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PE3IOME

[TpuMeHeHVe KOMIIBIOTEPHBIX CeTeil B COBPEMEHHOM OOIIecTBe IIMPOKO
pacupoctpaHeHo. Cram HeOOBIYaiHO IIMPOKMM CIEKTDP CO3/aBaeMBIX U
PaboTaOMKUX KOMIIBIOTEPHBIX CeTeil KaK TEPpPUTOPHAIBHO paclpefieIeHHBIX TaK U
JIOKAJbHBIX. B pa3spaGoTKe KOMIIBIOTEPHBIX CeTell IOABMJIACH TEHJEHIIUS
o0benuHeHNs OOJBIIOTO YWCIA PA3TUYHBIX TEPPUTOPUATBHBIX M JIOKAJIBHBIX
cereif. DTa Bompoc TpeGyeT HOBOTO MOAXOJA K apXUTEKType CeTell, MOZeIIM HX
3 deKTUBHOTO B3aUMOJEUCTBUS.

CoBpeMeHHBIe 3aJjauyM HCIOIB30BAHUA KOMIIBIOTEPHBIX CeTeil CTaBAT
BBICOKHE TpeOOBaHUA K KadecTBy obcrykuBaHuA cerei - QoS (Quality of Service).
C mesnpl0 TOBBIIEHUA KadyeCTBa OOCTYy>XMBAaHUA MOXKET OBITH IIPOBeJeH PAZ
meponpusatuit. OZHUM U3 HUX SBISETCS yIpaBlIeHUs pecypcamu. Pecypcamu
MOXXHO PacCCMaTpPUBATh ONpeeTHHBIM alapaTHBIA U IIPOrPAaMMHBIH KOMIITIEKC
KOMITBIOTEPHBIX ceTeil. Be3ycloBHO, pecypcaMu ceTH MOXXHO CYMTAaTh CETEBYIO
annmnaparypy u nporpammHoe obecreuenue (OC, CYB/). Ho ¢ Touku 3perus QoS
pecypcaMy CUMTAIOTCA 3a[€PXKKa U IIPOITyCKHAsA CIIOCOOHOCTb.

3allepXXKOH  HA3BIBAIOT  OTPE30K  BpeMeHH, HeOOXOAMMBIH I
IepeBIDKEHUS ITaKeTa OT UCTOYHUKA 0 ITyHKTa HasHAYEHUA depe3 IIPOBOJAILYIO
ceTs. 3afepXKa Ilepeflaud OIpefeifeTcsi KaK 3aflepKKa MeXAY MOMEHTOM
IIOCTYIUIEHUS TIaKeTa Ha BXOJ, KAKOTO-JIN0O0 CEeTeBOTO yCTPOMCTBA MU YaCTU CETH U
MOMEHTOM TIOSIBJIEHUS €ro Ha BBIXOZle OTOTO YCTPOMCTBA. OJTOT IIapaMeTp
IIPOM3BOJUTENBHOCTH II0 CMBICTY OJH30K KO BpeMEHHM peaKIuM CeTH, HO
OT/INYAeTCA TeM, 4TO BCErZla XapaKTepPHU3yeT TOJIBKO CeTeBble 3Tambl 0O0pabOTKH
IAHHBIX 0e3 3amep)keK 00paboTKu KoMmmbioTepamu ceTu. OOBIYHO, KA4eCTBO CETH
XapaKTepPHU3YIOT BeJIWYMHAMH MaKCHMaJIbHOU 3aZep)XKU Iepefadyy M Bapualueit
3a/IEPXKKHU.

IIpomyckHO#I CIOCOGHOCTBIO — ABJIAETCA KOJIUYECTBO OOCITY>XUBAaHUI,
KOTOpOe MOXeT 00eCIIeYUTh CeTh B eJUHUIly BpeMeHHU. [IpomyckHas cIIoco6HOCTB
OTpa)kaeT 00beM JaHHBIX, IIepeJaHHbIX CEThIO MM €€ YacThIO B eIMHUIY BpeMeH!U
IIpomyckHas CIIOCOOHOCTH He SBJIAETCS IIOJIb30BATENIbCKOM XapaKTePUCTUKOM, Tak
KaKk OHAa TOBOPHUT O CKOPOCTH BBIIIOJTHEHWSA BHYTPEHHHMX OIlepaliuii CeTH -
Imepeadyy  IIAKETOB JAHHBIX MEXJy y3JIaMM CeTH 4epe3  pasjIudHbIe
KOMMYHUKAIIHOHHBIE YCTPOMCTBA. 3aTO OHA HEMOCPEICTBEHHO XapaKTepHU3yeT
Ka4yeCTBO BBIIIOJIHEHUs OCHOBHOHN (PyHKUMH CETH - TPAaHCIIOPTHPOBKHU COOOILIEHUIH
- ¥ TI03TOMY dYallle MCIIOJIB3yeTCsS IPU aHalIu3e IPOU3BOLUTENBHOCTH CETH, YeM
BpeMs peaKIUH.

[TpomryckHas crocoGHOCTH mM3MepsieTcs JIubo B OGUTaX B CEKYHIY, Iu0O B
IaKeTax B CeKyHZy. IIpomyckHas CIOCOGHOCTh MOXXeT ObIThb MTHOBEHHO,
MaKCHMaJbHOM U CpeJHe.

CpeznHsas mpoIrycKHAs CIIOCOOHOCTh BBIYMC/ISAETCS IIyTEM JefeHus 0oOIIero
o0beMa IlepelaHHBIX [AHHBIX Ha BpeMsI HX Ilepefayd, IPUYEM BbIOMpaeTcs
NOCTaTOYHO [JIUTEIBHBIA IIPOMEXYTOK BpPEeMEHU - dYac, AeHb WIH Henes.
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MrHoBeHHass IPONMYCKHAs CIOCOOHOCTh OT/IMYAETCS OT CpefHeH TeM, 4TO AJIA
ycpenHeHHs  BHIOMpaeTCs ~ OY€Hb  MaJeHbKMIl  IIPOMEXYTOK  BpeMeHH.
MakcumanpHasd IIPOIYCKHAsA CIOCOOHOCTh - 9TO HamOOJbIIas MIHOBEHHAs
IIPOITyCKHAs CIIOCOOHOCTB, 3aMKCHPOBAaHHAS B Te4eHUE IIePHOZA HAGIIONeHUA.

Ha yxasaHHbIe mapaMeTps! (3aZiep>KKa U IMPOITYCKHAs CIIOCOGHOCTD) BIHAIOT
MHOXXeCTBO (haKTOPOB, HO 60JIee BCETO - MapIIPyTH3aIu U yIIpaBIeHHe IOTOKAMH,
Ha/Ie)XHOCTH U U yCTpaHeHMe OIINOOK IIepesadn.

OTHOCHTENPHO HANEXHOCTH KOMIIBTEDHOM CEeTH MOXHO OTMETHUTh
crefyioliee. 3/eCh Pa3IMYAlOT HECKOJBKO acCIeKTOB HagexxHoctH. Jns
TEeXHUYECKUX YCTPOMCTB HCIIONB3YIOTCA TaKWe IIOKa3aTead HaNeXHOCTH, Kak
cpesiHee BpeMs HapaOOTKU Ha OTKa3, BEPOATHOCTh OTKAa3a, MHTEHCUBHOCTh OTKA30B.
OpHaKo 5TH IIOKa3aTeau IPUTOIHBI JJIA OLeHKH HaZeXXHOCTH ITPOCTHIX 3I€MEHTOB
U YCTPOMCTB, KOTOpBIEé MOTYT HAaXOLUTHCA TOJNBKO B [BYX COCTOSHUAX -
paborocrnioco6HOM MM HepaboTrocmoco6HOM. CIIOXKHBIE CHCTEMBI, COCTOSILIVE U3
MHOTHUX 5JIEMEHTOB, KpoMme COCTOSHUH paboTococo6HOCTH u
HepabOTOCIOCOOHOCTH, MOTYT HMeTh M JApPYTHe IIPOMEXYTOYHBIE COCTOSHUS,
KOTOpBIe 3TH XapaKT€PUCTHKU He YYMTHIBAIOT. B CBA3M C 3TUM [JId OLEHKHU
Ha/IeXXHOCTH CJIOKHBIX CHCTeM IIPUMeHSeTCS APyroil Habop XapaKTepUCTHK. JTO-
TOTOBHOCTh MM K03(hGUIMEHT TOTOBHOCTH, BEPOSITHOCTH JOCTaBKU IIAKeTa Y37y
HasHaYeHUs 6e3 UCKaKeHU#, 6e30I1aCHOCTh, OTKa30yCTOWIHUBOCTb.

YT106BI CHCTEMY MOXHO OBLIO OTHECTH K BBICOKOHAJ€XKHBIM, OHA JOJDKHA
KaK MUHUMYyM 0O0JaZaTh BBICOKON TOTOBHOCTBIO, HO STOTO HEJOCTAaTOYHO.
Heobxomumo o6ecmeyuTs COXPaHHOCTh IAHHBIX M 3aI[UTy HX OT HMCKaXXEHUM.
Kpome sToro, mo/mkHa IOALepKUBATHCA COTIACOBAHHOCTH (HEIIPOTHUBOPEYHBOCTS)
IAHHBIX, HAIIPIMEP, eCJTH JJIS TOBBIIIeHUA HaJeXKHOCTH Ha HECKOJIBKUX (BaiilIoBBIX
cepBepax XpPAaHWUTCSI HECKOJIBKO KONMWH [JAaHHBIX, TO HYXHO IIOCTOSHHO
06eCIeYnBaTh UX UAEHTUIHOCTb.

YcTpaHeHre U UCIIpaBIeHHe OWIMOGOK BKIIOUaeT B ceOs BBIABIEHUE,
olpeZielleHHe M YCTpaHeHHUe IIOCIeACTBUI cOOeB M OTKas3oB B paboTe ceTw,
BBIIIOJTHAETCS He TOJIBKO PeTHCTpallua CooOuleHHuit 06 ommbkax, HO MU UHX
GbuIbTpanya, MapUIPYTH3aUA U aHAIU3.

B pesyibraTe HOBBINIEHUS HAZEXHOCTH CETH, UCIPABIEHUSI U YCTPAaHEHUT
OmMOOK  COKpamiaeTcsi KOJIMYECTBO IOBTOPHO  IlepefiaBaeMbIX  IIAKEeTOB,
ClIelOBaTeIbHO, 3aTPy>KEHHOCTh CETH, YTO ITOJIOXKHUTEIBHO BIMSIET Ha 3aJ€PXKKy U
IIPOIIYCKHYIO CIIOCOGHOCTD CETH.

[Ton  MapmpyTus3amueil  MOHMMAOT  BBIOOp  HENPEPHIBHOIO  IyTH
(BKJTIOYAIONIETO HECKOJBKO MPOMEXYTOUYHBIX JIMHUI CETH) MEXIy JIOOBIMH IBYMS
y3IaMH CeTH (MCTOYHUKOM U TPUEMHHKOM). AJITOPHUTM MapLIPYTH3aI[UU IOJDKEH
o6mafaTh  OIpeJeIeHHBIMH  CBOMCTBAMHU:  IPaBHJIBHOCTBIO,  IIPOCTOTOH,
Ha/I©KHOCTBIO,  YCTOMYMBOCTBIO,  CIPaBeIMBOCTBIO U  OITHUMAJIBHOCTBIO.
MapumpyTusaius B3aUMOJeHCTBYeT C yIpaBlIeHWEM IIOTOKAaMU B OIpefeeHUn
XapaKTepUCTUK IIOCPeACTBOM MeXaHM3Ma oOpaTHOM cBasu. CylecTByeT GoJblIOe
KOJINYECTBO QJITOPUTMOB MapIIPyTHU3aI[Mi, B KOTOPBIX IOCTUTAIOTCSA Pa3jIHMYHbIE
I[eJIU: COKpallleHHe IIyTH, BpeMeHN.
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YipapieHue IOTOKaMH - 3TO OOecliedeHHe Mep, PeryIupYIOIUX 00beM
TpaduKa B ceTH. 3aZaya yIpaBIeHUs IIOTOKaMU BO3HUKAET B Te€X CIy4asX, KOrza B
cet TpebyeTcs COXPAaHUTHh 3aJE€PKKy Ha OIpe/leIeHHOM HU3KOM YpPOBHE IIpU
IIOBBINIEHUH HArPy3KU B CETH. YTO CTAHOBUTCS BO3MOXXHBIM TOJIBKO IIyTEM OTKa3a B
00CITy)KUBAaHUHY HEKTOPHIM IT0JIb30BaTEIIAM.

Ilenblo gUCCEpTallMOHHOM pPabOTH OBIIO pellleHHe 33ha4 yIPaBIeHUS
pecypcaMy KOMITBIOTEPHOH CETH C IIeJIbIO IIOBBIIIEHUA IPOU3BOSUTEIBHOCTH CETH.

JuccepranuonHas paboTa COCTOUT U3 BBeIEHUS U ILATH IJIaB.

Bo BBepeHuu pmaercs KpaTKuili 0030p pasBUTHUS KOMIIBIOTEPHBIX CeTel, a
TaK)Ke pacCMOTpeHsI ypoBHU Mogenu OSL.

B mepBoit riaBe paccMOTpeHBI (YHKIMOHAJIbHBIE TPYIIBI 33734
yIpaBleHUs KOMIBIOTEPHBIMHU CETAMH, KOTOpBIE BKJIIOYAIOT B Ce0s IATH TPYIIIL
JTO - ympaBieHHe KOHGUTypaluell ceTH M MMeHOBaHHEM, 0O0paboTka omwuboK,
aHa/IU3 IPOU3BOAUTEIPHOCTH U HA/EXXHOCTH, YIIpaBIeHHe 0e30IIaCHOCTBIO U ydeT
paboTHI ceTH.

Bo BrOpO#i ryiaBe [aHBl OCHOBHBIE IIOHATHUS Mapurpytusanuu. OmnucaHsl
OCHOBHbIE THIIBI aJTOPUTMOB MapIIPyTH3aLUii, JaHbl TaKue IIapaMeTpbl, KAKUMU
ABJIAIOTCA JJIMHA MapuIpyTa, HaZe)XXHOCTb, 3a[€pXKKa, IIPOIYCKHAasA CIOCOOHOCTS,
Harpy3ka M CTOMMOCTb ceTH. Kpome TOro, paccMOTpeH BOIIPOC yIIpaBle€HUS
IIOTOKaMM. TarxKe IIOKa3aHa B3aMMOCBA3b MEXAY YIpaBJIeHHEM IIOTOKaMH WU
MapIIpyTHU3aluen.

B Tperseil riaBe mpuBeZeHSBI OOI[Me ITOHATHS KadecTBa OOCIY>KHMBAaHUSA, a
Takoke ee (QyHKuMM. PaccMoTpeHa MapuipyTusaius C TOYKH 3peHMsS KadecTBa
OOCIIYy)KMBAaHUA U OCHOBHBIE IIOKa3aTeIH B KOMIIBIOTEDHBIX CETAX, CBA3AHHBIX C
MapuIpyTHU3al e,

B derBeproii ryaBe pelIeHbl OCHOBHBIE 33Ja4M YIPaBJI€HUS PECYpPCOB.
PaspaGorana cucrema maccoBoro o6cayxkuBanus M/M/m ¢ m o6CIyXKUBaOmIMI
mpubopamu  u M/M/m/m m-morepAMH U M-O0OCTYXUBAIOUWUMU INPUOOPAMH.
[laHHbBIe MoOZenM JAIOT BO3MOXHOCTh HaubOoOJee TOYHO OIEHUTh BEJIUYUHY
3afiepkku B cetu. IlpuBeseHa MeTOoZMKAa OIpefieseHUS ONTHMAIbHOCTH
MapIIPyTH3aLUMK M paspaboTaHbl MOJENIM M CXEeMbl yIpPaBIe€HUS IIOTOKAaMH B
COYMUTAaHUU C ONTMMAJIbHOM MapUIPyTHU3aLAEH.



ABSTRACT

It is wide-spread to use computer networks in modern society. The
spectrum of created and worked computer networks both territorial and local is
unusual wide. In the elaboration of computer networks it is appeared the tendency
of unification of different territorial and local area networks large quantity. This
problem requires a new approach to the networks architecture, models of their
effective interaction.

The modern tasks of using computer networks put high requirements to the
quality of service (QoS). Number actions can be done in order to raise a quality of
service. One of them is resources control. Resources may be considered as
hardware and software complex of computer networks. Absolutely, network
resources can be considered as network hardware and software (Operating System,
Database System Control). But at a point of QoS view delay and capacity are
resources.

Delay is called the space of time, which is necessary for the packet
movement from the source to the destination point through the network. Delay
transference is defined as delay between the time of the packet entering on any
input network device or the part of the network and the time of its appearance on
the output device. By sense this productivity parameter is nearer to the time of the
network reaction, but it differs that it s always characterized only network stages
of data processing without delay of computer processing in the network. The
quality of network is usually characterized the value of maximum transference
delay and delay variation.

Capacity is equal either bit per second or packet per second. Capacity can
be momentary, maximum or average.

Average capacity is calculated by division of the whole size of transmitted
data on the time of their transmission, it must take note of choosing enough long
time interval — an hour, a day or a week. As regards the difference of momentary
capacity and average capacity, there is a little time interval is chosen for average.
Maximum capacity is the biggest momentary capacity which is fixed during
observation period.

A great number of factors have influence on the shown parameters as delay
and capacity, but most at all — routing and flow control, safety and removal
transfer errors.

As concerns computer network safety it must note several safety aspects.
For technical devices there are used such safety parameters as the average working
time on rejection, rejection probability, rejection intensity. However these
parameters are useful for safety appraisement of simple elements and devices
which can only be in two conditions — efficient and disabled. Complex systems
which consist of many elements besides efficient and disabled conditions can have
other intermediate conditions which not to take into consideration these
parameters. That’s why the other set of parameters is used for complex systems
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safety appraisement. They are readiness or the readiness coefficient, packet
delivery probability to the destination node without distortion, security.

To say that system has high safety it must as minimum possess high
readiness but it is not enough. It is necessary to provide data safety and their
protection from distortions. Besides it must be supported data coordination, for
example, if for safety increasing several data copies are kept on some servers, it
needs to guarantee their identity constantly.

Correction and elimination of errors includes ascertainment, definition and
elimination of refusal consequence in the network. It is not only executed the
registration of messages about errors but their filtration, routing and analysis.

As a result of increase of reliability of a network, correction and
elimination of errors the quantity of repeatedly transmitted packages is reduced,
consequently, network congestion a positively influences a delay and flow control
of a network.

As routing it is understood a choice of a continuous way (including some
intermediate lines of a network) between any two nodes of a network (the source
and the receiver). The algorithm of routing should possess certain properties:
correctness, simplicity, reliability, stability, justice and optimality. Routing co-
operates with flow control in definition of characteristics by means of a feedback
mechanism. There is a considerable quantity of algorithms of routing in which the
various purposes are reached: reduction of a way, time.

Flow control is maintenance of the measures regulating volume of the
traffic in a network. The problem of flow control arises when in a network it is
required to keep a delay at certain low level at loading increase in a network that
becomes possible only by refusal in service to some users.

The decision of problems of resource management of a computer network
for the purpose of increase of productivity of a network was the purpose of
dissertation.

Dissertation consists of introduction and five chapters.

In the introduction it is the short review of development of computer
networks is given, and also levels of model OSI are considered.

In chapter one the functional groups of problems of management are
considered by computer networks which include five groups. They are
configuration management, fault management, performance management, security
management and accounting management.

In the second chapter the basic concepts of routing are given. The basic
types of algorithms of routings are described; such parameters as the route length,
reliability, a delay, capacity, loading and network cost are given. Besides, the
question of flow control is considered. Also the interrelation between flow control
and routing is shown.

In the third chapter the general concepts of quality of service, and also its
function are resulted. Routing from the point of view of quality of service and the
basic indicators in the computer networks connected with routing is considered.
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In the fourth chapter the primary goals of management of resources are
solved. The system of mass service M/M/m with m serving devices and M/M/m/m
m-losses and m-serving devices is developed. The given models give the chance to
estimate the most precisely delay size in a network. The technique of definition of
an optimality of routing is resulted and models and schemes of flow control in
combination with optimum routing are developed.
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Crrcok abpuBHaTyp HCIOIb3yeMbIX B AVCCEPTALIIN

ISO/OSI-  Open Systems Interconnection/International Organization for
Standartization,

LLC —  Logical Link Control — ynpaBneH#e JOrH4ecKUM KaHaJIoOM,

MAC -  Media Access Control — ypaBieHue ZOCTYIIOM K Cpefie,

QoS —  Quality of Service — kauecTBO 06CTy>KHBaHNUA,

oC —  OmepalMOHHAas CUCTEMA,

CYBJ - cucTeMa ynpaBJeHus 0a30i 1aHHBIX,

CRC - Cyclical Redundancy Code — mukauyeckuii ©30bITOYHBIN KO/,

VIIIA —  ynpasiieHME JIMHUEH Nepefadyy JaHHBIX,

HOUIT -  nukiIMyYeckue U30BITOYHBIC TPOBEPKH,

TPDU —  Transport Protocol Data Unit — MOIy/1b JaHHBIX TPAHCTIOPTHOTO
YpPOBHS ,

SLA  —  Service Level Agreement — corsuiamienue 06 ypoBHe 00CTy)KMBaHuUS,

FTP —  File Transfer Protocol — mpoToxosn nepemauu JaHHBIX,

1P —  Internet Protocol — mpoTokoJI HHTEPHET,

DSCP - Differentiated Service Code Point — mmosyie xozma
nuddepeHIINPOBAaHHOM’ yCIyTH,

URL -  Universal Resource Locator — yHuBepcanbHBII yKa3aTelb
MH(POPMALIMOHHOTO pecypca,

NBAR -  Network Based Application Recognition — mpuioxeHus Ha OCHOBe
CeTeBBIX ITapaMeTpOB,

CAR -  Committed Access Rate — mexaHM3M COTIacOBaHHUA CKOPOCTH
IOCTYTIa,

QPPB - QoS Policy Propagation using Border Gateway Protocol —mexanu3m
pacnpocTpaHeHus MOAUTUK QOS ¢ MOMONIBIO TPOTOKOJIA
MOTPAHUYHOTO IO,

TS —  Traffic Shaping — dyHKIUA BEIpaBHUBAaHUA TpaduKa,

TI —  Time Interval — uatepBas BpemeHH,

FIFO -  First-in,First-out — mepBsIM IpHIIes, IEPBEIM OOCTyXKeH,

WFQ -  Weighted Fair Queuing — B3BeIIeHHBIH MEXaHHU3M PAaBHOMEPHOTO
00CITy>)KUBaHU o4epeei,

CIR —  Committed Information Rate — cornmacoBanHast CKOpocTh nepeaauu
uH(popMaluuy,

TCP —  Transmission Control Protocol — npoToko: ynpasieHus nepeaadei,

GPS —  Generalized Processor Sharing — pa3eneHue mporeccopHoro
BpPEMEHU,

ARP —  Address Resolution Protocol — mpoTokost mpeoOpa3oBaHus aapecos,

CEF —  Cisco Express Forwarding — MeTo; KOMMyTaIlii aKeTOB,

OSPF —  Open Shortest Path First — mpoTokos BeiOopa kpaTdaiiiero myTH,

IS-IS -  Intermediate System-to-Intermadiate System — mpoTokos oOmMeHa

uHpopManuei 0 MapIIpyTax MEXy TPOMEKYTOUHBIMU CUCTEMaMH.

xviii



braromaprocTH.

B 6smaromaprocts MouM sekropam Accuct.-IIpod. M.T.Tesnopazze u

ITpod. H. H. Jlomunanze

X1X



BBegenue

Konmenmusa BBIYMUCIUTENBHBIX CeTell ABIAETCSA JOTUYECKUM Pe3yJIbTaTOM
SBOJIIOIMK KOMIIBIOTepHO# TexHosoruu. Ilepsele kommbiorepsl 50-X TOZOB -
OosplIzie, TPOMO3TKHE U ZOpPOrHe - IpefHA3HAYaIUCh A OYeHb HeOOJBIIOrOo
ypcaa U30paHHBIX ITOIb30BaTesIeli. Takre KOMITBIOTEPHI He ObLIM IpeZHa3sHAaYeHBbI
11 UTHT€PAaKTUBHOM pabOTHI IOIB30BATEJI, @ UCIIOIB30BAINCH B PEXKUMe ITaKeTHOM
06paboTKH.

Cucrempr makeTHON OOpaOOTKM, KakK IIPaBWIO, CTPOWJINCH Ha 0Oase
MaItH(ppeiiMa - MOITHOTO U HAa/IeXKHOTO KOMITBIOTEPA YHUBEPCATBHOTO Ha3HAUEHNU .
ITonp3oBaTen MOATOTaBIMBATH IepOKAPTHI, CoZepKallyue NaHHbIe M KOMAaHJBI
IIpOrpaMM, U IlepeJaBajid UX B BEIYHCIUTEIbHBIH IeHTp. OnepaTopsl BBOJUIN STU
KapTsl B KOMIIBIOTEp, a paclleYyaTaHHbIE pe3yJIbTaThl IIOJIH30BATEIN IIOJIyYaan
OGBIYHO TOJIBKO HA CJIeIYIOUINI JeHb.

Konmeuno, pna mosp30BaTeseil HHTEPAaKTUBHBIM peXUM pabOTHI, IIpHU
KOTOPOM MOXHO C TepMHHaJa OIIEPaTHUBHO PYKOBOJUTH IIPOILECCOM 0OpabOTKU
CBOMX JAaHHBIX, OBLT OBl ropaszo yzoOHeit. Ho mHTepecammu mosbp3oBaTeseil Ha
IIEPBBIX DTAllaX Pa3BUTUA BBIYUCIUTENBHBIX CHCTEM B 3HAYUTENBHOHN CTeleHU
IIpeHeOperaay, IOCKOJIbKY IAKeTHBIH PeXXUM - 3TO caMbId d(PPeKTUBHBIN peXuM
KICIIOJIB30BAHMA BRIYMCIUTENIBHON MOITHOCTH, TaK KaK OH IT03BOJIAET BBIIIOJIHUTD B
eAVHUIY BpeMeHHU GOJIbIlle II0Ib30BaTeIbCKUX 33/1a4, YeM JII00bIe [PYTue PeXXKUMBI.
Bo rmaBy yria craBuiack 5ppeKTHBHOCT PabOTHI CAMOTO JOPOTrOr0 YCTPOMICTBA
BBIYMCJINTEIPHOM MANIMHEI - IIpoIeccopa, B ymepd sddekTuBHOCTH PabOTHI
HICITOJIB3YIOIIUX €TO CIIeIaIrCTOB.

ITo mepe ypemeBneHus IpoliecCOpoB B Hawane 60-X TOZOB IOABUIUCH
HOBBIE CITOCOOBI OPraHU3aIUM BBIYHUCIUTEIBHOIO IIPOIECCa, KOTOPHIE ITO3BOJIMIU
y4ecTb HMHTepechl IIoib30oBareneii. Hawanum pasBuBaTbCcA MHTEPAKTUBHBIE
MHOTOTepMHUHAJIbHBIE CHCTEMBI pasfieleHHs BpeMeHHW. B Takux cucremax

KOMIIBIOTEP OTAABAJICA B PACIOpPSKE€HHNE Cpady HECKOJIBKHM IIOJIb30BATEISAM.
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Kaxzprit mosp3oBaTens MONydaa B CBOE PACIOpsKeHHe TepPMUHAN, C ITOMOIIBIO
KOTOPOTO OH MOT BeCTH JAuajor ¢ KoMmmbloTepoM. [Ipuyem Bpemsa peakiuu
BBIYMCJIUTETPHOM CHCTeMBI OBUIO MJOCTaTOYHO MaJO MJi TOTO, YTOOBI
II0JIB30BaTeII0 ObLIAa He CIUIIKOM 3aMeTHA IapaJUlesbHas paboTa ¢ KOMIIBIOTEpOM
U Ipyrux IHojb3oBaresneil. Paszenss TakuMm oOpasoM KOMIIBIOTEP, IIOJIb30BATEIH
IOJYYMUIN BO3MOXHOCTH 33 CPaBHUTEJIBHO HeOOJBIIYIO IIATy IIOJIB30BATHCA
IIPeMMY1eCTBAMU KOMIIbIOTepU3aL M.

TepMmunansr, BBIHAA 32  Ipefeabl  BBIUYMCIUTEIBHOTO  IIEHTPA,
paccpeoTOYMINCH II0 BCeMy NpeAnpuAaTuio. M XoTa BRIYMCINTeIbHAA MOIIHOCTD
OCTaBaJIaCh IIOJTHOCTBIO II€HTPAJIM30BAaHHOM, HEKOTOpble GYHKIUM - TaKHe Kak
BBOJ, U BBIBOJ, JAHHBIX - CTaJIM paclipefleleHHBIMU. Takue MHOTOTepMHHAJIbHbBIE
IeHTPaJN30BaHHbIE CHCTEMBI BHENIHe Yy)Xe OBUIM O4YeHb IIOXOXXU Ha JIOKAJIbHBIE
BBIYMC/IUTEIbHBIE CeTH. JlefiCTBUTENBHO, PANOBOM IIOJIB30BAaTeNIb paboTy 3a
TEPMHUHAJIOM Md3HH(}peiiMa BOCIpMHMMAT IPUMEPHO TaK >Xe, KaK celdac OH
BOCIIDUHMMAeT paboTy 3a IMOAKIIOYEHHBIM K CETH II€PCOHATBHBIM KOMIIBIOTEPOM.
ITonp3oBaTess MOT IOXYYHUTH AOCTYI K oOmuM ¢aiiaM u InepudepuiHbIM
YCTPOMCTBAM, IIPH 3TOM Yy HETrO MOAAEPKUBAIACE IIOJIHAA MIUIIO3UA € JUHOJIUIHOTO
BJIaJIeHUA KOMIIBPIOTEPOM, TaK KaK OH MOT 3aIlyCTUTh HYXXHYIO €My IIPOIPaMMy B
MI000H MOMEHT M TIIOYTH Cpasy >Ke IIOJyYUTh pe3yibTaT. lakuM oOpasom,
MHOTOTepMHUHAIbHBIE CHCTEMBI, paboTalollre B peXuMe pasfejeHUs BpeMeHH,
CTaJIX IEPBHIM LIATOM Ha IIYTH CO3JAHMSA JIOKAJIbHBIX BHIYMCIUTEIbHBIX CETE.

Tem He MeHee MOTPeGHOCTH B COeAMHEHUU KOMITBIOTEPOB, HAXOAIUXCA Ha
OOJIBIIOM PAacCTOSHUU JAPYr OT Jpyra, K STOMY BpeMeHU BIIOJHEe Ha3pea.
Hauanoce Bce c pemeHus Gosee IpOCTOH 3afaydl - AOCTyIIa K KOMIIBIOTEpPY C
TePMHHAJIOB, YAAJIEHHBIX OT HEIr0 Ha MHOTHE COTHH, & TO U THICAYM KHUJIOMETPOB.
TepMuHaMBI COEIUHANNICH C KOMIIBIOTEpAaMU depe3 TeseOHHBIE CeTH C ITOMOIIBIO
MozZeMoOB. Takue ceTH TO3BOJAJIM MHOTOYMCIEHHBIM II0JIB30BAaTeNAM IIOIydaTh
yZIJaJeHHBIA JOCTYII K pas/ie/iieMbIM pecypcaM HeCKOJIBKUX MOIIHBIX KOMIIBIOTEPOB

xacca cynepOBM. 3areM MOABUINCH CUCTEMBI, B KOTOPBIX HApALY C yAaJleHHBIMHU
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COeIMHEHUAMH THIIA TEePMUHAJI-KOMIIBIOTEp OBLIM peajn30BaHbl U YJaJIeHHbIe
CBA3M THUIIA KOMIIbIOTep-KOMIbloTep. KoMIBpIoTeppl IOIYYMIH BO3MOXHOCTB
O0OMeHMBAThCA JAHHBIMU B aBTOMAaTUYECKOM PeXXHMe, UTO, COOCTBEHHO, U ABIAETCA
6a30BBIM MEXaHHM3MOM JII000H BBIUYMCIUTENBHON ceTH. VICIOIB3ys 3TOT MeXaHU3M,
B IIEPBBIX CETAX OBLIM peajn30BaHbI CIY>KOBI OOMeHa (aillaMy, CHHXPOHHU3ALUH
6a3 JaHHBIX, DJIEKTPOHHOM IIOYTHI M JpPyrHe, CTaBUINE Teleph TPAaZUIMOHHBIMU
ceTeBBIe CIIYXOBI.

Takum 00pa3oM, XPOHOJIOTMYECKH IIE€PBEIMH IIOSBUJINCH TIJOOATBHBIE
BBIYMC/IUTEIbHBIE CeTH. VIMEHHO IpM IIOCTPOeHHM IJTOOAJBHBIX CeTeil OBLIM
BIIEPBBIE TIPEJIOKEHBI M OTPabOTaHBl MHOTHE OCHOBHBIE WJEU U KOHIEIIUU
COBpPeMEHHBIX BBIYMCIMUTENBHBEIX ceTeif. Takue, Hampumep, Kak MHOIOypOBHeBOe
IIOCTpOeHNe KOMMYHHMKAIIMOHHBIX IIPOTOKOJIOB, TEXHOJIOTMA KOMMYTAI[UH ITaKeTOB,
MapuIPyTHU3al}isA TaKeTOB B COCTABHBIX CETAX.

B mavame 70-x rofoB mpom3olIies TEXHOJIOTMYECKHI IIPOPHIB B 06IacTH
IIPOM3BOJICTBA ~ KOMIIBIOTEPHBIX ~ KOMIIOHEHTOB -  IIOSBUJIMCH  OOJIBIIHE
MHTerpajbHble cXeMbl. VX cpaBHUTEJBHO HEBBICOKasd CTOMMOCTb U BBICOKHE
GyHKIIMOHAIbHEIE BO3MOXHOCTH IIPUBEIM K CO3JAaHUIO MHUHHU-KOMIIBIOTEPOB,
KOTOpHIE CTaJIN peaJlbHIMU KOHKYpeHTaMU M3HHPPEeHMOB.

axe HeGosbIINe TOApa3/eIeHUA NPeANPUATUN ITOJTYyIMIA BO3MOXHOCTb
IOKyNIaTh Iy ce0f KOMIBIOTepHl. MUHNU-KOMIBIOTEPH BBINONTHAMU 33Ja4U
yIpaBIeHUs TEeXHOJOTHYeCKHMM OOOpyZOBaHHEM, CKJIAZOM U [pyrue 3aJadu
YPOBHSA IOApa3feleHus NpeAIpHATHA. TakuM 00pasoM, HMOSBUJIACH KOHIIEIIIIHL
pacrpesieleHUs KOMIIBIOTEPHBIX pecypcoB II0 BceMy mIpeanpuaruio. OfHaKko npu
5TOM BCe KOMITBIOTEPHI OZHOM OpPTaHU3aINy NO-TIPeXXHEeMY IPOZOJDKAIN PaboTaTh
aBTOHOMHO.

Ho mo BpeMs, mOTpeGHOCTH IIOJIB30BaTeel BBIYUCIUTENPHOM TEeXHUKU
POCJIM, UM CTaJ0 HeZOCTaTOYHO COOCTBEHHBIX KOMIIBIOTEPOB, UM YK€ XOTeJIOCh
IIOJyYUTh BO3MOXXHOCTh OOMEHAa JAaHHBIMU C APYTUMH OJIM3KO PaCIIOIO0XEeHHBIMHU

KOMIIbIOTE€PAMU. B oTBer Ha Ty l'IOTPe6HOCTL IIpeaInnpuAaATda 1 OpTraHN3dllU CTaJIN
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COeIVHATh CBOM MUHH-KOMIBIOTEPHI BMeCTe M pa3pabaThIBaTh IIPOrpaMMHOE
obecreyeHre, HEOOXONUMOe M1 MX B3aUMOJEHCTBHUA. B pesysbraTe NOSBUINCH
IIepBble JIOKaJIbHBIE BBHIYMCINUTENbHbIe ceTH. OHU ellle BO MHOTOM OTJIMYAJIHNCH OT
COBpPeMEHHBIX JIOKAJIBHBIX CeTel, B IIepByI0 Ouepelb - CBOMMHU YCTPOMCTBAMH
conpspxkeHud. Ha mepBsIX mopax Ajid coefWHEHUS KOMIIBIOTEPOB JIPYT C APYyroM
KCIIOJIB30BAJINCh CaMble Pa3HOOOpa3Hble HeCTaHAAPTHBIE YCTPOICTBA CO CBOUM
CII0CO60M IIpeZiCTaBIeHUA NAHHBIX HA JIMHUAX CBS3M, CBOUMH THIIAMU Kabeseil u
T.IL.

B cepemune 80-x romoB mosoXXeHMEe el B JIOKATBHBIX CETAX CTaJIo
KapAWHAJIBPHO MEHATHCA. Y TBEPAMJIUCH CTAaHAAPTHBIE TEXHOJOTUU OOBeNUHEHUA
KOMIIBIOTEPOB B ceTh - Ethernet, Arcnet, Token Ring. MomusIM cTUMYIIOM AJIS MX
PasBUTHUA IIOCTYXXHIH IIePCOHAIbHBIE KOMIIBIOTEPHI. JTH MaCCOBbIE ITPOJYKTHI
SABUJINCH UJI€ATbHBIMU 3JIeMeHTaMH JJIA IIOCTPOEHUSI CeTeH - ¢ OJHOH CTOPOHBI,
OHM OBLIM [OCTATOYHO MOIIHBIMH [ PabOThI CETeBOTO IIPOTPAMMHOIO
obecrmeyeHus, a C [JAPyrofi - SBHO HYXJAJIUCh B OOBEJUHEHUU CBOeil
BBIYUCTUTETFHON MOUIHOCTH IS PelIeHUs CIOXKHBIX 33714, a TaKXXe pasfieleHus
moporux IepudepuiHBIX YCTPOMCTB M JHCKOBBIX MaccuBoB. IloaTomy
IIepCOHATbHBIE KOMIIBIOTEPHI CTATH IIPe0bafiaTh B JIOKATIBHBIX CETIX, IPUYEM He
TOJIBKO B Ka4eCTBe KJIMEHTCKUX KOMIIBIOTEPOB, HO U B Ka4eCTBe I[€HTPOB XpaHEHUS
1 00pabOTKM JAHHBIX, TO €CTh CETEBBIX CEPBEPOB, ITOTECHUB C OTUX IIPUBBIYHBIX
poJieli MUHU-KOMIIBIOTEPHI U MIHH(PeiiMBI.

JloxanbHble CeTH B CPaBHEHUM C TIJOOQJIBHBIMU CETIMU BHECIHU MHOTO
HOBOTO B CIIOCOOBI OpraHusanuu paborsr mosis3oBaTeneir [45]. [locrtym
paszmenfieMBIM pecypcaM CTajJ TOpas3fio yAoOHee - IIOJIB30BAaTeIh MOT IIPOCTO
IIPOCMATPUBATh CIUCKM HMEIOIIMXCSA PecypcoB, a He 3aIOMHHATh HX
upeHTHGUKATOPH MU UMeHa. [locie coegyHeHUA C yAaIeHHBIM PeCypCcOM MOXXHO
6510 paboTaTh ¢ HUM C IIOMOIIBIO YK€ 3HAKOMBIX IIOJIB30BATENI0 IO pabore ¢
JIOKQJIBHBIMU pecypcamu KoMmaHJ. llociescTBueM M OJHOBPEMEHHO IBIDKYINEH

cuiaou TaKOro IIporpecca CTajio IIOABJIEHHE OT'POMHOTI'O quciia
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HeIlpoeCCHOHAIBHBIX II0JIb30BaTeNell, KOTOPHIM COBEPLUIEHHO He HYXHO OBLIO
M3y4aTh CIelaIbHble (M JOCTATOYHO CIOXHBIE) KOMAaHABI JJIs CeTeBOM paboTsl. A
BO3MOXXHOCTh pPeaM30BaTh BCE DTU YZOOCTBA Pa3pabOTUYMKU JIOKATBHBIX CeTel
MIOJIyYNIN B pe3yJbTaTe IIOABI€HMSA KaueCTBEHHBIX KaOelTbHBIX JIMHUH CBA3U, HA
KOTOPBIX JaXKe CeTeBble a/laliTephl IIEPBOTO IIOKOJEHUA 00eCIIeYMBAIU CKOPOCTH
nepesayu gauHsx 1o 10 M6ur/c.

CeropHs BBIYMC/IUTENbHBIE CETH IIPOJOJDKAIOT PAa3BUBATHCHA, IPUYEM
IOCTaTOYHO OBICTPO. PaspelB MeXAy JOKaJIBHBIMM W TJIO0QJIBHBIMU CETAMU
IIOCTOSHHO COKpaIlaeTcs BO MHOTOM M3-3a IIOABJI€EHMS BBICOKOCKOPOCTHBIX
TEPPUTOPUATBHBIX KAHAIOB CBS3M, He YCTYNAOIMMX II0 KA4eCTBY KaOeIbHBIM
CHCTeMaM JIOKAJIBHBIX ceTeid. B T7106aIBHBIX CETAX MOSABIIAIOTCS CIY>KOBI TOCTyIa K
pecypcaMm, Takve ke yZOoOHbIe U IIPO3pavyHble, KaK U CIy>KOBI JIOKQTBHBIX CETeH.
ITomo6HbIe TprMepPHI B OOJIBIIOM KOJIHYECTBe AeMOHCTPHUPYeET caMas IOIy/IipHasd
riobanxpHas ceTh - Internet.

V3meHAIOTCA M JIOKAJIbHBIE CETH. BMeCTO COefUHSIONETO KOMIIBIOTEPHI
IIACCUBHOTO Kabeas B HUX B OOJBIIOM KOJHUYECTBE IIOABHUJIOCH pasHOOOpasHOe
KOMMYHHKAaIlMIOHHOe O0OpYyZOBaHHE - KOMMYTAaTOPBI, MapUIPyTH3aTOPHI, IIIIO3BL.
Biarogaps takomy 000pyOBaHUIO IOABUJIACH BO3MOXXHOCTH IIOCTPOEHUA OOJIBIINX
KOPIIOPaTUBHBIX CeTel, HACYUTHIBAIOIIMX THICAYM KOMIIBIOTEPOB U MMEIOUIUX
CJIOKHYIO CTPYKTYpY [43].

Ho gmemo B ToM, dYro pjad B3aMMOCBSA3M KOMIIBIOTEPOB, KOTOPBIE
M3TOTOBJIEHHBI PA3/JIMYHBIMU KOPIIOpAlUAMU, OOBeIUHEHHAMH, (UPMaMU, WU
MMEIOIIMMH  pas3Hble CTPYKTYPHL X  KCIOJIB3YIOUIMMU BCEBO3MOXKHBIE
OllepallMOHHBIE CHUCTEMBI TpPeOYyIOT HOBOTO IIOAXOZJA K apXUTEKType CeTel,
MozenaM ux dddexTuBHOrO B3amMmogencTBus. Jlis sToro Oblna co3zmaHa MOJenb
ISO/OSI (Open Systems Interconnection/ International Organization for
Standartization), koTopas IoMOrIJIa B3aUMOZEHCTBUIO PAa3IUIHBIX KOMIIBIOTEPHBIX
cerei U  obecrmeumya  COBMECTHMMOCTh  MEXZY  IPOAYKTAMH  Pa3HBIX

npousBozuteneii. Mozens ISO/OSI npenmonaraer, 4To Bce ceTeBble IPUIOKEHUS
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MOXXHO IIOZpa3fieJIMTh Ha CEeMb YyPOBHEW: IIPUKJIAJHOW, IIPeCTaBUTEIbHBIN,
CeaHCOBBIN, TPAHCIIOPTHBIH, CeTeBOH, KAaHATBHBIN U PU3UICKUN [37].

Teoperuuecku, KaxIbplii ypOBeHb JOJDKEH B3aUMOJEMCTBOBATH C
aHAJIOTUYHBIM yPOBHEM yZaJeHHOTro KommbioTepa. Ha mpakTuke KaKIbIi U3 HUX,
3a MCKJII04eHHeM (PHU3NIeCKOro, B3aMMOJeHCTBYeT C BBINIe MM HIDKeJIeXKalUMU
YPOBHAMHU.

Qusnueckuil ypoBeHb HMeeT [0 C Ilepefadeil GUTOB IO (U3UIECKUM
KaHajaM CBS3M, TaKUM, HAlpuMep, KaK KOAaKCHAJIbHBIM Kabeslb, BUTasd IIapa,
ONITOBOJIOKOHHBIN Kabenp uau Iu(POBOI TeppUTOpHanbHbIN KaHalt. K artomy
YPOBHIO MMEIOT OTHOIIEHMe XapaKTepUCTUKU (PU3NYeCKUX Cpef, Ilepeladyu
JAHHBIX, TaKHMe KaK II0Joca IPOIyCKaHHS, ITOMEeXO3alIUIIeHHOCTb, BOJIHOBOE
compoTuBjeHUe U Apyrue. Ha sToM e ypoBHe oIpenendroTCA XapaKTepPUCTUKU
9JIEKTPUYECKUX CUTHAJIOB, IepefaloliuX NUCKPeTHYI0 MH(AOPMAIUio, HaIpuMep,
KpyTHu3Ha (POHTOB MMITYJIBCOB, YPOBHU HANPsKeHUSA WJIM TOKA IlepesaBaeMoro
CUTHAJA, TUII KOAMPOBAHUA, CKOPOCTH Ilepefauu cUrHanoB. Kpome aToro, 3meck
CTaHJAPTU3YIOTCA THIIBI Pa3beMOB 1 Ha3Ha4eHHe KaKJOro KOHTAKTa.

OyHKuUMM (QUINIECKOTO YPOBHA PeIM3yIOTCA BO BCEX YCTPOMCTBAX,
MTOAKIIIOUYeHHBIX K ceTu. COo CTOPOHBI KOMIIBIOTEPA GYHKIUK GU3UIECKOTO YPOBHS
BBIMTOJTHAIOTCA CeTEeBBIM aZjaliITepOM HJIU IOCIeJ0OBAaTeIbHBIM IIOPTOM.

KananpHBI ypOBeHB OOeclieuMBaeT II€PEHOC JAHHBIX II0 (PHU3UIECKOH
cpezme. OH nozieieH Ha ABa IOAYPOBHA: yIIpaBieHus sorudeckuM kaHanaoM (Logical
Link Control, LLC) u ympaBrenus pocrynoMm k cpeze (Media Access Control,
MAC) [22,24]. Takoe pnenenue mospossger ofHoMy ypoBHIO LLC wucmoxs3oBaTs
pasinuHble peanusanuy yposas MAC.

B ornmmyme oOT KaHaJIBHOTO YpPOBHA, HMMeEIOIIEro Jea0 C (U3NIeCKUMH
aZpecaMH, CeTeBOW ypoBeHb paboraer c¢ jorumdeckumu agpecamu. OH
obecrieunBaeT MOAKIIOUYEHNE M MapIIPYTHU3aLUIO MeXAy AByMs ysiamu. CereBoit
yPOBEeHb IIpeOCTaBIfAeT TPAaHCIIOPTHOMY YPOBHIO YCIYyTH C YCTaHOBJI€HHEM WIN

6e3 YCTaHOBJIEHHA JIOTHIECKOTO COeINHEHMA.
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Ha cereBoM ypoBHe caM TepMHH “CeTh HAJEJAIOT CIeIUuPUIeCKUM
3HaYeHWeM. B [aHHOM ciydyae 1I0f CeThIO IIOHMMAae€TCS COBOKYITHOCTH
KOMIIBIOTEPOB, COEZUHEHHBIX MeXAYy CO0OH B COOTBETCTBHH C OZIHOU U3
CTAQHZAPTHBIX TUIIOBBIX TOIOJIOTHH M UCIOIB3YIOUUX I Iepefaydyl JaHHBIX OAUH
13 IIPOTOKOJIOB KAHAJIBHOTO YPOBHA, OIIPe/ieIEHHbIH AJI OTOH TOTIOJIOTHH.

Buytpum cerm [ocTaBKa [JaHHBIX 00€CIIeYHMBAETCA COOTBETCTBYIOLIUM
KaHaJIbHBIM YPOBHEM, a BOT JOCTaBKOH IAaHHBIX MEXJYy CeTIMH 3aHHMAaeTCs
CeTeBOH ypOBeHb, KOTOPHIA U IOAAEP>KUBAET BO3MOXXHOCTH IIPABHJIBHOTO BBIOOpA
MapuipyTa Iepefadu COOOIeHUs Jake B TOM CiIydae, KOTJa CTPYKTypa CBs3ei
MEX[y COCTaBJISIOLMMH CeTSMU KMeeT XapaKTep, OTAUYHBIM OT MPUHATOIO B
IIPOTOKOJIaX KaHAJIBHOTO YPOBHSI.

ITpoTOKOIOM CEeTeBOTO YPOBHS BHIIOTHAIOTCA Cilenyomue GyHKuu [3,4,6]:

e ¢dopmupoBanve O650Ka [JAaHHBIX IIPOTOKOJA, BBINOJTHAETCI B
COOTBETCTBUM C CYILIECTBYIOUIMMHM IIPaBUJIAMH KOAMPOBAaHMUA,
mexomnosunuy (3Ta ¢GyHKIMA obOpaTHas (HOPMUPOBAHMIO OJIOKa
IaHHBIX);

e aHanmu3 (¢opmara 3arojoBKa  (IpoBepsAeTCS  IOAMHOXECTBO
IIPOTOKOJIA: GBIBAIOT [Ba IIOJMHOXXECTBA - XOJIOCTOH IIPOTOKON M
IIOLMHOXECTBO  0e3  cerMeHTauuwu.  XOJOCTOM  IIPOTOKOI
WCIOJIB3YeTCs B TOM Cilydae, eCIX He HYXHAa HU OfHA GYHKIUS
CeTEeBOTO YpOBHA - B IIPOCTBIX CeTAX, a IIOJMHOXECTBO 0e3
CerMEeHTAllu, TaM IJe pasMep OJOKa IO3BOJISET He TPOU3BOJUTH
CEerMEeHTAIIHIO);

® KOHTPOJb BpeMeHU CYIeCTBOBAaHUS 6710Ka IaHHBIX
(ycraHaBIMBaeTCs OTIIpaBUTeIeM OJI0Ka ZaHHBIX);

e cermeHTauus (popMHUpOBaHME ABYX MU Ooyiee GIOKOB JAHHBIX M3
IIOJIyYE€HHOTO);

e cOopka (BoccTaHOBIeHHe OJOKa [JAaHHBIX U3 IOPOXAEHHBIX

byHKIMel cerMeHTalN);
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cOpoc 610Ka ZaHHBIX (IPUMEHSIeTCS NMPU HapyLIeHWHW KOHTPOJIBHOM
CyMMBI  GJOKa [AaHHBIX; IIPU  3aHATOCTH I[IPUHUMAIOLIETO
KOMIIBIOTEPA; €C/IM aHaJIN3 3arojIOBKa OJI0Ka JAHHBIX HEBO3MOXEH;
eCJIM afpec IoydaTess B OJIOKe JaHHBIX HEJOCTYIIEH; eCIM pa3Mep
610Ka JAaHHBIX HUKOMM OOpa3oM He MOXXeT OBITh JOBeJeH [0
TpeGOBaHUI CeTH; eC/IU BpeMs KU3HU 0JI0KA JAHHBIX UCTEKIIO);
omoBelmanue 00 oummOkax (mepejaeTcs HEKOTOPHIN OJIOK JaHHBIX,
MOXKeT IlepeJjaBaThCs TAK)Ke ITOJHBIN MCTOYHUKOBBIH MapuIPYT, T.e.
Iy Th, IPOMEHHBII OT NICTOYHUKA);

oOHapy)XeHue OLIMOOK B 3ar0oJIOBKe 0JIOKAa IAHHBIX (peann3yercs
IIyTeM KOHTPOJBHOTO CYMMHpPOBAaHMS BCETrO 3arojoBKa OJOKa
IAHHBIX);

ycryru mo 3amuTe (Ciofa BXOZUT 0€301acHOCTh M 3allUTa OT
HECAHKI[MOHHPOBAaHHOTO JOCTyIa- AayTeHTH(PUKAIUM MCTOYHUKA
IAHHBIX, TapaHTUsA KOHGEHIEHIMAIbHOCTH HAHHBIX U  UX
1[EJIOCTHOCTH);

HMCTOYHUKOBas MapUIPyTH3auus (II03BOJIAET OTIPAaBUTENIO 33aBaTh
MapuIpyT, II0 KOTOPOMY ZOJDKeH IepenaBaThCs OJI0K JAaHHBIX);
3aIIMCh MapuIpyTa (II03BOJISET 3alMCAaTh MAapUIPYT GJI0Ka JAHHBIX 110
Mepe ero IPOXOXKAeHUS Yepe3 IPOMeXXYTOYHbIe CHCTEMBI);

byHKIIUA coOXpaHeHHS KadecTBa oOOCTykuBaHUA (oOecrednBaeT
ceTeBble OOBEKTHI MH(OpMAIUeii, KOTOpas MOXXET HCIIOJIb30BaThCsA
IJIs IPUHSTYS MapUIPyTHBIX PeLIeHU, eCIi OHU BIUAIOT Ha obIee
Ka4yeCcTBO OOCIY>KUBAHU I10Ib30BaTEIE);

ImpuopuTeTHas 00paboTKa (II03BoJIgeT 0OpabaThIBaTh OJIOKM JAHHBIX
c GOJBUIMM TIPUOPUTETOM IIO OTHOUIEHHIO K OJIOKaM JaHHBIX C

HAVMMEHBIIINM HPI/IOPI/ITETOM);
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e oOIOBellaHHe O Ieperpy3ke (IO3BOJIAET IIOJIB30BATENIO CETEBOIT
CIYy>KOBI ~ TPEANPUHATH  COOTBETCTBYIOI[ME  [JeHCTBUS  IIpU
BO3HUKHOBEHUH II€PErPy3KH BHYTPH IIOCTABIINKA CETEBBIX YCIYT).

TpaHCIOpTHBI YpOBEHBH IIpefOCTABIAET YCAYTHM aHAJIOTHYHBIE YCIyraM
cereBoro ypoBHi. Ha myTu OT oTmpaBuTesd K IIOMydYaTeIl0 ITAaKeThl MOTYT OBITH
WCK)XEHBI FJIM yTEPSHBL. XOTS HEKOTOphIe IIPUJIOXKEHHS HMeIOT COOCTBEHHBIE
cpencTBa 0OpabOTKKM OWMOOK, CyIUIEeCTBYIOT U TaKue, KOTOphIe IIPeAIIOYHTAIOT
Cpasy HUMeTh [el0 C HaJeXHbIM COeJUHEHWEeM. [paHCIOPTHBIH YpOBEHb
obecrieynBaeT NPUIOKEHUAM WIN BEPXHUM YPOBHAM CTeKa - IPHUKIALZHOMY U
CeaHCOBOMY - Ilepefady MAaHHBIX C TOH CTEIeHbIO HALEXHOCTH, KOTOpas MM
Tpebyercsa. HameXXHOCTh rapaHTHPYIOT JULIb HEKOTOPHIE peau3alliy CeTeBBIX
YPOBHEH, IIO3TOMY €€ OTHOCAT K 4YMCIy (PyHKUMI, BBIIIOJHIEMbIX TPAHCIIOPTHBIM
ypoBaeM. Mogenps OSI ompezmensfer mATh KJIACCOB CEPBHCA, IIPEJOCTABIIAEMbIX
TPAQHCIIOPTHBIM yYPOBHEM. OTH BHUJABl CEpPBHCAa OTIMYAIOTCI KAa4eCTBOM
IpeIOCTaBIAEMbIX  YCIYyT: CPOYHOCTBIO, BO3MOXKHOCTBIO  BOCCTQHOBJIEHUS
IIPepBAaHHOM CBSI3M, HAJIUYHEM CPEJCTB MYJIBTUILIEKCHPOBAHUSA HECKOIBKUX
COeIVHEHHUII MeXJy pa3IUYHBIMU IPUKIATHBIMU IIPOTOKOJAMM dYepe3 OOIIuii
TPAaHCIIOPTHBIH IIPOTOKOJ, a [IJIABHOE - CIIOCOOHOCTBIO K OOHApY>XEHHUIO0 WU
WICIIPaBJIeHUIO OUIMOOK IIepesiady, TaKIX KaK UCKaKeHue, T0Teps U AyOIupoBaHIe
IIaKEeTOB.

ITpoTOKOIBI HIXKHUX YeThIpeX YpOBHeil 00OOIEeHHO Ha3bIBAIOT CETEBBIM
TPAHCIIOPTOM FUIM TPAHCIIOPTHOM HOJCHCTEMOM, TaK KaK OHHU ITOJIHOCTBIO PELIAOT
33/la4y TPAHCIIOPTHPOBKU COOOIEHUH ¢ 3aJlaHHBIM YPOBHEM KauecTBa B COCTaBHBIX
CeTsAX C IIPOM3BOJIBHOM TOIOJOTHeH ¥ pasiuYHbIMM TexHosorusmu. OcranbHble
TPU BEPXHUX YPOBHS peIIaloT 3aJa4M IIPeJOCTaBIeHUA IIPUKIAHBIX CEPBUCOB Ha
OCHOBaHMM MMEIOIeCA TPAHCIIOPTHOM IO CUCTEMBI.

CeaHCOBBIII ypOBeHb oObeclieYHBaeT yIpaBieHHe AUATOTOM: (PUKCHUPYET,
KakKas M3 CTODOH SfBJIS€TCS aKTUBHOM B HACTOSIIUY MOMEHT, IPeLOCTaBIIseT

CpencCTBa CHHXPOHHN3AIIIN. HOCJIe,ILHI/Ie IIO3BOJIAIOT BCTABJIATEP KOHTPOJIbHBIE TOYKH
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B JJIMHHBIE Ilepefiayy, YTOOBI B CIy4ae OTKa3a MOXKHO OBLIO BEPHYTBCA Haszaj, K
IocjeHel KOHTPOJBHOI TOYKe, a He HAYMHATHh BCce ¢ Havyaja. Ha mpaxTuke
HEMHOTHe IIPUJIOKEHMS UCIOJNb3yIOT CEaHCOBBII YpOBEHb, U OH PEIKO
peayu3yeTcs B BUZE OTZEJbHBIX IIPOTOKOJIOB, XOTA (QYyHKIIMM 3TOTO YPOBHSI YacCTO
00BeIUHAIOT ¢ (YHKIUAMU INPUKJIAZHOTO YPOBHA U PeIM3YIOT B OJHOM
IIPOTOKOJIE.

