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6 - Sections & Objectives

» 6.1 EIGRP Characteristics

* Explain the features and characteristics of EIGRP.
» Describe the basic features of EIGRP.

6.1 EIGRP EM
» EIGRPO EXIEM

» Describe the types of packets used to establish and maintain an g

EIGRP neighbor adjacency.
» Describe the encapsulation of an EIGRP messages.

= 6.2 Implement EIGRP for IPv4
* Implement EIGRP for IPv4 in a small to medium-sized
business network.
» Configure EIGRP for IPv4 in a small routed network.
» Verify EIGRP for IPv4 operation in a small routed network.

6.2 IPV4E
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6 - Sections & Objectives (Cont.)

= 6.3 EIGRP Operation

* Explain how EIGRP operates in a small to medium-sized

business network.
» Explain how EIGRP forms neighbor relationships.
» Explain the metrics used by EIGRP.
» Explain how DUAL operates and uses the topology table.
» Describe events that trigger EIGRP updates.

= 6.4 Implement EIGRP for IPv6
¢ Implement EIGRP for IPv6 in a small to medium-sized
business network.

» Compare characteristics and operation of EIGRP for IPv4 to
EIGRP for IPv6.

» Configure EIGRP for IPv6 in a small routed network.

» Verify EIGRP for IPv6 implementation in a small routed network.

6.3 EIGRP 2%
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6.1 EIGRP Characteristics



EIGRP Characteristics
EIGRP Basic Features  icre 712 =5

= Enhanced IGRP is a Cisco-proprietary distance-vector routing protocol released in 1992.
(Enhanced IGRPE 1992 0| HEE A|AR S8 H2| HE 2128 ZRES L)

» EIGRP was created as a classless version of IGRP.
(EIGRPE IGRPY] classless H{H 22 THEO{ X &L|Ct)

 ldeal choice for large, multiprotocol networks built primarily on Cisco routers.
(FRAI2F BRHE 7|80 2 ot I HE| Z2EZ Y EQ30f Oj&X YL ct)

RS SR - 20134 EIGRPE HE| HE|
HIE 2 RE T2 EZ0|
|AA—D:| Cisco l:|H|'O|
Q|0 = C}E C|HFO|A HIE 7}
ArE 7t =L L.

172.16.0.0/16

Summary Routes
172.16.0.0/14



EIGRP Characteristics
EIGRP Basic Features Eicre 712 =3

EIGRP Feature Description

e EIGRP uses DUAL as its routing algorithm.
Diffusing Update Algorithm (EIGRPE= 2IRE Z12|S22 DUALS ALEEELICEH)

(DUAL) e DUAL guarantees loop-free and backup paths throughout the routing domain.
(DUALZ ct2E Sl X0l ZH loop)t = MY B2E E&EILICL)

» EIGRP establishes relationships with directly connected EIGRP routers.

Establishing Neighbor (EIGRPE ZE HAAS EIGRP 2tEQF 2HE SESHLICL)
Adjacencies « Adjacencies are used to track the status of these neighbors.

(UB8d=20I==2 4HHE =Hot=0l AHZSELIT)

e EIGRP RTP provides delivery of EIGRP packets to neighbors.
Reliable Transport (EIGRP RTPE= 0|2 2tHO0l EIGRP IH2! S M &LICEH)

Protocol e RTP and neighbor adjacencies are used by DUAL.
(RTP2t 0|2 21 & 4 (neighbor adjacencies )2 DUALOI A At&&fLICE)

» Instead of periodic updates, EIGRP sends partial triggered updates when a path or metric changes.

Partial and Bounded (FIIHCZ JUIOIESt= 4l EIGRP=E 32 L= HES0 HEE I 22 EClH HHOIEE BHLILH)
updates » Only those routers that require the information are updated minimizing bandwidth use.

(BE0I 28 ctHS HHOIESIH WA= AHES A SHELICH)

e EIGRP supports equal cost load balancing and unequal cost load balancing, which allows
Equal and Unequal Cost administrators to better distribute traffic flow in their networks.
Load Balancing (EIGRP= SS¢8H HIE 2E dgal E7S6HHIE 2E WA S XNJAGEZ 2e|k= WERKIINA

Edil SE= 20U & 24AE = ASLICH)




EIGRP Characteristics
EIGRP Basic Features cicre 1= =%

= EIGRP uses protocol-dependent modules (PDMSs) to support different protocols such as IPv4, IPv6,

and legacy protocols IPX and AppleTalk.
AHESHY 1PV4, IPV6, B HA| Z2EZ IPX S AppleTalk?t 2 CHest T2 EZ S K| ATL|CL)
ables for each routed protocol.

(EIGRPE Z2EE T4 2 & (PDM)2

= PDMs are responsible for: (rome ctg ztele grgtstLct

Maintaining EIGRP neighbor and topology tables
(EIGRP 0|2 ¥ EEZX| H0|= |§X])

Computing the metric using DUAL
(DUALS ArE5H0] DHEE] 74

Interfacing DUAL and routing table
(DUALL 22 E HO|5 H )

Implementing filtering and access lists
(ZEY L AN A 22 )

Performing redistribution with other routing protocols
(CI2 2R E T2EZ2 XHE %)

EIGRP maintains individual t

Neighbor Table - IPv4
Next-Hop Router Interface

i
Topology Table - IPv6 '
Topology Table - IPvd 2 Topology Tables

Successor

Destination

Feasible Successor

Destination2

Routing Table - IPv6
Routing Table - IPv4 ‘ 2 Routing Tables

Successor

Destination




EIGRP Characteristics

EIGRP Basic Features ecreoi==

%)

= RTP is the EIGRP Transport layer protocol used for the delivery and reception of EIGRP packets.
(RTP= EIGRP If 2l ME & =410 AFEE|= EIGRP & AT Z2ESYLICL)

= Not all RTP packets are sent reliably.
(ZE RTPIfZI0] AFH (MY UA)C = HEElE U
otgLict)

* Reliable packets require explicit
acknowledgement from destination

RIE[E = A A2 SHEXZREQ| FHEst
S Ef(acknowledgement) S 2 71 &tLICt)

» Update, Query, Reply

* Unreliable packets do not require
acknowledgement from destination
(M2/g 4 gl TR0 = 2K Z2E STO| LRBIA
OI-¢|_| [_I.)

(k=]

* Hello, ACK

EIGRP PDM Operation

Neighbor Table

Application Topology Table

Routing Table

Transport

Internet

Network Access




EIGRP Characteristics
EIGRP Basic Features cicre 1= =%

= EIGRP supports authentication
and is recommended.

(EIGRP= 2152 K| JotH, 215 S FH5I==

HEEL)

* EIGRP authentication ensures
that routers only accept routing
information from other routers that
have been configured with the
same password or authentication
information.

(EIGRP 9152 S¢f 22 F = SAs s =
OF HE2 ANE 12 2tRE9 22 Y He

EIGRP Packets
Authenticated

o 5|88t ch)

= Note:

* Authentication does not encrypt
the EIGRP routing updates.

(2E2 EIGRP 2+ 8 YH0|EE Y2 Io}HA|
or&L|CH)

(k=]



EIGRP Characteristics

EIGRP Packet Types ccreux g%

= [P EIGRP relies on 5 types of packets to maintain its various tables and establish complex
relationships with neighbor routers.

(IP EIGRP= CHYSH HIO| 22 FAIStL 21 2B ot =& ot A E 27E517| 218 5 7HA] &2l Tzl S AH8RLICt)

—

EIGRP Packet Types

Packet Type

Hello Discover other EIGRP routers in the network. HIEHZ0IM T EIGRP 2t & 2
Update Convey routing information to known destinations. CIX 2t*H=2 S 82 TUE
Acknowledgement Acknowledge the receipt of any EIGRP packet. EIGRP I{Zl9| £=41 =0l

Query Request specific information from a neighbor router. oy ateHoM £ ¥R (H2) 2%

Reply Respond to a query. Query(E )0 St




EIGRP Characteristics

EIGRP Packet Types ccreux g%

= Hello packets are used to discover &
form adjacencies with neighbors.

(Hello T 212 0|2 1t2| 2174 d(adjacencies)= & 715t
dst=0 AHEE L)

« On hearing Hellos, a router creates a
neighbor table and the continued receipt

of Hellos maintains the table.
(Hellos7t E2|™ 2t E{7t neighbor E|0]E2 2tE1
HellosE A& =4AI5tH H|0| 0] FX[& L|C}) flally

=

= Hello packets are always sent unreliably.

(Hello T{ 22 & 2 2[F8lo] & E L)

Example Link Default Hello Interval |Default Hold Time

H 1.544 Mb/s Multipoint Frame Rela 60 seconds 180 seconds
¢ Therefore He”O paCketS do nOt reqUIre Greater than 1.544 Mb/s T1, E?hernet - 5 seconds 15 seconds
acknowledgment.
(fh2kA Hello IH 2L 0f| & acknowledgment?t E 25}X| EIGRP uses multicast and unicast rather than broadcast.
paLt) (EIGRPE= E2C HAED} Ot HE| HAE L QLI HAEEZE AIREILICEH)

e As aresult, end stations are unaffected by routing updates or queries.

