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MBaHoB 1O. A.

AcnupaHm JloHeykKoeo HayuoHarIbHO20 MeXHUYECKo20 yrusepcumema

AINMMOPUTM PELWLEHUA 3AJ0AYN ONTUMUSALUN ONA LUUMKITMYECKUX
PACMUCAHUA C NPEPbLIBAHUSAMU

PaCCMOTpeHa 3a7a4a ON TUMH 3a1[UH ITUKINYECKON OpraHusaliiyi BLIMUCIIATCIILHOTO ITpoIecca
CHUCTCMBI JKECTKOI'0 peaJIbHOTO BPCMCHMU. Onpez[eneHLI ocobeHHOCTH 1eeBoit Cl)yHKL[I/II/I
ObocHoBan BLI60p LCITOUYUCIICHHOI'O METO/JIa ONITUMHU3AIIUU 3aavuu IMOCTPOCHUS pacCliuCaHu:d.
Hpez[non(eH AJITOPUTM PCHICHUA aJlaliITUPOBAHHBIM MCTOAOM BETBEU U rpaHull.

KiiogeBrIe ciioBa: LCJIOYHCIICHHAA OIITUMHU3al U, METO BETBEHU U r'paHull, aJirOPUTM.

BBEJIEHHE

[Nosnmenne 3(h(heKTHBHOCTH PEIICHYS PA3THYHBIX IIPO-
H3BOJCTBCHHBIX 33734 B 3HAUMTEIFHOW MEPE JOCTUTACTCS
BHEIPEHHUEM CPE/ICTB UX MOJCIBHON MOANEpRKH. [ 3¢h-
(peKTHBHOTO YIIPABICHHII 00 BEKTAMH HEOOXOIUMO PEIIATh
337K ONTUMHA3AINH XaPAKTSPUCTHK Tporiecca. OmHuMu 13
OCHOBHBIX METOZOB SBJLTIOTCS METOABI MATEMaTHYCCKOTO
MporpaMMHpPOBaHKs. B 3aBHCEMOCTH OT Xapakrepa Ieme-
BOTO MHOYKECTBA TIEPEMCHHBIX PACCMaTPUBAEMON MOJIEIIH
3TO MOTYT OBITh METO/IbI THHECHHOTO, HEJIMHEHHOTO HJIH JTHC-
KPETHOTO ITPOTPaMMHUPOBAHHS.

Teopms n ipakTrKa 3P PEKTUBHBIX METOIOB H AITOPHUT-
MOB pEIICHHUSI 33Aa4 MaTEMAaTHYECKOTO IPOrPaMMHPOBA-
HUSI JOCTATOYHO TIOJTHO pa3padoransl [1-4]. V BHOBB BO3-
HUKAFOIIAX 33714 ¢CTh COOCTBCHHBIC OCOOCHHOCTH, OIpPE-
JISILIFOIIHAE CTIeI(pHKY IPUMEHIEMBIX K HUM MeToA0B. [Ipn
3TOM TNPSMOE PEUICHHUEC H3BECTHBIM AJITOPHTMOM HaCTO
MOXKET OBITh 3aTPYAHCHO WM HE SIBIIETCA Y PEKTHBHBIM,
JUIS YeTO0 HEOOX0AUMO MPeoOpa30BaTh WIH AJANITHPOBATH
caMy 3a74ady.

MOCTPOEHHUE MOIE/IA 3AJTAYHM OIITUMIMAIIMN

PaccmoTpuM MOAETb 383241 ONPEACTICHUS XapAKTEPUC-
THK MUKJIAYICCKOTO BBIMUCITATCIIBPHOTO MPOUECCa CHCTCMBI
JKECTKOTO PEAIbHOTO BPEMEHH [3]:

argmin (L),
LeN,L<T,

n . .
F=Ych-h+

i=l 14; 1

F=0; M

i=ln,
rae 1;, 1;, n, p —MapamMeTpsbl, XapaKTCPHU3YIOLINC BBIMHCIIH-
TEIBHBI mpouece, L — mepeMeHHas. Llemesas (yHKIws
SIBIICTCS HCJIMHCHHOM. DJICMCHTAMHE HCJIHHCHHOCTH SIBIIS-
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HOTCA ONICPALTAA BBIACTICHUA ICTION YaCTH IS ONPCACIICHUA

1

T; ¥ BBIpaYKCHHUC 7 CymecTBeHHO, UTO JaHHAA 321344 SB-

TACTCA LETOYHCICHHOH, TAK KAK HA ICPEMEHHYE) HAJIOKE-
HO orpanmdeHue L € N, L <T;.

