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Mogenu mapLipyTrM3aumm Ha OCHOBE NMpaBus
Models of Policy Based Routing

1. Cmamyc dokymeHma

Ienblo JaHHOTO JOKYMEHTA SIBJISCTCS PACCMOTPEHHE PA3IMYHBIX MOJENCH MapLIpyTHU3alMi Ha OCHOBE NpaBHJI (TIOJUTHKM) M MOKa3aTh UX
OTHOCUTEJIBHBIE NPEUMYIIECTBA. O6Cy’)l(lleHl/Ie U KOMMEHTapuu NPUBOAATCA C LCIIBIO ONPECACICHUA Hy‘{UlCi’I MOJCIN MapuIpyTHU3alluy Ha
0ase mpaBuiI, 00ecTIeYnBAIOIICH TaK)Ke TOCTATOUHBIH YPOBEHb MACIITAOMPOBAHHUS B OOJIBIINX CHCTEMAxX CBS3AaHHBIX MEXIy cOOOU ceTeil.
JIOKYMEHT MOJET paclpoCTPaHATHCS CBOOOIHO.

2. BnazodapHocmu

ABTOp BBIp@kaeT cBOIO mpu3HaTenbHOCTh Yakov Rekhter (IBM Research), Milo Medin (NASA), Susan Hares (Merit/NSFNET), Jessica
Yu (Merit/NSFNET) u Dave Katz (Merit/NSFNET) 3a ux Ba>kHbIif BKJIaJ B IIOATOTOBKY 3TOTO JOKYMEHTA.

3. O630p

JInst OLleHKM METO/IOB M MOJIeNielf MapIpyTH3aliy Ha OCHOBE MPaBHJ HEOOXOAUMO HCCIEAOBATH KOHTEKCT, B KOTOPOM 3Ta MOJENb OyzeT
UCIIONB30BAThCS, M HAJTMYNE Pa3IMIHBIX METOMOB, BBEJCHUS NpaBml. Yalle Bcero NCIONb3yIOTCS MOACIH:

& Policy based distribution of routing information (pacnpocTpaHeHHEe MapIIPYTHBIX JaHHBIX Ha OCHOBE IIPABHUI).

& Policy based packet filtering/forwarding (punbTpanus/nepechiika IakeTOB HA OCHOBE MPaBHII).

& Policy based dynamic allocation of network resources (pacuipeieJICHUE CETEBBIX PECYPCOB Ha OCHOBE TIPABHII).

Jns BeIOOpa KOHKPETHOTO METO/A, HCIONB3yeMOro B TOM HWIIM HHOM IPWIOXKEHHH, HY)XHO NPHHMMAaTh BO BHHMAaHUE CpaBHEHHE
OTIETBHBIX CBOWCTB 3THX METOIOB. B HEKOTOPHIX ClTydyasX NPUXOIUTCS UCTIOIB30BATh HECKOJIBKO METOOB.

ITpu cpaBHEHHU pa3TMYHBIX MOJEJCH MapLIPyTH3alMd HAa OCHOBE IPAaBWJI BAYKHO IMOHUMATh, YTO KaXkKaas MOJAENb pa3paboTaHa C y4eToM
BBIIIOJTHEHUSI HEKOTOPOro Habopa TpeboBanuil. TpeboBanus, nperbsBiasieMble K Pa3HBIM MOJAEISM, MOTYT MEPEKphIBaThCS, HO 3TO COBCEM
He o0s3arenbHO. [laxke IpH MepeKpBITHN TPeOOBaHMIT B Pa3HBIX MOJENISIX MOTYT pa3iIMyaThCs yPOBHU IPaHYISIpHOCTH. J{iis nepBoii Moxenn
TpeOoBaHHs MOTYT OBITh CHOPMYIIHPOBaHBI Ha YPOBHE aIMHUHHCTpaTUBHOrO AoMmeHa (Administrative Domain) wiu cetun. TpeboBanust ko
BTOPOH MOZEIH MOTYT OBITH CHOPMYJIMPOBAHBI Ha YPOBHE KOHEYHOH CHCTEMEI, a BO3MOXKHO W Ha YPOBHE OTAEIBHOTO IOJIb30BaTems. [yt
TpeTbeil Mozmenu TpeOoBaHHS MOTYT OBITH CHOPMYIMPOBAHBl Kak HAa YPOBHE KOHEYHOM CHCTEMbI, TaK M HA YpPOBHE JIOKaJbHOI'O
MapIpyTH3aToOpa, a TakXKe Ha ypoBHIX MapmpyTHoro (Routing Domain) uin agmuancTparuaoro (Administrative Domain) nomena.
Kaxmas u3 9TUX MoJenel MMeeT CBOM NMPEUMYIIECTBa B TOM WJIM MHOM HANpaBICHHH. DTH METOJbI MOTYT HCIHOJIb30BAaTHCSl HE3aBHCUMO
WA COBMECTHO B PA3IMYHBIX KOMOWHANUSAX. MOJENb Ui ONMCAHNS PACTPEICICHUS CETEBBIX PECYPCOB HA OCHOBE MPABHII OPTOTOHAIBHA
MOZIENI  pacHpOCTPaHeHNs] MapUIpyTHOW wuH(popMmamuu Ha Oasze mpaBwil. OJHAKO B KOHKPETHBIX pPEANM3alMiX OSTH MOJEIH MOTYT
B3aUMOJICHCTBOBATh MEXKIY COOOIL.

