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MapuwpyTtusatop Soft-Router

OOLliee onucaHue

‘Y ‘) MoopobHee o peweHunn: 0630p PoyTepa.

Cam CKAT He 3aHnMaeTcs nocTpoeHneM Tabnmubl mapwpyTusaunn. OH genernpyet 3Ty paboTty
NPOBEPEHHbIM CMeLann3npoBaHHbIM MHCTPYMEHTaM, B NpUMepe BHYTPEHHEN apXUTeKTypbl poyTepa
nCrnosb30BaH poyT-AeMoH BIRD. PoyT-aemoH obpabaTbiBaeT Tpebyemble NPOTOKObI MapLUPyTM3aLmm
(BGP, OSPF 1 np.) n no HuM cTpouT obuyto Tabnnuy MappyTusaunm, KOTOPYo 3arpy>xaeTt B a4p0.
CKAT no sTon Tabnvue oCyLecTBASET MapLUPYTM3aLMIO MAaKeTOB.

BmecTo BIRD MOXHO ucnonb3oBaTb N0O0N Apyron AeMoH, CcTposwmin Tabauuy
MapwpyTusauum B aape Linux, Hanpumep, FRRouting, QUAGGA, Juniper CRPD n
apyrue. CKAT gns BblYUTbIBAHMA Tabauubl MaplupyTu3aunmm UCNoab3yeT TOJIbKO
CTaHAAPTHbLIN UHTepdenc Linux, No3TOMy COBMECTUM C NI0ObIM LEMOHOM.

\J) B ByayLinx Bepcmax B Lensax 3KOHOMMMN NaMAT BO3MOXKHO MOSAB/IEHNE OMNUMUOHANbHbIX
cneumann3npoBaHHbiX APl ons cBS3M C TEM WAW MHBIM LEMOHOM, 4TOObl MUHOBATH
noctpoeHue kernel route table n B3anmogencTsoBaTb C 4EMOHOM HaMNpPsMY0, MUHY S

S0pO0.

Tak Kak BIRD cTponT Tabnuuy mapwpytusauum B sape OC, To, BO n3bexaHne NpUMeHeHns 3Tux
npasun camum Linux-cepsepoM, poyT-aeMmoH BIRD paboTaeT B oTAenbHOM net namespace (Ha cxeme
BHYTPEHHEN apxXUTeKTypbl poyTepa 3To bird netns). MakeTbl NPOTOKOA0B MapLUpyTM3aLmUm
nocTynatT Ha in/out-geBancel CKATa B 0bwiem Tpadumke. [1ns Kaxxgoro infout-geearnca co3gaercs
veth-napa "TeHeBbIX" NHTEpP(ENCOB C NpeaonpeneneHHbIMN nMeHaMun: dpi-uHTepdenc veth-napeol
paboTaeT Kak TAP-uHTepgenc, rib-nHTepdenc - kak 0bbl4HbIN CUCTEMHbBIN NHTEPdENC B netns
BIRD'a.

CucteMHble TpeboBaHMA onucaHbl B pasaene TpeboBaHns K 060pyA0BaHIIO U NPOV3BOAUTENIbHOCTb.

BHYTpeHHAA apXUTeKTypa poyTepa


https://www.youtube.com/watch?v=YgWU35Ay-0k
https://frrouting.org/
https://www.quagga.net
https://www.juniper.net/documentation/product/en_US/crpd
https://wiki.vasexperts.ru/doku.php?id=dpi:dpi_components:platform:dpi_requirements:start#системные_требования_для_маршрутизатора_soft-router

bird net namespace

fastDP BIRD

rib41-00.0
10.0.0.2/24

N dpi41-00.0
) tap

rin41-00.1
10.0.0.4/24

route table route table
netlink j L netlink

{ linux kernel route table 1 J

NaHHble n3 kernel route table BeiynTbIBatoTCA (rtnetlink) B RIB poyTepa. RIB - 3T0 npedunkcHoe
Lepeso, ero yaobHo moanguumpoBaTb Mo cobbITUAM naMeHeHUs (yaaneHus/nobasneHns 3anucen)
route table agpa. Ho ncnonb3osaTb RIB B MapLupyTu3aLmMm HeNb3s, Tak Kak OH He noaaepXxusaeT
MHOIrOMOTOYHBIA JOCTYM CO CTOPOHbI paboynx NOTOKOB (TpebyeTca 60KMPOBKA, YTO HENPUEMIEMO).
Moatomy B CKAT RIB xuBeT B NOTOKE poyTepa U HeZOCTyneH paboynmM noTokam.

Pabo4me noTokn ncnonb3ytoT FIB. 3Ta CTpyKTypa 3aTO4EHA HA MHOMOMOTOYHbIN nouck (LPM - longest
prefix match), Ho He npeagHa3HavYeHa ana Moandukaumn (yaaneHns/nobaBneHnsa HOBbIX 3aNncen).
FIB MOXHO TOJIbKO NOCTPOUTL C HyAA no RIB 1 3aTem ncnosb3osaTth A4 LPM. Mostomy B CKAT
cywecTsytoT ABa FIB - TekyLwas (KoTopas cenyac UCnonb3yeTca And poyTuHra pabo4ymmm noTokamm)
n "bynywas". CKAT pa3 B router_ fib refresh cekyHa nposepseT, He 66110 M n3meHeHun B RIB ¢
MOMEHTa NoCTpoeHnsa Tekywen FIB. Ecnn nameHenms 6oinun, CKAT cTpouT (B NOTOKE poyTepa) HOBYIO
FIB Ha mecTe "byaylwien”, a 3aTem nepekovaeT TekyLwyto FIB Ha HoByto. TeM cambiM paboyune
MOTOKN YBUAST BCE N3MEHEHWSA, KOTOPbIE MPOU30LWAn B Tabaunue MappyTu3aunn.

3HayeHusa no YMOJ1YNaHMIO B poyTepe

router_max_ip4_route_count = 1000000. MakcMManbHOE KONNYECTBO MapLwpyToB IPv4 ons



KOHKpeTHoro VRF.

router_max_ip6_route_count = 200000. MakcMManbHOe KONMYECTBO MapLpyToB IPv6 ans
KOHKpeTHoro VRF.

router_multipath_page = 8192. MakcuManbHOe YMCNO CTPaHUL AN pacnpefenexHus multi-path
MapLLpPYTOB.

router_fib refresh = 15s. ViHTepBan obHoBneHUs FIB.

router_arp_cache_size = 1024. Pa3mep ARP-keLua.

O6bwwee onucaHue VRF

( B CKAT peanunsoBaH VRF Lite — oH pa3genseTt Tabanubl MapwpyTusauum, HO He
b nomellaeT Tpaguk otaensHoro VRF B yHUKanbHbIA TYHHENb (MPLS, VXLAN).

VRF (Virtual Routing and Forwarding instance) — 3To MexaHW3M BUpTyanan3aLmMm MapLupyTmu3aumu.
VRF no3BonsieT co3fgaBaTb BUPTYasibHbIE MapLUPYTU3aTOPbl HA 0AHOM (DU3MYECKOM YCTPONCTBE C
He3aBUCMMbIMU Tabanuammn MapLipyTm3aumm, CNMcKkaMm MHTepPMENCcoB 1 ApyruMmn napameTpamu. 310
NO3BOJISIET CO3[aBaTb BUPTYalibHble U30/IMPOBaHHbIE CPebl U rapaHTUpyeT, 4To Kaxxabih VRF nmeet
He3aBMCMMble HAaCTPOMKN 1 He umeeT obLmx napamMeTpos ¢ Apyrumu VRF u hmsnyeckum
YyCTPONCTBOM. KOMMYHMKaumMsa Mexay pasHbiMyu VRF BO3MOXXHa, HO CTPOro JIoKaJibHa A5 JaHHOro
ycTpoicTBa, n VRF Ha 0HOM MapLpyTU3aTope HUKakK He cBsidaH ¢ VRF Ha apyrom.

Kaxnabin VRF npenctasnset cobon otaenbHbln VPN 1 He nepecekaeTtcs ¢ apyrumum VRF.

MNpumMepoM MOXeT CNYXKUTb BblaeneHne Tpaduka ot IPTV npucTaBkn, KOTopas TakXXe HaxoauTcs B
L2-nomeHe ¢ BRAS, kak 1 CPE (Customer Premises Equipment — ceTeBoe obopynoBaHue, KOTopoe
obecneymBaeT AOCTYN NONb30BaTENSA K CETW NpoBanaepa). IPTV npucTtaBka nosyvyaeT AOCTYN TOJIbKO
K JlokasbHbIM pecypcam, CPE nonyvaeT OocTyn B UHTEPHET.