PaccMoTpmyM ciaracMble, COCTAaBILAIOIINE LIETCBYIO (DyH-
KIHEO I

LI P np
Fl=Y -0, FP=—
il F L @
F=F'4 p?

O0a cnaracMbIX comepskar B ceOc HemmHeHHOCTH. [ pa-

(puK TIEpBOH YACTH CYMMBI F' L TpeCTaBIsieT coboit Habop
OTCUYCTOB AN LEIOYHCICHHBIX 3HAYCHHH apTyMCHTA

L e[1,71]. I'paduk BTOpOIt YacTH CyMMBI — F* 2 gBsiercs mo-
JIO>KUTEIILHOM YACTHIO THIICPOOITHL.

MHHHMATBHO JOMYCTHMOC 3HAUCHHE [ ! OHpPEICTIACTCS

3HAYCHUCM (D)YHKIIHH MPH T,-' =T, 9TO MPOM30HACT, KOIIA B
T .
BBIPAKCHUU }f{ [ TIpH BBIACTICHAH LCIION YacTH HE OyaeT

BBIMOJTHATHCS OKPYIJTICHUH. TOra BRIPAKECHUE

P N P RS
min(F) = (=% -

=1 4 1

)=0 3)

OyaeT onpeaenITh MEHIMATbHYIO TPAHHUITY LIEIeBOH (DYHK-
nun. [Tpu 3TOM €€ MAKCHMATBHOE 3HAYCHHUE HE MOYKET TIpe-

14
Bommats UL =1- ZT—’ TIOCKOJIBKY B 3TOM CJIy4ac pacmuca-
i=1"1
HHE BBIMHCIIMTEILHOTO TIPOLIECCA HeIb3s IOCTPOUTH. TakuM
00pasoM, 1eneBast PYHKIS OTPAHUICHA CBEPXY U CHHU3Y.

OBOCHOBAHHE 1 AJTAIITAITHSI AJITOPUTMA
JUTSI PEIIEHUAS 3AJAYHM OITTAMUBALIN

Anams ormcanns (1) MPUBOIUT K BBIBOZY, UTO PCUb HACT
0 3aJa4e AUCKPETHOTO MPOrPaMMHPOBAHUA C HETMHEHHON
neneBoi Pyrkrmei. Takad KacCHpuKaImA 32,1291 000CHO-
BAHA TCM, UTO I BRIOOPA MCTOAA €C PCIICHUS TPSOOBAHIC
JHCKPETHOCTH SABJIICTCSA OMPEICIIAIOIINM.

OCO0CHHOCTS ICTICBOI (DYHKIHH (2) COCTOUT B TOM, UTO
oHa mMeeT aBe yacTd. O0¢ YaCTH H3MCHSFOTCA HEJTHHCITHO.
ITpu 3TOM XapakTep U3MEHEHHA NMEPBOH YACTH HE MOKET
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OBITh HMKAK KOPPEIMPOBAH CO BTOPOH YACTHIO ()YHKIIHH.
Hcxoas u3 310ro, MOYKHO IPOU3BECTH Pa30HCHIE MHOKECTB
JIOTYCTHMBIX IUIAHOB IIOMCKA PEHICHAUH HA TIOIMHOKECTBA C
TIOCTICI0BATEIHHBIM BHIMHCIICHUEM IICJICBBIX (DY HKITMH-OTIC-
HOK KaKZI0TO IIOIMHO>KECTBA 1 TTOIY4IaTh IPOMEKY TOTHBIC
3HAYCHUS LICTECBON (DYHKIMHU, YTOUHICMBIC BIIOCICACTBHH.
Kpome Toro, OroBOpeHHBIE OTPAHUICHIS HIKHETO M BEPX-
HETO 3HAYCHI LENCBOH (DYHKIMH TAr0T BO3MOXKHOCTH OT-
CCKATh €€ 3HAYCHHA, KOTOPBIC B XOZE PEIICHHUA YKE HE COOT-
BETCTBYEOT OTPAHHHCHISIM 3aJa4U M MOSTOMY B JaJbHEH-
IIEM MOTYT HE PACCMATPHBATHCA. TakOH MOAXOA K PEIICHHIO
COOTBETCTBYET KOMOWHATOPHBIM aJITOPUTMAM METOAA JH-
HAMHYECCKOTO MPOrPAMMHPOBAHKA. Y YHTBIBAA H3JIOKCHHOE,
JUTS PEIICHHS MOCTABICHHOH 3a1a41 MOKET OBITH ITPHME-
HCH YTOUHCHHBIN METO/, BETBCH M IPAHULL, B PE3Y/IBTATE IIPH-
MEHEHHS KOTOPOTO YIACTCS MOIYYUTh IIEPEMECHHYTO L.
[TycTh cymecTByeT HEKOTOPOE MHOKECTBO [, KOTOpOE
COACPIKHT BCE MMOAMHOKECTBA 3JICMEHTOB CYMMBI LICTICBOH

