(m hat,S hat,X1);

% Hcnonszyem daitecoéckuil Knaccupuxkamop, 00HAKO ¢ MaAmemamuyuecKkoil

% MouKuU 3peHuA, YUmodsl OH Pad omai KOPpeKnHo, Mol 0 0JIHCHBI NOOAS AMb eMy
% He éblulC/IeHHble OUECHKIL MHOXMCECMEA X, d 0 AHHbLE 6 YC/I06UIL, M. e. MOUHbLE
Z_bayesian=bayes_classifier(m,S,P,X1);

% Haxooum npouernm Hecosénaod eHUl NO Kldaccam

err_euclidean = (1-length(find(y1==z_euclidean))/length(y1))
err_mahalanobis = (1-length(find(y1==z_mahalanobis))/length(y1))
err_bayesian = (1-length(find(yl1==z_bayesian))/length(y1))

% @ynkuua 014 Knaccuuxkamopa oaieca
function [z]=bayes_classifier(m,S,P,X)
[l,c]=size(m);

[I.NI=¢izel X))
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end
[num, z(i)|=max(t);
end

IIomy4yaeTcss, 4YTO BO BCeX TPEX CIyYasxX OIMOKH ITOX0xkH:. 7.01%, 7.71%, 7.61%. D10 He

GH}"‘IEIIUIHD:, €CIIH BBINTOIHAOTCS 4 CIICAVIOIIIIX YCIIOBHA, TO BCC TPH MCTO/4 I{JIE],GCH(IJI]I{EH_[I]II

SKBHBAJICHTHBI:
1. Bce Kmaccel paBHOBEPOSTHEI,
2. JlaHHBIE BO BCEX KiIaccax MMEIOT TayCCOBBI PacCIIpeIelIeHH T,
3. MaTpHIlsl KOBapHAaIlII OIHH H TE KeE,
4. KopapHallHOHHBIE MaTPHIIBI HE ITPOCTO PaBHBI, HO M JHATOHAJIbHBIE, IIPHUYEM BCE

SIIeMeHTH] Ha ITIaBHOH JHarOHalIH PABHBI.

Ammaparypa M MaTepuajibl. O4-pazpanHelil  (X64) IepCOHAILHBIN
KOMIILIOTEP, IIPOIECCOP ¢ TaKTOBOU yacTOoTOoM | 1111 U BEIIIE, OllepaTUBHAS IIaMATh
1 I'®O u BrIme, cBOOOJHOE OUCKOBOE MPOCTPaHCTBO HE mMeHee 1 [0, rpaduueckoe
ycTpoiicTBo DirectX 9. IIporpammHoe oOeclieueHue: oONepalMoOHHAd CHCTEMa
Windows 7 u Brime, Matlab (R2013) u Brimme.

Yka3zaHHe 1Mo TeXHHKe 0e3ormacHocTH. CaMOCTOATEIILHO HE IPOU3BOIUTE:
YCTAaHOBKY H VyJalleHHE IIPOTrPaMMHOI0 0OECIeUeHH, PEMOHT IIepCOHAIBLHOTO

KOMIIBHOTCPA. CDﬁﬂfﬂﬂaTB IIpaBILIa TEXHUYECKOI JKCIUIyaTalllil 11 TCEXHIKIH

O€30IIaCHOCTHU IIpHU paboTe ¢ 3IeKTPOooOOpYJ0BAHIEM.

METU,[[HHH H INNOPHAOK BbIINTOJIHCHHH pﬂﬁﬂTbl

3ajlaHHe 15 BCEX BAPHAHTOB.

1. BrIuncimTe Kak B ImpuMepe 2 3HaUeHHS pl 1 p2, HO A1 CIIEAVIONMX IABYX CIIVUAEB:
(P(w1)=1/6, P(w-)=5/6), (P(w1)=5/6, P(w2)=1/6). JlaliTe 0OBSCHEHHS 3aBHCHMOCTH Pe3YyIILTaTOB
KJIaCCH(PHKALIMH OT allPHOPHBIX BEPOSTHOCTEH.

2. [IoBTOpuTe npuMep 6, HO mig N = 500 u N = 5000 touek. IIpoKOMMEHTHPYHTE
PE3YIILTAT.

B tabmiiie 1.1 rmpuBeaeHbl HHANBHIVAIILHBIE 3a1aHIIS.
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| 0.8 02 0.11| ﬁ
[TopTopuTe mipuMep 7, HoTAe S =8 =8 = 0.2 0.8 02 = o /. Hammnnnre BRBOJ
1 2 3
0.1 0.2 0.81]
ITO TTOJTYYHBIIIEMYCSI OTBETY.

2 IIoBTOpHTE ITpUMEP 7, HO I'Zie AJIS FreHepalui X H X, OYIYT HCIIOJIb30BaHbI CJIEIYIOIIHE
BEPOSITHOCTH KiaccoB Py = 1/2, P» =Pz = 1/4. J]Ina saToro ciny4ass GaliecOBCKHII
KIacCH(HKATOP JOMKeH ITOoKa3aTh IYUIINHI pe3ynbTar. Ilouemy?

3 |r0.8 0.2 0.1]
[TorTOpHTe mpumep 7, HO e P(wl) = P(w2) = P(w3) = 1/3 n Slz |0.2 0.8 02,

10102 08]l
0.6 0.01 0.01]| |_0.6 0.1 0.1]|
Sj = 0.0 08 0.0l i 83 = 0.1 06 0.1 ] OGBSICHHTE PE3YIIbTAT.
10.01 0.01 0.6 || 101 0.1 061
4 0.8 03 0.1]
[TorTopuTe mpumep 7, HoTAe S =S =85 = 03 08 03 #o *] . Harmmmmre BEIBOJ
1 2 3
0.1 0.3 081
ITO TTOJTYYHBIIIEMYCSI OTBETY.

5 [IoBTOpHTE ITPpHMED 7, HO Tle I reHepalii X 1 X; OYIYT HCITOJIb30BAHEI CJIEIYIOIIHE
BEPOSITHOCTH Ki1accoB P1=0.8, P> =0.15, P3 = 0.05. IIpokoMMeHTHpYHTE pPe3yIIbTAaT.

6 |_0.9 0.2 0.1]
[TorTOopHTe mpumep 7, HO e P(wl) = P(w2) = P(w3) = 1/3 n Slz 02 08 02 .

0.1 0.2 091
0.6 0.01 0.01]| |_0.6 0.2 0.1]|
S = 001 08 0.0l i 83 = 0.1 0.6 0.1 ] OOBSICHUTE Pe3yIbTar.
10.01 0.01 06 || 0.1 02 061
7 07 02 04
[TopTopuTe mpumep 7, HOoTHe S =S5 =85 = 02 07 02 %20 *] . Harmamire BHBOT
1 2 3
104 02 0.71]
ITO TTOJTYUHBIIIEMYCSI OTBETY.

8 IIoBTOpHTE ITpUMEP 7, HO IJie A reHepau X 1 X OYIYT HCITOJIb30BAHbI CJIEIYIOII[HE
BEPOSITHOCTH KiaccoB Py = 0.6, P> = Pz = 0.2 Jlng sroro ciydass GaleCOBCKHH
KIIacCH()HKATOP JOIKeH ITOKa3aTh JIYUIIHH pe3ynbTar. Ilouemy?

9 ) ) ' 0.8 02 0.1,
[TorTopuTe nmpumep 7, Ho rae P(wl)=P(w2)=0.2, PwW3)=0.6 u S1 = 02 08 02 .

0.1 0.2 0.8 1]
0.6 0.01 0.01]| |_0.6 0.1 0.1]|
S =001 08 0.01 i 83 = 0.1 06 0. ] OOBSICHHTE PE3YIIbTAT.
ASOMERTRoatcan 001 061]
ANEKTPOHHOW NOANNCHIO m X ¥ X1 OyIyT HCIIOIb30BAHBI CIIEYIOIIHE
Ceprupukar: - 12000002A633E30113AD425FB50002000002A6 0.3. JIist 5TOro cITyuas GaitecOBCKi
Bnapeneu; Lebayxoea TateAHa AnekcaHapoBHa

[ pesynbTar. llouemy?
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Coaep:xaHue oTdyeta U ero popma

OtuéT o madopaTOpHOH padoTe JOIKEH coAepKaTh CIeAYIONYI0 HH()OPMAaI[HIO:
1) Hazpanme mabopaTopHOH pabOTHI H €€ HOMED.

2) OHO u rpymry cTyaaHTa.

3) @opMyIHPOBKA HHAWBHIYAJIBHOI'O 3aJaHHI H HOMED BapHaHTA.

4) OrTBeT Ha 3ajJaHHE B BHJIE KOJla H pe3ylbTaToB padoTel Matlab.

5) OTBeTH Ha KOHTPOIBHEIE BOIIPOCHL.

Bonipochkl a/1s1 3alIMThI pa0oThI

1. YTo Takoe MaTpHI[a KOBapHAI[HH?
2. YT0 Takoe JHCIIEPCHS H MATEMAaTHYECKOE OKHIaHHE?
3. YeM oTimmyaercs KIacCH(HKAIHSI Ha OCHOBE paccTOSHHS MaxamaHoOHCa OT

KJI&CCHd)I]I{ElL[I]II Ha OCHOBEC PACCTOAHHA EBxnHma?

4. Y10 Takoe Oaiie COBCKHI KIIacCHPHKATOP?
5. YTO TaKkoe IMPHHIMIT MAKCHMYMa ITPaBaoII0f00H 7
NOKYMEHT NOAMNMUCAH

SNEKTPOHHOW NOAMUCHIO
Ceptudurkar: 12000002A633E3D113AD425FB50002000002A6

Bnapeneu: lLlebayxoea TateAHa AnekcaHapoBHa

Nencreutened: ¢ 20.08.2021 no 20.08.2022



JlabopaTopHas padoTta Ne 2

KH&CCH(I)HKE].TDPBI:, OCHOBAHHEIC H4 OIICHKII (]I’)}"HKL[HH OIITIMI3aIlI1I1

Ilenb 1 cogep:kaHHe padOThIL: ITO3HAKOMHTH CTYJIEHTA C TIEPCENTPOHOM.

Jagaum:

1) Pazo0paTh MPpHHIHII JeHCTBHS H aITOPHTM PaOOTHI IIEpCeNTPOHa,

2) Pazo0parh anropHTM MHHHMH3AIHH cpeJHeKBaApaTHYeCKOH ormmHOKH (LMS).

TeopeTnueckoe 000CcHOBaAHHE
TexHHKa ITOTYyYeHHS ONTHMAJILHOIrO 0aileCOBCKOrO KIIacCH(PHKAaTOpa OCHOBBIBAETCS Ha OI[eHKE
(QYHKIMH paclipeieneHud ['aycca I oOydaronmux JaHHBIX. OJHAKO, 5TO CIOXKHAs 3ajJaya
OCOOEHHO IS MHOTOMEPHBIX JAaHHBIX. AJIbTepPHAaTHBHOE PeIleHHEe 3aKIIIo4yacTcsd B OTAEIeHHH
KJIaCCOB B MHOI'OMEPHOM ITPOCTPAHCTBE C ITOMOIIBIO Pa3AesIOIHX THIIEPIUIOCKOCTEH.

Pasznensromas THIIEPITIOCKOCTD MOKET OBITH 3artHcaHa B BHJE

wlx+w =0, (2.1)

Taxxe (2.1) MOKHO IepenHcaTh B BHJIE ]
X

wlix=[w,w] =0,
|
1

I'T€E W — BCKTOP HACTPAHBACMBIX IIdPAMETPOB, W — CBOOOIHBIH HJICH, X — BXOIHOH BEKTOD.

(2.2)

C ITOMOIIBIO TaKHX THITEPIIOCKOCTEN MOJKHO OTJIEIINTD JIMHEHHO OTAEIIMMBIE KIIACCHI.

AJITOPHTM aJialiTallHH BEKTOpPa BECOBBIX KOA3((HIIHEHTOB 3IIEMEHTAPHOIO IIepCelTPOHA
MOJKHO C(POPMYIIHPOBATh CJIeYOIIHM 00pa3oM.

Ecim n-prit sneMeHT X(n) oOy4yaromero MHOKECTBAa KOPPEKTHO KIACCH(HIIHPOBAH C
TTOMOIIBEO BECOBBIX KO3()(IHITHEHTOB W(I), BEIYMCIIEHHBIX HAa N-OM IIIare aJlfOPHTMa, TO BEKTOP

BECOB He KOPPEKTHPYETCS, T.€. IEeHCTBYET CIIEAYIOIIEe IIPARHIIO:

w(n+1) = w(n), ecmr w' x(n) >0 m x(n) eC
! 2.3)

w(n+1) = w(n), ecrmt w' x(n) < 0 1 x(n) €C,

B IIPOTHBHOM CIIYH4d€ BCKTOP BC€COB IICPCCIITPOHA IIOABEPIlacTCAaA KOPPCKIIHILI B

COOTBETCTBHH CO CIIEAYIOIIHM ITPABHIIOM:
w(n+1) = w(n) —n(n) x(n), ecmxr w' (nx(n) > 0 1 x(n) €C

win+1) = wim +nim) x(n), ecm w’ (n)x(n) < 0 1 xX(n 2
NOKYMEHT NnoanucAH YL( ) ( ) ( ) ( ) g (24)

SNEKTPOHHOW NOAMUCHIO 1
Ceptudurkar: 12000002A633E3D113AD425FB50002000002A6

Bnapeneu; ' lWe6ayxoea TatbaAHa AneKkcaHapoBHa ,d T](Il) — IMapaMeTP CKOPOCTH OO0YUEHH .
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THITEPITIOCKOCTE ). CHIHaTypa (PyHKIHH OyAeT ciaexyromeil: [w, iter, mis clas] = perce(X, Yy,
w_ini. rho), rme X — sto marpmiia pasMepoM (1+1)xN (I — pasmep BxogHOro BeKTOpa, N —
KOJIHYECTBO MATTEPHOB JJII 00yUeHH), Y — BeKTOp MeToK JuIsd Ki1acca Cq (+1) u Co (-1), w 1m —

BEKTOP HAYAJIBHEBIX ITAPAMCTPOB, KOTOPBIC HYAHO HACTPOHTE B ITPOICCCE ﬂﬁ}fIIEHI[H Tak, YTOORI

rHIeprockocTs orfenstia C; or Co, tho — m=const, T.e. ckopocTh OOY4YEeHHS, W — BEKTOD,
BBEIYHCIIEHHBIH alITOPHTMOM, 1ter — KOIMYEeCTBO HTePal[Hii 3a KOTOphIe OBbIII BEIYMCIIEH W, mis_clas
— KOJIMIECTBO HEIMPABWILHO KIIACCH(HIHPOBAHHEIX BEKTOPOR.

PaccMoTpHM ITpHMED.

CreHepupyeM 4 MHOXKecTBa X, KaXKJ0e — 3TO Ha0Op TOYEK B JBYMEPHOM ITPOCTPAHCTBE.
Kaxxmas Touka n3 X; HMeeT MeTKY -1, TOUKH ciay4aiHO pa3zOpocaHbl B kBagpare |3, 5]x[3, 5], [2,
41x[2, 4], [0, 2]x[2, 4], [1, 3]x| 1, 3]. Touxkn, pacrmoxkeHHble B kBagpare [0, 2|x[0,2] umeroT MeTKY
Knacca +1. Tpebyercsa BH3yalbHO OTOOpPa3HTh KIIACCHI, OOYUHTE IepcenTpoH Iid n=0.01 u
n=0.05, 1 HaYaIbHOM BeKTope ImapaMeTpoB [1, 1, -0.5]".

JINCTHHT () VHKIIHH, PEATH3YIOIIHI ITe PCENTPOH, IIPHBEAEH HIKE.
function [w,iter,mis clas]=perce(X,y,w_ini,rho)

[LN]=size(X);
max_iter=20000; % MaxkcumansHoe Konuuecmeo umepauilil,

% Komopbsle 0yoem padomams nepcenmpoH, nocjie ImMozo 0yoem
% cuumamoca, 4mo peuieHue He Hail0eHo.

W=W_ini; % Huuyuanusupyem 6 ekmop napamempos
iter=0; % Cuémuux umepauuiu

mis_clas=N; % Huuuuamizupyem Koauuecneo HenpasuibHo
% KnaccuuuuposaHHsIx RANMMEPHOE

% nuka while mo ABYM ycJ1IoBHSM
while(mis clas>0)& & (iter<max _iter)
iter=iter+1;
mis_clas=0;

sradi=zeros(1,1); % Boiuucnenue Koppekmupywouiez0 KOMROHEHMA 0714 6eKmopa
for i=1:N
H((X(G,D"™W) %y ()<0)
mis_clas=mis clast+1;
gradi=gradi+rho*(-y(i)*X(:,i));

end
end
7 IOKYMEHT MOAMNWUCAH
SNEKTPOHHOW NOANWUCHIO ints = % g \n',mis_clas);
Ceptudmkar: 12000002A633E3D113AD425FB50002000002A6 —
Bnapened. lLlebayxoea TateAHa AnekcaHapoBHa
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end

JIMCTHHI OCHOBHOT'O KOJa ]’[pI[E’:E,[[éH HIEC.

close('all");
clear

rand('seed',0);

% I'enepupyem rknacc Xi
N=[100 100]; % 100 sexkmopos 014 Kaxc0020 Kiacca
1=2; % Pazmeprocmsb 6xX00a Kaxcoo0zo 6 ekmopa

% 014 2eHepupoearua nammepHoeé u3z X2, X3, X4 HyHCHO éMecmo

% HUDICHEU cCmPOUKU NOOCMASUMDb 00HY U3 3AKOMMEHMIUPO6AHHBIX CIMPOK
x=[3 3]';

%x=[22]'; ona X2

% x=[02]'; ona X3

% x=[1 1]'; ona X4

% nonyuaem 200 mouek 014 Xi u 014 mouexk keaopama [0, 2[x[0, 2]
X1=[2*rand(LN(1)) 2*rand(,N(2))+x*ones(1,N(2))];

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

y1=[-ones(1,N(1)) ones(1,N(2))]; % moayuaeMm MeTKH

% 1. Boteooum MHoMcecmeo Xi

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

figure(1), axis equal

% 2. 3anyckaem anzopumm odyueHusn nepcenmpra 014 yma=0.01

rho=0.01; % Ckopocmb o00yueHuA
w_ini=[1 1-0.5]"; % HauansHoie eca
[w,iter,mis clas]=perce(X1,yl,w _ini,rho)

HMmeem 4 curyanpm Xi, 1 = 1.4, KOTOphle HYKHO OTAESIHTH C IOMOIIBIO IepcelTpoHa

(pucyHOK 2.1 —2.4).

] Fiqur~1 - EEX
L L L | dools Jedcop gAnd L a
A BB LE 3 OB O
m - oo
gL oon N oE
o S =
o g
- 1'-“1"5& o
P
o "1_-;:.‘ o :1-;__'-_ s ﬁ
OO
o ':‘5-'.-"-_.' [ o
o &3;‘?{’3

NOKYMEHT NMoanncAH
SNEKTPOHHOWM NOANUCLIO
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PucyHok 2.2 — JIBa Kimacca s Xs

a]

Haurs 1 - nIEN
s AF e Inset asie L T e R ] -
EdHD - SRS OBY a2 O @M

o o oo
o, ol 2
19 ~ = I
PR L
oo F_"'E:_:._\.d—ll..h -
k| =] Al - d;_\l"l'L I-n"_
o AR
O = s T+
25 ﬁ_\ o ) "-E‘:-:.J {.-\.‘;
EL"‘ Fa) _--.'.':‘: =
= .
2o
a . [
- h I !
nhn
a .h i} JE =] il | L +h

PucyHok 2.3 — J[Ba Kimacca s X3
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PucyHok 2.4 — ]J|pa Kimacca mis X4

BuaHo, uTo B cirydyae X4 (PHCYHOK 2.4) KIacchl IMHEHHO He pa3JleIIHMBbI.

PesyiabTarel 00OyUYeHHS IIPHBEACHEI B Ta0mie 2.1, 2.2.

Tabmmia 2.1 — KomyecTBO HTEpalHi, 3a KOTOPEIE IIEPCENTPOH HAaXOAHUT PEIIEHHE B

3dBHCHMOCTH OT M
AOOKYMEHT NnoarnvcAH

SNEKTPOHHOW NOANMUCLIO
12000002A633E3D113AD425FB50002000002A6

Ceptudmkar:

Bnapeneu; lleBayxoea TateAHa AnekcaHapoBHa
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5441

OIITHMAaILHOL O
PELIEHI He
HaHJIeHO




n =0.05 5 5 252 OINTHMAIBEHOI O

PEIIEHIS HE
HaHJIEHO
Tabmmia 2.2 — KomuecTBO HENPABIWILHO PACIIO3HAHHBIX IIaTTEPHOB
X1 Xo X3 X4
n=00L,m= [0 0 0 2
0.05

BHIHO, YTO IIpH YBEIHYEHHH 1| YBEIMYHBAETCSA CKOPOCTh OOYUeHHA IlepcernTpoHa. B
IIOCIIETHEM CIIy4Yae OITHMAJIPHOTO PEINEHHS IEPCENTPOH HE HAXOMHT, ITO3TOMY IIPOBEAEHHAS
IpsMasi OTAENSET He BCE MATTEPHBI Kilacca.

