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A Border Gateway Protocol 4 (BGP-4)
Mpotokon BGP-4

Cmamyc dokymeHma

DTOT JOKyMEHT' COAEPIKMT IPOEKT CTAHAAPTa IPOTOKOJa Internet M CIyXKUT IPUIIAEHHEM K IUCKYCCUM B LIEIAX Pa3BUTHS
npotokosa. CBEOCHUS O TEKYyIIEM COCTOSHHM CTaHAapTU3aIlMKd Bbl MOxere HaiTu B mokymeHnte Internet Official Protocol
Standards (STD 1). JJokyMeHT MOXeET pacrpoCTpaHsIThCs CBOOOTHO.

Te3suchbi

Orot nokymenT BMecTe ¢ Application of the Border Gateway Protocol in the Internet’ onpeaensieT mpoTOKOI MapIIpyTH3ALUK
MEXly aBTOHOMHBIMH CUCTeMaMHu Internet.
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2. BeedeHue

BGP (Border Gateway Protocol — mpoTokos rpaHU4HOT0 LITI03) SBISETCS IPOTOKOJIOM MapIIPYTH3aMU MEXITy aBTOHOMHBIMU
cucremamu (AS). Ilporoxon paspaboran ¢ yderom ombita cozganus nporokoia EGP (RFC 904 [1]) u mpumenenuss EGP Ha
maructpanu NSFNET (cm. RFC 1092 [2] u RFC 1093 [3]).

OcHoBHO#1 (pyrKnmert nonnmatorneit BGP cucremsr siBnsercs oOMeH nHpopMaIueii o TOCTYyITHOCTH CETeH ¢ IPYTUMH CHCTEMaMu
BGP. Mudopmarust 0 ITOCTYMHOCTH ceTell BKIIOYAET CIUCOK aBTOHOMHBIX cHUCTEM (AS), depe3 KOTOpble MPOXOAMT 3Ta
nHpOpMAIMA. DTHX CBEICHWH IOCTATOYHO U IOCTpPOCHUS Tpada cBA3HOCTH AS, W3 KOTOPOTO MOTYT HCKIFOUATHCS
MapIIpyTHBIC TeTIH (routing loop), a Tarxoke MPUHIMATHCSI HEKOTOPBIE PEIICHNS HAa yPOBHE MOTUTHKH AS.

BGP-4 obecrieunBacT HOBBIE MEXaHU3MBI MTOIICPIKKU OeckiIaccoBoil MexmomeHHol Mapmpytuzamuu (CIDR). Oti MexaHU3MBI
BKITFOUAIOT TOIEPKKY aHOHCHUpOoBaHUs npedrkca IP 1 mo3BoisatoT 000MTHCH 06e3 KOHIEIIINN «KiIacca» cetel B pamkax BGP.
BGP-4 rtaike BKIIOYAaeT MEXaHW3M OOBEIMHEHHS MAapLIPYTOB, BKIIOYAIOIINKM oObeanHeHue myteid AS. DT HM3MEHEHUs B
COBOKYITHOCTH 00€CIICUMBAIOT MOUICPIKKY CXEMEI «cyTepceTeii» (supernetting scheme) [8, 9].

st Toro 4ToOBI OXapaKkTepH30BaTh HAOOp PEIICHHUI, KOTOpble MOTYT OBITh peayM30BaHBI ¢ Hcmosb3oBanneM BGP, cienyer
MIPUHATH IPABUIIO, 10 KoTOpoMy y3en BGP MoxkeT aHOHCHPOBATh y3mam-napTHepam (peer) B coceqHNX AS TOJIBKO T€ MapLIPYTHI,
KOTOpBIE 3TOT Y3l HCIOJIB3yeT caM. JTO NpaBWIO OTpaxkaeT mapaaurmy mnodstanHoil (hop-by-hop) mapmpyrnzanumm,
UCTIONb3yeMylo B ceTH Internet juist GonpuMHCTBA cirydaeB. OTMETHM, YTO HEKOTOPHIE NpaBHiIa HE MOTYT IOAJEPKUBATHCS B
pamkax napagurmel "hop-by-hop" u, cienoBarenbHO, TpeOyeTcst HCHOJIB30BATh APYTHME METO/bI MapIIpyTH3aUu (Takue, KakK
source routing). Harmpumep, BGP He mo3Bosisier AS mepenaBate B cocenHior0 AS HH(OpPMAIHIO, TTOKA3bIBAIOIIYI0 MapIIpyT,
OTJIMYAIOLIUICS OT TOTO, KOTOPBIH Oy/IeT NCIIONIb30BaThCs s TpaduKa, Ipoucxoasiero u3 cocenueil AS. C npyroil CTOpOHHBI,
BGP moxer mopmnepxuBarh JIOOBIE IpaBWIla, COOTBETCTBYIOLIME MapaurMe MNOATaHON MapmpyTuzanu. [lockonbky B

'B simBape 2006 r. Beimytuen nokyment RFC 4271, B KoTopoM nanHHas crienuuKanus npusHana yrpatusineii cuny. [lepesox RFC 4271
nuMeeTcs Ha caiite http://www.protocols.ru. IIpum. nepes.

2RFC 1772 (ua caiite hitp://www.protocols.ru UMeeTcsl IEPEBOJ] OTOTO JOKYMEHTA Ha PYCCKMH A3bIK). [Ipum. nepes.
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COBpeMeHHOH ceTH Internet MCTIONB3yeTCS TONBKO MapagurmMa Mo3TamHoH MapiipyTi3anui 1 BGP MoxxeT moaaepKuBaTh Jr00bIe
MpaBWJIa, COOTBETCTBYIOIIME ATOH mapagurme, npotokon BGP odeHs pacmpocTpaneH mis MapHmipyTH3amuu Mexay AS B
coBpeMeHHoM ceTH Internet.

Bonee nmonHOe 00cyXeHNE BO3MOKHOCTH HMCIOJIB30BAHMS TE€X WM MHBIX NPaBWI ¢ mpoTokoioM BGP Beixomut 3a mpernenst
JAHHOTO TOKYMEHTa M paccMaTpHuBaercs B padbote [ 5], HOCBAIIEHHOH Hcob30BaHI0 BGP.

BGP wucnonp3yer TpaHCHIOPTHBIE MPOTOKOJBI ¢ TAPAaHTUPOBAHHON JOCTABKOW. DTO MO3BOJISIET M30aBUTHCS OT HEOOXOIMMOCTH
MIOJICP’)KKA  MEXaHU3MOB (DparMEHTaly, Tepefadd, IOATBEPXKICHUS [JOCTaBKM W HyMepanuu IakeroB. Jlrobas cxema
ayTeHTU(UKAIUK, oOecrieunBaeMasi TPAaHCIOPTHBIM IPOTOKOJOM, MOKET HCIOJIB30BAThCSI B JIOTIOJHEHHWE K BCTPOCHHBIM
cpeactBam ayrteHTH(uKanmmu BGP. HWcnonpsyembrii B BGP mexanm3m yBemomuieHHd 00 ommOKax IPEAIIoNaraet, d4ro
TPaHCHOPTHBINA MPOTOKOJI TIOIEPKHUBACT «IJIEraHTHOE 3aBepuieHue ceancoB ("'graceful” close), T. e. Bce ocrarommecs: TaHHbIE
OyIlyT ZOCTaBIEHBI JI0 Pa3pbIBa COCANHEHUS.

BGP wucnonssyer Ha TpancrnoptHoM ypoBHe npotokon TCP [4]. TCP ynosierBopsieT TpaHCHOpTHBIM TpeOoBanusiM BGP u
TIO/I/IeP’)KUBACTCS TPAKTHYECKH BCEMH COBPEMEHHBIMU MapIIPyTH3aTopaMu U XocTaMu. [1pu mociemyroniemM o0CyKIeHHH CIIOBA
«COeAMHEHNE TPAHCIIOPTHOTO YPOBH» (transport protocol connection) ciietyer monnmarhb kak coeaunenue TCP. IIpotokon BGP
HCIONB3YeT Ui opranu3aiuu coenqunenuii nopt TCP ¢ Homepom 179.

B sToM nOoKyMEeHTE MOCTOSHHO OyAeT BCTpeuyaThCsl TEPMHUH «aBTOHOMHas cucteMa» (AS). ITo kiaccudeckoMmy omnpeneseHHIo
ABTOHOMHAsl CHCTEMa INPEJCTaBsIeT COOOH MHOXKECTBO MapIIPYTH3aTOPOB C €AWHBIM TEXHUYECKHM aJMHHUCTPUPOBAHHEM,
HCTIOJIB3YIOIIMX OJMH IPOTOKOJ BHyTpeHHeN Mapmpytuzanud (IGP) u enuHyo MeTpuKy AJIs MapIIpyTH3alMy [TaKeTOB BHYTPH
AS, a nis mepenayy MakeToB B JPYrde aBTOHOMHBIE CHCTEMBI IIPHMEHSIOMINX TPOTOKOJ BHELIHEH MapiupyTH3almu (exterior
gateway protocol win EGP). Co BpeMeHeM KIacCHUECKOe OIMpeeeHHe ObIIO PACIIUPEHO M B COBPEMEHHOM MOHHUMaHHH AS
MO’KET HCII0JIb30BaTh HECKOJIBKO NMPOTOKOJIOB BHYTPEHHEH MapLIPYTU3aLUK, @ B HEKOTOPBIX CIIYYasx Jake HeCKOJIbKO HabOpOB
METpUK B paMKax onHOH AS. Vcrionb3oBaHue TepMuHa AS B TaKHX CIIydasix 0OYCIIOBJICHO TEM, YTO JaKe IMPH MCHONb30BaHUU
MHO’KECTBAa METPHK H IpoTokoyioB IGP anmuHMCTpUpOoBaHme Takoi AS ¢ TOUKM 3peHHs APYTUX aBTOHOMHBIX CHCTEM BBITJIAIHUT
KaK eIWHBIH IUIaH BHYTPEHHEH MapmIpyTH3allid W [OKa3bIBAaE€T COIJIACOBAHHYIO KapTHUHY JOCTYIHOCTH aJpecaToB C
HCIIOIB30BaHUEM JaHHON AS.

[Tmarmpyemoe ncronp3oBarre BGP B cpexne Internet BKimrogaeT Takue BOIPOCHL, KaK TOONOTHS, B3anMoeiicteue mexay BGP u
npotokonamu IGP, a Taxke MCHONHEHHE TPaBII MOJIWTHUKH MAapIIpyTHU3aIM{, PaCCMOTPEHHBIX B pabote [5], sBisromieiics
JIOIIOJTHEHUEM K HACTOSIIIEH crienuduKaniy. DTOT JOKYMEHT SIBISIETCS MEPBBIM M3 CEPHH TUIAHUPYEMBIX PadOT 10 Pa3IniHBIM
acrieKTaM IpuMeHeHus nporokona BGP. Bel MokeTe oTHpaBisiTh cBOM KOMMEHTApUH K 3TOMY JHOKYMEHTY IO aJipecy CIHCKa

pacceutok BGP (bgp@ans.net).
3. O630p

JlBe cuCTeMBl OpraHM3ylOT MEXKAy CO0OH COeIMHEHHE Ha TpaHCIOpTHOM ypoBHe. [locie 3Toro cucteMbl OOMEHUBAIOTCS
COOOILCHUSIMH ISl COTJIACOBAHUS U TIONTBEPKICHUSI TApaMeTPOB coeiMHeHMs. [lepBoHaYasbHbII TOTOK AaHHBIX BKIIFOYAET BCIO
tabuuiy Mapuipytuzaunu BGP. [Ipn n3menennu tabmun MapipyTtusanun nepeaatorcst ooHosnenust. [Iporokon BGP ne TpeGyer
MEPUOAMYECKOTO OOHOBICHUS BCcell Tabmuilpl Mapuipytusanud BGP. CinemoBarensHo, y3en BGP momkeH COXpaHATh TEKYIIHE
BEpCHUM MOJIHBIX Tabsmil MapipyToB BGP Bcex coceneit oHOro ypoBHs (peer) B TeUeHHE Bcero coenHeHus. Jns obecrieueHus
COXPAaHHOCTH COEAWHEHUs Tepuonndecku nepenarorcs coodOmieHust KeepAlive. Ilpu BO3HUKHOBEHMH OIIMOOK WM B HWHBIX
CIELHANbHBIX CIIy4asX MepeNaloTcs CIelHalbHble yBeJAomieHHs. [Ipy BO3HMKHOBEHMH OIIMOOK B COCAMHEHUM IepenaeTcs
yBEIOMIIEHHE 00 3TOM M COSIMHEHNE 3aKPBIBACTCS.

XocTsl, ucnoip3yomme nporokos BGP, He 00s3aHbl ObITh MapuipyTu3aTtopamu. He siBisironpecs MapuipyTH3aTopaMu XOCTBI
MOTYT OOMEHHUBATHCS MapIIPyTHOH MH(OpMaImeil ¢ MapmpyTu3aTopaMu ¢ MoMoIbio mpoTokoida EGP mnmm make mportokona
BHYTPEHHEH MapiipyTH3anuu. B Takux cioydasx 3T XOCTBI MOTYT HCIIONIb30BaTh NpoTokos BGP mmst oOMeHa MapmipyTHBIMU
JaHHBIMH C TPAaHWYHBIM MapLIpyTH3aToOpoM B Ipyroil AS. Peanmzamms M HMCHONB30BaHHWE 3TOW apXHUTEKTYPHI SBISETCS
TIPEAMETOM ITOCIIETYIOIIETO U3yUCHUSL.

Ecnmu ornensHas AS umeer MHOXkecTBO y310B BGP u obecnieunBaer TpaH3uT Uil Apyrux AS, BHYTPH 3TOH CHCTEMbI JOJDKHA
o0ecTIeunBaThCS COTIIACOBAaHHAs KapTHHA MapIIpyTH3aIlH, obecrieurBaeMas IIPOTOKOJIOM BHyTpeHHel MapmpyTtusarn (IGP).
CornacoBaHHasi KapTHHA ITyTeH 3a mpenensl AS MOXeT oOecreunBaThCs 32 CUET MPSAMBIX COSTMHEHUI MEXTy BCEMU Y3IaMH
BGP B macmrabe nannoit AS. Vcmons3yst oomwii Habop mpaBwi, y31sl BGP cormacyroT momuTrKy oOCTy>)KUBaHUS TOYCK BXOIa-
BBIX0/1a JJIsI KOHKPETHBIX aJpecaToB 3a MpezenamMu JaHHoH AS. Drta uHpopManus rnepeiacTcst BHyTPEHHUM MapIlpyTH3aTopam
AS (BO3MOXXHO C HCIIONB30BaHHEM IIPOTOKOJIAa BHYTPEHHEH MapupyTr3anuy). JJomKHEI OBITH IPUHSTHI MEPHI IO 00eCTIEYEHHUIO
OOHOBJICHUS TPaH3UTHOW MH(OPMAIMU Ha BHYTPEHHHUX MapIIpyTH3aTopax JIo Toro, kak y3isl BGP aHoHcupyror npyrum AS
BO3MOKHOCTh 00€CTIEUEHHS TPAaH3UTHOTO CepBHCa.

Coennnenus Mexnay ysnamu BGP pasueix AS OyneM Ha3pIBaTh BHEIIHMMH KaHaJaMM, a COSIUHEHUS Mexny yinamu BGP B
OHOW AS - BHYTpEeHHHMMH. Y3IIbI OZHOTO YpOBHS (peer) u3 Apyrux AS OyneMm Ha3blBaTh BHEIIHMMH, a Y3JIbl B TOH ke AS -
BHYTPEHHHMH.

3.1 MapuwpyTbl: aHOHCMpPOBaHUE U XpaHeHue

IIpn ommcaHum 3TOro MPOTOKOJIA MApIIPyT OMpEneiseTcs Kak eAWHMIa WH(OpMaIMu, COAepXkaiuas Mmapy «OTIPaBUTEINIb-
TIOTy4aTelb» ¢ aTpHOYTaMH KayKJI0TO U3 HUX.

MapuipyTsl aHOHCHPYIOTCS Mexay mapamu y3moB BGP kak coobmenmst UPDATE — nonydatenem siBisiercst cuctema, deid [P-
anpec ykaszeBaercs B ote NLRI (Network Layer Reachability Information — nHpOpMAaIms o JOCTYITHOCTH HA CETEBOM YPOBHE),
a Iy Th YKa3bIBACTCS COACPIKUMBIM TOJIeH aTpruOyTOB Iy TH B ToM ke coodmenun UPDATE.

Mapuipytel coxpansitorcst B 0asax naHHbIx RIB (Routing Information Base — 6aza mapmpytHOi wuHpOpMmanum) c
rcnonb3oBaareM ¢opmata Adj-RIBs-In, Loc-RIB, Adj-RIBs-Out. MapmipyTsl, KOTOpEIe OyIyT aHOHCHPOBATHCS APYTHM y3JIaM
BGP, nomxus! 06Tk BKItoueHb! B Adj-RIB-Out; MapuipyTsl, HCIIOIb3yeMble JIOKAUTHLHBIM y3710M BGP, nomkHbI OBITH yKa3aHbI B
Loc-RIB, a cnemyrommii mapmpyrtuzaTop (next hop) mis Kaxmgoro 3 3THX MapLIpyTOB JOJDKEH OBITH IpeicTaBleH B Oase
pacchUIKN MapIIpyTHOH MH(pOpMaLuK JIoKaibHOro y3na BGP; mapiipyTel, nonydeHHble oT Apyrux y3inoB BGP, Bkiouarorcst B
Adj-RIBs-In.

Ecmm y3en BGP pemraer aHoHCHMpoBaTh MapmipyT, OH MOXET J00aBUTh WJIM W3MEHHUThH arpuOyThl MyTH Uil 3TOTO MapLIpyTa
Triepe]1 aHOHCUPOBAaHWEM MaplIpyTa APyroMy y3iy (peer).
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IIporokon BGP obecrieunBaer mexaHu3M, ¢ MOMOLIBI0 KoToporo y3en BGP moxer ungopmuposars y3en-mapTHep (peer) o ToMm,
YTO AaHOHCHPOBAHHBIH paHEEe MapuIpyT OOJbIIEe HE MOXET HCIOJIB30BaThCs. I TaKOTO OMOBEIICHWS MOTYT CIY)XHUTh TPH
MeToJa:

+ B moie WITHDRAWN ROUTES coobmienuss UPDATE moxket 0b1Th niepenan npedukc [P, yka3pIBaromuii moxydares

JUISl aHOHCUPOBAHHOTO MapIIpyTa,— 3TO TOBOPHT, UTO CBSI3aHHBIN C a/[pecaToM MapLIpyT OOJIbIIIe HE JOCTYIICH;

& MOXeT ObITh aHOHCHPOBAH HOBBIH MapIIpyT ¢ TeM ke 3HaueHrneM NLRI B kadecTBe 3aMeHbI IPEKHET0 MapLIpyTa;

& coenuHEHHE Mexay AByMs y3namu BGP moxxeT ObITh 3aKpBITO — 3TO BeJET K MOJHOMY YAAIEHHIO BCEX MapLIPYyTOB,

KOTOpHIE 9Ta apa y31moB BGP anoncupoBana apyr apyry.

3.2 ba3bl AaHHbIX 0 MapLIpyTax
ba3za mapmpyrHoit nadopmaruu (RIB) yzna BGP coctout u3 tpex uacrei:
Adj-RIBs-In: mapmpyTHast uadopmManus, noiydeHHas Bo Bxoasumx cooduiennssx UPDATE. OTu naHHBIC MPEACTABISIOT
MapILIpyThl, KOTOPBIE MOTYT HUCIIOJIB30BATHCS B KAYECTBE BXOHBIX JAHHBIX Juis puHsTHs petnenus (Decision Process).
Loc-RIB: nokanbHble MapUIpyTHEBIE aHHEBIE, KoTOpble y3ea1 BGP BbiOupaeT Ha OCHOBE CBOMX JIOKAJIBHBIX IPABHJI U3 JaHHBIX
Adj-RIBs-In.
Adj-RIBs-Out: nanubie, KOTOpbIE JTOKaIBHBIN y3ea1 BGP BbiOpan 11t aHOHCUpOBaHUS peer-y3iaM. MapiipyTHbIE JaHHbIE U3
Adj-RIBs-Out 6ynyT nepenaBatbes JokanbHBIM y3moM BGP B coobmennsx UPDATE.
Adj-RIBs-In cozmepxuT HeoOpaOOTaHHBIE MapIIPYTHBIE NaHHBIC, KOTOPbIE MOJYYECHBI JIOKaJbHBIM y3noM BGP ot y3mos-
naptaepoB; Loc-RIB conmepxut mMapmipyTsl, BEIOpaHHBIE ¢ moMomtsio Decision Process mokamsnoro y3ma BGP; Adj-RIBs-Out
BKITIOYAET MapIIPyT, KOTOPBIE aHOHCUPYIOTCA B APYTHE CUCTEMBI ¢ ToMotsio coodmmenmnii UPDATE.
Xots xoHnenrtyanbHas moaens pasnudact Adj-RIBs-In, Loc-RIB u Adj-RIBs-Out, coBepieHHO He 0053aTeNbHO XPAHUTH TPU
OTIETBHBIX KOMMH MapHIIpyTHOH nHpopMarwn. Bribop drcia Komuil 1yl KOHKPETHOH peann3anin (HanpuMmep, 3 Komuw wim 1
KOIIUSI C yKa3aTeNsIMH Ha KaXXyI0 4acTh) HE pacCMaTpPHBACTCs B JAHHOH CTIe(DUKAIIIH.

4. ®opmam coobuweHul

B sTom pazzperne onucansl (hopMaTsl COOOIIEHNH, HCIIOJIB3yEMbIX IpoTOKoI0M BGP.

Coo0uieHnst MepesaroTcsl C HCHOIb30BAaHHEM TPAHCIOPTHBIX COEAWHEHHWH C TapaHTUPOBAaHHOM nocraBkoi. OOpaborka
COOOILEHUSI IPOMCXO/IUT ITOCTIE TOTO, KaK OHO OYJIET MOJHOCTHIO MIPUHATO. MaKkcuManbHbIH pazmep coobreHus coctasisiet 4096
okTeToB. OT Bcex peanu3anuii TpeOyeTcsl MOJEpXKKa YKa3aHHOTO 3HA4YEHHs /JJIsI MaKCHMAaJIbHOTO pa3Mepa COOOIICHHH.
MuHHAMaTbHOE COOOIIEHHE, KOTOPOE MOXKET OBITh ITEPEAAH0, CONEPKUT TOIBKO 3aroioBok BGP (19 okreToB).

