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1.BBenenune

[ukn nabopaToOpHBIX pabOT MOCBSIIEH OJHOMY M3 OCHOBHBIX Pa3/eJioB
Kypca, CBSI3aHHOMY C  OpPraHM3alMed  IApaUICIIbHBIX  BBIYHACICHUN B
MHOTOMPOLIECCOPHBIX BbryucauTenbHbix cucteMax (MBC). PaccmartpuBaembie
CHUCTEMBI OTHOCATCS K KJIACCy "MHOXECTBEHHBIA MOTOK KOMaHJ, MHOKECTBEHHbIN
notok jgaHHbIXx" (MKMJI). OCHOBHBIMH KOMIIOHGHTaMH coBpeMeHHbIX MBC
SIBJISTFOTCSL:

o peliaomiee IoJie, COCTOAIIEE W3 OJHOPOJHBIX WIIM Pa3HOPOIHBIX
MPOIIECCOPOB, CO CBOCH JIOKAJTLHOM MaMSTHIO (Wi O€3 Hee);

o KOMMYTAIIMOHHASl CeTh, MO3BOJSAIONIAS BECTU OOMEH JaHHBIMHU
KaK MEXJy MpPOLECCOPaMu, TaK U MEXKIY MPOIIECCOpPaMU U OOILEH MaMsIThIO;

° 0011as1 MaMATh MOAYJILHOI0 THIIA,

° HepapxuyecKkasi CMCTeMa YNPAaBJEHHsl, MO3BOJISIIONIAS PEaTM30BaTh
napajuiesiu3M oOpaOOTKM JaHHBIX HAa YPOBHE HE3aBHCHUMBIX 3a/1a4, HE3aBHCHUMBIX
BETBEU 3a7a4, KOMaH/I ¥ OTIEPALAiL.

B xauectBe mapamMeTpOB KOMITOHCHT CUCTCMBbI UCTIOJIb3YHOTCA:

o peliamuiee moJe — YHUCIO NPOUEcCOpPOB (B JAaHHOM IHKIE
nabopatopHbix  pabotr  paccmarpuBatroTrcs MBC ¢ ogMHaKOBBIMU
polleccCopaMm), XapaKTePHU3YIONMUXCS OTHOCHUTEIHLHBIM BPEMEHEM BBITIOTHEHUSI
HE3aBUCHUMBIX BETBEH 3a/1auH, OTpe/IeNsIeMbIM OBICTPOICHCTBUEM ITPOIIECCOPOB;

o JokajgbHast namsarts (JIII) mpoueccopa - eMKOCTh (Ipearnosaraercsi, 4ro
obictpozerictBre JIII TakoBO, 4TO HE BHOCHUT 3aICp)KKy NpH OOpallleHWd K Hel
MpoIECCopa 3a JAHHBIMH, KOTOPBIE B HEH HAXOMIATCS);

o kommyTanuoHHas cetb (KC) — onpenensercs turnom (0O1as mmHa Win
MYJIBTUITICKCHAS TIMHA), YMCJIOM IIHH, TPOMYCKHONW CIIOCOOHOCTHIO TP Tiepenaye
JTAHHBIX (xapakTepusyeTcs OTHOCUTEIbHBIM BpEMEHEM 3aHATHUS



c(OPMUPOBAHHOTO KaHAJA: MPOIIECCOP - MPOIECCOp, MPOLECCOp - 00INas MamsITh,
o0I1as mamsITh — IPOLECCop);

o 001asi MAMATD - YUCIIO MOJIYJIeH MaMsITH, OBICTPOIEHCTBHIE, KOCBEHHO
0TOOpakaeMO€e BPEMEHEM 3aHSATHS KaHaJIa MPOIECCOP - OOIIas TaMsITh, OOIIAs TaMSITh
- TIPOLIECCOP.

3ampambz Ha ynpaejienue 6 Moo0ennx He yuumoléearomcA.

Ha Bxon takoit MBC B 0011eM ciydae MOXET MOCTyNaTh HAOOp HE3aBUCHUMBIX
BXOJHBIX 33/]1a4, K&KIas UX KOTOPBIX UMEET CBOM IPUOPUTET.

B kadyecrBe MoeJH 3aJa4M UCIOJb3YETCH HANPABJEHHBIN rpag, ys3Jbl
KOTOPOro 0To0paxanT noazagavyu. Kaxnou noasagade cOOTBETCTBYET 4YacTh
(BeTBb) MpoOrpaMMbl, HAYaB BBIOJHEHHE KOTOPOIl MPOLECCOP 3aKAHYMBAET ee
0e3 mnpepbiBanmii. Jlyrm rpadga mMomesMpYyOT CBSI3M 1O JAHHBIM MEXKAY
COOTBETCTBYIOIIMMH M0/3a1a4aMu (BETBSIMH POTPaMMBbl).

V3ael rpada B3BEIIMBAIOTCSA IIEIBIMH YHCIAMH, COOTBETCTBYIOIINMU
BpEMEHAM WX BBINOJHEHHWS B YCJIOBHBIX CIMHHUIIAX (HampuMmep, TakTax) Ha
nporeccopax. Jlyrm rpada  B3BEIIMBAIOTCS  TOXKE  IEIBIMA  YHCIIAMH,
COOTBETCTBYIOIIMMH BpPEMEHAM 3aHSATHsS KaHala CBs3W (IIMHBI) TIPU Ieperade
JAHHBIX OT OJTHOTO y3J1a rpada K Jpyromy.