OyHKIHA perce(X,y,w_ini,rho) sanmporpaMmipoBaHa 15 ITaKETHOI'O PeKHMa, T.€. BEKTOP
W KOPPEKTHPYETCS OJIHH pa3 IIOCIIe BBIYHCIEHHS IIONPABOK IS KaXJIoro IpuMepa. Hrioke
MIPHBEIEH IIMCTHHT (DYHKIIHH, I'ZIe TIEPCENTPOH 00y4YaeTCs B OHJIaH-peKHMe, Tle KOPPeKTHPOBKH

BBITHCIIAIOTCA JJIA KaKIO0I'0 ITPHMEDP4d, HO JAJICC, OHIT HC HAKAIUIHBAIOTCAH, a CPa3y ITPHMCHAIOTCA K

BEKTOPY BECOB.

function [w,iter,mis clas]=perce_online(X,y,w_ini,rho)

[LN]=size(X);
max_iter=10000000; % maxcumansroe Kouvecmeo umepaui
% mpebdyemca, eciiu Kiaccst pacnoloXdcersl 0U3Ko 0pye K 0pyey

W=W_ini;
iter=0;

mis clas=N;

while(mis clas>0)& & (iter<max_iter)
mis clas=0;

for i=1:N
H((X(G,D"™ W) *y(1)<0)
mis clas=mis clast+1;
w=w+rho*y(i)*X(:,i); % OobrHoes12em 6eKmop 6ecoé
end
iter=iter+1;
end

if(iter==1)
mis _clas
end

AOKYMEHT NoanmncAH
SNEKTPOHHOW NOAMUCHIO
Ceptudurkar: 12000002A633E3D113AD425FB50002000002A6

Bnapeneu: lWebayxopa TateaHa AnekcaHgpoeHa C TTOMOIIBEO crre I[}’IOUIEﬁ CHTHATYPHI:

Nencreutened: ¢ 20.08.2021 no 20.08.2022



[w,iter,mis_clas]=perce online(X1,y1l,w_ini,rho).
Ecim nocTaBUTh MPeIbIAYIMII 3KCIIEPHMEHT, TO IOIYYHM CIIEAYIOIIHE PE3VIILTATHI,

tabmiiga 2.3, 2 4.

Tabmmia 2.3 — KomyecTBO HTEpaIHi, 3a KOTOPEIE IIEPCENTPOH HaXOAHUT PEIIEHHE B

3dBHCHMOCTH OT M

X1 X> X3 X4
n =0.01 600 600 6589400 OIITHMAJIFPHOTO
PELIEHHS He
HaHJIeHO
n =0.05 400 400 7729200 OIITHMAJIBHOTO
PELIeHHS He
HaHJIeHO

Tabmmia 2.4 — KomuecTBO HENPABIWILHO PACIIO3HAHHBIX IIaTTEPHOB

X3 X2 X3 X4

n=00,n= |0 0 0 6
0.05

Tpebyercsa 3HAUHTENBHO OOJBIIE HTEPAllMi, OHIAHH-OOYYEeHHE XYKE CXOAHTCS, 3aTO B
ITPaKTHYECKOM IlIaHe OoJiee 3SKOHOMHOE, T.K. He TpeOyeT CIel[HalIbHEIX CTPYKTYP 1S XpaHEHHS H

HAKOIUICHH A ITOITPABOK.

Ammaparypa M MaTtepHajbl. O64-pazpanHelil  (X64) HOepCOHAIbLHBIN
KOMIILIOTEDP, IIPOIECCOP ¢ TaKTOBOU yacTOTOM | 1111 1 BEIIIE, OollepaTUBHAS IIaMATh
1 I'®O u BrIme, cBOOOJHOE IUCKOBOE MPOCTpaHCTBO He MeHee 1 ['0, rpaduueckoe
ycTpoiictTBo DirectX 9. IlporpamMmHoe oOecneueHne: oIepalllloHHas CHCTeMa
Windows 7 u Beime, Matlab (R2013) u Brime.

Vka3zaHHe 1Mo TeXHHKe 0e3ornmacHOCTH. CaMOCTOATEIILHO HE IPOU3BOJUTH:
YCTAaHOBKY H VYJal€HHE IIPOTrPaMMHOI0 OOECII€YE€HHI, PEMOHT II€pCOHAIBLHOTO
KoMIbroTepa. CoOmroaTh IIpaBWwia TEXHUYECKON SKCIUIyaTallu M TEXHUKN

O€30MaCHOCTH IpU pabOTe C AIEKTPOOOOPY JOBAHIEM.

NOKYMEHT MOANACAH bITMOJIHEHHUSA PA00ThI
3NEKTPOHHOW NOANUCHIO
Ceptudiikar: . 12000002A633E3D113AD425FB50002000002A6 Toyek (100 Toyek JJIs Kakmoro Kiacca) Kak
Bnapeneu: lLlebayxoea TateAHa AnekcaHapoBHa

ITO BOSMOHO C ITOMOIIBIO IICPCCIITPOHA. THIT
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O0y4YeHH I TIEPCEITPOHA OHJIANH IIH IAaKeTHBIH yKasaH B Talnwile. HapucosaThk HaHIeHHOE

PEIICHIIC.

Tabmmira 2.5 — MHauBHAYalIbHEIE BapHAHTHI

A

1 (0 " Onaiin OOYYEHHE.
2 g

2 (4 7 [lakeTHOE OOYyUEcHHE.
B g

3 (0 IlakeTHOEe OOyUeHIE.
4 B

4 (0 OHnaiH oO0yYeHHE.
B g

S [0 7 [lakeTHOE OOyUEHHE.
4 5

6 [A 7 aketnoe oGyuere.
B o

7 [0 " Omaiin OOyYEHHE.
Y

8 (A7 Ommaiin oOyYeHHeE.
LB 0)!|

9 [0 = [TakeTHOe 0Oy4eHHeE.
2 g,

10 [0 7 Opaiin OOyUEHHE.
4 3

Conep:xaHue oTdyeta U ero popma
OTuéT o madopaTopHOI paboTe JOIKeH coAepKaTh CIeAYIONYIO HH()OPMAaI[HIO:
1) Hazpanme madopaTopHOH paOOTHI H €€ HOMEP.
2) OHO u rpymry cTyaaHTa.
3) @QopMyIHPOBKA HHAHBHYAJIbHOI'O 3aJaHH H HOMED BapHaHTA.

4) OrTBeT Ha 3aJJaHHE B BHJIe KOJa H pe3ylIbTaToB padoTel Matlab.

Bonpochbl 415 3a1UTHI padoThl

1. UTto Takoe nnepcenaTpnoH’
[IOKYMEHT NOAMNUCAH

SNEKTPOHHOW NOANMCLIO
Ceptudurkar: 12000002A633E3D113AD425FB50002000002A6

Bnapeneu: Lebayxoea TaTeAHa AnekcaHgpoBHa

IIPSIMOTO pacpOCTpaHEHUA?

IIIBEEO HﬂpCEHTpGHEL?
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JIabopaTtopHas padota Ne 3

CozzaHue 1 00yUeHle HEelPpOHHOII CeTH Ha SI3LIKe BLICOKOTrO YPOoBHA cpedul Matlab

Ileas U coaep:kaHHe padOThI: CO34aTh 1 OOYUHTH HECKOJILKO HENPOHHBIX
CeTell, pemarIUX 3aJadll JIMHENHOTO M HEJIHMHEIHOIo pa3JIeJIEHNs KJIaCcCOB,
IICTIOJNIBL3Y SI BCTPOSHHBIN S3BIK IIporpaMMupoBaHusa Matlab.

3aaun:

—— OCBOUTL Oa30BLIE KOMAHAEL JIA CO3JaHIA I DG}”-IEHHH IIPOCTHBIX ceTell B

Matlab;

— HAYHUHNTBECA CO3JaBdThb U Oﬁ}”—IHTh CCTII OJIA JINHENHOTO U HEJINHEHNHOI'0

Pa3ACJICHIIA KJIACCOB,

— HaY4UTBLCS CTPOUTH I'pa(UKH, OTpaXKarolue pe3yJbTaThl pabOTEl CETEIN.

Teo PETHYCCKOC 000CcHOBaHHe

Cambrii THOKHI crioco0 1o padore ¢ MHC B Matlab — 53T0 Hcnmomb30BaTh BCTPOEHHBIH SIBBIK
IIPOrpaMMHPOBAHHA IS CO3JaHHTI H 00yueHHSI ceTeH. B gaHHOH nabdopaTopHOH padoTe Ha
IIpHUMEPE JIMHEHHOTO pas3feieHHI KiraccoB H 3a7auil XOR OyleT paccMOTpeHa TeXHHKA CO3TaHH s
H 00VUYEeHH I pa3HbIX HEHPOHHBIX CETEH.

Konx Matlab Oygem BrIZEIITh KHpPHBIM IIPpHPTOM. KoMMeHTapHH K KOXY 3aITHCHIBAETCS
rnocine cuMmBoina «%» M HAET OO KOHIA CTPOYKH. [IpH KemaHMM, MOJKHO IIOIYYHTH Oolee
ITOIPOOHYIO CITPaBKY O MO0 (PYHKIHMH, YCTAHOBHB KYPCOP Ha HYKHOH H Ha’KaB KIaBHIILY «F1».

[Ipexnme, dYeM IIPOrpaMMHPOBATE IIEPCENTPOH, PACCMOTPHM IIPHMEP ITOCTPOESHHA
MTOBEPXHOCTH OTKIHKA JUIS OOBIYHOIO HENHHEHHOrO HeHpoHa ¢ (YHKI[HEH aKTHBAI[HH —
THIIEPOOIIYECKHI TAHTEHC.

% I'omoeum Matlab k paoome
close all, clear all, clc, format compact;
% 3aoaém eeca HellpoHa

w=[4-2];
% 3a0aém cmeuierue
= -3;

% 3a0 aém pyHKUUIO, KOMOPYI0O XOMUM ROCMPOUNb, ZUNEPDOJI. MAHZEHC
func = 'tansig’;
I T OKYMEHRT FIOANVCAH

SNEKTPOHHOW NOAMUCHIO
Ceptudukart:  12000002A633E3D113AD425FB50002000002A6

Bnapeneu: Lebayxoea TateAHa AnekcaHgpoBHa
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neuron_ output = feval(func, activation potential);

% 3aoaém 6xo0HOIL 6eKkmop 014 ouanazona om -10 oo +10 ¢ wazom 0.25
[p1, p2] = meshgrid(-10:.25:10);

% Boruunciaem 6ekmop 6b1xo00a HelupoHa

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

% Ilepecuém seniecmeerHHbIX YuUcel 6 60Kcenu 014 3D-2pagura
Z = reshape(z, length(p1), length(p2));

% Cmpoum zpapux

plot3(pl, p2, z);

% Bruwuaem cemky

orid on;

% Iloonuceteaem ocu cpagpuxa

xlabel("'Input 1);

vlabel('Input 2");

zlabel('Neuron output');

PaszbepémM xox. Komanga close all 3akpriBaeT BCe BCIIOMOraTelIbHEIE OKHA, KOTOPBIE MOITIH
OBITh OTKPHITH (OKHA pa3IHMYHBEIX MacTepoB, Bpojie nntool, He 3akpriBarorca). Clear all yaamsger
BCE IlepeMeHHBIe U3 00mmacTH workspace, clc — ourmmaer oOmacte okHa Command window, rjie
Oynetr HaOHpatbes koA, Format compact ycTtaHarmmBaeT (hopMaT OTOOpaKeHHS JJIS YHCEll, TaK
IUTSL BEIECTBEHHBIX YHclIe OyIeT oToOpakaThca 4 TOUKH TTOCIE 3aIlITOH.

Beca 3agarorcsa OOBIYHEIM BEKTOPOM W = [4 -2], KaK BHIHO, 3HAUEHHS OTIEISIOTCS APYT OT
Ipyra IpoOeIoM, VKasklBaTh THII He o00s3arellbHO. (DYHKIMS aKTHBAI[HH 3aJaéTCS CTPOKOH
'tansig’. Jlaimee HAET BRIUICIIEHHE B3BEIIIEHHON CYMMBI: CKAJISIPHOE IMPOH3BEIEHHE BXOJla Ha Beca
1 rnpubOaBKa CMENEHHS. BeKTopa p M W HEJB3S IPOCTO TaK B34ITh M IIEPEMHOXHTBL, T.K. IIO
IpaBIUIaM JIHHEHHON alreOphl OJMH M3 HUX JOJIKEH OBITh TPAHCIIOHHPOBAH, YTO M JIEIAETCS C
BEKTOPOM W C ITOMOIIBIO W'. MOXHO ITOCMOTPETh 3HAUEHHE ITePEMEHHOMN, OHO JOIIKHO OBITH -1.
Jlanee BRIYHMCISEM (DYHKI[HIO aKTHBAI[HH ITPH BXOJe paBHOM -1. Jlemaem sto 4yepes feval(). Kak
MTOHSATHO M3 Ha3BaHHS, (PYHKIIHS BRIUMCIIIET 3HAaUeHHE HEKOTOPOH (PYHKIMH (TIEPBBIH ITapaMeTp)
OT BeKTOpa BXOAOB (BTOpoH mapamMeTp). lIpmuém, kaKk H MHOrHe ApyrHe (QyHimm Matlab, onHa
IIEPErpykeHa, T.€. €€ BBI30B MOJKET ITPOMCXOAUTH IIPH PasHBIX CIoco0ax 3aImiCH BTOPOTO
ImapaMeTpa. B IepBoM ciiyuae BEKTOP PedVIIHPYETCS K CKalSpHOH BEIHYIHE, BBIXOJ PaBeH -
0.7616.

Jlannee mmpucBanBaeM IepeMeHHBIM pl u p2 3HaueHHS oT -10 g0 +10 ¢ mmarom 0.25. [Jemaem
sT0 4epe3 meshgrid(), xoTropas co3gaéT NpPAMOYTOJIBEHYIO CETKY B CIIEIHAIBHOM (opmMare
IIPHTOTHOM JIJISI ITOCTPpOeHHs rpaukoB. Ho Jy1a mocTpoeHMs camMoro rpadHka HaM HyKHO 3HAaTb

SHAYCHHA HES TOJIIBEKO pl H p2:, HO H BBIXOOA4 HEﬁpDHﬂ. TEHEPB BBIYHCIIACM 25TH 3HAYCHHA 1A

AOKYMEHT NOANWCAH BTOPOH IapaMeTP HaIIPSIMYIO 3aIIHChIBAETCS B
SNEKTPOHHOW NOAMUCHIO P P P
Ceprudhukar; - 12000002A633E3D113AD425FB50002000002A6 IFOC CMeImeHHe. JIBOETOUHe 03HAYAET TIEPEBO]
Bnapeneu; lLleBGayxoea TateAHa AnekcaHapoBHa

yUHBIX H HHXKCHCPHBIX BBEIUHCIICHHII. HHI{GI‘,I[EI
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He HcIonb3yiTe float mmsg »THX 3amgady B TakHX s3blkax Kak C/CH++, 4YTOOBI

TepeToIHE HHUS TIePeMEHHOH).

H30eKaTh

OyHKIHA reshape() repecudThBAcT YHCIOBBIE 3HAUEHH S B BOKCEIH I OTOOpaXeHH Ha

rpadguke. Plot3() cTpouT TpéxmMepHBIH rpaduk, pHcyHOK 3.1. Grid on BKIIOYaeT CETKY Ha 3TOM

rpaduke, pucyHok 3.2, 3.3. Xlabel(), ylabel(), zlabel() — moamiceIBaroT ocH y rpadHKa.
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Prcynok 3.1 — IomyunBnmiiica 3D-rappuk 6e3 CeTKH U ITOAIIHCEH ocei

?_-_ Figure 1

= | B

File Edit

View Inget JToole Decddtop Window  Help

A= R P ALY

PrcyHok 3.2 — JloGaBHIH CeTKY Ha (POH

AOKYMEHT NOANMCAH
QNEKTPOHHOW MNMoAarnncbio
12000002A633E3D113AD425FB50002000002A6

lLlebGayxoea TateAHa AnekcaHapoBHa

CepTtudumkar:
Bnapeneu:
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4| Figure 1

DNE A kRO DRL-|B

Neuron output
=
_ n
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=
[
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File Edit View [Insert Tools Desktop Window Help
O m O

PucyHoK 3.3 — JloGaBWmi ITOATICH IS OCEH X, V, Z

Terneps co3gagnM H O0OYUHM ABYXCIIOHHYIO CETh Ha OJHOM ITPHMEPE.

close all, clear all, clc, format compact
% BXx00HO0Il MpAHCNOHUDP 08 AHHBLIL 6EKMOD
inputs = [1:6]'

% Boixo0H o1l 6eKmMoOp, KOMOPLLIU 00J1X#CHA RPOMOOETIUPOEANE CEHb

outputs = [1 2]";

% 3a0aém oduyyro cmpykmypy cemii

net = network(1, 2, [1; 0], [1; 0], [0 0; 1 0], [0 1]);
% Iloxkazvieaem eé

view(net);

% 3a0aém Komuecmeo npomMeHCcymouHbIxX cl10é6
net.layers{l}.size = 5;

% 3a0aém yHKUUU aKkmueauuu Ha HUX
net.layers{1t.transferkcn = 'logsig’;

% Euwié paz omoopasicaem cems

view(net);

% Ycmanasnueaem pazmepHocms 6x00a U 661X00a
net = configure(net, inputs, outputs);

% Cmompum OKOHUAMEILHBLI 6APUAHM Ccenmil
view(net);

% Ilonyuaem usHauAILHBLL 661X00 cemil 0e3 00yueHUA
initial output = net(inputs);

% Ycmanasnueaem memoo odyuenHus
net.traink'cn = "trainlm’;

% Yemanasnueaem (yHxkuuw0 otmnoKu
net.performFcn = 'mse’';

% O0vuaeM ceTh HA 0IHOM IIDHMeDe
AOKYMEHT MOAMNCAH
SNEKTPOHHOW NOOMUCKIO

Ceprudbukar:’ ' '12000002A633E3D113AD425FB50002000002A6 ‘b,
Bnapenew; Lebayxopa TateaHa AnexkcaHpopoBHa
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BxogHoHn BeKTOp OYJEeT paBeH MACCHBY M3 INECTH 3JIEMEHTOB OT 1 0 0, T.K. JHAIIa30H
3armiChIBacTCa vepes «:». DOyHKIHSI network() 3amaér oOIIVIO CTPYKTYPY CETH. PaccMOTpHM
Oonee MoApoOHO, YTO O3HAYAET KAXIBIH ITapaMeTp.

[lepBEIit IMapaMeTp O3Ha4YaeT KOJIMYECTBO BXOAOB (HE B CMBICIE Pa3sMEPHOCTh BXOIHOIO
BEKTOPA, & B CMBICIIE, — CKOIIPKO BEKTOPOB OVIET ITOIaHO HAa BXOJ CETH. J[OITYCTHM, B CBEPTOYHBIX
CeTsaxX OOBIYHOE JEJIO0, YTO Ha BXOJ MMOAAETCS HE OJMH, a JBa HIH TPH MACCHBA, KaKIBIH H3
KOTOPBIX KaK-TO CBS3aH C JAIBFHEHIIIM clI0eM). Y Hac 3TOT MmapaMeTp paBeH 1. BTopoit mapamerp
O3HAa4YaeT KOJIMYECTBO CIIOEB B CETH. B JTaHHOM CIIyyace HMMEeM ABYXCIOHHYIO CETh. [peTHit
ImapaMeTp — OyIIEB BEKTOP, KOTOPBIH O3HAYAET KaKHE HEHPOHEI OVAYT HMETH CMEIIEHHE, a KaKHE —
HeT. T K. BekTop [1; 0], To 04eBHAHO, UTO BCe HEHPOHEI IIEPBOTO CI0SI OYAYT HMETh CMEINeHHeE, a
HEHPOHBI BTOPOIO CIOS — HeT. YeTBEPTBHIH IApaMeTp — 3TO TakXke OYJIEB BEKTOP, KOTOPHIH
O3Ha4aeT, — ¢ KaKMMH CJIOSMH CBS3aH BXOJA. B JaHHOM ciyyae HCIIONB3YETCS KIIaCCHYECKa s
CXeMa, IJIe BXOJ[ CBS3HA TOIBKO C ITOCIIEAYIOIMHM CIOEM, a CIeoBaTelIbHO, BeKTop [1; 0]. Ilsareri
ITapaMeTP — 3TO MATPHIA CBSA3EH MEKIY CIOSMH, KOTOpPas O3HA4YaeT, KaKOH CIIOH ¢ KaKHM CBS3aH.

OnHa 3ammceiBaeTcs B BHJe Bekropa. Mmeem [0 0; 1 0], ecmm 3armcars B BHIAEe MAaTpPHIIBIL, TO

0 0

1 0
ITOIIYVHHTCA . Torma ITOHATHO, YTO ]'[EpEBIﬁ CJIOH CBSI3aH CO BTOPBIM CJIOCM, T.K. COHHIHIIA

pacronaraercsa B ImosuumH (1, 2), tme 1 — 370 HoMep cronbra, 2 — HoMep cTpokH. Illecron
nmapameTp [0 1] — OyneB BeKTOp, KOTOPBIH ITOKa3bIBAeT, ¢ KaKHMMH CJIOSMH CBS3aH BEIXOZ. IIpn

TAKIHX 3HAUCHIIX BBIXO/] CBA3dH C ITPEAITOCIICTHHM CIIOCM.

[Tpu Taxoit KOH(HUTYPAIHMH MOTYYHM CTPYKTYPY CEeTH KaK Ha PHCYHKe 3.4.