VRF MoxeT Ha3biBaTbCs Virtual Routing Instance B Juniper, VRF B Cisco n MikroTik, HO BCé 3TO —
MexXaHW3M BMPTYyaam3auumn MapLpyTu3aumm ¢ aHanornyHbIMmM yHKLMAMN.

Peanu3auusa VRF Lite B CKAT
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MpucTaska Lite o3HayvaeT, 410 CKAT TonbKo pa3genseTt Tabavubl MapwpyTusaumm, Ho He noMeLLaeT
Tpaduk oTaensHoro VRF B yHUKanbHbI TyHHENb (MPLS, VXLAN). VRF Lite no3sonseT nsonmposaTb
npeLocTaBsiseMble CepBUCHl Mexay cobor 1 ONTUMU3NPOBATL MapLUPYTM3aLM0 MPK UCNOJIb30BaHMM
pa3HblX KaHanoB..

—

1. Npuwen naket
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Peanusauns VRF Lite B CKAT BbinosiHeHa ¢ nomoubto Soft-Router, koTopbin cTpouT RIB Tabauyy u
nuweT/4ynTaeT u3 Tabanubl. CKAT oTBOANUT TpaduK B 4p0 Linux 418 AeMOoHa MapLupyTusaLuu.
FastDPI obecneymBaeT noctpoeHue FIB Tabnunupbl.

JemoH MapLpyTusaumm paboTaeT B M30/IMPOBAHHOM NPOCTPAHCTBE A5 TOro, 4Tobbl onepaLmoHHan
cucTeMa He cTtana poytepom. CKAT HanpassiseT BCO CUrHaAM3aLMI0 B pOyTep, poyTep caM CTpouT
npasuna MapwpyTusauunm n nocne 3toro CKAT, y4nTbiBasg 3T1 npasuia, Ha4MHAET 3aHUMaTbLCA
nepeafpecauunent n MapLpyTu3aLmen nakeTos.

B TekyLLen BepCcmMmn Ha faHHbIA MOMEHT HeT noaaepxku L3VPN n MPLS, Ho npu HeobxoaMmMocTu
MO>XHO HaCTPOUTb 0COBYIO0 KOHTEKCTHY MapwpyTusaunio. VRF Lite B CKAT — 3T0 oTAeNbHas ycnyra
254, KoTopas MoXeT BbITb Kak NoAkJ4YeHa aboHeHTY, Tak U He NoAKAYaThCA. ABOHEHT no
yMON4aHUio nonagaeT B yKa3aHHbln B CKAT VRF no ymonyaHuio.

Jloruka pabothbi

MapwpyTtnsauma B CKAT MOXeT NponcxoamnTb C MOMOLLLIO AeMOHOB MappyTusauum FRR nnm BIRD
— 3TO OTAE/bHbIN NPOLECC, KOTOPbIV 3aHMMaeTCa 0OMEHOM AMHAMMYECKON MapLipyTu3aLmmn



NpPOTOKONOB cMrHanu3aumnm (BGP, OSPF). B koHTekcTe VRF Lite apxutekType Linux, Ha KoTopon
pabotaeT CKAT, 6onble noaxoant BIRD. Mpu ncnons3osaHun BIRD ecTb BO3MOXHOCTb paboTaTb C
route leaking (nepeTekaHnem MapLLpyTOB) MexAay Tabamuammn MapLupyTU3aLnm.

B 3TOM pa3gene pacCMOTPeHbl BapuMaHTbl C O4HMM MPOCTPAHCTBOM MMEH N HECKONIbKMMK Tabanuamum
MapLipyTusaumm, 41o 6onblie NOAXOANT AN AeMOHa MapwpyTu3aumm BIRD. Takxe cywecTByeT
KOHLENUUS C HECKONbKUMW NPOCTPAHCTBaMM UMEH 1 C 0gHON Tabnuuen. 3Ta KoHuenuma bonee
XapakTepHa ansa FRR.

GRT (Global routing table) Ha naHHOM cxeme — yC/IOBHOE Ha3BaHMe, 3TO TOYHO Takas xe kernel route
table, Kak n ocTanbHble Ha cxeme. Tabnmua Ha3BaHa Tak 415 yA06CTBa TeCTUPOBAHUSA U YCII0KHEHUS
NpoBepPOK. B HEN MCNonb30BannCb COBCTBEHHbIE NPaBWIa MapLUPYTU3aLMM OT HECKOIbKUX POYTEPOB,
OHWN MOTYT BbITb MHOXXECTBEHHbIE, MO0 MMETb CBOM KOHTEKCTbI.

Bce npasmna v puabTpbl HACTPaMBalOTCA B poyTepe (B LaHHOM csiyvae — B BIRD). Mpm 3anycke
BIRD, korpa pabotaet CKAT u nogHumaeTca BGP-coceicTBO, O4HM NPUXOAsLINE MapLUPYTh
cknagpiBatoTcs B Tabnuuy Kernel rt N, apyrue cknagbisatotcs B GRT 1 nOTOM Mo 3afaHHbIM
npaswiam nepetekatoT B Kernel_rt 1 n Kernel_rt 2.

B CKAT onucaHbl BCE Te e N VRF, HanpaBieHHble Ha onpeaesieHHble Tabaunubl C npaBmaaMm
MapLpyTusaunn. Kaxxgbin MHCTaHC YnTaeT 13 Tabnmu, Ha ocHoBe 3TKX Tabauy CTpoATCS
n30sMpoBaHHbIe FIB.

CKAT umeeT cBOM YHMKaNbHbIA ARP-KeLl, KOTOPbIA OH CTPOUT Ha OCHOBe 0TBeTOB Ha ARP-3anpochl. B
CKAT moxeT 6bITb Heckoibko ARP-Tabnuy, y Heckonbkux VRF moxeT bbITb 04Ha obwwasa Tabnauua.

Bcnencteue nsonauum B pamMmkax CKAT ofHa 1 Ta e noaceTb MoXeT BbITb 4OCTYNHa Yepes pa3Hble
hop 1 pa3Hble poyTepbl 1 MapLUPYTU3NPOBATLCS NO-pa3HOMY. llocsie Toro Kak noctpoutcsa FIB, korga
nonaeT Tpauk — CHavyana aBTopm3syeTcs aboHeHT 1 nomeLLaeTcs B HyXHbI VRF. FIB MoxeT
0bHOBNIATBLCA YXKe nocsie Toro, Kak aboHeHT aBTopum3oBacs. MNepemelats aboHeHTa Mexay VRF
MOXXHO OMHAMUNYeCKmn nocne aBTopm3aumm aboHeHTa ¢ nomoubio CoA.

Default gateway gnsa atoro aboHeHTa ToXe byneT nepemelyeH B apyron VRF n moxeT
CTaTb HELOCTYNeH ANs APYrnx aboHEHTOB (KOTOPbIE MOTYT Y>Ke MCMO0JIb30BaTh CETb).

Jencteus npu ncxopswem ot aboHeHTa Tpadguke:

1. Hantu, kK kakomy VRF npnHannexuT aboHeHT.

. HamTw, Kyfa Hanpas/fieH naker.

3. Hantu B FIB, Ha Kakon hop 3aTepMnHMpPOBaTb NakeT U TEPMUHUPOBATb. AKTyasibHO TOJIbKO
npu co3paHuu flow, pnanee nexthop sanomuHaerca ana flow.

N

JencTens npu BXoAsawlemM Tpaduke:

1. AHanu3 dest.
2. lNpoBepka cocToAHUSA aboHeHTa.
3. TeCT Ha opurnHauUWIo NakeTa.

Ana ppyrux rpynn aboHeHTOB BCE NPOUCXOAUT aHaN0rMYHO N30JIMPOBAHHO, B COOTBETCTBMM C
npasunammn. AHOHCMpOBaHME NPoNcxoanT u3 Toro VRF, Ha KOTOPOM HaxoanTCs abOHEHT.



KoHdurypuposaHue noaceteun TAP

Ana kaxporo router device o6a3aTenbHO [O/MKHO ObITh YKa3aHo, Kakue NoACEeTU OTBOAATCA Ha
TAP (hakTunyecku, 3To 0OTBEL,eHNE NMakeTOB NMPOTOKON0B MapLupyTusauum Ha BIRD). CKAT byaeTt
BblAENATb M3 06LLero Tpadumka Ha AeBaiice obpalleHns K 3TM NOACETAM U HaNpaBAATb BCe Takme
nakeTbl Ha cooTBeTCTBYOWMA TAP-nHTEepenc.