ITpencraBUTenBPHEI ypOBEHb HMeeT Hel0 C (GOpPMOH IpeACTaBIEeHUSI
IepeaBaeMoii 110 CeTH UHPOPMAIUHY, He MEHAs IIPU 3TOM ee COAep)KaHUA. 3a CUeT
YPOBHA IIpeJCTaBIeHHA WH(OpPMaIusA, IlepejaBaeMas IPUKIAAHBIM YPOBHEM
OJHOI CHUCTEMBI, BCerja IOHATHA IPUKJIAZHOMY YPOBHIO Apyroii cucremsl. C
IIOMOIIBIO CPEACTB JAHHOTO YPOBHS IIPOTOKOJIBI IPUKJIALHBIX yPOBHEH MOTYT
IIPEOZIOJIeTh CHHTAKCUYeCKUe Pa3INu4Musa B IIPeICTaBI€HUU [JAHHBIX WIH XKe
pas3auyua B KOAaxX CUMBOJOB. Ha 5TOM ypoBHe MOXeT BBIIOJIHATHCA IIK(pPOBAHUE
u fgemndpoBaHUe NAHHBIX, 0arofaps KOTOPOMY CEKPETHOCTh OOMeHa JaHHBIMH
obecrieunBaeTcs Cpasy IJIsd BCeX IPUKIATHBIX CIIYXKO.

ITpuxnaguoit ypoBens - Beicurmit B Mogenu ISO/OSI. Ilpuxmagmoit
YPOBEHB- 3TO B JeHCTBUTEIBHOCTU IIPOCTO HAGOp PasHOOOPa3HBIX IIPOTOKOJIOB, C
IIOMOIIBIO KOTOPBIX IIOJIB30BAaTENIM CETH IIOJIYYalOT AOCTYI K pasfesigieMbIM
pecypcaM, TakuM Kak ¢ailrsl, IPUHTEPHI WIN IuIeprekcToBble Web-cTpanuirst, a
TaKXXe OPTaHU3yIOT CBOIO COBMECTHYIO paboTy, HallpuMep, C IIOMOIIBI0 IIPOTOKOJIA
9JIeKTPOHHOM mouThl. EpuHMIIa AaHHBIX, KOTOpPOIl oOIepupyeT IPUKIAZHOM
yPOBEeHB, OOBIYHO Ha3BIBAETCS COOOIIEHNEM.

Kaxk y>xe 6pU10 cKa3aHO BbIlIe, BILUIOTH A0 80-X rofj0B KOMIIBIOTEPHBIE CETU
ImpeObIBAIM B «3apOJBINIEBOM» COCTOSHUHU, YTO XapaKTepPU30aBIOCh HU3KUM
06BeMOM TpaduKa ¥ MajbIM YHCJIOM HCIIOJIB3yeMbBIX CeTeBBIX IpuiaoxeHuil. CeTn
pacTyT, ¥ IIOMHUMO Ilepefadyd [JAaHHBIX IIOABUJIACH HEOOXOAMMOCTH Il€peJaBaTh
HeTPafULUMOHHBIM THUNI MHGQOpPMAlU¥, - HAIpUMep, Iepejady Trojoca WIN
nmepesjavyy Tpaduka BuAeoKOH(pepeHIuil. HerapantupoBaHHas [OCTaBKa JAaHHBIX

IIPEIATCTBYET II€epefaie TPa(bI/IKa, Tpe6y101u;ero BbIZI€JIEHNSA 3dJdHHOTO MUHHMMYMd
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CEeTeBBIX PECYpPCOB U TapaHTHH IIPeJOCTAaBIEHUA OIpeJeleHHbIX yciyT. [lis
paspelreHuUss 5TOM IPoOIeMBI OBIIO BBEJLEHO TAaKOe IIOHATHE, KaK KadyeCTBO
o6cryxkuBarusa (Quality of Service, QoS). Texnonoruu xadecrBa 0OCITy>KMBaHUIL
IIO3BOJIAIOT MAaKCHMaJIbHO ONTHMU3HMPOBAaTh IIPOM3BOAUTENBHOCTE CeTell U
obecreunTs CTaGuIBHOE GyHKIIMOHUPOBaHME HOBOTO ITOKOJIEHUS
MYJIBTUMEIUHHBIX U TOJIOCOBBIX IIPUJIOKEHUI.

Oynkuuy KavecTBa OOCTYXKMBAHUS B CETAX 3aKJII0YAeTCI B O0eclieYeHHH
TapaHTHPOBAHHOTO ¥ AuGGepeHIINPOBAaHHOTO OOCIY>KMBAaHHUA CETeBOTO TpaduKa
IIyTeM Ilepeayyl KOHTPOJIA 32 UIIOJIb30BAaHUEM PECYPCOB U 3arPy>KeHHOCTBIO CETH
ee omeparopy. QoS mpexcrasiser cob6oif HabOp TpeOOBaHUIL, IPeLBABIIEMBIX K
pecypcaM CeTH IPHU TPAHCIIOPTHPOBKE IIOTOKA JAHHBIX M 00eCIeYnBaeT CKBO3ZHYIO
TapaHTHIO ITlepefilayyl JAaHHBIX M OCHOBAHHBINA Ha CHCTeMe IIPaBHJI KOHTPOJIb 32
CpeACTBAMU IIOBBIIIEHUS IIPOM3BOZUTENBPHOCTH CETH, TAaKUMHU, KaK MeXaHU3M
pacIpefieleHUs ~ pecypcoB,  KOMMYTAaUMs,  MapIIPyTH3alHs,  MeXaHHU3MBI
06CITy>XKMBaHUA OYepesiel U MeXaHU3MbI OTOPAChIBAHUSA IIAKETOB.

CymecTByIoT ABa ImoAxoja K obecIedeHHIO KadyeCTBa OOCIY>KMBAaHUSA CETU
[29,38,42]. IlepBsIii MOAXOM, OYEBHIHO, IOKAKETCS HAMOOJIEe eCTECTBEHHBIM C
TOYKM 3peHHs mosnb3oBaresns ceTd. OH COCTOMT B TOM, YTO CeTh (TOYHee,
OOC/Ty>)XKMBAIOIIWII ee IIEpCOHAJ) TapaHTUPyeT IIOJB30BATENI0 COOIIOZeHue
HEKOTOpPOH YHCJIOBOM BEeJIWYMHBI IIOKAa3aTeIsf KadecTBa OOCIy>KMBaHHA. BTopoit
IIOZIXOJ, COCTOUT B TOM, UTO CeTh OOCIy>KHBaeT II0JIb30BaTesIeil B COOTBETCTBUU C UX
IpHOpPHUTEeTAMU. 1O eCcTh KauyeCTBO OOCTYy)XMBaHUS 3aBUCUT OT CTeIleHU
IIPUBUJIETUPOBAHHOCTH II0JIB30BATes MK IPYIIBI II0JIb30BaTeIeil, K KOTOPOil OH
mpuHazIexxur. KagecTBo OOCIy>XMBaHHA B DSTOM CJIy4ae He TapaHTHpPYyeTCd, a
TapaHTHPYeTCSd TOJIBKO YPOBEeHBb IpPHUBHIIErni moib3oBarend. CeTb crapaeTcs IO
BO3MOXXHOCTH 00Jiee KaueCTBEHHO OOCIY>XHUTh IT0JIb30BaTe A, HO HUYEro IIPU 3TOM

He TapaHTHpYeT.
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KauectBo o0GCIY)XMBaHUSA B KOMIIBIOTEPHBIX CETSAX HEIOCPEACTBEHHO
CBSI3aHO C yIpaBleHHeM pecypcamu. Ilox pecypcamMy IIOHMMAIOT IIOJIOCY
IIPOIIYCKaHUA, 3d1€PKKY U YPOBEHD IIOTEPH IIdKTOB.

[Tonoca mpomyckaHusi OTHOCHTCSI K MMEIOIICHCS] MOIHOCTH TpauKa Kakoro-
mnbo kaHanma. TepMHH TOJOCa TPOIMYCKaHWUS MCIOJB3YeTCsl Uil ONUCAHMA
HOMUHAJIBHOW TPOITYCKHOM CIIOCOOHOCTH Cpeibl Mepeaadn MH(opMaluu, mpoToKoa
WU COCINHEHMS.

[Tox 3aaepkkoil OOBIYHO MOHMMAIOT OTPE30K BPEMEHH, HEOOXOAMUMBIH ISt
NEpCABUKCHHUA MMAKETAa OT UCTOYHUKA OO IMYHKTAa HAa3HAUCHUA 4YCPEC3 06I:G,Z[I/IHCHHYIO
ceTh. 3aliepKKa 3aBUCHT OT MHOTUX (DaKTOpOB, BKJIIOYAs IOJIOCY MPOITYCKAHUS
HPOMEKYTOYHBIX KaHAJIOB CETH, OYEPEH B IMOPT KaXKIOTO MapIIpyTH3aTOpa Ha MyTH
HEePEBIKCHHS T1aKeTa, NEePEerpyKEHHOCTh CeTH U (HU3MYECKOE pACCTOSIHUE, Ha
KaTopoe He0OX0IMMO MEPEMECTUTH TAKeT.

YpoBEeHb TOTEPH MAKETOB OIPECISICT KOJUYECTBO MAKETOB, OTOPACHIBAEMBIX
ceThi0 BO BpeMsi neperadd. OCHOBHBIMH TPHYMHAMHU TIOTEPU ITAKETOB SIBILSTFOTCSI
neperpyska CeTH U MOBPEXICHUE MAKETOB BO BpeMsi IEPeAauu 10 JUHUU CBs3u. Yaiie
BCEr0 OTOpachIBAHHUE MAKETOB MPOUCXOAUT B MeCTax IEPerpy3kd, L€ YHCIO
IIOCTYMAOUIUX [TAKETOB HAMHOI'O IIPEBBIIIAECT BEPXHIOI IPAHUILY pa3Mepa BBIXOJAHOU
ouepeau. Kpome Toro, oTopacbiBaHne MaKeTOB MOXKET ObITh BEI3BAHO HEJIOCTATOUYHBIM
pasMepoM BxojHOTO Oydepa. Kak mpaBuiio, ypooBeHb MOTEPH MAKETOB BBIPAKACTCS
KakK J10J1s1 OTOPOIICHHBIX ITAKETOB 32 OIPE/ICICHHBII HHTEPBA BPEMEHHU.

VYupaBreHue pecypcaMu  CBSI3aHO C  yIpaBJIeHMEM IIOTOKAaMU U
MmapmpyTusanueii [10,11].

Hecwmotps Ha TO, uTO peanusarus MexaHn3MOB QOS B KOHEYHBIX CHCTEMAX
AB/IAEeTCA HeOOXOAMMBIM YCJIOBHEM, OHa He II03BOJIIET TOBOPUTh O CKBO3HOM
KadecTBe OOCIY>KMBAaHMS [0 Te€X IIOP, IIOKa COOTBETCTBYIOUIVIE MEXaHU3MbI He
OyZyT peaju30BaHbl B MapUIPYTH3aTOPaX - YCTPOMCTBAaX OTBETCTBEHHBIX 32
mepesavy TpaduKa MeXZy KOHeuHBIMU cucreMamu. CiemoBaTenbHO, ¢ 1990-x
TOJIOB aKIIeHT B pa3paborke MexaHn3MOB QOS BIIOJIHE JIOTUYHO ITepEeMECTUIICCI Ha
HCCIelOBAaHNE BO3MOXKHOCTH peann3aluy (QYHKIMI KadecTBa OOCTY>KUBAaHUS B

MapIIpyTHU3aTOpax.
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I'masa 1. 3ajayuu ympaBiaeHUS ceTAMU

1.1 q)YHKl[I/IOHaJIBHBIe TpyIIIbl 3aaY YIIpaBJI€HNA KOMIIbIOTEPHBIMH

CEeTAMHU

Jliobass cioXXHAsf BBIYUCIUTENbHAA CeTh TpeOyeT IOIIOJHUTEIBHBIX
CIeIMaNbHBIX CPeACTB YIIpaBIeHUA IIOMHMO TeX, KOTOpble UMeIOTCA B
CTaHJAPTHBIX CeTeBBIX OIIEPAallMOHHBIX CHCTeMaX. OTO CB3aHO C OOJIBIIMM
KOJIMYeCTBOM Pa3sHOOOPAsHOrO KOMMYHHUKAIIMOHHOTO OOOpyZOBaHHA, pabora
KOTOPOTO KPHUTWUYHA [Ji BBIIOJHEHUA CEThI0 CBOMX OCHOBHBIX (PYHKLHI.
PacmpenenenHslit xapakTep KPyIIHOM KOPIIOPaTUBHOM CeTHU JejiaeT HeBO3MOXHBIM
oA Iep;kaHue ee pabOTHI 0e3 IeHTPaJIN30BaHHOM CUCTEMEI YIIpaBIeHHI, KOTOPas B
aBTOMaTHYeCKOM peXuMe cobupaeT HHPOPMALUIO O COCTOSHUU KaXKAOTO
KOHIIEHTpPAaTOpa, KOMMYTaTopa, MYJBTUIUIEKCOpPa M  MAapUIPyTHU3aTopa H
IIpelOCTaBIAeT 3Ty MH(pOopManuio orneparopy ceru. OGBIYHO CHCTEMA YIIPaBIeHUA
paboTaeT B aBTOMAaTHU3MPOBAaHHOM PpeXHMe, BBIIIONHAA Hauboyee IIPOCTHIE
JefiCTBUA 10 YyIpaBJIeHUIO CeThbI0 aBTOMAaTHYeCKH, a CJIOXKHBIE pelleHUI
IIpefioCTaBIAA IPUHUMATh YeJOBeKy Ha OCHOBe IIOATOTOBIEHHOM CHCTeMOH
napopmanuu. CucremMa yIpaBlIeHHS [JO/DKHA OBITH HMHTETPHUPOBAHHOM. ITO
O3Ha4aeT, YTO (PYHKUUU yIpaBlIeHUA Pa3HOPOAHBIMH YCTPOHCTBAMM JOJIKHBI
CJIy>KUTB 001Iei 1en 00CTy>KUBaHUA KOHEYHBIX II0JIb30BaTeIel CeTH C 3alaHHBIM
Ka4eCTBOM.

CaMu cuCTeMBI yIIpaBIeHUs IIPeJCTaBIAIOT COOOH CIOXHBIE IPOTPAMMHO-
ammapaTHble KOMIUIEKCHI, II03TOMY CYIIEeCTBYeT TIpaHUIA IieJecO00pasHOCTU
IpUMeHEeHUsd CHUCTeMbl YIpaBleHUA - OHa 3aBUCUT OT CJOXHOCTH CeTH,
Pa3HOO00Opa3us IPUMEHAEeMOr0 KOMMYHHKAIMOHHOTO 000PYIOBaHUA U CTEIIEHU €T0
pacrpefieIeHHOCTH II0 TEPPUTOPUH. B HeOOJNBLION CeTH MOXXHO IIPUMEHATH
OTZe/bHBIE IIPOTPAMMBI yIpaBIeHUs Haubojee CIOXHBIMU YCTPOHCTBAMH,

HaIlpuMep KOMMYTAaTopoM, nojzepxuBatomuM TexHuKy VLAN. O6sraHO Kaxkzoe
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YCTPOHCTBO, KOTOpOe TpeOyeT MJOCTaTOYHO CJIOKHOTO KOH(UIYPUPOBaHUA,
IIPOM3BOJUTENb COIIPOBOXK/AeT aBTOHOMHOM IIPOrpaMMOii KOHGUI'YPUPOBAaHUA U
ynpasienus. OZHAKO IIPH POCTe CeTH MOXKeT BOSHUKHYTH ITpo6yieMa 0ObeIMHEHHA
Pa3pO3HEHHBIX IIPOTPAaMM YIPaBIeHUA YCTPOMCTBAMU B eIWHYIO CHCTEMY
yIpaBlIeHUs, U I PelleHUus 3TOH IIPoOIeMbl IPULETCS, BO3MOXHO, OTKA3aThCS OT
STUX IIPOrPaMM U 3aMEHUTh UX UHTETPUPOBAHHOI CHCTEMOH yIIpaBIeHHUS.

Cucrems! yIpaBiIeHHS KOPIOPATUBHBIMU CeTAMHU CYIIECTBYIOT He O4YeHb
maBHo. OZHOM W3 IIepPBBIX CHUCTEM TAaKOTO HA3HAYEHWs, IOJYyYUBIIEH ITHPOKOe
pacIpocTpaHeHue, ObUT IporpaMMHbIi mpogykT SunNet Manager, BBIIyIIeHHBIH B
1989 romy xommanmeit SunSoft. SunNet Manager ObUl OpHEHTHPOBaH Ha
yIpaBleHHe KOMMYHHUKAaIlHUOHHBIM OOOpyZOBaHHEM U KOHTPOJIb TpadHKa CeTH.
VimenHO 5TM GYHKIMHM HMeIOT dYalle BCETO B BUZY, KOTZA TOBOPAT O CHCTeMe
yIpaBieHus ceThio. KpoMe cucrem ympaBieHUsA CETAMU CYIIECTBYIOT M CHCTEMBI
yIpaBleHUs APYTHMMH 3JIeMEHTaMHU KOPIIOPATHBHON CETH: CHCTEMBI YIIPaBIeHHI
OC, CYB/l, xopriopaTUBHbIMU IPUIOKEHUAMH.

HezaBucumo oT oOOBeKTa YyIpaBleHHS, >KeJaTelbHO, YTOOBI CHCTeMa
yIpaBieHUs BBINOMHANA PAf (QYHKIUHA, KOTOpble OBLUIM OB OIpefeseHbI
MEXIYHAapOZHBIMU CTaHZApPTaMH, OOOOIIAIOIIMMY OIIBIT INPUMEHEHHSI CHCTEM
yIpaBleHHUs B Pa3TU4HBIX oOnactax. CucTeMsl yIpaBlIeHHMS JIeNATCA Ha IATh
(GYHKIMOHAIBHBIX TPYIII 33a4 [2]:

e yIpaB/ieHHe KOHQUTypamueil cCeTn 1 UMeHOBaHHEM;
e 006paboTka OmuboK;
®  aHAJIN3 IPOU3BOJUTENTBHOCTU U HAJIeXKHOCTH;
e ymIpaBjeHHe 0e30IIaCHOCTHIO;
® ydJeT pabOTHI CETH.
PaccmorpuM  3amaum  oTHMX  (QYHKIMOHAJBHBIX 00JIacTell  yIpaBlIeHHUS

IIPUMEHHNTE/IBPHO K CHCTEMaM YIIpABJI€HHA CETAMMU.
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1.2. Ynpanenue KoHPUrypauuei ceTu ¥ UMEHOBAaHUEM.

OTH 3a7avy 3aKII0YAIOTCA B KOHQUTYPUPOBAaHUM ITapaMeTPOB KaK DJIeMeHTOB
CeTH, TaK U CeTH B IejoM. [Iyd 5/IeMeHTOB CeTH, TaKUX KaK MapIIPYTHU3aTOPSHI,
MYJIBTUILZIEKCOPHL U T. II., C IIOMOIIBIO STOI TPYIIIBI 331a4 ONpeie/IAI0TCA CeTeBbIe
azipeca, ueHTUGUKATOPHI (MMeHa), reorpaduiecKoe IMOJIOKeHUe U TIp.

ns cetm B LeJoOM ympaBieHHe KOH(QUrypauueil OOBIYHO HAYMHAETCA C
IIOCTPOEHUS KapThl CETH, TO €CTh OTOOpPOKEHUU PpeaNTbHBIX CBI3€H MEeXIY
DJIeMEHTaMU CeTH U M3MeHEHUU CBA3eil MeXIy 3JIeMeHTaMU CeTH - oOpasoBaHUe
HOBBIX QU3NIECKUX WU JIOTUYeCKUX KaHAJIOB, U3MeHeHue TaOIull KOMMYTaluH U
MapUIpyTHU3AL .

Yupasnenue xoHurypamnueii (kak u Apyrre 3a7a4y CUCTEMBI yIIPaBIeHUA)
MOTYT BBIIOJMHATBCA B aBTOMATHUYECKOM, Py4YHOM MU IIOJyaBTOMaTHYeCKOM
pexxumax. Hampumep, kapTa ceTH MOXeT COCTaBJIATBCA aBTOMAaTHYeCKH, Ha
OCHOBAaHUU 30HIVPOBAHUA PeaJbHOM CeTH IaKeTaMH-HCCIeZ0BaTeJIIMH, a MOXXeT
OBITH BBeJeHAa OIIEPaTOpPOM CHCTEMBI YIIpaBIeHUA BpydYHYyIO. Yamje BCero
IIPUMEHSIOTCA IIOJIyaBTOMaTUYeCKUe MeTOZbI, KOI/la aBTOMAaTU4YeCKH IIOJy4eHHYIO
KapTy ollepaTop IOAIpaBiIfeT BpPy4YHYyI0. MeToasl aBTOMAaTHUeCKOTO ITOCTPOEHUS
TOIIOJIOTMYEeCKOH KapTHI, KaK IIPABUIIO, ABIAIOTCSA GUPMEHHBIMH pa3pabOTKaMU.

[ cTpyKTypusanumu ¥ KOHQUIYpalMM CeTH MCIOIB3YIOTCA TaKue
KOMMYHMKAIIMOHHBIE YCTPOMCTBA, KAK MOCTBI, KOMMYTAaTOPBI, MapLUIPyTHU3aTOPhI U
nuriosst [17,18].

Moct penut pasgenseMyio cpefy Ilepefiadd CeTH Ha dYacTu (9acTo
HasblBaeMble JIOTMYECKUMHU CeTrMeHTaMHM), IlepejaBas MHGOPMALHMIO U3 OFHOTO
CerMeHTa B JAPYroi TOJBKO B TOM CJIydae, eCIU TaKasd Ilepefiadya JeHCTBUTEIbHO
HeoOXOZ¥MMa, TO eCTh eCJIM aZpec KOMIIbIOTePa HasHAYeHUA IIPUHAIJIEXUT IPYroi
moaceTd. TeM caMBIM MOCT H30JMpYyeT TpapuK OJHOH IoAceTH OT Tpaduka
Ipyroii, IOBBIMAA OOIIYI0 IIPOM3BOAUTENBHOCTh IIepeflayll JAaHHBIX B CETH.

Jlokanusanusa TpaduKa He TOJBKO SKOHOMHUT IIPOIYCKHYIO CIOCOOHOCTB, HO U
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yMeHbIIaeT BO3MOXXHOCTh HECAHKI[MOHWPOBAHHOTO IOCTyNa K IZAHHBIM, TaK Kak
KaJpbl He BBIXOZAAT 3a IIPeJesIbl CBOErO CerMeHTa U WX CJIOKHee IIepeXBaTUTh
37I0yMBIIIEHHUKY.

MocTsl HCHONB3YIOT AJA JOKanu3anuu TpaduKa ammapaTHble afpeca
KOMITBIOTEPOB. DTO 3aTPyAHSAET PAacllO3HABaHKE IIPUHAIEXHOCTH TOTO HJIX UHOTO
KOMITBIOTEpA K OIIpeZieIeHHOMY JOTHYeCKOMY CETMEHTY - caM aZpec He COAEPXKUT
HUKaKO¥ MHGOPMALUK II0 5TOMY IIOBOZAY. [109TOMY MOCT OCTaTOYHO YIPOIIEHHO
IIpe[iCTaBIsgeT JeleHHe CeTH Ha CeIMEHTHI - OH 3allOMHMHAeT, Yepe3 KaKoil IMOpT Ha
HEero IMOCTYIHMJI KaZp AAHHBIX OT KaKZOTO KOMIIBIOTEpa CeTH, W B JAajlbHeiIieM
mmepejaeT Kafpbl, IpefHa3HAaYeHHBIe [JIsI 3TOTO KOMIIBIOTEpa, Ha OTOT IIOPT.
Tounoit TomoONOTNY CBsI3eil MEXy JTOTMYECKUMHU CeTMEHTaMM MOCT He 3HaeT. Ms-
32 9TOTO INpUMeHeHue MOCTOB IIPUBOJUT K 3HAUUTEIBHBIM OIPAaHUYEHHAM Ha
KOH(UTYpaLuio CBsi3eil CEeTH - CerMeHTHl [OJDKHBI OBITh COeJUHEHBI TaKUM
06pa3oM, IYTOOHI B ceTH He 00pa30BBIBAINCH 3aMKHYThIe KOHTYPBHI.

Kommyrarop mno mpunmuny o6paboTKy KaZpoB HUYEM He OTIHUYAeTCS OT
MocTa. OCHOBHOe €ro OTJIHYMe OT MOCTa COCTOUT B TOM, YTO OH fABJISETCS CBOETO
poZa KOMMYHUKAIIMOHHBIM MYJIBTHIIPOILECCOPOM, TaK KaK KaXKABIH ero IOpT
OCHAIIIEH CIelNaIN3MpOBAaHHBIM IIPOLIECCOPOM, KOTOPHIi 06pabaThIBaeT Kafphl IO
QITOPUTMY MOCTa HE3aBUCHMO OT IIPOLIECCOPOB IPYTHX IIOPTOB. 3a CYET ITOTO
obuiass  NPOU3BOJUTENTBHOCTh  KOMMYTaTopa  OOBIYHO  HAaMHOTO  BBIIIE
IIPOM3BOJUTENIPHOCTH TPAAUIMOHHOTO MOCTA, MMEIOIIET0 OIUH IIPOIeCCOPHBIH
6710k. MOXHO CKa3aTh, YTO KOMMYTAaTOPhI - 3TO MOCTHI HOBOTO ITOKOJIEHWUS,
KOTOpBIe 06pabaThIBalOT KaPHI B IAPAIIEIBHOM PeXIMe.

OrpanuyeHus, CBA3aHHble C IIPUMEHEHNEM MOCTOB X KOMMYTAaTOPOB - IIO
TOIIOJIOTUM CBsi3eil, a TakXke pAj [PYTUX, - NPUBEJIU K TOMY, 4YTO B DALy
KOMMYHUKAIIMOHHBIX YCTPOMCTB IIOSBIJICS elle OUH TUI OOOpPYyJOBaHHI -
Mapurpytusarop. Mapuipytusatopsl 6osee HafexXHO u Gojee 3hdeKTUBHO, deM
MOCTBI, U3OJMUPYIOT TpapuK OTAEIBHBIX dYacTeil CeTH JApPyr OT [pyra.

MapmpyruszaTopsl  00pasyloT JIOTUYeCKHe CeTMEHTHI IIOCPEeACTBOM  ABHOM
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aZipecaliy, IIOCKOJBKY WCIOJB3yIOT He IUIOCKME aIlllapaTHble, a COCTaBHBIE
YUCIOBBIe afpeca. B oTMx azpecax mMeeTcs IIOJle HOMepa CETH, TaK YTO BCE
KOMIIBIOTEPHI, y KOTOPBIX 3HAYEeHHEe DTOTO IO OAWHAKOBO, IIPUHAJAJIEXAT K
OJJHOMY CETMEHTY.

Kpome noxamusanum Tpaduka MapIIpyTH3aTOPHI BBIIOJHSAIOT €lle MHOTO
Ipyrux Tmosie3Hslx ¢yukunuil. Hanpumep, ouenp BaxHON  yHKIuel
MapUIPyTU3aTOPOB SABJILETCA UX CIIOCOOHOCTBH CBS3BIBATh B €IUHYIO CETh IIOZCETH,
IIOCTPOEHHBIE C HCII0JIb30BaHNEM PA3HbIX CETEBBIX TEXHOJIOTHH.

Kpome mepeumcieHHBIX YCTPOHCTB OTZE/NbHBIE YaCTH CETH MOXET
coenuHATH 1UTi03. OOBIYHO OCHOBHOM IIPUYMHOM, 110 KOTOPOH B CETU HCIIOIB3YIOT
III03, fABNAAETCI HeOOXOAMMOCTh OOBEIUHUTH CEeTH C Pa3HBIMM TUIIAMH
CUCTEMHOTO ¥ MIPUKIAJHOTO IIPOTPAaMMHOTO O0ecledyeHUs, a He >KeJaHHue
JIoKanu30BaTh Tpaduk. TeM He MeHee NLTIO3 OOeCIeYMBAaeT U JIOKAIMU3AIIUIO
TpaduKa B KaueCcTBe HEKOTOPOTo IT0O0YHOr0 addekTa.

Kpynusle ceTu npakTH4ecKM HUKOTJA He CTPOATCA Oe3 JIOTUYEeCKOH
CcTpyKTypu3anuu. [I11 OTAENbHBIX CETMEHTOB U IOACETeH XapaKTepHBI TUIIOBBIE
OJHOPOJHBIE TOIIOJIOTMK 0a30BBIX TEXHOJOTHH, W IJII UX OOBEeIVHEHUSI BCerJa
HCIIONIB3yeTcs 000pyAoBaHue, obecrequBalolee JTOKATU3ALUI0 TpapuKa, - MOCTBL,
KOMMYTaTOPBI, MapUIPYTU3aTOPHI ¥ UUTIO3BI [21].

OrpannueHus, CBI3aHHbIe C IPUMEHEHHEM MOCTOB XU KOMMYTAaTOPOB - IIO
TOIIOJIOTMM CBfA3eH, a Takxke psA7 [PYIHX, - IIPUBeIM K TOMY, 4TO B PALY
KOMMYHHUKAIIUOHHBIX yCTPOMCTB IIOSBMJICS ellle OLWH THI OOOPYZOBaHHUI -
MapupyTu3atop. MapumpyTusarop - 95TO YCTPOMCTBO, KOTOpoe cobOupaer
WHPOPMALMIO O TOIOJOTUN MEXCeTeBBIX COeJWHEHWII W Ha ee OCHOBAaHUH
IlepechlIaeT IIaKeTHl CeTeBOTO ypPOBHA B CeTh Ha3HAadYeHHWA. 4ToOBI Ilepenarts
cooOIeHre OT OTIPaBUTENA, HAXOZAAIIErOoCs B OJHOW CETH, IIOJIydaTeio,
HaxoAAIEMYyCsi B JPYrodl CeTH, HYXHO COBEPUIMTh HEKOTOpPOe KOJIMYECTBO

TPAaH3UTHBIX II€pefad MeXAy CeTAaMU, Ka)K,ZLBIfI pa3 BBI6I/IPE[£[ HO,I[XO,Z[HH.U/II'/JI
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MapmpyT. Takum 00pa3oM, MapLIpyT IIpeACTaBIgeT COOOH IIOCIeN0BaTEeIbHOCT
MapuIPYTHU3aTOPOB, Yepe3 KOTOphIe IIPOXOAUT ITaKeT.

MapurpyTusaTopsl 6osee HaZeXHO U Oosnee 3bdeKTUBHO, YeM MOCTEL,
U30JUPYIOT TpaduK OTHeIBHBIX 4YacTell ceTH APYr OT Apyra. MapuipyTus3aToOpsl
00pa3syIoT JIOTUYeCKHe CeTMEHTHI IIOCPeJCTBOM fABHOM aZpecaulyy, IIOCKOJIBKY
KCIIONB3YIOT He IUIOCKME alllapaTHhIe, a COCTaBHBIe YMCJIOBBIe azpeca. B sTtmx
azgpecax MMeeTCA II0Jle HOMepa CeTH, TaK 4YTO BCe KOMIIBIOTEPHI, Y KOTOPBIX
3Ha4YeHHe OSTOr0 TIIOJd OJMHAKOBO, IIPHUHAJIEXAaT K OJHOMY CErMeHTY,
Ha3bIBa€MOMY B JAaHHOM CJIy4ae IOZCeThIO.

Kpome noxamusanum Tpaduka MapIIpyTH3aTOPHI BBHIIOIHAIOT elle MHOTO
IpyTux moiesHsIX GyHKIuH. Tak, MapmIpyTu3aToOpsl MOTYT paboTaTh B CETU C
3aMKHYTBIMH KOHTYpPaMH{, IIPH 3TOM OHM OCYIIECTBJIAIOT BEIOOpP Hamboee
PalOHAIBFHOTO MapUIPyTa U3 HECKOJIbKUX BO3MOXKHBIX.

Jpyroii odeHs BaXHOM GyHKIWEH MapUIPyTHU3aTOPOB ABIAETCA UX
CIIOCOOHOCTD CBA3BIBATH B €JUHYIO CETh ITO/ICETH, IOCTPOEHHBIE C HCIIOIb30BaHUEM
Pa3HBIX CETEBBIX TEXHOJIOTHM.

ITpo6rema BpIOOpa HAMIYUIIero ITyTH HA3bIBAeTCA MapLIPyTH3aLMell, U ee
pellleHuUe SIBISETCA OZHOM M3 TJIaBHBIX 3a7a4 ceTeBoro ypoBHA [20]. OTa mpobiema
OCJIOKHAETCA TeM, YTO CaMblii KOPOTKMM IIyTh He BCerja caMblii mydmmuii. JacTo
KpUTepreM IIpHU BEIOOpe MapuIpyTa fABJIAEeTCA BpeMsdA IepeJadd JAHHBIX II0 3TOMY
MapuIpyTy; OHO 3aBUCHUT OT IIPOIYyCKHOM CIOCOOHOCTH KaHAaJOB CBA3M U
MHTEeHCUBHOCTH TpaduKa, KOTOpas MOXKeT H3MEeHATbCA C TedeHHeM BpeMeHH.
Hexoropsre  anropuTMbl  MapuIPyTHU3aI[UM  IBITAIOTCA  IPUCIIOCOOUTHCA K
M3MEHEHMIO HAarpPy3KH, B TO BpeMd KaK Apyrue INPUHUMAIOT PelleHHA Ha OCHOBE
CpeIHMUX IIOKasaTeJedl 3a [IuTeJbHOe BpeMsa. BrIOOp Mapmpyra MOXXeT
OCYIIeCTBIATHCA U IO APYTUM KPUTEPHUAM, HallpuMep, HaleXKHOCTHU Ilepefadmn.

Bonee cnoxnoii 3amadeii ABIgeTcA HACTpOiKa KOMMYTAaTOPOB M
MapIIPyTH3aTOPOB Ha IOJJEPKKy MapUIPyTOB M BHUPTYaJIbHBIX IIyTeH Mexmy

IIOJIB30BATE/IAMU CETH.
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CyuieTBy1oT [ABe NPUHIUIIHATBHO Ppas3iuyHble (Guiaocoduy OpraHu3alUu
KOMIIBIOTEPHOI CeTH, OJHA C HCIIOJIb30BAaHMEM COeJIWHEHHI, a Jpyras - 0e3
coenuHeHWI. B KOHTeKCTe BHYTPEHHETO YCTPOICTBA CETH COeNUHEHHEe OOBIYHO
Ha3bBIBAIOT BUPTYaJbHBIM KAaHAJIOM, IIO0 AHAIOTMU C (GU3NYECKUMHU KaHaJIaMH,
yCTaHaBIMBaeMbIM TejleOHHOH cTaHuueil. He3aBucumsle makeTs! B cucreme Oe3
YCTQaHOBJIEHUS COeNVWHEHHWI Ha3bIBAIOTCA JeiTarpaMMaMy, II0 QHAIOTHH C
TeJlerpaMMaMH.

BupTyasnbHble KaHambl OOBIYHO MCIIOJNB3YIOTCS B CETAX, UbS OCHOBHAT
cry>k06a ABIgeTCS OPUEHTUPOBAHHONW  Ha coefuHeHMe. Mpes, croamas 3a
BHUPTYaJIbHBIMU KaHAJaMM, COCTOUT B TOM, 4TO JJIs KaXJOTO IIOCHLIAEMOTO IIaKeTa
He HYXHO BBIOMpaTh MapmpyT 3aHoBO [27]. Bmecto sroro wMmapmpyTr oOT
OTIpaBUTENA K IIOJNydYaTeal0 BHIOMpAaeTCs M 3allOMUHAETCA IIPH YCTaHOBKE
COefIMHEHHA. DTOT MAapuIPyT HCIOJIB3YeTCA [JII BCeX NAHHBIX, IIOCBIIA€MBIX U
IIPUHUMAaeMBbIX 3a BpeMd coefuHeHHA. [Ipu paspbiBe coequHeHUs BUPTYaJbHBIH
KaHaJI TaK)Ke IIepecTaeT CyIleCTBOBATh.

B peiftarpaMMHO TIOZACeTH, HAIpPOTHB, MapLIPYThl He BBIOMPAIOTCS
3apaHee, Jaxke eCIH CIyX0a SBISeTCS OPUEHTUPOBAHHOW HAa COeJUHEHUE.
MapurpyT KaXZoro IakeTa BRIOMpAaeTCs He3aBUCHMO OT €rO IIpe/leCTBEHHUKOB.
Crnenmylomue OmWH 3a [JPYTMM IIaKeThl MOTYT II€peMeNIaThCSA II0 Pa3IMYHBIM
MmapipyTaMm. [leiiTarpaMMHBIM CETSIM IPUXOZUTCS BBIIOIHATH O0JIble paboTsI, HO
3aTO OHM OTJIMYAIOTCS OOJIBIIEH YCTONYMBOCTBIO M JIerde IIPUCIOCAOIMBAIOTCI K
HEHCIIPaBHOCTAM U 3aTOpPaM, YeM CEeTH BUPTYaIbHBIX KaHAJIOB [26)].

Ecnm makersi, mepesaBaeMble IIO BHPTYaJbHOMY KaHajldy, BCerja
IIepeMeNIaloTCsA II0 OJHOMY X TOMY >Ke MapUIPYTy, KaXKABIH MapUIPyTH3aTOP
IOJDKEH TOMHUTD, Ky/ia HAIIPaB/IATh TAKeTHI IJIS KOKJOTO U3 OTKPBITHIX B JAHHBIH
MOMEHT BUPTYaJIbHBIX KaHaIOB. KaAbIii MapIIpyTH3aTOp IOJDKEH XpaHUTh
TabJIUIly, 3aIIUCH KOTOPOH COOTBETCTBYIOT BUPTYaJIbHBIM KaHajlaM, IIPOXOZAIIUM
4yepe3 3TOT Mapimipytusarop. KaxApIil IakeT, IPOXOASIUIUN IIO CETH, AOJDKEH,

IIOMHMO ITOPAAKOBBIX HOMEPOB, KOHTPOJIBHOfI CyMMBI U T.II., COAEPXKATh B CBOEM
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3arOJIOBKe IIOJIe HOMepa BHPTYaJIbHOrO KaHama. Korza maker npuObIBaeT Ha
MapuIPYTHU3aTOP, IOCHeZeHUil 3HaeT HOMep BUPTYaJbHOIO KaHaja IIaKeTa U IIO
KakoH JIMHUU OH NpUOBUL. OTOH MHPOPMALUUU NOJDKHO OBITH AOCTATOYHO MAJIS
OTIIpPaBKM IIaKeTa B IIPaBUJIBHOM HallpaBIeHUH.

ITpu ycTaHOBKe CeTeBOrO COeJMHEHUsS BhIOMpAeTCa HEHCIIOIb3yeMbIi
HOMep BUPTyaJbHOro KaHasma. IlockonbKy HOMepa BHPTYaJbHBIX KaHAJIOB
BBIOMPAIOTCA HE3aBUCHMO, 3TH HOMepa MMeIOT JIUIIb MeCTHOe 3HaueHue. Eciu 65l
3TH HOMepa OBLIM TIOOAJBHBIMU, IIPOXOXKIEHHE ABYX BUPTYaJIbHBIX KaHAJIOB C
OJVHAKOBBIMH HOMEpaMHU dYepe3 OJUH M TOT >X€ MapLUIPYTHU3aTOP MOIJIO ObI
IIPUBECTU K HeollpeleJIeHHOCTH.

HyxHO 0oOpaTuTh BHHMaHHe Ha TO, YTO OT KaXKZIOTO IIpolecca Tpebyercd,
YTOOBI OH COOOIIAJ, KOTZa OH 3aKOHYMJI IIOJIB30BATHCSA BHPTYaJIbHBIM KaHAJIOM.
OT0 HeoOXOAMMO I TOrO, WYTOOBI MapUIPYTHU3aTOPhl MOTJIH  YAAIUTh
HEWCIIOIb3yeMbIi BUPTYaIbHBIN KaHaJI U3 CBOMX TaOJIuII.

B cnyyae peiitarpaMMHOM CIy>XKOBI MapUIPyTH3aTOpPBI  ITOJIB3YIOTCS
Ta0IUIIAMU, COZEPXKAIUMY He BUPTyaJIbHbIe KaHAIbI, a HOMEPA BEIXOJHBIX JIMHUN
IJI TIYHKTOB HAa3HAYeHWs IAKeTOB. OTH TAOJIWIEI IPUMEHAIOTCA TAaKKe M IIpU
KCIIO/IB30BAaHMY BUPTYaJIbHBIX KaHAJIOB Ha CTaAHUU OIpeJieleHHsA MapuIpyTa BO
BpeMsA YCTaHOBKM COeJUHEeHU .

Kaxpas peffrarpaMMa JO/DKHA COJep:KaTh IIOJHBIM ajpec IIOTydaTess.
Korzma mocrymaer makeT, MapLIpyTH3aTOp BBIOMpAeT JIWHHIO, II0 KOTOPOHM €ro
IIOCJIATh JaIblIe.

CoryslacoBaHHas py4yHas HACTpPOMKa TabJIWI, MapLUIPYyTU3aLUHU IIPU IIOJTHOM
WIM YaCTMYHOM OTKa3e OT WCIIOJB30BAaHHUA IIPOTOKOJA MapumpyTrusanuu (a B
HEKOTOPBIX IJI00AIBHBIX CeTAX, HanpuMep X.25 [41], Takoro mpoTOKOJIa IIPOCTO He
CyIIeCTByeT) TIIpeACTaBiIgeT COOOH CJIOXKHYIO 3ajzady. MHorme cucTeMsl
yIpaBjieHUs CeThI0 OOIero HasHAYeHUs ee He BBINOJHAIOT, HO CYyLIeCTBYIOT

CIIeNHNA/IN3NPOBAHHBIE CHCTEMBI KOHKPETHBIX HPOI/IBBO,I[HTeJIefI, Halrpumep,
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cucrema NetSys xommanmmm Cisco Systems, Koropasg pemaer ee mIsg

MapIIPpyTH3dTOPOB 3TOMU XK€ KOMIIdHMH.

1.3 O6paboTka omn6ok

OTa Tpymma 3afad BKJIIOYAeT BBIABJIEHHE, OIpefeleHHe U yCTpaHeHUe
IIOCJIeICTBUH cOOeB M OTKa3oB B pabore ceru. Ha sToM ypoBHe BBINOJIHAETCA He
TOJBKO perucrpanus cooOmeHuili 006 ommbKax, HO MU UX QUIbTpAIud,
MapuIpyTH3alUug M aHAJIU3 Ha OCHOBE HEKOTOPOIl KOPPEeIAlMOHHON MOZENIH.
QubTpanysa MO3BOJIAET BBIAEIUTh U3 BeChbMa MHTEHCHBHOTO IIOTOKA COOOIIEHMUIA
06 omwubKax, KOTOPBIM OOBIYHO HaOMI0JaeTcs B OOJIBIION CETH, TOJIBKO Ba)KHBIE
COOOILIeH U, MapIIpyTH3auys obOecledyrBaeT UX JOCTAaBKY HYKHOMY 3JIEMEHTY
CHCTEMBI yIpaBIeHUs, a KOPPeJALMOHHBIM aHaIu3 II03BOJILET HAWTH IIPUYUHY,
IIOPOJUBIIYIO IIOTOK B3aMMOCBA3aHHBIX COOOILIeHMH (Hampumep, OOpPHIB Kabes
MOXET OBITH IPUYMHOIN OOJBIIOTO KOJTHYECTBA COOOLIEHHH O HEZOCTYIIHOCTH
ceTeli U CEPBEPOB).

Ycrpanenune omwuGOK MOXeT ObITh KaK aBTOMAaTUYECKUM, TaK |
IIOJTyaBTOMATUYEeCKUM. B IepBOM cily4ae CHCTeMa HEIOCPeACTBEHHO YIIPaBIAeT
00OpyZOBaHHEM WM IPOTPAaMMHBIMH KOMIUIEKCAMU M OOXOAMT OTKa3aBLIMIA
5JIEMEHT 332 CUET Pe3epBHBIX KAaHAJIOB U T. II. B IOJIyaBTOMaTH4eCKOM pexXuMe
OCHOBHbIe pelIeHUs U [eHCTBUS 10 YCTPAaHEHUIO HEWCIIPABHOCTU BbIIIOTHSIIOT
JIIONY, @ CHCTeMa yTIPaBIeHHUs TOJIBKO IIOMOTaeT B OPTaHHU3alMK STOTO IIpOoIlecca -
odopmIsgeT KBUTAHIIMKM HA BBIIOTHEHHEe PAabOT M OTCIEXMBAET HX IIOJTAITHOE
BBITIOJTHEHYeE (TI0Z0GHO CHCTeMaM TPYIIIOBOH paboTsI).

B aroit rpymie 3amay WHOTJA BBIENSIOT MOATPYIIY 3aJad yIIPaBIeHHS
mpobeMaMu, IOApasyMeBas IOZ, IPOOIEMOH CIOXKHYIO CHTYaIUio, TPeOyIOIIyio
IJIs paspelleHusA 00s13aTeIbHOTO IPUBJIEYEHUs CIEIUAINCTOB IO OOCIY>KUBAHUIO

CeTH.
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BenencrBuu ocobeHHOCTel (DU3MYECKUX IIPOLIECCOB, IOPOXKIAIOUIMX UX,
OomK6GKY B HEKOTOPHIX THUIIAX HOCHUTeNel dvaule OBIBAIOT He EeNUHUYHBIMU, a
TPYNIIOBBIMHU. B 3TOM eCTh KakK ITOJIOKUTENbHbIe, TaK U OTPULIATebHbIe CTOPOHBI.
ITonoXXUTeTBHON YepTOil ABIAETCA TO, YTO OUIMOKM 3aTParvBaloT JIMIIb HEMHOIHE
6moku pmaHHBIX [46]. Hanpumep, 610k pasmepom B 1000 6uT mpu BeposSTHOCTH
ourn6kxu 0,001 Ha 6ut. Eciu 651 onrnGku ObLTM HE3aBUCUMBIMH, TO OY€HB OOJIBIIOHN
MPOILEeHT OJIOKOB cozepkan Obl omubOku. OpHAKO eciu OWMOKM IPUXOIAT
makeramu, uckaxad mo 100 our mozpsaz, o uz 100 6;10k0B OyZyT HCIIOPYEHHI B
CpeJHEM TOJBKO OJWH WU fBa Oyioka. HeyzmoGcTBoM rpynmupoBaHus OIHOOK
ABIAETCS TO, YTO WX 3HAYUTENBHO TPyZAHee OOHAPY)XUTh U HCIIPAaBUTh, UeM
M30JIMPOBAaHHBIE OIIUOKH.

s 6opsOBI ¢ ommOKaMu OBLIO CO3ZAHO JBEe OCHOBHBIE CTpaTeruu [55].
Kaxzsrii MeTom OCHOBBIBAaeTCA Ha JOOaBJIeHMH K IlepeJjaBaeMbIM JaHHBIM
HEKOTOpOo# wu36BITOUHON wuHGpopManuu. B omHoM ciydae 5Toil uHpOpMamuu
IOJDKHO OBITh JOCTATOYHO, YTOOBI C GOJIBIION BEPOATHOCTHIO OOHAPYKUTH
HajIW4he HUCKOKEHHBIX OUTOB. B zapyrom ciyuae wu3GbITOYHON HHGOpMALUU
IOJDKHO OBITH NOCTaTOYHO AaXKe IJIS TOTO,. YTOOBI BOCTAHOBUTH ITOBPEXK[EHHBIH
610k pgauHbBIX. Kogsl, mnpumeHsemble B O0OMX CIydYasdX, HAa3bIBAIOTCA
moMexoycroiiuuBbIiMu. KozbI, IO3BOJISIONINE KCIIPABIATH OMIMOKHU, Ha3bIBAIOTCS
KOPPEKTUPYIOUUMH WIKX KOJAMU C UCIIPaBIeHUEM OIINOOK.

Yro6el IOHATH, KaK MOTYT OOHApYXXMBATBCA U MCIIPABIATHCA OIIMOKH,
He0oOXO0ZMMO pacCMOTpeTh MOLPOOHee, UTO IpeAcTaBaseT coboil ourmbka. OObIIHO
KaJ[p COCTOUT U3 m OUT AaHHBIX (TO eCTh HHGOPMALMOHHBIX) U 7 U30BITOYHBIX HIIH
KOHTPOJIBHBIX 6uTOB. [lycTh mofgHas AyinHa Kazpa paBHa 21 (To ects n=m+r). Habop
n3 n Our, comepxamuii HMHGOpPMALMOHHBIE MWJIX KOHTPOJIBHBIE OHUTHI, YacCTO
Ha3bIBAIOT N-OMTOBBIM KOZOBBIM CJIOBOM MJIHA KOZOBOI KOMOMHAIIVIEH.

Ecnu paccmotpers gBa KomoBBIX coBa, Hanmpumep 10001001 u 10110001,
MOXXHO OTIPeZeIUTh YKCJIO OTIMYAOIIUXCSA B HUX COOTBETCTBYIOLIUX Pa3pszoB. B

AaHHOM IIpHMeEpE€ OTINYdIOTCA TPpHU oura. ,Z[]IH HaXOXAeHUs 5TOro 4YuCjid HYXHO
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CJIOXKUTH ZBa KOZOBBIX CJIOBA IO MOZYJIIO 2 (OIepanus «MCKIYalollee WIN») U
COCYUMTATh KOJIUYECTBO eAVHUI, B pe3ynbrare. KoaudecTBO OUT, KOTOPHIMU
OTJIMYAIOTCSA [Ba KOJOBBIX CJIOBA, HA3bIBAETCS KONOBBIM pacCTOSHUEM (MIH
pPacCTOAHNEM MeXAy KOJOBBIMM KOMOMHAIMAMH B CMbICJe XoMMuHTA). CMBICT
S5TOTO YWCJIa B TOM, YTO €CJM [Ba KOJOBBIX CJIOBA HAXOIATCS HAa KOZOBOM
paccrosiHUK d, TO [JI IIpeoOpasoBaHUsA OJHOTO KOZOBOTO CJIOBa B JPyroe
MOHamo0uTCS d OIMMOOK B OAMHOYHBIX OUTAX.

B OGoxpurmHCTBE NpPUIOKEHWI Iepeladyu [JAaHHBIX BCe 2™ BO3MOXHBIX
COOOIIeHUI SBASIOTCA JONMYCTHUMBIMHU, OZHAKO OJyarofaps HCIIOJIb30BaHHUIO
KOHTPOJIBHBIX OWTOB He Bce 2" BO3MOXHBIX KOJOBBIX CJIOB HCIIOJIB3yIOTCH.
[TocTpouB mMOIHBIH CIMCOK BCEX JOIYCTUMBIX KOJOBBIX CJIOB, MOXXHO HAiTH TaKylo
Imapy KOJOBBIX CJIOB, KOZOBOE pAaCCTOSHHME MeXJy KOTOpPHIMH Oyzer
MUHHMMAaJIBHBIM. OTO PacCTOsSHHE Ha3bIBA€TCI MUHUMAJIBHBIM  KOJOBBIM
paccTossHuEeM (PacCTOSHMEM BCETO KOZa B CMbICIe XoMMUHTa) [23].

Croco6HOCTH KOZa K OOHApY)XeHWIO M HCIIPABIEHUIO OIIMOOK 3aBUCIT OT
€r0 MHHUMAaJIBHOTO KOJOBOTO paccTosHus. Jlis o6HapyxeHHs d omHOOK B OZHOM
KOJZIOBOM CJIOBE CO CTOIIPOIIEHTHOM rapaHTHeil HeOOXOQUM KOJ C MHHUMAaTbHBIM
KOJZIOBBIM PAacCTOSHHEM, PaBHBIM d+1,. MOCKOIBKYy d OJHOOWUTOBBIX OUIMOOK He
CMOTYT W3MEHUTh OJHY MAOIYCTHUMYI0 KOMOMHAIIUIO TaK, YTOOBI ITOJy4MIIACH
opyras pgomycruMas KomOuwHanus. Korza mpeMHHK BCTpedaeT 3alpeleHHYIO
KOZOBYI0O KOMOWHAIIMIO, OH IIOHMMAeT, YTO IIpX Ilepejade IIPOM3OILIA OUIMOKA.
AHanoruYHO, 11 BO3MOXXHOCTH HCIIpaBiIeHus d omuOOK B OJHOM KOZOBOM CJIOBE
TpebyeTcs KOJ, ¢ MUHUMAaIbHBIM KOZOBBIM PacCTOsHMEM, paBHbIM 2d +1, Tak Kak B
IAaHHOM Ciiydae maxke Ipu d OLHOOUTOBBIX OIIMOKAX Pe3ysIbTaT OKKeTCs OJIIKe K
HCXOLHOMY KOZOBOMY CJIOBY, 4eM K JIOOOMYy Ipyromy, U, CJIeJOBaTeIbHO, €ro
MOXXHO Oy/IeT OZJHO3HAYHO BOCCTaHOBUTE.

B xavecTBe mpocTeiimero mpuMmepa Koja C OOHapyXKeHHeM OUIMOOK
pPacCMOTPUM KOZ, B KOTOPOM K IAaHHBIM A00aBiIseTCs OZMH OWUT 4eTHOCTH. Bur

YEeTHOCTHU BBI6I/IPaeTC}I TaKHM O6p330M, YTOOBI KOJIMYECTBO €IUHHWI BO BCEM
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KOJZIOBOM CJIOBe OBLIO YeTHBIM (MM HeueTHBIM). Hampumep, mpum mochlike 4ymcia
10110101 ¢ poGaBmeHmeM OMTa YETHOCTM B KOHIIE OHO CTAHOBUTCS PaBHBIM
101101011, rorma xax 10110001 mpeoGpasyerca B 101100010. Kom ¢
eIMHCTBEHHBIM OMTOM YETHOCTU MMeeT KOZOBOe pacCTOSHUE, PaBHOe 2, TaK Kak
mi06as ofHOKpaTHas omubKa B JI000M paspsanze obpasyeT KOJOBOe CJIOBO C
HEBEpHOM YeTHOCThIO. TaKoW KOJ MOXKET HCIIOJNb30BAThCA IJI1 OOHApY)KeHU:
OZHOKPATHBIX OIIHUGOK.

B kawecTBe mpocreiiliero mpuMepa KOPpPeKTHUPYIOLIETO KOZAa PacCMOTPUM

KOZ, Y KOTOPOTO eCTh BCETO YeThIpe JAOIYCTHMbIe KOZOBble KOMOMHAIIN:

0000000000, 0000011111, 1111100000 2z 1111111111.

OTOT KOJ, MMeeT PacCTOSHHe, PaBHOe 5, UTO O3HAYaeT, 4TO OH MOXeT
WCIIPaBIATh JIBOMHBIe OmMOKM. Ecau NIpHeMHHK IOJXy4HT KOJZOBOE CJIOBO
0000000111, o moiimer, uro opurnHan gomkeH 6b1Th paBeH 0000011111, Oxgxako
ecru TpoiHaa omumbOka wmamenuTr (0000000000 B 0000000111, ommbka Oygmer
HCIIpaBeHa HEeBEPHO.

ITompobGyem co3saTh KOJ, COCTOAIMN U3 m WHPOPMALMOHHBIX U I
KOHTPOJIBHBIX GHTOB, CIIOCOGHBIN HCIIPABIATh OZUMHOYHBIe omnbku. Kaxmomy us
2™ MOMyTUMBIX COOOILIEHUI OyJeT COOTBETCTBOBATh 1 HEJOIYCTUMBIX KOJOBBIX
CJIOB, OTCTOSIIMX OT COOOmeHusA Ha paccTogHume 1. VX MOXHO IOIY4HTH
MHBEPTHPOBAHMEM KaXX/OTO M3 11 GUTOB 1 -OUTOBOTO KOJZOBOTO CJIOBA. TaKuM
06pa3oM, KaXAOMy U3 27 NOIMYCTUMBIX COOOIIEHUI JODKHBI COOTBETCTBOBATH I1+1
KoZoBbIX KoMOumHanuii. Ilockonbky oOliee KOTHYECTBO BO3MOXKHBIX KOJOBBIX
KOMOMHALIMY PaBHO 27, MOJIy4aeTcs, 4YTO (n+1)2m <2™. Tak Kak n=m+r, 3TO
TpeGoBaHMe MOXeT GBITh mpeoGpasoBaro K Bumy: (M+r+1)<2". IIpu samansoM

M manHasg ¢GopMyJa OINCHIBAeT HIDKHUN IIpefiesl IJI1 TpeOyeMOro KOJIMYeCcTBa

KOHTPOJBHBIX OGUTOB AJI1 BO3SMOXKHOCTH HICIIPABJIEHUS OJUHOYHBIX OLIMOOK.
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Kozmsr XaMMHHTa MOTYT UCIIPaBIATh TOJIBKO OAMHOYHBIE omnOku. OmHAKO
He OYeHb XUTPHII TPIOK II03BOJISET UCIIPABIATH IIPU ITOMOIIX STOTO KOJa M IaKeTHI
omu6oK. [l 5TOro mocesoBaTeIbHOCTS K KOJOBBIX CJIIOB OPraHU3YeTCsS B BHUJE
MaTpHUIBI, 10 OJZHOMY KOJOBOMY CJIOBY B paAxy. OOGBIYHO JaHHBIE IIepefaloTCs IO
KOZOBBIM CJIOBaM, CJeBa HampaBo. UTOOBI KMeETh BO3MOXKHOCTh HCIIPaBIE€HHUS
IIaKeTOB ONUIMOOK, JaHHBIe M3 3TOM TaOIHIBI CIefyeT IepefaBaTh 1o croadmaM. B
3TOM CJIyd4ae, eCJIX Ha GJIOK ZAHHBIX HAJOXUTCA IaKeT OIMMOOK, WHBEPTUPYIOMIMIT
K cocemaux 6GUTOB, OHa 3aTpOHET He GoJiee OJHOTO OUTA B KAXKZOM KOZOBOM CJIOBE.
A mockonpKy Kog, XoMMHHTA MOXKET UCIIPABJIATh OJUHOYHBIE OUIMOKH, TO MOXXHO
OyZeT BOCCTAaHOBHUTH BeCh OJOK. JlaHHBIM MeTOZ HCIOIB3yeT KI IIPOBEPOYHBIX
6utoB, 6iarojaps KOTOPhIM GJIOK 13 KM OWUT AaHHBIX MOXXET BBIAEP)KaTh OJUH
MmakeT oumnbOoK JAINHOM He 6osee K OHUT.