4.1 dopmart 3aronoBka coooLleHnn

Ka)KIIOG C006HI€HI/IG HUMECT 3aroJIOBOK (bHKCPIpOBaHHOFO pasmepa. B 3aBucuMocTH OT THIIA COOGIIIGHI/IH II0CJI€ 3aroJIOBKa MOXKET
CJIEA0BATh TO UJIM UHOE KOJINYECTBO noJaen JaHHBIX. Cxema PpasMCIICHUA HoJel NoKa3aHa HIKE:

0 1 2 3
01 2 3 4/56 7 89 01 23 4567 890123 45%6 7 89 0 1

Marker

Length Type
Marker - mapkep:
3T0 16-0KTETHOE TIOJIE COMEPKUT 3HAUECHHE, KOTOPOE MOXET OBITh MpecKa3aHo noiydareseM coodmenus. Eciu Type =
OPEN wmm coobmenne OPEN He conepkur Authentication Information (kak nonomsurtensHOro mapamerpa - Optional
Parameter), Bce 6uthl nosist Marker noymKHBI MMeTh 3HaueHue 1. B ocranmbHBIX ciiydasx 3HaueHHME MapKepa MOXKET ObIT
MPEJICKa3aHO MyTEeM pacyeToB, SBISIIOIIMXCS YacThIO MCIOIB3YEMOro MexaHu3ma ayTeHTudukanuu (4acts Authentication
Information). ITone Marker MokeT ucrionb30BaThCs Ik OOHAPYKEHHS TIOTEPH CHHXPOHHU3ALMK MeX Ty napoi y3iaoB BGP u
ayTeHTH(HKAIMK BXOIAIIUX coobmiennit BGP.
Length - onuna:
DTO 2-0KTETHOE TIOJIE CONEPIKUT Oe33HAKOBOE 11EJI0€ YUCIIO, YKa3bIBarolee 00U pa3Mep COOOIIEHHS (C yIETOM 3aroJIOBKa)
B OKTeTax. JTa MH(OpMAIMs MO3BOJSICT HAXOMUTh cliieayromiee coobieHue (moje Marker) B TpaHCHIOPTHOM ITOTOKE.
3navenne nons Length momxro nexats B nuamazone oT 19 mo 4096 (B 3aBUCHMOCTH OT THIIa COOOIIECHHS BO3MOKHBI
JIOTIOJIHUTENbHBIE OTpaHUYEHHs1). 3alloJHEHHE COOOIIEHUH IyCTHIMU IIOJISIMA HE JIONYCKAeTCs, MOJTOMY IOJe JJIMHBI
JIOJDKHO MMETh MIHUMAJIbHOE 3HAUSHHE, JOCTaTOYHOE [T TIepeJaddl COOOIIEHUS.
Type - mun:
OT0 1-0KTETHOE TTOJIe CONCPIKUT OE33HAKOBOE TIETI0E YHCII0, OTIPEACIISIONISe THIT COOOICHUS:
1 — OPEN (coeaunenue)
2 — UPDATE (oOHOBIIEHME)
3 — NOTIFICATION (yBenomiieHne)
4 — KEEPALIVE (mmonTBepxaeHue)

4.2 ®opmat coobweHnn OPEN

[Mocne opraHu3anuu COCITUHEHUS HA TPAHCIIOPTHOM YPOBHE, MEPBBIM COOOIIECHHE OT Kaxmod u3 cTtopoH umeeT tum OPEN.
[Mocne Bocpusitust coobuienus OPEN y3en Bo3spaiaer coobmenne KEEPALIVE, kotopoe nmonTBepxaaeT npuemM cooOLeH s
OPEN. IMocne noareepxacauss OPEN moxxer npoucxoauts oomen coobrienusmMu UPDATE, KEEPALIVE, u NOTIFICATION.
B nomonmuenne k crangaptHoMy 3arosioBky BGP coobmerrne OPEN coaep kut cieayromnme moss:
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0 1 2 3
0 1 2 3 4 5 6 7 8 9 0 1,23 45 6 7 8 9 01 2/3 4 5/ 6 7 89 01
Version
My Autonomous System
Hold Time
BGP Identifier
Opt Parm Len

Optional Parameters

Version - éepcusn:
OnHooKkTeTHOE OE33HAKOBOE LIEJI0E, YKa3bIBatolIee HoMep Bepcun npoTokona BGP (quist nanHoit Bepenu — 4).
My Autonomous System — moa AS:
2-0KTeTHOE O€33HAKOBOE [1€JI0E, YKA3bIBAOIIee HOMEP aBTOHOMHOW CHCTEMBbI OTIIPABUTEIISL.
Hold Time - epems yoepcanusa:
2-0KTeTHOEe OE33HaKOBOE IIEJIOE, OIpeessionee BpeMs (B CEKyHAax), KOTOPOE OTIpaBHUTENb Ipe/ylaracT B KadecTBE
3HavyeHus Taiimepa yaepxkanus (Hold Timer). [Toxyuus coobmenne OPEN, y3en BGP mosken BeiOpath 3HaueHue Hold
Timer (MeHbIIee U3 HACTPOEHHOTO U Nomy4yeHHoro B coodmennn OPEN 3nauennii Hold Time). Ecnu 3nauenne Hold Time
He paBHO 0, OHO JO/IKHO OBITH HE MEHbIIE 3 ceKyHA. Peann3anmy mpoTokoiia MOTYT OTBEpraTb COSIMHEHHS Ha OCHOBE
3HaueHusi Hold Time. BriOpaHHOe 3Ha4eHMe MMOKa3bIBaeT MAaKCHMAJIBHBIA HMHTEpBal (B CEKyHIax) MEXIy Iepenadend
niocieoBatenbHbIX coobmennit KEEPALIVE n/uma UPDATE.
BGP Identifier - uoenmughuxamop BGP:
4-okteTHOe Oe33HaKoBOe Iiesioe, ykasbiBatomiee uueHTHdukarop BGP mns ormpasutens. Ysen BGP ycranaBnmBaer B
KauecTBe 3HauyeHus wuneHTudukatopa BGP IP-anpec, npucBoenHslii stomy y3my BGP. 3nauenne BGP Identifier
OITpe/IeJIsIeTCs TIPH 3arpy3Ke U COBIAIAeT AJIst BCEX JIOKAIBHBIX HHTEp(elcoB U Beex y3inoB BGP onnoro panra.
Optional Parameters Length — pazmep 00noinumensHbvlX napamempos:
310 1-0OKTETHOE IM0JIE TIOKa3bIBACT pa3Mep I0JIsl AOMOTHUTEIbHBIX napameTpoB (Optional Parameters) B oxterax. Hysnesoe
3Ha4YEHHE OIS TOBOPUT 00 OTCYTCTBUH JOMOIHUTEIBHBIX TApaMETPOB.
Optional Parameters — 0ononumenbHvle NApaMempol:
3710 mone MOXKET COAEPkKaTh CIHCOK JOMOJHHUTENBHBIX IapaMeTpoB, IpeAcTaBieHHBI B (opmare <Parameter Type,
Parameter Length, Parameter Value> (Tum, pa3smep u 3HaueHHE apamerpa).
0 1
0123456789012345
B s e B e e e e e s R et
|  Parm. Type | Parm. Length | Parameter Value (nepeMeHHBDI pasMep)
tot—t—t—t—t—t -ttt =ttt =ttt —+— . ..
[Tone Parameter Type 3aHMMaeT OJMH OKTET ¥ OJHO3HAYHO MICHTU(HIUPYET OTAEIBHO B3AThIH apametp. [lone Parameter
Length umeer pasmep 1 okrer m ompenesnsier yncio okreToB B mone Parameter Value. Ilosne Parameter Value ne umeer
(PMKCHPOBAaHHOTO pa3Mepa U MHTEPIIPETUPYETCs B 3aBUCUMOCTH OT 3HaueHHus nosst Parameter Type.
B nannol cnenudukanny onpenesnsroTcs ciaeyONHe THITH IOTOTHUTEIBHBIX ITApaMETPOB!
Authentication Information (1anusie ayrentudukanum, T 1):
OTOT mapameTp MOXKET HCIHOJIB30BaThCs Ul MOJATBEpXKIAEeHH nosHoMounii naptHepa BGP (peer). Ilone Parameter
Value coepxuT 1-oKTeTHBII KO/ ayTeHTU(HKAIIMH, 32 KOTOPBIM CJIEAYET 0JIe JaHHbBIX EPEMEHHOMN JJTHHBI.
123456738
Fot—t—t—F—+—+—+
Auth. Code |
e e e s e
|
Authentication Data |
| |
+—t—t—t—Ft—t—F—t—t—F—Ft—t—F—F—t—F -ttt —F—F -t —+—+—+
Authentication Code (xoj ayTeHTU(DUKAINHN)
310 1-OKTETHOE II0JE€ CONEP)KHT OE33HAKOBOE IIEJNOE YHCIIO0, KOTOPOE YKAa3bIBaeT HCHONB3YyEMbBIH MEXaHU3M
ayreHtudukauuu. I[Ipu wncnomp3oBanum mnpotokona BGP ¢ ayrentndukanmei B crenuduKaniio JT0IDKHBI
BKJTFOYATHCS TP BEIIIH:
# 3aa4eHne Kona (Authentication Code), moka3pIBaroIiee NCTIONB3YEMBIN MEXaHI3M
+ hopma nnm 3Hauenue noist Authentication Data
& AITOPUTM pacueTa 3HadeHul mosei Marker.
OtMmeTHM, 4TO NpH OpPraHHU3aIMK COCIMHEHHWH Ha TPAHCIIOPTHOM YPOBHE MOXKET HMCIOJIB30BATHCS OTIEIBbHBIN
MEXaHU3M ayTeHTH(PUKALIH.
Authentication Data (nannbie ayTeHTU(DHUKAIINAH)
®dopM 1 3HAYCHUE FTOTO TOJISI IEPSMEHHO JJTHHBI 3aBUCAT OT KoJa ayTeHTudukaiun (Authentication Code).
MunumansHbIi pasmep coobmenust OPEN cocrapisieT 29 OKTETOB ¢ yUeTOM 3arojloBKa.

4.3 ®opmat coobweHun UPDATE

Coobmennss UPDATE wncnone3yrores it miepefadn MapmipyTHoW umH(popmannu mexnay y3namu BGP. [lanHbple u3 makeToB
UPDATE MoryT HCIONB30BaThCS ISl IOCTPOSHMs Tpada, ONMHMCHIBAIOMIETO CBSI3M MeXIy pasnuuHsiMH AS. Ilpumenenue
00Cy>K1aeMbIX 3/1€Ch ITPABIJI ITO3BOJISIET M30aBUTHCS OT METENh M HEKOTOPBIX IPYTHX aHOMAIIMHA B MapLIIpyTH3aluKl MeXIy AS.

0
+_
|
+_
|
|
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Coobmenne UPDATE ciyut Juist aHOHCHPOBAHHS OJJHOTO BO3MOXKHOTO MapIIpyTa K y3iIy-TIapTHEpY WJIH JUIS OT3bIBA TPYIIIIBI
aHOHCHPOBaHHBIX paHee MapmpyToB (cM. 3.1). Coobmenne UPDATE Moxer OJHOBPEMEHHO aHOHCHPOBATH JOCTYITHBIN
MapupyT M OT3bIBaTh IPYIMITy HeIOCTymHBIX Oonee MapmipyTtoB. Coobmennss UPDATE Bcerna BkimrowaroT 3arosioBok BGP
(hpMKCHPOBAaHHOTO pa3Mepa M MOTYT COAEPKATh TOTIOIHUTENBHBIC OIS, TOKAa3aHHBIC HIKE!
Unfeasible Routes Length (2 oxrera)
Withdrawn Routes (miepemMeHHBIH pa3mep)
Total Path Attribute Length (2 oxtera)
Path Attributes (mepeMeHHEI pazmep)
Network Layer Reachability Information (miepemeHHSIH pa3mep)
Unfeasible Routes Length (pazmep Hed0CHMYRHBIX MAPUIPYHLOE)
OT0 2-0KTeTHOE OE33HAKOBOE IIeJI0e YHUCIIO yKa3bIBaeT oOmuit pasmep monst Withdrawn Routes B okrerax. 3HaueHne 3T0ro
MoJIsl JIOJDKHO TI03BOJISITH ompexaesieHue pasmepa mossi Network Layer Reachability Information B coorBerctBum ¢
MPUBEJCHHBIM HIDKE OITUCAHUEM.
HyseBoe 3HaueHHE TOBOPHUT 00 OTCYTCTBHH OT3BIBACMBIX MapiipyToB u moiisi Withdrawn Routes B coobmiennun UPDATE.
Withdrawn Routes (om3vieaemule mapuipymaot)
OTO ToNIe MEepPEeMEHHOW IUIMHBI COAEPXKHUT CIUCOK mpedukcoB [P-agpecoB, MapmipyTsl K KOTOPBIM HCKIIFOYArOTCS U3
obcryxuBanus. Kaxmpni npeduke [P-anpeca npencrasmsercs B 2-koMrmoHeHTHOM opmate <length, prefix>, moxazanaoM
HIDKE:
Length (1 oxTer)
Prefix (mepeMeHHbI pa3mep)
[Tonst uMeroT crienyroye 3HaueHusI:
Length (nnuna):
nokassiBaeT pazmep npedukca [P-aapeca B 6utax; HyJaeBoe 3HaUSHHUE MOJIS JUTHHBI YKa3bIBaeT MpeduKc,
COOTBETCTBYIOIHMI BceM aapecam [P (cam mpedure cogepkut 0 OKTETOB).
Prefix (nmpedukc):
conepxuT npedukc aapeca IP, 3a KOTOPBIM cliefyeT HECKOJIBKO OMTOB, UCIIOIB3YEMBIX [UISl BRIPABHUBAHMS 110 TPAHUIIE
OKTeTa (OTMETHM, YTO 3HaUCHHUE OMTOB 3aIIOHEHHS HE HTPAET POJIH).
Total Path Attribute Length (oouwyuii pazmep ampubymoe nymu)
OTo 2-0oKTeTHOEe 0e33HAKOBOE IeNloe 3afaeT OO0 AMUHY moist aTpudyroB mytu (Path Attributes) B okrerax. 3HaueHHe
3TOTO OIS TOJDKHO TTO3BOJIATE onpernenienue anuHb! ost Network Layer Reachability B cooTBeTCTBHM C OnMCaHHOM HIKE
pOLEAYpPOil.
3nauenue 0 roBoput 06 orcyrcrum noist Network Layer Reachability Information B nannom coobmiennn UPDATE.
Path Attributes (atpuOyTHI ITyTH):
[MTocnenoBarenbHOCTh aTpUOYTOB MyTH (IIEPEMEHHON JUIMHBI) HPHUCYTCTBYeT B KakaoM coodmennn UPDATE. Kaxuprii
aTpuOyT IpeAcTaBisieT coboit TpurureT Gopmara <attribute type, attribute length, attribute value> pasmep KoTOpOro Moxer
MEHSTBCSL.
2-okrerHoe noiie Attribute Type conepskut okteT iaros (Attribute Flags) 3a koropsiM citenyer okret Tna (Attribute Type
Code).

0 1
01 23 45 6 7 8 901 2 3 435
Attribute Flags Attribute Type Code

Crapumii 6ur (0) okrera Attribute Flags siisiercst Outom Optional n onpenensier Tum arpudyra — JoIoIHUTENbHBIH (1) mim
xoporro m3BecTHbIH (0).
Bropoii 6ut (1) mons Attribute Flags siBnsiercs 6utom Transitive, onpeaensomyM Ha3HAYCHNE JONOJHUTEIBHOTO aTpruOyTa
— mepexonnbni (1) mm Henepexonusii (0). i1 xopommo m3BecTHBRIX aTpuOyTOB OWT Transitive JOIDKEH BCerna MMETh
3HauyeHHue | (JOTIOJIHUTENBFHOE PACCMOTPEHHE ITEPEXOIHBIX aTPUOYTOB MPUBOANTCS B TJIaBe 5).
Tpernii Out (2) nonst Attribute Flags siBnstercst hmarom Partial. 3ToT OMT MokasbeiBaeT MoaHOTY HH(OPMAIHH, COAEpIKAIISHCS
B JIONOJHUTENBEHOM IepexofaHoM arpubyre — uHpopmanms mnonHas (0) wiu Hemosuas (1). [nst Xopomno M3BECTHBIX
atpuOyToB Out Partial nomxen umers 3HaueHue 0.
Yerseptoiii ¢uiar (6ut 3) 3amaer 6ut Extended Length, onpenensttomuii pazmep nosst Attribute Length — 1 okrer (0) nim 2
okrera (1). ®@mar Extended Length moker uMcronb30BaThCsi TONBKO B TEX CIIydasX, KOrJa pasMep IIoisi aTpuOyToB
MIpEeBBIIIAET 255 OKTETOB.
Yerbipe muaqmux 6uta nosst Attribute Flags He ncrnonb3yroTcst M JOJDKHBI MIMETh HyJIEBbIE 3HaYeHHS (Ha IPHEMHOM CTOPOHE
3TH OUTBI UTHOPUPYIOTCS).
Oxret Attribute Type Code conepxut ko Tuna atpubyra. OnpezeneHHbIe B HACTOSIIEE BPEMsl TUIIBI pacCMaTpUBAIOTCS B
riaBe 5.
Ecmu 6ut Extended Length mons Attribute Flags mmeer 3nauenue 0, Tpetuii okret noss Path Attribute comepsxut pasmep
JIAHHBIX aTpHOyTa B OKTETAX.
Eciu our Attribute Flags noss ¢gnaroB nmeer 3Ha4deHue 1, TpeTHii 1 4eTBEPTHI OKTETHI COJIEPIKAT pa3Mep JaHHBIX aTpulyTa
B OKTETaX.
Ocrapmmecs okteTsl mojst Path Attribute npencraBnsioT 3HaueHHe aTpuOyTa M MHTEPIPETHPYIOTCS B COOTBETCTBUH CO
3HageHusAMH roniei Attribute Flags u Attribute Type Code:
ORIGIN (tum 1):
ATpubyr ORIGIN oTHOCHTCS K YMCIly XOPOIIO HM3BECTHBIX W SIBISETCS 00SM3aTEBHBIM — OH OINPEZICIAeT MCTOYHHK
nHpopmarmu o myTu. OKTeT 1aHHBIX aTpUOyTa MOXKET MPUHUMATH CJIEYIOIIIE 3HAUCHNUS:
0 IGP — undopmanms NLRI sinsiercst BHyTpeHHe# uist AS, 13 KOTOPOH MPHIITIO COOOIEHUE
1 EGP — ungopmarust NLRI monmydena ¢ momomisio EGP
INCOMPLETE — nannasie NLRI momy4eHb! KaKHM-THO0 HHBIM CIIOCOOOM.
Hcnonp3oBanane 3ToT0 aTpudyTa omrcaHo B maparpade 5.1.1
AS_PATH (tum 2):
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AS PATH sBnstercst XOpOIIO HW3BECTHBIM OO0S3aTENbHBIM aTPHOYTOM, KOTOPBIM COICP)KUT IIOCIIEA0BATEIBHOCTH
cermenToB Iyt AS. Kaxneiii cermeHT myTi AS mipeAcTaBIsieTcs TPOKOi 3HaueHui <path segment type, path segment
length, path segment value>.
1-OKTeTHOE 1OJIe THIIA CEIrMEHTa MOKET COJEPIKATh CIIEIYIOIINE 3HAUCHHS:
1 AS SET: meynopsinodeHHsII Hab0p AS, depes3 KOTOphIe TPoxoauT MapmpyT u3 coodrmenuss UPDATE
2 AS SEQUENCE: ynopsinoueHHbIi Ha0op AS, uepe3 KoTopble poxoauT MapmpyT u3 coodmenust UPDATE.

[one path segment length pazmepom 1 okTer yka3siBaeT urcio AS B cerMeHTe ITyTH.
3nauenne path segment value conepkKUT OIMH WM HECKOIBKO HOMEPOB AS, KaKABIH M3 KOTOPBIX INpEICTaBieH 2-
OKTETHBIM TI0JIeM. Mcrionb3oBanue 3Toro arpudyTa onucaHo B maparpade 5.1.2.

NEXT_HOP (tum 3):
OTOT XOPOILO U3BECTHBIN 00s3aTeNbHbINA aTpHOyT yKa3biBaeT IP-agpec rpaHMIHOTO MapIIpyTH3aTOpa, KOTOPHBIH ClletyeT
HCIIONb30BaTh KaK cieayronmii uatepsai (next hop) st axpecara, ykaszanHoro B noie Network Layer Reachability
coobmennst UPDATE. Hcnons3oBanue 3toro arpudyra onvcano B naparpade 5.1.3.

MULTI_EXIT_DISC (tum 4):
OTOT HeoOs3aTeNbHBIA HENepeXOMHbIH aTpuOyT NpenCTaBisieT co00il 4-OKTETHOE HEOTPHLATENILHOE LEJIOE YHCIIO.
3HaueHue aTpudyTa MOXKET UCIIOJIb30BaThCsl B Ipoliecce NpuHsATHs y3iioM BGP penienus no Borpocy mu30daBiieHus OT
MHO)KECTBEHHBIX TOYEK BBIXOJa B COCEIHIOI0 aBTOHOMHYIO cucTeMy. Mcmonb3oBaHue 3Toro arpubyra ONHMCaHO B
naparpade 5.1.4.

LOCAL_PREF (tun 5):
LOCAL PREF sBusercs XOpoIlo W3BECTHBIM  HEOOS3aTENbHBIM  aTpUOYTOM, COAEpKalIMM  4-OKTETHOE
HEOTpHUIATEIBHOE LIeJIOe YKCII0. 3HaUeHUe arpudyra ucroibdyercs y3noM BGP mis undopMupoBanus qpyrux y3ios
BGP B cBoeit aBTOHOMHO# cricTeMe 00 ypOBHE IPEAIIOYTEHHUS sl aHOHCHPYEMOro mMapuipyTa. Vcmoas3oBaHne 3TOro
aTpuOyTa omucano B maparpade 5.1.5.

ATOMIC_AGGREGATE (tun 6)
ATOMIC AGGREGATE sBiseTcst XOpOIIIO W3BECTHBIM HE00M3aTeIbHBIM aTPHOYTOM HYJICBOM JUIMHBI. DTOT arpuoOyT
ucnone3yercs y3nom BGP mns madopmupoBanus apyrux y3moB BGP o tom, nokamsHas cuctema BeIOpana MeHee
cnennuIHBII MapmIpyT 6e3 BeIOOpa 6oee crieru(uIHOro MapuIpyTa, KOTOPBIi BKIIFOUEH B Hee. VICIoIbp30BaHme 3TOTO
atpuOyTa omucano B maparpade 5.1.6.

AGGREGATOR (tum 7)
AGGREGATOR mnpeacrasisier co00ii TOMOIHUTENBHBIN aTPHOYT JUIMHOM 6 OKTETOB. DTOT aTpulOyT COAEPKHUT HOMEP
mocueqHer AS, KoTopas GOopMHpYeT arperupoBaHHBIN MapmipyT (2 okTera), 32 HuUM ciemyer IP-ampec yzma BGP,
KOTOpBI (POPMHUPYET arperupoBaHHbIA MapipyT (4 okrera). lcmonmb3oBaHue 3TOro aTpuOyTa ONMcaHO B maparpade
5.1.7

Network Layer Reachability Information (nEpopManus o TOCTYITHOCTH HA CETCBOM YPOBHE):
370 TmoNe MepeMEeHHON AIMHBI CONEPKHUT cmcok npedukcos [P-anpeco. Pasmep mons NLRI B okrerax He 3amaercst B

SIBHOM BUJIE, HO MOXKET OBITh PACCUHMTAH KaK:
UPDATE message Length - 23 - Total Path Attributes Length - Unfeasible Routes Length

snauenne UPDATE message Length 6epercs u3 3aronoBka BGP, 3nauenust noneit Total Path Attribute Length u Unfeasible
Routes Length onpenemstores u3 coobmennss UPDATE, a 3nauenne 23 sBisgeTcs CyMMapHO# UTnHOH 3aroioBka BGP u
monieii Total Path Attribute Length, Unfeasible Routes Length field.
Wudopmarms 0 TOCTYMHOCTH MpENCTaB/sieTcs B BHAE OJHOW WIJIM HECKOJIBKHX TocienoBatenbHocTeil <length, prefix>,
OITMCAaHHBIX HIXKE!
Length (1 oxrer)
Prefix (mepeMeHHBII pa3mep)
Length (pazmep):
Oto more 3amaer yncio 6uros npedukca [P-agpeca. HyneBoe 3HaueHne 3amaeT mpe@rKc, COOTBETCTBYIONINHA JIFOO0MY
aapecy IP (cam mpedukc B 3TOM citydae coaepxut 0 OKTETOB).
Prefix (nmpedpuxc):
310 mone comepxuT npedukc aapeca IP, 3a KOTOPIM MOTYT ClleoBaTh OMTHI 3alOIHEHMS ISl BBIPABHHBAHHUSA IO
TpaHUIE OKTeTa. 3HauYeHNE OMTOB 3aMIOHEHNUS HE UI'PAET POJIH.
MunanmansHbI pazMep coobmennss UPDATE cocrasmnsier 23 okrera - 19 OKTeTOB 3aHUMAaeT CTaHAAPTHBIN 3ar0JI0BOK, 2 OKTETa —
none Unfeasible Routes Length, 2 okrera — none Total Path Attribute Length (Unfeasible Routes Length = 0 u Total Path
Attribute Length = 0).
Coobmenne UPDATE moxeT aHOHCHpOBaTh MO KpaifHedl Mepe OAWH MapIipyT, KOTOPBI MOXET OBITH OIHCaH HECKONbKUMHU
arpubyrtamu myta. Bee atpulyThl myTH, conepxammecs B ganHoM coobmernn UPDATE, mpumeHUMEI k agpecataM, YKa3aHHBIM
B nosie Network Layer Reachability Information coobimennss UPDATE.
Coobmenne UPDATE Moxer BKIIOYATh CIIMCOK MapIIpyTOB, OOCIy)KMBaHHE KOTOPBHIX NpekpaiieHo. Kaxnplii u3 Takmx
MapIIpyTOB yKa3bIBaeTCs MPeHUKCOM ajpecara, KOTOPBI OJHO3HAYHO MJICHTH(UIMpPYET MapuipyT B KoHTekcte y3na BGP —
coenmaeHne y3na BGP, aist koroporo 510 MapmpyT ObIl1 aHOHCHPOBaH paHee.
Coobmmenne UPDATE MoxxeT aHOHCHpOBaTh TOJBKO OT3bIB MapLIPyTOB. B 3TOM cityyae cooOlieHHe He COEpKUT aTpuOyToB
myta ¥ gaHHbeiX NLRI. M HaoGopot, cooOiieHne MOXKeT aHOHCHPOBATh TOJIBKO JOCTYIHBIH MapIIpyT W HE BKJIOYATh IO
WITHDRAWN ROUTES.