B Hacrosimem mukie gabopaTopHBIX pabOT paccMmaTpuBaroTcsi Tpadbl 3amad
0e3 00paTHBIX CBsI3eH, C Pa3IUYHBIM COOTHOIICHHUEM BPEMEH BBITIOJIHEHUS Y3JIOB
rpada (t,) m nepemaun naHHelX (t,). B cooTBeTcTBHE € 3TUM COOTHOIIEHUEM
pasnuuaoT cjadocBsa3annble 3agaum (t, » t,), cpenHecBsizanHble (t, = t),
cliIbHOCBsI3aHHbIe (T « Tp).

Kaxnas 3agaya  MOXKET XapaKTEpU30BaTbCd MAKCUMAIBHBIM  BpPEMEHEM
BbINOIMHEHUA T« 1 MUHUMAIBHBIM BpeMeHeM Ty, Hanpumep, mid 3amad, y KOTOpbIx
nust BeeX y3710B T, = 0, Tk BBIUMCIISETCS Kak CyMMa BPEMEH BBITIOJHEHUS BCEX y3JI0B
rpada (ciemyer UMETh B BUAY, YTO 3TO CIPaBEIIMBO, €CIM BCE Y3Ibl Ipada
BBINIOJIHAIOTCSL HA OJHOM M TOM ke Impoueccope), a Trin - KaKk CymMMa BpeMeEH
BBINIOJIHEHUS Y3710B rpada, MPUHAUISKAIIMX €ro KpUTHYeCKoMy IyTH. Paccmorpum
aNITOPUTM TIOMCKAa KPUTUYECKOTO MyTH rpada, pealM30BaHHbIA B MPOrPaMMHBIX
MOJIEIISIX IS JAHHOTO ITUKJIA JIAOOPATOPHBIX PAOOT.

2.0mnpenesieHne KPUTHYECKOT0 MYTH HA rpade 3a1a4u

CyTp anropuTMa 3aKjIOYaeTcs B ONpeJeIeHMM MHHHUMAJIbHO
BO3MOKHOI0 W MAaKCHMAJIbHO BO3MOKHOI0 BpPEeMEHHM HA4YaJjia BbINOJTHEHUS!
y3j0B rpada. B pa3paboTaHHBIX MOAESIX HCIOJB3YETCS CIEMYIONIUN arOpUTM



onpeaeneHus kpurnueckux mytei (KII) B rpage co B3BELIEHHBIMU Y3/1aMU U JyTaMH ,
TO €CTh C YYETOM BpeMeH 00paboTKH y3110B rpada 3a1auul 1 Nepeaadn JaHHBIX MEKITY
y31amu rpada. [[aHHBI aaropuT™, aHAJIOTMYHO COOTBETCTBYIOIIEMY AITOPUTMY JUIS
rpada 6e3 yuyera BpeMeHH Nepeady 0 MarucTpajid, OCHOBAH Ha I0C/IEI0BaTEIbHOM
IPOXO/JIE 10 AEpeBY rpada OT HAYAILHOW BEPILMHBI (BEPLIMH) K KOHEYHOW U BO3BpaTa K
HavaybHOM BepimHe. [Ipn HavansHOM mpoxone (puc. 1) ompenensercs MUHUMAIbHO
BO3MO’KHOE BpeMsI Hayasia BBIIOJIHEHUSI KQKIOr0 y37a 1o (opmyJie:

S
Trnini = MaX (T minj + tj+ T ) )
=1

IJI€ S - YMCJIO Y3JIOB-TIPEIIICCTBEHHUKOB I-I'0 y371a;

Tmini (j) - MEHIMATEHO BO3BMOYKHOE BpeMsI Havalla BEIIOJIHEHYS I-TO (J-T0) y311a;

t ; - BpeMs1 BBIIIOJIHEHMS | -TO Y3113,

T ji - BpeMs nepenaun JaHHBIX MEXIY Y3/1aMU | U |, KOTOPOMY IIPHCBAUBACTCS
OZIHO U3 3Ha4YeHui MHOXkecTBa {0, Tji, 27; }B 3aBUCHMOCTH OT crioco0a opraHu3anuu
MaMsATH, TIE Tji - BpeMs Mepejaun JaHHBIX MEX/Ty Y3JIaMH | 1 |, 3a1aBaeMoe Ha
UCXOIHOM rpade 3a1aum.

71 j=s
Ny
Tmin i / \ Tmax i
r=1 r=v

Puc. 1. IlosicHeHMs K ONPENEIIEHUIO KPUTHYECKUX Y3II0B
[Ipu moBTOpHOM aHanm3e rpada NMpHU MPOXOAEC OT KOHEUHOW BEPIIUHBI K
HAYaJILHOU OIPEIENSAETCS MAKCUMAJIBHO BO3MOXKHOE BpEMsI Havasla BBITIOJHEHHUS y371a
1o opmyre
\'
Tmaxizmin (Tmaxr'ti'Tir) (2)
r=1
T7Ie V - YHCIIO Y3JI0B-TIOCIIeIOBATENEH I-T0 y3ia;
Tmaxi () - MAKCUMAITBHO BO3MOYKHOE BpeMsI Hadasia BBITOJHEHHS I-T0 (1-T0) y371a;
t i - BpeMsI BBIIOJIHEHYS I-10 Y3713,

Ti - BpeMs ImepeAayd MaHHBIX I-T0 y37a y31y [, 3HaYeHHEe KOTOPOMY
IPHCBAMBACTCS aHAIOTUYHO T jj
[Ipu 3TOM 11 HAYAJIbHOW BEPIIMHBI (BEPIIMH) [ini = 0, @ 711 KOHEYHOM

