ROUTING

Part 3.



EIGRP

Enhanced Interior Gateway Routing Protocol



EIGRP ncnonbe3yeT 5 Tnos coobuieHumn

Hello — mapuipyTusaTopsbl ncnonb3aytoT hello-nakeTbl Ana obHapyxeHus coceaen.
[MakeTbl oTnpasnsaTcs multicast n He TpebyoT NoaATBEPXKOEHNSA O NOSTYHEHUN.

Update — coagepxutca nHpopmaumns 06 nameHeHmn mapipytos. OHu
OTNPaBNSAKTCS TONbKO MapLUpyTu3aTopam, KOTOpbIX Kacaetcst oObHoBNeHne. I3Tu
nakeTbl MOryT ObITb OTNPaBNEHbl KOHKPETHOMY MapLipyTu3aTtopy (unicast) nnm
rpynne mapwpytumsatopoB (multicast). NonyyeHne update-naketa noaTeepxgaeTrcs
otnpaBkon ACK

Query — Korga mapLupyTu3aTop BbINOMHAET NOACYET MapLwpyTa n y Hero Het feasible
SUCCesSsor, OH OTNpaBrsieT query-nakeT CBOMM coceasm Ans Toro YTobbl onpenennTb
HeT nu feasible successor gna atoro destination y HUX. OBbIMHO query-nakeTbl
oTnpasnsTca multicast, HO MoryT ObITb 1 unicast. Nony4eHne query-nakeTa
noareepxagaetcsa ornpaskon ACK nonydartenem nakera.

Reply — mapuwpyTtmnsatop otnpasnseT reply-naket B OTBET Ha query-naket. Reply-
nakeTbl OTNPaBNsOTCA unicast Tomy, KTO oTnpasun query-naket. lNonyyeHue reply-
nakeTa noaTesepxaaetcs otnpaskon ACK.

ACK — nakeT, KoTopbI NOATBEPXOAET NonydeHne naketoB update, query, reply.
ACK-nakeTbl oTnpaBnsatoTcs unicast n cogepxat B cebe acknowledgment number.
dakTndeckn ato hello-nakeTbl, KOTOpPLIE HE NepenatoT AaHHbIX. icnonbayeTcsa
HerapaHTUpoBaHHasi 4OCTaBKa.



Diffusing Update Algorithm
(DUAL)

TepmMmuHonorus:

Advertised distance (AD) — cToMMOCTb pacCToaHUA Mexay
cocegHUM MapLUpyTU3aTOpPOM, KOTOPbIN aHOHCUPYET MapLLPYT U
CETbIO Ha3HaAYEHUS.

Feasible distance (FD) — ctoMmocCTb paccTtosiHusi OT NOKanbHOro
MapLupyTusaTtopa 4o cetn HadHayeHunsa = AD, KoTopoe aHOHCUpYET
cocegHN MapLUpyTmM3aTop + CTOMMOCTb PacCTOSAHUS Mexay
NoKanbHbIM MapLUPyTU3aTOPOM N COCEQHUM MapLLUPYTM3aTOPOM.

Successor — coceHUn MapLupyTmsaTop ¢ nytem 6e3 netenb U ¢
HaMMEHbLLUEN CTOMMOCTbIO MYTU K CETU HAa3HaAYEHUS.

Feasible successor — pesepBHbIii MapLIpyTU3aTop C NyTeM Ges
netenb (AD feasible successor gomkHo 6bITb MeHbLUe Yyem FD
TEKyLLEero MmapLupyTta successor).

Feasible condition — AD feasible successor 0omkHO BbITb
MeHble Yem FD Tekyulero mapLipyta successor.