T

(yHKIHA Z (— ——) A1 BCEX JOMYCTUMBIX IJIAHOB U3ME-
i=1 4j i

HCHHUSA MEePEMEHHON

Le[l,[;], TO  €CTbh

H={Hg.Hg3.....Mo7 } Kaxaoe MOIMHOKECTBO HMECT
T T T T T T

npeacrapaenne [, L2 2 Cn ny
Tl Tl T2 T2 Tn Tn

np
MHOKECTBO } COASPKUT 3JICMEHTBI BUIA T 7151 BCEX ILIA-

HOB M3MCHCHHA NEPEeMEHHOH L. T1epBbIil 31eMEHT MHOMKE-

np
cTBa, 1A I =17 3aHOCHTCA B HCXO/THOM BHJIE A Bee ocrans-

HBIC 3JICMCHTHI MPCACTABILIFOTCA MOAYJIEM CBOCTO OTHOCHTCITB-
HOT0 OTHOLICHI K MPEAMICCTBYOIICMY 3JICMCHTY MHOKECTBA

V. Taxum obpazom, MHOXECTBO ILIAHOB
_hP .51 2.1 ii-1 _|"p
V="Va »VA"Y, Ormomenme Vi =~

I L
np | B 1

L—1| np L(L—1) Juia nepemenHolt L =[2,7; —1]. I'pa-

(prraecky cxeMa MOJyJCHIS 3HAYCHUH [ETCBOH (DYHKIMH MO-
JKeT OBITh HHTCPIPETHPOBAHA CIICAYIOIIM 00pa3oM (puc. 1).

CrpyKkTypa CXEMBI MPESACTABIIACT COO0H ACPEBO ¢ KOp-
HEM B TOUKE I = (). BeTBu AepeBa — 31€MEHTBI MHOKECTB /1
u V. Y3 Touku [ = (), yTEM CYMMHPOBAHHS BCEX IEMEH-
TOB IMOAMHOKCCTB IO NMyTH CJICAOBAHWA HAIPABJIAFOIINX
CTPEJIOK, OMPEACIAIOTCS 3HAYCHUS LICICBOH (PYHKIHH
F(L = j). Ang onpenencHusI pe3yabTara IeaeBOi (yHKINH
MPHUCYTCTBYIOT MCPESCCUCHHA TIPH BHIOOPE 3JICMECHTOB MHO-
JKECTB. AJITOPUTM BETBJICHHS B 3TOM CIIy4ac OyAeT ompese-
JATH HA0OP MPaBmII IO (DOPMHUPOBAHHIO MHOKCCTBA TCKY-
mero mara C. BeraucieHue TPAHUIL BBIIIOJTHACTCA IO pPE-
3yIbTATAM AHANHM3A 3HAYCHHH OLEHKHM (YHKIUH F HA
MHOKECTBE TEKYIETO Imara. M3HadaabHO MHOXECTBO C sIB-
maerca myctbiM C=0. Jlanee B C 3aHOCUTCA 3IEMEHT J] MHO-
skectBa V, C ={)]}. 10 OOBSCHICTCS TEM, UTO OH BCEIIA
JOJDKCH OBITH YUTCH A1 BCCX BO3MOKHBIX IUTAHOB H3MCHC-
HUS TIEPEMEHHOM L, HO IPH 3TOM HH OJUH IUIAH CINE HE
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Puc. 1. Cxema onpesieneHns 1eneBoit GyHKImu I

BBIOpaH. COOTBETCTBCHHO IPH 3TOM OLICHKA (DyHKIHMH /6y~
ACT BKJIFOYATBH TOJIBKO eMeHT 1), To ecth (V). Ha ceny-
FOIICM 3TArC BHIMOTHACTCS MIEPBOC BETBICHHE, KOTOPOC CO-
OTBCTCTBYCT PA3ACIICHHUIO PCIICHUH HA ABA BAPHAHTA;

1) L =7}, 3TOMY BapHAHTy COOTBETCTBYET MOAMHOMKE-
cTtBO o7

2) L =[1,7} —1], T0 ecTb BCE OCTAILHBIC BAPHAHTHI, COOT-
BETCTBYIOLUE OCTABIIUMCS JJIEMEHTAM MHOKECTB [ u V, a
TAKVKE JIEMEHT V5 Kak KOPEHb NOAAEPEBA PEIICHUH.

