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 To¥ e 2. What is Routing?

atworkk.

Process of finding the best path and forwarding packets to reach the destination network

Routing is the process of selecting the best path to reach a destination network
and forwarding packets from one network to another using routers.
Routers use a routing table to make forwarding decisions. '

What is Routing? e Routmg Example |

Routing is the process of forwarding
packets from source to destination network.

Routers use route information to choose
the best path.

communicate with each other.

It works at Layer 3 (Network Layer) of
the OSI model.

Routing can be manual (Static) or
automatic (Dynamic).

Network C
172.16.1.0/24

192.168.2.0/24

(1]
]
&
@ Routing helps different networks to
@
@
©

How R°"t'"9 Works? o Key Tems in Routmg
Packet Arrives : e Router receives a packet ; [ Term | ~ Description |
at Router ) | onaninterface ~ Router ' Device that, forwards packets betiveen networks
& -8 {il::' Ch;;ks the destination | Royte Path to reach a destination network |
B | address. i s ' :
Eﬁr C_I'r_nuill(s ¢ T looks intotheroting | | | Routing Table | Table that contains all known routes. i} |
. % g : table for the best match ~ Next-Hop ' IP address of the next router to reach the destination. =~
. : | route. : Destination Network where th ket needs &
Finds Best Path o It forwards the packet | = Network _ Sl e e e |
to Destination ] ' out of the next-hop ! Metric ' Value used to choose the best path (lower is preferred).
J | Ep}t}grface. ; - Static Routing | Manually configured routes.
Forwards Packet ¥ unéisl F%;ZC;SQSCESE rrgz(ezlies . Dynamic Routing | Automatically leamed routes using routing protocols.
out the Correct Interface : the destination network .

9 Routing vs SWtChlﬂg (leference) o Important Points '

; Works at Network Layer (L3) * Works at Data Link Layer (L2)

— —— @ Routing enables communication between different networks.
Routing (Layer 3) | Suitching (Lager 2) @ Routers use the best path based on routing table.

- - It works at Layer 3 (Network L
Forwards packets between networks | Forwards frames within the same nebwork © Lo iy etar . aer),
- : - @ Routes can be static or dynamic.
 Uses IP addresses ~ Uses MAC addresses : : .
* Uses routing table | Uses MAC address table (CAM) (V] Dgnalml‘c routing protocols automatically learn and update routes.
 Connects different. networks . Connects devices in the same network | @ Metric is used to choose the best path
Example: Router ' Example: Suittch @ Routing is essential for large and complex networks
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v 3. Routigg Table

Routing Table contains all the routes that a router knows

Routing table is a database in the router which contains all the known routes to

R abiio i i S —

reach different networks. It helps the router to select the best path for forwarding packets
to the destination network. ’
€Y What is Routing Table? €) Routing Table Example |
Q A database stored in the router memory o8 e ¢ shovip mitte
(RAM).
Q Contains all known routes to reach Codes: C - connected, S - static, R - RIP, O - OSPF,
{ destination networks. D - EIGRP, B - BGP
& I”C[Edes connected, static and dynamic 192.168.1.0/24 is directly connected, GigabitEthernet0/0
fogs 3 10.0.0.0/24 is directly connected, GigabitEthernet0/1
| @ Router uses the routing table to choose 1721600 /16 [1/0] via 192.168.1.2
the best path (based on metric) 4 [120/1] via 10.0.0.2, 00:00:12
@  Updated automatically (dynamic) or 192.168.3.0/24 [110/2] via 10.0.0.3, 00:00:20
manually (static). D 10.1.0.0/16 [90/3072] via 10.0.0.4, 00:00:18
& You can view it using show ip route '
command in Cisco routers.
9 g Table ponents  Code | Route Type | Description |
PR O AR B T o T ¢ | C Connected Directly connected network ||
{ L S 172.16.0. 0/ 16 [U 0] via 192.168.1. 2 GlgubltEthernetO/ 0 ' Static Munuallg conﬂgured route [
_1;"_"_ "_""_"1""__“" “__"___q = _"_ ' R RIP Learned via RIP protocol I
_ I O | OSPF . Learned via OSPF protocol |
| | Route || Destination || Administrative Metric Next Ho Dutgoing | D | EIGRP '~ Learned via EIGRP protocol |
Code || Network Dlstance (Cost) | | IP Address Interface | | . BGP . Learned via BGP protocol |
4 L Loca[ ~ Local mterface address (/32) i ‘
|

