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‘OCHOBHbIE NOHATUA (1)

@ MapuwpyTusauums (routing)

= 3TO MPOLIECC NepeMeLLeHMs NakeTa OT UCTOUYHMKA K NPUEMHUKY Yepes Yepes
CeTb Nepeaayn JaHHbIX

= BbInonHAET MapLlpyTusaTop
AnnapaTHO — CTapLiMe Moaenu
[MporpaMMHO - annapaTHO
[porpaMMHO — Mnaglwime Moaenu
@ MapuwpyTtusartop (Router)

= 3TO YCTPQUCTBO, Nepeaatolliee NaKeT B HY)>XKHOM HanpasfieHUn (Yepes3 HyXHbIN
NHTEpPENC)

[anee rno TekcTy poyTtep (KOpOTKas 3arnuchb)
Ha3bIBAlOT TakXe W03 (gateway B TepMuHonornm IETF)

¢ MapuwpyTusnpyemoit npotokon (Routed Protocol)

= CyLlecTBYET B Ka)XAOM MapLUpyTM3aTope A/ Nepeaaym NakeTa B HY)XHOM
HarnpaBEeHUK

= Hy)XHOe HanpaBfieHMe nepeaaym MapLUpyTM3aTop onpeaensieT Ha OCHOBaHUM
TabnMLbl MapLIpyTU3aLmUK
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‘OCHOBHbIE NOHATUSA (2)

@ Tabnuubl MmapwpyTnsaumm (forwarding tables)
= (HOpPMUPYIOTCH MPOTOKOSIAMU MapLIpyTM3auum

@ lpoTtokon Mmapwpyrtusauum (Routing Protocol)
= 3TO pacnpeaeseHHbIM NPOTOKON
= paboTalomm KOOPANHNPOBAHO C APYrMMN pOyTEPaMM

= C Lesblo n3ydeHus n hopMmpoBaHms rnobanbHOro npeacTaBneHns CETU
HEernpoOTUBOPEUNBBLIM M 3aKOHUYEHHbBIM CrIOCOHOM

= [TpOTOKONbI MapLUpyTM3aunn paboTaroT Mo ajsropuTMaM MapLipyTusaumm
@ ANropuTMbl MapLUpyTU3aLunMm

= (OAHoLwarosble N MHOroLaroBble

= CTaTnyeckue n AMHaMm4deckme

= KnaccoBble 1 6ecknaccoBble

= [IUCTaHLNMOHHO-BEKTOPHbIE U COCTOSIHUS CBS3EM

= BHyTpeHHWE N BHELWHMe
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[TIpoToKONbI MapLupyTusauum (Routing Protocols)
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Mpumepbl poyTepos Cisco 2611 1 7604

PoyTepbl MMeloT cneayowme TUnbl
NHTepdencoB

@ d¢pusnyeckun (nopr)
= Ethernet/FastE/GE

= Serial (S) - nocnegoBaTenbHble
NHTEpdencol

CUHXPOHHbIe, ACMHXPOHHbIE (Async),
KoHconbHble (CON, AUX)

¢ BupTyanbHble

= Loopback, Null, Dialer, Virtual-Template,

Multilink |
Serial 01 Serial 070

O603Ha4veHne nHTepdencoB: l \
1. <Tvmn, HOMEp NopTa= hxwﬁﬁaﬁﬁ—m N

= Hanpwumep: e5, s3 | ‘["‘!“HHE ﬁ.?‘ﬁj 4

Serial 113 =1

2. <Tun, HoMep Mopaynsi/HoOMep  Serial1:2 %UH

nopra=> Serial 11 | ENEINEL | o

Serial 140 Etrharnat
= Hanpumep e0/1, s1/3 o

B MOAY/bHbIX YCTPOMCTBAX
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‘TpeboBaHMsa K NpoLeccy MapLUpyTH3aLmy

¢ B npouecce mapwpyTusauyum poyrtepy Heobxoanmo:
= MMeTb TpebyeMbin cTek unm ctekn npotokosnos (IP, IPX, DECnet)

= IMeTb MHbOpPMaLMIO O CETM NoyyaTens

COOTBETCTBYIOLLME 3aNNCK B MapLUPyTHOM Tabnuue;

€C/IX 3anncy 0 MapLIPYTE HET - OTKA3aTbCA OT Nnepeaayn naketa u chopMmnpoBaTh
ICMP coobLieHMe 0 HEJOCTXKUMOCTU CETU Ha3HAYeHUS

= WHdopMaunto 06 onTrMMasnibHOM NyTU K Nony4vaTento

NCNoNb3yeTca MeTpuka (4ncro);
OMNTUMasbHbIN MYTb COAEPXKUT MUHUMASTbHYIO METPUKY
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Tpouecc opMrMpoBaHNs MapLLpyTHOM Tabnuubl

@ [puv MHCTaNNALUM poyTepoB
= 3arnyCKakTCa NMPOTOKOJIbl MapLUpyTU3aLmn

= [POTOKOSblI MapLIPyTU3aLMN 0OMEHMBAIOTCS MapLUPYTHON MHMOPMaLMEN C
coceasmm

= WHdopmaums 0 MapLupyTax “coceaen” ncnonbyercsa ansa hdopMmpoBaHms
CBOMX Tabnmy MapLupyTM3aumnm

¢ Ta6bauua MapupyTU3aLunUn, OCHOBHbIE€ KOMIOHEHTbI
<[1yHKT Ha3Ha4yeHusa> <[lyTb AOoCTaBKN=>

"  <MYHKT Ha3Ha4yeHuna> = “aapec NoaceT Ha3HayeHnsa”

MYHKT Ha3Ha4yeHus - 3To IP-afipec NoAceTH, B KOTOPOM HAXOAUTCS XOCT

=  <nNyTb AOCTaBKU> = “next-hop router” + “ncxoasdinm nHTEPOENC”

IP- n MAC- agpeca ncxoasiwero nHrepdenca poyrepa (noprta) U3BECTHbI poyTepy
N3 CBOMX CUCTEMHbIX Tabnuy,

Mo IP-agpecy “next-hop router” (cnegyrowmi 6nmxanni poyTep) onpeaensieTcs
MAC-agpec ¢ nomoLbio ARP-Tabnuubl

= [1poTOKONbI MapLUPYyTU3aLMN MOTYT CPOPMMUPOBATLCA OANH UM HECKOJBbKO
nyTen Ans AOCTaBKU MAKETOB B MYHKT Ha3HAYeHUs
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[TMpnmep Tabnunubl MapLLpyTU3aLnn

[yTb ABM>KeHus naketa Xoct 192.10.1.2 -> go Xoct 192.10.6.2

XocTt 192.168.1.2

192.168.2.2\

——
~

[ 192.168.2.0/24 |

[ 192.168.1.0/24 |

XocTt 192.168.5.2

=

oo
192.168.5.0/24 ]

192.168.4.0/24 ]

[ 192.168.3.0/24

192.168.3.2 _»0=7
==

R3\

[ 192.168.6.0/24

[
XocT 192.168.6.2
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Tabnnua mapwpyTtusaumm R1 (RIP)

[TyHKT [MyTb AOCTaBKuK Yucno
Ha3HayeHusd nakeTa XOrnoB
CeTb Next-hop MopT | MeTpuka
192.168.1.0/24 | local el 0
192.168.2.0/24 local sO 0
192.168.3.0/24 local sl 0
192.168.4.0/24 192.168.2.2 sO 1
192.168.4.0/24 192.168.3.2 sl 1
192.168.5.0/24 192.168.2.2 sO 1
192.168.6.0/24 192.168.3.2 sl 1
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[TMpnmep Tabnunubl MapLLpyTU3aLnn

172.17.0.0 172.18.0.0
192.168.2.0
R1 =
192.168.1.1 192.168.3.2
192.168.3.0 1721900
192.168.1.0 Tabnnua MapwpyTtmsaumm R3
Cetb Next-hop MNopT | MeTpuka(
hops)

172.16.0.0/16 local el 0

172.17.0.0/16 | 192.168.1.1 |sO 1
172.18.0.0/16 | 192.168.3.2 |s1 1
172.19.0.0/16 | 192.168.3.2 |s1 2
192.168.1.0/24 | local sO 0
176.16.0.0 192.168.2.0/24 |192.168.1.1 |s0 1
192.168.2.0/24 |192.168.3.2 |sl 1
192.168.3.0/24 | local sl 0
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XOCT: npaMas/kocBeHHas JOCTaBKa NnakeTa

@ YTo 3apaercsa B | P-HacTpoukax nHrepdeunca Xocra ???
1.

