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B. E. Beg3uk — MarucTpaHT kadeapbl KOMMbIOTEPHOM MAaTEMATUKM W NPOrPaMMMPOBaHUS
[. B. Bo20aHoe (kaHf. TEXH. HayK, [0Ll.) — HaYYHbIA PYKOBOAMTENb

METOQ ®OPMUPOBAHUA U OLIEHKWU MHOXECTBA MIAHOB PEANTU3ALIUA MPOrPAMMHOI O MPOEKTA

B HacTosiwee Bpems nog pa3paboTKoii NMporpaMMHONA CUCTEMbI MOHUMAETCS KOMMIEKC B3aMMOCBS3aHHbIX MEepOnpUsTUI
(aencTeui), HaNpaBnEHHbIX HA JOCTWKEHWE LieNn — CO3AaHNs CUCTEMbI C 3aAaHHBIMI XapaKTEPUCTUKAMN Ka4yeCTBaM U B YCITOBUSIX
OrpaHnNYeHHbIX pecypcoB. KoMnnekc B3aMMOCBSA3aHHbLIX MEPONPUATUAN — HEKOTOPbIN TEXHONOMMYECKMI NPOLECE, npeobpasyoLuuii
pecypcbl, BblAENeHHbIE Ha PeanuaaLmio NPOEKTa, B KOHEYHbIN PE3ynbTaT — HAAEKHYIO U Ka4ECTBEHHYIO CUCTEMY.

TexHOmornyeckuin NpoLLecc JOCTVXXEHWUS LIeNN NMPEACTaBNSETCS Kak COBOKYMHOCTb ABYX TUMOB 0OBEKTOB peansHoro Mupa —
paboT (onepauuit, MeponpusTHiA, OeiACTBUIA) U 0bbekToB. Mog paboToit NOHMMAETCs HekoTopoe npeobpa3oBaHue, B pesynbTarte
KOTOPOro 13 0OBLEKTOB, SABMANLWMXCA BXOAHBIMU, (DOPMUPYETCS BbIXOAHbIE 0OBEKTHI, NPEACTaBNAIWME Pe3yNnbTaT BbiMOMHEHMS
AaHHoM paboTbl. B ka4ecTBe BXOAHBIX W BbIXOAHbLIX 06BEKTOB MOTYT BbICTYNaTh Kak ocsdaeMble 06BeKTbI (Cbipbe, nonytabpukatsl,
MaTtepuanbl, NPOMEXYTOYHbIE U3LENUs, KOHEYHbIN NPOAYKT, KOMMLIOTEPHAS Nporpamma 1 T.4.), Tak 1 He ocsizaemble (TpeboBaHus K
U3Lenuio, pasnuyHoro poaa nHgopmaums u T.4.). B npouecce takoro npeobpasoBaHust 06bekTbI U paboTbl B3aMMOLEACTBYIOT Apyr
C [pYroM, [JOCTUrast HOBbIX COCTOSIHWIA. [pyn 3TOM BbIXOAHbIE 0OBEKTBI (MTPOMEXYTOUHbIE PE3yNbTaTbl) OHON PaboThl MOTYT BbICTY-
naTb B PONM BXOAHbIX 4115 Apyrux pabort, noka He BydeT nonyyeH pesynbTaTt, COOTBETCTBYIOWMIA Lenn. OnucaHue CTpyKTyp Moae-
Nei TeXHONOMM 1 NpeaMeTHoN 0bnacTu, ABNALWENcs (POoPManu3oBaHHbIM NPEACTABNEHNEM 3HAHWI O TEXHONMOrMYECKOM NpoLeC-
ce 1 0bbekTe pa3paboTku — NPOrpamMMHOI CUCTEME, NPUBEAEHO B [2].

Mogenb nnaHa (6e3 yyeTa pecypcoB) (popMUPYETCS Kak pe3ynbTaT B3auMOAENCTBIUS MOLeNei npeaMeTHON obnacTu u Tex-
Honoruu. MocTpoeHNe AaHHON MOAENU SBNSETCS NPeABapUTENbHbIM 3TanoM (GOPMUpOBaHNS crneuuduKaLmui NnaHa peanusauumn
NpoekTa, Ha OCHOBE KOTOPOWM MPOMCXOAMT pacnpeneneHne pecypcoB. OCHOBHas Lienb AaHHOTO aTama COCTOWT B MOMyYeHUn anb-
TEPHATWBHbIX BapaHTOB MnaHa, BbINMOMHEHWE KOTOPOrO NO3BOMNT CO3AaThb CIIOXHYK CUCTEMY C 3afaHHbIMM MoKasaTensammu kade-
ctea. 3gech, Nog BapMaHTOM MOHMMAETCs HEKOTOPOE MHOXECTBO onepauuit (paboT) ¢ OTHOLIEHUAMU YNOPSBOYEHHOCTU MEXay
anemMeHTaMu JaHHOTO MHOXecTBa. Takium obpasom, Moaernb nnaHa (be3 yyeta pecypcoB) SBSIETCA HEMOCPEACTBEHHbIM NCTOYHN-
KOM MHEOPMaLK, HA OCHOBAHWUM KOTOPOW NPOUCXOAMT reHepaLys anbTEPHATUBHBIX BAPUAHTOB MiaHa.