| o How Router Uses Routing Table? o Rouhng Table in Acl:lon (Example)

” Packet arrives at the router.
o Router checks the destination IP address. 172.160.0/16

It searches the routing table for the best match
(longest prefix match).

Selects the best path based on metric.

Forwards the packet out of the next-hop interface.
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o 4, Static Routing

Manually configured route to reach a destination network

Static routing is a manually confi dqured route in the router. The administrator specifies

the destination network and the next-hop IP address or outgoing interface.
It is simple, secure and commonly used in small networks or for spemf ic routes. !
Key Points of Static Routing 9 Static Routing Topology Example |

Manually configured by network administrator.

Used to reach specific destination networks

Network B

192.168.2.0/24
Does not change automatically (no dynamic updates).

0 3000000

| 1000030 R2
| Less resource usage (no routing protocol). @ TR 10001 10002
More secure and predictable - ke
| P : 19216811 192.168.2.1
Commonly used in small networks, branch e = = ====s===my)
| offices or for default route. - In this example i
: _ ® R1 needs a route to reach 192.168.2.0/24 via 10.0.0.2
If t_he next-hop or path fails, route is lost ® R2 needs a route to reach 192.168.1.0/24 via 10.0.0.1
until manually updated. — EL Sl g i Y
€) static Route Configuration (CL1)

R1 Configuration R2 Configuration oo

e R1# show ip route static
192 168 2. 0/24 [ :
R24# configure terminal S 192.168.2.0/24 [1/0] via 10.0.0.2

R2(config)# ip route R1# show ip route
192.168.1.0 255.255.255.0 Codes: C - connected, S - static, R - RIP, O - OSPF,
10.0.0.1 D - EIGRP, B - BGP

o This route tels Rl toreach @ This route tells R2 to reach | e ot

I

o R configure terminal

R1(config)# ip route
192.168.2.0 255.255.255.0
10.0.0.2

| |

: )
L4

192.168.2.0/24 via next-hop ERERNVZRTETS RS C  10.0.0.0/30 is directly connected, GO/1
10002 10.0.01 S 19216820/24 [1/0] via 10.0.0.2 ‘
O staic Rute Using Outging rerce

R1# configure terminal
R1(config)# ip route 192.168.2.0 255.255.255.0 g0/1

e Instead of next-hop IP, you can also specify the outgoing

interface. ® This is called a Default Route.
® Useful in point-to-point links ® Used when the router needs to send all unknown destinations
to the Internet.
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; Edjga it 5. Dynamic Routing

:

Automatically learns and updates routes

Dynamic routing protocols allow routers to automatically discover networks, exchange
routing information and update their routing tables when there is any change in the network. |

They use routing protocols like RIP, OSPF, EIGRP and BGP.

What is Dynamic Routing? @) ynaic v Statc Routing (Comparson)

Routes are learned automatfcallg using

Q routing protocols | Feature | Static Routing | Dynamic Routing
| @ Routers exchange routing information Configuration  Manual Automatic (using protocols)
J with each other Route Learning = Manually configured | Learns automatically
Q Routing table is updated automaticaly Updates No automatic updates | Updates automatically
when network changes. = - : TR
@& More suitable for medium to large s hre Lises bandutn & S
networks. Best for Small networks Medium to large networks
@ Reduces manual configuration Scalability Limited High
& Common protocols: RIP, OSPF, EIGRP, BGP.  Example Static route RIP, OSPF, EIGRP, BGP