Taxum oOpazoMm, comeprkuMoc MHOKecTBA C OyICT U3-

MeHeHo, C ={H . .5} .Tlocie 310ro HeOOXOAUMO BBIIOI-

gh>
HUTBH OIICHKY TCKYIIETO IIara, T.c. CPABHAUTH 3HAUCHUS LieTIe-
BO# Qynkumn ams F(17.V,) u £ Hop [n]) (3mmvusn-
pyromuii TecT). s moay4eHUs1 paCUETHOIO 3HAYCHUS U3
TIOIMHOKECTBA [] 7 BCCTAA BBIOHPACTCSA MOCACAHUH JJIc-
MeHT. [1pu 3T0M BO3MO)KHBI TBA BAPHAHTA!

1) Ecmu £'(, H g, [n]) < £(71.)3), 10 BapuanT BEIGOpA
noxmHokectBa [ g7, KoTOpOE Ompenemser miaH BHIGOpA
nepeMeHHOH L =T, sBisercs onTuMatbHbIM. B 3TOM Coty-
4ac MPOJOIDKACTCSA PACCMOTPCHHE MHOMKCCTBA [1 o7, BEI-
TIOJTHSIETCSI OTHOCTOPOHHEE BETBJICHHE, KOTIA MHOMKECTBO,
TozTeKaee pa3OUeHUIO, BBIOMPAETCS TONBKO U3 TEX KOH-
ICBBIX MHO)KCCTB, KOTOPBIC TOJMYYCHBI HA TPCABIAYICM
IIare BETBICHIUSL, TO €CTh 3HAYCHHE MHOXeECTBA C HE MCHS-

ercs. C={H o ,V5}. Ha crenyromem mare OyaeT paccMoT-

PeH creayrommi snemMent noamuokectsa g7 [n—1], To
ects F(V1,V,) u F('1,Hgr [n—1]). Tpu 310M CcoOTBET-
CTBCHHO MPOJOJIKAOT PACCMATPHBATHCA 2 MJIAHA PEIICHHH
L=TnL=[11-1].

2)BemuF (1.V,) < FO/.H g,
COZICPKUMOMY MHOKeCTBA C MOZKHO OTIPEACIHTD, UTO HA JAH-
HOM IIIare BHIOOP IUIAHA penieHus L = 7] He ABISICTCA ONTH-
MambHBIM. [103TOMY HEOOXOMMMO PacCMOTPETh HA0OP BapH-
antoB L =[1,7] —1]. B 3T0M CNy~a¢ BRIIOHACTCS BETBIICHIC H
muoxecTBO C mpuver Buf C = {H 7 . H gr, 1.V3}, TaK KaK

[#]), 3HA4MT, MO TEKyIIIEMY
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BMECTO 3JIEMEHTA }5, 3aHOCATCs €10 BeTBU — /1 o7 1 m1/3. Ta-
KAM 00pa3oM, B PACCMOTPEHHE, TOMUMO J0OABJICHHOTO pa-
Hee BapuanTa L =17, nobasmsorca L =77 —1u L =[1,1; —2].

IlocneaoBaTeIbHOE BHIOIHCHUE TAKUX JCHCTBHI MPHBC-
JIET K TOJTYYCHHEO ONTHMAILHOTO 3HAYCHHUS LENCBOH (DyHK-
MU, KOTOPOE PABHO 3HAYCHUEO OLICHKY TEKYIIETO I1Iara B CITy-
1a¢ ero BHIOOPA A MIEPBOTO 3JICMCHTA JTFOOOTO TOIMHOKC-
crBa Hg. [1]. Tlpu 3TOM BO3MOMKHA CHTYaIWs, KOLAA
AOCTHTHYTO 3HAYCHHE }'7; , HO PCIICHHC CLIE HE BEIOPAHO. ITO
O3HAYACT, YTO B PACCMOTPEHUC BKIFOUCHBI BCEBO3MOXKHBIC
IIaHbI H3MCHCHHA BCTHYIHHBI L, HO ONITHMAJIBHOC 3HAYYCHHC
MIEPEMEHHON ONPEACTHTD €MIE HE YAAIOCh. TOrAa BHIMONHE-
HFE aJITOPUTMA MPOJOILKACTCS HCKITFOUMTEILHO OTHOCTOPOH-

HMM BETBIICHHEM [Ts1 BCEX IOIMHOKECTB /7 o7, TIOKA He Oyner
TIONYYCHO ONTHMAILHOE 3HAUCHHE LETICBOH (DYHKITHH.

