MH(POPMaLUMOHHbIE CETU

Jlekus 4.

IIpOTOKOJIBI CETEBOTO YPOBHSA
mozaesau OSI.

IIporokosiel ARP, RARP, ICMP.




[IpoTokon ARP

o /1714 ocyliecTBIeHUA IIepeJadyr MeKay XOCTaMH
B CETMEHTE ceTH HeoO0X0aMO, UYTOOBI ObLJIO
OIIpeaeIeHO COOTBETCTBUE MEKY (PU3UUECKUM
1 CEeTEBBIM a/IPECOM XOCTA.

« J1714 pernieHuA BOIIPOCcoB omnpeaeaeHusa MAC-
azjpeca UCKOMOT'O YCTPOUCTBO I10 U3BECTHOMY
[P-agpecy nmpuMeHAaeTCAa IIPOTOKOJI

nnpeobpazoBanusa agpecoB (address resolution
protocol, ARP — RFC 826).



S —
ARP-Tabauupbl

e ARP uCIOJIb3yeTCH JIJIA OIIpeleJIeHUA
cootBercTBUsA [P-anpeca agpecy Ethernet.

- TIPOTOKOJI HCIIOIB3YeTCs B IOKATBHBIX IP-anpec Ethernet-aapec

CeTSIX.

= CooTBeTCTBUE OIIPEAEsIAETCA TOJIbKO B MOMEHT 223.1.2.1 08:00:39:00:2F:C3
otnpassieHud IP-nakertos.

« OtoOparkeHue aipecoB OCYIIECTBIIAETCS

IyTeM moucka B ARP-ta6ure. 223.1.2.3 08:00:5A:21:A7:22
« Tabyuna cooTBETCTBUA HEOOX0IMMa, TaK

Kak (U3UUECKHe U CETEBBIE ajipeca 223.1.2.4 08:00:10:99:AC:54

BI)I6I/IpaIOTCH HE€3aBHUCHUMO M HET KAKOTI'O-
aubo0 AJITOPpUTMaA JId UX BBIYHUCIICHUA.
s Ecsim MmallimHa repeMeniaeTcs B APyrou

cerMeHT cetu, To ee ARP-TabsuIia gonkHa
OBITH M3MEHEHaA.




S —
ARP-Tabauupbl

« Korga oTnpaBuTesib OIpeaesinia
IP-agpec nmosyuaresid, TO Ha
ocHoBaHnU ARP-Ta0unmel
omnpenesnsaerca ero MAC-aapec.

« Mexny MAC- u IP-aapecamu
yCTaHABJINBAETCA COOTBETCTBUE,
KOTOPOE HUCIIOJIb3YETCA IIPHU
WHKAIICYJIAINU JIaHHbBIX.

o Tabauiy ARP MOXHO ITOCMOTpETD,
HCIIOJIb3YSI KOMaH/y arp:
e arp —a



—
ARP-3anpochil

o ARP-Tabsuiia 3amoiHseTcsI aBTOMAaTHYECKH.
Ecoiu Hy»KHOTO ajipeca B TaOJINIIE HET, TO B CETh
IIOChLIAETCS IMIIUPOKOBEIATEIFHBIN 3aIIPOC
tura "uent ato [P-agpec?".

« Bce cereBble nHTEpdENCHI TOTYYAIOT 3TOT

3aIrpoc, HO OTBeuaeT TOJIBKO BJIajiesIel] afpeca. IP-appec otnpasuTens 223.1.2.1
[Ipu 5TOM CyIIIECTBYET JiBa cIrocoba OTHPaBKU
IP-tmakera, /1711 KOTOPOTO UIIETCA a/Ipec: MaKeT Ethernet-agpec 08:00:39:00:2F:C3
CTaBHUTCA B OUepeab Ha OTIIPABKY NJIN oTnpasuTens ' ' ' ' '
YHUYTOKAETCH.

o ESSPBOM cJIydae 3a OTIIPABKY OTBEYaeT MOJYJIb NCKOMBII IP-azpec 222.1.2.2

°  BO BTOPOM CJIy4yae MOAYJIb [P, KOTOpBIU MOBTOPSAET
ITIOCBIJIKY U€peE3 HEKOTOPOE BpEMA.
 IlIupoxkoBemaTeIbHBIN 3AIIPOC BHITJISUT
caenynuM 00pa3oM (CM. PUCYHOK).
« MAC-aapec HIMpOKOBENIAHUA UMEET BU/L
FF-FF-FF-FF-FF-FF.

Nckombin Ethernet-agpec <nycro>




ARP-oTBeThI

» Ilockosbky mmaketr ARP-3anpoca
IIOCHLJIAETCS B PEKHME IP-appec otnpasutens 222.1.2.2
IIMPOKOBEIAHUA, TO €Tr0
IIPUHUMAIOT BCE yCTPOMCTBA B
JIOKQJIbHOU CETH U IepeAaloT A Ethernet-aapec otnpasutens | 08:00:28:00:38:A9
aHaJIN3a HA CETEBOU YPOBEHb.