How Dynamic Routing Works? o Dynamic Routing Example (RIP)

Routers discover
neighbour routers

¥
Routers exchange
routing informmgion

~

¥
Each router builds
its routing table
¥
Routes are updated
when network changes
¥
Best path is selected l

using routing protacol logic

RIP Configuration Example

R1# show ip route

Rl(confi_g)# roder rip g Codes: C - connected, R - RIP, S - static, 0 - OSPF
R1(config-router)# version 2 D - B - BGP

R1(config-router)# no auto-summary

R1(config-router)# network 192.168.1.0 iU oects G0 €

is directly connected, G0/1
120/1] via 192.168.2.2, 00:00:16

R1(config-router)# network 192.168.2.0

6 Ck{;metw‘o nkk [T & ol =
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J're,chﬂ =i 6. Types of Routmg Protocols ¥
/‘?

Routmg protocols are classified into dlfferent types based on their operation and usage.

Each type has its own algorithm, metric and use case. Choosing the right protocol
helps in better network performance and scalability. '

} o Classification of Routing Protocols 9 IGP vs EGP

("_ S E )
| @ IGP (Interior Gateway Protocol) , Feature TIGP (Interior Gateway Protocol) | EGP (Exterior Gateway Protocal)
| o e S e | 2 el sl b))
@ EGP (Exterior Gateway Protocol) (/'\r? - | Scope "E’ﬂg;m an autonomous system | Bot\ eon different AS
iftere
@ Distance Vector D‘Ea?es ! ‘
e, Example | RIP, OSPF, EIGRP, IS-IS | BGP
@ Link State = Dfofer:l“ Used By | Internal nebwork | Inkanet 7 150 nebucek
i / - Yy . niernal networks . nierne Nnetworks
O Hgb”d 4 Metric Hop count, cost, bandwidth, | Path attributes (AS Path,
loud etc. Local Preference, MED, ef‘.c)

| 9 Distance Vector Routing Protocols o Link State Routing Protocols

@  Works on the primilp!e of “‘distance ; I(hop (?ount). @  Uses link state advertisements (LSA).
& Each router shares its rc;-utmg table with neighbors. & Builds a complete view of the network.
@  Uses Bellman-Ford algorithm. & Uses Dijkstra’s algorithm (SPF).
@ Convergence is slower compared to link state. & Faster convergence and more scalable
& Example: RIP (hop count metric). & Example: OSPF, IS-IS _
R1 R2 R3 _RL Al rzut"'ﬁe
TR juild sam
> e |
HE gy — 4 run

R2 [NextHop Cost| [R3 Ne.x’cHop[Cosﬂ

R1 [Next Hop| Cost | | R2 |Next Hop | Cost | | ~~ i
R| R |1 RU| RL |1 R| R
B & |32 B B |1 Rt @ [ Floods LSA ( Floods LSA | % ‘

Example: RIP
Hybrid Routing Protocols o Real-World Example |

| @ Combines features of both distance vector and link state. o0
: : R1# show ip route
@  Uses different methods for different parts of the network S 2 resort im0l
@ Provides better scalability and stability. C 10.0.0.0/8 is directly connected, GigabitEthernet0/0
o EX(IITIPIB EIGRP (Cisco pl“OPI“JEtC{I"H 172.16.0.0/16 [110/2] via 192.168.1.2, 00:00:12, GigabitEthernet0/1

0
D 192.168.10.0/24 [90/1] via 10.0.0.2, 00:00:20, GigabitEthernet0/2
E

203.0.113.0/2 20] vi .51.100. :00:3
Dt er Link State EIGRP 203.0.113.0/24 [170/20] via 198.51.100.1, 00:00:30
(For external routes) (For internal routes) Hgbrld) g Kﬂl:l TEI;EEWE“Z . g

Y~ Different protocols, different strengths. /@‘
- [BESt of Both Worlds! = Use the right protocol for the right network.

oohnetworkk ey T gy gl idi
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phuortus 7. Routing Metrics

Each routing protocol uses a metric to choose the best path.