(etM end X = k28 HOIOIE &= FHelol HaksS 2 2SLIC)
* The EIGRP multicast IPv4 address is 224.0.0.10
* The EIGRP multicast IPv6 address is FF02::A.




EIGRP Characteristics

EIGRP Packet Types ccreux g%

= EIGRP Update packets are used to propagate routing

information.
(EIGRP YHIO|E Izl 2 2t 8 HEE Mutst=0 AtEE LIC}H)

* Sent to initially exchange topology information or topology

change.
(7|0 EZ2X ZE E= EEZX| HES n@sty| fof WS E L)

* EIGRP updates only contain needed routing information and
are unicast to routers that require it.
(EIGRP YOI E= Haot 2T ED Z5lH 0| F HRE =
2t E O /U HAE gLL})

* Update packets are sent reliably and therefore requires
acknowledgements.
(ool E mhzlo| Mald UA MESEEE acknowledgementZt
2L}

Update

Update

ACK

= Acknowledgements packets are “dataless” Hello packets used to indicate receipt of any EIGRP

packet during a "reliable" (i.e., RTP) exchange.

(Acknowledgement T 22 "H|O|E{ &=« Hello I|ZI2 2, "M 2| Q&= (F, RTP) 12 S0 EIGRP I 22| £=A1S HA|SH=0| AFREL|C}H)

« Used to acknowledge the receipt of Update packets, Query packets, and Reply packets.
(Update packets, Query packets, and Reply packets =412 2 QI5H=0| AHE & L|C}H)



EIGRP Characteristics

EIGRP Packet Types ccreux g%

= Query and reply packets are used by

DUAL when searching for networks.
(Query2t reply T2 2 W EQLIE AMT I DUALOYA
ALER L)

= They both use reliable delivery and
therefore require acknowledgement.

(& CHAEIY U= ME S A8 SHEE acknowledgement 7t
ZagtL|ct)

= Queries can use multicast or unicast,
whereas Replies are always sent as
unicast.

(Query= ZE| HHAE EE RL HHAEE ALY & UX|T
Replyi SHAF © |_| ?HﬁEE bS] |_| |:|.)

— OO Tr od



EIGRP Characteristics

EIGRP Messages

- EIGRP frame Contalns deStlnatlon mU|tlcaSt addreSS Data Link Frame Header IP Packet Header EIGRP Packet Header TLV Types
01-00-5E-00-00-0A.

(EIGRP frame0fl= =& X| HE| 7{AE FA 01-00-5E-00-00-0A7} Data L
ata Link Frame

E-%I-El 01 9)'\% Ll E|’) MAC Source Address =
Address of sending

interface
IP Packet

= The IP packet header contains destination IP address e orast,  IPvd Source Address -

. . - a4 g~~~ | 01-00-5E-00-00- Address of sendi
224.0.0.10 and identifies this packet as an EIGRP PRI matmee s
Vi estination ackel ieader
packet (protocol 88). Address = Mulicast:  Opcode for FIGRP
(IP I§Z! §|C = 2XX| P T4 224.0.0.10(HE|FHAE FA)S B8t O B o e
JTI'H ;/’\I% EIGRP JTl-H ;/’\I (EEE% 88)9§ A—! beﬂ-én;l}‘ Ll I:l') FiGRe e Some\xpes include:
0x0001 EIGRP
. A Parameters
= The data portion of the EIGRP message includes: 202 P internel

(EIGRP D A|X|| H|O|E| 222 Ct22 ZaBiLct)) 00103 P Externa

Routes

* Packet header - The EIGRP packet header identifies the
type of EIGRP message.
(@2 8 - EIGRP If 2l 8| & EIGRP HA|X|2] RS AlETL|Ct)

* Typel/Length/Value (TLV) - The TLV field contains EIGRP parameters, IP internal and external routes.
(R /20 /2L (TLV)-TLV EE=EIGRP Oi7f H== 1P £ X Q8 J2E ZatetLrt)

= EIGRP for IPv6 is encapsulated using an IPv6 header with multicast address FF02::A and the next header

field set to protocol 88.
(IPv6 & EIGRP= ZE| JHAE F4 FF02 : AS AFE5t= IPv6 3|2t Z2EZ 882 2FE O3 lE EEE AFE50] YW=2tE L)



EIGRP Characteristics
EIGRP Messages

= EIGRP messages include the header with an 1P Packet Header

TLV Types

31

Opcode field that specifies the type of EIGRP B0

packet (Hello, Ack, Update, Query, and Reply) s s
and the AS number field. . SF'a‘”‘
- - leader equence
(EIGRP H|A|X| 0 = EIGRP I Zl 84 (Hello, Ack, Update, Query %! -
Reply)2 X|’83l= Opcode E E2QF Autonomous System HZ ZET} Q= Bk
6—-" E‘I 7|' E_C;"EEI |_| El‘) Autonomous System Number
EIGRP TLV: EIGRP Parameters EIGRP TLV: Internal Routes EIGRP TLV: External Routes
B"'HL:‘.:::""’ IP Packet Header m::.::“‘ — ,v“"“mr D"‘::“";:"'"" 1P Packst Headar uu:::::m lﬂmﬁmn\f n"“.:':"’:""" 1P Packot Headnr m::;;m
By . . Ring "
[ Typs = 0x0001 Langm Type = Ox0102 Length Type & (w0103 Lengen
Values ] %2 K3 I [T} ot Hop i Next Hop ]
K5 Reserved Hold Time Dty Clmmlbiy R
— I — urnlmmnn\:n:"nr:n;imunmw
K1~K5 . DHEE! 7:”A|_I-O-” J_EIR_C.);I- aA}- Ty Loes ot Extarnal Protocol Metric
Hold time : C}S hello2 7|Cta{0f - u
St= ZX|CH Al ZE e
MTU l Hop Count br'r
Resabany Load I Reserved |
L Prefx Length Destination




6.2 Implement EIGRP for IPv4



Implement EIGRP for IPv4
Configure EIGRP with IPv4

= The routers in the topology have a starting configuration that includes addresses on the interfaces.
There is currently no static routing or dynamic routing configured on any of the routers.

(EZ22X[Q 2tRH = IOl FAE Helohs AR 92 ASLIOH SX 2t2H = 84 2t 80|4 S5 2t 0| =0 UK
orLch)
[k =] .

R1# show running-config show running-config

ElGRP— Routing on it <output omitted=

Domain
172.16.2.0/24

209.165.200.224/27

225 s0/1/0
I Lt Internet
50/0/1 “——— N,

S0/0/0 S0/0/1 .254

172.16.3.0/30 192.168.10.8/30

show running—config

tput omitted>

S0/0/0 S0/0/1

5 s0/0/1

S0/0/0 6

192.168.10.4/30

GO/O

172.16.1.0/24 192.168.1.0/24




Implement EIGRP for IPv4
Configure EIGRP with IPv4

= An Autonomous System (AS) is a collection of networks

under the control of a single authority (reference RFC

1930). =) @ )

(AS (Autonomous System)E Chd 7| (RFC 1930 jénl'—jlc—)ol Holst= HEHA . ISP2: AS 64239
E%Obl |_| |:|-) Company A: EIGRP Company B: OSPF

* AS numbers are needed to exchange routes between
AS.

(AS 2= ASZHO| 2 E ugtoh=0 EaeL(tt)

* AS numbers are managed by IANA and assigned by RIRs Company G'EIGRP  Company D: GSPF
to ISPs, Internet Backbone providers, and institutions e

connecting to other institutions using AS numbers.
(AS H2 = IANAO| A 2|5t AS B & AFESHY CHE 7| 2H0f| HZ5t= ISP,
QIEU M2 NS A & 7|20 RIRsO| X|F gL Ct)

= AS numbers are usually 16-bit numbers, ranging from 0 to 65535.
(AS HZ = O 7 00| A 65535 AtO| Q| 16 H|E =AtRIL|C})

* Since 2007, AS numbers can now be 32 bits, therefore increasing the number of AS numbers to over 4 billion.
(2007 3 O[22 AS HBE =32 H|EV7} 2 4= Qo0 E AS ¥ 747} 40 ¥ O| A2 2 Z7k L))



Implement EIGRP for IPv4
Configure EIGRP with IPv4

= To configure EIGRP, use the router eigrp AS-# command.
(EIGRPE Td3I2{ ™ router eigrp AS-# HHE AFESIAAIR)

« The AS-# functions as a process ID.
(AS-#= ZZ M2 IDE 258 L|CL)

« The AS number used for EIGRP configuration is only significant to the EIGRP routing domain.
(EIGRP 71H0f| A2 &= AS HS &= EIGRP 2t 8 = Q0|2 S 3L C})

