14. MapLwpyTnsauma cbeC
cllefeHe CbCTOAHMETO Ha
Bpb3KaTa.

MepapxuyHa MapLupyTnsaums



Link State vs. distance vector

NHdpopmauymsaTta B egmH distance vector (DV)
€ CpaBHMMA C NbTHUSA 3HaK.

[okaTo link state (LS) npoTtokonuTte ca nbTHa
KapTa.

LS pyTepbT MMa NbiHa KapTuHa Ha MpeXxarTa
N 1N NO-TPYAHO LUEe B3eMe HenpaBuUITHO
peLleHue.

DV mapLupyTusupat no cryxose.



Link State. OcobeHocTw.

LS — nogaBa Ha cbceauTe e MHopmMaLuns
3a ANPEKTHO CBBbP3aHNTE BPB3KU U
CbCTOSAHMETO UM (3aToBa e link state).

Tasn nHdpopmauuna ce nogasa OT PyTep Ha
pyTEP, BCEKU A KONMpa, 6€e3 Aa 9 NpoOMeEHS.
Bcekn pytep nma ngeHtn4dHa nHgopmaums
3a Mpexara.

Bceku pyTep cam 3a cebe cu nsdmcnsia Haum-
nobpute nbTuLla OO0 CbOTBETHUTE
npedoukcu.



Anroputbm Ha Dijkstra

LS npoTtokonute - shortest path first nnu
distributed database, ce 6a3upaT Ha
anroputbma Ha E. W. Dijkstra - shortest path.

TaknBa NpoToOKONM ca:

- Open Shortest Path First (OSPF) 3a IP;

- Intermediate System to Intermediate
System (1S-1S) Ha ISO 3a CLNS u IP;

- Optimized Link State Routing Protocol
(OLSR - rfc36206).



CLNS

CLNS (Connectionless Network Service).

OSI| Network Layer ycnyra (3a pasnuka ot
CONS - Connection-Oriented NS) He
M3NCcKBa a ce yCTaHOBMW KaHarnl.

CLNS mapuipytusmpa cbobLieHusa o
OecTMHauuaTa HeE3aBMCUMO OT APYrn —
message switching.

B OSI CLNS e ycnyra, ocurypeHa ot CLNP
(Connectionless Network Protocol) n
nsnonssaHa ot TP4 (Transport Protocol
Class 4).



CLNS

Ho CLNP He ce nanonssa Internet, BMecTo
Hero |P.

Bce nak MHOro Tefniekom ornepaTtopuTe oLle
nanonssat CLNP.

3awoTo IS-IS (OSI layer 3 protocol) e
npusHat oT ITU-T kaTo npoTtokon 3a
ynpasneHune Ha SDH (Synchronous Digital
Hierarchy).

OKoJ10 Hac — akageMuyHaTa Mpexa B
PyMbHUA.



[leT OCHOBHU 0EeNCTBUA

[Tpn mapLupyTmnsaumsaTa cbC cnegeHe
CbCTOAHMETO Ha Bpb3KaTa

(link state routing) Bcekn mapLupytmusaTtop TpsbBa
[la U3BbPLLBA CrieAHNTE NeT OCHOBHMU
OEVNCTBUSA:

1. OTKpUBaHEe Ha CbCeAHUTE MapLLUPYTU3aTOPU U
TEXHUTE MPEXKOBU apeCH.

2. /lamepBaHe Ha CTOMHOCTUTE Ha BPb3KUTE OO0
cbCeOHUTE MapLUIPyTU3aTOPW.

3. KOHCTpyupaHe Ha nakeTun ¢ MHpopmauua 3a
CbCTOSHMETO Ha BPb3KUTE.



[leT OCHOBHU OEeNCTBUA

4. I3npallaHe Ha Te3n nakeTtu 4o BCUYKMK
oCTaHanu MmapLipytTusaTopu.

5. l3ayncngaBaHe Ha Han-KbCUSA NbT OO0 BCEKU
MapLIpyTU3aTop B Mpexara.