§

Metric is the value used by a routing protocol to determine the best path to a destination.

Lower metric value is always preferred. '
| € What is Routing Metric? ©  Comon Roting Potacol Metis
A value used to compare different (Protocol  Mefric  BasedOn  Default Value / Notes
routes. RIP Hop Count | Number of hops Max 15 bops
Helps the router to select the best | e =y

| Cost =10°8 /

path. OSPF Cost P Banduwidth (ops)

Each routing protocol has its own - -
% P Composite | Bandwidth + Delay By default uses

metric calculation : EIGRP ' Motric (+ Load + Reliabilty) | Bandwidth + Delay
Lower metric is always preferred. Different. attribates | Chooses best path

e

00oo® 0000 0@

S

Metrics can be based on hop count, BGP | Puln Alriutes (1S puth, Lol Pref, ) e e
J bandwidth, delay, load, etc. ' ' L
b SIS Cost Bandwidth ey SO,

but configurable

RIP Metric (Hop Count) O o0sPr Metric (Cost)

Metric = Number of hops to reach destination. o Metric = Cost (based on interface bandwidth).
Max hop count = 15 (16 = unreachable). ® Formula: Cost = 108 / Bandwidth (in bps)
Choose the ‘path with the lowesf, hop counlt, & Lower cost. path is preferred.
| SfmIP‘E met[rj 'tC but does not consider bandwiath o Faster links (higher bandwidth) have lower cost.
s @ Default reference bandwidth = 100 Mbps (10"8).
R1 1 hop R2 1 hop R3 100 Mbps
192.1681.0/24 10.0.0.0/24 192.1682.0/24 g i 00 Mope
{ R1 to reach 192.168.2.0/24 = 2 hops ’ el L 0§°5*' '
(1 via R2). :
|
'6 EIGRP Metrc (Compost Metri) () Metric Comparison Example
o Default Metric = Based on Bandwidth + Delay. " Path1 R2 { Path2 |
0 Formula (default): [(H_fsher Bqnéwidth)} (Mor_e Hc-ps) )
 Metric = 256 x( O Thtalal.! ) e o1
Min_Bandwidth ~ °°="¢% ) Rl Costl R3
@  Lover metric is preferred. E?;I;%S
o More accurate than hop count (considers link quality). | o Path 1 (via R2) total cost =2 (1 + 1)
EIGRP can also include Load and Reliability in the metric e Path 2 (direct) total cost = 10
(optional). e Router will choose Path 1 (lower metric).

.E,c\dn@twﬁ I ) B o) ) A
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; —@cﬁ_ﬂf%iﬁwx 8. Routing Decision Process
s

How a Router Chooses the Best Route?
When a [Jacket arrives at a router, it checks the destination IP address in the routing table

and selects the best route based on longest prefix match, AD, metric and other factors.

Routing Decision Process - Steps

Router receives a packet with destination IP.

€D Longest Prfix atch (ost Spaiic Rt

& Router a[wafgs chooses the most specific route
(longest prefix).

Checks the routing table for matching routes. @  More specific network = longer subnet mask

]

o® 00000000

Uses Longest Prefix Match to find the best match. (V) E\.retmc hif another route has lower metric, longest prefix

| If multiple routes exist, checks the Administrative s L

. Distance (AD). Example: = Destination IP: 192.168.1.10
If AD is same, uses the routing metric (lowest). Route ‘ Subnet Mask l Match? J Result ‘
If still same, uses load balancing or other tie-breakers. | 19216800 | /16 Yes | Less specific

192.168.1.0 /24 Y M ifi

J Forwards the packet to the next-hop or outgoing | — Specf |.c

interface. 192.168.1.8 /29 Yes Most specific

Administrative Distance (AD)

Used to choose the best route when multiple sources
have the same destination.

