MaTtemaTndyeckmne mopenn
nocJsieoBaTesSibHbIX BblYNC/IEHUN

mk.cs.msu.ru — J1eKUNOoHHbIe KypChbl
— MaTemaTnyeckne Mogenn nocneaoBaTeNbHbIX BbIYNCAEHWIA

Bnok 3
JlekTop:
Cetn lMeTpu:
P MNoabimoB Bnagncnaes Bacunbesny
npyvMepbl NPUMEHEHUS E-mail-

N CBOICTBA noBeaeHUst
A valdus@yandex.ru

BMK MTIY, 2022/2023, BeceHHUli cemecTp

Bnok 3 1/13


https://mk.cs.msu.ru

Cetn |_|€Tpl/l HaxoAAaT CBOE npumMmeHeHne BO MHOIMX obnacTsax OEATENBbHOCTN,

KaK CBSA3aHHbIX C MAaTEMATUKOWN U MHd)OpMaTMKOM, TakK N HET

V13 ocobeHHocCTell yCTpOVICTBa ceTell B 3TUX 061aCTAX eCTECTBEHHbBIM
o6pa30M BbITEKAOT N HEKOTOPLIE 3a4a41N aHa/IN3a NoBeAEeHUA ceTeli

Bnok 3



Mpumep npuMeHeHMs: TeleKOMMYHUKALIMOHHbIE CUCTEMBI

KaHan

Oycbep oTnpaBuTens @—>—>® Oydep nonyyvatens

KaHaJl TOTOB K nepeaade

CTporo onpefennm 3T U CMeXxHble TpeboBaHUA B TepMuHax ceTelt [eTpu
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Mpumep npuMeHeHMs: TeleKOMMYHUKALIMOHHbIE CUCTEMBI

KaHan

Oycbep oTnpaBuTens ©—>—>® Oydep nonyyvatens

KaHaJl TOTOB K nepeaade

B npaBunbHOM (OYHKLMOHUPOBAHUN TaKoW CUCTEMbI, B HaCTHOCTU:
1. bydepbl He nepenofHAtOTCS
2. CooblleHuns He TepstoTCs, He AyOAUPYOTCA U JOCTUratoT ajpecaTa

CTporo onpeaennm 3T U CMeXHble TpeboBaHUA B TepMuHax ceTelt [eTpu
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Mo3nunst p B MapkupoBaHHoOW ceTu [eTpn T Ha3blBaeTCsA k-OrpaHUYeHHOl,

raoe k € INg, ecnm B p nexxuT He bonee k dullek B Nt0OOIA AOCTUXKIUMOI
pa3MeTKe, 1 NPOCTO OrpaHNYeHHOW, ecan CyLecTByeT Yncno k, Ans
KOTOPOro oHa k-orpaHun4eHHa

MapkupoBaHHast ceTb [leTpy Ha3bIBAeTCA OrpaHNYeHHOl, ecnm Bce eé
No3uNLUY OrpaHnYeHHbI

Mpumepsbl orpaHnyeHHol ceTn (cneBa) U HeorpaHudeHHol (cnpaga)

B m
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V1BepxgeHne. MapkupoBaHHas cetb lNeTpu 7 orpaHnyeHHa <
MHOXeCTBO R(7) KOHEe4YHO

[okazaTenscTgo. (=) Ecnn ceTb coaepxuT nosvuun pi, ..., px U ANst
000 JOCTUXNMOW pa3MeTKn B p; NeXUT He bonee n; douwek, 1 </ < k,
1o |[R(m)| < (m+1)-...-(nk+1)

(<) Ecnn R(m) = {M4, ..., My}, To B nto60 No3uLmm p OTHOCUTENBHO
ntoboli [OCTVXKNMON pa3MeTku nexuT He 6onee max(Mi(p), ..., Mk(p))
dulek v
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Mo3uunst p B MapKupoBaHHoii ceTu eTpn Ha3biBaeTcst 6e30nacHoi, ecnn
OHa 1-orpaHu4eHHa

CeTb lNeTpu Ha3biBaeTCs 6e30nacHol, ecnu Bce eé no3uuuy HesonacHsbl
CeTb lNeTpu Ha3bIBAETCS OpAVHAPHON, eCan Beca Bcex eé Ayr paBHbl 1
OyesnHo, 4TO 3afadvy NpoBepKn 6e30MNacHOCTU Pa3yMHO CTaBUTb TOJIbKO

N5 opAnHapHbIX ceTeld MNeTpu

Mpumep Hebe3onacHoli opanHapHoli ceTn [leTpu
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Cetb Metpn w = (P, T, E, W, M) Ha3bIBaeTCs KOHCEPBATNBHOI, ecin Ans

ntoboii focTmxmmoli pa3meTkn K BepHo paBeHcTBo Y, M(p) = > K(p)
peP peP

ViHbiMn cnoBamu, ceTb [leTpu KOHCEpBATUBHA, €CAN CyMMapHOe YUCAo
uLLiek BO BCEX €€ MNO3NLMAX OCTAETCS HEM3MEHHbIM BO BCEX BbIHYUCIEHUSIX