S

4\ Custom MNeural Network [view) l = = |ﬂhl

Input

PucyHOK 3.4 — M3HayalbHAasa CTPYKTYpPa CETH

M3meHMM TpeTHii mapaMeTp ¢ [1; 0] Ha [1; 1], momydsM CTPYKTYPY KaK Ha PHCYHKe 3.5.

4\ Custom Neural Network [view) I. == |ﬁl

Layer

\

| - 2 i — —
NOKYMEHT TOANUCAH
ANEKTPOHHOWM NMOANUCHLIO
Ceprudmkar:  12000002A633E3D113AD425FB50002000002A6

Bnapeneu: llebGayxoea TateAHa AnekcaHapoBHa . = =
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PHcyHOK 3.5 — BHIHO, YTO Y BTOPOT'O CIIOS TOXKE IOSBHIOCH CMEIIEHHE

M3MeHHM TeIleph M YeTBEPTHIH IMapaMeTp Ha [1; 1], momyyumM cTpyKTYpy ceTH Kak

Ha PHCYHKE 3.0.

r-‘h Custom MNeural Network (view) [ = L= |ﬁ

PucyHoK 3.6 — J[oGaBHIachk CBS3h BXOZa CO BTOPBEIM CIIOEM

M3MeHHM ocTallbHEIE JBa BEKTOPa Ha €JHHHYHBIE, TTOIYYHM CTPYKTYPY KaK Ha PHCYHKE

3.7.

i b, |
4\ Custom Meural Network (view) EM

L " |
PucyHok 3.7 — [losSBHiICS BTOPOH BBIXOJ, CBS3aHHBIH C IIEPBBIM CIIOEM, a TAK Ke Ka’KJIbIH CIIOH

CBSI3aH C caMIM COOOH H BTGpGﬁ CJIOH CBSI3aH C ITICPBBIM (HGﬂﬂéT CBOH CHI'HAJIBI Ha BXO/ IICPBOI'O

CII0S])

Net.layers{l}.size = 5 — IpHCBAaHBAacM KOIHYECTBO HEHPOHOB IIEPBOMY CJIOKO CETH
(MHIEeKC 3aIlChIBAeTCSA B (PHTYPHBIX CKOOKax). BHaHO, 4To oOpaleHHe K JaHHBIM ITapaMeTpam
OCYHIECTRIIIETCS KIacCHYeCKHM o0pa3zoM JI9 o0BeKTOB: uepes Touky. T.e. ceTh B Matlab — 310
00BEKT (IT0 TEPMHHOIIOTHH 00BeKTHO-OPHEHTHPOBAaHHOI O IIporpaMmMupoBaHig (OOII)).

Hebompmmoe npuMmevanune. Konuernusga OOIl HanpamnmBaeTcsa aing ormcanmnsa HMHC, Tx.

AOKYMEHT NOANMUCAH 3 ce0s OOBEKTHEI — «CIIOH», a Teé — «HEHPOHY.
ANEKTPOHHOWM NMOANUChLIO
CepTudimkar: 12000002A633E30113AD425FB50002000002A6 JXOHE OIlEpaTHBHAS IIAMSTh BBIJEISETCS H
Bnapeneu: lLlebGayxoea TateAHa AnekcaHapoBHa

A€ ITOIIBITOK OpIcTpOH pearm3arinu MHC,
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BO3MO¥HO, C HCIIOIIB30BaAHIICM HEEE‘:I\I@HEPH: HE IIOJIIVHHTCA 6BICTP'D PEAIIH30BBIBATE MATPHYHBIC

ornepanpy. Kopoue, ecnu tpedyercs OpIcTpas peamnsaiisa ceTH, To oT OOII-ormcannus mpuaETCs

OTKA34THCA.

Net.layers{l}.transferFcn = 'logsig' — mpHcBaHBaeT CIOSIM IIEPBOIO CIIOS (PYHKIHIO

aKTHBAIMH CHIMOH]T (0e3 OoTpHI[aTelIbHBIX 3HAUeHHI), PHCYHOK 3.8.

i |
A\ Custar Naural Network (view) EM
Input

B

Prcynok 3.8 — MeHseM (PYyHKIHIO aKTHBAIIHH Y HEHPOHOB IIEPBOIO CIIOS

ﬂJ'L'rI YCTAHOBKH BXOJHOI'0O H BBIXOAZHOI'O CJIOd MOMKHO GKGH[I)HF}IPHPGBHTL CETE IIO

OTHOIIIEHHIO K BEKTOPY BXO/Ia H BEIX0Aa:. net = configure(net, inputs, outputs), pHcyHOK 3.9.

.
4\ Custom Neural Network [view) l = | (=] ﬂ

.l
i@

PucyHoK 3.9 — OKOHYATEIILHO ITOITyYaeM OOIIYIO CTPYKTYPY CETH, TIe pa3Mep Bxoja — 0, a

Input

BBRIXOHa — 2

Bextop initial output momyunt 3HaueHusa [0 0]', T.K. Beca He HHHMIMATH3HPOBAHEI, T.€.
CETh HHMYErO Jienarb He ymeeT. s Havama oOydeHHsS HYKHO KaK MHHHMYM 3allaTh METO[
o0Oy4yeHHS H (PYHKIHIO OIMHOKH, YTO H JellaeTcsa ¢ IoMoInpi nettrainFen = 'trainlm' u
net.performFcn = 'mse'. Trainlm — 510 00yueHue 1o Merony JlesenOepra-Mapksapara, a MSE
(mean square eITor) — 3To cpeJHeKBagpaTHueckasd ormHOKa. Train() — 3amyckaeT oOydeHHe CEeTH H

BO3BpaIlacT 00beKT — 0OYVUEHHVIO ceTh. [Iporiecc oOyueHIs rmokasaH Ha pUCYHKe 3.10.

OJOKYMEHT NoanmvucAH

SNEKTPOHHOW NOAMUCLIO
Ceptudukar: 12000002A633E3D113AD425FBS50002000002A6

Bnapeneu: lLlebGayxoea TateAHa AnekcaHapoBHa
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d
4\ MNeural Network Training (nntraintool) l 1 |_ﬂh_,

e

Training: Levenberg-Marquardt (trainlm)

Meural Network

Layer Output

Algorithms

Performance: Mean Squared Error  (mse)
Calculations: MATLAB

Progress

Epoch: 0 3 iterations 1000
Time: 0:00:01

Performance: 250 [ @azess ] o000
Gradient: 2.50 1.02e-12 1.00e-07
(TR 0.00100 1.00e-06 1.00e+10
Validation Checks: 0 1 &

Plots

Plot Interval: D 1 epochs

W Minimum gradient reached.

e Stop Training @ Cancel

PucyHok 3.10 — O6yuyeHHEe CETH

[Tozxxe gopmipyem BekTtop final output, KOTOPEIH COAepKHUT OTBET CeTH Ha BXOI, T.C.
1.0000 u 2.0000 (rromMHIM ITPO (popMaT compact).

Temneps pennm 3agady O pasAelieHHH KIIacCOB C ITOMOINBIO ITEPCEINTPOHA, ITOMOOHYIO TOM,
KOTOpas Oblia pelleHa B JadoparopHoH padore 3.

close all, clear all, clc, format compact

% 3a0aém Konuecmeo nNAMMEPHOE KAHCO020 Klacca
N = 20;

% 3a0aém cmeuierue

offset = 5;

% Co30aém 6x00HblE 3HAUEHUA KAXNCO020 Klacca

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

% Co30aém 6bIX00HbBIE 3HAUEHUA 0J14 IMUX K/IACCOE
y = |zeros(1, N) ones(1, N)];

% OmKpuoléaem OKHO 071 PUCO6AHUA

figure(1);

% Hanocum mouxku (nammepui)

plotpv(x, y);

% Cozoaém oovexm-cems muna Ilepcenmpon

net = perceptron;

% Obyuaem nepcenmpoH

net = train(net, x, y);

% Pucvem obd vy cmnvykmvny cemu

AOKYMEHT NoarnnncAH
SNEKTPOHHOWM NOAMUCHIO
Cepracbkar: '12000002A633E3D113AD425FBS0002000002A6 U APAMYIO JIHHUH IO,
BEnapeneu; Webayxoea TateAHa AnekcaHgpoBHa
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plotpc(net.IW {1}, net.b{1});

rand(2, N) — cos3maér mMaccHB pasMepoM 2xXN, YHCIa KOTOPOIO SBJISIOTCS CIIYYaHHBIE
BEJIMYHMHEI, PACIIPEJIETIEHHBIE 10 HOPMAJIbHOMY 3daKOHY € MareMaTHYeCKHM OXHaaHHeM (0 H
CpeIHEKBAApaTHYECKHM OTKIOHeHHeM 1. Taxkum oOpaszoM, OVAYT CO3MaHBEl JABE MaTPHIBI 2XN,
coIepiKallie KOOPAHHATHEI TOYEK-IIATTEPHOB B ABYMEPHOM IIPOCTPAHCTBE, IPHYEM KOOPIHHATEI
BTOPOH MaTpHIEI OVAYT CMEIEHB] HA D ITO3HI[HH, T.€. 3apaHee rapaHTHPYETCS, YTO KIIacChl OYVIYT
JIMHENHO pas3feMele. OOpaTHM BHHMAHHE, UTO 3TH JBE MAaTPHI[LI HA CaMOM J€le 3alliCaHbl B
OIHY MaTpHily pasMmepoM 2x2*N. Zeros(1, N) u ones(1, N) co3maéT MaccHB HyJleH H eJIHHHI]

pasMcpOM N:, ITO METKH JJIX BXOJHBIX ITATTCPHOB.

Figure(1) — BRI3BIBAET OKHO, COZEpKalllee KaHBY IS PHCOBAHMS, PHCYHOK 3.11.

[ ————

Taah,  Dekloge

Wirechas  HHp ~

AT BEA- 3 00 80

PucyHok 3.11 — OKHO 719 pHCOBAHH S

Plotpv(X, Y) — HAHOCHT TOYKH Ha KaHBY C KOOPJAHHATaMH X H MeTKaMH Y, PHCYHOK 3.12.

[IpraéM HyIH 0TOOpaKarTCs KPYKKaMH, a € THHHIIBI TUTFOCAMI.

| Tigure 1

=R )

File FEdt VWiew Insert Tnnls

Nesktop Window  Eelp "
ddde | kR TDEL 2| 0H 010

Vectors to be Classified

F(2)

5_

NOKYMEHT MOANWUCAH
SNEKTPOHHOW MOAMUCHIO

Ceptudukar:| 112000002A633E3D113AD425F B50002000002A6
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Net = perceptron — co3mgaéM ceTh THIA [IepcelTpoH, eclH Iocile 3alTHCH KOMAaHJBI He
CTABHTh TOYKY C 3aIIATOH, TO cpelia Pa3BEPHET BCE YCTAHOBIIEHHBIE IO YMOITYAHHIO ITapaMeTPHI,

PHCYHOK 3.13.

Commard Windaow

Mowe te BALAES Yoo resources ter Goboing skarted, =

¥ net = percertraon
net =
Hetrzl ¥eTwork

came; "Peroceptron’ L
userzata: [(vour custom into)
i
ounlnpats;
numlayersa!

siane Lol
nunTormeDel ays:
nuxLayer;eiaya:

N FeE =ik vk Te T Ay
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it pai . Frynivalenl Loy ingml={7}
outpuz: Egquiwalcnt to outpuzoll]
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iggez:! {lxl cell array of L ciz=:
inputWeights: (1xl cell array of 1 weighth
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PucyHOK 3.13 — MeToAEI H CBOHCTBA OOBEKTA perceptron

Jlanmee mpomcxogur oOydeHHe ceTH. OOINast CTPYKTypa CETH IIpeJicTaBlIeHa Ha PHCYHKE

3.14.

| 4\ Perceptron (view) EM.

Hard Limit

PucyHok 3.14 — O0mas cTpykKrypa CeTH

PesynpTaThl 00yUYeHHS IIPEACTABIEHBl HAa PHCYHKe 3.15. BugHo, uyro morpedoranock 29

HTEPALHIL.

NOKYMEHT MOAMNVCAH
SNEKTPOHHOW NMOANUCHIO
Ceptudmkar: 12000002A633E3D113AD425FB50002000002A6

Bnapeneu: lLlebGayxoea TateAHa AnekcaHapoBHa
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4\ Neural Network Training [nntraintocl) EE

Meural Network

Hard Limit

Input

Algorithms

Data Division: Training Only (dividetrain)
Training: Cyclical Weight/Bizs Rule  (trainc)
Performance: Mean Absolute Error  (mae)
Calculations:  MATLAE

Progress

Epoch: 0o I 20 iterations 1000
Time: | 0:00:02 |
Performance: 0.500 0.00 | 0.00
Flots

Performance (plotperform)

Training State (plottrainstate)

Cunlusiun (plulconlusivn]

Plot Intzrval: U 1 epochs

w Performance goal met.

@ stop Training 'ﬂ Cancel

PucyHok 3.15 — PesymbTarsl 0O0OYUEHHS IIEPCEITPOHA

Ha pucynke 3.16 mpencraBileH rpaHK HACTPOHKH IlepceNTpoHa. ['paHK HOCHT
XapakTepHyro 3yOuaryro ¢opmy. Ilocrme KaxmoH 5SIOXH BBICUHTBEIBaeTcsI MSE wmexmy

ImpeaitonlaracMbIMH OTBETaMH H PCaJIbHBIME. HEIHGIMIHHIMI:, HTO IIpH aJdallTallHi HE HCIIOJIb3YCTCA
CITYCK ITIO ITOBCPXHOCTH GIJIHG]ECH:, ITOSTOMY KIOaThb ITIOCTCIICHHOI'O CHITKCHIA OIIHOKH Gﬁ'}”{EHH}I HE

cieayer. OO0yueHHe HAET 0 TEX IIOP, ITOKa He OyeT HaljicHa IIepBas ImpsMasi, OTACIIIIOast OIHH

KIIAaCC OT APYIOIO.

F

5
#.| Mewral Melwork Training Perfommance (plolgerfomn, Epodt 29, Peiloor arwe gu.. | = | = |ﬁJ

File Edit Yiew [nserr Tools [Decktop Window Help |

Best Training Performance is 0.5 at epoch 0

TrEin
D 5

Mean Absolute Error (mac)

AOKYMEHT NoarnmMcAH i 20 25
SNEKTPOHHOM NOANMUCHIO Eis
Ceptudmkar. 12000002A633E3D113AD425FB50002000002A6

Bnapeneu: LlleBayxoea TateAHa AnekcaHapoBHa
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Plotpc(net.IW {1}, net.b{l}) — cTpoHT @PSAMYIO IJIHHHIO C COOTBETCTBYIOIIHMI
ko3 puipieHTamMu. IW — oGo3HauyaeT clIoH KO3()(HIIHEHTOB MeKAY BXOJOM H IIEPBBEIM CJIOEM,

b{1} — cMeleHHe TIepBOro ¢10s. MUToropas rmpsmas rmokasaHa Ha PHCYHKY 3.17.
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Pucynok 3.17 — [loimyyeHHOE pelleHue 110 pas3AelIeHHIO IBYX KIIaCCOB

Terepp pacCMOTPHM pelIeHHE 3aJadyl pa3AcicHHI Ha 4 Klacca ¢ IIOMOIIBIO IIEPCENTPOHA
H OOBIYHOH MHOI'OCJIOHHOH CETH IIPSMOIO PacIIpoCTpaHeHHS. PacIioloKeHHe KIIacCOB OCTABHM
TaKHM JKe, Kak H B 3afaue XOR (110 yrimam «kBajparay), HO Tellepb Y Hac He JiBa Kjacca, a 4, a
TaKKe KaKJIbIH Ki1acc IpeJcTaBiieH 30 ImaTTepHaMI.

PertieHrie 5TOH 3aJa4H C ITOMOIIBIO IIEPCETITPOHA.

close all, clear all, clc, format compact
% Kaxicowtil kKnacc umeem 30 nammepros

K =30;
% Cmererue 014 Knaccoé 0.6
q=.6;

% 3aoaém 4 knacca 6 6éuode éexmopoé A, B, C, D (2 cmpoku u 30 cmoniouo6)
A = [rand(1, K)-q; rand(1, K)+q];

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

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

D= [l‘ﬂlld(l, I{)'q; l‘ﬂlld(l, K)'q]z«

% Pucyem Ha kaneée mouxku A onpedenénnozo muna (mpemiii napamvemp)
plot(A(1, :), A(2, :), 'bs");

% Dukcupyem Kawney

hold on;

orid on;
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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");

% 3a0 aém KoOupoeKy Kadccoé (MemkKii)

a=[01]%

b=[11]%

c=[10]%

d=100]";

% Ionyuaem odmuil 6eKMOP 6X00HbIX 3HAUCHIULIL
P=]|A BCD];

% Ilonyuaem ool 6eKmMop MemMoK
T = [repmat(a, 1, length(A)) repmat(b, 1, length(B)) repmat(c, 1, length(B)) repmat(d, 1,
length(D))];
% Cemb muna «nepcenmpom)
net = perceptron;
% Ilycmob cpedneks adpamuyeckaa ouiuoka e pasta ()
E=1;
% Ycemanoexka napamempa o mom, 4mo 0yo0em MUHUMYM 00UH NPOZOH
net.adaptParam.passes = 1;
% Ilocmpounu U3HAYAILHO OMEEm nEPCenmporad, 00 00yueHUA
linehandle = plotpc(net.IW {1}, net.b{1});
% Cuémuuk no uuKkiam
n=0;
% L{uxn 6yoem uomu noka cpeoHeKeaopamuyuecKas OMuoOKa He
% cmarem pasHoU HYIF0 WU ROKA He 00CMUZHeM 3HaueHuA umepayuil ¢ 1000
while (sse(E) & n<1000)
n=n-+1;
% OOYy4YHTH nepcenTpoH
Inet, Y, E] = adapt(net, P,

1);
% Hapucosams 1unuu
linehandle = plotpc(net.IW {1}, net.b{1}, linehandle),
drawnow;
end
view(net);

% Ilpoeepka padbomel nepcenmpoHa HA 6X00HOM 6EKHIOPE
p =[0.7; 1.2];

% Buotoacm knacc (1; 1)

Y = net(p);

rand(1, K) — reHepupyeT 4mHclIa H3 PaBHOMEPHOIO pacIpelelIeHHsI B BHIE BEKTOpa
(rmepBoIi MmapameTp) pasmepoM K, B utore A = [rand(1, K)-q; rand(1, K)+q] — reHepupyeTcs
MarpuIia 2xK, YTo COOTBETCTBYET KOOPAHHATAM TOYEK.

Plot(A(1, :), A(2, :), 'bs') — pucyeT Ha KaHBe TOYKH M3 MaTpHIBI A, INEPEBOAS HX B
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OOmmi BH oTo0pakeHHs KJIACCOB IIPEACTABIIEH Ha PHCYHKE 3.18.
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PrcyHok 3.18 — Ki1accel, KOTOPEIE IIPEACTONT Pas3eiliTh

JIist momydyeHHs BekTopa T HeoOXOIHMO PacKOIIMPOBaTh TPaHCIIOHHPOBAaHHEIE BEKTOpaA A,

b, ¢, d. /[i11 5TOH LiemH HCIONb3yeTcsa repmat():

repmat(4ro KONMHpPYeM, KONMHHA 10 CTPOKAM,

KOIIMII o croJionam). B pesyneraTe BekTop T IIpHMET BHJ KaK Ha pHCYHKe 3.19: MarpHIa H3

IByX cTpoK H 30 * 4 =120 KOIOHOK.

> T = [repmat(a, 1, length(i!) repmactik, 1, length B}
T =
Columnos 1 through 17
i o 1] 1] a i o 1] 1]
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Colomns 10 chrough 24
i ] 1] 1] ] i o 1] 1]
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PucyHok 3.19 — OOt BHJT BeKTOpa METOK T

[Ty while() — 3T0 LMK ¢ IIpeAyCIIOBHE, ITIO3TOMY OH MOJKET HE BBIIIOIHHTHCS HH pasy, a

CIICOOBATCIIBHO, IICPC HIM He0OXOIHMO IIOCTPOHTE BO3ZMOKHOC PEIICHHE (T.I{. ITpH CO3daHIHI
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CYMMd KBaJpPaTOB 3THX OIIHOOK.

Ha pucynke 3.20 mokaszaHa CTPYKTypa CETH, BHIHO, YTO €QHHCTBEHHBIH CIIOH CETH

COACPAIIT JIBa HEﬁpﬂHﬂ:, HTO COOTBETCTBYET ABYM ITPAMBIM JIHHHAM JJIA Pa3JCIICHITA 4-X KIIacCOB.