Pe3ynTtaT OoT Te3n OencTBugA

B pe3ynTtaTt Ha Te3n NeT AeUCTBUA ce
cbOuMpa 1 pasnpocTpaHsiBa 4O BCUYKU
MapLupyTmM3aTopu MHopmMauna 3a uanara
TOMOSIOrnsl Ha MpeXarTa.



OTKpuBaHe Ha cbCceaHuTe
MapLLUpyTn3aTopn

Cnen BKMNHYBAHETO HA euH
MapLUpyTM3aTop HEropaTa nNbpBa 3agava
€ Jla Hay4n Kou ca cbceauTte my.

ToBa ce nocTtura 4pes msnpatiaHe Ha “exo”
NakeT Mo Bcsika OT U3XOoOsLMTE NMIUHUN Ha
MapLupyTmsaTopa.

OT cBOSA CTpaHa, BCEKM OT CbCeaNTE

OTroBaps KaTto cbobulaBa UMETO cu. ToBa

nve TpsabBa ga Obae yHUKanHo B Mpexara.

(Hanpumep, |IP agpec Ha HSKoW OT

nHTEepdencure.)



OTKpuBaHe Ha cbCceaHuTe
MapLLUpyTn3aTopn

AKO OBa Unu noseYye MapLupyTmsartopa ca
CBbp3aHu B MﬁG)Ka C OOLOO0CTBIMHO NpeaaBaHe
(Hanpumep Ethernet), oTkpuBaHeToO Ha cbceaguTe
€ MaJiko No-CII0XHO.

EAanH Bb3MOXeH HauyuH 3a npeacraBaHe Ha
BPBb3KUTE MeXay TAX € Aa ce BbBede
OONMbITHUTENEH Bb3es, KOUTO Aa OTroBaps Ha
obulaTa cpena 3a rnpegaBaHe.



VIamepBaHe Ha LleHUTe Ha
BPBb3KUTE

Bcekn mapLupyTtmnsaTtop TpsibBa aa Moxe ga onpeaenu
BpeMe-3aKbCHEHMETO JO CBOUTE CbCeaMW.

Han-npocTnAT Ha4YMH € MapLLpyTU3aTopbT Aa u3npaTu
"exo" nakeT KbM BCEKM CBOW CbCe Ha KOUTO TpsAbBa
OVPEKTHO Aa ce OTroBOpPM.

BpemeTo OT u3npawaHeTo Ha "exo" nakeTa 4o nonyyasaHe
Ha OTroBopa ce Aefin Ha ABE U NO TO3U Ha4uH ce
nony4yaBa BPEMETO-3aKbCHEHME OO0 CbOTBETHUSA CbCep.

3a No-To4yHO n3MepBaHe, TO3U NPoLEeCc MOXe Aa ce
NOBTOPM HAKOMNKO MbTU M Aa Ce B3eMe cpefHaTa
CTOMHOCT.

To3u meToq npeanonara, Ye Bpb3KUTE Ca CUMETPUYHM,
KOETO He BUHAaru e BSAPHO.



VIamepBaHe Ha LleHUTe Ha
BPBb3KUTE

,El,pyr BbMNpocC € Aalu rnpm namepBaHeTo ja C€ B3NUMaA
npeanBna HaToBapeHOCTTa Ha Bb3J1UTE.

PasnukaTta ce noctura B 3aBMCMMOCT OT TOBa Kora
MapLUpyTU3aTopbT cTapTMpa N3MepPBaHETO:

KOrato MakeTbT MNOCTblIBa B CbOTBETHATA U3XOA4LLA

onalwika nJinm KoraTto rnakeTbT Cce NnpmnasmXxm B Ha4aroTo
Ha OlfaLuKaTa.

BknoyBaHeTo Ha HAaToOBapeHoCTTa Ha Bb3NnTe nma
npeaMMmcTBa U HegocTaTbLM.