4.4 dopmat coobweHus KEEPALIVE

BGP He ncnonp3yer Ha TPaHCIIOPTHOM YPOBHE KaKMX-THOO MexaHU3MOB keep-alive Ui MpoBepKH JOCTYHMHOCTH APYTHX y3JIOB
(peer). Bmecto storo ucnonssyrores coodmennss KEEPALIVE, koTopeiMu mapTHEpEl 0OMEHHBAIOTCSA JOCTATOYHO YacTO, YTOOBI
MEXIy ABYMs COOOIICHHSMH HE HCTEKIO BpeMs, 3amaHHoe TaiiMepom ynepxanust (Hold Timer). PasymHBIM 3HaueHHEM
MaKCHUMAaJBHOTO MHTEpBalla MEXIy Irepeaadeil nByx mocienoBatenbHbIX coodmieHnii KEEPALIVE sBisiercs TpeTh HHTEpBaia,
3aganHoro 3HadeHnmeM Hold Time. Hemomycrmmo mepemaBats coobmieHuss KEEPALIVE wame omHOTO paza B CeKyHAY.
Pa3paboTunky MOTYyT yCTaHOBHUTH HHTEpBAN Mexay nepenaueii cooduiennit KEEPALIVE kak ¢ynxnuto 3nagenust Hold Time.
Ecmu Hold Time = 0, mepuomuueckas nepenada coodmennit KEEPALIVE negomycruma.
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Coobmenne KEEPALIVE cocTouT TONBKO U3 3aroj0BKa, CIIEI0BATENBHO, pa3Mep TaKoro CooOmeH s paBeH 19 okreTaMm.

4.5 ®opmat coobweHna NOTIFICATION

Coo6mennst NOTIFICATION nepenatorcs B cirydasix oOHapyxenus onmm6ok. Coennnenne BGP He3amemMTeIbHO 3aKphIBAaETCS
MOCJIE TIepe/Iayn TAaKOTro COOOLICHHSI.
B nononuenue k ctangaptaoMy 3aroiioBky BGP coobiienne NOTIFICATION comepuT Ce Iy oIme mos:

0 1 2 3
0,1 2 3 4/5 6 7 8,9 01 23 456 7 8 901 23 456 7 8 901
Error code Error subcode JlanHbie

Error Code (xon ommbkm):
3710 1-0KTETHOE MOJIE COACPIKHUT Oe33HAKOBOE LieJIoe Yuco, ykasbiBatomee Tul coodmenus NOTIFICATION:

Kox | Hazpanue JononauTensHas HHPOpMAIHS

1 Message Header Error (ommbka B 3aroJoBke COOOIICHNS) 6.1 O6paboTka OMUOOK B 3aTOJIOBKE.

2 OPEN Message Error (ommbka coodmenust OPEN) 6.2 O6pabotka onm6ok B coobimennsix OPEN.

3 UPDATE Message Error (omm6xka coo6rienuss UPDATE) 6.3 OOpaboTka OIIMOOK B COOOIICHHUIX
UPDATE.

4 Hold Timer Expired (3ak0OHYHIOCE BpeMsl yAEpKAHMUS) 6.5 O6pabotka ommbok Hold Timer Expired.

5 Finite State Machine Error (omi6ka MammHbl KOHEYHBIX COCTOSHUNA) | 6.6 OOpaboTka OmIMOOK MAaIIMHBI KOHEYHBIX
COCTOSIHUIA.

6 Cease (pa3pbIB COCMHCHHS) 6.7 Pa3pbIB coeTMHCHUSI.

Error subcode (cy6xon ommbkm):
910 1-0KTETHOE MOJIE CONEPIKUT OE33HAKOBOE IIEI0E YUCII0, KOTOPOE MPENOCTABIISET IOMOTHUTEIBHBIE CBEICHNS O IIPUPOJC
npomsoreaiiel omubku. Kaxaoe 3nauerue Error Code MOKeT OBITh CBS3aHO C OAHUM HJIM HECKOJBKUMHU 3HAYCHUSIMHU
Error Subcode.
Ecnm He onpeneneno moaxosimero cyokoaa, ycranasiusaercs Error Subcode = 0 (Heyka3anHas ommoOKa).
Cy0konsr ommbok Message Header Error:
1 - Connection Not Synchronized - coeauHeHre He CHHXPOHU3UPOBAHO.
2 - Bad Message Length — HekOppeKTHBII pa3Mep COOOIICHHS.
3 - Bad Message Type — HEeKOppeKTHBIH THIT COOOIICHUS.
Cy6xons! ommbok OPEN Message Error:
1 - Unsupported Version Number — Hemmoep:KuBaeMbIii HOMEpP BEPCHH.
2 - Bad Peer AS — nekoppekTHas AS naprtHepa.
3 - Bad BGP Identifier — nekoppekTHsIii naeHtudukarop BGP.
4 - Unsupported Optional Parameter — HenoiaepKrBaeMblii TOTIOIHUTENBHBINA TapaMeTp.
5 - Authentication Failure — oTka3 mpu ayrenTnduxanmm.
6 - Unacceptable Hold Time — HeormycTMOe BpeMst yiepiKaHusl.
Cy6xonst ommbok UPDATE Message Error:
1 - Malformed Attribute List - HEKOPPEKTHBIH CIIMCOK aTPHOYTOB.
2 - Unrecognized Well-known Attribute — Hepacrio3HaHHBIIH aTPHOYT M3 YKCIIAa XOPOILIO H3BECTHBIX.
3 - Missing Well-known Attribute — OTCyTCTBYET XOPOIIIO H3BECTHBIN aTPHOYT.
4 - Attribute Flags Error — omn0ka Bo (hmarax atpuodyTa.
5 - Attribute Length Error — HeKOppeKTHBIN pa3mep aTprOyTa.
6 - Invalid ORIGIN Attribute — HekoppekTHbIi aTprOyT ORIGIN
7 - AS Routing Loop — netnst B Mmapmpytuzamu AS.
8 - Invalid NEXT HOP Attribute — HekoppextHbiii arpudyt NEXT HOP.
9 - Optional Attribute Error- ommi0ka B TOIOJIHUTENEHOM aTpUOYTE.
10 - Invalid Network Field — HekoppekTHOE 1oJIe CeTH.
11 - Malformed AS_PATH — nexoppexrtasiit popmar AS PATH.
Hannovie
DTO ToJNe MepeMEeHHON UTHHBI CIYKHT U TuarHocTUky npuurH reHepanun coodmennit NOTIFICATION. Conepskumoe
TIOJISI TAHHBIX 3aBUCHUT OT 3HaueHni nojeit Error Code u Error Subcode. lomomautensHast nHGOpMAIHs IpHUBEICHA B TIaBe
6. O6padoTka ommbok BGP..

OTMeTHM, 9TO pa3Mep OIS TaHHBIX MOJKET OBITh OTIPE/IeIICH TI0 MPUBEICHHON HIDKE (popmye:
Message Length = 21 + Data Length

MunumansHbii pazmep coobiennit NOTIFICATION cocraBnsier 21 okTeT (C y4eTOM CTaHJapTHOTO 3arojIOBKa).

5. Ampubymsbi nymu

B s10i1 r1aBE paccMaTpHBAaOTCS aTpUOYTHI My TH, HCNob3yeMble B coodmmeHmsix UPDATE. ATpuOyTsI nensTcs Ha 4 KaTeropuu:
1. Well-known mandatory — Xxopo1o u3BecTHbIe, 00s13aTeIbHBIC.

2. Well-known discretionary — XOpoIIIO H3BECTHBIE, HEOOsS3aTEIbHBIC.

3. Optional transitive — JOOJHUTENEHBIC, IIEPEXOIHBIC.

4. Optional non-transitive — TOMOTHUTEIHHEIE, HETIEPEXOAHEIE.

X0opo1o U3BECTHBIE aTpUOyTHI JOJDKHBI PAcIio3HaBaThesl BceMu peannzanmsmu BGP. HekoTtopsle u3 3THX atpuOyTOB SBISIOTCS
00s13aTeNIbHBIMA M JIOJDKHBI  TIpUCYTcTBOBaTh B KaxkaoMm coobmennn UPDATE. Ocranbhbsie  atpuOyThl  SBISIOTCS
HeoOs3aTeNbHBIME U MOTYT OTCYTCTBOBaTh B HEKOTOphIX coobmieHnssx UPDATE. Bee xopomio u3BecTHbIE aTpHOYTHI JOJKHBI
(mocite cooTBeTCTBYIOLIEH 00PaOOTKH, ECIIH 3TO HYXHO) IlepejaBaThest ApyruM y3nam BGP.

Kpome xopomio M3BEeCTHBIX aTpPHOYTOB KaXKIbId MyTh MOXET COAEPXaTh OAWH WM HECKOJBKO JIOMOJIHUTEIBHBIX aTPUOYTOB.
IMonmepxka NONMONHUTENBHBIX AaTPUOYTOB HE SBJsSETCS OO0s3aTeNbHON Juis Kaxnod peanmsanuun BGP. O6pabotka
HepacIo3HaHHBIX JOMOJIHUTEIBHBIX aTpUOYTOB OIpesesiercst ycTaHoBKoi O0uta Transitive B okrere ¢uiaros arpuOyra. [lytu ¢
HepacHo3HaHHBIMU TEPEXOHBIMH JIOMOJIHUTEIBHBIMI aTPHOYTaMH JOJDKHBI NMPUHUMAThCS. Eciu 1MyTh ¢ Hepaclio3HaHHBIMU

www.bilim.com 7 www.protocols.ru




Pa3symHble ceTu oT komnaHum BiLiM Systems MepeBoa RFC 1771

JIOTIOJTHUTENIFHBIMU TIEPEXOJHBIMH aTpUOyTaMH HMPUHAT U mepenaercss ApyruM yiinam BGP, HepacmozHaHHBIE aTpHOYTHI 3TOTO
IMyTH JOJDKHBI TepenaBathest ApyruM y3nam BGP c ycranoenennsiM (1) 6utom Partial B mone Attribute Flags. Ecim myTh ¢
pacIio3HaHHBIM IEPEXOIHBIM aTpUOYTOM BOCIPHHAT M mepenaercs ApyruMm y3nam BGP, a 6ur Partial okrera Attribute Flags
MMeeT 3HaueHUe |, yCTaHOBIIEHHOE KaKOH-THO0 M3 IpenplayX AS, 1aHHAs aBTOHOMHAsI CHCTEMa HE JJOJDKHA cOpachIBaTh 3TOT
6ut B 0. HepacniozHaHHbIE TOTIOTHUTENIBHBIE HETIEPEXOJHBIE aTPHOYTHI CJIELyeT IIPOCTO UTHOPHUPOBATh, HE TIEPEAaBast UX APYruM
y3nam BGP.

Hosrle momomHUTEFHBIE TIEPEXOAHBIE aTPHOYTHI MOTYT JOOABIATHCS B IyTh HCXOJHBIM OTIIpaBUTENeM (Originator) Wi 000
AS B mytu. Ecni 9111 aTpuOyThl HE T0OABISIOTCS MCXOJHBIM OTIIpaBHUTEINIEM, yCTaHaBIMBacTcs 3HadeHue Partial = 1 B oxrere
Attribute Flags. [IpaBuna npucoenviHeHNs HOBBIX HEHEPEXOIHBIX JOMOJIHHUTEIBHBIX aTpHOYTOB OyayT 3aBHCETh OT IIPUPOJBI
KOHKpeTHoro arpubyra. IIpenmonaraercs, 4To JOKyMEHTAIM K K&XXJOMY HOBOMY JIOTIOJIHUTETIbHOMY HEIEPEXOIHOMY aTpHOYTy
Oyner BkmovaTh Takue npasuia (omucanue arpudyra MULTI EXIT DISC mosker ciyxuTh npuMepoM). Bee nononxurensHble
aTpuOyTHI (TIEpEXOJHbIE U HENEPEXOIHbIE) MOTYT OOHOBIISTHLCS (€CIIH 3TO JOIYCTUMO) aBTOHOMHBIMH CUCTEMaMH B Iy TH.
Ortnpasuremo coodmennss UPDATE cnenyer pasmemars atpuOyTs myTH B coodmmennsix UPDATE B mopsinke Bo3pacTaHus THITA
arpu0OytoB. [lomyuarens coobmennsst UPDATE nomken ObITh TOTOB K 00paboTKe aTpHOyTOB ITyTH W3 COOOLIEHHS C M3MEHEHHEM
UX TIOpsIIIKA.

OnuH atpuOyT HE MOXKET MOSBIISATHCS OoJiee o1HOTO pasa B moje Path Attributes konkpernoro coobiennst UPDATE.

5.1 UIcnonb3oBaHue aTpubyTa NyTH
Hmke onmcano nenoip30BaHme Kaxaoro arpudyra myta BGP.

5.1.1 ORIGIN

Atpubyt ORIGIN sBnsercs Xopomo HM3BECTHBIM M O0s3aTeNbHBIM. OJTOT aTpUOyT IODKEH T'eHEPHUPOBATHCS aBTOHOMHOMN
CHCTEMOH, KOTOpasl SIBISIETCS MCXOAHBIM OTIIPaBUTENIEM MapIIpyTHOW WH(opManuu. DTOT aTpuOyT IOIDKEH BKIIOYATHCS B
coobmmennst UPDATE Bcex y3moB BGP, koTopsie BEIOpanu pacripocTpaHeHHe 3TOH HHPOpMaIu IpyrumM y3inam BGP.

5.1.2 AS_PATH

AS PATH oTHOCHTCSI K XOPOIIO W3BECTHBIM 0053aTEIBHBIM aTpUOyTaM M CIYXKUT AJISI WACHTU(GUKAINN aBTOHOMHBIX CHCTEM,
yepe3 KoTopkle nepeaaercs nadopmanus B ganHoM coodmennn UPDATE. Kommonentamu crincka siBisitorest moiist AS SET v
AS SEQUENCE.
Korna y3en BGP pacnipocrpansier Mapiipyt, Kotopbiid Obut mosrydeH B coodiiennu UPDATE ot apyroro y3na BGP, emy cienyer
n3menuts atpuOyT AS PATH ¢ yyerom pasmerenns y3ina BGP, koropomy nepemaercst MapuipyT:
a) Korna nanssiii yzen BGP anoHcupyet MapiipyT npyromy y3iny BGP, pacnonoxeHHOMY B TOI e aBTOHOMHOI! cUCTeME,
AQHOHCHPYIOILEMY Y3IIy HE CIIeAyeT U3MEHSTh CBSI3aHHbIN ¢ 3THM MapiipyTtoM arpuoyt AS PATH.
b) Korma nanueii yzen BGP anoncupyer mapumpyr y3ny BGP, pacrnonoxeHHOMY B coceiHel aBTOHOMHOW CHCTEMe,
AQHOHCHPYIOILEMY Y3IIy CJIelyeT N3MEHUTH CBSI3aHHBIH ¢ 3TUM MapiipyTtoM atpu0yT AS PATH kak nokasaHo HUXe:
1) ecnu epBeiii cermeHT AS PATH umeer tTunm AS. SEQUENCE, nokansHol cucteme ciieyeT IOMECTUTh CBOH HoMep
AS kak nmocneiHUHN 2JIEMEHT CIUCKa (B KPaHIOIO JIEBYIO MO3UIIMIO).
2) ecnu iepBbIid cerMmeHT AS PATH umeet T AS_SET, nokabHO#M cucTeMe clieyeT TOMECTHTh HOBBIM CETMEHT THITa
AS SEQUENCE B nytb AS_PATH, BKTI04UMB CBOIf HOMEp AS B 3TOT CETMEHT.
Korga yzen BGP sBnsieTcs HCTOYHUKOM MapIipyTa:
a) UCXOJHOMY y3JIy cieayeT BKIounTh cBoii HoMep AS B atpubyt AS PATH Bcex coobmienuit UPDATE, nepenaBaembix
y3nam BGP B coceHnX aBTOHOMHBIX CHCTEMax (B 3TOM ciiydae HOMep AS HCXOTHOTO OTIPABUTENS OyAET eINHCTBEHHBIM
anemeHToM atpudyra AS PATH).
b) ucxomHoMy y3imy cnemyeT BKtoUHTh mmyctoit aTpuOyT AS PATH Bo Bce coobmennss UPDATE, nepenaBaeMsie y3mam
BGP B cBoeii aBTOHOMHOI1 crcTeme (mycToit aTpudyT AS PATH comepxut HyneBoe 3HaueHHE B TIOJIE pa3Mepa).

5.1.3 NEXT_HOP

Atpubyt mytu NEXT HOP ompenensier IP-agpec rpaHHgHOTO MapuipyTH3aTopa, KOTOPHIH clelyeT WCIOIb30BaTh B KauecTBe
ciienytomero myHkTa (next hop) Ha myTu x agpecary, ykazanHoMy B coodmenun UPDATE. Ecnu rpaHi4HbIA MapIIpyTH3aTOp
HAXOIUTCS B TOI ke AS — 3TO BHYTpEHHHI TPaHWYHBIA MapUIpyTH3aTOpP, B OCTANBHBIX Cydasx - BHemHNA. Y3en BGP moxer
AQHOHCHPOBATH JIFO0OH BHYTPEHHHUI TPaHIYHBIN MapHIpyTH3aTop Kak next hop, ecnm untepdeiic, ceazannsiii ¢ [P-axpecom storo
rpaHngHOTO Mapmpytusaropa (ykaseiBaercs B atpuOyre NEXT HOP), BxomutT B MOICETh, Pa3elseMyl0 JIOKAIBHBIM U
ynaneHHsM y3namu BGP. V3ex BGP mosker aHoHCcHpoBaTh 10001 BHENTHUI IPaHUYHBIN MapupyTr3arop kak next hop, ecim IP-
aJipec 3TOro MaplIpyTU3aTopa, NoIMydeHHbIH oT naptHepa BGP, n unTepdeiic, cBsa3annslii ¢ [P-axpecom maHHOTO TpaHUIHOTO
MapiupytuzaTtopa (ykazad B arpudyre NEXT HOP), paznensitor o0LIyto OCETh € JIOKIBHBIM 1 yAaJIeHHbIM y3i1amu BGP. V3en
BGP nomxken obecrieunBaTh BO3MOXKHOCTB 3aIpeTa AaHOHCUPOBAHMS BHEIIHMX IT'PAHIMYHBIX MapLIPYTH3aTOPOB.

Jnst y3na BGP HeponycTiMo aHOHCHpOBaHHE ajipeca napTHepa 3ToMy ke aptHepy B coodennn NEXT HOP s mapiipyros,
10 OTHOIIEHHIO K KOTOPBIM JJaHHBIH y3e siBsieTcss ucxoaubM. /s y3ma BGP HenonycTiMo ycTaHaBimMBaTh MapipyThl ¢ coOoH
B KauecTBe next hop.

Korna y3en BGP anoncupyer mapuipyt apyromy y3iny BGP, pacnionoxeHHOMY B TOH ke aBTOHOMHOM cHCTeMe, aHOHCUPYIOIIHUN
y3en He JfoipkeH u3MeHats atpuoyT NEXT HOP, cBsa3anssblii ¢ a3tuM MapuipytoMm. Koraa y3zen BGP nomyuaer mapuipyT gepes
BHYTPCHHEE COCIMHCHUE, OH MOXKET mepechuiath makeTs o afapecy NEXT HOP, ecnu comeprxamnmiicss B 3TOM aTpudyTe aapec
OTHOCHTCS K TOH e MOJICETH, B KOTOPOU HAXOAATCS JOKATBHBIN U yIaneHHbIN y3161 BGP.

5.1.4 MULTI_EXIT_DISC

Atpubyr MULTI EXIT DISC MoXeT HCHONB30BaThCS Ha BHEMIHHMX (MEeXIy AS) COCOUHEHHSX [UIS W30aBICHHS OT
MHOTOYMCIICHHBIX TOYCK BBIXOJa WM BXoma B omHy cocenHioro AS. 3nauenue atpubyra MULTI EXIT DISC siBmsiercs
YETHIPEXOKTETHBIM OE33HAKOBBIM IIEJBIM YHCIIOM, KOTOPOE Ha3bIBAIOT METPHKOH. [Ipn mpoumx paBHBIX M3 MHOXECTBA TOYEK
BXOJIa/BbIX0/Ia CIIEyeT BBIOMpATh Ty, KOTOpas MMEET HauMEHblliee 3HayeHHe MeTpuku. Eciu cooOlleHue MOJydeHo yepes
pHemHMHA kaHai, aTpuOyT MULTI EXIT DISC moxkeT pactpocTpaHsSThCs depe3 BHYTPSHHIE COSANHEHMS ApyTruM y3i1am BGP B
toti s)xe AS. Atpubyr MULTI EXIT DISC nenomyctimo pactpoctpassts y3nam BGP B cocennux AS.
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5.1.5 LOCAL_PREF

Atpubyr LOCAL PREF oTHOCHTCS K YHCIy XOPOIIO M3BECTHBIX HEOOS3aTENBHBIX. DTO aTpHOyT CieayeT BKIIOYAaTh BO BCE
coobmenust UPDATE, xotopsie nannsiii y3en BGP mepenaer apyrum ysmam BGP, pacmonoxeHHBIM B TOW ke aBTOHOMHOW
cucreme. Y3ny BGP cnenyer paccuntaTh ypoBEeHb MPEIIOYTEHHS AT KKIOTO BHEIIHETO MapIIpyTa U YKa3bIBaTh 3TOT YPOBEHb
IIpY aHOHCHPOBAHUM MaplIpyTa BHYTPEHHHM MapTHepaM. lIpeamoyreHne ODKHO OTIAaBaThCsi MapLIpyTam ¢ Oosiee BBICOKHM
ypoBHeM. Y3y BGP crnenyer ncnonb3oBate ypoBeHs ImpeanouTenus, onpeaenernsiii ¢ nomomeso LOCAL PREF, B mponecce
NPUHATHS PELIeHHH 0 MapupyTu3anuu (cM. maparpad 9.1.1 ®asza 1 - pacuer ypoBHs IPEIIOUTEHHS).

V3znam BGP =e cnenyer Bkmouats 3ToT arpuoyT B coodimennss UPDATE, kotopsie aToT y3en nepenaer yzinam BGP B cocenanx
aBTOHOMHBIX cuctemax. Ecim atpuOyt copepxurcs B coodmennn UPDATE, nmonydennom ot y3na BGP, xoTopsiit Haxomurcs B
JIpyroii MO OTHOIIEHHWIO K MPHUHHUMAIOIIEMY Y31y aBTOHOMHOW cHCTEMe, NMPUHUMAIOLIEMY Y31y CIE€AyeT UTHOPUPOBATh 3TOT
aTpuOyT.