» Ecau IPagpec yerpolicTBa
cooTBercTByeT IP-anpecy IP-agpec nonyyarens 223.1.2.1
1oJiy4yarTeJisi, yCTPOHUCTBO
(dopmupyer cooO111eHME,
HasbiBaeMoe ARP-oTBeTOM. Ethernet-agpec nonyuyatens | 08:00:39:00:2F:C3

« Crpykrypa ARP-oTBeTa
IIpe/iCTaBJeHa Ha PUCYHKE.

 IlosyueHHBIN TAKUM 00pa3oM ajpec
oyzet mobasyiieH B ARP-Tabsuiy.




ARP-Tab6/11ubl MapLLUPpYTHU3AaTOPOB

« Ecsin mammHa coequHeHa ¢ HeCKOJIBKUMU CeTAMU, T.€. OHA
SIBJISIETCS IIJTI030M, TO B Tabuiy ARP BHOCATCS CTPOKU, KOTOPHIE
OMUCKLIBAIOT KaK OZHY, TaK U ApyTryIo IP-ceTun.

- IIpu ucnonp3zoBanuu Ethernet u IP kakgas maminHa nMeeT Kak
MUHUMYM ofuH azpec Ethernet u ogun IP-anpec.
= Ethernet-agpec nmeeT He KOMITBIOTED, a €T0 CETEBOI MHTEPdEIAC.
s [P-agpec HazHavaeTcs U1 KaK/I0TO JIparBepa ceTeBOro nHrepderica.
- Kaxxmoii cereBoii kapTe Ethernet coorBeTcTByioT ommH MAC-azpec u
onuH IP-agpec.
« IP-azmpec yHukasieH B paMKax Bcero Internet.



RARP

YTto0HI ImoIy4yaTes b, IPUHUMAIOIINI IaHHbIE, 3HAJI KTO UX OTIPaBUJI, HaKeT
JIAHHBIX J10J12KeH cojiepskaTtb MAC u [P-azipeca ncrouHuka.

IIpoTokos obpaTHOrO mpeobpazoBanus agpecoB (Reverse Address
Resolution Protocol, RARP) ucniosnibayeres 1yist onpeiesieHus: COGCTBEHHOTO
IP-axnpeca o M3BECTHOMY MAC-azipecy yCcTpPOUCTBA.

JIJ1s1 pelnieHus IaHHOU 3a/1a4i B CETH JI0JIXKeH mpucyTcTBoBaTh RARP-
cepBep, oTBeyaroiuii Ha RARP-3amnpochl.

Ctpyktypa RARP-3ampoca nogob6Ha ctpykrype ARP-3ampoca u BKItouaeT
MAC u IP-3arosioBku 1 cooOIlieHHe 3aIpoca.

RARP-3ampoc oTpanJsieTcs B peKHUMe IMIUPOKOBENIaHUs 1 JIOCTYIIeH BCEM
CeTEBBIM YCTPONCTBAM, IIOJIK/JII0UEHHBIM B ceTh. OTHAKO TOJILKO
crieniuaabHbIii RARP-cepBep oT3bIBaeTcs Ha JAHHBINU 3aIIPOC.

RARP-0TBeT nMeeT Taky1o ke CTPYKTYpY, 4To U ARP-oTBeT. OH BKJIIOYAET B
cebs1 coobmenre RARP-otBeta, MAC- u IP-3arosioBka.



MapLupyTtnsatopsbl 1 ARP-Tabamubl

- WNurepdeiic, ¢ MOMOIIBIO KOTOPOrO MapUIPYTH3aTOP MOAKII0YAETCA
K CETHU, IBJISETCA YaCThIO TAaHHOU ceTU. [[Jis OTIIpaBKHU U HOJIyYEeHUs
IIaKeTOB JAHHBIX MapIIPYTU3aTOPHI CTPOST coOcTBeHHbIE ARP-
TabJIUIIBI, B KOTOPBIX oToOpaXkatoTes IP-aapeca na MAC-aapeca.

« MapmpyTusaTop MOKET ObITh IOJKJIIOUEeH K HECKOJIBKUM IIOJICETAM
1 ctpouT ARP-Tabauiibl, onuchIBaloIIte BCE CETH, IOIKIIOUEeHHbIE K
Hemy. Kpome kapt coorBeTcTBUusA IP-anpecoB MAC-azapecam B
TabJINIIaX MapIIPYTU3aTOPOB OTOOPAKAIOTCS IIOPTHI.

o JIJ14 ocyliecTBJIE€HUA MapIIpyTU3auu B ceTax 1P,
Mapuipyrusatopsl cogep:xkat MAC- u [P-afgpeca apyrux
MapIIPYTU3aTOPOB, KOTOPbhIE UCIHOJIB3YIOTCA /1A IIepeHaIpaBjJeHUuA
[1aKETOB.