BEPIIMHBI MUHUMAJIbHO BO3MOXKHOE BpeMs Hadajla €€ BBINOJHEHMS COBIAIACT C
MaKCHMAaJIbHO BO3MOXKHBIM BPEMEHEM HAYasIa BBITOIHEHNS - Traxi T mini-

| -i1 y3e1 ABIISIETCS KPMTUYECKUM , €CIIU BBITIONHSETCS PABEHCTBO Trnax i ¥ min



Kpurnueckum mnyrem rpaga sSBISIETCS MHOMXECTBO IOCIEI0BATEIbHBIX
Y3JIOB, HAYMHAKOMIMXCS BXOJHOW BEPIIMHOM W 3aKAHYMBAIOLIUXCS BBIXOJIHOM
BEPLIMHOM, YIOBIETBOPSIOLIMX YCAOBHIO T gy i Vmin iy IPHYEM JJIS KQXKIOM mapsl
y3noB npuHajiexanumx KII coorHomenus (1) u (2) ompenenstorcs cocemaHeit
BEPIIMHOM B T1ape.

JIIMHA KPUTHYECKOr0 NYTH OIpexeJsieT MHHUMAJIbHOE BO3MOKHOE
BpeM# BbIno/IHeHus rpadga 3agauu Ha MBC.

I'pad 3amaum npu BemoHeHun ee Ha MBC ¢ pa3nuyHoON opraHu3aiuei MoKeT
UMETh Pa3jMuYHble KPUTUYECKHUE IyTH BCIEACTBUE W3MEHEHUS BPEMEHHU Iepenad
Mexay ysnamu. [locnegnee omnpenensiercss CrocoOOM OpraHu3alMy MaMsITH.
Hanpumep, 8 MBC Tonbko ¢ o01ieit naMsaTbio (6€3 JOKAIBHOM MaMsITH MPOLIECCOPOB)
IpU OTIPECTICHUH KPUTHIECKOTO ITyTH BpeMs Mepeladdl JaHHBIX OT J-f0 y3na I-My |
OT I-T0 y371a I-My HEOOXOIMMO y/IBauBaTh. JIBOMHOI y4eT 3TOro0 BpeMEHH TPOUCXOIUT
IOTOMY, YTO IpU Mepefaye JaHHBIX, BO-TIIEPBBIX, HEOOXOAUMO BpPEMS Tji, YTOOBI
nepesaTh JaHHbIE J-I0 y371a B OOILLYFO aMsITh, H, BO-BTOPBIX, BPEMsI Tji YTOObI 3a0paTh
JIAaHHBIC M3 OOIICH MaMsITH U NEePeaaTh | -My Y311y, JaKe B ClIydae BBIMOJHEHUS | -TO
U ] -ro y370B B ofaHOM mpoiieccope. B MBC ¢ pacrpezeeHHON MaMAThIO KaKIblid
MIPOLIECCOP UMEET JIOKATBHYIO MaMSTh, B KOTOPOW MOTYT XPAHUTHCS ITPOMEKYTOUHBIE
pe3yabTathl. [Ipy 3TOM ecimi y3IIel | U | 00pabaThIBAlOTCS OJHUM IPOIIECCOPOM, TO
BpeMsi OOMeHa MeX1y HUMU cunuTaeTcst paBHbIM O (To ectb Tj; = 0), eciu pa3HbIMH, TO
BpeMsi 0OMEHa MEXKTy Y3JIaMH PaBHO Tji. BpIIOIHEHNE ATHX JONOIHUTENBHBIX YCIOBHIA
JIOJKHO YUUTBIBATHCS MPU PELICHUH 33a4 HA3HAYCHUS].

PaccmoTpumM npumMep morcka KpUTHUECKOTo MyTH Jyist rpada 3amaun 6e3 ydera
BpeMeH niepenau (puc. 2). lludpa BHyTpH Kakmoro kpyxka (y3em rpada) - HoMep
y371a, nudpa Haa KpyKKOM - BpeMsl BbINONHEHUs y3na tj. lyru rpada He B3BEILEHSI,
caepoBarenbHo, T i =T =0.

OcHoBHbIM onyienrem npu noucke KII na rpage sasasercs
clienyromiee; rpad 3axaun peain3yercsi Ha CHCTeMe ¢ HeOrPAaHMYeHHBIMU
pecypcamu, B 1aHHOM ciry4yae Ha MBC ¢ HeorpaHHUeHHBIM YHCIIOM IPOLIECCOPOB.
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Puc. 2. Onpenenenue kpuTrueckoro myTu [yt rpada 3aauu 6e3 yduera rnepenad

[Ipu nBuxeHuun mo rpady OT HauyadbHOW BEPIIMHBI K KOHEUHOMU
ciJieBa OT Yy3Jla 3aluChIBACTCS MHUHUMAJIBHO BO3MOXKHOE€ BpEMs Hadasa
BBINIOJIHEHMSI 3TOTO y31a T mini. Harmpumep, y3en 6-MoxeT HauaThb BBINOIHSTHCS, KOTa
BBINOJHATCA 2 U 3 y31bl. Toraa Tmins = 7, TAK KAK MUHUMAJIBbHO BO3MOXHOE BpEMs

Hayaja BBIMOJHEHHs 6-TO y3Ja SBISETCS MaKCUMAIbHBIM M3 BPEMEH OKOHYAHHS 2-TO
(Tmin2 +t2) 1 3-10 (Trin 3 + t 3) y37I0B.