«|IP-aapec XocTta» U «MacCKa noacerm»

[NoaceTb XocTta (CBOS CeTb) onpeaenserca norndeckon onepaumen “U”

Hanpumep, «IP-agpec xocta A» = 172. 18.23.37 >
«Macka noacetn» = 255.255.0.0 -

Jlornyeckasa onepauua “H” =172.18. 0.0 —> noaceTb Xocta A

2. 1P-agpec wno3a, 1P-agpeca DNS

@ Kak XocT A y3HaeT, npsAMan UWin KOCBeHHaA AoCTaBKa ???

AHanusupyert IP-agpeca ceTu nony4yartens:

= ECnn «ceTb nonyyatena» = «CeTb OTNpaBUTeNsd» > npgaMad A0CTaBKa
Hanpumep, «IP-agpec DNS1-cepsepa» = 172.18.23.101
«Macka noaceTtun» = 255.255.0.0

Jlornyeckasa onepauua “U” = 172.18.0.0 —> DNS1 B cetun xocta A

Ecnn «ceTb nonyyatena» #+ «CeTb OTNPaBUTENA» —> KOCBEHHAd AOCTaBKa

Hanpumep, «IP-agpec DNS2-cepsepa» = 172.17.21.101
«Macka nogceTu» = 255.255.0.0

Jlornyeckasa onepauua “H” = 172.17.0.0 > DNS2 He B ceTn xocrta A
© Masich G.F. 11.11.2007 IP-mapLupyTtmnsaums
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XOCT: npsiMasi/kocBEeHHas JoCTaBka NnakeTa

DNS2
172.17.21.101 . |

172.17.0.0

R1

192.168.1.0

sO

-

eO0

176.16.0.0

i i % Wcnonesoeate cnegyowme agpeca DMS-cepeepos; —————————

-
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KocBeHHas XocT A DNS1
yepes LUMo3 MNpsamasn

(GW no
YMO.H'-IaHM}o) 172.18.23.37 | 172.18.23.101

172.18.0.0
172.18.23.3

192.168.2.0/ Ry SEEIUELELEITIUNGS -

Ofwme |

Maparmerpe! IP MOryT HaSHaYaTECA AETNJATHYECK M, BCAM CETE
NodaepkUBaET 3TY BO3MOKHOCTE. B np HOR CAYYSE NAPArET PRI
[P ritHD MOYYMTE Y CETEEOrD A0MUHUCTPRTOPS.

192.168.3.0 " Moyt IP-aapec SETOMATHYECKMH

—(* Wcnonbsoeate cnequowWi |P-agpec:
|P-anpec: .
) : | 172.18.23.37

b acka nogoeTi; I 255.255.0.0

OcHOBHDMH Waos: I 172.18.23.3

€ Nonuie aopec DNS -cepsepa SETaMATHIECKMH

N pegnoyHT aetei DNS -cepeep: [172_ 18.23.101

KOHCbVIrprPOBaHMe AneTepHaTHEHEIR DN S-cepeep: [172.17_21_101
ceTeBOro
UHTepcenca xocra A)

JononHWTENEHOD. ..
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'CBsi3aHHble ¢ IP npoTtokonbl (ICMP n ARP)

(MIME)
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CTpyKTypa 3an1cu B MapLLUpyTHOW Tabnuue

@ 3anucu B Tabnuue Mmapwpyrusaumm

bopMuMpyoTCa 0AHUM U 6onee NPOTOKOMAMU MapLLPYTU3aLNK

@ Kaxxaasi 3anucb COAEPXKUT:

1.

MexaHn3M, No KOTOPOMY Obl/1 pacrno3HaH MapwpyT (AMHAMUYECKUI UK
CTaTUYeCKnin)

Anpec cetu nnm NoaceT nony4daTtens. B HEKOTOPbIX cnyyasx MOXeT
coAepXaTb afipeca XOCTOB

3. Appec poyTtepa Ha nyTu K nonydartento (Next-hop)

Ncxoasimm nHTepdenc — NopT, Yepe3 KOTOPbIA MAKeT NOKUAAET
MapLLpYyTU3aTop

METQVIKa — OuUeHKa CTOMMOCTU BCEro nyTu

6. “AAMUHUCTPATMBHOE PACCTOAHME” — MEPUIO AOBEPUSA K 3aNnUCKU O MapLUpyTe.

KTo nopoamn 3anucek?
[lepnoAnYHOCTb NoaTBepXAeHUs MHdopMauumm o NyTu

© Masich G.F. 11.11.2007 IP-mapLupyTtmnsaums
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[Npouecc NpMHATUA peLleHns 0 MapLIpyTe

@ [lpuv nocTtynsieHMM nakeTa B poyTtep
1. Bblgengetcsa IP-agpec nonydartens

2. ConocrtaBnsieTcsa IP-aapec nony4yaTtens ¢ nHdbopmaumen B Tabnuue
MapLpyToOB 1 NOSyyaeT cBeaeHuns o6:

= yCcxoasueM nHtepdence (Yepes Kakou NopT nepeaaBaTb)

= aapece cneaytoulero poytepa (next-hop), oTKyZa MOXHO NONacTb B NMYHKT
Ha3Ha4yeHns

3. BbinonHsieT Bce HeobxoanMble AONONHUTENbHbIE (DYHKLUMN
YMEHbLUEHNE “BPeMEHMU XN3HN"- TTL
yrnpassieHme napameTpamm “Tun cepsuca’ — TOS
(dparMeHTaums npmn HeobxoaMMoCTH
oTpaboTka “onumin” npyu HeobXo0AMMOCTH

Mapuwpytusatopbl HUKOI'JA He nepenaroT broadcast nnm flood
nakKeTbl

= €C/I OHM He UMEeIOT MapLIpyTa, OHU "NepeKnafbiBaloT OTBETCTBEHHOCTL' Ha
ApYyrov MapLipyTmsaTop
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MeTpuka mapLupyTmsaymm

¢ PelwieHue 0 NyylleM MapLipyTe BbIMOJIHAETCA HA OCHOBaHUMU
METPUKMU MapLupyTa

@ MeTpuka — 3TO cTaHAApPT n3MepeHus (YUC/I0), UCNOJIb3yEMbIM
NPOTOKOJIaMM MapLUPYyTU3aLUmn

=  OnpeaeneHne Nydllero nNyTu K nonyyaTento npucylle nobomy npoToKosy
MapLUpyTU3aLmm

= Kaxabli NpOTOKON MapLpyTn3aLmm MMEET CBOKO COOCTBEHHYIO Mepy TOro, YTO
ABNSIETCA STYULLUM

=  MapLupyTM3aTOpbl XapakTepU3yoT NyTb K CETU HAa3HAYEHNS C MOMOLLbIO
METPUKU

@ [MpuMepbl MeTpuK:

Yumcno ysnos (hop count)

KomnnekcHasi MeTpuKa, y4YnTbiBaowWwas MNponycKHY CNOCOBHOCTb, 3aAepXKY,
HaZEeXHOCTb, HAarpy3Ky, MakcuMasbHbI Moay/b nepegayn (MTU)
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AOMNHUCTPATUBHOE pacCTosAHNE

¢ AAMMHUCTPaTUBHOE PAacCTOSIHUA pacCMaTpPUBaEeTCa Kak Mepa
AOCTOBEPHOCTU UCTOUHMKA MHOpMaL MM | P-MapLupyTusaumm

IMeeT cMbIc/, Koraa 6onee ogHOro NyTy K Nosy4yaTento
Marible 3HaYeHnss NpeanoyYTUTENbHEN 60bLLIMX 3HAYEHUN

3HauyeHus, BBOAMMbIE BPYYHYIO, NPEANOYTUTENBHEN 3HaYeHN, (POPMUPYEMBbIX
aBToOMaTu4yecku (CTaTuyeckme MapLupyTbl MPUOPUTETHbI)

[MpOTOKONbI MapLPYTMU3aLMN CO C/TIOXXHOWN METPUKOW NMpPeanodYTUTENbHEN
MPOTOKOJI0B C MPOCTbIMN METPUKAMMU

CpaBHeHVIe CTaHAAPTHbIX aAMUHUCTPATUBHbIX paCCTOﬂHVIl\/Jl
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AOMNHUCTPATUBHOE pacCTosAHNE

NCTOYHMK NYTH CraHpaapTHOe aAMMHUCTPaTUBHOE
paccTosiHme

[MoakntoYeHHbIN nHTEpdenc 0
CTaTnyecknin mapupyT U3 nHTepdenca 0
CTaTUyecknin MapLpyT K CNneayoLeMy yCTPONCTBY 1
CyMMapHbIM MapLupyT EIGRP 5