Cneumdvkaumm paboT, 3aknodeHHble B Mogenb nnaHa (be3 yyeta pecypcoB) MCMONb3yKTCs Ans NpeacTaBneHns nnaxa
peanu3auumu NpoekTa ¢ Y4eTOM MakcManbHO BO3MOXHOIO napannenuama. Kpome Toro, AaHHble creuudmukaLmm SBnsioTcs MCToy-
HWKOM MHpopMaLmn 4ns hopMUpPOBaHMS MHOXECTBA BapUaHTOB MfaHa, T.e. HEKOTOPOro MHOXECTBA arnbTepHaTuB. AnbTepHaTuB-
Hble NOCNEAO0BAaTENbHOCTI ONepaLmii BOHWKAIOT M3-3a HaNMYWs B MOAENM MiaHa OTHOLLEHMS Mepapxun Tuna knaccudukaumm, a
TakKe B BO3MOXHOCTY Bblbopa anbTepHaTMB Ha MHOXECTBE Onepauuil, MOAYMHEHHBIX ONepaLui BEPXHETO YPOBHS OTHOLLEHUEM
Mepapxun TUNa KOMMO3WLMM M CBA3AHHBLIX Mexay CODOA OTHOLLEHWEM ynopsLoumMBaHus. [Anst KNaccuUKaLMOHHOTO OTHOLLEHUS,
€CIN He MCnosb30BaTh M30bITOYHOCTL B OMMUCAHMM, SNTEMEHT BEPXHErO YPOBHS ONpeenseTcst TONbKO OAHUM 3IEMEHTOM HIDKHETO
YPOBHS.. /IcX0As 13 3T0ro, KONMYECTBO BapUaHTOB MfiaHa, KOTOpble MOXHO CUHTE3MPOBaTh, OYAET He MEHbLUE, YeM YICIO AreMeH-
TOB, BXOZALLMX B KnaccuukaLMoHHOe OTHOLEHWe. [1ononHUTENbHbIE BapuaHTbl BO3MOXHbI BCIIEACTBME TOFO, YTO A1 KOMNO3WLW-
OHHOTO OTHOLUEHMS HE0BXOAUMO OnpeaenuTb AENCTBUS Had BCEMW SIEMEHTAMM HIKHErO YPOBHS, CBA3AHHBIMM APy C APYroM OT-
HOLLIEHWEM YNOPSZ0YEHHOCTW. B cuny Toro, 4To Ans BBINOMHEHWS KaX4OW onepauun Heobxoaumo Bpemsi, TO aHanu3 BPEMEHHbIX
XapaKTEpUCTUK OnepaLyi, BXOAALMX B KOMMO3WLMOHHOE OTHOLLEHWE NO3BONSET MOMYYUTb AOMOMNHUTENbHbIE anbTepHaTuBbI. I1po-
Leaypa Bblbopa eguHCTBEHHON NOCMNEA0BATENBHOCTH, ABNSIOLenca npoobpasom byayuiero nnaHa pa3paboTku, OCyLLecTBSETCs
Ha OCHOBE HEKOTOPOro KPUTEPWS, HANPUMEP MUHWUMANBbHOTO BPEMEHW BbINONHEHUs. Takum 0bpasom, Ha OCHOBE MoZenu nnaHa
BO3MOXHA reHepauusi MHOXeCTBa arnbTepHATMBHbIX MOCNefoBaTeNbHOCTEN (CMCKOB) onepauuit, TPeBylowwnxX BbINOMAHEHUS Ans
peanuaauum NpoexTa.

B Lensx onucaHus MakcMManbHO BO3MOXHOTO Naparsenyuama B BbiMONHEHU onepauuii, onpeseneHHbiX B MOAENN NnaHa,
1 obecneyeHst BO3MOXHOCTW aBTOMATMYECKOI reHepaLy MHOXECTBA BapuaHTOB ninaHa, npuMeHuM annapata ceTei MeTpu. CeTb
MeTpu, no3sonsoLLas MOAENMPOBaTb AMHAMUKY MOLENM MiaHa W NpUMEHsieMast Ans reHepauuyu BO3MOXHBIX anbTepHaTUBHbIX
nocnepoBaTenbHocTen paboT, AOMmKHA yOOBNETBOPATL criedyowum TpeboBaHNaM: BKIOYaTb NOHATE OAHOBPEMEHHOCTY BbINOM-
HeHus paboT; onuckIBaTh AIUTENBHOCTU BbINONHEHMS paboT B 3a4aHHOM MacluTabe BpeMeHM; fJOMmKHa BbITb NpeaycMOTpeHa BO3-
MOXHOCTb MepapX14eCKOro NPeACcTaBNeHUs BbIMOMHsSEMbIX paboT; B JaHHO! CETU AOIMKHA ObiTb paspeLLMma NpoBepKa Ha HyNeBYHO
MapK1POBKY; AOMKHA ObITb paspeLunma npobnema JOCTUXMMOCTHU.