ITpu nBw>xeHMH 1o rpady Ha3aja OT KOHEYHOM BEpIIMHBI K NIEPBOM, CIpaBa OT
y3Jla 3aIllMChIBAETCSI MAKCUMAJIBHO BO3MOKHOE BPEMsI Hauyaia BBIIOJIHEHUS 3TOrO
y3na Tmaxi. Hanpumep, s y3na 2 o popmyne (2) Haxoaum

Tmax6 = t2:7_3=8.
CrienoBatesbHO, Tex 2 = MIN (Trexs , Trax) =4

Takum o6pazom, ana rpada, n300pakKeHHOr0 Ha pUC. 2 , UMEIOTCS JBa
Kputnueckux nytu 1; 2; 6; 9; 11; 12 u 1; 4; 10; 11; 12. IIpu stom nyts 1; 2; 9;
11; 12 He sBISIETCA KPUTHUUYECKUM, B YACTHOCTH, TOTOMY YTO I Tapbl Y3JI0B 2 U 9
cootHoteHus (1) u (2) He ompeaensroTcs coceHUM B nape y3inom. Hampumep, Tmin o
OIIPENIEIISETCS HE Y3JIOM 2, a y3710M 6, aHAIOTUYHO U [y 2 HE OIPEAEsiercs y3iaoM 9 |
T.€.

Thing# Tminz + =443 =7,;
Trax2# Trmaxe - 1,=12-3=0.
Cre10BaTenbHo, IS JAHHOM NPUKIAAHOM 33089k Tin - 23, Tie = 48.

Paccmorpum  Tenepr  mpumep  ompenesieHuss  KII  mois rpada
CpeHeCBAI3aHHOM 3a1auM ¢ y4dyeroM mnepeaau (puc. 3). Jyru rpada 3amadum
B3BEIICHBI YUCIIaMH, COOTBETCTBYIONMMH BPEMEHAM 3aHSITOCTH IITHHBL.

[louck kputmueckoro mytd Ha rTpade, a CIIeI0BaTeIbHO, U MUHUMAITLHOTO
BPEMEHH €TI0 BBINOJIHEHUS C YYETOM BPEMEHH MEpead JaHHbIX OT y3Jia K y3J1y, B
oO0I1IeM ciTydae, CBOJIUTCA K 3a/1aue MojiHoro nepebdopa. Tem He MeHee, BBOJS Psl
OTpAaHWYEHUN HA YCJIOBHUE IE€peayd JAHHBIX, 4 OHHU CBSI3aHbl C OpPraHU3ALMEH
0OMEHOB MEXIy IMPOIECCOpaMi W TaMSThIO, MOXHO TMPEIJIOKHUTh AITOPUTMBI,
COKpAIIIAIOIIHE TOIHBIN 1Iepedop U JAIOIIME UCKOMBII Pe3yJIbTar.

CnenaeM ciienyromue J0MyIIeHuUs .

o ['pad 3agaum peanusyercs Ha CUCTEME C HEOTPAHWYCHHBIMH PECYPCaMHU.

o Kaxnpiii y3en rpada MOXeT TepeaaBaTh JaHHBIE MO BCEM BBIXOJSIIIUM

BETBSIM TNApAJUICJIbHO M TPUHUMATh JaHHBIE IO BCEM BXOIAIIUM
BETBSIM MAPAUIEIIHLHO.
[Tpu >tux ycnoBusix T, onpenesnsercs, Kak ObUIO YKa3aHO BBIIIE, B 3aBUCHMOCTH OT
croco0a OpraHM3alliy TIAMATH, TOCKOJBKY 3THM, B YaCTHOCTH, OMPENCIISIFOTCS
BpEMEHA NIEPEIAYN MEKITY Y3TIaMHU.

o Jlna cmywas MBC ¢ oOmeli naMarbio BpeMeHa Tepeadyd JaHHBIX

yABauBAIOTCS.

PaccmarpuBast puc. 3, MOXKHO cIenaTh BBIBOJ, YTO KPUTHUECKUMN ITyTh Tpada ¢
ydetoMm niepenad mmenwcs -1; 3; 7; 10; 11; 12,a T,,,;, = 46.



Paccmotpum Teneps anroput™m noucka KII mns rpada 3amaum ¢ yuetom
nepegadu Ha MBC ¢ pacnpeaenenHoil namsteio (puc. 4). OTMETUM, 4YTO
paccMaTpuBaemas 3ajaya aHaJOTMYHa 3ajade, rpad KOoTopoil mpuBeneH Ha puc.3.
Cnenyer oOpaTuTh BHUMaHHE Ha TO, 4TO 1enbto BhiuuciaeHus: KII npu peanuzauuu
3anaun Ha MBC ¢ pacnpeneneHHON MaMsThIO SBISIETCS ONPEAETICHUE CPEIn Y3JI0B-
nocnenoBareneit (r=1...V) (cM. puc. 1) y3ma, KOTOpbIM Ha3HAYAETCS HA IMPOLECCOP,
BBIIOJIHAIOIIMIA  y3€-TIPEAIIECTBEHHUK. B 3TOM cilydyae JaHHBlE OT  y3na-
IPEAIIECTBEHHNKA HE IIEpeatoTes y3iy-nocienoparemto (Tj mpupaBHUBaeTCS K HYIIO).