MoxkHo nerko ybeanTbcst B ToM, 4TO ceTb Metpu m = (P, T, E, W, M)
ABNAETCA KOHCGpBaTVIBHOI7I TOrda N TONbKO TOrAda, Korga Anasd KaxXgoro
nepexofa t, cpabaTbiBatoLLErO XOTst Obl B OAHOM BbIYWCAEHUN, BEPHO
paBeHCTBO Epy (@, t) = Ey(t, ®)
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I'Ipwmep NMPVUMEHEHMNA: NPON3BOACTBEHHbIE NMPOLIECCHI U 6I/I3H€C—I'Ip0Ll,eCCbI

NHCTPYMEHT

3aroToBKa @—> —)O nsagenne

FOTOBHOCTb MHCTPYMEHTA

CTporo onpeaenum 3T N CMexxHble TpeboBaHusA B TepMuHax ceteir [NeTpu
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I'Ipwmep NMPVUMEHEHMNA: NPON3BOACTBEHHbIE NMPOLIECCHI U 6I/I3H€C—I'Ip0Ll,eCCbI

NHCTPYMEHT

3aroToBKa O—> —)@ nsagenne

FOTOBHOCTb MHCTPYMEHTA

B npaBnnbHOM OYHKLMOHUPOBAHUN TaKOW CUCTEMbI, B HaCTHOCTHU:
» IHCTpyMeHTbl Y4acCTBYIOT B paboyeM Lukie

» Pabouune He MellatoT Apyr Apyry

CTporo onpegenum 3T N CMexxHble TpeboBaHusa B TepMuHax cetelr [NeTpu

Brok 3 8/13



[Mepexos t B MapKMpoBaHHO ceTu [leTpu 7 Ha3bIBAETCSA »KUBbLIM, eCn AN
ntoboit focTmxmmMoid pasmeTkn M cyllecTByeT pa3MeTka K, Takas 4To

T *
M — K wn nepexop t akTuBeH B K

ViHbiMK cnoBamu, nepexog t »Xune, ecnu ntoboe KOHeYHOE BblYUCIEHNE

MOXXHO MPOAO/IKUTL Tak, 4ToObl 3TOT nepexos Aanee cpaboTan xoTs Obl pa3

CeTb Ha3blBaeTCs YKVBOW, €CNIN BCE €€ NepPexoabl »KNBble

I'Iplnmep: B CﬂG,ﬂ,nyLLlGVI CETU XUBbIM ABNAETCA nepexol o N TONbKO OH

t1 p3 i3
o2l
P1 °
J | N
ta Pe
P2 Pa
| 7
| N
to Ps ts

Bnok 3 9/

13



Mepexon t B cetn Metpu m = (P, T, E, W, M) Ha3biBaeTCs yCTONYMBLIM
(persistent), ecnu ans noboili JOCTVXKUMONR pa3meTkn M n ntoboro
nepexofia r, OT/INYHOIrO OT t, BEPHO CledytoLLEe:

ecnn oba nepexofa t, r akTueHel B M, To Eyy (@, t) + Eyy (@, r) <= M

VHbIMK cnoBamu, nepexoj yCTORYUB, eCnv OH, OyAydn aKTUBHBLIM, HE MOXKET
AEaKTNBMPOBATLCS (3a610KMPOBATLCS) U3-3a cpabaTbiBaHWS APYriX
nepexonoB

MapkunpoBaHHasa ceTb [leTpu ycToli4nBa, eciiv BCe e€ nepexobl YCTORYNBbI
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Mpumep: B ceTn, N30O6PaXKEHHOW HUXKE, HEYCTOUYNB Nepexo to U TONbKO OH
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,Zl,pyrl/le NMPUMEHEHNA N OCMbICNEHUA /IEMEHTOB ceTell FIeTpm

no3nuymna
npeaycnosue
BXOAHbIE [aHHble
noTpebnsiemMblli pecypc

npeanochblsika

Bnok 3

nepexog,

cobbiTue

onepaTtop
paboTa

npaBuo

nosnymna
nocTyc/ioBuMe
BbIXOAHbIE AaHHblEe
Npon3BOANMbI/ pecypc

YyMO3aKJtoueHne



K npoBepke ynoMsiHyTbIX CBONCTB ceTeill (orpaHnyeHHOCTb, 6e30MnacHOCTb,
XKUBOCTb, YCTONYMBOCTL) CneayeT [00aBUTL eWe ABE KItOHEBbIX 3aAauN:

1. lNpobnema AOCTVMIXKUMOCTI: ANSA 3aA4aHHOW MapKupoBaHHOW ceTu [leTpn
T U 1 3ajaHHOl pa3MeTkn M npoBepuThb AOCTUXUMOCTL M B T

2. lpobnema R-3KBMBANEHTHOCTW: AN 3aA4aHHOW Napbl MAapKMPOBAaHHbIX
ceTeld [eTpu Ty, Mo C OAHUM N TEM XKE MHOXXECTBOM MO3ULINIA
npoBepuTb paBeHcTBO R(m1) = R(m2)
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