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Introduction to Routing
Apparatus: 

· Intel PC with Win98/95 with hyper-terminal


1 pc

· Sybex CCNA e-trainer





1 pc

· Cisco Routers 






1 set

· Class 5 UTP cables, RS-232-to-RJ45 flat cable


1 set

Objectives:

· To help you become familiar with a router's routing features. 
· To carry out static route, default route and dynamic route setting on a router
· To perform testing of route on a router
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Introduction

In this lab, In this section, you will be guided through configuring static, default, and dynamic routing using RIP and IGRP. 

Section 1: Background 

· 1. About CCNA e-trainer

· 2. Static route vs. dynamic route

Section 2: Simulation using e-trainer

· 1: Configuring Static Routes

· 2: Configuring Default Routes

· 3: Configuring RIP Routing

· 4: Configuring IGRP Routing

Section 3: Routing setup using Cisco Routers

· 1: Configuring Static Routes

· 2: Configuring Default Routes

· 3: Configuring RIP Routing

· 4: Configuring IGRP Routing
Section 4: Summary sheet

Section 1 : Background

About the CCNA Virtual lab

Virtual Lab has three routers-A, B, and C-with a TokenRing LAN attached to routers A and C.

Router A has Ethernet 0 connected to IP address 172.1610.1/24. it also has P address 172.16.20.1/24 connected to interface s0. The TokenRing LAN attached to Router A has an IP address 172.16.15.1.

Router B has P address 172.16.20.2/24 connected to s0 and 172.16.40.1 connected to serial 1. It also has 172.16.30.1 assigned to E0. Router B also has DCE connections on both serial interfaces, so these serial interfaces need to provide the clocking for the serial link.

Router C has IP address 172.16.40.2/24 connected to interface s0, while Ethernet 0 of Router C has 172.16.50.1/24 connected. The TokenRing LAN attached to Router C has an IP address 172.16.55.1.

Static router vs. dynamic routes

Static routing algorithms are hardly algorithms at all, but are table mappings established by the network administrator prior to the beginning of routing. These mappings do not change unless the network administrator alters them. Algorithms that use static routes are simple to design and work well in environments where network traffic is relatively predictable and where network design is relatively simple.

Because static routing systems cannot react to network changes, they generally are considered unsuitable for today’s large, changing networks. Most of the dominant routing algorithms in the 1990s are dynamic routing algorithms, which adjust to changing network circumstances by analyzing incoming routing update messages. If the message indicates that a network change has occurred, the routing software recalculates routes and sends out new routing update messages. These messages permeate the network, stimulating routers to rerun their algorithms and change their routing tables accordingly.

Dynamic routing algorithms can be supplemented with static routes where appropriate. A router of last resort (a router to which all unroutable packets are sent), for example, can be designated to act as a repository for all unroutable packets, ensuring that all messages are at least handled in some way.

Section 2 : Simulation using e-trainer

Part 1: Configuring Static Routes

In this laboratory, you will use static routing to provide an IP routing table for each router.

1. Set the hostname of all three routers with the hostname command. Add the IP addresses of all routers. To configure Router A, type in the following:

Router# config t

Router(config)# hostname RouterA

RouterA(config)#int e0
RouterA(config-if)#ip address 172.16.10.1 255.255.255.0

RouterA(config-if)#no shut

RouterA(config-if)#int s0

RouterA(config-if)# ip address 172.16.20.1 255.255.255.0

RouterA(config-if)#no shut

RouterA(config-if)#int to0

RouterA(config-if)# ip address 172.16.15.1 255.255.255.0

RouterA(config-if)#ring-speed 16

RouterA(config-if)#no shut

Click on the tab to go to Router B. Type in the following to configure

Router B:

Router# config t

Router (config)#hostname RouterB

RouterB(config)#int e0

RouterB(config-if)# ip address 172.16.30.1 255.255.255.0

RouterB(config-if)#no shut

RouterB(config-if)#int s0

RouterB(config-if)# ip address 172.16.20.2 255.255.255.0

RouterB(config-if)#clock rate 56000

RouterB(config-if)#no shut

RouterB(config-if)#int si

RouterB(config-if)# ip address 172.16.40.1 255.255.255.0

RouterB(config-if)#clock rate 56000

RouterB(config-if)#no shut

Click on the tab to go to Router C. Type in the following to configure

Router C:

Router# config t

Router (config)#hostname RouterC

RouterC(config)#int e0

RouterC(config-if)# ip address 172.16.50.1 255.255.255.0

RouterC(config-if)#no shut

RouterC(config-if)#int s0

RouterC(config-if)# ip address 172.16.40.2 255.255.255.0

RouterC(config-if)#no shut

RouterC(config-if)#int to0

RouterC(config-if)# ip address 172.16.55.1 255.255.255.0

RouterC(config-if)#ring-speed 16

RouterC(config-if)#no shut
Remember to save the configurations for each router. Press the Control key and the letter Z, and then type copy run start and press Enter. Other​wise, if you exit the program without doing this, you will lose your router’s configuration. Use the space below, sketch a network diagram showing the above routers' network diagram.