IIpn BEIOOpE METONOB [T pean3alii K KOHKPETHOH CEeTH Ba)KHO IIOHMMATh TPeOOBAHMUS OTACNIBHBIX CETEBBIX NMPIJIOKEHHH W OCO3HABAaTh
MOCJEICTBHUS, KOTOPBIE MOTYT BO3HHKHYTh B PE3yJIbTaTe B3aUMOJACHCTBUS HECKOIBKHX METOJOB.

XOTs HEKOHTpONHpyeMas JWHAMHMYECKas MapUIpyTH3allus M paclpelelieHHe PecypcoB MOTyT obecnedwBaTh JIydilee IIOBEIEHHE B
peaJbHOM BPEMEHH, UCTIONB30BaHUE MApIIPYTH3AllMH HAa OCHOBE MpaBmi OyaeT oOecriedunBaTh CTAOMIBHOE M MPENCKa3yeMoe IMOBEICHHE
CHCTEMBI B COOTBETCTBHH C JKEJIAHUSIMHU aIMUHHUCTPATOPA.

4. PacnpedeneHue MapwpymHbix OaHHbIX Ha OCHO8e npaesuJl
Lenu

3amaueil ATOM MOJENM SIBISIETCS OPraHMU3alMsl IOTOKOB JAHHBIX Ha 0ase MOJUTHKU PAcHpOCTPaHEHHs MapLIPYTHOW HH(POpMAaLUM.
Peanmzarus Takoif Mozeny MO3BOMISIET KOHTPOJIMPOBATE JOCTYH K 331aHHBIM CETEBBIM PECypcaM.
Mopens peannusyeTcs Ha ypOBHE CETH WIIM aAMHHUCTPATHBHOTO JOMeHa (TTOJMTHKA Ha MaKpOypPOBHE).

Onucanue
XopomuM IpUMEpOM IOJIWTHKHM MapIIpyTH3alud Ha 0a3ze NpaBWII pacHpeleleHds] MapIIpyTHBIX JaHHBIX SBISIETCS CETh C ee
uHTepdeiicamu B cetn cpeanero yposHs [1, 2]. Ha unrtepdeiice B cetb NSFNET, ocymecTBisieTcst ayTeHTUGHUKAIMA U KOHTPOJIb
MapuIpyTHOH nH(OpMaIHu:

AyTteHTuuKanus y3na (peer) mo aapecy OTIpaBUTEI.

ITpoBepka nMaeHTH(HUKANH aAMHHICTPATHBHOTO JIOMEHa (B HACTOSIIMII MOMEHT HOMepa aBTOHOMHBIX cucteM EGP).

ITposepka HOMepa cetH [P, koTOpast aHOHCHPYETCS y3IOM-TIapTHEPOM 10 MAapUIPyTH3aIMHU (routing peer).

KonTtpons merpuku ¢ momomnpro 6a3bl NaHHBIX MapmipyTHoOH monutuké (Routing Policy Data Base) 4ro0bl pa3pemmrtsd s

AQHOHCHPOBaHHBIX HOMepOB ceTell [P mpsamoii myts B NSFNET, a Taxke MeHee NpelnoYTUTENbHBIE My TH.
Ha wunrepdeiice, nmpomyckaromem MmapmpyTHbIi Tpaduk 3a npemensl NSFNET, xox mapmpyTusamuu NSS BBITONHSET MPOBEPKY
MOJTHOMOU M (ayTeHTH(UKAIMIO) MaplIpyTH3aTopa, AeiicTBytoniero kak naptaep EGP, no ero aapecy n unentuduxamun AD (Homep
AS).
Hcxopsiue aHOHCH HOMepOB cereld 1o npotokony EGP konTponupyiorcst no AD niti HoMepaM OTACNBHBIX CeTei ¢ MOMOIIBIO 0a3bl
npasui Mapupytusanun NSFNET Routing Policy Data Base.
Peanmmzanus mapmpytHoit nmonutukr B NSFNET paboraer ¢ utonst 1988 u coobmectBo NSFNET mnpuobperno Goiblioi omeiT ee
UCIIONb30BaHMS.
JlpyruM npuMepoM TOJUTHKH YIPABIECHHs paclpelelleHHeM MapIIPyTHBIX JTAaHHBIX MOXET CIIY>)KUTh METOJ, NPEIUIOKESHHBIH U CEeTH
ESNET B pab6ore [3].

Ilpeumywecmea

L=
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OCHOBHOE NPENMYIIECTBO KOHTPOJIS 33 IIOTOKAMH MapIIpyTHOH MH(OPMAIMK COCTOHMT B TOM, YTO 3TOT METOX ITO3BOJISIET CO37aBaTh
6onbuve pacnpeneneHnHbie cetd (WAN) ¢ MHOrOCBsI3HOM Tononorueil. Pacnpernesnenue pecypcoB B Ipy»KEeCTBEHHOH cpesie BO3MOXHO
3a cueT (IIbTpAlUy YKa3aHHBIX HOMEpOB cereil 1 AD Ha ypoBHE OTAGNIBHOTO XOCTa. J{PyrMM Ba)KHBIM IPEUMYIIECTBOM 3TOI CXEMBI
SIBIISICTCSL TO, YTO OHA MPAKTUYECKH HE CHIDKAET IPOM3BOIUTENBHOCTh CETH, MOCKOJIBKY MOJHUTHKA MPUMEHSETCS TOJBKO K IaKeTaM
MIPOTOKOJIOB MApUIPYTH3AIMU. MapIipyTHbIe TaOIHIBI TeHEPUPYIOTCS B Pe3yJIbTaTe Pealn3aliy 3adaHHOH ITOJUTHKH. JTO 03HAYAeT,
YTO Takasl cCXeMa IPAaKTHYECKN He OKa3bIBaeT BIMSHUE HA CKOPOCTH KOMMYTAIUU ITaKETOB.