5.1.6 ATOMIC_AGGREGATE

Xoporo ussectHbiil atpudyT ATOMIC AGGREGATE otHOcuTes K yuciy HeoOs3atenbHbiX. Eciau y3en BGP npu Hamuunu
Habopa MepeKPHIBAIOIIMXCSI MapUIPYTOB OT OAHOTO M3 ero maptHepoB (cM. maparpad. 9.1.4 IlepekpbiBaromyecs: MapLpyThl)
BeIOMpaer MeHee crenuduueckuii MapmpyT (6e3 BbIOOpa Oojiee creuuduueckoro), Toraa JOKaJbHOW CHUCTEME CIeIyeT
npucoequHuTh atpudyT ATOMIC AGGREGATE k mMapuipyTy, pacrpocTpaHsieMoMy 3TOH cucTeMoii apyrum y3nam BGP (ecnn
3TOT aTpUOyT yXe He ObII YCTaHOBJIEH B IPUHATOM MeHee crenuduanoM Mmapipyte). Y3iny BGP, nomygusmemy mapmpyT ¢
atpudyrom ATOMIC AGGREGATE, He cieayeT yaansTh 3TOT aTpuOyT MPH PaclipOCTPaHSHUH MapIIpyTa APYTUM y371aM. Y31y
BGP, nonyunmremy mapmpyt ¢ atpudyrom ATOMIC AGGREGATE, He cnenyer nemats kakux-1u60 NLRI storo mapmpyra
bonee crnenupuueckumu (cM. ompezeneHue B maparpade 9.1.4 IlepekpbiBaroiyecss MapUIpyThl) NPU aHOHCHPOBAHWUH 3TOTO
MapmpyTa apyruMm y3iaam BGP. Y3en BGP, momyumemmit mapmipyt ¢ atpudyrom ATOMIC AGGREGATE, nomkeH 3HaTh
peanbHBIA MyTh K agpecary, kKak yka3aHo B mojie NLRI mapmipyTa, X0Ts IpH OTCYTCTBHHM IIETENIh BO3MOXKHA Tiepeaada yepes AS,
KOTOpHIC He yKa3aHbl B arpudyte AS PATH.

5.1.7 AGGREGATOR

Atpubyr AGGREGATOR sBisiercst JONONHUTENbHBIM TIEPEXOJHBIM W MOXKET BKIIOUaThCs B OOHOBIICHUS, KOTOpBIE
dopmupytoTcss mpu arperupoBaHuM (cM. maparpad 9.2.4.2 ArpermpoBanme MapmipyTHoil uH(popmanmm). Yzem BGP,
00BeIMHSIOIINH MapIIpyThl, MOkeT 100aBisTh aTpOyT AGGREGATOR, conepsxammii Homep AS u [P-agpec sToro y3ma.

6. O6pabomka owubok BGP.

B 370ii ri1aBe onucaHb! oneparyn 00paboTKH OITHOOK, KOTOPBIC 00HAPYKUBAKOTCS MIPU 00CTyKUBaHUU coodmieHuii BGP.

[Tpu oOHapyxeHNH JI000TO M3 ONMHCAHHBIX 37ech ycnoswid niepenaercs coobmenne NOTIFICATION ¢ cooTBETCTBYIONIMMU
3navyenusimu nosieit Error Code, Error Subcode, Data u coenunenne BGP paspeiBaercs. Ecnu cyOkox ommbKu He 3a/1aH, CleayeT
ycraHaBimBaTh Error Subcode = 0.

Opa3za "coenunenne BGP paspbiBaercs" o3HavaeT, YTo 3aKPhIBAETCS COETMHEHHE TPAHCIIOPTHOTO YPOBHS U OCBOOOKIAIOTCSI BCE
pecypcsl, BblAeneHHBIe g coenuHeHUs BGP. 3anmcn TaOmuisl MapmipyTH3allid, CBS3aHHBIE C YOAJICHHBIM HapTHEPOM,
MTOMeYaloTcs KaKk HEKOPPEKTHBIE, a HHpopMaIms 06 3ToM nepenaercs apyruMm naptaepam BGP no toro, kak mMapmpyTsl OyayT
yAaJeHBI U3 CHCTEMBI.

Ecmmn siBHO He ykazaHo mHoe, moie Data (mamneie) coobmenuit NOTIFICATION, nepenaBaeMbpIX Aisi WHAWKAIMH OIIHOKH,
0CTaeTCs IyCTHIM.

6.1 O6paboTKa OoWMOOK B 3aronoBke.

ITpn oOHapy>keHNH Kakoi-mmbo ommOku B mponecce o0padoTku 3arosnoska nepenaercs: coodmenne NOTIFICATION c Error
Code = Message Header Error. [Tone Error Subcode noka3siBaeT KOHKpPETHYIO IPUYMHY OLIMOKH.

[Mpennonaraercs, yro none Marker B 3aronoBke cooOmienunii Tunnia OPEN copepxut Toneko eamHunpsl. OxumaeMoe 3HaYE€HHE
mosist Marker i ocTajbHBIX THIOB cooOiieHuit BGP ompenensercss Ha OCHOBE MPUCYTCTBUS JIOMOJHUTEIBHOTO MapaMeTpa
Authentication Information B coobmenun BGP OPEN u wucnome3yemMoro MexaHusma ayTeHTH(UKANuUu (ecau ToJe
Authentication Information npucyrctByer B coobuiennn BGP OPEN). Ecnu 3nauenue mosnst Marker B 3arosioBke cooOlieHus He
COBIAJIACT C 0XKUAAEMBIM, IPOUCXOAUT OIIMOKA CHHXPOHU3AIMH U ycTaHaBimBaercs 3HaueHne Error Subcode = Connection Not
Synchronized.

Ecnu 3nauenue monst Length B 3arosioBke cooOuienust Menbine 19 wim Gonbine 4096, none Length B 3aronoBke cooOreHus
OPEN, NOTIFICATION umun UPDATE wmenbme muanmansHoro pasmepa coodmenust OPEN/NOTIFICATION/UPDATE wmu
mosie Length B 3arososke coobmennss KEEPALIVE He pasHo 19, ycraHaBnuBaercs 3HaueHue Error Subcode = Bad Message
Length. ITone qaHHBIX cOnepKUT ommoOo9HOE 3HaYeHHe 1oyt Length.

Ecmm mone Type B 3aroyioBke COOOIIEHHS HE YAAeTCs paclio3Harth, ycranaBinBaercs: Error Subcode = Bad Message Type u none
JIAaHHBIX COJIEPKUT OMMO0UHOE 3HaYeHue mois Type.

6.2 O6paboTka owmnbok B coobeHusax OPEN.

[Tpu o6Hapy»eHnn Kakoi-mbo ommoku B nporecce 0opadoTkn cooduienniit OPEN renepupyercs coodmenne NOTIFICATION
¢ Error Code = OPEN Message Error. [Tone Error Subcode noka3siBaeT KOHKpPETHYIO IPUYMHY OLIMOKH.

Ecnn Bepcust, ykazanHas B mojie Version noiydenHoro coodmenus OPEN He nopaiepuBaercs, yCTaHaBIMBAaeTCs 3HAUCHUE
Error Subcode = Unsupported Version Number. ITosie 7aHHBIX COAEPKHUT 2-OKTETHOE OE33HAKOBOE I1€JI0€, KOTOPOE MOKA3hIBACT
MaKCUMAaJIBHBIF HOMEp JIOKAIBHO MojiepkuBaeMoii Bepcurt BGP (koTopblii MeHblIle HoMepa BepcuH, YKa3aHHOTO B MPUHSATOM
coobmennu OPEN).

Ecnu mone Autonomous System B coobmernn OPEN conepixuT HenpremiieMoe 3Ha4YeHue, ycTanaBiuBaercs Error Subcode =
Bad Peer AS. Onpezenenue npueMiIeMOoCTH HOMEPOB AS BBIXOAWT 32 IPEIeNIbl PACCMOTPEHHUS 3TOTO JOKYMEHTA.

Ecian nenpuemnemo 3Hadyenue nons Hold Time B cooGmennn OPEN, B none Error Subcode moskHo ObITh ycTaHOBIIEHO
srageHne Unacceptable Hold Time. Peamm3annm mporokoma moskHbl orBeprats 3HadeHns Hold Time 1 mmm 2 cexyHABI.
[Tporokon moxker orBeprarh soObie 3HaueHus Hold Time. Peamusanust mporokona, npunumatomas 3nadenne Hold Time,
A0JIKHA HICTIONB30BaTh coraacoBanHoe 3HaueHwne Hold Time.
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Ecmu nmore BGP Identifier B coobmiennrt OPEN cuHTakcHuYecKr HEKOPPEKTHO, ycTaHaBuBaeTcs 3HaueHue Error Subcode = Bad
BGP Identifier. CuaTaKcHYecKast KOPPEKTHOCTH 03Ha4aeT, uto mone BGP Identifier comepsxut xoppekrrsiit [P-anpec xocTa.
Ecmu omma m3 nomonHuTenbHBIX mapameTpoB (Optional Parameter) B coobmiennu OPEN He ynamock pacmosHaTh,
ycraHaBimBaetcs 3HaueHue Error Subcode = Unsupported Optional Parameters.

Ecmu coobmenne OPEN comepxut nanssie i ayTeHTHduKanny (kak Optional Parameter), BkrodaeTcsi COOTBETCTBYIOIIAS
npouenypa ayrentudukammu. Ecim nponenypa ayrentudukanuu (Ha ocHoBe Authentication Code n Authentication Data) maer
0TKa3, ycTaHaBImBaercs 3HaueHue Error Subcode = Authentication Failure.

6.3 O6paboTka owmnb0oK B coobeHusax UPDATE.

[Ipn oOHapyxeHun KakoW-1O0 omMOKKM B mpouecce o0Opadotku cooOennit UPDATE renepupyercs cooluieHue
NOTIFICATION c Error Code = UPDATE Message Error. ITone Error Subcode nokassiBaeT KOHKpETHYIO IPUYUHY OMIMOKH.
Kontposns ommbok B coodriieann UPDATE naunHaeTcst ¢ mpoBepku arpudyToB mytu. Eciu 3nauenue Unfeasible Routes Length
i Total Attribute Length cnuikom Benuko (T. e., Unfeasible Routes Length + Total Attribute Length + 23 npeBbiniaer pazmep
coobmmenms - Length), ycranasnuBaercs 3Hauenue Error Subcode = Malformed Attribute List.

Ecnu mroboii 13 pacrmo3HaHHBIX aTpuOyTOB mMMmeeT 3HadeHue Attribute Flags, xondmukryromee ¢ Attribute Type Code,
ycraHaBimBaercs 3HadeHne Error Subcode = Attribute Flags Error. IToie qaHHBIX COEPKUT OMMOOYHBIN aTpHOYT (THII, pa3Mep
Y 3HAUCHUE).

Ecmu mro0oii u3 pacmo3HaHHBIX aTpuOyTOB mMeeT 3HadeHHe Attribute Length, He cooTBeTcTByIOMmIee OKUAAEMOH ATUHE (HA
OCHOBE KOja Tuma arpubyra), ycraHaBiuBaeTcs 3HadeHne Error Subcode = Attribute Length Error. [lone maHHBIX comepXuT
OIMOOYHEIN aTpUOYT (THIL, pa3Mep U 3HAUYCHHE).

Ecmu oTcyTcTBYeT Kakoi-mubo u3 00s3aTeNbHBIX XOPOIIO M3BECTHBIX aTpHOyTOB, ycTaHaBIMBaeTcs 3HadeHue Error Subcode =
Missing Well-known Attribute. ITone nanabix copepxut 3HadeHue Attribute Type Code niist oTcyTeTBYMOIIEro arpuoyTa.

Ecmu He pacmio3nan Kakoi-Tu0o0 U3 003aTebHBIX XOPOIIO M3BECTHRIX aTpHOYTOB, ycTaHaBImBaeTcs 3HaueHne Error Subcode =
Unrecognized Well-known Attribute. [Tonie maHHBIX cOlep>KUT Hepaclio3HaHHBIH aTpuOyT (TUII, pa3Mep 1 3HAUCHHE).

Ecmu arpubyr ORIGIN mmeer HeomnpeneneHHOe 3HadeHHe, ycraHaBmuBaercs Error Subcode = Invalid Origin Attribute. Tlome
JAHHBIX COJICP)KUT Hepaclo3HaHHbIH aTprOyT (THII, pa3Mep U 3HaYCHHE).

Ecmm arpubyr NEXT HOP cunTakcuyeckun HekoppekTeH, ycranasiausaercst Error Subcode = Invalid NEXT HOP Attribute.
[lone naHHBIX CONEP)KUT HEKOPPEKTHBIH aTpuOyT (THII, pa3Mep U 3HadeHue). CHHTaKCHUYecKasi KOPPEKTHOCTh O3HAYaeT, 4To
arpuoyr NEXT HOP mnpencrasnser xoppektHsiid [P-agpec xocra. CemaHTHuUeckass KOPPEKTHOCTh IIPUMEHHMa TOJIBKO K
BHeIIHUM coequHeHnsiM BGP. Dto o3nauaer, uto wuHTepdeiic, cBs3aHHbId ¢ [P-ampecom, KOTOpwIii ykazaH aTpuOyTOM
NEXT HOP, otHOCHTCS K TOM K€ OJICETH, B KOTOPOH HaxoauTcst npuHuMarowuii yzen BGP, Ho ero agpec He coBnagaer ¢ IP-
aapecom mnpunumaroniero ys3aa BGP. Ecmu  atpudbyr NEXT HOP cemMaHTHYeCKHM HEKOPPEKTCH, OIIMOKAa OJDKHA
MIPOTOKOJIMPOBATHCS U MAPLIPYT CIIEeAyeT UrHOpUpoBath (B 3ToM cirydae coobienne NOTIFICATION ne nepenaercs).
[IpoBepsiercst cemanTHueckasi KoppekTHocTh aTtprbyta AS PATH. Ecnu myTh ceMaHTHYeCKH HEKOPPEKTEH, yCTaHABJIMBACTCS
3nauenue Error Subcode = Malformed AS PATH.

Ecnu nomonHUTENbHBINA aTpuOyT pacrio3HaH, MpOBepseTcs 3HaueHWe 3Toro arpudyrta. [Ipm oOHapykeHHH OMmMOKH aTpuOyT
otOpachIBaeTcsi U ycraHapiuBaercs 3HaueHue Error Subcode = Optional Attribute Error. ITosie gaHHBIX COAEPKUT OMIMOOYHBIN
aTpuOyT (TUI, pa3Mep U 3HAUCHHE).

Ecnu kakoii-nibo u3 arpudyrtoB nosiBisiercs B coodumennn UPDATE Oonee onHoro pasa, ycranaBnuBaercs 3HaueHue Error
Subcode = Malformed Attribute List.

[Iposepsiercst cemanTiueckas koppekTHOCTh mojist NLRI B coobmiernn UPDATE. Ipu o6Hapy>keHHH OITHOKHM YCTaHABIMBACTCS
3nagenue Error Subcode = Invalid Network Field.

6.4 O6paboTka owmnbok B coobieHusix NOTIFICATION.

Ecmm y3en nepenaer coodmennie NOTIFICATION u ipu 5ToM BO3HHKAET ONIMOKA, HE CYHIECTBYET CIIocoba yBEAOMUTH 00 3TOH
oumoke myTteM nepeaaun nocnenyromero coodmenus NOTIFICATION. Bee ommOku Takoro Tumna (Hepaclio3HaHHOE 3HaYEHHE
Error Code wimm Error Subcode) MOMKHBI NMPOTOKONMPOBATHCS W IEpeAaBaThCs aJAMHHUCTPATOPY Y37a, OTIIPAaBHBLIETO
omubouHoe cooduieHue. CriocoOb! TAKOr0 IPOTOKOIMPOBAHUS M YBEAOMIICHUS HE PACCMATPUBAIOTCS B JaHHOM JOKYMEHTE.

6.5 O6paborka owmb0K Hold Timer Expired.

Ecmu cucrema ue nomydaer coobmennii KEEPALIVE n/umn UPDATE w/mmu NOTIFICATION B Teuenne neproza, 3a1aHHOTO
moniem Hold Time B coobmennn OPEN, nepenaercst coobmmenrie NOTIFICATION ¢ komom ommbOku Hold Timer Expired u
coenunerne BGP 3akpriBaercs.

6.6 O6paboTka OWMOOK MaLLMHbI KOHEYHbIX COCTOSAHUN.

JIro6as ommoka, oOHapy>KeHHasi MalIMHOM KoHeuHbIX cocTtostHui (Finite State Machine - FSM) BGP (nanpumep, HeoxuianHoe
cooObiTre), nmpuBoauT K reHepanuu coodrienuss NOTIFICATION c Error Code = Finite State Machine Error.

6.7 Pa3pbIB coeAUHEeHUS.

[pu oTcyTCTBUM KaKuX-THOO (haTalbHBIX OMIMOOK W3 YMCIIAa OMHMCAHHBIX Bbille y3en BGP Moxker B 000 MOMEHT 3aKpBITh
coequnerne BGP, nepenas maptaepy coobmienne NOTIFICATION c Error Code = Cease. OpmHako Takue COOOIIEHHS HE
JIOJDKHBI HCIIOJIB30BATHCSI IPYU BO3HUKHOBEHUH KaKOH-THO0 13 IePEUMCIICHHBIX BhIIIE (DATATbHBIX OLIMOOK.

6.8 O6bHapyxeHue KOH(NUKTOB NpU COeaNHEHUN.

Ecnu napa y3n0B BGP neiTaerca ogqHoBpeMeHHO opranu3oBath coenuHeHue TCP npyr ¢ apyrom, Mexay y3naMH Takoi mapbl
MOI'YT BO3HUKHYTh JIBAa IapajUIeibHbIX COEJMHEHHs. ByaeM Ha3blBaTh TAaKyH CUTYalHI0 KOH(IMKTOM INpHU COCAWHEHHH.
OueBHIHO, YTO IPH BOZHUKHOBEHNH TAKOT'0 KOH(MIINKTA O/IHO M3 COSMHEHUH JTOJDKHO OBITH 3aKPBITO.

Bbibop opHOTO W3 mapsl COCOMHEHWH MJIs 3aKpbiTHs Oa3upyercs Ha cornamieHun o0 wuaeHtudukatopax BGP. Tlpu
BO3HHUKHOBEHUM KOH(IHKTa cpaBHUBaroTcs 3HaueHus1 BGP Identifier BoBe4eHHBIX B KOH(UIMKT Y3JIOB U COXPAHSETCS TOJIBKO TO
COeAMHEeHNE, KOTOpoe ObUI0 MHUIMHPOBaHO y3710M BGP ¢ 6omemmm 3nauernem BGP Identifier.
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IIpu momyuenun coobmiennss OPEN nmokanpHas crcTemMa A0JKHA TIPOBEPUTH BCE CBOM COSIMHECHUS, HAXOIAIINECS B COCTOSIHUT
OpenConfirm. Y3en BGP moxer Takxe MpOBEpUTh COSTUHEHHS, KOTOpBIE HaxoasaTcst B coctosHiK OpenSent, eciii OH MIMeeT
nHdopmarmio o 3nauennn BGP Identifier y3na Ha nmpoTHBOMONIOKHON CTOPOHE COeAMHEHHs (3Ta MH(OPMAIHS TOIyHaeTCs C
MTOMOIIBIO APYTUX MPOTOKONIOB). Ecii kKakoe-mnbo U3 STHX COSAWHCHHUH OTHOCUTCA K ynaneHHoMy y3iny BGP, npentudukarop
KoToporo coBmagaer co 3HaueHumeM BGP Identifier B cooOmennn OPEN, nokanbHBIE CHCTEMa BBITONHSET CICAYIOIIUE
MIPOIIECAYPHI pa3pelIeH s KOH(INKTA:
3nauenne BGP Identifier nokanpHOM cuUcTeMBbl CpaBHHMBaeTCs C MISHTH(UKATOPOM yhaieHHOro y3ina BGP, yka3zaHHbIM B
coobmenun OPEN.
Ecmu nokanpHoe 3HaueHne BGP Identifier MeHbIie ynaneHHOro, JIOKadbHAs CHUCTEMa 3aKpPhIBACT CYIICCTBYIOIICE
coenuaenne BGP (ono Haxomutest B cocrostHun OpenConfirm) 1 nprHUMaeT coeAnHEHNEe, HHULNUPOBAHHOE YAaICHHBIM
y3iom BGP.
Ecin unentuduxarop BGP nokanbHO#N cucteMbl 6oible yAalIeHHOTO HIACHTH(DHKATOpA, 3aKPhIBAETCS HOBOE COEJIMHEHHE
(cBsizanHOe ¢ mpuHATEIM coobmeHneM OPEN) u mpopoimkaeTcs HCMOJIB30BaHHE CYIIECTBYIOMIETO (B COCTOSIHUU
OpenConfirm).
[Tpu cpaBuennu unentrdukaropor BGP ux 3HaYeHus TpaKTYIOTCS Kak Oe33HAKOBBIE 1IeNble Yrcna (4 OKTeTa).
Ecmu omHo w3 yuactByrommx B KoH(pimkre coenmuHenuii BGP waxomurtcss B cocrosHum Established, Takoit koHGuukT
paspermaercsi 6€3yCIOBHBIM 3aKphITHEM HOBOTO coeauHEeHHA. OTMETHM, 4TO KOH(IIUKTHI C COCOMHEHHUSIMH, HAXOMAIINMUCS B
cocrosinuu Idle, Connect niu Active 0OHapyXUTh HEBO3MOXKHO.
3akpeiTre coeamHeHnss BGP B pesympTaTe mporemypsl pasperieHus KOH(IIMKTa COMPOBOXKAACTCS Iepenadeil coOoOIeHui
NOTIFICATION c Error Code = Cease.

7. CoanacoeaHue sepcul BGP.

V3ne1 BGP MoryT cornacoBars BepcHIO MPOTOKOJA MyTEM MOBTOPHBIX MOMBITOK OpraHusaiuu coeauHeHus BGP, ucnons3ys B
MIepBOW MOMBITKE BBICIIMHA HOMEp, MOJICP)KUBAEMbIN JIOKaJbHOH CTOpoHOW. ECiM mpu TMOMBITKE OpraHM3alld COCAUHCHUS
Bo3HukaeT ommbka ¢ Error Code = OPEN Message Error u Error Subcode = Unsupported Version Number, y3en BGP umeer
UHGDOPMALMIO O HOMEPE BEPCHH, KOTOPBIN OBbLT HCIOJB30BaH MPU HEYHAuyHOH MOMBITKE, HOMEPE BEPCHH, KOTOPYIO MBITAICS
HCTIONIB30BaTh ApTHEP, HOMepe Bepcu, nepeaanHoM naptaepoM B cooduienun NOTIFICATION, u Homepe BepcuH, KOTOPYIO
OH mojanepkuBaeT. Ecmu HOMepa oqHOW win Oojee BepcHil U3 4MCla MOAJCPKUBAEMBIX OOOMMHU MApPTHEPaMU COBIAAIOT,
MMeroIasics: nHPOPMaIHs TO3BOJISIET OBICTPO ONPEIEINTh MaKCUMAIILHBINA TTOepKUBaeMblil HOMep Bepcuu. [Jisi moepKKu
cornacoBanusi Bepcun BGP B Oyaymmx BepcHsiX IIPOTOKONA JOJDKEH coxpaHsThest Qopmar coobmenuit OPEN wu
NOTIFICATION.

8. MawuHa KkoHe4YHbIXx cocmosiHuu BGP.

B »sroif t1aBe paccmarpuBaercs pabora BGP B TepMmHax mammabl KoHewHBIX coctosHUK (Finite State Machine wim FSM).

Hwxe npueneno kparkoe omucanue M 0030p coctostuuii BGP, onpenenennsrx FSM. Kparkoe ormcanne BGP FSM nano B

IIpunoxxenun 1.

Wznavansao BGP Haxomutes B cocrosamu Idle.