Puc. 3. Onpenenenre KpUTHYECKOTO TyTH 711 Tpada 3a1auu ¢ yueTom nepeaad Ha
MBC c¢ 00111e# TaMATHIO

Crenyronye JOnyIIeHus! SIBISIOTCS OCHOBHBIMU TP peayiu3alivu rpada 3a1auu
Ha MBC c pacnipeienieHHO#M aMsThIO.
1. I'pad peanusyercst Ha CUCTEME C HEOTPAaHUIEHHBIMU PECYPCaMHU.
2. Ot kaxpaoro ysia rpada JaHHBIE MOTYT IEpeNaBaThCs MAPAIEIHHO TI0
UCXOZSIINM BETBSM.



3. Kaxnpiii y3en rpada MOXeT NpPUHUMATH JaHHBbIE MapauIeIbHO II0
BXOJISLIIIM BETBSIM.

4. Kaxneii yzen rpada MokeT UMeTh HE OOJbIIEe OFHOW BXOIAIIEH U HE
Oonblle OHOM HMCXOJSIIEH BETBHM, BPEMEHHM Iiepelauyd M0 KOTOpPOH B
pesynbrare noucka KII mpucBanBaeTcs 3HaueHHE paBHOE HYIIIO.

Anroputm onpenenenus KII nns rpada 3agauu, Beimonusemoit Ha MBC
C pacrpeAeneHHON MaMAThIO, COCTOUT B TOM, YTO MPH BbIuMciaeHHH 10 dopmyre (1)
MHHHMAJIBHO BO3MO)KHOTO BPEMCHH Havayla BbIIONHEHHMs I-T0 y3ia Ty i onpeaessercs
OJTHa W3 BXONSIIMX B HEro BETBEH, BPEMEHM Nepeaud M0 KOTOPOW MPHCBAUBACTCS
3Ha4YeHue paBHOE HY/r0. [Ipu 5TOM 3TO JMODKHA OBITH Takas BETBb, KOTOpPask BHOCHUT
MaKCUMAaJIbHBINA AP(EKT B yMEHBIIEHUH Tyyin . OUeBHUIHO, YTO HE BCETIA C MEPBOM JKe
TMIOITBITKA MOYKHO ONPenesuTh Tmini. Hampumep, ornpenemms BeTBb di, BXOISITYO B I-id
y3e1, 00yCIaBIMBaroOILyt0 T, | HCOOXOIMMO MPOBECTH aHAM3 y3ia O, U3 KOTOPOro
HCXOMT 3Ta BeTBb. Eci y 3TOr0 y371a y’Ke €CTh OJIHa UCXO/SIIIAast BETBb, KOTOPOH

12(8 116 14(g)15




Puc. 4. Onpenenenne KpUTUUECKOTO ITyTH A7 Tpada 3a/1auul C yIeToM Iiepeaad Ha
MBC c pacripeneneHHON aMsIThIo

npucBoeHo 3HaueHue Tg—=0 (T.e. onpenenen K-it y3en - mocnemosarens d-ro
y3I1a, U, CIEIOBATENBHO, MPOLIECCOP OCTABHI HEOOXOINUMBIE TAHHBIE ISl BHIIOJHEHUS
K-TO y3J7la B CBOCH JIOKaJIbHOW MaMsITH), TO BeTBb i M3 pacCMOTPEHHSI MCKITIOYASTCs.
Haxomutest cnemyromias mo 3Ha4eHHt0 d(QEKTHBHOCTH BETBb, BXOJIAIIAS B I-if y3em1 U
T.1I.

Ecnu y d-ro y3ma HeT ucxonsiiedl BETBH, KOTOPOHW MPUCBOCHO 3HAUYCHUE
paBHOE HYIIIO, TO U 3TOro 0-r0 y3ma onpenessieTcss MPUCYTCTBUE TaKOM BETBH, Y
KOTOPOH Tgx > Tg. Ecim Takas BeTBb €CTh, TO I-H y3€Jl HCKJIOYaeTcs H3
paccMOTpEHHS 10 TeX MOop, MOoKa He OyJeT MPUHATO PEUIeHUE O MPUCBOCHUU WU
He npucBoeHnn BeTBU 0K 3HaueHust Tq=0. Ecnu Takoii BeTBU HET, TO T MpUCBaUBaCTCSI
3HAUYEHHE, PABHOE HYJIIO, U YK€ C YUETOM 3TOr0 onpeAesieTcst Tinj.

Cnenyer oOpatuTh BHIMaHHe Ha cienytomiee. Ecmu K-it y3en pacmonoxeH Ha
OoJiee HU3KOM sipyce Tpada deMm I-i y3em, TO MPH HAXOXKICHUH | in k AHATM3UPYIOTCS
BCE ITyTH OT BepUIMHbBI d K BepIIMHE K, a 3HaueHne () MOXKeT OBbITh MPUCBOCHO ( HIIH
HE TIPHCBOEHO) B COOTBETCTBHH C TIPABIJIAMU, H3JIOKEHHBIMH BBIIIIE [T Y3712 i, OJHOM
U3 BETBEH, Hcxoasnumx u3 y3ia d (HeoOs3aTebHO it BeTBr dK).

