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MeToipl BHYTpeHHeH TOUKN

PaCCI\/IOTpI/IM BBIIIYKJIYIO 3a/la9y chIOBHOfI OIITUMUI AT

A b

Biech x € R*, A € RPX" p < n, marpuna A umeer panr p, sce byukiuu fi(xz), i = 0,n ABIAIOTCA BHITYKIBIME
n HenpepsiBHO- b dGepennupyembivun. O6oznaunm depes D = domfy (N, domf; — JOMEHHOE MHOXKECTBO, Yepe3
F={xeD]| fi(x) <0,Axr = b} — MHOXKECTBO IOIIYCTUMBIX PEIICHNI], & IePe3 Lop; — Pelnenue 3amaIn (1). Samernm,
YTO B BBIMYKJIBIX 33J[a9aX YCJIOBHOH ONTUMHM3AIUA OIPAHWYIEHUs BUJA PABEHCTBA MOTYT OBITH TOJBKO JIMHEHHBIMU,
MHAYe JOMyCTUMOE MHOXKECTBO F He OyJeT BBITYKJIbIM.

Pacemorpum dysrnumio Jlarpanxa

L(@, A ) = fo(@) + 3 Aifi(@) + p' (Az — b).

Ecsiu Touka & € D siBaisiercst (rnobanbHbIM) perenueM 3agaqu (1), To HaliayTes A € R™, u € RP takue, uro (Z, A, p)
yaosaeTBopsioT cucreme Kyna-Takkepa:

m
VaeLl(Z, A 1) =Vfo(2)+ Z \NVfi(@) + AT p =0, — yCJIOBHe CTAIHOHAPHOCTH

i=1
Xi >0, Nifi(@) =0, i=1,m; — yCJIOBHE JOIOJIHAIONEH HesKeCTKOCTH (2)
fi(@) <0, Az =b. — YCJIOBHUE JIOIIyCTUMOCTH

Paccmorpum apoiicrsennyio dyuknuto Jlarpamka g(A, ) = infzep L(x, A, pt) 1 ABOACTBEHHYIO 33/1a9y OITHMU3a-
A

M%u%ﬁ§?7 (3)

N >0, i=1,m.

Brech u ganee Gyjiem IpeanoaaraTh, 9To BeMoHens! yeiaosusa Crelirepa, T.e. 3% : fi(Z) < 0 Vi'. B sTom ciayuae
ycsioBust (2) SIBJSIOTCS JIOCTATOYHBIME YCJIOBUsIMU ONTHMAJbHOCTH Jyist 3aja4n (1). Kpome Toro, BbIIOJHsIETCST CBOT-
CTBO CUJILHON JBOMCTBEHHOCTH, T.€. PEIICHHE HPAMON 3a1a4u fops = fo(Zopt) COBIALAET C PEILICHUEM JBOHCTBEHHOM
Gopt = G(Aopt, Hopt). DTOT (PaKT HO3BOJILET MOJLYIUTH HEIBPUCTUUECKUH KPUTEPUHl OCTAHOBA IS METOLA PEIICHHUSI
zazaqn (1), KOTOPBIl UTEPAIIMOHHO BBIYUC/ISET KAK IIPAMYIO TOUKY &, TAK U JABOMCTBEHHYIO TOUKY (A, () TAKYIO, 9TO
Ai >0, g(A, p) > —o00?. Torma semanna fo(z) — g(A, p) Gyner Bepxueit onenxoit Ha fo(x) — fopt, 1 UTEPAIMOHHBIIT
[POIECC ONITHUMU3AIMA MOYKHO 3aBepinarh, ecin fo(x) — g(A, p) < .

Sagaqa KBaJpaTUIHOI'O IIPOIpaMMUPOBaHUA C OI'PaHUYCHUAMN BIa PaBCHCTBaA

Pacemorpum cireytornyro 3a1aqy OnTHMA3AIANT:

1 .
51:TQ33 — ¢z — min,
xT

Ax =b,

rjae Q - O7 T.€. MUHUMU3UPYyeEeMasi Cl)yHKLLI/IH ABJIAETCA CTPOro BbIHyKJIOfI. SﬂeCB paccMaTpUuBarOTCA TOJIBKO OI'PaHNYCHUA
BH/la paBE€HCTBa. HOSTOI\/Iy BBIIIOJTHSIETCSI CBOMCTBO CUJIBHOI ,HBOfICTBeHHOCTH, a ycCJioBHUA KyHa—TaKKepa ABJIAIOTCH
HeO6XO,ZLI/Il\H>IMI/I 1 JOCTATOYHBIMU YCJIOBUAMU OIITHUMaAJILHOCTHU:

Qr—c+ATp=0,
Ax =b.

1Ha camom Jeste ZOCTATOYHO TPeGOBATL BBIIOIHEHHE YCJIOBUS f; () < 0 TonbKO AU HeNMMHERHBIX bYHKIUHA f;.
2Takue TOYKH HA3BIBAIOTCS JOMYCTHMBIMHY /ISl JBONCTBEHHOM 3aa4l OIITHMI3AIIIN



DTy cucTeMy JIMHEHHBIX YPABHEHUI MOXKHO SKBHBAJIEHTHO 3aIMCATH KaK

Q AT [z] [e

A 0| lul T |8
Marpuna mannoit CJIAY spisercss HeBBIPOKIeHHOl. [losToMy pernenue (x, (1) Beeryia CyIecTByeT U eIMHCTBeHHo. B
cJTydae HeCTPOTOit BBITYKI0CTH MUHNME3HpYeMoit dbyukiun (Q = 0) marpura CJIAY GyjieT HEeBLIPOXK/IEHHOI TOTIa I

TOJIBKO TOT/A, KOTJA:

x'Qx >0 Vr: Az =0.