NMpumep BbIOOpa ny4ywero mapwpyTta u feasible
successor

Eotenun FonLicocennong Craryc mapuwpyra FD AD Feasible condition
MapupyTH3aTop MaplpyTu3aTopa
|R2 “He BblOpaH “He BblOpaH ||R1 R2+R2R5 =70 ||R2R5 =60 “He BbINONHALTCA
R3 Feasible successor PeaepBHbIil MapLupyT R1R3+R3R5 =60 R3R5 =30 !(3;;:: in;c; 422; o
|R4 “Successor ”J‘Iyuumﬁ MapLupyT “R1R4+R4R5 =50 “R4R5 =30 “J‘Iyuu.mﬁ MapLupyT




MeTtpuka EIGRP

MeTtpuka EIGRP ocHoBaHa Ha Takmx 5 KOMMNoHeHTax (Mo yMOn4aHuio
MCNONb3YTCA TOSTbKO ABAa):

« Bandwidth — HaumeHbLas bandwidth mexay source n destination
(Mcnosnb3yeTcs N0 YMOYaHuUIo);

« Delay — cumulative interface delay Bcero nyTu;

* Reliability — Hamxyawnn nokasaterb HaAeXHOCTU Ha BCEM NyTH, Ha
ocHoBaHuK keepalive;

* Loading — HauxygLmin nokasaTerb 3arpy3ku JIMHKa Ha BCEM NYTH,
Ha ocHoBaHuKM packet rate n HacTtpoeHHon bandwidth Ha
nHTepdence;

* MTU — HanmeHbwiee MTU Ha Bcem nytn. MTU BKkntovaeTca B
obHoBneHus EIGRP, Ho dbakTnyeckn He ncnonbayerca ans
noacyeTa METPUKM.

[To ymon4aHuio ona nogcyeta MeTpuKn ncnonbaytotca bandwidth u
delay. OcTanbHble KpUTEPUU HE PEKOMEHOYETCA UCMOMb30BaTb, TakK
KaK 3TO NpuUBELET K YacTbIM NepecyeTamMm MapLLpPyTOB.



BbluMncneHne meTpukn MmapLupyTa

« EIGRP nogcuntbiBaeT METPUKY C NCMNONb30OBaAHUEM
KoapdpuumeHTos. [lo ymonyaHuo 3Ha4eHuns
KoadpdpuumeHTtoB Takue: K1 = K3 =1, K2 = K4 = K5 = 0.

« OOwas meTpuKa BbIMUCIIAETCH MPU NOMOLLX 3HAYEHUN
bandwidth (nponyckHon cnocobHocTn) u delay
(3agepxkmn). icnonbayeTtcsa crneayowasa popmyna ans
BbluncneHua sHadeHna bandwidth :

bandwidth = (10000000/bandwidth(i)) * 256

[ oe bandwidth(i) aBnaeTca HaMmeHbLen NPONyCKHON
cnocobHocTblo (bandwidth) n3 Bcex ncxogawmx
NHTEPdENCOB NO NYTU B CETb HAa3Ha4YeHUA
npencraBneHHasi B Kunobourax.



« Oopmyna ans BblMUCNEHNA 3Ha4YeHns delay:

» delay = delay(i) * 256

roe delay(i) aBnaeTca cyMmMom Bcex 3agepiKek
(delays) cKOHUrypmMpoBaHHbIX HA UCXOOALLMNX
NHTepdencax no Nyt B CETb Ha3HaA4YeHU4A
B AeCATKaX MMUKPOCEeKyHpA (microseconds).
3agepxka (delay) nokasbiBaemasi KomaHOOM ip
eigrp topology nnu show interface ykasaHa
B MUKPOCEKyHAaX, COOTBETCTBEHHO 3TO
3HayeHune Hy>xHo nogenutb Ha 10 nepen
MCMNonNb30BaHMEM B 3TOU OOPMYIIe.



* [1pun Bbl4MUCIIEHNN METPUKU, KOorga KS =0
(3Ha4YeHme Nno ymMorn4daHuio), NCMonb3yeTcs Takas
doopmyna:

Metric = (K1 * bandwidth) + [(K2 * bandwidth) /
(256 - load)] + (K3 * delay)

Ecnu 3Ha4veHna koadpdpuumeHtoB K1, K2, K3
PaBHbl 3HAYEHNAM MO YMOMN4YaHuio, To dopmyna
npeBpaLlaeTcs B TaKylo:

Metric = bandwidth + delay

 Ecnun K5 He paBHO O, TO 4OMNONHUTENBHO
BbINOJTHSIETCHA Takasa onepauuns:

