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Mpenogun

3ayeM Hy)XHa ouepeHas TEOpHs MAITMHHOTO OOYYEeHHSI, €CTH B IAHHOW 00J1aCTH YK€ UMEIOT MECTO
JIpyrue anbTepHaTUBHbIE TEOpUU? J[€J10 B TOM, YTO BCE MPEABIAYIINAE TEOPHUH SIBISUIACH TEOPUIMU
MAIIMHHOTO OOYYeHHs, a IaHHAas TI0 MPaBy yKe MOKET UMEHOBAThCSI TEOPHEH MAIITHHHOTO
000011IeHH.

CYTB B TOM, UTO TCOpHUA 0606]].[3.[0].].(6171 CIIOCOOHOCTH JIa€T OTBETHI HA TaKUe BOIIPOCHI, KOTOPLIC B
NpEAbIAYINNX TCOPUAX OTBETOB HE UMCIIN:

1. Tlouemy makcumainbHas oOydaromiasi cCltoCOOHOCTh HE HE BCETJ]a COOTBETCTBYET
MaKCHUMaJIbHOUM 0000maronieii cnocooHocTr?

2. Kaxk otmnuuTh MHPOpPMATUBHEIE (PAKTOPHI OT HEMH(POPMATUBHBIX?
UYrto nenatp, €ciiv peleHne HeOTHO3HAYHO?

4. Kax nmonyuuTh HEM3MEHHOE Ka4yeCTBO KIACCU(PHUKAIIMU PU HATUYUU MHBAPHAHTHBIX
HCKaXXeHUI nH(OpMaIuu B BEIOOPKE U KAKOBBI JOMYCTUMBIE MpeIeIbl NHBAPUAHTHOCTH?

5. T'me u B KakuX ciay4asix UCKaTh MPUUYMHBI HU3KOM 00001Iatomel criocoOHOCTH: B BBIOOPKE
WJIU B aJITOpUTME?

HaHHaH Teopm{ KOHCTPYKTI/IBHa B TOM CMBICJIE€, YTO HE TOJBKO }IaéT OTBCTHI HA TeOpeTI/I‘-IeCKI/Ie
BOTIPOCHI, HO €IIE U MpejiaraeT COOTBETCTBYIOIIHE MPUKIAIHBIE METO/IbI TOBBIIICHUS
0006m1aromeit CnoCOOHOCTH: KaK JJIS MPEABAPUTEIbHON 00pabOTKH BEIOOPKH, TaK U IS
MOCJIEAYIOIIEr0 MAIMHHOTO 00yUYeHUSI.



UcxopHaa oby4vatlowasn BbIGoOpKa

[Tycts nMeeTcst oOyuatorias BEIOOpKa ¢ MpUMepaMu - (hakTamu:

Vit, V12, «+vy Vin, dep1
Va1, V22, oy Von, depz
Vinly Vin2s ++ 5 Vinn, A€Pm
Taec:

Kaxxnast crpoka BEIOOpKH — HEKHI SMIupudeckuii ¢hakt (mpumep).

Vij — 3Ha4EeHHE - 1 OObSICHAIOIIAs IEpEMEHHas IS 1-T0 IpuMepa
dep; — 3aBrCcHMas IepeMeHHas sl 1-ro puMepa

n — KOJIMYECTBO (DaKTOPOB

m — KOJIM4€CTBO IPUMEPOB

B kadecTBe HarIAAHOTO MpUMEpPA MBI BO3bMEM NpocTeiinyto 3anady K. Heinopa muis
pacrno3HaBaHUs OOBEKTOB: MTHULIBI, IIJIAHEPA U CAMOJIETA [0 HAJTMYUIO U OTCYTCTBUIO UX
IIPU3HAKOB: KPBUIBEB, XBOCTA, KIIIOBA, ONIEPEHMS], IIACCH, JBUTATEIIS

B taxom CJIydac Hallla UCXOAHasa BBIGOpKa JJIA 3a1a491 KHaCCH(bHKaHHH 06’beKTOB, Tac
MOJIOXKUTCIIBHBIM HCXOAOM SBJIACTCA IMPUHAAIICIKHOCTD 00BEKTa K MEPHATBIM, 4 OTPULATCIBHBIM —
K HCIICPHATBIM, 6y,Z[CT BBITTIAACTD TAK:

O6bexT\[Ipusnak | Kpeutbs | XBoct |KimroB |Onepenwue |Illaccu | JIBurarens | OObscHsIOMAs
nepeMeHHass —
MIPUHA]ICKHOCTD
K IepHATBHIM

[Ituna 1 1 1 1 0 0 1

[Inanep 1 1 0 0 1 0 0

Camonér 1 1 0 0 1 1 0

HpI/IMC‘{aHI/ICZ 3HaueHne 1 — o3Havaer NPpUHAJIC)KHOCTD, 4 0— OTCYTCTBUC




MpenBapuTenbHas peaykuusi HeMHOPMaTUBHLIX MPU3HAKOB

Penykuus nennpopmaruHbix npuzHakoB B TOCAMO He siBiisieTcs mpoOiemMoii. B maHHBI MOMEHT
HE0OXOIMMO JIUIIIH TIOKa3aTh, KaK HY)KHO yIaIsITh HEKOTOPhIe HEMH()OPMATUBHBIC IPU3HAKHU U3
BBIOOpKH ellé /10 TOTo, KaKk Hadanack e€ npenoodpadorka. Eciu aToro He caenars, TO caeIyronuii
3Tar HOPMUPOBKH Oy/ieT HEBO3MOXKEH.

Bo3bMéM ncxoHy0 BBIOOPKY ¥ BHUMATEJIBHO TOCMOTPUM Ha 3HAUEHUS IPU3HAKOB!

Oo6wext\[Ipu3nak | Kpeutes | XBoct |KimroB |Omnepenue |lllaccu | [Burarens | OObscHsOMAs
nepeMeHHas —
MPUHAJICKHOCTh
K [IEpPHATHIM

IIturma 1 1 1 1 0 1

IInanep 1 1 1 0

Camonér 1 1 1 1 0

MBI BUIUM, YTO 3HAYEHHUS HOPMUPOBAHHBIX MPU3HAKOB 11 (hakTopoB: Kpbiibs 1 XBOCT ABISIOTCS
HEHU3MEHHBIMM - KOHCTaHTaMU. B TakoM cily4ae MX MUHUMAJIBHOE U MAaKCHUMAJIbHOE 3HAYEHUS
paBHBIL. B ToXe camoe BpeMs 3HAYEHUS 3aBUCUMON MEPEMEHHON N3MEHYMBBL. DTO 03HAYAET, YTO
KPBUIbSI U XBOCT HE SIBJISIIOTCS 3HAYMMBIMH ITPU3HAKAMU U UX HEOOXOAUMO MOJABEPTHYTh PELyKIIUH,
T. €. YIaJIUTh U3 BBIOOPKHU:

O6bexT\[Ipu3Hak Kiros Onepenue |[Hlaccu | [[Burarens  OObsCHSIOMAS
nepeMeHHas —
MIPUHA]ICKHOCTD
K MIEPHATHIM

[Ttuna 1 0 1

[Inanep 1 0

Camonér 1 1 0




HopmupoBka oby4atrowen BbIGOPKU

Haiinem MakcuMyMBbl 1 MUHUMYMBI JUIS BCEX 3aBUCUMBIX NIEPEMEHHBIX B BEIOOPKE:
max; = Max(vij, Vaj, -..;Vimj)

l’l’lil’lj = Mil’l(V1j, Vi, .. .;ij)

Hopmupyem Bce 3HaueHHsI 3aBUCUMBIX IEPEMEHHBIX U3 BBIOOPKH K quanazony [-1, 1].
X'j =2 * (vij — min;) / (max; — min;) - 1

Taxoke HaliAEM MaKCUMyM U MHHUMYM 3Hau€HHsI 3aBUCUMON NIEPEMEHHOI U3 BEIOOPKH.
maxge, = Max(depi, depo, ...;depm)

minge, = Min(dep;, dep,, ...;depm)

Hopmupyewm Bce 3HaueHHsI 3aBUCUMOI NIEpeMEHHOM 13 BBIOOPKH K quarnasony [-1, 17.
yi =2 * (dep; — mingep) / (MaXgep, — Mingep) — 1

[TepeHopMupyeM BBIOOPKY IS 3a/1a4¥ KJIACCHU(PHUKALIUU TIEPHATHIX:

O6bexT\[Ipu3Hak Kiros Onepenue |[Hlaccu | [[Buratens  OObsCHSIOMAS
nepeMeHHas —
MIPUHA]ICKHOCTD
K MIEPHATHIM

[ITtnma 1 1 -1 -1 1

[Inanep -1 -1 1 -1 -1

Camonér -1 -1 1 1 -1

[Tpumeuanue: HopmupoBaHnue He 00513aT€NbHO JTOMKHO OBITh JIMHEHHBIM, HO 0053aTeIbHO JOKHO
IIPUBOAMTD K paclpeesICeHUIO 3HaYeHU B quanasone [-1, 1].