* All routers in the EIGRP routing domain must use the same AS number (process ID number).
(EIGRP 228 O QIo| B E 2t HE YT AS ¥z (ZEMA ID HZ)E A OF L C})

= Note:

* Do NOT configure multiple instances of EIGRP on the same router.
(s €e 22 EOIM EIGRPS| 02| QIAEAS FSHA| OHYAIR)

Falconfigld router eigrp 1

Fi{configl# router eigarp 1 Felconfigl# router eigrp 1
R3lconfig-router)#

Filconfig-router )# Felconfig-router )4




Implement EIGRP for IPv4
Configure EIGRP with IPv4

= The EIGRP router ID is used to uniquely identify

each router in the EIGRP routing domain. 172.16.2.0/24
(EIGRP 2t ID= EIGRP 2t 8 =0Qle] ZF 2t HE 1] 5tHA
HESH=0 AAEE L)

n i 1 i ( Router ID \, F—
Router_s us_e the following three criteria to = SD;D;;
determine its router ID: ki : D

(Bt E< 2t2H ID2 ZAE [ Ot M| 7HX| 7| =S AHRBHLIC) 172.15:30/30

1. Use the address configured with the eigrp router-
id ipv4-address router config command.

S0/0/0 /4

.5 S0/0M1

| =
(eigrp router-id ipv4-address BELE & IPFAE $0/0/0 .6 - Router ID
AR BIAAI2.) : 192.168.10.4/30 ' | 192.168.10.10
e e cool1 TN corol -
2. If the router ID is not configured, choose the highest Router ID
IPv4 address of any of its loopback interfaces. S AG0
(BHSE D7t FAEIX| %2 FP oS R IE{H 0|20 ThE 172:16.1.0/24 18&:260. Eolds
=2 IPva TAE HESIHAIR)
3. If no loopback interfaces are configured, choose the
_hltgh(;:st active IPv4 address of any of its physical . HEQ3A 2| X7} eigrp router-id BHS AFR30] 212 E DS
Interraces. HA| Moz FASIX| AOH EIGRPE 2T cf = E2|X |Pv4
-~ _ o _ ~ o == o =1 _ T—— T &&= IFV
(P9 QIEHO| AT T YLK H2 32 =2/ AHH 0|~ T IAZ ARSI AHA| 22 H IDE A AISHL| O}
7|-7é|- =2 ot |py4 FTAE M E_|H'5|-MA|Q_)

— = O T Lz - =



Implement EIGRP for IPv4
Configure EIGRP with IPv4

Rl{config)# router eigrp 1
R1l{config-router)# eigrp router-id 1.1.1.1
R1({config-router)#

R2(config)# router eigrp 1
R2(config-router)# eigrp router-id 2.2.2.2

R2(config-router)#

R1# show ip protocols
*** IP Routing is NSF aware ***

172.16.2.0/24

Routing Protocol is “eigrp 17
Outgoing update filter list for all interfaces is not

set
Incoming update filter list for all interfaces is not

209.165.200.224/27

set
Default networks flagged in outgoing updates Rc_:':”;&r D N 2;“"' NIernet
Default networks accepted from incoming updates 209.165.200.225 S0/0/0 e S0/0/1
EIGRP-IPv4 Protocol for AS(1) 50/0/1
Metric weight K1=1, K2-8, K3=1, K4=0, K5=0 172.16.3.0/30
HSF—awar'? r'uu‘Fe htljld timer is 248 192.168.10.8/30
Router-ID: 1.1.1.1
Topology : @ (base) T
Active Timer: 3 min okt S0/0/1
Distance: internal 98 external 178 — Router ID
Maximum path: 4 Qs 188 10 10
Maximum :upcuunt 108 192.168.10.4/30 o 1 SRR AR
GoJo|.1 GO/0
Maximum metric variance 1 - i
Router ID
Automatic Summarization: disabled 192.168.10.5
Maxi th: 4
ximum pa 172.16.1.0/24 192.168.1.0/24

Routing for Metworks:
Routing Information Sources:

Gateway Distance Last Update
Distance: internal 90 external 170




Implement EIGRP for IPv4
Configure EIGRP with IPv4

= Use the network network-number [wildcard-mask] router config command to enable and advertise
a network in EIGRP.

(network network-number [wildcard-mask] 2t%H T+ BH S AtE510] EIGRPOIM HERIIE gdetstn gL ot)

* It enables the interfaces configured for that network address to begin transmitting & receiving EIGRP
updates ig HEYI FA2 45 QAT 0|AV} EIGRP YHO|E S U 418 A LICH)

* Includes network or subnet in EIGRP updates (EIGRP YH0|EN HEYA F& MELU ZStstL|C})

Enables EIGRP for the interfaces on subnets in 172.16.1.0/24 and 172.16.3.0/30.
- 172.16.2.0/24

Rl (config)# router eigrp 1
Rl (config-router)# network 172.16.0.0 i
Rl (config-router)# network 192.168.10.0 209.165.200.225 |  s0/0/0

S0/1/ 'zia nternet )
5070/ E
( /

Rl (config-router)#

172.16.3.0/30

Router ID

192.168.10.4/30 192.168.10.10

Enables EIGRP for the interfaces on subnet 192.168.10.4/30.

Router ID
192.168.10.5

172.16.1.0/24 192.168.1.0/24



Implement EIGRP for IPv4
Configure EIGRP with IPv4

= A wildcard mask is similar to a subnet mask but is calculated by subtracting a SNM from
255.255.255.255. (otYE = ojA3 = MEY OFA QL QAFSER| Bt 255.255.255.2550( Af SNMS U Zto 2 A AHE L C)

= For example, if the SNM is 255.255.255.252:

255.255.255.255
- 255.255.255.252

0. 0. 0. 3 Widcard mask

= EIGRP also automatically converts a subnet

mask to its wildcard mask equivalent.
(S£8 EIGRPE MEU OIA3 & O 2ALUE 7IE OIAI R K&

il

StofL|Ct)

E.g., entering 192.168.10.8 255.255.255.252
automatically converts to 192.168.10.8 0.0.0.3

EZ (config)# rooter eigrp 1

B2 (config-router)# network 192.168.10.8 0.0.0.3
R2 (config-router)

R2(config)# router eigrp 1
R2(config-router)# network 192.168.10.8 255.255.255.252
R2(config-router)# end
R2# show running-config | section eigrp 1
router eigrp 1
network 172.16.8.8
network 192.168.19.8 ©.8.6.3

eigrp router-id 2.2.2.2
R24#




Implement EIGRP for IPv4
Configure EIGRP with IPv4

= Passive interfaces prevent EIGRP updates out a specified router interface.
(WAl QBT 0| A XIHE 22 QIE{H 0| A0 M EIGRP YE0|ES WX|gtLCt)

— = O

Router(config-router)#

B3 (config) # romter eigrp 1

_ _ R3 (config-router)# passive-interface gigabitethernet 0/0
passive-interface type number [default]

R3# show ip protocols
**¥* IP Routing is NSF aware ***

= Set a particular interface or all router interfaces to passive. Routing Protocel is “eigrp 1"

(EX QIETO|A = D E 2L2E QIHI0|AE DA EE MHSAMAIR) <output omitted>

« The default option sets all router interfaces to passive.

(default S92 2 & 2t H AHHO|AE IHA|E2 AFLIC}) .168.10.4/30
. . . . . -168.1@.8/30
» Prevents neighbor relationships from being established. N U
(012 BAHT +YEl & HE YX|FLIC) .
* Routing updates from a neighbor are ignored. Routing Information Sources:

(0|29 228 YAH0|E= FA|ELICE) Gateway Distance Last Update
192.168.18.5 98 @1:37:57
192.168.18.9 98 @1:37:57

Distance: internal 9@ external 17@
R3#




Implement EIGRP for IPv4
Verify EIGRP with IPv4

= Use the show ip eigrp neighbors command to view the neighbor table and verify that EIGRP has

established an adjacency with its neighbors.

(show ip eigrp neighbors B = AFE310] 0| % HIO|&& 21 EIGRPZ} 217 2t Ete| 214 S A=A 25 AIR)

* The output displays a list of each adjacent neighbor. (230& 21&s 2t 01F &2 S20| EA|ELICL)

R1# show ip eigrp neighbors
EIGRP-IPv4 Neighbors for AS(1)
H Address Interface

1 192
L] 172

Meighbor’'s IPvd Local Interface Seconds remaining before Amount of time since this
Address receiving EIGRP Hello B declaring neighbor down neighbor was added to the
packets neighbor table

The current hold time is reset
to the maximum hold time
whenever a Hello packet is
received



Implement EIGRP for IPv4
Verify EIGRP with IPv4 SERREE o

= The show ip protocols command is useful to identify the parameters and touting protocol is "eigrp 1"(@)Routing protocol and Process 1 (as
Number)

other information about the current state of any active IPv4 routing protocol Outgoing update filter clist for all interfaces is not set

Incoming update filter list for all interfaces is mot set

processes configured on the router.