Metric = metric * [K5 / (reliability + K4)]



rO#show int e0
EthernetO is up, line protocol is up
Hardware is Lance, address is 0060.5cf3.bb1e (bia 0060.5cf3.bb1e)
Internet address is 10.50.0.1/24
MTU 1500 bytes, BW 10000 Kbit, DLY 1000 usec,
reliability 255/255, txload 1/255, rxload 1/255
Encapsulation ARPA, loopback not set
Keepalive set (10 sec)
ARP type: ARPA, ARP Timeout 04:00:00
Last input 00:00:00, output 00:00:00, output hang never
Last clearing of "show interface" counters never
Input queue: 0/75/0/0 (size/max/drops/flushes); Total output drops: 0
Queueing strategy: fifo
Output queue: 0/40 (size/max)
5 minute input rate 3000 bits/sec, 4 packets/sec
5 minute output rate 3000 bits/sec, 4 packets/sec
2212623 packets input, 2653204211 bytes, 0 no buffer
Received 2158768 broadcasts, 0 runts, 0 giants, O throttles
0 input errors, 0 CRC, 0 frame, 0 overrun, 0 ignored
0 input packets with dribble condition detected
1054688 packets output, 716849118 bytes, 0 underruns
18 output errors, 6 collisions, 22 interface resets
0 babbles, 0 late collision, 109 deferred
18 lost carrier, 0 no carrier
0 output buffer failures, 0 output buffers swapped out



rO#show ip eigrp topology 10.50.0.0/24
IP-EIGRP (AS 44): Topology entry for 10.50.0.0/24

State is Passive, Query origin flag is 1, 1 Successor(s),FD
is 281600

Routing Descriptor Blocks:
0.0.0.0 (Ethernet0), from Connected, Send flag is 0x0
Composite metric is (281600/0), Route is Internal
Vector metric:
Minimum bandwidth is 10000 Kbit
Total delay is 1000 microseconds
Reliability is 255/255
Load is 1/255
Minimum MTU is 1500
Hop count is O



ba3oBble HACTPOUKU

CospgaHue npouecca EIGRP:
dyn1(config)# router eigrp <AS>

Homep aBTOHOMHOWM CUCTEMBI JOMKEH ObITb OOMHAKOBbLIM Ha BCEX
MapLUpyTHU3aTopax, KoTopble A0MmKHbl 0OMeHnBaTbCcs MHopMaLmen

no npotokony EIGRP.

BkntoyeHne EIGRP Ha nHTtepdencax:

dyn1(config)# router eigrp 100
dyn1(config-router)# network <network> [wildcard mask]



BGP



TepmMmumnHonornga nportokona

ABTOHOMHas cucrtema (autonomous system, AS) — Habop
MapLUpyTU3aTopoB, UMEILLMX eVHbIe NpaBuna MapLipyTM3aumm,
ynpaensiembIX O4HOW TEXHUYECKOW adMUHUCTpaLvein u paboTaroLyx Ha
oaHoMm n3 npotokonos IGP (ans BHyTpeHHen MmapLlipyTnsauum AS moxet
ncrnonb3oBaTb U HeCKONbKo IGP)

TpaH3nTHaa aBTOHOMHasa cuctema (transit AS) — aBTOHOMHasi cuctema,
Yyepes KOTopYyto nepenaetcs Tpadouk gpyrmx aBTOHOMHbBIX CUCTEM.

MyTb (path) — nocnegoBaTenbHOCTL COCTOAWAA U3 HOMEPOB aBTOHOMHbIX
CUCTEM Yepe3 KOTOPLIE HY>KHO MPONTU ANst AOCTMIKEHUS CETU HAa3HAYEHUS.

ATpunoyTbl nyTH (path attributes, PA) — xapakTtepucTtukn nyTtu, KoTopble
NO3BONAIOT BblOpaTh NyYLLINA MyThb.

BGP speaker — mapLupytnsartop, Ha kKoTopom padoTaeT npoTtokosn BGP.

Coceaum (neighbor, peer) — nobble aBa mapLupyTusartopa, Mexay
KoTopbIMU OTKpbITO TCP-coeanHeHne ans obmeHa nHopmaumen o
MapLLpyTU3aLnu.

[Mpedukc — IP-npedomkc (annHa npedukca).