LLIno3 no ymonyaHuio

« Ecyi1 BnCTOYHUK UCTOYHHK PACHOJIOKEH B CETU C HOMEPOM, OTJIMYHBIM OT
HOMepa CeTH Ha3HaueHUsA, 1 UICTOYHUK He 3HaeT MAC-aapeca nmosyyareris,
TO JIJIS AOCTaBKHU IIaKeTa, HCTOUYHUK I10JIb3yeTCA YCIIyraMu
MapIIpyTU3aTopa.

» Ecsmi mapuipyTtusaTop UCIIOab3yeTcss HoA00HBIM 00pa3oM, TO €T
Ha3bIBAIOT UL11030M NO YymoauaHuro (default gateway).

- IIpu nmepesaye nmakera yepes ILI03, HCTOYHHUK UHKAIICYJIUPYET JlaHHBIE,
roMenias B HUX B kadectBe MAC-agpeca Ha3HadeHUs (PU3NUECKUH aJipec
IIUTI03a, B KayecTBe IP-apeca ycTtaHaBIMBaeTcA ajpec noJyJyaresid, a He
IILTIO3A.

- IIIn103 moTyduB MaKeT, OTOpachiBaeT HHGpOPMAIINIO KAaHAJILHOTO YPOBHS 1
aHanusupyer IP-3zaronoBok. Ilockosbky IP-afgpec otainyaerca ot ero
COOCTBEHHOTO, TO MAPIIPYTU3aTOP aHATTM3UPYET TabIHIly MaplIPyTU3aUH
1 IepechlIaeT ITaKeT Ha COOTBETCTBYIOIINU XOCT, MHKAICYJIUPYS B ITAKET
KaHaAJIbHOTO YPOBHA U 100aBJIAA 3arojIOBOK ¢ HOBBIM MAC-azipecoM.



—
[ilpoTokon ICMP

« JlaaHbIN IpOTOKOJI HA pAAy ¢ IP u ARP OTHOCAT K ceTeBOMY yPOBHIO.

 IIpoTOKOJ MCIIOB3YeTCA JIJIA PACChIKU HHPOPMAITMOHHBIX 1
YIPaBJISIONINX COO0IeHuH. [Tpy 5TOM UCHOJIB3YIOTCS CAEAYIOIIHE BUIBI
COOOIIeHUH:

> Flow control - ectu mpuHUMAaIONUi XOCT (IIUTI03 WJIN PeaJTbHBIN IMOIyYaTeTh
nHOopMAaIK) He ycIeBaeT IepepabaThiBaTh HHMOPMAIUIO, TO TaHHOE
coO0IIeHr e TPUOCTAHABINBAET OTIIPABKY ITAKETOB 110 CETH.

» Detecting unreachable destination - ecsii makeTr He MOXKeT JOCTUYb MecTa
Ha3HAYeHUsI, TO IILJII03, KOTOPHIM HE MOKET JOCTABUTD ITAKET, COOOIIAET 00 3TOM
oTIpaBuTeNio makera. MHpopMupoBaTh 0 HEBO3MOKHOCTH JIOCTAaBKU COODOIEHM S
MOJKET 1 MalllnHa, uell IP-azipec yka3aH B ITaKeTe.

» Redirect routing - 5To coo0bIeHue IochlIaeTcsl B TOM CITydae, eCJTH IIUTI03 He
MOJKET JIOCTABUTh ITAKET, HO Y HETO €CTh Ha 3TOT CUET HEKOTOPhIe COOOpasKeHus, a
HMEHHO a/Ipec JIpyTroro ILI3a.

» Checking remote host - B 5ToM ciryuae ucnonb3yercsa Tak HazbiBaemoe ICMP
Echo Message. Eciit Heobxoaumo mpoBepuTh Hanudue creka TCP/IP Ha
y/laJIeHHOH MaIlliHe, TO Ha Hee ITOChLIaeTCs COO0IeHre 3Toro Tula. Kak ToJIbKo
CHCTEMa ITOJIyYHT 3TO COOOIIeHEe, OHA HEME/IJIEHHO TTO/ITBEPUT €r0 IMOJIyIeHHE.



KomMaHaa ping

 C MOMOIIBIO OTHPABKU COOOIIEHUN C 5X0-3AIIPOCOM II0 ITPOTOKOJIY
ICMP npogsepsieT coenHeHre Ha ypPOBHe IpoTOKoIa [P ¢ mpyrum
KoMITbIoTepoM, moaaep:kupatoniuM TCP/IP. ITocie kaxxmou
Iepe/iaull BBIBOJUTCSI COOTBETCTBYIOIIEE COODIEHME C DX0-OTBETOM.