MoaceTwn 3apatoTca napameTpamu subnet (ons IPv4) n subnet6 (ons IPv6) B onmucaHum

router _device. Kaxgas nogceTb 3afaeTcs OTAENbHbIM MapaMeTpoM subnet/subnet6. Bcero B
onncaHmm router device moxeT 6bITb 40 16 pa3Hbix subnet napameTpos 1 A0 16 pa3Hbix
subnet6. Hanpumep, Takas KOHpUrypauns

router device
# Vims gesavica n3 in _dev/out dev

device=41-
# Vima TAP-uHTepcpevica ans gesavica (default="dpi' + device)
tap=dpi4l
# Vims napHoro TAP-uHTepgpevica B netns pana gesavica (default='rib' +
device)
peer=rib41l

# Kakune IPv4-noacetun otBoAuM Ha TAP
subnet=10.0.2.0
subnet=8.8.8.0

# Kakue IPv6-noacetuv otBoAMM Ha TAP
subnetb=

# link-local agpec nHTepgerica, C KOTOpbIM B3anmonencTeyet bird
subnetb=fe80::82d:cff:fe5f:

3agaet age IPv4-noacetn ons neeanca 41-00. 1, koTopble ByayT oTBOAMTLCA Ha TAP-uHTepdeinc
tap4l v ogHy IPv6-noaceTb + link-local agpec nHtepdeica, ¢ KOTOpbIM B3aUMOLENCTBYeET bird.

Ecnn ncnone3syetcs IPv6, cnegyeT yunThiBaThb, 4TO B IPV6 60sbLyto ponb urpatoT link-
local agpeca, KoTopble Takxe AOJ/KHbI ObITb yKa3aHbl B NnapameTpax subneto.

OSPF ucnonb3yeT MynbTUKacTHble agpeca 224.0.0.5 n 224.0.0.6, noaToMy ecniv Ha router device
ncnonb3yetcs npotokon OSPF, 3T agpeca ToxXe cnedyeT 3afaTh B onucaHun router device:

router device
device=41-
tap=dpi4l
peer=rib4l

# OSPF multicast
subnet=224.0.0.5
subnet=224.0.0.6



@ B napameTpe router device posiXHa BbITb yKkasaHa xoTsa 6bl ogHa IPv4 nnn IPv6-
noaceTb.

CospnaHue veth-untepcgencos

np. - A0JIXKHO ObITb 33a4aHO B CKpMNTax 3arpy3km CUCTEMbl N BbIMOJIHATLCA B0

@ Bce, 4TO onucaHo B faHHOM pasgesie, — co3faHue veth-nHtepdencos, 3anyck BIRD u
3anycka fastdpi.

MycTb y Hac B fastdpi.conf 3apaHbl cneaytolne geBanchl:

in dev=41-
out dev=41-

MpennonoXum, 4To Ham TpebyeTca HacTpouTb B BIRD npoTokon BGP ans uplink, To ecTb Ha aeBaice
41-00.1.

) TeHeBble veth-uHTepgencobl HyXXHO co3haBaTb ANA Ka)Aoro in/out-gesanca, B

( Tpaduke KOTOPOro MAYT NakeTbl MPOTOKO/I0B MaplipyTu3auum, oHn TpebytoT

3 KoOH(purypuposaHus B BIRD. Ecin gesanc He yyacTBYeT B MaplipyTusaumm (Kak
in dev=41-00.0 B 3TOM NpuMepe), ONS HEro He HaJo co3nasaTb veth-napy.

YT10b6bl NepeHanpaBuTb BGP-Tpagmk ¢ 41-00.1 Ha BIRD, koTopbii paboTaeT B bird netns, Ham
HY>KHO co3faTb veth-napy TeHeBbIx A4 41-00. 1 nHTepdencos.

Co3pnaem bird netns (uma bird 3geck BbibpaHO NPOM3BOJILHO, Bbl MOXKETE UCMOJIb30BaTb APYroe
nmsa netns), B kotopom byaet pabotaTte BIRD:

ip netns add bird
Co3znaem veth napy:
ip link add dpi4l- type veth peer name rib4l- netns bird

rib-nHTepdenc gomxkeH umeTs IP-agpec (u IPv6, ecnm IPv6 nogaepxneaeTtcs). OToT agpec byaeTr
agpecom BGP-nupa gns BGP-cocepna.

ip netns exec bird ip address add 10.0.0.4 broadcast 10.0.0.255 dev
rib41-

ip netns exec bird ip address add e dev rib41-

# Bkod4aem ARP Ha nHTepgperice



ip netns exec bird ip link dev rib41l- arp on

# set tx checksum offload off - BbIK/IKOYaEM PacyeT KOHTPOJIbLHOW CYMMbl Ha MHTEpPelce
# 3ameyqeHo, 4To pacyeT CRC Ha mHTepgherice MOXET bbiTb HEKOPPEKTHBIM (110 KparHen Mepe, Ha
HeKoTopbIx cbopkax sigpa Cent0S-8)

ip netns exec bird ethtool -K rib41l- tx off

IP-apgpec rib-nHTepdencos oomkHb oTAn4aTbCca oT IP-agpeca CKAT, 3agaBaemoro

0 napametpamu bras arp ip u bras ipv6 address. bonee T0ro, Bo nsbexaHuve
HEeMoHATHLIX CUTyauunn agpeca bras arp ip n bras ipv6 address He [OJIKHbI

BXOAWTb HU B KaKyt NoACEeTb, 0TBOAUMYIO Ha TAP-UHTepeNncsl.

—

dpi-nHTepdenc He posKeH nMeTb HY IPv4, HK IPv6 agpeca, Tak Kak B CKAT OH MCMONb3yeTcs Kak
TAP-nHTepdenc n Hannyme Ha HeMm agpecos He TpebyeTcsa (bonee Toro, Aa)ke MOXXeT MeLlaTb, eCn
CaM NHTepdenc Ha4yHeT reHeprpoBaTb 1 OTMPABAATL NaKeTbI):

ip link dev dpi4l- arp off
# Disable IPv6 on dpiXXX interfaces (4T1obbl He bbiio faxe link-local agpeca)
echo proc/sys/net/ipv6/conf/dpi4l- disable ipv6

HakoHeLl, MoJHMMaEM BCe CO3[aHHble NHTePdEeCh:

ip link dpidl- up
ip netns exec bird ip link lo up
ip netns exec bird ip link rib41- up

He 3abbiBaem npo firewall:
firewall-cmd --zone=internal --add-source=10.0.0.1
He 3abbiBanTe, 4T0 BIRD fosxeH 6biTb 3anyuleH B bird netns:

ip netns exec bird /usr/local/sbin/bird

down, To CKAT nepesegeT B link down veth-uHTepdencel 3Toro fesanca; Kak ToNbKO

@ CocTosHMeM niMHKOB veth-uHTepencos ynpasnset CKAT: ecnn gesainc 41-00.1 link
NMHK 41-00. 1 nogHumeTcsa, CKAT nepesegeT veth-untepdeincol B link up.

Kak 6biTb ¢ VLAN?

CKAT nepecbinaeT nakeTbl B rib-uHTepgencol "kak ecTb", 6e3 BCAKOro
@ npeobpa3oBaHns. ITO 3HAYUT, YTO B cyvae Hannums VLAN, HyKHO cpeacTBamu Linux
co3gaTb vlan-uHtepdencol Ha rib-nHTEpdence, a yxxe K 3TUM vlan-uHtepgencam

npuessaTb bird.

B fastdpi.conf vlan-nHTepdencol, co3gaHHble Ha rib-uHTepgence, He AOKHbI HATAE

hurypmpoBsaTtb, — Bbl OOJKHbI B Ka4ecTBe tap u peer ykasaTb ABa KoHUa veth-napbl.



MTU

CKAT He BbicTaBnsgeT MTU Ha veth-uHTepdencax. Mpu KoHpuUrypmposaHuu veth-
NHTepdencos cnepyeT 3agate MTU WTaTHbIMKU cpeacTBamu Linux.