Default networks flagged im outgoing updates

(ShOW |p prOtOCO|S I:'o:| %‘% EI_l__C')_ E‘I 0” 1_'")85_' %Ac;i |PV4 E—l'—cl)-%>I EEE% Eiknﬁgl 6.__:iXH Default networks accepted from incoming updates
é!EH ()” |:|.|6|. |]|.| 7|.| tﬁ_/'\_ Etl 7| E|- @E% Al ‘=E‘16|-i |:-|| _IQI_Q.'c‘sH_| |:|-) EIGRP-IPv4 Protocol for AS(1)
= = B = © = ’ Metric weight K1=1, K2-@, K3-1, K4-0, K5=0
NSF-aware route ho@)‘timr‘ is 248
= For example, in the command output in the figure: Router-ID: 1.1.1.1 EIGRP Router 1D
(O:"% % ’ :]-Fé!gl %‘ Ecl:! %E—:!O”A-I :) Topology : @ (base)

Active Timer .. .
@ EIGRP Administrative

Distances

1. EIGRP is an active dynamic routing protocol on R1 configured with the

autonomous system number 1. ot s
(E'GRPE X"% Alﬁ% tﬂg_)_ 1E :I'I'Ao-iE|_| ngl %Ao-'§|'5,_| %&‘i El‘—?—% EEE_E_OI:I L—l I:I') Maximum hopcount 180
Maximum metric variance 1

2. The EIGRP router ID of R1is 1.1.1.1. _ EIGRP Automatic Summarization
(R12| EIGRP 22 H ID& 1.1.1.1& L|C}) ° is disabled.

Maximum path:

3. The EIGRP administrative distances on R1 are internal AD of 90 and external of Routing for Networks:

172.16.0.8

170 (dEfaUIt VaIUGS). | 192.163.10.6 ] P Routin
(ngl EIGRP -?;I‘El 7-| ElE LH_‘TI_ AD7|- gool—Tl— 9|$—7|- 170% L‘l EI- (7|%ZA|-)) } o menress Information gnurces
is £ lists all the EIGRP
4. By default, EIGRP does not automatically summarize networks. Subnets are e natd
included in the routing updates. 1Pva routing table.

(712X 2= EIGRPE YEHAE AISOE Q4K FELICH HEUL 219
YEol 0] EBHE L Ch)

Distance: internal 980 external 17@

R1¥

5. The EIGRP neighbor adjacencies R1 has with other routers used to receive
EIGRP routing updates.
(EIGRP 21T 2t2H R10= EIGRP 2t YHO|ES 4I5t=0H AF8 &= HHE
2R E7F ASLICH(F, AP EE 71X = 2t2EH 7t 270 EMELICL))



R2# show ip route

Implement EIGRP for IPv4

. =
D - EIGRP, EX - EIGRP external, O - OSPF, IA - OSPF inter area
erify wi Y —

Gateway of last resort is not set

172.16.8.8/16 is variably subnetted, 5 subnets, 3 masks
7 [ 70112] via 172.16.3.1 :11:
172.16.2.08/24 directly connected, GigabitEthernet®/@
172.16.2.1/32 directly conmected, GigabitEthernetd/e
directly connected, Seriale/e/e
172.16.3.2/32 directly connected,
EIGRP Routing Domain 4 d1z]jvia oo : =
subnetted, 3 subnets, 2 masks

172.16.2.0/24

209.165.200.224/27

192.168.10.9/32 is directly connected, Seriale/e/1
209.165.200.0/24 is variably subnetted, 2 subnets, 2 masks
209.165.200.224/27 is directly connected, Loopback2e9
L  209.165.200.225/32 is directly connected, Loopback2e9
R2#

192.168.10.4/30 R3# show ip route

Codes: L - local, C - connected, 5 - static, R - RIP, M - mobile, B - BGP
D - EIGRP, EX - EIGRP external, O - OSPF, IA - OSPF inter area
<output omitieds>

R1# show ip route

Codes: L - local, € - connected, 5 - static, R - RIP, M - mobile, B - BGP
D - EIGRP, EX - EIGRP external, O - OSPF, IA - OSPF inter area

s 172.16.1.0/24 192.168.1.0/24

Gateway of last resort is not set GatesaylotlastiresonthiSinctyset

172.16.98.8/16 is variably subnetted, 3 subnets, 2 masks

172.16.8.8/16 is variably subnetted, 5 subnets, 3 masks 3 - "
6 A

172.16.1.8/24 is directly connected,GigabitEthernete/e
.16.1.1/32 is directly connected,GigabitEthernete/e
.16.2 [ via 172.16.3 14 Seri [ 1 , 00 .

192.168.1.8/24 is variably subnetted, 2 submets, 2 masks
192.168.1.8/24 is directly connected, GigabitEthernete/e
192.168.1.1/32 is directly connected, GigabitEthernete/e

192.168.108.08/24 is variably subnetted, 4 subnets, 2 masks
192.168.10.4/3@ is directly connected, Seriale/e/e
192.168.10.6/32 is directly connected, Seriale/e/e
192.168.10.8/3@ is directly connected, Serial@/e/1
192.168.10.108/32 is directly connected, Serial@/e/1

.16.3.8/3@ is directly connected, Serial@/e/e
.16.3.1/32 is directly connected, Seriale/e/e
1 10.6,6

.168.18.4/3@ is directly connected, Serial@/e/1
.168.18.5/32 is directly connected, Seriale/e/1
.168.18 ] via 1¢
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Packet Tracer 1 - Verify EIGRP with IPv4

[ME S H]
- EIGRP #+4
- EIGRP 2t2& =0l

)

PC2

172.16.1. D,u"24

172.16.2. [J,|’24

TN

1?2 16.3.0/30

192, 168 10.8/30

.-?..,.7"

0
e
192, 168.10.4/30 R3

192.168.1.0/24

o
E’ ! R1 LAN R1 R3 LAN PC3
Device Interface IP Address Subnet Mask Default Gateway

G0/0 172.16.1.1 255.255.255.0 N/A
R1 S0/0/0 172.16.3.1 255.255.255.252 N/A

S0/0/1 192.168.10.5 255.255.255.252 N/A

G0/0 172.16.2.1 255.255.255.0 N/A
R2 S0/0/0 172.16.3.2 255.255.255.252 N/A

S0/0/1 192.168.10.9 255.255.255.252 N/A

G0/0 192.168.1.1 255.255.255.0 N/A
R3 S0/0/0 192.168.10.6 255.255.255.252 N/A

S0/0/1 192.168.10.10 255.255.255.252 N/A
PC1 NIC 172.16.1.10 255.255.255.0 172.16.1.1
PC2 NIC 172.16.2.10 255.255.255.0 172.16.2.1
PC3 NIC 192.168.1.10 255.255.255.0 192.168.1.1




Implement EIGRP for IPv4
Packet Tracer 1 - Verify EIGRP with IPv4

1. EIGRP 7+/d
« 1EHA  EIGRP 2t 8 ZZMAE Fd3tetL ).
« AS HZ 13 AMB10] 2 2t HO|M EIGRP 2R 8 ZE2MAE 235U A 2.
* R1 (config) # router eigrp 1
= 25 A dEE HESRAE gL
+ showip route 3= ALESHO] 2t 212 E0 2 FZE HEXIE HEASIHHUAIR.
o A 2REHOM HE dZ2E EFE MEUS LE|=F EIGRPE THIotuA| 2.
* R1 (config-router) # network 172.16.1.0 0.0.0.255
* R1 (config-router) # network 172.16.3.0 0.0.0.3
* R1 (config-router) # network 192.168.10.4 0.0.0.3
3 &t : passive QIE{I|O| A 9
- EIGRP YH|O|EE YE|X| R 5 LAN QETHO[AE Y52,
* R1(config-router)# passive-interface g0/0
4 A  Xts 29 Hlg gt
- EZEX0 285 UESHIZ 2SR ASLICH MEtA 2 2t EHOAM Ats 29 S H
* R1(config-router)# no auto-summary
50HA: A E M
* R1# copy running-config startup-config
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Packet Tracer 1 - Verify EIGRP with IPv4

2. EIGRP 228 =9l
= 1EHA ol & =elg ot
* R1# show ip eigrp neighbors
« 2CHA EIGRP 212 E Z2EZ Oj7f M5 BEATL
o Z 2tREO0|A oref B S 0| 8510 Ch= =
* R1# show ip protocols
. BHPE HEE 2 Bl2E SR BAREE A ALY
o i g == SOt
= 3EHA . B =0l

—

« PC1,PC2 X PC32 O|X| MZ ping™ &= AUOOF L|CH K| 2 B2 EIGRP T8 =X S s 2ot A2,



6.3 EIGRP Operation



EIGRP Operation
EIGRP Initial Route Discovery

1. Router R1 starts has joined the EIGRP routing domain 6 ﬁ
and sends an EIGRP Hello packet out all EIGRP : -
enabled interfaces. Updated Updated
(BH2H R1 A2 EIGRP 2t2 & =0 Q10| 7HISt D 2= EIGRP K| ¥
OIE{ T 0| 20| A EIGRP Hello T{Zl 2 & & L|C}) (3] recee o ©
Neighbor Table Neighbor Table

2. Router R2 receives the Hello packet and adds R1 to
its neighbor table.

(22 E R2E Hello Tf2l 2 £=4138t1 neighbor E| 0|20 R12 F7tgtL|C}) O e fp—mr—o L

* R2 sends an Update packet that contains all the routes it B e o iforistion: .
knows. i - I
(RzE %-‘TI—%IKE E% 7°4§7|- E-OEI-EI—I Update EH a% EL&’H Ll I:I-) £ Hello, | am Router R2. Is anyone there? j

* R2 also sends an EIGRP Hello packet to R1.