 Ping - aTo ocHoBHas TCP/IP-koMmaHa, ucIioab3yeMas JJ1s
yCTpaHEeHNA HEIlOJIAJIKU B COeIUHEHU U, IPOBEPKU BO3MOXKHOCTHU
J0CTyIa U pa3pelneHus nMeH. Komagza ping, 3amymnieHHas 6e3
IIapaMeTPOB, BBIBOJUT CIIPABKY.
o CuHTaKCHC KOMaHIbI
o ping [-t] [-a] [-n cuemuux] [-1 pasmep] [-f] [-i TTL] [-v mun] [-r
cuemyux] [-s cuemuux] [{-J cnucox_y3ao08 | -k cnucok_ysa08}] [-w
unHmepsgan] [ums_koHeuHo20__komnvromepa)



BpemMa }XM3HU NaKeToB

- Jlpyroe ucnoab3oBanre ICMP - 3To moryyeHue cOOOIeHsI O "KOHUNHE ' ITaKeTa Ha
1uTio3e. [Ipu 3TOM HCIIOIb3yeTcs BpeMs *KU3HH IIaKeTa, KOTOPOE OIIPeeIsieT YHCIO0
IIJTI030B, Uepe3 KOTOPbIE ITaKeT MOKET IIPOUTH.

- IIporpamma, KOTOpas UCIOJIb3YET ITOT PUEM, Ha3bIBaeTcs traceroute (tracert B
Windows). OHa ucmoss3yet coobmieare TIME EXECEED mporokosia ICMP.

- IIpu nocelike makera uepes Internet traceroute ycranasiupaet 3Hauerue TTL (Time
To Live) mocjieqoBaTesIbHO OT 1 A0 30 (3HaUeHMe 0 YMOJIYaHUIO).

« TTL onpepesisieT YUCI0 MIJII030B, Uepe3 KOTOpble MokeT mporTu [P-maker. Eciu 510
YHCJIO TPEBBINIEHO, TO IITI03, HA KOTOPOM IIpoucxoaut oOHyeHue TTL, BpIchLIaeT
ICMP-naker.

« Traceroute cHauasia ycraHaBiuBaeT 3HaueHue TTL paBHOe eIMHUIE - OTBEYaeT
OvKanUIIUi 1UTI03, 3aTeM 3HaueHre TTL paBHO 2 - oTBeuaeT CIeAyIIINY MITI03 U T.
1.

« Ecsu makeT JOCTUT TI0JIyYaTesisi, TO B 3TOM C/Iydae BO3Bpalaercs coobineHmne
npyroro tumna - Detecting unreachable destination, 1.x. IP-nmakeT nepemaercs Ha
TPaAHCIIOPTHBIN YPOBEHB, 4 HA HEM HET 00CITY>KUBAHUs 3aIIPOCOB.



KomaHpa tracert

« JlnarHOCTUUYECKOE CPEJICTBO, IIpeHa3HaYeHHOE /IJIA OlIpe/ieIeHUA
MapIIpyTa 10 TOYKN Ha3HAYEeHUA C IIOMOIIBIO IIOCBIJIKA B TOUKY
Ha3Ha4YeHHUs 3X0-3aIpocoB npoTtokosia ICMP ¢ pa3inyHbIMU 3HAYEHUAMHU
cpoka »ku3Hu (TTL).

« OmnpezesisieT MyTh 0 TOYKH Ha3HAYEHHUA C IIOMOIIBIO MOCHIJIKA B TOUKY
Ha3HA4YeHUs 3X0-co001eHn nmporokosia ICMP ¢ mocTosHHBIM
yBeJInueHueM 3HaueHul cpoka »xu3Hu (TTL).

- BpIBemeHHBIN IyTh — 3TO COUCOK OJIMKAUIINX MHTeP(dEHCcoB
MapIIPyTHU3aTOPOB, HAXOAAIINXCA HA IIYTH MEXKIY Y3JI0M UCTOUHHKA U
TOYKOMN Ha3HAUYEHUs.

» bamxHui narepdenc IpeacTaBsioT co00k nHTepderc MapIIpyTH3aTopa,
KOTOPBIN SIBJIAETCS OJIMIKAUIINM K y3JIy OTIIPABUTEJIS HA IIyTH.
3amnyiieHHas 0e3 mapaMeTpoB, KoMaH/a tracert BEIBOJIUT CIIPaBKY.

o CHHTaAKCHC KOMaH/AbI

= tracert [-d] [-h maxcumanvroe _uucao_nepexodos] [-j cnucox_ys3aos] [-w
uHmepsan] [ums_xkoHeuHo20_xomnvromepda]



MapuwpyTtmnsauma

« Cemu coegUHSIOTCA MEXKIYy cOO0M ceruaJbHBIMHI YCTPOUCTBAMM, HA3bIBAEMbIMU
mapwpymuzamopamul.