[ns BbINONHEHNS AaHHbIX TpeboBaHui, npeobpasyem rpad, ONMCLIBAIOWMIA MOAENb NiaHa, B MEPAPXMYECKN BPEMEHHYIO
ceTb [NeTpu. [Ans CHUKEHMS CNIOXHOCTI KOMBMHATOPHBIX 3agay npeobpasoBaHue rpada, NPEeACTaBNSIoWEero MoLenb nnaxa, B CeTb
MeTtpu gaHHoro Buga Gyaem OCyLeCTBAATL MO hparmeHTam, BKIKOYAIOLLMM 4Ba COCEAHUX YPOBHS nepapxuu. [py 3TOM OTHOLEHMS
“epapxum NpeacTaBnATCS uepapxuieckoit cetbio MNetpu [3], a OTHOLLEHME YNOPSAOYEHHOCTH — BpeMeHHoi Cl1. BpemeHHble ceTu
MeTpu [5], SBNSASACL aNbTEPHATMBON CUHXPOHHLIM CETSIM, NO3BOMAOWMM YYUTHIBATL OOHOBPEMEHHOCTL BhINONHEHUs paboT, obna-
[al0T BO3MOXKHOCTbIO 60Mee TOYHbIX OLIEHOK BPEMEHHBIX XapakTepucTuk. MonyyeHHble BpEMEHHbIE XapaKTepUCTUKN BapWaHToB
nnaHa (C y4eToM MakcumarbHO BO3MOXHOTO napannenuama) B MOCMeayloLem MOryT CPaBHUBATBCA MO Pa3NinyHbIM BPEMEHHBIM
KpUTEPUSIM.

Mogenb nnaHa ecTb COBOKYMHOCTb uepapxuyeckn BpeMeHHbIx ceTeit Metpu C = {Co, C4, . . ., Cn}, rae Cn — YacTHas nepap-
XMYECKM BPEMEHHas CeTb [1eTpu, NPeACcTaBnstoLas ABa COCEAHNX YPOBHS MOLENN NaHa.

Onpegenexve 1. Kaxpas yactHas CIM onpeaensietcs kak Habop Buaa Ci={Pi, Ti, I;,0i, Moi, Co, A, T}, A€ Pi— MHOXe-
CTBO NO3NLA CETH; T i — MHOXECTBO nepexopoB cetn (Ti= Thu T¢, rge T - npocToi nepexop, T ©— cOCTaBHOM nepexoa); Ii — dyHk-



s Bxoaos (li: Pi— Ti); Oi— coyHkums Bbixogos (Oi: Ti — Pi); Mei— HavanbHas Mapkuposka ceth; Co— CeTb BEPXHEro ypoBHS; Ti—
yHkums Bpemenn (Ti :Ti— N, rae N- MHOXeCTBO HaTyparnbHbIX uncen);A — dyHKUmus nepapxuu (A: Te—C), obnagatoLyas cnegy-
tOLLMMM CBOMCTBAMM:

—  A(t) #X(Y)pnaBeexi=j;
—  cyuecTByeT Tonbko ogHa ceTb Co, Ans kotopon A(ti) = Co;

— cywectsyet Gj € C: (Cj A Ci), rge Ci =Co.

B [1] paccmaTpnBaloTCs HECKOMNbBKO MoZeneit BpeMeHHbIX ceTer MeTpu. B gaHHo CTaTbe paccmaTpuBatoTCs BPEMEHHbIE
ceTu MeTpu ¢ PMKCMPOBAHHBIMW ARMTENBHOCTAMU cpabaTbiBaHns nepexofos T, 4N1S KOTOPbIX 3a4aeTcsa HeoTpuLaTenbHoOe Lienoe
uucno, onpepensiolee 3aaepxky B cpabartbiaHum nepexoda. Npu aTom cpabaTbiBaHue BO3BYXOEHHOMO nepexoda He SBnseTcs
HeJenuMbIM JeMCTBMEM, @ COCTOMT M3 hasbl akTMBU3aLMK, CpabaTbiBaHUs U OKOHYaHUS akTUBHOCTU. CpabaTbiBaHWe OTAEMbHbIX
nepexoaoB BpemMeHHon cetu NeTpu npuesasbiBaeTcs k oblieceTeBoMy BpemeHu. Bee Bo3byxaEHHbIE 1 HEKOHKYPUPYIOLLME Nepexo-
Abl BpeMeHHOW ceTn MeTpu BOIKHbI HayaTb CBOM cpabaTbiBaHWs 0QHOBPEMEHHO. KOHKypupyrowme nepexodbl - Nepexodbl, KOTo-
pble NULIAKT APYr Apyra yCrnoBuin BO3BYxaeHus nocne cBoero cpabatbiBaHus.

Kaxgomy coctaBHOMY nepexogy 4YacTHou ceTu lMeTpu COOTBETCTBYET Mepapxuyeckas CeTb, 3aMeHsowas paboty JaHHOro
nepexoaa Ha crefytoLlem ypoBHe nepapxuu. 1o aHanornu ¢ BpeMeHHOM ceTbio, cpabaTbiBaHne BO36YXAEHHOTO COCTaBHOIO nepe-
X0[a He SBNAETCA HEAENMMbIM aKTOM W COCTOMT W3 (hasbl aKTUBU3ALMM, BbINONHEHUS BHYTPEHHEN CETH, AeaKTUBaLWN.