BHyTpeHHun BGP (Internal BGP) n BHewHnn BGP
(External BGP)

e BHyTpeHHuun BGP (Internal BGP, iBGP) —
BGP paboTtatoLmn BHyTPY aBTOHOMHOM
cuctemsbl. iIBGP-coceam He oba3aTenbHo
OOIMKHbI ObITb HENOCPEACTBEHHO COEANHEHDI.

e BHewHun BGP (External BGP, e BGP) — BGP
paboTaloLwmn mexgy aBTOHOMHbIMW CUCTEMaMMU.
[To ymonyaHuto, eBGP-cocean gormkHbl ObITb
HenocpeaCTBEHHO COEANHEHDI.



Tanmepbl NPOTOKONAa

 Keepalive Interval — VIHTepBan BpemeHu
B CEKyHAaXx, Mexay OTrnpaBKown
coobuieHun keepalive. Mo ymonyaHuio 60
CeKyHA.

* Hold Time — VIHTepBan BpemeHun B
CEKyHAaX, NO NCTEYEHNN KOTOPOro cocef
bynet cumtaTtbCsl HEAOCTYMNHbIM. 10
ymornyaHuto 180 cekyHA.



CocTOosiIHUA CBSAA3U C coceasiMmm

* |dle
» Connect
* Open sent

* Open confirm
— active

* Established
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BGP Attributes

Well-known mandatory — Bce mapLupyTtusaTtopsl, paboTatowime no
npotokony BGP, oomkHbl pacno3HaBaTb 3T aTpudyTbl. JOMmKHbI
NpUCYTCTBOBaTbL BO BCeX OOHOBMNEeHMAX (update).

Well-known discretionary — Bce mapuipyTtmnsartopsl, paboTtatoLine
no npotokony BGP, oomkHbl pacrno3HaBaTb 3Tu aTpnbyTel. MoryT
NpucyTCTBOBaTL B OOHOBNEHUAX (update), HO X NpPUCYTCTBME HE
obasarensHo.

Optional transitive — moryt He pacno3HaBaTbCsl BCEMMU
peanunsaunsavm BGP. Ecnn maplupyTtusaTtop He pacrnodHan atpubyrT,
OH rnomMme4vaeT 0bHOBIEHNE KaK YacTu4Hoe (partial) n oTnpaenseT ero
Oanblue coceasam, CoxpaHasi He pacrno3HaHHbIN aTpubyT.

Optional non-transitive — moryt He pacnosHaBaTbCs BCeEMU
peanusauuamn BGP. Ecnn maplupyTtusaTop He pacnodHan aTpuoyr,
TO aTpubyT UrHOPUPYETCA M NpU Nepenadye coceasim
oTbpacbiBaeTcs.



* Well-known mandatory:
— Autonomous system path
— Next-hop
— Origin

* Well-known discretionary:
— Local preference

» Optional transitive:

— Communities
— Multi-exit discriminator (MED)

» Optional non-transitive:
- Weight



RTC#
router bgp 300

neighbor 1.1.1.1 remote-as 100
neighbor 1.1.1.1 weight 200

I--- The route to 175.10.0.0 from RTA has a 200 weight.

neighbor 2.2.2.2 remote-as 200
neighbor 2.2.2.2 weight 100

I--- The route to 175.10.0.0 from RTB has a 100 weight.



RTC#

router bgp 256

neighbor 1.1.1.1 remote-as 100
neighbor 128.213.11.2 remote-as 256
bgp default local-preference 150

RTD#

router bgp 256

neighbor 3.3.3.4 remote-as 300
neighbor 128.213.11.1 remote-as 256
bgp default local-preference 200



route-map RMAP-1 permit 30
set local-preference 200

ip prefix-list PREF-IN seq 100 deny 10.1.1.120/30

ip prefix-list PREF-IN seq 110 deny 10.1.1.116/30

ip prefix-list PREF-IN seq 200 permit 0.0.0.0/0 le 32

|

ip prefix-list PREF-OUT seq 40 deny 10.1.3.172/30

ip prefix-list PREF-OUT seq 50 deny 10.1.1.116/30

ip prefix-list PREF-OUT seq 100 permit 0.0.0.0/0 le 32

router bgp 256

neighbor 10.10.3.234 prefix-list PREF-IN in
neighbor 10.10.3.234 prefix-list PREF-OUT out
neighbor 10.10.3.234 route-map RMAP-1 in