Cocmosnue Idle:
B stom cocrosinuu BGP otBepraer Bce Bxonsuue coenunenuss BGP. [lns naptHepa He BblaemsieTcsi HUKaKUX pecypcoB. B
OTBET Ha coObITHE Start (MHUIMHPYETCS CUCTEMOW HJIM OIIEpaTopOM) JIOKaJbHAsl CHCTeMa MHUIHMAIM3UPYET BCE PECypChl
BGP, 3amyckaer TaiiMep ConnectRetry, uHUIMMpyeT TpaHCHOPTHOE COEAMHEHHE ¢ ApyruM y3noM BGP, nHaumnaer
MPOCIyIIMBaHUE BXOSIIMX COEAMHEHUH OT yaaieHHbIX y310B BGP u nepexoaur B coctosiuue Connect. 3HaueHue Taitmepa
ConnectRetry onpezensiercs JIOKaIbHBIMU YCJIOBHUSIMHU, HO JIOJDKHO OBITH JIOCTATOYHO BEJIUKO YISl TOTO, YTOOBI 00ECIIeUUTh
nHumanuzanuo TCP.
Ecnu y3en BGP obOHapyxuBaeT omuOKy, OH 3aKpbIBaeT COSAMHCHHE U mepexoauT B coctosaue Idle. Beixom u3 cocrosHus
Idle TpeOyer renepannu HoBoro coObITus Start. Eciin 3TH coOBITHS TeHEpHUPYIOTCS aBTOMAaTHYECKH, BOSHUKHOBEHHE OLTHOKH
BGP Mosker mpuBecTH K aBTOr€Hepaluy HOMNbITOK BbixoAa u3 coctosaus Idle (flapping) Ha y3ne. Bo m3bexanne Takux
CUTyaluil peKOMEH/IyeTCsl TCHEPUPOBATh COOBITHS Start ¢ HEKOTOPO# 3aIepKKOM ocIie rnmepexoaa ysna B cocrosaue Idle B
pesynbrare ommoOku. s y3ia, mepemienmero B coctosHue ldle B pesynprare OmmOKH, MHTEpBAI MEXAY TeHEepaluei
MOCJIE/IOBATENbHBIX COOBITHI Start (eciaM OHM TeHEPUPYIOTCS aBTOMATHYECKH) JIOJDKEH BO3pacTaTh SKCIIOHEHIUAJIBHO.
HauvanpHas 3aepxka JODKHA COCTAaBIATH 60 CEKYHA U MOcie KaKIOH MOIBITKY ITay3a JOJDKHA YIBAHBATHCS.
Bce ocranbhbie coObITHS B cocTosiHuu 1dle uraopupyroTes.

Cocmosanue Connect:
B stoMm coctosinun BGP oxxumaet 3aBepimeHusI mporiecca opraHnu3aliii TPaHCIIOPTHOTO COSTUHEHMS.
[Ipu ycrermHoM coeITHEHNH Ha TPAHCIIOPTHOM YPOBHE JIOKaJbHAs crcTeMa cOpachiBaeT TaiiMep ConnectRetry, 3aBeprraer
WHHUNHATU3AINIo, iepenaet naptHepy coodmerne OPEN u nepexoaut B coctosiHIe OpenSent.
IIpu oTka3e B coeqMHEHUH (HAIpUMep, TaiiM-ayT MOBTOPHOW Iiepefadn), JOKAIbHAs CHCTEMa 3aHOBO 3aITyCKaeT Taimep
ConnectRetry, mpogoibKaeT MPOCITyITHBATh IIONBITKH OpPraHu3alliy COSIMHEHUH OT yIajdeHHBIX y310B BGP u mepexomut B
cocrosiHUE Active.
B caydae 3aBepmieHms otcdera Taiimepa ConnectRetry mokampHas crmcTema 3allyCKaeT €ro 3aHOBO, HHHITHHPYET
TPaHCIIOPTHOE CoeAuMHeHue ¢ apyrum ysznoM BGP, mpopomkas mpociyliuBaTh BbI30BBI OT yAaleHHbIX y310B BGP, u
ocraercs B cocrostaur Connect.
Co6bitust Start urHopupyrotes B coctostauu Connect’.
B otBer Ha Bce mpoune COOBITHS (MHHIMHPYEMBIE CHCTEMOW HJIM OIEpaTopoM) JIOKanbHas CHCTEMa OCBOOOXKIAeT BCe
pecypesl BGP, cBsi3aHHBIE ¢ 9THM cOeIMHEHHEM U IepexoauT B cocTosiHue Idle.

Cocmosanue Active:
B atom cocrostnin BGP nibiTaercst nprodpecty napTHepa, MHULUUPYS TPAHCIIOPTHOE COEIMHEHHUE.

’ B HCXOIIHOM JIOKYMEHTE OLIMOOYHO yKa3zaHo coctosHue Active. Ilpum. nepes.
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[pm ycnenHoM coeMHEHUH JIOKalbHas cucremMa copackiBaet Taiimep ConnectRetry, 3aBepinaet HHAIMANTN3AIIUIO, TEPEIACT
nmaptHepy coobmenne OPEN, ycranasmuBaer mist Hold Timer mocrarouno Oofploe 3HaYeHHE W MEPEXOINUT B COCTOSIHUE
OpenSent. PexoMeHyeTcs ycTaHaBIMBaTh IS TaiiMepa yaepkanus 3HaueHne Hold Timer = 4 MUHYTHL
Ilpn 3aBepmiennn otcuera Taimepa ConnectRetry sokanbHas cucTema 3amycKaeT 3TOT TaMep CHOBA, HHHUIMHPYET
TPaHCIOPTHOE COEIMHEHHNE ¢ ApyTruM y3iaoM BGP, mporomkast mpociyInnuBaTh BXOJSIINE COSUHEHHUS OT YIAIECHHBIX y3II0B
BGP, u nepexoaut B cocrosinue Connect.
Ecmu moxanmpHas crcteMa oOHapyKMBaeT MOMBITKH yaaneHHoro y3i1a BGP cesa3arscs ¢ weit u [P-anpec ymanenHoro y3na He
COBIIAJIACT C OKMJAEMBIM, JOKaJIbHAS CHCTEMa 3aHOBO 3amyckaeT TaitmMep ConnectRetry, oTBepraer momnbITKy COeMHEHUS,
TIPOJIOIDKAst ITPOCITYIIMBATE MOMBITKA COSANHEHUH OT yaaneHHbIX y3110B BGP u coxpansis cocrosiHne Active.
CoObITust Start HTHOPUPYIOTCS B COCTOSTHUM Active.
B otBer Ha Bce mpoume COOBITHS (MHHUIMHMPYEMBIE CHCTEMOW WJIM OIEpaTopoM) JIOKAIbHAs CHCTEMa OCBOOOXKIAET BCe
pecypcbl BGP, cBsi3aHHBIE ¢ 3THM cOeIMHEHUEM U repexoauT B coctosiaue Idle.

Cocmosanue OpenSent:
B stom cocrostauu BGP xner coobmienuss OPEN ot cBoero maptaepa. [Ipu momydenun coodmienuss OPEN npoepsieTcs
KOPPEKTHOCTh BCEX MoJiel 3Toro cooOmieHns. Ecimm mpu mpoBepke 3aronoBka wim copepxumoro coodmenus OPEN
oOHapyxuBaroTcst omuoku (cM. naparpad 6.2 O6padorka onmook B coodmennsx OPEN.) win Bo3HUKaeT KOHMIMKT MPH
opraHuzauuu coepuHeHus (cM. naparpad 6.8 OOHapyxeHHe KOH(IIMKTOB IIPU COSMHEHUH. ), JIOKaJbHasl CHCTEMA MepeiaeT
coobmenne NOTIFICATION u nepexomur B cocrosinue Idle.
Ecmu B coobmennn OPEN He obHapyxeHo ommbok, yzen BGP mepemaer coodmenne KEEPALIVE u ycranaBmuBaeT
taiimep KeepAlive. [lns Taiimepa Hold Timer, 3Ha4ueH#e KOTOPOro N3HA4YAIBHO yCTAHABIMBACTCS TOCTATOUHO OOJIBIIUM (CM.
BBIIIIC), BEIOUPACTCS corilacoBaHHOe 3HaueHue (cM. maparpad 4.2 dopmat coobmenuit OPEN). Eciu cormacoBaHo HyieBoe
snageHue Hold Time, Taiimepsr Hold Time u KeepAlive ve mcmonssyrorcs. Ecnm 3Hauenne monst Autonomous System
COBIIJIaeT C HOMEPOM JIOKAIBHOH AS, coelMHEeHUe SIBISETCS BHYTPEHHUM, B OCTAJbHBIX CIIy4dasX COCIAMHEHHE SIBISETCS
BHEIIHUM (3TO OyZeT BIHATH Ha 00paboTKy coobmenniit UPDATE, ommcannyto Hmke). [Tocie 3Toro coctostHre MEHSIETCS Ha
OpenConfirm.
Ecnm npuxoauT yBEIOMIIEHHE O Pa3phlBE COCAWHEHUS OT HIDKENIEKAIIETO MPOTOKOIAa TPAHCIIOPTHOIO YPOBHSI, JIOKAIbHAs
cucrema 3akpeiBaeT coequnerne BGP, 3anoBo 3amyckaer Taitmep ConnectRetry, mpomomxkast CiIyIaTh HOIBITKH COSAUHCHHUN
OT ynanieHHbIx y3n0B BGP, u mepexonut B coctosiHne Active.
ITo ncteuennn Bpemenu Hold Timer nokamsHas cuctema nepemaer coodmenne NOTIFICATION ¢ komom ommbku Hold
Timer Expired u mepexoaut B coctosiaue Idle.
B otBer Ha coOpiTme Stop (MHUOMHpPYETCS CHCTEMOH WM OIEpaTopoM) JIOKalbHAas CHCTEMa IepemaeT COOOIIeHHe
NOTIFICATION c Error Code = Cease u nepexoaut B coctosiaue Idle.
CoOpbrtust Start urHopupyrotes B coctostaun OpenSent.
B otBer Ha Bce ocTanbHble coObITHS JIoKanbHas cucrema repenaet coobmmenne NOTIFICATION c Error Code = Finite State
Machine Error u mepexoaut B coctosiaue Idle.
Besikmii pa3, xornma BGP nepexomut m3 cocrostHust OpenSent B coctosinue Idle, 3akpeiBaercs coemuneHne BGP (n
TPaHCIOPTHOE COEANHEHNE) U OCBOOOXKIAIOTCS BCE PECYPCHI, CBI3aHHBIE C ITHM COSTMHEHHUEM.

Cocmosanue OpenConfirm:
B atom cocrostaun BGP oxxunaer coobmennit KEEPALIVE uimn NOTIFICATION.
[onyuus coodmenne KEEPALIVE, cucrema nepexomur B cocrosinue Established.
[To ucreyennn Bpemenn Hold Timer no mpuxonma cooGmennst KEEPALIVE, nokanbHas cuctema nepenaer cooOLieHHe
NOTIFICATION c konom oumbku Hold Timer Expired u nepexoaur B cocrosinue Idle.
[oxyuus coobmenne NOTIFICATION, cuctema nepexoaut B cocrosiaue Idle.
Io ucreuennn Bpemenun KeepAlive nokanbHas cucrema nepenaet coodinenne KEEPALIVE u 3aHoBo 3amyckaer Taiimep
KeepAlive.
IIpu momyuyeHUM OT TPAHCIOPTHOTO MPOTOKOJA YBEJOMIICHHUS O pa3pblBE COCOMHECHUS JIOKAJIbHAs CUCTEMa NEPEXOIMT B
cocrosiaue Idle.
B otBer Ha coOpiTme Stop (MHHOMHpPYETCS CHCTEMOH WM OIEepaTopoM) JIOKalbHAas CHCTEMa IEePeAaeT COOOIIeHHe
NOTIFICATION c¢ Error Code = Cease u nepexoaut B cocrosiaue Idle.
CoOsrtust Start urHopupyrotcs B coctostauy OpenConfirm.
B oTBet Ha Bce octanbHbIe coObITHS ToKambHas cucteMa nepenaet coodmernne NOTIFICATION c¢ Error Code = Finite State
Machine Error u mepexoaut B coctosiaue Idle.
Besknit pa3, xorma BGP nepexomut u3 coctosauss OpenConfirm B coctosHue Idle, 3akpriBaercs coenmaenne BGP (u
TPaHCIOPTHOE COEANHEHNE) U OCBOOOXKIAIOTCS BCE PECYPCHI, CBA3aHHBIE C ITHM COSUHEHHUEM.

Cocmosanue Established:
B cocrosnun Established y3en BGP moxxer oomenuBatbest co cBonM naptaepoM coodimennsimu UPDATE, NOTIFICATION
n KEEPALIVE.
Ecmu nokanpras cuctema monrydaer coodmenne UPDATE wnn KEEPALIVE, ona 3aHoBO 3amyckaer Taiimep Hold Timer
(ecm cormacoanHoe 3HaueHHe Hold Time He paBHO HYITIO).
[onyuus coobmenne NOTIFICATION, cucrema nepexoaut B cocrosiaue Idle.
Ecmm nokansnas cucrema nomydaer coobmenne UPDATE n nponenypa o6pabotku ommb6ok B coodmenusx UPDATE (cwm.
naparpad 6.3 OOpabotka ommbok B coodmenusx UPDATE.) oOnapyxwBaeT OmIMOKY, JIOKaJdbHAas CHUCTEMa IMEpeacT
coobmenne NOTIFICATION u nepexomut B cocrosiHue Idle.
[Ipu nonyyeHUH OT HIKENEKAIIETO TPAHCIIOPTHOTO MPOTOKOJIA YBEJOMIICHUS O pa3phbIBE COCIMHEHUS JIOKaJIbHAs CUCTEMA
nepexoaut B coctosiaue Idle.
ITo ucreyennn Bpemenn Hold Timer no mpuxona cooGuennsi KEEPALIVE, nokanbHas cuctema nepeiaer cooOLieHHe
NOTIFICATION c xoxom omm6ku Hold Timer Expired n nepexoaut B cocrosiue Idle.
Io ucreuennn Bpemenu KeepAlive nokanbHas cucrema nepenaer coodiienne KEEPALIVE u 3aHoBo 3amyckaer Taiimep
KeepAlive.
IlepenaB coobmenne KEEPALIVE wmmm UPDATE, nokanpHas cucrema 3aHOBO 3amyckaer Ttaiimep KeepAlive, ecmmn
cornacoBanHoe 3HaueHne Hold Time He paBHO HYITIO.
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B ortBer Ha coObitrie Stop (MHUIUHPYETCS CHUCTEMOM WJIM OINEPAaTOpOM) JIOKAIbHAas CUCTEMa IepeaaeT COOoOIIeHHe
NOTIFICATION c Error Code = Cease u nepexomut B coctosaue Idle.

CoOpITns Start nrnopupyrorcs B cocrostuun Established.

B otBet Ha Bce ocTanpHBIEe coObITHS ToKanbHas cucteMa nepenaet coodmenrne NOTIFICATION c Error Code = Finite State
Machine Error u nepexoaut B coctosiaue Idle.

Beskuii pa3, xorma BGP mepexomut m3 cocrosHus Established B cocrosHue Idle, 3akpeBaercs coemunenue BGP (u
TPAHCIIOPTHOE COCMHEHUE) 1 OCBOOOKIAIOTCS BCE PECYPCHI, CBA3aHHBIC C TUM COCTHHECHHEM.

9. O6pabomka coobweHuii UPDATE

Coo0uienne UPDATE moxer ObiTh mosyueHo Tonbko B cocrosHuu Established. Ilpu mnomydenun coobuienuss UPDATE
TIPOBEPSIETCSI KOPPEKTHOCTD KAXKAOTO TOJIS B COOTBETCTBUH ¢ maparpadom 6.3 O6padorka ommbdoxk B coodmenmnssx UPDATE..
Ecnm He ymaercs pacro3HaTh JONOJHUTEIBHBIE HEMEpexoIHble aTpHOYyTHl, OHM MPOCTO HrHOpupyiorcs. Ecmm He ymaercs
pacrio3HaTh JOTIOTHUTEIBHBIC IIEPEXOIHBIC aTPUOYTHI, yCTaHaBIHMBaeTcs 3HadeHue Partial=1 B mosne ¢uraroB arpuOyTa (TpeTHii 1o
CTAapIIMHCTBY OHT) U aTpuOyT COXpaHsAeTCs I Iepeaadn ApyruM y3nam BGP.
Ecin Bce nomomHWUTENbHBIE AaTPUOYTHI PACIIO3HAHBI W HMMEIOT KOPPEKTHBIE 3HA4YCHWs, Toraa (B 3aBHCHMOCTH OT THIIA
JIOTIOJTHUTENFHOTO aTprOyTa) aTpuOyTHl 00pabaThIBAIOTCS JIOKATBFHO, COXPAHSIOTCS U OOHOBIIOTCS (MIPU HEOOXOIUMOCTH) LIS
nocienyroei nepenadu apyrum yziaam BGP.
Ecmn coobmenne UPDATE comepxxutr nHemyctoe mome WITHDRAWN ROUTES (oT3pBaeMble MapIipyThl), paHee
AQHOHCHPOBAHHBIC MAPIUIPYTHI, YbH aJIpecaThl yKa3aHbl MpeUKcaMH B IaHHOM I1oJe, yaaisstoTcs n3 tabmuubsl Adj-RIB-In. Y3y
BGP cnenyer 3amyctuts Decision Process, mockoabKy aHOHCHPOBaHHBIE paHEEe MapIIpyThl OOJIBIIE HE SBISIOTCS JOCTYITHBIMH.
Ecin coobmenne UPDATE copepXuT NOCTYNHBIM MapipyT, 3TO MapupyT cieayeT nomecTuth B Tabmuiy Adj-RIB-In u
BBITIOJIHUTH IO OTHOIICHHIO K HEMY IIePEUHCIICHHBIC HIDKE OIIEPALHH:
Ecin mone NLRI npenTHuHO 01HOMY M3 MapiipyToB, xpansuuxcs B Adj-RIB-In, HOBBII MapipyT 10JDKEH UCTIONB30BATHCS
B3ameH umetorerocst B tabimne Adj-RIB-In (T.e., crapsrii mapmpyt ot3biBaercs). ¥Y3en BGP nomxken 3amycruts Decision
Process, MockoJbKy CTapblii MapIIpyTHI OOJIbIIE HE MOXKET UCIIOIb30BaTHCS.
Ecan HOBBIIT MapuipyT IepekpbIBaeTCsi C MapLUIpyTOM, BKJIIOYEHHBIM paHee (cM. 9.1.4 IlepexpbiBarommmecs: MapipyTsl) B
tabmuny Adj-RIB-In, y3en BGP nosmken 3anmyctuts Decision Process, mockonbKy Oosee criennU4YHBIA MapipyT, SBHO
YKa3aHHBIH, KaK 4acTb MeHee CIe(QUIHOro, HeIOCTYIIEH JUIsl HCIIOJIb30BAHUSL.
Eciu aTtpuOyThl MyTH HOBOTO MaplipyTa HISHTHYHBI aTpHOyTaM IyTH MapuipyTta, coxepkaiierocs B Adj-RIB-In, u HOBBIi
MapupyT Oonee cneruduuen (cM. 9.1.4 [epekpriBatomuyecss MapIIpyThl), YeM CTapblii MapLIPyT, BBIMTOIHATH KaKHE-THOO
CrienabHbIe IEHCTBHSI HE TPeOyeTCsl.
Ecau 3nauenne NLRI HOBoro mapuipyra He NIpHCYTCTBYET HH B OTHOM M3 umetoruxcs B tabimune Adj-RIB-In mapmpyTos,
3TOT MapuIpyT MpocTo nodasisiercs B Tabimity Adj-RIB-In u y3en BGP nomxken 3amyctuts Decision Process.
Ecau HOBBIM MapuipyT nepekpbiBaercsi ¢ Oonee crneruduunbiM MapiipytoM (cM. 9.1.4 TlepekpbiBatonimecs: MapiipyThl),
yka3aaHbIM B Tabimrie Adj-RIB-In, y3en BGP nomxken 3amyctuts Decision Process s MHOKeCTBa agpecaToB, CBSI3aHHBIX C
MeHee Criel(pUIHBIM MapIIPYTOM.

9.1 lNMpouecc NPUHATUA peLLeHUN
IMpouecc npunsitus pemennit (Decision Process) obecrieurBaeT BEIOOp MapipyToB /IS TOCIEAYIOLIEr0 aHOHCHPOBAHUS ITyTEM
NPUMEHEHHS TIPaBWIl, 33JaHHBIX B JokanbHOH 0asze PIB (Policy Information Base), k mapmpyram n3 tabmus! Adj-RIB-In.
PesynbraToM mpomecca sBisercs HaOOp MaplIpyTOB, KOTOpbIe OyAyT aHOHCHUPOBAThCS BCEM IAapTHEPaM — 3TH MapLIPYTHI
xpansTcs B Tabimne Adj-RIB-Out.
[Mpouecc BbIOOpa (opManu3yercs IyTeM onpeneieHus (QYHKLUUH, NPUHAMAIOMIMX aTpUOyThl JaHHOIO MapIpyTa B KauecTBE
apryMeHTOB M BO3BpAIAIOINX HEOTPUIIATEBHOE 1IEJI0€ YUCII0, KOTOPOE 33/1aeT YPOBEHb NPENOYTEeHHs Ul JaHHOTO MapIIpyTa.
OyHKLMS, BBIYMCIIIONIASE YPOBEHb MPEANOYTSHUs! sl JAHHOTO MapiIpyTa, He JOJDKHA MCIOJIb30BaTh B KaueCTBE BXOJHBIX
JIAHHBIX CBEJICHWH O HAJIMYMM WM OTCYTCTBUH JAPYTMX MaplIpyTOoB W artpuOyTax ITyTH Apyrux MapupytoB. Ilocrne
UCIIONIb30BaHUs 3TOW (DYHKIUH JJIsi BCEX MapIIPyTOB BBHIOOP MYTH CBOJAWTCS K CPAaBHEHHUIO YPOBHEH MPEANOYTEHHUS] U BBIOOPY
MaKCUMAaJIBHOTO 3HAYEHHSI.
ITpomecc BeIOOpa mpuMeHsieTcst Ko BceM MapmpyTam u3 Tabmunsl Adj-RIB-In u oTBewaer 3a:
# Bribop MapipyToB, aHOHCHpYeMBIX y3mam BGP B mokambsHOM AS;
+ Bri6op mMapiipyToB, anoHcHpyeMbIX y3i1am BGP B cocenanx AS;
* ATpernpoBaHre MapuIpyToOB ¥ CHI)KEHHE 00beMa MapIIPyTHBIX TaHHBIX.
Decision Process nenutcs Ha Tpu (ha3bl, Kaxaasi U3 KOTOPBIX BKIIIOYAETCS OMPEICICHHBIMH COOBITHSIMH:
®aza | oTBedaer 3a pacueT ypoBHS NPEANOYTEHUS I KaXKI0TO MapIpyTa, MoIy4eHHoro ot y3na BGP, pacnonoxenHoro B
cocenHeil AS, n anHoHcupoBanue y3nam BGP B mokanpHOM AS MapmipyToB ¢ MaKCHMAJIBHBIM YPOBHEM IPEATIOYTEHUS [T
KaXJIOT0 U3 a/IpecaToB.
®aza 2 HaunHAeTCs MO 3aBepuieHHH (assl | 1 oTBEYaeT 3a BBIOOP JIyHIEro MapiipyTa M3 YMcia JOCTYIHBIX Ul KaXKJO0TO
ajipecarta, a TaK)Ke BKIIIOUSHHE BEIOpPAHHBIX MapIIpyToB B moaxozsnwe Loc-RIB.
®aza 3 HaumHaercs mocne ooHopneHns Loc-RIB 1 oTBeuaer 3a pacnpocrpanenne MapmpytoB u3 Loc-RIB Bcem maptHepam,
PACTIONOKEHHBIM B COCEOHHX AS, B COOTBETCTBHU C TOJMTHKOM, coaeprkareiics B PIB. Ha sroii dasze Taxke MoxkeT
BBITIOJTHATHCS 00 BEMHEHNE MAPIIPYTOB U CHIDKEHHE 00beMa MapLIpyTHOH HH(OPMAIIHH.

9.1.1 ®a3a 1 - pacyem ypoeHsi npednoYymeHusi

®azy | ciemyer akTHBH3UPOBAaTh BCSKWMA pa3, Korna JokadbHBIH y3en BGP nomywaer coobmenne UPDATE ot maprhepa,
PAacIoJIOKEHHOTO B COCEHEH AS, KOTOPOE aHOHCHPYET HOBBIN MapIIpyT MITH 3aMEHY/OT3bIB CYIIECTBYIOIIETO MapIIpyTa.

®aza | mpencrasisier coO0i aBTOHOMHBIH IIPOLIECC, KOTOPBII 3aBepIIaeTcs OCIIe BBIOIHEHHUSI BCEX TPeOyeMbIX Ollepanuii.
OyHKIWA, HCcnonb3yeMas B pase 1, mommkHa 3a0mokupoBath Tabmmiy Adj-RIB-In mpesxae, uem HauaTh paboTy ¢ COAEpKAMIMUCS
B HEIl MapUIpyTaMH U CHATH OJIOKHPOBKY T10 3aBEPIICHUH PAaCcUETOB.