[lpegnmcTBOTO €, Ye OT ABe NUHUN, KOUTO MMaT eaHaKBa
CKOPOCT 3a Mo-KbCa Lle Ce cyMTa No-HeHaToBapeHaTa
nuHuA. Toea We goseage Ao no-royigma ePeKTUBHOCT.



VIamepBaHe Ha LleHUTe Ha
BPBb3KUTE

HenocTaTbKbT MOXe Aa ce UNCTpupa CbC cneaHns
npumenp.
Heka egHa mpexa e pasgerneHa Ha ABe 4acTu, KOUTO ca
CBbp3aHu Ype3 ase nuHum A n B.

[la npegnonoxum, 4e B AageH MOMEHT MNo-rofiaimMaTra vacT
OT Tpadouka Mexay ABeTe YacTu Ha MpexaTta MMHaBa o
nmHua A.

Toraea npu cnegBalloTo U34YMCNIABAHE HA MapPLUPYTHUTE
Tabnuum TpaduKbT LE Ce Haco4M KbM No-gobparta
nmHu4A B.

To3u npouec e ce noBTaps LUKNNYHO U LWe agoBeae Ao
HecTabunHocT B paboTaTta Ha MpexarTa.



link state packets

Cnep kaTto cbbepe HeobxogmmaTa MHPOPMaLIUS
3a CbCTOAHNETO Ha BPb3KUTE CU, criegBallaTa
3aflaya Ha MmapLupyTusaTopa e ga KOHCTpyupa
nakeT, KOUTO CbAbpXKa Ta3nm MHPopMaLua.

[NakeTbT TpsAOGBa Oa cbAbpXkKa YHMKANTHOTO MME Ha
nogartens, nopeaeH HoOMep, CPOK Ha rogHOCT U
CMUCBHK CbC CbCeaMTe Ha NoaaTens, KaTto 3a
BCEKM CbCe[] € yKa3aHa LeHaTa Ha Bpb3KaTa go
Hero.

OnpenenaHeTo Ha MOMEHTA, B KOUTO TpsibBa aa
bAaT NOAroOTBEHM N N3NPaTEHN NaKeTUTe, e
Ba)KHa 3agadva.



link state packets

EAnH Bb3MOXeH Ha4yMH € ToBa Ja cTaBa rnpea3
onpepgerieHn paBsHn MHTeEpBalin OT BPEME.

Npyra no-gobpa Bb3MOXXHOCT € nakeTuTe ga ce
NOAroTBAT U M3npaLiat camo Npu NPoMsiHa B
TOMororusaTa Ha Mpexara - cnef oTnagaHe unu
NosiBa Ha HOB CbCe UNKW NPOMSIHA B LieHaTa Ha
HAKOS Bpb3Ka.

Heka pa pasrnegame cnegHaTta npuMmepHa Mmpexa.
PebpaTa nmat eTUKeTU CbC CbOTBETHOTO
BpeMe-3aKbCHEeHMe.



link state packets

[lakeTUTE CbC CbCTOAHUETO 3a BPBb3KUTE 3a

LHeCTTe MapLlpyTn3aTtopa uarrnexgart Mo
crnegHna Ha4dunH.

Link Stale Packels




Pa3npocTtpaHaBaHe Ha link state
packets

Haun-cbllecTBeHaTa 4YacT Ha anropmtbMa €
HaOdeXOHOTO AOCTaBAHE Ha NakeTuTte C
MHOpMaLMATa 3a CbCTOAHUETO Ha Bpb3KaTa
00 BCUYKM MapLUPyTU3aTOPW.

3a pas3npocTpaHeHNeTOo Ha NakeTuTe ce U3noJsi3Ba
MeTOAbT Ha HaBoaHABaHeTo (flooding). Npwn
Hero BCEKU MakeT ce mnarpatlia no BCUYKU JINHUN,
OCBEH NMHUATA MO KOATO € NPUCTUrHar.