Koppl, ucnmpasnamoomue omuOKYM, MHOTZA HCIOJIB3YIOTCA IIPU Iepenade
INAHHBIX, HAIIpUMep, Ile HeJb3s 3allPOCUTh NOBTOPHYIO mepesavy. OmHako yamie
6onee 5bGdeKTUBHBIM OKa3bIBaeTCI OOHapyXXeHHWe OWMOKM C Iocaenyloueit
IIOBTOPHON Tepenadeil. Hampumep, paccMOTpUM KaHAlI C M30JIUPOBAHHBIMU
omnOKaM¥, BO3HHUKAIOMUMU C BepoATHOCTBIO 10° Ha 6umrT. IlycTe 610K maHHBIX
coocroutr u3 1000 Gumr. Jlna co3maHmsa Koja, KOPPEKTHPYIOIETO OLHOKPATHBIE
omn6ku, norpebyercs 10 qonorHUTETBHBIX OUTOB Ha 6y10K. [I1s Merabura JaHHBIX
sTro cocraButr 10000 mnpoBepounsrx 6mTOB. YTOOBI IPOCTO OOHAPY>XHUBAThH
OJWHOYHYIO 1-OGMTOBYIO OIIMOKY, JOCTATOYHO OZHOTO OHMTa YeTHOCTH Ha OyoK. Ha
kxaxzgsie 1000 610k0B mpuzeTcsa mepeciaaTh IOBTOPHO B CPefHEM ellle OLUH OJIOK.
Takum o6pa3oM, cyMMapHble HaKJIaJHbIEe PACXOJbl TAKOTO METOZA COCTaBAT BCETO
2001 6ur na wmerabut gauubix npotuB 10000 6uTOB, HEOOXOAMMBIX MJIS
MUHHIMAaJIBHOTO KOJJOBOTO PAaCCTOSHUA.

Ecnu x 670Ky [006aBIATH BCETO OAWH OUT YETHOCTH, TO B CiIydae IIaKeTa
omnOOK BEPOATHOCTh OOHapykeHHsa omubku Oyzer Bcero aumb 0,5, 4TO
abCOMIOTHO HelpueMyiieMO. OTOT HEeJOCTaTOK MOXET OATh HCIIpaBlIeH, eCiIu

pacCMaTpHUBATH Ka)K,II;BIfI IOChIIAeMBIHM OJIOK KaK IIpAMOYTOJIBHYIO MAaTpULLy 11 OUT
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IIUPUHONA M Kk OGUT BBICOTOH. BUT YeTHOCTH [NOJDKEH BBIYMCIATHCA OTAEIBHO I
KaXOr0o CTOMOIA M [00aBIATHCS K MAaTpHUlle B BHJe IIOCIEZHEro psfa. 3areM
MaTpula mepejaercs o pszam. [IpueMHuK mpoBepsieT Bce GuTHI yeTHOCTH. Eciu
XOTs GBI OZWH M3 HUX HEBEPEH, OH 3allpallliBaeT MOBTOPHYIO OTCBLIKY BCEro OJI0Ka.

Taxoit MeToJ TMO3BOJIAET OOHAPY)XUTHh OAMHOYHBIN ITaKeT OUIMOOK JINHOM
He Goylee 11, TaK KakK B 9TOM ciy4dae OyzeT M3MeHEHO He (ojiee OZHOTO GHUTa B
KaxzoM cronbue. OfHAKO ImaKeT OMKOOK IIHHOHN 1+] He OyzeT oOHapyXeH, eciu
OyAyT WHBEHTHPOBAaHBI IIE€PBBIH M IOCIeSHUN OWUTHI, a BCe OCTAJbHbIE OUTHI
OCTaHyTCA Hen3MeHeHHbIMU. Ecu 60K IOZBeprHeTCS IIpU Iepejade JIMHHOMY
[1aKeTy OmMOOK MM HECKOJBKUM OJMHOYHBIM OIIMOGKaM, BEPOSTHOCTH TOTO, UTO
YeTHOCTHh JIIOOOTO M3 11 CTOJNOLOB OymeT BepHOH (mam HeBepHOi), paBHa 0,5,
IIO9TOMY BepOATHOCTh HeOOHapy KeHH OITNOKY OyeT paBHa 27,

XoTa TpuBefeHHAs BBIIE CXeMa MOXXET B HEKOTOPBIX CIy4asxX OBITH
IIpHeMJIeMOii, TeM He MeHee Ha IIPAaKTHKe IIMPOKO HCIIOIB3yeTCsA NPYTroil MeTon:
ITOJIMHOMHUAIBHBIH Koz, Takxke m3BecTHBIH Kak CRC (Cyclical Redundancy Code-
IUKJINYeCKUH W30BITOYHBIM KOJ). B OCHOBe ITOJIMHOMMANBHBIX KOJOB JIEXKUT
IIpeJCTaBleHre OWUTOBBIX CTPOK B BHJE MHOTOYIEHOB C KO3dHUIMeHTaMHU,
paBusiMu 0 miu 1. Kagp m3 & Gut paccmarpuBaercs Kak CIHCOK K03(HUIEeHTOB
MHOTOWIeHAa cTeleHu k-1, cocrosmero u3 k wieHoB oT x*/ mo x% Crapmwii
(caMpIif yeBBIN) GUT Kafpa COOTBeTCTByeT KoadduumeHTy mpu x¥/, ciemyromuii
out- xoadpdunuenty npu x*“ u T.1. Hanpumep, wucio 110001 cocrour u3 6 6ur u,
CJleZIOBAaTeIbHO, IIPEJCTAaBIAeTCA B BHUJEe MHOTOYJIEHAa IIATOM CTENeHU C

koapdunuenramu 1, 1, 0, 0, 0 u 1: x’+x?+1.

1001 1011 0011 0011 1111 0000
0101 0101
+1100 1010 +1100 1101 ~1010 0110 1010 1111
0101 0001 1111 1110 0101 0110 1111 1010

Puc. 1.1 Ocymecrsnenue apubmeTHIecKux AeiCTBUH 10 MOZY IO 2.
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C ZaHHBIMH MHOTOWIEHAaMH OCYILIECTBJIAIOTCA apudMeTHdecKHue AeHCTBHUAL
II0 MOZYIIO 2 B COOTBETCTBHH C anreGpamydeckoil Teopueil mois. Ilpu sToM
BBIYMTAHNE He OTJIMNYAeTCI OT CJIOXKEHHUs, IIePeHOC B ClIefyloWui HWIn
IIpebIAYLINI paspaz He nmpousBogurcs (puc. 1.1).

[leneHre 4mCcen OCYIIeCTBIAETCA TAaK JKe, KaK U JejleHue OOBIYHBIX
IBOMYHBIX YHCEJI, C TOM pasHUIlel, YTO BEIYUTAHUE IIPOU3BOLUTCS 110 MOZLYJIIO 2.

[Ipy uCHIONB30BaHUK LMKINYECKOTO KOJA OTIPAaBUTENh U IIONydYaTeb
IO/DKHBI CHadaja /[JOTOBOPUTHCA HacyeT o0Opasylomero MHOToduwleHa, G(x).
Crapmuit u mMuazuuii 6uThl 06pas3yIoero MHOTOWIEeHa JOJDKHBI OBITh paBHBI 1.
[Ipu oTOM wuzes [00aBlIeHHMS KOHTPOJIBHON CYMMBI K HEKOeMY Kafpy
IpefCTaBiIseTcs B Buje fJo0OaBIeHHWs K DOTOMY KaZpy B KOHel TaKoi
IIOCJIeOBATEIBHOCTY OHUT, YTOOBI IIOJYYMBUIMICA MHOTOWIEH [JeIuiICE Ha
obpasytomuiics MHorowieH G(x) Ge3 ocrarka. [lomydarens, NpWUHSB Xazp,
comepKalluii KOHTPOJIBHYIO CyMMY, IIBITaeTCA paszenuTs ero Ha G(x). Henynepoii
OCTaTOK OT JeJIeHHs O3HAYaeT OIUOKY.

B TeueHme [jecaTWIETHI IIpeJIIONarajoch, YTO KaJphl, KOHTPOJbHbIE
CYMMBI KOTOPBIX BBIYHCIIAIOTCS, COZEpXKaT CIydaifHsle OuThl. Bce mcciaemoBaHUS
QITOPUTMOB ~ IIOZICY€Ta  KOHTPOJBHBIX CYMM  OCHOBBIBAJIMCH Ha  OTOM
npeponoxenuu. HemaBHue McciefoBaHUS peabHBIX JAHHBIX [TOKA3aad, YTO TH
IIpeJII0IOKEeHUA OBIIM COBEPLUIEHHO HeBepHbIMU. Kak ciefcTBUe, IpU HEKOTOPBIX
OOCTOATENIBCTBAX ~ BEPOATHOCTb  INPOXOXKAEHUA  HEOOHAPY>KeHHBIX  OIIMOOK

OKa3aJI0Ch 3HAUUTEIBHO BBIIIE, Y€M CIUTAIOCH PAHHEE.
1.3.1. OgHOOUTOBBIE TPOBEPKH HAa YETHOCTH
ITpocreiimmit coco® OOGHApy)XeHUA OUIMOKU- 3TO JOOaBIeHHWE OJHOIO
6uTa, KOTOPHIY HAa3bIBAeTCA GUTOM IIPOBEPKU HA Y€THOCTH, K ITOC/IEH0BATEIbHOCTH

OUTOB NAHHBIX. DTOT OUT IIPOBEpKM HA YETHOCTb MMeeT 3Ha4YeHWe 1, eciu Iucio

€AHUIL B ITOCJIE€AO0BATECIIPHOCTHN OUTOB He4YeTHOEe, N 3Had4YeHUEe 0- 8 IIPOTHBHOM
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crydae (puc. 1.3.1.). Jpyrumu cioBamMu, GUT IPOBEPKU HAa YETHOCTH PaBeH CyMMe
10 MOZYJIIO 2 3Ha4YeHWH OWTOB B MCXOZHOU IOCiIefoBaTesbHOCTH OuToB (K 10
MOZYIIO |, Trze K- 1eoe U | - MOJOXUTEIbHOE IIeJI0e, paBHOE LIeJIOMy YucIy M,

O<m«< j, takomy, uro K —m genurcs Ha ).

Puc.1.3.1. OgHoOuTOBas MPOBEPKA HA YETHOCTb.

HyxHo oTMeruTs, 4YTO OOljee YHUCIO ESUHUI, B 3aKOZUPOBAHHOI
MOCJIeIOBATEIBHOCTH (T.€. B MCXOJHOM ITOCJIE€IOBATEILHOCTH ILIIOC 100aBOYHBIHN
OuUT TpOBepKM Ha YEeTHOCTh) Bcerja dYeTHoe. FEcim  3akommpoBaHHAs
ITOC/IeZIOBAaTeIbHOCTh TIepefaeTcsi ¥ IIPU Ilepejade BO3HUKAET eJUHCTBEHHas
omwnbka u3-3a mepexoga 0 B 1 unu 1 B 0, To unciIo eAUHUL B IIOCIeOBaTEIFHOCTH
CTQHOBUTCSI HEYETHHIM M OIIMOKAa MOXXeT ObITh OOHApy)XKeHa MPUeMHHKOM. Taxxe
HY>KHO OTMETHUTb, UTO IIPUEMHUKY HEeU3BECTHO, KaKOH OUT OIIMOOYHBIN U CKOIBKO
omrbOK BO3HUKIIO; UMEETCS TOJIBKO MH(OPMAIHs, YTO OUIMOKY BO3HUKIIH, TaK KaK
YKCI0 eSUHUIL] HEYETHO.

ITpu 060§t AIKHE ITOCIe0BAaTEIbHOCTH OMTOB OZHOOUTOBAS IIPOBEpKa Ha
YeTHOCTH II03BOJIIET OOHAPYKUTH MI00YI0 eJUHUYHYIO OIINOKY B 3aKOZAUPOBAHHOM
mociesnoBaTenbHOCTH. K coxameHwio, [ABe OmMUOKM B 3aKOZUPOBAHHOI
IIOCJIeOBATEIFHOCTH BCEra BOCCTAHABAMBAIOT YETHOCTh YMCJIA €QUHUI], TaK 4TO
IiBe OIIMOKYM OOHApPYKUTHh HEBO3MOXXHO. B 0611eM cirydae HeueTHOe YHCIIO OUIMO0K
OGHapy>XUBaeTcs, a T1000e YeTHOe YUCIO He 0OHAPY>KUBAETC.

HecmoTpss Ha mpuBiIeKaTeIbHYIO IIPOCTOTY OJHOOUTOBOM IIPOBEPKM Ha
YeTHOCTh, OHA He IPUTOJHA IS HAJEeXXHOTO OOHapy)XeHHs OIIMOOK; BO MHOTHX
CUTyaIlUsgX OHa OOHApy»XuBaeT OIIMOKH TOJBKO IPUMEPHO Yy KaXKAOH BTOPOIl
3aKOZMPOBAHHOM IIOCIEeN0BATEIBHOCTH, cofepikameil omu6ku. CylecTByIOT nABe

IIPUYHHBI TAKOTO IIJIOXOI'O ITOKAa3aTeJId pa6OTBI. HePBa}I COCTOUT B TOM, YTO MHOTHE
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MOJZIeMBI TIpeoOpa3yIoT HeCKOJIBKO OHUTOB B OZWH OTCYET BXOJHOTO CHTHAajIa, U
omnOKa IIpU IpHeMe TaKOTO OTCYeTa OOBIYHO NOPOXKAAET OMIKMOKHU B HECKOJIBKHUX
6urax. Bropoil nmpuuMHOI ABIAETCA TO, YTO MHOTME BHABI IIyMa, IIOPOXAAIOT
IJTMHHBIe ITaKeThl omuOoK. [Io AByM 5TMM ImpuYwHAM IPY BO3HMKHOBEHHWH OJHOMN
nnn 6ojee OWIMOOK B 3aKOAMPOBAHHOM IIOC/IENOBATETBHOCTH YETHOE YHCIIO
omnOOK ITOYTH TAaKXKe BEPOATHO, KAK U HEUYETHOE YKCJIO, U OZHOOUTOBASA IIPOBEPKA

HA YeTHOCTH ABJsAeTC Hed(PheKTUBHOIA.

1.3.2. IIpoBepku Ha YeTHOCTb IO BEPTUKAIHN U II0 TOPU3OHTATIU

Jlpyroit mpocToii HHTYUTHUBHBIN IOAXO0M K OOHAPY)KeHHIO OUIMOOK COCTOUT
B TOM, YTO IIOCJIE€ZOBATEJbHOCTh OUTOB JAaHHBIX II€PECTPAMBAIOT B JBYMEPHBIH
MaccuB (puc.1.3.2.) B BBIYMCIAAIOT OWUTHI IPOBEPKM HA YETHOCTH MJIA KaXKAOU
CTPOKM M KaKZOTO CTOJ0uAa. BUT mpoBepku Ha YETHOCTh B IPaBOM HIDKHEM YTIIIY
MOXXeT OTHOCHUTBCS K CTPOKE MJIU CTOJIOIY OGHTOB IIPOBEPKU HA YETHOCTD MJIH JKe K
MacCUBY HaHHBIX. ECIM 4YeTHOe 4YMCIO OMMOOK HAXOZUTCA B IIpefesIax OLHOM
CTPOKH, TO KKIYIO U3 HUX MOXXHO OOHApyXUTh C IIOMOIIBIO COOTBETCTBYIOIIETO
O6uTa IIPOBEPKM HA YETHOCTH CTOJOIY; aHAJIOTMYHO OUIMOKU TOJBKO B OJHOM
CTOIOIle MOXHO OOHApY>XWUThb C IIOMOIIBIO OMTOB IIPOBEPKM HA YETHOCTH IIO
crpokaMm. K coxamenwuio, 51060if HaOOp M3 YeTHIpEX OIIMOOK, IPUHAAJIEKAUIUX
IBYM CTPOKaM U IBYM CTOJIOLAM (T.e. 00pasyomux IPIMOYTOJIbHUK, KaK ITOKA3aHO
Ha puc.4.2., 6), 06HaPY>XUTHh HEBO3MOXKHO.

JTa cxeMa dYalle BCETO HCIIONB3YyeTCs B CIydae, KOTJA ZaHHBIE COCTOAT M3
IIOCJIeIOBAaTEIBHOCTY CHUMBOJIOB. KaXZAbIif 3aKOZMPOBAaHHBIN CHUMBOJ MOXXHO
CYMTATh CTPOKOH MaccuBa Ha puc.l1.3.2; GUT IPOBEPKU HA YETHOCThH IIO CTPOKE B
5TOM CJIy4ae ABIAETCA IIPOCTO IIOCAeJHUM OHTOM 3aKOJMPOBAHHOTO CHMBOJIA.
Burel mpoBepkum IO CTONOIAM TPUBHAIBHO BBIYUC/IAIOTCA IIPOTPAMMHBIM MU
anmapaTHeIM criocoboM. OCHOBHOM HeZOCTATOK STOM CXeMbI 3aKJIIOYAeTCsA B TOM,

9YTO OHA [OOIIYCKaeT cbou Ipu O6H&py>K€HI/II/I AOBOJIPHO KOPOTKHX IIdKE€TOB
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ommubox (HampuMep, OMIMOGOK B [BYX COCEIHMX OWTax, B KaXJOH H3 ABYX

cocegHux CcTpokK). I[lockonpky upymue ApyT 3a Apyrom OMMOKU JOBOJIBHO YacCTO

BCTPEYAIOTCA Ha ITPAKTUKE, BEPOATHOCTD IIO,ZLO6HI>IX cboeB HeOOoIlyCTHMO BBICOKA.

1001010]1

(1) } } (1) 8 (1) (1) 8 Mposepxu 10 Puc.1.3.2. IIpoBepkr Ha YETHOCThH IO

100011110 ropuscHTATIM TOpU3OHTANM W BepTukaiu. Kaxnibrit

001100111 OUT TPOBEpPKM Ha UYETHOCTh IO
TOPU30HTANIU MPOBEPSIET CBOIO CTPOKY,

Lo11111lo a KaXIbli OUT MPOBEpKH HA YETHOCTH

[0  BEPTUKaIM  IpPOBEpSAET  CBOHU
cronber. 3ameTuM, 4To B ciydae (0),

10010101 €CIIM KAXKIBIH W3 OTMEUYEHHBIX OWUTOB
01110100 W3MEHSET 3HAY€HHE, TO YETHOCTH B
11100010 IIposepxu 1o KXXJIOM CTOJIOIE M KKIOH CTPOKE TeM
10001110  ropusonTamsim HE MEHEE COXPaHAETCS.
00110011

1011111]0

IIpoBepxu 1o BepTHKAIIM

(6)

ITpuBekaTerbHON OCOGEHHOCTHIO IIPOBEPOK HA YETHOCTH II0 TOPH3OHTATIH
U BEpPTUKAIM ABJIAETCA elle M TO, YTO JIeXalasd B HX OCHOBe WJes JIerKO
pacIpoCcTpaHseTcs Ha CJIy4ail IPOU3BOJIBHBIX KOLOB C IPOBEPKOH HAa YETHOCTH. JTa
uges CBOLUTCA K TOMY, YTO B HMCXOZHOH IIOC/IeJOBATETBHOCTH OWUTOB (MacCHB
OUTOB JAHHBIX B CIydae, TOKA3aHHBIX Ha puc.1.3.2.) MpoMU3BOAATCA IPOBEPKU Ha
YEeTHOCTh Pa3IUYHBIX IIOJMHOXXECTB OUTOB (CTPOK M CTOJIOLIOB B Cilydae Ha PHC.
1.3.26). ITpeo6pasoBanue  mOC/IEeNOBAaTETHHOCTH OUTOB  JaHHBIX B
IIOCJIeIOBATEIBHOCTh OMTOB JAQHHBIX M OUTOB IIPOBEPKU HA YeTHOCTH HA3bIBAETCS
KOJIOM C TIpOBepKOil Ha 4YeTHOCTh MM JUHeHHBIM KozoMm. IIpumep koza c
IIPOBEPKOIl Ha YETHOCTH (OTJIUYHOTO OT IIPOBEPOK IO TOPU30HTAIU U BEPTUKAJIN)
nmoka3aH Ha puc. 1.3.3. Koz c mpoBepkoif Ha 4eTHOCTB OIpefiesIeTCs KOHKPeTHBIM
HabOPOM IIOJMHOKECTB, UCIIOJIb3yeMbIX JJI BBIIIOJTHEHUS IIPOBEPOK HA YETHOCTH.

HY)KHO OTMETHTH, YTO CJIOBO KOJ, OTHOCHTCA K CdMOMY l'IPeO6P8.30BaHI/IIO;
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3aKOJMPOBAHHYIO IIOCJIENOBAaTEJIbHOCT, OUTOB (ZAaHHBIE IUIIOC IIPOBEPKU HaA
YeTHOCTH)HA3bIBAIOT KOJOBBIU CJIOBOM.

ITycts K o6o3Hawaer [IuHy IIOC/I€OBAaTEJBHOCTH IAHHBIX 3aZaHHOTO
KOZia C IIPOBEpPKOIl Ha YeTHOCTHh U IYCTh L - 4HCIO GUTOB IPOBEPKU HAa YETHOCTb.
Wrax, K+ L ectp miuna Kampa, Kotopas cyuTaercs nocrogsHHoU. Ilpu 3amanHOM
Koze Kaxkgas m3 25 BOSMOXHEIX TOCTemoBaTembHOCTEH MAaHHBIX MIMHBL K
orobpakaercss Ha Kazp (T.e. komoBoe cioBo) nnuubl K +L. B cucreme c
obGHapy)XeHHMeM oOWMOOK TpU Tepeiadve Kazpa IpuHuUMatouuit moxmyias YJIII]]
oIpefiesifeT, KK/l U OUT IPOBEPKHU HAa YETHOCTH PaBEeH IIO-TIPEXKHEMY CyMMe
II0 MOZAYJIIO 2 COOTBETCBYIOIIErO IOJMHOXKeCTBa OMTOB maHHBIX. Eciau aT0 Tak, To
KaJp CYUTAeTCS CBOOOAHBIM OT OIIMOOK, B IIPOTUBHOM CJy4ae OOHApyXMBAaeTCs
Hanmuuue omuboK. Ecam ommbGku Ipu mepesade IO CeTH IIPEBPAaTHIH OJLHO
KOZOBOE CJIOBO B Jpyroe, TO KaJp CYUTAETCA CBOOOAHBIM OT OIIMOOK, B 3TOM
cJIy4ae TOBOPAT, YTO KaJp CIAEPKUT HeOOHAPYy>KUBaeMble OLIMOKH.

Hmxe  mpuBesieHBl  TPYZHOCTH IO  HAaXOXZEHHUIO  BEPOSTHOCTH
HeOOHapy>XMBaeMbIX OIIMOOK B KaJpe IIpH Ilepesade. Bo-mepBhIx, omuOKY B CeTAX
MOABJIAIOTCA He HE3aBHCHMO U B BHJe ITAKEeTOB; HE CYLIECTBYeT XOPOIIUX MOJeJIei
IJIS [IMHBL M WHTEHCHBHOCTH 3THUX I1AKEeTOB, KOTOPBIE MEHSIOTCS B IIHPOKOM
Iyana3oHe A CeTell OJHOTO M TOTO >Ke THIA. Bo-BTOPHIX, IpU JI000M Pa3yMHOM
KOZle YacToTa HeOOHAapYy>XKMBA€MBIX OWIMOOK OYeHb Maja MU, CJIeOBAaTeIbHO, ee
TPYyAHO H3MEPUTh SKCIEPUMEHTAIbHO M K TOMY >X€ OHA 3aBHCHT OT PeAKUX,
TPYZLHOMOJEIUPYEMBIX COOBITHUI.

B crnemctBum sTMX TpymHOCTeH 3G(eKTHBHOCTH KOJA IO OOHApY>KeHHIO
omnOOK OOBIYHO U3MePAETCA TPeMsA ITapaMeTpaMu:

1 MuHHMaNbHOE PacCTOSHUE KOJa,
2 cocoOHOCTH OGHAPYKEHUs ITaKeTOB OUINOOK,
3 BEpOATHOCTH TOTO, 49TO COBEPLIEHHO crydaifHas

IIOC/IEAOBATEJIBHOCTD 6y;|;eT BOCITpHHATA KaK CBO60,II;H35I OT OIIHOOK.
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MuHuManpHOE PAacCTOSHME KOJja OIpefiesfgeTca KaK HauMeHbIIee JHCIIO
omnbOK, KOTOpOe MOXKeT IPeBPaTUTh OLHO KOZOBOe CIOBO B xpyroe. Kak yxke
OBLIO YCTaHOBJIEHO, MUHUMAJIBHOE PACCTOSHUE KOZA C OJZHOOMTOBOHM IIPOBEPKOIL
Ha YeTHOCTh PaBHO 2, a MUHHMMAJIbHOE PacCTOSHHE KOJa C IIpOBepKaMH Ha
YeTHOCTH 110 TOPU30HTAIN U BePTUKAIH PaBHO 4.

JnuHa makera omMOOK HA3bIBAETCS YMCJIO OIIMOOYHBIX OWUT, CYUMUTAA OT
mepBOM OomMOKKM [0 IOcciaemHeii  BkatoumrenbHO. CIOCOGHOCTE  KOoza
OOHapy>XMBATh IIAKeThl OIIMOOK OIpezesndeTca Kak Hauboiblnee Ienoe B, rakoe,
YTO KOJ MOXKET OOHapy)XHBaTh BCe INAKeThl NIMHBI B wmam mensme. Y kxoza c
OJHOOUTOBOI IIPOBEPKOM Ha YETHOCTb CIIOCOOHOCTH OOHAPY>KMBATh IIaKeThl PaBHA
1, Torza Kak y Koza C IPOBepKaMM HAa YETHOCTh II0 TOPU3OHTATH M BEPTUKAIU
CIIOCOGHOCTb ~ OOHApy)XHBAaTh IIAKeTBI paBHAa 1 IUIIOC JJIMHA  CTPOKH
(mpepmoyaraercs, 4To Iepefada JAHHBIX IIPOU3BOLUTCA IO CTPOKAM).

ITom coBepmeHHO ClIy4YyalHOM ITOC/IefOBaTeNbHOCTBIO mAauHBl K + L
IofipasyMeBaeTCcs Takas IociemoBarenbHOCTs gauHsl K+ L, Koropas
TIPUHUMAeTCS C BepoATHOCTBIO0 2 1~ . Tak KaK 4mMCIIO KOJOBBIX /OB paBHO 2, To
BEPOATHOCTb HEOOHApY)XeHHOH OIIMOKU IIpeZCTaBifeT cOOO0H BepOATHOCTBH TOTO,
YTO CiydYalHas IIOCJIeZOBAaTENbHOCTh COBIAZJAET C OZUM M3 KOJOBBIX CJIOB; DTO
FIMeeT MeCTO C BEePOATHOCTBIO 2 = (BEPOATHOCTH TOTO, YTO MPUHATAA CIydaiiHas
IIOCJIeZIOBATEIFHOCTh OK&KeTCA TaKOM JKe, KaK M IIepelaHHBIM Kazp, He
yuutbiBaercsa). OOBIYHO  3TO  JaeT  YOPOWIYyIO0  OIEHKYy  BEpPOATHOCTH
HeOOHapy>XMBaeMbIX ONIMOOK JJf Kajgpa, B KOTOPOM OIIMOKM HAYUTEIBHO
IpeBBINAIOT KaK MHHUMAJTbHOE PACCTOSHME, TaK M CIOCOOHOCTh KOZA
O0OHapY>XMBATh ITAKETHI OUIMOOK.

Koppr ¢ mpoBepkoii Ha 4eTHOCTh MOTYT HCIIOJIB30BAaThCSA HE TOIBKO IJISA
oOHapy)XeHus OMMUOOK, HO M [AJA HCIpaBieHus omwubok. Hampumep, B cirydae
IIPOBEPOK HA YETHOCThH II0 TOPU3OHTATIU U BEPTUKAIM JII00Aas OJUHOYHAS OIMOKa
MOXeT OBITh HCIIpaBIe€Ha IIOCPeJCTBOM IIPOCTOTO IIOMCKA TOH CTPOKH M TOTO

CTOJIOIIA, Y KOTOPBIX IIPOBEPKa JaeT HeYEeTHHIH pe3ysIbTaT.
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0O 1 0 0 1 1 1 |C=5H+tS; Puc.1.3.3. Tlpumep kona ¢
IIPOBEPKOM HA YETHOCTb.
0 0 1 1 1 0 1 |C=8+S,+5, KosoBble cj0Ba HpHBeE-

ACHBI CJICBA, a IIpaBUJIa
BBIYMCIICHH OWTOB IIPO-
BCpPKHU Ha YCTHOCTb -
crpasa.

1 1 0 1 0 0 1 |C=58+S,
1 0 1 0 0 1 1 |c,=s,+s,
1 1 1 0 1 0 O
o 0 o0 o o o0 O

[uxnmdeckue U30BITOYHBIE IPOBEPKU

B Hacrosimee BpeMst KOZaMy C IIPOBEPKOIl Ha Ye€THOCTbH, MCIIOIb3yeMbIMU B
KOMIIBIOTEPHBIX ~ CETAX, SBJISIOTS KOAbI C UMKIWYECKUMH U30BITOYHBIMU
nposepkamu (IIWII). Butsr npoBepxu Ha yerHOCTh HasbiBioTca LIWII. Ilycrs L
nnuHa LIUII (T.e. uncio mpoBepodyHbIX 6uTOB), a K - AIMHA IOCIeA0BaTeIbHOCTH

OUTOB MJaHHBIX (T.e. 3arOJIOBKA U IlaKeTa B Kazpe). YZOOHO 0003Ha4aTh OUTHI

TAHHBIX 4epe3 S, ,, Sy ,» -y S;, S, WU NPEJCTaBIATH IIOCIEA0BATETFHOCTD B BUJE
MHOTOYJIeHa S(D) ¢ KoapbunueHTaMu Sy, ..., S, ,
s(D)=s, D" +s, ,D*? +..+5s,. (1.3.1)

Mo>XHO CYHTaTh, YTO CTEIIeHU IIepeMeHHON D coxpaHAIOT MOpAmOK OUTOB;
IpeAIioaraeTcs, YTO Ilepefiadya HauMHAeTCsA C WiIeHOB crapuiero mopazaka. LIMII
IIpeJiCTaBIgeTCA PYTUM MHOTOUJIEHOM

¢(D)=c_,D"" +..+¢,D+c,. (1.3.2)

Becs xazp u3 nepesmasaemoit nundopmanuu u IIMIla MoxHO B aTOM Citydae
npeacrasuts kak X(D)=s(D)D" +¢(D), r.e. kax

x(D)=s, D" +..+s,D" +¢c_,D"" +..+¢, (1.3.3)

MHuorouren C(D), npencrapagiomuit  LUWII, aprgerca QyHkumeit

“HGOPMAIIMOHHOTO MHOTOWIeHa S(D); 9Ta QyHKIIMOHAJIbHAA CBA3b OIIpeeaeTcs
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ITOPOXZAIOIWUM MHOTOYJIEHOM g(D); 5TO MHOTOYJIEH cTemeHu L ¢ mBOMYHBIMU
kod(ddunrenTaMu, KOTOPHIH 3a7aeT KOHKpeTHBIH Koz ¢ LIUII,
g(D)=D"+g,_,D"" +..+g,D+1. (1.3.4)
ITpu 3amanHOM g(D) oToOpakeHre WHGPOPMAIMOHHOTO MHOTOYJIEHA B
MHOTOYJIeH C(D), npencrasnaaromuit [T, 3azaeTcsa paBeHCTBOM
¢(D)=ocrarox|s(D)D" / g(D)]. (1.35)
Omnepauus [eneHuUs MHOTOWIEHOB, HCIIOJNB30BaHHAA BBIIIE, SABJIAETCS
OOBIYHEIM Jle/IeHHeM OFZHOTO MHOTOWIEHA Ha IPYTOi 3a MCKJIIOYEHWEM TOTO, UTO
K02 dUIINEeHTbl PUHUMAIOTCSI TOJIBKO IBOMYHBIE 3HAUYeHUI,a apudpMeTHUeCKHe
omepanuy Haf Ko3(h@UIIMeHTaMH BBIIOIHAIOTCA IO Mogmyaio 2. Takum oGpasom,
Hampumep, (1+1)mod2=0, a (0-1)mod2=1. HyxHO OTMeTHTH, YTO BHIYMTAHHE B
apudMeTHKe II0 MOAYJIIO 2 BSKBHUBAJIEHTHO ciloxeHuio. llpuBemem mnpumep

BbINIOJIHeHUA omeparnuii B (1.3.5)

D>+D
D’+D?*+1 D°+ D?
D’ +D*+ D?
D*+D*+D?
D*+D’+ D

D? + D =ocTarox.

ITockonpKy cTemeHb MHOTOWIEHA g(D) He mpeBblmaer L, To cremeHp
ocratka He mpesblmaer L—1. Eciu cremens C(D) Meubie, yeM L-1, TO
COOTBeTCTByIomue crapmue Koshduuuents: C,_, B (1.3.5) monaraioTcs paBHBIMM
HYJIIO.

JTO JejeHUe JIeTKO peaju3yeTcs alllapaTHO IPHM IIOMOIIM IeIu C
perucTpoM ciaBura u oOpaTHsIMU CBs3aMu [34]. CpaBHUBaAsA 1eNb C IPUBEIEHHBIM
BBILIE IIPUMEPOM JleJIeHUs, MOXKHO yOeIUTBCS, UTO IOCIefoBaTeIbHble 3HAaYeHNA

paspsALOB PerucTpa CABUTA COBMAZAIOT C KO3(hG UIMEHTaMH IIPOMEXYTOUHBIX
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OCTAaTKOB, MOABIAIOMMXCI B Impouecce neneHus. Ha mpaktuxe LIWII o6Gsrano
Beruucigercas B CBHC, kxoropsle 4YacTO BBINOJHAIOT Takke JApyrue QyHKIUU
YIJIII.

ITycts Z(D) 00603HaYaeT YaCTHOE OT JeIeHUd S(D)DL Ha g(D). Torzpa C(D)
MOYXHO IIPeJICTaBUTh CJIeIYIOMUM 00pasoM:

s(D)D" = g(D)z(D)+c(D). (1.3.6)

Bsrauras ¢(D) (mo momymo 2) u3 oGewx wUacTeifi 5TOTO PaBEHCTBA U
BCIIOMMHAS, YTO BBIYUTAHUE ITO MOZYJIIO 2 SKBUBAJIEHTHO CJIOKEHUIO, IIOTydaeM

x(D)=s(D)D" +¢(D)=g(D)z(D). (1.3.7)

Takum 06pasoM, Bce komoBsie ciora genarcs Ha §(D) u Bce MHOTOWIEHS!,
nemsmuecs va (D) sBasioTcs KomOBBIMU croBaMu. [I0Ka eme He TOKA3aHO, UTO
oro6paxenie S(D) u X(D) cooTBeTCTByeT HEKOTOPOMY KOXy C TPOBEPKOH Ha
JeTHOCTb.

Temeps  mpeamonoxum, uro X(D)  mepemaercs, a  mpumEsATas
TIOC/Te[0BaTeIHOCTS TIpeicTaBseT coGoit Muorounesn Y(D), rae y(D) ormmdaercs
or X(D) u3-3a omu60oK B cerr. Ecu mocie[oBaTe IsHOCTS OMMGOK TIPe/ICTABIALTCS
muorounerom €(D), torma y(D)=x(D)+e(D), rme 3max + 3mecs oGosHauaer
CIOXKEHMe II0 MOZYJIIO 2; KaXAoH ommubKke B Kafjpe COOTBETCTBYeT HeHYJIEeBOU
xoadduruent €(D), T.e. HecoBmazenue kosbdummentor Y(D) u x(D). Moxwo
seraucuts REM [y(D)/g(D)] (t.e. ocratox or mememms) mpur momomy memw,
OTOpasd, IO CYIeCTBy, aHAJOTMYHA ITPUBeJEeHHOH Bpime. Tak Kak OBLIO IIOKa3aHO,
aro X(D) memures ma g(D), o

REM [y(D)/g(D)]= REM [e(D)/ g(D)]. (1.3.8)

Ecmu omuGku me Bosuukam, o €(D)=0 u ocratox GyzmeT paBeH HyIio.
IIpaBuio, KOTOpOe HCIIONB3yeTCs B IIPUEMHMKe, COCTOUT B TOM, YTO Kajip He
COZEP>KUT ONUIMOOK, €CIM STOT OCTATOK PaBeH HYJIO, U COAEPKUT OWMOKHU B
IPOTHBHOM ciydae. MoXXeT CIydHTBCHA, YTO OMMOKH JeHCTBUTEIPHO BO3HUKAIOT

(T.e. e(D)i 0), d B IIPpUEMHUKE HE€ yIdeTCA UX O6Hapy>KI/ITB M3-3da TOT'O, YTO OTOT
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ocTaToK paseH 0; 3TO MMeeT MeCTO TOIBKO TOrza, Korga €(D) ABITeTcs HeKOTOPHIM
komoBbIM coBoM. Jpyrumu crosamu, €(D)#0 He OGHAPYKMBaeTCA TONBKO 1
TOJIBKO TOT[a,KOTZa
e(D)=g(D)z(D) (1.3.9)

ITpy HeKOTOpOM HEHYJIeBOM MHOTOYJIeHe Z(D). Tenepsr wuccremyem
yCJIOBUS, IPU KOTOPBIX MOTYT BO3HUKATh HEOOHAPY>KUBaeMbIe OLUIMOKH.

CrHavasa IpefIIONIOKKUM, YTO BO3HMKJIA OZWHOYHAs OIIKMOKA, HAIpHUMep,
g; =1, Tak 4ro e(D): D'. Tax xax g(D) MMeeT II0 KpaliHel Mepe Ba HEHYJIeBBIX
uyrena (t.e. D" um 1), To mpoussesenwue g(D)Z(D) IOJDKHO TaKXKe HUMETh IO
KpaifHe#i Mepe /Ba HeHyJeBBIX wieHa mpu moGom Hemymtesom Z(D). Urax,
g(D)Z(D) He MOXXeT GBITh paBHO D'; MOCKOTBKY 3TO CIIpaBeIHBO TIp M0GOM i, TO
BCE OIWHOYHBIe OWMOKM oOOHapyxuBaioTca. IlOCKONBKY pasHHIlA MeXZy
CTeIleHAMU CaMOTIO CTapllero X CaMOTO MJaJUIero 4jJeHOB B g(D) (re. D" u 1
COOTBETCTBEHHO) paBHa L, TO cTemeHM caMOro CTapuiero X CaMoOTO MJIAZIIEero
4YJIeHOB g(D)Z(D) OTJIMYAIOTCA IO KpaliHe#d Mepe Ha L mpwm 1r000M HeHyIeBOM
Z(D). CremoBaTeIbHO, €CJIA e(D) ABJISEeTCS KOJOBBIM CJIOBOM, TO JJIMHA IIaKeTa
omu6ox He MeHsue L+1 (+1 Bo3HMKaeT u3-3a OmIpeeleHUs IJIUHBI IIAKeTa
omnbOK, KaK YHC/Ia IO3UIUI HAaYMHASA C IIE€PBOM OMMOKM M KOHYas IOCIemHel
OmMOKOM BKJIIOUUTEIBHO).

[lanee mpenmosoXuM, YTO BO3HHUKJIA [JBOWHAS OIIMOKA, HAIpUMep, B

MO3UIUAX | M |, TaK YTO
e(D)=D'+D! =D}(D" +1), i>j. (1.3.10)
Bemme 6vuto ycramoBieno, urto D! wme memurcs ma (D) wmmm moGoit
muoxurtens ¢(D); mostomy e(D) me ymaercs oGHapyxwuTh, eciu Tomsko D' +1
nemutest Ha ¢(D). Jlaa mpoussomsHOTO ABOMUHOTO MHOTOuwreHa J(D) cremenu
L cymecTTByer HamMeHsmee N, s kotoporo D" +1 memurcs ma g(D). Us
TEOPUM KOHEYHBIX II0JIefi M3BeCTHO, 4TO 3TO HauMeHbIIee N MOXeT OBITH He

L
Gosnbme uyem 2- —1; Gosmee Toro, mia smob6oro L >0 cymecTByroT cmeruanbHbIe
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MHOTOWJIEHBI CTemeHM L, Ha3piBaeMble ITPUMUTHUBHBIMM MHOTOWIEHAMH, [JIA
L
KOTOpBIX 3TO HammeHbmree N paBHo 2" —1. Wrak, ecim B kauectse (D)
HCIIONB30BaTh TaKOM NMPUMHUTUBHBIM MHOTOYJIEH CTelleHH L u ecaum mjimHa kazapa
o AL i-j

orpaHHMYeHa cBepxy BeamuyuHON 2 —1, To D’ +1 He moxer memurca Ha ¢(D);
CJIe[OBaTeIBHO, BCe ABOMHEIE OIIMOKY OOHAPYXUBAIOTCA.

®akrruecku Ha mpaktuke s Beraucienus LIWIT o6sraHo wmcmonb3yercs
IOPOXJAMOIMNN  IIOJHMHOM g(D), KOTOPBIA  ABJIAETCA  IIPOU3BEJeHHEeM
npumurruBHOro MHorouneHa D +1. CrepmoBarensHO, y 1I060T0 KOZA TAKOTO THIIA
MUHHMMAaJbHOE pPAacCTOSHUE He MeHblle 4, CIIOCOOHOCTh OOHApY>XKHUBaTh IIAKETHI
omnOOK He MeHbIIe L, a BepoATHOCTH HEOOHAPYY>KeHHSI OUIMOOK B COBEPIIEHHO

< o -L
CJIyJaifHOM IOoCIe/;oBaTeIbHOCTH paBHa 2 .

1.4. Ananus mpou3BOAUTEIBHOCTH M HaZleXKHOCTH

Bompocsl npon3BoAuTeIBHOCTH ABAAIOTCA O4eHb BAXXHBIMU B KOMIIBIOTEPHBIX
cerax. Korza cOTHM mIM THICAYM KOMIIBIOTEPOB COeJMHEHBI BMeCTe, UX
B3aMMOJIefiCTBe€ CTaHOBUTCS OYeHb CJOXHBIM M MOXeT IIpUBECTH K
HeIIpe/ICKasyeMbIM IIOCHAeACTBUAM. JacTO 3Ta CJIOXHOCTh IPUBOJUT K HU3KOH
NIPOM3BOJUTETBHOCTH, IPUYUHBI KOTOPOH JOBOJIBHO TPYAHO OIIpeIeIUTh.

K coxaneHuro, IOHMMaHNe IIPOU3BOSUTEIBHOCTEN CeTell IIpeCTaBIseT COO0M
CKOpee HCKYCCTBO, HeXXeIHW HayKy. Teopermueckas 06asa, [OIyCKAamoIlas XOTb
Kakoe- MO0 IIpaKTU4YeCKoe IIpUMeHeHue, OodeHb Maja. Jlydimee, 4TO MOXXHO
CZlesIaTh- 9TO IIPEOCTABUT HECKOJIBKO NPUOIU3UTENIBHBIX METOLOB, TOJTyYEHHbIX B
pe3yJbTaTe HalpsKeHHBIX SKCIIePUMEeHTOB.

Cienyer OTMETHTH IIATh ACIIEKTOB IIPOM3BOSUTENIBHOCTH ceTH [47].

1. IIpuumHBI CHI>KeHUA IPOU3BOAUTENTBHOCTH.
2. H3mepeHue NpOM3BOAUTETBHOCTU CETH.
3. IIpoexTupoBaHUe MIPOU3BOAUTENIBHBIX CUCTEM.

4. bsictpas o6paborka TPDU- monymeti.
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5. TIpoTokoisl Ay OyAyIIUX BBICOKOIIPOMU3BOJUTENIBHBIX CETEH.

OpHOit W3 IPUYMH CHIDKEHHUS IPOU3BOJUTENBHOCTH SIBJISIOTCS 3aTOPHL,
BBI3BIBAEMBIE BpEeMEHHOIl Ieperpyskoii pecypcos. Eciu Ha MapmpyTusaTop BAPYT
mpuOsIBaeT Gosblne TpadmMKa, YeM OH CIocoOeH oOpaboTaTh, CO3ZJaeTcs 3aTop U
IIPOU3BOJUTENIBHOCTD PE3KO IafiaeT.

[Tpou3BOAUTEIPHOCTD TaKXKe CHIDKAETCS, €CJAM BO3HHKAeT CTPYKTYPHBIH
muc6anmanc. Hampumep, eciu rurabutHas JIUHHUA CBA3M IPUCOeJIMHEHA K
KOMIIBIOTEPY C HM3KOM IIPOU3BOJUTENIBHOCTBIO, HE CIOCOGHOMY [JOCTaTOYHO
6bICTpO 00pabaThIBaTh IIPUXOAS]IIME IAKETHI, TAK YTO HEKOTOpPbIe IaKeTHI OYZyT
TepsATCs. DTH IIAKeTH, B KOHIe KOHIIOB, OyZyT IlepeZaBaThCsi IIOBTOPHO, 9YTO
IpUBeleT K YBEIHMYEHUIO 3aJepKKM, HENPOU3BOAUTEIBHOMY HCIIOIb30BAHUIO
IIPOITYCKHOI CIIOCOOHOCTHU U CHYDKEHUIO 001l IIPOU3BOAUTEIBHOCTH.

Ilpu aHanM3e IPOM3BOZUTEIBHOCTH CeTeil ITOJIe3HO OOpallaTh BHUMaHUE Ha
IIpou3BeJleHHe IIPOIIYCKHOH CIOCOGHOCTH M BpeMeHHU 3aZepXKu. [IpomyckHas
CIIOCOOHOCTh KaHaja (B OMTax B CEeKyHAY) YMHOXAeTCA Ha BpeMsdA IIPOXOXAeHHUS
curHaza B o6a KOHIA (B ceKyHZax). B pesysbrare mosydaeTcs eMKOCTh KaHajaa B
6urax. Otcioma ciexmyer, 4T0 Aia 5(pPeKTUBHOTO MCIIOTB30BAaHUI KaHajla pasMep
OKHa IIOJIydaTelsd JMAO/DKEH OBITh, II0 MeHbIIell Mepe, paBeH IIPOU3BEJEHUIO
IIPOIIYCKHOM CIIOCOOHOCTH U BpeMeHU 33/I€PXKKH, a JIydlle IIPEeBOCXOSUTH €ro, TaK
KaK IOJTy4aTesb MOXeT CpPa3y U He OTBETHUTb.

Korza xauecTBO paboTsI ceTH HeBaXXHOE, ee IT0JIb30BaTeIN YaCTO XKAIYIOTCI
CeTeBBIM oOIleparopaM, TpeOys yCOBEpPUIEHCTBOBAHUM. UTOOBI  YIydIIUTSH
IIPOU3BOAUTENBHOCTD CETH, OIEPaTOpPHl JOJDKHBI CHAdaja TOYHO ONPENEesINUTh, B
yeM CyTh Ipo0seMbl. UTOGBI BBIACHUTH TEKylllee COCTOSHHE CETH, OIepaTOPhI
IOJDKHBI IPOU3BECTH U3MEPEHN.

OcHOBHO# UMK paboT IT0 COBEPIIEHCTBOBAHUIO IIPOU3BOAUTEIBHOCTH CETH
BKJIIOYaeT cirepytomue stansl [31,32,35,36].

1. V3mepuTh BaKHbBIe cCeTeBble IIapaMeTPhl M IIPOU3BOJUTEIHHOCTH

CeTu.
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2. IlomsITaThCA MOHATH, YTO IPOUCXOMHUT.
3. HMsmepurs ofuH mapamerTp.

OTH IIaTW IIOBTOPAIOTCA O TeX IIOp, IIOKa IIPOM3BOAUTEIBHOCTH He
YBEJIMYUTCA [OCTATOYHO HJIM IIOKA He CTaHeT fCHO, 4TO OSTUMU MeTOZAMHU
IIPOU3BOJUTEIBHOCTH yKe OoJiee He YBeTHYUTb.

Vizameperus MOTyT OBITH ITPOM3BEAE€HBI MHOTMMHM CIIOCOOAMM M BO MHOTHX
MecTax (Kak QusmYeccKd, TaK M B CTeKe IPOTOKOJIOB). Hanbomee OOGBIYHBIN THII
M3MepeHUN IIpe/iCTaB/IsgeT COOOI BKIIOUeHMe TaliMepa IIpH Hadaje KaKoi- 1ubo
aKTUBHOCTH UM H3MEpeHHe, TAaKUM oOOpasoM, IPOJODKUTENBHOCTH  3TOH
axktuBHOCTH. Hampumep, ofHUM M3 KIIOYEBBIX M3MEPEHMl ABJIAETCA H3MepeHHe
BpeMeHH, HeOOXOMMOTO I TIOJlyYeHHUs OTIIPaBUTEIeM IIOATBEPXKIEeHUI B OTBET
Ha ormpaBKy TPDU- mogzyna (Transport Protocol Data Unit- mozmyns maHHBIX
TPAaHCIIOPTHOTO IIPOTOKOa). /[lpyrue wu3MepeHUs NPU3BOAATCA IIPU IIOMOLIM
CYETYMKOB, B KOTOPBIX YUMTHIBAETCSA YACTOTA HEKOTOPBIX COOBITHI (HampuMep,
konmdecTBo norepaHHbIx TPDU- mogyieit). Hakonen, gacTo m3aMepsAioTCca Takue
KOJIMYeCTBEHHbIe  IIOKa3zaTelIu, KaK d9uciao 0aiiToB, 00paboTaHHBIX 32
OIlpe/ieJIeHHBIN BpeMeHHOU nHTepBai [21].

W3mepeHns u HACTPOMKM YaCTO TIIO3BOJAIOT 3HAYMUTENBHO YJIYYIIUTH
IIPOM3BOJUTENPHOCTh CETH, OJHAKO OHM HHUKOTZA He 3aMeHAT XOpOIIO
paspaboraHHOro TIpoekTa. [I70X0 CHpoeKTHpOBaHHAsA CeThb MOXeT OBITh
yCOBepIIeHCTBOBAaHHA TOJBKO /IO OIpefileileHHOro ypoBHA. [lnd manbHelinero
yBeJIMYeHHA IIPOU3BOJUTEIFHOCTH ee IIoTpebyeTcs IepeieaTh C HyJIA.

Kaxxzas cryx6a xapakrepusyeTcs KadecTBOM oOcCiy>kuBaHUA. Hekxoropsie
CJTy>KOBI ABJIAIOTCA HAZEKHBIMU, B TOM CMBICJIe, YTO HUKOTJ]a He TepAIOT JAaHHEIE.
OO6sryHO HazexxHasg ciayk0a peamusyeTca TIIpU IIOMOIIY IOATBEPXKIEHUMH,
IIOCBLIAEMBIX IIOJMydYaTesleM B OTBET Ha KaXZoe IPUHATOe COOOIIeHUe, TaK 4TO
OTIpaBUTENb 3HAeT, JOUIJIO JU OdYepefHOe coobueHume wuiau HeT. Ilpomecc
IIepeChUIKY ITOATBEPXKAeHUH TpebyeT HeKOTOPBIX HAaKJIAJHBIX PACXOOB U CHUKAET

IIPOIYCKHYIO CIIOCOGHOCTH KaHana. OOBIYHO IO/J00HBIe 3aTPaThl He OYeHb BeJTUKU
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M OKYyIAlOTCS, XOTA MHOIZA MOTYT OBITh HeXeJaTeIbHBIMH. B HeKOTOpBIX
IPIJIOKEHUAX TpebyeTcs, YTOOBI BCe IOCTaBJIEHHBIE COOOLIEHMS He COJep Kalu
omn6okx. Hampumep, B 6aHKOBCKUX NPUJIOXKEHUAX, IIPU Iepesjadye IIPOTPaMM [t
3JIEKTPOHHBIX BBIYMCIUTETBHBIX MAIIMH MIX (aiIoB OmMOKA B eIMHCTBEHHOM
6ure cOOOLIEHUA MOXET UMeTh Cephe3Hble IOCIeACTBUL. B Apyrux npuioxeHusx,
TAKUX KaK JJIEKTPOHHAs II0YTa, BCe COOOLIEHUS NOJDKHBI OBITH [JOCTaBJIEHBI, HO
CIy4aifHBIH OWMOOYHBIA OUT B COOOIIEHHMM OOBIYHO MOXET OBITh HCIIPaBIeH
yuTaTeseM Bu3yanbHO. HakoHel, HMeIOTCA NIPIJIOXKEHHA, B KOTOPBIX Kak
crydaiiHas omu6Ka B OZHOM OHTe, TaK U CIy4alHas IOTeps LieJIBIX NAKeTOB WM
COOOIIeHUIl  ABIAIOTCA  JONyCTHUMBIMU. Hampumep, B  paclpefeleHHBIX
M3MEepUTEeTBHBIX CHCTeMax Ilepe/laBaeMble COOONIeHMUA yXKe COofepikKaT ILIyM, a
CIydaifHasd TIIOTepsAs COOOWIEHMM BCKOpe BOCIIONHAETCA Oojee  HOBBIMH
coobumenuamu. Ilpu mepesave makeTHpOBaHHOW pevyu ciaydaiiHasd moreps (Min
MO3HAA NOCTAaBKa) IAKeTa MM CIy4allHOe MCKa)XeHHe OUTa IIPOCTO yBeIUIHBAET
3aIIyMJIEHHOCTh IIPUHSATOTO pedeBoro curHaiza. CiemyeT OTMETHTH, OJHAKO, YTO
IIpUMeHeHNe MEeTOJOB CXXATHUsS JAHHBIX IPU Ilepejade ITAKETHPOBAHHOHM pevw, a
TaKXXe B APYTUX IPIIOKEHUAX CHJIBHO IIOBBIIIAET HEOOXOAUMOCTh 6e30MO0THON
nmepesavy.

3ajjayy 9TOI TPYNIBI CBSI3aHBl C OLIEHKOM HAa OCHOBe HAaKOIJIEHHOM
CTaTUCTUYECKOH MH(OPMAIMK TAKUX IIApaMeTPOB, KaK BpeMs PeaKIUU CHCTEMSI,
IIPOITyCKHAA CIIOCOOHOCTh PEeaJbHOTO WJIM BUPTYaJIBHOTO KaHAaja CBA3M MEXZY
IBYMS KOHEYHBIMU a0OHEHTaMU CeTH, MHTEHCHBHOCTb TpadUKa B OTHEIbHBIX
CerMeHTaX M KaHajlaX CEeTH, BEPOATHOCTb MCKAXXEHUA NAHHBIX NIPHU UX Ilepefade
Jyepe3 ceTh, a TaKXke KOd(POPUIIMEHT TOTOBHOCTH CeTH HJIH ee OIpeZeseHHOH
TPAaHCIOPTHOH Cyx651. PyHKIMY aHanIW3a IPOU3BOJUTENIBHOCTA U HANEXHOCTH
CeTU HY>KHBI KaK I OIIEPaTUBHOTO YIIPAaBJIEHUA CETHIO, TaK U JAJIA IJIAHHPOBAHUS
Pa3BUTHA CETH.

Pe3ynpraTl aHanusa NPOM3BOSUTETBHOCTHM U HAJEXHOCTU IIO3BOJIAIOT

KOHTPOJIMpPOBaTh coryjameHne o0 ypoBHe ob6cryxuBanus (Service Level
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Agreement, SLA), 3akiioyaeMoe MeXZy TIIOJb30BaTeIeM CeTH U ee
aZMUHUCTpaTOpaMu (MJIM KOMIIaHuWeH, mpogatomeit ycayru). O6sraHo B SLA
OTOBapHUBAIOTCSA TaKUe IIapaMeTphl HANEKHOCTH, KaK KOd((UIIMEHT TOTOBHOCTH
CIy>kOBI B TeueHUe TOofia M MeCAIld, MAaKCHMAaJbHOe BpeMs yCTpaHeHHUs OTKa3a, a
TaKKe IIapaMeTphl IIPOM3BOJAUTENBHOCTH, HAIPUMEp, CPeJHASI M MaKCHMaJIbHasd
IPONTyCKHAs CIOCOOHOCTM IIPM COeAWHEHWM [BYX TOYEK IIOAKIIOYeHUT
II0JIB30BATEILCKOTO OOOPYIOBAHUA, BpeMs peakIuu ceTH (ecau MHGOPMAIMOHHAA
cryx0a, IS KOTOPOH OIlpefiesIgeTCs BpeMs peakIIUy, IOJepXKUBAeTCs BHYTPHU
CeTH), MaKCHMaJbHasA 3aJilepXKKa IIaKeTOB IIPU Ilepejade depe3 CeTh (€CIU CETh
HCIIOJIB3YeTCS TOJNBKO KaK TPAaH3WTHBIN TpaHCHIOPT). be3 cpexacTs aHanusa
IIPOU3BOAUTENIBHOCTH ¥ HANEXHOCTH IIOCTABUIUK YCIYT ITyOJWYHON CeTH WU
orzen WHMPOPMAIMOHHBIX TEXHOJOTMI  TIpeANpUATHA He CMOXeT HH
IIPOKOHTPOJIMPOBATh, HU TeM OoJiee 00eCIIeYUTh HY)XXHBIN YPOBEHb 00CTYyXKHBaHUA

AJI1 KOHEYHBIX IOJIb30BaTEIEM CEeTH.