Meton HbroTona aj1st crucrteM ¢ orpaHMYeHUsIMI B8 PaBEHCTBA,
Paccvorpum 3ama9y onTuMuzaun

folx) — H%cin7 (4)
Ax = b,

rue fo(xr) — Bblaykias, aBaxipl HenpepblBHO-IubbepenHupyeMas OYHKIMA. 30eCh MO-IPEKHEMY IPUCYTCTBYIOT
TOJILKO ONPAHUYCHN BHIA PABEHCTBA, IMOTOMY BBIIOJHACTCA CBOMCTBO CHJILHONM ABOMCTBEHHOCTH, a ycjoBud Kyma-
Takkepa ABJIAIOTCA HEOOXOIUMBIMEA U JOCTATOYHBIME YCJIOBUSME ONTHMAJBHOCTH. PacCMOTPIM HECKOJILKO CIIOCOOOB
perienns 3azaqn (4).

o Nckmiouenne nemssectHbix. Obmee pemenune CJIAY Ax = b Moxuo npejacraButh Kak & + Gz, roe & € R™ —
qacraoe pemtenne CJIAY, G € R™("~P) _ yarpuna, B cTosbnax KOTOPOil cTosT 6asucHble BeKTOpa st ker A,
z € R™ P — npousBosibHBIH BeKTOp. B pesysbrare 3amady (4) MOXKHO SKBUBAJICHTHO [EPENUCATH KAaK 3aady
BBIILYKJIOH 0E€3yC/IOBHOI ONTUMU3AIIII
fo(x+Gz) — mzin.

Iyist 9T0# 3a7249u MOXKET OBITH 3a/IefiCTBOBAH OOIIMPHBINA apCeHAJ METOJIOB pelleHus 3a/1a9 Oe3yCJIOBHON OITH-
muzaruu. OHAKO, TaKOW MOJXO/T MOXKET MCKaXKaTh CTPYKTYPY UCXOMHOHN 3asaqn. Fcium, Hampumep, MaTpuia
A sBjsieTcsi CWJIBHO pPa3peKeHHOoi, To Marpuna G MOJIyYUTCs MPOU3BOJIBHON, U CBOWCTBO Pa3pe’KEHHOCTH HE
YIACTCS MCIIOJIb30BATDH Mgt Gosiee adbdeKkTuBHOro perenus 3aga49u (4).

e Pemenue jpoiicreennoii 3aga4an. Pacemorpum apoiicrBennyio dyHKImo s 3agadn (4):

9(p) = nf(fo(z) + p" (Az = b)) = —p"b + inf(fo(x) + p’ Ax) =
= —1'b—sup(@’ (~ATw) ~ fo(@)) = —p'b - f5(~Ap) - max. (5)

3aece 1uepes fj obosmadena conpsexentast m0 Penxermo dyuknus mist fo. ConpsizkenHast QYHKINS BBITHCIIAET-
Csl AHAJIMTUYECKU IS MHOTUX 3djieMeHTapHbIx dbyHkuuil. ljis pemenus nsoiicrBentoii 3aga4qu (5) MOryT ObITH
MCITONIb30BAHBI METOIBI Oe3yca0BHOM onTuMu3arun. [1o pemenuio JBOMCTBEHHOM 3a0a91 Mopt PEIIEHHE NPAMO
3asa9n (4) BBIUACIASETCS KaK

Lopt = arg SuP(mT(_ATHOPt) - fO(w))

AHaJornuHO UpenbIyIeMy CIydal IPU [epexojie K JBOWCTBEHHON 3ajaue CTPyKTypa MCXOTHON 3ajxaun (4),
HAIIPUMEP, CBOMCTBO Pa3peKEHHOCTU MATPHUILI A, MOXKET TEPATHCS.

e [Ipsamoe pemenne merogom Herorona. ITycts nmeercs mekoTropast Touka ¢y € F. B merone Hbiorona st moncka
0YepEeIHOTO HAIPABJICHUS onTuMu3anuu dj MuHHMu3UpyeMas QYHKIUSA fo JOKAJIHHO TPUOIMIKAETCH KBaIpa-
TUYHOI:

1 .
fo(xr +di) =~ fo(zr) + Vio(zr) " dy + §d£V2fo(ﬂJk)dk — min,
k
Al +dy) =b < Ad, =0.

Taxum obpaszom, mosydaeM 3a7ady MUHUMU3AINANA BBIIYKJION KBAIPATUIHON (DYHKINY TP JUHEHHBIX OrPaHU-
yeHUsiX. Pelierre Takoil 3a1a9n MOXKeT ObITh HailijeHo myrem pertenust CJIAY:

e 8- 5]

IIpemoozkenue CTPOroil BLITYKIOCTH fo o3Hadaet, uto V2 fy = 0. Cienosarensno, marpuia CJIAY sasiserca
HEBBIPOXKJIeHHOM, u napa (dj, py) onpesenena oaHo3HavHO. Ilo aHasorun ¢ merogom HplooToHa Jyisi 3a1a49u



0e3yCJIOBHOI ONTMMU3AINN, B JAHHOM CJIy9ae PEKOMEHJIYeTCs JIONOJHATEIHHO OIEHWBATH JJINHY Iara BIOJIb
HampaB/enns dj IIyTeM PeIleHns OJHOMEPHON 3a1a4u

d;) — min.
fo(zk + ady) min

31ech MOXKHO BOCIOJIB30BATHCA KAK TOYHBIMU METOJAMHI OJJHOMEPHONM ONTUMU3AIINK, HAIIPUMED, METOI0M BpeH-
Ta, TAK U NPUOJIMYKEHHBIMH, HampuMmep, cxemoit backtracking. 3amerum, 4aro Touka X + adj TPUHAIJIEKUAT
JIOIYCTUMOMY MHOXKeCTBY F s Jioboro «. Ecim npoiicrBennas dbyukims (5) BBIUMCIISETCS AHAJIMTUIECKH,
TO TEKyIllee pemeHne Ty41 = L + adi MOXKeT OBITH MPOBEPEHO HA E-ONTUMAJIHHOCTH IIyTEM CPABHEHUS
Jo(xri1) — g(pr) <e.

B ormmure oT npeap Iy X ABYX IIOAXO0I0B UCKIIOYEHNs HEN3BECTHBIX U PEIIeHNs JIBOHCTBEHHON 381891, NTepa-
UOHHOE pelrieHre cucreMbl (6) He MeHsIeT CTPYKTYDbI 33Ja4u. B 4acTHOCTH, CBOHCTBO PA3PEKEHHOCTH MATPHIIBI
A MOxKeT 6bITh YITEHO 1y TeM pemieHus (6) MeTOIO0M COLPIKEHHBIX ITPAJMEHTOB C COOTBETCTBYIONIEH peaau3aryeii
ajropurma ymMHOXKeHusi marpuiel CJIAY Ha BekTOp.

B zaksrouenune 3ameruM, 4To cucrema (6) sxBuBasienTHa JuHeapusanuu cucreMmbl Kyna-Takkepa:

Vfo(xr +di) + ATpp = 0, Jlumeapusamus Vfo(xr) + V2 folzr)dr + ATy = 0,
S i
Az +di) = b, Ad = 0.