T. e. B HEKOTOPBIX CIydasix BO3MOXKHO HOPMHPOBAHHE U HENUHEWHBbIE (DYHKIUH, B TOM YUCIIE U OT
HECKOJBKUX apryMeHTOB. [[prMeHeHne HeTMHEeHHBIX ()YHKIIMH HMEHYETCS S/ICPHBIMU
npeobpaszoBanusimu (kernel tricks), Hampumep:

x5 =2 * (f(vi1, Via, ..., Vin) — min;) / (max; — min;) — 1

B nanHOM ciiydae max; ¥ min; — 3T0 MaKCUMaJIbHOE€ U MUHHUMaJIbHOE 3HaueHus! pykHIuu ().




Cuncrema nMHenNHbIX HEpaBeHCTB

CocTaBuM 13 HOPMUPOBAHHBIX TIEPEMEHHBIX 00yYaroIei BEBIOOPKH CHCTEMY JTMHEHHBIX
HEPaBEHCTB!

X'n*wi X' *Fwat+ L X' wy Ziy1
X *wHx'n Fwy L. X'zn*WnZiy'Q

Xt * Wi+ X m *wot . X' ¥ Wa Z Ym
Ine:

W; — HEM3BECTHBIM BeCOBON KOA(PPHUIIMEHT UCKYCCTBEHHOTO HEHpOHa

Z; — 3HaK HEpaBEHCTBa 1-ro IpuMepa, MPUHUMAIOIINN HalpaBIeHUe >, €CIU 3HaYeHHUEe
HOPMHUPOBAHHOH 3aBUCUMOI1 IepeMeHHOM 0ojiee HyJIeBOro, IM00 <, €CIIM 3HAUYCHUE 3aBUCUMOI
MIEPEMEHHON MEHEE HYJIEBOTO.

21.]'[5[ nmpumepa KJ'IaCCI/I(i)I/IKaHI/II/I NEPHATEIX CUCTEMA JIMHEUHBIX HEPaBCHCTB 6y216T BBIIVIAACTH TAK:

1*W1+1*W2-1*W3-1*W421
-1*W1-1*W2+1*W3-1*W4§-1
-1*W|-1*W2+1*W3+1*W4§-1

I'ne:

W — HEM3BECTHBIN BeCOBOM koA duueHT it npuzHaka Kios

W, — HEU3BECTHBIN BecOBOM koa(duimeHT s npusHaka Onepenue
W3 — HEM3BECTHBIN BecoBOIl koaduimeHT 11 npusHaka [laccu

W, — HEU3BECTHBIN BeCOBOM k0d(h(UIMeHT As mpu3Haka J[Burarens



WUHBapuaHT NUHEeNHbIX HePaABEeHCTB

IIpuBeném cucremMy JIMHEWHBIX HEPABEHCTB K NHBAPUAHTHOM:

En*witxn*w+ . xX'n*w)/yi>1
X *witxn*w+ . X% *w)/y>1

X' *wyp +xXm2* W2+ X FWa) S ym > 1
O06o3HaYMM 117151 BCEX 1 U J:
Xij = X'/ yi

B TaxoMm cj1ydac repBoHavdaibHass HOpMHUPOBAHHAA CUCTEMA JIMHEHHBIX HEPABCHCTB CTAHCT
SKBUBAJICHTHON JJIA HH)KGYKaSaHHOﬁ HOPMHUPOBAHHO I/IHBapI/IaHTHOﬁl

Xn¥*witxXxp*wet+ . X Fw,> 1
Xo1 FWi X Fwot L X Fwy > 1

Xml *W] +X1n2*w2+ ...an*WnZI
[TonBepraeM MHBapHAHTY NPUMED KIACCU(PUKAILIMY TIEPHATBIX:

1*W1+1*W2-1*W3-1*W421
1*wi+ 1 *wo-1*wy3+1*w> 1
1*W|+1*W2-1*W3-1*W421

IIpumeuanus:

[Ipenna3znaueHueM HOPMUPOBKH K nana3ony [-1, 1] u mociaeayronieii M”HBapUaHTHOCTH SIBISIETCS
MEPEBOJ U3HAYAIIBHOW 3aJ1a4M JINHEMHON PErPECCUN:

Vi1 >!<W1‘|'V12*W2‘*‘ ...V1H*andep1
Vo1 *W1+V22*W2+ Vzn*WnZdepz

Vinl ¥ W1+ Vi * Wo + . Vi * Wi = depn

K 3aaa4e kinaccudukaruu. [Ipu sTom Hanmuuue auama3ona [-1, 1] Ay 3aBUCUMBIX IEPEMEHHBIX Y;
I1IO3BOJISICT OHpeI[eJII/ITLCSI CO 3HAKaMU IJid HepaBeHCTB JJIA 3a4a4YN KJIaCCI/I(i)I/IKaI_[I/II/I B 3aBUCUMOCTHU
OT 3HaKa 3HAYEHUS 3aBUCUMON MEPEMEHHOM.

Ecnu pa3znenuts Bce 3HaYeHUST OOBICHSIONIMX MIEPEMEHHBIX U 3HAUCHHE 3aBUCUMON TIEPEMEHHOM B
Ka)XJIOM HEpaBEHCTBE HOPMHUPOBAHHON CHCTEMBI Ha a0COIIOTHOE 3HAYCHHUE 3aBUCUMOM
HNEePEMEHHOM, TO MOIY4YUM CTaHJAPTHYIO 3a7aqy OWHApHON KiIaccu(UKaIIH.

B nuHeliHOM nporpaMMHUpOBaHKE BBIIIEYKA3aHHBIE TPIOKHM C N3MEHEHUEM 3HAKOB HEPABEHCTB
UMEHYIOTCSI IPUBECHUEM K CTaHAApTHOU (hopMme.



Mpsamas n ABONCTBEHHas 3a4a4uu

VY BCSIKOW CHCTEMBI HEPaBEHCTB UMEETCSI JBOMCTBEHHAsI CHCTEMa HOPMHPOBAHHO WHBAPHAHTHBIX
HEPaBEHCTB!

X WXy Fwh A X FW <
Xp ¥ Wit xn *wh+ o Xm FWh <1

Xin ¥ W'+ Xon FWo 0 X F W <1

Bekrop nBoiicTBeHHO#H 3a1a4n: W'y, W', ..., W'y - 3TO YaCTOTHI (BCTpEe4aeMOoCThb) npuMepoB. Eciu
HaM M3BECTHBI YaCTOThI IPUMEPOB, NMPEIBABIAEMBIX KIacCU()UKATOPy BHE BEIOOPKH, TO TIOUCK
pelIeHus 3a/1a4ud YK€ TPUBHAJIEH, T. K. 3Hasl pellleHUe JBOMCTBEHHOM 3a/1auH, IIOJIyYUTh pELICHUE
MIPSIMOM YK€ HE COCTABIISIET TPYyAa.

pyroe nieno, 4To 4aCTOThl HAM HE BCETla U3BECTHBI. XOTs Ipy0o0 i BEIOOPKHU OONIBIION JUIMHBI M,
MOXHO NMPHUHSATb, YTO BCE YACTOTHI JUIsl IPUMEPOB PaBHBI 3HaUeHUIO 1 / m.



NMpobnema MawWMHHOro nepeoby4vyeHusA

[Ipeanonoxum, 4To Mbl PELIMIIA SKCTPEMATILHO ONITUMHU3UPOBATH 33/1a4y, T. €. MOJIyYUTh
MaKCHMAaJIbHYIO Pe3yJIbTaTUBHOCTH Kilaccuukanuy Ha oOydaroniei Beioopke. B TakoM ciydae Mbl
MOJTyYUM HEKOE pellieHue MPSMOii 3a/1a4u B BUJIE BEKTOPA BECOBBIX KO DHUITUEHTOB
MCKYCCTBEHHOTO HEHPOHA M PEIICHUE /IS TBOMCTBEHHOM 3a71a4ui, KOTOPOE COOTBETCTBYET MPSIMOMY
pemienuto. Ho eciu 1onmycTuTh, YTO pelieHre TBOMCTBEHHOM 3a/1a4H 3TO YaCTOThl IPUMEPOB,
MIPEBABIIEMBIX IS KJIacCU(PUKAIIUK TPUMEPHO paBHbBIE | / m MpH JyIMHE BHIOOPKH M, TO B TAKOM
Cly4yae MOJIyYeHHOE pelIeHUe NpsIMO 3a1a4i U3 JBOMCTBEHHOM C MaJIOl BEPOSITHOCTHIO COBMAIET
C DKCTpEMaILHO ONTUMAJIBLHBIM. boJiee Toro, BHE BHIOOPKH 9aCcTOTHI TPUMEPOB MOTYT 3HAYUTEITHHO
OTJIIMYATHCS U OT 3HaYeHHS | / m, TOCKONIBKY cOOp (paKTOB ISl COCTABICHUS BEHIOOPKU MOXKET OBITh
OTPAaHWYEHHBIM 110 TEM WJIM HHBIM MMPUIHNHAM.