2. Type show ip route on each router to see the routing tables. Each router will only show its directly connected networks. You should see the following information for each router.

Router A:

172.16.0.0/24 is subnetted, 3 subnets

C 172.16.15.0 is directly connected, TokenRing0

C 172.16.20.0 is directly connected, Serial0

C 172.16.10.0 is directly connected, Ethernet0

Router B:

172.16.0.0/24 is subnetted, 3 subnets

C 172.16.40.0 is directly connected, Seriall

C 172.16.30.0 is directly connected, Ethernet0

C 172.16.20.0 is directly connected, Serial0

Router C:

172.16.0.0/24 is subnetted, 3 subnets

C 172.16.55.0 is directly connected, TokenRing0

C 172.16.50.0 is directly connected, Ethernet0

C 172.16.40.0 is directly connected, Serial0
3. Create a static route in all three routers, so the three routers see all net​works. On Router A create a static route to see networks 172.16.30.0/24, 172.16.40.0/24, 172.16.50.0/24, and 172.16.55.0/24. To do so, type:

RouterA#config t

RouterA(config)# ip route 172.16.30.0 255.255.255.0 172.16.20.2

RouterA(config)# ip route 172.16.40.0 255.255.255.0 172.16.20.2

RouterA(config)# ip route 172.16.50.0 255.255.255.0 172.16.20.2

RouterA(config)# ip route 172.16.55.0 255.255.255.0 172.16.20.2

This told Router A to get to network 172.16.40.0/24, use IP address 172.16.20.2, which is the closet neighbor interface connected to network 172.16.40.0/24, or Router B. This is the same interface you will use to get to network 172.16.50.0/24 and 172.16.55.0/24.

4. Save the current configuration for Router A by going to the Privileged Exec mode, typing copy run start, and pressing Enter.

5. On Router B, create a static route to see network 172.16.50.0/24, 172.16.55.0/24 and networks 172.16.10.0/24, 172.16.15.0/24, which are not directly connected.  RouterB#config t

RouterB(config)# ip route 172.16.10.0 255.255.255.0 172.16.20.1

RouterB(config)# ip route 172.16.15.0 255.255.255.0 172.16.20.1

RouterB(config)# ip route 172.16.50.0 255.255.255.0 172.16.40.2

RouterB(config)# ip route 172.16.55.0 255.255.255.0 172.16.40.2

This told Router B that, to get to network 172.16.10.0/24 and 172.16.15.0/24, use 172.16.20.1, which is Router B’s closest neighbor interface to network 172.16.10.0/24 and 172.16.15.0/24. The next two commands told Router B how to get to network 172.16.50.0/24 and 172.16.55.0/24, which is through 172.16.40.2. That is the closest router interface to network 172.16.50.0/24 and 172.16.55.0/24.

6. Save the current configuration for RouterB by going to the Privileged Exec mode and typing copy run start and pressing Enter.

7. Router C is connected to network 172.16.50.0/24, 172.16.40.0/24, and 172.16.55.0/24. It does not know about networks 172.16.30.0/24,

172.16.20.0/24 and networks 172.16.10.0/24 and 172.16.15.0/24.

Create static routes so that Router C can see all networks.

RouterC#config t

RouterC(config)# ip route 172.16.30.0 255.255.255.0 172.16.40.1

RouterC(config)# ip route 172.16.20.0 255.255.255.0 172.16.40.1

RouterC(config)# ip route 172.16.10.0 255.255.255.0 172.16.40.1

RouterC(config)# ip route 172.16.15.0 255.255.255.0 172.16.40.1
8. Save the current configuration for Router C by going to the Privileged Exec mode and typing copy run start and pressing Enter.

Notice that even though networks 172.16.10.0/24 and 172.16.15.0/24 are connected to Router A, the closest router interface is through Router B, or 172.16.40.1.