Meton HeioTona ¢ negomycTnMoil HauaabHOM TOIKOM

Byzewm no-npexkuemy paccMaTpuBaTh 3aja4y ontumusaryu (4) ¢ BBIULYKJION JBaK bl HenpepblBHO-TuddepeHnupyeMoit
dbyuruumeii fo. g 3amycka meroga Hoiorona n3 mpeapaynero paszeina HeoOX0MIMMO 331aTh HAYAJIbHYIO TOUKY g € F.
IIpeamookuM Tenepb, 9TO IMOUCK TAKON JOIMYCTUMON HAYAJBHON TOYKM CBSI3aH C OIPEIEJIeHHBIMH TPYIHOCTSIMHU.
Kaxk mpasuio, 3to aktyasapbno B caydae D C R”. Ilyctb, Hanpumep, JOMEHHOE MHOYKECTBO D TIpejicTaB/IsieT COOOI
IOJIOYKUTEJIbHBIN OKTaHT. Torma pemenune CJIAY Ax = b npu orpanndenusix x; > 0 COOTBETCTBYET PEIIEHUIO 3a[a9U
JITHEHOTO MTPOrPAMMUPOBAHUSI.

IpeanosoxkumM, 9ro mMeerca Todka g € D, Ho xy ¢ JF. Paccmorpum gyis pernenus 3aigauu (4) mpsgmo-
JIBOMCTBEHHBII BapuaHT MeToa HeroToHa. B 1IpsiMo-1BOICTBEHHBIX METO/IaX ONTUMU3AIAN B UTEPAIUSIX BIUUCIISIFOTCS
KaK IpsIMble [lepeMeHHble, Tak U JBoficTennble. st 3agaun (4) 910 o3HaUaeT Bhranciaenue (g, 1y ). Pacemorpum mo-
HCK O4epeHOro Hanpasienus onrumusaimu (df, di)) myrem penrenust inneapusosanuoii cucremsl Kyna-Takkepa:

Vfolzr + df) + AT (py + d}) =0, Jluneapusaus V2 fo(zr)dy + ATdl = =V fo(xr) — AT py,
P ————
Az +dj) =b, Adj = b — Axy,.

HOCJIG,ZLHIOIO CHUCTEMY MO2KHO 3allCaThb B CJIEAYIOIIEM BHUJIEC:

T o] -

V fo(xr) + AT T qual (T, k)
=— = — . 7
Awk -b Tpm'mal(mk; Hk) T(mk, Hk) ( )

3ameTuM, 4TO HafiIeHHOE TaKUM 00Pa30M HAIPaB/ICHHE OITUMHU3AINY IPAMOI TOUKH df MOXKeT He ObITh HaIpaB/ICHAEM
yMenbIeHust pyskimn fo. lelicTBuressbHo,

= Vfolxr)Td} = (d7)T (= AT py, — V2 fo(zr)di — ATd}) =

0 T
a_afO(wk + Oédk) o

= —(d}) TV fo(ar)d] — (pr, + di)T (b — Azy).

Eciu Touka ), € F, re. Ax) = b, To npousBonnas fo 1o Haupasjenuio di OyneT OTPHLIATEJBHON JJId CTPOIo-
BBINYKJIOH dbyHKImn fo. J1s HEI0MyCTUMON TOYKH @) 3Ta MPOU3BOIAHAS MOXKET OKA3aThCA MOJIOKUTENbHOH. C mpy-
roii cTOpoHbI, TpeboBaHWe yMEHBLIICHUST 3HAYeHUsl fo JJIsl HeJOILyCTHMOIi IIPSMOil TOYKH MOYKET He OTpaykaTh IIpO-
rpecc IpsIMO-IIBOMCTBEHHOIO METOJ/a ONTUMHU3aluu. Pa3zyMHOIl XapaKTepUCTHKON TaKOro IMPOrpecca SIBJISeTCsl BeJIu-
quHa ||7(xk, )|, KoTopas coorsercTBYeT BeamuuHe HeBsizku cucreMmbl Kyna-Takkepa st 3amaun (4). Curyanmst
|7 (xk, pr)|| = 0 o3magaer, 9T0 T} ABJIAETCA pEIICHHEM NPsIMOW 3adadn (4), a fp — pelleHneM JBOHCTBeHHOI. B
pesysbrare HOUCK [JIMHBI Iara (¢ BOJIb Halpasienns onrumusaiun (df , df) MOXKHO OCyIIECTBIIATE C IIOMOIIBIO CTPa-
rerun backtracking st bysknun ||r(xy + adf, p + ady)||. Kpurepuit ApMuxo B JaHHOM CJlydae BBINJISAUT KaK:

I (@x + adi, . + ady)|| < (1= pa)|r(zr, pi)ll, (®)

rue p € (0,0.5) — napamerp MeTosa, BeIOUpaeMblii mosib3oBaresaeM. [Ipsamo-asoiicreennslii Mmeroy, Hporona 3akandan-
BaeT padory, korja ||r(zy, ui)| < €.

Eciu ma Tekymeit nrepanum 0Ka3asoch, 9T0 & = 1, TO BCe MOCIEAYIONIHNE MPSIMbIe TOUKHU Lj OYJIyT JTOMYyCTUMBIMU.
IToaToMy 371eCh MOYKHO IIEPEKIIOUNTHC Ha MeTo HbIoTOHA, ONMCAHHBIN B IIPEIBIIYIEM Da3JieJie.



Puc. 1: Uupukaropuas Gynkiws 1_(u) u ee npubinKeHre ¢ IOMOIIBIO JOrapudMUIecKoro 6apbepa —% log(—u) must
Pa3/IMYHBIX 3HAYEHUI T.