F 4\ Perceptron (view) l == |_ih

Hard Limit

l"Pl-lt Ty F:
w l

PucyHok 3.20 — OO01mast CTpyKTypa IepcenTpoHa

BO3MOJKHEIN OTBET CETH IIPHBEAEH HA PHCYHKE 3.21.
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PucyHok 3.21 — Perienns 3agaun pa3soHTHS Ha 4 Ki1acca

PaccmorpuM perreHre XOR-mpoOineMBl ¢ ITOMOINBIO MHOIOCIIOHHOH CETH IIPSMOIO

pacIpoCTpaHEeHH, HO PacIHPHM IIpeJcTaBlIeHHe KaXoro Kiacca A0 100 maTTepHOB.

close all, clear all, clc, format compact

K =100;

q=.6;

% /launbie 014 00yueHus

%0bpamume éHUMaHue HaA mo, umo randn() omoenawmca c HOMOUbLIO
%7, ”. Ecnu onycmums 3mom cumeo, mo A oyoem 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)-q; rand(1, K)-q];

figure(1);
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plot(C(1, ), C(2, 3), 'kt');

plot(D(1, :), D(2, :), 'bd’);

% Hanocum Hazeanusa Kuaccoe

text(.5-q, .5+2%q, 'Class A');

text(.5+q, .51+2%q, 'Class B");

text(.5+q, .5-2%q, 'Class A");

text(.5-q, .5-2%q, 'Class B");

% Onpeoengem memkiu 0,141 K1Accoe
a=-1,c=-1,b=1,d=1;

% Dopmupyem 6X00HOU 6EKMOP
P=|ABCDj;

% Dopmupyem 6 eKmop 0meemos

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

% Onpeoensiem cems NPAMOZ0 PAaAcCnPOCMpPaAHeHUA
net = feedforwardnet([5 3]);

% Bca éblo opKa noo oodyuarouiie npumepst
net.divideParam.trainRatio = 1;

% Hem sanuoauyioHHOIL 6b100PKU
net.divideParam.valRatio = 0;

% Hem mecmosoil 6b10 0pKu
net.divideParam.testRatio = 0;

% Obyuaem cembn

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

figure(2);

% I paguk oxcuoaemopix omeemos cemii

% epagux nonyuaemca 3youamsim, m.K. MemxKiu 0714 Kidccoe
%e0npedenerst kax -1 u +1

plot(T', 'linewidth', 2);

hold on;

% I paguk peansrsix omeemos cemu

plot(Y", 'r--");

orid on;

% Pucyem nezenoy K cpagpuxam

legend('Targets', 'Network response', 'location’, 'best’);
% Onpeoenaem uOUMBIL OUANAZOH NO OCU Y
ylim([-1.25 1.23));

% Coz0aém Hadop 601 uucna

span = -1:.005:2;

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

% Ipancnonupyem eexkmop peamepom 601 *601 = 361201
pp = [P1(:) P2(5)]';

% Ilonyuaem 6b1x00b61 cemu

aa = net(pp);

% Bo3zepanaemca K nepeoil Karee

ficure(1);
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Ha pucyHke 3.22 1mokasaHEBI ITAaTTEPHBI BXOAHBIX KIIACCOB.
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PucyHOK 3.22 — BXOAHEIE JaHHBIE IS ABYX KIIACCOB, KOTOPBIE HYKHO Pa3deIHTh

Net = feedforwardnet(|S 3]) — co3gaéM CeTh IIPAMOT0O PaCIIPOCTPAHEHHS C ABYMS CIIOSMH,

B IIEPBOM OVJIET 5 HEHPOHOB, BO BTOPOM — 3. CTPYKTYypa CETH IIOKa3aHa Ha PHCYHKE 3.23.

4\ Fezd-Forward Meurs] Metwerk {view] =1

Hidden L

5

L s IRt

PucyHok 3.23 — OO01as CTpyKTypa CeTH

In pu

OOpaTHM BHHMaHHE, YTO BRIXOJHOH HEHPOH HMeeT JIHHEHHYIO (DYHKITHIO aKTHBAI[HH.

Bce maTTepHBl BOHAYT B 00OYYarOINYyIO BEIOOPKY, rosToMy net.divideParam.trainRatio =

1, BaMIAIIHOHHYIO H TECTOBYIO BBIOOPKY YCTAaHOBHM B 0.
OOyuyeHHE CETH OCVIIECTBIISETCS 4epes [net, tr, Y, E] = train(net, P, T) — rae tr —
IepeMeHHas, cojlepkarnas HHpopMalpro o0 oOydyeHnH (B cpeme Matlab eé MoXHO OTKpPBRITE H

ITOCMOTPETDh Hd BXOJAIIHE B He€ IIONS H HX BHHIIEHHH). HPGL[ECG Gﬁ}’qEHHH IIOKd3dH Ha PHCYHKC

3.24, xpuBasg o0yUYeHHS Ha PHCYHKE 3.25.
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Prcyrok 3.25 — Kpueas o6y4ennst (MSE), myuimrdi rmokasaTens MeHbIme 10

Jlariee oroOpakaeM Ha HOBOH KaHBE OKHJIAEMBIH OTBET CETH, PHCYHOK 3.26.
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Ha Toii ke KaHBe oToOpakaeM pealbHBIH OTBET CeTH, PHCYHOK 3.27. BHIHO, yTO rpadukmu

COBIIQJAHOT.
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PrcyHok 3.27 — PealIbHBII OTBET CETH, IPpapHKH COBITa[ArOT

Ylim(]-1.25 1.25]) — orpanmuneaeT och OY JaHHBIMH 3HAYESHHSMH.

YroOsl OTOOpA3HUTh ITONYYHBINEECS PEIIEHHE VYKe HEIB3S ITPOCTO IIOCTPOHTEL ITPSIMEBIE
MMHHH (KaK B clIydae ¢ IMepcenTpPOHOM). [ 3TOro Hy»KHO ITOBEpX ITepPBOI KaHBHI OTOOPA3HTh
3HAYEHHS BRIXOJOB CETH Ha OYEHBH MEJIKOH CeTKe (BXOJHEIE JaHHBIE) H 3aKPACHTh ITOTYYHBIIHECS

OTBETHL. I paHmIla pelmeHns 1 pa3OHeHH s IBYX KIIaCCOB OKaKEeTCS BHHA, PHCYHOK 3.28.
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PucyHok 3.28 — IlomyuHBINIascs rpaHuiia perneHus I 3agaul XOR

IIpumMmeyanme. CeTs CO CTPYKTYPOH 2-5-3-1 SBHO H3OBITOYHA IS PEIIeHHS JTaHHOIM

3adauyd. MOKHO IIepeOolnpellelnTh CTPYKTYPY CeTH, KaK OBIJIO IIOKazaHO B Hayalle JaHHOH

mabopaTOpHOH PabOTHI:

net.layers{l}.size = 5;

% Ilonyuaem 06yxXcllOUHYH0O cenb, 20€ CKPLIMbLIL C/IOU UMeen 5 HellpOHOE
net = configure(net, P, T);

% Menaem (yHKUUIO AKMUBAUNUIO HA 66IX00HOM HEUPOHE HA HeUHEUHY 0
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),

CTpVYKTypa TaKOH CETH ITOKa3aHa Ha PHCYHKe 3.29.

4\ Feed-Forward Neural Network (view)

Hidden

Input

PucyHok 3.29 — JlaHHa$ ceTh TOXKe CITpaBHTCA ¢ 3agaued XOR

OmHaKo, KaK BHIHO M3 pHCyHKa 3.30, ommiOka oOydYeHHsS OIyCTHTCS B paiioH 107, 4ro

OOMIBINE, YeM Y IIEPBOH CETH, YTO B I[ETIOM XYXKe.
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PucyHOK 3.3]1 — I'panHiiia peleHHH I CETH C IIIThIO CKPBITBIMH HEHPOHAMH

CeThb CO CTPYKTYPOH 2-3-1 macT ommoOKYy, ITOKa3aHHYIO HAa PHCYHKE 3.32.
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PucyHok 3.32 — Omudxa oOy4yeHHS IJ1 ceTH 2-3-1

HDH}“IHEIHHHCH I'PaHIIa pEH_[EHHﬁ AL CCTH € TPCEMA CKPBITBIMI HEﬁpﬂHﬁhﬂ{ ITIOKa3daHa Ha

PHCYHKE 3.33.
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MOoXHO czelraTh BBIBOJ, YTO YeM MEHBIIEe KOIHYECTBO HEHPOHOB B CKPBITOM CIIOE, TEM
rpydee OyAyT pas3fmeleHbl KIIacChl H IpaHHIIA PEIleHHH MOXXET B HEKOTOPHIX MecTax ITPHHHMATh

XaOTHYEeCKHH BHJ (pHCYHOK 3.31).

KoHeuHo, TakoH pa30poc B PENIeHHSIX ITOJIY4YaeTCS BCIEACTBHE JIETKOH Pa3feIMMOCTH

KIIdCCOB.

Tereps NMpHMEHHM CceTh ITPSMOrO pacIlpOCTPaHEHHS K pasfelleHH0 4-X KiraccoB (paHee
peIam 3Ty 3aJavy C ITOMOIIBIO IIEPCEITPOHA).

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)-q; rand(1, K)-q];
figure(1);

plot(A(1, :), A(2, ), 'kt');

hold on;

orid on,

plot(B(1, :), B(2, :), 'b*");
plot(C(1, :), C(2, :), 'kx');
plot(D(1, :), D(2, :), 'bd’);
text(.5-q, .51+2%q, 'Class A");
text(.3+q, .5+2%q, 'Class B");
text(.5+q, .5-2%q, 'Class C");
text(.5-q, .5-2%q, 'Class D");

% Kooupyem Knaccet
a=[-1-1-1+1]%

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

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

d=[+1-1-1-1];

P=[|A B CDj,

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

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

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

view(net);

% Ilonyuaem ¢ “m” 6ce makcumaibHble IJIEMeHMbL RO cmoaduam, a 6 “1”
% ux cmpoKoeéwle UHO eKCbl

[m, i] = max(T);

SNEKTPOHHOW NOAMUCHIO
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% CpasHueaem 3miu UHOEKCbl, OHU 0 0JIMHCHbL CO6NACMb, €CJlIL OHIL He
% cosnadarwm, mo yeenuuueaem k nHa 1, m.e. k o6yoem cooepacams Koauuecmeso
% omeemos HHC, komopule He coenadarom ¢ Memxkamu
if find(i - j),
k = length(find(i-j));
end
% Boicuumsieaem 3mo KoJUecmeo 6 NPOUEHMAX
fprintf('Correct classified samples: %.if% % samples\n’, 100*(N-K)/N);
figure;
% Cmpoum 6epxHUIL 2pAPUK HA KaHEe
subplot(211);
plot(1);
title('Targets'),
ylim([-2 2]);
orid on;
% Cmpoum HUNCHUU 2PAPUK HA KAHEE
subplot(212);
plot(Y");
title("Network response');
xlabel('# sample');
ylim([-2 2]);
orid on;
span = -1:.01:2;
[P1, P2] = meshgrid(span, span);
pp = [P1(:) P2(5)]';
aa = net(pp);
figure(1);
% Hanocum Ha cemky éce omeemsl nepeo2o HeUpoHda 0714
% 6cell 6610 OpKIL, OHUL 0 OJIHCHbBL 3AHAMb Yy 0M NJIOUAOU 6CeX KACCOE6
m = mesh(P1, P2, reshape(aa(l, :), length(span), length(span))-5);
set(m, 'facecolor’, [1 0.2 .7], 'linestyle’, 'none’);
hold on;
% Tooice camoe denaem 01 Opy2uUX HeUpOHO6
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))-3);
set(m, 'facecolor’, [.3 .4 0.5], 'linestyle’, 'none’);
view(2);

Cosgaém 4 xkmnacca, KaxaelH mpeactasiieH 100 marrepHaMi, pHCYHOK 3.34.
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PucyHoKk 3.34 — 4 xi1acca, KOTOPEIE HYKHO Pa3AciINTh

Jlanee co3gaéM CeTh CO CTPYKTYPOH 2-4-3-4 u o0yuaeM e€, pHCYHKH 3.35, 3.36, 3.37.
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PucyHok 3.35 — O0yueHHe ceTH, IToTpedoBaiock 31 urepaims
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PrcyHoK 3.36 — Onmoka 06y4eHHI OYeHb XOPOIas, yiwia Hixe 107

A\ Teed-Torwarg Neursl Metwork {view
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PucyHok 3.37 — OO01mast CTpyKTypa CeTH, KOTOpas HCIIOJIb30BajIach

PazymMeeTcs, npeaiokeHHasd CTPYKTYpa He €IHHCTBEHHAS, Ha CaMOM JIejle XBAaTIWIO OBl
CETH C OJJHHM CKPBITBIM CIIOEM H YETBHIPEMS HETMHENHBIMH HEHPOHAMH Ha BBIXOJHOM CIIOE.

MeTKH H OTBeTHI CEeTH H300pakeHBI Ha PHCYHKe 3.38, BHAHO, YTO I'Pa(pHKH IMOTHOCTBHIO
COBITAJAFOT, T.€. CETh TOYHO MOJEIMPYET BCE PEAKIMN Ha BXOJIHBIE 3HAUECHHSL.
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Ilocne ITOCTPOCHITA I'paHII PCIICHHA MOXHO BHIACTB, HUTO KaXIbIH KIIacC OTJHEIIEH OT

IPYToro, pHCYHOK 3.39.
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PucyHOK 3.39 — I'paHHI[BI pellleHHs IS 3aJayH 110 pa3AeleHHIO YeTRIPEX KIIACCOB C ITOMOIILIO

CCTH ITPpAMOI' O PAaCIIPpOCTPaHCHHA

Ecm CPABHHTD 3TO PEIICHHE C TCM, KOTOPOC OBIIIO AOCTHI'HYTO C ITOMOIIBIO IIEPCCIITPOHA,

TO CTAHCT OUCBHAHBIM, YTO BO3MOXHOCTH IIO OTACIICHHIO OOAHHX KIIdCCOB OT JPYI'HX VY HMHC

ITPAMOI'O PACIIPOCTPAHCHHA 3HAYHTCIIBHO BHIIIC, UEM Y IICPCCIITPOHA, T.K. TAKIEC CCTH ITO3BOJIAIOT

CTPOHTD Oolee CIIOKHBIE I'PAaHHIIEL.

Ammaparypa M MaTtepHajbl. O64-pazpanHelil  (X64) HOepCOHAIbLHBIN
KOMIILIOTEDP, IIPOIECCOP ¢ TaKTOBOU yacTOTOM | 1111 1 BEIIIE, OollepaTUBHAS IIaMATh
1 I'G u BeIIIE, cBOOOJHOE AUCKOBOE IHPOCTpaHCTBO He MeHee 1 10, rpacdudeckoe
ycTpoiicTBo DirectX 9. IIporpamMmHoe oOecmneueHne: OIEpallloHHasd CHCTeMa
Windows 7 u Beime, Matlab (R2013) u Brime.

Vka3zaHHe 1Mo TeXHHKe 0e3ornmacHOCTH. CaMOCTOATEIILHO HE IPOU3BOJUTH:
YCTAaHOBKY M YyJJaJI€HHE IIPOrpaMMHOI0 OOECIIE€UEeHUS, PEMOHT II€pCOHAILHOTO
KoMIbroTepa. CoOmroaTh IIpaBWwia TEXHUYECKON SKCIUIyaTallu M TEXHUKN

O€30MaCHOCTH IpU pabOTe C AIEKTPOOOOPY JOBAHIEM.

METD,[[HH‘H H INOPHAOK BBINTOJIHCHHA pﬂﬁﬂThl
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MHOTOCIIOHHOH CEeTH IIPSMOI0 PacIpOCTPaHEHHS.

Tabmria 3.1 — BapHaHTEI 33 aHIIT
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OtuéT o madopaTOpHOH padoTe JOIKEH coAepKaTh CIeAYIONYI0 HH()OPMAaI[HIO:
1. Ha3spanue maGoparopHOH paboTEl H €€ HOMED.

2. OHO cryaeHTa H IPYIOLY.

3. QopMYyIHPOBKAa HHAUBHIYAILHOIO 3a{aHI 4.
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4. JlokymeHT or4éra ¢ Print Priscr JuamoroBbIX OKOH ITO IIaraM JUIS CBOErO BapHaHTa IIO
IMOJOOHIO TOro, 4YTO OINHCAaHO B TeOpeTHYeCKOH dYacTH. OOs3aTelbHO JOJKHA
IIPHCYTCTBOBATh pacKpallleHHas (popMa ¢ (pHHAILHBEIM pa3delleHHeM A CEeTH H I[BETHEIE
JIMHUH, OTAEJIIIONIHE OAHH KJIacCc OT APYyroro JJII IIepcenTpoHa. JOlmKeH IIPHCYTCTBOBATh
CTYIIeHYaThIH I'PaHK, [TOKa3BIBAOIHIL KAYeCTBO Pa0OTHI CETH.

5. OTBeTH Ha KOHTPOIJIBHBIC BOITPOCHIL.

BonipochkI aJ1s1 3alIMThI pa0oThI

1) Kak KoaupyroTcs KIacchl JJII IIEPCEIITPOHOB HIIH ceTeH IPSIMOr0 PacipoCTpaHeHHT?

2) OIMHIIHTEe TI0CIIeJOBaTeIbHOCTh JeHCTBHH I HaHeCeHHS BXOJHBIX 3HAYeHHH Ha
KaHBY, YTOOBI BH3YalIbHO OBUIO BHIHO PACIIONOKEHHE KIIaCCOB OTHOCHTEIBHO APYT APYTa.

3) OIDOIUTE TTOCIENOBATEILHOCTE HAEHCTBHH IS ITOCTPOSHHS HAa KaHBE I'PaHMHI]
PeIeHns 3aaul KIacCH(HKALHH.

4) [IpuBeauTe IMpHUMEP CETH IPSMOIO PACIPOCTPAHEHHS C OJHHM CKPBITHIM CJIOEM, C
IIOMOIIBI0 KOTOPOH MOXKHO PEIMTh 3aJadyy O pas3fgeleHHH 4-X KIacCOB B PAaCCMOTPEHHOH
madopaTOpHOH padoTe.

5) [ToueMy ¢ TIOMONIIBIO ceTel IIPSAMOrO PacHpOCTPaHEHHS MOKHO  JIYYIIIE

CITPABIIATBCA C 3ad"1dMH I{JIHCGII(l)I]I{ElI_[I]II:. HEM C ITOMOITIBHO HEPCEHTPGHDE?
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JlabopaTopHas padora Ne 4
KnaccudukaTophl, OCHOBaHHEIE Ha OIEHKHU (PyHKIINN OIITUMU3AIIIL.

MaImnHbsl OIIOPHEIX BEKTOPOR 1 HEMPOHHBIE CETH MPSIMOTO pacIpOCTpaHEHNUS

Ilens u coaep:kaHHe padOThI: ITO3HAKOMHUTH CTYJEHTA C MAIIIHHAME OITOPHBIX
BEKTOPOB M HEMPOHHOI CETHIO ITPSMOIO PACIIPOCTPAHEHHMSL
Jagaum:
1) Pazo0paTh MpHHIHII JeHCTBHS H aITOPHTM Pa0OThI MalIFTHEI OITOPHBIX BEKTOPOB;

2) Pazo0paTh MPpHHIHII JeHCTBHSI HEHPOHHOH CETH IIPSMOI0 pacIpocTpaHeHH .

Teo PETHUYCCKOC 000CHOBaHHeE

Manmna omopHBIX BeKTOpoB (Support Vector Machine) ocHOBBEIBaeTCSI Ha ITOHSTHH Pa3HHIIEL.

PaccMmorprm muHeHHBIH KinaccHpHKaTop (4.1)
T
wX+w, = 0 (4.1)

3

KOTOPBIH, II0 CYTH ITPeICTaBIIIeT COO0H pa3IelIIIONIyIO THIIEPIUIOCKOCTE (4.2).

wix+w 0 a ,
>0, tormad, =+
0 k)
wix+w (4.2)

=0, Tormad =-1
JITII MTaHHOTO BEKTOpPAa BECOB W H IOPOra Wy PacCTOSHHE MEKAY THIIEPIUIOCKOCTBIO,
3aJaBacMO ypaBHeHHeM (4.1), n Omkaiined TOYKOH H3 HaOopa JaHHBIX Ha3bIBaeTCs I'PaHHIleH
pasaeneHHd H 0003HayaeTcd KakK p. OCHOBHOH ILENB0 SVM 4BIISIETCS ITOHMCK KOHKPETHOH
THIIEPIUIOCKOCTH, UIS KOTOPOH I'PaHHUIlE pas3felcHHS OyaeT MaKCHMAIbHOM. [IpH 3TOM YCIOBHH
IIOBEPXHOCTH PEMIEHNS HA3bIBAETCSA OIITHMAIIBHON ITHITEPITIOCKOCTBIO.

OOIIYIO HIEK MOKHO ITOHSATH U3 PHCYHKA 4.1.

O & Class +1; o Class —1

Pucvrox 4 1 — JIra criocoba ormensHud TBYX IIHHEHHO pas3AelIIMBIX KIIACCOB
OJOKYMEHT NoanmvucAH
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IIPOIOKHUTH TOPOr'Y TaK, YTOORI Pa3pyINTh MHHHMAILHOE KOIIHYECTRBO JTOMOB H IIPH 3TOM, UTOOHI
OHa OBIlTa MAaKCHMAJILHO INMHpoKas Ha pHCyHKe BHIHEBEI JBa BO3MOJKHBIX BapHaHTa ITPOKIIAIKIH
JIOPOr. JOpora C pa3JelnHTENbHOH ITYHKTHPHOH JIMHHEH, HAVINAasS H3 JIEBOrO HHJKHETO VIJIa B
BEPXHMI ITPABBIH, H JOpPOra CO CIUIOIIHOHN pa3delHTeIbHOH JIHHHeH. O0e JTOPOrH JIOMAKOT IO D
IIOMOB, HO OYEBHIHO, YTO OOIee IMpPOKas JOpora BRITOAHee, T.K. Oornee yaoOHas, yeM Y3Kas,
II03TOMY HY’KHO CTPOHTh HMEHHO IIHPOKYIO JOopory. CpeaHss CIUIOIIHAS Pa3de/IHTeIbHAS JIMHIS
H OyJIeT ONTHMAJIbHOH PasJelIsroIleH THIIEPIUIOCKOCTHIO.