MaxkcuMaibHO BO3MOYKHOE BpeMsT Hadajia BBIMOTHEHUS y371a Ty i BRIYUCIISIETCS
no ¢opmyiie (2) pu 0OpaTHOM JBMXKEHHH 1O Tpady yKe ¢ y4eTOM OIpeIeieHHbIX
BBIIIIC HYJICBBIX BeTBEH. J[aHHBIC BETBH MMOMEYEHBI Ha pHC. 4 CTPENKON (Hampumep,
3—0). B npuBenennoM npumepe rpad 3agauu umeer eauHcTBeHHbid KI1 1-4-10-11-
-12, nyuna kotoporo paBHa T =27.

M3 paccMOTpeHHBIX NPUMEPOB BHIHO, YTO UMHA KpUTHYecKOro myTd (Tpin)
SBJIIETCS. OCHOBHBIM MapaMETPOM, XAPAKTEPU3YHOIIUM HMH(YOPMALMOHHO-TOTHUYECKYIO
CTPYKTYpy BbluuciutesbHoro npoiecca (BII), peamusyromiero pelieHue 3agaHHOM
IIPUKJIAJHON 3a1a4n. B ciaydae ydera BpeMeHH Iepeladyd JaHHBIX OT OJHOIO y3Ja K
apyromy npu peuieHur 3agaud B MBC ¢ orpaHMuyeHHBIMHM pecypcaMu, 3Hau€HUE
MUHUMAJIBHOIO BpPEMEHUM €€ BBIIIOJHEHHUS YBEJIMYMBACTCS U ONpeAesseTcs
XapakTepucTukaMu peasibHoi cTpykTypbl MBC. O4eBHIHO, UTO 3TO yBEIUYEHUE

Oyzner TeM MeHblle, YeM yJadyHee paclpenesieHbl y3ibl rpada Mo mnpoleccopam
MBC.

Takum o00pa3om, BO3HUKAeT 3ajada IMOCTPOCHHUS ONTHUMAJIbLHOTO
pacniucanus (Ha3Ha4YeHHWs TOTOBBIX K WCHonHeHWio y3moB BII Ha cBoOOmHBIE
MPOLIECCOPBI).



3.IlocTaHoBKa 3aa4Yd HA3HAYECHUSA

Ilpexxne uem paccmarpuBaTh CYIIECTBO 3a/1aud HAa3HAUYEHMs, OTMETHM, 4YTO
3a/71a4a Ha3HAUYEHHs MOYKET PEIIaThCd KaK B CTATHYECKOM, TaK U B AUHAMHYECKOM
pe:KuMax.

B nepBoM ciyyae 3a1aua Ha3HAYE€HUS BBIMOJHAETCS 10 Hadaia peanu3aluu
BII 8 MBC (uMeHHO 3TOT clly4ail UCCIeayeTCsl B JaHHOM IIMKIIE JTJa0OpaTOPHBIX
paboT), BO BTOPOM OHa BBITIOJIHSIETCS] HEMOCPEICTBEHHO B Iporiecce peanu3anuu BI1.

TeopeTndyeckol OCHOBOM pEIICHHs 337a4d HA3HAYEHHMs SIBISIETCS TEOpPUS
pacIUCaHMM.

Iloo pewenuem 3a0auu HA3HAYEHUST NOHUMAEMCS. NPOYECC pacnpeoeneHus.
3108 epagha 3adauu (Habopa 3aday), ewvinoansemou 6 MBC, wmedcoy ee
npoyeccopamu, npu KOMOPOM ONPeOesaemcs 6peMs Hauauld 6bINONHeHUs V3id, €20
ONUMENbHOCb U HA3HAYEHUe NPoYeccopa, KOMopblli 06ecneyum 3mo 8bINOTHEHUe.

Mogens nporiecca pacpeieneHus BKII0YaeT CPEACTBA, OMUCHIBAIOLINE PECYPCHI,
CHCTEMY Yy3JIOB W Ayr rpada 3amaum (HaOopa 3amad) U KpUTEpUH ONTUMAIbHOCTU
pacupenenenus. Ilog  pecypcamu  MOHUMAKOTCS:  MOAYIM  00pabOTKH
(Tpotieccopbl), MOIYNIM MamsITH (OHA MOXKET OBITh pacHpeeNieHHOM, OOLel Win
CMEIIaHHOM), BHYTPUCUCTEMHBIN HHTEp(eiic (00mas mrHa, MyJIbTUIUIEKCHAS IIIUHA).
ITpu nocTpoeHun anropuTMOB HazHauyeHUs B OTKa3oycToiuuBbix MBC B mMonens
JOJDKHBl  OBITH  BBEAECHBI CPEICTBA, OIMUCHIBAIOLUIME CUCTEMY OO€CIEUEHHUs
otkazoyctorunBocty  MBC. Hanpumep, cpenctBa, oOecredynBaroniye BBEICHHE
JIONOJTHUTENBHBIX KOMHUH y3710B rpada 3a1a4u U JOTOTHUTEIBHBIX IPOLIECCOPOB.

PaccmoTpum Haunbosee mpocToil ciydaid.