Heoocmamku
Pacripoctpanenne MapmpyTHOi nHpoOpMaIy Ha OCHOBE MPaBIJI HE HCHONB3yeT GuibTpanuy nakeToB. Hanpumep, Takoe penieHue He
MOXKET MpENOTBPATHTh 3JIOHAMEPEHHbIE aTaKd C IOMOIIBI0 IAaKeTOB source routed. XOTs BBIAEICHHE PECYpPCOB BO3MOXKHO, OHO
OTHOCHTCS K (DMIBTPAMU 0 HOMEpaM CeTeH WIM aJAMHHHCTPAaTHBHBIM JOMEHAM, HO HE PaclpOCTPaHSCTCs Ha KOHEYHBIE CHCTEMBI
WITH OTAETBHBIX MONb30BaTeNeH.

Cmoumocme
Mapuipytusaimss Ha ocHoBe mpaBui B cetd NSFNET peanu3oBana ¢ HCHonb30BaHHEM HabOpa KOH(PUTYpalHOHHBIX (aiiios,
TeHepUPYEMBIX Ha OCHOBE 0a3bl MapmIpyTHOH mHGpopmanuu. st co3maHus Takoi 0a3pl JaHHBIX TpeOyeTcst MpelCTaBICHHE O CeTH
Internet B nenom. ITockonbky ceth Internet mocTosiHHO HM3MEHsIETCs, TPeOyeTCsl MOCTOSIHHO OOHOBIATH 0a3y naHHbIX. OnHako paboTa
1o cOopy 1 moajaepkke HHPOPMAUH O TEKyIIEM COCTOSHUM Internet MOXKET BBIOIHATHCS KaK paclpeeleHHas 3a1a4a.
[TockonbKy ympaBisieMoe Ha OCHOBE MOJMTHKH PACHpPOCTPaHEHHE MapIIPyTHOH HH(OPMAIMHU MO3BOJISIET OPraHU30BaTh (QHIbTPALIUIO
mo HomepaMm cereil u AD, B 6a3e mMapmpyTHOW MHGOPMAIMH JOJDKHBI XpaHUTHCS cBeneHus Oonee yem o 1300 cersx, BXOAAIIMX B
Internet ceromms’.

5. dunbmpayusi/nepecbisika Nnakemoe Ha ocHoee rnpasusl
Ienu

3agaveil MONMMTUKK (UIBTPAIMM M PACCBUIKM TAKETOB SIBIISETCS YNPaBIEHHE MOTOKAMH CETEBOrO Tpaduka Ha YpOBHE OTAENbHBIX
makeToB. Takoe yIpaBlieHHE MHPEIOCTABISIET CETEeBOMY aIMHHHCTPATOPy BO3MOXKHOCTH KOHTPOJS 3a HCHONB30BAaHHEM CETEBBIX
pecypcos.
Peanmzaruss HMOMUTHKE BO3MOXKHA HA yYpOBHE KOHEYHOH CHCTEMBI M JaKe€ Ha YPOBHE OTIEIHHOTO IOJb30BaTelNs (MOJNUTHKA Ha
MHKpPOYPOBHE).

Onucanue
[IpuMep MONUTHKM MapIIpyTH3alUM Ha OCHOBE IIaKETOB/TIOTOKOB paccMOTpeH B pabote [4]. B oOmem cmbicne paccbuika U
(GIIbTpanys MaKeTOB Ha OCHOBE TOJHUTHKH OOECHEeYrBacT BO3MOXKHOCTh BEChMa TOHKOTO KOHTPOIS 3a paclpeelleHneM MaKeTHOTO
Tpaduka. [IpumepoM peann3anuy pacChbUIKA U (QUIBTPAlMM Ha OCHOBE MPABHJI MOXKET CIY)KUTh MEXaHU3M 3allUTbI, BCTPOCHHBIH B
ctpyktypy NSFNET NSS, mocpenctBoM KOTOPOTo Y3ibl CETH MOTYT 3aIHINATHCS OT HEHYXXHBIX MAaKeTOB, aJpECOBAHHBIX B CETh
NSFNET, Ha ocHoBe ux ¢uibrpauuu no IP-agpecy momydarens. XoTs 9TOT MEXaHHM3M JI0 CHUX IOP HE IOJYYWJ OKOHYATEIHHOI'O
NPHU3HAHUSA, OH MOXET OBITh PEal30BaH B CUUTAHHBIE CEKYH/IBI.

Ilpeumywecmea
OCHOBHBIM NpENMYyIIECTBOM 9TOH CXEMBI SBJISIETCS TO, YTO OHA IO3BOJIACT YIPABIIATH MOJIMTUKOM JUIA TIAaKE€TOB M BBIACIICHUSA CCTCBBIX
pecypcoB Ha ypOBHE OTAENBbHOM KOHEUHOM CHUCTEMBl U JIaK€ OTAENBHOIO IOJb30BaTeNd. JTa CXEMa HE CBA3aHA HalpsIMylo C
pacnpocTpaHeHueM MapiupyTHoil nHdopmarmu. Ecnm mpaBuna coiepikarcst B caMHX MaKeTax, 3TO HO3BOJISET WACHTU(GUIMPOBATH
TIOJIB30BaTeNeH U, B pe3yJIbTaTe, 00ECIIEYNTD M0Tb30BATENSIM MOOMIEHOCTE IIPH COXPAHEHUH paboueil cpemsl.