BHewHWn npoTokon BGP 20

BHyTpeHHWUI npoTokon EIGRP 90

[lpoTokon IGRP 100
[MpoTokon OSPF 110
[1poTokon IS-1S 115
[lpoTokon RIP vl / v2 120
[lpoTokon EGP 140
BHewHWn npoTtokon EIGRP 170
BHYyTpeHHWUI npoTokon BGP 200
HeunssecTHbIN 255
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[TpnHUKMN mapwpyTusaymum (1)

B OCHOBE MapLUpyTU3aLMM NIeXXUT KOMMYTALMA NaKeToB
= KoMMyTauus naketa — 3TO NnepeMeLLeHne NakeTa Yepes poyTep

¢ Naker koMMyTUpYeTCH (peTpaHCcAnpyeTcs) Ha OCHOBaAHUM

L 3-agpeca nonyyarens B 3aro/ioBKE NMOCTYNMBLUEro NakeTa, KOTOPbIM He
U3MEHSIETCS B NMPOLIECCE KOMMYTALIMM MAKETa

L3-agpeca cnegytowero y3na (next-hop) B Tabnuue Mapuwpyrmsauum
¢ [Mocne MHCcTanaAumm NpPpoToKOJI0B MapLUPyTU3aLIUM poyTepbl

= YCTaHaBNMBAKOT COCENICKNE OTHOLLEHNS C BnMXanMMmn poyTepamm

Pa3Hble NpOTOKOSbI 3TO AenatoT No pa3zHoMy. ObbIYHO OPMUPYIOTCS
LUMpOKOBELLAaTeNbHbIE Kaapbl U ..... “yCTpOWUCTBa yBMAENU ApYr Apyra”

= O6MeHMBalOTCA AAHHBIMK O TOMOMOMMK CETU NS €€ U3YUYEHNS U
hopMMpPOBaHNS ONTUMANIbHOW Tabnuubl MapLipyTU3aLmm

obmeHuBatoTcs npuseTcTBMsaMU (hello-naketamn) nnu nepnoanyecKkmmm
obHoBeHuaMn (Update-naketamm)

= QopMuUpyrOT Tabnunubl MapwpyTnsaumnm ¢ oNTUMasbHbIMU NyTdAMU K
nony4yartenam asa nocneayrwen peTpaHcIaAUnMn rnosib30BaTE/IbCKOINo TpachKa
K 3TUM NoJsiy4daTtendam
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TpuHunn mapLupyTtrsauum (2)

¢ [MMpu koMMyTauumM nakeTa Heobxoamumo cpopMmupoBaTtb L3- n L2-
agpeca

= | 3-aapeca (IP-agpeca) oTnpaBuTens v nonaydyarens bepyrtcs u3 Bxoasiiero
NakeTa N He U3MEeHSITCS Npu MGOPMUPOBAHNN NCXOASLLErO NakeTa

= | 2-aapeca (MAC-agpeca) oTnpaBuTens U nosydyarens Heobxoammo
copMmnpoBaTb

¢ Onsa popMmupoBaHMs L2-agpecoB UCNOJIb3YyHOTCSA
1. Tabnuua MapwpyTmU3aumm, 115 onpeaeneHus

WUcxoasuero nntepdenica (MAC-agpeca oTnpaBuTens)

CocenHero poyTepa Ha nyTu K nonyyatento (IP-agpec Next-hop poyTtepa)

2. ARP-tabnuua, ansa onpegenenns MAC-agpeca Next-hop poyTtepa no ero
IP-agpecy
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‘Tabnuua mapwpytnsauum (RIP)

Xoct 192.10.1.2 ->
XocTt 192.10.6.2

Xoct 192.10.1.2 XocT 192.10.5.2

le 192.10.2.0/24 R2 =
, M(2000) —l
7P 192.10.5.0/24

192.10.2.2

192.10.1.0/24 M(10)
M(10)
192.10.4, Tabnuua mapwpyTusaumm R1 (RIP)
192.10.3.0/24 M(60) CeTtb Next-hop [opT | MeTpuka
M(60) 192.10.1.0/24 | npsiMo e0 |-
g 192.10.2.0/24 | npsiMo O |-
192.10.3.27 559 192.10.3.0/24 | npsimo s1 |-
R3 192.10.4.0/24 |192.102.2 |s0 |1
192.10.4.0/24 | 1921032 |s1 |1
I%/Ig(:szl)O'aO/M 192.10.5.0/24 |192.10.2.2 |s0 |1
192.10.6.0/24 |192.103.2 |s1 |1

Xoct 192.10.6.2  M(60) — MeTpuka 60, 06paTHO NPOMOPLIMOHAbHA

CKOPOCTU, He y4duTbiBaeTcqa B RIP
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Tpumep mapuipytmnsaumm (OSPF)

XocTt 192.10.1.2

S

EO

192.10.2.0/24

<o M(2000)

192.10.2.2

192.10.1.0/24
M(10)

192.10.3.0/24
M(60)

R3

192.10.6.0/24
M(10)

[
XocT 192.10.6.2
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Xoct 192.10.5.2

RZQ ;

Xoct 192.10.1.2 ->
Xoct 192.10.5.2

7192.10.5.0/24

M(10)
Tabnuua mapwpyTtnsaumm R1 (OSPF)
CeTtb Next-hop [opT | MeTpuka
192.10.1.0/24 | npamo el 10
192.10.2.0/24 | npamo sO 2000
192.10.3.0/24 | npamo sl 60

192.10.4.0/24 | 192.10.3.2 sl 120
192.10.5.0/24 | 192.10.3.2 sO 130
192.10.6.0/24 | 192.10.3.2 sl 70

M(60) — meTpuka 60, 0bpaTHO NpoNOpLUMOHAbHA
CKOpPOCTH,

yuyntbiBaeTca B OSPF
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L2 kommyTaumsa n L3 mapwipytusauma (1)

@ L2 KOMMyTaTOp

" pa60Tae)T Tonbko ¢ MAC agpecamMn xocToB/y3n0B (HM4ero He 3HaeT 06 IP-
aapecax

= opmupyeT B npouecce “0byyeHuns no source MAC-apgpecam” Tabnuuy MAC-
apecoB XOCTOB, Ha3biBaeMou Tabnmuen KoMMyTaumm

= B Tabnuue KoMMyTaumm coaepxartca napbl “MAC-aapec --- NopT KOMMyTaTopa”

@ L2 KoMMyTauma, npuMmeHaeMman B LAN, Aana nepenadm naketos no
IP-appecy Ha3HauyeHus, CBfi3aHa C NOHATUEM
lwimMpokoBewlaTesnbHbin aoMeH (broadcast domain)

= B LUMPOKOBELLATENIbHOM OMEHE KaXXAbl XOCT “BUAUT IP-agpeca” Apyrux
XOCTOB MOCPEeACTBOM COOTBETCTBYOLWNMX MM MAC-agpecoB B ARP-Tabnuuax

= B ARP-Tabnuue coaepxxatca napbl IP 1 MAC-aapecoB

@ L3 mapwpyTusauus npegHa3HaueHa Aasif nepeaavum nakeTos
Mexay LMpoKoBeLllaTe/IbHbIMU JOMEeHaMM, NOCPeaACTBOM Tabnvubl
MapLUpyTU3aLMm

= Tabnuua MapuwpyTusauumn GopMUPYETCH KaXKabiM MapLUPYTU3ATOPOM U
COAEPXUT MH(OPMaLIMIO O MapLUpyTax K CETSM
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L2 kommyTaums u L3 mapLupytumsauus (2)

WAN
MaplpyThaauma
TPeTLEro YPOBHH

a ocHoee |P-agpeca

LAN LAN
KommyTauna KomMmyTauna
BETOPOro YPOBHS BTOPOro YPOBHH
Ha OCHOBe Ha OCHOBE
MAC-anpeca MAC-anpeca

© Masich G.F. 11.11.2007 IP-mapLupyTtmnsaums 24



ARP-Tabnuubl 1 Tabnuubl MapLLIpyTU3aLmu

@ ARP-tabnuua popMupyeTcs KakabiM XOCTOM (U poyTepomMm),
noagxkntovyeHHbix K Ethernet kommyTaTopam

=  HeobxoanMa Ans NOAAEPXKKM L2 KOMMYTaLUN BHYTPU LLUMPOKOBELLATENBHOMO JIOMEHA, K
KOTOpPOMY MOAK/IIOYEHO AAHHOE YCTPONCTBO

= coaepxwut napbl IP 1 MAC-agpecos

Ha puc. 10.14 ans kpatkoctn MAC-aapeca npeacrtaBneHbl abbpeBmatypoit MAC, NMOCKOSbKY
(pakTUYeCcKne Ux 3HaYEHNS UMEIOT CIIMLLIKOM [/IMHHYIO 3arucb N1 He NOMECTUINCE Bbl Ha
PUCYHKE)