[loueMy 5TO nIyulle I 3agad pacrosHaBaHHs o0pa3oB? Jle1o B TOM, UTO OOBIYHEIE
HEHPOHHEIE CETH IIPOCTO  VAOBJIETBOPSIOTCS OT HAaXOXIAECHHS JIFOOOH  PasIelIsrollecH
THIIEPIIOCKOCTH, OHH HEe BBIHCKHBAIOT OITHMAIIBHBIE THIIEPIUIOCKOCTH, a ITPOCTO HaXOJISIT
TIEPBYIO MOITABIIYIOCS B ITpollecce 00yueHHS. Ho ImoroM, Korja ceTh HauHHaeT (PYHKI[HOHHPOBATh
He Ha OOYYarOIMX JAaHHBIX, a HA TECTOBBIX, KOTOPHIE HE YYACTBOBAIH B Ipolecce O0OyUYeHHS, TO
OKasbIBAETCS, YTO HaeHHas THIIEPIZIOCKOCTh MOJKET JaBaTh MHOIO OIHMOOK (Y3KYyIO JOPOrYy
JIETKO «IIEPEHTH» M B pe3yiIbTare IIAaTTEPH M3 OJHOIO KiIacca MOXKET OKa3aThCs Ha CTOPOHE, IJIE
pacIUIOKeHBI ITaTTepHBI Apyroro kiacca). IlInpokas mopora, T.e. ONTHMAaIbHAS THIIEPIUIOCKOCTD,
YBEJIHYHBAET BEPOSITHOCTD, UTO CETH CIIPABHTCS C 3aJaucH JIIVUIIIE.

Ha pucyHke 4.2 mnpejcraBiieHa ONTHMAalIbHAas THIIEPIUIOCKOCTD JJIS JIMHEHHO Pa3JelIHMBIX

00pasoB.

Omopuele
BEKTOPEL

PucyHok 4.2 — OnrtHMajibHAs THIIEPIUIOCKOCTh IS JHHEHHO PasJelHuMBIX 00pa3oB

JlaHHOEe pellleHHe BeJET K CIEAYIOIIeH MareMaTH4YecKOH (POpMyIHpOBKH. Bo3bpMeM

MHOJKECTBO OOYYAIOIHX TOYeK X; C COOTBETCTBYIOIMMH HM MeTKaMH v; = {£1}, 1 = 1.N gnsa

3aaudl  KIacCH(HKAIMH  JBYX KIIacCOB. BEIUHCIEHHe  OITHMAlIbHOH  pa3melsrone
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wx+w>21-¢,ifx ew
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WX W < 14 ifx e (4.4)
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& =0
T/le pasHHIla MeXXKIy 0O0JacTSIMH paBHa 2 / ||W||, BETHYHHEI OIMHOOK &; He OTpHIaTelIbHEIE,

OHH paBHBI 0 JJI9 TOYeK, JeKaIX 3a IpeJeilaMH pa3JellTromie 0O0JacTH H Ha ITPaBHIILHOH
CTOPOHE, H IIOJIOKHTENBI JUIS TO4YeK, JeKallMX BHYIPH OOJIacTH HIH BHe OOIacTH H Ha
HEITpaBHIBHOH cTOpoHe. C —3T0 KOHCTAHTa, OIpeeIgeMast ITOIb30BaTElIeEM.

Pemmenne OyjeT IpeIcTaBIeHO B CIEIYIOMIEM BHIE:

W= z?l“fyfxi
i=1

2

(4.5)

rae KO3(p(HITHEHT A; — 3TO MHOXHTEIH JlarpaH»ka I OITTHMH3aI[HOHHOH 3aJayl, H OHH
paBHEI 0 I BCEX TOYEK, JEXKaIlMX 3a IpefellaMH pasfgelstolned oO0nacTH M Ha IPaBHIIBHOM
CTOPOHE KiIacCH(PHKAaTOpa. OTH TOYKH He IPEJOCTAB/IIIOT HH(MOPMAIHIO 1T IIOCTPOHKH
ONITHMAJIPHOH PAas3Jelsrolled THIIEPIUIOCKOCTH, OCTallbHbIE TOYKH HAa3BIBAXOTCS OIIOPHBEIMH
TOYKAMH IIH OITOPHBIMH BEKTOPAMH.

Tt co3ganus muHelHOH SVM OyaeT Hcroimb3oBaH GpyHKImS SMO2. CHrHatypa JaHHOH
OYHKIMH HMeeT ciaexyronpmi g [alpha, w0, w, evals, stp, glob] = SMO2(X', y’, kernel,
kpar2, C, tol, steps, eps, method).

CricoK (pOopMallbHEIX ITapaMeTPOB. MaTpHIa X' BKIFOYAaeT TOUKH JAaHHBIX, KaXK[as CTPOKa
— 3TO KOOPAHHATEI TOYKH B MHOTOMEPHOM ITPOCTPAHCTBE, METKH COIEPIKATCA B V', THIT SIAePHOHN
(YHKIMH — JIHHeHHBIH. J[Ba ImapameTpa sapa kral u kra2 B muHeHHOM ciy4yae yCTaHaBIIHBAKOTCS
Bcerga kKak 0. IlompzoBarenbekuii mapaMeTp C, mapameTp tol, MakKCHMAalIbHOe YHCIO HTepaliii
allTOpHTMa, ITOpOr eps (OYeHh MaJeHbKOE 4YHCIIO OOBIYHO B paiioHe 107°) mcIomb3yercs I
CPaBHEHHS JBYX 4YHCell (eCIIH HX Pa3HHIA MeHBIIe, YeM ITOPOr, TO OHH CUHTAIOTCS paBHBIMH). U
MOCTIEHHH MapaMeTp — THIT OITHMH3AI[HOHHOIO MeTOJa, KOTOPBIH MBI HCITONb3yeM (0 — MeTo
[Tmarra, 1 — Mmomudukarmsa Kupu 1, 2 — mogudukamsa Kupm 2).

CIHCcOK BO3BpalllaeMbIX 3HaueHHH: alpha — BekTOp, comep Kanmiii MHOKHTeIH JlarpaHika,

Wp —IIOPOI', W — BCKTOD., CG,[[EP?K&H.[I]I‘T IIaPaMCTPEI I'HIICPIUIOCKOCTI.

IIpumep 1.
F ,ELDI{FMEFIT MoanucAH AOBCPOATHBIX KII4CCa, I{a}l{,[[]':.lﬁ IIPpEACTABIICH
SNEKTPOHHOW NOAMNMUCHIO
Ceptudpmkar,  12000002A633E3D113AD425FBS0002000002A6 ']T H Il = [1.2, 1.2]T H KOBAapHAIITHOHHBIMH
Bnapeneu; lLlebayxoea TateAHa AnekcaHapoBHa

[aTpuIa 2x2.
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1. CreHepHpOBaTh H HApHCOBATh 00yUarolee MHOKECTBO X1, comgepxkaree 200 Touek

I Kaxkaoro kinacca (Bcero 400 touek). CreHepHpoOBaTh APYroe MHOXKECTBO X, KOTOpoe OVIET
TECTOBBIM (TaKxke colepkuT 1o 200 Todek I KakKIoro Kiacca).

2. Hcrompsya X u Meton Ilnmarra creHepupoBaTtek 6 SVM, KoTropele OB pas3mesuni

IBa Kiacca, HCIIOIb3YS IT0Ib30BaTElIhCKYIO KOHCTAaHTY co 3HaueHneM C = 0.1, 0.2, 0.5, 1, 2, 20;
koHcTaHTa tol = 0.001. Berumcmurs omrHOKy oOydeHHS H 000OMIeHHS, ITOACYHTAaTh KOJTHYECTBO
OITPHBIX BEKTOPOB, BBIYHCIHTL Pa3HHIy MEXIY ABYMS oOmacTsasMH (2 / ||w|]), HapHCOBaTh

pelleHIE.
JIMCTHHT 3ajauyl IIPHBEIEH HIZKE, IOMHBIH JTHCTHHT (QyHKIHH SMO2, svcplot book m

CalcKemel npuBeiéH B mpHiIokKeHHH 1.

close('all");
clear;

% I'enepupyem u pucyem X1

randn('seed’,50)

m=[0 0; 1.2 1.2]"; % cpeoree eexmopos

S=0.2%eye(2); % mampuuya Kosapuayuu
points_per_class=[200 200];

X1=mvnrnd(m(:,1),S,points_per class(1))';

X1=[X1 mvornd(m(:,2),S,points per class(2))'];
yl=[ones(1,points_per_class(1)) -ones(1,points_per_class(2))];

figure(1), plot(X 1(1,y1==1),X1(2,y1==1),"r.", X1(1,y1==-1),X1(2,y1==-1),'bo")

% I'enepupyem X2

randn('seed’,100)

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

X2=[X2 mvnrnd(m(:,2),5,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 mooicHO éblOUpaAMB HYHCHYH KOHCHIAHNLY
% C=0.2;

% C= 0.5,

% C=1,

% C=2;

% C=20,

tol=0.001:
NOKYMEHT NMoanncAH
SNEKTPOHHOW NOANMMCHIO
Cepriidikar:  12000002A633E3D113AD425FB50002000002A6
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% Boluuciaem ominoKy odoyueHus
Pe_tr=sum((2*(w*X1-w0>0)-1).*y1<0)/length(y1)

% Buvruuciaem otnoKy 00 0o uieHuA
Pe te=sum((2*(w*X2-w0>0)-1).*y2<0)/length(y2)

% Pucyem onmumaisHy0 paszoensaroiyro 2unepniiocKocms
global figt4

figtd=2;

svcplot_book(X1',y1',kernel,kparl,kpar2,alpha,-w0)

% Boruuciaem Koiuuecmeo onOPHLIX 6eKMOPOE6
sup vec=sum(alpha>0)

% Boruucnaem paznuuy 014 pasoeaumesibHol obaacmi
marg=2/sqrt(sum(w.”2))

Ha pucyHke 4.3 rpecTaBiieHsl HCXOAHBIE JaHHBIE 1S OOYUEHHS.
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PucyHok 4.3 — McxoaHpie JaHHBIE JI1 OOYUEHH S

OTACIACT OJHH KJIACC OT APYIOI'o

CepTtudumkar:
Bnageneu;

[ Tigame 2
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Ha PHCYHKE 4.4. IMPEACTABIICHA HAPHCOBdAHHAA OIITHMAIIbHAA T'HIICPILIIOCKOCTL, KOTOPAA

Wrcos:  elo |

OJOKYMEHT NMoanmvucAH

SNEKTPOHHOW MOAMUCLIO
12000002A633E3D113AD425FB50002000002A6

lLlebGayxoea TateAHa AnekcaHapoBHa
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ITOIIB30BATCIIb CEKITX KOHCTAHT.

Tabmmia 4.1 — CpaBHHUTEIIBHBIE PE3YIILTATEIL JJIS PA3IIHYHBIX ITOIbB30BATEILCKHX KOHCTAHT

C

C=0.1 C=0.2 C=0.5 C=1 C=2 C=20
KommiecTBo 82 0l 44 37 31 25
TTOAIePKHBAIOIIHX
BEKTOPOB
Orrnoka 2.25% 2.00% 2.00% 2.25% 3.25% 2.50%
00VyUeHH T
Ornbka Ha | 3.25% 3.00% 3.25% 3.25% 3.50% 3.50%
TeCTOBOM
MHO’KECTBE
Bemnmumaa 3a3zopa | 0.9410 0.8219 0.7085 0.6319 0.6047 0.3573
(margin)

M3 T1abmuiel BHAHO, YTO INMPHHA PasfgellroIner OOIacTH VYBEIHYHBAETCS, KOrJa
YMEHBINIAeTCSI KOHCTaHTa C. DTO eCTECTBEHHO, ITOTOMY 4YTO YMEHbINeHHe C JelmaeT ITOCIETHEE
cmaracMoe B (4.3) Ooree BaXHBIM. JIyulllee peIllleHHe, T.e. MHHHMalbHas OIIHOKa 0O00OIIeHIS
ronyyeHa s C = 0.2,

Jlastee pacCMOTPHM MHOTOCJIOHHYIO CETh IIPSIMOTO paciipocTpaHeHHsa. OOIMH BHI TaKOH

CETH IIPEACTABIIEH Ha PHCYHKE 4.5.

Output layer

., | Second hidden layer (L, nodes)

3 T
Yo i s : s
L e L) - o, | First hidden layer (L nodes)
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PucyHok 4.5 — OO BHJI ITOITHOCBSA3aHHOH CETH IIPSMOTO PacIIpOCTPaHEHH S

OO0mras ormoKa 00YUYEeHH I BEIMHCISETCS KaK

N
J= Z(}’z‘— }’z‘ﬁ i (4-6)
i=1

AOKYMEHT NoanmncAH
SNEKTPOHHOW NOAMUCLIO
Ceptudurkar:  12000002A633E3D113AD425FB50002000002A6

I~ d)aKI‘IIIIECBJIﬁ oTBeT ceTH. [lomck MITHHMYMaA
Bnapeneu: lLlebayxoea TaTeAHa AnekcaHapoBHa

] {1e HEHPOHHOH CETH.
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Beca cetn oGHOBILsIOTCSA 110 (popMmyTie (4.7):

w(new) = w(old) + Aw 4.7)
AW HaXOJHM HCXOJIS H3
4.8):
(4.8) oy
Aw=—-pn___ (4.8)
ow

3

r7e W - ckopocTh 00yuyeHHs. Qopmymy (4.8) MOKHO HEMHOTO MOAH(HIHPOBATh, YTOOHI

MTOIYYHJIOCh OOYUEHHE ¢ HHEPIHEH:

oJ
Aw(new) = oA w(old) — 1 (4.9)
ow

rae o - KO3(QHIMEHT HHePIHH, TaKKe KaK M L BBOJHTCS ITOJIb30BATEIEM H ITPHHHMAET
3HaueHHI oT 0 go 1.

JInmst oOydeHHSI HeHpOHHOH ceTH OyJeM HCIoIb30BaTh (PYHKIHIO NN fraimng co
CIeayIomeH curHaTypo: [net, tr] = NN_training(X, y, Kk, code, iter, par_vec).

Criicok (popMalIbHBIX ITapaMeTPOB: X COAEPHT 0OyYaroIlHe BeKTOpa IO KOJIOHKAM, V —
COMIEP KUT MeTKH JUISI COOTBETCTBYIOIIMX KiIaccoB, code — IMapaMeTp JJIS ONpelelleHHS THIIA
arropHTMa oOy4deHHST (1 — cTaHAZApTHBIH aJIlTOPHTM OOpaTHOIO PacIpoCTpaHEHHSL, 2 — oOpaTHOE
pacIpocTpaHEHHE C MOMEHTOM (C HHepIHeH), 3 — oOpaTHOe pacIpoCTpaHeHHe C aJallTHBHOH
CKOPOCThIO O0YYeHHS), 1fer — MaKCHMalIbHO JOITYCTHMOE KOJHYECTBO HTEepal[Hii, par vec — 5
pasMEPHBIN BEKTOP, COZepXkaluili B cebe CKOpocTh OOYYEHHS, MOMEHT, TPH 3HAUYeHHS I
TPETHETO AIIrOPHTMA OOYUYEHHS C aJallTHBHOH CKOPOCTHIO OOYUEHHS.

CIIHCOK BO3BpallfacMBIX 3HAUYEHHI: net — CTPYKTypa CeTH, i — CTPYKIYpa, HCIIONb3yeMas
MATLAB, xyza roMermarorcs pa3jyHbIe ITapaMeTPhI CETH.

IIpumep 2.

PaccMoTpHM 3ajjadyy KiIacCH(PHKAI[HH JBYX KIAacCOB Ha IDIOCKOCTH. TOYKH IIEpBOrO
(BTOpOro) Kmacca HMeroT MeTKH +1 (-1) cooTBeTcTBeHHO. TOYKH IIPOHCXOIAT OT TpeX (YeThIpeX)
['aycCOBBIX pacIIpelele Il ¢ OAMHAKOBRIMH BeposTHocTsMH: [-5, 51, [5, -5]" [10, 0]" ([-5, -5]%,
[0, O], [5, 5]%, [15, -5]%). KoBapHaliioHHasI MaTpPHIA A1 KaXKIOro paclpeUIEHH s paBHa G-I, TIe
- =1, al —5To eMMHIYHAST MaTPHI[A Pa3MePOM 2X2.

1. CreHepHpoBaTh H HapHCOBaTh MHOXKeCTBO X (oOydarolmee MHOKECTBO),
comepxkarmee 60 Todek Ig kimacca +1 (mpuOmm3urenpHO 1o 20 Toduek JI9 KaKIOro
pacmpefienieHrsl) H 80 Touek Iy Kinacca -1 (Taxke 1mo 20 Todek I KaXKAOI'O pacIIpelelIeHI).

AHATTOTHYHEIE TIheMHCcaHUS U s (hoDMHUDORAHU S X> (TECTOBOIO MHOKECTBA).

NOKYMEHT NMoanncAH
SNEKTPOHHOW NOANUCHLIO
Ceptuchukar: 12000002A633E3D113AD425FBS0002000002A6 CEIH IIPAMOIO pacClipoOCIpaHCHHA € ABYMA H
Bnapeneu; WWebayxoea TateAHa AnekcaHOopoBHa

K HEﬁpﬂHﬂX Ha CKPBITBIX CIIOAX HCIIOJIb30BATb
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AKTHBAIL[MH. 3aITyCTHTh CTAHAAPTHBIH aJIrOPHTM OOpaTHOIO pacIpocTpaHeHHs ommOKH i1 9000

HTepaliid co CKOpocThio 00yueHHS 0.01. Brrumciaurs ommoOky oOydyeHHS H OO0OOINEHHS, H

HApPHCOBATh PETHOHBI PEIIIEHHIL.

3. IIoBTOPHTE IIar 2, HCIOIB3Ys CKOpocTh 00yueHusa 0.0001 mmis ctaHmapTHOr O

aJIr OpHTMa OOPaTHOI'O pacIIpOCTPaHeHHs OIIHOKH.

4. ITOBTOpHTS IIar 2, IIpHMEHHB aJallTHBHEIN alropHTM (THIT 3) ¢ 6000 HTepalHii, co

ckopocThi0 00yueHHT 0.0001 m1r;=1.05,13=0.7, c=1.04.

JIHCTHHT IMporpaMmMbl paCCMOTPCH HIKEC.

close('all");
clear;

randn('seed’,0);

% 1. I'erepupyem X1

1=2; % Pazmeprocms

ml1=[-55; 5-5; 10 0]'; % Ilenmpouost

m2=[-5-5;00;355; 15-5]';

[L,cl]=size(m1); % Homep zayccuana 0712 Kaxcoozo Kiacca
[l,c2]=size(m2);

Pl=ones(1,c1)/c1; % Beca 0,114 cmenierHoii moodenu
P2=ones(1,c2)/c2,;
s=1; % pasHuIa

% I enepupyem o0armble 014 nEPe02o Kiacca
N1=60; % Konauuecmeso mouex 0J11 nepeozo Kiacca
for i=1:cl
S1(:,:,i)=s%eye(l);
end
sed=0; % [ enepamop cnyuaiinsix yucesn, napamemp 011 He2oO
[classl X,classl y]=mixt model(m1,51,P1,N1,sed);

% I'enepupyem mouku 0114 6mopozo Kidcca
N2=80; % Konuuecmeo mouek 014 6mopoz2o Kiacca
for i=1:c2
S2(:,:,i)=seye(l);
end
sed=0;
[class2 X,class2 y]=mixt model(m2,52,P2,N2,sed);

% Dopma X1
X1=|classl_X class2 X]; % Bexmop oarnHbIx

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

figure(1), hold on

ficure(1). nlot(X1(1.v1==1.X1(2.v1==1)."r.".X1(1,y1==-1),X1(2,y1==-1),'bx")
NOKYMEHT NOJMUCAH

SNEKTPOHHOW NOAMUCHIO
Ceptudukar: | 12000002A633E3D115AD425FB50002000002A6

Bnapeneu: lLlebayxoea TateAHa AnekcaHapoBHa

Nencreutened: ¢ 20.08.2021 no 20.08.2022



sed=100; % Hcnonv3yem cenepamop CayuanuHsix Hucel
[classl X,classl y]=mixt model(m1,51,P1,N1,sed);

% /[anHble 012 6 mopo2o Kiacca

sed=100; % Hcnonv3yem zenepamop CayuanHslx Hucel
[class2 X,class2 y]=mixt model(m2,52,P2,N2,sed);

% O0veduraem 0aHHbIe 6 COUHBII 6eKMOP U C MEMKAMU MAKMCE
X2=[class1l X class2 X]; % /[na oannHbix
y2=[ones(1,N1) -ones(1,N2)]; % Jna memok

% 2. Illaz 2

rand('seed’,100)

randn('seed’,100)

iter=9000; % Koauuecmeo umepauuiu

code=1; % Boioupaem mun aizopumma 0Ji1 00yueHUA HEUPOHHOU cemil
k=4; % uucno HellpoH06 6 CKpbIMOM Cll0€

Ir=.01; % cxkopocmes odyueHus

par_vec=[lr 00 0 0];

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

% Buruuciaem oo Ky odyueHus u 000oueHun
pe_train=NN _evaluation(net,X1,y1)
pe_test=NN_evaluation(net,X2,y2)

% Pucyem oamHble

maxi=max(max([X1'; X2']));

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

bou=|mini maxil;

fig num=2;

resolu=(bou(2)-bou(1))/100; % pazpeuteriua pucyrnka

plot NN_reg(net,bou,resolu,fig num); % pucyem pezuon peuterHus

figure(fig_ num), hold on % pucyem odyuaronuiee MHoIMCECHE0

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

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

% Illaz 4

iter=6000; % Koauuecmeo umepauui

code=3; % Buoioupaem anzopumm odyueHus

k=4; % Koiuuecnmeo HeUPOHO6 6 CKPLIMOM CJl0€

Ir=.0001; % cxkopocmu obyuerHuA

par_vec=[Ir 0 1.05 0.7 1.04]; % seexmop napamempoé 014 aizopumma code = 3
[net,tr]=NN_training(X1,y1,Kk,code,iter,par_vec);

HOKYMEHT MOANUCAH
QNEKTPOHHOMW MNoAarnncbio
Ceptudurkar:  T2000002A633E3D113AD425FB50002000002A6

BEnapeneu. LlleBayxoea TateAHa AnekcaHgpoBHa
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[leppoHavanbHEIE JaHHBIE IPeACTABIEHE HA PHCYHKE 4.0.
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PucyHok 4.6 — J|aHHBIE, KOTOPBIE HEOOXOANMO Pas3deIHTh

[TomyumnBIneecs peleHHe IIpeACcTaBlIeHO Ha PHCYHKe 4.7, BHIHO, YTO CETh IIPOBEAS

Pa3acICIONIIE I'PAHHIIBEL YCIICIITHO OTACIIACT OAHH KIIACC OT APYIOI'O.
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PucyHok 4.7 — llonyuuBlieecs pereHue

3aBHCHMOCTE OIIHOKH OOYVYEHHS OT 3IOXH IIPHBEAEHA Ha PHCYHKE 4.8.
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[IOKYMEHT MOAMUCAH ——
SHEHPGHHGH nGﬂnHCbm IEdl POIEE BNl SEAD CTHCHEE
Ceptuchmkar: 12000002A633E3D113AD425FBS0002000002A6
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[Iocne 2000-om smoxu o0yuyeHHe IMPaKTHYECKH OCTaHABIIHBAETCS.