Hedocmamku
OCHOBHBIM HEIOCTATKOM 3TOH MOJIEIH SIBISIETCS €e MOTCHIMATBHOE BIUSHNAEC HAa MPOU3BOAUTEILHOCTh MapIIPyTH3aTOPOB, TIOCKOIBKY
(1o xpaitHeil Mepe, B cIydasx TOHKOI HACTPOWKH) KaXIbIH IEepechUIaeMBIil MaKeT JODKEH IPOBEPSTHCS Ha COOTBETCTBHE ITOJIMTHKE.
DTO OrpaHUYEHUE JENaeT COMHHUTENBHOW BO3MOKHOCTb HMCIOJB30BAHHS TAKOM CXEMbl B CeroiHsuHeil ceru Internet’, HO Momenb
MOXKET HaWTH O4YeHb MIMPOKOE NMPHMEHEHHE B cpefaX ¢ KOMMYyTalueil KaHajoB (cpera ¢ MOAIepiKKoH source-routed BecbMa IOXoska
Ha CHCTEMBI C KOMMyTaIel KaHanoB). JIpyrast CIO)KHOCTh MOKET OBITh CBSI3aHA C MHOTOYHMCICHHOCTBIO TIPABUII B TAKOH MOJENH (3TO
TpeOyeT CyIIeCTBeHHBIX yCHIIHMI CO CTOPOHBI aJMUHHCTPATOpa). Yucmo mpaBmir 0COOEHHO BO3pacTaeT MpU pealn3aldyl HOJUTUKY Ha
YpOBHE OTAENBHBIX NOJb30BaTeNel. bonee Toro, mepenaya mpaBuia MOTEHIIMANBHO B KaXIOM MakeTe OyAeT CyIIeCTBEHHO IMOBBIMIATH
Harpy3Ky Ha CeTb M TpeOOBaTh JOMOJIHUTENBHBIX PEecypcoB. DTO elle pa3 MOJUepKUBAET, YTO Takas cxema Ooiee MOAXOAWT UL
OpPMEHTUPOBAHHBIX HA COCIMHEHUS CeTel (HampuMmep, CeTH Mepeiaud JaHHBIX OOILIETO MOJIb30BAaHMs), II€ MPaBHIa MOXKHO MPUMEHSTh
TOJTBKO B MOMEHT OpraHM3alUH COEAMHEHHA. Bompoc macmTabupoBaHUS cHCTeM (UIBTpAIliM M PAcCHUIKM Ha OCHOBE INPaBHI B
6onbIIOl ¥ HeoAHOpPOAHOHN ceTH Internet, rae mpaBuIa MOTYT CO3/1aBAaThCsA JTIOOBIM YYAaCTHHKOM, SIBISETCS OTKpBITHIM. Co3maHue
MPaBHJI BO3MOXHO JaXe B pealbHOM Macmrabe BpeMeHH. MacmrabupoBaHHE MOXKET HOTPeOOBaTh MEPAPXMIECKON CTPYKTYPEL, a
uepapxus MOXKeT BCTYyNUTb B IPOTHUBOPEUYHE C MPOU3BOJIBHON MapiipyTu3auueil no tumy oociyxuBanus (TOS), koropas sBisercs
OJHUM W3 TIPEUMYIIECTB JaHHOI MOJEIH.

Cmoumocmyv peanuzayuu
B Gompmmx cucremax ¢ peanu3aliel MOJUTUKM Ha ypOBHE MAKETOB TpeOyeTcs CO3JaHuEe MapIIpyTHOH 0a3bl JaHHBIX, COAEpKaleH
3HAUUTENIBHBIA 00beM MH(OpPMAIMU O NMpaBWiIaX IS OTIEIBHBIX CTAaHLIMH U Jaxke moyib3oBaTesell. Eciu npennonoxkurs, 4To Kaxaas
u3 1300 cereit umeet B cpegneM no 200 cranuuii, 3To gact 260000 koHeyHbIX cTaHIMi B MacimTabe Internet. Kaxknas Takas cucrema
Oynet BHOCHTH B 0a3y aHHBIX MH(OPMAIHIO O jKeJaeMoM Tpaduke (BKIIOYast THIT 00CTY>KHBaHHS), BOSMOXKHO Ha YPOBHE OTJEIBHBIX
nonp3oBaTeneil. B pesynbrare 6aza mpaBuil JOCTUTHET TUTAHTCKUX Pa3MepOB, OCOOCHHO B ClTydae MCIOJIb30BaHUS PA3IUYHBIX MTPABHII
JUIL MarucTpaiel, cereil CpefHero YpoBHS, KaMITyCHBIX CETeH, IMOojceTell, XOCTOB W IOJb30BaTelied. YIpaBiieHHe Takoil 0a3oi
JaHHBIX O MapUIPYTH3allMM MAaKeTOB MOXET ObITh pacrpeneieHHbIM. OfHAKO MONHOCTBIO pacipelelieHHas 0a3a JAaHHBIX TaKOTo
pa3Mepa oTpedyeT BCTPOSHHOH CUCTEMBI IPOBEPKU COTIACOBAHHOCTH JNAHHBIX.