Ha ogsoM 3 1maroB mpu YTOUHEHHH 3HAYCHUS LICTICBOH
(pyHKIMH [ MOYKET OBITh JOCTHTHYTa MAKCHMAIIBHAS TPAHHIIA
neneBor (yHKImH. B TakoM caydae BBIMHCICHHS TIO TAHHOH
BCTBH IIPEKPAIIAOTCS M OHA B JAJIBHEHIIEM HE pACCMATPHBA-
erca. MakcuManbHas rpanuia, ucxoms us (1), ects F = 1. To
€CTb, IJIAH M3MEHEHUS! BETTMMUHBI L, 1711 KOTOPOIO /' > 1, SIBJIA-
€TCs HETOCTIDKUMBIM, TI03TOMY COOTBETCTBYIOMIAS €MY BETBb
M MHOXKECTBO H o; NCKIFOYAKOTCS M3 ICPEBA TPOCMOTPOB.

CxeMaTuiecKu AepeBo MOUCKA PEIICHHS HILTFOCTPHPYET
puc. 2.

MNOCTPOEHHE AJI'OPUTMA PEIITEHHA 3AJAYN

IIpoBencHHBIN aHAIN3 TO3BOLIET COCTABUTH AJITOPUTM
HAXOKICHHS ONTHUMAJbHOTO 3HAYCHUSA NEPEMEHHOM L.

At

Hgriq[n]
F:{VI,VZ,HgTI—I[n]}

4

o 4
< (Heri, Heri1,V2}

Hgry4[1]
F={V, V2 ZH nifif}

Hgl1]
F=LV[i]ZHor1:[i]}

[Tycte valF|1]] — BEKTOp, KOTOPBIH ONPEACIIET TEKYIIES
3HAYCHHUC WCICBOH (DYHKIHH I BCEX PACCMATPHBACMBIX
IaHOB, setC, setMinC, setX — MHOKECTBA, KOTOPBIC COACP-
JKAT TOIMHOXKECTBA DIICMCHTOB | it [ o HEOOXOIUMBIC IS

aHaJIK3a HA KKIOU MTeparmu axropurMa. MHokecTBo sefC
OIIPEACTIIET MHOKECTBO BCEX AIIEMEHTOB, PACCMATPHBAEMbIX
HA OJHOM IIATC AATOPUTMA, IpHyeM setMinC — MHHAMAJTb-
HAs BEJIMYHMHA M3 MHOKecTBa sefC, setX — MOIMHOKECTBO
3JIEMCHTOB, CBA3AHHBIX C sefMinC COTIACHO CTPYKTYPE IMO-
HCKA TEIeBOH (pyHKImH (puc. 1).

PaccMoTpuM mocae0BaTeIbHOCTD IATOB AITOPHTMA.

W3HA4ampHO BCC MHOKCCTBA MHHIIHATHZHPYIOTCH KAK
MYCTHIC.

Ha nepBoM miare BbIOTHACTCS IOUCK MHOKECTBA SeLX,
3MEMEHTHl KOTOPOTO CBs3aHHB C¢ setMinC. Ecam
setMinC = {0}, To BeIOHpacTcs serX = {7}, KOTOpOE ABII-
ercs xopHeM. U3 MEOMeCTBA sefC uckirouaeTcs sefMinC,
KAK Y7KE PACCMOTPCHHOS, M BKIIFOUACTCA setX, Kak TpeOyro-
mee paccMorpeHust. OTHOBPEMCHHO BBITIOTHACTCS POBEP-
Ka, ABJISCTCS JIH MHOXKECTBO SefC MyCTBIM, UTO BO3MOKHO B
CHTyaInH, KOT1a OBLTH MPOHICHBI BCC BETBH, HO MPH 3TOM
JOMYCTAMOC ONTHMAJIBHOC 3HAUCHUC TaK H HE OBLITO HatiIe-
Ho. [Tpu sToM mocre BemomHeHU FindSet B serX Oymer 3a-
HECEHO 3Ha4YeHHUE {0}, TaKk KaK HE 0CTAJI0Ch HEPACCMOTPEH-
HBIX 3JICMCHTOB W3 TIOAMHOXKECTB V' 1 [ g Janee u3 MmHOXe-