OO01He ImapaMeTprl 00YUYEeHHS ITPHBEIEHEBI Ha PHCYHKE 4.9.
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Prcynok 4.9 — OxHo cpeapl Matlab, orpakaromiee nmporecc oOyueHHSI HEHPOHHOH CETH

B Tabmmie 4.2 mpHBeIeHBI pe3yiIbTaThl OOYYeHHS CeTH JJIS CTAaHAAPTHOIO aJIrOpHTMa

OOpaTHOr0 pacIpocTpaHeHHI OIMHOKH cO CKOpOCThIO0 00yueHHd 0.01 u 9000 wurepaimpoi. B

TaOnnie 4.2 IMpHBeAEHBl Pe3yIbTaThl IS aJallTHBHOIO ajIrOpHTMa 0OpaTHOI'O PacIpOCTpaHEHHS

omHOKH, cKOpocTH 00yueHHa 0.0001 1 6000 mTeparii.

Tabmmia 4.2 — lIpuMeHeHHe CTaHZAPTHOIO alropHIMa OOpPaTHOIO PacIpOCTPaHEHHS

OIITHOKH

JIBa y3ma YeTrIpe y3i1a
Omudka oOyyeHHS 29.29% 0
Omudka 006001IEHH ST 30.71% 0

Tabmmia 4.3 — lIpuMeHeHHEe aIallTHBHOIO alropHTMa OOpaTHOrO PacIpOCTpPaHEHHS

OIITHOKH

JIBa y3ma YeThIpe y31a
Omudka oO0yyeHHSI 29.29% 0
Ommudka o000I1IIeHH A 32.14% 0

quHIG_[]E]II:, HCITOIIB3YIOHIIHECH B JINCTHHI'C, ITPHBCACHDBL HIKCE.

[TepBas pyHKIA.
function [net,tr]=NN_training(X,y,Kk,code,iter,par_vec)

rand('seed',0); % Jamuuk canyuanunsix uucen
wandnToand? .
[JOKYMEHT NOAMUCAH
ANEKTPOHHOM NOANUCHIO
Ceptudpvikar: - 12000002A633E3D113AD425FB50002000002A6

Bnapeneil: Le6ayxora TateaHa AnekcadHapoBHa

1poernt 6 Matlab
trainlm"; 'traingdx'i;
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% Ocpanuuernue 014 obiacmu, 20e jiexcam 0aHHbLe

limit=[min(X(:,1)) max(X(:,1)); min(X(:,2)) max(X(:,2))];
% Onpeo enexue HeupoOHHOU cemu
net=newff(limit,[k 1],{'tansig','purelin'}{, methods list{code,1}); % 'traingda')

% Huuyuanuzayusa HelupoHHoU cemil
net=init(net);

% Ycmarnosxka 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(3);
end

% ObyueHue HelpOHHOU cemu
[net,tr]=train(net,X,y);

Bropasa pyHKIH
function [X,y]=mixt _model(m,S,P,N,sed)

rand('seed’,sed);
[L,c]=size(m);

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

X=[];
y=1I;
for i=1:N
t=rand;
ind=sum(t>P_acc)+1;
X=[X; mvornd(m(:,ind)",S(:,:,ind),1)];
y=|y ind];
end
X=X";

TpeThs QyHKIH.

function pe=NN evaluation(net,X,y)
OOKYMEHT NOAMNUCAH

INEKTPOHHOW NOAMUCHIO
Ceptudurkar: 12000002A633E3D113AD425FB50002000002A6

Enapeneu: lle6Gayxoea TateAHa AnekcaHapoBHa
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YerBepras (pyHKIIHS

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=[];
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.")

Annmapatrypa M MaTepHaJbl. O4-pazpsagHeiil  (X64) HOepcoHaILHBII
KOMIILIOTED, IPOIECCOpP ¢ TaKTOBOU yacTOoTOM | 1111 1 BEIIIE, ollepaTUBHAS I1aMATh
1 I'G u BeIIlE, CBOOOJHOE AUCKOBOE IPOCTPAaHCTBO HEe MeHee 1 10, rpaduueckoe
ycTpoiicTBo DirectX 9. IllporpammHoe oOecrnedeHue: oOIe€pallllOHHas CHCTEMa
Windows 7 u Beime, Matlab (R2013) u Brime.

YKazaHMe 10 TeXHHKe 0e30MmacHOCTH. CaMOCTOSTEILHO HE IIPOU3BOAUTH:
YCTAaHOBKY H YyJaleHHE IIPOrpaMMHOr0 o0O€CII€YeHHd, PEMOHT IIepCOHAILHOTO
KoMIbroTepa. CoOmrojaTk IIpaBWwia TEXHUYECKONM SKCIUIyaTallu M TEXHUKN

O€30IIaCHOCTHU IIpHU paboTe C 3IEKTPOooOOPYJ0BAHIEM.

METU,[[HHH H INNOPHAOK BBIINNOJIHCHHH pﬂﬁﬂTbl

Pentmrs COOCTBEHHBIN BapHaHT IO obOpasiy rnpumepa 1 u 2. MHAMBHAYVaTIbHBIE BapHAHTEI

IpeJcTaBiIcHEl B Tadmmle 4.4.

Tabmma 4.4 — MHQuBHIYyaIbHEIE BapHAHTHI

AOKYMEHT NOANMCAH mMepa 1 ¢ mapaMerpami: my = [0, O]T Hm>=
ANEKTPOHHOW NMOANMUCHIO S =S, —05] 400
Ceptudbukar: 12000002A633E3D113AD425FB50002000002A6 D17 92 = V.o, KOIIHECTBO IIaTIEPHOB e
Bnapeneu; tebayxoea TaTeAHa AnekcaHgpoBHa
JHMEpPA 2 ¢ IMapaMeTPaMH: TOYKH ITPOHCXOST
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OoT Tpex (4YeThipex) I'ayCcOBBIX pacIipelle]IeHHH C OJHHAKOBBEIMH BEPOSTHOCTSMH: [-3,
315,12, -3 [7, 11" ([-7,-71%, [0, 0", [10, 10]%, [10, -71°).

[lepBas 3agaya. PaccMoTpeTh 3aauy u3 rpuMepa 1 ¢ mapamerpani: mi = [0, 0]T uma=
1.7, 1.5]T u xoBapHaIOHHEIMH MaTpHIlaMH S1= S>= 0.1], xommuecTBO nmarTepHoB 200.

Bropas 3agada. PaccMOTpeTh 3aJaqy H3 IIpHMepa 2 ¢ IMapaMeTpaMH: TOYKH ITPOHCXOST
OT TpeX (4eThIpex) ['ayCcCOBBIX pacIIpeie]IeHHH ¢ OJHHAKOBBIMH BePOSTHOCTSIMH: [-1.5,

25T [3.5, -4.5]" [10, -3]7 ([-6, -4]", [0, 0, [6, 6], [17, -8]").

ITepBasg 3agaya. PaccMoTpeTs 3agauy U3 ImpHMepa 1 ¢ mapamerpamit: m; = [-1, -1]T u m»
= 1.5, 1.5]T u KOBapHaIlHOHHBIMH MATpHIIaMH S; = S, = (0.7], KOMHYeCTBO ITaTTEPHOB
200.

Bropas 3agaya. PaccMOTPeTh 3aJlauy H3 IIpHMepa 2 ¢ ITapaMeTpaMH:. TOUYKH ITPOHCXOST

OT TpexX (4eThlpex) ['ayCCOBBIX paclipefielleHHH C OZHHAKOBBEIMH BEPOSTHOCTSIMH: [-3,
515, [7, -51% [10, 177 ([-5, -6]", 1, 1.5]", [5.6, 5.91", [15, -10]%).

[TepBag 3agaya. PaccMoTpeTh 3amauy H3 IpuMepa 1 ¢ mapamerpamvi: m; = [3, 3]T uma=
[1.5, 1.5]T u xoBapHaIMOHHEIMH MaTpHI[aMH S1= S>= 0.5, xommuecTBO MarTepHOB 400.

Bropas 3amaya. PaccMoTpeTh 3ajjauy H3 IIpHMepa 2 ¢ ITapaMeTpaMH: TOYKH ITPOHCXOST

oT TpeX (deTrIpeX) ['aycCOBBIX pacIpeleleHHII ¢ OQHHAKOBEIMH BEePOSTHOCTSMH: [-10,
51%, [5, -10]" [20, 0] ([-10, 1017, [0, OT", [7, 51", [15, -6]%).

[TepBasg 3agaya. PaccMoTpeTh 3amauy u3 rpuMepa 1 ¢ mapamerpami: m; = [0, 0]T um,=
1.8, 1.8]|T u xoBapHaIMOHHBIMH MaTpHIIaMH S1= S,= 0.1, xommuecTBO marTepHOB 400.

Bropas 3amaya. PaccMoTpeTh 3ajjauy H3 IIpHMepa 2 ¢ ITapaMeTpaMH: TOYKH ITPOHCXOST
OoT Tpex (4eThIpex) ['ayCCOBBIX paclipele]IeHHH C OJHMHAKOBBEIMH BEPOSTHOCTSMH: [-2,
21%, [2, -2]" [7, 01" ([-5, -51°, [1, L.5T", [6, 6.5T", 19, -5.5]°).

[TepBasg 3agaya. PaccMoTpeTh 3amauy u3 rmpuMepa 1 ¢ mapamerpami: m; = [0, 0]T uma>=
1.5, 1.4]|T u xoBapHaIMOHHBIMH MaTpHIIaMH S1= S>= 0.3, xonmmuecTBO nmarTepHOB 200.

Bropas 3amaya. PaccMoTpeTh 3ajjauy H3 IIpHMepa 2 ¢ ITapaMeTpaMH: TOYKH ITPOHCXOST
OT Tpex (4eTrIpeX) ['aycCOBBIX pacHpejle]IeHHH ¢ OJHHAKOBBIMH BEPOSTHOCTSMH: [-5.5,
5%, [6.7,-4.5]" [10, O] ([-4, -4]%, [1.1, 1.5]", [5, 51", [20, -5]%).

[lepBas 3agaya. PaccMoTpeTh 3amauy U3 nmpuMepa 1 ¢ mapamerpams: my =[1.1, 0]T mm-
= |1.5, 1.9|T u KoBapHaIlHOHHBIMH MaTpHIIaMH S; = S» = (.2, KOMHYeCcTBO ITaTTEPHOB
200.

Btopas 3agadya. PaccMOTpeTh 3ajauy H3 IpHMepa 2 ¢ ITapaMeTpaMH: TOYKH ITPOHCXO ST

OT TpexX (4deThlpeX) ['ayCCOBBIX pacIipefie]leHHH ¢ OJHHAKOBBIMH BEPOSTHOCTSIMH: [-3,
515 [5, -71" [10, 0]" ([-5, -5]%, [1, 1]°, [8, 8], [15, -91").

[lepBas 3agaya. PaccMoTpeTh 3amauy u3 rpuMepa 1 ¢ mapamerpanvi: mi = [0, 0]T uma>=
1.6, 1.6]|T u xoBapHaIMOHHBEIMH MaTpHIIaMH S1= S>= 0.4, xommuecTBO nmarTepHOB 400.

Bropas 3ama4ya. PaccMoTpeTs 3ajjauy H3 IIpHMepa 2 ¢ ITapaMeTpaMH: TOYKH ITPOHCXOST
OoT TpexX (4deThipexX) I'ayCCOBBIX pacIipefielleHHH ¢ OJHHAKOBBIMH BEPOSTHOCTSIMI: [-3,

61", [6,-5]" [12,2]" ([-6, -6]", [1, 1.4]%, [5, 5], [19, -5]").

CepTtudumkar:
Bnapeneu:

Coaep:xaHue oTdyeta U ero ¢popma

OTYET 1o nabopaTopHOH padoTe JOIMKEH COJIep KaTh CIIeAYIOIYI0 HH(POPMAITHIO:
1) Hazpanme mabopaTopHOH pabOTHI H €€ HOMED.
2) OHO u rpymry cTyaaHTa.

3) @opMyTHPOBKA HHIWBHIYAIBHOI'O 3aJaHHI H HOMED BapHaHTA.
NOKYMEHT NOANMUCAH
SNEKTPOHHOW NOANUCHIO TaTOB paboTel Matlab.
12000002A633E3D113AD425FB50002000002A6

lLlebGayxoea TateAHa AnekcaHapoBHa
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Bonpochbl 415 3a1IUThI padoThbl
1. Hem SVM oTnnyaercsa OoT CETU IPSIMOTO pacIpoCTpaHEeHNA?
2. Hem SVM oTnnyaercs OT IepCceEnTpoHa?

3. Yrto Takoe onTHMaJIbHasl Pa3ACIIAROIIAA FHHEPHHDCHDCTB?

AOKYMEHT NoanmncAH
SNEKTPOHHOW NOAMUCLIO
Ceptudurkar: 12000002A633E3D113AD425FB50002000002A6

Bnapeneu: lLlebGayxoea TateAHa AnekcaHapoBHa
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JIabopaTtopHas padota Ne 5
[Ipumep co3zgaHud 1 0OyUeHUS HeIIpOHHBIX CeTell 1 3aJau KilacCcHpUKaIin
B cpege Matlab. HacTts 1

Ilean 1 coaep:kaHHe padOThI: CO3aTh H OOYUYHTH HECKOIBKO HEIPOHHEIX CETeid,
PeIIaroIHX 3aJauyd KJIacCH(MHKAIMH Ha ITPHMepe 3afadyd HpHcoB Duiepa H ABYX CITHpaeH.
Jagaum:
— pa3zo0paTh pelleHne 3agaun 00 upHcax Ouiepa,
— HAYYHTHCS 00YYaTh CETH C PAa3sHOH apXHUTEKTYPOH H OTOHpPATh M3 HUX HAIUIYYIIIE Ha
ITpHMepe 3a7aun 00 HpHCcax,
— pa3o0paTh pelleHHe 3aaul ABYX CIIHpaleH,
— HaAY4YHTHCS MOAOHpATh PSAI MapaMeTPOB JIIS apXUTEKTYPhl HEHPOHHEBIX CETEH Ha
OCHOBE 3aJlaye O JBYX CIHpalIsx,
— HAYYHTHCS CO3/laBaTh CETH C IIOMOIIBIO pasHEIX (pyHKIHiI Matlab 1 o0Oy4arh Hx ¢
ITOMOII[BIO Pa3HBIX aJTOPHUTMOB Ha OCHOBE 3aJ[a4d O ABYX CIHPAIISIX,

— pa300paTh KOJ 00paTHOI O pacipoCcTpaHEeHHs OIMHOKH JJII 3aJaul O JIBYX CITHPaJISIX.

Teo PETHYCCKOC 000CcHOBaHHe

B rnpexpsigyinen jadopatropHor padoTe paccMaTpHBANCh OYEHb JIETKHE 3aJayM
KIIacCH()HKAI[HH, ITPHYEM TeCTOBOE H BaIHJAIHOHHOE MHOXKECTBO OTCYTCTBOBAIIH. B 3TOMH
TabopaTOPHOI padoTe OYAYT pacCMOTPEHEI JIBa PealIbHBIX ITPHMeEPa 3aJaud KIIacCH(HKAI[HH.

IlepBasg 3agayua — 3T0 3a1adya upHcoB Duimepa. MpHcer Ouimepa coCcTOAT U3 JaHHBIX 0 150
AK3eMILIIpax HpHca, 1o S0 3K3eMITISIpOB H3 TPEX BHA0B — MpHc meTHHHCTHIH (I11s setosa), Uprc

BupruHcKHi (Ir1s virgimca), Upuc pasHorBeTHbIH (1115 versicolor), pucyHok S.1.

— T

Pucynok 5.1 — CneBa HarpaBo: Iris versicolor, Iris virginica, Inis setosa

ﬂuﬂWEHT MOANUCAH JHCA XAPAKTCPH30BAJICHA HYUCTBIPbMA HYHCIIAMIL,
SNEKTPOHHOM NOAMUCHIO _ -
Ceptuchukar: - 12000002A633E3D113AD425FB50002000002A6 [CTHKH LIBCTKOB. [JIHHa HapPyXHOH JOJIHM
Bnapeneu: LLlebGayxoea TateAHa AnekcaHapoBHa

i JonHu okomolBeTHHKa (sepal width), mmiHa
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BHYTPeHHEeH JONMH okojJolBeTHHKa (petal length), mmpmnHa BHYTpeHHeH JOTH OKOJIOIBETHHKA
(petal width); Bcé B caHnTHMeTpax. Ha ocHOBaHHH 5Toro Ha0opa JaHHBIX TpeOyeTcs ITOCTPOHTH
MMPaBIIO KIIaCCH()HKAI[HH, OIpPeelISioNiee BHJ PacTEeHHS IO JaHHBIM H3MepeHHi. OTO 3ajaya
MHOT'OKJIaCCOBOH KIIaCCH(DHKAIHH, T.K. HMEIOTCS TPH BHJIA HPHCA.

Bce maHHBIe IS JAHHOH 3aJayd IIpHBeAcHBI B Tadmmile 5.1. FMeHHO B 1mogo0HOM BHIIE
3aIlHCHIBAaeTCs OOJIBIMHHCTBO 3afady KinaccH@ukaii. CTOHT oOpaTHTh BHHMAaHHE, YTO JaHHEIE
IIPHBEJIEHbI B BEIeCTBEHHOM (popMare, TAe pa3AelIHTelleM CIYKHT 3aliras, a He TO4YKa. OTO
CIeIaHO JJII TOro, YToOsl Excel nmpaBHIFHO HHTEPIIPETHPOBAI BEeIIECTBEHHBIE YHCIIa, T.K. B 3TOIl
cpelie pa3felINTelIb — 3aIirasl, a TOYKa OOBIYHO HCITONB3YETCS JJIS 3aIlHCH JTaThl.