[Tpome roBopst, FKCTpeMaIbHass OIITUMHU3AIIHS TPSIMOH 3a/1a4H 32 OUYEHb PEIKUM UCKITIOYCHUEM
MOXET COOTBETCTBOBATh BEKTOPY JABOMCTBEHHOM 3a7a4un. Takoe HECOOTBETCTBHE MPUBOIUT K
CHI)KEHHIO 000011aro1ei CiocoOHOCTH MOJieNiel, MOTYYeHHBIX 110 pe3yabTaraM MallMHHOTO
00y4eHHs C LIeNIbI0 IKCTPEMaIbHOW MaKCUMHU3aLMU 00yJaroliel criocoOHOCTH, UMEHYeMOH
MAaIIMHHBIM 11epeo0yyeHUEM.

T. e. nyst TOrO, 9TOOBI 000OIIArOIIAs CTOCOOHOCTh MAaKCHMAJIBHO COBITAaia ¢ 00yJaromieH,
HEOOXOIMMO U JOCTATOYHO, YTOOBI:

1. JIuGo mpumMepsl NpenbsIBIseMble s KIacCU(PHUKAIUU BHE BEIOOPKH MOJCTPAUBAIUCh MO
MEPEONTUMHU3NPOBAHHYIO MOJIENb,

2. JIu0o HalTH TaKOH BEKTOp pELIeHUs IPSIMOM 3a]ja4u, IPU KOTOPOM OIIEHKa 00y4Jarolei
CIIOCOOHOCTH SIBJISIACHh HE3aBUCUMOM OT BEKTOpA PELIeHUsI IBOMCTBEHHOMN 3a/]a4yil U paBHOM
KOHCTaHTE.

BrimonHeHue yclioBui Aiist IEPBOTO MYHKTA B CHUIIY TOTO, YTO HA MPAKTUKE €ro TpeOOBaHUs HE
COOTBETCTBYIOT J€HCTBUTEIBLHOCTH, T. €. MOJIEJIb BO BPEMSI MAIITMHHOTO O0YUYEHUS TTOJICTPAuBACTCS
MOJT HEKYI0 HanboJee yIauHyr YacTOTy MPUMEPOB B 00yJaroIiel BEIOOPKE, C IeNIbI0 MaKCUMaIbHO
PE3YIABTAaTUBHO KJIACCU(UIIUPOBATH CAMBIM ONITUMUCTUYHBIN BapHAHT, PEATU3YIONTUNACS TOJIBKO TIPH
MIOJTHOM COOTBETCTBUHM BEKTOPA JBOMCTBEHHOH 3aa4¥ BEKTOPY MpsiMoil. BHe BBIOOpKH, yacToTa
KJIACCU(PUITUPYEMBIX TTPUMEPOB YK€ MOXKET OTIIMYATHCS OT HanboJiee yaadHol U He
COOTBETCTBOBATH BEKTOPY MpsiIMOM 3a/1aun. [I0CKOJIbKY B TaKOM Cilyyae MPOUCXOAUT MMyTaHULIA
MeCTaMH PUYXHBI U CJIEJICTBUSA, TO HEYAUBUTEIHHO, YTO MAIIMHHOE OOYYEHHE NP TTOTIBITKE
Mo¥cKa HanboJee yIauHoM MOJIeH Ha 00yJaroIei BHIOOpKe, MPUBOIUT K MepeoOyISHUIO BHE
BBIOOPKH.

BrinonHenune yciioBuil BTOPOro MyHTa BO3MOKHO B HEKOTOPBIX TPUBHAIBHBIX CIy4asix, KOraa
MaKCUMaJlbHasi © MUHUMAaKCHas OlleHKU KadecTBa 00yueHus coBmagaioT. Hampumep, eciu
oOyuatorasi BRIOOpKa COACPKUT BCETO JIBa IpUMeEpa ¢ IByMs ipeukropamu. [Ipu yBenndeHnmn
JUTMHBI BBIOOPKY U KOJIMYECTBA MPEAUKTOPOB B HEH, BEPOSTHOCTh TOTO, UYTO CYIIECTBYET TaKOH
BEKTOP JIJIs1 IPAMOM 3aJ1a4¥l MPH KOTOPOM HE3aBUCHUMO OT 3HAYEHUM BEKTOpa ABOMCTBEHHOM 3a/1a4H,
OIICHKA KaueCcTBa 00yUeHHUsI OCTAHETCS HEM3MEHHOM, yMalseTcs.
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NocTaHOBKa 3agaum 0600LWeHns cuctemMbl NTUHEUHbIX
HepaBeHCTB, Nofly4eHHOU U3 oby4aroien BbIGOPKU

O06o0marommas 3a1ada 3aKkiIi09aeTcs B MOMCKE 3HAYCHUH BECOBBIX KOAPPUITUSCHTOB Wi, Wa, ..., Wy
JUTSI TIPSIMOM 3aJ1a4y CUCTEMBI JIMHEHHBIX HEPABEHCTB BHIA!

f(X“) * w; + f(Xlz) * Wyt ... f(Xln) * W, = f(C)
f(XZI) *wy + f(Xzz) *wy + L. f(in) * W, > f(C)

f(Xm1) * Wi + f(Xm2) * wa + ... f(xmn) * w, > f{(c)

IPU KOTOPOM JIOCTUTAETCSI MAKCUMAJIbHO BO3MOYKHOE BBITIOJIHEHUE YCIIOBHI CHCTEMbI JIMHEHHBIX
HEPABEHCTB, NIPU YCIOBUU HE3aBHCUMOCTH OT JIFOOOTO PEIICHHUs IBOMCTBEHHOMN 3a1a4K B BUJIE
NPOM3BOJIBHBIX 3HAUCHHI BEKTOpa: W'i, W', ..., W'y, 33JTAHHOTO B BUJIC CUCTEMbI JIMHEHHBIX

HEPaBEHCTB:

f(X“) *w'l + f(X21) * sz + ... f(Xml) * W‘m < f(C)
f(x12) * W'+ f(x22) * W + ... f(Xu2) * W' < f(C)

%(.xln) *W' A+ f(Xon) *Wh . (X)) * W < £(€)

rae:

f(z) = a * z + b — nuHelHbI HHBAPHAHT

b — MOXXeT NpUHUMATh IEHCTBUTEIILHBIC 3HAYCHUS HE MEHBIIIHE a

a, c, W', W', ..., W'y — IPOU3BOJIbHBIE ICUCTBUTEIbHBIC YUCIIA

11



Teopema 0 fIMHEMHON NUHBAPUAHTHOCTU CUCTEMbI JIMHEUHbIX
HepaBeHCTB

OO0muii cirydaii:

ITycTh MMErOTCA 1Ba BEKTOPaA OAMHAKOBOM JUIMHEL N C I€HCTBUTENLHBIMH 3HAYCHUAMU: a = {a;, a,
e any ub=1{by, by, ..., bn}.

Eciub'=b/c,tnec= 2X_,b, =Const#0,T.e. X b=1
To pe3ynbrar CKaJsspHOTO IPOU3BEAECHIS HEHOPMUPOBAHHOTO M HOPMUPOBAHHOIO BEKTOPOB:
y=<a, b"™>

CTaHOBMTCSI TMHEHHO MHBAPUAHTHBIM, T. K. JINHEHHOE MpeoOpa3oBaHrie HEHOPMUPOBAHHOTO
BEKTOpa MPUBOIUT K aHATOTMYHOMY JIMHEHHOMY IIpeoOpa30BaHHIO CKAJSIPHOTO POU3BEICHUS:

d¥*y+e=<d*a+e, b>

Ipue>d

B ciydae HCKyCCTBEHHOIO HEHpOHa:

Ecnu o6mast cymMa Bcex BECOBBIX KOA((PHUIIMEHTOB UCKYCCTBEHHOTO HEMpPOHA paBHA eTUHHMIIE:
witw,t owpa=1

TO CHCTEMA JIMHEWHBIX HEPaBEHCTB!

Xp*witxpFwot o xn Fwa>c
Xo1 FWi X FWwot ... X FWa>c

Xmi ¥ Wi+ Xm2 ¥ Wo t o X ¥ Wy > €
DKBHUBAJICHTHA (JTUHEHHO MHBAPHAHTHA) CUCTEMaM JIMHEWHBIX HEPABEHCTB:

f(X“) * w; + f(Xlz) * W, Tt ... f(Xln) * Wn = f(X11 * Wi T X2 * Wo+ ... X * Wn) > f(C)
f(X21) * w; + f(Xzz) * Wy + ... f(in) * Wn = f(le * Wi + X2 * Wyt ... Xop * Wn) > f(C)

%(.xml) *wi f(Xm) ¥ Wo o (X)) F W = (X * W X F W L X ¥ W) > 1(C)
re:

f(zy=a*z+b

a ¥ b- IPOU3BOJIbHBIC ICHCTBUTEIILHBIC YHCIIA

B Takom ciydae: b > -a * z, HO MOCKOJIBKY Z ITOCJIE HOPMUPOBKU MOXKET IPUHUMATh 3HAYCHUS
TOJBKO B Auamnaszone [-1, 1], To:

b>a
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Jloka3aTenbCcTBO:

@*xptb)*w+(@*xp+b)*w,+...(a*xin+b)*w,>a*c+b
a*xXg*witxp*wt .. Xn*wy)tb>a*c+b
Xil*W1+X|2*W2+...X1H*Wn2C

Teopema nokazana.

