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Construction Practice Using Virtual Router
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NoBUKAZU IgucHif!

Practices for training network engineers are being given in many educational
institutions. In practice, learners master computer network construction skills
by operating network equipments repeatedly. However, in practice by real net-
working equipments, learners need two or more networking equipments. For
this reason, it is not easy for learners to prepare a training environment that
learners can practice freely at any time. Therefore, I have developed a system
that can construct networks on one PC. Using this system, learners can practice
network construction freely and virtually on just one PC. We have implemented
this system by applying the virtual Linux environment User Mode Linux. This
system consists of virtual routers, virtual hosts, and functions that operate these
virtual equipments. In this research, we mainly aim routing operation practice
to the virtual router. To evaluate the system, the system was experimented by

13 undergraduate students studying informatics. The results indicated that the
system satisfactory about network construction practice. However, we found
some problems remained with the operating function for virtual equipments.
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Fig.1 System structure.
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Fig.2 Constructing a virtual network.
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Fig.3 Example of connections.
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@iﬁfﬁr%ll
—MAIN CONSOLE-
Routerl

|Routerl | | BEESZHIRL T 3L

networle 192.168.11.0/24

& = = =
Gtarting ceferred execution scheduler: atd.

Starting periodic command scheduler: cron.

Last login: Sat Jun 13 04:52:07 2009 on console

Linux Router 2.6.18.1-bb2-xt-2m #2 Mon Jun 4 17:13:58 CEST 2007 i686 CMU/Linux

The programs included with the Debian GHNU/Linux system are free software;
the exact distribution terms for each program are described in the
indiviclual files in fusr/share/doc/*/copyright.

Dehian GhHUJLinux comes with ABSOLUTELY MO WARRANTY, to the extent
permitted by applicable law.
Init completed.

Hello, this is Quagga {version 0.99.7).
Copyright 1996-2005 Kunihiro Ishiguro, et al.

Fouter# conf t

Fouter(config)# interface ethO
Router(config-if# ip acddress 192.168.11.2/24
Fouter({config-if)# router rip
Fouter(config-router)#

| »

[N

—SUB CONSOLE-
Router0

[Routerd |+ | #2882 WHRL T 251

show running-config

|

interface ethl

ip address 192.168.11.1/24
ipwiE nel suppress-ra

I

imer'race eth2

ip address 192 168 17 2/24
ipvs nd suppress-ra

|

interface ip&tnlo
|

I
interface lo
|
interface sit0

ipvs nd suppress-ra
|

router rip

network 192.168.10.0/24
networle 192 168, 11.0/24
network 192.168.12.0/24

| »

A []

04 0O0O0ODOOOOODODO
Fig.4 Operation example on console.
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enable s l"ZIJWE}’Jﬂ.’. ~ RIP/S—3

versnon
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7K L/Z)\jﬂﬁ
RipNetwork

address:
mask

I ‘"l(lkl

address A\ mask

| AnEERs |

-
| L— MBS |I |
i | L—MEBEIRAS |

05 GUIODOOOOO
Fig.5 Operation example on GUIL

ARSI
HodeMame NodeType I Interface IPaddress Mask Status

a
Hosto Host etho 168,10 55.255.255.0 up
HostL Host etho .168.12 55.255.255.0 up

4

5

0

1

Host2 Host eth0 168 55.255.255.0 up

Host2 Host [etho 168
Routerd outer [etho 168
Router0 outer ethl 168

Ll

552552550 up
55.255.255.0 up
55.255.255.0 up.

06 OODOOOOOO
Fig.6 Example of device information list.
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Mo 47 : PR

22 RP |
27 RIP : A [w]IN G vl OUuT

B RIP . Protocel [¥] ICMP ] UDP [¥] TCP [¥] ARP [v] RIP

5 RIP :

> e
22 RIP ; 16EF—5 |

22 RIP | ovren & Do —n T —

21 RIP
20 RIP
19 RIP
18 RIF
17 RIP
16 RIP :
15 RE | |

40000111

14 IRFP 0208005C
12 RIP 00000002
ﬁ E:E : [] option OAOOFFFF |
10 ARP : [] data 00000000 |~
B T | — ] :
. .
HE F—RGEH)

07 1600000000
Fig.7 Example of hexadecimal log.
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/%EJTETFDX