@  Lower AD value is preferred.
& Different routing sources have different AD values.

Metric Comparison

If AD is same, router compares the metric value.
Each protocol has its own metric calculation.
@ Lower metric is preferred.

?

R S M N R R . Example:
B i sl [ s | ® Two OSPF routes to the same destination:
- Connected . 0 ~ Directly connected network | o Route 1 192.168.3.0/24 metric 20
| :E;’; T E‘_‘E‘:“”ﬁ c“":g““d | ® Route 2: 192.168.3.0/24  metric 10
‘ Lot - L _ ® Router will choose Route 2 (lower metric).
. OSPF _ 110 - Common in enterprises
RIP 120 Used in small networks . ;
.~ EIGRP (external) 170 From another AS e Tie'B"Gﬂk"g (If AD and Metric are Sume)
EGY 200 Used between different AS & If both AD and metric are same, router can use:

4 - . . - O Lo balancing (use both paths)
Real-World R(Ilhl‘g Decision EXIII@'B @ Router D (lower Router D)

© Next-hop IP (lowest IP)
10.0.0.0/30 R2 @ €D Route age (older route)
o 2
@ & Key Takeaways:

Cahlh s

Router uses longest prefix match first. 4 2
Then checks A?ministmtive Distance. 4@‘

Static route

@
< :
| R1# show ip route 20.1.1.0 is chosen g [hen conipares the r?etrlcdvalue.
M 11N/ o "9 because AD 1 ower values are preferred.
9 2f JUNL 00: j J v 5 P 3
: = 01_3{}?. Ol It‘Jﬂ{JU = is lower than @ [f same, uses tle-breakm% methods.
1/0] via 10.0.0.2 EIGRP AD 90. & This process ensures the best and most efficient path
is selected. -
Dy (3.1 )
(1] ‘Q’ ol Filw
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| Toch! ﬂgﬁ‘mx 9. Route Summarization

S
Reduce Routing Table Size and lmprove Network Efficiency - ‘

Route summarization (a ?gregatmn) combines multiple routes into a single summary route.
It reduces routing table size, saves bandwidth and improves network performance.

o Why Route Summarization? 9 How Route Summarization Works?

: : Multiple Networks !
@ Reduces routing table size il i Elosti Reils
& Saves bandwidth (fewer update messages). /U Ll
B 1216800024 | Advertise )
|
|

& Fuster convergence. Summary Route

@ Hides internal network details
| & Improves network stability and scalability,

e 19216810724 N\ R1

ad of adver ising
n;. tx?udmdua.l roukes,
R1 advertises 0 smg e

summa 3 route
6

| e Example of Summarization 2
. — o Configuring Summarization (OSPF)

‘f Indlvldual Networks Summary Route
| 192.168.0.0/24 . R1(config)# router ospf 1
R1(config-router)# area 0 range 192.168.0.0 255.255.252.0

19216810/24 | * 19216800,22 Rl[CDﬂfig—FOUtPI]# end

192.168.2.0/24 (1024 addresses) R1# show ip route ospf

192.168,3]3!24 0 192.168 ‘.H. [110/20] via 10.0.0.2, 00:00:12

' e R1 summarizes 192.168.0.0/24 - 192.168.3.0/24
| into 192.168.0.0/22 and advertises it to other routers

6 Configuring Summarization (EIGRP) in area 0.

o
R1(config)# router eigrp 100

Configuring Summarization (BGP)

R1(config-router)# network 192.168.0.0 e .f‘
R1(config-router)# auto-summary 1(config)# router bgp 65001
R1(config- router)# e R1(config-router)# network 192.168.0.0 mask 255.255.252.0
ute mgrp R1(config-router)# end
| 2 [90/2172416) via 10.0.0.2, 00:00:08 KL} stedidp tap
19 *> 192 168.0 0 32768 i

0 32768 i
e BGP summary is conf |gured using the network command
with appropriate mask.
. Aduertuses only the summary route to external peers.