(R2£ E3t R10{| EIGRP Hello A& &L Ct)

3. R1 updates its neighbor table with R2.
(R12 neighbor H|0| 20| R2E YGH|O|EgtLICt)

= After both routers have exchanged Hellos, the neighbor adjacency is established.
(5 29 E 7t 2% HellosE 12t5tH neighbor adjacency?t A7 LICt)



EIGRP Operation
EIGRP Initial Route Discovery

1. R1 adds all update entries from R2 to its topology table. ﬁ 6
(R1I2 R2Z 2H %2 2= HOHO|E &5S EZSEX| HO|Z0| gL Ct) 4 2]
pree IT' Thanks for the information! Updated!
* The topology table includes all destinations advertised by o o P > e
neighboring (adjacent) routers and the cost (metric) to reach (1) Topolooy Tavie || TN Topology Tavle (4]
each network. O
(E%Eﬂ E‘”Ol%O‘”E O|—i—(ol_|7§,|) El‘—?—E‘Ijl’ %‘E‘I_l E% %E'i Ilgl’ 7—||' Thanks for the information! I|T|e

HERIO =3t ?let H| & (HE=)0[ Z=etE L)

2. EIGRP update packets use reliable delivery; therefore, R1 replies with an EIGRP acknowledgment

packet informing R2 that it has received the update.
(EIGRP YHIO|E Tzl AME|d U= THES AFELLICL M2t R12 YHO|EE =4I S S R20| Y2|= EIGRP acknowledgment T{ZI 2 2
SEgh)

3. R1 sends an EIGRP update to R2 advertising the routes that it is aware of, except those learned from
R2 (split horizon).
(R12 Y = U= Y2 E Z105t= EIGRP YH|0|EE R20|A - LICH R20|M Hi2 B =E = A 2EHL Tt (split horizon))

4. R2 receives the EIGRP update from R1 and adds this information to its own topology table.
(R2= R10|M EIGRP YHIO|EE =4I5t1 O] YEE AtH| EZ=X| H|O| S0 F7tetLCt)

5. R2 responds to R1's EIGRP update packet with an EIGRP acknowledgment.
(R2= R12| EIGRP Y H|O| E IfZI0i| EIGRP acknowledgmentE 8 &€ L|Ct.)



EIGRP Operation
EIGRP Initial Route Discovery

1. R1 uses DUAL to calculate the best routes to each 6 6
destination, including the metric and the next-hop s -

A i . ) e pdate
router and updates its routing table with the best I (R (e >
rOUteS . Topoloay EhE date Here is all my rounng Information. Topoioay b
(R12 DUALS AM23}0] HEZ| Sl CtS & 2t E S ZE8}0] 2} o A0 |_} ) i
7|-XI- bS| Ol‘ol- 74; 7:”A|"0|-__|L El—_?_%)l E-”Ol%% ilggl gii Thanks for the information! ACK

Ao ESHL|C} ) Updated Updated

. : : - g P B
2. Similarly, R2 uses DUAL and updates its routing table 0- -

with the best newly discovered routes.
(OHY7HX| 2 R2= DUALS AESHD 71 = 20| EHE d== 2t
HO|E2 YUO|ERLITE)

= At this point, EIGRP on both routers is considered to be in the converged state.
(O] A|”HOM = 2t2E2| EIGRPE +=HE MEfE ZtFE L)



EIGRP Operation
EIGRP Metrics

EIGRP uses a composite metric which can be based on the following metrics:
(EIGRP= LIE HEEZ J|Hez o 4= U= S HEZ S AEELITH)

-/

« Bandwidth: The lowest bandwidth between source and destination.
(CHY = : A2 THa ALO|Q] 7HY W2 THY =)

O X -
« Delay: The cumulative interface delay along the path (X2 : 42 & et =& &l QIEH0|A X|H)
» Reliability: (Optional) Worst reliability between source and destination. (2|4 : (M Ateh Z2X e S X| 7to| %|2to| A 2|Y)

« Load: (Optional) Worst load on a link between source and destination. (2= : (A& Abgh) A0k T4 Zto| 130 CHE

= The EIGRP composite metric formula consists | 7! compeste Fomui

metrlc WelghtS W|th Va|ueS Kl to K5 metric = [K1*bandwidth + K3*delay] * 256
(E|GRP %Z} D'” E EI AM S ZI Kloﬂkl K577|'x| EI-||E§! 7|'§X|§ Complete Composite Formula:

TEELIC)
metric = [K1*bandwidth + (K2*bandwidth) / (256 - load) + K3*delay] * [K5 / (reliability + K4)]
* K1 represents bandwidth, K2 load, K3 delay, K4 and

K5 reliability.

(Mot used if "K" values are 0)

MNote: This is a conditional formula. If K5 = 0, the last term is replaced by 1 and the formula becomes: Metric =
[K1*bandwidth + (K2*bandwidth) / (256-load) + K3*delay] * 256

Default Values:

K1 (bandwidth) = 1
KE{IDE!E:I] =0 R . . - i 5 13 kd kE
KB{dE—,ay} -1 outer (c ig-router) # metric weights tos k1 kZ k3 kd kb5
K4 (reliability) = 0
K5 (reliability) =




EIGRP Operation
EIGRP Metrics

Hi# show ip protocols
++x+ [P Houting is NSF aware #++

Routing Protocol is "eigrp 1°
Outgoing update filter list for all interfaces is not set
Incoming update filter list for all interfaces is not set
Default networks flagaed in outgoing updates
Default networks accepted from incoming updates
EIGRP-1Pvd Protocol for AS(1)
Hetric weight ki=1, kZ=0, k3=1, kd4=0, kb=0
MaF-aware route hold tiner is 240
Router-ID: 1.1.1.1
<output omitteds
R4




EIGRP Operation
EIGRP Metrics

= Use the show interfaces commano! to R1# show interfaces serial 8,0,0
examine the values used for bandwidth, Serial®/@/@ is up, line protocol is up

delay, rellablllty, and load. Hardware is WIC MBRD Serial
(EH@‘%, R AlZA G 2o AFRE|S 7S HASIE B show Internet address 15.1?2 16.3. 1,."36
interfaces B E A3 A|R.) MTU 1500 bytes,

reliability
Encapsulation HDLC
BW - Bandwidth of the interface (in kb/s). ;i;tp”t omitted>
DLY - Delay of the interface (in microseconds).
R1# show interfaces gigabitethernet 8/0
GigabitEthernet®/8 is up, line protocol is up

Hardware is CN Gigabit Ethernet, address is fc99.4775.c3e0
(bia fc99.4775.c3eB)

Internet address is 172.16.1. 1}24

MTU 1580 bytes, BW 108€ {bit/:

reliability P

Reliability - Reliability of the interface as a
fraction of 255 (255/255 is 100% reliability).

Txload, Rxload - Transmit and receive load on
the interface as a fraction of 255 (255/255 is
completely saturated), calculated as an
exponential average over five minutes.

Encapsulation ARPA, loopbaclx not set
<output omitted>
R1#




EIGRP Operation
EIGRP Metrics

= Use the following interface configuration mode
command to modify the bandwidth metric:

(Ch2 Y EOO[A 1d RE HHS ALESI0] i X HEE S Yo AIR)
* Router(config-if)# bandwidth kilobits-bandwidth-value

= Use the show interfaces command to verify the new

bandwidth parameters. (show interfaces =2 0|23t 22
Coi= Tf2to|E S sholst 4 ALITh)
R1# show interface s @/8/@
Serial®/@/@ is up, line protocol is up
Hardware is WIC MBRD Serial
Internet address is 172.16.3.1/3@
MTU 1588 bytes, BW 64 Kbit/sec, DLY 20080 usec,
reliability 255/255, txload 1/255, rxload 1/255
<output omitted>
R1#

R2# show interface s @/8/@
Serial®/@/@ is up, line protocol is up
Hardware is WIC MBRD Serial
Internet address is 172.16.3.2/38
MTU 1588 bytes, BW 64 Kbit/sec, DLY 28888 usec,
reliability 255/255, txload 1/255, rxload 1/255
<output omitted>
R2#

Rl (config-if)# bandwidth 64

EIGRP Routing Domain

B2 (config) # interface = 0/0/0
R2 (config-if)# bandwidth 64

R2 (config-if)# exit
B2 (config) # interface = 0/0/1
R2 (config-if)# bandwidth 1024

172.16.2.0/24

209.165.200.224/27

Internet /)

172.16.1.0/24

Rl (config)# interface = 0/0/0

192.168.10.4/30

192.168.1.0/24

R3{config)# interface s 0/0/1
R3 (config-if) # bandwidth 1024



EIGRP Operation
EIGRP Metrics

= Delay is a measure of the time it takes for a packet to
traverse a route.