Pa3npocTtpaHaBaHe Ha link state
packets

ObpaboTKkaTa Ha BCEKM MPUCTUTHAI NakeT 3ano4vsa
C NMpoBepKa Aanu NnaketbT UMa NO-rofigam
nopeneH Homep B cpaBHEHWE C Hau-rornemMus
nopegeH Homep, KOUTO e NPUCTUrHan 4o To3wn
MOMEHT OT TO3M U3TOYHUK.

AKO HOMEPBT € Mo-rofiaMm, MHgopmMauumaTa oT
nakeTta ce 3anucea B TabnuuaTta ¢ nHpopmaums
32 CbCTOSIHME Ha BPb3KUTE N NAKETHLT CE
npenaBa Mo octaHanute NUMHUN.

AKO HOMEpPBHT € NO-MasrnbK UK paBeH, NakeTbT Ce
OTXBBLPIIS.



[lopegeH Homep

To3n anropnTbM MMa HSKOW NpodnemMw.

AKO nopegHuUAT HOMep He € A0CTaTbyHO
ronigM, TOM MOXe Oda Ce NPeBBLPTMW.

3aTtoBa ce nanonasart 32-01UToBU NopeaHn
HoMepa.

AKo npuctura 1 nakeT/s, TO 3a NPeEBbPTAHE
Ha HoMepa Le ca Heobxoanmm okono 137
rOAVHMN.

Ako npuctura 1 naket/10 s (Ha npakTuka) -
1361 rogunHn.



[lopegeH Homep. [pumep.
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[lopeneH Homep. [1pumep.

Cvoutne: npedpukc 172.22.4.0 (pytep A) otnaaa.

A pasnpocTtpaHaBa (flood-ea) LSA Ha cbceom B v
D. B n D Ha TexHUTe cbcean un T.H.

Ha pyTtep C: npuctura LSA ot B B MOMEHT t1,
Bnn3a B Tonon. bl Ha C n ce otnpass KbMm F.

B t3, npuctura cbLoTo Konme Ha LSA no nbta A-D-
E-F-C.

PyTtep C Beve nma LSA B Tonon. bl n Hama ga ro
otnpasu kbMm B. lNopegHnat Homep Ha LSA oT F e
paBeH Ha LSA ot B.



[lopegeH Homep. [1pumep.

Btopo cbbutne: 172.22.4.0 naga n cnepg toBa ce
BOMUra.

Pytep A nanpawa LSA 3a nagaHeTo ¢ Homep 166.
Cnep ToBa HoB LSA 3a BguraHeTo ¢ Homep 167.

Pytep C nony4daBa “nagHanoto LSA™ n cnen toBa
“‘BaurHato LSA” no nbta A-B-C, HO no-kbcHo LSA
oT A-D-E-F-C path.

KakBo Lelle Aa cTaHe, ako HAMalle nopeaeH
HomMep (sequence number)?

Ho LSA 167 Beuye e B Tonorn. bl n 3akbcHaAno LSA
166 He moxe aa 3abnyau pytep C.



[lone 3a cpoK Ha rogHoCT

B noneto 3a cpok Ha rogHOCT MapLUpyTU3aTOPbT-
nogarten ykassa NpoAbIDKUTENHOCTTa Ha_
MHTepBara oT BpeMe B CEKYHAU, NMPe3 KOUTO

npeHacsaHaTa oT Hero nHpopmauyma Tpsabea ga
ce cuyuTa 3a BanugHa.

Bcekn mapLupyTnsaTop, KOUTO nonyvun nageH
nakeT HamansaBa Cc eauHMLa CTOMHOCTTa Ha ToBa
none npegn ga ro npegage KbM CBOUTE CbhCceau.



[lone 3a cpok Ha rogHOCT

OcBeH TOBa, crnef Kato MapLupyTU3aTopbT 3anuLule
OJAaHHUTE OT rnakeTa B cBosiTa Tabnuua, Ton
npoabinKaBa ga Hamansaea cpoka Ha rogHoCT Ha
Te3u JaHHU Ha BCsIKa credBalla cekyHaa.