6. QuHamuyeckoe pacnpedesieHue cemeeabix pecypcoe Ha 6a3e npaesuJl.
Lenu

I'mOkoe 1 SKOHOMHYHOE pacIpe/ielieHHe CETEBBIX PECYpCOB Ha OCHOBE TEKYIIMX MOTpeOHOCTEH M 3amaHHbIX npasuil. [IpaBuia mMoryt
(dbopMyupoBaThCs Ha YpOBHE aAMHHUCTpAaTHBHOTO JoMeHa (AD). Bo3MoKHO Takke 3aqaTh MpaBHia, KOTOPbIe OyayT peryinpoBaTth
BBIJICJICHUE PECYpPCOB /ISl pa3inuHbIX THIOB Tpaduka (Hampumep, Telnet, FTP, nmpeanoyTurenbHble MPUIOKEHHS, YIPABIAIOMINAN
Tpaduk).
Peanuzanus npaBuil BBIIEIECHUSI CETEBBIX PECYPCOB MOXKET MPOUCXOJUTDH B MEPEUNCIICHHBIX Y3JIaX CETH:

MapIIpyTH3aTOPHI Ui YPOBH ceteil u AD;

KOMMYTATOPBI YCTPOUCTB (KaHAJIOB) VIS CETEH;

KOHEUYHBIE CHCTEMBI, OPIaHU3YIOLINE COEIUHEHHS C CETBIO.

' 1989 roxu. Ipum. nepes.
% Tak kasanock B 1989 romy, a cerogns (GuIbTpamMio MAKETOB HA OCHOBE MPABWJ OOECIIEUMBAIOT JAKE MPOCTENIINE MApUIPyTH3ATOPHI, a
3a4acTyio (IIBTpalys UCHOJIB3YeTCsl M Ha KOHSUHBIX CTaHUUsX. [Ipum. nepes.
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Onucanue
Pacnipenenenne momocsl Ha OCHOBE NPABHI TO3BOJISIET M3MEHATH MapaMeTphl KaHAIOB (YCTPOHCTB) B COOTBETCTBHU C PEATbHBIMH
norpebHOCcTsIMH. Ecim ocTymHBIE ceTeBbIe pecypchbl OIpaHUYCHBI CBEPXY, BBIIEIEHHE IOJIOCH MOTpeOyeT yNpaBlIeHHsS HAa OCHOBE
npaswi. [IprMepom MOXKeT CIlyKUTh KOHEUHasl CHCTeMa, JOCTYI K CETEeBBIM pecypcaM KOTOPOH Julsl IPyTUX CTaHIMWI M ToIb30oBaTeneit
ompenenseTcss HabopoM HpaBwiI (OHM MOTYT BBHINOJHATHCS aBTOMAaTHUECKH WM 33laBaThCs BPYUHYIO). [IpuMepoM AMHAMHYIECKOTO
BBIJICNICHUA MOJOCHl MOXET CIyXuTh KommyTHpyeMmass kommoHeHTa IDNX cerm NSFNET wmm cmyx6a DRS (MCI Digital
Reconfiguration Service), koTopyto manupyetcs peaanzoBatb B cetn NSFNET.
Jpyroii MoJenbio BBIIENECHUS PECYpPCOB (HAa YpPOBHE IAKETOB) MOXKET CIY)KUThb OpraHu3allis MHOXKeCTBa ouepeneidl. Takoil momxon
MO3BOJISICT YNPABIATH OOpaOOTKON MaKeTOB B 3aBUCHMOCTH OT YPOBHS BaKHOCTH (THUIA OOCTY)KHBAaHHSA) COACPXKALIETOCS B HHUX
Tpaduka — BakHas MH(poOpMauus (HampuMmep, KPUTHYHBIE K 3a/iep)KKaM JaHHbIe, MaKeThl MOHMTOPHHIA, YIPaBJICHHUS, MIPOTOKOJIOB
MapIIpyTH3aLlKuH) MOKET 00pabaTbIBaThCs B MEPBYIO odepens. [Ipiumepom Takoro moaxoma MoxeT ciaykutb cetb NSFNET, rae y3mbt
oTHaloT mpexanoureHue Tpaduky, cBszanHoMy c Mmaructpanelo NSFNET — 3to ofecnednBaeT IpOrHO3HpYyeMyIo Iiepenady
MapUIPYTHBIX JaHHBIX, a Takke 3()()EeKTUBHBI MOHHUTOPHUHT U YIpaBIeHHE CeThi0. MOXKHO HCIOIb30BATh U MONSPHBIN BapHAHT TOH
MOJIENN — OuepeH Ul HaUMeHee IPeIIIoYTHTENIBHOr0 Tpaduka (Harpumep, GOHOBOE KOIMPOBaHUE (ailyioB).