BriBoasl: Eciu nckyccTBEeHHBIN HEHpPOH penraer 3ajadyy OMHapHOH KiaccuuKaiyu, To JMHEHHbIE
UCKa)KEHUs [T BCEX BXOTHBIX MEPEMEHHBIX BUAA y = ax; + b, I/Ie X; — 3HaU€HHE Ha i-M BXOJie
HENpOHa, a y — BBIXOJHOE 3HaU€HUe HepoHa, MpH YCIOBUH, 4TO b > a 1 o011eil cymme 3HaYeHHM
BECOBBIX KOA()(UIIMEHTOB HEHPOHA HE paBHOW HYIIIO, HE MOBIIHET Ha Pe3y/IbTaThl OMHAPOI
knaccupukanuu. [l 3Toro HeoOX0AUMO U JJOCTaTOYHO NEPEHOPMUPOBATh BECOBBIE
K03((UIIMEHTHI HCKYCCTBEHHOTO HEHPOHA TaKUM 00pa3oM, 4TOOBI CyMMa MX 3HaUeHHH Oblia paBHA
CAVHUILIE.
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O6y4yeHMe ¢ ONMOHEHTOM

YToObI NOTYYUTHh MOJIEH B BHJIE PELLIEHUS IPAMOM 3a7a4l, MAaKCUMaIbHO HE3aBUCUMOM OT
pelIeHns ABOMCTBEHHOM 3a/1a41, MOYKHO BOCIIOJIb30BaThCsl MUHUMAKCOM pPE3yJIbTaTUBHOCTH
KJIacCU(UKAIMU IPUMEPOB U3 00yUaromieil BBIOOPKH.

CyTb 3aKIIH0YAETCS B MCTIONB30BAHUM TEOPEMBI 0 MUHUMakKce (o Helimana-Moprenmrepual!l,
COTJIACHO KOTOPOU €CIIM B @aHTarOHUCTUYECKON UTPE ABYX JIUIL (MPsMasi ¥ TBOMCTBEHHASI 3a71a4a) C
HYJIEBOM CyMMOM (COOTBETCTBHE PELICHHUs A MPSMON M TBOWCTBEHHOM 3a/1a4) HaiiieHa
MUHUMAaKCHasi CTpaTerus Al OJHOTO U3 UTPOKOB (BEKTOp PELICHU ISl PSAMOi 3a/1aun) ¥ 3TOT
UTPOK OyleT NepMaHEeHTHO NPUAEP)KUBAThCS JAHHOM CTPATETHH, TO B TAKOM CJIy4ae MUHUMAaJIbHBIN
BBIMTPBILI (OIIEHKA KayecTBa Kiaccuukayu) OyaeT He Xy>Ke MUHUMAaKCHON OLIEHKH HEe3aBUCHUMO
OT CTpaTeruu (BeKTopa pelieHus s IBOMCTBEHHOM 3a1a41) BTOPOTO UTPOKA.

B 3TOM citydae MbI osTyduM HUKHIOIO OLIEHKY KauecTBa o0yvaromiei crnocoOHOCTH, HE3aBUCHUMYIO
OT JTF000TO pelIeH sl IBONCTBEHHOMN 3aJa4u.

Taxoit METOA, T. €. IOUCK MHHUMAaKCHOM PE3YIbTATUBHOCTHU MOJICJIN HA 06yqa101uel71 BLI60pKe
HMCHYCTCA 06yqu1/IeM ¢ onmmoHeHTtoM. Ha Ka)KJIOﬁ HUTCpalli aJirTOpUTMa O6yIIeHI/I$I BBITIOJTHAIOTCS
NOoCJICIOBATCIIbHO ABC 3ada4n:

1. TlombITKa yTy4IIUTh Ka4€CTBO MOJEIH JJISl BCEX MPUMEPOB U3 00ydaroleil BHIOOPKH,
KOTOpbI€ OBLITN MPEAbIBICHBI paHee ONIIOHEHTOM — MpsiMast 3a/1a4a 00y4Jaroerocs;

2. TlombITKa MpeabsIBUTH AJIS YIyUIIEeHHOU B 1. 1 Moaenu npumep u3 odyuaromiei BIOOpKH, Ha
KOTOPOM €€ pe3yJIbTaTUBHOCThH OyZleT MUHUMAaJIbHOW — JBOWCTBEHHAs 3ajjaya ONMOHEHTA.

['maBHBIM HETOCTAaTKOM MeTO/]a 0OyUEHHs C ONITOHEHTOM SIBJIIETCS OTPaHMYEHHOCTh 00yUaromei
BBIOOPKH M3-3a YETO B HEM MOTYT OTCYTCTBOBATh HEKOTOPBIE MPUMEPHI, IPUTOIHBIE [T aeKBAaTHON
KOPPEKIMH MOJIETN, KOTOPbIE MOT'YT BCTPETUTHCS BHE BBIOOpKH. Bripouem, 3TOT HEnoCTaToK
HEYCTpaHHM, T. K. B TAKOM CJIy4ae aJIFOPUTM JIOJKEH ObLT ObI 001a1aTh CBEPXbECTECTBEHHBIMHU
CIOCOOHOCTAMHU. JTOT e HEAOCTATOK TAKXKE SABJSAETCS MPUYMHON MAIIMHHOTO Mepeo0ydeHus
HE3aBUCHUMO aJIrOpPUTMA.

Ho cyTh B TOM, 4TO MOCKOJIBKY BCSKasi MPOM3BOJIbHAS MOJIENTb — 3TO BCETO JIMIIb MOTEHIIHATIbHAs
THITOTE3, TO TIPX OOYYEHHUH C OMMTOHEHTOM MOJIENb Ha KaXKIOM IIare UTEparui MOTUPHUITHPYETCS
TakuM 00pazoM, 4TOOBI YITYUIIUTh KaueCTBO KIacCUu(DUKAIIMK MTPU HAUXY/IIEM ISl Hee BEKTOpe
JIBOMCTBEHHOM 3a1a4M, KOTOPBII MOXKHO MOIYYHUTh U3 IPUMEPOB oOydaroliei BIOOpKU. B
pe3ysIbTaTe Yero MoJieib BIHYX/IEHHO MaKCUMaJIbHO 00001IaeTcs, BMECTO TOTO, YTOOBI OaHAIBHO
BBI3yOPUTH MTPUMEPHI H3 BEIOOPKH B KaUueCTBE TOTOBBIX «pelIeHU». Beab cambie E€rkue s
3yOp&xKHU mpuMepsl THO0 BOOOIIE He OYIyT MPeIbsIBICHBI OMMOHEHTOM, JTH00 YacTOTa UX
NPEABSBICHUS CBENETCS K MUHUMYMY U pe3ylbTaT 3allOMUHAHUS IPUMEPOB ITOYTH HUKAK HE
CKa)keTcsl Ha o011el pe3yIbTaTUBHOCTH KJIaCCU(UKALIUN MOJIENIBIO. 3aTO «JIETKKE» MPUMEPHI MOTYT
OBITh TIPEIBSBIICHBI YK€ BHE BEIOOPKH ¢ 00Jiee BRICOKOW YaCTOTOM, YTO MOTEHITHAILHO MOBBIIIAET
000011aI01ITY0 CTTOCOOHOCTD.
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PeweHue npobGnembl HeoTpMuuaTesibHOCTU 3HA4YEHUN BEKTopa
ANna NnpsAsMoun 3apayn

H3BecTHBIC A0 CUX IMOP MCTOALI TIOMCKA MUHUMAKCHBIX peIHCHI/IfI, MO3BOJIAIOT HAXOUTH PCUICHUA
TOJIBKO MPH YCITOBUM HEOTPUIIATEIIbHOCTH 3HAUCHUI BEKTOPOB JIJIsl IPSMOM M IBOMCTBEHHOM
3a1a4u.

OpHaKo 3TO HE SABISETCS MPOOIEMON.

HpeHCTaBI/IM SHAYCHUSA HOMPUPOBAHHO-UHBAPHUAHTHBIX OG’LHCHHIOH_II/IX TMEPEMCHHLBIX B BUAC
3HAUCHMH TIaTEKHON MaTPUILBI:

X1, X125 «+ 5 Xin
X21y X224 «vvs Xon
Xmls Xm2s «++s Xmn

B TakoM ciydae, eciau yIBOMTbh MaTpHIly BIPABO 3a CUET KONMPOBAHUS MIPEKHEN MaTpULlbl B
IIPaBYIO YaCTh, HO C HYJIEBBIMM 3HAYEHUSIMH, MbI ITOJIYYHM YIBOCHHYIO MaTpuLly:

X1ty X125 « o5 Xiny X115, X125 +2 oy ~Xin
X21y X224 «evy X2n, =X21, X224 «..y =X2n
Xmly Xm2s «-+5 Xmny “Xmly “Xm2y «--» ~Xmn

Pemum HJIaTé)KHYIO MaTpuly ¢ IOMOIIIBIO MCTOAA ITOMCKAa MUHHUMAKCA C LCJIbIO MAKCUMU3 AU
pPEIICHUSA JJIs1 UTPOKaA I10 CTOJ'I6I_[3M U MUHUMU3ALUA JJII UTPOKa IO CTPOKaM.