¢ Tabnuua mapwpyTnsauumn opMUpyeTca Ka)xabiM MapLUpyTU3aTOpPOM
" HeO6XOD,VIMa ONA A0OCTaBKUN AaHHbLIX 3a MNMPEAESbl LLULMPOKOBELWATE/IbHOMO IOMEHA
= COAEpPXUT MHMOPMaLNIO O MapLUpyTax K CETSM:

IP-aapeca OOCTYMHbIX CETEN
[Mpu3HaK NOAK/TIOYEHUS STUX CETU

» NpsiMO (HenocpeACcTBEHHO) NoAKtoveHHas ceTb (0603HayveHa cumonom “C")
» KocBeHHO nogknitoyeHHast ceTb (0bo3HayeHa cumeosioM “R” — no RIP npoTokony),

IP-aapec cneayoLLero poyTepa, Yepes KOTopbI AOCTYMHa CETb
NHTepdeickl, Yepe3 KoTopble MHOPMaLMs ByaeT OTnpaBieHa B HYXHYIO CETb
MeTpuKa - 3HauYeHNEe CYETUMKA TPAH3UTHbIX Y3/10B 10 3TUX U3BECTHbIX CETEN
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Ipouecc dpopmmpoBaHus kagpa

@ [ns nepepaum Kagpa M MHKaNCYJ/IMPOBAHHOrO B HEro nakera Xocrt/poyrep
oTnpaBuTenb fomxeH cpopmupoBatb MAC- u IP-agpeca oTnpaBuTens u
nosiyuarens

=  MAC- un IP-agpeca oTnpaBuTens XocT/poyTep 3HAeT U3 CBOMX KOHPUIYPaLMOHHBLIX HACTpoekK
= |P-agpec nony4vatens B poytepe 6epetcs 13 npulelero nakeTa, noanexaiero MapLpyTusaumm

@ Mpouecc popmupoBaHnsa MAC-agpeca nonydyartensi B XocTe

= OTnpaBuUTENb U MNMOJ1ydaTeslb PpaCriosiockeHbl B 0AHOM LWLWMPOKOBELWATE/IbHOM IOMEHE

no “IP-agpecy nonyyaTtens” HaxoamTca B ARP-Tabnuue “MAC-aapec nonydatens”, hopMupyeT Kaap v
NpefaeTcs Yepes HyXXHbIN UHTepdeic

= OTnpaBUTENb U NMOoJ1ydaTeslb PACro/IoXKEHbI B Pa3HbIX LUMPOKOBELLATE/NbHbIX AOMEHAX

XOCT OTMPaBUTENS UCMONb3YET CTaHAAPTHBIN LWTH03-MapLpyTr3aTop (IP-aapec LWo3a NpPonMCLIBAETCS B
KOMMbOTEpPE MpY YCTAHOBKE CT3Ka NPOTOKOsSI0B TCP/IP

Mo “IP-agpecy wnto3a” HaxoauT B ARP-Tabnuue “MAC-aapec Wwito3a” u npefaeT Kaap Yepes3 HyXHbIN
UHTepdENC 3TOMY LWINIO3Y-MapLUpyTU3aTopy

@ [pouecc dbopmupoBaHna MAC-agpeca nosy4yartens B poyrepe
= W3 npuweawero naketa nbiMaeTca IP-aapec nonyyartens

= Haxoautcsa B Tabnuvue mMapLupyTtusaumm cetb (CTpoka Tabnuupl), Hambonee TOYHO ONUChIBatoLLIAs
MapLpyT

= Ecnn npsiMo agpecyemas ceTb HazHayeHusa no “IP-agpecy nonydvartens” mwertca B ARP-Tabnuue
“MAC-agpec nony4dartens”, hopMUpyeTcs Kaap U NpeaaeTcs Yepes HyXXHbIM NHTepdenc

= Ecnu kocBeHHO aapecyeMas ceTb no “IP-agpecy next-hop” nwerca B ARP-Tabsvue “MAC-aapec
next-hop” poyTepa, GopMUPYyeTCs Kaap MU NpeaaeTcs Yepes HyXXHbIM MHTepdeunc
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[Tpouecc Bbibopa mapLupyTa

1. BepeTcsi agpec noJsiyyaTtesis U3 3aroJioBKa nakerta

2. bepeTtcsa Macka ceTy U3 NepBou 3anucu (CTpoukun) B Tabnuue
MapLipyTU3auum

3. BbinonHseTrcsa nornyeckas onepauus “‘N” (onpenenserca HOMep ceTH)

4. BbINONHSAETCHA CPaBHEHME MOJIYYEHHOro pe3yJibTaTa C CETbIO B NEPBOM
3anucy Tabauubl MapLlipyTu3aumm

= Ecnu coBnanu agpeca CeTH, NaKeT NepechiNaeTcs Ha MHTepdenc (NopT) MapLupyTU3aTopa,
C KOTOPbIM CBSI3aHa AaHHas 3anucb B Tabnvue MapLuipyTusaumm

= Ecnu He coBnanu agpeca ceTu, NpoBePSIETCS Ha COBNajeHue creaytoLllas 3anmcb B
Tabnuue mMapLpyTnsauum onnMcaHHbIM Bbllle 0bpa3om

@ Ecnu agpec nakera He COOTBETCTBYET HU OAHOM U3 3anuceun B Tabnuue
MapLuipyTusauumm, poytep npoBepsieT, eCTb JiIu Y Hero MapupyT no
YMOJIYaHMIO

= eC/M B poyTepe CKOHMUIyprpoBaH MapLUpyT MO YMOMYaHUIO, NaKeT nepefaeTcs Ha
COOTBETCTBYIOLLUNIA EMY MOPT poyTepa

MapLpyT o ymonuaHuio (default route) — 310 MapLUpyT, KOTOPbIA KQHMUIYPUPYET B YCTPOMCTBE
CUCTEMHbIN aIMMHUCTPATOP U KOTOPbIM ByAeT NCrnob30BaThCA YCTPOUCTBOM B TOM Crlyyae, ecnm
He HanaeHbl COOTBETCTBMS HU OQHOW 3anucu B Tabnuue MapLupyTm3auuu;

= eC/N Xe MapLupyTa Mo YMOMYaHUIO HET, TO NaKeT 6yaeT OoTOpOLUEH poyTEPOM

B 0bpaTHOM HanpasneHuu poytep otnpasuT ICMP-coobLleHne 0 TOM, YTO CeTb nNony4yaTens
HeaoCTyNHa
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PasHuuya mexgy MAC- u IP-agpecamu

¢ MAC-aapeca He OpraHM30BaHbl N0 KAKOMY-TO onpeaeIeHHOMY
npuHUMNy

" HET npo6neM C ynpaBneHneM CETAMU, NOCKOJIbKY OTAEJIbHbIE CETEBbLIE
CErMEHTbI HE CoAEPXKAaT 60NbLLIOro KoNM4ecTBa Y3/10B

= |2 KOMMYTUPYEMbIE CETU HE BIOKNPYIOT LUMPOKOBELLLATENbHbBIE PACChITKN
TPETbEro YPOBHS

Bcneacreue 3Toro L2 ceTu MoryT 6biTb NMOABEPXKEHBI LLIMPOKOBELLATENbHbIM
LUTOPMaM.

¢ |P-agpeca nepapxuyecku opraHM3oBaHbl, NO3BOJIAIOT
paccMaTpuBaTb Fpynnbl aApPecoB KaK eAuUHOoe Liesioe Ao TeX nop,
NoKa He noTpebyeTcs onpeaenuTb agpec KOHKPETHOro y3/a

= L3 MapLlupyTM3aTopbl 06bIYHO 61OKMPYIOT LLUMPOKOBELLATENbHbIE PACChINIKK,
OrpaHMumnBast 30Hy AENCTBUS LUIMPOKOBELLATE/bHbIX LUTOPMOB JIOKAbHbIM
LUINPOKOBELLATENbHbIM JOMEHOM

[Mo3TOMYy MapLpyTU3aTOpbl NPEAOCTaBNAAOT 60see BbICOKMUIA, YUEM KOMMYTATOPbI,
YPOBEHb 3aLLMTbl U KOHTPOJIb MOJIOCHI NPOMYyCKaHUSA
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CIDR (beckrnaccoBas MeXxgoMeHHaa MmapLipytnsaums),
[1paBuno “annHHenLlero” mapLupyTa

© Masich G.F. IP-mapLwpyTnsaums
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CIDR

@ [Oedunumt knacca B == BbigensitoT HeCKON1bKO KiaccoB C BMeCTO OAHOro
appeca knacca B

= [Ipobnema: kaxnaasi ceTka knacca C Hy>XXAaeTcs B OTAE/IbHOM CTPOKE MapLupyTU3auum!