N Reduces the number of routes in the global routing table.
o Important Points € :
B
o
V]
(/]

o EIGRP can summarize routes automatically (classful)
| e Use auto- ~summary for classful networks.
| e For manual summarization use summary-address.

Choose a summary that covers continuous networks.
Summarization works best at area or AS boundaries.

Keep summarization simple and logical
Verify reachability after configuration.
Monitor for any traffic loss or routing issues.

Careful planning s required to avoid blackholing traffic.
Always verify with show ip route and neighbour/cliert. output.

o
(]
(V]
Avoid summamzmg if networks are not contiguous. &
(V]
(V]

ToghEOrkk U gy i
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| T@&bﬂ‘?ﬂ?ﬁa 10. Routing - Final Summary ~ #SAF

' oSt e
Key Concepts, Comparison and Next Steps

Let’s quickly recap all the important concepts of routing covered in this series and see

-
how they fit together in real networks from CCNA to CCIE level
| €D Routing Protocols Recap O Route Types Recap
[ Protocl |

Type Metric Key Point ] & Connected Route - directly connected networks ™

RIP Distance Vector | Hop Count Simple, max 15 hops @ Static Route - manually configured
| 7 Cost B o (v/] Dynamic Route - learned via routing protocols

OSPF Link State (Bandwidth) | scalable S @ Default Route - used when no specific route is found
' ' [ Composite [ Fast reliatle & Summary Route - combines multiple routes
' EIGRP | Hybrid (BW + Delay) e propriei‘:arg g Floating Static Route - backup route
' ' ' | Used for Internet. Blackhole Route - drop traffic intentionally 7\

| (e Path Vecior Pl irbtes | oot For large networks @ Null0 Route - used for route summarization ’

IS-IS | Link State Cost Used in large

J enterprise / ISP 6 Routing PPOCBSS Re(xl.P '

e MM|ﬂ|Stl‘ﬂt|V3 Distance (Defﬂﬂlt) o Receive packet with destination IP. A,
, . o Check routing table for best match (Longest Prefix Match). =(, )~ ‘
Route Source . AD Value _ Notes o If multiple routes, check Administrative Distance. \
' Connected _ 0 | Directly connected network o If AD is same, compare metric. |
il ::EE; ry—— 910 i E?;;:g;ﬂg;md e Select best route and forward the packet.
i OSPF 110 Common in enterprises o If no match, use default route
: RIP . 120 . Used in small networks , o Update routing table dynamically (For dynamic protacols).
| EIGRP (external) 170 From another AS
| BGP 200 Used between different AS | o B&St P l‘ﬂ.CﬁCﬁS
Metr'ic CMIPG.HSOH 0 Choose the right routing protocol for your network size.
[ Poctocal | Metric Preferred For ] 0 Use route summarization to reduce table size.
" RIP T Hop Count [ Sl itk O Keep routing simple and scalable.
" OSPF | Cust (Eanhadil Bt erprise networks o Verify routes and connectivity after configuration.
| EIGRP ' Composite Metric " Enterprise networks @ Monitor routing updates and neighbor relationships.
| BGP | Path Attributes | Internet / ISP networks | &  Use redundancy (backup routes) for high availability,
‘ | IS-IS Cost (Bandwidth) Large networks (ISP) | Q Plan addressing and hierarchy properly
4 R . (T TN e T T LT T T
| Key Takeaways B = @ YouDid It! ~_

@ Routing helps packets reach the correct destination.
Each routing protocol uses a metric to find the best path.

Lower metric and lower AD are preferred.

Route summarization improves efficiency.

Choose the right protocol based on network size and requirements.
@ Always verify and monitor your routing configuration.

You have completed the complete |
Routing Basics and Fundamentals series , |
i f'mm__ CC_NA tn CCIE Iep'ell ¢

Keep Learning | Keep Practicing

0000
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