ConocraBum BepLuMHbI rpadia Gws, OMMCLIBAKLLErO MOAENb NnaHa, nepexogam cetu Metpu, a gyrv — no3uuymam. MHoxe-
CTBO NepexopoB T nepapxuyeckn BpemeHHon cetu Metpu T = Tew T, rge Tn— npocTble nepexofbl, @ T¢ — COCTaBHbIE NEPEXOAbI.
MuoxecTBy nepexogos T = {f}, He UMEIOLLMX BXOGHBIX NO3NLWIA, COMOCTABMM MHOXECTBO NO3NUMIA p € P’ (CTapToBble nosuumn),
TaK yTobbI KaxgoMy nepexogy f € T cOOTBETCTBOBaNa 0AHa CTapToBas no3uuns p  P'. Mo aHanorui, MHOXeCTBY nepexonos {fn},
He UMEIOLLMX BbIXOAHBIX NO3WLMIA, onpegenum nosuumio p € P, rage P~ MHOXECTBO 3aKniOUMTENbHbIX NO3ULNA.

Ccbopmynupyem ycnosusi BO30Y)XaAeHNs NEPEXOAO0B MePapXMYECKM BPEMEHHDBIX ceTel [eTpy.

1. Ecnmt e T, Ci sBnseTcs ceTbio camoro BbICOKOrO YPOBHS, ANs ti BbIMOMHEHbI YCNoBMs BO36YXAEHUS MPOCTON CETH
MeTpu [5], ti He ABNSETCS aKTUBN3NPOBAHHBIM.

2.  Ecrmt e T, Cj He ABNsieTCA CETbI0 BLICOKOrO YpOBHS, nepexop tk takon, yto A(t) = Cj ABnsieTcs akTMBU3MPOBaH-
HbIM, 4118 ti BbINONHEHbI YCroBuMs Bo30YAeHNs NpocTom ceTv MeTpu, 1 i He ABNSETCS aKTUBU3MPOBAHHBIM.

3. Ecrm ans nepexoga ti BbIMonHeHsb! ycnosreM Bo30yxaeHus npoctoil cetn Metpu n ycnosue: T >Ti ,rae Ti — dyHKUmS
BpemeHu, T- — Bpems TailMepa, NoKa3bIBaOLLEro BPEMS HaX0XAeHNs Mapkepa B (pase cpabatbiBaHns nepexoga.

Yenosus 1 1 2 SBASIOTCS yCroBuaMI BO3OY)XAEHWS ANS MepapXnyecknx ceTeit (COCTaBHbIX Mepexodos), a ycrosue 3 —
BPEMEHHbIX CETEMN.

AKTUBMN3NPOBaHHbIE NEePEexXoabl AeaKTUBNU3NPYETCS, ECMIN: OHU HE SBNSKOTCH COCTaBHbIMU; B CeTU A(t) HET BO3BYXAEHHbIX 1
AKTMBN3MPOBAHHBIX NEPEXOA0B.

[ns mogenvpoBaHWs AMHaMWKA KOHLENTyanbHON MOAENW MiaHa, KpOMe YCroBWA BO3DYKOEHMS nepexonoB, Heobxoanmo
cchopMynmMpoBaTh NpaBura M3MEHEHUS! MapKPOBKW MepapXMYeckn BPEMEHHON CETW. [ins aToi Lenn Hanaem (yHKLUIO M3MEHEHMS
MapK1pOBKKM B NpOCTON ceTy lNeTpu:

oa:MxT—M,

B:MxT—M,
roe M — mapkuposka npocton cetu Metpu; o (My, t) + M2 — ecrm M2 nonyyeHa u3 My nocne Toit yacTv cpabaTbiBaHus t, koTopast
yAanseT mapkepbl Ans BXOAHbIX no3uumi nepexoga t; B(Ms, t) + M2 — ecrm M2 nonyyena 13 M1 nocne Toi yactu cpabatbiBaHus t,
koTopas 4obaBnsieT Mapkepbl B BbIXOAHbIE NO3WLMKM Nepexoaa t.

AKTVUBM3aLMS W NpeKpaLLeHne akTUBHOCTM Nepexoda CONPOBOXAAETCH CMEHOW MapKkUpOBKM ceTu. Mocne akTueM3auum ne-
pexopa ti mapkuposka Mir cetn npeobpasyetcs B mapkuposky Mz, Miz + o (Mir, ti). [Jeaktueauus nepexoga ti npuoauT k cMeHe
mapkuposku M1 ceTn Ha mapkupoBky Mz, Mz + B (Mi, t) 1, B cnyyae, ecr i — coctaBHoM nepexog, Mapkuposka M; B cety
Cj + A(t) nameHnTcs Ha Moj. BbinonHeHWe Kaxaoi ceTu N3mMeHsIeT ee COOCTBEHHYHD MapKMPOBKY B COOTBETCTBUW C MpaBuUmiamm npo-
cToi cetu lNeTpwm.