HacTtpouka CKAT

KoHdurypuposanue CKAT
ObGsA3aTenbHble NapaMeTpbl

Y1066l BKIOYNTL (PYHKLMOHAN poyTepa, B fastdpi.conf HeobxoanMo akTMBMPOBaTb NapamMeTp

# [cold] Bknw4eHune pyHKUMOHaAa poyTepa
# byneBbivi napameTp:
# 0, false, off - ¢yHkumoHan poytepa oTkaoyeH (default)
# 1, true, on - YHKUMNOHAaN poyTepa BKIYEH
# He pgonyckaeT nsmeHeHus "Ha nety" yepe3s reload
router=1

Nanee HeobxoaMMO yKa3aTb, B KakoM netns paboTtaeT BIRD 1 Homep Tabnnubl MapLpyTmnsaunm
spa, KOTOPYI OH CTPOWUT:

# [cold] Wms net namespace, B kKOTOpOM 3anyujeH BIRD
router netns=bird

# [cold] Homep Tabaunubl MapLupyTulaummu aapa, KoTopyto ncrosb3syet fastDPI
router kernel table=1

Takxe oba3aTenibHO fOMKHbI BbITb 3aaHbl creayowmne napameTpbl BRAS, faxe ecivm HUKakom um3
pexunmoB BRAS He BKJIOYEH:

# BuptyanbHbii MAC-agpec CKAT
bras arp mac=00:EQ:ED:43:84:42

# BupTtyanbHbii IP-anpec CKAT
bras arp 1p=188.227.73.40

# Ecnn ucnonb3dyetca IPv6, Heobxoammo 3agaThb BUPTyasbHble IPv6-ajpeca:

# 3apaet rnobasbHeii IPv6 agpec CKATa
bras ipv6 address=2098::1

# 3apaet IPv6 link-local agpec CKATa (npepukc FE80::/10)
# EC/v faHHbIVi MapaMeTp He 3a4aH SIBHO, OH BblYnCaAeTcsa no bras arp mac
#bras ipvé6 link local



9TK TpW NapaMeTpa ABNAIOTCS 00A3aTeNnbHbIMM 4715 BKIOYEHMA poyTepa. Mpoyne
\) napameTpsbl, NepPeYnCIeHHbIE HXKE, He SBASIOTCA 0693aTeNlbHbIMW 1 NpeAHa3HAY€eHbl
0N TOHKOW HacTponky poyTepa B CKAT.

JononHuTenbHbie NapaMeTpbl

MaKcrMasibHOe Y1C0 MapLLIPYTOB 3a4aeTCs NapaMeTpaMu:

# [cold] MakcumanbHoe 4ncio mapwpytoB B IPv4 route table
# 1o ymonyaHuo = 1000000
#router max 1ip4 route count=1000000

# [cold] MakcumanbHoe 4ncao maplpytoB B IPv6 route table
# Mo ymondaHuo = 200000
#router _max _1ip6 route count=200000

CKAT npu cTapTe B peXxuMe poyTepa npeannounpyeT naMaTb A8 BHYTPEHHMX route table B
COOTBETCTBUM C 3TUMK NapameTpammn. CoBeTyeM yCTaHaBIMBaTb 3TK onumm (ecam Heobxoammo) ¢
3anacom B 20-30%, 4To6bl B mpouecce paboTbl poyTepa rapaHTUPOBaHHO XBaTWJIO
npeannoumpoBaHHON NaMaTun.

Paboyas Tabnunua mapwpytunsauun (FIB) CKAT obHoBnseTcsa pa3 B router fib refresh cekyHa:

# [hot] [lNepnoa obHoBneHnsi FIB, cekyHA
# [lo ymosi4aHuio - pa3 B 15 cekyHA
#router fib refresh=15

YcTaHaBAMBaTb OAaHHbIA NapameTp CJINWKOM MaJleHbKUM (MeHblUe 5 cekyHn) 0coboro cmbiC/ia HeT.

MakcuManbHbIN pa3mep neighbor cache (ARP cache) un TanM-ayT 06HOBNEHUS 3anMCeN 3TOro Kela
3ajlaeTca napamMeTpamu:

# [cold] Max pa3smep ARP cache (neighbor cache ana IPv6)
# [1o ymonyaHuo - 1024, max = 32K
#router _arp cache size=1024

CKAT conepxut oTaenbHble neighbor-kewun onsa IPv4 n IPv6, KaXxabll pa3mMepom
router_arp cache size.

CKAT cam He nocbinaeTt ARP-3anpochl A ycTapeBLUMX 3anucein Kewa. BMecTo 3Toro oH nonaraetcs
Ha 0OHOBJIEHME Kella CO CTOPOHbI sapa Linux: CKAT moHnTopuT ARP-0TBETHI, MpUX0oasLLMe Ha agpec
noacetn TAP-nHTepGencos, 1 B COOTBETCTBUMN C 3TUMK 0TBETaMn 06HoBNAeT cBom ARP-kew. To xe
camoe oTHocuTCA U K IPv6 (MoHuTOpUHT ICMPV6 neighbor discovery).

PoyTep paboTaeT B 0TAENbHOM NMOTOKe Ha oTAensHoM sape CPU. Mpu ctapTe CKAT 3agaeT
napaMeTpbl 3TOr0 NOTOKA MO YMOMYaHMIO, KOTOPblE MOrYT ObiTb M3MEHEHbLI MapamMeTpaMu:

# [cold] [obasneHne K NpnopuTeTy CayXebHOro notoka poytepa (roBbiLLleHne



rnpuopuTeTa)
#router sched add prio=0

# [cold] Sapo npuBsA3KM NoTOKa poyTepa, -1 - aBToornpeaeneHne
#router bind core=-1

V3MeHATb 3TV NapaMeTpbl HaZlo TOIbKO B KPalHeM cny4vae, nydwe nate CKATYy camoMy onpenennTb
S4PO 1 NpuopuTeT. Hanpumep, siBHOE yKa3aHue aapa AN poyTtepa router bind core moxeT
NPUroanTbLCS B CNyYae, ecan aAep He XBaTaeT; Torla MOXXHO SiIBHO NPMBSA3aTb poyTep K aapy, K
KOTOPOMY MpMBSi3aH KaKON-TO ApYyron ciyxebHbln NoTok (ajb, ctl).

L

0 Hu B Koem ciiydae He mpuBA3biBaiiTe poyTep K aApy paboyYero moToka unu
ancrietyepa!

KoHdurypuposanue VRF

Hactponku router netns n router kernel table 3apatoT VRF no ymonyaHuio (default VRF) un
NPUMEHSATCA Npu onucaHun gpyrux VRF Kak 3Ha4eHnsa no ymMon4yaHuio oas COOTBETCTBYIOLNX
napameTtpos VRF.

Mpw noarotoBke fastDPI k paboTe B pexxume poyTepa agMUHNCTPATOPY HY>XXHO CO34aTb
Heobxoaumble netns n TAP-uHTepgencel gna oTeoaa Tpadmka Ha route-gemoHsbl. B KoHbUrypaumm
fastdpi.conf yka3biBaloTCa ye rotosble (cywecTByowme) netns n TAP-uHTepdencol, TONbKO B
3TOM csiyvae 3anycTutcs CKAT.

Kaxxpaa VRF 3agaeTcs oTAe/1bHON HOBOW CEKLMEN B KOH(UIrypaLum poyTepa:
OnucaHue Tabauubl MapwpyTusauum (VRF)

router vrf
id=
netns=
kernel table=
neighbor cache=

router default vrf=

id — cTpoka, yHuKanbHbIi id VRF. Ins aboHeHTa B Paguyc VSA aBTopu3auum MoxeT bbiTb YKa3aHa
VRF — 3T0 1 eCcTb AaHHbIM id. MakcManbHbI pa3mMep — 15 cuMBOIOB.

netns — nmsa netns, n3 kotoporo Bul4uTLIBaeTCca VRF. ECnn He 3a4aHO — CYUTAETCA paBHbIM ONUUK
router_netns. B 3ToM netns HaxogsaTcs peer TAP-nHTepdencel ana gaHHon VRF.

kernel_table — Homep Tabanubl MapwpyTusauum sgpa ana gaHHon VRF. Ecnm He 3ajaHo —
cynTaeTca paBHbiM onuun router kernel table.

router_default_vrf — cTpoka, id default VRF. Default VRF ncnons3syetcsa ons aboHeHTOB, y
KOTOpbIX HeT cBoncTBa vrf id.



neighbor_cache — cTpoka, nms ARP kewa gns gaHHow VRF no ymonyaHuto, kaxxabin VRF nmeet
CBOMN COBCTBEHHbIN, N30NMpoBaHHbIA OT Apyrux ARP/Neighbor keww. ECnn Hy>KHO, 4TOObI HECKOBKO
pa3Hbix VRF nmenn obwmin ARP/Neighbor kew, To cneayeT 3agaTbh B onucaHum 3tux VRF ogHO 1 To
e 3HayeHue onuun neighbor cache.