1.5. YnpaBnenue 6e30macHOCTHIO

B 1mepBhle gmecATWIeTHS CBOEro CyILIECTBOBAaHMSI KOMIIBIOTEDHbBIE CETHU
KCIIOJIB30BAJIUCH, B IIEPBYIO OYepeznb, YHUBEPCUTETCKUMHU HCCIEIOBATENIAMU It
oOMeHa 3JIeKTPOHHOM IIOYTON M COTPYZHHUKAMH KOPHOpAIU{ I COBMECTHOTO
WCIIOJIB30BAHUA IIPUHTEPOB. B Takmx yCIOBHAX BOIPOCHL 0O€30IIACHOCTH He
mpuBiekanu Oonbiroro BHUMaHMA. OJHAKO Telepb, KOTZA MUJITMOHBI OOBIYHBIX
TPaX/JaH IOJIB3YIOTCA CETAMU JJIs YIPaBIeHUA CBOMMHU OaHKOBCKUMHU CYETaMU,
3allOJTHEHWS HAJOTOBBIX JeKjapanuii, mnpuoOperaioT TOBapsl B VIHTepHer-
MaraspuHax, IpobyeMa ceTeBOl 6e30IIaCHOCTH CTAHOBUTCA Bce OoJiee aKTyaTbHOM.

Be3omnacHocTs BKItOYaeT B cebst 60IbiIoe pasHOOOpasye BOIPOCOB, CBA3aHHBIX C
4YeJlOBEYECKMMHU TpexaMH. B mpocreiiimneM Buje CIy>XO0bl 6e€30IacHOCTH
TapaHTHPYIOT, YTO JIOOOMBITHbIE TUYHOCTA HE CMOTYT YUTATh WU, YTO elle XyXe,

M3MEeHATHh COOOLIeHUs, IpefHasHAYaloumyecs APYyruM moxydarensMm. Ciry>xOsl
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0e301IaCHOCTH ITepeceKalOT IOMBITKY IOJIyYeHH JOCTYIA K yAaJeHHBIM CIyX0aM
HeaBTOPH30BaHHBIMU IIOJIb30BaTeNAMH. Kpome TOro, cucrema Ge3omacHOCTH
IIpeIOCTaBIIAET CIIOCOO OIpesiesIUTh, IIOCIAHO JIU COOOIIeHNe NeHCTBUTENIBHO TeM
OTIIpaBUTENEM, YbMM KMeHeM OHO IIOJIIMCAHO, WIH >Xe 3TO (anbCupUKanus.
CucremMsl 6e30IIaCHOCTH TaKKe PEIIAIOT BOIPOCHI, CBA3aHHBIE C IIEPEXBATOM MU
IIOBTOPHBIM BOCIIPOM3BEleHHEM COOOLIEHUI, W C JIOABMY, OTPHUIAIOUUMU, YTO
OHMY TIOCHLTIAIN JTaHHBIe coolOIenus [33].

BonpmuHCTBO 1po6eM 6e30IIaCHOCTH BBI3BIBAIOTCA 3JI0YMBINIIEHHUKAMU,
IIBITAIONIMMUCA U3BJIeYb KaKylo- JMOO IOIB3y [Id ceOf WIM NPUYMHUTH Bpes
IpyTHM.

ITpo6rembr Ge30mMacHOCTH ceTeil MOTYT OBITH I'Py0O pasfeseHbl Ha YeThIpe
IepeceKaromyecs OOJACTH: CeKPeTHOCTb, ayTeHTuUKaIud, obecledeHue
CTPOTOTO BBIIIOJIHEHUS 00s3aTeIbCTB U obecredeHue 1eqoCTHOCTH. CeKpeTHOCTSH
O3HAYaeT IIpeJOTBpallleHre ITOIaJaHuA MHPOPMAIUU B PYKH HEaBTOPU30BAHHBIX
nmosnb3oBaresneil [40]. MiMeHHO 3TO OGBIYHO MHOTHM IPUXOAUT B TOJIOBY IIpHU
yIOMUHAHUY 6e30IIacHOCTU ceTeil. AyTeHTH(MUKAIUA II03BOJISET OIpeelnuTh, C
KeM BBl pas3roBapuBaeTe, IpeXJe YeM IIPeJOCTABUTh COOeCeZHUKY MOCTYIl K
CeKpeTHOW MH(MOPMALMH WIX BCTYIIUTh C HUM B JleJIOBble OTHOIIeHu:A. [IpoGrema
obecIieyeHNsI CTPOTOTO BBHIIIOJTHEHUS 00513aTeNIbCTB UMeeT ZieIo ¢ nogunucamu. Kak
ZOKa3aTh, YTO BAlll KJIMEHT AeHCTBUTEIFHO IIPUCIIAI DJIEKTPOHHOM ITOYTOH 3aKa3 IO
IOTOBOPOYHOH IleHe, eC/IX BIOCIEJCTBUM OH yTBEPXKZAET, YTO lieHa ObLIa COBCEM
npyroii? HakoHell, Kak MOXXHO OBITh yBepEHHBIM, YTO IIPHHATOE BAMH COOOILIEHHE
He MO/ ieTaHO ¥ He MOANGUIMPOBAHHO IO ITyTH 3JI0YMBIIIIEHHUKOM?

3ajayy 3TOH TPYNIBI BKJIIOYAIOT B ceOs, KaK OBLIO y)Ke CKa3aHO BHIIIE,
KOHTpOJIb JOCTYIIa K pecypcaM ceTH (JaHHBIM U OOOPYZOBAHUIO) M COXpaHEHHE
IIeJIOCTHOCTU JAHHBIX IIPM MX XpaHEHHH U Ilepejade dYepe3 ceTb. bBa3oBbIMU
5JIeMEHTaMU yIpaBIeHUA 0e30IIaCHOCTHIO ABJIAIOTCS IPOLeyPhl ayTeHTU(PUKALNHI
IIOJIb30BaTesIeil, Ha3HAaYeHWe U IIpOBepKa IIpaB JOCTylla K pecypcaM CeTH,

pacIipesiesieHHe U NMOAAep:KKa Kiltouell mu@poBaHus, YIIpaBIeHU IOTHOMOYUAMHI
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u T. m. YacTo QyHKIMM 3TOH TPyIIBl He BKIIOYAIOTCA B CHUCTEMBI yIIpaBIeHUA
CeTAMM, a peanqusyloTcsi JuOO0 B BHUIE CIELMAIBHBIX INPOLYKTOB (Hampumep,
CHCTeMBbI ayTeHTHUKauumu u asBropusanuu Kerberos, pasjuyHBIX 3aIlIUTHBIX
9KpaHOB, CHCTeM IIH(POBAHHUA NAHHBIX), JHOO BXOAAT B COCTAaB OIEPAIMOHHBIX

CHUCTEM M CUCTEMHBIX HPHJIO)I(EHI/IfI.

1.6. Yuer paGoTsI ceTn

3azauy 5TON TPYIIIBI 3aHUMAIOTCA PerHCTpaliell BpeMeHH HCIOIb30BaHMA
Pa3JIMYHBIX PECYpPCOB CETU - YCTPOMCTB, KaHAJIOB U TPAHCIOPTHBIX CIYX0. DTH
3a/1a4M MMEIOT JIeJI0 C TAKMMHU IOHATHUAMHY, KaK BpeMs HCIIOJIb30BAHMA CIIY>KOBI U
maara 3a pecypcest — billing [16]. Beuzsy cienuduyeckoro xapakTepa OILIAaTHI yCIYT
y PasJMYHBIX IIOCTAaBUIMKOB U PA3IUYHBIME (OPMaMHU COTJALIeHUA 00 ypOBHE
yCIIyT, 3Ta rpymnna GyHKIWH OOBIYHO He BKJIIOYAeTCA B KOMMepUYeCKUe CHCTEMBI U
IIaTGOPMBI yIpaBIeHHs, a peaju3yeTcs B 3aKa3HBIX CHCTeMaX, pa3pabaTsIBaeMBbIX
I KOHKPeTHOTO 3aKa3uMKa.

Mogenp ynpasrenus OSI He femaeT pasnuuuii MeXAy YIIPaBIAeMBIMHU
00BbeKTaMH- KaHaJaMU, CeTMEHTaMHU JIOKAJIBHBIX CeTel, MOCTaMH, KOMMYTaTOpaMU
M MapUIpPyTHU3aTOPaMH, MOJAeMaMH U MYJIbTUIUIEKCOPAMH, allapaTHBIM U
ImporpaMMHbIM obecmedeHueM KomubioTepoB, CYBJ/l. Bce ot 06BeKTHI
yIpaBleHHUs BXOAAT B OOlllee IIOHATHE «CHCTEMa», M yIIpaBifeMas CHUCTeMa
B3aHMOZEHMCTBYET C YIPaBJIAIONIel CHCTeMOM 10 OTKPHITHIM IIpoToKoaam OSI.

Hixe mpuBezena Tabnuua GyHKIIMOHATBHBIX TPYII CHUCTEM YIIPAaBIeHUA

CeTaAMMU.
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Sa,zga‘m YIIpaBJI€HU I YTO BBIIIOJIHAIOT 3a YTO OTBEYAIOT

Omnpegenaiorcs cereBsle | OTBeYaloT 3a MOAIEPKKY
Yupasnenue koHbUTypauei
azipeca, IM€Ha, reorpa- | MapuUIPyTOB ¥ BUPTYajb-
CeTU U UMEeHOBaHHEM
bruexoe MOIOXKEHHE HBIX ITyTel

Bs1aB410T, OIIpesiennaioT
OO6HapyXHUBaIOT, peruc-
U YCTPaHHAIOT ITOCTIe] -
O6paboTka omunbox TPUPYIOT U QUIBTPYIOT
cTBUA cOOEB U OTKA30B B
omunoOKu
cetn

AHaTH3UPYIOT HAKOII-
O6ecneqnBaroT IPOU3BO-

Amnanus IIPONU3BOAUTEIBPHOCTH | JIEHHYIO CTaTUCTHYIEC—

IUTETBHOCTh U HaZEX-
U HaJIeXKHOCTH KYI0 HH(OPMAIUIO O
HOCTb CEeTH
COCTOSTHUU CETH

CoxpaHeHue 11€JI0CTHOC-

KoHuTponupyloT focTynl | TH JAHHBIX IPU UX XpaHe-
YrpasieHue 6e3011aCHOCTBIO
K pecypcaM ceTH HUMY U Ilepefiade depes

CeTh.

Perucrpupyor Bpemsa
YueT paboTsI ceTn MCHoab30BaHusA pasnuy- | [lmara 3a pecypcer

HBIX PeCypCOB CeTH

TaGHHHa 1. (DYHKHI/IOHHJIBHBIG T'pyIIIbl CUCTEM YIIPDABJIE€HUA CETAMUN

1.7 ITocramoBka 3agaum

I/ICXO,II;H M3 BCEro BhIIMIE€CKA3aHHOIO CTAHOBHUTCA ACHBIM, 4YTO [Jd4d

IIOBBINIE€HM ITPOU3BOAUTETIBHOCTH KOMHLIOTGPHOfI ceTH U obecleyeHus KayecTBa
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OOCTy>)XMBaHHSA Ha OIpeJieleHHOM YpOBHe HeOOXOJMMO OCYIIeCTBIeHHe 3a/ad
yIIpaBJIeHUS CETH.

Ha ceropguamHuii 1eHb MpembABIAIOTCA BBICOKHME TPeOOBAHMA K Kad4eCTBY
obcryxuBanusa. PyHKIMM KadecTBa OOCTY>KMBAHHMA B CeTAX 3aKIIOYAeTCA B
obecreyeHNN TapaHTHPOBAHHOTO M AuddepeHINPOBaHHOTO O06CIYXUBAHUA
cereBoro tTpaduka. QoS mpencraBiger cob6oit HabOp TpeGOBAHUIL, IIPeBABIIEMBIX
K pecypcaM CeTH IIpU TPAaHCIOPTHPOBKE IIOTOKA JIAHHBIX, M oOOeclieynBaeT
CKBO3HYIO TapaHTHIO IlepeflauyM JAHHBIX M OCHOBAHHBIM Ha CHCTeMe IIPaBUII
KOHTPOJIb 33 CPeZCTBAaMH IIOBBIIIEHMSA IPOM3BOJUTENBHOCTH CETH, TAKMMHU, Kak
MeXaHHU3M paclpefieleHUs PecypcoB, KOMMYTAllusA, MapIIPyTH3aLlHs, MeXaHU3MBbI
0OCITy>XKMBaHUA Oodepesieil 1 MeXaHU3MbI OTOPacHIBAHHA IIAKETOB.

Bricokas NpOM3BOAZMTENBHOCTH - 3TO OJHO U3 OCHOBHBIX CBOMCTB
pacIpesieIeHHBIX CHCTeM, K KOTOPBIM OTHOCATCA KOMIIBIOTEDHBIE CeTH. OTO
CBOMCTBO oOOecrieymBaeTCs BO3MOXKHOCTBIO Ppacllapaj/IeIMBAHUA PaboOT MeXIy
HeCKOJIBKMMM KOMIIbIoTepaMu ceTH. K coXayleHuIo, 3Ty BO3MOXXHOCTh He BCeTa
ymaerca peanusoBaTh. CyIlecTByeT HECKOJIBKO OCHOBHBIX XapaKTepPHCTHUK
IIPOM3BOJUTEIFHOCTH CeTH: BpeMs pPeaKIUH, IPOITyCKHasA CIIOCOOHOCTD U 3aZiepKKa
nepesavm.

ITpomyckHas CIHOCOGHOCTH OTpaXkKaeT O0BEM IAHHBIX, IIEePeJaHHBIX CETBHIO
WJIU ee JacThIO B eJUHUIy BpeMeHH. IIpomycKkHas cIIoCOOHOCTE ykKe He ABIAeTCA
IIOJIF30BATeIbCKOM  XapaKTePUCTHKOM, TaK KaK OHA TOBOPUT O CKOPOCTH
BBIIIOJTHEHUA BHYTPEHHMX OII€pallUii CeTH - Ilepe/auyd IIaKeTOB JAHHBIX MEXIY
y3JIaMH CeTH depe3 pa3IUYHble KOMMYHHUKAI[HOHHBIE YCTPOMCTBA. 3aTO OHa
HEIIOCPeICTBeHHO XapaKTepHU3yeT Ka4eCTBO BRIIIOJTHEHHA OCHOBHOU QYyHKIMM CETH
- TPAHCIIOPTHPOBKU COOOLIEHMI - M IIOITOMY dYallle MCIOJB3yeTCa IPH aHaJH3e
IIPOM3BOIUTENIBHOCTY CETH, YeM BPeMs PeaKIIHH.

3azepXKa Iepeflayl OIpeZieNdeTcs KaK 3aJepXKKa MeXJy MOMeHTOM
IIOCTYIIJIEHHS ITaKeTa Ha BXOJ], KAKOTO-JIN0O0 CeTeBOTO yCTPOMCTBA MJIX YaCTH CETH U

MOMEHTOM IIOABJIEHHMA €ro Ha BBIXOAE OTOTIO YCTPOi/JICTBa. OTOT IIapaMeTp
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IIPOU3BOAUTENBHOCTH II0 CMBICTy OJIM30K KO BpEeMEHU peakIUu CeTH, HO
OTJIMYaeTCs TeM, YTO BCErJa XapaKTepusyeT TOJIBKO CeTeBble 3Tambl 00pabOTKHU
IAHHBIX, 6e3 3aeprxeK 00paboTKYU KOMIIBIOTEPAMHU CETH.

MoXHO  OTMETHUTH, YTO [Jjid IIOBBIIIEHUS  IIPOU3BOAUTEIBHOCTU
KOMITBIOTEPHOM CeTH OZHHM U3 3HAYUTEIBbHBIX aCIIeKTOB yIIPaBJIeHUA ABJIACTCI
yIpaBleHUe KOH(MUTYpHUpOBaHMEM U IIOMMEHOBAaHMEM CeTH, a HMEHHO 37eCh
MOXKHO BBIJ@JIUTH BOIIPOCHI MapIIPyTH3allUM U YIIPaBIeHUA IIOTOKaMU. To ke
caMoe MOXHO CKa3aTh C TOYKH 3peHH KauecTBa oOCIyxuBaHuA. Mapmpyrusanmus
Ha ocHOBe QOS - 5TO MeXaHW3M MapUIPyTU3AIUH, B COOTBETCTBUH C KOTOPHIM ITyTH
IJ1 TIOTOKOB Tpa(uKa oIlpeZiesIAI0TCSA Ha OCHOBE HEKOTOPBIX CBeZeHUI 0 HaTUIUH
PeCypCOB CeTH X Ha OCHOBe TpeOOBAHUII IIOTOKOB K Ka4eCTBY OOCITy>KMBAHHA, & DTO
B CBOIO OuYepesb /aeT BO3MOXHOCTh JOOUTBCA HAWIYYNIMX IIOKa3aTesed
MapUIPyTU3AI AU U, COOTBETCTBEHHO, YIIPAaBJI€HMUA IIOTOKAMHU.

Kak w3BecTHO, CyljecTByeT MHOXECTBO Pa3JIMYHBIX MapIIPYTHU3AIUH,
KOTOpBIe IpecaefyloT pa3lIudHbIe IIejId, HallpuMep, AOCTIDKeHHe MUHHUMAJIbHOTO
IIyTH, HAaUMeHbIIeH 3alepXKH, obecledeHHe HAWIydllell IPOITYyCKHOH
coco6HOCTH U T.7I. HO B KOHKTpeTHOM CiIydae O4eHb TPYLHO OBIBAET OIIPeZeIUTh,
KaKasd MapHIpyTH3alud JacT HaWIydllde pe3yJIbTaThl, II03TOMY BO3HHKAaeT 3aJjada
omnpezeseHUs ONTHUMaJIbHOM MapIIPyTH3allM{, a 3aTeM yIpaBJIeHHA IIOTOKaMU B
COYeTaHUHU STOU ONTUMAJIbHON MaplIpyTU3aLei.

IlostoMmy B pmaHHOHM JAHCCepTalMOHON paboTe 3azadya ITOBBIIEHUS
IIPOU3BOAUTENIBHOCTH CETH IIOCTaBIeHa CIeAYIOmUM 06pa3om:

1. ompezenuTh ONTHUMaJIBHYIO MAapLIPyTH3AIIUIO C YYETOM IIOTOKOB CeTH,

IIPOITYCKHOI CIIOCOGHOCTH U 3a/I€PKKH,
2. pemuTh 3a7avy YIpaBJIeHHSA ITOTOKAMH B COYETAaHHU C ONTHMAIbHOM

MaplIpyTH3aluen.
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I'maBa 2. Mapumpyrusanys

2.1 OcHOBHEIE TOHATUA

Ilog  mapmpyrusauueif IIOHMMAlOT BBIOOP  HEIPEpPBIBHOTO  IIYTH
(BKJIIOYAIOIIETO HECKOJIBKO IIPOMEXXYTOUHBIX JIMHUN CETH) MEX/IY JTIOOBIMU JBYM
y3namMu ceTu (MCTOYHHMKOM M IpueMHuKOM). OO6BIYHO, 111 BeIGOpa MapuIpyTa
HCIIOJIBb3YeTCA JOBOJIBHO CJIOXHBIN HabOp alrOpPUTMOB, KOTOphIe paboraior Goiee
WY MeHee He3aBHCHMO, XOTs U oOMeHMBaioTca mHpopmauuei. Ero croxHoCTH
oOycjIOB/IeHa PAZOM IIPUYMH: MapIIpyTHU3anus TpeOyeT KOOPAWHAIMU PabOTHI
BCEX y3JIOB CETH; CHCTeMa MAapUIPyTH3allU{ [OJDKHA CIIPABUTHCA C BBIXOJOM M3
CTPOsI JUHUY WIK Y3JI0B IIyTeM IepeHampapieHus tpabuka u oOHOBIeHUs (a3
IAHHBIX, UCIIOIb3yeMbIX CUCTEMOI; /IS JOCTYDKEHUS HAaWIYYIINX XapaKTePUCTHUK
QITOPUTM MapUIPYTHU3aI[Ud MOXXET M3MEHUTh MApIIPYTH, KOIJA HEKOTOphIe
006JIaCTH CETU CTAaHOBATCS IT€pPeTPy>KeHHBIMH.

3azava MapuUIpyTH3al[iy MMeeT ABa aclleKTa: IepBbIM KacaeTcs BbIOOpa
MapIIPyTOB IJIS AOCTIDKEHHUS HAWIYYIINX XapaKTEPUCTHK, a BTOPOH COCTOUT B
PacIpOCTpaHEHUM MEXIy BCEeMH y3JIaMU CeTH MHGOpMaLMH, HeOOXOLUMOH It
BbIOOpa MapuIpyTa.

ANTOPUTM MapuUIPpYTH3aI[M{ BBIIOTHIET [ABe IJIaBHble (DYHKIIMU: BBIOOD
MapIIPyTOB [ Pa3IUYHBIX Iap OTIPaBUTENTb - azpecaT U obecredyeHe
IIPaBUJIBHOM J[OCTaBKM COOOLIEHWH WX afpecaTy IIOCJIe TOTO, KaK BbIOPaHBEI
MapipyTsl. Bropas dyHKIuA Ha3bIBaeTCI KOMMYTaIueil ¥ 00eCIIeYNBAeTCS IIyTeM
WCIOJIB30BAHMA PA3JIMYHBIX IPOTOKOJIOB U CTPYKTYp MAaHHBIX (Ha3bIBA€MBIX
MapIIPYTHHIMU TaOIHULIAMH).

Boobme MOXHO CKasaTh, 4YTO MapuIPyT, IPOKJIAAbIBAEMBIH B CeTH,
peanusyeTcs B BUZe IIyTeBOIH IpOleAyphl Ha KOMMYTaLMOHHOM cpezme. CHCTeMBI
KOMMYTallUM CeTell IIOZpasfenfloTCs Ha [Ba KjIacca: CHCTeMa KOMMYTaLUH

KdaH4JIOB U CHCT€Md KOMMYTAdIIlIH COO6H.L€HI/II‘/JI uau naketoB. OCHOBHOE OTIHYIE
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S9THUX KJIACCOB COCTOMT B CJeAyIOIleM: IIPM KOMMYTallMM KaHAaJIOB MeXZIy
HCTOYHUKOM HMHGpOpMAUM U  afipecaToM C IIOMOIIBI0 KOMMYTAaTOPOB
yCTaHaBIMBAETCA HEIOCPeJCTBeHHAasd JIMHUA CBA3M, II0 KOTOPOH M BeZJeTcd
nmepesava. IIpy KoMMyTanuu cooOLleHMI MCTOYHUK M afpecaT He COeZMHAIOTCS
NIpAMOM JIVMHHEN CBA3M, U Ilepefiada BeJeTCa Yepe3 pAf, IPOMeXyTOYHBIX ITyHKTOB.
[na mepemaum wHGOpMAanMM B MaruCTpajJbHON CeTM B HacTodllee BpeMd
IIOBCeMECTHO MCIIOIB3YyIOT MeTOJ, KOMMYTallUM IIaKeTOB, B COOTBeTCTBUH C
KOTOPBIM II€pe/jaBaeMble COOOLIeHN (MaCCHUBBI JAHHBIX, YIIPABJIAIONIYE CUTHAIBI U
Ip.) pasbMBAIOTCA HA OTZHe/NbHble KOMMYTHpyeMble B IIPOMEXYTOYHBIX Y3JIaxX
60ku, HaspiBaeMble makeramMu. CyIIecTBYIOT [Be OCHOBHBIE KOHIENIINHU

IIOCTpOEHU IIpOLEAYD IIepeld9M IIAKETOB B CETH.

ITaker oT
n —» MOJIB30BATENA 11

Puc. 2.1.1. MapmpyTusanus B fefiTarpaMMHOI CETH.

HepBaﬂ KOHIIEeIIIIrA OCHOBAHA HaA TIOJTHOW He3aBUCUMOCTH KaXaI0ro u3
IIaKETOB (;La»(e €CJIM OHHU 9aCTHU OOHOTO COO6H.L€HI/IH) 1 0OCTaBKe X K IIOJIy49dTeJIio,

B O6H.L€M CIy4d€, pPaA3JM9IHBIMH MApPIIPYyTdMH, OIIpe€AeIsa€MbIMHN CJIOXKHUBIIEHCS
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IUHAaMU4YeCKoi cutyarueii B cetu. [l obecrieyeHrs He3aBUCUMOI Iepesavyu IO
CeTH B KaXXJbIM ITaKeT BKJIIOYAETCsA IIOJHBIM 3ar0JIOBOK C aJpecoM IIoJydarTessd U
HeOOXOZVIMBIMU CIy>KeOHBIMM MapIIpyTaMHu (CeTeBBIMH IIpU3HAKaMu). lakue
TIaKeThl Ha3bIBAIOTCA JleTarpaMMaMHM, & COBOKYIIHOCTE IIpOIelyp YIIPaBJI€HHUI HX
mmepezaveii IO CETH - JefTarpaMMHOIt ciryx60it (puc. 2.1.1).

Bropas koHmemuua mpezonaraeT IpeABapuTelbHOe YCTaHOBJIEHHUE
MapuipyTa Ilepefadd BCEro COOOIIeHWS OT OTIPaBUTeNA A0 IIOJydareni C
IIOMOIIBIO CIEIIUATBHOTO CIYKeOHOTO IIaKeTa - 3aIpoca Ha coeguHeHHe. MapmpyT
B CJIy4yae COIJIACHS IOJydaTess 3aKpeIUIIeTcs AJIs BCero IocieAyoouero rpadpuka
Y IOJly49aeT HOMEP COOTBETCTBYIOIIETO BHUPTYaJbHOTO KaHala (COeSUHEHUA) A
KCIIOJIB30BAHUA €Tr0 APYTUMU IIaKeTaMH TOTO XKe COOOILIeHUs, IepejaBaeMbIMU II0
ToMy ke azpecy. COBOKYyIIHOCTB IIpOIefyp, OOCIY>KHMBAIOIINX BUPTyaJIbHBIE

coenuHeHUs, 0O6pasyeT CIy>K0y BUPTyalbHBIX coequHenuit (puc. 2.1.2.).

ITaker ot

II0JIB30BaTEJIAd 11

Puc.2.1.2. MapurpyTusauus B CETH C BUPTYyaJIbHBIMU LIETIAMU.
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ITakeTs!, mepemaBaeMble IIO OZHOMY BHPTYaJIbHOMY COeZVHEHWIO, He
ABJIAIOTCA HE3aBUCHUMBIMH U, II0O3TOMY, BKJIIOYAIOT COKpAIeHHBIH 3arojIoBOK,
CoZlepKaliuii MOPSAJKOBBIN HOMED ITaKeTa B COCTaBe OHOTO COOOLeHUs (J1aora).

[TpeumyecTBO pexxruMa BUPTYaJbHBIX COeJUHEHUH Iepe AeiiTarpaMMHOI
CIIy>K00¥ 3aKJII09aeTCa B 00eCIieYeHUH YIIOPALOYEeHHOCTH IAaKeTOB, IIOCTYTIAIOMUX
IIO afipecy IOJIy4aTesis, U CPaBHUTEJIBHOM IIPOCTOTEe yIIpaBJIeHUs IIOTOKOM JaHHBIX
BJIOJIb MaplIpyTa B IeJAX OIPaHHMYeHUd HArpPy3KM B CETH U BO3MOXHOCTH
IIpeZiBApUTEILHOTO pe3epBHPOBAaHUA PEeCypcOB IAaMATH Ha y3JIaX KOMMYTalluH,
BXoAAmux B MapmpyT. K HezmocraTkam pexmMma BHUPTyaJbHBIX COeJUHEHUM
cjlelyeT OTHECTH CYIIEeCTBEHHO OOJIBLIYIO CIIOKHOCTH peann3aliuy, 3HaYUTEeTbHBIE
HakJIafiHble PACXOAbl JJI YCTAaHOBJIEHUA U pazbeJUHEHUS COeJUHEHUN u
OTCyTCTBHe BO3ZelCTBUA W3MeHHUBIIeHcAd CHUTyalMM B CeTH Ha MapUIpyT
BUPTYaJIbHBIX COeJMHeHUH. B HacTosmee BpeMs HeT YCTOABIIETOCA eAMHOTO
MHEHMS OTHOCHUTeJIBHO JOCTOMHCTB U HEJJOCTAaTKOB PEXUMOB JeHTarpaMMHOM
CIIy>KOBI ¥ BUPTYyaJIBHBIX COeJUHEHUI, U ITI09TOMY CYIIEeCTBYIOLINe PeKOMEHJAIH,
KaK IIPaBHJIO, OPUEHTHPOBAHHBI HAa IIPUMeHeHUe OOOUX PeXXUMOB, IIPeJOCTaBIIASL
II0JIB30BATEIIO IIPAaBO BBIOOpA OJHOTO M3 HUX WJIM HCIIOJIB30BAaHUA 000uX cpasy. B
CJIydasx, KOTJja CeTh OPUEHTHPOBAHHA Ha Ilepefady IPeUMYILIeCTBEHHO OOJIBIINX
MacCUBOB [JAaHHBIX, IIPeAIIOYTHUTeIbHee MCIOJb30BaTh PEXUM BHUPTYaTIbHBIX
COeIVHEeHWH, IIOCKOJIBKY OH 00eCIleYMBaeT YIOPAJOYEHHOCTh IIOCTYILIEHUS
maketoB agpecary. IIpum obMeHe IpenMyIIeCTBEHHO KOPOTKHMMH COOOINEHHAMU
BBITOZIHEE HCIIOJIB30BAaTh JeHTarpaMMHYIO CiIyx0y. ODTo 1o3BossgeT Ooiee
3¢ GEKTUBHO MCIIOIB30BATh IIPOIYCKHYIO CIOCOOHOCTD CETH.

B cnyuae pmeiiTarpaMMHOI Ilepefauy MapIIpyTHU3allds OCYIIEeCTBIAeTCA Ha
Ka)KJIOM IlIare IIepejadH, a B Ciydae CeTH C BUPTYaJbHBIM COeVHeHUEM aJTOPUTM
MapIIPyTH3aLMM MCIIOJNB3yeTCA I BBIOOpa IIyTH IO CEeTH JJI1 JAaHHOTO

BHUPTYaJIBHOTO CO€IMTHEHA.
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2.2 Kinaccuduxanys MapuIpyTH3auii

PaspaGorano 6osblioe YKUCIO aJTOPUTMOB MapuUIpyTH3aluu. Bce aTH
QJITOPUTMBI MOTYT OBITh KJIACCH(UIIMPOBAHHBI II0 THIIAM. B KayecTBe OCHOBBI [
KraccupuKamuy BbIOepeM CllefyIoUIuie XapaKTePUCTUKU: MeTOJ, YIIpaBIeHUd
IIOTOKOM IlepefiaBaeMO¥ WHGOPMAIINH, CIIOCOO NMPUHATHUA peIleHHs IIPU BbIOOpe
MapIIPyTOB, CIIOCO0 OOHOBJIIEHUA MapIIPYyTHOH MH(OPMAIUU U CIOCO0 Iepesadu
IIaKeTOB.

C yueroM BBINIEIIePeYUCIEHHBIX XapaKTEePUCTUK MOXHO IIPUBECTH

CJIeyIOolIye OCHOBHBIE THIIBI Mapiipyrusauuii (puc.2.2.1):

LenTpanusoBanusle 1
JleLleHTPaIN30BaHHbIE

CroxacTuyeckue u
JeTepPMUHIPOBAHHbL

A

OpnoypoBHEBBIE U
nepapxXuyecKue

CraTuveckue u
IUHAMUYECKHe

OcHOBHBIE TUITBI MapUIPYTHU3AIMH

MapmpyTuzanus

Hampasnennsie u
arpasie € XOCTOM U

HEeHaIIpaBJI€HHbIE

MapIIpyTH3aTOPOM
HeHaIpaBIeHHbIe

menanNYuuaArvme

OpHomyTeBbIe U
MHOTOITyTeBbIE

Bryrpu u
MeXX/IOMEeHHBIe

Puc. 2.2.1. Knaccuduxanya MapmpyTusamuii

e CTaTHUYecKue U AMHAMUYeCcKUe;
® IIeHTpPAJIU30BaHHEIE, JelleHTPaIN30BaHHbIe U CMEIIaHHBIE;
® (CTOXaCTHUYeCKHue U JeTepMUHUPOBAHHEIE;

® OJHOYPOBHEBhHIE U HepapXHIeCKUe;

e HamIpaBJeHHbIe U HeHAIIpaBJIeHHBIE;

® OJHOIIYTEBbIE€ 1 MHOI'OIIYTEBBIE,
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® BHYTPH U MeX/OMEHHBbIE;

¢ MapUIPYTHU3aIlUM XOCTOM U MapUIPYTU3aTOPOM;
¢ KaHaJIbHBIE, BEKTOPHbIE U IPUHYAUTEIbHBIE;

® (CTaTUYecKue U JUHaMHU4ecKue.

Ilpu crarudyeckoil MapIIPyTH3aLMM TaOauIla MapuIPyTHU3AI[UU CO3JAeTC
IIpU HACTpPOMKe MapUIPyTH3aTOpa M He Hu3MeHAeTCA AWHaMU4YecKd. Bpemsa or
BpeMeHH aJMHHUCTPATOP CeTH MOXKeT KOPPeKTHPOBaTh ee BpyuHylo. CTaTuyeckas
MapuIpyTHU3alud He B COCTOSHHUU OIEePaTUBHO CIeJ0BaTh BCeM HM3MEHEHUAM CeTH,
IIO3TOMY €e pefKO HCIOoNb3yloT. IIpocreiimum mnpumMepoM TaKoro moAxoja
SBJISETCS QITOPUTM BBIOOpA KpaTyaiIlero ImyTH.

ANTOPUTMBI JUHAMUYECKON MapIIPYTU3AIUK CIIOCOOHBI aJallTHPOBATHCA K
U3MeHeHUAM KOHQUTypalluu CeTH, IOJTOMY OHU O4YeHb IHPOKO IPHUMEHSIIOTCH.
ANTOpPUTMBI JWHAMHYECKOM MapIIPyTH3aIliM OCHOBBIBAIOTCA HA M3MEHEHHUAX
BpeMeH 3aJiepXKeK JTUH ouepe/d, UHTeHCUBHOCTH IIOTOKOB C y4eTOM WHGpOpMaIuu
He 0 BCeli CeTH, a TOJIBKO O OJIM3JIeXaIIHX y3IaxX.

ITpu meHTpasM30BaHHOI MapUIPYTH3ALUK BCe TAOIHIBI MapUIPyTH3aLUU
COCTaBIAIOTCA B OJHOM MecTe, OOBIYHO HMMeHYeMOM IIeHTPOM YIIpaBJIeHHI
MapuIpyTH3anueil, W paclpefendioTca CpeJyd MapLIPyTH3aTOPOB. OJTa CXeMa
BBITOZHA TeM, YTO BCe MAapLIPYTU3aTOPhl MMEIOT O0llee IIpe/CTaBIeHHE O CETH,
IIOCKOJMBKY WX  Ta0JWIBl  MapIIPYyTU3allU¥  OAMHAKOBBI, KpOME  TOTO
BBIYHCJINTEIbHBIE PEeCypPCHI cOCpefoToueHHl B ogHOM MecTe. Ciaboe MecTo 3TOM
CXeMBI - LIeHTP yIIpaBJIeHUd MaplUIpyTHU3alyeli, 0TKa3 KOTOPOrO MOXKeT OCTaHOBUTH
BcIo ceTh. Kpome Toro, 3Be3sooOpasHas TOIOMOrUA (C IEHTPOM YIIpaBIeHHUS
MapIIpyTH3alueil B cepeiunHe) TpeOyeT BBICOKOCKOPOCTHBIX JMHMH. Beiroma or
CHHXPOHHM3AIIMM  TAaOJHI, BCeX MAapIIPyTHU3aTOPOB  3aYacTyl0  HECKOJBKO
YMEHBIIAeTCA OT TOTO, YTO B OOJIBIIMX CETAX MAapIIPYTH3aTOPHI, PACIOIOXKEHHBIE
OnrKe K LIEHTPY yIpaBJeHHUs, IOJIY4YaioT HOBBIE TAOJIMIBI TOPa3Zio paHbIIe, YeM

CHJIBPHO YJdJIEHHbBIE IIPEACTABICHNA O CETH.
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B anropurmMax geueHTpasM30BaHHOH MapUIPYyTM3allMM  BBIYMCICHMS
IPBOAATCA HAa HECKOJIBKUX y3jaX. TaGIuIsl MapIIpyTH3allU¥ OOHOBIAIOTCA U3
HECKOJIBKMX MeCT U OIpeJesdiOTCA HEeIOCPeJCTBEHHO B IIPOIeCCe BHIIIOJIHEHUI
myTeBoli  mpouenyprl. IIpumepoM  gJeleHTpanuM30BaHHON  MapuIPyTH3aIlluU
ABIAIOTCA  QITOPUTMBI  JIABUHHOM  MapUIPyTH3alluHu, buKcrpoBaHHOM
MapIIpyTH3aLlUM, pas3BeTBIeHUs Tpaduka (6udypkanmuu) U MapIIPyTH3ALUU
«H[IeaIbHOTO HaOITIolaTe .

ITpu croxacTHM4ecKod MapUIpYyTH3aUMH [JJId TPUHATUA PELIIeHHd O
MapIIpyTe MCHOJIb3YIOT OIleHKHM BpeMeHHU, HeOOXOAMMOTO IJIS JOCTIKeHUS y3JIOB
HasHAYeHWd, IOJyYeHHble U3 HAOMIOZEeHHI 3a IPXOXAEeHHeM COOOLIeHHI depes
y3sl. IIpocTefinrimm mprMepoM CTOXacTHYeCKOI MapIIPyTH3ALMH ABIAETCA BEIOOP
buKCHpPOBaHHBIX IIPABUJI TIepeladll COOOIEeHNH COCeHIM y3/IaM.

B anroputmMax geTepMMHMPOBAaHHON MapUIPYTH3allMM PaCYMTBIBAIOTCS
BpeMeHa, HeOOXOAMMbIe JJIA JOCTYDKEHHUS Y3JI0B HasHAYeHHUS B HIEaTbHBIX, T.e.
HEeMeHAIOUMXCA yCJIOBUAX IO CTPYKType ceTu. [Ipumepom neTepMHHHPOBAaHHOIO
aJITOPUTMA ABJIAETCA AJTOPUTM BBIOOPA MapLIpyTa C HaMMeHbIIeH 3aZlepXKKOH ImIpu
Iepeziadye COOOIIEHUA.

ITpy  HampaBleHHOW  MapUIPyTM3allMM  aJTOPUTM  pacCMaTpHUBaeT
HalpaBJIeHHe IepeJadn.

ITpu HeHanmpaBleHHON  MapIIPYTHM3allMM  aJITOPUTM  pacCMaTpUBaeT
HeHaIlpaBJIeHHYIO nepejavy JTAHHBIX. ITpumepom HeHaIIpaBIeHHOMH
MapUIpyTH3allM{ ABAAETCA aJITOPUTM IO HpPeABIAYIIeMy ONBITYy M MeTO[,
CKOpeMIlel nepesavu.

ITpu ogHOYpOBHEBOH MapIIPyTH3alliK BCe MApIIPYTHU3aTOPBI PAaBHOIIPABHHI,
a IIpY MepapXuyecKoii MapIIpyTU3al MK YaCTh MapIIPyTH3aTOPOB QYHKIMOHUPYIOT
Ha PaBHBIX, HO JOCTYN K JAPYTHM y3JaM OCYyIIeCTBIAETCS TOJBKO 4Yepe3 ONUH
MapuIpyTH3aTop Gojiee BRICOKOTO ypoBHA. PakTHdecku, MapIIpyTU3aTOPhI BEPXHUX
ypOBHe#l Hepapxuu GOPMHPYIOT MeXXCeTeBble MarucTpaau. TakuM o06pasom,

BHYTPHUJAOMEHHAS MAPUIPYTU3dALIHUA ABJISETCA OﬂHOYPOBHEBOﬁ, MeXJAO0OME€HHad -
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VepapXu4ecKod, IIOCKOIbKY TaKeThl, HallpaBJIeHHbIe B IPyTHe JOMeHBI, IPOXOAAT
yepe3 OJMH MarucCTpajJbHBIM Mapurpytusarop. IlakeT, oTmpaBieHHBIN U3
nogzomena M1 unu M2, u mokuparomuit gomeH depes M3, mapuipyTusupyercs
VepapXudecKH.

ITpu opHOIyTeBOIl MapIIPyTH3aIMU KaXAOMY afipecaTy COOTBETCTBYeT
TOJIBKO OJUH ITyTh. 332 CUET 3TOTO COKpPAIAeTCsA pasMep TAaOIUIbI MapIIPYTH3ALUH.

B anropurmMax MHOromyTeBOH MapIIpyTH3allUM IJIS KaKJOTrO ajpecara
BBIYMCJIAETCA HECKOJBKO IIyTell. DTO IIO3BOJIAET OITHMAJIbHO HCIIOIb30BATh
eMKOCTh KaHaja CBA3M M IIOBBICHTH OOLIYI0 IIPOITyCKHYIO CIIOCOOHOCTB.
JomonHurensHO — obecreynBaeTcs  HEKOTOpas  OTKAa30yCTOMYMBOCTH  CETH.
HezmocTaTok MHOTOIIYyTEBOM CXeMbI B TOM,YTO TaOIUIIBI MApPIIPYTU3AIUY 3aHIMAIOT
60BLION OOBEM, a CAMH AJITOPUTMBI CTAHOBATCS CIOXKHee.

ITpu MapuIpyTH3anuy XOCTOM B KaXXJOM IIaKeTe KpOMe afipeca IOoJydaTess
yKazaH TIIOJTHBIM CIOMCOK Y37I0B, COCTAaBAAIONMX MapmpyT makera. OHnu
IepevyrCcIeHbl B MOpAAKe IIPOXOXKJAeHud Iakera. llpu sToM MapurpyTusaTop
CIy’KUT IIPOCTO IIpMeMHO-ITIepeJaBalollUM YCTPOMCTBOM. OJTa CXeMa TaKxXe
M3BeCTHA KaK MapuIpyTusamusa ucrouyHuka. CHavalza XOCT TeHepupyeT
CIIeIMaJbHBIM TIaKeT M OTIPAaBJIgeT ero IO BCeM K3BeCTHBIM €My MapIIpyTaM.
Kaxxzprit MapmpyTusaTop, IpUHAB TaKOH IaKeT, [oOaBIsgeT B HETO 3allUCh O cebe 1
paccpLIaeT IO BCeM MapIIpyTaM, O KOTOPBIX 3HaeT caM. B rTakoii cxeme azpecar
MHOI/Ia IIOJMyYaeT HECKOJBKO IIaKeTOB, IIPH DTOM BCe OHU OTCBUIAIOTCA OOpPaTHO
OTIIPAaBUTEJIIO, KOTOPBIH M3y4aeT ITyTH MX CJIeJJOBAHUA U BEIOMpAET ONTUMAIbHBII.
JTO - 3HAaYUMOe NPeUMYIIEeCTBO, a HeJJOCTaTOK B TOM, YTO MeXaHU3M OIlpeJieIeHUs
myTeil HaBOJHAET CeTh IIaKeTaMU JAHHBIX. [akasd MapIIpyTH3alys HUCIIOIb3yeTCs
HeJacTo.

ITpu MapmpyTH3anuy MapIIPyTH3aTOPOM XOCT IIPOCTO OTIIPaBIAeT IIaKeT
ITAHHBIX HA afpec Ioydareind. MapupyTusaTopsl caMH IIPOBOAAT BBIYMCIEHUS U

OIIpenesIAoT ,I[aJILHefIlHI/Iﬁ IIyTh IIaKeTa. B sT0it cxeme Bce pemeHnA IpUHHUMAIOT
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MapIIPyTH3aTOpPBl. OTH MapLIPYTHU3alliM MOTYT OBITh KaHaJIbHAafA, BEKTOPHAs U
NIpUHYAUTe/IbHAA.

ITpn xaHanAPHOII MapIIPYTHU3aLVK MAapLIPyTH3aTOpP MIMPOKOBENIATeIbHO
paccpUIaeT CIMCOK y3JI0B, OTPAXAOIMI COCTOAHME KaHajla, K KOTOPBIM
mozkIiodeH. IIpu Takoit cxeme MapIIpyTHU3aTOPBI OTIPABIAIOT MaJIeHbKHE 00beMBbI
vHpOpMAIMM  MHOXECTBy  y37I0B 00 WM3MeHEeHMM COCTOSHUA  KaHaa.
MapimpyTusaTop, MHCIOIB3YIOUMH BEKTOPHBIM aJTOPUTM, PacChLIaeT IIOJTHYIO
TabIUIy MapLIPyTH3alMM, HO TOJABKO cBouM cocefaM. CyTe BeKTOPHOM
MapHIpyTH3allu¥ B MHWHHMHU3ALUKM 4HCJIA y3JI0B, IIPOXOAMMBIX IIaKeTOM.
ITpoTokoBl IPUHYAUTEIPHON MapIIPYTU3ALUU He YTO MHOe, KaK MOAUGUKAIIUIL
BEKTOPHBIX. OTU QJITOPUTMBI IIpU BBIOOpe MapuIpyTa IIOMHUMO (U3HYEeCKUX
baKTOpOB (YHCIIO TEPEXOZO0B M CTOMMOCTD) YUUTHIBAIOT U ITOJIUTUYECKHE (IeTOBbIe
COTJIALIEHHS C APYTUMHU KOMIIAHUAMU).

Kak BuAHO M3 Bcero BhHIIIECKAa3aHHOTO, BCe OXapaKTepHU30BaHHBIE THUIIBI
MapHIpyTHU3allu OPHMEeHTHUPOBAaHbI Ha ajpecaTa U HCIOJB3YIOT Te WJIU WHEBIe
MeXaHM3MbI M IIapaMeTpsl [Jd JOCTYDKeHHA HaWIydIlero IOKasaTesd IlapaMeTpa

IIpU OCTaBKe HH(POPMAIUH a/pecary.

2.3. IlapameTpsI MapuIpyTH3aLuU

B amropurmax mapmpytusanuu npu GOPMHPOBAaHMM MapIIpyTa MOXKHO
KCIIOJIB30BaTh pa3jIM4YHble ITOKa3aTeIu: JJIMHA MaplIPyTa, HaJe>XHOCTh, 3a/lepXKKa,
IIPOITyCKHAsA CIIOCOOHOCTh, HArpy3Ka, CTOHMMOCTh CBa3u. Mx ke MOXHO
OXapaKTepHU30BaTh KaK OCHOBHBIE IIapaMeTphl, C IIOMOIIBIO KOTOPBIX MOXXHO
OXapaKTepH30BaTh AJITOPUTM J000# Mapmpyrusanuu [38].

JnvHa  Mapumpyra — ABiadeTca — Hambosee  OOmMM  ITOKasaTesIeM
Mapupytusanuu.  HexoTopsle  IpOTOKOABI ~ MapIIPpYyTU3allud  IIO3BOJIAIOT
aZMUHHCTpAaTOpaM CeTH HasHa4yaTh IIPOM3BOJIbHEIE IIeHbI Ha KaXKAbIH KaHa ceTH. B

9TOM CJIy4ae ,I[JIHHOfI TpaKTa ABJIAETCA CYMMd PAdCXOJ0B, CBA3dHHBIX C KaKIbIM

74



KaHaJIOM, KOTOPBIH y4YaBCTBYeT B Iepejade. /Ipyrue ImpoOTOKOJIBI MapuIpyTH3aIUU
OIIpeIesIoT «KOJIMYECTBO IIEPECHLIIIOK», T.€. II0KAa3aTeb, XapaKTePU3YIOIIMIl IHCIIO
IIPOXOZOB, KOTOPhIe ITaKeT NOJDKeH COBEPUIMTH HA IIyTH OT MCTOYHUKA /IO ITYHKTA
Ha3Ha4YeHUA Jepe3 yCTPOUCTBA OObe MHEeHUS CeTel.

ITonr HameXXHOCTBPIO IOHMMAIOT HAZEXHOCTH KaXXJOTO KaHajla CeTH.
HekoTopsle kaHambl ceTM MOTYT OTKa3bIBaTh daule, 4eM gApyrue. OTKassl OfHUX
KaHAJIOB CEeTH MOTYT OBITH YCTPaHEHHI Jlerde MIN OBICTpee, YeM OTKa3bl JPYTHUX
kaHamoB. [Ipy HasHaYeHMN OIEHOK HAZEKHOCTH MOTYT OBITh IPUHATHL B pacdeT
mi06bie  ¢akTopel HaZexHocTH. OOGBIYHO, OIEHKM HAaJe)XXHOCTH Ha3HAYAIOTCA
KaHajaM CeTH aJAMHHUCTpAaTOpaMu ceTH. Hange)XXHOCTh KaHaja OLleHUBAaeTcsa
BeJIMYUHOMN - OH1/0mHOKa.

Ilon 3amepxkoii MapIIPpyTHM3allUM IIOHMMAIOT OTPe30K BpeMeHH,
HeOOXONUMBIN [JI1 IepefBIDKEHUA ITaKeTa OT MUCTOYHUKA J0 IYHKTAa HasHAUYEHUS
yepe3 OOBeIUHEHHYIO CeTh. 3aJlep>KKa 3aBHUCUT OT MHOTHX (aKTOPOB, BKIIOYAsd
II0JIOCY IIPOITyCKAaHUS IIPOMEXYTOYHBIX KaHAJIOB CETH, OYepeyu B IIOPTe KaXKIOTro
MapLIpyTHU3aToOpa Ha IIyTH IIepeBIDKEHMS MaKeTa, IeperpyKeHHOCTh CeTH Ha BCeX
IIPOMEXYTOUYHBIX KaHAJIaX CeTH U (QU3NIecKoe PpacCTOAHHe, Ha KOTOpoe
HeOoOXOZUMO IIepeMeCTUTh IIaKeT, CII0COO IpefOTBpAlleHUs WU pasfeieHue
KOHGIUKTOB 1pu oOMeHe cooOmenwuit. Tak Kak 37ech HMeeT MecCTO
KOHIJIOMepalysd HeCKOJIbKUX BAXKHBIX IIepeMEeHHBIX, 33/lep>KKa ABJIAeTCS Hauboree
OOIIVM U IIOJIE3HBIM ITOKa3aTeIeM.

Ilog TpOmyCKHOH CHOCOGHOCTBIO MOXHO IIOHMMAaTh  KOJHUYECTBO
obcryxuBaHuii. Ho fnd ee OIEHKM MOXXHO TakKKe PpacCMOTPETh IIOJIOCY
mpormyckanus. Ilojoca IpoIyCKaHWS OTHOCHTCA K MMEIOUeiics MOIIHOCTU
TpaduKa KaKOro-nubo KaHama. XOTA IIOJI0CA IIPONYCKAHWA ABIAETCA OIEeHKON
MaKCHUMAaJIbHO JOCTIDKMMOM IIPOIyCKHOHM CIOCOOHOCTM KaHajla, MapIIpyTHl,
IIPOXOAAIIMe Yepe3 KaHajbl C OOJBIIElH IIOJOCOM IIPOIYCKaHUA, He 00s3aTeIbHO
OymyT Jydile MapUIPyTOB, IPOXOAAIIUX dYepe3 MeHee OBICTPOAEHCTByIOLIVE

KaHaJIbI.
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Harpyska mpepcraBisger co00ii IOTOKM WHPOPMAlUM MEXIy IapaMu
o6bexTOoB ceTu. [los IIOTOKOM IOHKMMAIOT COOOLIEHUS, 3aIPOCHI, CHUTHAJIBI,
mepesaBaemMble B ceTH. Ecim aHanusupyeTcs IPOIyCKHAas CIIOCOOHOCTh CETH, TO
PaCCUMUTHIBAIOTCA MAaKCHMajIbHBIE IIOTOKU, KOTOpBIE MOTYT BO3HHMKHYTH MEXIy
KaXXZ,0# apoii 00 BEKTOB.

CromMocTh CBA3M (Ilepefauu) SBISETCS BEJIWYMHOMN, 3aBUCALIEH OT
IIPOITYCKHO CIIOCOOHOCTH U TIOTOKA.

B xauecTBe KpuTepus BBHIOOpa MapIIPyTOB MOXXHO HCIIONIB30BAaTh TaKUe
IIOKa3aTey, KaK JAJIMHA MapuIpyTa, OTCYTCBUE TYIIMKOB ¥ CTOUMOCTb.

Mo>XHO BBIIEIUTH ABa OCHOBHBIX IIOKa3aTess, Ha KOTOpBIE CYIEeCTBEHHOE
BIUAHHNE OKa3bIBAeT QJITOPUTM MApIIPYTHU3ALMH - IIPOIYCKHAasA CHOCOOHOCTH
(konuyecTBO OOCTY)XMBAaHHII) M CpefHII 3afiepkKa Iakera (KadecTBO

06CITyXKMBaHUA).

2.4. YupasieHue IOTOKaMu

Hazmo oTMeTuTh. YTO MapIpyTH3aLus B3aUMOEICTBYeT C yIpaBleHHeM
IIOTOKaMHU B KOMIIBIOTEPHOM CETH.

B mr060i cucreme mepesaun WHGOPMAIMM OCHOBHOHM 33ladell SBIIAETCS
obecrieyeHre CBOOOJHOTO [ABIDKEHHSA HH(POPMAIMOHHBIX NOTOKOB. Ha mepBsrii
B3TJLAJ, MOJKET IT0Ka3aThCs, YTO AJIsSL OTOTO BIIOJIHE ZOCTATOYHO, YTOOBI IIPOIYCKHbIE
CIIOCOOHOCTH y3/I0B M KaHAJIOB BCErZia NPEBOCXOIMIM IIpeZjaraeMylo Harpysky,
OJHAKO 3TO He TaK. B OOJNBUIMHCTBe ceTeil BO3HMKAIOT CHUTyalUH, KOTZa
IIOCTyTIaoNIast Harpy3ka OoJibliie TOM, KOTOpas MOXKET OBITH OOCTyXXKeHa JaXke IpU
ONITMMAaJbHOM MaplIpyTH3aluu. 1orza, eciu He IPeIPUHATH HUKAKUX Mep IO
OTpaHMYEeHHUIO IIOCTyIamoomero Tpaduka, pasMepsl ouepeneili Ha Hauboiee
HaTrpY>XeHHBIX JIMHUAX OYJyT HEOTPaHUYEHHO PAaCTH U B KOHIIe KOHIIOB IIPEBBICAT
pasmepsl OydepoB B COOTBETCTBYIOIIUX y3lax. Korja 3To IpOMCXOLUT, IaKeThl

IIOCTYIAIONYe B Y37IBI, JJIA KOTOPBIX HET CBOOOZHOro Mecta B Oydepe, OymyT
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cOpolIeHs! 1 [O3Hee IIepefaHbl TOBTOPHO, YTO NPHBEET K IIyCTOM TpaTe pecypca
cBsa3u. B pesysbrare Bo3HUKaeT 3¢ (deKT, aHAIOTUIHBIM TPAHCIIOPTHON IpOoOKe Ha
aBTOCTpazZie, KOTJa IIPU YBeJWYEHUU IOCTYNAIoIell Harpy3Ku AedCTBUTeIbHAsd
IIPOIIyCKHAs CIIOCOOHOCTh CETH yMEHBIIAeTCsA, a 3aJep)KKa IaKeTa CTAHOBUTCA
ype3BbIYaifHO Gosbpmoii. TakuM o6pasoM, MHOTZA HEOOXOLUMO He [JOIYCKaTh B
CeTh KaKyIO-TO YacTh IIOCTyTamlgero Tpaduka mjis TOro, 4TOObl U36EXaTh
noZo6HEIX Ieperpysok. OGecliedeHrne Mep, peryaupylomux ooseM Tpaduka B
CeTH, ¥ COCTABJIAeT 33/la4y YIIPaBIeHUA IIOTOKOM.

B ocHOBHOM BOIIpOC yIpaBieHMs IIOTOKOM BO3HHKAeT, KOTZa OTpaHUYeHUe
Ha CKODOCTh II€pefjauyl MeXJAy [AByMs TOYKaMU BCJIEICTBUU OTPaHUYEHHOM
IIPOITYCKHO CIIOCOGHOCTH JIMHUHY Tlepeflady WU y3a oopaborku [56,49].

Hy>HO OTMEeTHUTD U BBIZEIUTh HECKOJIBKO Liejieil yIIpaBIeHus IOoTOKOM. Bo-
IIepPBBIX, 9TO - YCTAaHOBJIEHUE IOJXOZ]LIEr0 KOMIIPOMUCCA MEXAY IpUTeCHEHHEM
IOJIb30BaTeNel U yIepkaHueM CpefHeH 3afepXKU COOOLIeHWs Ha PpasyMHOM
ypoBHe. Bo-BTOpEIX, 5TO - COGIIOfEHNE CIIPaBe/ITUBOCTU II0 OTHOLIEHUIO KO BCEM
IIOJIB30BATE/IAM, KOTZA YacTh IOCTYIAIONEero TpaduKa He ZOIYCKaeTcsa B CeTb. B-
TPETBUX, OTO - He JOIYCTUTh YMEHbIIEHUA IPOIYCKHOH CIOCOOHOCTH U
TYIIMKOBOM CUTyaluy U3-3a IepenonHeHus 6ydepos.

PaccmorpuM Bsllte IpuBeieHHbIE LieIN YIIpaBIeHus oTokoM [48,50].