B aTOoM cirydae Mbl TOSTyq9rM petieHue Juist MPsSMOM 3a/1avd B BUE YIBOCHHOTO BEKTOpa:
W', Wh, oo, W, W, Wy L, W

UYTOoOBI MOTYYUTH BEKTOP 3HAUCHU MUHIMHUMAKCHOTO PEIIEHNs, B BHJI€ BECOBBIX KO3(PPHUITUEHTOB
HCKYCCTBEHHOTO HEMpPOHA HE3aBUCHMBIX OT 3HaKa, MpeoOpa3yeM 3HaueHHUs yIBOCHHOTO BEKTOPa
JUIA 3HaYeHwuil 1 oT 1 1o n:

wi=Wwi—w'"

CoznanuM yABOCHHYIO MaTpUIly BECOBBIX KOPGUIIMEHTOB i IpUMepa KiacCu(PUKAIMK epHaThIX:

Oo6nwext\[Ipu3nak | Kiros | Onepenue | [laccu | [{Burarens | He He He He
KnroB |onmepenue |maccu | JBUraTenb
[Tnua 1 1 -1 -1 -1 -1 1 1
He Ilnanep 1 1 -1 1 -1 -1 1 -1
He Camonér 1 1 -1 -1 -1 -1 1 1
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BekTop Wennu

Ecnu npsimast 3agaya UMeeT MHOXECTBO peIIeHUi (HEOAHO3HAYHOTh), TO B TAKOM Clly4yae
HEOOXOAMMO TIPHIEPKUBATHCA aKCHOM TakK HasbiBaeMoro Bekropa Ilemmm!? — npunnuna
ONTUMAJILHOCTHU PACHPCACIICHU A BBIUI'PLIIIA, KOTOpBIﬁ qamie BCCro NpuMEHACTCA B KOOTICPATUBHBIX
Urpax.

OpnHako HECMOTPS HA TO, YTO PEUb UJET O MPUMEHEHUH aHTATOHUCTUYECKON UTPHI AJI JBYX JIUII,
HO B CHUTY TOTO, YTO TMpsiMast 3a/1a4a He MMEET OAHO3HAYHOTO PEIICHUS, TTOSBISETCS HEOOXOIUMOCTh
COOJFONICHHS ONITUMAIBHOTO MPUHITUTIA PACTIPEICIICHUS 3HAYCHUN BECOBBIX KOA((DUIIMEHTOB B
PEIICHUH, T/Ie KaKI0€ 3HAYCHUE BEKTOPAa — 3TO OTACIIbHBIC UTPOKH, CITIOCOOHBIC OOBEIUHATHCS B
KOQJIULNH MPOTUB UTPOKOB KOAJTULIUH IBOMCTBEHHOW 3314l — ONIIOHEHTOB. BBIMIPHILI, KOTOPBI
UM TIPEICTOUT PA3ICIUTh SBIISICTCS MHHIMAKCOM OOIIEH pe3yIbTaTUBHOCTH KJIacCU(DUKAITUH.
Harpanoii siBistiioTcst aOCOMOTHBIE 3HAYEHUE BECOBBIX KOA(PPHUIIMEHTOB, 001I1asi CyMMa KOTOPbIX
paBHa €ANHULIE, T. €. OTPAHUYEHA.

Hecmotps Ha TO, 4TO IPUHIUIIBI ONITUMAJILHOCTH, COOTBETCTBYIOIME BeKTOpy Lllemn
HNPUMEHSIOTCS K PEIICHHSIM, TTOJyYeHHBIM Ha 00yJaromiei BRIOOpKe, TEM HE MEHee X COOMoieHre
o0ecrieyrBaeT MUHUMHU3AIMIO PUCKa CHIKEHUS 00001atoIiel, a He odyuatoriel cnocooHoctu. Uto
KacaeTcsi o0ydJaromiel crrocoOHOCTH, TO HEKOTOPbIe akcHOMBI BekTopa Lllern MoryT e€ 3ameTHO
YMajuTh.
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Peaykuma He3HaYnMbIX (HEMHOPMATUBHbIX) NPEeAUKTOPOB U
HeOoNnopHbLIX BEKTOPOB (NpMMepoB) B oby4alowen BbIOOpKe

Penykrus, T. €. oOHyneHHe BeCOBBIX KO (DHUIIMEHTOB 711 HEMH(OOPMATUBHBIX TTPEIUKTOPOB
NpsSMOM 3a1a4M, COOTBETCTBYET akcuoMme OomBaHa 1uist BekTopa Llerun.

BrsiBenre HeMH(POPMATUBHBIX MPU3HAKOB M HEOTIOPHBIX BEKTOPOB MPUMEPOB 00ydaroeit
BBIOOPKH SIBISICTCS] TPUBUATIBLHO Pa3pelInMON 3a/1adueil B TEOPHH 0000IIA0IIeH CIToCOOHOCTH
QITOPUTMOB MAIIMHHOTO OOyYEHUs, a BOBCE HE MPOOJIEMOH, KaK 3TO MPEICTABISAIOCH B
NPEABIAMIECTBYIOIINAX TEOPUSIX MAITUHHOTO O0yUYCHHSI.

3Hast MIaTEKHYI0 MAaTPHUILY, T. €. 3HAUYCHUS OObSICHSIOMUX MEPEMEHHBIX B BHI€ TaOIUIIBI ITOCIIE UX
HOpMAaJTM3AIH U HHBAPUAHTA, MOXKHO TPUBHAIILHO BBISIBUTH HE3HAYMMBIE OOBSICHSIOIINE
MIEPEMEHHbIE U HEOTIOPHBIE BEKTOPBI IPUMEPOB, YAAIUB UX U3 MaTPHUIIbI €I€ IO TOTO, Kak OyJaeT
MIOJIyYEHO pEILICHHUE.

B Teopun urp 310 Ha3bIBAaETCs yAaICHHEM JOMHHUPYEMBIX CTPOK M CTOJIOIIOB.

Ecnu B rutaréxHoi MaTpulie, pelieHre KOTOPOU 3aKII09acTCsl MAKCUMHU3ALUU CTPATETUU IS
UTPOKa IO CTOJIOmaM (TpsiMas 3a7a4a), IMEET MECTO TaKoi cTosbell, Bce 3HaUYE€HUsT KOTOPOTO TSt
BCEX MHJIEKCOB (HOMEPOB siUeeeK) ABISIOTCA HE OOJIBIINMHU 110 CPABHEHUIO CO 3HAUCHHUSIMU B JIIOOBIX
JIPYTUX CTOJIOIAX MPH PAaBHBIX HHJEKCAX slU€EeK CPAaBHUBAEMBIX CTOJIOIOB, HO MPU HEKOTOPBIX
MHJIEKCaX MPUCYTCTBYIOT 3HAYCHUSI MEHBIIHNE [0 CPABHEHUIO C PABHOMHIEKCHOMN SUEHKON B KAKHM
100 MHOM CTOJIOIE, TO TaKOM CTONOELL ABISETCS JOMUHUPYEMBIM U €70 MOYKHO YAAJIUTH -
penyupoBarh. [I0CKONMBKY Ka)XAbIi CTONOEI] MATPHUIIBI — 3TO 3HAYCHUS KaKO JIMOO 0OBsCHSIOMIEH
MEPEMEHHOM (MpeuKTopa, pakTopa), TO B TAKOM CIIy4ae MPOUCXOIUT PEAYKIINS JOMUHUPYEMBIX
(He3HaYNMBIX, HeMH(POPMATUBHBIX) (pakTOpoB. OCTABIIKECS MOCIIE PEAYKIIUU BCEX
JIOMHUHHUPYEMBIX CTOJIOIIOB, TOMUHUPYIOIIHNE CTOJIOIBI SIBIISIIOTCS 3HAYUMBIMU (MH(GOPMAaTHBHBIMU)
bakTopamu.

3HaunMble (aKTOPHI SBISIOTCS CUCTEMOM TMHEWHBIX YPaBHEHUH, pellieHHe KOTOPOil SBIsSETCS
peleHneM MUHUMAKCHOW JIBOMCTBEHHOM 3aJ]a4l UCXOJTHOM CHUCTEMBI JINHEHHBIX HEPABEHCTB.

Ecnu B mutaréxHoi MaTpuile, peleHre KOTOpoi 3aKII04aeTcs MUHUMM3AIUK CTPATeruy ISl UTPOKa
M0 CTpOKaM (JBOMCTBEHHAs 3a/a4a), UMEET MECTO TaKasi CTPOKa, BCE 3HAUYEHHUS KOTOPOM JIJIsl BCEX
MHJICKCOB (HOMEPOB SYeeeK) SIBJIAIOTCS HE MEHBIIUMHU [0 CPABHEHUIO CO 3HAYCHUSMHU B JTFOOBIX
JpYrux CTpOKax IIpU paBHBIX HHIEKCAX SYEEK CPAaBHUBAEMBIX CTPOK, HO IIPU HEKOTOPBIX MHIAEKCAX
MIPUCYTCTBYIOT 3HAYEHUS OOJIBIITUE TIO CPABHEHUIO C PABHOMHICKCHOM STUEUKOM B KaKkoi JTMO0 MHOM
CTPOKE, TO TaKasl CTPOKa SABJIAETCS JOMUHUPYEMOU U €€ MOJKHO YIAJIUTh - PEAYLUPOBATh..
[TockonbKy KaXkaasi CTpoKa MaTpHIIbl — 3TO MPUMEP U3 0Oyyaroleil BEBIOOPKH, TO yAaleHue
JOMUHHUPYEMBIX CTPOK COOTBETCTBYET HEOIIOPHOCTH BEKTOPOB OOYUAIOLINX IPUMEPOB.
Ocraguimecs nocie peAyKIHHA BCeX TOMUHUPYEMBIX CTPOK, JOMUHUPYIOIINE CTPOKH SIBIISIOTCS
OMMOPHBIMHU BCKTOPAMHU.