Ilpeumyuwiecmea
JluHaMuueckoe BBIIETICHHE IOJOCHI IT03BOJISIET OPraHW30BaTh THOKYIO Cpely, B KOTOpOH MOJoca paclpeienseTcs ¢ yd4eToM
HOTPeOHOCTH Y37I0B CeTH. Takoil MOAXOoA MOXET 00ecCleyuTh CYLIECTBEHHOE CHIDKEHHE PAacXOJOB B TE MEPHOJbI, KOTAA PEasbHO
TpeOyeTcss He3HayWTeNbHAs I0JI0ca. DTOT METOJ IOTEHIHAIbHO MOXET YIPABIATH BBIIEJICHHEM IIOJIOCH ULl 3aJad C MEpeHOCOM
GonmpmMX 00BEMOB MH(GOPMAIMU B peabHOM Maciutabe BPEeMEHH 3a CUeT YMCHBIICHHMS IOJIOCHI, MPEIOCTABIIEMOI JAPYTrHM y3JaM.
BaxxHo oTMeTHTH, UTO pacnpeneneHne MoJ0oCkl He 3aBICUT OT MPOTOKOJIA M HE OKa3bIBAET BIMSHUS Ha NMPOTOKOJIBI MapIIPyTU3ALUH H
HPOU3BOAUTEIBHOCTD MEPECHIIKH AKETOB
Pacripenenenne monockl Ha OCHOBE NPABHJI MO3BOJISIET CO3/[ABaTh AMHAMHUYECKHE CPEABbl C MPOTHO3MPYEMBIM MoBeneHueM. IIpaBmma
BBIICJIEHHS TI0JIOCHI Ha YPOBHE ITAKETOB MJIHM YCTPOWCTB (KaHAJIOB) JTOJKHBI OBITH ONpPENeTIeHBl TAKUM 00pa3oM, YTOOBI OHH 3aJaBain
COTTTACOBAaHHYIO M MPEACKa3yeMyIo IOJIHTHKY, IO3BOJIIONIYI0 OPYruM ceTssM mwin AD 3amaTe COOTBETCTBYIOIIEE pacHpeeliCHHE
CBOMX PECypPCOB.

Hedocmamku
IIpaBuia QUHAMHYECKOTO paclpelereHus IMOJIOCH B OOJBIIMX KOMMYTHPYEMBIX Cpellax elle HaXoIsATCs B CTaauH pa3paboTku. B
CTaauH Pa3pabOTKN MOKa HAXOSATCS M TEXHHIECKHE CIIOCOOBI peKOH(GHUTYpani HHPPACTPYKTYPHI B HESIX YHIPABICHUS ITOTOCOH.
Brinenenue moiocsl Ha OCHOBE NPAaBHII MOXKET 00ECTICUUTH TOHKYIO HACTPOHMKY IapaMeTpOB HPOM3BOAUTENLHOCTH CETH, HO MOXET
TaKkKe NMPHUBECTH K HedpeKTuBHOU 00paboTke (TpaH3uTy) Tpaduka B apyrux AD. BaxHo paccMaTpuBaTh mpaBmiIa yHpaBJICHUS
pecypcamMu ISl CeTH B KOHTeKcTe AD 3Toi ceTn. AJMHHUCTPAaTHBHBIC JOMEHBI JOJDKHBI COTJIACOBATH CBOIO IOJIHMTHKY BBIICICHHS
CETEBBIX pecypcoB ¢ Apyrumu AD.
TexHnueckas mpobieMa COBMECTHOTO HCIIOIB30BAHMUS MPABIII YIPABICHHUS PECYPCAMH MOXKET OBITh PEIICHA ITyTeM IPEOCTaBICHUS
JocTyma K 6a3e MpaBuil aAMHHUCTpaTopaM Beex cereit u AD. OnHako Takoif MoaxoJ CBsS3aH C PELICHUEM LIEIOro psiia MOJUTHYSCKUX
npo0ieM U TpedyeT TOMOTHUTEIEHON MPOPaOOTKH.

7. O6cyxOeHue

TlepBast n BTOpast MoeNIN MapHIPyTU3AIUH HA OCHOBE MPABMII MTOXOXKH B TOM, YTO OHH CTaBSIT B0 yIPABICHNE HEKOTOPBIMU MOTOKAMHU.
Takoe yrnpaBiieHHE MO3BOJSIET KOHTPOJIMPOBATH JIOCTYI K AC(QHUIMTHEIM CETEBBIM pecypcaM (eciH AeduIuTa He BO3HHKAET, HET MPUINH
KOHTPOJIMPOBATh HCIONB30BaHKHE pecypca). OCHOBHOE pa3nudue MEXIy STHMH MOJENSMH COCTOMT B yPOBHE KOHTPONS peaM3aliy —
MAaKpOCKOIMMYECKUH MIIM MUKPOCKOITIIECKHUI.

Heo06xoauMoCTh yIpaBiIeHUs! JOCTYIIOM K HEKOTOPBIM PecypcaM CBs3aHa C PacXoAaMH Ha MOANEPXKKY 3THX pecypcoB. Ecmm pacxoasl Ha
YIIpaBJI€HHE PeCypcaMy MPEBBIIAI0T CTONMOCTb CAMHUX PECYPCOB, HET CMBICIIA «TOPOIUTH OTOPOI».