MNapameTpbl 4ns aaHHon VRF:

max_ip4_route_count — MakcMManbHOE KONMYECTBO MapLupyToB IPv4.

max_ip6_route_count — mMakcumanbHOe KONMYECTBO MapLLpyToB IPV6.

multipath_page — mMakcMmanbHOe YnCNo CTpaHuUL Ans pacnpeaenenHuns multi-path mapwpyTos.
OpHa cTpaHuMua BMewaeT 64 pasHblx multi-path mapwpyTa. Ha ogHou cTpaHuye MoryT pasmelyaTbCs
MapLUPYTbl HECKObKMX ECMP-rpynn. OgHa rpyrna MoXeT bbiTb pa3MeLleHa rno HECKOJIbKUM
CTpaHnLam (ecm Koaim4eCcTBO MapLUpyToB B rpynne bosee 64, ec/iv HET OrpaHNYeHu Ha
KOJIN4eCTBO MapLUPYyTOB B JEMOHE poyTepa)

fib_refresh — nHTepBan obHoBneHus FIB.

arp_cache_size — pa3mep ARP-kelua.

3TK napameTpbl onpenenstoT Tpebyemyto namaTb 1 YacToTy obHoBNeHNs ans aaHHoro VRF. 3pech
MOXXHO YKa3aTb 3Ha4yeHuns No yMmon4daHuio (bepytcs n3 rnobanbHbiX ONUMIN) NN NepeonpenennTb nx.

e Ecnin B KOH(Mrypauny HeT cekuni router vrf, pexxum paboTbl ocTaeTca npexHuM: back
compatibility, 3To o3Ha4aeT, 4To B CKAT onucaHa oaHa VRF, koTopas aBnseTcsa edonTHOM.

e Ecan B KOHDUrypauum ecTb cekunn router vrf, pexum pabotel — nognepxka VRF. Mpwu
3TOM poBHO ofHa VRF gosmkHa bbiTb 4edonTHON, TO eCTb A0/KHa ObITh 3a4aHa onumsa
router default vrf=id pedontHoM VRF.

bras_vrf_isolation - usonsauus VRF. L2 BRAS He n3onupyet aboHeHTOB 13 pa3Hbix VRF: Ecan
LaHHbIA pexxumM BkoYeH (1), To aboHeHTbl U3 pa3Hbix VRF ByayT nsonnposaHbl Apyr OT Apyra.
3Ha4veHune no ymonyanuio: 0. MNpun BKAKOYEHUN 3TOM ONLUK:

1. ARP aboHeHTa K wito3y - obpabaTbiBaeTcs fastDPI Tonbko ecnn aboHeHT 1 w3 B ogHoM VRF
2. ICMP ping wnto3a - obpabaTeiBaeTcs fastDPI Tonbko ecnn aboHeHT n wnto3 B ogHoM VRF
3. local interconnect - npumeHsieTcs Tonbko ecnm oba aboHeHTa B ogHOM VRF

bras_egress_filtering - gpunsTpauus ncxonswero Tpaguka subs—inet (butosas macka). Mo
ymMon4aHuio oTkodeHa (0). MNpw BKAYEHUN 3TON ONuMK NakeT byaeT APOnHYT NPW BbIMNOJHEHWN
cnepyoLnx ycnoBum:

1. IP-appec aboHeHTa (srclP) Hem3BecCTHbIN ans L2 BRAS
2. bras term by as =0
3. AS aboHeHTa He local

Onucanue router_device

B onncaHue router device pobasnsietcs id VRF. OnucaHne ogHoro nHTepdenca poyrepa:

router device
device=
tap=
peer=
vrf=



subnet=

subnet=
subnetb=

subnetb=

device — uma feBaiica n3 in_dev/out dev.

tap — vma TAP-uHTepdeinca ana gesanca (default="DPI' + device).

peer — nmsa napHoro TAP-uHTepdenca B netns ans VRF (default='rib' + device).

vrf — noeHtudukatop VRF, B KOTOPOM HaxoanTca peer. ECM He yKa3aH — CYUTAEeTCa paBHbIM
default VRF.

subnet n subnet6 — noaceTu, oTBoAMMbIE N3 06LLEro Tpaduka Ha TAP-gesanc. Ans
router device obs3aTeNnbHO AosKeH 6bITb 3aa4aH XoTa 6bl 0ANH NapameTp subnet nan subnet6!

subnet — nepevuncnexne IPv4-noaceten, oTBOAMMbIX 13 06LLero Tpaduka Ha TAP-geBaic.
subnet6 — nepeyncnerune IPv6-noaceTen, oTesoanMbIX U3 obwero Tpadmka Ha TAP-geBanc.

Kaxxgas IPv4 n IPv6 noaceTb yKa3biBaeTCs OTAENbHO B NapameTpe subnet n subnet6
COOTBETCTBEHHO. Bcero moxeT bbITb He bonee 16 napameTpos subnet n 16 napameTpos subnet6
Ana onHoro router device.

MoaceTn Ans 04HOMO NOpTa He AOJKHbI NepecekaTbCs.
@ Hanpumep, BGP1 n3 VRF1 — noacetb 10.20.30.0/24, BGP2 n3 VRF2 — noaceTsb
10.20.30.0/20.

Ynpasnenue VRF aboHeHTamu

VRF ID noctynaeT B fastDPI npu aBTopmu3aumm, B HoBon ycnyre 254,
VasExperts-Service-Profile = "254:VRF_ID"

3necb “VRF_ID” — ngeHtudumkaTtop VRF.
Mpumep HacTpouku VRF B CKAT

in dev=0b-
out dev=13-

scale factor=

ctrl port=
ctrl _dev=Llo

federal black list=
black list sm=
black list redirect=http://vasexperts.ru/test/blocked.php



num_threads=1

router=1

router vrf
1d=ROUTER
netns=router
kernel table=100
neighbor cache=shared

router vrf
1d=ROUTER2
netns=router
kernel table=101
neighbor cache=shared

router device
device=13-00.0
vrf=ROUTER
tap=dpi
peer=rib
subnet=224.0.0.5/30
subnet=192.168.123.69/32

router device
device=13-00.0
vrf=ROUTER2
tap=dpi
peer=rib
subnet=192.168.123.70/32

router subs_announce=6

enable auth=1

auth servers=127.0.0.1%10:29002

bras enable=1

bras arp ip=10.10.102.189

bras arp mac=00:0c:29:f5:85:47

bras dhcp mode=1

bras dhcp server=10.10.99.3%ens256; reply port=67
bras pppoe enable=1

bras pppoe session=100

bras ppp auth list=2,3,1

enable acct=1

netflow=4

netflow timeout=300

bras pppoe service name=demoDPI



3apaHue umeH veth-untepcencos

B fastdpi.conf onuceiBatoTcs Bce TAP-UHTepdencl, CBA3aHHbIe C eBancamu:

# OnucaHne ogHOro MHTepgerica poyTepa
# BHUMAHWE! '{' nosmkeH bbITb Ha TOW Xe CTPOKe, 4TO U ums cekumn router device!
router device

# Vims geBavica nz in dev/out dev

device=
# Vimsi TAP-uHTEpperica ans aesavica (default="'dpi' + device)
#tap=
# VImg napHoro TAP-uHTepcpervica B netns gns aeavica (default='rib' +
device)
#peer=

# BHUMAHWE! '}' gosxxeH bbiTb Ha OTAEbHOV CTPOKE!

Hanpumep, ona Takon KOHpUrypauum

in_dev=41-00.0
out dev=41-00.1

rae K poyTepy noakoyeH Tonbko out dev, onvcaHue byaeT Takoe:

in dev=41-00.0
out dev=41-00.1

router device
# VIma pesavica u3 in _dev/out dev
device=41-00.1
# Wmsi TAP-uHTepperica ans aesavica (default="'dpi' + device)
tap=dpi4l
# VIma napHoro TAP-uHTepgpevica B netns pans pesavica (default='rib' +
device)
peer=rib4l

Mo>XHO He 3afaBaTb MMeHa tap u peer nHTepdencos (B 3TOM Cayyae nogpasyMeBanTCa NMeHa Mo
YMON4aHUI0), HO onucaTb router device HyXHo:

in_dev=41-00.0
out dev=41-00.1

# TAP pgns out dev:
router device
device=41-00.1

# TAP gns in dev
router device



device=41-00.0

B 3TOM cniyyae npepnonaratoTcs Takne umeHa TAP-uHTepdencos:

e nna in dev=41-00.0: co ctopoHbl CKATa dpi41-00.0, co cTopoHbl BIRD rib41-00.0
e nnaout dev=41-00.1: co ctopoHbl CKATa dpi41-00.1, co ctopoHbl BIRD rib41-00.1

Moppepxka LAG

B CKAT 10.1 gobaBneHa noffepxka arperauum KkaHasoB B poyTepe.