[Ipu momydeHnn HOBOTO MapIIpyTa WM 3aMEHe JOCTYITHOTO JIOKANBHBIA y3ei BGP nomkeH onpenensats ypoBeHb MPEAITOYTCHUS
JUI MoiaydeHHoro Mapuipyrta. Eciau mapmpyTt nmomydeH ot y3na BGP B nokaneHON AS, B kauecTBe ypOBHS NpPEANOYTEHUS
cienyet Opath 3HaueHne atpuoyra LOCAL PREF mnmy paccunThIBaTh 3TOT ypOBEHb HA OCHOBE KOH(UTYPAIIMOHHBIX ITapaMeTPOB
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nomutukd. Ecnu mapmpyT momyden ot y3ina BGP B cocemneit AS, ypoBeHb IpEANOYTEHHS CIIEAyeT pacCUUTHIBATh HA OCHOBE
KOH(HUTYPAIIOHHBIX TTApaMETPOB MOMUTHKA. MeToz onpeaereHus] YPOBHS MPEAIOUTSHHS 3a0aeTCs JOKATbHBIMU YCIOBHUSIMU.
JlokanpHOMY Y31y CIIeAyeT 3aIlyCTUTh BHYTpeHHHUH mporiecc oOHOBIeHus (cM. 9.2.1 BHyTpeHHHE 0OHOBICHNUS) IS BEIOOpA H
AHOHCHPOBAHMS MapUIpyTa C BEICIIIM YPOBHEM MPEATIOUTCHUS.

9.1.2 ®aza 2 - ebibOop Mapwipyma
@aza 2 BeImonHSAETCS Hocie 3aBepuieHus (aspl | 1 mpencrapisier cobol He3aBUCHMBII TPOIEcC, KOTOPBIN 3aBepIIaeTcs: mocie
BEITTOJTHEHUSI BCEX HEOOXOIMMBIX oreparuid. B ¢asze 2 mcmoms3yrorcs Bce MapmpyTsl u3 Tadmwiel Adj-RIBs-In, Bkirouas
MapUIpyTHI, TOJIy4eHHBIE OT y3710B BGP B nokansHOM AS U coceIHUX aBTOHOMHBIX CUCTEMAX.
@aza 2 He JONKHA HaYMHAThCS, TIOKA He OyJeT 3aBepIIcHO MpUHSTHE pemeHus st ¢as3el 3. Paza 2 morkHa OJIOKHPOBATH
tabumiy Adj-RIBs-In nepex HauanoM paboThl M CHIMATh OJIOKHPOBKY I10 3aBEPLICHUN PaOOTHI.
Ecmm arpudyr NEXT HOP mapmpyra BGP yka3beiBaer agpec, K KOTopoMy JIoKasbHbIH y3en BGP He nMeer mapipyTa B Tabiune
Loc-RIB, stor mapiipyr BGP caeayer uckiouars 13 00paboTku B daze 2.
st kaxxnoro Habopa aspecaToB, K KOTOPOMY CYIIECTBYET IOCTYIHBIN MapipyT B Tabimne Adj-RIBs-In, nokanbaeii yzen BGP
JIOJDKEH yOeIHUTHCS, YTO BBIMOJIHAETCS XOTSI ObI O/IHO M3 TIEPEUMCIICHHBIX HIKE YCIIOBUI:

a) MapIIpyT UMEET BBICIIMH yPOBEHb NPEIIOUTEHHS U3 BCEro Habopa IyTeil K 3ToMy ajipecary;

b) MapuIpyT SIBISETCS €IMHCTBEHHBIM ISl JAHHOTO ajjpecara;

C) MapuIpyT BbIOpaH B pe3yJibTaTe IPUMEHEHUs B (aze 2 mpaBmIl «pa3pbiBa cBsizei» (tie breaking) onucannpix Hike (9.1.2.1

Pa3peiB cBsseii (paza 2).
[Tocue TOTr0 NOKANTBHOMY Y37y CJIeAyeT HOMECTUTh MapuipyT B Tabuuiy Loc-RIB, 3ameHsist Bce MapIpyThl K TOMY JKe ajipecary,
KOTOpbIe OyayT oOHapyx eHsl B Loc-RIB. JIokambHBIH y3ei1 0JKeH ONpeaenTh CIeAyIomuil Mapimpytusatop (immediate next
hop) mns anpeca, ykazanHoro arpubyrom NEXT HOP BwiOpannoro mapipyra, 3anpammBas IGP u BbiOupas omun u3
BO3MOXHBIX IyTer B IGP. Anmpec 3Toro mMapmpyTus3aTtopa J0JKeH HCIOIh30BaThCs MPU BKIIOYCHHH BEIOPAHHOTO MapIipyTa B
tabmuiy Loc-RIB. Ecnu mapuipyt k anpecy, ykazannomy arpudyrom NEXT HOP, mensiercst Tak, 4To U3MeHsieTcsl afpec next
hop, Tpebyercst MOBTOPHUTE OMHMCAHHYIO BHIIIE MTPOIEAYPY BEIOOpa MapIIpyTa.
HepmocTtymHble MapIIpyThl JOJKHBI yaaasIThes u3 Tadmuibl Loc-RIB u Adj-RIBs-In.

9.1.2.1 Pa3pbIB cBA3en (chasa 2)
B Tabmiue Adj-RIBs-In yzna BGP moker XpaHHTBCS HECKOJNBKO MapUIpyTOB K OJHOMY ajapecary, MMEIOIINX OJWHAKOBBIA
YPOBEHB TpenouTeHus. JIOKaIbHbIH y3en MOXKeT BhIOpaTh TOJILKO OJIMH M3 TaKMX MapIIPyTOB Ui BKJIFOUEHHUs B Tabiuiy Loc-
RIB. B paccMoTpeHne NpUHUMAIOTCSA BCE MapIIPyThl C OAUHAKOBBIM YPOBHEM MPEANOUYTEHHS — Kak MOJydeHHbIe oT y310B BGP B
cocefHuX AS, Tak ¥ IPUHSTHIE OT y3JIOB TOM K& aBTOHOMHOM CHCTEMBI.
B omnucanHOll HuXe mpolenype pa3pbiBa CBA3eH MPEIosaraeTcs, 4To I KaXIOoro MaplipyTa-KaHaujara Bce y3isl BGP B
ABTOHOMHOM CHCTEME MOTYT OIIPEIeNIUTh CTOMMOCTh NyTH (BHYTPEHHSSI NUCTAHIMS) [0 ajpeca, yKa3aHHOro arpudyTom
NEXT HOP B nanaoM Mapipyte. Pa3psiB cBs3eil BBINOIHSIETCS MO CIAEIYIOLUIEMY allTOPUTMY:
a) Eciin nokanpHas cuctema npuHuMaeT Bo BHUManue aTpuOyr MULTI EXIT DISC u MapmpyThl-KaHIUAATH OTIHYAIOTCS
3HAUEHHUSIMHU ITOTO aTpHOyTa, ClieyeT BEIOMpaTh MapupyT ¢ MuHMMalbHBIM 3HauenneM MULTI _EXIT DISC.
b) B mpotuBHOM ciydae BbIOMpaeTcss MapIpyT ¢ MHHUMAIBHON CTOMMOCTBIO (BHYTpPEHHEH NWCTAHIMEH) A0 3JIEeMEHTa,
ykazanHoro atpubyrom NEXT HOP. Eciu CTOMMOCTH HECKOJBKMX MApIIPYTOB COBIIAJACT, MPOLEAypa MPOIODKACTCS
CIICAYIOIIUM 00pa3oM:
& ecau XOTs Obl OMH M3 TaKWX MaplIpyToB aHOHCHpoBaH y3iaoM BGP B cocemmeit AS, cpenm Takmx MapHipyToB
BEIOMpaeTcsl MyTh, aHOHCHPOBAHHBIA y3IIOM ¢ HamMeHbIIMM 3HadeHneM BGP Identifier w3 uncma Haxomsmuxcs B
cocenuei AS;
© B [IPOTHBHOM ClIy4ae BIOUPAETCs MapIIpyT, aHOHCUPOBAHHBIH Y3JI0M ¢ MUHUMaJIbHBIM 3HaueHneM BGP Identifier.

9.1.3 ®asa 3 — pacnpocmpaHeHue uHghopmayuu o Mapwpyme
®a3a 3 BBITONHACTCS MOCIIE 3aBepIIeHNs (pa3bl 2 WM PH BO3HIKHOBEHHWH OJTHOTO U3 CIICTYIOIIX COOBITHIA:

a) U3MEHEHNE MapIIPYTOB K JOKAIBHBIM aapecatam B Tabnuite Loc-RIB;

b) nrbOpManust 06 M3MEHEHNH JIOKAILHO CTCHEPHPOBAaHHBIX MapIIPyTOB MOIyYeHA C TOMOIIbI0 BHentHero BGP;

C) OPTaHM30BaHO HOBOE COEIMHEHNE MEXIY mapoii y310B BGP.
®a3za 3 npezcTaBisgeT coO00M CaMOCTOSTEIBHBIH MPOIIECC, 3aBEPIIAIOIIHUIACS MOCIIE BRITOTHEHU TPeOYyeMBIX omnepanuil. OyHKIms
Routing Decision ¢a3b1 3 momxHa OBIT 3a07I0KHpOBaHA, TIOKA HE 3aBEPIIUTCS IPUHSTHE PEIeHHs B (haze 2.
Bce mapmpyTs! n3 Tabmmisl Loc-RIB 1omkHBI ObITE 00pab0TaHBI M BKIIIOUYEHBI B COOTBETCTBYIOIINE 3AITMCH CBSI3AHHOMW TaOIHIIBI
Adj-RIBs-Out. Bo3M0>kHO HCTIONIB30BaHIE METOIOB arpETHPOBAHIS MapPIIPYyTOB M CHI)KEHMS] 00beMa MapIIPYyTHBIX JaHHBIX (CM.
9.2.4.1 CHmwxenue oobeMa HHOPMAIINH).
Jist nopaepykku Oy MymyX BapuaHTOB HCIIONB30BaHUs IPYNIIOBOH anpecannu Mexny AS y3inam BGP, npunumMaronmM yyactue B
multicast-mapmpyTuzanum Mexay AS, cieayeT aHOHCHPOBAaTh MapIIPYThHI, IMOJYYEHHBIE OT OJHOIO M3 CBOUX BHEIIHHX
TIApTHEPOB M, €CIM TaKOH MapmpyT BKiIodeH B Tabiuiy Loc-RIB maHHOTO y37a, aHOHCHpOBATh €ro TaKke IapTHEPY, OT
KoTOoporo mapmpyT nonydeH. st y3noB BGP, He mpuHumaronmx ydactusi B multicast-mapuipytuzanuu Mexnay AS, takoe
AHOHCHpOBaHUe sBIsieTcss HeoOs3aTenpHbIM. [Ipn mepenade Takux aHoHcoB arpuOyr NEXT HOP nomken conmepxars aapec
naptHepa. Peanuzaiys npoToKoja MOXET TakKe ONTHMHU3MPOBATH PACCBUIKY TAKMX aHOHCOB, OTCEKas 4acTb MH(OpMAaIMK B
arpubyre AS PATH u ocrapisist Toibpko HOMep cBoeld AS n mapTHepa, KOTOPOMY aHOHCHUPYETCsl MapipyT (TIpy 3TOM CIieyeT
ycranasnuBarh uisi atpuoyta ORIGIN 3nauenne INCOMPLETE). Kpome Toro, He TpeOyercst nepeaaBarh JOMOJHHUTEIbHBIE U
HeoOs13aTeNTbHbIC aTPUOYTHI Iy TH B TAKMX aHOHCAX.
[To 3aBepuiennn oOHoBieHuit Tabmun Adj-RIBs-Out u FIB (Forwarding Information Base — 6a3a pacchuiku uH(bOpManum)
nokansHOMY Y31y BGP cnenyeT akTHBU3UPOBATH MTPOIIECC BHEIIHETO OOHOBIICHNUS 9.2.2.

9.1.4 lNepekpbiearouwjuecsi Mapwpymaol

V3en BGP moxer nepenaBate MapipyTsl ¢ nepekpsiBaromumucs NLRI apyromy y3my BGP. Ilepekpsitue NLRI nmpoucxoaut B
TEX CiIydasxX, KOIZJja MHOXKECTBO a/IpecaToB OTOOpakaeTcs B HECOOTBETCTBYIOIIEE MHOKECTBO MapmipyToB. Ilockomeky BGP
npencraisier NLRI ¢ ucnons3oBannem npepukcoB IP, mepekpbiTusi Bcerna MOTYT OBbITh BBIPQKEHBI KaK IMOJAMHOXKECTBA.
Mapmipyt, omnuchBarommii Oojiee y3Koe MHOXKECTBO anpecaroB (Ooriee UMHHBIA mpedukc) OymeM Ha3pIBaTh Ooiee
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crer(GuIHBIM 110 CPAaBHEHHIO C MapLIPYTOM, ONTMCHIBAIOIINM O0JIee MMUPOKOEe MHOXKECTBO ajpecaToB (IpehHKe Kopoue), - TaKue
MapupyThl Oy/1eM Ha3bIBaTh MEHEE CIICIU(HIHBIMH.
OTHOIIEHNS TPEIIOYTHTEILHOCTH MTO3BOJISIIOT PA3AEINTh MEHee CHe(UIHBIN MapIpyT Ha 2 4acTH:

 MHOXKECTBO a/IpecaToB, OITMCHIBAEMOE MEHEE CIIECIM(UYHBIM MapIIPyTOM, 1

# MHOXKECTBO aJIpecaroB, OIUChIBAEMOE IIEPEKPBHITHEM MEHee crielduuHoro 1 doee cneuuduaHOro MapuIpyToB.
Korma nepekpriBaromiecss MapipyThl IPACYTCTBYIOT B oxHoW Tabmime Adj-RIB-In, Gosnee criermduansie MapuipyThl JOIDKHBI
CJIE/IOBATh IIepe] MEHee CIIeM(UIHBIMHU.
Habop agpecaToB, onuchIBa€MBIi MTEPEKPHITHEM, MIPEACTABISIET YacTh MEHee CIEH(UIHOTO MapIIpyTa, KOTopas IOCTyIIHa, HO
He ucronb3yercs. Ecim Oosiee criennuyHbI MapmpyT nepecTaeT paboTark, ONMCHIBAEMbIC TIEPEKPHITHEM a/IpecaThl OCTAIOTCS
JIOCTYTIHBIMHU Yepe3 MeHee Cenu(pUIHbII MapIpyT.
Ecin yzen BGP mnoiyuaer mnepexpsiBaromyecss MapLipyThl, nporeccy BbiOopa mapuipyroB (Decision Process) cnemyer
NIPUHAMATh BO BHMMaHHE CEMaHTHKY NEpEKPHIBAIOIIMXCS MapuipyToB. B wactHOCTH, ecnu y3en BGP BocmpuuuMaer Menee
cner(uyIHbI MapmpyT U OTKIIOHSET OoJiee crielu(UYHbINA OT TOTO JKe Yy31a, aApecarsl, IPe/CTaBIeHHbIEe TIEPEKPbITHEM, MOTYT
He nepecbuiateest B AS, ykasanubie atpuOytom AS PATH Takoro mapmpyra. CnenoBarensHo, y3en BGP moxer BbOMpaTh
CJIElyIOIINE BAPUAHTBI:

a) YCTaHOBHUTH 00a MapIIpyTa;

b) ycraHOBUTB TOJIBKO Ooliee criennpUIHbIA MapIpyT;

C) YCTaHOBHTb TOJILKO HETIEPEKPBIBAIOLIYIOCS YacTh MEHee CIIelU(UYHOro MapIipyTa (T. €., JearperupoBaTh ero)

d) o6benMHNUTE 1Ba MapIIpyTa U YCTAHOBUTH arperupoBaHHBIN MapIIPYT;

€) YCTaHOBHTb TOJILKO MeHee Crel(UYHbIA MapIIpyT;

f) He ycTaHaBNMBATH HU OJWH U3 MapIIPyTOB.
Ecnu y3en BGP BeiOupaer Bapuasrt €), oH gonkeH 106aButh B MapmpyT aTpuoyT ATOMIC AGGREGATE (MapimpyT ¢ Takum
aTpuOyTOM HEe MOXKET OBITh JearperupoBaH, T. €., 3HadeHne NLRI Takoro mapmipyra He MOXKeT OBITh Oojee CHEenr(pIIHBIM).
[Tepecbuika Mo TakOMy MapIIpyTy HE rapaHTHpYyeT, uTo makersl [P OyayT Ha caMoM Jielie IPOXOIUTh TOJNBKO uepe3 Te AS,
KoTophkle ykazaHbl B arpuOyTe AS PATH storo mapmpyra. Eciur y3enm BGP BeiOupaer BapuaHT a), OH HE JOJDKEH aHOHCHPOBATh
6omee oOmuit MapmpyT 6e3 OoJee crerupuIHOrO.

9.2 NMpouecc nepepavyv oGHOBIEHUN

Ipouecc nepenaun oonoenenuii (Update-Send) oreeuaet 3a anoHcupoBanue coodiienuit UPDATE Bcem naptaepam. Hanpumep,
OH pacipocTpaHsieT MapipyThl, BeiOpanHble Decision Process, npyrum y3nam BGP, koTopbie MOTYT pacroiaratscs B TOH jKe W
cocenuux AS. IlpaBuna s ooMeHna nHpopmaiei Mexay y3namu BGP, pacrionoxeHHbIMH B pa3iiMyHbIX AS, NPUBOASTCS B
naparpade 9.2.2, a npaBuia oOMeHa nHpopManuel BHyTpH aBTOHOMHOM cuctembl — B naparpage 9.2.1.

PacrnipocTpaneHne MapIpyTHBIX TaHHBIX Mexay y3inamu BGP B ognoli AS Oyzem Ha3bIBaTh BHYTPEHHHUM PACIIPEICICHHEM.

9.2.1 BHympeHHuUe o6HoeneHusi
IIpomecc BHyTpeHHEro OOHOBIECHHUS OOECIEUYHMBAECT paclpOCTpaHEHHE MapUIpyTHOH uHpopMammu Mexnay ysiaamu BGP,
PaCTON0KEHHBIMU B JIOKAJTbHOM AS.
Korza y3en BGP nomiyuaer coobmenne UPDATE ot apyroro y3ma BGP, pacnioiosxeHHOro B TOM ke AS, MPUHUMAIOIINHN y3el He
JIOJDKEH TepepacipeessTh nHpopMaIuio, coaepxairyiocs B cooduienun UPDATE apyrum y3iam BGP toii ke AS.
Korma y3en BGP momyuaer HOBBIM MapmpyT oT y31a BGP u3 cocemneit AS, OH IOIDKEH aHOHCHPOBATH 3TOT MapIIPYT BCEM
npyrum yziaam BGP B cBoeit AS niytem paccouiku coodiienuit UPDATE, eciu cripaBeuTiBO JIF000€ U3 YCIIOBHIA:
1) ypoBeHb IPEeIIOYTEHHS MOy YECHHOTO JIOKaIbHEIM y3110M BGP HOBOTO MapmipyTa BbIIIE YPOBHS, IPHCBOCHHOTO IPYTOMY
MapIIpyTy, KOTOPBIi ObLT monry4eH oT y3na BGP B cocennet AS
2) HeT APYTHX MapIIPyTOB, TIOIy4eHHBIX 0T y310B BGP B cocennux AS
3) mosydeHHBIN HEIAaBHO MapuIpyT BBIOpAaH B PE3yIbTaTe Pa3pblBa CBA3M MEXAY HECKOIBKMMH MAapIIpyTaMH, KOTOpPBIE
MMEITH BBICIINE ypOBEHb IPEATIOYTEHIS M BEIIU K TOMY JKe ajpecaty (cM. maparpad 9.2.1.1).
Korma y3en BGP momywaer coobmenne UPDATE c memycteim momem WITHDRAWN ROUTES, oH nmomkeH ymaauTh U3
tabmnbsl Adj-RIB-In Bce MapmpyTsl K aapecaraM, yKa3aHHBIM 3THM roneM (kak npedukc IP). Kpome Toro, y3en momxeH
BBITIOJTHUTS CJIE/TYIOIINE OIICPALHH:
1) ecyit COOTBETCTBYIOIIMI JOCTYITHBIM MapIIpyT He ObLI paHee aHOHCHUPOBaH, JOIIOJIHUTEIIBHBIX ISHCTBUI HEe TpeOyeTCs;
2) ecii COOTBETCTBYIOIIHMH JOCTYITHBIH MapIpyT ObUT aHOHCHPOBaH, HYXHO BBITIOJIHUTD CIIEYIOIICE:
i. eciau BBIOpaHHBIA JJIsI aHOHCHPOBaHMS HOBBIM MapuipyT uMmeeT Takoe ke 3HaueHne NLRI, xak HemocTymHble
MapIIpyThl, JOKATBHBIH y3ea BGP nomken anoHCHpoBaTh 3aMeHy MapIIpyTa;
il. eclu B3ATHI Ha 3aMEHy MapUIPyT HEBO3MOXXHO aHOHCHUpPOBaTh, y3en BGP 1moibkeH BKIIOUMTH ajpecaToB
HenoctynHoro mapipyra (npedukc IP) B monre WITHDRAWN ROUTES coobmennss UPDATE u pasociats 310
COOOILIEHUE KaXKIIOMY [TapTHEPY, KOTOPOMY paHee Obljla aHOHCHPOBaHa JIOCTYITHOCTb COOTBETCTBYIOLIET0 MapIIpyTa.
Bce Bo3MOskHBIE MapUIpyThl, KOTOpbIE aHOHCHPYIOTCSI, JIOJDKHBI OBbITH oMelieHs! B Tabuuiry Adj-RIBs-Out, a Bce HeocTynHbIe
MapupyThl ciienyer ynanuts u3 Adj-RIBs-Out.

9.2.1.1 Pa3opBaHHble CBA3U (BHYTPeHHNEe OOHOBIEHUS)
Eciu nokaneubiil y3en BGP umeer coenunenus ¢ HeckonbkuMmu y3inamu BGP B cocennux AS, 3TO BeIeT K CYLIECTBOBAHHUIO
MHOXecTBa Tabmmii Adj-RIBs-In, cBszanHBIX ¢ »TrMu maptHepamu. Tabmumer Adj-RIBs-In MoryT comepskaTh HECKOJBKO
MapupyToB K OJHOMY aapecaTy M C OJMHAKOBBIM YPOBHEM IIPEIIOYTEHHs, KOTOpbIe OBbUIM aHOHCHpOBaHHI y3namu BGP u3
cocenanx AS. JlokanpHbIi y3en BGP nomkeH BEIONpaTh OMH U3 TAKUX MApIIPyTOB, TOJIB3YSCh IIPHBEICHHBIMH ITPABUIIAMH:
a) Ecan mapmpyrel-kanauaarsel otiamyaroTess Tonbko arpubyramu NEXT HOP m MULTI EXIT DISC, a nokambHas
cucrema npuanmaet Bo BHuManue arpudyr MULTI EXIT DISC, cnenyer BbIOMpaTh MapuipyT ¢ MUHUMAJIbHBIM 3HAYEHHEM
arpudyra MULTI EXIT DISC.
b) Ecnmm nokampHas cucTeMa MOXET YCTaHOBUTH CTOMMOCTH IyTH K OOBEKTy, ykaszaHHoMy atpuOyrom NEXT HOP
MapIHIpyTa-KaHIuaTa, ClIeAyeT BEIOUpaTh MapIIpyT ¢ MUHUMAJIbHOM CTOMMOCTBIO.
¢) Bo Bcex ocranbHBIX Citydasx ciemyeT BBHIOMpaTh MapIIpyT, aHOHCUPOBaHHBIN y310M BGP ¢ HaumMeHbIIMM 3HaueHHEM
BGP Identifier.
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9.2.2 BHewHue o6Ho8eHust

[Iporecc BHENIHETO OOHOBICHHMS BKIIFOYAET PACCHUIKY MapHIpyTHOH nHpopmannu y3mam BGP, pacronoxkeHHBIM B cocemHIX AS.
B ¢aze 3 mporecca Ber6opa MapiipyTtoB y3en BGP o6HoBister Adj-RIBs-Out u cBoro Tabmmiy paccsuiku (Forwarding Table).
Bce HOBBIC MapmIpyTHl ¥ MapIIPYTHI, HEJABHO CTaBIINE HEJOCTYIHBIMH, U1 KOTOPBIX HET 3aMCHBI, TOJKHBI aHOHCHPOBATHCS
y3nam BGP, pacnionosxernsiM B coceanx AS, ¢ momoripio coodmennit UPDATE.