AKO cpoka Ha rogHocT cTtaHe 0, JjaHHUTe ce
n3TpuBar.

[lo TO31 Ha4YMH ce npemMaxBa onacHOCTTa ocTapsana
MHOopMaLMA 3a CbCTOSIHUETO Ha BPb3KMUTE [a ce
pa3npocTpaHsaBa 1 N3Non3Ba npekaneHo AbMro
BpeMe OT MapLupyTmM3aTopuTe.



Tabnuua ¢ nHpopmauunsa 3a
CbCTOAHMETO Ha BPB3KUTE

TabnuuaTta ¢ nHdopmaLma 3a CbCTOAHNETO Ha

BPB3KUTE, KOATO CE UN3IMOJI3Ba OT

MapLipytusaTtop B npumepa B cnavg 17
narnexaa npuMepHo No crneaHns HaunH:

Send flags

ACK flags

r_,.h.._". e
Source Seq. Age A C F A C F Data
A 21 60 al1 11 1(0|0
F 21 &0 110|001
E 21 59 g1 o101
c 20 &0 101 [0 |1 |0
] 21 59 1 (00|01 1




Tabnuua ¢ nHpopmauunsa 3a
CbCTOAHMETO Ha BPB3KUTE

Bcekun pen ot Tabnuuarta cbOTBETCTBA Ha NPUCTUTHAr, HO
BCe oLlle HeobpaboTeH nakerT.

[ToneTto Source e N3TOYHUKBLT Ha nakeTa, Seq € nopeaHusaT
MYy HOMep, Age e CPOKbT Ha roaHOCT.

C BCeKkM nakeT ce cBbp3BaT doyiarose 3a usnpatlaHe (send
flags) n pnaroee 3a notebpxaeHue (ACK flags) 3a
BCAKa OT U3XO4HUTE NIMHUM Ha MapLupyTusaTtopa B.

dnaroseTe 3a nanpatlaHe ykassaT Nno Kou nuHum Tpsibea
[a ce nanpaTtu nakeTa.

dnaroBeTe 3a NOTBbPXAEHUE YKa3BaT MO KO JIMHNN Oa Ce
N3npaTn NOTBbPXKAOEHUE 3a MNOJ1IyHaBaHETO Ha MNMakeTa.



Tabnuua ¢ nHpopmauunsa 3a
CbCTOAHMETO Ha BPB3KUTE

AKo B B npucturHe ayonukaTt Ha HSKOM OT
nakeTute B Tabnuuara, To CbOTBETHUTE
donarose TpaAbBa ga ce aktyanuaunpar.

Hanpumep, ako npucturHe ayonukart Ha
nakerta cbC cbcToaHMeTo Ha C oT F,
npegn To3u nakeTt ga obae npenparteH
KbM F, TO doniaroBeTe 3a nanpatljaHe Ha
nakeTa we ce npomeHAaT Ha 100, a
doniaroBeTe 3a NnoTBbpXAeHue - Ha 011.



Tabnuua 3a CbCTOAHMETO Ha
Bpb3kuTe. Link State Database.

RA [2 4 RD /
1

2
. 10 2
RB | 1 RE 2 6 RH
5 2 4



Link State Database. 13Bne4veHue.

RA RD 4

RB RA 2

RB RE 10

RC RF 2




N3uyncnasaHe Ha HOBUTE
MapLLUPYyTU

Crnep kKaTo eanH MapLupyTM3aTop MoJlyyu NbiiHa
MHpopMaLmA 3a CbCTOSIHMETO HA BPBb3KUTE Ha
BCUYKM OCTaHann mapLupyTnsaTopu, TOl MOXe
na NpUoXu anropuTbma Ha [emkeTpa.

BCbLIHOCT BCAKa Bpb3Ka ce npeacrtaBs ABa NbTH,
No BeAHbX 3a BCsIKa rnocoka. [lBeTte ueHn morat
Oa ce ycpeaHAT unu ga ce nsnonssaT OTAEsHO.



