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

Cmamyc dokymeHma

DTOT JTOKYMEHT COAEPXUT MPOEKT CTaHAApTa MPOTOKOJA Internet M CIy)KUT MPUITIALIEHUEM K JUCKYCCHH B IIEJISAX Pa3sBUTHS
npotokoia. CBeleHHsT O TEKYIEM COCTOSIHUM CTaHAapTH3alMd Bbl MOXeTe Haitu B gokymente Internet Official Protocol
Standards (STD 1). JlokyMEeHT MOXET pacrpoCTpaHAThCs CBOOOTHO.

Te3ucsbi
Dror nokymeHT BMecTe ¢ Application of the Border Gateway Protocol in the Internet' ompemensieT mpoTOKOI MapIIpyTH3AIUK
MEXly aBTOHOMHBIMH cucTeMaMu Internet.
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2. BeedeHue

BGP (Border Gateway Protocol — mpoTokoJ1 TpaHHYHOTO [UTI032) SIBJISIETCS] IPOTOKOJIOM MapIIPyTU3ALUH MEXTy aBTOHOMHBIMH
cucremamu (AS). Ilporokon pa3paboran ¢ yderoM ombita co3nanus mporokoiaa EGP (RFC 904 [1]) u npumenenuss EGP Ha
maructpanu NSFNET (cm. RFC 1092 [2] u RFC 1093 [3]).

OcHoBHoO¥H (yHKIMel nonnmarorieit BGP cucremsl siBisiercst ooMeH nH(opMalyei o J0CTYITHOCTH CEeTeH ¢ IPYTUMHU CUCTEMaMU
BGP. Mudopmarust 0 ITOCTYMHOCTH ceTell BKIIOYAET CIUCOK aBTOHOMHBIX cHUCTEM (AS), depe3 KOTOpble MPOXOAMT 3Ta
nHpopmanus. DTUX CBEICHUH JOCTATOYHO /IS IOCTpOeHMsi Tpada CBA3HOCTH AS, U3 KOTOPOTO MOTYT HCKIHOUAaThCS
MapIIpyTHBIE TeTIH (routing loop), a Taxke IPUHIMATHCS HEKOTOPHIE PEIICHHS Ha YPOBHE IOMUTHKH AS.

BGP-4 obecnieurBaeT HOBbIE MEXaHM3MbI MOJJIEPIKKH OeckiiaccoBor MexioMeHHON Mapuipyru3auuu (CIDR). Dti MexaHu3Mbl
BKITFOUAIOT TOIEPKKY aHOHCHUpOoBaHUs npedrkca IP 1 mo3BoisatoT 000MTHCH 06e3 KOHIEIIINN «KiIacca» cetel B pamkax BGP.
BGP-4 Tarcke BKIIIOYaeT MEXaHU3M OOBEIMHEHHsS MapLIpyTOB, BKIIOUAIOIIMI oObeanHeHne myTed AS. DTH W3MEHEHHS B
COBOKYITHOCTH 00€CTICUMBAIOT MOJICPIKKY CXEMBI «cyTiepceTeii» (supernetting scheme) [8, 9].

Jls Toro 9ToOBI OXapakTepru3oBaTh HAOOp PEHICHHUH, KOTOpbIe MOTYT OBITh peann3oBaHBl ¢ ucmomb3oBaHueM BGP, cinemyer
MIPUHATH IPABUIIO, 10 KoTOpoMy y3en BGP MoxkeT aHOHCHPOBATH y3mamM-napTHepaMm (peer) B coceqHNX AS TOIBKO Te MApLIPYTHI,
KOTOpBIE ATOT Yy3eNl HCIONB3yeT CaM. OTO MPaBWIO OTpaxkaeT mapaamrmy modtamHoi (hop-by-hop) mapmpyrmsarmim,
ucroibp3yeMylo B cetd Internet jurs GonmbmmHCTBA cirydaeB. OTMETHM, YTO HEKOTOpBIE NPaBMIIa HE MOTYT IOJAEPKHUBATLCS B
pamkax mapamurmel "hop-by-hop" u, cnemoBarensHO, TpeOyeTcsl MCIIONB30BaTh APYTHE METOIBI MApHIPyTH3alUHU (Takue, Kak
source routing). Harmpumep, BGP He mo3Bossier AS nepenaBate B cocenHioro AS MH(POPMAIHMIO, MOKA3bIBAIOLIYI0 MapIIPyT,
OTJIMYAIOLIUICS OT TOTO, KOTOPBIH Oy/AET NCIIONIB30BaThCs IS TpaduKa, Mporcxoasmero u3 cocenueit AS. C npyroi CTOpoHHI,
BGP moxer mopmnepxuBarh JIOOBIE IpaBWIla, COOTBETCTBYIOLIME MapaurMe MNOATaHON MapmpyTuzanu. [lockonbky B
COBpeMeHHOM cetH Internet ncronp3yeTcst TOJIBKO HapaaurMa Mod3TamHoi Mappytusanun 1 BGP MoxeT moiep>xuBath J1ro0b1e

' RFC 1772 (ua caiite http://www.protocols.ru uMeeTcst IEPEBO ATOTO JOKYMEHTA Ha PYCCKU A3bIK). [Ipum. nepes.
www.bilim.com www.protocols.ru




Pa3symHble ceTu oT komnaHum BiLiM Systems MepeBoa RFC 1771

MIpaBHUjIa, COOTBETCTBYIOIIME 3TOH Mapamurme, mpoTokon BGP oueHb pacmpocTpaHeH uid MapiipyTH3anmud Mexnay AS B
coBpeMEHHOM ceTH Internet.

Bonee nmonHoe 00cyxk/eHNE BO3MOKHOCTH MCIOJIB30BAHMS TE€X WIIM MHBIX NPaBWII ¢ IMpoTokoiaoM BGP Beixomut 3a mpenenst
JAHHOTO IOKYMEHTa M paccMaTpHuBaeTcs B padote [5], mocBsieHHON nernons3oBannio BGP.

BGP ucnone3yer TpaHCTIOPTHBIE TPOTOKOJBI C TapaHTUPOBAHHON JAOCTABKOW. DTO MO3BOJIET M30aBUTHCS OT HEOOXOIUMOCTH
TIOJICP’)KKA  MEXaHU3MOB (DparMeHTaluy, Iepefadd, IOITBEPXKICHHUS [OCTaBKM W HyMepauuu makeroB. JlroOas cxema
ayTeHTU(UKAInH, oOecreunBaeMasi TPAaHCIOPTHBIM IPOTOKOJIOM, MOKET HCIOJIB30BAThCSI B JIOTIOJHEHHWE K BCTPOCHHBIM
cpencrBam ayteHTH(ukanun BGP. Hcnomezyemsnii B BGP mexanm3m yBemomsieHnmit 00 ommOKkax Mpeanonaraer, 4To
TPaHCHOPTHBIA MPOTOKOJI TIOAAEPKHUBACT «IJIEraHTHOE 3aBepuieHue ceancoB ("'graceful”" close), T. e. Bce ocTaromuecs: JaHHbBIE
OyIlyT JOCTaBJIEHBI JI0 Pa3pbIBa COCANHEHUSL.

BGP ncnons3yer Ha TpancrnoptHoM ypoBHe nportokon TCP [4]. TCP ynomerBopsieT TpaHCHOPTHBIM TpeboBaHusM BGP u
TIOJI/IEP’)KUBACTCS IPAKTHYECKH BCEMH COBPEMEHHBIMU MaplIpyTHU3aTopamMu U Xoctamu. [1pu mociemyromiem o0CykIeHHH CIIOBa
«COeAMHEHNE TPAHCIOPTHOTO YPOBH» (transport protocol connection) ciexyer nmonuMars kak coegunenne TCP. [Iporokon BGP
HCIONB3YyeT i opranu3aimu coenunenuii nopt TCP ¢ Homepom 179.

B 3TOM mOKYMEHTE MOCTOSIHHO OyIeT BCTpedaThesi TEPMUH «aBTOHOMHasi cucteMa» (AS). Ilo xilaccmueckoMy OmpesiesieHUro
ABTOHOMHAsI CHCTEMa INPEICTaBsIeT COOOH MHOXKECTBO MAapIIPYTH3aTOPOB C €AWHBIM TEXHUYECKHM aJMHUHUCTPUPOBaHHEM,
HCIIONB3YIONMX OJIMH IPOTOKON BHYTpeHHel MapupyTtuzauuu (IGP) u eauHyto MeTpHKy A MapLIpyTH3aLUK NaKeTOB BHYTPU
AS, a s mepeiauy MakeToB B JPYrue aBTOHOMHBIE CUCTEMbI MPUMEHSIONMX MTPOTOKOJ BHEIIHEW MapLipyTu3auuu (exterior
gateway protocol mim EGP). Co BpeMeHeM KilacCHUECKOE OITpesiesieHne ObUIO PacIIMpPEeHO M B COBPEMEHHOM MOHMMaHUU AS
MOXET HCIIOJIb30BATh HECKOJIBKO IIPOTOKOJIOB BHYTPEHHEH MapIIPYTH3AIUH, & B HEKOTOPHIX CIyJasx Jake HECKOJIBKO HaOOpOB
METpUK B paMKkax ogHoil AS. Mcnons3oBaHue TepMuHa AS B TaKHX ClTydasx 00YyCIOBICHO TeM, YTO AaXKe MPH HCIOIb30BaHUU
MHO>KECTBAa METPUK U IpoToKonoB IGP agMunanCcTprpoBaHue Takoi AS ¢ TOUKM 3peHHs APYTUX aBTOHOMHBIX CHCTEM BBITJISIAUT
KaKk eIWHBIA IUIAaH BHYTPEHHEH MapIIpyTH3allMil M IIOKa3bIBAa€T COTJIACOBAHHYIO KapTHHY JOCTYIHOCTH aJpecaToB C
HCITOJBb30BAHNEM ITaHHOM AS.

ITnarupyemoe ucnomnp3oanrne BGP B cpese Internet BkitoyaeT Takue BOIPOCH, KaK TOIMOJIOTHS, B3anMoericTBre Mexny BGP u
mportokonamu IGP, a Taxke MCHONHEHWE TPaBII MOJIUTHKH MapIIpyTHU3aIM{, PaCCMOTPEHHBIX B pabote [5], sBisromierics
JOIOJIHEHUEM K HAcCTOsIIIeH crenuduKaniuyd. OTOT JOKYMEHT SIBISIETCS MEPBBIM U3 CEPHUH IUIAHUPYEMBIX PabOT MO Pa3IndHBIM
acrieKTaM IpuMeHeHus nporokona BGP. Bel MokeTe oTnpaBisiTh cBOM KOMMEHTApUH K 3TOMY JOKYMEHTY IO aJipecy CITHCKa

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

JlBe cucTteMBl OpPraHM3ylOT MEXAy CcOOOM coequHEHHe Ha TPaHCIOPTHOM ypoBHe. Ilocie 3Toro cuctemMel 0OMEHHBAIOTCA
COOOIIEHUSIMH IS COTJIACOBAHUS U TIOITBEPXKICHUS TapaMeTpOB coeiMHeHMs1. [lepBoHaYabHBII TOTOK JaHHBIX BKIIFOYAET BCIO
tabuuiy Mapuipyrusauuu BGP. [lpu u3menennu tabiun MapuipyTtusanuu nepeaatorcsi ooHosnenust. [Iporokon BGP ne TpeOyer
TIEPHOINYECKOr0 0OHOBIIEHMS Beel Tabiuipl Mapiipytusauun BGP. CrnenoBatensHo, y3en BGP nomkeH coxpaHsTh TEKylue
BepcuH MoNHBIX Tabmwmir MapmpyToB BGP Bcex cocenel ogHOTro ypoBHS (peer) B TeUeHne Beero coequHenus. s obecneueHust
COXPaHHOCTH COCIOMHEHUs Inepuoandecku mnepenarorcs coobmenus KeepAlive. IIpy BO3HHKHOBEHMM OLIMOOK M B HMHBIX
CMEIHUANBHBIX CIIyJasX MEepPealoTcs CIHEHHUANbHbIE yBeAOMICHHA. [Ipr BO3HMKHOBEHMH OIIMOOK B COEIAMHEHUM IepeacTcs
yBeZloMJIeHHE 00 3TOM M COEIMHEHNE 3aKPhIBACTCS.

Xocrsl, ucnons3ytonme nporokon BGP, He 06s3anb! ObITE MapmipyTrzaTopamu. He sSBISTIOmpecs MapmipyTH3aTOPaMH XOCTHI
MOT'YT OOMEHHMBAThCS MapUIPYTHOH MH(pOpMaLueld ¢ MaplIIpyTH3aTopaMy ¢ MoMoIsio mporokona EGP mnu maxe mpoTtokona
BHYTPEHHEH MapIIpyTH3aliH. B Takux ciydasx 3TH XOCTBI MOTYT MCHOJIb30BaTh NMpoTokon BGP mis oOMeHa mMapmpyTHBIMA
JAHHBIMU C TPAaHWYHBIM MapLIpyTH3aTopoM B Opyroil AS. Peanmzamms M HCHONB30BaHHE 3TOW apPXHUTEKTYpPhI SIBISETCS
TIPEAMETOM ITOCIIETYIOIIETrO N3YUCHHS.

Ecmu otnemsHas AS umeer MHOkecTBO y31moB BGP 1 obecrnieunBaeT TpaH3uUT At Apyrux AS, BHYTPH 3TOH CHCTEMBI JOJDKHA
o0ecrieunBaThCs COTNIACOBaHHAs KapTHHA MapIIpyTH3aluu, oOecrieunBaeMasl IpOTOKOJIOM BHyTpeHHed Mapupytuszanun (IGP).
CornacoBaHHasi KapTHHA ITyTeH 3a mpenensl AS MOXKeT 00ecIeunBaThCs 3a CUET MPSAMBIX COSAMHEHUI MEXTy BCEMH Y3TaMH
BGP B macmrabe nannoit AS. Vcnons3yst o0muit Habop npasni, y3mel BGP cornacyioT nonnTHKy 00Ciy>KUBaHHS TOYEK BXOJ1a-
BBIX0/1a AJIsI KOHKPETHBIX aApecaToB 3a MpezenamMu JaHHOH AS. Orta mHbOpManus nepesaeTcst BHyTPeHHIM MapIIpyTH3aTopaM
AS (BO3MOXXHO C HCIIONIb30BaHMEM IIPOTOKOJIa BHYTPEHHEH MapupyTru3anny). JJomKHEL OBITh PUHSTHL MEPHI IO 00eCIIeYEHHUIO
OOHOBJIEHUS TPaH3WTHONH MH(OPMAIMK Ha BHYTPEHHHMX MapIIpyTH3aTopax JI0 TOro, Kak y3isl BGP aHoHcupyror npyrum AS
BO3MOKHOCTb 00€CIIeUeHHs TPAaH3UTHOTO CEpBHCa.

Coennnenus mexny ysnamu BGP pasueix AS OyneM Ha3pIBaTh BHEIIHMMH KaHAJIaMM, a COSTUHEHUS Mexny ysznamu BGP B
oHOM AS - BHYTPEeHHHMMH. Y3IIbI OJHOTO YpOBHS (peer) u3 Apyrux AS OyzaeMm Ha3blBaTh BHEIIHUMH, @ Y3IIbl B TOH ke AS -
BHYTPEHHUMU.

3.1 MapuwpyTbl: aHOHCMpPOBaHME U XpaHeHue

[Ipn ommcanum 3TOr0 NMPOTOKOJIA MAapIIpyT OMpEAeiseTcs Kak eAWHWIa WH(OpMAaIWuy, COAEpXKaias Mmapy «OTIPABUTEINIb-
MOJTy4aTelb» ¢ aTpHOYTaMH KaKJI0T0 U3 HUX.

MapuipyTsl aHOHCHPYIOTCS Mexkay mapamu y3rmoB BGP kak coobmenmnst UPDATE — nonydateneM sBisiercst cuctema, deid 1P-
anpec ykasbiBaercs B moje NLRI (Network Layer Reachability Information — mH(poOpMaIms o JOCTYITHOCTH Ha CETEBOM YPOBHE),
a MyTh YKa3bIBACTCS COAEPKHUMBIM TI0JIeH aTpuOyToB ImyTH B TOM ke coobuiennn UPDATE.

Mapmipytel coxpansitorcss B ©0azax mamHeix RIB (Routing Information Base — ©6a3a mapmpyTtHOW wWHGOpPMaum) ¢
ncrions3oBanueM (opmara Adj-RIBs-In, Loc-RIB, Adj-RIBs-Out. MapuipyTsl, KoTopble OyayT aHOHCHPOBATHCS IPYTHM y3JIaM
BGP, nomxusr ObiTh BKTFOUeHHE B Adj-RIB-Out; MapmipyTsl, HCIIonb3yeMble JIOKaIbHBIM y310M BGP, nomKHEBI OBITH yKa3aHBI B
Loc-RIB, a cnemyrommii Mapmpytuzatop (next hop) mis Kaxmporo M3 3THX MapLIpyTOB JNOJDKEH OBITH IpeicTaBiieH B Oase
pacchUIKN MapIIpyTHOH MHGpOpMauK JIoKaIsHOTo y31a BGP; mapmpyTsl, nomydeHHble oT aApyrux y3inoB BGP, Bxiouarorcst B
Adj-RIBs-In.

Ecmm y3en BGP pemraer aHoHCHpOBaTh MapmipyT, OH MOXET J00aBUTh WM W3MEHHUThH aTpuOyThl IMyTH IUIsl 3TOTO MapLIpyTa
nepesi aHOHCUPOBAaHKUEM MaplIpyTa IpyroMy y3iy (peer).
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ITporokon BGP obecrieunBaeT MExaHN3M, ¢ MMOMOIILIO KoToporo y3ein BGP MokeT nHbOpMHUPOBaTh y3ei-apTHep (peer) o ToMm,
YTO AHOHCHPOBAHHBIA paHEe MapIIpyT OOJbINe HE MOXET HCIONB30BATHCS. [N TAKOTO OIOBEIICHHUS MOTYT CIYKHTb TPH
MeTOoJa:

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

JUT aHOHCHPOBAHHOTO MapIIPyTa,— 3TO TOBOPHT, YTO CBSI3AHHBIN C a[pecaToM MapiipyT OOJbIe He JOCTYIICH;

# MOJKET OBITh aHOHCHPOBAH HOBBIM MapIIPyT ¢ TeM ke 3HaueHrneM NLRI B kauecTBe 3aMEHBI PESIKHETO MapIIPYTa;

& COocIMHEHHE MEXIy JByMs y3inaMu BGP MoxkeT OBITh 3aKpBITO — ATO BEIET K MOJHOMY YAAICHHIO BCEX MapIIPyTOB,

KOTOpHIE 9Ta apa y31moB BGP anoncupoBana apyr apyry.