srcMac 5 6:AES3:48:0A:20
srdP 192.168.16.1

STHAC 010 05 EO0:00:00
dstP 224.0.09 i —?E?E'J’FI/Z

RIP

ethl 3&“12/

Route...
etho

JaralLg

[RIP 1 AE—JTARE

Tfeotho ][]
srcMac 56:4E53:21:05:9E
srdP 192168121

eth2 dstMAC 01:00:5E00:00:09

dstP 224.0.0.9

08 OJOOoOooooo
Fig.8 Example of dialogue.

01 J000ooooooboooooooo
Table 1 Items of virtual network definition file.
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-000000
-00oo0ood
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- RIPv1, RIPv2
- OSPFv2, OSPFv3
- BGP4

ooo gooocoooooo

4.3 000000000 XMLOOOODO

gooooobooooobooooooooboooOoooboOboOobOoooboOoboOooooDbooo
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<vm name="Router(0" type="Router">
<if name="ethO" net="ethline0"></if> } @ AVR—TTARBE

<if name="ethl" net="ethlinel"></if> P ol 2 g [PE-=4
<configuration>
<interface id="0" type="eth"> ~N
<ip>
<address>172.17.0.2/address>
<mask>255.255.0.0</mask>

</ip>
</interface> > ® IPTHL AL
<interface id="1" type="eth"> Tk A Y
<ip>

<address>172.18.0.2</address>
<mask>255.255.0.0</mask>
</ip>
</interface>

/

<router type="rip">
<network> A
<address>172.17.0.0</address>
<mask>255.255.0.0</mask>
</network>
<network> >. @
<address>172.18.0.0</address>
<mask>255.255.0.0</mask>

</network>

/

</router>
</configuration>
</vm>

09 OO0oOOO0OO0oOoOooOoODbOoOoooo
Fig.9 Example of virtual network definition file.

ethlD 0000000000000 0000OO0O0O0000D000000O000@O0O00
goooobooooooooooboooboooooboobooooooooooooooboo
00wl switch DO00OO000O00OO0O0O0O0O0O0O0OOCOOCOOOOOOOOOOO
goooooooooooooooooooooOoooooboocoooooboooobOooon
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ooooooooboooooooboooooobooooooOoOobboboOooooboooooon
00000000000000000000000000@ 0000000000000
0000000000000000IPO00O00OD000O0000000000000® O
OORIPOOOOOOOOOOOOO0OOOOOOOOOOO
gboooobodoboooboooooooobooo0obooOoboOoOoOobObObD 10000
o000oooOo0ooooooooooo GUID0oooooooooooo0oooo
O0o0o0ooOoooo0oo0oo GuUIDOOOooooo0ooooooooooooo
boboooboooooobooooOoOoOooOo0oobOOoUOobOOU0OOOb0ObOOb0O 20000000
GulOoOoO0oO0oOo0oooo0oooooo0oo0oooooooooooooooooooo
0000 GUIDO0O0OOO0OOO0O0oo0o0ooOooooo0oooooooooooog
gboooobooooooboooboooobooboobooooboobbooboboooboooobooono
gboooboooooboooboooobooooboooobooooOobooooooDo
gooooooooooooooobooooobooOOOOO GUIDODOOOOOOOOOO
oooooIpO0O0OCOOOOOOOOOOO

Router0 LEESERYT

[StaticRoute | DynamicRoute || Interface |

Interfaceconfiguration

[ethi [ etho [ ew2 |
X

address: [192 168.11.1 |«
mask: [255.255.255.0 <

[PreLzzor=2s20m]

| 4‘/9‘7‘:—152%)?97" | D|<:m].h ‘%
o201t b passive-interface
CRip [ 0spf
X

[oogrsm—ons

010 GUIOODODOOODDOOOOOO
Fig. 10 Making definition file by GUI.
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goboooobooobooooooooa

5. J0OOOoooooooao
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gooooooooOoOoOoOCNACOOOOOOOOOODOODDOOODDOOOOOOO
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5.1 00000000000