(delay= I{ZI0| B2 E Sitot=H Z22l= AlZts 582 AYLUC)

= The delay (DLY) metric is not measured dynamically.
(delay(DLY) HEE2 SH 2 HHYLE[X| R&L|CtL)

* Itis a static value measured in microseconds (s or usec)

based on the type of link to which the interface is connected.
(OlA2 SIHmo|A7t HAZAE 23 FHO| met 00|32 = (us = usec) HHRIE 53
8 L)

= The delay value is calculated using the cumulative (sum) of
all interface delays along the path, divided by 10.

(delay {2 B2 & U2t 2= QAHIO|A XA +H (&A)S 1022 Lhx ¢S AFESHY
ALtE L)

Media Ir? ?sagc
Gigabit Ethernet 10
Fast Ethernet 100
FDDI 100
16M Token Ring 630
Ethernet 1,000
T1 (Serial Default) 20,000
DSO0 (64 Kbps) 20,000
1024 Kbps 20,000
56 Kbps 20,000




EIGRP Operation
EIGRP Metrics

= We can determine the EIGRP metric as follows: [K1 * bandwidth + K3 * delay] * 256 = Metric

(CtS 1t 20| EIGRP HIEElS A™E & JUSLICH)

) ) ) . Because K1 and K3 both egual 1, the formula becomes:
1. Determine the link with the slowest bandwidth and

use that value to calculate bandwidth (Bandwidth + Delay) * 256 = Metric
(10,000,000/bandwidth).

CHe =g oY ES 7t @38 285t 1 k2 AFESHol T Y
(10,000,000 / L H )2 A ASHYA|2.)

JH

2. Determine the delay value for each outgoing
interface on the way to the destination and add the
delay values and divide by 10 (sum of delay/10).

(22 7t= =30 Lote 4 QIFH 0[] XA gt 2o, X[
=2 Hotl 1022 Lhg U o (K¢ /109] &A).)

3. This composite metric produces a 24-bit value
which EIGRP mUItllees with 256. {((10,000,000 / bandwidth) + (sum of delay [/ 10}) * 256 = Metric

(O] 23t HEZ2 EIGRPZ} 2562 2 &350 I I
24 H E k2 4 dgtLct)

R2# show ip route

D 192.168.1.8/24 [9@/3012896] via 192.168.19.10, 98:12:32, Seriale/e/1




EIGRP Operation
EIGRP Metrics

= How does EIGRP determine the following metric?

R2# show ip route

<gutput omitted>

D 192.168.1.8/24 [98/3012096] via 192.168.10.16, 00:12:32, Seriale/e/1

| " EIGRP Composite Metric = (Bandwidth + Delay) x 256

= Bandwidth = 10,000,000 / slowest bandwidth

R2# <how interface s @/@/1
Serial®/@/1 is up, line protocol is up
Hardware is WIC MBRD Serial
Internet address is 192.168.10.9/38@
MTU 1580 bytes, BW (bit/sec, DLY 20080 usec,
reliability 255/255, txleoad 1/255, rxload 1/255
<output omitted>
R2#

R3# show interface g 8/0

GigabitEthernet@/@ is up, line protocol is up
Hardware is (N Gigabit Ethernet, address is fc99.4771.7a20 (bia fc99.4771.7a20)
Internet address is 192.168.1.1/24

MTU 1580 bytes, BW 10 Kbit/sec, DLY 1@ usec,
reliability 255/255, txload 1/255, rxload 1/255

<output omitted>
R3#

= Bandwidth = 10,000,000 / 1024 = 9765

Delay = (Sum of all delays) / 10

R2# show interface = @/@/1

Seriale/e/1 is up, line protocol is up
Hardware is WIC MBRD Serial
Internet address is 192.168.10.9/3@
MTU 158@ bytes, BW 1824 Kbit/sec, DLY 2

reliability 255/255, txload 1/255,
<output omitted>
R2#

8 usec,

xload 1/255

R3# show interface g @/@
GigabitEthernet®/@ is up, line protocol is up
Hardware is CN Gigabit Ethernet, address is fc99.4771.7a28 (bia c99.4771.7a2@)
Internet address is 192.168.1.1/24
MTU 1580 bytes, BW 1000000 Kbit/sec, DLY 10 usec,
reliability 255/255, txload 1/255, rxload 1/255
<output omitted>
R3#

Delay = (20,000 + 10) / 10 = 2001

= EIGRP Composite Metric = (9765 + 2001) x 256 = 3,012.096




EIGRP Operation
EIGRP Metrics

= R10{|A] 192.168.1.0 HERAZ 7= G20 L2t EIGRP O{E &2 A LI0HA| 2,

So/on

S 0/0/1 falid
768 Kbps
Fa 0/0
172.16.1.0 /24 192.168.1.0 /24
Metric Bandwidth (Kb/s) Delay
1 1 | |
3848149 = 256 *(( 107 / )+ /10))

Interface Delay Values

Media ________|Delay

Ethernet 1,000
Fast Ethernet 100
Gig Ethernet 10

Serial WAN 20,000




EIGRP Operation
EIGRP Metrics

= R10{|A 192.168.1.0 H|[EX A ZE 7= Z 20| CHT EIGRP OHE 2 2 A ASHA| 2.,

S0/0/1 S 0/0/0

S 0/0/1 S 0/0/0
768 Kbps 1,544 Kbps

Fa 0/0

172.16.2.0 /24 192.168.2.0 /24

Metric Bandwidth (Kb/s) Delay

| !
S —  —

4359893 = 256 *{{ 107 / 3+( | /10))

Interface Delay Values

Meda _____ [Delsy

Ethernet 1,000
Fast Ethernet 100
Gig Ethernet 10

Serial WAN 20,000




EIGRP Operation
EIGRP Metrics

= R10{|A 192.168.1.0 H|[EX A ZE 7= Z 20| CHT EIGRP OHE 2 2 A ASHA| 2.,

Fa Ufga E 0/0
Fa 0/0 E0/O

Go/o Go/o

172.16.3.0 /24 192.168.3.0 /24

Metric Bandwidth (Kb/s) Delay

1,544 1,024,000 “

284416 = 256 *{( 107 / | | )+( | | /10))

Interface Delay Values

Ethernet 1,000
Fast Ethernet 100
Gig Ethernet 10

Serial WAN 20,000 J




EIGRP Operation
DUAL and the Topology Table

= EIGRP uses the Diffusing Update Algorithm (DUAL) to provide the best and backup loop-free paths.

(EIGRP+= DUAL (Diffusing Update Algorithm)S AME5H0] 22 gl= 2|2 ZE MY A2 E ML)

= DUAL uses several terms, which are discussed in more detail throughout this section:
(DUAL2 % 7}X| 8015 AHSI,0| B TEHof| ZX O AtM|3| =2l E LICt)

Term Description

» |s a neighboring router that is used for packet forwarding and is the least-cost route to the destination network.
(2! ZRAL0 MEE = 28 UHOIH CHa WERIN e =4 HIE 22 LICH)

Successor e The IP address of a successor is shown in a routing table entry right after the word “via”.
(successor| IP =4= "via"tt CtS 0l et RE HIOI= &=0 EAIELICH)

Feasible « These are the “Backup paths” that are a loop-free. (OIS 2 T} gis "8 H2"LIC)
Successors (FS) | * Must comply to a feasibility condition. (Et24& =212 E==0ll0F ELICH)

» Also called “advertised distance”, this is the reported metric from the neighbor advertising the route.
Reported (ED A2t E o= 0IXN2 Z2E Z21dl= 0IRCZ2H E0E HESLICEH)

Distance (RD) + Ifthe RD metric is less than the FD, then the next-hop router is downstream and there is no loop.

(RD HIEZ0| FDEL H2H US & 4R2HI U2 AEE0| ) F 20t gisLILH)

e This is the actual metric of a route from the current router. (S StREHZREH2 Z 20| Cist AN HES L LICEH)
Feasible * |s the lowest calculat_ed met_ric to reach the destination network.
. (A HIERIN SLotD] |18 JFE S HALE HIE= QI LICE)
Distance (FD) » FD is the metric listed in the routing table entry as the second number inside the brackets.
(FD= CHEZ3S oHol S B <<At2 ctE HIOIZ &30 UHEE HESYLICH)
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= Routing loops, even temporary ones, can be detrimental to network performance and EIGRP
prevents routing loops with the DUAL algorithm.