@ PeweHune: 6ecknaccoBasi MeXxaoOMeHHass MapLwipyTu3saums [C/ass/ess Inter-
domain Routing (CIDR)]

= Takke Ha3blBaeMasa “cynepceTb”

= KnoueBOM MOMEHT: Tak pacrnpeaenuTb agpeca, YTobbl OHM B UTOre MOrn BbiTb
MPOCYMMMPOBaHbI, TO €CTb, PaCrnoIOXeHbI PSAOM

COBMECTHO WUCTOSb3YITE Te Xe CaMble 6UTbl BEPXHEr0 YPOBHS (TO €CTb NpedmKc)

=  Tabnuubl N NPOTOKOMbI MAPLLPYTU3ALMM AOMKHbBI ObITb CNOCOOHBI K NEPEHOCY MACKU
noacetn. Cuctema obo3HaveHun: 128.13.0/23

@ Korpa IP- agpecy (194.0.22.1), cOOTBETCTBYET MHOI0 CTPOK (3anucemn),
BblbMpaeTcs CTpokKa € caMbIiM AJIMHHbIM NpedUKCHbIM COOTBETCTBUEM
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RFC 1_519: EGCKi'IaCCOBaFI MeXOOMeHHas

MapwpyTdaany (CIDR

o CIDR: paHnua ceTtn 3aKkaH4YMBanacb Ha 8-, 16, 24- ourte
CIDR: 'paHMUa ceTun MOXET 3aKoHYMTCA Ha ntobom bute

IP Address : 12.4.0.0 IP Mask: 255.254.0.0

00000100/ 0000000000000000

11111110 | 00000000| 00000000

Network Prefix o6bI4HO nuweTtca kak 12.4.0.0/15, unu “ cynepceTb
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[ToHMMaHMe: npedUuKc N Mmacka

12.5.9.16 nokpbiBaeTca npedmkcom 12.4.0.0/15

00001100 | 00000101

[Mpedunkc=)
12.4.0.0/15

MaCKa —)

00001001

00010000

00001100 | 00000100

00000000

00000000

11111111 111111110

00000000

00000000

12.7.9.16 He nokpbiBaeTcs npedmkcom 12.4.0.0/15
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Me>xaoMeHHas MapLIJDYTVIBaLI,VIFI 6e3 CIDR

582'%'28 (204.71.0.0
204'71'2 0 204.71.1.0 Global
T 204.71.2.0 Internet
.......................... Routing
Mesh
204.71, 255 0 204.71.255.0

MexxaoMeHHasa MapuwpyTtusaumsa ¢ CIDR
204.71.0. 0

2%1‘?1‘2%

o — 204.71.0.0/16 Internet
------------- Routing
204.71. 255 0 Mesh
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_[lpaBuno gnuHHeWLwlero mapLipyrta

(Nnpedunkca)

Destination =12.5.9.16
Harpyska

OK

nyvwe

Ewe nyuwe

Havnyuwum !

Tabnuua |IP mapwpyrusaumm
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ANropuTMmbl (M NPOTOKOMbI) U
MapLIpyTU3aumnm
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[TpoTOKOMbI 1 aNrOPUTMbI MapPLLPYTU3aLINN

¢ MpoTOKONblI MAPLIPYTU3ALIMM MOTYT 6bITb NOCTPOEHbI HA OCHOBE
pa3HbIX aJIFOPUTMOB, OT/IMHAIOLLUMXCA CNOCO6aMmn NOCTpoOeHus
Tabnuy Mmapwpyrtmsaumm, cnocobamm Bbibopa Hannyuwero
MapLupyTa v ApyrmMm ocobeHHOCTSAMU CBOeUn paboThl

@ TpoTOKO/bl MAPLUPYTU3ALIUN MOXKHO KaccudpumumpoBaTb TakK:
= OpHowaroBble N MHOMOLWIAroBble
= CTaTU4yeckne n aAMHaMuyeckmne
= KraccoBble 1 6ecknaccoBble
= JIMCTaHUMOHHO-BEKTOPHbIE N COCTOSIHUS CBSI3EM

= BHYTpeHHWEe N BHeLlHne
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AnNropuTMbl MapLIPyTM3aLMK: OQHOLLAroBbIE

¢ MMpu BbI6GOpE paUnOHaANbHOrO MapLUpyTa onpeaensieTcs ToJIbKo
cneaywowmnn (nmxanlumn) MapLpyTmM3aTop, a He BCS
nocneaoBaTesibHOCTb MAapLWIPYTU3AaTOPOB OT HAYaJIbHOIO A0
KOHEYHOro y31a

¢ MapLipyTn3aums BbiNOJIHAETCA MO pacnpeaeneHHon cxeme:

= KaXX[bl/A MapLLPYyTU3aTOP OTBETCTBEHEH 3@ BbIOOP TOMBKO OAHOMO LLAra
MapLlipyTa

= 2 OKOHYaTesbHbIA MapLpPYT CKNaAbIBaeTCs B pe3ynbTaTe paboTbl BCEX
MapLUPYTU3aTOPOB, YEPE3 KOTOPbIE NPOXOANUT AaHHbIM MakeT

¢ Takue anropuTmMbl MapLUpyTU3aLMM Ha3biBalOTCA OAHOLLUAroBbiMM1
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AnNroputMbl MapLUPyTM3aLIMKA: MHOIOLLIAroBbIE

&

&

MHorowarosbi Nnoagxoa - MapLUpyTu3sauus oT UCTOuHUKa (Source
Routing)

Npes: y3en-ucTouHMK 3aaeT B OTNPaB/ISeMOM B CETb NaKeTe
NOJIHbIW MapLIPYT ero c/iefoBaHUs Yepe3 BCe MPOMEXXYTOUHbIE
MapLUpyTU3aTopbl

= [lo3TOMYy HET HEOBXOAUMOCTU CTPOUTb U aHANN3MPOBaTb TabnuLbl
MapLUPyTU3aLUMn B KaXKAOM MapLLpyTMU3aTope

= 1 3TO yCKOPSIET NPOXOX/AEHNE NAKETA NO CETU, Pa3rpy>XaeT MapLUpyTU3aTophI,
HO NpY 3TOM 60NbLLUAsA Harpy3ka NOXUTCA Ha KOHEYHbIE Y3/bl

3Ta cXeMa B CeTAX NMPUMEHSAETCA CEerogHsa ropasfo pexe, 4YeM
CcxeMa pacnpeaesieHHOW OAHOLWAaroBo MapLpyTu3auum

B HOBOM Bepcuu npoTtokosia IP Hapsay € KnaccuuecKou
OoA4HOLLAroBou MaplupyTtusauuven byper paspewieHa u
MapLUpyTU3aLusa OT UICTOYHMKA

@ [lanee B Kypce He paccaTpuBaeTcs
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‘OgHoluarosble anropMTMbl MapLUpyTusaumm

@ B 3aBucmmoctu ot cnocoba popmmupoBaHua Tabnuy
MapLpyTU3aLUMmn AenaTca Ha TPU Kacca:

1. ANropuTMbl GUKCMPOBAHHOM (MK CTAaTUYECKOW) MapLLPYTU3aLmm

2. ANropuTMbl MPOCTOM MapLUpyTU3aLmm
3. ANropuTMbl aganTMBHOW (MN ANHAMUYECKON) MapLLpyTM3aLmm
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ANropmntMbl MapLupyTmsaunm: ctatundeckme (1)

@ CraTnuyeckue MapLpyTbl 3aHOCUT AAMUHUCTPATOP CETU BPYYHYIO

(HanpuMep, HacTpoMKa CTaTUYECKOro MapuwpyTa B R1 Ha creayoweM cnange: ip route
172.19.0.0. 255.255.0.0 interface S2)

@ Tabnuua, kKak NpaBuUIO, CO3AAETCA B NMPOLIECCE 3arpy3Ku U
ucrnoJsib3yercs 6e3 n3aMeHeHui 40 Tex Nop, NoKa ee coaep xuMmoe
He 6yaeT oTpeAaKTUPOBAHO BPYUYHYIO

¢ Pas3nuuaror

= OJIHOMApLUPYTHblE TabnunLbl, B KOTOPbIX ANS Ka)XA0ro agpecaTta 3aaaH oauH
nyThb

= MHOrgMapLIpyTHble Tabnuubl, onNpeaensowme HeCKONbKO afbTePHATUBHbIX
nyTen AnsA KaXaoro aapecaTta

NO/HKHO 6bITb 3a4aHO NpaBW/Io BbiBopa OAHOro U3 MapLLpyTOB
Yalle BCEro oAnH NyTb ABMSETCA OCHOBHbIM, @ OCTallbHble — Pe3epBHbIMU

@ CraTuMuyeckas MapLipyTU3auus NnpueMsieMa T0/IbKO B He60/bLunx
CeTsX C NPOCTOM TOMNOJIOruen