o Mapwpymu3aamop — 3T0 YCTPONUCTBO, KOTOpoe cobupaet UH(POPMAIIUIO O
TOTIOJIOTUY MEKCETEBBIX COETUHEHUN U MEPECHLIIAET NAKeMbl Cemeso20 YPO8H B
ceTh HazHaueHusA. YTobObI iepefaTh coobueHue OT OTIIPABUTEIISA, HAXOSAIIEr0cs B
OJTHOU CETH, IIOJTyJaTesTI0, HaXOAIEMYCsS B IPYTOU CETH, HY>KHO COBEPIITUTD
HEKOTOPOE KOJIMYECTBO TPAH3UTHBIX HIEPEaY MEXKY CETAMH, UK XONnoe (0T cIoBa
hop — nIpbIKOK), KaXK/AbIN pa3 BRIOUPasi MOAXOAAINYN mapwpym. Takum obpazom,
mapwpym 1pejicraBiser coO0l MocjieIoBaTeIbHOCTh MAPWPYMU3aAmopos, yepes
KOTOpBbI€e IIPOXOJIUT Nakem.

« Cemesoil yposeHb ToKeH 0beclIeunTh JOCTaBKY nakema:
o MeKAY JIIOOBIMU JIByMsI Y3JIaMHU CETH C IIPONU3BOJIBHOM TOIIOJIOTHEH;
o MEXK/Ty JIIOOBIMU ABYMsI CETSIMU B COCIMABHOU cemu;
 Cemb — COBOKYITHOCTh KOMIIBIOTEPOB, UCIIOJIB3YIOIIHX JJIs1 00MeHa JaHHBIMHU
eUHYIO CETEBYIO TEXHOJIOTHIO;

 Mapwpym — 1n0cae10BaTeJbHOCTb IPOXO0KAECHUA NAKemMoM Mapuwpymu3amopos
B COCMABHOU cemu.



MapLipyTbl ABUXKEHMA NAKETOB

- Ha pucyHKe mmokasaHbl YeThIpe CeTH, CBA3aHHbIE TPEMA
mapwpymusamopamu. Mexay ysnamu A u B janHol cetn
IIpoJieraeT ABa Mapwpymas:

5 TIEPBBIA — Yepe3 Mapwpymu3amopsl 1 1 3,
° BTOPOU — Uepe3 Mapupymu3amopsl 1,2 U 3.

MaplpyTusaTopsi Cetb 3
1 3

Cetb 2

IPRP! A3




3ajavum MapLipyTm3aLmm

- IIpo6sema BbIOOpa HAWIYUIIETO ITyTU Ha3bIBAETCS MapIIPyTHU3aIUe, 1 ee
pelleHue ABJIACTCA O/IHOM U3 ITIaBHBIX 3314 Cemes020 YPOsHs.

« Jra npobiieMa OCI0XKHAETCA TEM, YTO CAMBIM KOPOTKHUH IyTh — HE
BCErJa CaMbIH JIyJIITUH.

- KpurepueMm npu BbIOOPE Mapupyma MOKET CIYKUTH BPeEMs Iepefadu
JaHHBIX:
« Bpewms 3aBuCHUT OT IIPOITYCKHOM CIIOCOOHOCTU KaHAJIOB CBSA3U U UHTEHCUBHOCTU
Tpaduka, KOTopas MOKET C TEUeHHEM BpPEMEHHN U3MEHSThHCSA.
« Bw100p Mapuwpyma MoKeT OCyIIEeCTBIATHCA U MO APYTUM KPUTEPUAM,
TaKUM KaK HA0eiCHOCMb Iepegadm.

* OYHKIUU Cemeso20 YposHs MKPE, YeM QYHKIIUHU MEPEAAYN COOOIIEHUH 10
CBA35IM C HECTAHZAPTHOU CTPYKTYPOU, KOTOPbIE MBI PACCMOTPEJH Ha
npuMepe 00beIMHEHUA HECKOJIBKUX JIOKAJIbHBIX CETEM.

» Cemesoil yposeHdb TaKKe PEIIAET 3a/]aUu COTTIACOBAHUS Pa3HbIX
TE€XHOJIOTHH, YIIPOIIIEHHs adpecauuu B KPYIIHBIX CETAX U CO3/IaHUS
HaJIeXKHBIX U THOKUX 0aphepOB Ha IIyTH HEXKeJIaTeJIbHOro TpaduKa MEKAY
CeTAMMU.



MapLpyTM3UpyEMbIN MPOTOKOJ

e MapumpyTu3supyeMbIt IIPOTOKOJI — CETEBOU
IIPOTOKOJI, KOTOPBI 0OecIiedruBaeT B aJipece CETEBOTO
YPOBHS JIOCTaTOYHO MH(POPMAaIUU, UTOOBI IIEpelaBaTh
IIaKeT OT OAHOH XOCT-MAIIIUHBI K IPYTON Ha OCHOBE
IIPUHATOH CXEMBbI a/IpEeCAL[UH.