3.2 ba3bl AaHHbIX 0 MapLIpyTax
baza mapmpyraoit nadpopmarmn (RIB) yzna BGP coctout n3 Tpex gacrei:
Adj-RIBs-In: mapmpyTHast uadopmManus, noiydeHHas Bo Bxoasumx cooduiennssx UPDATE. OTu naHHBIC MPEACTABISIOT
MapIIpyThl, KOTOPBIE MOTYT UCIIOJIb30BAThCS B KAYECTBE BXOAHBIX TaHHBIX JuIsl puHsTHs penienus (Decision Process).
Loc-RIB: nokanbHble MapUIpyTHEBIE aHHEBIE, KoTOpble y3ea1 BGP BbiOupaeT Ha OCHOBE CBOMX JIOKAJIBHBIX IPABHJI U3 JaHHBIX
Adj-RIBs-In.
Adj-RIBs-Out: nanuble, KOTOpBIE JOKANBHBIHN y3ea BGP BbiOpai A aHOHCHpOBaHMSA peer-y3naMm. MapuipyTHele JaHHbBIE U3
Adj-RIBs-Out 0ynyT nepenaBathes JokanbHbM y31oM BGP B coobmenusx UPDATE.
Adj-RIBs-In cozmepxuT HeoOpaOOTaHHBIE MapIIPYTHBIE NaHHBIC, KOTOPbIE MOJYYECHBI JIOKaJbHBIM y3noM BGP ot y3mos-
naptHepoB; Loc-RIB conepsxut mMapuipytsl, BeIOpaHHbIe ¢ nmoMouiblo Decision Process nokansHoro yzina BGP; Adj-RIBs-Out
BKITIOYAET MapIIPyT, KOTOPBIE aHOHCUPYIOTCA B APYTHE CUCTEMBI ¢ ToMotsio coodmmenmnii UPDATE.
Xors koHuenTyanbHas Moziens pasinudaer Adj-RIBs-In, Loc-RIB u Adj-RIBs-Out, coBepiiieHHO He 00s3aTelIbHO XPaHUTh TPU
OTIETBHBIX KOMMH MapHIIpyTHOH nHpopMarwn. Bribop drcia Komuil 1yl KOHKPETHOH peann3anin (HanpuMmep, 3 Komuw wim 1
KOIUSI C yKa3aTeIsIMH Ha KaXyI0 4acTh) HE pacCMaTPUBACTCS B JAHHOH crielu()UKaIIIH.

4. ®opmam coobuweHul

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

CooOIIeHnsT TepearoTcs ¢ HCIOJB30BAaHUEM TPAHCIIOPTHBIX COCAWHCHHWH C TapaHTUPOBAaHHOH mocraBkod. OOpaborka
COOOILEHUSI IPOMCXO/IUT ITOCTIE TOTO, KaK OHO OYJIET MOJHOCTHIO MIPUHATO. MaKkcuManbHbIH pazmep coobreHus coctasisiet 4096
okTeToB. OT BcexX peanmu3anuii TpeOyeTcs MOJJICpXKKAa YKAa3aHHOTO 3HAYCHHS JUII MaKCHMAIBHOTO pa3Mepa COOOIICHHI.
MuHHAMaTbHOE COOOIIEHHE, KOTOPOE MOXKET OBITh ITEPEAAH0, CONEPKUT TOIBKO 3aroioBok BGP (19 okreToB).

4.1 dopmart 3aronioBKa coooLleHnn

Kaxxmoe coobriienne nmeeTt 3arojioBOK (PMKCHPOBAHHOTO pazMmepa. B 3aBUCHMOCTH OT THIIA COOOIIEHHSI TTIOCIIE 3ar0JI0BKa MOXKET
CJIEA0BATh TO UJIM UHOE KOJINYECTBO noJaen JaHHBIX. Cxema PpasMCIICHUA HoJel MoKa3aHa HIKE:

0 1 2 3
01 2 3 4/56 7 89 01 23 4567 890 1/2/3 4567890 1

Marker

Length Type

Marker - mapkep:
3T0 16-0KTETHOE TIOJIE COMEPKUT 3HAUECHHE, KOTOPOE MOXET OBITh MpecKa3aHo noiydareseM coodmenus. Eciu Type =
OPEN wmmu coobmenne OPEN He comepxkut Authentication Information (kak momomHuTensHOrO mapamerpa - Optional
Parameter), Bce Outbl mosst Marker noJDKHBI UMeTh 3HadeHHE 1. B ocTalbHBIX Ciydasx 3HaYeHHE MapKepa MOXKET ObIT
MIPE/ICKa3aHO IyTEM pacdeToB, SBISIOMIMXCS YacThIO MCHOJIB3YEMOro MexaHu3Ma ayreHThudukanuu (dacts Authentication
Information). ITone Marker Mo>xeT UCITOIB30BaThCS ISl OOHAPYKEHHS ITIOTEPH CHHXPOHHU3ALMK MEX 1y I1apoii y3inoB BGP u
ayTeHTU(PHUKAIIH BXOIMIINX coobmernuit BGP.
Length - onuna:
3T0 2-OKTETHOE I10JIE COAEPKUT OE33HAKOBOE LIEJI0E YHCIIO0, YKa3bIBatoliee 00N pa3Mep cOOOIIeH s (C y4ETOM 3arojoBKa)
B OKTeTax. JTa HMH(OpMaIys MO3BOJISIET HAXOIWTh Cclienyrolee cooOmieHue (mose Marker) B TpaHCHIOPTHOM ITOTOKE.
3nauenue nosist Length nomkHo nexarte B auanazone ot 19 1o 4096 (B 3aBHCMMOCTH OT THUIA COOOLIEHHS BO3MOXKHBI
JIOTIOJIHUTENbHBIE OTpaHUYEHHs1). 3alloJHEHHE COOOIIEHUH IyCTHIMU IIOJISIMA HE JIONYCKAeTCs, MOJTOMY IOJe JJIMHBI
JIOJDKHO MMETh MUHUMAJIbHOE 3HaYEeHUE, JOCTaTOYHOE JUIS IIepejad COOOIICHHSI.
Type - mun:
3710 1-0KTETHOE [OJIE COACPIKUT OE33HAKOBOE LIEJIOE YHUCIIO, ONIPEIeIIIOIIEee THII COOOICHUS:
1 — OPEN (coeaunenue)
2 — UPDATE (o6HoBneHUE)
3 — NOTIFICATION (yBenomiieHne)
4 — KEEPALIVE (monTeepsxaeHue)

4.2 dopmat coobeHnn OPEN

[Tocne opraHu3alUM COEAMHEHUs] Ha TPAHCIIOPTHOM YPOBHE, IEPBBIM COOOIIEHUE OT KakaoW u3 cropoH umeer T OPEN.
IMocne Boctpusitust coobuienuss OPEN yzen Bo3spamiaer coobmenne KEEPALIVE, kotopoe monTBepxaaeT mpreM cooOmieHus
OPEN. IMocne noareepxacauss OPEN moxxer npoucxoauts oomen coobrienusmMu UPDATE, KEEPALIVE, u NOTIFICATION.
B nononnenue k crangaprHoMy 3aroiioBky BGP coobuienrie OPEN comepuT ciietyromue moJist:
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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 - eéepcus:
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 - pems yoepocanusa:
2-0KTeTHOEe OE33HaKOBOE IIEJIOE, OIpeessionee BpeMs (B CEKyHAax), KOTOPOE OTIpaBHUTENb Ipe/ylaracT B KadecTBE
3HaveHus Taiimepa yaepxkanus (Hold Timer). [Tomyaus coobmenne OPEN, y3en BGP mosken BoiOpars 3Hauerne Hold
Timer (MeHbIee M3 HACTpOEHHOTO U TosrydeHHOro B cooduieHnn OPEN 3navennii Hold Time). Ecin 3nauenue Hold Time
He paBHO 0, OHO JO/IKHO OBITH HE MEHbIIE 3 ceKyHA. Peann3anmy mpoTokoiia MOTYT OTBEpraTb COSIMHEHHS Ha OCHOBE
snaueHus Hold Time. BriOpaHHOe 3HaueHHE MOKA3bIBACT MAaKCHUMAJbHBIA WHTEpBaN (B CEKyHIAX) MEXIY Iepenadcit
niocieoBatenbHbIX coobmennit KEEPALIVE n/uma UPDATE.
BGP Identifier - uoenmugpuxamop BGP:
4-okteTHOe Oe33HaKoBOe Iiesioe, ykasbiBatomiee uueHTHdukarop BGP mns ormpasutens. Ysen BGP ycranaBnmBaer B
KauecTBe 3HauyeHus wujeHtHukatopa BGP IP-agpec, npucBoennbiii 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 00noiHumenbHbIX NAPDAMEMPOB:
D10 1-0KTETHOE IMOJIC MOKA3BIBACT Pa3Mep OIS JOMONIHUTEIBRHBIX mapameTpoB (Optional Parameters) B okterax. Hynesoe
3Ha4YEHHE OIS TOBOPUT 00 OTCYTCTBUH JOMOIHUTEIBHBIX TApaMETPOB.
Optional Parameters — 0ononnumesnpHvle nApamempol:
3710 mone MOXET COAEp)KaTh CHHCOK JOIOJHHUTEIBHBIX MapaMeTpoB, MpeicTaBicHHbIH B (opmare <Parameter Type,
Parameter Length, Parameter Value> (Tum, pasmep 1 3HaYCHHUE ITapaMeTpa).
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 M OAHO3HAYHO MICHTU(HIUPYET OTAEIBHO B34ThIH mapametp. [lone Parameter
Length mmeeT pazmep | OKTeT W ompemeNseT YuCiio OKTETOB B moje Parameter Value. ITome Parameter Value He mmeer
(PMKCHPOBAaHHOTO pa3Mepa U MHTEPIIPETUPYETCS B 3aBUCMOCTH OT 3Ha4eHwus 1ot Parameter Type.
B nannol cnenudukanny onpenesnsroTcs ciaeyONHe THITH IOTOTHUTEIBHBIX ITApaMETPOB!
Authentication Information (1anusie ayrentudukanum, T 1):
OTOT mapamerp MOXKET HCIIOJb30BaThCs Ul TOATBEpXIeHUs nojHoMounii nmaptHepa 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 (xox ayrenTrdukanmm)
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 moseir Marker.
OtMmeTHM, 4TO NpH OpPraHHU3aIMK COCIMHEHHWH Ha TPAHCIIOPTHOM YPOBHE MOXKET HMCIOJIB30BATHCS OTIEIBbHBIN
MEXaHU3M ayTeHTH(PUKALIH.
Authentication Data (1aHHBIC ayTEHTU()UKAIINH)
®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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Coobmienne UPDATE ciy>kut i1 aHOHCHPOBAHUS OJJTHOTO BO3MOKHOTO MapIIpyTa K y3Iy-TIapTHEPY WM JUIS OT3bIBA IPYIIIBI
aHOHCHPOBaHHBIX paHee MapmpyToB (cM. 3.1). Coobmenne UPDATE Moxer OJHOBPEMEHHO aHOHCHPOBATH JOCTYITHBIN
MapIIpyT W OT3BIBaTh TIPYIIy HemocTymHBIX Oonee MmapmpyToB. Coobmennmss UPDATE Bcerma BximogaroT 3aronoBok BGP
(hpMKCHPOBAaHHOTO pa3Mepa M MOTYT COAEPKATh TOTIOIHUTENBHBIC OIS, TOKAa3aHHBIC HIKE!
Unfeasible Routes Length (2 oxrera)
Withdrawn Routes (nepemeHHBIH pazmep)
Total Path Attribute Length (2 oxreTa)
Path Attributes (mIepeMeHHEI pazmep)
Network Layer Reachability Information (nepemennslii pazmep)
Unfeasible Routes Length (pazmep HedOCHYNHBIX MAPUIPYNIOE)
310 2-0KTeTHOE OE33HAKOBOE 1IeJI0€ YUCIIO yKasbiBaeT obumid pasmep nonst Withdrawn Routes B okrerax. 3HaueHHe 3TOro
MoJIsl JIOJDKHO TI03BOJISITH ompezaeicHue pasmepa nons Network Layer Reachability Information B coorBerctBum C
MIPUBEJICHHBIM HUKE OITUCAaHHUEM.
HyseBoe 3HaueHHE TOBOPHUT 00 OTCYTCTBHH OT3bIBACMbIX MapiipyToB u moist Withdrawn Routes B coobmiennn UPDATE.
Withdrawn Routes (om3vi6aemule mapuipymot)
OTO ToNIe MEepPEeMEHHOW IUIMHBI COAEPXKHUT CIUCOK mpedukcoB [P-agpecoB, MapmipyTsl K KOTOPBIM HCKIIFOYArOTCS U3
obcnyxuBanus. Kaxapiii npeduke [P-anpeca npencrasisiercst B 2-komrnoHeHTHOM ¢opmare <length, prefix>, nokazanHom
HIDKE:
Length (1 oxTer)
Prefix (mepemeHHbIH pa3mep)
[Tonst uMeroT crienyroye 3HaueHusI:
Length (nnuna):
nokassiBaeT pazmep npedukca [P-aapeca B 6utax; HyJaeBoe 3HaUSHHUE MOJIS JUTHHBI YKa3bIBaeT MpeduKc,
COOTBETCTBYIOIIMH BeeM ajpecam IP (cam npedukc conepxut 0 OKTETOB).
Prefix (npedukc):
conepxuT npedukc aapeca IP, 3a KOTOPBIM ClieyeT HECKOIBKO OUTOB, HCITOIb3YEMbIX IS BBIPABHUBAHUS 10 TPAHUIIC
OKTeTa (OTMETHM, YTO 3HaUCHHUE OMTOB 3aIIOHEHHS HE HTPAET POJIH).
Total Path Attribute Length (o6wuii pasmep ampuodymoes nymu)
Oto 2-okTeTHOE 0e33HAKOBOE IIENIOe 3aJacT OOyt nHY o atpuOyTtoB myTtn (Path Attributes) B okrerax. 3HadeHue
3TOTO TOJIS TOJDKHO MO3BOJIATE onpeaeneHue LmHb! ot Network Layer Reachability B cooTBeTcTBHY C OnEICaHHOM HIXKE
pOLEAYpPOil.
3nauenne 0 roBoput 06 orcyrctBun noist Network Layer Reachability Information 8 nanaom coo6mennn UPDATE.
Path Attributes (aTpuOyThI IyTH):
[MocnenoBarensHOCTh aTpUOYTOB IMyTH (NIEPEMEHHOHN IMHBI) TPUCYTCTBYeT B Kaxmom coobmienun UPDATE. Kaxnmprit
aTpuOyT mpeacTaBisieT coboit TpuiuteT Gopmara <attribute type, attribute length, attribute value> pasmep KoToporo Moxer
MEHSATHCSL.
2-okterHoe nosie Attribute Type conepsxut oxreT ¢naros (Attribute Flags) 3a kotopeiM cnentyer okrer tuna (Attribute Type
Code).

0 1
01 23 45 6 7 8 9 01 2 3 45
Attribute Flags Attribute Type Code

Crapumit 6ur (0) okrera Attribute Flags siBnsiercst Ourom Optional u onpenensier T arpuyra — AOMOTHATENbHbIH (1) witu
xoporro m3BecTHbIH (0).
Bropoii 6ut (1) mons Attribute Flags siBinserca 6urom Transitive, onpenemsiFoniM Ha3HAYeHNE TOTIOTHUTEIFHOTO aTpudyTa
— mepexonubni (1) mwm mHenepexomubrd (0). [ms xopomro m3BecTHBIX aTprOyToB OuT Transitive HOIDKEH Bcerna MMETh
3Ha4YeHue | (JOMOJHUTEHPHOE PACCMOTPEHNE IEPEXOJHBIX aTPUOYTOB IPUBOJITCS B IJ1aBe 5).
Tpernii Out (2) nons Attribute Flags sinstercst hmarom Partial. OToT 6uT nokassiBaeT HOJHOTY HH(OPMAIIHH, COJIeprKalehCs
B JIOMIOJHHUTEIFHOM IepexomHoM aTpubyre — mH(popmanus momHas (0) mm HemomHas (1). [ms Xopomio M3BECTHBIX
aTpuOyToB Out Partial nomken nmets 3Hauenue 0.
Yerseptsoiii ¢mar (6ut 3) 3amaer 6ur Extended Length, onpenensromuit pazmep momst Attribute Length — 1 okrer (0) mm 2
okrera (1). ®@mar Extended Length moker uMcronb30BaThCsi TONBKO B TEX CIIydasX, KOrJa pasMep IIoisi aTpuOyToB
MPEBBIIIAET 255 OKTETOB.
Yerbipe muaqmux 6uta nosst Attribute Flags He ncrionb3yrorest M JOJDKHBI MIMETh HyJEBble 3HaYeHHs (Ha IPHEMHOM CTOPOHE
9TH OUTBI UTHOPUPYIOTCS).
Oxret Attribute Type Code conepskut kon Tuna arpudyra. OnpeneneHHble B HACTOSIIEE BPEMs THITBI pacCMaTpUBAIOTCS B
rinase 5.
Ecmu 6ut Extended Length mons Attribute Flags umeer 3nauenue 0, Tpetuit okter mosist Path Attribute cogepxur pasmep
JIaHHBIX aTpHOyTa B OKTETAX.
Eciu our Attribute Flags nons ¢uaros nmeer 3Ha4deHue 1, TpeTHii 1 4eTBEPTHI OKTETHI COJIEPIKAT pa3Mep TaHHBIX aTpulyTa
B OKTETaXx.
Ocrasimecs okteThl moist Path Attribute mpencTaBisfiOT 3HaUYeHHE aTpUOyTa W UHTEPIPETHPYIOTCS B COOTBETCTBHH CO
3HaYeHus MU moJiek Attribute Flags u Attribute Type Code:
ORIGIN (tum 1):
Atpubyr ORIGIN OTHOCHTCS K YHMCIy XOPOIIO M3BECTHBIX M SIBIISIETCSl 00SA3aTENbHBIM — OH ONpeneNsieT MCTOYHHUK
nHpopmarmu o myTu. OKTeT 1aHHBIX aTpUOyTa MOXKET MPUHUMATH CJIEYIOIIIE 3HAUCHNUS:
0 IGP — undopmarms NLRI sinsiercst BHyTpeHHe# uist AS, 13 KOTOPO#A MPHIILIO COOOIICHUE
1 EGP — ungopmarust NLRI monmydena ¢ momomisio EGP
INCOMPLETE — nannsie NLRI momy4eHs! KaKuM-THO0 HHBIM CLIOCOOOM.
Hcnonp3oBanane 3ToT0 aTpudyTa omrcaHo B maparpade 5.1.1
AS _PATH (tym 2):
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AS PATH sBnstercst XOpOIIO HW3BECTHBIM OO0S3aTENbHBIM aTPHOYTOM, KOTOPBIM COICP)KUT IIOCIIEA0BATEIBHOCTH
cermenToB Tyt AS. Kaxnpiit cerMeHT myTi AS TipeAcTaBIseTCcs TPOKoOil 3HaueHuH <path segment type, path segment
length, path segment value>.
1-OKTeTHOE 1OJIe THIIA CEIrMEHTa MOKET COJEPIKATh CIIEIYIOIINE 3HAUCHHS:
1 AS SET: npoiinen nHeynopsinodeHHbII Habop AS mapiipyTa B coobmenunn UPDATE
2 AS SEQUENCE: npoiineH ynopsaoueHHbIi Ha0op AS mapmpyTa B coobuiennn UPDATE