(UA| BZ 0l A0 2IRE REXE= HEQA M50 |22 4 U2H EIGRPE= DUAL L2502 2R E FIE YHX|gHLIC}H)

* The DUAL algorithm is used to obtain loop-freedom at every instance throughout a route computation.
(DUAL €12[52 2 AMS & 2= A2EHA0M B2 XGRE =0 ArEE L)
= The decision process for all route computations is done by the DUAL Finite State Machine (FSM).

An FSM is a workflow model, similar to a flow chart, which is composed of the following:
(B2 E 42 Aol izt 278 T2 M|A = DUAL Finite State Machine (FSM)Of| 2|8 =&l LICt. FSM2 S &t FAISH LIS 22 93 EE22
ZEYLCH)

* Afinite number of stages (states)
* Transitions between those stages
* Operations

= The DUAL FSM tracks all routes and uses EIGRP metrics to select efficient, loop-free paths, and to
identify the routes with the least-cost path to be inserted into the routing table.

(DUAL FSM2 2 & ZEE FHSI1 EIGRP HEZ S AHE510l 22X0|n 27t gle ZE2E MESID, 228 HO[Z0| MY x| H|E 27}
ol A== AL}
M o= =2 s )
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= DUAL °| ==&t

X

 Upcare,




EIGRP Operation -
DUAL and the Topology Table g

= A successor is a neighboring router with the least-
cost route to the destination network.

(successor= Hief HIERA0) gt x4 H|E 2t S 71 2AH
2t E YLIC})

209.165.200.224/27

= 0/1/0 )
225 S0, Lﬁ Internet )
- -
3 i SOML] 254 4
9N\_50/0/1

* The successor IP address is shown right after “via”.
(successor IP FA & "via"Ht 2 CHZ 0| EA|E LIC}) ﬁ
= FD is the lowest calculated metric to reach the |

destination network. R ERNIET —t—
(FD= CHA} W EQA0) E23he 7H WA AlAE =2 QlL|ch)

 FD is the second number inside the brackets.
(FDE tE= ot A= 5 HW =X LICE)

* Also known as the “metric” for the route.
(B2o| ‘B E2o|2tn T BL|Ct)
= Notice that EIGRP’s best path for the
192.168.1.0/24 network is through router R3, and

that the feasible distance is 3,012,096.
(192.168.1.0/24 L E 30| Cist EIGRPL| %49 A2 2t2E R3Z S Feasible Distance Successor
O| 2 0{X| ¥ feasible distance= 3,012,096 & L|Ct.)

096] wia 192.168.10.10, 00:12:32,
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= DUAL converges quickly because it can use backup paths

known as Feasible Successors (FSs).
(DUALL FS (Feasible Successors)Z L7l 8 AZE AT £ 7| 20

Al
—

SopA +FELICH)

= AFS is a neighbor with a loop-free backup path to the same

network as the successor.
(FS= successorlt & Lst HEQAO F=71 Ql= A ZE27F U= O|RYLICEH)

A FS must satisfy the Feasibility Condition (FC).
(FSE Feasibility Condition (FC)2 & &8l OF B LICt.)

The FC is met when a neighbor’s Reported Distance (RD) is less than

the local router’s feasible distance.
(FC= 218 22 H2| Reported Distance (RD)7t 2Z 2t E 2| feasible distance 2 Ct
A2 A2 FFELULH

[— =] .

If the reported distance is less, it represents a loop-free path.
(reported distance?} M FZ 7t gl= A2 & LIEIYL|C})

= E.g.,the RD of R1 (2,170,112) is less than R2’s own FD
(3,012,096) and therefore, R1 meets the FC and becomes the

FS for R2 to the 192.168.1.0/24 network.
(1€ =9, R1(2,170,112)2| RDE R22| XX FD (3,012,096) 2Lt 2f2 B 2 R12 FCE

=
=

ZA|7|11 192.168.1.0/24 HEX 0| Ciet R22| FSZt & L|C})

172.16.2.0/24

( ntermet )

S0/0/1 .254

192.16§.10.8/30

S0/0/0

GO0/0 |1

172.16.1.0/24 192.168.1.0/24

R2# show ip route

<output omitted>

D 192.168.1.8/24 [%8/ via 192.168.10.10, 89:12:32, Seriale/e/1

Feasible Distance Successor (R3)

R1# show ip route
<output omitted>

D 192.168.1.8/24 [98/2170112] via 192.168.10.6, 02:44:58, Seriale/e/1

Feasible Distance
Sent to R2 as R1's Reported Distance
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= Topology table stores the following information required by DUAL

to calculate distances and vectors to destinations.
(EZ2EX| HO|22 DUALO| SHX|7HX|Q] HE| A HEE AHMSI=0H 2R3 Cts HEE
XEetLICE)

* The reported distance (RD) that each neighbor advertises for each
destination
(& =X X0 CHs 2 0| 20| Y2|= reported distance (RD))

* The feasible distance (FD) that this router would use to reach the
destination via that neighbor.
(Ol 2t H7t sl 0|22 S X X0 ZEHSt=0 AL8E = U= feasible distance
(FD))

= Use the show ip eigrp topology command to list all successors

and FSs to destination networks.
(FHX| HELAZR2| 2 & successor?t FSE LIES}H7| 2/3ll show ip eigrp topology
HHAS AFESIMAIR)

* Only the successor is installed into the IP routing table.
(successo2t IP routing table0f| A X| & L|C}.)

 Passive State — Route is in stable state and available for use.
(A2 AHO|E - ZE7} QHE X 0| AR 7tsELICt)

* Active State - Route is being recomputed by DUAL.
(88 HEfl - Z27F DUALOI 2f3lf CHA| Al A S LICt)

172.16.2.0/24

209.165.200.224/27

.225 50/1/0

172.16.3.0/30 192.16§.10.8/30

172.16.1.0/24 192.168.1.0/24

R2# show ip eigrp topology
EIGRP-IPv4 Topology Table for AS(1)/ID(2.2.2.2)
Codes: P -
r - reply Status, s - sia Status
P 172.16.2.8/24, 1 successors, FD is 2816
via Connected, GigabitEthernete/e
P 192.168.10.4/38, 1 successors, FD is 3523848
via 192.168.10.10 (3523848/2169856), Seriale/e/1
via 172.16.3.1 (41024000/2169856), Seriale/e/e
P 192.168.1.8/24, 1 successors, FD is 3812096
via 192.168.10.10 (3012096/2816), Serial@/e/1
via 172.16.3.1 (41024256/2170112), Seriale/e/e
P 172.16.3.8/308, 1 successors, FD is 40512000
via Connected, Serial@e/e/e
P 172.16.1.8/24, 1 successors, FD is 3524896
via 192.168.10.10 (3524896/2170112), Seriale/e/1
via 172.16.3.1 (4@512256/2816), Seriale/e/e
P 192.168.18.8/38, 1 successors, FD is 3811848
via Connected, Serial@/e/1

4 . nternet
SO/07 Tee— ﬁ ( )
e S0/0/1 .254 ™= \ r

Passive, A - Active, U - Update, Q - Query, R - Reply,
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= The first line in the topology table displays:

(ESZX[ HO|E2 A HW A2 LSS BAIZLICE)

P - Route in the passive state (the route is in a stable
mode). If DUAL recalculates or searches for a new path,
the route is in an active state and displays an A.

(P-TjAE MEIZ H2E XHELICHHR}OHY RE0| 213). DUALO| Al
BEE CHA| A LHSHALE HMSHH =271 2 HEf7F 2|Of AZF HA|E L T}
192.168.1.0/24 - Destination network is also found in the
routing table.

(192.168.1.0/24 - e HER A= 2t E HO[EMME &E = A& LICL)

1 successors - Displays the number of successors for this
network. If there are multiple equal cost paths to this

network, there are multiple successors.
(1 successor -O| W E/39| successor =5 EA|EILICE O] W ERIA0] CHsH
SYoHH|E 2702 7§ = EF 02 successor?t ASLCE)

FD is 3012096 - FD, the EIGRP metric to reach the

destination network. This is the metric displayed in the IP

routing table.
(FD is 301296 - L& HIEY A0 =E5t= EIGRP H E& QI FDYLICH 1P 2t E
HOlS0| EAE= HEZQLICEH)

172.16.2.0/24

209.165.200.224/27

225" S0/1/0
S0/07 el

192.16§.10.8/30

172.16.1.0/24 192.168.1.0/24

R2# show ip eigrp topology
EIGRP-IPv4 Topology Table for AS(1)/ID(2.2.2.2)

Codes: P - Passive, A - Active, U - Update, Q@ - Query, R - Reply,

r - reply Status, s - sia Status

P 172.16.2.8/24, 1 successors, FD is 2816
via Connected, GigabitEthernete/e

P 192.168.10.4/38, 1 successors, FD is 3523848
via 192.168.10.10 (3523840/2169856), Seriale/e/1
via 172.16.3.1 (41024000/2169856), Seriale/e/e

P 192.168.1.8/24, 1 successors, FD is 3812096
via 192.168.10.10 (3012096/2816), Serial@/e/1
via 172.16.3.1 (41024256/2170112), Seriale/e/e

P 172.16.3.8/308, 1 successors, FD is 40512000
via Connected, Serial@e/e/e

P 172.16.1.8/24, 1 successors, FD is 3524896
via 192.168.10.10 (3524896/2170112), Seriale/e/1
via 172.16.3.1 (4@512256/2816), Seriale/e/e

P 192.168.18.8/38, 1 successors, FD is 3811848
via Connected, Serial@/e/1

{110 @ ( nternet )
SQ/0/1.254 . ’
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= The partial output of the show ip route command displays e R
the 192.168.1.0/24 route with the successor is R3 via
192.168.10.6 with an FD of 2,170,112.