Maas cpemHss 3afepXKa IIaKeTa, KOHEYHO, JKeJIaTelbHa C TOYKU 3PEeHUA
mosb3oBarensa. OfHAKO BaXHO IIOHATH, YTO YIIpaBIeHUE IIOTOKOM Ha CETEBOM
ypOBHe He 00s3aTeJbHO yMEHBIIAeT 3aJep)XKy [Jii II0Ib30BaTeslell CeTH; OHO
IIPOCTO IepeGpachIBaeT 3a€pP>KKy C CETEBOTO yPOBHA Ha 6ojiee BBICOKHME YPOBHH.
OTO O3HAyYaeT, YTO IyTeM OrpaHUYEeHHUA BXOJA B IIOZCETH YIpaBiIeHUe IIOTOKOM
3aCTaBjfeT IIaKeThl JKZATh BHE IIOACETH, a He B OYepeisX BHYTpU ee. Takum
o6pa3oM, yIpaBieHHe IIOTOKOM, BO3MOXKHO, He OKa)XeT OOJBIIYI0 ITOMOIIb
II0JIF30BATENI0, YbM IAKeTHl BBIHYXKAEHbI IPOXOJUTH OYeHb MeJJIeHHO U, KaK
OKa3bIBaeTCs B eHICTBUTENIBHOCTH, OHO MHOI/IA YBeIn4uBaeT 3azepxKy. [Tonssa or

YIIpaBJI€eHHs IIOTOKOM B OCHOBHOM COCTOMT B TOM, 9YTO OHO MOXKET IIP€AOTBPATUTDH
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IIOSABJIEHNE KaTacTPOQUIeCKUX TPa(PUKOBBIX ITePerpy30K B IIOJCETH, CIIOCOOHBIX
YXyALIUTh IIOJIOKEHWe MHOTMX IIoJb3oBaTeneil. EAWHCTBEHHBINH  CIIocob
YMEHBIIUTh HEY/OBJIETBOPUTEIBHOCTh IIOJB30BATENS II0 IIOBOZY OOJIBIINX
3aflepKeK COCTOUT B TapaHTUPOBAHWM TOTO, YTOOBI IIOTPeOHOCTH B yIIpaBIeHUU
IIOTOKOM He BO3HHKAaJIa CIUIIKOM YacTO; STOTO MOXHO JOCTHYb JTHOO ITyTeM
yBEJIMYEHHA CETEBBIX PECYPCOB CBS3U (IIPOIYCKHBIX CIIOCOOHOCTEM JIUHUN U T.1.),
anb0 TyTeM YIIyYlIeHUs aJIrOpPUTMa Maplmpyrusanuu. /Ipyroit BO3MOXKXHOCTBIO,
KOHEYHO, ABJIAeTCS 3allpellleHre JOCTYIIa HOBBIX ITOJIb30BaTeNel K CeTH, eCJIM OHa
HaXOJUTCS B IIOYTH II€PETPY’>KEHHOM COCTOSHHUM, HO 3TO IIOPOil OBIBAaeT TPYyAHO
peayn30BaTh U BBI3bIBAET HEYJOBIETBOPEHHOCTD APYTOTO XapaKTepa.

OcCHOBHOII IPUYMHOH, TOYEMy BaXXHO COXPAHATH 33[€P>KKy MaJIOH BHYTPHU
IIOZICETH, a He BHE ee, ABJIAETCS TO, YTO IIPU 3TOM He TPATATCA PeCcypcChl IO CeTH Ha
IIOBTOPHYIO Ilepejady makeroB. IlocienHee ImpomMCXOZUT B ABYX CIy4asX: BO-
IEPBBIX, KOTZA pasMepsl oOdepefieil CTAHOBATCA TAKUMHU, 9YTO IIPOMUCXOJTUT
nepenonHeHre OydepoB B y3lax U IPUXOAALINE IIAKETHI COPACHIBAIOTCA; BO-
BTOPBIX, KOTJla IOATBEPXKAEHUA BO3BPAUIAIOTCA HACTOJIBKO IIO3HO, YTO Y3el-
HMCTOYHUK OIMMOOYHO AyMaeT, YTO HEKOTOpble ITaKeTHl IIOTePAHBI, M HaYMHaeT
IIOBTOPHO IlepeZaBaTh UX. IIpu IMOBTOPHBIX IIpefiladyax TPATATCA BIYCTYIO PeCypChI
CeTH; 3TH Iepefady CylUIeCTBEHHO YMEHBUIAIOT IIPOIYCKHYIO CIIOCOOHOCTH CETH U
IIPUBOJAT K PACIPOCTPAHEHUIO ITePErPy30K.

3aMeTuM, 4TO COXPAaHUTb CETEBYIO 3aJep>KKy MajoH, KOTZa IIpejjaraeMas
Harpy3ka BeJIMKa, MOXHO TOJBKO IIyTeM YyMEHBUIEHHS 4YHCIa COOOIeHUH,
ImepesfaBaeMbIX 10 ceTH. llodToMy [JODKEH CyIIecTBOBaTh eCTECTBEHHBIN
KOMIIPOMHCC MEXJy pa3pelleHHeM CBOOOJHOTO JOCTYTIa IIOJIBb30BaTeNd K CeTH U
COXpaHeHMeM 3aJlepKKH Ha J[JOCTaTOYHO HH3KOM YpOBHE JJIA TOTO, YTOOBI
IIOBTOpPHBIE Ilepefadyyd WJIM JIpyTHe HeXXejaTeJIbHble SBJIEHUSI He YXy/AIIalIu
ceTeBble XapaKTepUCTUKU. HeckorpKo yIpolneHHass peKOMEHJAI U COCTOUT B TOM,
9YTOOBI yIIpaBJIeHHe IIOTOKOM BOOOIIe He MCIIOIb30BaIOCh, KOT/IA ceTeBas 3aZepKa

HaXOAHUTCA HMXXE€ HEKOTOPOro KPHUTHYECKOI'O YPOBHI, 4 B YCIOBHAX GOJIBIION
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Harpy3KH OHO MJOJDKHO OTBEpraTh CTOJIBKO IIpeJjlaraeMoi HarpysKH, CKOJIBKO
HeOOXOLUMO JJIsL TOTO, YTOOBI COXPAaHUTD 3aJePXKKy Ha KDUTHYECKOM YPOBHE.

Korza uacts mocrymaromero tpaduka IOKHA OBITH OTBEPrHYTA, BAXXHO
CZleJIaTh 3TO CIIpaBeIJIMBO. OTO He TPUBHMAJIbHAA 33flavya, TaK KaK MaKCHUMM3ALUSL
CYMMapHO¥ TIPONYCKHOM CIIOCOOHOCTH CEeTH YacCTO OKa3bIBAETCsS He COBMECTHMOil
co cmpaBefIMBOCTBIO. Kak mpaBwio, HeOGXOZUM  KOMIIPOMHUCC  MEXIY
CIIpaBeJIMBOCTHIO U IIPUTECHEHUEM TeX II0JIb30BaTesieil, KoTopble GOJIbIle JPYyTHUX
OTBETCTBEHHBI 3a Ileperpy3ku. HyXHO 3aMeTHTH TakKe, YTO IOJB30BATETH MOTYT
IIPUHA/JIEXXaTh Pa3HBIM IIPUOPUTETHBIM KJIaCCaM U B 3TOM CJIydae CIIpaBeZIMBOCTh
[I0/{pa3yMeBaeTCs TOIbKO BHYTPU IIPHOPUTETHOTO KJIacca.

Tepmun «eperpyska» 4acToO HCIIOIB3yeTCs A1 00O3HAYEHUs SABJIEHHST, B
KOTOPOM YBeJIHMYeHHe IIOCTyHalouledl Harpysku IPUBOAUT K YMEHBIIEHUIO
IIPOIIyCKHOH CIIOCOOHOCTM M YBeJIMYEHUIO 3aJepXKu. Panee yxe ObL1I0
YIOMAHYTO, YTO IIePerpy3KH MOTYT BO3HHMKAaThb B pe3yJbTaTe II€PEIOJHEHUI
6ydepa. IIpobGrema, cBA3aHHas C IepenojaHeHHeM Oydepa, COCTOUT B TOM, 4TO
MOT'YT BO3HUKHYTbH TYIIMKOBBIE CHUTYaI[U{, KOTZA [Ba MK Ooyiee y3jia He CMOLYT
Iajblile IIPOABUTATh ITAKEThI U3-32 TOTO, YTO y BCEX ITOTEHIIUATBHBIX IPUEMHUKOB
HeT cBoOozsHOrO Mecta B Oydepe. CyIlecTBYIOT NIPOCThIe CIOCOOBI yCTpaHEHUA
IMONOGHBIX  TYNMKOBBIX CHUTyalMil IIyTeM pacIpefeieHUs IAKeTOB IO
IIPHOPUTETHBIM YPOBHSM U BBIJieJIeHUs [JOIIOJTHUTEIBPHOTO MecTa B Oydepe s
IIaKeTOB ¢ OoJiee BEICOKUM IpuopureToM [15].

Ileperpysku u mepenonHeHHsS OyhepoB He ABIAIOTCA CTOIb )K€ BAXHBIMHU
BOIIPOCAMU B yIIpaBJIeHUM IIOTOKOM, KaK 3aZiepkka. [Ipu cymecTByomeil TeXHUKe
cTOMMOCTb OydepoB HEBBICOKA M CETU CIefyeT IIPOeKTHPOBaTh TAKUM 00pasoM,
YTOOBI IepemnosHeHUsA OydepoB BO3HHMKAIH penko. /lpyrumu cioBamu, Oydepst
INO/DKHBI OBITH HACTOJNBKO OOJBUIMMH, 4YTOOBI A0 TOTO, KaK OHU HAYHYT
[IE€PEeIIOIHATHCS, 33/leprKKa CTaHOBUJIACH BEChMa CylLIeCTBEeHHOM.

PaccmorpuM ~ B3aMMOCBSI3p ~ MEXZy  VIpaBlIeHHEM  I[OTOKa U

MapuIpyTHU3al e,
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Korza mocrynaromas Harpyska - TpaduK, IIOCTYIAIOMUH B CETh OT BHEITHUX

HNCTOYHHNKOB OTHOCUTEJIBHO MadJI, OH IIOJTHOCTBIO 6y,l[6T IIpUHAT CEThIO 1 TOTdd

IIponyckras ciocobroCTs= [loCcTymaromas Harpysxka.

3angepxxka
1
1 1
| |
. |
HpeﬂnaraeMafi YHp ABJICHUE IIpomyckHas |1 M apmpyThzamms | >|
Harpyska HIOTOKOM CIIOCOGHOCTD 3ajepxka

OTtBepruyTas
Harpyska

Puc. 2.3.1. BsaumogeiicTBue MeXy yIpaBIeHUEM IIOTOKOB 1

MaplIpyTHu3anuein

Korza mocrynaromas Harpyska ype3MepHO OOJbIIas, YacTh STOW HATPy3KH

6y,I[€T OTBEPraThCA aJITOPUTMOM YIIPDABJIE€HUA IIOTOKAMH 1 TOT' A

IIponyckras cnocobrocTs= [locrynaromas Harpyska- OTBeprayTas

Harpyska.

Tpaduk, npuHATHI B ceTh, OyZeT HMMeTh CPeJHIOI 33a/IePXKKY IIaKEeTOB,
3aBUCAILYI0 OT TOTO, KaKue MapUIpyThl ObUIM BBIOpaHBI  AJITOPUTMOM
Mapupytusanuu. OZHAKO Ha NMPOIYCKHYIO CIIOCOOHOCTH CYIIECTBEHHOE BIUSIHUE
OKaspIBaeT TaKXe aJrOPUTM MapIIpyTH3alluM, T.K. QaJITOPUTM YIIpaBIeHUS
IIOTOKAMKM OOBIYHO [JeHCTByeT Ha OCHOBe IOAJepXaHud OanaHca MeXAy
IIPOITYCKHOM CIIOCOOHOCTBIO M CpeNHEeH 33afep)XKOil, HalpuMep: IIOCTYIAIOIAs
Harpyska He IPUHUMAeTCs, KaK TOJIBKO 3a/lep>KKa CTAHOBUTCS CIUIIKOM OOJIBIIOH.

HOBTOMY, eciin dJITOPUTMY MapHIpyTH3dII 111 yAaeTcAa Goee YyCIlemHo
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O ZePKUBAaTh MAIYIO 3aZePXKKy, TO aJITOPUTM yIIpaBleHUs ITOTOKAMM pa3pelraeT
[IPUHUMATh B ceTh Gosblre Tpaduka. XOTsS TOUHBIN GasaHC MEXAY 33ZepPIKKOU U
IIPOIIYCKHOM  CIIOCOOHOCTBIO  YCTaHABIMBAETCA  AJITOPUTMOM  yIIpaBIe€HUS
IIOTOKAMM, XOpOIlas MAapUIPyTH3alUs B YCJIOBHUAX OOJBIIOTO IIpeZJaraeMoro
Tpaduka fgaer Gosiee IPeIOYTHTENBHYIO 3aBHCHMOCTDH 3a/lepXKKa - IIPOITyCKHAs
CIIOCOGHOCTS, IT0 KOTOPOIi IeHCTByeT aITOPUTM YIIPAaBIeHUS IIOTOKAMHU.

s Toro, 4To6Bl HOOUTHCS HAWIYYIIUX IIOKa3zaTeaeil MapIIpyTHU3ALUHU M,
COOTBETCTBEHHO, YIIPaBI€HUA IIOTOKAMH, >K€JIAaTeJbHO HCIOIb30BATh aJTOPUTM
MapIIpyTH3aLMH, OPUEHTHPOBAaHHBIM He Ha ajpecar, a Ha CBeJleHUS O HATHMYUH
pPecypcoB CeTH M Ha OCHOBe TpeOOBaHMI IIOTOKOB K KadyeCTBY OOCITY>KUBAHHA.
MapmpyTrsanuio TaKoro THIA Ha3bIBAIOT Maplrpyrusanueir Ha ocHoBe QoS (QoS-
based routing). IIpm mapmpyrusanmuu Ha ocHoBe QOS -IIOJIUTHK: IIPOTOKOI
MapIIPyTH3aLUH IepefaeT METPUKU C AUHAMHYECKOH mHpopMauuei 0 HaTHYUU
pecypcoB (QoS); IpPOTOKOJ MapUIPyTH3allMM [O/DKEH BBIYUCIATH HE TOJBKO
ONTUMAaJIbHBIM INyTh, HO U JpyrHe BO3MOXHBIe IIyTW Ha ocHoBe ux QoS-
IDOCTYIIHOCTH; B KaXXIOM IIOTOKe IIepeJalOTCA CBeJeHHUSI O HeOOXOZHOMO KauecTBe
yeryr (QoS).

Mapurpytusanus Ha ocHoBe QOS BiedeT cCyljecTBeHHBIE CIOXHOCTH,
moCcKOoMbKy MeTpuku QOS-ZoCTyIHOCTM OYeHb AMHAMUYHBI, U OOHOBJIEHUS
MapuIPyTOB IIPOMCXOAAT ropaszo dame. Ho c Apyroit CTOpOHSI, 37e€Ch BO3MOXKHO
yCTaHaBJIMBATh 3HAUEHNE IPHOPUTETA, MapPLUIPYTHU3aIUA MOPKET OBITH OCHOBAHA Ha
IJIVHEe TaKeTa, aZpece MCTOYHMKA, IIOTOKe, Outamu ToS (Tum cepBuca), 6uTamu
IIPHOPUTETOB U T.7. B GOMbIINX ZUHAMUYECKU MapIIPYTHU3UPYEMbIX OKPY>KEHUIX
Bce Oosblle pacTeT HEOOXOAMMOCTh B INpUMeHeHUM (YHKIMM KadecTBa
OOCIIY)KUBAaHUA U yIIpaBlIeHUs TPahUKOM, IIOCKOJIbKY IOLOOHBIN ITOAXO/, SBIAETCS
Oosee TMOKMM U 3HAYWUTEJBHO YJIydYllaeT IIOKa3aTeIM MapUIPYTHU3ALUU U

YIIpaBJI€eHUSI IIOTOKAMH.
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I'maBa 3. KauectBo o6cny>xuBanus (QoS)

3.1. O6ume moHATHS

Baxxuocts BHegpenus MexaHusma QoS (Quality of Service- xagectBo
OOCJIy>)KMBaHMA) B KOMIIBIOTEPHBIX CeTAX BO3pOcCia Ojarozaps yBeIedeHHUIO
IOIIYJIAPHOCTU CeTeil U IIpeoOpeTeHUI0 MMHU KOMMepYeCKuX 4epT. TexHosjroruu
KayecTBa  OOCTYXXMBAaHUA  IIO3BOJAIOT  MAaKCHMQJIbHO  OIITHMH3UPOBATh
IIPOU3BOAUTENBHOCTh CeTel M o00eclednTh CTaOMIbHOEe (YHKIMOHUPOBAHUE
HOBOTO IIOKOJIEHUSI MYJIBTUMEeJUIHBIX U TOJIOCOBBIX IIPIIOKEHU.

Oynkiuy KauecTBa OGCIYXMBAaHUA B CETAX 3aKIIOYaeTCs B obecliedeHUU
rapaHTHPOBAHHOTO ¥ AMGGEPeHIIMPOBAHHOTO OOCIY>KMBAaHUSA CETEBOTO Tpaduka
IIyTeM Ilepejayy KOHTPOJIA 332 UIIOJIB30BAHUEM PECYpPCOB U 3aTPYKEHHOCTBIO CeTH
ee omeparropy. QoS mpencTaBifer co60if HabOp TpeOOBAaHUM, NPeXbABIIEMBIX K
pecypcaM CeTH IIpU TPAaHCIIOPTHUPOBKE ITOTOKA JAHHBIX U 00eCIedYrBaeT CKBO3HYIO
TapaHTHIO ITlepefadyy IAaHHBIX M OCHOBAaHHBIM Ha CHCTeMe IIPaBUJI KOHTPOJb 3a
CpeICTBaM{ IIOBBINIEHUS IIPOM3BOAUTKIBHOCTU CETH, TAaKUMM, KaK MeXaHU3M
pacmpefieleHUs ~ PeCypcoB,  KOMMYTAaIlis,  MapLIPyTH3alMsd,  MeXaHH3MBI
0OCITy>KUBaHUA O4epeseil 1 MeXaHU3MbI OTOPaCHIBAHH ITAKETOB.

Crnoco6HOCTh ceTu oOecreyuBaTh pasjIUYHbBle YPOBHU OOCITY>KMBAaHUA,
3alpamyBaeMble TEMH WJIM WHBIMU CETEBBIMH IPUIOXKEHUSIMY, HapiAy C
IIpOBeZileHNeM KOHTPOJIA 32 XapaKTepUCTUKAMU IIPOM3BOJUTEIBHOCTU - IIOJIOCOH
IIPONTyCKaHUsA, 3aJep>KKOM, [pOXKaHHeM U IIoTepell IIaKeTOB - MOXeT OBITh
KJIaccH(pUIMPOBaHHA II0 TPeM IIepeYrCIeHHbIM HIDKe Kareropuam [1].

o HerapantupoBanHas pgocraBka maHHbIX. ObeclieyeHue CBSI3HOCTH Y3JIOB
cetu 0e3 rapaHTUM BpeMeHU M CaMoOro (aKTa JOCTaBKU IIAKETa B TOYKY
HazHaueHusa. Ciemyer OTMETHTh, 4YTO OTOpachIBaHME IIaKeTa MOXKET
IIPOM3OMTH TOJBKO B CJIydae IlepelloOJHeHUsA Oydepa BXOJHOW WU

BBIXOJJHOM O4Yeped MapUIpyTHU3aTOpa.
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Ha camom fesie HerapaHTHpPOBaHHASA ZOCTAaBKa ITAKETOB He ABJIAETCS JACTBHIO
QoS BciemcTBMM OTCYTCTBHUS TapaHTUM KadecTBa OOCTY>KUBAaHUSI U
rapaHTHu obeclledyeHUs JOCTaBKu makeroB. CieyeT OTMETHUTh, YTO
HerapaHTUPOBaHHAfA JOCTaBKAa IAKETOB ABJIAETCA HA CETONHANIHUN [eHb
e JUHCTBEeHHOI yC/Iyroii, moaaepxuBaeMoii B Internet.

HecmoTps Ha  HeEKOTOpOe CHIDKEHHME  IIPOM3BOJUTEIBHOCTH,  IJIS
GOIBUIMHCTBA MIPUJIOXKEHUH, OPUEeHTUPOBAHHBIX HA Ilepefady MH(pOpMaIuu
(HampuMep, TPWIOKEHUH, 00eCIeYMBAIOWINX  B3aUMOJEHCTBHE  IIO
nporokony nepezauu ¢aitnos (File Transfer Protocol- FTP)), ata yciyra
ABISETCA BIIOJHE JOCTAaTOYHOH. B IleloM ’Xe ONTHMajbHbIE YCIOBUA
GYHKIMOHMPOBAHUA BCeX IPIJIOXKEHUH BKJIIOYAIOT B ceOsS TpeOOBaHUA K
BBIIEJIEHUIO OIIpeJleJIeHHBIX CEeTeBBIX PeCcypcoB B TepPMHHAX IIOJIOCHI
POy CKaHU, 3alePKKH U yPOBHSA IIOTEPH ITaKeTOB.
JuddepennrpoBanHoe o6cy)XuBaHUeE. duddepennupoBanHoe
obCy>XKUBaHHe IIpeJIojaraeT pasjeleHre Tpaduka Ha KJIACChI HA OCHOBE
TpeGOBaHMI K KadecTBy oOciayxkuBaHus. Kaxzasiii kmacc Tpaduka
mubdepennupyerca u oOpabaTbIBaeTCA CeTBIO B  COOTBETCTBUH  C
33IaHHBIMU [JIS 3TOTO Kjaacca Mmexanusmamu QoS.

Crnenmyer ormeruts, uTo AuddepeHINPOBAaHHOE OOCITYy)XHMBAHUE CAMO IIO
cebe He IpeAIoOaraeT obecIevYeHUs TaPaHTUH NIPeJOCTaBIAeMbIX yCIyT. B
COOTBETCTBUM C JAHHOM CxeMOH Tpaduk pacipezensercs IO KJIaccaM,
KOKZIBIH M3 KOTOPBIX KMeeT CBOil COOCTBeHHBIN mnpuopurer. Ilo 3Toit
npu4yuHe AuddepeHIuPOBaHHOEe  OOCTYy)XMBaHHE  [OBOJBHO  YacCTO
HazprBaoT Markum QoS.

[JuddepennupoBanHoe 0OCITyXKMBaHHE YZOOHO IIPUMEHATH B CETAX C
MHTEHCHBHBIM TPahUKOM IPHJIOKEHUN. B aTOM ciyyae BaXXHO oOecreduThb
OTZieJIeHHe aIMUHHUCTPAaTUBHOTO TpajuKa CeTH OT BCEr0 OCTAJIBHOIO
TpaduKa ¥ HA3HAYUTH €My IIPHOPHUTET, IIO3BOJIAIOIIUI B JTI000/1 MOMEHT

BpeMeEHU OBITH YBEPEHHBIM B CBA3HOCTH Y3JIOB CE€TH.
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l'apanTrpoBaHHOe OOCTyXHBaHMe. ['apaHTHpOBaHHOe OOCITy>XKHBaHUE
IpeZIosaraeT — pe3epBUpOBaHME  CEeTEeBBIX  pecypcoB  C  IeJbIo
YAOBIETBOPeHU  clenuuIecKuXx TpeOOBaHUI K OOCIY>XHBAHHUIO CO
CTOPOHBI TIOTOKOB TpaduKa.

B coorBercTBMM C TapaHTHUPOBAHBIM OOCIY>XMBAaHUEM BBIIIOJIHIETCS
IIpeZBapUTe/IbHOE Pe3epBUPOBaHUE CETEBBIX PECYPCOB IO BCeil TpaeKTOPHUU
nBrkeHus Tpaduka. ['apaHTHpOBaHHOE OOCITY>XHBAaHUE [OBOJBHO YaCTO
Ha3pIBalOT eme >XecTkuM QOS B CBA3M C IIpembABI€HHEM CTPOTHX
TpeGOBaHUI K pecypcaM CeTH.

K coxanenuio, pesepBUpOBaHME PeCcypcoB Ha BCeM IIYyTHU CJIelOBaHUI
OTZENBHBIX IIOTOKOB TpaduKa HEBO3MOXHO peajn30BaTh B MaclITabax
Marucrpanu Internet, oOciyXuBaioumeil B OTZAEIBPHBII MOMEHT BpeMeHH
TBICAYM  IIOTOKOB  JAHHEIX. VcmpaBuTe  monoXeHMe  IIPU3BAHO
arperupoBaHHOE Ppe3epBUPOBAHHE PeCypcoB, TpeOylollee XpaHEHHUA B
6a30BBIX MapuUIPyTH3aTOpax Internet Bcero ysump HeOOJBLUIOTO KOJTHMYECTBA
nHbOPMaLUN.

[Tpunoxenus, Tpebyromye rapaHTHPOBAHHOTO OOCTY>KIBAHNA, BKIIOYAIOT B
ce6s MyJIbTHMERMITHbIE IPWJIOXKEHUA, IIPUBOAAIINE IIepeiady TOJIOCOBOI
MHPOpMALUU U BUJEOU300paXeHUi. VIHTepaKTUBHBIE IIPUIOXKEHUS,
OpPUeHTHPOBaHHBIe Ha  Ilepejayy peun 1o  Internet, Moryr
bYHKIIMOHMPOBAaTh HOpMaJbHO (T.e. He BbI3BIBaI HeyJoOCTBA Yy
IIOJIb30BaTesIel) JIMIIb B TOM CJydae, eCIU 3HaYeHUe JIATEHTHOCTH PaBHO
win MeHbmre 100 mc. Cremyer OTMeTHTH, YTO aHAJIOTUYHBIN YpOBEHB
JIATEHTHOCTH ABJIAETCS IIPUEeMJIEMBIM IS OOJIBIIMHCTBA MYJIBTUMETUAHBIX
IpUJIOXKEeHUN. A BOT IpHIoXeHUs Internet- rexepoHUH y>ke IOHALOOUTCA
KaHaJI IlepeJayy WHPOPMAIUHU C IPOITyCKHOM CIIOCOOHOCTHIO KaK MUHUMYM
8 Kb6ut/c u co 3HaueHUNeM 3a/lep>XKU NMOATBepXKAeHusA npuema, pasHom 100

MC. ,ZLJUI TOTO 4TOOBI YAOBJIETBOPUTDH HO,I[O6HBI€ Tpe6OBaHI/IH K
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rapaHTHPOBAHHOMY 06CITyXMBaHUIO, ceTh IOJDKHA o6azaTh

OIIpeeJIEHHBIM 3dIIdCOM PECYPCOB.

3.2 OyHKITUM KauecTBa OOCTyKMBaHUA

OyHKuMM KayecTBa OOCIY>XMBAaHUA SBJIAIOTCI HEOTHEMJIEMON YacThIO
COBpPEeMEHHBIX JIeTKOMAaCIITaOupyeMbIx cereii. Hiupke paccMOTpeHBI pasjinyHbIe
byHKIMKM KadecTBa OOCTY)XMBAaHHS M CBSI3aHHBIE C HUMU BO3MOXXHOCTU U
mpeumyuectsa [1,9].

o Kiaccudukamusa u MapKupOBKa ITaKeTOB;

e VYmpaBjeHHe NHTEHCHUBHOCTHIO TpadUKa;

e Pacnpenenenue pecypcos;

o IlpenoTBpaieHue Ieperpy3Ku U MOJIUTHUKA OTOPAChIBAaHUS IIaKETOB;

e CurnambsHsIi npoTokoa QoS;

o KommyTanus;

e MapmpyTusanus.

Hripxe paccMoTpens! nogpobHee GyHKIIMHI KaueCTBa OOCTYy KMBaHHUS.

3.2.1 Kiraccudpukanysa ¥ MapKUpPOBKA ITaKETOB

Oyuxkuun ¢opMmupoBaHusa Tpaduka, peasu3oBaHHble HAa TIPaHUIE CETH,
ABJIAIOTCA JKU3HEHHO BAKHBIMH [JJIA obecnedeHus guddepeHIPOBAHHOTO
obcryxxuBaHuA. K oruM  ¢yHKOMAM OTHOCATCA GYHKIMU KIACCU(PUKALUI
Tpaduka, MapKUPOBKH IIaKeTOB U yIIpaBJIeHUs HHTeHCUBHOCTBIO TpaduKa.

Knaccudukanmusa makeTroB ABIfgeTCA HEOOXOZUMBIM  YCIOBHEM IS
UIeHTU(PUKAUY Pa3IUYHBIX KJIACCOB Tpaduka B 3aBUCHMOCTH OT TpeOyeMOoro
ypOBHA 06cCiIy>kuBaHUA. |P-TtakeT MoXxeT OBITH KJIACCH(GUUIMPOBAH HAa OCHOBAHUU
OJHOTO WJIM HeCKOJBbKHX TIIojnel 3aronmoBka. Ilocie oTHeceHmsa makeTa K

omnpenereHHOMY Kjaccy OH MapKHUPpYyeTCA IIOCpPEnCTBOM YCTaHOBKH
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COOTBETCBYIOIETO 3HaYeHUs 1o IP-mpuopurera, To ecTs QYHKIUA MapKUPOBKU
[IaKeTOB KCIIOJIb3YeTCs [JIf PasMeTKH KIaCCUPUIIMPOBAaHHOTO Tpaduka IIyTeM
yCTaHOBKM 3HadeHus nons [P- mpuopurera mnu mons auddepeHITPOBAHHOTO
00CITy>KHBaHUA.

YipaBneHne WHTEHCUBHOCTBIO TpaduKa — 3TO HeOOXOLUMOe YCIOBHe
CYIeCTBOBAaHHUS IOCTATOYHOTO KOJUYECTBA PeCypcoB M obecredeHus (yHKIIHA
KayecTBa OOCTYy)XMBaHUsS BHYTPH 0asoBOM ceTH. YIIpaBieHHEe HHTEHCHBHOCTHIO
TpaduKa IpeAIIoIaraeT COM3MepeHye IapaMeTpoB IIOCTYIAIONIETO B ceTh Tpaduka
KJIMEeHTa C ero mpoduieM ¢ MOMOLIBI0 orpaHuyuBaomeil pyuakunu. M1 Haobopor,
KOMITaHUs, IIOAKIIOYEHHas K CeTH IIOCTaBIIUKA YCIYr, MOXXET IIPOBEpATH
IIapaMeTpsl CBOETO HCXOZAuIero TpaduKa C Ieabi0 IOAJAEPXKAHUA ero
MHTEHCHUBHOCTM Ha YypOBHE, Y/[OBIETBOPAIOIIMM BCEM OTPaHUYMBAIOUINM
bYyHKUMAM IIOCTaBIIUKA YCIYT.

Hanuuue dopmupoBaresneit Tpadrka, pacloiOXeHHBIX Ha TPAaHHUIE CETH,
ABIAETCS HEOOXOAMMBIM yCJIOBHEeM [Jis O0OecledeHUs CeThi0 (PYHKIIMI

nuddepeHIIMPOBAHHOTO OOCTY>KMBAHHUS.

3.2.2. Kimaccudukamus makeToB

Knaccupukanys makeToB IpencTaBiseT COOOH CpeCTBO, IO3BOJIAIOLIEE
OTHECTH IIaKeT K TOMY WJIM MHOMY KJIacCy Tpaduka B 3aBUCHMOCTU OT 3HAYEHUSI
OJIHOTO FUTH HECKOJIBKUX IT0JIeH ImakeTa. PacmosHatomas QyHKIUA MOKeT OBITh KaK
OYeHb IIPOCTOM, TaK M BechbMa CJIOXHOH. Hipke nepedmcieHO HECKOIBKO
Pa3IMYHBIX CIIOCO00B KiIaccuduKanuy nakeros [39].

e Pacnoznatomas ¢pyukumusa [P- moToxa 3aBUCHT OT IATH ITapaMeTpOB:
ampeca ucrounuka [P- makera, agpeca HasHauenus IP- makera, mons
nporokosa IP, mopra ncrounuka u nopTra HasHa4YeHUA.

e Pacnosnaromas ¢QyHKIMA 3aBHMCHUT OT 3HaveHusa mouasa IP-

IIPUOPHUTETA WU ITOJA Koja suddepenuuposanHoii yeryru (DSCP).
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e Pacmosnaromas GyHKIMA 3aBUCUT OT APYTUX IapaMeTpPOB 3ar0JI0BKa
TCP/IP- makera, TakuX, KaK JJHNHA IaKeTa.

e Pacnosnatomas ¢yukuus zaBucur or MAC- azpeca HCTOYHUKA U
MAC- appeca Ha3HaUeHHU ITaKeTa.

e Pacmosnaromas GyHKIHA 3aBUCHT OT MCIIOIb3yeMbIX IIPUIOKeHHeM
HOMepoB mopToB, azpecoB URL (Universal Resource Locator-
YHUBEPCAJIbHBIH yKa3aTeIb HHPOPMAIIMOHHOTO pecypca) U T.[.

Yro6sI 3amaTh KPUTEPUH COBIIAeHU ITAKETOB HA OCHOBAHUW Pa3IMYHBIX
IIapaMeTpoB IIOTOKA, MOXKHO HMCIIOJIB30BaTh CIIMCOK AocTyma. Kpome Toro, cnmucku
ZOCTyIIa MOTYT OBITH MCIIOJIB30BAHBl U I HUAeHTU(UKAIUKM ITAaKeTOB HAa OCHOBE
3HavyeHud noiug IP- mpuopurera mnu nonxs DSCP. PacnosnoBanue nmpuioxeHui Ha
ocHOBe  cereBbIx mapamerpoB (NBAR) mosBosnsger  Mapmpyrusatopam
UIeHTUPUIUPOBATh TPadUK OTAENbHBIX IIPUIOXKEHUH, IO03BOJIAL TaKUM 00pasoM
IPOBOAUTH KJIACCUPHUKAIMIO IIaKeTOB HAa OCHOBE CTeHEepHUPOBABIIMX HX
IIPOTPaMMHBIX CPEZICTB.

Krnaccudukanus makeroB MoOXKeT OBITH OCHOBAaHA TAaKKe M Ha BHYTPEHHUX
mapaMmeTrpax Mapmpyrtusaropa. [Ipumepom momo6HOH KiraccupUKauy ABILETCA
ngeHTU(UKANUA ITaKeTOB Ha OCHOBAHMU BXOZHOTO HMHTepdelica MapIIpyTHU3aTOPa
WIN WUAeHTU(PUKAUMA IAaKeTOB HAa OCHOBaHMU 3HaveHMs mons QoS - rpymmsr,
OTHOCAIIETOCS K BHYTPEHHelHl II0 OTHOUIEHUIO K MapIIPYTU3aTOPy CTPYKType

AAHHBIX IIdKeTa.
3.2.3. MapkupoBKa I1akeToB
MapKI/IpOBKa IIaKeTOB HCIIOJIB3YETCs AJIA I/I,ZLEHTI/I(i)I/IKaHI/II/I
COOTBETCBYIOLIETO MM KJjIdCCad TPa(bI/IKa. ITakeTs! MOTYyT OBITH MapKHPOBAHBI IIyTEM

YCTaHOBKU 3HaueHus noss [P- mpuopureTa nwiu nouda xozga guddepeHIInpoBaHHOMN

yeryru (DSCP), pacmonoxeHHsix B 3aronoBke [P- makera, a Takxe myTteMm
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yCTaHOBKM 3HaveHua noia QoS- rpymnmsl, OTHOcALIeroca K BHYTpeHHeH IIO
OTHOIIEHUIO K MapIIPYTU3aTOPY CTPYKType JaHHBIX ITaKeTa.

Knaccudukanuio makeTOB 4YacTO HA3bIBAIOT TaKXe MapKUPOBKOH MM
packpackoii makeToB. Bce makeThl, NpuHazjexaliue oOIpefeeHHOMY KJIaccy

TpaduKa, «OKPALIMBAIOTCSI» B COOTBETCTBYIONIUI IIBET.

3.2.4. IP- nmpuopurer

[Tone IP- mpuopurera, pacnoyokeHHoOe B 3aroysioBke [P- makera, ykassiBaeT
Ha OTHOCHUTEeJIBHBIH IIPUOPHUTET IpU 00pabOTKe COOTBETCBYIOUIETO ITaKeTa JAaHHBIX
[13]. Kaxzplit Kafp ZaHHBIX WU MapKep HMeeT IIPUOPUTET, YCTaHaBIWBAEMBIH
6uramu npuopurera (3HaueHue ot 0 mo 7, mpuueM 7 - HaWBBICUIMI IIPUOPUTET).
CTaHIMA MOXeT BOCIIOIB30BaThCA MapKepOM, €CJIH TOJIBKO y Hee eCTh KaJphl It
Imepefiadyy C IIPUOPUTETOM PaBHBIM MJIM OOJBIIMM, YeM IIPUOPUTET MapKepa.
CeTeBoil ajamTep CTAaHIUM C KaZpaMH, y KOTOPBIX INIPUOPUTET HIDKE, 4YeM
IIPUOPUTET MapKepa, He MOXET 3aXBaTUTh MapKep, HO MOXET IIOMEeCTHUTh
HaMUOOJIBIINH IIPHOPUTET CBOMX OXKMUAAIOIINX IIepeiladyl KafipOB B pe3epBHBIE OUTHI
MapKepa, HO TOJIBKO B TOM CJIy4ae, €CIH 3aIIMCAHHBINI B pe3epBHBIX OWTax
IIPUOPUTET HIDKe ero COOCTBEHHOTO. B pesyibrare B pe3epBHBIX OUTaX IIPHOPUTETA
yCTaHaBIMBAETCsA HAWBBICIINY IIPUOPUTET CTAHI[UM, KOTOPAS TBITAETCS ITONYyIUTH
IOCTYII K KOJBIy, HO He MOXET 3TOrO CJejlaTh M3-3a BBICOKOTO IIPUOPUTETA
Mapkepa.

CraHnmmsa, cyMmeBmIasg 3axBaTUTh MapKep, IIepeflaéT CBOM KaZpel C
IIPUOPUTETOM MapKepa, a 3aTeM IlepeZiaeT MapKep cienyiouiemy coceny. [Ipu atom
OHAa IIEepeNNCHIBAeT 3HAYEHUE PpEe3epPBHOTO IIPUOPHTETAa B IIOJe IIPHOPUTETA
MapKepa, a pe3epBHBIN IpuopureT OOHynserca. [losTromy mnpu ciemymomem
IIpOXOoZie MapKepa IIO KOJBI[y ero 3axXBaTUT CTAHIMA, MMeEIOIAs HAWBBICIUIUI
mpuopureT. [Ipym WHUIIMATM3AIMKM KOJbIIA OCHOBHOM M pPE3epBHBIH IIPHOPUTET

MapKepa ycraHapiausaiorcs B 0.
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3.2.5. DSCP

ITone xoma puddepenuuponannoit ycayru (DSCP) wucmonssyercs pys
npentuukanuu  PHB- momutuku o6pabGotrkm makeToB. AwanorumyHo IP-
npuoputrety, noxe DSCP aBngerca vacteio 3aronoska IP- makera. Ha camom gese
moste DSCP

ITpencraBnser coboit pacurmpenue nosust IP- npuopurera. CremoBarenasHo,
CIIOCOOBI HKCIIOJIB30BAaHUA U YCTAHOBKM 3HaveHus nons DSCP Bo mHOrom
HAIIOMHHAIOT PACCMOTPEHHbIe HaMU paHee CIOCOOBI MCIIOTB30BAHUA U yCTAHOBKHU
s3HaueHns mong [P- mpuopumrera. Cremyer oTMeruTs, dUTO TIONE KOZAA
muddepennuposarroit yeayru (DSCP) o6Gnamaer o6GpaTHO# COBMECTMMOCTBIO C

nonem IP— mpuopurera.

3.2.6. QoS- rpymma.

QoS- rpynma mpezcraBigeT co6OH IIOJle BHYTpEeHHEH II0 OTHOIIEHHIO K
MapUIPyTU3aTOPy CTPYKTYpPHl AaHHBIX Iakera. QoS- rpymmsl mpuMmeHseTcs A
MapKHpPOBKH IIaKeTOB Ha OCHOBAaHUU OIIpeZie/IeHHBIX IIOJIb30BaTeleM KpUTepHeB
xraccupukanuu. Crexyer ormeTturs, 4To mose QOS- TIpymmel  ABIAeTCA
BHYTPEHHHUM IIO0 OTHOIIEHMIO K MapUIPYTHU3aTOPy M He BXOAMT B 3aroiaoBOK IP-
IaKera.

C momompio mmona QoS- rpynmsl NPOM3BOAUTCA BHYTPEHHAS IIO
OTHONIEHWIO K MapIIPyTHU3aTOpPYy «packKpacka» makera. C(pezcTBa KauecTsa
OOCITy>XKMBaHHA, IOAJEPXKUBAOIMINE NAaHHYIO GYHKIUIO MapKUPOBKHM IIAKeTOB,
BKJIIOYAIOT B ceOs MeXaHM3M coriacoBaHus ckopoctu gocrymna (CAR) u mexaHu3M
pacmpocTpaHeHus moiauTuk QOS ¢ IOMOWIBIO IIPOTOKOJA ITOTPAHUYHOTO IIOJIA
(QPPB). MopynsHsIit nHTepdeiic KoMaHZHONW cTpoku QOS mo3BOJIAET IPOBOIUTH
MapKHPOBKY IIaKeTOB C HCIIOJb30BaHHEM JIOOOTO M3 TpeX PacCMOTPEHHBIX BEIIIE

MEXaHH3MOB.
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[lOBOJIBHO 9acTO IaKeThl IOCTYHalOT B IIOTPaHMYHOE YCTPOMCTBO CETH C
y>Ke ycTaHOBIeHHBIM IosieM IP- mpuopurera wiu nonem DSCP. Hecmotps Ha TO
YTO IOCTYNIHMBIIMHI ITaKeT yXXe HMMeeT «PaCKpacKy», CEeTeBOM OIepaTop JOJLKeH
Ha3HAYMTh HOBYIO MapKHMPDOBKy IIaKeTa B 3aBUCHMMOCTH OT €ro Kjaacca u

COOTBETCTBYIOIETO 5TOMY KJIaCcCy KadecTBa yCJIyT, IIpeJlaraeMbIX CeThIO.

3.3. YIpaBieHVe UHTeHCUBHOCTBIO TpadpuKa

C menbio obecrieveHns PyHKIIUH KauyecTBa OOCITY>KMBAaHUA BeCh BXOZAIINI
B CeTh IIOCTAaBIIMKA yCJIYT TpadHUK AOKEH INPOXONUTH CTPOTUHM KOHTPOJIb HA
TpaHulle CeTH Ha IIpeAMeT COOTBETCTBHA er0 MHTEHCHBHOCTHU IIOZJepP>KHBAaeMbIM
cerpio mapamerpam [8]. laxxe ecium HeOOJBIIOE YKUCIO IIOIPAaHUYHBIX
MapUIpyTH3aTOpPOB  HAYHYT  IepejaBaTb TpaduK ¢  HMHTEHCUBHOCTBIO,
IIpeBHIMAIONel MaKCHMAaJIbHO JOIyCTHMOe 3HadeHUe, YBeJIWUYMBIIAfACA HArpysKa
IIOTOKAa TpaduKa MOXeT IpUBeCTH K Ieperpyske ceru. CiemyeT OTMETHTbH, UTO
CHIDKEHHEe IIPOM3BOIUTEIBHOCTH CeTH HeM30eXHO IpUBeJeT K HEBO3MOXHOCTH
obecreyeHHA PYHKIMI Ka4eCcTBa OOCTYXUBAHUA I BCETO CETEBOTO TpaduKa.

YupasieHne WHTEHCUBHOCTBIO TpaUKa MOXKET OBITH JOCTUTHYTO 32 CUET
IIPYMEHEHHU IBYX ()gzaieinzise bysKIUN OTrpaHUYEHUSA TpaduKa,
npepycmorperHoi MexaHusmMoM (CAR), m ¢yHKIuu BIpaBHHBaHUA Tpaduka
(traffic shaping- TS), mpemycmoTpeHHON OZHOMMEHHBIM MexaHu3MoM. Hecmorps
Ha OJWHAKOBOE IIpeJHA3HAYeHUe, Ha3BaHHBIE BbINle (QYHKIWH OTINYAIOTCA
cmocoboMm 00paboTku Tpaduka B MOMEHT HcYepnaHus MapKepos. [lomsarme
MapKepa HCXOZUT U3 CXeMBI «KOP3MHBI MapKepOB» - M3BECTHOTO aJITOPHTMa
IO3UPOBAaHHON Ilepefauu TpaduKa, KOTOPHIH Oy/AeT pacCMOTpeH B CIeYIOMHX

paszeinax.
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3.3.1. Kopauna mapkepos

B mpomecce paboThl MexaHW3M YIIpaBJIeHUs HHTEHCHUBHOCTBIO TpaduKa
mojaraeTcs Ha (QYHKIUIO gJosupoBaHuA Tpaduka. OpHoil u3 Hauboiee
PacCIIpOCTPaHEHHBIX CXeM JO3MPOBaHUA TpadUKa SIBISETCA TAaK Ha3bIBaeMasd cXeMa
«KOp3MHA MapKepoB». CxeMa «KOpP3MHA MAapKepOB» HCIIOIb3YyeTCSI KaK aJTOPUTMOM
OTpaHUYeHM, TAK ¥ AJITOPUTMOM BBIPaBHMUBAHUA TpaduKa U IIpeJCTaBisgeT coOoiM
CPeACTBO COOOLIEHMA O pe3ysjbTaTaX COIIOCTAaBJI€HHUA IIapaMeTpPOB IIaKeTa C
3aAaHHBIMM OTPAaHUYEHUSIMM WHTEHCHUBHOCTU. B 3aBHCHMOCTH OT pe3yJIbTaTOB
IO3UPOBAaHUA IIPUHUMAETCA COOTBETCTBYIONee pelIeHHe - IepeJaTh IIaKeT,
OTOPOCHTSH U T.II.

CxemMa «KOp3sMHA MapKepoB» IIpeJlIojaraeT HaJudHe TpeX KIIOYeBhIX
mapameTpos [16,2].

o CpenHAs WHTEHCHBHOCTh IFJIM COTJIACOBAaHHASA CKOPOCTh Ilepemadu
nHpopmanyyu, Our/c. Kak mpaBmiIo, HHTEHCHUBHOCTh Tpaduka He
IIpeBHIIIaeT COTIACOBAHHYIO CKOPOCTh Ilepejayi HHGOOPMAIUH.

o CoracoBanHbIi pa3Mep Bcitecka (Bc), 6aitr. O6veM Tpaduka, Ha KOTOPHIH
MOXKET OBITH IIPEBBINIEH pa3Mep KOP3WHBI MapKepOB B OTZENIBHO B3ATHII
MOMeHT BpeMeHHU. VIHOTZa 5TOT ImapaMeTp HA3BIBAIOT TaKXKe CTAHAAPTHBIM
pa3MepoM BCILIeCKa.

o Pacmupennsiii pasmep Bcmiecka (Be), Oaiit. «Pesepsusiit douzp». O6peM
TpaduKa, Ha KOTOPHIIl MOXKeT OBITH IIPeBBINIEH pa3Mep KOP3WHBI MapKepa B
SKCTPeHHOM ciaydae. Bcmreck, pasMep KOTOPOTO HAaXOZUTCA MEXAY
COIJIACOBAaHHBIM M PACHIMPEeHHBIM pasMepoM, paspellaeTcs, KaK IIPaBHIIO,
TOJIBKO JIJI1 OYeHb HeOOJIBIION YacTu Tpaduka.

YerBepThIil KIIOYEBOU ITapaMeTp - MHTepBaa BpeMeHHu (time interval- TI)-
3aBUCUT OT CpefHell MHTEeHCHBHOCTM TpaduKa U COIJIACOBAHHOTO pazMepa

BCIUIECKA U BBIYHCIIAETCA IO opMmyie

TI =B, +CIR. (3.3.1)
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3.3.2. BeipaBHUBaHMe TpaduKa

BripaBuuBanue Ttpaduka (traffic shaping- TS) mnpencraBiaser coboit
MeXaHM3M CTIKUBAaHUA IOCTYIAIoOUero Ha uHTepdeiic moToka TpaduKa C Lesbio
HeJIOIyLIeHNs Ieperpy3Ku KaHajla U yAOBIETBOPEeHUS TPeOOBaHUI ITOCTABLIMKA
ycayr. B coorBeTcBMM ¢ MexaHM3MOM 1S MHTEHCHUBHOCTH IIYJIBCHPYIOILIETO
TpaduKa BBIDABHUBAETCA O COIJIACOBAHHON CKOPOCTH Ilepefadu MHGOPMAaLMH
(CIR) myrem mocTaHOBKM B ouepenb (Oydepusaimuu) IaKeTOB, MHTEHCHUBHOCTD
Iepesadyyl KOTOPBIX IIPeBBICHJIA CpeJHee 3HaueHue. bBydepusoBaHHbBIE ITaKeThl
IepejaloTCsa 110 Mepe HAaKOIIEeHHS JOCTaTOYHOTO 4Yuciaa Mapkepos. Ilepemaua
IIOCTAaBJIEHHBIX B OYepelb IAKETOB IUIAHUPYETCI MEXaHU3MOM OOCTYXHBaHUIL
ouepesieil «IIepPBBIM IIpUIIeJ, NepBsIM obcaykeH» (first-in, first-out - FIFO) min
B3BEIIEHHBIM MeXaHU3MOM PpaBHOMEpHOTro obciyxxuBaHus odepemeir (Weighted

Fair Queuing- WFQ) [7].

3.3.3. [losaupoBanue Tpadpuka

B xavecTBe MHCTpyMeHTa JO3MPOBaHUA TpadUKa MeXaHU3M 1S HCIOIB3yeT
y’Ke BbIlIe YIOMSIHYTYIO KOP3UHY MapKepOB, KOTOpas IIPUMEHAETCS A IPOBEPKH
IIOCTYMAIONINX ITAKETOB Ha COOTBETCBHE 33JaHHOMY ITPOGUIIIO.

MaxcuMaabpHBIH pazMep KOP3UHBI PaBeH CyMMe pPa3MepOB COTJIACOBAHHOTO
(Bc) n pacurupennoro (Be) BciteckoB. Kop3una momonHseTcs MapKepaMu, YHCIO
KOTOPBIX pPaBHAETCA pa3Mepy COIJIacoBaHHOTO Bcrmaecka (Bc), depes Kakzbrif
naTepBan BpeMeHu 1= Bc/CIR, rme CIR mpeacraBiser co0oil COTrIacoBaHHYIO
CpeAHIOI0 MHTEHCHBHOCTh IOTOKa Tpaduka. Korma xopsuHa cTaHOBUTCA IIOJIHOIA,
BHOBb IIpUOBIBAIONIVie M30BITOUHBIE MapKepsl orOpackiBaiorca. [lIs Kaxzmoro
IIaKeTa U3 KOP3WHBI BBIHMMAETCS YKCJIO MapKepOB, KOTOPOEe PaBHIETCS pasMepy
makera B Gaifrax. Ecam 14 mepesaum makera B KOp3MHe HANIOCh JOCTAaTOYHOE

KOJINYE€CTBO MAPKEPOB, IIAKET II€PEeNaeTCsda, a padMe€p KOP3HHBI YMEHBIIAETCA Ha
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paBHOe pa3Mepy IepeJaHHOrO MaKeTa KOJIMYeCTBO MapKepoB. B mpoTuBHOM cirydae
IaKeT MapKUpyeTca KaK He yZOBIeTBOPAIOUUH 3aJaHHOMY IIPOMUIIIO U CTABUTCS B
ouepenp 1A Tociexmylomein mepegauu. Ha pmc.3.3.1. msobpaxeHa peanusanys

aJITOpUTMa «KOP3MHA MapKepoB» /i1 MeXaHMU3Ma BbIPaBHUBaHUA TpadUKa.

0) N306bITOUHBIE MapKepHbI
Kop3auHa nononusiercs: Mapkepam, 0 0 00
YHCIIO KOTOPBIX PABHSETCS pa3mMepy 0]
cornacoBaHHOTO Beruiecka (Be), uepes @)

Kax eIl nHTEpBad Bpemenn T=B./CIR

Pa3mep kopuHbI
Bc+Bg

Ecnu s mepenaum makera B KOp3UHE

0] HAIIUIOCh IOCTATOYHOE KOJUUECTBO
MapKepoB, TAKET MepeaaeTcs, a pamep
@) KOP3HWHBI YMCHBIIIAETCS HAa PABHOE Pa3Mepy
@) o makeTa B 0aiiTax 4rucio MapKepoB

Puc. 3.3.1. Peanusanus aaropurma «<Kop3uHa MapKepoB» IJI MeXaHU3Ma

BbIPABHUBAHUA Tpa(bm(a.

3.4. Pacripepienenne pecypcos

B MoMmeHTHI meperpysku ceTu pacipefiejleHHe pecypcoB [Jid OTZeIbHOTO
IIOTOKa Tpaduka OOYC/IaBIMBAETCA IOPAAKOM OOCITY>KUBAaHUA IIOCTAaBJIE€HHBIX B
ouepenp makeroB. [lopamok oOCTyXKMBaHUSA IIOCTAaBIEHHBIX B OYepelb IIAKETOB
oIpesieIfeT CAeAYIOIUN IIaKeT, KOTOPBIH OyzeT W3BIedeH M3 odepenu. Jacrora
0OCITy>KMBaHUA IIAKETOB, IPUHAJJIEKAINUX K OMHOMY U TOMY >Ke IIOTOKY TpaduKa,
00yC/IaBlIMBaeT €ero II0JIOCY IPOIIyCKAaHUA WM PpaclpefieieHue PpecypcoB I

IAHHOTO ITOTOKA TpaduKa.
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TpaguIOHHBIM I KOMIIBIOTEDHBIX CeTell MeXaHH3MOM OOCIy>KMBaHUI
ouepesieil ABIAETCA MEXaHU3M <«IIEPBBIM IIpUIIeJ, IepBbIM obciyxeH» (first-in,
first-out - FIFO), B cooTBeTCTBHMY C KOTOPHIM IIaKeThI II€PeJaIOTCA B TOM ITOPSIKE, B
KOTOPOM OHH OBUIM IIOCTaBJIe€HBI B BBIXOZHYIO oduepenb. Hecmorps Ha TO uTO
mexaHu3M FIFO nocaToyHO IIpOCT M €ro JIerko peajxn3oBaTh, OH He CIOCOOeH
IIPOBOJUTH pasaudyue MeXZAYy HEeCKOJbKUMHU IoToKamu Tpaduka. CiemoBareiapHO,
mexaHu3M FIFO He MoXXeT BeIeIUTH TpeOyeMsbIil 00beM PeCcypCoB A TOTOKA MU
06ecIIeYnTh ero IPUOPUTETHYIO II0 OTHOUIEHHIO K APYyTUM IIOTOKaM 00paboTKy.

B3BemeHHBIE ~MeXaHM3M  pAaBHOMEPDHOTO OOCHY>XMBaHHI oOdepezeil
(Weighted Fair Queuing- WFQ) mpexcrasiser coboii MeXaHU3M OOCITY>KUBaHUSI
ouepesilell C ydYeTOM IPUHAAJIEXHOCTH IAKETOB K TOMY WJIM WHOMY KJACCy
tTpaduka. B coorBercTBm ¢ MexaHmamMoM WFQ kaxzoMy TOTOKy Tpaduka
Ha3HAYaeTCsA OIIpeJleIeHHBINH BeC, OOYCIAaBIMBAIOIIUM YacTOTy OOCTYy>XMBaHUS
ImakeToB JaHHOro moroka. Mexanusm WFQ mnopzepxuBaeT NIpUOPUTETHYIO
00pabOTKy IIOTOKOB C OOJBIIMM BeCOM, a TaKXe 3allUTy K PpaBHOMEpPHOe
o6CITy>KMBaHIeE ITOTOKOB C OAMHAKOBBIM BECOM ITyTeM IIPUMEHEHHSI MaKCHMHHHOI

CXeMbI pABHOMEPHOTO pacIipefie/IeHUs PecypcoB [5].

3.4.1. Ilogpepxka ¢pyukiuit Q0S cO CTOPOHEI MEXaHU3MOB

oGCTyXKuBaHUA odepeeit

JvHaMuKa Iepesauyy IAKETOB B CETH JeJIaeT ee YSA3BUMOM JJId CIydaiHBIX
WIN TIOCTOSHHBIX II€Perpy3oK, Hambojee dYacTO BO3HUKAIONUX B MeCcTax
PACIIOJIOKEHUA MAapUIPyTH3aTOPOB, OOBEAUHAIONWIUX CETH C CYIEeCTBEHHO
Pa3sJIMYAIOIIIMUCA  II0JIOCAMM  IPOIyCKaHMA. B  MOMEHTSI HOPMAaJIbHOTO
(GYyHKIIMOHUPOBAaHUA CeTH JI00asg cxeMa OOCHYy)XXUBaHMA oOdepelseid KaKeTcs
HleaTbHOM, ITIOCKOJIBKY Ouepesiell KaK TAaKOBBIX B MapUIPyTH3aTOpax IIOIPOCTY HeT.

O,ZLHaKO IIpy  II€eperpyske CeTH MdpHIPYTHU3dTOPbl HAYHWH4IOT IIPOBOJHTH
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Oydepusamuio IMakeToB W HMCIOJB30BAaTh MEXaHU3MBI OOCIY>KMBaHUA odepezeil ¢
IIeJIBI0 BEIOOPA ITaKeTa, KOTOPBIH JO/KeH ObITh 06paboTaH Ha CIeAyIOIEM LIare.

AnroputM OOCITy>XMBaHHUA ouepefeil c moamepikkoi QoS momxeH Kak
MUHHMYM OOJazaTe cpencTBoM AuddepeHINpOBaHNA IIAKeTOB U CPeACTBOM
OIlpefieJIeHUs YPOBHA OOCTYXXHBaHMA KaXAOro mnakera. Kpome Toro, momoGHBIM
QITOPUTM [OJDKEH TapaHTHPOBAaTh KAadeCTBO OOCTYXMBAaHUSA IIAKETOB ITyTeM
pacIpesieleHUs PeCypcoB g KaXAOTO OTZEeNIBHOrO IIOTOKA Tpaduka HIH C
IIOMOIIBIO OIIpeieIeHUs OTHOCUTEeIBHOTO IpUopUTeTa MOTOKOB. CIeyeT OTMEeTHTH,
410 AuddepeHIIPOBaHNE IAKETOB MOXET OCYLIECTBIATHCA KaK HA OCHOBAHUU
IPUHAJJIEKHOCTH IIaKeTa K IIOTOKYy TpaduKa, TaK W HAa OCHOBAHUU
IIPUHAJIEXXHOCTH ITaKeTa K KJIacCy Tpaduka, BKIIOYAOMEMy B ce0s, Ka IPaBUIIO,
TIAKeThI U3 Pa3IMYHBIX ITIOTOKOB.