[one path segment length pazmepom 1 okTeT yka3siBaeT urcio AS B CerMeHTe ITyTH.
3nauenue path segment value conepXUT OJMH WM HECKOJBKO HOMEPOB AS, KaXK/Iblii M3 KOTOPBIX IPEACTaBIEH 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 (nadopMaIys 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 Gepercs u3 3aronoka BGP, 3nauenns noneii 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 WIIM HECKOJIBKHX TocienoBartenbHocTeil <length, prefix>,
OITMCAaHHBIX HIXKE!
Length (1 oxrer)
Prefix (mepeMeHHBI 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 (mpedukc):
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 cooomenus 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). BmecTto 3toro ucnons3yrores coobmennss KEEPALIVE, kotopbiMu mapTHEpEI 0OMEHHBAIOTCS JOCTATOYHO YacTO, YTOOBI
MEXIy ABYMs COOOIICHHSMH HE WCTEKIO BpeMms, 3amaHHoe TaiimepoMm yaepxkanus (Hold Timer). PasymHbIM 3HaueHHEM
MaKCHMaJIbHOTO MHTEpBajia MeXIy nepenadeil aByx nocienosarenbHbix coodmennii KEEPALIVE sBrusercs Tpets nHTEpBana,
3aganHoro 3HaueHneM Hold Time. Hemomyctumo mepenaBate cooOmennss KEEPALIVE wame omHOro pa3a B CEKyHAY.
Pa3paboTunky MOTYyT yCTaHOBHUTH HHTEpBAN Mexay nepenaueii cooduiennit KEEPALIVE kak ¢ynxnuto 3nagenust Hold Time.
Ecmu Hold Time = 0, mepuoamueckas nepenada coobmennii KEEPALIVE nemomycruma.
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Coobuienne KEEPALIVE cocTouT TOIBKO U3 3ar0JI0BKa, CIIEI0BATEIBFHO, pa3Mep TaKoro coodmieHns paseH 19 okreram.

4.5 ®opmat coobweHna NOTIFICATION

Coo6mennst NOTIFICATION nepenatorcs B cirydasix oOHapyxenus onmm6ok. Coennnenne BGP He3amemMTeIbHO 3aKphIBAaETCS
TIOCJIe TIepeIavyn TAaKOTO COOOIIEHMS.

B nononnenue k crangaprHomy 3aronoBky BGP coobmenne NOTIFICATION conepikut crieytomnue moJis:

0 1 2 3
01 2 3 4 5 6 7 8 9 01 2 3 456 7 8 901 2|3 45/ 6 7 89 01
Error code Error subcode JlaHHbIC

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

Kox | Hazpanue JononxanTensHas nHGpOpManys

1 Message Header Error (omm0ka B 3aroioBke COOOIICHMS) 6.1 O6paboTKa OIMIMOOK B 3aTOJIOBKE.

2 OPEN Message Error (ommb6ka cooduienns OPEN) 6.2 O6paboTka ommbok B coodmennsx OPEN.

3 UPDATE Message Error (omm6xa coobmennss UPDATE) 6.3 OOpaboTka OHIMOOK B COOOIICHUSIX
UPDATE.

4 Hold Timer Expired (3aKoHYMIOCH BpeMs yIepiKaHHs) 6.5 O6paboTka ommubok Hold Timer Expired.

5 Finite State Machine Error (ormm0Oxa ManIiHBI KOHEYHBIX COCTOSHUN) |~ 6.6 OOpaboTka OmMMOOK MAamIMHBI KOHEYHBIX
COCTOSIHHM.

6 Cease (pa3pbIB COCMHCHHS) 6.7 Pa3pbiB coeTMHCHUSI.

Error subcode (cyoxon omuOKm):
310 1-0KTETHOE MOJIE CONEPKUT OE33HAKOBOE 11EJI0€ YUCII0, KOTOPOE MPEIOCTABIISIET IOMOJIHUTEIILHBIE CBEICHNUS O IIPUPOJIC
npousomenmei ommbku. Kaxnoe 3nauenue Error Code MokeT OBITh CBSI3aHO ¢ OJTHUM WJIM HECKOJILKUMU 3HaueHusiMu Error
Subcode.
Ecnm He onpeneneno nmoaxosimero cyokoaa, ycranasiusaercs Error Subcode = 0 (HeykazaHHas omuoka).
Cyokosr onmmbok Message Header Error:
1 - Connection Not Synchronized - coennHeHrEe HE CHHXPOHU3UPOBAHO.
2 - Bad Message Length — HekOppeKTHBII pa3Mep COOOIICHHS.
3 - Bad Message Type — HEeKOppeKTHBIH THIT COOOIICHUS.
Cy6konsr ook OPEN Message Error:
1 - Unsupported Version Number — Henoiep>kuBaeMbIii HOMEp BEpPCHH.
2 - Bad Peer AS — nexoppektHast AS mapTHepa.
3 - Bad BGP Identifier — nexoppekTHbIii nnentudukarop BGP.
4 - Unsupported Optional Parameter — Heroarep>KMBaeMbIii TOTIOTHUTEIEHBIN TapaMeTp.
5 - Authentication Failure — oTka3 mpu ayreHTnduKanmm.
6 - Unacceptable Hold Time — HemommycTuMOe BpeMs yIep KaHsL.
Cy6xonst ommbok UPDATE Message Error:
1 - Malformed Attribute List - HEeKOPpPEKTHBIN CITUCOK aTPUOYTOB.
2 - Unrecognized Well-known Attribute — Hepacrio3HaHHBIN aTPUOYT U3 YKCIIa XOPOIIO N3BECTHBIX.
3 - Missing Well-known Attribute — 0TCYTCTByeT XOpOIIIO H3BECTHBIH aTpHOYT.
4 - Attribute Flags Error — ommo0ka Bo ¢iarax arpudyra.
5 - Attribute Length Error — HexoppekTHbI pa3mep atpulyTa.
6 - Invalid ORIGIN Attribute — HexoppekTHbIii atpudyT ORIGIN
7 - AS Routing Loop — nerist B Mapipytuzauu AS.
8 - Invalid NEXT HOP Attribute — nexoppektHblii arpudyr NEXT HOP.
9 - Optional Attribute Error- ommo0ka B 1OMOJIHUTEILHOM aTprOyTe.
10 - Invalid Network Field — HekoppekTHOE TOJIe CETH.
11 - Malformed AS PATH — nekoppexthsiit popmar AS PATH.
Hannovie
D10 moje mepeMeHHOH MIMHBI cayxur s auarHoctukd coobmennit NOTIFICATION. CoxmepxuMoe MO JAaHHBIX
3aBucHT oT 3HaueHni noneit Error Code u Error Subcode. lomomautensHast nHGOpMAaIms IpuBeneHa B raaBe 6. O0padoTka
ommboxk BGP..
OTMeTHM, 9TO pa3Mep MOt JAHHBIX MOXKET OBITH OTIPE/IEIICH MO IPUBEICHHOMN HIDKE (QopMyJIe:
Message Length = 21 + Data Length
Mununmansneii pazmep coobmennit NOTIFICATION cocrasisier 21 oKTeT (C y4eTOM CTaHIapTHOTO 3arojIoBKa).

5. Ampubymsbi nymu

B s10i1 r1aBE paccMaTpHBAaOTCS aTpUOYTHI My TH, HCNob3yeMble B coodmmeHmsix UPDATE. ATpuOyTsI nensTcs Ha 4 KaTeropuu:
1. Well-known mandatory — Xopo1io u3BecTHbIE, 00s3aTeIbHBIE.

2. Well-known discretionary — XOpoIo u3BeCcTHEIC, HeOOsI3aTeIbHBIC.

3. Optional transitive — TOTIOMTHUTEIBHBIE, TIEPEXOTHBIE.

4. Optional non-transitive — JONOTHUTEIBHBIC, HETIEPEXOTHBIC.

XopoIro U3BeCTHBIE aTPHOYTHI JOJDKHEI paclio3HaBaThes BeceMu peanmm3anusymu BGP. Hexotopeie u3 3Tux aTpuOyTOB SBISIOTCS
00s13aTeNIbHBIMA M JIOJDKHBI  TIpUCYTcTBOBaTh B KaxkaoMm coobmennn UPDATE. Ocranbhbsie  atpuOyThl  SBISIOTCS
HeoOsA3aTeNbHBIMA M MOTYT OTCYTCTBOBAaTh B HEKOTOpHIX coobmieHnsx UPDATE. Bee xopomio u3BecTHbIE aTpHOYTHI JOJDKHBI
(mocite cooTBeTCTBYIOLIEH 00PaOOTKH, ECIIH 3TO HYXHO) IlepejaBaThest ApyruM y3nam BGP.

Kpome xopomio M3BECTHBIX aTpHOYTOB KaXKABIH IyTh MOKET COJIEPXATh OAWH WM HECKOJBKO JOMOJHUTENBHBIX aTPHOYTOB.
IMonmepxka NONMONHUTENBHBIX AaTPUOYTOB HE SBJsSETCS OO0s3aTeNbHON Juis Kaxnod peanmsanuun BGP. O6pabotka
HepacIo3HaHHBIX JJOMOJHUTENBHBIX aTpHOYTOB ONpeAensieTcsl ycTaHoBKoH Outa Transitive B okrere ¢raros arpubyra. IlyTtH c
HepacHo3HaHHBIMU TEPEXOHBIMH JIOMOJIHUTEIBHBIMI aTPHOYTaMH JOJDKHBI NMPUHUMAThCS. Eciu 1MyTh ¢ Hepaclio3HaHHBIMU
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JIOTIOJTHUTENIFHBIMU TIEPEXOJHBIMH aTpUOyTaMH HMPUHAT U mepenaercss ApyruM yiinam BGP, HepacmozHaHHBIE aTpHOYTHI 3TOTO
IMyTH JOJDKHBI TepenaBatses ApyruM y3nam BGP c¢ ycranoBnennsMm (1) Outom Partial B mome Attribute Flags. Ecim myTs ¢
pacIio3HaHHBIM IEPEXOIHBIM aTPUOYTOM BOCIPHHAT M mepenaercs aApyruMm y3nam BGP, a 6ur Partial oxrtera 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 momomHuTENEHBIE TIEPEXOAHBIE aTPUOYTHI MOTYT JOOABIATHCS B MyTh MCXOIHBIM OTIIpaBHUTeNeM (Originator) Witk 000
AS B mytu. Ecnut 9111 atpulyThl He T0OABISIOTCS NCXOJHBIM OTIIPAaBHUTENIEM, yCTaHaBIMBacTcs 3HadeHue Partial = 1 B okrere
Attribute Flags. IIpaBmia mpucoenHEHNSI HOBBIX HEMEPEXOIHBIX JOTOJHUTEIBHBIX aTpHOYTOB OyAyT 3aBHCETh OT IIPUPOIBI
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 coobienust 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 pacnpoctpansier MapmipyT, KOTOpPbIA ObLT TOTy4YeH oT Apyroro y3ina BGP, B cooomennu UPDATE, on nomken
n3menuts atpuOyT AS PATH Ha ocHOBe pasmenienus y3na BGP, kotopomy nepenaercst MapipyT:
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 Y3ITy CJIelyeT H3MEHUTH CBSI3aHHBIH ¢ 3TUM MapiipyToM atpudyT AS PATH cnenyrommM o6pazom:
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 unninmpyer aHoHC MapmipyTa:
a) HMCXOJHOMY Yy3]y cileayeT BKMo4YMTh CcBOM Homep AS B arpubyr AS PATH Bcex cooOmenuit UPDATE,
nepenaBaeMbIx y31amM BGP B cocenHMX aBTOHOMHBIX CHCTEMax (B 3TOM ciiydae HOMep AS MCXOJHOTO OTIIPABHUTEISL
OyzeT enMHCTBEHHBIM JieMeHTOM atpudyta AS PATH).
b) ncxogHOMY y3IIy CriemyeT BKIoUnTh myctoi atpudyT AS PATH Bo Bece coobmennst UPDATE, nepenaBaemble y3mam
BGP B cBoeii aBToHOMHO# cucteme (myctoit atpudyr AS PATH sBnsiercst mpumMepoM 3J1eMeHTa, Uil KOTOPOTO Moje
pasMepa CoepKUT HyJIEBOE 3HAUCHHE).

5.1.3 NEXT_HOP

Atpubyt nytu NEXT HOP omnpenensier IP-anpec rpaHM4HOrO MapIipyTH3aTopa, KOTOPBIA ClIeyeT HUCIIOIbh30BaTh B KaUuecTBE
CIIeAyIoIero myHKTa (next hop) Ha myTH x afgpecary, ykazanHoMmy B coobmennn UPDATE. Ecii rpaHHYHBIN MapmipyTH3aTop
HAXOJIUTCA B TOH ke AS — 3TO BHYTPEHHUI MPaHWYHBIA MaplIpyTH3aTOpP, B OCTAIbHBIX CIydasx - BHemHUHA. Y3en BGP moxer
AHOHCHPOBATH JIFO00H BHYTPEHHUH IpaHWYHBIA MapIIpyTH3aTop Kak next hop, ecnm unrepdeiic, cesa3annsiii ¢ [P-agpecom atoro
rpaHngHOrO Mapupyrtusaropa (ykassiBaercss B atpubyre NEXT HOP), BxoguT B mojceTh, pa3fenseMyl0 JIOKAIBHBIM H
ynaneHHsM y3namu BGP. V3ex BGP morker aHoHCcHpoBaTh 110001 BHENTHUM IPaHWYHBIN MapupyTr3arop kak next hop, ecin IP-
aJIpec TOro MaplIpyTU3aTopa, Noiy4YeHHbIH oT naptHepa BGP, u unTepdeiic, cBs3annblii ¢ [P-axpecom naHHOro rpaHUYHOrO
MappyTtu3aTtopa (ykaszad B arpuoyre NEXT HOP), paznensitor o0m1yto OCeTh ¢ JIOKIBHBIM 1 yAaJIeHHBIM y3i1amu BGP. V3en
BGP nomxken obecrieunBaTh BO3MOXKHOCTB 3aIpeTa aHOHCUPOBAHHUS BHEIIHMX IT'PAHIMYHBIX MapLIPYTH3aTOPOB.

st y3na BGP HepomycTiMo aHOHCHpOBaHHE ajipeca napTHepa 3ToMy ke aptHepy B coodmennn NEXT HOP s mapiipyros,
10 OTHOIIICHHIO K KOTOPBIM JIaHHBIH y3el sBisieTcst ucxoaHbiM. Jlist y3na BGP HenmonycTiMo ycTaHaBIMBaTh MapIIPYThI ¢ COOO#
B KauecTBe next hop.

Korna y3en BGP anoncupyet mapiipyt apyromy y3iny BGP, pacnionoxeHHOMY B TOH jke aBTOHOMHOM cHCTeMe, aHOHCUPYIOIIUI
y3en He noipkeH u3MeHsnTb atpuoyr NEXT HOP, cBszannblil ¢ atum mapuipyroM. Korna yzen BGP nmosmyuaer mapuipyT uepes
BHYTpPEHHEE COCTMHEHNE, OH MOXKET Tepechliath makeTsl o aapecy NEXT HOP, ecnu conmepskammuiicss B 9ToM aTpulyTe aapec
OTHOCHTCS K TOH e IMOJICETH, B KOTOPOU HaXOAATCS JIOKAJTbHBIN U yianeHHbIl y3161 BGP.

5.1.4 MULTI_EXIT_DISC

Atpubyr MULTI EXIT DISC moxer ucmnonb3oBaThbcss Ha BHEIIHHX (MeXIy AS) coenmuHEHHsX i W30aBleHUS OT
MHOTOYHCIIEHHBIX TOYEK BBIXOAAa WM BXoma B onmHy cocemHiolo AS. 3mauenme atpmbyra MULTI EXIT DISC sBnsercs
YETHIPEXOKTETHBIM OE33HAKOBBIM IIEJBIM YHCIIOM, KOTOPOE Ha3bIBAIOT METPHKOM. [Ipu mpounx paBHBIX M3 MHOMXECTBA TOUEK
BXO0/1a/BBIXOZ1a CIIEIyeT BBIOMpATh Ty, KOTOpask MMEET HaMMEHbIIEEe 3HauCHHWE METpHKH. Ecmm cooOiieHne momydeHo depes
BHemHuH kKa"ai, atpudyT MULTI EXIT DISC mosxer pactpocTpaHsThCs depe3 BHyTpEeHHHE COeNMHEeHUs ApyruM y3nam BGP B
toti ke AS. Atpudyr MULTI _EXIT DISC nenmomyctimo pactpoctpassTts y3inam 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, xoropsie manusiii y3en BGP mepemaer apyrum y3mam BGP, pacmonokeHHBIM B TOH k€ aBTOHOMHOMU
cucreme. Y3ny BGP cnenyer paccuntaTh ypoBEeHb MPEIIOYTEHHS AT KKIOTO BHEIIHETO MapIIpyTa U YKa3bIBaTh 3TOT YPOBEHb
IIPY aHOHCHPOBAHUH MapIIpyTa BHYTPEHHHM MapTHepaM. lIpeamodreHne IOKHO OTIABaThCs MapLIpyTaMm ¢ Ooiee BBICOKHM
ypoBHeM. Y3y BGP crnenyer ncnonb3oBate ypoBeHs ImpeanouTenus, onpeaenernsiii ¢ nomomeso LOCAL PREF, B mponecce
MIPUHSATHS PEUICHUH 0 MapmpyTu3anuu (cM. maparpad 9.1.1 ®aza 1 - pacder ypoBHS PEIIIOUTCHIAS).