9. Test the configuration by looking at the routing table of all three routers:

RouterA# sh ip route

172.16.0.0/24 is subnetted, 7 subnets

S 172.16.55.0 [1/0] via 172.16.20.2

S 172.16.50.0 [1/0] via 172.16.20.2

S 172.16.40.0 [1/0] via 172.16.20.2

S 172.16.30.0 [1/0] via 172.16.20.2

C 172.16.20.0 is directly connected, Serial0
C 172.16.15.0 is directly connected, TokenRing0
C 172.16.10.0 is directly connected, Ethernet0
RouterB# sh ip route

172.16.0.0/24 is subnetted, 7 subnets

S 172.16.55.0 [1/0] via 172.16.40.2

S 172.16.50.0 [1/0] via 172.16.40.2

C 172.16.40.0 is directly connected, Seriall

C 172.16.30.0 is directly connected, Ethernet0

C 172.16.20.0 is directly connected, Serial0

5 172.16.15.0 [1/0] via 172.16.20.1

5 172.16.10.0 [1/0] via 172.16.20.1

RouterC# sh ip route

172.16.0.0/24 is subnetted, 7 subnets

C 172.16.55.0 is directly connected, TokenRing0

C 172.16.50.0 is directly connected, Ethernet0

C 172.16.40.0 is directly connected, Serial0

S 172.16.30.0 [1/0] via 172.16.40.1

S 172.16.20.0 [1/0] via 172.16.40.1

S 172.16.15.0 [1/0] via 172.16.40.1

S 172.16.10.0 [1/0] via 172.16.40.1

10. Test your routers by pinging to some remote networks:

RouterA# ping 172.16.50.1

RouterA# ping 172.16.55.1

RouterB# ping 172.16.50.1

RouterB# ping 172.16.10.1

RouterB# ping 172.16.15.1

RouterB# ping 172.16.55.1

RouterC# ping 172.16.10.1

RouterC# ping 172.16.15.1

Here is a sample output of when the ping is successful:

RouterA# ping 172.16.50.1

Type escape sequence to abort.

Sending 5, 100-byte ICMP Echos to 172.16.40.2 time out is 2 seconds:

Success rate is 100 percent (5/5), round-trip min/avg/max = 4/4/4 ms

Part 2: Configuring Default Routes

In this lab, you will first remove your static routes from routers A and C, and then create a combination of default and static routes to route to remote net​works from each router.

1. Remove the static routes from Router A by using the no ip route com​mand. Remember, the whole command must be typed in, not just the command no ip route. Here is how to remove the static routes config​ured in Router A:

RouterA#config t 

RouterA(config)#no ip route 172.16.30.0 255.255.255.0

172.16.20.2 RouterA(config)#no ip route 172.16.40.0 255.255.255.0

172.16.20.2 RouterA(config)#no ip route 172.16.50.0 255.255.255.0

172.16.20.2 RouterA(config)#no ip route 172.16.55.0 255.255.255.0

172.16.20.2

2. Remove the static routes in Router C:

RouterC#config t

RouterC(config)#no ip route 172.16.30.0 255.255.255.0 172.16.40.1

RouterC(config)#no ip route 172.16.20.0 255.255.255.0 172.16.40.1

RouterC(config)#no ip route 172.16.10.0 255.255.255.0 172.16.40.1

RouterC(config)#no ip route 172.16.15.0 255.255.255.0 172.16.40.1
3. Return to Privileged Exec mode on Router A and Router C. Type show ip route on each router to see the routing tables. Each router will show only its directly connected networks.

4. Create a combination of default and static routes so all three routers see all networks. On Router A, create a default route to see networks 172.16.30.0/24, 172.16.40.0/24, 172.16.50.0/24, and 172.16.55.0/24. To create a default route:

RouterA>en

RouterA#config t

Router A(config)#ip route 0.0.0.0 0.0.0.0 172.16.20.2

RouterA(config)#ip classless
This told Router A to get to any network, use IP address 172.16.20.2, which is the closet neighbor interface connected. The IP classless command is set when using default routes. This tells the router not to drop packets to unknown networks, but to forward them instead to the default route.

5. If you have not configured Router B with static routes from the last lab, then do this now. On Router B, create a static route to see network 172.16.50.0/24, network 172.16.10.0/24, and networks 172.16.15.0/24 and 172.16.55.0/24, which are not directly connected.