ITycTs B KayeCcTBE PECYpCOB B MOJEIU HCIOJB3YETCS TOJIBKO HAOOD
OJIHOTHITHBIX TPOIIECCOPOB, MMEIOIINX PaBHOE ObICTpoeiicTBie. Ha naHHOM Habope
TPOIIECCOPOB  BBITOJIHSCTCS  BBIUMCIIMTEBHBIA — MPOIIECC, HMMEIOIIHH  CETEBYIO
CTPYKTYPY M TPEACTaBISIOMIAN COO0H COBOKYIMHOCTH OTEIBHBIX AJITOPHUTMOB
(cermenToB 3amaun) Z = {z;}.
dopmMabHO MOJIEITh BBITOIHEHHS 33241 Z MOYKHO MPEACTABUTH COBOKYITHOCTBIO

{Z,<,T,W, 6},
rne Z = { Zj, Z_ } - MHOXXECTBO CETMEHTOB 33JIa4H, BBIIOIHICMBIX B CHCTEME
(y3ub1 rpada);
< - O3Ha4YaeTr 3aJJaHHuE B MHOXECTBE Z OTHOIIEHUS YaCTUYHOTO

MOPSJIKa, KOTOPOE OINPEIeIseT IOCICIOBATEIIbHOCTh BBITIOJIHEHHUSI CETMEHTOB H
UH(OPMAITHOHHBIE CBS3U MEXTy HUMH (CBSI3HOCTD y3JIOB);

T = {ty, ..., L} - BeKTOp BpeMEeH BBIIOJHEHUS CETMEHTOB Ha MPOIECCOPE C
3aJIaHHBIM OBICTPOJICHCTBHEM;



W = {w;, ..., W} - Bekrop KOIpQPHIHMEHTOB BaKHOCTH CEITMCHTOB,
COOTBETCTBYIOLIMX KOA((UIIEHTaM OTHOCUTEIBHBIX MOTEPh IPPEKTUBHOCTH H3-32
HEBBINOJHEHUs] CErMEHTOB 3aayd BCJEACTBHUE OTKa3za IPOLIECCOpa, Ha KOTOPOM
BBITIOJIHSETCS JJAHHBIM CErMEHT;

|® ||=|Tiql,1=1...L,q=1... L-1 - maTpuua BpeMeH 3aHATOCTH ILIHHbI C
3aJIaHHOM TIPOITYCKHOM CIIOCOOHOCTBIO MPH Tiepeiade JaHHBIX MEXKTY y3JIamH | 1 J.

BemmunHa T SBISIETCS XapaKTEPHCTUKOW HE TONBKO CTPYKTYphI Ipada
3a/1a41 U TPOIYCKHOM CIIOCOOHOCTH IIMHBI, HO U criocoba opranu3arimi MBC.

Kak ObUIO OTMEYEHO BBIIIC, B KA4eCTBE MOJCIU 3a[aull HCIIOJIb3YETCS
HaIpaBJIeHHbIA Tpad, Y376l KOTOPOrO OTOOpaKalT CEerMeHThl 3aaauu. [lpu
MOCTPOCHUH AJTOPUTMOB, PEATU3YIOLIMX 33/1auy Ha3HAYCHHUs, HANPaBJICHHBINA rpad
npeoOpa3yeTcs B TAOJIMITY CBI3HOCTH, JIEMEHTHI KOTOPOI

1, ecnu BeIXO1HAsA MH(OPMALWMS Y3714 Z; SIBJISIETCS. BXOJHOM
A= Ut y3ma z
0 B MPOTUBHOM CITy4ae.

B kadyecTBe KpHTEpHEB ONTUMAJIBHOCTH pachpeneneHus y3ioB B MBC
MIPUMEHSIOTCS] OOBIYHO JTMOO MUHMMYM BPEMEHHU BBITIOJIHEHUS 3371auu (Habopa 3a/1a4)
NPy OrPaHMYECHUHM HAa YHCIO MPOIECCOPOB, JMOO MHUHHMYM 4YHCIa TpeOyeMbIx
MPOIIECCOPOB MPU OTPaHUYEHUH Ha BpeMsl pelieHus 3a1auu (Habopa 3a1a4).

B kaguecTBe mpOM3BOIHBIX OT 3TUX KPUTEPUEB UCTIONB3YIOTCS CIICIYIOIINAE —
® MaKCHUMYM 3arpy3ku Kaknoro mporieccopa ( K i),
® MUHHMMYM IpocToeB Kaxaoro nporeccopa (K ).

K3aIpi :Ti/TBb]]I! (3)

rjae Tj— BpeMs, B TEUCHHE KOTOPOTo i-il mpolieccop 3aHsAT 00padOTKOM 3a1a4H;
T som - BPEMS BHITIOTHEHUS 3a/1a4H;

I(npi =1- K3arpi- (4)

Cnemyer OTMETUTH TpU 3TOM, 4YTO I(P(HEKTHBHOCTh KaK aJTOPUTMOB
pachpesieNieHrsT y3JI0B 3a/1a4u, TaK ¥ BIOpaHHOU CTPYKTYphl MBC MOXXHO OIEHUTH C
nomoIpio  kKodpduimienta yckopeHus: (Kye), MOKa3bIBAIOIIEr0 YCKOPEHHE BpPEMEHH
pelIeHHs 33/1a4 Ha N MPOoLIECCOpax B CPABHEHUH C BPEMEHEM PEILICHHS 3TOM ke 3a/1aunt
Ha OJTHOM TPOLIECCOpPE

Kyew = Trmax / Th, ()

r71€ T max — BPEMSI PEILICHUS 33]]a41 Ha OJJHOM MPOLIECCOPE;
T, — BpeMst perieHust 3a/1a4u Ha N mporieccopax.