V3znam BGP =e cnenyer Bkmouats 3ToT arpuoyT B coodimennss UPDATE, kotopsie aToT y3en nepenaer yzinam BGP B cocenanx
aBTOHOMHBIX cucteMax. Ecim atpulyT comepxkurcs B coobrmennn UPDATE, nomyuernoMm ot y3ma BGP, koTopelif Haxomures B
JIpyroii MO OTHOIIEHHWIO K MPHUHHUMAIOIIEMY Y31y aBTOHOMHOW cHCTEMe, NMPUHUMAIOLIEMY Y31y CIE€AyeT UTHOPUPOBATh 3TOT

aTpuOyT.
5.1.6 ATOMIC_AGGREGATE

Xopomo usBectHbI arpudyTr ATOMIC AGGREGATE otHOcuTes k unciy HeoOs3arenbHbIX. Eciu yzen BGP npn Hammanm
Habopa MepeKPHIBAIOIIMXCSI MapUIPYTOB OT OAHOTO M3 ero maptHepoB (cM. maparpad. 9.1.4 IlepekpbiBaromyecs: MapLpyThl)
BBIOMpaeT MeHee crenupuueckuii MapmpyT (6e3 BeIOOpa Oojee creuuduueckoro), Torna JOKaJbHOW CHUCTEME CIedyeT
npucoequHuTh atpudyT ATOMIC AGGREGATE k mMapuipyTy, pacrpocTpaHsieMoMy 3TOH cucTeMoii apyrum y3nam BGP (ecnn
9TOT aTpuOyT yKe He ObUI yCTaHOBJIEH B NPUHATOM MeHee cneuuduuHoM Mapuipyte). Y3y BGP, nomyunBmemy mapipyr ¢
atpudyrom ATOMIC AGGREGATE, He cieayeT yaansTh 3TOT aTpuOyT MPH PaclipOCTPaHSHUH MapIIpyTa APYTUM y371aM. Y31y
BGP, nonyunsiemy mapuipyt ¢ arpudyrom ATOMIC AGGREGATE, ne cnenyer nenarb xakux-nmn6o NLRI storo mapmpyra
bonee crnenupuueckumu (cM. ompezeneHue B maparpade 9.1.4 IlepekpbiBaroiyecss MapUIpyThl) NPU aHOHCHPOBAHWUH 3TOTO
MapripyTa apyrum yziaam BGP. Ysen BGP, monyuusnmii mapuipyt ¢ atpudyrom ATOMIC AGGREGATE, momkeH 3HaTh
peanbHBIA MyTh K agpecary, kKak yka3aHo B mojie NLRI mapmipyTa, X0Ts IpH OTCYTCTBHHM IIETENIh BO3MOXKHA Tiepeaada yepes AS,
KOTOpbIE He yKka3aHbl B atpuOyTe AS PATH.

5.1.7 AGGREGATOR

ATtpnbyr AGGREGATOR sBnsercss AOMONHUTEIBHBIM IEPEXOJHBIM M MOXET BKIIOYAaThCS B OOHOBIICHHS, KOTOpHIE
dopmupytoTcss mpu arperupoBaHuM (cM. maparpad 9.2.4.2 ArpermpoBanme MapmipyTHoil uH(popmanmm). Yzem BGP,
o0beuHsIOmMit MapmpyThl, MoxkeT 100aBisATh aTpudyT AGGREGATOR, conepsxarmmii Homep AS u IP-aapec storo y3ra.

6. O6pabomka owubok BGP.

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

ITpn oOHapyxeHHH 1r000r0 M3 ONMUCaHHBIX 31ech ycnoBuil nepenaercs coodbmenne NOTIFICATION c cooTBercTByOmMMHU
3navyenusiMu nosieit Error Code, Error Subcode, Data u coenunenrie BGP paspeiBaercs. Eciu cyOko/ OIIMOKH He 3a1aH, ClIeayeT
ycranasnuBath Error Subcode = 0.

Opa3za "coenunenne BGP paspbiBaercs" o3HavaeT, YTo 3aKPhIBAETCS COETMHEHHE TPAHCIIOPTHOTO YPOBHS U OCBOOOKIAIOTCSI BCE
pecypchl, BbLIeNeHHbIe Uil coequHeHuss BGP. 3anucu TaOnuipl MapiupyTH3allMd, CBS3aHHBIE C yJaJI€HHBIM HapTHEPOM,
MTOMeYaloTcs KaKk HEKOPPEKTHBIE, a HHpopMaIms 06 3ToM nepenaercs apyruMm naptaepam BGP no toro, kak mMapmpyTsl OyayT
yJIaJICHBI U3 CUCTEMBI.

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

6.1 O6paboTka oLIMOOK B 3aronoBkKe.

[Tpn oOHapy>keHNH KakoH-THO0 omMOKK B mporecce o0padoTku 3aronoBka nepenaercs coodmenre NOTIFICATION c Error
Code = Message Header Error. ITone Error Subcode rmoka3siBaeT KOHKPETHYIO IPUYMHY OLIMOKH.

[Mpennonaraercsi, yro none Marker B 3arosoBke cooOmenuii Tiuna OPEN conepskut Tonbko enuHunbl. OkugaeMoe 3HaueHue
nonst Marker U1 octaneHBIX THIIOB coobmiennii BGP onpenensiercs Ha ocHOBE IPUCYTCTBHS JOTOJHHUTEIBHOTO Hapamerpa
Authentication Information B coobmennn BGP OPEN wu wucnoms3yemoro MexaHW3ma ayTeHTU(HKAUK (ECU IoJie
Authentication Information npucyrcrsyer B coobmennn BGP OPEN). Ecnu 3Ha4uenue nosist Marker B 3aroyioBke cooOLIeHHs He
COBIAJIACT C OXKUAAEMBIM, IPOUCXOUT OIIMOKA CHHXPOHHU3AMU U ycTaHaBiuBaercs 3Hadenue Error Subcode = Connection Not
Synchronized.

Ecnu 3nauenue monst Length B 3arosioBke cooOuienust Menbine 19 wim Gonbine 4096, none Length B 3aronoBke cooOreHus
OPEN, NOTIFICATION wm UPDATE menbiie muanmansHoro pasmepa coodmenuss OPEN/NOTIFICATION/UPDATE wiu
mosie Length B 3arosoBke coobmenns KEEPALIVE He paBHo 19, ycranasnuBaercs 3HaueHue Error Subcode = Bad Message
Length. ITonie nanHbIX coep kUt olnbouHoe 3HayeHue noist Length.

Ecmm mone Type B 3aronoBke cooOIIeHUS HE YaaeTCs paclo3HaTh, ycTanaBnuBaercs Error Subcode = Bad Message Type u mone
JIaHHBIX COJIEPXKUT omMbouHOe 3HaueHue mois Type.

6.2 O6paboTka owmnb0oK B coobLeHusax OPEN.

[Tpu o6Hapy»eHnn Kakoi-mbo ommoku B nporecce 0opadoTkn cooduienniit OPEN renepupyercs coodmenne NOTIFICATION
¢ Error Code = OPEN Message Error. ITone Error Subcode nokaspiBaeT KOHKpETHYIO IPUYHHY OIIHOKH.

Ecinu Bepcust, ykazaHHas B mosie Version nomydenHoro coodienust OPEN He nojiepxuBaercsi, ycraHaBnuBaercsi 3Hadenue Error
Subcode = Unsupported Version Number. [lose naHHBIX cOIEpKHT 2-OKTeTHOE OE€33HAKOBOE IEJIOC, KOTOPOE IMOKa3bIBAET
MaKCUMAaJIBHBIF HOMEp JIOKAIBHO MojiepkuBaeMoii Bepcurt BGP (koTopblii MeHblIle HoMepa BepcuH, YKa3aHHOTO B MPUHSATOM
coobmenun OPEN).

Ecnu mone Autonomous System B coobmiernu OPEN cozep:xuT HenpremiieMoe 3HadyeHue, ycranapiupaercs Error Subcode =
Bad Peer AS. Omnpezenenne npueMiieMocTi HOMEPOB AS BBIXOAUT 3a MPEJIEIbl PACCMOTPEHHS 3TOTO IOKyMEHTa.

Ecian nenpuemsemo 3Hauenue nons Hold Time B coobumennn OPEN, B mone Error Subcode moiKHO ObITh yCTaHOBIEHO
3nauenne Unacceptable Hold Time. Peanmsamuun nportokoia moskHbI oTBeprath 3HaueHuss Hold Time 1 wim 2 cexyHsl
[Tporokon moxker orBeprarh soObie 3HaueHus: Hold Time. Peanuszanust mporokona, npunuMatomas 3naueHne Hold Time,
AOJIKHA UCIIONB30BaTh cornacoBanHoe 3Hauenne Hold Time.
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Ecmu nonte BGP Identifier B coobmiennn OPEN cHHTakCHUECKH HEKOPPEKTHO, yeTaHaBauBaeTcs 3HaueHue Error Subcode = Bad
BGP Identifier. CuHTakcH4eckas KOPpeKTHOCTh 03HavaeT, uTo rmojie BGP Identifier conepxwut koppektHsIit [P-agpec xocra.

Ecmn omun u3 momonHmMTensHBIX mapamerpoB (Optional Parameter) B coobmennu OPEN He ynmamock pacro3HAaTh,
ycraHaBimBaetcs 3HaueHune Error Subcode = Unsupported Optional Parameters.

Ecmu coobmenne OPEN conepxut manHble s ayreHTHdukanmm (kak Optional Parameter), BKiIrouaeTcsi COOTBETCTBYIOIIAS
npouenypa ayrentudukammu. Ecim nponenypa ayrentudukanuu (Ha ocHoBe Authentication Code n Authentication Data) maer
0TKa3, ycTaHaBImBaercs 3HaueHune Error Subcode = Authentication Failure.

6.3 O6paboTka owmnbok B coobieHusix UPDATE.

[Ipn oOHapyxeHun KakoW-1O0 omMOKKM B mpouecce o0Opadotku cooOennit UPDATE renepupyercs cooluieHue
NOTIFICATION c Error Code = UPDATE Message Error. [Tone Error Subcode noka3siBaeT KOHKPETHYIO IPUYUHY OHIMOKH.
Kontposns ommbok B coodriieann UPDATE naunHaeTcst ¢ mpoBepku arpudyToB mytu. Eciu 3nauenue Unfeasible Routes Length
i Total Attribute Length cnumkom Benuko (t. €., Unfeasible Routes Length + Total Attribute Length + 23 npeBbiiaer pazmep
coobmmenms - Length), ycranasnuBaercs 3Hauenune Error Subcode = Malformed Attribute List.

Ecnu moboii 13 pacrmo3HaHHBIX aTpuOyTOB mMmeeT 3HadeHue Attribute Flags, xondmmkryromee ¢ Attribute Type Code,
ycraHaBimBaercs 3HaueHue Error Subcode = Attribute Flags Error. Ilome manHBIX conep kKuT OMMOOYHBINA aTpruOyT (THIL, pasMep U
3HAUYCHHE).

Ecmu mro0oii u3 pacmo3HaHHBIX aTpuOyTOB mMeeT 3HadeHHe Attribute Length, He cooTBeTcTByIOMmIEe OKMIAeMOH AIMHE (HA
OCHOBE KOfa TWHa aTpu0OyTa), ycraHaBimBaercs 3HaueHne Error Subcode = Attribute Length Error. Ilone maHHBIX comepkuT
OIMOOYHEIN aTpUOYT (THIL, pa3Mep U 3HAUYCHHE).

Ecmu oTcyTcTBYeT Kakoi-1u00 M3 00s3aTeIbHBIX XOPOIIO M3BECTHBIX aTpuOyTOB, ycTaHaBIMBaeTcs 3HaueHne Error Subcode =
Missing Well-known Attribute. ITone nannbIx copepxut 3HadeHue Attribute Type Code aist otcyTeTBYIOIIEro arpudyTa.

Ecmu He pacmo3HaH KakoW-InO0 w3 00s3aTeNFHBIX XOPOIIO W3BECTHBIX aTpHOYTOB, ycTaHaBInBaeTcs 3Hadenne Error Subcode =
Unrecognized Well-known Attribute. [Tose maHHBIX cOEp>KUT HepacO3HaHHBIA aTpHOyYT (THII, pa3Mep U 3HaUCHHE).

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

Ecmm arpuOyr NEXT HOP cunTakcumuecku HekoppekTeH, ycranasnusaercst 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
orOpachIBaeTcsi U ycraHapinuBaercs 3HaueHne Error Subcode = Optional Attribute Error. [lone naHHBIX CONEPKUT OIIMOOUHBIH
aTpuOyT (TUI, pa3Mep U 3HAUCHHE).

Ecnu kakoii-nmibo u3 arpudyrtoB nosiisiercst B cooOiennn UPDATE Gosiee ogHoro pasa, ycraHaBiuBaeTcs 3HaueHue Error
Subcode = Malformed Attribute List.

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

6.4 O6paboTka owmnb0ok B coobeHusax 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 wmm Error Subcode) momkHBI TPOTOKOJIMPOBATHCS M IEPEaBaThCs aIMHHHCTPATOPY Y371a, OTIPABHBILIETO
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, nepenaercs coobmenne NOTIFICATION ¢ xomom ommbdku 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
coobiTre), mpuBoauT K reHepanuu coodrienust NOTIFICATION c Error Code = Finite State Machine Error.

6.7 Pa3pbIB coeAUHEeHUS.

Ipu oTcyTcTBHM KakuX-1uO0 (aTajabHBIX OMMOOK M3 YMCIa ONHMCAHHBIX BhIIE y3ea1 BGP Moxer B mo00i MOMEHT 3aKpBITh
coequaerne BGP, nepenas maptaepy coodmenne NOTIFICATION c Error Code = Cease. OpmHako Takuhe cOOOMIeHHS HE
JOJDKHBI HCIIONB30BaThCS MPH BOSHUKHOBEHUH KAKOW-THO0 U3 MEPEYNCICHHBIX BBIIIE (haTaIbHBIX OLIHOOK.

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 BoBeUeHHBIX B KOH(IIUKT Y3JI0B U COXPAHSETCS TOJIBKO TO
COeAMHEeHNE, KOTOpoe ObUI0 MHUIMHPOBaHO y310M BGP ¢ 6omemmm 3nauernem BGP Identifier.
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[Tpu momyuennn coobmenuss OPEN nokanpHas cuctema JobKHA YOEIUThCS, YTO BCE €€ COSNMHEHMsI HaXOSITCS B COCTOSTHUH
OpenConfirm. Y3en BGP moxer Takxke MpOBEpHTh COSTMHEHUS, KOTOPBIE HaX0oAATCs B coctosauu OpenSent, eCiii OH UMeEET
nHpopMarmio o 3HaueHnn BGP Identifier y3ma Ha mpoTHBOMONIOKHOW CTOPOHE COSNMHEHUS (3Ta MHGOPMAIWS MOTydaeTcs
MTOMOIIBIO APYTUX MPOTOKONIOB). Ecii kKakoe-mnbo U3 STHX COSAWHCHHUH OTHOCUTCA K ynaneHHoMy y3iny BGP, npentudukarop
KoToporo coBmagaer co 3HadeHneM BGP Identifier B coobmennn OPEN, mokanmpHBIE cHCTeMa BBIIONHSET CIEIYIOIIHe
MIPOIIECAYPHI pa3pelIeH s KOH(INKTA:
3nauenne BGP Identifier mokambHO# cHCTeMBI CpaBHUBAETCS ¢ HACHTU(PHUKATOPOM yaaieHHoro ys3na BGP, ykazaHHbIM B
coobmennu OPEN.
Ecmn noxanpHOe 3Hauenme BGP Identifier MeHbIe ymaneHHOTO, JOKaNbHAas CHCTEMa 3aKpBIBACT CYIICCTBYIOIIEE
coenuaenne BGP (ono Haxomures B cocrostHun OpenConfirm) ¥ npuHUMaeT CoeMHEHHE, HHUIIMMPOBAHHOE Y/IAJICHHBIM
y3nom BGP.
Ecin unentuduxarop BGP nokanbHO#N cucteMbl 6oible yAalIeHHOTO HIACHTH(DHKATOpA, 3aKPhIBAETCS HOBOE COEJIMHEHHE
(cBszanHOe C mpuHATEIM coobmmenneM OPEN) u mpomoskaeTcss HMCHONB30BaHHWE CYHIECTBYIOMIETO (B COCTOSTHHH
OpenConfirm).
[pu cpaBHeHnn uaeHTUGHKaTOPOB BGP X 3HaUeHHS TPaKTYrOTCS Kak 0€33HAKOBEIC IIENbIC YnCiia (4 OKTeTa).
Ecmu omHo w3 yuactByrommx B KoH(pimkre coenmuHenuii BGP waxomurtcss B cocrosHum Established, Takoit koHGuukT
paspermiaercsi 6e3yCIOBHBIM 3aKPhITHEM HOBOTO cOoeAMHEHUs. OTMETUM, 4TO KOH(IMKTHI C COCIMHEHUSIMHU, HAaXOJAIIUMHUCS B
cocrosinuu Idle, Connect niu Active 0OHapyXUTh HEBO3MOXKHO.
3akpeitie coenuHeHnss BGP B pesysbrare mpouemypbl paspelieHusi KOH(IIMKTa CONPOBOXKAACTCS Iepenadell CooOMEeHHH
NOTIFICATION c Error Code = Cease.