OnopHble (IOMHUHUPYIOIINE) BEKTOPHI SBISIOTCS CUCTEMOM JTMHEHHBIX YPAaBHEHH, peIIeHne
KOTOPOH SIBJISIETCS. MUHUMAKCHBIM PEIICHUEM MPSIMOM 3a/1a4M UCXOJAHOM CUCTEMbI JTUHEUHBIX
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HCPAaBCHCTB.

Yro mpon3oiaET, ecnu He coOMoaaTh akcuoMy OoJIBaHa, T. €. He OOHYJIUTh BECOBBIE
K02(hUIHEHTHI HeMH()OPMATUBHBIX MPU3HAKOB? BO MHOTHX CiTydasiX, 3TO MPUBEAET K TOMY, YTO
oOyuaromas criocoOHocTh nosbicuTcs. Ho uto kacaercst o0o0maroeil cnocoOHoCTH, TO
pe3yNIbTaThl MOTYT YMAIIUTHCS. Benp HeMHpOpMaTHBHBIE TPU3HAKH «3HAYMMEBD) TOJIBKO B TIpeAeIax
oOyyaroleil BHIOOPKH U HE3HAYMMBI 3a €€ MpeenaMu. 3a rnpeaesiaMu BBIOOPKH HHTEPIpeTaIHs
HE3HAYUMBbIX (PaKTOpOB OyAeT BHOCUThH UCKaKEHHUS B KauecTBO Kiaccuduxaruu. [laxe ecnu
MaTeMaTu4eckoe OXKUIaHUE OT TAKUX UCKAXKEHUI OyJIeT CTPEMUTHCS K HYIIEBOMY 3HAYEHUIO, TO TEM
HE MeHee, MTOCKOJIbKY MaKCUMaIbHONH MHBAPHAHTHOCTH MOXKHO JTOOMTHCS JIUIIH IIPH CyMME
3Ha4YEHUI BceX BECOBBIX K03(h(PUIIMEHTOB paBHON eTMHHIIE, TO 3TO O3HAYAET, YTO YBEIUUYCHHE
BECOBOTO K03 (huIMeHTa A1 TF000T0 HE3HAUMMOTO PU3HAKA BO3MOXKHO TOJIBKO 32 CYET YMAJICHUS
BECOBBIX KO()()UIIMEHTOB 3HAYUMBIX MPU3HAKOB B CUJTy OTPaHUYEHUS 00IIEH CyMMBI BECOBBIX
K02((OUIIMEHTOB. A CIIeIOBaTeNIbHO YUET U MHTEPIIPETANNS HE3HAYMMBIX IPU3HAKOB MOJICITBIO
Bcerya Oy/eT OTpULATEIbHO BIUATh Ha 0000IIAOITYI0 CLIOCOOHOCTb.

Honpo6yeM YAAJINUTb HEC3HAYUMBIC IIPU3HAKU U IpUMEpa Knaccn(bmcaunn MNCPHATHIX.

[TockonbKy MUHUMAJIBHBIM SIBIISIETCS 3HAaYE€HUE -1 U1 BCeX CTPOK 0€3 UCKIIIOYEHUS, TO BCIKUNA
cTonben, COCTOAIIUI TOJIBKO U3 3HAYEHUH -1 SIBIIIeTCS JOMUHUPYEMbBIM:

Oo6nbext\[Ipu3nax | Kiros | Onepenue | laccu | [{Burarens | He He He He
KnroB |onepenue |maccu | JBUraTeib
Irumna 1 1 B -1 H B 1 1
He Ilnanep 1 1 . 1 . . 1 -1
He Camonér |1 1 -1 -1 H B 1 1
VYrnanum JOMHHUAPYEMBIE CTOIOIIBI.
Oo6bexT\[Ipu3nak | Ko Onepenne HBurarens | He maccu He nBurarenb
IItura 1 1 . 1 1
He [1nanep 1 1 1 1 .
He Camonér 1 1 B 1 1

Cmotpum nanee. Cronber a1l MpU3HaKa JBUTaTeb HE JIydlle cToi0na JUist IpU3HaKa KIIkoB, a Mo
HEKOTOPBIM 3HAYEHMSIM Xyke. B TakoM citydae cronben s npusHaka KiroB siBisieTcst
JOMUHUPYIOLUM, a JUld IpU3HaKa J[BUrarenb JOMUHUPYEMBIM, T. €. IOJIEKAIIUM PELYKIUH.
TouHO Takke JOMUHHPYEMBIM ITPU3HAKOM 10 OTHOLIECHHIO K JOMHUHHpYIoNieMy npu3Haky Kitos
asisercs He npurarens.
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VYnanum JOMUHUPYEMBbIE CTOIOIBI:

Oo6nwext\[Ipu3nax | Ko Onepenue He maccu
IItura 1 1 1
He Ilnanep 1 1 1
He Camonér 1 1 1

[TockonbKy B pe3ynbraTe peAyKLIHU JHUILIb OOHYIISIOTCS BCE 3HAUEHUS B JOMUHUPYEMOM CTOJIOIIE, a
BIIOCJIC/ICTBUH NTPOUCXOAUT BIYMTAHUE 3HAYCHUH U3 CTOIO0LOB Oe3 OTpULIaHMsI 3HaYE€HU I cTOI010B
C OTPULIAHUEM, TO B KOHEHOM PE3YyIbTATE MOIYYHM:

O6bexT\[Ipu3nak | Ko Omnepenue [Maccu
IItura 1 1 -1
He [1nanep 1 1 -1
He Camonér 1 1 -1
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NMpob6nema HeOAHO3HAYHOCTU pPeLUeHUN NPSAMOUN 3adaum

B HCKOTOPBIX ClIydadX CUCTEMaA JIMHEMHBIX ypaBHeHI/Iﬁ, COCTaBJICHHAs U3 OIMOPHBIX BEKTOPOB,
MoCJC PEAYKIIUN HeI/IH(l)OpMaTI/IBHBIX 06T)CH$[IOHH/IX MEPEMEHHBIX, MOXCET OKa3aTbCA
HEOJHO3HAYHOMU B cjIydae, €CJIu 3HaYUMBbIC O6’L$ICH$IIOH_[I/IC TNEPEMCHHBLIC JIMHENHO 3aBUCHMEI.

B TakoM citydae, BEKTOp peleHusi MOXKHO MPEICTaBUTh B BUE KOAJTUIIUU MHOXKECTBA JIHI] (110
YHCITy 3JIEMEHTOB BeKkTopa) U cobmofaennem kpurepus lemnu. [Tockonbky «b0iBaHb», T. €.
JOMUHHUPYEMBIE 3JIEMEHTHI BEKTOPA YK€ PELYLMPOBAHBI, TO OCTAETCA JUIIb PABHOIIPABHO
pacrpenesnTh 3HaYeHUsI BECOBBIX KO (PUIIMEHTOB MEX/Ty paBHO3HAYaIIMMH (MHPOPMATHBHOCTh
KOTOPBIX OJJMHAKOBA) OOBSACHSAIOIIMMU TIEPEMEHHBIMU.