[bpBOTO HA HAU-KBbCUA NbBT




3umncnaBaHe Ha HOBUTE MapLUPYTK

N3uncneHnTe mapLipyTu ce 3anucearT B
MapLUPYTHUTE Tabnuuw.

HeobxoanmaTta namMmeT 3a CbXpaHaABaHe Ha
MHpopMaLUATa 3a CbCTOSIHUETO Ha BPb3KUTE 3a
MpeXa ¢ N MapLUpyTn3aTopu, BCEKU OT KOUTO UMa
no k cbcean e nponopumoHarnHa Ha nk.

Taka ronemuTe No pasmep Mpexu n3nckeat
M3non3BaHe Ha MapLUpPyTM3aToOpPU C ronsiMm ooem
namer.



MlepapxuyHa mapLupyTusaums

C yBenun4yaBaHETO Ha pa3MepuTe Ha MpeXxaTa HapacTea
00eMbT Ha MapPLUPYTHUTE TAabNMUKU, KOETO N3NCKBA
noBeye nameT U NPOoLECOPHO BpeEME 3a TaxXHaTa
obpaboTka.

ToBa Hanara BbBeXXgaHeTo Ha nepapxmuyHo
MapLipyTmn3npaHe, npu KOETo MpexaTa ce pasaens Ha
obnacrtu.

MapwpyTusatopute B egHa obnacTt 3HasAT BCUYKO 3a
BbTpELUHaTa CTPYKTypa Ha cBosiTa obnacT, HO He 3HasAT
BbTpeLIHaTa CTPYKTypa Ha ocTaHanuTe obnacTu.

3a No-rofieMmn MpeXun MoXxe ga € Heobxogmma nepapxus c
noseye OT ABEe HMBA.



[lpumep Ha mpexa ¢ nepapxmyHa
MapLUpyTU3auus Ha gBe HMBa
KaTo npumep ga pasrnegame criegHaTta Mpexa C

nepapxmyHa mapLupyTtmsaums Ha ase HUBa.
MeTpukaTta e B Xxonose.
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[Tpumep (npoa.)

[TbnHaTa Tabnuua Dest. _Line _ Hops
1.8 — -
3a 1B 1B 1
12 1 1
MapLupyTmsaTopa e 1
1A cbaobpxa 17 28| 1B 3
2 12 3
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[Tpumep (npoa.)

CbKpaTeHaTa Tabnuua 3a maplipyTtusatopa 1A
cbAbpKa / pega n uma cnegHua BuA;:
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[Tpumep (npoa.)

B Hesa ca 3ana3eHn MapLUpyTUTE KbM
HanpasreHuaTa B "obnact 1".

MapLipyTnte KbM HarnpaBfeHUsiTa B OCTaHanuTe
obnactu ca obo0bLleHn B eanH pef, KaTo ce
n3non3sa MapLupyTusatopa OoT CbOTBETHATa
obnacT, KOUTO e Han-6nm3o0 Ao
MapuwipyTtmsaTtopa 71A.

CnecTsABaHETO Ha NaMeT OT MapLLUPYTHUTE
Tabnmuu nma otpuuaTeneH edekT - HAKOU OT
NbTULWATA YBeNM4YaBaT CBOATa AbIKMHA.



[Tpumep (npoa.)

Hanpumep, Han-kbeuat nbT oT 1A go 5C mmHaBa
npes "obnact 2", HO NpN NepapxmvHo
MapLUpyTU3MpaHe e ce U3rnoni3sa NbTAT Nnpes
"obracTt 3", T KaTO TOBa € Nno-aobpe 3a
noBeYyeTo MapLipyTmsaTtopu ot "obnact 5".

AKO n e bpoAaT Ha mapLupyTmM3aTopuTe B edHa
MpeXa, MOXe [a ce nokaxe, 4e onTuManHusT
6pon obnacTtu, BCsAKa € rno paBeH 6poun
MapLupyTM3aTopu, € Han-61M3KoTo LANo Ao h
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