Tabmia 5.1 — JlaHHbie 11 3agauyn HpHcoB DuIepa

Ne [ Sep | Sepa | Petal | Petal | Species Ne | Sepa | Sepa | Petal | Petal | Species
1 5.1 3.5 1.4 0.2 I setosa 76 0,0 3,0 4.4 1.4 | I versicol
2 4.9 3.0 1.4 0.2 I setosa 77 0.8 2.8 4.8 1.4 | I versicol
3 4,7 3.2 1.3 0.2 I setosa 73 0,7 3.0 5.0 1.7 | I versicol
4 4.6 3.1 1.5 0.2 I setosa 79 6.0 2.9 4.5 1.5 | I versicol
5 5.0 3.6 1.4 0.2 I setosa 80 5,7 2,6 3.5 1,0 I versicol
6 5.4 3.9 1.7 0.4 I setosa 81 5.5 2.4 3.8 1.1 I versicol
7 4.6 3.4 1.4 0.3 I setosa 82 5.5 2.4 3.7 1.0 | I versicol
8 5.0 3.4 1.5 0.2 I setosa 83 5.8 2.7 3.9 1.2 | I versicol
9 4.4 2.9 1.4 0.2 I setosa 84 6,0 2.7 5.1 1,6 I versicol
10 | 4.9 3.1 1.5 0.1 I setosa 85 5.4 3.0 4.5 1.5 I versicol
11 | 5.4 3.7 1.5 0.2 I setosa 86 6.0 3.4 4.5 1.6 | I versicol
12 | 4.8 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 83 0,3 2.3 4.4 1.3 I versicol
14 | 43 3.0 1.1 0.1 I setosa 89 5.6 3.0 4.1 1.3 I versicol
15| 5,8 4.0 1.2 0.2 I setosa 90 5.5 2.5 4.0 1.3 | I versicol
16 | 5,7 4.4 1.5 0.4 I setosa 01 5.5 2.0 4.4 1.2 | I versicol
17 | 5.4 3.9 1,3 0.4 I setosa 92 0,1 3,0 4.6 1.4 | I versicol
18 | 5.1 3.5 1.4 0.3 I setosa 93 5.8 2.6 4.0 1.2 I versicol
19 | 5,7 3.8 1.7 0.3 I setosa 94 5.0 2.3 3.3 1.0 | I versicol
20 | 5,1 3.8 1.5 0.3 I setosa 95 5.6 2.7 4.2 1.3 | I versicol
21 | 5.4 3.4 1,7 0.2 I setosa 96 5,7 3,0 4.2 1.2 I versicol
22 | 5.1 3.7 1.5 0.4 I setosa 97 5,7 2.9 4.2 1.3 I versicol
23 | 4.6 3.0 1.0 0.2 I setosa 08 0.2 2.9 4.3 1.3 | I versicol
24 | 5,1 3.3 1.7 0.5 I setosa 99 5.1 2.5 3.0 1.1 I versicol
25 | 4.8 3.4 1,9 0.2 I setosa 100 | 5.7 2.8 4.1 1.3 I versicol
26 | 5.0 3.0 1.6 0.2 I setosa 101 | 6,3 3.3 6.0 2.5 I virginic
27 | 5,0 3.4 1.6 0.4 I setosa 102 | 5.8 2.7 5.1 1,9 | I virginic
28 | 5,2 3.5 1.5 0.2 I setosa 103 | 7.1 3.0 5.9 2.1 1 virginic
29 [ 5.2 3.4 1.4 0.2 I, setosa 104 | 6.3 2.9 5.6 1.8 | I vfréfnfc
30 | 4.7 3,2 1.6 0.2 I setosa 105 | 6,5 3.0 5.8 2.2 I virginic
31 | 4.8 3.1 1.6 0.2 I, setosa 106 | 7.6 3.0 0.6 2.1 I v.fré{fnfc
32 | 54 3.4 1, 0.4 I setosa 107 | 4.9 2.5 4.5 1,7 | I virginic
33 3,2 AOKYMEHT MOAMWUCAH 08 | 7.3 2.9 0.3 1.8 | I virginic
CepruduKart: 1EDE%EEZEZE;EEEEEEQ;EECG?]EGGGGGEAE 091 0.J 2, 2,8 L8 |/ V{FE{H{C
Bnapeneu: Webayxosa TaTbAaHa AnekcaHaposHa 10 732 3:'6 6:' L 295 1 virguiic
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36 | 5,0 32 1,2 0,2

tn
=
S
=

111 | 6.5 3.2 5.1 2,0 | I virginic

37 1 5,5 3.5 1.3 0,2 setosa 112 | 6.4 2.7 5.3 1.9 | I virginic

38 | 4.9 3.6 1.4 0,1 setosa 113 | 6.8 3,0 5.5 2,1 I virginic

39 | 4.4 3.0 1.3 0,2 setosa 114 | 5.7 2.5 5.0 2.0 I virginic

40 | 5,1 3.4 1.5 0,2 setosa 115 | 5.8 2.8 5.1 2,4 | I virginic

41 | 5,0 3.5 1.3 0,3 setosa 116 | 6.4 32 5.3 2.3 | I virginic

42 | 4.5 2.3 1,3 0,3 setosa 117 ] 6,5 3,0 5.5 1.8 I virginic

43 | 4.4 3,2 1.3 0,2 setosa 118 | 7.7 3.8 0,7 2.2 I virginic

44 1 5,0 3.5 1.6 0.6 setosa 119 | 7.7 2.0 0.9 2,3 | I virginic

45 | 5,1 3.8 1.9 0.4 setosa 120 | 6.0 2.2 5.0 1.5 | I virginic

46 | 4.8 3.0 1.4 0,3 setosa 121 | 6,9 3,2 5,7 2.3 I virginic

47 | 5.1 3.8 1.6 0,2 setosa 122 | 5.6 2.8 4.9 2.0 I virginic

Rl Rl Mol Hal Mol Mol Rl Ml Mol Mol Mol Hanl R

48 | 4.6 3.2 1.4 0,2 setosa 123 | 7.7 2.8 0,7 2,0 | I virginic

49 | 5,3 3.7 1.5 0,2 I setosa 124 | 6.3 2.7 4.9 1.8 | I virginic

50 | 5.0 3.3 1.4 0,2 I setosa 125 | 6.7 3.3 5,7 2,1 I virginic

51 | 7.0 3,2 47 1.4 versicol | 126 | 7.2 3,2 6.0 1.8 I virginic

52 | 6,4 3.2 4.5 1.5 versicol | 127 | 6.2 2.8 4.8 1,8 | I virginic

53 | 6,9 3.1 4.9 1.5 versicol | 128 | 6.1 3.0 4.9 1.8 | I virginic

54 | 5.5 2.3 4.0 1.3 versicol | 129 | 6.4 2.8 5.6 2,1 I virginic

55 | 6.5 2.8 4.6 1.5 versicol | 130 | 7.2 3.0 5.8 1.6 I virginic

56 | 5,7 2.8 4.5 1.3 versicol | 131 | 7.4 2.8 0.1 1,9 | I virginic

57 | 6,3 3.3 4.7 1.6 versicol | 132 | 7.9 3.8 0.4 2.0 | I virginic

58 | 4.9 2.4 33 1.0 versicol | 133 | 6.4 2.8 5.6 2.2 I virginic

59 | 6.6 2.9 4.6 1.3 versicol | 134 | 6.3 2.8 5.1 1.5 I virginic

60 | 5,2 2.7 3.9 1.4 versicol | 135 | 6.1 2.0 5.6 1,4 | I virginic

61 | 5,0 2.0 3.5 1.0 versicol | 136 | 7.7 3.0 0.1 2.3 | I virginic

62 | 5.9 3.0 4.2 1.5 versicol | 137 | 6.3 3.4 5.6 2.4 | I virginic

63 | 6.0 2.2 4.0 1.0 versicol | 138 | 6.4 3.1 5.5 1.8 I virginic

64 | 6,1 2.9 4.7 1.4 versicol | 139 | 6.0 3.0 4.8 1,8 | I virginic

65 | 5,06 2.9 3.0 1.3 versicol | 140 | 6.9 3.1 5.4 2.1 1 virginic

66 | 6.7 3,1 4.4 1.4 versicol | 141 | 6.7 3.1 5.6 2.4 | I virginic

67 | 5.6 3.0 4.5 1.5 versicol | 142 | 6.9 3.1 5.1 2.3 I virginic

68 | 3.8 2.7 4.1 1.0 versicol | 143 | 5.8 2.7 5.1 1,9 | I virginic

69 | 0,2 2.2 4.5 1.5 versicol | 144 | 6.8 32 5.9 2.3 | I virginic

70 | 5.6 2.5 39 1.1 versicol | 145 | 6.7 3.3 5,7 2.5 I virginic

71 | 5.9 3,2 4.8 1.8 versicol | 146 | 6.7 3.0 5.2 2.3 I virginic

72 | 6,1 2.8 4.0 1.3 versicol | 147 | 6.3 2.5 5.0 1,9 | I virginic

73 | 06,3 2.5 4.9 1.5 versicol | 148 | 6.5 3.0 5.2 2.0 | I virginic

74 | 6.1 2.8 47 1.2 versicol | 149 | 6.2 3.4 5.4 2.3 I virginic

Nl BT N Ban] ol Rl Mol Nat) Nl Mo ] San Mol Mol Ml Mot o'l Nol Nan v San ] M T Ml Mol Mol Mo ] Baul

75 | 6.4 2.9 43 1.3 versicol | 150 | 5.9 3.0 5.1 1.8 I virginic

JlarHass BRIOOpKa IO HpPHCaM SBIISETCSA OJHOH M3 KIIAaCCHYECKHX 3aJad KIacCH(pHKAIHH.
UTOoOBI OIIEHHTH CIOKHOCTBH Pa3JelIMMOCTH KIACCOB, MOXKHO OTOOPa3HTh TOUKH B ITPOCTPAHCTBE
MIPH3HAKOB. TaK KaK Ka)KIbIH LBETOK XapaKTePH3YeTCS YETHIPhMS YHCIAMH, TO HCKOMAas TOYKa
IEKHT B 4-X MEPHOM ITPOCTPaHCTBE, OTOOpasHTh HENb3S, HO MOKHO OTOOpPasHIb OT ABYX H OT

THEX TanaMeTnoR  Ha nucvHke 5 2 mmUReneHo DACIIONOKeHHEe KIIacCOB B 3aBHCHMOCTH OT ABYX
AJOKYMEHT NoanncAH

SNEKTPOHHOW NOANMUCHIO
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PucyHOK 5.2 — PacronoxeHHe 3K3eMIUISPOB KJIACCOB HPHCOB (DHINEpa B 3aBHCHMOCTH OT ABYX

rmapamMeTpoB: petal width u petal length
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Prcynok 5.3 — PacnonokeHHe 3K3eMIUISIPOB KilaccoB HpHCOB (DHINepa B 3aBHCHMOCTH OT TPEX

nmapaMeTpoB: petal width, petal length, sepal width

3 pucyHKoB BHIHO, uTO I11s setosa (Ha pHCYHKe 5.2 — CHHHE KPEeCTHKH, Ha PHCYHKe 5.3 —
KpacHbIE KPEeCTHKH) JTHHEHHO OTAEIIHM OT JABYX JPYTHX KIacCOB, KOTOPBIE HE CIIHIIKOM CHJIbHO
CMEIIaHbl MeXIay coOoH. T.e. 3amaya He CIHIINKOM CJIOKHAS, KaKABIH KIIacC HMEET SPKO
BBIPAKEHHBIH COOCTBEHHBIH L[EHTP B IIPOCTPAHCTRE ITPH3HAKOB.

Bropas 3amaya — 3T0 3ajaya O CIIHPAJLISIX, KOTOPBIE HY/KHO pas3AellTh. OORIYHO HMEETCSH B

BHAY JBad KJIIdaCCad, SK3CMIUIAD KdKJO0I'0 KIIdCCd — 3TO TOUKA B JBYMCPHOM IIPOCTPAHCTEC, KaKIBbIH
KIdCC — 3TO OAH4 H3 HCIICPCCCKAIOIIIIXCH GHHPHHE]?I:, PHCYHOK 5.4. CoOTBETCTBEHHO HY¥HO

OTJIEIINTh OJHY CITHpalb OT APYIOH.

AOKYMEHT NoanmncAH
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PHcyHOK 5.4 — J|Be HellepeceKaroIHec s CITHPAaJIH

Ora 3agadya — IIPHMEP CHHTETHYECKHX (CreHEpHPOBAHHBIX YEIIOBEKOM) JaHHBIX. ECTh
Pa3HBIe BapHAHTHI 3TOH 3aJauM: 3 CITHPaIH, S CITHPAJIEH H T.J.

[ IprMep ITH crpaiiel IIpHBEAEH Ha PHCYHKE J.5.

= Tabing Daia

PrucyHok 5.5 — [1are crimpanen

COOTBETCTBEHHO PeENIeHHe IS ITOZOOHBIX 3afay OyAeT IIpeACTaBIdars H3 ceda N
CITHpPAJIEBHAHBIX IMOBEPXHOCTEH M3 CHIMOIJ, HAa BEPIIMHE KaKJIOH JIEKHUT HYKHBIH KJIacc, a B
TTOKOHMHE BCE OCTAJIbHBIE KIIACCHI. [IpHMep TakoH IMOBEPXHOCTH IS ITATH CIMpaliel ITOKa3aH Ha
PHCYHKE 5.6 (ITIOBEpXHOCTh OTOOpa’kaeTcs B JAHHOM CIIydae Yepe3 OTBETHI CETH, ITOKpaIlleHHBIE B

pPa3HBI IBET).

AOKYMEHT MNOANnMcAH
QNEKTPOHHOW MNMoAarnncbio
Ceptudukar: 12000002A633E3D113AD425FBS50002000002A6
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PucyHOK 5.0 — PazzieneHne 1saru crmpanen

Ha pucyHke 5.7 mokKasaH IIpHMED ITOBEPXHOCTH OTKIIMKA IS ABYX CIHpANICH, CHHHI I[BET

— moxOHHa 11 HEpEGﬁ CIOIpaJIH, I{pﬂCHB]ﬁ IIBET — BO3BBIIMICHHOCTE IJIA ETGpGﬁ CITHpPaJIIl.

PucyHOK 5.7 — IIoBEpXHOCTh OTKIIHKA JUIS 3aJlaul O Pas3JelIeHHH IBYX CIIHpalIeH

JIimst Toro, 4ToOBl JETAIbHO pa300paThCsd KaK ITPOHMCXOMHUT IIOCTPOEHHE ITOBEPXHOCTH
OTKJIIMKA CMOTPHTE ITPIIOKEHHE 1.

B ornmume OT 3aJay IIEPBOrO KJIAcca, KOTOPBIE BCTPEYAIOTCS B PEATBHOH (IIPHPOIEN,
TakHe 3agaud 11d MHC ci1oKHBI H cO3aHbI ITTaBHBIM 00pa3oM IS Te CTHPOBAHHS MOIIHOCTH TOH
HIH HHOM ceTH (Tak, g rmaru criupanei TpedyeTca 6ombime 16000 smox oOyueHH ).
3amaya O JBYX CIHpalIsIxX IosgBHIach BIepBHe B [1]. B craThe Taxke IpHBelEéH Ko Ha C Mo
TeHEPHPOBAHHIO ATOr0 Habopa JaHHBIX.

B TaGmnmiie 5.2 mpHBEAEHEI JaHHbBIE U1 3aJa4YH JBYX CIIHPAJICH.

Tabmmra 5.2 — JlaHHbIe A1 3aJa4H O pa3AelIcHHN IBYX CITHpalcH

Ne X Y Class Ne X Y Class

1 0,5 0 ] 98 3.5 0,00008 -1

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

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

! -6,3138 -1,2559 -1 101 -3,11800 | -1,29163 1

< S 22072 eWELTE 1 102 3,11806 | 1,29163 -1

OKYMEHT NOAnucAH 2 2

SHEKTPOHHOM NoAnUCHIO 103 -2,7542 | -1,84039 l

Ceptucpukar: 12000002A633E3D113AD425FBS50002000002A6 104 2.7542 1.84039 -1
Bnapenew: Lebayxasa TatbaHa AnexcaHaposHa 105 -72.720804 -2 720815 1

Nencreutened: ¢ 20.08.2021 no 20.08.2022




9 4,41941 4,41943 1 106 2,29804 | 229815 -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 -3.437758 -5,14473 -1 109 -1,19581 | -2.88715 1
13 2,34392 5,065877 1 110 1,1958]1 2,88715 -1
14 -2,34392 -5,065877 -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 0 1 114 -0,00008 3 -1
18 0,00002 -0 -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 1,5626 -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 4,00584 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 -5,455603 1,08515 1 128 -2,51328 | 0,49985 -1
32 5,45563 -1,08515 -1 129 2,5 0,00007 1
33 -3,5 -0,00004 1 130 -2.5 -0,00007 -1
34 5,5 0,00004 -1 131 2,39065 0,4756 1
35 -5,33301 -1,00085 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
33 4,96584 2,05696 -1 135 1,92273 1,28482 1
39 -4,41716 -2,95151 1 136 -1,92273 | -1,28482 -1
40 441716 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
477 -0,98759 -4,96524 1 144 -0,40231 | -2,02288 -1
48 0,98759 496524 -1 145 -0,00007 2 1
49 0,00006 -3 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 1,865604 -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
== 3 FORAIEEE NORRIGAR '- 154 | 123748 | -1,23739 1

SNEKTPOHHOW NOANMUCHIO 155 -1,40314 | 0,93748 1
Ceptudoukat: 12000002A633E3D113AD425FB50002000002A6 156 1:403 14 _0:9 3748 -1

Bnageneu:

tHebayxopa TateaHa AnexkcaHgposHa
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60 -3.89755 2,60418 -1 157 -1,50133 | 0,62181 1
0l 4,27297 -1,76985 1 158 1,50133 | -0,62181 -1
02 -4,277297 1,76985 -1 159 -1,53249 | 0,30477 1
03 A4,47485 -0,89004 1 160 1,53249 | -0,30477 -1
04 -4 47485 0,89004 -1 161 -1,5 -0,00006 1
05 4.5 0,00007 1 162 1,5 0,00006 -1
00 -4.5 -0,00007 -1 163 -1,40987 | -0,28049 1
67 4,35222 0,806578 1 164 1,40987 | 0,28049 -1
08 -4,35222 -0,80578 -1 165 -1,27031 | -0,52624 1
09 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 1,09128 | 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 -0,06597 -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,.80183 1 180 -0,18293 | 0,91948 -1
84 0,76824 -3.80183 -1 181 0,33488 | -0,80838 1
85 -1,48297 3.58 1 182 -0,33488 | 0,80838 -1
80 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 -2,06516 -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

HEHPOHHOH CETH K paHee HEM3BECTHOH 3aJaue.

OJHO3HAYHO ITO00paTh onTHManbHYIO CTpYKTYpyY MHC Kk 3amade (a Te, 4TO €CTh — IS IIPOCTHIX
CeTel H He BCerjia JaroT KaueCTBEHHBIH pe3yibTaT). [IoaToMy KelmaTeabHO OTTAJIKHBATLCSI OT YIKe

TOTOBBIX PEIIEHHI 3TOH HIIHM IT0X0XKeHl 3aja4. J[oITyCTHM, ITOTYYHTh HaYalIbHYIO CTPYKTYPY CETH

Ceptudumkar:
Bnagened,.

OOKYMEHT MNOANWCAH

SNEKTPOHHOW NOAMMCHLIO
12000002A633E3D113AD425FB50002000002A6

LLieBayxoma TaTtbAHa AneKcaHpoBHa
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PaccMOTpHM Ha IIpHMeEpPe PENIeHHS 3afayd HpHCOB Dmimepa OOIHH alIropHIM Itogdopa

He cymecTByeT HaA&XHBIX MaTeMaTHYeCKHX (DOPMYJI, C IIOMOIIBI0 KOTOPHIX MOIKHO

\HIBI nnstart, u BeIOOpa JaHHOH BBEIOOPKH H3

cH(ukaiue). Ho mpeamonokuM, 4To HaM He




VIAJIOCh TOJMYUYHTh HHKAKHX HIEH O TOM, Kakasg JOJKHA OBITH ceTh. Torjga eIHHCTBEHHBIH ITYTh
METOIOM Ilepedopa: OOYUHTE HEKOE KOIHYECTBO CETEH M M3 HHX BBRIOPATH CETH C ONTHMAIILHOH
CTPYKTYPOH.

OO ro1aH padoTel OYIeT TaKOMH:

1) Pa3ObmBaeM HCKOMYKO BHIOOPKY Ha TpPH IIOAMHO’KeCTBa:. oOOy4YaroIee, TeCTOBOE,
BAIIMJAIITHOHHOE (TOT CIy4ail, KOr/a 3TO IIOAMHOKECTBO OYIET ITOIE3HBIM).

2) IlepebupaeM 25° cereil obmei cTPyKTYpHL 4-1-j-3, rie 1, ] = 1..25. J[Ba CKPBITBIX CIIOS —
5TO KOHEYHO M3IIHINECTBO IS JAHHOH 3aJadyi, HO OHH IIPHBEAEHBI IS JIEMOHCTpalHH Oojiee
IONMHOro Iiepedopa. B 1epebope HCIOIMB3yeM IS KOHTPOIS OT IIepeoOyUYEHHS TOJIBKO
BAIIMJAIITHOHHYIO BHIOOPKY. 3allOMHHAaeM CeTh C HAWIYWIIHMH 1, ] (TaKHMX ceTeH MOXKeT OBITh
HECKOJIbKO, ITO3TOMY 3allOMHHaeM eM€é H ¢ HaHMEHBIIHMH 1 H ]). «HammydummecTs» ceTH
OIPEIENAeTCS II0 KOJHYECTBY PaclO3HAHHBIX IMATTEPHOB Ha BalMAAILMOHHOH BBIOOpDKE. YEM
OOIIBIIE PACIIO3HAIIH, TEM JIVUIIIE.

3) Jlanee oObemMHIeM oOyYarollee H BalHJallHOHHOE MHOKECTBO B HOBOE€ oOydarolmee, H
VUHM Hally BBIOPaHHYIO CeThb (4-lconst-Jeonst-3). B KadecTBe KOHTPOIS HCIOIb3yeM TeCTOBOE
MHOKECTBO, KOTOpOe Tenephb (POpMaIbHO OyAeT HOBBIM BallHJaI[HOHHBIM.