= OfHaKo MOXeET bbITb 3(PMEKTUBHO NUCMOMb30BaH Ha MarnCTpansax KpymnHbIX
CeTeNn, ec/im UMEET NMPOCTYHO CTPYKTYPY C OYEBMAHBIMU HAUTYYULLMMU NYTSMM
CNle0BaH1si NaKeToB B noaceTn, NpUcoeaMHEHHbIE K MarncTpanm
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ANropnTMbl MapLupyTmM3aunmn: ctatnyeckme (2)

¢ MapuwpyT Nno YMOJIYaHUIO NPU NOAKJIIOUYEHUM “Stub”/KOHEUYHbIX ceTeun (He
TPAH3UTHbIX)

@ OTcyTcrByeT coobueHms routing-update coobweHus (pasrpy)xaem ceTb)

172.17.0.0 I 172.18.0.0 : CTaTunyeckoe onpegeneHve mapLipyTa:
| | 172.19.0.0 interface s2

« @ HeT coobLueHnin MapLupyTM3aLmm no aTnum
s2 KaHanam (HeT HaknaaHbIX pacxoaoB)

OMHamuyeckas
MapLLpYyTM3aLms
(Hanpumep RIP)

CtaTtnyeckoe onpegeneHue
MapLupyTa:
/172.16.0.0 interface sO
/ 172.17.0.0 interface sO
172.18.0.0 interface sO

] cratuyeckas
--------- MapLupyTu3auus

no WAN kaHanam (6ygyT @
HaKrnaaHble pacxoabl) U
|

172.16.0.0 { 172.19.0.0
“Stub”

NNKU cTaTuyeckoe
onpegeneHne mapLupyTta rno
ymonyaHuio «default route»
0.0.0.0/0 interface SO

Bonpockl: UTo nponcxoant ¢ Tpadmkom, creHepmpoBaHHbiM B ceTn 172.19.0.0 ¢
HEMU3BECTHbLIM agpecoM HasHadeHna? Yto osHadaeT WAN link ?
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‘MapLipyT no ymonyanuo

¢ OOwWMN NPUHLMN MapLUpyTU3aLUn

= |A3BECTHO, YTO TpaunK HEN3BECTHLIM agpecatam byaeT OTKIIOHEH poyTepOMm
(creHepupyeT ICMP coobuieHne agpecat HegocTmxkmnm!!l)

= OpHako noBedeHne poytepa MOXeT ObiTb N3MEHEHO NOCPEACTBOM
«3a4aHHbIM MO YMOMNYaHNI0 MapLLUPYTOM»

@ [puHUMnN mapwpyTnsauum no ymon4vaHum («default route»)

= TpadMK HEM3BECTHbIM agpecaTam LT B 3a4aHHbIN N0 YMOSTYaHUIO MapLlpyT
(3agaHHas rno ymMosiyaHuto ceTb)

= noapasymMeBaeTCsl, YTO APYron MapLUpyTU3aTop MOXeT 3HaTb bonblie ceTen
= paspeLllaeTcs PoyTepoM Ans nepeaaym He NorHbIX Tabnuy, MapLpyTusaumm

= 3aJaHHasi N0 YMOMN4YaHMo CETb, OTMEYaeTCs CeTEBbIM NOEHTUDUNKATOPOM,
paBHbiM 0.0.0.0/0

B Tabnvuax mapLipyTmsauum

B routing updates , ucnonb3yembiX NPy ANHAMUYECKOW MapLUpyTMU3aLnen
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ANropntMbl MapLupyTusaunm. ctatudeckue (3)

@ MapuwpyT no yMOJIYaHUIO TMNA «Any to Any». Cnyyah NOAKNHOUYEHUN K CETH
BblLUECTOSILEro NnpoBanaepa, HanpMMep, B COeANHEHUAX TOUKA-TOUKA, HanpuMep
no texHonorum X.25, ISDN, Frame Relay, ATM.

@ O6MeH BO3MOXEH TOJIbKO MeXAay CeTAMU KOHeUYHOoM cuctembl (“Spoke™) n y3nom
(hub)

17;;; 0.0 CTtatnyeckoe onpegeneHve mapLipyra:
172.17.0.0 interface sO

! | 1 172.18.0.0 interface s1

g 172.19.0.0 interface s2

172.20.0.0 interface s3

3
| | L] 2 | v | e
= =1 k = |
1721700 /172.18.00 .-~ 172.19.00 .- L 1792000
OpuH n3 “Spoke” *, 7 I e
CTaTn4eckoe onpeaeneHne MapLupyTa: KoMMyHMKaLMM BO3MOXHbI TONbKO MeXay
0.0.0.0/0 interface sO hub and spoke, Ho He mexay aBymst spoke
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nn. ctaTnyeckume (9)

ANropuTMbI MapLpyT1sau

@ MapwpyT Nno YMOJIHYaHUIO B C/ly4ae NOAK/IIOUYEHUS KOPNOPaTUBHOM CETH K
MHTepHeT, CTaTUYeCKMN MapLUpyT No YMOJIYaHUIO B poyTepe R1,

NnoAKJ/IIOYEHHOM K npoBavaepy

KopnopatuBHasa cetb 192.20.2.0/24

192.20.2.16/28

| | |
So— &7
— g

: 192.20.2.32/28
l

-
-
-

A

s2

ONHaMn4yecKad
MapLwpyTmn3auuma

N

CTtaTuyeckoe onpeaeneHve mapwipyTa B R1,
MapLUpyT NO yMOJSTYaHWUIO:

0.0.0.0/0 interface s2

Cratnyeckoe onpegerneHve mapupyTta B R2:
192.20.2.0/24 interface sO

cTatunyeckas
MapLIpyTU3apm <0 */I Internet Service
@ Provider (ISP)
[ I
I |
192.20.2.48/28
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ANropuTMbl MapLUPYyTMU3aLMK: NMPOCTbIE

¢ Tabnuua mapwpyTusauum n1mMbo BoBCe He Ucnosb3lyercs, NMbo
cTpouTcsl 6e3 yyacTtust NPpOTOKOJI0OB MapLUpPyTU3aLmm

¢ BbigensiloT Tpy TUNA NPOCTOM MapLUPYTU3aLIUMK:

= c/lyyarHas MapupyTu3auus, koraa npubbiBLUMIK NAKeT NOCbIIAaEeTCA B NEPBOM
MONaBLUEM CNlyYaHOM HarnpaBneHUU, KpOME UCXOAHOIO;

= JIaBMHHAsA MapwpyTu3aums, Koraa rnakeT LWMPOKOoBeLLaTe/lbHO NOCbINAETCs no
BCEM BO3MOXHbIM HarpaB/ieHUsIM, KpoMe UcxoaHoro (aHanornyHo obpaboTke
MOCTaMM KaapoB C HEN3BECTHbIM aZlpeCcoM);

=  MapLupyTmMsaumg No npeabiayuieMy onbiTy, Koraa Boibop MapLupyTa
OCYLLIEeCTBISIETCA MO Tabnuue, HO Tabnunua CTPOUTCS NO NPUHLUMNY MOCTa
NyTeM aHann3a agpecHbIX NOJIEN MaKeToB, MOSABAAIOWMXCA HA BXOAHbIX NOpTax
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AINropuTMbl MapLUpyTM3aumn: guHammyeckue (1)

@ ApanTtuBHana (MM AMHaMUUYeCKas) MapLuipyTusayusa

= caMasl pacrnpocTpaHeHHas

= WMEET pacnpeaeneHHbin Xxapaktep (paboTta pacnpenenserca Mexay BCeMU
MapLLpyTM3aTopaMn CeTn)

¢ Kaxxabin MaplipyTmusartop:
= cobupaeT u paccbinaeT coceasiM MHMOPMaLIMIO O TONOIOrNN CBSA3EN
= OnepaTuMBHO OTpabaTbiBaeT BCe U3MEHEHMSI KOHUIypaumm CBs3en
= obecneunBaeT aBTOMaTM4eckoe obHoBNEeHUe Tabnmy MapLpyTmM3aunm
= (DOPMUPYET ANS KaXA0ro MapLupyTa BpeMs ero XKu3Hu
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AINropuTMbl MapLUpyTMU3aLnn: uHammnyeckue (2)

@ Tabnuubl MapwpyTusaumm opMUpYIOT NPOTOKOJ1bl MapLUPYTU3aLIUMK,
Hanpumep, RIP, EIGRP, OSPF, BGP

(MIME)

IP Routing Protocols e.g.
RIP, EIGRP, OSPF, BGP

© Masich G.F. 11.11.2007 IP-mapLupyTtmnsaums 47



ANropntMbl MapLUpyTusaumnmn: agantnueHole (3)

@ AfanTUBHbIE aJICOPUTMbl MApLUPYTU3aLUUN [ODKHbDI:

= obecneunBaTb, €CNIN HE ONTUMANbHOCTb, TO XOTS 6bl paLMOHabHOCTb
MapLupyTa

= ObITb 4OCTAaTOYHO NPOCTLIMU, YTOObI HE TPATMIOCh MHOTO CETEBbIX PECYPCOB
(He cNULWKOM 60NbLION 06BbEM BbIYUCIEHUIA, HE BOMBbLUON / HE MHTEHCUBHbIN
cny>xebHbin Tpaduk)

= 06/1aaaTb CBOMCTBOM CXOAMMOCTM, TO €CTb BCEraa NpMBOAUTb K OJHO3HAUHOMY
pe3ynbTaTy 3a NpUeMIeMoe BpeMs

@ AfanTUBHbIE aICOPUTMbl MAapLUPYTU3aLMKU U peanmsyroume ux
NPOTOKOJIbl B CBOIO ouepeab AeNATCA Ha ABe rpynnbi:

= [OMUCTaHUMOHHO-BEKTOpPHbIE anropuTtMbl (Distance Vector Algorithms, DVA);
= anropuTMbl COCTosiHUS cBsa3en (Link State Algorithms, LSA).