Mero sorapudmudecknx 6apbepoB (IIPsIMOil METOJ BHYTPEHHET TOUKH)

Paccmorpum 3azady onruMusalun (1) ¢ orpaHudeHusIMU BUJia PABEHCTB U HepaBeHcTB. [Ipu aroM GyeM npeanosararh,
uyro Bee dyukumu f;(x), i = 0, m gBIAIOTCH BBINYKJIBIMA U JIBaXK/bl HenpepbiBHO-iud depenimpyembivu. 3agady (1)
MO2KHO 3KBHUBAJICHTHO IIepelucaTh KaK 33/1a4y ONTUMU3AIINN TOJIBKO C OIPAHMYEHUSMU BUJIa PABEHCTB:

fol@) + ) I-(fi(=)) — min, 9)
i=1
Ax = b,
rme I — muaukaTopHas (QYHKIIASA BUIA
o= 2,

Munnmusupyemas yHkims B 3a1ade (9) He siBasiercs qud depeHnupyeMoit, o3ToMy 3/1eCh HeJIb3sl IPUMEHSITh MeTO-
16l HeroToHa, onncanHble Bole. BBeieM almpokcuMalio MHANKaTopHol dyHKmu I (1) B Buje J0rapudMUIecKoro
b6apbepa f% log(—u), rue 7 > 0 — HekoropbIii apamerp. JaHHas ampokcuManys JJisi PA3/IMIHbIX 3HAYEHUI T HOKa-
3ana Ha puc. 1. PaccMoTpuM Termeps cieayontyio 3a1aqy ONTHMA3AIIIN:

fol@) = L log(~ fi@) > min, [ 7fo() - T, log(~fi(a) - min,

(10)
Az =b, Ax =b.

O6o3HanM Tepe3 (Lopt(T), topt (T)) ONTEMANBHYIO IPSIMYIO U ABOHCTBEHHYIO TOUKY HJIst 3a1a4u (10) mpu BrIOpaHHOM
7. Habop Takux TOYEK NpH Pa3JIUIHBIX 3HAYEHUSX T MOJyUA] HA3BAHUE IEHTPATHLHOTO My TH. PACCMOTPUM BEJTMIHHBI

1 , .
MO Gty T
py (1) = A

T

Mo2KHO TOKa3aTh, YTO BBEJCHHBIE TaKUM 00pa3oM TOYKH (A(T), (7)) ABIAIOTCS JOMYCTHMBIMU JIst JBOHCTBEHHOI
3aja4n K ucxonHoii 3aade (1). IIpu sToM 3HAYECHHE ABOMCTBEHHON (DYHKIMH BBIUACISETCH aHATHTHICCKH:

9T, (7)) = fol@opt (7)) = =
B pesysbrare
fO(wopt(T)) — fopt < fo(“?opt(T)) — g(A(1), u(T)) = ? m 0.

Taxum o6paszom, perterne 3aga4n (10) IpH yBeINYeHNHN 3HAYCHAS T JACHCTBUTEILHO CXOJUTCHA K PENIEHHIO NCXOIHOM
samaqn (1). Bosee Toro, TouKa Topt(T) ABIAETCS M /T-ONTHMAJBHBIM pelneHmeM. 1109TOMy e-OnTHMAaNbHOE peleHne
3aja4n (1) MOXKHO Oy 9IHTh IyTeM pertenns 3a1aau (10) ¢ 7=m/e.



Puc. 2: Mnocrpanus paborsl MeToza jgorapudmudeckux 6apbepos i 3agaun (12). CiieBa [0Ka3aHbl JIMHUU yPOB-
HS MUHUMU3UPYeMOil (DyHKIMHU, CIIpaBa IIOKA3aHbI JIMHUU YPOBHs OGapbepHON (DyHKIMU Jjisi OrpaHndeHuii (depHbie
KDPUBBIE), & TaK»Ke IEeHTPAJIbHBII Iy Th JIJIs IPsIMOi IIepeMeHHOl (KpacHast KpuBas).

MO2KHO [OKA3aTh, UTO BEJIUIHHBL (L opt(T), A(T), (7)) ABISIOTCS PEIIEHUEM CJICAYIOMEH CUCTEMBl yPaBHEHHIL:

Vo) + Y Nifi(x) + AT =0,
i=1

)\i Z 0; )\’sz(m) ) Z ]-a”L; (11)
T

Ara cucrema cosraaer ¢ cucremoii Kyna-Takkepa (2) 3a UCKIIFOUEHHEM TOTO, UTO YCJIOBUS JONOJHSIIOIEH HEXKECTKO-
CTH BBINISIAT Kak A; f;(x) = —1/7. Ilpu crpemiennn 7 K mwioc 6eckorednoctu cucrema (11) mepexomur B cucremy (2).
Dro emre onHO 0O bscHeHUE TOro akra, uro pemenue 3aga49u (10) crpemurcs K pemenuro 3agadn (1).

Kak 6bu10 1I0Ka3aHO BbIIIeE, JJIsl IIOJIyYeHHsl E-OITHMAJILHOro perienns (1) mocrarogno perurs 3agady (10) ¢
7 = m/e. OnHako, Ha NPAKTUKE MOMCK TAKOIO PEIIeHHUs] W3 CJIyYaifHOrO HAYAJIBHOIO NPUOIIMYKEHUs] MOYKET ObITh
CBSI3aH C ONPEeJIEJIeHHBIMU TPYHOCTsME. [109TOMY 371€Ch OGBITHO PeIaeTcst Moce0BaTebHOCTh 3a0a4 (10) ¢ yBesn-
YUBAIONIMMCs 3HAYEHUEM T, [IPU STOM DEIIeHUE OUEPEIHOMN 3812491 UCHOJIb3yeTCsl B KAYeCTBE HAYAIbHOTO IPUO/IMZKEHUS
JUISL pEIIeHnsl Ceytomeii 3agaan. B nrore cxemy MeTona jgorapudMuaecKnx 6apbepHbIx (DYHKIMN MOXKHO 3aITUCATD
KaK

1. Beibupaercs crporo jonycruMmasi TOYKa & (BHYyTPEHHsiSl TOYKA), TOYHOCTH €, HAYAJIbHOE 3HAUYEHHE T = To U
MYJIbTUILIAKATOD v > 1;

2. Haxonurca pemenue x 3aga4u (10) ¢ TeKymum 3HaU€HUEM T, [JI€ B KAYECTBE HAYAJIBLHOIO IPUOJIMZKEHIs UCIOJIb-
3yeTcs pelleHne C IpeblIyINeil nTepauu;