7. CoanacoeaHue sepcuu BGP.

V31 BGP MoryT cormacoBats BepcHIo IMPOTOKOJIA ITyTEM MOBTOPHBIX IOMBITOK OpraHu3anuu coenuuenuss BGP, ncmonssys B
MEpBOM MOIBITKE BBICIINI HOMEp, MOAACPKUBAEMBIN JIOKAIbHON CTOpOHOW. Eciau mpu MombITKe OpraHU3alud COEIUHEHUS
Bo3HmKkaeT ommbka ¢ Error Code = OPEN Message Error u Error Subcode = Unsupported Version Number, y3en BGP nmeer
nH(OpMaIMIO 0 HOMEPE BEPCHH, KOTOPBI OBbLT MCIIOIb30BaH NPH HEyNayHOH IIOIBITKE, HOMEPE BEPCHH, KOTOPYIO IBITAICs
HCIIOJIb30BaTh MAapTHEP, HOMepe Bepcuy, nepenanHoM naptHepoM B coobuiennn NOTIFICATION, n Homepe Bepcuy, KOTOPYIO
OH moanepkuBaer. Ecnu HoMepa onHOM mim Ooiee Bepcuil M3 4MCIia IOJAEPKUBAEMbIX OOOMMH MapTHEpaMH COBIIAIAIOT,
nMeroIasicss HHPOpMaIHs TTO3BOJISIET OBICTPO ONPENEINTh MAKCUMAIIBHBIA TTOIepKUBAacMBbIil HOMep BepcHu. [JIst OIepsKKI
cornacoBanusi Bepcun BGP B Oyaymmx BepcHsiX IIPOTOKONA JOJDKEH coxpaHsThest Qopmar coobmenuit OPEN wu
NOTIFICATION.

8. MawuHa KkoHe4YHbIx cocmosiHuu BGP.

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

Hwxe npuBeneHo kpatkoe ommcanue U 0030p cocrostanii BGP, onpenenennsix FSM. Kpartkoe ommcanne BGP FSM nmano B

IIpunoxxenun 1.

Wznagansao BGP Haxonutes B cocrosamu Idle.

Cocmosnue Idle:
B stom coctostann BGP otBepraer Bce Bxomsmme coenunaennss BGP. Jlns mapTHepa He BBIIETSCTCS HUKAKUX pecypcoB. B
OTBET Ha coObITHE Start (HHUIUUPYETCS CHCTEMON HJIM OIIEpaTOpOM) JIOKaJbHas CHCTeMa MHHIHAIM3UPYET BCE PECYPCHI
BGP, 3amyckaer Ttaiimep ConnectRetry, MHHIIMHpYET TpPaHCIIOPTHOE COEAWHEHHWE C IpyruM y3mom BGP, nHaumnHaer
MPOCIyIIMBaHUE BXOSIIMX COEAMHEHUH OT yaaieHHbIX y310B BGP u nepexoaur B coctosiuue Connect. 3HaueHue Taitmepa
ConnectRetry onpezaensieTcst JIOKaIbHBIMA yCIOBHUSIMH, HO JOJDKHO OBITh JOCTATOYHO BEJIMKO VIS TOTO, YTOOBI 00ECIIeUNTh
nHumanuzanuo TCP.
Ecin y3en BGP oOHapysxuBaeT onmoOKy, OH 3aKpbIBaeT COeMHEHNE U nepexoaut B cocrosiHue Idle. Beixon u3 cocrosHus
Idle TpeOyer renepannu HoBoro coObITus Start. Eciim oTH cOOBITHS TeHEpUPYIOTCS aBTOMAaTHYECKH, BOSHUKHOBEHHE OLIMOKH
BGP moxer mpuBecTH K aBTOr€HEpaly MONBITOK BbIxona n3 cocrosaus Idle (flapping) Ha y3ne. Bo n3bexanne Takmx
CUTyaluil peKOMEH/IyeTCsl TCHEPUPOBATh COOBITHS Start ¢ HEKOTOPO# 3aIep KO ocIie rnepexoa y3na B cocrosaue Idle B
pesynbrare ommbku. g y3na, mepememmero B cocrosiuue Idle B pesynpraTe OmmMOKH, WHTEpBaJl MEXAY reHepanuen
MOCJIE/IOBATENbHBIX COOBITHI Start (eciM OHM TE€HEePUPYIOTCS aBTOMAaTHYECKH) JOJDKEH BO3pacTaTh AKCIIOHEHIHAIBHO.
HauvanpHas 3aeprkKa T0JDKHA cOCTaBIATh 60 CEKyH M IOCIIe KXKI0H MOTBITKY Tay3a JOJDKHA y/IBaNBaThCS.
Bce ocranbhbie coObITHS B cocTosiHuu 1dle uraopupyroTes.

Cocmosanue Connect:
B stoMm coctosinun BGP oxxumaet 3aBepimeHusI mporiecca opraHnu3aliii TPaHCIIOPTHOTO COSTUHEHMS.
[Tpu ycremHoM coeIMHeHUH Ha TPAHCIIOPTHOM YPOBHE JIOKaJIbHas cuctema copachiBaeT Taiimep ConnectRetry, 3aBepiuaer
WHHUNHATU3AINIo, iepenaet naptHepy coodmerne OPEN u nepexoaut B coctosiHIe OpenSent.
ITpu oTkaze B coelquHeHWH (HAIpUMep, TailM-ayT MOBTOPHOM Iiepenayr), JIOKajbHas CHCTeMa Iepe3alyckaer Taiimep
ConnectRetry, mpomomkaeT MPOCITyIINBaTh TIONBITKH OPraHW3aIlid COSIMHEHUI OT ynaneHHbX y3moB BGP u nepexonur B
cocrosiHue Active.
B ciywyae 3aBepmienmst orcuera Taiimepa ConnectRetry mokampHas cucTeMa 3allyCKaeT €ro 3aHOBO, HHUIMHPYET
TPaHCIIOPTHOE COeAWHeHne ¢ ApyruMm yziaoM BGP, mpomomkas mpociymmBaTe BBI3OBBI OT yAaleHHBIX y310B BGP, u
ocraercs B coctossiHun Connect.
Co0bIThs Start ”THOPHpPYIOTCS B cocTostaum Connect’.
B otBer Ha Bce mpoune COOBITHS (MHHIMHPYEMBIE CHCTEMOW HJIM OIEpaTopoM) JIOKanbHas CHCTEMa OCBOOOXKIAeT BCe
pecypesl BGP, cBsi3aHHBIE ¢ 3THM COEAMHEHHEM U ITepexoaunT B cocTostHue Idle.

Cocmosanue Active:
B stom coctostaun BGP niertaercst mpuodpecTty napTHEpa, HHULUHUPYSI TPAHCTIOPTHOE COSTMHEHHME.

> B MCXOIHOM JIOKyMEHTE OmMO0YHO yKazaHo cocTosinue Active. [lpum. nepes.
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[pm ycnenHoM coeiMHEHUH JIOKanbHas cucTeMa copacbiBaet Taiimep ConnectRetry, 3aBepiiaeT HHUIIUATIN3AIIMIO, TIEPEAACT
nmaptHepy coobmenne OPEN, ycranasmuBaer mist Hold Timer noctatogno Gojbpmioe 3HaYE€HHE M MEPEXOAUT B COCTOSTHUE
OpenSent. PexoMeHyeTcs ycTaHaBIuBaTh Uis TaiiMepa yaepkanus 3HaueHne Hold Timer = 4 MUHYTEHL
Ilpn 3aBepmiennn otcuera Taimepa ConnectRetry sokanbHas cucTeMa 3amycKaeT 3TOT TalfMep 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, JIOKaJIbHAS CHCTEMa 3aHOBO 3amyckaeT Taiimep ConnectRetry, oTBepraer monsITKy COeANHEHUS,
TIPOJIOIDKAst ITPOCITYIIMBATE MOMBITKA COSANHEHUH OT yaaneHHbIX y3110B BGP u coxpansis cocrosiHne Active.
CoObITust Start UTHOPUPYIOTCS B COCTOSTHAM 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, 3HaueHne KOTOPOTo M3HAYAIBLHO YCTaHABINBACTCS JOCTATOYHO OOJIBIIMM (CM.
BBIIIIC), BEIOUPACTCS corilacoBaHHOe 3HaueHue (cM. maparpad 4.2 dopmat coobmenuit OPEN). Eciu cormacoBaHo HyieBoe
snagenne Hold Time, taiimepst Hold Time u KeepAlive e mcmons3ytorcs. Ecnm 3Hagenue moist Autonomous System
COBIIAJA€T C HOMEPOM JIOKaJIbHOM AS, COCAUHECHHUC SABJIACTCA BHYTPCHHUM, B OCTAJIBHBIX ClIy4dasX COCIAMHCHHUEC SABJIACTCA
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 3akpbiBaeT coequnerne BGP, 3anoBo 3amyckaer taitmep ConnectRetry, mpomoinkas CiymaTh IOTBITKH COSANHEHNH
OT ynanieHHbIx y3n0B BGP, u mepexonut B coctosiHne Active.
ITo ncreuennn Bpemenn Hold Timer nokamsHas cucrema nepenaer coodmenne NOTIFICATION ¢ komom oumbku Hold
Timer Expired u mepexonut B cocrostaue 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 coctostHun OpenSent.
B otBer Ha Bce ocranbHbIe coOBITHS JToKaIbHast cuctema nepenaet coodmenne NOTIFICATION c Error Code = Finite State
Machine Error u mepexonut B cocrosaue 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.
[o ucreyennn Bpemenn Hold Timer no mpuxona coobmennss KEEPALIVE, nokanbHas cuctema nepeiaer cooOLieHune
NOTIFICATION c xonom oum6ku Hold Timer Expired u nepexoaut 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 niepexoaut B coctosinue Idle.
CoOsrtust Start urHOpupyroTcs B coctostanu OpenConfirm.
B oTBet Ha Bce ocTanmbHbBIe cOOBITHS JIoKanbHas cucteMa nepenaet coodmenue NOTIFICATION c Error Code = Finite State
Machine Error u mepexonut B cocrosaue Idle.
Besknit pa3, xorma BGP nepexomut u3 cocrossauss OpenConfirm B cocrostaue Idle, 3akpeiBaercs coenunenne 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 nokanphas cuctema moirydaer coodmenne UPDATE uwnu KEEPALIVE, ona 3aHoBO 3amyckaer Taiimep Hold Timer
(ecmu cornmacoBanHoe 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.
Io ucreyennn Bpemenn Hold Timer no mpuxonma coobuennss KEEPALIVE, nokanbHas cuctema nepeiaer cooOlieHHe
NOTIFICATION c xonom ommo6ku Hold Timer Expired n nepexoaut B coctosiaue 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 HyITHO.
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B otBer Ha cobObitne Stop (MHMLIMHpYETCS CHCTEMOW MM OIEpaTOpoM) JIOKaJbHAs CHCTEMa IepefacT COOoOIIeHHe
NOTIFICATION c Error Code = Cease u nepexoaut B coctosiame Idle.

CoObITHs Start uTHOpUpYroTCs B coctosianu Established.

B otBer Ha Bce ocTanmbHBIE COOBITHS ToKanbHAs cucteMa repenaet coodmenne NOTIFICATION c Error Code = Finite State
Machine Error u mepexonut B cocrostaue Idle.

Beskuii pa3, xorma BGP mepexomut m3 cocrosHus Established B cocrosHue Idle, 3akpeBaercs coemunenue BGP (u
TPAHCIOPTHOE COCMHEHUE) U OCBOOOKIAIOTCSI BCE PECYPCHI, CBA3aHHBIE C TUM COCTUHECHHUEM.

9. O6pabomka coobuweHuti UPDATE

Coo0uienne UPDATE moxer ObiTh mosyueHo Tonbko B cocrosHuu Established. Ilpu mnomydenun coobuienuss UPDATE
MPOBEPSICTCSI KOPPEKTHOCTH KAXKIOTO OIS B COOTBETCTBUH ¢ maparpadom 6.3 O6padotka ommbdok B coodmenusx UPDATE..
Ecian He ynmaercs pacrio3HaTh JOMOJNHHUTEIbHBIE HETIEPEXOAHbIE aTpUOyThl, OHM MPOCTO UTHOpUpYroTcsa. Ecinm He ynmaercs
pacro3Hath JOMOJIHUTENBHBIC IIEPEX0/IHbIC aTPHOYTHI, ycTaHaBIMBaeTcs 3HaueHue Partial=1 B noJe ¢uaros arpudyra (Tpetuii no
CTAapIIMHCTBY OHT) U aTpuOyT COXpaHsAeTCs I Iepeaadn ApyruM y3nam BGP.
Eciau Bce nomonmHMTENBbHBIE aTPUOYTHI PACIIO3HAHBI W MMEIOT KOPPEKTHbIE 3HA4YeHWs, Toraa (B 3aBHCHMMOCTH OT THIIA
JIOTIOJTHUTENFHOTO aTprOyTa) aTpuOyTHl 00pabaThIBAIOTCS JIOKATBFHO, COXPAHSIOTCS U OOHOBIIOTCS (MIPU HEOOXOIUMOCTH) LIS
MocIeAyIoNIen nepenayn Apyrum y3inam BGP.
Ecmn coobmenne UPDATE comepxxutr nHemyctoe mome WITHDRAWN ROUTES (oT3pBaeMble MapIipyThl), paHee
AQHOHCHPOBAaHHBIE MapIUIPYTHI, YbM aJpecaThl YKa3aHbl MpeQHUKCaMu B JAHHOM IO, yaaisrorcs u3 tabmunbl Adj-RIB-In. Y3zen
BGP nomxen 3amyctuth Decision Process, mockoibKy aHOHCHPOBaHHBIE paHee MapLIpyThl OOJIBIIE HE MOTYT UCTIOIb30BATHCS.
Ecm coobmenne UPDATE comepXHUT MOCTYHHBIM MapHIpyT, 3TO MapuIpyT cienyer moMmecTuts B Tabmmmy Adj-RIB-In u
BBITIOJIHUTH IO OTHOIICHHIO K HEMY IIePEUHCIICHHBIC HIDKE OIIEPALHH:
Ecmm mone NLRI mneHTHYHO OTHOMY M3 MapmipyToB, Xparsmiuxcs B Adj-RIB-In, HOBBI MapmipyT TOIDKEH HCTIOTB30BATHCS
B3ameH umetorerocst B tabimne Adj-RIB-In (T.e., crapsrii mapmpyt ot3biBaercs). ¥Y3en BGP nomxken 3amycruts Decision
Process, MOCKONIBKY CTapblif MapIIPYTHI OOJIBIIIE HE MOXKET UCTIOIH30BATHCS.
Ecan HOBBIIT MapuipyT IepekpbIBaeTCsi C MapLUIpyTOM, BKJIIOYEHHBIM paHee (cM. 9.1.4 IlepexpbiBarommmecs: MapipyTsl) B
tabmuiy Adj-RIB-In, y3en BGP nomxken 3amyctuts Decision Process, mockosbKy Gonee crienuU4YHBINA MapuipyT, sIBHO
YKa3aHHBIH, KaK 4acTb MeHee CIe(QUIHOro, HeIOCTYIIEH JUIsl HCIIOJIb30BAHUSL.
Ecan aTpuOyThI MyTH HOBOTO MapIiipyTa HJISHTHYHBI aTpHOyTaM IyTH MapuipyTta, conepkamierocst B Adj-RIB-In, n HOBBIi
MapupyT Oonee cneruduuen (cM. 9.1.4 [epekpriBatomuyecss MapIIpyThl), YeM CTapblii MapLIPyT, BBIMTOIHATH KaKHE-THOO
CreaibHbIe IeHCTBUS HE TPeOyeTCs.
Ecau 3nauenne NLRI HOBoro mapuipyra He NIpHCYTCTBYET HH B OTHOM M3 umetoruxcs B tabimune Adj-RIB-In mapmpyTos,
9TOT MapuIpyT Ipocto Jobdassiercs B Tadnuy Adj-RIB-In u y3en BGP nomxken 3amyctuts Decision Process.
Ecau HOBBIM MapuipyT nepekpbiBaercsi ¢ Oonee crneruduunbiM MapiipytoM (cM. 9.1.4 TlepekpbiBatonimecs: MapiipyThl),
yka3aHHbIM B Ta0mine Adj-RIB-In, y3en BGP nomxken 3amyctuts Decision Process 1 MHOXeCTBa a/ipecaToB, CBSI3aHHBIX C
MeHee Criel(pUIHBIM MapIIPYTOM.