Kpome TOro, amroputm ob6ciyxuBaHHSA odepezneil ¢ mopzepxkoit QoS
IOJDKeH 00ecIevrBaTh 3al[UTy ¥ PaBHOMEPHYIO 00paboTKy BCeX IIOTOKOB Tpaduka
C OAMHAKOBBIM IIPHOPUTETOM (HAaIpUMep, TpapuKa, OCTaBIIEMOTrO 6e3 rapaHTHii).

JononHuTtensbHBIME ~ TpeOOBaHMAMUM K  IIOZOOHOMY  QJITOPUTMY
OOCJTy>)KMBaHHUA oOuepeseld ABIAIOTCA JIETKOCTh pealHsallud U IIOAJepXKKa
yIpaBleHUs [JOCTYIIOM JJI IIOTOKOB, HYXXJAIOWIMXCA B TIapaHTHUPOBAHOM
IIpeJOCTaBJIeHUU PeCyPCOB.

Hecwmotps Ha To uto anropurm WFQ 6osee cioxeH B peanusanuy, HeXXelIu
anroput™ FIFO, on ymoBmerBopseT BceM TpeGOBAaHUAM aJITOPUTMA OOCITY>KHBAHUA
ouepezeii ¢ moamepxkkoii QoS (4eM, K COXAJEHUIO, He MOXKET IIOXBAaCTaThCA

anroput™m FIFO).

3.4.2. Anroputy™ obcryxuBanus ouepegeit FIFO

FIFO mpencraBiager co0oOi MeXaHH3M OCHY>KMBaHHA oOdepezneil, B

COOTBETCBHHN C KOTOPBIM IIOPAAOK IIOCTAHOBKM IIdaKETOB B OYE€pPE€Lb COBIIAIAET C
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IIOPAIKOM HX W3BJIE€YeHUs U3 odepenu Ayt obpaborku (mepemauu) [51]. Ouepenp

FIFO cxemarunyecku mpecTaBieHa Ha puc. 3.4.1.

Ouepens FIFO

Puc. 3.4.1. Ouepens FIFO

Kaxk y»xe roBopuiocs paHee, B COOTBETCTBUU C MEXaHU3MOM OOCITY>KMBaHUI
FIFO nopsAmox IOCTaHOBKHM IIaKETOB B OYE€pesb COBIALAeT C IOPALKOM UX
usBinedeHus wu3 odepenu. Ha cerommsamuumii nens Mexanusm FIFO saBngercs
Hanboyee  pacIpPOCTPAaHEHHBIM  MeXaHM3MOM  OOCHYy)XHBaHUA  oOdepenew,
IPUMEHAOMMUMUCA B MapuIpyTH3aTopax. Ero peanmsanus OTIWYaeTCA CBOeH
mpocroroit. K coxanenwnio, wmexanusm FIFO He cmnocobern o6ecnedurs
paBHOMepHOe OOCIyXMBaHUE IIOTOKOB TpadUKa C OAMHAKOBBIM IIPUOPUTETOM U
3aIIUTUTh HX OT IIOJABJIEHUS IIOTOKAMU C HEPAaBHOMEPHOW WHTEHCHBHOCTHIO.
[Tocnemame MoOryT oroOpaTh 4acTh PeCypCoOB y IIOTOKOB, MMEIOUIUX ITOCTOSHHYIO
WHTEHCUBHOCTh U OOCTY>KMBAIOIIUXCS CKBO3HBIMM QJalTUBHBIMU CXeMaMU
yIpaBjIeHUs IIOTOKOM, TaKMMH, KaK CXeMa YIpaBlIeHUA AUHAMUYECKUM OKHOM
mpotokosiom TCP (Transmission Control Protocol- mporokon ympaBieHUs
mepezauveit). BrigcHsaercs, uro B coorBeTcTBMM C MexaHusMoM FIFO moroxu
TpadpuKa OOCIY)XMBAIOTCA IOYTH IPONOPIMOHATBHO WX HHTEHCHUBHOCTH.
ITomo6OHas cxema 0GCIYy)XMBaHUA O4epezieil He ABIAETCS PABHOMEPHOMH, ITOCKOJIBKY

OHa [OOIIYCKdeT l'IPeO6JIa,I[aHI/Ie IIOTOKOB BBICOKON HWHTEHCHUBHOCTU HaZl, BCEMHU
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OCTaJIbHBIMM TOTOKamMu Tpaduka. JIio6oii Ke paBHOMEPHBIH aJITOPUTM
OOCIy>XMBaHHA oOuepefieli obeclleynBaeT 3alUTy OT IIOTOKOB C BBICOKOM

MHTEeHCHUBHOCTBIO II0 CBOEM IIpupoe.

3.4.3. MakcUMUHHasA cXeMa PaBHOMEPHOTO pacIpefie/leHu

pecypcosB

Ecmu mexanumsm FIFO He oOecmeunBaeT paBHOMEPHOTO pacIipefieIeHHs
PeCypcoB MeXAy IIOTOKaMH, TO TAKOH CXeMOH paBHOMEPHOIO pacIlpefeleHusd
pecypcoB, IOJyYUBIIEH ITHMPOKOE PpACIPOCTPaHEeHUe, SBIAeTCA MaKCHUMHHHAA
cxeMa PaBHOMEPHOTO pacIpefieIeHUs pecypCcoB.

Kaxk npaBusio, pa3Hsle 1101b30BaTeIN IPEABABIAIOT Pa3IMYHbIe TPeOOBAHU
k pecypcam. CiemoBaTelbHO, CyIEeCTBYeT BO3MOXHOCTb KJIACCH(UKAIUU
II0JIb30BaTesIell B NMOPAAKe BO3pacTaHMWA MX TpeboBaHUM K pecypcam. Hinke mamo
oIpeseseHNe MAaKCUMUHHOM CXeMbI PAaBHOMEPHOTO pacIpefie/IeHUs pecypCcoB.

e Pecypcs! pacupezienfiorcs B IOPSAAKe BO3pacTaHUS TPeOOBaHUIA.

e Ilonp3oBaTesnb He MOXKET IIOJYYHUTHh IIPEBBINIAIONINI €ro MOTPeOHOCTH

006BeM pecypcoB.

e Pecypcsl pacrmpezendiorci PaBHOMEPHO MeXZy IIOTb30BaTEIAMU C

HeyOBJIeTBOPEHHBIMU TPeOOBAaHUAMH.

Paccmorpum mpumep. Ilpemmonoxum, uyro oO6umuii 06BEM IOCTYIIHOTO
pecypca paseH 14 egununam. TpeboBanus x pecypcy mnomns3osareneir A, B, C, D u
E cocrasmaror 2, 2, 3, 5 u 6 emunwum, coorBeTcBeHHO. Pacmpenenenue pecypca
HAaYMHAETCS C HUCTOYHMKA C HAUMEHBUIMMH TPeOOBAaHUAMH, KOTOPBII IOTydaeT
0o0BeM pecypca, paBHBIM OTHOLIEHHIO BCETO 3amaca pecypca K oOLeMy Yucity
mosib3oBareseil. Takum oOpa3oM, B pacCMaTpUBaeMOM HaMU CIydae II0JIb30BaTeIAM
A u B 6yzer mpemoctaBneno 14-+5=2.8 egunun pecypca. OpHako TpeGoBaHUA
mors3oBareseil A u B cocTaBigioT Bcero suurs 2 efUHULBL pecypca. B aTom ciryuae

n30BITOUHBIH pecypc obvemom 1.6 emuuunm (mo 0.8 eguuML ¢ Kaxporo
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IIOJIb30BATeII) PAaBHOMEPHO pacIpeZendeTcs MeXZYy OCTaBUIMMUCA TpeMs
Imoyb30BaTeNaMu. Takum o6pasom, mons3oBarenn C, D m E momyuaior mo
2.8+ (1.6+3): 3.33 epunuusr pecypca. CiremyomuM 10 00beMy IpeLbABIIeMbIX
TpeGOBaHUH K pecypcam sBisgercs nonb3oBarens C. TpeboBanmus mons3oBarens C
Ha 0.33 eguHHUIBI «CKpPOMHee» IIpejjaraeMoro emy oOBeMa pecypcoB.
N36siTounsiit pecypc obvemoMm 0.33 eAMHWIBI pPaBHOMEPHO pacCIIpesesioTCsa
Mexpy mosb3oBarensMu C u D, kaxzaplii M3 KOTOPBIX IIOJIydYaeT IO
333+ (0.33 + 2) = 3.5 efMHUIIBI pecypca.

O6peM pecypcoB, IpefOCTaBIAEMBIN IIOJIB30BATEIIO, PACCUUTHIBAETCA IIO

cienytomeii popmye:

Ob5eM pecypcos, IPELOCTaB/IAEMBIH IIOTB30BATEII0=(BECh 3aII1AC PECYPCOB- OOBEM YIKe

pacmpezereHHbIX PecypcoB)+ YHCIO II0/Ib30BATeIeH, KOTOPBIM BCE elje TPeOYIOTCA peCypChl

PaBHOMepHOe pacnpenencnue (FA)=(14-0)+5=2.8
Mlar 1

TpeboBanus k
pecypcam

FA=2.8

TTons30BaTenmn

Puc. 3.4.2. Pacnpenenenue pecypcos 1 moas3oBaTeneir A u B

PaccmoTpenHsbIit HaMu TpUMep HaTJIALHO IPOMJLIIOCTPUPOBaH Ha puc 3.4.2.
Ha mare 1 (puc. 3.4.2) TpeGoBanus moxns3oBaTeneir A u B ymosierBopsiorcsa B
IOTHOM oOBeMe, TaK KaK OHM He IIPEBBINIAIOT 3HAYEHUH, IIOMYyYEeHHOTO B
pe3yibTaTe  paBHOMEPHOTO  pacIlpefileleHHsA  PecypcoB  MeXZy  BCeMHU

IIOJIB30OBATE/IAMM.
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ITockonpky TpeboBanus k pecypcam mosb3oBaresneii C, D u E mpessimator
2.8 empuHUI, OHU He MOTYT OBITH y/IOBJIETBOpPEHBI Ha oTOM uiare. Ha ciemyiomem
mare oO0beM HeBOCTPeOOBAaHHBIX IIOJIB30BaTessMH A u B pecypcoB paBHOMEpHO
pacIpefieITIOTCA MEX/Iy OCTaBIIMMHUCA TpeMs nosib3oBarenamu - C, D u E.

Ha mare 2 (puc. 3.4.3) B momHOM oOBeMe VIOBIETBOPSETCA JIMIIb
TpeGoBaHue moib3oBaTesns C Kak He IIpeBBIIIAIONlee 3HAYEHUs, IIOJYYEHHOTO B
pesyJibTaTe PaBHOMEPHOIO paclipefieleHUsS OCTaBHIIMXCA PeCcypcoB MeXAy

noias3oBarenamu C, D u E.

PaBHOMepHOE pacnipenenenue (FA)=(14-(2+2))+3=3.33
[ar 2

TpeboBanus x

pecypcam I bl Fasss

ITonp3oBaTenu

Puc. 3.4.3. Pacnipenenenue pecypcos ajs nosassosaresns C

ITockonpky TpeboBaHus K pecypcam nosnb3oBaresneii D u E mpessimator 3.33
eIVHULBI, OHM He MOTYT OBITh Y[OBJIETBOpPeHHI Ha oroM mare. Ha ciexmyiomem
mare o0BeM HeBOCTpeOOBaHHBIX Tonb30oBaTresieM C pecypcoB paBHOMEpPHO
pacIpeenseTcs MeX/Ay OCTAaBUIMMUCSA ABYMA IOJIb330BaTesMu - D u E.

Ha mare 3 (puc. 3.4.4) 3HayeHWsd, IOJIYYEHHOTO B pe3yJbTaTe
PaBHOMEPHOIO pacIipefieleHus pecypcoB (3.5 emuHuI), HeZOCTaTOYHO I

IIOKPBITHA 3daIIPOCOB KaK IIOJIB30BaTEJIA D, TdK MW IIOJIB30BATEIA E, 06BeM
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HEY/IOBJIETBOPEHHBIX TpeOOBaHUII KOTOpPBIX cocraBiafeT 1.5 um 2.5 emunwum,

COOTBETCBEHHO.

PaBaomepHoe pacnipenenenue (FA)=(14-(2+2+3))+2=3.5
[ar 3

TpeboBaHus K

pecypeau L~ FA=35

ITonp30BaTenu

Puc. 3.4.4. Pacnipenenenue pecypcos ns mons3osareneii D u E

IlpencraBieHHBIH BbINIe CHOCOO pacIpefieJIeHHS PeCcypcoB IIONYYHII
Ha3BaHHe MaKCUMHHHON CCXeMbl PaBHOMEPHOTO paclipefiesieHus pecypcoB. HyxHo
OoOpaTuTh BHHMMAaHHE Ha TO, 4TO BCe IIOJIB30BATEeIM C HEYOBIeTBOPEHHBIMHU
TpeGoBaHUsAMH (T.e. C TpeGOBaHUIMH, OOBEM KOTOPHIX IIPEBBINIAET UX
MaKCHMHHHYIO PaBHOMEDHYIO [IONI0) IIOJIYy4alOT paBHBIE OOBEMBI peCcypCOB.
MaxkcuMyuHHag cxeMa PaBHOMEPHOIO pacIpefie/ieHHs pecypcoB IIOMy4YMa CBOE
Ha3BaHWUe B CBA3H C TeM, ITO II0JIb30BaTe/Ib C HEYJOBIETBOPEHHBIMY TPeOOBaHUAMU
IIOJTy9aeT MaKCUMYM M3 BO3MOXKHBIX MUHUMAa/IbHBIX PABHOMEPPHBIX JOJIEH.

MakcuMuHHasA cXeMa PaBHOMEPHOIO PpacIpefieleHUs PpecypcoB, B KOTOPOM
KaXKZIOMYy II0JIb30BaTeII0 Ha3HAa4YaeTCd OIPeeIeHHBI BeC, IOay4nia Ha3BaHHe
B3BeNIEHHONI MaKCHUMHHHON CXeMbl PaBHOMEDHOIO paclipefieieHUs pecypcoB. B
COOTBETCTBMM  CO  B3BEIIEHHOM  MaKCMMHWHHOM  CXeMOM  pPaBHOMEPHOIO
pacmpezieieHus PeCypCcoB KaXKJOMY I10JIb30BaTe/IIO BHIIEIAETCA paBHOMEPHAA JOJIA

pecypcoB, TPOIIOPLMOHAIFHAS eT0 Becy.
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3.4.4. O600meHHasn cxeMa pasze/leHHUs IPOLeCCOPHOTO BpeMeHH!

Ilpu ob6paborke 1OTOKOB TpaduKa, IepefaBaeMOro IO METOZY
HETapaHTUPOBAaHHOM [JOCTaBKM (@ Takke BCeX JPYIHMX PaBHOBECHBIX KJIACCOB
TpaduKa), [JO/DKHA IPUMEHATHCA CXeMa, oOOecIedyuBaouias CIpaBeIuBOe
oOCITy>KMBaHHE II0 TUITy MaKCUMHHHOHM CXeMBI PaBHOMEPHOTO pacIipefiesIeHHs
pecypcoB. VIMeHHO Takoil cxeMo#l M fBjigeTca 0OOOOIeHHAas cxeMa pasfie/leHUs
mporneccopHoro BpeMeHnu (Generalized Processor Sharing - GPS).

B cootBBercTBUU cO cxemoi GPS xaxpprif morox Tpadrka momemaercs B
COOCTBEHHYIO JIOTUYeCKYIO Odepelb, IIOCIe 4Yero OeCKOHeYHO MaJblii 00BeM
ITAHHBIX U3 KOKJOU HeIyCTOi ouepenu 0OCIy>KMBAeTCA 110 KPYTOBOMY IIPUHIIMILY.
Heo6xopumocTs 06pabOTKH OGECKOHEYHO MajJoro oObeMa JaHHBIX Ha KaXIOM
Kpyre oOycioBieHa TpeOOBaHHEM OOCTYXMBAaHUSA BCeX HEIYCTHIX Oodepezeil Ha
AI000M KOHEYHOM BpeMeHHOM wHHTepBane. Takum ob6pasom, cxema GPS
bakTHUeCcKu ABISETCSA CIPaBeAINBOM B II000Y MOMEHT BpeMeHH.

Ecnu >xe Bcem moTrokaM TpadrKa Ha3HAYUTH BeC, TO 0ObeM JAaHHBIX IOTOKA,
o6pabaThIBaeMbIil Ha KQXAOM KpyTe, OyZeT IponopliuoHalieH ero Becy. [logo6Hoe
pacmupenue cxemsl GPS daxtuyeckn mpencraBifer co00il  B3BENIEHHYIO

MaKCHMHHHYIO CXeMy PaBHOMEPHOTO OOCTy>XKMBAaHH.

3.5. IlpemoTBpameHue meperpysKky U ITOJIUTHKA OTOPaCHIBaHUA

IIaKE€TOB

IlonuTuka OTOpachIBaHMA IIAKETOB IIPEJACTaBIgeT COOOH  aJTOPUTM
yIpaBileHUud oOduepelplo, INPUMEHAIOUUICA I PperyJupoBaHUSL ee [JIUHBL.
TpaguIOHHEIN aJrOPUTM OOCTYXXUBAaHUSA Odepefeil «IIepBBIM IIpUIIEN, ITePBBIM
06CITy>KeH» MUCIOIb3yeT ZOCTATOYHO IIPOCTYIO IIOTUTUKY «OTOPAChIBAHUA XBOCTa», B
COOTBETCBHU C KOTOPO# jr06as IOIBITKA ITOCTAHOBKH IIaKeTa B IIOJIHYIO O4Yepenb

HEMHHYEMO 3dBEepIIUTCA €ro OT6paCBIBaHI/IEM. HO,Z[O6HEIH «AUCKPpUMUHAITHI»
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IIAaKeTOB IIPOZOJDKAETCS IO TeX IIOp, ITOKA JJIMHA OYepesy He YMEHBIIUTCA 32 CUeT
Iepesavyy yXKe HaXOAAIUXCS B Hell ITakeTOB. AJITOPUTM yIIPaBlIeHUsS OYepenbio, B
COOTBETCTBUM C KOTOPBIM JII00As ITOIBITKA IIOCTAHOBKY IIAKETa B IIOJIHYIO O4Yepenb
HEMUHYeMO 3aBepIINTCA ero OTOpachIBaHWeM, IIOJIY4YMJI Ha3BaHHWe aJTOPUTMA
«0TOpachIBaHUA XBOCTa». 110CKOIBKY OTOpachIBaHME IIAaKeTa SBJISETCS CUTHAIOM O
Ieperpy3Ke CeTH, MeXaHU3M «OTOpaChIBAHMUA XBOCTa» COOOIIAET O IeperpysKe CeTu
JINIIF B MOMEHT (aKTHYeCKOro ImepenonHeHus odepenu. C ILenpio IOAAEPKKU
MeXaHM3Ma IIPeJOTBPalleHNUs 3aTOPOB B CETH HCIIOIB3yeTCA TaK Ha3bIBaeMOe OKHO
meperpy3ku [19,25]. B pesynpraTe otTOpachiBaHus makera wucTtouHuK 1CP-
COeIVIHEHUs YMeHBIIAeT Pa3Mep OKHA U IIepe3allyCKaeT aJIrOPUTM, YTO IIPUBOJLUT
K peskoMy yMmeHblleHUI0 Tpaduka. C nmoBegeHueMm TCP-UCTOYHUKOB B MOMEHTEI
paboTHI anropurMa «OTOpPACHIBAHUA XBOCTAa» CBA3aHA HEOOXOZUMOCTH IIPOBEIEHUS
yIIpaBIeHUs OYepenbio C LeJbI0 CUTHAIU3ALMHU O IIeperpy3Ke CeTH U KOHTPOJIA 3a
pasMepoM oOuepenu I CHIDKEHHS 3aJepXKU OOpaboTKM IIaKeTOB. AJTOPUTM
IIPOU3BOJIBHOTO paHHEro OOHApy)XeHHsA IpeJCTaBiafeT cOo0OM  aJIropurM
IIpeflOTBpAllleHUs IIeperpy3KH, KOTOPBIH BMECTO OXHJAAHUA (PAKTHIECKOTO
IIepeIoIHeHN OYepe OTOpachkIBaeT IAKeTHl C HeHYJIeBOH BEepOSATHOCTBIO, KOTZAA
CpefHUII pa3Mep oOdYepenu IIPEBBICUT OIIPefieIeHHOe MHUHUMAJIbHOE IIOPOTOBOE

3Ha4YEeHUE.

3.5.1. Curnansusrii mporoxosx QoS

Jna mHQOPMUpOBaHHA CeTH O HYXJAAaX Pa3JIMYHBIX IIOTOKOB Tpaduka
HCIIOIB3yeTCs CUTHAJIBbHBIM IpoTOKON QOS- IPOTOKOJI pe3epBHPOBAaHUA PECYPCOB,
KOTOpBIM TIO3BOJIA€T KOHEYHBIM IPIUVIOKEHUAM, TpeOyIOIUM OIlpefie/IeHHbIe
rapaHTUPOBaHHBIE YCIYTH, IIPOBOAUTH CKBO3HYIO cuTrHanu3anuio csoux QoS-

TpeOGOBaHUIA.
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3.6. KommyTanus

I'maBHOI 3aamaveil MapmpyTusaTopa ABafeTcsa ddeKTuBHAA U KOPPeKTHASL
KOoMMyTanua makeToB. IIIMpOKO HCHONB3YIOTCA M MOAJEPXKUBAIOTCA HECKOJIBKO
MeTOZOB KOMMYTAallUM - KOMMYTAIlifd IIPOLIECCOB, IIPOJBIDKEHHE IIaKeTOB C
IIOMOIIBIO K31Ia MapUIPYTOB U CKOPOCTHAsg KOMMYTAI[U IIaKeTOB.

B coBpemeHHBIX  ceTAX, O0OeCIeYMBAIONIMX  Iepefady  THICAY
KPaTKOBpeMeHHBIX IIOTOKOB JAaHHBIX, PeKOMEHJyeTCA MHCIIOJb30BaTh MeTOZ,
xommyTtanuu nakeroB CEF. Dror Meron wurpaer BaXHYIO poJb M KOHTEKCTe
peann3anuy GyHKIUH MapUIPyTH3aIlid HAa OCHOBE IIOJIMTHK, KOTOpBIe TpeOyIoT

IIPOCMOTpA TaGIHIIBI MapUIPyTU3AIUH.

3.6.1. KommyTamusa nporeccos

ITpy KOMMyTanuu IIPOIECCOB IAKeT IIOCTYIIAeT HAa BXOZHOU mHTepdeiic u
CTaBUTCS BO BXOZHYIO OYepenb IIpoIecca, KOTOPHIMI KOMMyTupyeT maker. Korza
IJIAHUPOBIIMK  3allyCKaeT IIPOLieCC, IIOCAeZHUNM IPOCMAaTpPUBAeT  TaGIHILY
MapUIPYTHU3aLMX B IIOMCKAaX MaplIpyTa OO TOYKM HasHavYeHUd. Eciam mapupyr
HalJleH, TO U3 TaGIUIBl MAapIIPYTHU3alMM U3BJIEKAETCA afpec TOYKU CiIeAyIoleit
Imepesjavyy Iakera. MexaHW3M yIpaBiIeHHS AOCTyIOM K cpeze nepemauu (Media
Access Control- MAC) mepesanucsiBaeT afipeC TOYKM CJUIeAYIOIIEl Ilepeadu C
ITOMOIIbI0 NHGOPMAIUHY, B3ATOI M3 TaGIUIIBI IPOTOKOJIA TPEeOGPa30BaHU aLpecoB
(Address Resolution Protocol - ARP), mocie uero makeT ycTaHaBIMBAaeTCA B
BBIXOJHYIO OdYepenp HHTepdeiica mjas OTHpaBKH. KoMMyTanus IaKkeToB - 3TO
MeznyIeHHasd, HeapdeKTHUBHas U TpeOylomas WHTeHCUBHOTO HCIIOJIb30BAHUA
PeCcypcoB IIpolieccopa, IIOCKOJIBKY KaKJoe IPUHATHE pelleHus O KOMMYTAI[UH
makera TpebyeT mpocmorpa Tabmuusl Mapmpyrusanuu u ARP- tabmnusr. Ilpnm

CyIIeCTBOBAHNN HECKOJbKUX HYTEfI K IIYHKTY Hd3HAa4Ye€HUd C O,Z[I/IHaKOBOfI HeHOfI
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KOMMYTallig IIPOIIeCCOB IIpeAIIojaraeT paclipefieieHHe HArpy3Ku [Jd KaKJOTro

IIaKeTa.

3.6.2. IIpoxBrxkeHye IaKeTOB C IOMOIIBIO K3IIa MapIIPYTOB

ITpoxBmkeHMe IMAaKeTOB C IIOMOINIBIO K5IIA MApIIPYTOB pellaeT HEKOTOPEIE
mpoGieMbl, IPHUCYIIMe KOMMYTAIlMK IPOIECCOB. Tak, B COOTBETCTBHU C ITUM
MeTOAOM IIOCJIe TOTIO, KdK HepBLIfI ITaKeT 6BIJI r[epe,z[aH C IIOMOULIBIO KOMMYTHHI/II/I
IIPOLIECCOB, aipeC MyHKTa Ha3HAYeHUs, NHTepdelic TOYKU CIeAyIolell Tepejauu U
nakancyaanuu MAC- azpec TOuYKH cCilefylomell Ilepefjaddl COXPAHAIOTCA B
TabJuile IIOZ Ha3BaHWEM KOII MappyTa. 1akuM o0pa3oM, MOXHO OCYIIEeCTBHUTH
6BICTPYIO KOMMYTaHI/IIO HOCJIG,Z[YIOH.LI/IX ITIaKeTOB, Hpe,ILHaSHa‘{eHHBIX AJId 3TOTrO XKe
IIYHKTa HA3HAYE€HWA, BCEro JINIIb Haﬁ,ﬂ;ﬁ a,apec IIYHKTa HA3HAYEHHWsA B KDOIIe
MaPHIPYTOB. HPI/I HNCIIOJIB30BAHUN 2TOTO MeTO/Ja HPI/IH}ITI/IC PeIIIEHI/I}I o
KOMMYTaIlU{ IIPOM3BOAUTCA B PaMKax TOTO JXe IIPepBIBaHUI, KOTOpOe OBLIO

BBI3BAHO IIOCTYIVIEHMEM IIdKETd.

3amnuck
IP- xsmra

v

Bxon Brixon

Puc. 3.6.1. Ilepesaua makeToB c IOMOIIBIO K3IlIa MapUIPyTOB

ITpoxBrkeHNe ImAaKeTOB C ITOMOINBIO K3IIA MAPIIPYTOB HA3BIBAIOT TAKKe OBICTPOIT

KoMMyTanuei. MexaHU3M IIpOABIDKeHMS IIAKeTOB C ITOMOINBIO K5IIA MapIIPYTOB

cxeMaTH4eCKH u3o0paxeH Ha puc 3.6.1.
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MexaHusM TNpOABMKEHMUA TIaKeTOB C IIOMOIIBIO Kd3IIa MapuIPyTOB
IIPOU3BOZUT OBICTPBIM TOMCK IpeduKca NMyHKTa HAa3HAYEHHSI IO TPeOOBAaHMUIO.
3anuce A9 MyHKTa HasHAYeHUs B Kallle MapUIPyTOB CO3ZjaeTcsa TOJIBKO IIOCJIe TOTO,
KaK MapUIpyTH3aTOp IIOJYy4YUT IIepBBIM IIpejHa3HauYeHHBIHI K OTIpaBKe B 3TOT
IIyHKT makeT. /laHHBIN IakeT IepefaeTcsa C IOMOIIbI0 KOMMYTAllMM IIPOIECCOB,
O/IHAKO BCe OCTaJIbHbIe ITAKeTHl, IIpe/JHa3HauYeHHBbIe JJI1 Iepefadu B OTOT JKe IyHKT
Ha3HA4YeHUsd, KOMMYTHUPYIOTCA ITyTeM UX IIOMCKa B Oosiee OBICTpOM U 3 (PeKTHBHOM
KoIlle MapUIPyTOB. 3allMCH B K3IIe MAapIIPYTOB IIePHOAUYECKH yCTapeBaioT. boee
TOTO, M3MEHEeHHe B TOIIOJOTUM CeTH MOXXeT MIHOBEHHO CJieJlaTh 3TH 3allMCH
He/leICTBUTHIBHBIMHU.

IlomoOHas cxema K3IIMPOBAaHWA MapUIPYTOB II0 TpeboBaHUIO 5(deKTHuBHA
TOJIPKO B TeX CJIy4afX, KOTJa OOJBIIMHCTBO IIOTOKOB TpadumKa IIpeHA3HAYAIOTCA
IJis Tlepefayd B HEKOTOpOe IIOZMHOXXEeCTBO ITyHKTOB Ha3HAaYeHUsA B TaOuIle

MapIIpyTHU3aLUH.

3.6.3. CEF- xommyTanus

CEF s#Bnfercs MacmTabupyeMBIM MeXaHU3MOM KOMMYTAIIMH CETEBOTO
ypoBHA. B wmexanusme CEF mpezcraBneHo OosblIoe YHCIO YIyYLNIEHHH IIO
CPaBHEHMIO C TPAaJUIMOHHBIM METOJOM KOMMYTAallUM C IIOMOLIBIO KdIIa
MapuipyToB. Mexanusm CEF wusberaer mOTeHIHMaJbHOTO IIepeHACHILIEHUA
IIOCTOSTHHBIMY OOpalleHUAMHU K K3IIy C IOMOILIBIO Tonosorundeckoit Tabxumsr CEF,
KCIIO/NB3YIOIelica BO BpeMs NPUHATHA pemeHus o kommyranuu. B CEF- rabaume
3epKaJbHO OTOOpaxkaerca Bca mMHpopMmanus o MmapumpyTax. CylmecTByeT IpsMoe
coorBercTBre Mexzy 3anucamMu B CEF- rtabmuume u mpedukcamm Tabmuisr
Mapupytusauuu. Ilpu cosmanmm 3zanucu  CEF-  Tabnaumer  aBromMaTmdecku
paspemaeTcs mpobeMa peKypCHBHOTO MapIIpyTa, BcaeacTBue yero MexanusMm CEF
MO3BOJIAET  JOCTHUYh  TAaKUX  IIPeUMYINeCTB, KaK  IIPOU3BOAUTENIBHOCTB,

MaCH.[Ta6I/IpyeMOCTL, YCTOﬁqHBOCTB CeTn u (I)YHKLLI/IOHHJIBHOCTB. HPEI/IMYH.LGCTB&

105



mexaHu3Ma CEF ocobGeHHO BUZHBI B GOJBIINX, CIOXHBIX CETSIX C JUHAMUYECKOMH
MOJIeJIbIO TpaduKa.

Hapany c CEF- rtabnuueit moamepskuBaercs Tabiuma CMexXHOCTeH. B
TabauIle CMEXHOCTeH XpaHUTCA HHGOpMAIWd 3arojoBKa KAaHAJIBHOTO YPOBHA,
KOTOpas 3aIlloyHseTcs JTIo0bIMH IporoKosaMu - ARP, OTKpBITBIM IIpOTOKOIOM
IIPeATIOYTUTENIBHOTO BHIOOpa KpaTdyaiilero IyTH U Jp., - KOTOPHIM HeOOXOZMMO
YCTaHOBUTH OTHOUIEHHE CMEeXHOCTH. KaXXABIN 3aroJ0BOK KAaHAJIBHOTO YPOBHSA
CMEeXXKHOTO y37Ia 3apaHee BBIYMCIIAETCA M COXpaHIeTCA BMecTe ¢ MHGopMamuei 06
YCTaHOBKE CME>XHOCTH.

Tabmuuma CEF 3anonHseTcs IyTeM OOpaTHBIX BBI3OBOB U3 TAaGJIMIIBI
MapupyTusanyuu. Ilocie TOro Kak MapmIpyT paspellleH, COOTBETCBYIOIIAS eMYy
sanuck B CEF- Tabimnme ykassiBaeT Ha TOYKY CieAyIolled Ilepefilauy IIAKeTa,
KOTOopasg JOJDKHA IIPEeACTaBIATh COOOH cMexxHOoe ycrpoicrBo. Ecim manHOe
OTHOLIEHVEe CMEXHOCTH HaiifileHO B TalJuIle CMEXHOCTH, TO yKaszaTelb Ha HETO
xamupyetca B CEF- sanucu.

Kpome 06pIuHBIX GU3MUIECKUX CMEXHOCTeil, HeoOXoquMo elle o6paboTaTh
ocobere Tumsl cmexHoctu. 3amucu CEF- Tabmumer ¢ mpedmkcamu, KOTOpBIe
Heob6x0ZuMO 00paboTaTh CIIeIMaIbHbIM 00pa3oM, 3aHOCATCS B K3II C YKa3aHUEM Ha
CIEeI[MaTbHBIA TUII CMEXHOCTH.

B ornmuume or momenu ksma mapurpyros, MexaHusm CEF mposozur momck
abdeKTUBHON K3II- (QYHKUMM C IeJbI0 BBIPAaBHUBAHUA HATPy3KH IJIS KaXKIOH
Iapsl «MCTOYHWK- IYHKT HasHaueHUs». bosnee Toro, mexanusm CEF wmoxer
IIPOU3BOAUTH BHIPaBHUBAaHME HArPY3KH [JIA KKZOTO IaKeTa C IOMOIIBI0 0COGO0TO

YKa3aTeJid.

3.7. Mapmpyrusauus ¢ Touku 3peHus QoS

I'maBHasg GyHKIUA MapUIpyTHM3aTOpa 3aKIIOYaeTca B  OBICTPOH U

Bd)(i)eKTI/IBHOI‘/JI KOMMYTAllK BXOZAIIETO Tpa(bmca Ha COOTBETCBYIOIIME BBIXOAHBIE
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nHTepdeiicel corracHO WHGOPMALMM, XpaHAIMEHCcA B TaOIUIle NPOABMKEHUSI
IakeToB. MeTos TPOABIIKEHUS IIAKETOB, YYUTHIBAIOI[WI TOIIOJIOTHIO CETH,
Ha3bIBAIOIIMICA METOAOM CKOPOCTHOM KOMMYTallUM IIaKeTOB, oOOJsajaer
IIpeNMyILIeCTBAMH II€pe], METOLOM, OasHpPYyIOUIMMCA Ha KOIIMPOBAHUY IIAKETOB, UTO
OOyCJIOBIEHO COBIIaZileHHMeM TaOJIuIbl IPOJBIDKEHUS IIAKETOB C TabiuIei
MapUIPyTHU3aLIH.

Mapmpyrusanus Ha ocHoBe QOS - 5TO MeXaHH3M MapLIPyTH3aLUH, B
COOTBETCTBUM C KOTOPBIM IIYTH IS IIOTOKOB TpadUKa OIpenesioTCa Ha OCHOBE
HEKOTOPBIX CBEJIeHU O HAIMYUU PeCYypPCOB CETH U Ha OCHOBe TpeGOBaHMUIl IIOTOKOB
K Ka4eCTBY OOC/Ty XKMBaHUA.

MexaHusm MapurpyTusaunuu Ha ocHoBe (QOS- TOMUTHUK HCIIOIB3yeT
CJIeAyIOIIYe BaXKHbIE PAaCIIMPEHNU.

e IIpoTokon MapuIpyTH3alu{ IlepefiaeT METPUKU C IUHAMHYeCKOM
vHpopmanueii o Hammuuum pecypcoB  (QoS)  (mampumep,
MHPOpPMALUA O AOCTYIHOH IIOJIOCE IIPONYCKAaHUs, YPOBHE IIOTEpHU
TIaKeTOB UJIU 3aJIEPKKE).

e IlpoToKON MapumIpyTH3amuK JO/DKEH BBIYHCAATH HE TOJBKO
ONTUMAJIbHBIA IIyTh, HO U APYTrHe BO3MOXXHBIE ITyTH HAa OCHOBE UX
QoS- mocrymHOCTH.

e B Xax/ZOM IIOTOKe IepelalOTCI CBefeHUs O HeoOXOAMMOCTH
kauyectBe ycayr (QoS). QoS- undopmalus MOXeT IepeZaBaThCA B
GaiiTe THIIa 06CTY>XKMBaHUS 3aronoBKa IP- mpoTtokora. MapurpyTHsrit
IyTh MJA IIOTOKAa BbIOMpaeTci B cooTBeTcTBUM ¢ ero QoS-
TpeOOBaAHUSIMU.

Crnemyer oTMeTHTh, YTO MapuIpyTH3anusa Ha ocHoBe QoS Bieder 3a coboit
cylecTBeHHble ClIokHOCTU. Ilo cBoeit mpupoze Mmerpuku QoS- mocTymHOCTH
O4YeHb NUHAMUYHBI. TakuM 0Opa3oM, OOHOBIEHUS MapUIPYTOB IIPOUCXOAAT Ooiee
9acTo, ITOTJIalIas IleHHbIe CeTeBbIe PeCyPChl U 3aHMMas IIUKJIBI paboTHI Ipoleccopa

MapIIpyTH3dTOpaAa. IToToxk MOXKeT 4YacTo «KOaebaThCs» MeXAYy a/JIbT€PHATHBHBIMU
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QoS- mapurpyramu m3-3a usmeHeHuit QoS- merpukmu HecrabuibpHOrO IMyTH. bosee
TOTO, YacTas CMEHa MapUIPyTOB MOXXET IIPUBECTHU K YBEIUYEHUIO APOXKAHUA, T.€.
KojeOaHWA 3afepiKeK, KOTOpble WCIBITHIBAET KOHEYHBIH II0Jb30BaTelb. 3a
HCKJIIOYeHHeM YIIOMAHYTHIX ITpo0seM, MapuIpyTusanus Ha ocHoBe QoS aBigercs
BecbMa IleHHBIM aTpubdyToM QoS- ceTn.

OTKpBITBIII TIPOTOKOJI IIPEJIIOYTUTETBHOTO BBIOOpAa KpaTyailllero IyTH
(Open Shortest Path First - OSPF) u mporoxon o6Gmena wnHpopManuei o
MapIIpyTax MeXJy IpoMexXyTouHbiMM cucTeMamu (Intermediate System-to-
Intermediate System - IS-IS), sBnfdlomuecs OdYeHb PpaCIPOCTPaHEHHBIMHU
IIPOTOKOJIAMM BHYTPEHHEIO IITIO3a CeTeil IIOCTaBIIMKOB YCIYr, BMeCTe C
OOBABIEHNEM O COCTOSHUY KaHaja MOTYT IlepefaBaTh U OAlT THUIIA OOCTYyKUBAHUA.
Tem He MeHee Ha CeTOAHAIIHWI [eHb OalT THUIIa OOCTY>XKMBAaHHUA BCe elle
yCTaHABJIMBAETCS PaBHBIM HYJIIO U, TAKUM 00pa3oM, He ucrnoiab3yercsa. Tema QoS-
MapIIPyTH3aLUK II0KA YTO HAXOZHUTCA B CTAZUU OOCYK[IEHUA OPraHU3ALUAMHU IIO
CTaHAPTU3ALIVH.

Mexngy Ttem mporokonsr OSPF wm IS-IS 6pumm pacmupeHsI € IIeJIbio
MOANEP)KKM MeXaHM3Ma yIpaBIeHHs TpapuKOM HAa OCHOBE TeXHOJIOTHU
MHOTOIIPOTOKOJIPHOM KOMMYTAaIlMM METOK ITyTeM BKJIIOUeHuA HHGOPMAIUU O
pecypcax KaHajia B 0OBsABIeHMe MapuipyTa. HecMoTps Ha TO YTO 3TH IPOTOKOJIBI
BCe ellle OCHOBBIBAIOTCA HA ajjpece ITyHKTAa HA3HAYeHUd, B KAXKIOM MapLIpyTe
Tellepb HAXOJQUTCSA NOIOJTHUTETbHASA MH(POPMALHA, KOTOPYIO TaKHe IIPOTOKOJIBI,
KaK MHOTOIIPOTOKOJBHBI KOMMYTTallUd METOK, MOTYT HCIIOJb30BaTh JJIA
obecrieyeHHs MeXaHU3Ma yIpaBieHHsI TpadpukoM. IIpoTOKOIBI MapumpyTH3anuu
OSPF u IS-IS c pacmrmpenumsaMu ympasieHHsS TpadUKOM IIPeACTaBIAIOT COOO
IIPAaKTUYECKUH KOMIIPOMHCC MeXAY COBpEeMEeHHBIMM IIPOTOKOJIAMHM Ha OCHOBe

IyHKTa HasHaveHUs u QoS- MapmpyTusanuei.
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3.7.1. MapmpyTusanys Ha OCHOBE IOJTUTHKHU

CeropHsa MapumIpyTH3anus B KOMIIBIOTEDHBIX CeTAX OCHOBBIBAETCS
HCKIIOYUTeIbHO Ha IP- ampece myHKTa HasHayeHUA makeTra. MapimpyTusanus Ha
OCHOBe Ipyroii nHdbopManuu, IepefaBaeMoil B 3aroyioBke miau Tene IP- makera
HEBO3MOXXHA IIPH HCIIOJB30BAaHHU COBPEMEHHBIX JUHAMUYECKHX IIPOTOKOJIOB
MapumpyTusanuu. Jlma  pemeHus oToM  mpobieMsl M TIpefHa3sHaveHa
MapUIPYTHU3aLyA Ha OCHOBE ITOJIUTHUK.

Apxurexrypa nuddepeHINPOBAHHOTO OOCTy>KMBaHUA ObLIa pa3paboTaHa C
IeJIbI0 ObeclieyeHNs IOAAEePXKKH JIeTKOMAacIITabupyeMsIx auddepeHIIpOBaHHBIX
yCIyT B KOMIIBIOTEpPHBIX ceTAX. [lj1a mapkupoBku IP- makera B COOTBETCTBUM C
TpeGyeMbIM ypoBHeM QOS HIOIB3yeTcs HeJaBHO CTAaHAAPTU3UPOBAHHOE II0JIE KOZA
nuddepeHIINPOBAaHHON!  yCIyru, KoTopoe ompezenser PHB- monmuruky,
IIpUMeHAEeMYyI0 IIPH TPAaHCHOPTHPOBKE [JAaHHOTO IIaKeTa B IIpefieslax JOMeHa
mubdepenuuposannoit  yoryru. PopmupoBaHme u  MapkupoBKa Tpaduka
OCYIIeCTBIAETCA Ha TrpaHule cetu guddepeHuupoBanHoi ycayru. PHB-
IIOJINTUKA- 9TO HabmofjaeMas W3BHe IIOJIMTUKA IIOBEJEHHUSA CETEBOrO y3jla B
OTHOIIEHMU  IIaKeTOB  C  OIIpeJleleHHBIM  3HadeHHeM  IIOoJd  Koja
muddepennupoBanHol ycryru. PHB- mommrmka moxeT OBITH oIlpefiesieHa B
TePMHUHAX IPUOPUTETa B IPefOCTaBIEHUM PeCcypcoB IIO OTHOIIEHUIO K JAPyTUM
PHB- monutukam mau ke C IOMOIIBIO TaKUX M3MepsAeMBIX PecypcoB CeTH, Kak
3aJlep>KKa IIaKeTOB, yPOBeHb IIOTepU IIaKeTOB WIH ApoKaHue Tpaduka.

[TpepmonoxuM, YTO IIOCTaBUIMKY YCJIYyr KOMIIBIOTEDHOM CeTH MOXeT
IIOHAZOOUTHCA Pa3ZeIuTh TpadUK, HANPABIAOIUNECA K OIpefeIeHHOMY CEepPBepY,
Ha /iBa Kjacca: ¢ IMpUOpUTeTOM 3 (IlepemaeTcs IO BBIJEIEHHOM OBICTPOIl JIMHUU
ca3u) u ¢ npuopureroM 0. HecMoTps Ha TO 4TO IMyHKT HasHAYeHUSA OAUH U TOT
xKe, TpabWK  HAIpaBIdeTca IO  Pa3JIMYHBIM  BBIZIEIEHHBIM  KaHajaM,
COOTBETCTBYIOIIUM KaXAOMY 3HaueHuio IP- mpuopurera. AHajornyHeIM 00pasoMm,

MapIIpyTH3al¥isI MOXKET OBITH OCHOBaHA Ha AJANHE IIdKE€Ta, aJgpece HNCTOIHHUKA,
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IIOTOKe, OIlpefieJIeHHON Iapoil «aJpec MCTOYHUKA - afipeC IIyHKTa HasHAYEHUA» U
IIOpTaMH IIPOTOKOJIA YIIPaBJIeHUs Iepejadeil U MPOTOKOJIA Iepefjady JeiTarpaMm
II0JIb30BaTeNA, OUTAMU THUIIA OOCTY>XKMBaHUA, Outamu ot IP- mpuopurera u T.7.
Ilomo6Has rmbkas cxema MapUIpyTH3aluy OOBIYHO U  HA3hIBAETCH
MapIIpyTH3aLei Ha OCHOBE ITOJIUTUKH.

MapmpyTusanus Ha OCHOBe IIOJUTHKU He OIMpAaeTcsi Ha KaKOM-HUOYIb
OUHAMUYeCKUIl  IPOTOKOJ ~ MApUIPyTH3al[UM, a  HCIONIB3yeT  JIOKATIBHYIO
CTaTU4IECKYIO KOH(pHUTypanuio MapLIPyTH3aTOpa. Omna TI03BOJIAET
MapIIPyTH3HpPOBaTh TpahUK HA OCHOBE OIpe/leJIeHHON IIOJTHTHKHU, JaKe eCiIH
MHPOpPMaLMA O MAapUIPyTe K IYHKTY HasHAYeHUs ITIOTOKA HeJOCTYIIHA, UIU BooOIIe
WTHOPUPYS [NUHAMHUYECKyl0 WHGOpMAluio O MapuipyTe. bosee TOro, MOXHO
yKazaTh MapUIPyTH3aTOPy Ha HEOOXOAMMOCTh YCTAHOBKM 3HaueHus monst I[P—
IIPHOPUTETA IIaKeTa AJiA TpapuKa, MapIIPyTU3UPYEMOTO Ha OCHOBE ITOJIUTHUKHU.

IlockonbKy KOHGUIypauus MapuUIPyTH3allMX Ha OCHOBE IIOJIMTHUKU
SABJILETCSA CTATUYECKOM, 5TO MOXKET IIPUBECTH K OTOpAchIBaHUIO TpadHrKa B CIydae,
eclin CKOHGUIYPHPOBaHHAfA TOYKA CJeAyouleil Ilepefayy IIaKeTa CTAaHOBUTCS
HefmocTymHOU. [l TpOBepKM MJOCTYIHOCTH TOYKM CJIeAyIOllel Ilepefayuu
MeXaHH3M MapIIPYTU3aIlMy Ha OCHOBE ITOJIMTUKH MOXKET HMCIIOJIb30BaTh IIPOTOKOJ
o6HapyxeHua. Korza MexaHu3M MapuIpyTusaniy Ha OCHOBE IIOJUTUKU HE MOXXET
OOHApYXUTHh TOUKY CiIefylolel Iepefadu B TabIHIle ITPOTOKOJIA OOHApYXeHMH,
OH IIpeKpalaeT IlepeJaBaTh COOTBETCTBYIONIME IIAKeTHI B OTy TOYKY U
IIepeHalpaBIgeT HUX, MCIONB3ys Tabauiy Mapmpyrusanuu. MapupyTusatop
BO3BpallaeTCsAs K OCYILIECTBIEHUIO MapUIPYTH3AllM{ Ha OCHOBE ITOJIMTHKHU, KOTZA
TOYKA CJIeAyIolleil mepefadr OIATh CTAHOBUTCA JNOCTYIIHOM (3TO OIpejesnsgeTcs C
IIOMOIIBIO IIPOTOKOJIA OOHAPY)KeHUs). DTy QYHKIIMOHAIBHOCTh MOXKHO IIPUMEHATH
TOJBKO B TOM CjIy4ae, eCIM Ha uHTepdelice aKTHUBU3UPOBAH IIPOTOKOI

OOHapyXeHH.
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3.8. OcHOBHBIe TOKa3aTeIu B KOMIIBIOTEPHBIX CETIX

Temeps HeOOXOZWMO OTMETUTH BaXKHOCTH YIIPAaBIEHUA PeCypCaMU CETH C
TOYKU 3peHUs KayeCcTBAa OOCTYy>XMBAaHUA U ITOJyYeHHU HAWTYYIUINX XapaKTePUCTUK
CeTH, B JACTHOCTH ITPOU3BOJUTEIBHOCTH.

Buenpenve mexanmsmoB QoS mpepmosaraer obecliedeHHe CO CTOPOHBI
CeTH COeJUHEHUA C OIpe/leJIeHHBIMU OIPaHUYEeHUAMU IO IIPOMU3BOAUTEIBHOCTH.
OCHOBHBIMU XapaKT€PUCTUKAMU IIPOM3BOJUTENBPHOCTH CETEBOTO COeNUHEHUS
ABJIAIOTCA TI0JIOCA TIPOITyCKaHUA, 3alep>KKa, APOXKaHHe U YPOBEHb IIOTepH IIaKeTOB.

[Tonoca mpomyckaHuA OTHOCUTCA K uMelomeiica MOIIHOCTH Tpaduka
Kakoro-ju6o kaHajua. TepMuH moyioca IpOITyCKaHHUA UCIIOJIb3YeTCs JJI OIHCAHUS
HOMMHAJIBPHOM IIPOITYyCKHOM CIIOCOOHOCTH Cpefsl Ilepefaud HMH(POpMAIuH,
IIPOTOKOJIA FUIM COeIUHEeHUA. DTOT TePMHUH JOCTAaTOYHO 9((}eKTUBHO OIpezeiseT
«IIMPUHY KaHala», TpeOyIOUyIoCS IPHJIOKEHHIO IJII B3aUMOJEHCTBHUA IIO CETH.
Kak mpasmiio, kaxzoe coefHeHNe, HyKjalolleecs B TaAPaHTUPOBAaHHOM KadecTBe
OOCIy)KUBaHHUA, TpeOyeT OT CeTH pe3epPBUPOBAHUA MHHUMAJIBHOH ITOJIOCHI
IIPOITyCKaHHUA.

oz, 3amepxKoi OOBIYHO MOHMMAIOT OTPE30K BPeMeHHU, HeOOXOAUMBIH 1
IepeiBIDKeHN IIaKeTa OT MHCTOYHMKA [JO IIyHKTa HasHA4YeHUd depes
00BeJUHEHHYIO CeTh. 3aflep>KKa 3aBUCUT OT MHOTUX (PaKTOPOB, BKJIIOYAS IIOJIOCY
IIPOITyCKaHUA IIPOMEXYTOYHBIX KAaHAJIOB CeTH, OdYepesUd B IOPT KAXKAOTO
MapIIpyTH3aTOpa Ha IIyTH IepeiBIDKEHHUsA IIaKeTa, II€Perpy>KeHHOCTb CeTH WU
bu3nIecKoe pacCTOSHUE, HA KATOPOe HEOOXOLUMO ITepeMeCTUTD IIaKeT.

Ha puc. 3.8.1 npencrasien cioco6 BRIYUCIEHUA 3aZ€P>KKU CETH U TIOJIOCHI
mponycKaHug g pabotsl ¢ gaHHbMU [53]. [lepensaua mHbOpManUy MPOUCXOLUT
IIOCPE/ICTBOM IIePeCBHIIKM IIOCJIeOBaTeIPHOCTH KaJpoB, KOTOpPhIe COZep>KaT
IIaKeThl U HMEIOT OIpefleleHHyIo muuHy B Omrax (X Our Ha pucynke). Ilyrs
Iepefiayy JAHHBIX ITOKa3aH, KaK IIACCUBHas "OurToBas TpPybGa' C IOCTOSHHBIMU

XdPAKTEPHUCTHUKAMHU U OTCYTCTBHEM XpPAdHEHUA U npeo6pa303aHI/m OGUTOB. BpeMH oT
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MOMEHTa BXOJ]a B CeTh IIEPBOTO OMTa JAHHOTO KaJpa U O MOMEHTA BBIXOJA STOTO
6urta u3 cetu onpegensier 3amepkKy. OTMeTHM, YTO 3a/ilep>XKKa MOXKET U3MEHUTHCS
BO BpeMsdA IIepechLIKM KaZjpa IIO CeTH, a TaKXke MMeTb MaKCUMYM, MUHUMYM,
CpeIHIOI0 BeJIMYMHY, CTAaHJAPTHOEe OTKJIOHEHHe W TaK jJajee. 3aflep>KKa JOJDKHA
HU3MepAThCA OT OJHOTO KOHIIA 0 ZPYTOro, OT OTIIPAaBUTENA A0 IOIydaTessd, MeXAy

ABYMs TOYKAMH CE€TH NN B HECKOJIBKUX PA3JIMYHBIX TOYKAX IIO IIYTH CJI€JOBAHMA.

«buroBast TovOa»

—> Kamp=X o6ur —»

t,=BX0J B CE€Th t,2=BBIXO/ U3 CETHU

MepBOTO OMTa 3ageprka=tc-tc=Yc MepBOTO OMTa

«buroBast TovOay»

—P Kamp=Xo6ur —»
A A
ty=BBIXO]] U3 CETHU t,=BBIXO0]] U3 CETHU
IMOCJIETHETO OUTa nepBoro OuTa

[Monoca nponyckanus=X out/ (tyc- t,c)=Z dut/c

Puc.3.8.1. BzauMocBa3b MeXAY ITOJIOCOM IPONYCKAHUA U 33JeP>KKOH

ITomoca mpomyckanus omnpegensdercs dYepe3 Outsl. OTMeTHM, 4YTO B
KOHTEKCTe IPUJIOKEHWH [AA PaboThl C JAHHBIMHU B OIpeZieIeHUU HCIIOIb3yeTCs
nudpoBasd BepcHsA IOHATHA IIOJOCHI INPOIYCKAaHMUA, a He aHajJororas BepcUd
nuarna3oHa yactot. [losoca mporryckanus usmepsercsa B 6uTax B cekyHzy. IloaTomy
nudpoBas moyoca IPOMYCKaHUA - 3TO YUCIO OUTOB KaZipa, JeJleHHOe Ha BpeMs OT
MOMEHTa BBIXOJ]Jda U3 CETH IIePBOrO OHMTa KaZjpa IO MOMEHTa BBIXOJA U3 CETHU
IocJegHero 6mTa Kazpa. JTO JIMIIb OJWH M3 BO3MOXXHBIX METOZOB HM3MepeHUS.

OTMeTI/IM, 9YTO IIOJIOCa IIPONMYCKAaHUA [OJIA AAaHHOTO KaJpa MOXKET 3HAYUTEJIbHO
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M3MEeHSATHCA IIPU IlepeMelleHNH KaJpOB OT JUHUM JOCTYIa K JPYTHUM 4acTsAM CEeTH
U Jajee.

B paccmorpernom mpumepe (puc. 3.8.1) He ydureHa IepechUIKa Kazpa
omrmOoOK Iepesayu M M30BITOYHBIX OuTOB. Ecim kazp m comepkamuiica B HeM
makeT OyAyT NPUHATHL C OIIMOKON, TO [OJDKHA OBITH BHIIIOJIHEHA IIOBTOpPHAS
IIepPeChIKA, YTO YBEJIWYUT OOliee 3ama3fibIlBaHue Ipu Iepejade ¢aitia. Kpome
TOTO, HEKOTOpble OWTHI Kagpa WIM IIaKeTa He HeCyT WHGOPMAIMOHHOTO
COZep)KaHUsA, a MCIIONb3YIOTCI BHYTPH caMo# ceru. Takue OWUTHI Ha3bIBAIOTCA
W30BITOYHBIMHU. YUYMTHIBASA BAWAHNWE OIMMOOK ¥ M3OBITOYHBIX OMTOB, MOXXHO
BBIYMCJIUTh OOILIYIO INPOIYCKHYIO CIIOCOOHOCTH CeTH. UeM MeHblle OIIMOOK U
M30BITOYHBIX OUTOB, TeM OJIIDKe IIPOITyCKHAA CIOCOOHOCTH K BpEMEHU IIepeChLIKH.

3aziep>kKa IpH Iepefade IMaKeTOB, WX JIATEHTHOCTh, Ha KAKIOM IIepexoje
COCTOUT W3 3aJEp)KK{ CEePUANM3ALNY, 33TePKKU PaCIPOCTPAHEHUS U 3aJeP>KKU
KoMMmyTanuu. Hibke mpuBefeHBI oOmpefeneHUs KaXKAOTO M3 Ha3BaHHBIX BBIIIE
TUIIOB 3aJI€PXKKH.

e 3azepKa cepuajM3anuu. Bpemsd, KoTopoe TpeOyeTcs YCTPOHMCTBY Ha
Iepejavdy IakKeTa NP 3aaHHOM IIMPUHE IIOJIOCHI IPOIYCKAHUA. 3afepiKKa
cepuanM3aliiy 3aBUCUT KaK OT LIMPHUHBI IIOJIOCHI IIPONyCKAaHWUsS KaHaIa
mepefayy MHQPOpPMALMM, TaK M OT pasMepa IepesaBaeMOro IIaKeTa.
Jl0BOJIBHO 9acTO 33/Iep>KKy CepHATIU3aLY Ha3bIBAIOT 3aePXKKOM Iepejavi.

e 3azepkKa pacmpocTpaHeHus. Bpemsa, KoTopoe TpebyeTca IepeZaHHOMY
6ury uHboOpManuUM [ANA [JOCTIDKEHUS INPUHHUMAIOLIETO YCTpO¥CTBa Ha
IPYroM KOHIle KaHaia. OTa BeJIMYMHA JOBOJIBHO CYILIeCTBEHHA, IIOCKOJIBKY B
HaWJIydlleM CJIydae CKOPOCTh Ilepefayu KMH(POPMALWM COU3MEpPUMaA CO
cKopocThio cBeTa. HyXHO 0OOpaTHTh BHMMaHWE Ha TO, YTO 3aZiepKKa
pacIIpOCTpPaHEHUS 3aBUCHUT OT PpACCTOSHUS U HCIONIb3YeMOHM Cpenbl
nmepesfayy MHGOPMAIUY, @ He OT IIOJIOCHI ponycKanus. [ljis muHuil cBa3u
II00ATBHBIX  CeTe  3aflepXXKKa  pacIpoCTpaHeHUs  u3Mepserci B

MWIIHCEKYH/IAX.
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e 3asepXKka KOMMYyTalluM. Bpems, Koropoe TpeOyeTcs yCTPOHCTBY,
IOy YMBLIEMY IIAKeT, [JIA HavaJla ero nepesadu caefyIoleMy YCTPOUCTBY.
OO6BIYHO KaXABIA W3 IIAKETOB, IPUHAANEXKAMMN OJHOMY U TOMY Xe

IIOTOKY TpaduKa, IepefiaeTcs C pasJIMYHBIM 3HAYeHHEM 3aZlepPKKH. 3afepsKKa IpU
nepejaye IMakKeTOB MEHAETCA B 3aBUCMMOCTH OT COCTOSHHUSA IIPOMEXYTOYHBIX CeTeH.