3. Ecim m/7 < &, TO anropuT™ 3aKaHIMBAET PabOTY;
4. YcraHaBIMBaeTCsa HOBOE 3HAYECHUE T = TV, IEPEXOJ] B IIary 2.

Perenne 3aga4an (10) MoxkeT GBITH MOIYYEHO € HOMOIIBI MeTOsa HBOTOHA (IPSMOrO MM IPSIMO-IBOHCTBEHHOTO).
IIpu ucnonb30BaHUY MPSIMO-BONCTBEHHON Bepcuy MeTojia HbOTOHA B KavecTBE HAYAJbHON TOYKM & JIOCTATOYHO 3a-
JIABATh TOUKY, YJIOBJIETBOPSIIOILYIO TOJBKO OTPAHUIEHNSM Bujia HepaBeHcTBa f;(x) < 0. 3HavYeHNe MyJIbTHUILIINKATODA, U
obecrreunBaeT KOMIPOMHICC MEXKITy KOJMIeCTBOM BHEITHUX W BHYTPEHHHNX HTepaImii® B MeToge 6apbepos. HeGombimoe
3HAYEHNE ¥ COOTBETCTBYET MAJIOMY YHCJIy BHYTPEHHUX UTEPAIUil 332 CIET MCIIOIb30BAHNS XOPOIIEro HAYaIbHOTO IIPU-
OJIMKEHUsI, HO MOXKeT IPUBOJUTH K OOJIBIIIOMY YHC/Ly BHEIIHUX UTEPAIHil, HEOOXOAUMBIX JIJIsi BBIIIOJHEHUSI YCJIOBUSI
m/7 < e. IIpu sT0M perierne ouepe ot 3amaun (10) HaxoAUTCst ¢ GOBINON IMCITEHHO yCTONINBOCTEIO. Y BeInIeHne
¥ YMEHBIIIAET KOJMYECTBO BHEIIHUX HUTEPAIUil, HO MOXKET IIPUBOJAUTH K YUCJIEHHBIM HEYCTONYMBOCTSAM U OOJIBIIIOMY
KOJIMYECTBY BHYTPEHHUX UTEPAIN 338 CIET UCIOJb30BAHUS JAJIEKAX OT ONTHUMAJILHBIX HAYAJbHBIX mpudsmkennit. Ha
[IPAKTUKE MeTOJ 0apbepoB yCTOWYNBO paboTaeT JJjis MUPOKOTO AMANA30HA 3HAYCHII .

3Iloa BHYTPEHHHMH HTEPAIMAME IIOHUMAIOTCA MTEPALNK MeTona HbloToHa 1Jis pelreHns odepeaHol 3a1a4u (10)



Pacemorpum B KadecTBe MILTIOCTPATUBHOTO IPUMEPA CJIEAYIONTYIO 33129y YCJIOBHON MIHIMU3AIUAN:

g:c% —3z129 + g:c% —3x1 + 229 — 3{{111112,

9 2 0,

T +x9 > 1, (12)
T2 —x1 <1,

21’2 + 21 S 6.

D10 3aja9a KBaJPATUIHOTO IpOrpaMMupoBanus. Ha puc. 2 mokasaHbl JIMHUU YPOBHS MUHUMHU3UPYEMON (DYHKIHH,
JIMHUY YPOBHS JiorapudMuIecKux 6apbepoB U HEHTPAIbHBIA IIyTh JJIs IPAMBIX [EPEMEHHBIX (X1, Z2).

Meto/1bI 11epBOIT (has3sbI

s 3amycka MeTona 6apbepoB HEOOXOINMO YKa3aTh HAYAJIbHY IO BHY TPEHHIOI TOYKY, T.€. TAKYIO TOUKY &, [IJIsi KOTOPOii
fi(r) < 0 Vi. B obuiem ciiydae IOMCK BHYTDEHHEH TOYKU € MOXKET OKA3aThCsl HETPUBHUAJBHON 3anadeil. Merozp
pellleHust 5TOi 3a/a4u MMOJIy Yi/IN HA3BaHWe METOJIOB 11epBoiil ¢da3bl. PaccMoTpuM JiBa METO/a TAKOrO TUIIA:

e Meroj 6apbepoB. PaccMOTpuM CIe Iy IOy IO 3a/1a9y ONTHMUBAIIN:

S§ — min,

fil@) <s, i=T,m; (13)
Ax = b.

Jlsist 97O 3aa9N JIETKO yKA3aTh BHYTPEHHIOIO TOYKY: JOCTATOYHO B3SATh JII000# & 1 BHIOPATH B KAYeCTBE 3HAUE-
HUs § J000€e duciio, npesbinaomee max; f; (). Torga sagaay (13) MOXKHO pemiaTh ¢ IOMOILIBIO MeTOJa Gapbe-
poB. Eciiu @ He ynoBjierBopsieT JinHeliHbIM orpanudenusiMm Ax = b, To B MeTosie 6aphepoB Ha IIEPBOii UTEPAIIT
HEeOOX0/IMMO UCIIOTb30BATD MIPIMO-ABOiCTBeHHBIH MeTo Hbiorona. Teparun Meto ia 6apbepoB MOXKHO OCTAHAB-
JmBaTh, ecan Tekymee s < 0. Econ pemennem 3azgaun (13) okaszanock s > 0, TO cucTeMa OrpaHUIeHHUil siBIIsieTCst
HECOBMECTHOM, U MOUCK pelleHusl UCX0HOM 3a1aun (1) craHoBUTCH 6ECCMBICEHHBIM.

o IIpsawmo-BoticrBennsiit Mmeron Heiorona. PaccmoTpuMm ciiemyromntyio 3aady ONTUMA3ATIIN:

fo(x) — min,
x,s

AHaJIOrUYHO IIpeBIYIIEMY CJIyUaro JJIsl 3TON 3319 JIEFKO yKa3aTh BHYTPEHHION TOUKY (&, s). IlepBast nrepa-
s MeTo/a 6aphepoB I ITOM 3aa4N SKBUBAJCHTHA PEIICHIIO 33,1891

Tofo(a) =) log(s — fi(z)) — min,
i=1 ’

DTy 33121y MOXKHO PEIIUTH C IIOMOIIBIO IIPsIMO-JIBOCTBEHHOTO MeToia Hpiorona. Ee pemrenue Oyjier BHy TpeHHei
TOYKOIA, ¥ IO3TOMY JIaJiee MOXKHO [IEPEKJIIOUATHCs HA OObIYHBIE HTePAIuU MeTo/1a 6apbepoB pertenns 3aaadu (1).

CpaBHuBas JiBa MpEJCTABICHHBIX METO/a MepBOil a3kl MEXKy CODON MOXKHO 3aMETHUTH, YTO BTOPOH METOJ| He
[TO3BOJIAET OIPEIEUTDh CUTYAINI0 HECOBMECTHOCTH OI'DAHUYEHUI, HO IPU STOM TPeOYyeT JIMIIb OHOTO JOMOJTHUTE b=
HOTO 3aIrycka Meroja HbioToHa mepe OCHOBHBIME UTEpAIsSIMu MeToa bapbepoB. Hamporus, mepsbiit MeTom Tpedyer
[OJIHOTO MTEPAIMOHHOTO MPOIecca MeTo/a 6apbepos Jisi perteHust 3a1a49u (13), HO IpU STOM KOPPEKTHO paboTaer B
JIFODOI CUTYyaIluu, BKJIIOYas CIydail HECOBMECTHOCTU OIPAHUYEHUI.