9.1 lNMpouecc NPUHATUA peLLeHUN
[pouecc npunsTHs permennii (Decision Process) obGecrieunBaeT BEIOOP MapIIpyTOB IS TIOCIEAYIOMIETO AaHOHCUPOBAHUS ITyTEM
NIPUMEHEHHS TIPaBWII, 33AaHHBIX B JIokanbHOH 0aze PIB (Policy Information Base), x mapmpyram u3 tabmunsl Adj-RIB-In.
Pesynbratom mporecca siBisieTcs HabOp MapHIpyTOB, KOTOpbIe OyIyT aHOHCHPOBATHCS BCEM IapTHEpaM — 3TH MapIIpyThI
xpansTcs B Tabimne Adj-RIB-Out.
IIpouecc BbIOOpa hopmanm3yercst myTeM ompeneneHus GyHKOWH, MPUHUMAIOMMX aTpUOYyTHl JAaHHOTO MapHipyTa B KadecTBe
apryMeHTOB M BO3BpAIAIOINX HEOTPUIIATEBHOE 1IEJI0€ YUCII0, KOTOPOE 33/1aeT YPOBEHb NPENOYTEeHHs Ul JaHHOTO MapIIpyTa.
OyHKIMS, BBIYUCISIIONAST YPOBEHb MPEANOYTEHUS sl JaHHOTO MapuipyTa, He JOJDKHA HCIOJIb30BaTh B KaueCTBE BXOJHBIX
JIAHHBIX CBEJICHWH O HAJIMYMM WM OTCYTCTBUH JAPYTMX MaplIpyTOoB W artpuOyTax ITyTH Apyrux MapupytoB. Ilocrne
UCIIOJIb30BaHMs 3TONH (YHKLUM JJIs BCEX MapIIpPyTOB BBHIOOP ITyTH CBOAWTCS K CPaBHEHHUIO YPOBHEH NMPEAINIOUYTCHUS U BBHIOOPY
MaKCHMAaJbHOTO 3HAaYEHUSL.
I[Mpouecc BeIOOpa prMeHsIeTcst Ko BceM MapipyTtam u3 tabnuibl Adj-RIB-In u otBevaer 3a:
# Bribop MapipyToB, aHOHCHpYeMBIX y3mam BGP B mokambsHOM AS;
+ Bribop mapmmpyToB, anHoHCHpyeMBIX y31am BGP B cocenanx AS;
* ArpernpoBaHne MapuIpyTOB M CHIDKEHNE 00beMa MapIIPYTHBIX TaHHBIX.
Decision Process nenmrcst Ha Tpu pa3bl, Kaskast U3 KOTOPBIX BKIIFOYAETCS OITPEACIICHHBIMU COOBITHSMU:
®aza | oTBedaer 3a pacueT ypoBHS NPEANOYTEHUS I KaXKI0TO MapIpyTa, MoIy4eHHoro ot y3na BGP, pacnonoxenHoro B
cocenHeil AS, u anHoHcupoBanue y3nam BGP B nokanbHOM AS MapuipyToB ¢ MaKCUMaJIBHBIM YPOBHEM IPEANOUYTEHUS JUIs
Ka)KII0T0 U3 aJIpecaToB.
®aza 2 HaunHaercs Mo 3aBepuieHUH (asbl | ¥ OTBEYaeT 3a BHIOOP JIyHIIEro MapliipyTa M3 Yuciia JOCTYIHBIX Ul KaXJ0TO
ajipecarta, a TaK)Ke BKIIIOUSHHE BEIOpPAHHBIX MapIIpyToB B moaxozsnwe Loc-RIB.
®aza 3 naunHaercs nocie ooHopieHus Loc-RIB u orBevaer 3a pacnpoctpanenue mapuipyros u3 Loc-RIB Bcem napraepam,
PACTIONOKEHHBIM B COCEOHHX AS, B COOTBETCTBHU C TOJMTHKOM, coaeprkareiics B PIB. Ha sroii dasze Taxke MoxkeT
BBITIOJIHSATHCS 00 BEMHEHUE MaPIIPYTOB U CHIDKEHHE 00beMa MapLIpyTHOM HH(OpMAIHK.

9.1.1 ®a3a 1 - pacyem ypoeHsi npednoYymeHusi

a3y | crnemyer aKTHBH3MPOBATh BCSKHH pa3, Korjga JokadbHBIA y3ed BGP momywaer coobmenne UPDATE ot maprtHepa,
PAacIoJIOKEHHOTO B COCEHEH AS, KOTOPOE aHOHCHPYET HOBBIN MapIIpyT MITH 3aMEHY/OT3bIB CYIIECTBYIOIIETO MapIIpyTa.

®aza 1 npeacrasiger co60i aBTOHOMHBIH IPOLIECC, KOTOPHIM 3aBEPIIAcTCsI IOCIIE BBHITIOIHEHHS BCeX TPeOyeMBIX Oleparnuii.
OyHKIWA, HCcnonb3yeMas B pase 1, mommkHa 3a0mokupoBath Tabmmiy Adj-RIB-In mpesxae, uem HauaTh paboTy ¢ COAEpKAMIMUCS
B HEHl MapUIpyTaMH B CHATH OJIOKHPOBKY IO 3aBEPIICHNH PAacUETOB.

[Ipn nomy4yeHMH HOBOTO MapuIpyTa WJIM 3aMEHE HEJOCTYIHOrO JIOKaJbHBIH y3en BGP nmomkeH ompenensrs ypoBeHb
MIPEATIOUTeHUS U TOMy4eHHOro MapmipyTta. Ecnm MapmpyT momydeH ot y3na BGP B mokampHOH AS, B kKadecTBe ypoOBHS
npennouteHus cuexyer Oparb 3HaueHne artpuOyra LOCAL PREF wnm  paccumThBaTh 3TOT ypOBEHb Ha OCHOBE
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KOH(UTYpallMOHHBIX MapaMeTpoB MonuTuk. Ecnn mapmpyt nmoiyden ot y3ina BGP B cocenneit AS, ypoBeHb NMpeAnoyYTeHus
ClIelyeT pacCUMTHIBaTh Ha OCHOBE KOH()MIYPAIIMOHHBIX MTapaMeTpPOB MONUTUKH. METOJ ONpezeieHNs] YPOBHS MPENTOYTCHHS
3aJaeTCsl JIOKAJBHBIMHA YCIOBHAMH. JIOKanbHOMY Y37y CiedyeT 3alyCTUTh BHYTPEHHHH mporiecc obHoBieHms (cm. 9.2.1
BHyTpeHHHE 00HOBIIEHUST) 1151 BBIOOpA M aHOHCHPOBAHMS MapIIPyTa C BEICIIMM YPOBHEM IPEIITOYTEHHS.

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) MapLpyT BbIOpaH B pe3ysbTare IpUMeHeHH s B (a3e 2 nmpaBuil «pa3psiBa cBs3ei» (tie breaking) onucannbix Huxe (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)eHbl B Loc-RIB. JIokambHBIH y3€i1 H0JI3KeH ONpeaeanTh CIeAyIomuil Mapmpytusarop (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 ONpENeIuTh CTOMMOCTh MyTH (BHYTPEHHsSI JMCTaHLMs) A0 ajpecara, YKa3aHHOrO aTpuOyToM
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 y3II0M ¢ HamMeHbIMM 3HadeHneM BGP Identifier w3 dmcma Haxomsmmxcs B
cocenuei AS;
© B IIPOTHBHOM CITy4ae BIOUpPAETCS MapIIpyT, aHOHCUPOBAHHBIH Y3JIOM ¢ MUHMMaJIbHEIM 3HauenneM BGP Identifier.

9.1.3 ®aza 3 — pacnpocmpaHeHue uHghopmayuu o Mapuwpyme
®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-mapmpyTuzanuu Mexxy AS, ciiefyeT aHOHCHPOBAaTh MapLIpyThl, ITOJIyYEHHBIE OT OJHOTO M3 CBOMX BHEIIHHX
TIApTHEPOB M, €CIM TaKOH MapmpyT BKiIodeH B Tabiuiy Loc-RIB maHHOTO y37a, aHOHCHpOBATh €ro TaKke IapTHEPY, OT
KoToporo mapmpyT nonydeH. st y3noB BGP, e mpuHumaronmx ydactust B multicast-mapmpytuzanuu 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 oOHoBneHuit Tabnui Adj-RIBs-Out u FIB (Forwarding Information Base — 6a3a pacchuiku uH(OpMAanmm)
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, KOrZja MHOXKECTBO a/IpecaToB OTOOPakacTCs B HECOOTBETCTBYIOIIEE MHOKECTBO MapmipyToB. Ilockomeky BGP
npeacrtasiasier NLRI ¢ ucnonbs3oBanueM [P, nepekpeiTHe Bcerzna IOKasblBaeT CBA3b MEXAy MoAceTsMU. Mapupyr,
OIMCHIBAIOIINI OoJiee y3Koe MHOXKECTBO ajapecaToB (Ooiee MTMHHBEIA mpedukc) OyaeM Ha3pBaTh Oojee CHenu(pUIHBIM II0
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CPaBHEHHIO C MapLIPYTOM, ONUCHIBAIOIINM 00JIee IIMPOKOE MHOKECTBO a/ipecaroB (mpedukc kopoue), - TaKue MapUIpyThl OyemMm
Ha3bIBaTh MEHEE CIIECU(UIHBIMY.
OTHoOIIEHNS IPENTOYTHTEIBHOCTH O3BOJIIIOT PA3AEINTh MEHEe CHE(UIHBIN MapIIpyT Ha 2 4acTH:

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

 MHOXKECTBO aJIpecaToB, OITMCHIBAEMOE ITEPEKPBHITHEM MeHee creliduaHoro u 6osee cnenuguIHOro MapuIpyToB.
Korma nepekpriBaromiecss MapipyThl IPACYTCTBYIOT B oxHoW Tabmime Adj-RIB-In, Gosnee criermduansie MapuipyThl JOIDKHBI
CJIeIOBATh NEpe]l MEHEE CTIeU(UIHBIMHU.
Habop agpecaToB, onuchIBa€MBIi MTEPEKPHITHEM, MIPEACTABISIET YacTh MEHee CIEH(UIHOTO MapIIpyTa, KOTopas IOCTyIIHa, HO
He Hucronb3yercs. Ecim 6osee criennuyHbI MapmpyT IEepecTacT paboTaTh, OMICHIBAEMBIC TIEPEKPHITHEM a/IPECATHI OCTAIOTCS
JIOCTYTIHBIMHU Yepe3 MeHee Cenu(pUIHbII MapIpyT.
Ecmn y3en BGP momydaer mepexpbIBaromecss MapmipyThl, B Iporecce npuHsTus pemeHns (Decision Process) cmemyer
NIPUHAMATh BO BHMMaHHE CEMaHTHKY NEpEKPHIBAIOIIMXCS MapuipyToB. B wactHOCTH, ecnu y3en BGP BocmpuuuMaer Menee
cner(uIHBI MapmpyT U OTKIOHSET OoJiee Creu(UIHbIA OT TOTO XK€ Y371a, aApecaTsl, IPeCTaBICHHbIC TIEPEKPHITHEM, MOTYT
He nepecbuiateest B AS, ykasanubie atpuOytom AS PATH Takoro mapmpyra. CnenoBarensHo, y3en BGP moxer BbOMpaTh
ClIE/lyIOIINe BAPUAHTHI:

a) YCTaHOBHUTH 00a MapIIpyTa;

b) ycraHoBHTH TONBKO GoJiee criennUIHBIN MapIpyT;

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

d) 0ObeanHNTD 1Ba MapIIpyTa ¥ YCTAaHOBUTH arperMPOBaHHbIA MapIIpyT;

€) YCTaHOBHTb TOJILKO MeHee Crel(UYHbIA MapIIpyT;

f) He ycTaHaBNMBaTh HU OJJMH U3 MapIIPyTOB.
Ecnu y3en BGP BeiOupaer Bapuasrt €), oH gonkeH 106aButh B MapmpyT aTpuoyT ATOMIC AGGREGATE (MapimpyT ¢ Takum
aTpuOyTOM HE MOXET OBITh JearperupoBaH, T. €., 3HadeHue NLRI takoro mapuipyra He MOXeT ObITh Oosiee CrenU(pUIHBIM).
[epecbika Mo TakOMy MapUIpyTy HE rapaHTHpyeT, 4yTo makeTsl [P OymyT Ha camoM [ene MpoXOoAWTh TONBKO depe3 Te AS,
KoTOphIe yka3zanbl B arpudyte AS PATH storo mapmipyra. Eciu y3en BGP BeiOupaet BapuaHT a), OH HE JOJKCH aHOHCUPOBATh
6omee oOmuit MapmpyT 6e3 OoJee crerupuIHOrO.

9.2 NMpouecc nepepavyv oGHOBIEHUN

IIponecc mepexaun oonoBennii (Update-Send) orBewaet 3a anoHCcHpoBaHue coodmennit UPDATE Bcem maptHepam. Hamprimep,
OH pacIpocTpaHseT MapIpyThsl, BeIOpaHHbIe Decision Process npyrum y3nam BGP, koTopsle MOTyT pacnoiaratscs B TOH ke HIIH
cocenuux AS. IlpaBmia s obmena nHdopmarueil Mexny ysnamu BGP, pacnonoskeHHbIMH B pa3iau4HbBIX AS, IpUBOISTCS B
naparpade 9.2.2, a npaBuia oOMeHa nHpopManuel BHyTpH aBTOHOMHOM cuctembl — B naparpage 9.2.1.

Pacripoctpanenne MapmpyTHBIX TaHHBIX MeXTy y3iaamMu BGP B oo AS Oyznem Ha3bIBaTh BHYTPEHHUM paclpeielieHUEM.

9.2.1 BHympeHHuUe o6HoeneHusi
[Tpouiecc BHyTpeHHEro OOHOBJIEHMs OOecleyrBaeT PAaCHpPOCTPaHEHHE MapIIpyTHOH WHpopManmu Mexay ysiaamu BGP,
PaCTON0KEHHBIMU B JIOKAJTbHOM AS.
Korna yzen BGP nosnyuaer coobmenne UPDATE ot npyroro y3na BGP, pacnionoxenHoro B Toi ke AS, IpUHUMAIOIIMH y3ei He
JIOJDKEH TepepacipeessTh nHpopMaIuio, coaepxairyiocs B cooduienun UPDATE apyrum y3iam BGP toii ke AS.
Korna y3en BGP nonydaer HoBbIN MapiipyT oT y3na BGP u3 cocenneit AS, oH MomkeH aHOHCHPOBATh 3TOT MapUIpyT BCEM
npyrum yziaam BGP B cBoeit AS niytem paccouiku coodiienuit UPDATE, eciu cripaBeuTiBO JIF000€ U3 YCIIOBHIA:
1) ypoBeHb IpeAnoYTeH!s OTY4EeHHOT0 JOKaIbHBIM y310M BGP HOBOro MapirpyTa BbIIIe YPOBHS, IPUCBOEHHOTO JPYTOMY
MapIIpyTy, KOTOPBIi ObLT monry4eH oT y3na BGP B cocennet AS
2) HeT APYTUX MapIIpyTOB, IOIy4eHHBIX 0T y3710B BGP B cocennux AS
3) mosydeHHBIN HEIAaBHO MapuIpyT BBIOpAaH B PE3yIbTaTe Pa3pblBa CBA3M MEXAY HECKOIBKMMH MAapIIpyTaMH, KOTOpPBIE
VIMEJH BBICIIHIA YPOBEHB MPEANOUTEHHS U BETIH K TOMY ke ajpecary (cM. maparpad 9.2.1.1).
Korma y3en BGP momywaer coobmenne UPDATE c memycteim momem WITHDRAWN ROUTES, oH nmomkeH ymaauTh U3
tabmuier Adj-RIB-In Bce mapmipyTsl k aapecaTaM, yKa3zaHHBIM 3TuM moiieM (kak npedukc [P). Kpome Toro, y3en momkeH
BBITIOJTHUTS CJIE/TYIOIINE OIICPALHH:
1) ecim COOTBETCTBYIOIIHMIA JOCTYITHBIN MapIIpyT He OBLT paHee aHOHCHPOBaH, TOTIOJHUTEIBHBIX IEHCTBII He TpeOyeTcs;
2) ecii COOTBETCTBYIOIIHMH JOCTYITHBIH MapIpyT ObUT aHOHCHPOBaH, HYXHO BBITIOJIHUTD CIIEYIOIICE:
i. ecim BBIOpaHHBIA IUIi AHOHCHPOBAHMS HOBBIM MapmpyT mMeer Takoe ke 3HadeHme NLRI, kak HemocTymHbIe
MapIIpyThl, JOKATBHBIH y3ea BGP nomken anoHCHpoBaTh 3aMeHy MapIIpyTa;
il. ecnmy B3ATHIH Ha 3aMEHYy MapLIpyT HEBO3MOXXHO aHOHCHpPOBaTh, y3en BGP nomkeH BKIIOUMTH aapecaToB
HenoctynHoro mapipyra (npedukc IP) B monre WITHDRAWN ROUTES coobmennss UPDATE u pasociats 310
COOOILIEHUE KaXK/IOMY ITapTHEPY, KOTOPOMY paHee Oblila aHOHCHPOBAHa JIOCTYITHOCTb COOTBETCTBYIOIIET0 MapIIpyTa.
Bce Bo3MOskHBIE MapUIpyThl, KOTOpbIE aHOHCHPYIOTCSI, JIOJDKHBI OBbITH oMelieHs! B Tabuuiry Adj-RIBs-Out, a Bce HeocTynHbIe
MapmpyThl cienyer ynamuts n3 Adj-RIBs-Out.

9.2.1.1 Pa3opBaHHble CBA3U (BHYTPeHHNEe OOHOBIEHUS)
Ecmm nokanpabiii y3enm BGP uMeer coenuHenus ¢ Heckonbkumu y3idamu BGP B cocemnmx AS, 3TO BeIeT K CyIECTBOBAaHHIO
MHOXecTBa Tabmmii Adj-RIBs-In, cBszanHBIX ¢ »TrMu maptHepamu. Tabmumer Adj-RIBs-In MoryT comepskaTh HECKOJBKO
MapuIpyToB K OZHOMY afpecaTy M C OJMHAKOBBIM YPOBHEM IIPEIIOYTEHMs, KOTOpbIe OBbUIM aHOHCHpOBaHBI y3namu BGP u3
cocenanx AS. JlokanpHbIi y3en BGP nomkeH BEIONpaTh OMH U3 TAKUX MApIIPyTOB, TOJIB3YSCh IIPHBEICHHBIMH ITPABUIIAMH:
a) Ecmm mapmpytel-kanmumatel ommmdaioTes Toibko atpuOyramu NEXT HOP m MULTI EXIT DISC, a moxambHas
cucrema npuanmaet Bo BHuManue arpudyr MULTI EXIT DISC, cnenyer BbIOMpaTh MapuipyT ¢ MUHUMAJIbHBIM 3HAYEHHEM
atpudbyra MULTI EXIT DISC.
b) Ecnmm nokampHas cucTeMa MOXET YCTaHOBUTH CTOMMOCTH IyTH K OOBEKTy, ykaszaHHoMy atpuOyrom NEXT HOP
MapIpyTa-KaHANAaTa, CIeAyeT BEIOMPATh MapIIPyT ¢ MUHIMAJILHONH 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 ¢a3ze 3 mporiecca Beidopa mapmpytoB y3ena BGP oonosmster Adj-RIBs-Out u cBoro Tabnmity paccsuiku (Forwarding Table). Bee
HOBBIC MapIIPYTHl M MapIIPyThl, HEIABHO CTABIINE HEIOCTYITHBIMH, JJIS KOTOPBIX HET 3aMEHBI, TOJDKHBI aHOHCHPOBATHCS Y3JIaM
BGP, pacnionosxeHHBIM B coceqaux AS, ¢ momomrsio coodmenuit 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) ams 06paboTku nHpOopManuu, cogepkamieiics B coodmennsx UPDATE.