router bgp 256

bgp always-compare-med

neighbor 4.4.4.4 remote-as 100

neighbor 4.4.4 4 route-map setmetricout out
route-map setmetricout permit 10

set metric 50

router bgp 256

(bgp bestpath med confed)

neighbor 10.1.14.2 route-map INC_METRIC in
route-map INC_METRIC permit 10

set metric +1



Community Attribute

ip prefix-list ALL-OUT seq 100 permit 1.1.0.0/20
ip prefix-list ALL-OUT seq 110 permit 2.2.0.0/20
ip prefix-list ALLOUT seq 120 permit 3.3.0.0/21

ip prefix-list ALL-OUT seq 130 permit 4.4.0.0/21
ip prefix-list ALL-OUT seq 140 permit 5.5.0.0/20

route-map MEGAFON-AS31133-OUT permit 30
match ip address prefix-list ALL-OUT

set community 31133:10009 31133:15009 31133:20009
31133:25009



remarks

remarks:
remarks:
remarks:
remarks:
remarks:
remarks:
remarks:
remarks:
remarks:
remarks:
remarks:
remarks:
remarks:
remarks:
remarks:
remarks:
remarks:
remarks:
remarks:
remarks:
remarks:
remarks:
remarks:
remarks:

| Community to INTERNATIONAL UPSTREAMS
e
| 31133:1000x - All international upstreams

| 31133:1101x - TeliaSonera (AS1299)

| 31133:1102x - Telecomltalia (AS6762)

| 31133:1104x - Level3 (AS3356)

| 31133:1105x - Global Crossing (AS3549)

|

| x = 0 - advertise to this only (don't advertise to any other Upstream)

| x=1,2,3 or 5 - prepend 31133 (1,2,3 or 5) times

| x = 8 - prepend AS31133 3 times to all other International Upstreams
| x =9 - don't advertise

+-- -+
+-- -+
| Community to RUSSIAN UPSTREAMS

+-- -+

| 31133:1500x - All russian upstreams

| 31133:1604x - GoldenTelecom (AS3216)

|

| x = 0 - advertise to this only (don't advertise to any other Upstream)
| x=1,2,3 or 5 - prepend 31133 (1,2,3 or 5) times

| x = 8 - prepend AS31133 3 times to all other Russian Upstreams)

| x =9 - don't advertise

e




remarks: | Community to INTERNATIONAL PEERS

remarks: 4 ----mmmmmmm oo -+
remarks: | 31133:2000x - All International peers

remarks: | 31133:2101x - DE-CIX (AS6695)

remarks: | 31133:2102x - Private Peers at the DE-CIX public vlan
remarks: | 31133:2103x - UPL-Telecom

remarks: | 31133:2104x - NetNOD

remarks: | 31133:2105x - Private Peers at the NetNOD public vlan
remarks: | 31133:2201x - AMS-IX (AS1002)

remarks: | 31133:2202x - Private Peers at the AMS-IX public vlan
remarks: |

remarks: | x = 0 - advertise to this only (don't advertise to any other Peer)
remarks: | x=1,2,3 or 5 - prepend 31133 (1,2,3 or 5) times

remarks: | x =9 - don't advertise

remarks: F----mmmmmmm oo -+




remarks:
remarks:
remarks:
remarks:
remarks:
remarks:
remarks:
remarks:
remarks:
remarks:
remarks:
remarks:
remarks:
remarks:
remarks:
remarks:

Peer)

remarks:
remarks:

Community to RUSSIAN PEERS

31133:2500x - All russian peers

31133:2601x - MSK-IX Route Servers (AS8631)
31133:2602x - Private Peers at the MSK-IX public vlan
31133:2605x - NCnet (AS42610)

31133:2606x - Global Net (AS31500)

31133:2608x - Orange Business Services (AS2854)
31133:2610x - RuTube (AS48061)

31133:2611x - Mnogobayt (AS42632)

31133:2612x - Mail.ru (AS47764)

31133:2614x - Google (AS15169)

31133:2619x - EuroTransTelecom (AS35320)
31133:1602x - TTK (AS20485)

31133:2702x - Yandex (AS13238)

X = 0 - advertise to this only (don't advertise to any other

x=1,2,3or5-prepend 31133 (1,2,3 or 5) times
X =9 - don't advertise



ADVANCED ROUTING

 REDISTRIBUTION

* PBR