[Ipsimo-1BOfICTBEHHBIIT METO BHYTPEHHEH TOUKN
HpHMO—,U,BOIU/ICTBeHHI)IIU/I METO/L Hrrorona OIITUMU3UPYET OJHOBPEMEHHO IIpAMbBbIE IIEPpEMEHHbIE T U ,HBOfICTBeHHbIe epe-

MeHHBIE [ [IyTeM pellleHnsl JuHeapu3oanHoii cucrembl Kyna-Takkepa (7). Kak 6b1710 noka3aHo Bbliilie, MeT0/] 6apbhepoB
periaeT BoaMyteHHyo cuctemy Kyna-Takkepa (11) juist Habopa yBeanauBatonmxcst 7. [IpsiMo-1BORCTBEHHBIN BApUAHT



MeTosa 6apbepoB (MeTos BHYTPEHHEH TOYKU) ONTUMU3UPYET HpsMble U JBONACTBEHHbIE IIepeMeHHbIe (X, A, () ImyTeM
pelleHns JINHeapU30BAHHON Bo3MyIieHHO! cucrembl Kyna-Takkepa:

Violx) + 30, Vi) VE@)T AT [d, Vio(x) + Vf(x)" X+ AT p
diag(A\)V £ () diag(f(z)) O | |dy| =— diag(\) f(z) + Le =
A 0] 0| |d, Az —b
Tdual(wv Aa ll’)
= — Tcenter(maka”') = _T(w’)‘all’)' (14)
rprimal(ma >‘7 “’)

3aech uepes diag(A) obo3HaUeHA JMATOHAJBbHAS MATPUIA, B KOTOPOI Ha JIMATOHAJN CTOUT BEKTOD A, uepes f(x) —
BekTOD [f1(T), ..., fm(x)]’, uepes V f(x) — MaTpuIa MPOU3BOHBIX, B KOTOPO# B nosunuu (ij) crout a—ifl(a:), a yepes
€ — BeKTOp U3 eJIMHHII.

Kak u B ciryuae upsimo-zasoiictsennoro Mmeroga Hprorona, B janaoM cirydae Besunduna ||r(x, A, p)|| orpazxaer mpo-
IPECC UTEPALMOHHOIO IPOLECCa, U Ha KaxKI0il HTepaiuu BI0Ib Haiigennoro nanpasienus (d,, dy, d,,) pemaercs 3aiaua
ogaoMeproit Munumuzarnyu ||r||. [Ipu ee permenun ¢ nomomipio crparerun backtracking smadenue o yMeHbIIAETCS 10
BBINIOJTHEHUS YCJIOBUS

[r(z + ads, A+ ady, p+ ady,)|| < (1= ap)|r(z, A, w],

e p — mapaMmerp, 3aaBaeMblil [MOJIb30BATEIeM. 1aKuM 00pa30M, MOJIyYaeM CJIEAYIONMIYIO OOIMYI0 CXEMYy MIPSIMO-
JBOUCTBEHHOI'O METO/IA BHYTPEHHEII TOYKHU:

1. Beibupaercst cTporo momycrumasi TOYKa &, MOJOYKUTEJIHHBI BEKTOP A U IPOU3BOJILHBIN BEKTOD ft. Tak»Ke BbI-
fupaercsa TOYHOCTb ONTUMUBAINH €, € feqs, HATAIBHOE 3HAYEHUE T = Tg, MYJIBTHIUNINKATOP v > 1 U mapaMeTps
crparernn backtracking;

2. Haxonurcs pemenne (dy, dy,d,) CJIAY (14) st Tekyiero sHadeHust T;

3. Pemaerca 3anava ogHoMepuoit Munnmusaimu ||7(x + ady, A+ ady, p+ad,)|| — m>1101 ¢ momompio backtracking;
oz

4. Ecyu st HoBoro Habopa (&, A, () BBIIOJHEHO yCI0BUE ||Tgual (T, A, 1)|| < €freass |Tprimai(T, A, )| < €feqs 1
AT f(x) < €, To anropur™ 3aKaHUMBaeT PabOTY;

5. 3HadeHMe T yCTAHABJIMBAETCS KaK min(%, T%f(m)), Iepexot B mary 2.

Bl1ech MapaMeTp € feqs OOBIMHO BhIOUpaeTcs MatenbkuM (Hanpumep, 10719, B stom ciyuae sesmanna —AT f(x) Gymner
HUCTUHHON OIEHKOI Ha 3a30p. 3aMEeTHM, 9TO B OTJIMIHE OT METO/[a 6HaphePOB, B IPSIMO-IBOWCTBEHHOM BapHaHTE METO/IA
HeT pa3/ieJIeHns HA BHEIHUE W BHYTPEHHUE UTEPAINH, T.K. 3HAYCHAE T YBEJIUIUBACTCS MOCTE OHOKPATHOTO PEIIeHuUsT
CJIAY (14). Tak:ke cjeiyer 3aMeTUTh, 9TO IIPH IIOMCKE (¢ HA ITAIE OJHOMEPHONH MUHUMHU3AIMU HEOOXOIUMO CJIEUTh,
9TOOBI HOBBII A OBLI BEKTOPOM C HEOTPUIATEIHHBIMI KOMIIOHEHTAMY, & HOBBIN & ObLI BHYTPEHHEH TOYKOIA.