Mepen Ha4yanoMm MOZEnNMPOBaHMS, MEPapXMYECK BpeEMeHHas ceTb eTpn umeeT mapkuposky Mo, HasblBaeMOii HauanbHOM.
Ecnu nocne cpabatbiBaHusi nepexopa ti MapkupoBka nameHutcs Ha M1, To M1 Ha3sbiBalOT HENOCPEACTBEHHO LOCTMXMMON 13 Mo.
Ecnu M1 HenocpefcTBeHHo gocTukuma 13 Mo, a M2 n3 M1, To M2 goctixuma 13 Mo. MHOXeCTBO BCeX MapKMpOBOK MepapXUYeCcki
BPEMEHHOM ceTu, AOCTKMMbIX 13 Mo, 0603Haumm kak R(C,Mo). MpoLiecc n3ameHeHnst MapkupoBOK MOXHO OnucaTh rpadom AOCTH-
XUMbIX MapKUpOBOK, NpeacTaBnstoLLmii coBon OPUEHTUPOBAHHBIN rpad, MHOXECTBO BepLuMH koToporo senstTes R(C,Mo) u ayru,
NoMeYeHHast Kak ti ,CoeMHSIOT BePLUMHBI, ecnin M1 HENoCpeACTBEHHO AocTkuma 3 Mo.

PaccMoTpuM NocneaoBaTEeNbHOCT LWAroB Nepexofa OT MoZenu nNnaxa k rpady MepapXuyeckit BpEMEHHOI CETW.

1. TMpeobpasoBaHue rpaca Gue , ONMCHIBAIOLLErO MOZENb NNaHa, B MEPapXMHYECKYH0 CeTb [eTpu, Ans Yero conocTaBuMm
BepLHbI rpaca Gue NEpEXodam, a Ayrv — nosuuUmaM, NpuyeM, eCim BeplunHa rpada MMEeT NOLUMHEHHbIE BEpLUVHBI, CBA3aHHbIE
Mexgay coboii oTHOLEHeM nepapxum (oyra Hy ), TO el COOTBETCTBYET COCTABHOM Nepexogd, B MPOTUBHOM Cilyyae — NpoCTon nepe-
xoa. B pesynbTate Takoro npeobpasosanus, rpady Gue, 6yget cootBetcTBOBaTH CETh INeTpn C={Co, C1,..., Cn}.

2. W3 mHoxectBa C={Co, C1,..., Cn} BblbUpatoTCs YacTHble ceTu lNeTpy, BKIToYatoLLMe TOMbKO NPOCTble nepexodbl. faH-
HbIM CETSIM CTABMTCS B COOTBETCTBME BPEMEHHbIE CETY [1eTpMm.

3. Kaxpas BpemeHHas ceTb eTpu npeobpasyetcs B MPOCTYHO CETb [1eTpy C TeM xe rpacioM 1 HavamnbHO MapKkMpOBKON
C Lienbto aHanmn3a orpaHN4eHHOCTH.



4. B cnyyae nonoxutensHoro pesynstata (npoctas Cl1 — orpaHuyeHa), CTpouTcs rpad OCTUXUMOCTYA BPEMEHHOM CETU
[MeTpu 1 OLEHNBAIOTCS BPEMEHHbIE XapaKTEPUCTUKK, YTO BOMOXHO BCNEACTBIE aLMKNMYHOCTI MOAENM NnaHa.

5. W3 mHoxecTtBa C={Co, C1,..., Cn} BbibUpaloTCa YacTHble ceTu lNeTpu, BKNKoYatoLLme CroXHbIe NEPEXOb!, COAepxXaLLme
OfHY 13 06paboTaHHbIX NPOCTbIX BPEMEHHbIX CETEN W ANS KaX A0 TaKoW YaCTHO CETU BbINOMHSIOTCA JENCTBS, COOTBETCTBYHOLLME
waram 3 n 4.

6. W3 mHoxecta C={Co, Ct,..., Cn} BbIOMpaOTCA YacTHble ceTn MeTpu, BKMKOYalOWMe NpocTbie Nepexomsl M Nepexoabl,
AN KOTOPbIX NOCTPOEHbI rpadhbl AOCTUXKMMOCTM U OLIEHEHbI BPEMEHHbIE XapakTepUCTUKK. [INs kaxzgon Takon YaCTHOM CETU BbINOI-
HAIOTCA JEeNCTBIS, COOTBETCTBYIOLWME Waram 3 1 4.

7. Ecrm paccmoTpeHbl Bce YacTHble ceTu MeTpu, TO CTpouTCs rpady LOCTMXKMMOCTYW A1 CETM BEPXHEr0 YPOBHS U pac-
CYNTBIBAIOTCS BPEMEHHBIE XapaKTEPUCTIKN CETM B LIENIOM, YTO COOTBETCTBYET BPEMEHHbBIM XapakTepucT/kam MOAENH nnaHa.

CTpyKTypa nepapxm4ecku BpeMeHHON ceTu MeTpu NOMHOCTbIO OMUCLIBAET MOZEMb NiaHa. Hanuume oTHOWEHUS nepapxun
TN KnaccumKkaLmm, a Takke OTHOLIEHWI YNOPSAOYEHHOCTU Ha MHOXECTBE OnepaLi, BXOAALLMX B KOMMNO3ULIMOHHOE OTHOLLEHME,
BHOCALLMX M3BLITOYHOCTb B ONUCaHWE MOZENM niaHa, No3BoNseT pelunTb 3afady CUHTE3a MHOXECTBA anbTePHATUBHBIX BAPUAHTOB
nnaHa.