Ha nmpumMepe KJ'IaCCI/I(I)I/IKaI_II/II/I MEPHATBHIX MBI BUAHUM, YTO BCC 3HAYCHUA CTOJ'I6I_[0B a0COIIFOTHO
PaBHO3HAYHEI 110 a6COJ'IIOTHOMy 3HA4YCHHUIO, XOTA 3HAKHU U HC COBIIAJAarOT:

Oo6bexT\[Ipuznak | Ko Omnepenue [Maccu
IIturma 1 1 -1
He IInanep 1 1 -1
He Camonér 1 1 -1

B TaxoMm CJIyd4a€ KOHCYHBIM PE3YyJIbTATOM MOXKET OBITh PEIICHUE B BUAC BEKTOPOB:

Ho npu 3TOM nmeeT MecTo JIMHeWHas 3aBUCMOCTb IIPU3HAKOB, T. €. Wi + W, — w3 = Const

TeopeTndecku Mbl MOTIIH ObI OOOWTHCH OJHUM €IMHCTBEHHBIM JIFOOBIM U3 BCETO JIMHEHHO
3aBUCUMOT0 Habopa MPU3HAKOB ISl TOTO, YTOOBI MPABUIBHO KIIacCU(UIIMPOBATh mepHaThix. Ho B
HpaKTI/I‘—IeCKI/IX ICJIAAX 3TOro A€JIaTb HU B KOEM cnytlae HEC CnenyeT. HO TOI>'I HpOCTOﬁ HpI/I'-H/IHe, qTo
HAIlIa 3a/1a4a 3aKJII0YeHa He B TOM, HACKOJIBLKO PE3yIbTaTUBEH KiIaccu(ukaTop B IuIaHe o0ydaromie
CITIOCOOHOCTH, a B TOM HACKOJIBKO OH PE3y/IbTaTUBEH B IIaHe 0000aromiei cnocoocnoctu. 06
PE3yNBTaTUBHOCTH KIacCUpUKaTOpa B 00001aro1Ieil ClIOCOOHOCTH MOXHO TOJBKO JOTaIbIBAThCS,
T. K. BHE BBIOOPKH MOTYT MOIACThCS TAKUE MPUMEPDI JJIs KJIaCCU(PHUKAIMH, KOTOPbIE B 00Yy4alOILyI0
BBIOOPKY 1O T€M WJIM MHBIM NPUYMHAM He Tomnain. B TakoM ciydae, MOmbITKAa COKpAIeHHUS
IIPOCTPAHCTBA MMPU3HAKOB 3a CYET PENYKLUN HEKOTOPBIX JINHEHHO 3aBUCUMBIX (DAKTOPOB MOXKET
MPUBECTH K MAKCUMATILHO HEXeNaTeNbHBIM PE3yIbTaTaM, 0 CPAaBHEHHUIO C COONIOICHUEM
AKCHUOMATUKHU BeKTOpa H_Iel'IJ'II/I.

[Ipenmonoxum, 9To B 00y4daroNIyt0 BEIOOPKY IO KiIacCH(UKAIIUN TIEPHATHIX HE MOTajl TaKOH
00BEKT, KaK YTKOHOC. B Takom ciydae, HECMOTps Ha TO, 4TO Kiaccu(ukaTop ObUT HETOOOYyUEH, TeM
HE MEeHee pe3yibTaT KIaccu(UKaluY ¢ BbIIIEyKa3aHHBIM pellieHueM OKaxeTcsi BepHbIM. [1o Toit
IPOCTOM NMPUUYMHE, YTO BCE PABHO3HAYMMBIE TPU3HAKH MTOTYYHIIN OMHAKOBbIE a0CONIIOTHBIE U
aJZIeKBaTHbIE 10 3HaKy 3HaueHus. 1 u3 Tpéx npusnakos (Kitos, Onepenue u [llaccu), nBa
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okaszanuch BepHbIMU (Onepenue u lacen) u onun nan norpermsocts (Koiros). JIro0as penykius
PaBHO3HAYMMBIX MPU3HAKOB Jajia Obl XYy/IIINI pe3yabTaT BHE BRIOOPKH IO CPABHEHUIO C
IIPUHILIAIIOM ONTHUMaJIbHOCTH BekTopa [llemnn.

BriBon: cobmoaenne kputepus Lllernmn MUHUMU3HPYET PUCK CHIDKEHHS 0000IIaroen
CIIOCOOHOCTH.
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Pe3romunpys BbilleckasaHHoOe

Ecnu ObITh OYEHB KPaTKUM, TO BBIIIEYKAa3aHHBIA METOJ — 3TO METO/] TIOMCKa MaKCUMaJIbHON
JMHENHOMN 3aBUCUMOCTH MEXIY IPEIUKTOPaMU UCKYCCTBEHHOTO HEMPOHA JUISl OTIOPHBIX BEKTOPOB,
BE/Ib II0CJIE UHBAPUAHTA BMECTO 3aBUCUMOMN ITIEPEMEHHOMN MBI I10JIy4a€M HEKYIO KOHCTAHTY, a He
3aBUCUMYIO IIEPEMEHHYI0, OTHOCUTEIIBHO KOTOPOM M UIETCS TaKas 3aBUCHMOCTb.

dopmyra 3TOH 3aBUCUMOCTH U €CTh MareMaTuieckast MoJIellb, T. €. Ta caMasi 3aKOHOMEPHOCTD,
KOTOPYIO MbI HIlIEM B 00y4aromieil BoIOopKke.

JIMHENHBIX 3aBUCUMOCTEHN NBITAIOTCS N30eKaTh B IMHEHHOH anredpe, MOCKOIbKY B 3TOM Cllydyae
pELIEHUE CUCTEMBI IMHENHBIX YPABHEHN HE €AMHCTBEHHO M ONPEAEIINTENb MAaTPHIIBI HYJIEBOM.

B mammHHOM 00yueHHH 710 00CTOUT ¢ TOUHOCTBIO JI0 HA00OOPOT, T. €. LEJbIO ABISIETCS TTOUCK
00o01aromIei TMHEIHON 3aBUCUMOCTH, a BOBCE HE YACTHOTO CIIy4asi, y>K€ He MOJIeKAIIETO
HUKaKOMY 0000ILEHHIO.

Opnaxo, B pe3yibrare 0000IIeHHs MbI TOJIy4aeM HEeAMHCTBEHHOE pelIeHre, HO HaM HEe00XOIMMO
HalTH BecoBble KO3(P(PULIMEHTEI, T. €. BEKTOP peleHHs MPSIMOii 3a/1auu B BUJIE 3HAYCHUN —
KOHCTAaHT, IIpY KOTOPOM JIMHEWHast 3aBUCUMOCTb OyZieT Hanbosee onTuMalibHa. TakuM perieHneM
ABJIIETCS ONITUMAaNbHbIN BekTop Hlern.

Ilo CyTH 3a/1a4a COCTOUT U3 JABYX IOA3a1a4:

1. Tlouck Hambosee 00IIero pereHus, ¢ IeNbl0 YCTPAHEeHUS BCETO U3JHIIHETO, T. €. He
HMMEIOIIETO OTHOLIEHUS K 0000IIEHUIO.

2. Tlonck 4acTHOTO ONTHUMAIEHOIO peuicHus B O606H.[éHHOM pCHICHUM.

HecMmotps Ha TO, uTO 00€ 033124 MPEACTABISAIOTCS KOHPIUKTYIOMUMHU (MMEIOIIIUMU Pa3HbIe
11eJIM), TEM HEe MEHEE UX MOYKHO pelliaTh MapaijiebHO ¢ TOMOoIIbI0 MeToaa bpayna-PoOuHcon-
PemeroBa, cTaOMIBHO MPUOTMIKAIOIIETO K KOHEYHOU IEJIM HA KaXKJIOM IIIare UTepaluu.
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MeTton BpayHa-PobuHcoH-PelwleToBa

Meron ¢pukrusHON urpsl Bpayna-Poouncon™ geisercs nanGonee crapeim (1951 r.) anropurMom
UTEPATUBHOTO PEIEHH MUHMMAKCHBIX 3a/1a4, PEACTABIECHHBIX B BUJIE MUIATEKHBIX Marpul. [1pu
5TOM OH SIBJISIETCS METOOM MOMCKA PELICHHUSI C OMIMOHEHTOM M CIIOCOOHOCTBHIO aBTOPENYKIMH
JIOMHUHUPYEMBIX CTPOK U CTOJIOIIOB.

OpnHako, eMy IPUCYIIH Psii HEAOCTATKOB:

1.

HecootBeTcTBHE penieHust akcuomarrke Bekropa Illenmnu, T. K. MoJydeHHOE pelieHue
3aBUCHT OT MOPSIJIKA PACTIONOKEHHUS CTPOK U CTOJIOIOB B IUIATEKHON MaTpHIIE.

2. Hw3skas cxoIuMOCTb K pEIIEeHUsAM

YToOBI YCTPAaHUTD BbINICYKA3aHHBIC HEAOCTATKU, NPUIIIOCH YCOBCPIICHCTBOBATL aJITOPUTM, BHECH
B HCTO U3MCHCHU .

Bo3emém npexnuii anroputm bpayna-Poouncon:

s cTpok mIaTéXHOW MaTpUIbl B HEM MPEyCMOTPEH BEKTOP AKKYMYJISATOPA, PABHBIN JITTMHE
BEKTOPOB CTPOK M CUETUHK UCIOIB3YEMbIX aITOPUTMOM CTONO1OB. O0a BeKTOpa B Havaje
AJTOPUTMA COZEPKAT HYJIEBbIC 3HAYCHUSI.

TouHO Takke JUIst CTONOIOB IUIATEKHOW MaTPHIIbI B HEM MPETyCMOTPEH U BEKTOPA aKKyMYJISATOPA,
PaBHBIN JUITMHE BEKTOPOB CTOJIOIOB U CUETYMK MCIIOIb3YyEMbIX aITOPUTMOM CTpoK. O6a BeKTopa B
Hauajie aJlrTOpUTMa COAEpKaT HYJIEBbIE 3HAUECHUS.

st Hauasa BRIOMpaETCs MPOU3BOIBHBIN CTOIOCI] TUTATEXHON MATPHUIIBI M 3aaETCs 3HAYCHUE
CYETYMKA UTEPALUH.

3HaYeHHS aKKyMYISITOpPa CTOJIOIOB CyMMHPYIOTCS CO 3HAY€HUEM BBIOPAHHOTO CTONOIIA
MJIATEKHON MaTPUIBI.