9.2.3.1 YacToTa aHOHCUPOBaHUA MapLUPYTOB

[apamerp MinRouteAdvertisementInterval —onpenensier MUHHMaJIbHOE BpEMS, KOTOPOE JOJDKHO IPOUTH  MEXIY
AQHOHCHPOBAaHMEM MapIIPyTOB AJISI KOHKPETHOTO afpecaTta oT oxHoro y3na BGP. IIpouenypa orpanndeHns: CKOPOCTH pacChUIKA
NpUMEHSETCSl He3aBUCHMO ISl KXJI0ro ajpecara, Xots 3HaueHne MinRouteAdvertisementInterval ycranaBnuBaeTcs uisi y3ia
BGP.

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. OgeBmaHO, YTO MIsI AOCTHKEHHS B TOYHOCTH TaKOrO TIOBENEHHA Tpedyercs
HCIIONB30BaTh OTACNBHBIA TaiiMep I Kakaoro obmiero Habopa azapecaroB. Takoi moaxox OyaeT MOpoXKAaTh HEAOITyCTHMYIO
Harpy3ky (overhead). Ha mpaktuke momxomut mr000H METOHN, OOECICUMBAONIMA MEXIY ABYMS ITOCIIEIOBAaTEIHHBIMA
coobmenusiMu UPDATE ¢ aHOHCOM JOCTYITHOTO MapuipyTa K HEKOMY MHOXKECTBY apecaTtoB B cocelHHE AS OT OJHOTO y3ia
BGP wunTepBan me menee MinRouteAdvertisementInterval u crmocoOHBIIE TapaHTHPOBaTh MOCTOSHHOE 3HAYCHHE 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
HOBBII MapuipyT BbIOpaH HECKOJBKO pa3 B TedeHue oxxunanus MinRouteAdvertisementInterval, mo 3aBepmieHnn mneprona
MinRouteAdvertisementInterval moymkeH aHOHCHPOBATHCS MOCICHUN BEIOPAHHBIN MapIIpyT.

9.2.3.2 YacTtoTa 0OHOBNEHUs U3 ncxogHom AS
[apamerp MinASOriginationInterval ompezenser MWHUMAaTbHBIA HMHTEPBAJ BPEMEHH MEXIY IIOCIEIOBATEIHHBIMU
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 1opkHBI 3a1aBaTbCSl ¢ UCTIONIB30BAHHEM
¢bnykryanmii (jitter). Kaxnprii y3en BGP nommkeH UCIonb30BaTh OMHAKOBOE OTKIOHEHHUE JUIsl BCEX MEPEYHMCIICHHBIX TaiiMepoB,
HE3aBUCHMO OT aJ[pecaToB, Ul KOTOPBIX OyAyT IepegaBaThcs COOOMEHus (T. €., pIyKTyalllu 3a/lat0Tcs Ha YPOBHE y371a).
Bennunna (QiayKkTyanuu JOMDKHA ONPEAETATHCS YMHOKEHHEM 0a30BOW BEIMYHMHBI Ha ciydaiHoe 3HaueHue ot 0,75 mo 1,0 (c
PaBHOMEPHBIM pacIIpeIeTICHUEM).

9.2.4 3¢hghekmueHasi op2aHu3ayusi MapuwpymHbIX 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 IaHHbIX, 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 mytu AS MokeT OBITh NpefcTaBieHa Kak B ynopsmoueHHO (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 MapLUpyTHON uHcopmaLmm

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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ArperupoBanue cHikaer o0beM nHpopmaimu, kotopyto y3en BGP nmomkeH coxpanste u pacceuiath npyrum yzinam BGP.
MapuipyTsl MO>KHO arperupoBaTh ITyTeM IPHMEHEHHS OTIMCAHHO MPOLEYPhI pa3iesIbHO K aTprOyTaM ITyTH, TIOXO0OHBIM THITY, 1
NLRL
Mapmpytst ¢ arpudyramu MULTI EXIT DISC u NEXT HOP He MoryT arperupoBarbCsi, €CII 3HAYCHHS ITUX aTpHOYyTOB HE
COBHAJAIOT AJIs BCEX MapILIPYTOB:
ATpHOYTHI ITyTH, OTJINYAIONINECS KOIOM THIIA, HENb3sl OOBEANHSTH B OMH MapmpyT. [TyTr ¢ OIMHAKOBBIM KOJIOM THIIA MOXHO
arperupoBaTh B COOTBETCTBHH C NIPUBEACHHBIMH 371ECh IPABHIIIAMH:
Ampuéym ORIGIN. Ecmm xors Obl oguH n3 arperupyemsix mapmipytoB umeer ORIGIN = INCOMPLETE, mms
o0beMHEHHOT0 MapiipyTa Taoke momkHo ycraHaBmmBaThess ORIGIN = INCOMPLETE. Ecmu xotss Ob1 omgmH U3
o0bemHAeMbIX MapuipyToB uMeeT 3HadyeHne ORIGIN = EGP, arpernpoBaHHbIi MapmpyT Takke JOJDKEH UMETh 3HAaUCHHE
EGP nns storo arpubyra. B ocranmbHBIX citydasx JUIsi arperMpoBaHHOTO Mapmpyrta ycraHasimBaercs ORIGIN =
INTERNAL.
Ampuoym AS_PATH. Ecnu y arpernpyeMbIX MapmipyToB coBnafaioT 3HaueHusi AS PATH, oObequHEHHBIH MapmpyT
uMeer Takoe xe 3HaueHne AS PATH.
B nemsix oobennHenus arpudytoB AS PATH Oynem mopenuposars kaxiayto AS B atpudyre AS PATH kak mapy <type,
value>, rne type orpezenseT TUI CerMeHTa IyTH, K kotopomy otHocutcst AS (Hanpumep, AS SEQUENCE, AS SET), a
value ykasbiBaer Homep AS. Ecmu arpermpyembie MapipyTsl UMelOT pasHble atpuOyThl AS PATH, arpernpoBaHHBIH
atpudyt AS PATH nosmkeH yioBIETBOPSTh KOKAOMY M3 EPEUNCIICHHBIX HUKE TPEOOBAHUIA:

# Bcee maper Tnma AS._ SEQUENCE o6bseanaenHoro atpudyta AS PATH nomkHBI IPHCYTCTBOBATh B K&KAOM aTpHOyTe

AS PATH ucxomHoro Habopa arperupyemMbIX MapIipyTOB.

+ Bcee napst tama AS_SET o6beannensoro atpudyta AS PATH nomkHBI IpHCYTCTBOBATh XOTSI OBI B OHOM aTpHOyTe

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

o Jma mro6oit maper X tuma AS SEQUENCE B arperupoBanHoM AS PATH, kotopas mpemmiectByer mape Y

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

coniepkuT Y (HE3aBHCUMO OT THIIA Y).

+ Hu onHa mapa (He3aBHCHMO OT ee THIIa) He I0JKHA MOSIBIATECS B arpernposaHHoM AS PATH Gosee ognoro pasa.
Pa3paboTunkn MOTYT BBIOMpaTh JIOOOH AJTOPUTM, KOTOpPBIA OOECIeYMBaeT COOTBETCTBUE IIPHBEACHHBIM IIpaBHJIaM.
CooTBercTByIONmas TpeOOBAHUAM ITOTO JOKYMEHTA pealn3alis JOJDKHA BBIIOJHATE 10 KpaiiHel Mepe OMMCaHHBIA HIDKEe
AITOPUTM JAJISI BBIOTHEHHUS [TPUBEACHHBIX TPeOOBaHMUI:

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

atpubyrax AS PATH Bcex oObemuHseMBbIX MapIIpyTOB M CHeaTh €€ JIMIUPYIOIeH B OObEIMHEHHOM arpulyTe

AS PATH.

¢ VYcraHoBUTH I ocraBmmxcss map w3 atpuoyroB AS PATH oOpemumusembix wmapmpytoB Turm AS SET u

MPUCOCINHUTD UX K arperupoBaHHoMy aTpuoyty AS PATH.

o Ecmn o6benaunennsii atpudyt AS PATH conepXuT HECKOIBKO OAMHAKOBHIX Map (HE3aBUCHMO OT THIIA), JHITHUE

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

B Ipunoxenuu 6 (maparpad 6.8) paccMOTpeH Apyro alropuTM, YAOBICTBOPSIOIMN TPHUBEACHHBIM 3/1€Ch TPEOOBAHUSAM U
00ecneYnBarOIM HOAAECPKKY Ooiee CII0XKHBIX BAPUAHTOB MOIUTHKH.

Ampuoym ATOMIC AGGREGATE. Ecmu xorsi Obl OIUH U3 OOBEAWHSIEMBIX MapLIPyTOB HMeEeT aTpulyT
ATOMIC AGGREGATE, 00benHEHHBII MapIIPyT TAKXKe JOJDKEH HMETh 3TOT aTpUOYT.

Ampuoym AGGREGATOR. Bce atpubytst AGGREGATOR B 00BbeiHAEMBIX MapIIpyTax CIeAyeT HTHOPUPOBATE.

9.3 Kputepum BbiObOpa mapLipyTa

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

JTAaHHOT0 IoKyMeHTa. OJTHaKO MMEIOTCS 1BA NCKITIOUCHHS:
o Ecim mokanpHast AS IpUCYTCTBYET B MyTH AS HOBOTO MapIIpyTa, 3TOT MapIIpyT HE MOJKET CUUTATHCA JIydIlle KaKOTr0-ITH00
13 UMerommxcs nyreil. Hapyiienne storo npasuia BeAeT K BOSHUKHOBEHHUIO MAPLIPYTHBIX I1ETEIb.
o Jlnst obecrieuenust >pPeKTUBHOI pactipenieieHHOH 00paboTKHU ClleyeT BRIOUPATh TOIBKO MAapIIPYTHI, PEICTABIISIONTHECS
cTabunpHbIMU. TakuMm oOpazoM, AS noipkHa u30erath NPUMEHEHHS] HEcTaOMIBHBIX MapIIpyTOB M HE JOJDKHA BHOCHTH
CKOPOCTIENIBIX CHOHTAHHBIX W3MEHEHWi Npu BbIOOpe myTeid. TpakToBKa CIIOB «HECTAOMJIBHBIIN» M «CKOPOCHENbIN» B
MPEeIBIIYIIEM MIPE/IOKEHUH TPeOyeT HEKOTOPOT'O OIbITA, HO, B IPUHIIUIIE, JIOCTATOYHO ITOHSTHA.

9.4 TlopoxaeHne mapwpytos BGP

V3zen BGP moxer nopoxaars (originate) mapmpytsl BGP, momemast ma(popManmio, MONMydeHHYI0 W3 IPYTHX HCTOYHHKOB
(mampumep, IGP), B BGP. Ilopoxnmarommii mapmpyTsl y3en BGP nomkeH ykaspBaTh [UII TaKHX MapHIPyTOB YPOBEHB
IpenoYTeHHs, HCHoub3ys it 3toro Decision Process (cm. 9.1 TIpouece npuHATHS peieHuid). TH MapHIpyThl MOTYT TaKKe
paccematecst ApyraM y3naMm BGP B moxanmpHO# AS, kak 4acTh mporiecca BHyTpeHHEro oOHoBieHHs (cM. 9.2.1 BuytpenHme
obHoBneHUs). PelreHne o 11e1€c000pa3sHOCTH PacChUIKM TOJMYYSHHON OT JIPYyrMX HCTOYHUKOB WHpopmarmu BHYTpH AS c
ucrions3oBanneM BGP 3aBucur ot ncmoms3yemoit B AS cpeasl (Hampumep, thna IGP) m moimmkHO 3amaBaThes Ha YpOBHE
KOH(UTYpaIyH.

lNMpunoxeHue 1. lNMepexodbi u deticmeusi BGP FSM.

B 3TOM mpuiIOKEHHH paccMaTPUBAIOTCS Hepexoibl Mexay cocrosHusiMd BGP FSM, BeizBannbie coObitisiMu BGP. Hinke
MIPUBE/ICH CIIMCOK TaKMX COCTOSHHN M COOBITHI IJIS T€X CiydaeB, Koraa coriacoBanHoe 3HadeHne Hold Time otmmuaercst ot
HYJIS.
Cocmosanus BGP:

1 —Idle - Ge3nelicTBue

2 — Connect - coeTMHEHNE

3 — Active - aKTHBHO

4 — OpenSent — iepenano coodmenne OPEN
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5 — OpenConfirm — moaTBepskaeHo coobuierrne OPEN
6 — Established — coenmHeHe Oprann30BaHO
Coo6vimusa BGP:
1 - BGP Start — Hagano paboTsl
2 - BGP Stop - ocranoBka
3 - BGP Transport connection open — TpaHCIIOPTHOE COEANHEHHUE OTKPHITO
4 - BGP Transport connection closed — TpaHCTIOpPTHOE COCIMHEHHE 3aKPHITO
5 - BGP Transport connection open failed — HeyauHast TOIBITKAa OTKPBITH TPAHCIIOPTHOE COEJMHEHHUE
6 - BGP Transport fatal error — Hencmpasumasi omrOKa Ha TPAaHCIIOPTHOM YPOBHE
7 - ConnectRetry timer expired — 3aBepiien orcuet Taiimepa ConnectRetry
8 - Hold Timer expired — 3aBepmier orcuer Taiimepa Hold Timer
9 - KeepAlive timer expired — 3aBepiuen orcuer Taiimepa KeepAlive
10 - Receive OPEN message — nomy4eno cooommenne OPEN
11 - Receive KEEPALIVE message — nony4eHo coobmenne KEEPALIVE
12 - Receive UPDATE messages — nonmyueno coodmenue UPDATE
13 - Receive NOTIFICATION message — nomy4eno coobiierrne 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 Munnmanu3zamnus pecypcos Her 2
3amyck taiimepa ConnectRetry
WHnnumpoBaHye TPaHCIIOPTHOTO COSTUHEHHS
npoyue Her Her 1
Connect(2)
1 Her Her 2
3 ITonHast nHUITMAIU3ALIUSA OPEN 4
Copoc raiimepa ConnectRetry
5 ITepeszamyck Talimepa ConnectRetry Her 3
7 ITepesamyck Taiimepa ConnectRetry Her 2
npouue OCBOOOXKICHUE PECYPCOB Her 1
Active (3)
1 Her Her 2
2 [Tonnas nHMIManM3anUs OPEN 4
Copoc Taiimepa ConnectRetry
5 Pa3peiB coenuHeHus 3
ITepezamyck Taiimepa ConnectRetry
7 [Tepesamyck Taiimepa ConnectRetry Her 2
npourie | OcBOOOXKIECHHE PECYPCOB Her 1
OpenSent(4)
1 Her Her 4
4 Pa3peIB TpaHCTIOPTHOTO COCTMHEHUS Her 3
ITepesamyck Taiimepa ConnectRetry
6 OcBoOOXKIEHUE PECYPCOB Her |
10 O6pabotka coodmienust OPEN 3agepiiieHa ycrenHo KEEPALIVE 5
Heynaua npu 06padotke coobmenns OPEN NOTIFICATION 1
mpoune = Pa3phIB TpaHCIIOPTHOTO COSNMHEHUS NOTIFICATION 1
OcBOOOXICHUE PECYPCOB
OpenConfirm (5)
1 Her Her 5
4 OcB0OOXIEHHE PECYPCOB Her 1
6 OcCBOOOXKICHUE PECYPCOB Her 1
9 Iepesamyck Taiimepa KeepAlive KEEPALIVE 5
11 [TonHas vHUIIMATIN3ALHS Her 6
ITepezamyck Taiimepa Hold Timer
13 Pa3pbiB TpaHCTIOPTHOTO COETMHEHUS 1
OcB0OOX/IEHHE PECYPCOB
mpoune = Pa3peIB TpaHCIIOPTHOTO COSNMHEHUS NOTIFICATION 1
OcB0OOXIEHIE PECYPCOB
Established (6)
1 Her Her 6
4 OcB0OOXIEHHE PECYPCOB Her 1
6 OcBOOOKICHUE PECYPCOB Her 1
9 INepesamyck Taiimepa KeepAlive KEEPALIVE 6
11 [epesamyck Taiimepa Hold Timer KEEPALIVE 6
12 O6paborka coodmenust UPDATE 3aBepiieHa ycrienso UPDATE 1
Heynaua npu 06padotke coobmiennss UPDATE NOTIFICATION 1
13 Pa3prIB TpaHCTIOPTHOTO COETMHEHUS |
OcBOOOXKICHUE PECYPCOB
npouune Pa3pbIB TpaHCTIOpPTHOTO COEAMHEHMS NOTIFICATION 1
OcB0OOX/ICHHE PECYPCOB
Hwke npuBeieH cKaThIii BAPHAHT TaOJIHUIIBI COCTOSHHUN U TIEPEXOIOB.
CoObITust Idle (1) Connect (2) Active (3) OpenSent (4) OpenConfirm (5) Estab (6)
1 2 2 3 4 5 6
2 | 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 1 5 5
10 1 1 1 1w 5 1 1
11 1 1 1 1 6 6
12 1 1 1 1 | 1 wn 6
13 1 1 | 1 | 1
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lpunoxeHue 2. CpasHeHue ¢ RFC 1267

BGP-4 moxer paborars B cpelie, TAe MHOKECTBO JIOCTYITHBIX a/[pecaToB MOKET YKa3bIBaThCsl C MIOMOIIBIO OJfHOTO Tpedukca 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,
cBs3zanHOe ¢ ipedukcamu [P. Takoe pacimpenue no3soisat BGP-4 moxnep:xuBats npeuioxkeHHy o 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
JUISL YTIpaBJIeHHUs BOBMOXKHOCTBIO arpernpoBaHMsy/iearperupoBanus MapmpyToB. Jpyroit Hoeiit atpubyr — AGGREGATOR —
MOXKET J100aBJIAThCS B arperupoBaHHbIC MapLIPYThl, YTOOBI yKa3zaTh, kakas AS u kakodl y3en BGP B artoit AS BbI3BanM
arperupoBaHue.

Hnst odecrieuenust cummetpun 3Hadenre Hold Time cornacyercs Ha ypoBHe xocTa. [TomepxuBatorcs HyneBble 3Hauenus: Hold
Time.

lpunoxeHue 3. CpasHeHue ¢ RFC 1163

Bce nu3Mmenenus, nepeuricieHHbie B [IpunoxkeHun 2, 1 N3MEHEHHNs, yKa3aHHBIE HIDKE.