MycTb no3unumsm p; CeTh conocTasneHbl ayrv rpada Gus , nepexogam ti — COOTBETCTBEHHO BEPLUMHbLI AaHHOTO rpada.
BepwwHbl rpadha, cBA3aHHble C MOAYMHEHHBIE BEPLUMHBLI OTHOLLEHWEM Wepapxuu Tuna Knaccudukaummu, NpeacTaBnsioTcs B CETH
KOHKYPUPYIOLLMMU COCTaBHbIMU MEPEXOAamu, a BEPLUNHBI, CBA3aHHbIE C NOAYMHEHHBIMW BEPLUMHBLI OTHOLLEHWEM WepapXuu TUna
KOMMO3WLMK, COCTaBHLIMW NEPEXoaamu, Mexay KOTOpbIMM BBOAATCA NO3WLMKM, COOTBETCTBYIOLLME AYraM OTHOLLEHWS YrOpsiA0YeH-
HOCTH.

3agagum HavanbHylo pa3MeTky Mepapxuyecku BpemeHHol ceTw MeTpu B Buae BekTopa 3amycka Mo (1,1,...,1) Ans Bcex
p € P'. KoHeuHas pa3meTka COOTBETCTBYET NoNafaHMio MapkepoB B no3uuum peP'’. B aTom cnyyae umkn popMnpoBaHus BapuaH-
Ta NnaHa 3akaHumBaeTcs. Kaxmoe cnoBo A3bika, MOPOXAEHHOE JaHHON CeTbio, BydeT coaepxaTb BCe nepexodbl CeTw, T.e. ByayT
y4TeHbl Bce onepauym, Tpebytowime BbInonHeHNs. KONMYecTBO LMKIOB COOTBETCTBYET KOMMYECTBY KOHKYPUPYHOLLMX NEPEXOSO0B B
ceTu. Ha 0CHOBaHMM BbILLE M3MOXEHHOTO MOXHO CCHOPMYNUPOBATH CrieayioLLee YTBEPKAEHNE.

YtBepxaeHue 1. VMepapxuyecku BpemeHHas ceTb [eTpu, MOLenvpylowas BapuaHT KOPPEKTHON MOLENN nrnaxa, He co-
LEPKUT KOHKYPUPYIOLLMX NEPEXOLIOB.

JokasaTtenbcTBo. [omyctum, 4To BO BpeMeHHOW ceTu [eTpu, NpeacTaBnsioLei onepaLmn HEKOTOpOro YPOBHS uepap-
XM MOAENM NIaHa, CyLLECTBYIOT KOHKYpUpYtoLLMe nepexodbl. Toraa, CroBo si3bika, NOPOXAEHHOE AaHHOM CETbIO, He DyaeT coaep-
XaTb BCe Nepexofbl, a CNegoBaTensHo, He byayT yuTeHbl Bce paboThl, Tpebytowme BoinonHeHus. CrnegoBaTensHo, MOAENb NnaHa
He BNSETCS KOPPEKTHOW, YTO MPOTUBOPEYMT YCIOBUIO YTBEPXAEHUS. KOHeL, fokasaTenbCTaa.

MoMMMO MCMONb30BAHMSA BPEMEHHBIX CETEN, MMEETCs BO3MOXHOCTb MPEACTaBNATb YacTHble ceT [leTpw, BknovatLme
TONMBKO MPOCTbIE NEepexobl, CUHXPOHHBIMM CeTAMU. CUHXPOHHbIE CETU MOXHO UCMONb30BaTh, eCrn TpebyeTCs BbISBNEHUE OLIEHOK,
CBS3aHHbIX C MaKCUMarbHbIM NapanienuaMom 3agaqn. B Takux ceTsx Bce paspeLleHHble 1 He KOHMKTYIoLLME nepexoabl cpaba-
TbIBAlOT OBHOBPEMEHHO B TOM CMbICIIE, YTO M3 HEKOTOPOI MapKMpoBKM M1 NpoMCXOOMUT NEPEXos B Takyto MapkpoBky Mz , koTopas
SBNSIETCA pesynbTaToM cpabaTbiBaHUs BCEX Pa3peLLeHHbIX U He KOH(IMKTYIOWMX nepexogos B Mapkuposke M1. [lepeBo gocTuxu-
MOCTW AaHHOM CETU COZepKUT MHopMaLMo 060 BCEX MHOXECTBaX NepexooB, CMOCOBHbIX BbIMOMHUTLCS OOHOBPEMEHHO U CTPO-
WUTCS N0 aHanommn ¢ 0ObIYHON CeTbio, 32 UCKITIOYEHNEM TOrO, YTO BMECTO OJHOTO NMEepexoaa, M3MEHSIIOLLEro MapkupoBKy, paccMar-
pVBaETCA MHOXECTBO NEepexofos.