Ecnu B kaxoii-nu6o uvactu Internet Oyner mpuHATO pelieHHe O HEOOXOAMMOCTH HCIOJNb30BAaHMA Ha MUKPOYPOBHE IOJMTHKM Ha Oaze
MpaBHJI, PEATH3AISI TAKOH IOJUTHKH JOJDKHA BBITOIHATHCSA 0€3 3HAUMTEIBHOTO CHIDKEHHS IIPOU3BOAUTEIBHOCTH CETEBOH CPEAIbI B IETIOM.
JlokasnpHBIE TpaBWila, 3aJaHHBIC Uil HEKOTOpPBIX obnacteit Mmapmpyrtuzaiuu (Routing Domain) wnn AD, He AOMKHBI OKa3bIBaTh
r100aIFHOTO BIHSIHUS Ha Tpaduk wiu Mapmpytusanuio Internet. IlpaBuma ans AD, oOecneunBaromux mnepeaady TPaH3UTHOTO TpadHka
(nampumep, NSFNET), He HO/KHBI BIUATH Ha TPAH3UT Paiy IOIYyYEHHS JIOKAIbHBIX IPEUMYILECTB.

B HekoTophIX ciydasx MoIeny MapUIpyTH3aIl[Mi Ha OCHOBE MPaBHII MBITAIOTCS HCTIOIb30BaTh B3aMeH KOMIIJIEKCHOTO Habopa npasuil. OauH
U3 ONUCAHHBIX B pabote [4] crieHapHeB paccMaTpHUBAaET CHTYAIUIO, KOT/la HEKOE areHTCTBO MMEET HEKOTOPhIE CETeBbIE pecypchl (KaHAIIBI, B
MPHUBEJEHHOM IPHMEPE), KOTOPhIE HE BCET/Ia HCIONBb3YIOTCS. 3aaya COCTOUT B MPOAAXe ITUX PECYPCOB APYTUM areHTCTBAM Ha TO BpeMH,
KOrJia pecypc He TpeOyercs (B LENSIX CHIDKEHHs PacxoJoB). JTa CHTyalusl SKBHBAJCHTHA 3aJade MOMCKAa ONTHMAaJbHOIO MaplpyTa JUls
3aganHoro TOS mpu Halu4uM CETEBBIX PECYpPCOB (HAapUMeEp, KaHAJOB), MapaMeTpbl KOTOPHIX HM3MEHsIOTCs. JIroOble peleHHus Takoit
3aJa4d JOJDKHBI NPHHAMATh BO BHHMaHHE CTAOWJIBHOCTh CeTH M MapuipyToB. CuTyanus, B KOTOPOHW KaHajbl, HCHOJIB3yeMble Ul
rJ00aIbHBIX KOMMYHUKALUH, SIBISIIOTCS CYyOBEKTOM IPOU3BOJBHBIX JIOKAJIBHBIX HPaBHI, TPEOYeT NOMOIHHUTEIBHOTO U3ydeHus. Jpyrum
BapUAaHTOM PEIICHUsS 3a/audl SBIIETCS BPEMEHHBIH OTKa3 OT He3arpy>KEHHBIX KaHAJOB C MX BO3BPAaTOM B MOJIb30BaHME Tene(OHHOI
kommanuu. Takoe pemieHue moxoxke Ha riaHupyemyro B cetd NSFNET cucremy MCI Digital Reconfiguration Service (DRS). Moaens
DRS npencrasnsiercst 6oee TOHATHOH 1 IPOCTON B NCTIONB30BAHIH, HEXKENHN CIOXKHAst MOAENb [4].

Mopenmu MapmpyTH3anMH Ha OCHOBE MHPaBWI MOAYEPKHBAIOT HEOOXOIMMOCTh AKKYPAaTHOTO DPEIICHHS 3aJadd YHPaBICHUS TPapHKOM
Internet npu HOpMasTbHOM paboTe, BO BpeMs HEMONAA0K U B MOMEHTHI ITHKOBOM Harpy3ku. JTa 3amada He sBiIgeTcs HOBOH. OJHAaKo 3a cuer
HCIIOB30BaHMS MapIIPyTH3alUK Ha OCHOBE IIPABIJI MOTYT OBITH JOCTHTHYTHI CYIIECTBEHHBIE IPEUMYIIIECTBA.

8. Yuem e cpasHeHuUuU ¢ mapwpymu3ayuel Ha OCHoge rpasuJl

JlocTaToyHo YacTo BOmpockl ydera (Accounting) u MapmpyTtusaruu Ha ocHoBe mpaBmi (Policy Based Routing) paccmarpuBarorcs
COBMeCTHO. XOTs 00a MOAXO/Aa MpeIHa3HAuYeHbl ISl PElIeHHs 3aJadd KOHTPOJSl 3a paclpeieieHHeM NeHIUTHBIX pPEecypcoB, ITH
HOIXO/IBI, TEM HE MEHee, CIeAyeT pa3iindarh.

OcHOBHasl pa3HHIA MEXIy 3THMH METOAaMH COCTOUT B TOM, YTO IIPU ydeTe OOBEIUHSCTCS MCTOpHYecKas WHGOpPMAIMs M CBEACHHS O
HpaBWIaX JJIS CIEXKEHHS 3a HCIIOJIb30BaHUEM CETH. YUeTHbBIe JaHHBIC MOTYT BKIIOYaTh MEXaHH3MBI OTpaHHYEHHs (HArpuMep, Il KaKoH-
TO OpraHHM3allii MOXKET OBbITh BBIACNCH JIMIIb OINpPEISNICHHBIA MPOLEHT JAMHAMHMYECKH paszesisieMol mojocskl). CiemoBaTenbHO, MpaBuiia
MOTYT OKa3bIBaTh BIHSHHE HA ydeT. CeTeBoH ydeT OOBIYHO BKITIOYAST CBEAEHMS O MapmipyTax (Ha BceX ypoBHAX oT AD 1o KOHe4HBIX
CHCTEM) U JaHHbIe 00 ypoBHE TpaduKa (CYETUYHKH IAKETOB WM OKTETOB).