(show ip route B2l 22 £ 2 192.168.1.0/24 B2 E EA|ZL|C} successor?t R3Q! Feasible biswance e sl b
192.168.10.6=2 AX|11 FD7t 2,170,112 I L|C}L)

R1# show ip route

= The show ip eigrp topology command only shows the e shoe ip el topelosy
successor 192.168.10.6, which is R3.

(show ip eigrp topology & &2 successor 9l 192.168.10.6 &, R3Zt EA|BfLILCE)

* Notice there are no FSs.
(FS7t gl22 folstdAlIR)

Successor

= The show ip eigrp topology all-links command shows all
possible paths to a network, including successors, FSs, Ri# show ip elgrp topology ail-tinks

<output omitted>
and even those routes that are not FSS. P 192.168.1.8/24, 1 successors, FD is 2178112, serno 9
(show ip eigrp topology all-links & &2 successor, FS, MX|0 FS7| Ot &iT H2E ;
Zototo] HESYAO 7ts 2= 425 HOEL L)

) R2's Reported Successor -
R1's Feasible Distance Not a feasible
Distance successor
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= The DUAL Finite State Machine (FSM) Lost connectivity to SUCCeSsSor.
contains all of the logic used to calculate ‘
and compare routes in an EIGRP network.
(DUAL FSM (Finite State Machine)2 EIGRP | E 2 30| A bromore Place destination
A2 E AAStn B ushEE AHREE RE =2|5 Sisnetug Yes - No network in active
ZpStLCt) AR — sﬁaisifo huiE state.
= An FSM is an abstract machine, that l
defines a set of possible states that . -
. nstall successorn(s) in
something can go through, what events routing table.
cause those states, and what events result
from those states. l ¥
(FSM2 2717} STHet 4= Q= AR O| JH58h ArEfof OfH e s R —
O[5} T8 YEE OISR, T8l HES 22l Of iR offfadndi it

O[HIETL LY =X|E Foldte o A2—-YLC)

* Designers use FSMs to describe how a device, l 4
computer program, or routing algorithm reacts l
to a set of input events. e
(2AXt= FSM2 AFESHY EX|, ARH 2203 E= any, in topc-wblg\_.-' Remove destination network from
Ef—?—%' %‘_TI_E|§O| % E_=|9| O::I EE! O| HJEOH 01%17'” table. topology and routing tables.

B35t 2L L)
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» |P EIGRP 172.16.2.0/24 /

209.165.200.224/27
= 225 0 507170

_—

-
192.168.10.4/30
.1 Feasible Successor

172.16.1.0/24 92.168.1.0/24
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= |f the path to the successor fails and there are no FSs, DUAL puts the network into the active state

and actively queries its neighbors for a new successor.
(successorOf| Ciot =7t HIfStd FSItQl= 49 DUAL2 HIEQAE 2d HEZ THE 1 O|R0AH M 22 successor0i CH3H X2

H2gLCt)

DUAL sends EIGRP queries asking other routers for a path to the network.

(DUALZ CIE 2t HO| U ESY 3 ZEE == EIGRP queryE EHL|C})

Other routers return EIGRP replies, letting the sender of the EIGRP query know that they have a path to
the requested network. If there is no reply, the sender of the query does not have a route to this network.
(CHE 212 E{ = EIGRP reply2 EL{ EIGRP query2| sender0f| Al @™ = HEZ 0| izt ZE7 AS2 LELICE reply 212 ™ query sender& O]
HIESZO tiet 325 7HE = glgU )

If the sender receives EIGRP replies with a path to the requested network, the preferred path is added

as the new successor and also added to the routing table.
(sender’t @™ E HELQIZO| Cist ZEE EIGRP replyE 2e 2% 7|2 271 M successorE F7HE| 11 2t & H|O| S0 = =7 LICH)



EIGRP Operation
Packet Tracer 2 — Investigating DUAL FSM

172.16.2.0/24
[HE =H] = I~ -
- EIGRP 74 =9I Tpca R2LAN R2
- EIGRP DUAL FSM 2+&t

.
172.15.3.0/30 192,168.10.8/30

192,168, 1.0/24
172.16.1.0/24

/ — S
! ! _‘ <= 1—... = S
-
F
192,168, 10.4/30 R3 LAN ’

o P R3

BCi R1 LAN R1 PC3
Device Interface IP Address Subnet Mask Default Gateway
G0/0 172.16.1.254 255.255.255.0 N/A
R1 S0/0/0 172.16.3.1 255.255.255.252 N/A
S0/0/1 192.168.10.5 255.255.255.252 N/A
G0/0 172.16.2.254 255.255.255.0 N/A
R2 S0/0/0 172.16.3.2 255.255.255.252 N/A
S0/0/1 192.168.10.9 255.255.255.252 N/A
G0/0 192.168.1.254 255.255.255.0 N/A
R3 S0/0/0 192.168.10.6 255.255.255.252 N/A
S0/0/1 192.168.10.10 255.255.255.252 N/A
PC1 NIC 172.16.1.1 255.255.255.0 172.16.1.254
PC2 NIC 192.168.1.1 255.255.255.0 192.168.1.254
PC3 NIC 192.168.2.1 255.255.255.0 192.168.2.254
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1. EIGRP 744 &9l
= 1CHA 2 2tRHo| 2t E HO| 22 At EEEX|Q| EE HERA0 tot ZE7F U=X| &QISHHAIL.
+ show ip route 2 AFE510] 2 2t HO| 2T HAAE HEYIE BAISHHAIL.
= 2 CHA 2 2t HO| 1 HIO| 20 &50] U=X| =QISHA| 2.
« show ip eigrp neighbors 21 H|O|& L83 = QIsIMA| 2.
- ZEfREO0= R 712 0[R0| JU=X| QIS AIL.
= 3CHA 2 2tRHe EEEX| H O[22 245IHAIR.
« show ip eigrp topology EZZX| H|O|2 LS OISt MA| 2.
- EEZEX| HO[Z9| &0 met 2 2tHl= R 7ol 2% ZEI JU=X] ZQISHHAIL,

2. EIGRP DUAL FSM Z&+%&
= 1 EHA ;10| M DUALFSM 222 EAIE O 7|52 LU Lo
+ debug eigrp fsm BH 2 AFESHUAIR.
« 2C0H ;OO 23S MHSI == DUAL FSM YOOI E7F Z A 2 2 A ZIL| T},
o CHO =82 28 = AEE R1 X R3 HZ2 LIS HiX|SHYA|2. O3 CHZ R30| M serial 0/0/0 QIE{H| 0| A E
H| g oS Al 2.
* R3(config)# interface s0/0/0
* R3(config-if)# shutdown
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= 3T R19| 2tR T HIO|ES EAIZLILH
« show ip route 3@ S AE0H0] 2128 HIO|S22 225 AI2,
¢ 192.168.10.4/30 HER A7t ¢ 0|2 R12| 2t & HIO| 20| Sl=X| 2SI AR,
- ot2E HO|S0 CHE B A2 S=X] QS AIL.
= 4B EZEX| HO[Z2| X0| & THESUAIL.
¢ R1Q| EEEZX| HO|ZS ZAISHO] 1. 0| A & QIRHE ZH 0t H M AL,
o A EREHOM HE dZ2E EE MEUS LE|=F EIGRPE THIotuA| 2.
* R1 (config-router) # network 172.16.1.0 0.0.0.255
* R1 (config-router) # network 172.16.3.0 0.0.0.3
* R1 (config-router) # network 192.168.10.4 0.0.0.3
= 5 B 4 2R B2 2 HIO|Z20 A HE At S 25U AR,
- Z 2tREQ AT HO|SS AASHY HE L AFO0] JUEX| ZRISHIAL.
= 6 B i R11} R2 7to| (1A S SIS L.
« R30|M X & 0/0/0 AEHO[AE 2 dotstil R19| MO S8 S 2ESIUAIR.
o EEZX|2t 2t HO|S0| OfEA HAEU=A| =HQISHIA L.
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