cTBa setC HCKITFOMACTCS 3JCMCHT, PACCMOTPCHHBIA Ha
nocaeaHeM mare setMinC. TTocne 00beAMHCHHIS C SeLX MHO-
skecTBO sefC Oynmer mycteiM. B 3ToM ciyuae pabora axro-
PHUTMA MPEKPAITACTCSA, TaK KaK A1 JAHHOTO HA0O0pa BXOA-
HBIX JAHHBIX HAWTH peicHue 3aaa4H (1) Hemb3sL

C={Hpr),Hgr1.1,V2}

N C={Hem Heri, ... Hz1}

o emHgrn - Hel}

Hg[n]
F={2V[i]Hgfn]}

7
P4

<~ emgmHgn, o Hei}

Ve

Puc. 2. JlepeBo noucka perneHuit
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Ha BTOpoM mare BBINONHIETCS MOUCK MHHUMAIBHOTO
3NMIEMEHTA B MHOXECTBE sefC. 3HAUCHHE 3TOTO 3JIEMEHTA
3aHOCHTCS B MHOXECTBO sefMinC. OnpenencHne MUHAMY-
Ma BBIOITHACTCS Iy TEM CPABHCHIS 3HAYCHUH BCEX IICMEH-
TOB MHO>KECTBA.

Ha Tperbem mare yTodHsSETCS TEKYIIEE 3HAYCHHC TETIe-
BOH (DYHKITMH BBIOPAHHOTO ILIAHA, MYTEM JOOABJICHHS K
HeMy HaliieHHOTo MuHEMYMa setMinC.

Ha verBepTrOM mHIare BBIMOTHACTCSH 3MHMUHHPYIOIIMN
TECT: TMPEBHICHIIO JIM 3HAUCHHUC LICTCBON (DYHKIMH MAKCH-
MAaJIGHYFO TPAHHUITY, X B 3TOM CIy4ae TSKYIIas BETKA HCKIIO-
YaeTCs U3 JATbHEHIEr0 MPOCMOTPA.

Ha mstrom 1mare BBITOTHSCTCS IPOBEPKA: SCITM MHHIMYM,
coaepammuics B sefMinC, SBISCTCS MEPBBIM 3JIEMEHTOM
000r0 U3 MIAHOB [ gi [1], TO BEMHCICHUS TPCKPATHAOTCA
W IUIAH | SBJIIETCs onTuManbHeIM. OTCEOAA CIIEYET, UTO He-
00X0aMMO BRIOHpPATh BeMuuHy L=i. B mpoTnBHOM Cityuae
BBIIOIHACTCS IEPEXO0 Ha mmiar 1.

OnmcaHHBII ATTOPUTM MPEACTABIICH TPaf)-CXeMOiH puc. 3.

TECTOBBI WJLUTIOCTPATUBHBIIA IPUMEP

TycTh HEOOXOIUMO PELIHTH 3AJA4Y OHPEICIICHILI XAPAKTC-
PHCTHK BBIMHCIATEIBHOTO IPOLICCCA CHCTEMBI JKSCTKOTO PEaib-
HOTO BPEMCHH U IAH CJICIYFOIII HAGOP BXOIHBIX [IAPAMCTPOB;

n=4
Tl 3| 3| 4
Tilsli6]19] 22
p=0.2

[TocnenoBaTenbHOCTH MATOB ANTOPUTMA BBITJIIIHT CIIC-
JYIOIIEM 00pa3oM:

1 urepamusa. ITocne HHUMMATH3ALMA BCEX IEPEMEHHBIX,
TIPH IIEPBOM MPOXOJE B MHOKECTBO setX OyIeT 3aHECCH JIe-

n

wernt 1 ZTP =0,16. Torma F[5]= setMinC =0,16 . Tlo-
1

CKOJIbKY TEKYIICE 3HAUCHHUE NEICBOH (DYHKIMK MEHbIIE 1 1

€IE €CTh JNEMEHTHI, KOTOPBIC MOTYT OBITH PACCMOTPEHBI,

BBIMUCIICHAA TPOAOILKAFOTC.