B Tom ciydae, eciu ceTh He UCIBITBIBAET IIePerpy3KHU, MTaKeThl He CTaBATCA B
ouyepenb B MapIIPyTH3aTOpax, a obllee BpeMsd 3aflep>KKU IIPH Ilepefade IaKeTa
COCTOMT M3 CyMMBI 3aZlep)KKH CepHaJIM3allMy M 3aJep>KKM pacIpoCTpaHeHHd Ha
KOKJOM IIPOMEXYTOYHOM IIpoxojge. B 3ToM ciaydyae MOXHO TOBOPUTH O
MMHMMaJIbHOM BO3MOXXHOM 3aJlep>KKe IIpU Ilepejade IIAKETOB Yepe3 33aJaHHYIO
cerb. Crnemyer 3aMeTWUTh, 4YTO 33aflepXXKa  CepHAJM3aLMU  CTAaHOBUTCH
HE3HAYMTEJIPHOU II0 CPaBHEHMIO C 33aJeP>XKKOM PAaCIpOCTpaHEHHA IIpU Ilepezade
IIaKeTa 110 KaHaJTy ¢ GOJIbIIeil IPOITyCKHOM CIIOCOOHOCTBIO.

Ecnu xe ceTp meperpyxxeHa, 3aZlep>)KKM IIpM OpraHHM3alluM odepejeil B
MapUIpyTHU3aTOpaxX HAYWHAIOT BIUATH Ha OOIIYIO 3a[lep>KKY IIpU Ilepejade IIAKeTOB
Y IPUBOJAAT K BOSHMKHOBEHMIO PasHUIBI B 33/lepXKKe IIpU Iepejade pasIuYHbIX
IIaKeTOB OJHOTO M TOTO Xe MoToKa. KosebaHue 3aep>KKu IIpH Ilepefiade IaKeTOB
IIOJTyYMJIO Ha3BaHUe [JPOKaHUA IIPU Ilepejade IaKeToB.

lpoxaHue makeToB MMeeT OOJBIIYIO BaXKHOCTB, IIOCKOJIBKY MMEHHO OHO
ompegeigeT MAaKCUMAJIBHYIO 3aJlep>KKy IIPU IIpHeMe IAaKeTOB B KOHEYHOM ITyHKTe
HasHayeHud. [IpuHMMalomas cTopoHa, B 3aBUCHMMOCTH OT THIIA MCIIOJIb3YyeMOIO
NIPUJIOKEHUA, MOXKET IIONBITaThCA KOMIIEHCHPOBATh JpOXKaHME IIaKeTOB 3a CYeT
OpraHM3alMy NPpUEeMHOro Oydepa Anf XpaHEHWs IPUHATHIX IIAKETOB HAa BpeMd,
MeHblllee WIN paBHOe BepxHel rpaHuIle ApoxkaHud. K sToif kareropuu OTHOCATCA
IpUJIOXKEHUsA, OPUEeHTHPOBAaHHBIE HA Ilepefady/I[pueM HeIPephIBHBIX IIOTOKOB
JaHHBIX.

HyxHO 006paTuTh BHHMaHMe, YTO 3aJepXKKa CepHUaIU3alUU CTaHOBUTCS
HE3HAYMTEJIBHOM II0 CPaBHEHUIO C 33JE€PXXKKOW pacIpOCTpaHEHHSA II0 Mepe

YBeJINYE€HUA IIOJIOCBI IIpOITyCKaHUA KaHaJIa. 3a,11ep>KKa KOMMYTallnH
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IIpeHe6GpeXXMMO MaJjia B CJIy4ae OTCYTCTBHUA IIAKETOB B OY€peAX MapIIPyTHU3aTOPOB,
OJJHAKO CKJIOHHA K CYIeCTBEHHOMY yBeJIW4YeHUIO IIPU POCTe pa3MepoB odepeseii.

YpoBeHB ITOTEpU ITAKETOB OIpeesfieT KOIUIECTBO ITAKeTOB, OTOPACIBAEMBIX
ceTpi0 BO BpeMA nepegavyr. OCHOBHBIMU IPHYMHAMU IIOTEPHU IIAKETOB ABJIAIOTCS
IeperpysKka CeTH U IIOBpeX/eHUe IaKeTOB BO BpeMs Ilepefady IO JIMHUU CBI3U.
Yamre Bcero oTOpachIBaHHe IIAKETOB IIPOUXOJUT B MECTAaX IIEPerpysKH, I'ie YUCIIO
IIOCTYIAIONVX IIAKeTOB HAaMHOTO IIPeBHINIAeT BEPXHIOID TPAaHUILy pa3Mepa
BBIXOZHOI ouepesu. Kpome Toro, orOpachiBaHMe IIAKETOB MOXKET OBITH BBI3BAHO
HeZOCTaTOYHBIM pasMepoM BxomHoro Oydepa. Kak mpaBumio, ypooBeHb IOTepH
IIAaKeTOB BBIPAXKAEeTCA KaK [oJi1 OTOPOIIEHHBIX IIAKETOB 3a OIpefeseHHBIN
WHTepBaJI BpeMeHH.

HexoTopsle nmpuioxeHus He CIOCOOHBI HOPMAJIBHO GYHKIMOHUPOBATh MIN
e PYHKIIMOHUPYIOT KpaiiHe Heah(HeKTUBHO B CIydae IOTepH IMakeToB. [lomo6HsIe
IPHJIOXKEHUA TPeOYIOT OT CeTH TapaHTHU HAJIeXKHOH JOCTAaBKU BCEX IAKETOB.

Kak mpaBmio, XOpolo CIPOeKTHPOBAHHBIE CETU XaPaKTEPU3YIOTCS OYeHb
HU3KUM 3HaueHWeM IIOTepu IakeroB. IloTeps makeToB TakXe HECBOICTBEHHA
IIPUJIOXKEHUAM, IJI1 KOTOPBIX OBLIN 3apaHee 3ape3epBHPOBAHEI TpeOyeMble STUMU
IpHWIOKeHUAMU pecypchl.  OTGpachiBaHMe IIaKeTOB SBJIAETCS HEU30EKHBIM
SABJIEHUEM IIPU HeTapaHTUPOBAHHOM AOCTaBKe TpadHKa, XOTI U B OTOM CIIydae OHO
obyciaBnuBaeTca  KpaiiHei#l  Heob6xomumocThio. (Cremyer  OTMETHTH,  UTO
OTOpOILIeHHbIe IIAKeThl yKa3bIBAlOT Ha Hed(h(eKTHBHOe HIIOIb30BAHHE PeCcypcoB
CeTH, 4aCTh KOTOPBIX OBLIAa ITOTpaveHa Ha [JOCTaBKYy IIAKETOB B TOYKY, I/le OHU
OBLIH IIOTEPSHBL.

Peanmzamusa B KOMIIBIOTEDHBIX CeTAX (PYHKIUH KadecTBa OOCITY>KMBAaHUSA
IIO3BOJIAET 00eCIeYnTh HAfEeKHYIO NOCTaBKy NAHHBIX ITPUJIOXKEHUH IOCPeACTBOM
KOHTPOJIA 3a JOCTYIOM K CeTH, 3aJlep>)KKOH, YpOBHEM IIOTEpH, KadeCTBOM
IepesiaBaeMbIX IIAKETOB M  IIOJIOCOM  IIPONyCKAaHWS KaHAIOB Ilepefayu

MHPOpPMaLUH.
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I'naBa 4. OcHOBHBIe 3334yl YIIPaBJIeHUA PECypPCOB

4.1. Paspa6orka mogenu M/M/m pnsa pacdera 3aZilep>XKH B CETH

B oroit rmaBe paccmorpena mozens M /M /m ¢ mobcrykuBaromux
mpuOOpOB (WM KaHAIOB B JIMHUU Ilepelauyd NAaHHBIX). 1peOOBaHUA, CTOSIINE B
Hayajle OdYepesy, HANPABIAIOTCA K JI000MYy UMeEIOMEeMyCS B HAIUYUU
o6CITy>KHBaOLeMy IIprOopy.

3anuceIBas YpaBHEHUA PAaBHOBECHS JJIA CTAIIMOHAPHBIX BEPOATHOCTEN P, U

ycrpemaa 0 — 0, momyyaem

AP, =nup,, n<m

ﬂ'pn—l = n/upn 4 n>m.

W3 sTux ypoBHeHUI ciaensyeT

0, Mol
n!
P, = -
P, P ,n>m, (4.1.1)
m!
rae
p=i<1 (4.1.2)
mu

Mo>xHO BBIYHMCIHTD ], HCIIOAB3YA popmyiy (4.1.1) u ycioBue Z p, =1.
n=0

[Tonygyaem

1 OKOHYATe/JIbHO

0, :[”“1 (mf?)” , (mp)" T (4.13)
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BeposTHOCTP TOrO, YTO TOCTymuBLIee TpeOOBaHME OOHAPYXXUT, YTO B
cucTeMe BCce OOCITy)XMBAloOLIMe IIPUOGOPHI 3aHATHL, U OyeT IOCTaBIEHO B OYepemb

A1 O KUOaHUS, paBHA

P {BcraTsh B oqepe,qb}=§: p, = i por:ln'p = Po (mp) ip”_m

|
n=m n=m . m! n=m

1 OKOHYATe/JIbHO

Po(mp)” (4.1.4)

Po
P, AP {BcTaTh B ouepenn}=
oA { penb} m!(l—p)

rie P, MoXxHO Haiitu u3 (4.1.3).

MaremaTrueckoe OXHAaHHE YHCIa TPeOOBAHUMN, OXXHUAAOUINX B OYEPEnH,

paBHO

NQ = z NPy
n=0

HWcnonp3ys (4.1.1), morygaem

NQ:znpom P _ Py (Mmp) Snp'.
n=0

=
(@]
=
@]
=
ol
&
Ba)
N
=
>
~
ae]
5]
w
(@]
us]
(@]
,_]
w
(@]
—_
|
>
L[Ms
>
X
Il
ke
~
it
|
ks
N—
o
=
@]
Jus
o
Q
H
[e)
=
=2}
fas
o
(o)
~<
=
[¢]
2

HNMETb

p
N, =P,— 4.1.5
SR s (4.15)

3aMeTuM, 4TO

No_ p
Ph 1-p

ZaeT YCJIOBHOe MaTeMaTHdecKoe OXHJAaHUe YHCJIa TpeOOBaHMI, OXHUIAIOIIUX B
ouyepenyl INpPU IIOCTYIUIEHWM TpPeOOBaHMA, IIPH YCJIOBUM, YTO 3TO TpebGOBaHHE
HAIPaBJIAeTCA B OUYepeb A OXXKUAAHUL.

Ucnonszys teopemy Jlurrma N =AT (rme N - umcio TtpeGoBaHumii B
cucreme N, T- cpenmusas sagepxka, A- CpeZHAA CKOPOCTh IIOCTYILUIEHUS
Tpe6oBaHuil) m paseHcTBO (4.1.5), momyyaem cpemuee Bpema W, koropoe

TpeGOBaHMe OKUAET B OUepesH,
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W=—32=-_"—"°9_ 4.1.6
A Al-p) *.16)
CrnenmoBareIbHO, CpeHAA 3aZepXKKa TpeOOBaHUS PaBHA
P
T= l+W = l+ ak: .
I u AMl-p)
Y YYUTHIBAL, YTO P = A/My, OKOHYIATEIBHO IIOIyIaeM
P
U uo mu—A

CHoBa, ucnone3ys Teopemy JIUTTIa, HAXOAUM, ITO CpefHee YHCJIO TpeOOBaHUII B

CHUCTEME PABHO

AP,
NoaT=2 e
L mu—A4

U c yueToM p = A/Mu moxydaem [52]

P
N :mp+p—Q.

lI-p

4.2. Cucrema M/M/ = - cuctema ¢ 6eCKOHEUYHBIM YHCIOM

OOCITY>XHMBAIOIUX IPHOOPOB

B mnpepensHOM ciyuae, xorga B cucreme M/M/m umeem m=oo,
mosryyaem
AP, =nup,, n=12,...

U, TaKUM 06pasom,

W3 ycnoBus Z P, =1 Haxomum
n=0

IIO9TOMY OKOHYATEJIbHO
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2\ eHH
Y7, n!

, h=01,..

CremoBareIbHO, B CTAIMOHAPHOM COCTOSHUY paclIpeieleHre BepOsSTHOCTEl JHiCIa

TpeGOBaHMII B CHCTEME — ITyaCCOHOBCKOE pacIipefie/ieHue C MapameTrpoM A/u .

CpeznHee 4mcio TpeOOBaHHI B CHCTEME PAaBHO

N=2/u.
Cornacuo teopeme JluTrna, cpegusas 3anepxka pasaa N/A u
T=1/u.

IlocnepHee paBeHCTBO MOXHO IIOTYYWUTh HHAde, HCIOAB3YysS TOT (aKT, 4TO B
cucreme M/M/co HeT oxxuzmaHus B ouepesu. MOXXHO ITOKa3aTh, YTO paclpeieIeHre
BEepOATHOCTEHl 4HCIa TpeOOBAaHHII B CHCTeMe IIyaCCOHOBCKOE, JaXKe eCIH

pacipeneneHne BpeMeHn O6CJIY)KI/IBZ:1HI/L$I He ABJIAE€TCA DKCIIOHEHIIVAJIbHBIM.

4.3. Cucrema M/M/m/m c moTepsAMY U ¢ M OGCIY>XUBAIOIIUMU

npubopaMu

Ora cucrema mogobHa cucreme M/M/m 3a MCKIIOYEHHEM TOrO, YTO, €CIH
TpeGOBaHUe IIPH IOCTYIUIEHUH B CUCTEMY OOHAPY>KUT, YTO BCE M OOCTY KUBAIONIUIX
IIpuOOPOB 3aHATHI, OHO He IIOCTYIIUT B CUCTeMY. B ceTdx mepemaum JaHHBIX TaKasd
MO/Ie/Ib MOXKeT UCIIOJIb30BaThCA JJI MCC/IeJOBAHUS CHCTEMBI, B KOTOPOH MOMEHTHI
IIOCTYIUIEHUS COOTBETCTBYIOT 3aIIpOCaM Ha yCTAaHOBJIEHHE BUPTYaJIbHBIX Ieleil
MEXJIy IOBYMS y3JaMH, @ MAaKCHMaJIbHO BO3MOXKHOE YHCJIO BUPTYaJIbHBIX Ieleid
paBHo m. CpenHssa [IUTENTBHOCTh OOCHY>XMBaHHA 1/g B JTOM ciaydae paBHA
cpeIHeMy BpeMeHU HCIIOIb30BaHUA BUPTYaJIbHOM IIeIn.

Nmeem

AP, =nhup,, n=12,...m,

TaK 4TO
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m
C y4eTom paBeHCTBa z p, =1 moxyuaem
n=0

o\ ) nt
BeposTHOCTP TOrO, 4YTO IIOCTyNHBIIEe TpeGOBaHKWE OOHAPYXUT, YTO BCe M
06CITY>KUBAIOLIMX IIPUOOPOB 3aHATHI, U, CJIeZOBATEIBHO, OyZeT IOTepsAHO, PaBHA
(A/u)" /m!
e
> (A7u) /n!

n=0

Pn =

4.4. OnrruManpHas MapIIpyTH3ALUA

s TOrO, 4TOGBI OIEHUTh XaPaKTEPUCTHKU AJTOPUTMA MapIIPyTH3AIUH,
HeOOXOLUMO KOJHYEeCTBEHHO OINpeseIUTh ITOHATHE IIeperpy3ku B ceTH. B aToM
pazzene GOpPMyNIHPYIOTCS HEKOTOpBle MOJEIN, Ha3bIBaeMbIMH ITIOTOKOBBIMU
MOJie/IIMH, OCHOBAaHHbBIe HAa WHTEHCUBHOCTAX TpaduKa, IOCTYIAIOLUIETO B JIUHUU
cetu. DT Mofenu OyAyT WIIONB30BATHCA IIPU ITOCTAHOBKE 33aJa4X ONTHMAIbHOU
MapIIpyTH3aLUH.

[Tleperpy3ku B ceTsx Ilepefadyyd JAaHHBIX KOJIHUYECTBEHHO MOXXHO
OIIpe/ieTUTh C KCIIOIB30BAaHMEM CTAaTHCTUK BXOAHBIX IIPOIIECCOB, OIIMCHIBAIOLIMX
odYepesy B CeTH. DTU CTATUCTUKU OIpeAesIIIOT pacipezeieHre AIUHBL O9epesu U
BpeMs OXUZAHUsA TakKeTa B Kaxzpoi auHuu [44]. OueBUIHO, YTO NpU XOpOIIei
MapIIPyTH3aLUK JODKHBI OBITH MajIbl CpefHYe 3HAUYEHUS U AUCIIEPCUU 33JePXKKU
Imakera B Kaxzaoi ouepenu. K coxaneHuio, 00bIYHO TPYZHO OBIBaeT IIpe/iCTaBUThH
KOJIMYeCTBEHHBII IIapaMeTp B BUZE €JUHCTBEHHOTO (PyHKIMOHAIA, IOAXOAIIETO
IJIS ONTUMU3ALUU. [JIaBHOM IPUYNHOMN 3TOTO ABJIAETCS TO, YTO, KAK IIPABIIIO, HET
SBHOTO aHAJUTUYECKOTO BBIPAKEHUS [AJIA CPeJHUX 3HAYEHUN WIN ITUCIIePCHI
IJIVH OYepeieil B CeTAX Iepesadl JaHHBIX.

Yno6HOU anbTepHATHUBOM ABJIAETCS H3MEpPEeHHe HArpy30K B JIMHHAX C

HCII0JIB30BaHNEM CpefHero Tpaduka, IPOXOAAIIero o TUHUHN. TouHee TOBOP:, MBI
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IpefIIoaraeM, YTO CTAaTHCTHKA IIOTOKA, ITOCTYMAIOIIETO B JIOOYIO JIMHUIO (i, j)
MeHIeTCsA TOJIBKO M3-32 OOHOBJIEHUI MapLIPYTOB, U IIOJ HATrPy3KOH B TUHUU (i, J)
MBI GyZeM TOHWMAaTh WHTEHCHMBHOCTH TocTymatomero Tpapuka F;. Byzem
Ha3piBaTh F; MOTOKOM, TPOXOAAIIMM IO TUHUH (i, j), ¥ U3MEePSATH €ro B eNHUIAX
IAaHHBIX B CEKyHAy, IZle eJUHWIAMHU IAaHHBIX MOTYT OBITH OWTHI, IIAKEeTHI,
COOOLIEeHU U T.II.

B OTOKOBBIX MOZE/IAX /Ie/IaeTCsl HesIBHOE MIPEATIONIONKEHNE, YTO CTATHCTUKA
TpaduKa, IOCTYIAIOLUIET0 B CeTh, He MEHAETCI BO BpeMeHU. lakoe [oIyleHHe
SB/IAETCS PasyMHBIM, KOIZAa 3Ta CTAaTUCTHKA MEHSETCS OYeHb MeJJIeHHO IIO
CPaBHEHHIO CO CpPeJHUM BpeMeHeM, HaOOXOZMMBIM [JI YMEeHbIIeHUI odepezeil B
CeTH, ¥ KOTZja IOTOKU B IMHUAX U3MEPSIOTCA IIyTeM BPEMEHHOTO YCpeJHEHNU .

BsipaxxeHue Buza
> b, (Fy), (4.4.1)

rge xaxpas Gynkuua D, ABnseTcs MOHOTOHHO BO3pacTalollel, 9acTo BRIOMPAIOT B
KayeCTBe CTOMMOCTHOH (PYHKIIUM IIPY ONTHUMU3AIUU. TaKKe UCIIOIB3YyeTCs ApyTrast
dbopmya:

F;
D, (F, )= Cj——JFJ +d;F, (4.4.1.)

rge C; - mpomyckHas CroOCOGHOCTD TUHUN (i, j), n3sMepsemas B Tex e efMHHIAX,
yro u F;, a d;- sanmepxka wu3-3a 06paboTku u pacmpocrpaHenus. Jlpyroit

CTOMMOCTHO# (pyHKIMel ¢ aHaTOTUYHBIMU Ka4eCTBEHHBIMU CBOMCTBAMHU SBJIAETCS
[
max{ —- (4.4.1.06)

T.e. MAKCUMYM K03 dHUIIIeHTa UCII0Ib30BaHUA JINHUMN.
Teneps chopmynupyem 3azady ONTHUMaIbHON MapmpyTusanuu. J[asa

KaXXZIOH Tapsl a)=(i, j) Pa3IMYHBIX y3/10B | ¥ | (TakKe HasbIBaeMOM IMapoif
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ornpaBuTenb-agpecat uiau OA-Tapa) BXOZHON IIPOIlECC NOCTYMAOIIUX IIAKETOB

IIpeATioIaraeTcs CTallMOHAPHBIM U UMeeT MHTeHCUBHOCTH I, . Takxum ob6pasom, I, -

MHTEHCHBHOCTh BXOJHOTO TpaduKa, IOCTYIAIOMET0 B CeTh B y3ae | H

a/ipecOBAaHHOrO y31y j. llenp MapIpyTusamuy COCTOUT B TOM, YTOOBI Tpaduk
MHTEHCUBHOCTH [, PasfeInuTh MEXAY HeCKOJbKMMHU IIyTAMH OT OTIIPAaBUTENI K

azipecaTy TaK, YTOOBI OOWIMI IIOTYyYAIOUIUIICA B pe3yiabTaTe IIOTOK IO JIMHUAM B
CeTH MUHMMU3UPOBAJI CTOUMOCTHYIO pyHKIHIO (4.4.1). YT0o6BI maTh GOJIee TOuHbIE
(bOpMYJIMPOBKY 33/a4UH, BBeIeM 0003HAYEHUS

W - muOXecTBO Bcex OA-map.

Pa)_ MHOJXECTBO BC€X OPpUEHTHUPOBAHHBIX HYTEﬁ, COEIMHAIOMMNX Y3JIbL

ornpasuTend u agpecata OA-mapsr @ .

X, - TMOTOK (emMHUIBI JAHHBIX B CeKyHAY) 1o mytu P . Torzma HabGop Bcex

ITyTE€BBIX IIOTOKOB {Xp | e W, pe Pw} JOJIKEH YIOBJIETBOPATH OTPAaHHYE€HHAM

[0

pr =r nmaaBcex weW,
peP

X, 20 nnaBcex PeP, , weW.

Cymmapupii morox F; mno sguaun (i,j) paBeH CyMMe IIyTeBBIX IIOTOKOB

IIPOXOJAIINX IIO aTOM JIMHHUMH,

Fi=2. Xp

Io Beem mysin ),

coJieprKaluM (I, j)

PaccMoTpuM CTOMMOCTHYIO (DYHKIIHIO BUAA

Z D; (Fij)
(i.j)

M 33Javy HaXOXJEHWUA ITyTeBhIX IIOTOKOB {Xp}, KOTOpBle MMHMMHU3UPYIOT 3Ty
CTOMMOCTHYIO PYHKIIVIO IIPU BBINIEYKa3aHHBIX OTPaHUYEeHUAX.

Ecmu B croumoctHo# Gynkuuu (4.4.1) saMmeHUTh CyMMapHble MOTOKU F; Ha

ITyTeBbIe, TO 33/laYy MOKHO cpOpMyIHMpOBaTh B CleyIolleM Bue

MHUHHUMHU3HPOBAThH z D;; [z X, ],

(1) T1o neem nyrsim P,

coaepIKaum (I s j)
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IIpyu OTPaHUYEHUAX Z X, =T, IJidBCeX @ eW,
peR,

X, 20 nnsscex peP,, weW.

Takum o6pasom, 3azaua chOpPMyIHpOBaHA B TEPMUHAX HEM3BECTHBIX ITyTEBBIX

IIOTOKOB {Xp |peP,,o EW}. JTO M ABNAETCS OCHOBHOM 3a/jaueil ONTUMAaIbHOM

MapLIPpyTHU3aLHH, KOTopas OyZeT pacCMOTpPeHa.

Tompko uTO chopMynmpoBaHHAA 3a7ada OITHMAIBPHOM MapUIPyTH3aIUU
moAijaeTcd aHAJIMTUYECKOMY HCCIeJOBAaHUIO U PacIpe/ileIeHHOMY YHCIeHHOMY
pemenuio. OZHAKO OHAa HMMeeT HEKOTOphle OIpaHMYeHMH, Ha KOTOpbhle CTOMT
obparure BHHMaHHe. OCHOBHOe OTrpaHMYEHHE KacaeTcs BBIOOPA CTOMMOCTHOI
byuknuu (4.4.1) B KauecTBe Mepsl. DTOT BBIOOD OCHOBAaH Ha THUIIOTE3e, YTO
ZOCTAaTOYHO XOPOIIYI0 MapIIPYTHU3aIMI0O MOXHO CZleIaTh ONTHUMHU3UPYS CpefHUe
YPOBHH IPOXOZAIIETO IO JUHUAM TpadUKa M He oOpaljas BHUMAaHHA Ha ApPyTUe
BEPOATHOCTHBIE XapaKTePUCTUKU Tpadumka. Takum o0OpasoM. CTOMMOCTHALA
byukuua (4.4.1) He YyBCTBUTENPHA K HEXXeJIATEIbHBIM ABJIEHUAM, CBA3aHHBIM C
OoyBIIOM AMCIIepcHell ¥ KOPpeNAlUAMU HHTEPBAJIOB MEXZY MOMEHTaMHU
IIOCTYIJIEHUA ITaKeTOB ¥ MOMeHTaMHU Ilepeslauu.

Taxke OyzeT IOKasaHO, YTO IPU ONTHUMAJBHOM MapIIpyTH3anuu Tpaduk
HAIPaB/IgeTCs 10 TeM ITyTAM, KOTOpble ABJIAIOTCA KpaTJYaiIIuMU IO OTHOIIEHUIO K
HEKOTOPBIM «JIJWHAM» JIMHUHN, 3aBHUCAIIUM OT IIOTOKOB, IIPOXOAANINX IIO STUM
JIUHUAM.

BcrmomuuM BUA cTOMMOCTHOM QYyHKIMHI z D; (Fij )

3mecn Fij -CyMMapHBIH IIOTOK (B €JUHUIAX JAHHBIX B CEKYHZY), IPOXOIAIUN II0

manrnn (i, j):

=y X, (4.4.2)
o Beem mytin D,

CoIepKALIUM (l, J)
Ihe X,- MOTOK, mpoxomsmmii mo mytd pP. st kaxnoir OA-mapsl @ CyIECTBYHOT

OrpaHHU4YCHUSA
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X, >0 grascex peP,,
rfe I, - u3BeCTHasd MHTEHCHBHOCTH BXOJHOTO moToka Tpaduka OA-mapser @, a P, -

MHOXeCTBO OPHMEHTHPOBAHHBIX IIyTel I @ . 3afada, KoTopas GopMyIupyercs C

KCIIO0/Ib30BaHNEM HeM3BeCTHOTO BEKTOPA ITyTEeBhIX IIOTOKOB X = {Xp |peP,,0eW },

3dIIMChIBAETCA B BUE

MUHUMU3UPOBATH z D;; [Z X, ],

(i»j) ITo BceMm myTsiM p 5

CoJIepIKALILM (I, J)

IIpY OTPaHUYEHUAX Z X, =T, nuaBcex o eW, (4.4.3)
peP,

X, >0 gnascex peP,, weW.

[lamee  OymeM  ONMCHIBATE  ONTUMAJbHYIO  MapuUIPyTH3allUI0  C

UNoIb30BaHMeM NpomsBonHbIXx GyHkumit D;. IIpepnonaraercs, uro xaxmas D;
ABsercs ABaXAbl nuddepenunpyemort ¢yukumeir or F; wu omnpenenena B
MIOJTyUHTepBaJe [O,CijJ, rze sHavenune C; paBHO 60 HEKOTOPOH MONOXUTETBHON
KOHCTaHTe, 1u00 OeckoHeuHOcTH. Ilpesamosaraercs, 4TO TIlepBasg M BTOpad

"

npoussopubie D;, oGosmauaembie coorsercrBenHo wepes Dj u Dy,

CTpOro
TIOJIOKUTENbHBI it Beex b us3 [O,CijJ. Orcrona, B wactHocTH, cnenyer, 9ro D;
ABJIAeTCA BBIMYKJIONW, MOHOTOHHO BoO3pacTraromeil @yHKuuei or Fij HAa BCeM
IIOJTyHHTepBaJe [O,CU-J. Kpome toro mpeanonaraercs, 4ro D; (Fij —>oo) Ipu
Fij - Cij.

Onuncanve pemeHu# 3a7a9yl ONTHMAJIBHOM MapuIpyTH3anuu Oymer
IIOJIy4eHO W3 CJHeAyIoUero HeoOXOAMMOTO U JOCTaTOYHOTO  yCJIOBHUA

OIITMMAJIBHOCTH.
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Jlemma. Ilycts f - Hekoropas auddepenuupyemas Boimykas GyHKIus N -
MepHOTO BeKTOpa X = (X,,...,X, ) # X - HEKOTOpOe BBIMYKJIOE MHOKECTBO BEKTOPOB.
Torma X e X OyZeT ONTUMAIbHBIM pelleHreM 3aa4uu

MuHUME3HPOBaTh f (X)

IIpU OTPaHUYEHHAX X € X (4.4.4)

TOTZIa ¥ TOJIBKO TOT/Aa, KOTIa

i%x*)(xi - X:)Z 0 mist Bcex X € X, (4.4.5)
i=1 i

* o o - o
rme of (X /8Xi )- 3Ha4eHME II€EPBOU IIPOM3BOSHOU f moi-u KoopAnHaTe Xi B TO4YKe

*

X .

IIpeATONOXKUM, 9TO X - ONTHMATbHOE DelleHMe M IS KaXAoro X € X
paccMOTpuM GYHKITHIO g(a) = f[X* + a(x - X*)] CKJIIPHOI nepeMeHHO# « . Torga
g(a) JOCTHUTaeT MHMHHMMYMa Ha OTpe3sKe [0,1] B Touke o =0 u mosromy
dg(0)/der > 0. Vcmomssys mpasumo muddepeHIMpOBAHUSA CIOXKHOMK (BYHKIHH,

nMeem

d n of (x” .
o0)_$ ) ),

1
U CJIeIOBaTeIbHO, HepaBeHCTBO (4.4.5) moKasaHo.

[l1d  JmoKasaTeNbCTBA [JOCTATOYHOCTH IIPEAIIONIOXHMM, YTO HEpPaBEHCTBO
(4.4.5) crpaBenuBO, HO X He SIBJASETCA ONTHMANBHBIM pelmeHueM. TOTAAa MbI
IOJDKHBI TPHHTH K mpoTuBopeumio. JleiictBurensHo, mycts X € X . Taxoe, 4To
f(X)< f(X*), v paccmorpum  dymkmmio (o) = f[X* +a(Y—X*)]. Torma
dg(O)/daZO (ma ocuoBauuu (5.54)), f(X*):g(0)> g(l): f(Y) OTH yCIOBUSL
nporuBopedar Bemmykiaoctu §(a) wu, cremoBatembHo, Bhmykmoctu f . Ha arom
IOKAa3aTeIbCTBO 3aKaHIMBAETCH.

Tak kak 1 crouMocTHas GYHKIHMSA M BCe OrPaHUYMUTEIbHBIE MHOXXECTBA
sagaun MuHuMusanuu (4.4.3) ABIAOTCA BBIMTYKJIBIMH, TO MOXXHO IIPUMEHHUThH

nemmy. Ilycts X OGysieT BEKTOPOM IyTeBBIX TOTOKOB X,. [l1a KOHKpeTHOCTH
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IIPeAIIONOXKUM, YTO IIYyTH [ IIOC/IeNOBaTeIbHO IIPOHYMEPOBaHBL Torma eciu
W = {col,a)z,...,com}— MHOXecTBO OA-map, TO COOTBETCTBYIOIIUMH MHOXKeCTBAMHU

IIyTel ABJIAIOTCSA

P = {0y + Dy .
rge N,N,,.,N, - HEKOTOphle IeJble YHCIA, TakKue, dYTOo N, <N, <..<N_.

Koopaunaramy BeKTOpa Iy TeBBIX IIOTOKOB X GyZAyT IyTeBbIE IOTOKU X, Xy,..., X,

T.€.

OGosaumnm wepes D(X) crommocTryro dynkimio samaun (4.4.3)

D(x) = (iZ)D” pr

oBceM ByTAM ),

coJepIKaIM (I, j)

a wepes 0D(x)/ OX, - 9acTHy10 npoussogHyio D mo X . Torma

oD(x)

) Dj 446

OX p ITo Bcem JII/IZHI/IHM (I, J ) I ( )
Ha mytn )

r7e TepBhle TpouwsBojHble D  GepyTca TpuM  CyMMapHBIX — IIOTOKaX,

coorBeTcTByIomux X. VI3 paBencTsa (4.4.6) BUAHO, 4TO GD/ OX, ABISAETCSA IJIAHOM
oytd [, eI IIUHY KaXZOu JIMHUN (i, j) IIOJIOKUTh PaBHOM II€PBOM
mpousBozuoit D) B3sroit B X. Ilostomy pmarnee aD/ OX, Ha3BIBAETCA

ij

IIepPBOIIPOM3BOSHOM JJIMHOM ITyTH P .
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o * *
B coorBeTcBTCHMH C JeMMOM X = {Xp} SABJIAETCA BEKTOPOM OIITHMaJIBHBIX

IIyTeBBIX  IIOTOKOB, €CJIX OH  YJOBJIETBOPAET OrPAaHUYEHHAM  3aJa4u
MapuIpyTH3aLuy U yCIoBUIO (4.4.5). DTO yClI0BME MOXHO IT€PEINCaTh B BUE
aD(x") :
5 72K )so w47)
weW  peP, aXp

OJId BCEX Xp » YAOBJIETBOPAIOI X OI'PAaHNYIECHUIM

ZXD =r,, X, 20 nnascex peP,, weW. (4.4.8)

)
pEPlU

Ycnosus (4.4.7) u (4.4.8) moxxHO 00BeAMHUTE IO oTHOUeHMIO K OA-mape u 1y1s

Bcex @w € W 3ammcath B BHUaE

Z%Q(Xp - X;)Z 0 mmsa Bcex X, >0, (4.4.9)
p

peP,

u p e P, Takux, 4To pr =r

[0
peP,

Ycnosue (4.4.9) sxBuBaIeHTHO TPeOOBaHUIO, YTOOBI
*
ans Bcex @ €W X, >0 Tombko TOTAQ, KOTAA

ap(x’) _ ap(x’)
oX,  OX

p p

nisiBcex P'eP,. (4.4.10)

Cwmsicn ycnoBus (4.4.10) cocrout B TOM, YTO HabGOP ITyTEBHIX IIOTOKOB ONTHMAaJeH
TOTZIA U TOJIBKO TOTZA, KOT/Ia ITyTeBOH ITOTOK ITOJIOXKHUTEJIeH TOJIBKO [JI TeX ITyTew,
KOTOpBIe UMEIOT MUHUMAaJIbHYIO II€PBOIPOM3BOAHYIO miuHy. U3 ycrnoBus (4.4.10)
TaKXe CIefyeT, YTO TOYKe ONTHMyMa IIyTH, IO KOTOPBIM IIPOXOJUT HEHyJeBas

YaCTh BXOAHOTI'O IIOTOKaA rw OA—napH @, OOJDKHBI MMETHh OJAWHAKOBYIO JIIHNHY

(MEHBIIYIO MM PAaBHYIO JJIMHY, YeM BCe IpyTHe IYTH AII @ ).

4.5. Merops! ZOIyCTUMOrO HaIlpaBJIeHUA I ONTUMAIBHOM

MapmipyTHU3aoyun

B mpepsimymem pasgmene OBIIO  pacCMOTPEHO, 4YTO ONTHMAJTbHAS

MapUIPyTH3alHsA [JOCTUTAETCA TOJBKO TOTZA, Korga MoTokK Kaxzon OA-mapsr

127



HAIpaBIgeTCsa IO IYTAM, UMEIOIUM MUHHMAJIbHYIO IIepBOINPOU3BOLHYIO IJIHHY.
OTO PaBHOCHJIBHO TOMY, 4YTO HAOOp IIyTeBBIX IIOTOKOB SABJISETCA CTPOTO
HOJONTUMAJbHBIM, €CIH TOJIBKO KaKag-IuOO IIOJIOKUTENbHAA 4YacTh IIOTOKA
HallpaBjeHa II0 IYTH, He SBJIAIEMYCS MWHMMAJIBHBIM II€PBOIIPOM3BOJHBIM
myteM. IIpu 3TOM mpeamoaraeTcs, YTO IOZONTHMAIbHAS MapIIPYTU3ALMA MOXET
OBITH yTy4lleHa epeGPOCKOM Ha MUHUMAJIBHBII IIepBOIPOU3BOSHBIIN IyTh TOTOKA
c ppyrux myreid mia kaxzpoit OA-mapsl. llemecoobpasHee mepeOpachiBaTh Ha
KpaT4alilluii IyTh TOJBKO 4YacTh IIOTOKA C Jpyrux myTeil. B osrom pasgzere
paccMaTpUBAIOTCA METOZABI, OCHOBAHHBIE HA 3TOH Hee. B OCHOBHOM 3TH MeTOZBI
YHCAEHHO PpEIAloT 33Zady ONTHUMAJIbHOM MapIIpyTH3alMi yMeHbIIeHHuEeM
CTOMMOCTHO# (QDYHKIUH ITyTeM MaJIbIX U3MEHEHUI B IIyTeBbIX TOTOKAX.

,ZLJI}I 3aTaHHOTO BEKTOpa AOIIYCTHMBIX IIYTEBBIX IIOTOKOB X= {Xp}
paCcCMOTpHUM H3MEHEHUE X 1o HaIIpaBJI€HUIO AX = {Axp}. K HaIIpaBJI€HUIO AX

IIpeIBABIAIOTCS /IBA TPeOOBAHUA.
1. IlepBoe TpeGoBaHHME COCTOUT B TOM, YTOOBI AX OBLIO JOIYCTUMBIM
HAIIpaBJIeHWeM B TOM CMBICJIE, YTO X IIPU MajoM H3MeHEeHHH BIOJb
AX ocTaBajics BEKTOPOM [JOIIYCTUMBIX ITyTE€BBIX IIOTOKOB.
Marematudecku 9TO TpeGOBaHME O3HA4aeT, 4TO A1 HeKoToporo « >0 u Bcex

ae [0, a ] BEKTOp X+ oAX IoJKeH OBITh ZOITyCTHMBIM, MJIH, 9YTO OFHO U TOXeE,

Z:AXp =0 g Bcex w e W (4.5.1)
puP,
X, +alAx, 20 /:mchexae[O,o_c], peP,, weW (4.5.2)

PaBenctBo (4.5.1) BBITeKaeT U3 TpeGOBaHUA JOIIYCTUMOCTH

Z(xp +anp): r,

peP,

1 TOTO (1)aKTa, 9TO BEKTOP X caM ABIAE€TCI AOIIYCTHMBIM; IIOCJIeAHEE O3HATaA€ET

> X, =r,.

peP,
O=o IIPOCTO BBIPAXXAET TOT q)aKT, 4YTO COXpdHEHHE OOIIYyCTHMOCTH HeO6XO,ZLI/IMO,

YTOOBI BCe YBEINYIE€HUA IIOTOKOB 10 KaKuM-I1b0 OJHUM IIyTAM
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KOMIIEHCHPOBQJIMCh YMEHBIIEHHEM ITOTOKOB IO APYTUM IIyTAM Toi xe OA-mapsl.
MoOXHO NHOJNYyYHTH AOIYCTHUMOE HAaIlpaBJleHWe, HAallpUMep B3AB JI000# Ipyroi
IOIYCTUMBIH BEKTOP X U IIOJIOXUB
AX=X-X.
B [meiicTBUTENBHOCTH JIETKO 3aMETHTh, 4YTO C TOYHOCTBIO O CKAaJIPHOTO
MHOXXUTEJI BCEBO3MOJXKHBIE JOIYCTHMbIE HAIPaBJIeHUsS MOTYT OBITH IIOJyYeHBI
STHM CIIOCOOOM.
2. Bropoe TpeboBaHHE COCTOUT B TOM, YTOOBI AX OBLIO HAaIIpaBIeHHUEM
CITyCKa, T.e. YTOOBI CTOMMOCTHAs (pyHKUMA yObIBasia B HallpaBIeHUU

AX oT X.

Tak xak T'pagueHT VD(X) ABJIAETCA HOPMAJIBIO K IIOBEPXHOCTAM paBHDfI CTOMMOCTH

CTOMMOCTHOM (1)YHKI];I/II/I D , TO TPe60BaHI/Ie O CIIyCKe II€EpEeXOJHUT B YCJIIOBHE, UTO

CKaJIIpHOeE IIpOon3BeJeHIE VD(X) u AX OTpHULATEIbHO, T.€.

> ZaaDT(X)AXp <0. (4.5.3)
p

weW peP,
DTO YyCiIOBHe MOXXHO IIPOBEPHUTh MaTeMaTUYeCKH, 3aMeTHB, 4YTO IiepBasd
IIpou3BOAHASA (QYHKIIUHU G(a) = D(X + aAX) npu « =0 paBHa CKaJIIPHOMY

npousBezenuio B (4.5.3). 3amernm, uTO YacTHYIO MpousBoHyo dD(X)/ OX, MOXHO

BbIPA3UTh B BUE

¥ PACcCMATpHBAaTh KAK MepBONPOM3BOJHYIO MIMHY myTH P . Jlas Toro uroGer
YAOBIETBOPUTH ycaoBUIO (4.5.3), MOXXHO mOoTpeOOBaTh, YTOOBI AX yAOBJIETBOPSIO
YCJIOBUIO COXpaHeHus MOoToKa (4.5.1) 1 4To6HI

AX, <0 pia Bcex HeKparyaimux myreir P, T.e. TaKUX IIyTeH, I KOTOPBIX
aD(x)/ OX,, > aD(x)/ OX; [IJIi HEKOTOPOTO IyTH [, COOTBETCTBYIONIETO

toit xe OA-mape; (4.5.4)

AX, <0 pys o KpaiiHelt Mepe OLHOTO HeKpaT4aimero myTa p .

129



Ycnosus (4.5.1) u (4.5.4) o3HayarOT, YTO KaKaA-TO dYaCTh IIOTOKA

mmepeOpachIBaeTCs C HEKpaTYaHIIMX IyTed Ha KpaTdaiimme. Tak Kak 8D(X)/6Xp

IIPUHHMMaeT HauMeHblIee 3HaYeHUd JJIA TeX KpaTJyalux ImyTeid [, Jj1d KOTOPBIX

AX; >0 u coorBercenHo (4.5.1) cymma AX, mo p e P, pasHa HyiO, TO BUHO,

uT0 U3 (4.5.1) 1 (4.5.4) BBITKAET yCIOBUHE CcirycKa (4.5.3).

OTO NPUBOZUT K ILIMPOKOMY KJIACCy HTEPAaTHBHBIX aJITOPUTMOB IJI
pellleHMsA 3aZadyyd ONTHMAJBHON Mapmpyrtu3anuu. OCHOBHOHM HTepanueil 3THX
aJITOPUTMOB fABJIAETCS

X =X+ aAX,
rme AX - JOIyCTHMOe HallpaBleHHe CITyCKa, a BeJIMYMHA IIara ¢ BhIOMpaeTcs
TaKuM 00pa3oM, YTOOBI CTOMMOCTHAsA QyHKIINA yObIBaIa, T.€.
D(x + aAx) < D(x)
U BEKTOp X+ @AX OBIBUI AOIYCTHMBIM. Pasmep miara o MOXeT BBIOMpPAThCA A
KaX/I0l UTepaluy OTJeIBHO.

W3 ycoBuii onTHMaNTBHOCTH BUAHO, YTO JOIYCTHMBIE HAIIPAaBIeHUS CITyCKa

M3 TOYKHM X MOXHO HAHTH TOrJa U TOJABKO TOTJA, KOTAAa X He SBIgeTcs

OIITMAaJIPHBIM DEIIE€HUEM.

4.6. Yupasienue moTokaMu

4.6.1.OxoHHOe yIIpaBjieHVEe TIOTOKaMU

B mpomecce mepemaunm Mexny IepefaTYMkoM A U IpueMHUKOM B
HCIIONB3yeTCd OKOHHOe YIIpaBIeHHe IIOTOKOM, €CJIM YCTaHOBJIE€HAa BepXHAL
TPaHUIA HA YUCJIO eAVHUIL JaHHBIX, KOTOPBIE y>Ke OBLIN IepeaHbl IepefaTInKoM
A, HO 0 KOTOPBIX IlepefaTynKy A HeM3BeCTHO, 4TO OHM momanu K B (puc. 4.6.1).
Bepxuss rpanuna (1esroe moJI0XUTETbHOE YHC/IO) Ha3bIBAETCSI Pa3MEPOM OKHA MU
mpocto okHoM. IIpuemnux B yBemomiser mepematumk A 0 TOM, 4TO K HeEMY

IIOoIIdJIa €AVMHUINd AdHHBIX ITYyTE€M OTIIPpABJIE€HHA CIIELHAJIBHOI'O COO61]J;eHI/I}I K A,
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Ha3bIBAE€MOTI'O paspelleHHeM (APYTHMH Ha3BaHUAMU, UCIIOIb3yeMble B IUTEPAType,
ABIAIOTCS IIOATBEpPXK[EeHUe, pe3epBHpyIOlllee COOOLIeHHe, KBUTAHIUA H T.J.).
Ilocme monxydeHus paspelleHHs IepeflaTYMK A MOXET OTOCJHATh ellle OXHY
efuHuIy naHHBIX K B. Takum oGpasom, paspemeHue MOXXHO pacCMaTpUBATh Kak
IIPOIIYCK, KOTOPHIH 06sf3aHa MOTYYMTh €AUHUINA JAHHBIX, IPEXIe deM BOUTH B
jJoruveckuil KaHan cessu Mexgy A u B. Uucmo paspeurenuii, HaXoAIUXCsS B
HCIIOJIF30BAHMY, He JOJDKHO IIPEBBINIATh pa3Mep OKHa.

Paspemenus 1ub0 comepKaTcs B CIEIUAJBHBIX YIIPABJIAIOUIUX IAKeTax,
60 IPULEIIAIOTCS K OOBIYHBIM KHGOPMAI[MOHHBIM IaKeTaM. Mx MoxxHO
peasn30BaTh PA3sIUYHBIMU CIIOCOGAMHU. YTIpaBJIeHHE IIOTOKOM HCIIOJIB3yeTCs IIpU
Iepesade 110 OLHOM BUPTyaJubHOM eIy, TPYIIIle BUPTYaJbHBIX Ijeneil (Hanpumep,
II0 BCEM BUPTYQJIbHBIM ILeNsM, HCIOIB3YIOIUM OLUH U TOT )K€ IIyTh) HIU
yTIpaBIeHUIO IOABEPraeTCs BeCh IOTOK NAKETOB, BOSHUKAIOIUX B OJZHOM y3Je U
a/ipecOBAaHHBIX JPYTOMY Y31IY.

OcHoBHast uzest OKOHHOM CTpaTerny COCTOUT B TOM, YTOObI MHTEHCUBHOCTD
BXOZHOTO TpaduKa y IepefaTdivKa yMeHBIIAIach IIPU 3aMe/JIeHUU BO3BpAlLIeHU
paspemenuii. CieoBaTespHO, €CIM HAa KOMMYHMKAIMOHHOM IIyTH IIpoliecca
BO3HHUKAIOT IIEPeTrpy3KH, TO COIYTCTBYIOIee yBeJIUdeHNe 3a/IePXKKU BO3BPALIEHNUs
paspelIeHU IPUBOJSUT K eCTECTBEHHOMY 3aMe[/IEeHUI0O NHTEHCHUBHOCTH II€pefadu
naHHBIX mepesaTdrkoM. OJHaKO OKOHHAs CTpaTerus [ONYCKAaeT ele OXHY
BO3MOXXHOCTH, @ MMEHHO IIPUEMHUK MOXKET YMBIIIJIEHHO 33/lep’KaTh OTIIpaBiIeHUe
paspelleHus s TOTO, YTOGBI OTPaHUYUTh MHTEHCHUBHOCTH IE€pefaddl B TAHHOM
mporecce. Hampumep, npreMHUK MOXXET CIelaTh 3TO JJIsl TOTO, YTOOBI M30eXaTh
nepenonaHeHus Oydepa.

B mocinezytomeM 0OCYXA€HUM pacCMaTPUBAIOTCS ABE CTPATETMH: OKOHHOE
yIpaBieHHe OT KOHIIA [0 KOHLIA M IIOy3J0BOe OKOHHOe yipaBieHue. [lepsas
CTpaTerus OTHOCUTCS K YIPABIE€HHUIO ITOTOKOM MEXIY BXOZHBIM M BBIXOJHBIMU

y3/J1aMu IIOACETH [JId HEKOTOPOT'O IIpOoIiecCCd II€pedadH, 4 BTOPAA- K YIIpABJIE€HHIO
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IIOTOKOM MEXAY KaXJOH IIapo¥ IIOCIe[OBAaTEeNbHBIX Y3JI0B BJAOAb IIYyTH

BUPTYaJIbHOM LIeIIH.

IIpuemuux

ITepepaTunk

Paspemenne Paspemenne

CyMMapHOe 4YHCIIO e/IeHHI] JAHHBIX ¥ Pa3pelIeHuH <pa3mepa okHa WAB

Puc. 4.6.1 OxoxHOe ynpaBieHre IOTOKOM MEX/Y IepeJaTINKOM U IPHEeMHUKOM

4.6.2. OKOHHOe yIIpaBieHue OT KOHIA 0 KOHIa

B camoif pacmpocTpaHeHHOI BepCHM YyIPaBIeHUA IIOTOKOM OT KOHIA MO0
koH1a pa3mep okHa paBeH W - A, rme W u A - HeKOTOpbIe II0JIOXXUTETbHbIE YHCIIA.
Kaxpprit pas, xorga HoBas mapTus u3 A eJUHHI, ZAHHBIX JOXOLUT IO y3JIa-
aZpecara, Ha3zafZ, K MCTOYHUKY OTCHITIAETCHA paspelleHHe IS HOBBIX A elwHUIL
TAHHBIX IIOCJIE TIOJYYeHUs TOJIBKO IEePBOM eIWHUIIBI U3 MAPTHH, COCTOAmeH n3 A
eIVHUT] JaHHBIX.

Bymem cumtats, yTo A=1. OOBIYHO HCIOIB3yeTCI KaKI-THOO cxeMa
HyMepallu¥ IIaKeTOB U pa3pelleHU# [JIA TOrO, YTOOBI MOXKHO OBLIIO yCTAHOBUTH
COOTBETCTBHE MEXZY paspelleHHAMU U paHee IlepefaHHbIMU Inakeramu. OmgHON U3
BO3MOXXHOCTEH fBJIA€TCA MCIOJIb30BAaHME CKOJB3ANIETO OKOHHOTO IIPOTOKOJA,
KOrZia IaKeT COZEPXUT IOPALKOBBIM HOMEp M CIeAYIOUIMN OXHUJAeMBIA HOMeEp.

Hocne,que YHCJIO MOXET CIYXHTh B KadeCTBe OAHOTO MWJIH HECKOJbKUX
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paspellleHUN [Jd Ieseil ympaBieHHA IIOTOKOM. Hampumep, mpezIonoXuM, 4TO
y3enr A momyuwmn or ysna B maker co crepymoomuM oxuzaeMbIM HoMepoMm K.
Torma A 3Haer, yto 70 B pmomiu Bce makersl, oTocinaHHble A ¢ HOMepamu,
MeHBIIMMH K, X I03TOMYy y31y A paspelraercs OTOCHATh Te IIaKeThl, HOMepa
KoTOpbIx He mpeBsimaior K +W —1 u xoropsrie oH eme He orocran, rae W - pasmep
okHa. B Takoit cxeMe 06a YucCja- MOPSAKOBBIN HOMEP U CIEAYIOWIMI OXUZaeMbIil
HOMep- IIpe/iCTaBIeHsl 110 MoAyaio M, rae m=W +1.

[na ympomeHus IOCIeyIOIETO M3JIO0XKEeHU, IIPeANOI0XKHUM, YTO Y3esl-
HCTOYHUK IIPOCTO CYMUTAET YHUCJIO X IIaKeTOB, KOTOphle OH Ilepefasa, HO MJIf
KOTOPBIX ellle He MOJIyYMJI HasaJ, pa3pelleHye, U IIepeJaeT HOBbIe IMaKeThl TOJIbKO

ToTHa, Korga X <W .

Pazmep oxna=3

Bosspamenue
paspelleHuH

v
v

f
///;/

Bpemsa y

BpeM}I y IIpE€MHUKaA

mepejaTINKa

Il
(o8}

Puc 4.6.2 [Ipumep 0JIHOCKOPOCTHOM Ilepegavu ¢ pasmepoM okHa W

Ha puc 4.6.2 nmokasaH IMOTOK ITaKeTOB JJIA CIy4as, KOIZA 3aZlep>KKa MEeXAy
OTIIpaBJ€eHMEM IIaKeTa X BO3BpallleHMEM paspelleHHus MeHblle, YeM BpeMs,
HeobOXoguMOe /I Iepefadyu Bcero okHa u3 W Iakeros, T.e.

d <WX,
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rge X - BpeMsA Ilepefjadyd OJHOTO IlaKeTa. B 3TOM ciydae HMCTOYHUK MMeeT
BO3MOXXHOCTB IlepeZiaBaTh IIaKeTHI C IIOJIHOM CKOPOCThIO, paBHOI 1/ X makeros/c, 1
yIpaBjeHre IOTOKOM B JAHHOM CJIy4ae OKa3bIBAeTCS HEAKTHBHBIM.
Ciyu4aii, B KOTOPOM yIIpaBIeHHe IIOTOKOM OKa3bIBAaeTCH aKTUBHBIM, ITOKA3aH
Ha puc 4.6.3 3zecs
d >WX
U 33flep>KKa BO3BpallleHus paspemreHus ( OKaspIBaeTCs HACTOJIBKO OOJBIIOH, UTO

Bce W makeToB OyAyT IlepefiaHbl O MOMEHTA BO3BpallleHUs IIePBOTO Pa3pelleHus.

Pasmep oxHa=3

.
e -

.

v v

Bpemsa y Bpemsa y
mepeaTynKa IIpUeMHUKA
Boszpamenue

paspeleHui

Puc 4.6.3. IIpumep nmoaHOCKOpPOCTHO# nepenayuu ¢ pazmepom okHa W =3

ITpepmnonarasg, 4YTO MCTOYHMK BCerJa HMeeT OXHJAAOWUNA B ouepeiu IIaKeT,
CKOPOCTH ITlepefadu MOXKHO cumTtarh paBHoil W /d makertos/c. Eciu momsITOXUTH
pesyJIbTaThl, IpuBefieHHbIe Ha puc 4.6.2 u 4.6.3, TO BUAHO, YTO MaKCUMaJbHAsd
CKOPOCTb IlepeZiayyl, COOTBETCTBYIONIAS 3aiepKKe B 06a KoHIa O , paBHa

r = min L’Vl (4.6.1)
X d
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Ha puc 4.6.4 mutiocTpupyeTcs MeXaHU3M YIIPaBIe€HUSA ITIOTOKOM; CKOPOCTh
Iepefiadyy MCTOYHUKA YMEHBIIAETCS B OTBET HAa IIEPETPY3KHM M IPUCYLIHE UM
Gorpurue 3azepkku. Kpome TOro, OKOHHBIE CXeMBI pearupyloT O4eHb OBICTPO Ha
Imeperpy3ku- He Oosee dyem 3a Bpemsa mepemauu W makeroB. Takas OvicTpas
peakius B COYETAHMU C MaJIBIMU JOIOJTHUTEIbPHBIMU HAarpy3KaMHU SBIIAETCA
IJIaBHBIM IIPEMMYIIECTBOM OKOHHBIX CTpaTeTHH IO CPaBHEHUIO C APYTUMH (He

OKOHHBIMHU CXGMaMI/I).

HOHHOCKOPOCTH&}I
HNHTEHCHBHOCTb
nepenain

1
X

Ckopocts
Hepesiayy JAHHBIX

Touxa, B KOTOpOit
HAaYMHAETCA
yTIpaBjieHue IIOTOKOM

v

0 WX
3azepxxka B 06a koHua d

Puc. 4.6.4. 3aBucHMOCTS CKOPOCTH IIepeZiadyl OT BeTMIMHEI 33JIeP>KKHU B 00a KOHITA

B CCTE€ME C OKOHHBIM YIIpaBJI€HHNEM IIOTOKOM.