© Masich G.F. 11.11.2007 IP-mapLupyTtmnsaums 48



DVA - guctaHUMOHHO-BEKTOPHbIe (1)

¢ Kaxxabin poyrtep

" nepunoanyeckn N LWMpOKOBELLATENIbHO PAaCCbI/Ia€T MO CETU BEKTOP, B KOTOPOM
NOKa3bIBAET U3BECTHbLIE EMY CETU U PACCTOAHUNA OO0 HUX

= 104 PacCTosiHMEM ObbIYHO NMOHMMAETCS YMCIO0 XOMNOB (NMPOMEXYTOUHbIX
poyTepoB).

" BO3MOXHaA METPUKa HE TOJIbKO YHNCJIOM XOrnos, HO 1, HANpUMeEpP, BpEMEHEM
NMPOXOXAEHNUA NMAKETOB MO CETU MeEXAy coceqHUMU Y3/TaMU

¢ lMpu nonyyeHnn BeKTOpa OT coceaa poyrep

" YBEJIMYUBAET PACCTOAHUA A0 YKA3aHHbIX B BEKTOpPE ceTeun Ha pPaCCTOAHNE A0
cocefla

= 06aBnsieT K BEKTOpPY MH@OpMaLU0 06 M3BECTHLIX eMY APYrnX CeTsX, O
KOTOPbIX OH Y3Ha/l

HenocpeacTBEHHO (€CNM OHWM NOAKIOYEHBI K €ro rnopTam)
WU U3 aHaNOrMYHbIX 06bSBNEHNN APYTUX POYTEPOB

= pacCblNaeT HOBOE 3HAUYEHNe BEKTOpPa Mo CETH
¢ B KOHLe npouecca cCXoAUMMOCTU NPOTOKOJIOB MapLUPYyTU3aLuM

= KaXkAbl poyTep y3HaeT MHdopMaumio 060 BCEX UMEIOLLINXCS CETIX U O
PacCTOSIHMM 10 HUX Yepe3 cocedHne poyTepbl
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DVA - QuctaHUMOHHO-BEKTOPHbIE (2)

@ DVA xopowo pabotaloT ToNbKO B He6onbLKNX ceTax
@ B 605blUMX CeTAX YTO NJ10XO0?

3aCop4aroT JIMHNN CBA3UN MHTEHCUMBHbLIM LLUMPOKOBELLATESIbHbIM TpaCbMKOM

= WU3MEHeHUs KoOHurypaumm MoryT oTpabaTtbiBaTbCs He BCeraa KOPPEKTHO, Tak
KaK HeT npeacTaB/fieHnst O TOMOSIOrnMn cetu, a paboTa BbIMOIHAETC “No
cnyxam”

@ Haubonee pacnpocrpaHeHHble DVA-NPOTOKO/bI:

= RIP (Routing Information Protocol), KOTOpbI pacnpoCTPaHEH B ABYX BEPCUAX
RIP IP, paboTatowmin ¢ npotokonom IP
RIP IPX, paboTatowmin ¢ npotokosom IPX

= |GRP (Cisco, Interior Gateway Protocol)
= Apple Talk RTMP (Routing Table Maintenance Protocol)
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LSA - anropntmMm coctoaHna cada3sen (1)

&

&

Kaxxabin poyTep nMeeT TouHbii rpad cetu (AoMeHa
MapLipyTusaumm)

Bce poyTepbl paboTaroT HA OCHOBaHUM OAMHAKOBbIX rpacoB
= O3TOMY MPOLECC MapLipyTM3aumm 6onee yCTonumB K U3MEHEHNSM TOMONOMU

«LllinpokoBelwjaTenbHas» paccblJZIKa UCMNOJIb3YETCH TOJIbKO Npu
U3MEeHEeHUNAX COCTOSIHUA CBAi3eun B rpade

" B HAAEXHbIX CETAX USMEHEHUA NMPONCXOAAT HE TaK YaCToO
BepLwuHbl rpacda

= poyTepbl U 06beANHSIEMbIE UMU CETU
PacnpocrpaHseMas no cetm nHopMmaums o rpade

" VIHCbOpMaLI,VIFI COAEPXKUT CBEAEHUA O CBA3AX Pa3/IMYHbLIX TUTMOB. POYTEP -
poyTeEpP, POYTEP - CETb
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LSA - anropntmMm COCTOAHUA CBA3EN (2)

@ Kak npeacrasneH rpad cetu B poyrtepe

= B KkaxaoMm poyTtepe popMmpyeTcs Toronormyeckas 6asa aaHHbix (“roadmap”),
B KOTOpPOMW npeacTasfieHa MHopMauunsa 0 BCex poytepax, JIMHKax (KaHanax
CBSI3N MeXay poyTepaMn) N nx CtTouMocTtax (MeTpuka)

= [lpnHUMN “roadmap” - ceTeBad AOPOXXHAA KapTa

¢ Tabnuua mapwpyTusayum

= Bblumcnserca poyTepom no cpopMMPOBAHHON Y HEro Tonosiornyeckon base
OaHHbIX (roadmap)

@ BbluncnexHune kopoTkux nyteu (SPF)

= Wcnonb3yeTtcsa anroputMm SPF (Shortest Path First, paspaboTtuuk - Dijkstra's),
anropuTM no “roadmap” ULLET Hanbonee KOPOTKUIN MyTb K CETU HA3HAYEHUS

= KOPOTKMI MyTb COXPAHSETCS B Tabnuue MapLupyT13aunm

@ MN3MeHeHue Tonosiormm (BKJIrOUEHUEe UJIN OTKJIIOUYEHMUS JIMHKA,
M3MEeHeHM!e JIMHKA)

= Kaxabln poyTep “BUANT” U3MEHEHMS CBOUX JIMHKOB

= U pacnpoctpaHseT (flooding) B ceTb 3T nameHenus (Link State
Advertisements - LSASs)
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LSA - anroputm coctosdgHne cesasen (3)

@ Kak poyrep BMAUT U3MEHEHUe COCTOSSHUA cBA3MU (LSAS)?

= MapLpyTmsaTop nepuoamveckm obMeHnBaeTcs KopoTkumu naketamm HELLO
CO CBOMMM B KanLLIMMKM coceasiMu ANs NMPOBEPKN UX AOCTUXKMMOCTU
(npoBepka KaHanoB/nopToB/UHTEPdENCOB )

= ITOT cNy>XebHbi TpaduK 3aCOpSET CETb HE B TAKOW CTEMEHMU KakK, HanpuMep,
RIP-nakeThbl, Tak Kak naketbl HELLO nMeT HaMHOro MeHbLLINK 06beM

@ Kak npoucxoamTt Flooding LSAs

= [lepenaya poyTepoM coobuieHnin 06 nameHeHmmn cesa3en (LSAS) BbIMOMHAETCS
no Multicast TexHonornm

= [1pnBOAST K MU3MEHEHWNIO TOMONIOrMYECKON 6a3bl AaHHbIX B ApPYrnX poyTepax W,
Kak CneacTBue, K MU3MEHEHWUIO Tabnvu MapLupyTM3auum

¢ Ecnn nameHeHui B TOMNOJZIOrMM HET

= Mcnonb3yoTcsa ToNbKO KOpoTkue Hello cooblieHns ana HabnogeHus 3a
NIMHKaMM (TeCcTnpyeTcs 4OCTUXMMOCTb COCEAHUX POYTEPOB)