» MapuipyTusupyeMbIld IPOTOKOJI OOpezieisaeT popMar U
Ha3Ha4YeHUe MoJ1ed BHYTPH MaKeTa.

- B 00111eM ciydyae makeThl IIEPEHOCATCS OT OJHOU
CTAHILIUHU K JIPYTOMU.

 [Ipumepsl MapIpyTU3UpPyeMbIX IPOTOKOJI0B — [P, IPX.



[IpOTOKO/Ibl MapLUpyTHU3aLMNK

 IIpoTOoko0JI MapuIpyTU3alUU — MOAAEPKUBAET MaPIIPYTU3UPYEMBIi
IIPOTOKOJI 3a CUET MMPEAOCTABJIEHUS MEXaHU3MOB KOJIJIEKTUBHOT'O
HCII0JIb30BAHUS MapIIPYTHON MH(POPMAIIHH.

» Coo0I11eHMs TPOTOKOJIa MapIIPYTU3AIUU IIUPKYJIUPYIOT MEXKIY
MapIIpyTHU3aTOpaMu AJi1 oOMeHa HH(OopMaIlii U aTyaJIu3alin
JaHHBIX TaOJINUIT MapIIPYTHU3AIIHH.

« IIpuMepsl IPOTOKOJIOB MaPIIPYTU3AI[UU:

s RIP — mpoTOKOJ MapuipyTHOM UH(pOPMaIUU;
s IGRP — nIpoTOKOJI BHYTPEHHEN MapUIPyTU3AIUN MEXK/TY ILII03aMU;

s EIGR — ycoBepIiieHCTBOBaHHBIN MPOTOKOJI BHYTPEHHEN
MapIIPYTU3ALNHA MEXAY IIJTI03aMU;

s OSPF — 11poTOKO/I MapuIpyTU3aIlii ¢ BRIOOPOM KpaTJaKIIero myTH.



ANropmuTMbl MapLLIpyTHM3aLmmn

* BOJIBIIIMHCTBO AJITOPUTMOB MapPIIPYTU3ALUN
MOZKHO CBECTH K TPEM OCHOBHBIM:

s MapipyTu3aiysa HA OCHOBE BEKTOPA PACCTOSHUS —
oIpejeJisieTcs HanpaBJieHne (BEeKTOp) U PacCTOSHIE
710 KaXKJ0T0 KaHaJia B CETH;

o Mapuipyrusanusa Ha OCHOBE OIEHKH COCTOAHUSA
KaHasia (BbIOOp HA OCHOBE KpaT4YauIllero IyTH ), Ipu
KOTOPOM BOCCO34a€TCsA TOUHAS TOIIOJIOTHA BCEH CETU
(1o KpalHeu Mepe, TAe pa3MelaeTcs
MapHIIpyTHU3aTOP);

s 'uOpUAHBIN TOAX0/T, OObEeINH IO
BBINIIEYKa3aHHbIE AJITOPUTMBI.



ANropuTMbl MapLLIpyTH3aLmM No
BEKTOPY pacCTOAHMUA

« AJITOpUTMBI MapIIPYTHU3aIMU Ha OCHOBE
BEKTOPA PacCTOSHUSA (aJITOPUTMBI
bennmana-®opaa) npeaycMaTpuBaOT
IIEPHOINYECKYIO IIepefavy KON @
TaOJIUITBI MAPIIPYTHU3AIUU OT OJHOTO
MapLIPYTU3aTOpa JIPYTOMY. / \
o Takue rnepeaadyu 1103BOJIAIOT
AKTYAJIN3UPOBATb USMEHEHHA B TOIIOJIOTN

CETH. @
Kax1pIii MapIIpyTU3aTop HOJIydaeT @ v
MH(OPMAIINIO OT COCETHETO
MapIIpyTu3aTopa.

ITpu noGasyiennu nHGOpPMAIIH B \ /
TabJIUITy MapIIPyTU3AIINU JI00aBIsSETCs @
BEJIMUMHA, OTPaXKAIoIas BEKTOP u
paccTosiHUsA (HalmpuMep, Yrcio

IIEPEXO0/I0B) U Jlajiee MH(popMaIus

IepeiaeTcs CaeayIIEMY

MapIIpyTU3aTOpPYy.



ANropuTM MapLLpyTM3aLMM N0 BEKTOPY

PaCCTOAHUA U UCCNedOoBaHNIO CETU

» B JaHHBIX aJITOPUTMAaX KaXK/IbIF MapIIPyTHU3aTOP
HadMHAaET C UAeHTU(PUKAIINN UIN UCCIIEAOBAHUA CBOUX
cocesen.

o JIOPT K KaXXZI01 HEIIOCPEICTBEHHO MOAK/II0UEHHOU CETU
HMMEET HYyJIEBOE PACCTOAHHE.