B TCOPETHUICCKOM I1JIaHE Inpu IMOCTPOCHHUU aJITOPUTMOB
OIITUMAJIBHBIX pacnncaHHﬁ MOT'YT OBITh HCIIOJB30BAaHBI MAaTEMaTHUCCKHE



METOJbl, HampHuMep, AUHAMHYECKOTO mporpamMmMmupoBaHud. OOHAKO 3TO
JOCTAaTOYHO CJIOKHas MpoOjema, Tak KakKk HEOo0XO0JuWMO peuarbh 3ajadu
00JbIION pa3MepHOCTH, IpHU 3TOoM OHM OTHOCATCS K NP -monneim. Ha mpaktuke
ONTUMAJIBHBIE PACIMCAHUS C UCIIOJIb30BAHUEM TAKUX METOJOB IIOCTPOECHBI IS
IOPOCTBIX THUIIOB NPUKJIAAHBIX 3aad CPAaBHUTEJIBHO HEOOJBLION pa3MEpHOCTH,
OpUYEM B OCHOBHOM JUIsl JBYXIIPOLIECCOPHBIX cucteM. IloaTomMy o0OBIYHO
OPUMEHSIOTCS  METOAbl  NPUOJMKEHHOM  ONTHMMM3allMM, B  YacTHOCTH,
IBPUCTHYECKUE METOJbl. DBPUCTUYECKHUE METOJBl IMOCTPOEHHS pacClHUCaHU
XapaKTEepU3yIOTCS T€M, YTO OHHM MPUCTIOCAOIMBAIOTCS KaK K MH(OpPMALMOHHO-
jgoruueckor ctpyktype BII, Tak um Kk crpykTypHoi opranu3zaunu MBC, u
OTHOCATCA K KJIACCY IPUOPUTETHOTO pacupenesieHus. B Takux pacnucaHusx
y3JlaM 3aJa4d IPUCBAWMBAETCS IPUOPUTET IO TEM WJIM HHBIM IIpaBUJIaM
(cTparerun Ha3HA4Y€HUdA), IIOCIE YEro Y3Jbl YHIOPSJOYMBAIOTCSI B BHJE
JUHENHOTo chucka Mo yObIBaHHMIO NPUOPUTETOB. B mporecce cocrtaBieHus
pacnucaHus OCyIIECTBIIAECTCS HA3HAYEHUE Y3JI0B Ha MIPOLIECCOPBI B COOTBETCTBHE C
UX NPUOPUTETAMU JJI UX BblIIOJIHEHUs. Hanbosee uccieqoBanbl U MPEeACTaBICHbBI
B JIUTEpAType Pa3IWYHBIMH MOJCISIMU CIEIYIOIIHE CTpPaTeruu Ha3HA4YeHUs
TOTOBBIX K BBIIIOJIHEHUIO Y3JI0B BBIYMCIUTEIBLHOTO IIpOLEcca:

1) paBHOBEepPOATHBII BHIOOP;
2) BBIOOP y3J1a ¢ MUHMMAJIBHBIM BpeMeHEM BbINOJTHEHHS;
3) BBIOOP y3/1a ¢ MAKCMMAJIbHBIM BpeMeHeM BbITOJTHEHHSI;

4) BBIOOP y3J1a, MPUHAMJIEKAIET0 KPUTHIECKOMY MYTH;

5) BbIOOp Yy3Ja, HMEWNIEr0 HAUOOJbINEe YHCIO0 CBs3eil ¢
nocJeyIUUMHU y3JIaMu;

6) BbIOOp Yy3/a B MNOpsAAKe TMOCTYIJIEHHS B ouyepedb Ha
HCIIOJIHEHHE.

B nanHoMm 1nukie nabopaTopHbIX paboOT UCMOJB3YIOTCA CTpPATETUH
2 -5, npud3TOM B psajge paboOT, TJe UCCIEAYIOTCS BOMPOCHl 00paboTKu
Habopa 3amad, BHIOOp FTOTOBOTO K MCIOJHEHHUIO y3J1a OCYIIECTBISETCS €
y4eTOM MPHOPHUTETA 3a]a4H.
[Ipu BeImONIHEHUH T1abOpaTOPHBIX pabOT MOCTAHOBKA 3aJauH

OpraHM3aluu NapaienbHbIX BbluuciaeHudt B MBC cBoautcs K
peanu3anuu CIeAyoIIeH neneBoi pyHKIuu:
¢ omnpeaeauTh MUHMMAJbHOE YHCJIO MPOLECCOPOB,

IIIUH CBA3MN KOMMyTaHHOHHOﬁ ceTn,

¢ MoayJei maMsaTH,
¢ Ccnoco0 opraHu3anuy NaMATH U
¢ TUN  CTPaTerud  Ha3HAYeHHsl, o00ecHeYUBAKIINX

BBINIOJIHEHHE MNPHUKJIAIHON 3agaum (Habopa 3amauy) 3a
3aJlaHHOE BpeMsl.

Takum 00pa3om, Mpu peanu3aliyd BbIOPAHHOM CTpAaTeTMH HA3HAUYCHUS
y3ael BIT Z-{z;}, i=1...L cratuuecku pacnpeneistorcs mo mnpoieccopam MBC



TaK, 4TO KaXJIOMY M3 BBIOpAaHHOTO 4Ymcia mpoiieccopoB M; comocTaBisercs
HEKOTOPOE MOMHOXECTBO y3JI0B Zj € Z. Pe3ynbTaToM pacrpeiesieHusi CErMEHTOB
3amad 1o mporeccopam siBisercss Matpuna || X|= || Xjl, (i=1..L, j=1...n) u
BpPEMEHHAas Jauarpamma 3aHATOCTH MPOIECCOPOB M IIUH, YUCIO KOTOPBIX TOXKE
BBIOPAHO MPH BBIMIOJTHEHUH ITOCTABJICHHOM 3a/1a4H.
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