0000000 PCOCPUOPentium M 1.5GHz200000512MBOO0OOOOO0O
gooooboooooooboobooooooooooooooooooooooooooo
Linix0OOO0O000000000O00O000O0O0O0O0O0O0000000O0000000O0
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ooboooobooooz20b0bo0oobocobooooboooon

uoboooooooooooooooooobOoOoOooOoOobOOooboboOoooOoooboboOoo
370000000000000000000000000000000000000O CNA
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&

Router B @

= =

Host_A, Host_B

D SR ET-TIERLT oD -0 ERETD
@ F A -ITHERATRLIPTE L RS RS
ST ATO - RCESI - T TERE
& R OEEHT RN EEET D
& - RnEEME M ER R FEEET D

011 00001

Fig.11 Practice assignment 1.

T Router A

@ 192.165.1.0

i

192.165.2.0
6] 192.165.35.0

5.2 O0O0O0OO0OOOO
goboooooobooooooboobooooobooooooboboobobbooobobo1100 120
go2000000000000000O0DOOO0O0O0O0ODODOOOOOOO01000O0
00000000000000000000000000 PC200000 2000000
O20000000000RIPOOOOOCOOOOOOOOODOOOODOOOOOOOO
000000000000000000000PC200000 500000000 Linux
gooooooooooooobooooobobooooboooboooooooooooa
O0000000000000000000O0Ciscol7210000000000000000O0
gooooboooboooooooooboooooboboOooooobooboOooobooooooboo
gooooobo 20000
goboobooodoooooooboooooooboooboOobo0oobobooOoboOoOobooooooboo
gobobooooooooooooboooooooOoboOoooboobooOboOoOooooooboo
O0o0ooo0ooo0o0oo0o0ooOoooooO0oo pCO0O0O0DOOOOOOOOOOOO
goboboooooooooboobooooboobooooooboooobooooboOoooooboo
Oo0o0o0o00oo 100 PpPCOOO0DOOOO0OOOOOOOOOOOOOOODOOOOOO
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@
o 1821681 .0
@ 159216820
Fouter £ @ | 13218830
O EEET-FIERLT oD -0EEET D @ 192 1EE 40
@ B IO TERTIRLIPTEF L AESVEDS
@ FTATOI—2IRIPy2IZE 288 - T T E2RE @ 15218Es0
@ WEEOESHTEIRETE ® [ 19216860
& IL-S20EFAEVRPICLSERSFERETD @ 19216870
012 0000 2
Fig.12 Practice assignment 2.
02 0000000
Table 2 Time required for assingment.
oo oooooo oooo
0000 10000000 30 240 54 0

oooo 10000 140 170
oooo 200000008 160 350
o000 20000 760 110

2320030 5200
2730040 3300
129200210 3200

goooooooooobooooboooboobooobobooooooooboobOoooooDooo
gbooobooobooooobooooboOoooobooOobOoOoOOoboboOoOOobobooDbo
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goboooooooooooooooOooobOoOoobooOoooOoOobOOoOoOOOobOOoOoDboO
gooooooooooobooooooobooooobooooboooooooooooooobooonoo
ooo
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gooooooOooopopopoooooooOoOoOoOoOOOOO GUIDOOOOOOOO
goooooboooooooo11bb103300noo0ou 200 100500000000
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Table 3 Question items and average scores.

oooo ooo gooo
(1) GuloooOoooO0oooOoooooooooooo 3.4 0.7
(2)00oo0oDDOOODO00O0 3.2 0.9
(3)0ooOoOooDOoOOoOOOOoOoo 3.6 0.7
(4)00000O00o0OoOo0OOooooo 3.8 0.8
(5) CCNA OUOOOOODDDDODDDODO 4.1 0.9
() J00O0D0DDOOOOOOODOOOOOODOD 4.6 0.5
(ryOOoooOOoOoOoOoOooOOoOooOoOooOoooooo 4.3 0.9
() JooooDDDODDOO0O000O0O0O0O0DDD 4.4 0.5
(9) 000000000000 00OOOOOooOoOoOoo 4.4 0.9
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