Kax BHIHO, TECTOBOE MHOKECTBO HE HCIIOIB3YETCS B Ipollecce mogdopa CTPYKTYPEL CETH,
5TO CclieJlaHO JUIA TOro, YTOOBI 3TO MHOKECTBO He CTalo apre(pakToM OOy4YEHHST, a OCTaIoCh
O0OBEKTHBHOI MepOH OLIEHKH KauecTBa O0yueHHs. ECIIHN Ke CTPYKTypa CeTH M3BEeCTHA Cpasy HIH
KOITHYECTBO BO3MOJKHBIX CTPYKTYP, H3 KOTOPBIX ITPOHCXOAHT BEIOOpP, OyaeT HeOOJBIIHM, TO
MOKHO BaJIHIAIMOHHYIO BRIOOPKY HE HCIIONB30BaTh, a cpa3y OHTh BCe JaHHBIE Ha OOYYAIOIYIO H
TECTOBYIO BEIOOPKI.

JIMCTHHT ITporpaMMbl ¢ KOMMEHTApHSAMH IMPHBEAEH HIDKe. [IporpamMma cocrariieHa Oe3
HCITOIB30BaHHS KaKOH-THOO MOIYIBHOCTH (IIPOLeAYP, () YHKIHI, OHOMHOTeK-MOIYIIEH).

% 3azpy3Ka 6uldopKuU

load fisheriris;

% pucyem nammepHsl Kiaccoé om sepal length u sepal width
gscatter(meas(:, 1), meas(:, 2), species, 'rgb’, 'osd’);
xlabel('Sepal length');

yvlabel('Sepal width');

% 0bEM UCKOMYFO 6bIOOPKY HA MPU YACMIL: MECM060¢e, 6 WIHOAUHOHHOE U
% obyuarouiee MHOIMCECMEO

colindx = 1:4;

trainSeto = meas(1:35, collndx);

trainVers = meas(51:83. collndx):
NOKYMEHT. NOANMWUCAH
SNEKTPOHHOW NOANUCEIO
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testSeto = meas(44:50, collndx);
testVers = meas(94:100, collndx);
testVirg = meas(144:150, collndx);
% popmupyem omeemst yuumensa

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

% 3arH060 00beOUHAEM 6 CE MHOMCECHEA 6 00HO, HO NAMMEPHDLL YHCe

% pacnonazarwmca 6 HYHCHOM HAM NOPAOKe 1L OHO MpPAHCNOHUD 06 AHO

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))];

% oghopmiiiem omeemsl 4 MPAHCROHUPYEM MPU ROOMHONCECMEA

trainSet = [trainSeto' trainVers' trainVirg'|;

trainT = [repmat(a, 1, length(trainSeto)) repmat(b, 1, length(trainVers)) repmat(c, 1,
length(trainVirg))|;

valSet = [valSeto' valVers' valVirg'|;

vall = [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))];

% uHUUUAIUIUPYEM HEKOMOpble HAYAIbHbIE NEPEMEHHbIE neped 00yUeHILeM

size = 25;

trainCor = zeros(size, size);

valCor = zeros(size, size);

MAX = 0;
max_i = 0;
max _j = 0;

% nepebdupaem 6 03MONHCHbIE CHIPYKIYPBL CEMell U P06 00UM 00 yueHile
for i = 1:size,
for j = 1:size,
net = newil(initSet, T, [ij], {'tansig’ 'tansig’ 'tansig'}, 'trainbfg');
net = init(net);
% oumo dyoem uepes 0uaAna3oHsl UHO EKCO6
net.divideFcn = 'divideind';
% 012 odyuarwuiezo MHoMCECMEd
net.divideParam.trainlnd = 1:105;
% 014 64110 AUHLOHHOZO
net.divideParam.vallnd = 106:129;
% MAKCUMAIbHOE KOJIUYUECME0 OULUD OK HA 61U AL OHHOM
% MHOMCECMEE, UMEeemcA 66U0Y, UMO OUIUDKA 00yueHUA nadaem,
% a oudKa HA 6ANUOAUUOHHOM MHOMCECHEE PACMEM
net.trainParam.max_fail = 2;
% odyuaem cemo

NOKYMEHT NoanncCAH
SNEKTPOHHOW NMOAMUCHIO .
CepTuchukar:  12000002A633E3D113AD425FB50002000002A6 ‘uvacmu
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Z. = sim(net, valSet);
% eblcuumMBléAEeM NPOUECHM NPACUTILHBLIX ONEEHO06
col = 0;
for k = 1:length(trainSet)
% npoueHm nNPasUIbHbIX ONEENI06 ONpeo eyiaemca uepes e6KIU0060
% paccmoaHue Mexcoy omeemom yuumesisl i 0meemom cemi,
% eenuuuHa pacxoxcoeHus — He vonee 0.01
if norm(trainI (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(}, j) = 100 * col / length(valT);
% onpeoenaem MAKCUMAIbHOE KOJIUYECH60 ON6Em06, NPUUEéM
% coxpaHaem cemb ¢ MUHUMQIbHOU apXumexkmypoil (6 yciosuu
% ucnonsvzyem “>", ane “>="
if valCor(i, j) > MAX
MAX = walCor(i,
j); max_i=i
max_j = j;
end
end
end

figure
% pucyem noayuuéuieca Mampubl
surf(1:size, 1:size, trainCor);
% 6 3-D
view(3)
% 6 2-D
view(2)
figure
surf(1:size, 1:size, valCor);
view(2);
% yuuM 6bl10pAHHYIO Cemb 00 mex nop, NOKA KOJIHUECHE0 NP ASUTILHBIX
% omeemoeé Ha 6cex upucax He cmarem doasute 90%
Q=10;
while (Q < 90)
net = newfi(initSet, T, [max_i max j|, {'tansig' 'tansig' 'tansig'}, 'trainbfg');
net = init(net),
net.divideFcn = 'divideind';
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net.divideParam.vallnd = 130:150;
net.trainParam.max_fail = 3;
[net, tr] = train(net, initSet, T);
7.1 = 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);
en

CHayaa BBIBEJAEM pPacIipcACJICHHE KIIACCOB, PC3YJIbTAT IIOKAd3dH Hd PHCYHKC 5.8.
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Prcynok 5.8 — PacnipejielieHHe ITaTTEPHOB KIIaCCOB B 3aBHCHMOCTH OT JBYX ITapaMeTPOB: sepal

width u sepal length

3aTeM pPa3o0bEM HCXOMHOE MHOXKECTBO Ha TPH BBEIOOPKH: BalHAALMOHHOE, TECTOBOE,
oOyuaromee. Kaxxapli Knacce peacraBieH S0 marrepHaMH, 35 H3 HHX OCTaBHM IS 0OydaroIeHn
BEIOOPKH, 8 — JUIS BAIMJAILIHOHHOH H 7 — JIJIS TECTOBOM.

CTOHT OTMETHTh, UYTO pa3zOHTHe BBIOOPKH Ha TPH MHOXKECTBAa — CEPhE3HOE Jeno. B
yueOHOH 3aJaue MOKHO OOOHTHCH ITPOCTBIMHM JHAIla30HAMH HE VITIVOJISISICHE B TO, KaKHE JaHHBIC
IIONAAYT B 3TH JHAIla30HBI, B PealbHBIX K€ 3aJadax TaKk OMTh Helb3sd. B OMHHM JHaAlIa30HBEI MOI'YT
ITOIacTh KPYIMHBIE BBIOPOCH! (HETHIIMYHBIE 3HAYEHHST), B JAPyrHe — YCpPeJHEHHBIE JaHHBIE. B
pe3yIbTaTe MOKET ITOIYUYHTHCS, YTO, JOITYCTHM, BaIHAAIMOHHAS H TECTOBAas BHIOOPKH OYIyT

COCTABJICHBI HCKOPPCKTHO.

Korma mer 3arpysmnn BeIOOpPKY (load fisheriris), To MaccHB species cTal cofepKaTh
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[Ipu cosgaHuu ceTH ¢ IToMOIBI0 newlf() He 00X0oHMMO 0003HAYHTE, YTO BEIXOMHOH HEHPOH



OyneT oOnagaTh HeTHHEHHOH (DYHKI[HEeH aKTHBAL[HMH, HHa4e IT0 YMOTYAHHIO, cpeJia CO34acT CeTh C

HeHPOHAMH, HMEFOIIHMMH Ha BBIXOJle (PYHKIHIO purelin, prcyHOK 5.9.

Al Cuszorm Moura Hotwork fcw) L |nl=l

Hidden Layer 1 Hidden Layer 2 Output Layer

2 3 3

Output

PucyHOK 5.9 — CeTh, KOTOPpas CO34ACTCS IT0 YMOMYAHHIO, eclIH B newll() Ipsmo He yKaszars, 4To

HY?KHBI (DYHKITHH tansig

[TponieHT NpaBHIILHO PacIIO3HAHHBIX ITATTEPHOB H3 OOy4YaroIeH BBIOOPKH ITPHBEAEH Ha

pucyHKe 5.10 (maccuB trainCor).
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Pucynok 5.10 — Maccus trainCor, KelThle I[BETa COOTBETCTBYIOT BHICOKOMY ITPOIIEHTY

PacCIIO3HAHHBIX IIATTCPHOB, CHHHE - HH3KOMY

Ha pucynke 5.11 npuBenéH maccHB valCor, IMeHHO IO HEMY OIIpeJIeNsIeTCsI IIePBBIH

MaKCHMAaJIbHO ITPaBHILHEIN OTBeT. B JaHHOM ciaydae max = 100, max 1=1, max j=3.
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Pucynok 5.11 — Maccus valCor

MoXHO HaOMOAATh BBHICOKYIO KOPPEISAIMIO MEXIY ABYMS MacCHBAaMHM, YTO T'OBOPHT O
XOpoIeM pa3zOHEHHH HCKOMOI'O MHOJKECTBA Ha BaIMIAIMOHHYIO H OOYYArOIYIO BEIOOPKH. Takxke
BH/IHO, UTO TIPABBIH BEPXHMH YIOI MATPHIIBI 3HAUHTEILHO JKEJITee, YeM HIDKHII IJIEBBIH, YTO
TOBOPHT O TOM, UTO C POCTOM CKPBITBEIX CIIOEB KAUECTBO PEIIEHNA 3aayull YVIIVUIIIAcTCH.

[ IpuMep 0OYyUYEHHS CETH CO CTPYKTYPOH 4-25-25-3 MpUBeAEH Ha PHCYHKE 5.12.

E‘ Mewral Metwork Training Performance (plotperiorm), Epoch 34, Validation stop.
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Best Validation Performance is 0.00049829 at epoch 31

1k

rain
YWalidation

Mean Squared Error (mse)

10 10 Pl 20 I
34 Epochs

=
=Y

PucyHOK 5.12 — BuHO, yTO Ha 31 31oxe Ha BaIMAAIlHOHHON BEIOOPKH OBLT JOCTHIHYT JIYYIIIHI
pe3yIbTar, IIOTOM ITPOH30MIET POCT OMIHOKH, a TaK KaK 3HaueHHe max fail ycTaHOBIeHO B 2, TO
OYeHb OBICTPO 00YUeHHe OBLIO IIPEPBAHO, YTOOKI CETH HE Mepeo0yUuniIach H He IPeBPaTHIACh B

OJOKYMEHT NoanmvucAH HantARb
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IIEPBOHAYAILHON BBEIOOPKH, HO TaKKe MOJKHO HCIIOIB30BaTh KPHTEPHH OL[EHKH TOIBKO Ha
TeCTOBOH BEIOOpKe. CTOHT OOpaTHTh BHHMAHHE TaKKe Ha TO, YTO IIEPBOHAYAIbHAS 0OYYaroIas 1
BAIMJAI[HOHHAS BBEIOOPKH ORI OOBEAMHEHBI B HOBYVIO OOVYAIOIIYIO BBEIOOPKY, a HCKOMAas
TECTOBAs BEIOOPKA CTalla HOBOH BaJIMAAI[HOHHOM.

Jlasiee pacCMOTPHM DPeEIllEHHE 3aayM O CITHPalIH. OTa 3aJaya CUHTASTCS CIIOXKHOH, T.K.
nake He pa30HBasl HCKOMYIO BREIOOPKY Ha TECTOBOE M OOYYAIOIIee MHOKECTBO TSKEIO 3aCTaBHTh
CETh IIOCTPOHTH CIMHMPAIBLHYIO IIOBEPXHOCTH OTKIIHKA. PelmM 5Ty 3ajady ¢ IIOMOINBIO CETEH
Pa3HOH CTPYKTYPHL H Pa3HEIX aJITOPHTMOB O0YUEHHS.

Kak BHIHO M3 PHCYHKA J.7 IOBEPXHOCTh OTKIHKA JIONIXKHA OBITH CIHMPAIbHOH, ITPHYEM
OIHH KJIacC JOJIKEH JIEKATh HA BO3BBIIIEHHOCTH 3TOH IIOBEPXHOCTH, a APYITOH — B HU3MEHHOCTH.
[IepBBIH CKPBITBIH CJIOH HEHPOHOB MOJEIHPYET CHIMOHIBI, a BTOPOH OO0BeAHHSET HX B Oojice
CIIOJKHBIE TTOBEPXHOCTH. CTAaHOBHTCS OUYEBHIHBIM, YTO JJIS JAHHOH 3aJayH JTOCTATOYHO CETH CO
CTpYKTypoit 2-N-1, re coOcTBEeHHO BBHIXOJHOH HEHpPOH M O0BeJHHHT CHIMOMIBI (COPHEHTHPYET
HX TaK B IIPOCTPAHCTBE), UTOORI OHH OOBEIHHHIINCH B CIHpanb. HeoOXommMO TeIeps BBHIOpaTh
3HaueHHe N. Kak yXe oTMe4anoch, TOYHBIX (DOPMYII HET, €CTh IIPHMepPHBIe (POPMYIIBI. J[JI5 ceTH ¢
OJTHHM CKPBITBIM CII0eM (DOpMYIIa HMeeT BH]I

N=" |
. (5.1)
rae N — KOJIMYeCTBO HEHPOHOB B CKPEITOM CJI0e, I, O — KOMHYECTBO HEHPOHOB BO BXOAHOM
H BEIXOJTHOM CJIOSIX COOTBETCTBEHHO. o,

JIIIsT ceTH ¢ IBYMS CKPBITBIMH CIIOSMH OyJIeT TaK:

o
r=
: 5
IN=0*r"
{ o s
(M=07T (5.3)

e N1 H N> — KOIIHYeCTBO HEﬁPGHDB B IICPBOM H BTOPOM CJIOAX COOTBETCTBCHHO.

Kak HeTpyaHo yOemmurhes, opmymna (5.1) amg 3agayH O CIIMpalH He paboTaeT, T.K.
N=| 2 |-1, uro, Pa3syMEETCS, HE JAacT pelleHHd 3amadd. llosromy octaércsa nmHOO IPHMEHSTH

v
ITOCTEIIEHHBIH POCT CETH H CMOTPETh Ha pe3yJbTaT, JIMOO HCKaTh B IIHTEepaType IPHMEPHBIH

pa3Mep. M3 [3] craHoBHTCA sCHO, 4TO N > 40. YUHTBIBas, YTO MBI OTHHMEM YacTh BEIOODKH Ha

OJOKYMEHT NOOANUCAH . BA4aTh B Dﬁ}“{EHI]II: T.C. YCIIO¥HHM H 0e3 Toro
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initSet = xIsread('C:\Users\Computer Grand\Desktop\/l.1s
cTT,HEHTuBUIaﬁhl’\S\DataFurSplral xlsx', 1, 'B:C");

T xlsread(‘C \Users\Computer Grand\D esktop\/l.1s1
CTT,uEHTuE\.HaﬁhﬂS\DataFﬂrSplral xisx', 1, 'D:D");

% Omoodpaxcaem 0anHble HA ZpagpuKe

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

xlabel("X");

vlabel('Y"');

% Tpancnonupyem MHONCECME0 U MEMKU K HEMY

initSet = initSet’;

T=T"

% Co30aém cempb ¢ 00HUM CKPBIMbBIM CI10EM, HA HEM U HA 6bIX00HOM

% clloe ycmarasiueaem ¢h. 4. KAk 2unepo oauuecKuil maHzeHc

% cnocobd odyuernua trainlm — Jlesernoepza-Mapkeapoma

net = newfl(initSet, T, [60], {'tansig’ 'tansig'}, 'trainlm');

% MaxkcumanibHoe KoJiuuecne o IN0X

net.trainParam.epochs = 5000;

net = init(net);

% Cnocob pazouenua Ha mecmoesoe U odyuarouiee MHOMCeCmeo — CYUAUHbLIL
net.divideFcn = 'dividerand';

% Obyuaroniee mrosicecmeo 85% = 165 nammepros
net.divideParam.trainRatio = 0.85;

% Tecmosoe mHoxcecmeo 15% = 29 nammepHos
net.divideParam.testRatio = 0.15;

net.divideParam.valRatio = 0;

% MunumansHolil yp06eHb HOPMBL 0714 6eKmMopa 2paoueHma
net.trainParam.min_grad = 1e-9;

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

% Onpeoenaem Keaopamuyro 00J1acms 6 OKpy2 CRUpA, mym

% noocuXuYoyoemom-12 0o 12, m.x. U3BHAUWILHO 6CA CRUP AL

% ymemanacs om -8 00 8 no X u om -6 006 no Y.

span = -12:.05:12;

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

% 6eKmop 0,12 omeemoe cemu Ha INOoM Keaopame

pp = [P1(:) P2(5)]';

% nonyuaem omeenibl cemu

aa = net(pp);

% 6036 paraemca K UCXO00HOMY PUCYHKY CO CRUDPAIIbIO

figure(1)

% 6KIOUaem pexrcum 000 asj1eHUA HO60U UHPOpM AU HA IMON PUCYHOK,
% 0e3 Hezo mouku 0yoym cmépmul Halell pacKpacKou

hold on;

% pucyem cemky

orid on;

% pucyem u 3aKparinéaem cemky.

% -5 mym Heodx00UM 0714 MoO2o, WMo He3 He2o MoJIbKO NOJI06UHA MEeMOK
% omobpazumca noeepx pacKpacKu, HAM HYMHCHO ROHU3UNL 3HAYEHUA

% cemKu 00 ompULAMEIbHLIX 6CIUYUH, U MOZ0A 6CA CRUP AL Dy0em

OOKYMEHT MOANMMCAH
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Ha mnpumepe »TOH 3ajadll pacCMOTPHM, KakK 3arpy’karh JaHHele H3 Excel. J[o sToro
MOMeHTa JaHHBIe JTHOO reHepHpoBamHch Matlab, mi6o, xak B cioydae ¢ 3agadeii 00 HpHCax
(Durepa, H3BIEKATNCh M3 CTaHAAPTHRIX 0a3 JaHHBIX Matlab. OOBIUHO e JaHHBIe cofepskKaTcs B
TaOmyHOH (opMe BO BHemmHeM aitte. Jmg yauduKanpm OyJeM Bcerja IonaraTh, 4YTO 3TOT
BHEIIHHI (paiy1 — ¢arin Excel.

CHayana HeoOXOIHMO IlepeHecTH JaHHble M3 TaOmuiel 5.2 B Excel, momHsa, uyro B Excel
pa3lelMTeNb I BEIECTBEHHBIX YHCEIl — B3TO 3aldras, a He TOo4YkKa. B guenkax HeoOXOIHMO
YCTAHOBHTH YHCIOBOI (popMmat. IIprmMep yacTH JaHHBIX, VKe IepeHecéHHBIX B Excel, mpuBeaén

Ha pUCYHKe 5.13. B maHHOM ciIyyae JaHHEBIE PACIIONAararTCs I10 CTOIOIaM.

A B c D
1 Ne X Y Class
2 1 6.3 0 1
3 2 6.3 0 1
A % §,3138 12550 1
5 A -6.3138 -1.2559 -1
6 5 5.38073 2.43061 1
7 ] -3.88973 -2.43%61 -1
2 7 3.24863 3,50704 1
9 2 -3.24863 -3.30704 -1
10 0 4. 41941 4 41943 1
11 10 441841 -4 41943 -1
12 11 3,43758 314473 1

Pucynoxk 5.13 — [Ipumep maHHBIX B (paitne Excel

K »rtoli maGoparopHOon pabore mnpminaraerca Qainr «DataForSpiral xlsx», KoTOphIH
COIEPKHT BCIO HCKOMYVIO BEIOOPKY.

Cama ’Ke IOATpPy3Ka CTOJIOIOB OyJeT OCYIIeCTBIATLCS ¢ ITOMOINBI0 (PYHKITHH Xlsread(),
IJie TIePBBIH IMapaMeTp — 3TO IyTh K (ailly, a TPeTHI — JHara30H IT0 cToinlIaM. OTa (pYHKIHI
IeperpykeHa, Io3ToMy, YTOOR Y3HATh APYTHE CIIOCOORI €€ BRI30BAa MOKHO OOPaTHUTRCS K CITPABKE
Matlab (F1). Bxoxgueie ganubsie momecTHM B 1nmitSet, a meTkn B T. CTOHT cKa3aTh, YTO JJIA JaHHOH
3aJlaull Ha BBIXOJE AOCTAaTOYHO OJHOI0 HeHpOHA, IMPHHHMAIOIIEro 3HA4YeHHS OT -1 mgo 1, Xord
MOKHO OBIIIO OBI H 3aKOJHPOBAaTh H3OBITOYHO (pa3psokeHHO) ¢ TTOMOMIBIO ABYX HEHPOHOB: [-1 +1]
— IS IIepBOro Knacca, [+1 -1] — A BToporo Kinacca.

BeIBOZ TOUEK OCYIIECTBISIEM C ITOMOMIBIO (PyHKIMH gscatter(), pe3ylbTaT ITOKa3aH Ha

PHCYHKE .14,
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