CpeI[I/I 3HAUYCHUM AKKYMYJISATOpa CTOJ'I6I_IOB HIICTCA MaKCUMaJIbHOC.

Ecnu MakcuManbHBIX 3HAYEHUH B aKKYMYJISITOPE CTOJIOIIOB HECKOJIBKO, TO MTPOU3BOIBHO
BBIOMPAETCS OJTHO U3 HUX.

WNHnekc BRIOPaHHOTO MaKCHMAJIBHOTO 3HAYEHUS B aKKYMYJSITOPE CTOJIOIIOB SBIISIETCS
WHJICKCOM CIIEAYIOIIEH BRIOPAHHOM CTPOKH B TUIATEKHOM MaTpHIIE.

B cuétumnke cTpok 3Hau€HUE C UHJIEKCOM BBIOPAHHOW CTPOKH U3 I1. 4 yBEJIUYUBAECTCS HA
CAVHULLY.

3HaueHUs aKKyMYJSITOpa CTPOK CYMMHUPYIOTCSI CO 3HAUYE€HUSIMH BRIOPAHHOUW CTPOKH
IJIATEXKHON MaTPULIBI.

Cpeny 3Ha4eHN aKKyMYJsTOpa CTPOK UIIETCSI MUHUMAJIBHOE.

Eciii MUHUMAaNBbHBIX 3HAYEHUH B aKKYMYJISTOPE CTPOK HECKOJIBKO, TO IIPOU3BOJILHO
BbIOMpAETCs OIHO U3 HUX.

Wuaexc BBIOpaHHOTO MUHUMATBHOTO 3HAUEHUS B aKKYMYJISITOPE CTPOK, SIBISIETCS HHIEKCOM
CJIEMYIOIIETO BEIOPAHHOTO CTOOIA U3 TIATE)KHON MaTPHUIIHI.

10. 3HaueHune cuéTunKa UTEPALIUHA YMEHBIIAETCS HA CAMHMUILY.
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11. Ecnu 3HadycHue cuéTunKa I/ITCpaI_II/Iﬁ HC MCHBIIIC HYJICBOI'O, TO MEPCXO/] K II. 1

3Ha4YeHHs BEKTOPA CYETUYMKA CTOJIOIOB SIBISETCS BEKTOPOM PEIICHHUS [0 CTONIOIAM sl MPSMOMA
3a7a4i. 3HAYEHUSI BEKTOPA CYETYMKA CTPOK SIBJISIETCS BEKTOPOM PELIECHUS IO CTPOKaM ISt
JIBOMCTBEHHOH 3a1a4uu.

[TockonbKy anropuTMBI MOMCKA YCTPOCHBI TAK, YTO B IIMKJIE OHU CPABHUBAIOT 3HAYCHHMSI IJISI IBYX
COCETHUX MHJIEKCOB, TO B II. 3 U M. 8, TO HaIle BRIOMPAIOTCA CTPOKH U CTOJIOIBI, KOTOPHIE CTOST
OnvKe K Havajy IMKJIa, a COOTBETCTBEHHO TaKWE CTPOKHU M CTOJIOIIBI TTOMYYar0T MAKCUMaJIbHBIC
pelieHus B BEKTopax CYETUMKOB. T. €. B 3TOM cllydyae akcuoMaTuka Bektopa lllernnum as BekTopoB
perieHuit He COONMIoIaeTes, T. K. B ClTydae HEOJHO3HAYHOCTH PEIICHU, 3HAYCHUSI B BEKTOpax
3aBUCST OT MOPSIIKA CTPOK U CTOJIOIIOB, PACIIONOKEHHBIX B IJIATEXHONW MaTpUIIe.

UT0oOBI M30aBUTHCS OT ITOTO HEIOCTATKA, a TAK)KE MAKCHUMAJIbHO COOIOCTH €IIE OAHY aKCUOMY
BekTopa Illerum, cormacHo KOTOPOil Harpaa (3HaYeHNe BEKTOpa) JOKHA OBITh paBHA I TEX
YJICHOB KOAJHUIIMN BKJIAJ KOTOPBIX paBHO3Ha4YeH (TI0]] BKJIAJIOM B IAHHOM CJTy4ae UMEETCS B BUTY
3HaY€HHE JOMUHUPOBAHUSA ), TPUIILIOCH BHECTH U3MEHEHHUE B alITOPUTM B 1. 3 U 1. 8:

3. Eciiu MakcHMalbHBIX 3HAYCHUH B AKKYMYJIIATOPC CTOJI6I_IOB HCCKOJIBKO, TO BLIGI/IpaeTC}I TO
3HaYCHUEC C UHACKCOM, 3HAYCHUC CUCTUHNKA C TAKHUM K€ HHIACKCOM IJII KOTOPOTO UMECT
HaMMCHBIICC 3HAYCHUC.

8. Eciim MUHUMAJILHBIX 3HAUYEHHUH B AKKYMYJIATOPEC CTPOK HECKOJIBKO, TO BBI6I/IpaCTCSI TO 3HAYCHUC C
HHICKCOM, 3HAYCHUC CUETUYMKA C TAKUM K€ HHACKCOM JIs1 KOTOPOIoO UMEECT HAMMCHBIIICC 3HAYCHUC.

[Ipore roBops, pacnpeaesieHne 3HaYeHU B CYETUNKAX MTOCTIE MOIU(DUKAITIN CTAI0 TaKHUM, YTOOBI
MaKCHMaJIbHO COOTBETCTBOBATh akcroMaM lllemu.

Bropoii HenocTaTtok, a UMEHHO HU3Kasi CXOAUMOCTh UCXOAHOTo anroputMma bpayna-Pobuncon
TOYHBIM PELICHUAM IIPU HAJTUYUHU OAHO3HAUYHOCTHU PEILICHUM, 3aKI09aJIach B TOM, YTO MAKCUMYM
MOTPEIIHOCTEN aJrOpPUTM BHOCHII B Ha4aJIbHBIX UTEPALUSIX, 1€ MOT BHIOpaTh JOMUHUPYIINE
CTOJIOIIBI MJTH CTPOKU. B KOHEUHOM MTOTE OH CXOJHUIICS K TOMY, YTO Ha BCEX UTEpaIUIX
3alIMKJIMBAJICS TOJIKO Ha JOMUHUPYEMBIX CTPOKaX U CTOIOIAX.

YToOBI N30aBUTHCS OT ITOTO HCOOCTAaTKa, OBLI B aJIr OpUTM BBEIEH JONOIHUTEIbHBINA CUETUUK
Ha4daJIbHBIX HTepaHHﬁ, 10 JOCTHUXKCHHUU KOTOPOIO CUETUHMKHU HCIIOJIB3YEMBIX CTPOK U CTOJ'I6HOB
C6paCLIBaJ'II/ICB " JaJIeC aJITOPUTM YIKE CTaOMIIEHO 3alIUKIIMBIIUCH TOJILKO HAa JOMHUHUPYCMbBIX

CTPOKax 1 CTOJ'I6II3X AaBaJl BBICOKOC CXOXKACHUE K TOYHBIM PCIICHUSAM.

B pesynbrate BHeCEHHBIX MHOIO Moaudukanuii B Metos; bpayHa-PoOuHCOH, moay4ucs
yayuuieHHbIi metonl bpayna-Pobuncon-Pemerosa.
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Peanusauus

[TockonbKy TEOpETUYECKUE PACCYKACHUS 3a4acTyI0 MOTYT COJIEpKaTh OIMOKU MJIM HETOYHOCTH U
B pe3y/bTaTe JOIYIEHHbBIX OIIMOOK Ha KaKOM JINOO 3Tale pacCykACHUH, BCe MOCIeTyIOIUE dTallbl
TaK)Ke MOT'YT 0Ka3aThCsl OMIMOOYHBIMH, TO JIJIsl TOTO YTOOBI YIOCTOBEPUTHCS B IPABUIBHOCTH
TEOpUH, JKEJIaTeIbHO UCTIBITATh €€ Ha MPAKTHKE.

Jlist mpoBeieHUs] TAKUX UCTIBITAHUN U ObLTa CO37[aHa pean3alysi BEKTOPHON MAIlIUHBI C
MHUHHUMAaKCOM 00y4arorieit cnocoonoctu B Buje 6uonuorexu libVMR nHa Java, noctynHas B Buje
MCXOJHBIX KOJIOB MO TUIIeH3uel cBoOogHOTO McxoaHoro koga GPL v. 3, a Takxke B BUIE yxKe
CKOMIIJIMPOBAHHOTO | IIaT(OPMEHHOHE3aBUCUMOTO TIPHIIOKEHHS ¢ OKOHHBIM TpadruecKuM
uHtepdeiicom B hopmare JAR.

3arpy3uTh UCXOJHBIE KOABI U MPUIOKEHNE MOXHO 10 aapecy: http:/libvmr.sourceforge.net
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CBexue pefakumm aHHOro OKYMeHTa

Haubonee cBexyr0 peaakifio JaHHOTO TOKyMEHTa MOYKHO 3arpy3UTh TI0 ajpecy:
https://sites.google.com/site/libvmr/home/theory
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