 IIpomosrkad nporiece uccjaeJ0BaHuA BEKTOPOB
PaCCTOSHHUSA B CETH, MAPIIPYTU3aTOPHI OTKPHIBAIOT
HAWJIYYIINH IyTh 0 CETH IIYHKTA Ha3HAaYEeHUsI Ha
OCHOBe MH(pOPMALIUH OT KaxKA0TO0 coceaa.

« Kakziasa 3amuch B Ta/Idie MapIIPyTU3alliu UMEET
KOMMYJIATHUBHOE 3HAaUYEHNE BEKTOPA PACCTOSAHUA,
[I0Ka3bIBaOIIasA HACKOJIbKO JAJIEKO JaHHAA CEThb
HaXOJUTCSA B 5TOM HaIIpaBJIEHUH.



ANropuTM MapLLpyTM3aLMM N0 BEKTOPY
PACCTOSAHMA U UBMEHEHME TOMOJIOTUM

 IIpu u3mMeHeHUU TOIIOJIOTHU CETH, UCIOJIL3YIOIIEeN IPOTOKOJI Ha
OCHOBE BEKTOPa PaCcCTOSHUS, Ta6J1HubI MapIIPYTHU3aINU JOJIKHBI
OBITH OOHOBJIEHBI.

« OOHOBJIEHUE COJIEp:KAHUA TaOIUI MaPIIPYTU3AIUN BbITIOJIHIETCS
I1ar 3a I1aromM OT OJJHOT'0 MapUIPyTU3aTopa K APyromy.

« AJITOPUTMBI C BEKTOPOM PACCTOSHUA 3aCTABJIAIOT KaXK/IbIU
MapHIIPpyTU3aTOP OTChLIATh BCIO TAOJIUITy MApPUIPYyTU3AITUU KaXKIOMY
CBOEMY HEIIOCPEJICTBEHHOMY COCeJly.

 TabJuIbl MapIIPYTHU3AIUH, reHeppreMble B paMKax MeTojia
BEKTOpAa paCCTO}IHI/I}I coZiep>KaT UH opmaumo 00 o011en
CTOMMOCTH ITyTH (MeTpHUKa 5)1/1 JIOTUYECKHH a/[peC MapIIpyTU3aTOPa,
CTOSIIIEro Ha MyTH K KaXKJ0W U3BECTHOI €MY CETH.



MapuwpyTmnsauma c y4eToM COCTOAHUA
KaHa/la CBA3U

« AJITOPUTMBI MapUIPyTU3aLUU C YYETOM KaHajia CBA3U
TaK;Ke Ha3bIBAIOTCA a/120PUMMbl 8b100PA NEPE020
kpamuaiiwezo nymu (shortest path first, SPF).

o AJITOPUTMBI HallpaBJeHbI Ha IIOAJIEPKKY O0a3bl ITaHHBIX O

TOIIOJIOTUM UH(MOPMAIMOHHBIX IIOTOKOB.
» JIJ1s1 BRITTOJTHEHHSI MAPIIPYTHU3AIIMH 110 JAHHOMY
aJITOPUTMY HCIIOJIL3YIOTCS CIIeIaIbHbIE COOOIeHUA
00BABIeHNH 0 cocTogHnU KaHasia (link state
advertisements, LSA), 6a3a janubix Tomnosioruu, SPF-
aJITOPUTM, pe3yJabTupytolnee SPS-zepeBo u tabauia
MapHIIPYTU3AIUH, COAEP-KAIAA ITyTU U IIOPTHI K KAXKI0U
CETH.



PeXXM nccnenoBaHMa ceTu

- B pexxume ucciieIoBaHUSA CEeTHU IIPU MaPIIPYTU3AIUH C YYETOM
COCTOSTHUA KaHaJla CBA3U UCIIOJb3YETCH CIIEAYIOIIUN TTOAXO0;

s MapipytusaTopbl 00MeHUBaOTCA LSA-coo01meHuAMU, HaYuHas ¢
HEIIOCPE/ICTBEHHO MOAKJIIOUEHHBIX MapUIPYTU3aTOPOB;

o MapIIpyTHu3aTOPHI IIapaJIeIbHO APYT C APYTOM TOIIOJIOTHUECKYIO Oa3y
JaHHBIX, coAep:KaIryio Bce LSA-cooO1ieHus;

° SPF-ajiIropuT™ BBIYUCIISET JOCTHKIMOCTD CETeH, OIIPEeIsst
KpaTYauIluu IMyTh 10 KAKIOU CETH KOMIUIEKCA. MapmpyTnsaTop
CO3/Ia€eT 3Ty JIOTUUYECKYIO TOIIOJIOTUIO KpaTUYaulllvuX ImyTeu B Buge SPF-
7epeBa, moMelas cebs B KOpeHb. ITO AepeBO OTOOpaKaeT MyTH OT
MapIpPyTHU3aTOpa A0 BCeX IMYHKTOB Ha3HAUEHUS.