INna arpermpoBaHHbIX KaHaI0B NaKeTbl, KOTOPbIE HY)XHO OTBOAUTL Ha TAP-uHTepgenc, Moryt
npuinTn Ha nobon pesanc, Bxogawmm B LAG. YTobbl He co3naBaTh hakTMYeCKM ognHakoBble TAP-
NHTepMdEeNCol AN Kaxx4oro gesanca n3 LAG, poyTep y4uThIBaeT, Kakue gesancel BXogaT B LAG n ons
BCEX TaKuX AeBallcoB AeflaeT 0TBOA Tpaduka yKasaHHbIX noaceten Ha TAP (K gemoHy BIRD).

Kaxnabi LAG 3afaeTcsa oTaesibHoW cekumen B fastdpi.conf, B KOTOpon nepeyncnaioTcs Bce AeBanchl,
Bxoasiwme B LAG:

# BxoaHbIe/BbIXO4HbIE AEBaVicbl, 0bbeanHeHHbIe B LAG
in dev=01-00.0:02-00.0
out dev=01-00.1:02-00.1

# OnuceiBaem LAG B cTOpoHy inet
lag
# Heobs3atenbHoe nmsi LAG, mncnosb3yeTcs TObKO A/ BbiIBOAA B JIOI
name=inet
# Kaxgbii gesavic, Bxogawmi B LAG, onucbiBaeTcs oTAE/IbHbIM apameTpom device
device=01-00.1
device=02-00.1

# OnuncaHne ogHoro nHTepgevica poytepa
router device
# VIma pesavica 3 out dev. ToJsbko A1 3TOro Aesavica gesnaeMm veth-napy TAP-
MHTEpgeNicoB
device=01-00.1
# WIma TAP-uHTepcpenica ans pgesavica (default="'dpi' + device)
tap=dpi0®
# VIma napHoro TAP-uHTepgpevica B netns pans gesavica (default='rib' +
device)
peer=rib0
# lMoacetu, oTBOoANMBIE M3 0bLLero Tpapuka Ha TAP-pgeBavic (npumep)
subnet=10.0.10.0/26
#...npo4yne noaceTu...

Mpn TakoM onmncaHum oTBOA Tpaduka Ha TAP tap0 byneTt npoucxoamTb ¢ obonx aesancos 01-00.1
n02-00.1, 3afaHHbIX B cekunn lag, B COOTBETCTBUN C NpasBuaamun (nogceTamu), 3aflaHHbIMU 4114



01-00.1B router _device.

B cekuumn lag gomkHO ObITb YKa3aHO He MeHee ABYX OEeBalCOB, MPUYEM BCe AEeBaANChl A0/KHbI BbITb
oAHoro HanpasneHus (nMnbo Bce fesaichl U3 in_dev, 11nbo BCce aesaichl out_dev). OaunH feBaic
MOXXeT BXOAMTb TOJIbKO B 04AuH LAG (Mm He BXoaMTb BoobLLe HY B Kakoi). Ecnin poyTep paboTaeT
KaK B CTOpPOHY inet, Tak 1 B CTopoHy subs (Hanpumep, BGP Ha cTopoHe inet n OSPF BHYTpu ceTun, B
CTOPOHY subs), To onuceiBatoTCA ABe cekumm lag:

# LAG B CcTOpOHY 1inet
lag
name=inet
device=01-
device=02-

# LAG B CTOpOHYy subs
lag
name=subs
device=01-
device=02-

N ONS KaXX 40N KOHpUrypupyeTcs oTAeNbHan cekums router device.

Bcero Bo3MOXHO 3aaTb He 6onee 10 pa3nnyHbIX lag-cekuuii.

( _ Cekuwnn lag B fastdpi.conf - 3To xonogHbIn napameTp, TpebyeTcs pectapT fastdpi npwn
3 n3mMeHeHun onucanmsa LAG.

NMonpnepxka Multi-path routing (ECMP)

B CKAT 10.2 nobasneHa nogaep»xka multi-path routing (ECMP).

CKAT penaet 6anaHcupoBky Tpaduka (round-robin) Ha ypoBHe flow no BceM MapLupyTam u3 multi-
path. bBanaHcupoBka Ha yposHe flow 03Ha4aeT, 4T0 KOHKpeTHbIN flow ByneT 3akpenneH 3a OAHUM K3
MapLpyToB 13 multi-path n BeIbpaHHbIN MapLpyT He ByaeT N3MeHATLCA A0 OKOHYaHMAa aaHHoro flow
(ecnm, KOHeYHo, He byaeT n3MeHeH coctaB multi-path no BHewWHUM cobbITAM OT AeMOHa
MapLpyTusauunm).

Ona skaoveHusa multi-path 8 CKAT He TpebyeTca Hukakon HacTponku. Mogaepxxka ECMP
BKJII04M@eTCa B KOH(UIYpPaLMOHHbLIX MapaMeTpax AeMOoHa MapwpyTusaumn. Hanpumep, B BIRD
nognepxka ECMP BkniovaeTcs ykasaHneMm merge paths yes B npotokone kernel, cm.
https://bird.network.cz/?get_doc&v=20&f=bird-6.htm|#ss6.6.


https://en.wikipedia.org/wiki/Equal-cost_multi-path_routing
https://bird.network.cz/?get_doc&v=20&f=bird-6.html#ss6.6

OcobeHHOCTM AaHOHCMPOBAHMUA appecoB
AHoHcbl aboHeHTOB M NAT pool

Bk/Ilo4EHNE aHOHCMPOBAHUSA aapecoB aboHEHTOB MPOM3BOANTCS NapameTpom B fastdpi.conf:

# [cold] ®narmn aHoHCa aapecoB aboHEHTOB

# butoBas Macka

# 3HavyeHus:

# 1 - aHoHcupoBaTb agpec aboHeHTa B CTOPOHY Ssubs

# 2 - aHOHCMpoOBaThL aApec aboHeHTa B CTOPOHy inet (ec/my aboHeHTa He NoAK/IYeEH
NAT)

# 4 - aHoHcuposaTb NAT-rnoacetu B CTOpOHy inet

# 8- aHoHcupoBaTb abOHEHTCKUE LUJIHO3bI (HanpaBaeHNe 3agaeTcs haaramm 1 v 2)
# 3Ha4yeHue rno ymondaHuni: 0 - HAYEro HUKyAa He aHOHCUPOBAaTb
#router subs announce=0

# [hot] MeTpuka 415 aHOHCOB aapecoB abOHEHTOB
# 3Ha4eHue no ymonyaHuo = 32
#router subs metrics=32

Add Routes to Table—

Anounce BGP/OSPF—»

Moacetn 6enbix agpecoB NAT aHOHCMPYIOTCS TONBKO B CTOPOHY inet npu ctapTe CKATa v npm
nobasneHumun/ynaneHumn/uameHeHun NAT-npodgunen.



Apnpeca aboHEHTOB MOryT @aHOHCMPOBATLCA KAk B CTOPOHY inet, Tak 1 B CTOPOHY subs. Ho ecan IP
agpec aboHeHTa BXOAMT B AMana3oH NPUBaTHbLIX adpecoB U Ha Hero Ha3Ha4veHa 11 ycnyra, T.e.
HaTUTCS, aapec aboHeHTa He aHOHCUPYETCS B CTOPOHY inet (Tak Y4TO HYXXHO BbITb OCMOTPUTESIbHBIMM
npu onpeneneHnn ananasoHoB NpMBaTHbIX aapecoB). AHOHC Npon3BoANTCA B Tabanuy
MappyTusaumm BIRD ans scex TAP-aeBancoB pa3peLlleHHOro Hanpaenenus, ganee BIRD
noaxBaTblBaeT U3MEHEHNS Y @aHOHCMPYET UX MO HYXXHbIM NPOTOKO/aM B COOTBETCTBUN CO CBOEN
KOHUrypaumen.