Bcee mapmpyter u3 Tabmunel Loc-RIB, moMedeHHbIE Kak HEIOCTYITHBIC, HOJDKHBI OBITh yaOaleHbl. VI3MEHEHUs B JOCTYIHBIX
azpecaTax cBoeit AS Taxke TOIDKHBI aHOHCHPOBaThcs ¢ moMonipio coobmennit UPDATE.

9.2.3 YnpaeneHue o6eMoM ciyxebHo20 mpaghuka

[Ipotoxon BGP BeHYXIeH orpaHmdnBaTh 00BeM ciyxeOHOTo Tpaduka (coobmenns UPDATE) B mensx CHIDKEHHS pacxopa
TI0JIOCHI KaHaJIOB, TpeOyeMOoW /Il aHOHCHUPOBAHMUS, U PECYpPCOB CUCTEMBI, TpeOyeMbIX Ha aTare npuHsatus peuieHus (Decision
Process) s 06paboTku nHPOpManmu, coaepkaieiics B coodrmenmsx UPDATE.

9.2.3.1 YacToTa aHOHCUPOBaHUA MapLUPYTOB

[apamerp MinRouteAdvertisementInterval —ompezaensier MHUHMMaJbHOE BpEMs, KOTOPOE JOJDKHO IPOUTH  MEXIY
AQHOHCHPOBAaHMEM MapIIPyTOB AJISI KOHKPETHOTO afpecaTta oT oxHoro y3na BGP. IIpouenypa orpanndeHns: CKOPOCTH pacChUIKA
NPUMCHSICTCS HE3aBUCHUMO JUTS KaXIOro ampecara, xoTs 3HadeHue MinRouteAdvertisementInterval ycranasiauBaercs s y3ia
BGP B nenom.

IBa coobmiennss UPDATE, nepenaBaemsie oganm y3imom BGP, xorma oH aHOHCHpYET BO3MOXHBIE MapIIPYThl K HEKOTOPOMY
o0meMy HabOpy afpecaTos, OJTydeHHbIE OT y3710B BGP B cocemunx AS, MOIKHBI OBITH pa3eneHbl IPOMEXYTKOM BPEMEHH HE
meHee MinRouteAdvertisementInterval. OueBugHO, YTO AN AOCTIKEHHWS B TOYHOCTH TaKOTO TIOBEIEHHS TpeOyercs
HCIIONB30BaTh OTACNBHBIA TaiiMep I Kakaoro obmiero Habopa azapecaroB. Takoi moaxox OyaeT MOpoXKAaTh HEAOITyCTHMYIO
Harpy3ky (overhead). Ha mpaktmke mnomgxoawt mro00H METOHA, OOCCIICUMBAMONIMA MEXIY OBYMS IIOCIIEIOBATEIHHBIMA
coobmenusiMu UPDATE ¢ aHOHCOM JOCTYITHOTO MapuipyTa K HEKOMY MHOXKECTBY apecaTtoB B cocelHHE AS OT OJHOTO y3ia
BGP wuaTepBan He MeHee MinRouteAdvertisementInterval u crmocoOHBI TapaHTHPOBAaTh IOCTOSHHOE 3HAYCHUE BEpXHEH
TpaHuUIbI I TAKOTO UHTEPBaJIa.

[Tockonbky BHyTpHM AS Tpebyercss ObICTpOE CXOXIEHHE MAapIIpyTOB, 3Ta MPOLIEAypa HE HpPUMEHsSeTcs sl MapLIpyTOB,
MOJTyYSHHBIX OT BHYTpeHHUX y3710B BGP. UToOBI N30aBUTHCS OT AIIMTEIBHBIX «YEPHBIX JIBIPY», IPOLIEypa HE IIPUMEHSETCS IIPU
SIBHOM OT3bIBE HEJJOCTYITHBIX MapIIpyToB (JUIsl KOTOPBIX ajpecar, ykazaHHbIH npedukcom IP, Bkmrouen B moe WITHDRAWN
ROUTES coo6menus UPDATE).

OTta nporeaypa He OrpaHMYMBAET CKOPOCTH BHIOOPA MapLIpyTa, BHOCS JIMIIb OIpaHUYEHHE Ha 4acTOTy aHOHCHpoBaHMs. Eciu
HOBBIII MapuIpyT BBIOpaH HECKOJBKO pa3 B TedeHune oxupanus MinRouteAdvertisementlnterval, mo 3aBepiueHun nepuona
MinRouteAdvertisementInterval goykeH aHOHCHPOBATHCS TOCIICTHII BHIOPAHHBINA MapIIPYT.

9.2.3.2 YacTtoTa 0OHOBNEHUs U3 ncxogHom AS
[apamerp MinASOriginationInterval —ompenenser MWHUMAaJIBHBIA WHTEpBAJ BPEMEHH MEXIY IIOCIEOBATEIHHBIMU
coobmenusimu UPDATE, xotopsie conepskar nugopmarmio 00 n3MeHeHnsIX BHyTpH AS aHOHcupyrotero y3na BGP.

9.2.3.3 dnykTyauumn

Jnst CHYDKEHWsI BEPOSITHOCTH NHMKOBOW HAarpy3ku mOpu pacrhpezeneHud coodbuienunii BGP nanubiv y3nom BGP raiimepsl,
ces3anHble ¢ MinASOriginationInterval, Keepalive u MinRouteAdvertisementInterval noymkHBEI 3a1aBaThesl C UCIOJIB30BAaHUEM
¢bnykryanmii (jitter). Kaxnprit y3en BGP noymkeH ncmnonb3oBath 0JMHAKOBOE OTKJIOHEHHUE IUISl BCEX MEPEUHUCIICHHBIX TaiiMepOoB,
HE3aBUCHMO OT aJ[pecaToB, Ul KOTOPBIX OyAyT IepegaBaThcs COOOMEHus (T. €., pIyKTyalllu 3a/lat0Tcs Ha YPOBHE y371a).
Bennunaa (QayKkTyanuu JOMDKHA ONPEAETAThCS YMHOKEHHEM 0a30BOW BEIMYHMHBI Ha ciydaiHoe 3HaueHue ot 0,75 mo 1,0 (c
PaBHOMEPHBIM pacIIpeIeTICHUEM).

9.2.4 3¢hghekmueHasi op2aHuU3ayuss MapuwpymMHbIX OaHHbIX
Iocne BEIOOpA MapIIPYTHBIX JAHHBIX I aHOHCHPOBaHHs y3en BGP MoOeT HCIOJIh30BaTh HECKOJIBKO METO0B 3()(EKTHUBHON
OpraHu3alny OTUX JaHHBIX.

9.2.4.1 CHMxeHune o6bema nHcdopmauum
CHmxenne odbema MH(MOpPMAIMK O3HAYaeT CHW)KEHHWE YPOBHS T'PaHyJSIPHOCTH KOHTPOJISL HAJl MOJMTHKOM MapLIpyTHU3aluu —
TocIie ckaTust MHGOpMaIMU OJTHU U Te Xe MpaBuiia Oy IyT IIPUMEHATHCS KO BCEM aJipecaTaM ! ITyTsIM OJHOTO Kiacca.
[epeuncriennbie criocoObI ITO3BOJISIOT CHU3UTH 00BEM JaHHbIX, ToMmeiaeMbix B Adj-RIBs-Out Ha atane Decision Process:
a) NLRI. [P-anpeca nomyuareneit MOryT ObITh IipesicTaBiensl npedukcamu IP. B Tex cirydasix, koria uMeeTcsi COOTBETCTBHE
MEXIy CTPYKTYpOW ajpeca M CHCTeMaMH, HaXOJISIIMMHUCS II0]l YIPaBICHHEM aJMHHHUCTparopa AS, MOXHO YMEHBILIUTh
pa3mep NLRI, nepenaBaembix B coobmenusx UPDATE.
b) AS_PATH. Undopmanus o nytu AS Moxer ObITh mpezcTaBieHa kak B ynopsnoueHHoi (AS SEQUENCE), tak u B
neynopsinoueHHoit (AS _SET) dopme. AS SET wucrnonb3yercs B ajqropuTMe arperupOBaHUS MapIIpyTOB, OMHCAHHOM B
naparpade 9.2.4.2. Dro no3Bossier CHU3UTH 00beM JaHHBIX AS PATH 3a cuer omHOKpaTHOTO yKa3zaHHs HOMepa Kaxaon AS
(He3aBHCHMO OT YHMCIIa €€ YIIOMUHAaHUH BO MHOXKecTBe 00beanHseMbix AS PATH).
AS SET o3naugaer, 9to anpecarsl, ykazanHble B NLRI, MOTYT OBITH JOCTUTHYTHI IO ITyTH, MPOXOIAIIEMY IO KpaifHeil mepe
yepe3 Hekoropble M3 cocraBisiionx AS. AS SET ofecriednBaioT JOCTATOYHYIO MHGOPMALMIO IJsl HPEIOTBpALICHHS
MeTeNs B Iepefadye MaplIpyTHBIX JaHHBIX, OZHAKO MOTYT TEPATHCS MOTEHINAIBHO BO3MOXKHBIE IYTH, IOCKOJIBKY OHH
Oompire He ykaspBaioTca sBHO B ¢opme AS SEQUENCE. Ha mpakTtuke 3TO HE BBI3BIBAET MPOOIEM, MOCKOIBKY IO
mpuObITHH ofHOTO Takera [P Ha kpait rpymnmel AS y3en BGP B 370if Touke sBHO Oyner mmerh Oojiee AETalbHYIO
MH()OPMAIHIO O ITyTH M CMOKET Pa3INdaTh OTACIbHBIE MAPLIPYTHI K aApecaTaM.

9.2.4.2 ArpernpoBaHue MapLpyTHo1 nHcopmMaumm

ArpeerOBaHHe mpeaACTaBIIACT coboit mpouecce OGLCI[I/IHGHI/IH XapaKTECPUCTUK HECKOJIbKHUX PA3HBIX MApUIPYTOB TaKUM 06pa30M,
yTOOBl MX MOKHO OBUIO aHOHCHPOBATh KaK €IMHBIM MapmipyT. ATperHpoBaHHE MOXKET BBINOJHATHCS KaK 4YacTh Ipoliecca
TIPUHATHS PELISHHS ISl CHIKEHHs1 00beMa MapIIpyTHBIX JaHHbIX, momemaeMbix B Adj-RIBs-Out.
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ArperupoBaHue cCHIKaeT o0beM HH(pOpMamH, KoTopyio y3en BGP momken coxpansTe M pacchuiaTb ApyruM ys3inam BGP.
MapuipyTbl MOXKHO arperupoBaTh IyTeM MPUMEHEHHS ONMCAaHHON HIDKE MPOLETYPhI Pa3AeibHO K OHOTHIIHEIM aTpHOYyTaM ITyTH
n NLRI.
Mapmpytst ¢ arpudyramu MULTI EXIT DISC u NEXT HOP He MoryT arperupoBarbCsi, €CII 3HAYCHHS ITUX aTpHOYyTOB HE
COBIIAJIAIOT AJIS BCEX MapIIPYTOB.
ATpuOYTBl IyTH C pa3IMYHBIMH KOJaMH THIIAa HE MOTYT ObITh arperupoBaHbl. OIHOTHUIIHBIE aTpUOYTHI MYTH MOTYT
arperupoBaThCs B COOTBETCTBUHU C IIPUBEICHHBIMU HUXKE IPABUIIAMU:
Ampuéym ORIGIN. Ecmm xors Obl oguH n3 arperupyemsix mapmipytoB umeer ORIGIN = INCOMPLETE, mms
00BEIMHEHHOTO MapIipyTa Take aobkHO ycraHaBimuBathes ORIGIN = INCOMPLETE. Ecmu xots Obl oauH U3
o0bemHAeMbIX MapuipyToB uMeeT 3HadyeHne ORIGIN = EGP, arpernpoBaHHbIi MapmpyT Takke JOJDKEH UMETh 3HAaUCHHE
EGP nns ostoro arpubyra. B ocTanmpHBIX cilydasix aisi arperupoBaHHoro Mapumpyta yctaHaBiuBaercss ORIGIN =
INTERNAL.
Ampuoym AS PATH. Eciau y arperupyembix MapuipyroB coBnanaroT 3HaueHusi AS PATH, oObequHeHHbIH MapipyT
uMeer Takoe xe 3HaueHne AS PATH.
B nemsix oobenunenus arpudytoB AS PATH Oynem mopenuposars kaxayio AS B atpubyte AS PATH kak mapy <type,
value>, rne type orpezenseT TUI CerMeHTa IyTH, K kotopomy otHocutcst AS (Hanpumep, AS SEQUENCE, AS SET), a
value ykaspBaer HOMep AS. Ecmm arpermpyembie MaprmpyTsl uUMeroT pasHble atpuOyTsl AS PATH, arpermpoBaHHBIN
atpudyt AS PATH nosmkeH yioBIETBOPSTh KOKAOMY M3 EPEUNCIICHHBIX HUKE TPEOOBAHUIA:

o Bee mapel Tuma AS. SEQUENCE o6beannenHoro arpudyra AS PATH nomkHBI IpHCyTCTBOBATh B KaXKJOM aTpHOyTE

AS PATH ucxomHoro Habopa arperupyemMbIX MapIipyTOB.

# Bcee nmaps! Tuna AS_SET o0bennnennoro arpudyra AS PATH noipkHBI IPHCYTCTBOBAaTh XOTS OBl B OZTHOM aTpuodyTe

AS PATH ucxonnoro nadopa (kak AS_SET unu AS SEQUENCE).

o Jlna moGoii maper X tuma AS SEQUENCE B arperumpoBanHOM AS PATH, kotopas mpeamiectByer mape Y

arperupoBanHoro AS PATH, X npemmecrByer Y B kaxaom atpudyre AS PATH wucxomnoro Habopa, KOTOpBIH

conepkuT Y (He3aBHCUMO OT THIIa Y).

+ Hu onHa mapa (He3aBHCHMO OT ee THIIa) He I0JKHA MOSIBIATECS B arpernposaHHoM AS PATH Gosee ognoro pasa.
Pa3zpaboTanku MOTyT BBIOMpATh JIOOOH aNrOpuT™M, KOTOPHIH O0ECHEYMBAET COOTBETCTBHE IPUBEICHHBIM MpPaBHIIAM.
CooTBercTByIONmas TpeOOBAHUAM ITOTO JOKYMEHTA pealn3alis JOJDKHA BBIIOJHATE 10 KpaiiHel Mepe OMMCaHHBIA HIDKEe
QJITOPHUTM /IS BBITTOTHEHHS TPUBEICHHBIX TPeOOBaHMIL:

« OmpenenuTh Hanbosee IIMHHYIO ITOCIEA0BATEIBHOCTD JINANPYIOMNX Nap (Kak ONMMCAHO BBIIIE), IPUCYTCTBYIONIYIO B

atpubyrax AS PATH Bcex oObeAWHSEMBIX MAapHIPyTOB W CHENATh €€ JUAWUPYIOmEH B OOBEIUHEHHOM aTpHOyTe

AS PATH.

¢ YcraHoBuTh misi ocraBmmxcs mnap w3 arpudbyroB AS PATH oObenmnsembix MmapuipyroB tun AS SET u

MPUCOCINHUTD UX K arperupoBaHHoMy aTpuoyty AS PATH.

o Ecin o6benunenssiii atpudyt AS PATH copmepXUT HECKOJIBKO OJMHAKOBBIX Iap (HE3aBHCHMO OT THIIA), JIMITHHUE

(Bce, kpome oxHoi) mapsl Tunia AS_SET crnenyer ynanuts u3 oobenuHenHoro atpudyra AS PATH.

B Ilpunoxenun 6 (maparpad 6.8) paccMOTpeH IpyToil alrOpUTM, YIOBICTBOPSIONIHN MPUBEACHHBIM 3/1eCh TPEOOBAHHUSIM U
00ecneYnBarOIM HOAAECPKKY Ooiee CII0XKHBIX BAPUAHTOB MOIUTHKH.

Ampuoym ATOMIC AGGREGATE. Ecin xorss Obl OAnH W3 OOBEOMHSAEMBIX MapIIpyTOB HMEET aTpulyT
ATOMIC AGGREGATE, 00benHEHHBII MapIIPyT TAKXKe JOJDKEH HMETh 3TOT aTpUOYT.

Ampuoym AGGREGATOR. Bce atpudytst AGGREGATOR B 00beuHsIEMBIX MapIIpyTax CJIEAyeT HTHOPHPOBATb.

9.3 Kputepum BbiObOpa mapLipyTa

B o0mem ciyuae paccMOTpeHHE JOMOJIHUTENBHBIX HPaBUI CPaBHEHHS albTEPHATUBHBIX MapIIPyTOB BBIXOIUT 3a IPENEIIbI

JTAaHHOT0 10KyMeHTa. OJHaKO MMEIOTCsI 1Ba UCKIIIOUCHHUS:
o Ecim mokanpHast AS IpUCYTCTBYET B MyTH AS HOBOTO MapIIpyTa, 3TOT MapIIpyT HE MOJKET CUUTATHCA JIydIlle KaKOTr0-ITH00
13 uMeroIuxcs nyreil. Hapyienue 31oro npasuiia BeeT K BOSHUKHOBEHUIO MAapLIPYTHBIX IIETEINb.
o Jlnst obecrieuenust >pPeKTUBHOI pactipenieieHHOH 00paboTKHU ClleyeT BRIOUPATh TOIBKO MAapIIPYTHI, PEICTABIISIONTHECS
cTabunpHbpIMU. Takum o0pazoM, AS mo/pkHa u30erath NMPUMEHEHWS] HecTaOMJIBHBIX MapIIPYTOB M HE JIOJDKHA BHOCHTH
CKOPOCTIENIBIX CHOHTAHHBIX W3MEHEHWi Npu BbIOOpe myTeid. TpakToBKa CIIOB «HECTAOMJIBHBIIN» M «CKOPOCHENbIN» B
MPEIBIIYIIEM MIPEIOKEHUH TPeOyeT HEKOTOPOTO OIIbITA, HO, B IPUHIIUIIE, JOCTATOYHO MTOHSTHA.

9.4 MNMopoxaeHue mappytos BGP

V3en BGP moxer mopoxaars (originate) mapmpytsl BGP, momemas wH(bOpMaIuo, MONydeHHYI0 W3 JAPYTUX HCTOYHHKOB
(manpumep, IGP), B BGP. Ilopoxmarommii mapmpytsl y3en BGP nomkeH ykasblBaTh Ul TaKMX MaplIpyTOB YpPOBEHb
IIpeNoYTeH s, HCHob3ys i 3toro Decision Process (cm. 9.1 TIpouece npuHATHS pemeHuid). OTH MapLIPyThl MOTYT TaKKe
paccbuiateest ApyruM y3nam BGP B nokanbHOW AS, Kak 4acTh mporecca BHyTpeHHero oOHoBiieHus (cM. 9.2.1 Buyrpennue
obHoBneHUs). PelreHne o 11e1€c000pa3sHOCTH PacChUIKM TOJMYYSHHON OT JIPYyrMX HCTOYHUKOB WHpopmarmu BHYTpH AS c
ucronp3oBaneM BGP 3aBucur ot ucmnonms3yemoidt B AS cpeawl (Hampumep, thna IGP) u moipkHO 3ajaBaThesi Ha YpOBHE
KOH(UTYpaIyH.

lNpunoxeHue 1. lNepexodsbi u deticmeusi BGP FSM.

B sToM mpmiioXeHHH paccMaTpuBaroTCs mepexonsl Mexay cocrosHusMH BGP FSM, BemBannbpie coObrtmsimu BGP. Hike
MIPUBE/ICH CIIMCOK TaKMX COCTOSHHIN M COOBITHI IJIS T€X CiydaeB, Koraa coriacoBanHoe 3HadeHne Hold Time ormmuaercs ot
HYJISL.
Cocmosanus BGP:

1 —Idle - Ge3neiicTBUE

2 — Connect - coeTMHEHNE

3 — Active - aKTUBHO

4 — OpenSent — iepenano coodmenne OPEN
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5 — OpenConfirm — moarepsxaeHo coodbureare OPEN
6 — Established — coenmHeHe Oprann30BaHO
Coo6vimusa BGP:
1 - BGP Start — Hagano paboTh
2 - BGP Stop - ocranoBka
3 - BGP Transport connection open — TpaHCHOPTHOE COEANHEHNE OTKPBITO
4 - BGP Transport connection closed — TpaHCIIOPTHOE COeTMHEHUE 3aKPHITO
5 - BGP Transport connection open failed — HeygauHast TOIBITKa OTKPBITH TPAHCTIOPTHOE COCTUHEHNE
6 - BGP Transport fatal error — HeucripaBuMast omOKa Ha TPAaHCIIOPTHOM YPOBHE
7 - ConnectRetry timer expired — 3aBepiuen orcuer Taiimepa ConnectRetry
8 - Hold Timer expired — 3aBepmien orcyet Taiimepa Hold Timer
9 - KeepAlive timer expired — 3aBepiieH orcyer Taiimepa KeepAlive
10 - Receive OPEN message — moy4eHo cooomenne OPEN
11 - Receive KEEPALIVE message — nomyueno coodienne KEEPALIVE
12 - Receive UPDATE messages — nosrydeHo coobmenne UPDATE
13 - Receive NOTIFICATION message — mosryueno coobiienre NOTIFICATION
B npuBesenHoli HiKe TabMIE TepedrciieHsl cocTosiHus U nepexosl BGP FSM, a taxoke yka3aHbl IeWCTBUS B pe3yJIbTaTe TaKUX
MIepeX0/I0B.
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CoObITHE JlewicTBrsS Coolmienue Caenytomuit 3tan
Idle (1)
1 WHunmanu3zanust pecypcos Her 2
3amyck taitmepa ConnectRetry
WanumnpoBaHie TPAaHCIOPTHOTO COSMHEHHS
npoune = Her Her 1
Connect(2)
1 Her Her 2
3 ITonHast nHUITMAIU3ALIUSA OPEN 4
Copoc taiimepa ConnectRetry
5 ITepesanyck Taiimepa ConnectRetry Her 3
7 ITepeszamyck Taiimepa ConnectRetry Her 2
mpoune | OcBOOOXKICHHE PECYPCOB Her 1
Active (3)
1 Her Her 2
2 [Tonnas nHMIManM3anUs OPEN 4
Copoc taiimepa ConnectRetry
5 Pa3peiB coenuHeHus 3
ITepesamyck Taiimepa ConnectRetry
7 [Tepesamyck Taiimepa ConnectRetry Her 2
npoune | OcBOOOXKIEHHE PECYpPCOB Her 1
OpenSent(4)
1 Her Her 4
4 Pa3peIB TpaHCTIOPTHOTO COCTMHEHUS Her 3
ITepesanyck Taitmepa ConnectRetry
6 OcBOOOXKICHUE PECYPCOB Her 1
10 O6pabotka coodmienust OPEN 3agepiiieHa ycrenHo KEEPALIVE 5
Heynaua npu 06padotke coobuiennss OPEN NOTIFICATION 1
mpoune = Pa3phIB TpaHCIIOPTHOTO COSNMHEHUS NOTIFICATION 1
OcB0OOXIEHIE PECYPCOB
OpenConfirm (5)
1 Her Her 5
4 OcB0OOXIEHHE PECYPCOB Her 1
6 OcBOOOXKICHUE PECYPCOB Her 1
9 INepesamyck Taiimepa KeepAlive KEEPALIVE 5
11 [TonHag nHUMATH3AIAS Her 6
ITepezamyck Taiimepa Hold Timer
13 Pa3peIB TpaHCTIOPTHOTO COCTMHEHUS 1
OcB0OOXICHHE PECYPCOB
npouue Pa3pbIB TpaHCTIOPTHOTO COETMHEHUS NOTIFICATION 1
OcB0OOXIEHIE PECYPCOB
Established (6)
1 Her Her 6
4 OCBOOOKICHUE PECYPCOB Her 1
6 OcBOOOXKICHUE PECYPCOB Her 1
9 INepesamyck Taiimepa KeepAlive KEEPALIVE 6
11 [epesamyck Taiimepa Hold Timer KEEPALIVE 6
12 O6pabotka coobmenust UPDATE 3aBepiiena ycmenso UPDATE 1
Heynaua npu 06padotke coobmiennss UPDATE NOTIFICATION 1
13 Pa3pbIB TpaHCIOPTHOTO COETMHEHUS 1
OcBOOOXKICHUE PECYPCOB
mpoune = Pa3phIB TpaHCTIOPTHOTO COSNMHEHUS NOTIFICATION |
OcB0OOXICHHE PECYPCOB
Hinoke nprBeieH ckaThlii BApUAHT TaOTUIIBI COCTOSTHHI U IEPEXO0/I0B.
CoObITHS Idle (1) Connect (2) Active (3) OpenSent (4) OpenConfirm (5) Estab (6)
1 2 2 4 5 6
2 1 1 | 1 | 1
3 1 4 4 1 1 1
4 1 1 1 3 1 1
5 1 3 3 1 1 1
6 1 1 1 1 1 1
7 1 2 2 1 1 1
8 1 1 1 1 1 1
9 1 1 | 1 5 5
10 1 1 1 1 i 5 1 1
11 1 1 1 1 6 6
12 1 1 1 1 | 1 wn 6
13 1 1 1 1 1 1
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lpunoxeHue 2. CpasHeHue ¢ RFC 1267

BGP-4 moxet paborath B cpezie, Tie MHOKECTBO JOCTYIHBIX aJpecaToB MOXKET YKa3hIBATHCS C MTOMOIIBIO OAHOTO mpedukca IP.
Komnrmemnums kmaccoB cerelt wim noncereit uyxeponsa it BGP-4. [l nogmepxku padoTsl ¢ npedukcamu B BGP-4 m3menena
CEeMaHTHKa W KOJWpOBaHUE, cBsizaHHOe ¢ aTpuOyroM AS PATH. B crnemmdukarmio 100aBieHO ONpeAeNeHne CeMaHTHKH,
cBszanHOE ¢ ipedukcamu [P. Takoe pacimpenue nossossier BGP-4 momnepxuBath npeaiiokKeHHYIO cxeMy supernet [9].

s yrporienus HacTpoiiku BBoautcst HOBbIN atpuoyr LOCAL PREF, ynpomaromwmii mporerypy BEIOOpa MapiipyTa.