B crparernn backtracking snagenue o nmonoupaercs, HauMHAsST ¢ HEKOTOPOT'O MAKCUMAJILHOI'O 3HAYEHUSI, HAIIPUMED,
a = 1. DTo 3HaYEHHE MOXKET COOTBETCTBOBATH BBIXO/ly 3a BHYTPEHHOCTb orpanudeHuii. [losTomy ero nHeobXoammMo
YMEHBIIATH TaK, YTOOBI & + ad, ObLI BHyTpeHHEH TOYKO#, a A + ad) ObLI BEKTOPOM C HEOTPUIATEIbHBIMA KOMIIO-
merntamu. [Ipu 9TOM He cjemyeT ycTaHABINBATH MAKCAMAJIbHOE 3HAYEHUE (v TAK, IYTOOBI & + Ad, B TOYHOCTH KACAJICs
OJTHOI M3 T'PAHUIL JOIIyCTUMOTO MHOXKECTBA, T.K. OJIM30CTD K TPAHUIE COOTBETCTBYET OOJIBINMNM 3HAYECHUSIM OapbepPHOH
dyukmu u Moxker Bectu K Heycroituusomy pemenuio CJIAY (14) ma cienyromeit urepanuu. Ha npaktuke makcu-
MaJIbHOE 3HAYMEHHNE (¢ YCTAHABJIUBAIOT KaK O qq, T/I€ Qmay — MAKCHUMAJIBHO JOMYCTAMOE 3HAUEHUE (v, IIPUBOJISIIEE T
Ha OJIHY W3 I'PAHMIL JOIIyCTUMOI'O MHOXKeCTBa, a § < 1, nampumep, 6 = 0.9.

st IpsiMO-IBOIICTBEHHOTO METO/Ia BHYTPEHHE! TOYKH JI0Ka3aHa Teopermaeckas cxoaumoctb 3a O(y/nlog(l/e))
urepanuit. Ira TeopeTuIecKas OleHKa XY/IIIEero YUCIa UTEPAIIUIl SBJISETCS HAMTY IIIeil Ha CerOHSNTHUI JeHb OIeHKON
CPEeJIM BCEX METOJIOB PEIIeHUs 3a1a4 yCI0BHOM onTuMusanun (1). Ha npakTuke MeTo BHY TPEHHEH TOYKU CXOIUTCA 38
KOHCTAHTHOE YHCJIO UTepanuii, IPaKTUUECKN HE 3aBHCsIIEe OT pa3MepHOCTH 3ajaun (00braHo 3040 mreparmit). Jto
00OCTOSITELCTBO JIeJIAeT METO/] OCOOEHHO IIPUBJIEKATEBHBIM [IJIsI UCIIOIB30BAHUS B CJIyUae JIAHHBIX OOJIBIIOTO 00beMa.

Metozm BHyTpeHHEN TOYKN OCHOBAH Ha nreparusx HpioToHa, 00/1a7a10mux KBaIPATHIHON CKOPOCTHIO CXOAUMOCTH.
ITosToMy MeTo/| BHYTPEHHE TOUYKH II03BOJISIET HAXOJAUTD perienue 3a1auu (1), B ToM ducsie, jijis BBICOKON TOYHOCTH €.
DTOT MOMEHT SBJISIETCS AKTYAJbHBIM, HAIIPUMED, [IJI PA3PEXKEHHBIX JIMHEHHBIX MoJiesieli Kiaaccudukaiuu/perpeccuu,
B KOTOPBIX OOHYJIEHNE MaKCHUMAJIHHOT'O KOJUYIECTBA KOMIIOHEHT [TO3BOJISIET TOJIYyJaTh KOMIIAKTHBIE U JIETKO HWHTEPIIPe-
THPyEeMbI€ DEIaioNiue MPABIIIA, IPEIbSBISIONNe MUHIMAIbHbIE TPeOOBAHUS K BBIUUCIIEMOMY HAOODPY IPU3HAKOB,
HEOOXOIMMOMY JIJIsi IPUHSATHST PEMIeHUA.



[IpumeHeHne nMpsiMo-BOMCTBEHHOIO METO/Ia BHYTPEHHEH TOUKM JIJIs 3a1a91 00y YeHUsI
METO/1a OIIOPHBIX BEKTOPOB

IIpu mpuMmeHeHNN MeTOIa BHYTPEHHEH TOYKN JJIT KOHKPETHOTO KJIaCCa 3a7a9 ONMTUMUBAINN JACTO YIAETCA YCKOPUTD
BBIUHCJIEHNE OTJIEJIbHBIX UTeparuii MeTojia 3a cuer ydera KOHKperHoro suaa mMarpuisl CJIAY (14). Pacemorpum mo-
JOOHOE YCKOpPEHUE B CJIyvae METOJa OIMMOPHBIX BEKTOPOB LI CTAHIAPTHON 334N KJIACCUMUKAIINN Ha JIBA KJIACCA.

ITycrb umMeercst obyuaromasi BbIOOpKa 3 N o6bekTos (¢, X) = {t,, a:n}ﬁ[:l, rie €, € RP — BekTOp mpU3HAKOB, a
t, € {—1,41} — merka kiacca. Tpebyercs Ha OCHOBe JAHHON UHMDOPMAIMH CIPOIHO3UPOBATH METKY KJIACCA peqy AJIS1
HOBOTO 00BEKTa, MPEJICTABICHHOTO CBOUM BEKTOPOM IPU3HAKOB Lyneyw. B METOE OMOPHBIX BEKTOPOB TAKOM MPOTHO3
OCYIIECTBJISIETCS 110 3HAKY JIMHEHHOTO PEIAIONIEro MPaBUIA:

D
t(x) = sign (Z w;x; + b) = sign(w”x + b),
d=1

rae w € RP — mekoTopbie Beca n b € R — koacbdumumenT capura rumepriockocTn. Ilapamerpst (w, b) HaxoaaTcs myTem
PpeIleHns CIIeIyomeil 3aa91 KBaIPATHIHOTO ITPOrPAMMIPOBAHUS:

N
1
awT'w—l—CZEn—) m

in,
n=1 w.b.€

& > 0.

3aecy C > 0 — koadbdunumenT peryisipusaym, 3a1aBaeMblii mosp3osareneM. 3aa4a (15) sBisiercs: BBIIYKJION ¢ orpa-
HUYEHUSIMU TOJIBKO BHUJA JIMHEHHBIX. 1109TOMY BBIIOJIHSETCS CBONCTBO CHJIBHOM ABOiicTBeHHOCTH, M Hapsiay ¢ (15)
MOXKHO PacCMOTPETh JBOUCTBEHHYIO 33/1a4Y:

Zf:[:l An — 3 fom:l A Amtntmxl e, — max, ~ATe+ IANTTXXTTA — m}%n7
27]:[:1 Antn =0, A At =0, (16)
0< A\, <C. 0< A< CCe.