[CKAT 10.2+] Ecnu B fastdpi.conf 3agaHo nat _exclude private=1, To eCcTb He NpuMeHATb NAT
ON9 nakeToB "npuBaTHbIN IP - npuBaTHbIn IP", To CKAT ByaeT aHOHCMPOBaTb NPUBATHLIN agpec
aboHeHTa ¢ nogkayeHHbIM NAT B CTOPOHY inet, Tak Kak BbILLIECTOALWMIA poyTep OOJKEH 3HaTb
MapLpyT Ao ceporo IP-agpeca aboHeHTa.

AHOHC apgpecoB L3-aboHeHTOB

B CKAT 10.2 pencTByeT cneayowmii anroput™m aHoHcoB IP-agpecoB L3-aboHEHTOB:

* 10 YMOJIHaHUIO, aHOHC apeca NPon3BoAMTCA ANS yCrnewHon asTopu3aunn (accept) n HE
npoun3BoANTCA AN19 HeycrnewHon (reject)

e fastdpi.conf-napameTp auth announce reject no3sonset rnobanbHO pa3peLnTb aHOHChI
ona reject:

# [hot] AHOHcmpoBaTh (1) nam HeT (0) HeaBTOPU30BaHHbIX (Reject) aboHeHTOB
# 3HayvyeHume no ymondaHuio - 0 (He aHOHCUPOBATb)
#auth _announce reject=0

e nobasnieH HoBbIN Paanyc-atpubyt VasExperts-Route-Announce: 3Ha4vyeHune 0 - He
aHOHCMpPOBaTb agpec aboHeHTa, 3Ha4YeHme 1 - aHOHCUPOBaThb. [aHHbIN aTpnbyT NepekpbiBaeT
(umeeT Bonee BbiCOKUA NpuopuTeT), 4em auth _announce reject.


https://wiki.vasexperts.ru/doku.php?id=dpi:dpi_options:opt_cgnat:%D1%81gnat_settings:start#%D0%B4%D0%BE%D0%BF%D0%BE%D0%BB%D0%BD%D0%B8%D1%82%D0%B5%D0%BB%D1%8C%D0%BD%D1%8B%D0%B5_%D0%BD%D0%B0%D1%81%D1%82%D1%80%D0%BE%D0%B9%D0%BA%D0%B8
https://wiki.vasexperts.ru/doku.php?id=dpi:dpi_options:opt_cgnat:%D1%81gnat_settings:start#%D0%B4%D0%BE%D0%BF%D0%BE%D0%BB%D0%BD%D0%B8%D1%82%D0%B5%D0%BB%D1%8C%D0%BD%D1%8B%D0%B5_%D0%BD%D0%B0%D1%81%D1%82%D1%80%D0%BE%D0%B9%D0%BA%D0%B8
https://wiki.vasexperts.ru/doku.php?id=dpi:bras_bng:opt_bras_l3:start
https://wiki.vasexperts.ru/doku.php?id=dpi:bras_bng:opt_bras_l3:start

WToro npw pewweHnn Bonpoca, Hy>KHO I aHOHCUPOBaThb IP-agpec aboHeHTa MU HeT, MPUMEHSETCA
cnenyloLnia anropuTMm:

e ecnu B oTBeTe Paguyca (Accept unu Reject) aBHo 3agaH aTpubyT VasExperts-Route-
Announce, aHoHC byneT npoussoauTbcs ons VasExperts-Route-Announce=1 n HE bypet
ansa VasExperts-Route-Announce=0

e ecnun aTpubyTa VasExperts-Route-Announce B oTBeTe Paanyca HeT:

o 1ns Access-Accept (ycnelwHasa asTopusaums) IP-agpec aboHeHTa aHOHCMpyeTCS
o 1na Access-Reject (HeycnewHasa aBTopm3aums) IP-agpec aHOHCUMPYETCS TONbKO €Cn
fastdpi.conf-napameTp auth_announce reject=1

3TOT aAropuTM NPUMEHSAETCS Ha CTaAuun Bbl30Ba (DYHKL MM aHOHCUMPOBAHUA poyTepa;
bynoeT mam HeT aHoHcuMpoBaH IP-agpec aboHeHTa M B KaKyl CTOPOHY, — 3TO
perynupyetcs fastdpi.conf-napameTpom poyTepa router subs announce.

[laHHbIA anropuTM Takxe npuMmeHseTca ana ARP-asTopusaumm n GTP-aBTopu3aunm, To eCTb ONs
BCEX TUNOB aBTOpM3auun, rae IP-agpec aboHeHTa U3BECTEH HAa MOMEHT Bbl30Ba aBTOpM3aLMn U He
MOXET OblTb NU3MEHEH.

Ansa npoymx Buaos L2-asTopu3auun (DHCP, PPP, — Bcex, rae ABHO BblpaeTcs IP-agpec) atpnbyt
VasExperts-Route-Announce He NPUHMMaETCA B pacyeT, aHOHC NPOUCXOAMUT MO (PaKTy BblAaym
IP-anpeca aboHeHTy.

KoHdpurypuposaHue Poyt-pemoHa (BIRD, FRR, etc.)

HacTtponkun PoyT-nemoHa (BIRD, FRR, etc.) n CKAT pos>KHbl ObITb COrnacoBaHbl: POyT-4EMOH
[0JKeH co3naBaTb kernel route table ¢ HOMepoMm, 3agaBaeMbIiM NapaMeTpoOM

router kernel table.

MoopepxnBaeMble poyT-4EMOHbI:

1. BIRD: opmunanbHas nokymeHTaumusa. Nogaepxmsaetcs BIRD sBepcun 2 v Boilwe. Bepcus 1 He
noanepXxnBaeTcs.

2. FRRouting: opunumanbHas goKyMeHTaUns

QUAGGA: opmnumanbHas LOKyMeHTaumnsa

4. Juniper CRPD: opmumnanbHas OKYMeHTaumsa

w

obpaTuTecb K OOKYMEHTaUuUn KOHKPETHOro poyT-aemMoHa. B kKoHTekcTe VRF Lite

B npumepe npuBefgeH YacCTHbIA Ciay4yanl, 3a AOMNOJHUTENbHOW MHGOPMaUnen
apxuTekType Linux, Ha koTopon paboTaeT CKAT, 6onblie nogxonut BIRD.

Mpumep HacTpouku BIRD

# YKka3aTb JOMOJIHUTENbHbLIE (YYHKLMN A1 [IPOBEPKMN:

# Jltobovi nybanyHeIV agpec


https://bird.network.cz/?get_doc&f=bird.html&v=20
https://bird.network.cz/?get_doc&f=bird.html&v=20
http://docs.frrouting.org/en/latest/
http://docs.frrouting.org/en/latest/
https://www.quagga.net/
https://www.quagga.net/
https://www.juniper.net/documentation/product/en_US/crpd
https://www.juniper.net/documentation/product/en_US/crpd

is public
net '~ [ 10.0.0.0/8+, 172.16.0.0/12+, 192.168.0.0/16+, 100.64.0.0/10+

return true;
return false;

# Jliobovi npuBaTHbIVI aapec
is private
net ~ | 10.0.0.0/8+, 172.16.0.0/12+, 192.168.0.0/16+, 100.64.0.0/10+

return true;
return false;

# LLIno3 1o yMos14aHuio
filter default gw
net ~ [0.0.0.0/0
accept;
reject;

# OnucaTtb UAbTPBI:
# MapLupyTbl, KOTOPbIE HE MOJIYYEHbI U3 APYrUX MPOTOKOJI0B MapLLpyTU3aLumum (1 npegpukc He /32)
filter exclude external routes
source = RTS INHERIT net.len !'= 32
accept;
reject;

# VICKI04nTb MapLLpyThbl U3 APYrUX MPOTOKOJ10B MapLupyTuaumm, nybanyHsie noacety,
npuBaTHbIE - He /32
filter exclude ext 1 ip

source = RTS INHERIT is public is private net.len
= 32
accept;
reject;

log "/var/log/bird.log" all;
router id 192.168.123.65;

debug protocols all;
# Onucatb Tabanubl
ipv4 table grt;

ipv4 table bird0o0;
ipv4 table bird01;

protocol device



protocol direct |

disabled; # OTKJII04EHO M0 YMOJIHaHUIo
ipv4; # lNoaknodeHne K Tabavye IPv4 1o yMoa4aHUIo
ipv6; # ... n K Tabsmye IPv6 110 yMO4aHWUIO