. HaI/IJ'IquII/Ie IIYTHU 1 I1IOPTbI, UMEIOIIIME BbIXO/ HA OTH CETHU HA3SHAYECHUA,

CBOJSATCA B TaOJIUITBI MapIIpyTusanuu. Tak:ke popmupyercs: 6a3bl
JQHHBIX C TOIIOJIOTHYECKUMH 3JIEMEHTaMU U IIOAPOOHOCTSAMU O CTaTyCe.



O6paboTKa M3MEHEHMU TOMOJIOTUM B
NPOTOKOJ/1ax MapLLpYTM3aLIUM

e AJITOPUTMBI y4eTa COCTOSTHUA KaHaJla CBA3U OJIaraloTCA Ha
MapIIIpyTU3aTOPbl, UMeEIOIIUe 00Iliee IIpe/iCTaBIEHHE O CETH.

o JIJ1s1 TOCTUKEHMA CXOAUMOCTH KaXKJbIU MapIIPyTHU3aTOPD
BBIIOJTHSAET:

= OTecliekuBaeT CBOUX coce/iel: uMs, pabouee COCTOSTHHE U CTOUMOCTD
JIMTHUU CBS3U;

o Cosmaer LSA-11akeToB, B KOTOPOM IIPUBOJUTCA IIepeYeHb UMEH
COCEIHUX MapIIPYTU3aTOPOB U CTOUMOCTDb JINMHUU CBA3U, A TAKKE
JlAaHHBIE O HOBBIX COCESAX U 00 U3MEHEHUAX B CTOUMOCTHU JIMHUU;

o [TocburaeT LSA-mmakeT Ha ApyTryue MaplipyTU3aTOPhI;
s TTosyuas LSA-miakeT, 3aIChIBA€ET €ro B 0a3y JJaHHbIX;

s Mcnosb3ys HaKOIJIeHHbIEe JaHHble LSA-TIakeTOB A1 CO3jaHUA OJTHOU
KapThI TOIIOJIOTUH CETHU, MAaPILIPYTU3aTOP 3allyCKAeT Ha NCIIOJTHEHHE
SPF-anroputm u paccyuThIBaeT ONTUMAaJIbHbIE MAPIIPYThI 10 KAXKIOU
CEeTHU.



CpaBHEHME MeTo40B MapLLpyTU3aLUM

o IIporecc mapuipyTu3anuu o BEKTOPY PacCTOAHUA
IIOJIy4aeT TOIOJIOTHUeCcKUe JaHHbIe 13 TaOIHI]
MapuUIpyTU3aIluu COCEAHUX MapIIpyTHU3aTOPOB.

o [Iponiecc mapuipyrusanuu SPF 1103BoJIAET IIOIyYUTh
IIIUPOKOE MpeAcTaBIeHre 000 BCEX TOTIOJIOTUH CETEBOTO
KOMILJIEKCa, coOupasi JaHHble U3 Bcex LSA-makeToB;

o IIporecc MmapuipyTu3anuu o BEKTOPY PacCTOAHUA
OIIpEeieIseT JYUIINU IIYTh C IIOMOIIBIO CJA0KEHUS
MeTPHK M0 Mepe TOro Kak TabJiuIia IBUKETCA OT OTHOTO
MapuipyrusaTtopa K Jpyromy.

o [Ipu ucrosb30BaHUM MapiIpyTusdanuu SPF Kakabii

MapIIPyTU3aTOP paboTaeT OTAEIbHO, BEIUHCIASA CBOU
COOCTBEHHBIN OIITUMAaJIbHBIN IIYTh;



CpaBHeHME MeTO/0B
MapLLpyTH3aLUmM

B 60JbIINHCTBE MPOTOKOJIOB MapIIPYyTU3AIIUH MO
BEKTOPY PaCCTOSAHUS MAKEThI aKTyaJIn3aluH,
cojziepsKallye cBeJeH1s 00 U3MEeHEeHMIX TOIIOJIOTHH, -
IIEPUOUYECKHU IIOChLIaeMbIe TAKETHI AKTyaJIn3aluU
TaOJINII.

° JTH TaOIUIIBI TEPEATOTCS OT OTHOTO MapIIPYTH3aTOpa K
IPYyroMy, UTO IIPUBOUT K MEJIEHHOU CXOAUMOCTH;

« B mporokosiax mapiupyrusanuu SPF makeTsl
aKTyaJIn3alliy TeHEPUPYIOTCA U PACChLIAIOTCA 10 PAKTY
BO3HUKHOBEHM S U3MEHEHUS TOMOJIOTHH.

o OTHOCUTEJIbHO Hebosibine LSA-TTakeThl nepegaloTcsa BCeEM

MapInpyTH3aTopaM, YTO IPUBOAUT K 00Jiee OBICTPOM
CXOAUMOCTH IIPU JIIOOOM M3MeHEHUU TONOJIOTUU CETH.