BpeMeHHbIe CeTh NO3BONSOT YYMTbIBATH OAHOBPEMEHHOCTb BbINONHEHUS CODLITUIA, @ TaKkKe NONy4uTb Bonee TOYHbIe OLeH-
kv CBOWCTB Napannenuama. BpemeHHble CeTU npefHasHaveHb! Ans MOAENMPOBaHNUS CUCTEM C KOHKPETHBIMI BPEMEHHBIMU Xapak-
TEPUCTUKAMM U MO3BONSIHOT OLEHUTb MAKCUManbHOE, MUHUMANbHOE, CPEAHEE BPEMS BbIMOMHEHUs. [lepeBo AOCTUXMMOCTY AN
BPEMEHHOW CETU COAEPXMT KOHKPETHbIE 3Ha4eHUst BpeMeH cpabaTbiBaHUs NEPEXOM0B, Tak Kak 3TW 3HAYEHWS OKA3bIBAKOT BUSHNE
Ha MOCneaoBaTENbHOCTL cpabaTbiBaHNs BPEMEHHOM ceTu. [pady SOCTXMMOCTU BPEMEHHOW CETW MO3BOMSET NMPEACTaBUTb HE
TONMBKO MHOXECTBO [JOCTUXMMbIX MApKPOBOK, HO U MHOXECTBO JOCTMKMMbIX BPEMEHHbIX COCTOSIHUIA B BUAE BEKTOpA COCTOSHUS
nepexogos. Ha ocHoBaHuu rpadha nerko MoryT BbITb NOCTPOEHbI BPEMEHHbIE Anarpammbl paboT.

PaccMOTpeHHbIe Bbllle MOAENM BPEMEHHbIX ceTel [eTpu, OCHOBaHHbIE Ha 3aAaHuN KaxaoMy nepexody HeoTpULATENbHOMo
Lienoro yucna, onpegensiowlero 3agepxky cpabatbiBaHust 4aHHOMO Nepexofa 1 MeToAbl pacyeTa BPEMEHHbIX XapakTepucTuk, 06-
NafatoT CyLLECTBEHHBIM HELOCTATKOM: TPYAHOCTb YCTAHOBMEHWS KOHKPETHOW 3afepku cpabaTbiBaHWs Nepexofa Cetu W, CooT-
BETCTBEHHO, pacyeT BPEMEHHBIX NapaMeTPOB. YCTPaHUTL YKa3aHHbIA HEAOCTATOK MOXHO 3afaB KaXgoMy nepexomy CeTW, Onuchl-
BaloLLiel MOfeNb NraHa, cneaylowye napaMeTpbl: MUHUMAbHOe U MakcumarbHoe Bpems cpabaTbiBaHus.

[ns nonyyeHns BpEMEHHbIX XapaKTepUCTUK BbIMONHEHUS BCEN CeTU LenecoobpasHo BOCMOMNb30BaTbCA annapaToM WHTep-
BanbHoON apudmeTnkm [4]. Mpu getTansHOM paccMOTPEHUU JaHHOTO annapata NPoCcMaTpUBAKOTCS HEKOTOPbIE aHamnormm C BbILECKa-
3aHHbIM. Tak, MUHUMarnbHas BENUYMHa cpabaTbiBaHWst NepeXofa BLICTYNAET Kak HINKHSAS rpaHnLa MHTEPBArbHOTO Y1Cna, @ MaKcH-
ManbHast — kak BepxHsis. CpeaHee 3HayeHue cpabaTtbiBaHus Nepexofa ONMpedenseTcs Kak cepednHa WHTEPBANBLHOMO Yucna, T.e.
nomycymMma KOHLIOB MHTEPBANBHOTO YKCna.

MMpu Takol NOCTaHOBKe, (PYHKLMS BPEMEHM YaCTHOW Mepapxuiecku BpemeHHom cetu Netpu 3apaetcs B Buge Ti:Ti— Ai,
roe Ti — nepexog cetu; Ai € I(R), I(R) = {A1, Az, ..., An}, A= [a/',ai""], Ai — NHTEPBANbHOE YMCNO, ai' — MUHUMANbHOE BpeMs cpabaTbl-
BaHUs Nepexofa, a'’ — MakcMansHoe Bpems.

OpnHOM 13 OCHOBHbIX ONEpaLyi, BbIMOMHAEMbIX Haf MHTEPBANbHLIMI YKCNIaMu MpU OLEHKE BpeMeHu paboTbl BCE CeTH siB-
NsgeTcs onepauus CnoxeHus. Tak CymMa MHTepBanbHbIX YWCEn, onpedensiowmux 3afepxky cpabatbiBaHusi MPOCTbIX NMEpPexXomoB,
SBMSETCA MHTEPBANbHBIM YNCTIOM, XapaKTepU3yIoLWmUM Bpems cpabaTtbiBaHus COCTABHOMO nepexoga. HanomHum, yto B [4] gaHHas
onepauus onpegensetca kak A+B = [a’,a"'] +[8’,8"'] = [a'+B’,a’'+B"'], 0bnagatoLias CBOCTBAMW aCCOLMATMBHOCTH M KOMMYTATWUBHO-
CcTu.



OCHOBHbIM CBOCTBOM MHTEPBANbHON apUAPMETHKM SBRSETCS CBONCTBO MOHOTOHHOCTM MO BKIHOYEHM0. MpuBESEM OCHOB-
HY'0 TEOPEMY MHTEPBANbHON apUPMETUKN, BbITEKAIOLLLYIO U3 CBOMCTBA MOHOTOHHOCTH, ONpefeneHHyo B [4].