}

# Onuncatb "npotokosbl" kernel
protocol kernel kernel grt {

ipvd { # [MoKM0YNTb NPOTOKOA K Tabanuye IPv4 o kaHany
table grt;
import all; # VimnopT B Tabaunuy, no yMoJ4aHuUIO - UMIOPTUPOBAThL BCE
export all; # IKCNopT B MPOTOKOJI. 3HAYEHMNE M0 YMOJIHAHUIO - SKCIOPT
OTCYTCTBYET
b
scan time 5;
learn; # V3y4nTb npuweplumne MmapLpyTsl n3 kernel - Tabmuybl
kernel table 99; # Kernel-Ttabavuya 418 CUHXPOHM3aLMK C (110 YMOJAYaHNIO:
OCHOBHas)
}
protocol kernel kernel bird00 {
ipvd { # [MoaKM0YNTb NPOTOKO K Tabamuye IPv4 o kaHany
table bird00;
import all; # VimnopT B Tabaunuy, o yMOI4aHWIO - UMIOPTUPOBAThL BCE
export all; # IKCNopT B MPOTOKOJ1. 3HAYEHNE 10 YMOJYAHUIO - SKCMOPT
OTCYTCTBYET
b
scan time 5;
learn; # V3yunTb npuweplune mapLupyTsl 3 kernel - Tabanubi
kernel table 100; # Kernel-Tabavua Ana CUHXPOHM3aUmm € (10 YyMOJIYaHUIO!
OCHOBHasl)
}
protocol kernel kernel bird01 {
ipvd | # lNoakno4YnTb NPoTOoKON K Tabanue IPv4 no kaHany
table bird01;
import all; # VimropT B TabaunLy, Mo yMos4aHWIo - UMIOPTUPOBAThL BCE
export all; # IKCNopT B MPOTOKOJ1. 3HAYEHNE 10 YMOYAHUIO - IKCIOPT
OTCYTCTBYET
}i
scan time 20;
learn; # V3y4nTb npuwealumne mapLupyTsl u3 kernel - Tabanuybl
kernel table 101; # Kernel-Tabauua 418 CUHXPOHM3aUMmM C (10 yMOJIHaHUIO:
OCHOBHas)

}

# [pyrovi sakzemnasap gns IPv6, nponyckatoLwuvi napameTpbl o yMoa4aHuio
protocol kernel |
ipv6e { export all; };



protocol static
ipv4; # CHoBa KaHas IPv4 c napaMeTpamu ro yMosa4aHuio

# lNpoTokonbl OSPF (KaxAbii MHCTAHC CO CBOew Tabamuen)
protocol ospf v2 ospf grt
tick 1;
rfcl583compat no;
stub router no;
ecmp yes limit ;
ipv4
table grt;
import all;
export all;

area 0.0.0.0
networks
192.168.123.64 ;
interface "rib.102"
cost 1;
rx buffer large;
type broadcast;
authentication none;

.
’

protocol ospf v2 ospf bird01l
tick 1;
rfcl583compat no;
ecmp yes limit ;

ipv4

table bird01;
import all;
export all;

#export filter exclude ext 1 ip;

area 0.0.0.0
networks
192.168.123.68 ;
interface "rib.202"
cost 1;
rx buffer large;
type broadcast;
authentication none;

’



}

# OnucaThb "NpoToKOJIbI" MapLUpyTU3aLUUM, KOTOPbLIE NpeaHa3Ha4vyeHb! 414 "rnepeavBaHns"
MapLIpyTOB MexAy Tabivuyamu (C ncrnosab30BaHNeM ¢puabTPOB)
protocol pipe grt bird00 {

table grt;
peer table bird00;
import all;
export filter default gw;
¥
protocol pipe grt bird0l {
table grt;
peer table bird01l;
import all; # filter exclude ext 1 ip;
export all; #filter default gw;
¥

Otnapka PoyTtepa

PoyTep CKATa B Lenax oT/lafKnN MOXET 3anucbiBaTb B pcap Tpaduk c BIRD:

# [hot] 3anuce pcap c TAP-uHTepgericoB poyTepa
# Note: 3anucbiBaTb MOXHO U yTuanton tcpdump, yka3as umsa TAP-uHTepgelca.
# Ho npobnema B Tom, 410 tcpdump He paboTaet ¢ uHTepgpericamm B pexume DOWN,
# TO ecTb tcpdump'om HEBO3MOXHO 3anucaTh TPapuK rpu nepexone nHTepgeica
# n3 coctosHns DOWN B coctosiHne UP.
# WmeHa TAP-uHTepgericos yepe3 ;' uan 'all' (3anucbiBaTb CO BCEX)
# [ins kaxgoro TAP-uHTepghevica co3aaeTcs OTAEJbHbIV pcap - @ani C UMEHEM
# tap <ums uHTepgerica> XxX.pcap B KaTaJior, 3a4aBaeMbivi napameTpom
ajb udpi path (noymondanuio /var/dump/dpi)
#router tap pcap=all|cnucok TAP-uHTepgericoB 4epes ',

# [hot] HanpaBneHne nakeToB A5 3anucn pcap ¢ TAP-uHTepgpencos
# 3HayeHus:
# 1 - TAP -> BoBHe (naketbl oT TAP-uHTepgevica)
# 2 -u3BHe -> TAP (nakeTbl Ha TAP-uHTepgelic)
# 0 wan 3 - BCe HanpasJieHns
#router tap pcap dir=0

# [hot] WHTepBan potaumn TAP pcap, CekyHA

# 0 - bepeTcs u3 napametpa ajb udpi ftimeout (ajb udpi ftimeout 3apaetcs B
MUHYTax)
#router tap pcap rotate=0

Tak>Xe MOXHO BKJ/IO4YMUTb 3anuncb B pcap obMeHa AaHHbIMK € 94poMm (rtnetlink):

# [hot] 3anuceiBaTb in HeT rtnetlink messages B pcap
# 0 - He 3anncebIBaTh
# 1 - 3anucelBaTh



# [Mpegukc pcap-gaviios = "rtnl"
#router rtnl pcap=0

Kpome TOro, ecnu BKJIl04EHa 3anucb MakeToB B pcap No Macke agpeca (ajb _save 1ip), To poyTep
OyneT 3anucbiBaTb B pcap TakXXe pe3ynbTUPYIOLLMIA NaKeT Nocsie MPUMEHEHNS MapLUpyTr3aumnm. To
€CTb B pCap OKa)yTCs ABe 3anvcu s O4HOro BXOASALLEro nakeTa: nepeas 3anucb — UCXOAHLIN
NaKeT, BTOpPass — OTMNPaB/IEHHbINA NaKeT.

CLI-koMaHAabI

CKAT nmeeT Habop CLI-komaHA No NpOoCMOTPY TEKYLLEro COCTOAHUS poyTepa. MonHbIA CANCOK
KOMaH[ CM.

fdpi cli help router

KomaHabl gamna RIB u FIB BbIBOOAT 04eHb MHOMO AaHHbIX, TaK KaK 3TU CTPYKTYpbI
MOryT CoOAep»XaTb COTHM ThbiCAY 3anucen B cny4vae BGP full view. MNoaTomy npu Bbi30BE
3TWX KOMaH[ COBETyeM MepeHanpasnaTh BbiBOA B (hail.

Takxe He 3abbiBaniTe, 4TO NOCTPOEHMEM Tabnuubl MapwpyTusauum no BGP, OSPF n np. 3aHMMaeTca
BIRD, y KOTOpPOro ectb CO6CTBEHHAs yTUANTA KOMaHAHON CTPOKK birdc n cobCTBEHHbIN
KOH(UIypaLUNOHHbIA hann C pa3BUTON CUCTEMON KOMaHA No hunbTpaunm, 3agaHuto static-
MapLUpyTOB U1 Mp.

KpoMme Toro, ctaHgapTHas yTuamTa Linux 1p gaeT nosiHbIM KOHTPOJb Hag kernel route table. Mpu
MCNONb30BaHUN YTUANTLI 1p He 3abbiBanTe yKa3biBaTb NpaBuibHbIA netns (router netns) n Homep
Tabnuubl MmapwpyTtusauum (router kernel table).
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