RouterB#config t

RouterB(config)#ip route 172.16.10.0 255.255.255.0 172.16.20.1

RouterB(config)#ip route 172.16.50.0 255.255.255.0 172.16.40.2

RouterB(config)#ip route 172.16.15.0 255.255.255.0 172.16.20.1

RouterB(config)#ip route 172.16.55.0 255.255.255.0 172.16.40.2

RouterB(config)#int s0

RouterB(config)#clock rate 56000

RouterB(config)#int si

RouterB(config)#clock rate 56000

This told Router B that, to get to network 172.16.10.0/24, use 172.16.20.1, which is Router B’s neighbor interface to network 172.16.10.0/24. The next command told Router B how to get to network 172.16.50.0/24, which is through 172.16.40.2. That is the router interface to network 172.16.50.0/24. The next command told Router B how to get to network 172.16.15.0/24, which is through 172.16.20.1. That is the router interface to network 172.16.15.0/24. The next command told Router B how to get to network 172.16.55.0/24, which is through 172.16.40.2. That is the router interface to network 172.16.55.0/24. You also added the Clock Rate command to both serial interfaces because they both had DCE cables connected to the inter​face. You did not use default routing on this router because a routing loop could possibly occur.

6. Router C is connected to network 172.16.55.0/24, 172.16.50.0/24, 172.16.40.0/24. It does not know about networks 172.16.30.0/24, 172.16.20.0/24, 172.16.15.0/24, and 172.16.10.0/24. Create a default route so Router C can see all networks.

RouterC#config t

RouterC(config)#ip route 0.0.0.0 0.0.0.0 172.16.40.1

RouterC(config)#ip classless
The closest router interface is through Router B, or 172.16.40.1. Whenever Router C receives a packet destined for an unknown network, it will forward this to 172.16.40.1. The IP Classless command is needed so the router does not drop the packets to the unknown network.

7. Test the configuration by looking at the routing table of all three routers:

RouterA#sh ip route

RouterB#sh ip route

RouterC#sh ip route

On Routers A and C, you will see the following in the routing tables:

S* 0.0.0.0 0.0.0.0 [0/1] via 172.16.20.2

If not, check your configuration.

8. Test your routers by pinging some remote networks:
RouterA#ping 172.16.50.1

RouterA#ping 172.16.55.1

RouterB#ping 172.16.50.1

RouterB#ping 172.16.10.1

RouterB#ping 172.16.15.1

RouterC#ping 172.16.10.1

RouterC#ping 172.16.15.1

If you want to save your configurations at this point, type copy run start.

Part 3: Dynamic Routing with RIP

In this part of the lab, you will learn how to configure RIP routing.
1. Log in to your router and go to Privileged mode by typing en or enable.

2. Make sure you have no static routes or default routes configured on your routers by using the no ip route route_mask next_hop command. For example (skip this step if you have no configured static routes):

RouterA#config t

RouterA(config)#no ip route 0.0.0.0 0.0.0.0 172.16.20.2

RouterA(config)#no ip classless

RouterA(Config)#exit

Do the same thing for routers B and C:

RouterB#config t

RouterB(config)#no ip route 172.16.10.0 255.255.255.0 172.16.20.1

RouterB(config)#no ip route 172.16.50.0 255.255.255.0 172.16.40.2

RouterB(config)#no ip route 172.16.15.0 255.255.255.0 172.16.20.1

RouterB(config)#no ip route 172.16.55.0 255.255.255.0 172.16.40.2

RouterB(config)#exit

RouterC#config t

Routerc(config)#no ip route 0.0.0.0 0.0.0.0 172.16.40.1

Routerc(config)#no ip classless

RouterC(confi)#exit

3. Type sh ip route and press Enter on each router in order to verify that all static and default routes are cleared.

4. After your static routes are clear, go in to Configuration mode on each router in turn by typing config t.

5. Tell each router to use RIP routing by typing router rip and pressing Enter.

6. Add the network number you want to advertise by typing network and pressing Enter.

config t 
router rip 
network 172.16.0.0
7. Press Ctrl+Z to get out of Global Configuration mode.

8. Verify that RIP is running at each router by typing the following com​mands at each router:

show ip protocol 
show ip route

show running-config or show run enter spacebar
9. Save your configurations by typing copy run start or copy running-​config startup-config and pressing Enter at each router.

Part 4: Dynamic Routing with IGRP

This part of the lab will teach you how to configure IGRP routing.
1. Log in to your router and go into Privileged mode by typing en or enable.

2. Keep RIP running on your routers and verify that it is running on each router. If you want to remove RIP, you can use the no router rip com​mand in Global Configuration mode to remove it from each router. For example:

config t

no router rip
3. Go into Global configuration mode on each router by typing config t.