= [10o3TOMY Mosi0ca Nponyckas JIMHKA MEHbLLIE 3arpy>aeTcs B CpaBHEHWM
Updates coobLLUEHNSMN ANCTAHLIMOHHO-BEKTOPHbIX NMPOTOKO/IOB, B KOTOPbIX
npeaaeTca Bca Tabnvua MapLupyTusaumm
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LSA - anropntm coctosiHue cBsasen (4)

@ lpumMepbl LSA NPpOTOKO/IOB MapLUpyTU3aLMK:

IS-IS (Intermediate System to Intermediate System) cteka OSI
OSPF (Open Shortest Path First) cteka TCP/IP

PNNI (ATM TexHonorus)

APPN (1BM)

NLSP cteka Novell
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‘CpaBHeHne NpoTOKOSI0B MapLUpyTU3aLnn

: i i Convergence N Protocol
Routing Protocol | Complexit Max. Size . Reliabilit i
(0 P y Time y Traffic
. - . Not absolutely -
RIP very simple 16 Hops High (minutes) loop-safe High
. - . Not absolutely .
RIPv2 very simple 16 Hops High (minutes) loop-safe High
IGRP simple X High (minutes) Medium High
EIGRP complex X Fast (seconds) High Medium
Thousands .
OSPE very complex of Routers Fast (seconds) High Low
Thousands .
1S-IS complex of Routers Fast (seconds) High Low
more than . .
BGP-4 very complex 100,000 networks Middle Very High Low
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BHyTpeHHNEe 1 BHELLHWE NPOTOKOSbI
MapLupyTusauum B IP-ceTax

ApxutekTypa Internet
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ASs + Core = Internet

@ MHTepHeT npoucxoauT OT CBOEeW npealuecTtBeHHMuUbl -ARPANET

@ MHTepHeT u3HauvyasibHO CTPOMJIaCb KakK CeTb nepeaavym AaHHbIX,
o6bveauHsaowas 60sbLIOE KOIMYECTBO CYLLEeCTBYHOLWUX CUCTEM

@ C caMoro Havasna B ee CTPYKType BblAeNnsanm

= MarucTpanbHyo ceTb (core backbone network)

= aBTOHOMHbIE CUCTEMBI (autonomous systems, AS) - ceTU, NPUCOEANHEHHbIE K
MarmcTpasnm

@ ABTOHOMHasa cucteMa (AS) - 3TO ceTb HaxoasilWasacsa noaq eANHbIM

aAMMUHUCTpPaTUBHbIM ynpasBsieHueM. Hanpumep, cetb MNHUITY, ceTb
[MHWNY, cetb MMCC YpO PAH

= Kaxkgas AS ncnonb3yeT COBCTBEHHbIE MPOTOKOSbl MapLLpyTU3aummn
3HAUYUT BHYTPU KaXkaon AS CBOSI MOMMTUKA MapLUpyTM3aums

= Bce AS nmeloT yHuKanbHbin (216) Homep (AS8775 — UMCC YpO PAH
2 6anTa oTBOAMTCS MO HOMep AS

= MarucrpanbHble CETU TaKXe ABNAKTCA aBTOHOMHbIMW CUCTEMAMK CO CBOUMMU
HoMepaMu AS
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Core / maructparnb / Todka obMeHa Tpaunkom

@ Core / aapo /Maructpasnb - Habop poyTepoB, KOTOpble UMEIOT
HEerNnpoTUBOPEYUBYIO U NOJIHYIO MH(OpMaLMIo 060 BCcex aapecaTax

@ PoyTtepbl B cetax S1, ... Sn MOryT MMeTb “4aCTUUYHYI0 uHpopMmauuro” (He
noJsiHyto nHpopmMmaumro 060 Bcex agpecartax), Toraa OHM yKa3blBaloT
3ajlaHHble NO YMOJIYaHUIO MapLUpYyTbl Ha core

@ Takum 06pa3omM, oTaasieHHble poyTepbl (MOrpaHUYHbIE PoyTepbl B CETAX
S1,S2..)

= [locTaBnsatoT Core MHHPOPMALINIO O CBOUX CETAX
= cnonb3yloT MapLupyThbl MO YMoN4YaHuio Kk Core

= YactnyHas nHbopMaLuns NO3BONSET aIMUHUCTPATOPaM NPon3BOAUTL JTOKASbHbIE
MU3MEHEHUS MapLLIPYTU3aLMK MO MECTY HaXOXAEHNS HE3aBUCUMO ApYr OT Apyra

CORE >
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MapuwpyTusaumna BHyTpu AS n mexxagy AS

Gateways — norpaHuyHbIi poytep BAS C

\ BHeLHWUI NPOTOKON MapLLpyTU3aLUnm
e b > \

@ BbInonHseT

mapLyTmusauumio
mexay AS
(inter-AS)
@ BoinonHser
MapLpyTmU3aLmo
B BHYTpU AS
intra-AS)
mexay
poyTepamm 3Tou
BHYTPEHHWI NPOTOKON AS
MapLlpyTusaumn Intra-AS Inter-AS C Y H
pOi?[!ﬂg ?oi;_ing / eTeson yposenb
inter-AS algorithm algorithm KaHarbHBI ypOBeHb
intra-AS \-p ROUTING |¢— .
A |TRBLE | Pu3snyeckumn yposeHb
A.c DL TDL DL
to/from to/from
Ab :
A, B, C - AstoHomHblE g PHY JPHY PHY >

cuctembl (AS) M tolfrom Ad
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BHYyTpeHHME 1 BHELLHME poyTepbl / MPOTOKOSbI

LLJTHO3bl / POYTEPHDI:
¢ BHyTpeHHue uuiro3bl (interior gateways)
= MCMNONb3YHOTCA AN 06pa3oBaHMA CETEN U NOACETEN BHYTPU AS
@ BHewHue wnro3bl (exterior gateways)
= llcnonb3yloTca ana nogknodeHus AS Apyr K agpyry uiam K Maructpanm

NMPOTOKOJibl MAPLIPYTU3SALINWA:

Q I1 F());I'OKOHbI BHYTpeHHuUX wnro30B (interior gateway protocol,

"  LCMNONb3YKTCA BHYTPU aBTOHOMHbIX cUCTEM (AS)

= OyaeM aanee no TEKCTY Ha3biBaTb BHYTPEHHUW MPOTOKON MapLipyTM3aumm

= BHyTpu AS gonyctum ntobon BHyTpeHHu npoTtokon IGP (RIP, OSPF u T.4.)
Q9 ngomkonu BHewHuX wno30B (exterior gateway protocol,

= Kcnonb3ytoTca mexay AS

= Mexay AS paboTaeT, B HacTosLiee BpeMs (2009), BHELUHWI NPOTOKON
MapLipyTnsaumm BGP-4
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3a4yeM HYXHbl AS ?
@ Cwmbicn pa3aeneHnsa MHTepHeT Ha aBTOHOMHbIE cucteMbl (AS):

= BO3MOXHOCTb peaniM3aunmn NoOANTUK MapLLpyTU3aLUmn
=  CnocobHOCTb K pacwmpenmnto B 6onblumnx Mmacwtabax (MACLLUTABEMPOBAHUE)

= [I3MeHeHne NPOTOKOSI0B MapLLPYTU3aLUMM BHYTPU KaKoU-NMH0 AS HUKAK He
AO/MKHO BNNATb Ha paboTy ocTanbHbIX AS

@ [eneHue Internet Ha AS cnoco6CTBYeT arpermposaHuio
MapLIpyTOB B Maructpa’sibHbiX U NOrpaHU4YHbIX poyTepax

= BHyTpeHHMe poyTepbl CTPOAT AOCTAaTOYHO NOAPObOHbIE rpadbl CBA3EN Mexay
cobou, uTobbl BbIOpaTh Hanbonee pauMoHabHbI MapLpPYT BHYTPU AS

= OAHako AeTanbHas TOMOMOrus BHYTPU AS HE Hy)KHa ApYrnM AS

= 370 06CTOATENBCTBO NMO3BONAET NPEACTAaBUTb COAEPXKUMOE OIHON AS Aipyron AS,
KaK npaBu/io, OAHOM CTPOYKOM TabnmLbl MapLIpyTU3aLmum

@ lMorpaHunyHbie poyTepbl NpeacTaBNAIOT AS KaK eAnHOe Lenoe ansa
OCTaJZIbHOM YyacTu UHTepHeTa
= [lorpaHun4YHble MapLPYyTM3aTOpPbl 0OMEHMBAIOTCA MUHUMAsTbHOW MapLUpyTHOM

nHdopmaumen: agpec(a) IP-cetu(en) AS n BHyTpEHHEE pacCTOsIHUE A0 3TUX
CeTen OT AaHHOro MOrpaHUYHOro poyTepa
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