2 urepauusd. BBIMOTHAETCS BETBICHUE setX =

={H ¢7,[4].733=1{0.018:0,04}  Bpmonusiercs nouck Musu-

MAaJbHOTO MPUPOCTA IICTCBON (DYHKIHMH, /IS 9ETO CPABHU-
BAaIOTCSI MEXKIY COOOH 3HAYCHI (PYHKIMH HA TPEIBIIYIIIX
IMarax U UX BO3MOXKHBIE HPHPOCTHI. Jaga L=5 3T0

FIS|” +Hyyr [4]1=016+0,016=0178 u mnx L=4 -

Fl4] +11+15,=040,16+0,04=0,2 . IMockoabKy
0,178<0,2, Be1OnpacTcs BETBb PCIICHUS UL =5 U, CIIcI0Ba-
tembHO, F[5]=0,178 . Tak Kak 3HAYCHHE UETCBOM (YHKIHM

MECHBIIE | U eIe eCTh IMEMEHTHI, KOTOPBIC MOTYT OBITh pac-
CMOTPEHBI, BEIMUCICHUS MPOJOKAIOTCA.
3 HTCpaLusL. Brimonnaerca

setX ={H ,z [3].V} ={0,042;0,04} (puc. 4).

BCTBJICHHC

gh

100

Flil:=0
setC :={0}
setMinC := {0}
setX :={0}

\ 4

setX := FindSet(setMinC)
setC := setC\ setMinC
setC:=setC U setX

setMinC := FindMin(setC)

F[i] := F[i]+setMinC.Value

Y
Fli]>UL
+
Y
Elliminate(i)
Y
h 4 i SetMinC last?

\ 4

end

Puc. 3. I'pad-cxema anroputma
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V1=0,16

F[5]=0,16 |

V,=0,04

HgT1[3]=0,042 HgT1[4]=0,018

F[5]=0,178

v
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BpmoHseTcs MONCK MUHIMAIBHOTO MPHUPOCTA LEJICBOH
(yHKIMH, B AAHHOM CIy4ac 310 Oyaer Bersb L=4. Cienosa-
TCNILHO, YTOUHACTCS 3HAYCHHE /[4] M mOCKC BBITOTHCHHUS
TIPOBEPOK IMPOHCXONT TIEPEXO/T HA CIICAYIOIIYIO HTCPALHIO.

IMocneaoBaTeIbHOC BRIIOTHCHAC TAKAX HTCPAHi 00ec-
TICYNT HAXOKACHHUE PEHICHIS, KOTOPOE MPHUBEIET K BBIMHC-
JICHHIO BAPHAHTOB (PHC. 5) M MOTYUCHUIO pemeHud L=5, co

3HauUCHUEM 1eneBoit Pyukumu [/[5]=0,2325  Padora an-

Hgr1[11=0 Hgr1[21=0,012

F[5]=0,2325

TOPUTMA HA 3TOM MPEKPAINACTCS, TIOCKOIBKY BBIOPAH IOC-
JICHHI SICMCHT W3 MOAMHOXKCECTBA H 4.

Jlnst moaTBepsKACHIS MPABUIIBHOCTH MOJIYUCHHOTO pe-
IICHUS OB BBITIOTHCH PACUCT 3HAYCHUH ICICBOH (PyHKIDH
TIPH JPYTUX 3HAYCHWIX L. B pesynbrare Obumn mMOTydeHBI
CJCAYIOIIHE BETHIHHBL

L] F
5 0,232
4 | 0297
3 0,429
2 | 0458
1 | 0,800

W3 pacueros crnenyer MpaBHIbHOCTh HAXOKICHHS 3HA-
YCHHA ICTICBOH (DYHKIMH W OMPCSACICHHS MHHHMAJBHOTO
SHAYCHUA ICTICBOH ()YHKIHH. MHOTOYHCICHHBIC BBIYHCITH-
TCNBHBIC SKCTIICPUMCHTHI, KAK H HWILTFOCTPHPYFOIIHHA IPHMED,
TOKA3ATH TOJTHYIO Pab0TOCTIOCOOHOCTD ATOPHUTMA.