Teopema. Ecnn F(X1, Xz,..., Xn,) IBNSIETCS paLyOHanbHbIM BbIPaXEHWEM OT KOHEYHOW KOMOUHaLMK nHTepeanos Xi, Xz,...,
Xn M KOHEYHOro Habopa MOCTOSIHHBIX MHTEPBANOB, MEXAY KOTOPLIMW OMPEAENeHbl MHTEPBanbHbIE apudMeTyeckue onepauuu, To
u3 XMy < X@;,i={1,2,..,n} cnegyet F(XM1, Xy, ..., X)) < F(X@1, X@);, ..., X@x) npu nobom Habope nHTepBanbHbix yncen X
, X@, ..., X@)y, ans KOTOPOro MHTEpBanbHbIE apUPMETNYECKIE ONEpaLm B BbIPAXXEHAN UMEIOT CMbICT.

CvMBON BKIIOYEHMS B MHTEPBANbHON apndmeTke 0603HaqaeT He 00s3aTeNbHO CTPOroe BKIKYEHWe, a A0MyCKaeT paBeH-
CTBO WHTEPBArOB.

B cnyyae oTCyTCTBMSI KOHKYPUPYIOLLMX NEPEXOLOB BO BPEMEHHOM CETH, WHTEPBarlbHbIE YMCNA, ONpeaensitoLe 3anepxKy
cpabaTbiBaHWs NPOCTLIX NEPEXO0B, MOHOTOHHbI MO BKIIOYEHMIO K CYMME, SIBNSIOLENCS WHTEPBAbHLIM YICTIOM, XapaKkTepuay to-
LymM Bpemsi cpabaTbiBaHWs COCTABHOrO nepexoda. [nMTenbHOCTb KpUTUYECKOrO MyTH B AaHHOM Clly4ae BbICTynaeT kak Bpems cpa-
BaTbIBaHWS COCTABHOMO NepeXofa U SBNSETCS MHTEPBAbHBIM YUCTOM.

YTBepxaeHue 2. ONnUTenbHOCTb KPUTUYECKOTO MYTW, ONPesensieMoro Kak CyMma 3HaueHUid HUOKHWX rpaHuL, UHTepBanb-
HbIX YWCEN, XapaKTepu3yloLLmx Bpems cpabaTbiBaHWs NEPEX0doB MEPAPXNYECKN BPEMEHHON CETU, HE COAEPXKaLLEl KOHKypUpYHo-
LMX NEepexofoB, MOHOTOHHA MO BKMIOYEHWMIO K ANMTENBHOCTM NYTW ANS 3HAYEHWA BEPXHUX MPaHWUL, faHHbIX MHTEPBArbHbIX Yucen,
T.€. BbinonHseTcs cnepytowee t (X(h) < t (X@h), rae t (X ) — 4nntenbHOCTb paboTbl CETU NPU HKHUX 3HAYEHUSX NHTEpBarb-
HbIX uncen; T (X@h ) — 4nuTensHOCTb paboTbl CETH NPY BEPXHUX 3HAYEHUSIX MHTEPBAMNbHBIX YNACEN.

JokasaTenbcTBO. B cuny OCHOBHOW TeopeMbl WHTEPBANbHOA apudMETUKM AaHHOe YTBEPXAEHWe ANs cryyas oTcyT-
CTBWS! KOHKYPUPYHOLLMX NEPEXOAOB OYEBUAHO, TaK KaK A/IUTENbHOCTb KPUTUYECKOTO NMyTU ABMSIETCS PaLMOHANBbHBIM BbIPaXEHUEM OT
WHTEPBAIbHbIX YMCEN, XapaKTePU3YIOLMX ANUTENBHOCTH CpabaTbiBaHUs NEPEXOAO0B U ONepaLu CIOXEHUs Ha AaHHOM MHOXECTBE
uncen.

MpeanonoXuM, YTo B CETU MMEIOTCS KOHKypUPYIOLMe nepexodbl. B AaHHOM criyyae rpaHuyHble OLeHKM BpeMeHn cpabathi-
BaHuWs nepexofa He OyayT oka3blBaTb HEMOCPEACTBEHHOrO BO3LENCTBUS HA ANMTENBHOCTb KPUTUYECKOTO MyTU BCEH CETH, T.6. BO3-
HUKHET cuTyaums, korga T (X(h) & 1 (X@h).

[laHHOE NpeanonoXeHne NPOTUBOPEYUT YTBEPXAEHHO 1.

OueHKa BPEMEHHBIX XapakTepUCTUK CETM OCYLLECTBNSAETCA N0 rpady SOCTVXKMMOCTY MepapXuiYecky BpEMeHHON ceTu leT-
pw. Mpu 3TOM Kaxaas komnoHeHTa A () BekTopa akTMBHOCTM A NpefcTaBnseTcs MHTepBanbHbIM YucnoM. MeToauka pacyeTa Bpe-
MeHHbIX XapaKTEPUCTMK C 1CTONb30BAHMEM MHTEPBAMbHbIX YYMCEN aHANOTMYHa NPUBEEHHON BbiLLe.
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