4. At the (config)# prompt, type router igrp ?.

5. Notice it is asking for an autonomous system number. This is used to allow only routers with the same AS number to communicate. Type 10 and press Enter. Your router can be configured to be a part of as many different AS numbers as necessary.

6. At the (config-router)# prompt, type: network 172.16.0.0. Notice that you do not add the subnet numbers to advertise, but you do add the classful network boundary. The complete configuration on each router will look like this:

config t

router igrp 10

network 172.16.0.0

7. Press Ctrl+Z to get out of Configuration mode.

8. Verify that IGRP is running by typing the following commands at each router:

show ip protocol Notice that this will show you your RIP and IGRP routing protocols. Also, notice that it will show the updated timers. Press the spacebar.

sh ip route You should see all seven subnets: 10, 15, 20, 30, 40, 50 and 55. Some will be directly connected; some will be (I) routes, which are IGRP injected routes. RIP is still running, but if you look at the routing table, notice that the network entry then has a network number (100/23456). The first number (100) is an administrative dis​tance, or the trustworthiness rating. Since RIP's default trustworthiness rating is 120, the IGRP route is used before a RIP route will be used. The second number is the metric, or weight, of the route that is used to determine the best path to a network. show running-config You should see that RIP and IGRP are config​ured. Press the spacebar.
9. Type copy running-config startup-config or copy run start, and press Enter at each router to save your configurations.

Section 3 : Basic Practice using Cisco Routers

Part 1 : Configuration Static Routes
This exercise will have you configure static routes into some real Cisco routers. Consult your instructors for the detail of the laboratory arrangement.
1. Log in to your Cisco routers by either connecting a console cable to each router or using the Telnet utility.
2. Diagram the network as it is physically connected as below.







3. Setup the Ethernet and Serial interface in the configuration mode as using int eth0 and int s0 command. (According to the IP address assignment that is provided by your instructor).

4. Create static routes to the remote subnets on your network by typing the command: 

ip route destination_network subnet_mask default gateway
5. Test connectivity to the remote networks with the ping command. You should be able to ping all networks on your internetwork. If you can’t, use the ping and ip route commands to troubleshoot where the problem lies.
6. Use sh ip route command to display the IP routing table in your router.

Part 2 : Default Routes 
This next exercise will have you add default routes into your Cisco routers.
1. Log in to all your routers either by hooking up your console cable to each router or by using the Telnet utility.
2. Diagram your network as it is physically connected, or use the drawing you created from the exercise above.
3. Add the default routes in each of your routers by using the ip route 0.0.0.0 0.0.0.0 default_route command.
4. Test connectivity after removing your static routes.
5. Can you still ping to your remote networks? If not, use the ip route and ping utility to troubleshoot the problem.
6. You can also use sh ip route command to display the IP routing table.

Part 3 : Dynamic Routes
Configuring the router using Router Information Protocol (RIP)

1. Log in to your router and get the # prompt.

2. Type in sh ip route to get your directly connected networks.

3. Type in config t and turn on RIP routing. Using the following commands.
2501A#config t
2501A(config)#router rip
2501A(config-router)#network 192.168.0.0
2501A(config-router)#^ Z
[OK]

4. Verify the RIP configuration by typing sh ip protocol
5.  Turn on RIP debugging and monitor the RIP routing updates by typing 

debug ip rip.

6. Turn off debugging by typing undebug all.

7. Display the IP routing table and verify that you have successfully received RIP updates from other routers using the sh ip route command.

8. Ping the other routers to verify that communication is taking place.

9. Use the trace command to verify the routes that packets take through your internetwork.

Write the command you used for tracing the packets.

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

Write the command you'd seen on the display.

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

Part 4 : Configuring the router using Interior Gateway Routing Protocol (IGRP)

1.    Log in to your router and get the # prompt.
2.    Type in sh ip route to get your directly connected networks.

3. Type in config t and turn on IGRP routing. Using the following commands.
2501A#config t
2501A(config)#router igrp 10
2501A(config-router)#network 192.168.0.0
2501A(config-router)#^ Z
[OK]

4. Verify the IGRP configuration by typing sh ip protocol
5. Turn on IGRP debugging by typing debug ip igrp transactions.
6. Turn off debugging and verify that you have received other IGRP updates form other routers by typing sh ip route.
7. Ping the other routers to verify communication.

8. Use the trace command to verify the routes that packets take through your internetwork.

Write the command you'd seen on the display.

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

Section C: Summary Sheet

In about 100-150 words, write down what you have learnt from this experiment.

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________
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Figure 1: network diagram
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