Jnst oOHapysxeHust KoH(pIMKTOB TIpH coeanHeHusx BGP u BocctanoBneHus paboThl MpoTOKOJa H00aBieHO HOoBoe moie BGP
Identifier B coobmenusst OPEN. Jlns onmcanns nmpouexyp JETEKTHPOBAaHMS M paspelieHus KOH(IMKTOB MpPU COCAWHEHHIX B
JOKyMeHT no0aBiieH HOBBIH naparpad (6.8 O6HapyxeHne KOH(IIUKTOB IIPH COSUHEHUH. ).

CusTo orpaHuyeHue, TpeOoBaBiIee YTOOBI T'PaHUYHBIA MapIIpyTH3aToOp, KoTophld mnepenaer arpuOytr myru NEXT HOP,
OTHOCHWJICS K TOM ke AS, B KoTopoil Haxoaurcs y3en BGP.

B HOBOM [OKyMeHTE ONTHMH3MPOBaHO M YIPOILIEHO OIMCaHWe Npolenyp oOMeHa HH(pOpManueld O paHee JOCTYITHBIX
MapIpyTax.

lpunoxeHue 4. CpasHeHue ¢ RFC 1105
Bce nsmenenust, nepeuncieHnsie B [IpnnoxkeHusx 2 u 3, a TakxKe NepedrcICHHbBIC HIDKE OTIIMYIHS.
[TotpeboBanocs BHECEHHE HE3HAYHMTENBHBIX H3MEHEHWH B MammHy KOoHEYHbIX coctosHud RFCI1105 nms cormacoBaHums c
ronp3oBaTenbekuM nHTepdeticom TCP B cucremax 4.3 BSD.
Honstasa u cootnomenust Up/Down/Horizontal, mpucyrcrByromtie 8 RFC1105, 65011 HCKITIOYEHBI U3 TIPOTOKOIIA.
BueceH psig u3menennit B popmar coodmienuit RFC1105:
# [Tone Hold Time Gbuto ynaneno u3 3arosnoska BGP u Bkimoueno B coodmenne OPEN.
# [oste HoMepa Bepcuu ObLIO yaneHo u3 3aronoBka BGP u BkiroueHo B coobuienne OPEN.
o U3 coobmenuit OPEN 65u10 yaaneno noie Link Type.
+ Bmecro noareepxkaenniit OPEN CONFIRM wucnonesytores coodmennst KEEPALIVE.
o CymecrBenHo m3meneH ¢opmar coobmennit UPDATE, noGasieHs! HOBBIE TTOJIS TSI TIOAJEPKKH MHOXECTBA aTpuOyTOB
My TH.
« [Tone Marker ObTO pacIIMpeHO 1 CTaJIO UCITIONb30BAThHCS TAKKE IS Ay TEHTH(PUKAIIIH.
OTMeTnM, 9TO MOCTaToyHO 4acTo mpotokod BGP, coorercrByrommii RFC 1105, maseBator BGP-1, coorBerctBytommii RFC
1163 - BGP-2, a cooterctByroummiit RFC 1267 - BGP-3. Bapuant BGP, ormmncannslii B 3TOM 10KyMeHTe, Ha3bBaoT BGP-4.

lNpunoxeHue 5. Onyuu TCP, komopbie Mo2ym ucrnosib3oeambcsi ¢ BGP

Ecmu monp3oBatenbckuii uaTepdetic TCP B nokanbHoit cucteme noanepkusaet Gynknuto TCP PUSH, kaxmoe coodmenne BGP
ClIelyeT nepeiaBarh ¢ ycraHoBiIeHHbIM (utarom PUSH. YcTtaHoBKa dutara npuBoIUT K YCKOPEHHIO nepenadu coodmenuii BGP.
Ecin nonb3oBarensckuit uatepdeiic TCP B JokanbHOW cucteMe mojjepXuBaeT npenamnouteHus uisi coeauHenuin TCP,
TpaHcnopTHble coeaunenns BGP cnenyer otkpeiBath ¢ ypoBHeM npeanourenus Internetwork Control (110) [6].

lNpunoxeHue 6. PexkomeHOayuu pa3pabomyukam

B atom MMPUIIOKCHHUN Jat0TCsA HCKOTOPBIC PEKOMCEH AN pa3pa60Tq1/H<aM.

6.1 MHOXecTBO npedmKcoB ceTer B OQHOM COO0OLLIEeHUn

[Iporoxon BGP mno3Bomsier ykas3biBaTh B OJJHOM COOOIIEHMM MHOXKECTBO a/IPECHBIX NMPEPUKCOB C OAWHAKOBHIM IyTeM AS n
aJ[pecoM cClieylomero mapuipyTtusaropa (next-hop). HacrositenbHO pexoMeHayeTcss UCIOJIb30BaTh 3Ty BO3MOXKHOCTH HPHU
peanu3anuy npoTokona. Ilepenaya cooOiieHnii ¢ eTMHCTBEHHBIM NPE(QUKCOM CYIIECTBEHHO IOBBILIAET YPOBEHB CIIY)KEOHOTO
TpaduKa U yBEINYMBACT HArPY3KY ITPU CKAHMPOBAHUH TAOJIUI] MapLIPYTHU3ALMH B CIydasx 0OHOBJIeHUs s y3noB BGP u npyrux
MPOTOKOJIOB MapIIpyTU3auy (yBEJIMYMBACTCA M 00BEM TepeaBacMbIX OOHOBICHMIT). OMHUM W3 CIOCOOOB CO3JaHUS
COOOIIIEHHI ¢ MHOXKECTBOM MPE(PHUKCOB [T KKIOT0 MyTH AS U IITI03a Ha OCHOBE TAOJIHUIIBI, HE OPraHU30BAHHOM MO MyTsIM AS,
SIBJISICTCSl CO3J[aHME COOOIIEHUH TpU CKaHMpoBaHMM TaOiuibl. Ilpu 00paboTke mperKCcOB COOOLIEHHE Ui CBS3aHHBIX C
npedukcoM Myt AS U IUTI03a CO3AaeTCs TONBKO B TOM CIydae, KOTJa COOOIIEeHNS A TaKOW Maphl MyTh-MapLIpyTH3aTOp HE
CYILECTBYET — B IIPOTHBHOM Cllydae Mmpe(uKC MpocTo J00aBIIIeTcsl B KOHELl CyLIecTByolIero cooduieHus. Eciau B cooOlenune
YK€ HeJb3sl JOOABUTh HOBBIM MpedUKC MO COOOpakeHISIM pa3Mepa, MMeEroIeecss cOoOoOIIeHne nepenaercs, a sl mnpedukca
cozzaeTcsi HoBoe coobuienue. [locie 3aBepiieHus CkaHUPOBaHKs BCEi TaOIMIBI MapILIPYTOB CO3/[aHHbIE COOOIICHHUS IEPEaloTCs
¥ BBIJICIIEHHBIC [T HAX PECYPCHl OCBOOOMKIAIOTCA. MaKCHManbHOE CKaTHe IIPH TaKOM METOJIe 00eCTICUNBAaEeTCs B T€X CIydasX,
KOTJIa BCE apecaTsl EPEeKPHIBAIOTCS aIPECHBIMH MTPe(UKCaMHU ¢ OJHUM IILUTIO30M U aTpuOyToM ImyTy. B aTOM cityyae cooOmerne
MOJKET COJIePKaTh CTOJBKO MPEe(QUKCOB, CKOJIBKO MO3BOJIICT OTPaHUYCHIE Ha pa3Mep coodmieHuit (4096 oKTeToB).

[Ipu pabore c¢ peammsamusivu BGP, koTopeie He MOMIEPKUBAIOT MHOXECTBA NMPE(PHUKCOB B OJHOM COOOIICHHWH, MOXKET
oTpe0OBaTHCS BBITIOHEHHE Psia ONepanuii Ui CHIKEHIS HArpy3KU B Pe3yIbTaTe JaBHHHON PACCHUIKA JaHHBIX, TOJTYYIECHHBIX
pu 0OpPETEHHH HOBOTO TIapTHEpa WM CYIICCTBEHHOM M3MEHEHUH CETEBO TOMOJOTHH. OIHIM U3 CIIOCOOOB TaKOTO CHIDKCHHUS
SIBIISIETCS| OTPAaHWYEHHE YaCTOTHI ITepeiaun OOHOBJICHUH. DTO TO3BOJISICT M30aBUTHCS OT H30BITOYHOTO CKAaHUPOBAHMS TAOINIL JJIs
«MTHOBEHHOTO» 0OHOBIIeHHUs y31oB BGP u apyrux nmporokonoB. HegocTatkoM 3TOro criocoda sBISETCsl yBEIUUYCHUE 3aIepKEK
TIPY PacTpoCTpaHEHUH MapLIPyTHOH MHpopManuy. BriOOp MUHUMAaIBHOTO MHTEpBaJla OOHOBIICHUH, KOTOPBIH HE3HAYHTEIIHHO
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MpEeBBIITaeT BpeMsi 0OpabOTKHM MHOXKECTBA COOOINCHMH, MO3BOJIICT MHHHUMH3HPOBATh 33JCPXKKy IIPH PaclpoCTpaHEHHU
MapHIPYTHBIX JaHHBIX. Hamrydmim pemreHreM OyaeT mpocMOTp BCEX MOMYYSHHBIX COOOIICHHH IO TIepeaayi 0OHOBICHHH.

6.2 O6paboTka coobLEeHN NPU UCNONb30BaHNM NOTOKOBOrO NPOTOKONA

BGP ucnonssyer npotokon TCP B kauecTBe TpaHCOPTHOTO MexaHu3Ma. M3-3a motokoBoil npupoasl TCP naHHbIE A8 KaXI0T0
MIPUHSTOTO COOOIICHUS HE 00s3aHBl MPUOBIBATH OJHOBPEMEHHO. DTO MOXET MPHUBOJUTh K BOZHUKHOBCHHIO TPYIHOCTCH MPH
00paboTKe ITaHHBIX KaK cOOOmIeHWI, 0coOeHHO B cucTeMax Tuma BSD Unix, ric HEBO3MOXKHO OIPEICIHUTh KOJIUYCCTBO
MPUHSATHIX, HO €Ille He 00paO0TaHHBIX JaHHBIX.

OJHUM U3 BapUAHTOB PEIICHHS MPOOJIEMBI SBISIETCS IPOCMOTP 3arojioBka o 00padoTku coodmienus. s tuna KEEPALIVE
COOOIIIEHHE COCTOUT TOJIBKO M3 3arojI0BKa, OCTAIbHBIC THIIBI COOOIICHHH TPEOYIOT IpPEABAPUTEIBHON MPOBEPKH 3arojioBka (B
YacTHOCTH, 00IIero pasmepa cooOineHus). Eciau mpoBepka JaeT MOJOXHUTENBHBIN Pe3ylbTaT, YKa3aHHas B 3aroJOBKE JUTHHA
COOOIIIEHMs 32 BBIUETOM pa3Mepa 3aroJioBKa JaeT pasMep JaHHBIX B COOOIIECHHH, KOTOPBIE OCTAIIOCH MPOUYMTaTh. Peann3anuu
MIPOTOKOJIA, CTAJKMBAIOUIMECS C MpoOJeMaMH TPH TOMBITKE YTEHHs JaHHBIX OT MapTHEpPa, MOTYT YCTAHOBUTH MJISI KaXKIIOTO
naptaepa Oydep coobmennii (4096 GaifTOB) 1 3aIMOTHATH €70 JAHHBIMH, TI0 MEPE MX MOCTYIIICHHUS OT apTHepa.

6.3 OTKa3 OT N30bITOYHbIX NEepeKITi4YeHNU MapLLUPYTOB
Bo u3bexaHne HeHY)XHBIX IepekitroueHnit MapmpyToB (route flapping) yzmy BGP, xoTopomy Hy:XHO OTO3BaTh aapecara U

nepenath OOHOBIICHHE C Oosee (MM MeHee) CHEelU(UUHBIM MapuIpyToOM, CiIeayeT oObeAMHATh aHOHCHI B OJHO COOOIIEHHE
UPDATE.

6.4 Tanmepbl BGP

BGP  wucnome3yer 5  TaiimepoB:  ConnectRetry, Hold Time, KeepAlive, @ MinASOriginationlnterval u
MinRouteAdvertisementInterval. Jlist ConnectRetry npezaraercs ycranasiusath 3Hadenue 120 cexyna, mis Hold Time - 90,
st KeepAlive n MinRouteAdvertisementInterval — 30, a mrst MinASOriginationInterval - 15 cexynz.

Peammzanus BGP go/kHa o6ecrieunBaTh BOZMOKHOCTh YCTAHOBKY 3HAUCHHIA JIJIST BCEX TaHMEPOB.

6.5 MNopsipok atpnbyToB NyTH

Peanuzaimu, koMOMHUpYIOIIME OOHOBIICHHUS, Kak omucaHo Beiue (6.1 MHOXecTBO mpedHUKCcoB cereld B OJHOM COOOIICHHH),
MOTYT TPEIIoYecTb IIPOCMOTP BCEX aTPHOYTOB IyTH, ITPEACTABICHHBIX B OIPE/ICICHHOM TOpsiike. Takoi MoIaXoA IO3BOJSET
ObICTPO UAEHTH(UIMPOBATH HAOOPHI aTPHOYTOB U3 Pa3HBIX OOHOBJIEHUH, KOTOPbIE HIECHTUYHbI CEMAaHTUUECKH. [ pean3anuu
TaKOT0 T10/1X0/1a IIOJIE3HO YIIOPSI0YMBATH aTPUOYTHI B COOTBETCTBUH C KOJIOM THIA (ONTUMHU3ALMS HE SIBIISIETCS 00513aTeNIbHON ).

6.6 CoptnpoBka AS_SET

JpyruM TONIe3HBIM CIIOCOOOM ONITUMM3AINH SIBIISICTCS YIIOpsIOYNBaHue 110 HoMepaM AS, HaiineHHsM B arpuOyre AS SET.
Takast onTUMHU3ALMA TAKKE HE SIBISIETCS 00513aTEIIBHOM.

6.7 KoHTponb 3a cornacoBaHnem Bepcuu
[MTockoneky nportokon BGP-4 moxker mnepenaBarh arperupoBaHHBIE MapUIPYThI, KOTOpbIE HE MOTYT OBITh KOPPEKTHO
npencrasiensl B BGP-3, peanusanuu, nognepxusatomme BGP-4 u nnble Bepcun BGP, nomwkHbl obecriedynBaTh BOZMOXXKHOCTh
pabotsl Tonbko ¢ BGP-4 He3aBucuMo 1151 KaX10T0 apTHepa.

6.8 KomnnekcHoe arperupoBaHue AS_PATH
Peanuzamus, obecrieunBaronas MEXaHH3M arperupoBaHysl MapLIPYTOB C COXPAHCHUEM 3HAYMTENBHOIO KOJIWYECTBA JIaHHBIX O
IIyTH, MOXKET MCIOJIb30BaTh ONMCAHHYIO HIDKE MIPOLEIYPY.
s oopenuaenus atpudyroB AS PATH nByx mapmpytoB OyaeM IMpencTaBisiTh Kakayo AS kak mapy <type, value>, rae type
YKa3bIBaeT THUIT CEIMEHTa IyTH, K KoTopomy npuHamiexut AS (ranpumep, AS SEQUENCE, AS SET), a value 3amaetr Homep
AS. Ecimn nBe mapsI <type, value> coBIagaroT, OHA OTHOCSITCS K OJJHOM AS.
AnroputMm o0beuHeHHs AByX atprOyToB AS PATH paboraer cnemyromum o6pazom:
a) Unenmundumnmpyercs copmanenue AS (kak omrcaHo BbIe) B KakaoMm atpudyre AS PATH, koTopble HaXoQsTCsl B TOM e
OTHOCHTEIBHOM Hopsiake Juts kaxaoro arpudyra AS PATH. /Ise AS (X u Y) cienytoT B 0JMHAaKOBOM HOPSAKE, €CIIH:
X npenmrectByer Y B oboux atpudyrax AS PATH nimm Y npenmectsyer X B o6oux atpudyrax AS PATH.
b) ArperupoBannsiii atpuOyT AS PATH coctout u3 AS, HaliieHHBIX Ha 3Tarne (a) U MPEICTABICHHBIX B TOM XK€ IMOPSIKE,
KOTOPBIH ObLT 0OHapykeH B 00beuHsIeMbIx atpuodyTax AS PATH. Ecnu nBe mocnenoBatensHble AS, HaliieHHBIC Ha JTare
(a), He cleAyIOT OJHA 3a IPYrod HEMOCPEICTBEHHO B KaXKIOM U3 00benuHseMbix atpuOyroB AS PATH, merratorue AS
(AS, pacrionokeHHbIE MEKTy JBYMS MOCIICIOBATEILHO COBMAIAIONMMHI AS) B 000MX aTpuOyTax 0OBEIUHSIIOTCS B CETMEHT
nytt AS SET, kotopslii conepxur Mmemaronme AS u3 oboux arpudyroB AS PATH. DToT cerMeHT myTH Inomeraercs B
KOMOWHHMPOBaHHOM aTpuOyTe MEXIy ABYMs I10CIIEA0BATENbHBIMU AS, HIEHTH(OULIUPOBAHHBIMHU B IIYHKTE (a).
Ecnu nBe nocnenosarensHble AS, uneHTH(GUIMPOBAaHHBIE HA dTalle (), HETOCPEACTBEHHO CIIEYIOT OJIHA 3a IPyroi B OJTHOM
aTpuOyTe, HO ATOro He HaONIoAaeTCsl B JPYroM, To Memaronme AS BTOporo arpuOyra KOMOMHHPYIOTCSI B CETMEHT ITyTH
AS SET, KoTOpHIil TOMEIIaeTcss MKy IByMs ITOCIe10BaTeIbHBIMU AS B arpernpOBaHHOM aTpuoyTe.
Eciu B pesynbrare nprMEHEHHUs] ONKMCAHHOM BBIIIE MPOLENYPHI JaHHBII HOMEp AS MosBiseTcs B arperupoBaHHOM aTpHOyTe
AS PATH Oonee omHoro pasa, Bce BXOXICHHS 3TOr0 HOMepa, KpOME ITOCIEIHEro (CaMblii MpaBblil) cIeayeT YHaduTh U3
arperupoBanHoro arpudyra PATH.
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