3nech uepe3 T' 0obo3HaUEHA AMAaroHAbLHAS MATPUIIA C BEKTOPOM t Ha [IMAarOHAJM, 8 Yepe3 € — BEKTOP U3 €IUHUL I/ IMHbI
N. Tlo perrernto nBoficTBeHHOM 3aaun (16) MOXKHO TIOJyIUTh pereHne npsiMoi 3aa4u (15) ciegyromum o6pa3oMm:

N
w = E AntnTn,
n=1

Zn;0</\n<c(tn B me")

Zn:0<)\n<C 1

b:

PaccMoTpuM Teneph IpUMEHEHHe IPSIMO-IBOHCTBEHHOTO MeTo/la BHYTPEHHeH TOuKM Jisi pernteHust 3anaqan (16).
Ilist aroro BBegeMm dyHKIU0O Jlarpanxa

1
L, p,v1,v2) = —ATe + 5ATTXXTTA + ATt —vT XA + v (A - Ce)
W 3ammineM BO3MyIleHHyto cucremy Kyna-Takkepa:
VAL p,v1,v2) = —e + TXXTTA+ put — vy + vy =0,
At =o,
1 . 1
— VA, = —— Vn & diag(vi)A = —e,
T T

1 1
Van(Ay — C) = — Vn & diag(va)(A — Ce) = —e,

’01207 ’UQZ0,0SASCE.

OpiHa urepalyst IPSMO-IBORCTBEHHOIO METO/Ia BHYTPEHHEH TOYKH COOTBETCTBYET PEIIEHUIO JTHHEAPIU30BAHHON BEpCUHT
BO3MYyIIEeHHOM cucTtembl Kyna-Takkepa:

TXXTT t —I I d) TXXTTXA —e+ ut — vy +vs T dual (A, 14, V1, V2)
tT 0 O O d, | ATt B Tprimal (X, i, U1, V2)
diag(v1) 0 diag(A) (0] d, | —%e + diag(v1)A T | reentera (A 1, v1,v2)
diag(va) O 0] diag(A — Ce) | |d,, %e + diag(va)(A — Ce) Teenter,2(A 1, V1, V2)
(17)



Marpuna nannoit CJIAY umeer pasmep (3N + 1)x (3N + 1). Idna 6onbmoro obbema Boibopku N perneHue Takoil
CHCTEMbI MOXKET 3aHUMATh 3HAYUTENbHOe BpeMs. [lokaxkeM, kak cucremy (17) MOMXKHO PEIIUTh ILyTeM PacCMOTPEHHsI
CJIAY ¢ matpuneit pasmepa Dx D. lns 91010 BoIpa3uM Hem3BecTHBIE d,,, U d,, U3 TOCIETHAX IBYX YPABHEHUIA:

d,,

—diag(1/A)diag(v1)dy + diag(1/X) <%e - diag('vl))\> ,

1 1
d,, = —diag ()\ vQC’e) d) — diag ()\ — Ce) (;e + diag(va)(A — Ce)) .

3yech u jajiee B apryMenTe KoMaHabl diag Bce apudMeTHYeCKHe OIEPAINN TI0/IPA3yMEBAIOTCST TOKOMIIOHEHTHBIMU.
Tloncrasiss nocieHuit PE3yJIbTAT B IEPBOE YPABHEHUE, [TOJLY IAM:

TXXTT + diag (% - )\BQCe> t| |dx _ |~ Tprimal — diag (%) Tcenter,1 1 diag (ﬁ) Teenter,2| _ |Y
t" 0| Ldu Yo

| as

Tprimal

s mampHedmmx mpeodpa30BaHuil HaM MTOHAI00STCS CIIEIYIONINE ABa Pe3yabTara n3 00JIaCTH MATPUIHBIX BBITHAC-
JICHUIA:

e ToxnectBo Bymbepu. Pacemorpum derbipe marpuist A € R™*" C € R™>*™ U € R™*™ V € R™*". Torna
CIIPABEJJINBO CJIEJIyIOIee TOXKIECTBO:

(A+Ucv)t=At—AlU(Cct+vA Uy lvaTL,

IIpeamonozkumM, 910 n > m u Marpuna A~! mssecrna. Torma JamHOe yTBEPKICHNE TO3BOJIIET CBECTH BBITHCTIC-
Hue 00PATHON MATPUIIBI PA3Mepa N XN K BBIYUCIECHUIO OOPATHON MATPHUIIBI Pa3Mepa m X m.

e Biounoe obpartenue marpuiibl. CrpaBeJIUBO CJIEIYIONIEe Y TBEPXK ICHIE:

A U™ [A'+A'WWBVA! —A'UB
v oc] ~ ~BVA~! B |

e matpunsl A, C, U, V uMeroT Taxoit e pa3Mep, Kak  BbIIe /i ToxK1ecTsa Byibepn, a B = (C—VA~U) =1 -
r.0H. nonoJnenue [lypa.

Iepeituem Teneps B perrenunio cucremsl (18). O6ozuauum yepe3 A marpuiy diag (v_>\1 — %) , a gepe3 P — marpuiry

TXXTT + A. Torna, npumensist dbopmyny mist 6oaHOr0 O6paleHns MaTpUIBl, pemenne (18) MOXKHO 3anKcaTh KAk
d] [P ] ' [y] [P P u@TPt)"4TP-! P ttTP )1 [y]
d,| — [tT 0 vo| T p~1t)~ T p-1 TP 1)t | |yo|

B nocsesHeM BBIpaXKeHHH TpebyeTcs Beraucauts Pty nu P~1t, te. pemmurs CJIAY ¢ marpurneit P s AByX IPaBbIX
qacreit y u t. [Ipumenum i permenns gannoit CJIAY toxaecrso Bynbepu:

oo ETPT
t' P y—yo
tTP-1t

p—ly—p—ltiﬂp-lyyo]

g=P ly=TXX"T+A) ly=A"1y - A'TX(T+ XTTA'TX) ' XTTA 1y.
Teneps BEKTOP Y MOXKET OBITH ITOJIyIeH KaK
y1=X"TA 'y,
(I+XTTA'TX)ys =y,
=AYy - TXyo).

Amnasornano HaxomuTcs BekTop t = P~'t. Bamernwm, uro momydenne ¢ u t tpebyer pemenusi CJIAY ¢ marpueit
I+ XTTA'TX pasmepa DxD. Marpuna A sBjiserca IuaroHaabHOlN, mosTomy mosydenue A~! me npencrasiser
TPyIA.



	Задача квадратичного программирования с ограничениями вида равенства
	Метод Ньютона для систем с ограничениями вида равенства
	Метод Ньютона с недопустимой начальной точкой
	Метод логарифмических барьеров
	Методы первой фазы
	Прямо-двойственный метод внутренней точки
	Применение прямо-двойственного метода внутренней точки для SVM