YdeT MoXeT HCHONIB30BaThCs C 000 U3 OMICAHHBIX BBINIE MOJETIeH MapIpyTH3auy Ha 6a3e mpasmil. [logo6HO opraHU3anuy MOTHTHKA
Ha Makpo ¥ MUKPOYPOBHE, YUeT TakKe MOXKET BECTHCh Ha Pa3IMYHBIX YPOBHSIX. MOXKHO coOMparTh ydeTHbIe JaHHBIe Ha ypoBHe AD, cern,
XOCTa U IakKe OTACIBHBIX Monb3oBaTenel. OMHAKO, TOCKOIBKY yIEeT MOXKET HCIONIB30BaTh HEPAPXUUECKYIO CTPYKTYPY, MEKPOYYET MOXKET
HO/IeP)KUBAThCSL HA YPOBHE CETel M XOCTOB, a MakpoydeT — Ha ypoBHe ceredd wiu AD. IIpuMepoM MOXKET CIIy>KHTh YPOBEHb TpadHKa,
nepenaBaemMoro upe3 uatepdeiic mexxay NSFNET u cersio cpennero yposHs (mid-level network) mmu Mexay ceThio cpeJHEro ypoBHS U
KamIrycHoit cetbio. boiee Toro, NSFNET mmeer cpencTa ydera TeHACHIMI B TpadyKe IS OTACNBHBIX CeTeH MM NPIIOKEHHH.
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[omHBIe CXEMBI ydeTa HCIBITHIBAIOT T€ )K€ CIOKHOCTH, KOTOpHIe OBUIM ONHMCAHBI BHIIIE, a TaKXKe JOJDKHBI 00pabaThIBaTh IMOTEHINAIBHO
OYeHb OonblIMe 00BEMBI JOMONHUTENbHOI MHpopManuu. Kak oTMeueHo B pabote [4], mpaBuiaa MOTYT OKa3blBaTh BIHSHHE Ha METOJbI
cOopa ydeTHoi nH}popMaIK (HanpuMep, BO3HUKAET BONPOC ydeTa B IEISX OIUIATHl IIAKETOB, KOTOPHIE BIOCIEICTBUH OBUTH OTOPOIICHEI B
pe3yabTaTe NPUMEHEHHs MPABHI). Y4eT Ha MUKPOYPOBHE MOXET He 00€CIeUUTh JOCTATOYHOI'0 MaCIITaOHPOBAHUSL.

Bonee Toro, ¢ Touku 3peHUs] PUHAHCOBOTO y4eTa HE OUYEBHIHO, YTO CEPBUC, 0OECIIEINBAEMBIIl HA CETEBOM ypPOBHE, XOPOIIO O0TOOpaskaeTcst
Ha THUIIBI YCIIYT, 32 KOTOPHIE ITOJIb30BATENIN CETH FOTOBHI IUIaTHTh. B TenedoHHOH ceTn (Mm ceTH nepenayd JaHHBIX OOMIEro MOJIb30BAHMS)
MOJTB30BATENH IUIATAT 3a CKBO3HOM (end-to-end) cepBHC M OXHAAIOT BBICOKOTO KadeCTBAa OOCTYKHBAHHS C TOUKH 3PEHUSI BEPOSTHOCTH
ommOOK W BEIMYMHBI 3aIepXKKH (BIOJHE BO3MOXKHO, YTO OHM HE 3aXOTAT IUIATHTh 3a CEpPBHC, KOTOPHIH IPEACTaBIIeTCS Kak
HeTIpreMIIeMBIi unacceptable). B MexxceTeBoil cpene ¢ reTeporeHHbIM aAMHHUCTPUPOBAHUEM M HEJOCTATKOM CKBO3ZHOTO KOHTPOJIST MOXET
CZIeNaTh TAKOE PELICHUE HEIPUEMIIEMBIM.

Jast pemenus Gonee y3kuxX (CHEIHATBbHBIX) 337a4 MOXKET HCIIOIb30BAThCS YIMPOIMIEHHBIH yueT. OJHUM U3 PelIeHUH TaKoro THIa SBISETCS
MOHHTOPHHI KapTHHBI ceTeBoro Tpadmka. [Ipm oOHapy>KeHMH HENOIyCTUMOTO (HEIO3BOJEHHOTO) Tpaduka cucTeMa ydeTa MOXKET
3aHKCUPOBATh 3TOT (PAKT W MO3BOJIAET MPEANPUHATH ONpeeIeHHbIE ASHCTBUS, MEHSIONINE MONUTHKY WM IIpaBa JocTymna (OIOKHpOBKa
XOCTOB i ceTeit). OTMeTHM, YTO TaKoe PEeIleHNE CYIIECTBEHHO MEHBIIE BIMSACT Ha IIEPEChUIKY ITAKeTOB MapIIpyTH3aTOpaMu, HO TpebyeT
HaJIW4usl pacrpenereHHol 0a3bl MpaBHJ, KOTOPYIO MOXET HCHONB30BaTh cucTeMa ydera. Ilockombky 3Ta MoAenb MO CBOEH HpHpoje
SIBISIETCSA CTAaTUCTUYECKOH, BpeMsI peakIiu AJIs Hee CYIIECTBEHHO YBEIMUMBACTCSI.
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