4.6.3. HegocraTku OKOHHOTO yIIpaBJIeHHs OT KOHIIA 0 KOHIIA

OxoHHOe yTipaBJeHHe OT KOHIIA 0 KOHIIA MMeeT HeKOTOpble HeJOCTAaTKU.
Hy>xHO oTMeTHTh, YTO ABYMs IJIABHBIMM LINAMH YIIpaBIeHUS IIOTKOM SABJIAIOTCI
yCTaHOBJIEHHE Pa3syMHOTO KOMIIPOMMCCA MEXZY MaJION 3aJep>KKOW U OOJIbIION

IIPOITYCKHOM CIIOCOOHOCTBIO M COOJIOZieHMe CIIPaBeiIMBOCTH II0 OTHOIIEHUIO KO
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BceM mosib3oBaTesAM. OKa3bIBaeTCs, YTO OKOHHAA CTpATerus OT KOHIA A0 KOHIA (C
(UKCHUPOBAaHHBIM pasMepOM OKHA) He SBJIAETCS IIOJHOCTBIO YZOBIETBOPUTEIBHOI
HU B TOM HU B IPyTOM OTHOIIEHUMU.

Paccmorpum cHauana 3azepkky. Ilpenmonoxum, 4To nMeeTcs N IpoLeccoB

B CeTH, IIOTOKHM KOTOPBIX aKTUBHO ynpasiatorcs ¢ pazmepoM okoH W,,...,.W, . Torma

n
CyMMapHOe 4YHCJIO IIaKeTOB B CETH PaBHO Zi = /W, roe mHOXUTENb f;
IIPMHUMAET 3HAYE€HHNA MEXAY 0 u 1 B 3aBUCMMOCTH OT OTHOCHUTEJIBHOMN BEIMYNHBI
BpeM€HH BO3BpAlll€eHMI pA3peIIeHH . B corBeTcTBUH C TeopeMofI JIutTia cpenHsad
3a0€PiKKa ITaKeTd paBH4d
n
2 BW,
T _ =l
- b
A

rme A- IpPOIyCKHAas CIHOCOGHOCTh (CyMMapHBIM INPUHATHIM BXOZHON TpaduK

IIPOLIECCOB).

Cpenmsist
3aziepxKKa

maxera \

IMpomyckHas croco6HOCTH

v

Yucno MIPpOI1ECCOB C AaKTUBHO YIIPABJISIEMBIM IIOTOKOM

Puc 4.6.5. Cpepuss 3aepikka Imakera U IIPOIYCKHAs CIIOCOOHOCTH KaK QyHKIINU
YUCIIa MPOLECCOB B CETH, I KOTOPBIX OKOHHOE yIIpaBJIeHHe IIOTOKOM SBJIAETCSI

dKTHBHBIM.
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Ilo mepe Bo3pacTaHHA dYHCIA IPOIECCOB C AKTUBHO YIIPaBIAEMBIM IIOTOKOM
IIPOIIyCKHAsi CIIOCOOHOCTh A HAaYWHAeT MOLXOLUTh K OTPAaHUYEHHUIO, KOTOpOe
33/laeTCs IIPONYCKHOM CIIOCOOHOCTBIO TUHUU U IIOITOMY OyzeT IpUOIMKAThCI K
koHcraHTe. [ToaToMy 3azepixka T Oyzer Bo3pacTaTh IPUMEPHO IPOIOPLMOHAIBHO
YHCJTy IPOLLECCOB C aKTUBHO YIIPaBIgeMbIM IIOTOKOM (TOYHee, CyMMe UX pa3MepOB
OKOH), KaK Ioka3aHO Ha puc 4.6.5. Takum o6pasoM, ecaum MaKCHMaJbHOE YHCIIO
IIPOIIeCCOB OYeHb BEJIMKO, TO OKOHHAasd CXeMa OT KOHIIA JO KOHI[A MOXeT He
yAep)KaTh 33fIep’KKy Ha pasyMHOM YPOBHE U IIPeJOTBPAaTUTh IIEPerpy3KH. OTHU
TPYAHOCTH OOBACHAIOTCA TeM, YTO OKOHHAsA CXeMa YIIeMJIfeT II0JIb30BaTelei,
KOTIJja 33/Iep>KKU CTAHOBSATCS GOIBUIMMMY, HO He HaCTOIBKO, KaK 3TO HEOOXOUMO.

MoO>XHO pacCMOTpeTh MCIIOJIb30BAHME MAajIbIX Pa3MEPOB OKOH KaK CPeICTBO
60pBOBI C OONBIIMMY 33ZePKKaMU B YCIOBUAX 00bIIOH Harpysku. K coxamenuro,
CYILECTBYeT IIpefiesl, HIbKe KOTOPOTO HeJb3s YMEHBIIUTh pa3Mephl OKOH 0e3 Toro,
YTOOBI He YIIEMUTH IIOJIb30BaTeNeil B yCIOBUAX MaJOH HArpy3Ku, B 4eM HeT
HUKaKO¥ HeobGxomumocTH. [lefiCTBUTENBHO, eCIH IIPOLeCC UCIIONb3yeT MyTh U3 N
JUHUN C BpeMeHeM Ilepesauyu Iakera X Ha KaXJOHM JWHUM, TO BpeMs MEXIY
MOMEHTOM OTIIpaBJIeHUs IIaKeTa W BO3BpallleHHeM paspellleHUs OyLeT He MeHee
nNX u oHO GyzeT 3HAUUTENbHO OOJIblIe, eC/TU pPa3pelleHusM He OyeT AaH BBICUIUI
IIPHOPUTET NP UX Ilepezade IO oOpaTHOMY KaHany. Hampumep, eciu paspeneHus
Ha OOpaTHOM IIyTH IPULEIUIAIOTCS K IIaKeTaM, IPOXOZAIIUM IIO TOMY JXe IIyTH B
0oOpaTHOM HaIlpaBJIeHWH, TO BpeMs BO3BpalleHHA OyzeT Taroke MeHee NX . Takum
obpasom, u3 puc 4.6.5 BUAHO, YTO Ilepejadya C IIOJIHOM CKOPOCTBIO OymeT
HEBO3MOXXHA /I 3THX IIPOILECCOB JaXKe B YCIOBHAX MaJOH HArpysKH, eCJIU pasMep
OKHA He IIpeBBIIIAeT YUCJIO JUHUHE N Ha myTu. [losTomy pasmMeps! OKOH OGBIYHO
peKoMeHzyeTcs BeIOMpaTh Mexay N m 3n. Takas pexoMeHZauus IIpefIoJaraer,
YTO BpeMs Ilepefady Ha KaXKJOH JWHUU HaMHOTO OOJbllle BpeMeHU 06paboTKu u
PacIpoCTpaHeHHUH.

Yro [eiicTBUTENBHO HEOOXOZMMO B OKOHHOM VIIPaBJIeHHH IIOTOKOM OT

KOHIIAd 4O KOHIA AJIS AOCTHXKEHHUSI XOpOouIIero COOTHOIIEHHA MEXAY BH,II;GP}KKOfI u
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IIPOIIYCKHOM CIIOCOOHOCTBIO, TaK STO AUHAMUYECKUI BHIOOp pa3MepoB OKOH. B
YCJIOBUAX MaJIOMl Harpyskd OKHAa JOJDKHBI OBITH OOJIBIIMMM M IIO3BOJIATH BECTH
OecCIIpeIATCTBEHHYIO Ilepefiady, a B YCIOBUAX OOJIBIION HAarpy3KH OKHA JOJDKHBI
OBITH HECKOJIBKO «IIPUKPBITHI» JJIA TOTO, YTOOBI 3aZlepXKKa He CTAaHOBMJIACH OYeHb
6OJIBIION.

OkoHHOe yIlpaBjleHHe OT KOHIIA O KOHIIA MOXXeT OBITH TAaKKe IIJIOXUM II0
OTHOLIEHUIO CIIpaBeJIMBOCTU. PaHee OBIIO ITOKA3aHO, YTO NOAXOIALINI pa3Mep
OKHA /I IIpoIlecca AOJDKeH OBITh IPOIOPLMOHANEH YHCIY JUHUNW B €ro IyTH.
Orcioza ciemyer, 4TO IPOIECCHI C JIMHHBIMHU IIyTAMU MOTYT HMMETh HAMHOTO
6oJIblile TAKETOB, OXKUAAIOIINX ITepefad IO CHJIBHO Ieperpy>KeHHOM JIUHUHU, YeM
IIPOLIECCHI C KOPOTKUMU IIyTSAMU, B Pe3yJIbTaTe Yero MHTEHCUBHOCTH IIPOXO/AIIETO
TpadUKa y STUX IIPOLLECCOB OyeT MPOIOPIOHAIBFHO OOJIBIIe.

AcIeKT cIpaBe/iTMBOCTH OKOHHOTO YIIPaBJIeHHA OT KOHIIA O KOHIIA MOXHO
YJIy4UIUTh, €CJIH IIPOLECCH, IOAYMHEHHble YyIPABJIeHUIO IIOTOKOM U
IpUHAJJIeXAlie OLHOMY W TOMY JX€ KJIAcCy IIPHOPHUTETHOCTH, OOCITY>XUBAaTh
METOZIOM KPYTOBOTO OIIpOCa B KXZOW OodYepenu Ha Iepegady. JTO, KaK IIPAaBUIIO,
IIPOCTO CHeaTh, €eCIH TIIPOIecC 3aHHMaeT OXHY BUPTyalbHYIO Iemb. B
neifiTarpaMMHO ceTH 5((PEeKTUBHOCTh KPYyrOBOTO OIIPOCAa 3aBUCUT OT TOTO,
IOCTaTOYHO JU HIeHTHUIUpYIomel HHOpPMAIUM HeCeT KKABIM ITaKeT AJA
TOTO, YTOOBI MOXHO OBUIO B KaXZOM Yy3JI€ IIOCTaBUTh €r0 COOTBETCTBHE C

KOHKPETHBIM IIPOIIE€CCOM, MOAINHEHHBIM YIIPABJIE€HHNIO IIOTOKOM.

4.6.4. IloysnoBoe OKOHHOe yIIpaBjeHUe i1 BUPTyaJIbHBIX lieTei

B sTOil cTparernu umeeTcsa OTZeNbHOE OKHO IS KaXKIOH BHUPTYyaJIbHOH
IIelM ¥ Iapbl CMEXHBIX Y3JI0B Ha IIyTU BUPTyalbHOH memnu. MHoroe u3 TOro, 4ro
OTHOCHTCA K OKOHHOMY YIIPaBJIEHHIO OT KOHIIA Z0 KOHIIA, TIPUMEHHUMO TaKxke H K
9TOIf cTparermu. Tak Kak 37ech IyTh, BAOJb KOTOPOTO OCYIIECTBIIAETCS

YIIpaBjIeHHE€ IIOTOKOM, JSKBHBAJIEHTEH, IIO CYIIECTBY, O,Z[HOI';I JMHHUHN, TO Ppa3Mep
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OKHa, M3MepsAeMBIil B IIAaKeTaX, OOBIYHO paBeH [BYM IJIM TPeM [JII Ha3eMHBIX
JIVHUHA.

HyxHo cocpenorouub BHMMaHHe Ha Iape IIOCJIeJOBaTEJIbHBIX Y3JI0B Ha
IyTH BUPTYaJIbHOM eI, KOTOpble OyZeM Has3bIBaTh IepefaTINKOM U
mpueMHUKOM. OCHOBHas Hjed IOY3JIOBOH CXeMBI COCTOUT B TOM, YTO IIPUEMHHK
MOXKeT u30e)XaTh HAKOIUIEHHA OOJIBLIOTO YKCjIa NAKeTOB B CBOEH IaMATH ITyTeM
yMeHbIIeHUs CKOPOCTH, C KOTOpPOH OH BO3BpalllaeT paspellieHUs IlepeJaT4uky. B
CaMOI pacIpOCTpaHEHHOH CTpaTeruu y IpueMHUKa uMeeTcs Oydep, B KOTOPHIi
MOXHO 3amucaTh W IaKeTOB IS KakKJOH BUPTYaJabHOM IleNH, M IIPUEMHHK
BO3BpalllaeT paspellleHUe IlepeJaTYMKy TOJBKO TOrja, Korga B ero W -makeTHOM
Oydepe nmeeTcsa cBOOOZHOe MECTO JJIA 3alHCU elle OFHOro makera. Kak Toimpko
makeT mokuHeT W -makeTHBIN Oydep, oH 1uO0 OyJeT OTJaH IIONb30BaTeNI0 BHE
mmoziceTy, 10O BOMZET B MOZLYJIb yIIpaBieHUs JuHuel nepegayu gauusx (YJIII/),
BeJyllleli K IocaeAyoueMy Y31y Ha IIyTH BUPTYaJbHOMN LeIH.

PaacmoTpuMm Temeps B3auMozeliCTBHe OKOH BOJIb TPeX IIOCIeH0BaTeIbHbIX
y3nmoB (i—1, im i+1) Ha mytu BupryanpHO# uenu. Ilpeamonoxum, uro W -
maKeTHsI Gydep ysna | monon. Torza ysen i oromter paspemrerue y3iay i —1, Kak
TOJIBKO OH BPYYMT ele oguH maker o moxyso YJIIT/l va smunwu (i,i+1), a 910 B
CBOIO OYepenb IIPOU30MIET, KaK TOJBKO y3eJI | IOJYYUT paspelleHre, BEICTAHHOE
y3nmom 1+1. Takum 06pa3oM, IPOUCXOZUT CLEIJIEHHE II0CTIeN0BaTeIbHBIX OKOH
BJIOJIb TIyTH BUPTYaJbHOH Llenu. B 4acTHOCTH, IpeAIONOKHM, YTO Ha KaKOH-TO
JTUHUK o0pa3oBajnack meperpyska. Torga W -makeTHOe OKHO B y3Je, OT KOTOPOTO
UJeT TOTOK II0 3TOH 3arpy>KeHHOH JIMHUMY, 3aIIOJIHUTCA I KaKIO0H BUPTYyaJIbHOH
LIeIy, IIPOXOAAILeH II0 3TOU JINHUH.

B pesynbrare W -makeTHBle OKHA Y3JIOB, J€XAU[UX BbIe (110 TeYEHUIO
IIOTOKA) OT IIepPerpy>KeHHOH JIUHUU, OYAYT IIOCTEIIEHHO 3aIOJIHATHCA, BKIIOYALd
OKHA Y3JIOB-OTIIpaBUTeJIell BUPTYAJIbHBIX Ilellell, IIPOXOAAIINX 110 Ieperpy>KeHHOH

JIMHUU.
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OtmpaBuTens Ilonmyvarens

w IIperpy>xeHHbIE TUHUN
Hcrounuk @—P@—P@» Agppecar

Puc. 4.6.6. DddexT 0OpaTHOTO AABIEHUS IIPU IIOY3JI0BOM yIIPAaBIEHUN ITIOTOKOM.

B o5ro BpeMs I@OTOKM OTUX BHUPTYaJIbHBIX Ilerneil OyAyT aKTHBHO
yIIpaBIAThCA. fIBlIeHMe, KOT/la OKHA IIOCTEIIeHHO 3aIlOJHAIOTCA B HAIIPaBIeHUU OT
TOYKU IIeperpyskH O Y3JIOB-OTIIpaBUTesIeli BUPTyaJIbHBIX Iielledl Ha3bIBaeTCA
OOpaTHBIM JaBieHueM (puc. 4.6.6).

OpHy npuBIeKaTeIbHYIO OCOOEHHOCTH II0Y3JI0BOTO OKOHHOTO YIIPaBIEHHI
MOXXHO yBuJeTh Ha puc 4.6.6. B xyzauem cirydae, Korga meperpyska o6pasoBajach
Ha TOoCIefHeld nuHUM (CKaxeM, Ha N-0#) IyTH BUPTYaJIbHOH IeIH, CyMMapHOe
YHCJIO TAKeTOB BHYTPH CETH IJIA 3TOHW BUPTYaJbHOH Ienu OyzeT NpUOIIDKeHHO
paBHo NW . Eciu ObI OKOHHOe yIIpaBJeHHe IIOTOKOM 3TOI BUPTyaJbHOH IIeNH
OBLIO OT KOHIIAa JI0 KOHIA, TO CYMMapHOe YHCJIO ITaKeTOB BHYTPU CETH OBLIO OBl
IIPUMEpPHO TaKUM >ke. BaxxHoe oTIMuYMe, OZHAKO, COCTOMT B TOM, YTO B CiIydae
IIOY3JI0BOTO YIPAaBIeHUA 3TH IIAKeTHl OyZyT PaBHOMEPHO pacIIpefieleHBl BOJb
IIyTH BUPTYJIbHOMI Ilely, a B CIy4yae yIpaBJIeHUs OT KOHIIA 0 KOHIIA OHU OyZyT
COCPeIOTOYeHBl Y IIeperpy’KeHHOH Ilenmu. BciemcTBue 3TOro 006bBeM IaMATH,
KOTOPBIM HEOOXOAMM B KXIOM y3jIe A u3bekaHusd IepelorHeHus Oydepa, npu
IIOY3JI0BOM OKOHHOM YIIPaBJIeHUU MOXXeT OBITh HaMHOTO MeHbIIe, YeM B CIydae
OKOHHOTO yTIpaBJeHHUs OT KOIia 0 KOHIIA.

PaBHOMepHOe pacIpeziesieHHe IIaKeTOB IO BUPTYaJbHOH yeIlH BJOJNb ee
IyTH ocyabigeT mpobieMy HapylleHUs CIIPaBeJIMBOCTU, KOTOPOE IIPOSBIIAETCH
TOTZA, KOTJja IIPOIECCHl C OOJIBIIMMU OKHAaMU MOHOIIOJIU3UPYIOT IIeperpyKeHHYIO

JINHUIO 3a CYUET IIPOIeCCOB C Ma/JIBIMH OKHaMMU.
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4.6.5. zapurMudecKuit MeTOZ,

WsapurmMudeckuii MeTOJ, MOXHO pacCMaTpHMBaTh KaK Pa3sHOBUJHOCTH
OKOHHOTO yIIPaBJeHUs IIOTOKOM, B KOTOPOM MMeeTCs TOJIBKO OZHO BceoOlee OKHO
s Bcelt cetu. Mpes 3meck COCTOUT B TOM, 4TO JJI OTPaHUYEHUS CYMMapHOTO
Yyycja IIaKeTOB B CeTH HYXXHO HMeTh (PUKCHUPOBAaHHOE 4YUCJIO Ppa3pelleHui,
IMPKYyJIUPYIOWUX 1O ceTH. IlakeT BXOAUT B ceTh IOCIe TOTO, KaK OH 3aXBaTUT OJJHO
u3 oTux paspeumenuil. IlomaB B cBoil y3en-ampecaT, OH 3aTeM OTIIyCKaeT
paspemenre. Takum 06pa3oM, CyMMapHOe YHCJIO IAKETOB B CETU OTPAHHYEHO
YHCJIOM paspelreHuii. MOXHO yCTaHOBUTBH BEpXHIOIO I'PaHUILy CpefHel 3aepXKKHu
Imakera, KOTopag He OyZeT 3aBHCeTh OT 4MCIAa ceaHcoB B cetu. K coxameHuro,
BOIIPOCHI CIIPaBeJIMBOCTH M II€perpysKH BHYTPU CeTH 3aBUCAT OT TOTO, Kak
pacIipesiesieHbI IO CeTU paspellleHUs, KOTOpble TP U3apUTMUYECKOM IIOJXOZe He
nmetor agpecoB. CymmecTByeT Takke M Apyrasd TPYLHOCTh, CBA3aHHAA C Te€M, UTO
paspelleHMs  MOTYT  MCYe3aThb  BCJIEJACTBHE  Pa3IWYHBIX  alIlapaTypHBIXX

HEUCIIPaBHOCTEM.

4.6.6. OxOHHOe yIIpaB/IeHYe IIOTOKOM Ha yPOBHE ITI0Ib30BaTe I

Msoroe u3 TOro, 4T0 OBLIO CKa3aHO JO CHUX IOP 00 OKOHHBIX CTPAaTEeTUAX,
IPUMEHMMO K YyTpaBJIeHMIO IIOTOKOM B ceaHCe MeXZAY /JAByMs IIOJIb30BaTeIIMH
7160 Ha CeTeBOM YPOBHE, OO0 Ha TPAHCIIOPTHOM yPOBHE.

Ha puc 4.6.7 mokasana TumuuHasg curyanud. JlaHHble M3 MamuHB A
OTCBUTAIOTCA TONB30BaTeneM BxomHoMmy Yy3xy NA mozcetn, a 3areM OHHU
HampaBngioTcsa BeixogHOMY Y31y NB u mamwmme B. Mwmeerca ympasieHme
IIOTOKOM (CeTeBOTO yPOBHSA) MEXZY BXOZHBIM M BeIXOZHBIM y3namu NA u NB.
Vimeercs Taxke OKOHHOe YIIpaBJleHHEe IIOTOKOM (CETeBOTO YPOBHA) MEXIY

MamuHON A m BXOIHBIM Y3JIOM NA, KOTOpoO€ YZAEPXHBAET MAIINHY A or
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nepegauu y31y NA Gosslrero KOoaudecTBa JaHHBIX, 9Y€M TO, C KOTOPBIM OH MOXET

CIIPaBHUTBHCA. Toumo TakXe MMeeTCsI OKOHHOE YIipaBjieHHE€ IIOTOKOM MEXY BBIXO/ -

Mamuna A Mammuaa B

YmpasieHue IOTOKOM TPaHCIIOPTHOTO YPOBHS

Bxoguoit Tozcers Berxoguoit
y3sen NA ysen NB

A 4
A 4

YHPaBJIeHI/Ie IIOTOKOM CE€TEBOI'O YPOBHA

Puc.4.6.7. YmpasneHre ITOTOKOM OT ITOJIB30BaTeNA O TTOJIH30BATEIIA.

HBIM y31oM NB u mamwmno# B, xoropoe yzmep:xuBaer NB oT mepemaun mamuae
B caumkom 601pIIOrO KOTMYECTBA ZAaHHBIX. TaKUM 00pasoM, BUAHO, YTO UMEETCS
CHCTeMa yIIpaBJIeHUsA IIOTOKOM CETeBOTO YPOBHS, IIPOCTUPAIONUIAACS OT MAIIUHBL A
o MamuHBL B, KoTOpas paboTaeT BO MHOTHX OTHOIIEHUAX TAK XKe, KaK CHCTeMa

II0Y3JIOBOTO OKOHHOTO yIIPABJII€HMSI IIOTOKOM.

4.6.7. CxeMsI YyIIpaBJI€HHNA IIOTOKOM, OCHOBaHHbIE€ Hd PETYJIHPOBAHNHN

MHTEHCHUBHOCTH BXOZAHOTO Tpad)mca

Brino moxaszaHo, uYTO OfHA M3 OCHOBHBIX TPYAHOCTEH, C KOTOPBIMU
IMPUXOJUTCA CTAJIKUBAaTBCA B IIpollecceé OKOHHOTO VIIPaBIeHUSA IIOTOKOM C
(UKCHIPOBAHHBIMY pasMepaMU OKOH, COCTOUT B TOM, YTO CpeJHAS 3a/ep>KKa ITaKeTa
BO3pacTaeT IIPOIOPIMOHAJIBHO YHCIYy IIPOIeCCOB, AKTHUBHO YIIPAaBIAE€MBIX IIO
moToKy. CpezcTBOM GOPBOBI C STUM ABJIEHUEM MOXKET ObITh YMEeHbIIEHNE Pa3MepOB

OKOH IIO Me€p€ YBEJINYIE€HNI YHNCJId TAKHUX IIOTOKOB. K COXaJIEHUIO, HE OY€HB ITPOCTO
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HaliTM XOpollMe IIyTH OCYILIeCTBJIeHUsd B3TOro Ha IpakTuke. Ilostomy crout
COCPeOTOYUTh BHUMaHNe Ha 0ojee YeTKUX (OPMYJIHMPOBKAX 33aJa4M YIIPaBIE€HUSI
IIOTOKOM, B KOTOPBIX MHTEHCHUBHOCTH BXOJHOTO TpadUKa y IIPOLEeCCOB, IOTOKH
KOTOPBIX YIPaBJIAIOTCH, PETYJIUPYIOTCA HEIOCPeJCTBEHHO B OTBET HAa COCTOSHHE

TpaduKa BHYTPH CETH.

4.6.8. CoueTaHue ONITUMAIBHON MapIIPYTU3ALUU U YIIpPaBIeHUI

IIOTOKOM

PaccMoTpyuM BO3MOXXHOCTh COYeTaHHS MapIIPyTHU3alluM U yIpaBIeHUA
IIOTOKOM OT KOHIIAa JO KOHIIAa BHYTPU TIOJCETH IIyTeM OITHMAaJbHOTO
peryJupoBaHua KaK MapIIPYTHBIX II€PeMEHHBIX, TaK M BXOJHBIX MHTEHCHBHOCTEH
g map ormpasurenb-agpecar (OA-map). YacTHBIM cirydaeM ABJIgeTCA 3afada
YHUCTOTO YIpPaBJeHUsA IIOTOKOM, B KOTOPOM MapuUIpyTH3auusd QUKCUpYeTCd, H
e JMHCTBeHHBIMU II€peMEeHHBIMH, KOTOpBIe [JOJDKHBI PeTryJIHpOBaThCHA, OCTAIOTCH
BXOJJHbIEe MHT€HCHUBHOCTH.

O6o3HayuM gepes I, BxogHYIO HHTeHCHBHOCTh OA-mapsr @ . B HekoTOphIX
crydasx I, MOXeT U3MepsATca B OUT/C, M TOTZAA ee OITUMAJIbHOE 3HAYeHHe MOXXHO

HMHTEPIPUTHPOBATD KAK Tp66yeMMOE 3Ha49YeHHe MHTeHCHBHOCTH, YCpE€IJHEHHOE IIO

IOCTaTOYHO IJIMHHOMY WHTepBaJTy BpeMeHHU (Halpumep, IepesiaTth He Goiee I, T
OuT B TeueHMe BpeMeHHOTO MHTepBaia AiauHsl | ). Ecam r, msmepserca umciom

BUPTyaJbHBIX ILIeIIel, TO €e ONTHMaJIbHOEe 3HadeHHe MOXHO HHTEePIPUTHPOBATH
Kak TpeOyeMoe 3HadyeHHe, KOTOpPOE€ Y3eJ-OTIIPABUTENb CTapaeTcs JOCTUTHYTH
ImyTeM GJOKMPOBKH WJIM Pa3pelleHHs HOBBIX 3aIIPOCOB Ha COeJMHeHNe, BOSHUKIINX
BO BHEIIHMX ITyHKTaX.

[lajee MBI CHayaja COCpeflOTOYMM BHHMMaHHe Ha (POpPMyIMpOBKe 3aJadyu
MUHHMMH3aIlMM HEKOTOPOHM pasyMHOI CTOMMOCTHOM (YyHKIIMM ITyTeM IOJATOHKU

MapIIPpYTHBIX II€PEMEHHBIX 1 BXOJHBIX WHTEHCUBHOCTEH ra) . 3aTeMm IIOKa>XeM, 4TO
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9Ta 3a/ld4d MATeMAaTHMYE€CKH SKBHBAJICHTHA 3a/ad4e OIITUMAaJIbHOM MapHIpyTHU3aIl N

(r, duxcuposaHsI).

Ecin MUHUMM3NPOBAaTH CTOMMOCTHYIO (YHKIIHIO ZDij (Fij) 3aZa9u

MapIIPyTHU3aIUH IO ITyTeBhIM IIOTOKAM {Xp} U BXOJZHBIM HHTEHCHUBHOCTAM {rw }, TO
MOXXHO OOHApYXHUTh, 4TO OITHMAJbHOE pellleHHe OyZeT pa30ouapOBBIBAIOIINM:

Xp =0 u rw =0 AJId BCeX p u W. Ito YKa3bIBd€T Hd TO, 9YTO CTOMMOCTHAA

(I)YHK]J;I/I}I AOJIDKHA BKJIIOYATH ]lITPa(b 3a TO, 4YTO BXOJHBIE HMHTEHCHBHOCTHU

CTaHOBATCA CJIUIIKOM MaJIBIMH; 3TO IIPUBOJUT K 3a/id9e

MuHUMU3NPOBATH Z Dij (Fij )+ z e, (rw )

(i,j) weW

IIpU OTPaHUYEHUAX z X, =T, nagBcex w eW, (4.6.2)
pEPlU

X, >0 peP,,mgnmascex weW .

3lech MUHUMH3AIMSA JO/DKHA IIPOBOJUTHCS IIO {Xp} u {rw} Janusie
BeJIMYMHBI [, O3HAYAIOT XXejaeMble BXOmHble MHTeHCHBHOCTH OA-mapsr @, T.e
IpeAjaraeMyio Harpys3Ky i @, OIpefedeMyl0 KaK BXOJHble MHTEHCHUBHOCTH
ANS @, KOTOpble OyflyT WpH OTCYTCTBUHW yHpaBieHHs MoToKamu. F; osHauaer
CYMMapHBIH IIOTOK IO JIMHUH (i, j), T.e. CYMMy BCeX IIyT€BBIX IIOTOKOB,
IPOXOAAMINX IO 3TOH nuHuu. OyHKIUM €, MMEIOT TaKOM BUJ, KaK IT0Ka3aHO Ha

puc 4.6.8, u o3HavaroT wrpad 3a ylmeMmyeHHe BXOLHONH mHTeHCHBHOCTH I, . OHH

SABJIAIOTCA BBIITYKJIBIMYM, MOHOTOHHO Y6BIB3IO]J.[I/IMI/I (bYHKH;I/IE[MI/I Ha MHOXeCTBe

TIOJIOKUTEJIBHBIX YHCeI (O,oo) U CTPeMATCH K 0, Korjga I, cTpeMHUTcA K HyIi0. MbI
IIpeZIIoiaraeM, 4TO MX II€pBble X BTOpHIE IIPOU3BOAHBIE €, U € CyIecTBYIOT Ha
(0,00) U CTPOTO OTPUIIATeJbHBI U IIOJOXKHUTEJIbHBI COOTBETCTBeHHO. VIHTepecHBbIH

x1acc GyHKIIUH €, 3amaeTcs ciaenylomeir popMyIIoi 4j1d UX IepBOi IPOU3BOTHOM:

©

a
e (I‘(u): -| =% | ,rme a, u b, ABIAIOTCA 3aJaHHBIMU IIOJOXXUTEIbHBIMU

KOHCTaHTaMU (4.6.3)
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HapaMeTPBI aw u b BJIMAIOT HaA  OIITHMaJIbHbIe 3HA4YeHHA  BXOAHBIX

2]

WHTEHCUBHOCTeH rw 1 Ha IIPUOPHUTET OA—HHPBI @ COOTBETCTBEHHO.

e ()

v

Bxognas urTeHCHBHOCTD [y

Puc. 4.6.8. Tunuunsii Buj GyHKIuY mrpada 3a yieMaeHre BXOJHON

HMHTEeHCHUBHOCTH I’W

IlennocTs mpeabiyieii GOPMYyIUPOBKU ITOBBICUTCSA, €CIM MBI PACHIMPUM
Hallle TIpefiCTaBIeHue O @ U OyAeM pacCMaTpUBATh ee KaK KJIACC IIOJIb30BaTeJIeH,

HCIIONB3YIOINX OAWH M TOT Xe Habop myTeit P, . OTo mo3BoifeT NpuUAaBaTh
pa3Hble IPHOPUTETHI (T.e. pasHble PYHKUMH €,) PasHBIM KjIaccaM II0JIb30BaTelIel,

JaKe eCJIM OHU BMeCTe MCIIOIb3YIOT OJHH U Te Xe IIyTH.

Tenepp moOKaxeM, 4dYTO OOBeAMHEHHAsd 337a4a MAapUIPYTHU3ALUU U
ynpaBieHus  NOTOkoM  (4.6.2) MaTeMaTM4yeCKM  OKBUBAJEHTHA  3ajade
MapuIpyTHU3aluK, KOTOpas paccMaTpUBajiack B IpeAblnylieM Iaparpade. Beemem

HOBYIO IIepeMeHHYI0 Y, I Kaxzgoro @ € W mocpencTBoOM paBeHCTBa
y,=F,—r (4.6.4)
MoxxHo paccMaTpuBaTh Y, KaK M30BITOYHBIA IIOTOK (4acTe [, KoTOpas

w

OJIOKHpPYyeTCs CeThI0) U CUUTATh, YTO STOT IOTOK MIPOXOAUT II0 U3OBITOYHOI JIMHUH,

145



HeIIOCPeCTBeHHO COeJNHAIONIeH y3eI-OTIPaBUTeNIb C Y3JI0M-aZpecaToM Mapsl @,

Kak IToKa3zaHo Ha puc 4.6.9. Eciu onpenenuts HOBYIO pyHKIMIO F, paBeHCTBOM

TO 33724y (4.6.2) ¢ yaerom (4.6.4) MOXXHO IIepenncaTh B BUJE

MuHUMU3IPOBATh z D; (Fij )+ Z E,(y,) (4.6.6)

(i,j) weW

IIPHU OTPaHUYEHUAX Z Xp + ya) = Fw A1 BCeX eW ,
peP,

@

XpZO nriBcex PeP,, weW,

y,=0 s Bcex w €W .
Buzx dysxuun E, u3 (4.6.5) mokasan ma puc 4.6.9. Tax xax €, (r,)— o
mpu I, - 0 (T.e. Ha3HavaeTca OeCKOHEUHEIH mTpad 3a MOIHOe 3alMpaHue KiIacca
nons3osateneit ), 1o E,(y,)—> 0, xorma wusGeTOUHBIH TOTOK Y,

HPI/I6JII/I)KaeTC$I K CBOEMY MdKCHMAJIbHOMY 3HAYE€HHIO- MaKCHUMaJIbHOM BXO,Z[HOfI

nHTeHCHBHOCTH [,. E_ MOXHO paccMarpuBaTh Kak 3aZepXKy [JIS M30BITOYHOM

JIMHUY, a T, MOXXHO pacCMaTpPUBATh KaK IIPOIYCKHYIO CIIOCOOHOCTB STOH JTUHUH.

Ey (Vo)

A

»
|

W36prTounsIil TpaduK yW

]

W

Puc. 4.6.9. CroumocTtHas QyHKIUS A1 N30BITOYHOMN JTUHUH.
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Teneps cTasno sgcHO, 4TO 3a7a4a (4.6.6) ABIIETCS 3a4a4eil TOTO XKe THUIIA, YTO
paccMaTpuBaIach B IpeapiAylleM maparpade. B wacTHOCTH, TpUMeHeHHe yCIOBUA
ONTUMAJIBHOCTH, OCHOBAHHOTO HA IIOHATHM KpaT4aillero IyTH, NPUBOAUT K
CJIeIyIOLIeMy Pe3ysIbTaTy:

o *
MHOXEeCTBO SOIIYCTHMBIX 3HAYE€HHNH ITYTEBBIX IIOTOKOB {Xp }

s

1 BXOOHBIX MHTEHCUBHOCTEH {r } ABJIAETCA OIITHMMAJIBHBIM

[0
s 3agau (6.2) Torga M TOJIBKO TOTZA, KOTA BRIIIOIHAIOTCS

ciemyomye ycuosus Ana Bcex Pe P, u weW :
X: > (0 TOJBKO TOrZa, KOT/Ia d: <d p s Bcex P e P,
* 12 *
d<—e (r]), (4.6.7a)
r’ <T, TombKO TOT/a, KOTma — €/, (I’;)S d, ssBcex peP,, (4.6.76)
E3 k3 _ ’ kS

rzie d, - TepBOTIPOM3BOIHAA ATUHA My TH p[d 0 = Z(i’j) Dj (Fij )J

u F; - cymmapH®Iit TOTOK TI0 TMHUU (i, j), coorBeTcTByIOMIIMIT {Xp }

3aMeTuM, 4YTO YCJIOBHE ONTUMAaabHOCTH (4.6.7) 3aBUCHUT TOJNBKO OT
npoussoAHbx Gynkuuit D; u €,. 3To o3Havaer, 4TO MOGaBIEHHEe TPOU3BOIHHBIX

KOHCTAHT K Dij HIn ea] He BJINAET Ha OIITUMaJIbHOE pEelIeHMe. 3aMeTuM TaKXe, 4TO

E3 —
u3 (6.76) cnemyet, 4TO ONTUMATbHAL TOYKA I, HA 3aBUCUT OT T

p— *
,IoKa I, >, .9JT0
ABJISETCA XOPOIIMM CBOMCTBOM CTpaTerwy YIPaBIeHUA IIOTOKOM, MeLIAIOUINM
II0JIB30BaTeIAM (4eil IMOTOK yIpaBiIfgeTcs aKTUBHO) YBEIWYUTH WX JOJIO pecypca

ITyTeM TIOBBIIIeHUA TpeOOBaHUH.

Cwmsbicn mapameTpoB &8, u D, B cromMocTHON GYHKLIMH, OIpeneIseMbIX

dbopmynoi

TeIlepb MOXKeT OBITH IIOHAT B CBeTe yCI0BUi ontuMansHocTH (4.6.76). PaccMoTpum

ABa Pa3JINYIHBIX KJIdCCd TIOJIb30BaTe et W, 1N @,, UCIHOJB3YIOIIUX OAHU N TE€ XKe

Iy TH (F’wl =P, ) Torpa u3 ycnosuit (4.6.76) cinexmyer, 4TO B TOUKe OITHMATBHOTO
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o o * — * —
pellleHHs, B KOTOPOil 06a Kjacca IIOJIb30BaTeseil yleMJIeHSBI (rwl <r, ,r, <fT )

2wy @,
AOJIXKHBI BBITIOTHATHCA PABEHCTBA

—e/ (7 )=—e., (r. )=min{d’ }= min{d | (4.6.8)

o\ @ )

peP,, peP,

)

Ecnu €, u e, ompenensiorcs mapamerpamu a,, b, u a, , b, cormacno (4.6.3),

@)
TO MOXKHO 3aME€TUTH CIeAyIOIee:

(@) Ecmu b, =b, , To

Hn OTCIOJa CjlIeAyeT, ITO IIapaMeTp aa) BJIMA€T Ha OIITHMMAJIbHYIO OTHOCHTEIBHYIO
BXOIHYIO HHT€HCHBHOCTD KyIaCCa TMoJIb30BaTeNelt @ .

(6) Ecmm a, =a, =a u b, >b, , T0 ycnosue (4.6.8) mokaseisaer, uTO,

* *
KOTJja BXOJHble IIOTOKM BBIHYXKZEHBI OBITH MAaIbIMHU (rwl,rw2 < a), KJIacCcy
mosp3oBareneii @, (Tomy, y KoToporo mapamerp b =~ Gosblie) ITO3BOJIEHO

IOIYyCTUTH B ceTh Gosbire Tpaduka. Orcioza cienyer, 4To mapamerp b, Biuser Ha

OTHOCHUTENIbHBINl ITIPUOPUTET KJacca IIOAb30BaTelel @ B YCJIOBUAX OOJIBLION

Harpysku.[54]
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3axaoyeHue

CoBpeMeHHbIe 337aYM HCIIOJb30BAHMS KOMIIBIOTEPHBIX CeTeil CTaBsAT
BBICOKUe TpeboBaHUA K KauecTBY obciyxuBanus cereil - QoS (Quality of Service).
C 1menpio TOBBIUIEHWS KAvecTBA OOCTY>KUBAHWUA MOXKET OBITh IIPOBEEH pAf,
Mmeponpusatuit. OpHUM ¥3 BaXHEHIINX SBISETCS YIpaBIeHHe pPeCcypcaMu.
Pecypcamu MOXHO pacccMaTpuBaTh OIIpeie/IeHHBIN alapaTHbIH U IPOrPaMMHBIH
KOMILIEKC KOMIIbIoTepHBIX ceTell. Ho ¢ Touku 3penus QoS pecypcamu cuyuraorcs
3a/iep>KKa U IPOITyCKHAs CIIOCOGHOCTb.

3azaueil [AUCCEPTALMOHHOM paboTHl fABISUIOCH IIOCTPOEHUE MOzeieit
yIpaBleHUs, KOTOpble Jamu Obl BO3MOXXHOCTb OLIEHHUTH 3aJepXXKy — OAWH U3
[1apaMeTPOB CeTH U B TOXKE BPEMS OJUH U3 PECYPCOB; OTPELEIUTh ONTHMATbHOCTD
MapuUIpyTH3aLUX ¥ €€ CBA3b C yIpaBIeHHeM IIOTOKAMH, PeIIUTh 3aZady
yIIpaBleHUs TOTOKAMU B COYETAHHH C ONTUMAIbHOM MapIIpyTH3aLieH.

C yxasaHHO# Ienpl0 OBLIM pPa3pabOTaHbl TPU MOZENIH MacCOBOTO
obcryxuBaHuA. belma paspaboraHa cucrema MaccoBoro obcayxuBarus M/M/m c
m obcayxuBaromuMu — npubopamu, M/M/ ¢ 6GeCKOHEYHBIM  YHCJIOM
o6cryxuBaromux mpr6opos u M/M/m/m ¢ m-motepsMu ¥ M-06CTyKUBAIOLIIIMU
mpubopamu.  Ilpemnmoxen — mogxon K ONpefeleHUIO  ONTHMAaIbHOCTH
MapIIpPyTH3aLUK U Pa3paboTaH MEeTOZ, yIIpaBIeHNs TIOTOKAMHU.

ITo guccepranuoHHOM paboTe MOXHO CAeaTh CIeyION[ue BBIBOBL:

1. ITpenmoxxeHHbIe MOAENIH AAIOT BO3MOXHOCTh Haubojiee TOYHO OLIEHUTH
BEJINYUHY 33JePXXKU B CETH U BeJIMYUHY OTKa3a paboTHI B CETH.

2. IlepBas Mogzenb HaeT BO3MOXXHOCTH OLIEHUTHh 3HaueHUe 3aZepXKKU U
OILIpeZleIUTh CpefHee UYHUCIO TpeGOBaHWI B CHUCTEMe [ CEeTH, B KOTOpO# m
06CITy>KMBAIOWIUX IIPUGOPOB C MYaCCOHOBCKUM BXOJHBIM ITOTOKOM, AJIUTEIBHOCTH
OOCIY)KMBAaHUSI HE3aBUCHUMBI OT HHTEPBAJIOB MEXJYy MOMEHTaMHU IIOCTYILIEHUS

3aIIpOCOB Ha O6CJIY)KI/IBHHI/IG 1 SKIIOHEHIIMAJIBbHO pacCIipeejIeHbl.
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3. IlpenyioxxeHa TakKe MOZENb IJIA OIpeJeeHUs 3aJepXKU U CpeJHero
yucia TpeOOBaHMM [ CHCTEMBI C OEKOHEYHBIM YHCJIOM OOCTYXXHBAIOMIUX
pu6OPOB.

4. PazpaboraHa MOZieslb C M OTKa3aMM, IIOCKOJIBKY CeTH IIPU YIIPaBIeHHHU
IIOTOKAMM YacTO IIPUXOZMTCA OTKA3blBaTh OIpeJeJIeHHBIM 3allpocaM Ha
obcrmyXkuBaHHe. B pesynapraTe IONTy4YeHO BEIPRKeHHe /A  OIpeJesleHUs
BEPOATHOCTU TIOTEPH 3alpoca Ha OOCIy>KMBaHHE, eCTH BCe M OOCTYXHBAIOIIHUX
IIpuOOPOB IIPU €ro MOCTYIIJIeHNHU Oy Iy T 3aHATHI.

g TonydeHHMA HAWIyYIIMX 3HAYEHWH IIapaMeTpOB 3aJepXXKKU U
IIPOIIyCKHOM  CIIOCOOHOCTH  HCIOJB3YIOT MAapUIPyTH3allUI0 U YIIpaBIeHHe
morokamMu. MapurpyTusanusa ABIAeTCA OZHONM M3 CIOXHeHIHX GYHKIUNE ceTH
Iepesiauy JAHHBIX, TpeOyIomel coracoBaHHON paboTsl y310B cetn. OHa BimsAeT
Ha CpeJHIOI 33fIep>KKY IIaKeTa U IIPOIIYCKHYIO CIIOCOOHOCTH ceTH. B 3aBucuMOCTH
OT crocoba peasu3aliy MapuUIPyTHU3aliA MOXKET IIPUBECTH K HU3KOMH IIPOITyCKHOM
CIIOCOOHOCTH, YyBCTBUTEJIBHOCTH K II€PEKPY3KaM M K KOjebGaTeJTbHOMY PeXHUMY.
OTH HeJOCTaTKU Oojiee 3aMeTHHI B JeHiTarpaMMHBIX CeTAX M MeHee 3aMeTHBI B
CeTAX C BUPTYaJIbHBIMU IEIIAMU.

Bomee CHIOXHBIM BOIPOCOM ABJIAETCA OIpefeeHHe OITHMAaJIbHOM
MapIIpyTH3aLUH.

1. IlpuBeneHHas B JUCCEPTAI[MOHHON paboOTe METOAMKA OIIpeJieleHUS
ONITMMAJIBHOCTH MapIIPYTH3allli OCHOBAHA Ha IIOTOKOBBIX MOJIEJIAX.

2. Jlna ompezeneHUs ONTUMAJIBHOCTU BBOJUTCA CTOMMOCTHAA (QYHKIIWA,
KOTOpas, KOTOpas 3aBUCHT OT IIPOITyCKHOM CIIOCOOHOCTH, 3aIeP>KKH U IIOTOKA.

3. Pemenmue 3ajaun ABIg€TCA B MUHMMU3AINY CTOMMOCTHON GQYHKITUY TIPU
OTPaHMYEHHAX Ha WHTEHCHBHOCTh Tpadwmka. Takad 3a7ava CTAaHOBUTCH
HeOOXOJUMOM IIPH yBeINYeHUU NHTEHCUBHOCTU BXOJZHOTO TpaduKa.

B nuccepranuooHoii pabore ObLIN OIpefiesIeHb! TJIaBHbIe 1[eJIH YIIPaBIeHH I
IIOTOKAMH, TaKue KaK INOAJepXXKaHHe BHYTPU CEeTH OTHOCHTEIBHO Masoi cpemHei

3a0E€PXKKHN H CIIpaBEIJIMBOCTH II0O OTHOIIEHHWIO KO BCEM IIOJIB30BaTEJIAM. 133394
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czleslaH 0030p OCHOBHBIX METOZIOB YIIpaBaeH!UA NOTOKOM. MOXHO OTMETUTSH, YTO Ha
IIPaKTUKe IIpeo0JafjaloT CTpaTeruy, OCHOBAaHHBIE HAa OKHaX. Jlyid 3TOro mMmerorcs
OCHOBaTeJIbHBIe IIPUYMHBI, TaK KaK OKOHHBIE CTPAaTETMH COYETAIOT HU3KYIO
M30BITOYHOCTh B HArpyske M OBICTPYIO peaknuio Inpu Ieperpyske. OmHako
OKOHHbIe CTpPAaTeTMH HMEIOT TaK)XKe Cephe3Hble HeJOCTATKU, KOTOPhIe COCTOAT B
TOM, 4YTO CpemHAA 3aJepKKa IIaKeTa BO3PaCTaeT IPOIOPLHMOHATBHO YHUCITY
IIPOLIECCOB, AKTUBHO yIIPABJIAE€MBIX 11O IIOTOKY.

1. B manHO#T pabore ObLIA IIpejIOXKeHAa CXeMa PeryJIHpPOBaHUA BXOILHOU
MHTEHCHUBHOCTH, KOTOPas IIBITAETCA M30aBUTHCA OT HEJOCTATKOB XapaKTEPHBIX I
yIIpaBJIeHUA TIOTOKaMU METOAOM OKOH.

2. Paspaborana cxema, KoTopas O00OOIIaeT MeTOABI OITHMAaJIbHOMH

MapmIpyTHU3avy U YIIPABJI€HHA IIOTOKAMH.

151



10.

11.

12.

13.

Crucox ucIonbp3yeMoi IUTepaTyphl

HIpunusac Beremna. KauectBo obcnyxuBanus B cetsax .-Mocksa, 2003 r.,
cTp 604

Omudep B.I., Omudpep H.A. «Kommusiorepusie cetm». CankT-IluTepOypr:
[Turep, 2002 r., cTp 668

«Mogmenn wuHGOPMAIMOHHBIX CeTell ¥ KOMMYTAaIlMOHHBIX CHCTEM»,
WzpatenscrBo «Hayka», Mocksa, 1982 r., ctp. 375

I'.A165IX, b. Cronspos, «OnruMusanus nHGOPMAITUOHHO-
BBIYMCIUTEIBHBIX ceTeil», Mocksa «Paguo u cBsa3p», 1987 r., cTp. 103

I.Jesuc, [l.bapGep, «BrrumciurenpHble CeTH U CeTEBBIE IIPOTOKOJIBI»,

Mocksa «Mwup», 1982 r., ctp. 678

B.Mopo3zos, A.[lonranos, «OcHOBsI Teopuu WHGOPMAIMOHHBIX CeTeil»,
Mocxksa «Bsicmras mkosna», 1987 r., ctp. 98

P.beccnep, A.Joity, «IIpoexktupoBanme cereir cBasu», Mocksa «Pagno u
cBa3b», 1988 T., cTp. 218

Ephremides A., «<The Routing Problem in Computer Networks», New-York,
1996, pp 299-324

Hayes J.F., «Modeling and Analysis of Computer Communications
Networks», New-York, Plenum, 1984, p. 397

Abeysundara B.W., Kamal A.E., «High-Speed Local Area Networks and
Their Perfomance», Computing Surveys, vol 23, pp 221-264, June 1991.

Adam J.A., «Privacy and Computers», IEEE Spectrum, vol 32, pp 46-52,
Dec. 1995.

Baransel C., Dobosiewicz W., Gblrzynski P., «<Routing in Multihop Packet
Switching Networks», IEEE Network Magazine, vol 9, pp 38-61, May/June,
1995

bk 10./1., « TCP/IP u poncTBeHHBIE ITPOTOKOJIBI», HBIO—PIOPK, «MacGraw-
Hill», 1995 r., cTp. 207

152



14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

3aarswur  Y.U., «HemuneiiHoe mnporpamupoBanme. EQuHBIN mOAXOnY,
Mocxksa, Cos. Paguo, 1973 r., cTp. 111

Lam S.S., Reiser M., «Congestion control of store-and-forward networks by
unit buffer limits», IBM Research Report, 1987, p 235

D. Tanenbaywm, «KommsiorepHsie cetn», Ilutep, 2002 r., cTp. 993

D. Tanenbaym, «PacnpenenenHsie onepanoHHbIe cucTeMbl», [lutep, 2002
r., cTp. 895

D. Tanenbaym, «CoBpeMeHHBIe OIlepallOHHEIe cHCTeMbl», [luTep, 2002 r.,
cTp. 956

Huitema C., «The New Internet Protocol»Prentice Hall, 1996, p 280
Huitema C., «Routing In the Internet»Prentice Hall, 1995, p 481

Komep [., «Ilpunnuns: pyaxkuuonnposanus Murepuera», [Turep, 2001 rio,
cTp. 169

Day ].D., Zimmermann H., «The OSI Reference Model», Computer
Commun. Rev.,, vol. 71, Dec. 1983

[Turepcon B.B., bpayn [.T. «luxiauueckue KoAbl Ajd IpeAOTBpallleHUI
omnbox», Proc. IRE, 1991 r., cTp. 178

Day ].D., «The (Un)Revised OSI Reference Model», Computer Commun.
Rev., vol. 25, Oct. 1995

Deering S.E., «Simple Internet Protocol», IEEE Network Magazine, vol. 7,
May/June 1993

Deering S.E., Cheriton D.R., «Multicast Routing in Datagram Internetworks
and Extended LANs», ACM Trans. On Computer Systems, vol. 8, May 1990

Dorfman R., «Detection of Defective Members of a Large Population»,
Annals Math. Statistics, 1943, p 201

Ford P.S., Rekhter Y., Braun H., «<Improving the Routing and Addressing of
IP», IEEE Network Magazine, vol. 7, May/June 1993

IEEE: Communication magazine, vol. 33, Jan. 1995

153



30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

4].

42.

43.

44.

45.

46.

IEEE: 802.3: Carrier Sense Multiple Access with Collision Detection, New
York: IEEE, 1985a

IEEE: 802.4: Token-Passing Bus Access Method, New York: IEEE, 1985b
IEEE: 502.5: Token Ring Access Method, New York: IEEE, 1985¢
Kahn D., «The Codebreakers», New York: Macmillan, 1996, p 305

Shacham N., Mckenney P., «Packet Recovery in High-Speed Networks
Using Coding and Buffer Management», Proc/ INFOCOM’90, IEEE, 1990

Kavak N., «Data Communication in ATM Networks», IEEE Network
Magazine, vol. 9, May/June 1995

Mcdysan D.E., Spochn D.L., «<ATM- Theory and Application», NY,
McGrawHill, 1995, p 238

Piscitello D.M., Chapin A.L., «<Open Systems Networking: TCP/IP and OSI»,
Addison-Wesley, 1993, p 385

First Int’l. Worldwide Web Conference, 1994

Santifaller M., «TCP/IP and ONC/NFS», Addison-Wesley, 1994, p 239
Schneier B., «E-Mail Security», New York, John Wiley, 1995, p 93
Smith P., «<Frame Relay and X.25», Addison-Wessley, 1993, p 190
Stevens W.R., «TCP/IP Illustrated», Addison-Wesley, 1994, p 205

Teraoka F., Yokte Y., Tokoro M., «Host Migration Transparency in IP
Networks», Computer Commun. Rev., vol. 23, Jan. 1993

Gallager R.G., <A Minimum Delay Routing Algorithm Using Distributed
Computation», IEEE Trans Commun., 1977

Kmapx [.1., [Torpen K.T., Pug /I.I1., «Jlokanbusre cetn», TUMOP, 1987 ri0,
crp. 372

Knapx [.[., Keitn /1., «<KogupoBauue ¢ ucmpapieHreM OIIMOOK B CHCTEMAX
uudpoBoit cBa3u», Mocksa, Paguo u ceass, 1987 r., crp. 407

154



47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

I'amnarep P./., «Teopus undbopmanuu u HasexHasa cBa3b», Mocksa, Pagno
U cBa3b, 1974 1., cTp. 544

®opp JI.P.. Pankepcon [I.P., «[loroxu B cersx», Mocksa, Mup, 1986 r., ctp.
498

I'peir .11., «JIuneiinoe ynpasrenue», TUWOP, 1. 60, Ne 11, 1987

Kneitupox JI., «Kommynwmkamuonnsie cetu. CroxacTudecKie IIOTOKU H
3a/lep>KKH coobimenuii», Mocksa, Hayxka, 1980 r., cTp. 627

Knetiapok JI., «BerancinrenbHble CUCTEMEI C odepeasmMu», Mocksa, Mup,
1986 r., cTp. 372

Knemenu J./[., Crenn [., Kuen A., «Cuyernsie nenu Mapkosa», Mocksa,
Mup, 1987 r., cTp. 749

Muxaiinos B.A., Ilpi6axoB B.C., «BepxHAa rpaHuMIa mjId IIPOITyCKHOI
CIIOCOGHOCTH CHCTEMBI CIy4alHOTO MHOXXEeCTBEHHOTO AOCTyIa», [Ipo6ir.

ITepemaun urdopm., 1981, . 17, Ne 1

[Tonax 3., «YucnaenHsle MeToxsl onTuMmu3anum», Mocksa, Mup, 1987 r.,

cTp. 896
Kypemu III., «<AmanrtuBras xoppeknusa», TUHUIP, 1. 7, Ne 9, 1985

Walrand J., Interconnections of Markov Chains and Quasi-reversible
ueueing Networks, Stoc Proc Appl, 10, pp 209-219, 1980.

155



	რეზუმე
	РЕЗЮМЕ
	ABSTRACT
	Содержание
	Список рисунков
	Список абривиатур используемых в диссертации
	Благодарности.
	Введение
	Глава 1. Задачи управления сетями
	1.1 Функциональные группы задач управления компьютерными сетями
	1.2. Управление конфигурацией сети и именованием.
	1.3 Обработка ошибок
	1.3.1. Однобитовые проверки на четность
	1.3.2. Проверки на четность по вертикали и по горизонтали
	1.4. Анализ производительности и надежности
	1.5. Управление безопасностью
	1.6. Учет работы сети
	1.7 Постановка задачи

	Глава 2. Маршрутизация
	2.1 Основные понятия
	2.2 Классификация маршрутизаций
	2.3. Параметры маршрутизации
	2.4. Управление потоками

	Глава 3. Качество обслуживания (QoS)
	3.1. Общие понятия
	3.2 Функции качества обслуживания
	3.2.1 Классификация и маркировка пакетов
	3.2.2. Классификация пакетов
	3.2.3. Маркировка пакетов
	3.2.4. IP- приоритет
	3.2.5. DSCP
	3.2.6. QoS- группа.
	3.3. Управление интенсивностью трафика
	3.3.1. Корзина маркеров
	3.3.2. Выравнивание трафика
	3.3.3. Дозирование трафика
	3.4. Распределение ресурсов
	3.4.1. Поддержка функций QoS со стороны механизмов обслуживания очередей
	3.4.2. Алгоритм обслуживания очередей FIFO
	3.4.3. Максиминная схема равномерного распределения ресурсов
	3.4.4. Обобщенная схема разделения процессорного времени
	3.5. Предотвращение перегрузки и политика отбрасывания пакетов
	3.5.1. Сигнальный протокол QoS
	3.6. Коммутация
	3.6.1. Коммутация процессов
	3.6.2. Продвижение пакетов с помощью кэша маршрутов
	3.6.3. CEF- коммутация
	3.7. Маршрутизация с точки зрения QoS
	3.7.1. Маршрутизация на основе политики
	3.8. Основные показатели в компьютерных сетях

	Глава 4. Основные задачи управления ресурсов
	4.1. Разработка модели M/M/m для расчета задержки в сети
	4.2. Система M/M/ ∞ - система с бесконечным числом обслуживающих приборов
	4.3. Система M/M/m/m с потерями и с m обслуживающими приборами
	4.4. Оптимальная маршрутизация
	4.5. Методы допустимого направления для оптимальной маршрутизации
	4.6. Управление потоками

	Заключение
	Список используемой литературы