Atpudyr INTER AS METRIC nepenmenosan 8 MULTI EXIT DISC. [/lo6asnen noBwiii atpudyr ATOMIC AGGREGATE
JUIS yIpaBJIeHUs BO3MOXKHOCTBIO JiearperupoBanusi mapuipyroB. Jlpyroit nHobii arpubyr — AGGREGATOR - wmoxer
J00aBIISITHCS B arperupOBaHHbIC MAPIIPYThI, YTOOBI YKa3aTh, kKakas AS u kakoii y3ea BGP B 31oii AS BbI3Baiu arperupoBaHue.
st obecnieuenms cummerpun 3Hadenue Hold Time cornacyercst Ha ypoBHe coenuHeHunit. [loanepxuBaroTcst HyJieBble 3HAUYCHHS
Hold Time.

lpunoxeHue 3. CpasHeHue ¢ RFC 1163

Bce n3menenus, nepeuncieHHsIe B [IpnnokeHnn 2, 1 I3MEHEHNS, yKa3aHHBIC HIKE.

Jnst oOHapysxeHust KoH(GIMKTOB TIpH coeanHeHusx BGP u BoccranoBneHus paboTsl MpoToKoia A06aBieHo HoBoe noie BGP
Identifier B coobmennst OPEN. [lnst omucanus mpouexyp ACTEKTHPOBAHHUS M Pa3peIleHUss KOH(IMKTOB MPH COCAWHEHUSX B
JOKyMeHT no0aBiieH HOBBIH naparpad (6.8 OO0HapykeHHne KOH(IIUKTOB IIPH COSUHEHUH. ).

ChsiTo orpaHuueHue, TpeboBaBIee YTOObI TPAHMYHBINA MapIIpyTHU3aTop, YKa3aHHbIH arpudytom mytd NEXT HOP, otHOCHICS K
ToM ke AS, B kKoTopoil HaxouTcs y3ea BGP.

B HOBOM [OKyMeHTE ONTHMH3MPOBAaHO M YIPOLIEHO ONMCaHWE Mpolenyp oOMeHa HH(pOpManueld O paHee IOCTYITHBIX
MapuipyTax.

lpunoxeHue 4. CpasHeHue ¢ RFC 1105
Bce u3menenus, nepeuricieHusie B [Ipunoxkenusx 2 u 3, a Takke MepednciIeHHbIe HIDKE OTIIHYHS.
[otpeboBanock BHeCEHHWE HE3HAYHTENBHBIX M3MEHEHWH B MamuHy KoHEYHbIX coctosHmA RFCI1105 mms cormacoBaHms c
nosk3oBatTensckuM natepdeiicom TCP B cuctemax 4.3 BSD.
Hownstas u cootHomenust Up/Down/Horizontal, mpucytctytomue 8 RFC1105, Opi1r MCKITFOYEHBI H3 IPOTOKOJA.
Buecen psx usmenennit B popmar coodmienuit RFC1105:
# [Toxte Hold Time 6bu10 ynaneno u3 3aronoska BGP u Bximoueno B coobienne OPEN.
« [Tone Homepa Bepcum ObLIO yaneHo u3 3arojoBka BGP u Bkimoueno B coobmenne OPEN.
o 113 coobmenniit OPEN 0bu10 ynaneno mone Link Type.
& Bmecro moarsepxaeanit OPEN CONFIRM wncnonb3yrores coodmenus KEEPALIVE.
o CymecrBenno usmeneH ¢opmar coodmennit UPDATE, noGaieHb! HOBBIE TOJIS A7l TIOAJEPIKKH MHOXKECTBA aTpuOyTOB
My TH.
o [Tone Marker 6110 pacIIMpeHo U CTaJIO UCIIOJIL30BATHCS TAKXKE IS Ay TEHTH()UKALIIH.
OTmMeTHM, 9TO J0CTaTOYHO 4acTo mpotokod BGP, coorercrByrommit RFC 1105, nassBator BGP-1, coorBerctBytommuii RFC
1163 - BGP-2, a cooterctryroumiit RFC 1267 - BGP-3. Bapuant BGP, ommicannslii B 3TOM 10KyMeHTe, Ha3bBaoT BGP-4.

lpunoxeHue 5. Onyuu TCP, komopbie Mo2ym ucrnosib3oeambcsi ¢ BGP

Ecmm nmone3oBarensckuii narepdeiic TCP B nokanbsHON cucreme nognepxusaet pynknuio TCP PUSH, kaxnoe coobmenne BGP
CJI/yeT MepeiaBaTh ¢ ycTaHOBJICHHBIM (yiaroM PUSH. VceranoBka ¢uiara mpuBOIUT K YCKOPSHUIO mepeaayn coodmenuii BGP.
Ecmu mosnp3oBarensckuii mHtepdeiic TCP B nokanbHONM cucTeMe NOAAEpXKHMBAeT mNpeanodteHust i coenunennit TCP,
TpaHcHopTHble coeanHenus BGP cienyer otkpeiBath ¢ ypoBHeM npeanodrenus Internetwork Control (110) [6].

lNpunoxeHue 6. PekomeHOlayuu pa3pabomyukam

B sTOM npritoskeHNH Jar0TCS HEKOTOPhIE PEKOMEHIAINH pa3paboTIHKaM.

6.1 MHOXecTBO npednKCoB ceTen B OAHOM COO0OLLUEeHUN

IIpotoxon BGP mo3BosieT ykas3pBaTh B OJHOM COOOIICHHH MHOXECTBO aJPECHBIX MPEe()UKCOB ¢ OMUHAKOBBIM IMyTeM AS u
aJipecoM clemyromero Mapmpyruzatopa (next-hop). HacTostensHO pekOMEHIyeTCs HCIONB30BaTh 3Ty BO3MOXKHOCTH IIPH
peanu3anuu npoTokona. [lepenaua cooOmieHni ¢ eMMHCTBEHHBIM NPE(PUKCOM CYIIECTBEHHO IMOBBILIAET YPOBEHB CIIY)KEOHOTO
TpaduKa U YBEITMUUBACT HATPY3KY MPH CKAHHUPOBAHUH TAOJHII MAPIIPYTU3AIUY B CITy4dasx 0OHOBIeHUs s y3imoB BGP u npyrux
MPOTOKOJIOB MapIIpyTH3auuu (YBEIMYMBACTCI W O0BbEM IepelaBacMbiX OOHOBICHMH). OmHHM U3 CIOCOOOB CO3MaHUS
COOOIIIEHHIA C MHOXKECTBOM MPEPHUKCOB [T KAKIOT0 MyTh AS Ha OCHOBE TaOJIMIIBI, HS OPTaHU30BAHHOM MO MyTsM AS, SIBISCTCS
CO3/IaHNe MHOYKECTBa COOONICHHWH NMpU CKaHUpOBaHWH TaOmuibl. [Ipu 0O0paboTke mpeuKcoB COOOIIEHUE sl CBSA3AHHBIX C
npedukcom mytH AS ¥ U032 CO3JAeTCs TOJIBKO B TOM ClIydae, KOrja COOOLICHHs Ul TaKOW Mapsbl IyTh-MapLIpyTH3aTop He
CYIIECTBYET — B MPOTHBHOM CIIy4ae Mpe(uKC MpOCTO A0OaBIIeTCS B KOHEI CyIIEeCTBYIomEero coodmenus. Eciu B coobmienue
y)K€ HeJb3sl 100aBUTh HOBBIM Mpe(UKC MO COOOpaKEHHSIM pa3Mepa, MMEIOIeecs COOOIIeHHe Iepenaetcs, a il npedukca
co3naercsi HoBoe coobOmenne. [Tocie 3aBepiieHns: CkaHHPOBAaHMSA BCel TaOIHIIEI MAPIIPYTOB CO3IaHHBIE COOOIIEHNS TIePEeIAoTCs
U BBIZICJICHHBIC [T HUX PECYPCHI OCBOOOKIaIOTCS. MakCUMAIbHOE CHKATHE MIPU TaKOM METO/E 00ECIIeUNBACTCS B TEX CITydasXx,
KOT[Ia BCE aJIpecaThl MEPEeKPHIBAIOTCS aIPECHBIMH MTPe(hUKCAMHU ¢ OJJHUM IILTI030M U aTpuOyToM IyTH. B aTOM citydae cooOmeHme
MOJKET COIEPIKaTh CTOIBKO MPe(GUKCOB, CKOIBKO MO3BOJISIET OrpaHHUeHrEe Ha pa3mep cooObrieHnit (4096 oKTeToB).

[Ipu pabore c¢ peammzamusimu BGP, koTopeie He MONIEPKUBAIOT MHOXECTBA NPEPHUKCOB B OJHOM COOOIICHHH, MOXKET
OTPe0OBaTHCS BHITIOHEHHE Psa ONepanuii Il CHIDKEHIS HAarpy3KH B pe3yabTaTe JaBHHHON PAaCCHUIKM JaHHBIX, TIOJTYYEeHHBIX
pu 0OpPETEHUH HOBOTO TAPTHEpA WM CYIICCTBEHHOM M3MEHEHUH CETEBON TOMOJOTHU. OIHUM 3 CIIOCOOOB TaKOTO CHIDKCHUS
ABJISIETCS OTPAaHMYCHNE YaCTOTHI ITepeaadr OOHOBICHHH. DTO MO3BOIIIET N30aBUTHCS OT N30BITOYHOTO CKAHMPOBAHUS TAOIHUIT IJIS
«MTHOBCHHOTO» 0OHOBIIeHHUs y31oB BGP u apyrux nmporokonoB. HegocTatkoM 3TOro criocoda sSBISETCS YBEIHYCHUE 3aICPKEK
MIPU PacIpPOCTPaHSHUN MapIIpyTHOU MHQpopManuu. Bribop MIHHMATBFHOTO MHTEpBalia OOHOBICHUH, KOTOPHIA HE3HAYUTEIHEHO
MPEBBIIIACT BpeMs OOpPaOOTKM MHOXECTBA COOOINCHHM, IMO3BOJICT MHHUMHU3UPOBATh 3aJICPXKKY IIPH PaCIpOCTPAHCHHUU
MapIIPYTHEIX JaHHBIX. HamnydmmM pernreHreM O0yIeT MpocMOTp BCeX MOTyYSHHBIX COOOIICHHH JT0 Tiepeadyi 0OHOBIICHUIA.
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6.2 O6paboTka coobLeHn NPU UCNONb30BaHNM NOTOKOBOIO NPOTOKONA

BGP ucnonszyet npotokosn TCP B kauecTBe TpaHCHIOPTHOTO MexaHu3Ma. M3-3a moTokoBoit npupoasl TCP maHHbIE A7Is1 KX I0TO
MPUHATOTO COOOIIEHNsI HE 00s13aHbl MPHUOBIBATh OJHOBPEMEHHO. DTO MOXKET NPHBOJUTH K BO3HHUKHOBEHMIO TPYAHOCTEH IpH
00paboTKe AaHHBIX Kak cooOLIeHH, ocobeHHO B cucrtemax Tuna BSD Unix, rie HEBO3MOXXHO ONpPENEInTh KOJHMYECTBO
MIPUHATBIX, HO ellle He 00padOTaHHBIX TaHHBIX.

OmHUM W3 BapHaHTOB PEUICHUS TPOOIEMBI SIBJISIETCS TPOCMOTP 3arojioBka 70 o6pabdotku coobmenus. [ tuna KEEPALIVE
COOOILIEHUE COCTOMUT TOJBKO M3 3aroJIOBKA, OCTAJbHBIE THITBI COOOLICHUI TPeOYIOT IpeIBapUTEIbHON IPOBEPKH 3arojioBKa (B
YAaCTHOCTH, OOIIEro pa3Mepa cooOmieHust). Ecim mpoBepka HaeT MOJIOKUTENBHBIA pe3ynbTaT, yKa3aHHas B 3aroJIOBKE JTHHA
COOOILICHUsI 32 BBIYETOM pa3Mepa 3arojioBKa JaeT pa3Mep AaHHBIX B COOOIIEHHWH, KOTOPbIE OCTAIOCh NPOYMTATh. Peannzanuu
MIPOTOKOJIA, CTAJKMBAIOIIMECS C MPOOIEeMaMH HPH TOMBITKE YTEHUs] AAHHBIX OT MapTHEPa, MOTYT YCTAHOBHUTH A Ka)KZOTO
naptaepa Oydep coobmiennii (4096 GaifToB) 1 3aMOTHATH €70 JAaHHBIMH, TI0 MEPE MX MOCTYIIJICHHUS OT apTHepa.

6.3 OTKa3 OoT N30bITOYHbIX NepPeKI4YeHNN MapLLUPYTOB

Bo nzbexaHne HeHy>XHBIX INepekioueHnii mMapipytoB (route flapping) y3my BGP, xotopomy HyXHO 0TO3BaTh ajapecara U
nepenath OOHOBIICHHE C Oosee (MM MeHee) CHEeHU(UUHBIM MapuIpyToOM, CIeAyeT OObEeAWHATh AaHOHCHI B OJHO COOOIIEHHE
UPDATE.

6.4 Tanmepbl BGP

BGP  wucnmomesyer 5  TaiimepoB:  ConnectRetry, Hold Time, KeepAlive, = MinASOriginationInterval u
MinRouteAdvertisementInterval. st ConnectRetry npenmaraercs ycranasnusath 3Hauerne 120 cexynn, amst Hold Time - 90,
s KeepAlive n MinRouteAdvertisementInterval — 30, a aimst MinASOriginationlnterval - 15 cexysz.

Peammzanms BGP pomkna obecrieunBaTh BO3MOXXHOCTD YCTAHOBKY 3HAUCHUH JIJISI BCEX TaiiMepoB.

6.5 NMopspok aTpubyToB NyTH

Peanmzaimun, koMOMHMpYoNe OOHOBJIEHHS, KaK ornucaHo Bbime (6.1 MHOecTBO HpedUKCOB ceTeil B OJHOM COOOLIEHHN),
MOT'YT TPEIIIoYeCTb IPOCMOTP BCEX aTpUOYTOB IyTH, ITPEACTABICHHBIX B OIPE/ICICHHOM TOpsiike. Takoi Mmoaxoi MO3BOJSET
6LICTp0 I/I[[CHTI/I(I)I/IHI/IpOBaTL Ha60pbl anI/I6yTOB 13 pa3HbIX 06HOBJ’IGHI/II7[, KOTOPBIC UACHTUYHbBI CEMAaHTUYCCKU. ,Z[J'IH pcaimzanun
TaKOT0 MO/IX0/1a MOJIE3HO YHOPS0YNBATh aTPUOYTHI B COOTBETCTBUH C KOJOM THIIA (ONTUMH3ALIUS HE ABIIETCA 0043aTeIBHOM).

6.6 CoptupoBka AS_SET

JpyruM TMONIe3HBIM CIOCOOOM ONITUMHU3AIINH SIBIISICTCS YIIOpsIOYNBaHUe Mo HoMepaM AS, HaineHHsM B atpuOyre AS SET.
Takast onTHMH3ALNS TAKKE HE SBISIETCS 0053aTeIbHOM.

6.7 KoHTponb 3a cornacoBaHMeM Bepcumn
IMockomeky mpoTokon BGP-4 Moxer mnepenaBath arperupoBaHHBIC MapIIPYThl, KOTOPbIE HE MOTYT OBITh KOPPEKTHO
npenctasnensl B BGP-3, peanuszanuu, nonnepxuatonie BGP-4 u unbie Bepcun BGP, momkHbl obecrieunBaTh BO3MOKHOCTD
pabotsl TonbKo ¢ BGP-4 He3aBrCHMO TS KaXKI0T0 TapTHEPA.

6.8 KomnnekcHoe arperuposaHue AS_PATH
Peanmzarms, obecrieunBaromas MEXaHU3M arpernpoBaHMsl MapLUIPYTOB C COXPAHCHHWEM 3HAYMTENBHOI'O KOJIWYECTBA JIAHHBIX O
ITyTH, MOXKET MCIOJIB30BaTh ONMCAHHYIO HIDKE MIPOLEIYPY.
Just oovenuuenust atpuOytoB AS PATH nByx mMapripyToB OynieM NpeiCcTaBisTh Kaxayo AS kak mapy <type, value>, rae type
yKa3bIBaeT THUI CErMEHTa ITyTH, K KoTopomy npuHamiexkut AS (manpumep, AS SEQUENCE, AS SET), a value 3amaet HOMEp
AS. Eciu ne mapsI <type, value> coBIaiafot, OHH OTHOCSTCS K OZHOU AS.
AnroputMm o0benuHeHus AByX atpruOyToB AS PATH paboraer cnemyromum oOpazom:
a) Unentudunupyercs copnagenue AS (Kak ormicaHo Bbliie) B kaxaoM arpudyre AS PATH, koTopble HaXOSTCSI B TOM )K€
OTHOCHTEIBHOM Nopsiake Jurst kaxaoro arpudyra AS PATH. /Ise AS (X u Y) cnenyioT B 0JMHAaKOBOM HOPSAKE, €CIIH:
X npenurectByer Y B oboux arpudyrax AS PATH nnm Y npenmectByer X B o6oux atpubyrax AS PATH.
b) Arperuposannsiii atpuoyr AS PATH coctout u3 AS, HaliieHHBIX Ha 3Tarie (a) ¥ IpeCcTaBIeHHbIX B TOM )K€ HOpSIKE,
KOTOPBIi ObUT 0OHapykeH B 00beunsieMbix atpubyTax AS PATH. Ecnu nBe nocnenoBatensHble AS, HaliieHHbIE Ha dTare
(a), He ciexyroT OHA 3a APYrol HEMOCPEICTBEHHO B KaKIOM U3 oObeauHseMbix arpudyrtoB AS PATH, memaronme AS
(AS, pacnonoxeHHbIe MEXIY IBYMsI IOCIEA0BATEILHO COBIanaromuMu AS) B 000uX aTpuOyTax 00bEeIUHSIOTCS B CETMEHT
nyti AS SET, kotopslii conepxur Memaronme AS u3 oboux arpudyroB AS PATH. DToT cermeHT myTH momeraercs B
KOMOMHHMPOBAaHHOM aTpUOyTe MEXTy IByMs MOCIIeI0BaTeIbHBIMU A S, HACHTU(UIIMPOBAHHBIMH B IIYHKTE (a).
Eciu nBe nocnenosarensHble AS, uneHTH(QUIMPOBAaHHBIE Ha dTalle (), HETOCPEACTBEHHO CIIEYIOT OJHA 3a JIPyro B OJTHOM
aTpulyTe, HO 3TOr0 HEe HAOIIOHaeTcs B APYroM, TO Memaromue AS BTOpOro arpulOyra KOMOWHHPYIOTCS B CETMEHT ITyTH
AS SET, xoTopslii momeniaeTcs Mex 1y AByMs IIOCIeI0BaTeIbHBIMUA AS B arpeTHpOBaHHOM aTpHOyTe.
Ecin B pesynbraTte NpUMEHEHHUs] OMHMCAHHOM BBIIIE MPOLELYPHI JaHHBI HOMEP AS MOSBIAETCS B arperHPOBAaHHOM aTpHOyTe
AS PATH OGonee omHoro pasa, BCe BXOXIEHHUS 3TOr0 HOMEpA, KpOME TOCIETHEero (CaMblii MpaBbli) CIEAyeT yJalIuTh U3
arpermpoBaHHoro atproyTa PATH.

Jlumepamypa

[1] Mills, D., "Exterior Gateway Protocol Formal Specification", RFC 904, BBN, April 1984.

[2] Rekhter, Y., "EGP and Policy Based Routing in the New NSFNET Backbone", RFC 1092, T.J. Watson Research Center,
February 1989.

[3] Braun, H-W., "The NSFNET Routing Architecture", RFC 1093, MERIT/NSFNET Project, February 1989.

[4] Postel, J., "Transmission Control Protocol - DARPA Internet Program Protocol Specification”, STD 7, RFC 793, DARPA,
September 1981.

[5] Rekhter, Y., and P. Gross, "Application of the Border Gateway Protocol in the Internet", RFC 1772, T.J. Watson Research
Center, IBM Corp., MCI, March 1995.

* Ha caiite www.protocols.ru UMeeTcs IIepeBojI 3TOr0 JOKYMEHTA Ha PYCCKHUiA s3bIK. [lpum. nepes.
www.bilim.com 21 www.protocols.ru




Pa3symHble ceTu oT komnaHum BiLiM Systems MepeBoa RFC 1771
[6] Postel, J., "Internet Protocol - DARPA Internet Program Protocol Specification", STD 5, RFC 791¢, DARPA, September
1981.

[7] "Information Processing Systems - Telecommunications and Information Exchange between Systems - Protocol for Exchange
of Inter-domain Routing Information among Intermediate Systems to Support Forwarding of ISO 8473 PDUs", ISO/IEC IS10747,
1993

[8] Fuller, V., Li, T., Yu, J., and K. Varadhan, "Classless Inter-Domain Routing (CIDR): an Address Assignment and Aggregation
Strategy”, RFC 1519%, BARRNEet, cisco, MERIT, OARnet, September 1993

[9] Rekhter, Y., Li, T., "An Architecture for IP Address Allocation with CIDR", RFC 1518, T.J. Watson Research Center, Cisco,
September 1993

Bonpocbk! 6e3onacHocmu

Bormpocs! 6€30macHOCTH HE pPacCMaTpPHBAIOTCS B 9TOM JOKYMEHTE.

AOdpeca pedakmopoe
Yakov Rekhter
T.J. Watson Research Center IBM Corporation
P.O. Box 704, Office H3-D40
Yorktown Heights, NY 10598
Phone: +1 914 784 7361
EMail: yakov(@watson.ibm.com
Tony Li
Cisco Systems, Inc.
170 W. Tasman Dr.
San Jose, CA 95134

EMail: tli@cisco.com

Ilepesoo na pycckuit azvik
Hukonait Maabix
BiLiM Systems
nmalykh@bilim.com
ten. (812) 4490770

www.bilim.com 22 www.protocols.ru