Vi=0,16

F[5]=0,16

HgT1[3]=0,042 Hgr1[41=0,018

F[5]=0,178
V5=0,04

V320,067

Hgr141[3]=0,029 Hgr1-1[41=0,018

F[4]=0,218
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BbIBO/bI

B maHHOM CTaThe pacCMOTPEHA MOZIEb 3aJa4H OMPEeic-
HUS XapaKTEPHCTHK IUKIHIECKOTO BHIMUCIUTEIBHOTO TIPO-
IIECCa CHCTEMBI )KECTKOTO PeabHOro BpeMeHu. [Ipoanamm-
3MPOBAHBI OCOOCHHOCTH LIETICBOM (DYHKIMK M OTPAHIMHMCHUH
MATEMATHYECKON MMOCTAHOBKH 3a0a4H. PAaCCMOTPEHBI BO3MOYK-
HBIC TIOAXOBI K PEIICHUFO 33024 onTuMm3aimi. Ha ocHoBa-
HUM aHAJM3a OCOOCHHOCTCH 3a0a4M 11 PCHICHHSA BHIOPAH
METOZ BETBEH U TpaHuIl. bazupysce Ha BBHIOpaHHOM METOAE,
COCTABJICH AJITOPUTM OTBICKAHUSA MICPEMEHHOM HCKOMOMH Iie-
JE€BOH (DYHKIWH, YIMTHIBAIOINH crieu()HKy peantbHOH 3a-
Jaun. [TpaBUIBHOCTS PabOTHI AITOPUTMA TPOACMOHCT PHPO-
BAHA HA KOHTPOIIBHBIX IPAMEPAX.
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Iranos 1O. O.

AJITOPUTM PHIEHHS 3AJAUT OTITUMIBAII JIJ1
IMUKJITYHITX PO3SKJIAJIB 3 ITEPEPMBAHHSIMU

PosrmsnyTa 3aa4a onTAMizallii UKIIYHOT OpraHizaIlii O0UHCITIO-
BaJIBHOTO MpOIieca CHCTEMH JKOPCTKOTO pealbHOro dacy. BusHadeHi
0coOMMBOCTI TUTHLOBOT (yHKIT. OOTpyHTOBaHHUH BUOIP IUTOUHCEb-
HOTO METO/Ia OTITAMI3AITI 3871891 TOOYIOBH PO3KIIay. 3alporoHoBa-
HUH aNTOprUT™ PIITICHHS a71al TOBAHWM METOZIOM MEXK 1 IJIOK.

Kiro4oBi c1oBa: miourcensbHa ONTHMIBALIS, METOA MEK 1
TUIOK, alrOpUTM.

Ivanov Y. A.

ALGORITHM FOR SOLVING OPTIMIZATION
PROBLEMS OF PREEMPTIVE SCHEDULER

In this paper, we consider a model of the problem to determine
the characteristics of the time-step computation process in hard
real-time systems. We proposed a formal description of the time-
step computation with preemption and its existence conditions.
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MATEMATHUYHE TA KOMIT'IOTEPHE MOJEJIIOBAHH

A necessary condition for the feasibility of the schedule was
determined. We took into account the behavior of the function
graphs to optimize the schedule. We analyzed the mathematical
model features including the objective function and the constraints.
In the paper we determined the upper and lower limits of total
function variation. The possible approaches to solving the
optimization problem were introduced. We proposed to solve
that task by the branch and bound method. In the proposed
approach the objective function is represented as the set or branches
included in the method tree.

We developed the algorithm to determine characteristics of the
time-step computation process and give a detailed description.
The performance of the algorithm was shown by test case.

Key words: discrete optimization, branch and bound, an
algorithm.

102

REFERENCES

1. Korbut A.A., Finkelshteyn Y.Y. Diskretnoe
programmirovanie. Moscow, Nauka, Gl.red.fiz.-mat.lit., 1978,
386 p.

2. Hu T. Tselochislennoe programmirovanie i potoki v setyah.
Moscow, Mir, 1974, 520 p.

3. Papadimitriu H., Stayglits K. Kombinatornaya optimizatsiya.
Algoritmy i slozhnost. Moscow, Mir, 1984, 510 p.

4. Drozdov N.D. Algoritmy diskretnogo programmirovaniya.
Uchebnoe posobie TGU. Tver, 2000, 82 p.

5. Ivanov Y.A. Analiz vypolneniya programm pri modelirovanii
dinamicheskih sistem, Naukovi pratsi Donetskogo
natsionalnogo tehnichnogo universitetu, Seriya «Problemi
modelyuvannya ta avtomatizatsiyi proektuvannya
dinamichnih sistem» (MAP-2011), No 10 (197), Donetsk,
DVNZ «DonNTUy», 2011, pp. 234-240.



