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NETWORK LABORATORY SYLLABUS
PART A — SIMULATION EXERCISES
(Covered in this manual)

The following experiments shall be conducted using _either
NS228/OPNET or any other simulator.

p A_~1 Simulate a 3 node paint to point network with duplex links between

them. Set the Queue size and vary the bandwidth and find the number
of packets dropped.

PA 2. Simulate a 4 node point to point network and connect the links as
follows :-
n0 — n2, n1 = n2 and n2 — n3. Apply TCP agent between n0 — n3 and
UDP n1 — n3. Apply relevant applications over TCP and UDP agents
changing the parameters and determine the no. of packets sent by TCP /
UDP.

A _} Simulate the different types of internet traffic such as FTP and TELNET

over network and analyze the throughput.

4. Simulate the transmission of PING message over a network topology
consisting of 6 nodes and find the number of packets dropped due to
congestion.

=P Simulate an Ethernet LAN using N nodes (6-10), change error rate and
data rate and compare throughput.

6. Simulate an Ethernet LAN using N nodes and set multiple traffic nodes
—— and determine collision across different nodes.
7. Simulate an Ethernet LAN using N nodes and set multiple traffic nodes
and plot congestion window for different source / destination.
8. Simulate simple ESS and with transmitting nodes in WIRELESS LAN
by simulation and determine the performance with respect to
transmission of packets.

PART -B
(Refer PART B Programs Manual)

The following experiments shall be conducted using C/ C++

Write a program for error detection code CRC-CCITT (16 bits)

Write a program for frame sorting technique used in buffers.

Write a program for distance vector algorithm to find suitable path for

transmission.

4. Write a program for spanning tree algorithm (Kruskal's / Prims) to find
loop less path.

5. Using TCP/IP sockets, write a client server program to make client.
sending the file name and the server to send back the contents of the
requested file if present.

6. Implement the above program using a message queue or FIFOs as
IPC channels.

7. Write a program for simple RSA algorithm to encrypt and decrypt the
data.

8. Write a program for Hamming Code generation for error detection and
correction.

9. Write a program for Congestion Control using Leaky Bucket algorithm.
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INTRODUCTION
Why do we need a Network Simulator?

Networking systems have become very complex and expensive.
Therefore, hands-on experiments based on networking simulation
have become essential for learning computer networking topics.

Therefore, simulation approach is highly useful because it provides

~ a virtual environment for an assortment of desirable features such

as modeling a network based on a specific criteria and analyzing its
performance under different scenarios.

OPNET Simulator:

OPNET (Optimized Network Engineering Tool) is a
comprehensive development environment for the specification,
simulation and performance analysis of communication networks.
Discrete event simulations are used as the means of analyzing
system performance and their behavior. OPNET provides solutions
for various problems which involves application performance
troubleshooting, application deployment planning, systems capacity
planning, network configuration - auditing, network capacity and
resiliency planning, and network technology R&D. OPNET has wide
range of products supporting various wired and wireless networking
technologies. It includes OPNET IT Guru, OPNET Modeler, OPENET
Commander, OPNET Panorama, WDM Guru, ODK etc. For more

information visit: http://www.opnet.com .

OPNET IT Guru:

IT Guru is a product which is sold with OPNET modules to provide
solutions in the areas of application performance analysis, network
configuration analysis, and predictive capacity planning with

network, application, server, and mainframe models.
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How to install OPNET IT Guru Academic Edition?

:

If your computer meets the system requirements, shown
below, then register yourself and download the software from:

https ://enterprise37.opnet.com/4dcqi/SIGNUP NewUserOther

. Complete the form.

3. You will get an email containing a username and password

and a link for downloading the software. Follow the
instructions on the website for downloading the software.

After downloading the software, double-click on the file which
you just downloaded.

. Follow the on screen instructions to install the software.

System Requirements:

Intel Pentium III, 4 or compatible (500 MHz or better)
256 MB RAM

400 MB disk space

Display: 1024x768 or higher resolution, 256 or more colors
The English language versions of the following operating
systems are supported:

+ Microsoft Windows NT (Service Pack 3, 5, or 6a (Service

Packs 4 and 6 are not supported)),

+ Windows 2000 (Service Pack 1 and 2 are supported but not

required),

+ Windows XP (Service Pack 1 is required).
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How to start OPNET IT Guru Academic Edition?

1. Click on Start/ Programs/OPNET IT Guru Academic
Edition/ OPNET IT Guru Academic Edition. (OPNET

#iProject: Wireless LAR &enan'l - whany simge frae JSuboet: top. IW:‘! BS5) L
B 20t Yen Sceradias Tooolgy TrE%o Srotucos Simuiston Resuls Groans el

J%ﬁﬁ@ﬁ'ﬁ&gw ‘ Mems

Figl. OPNET Environment

To create a New Project
1. Choose New from File menu.
2. Select Project => click Ok => name the project and the
scenario => click Ok.
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3. In the

Startup Wizard: Initial Topology dialog box, select

Create Empty Scenario =>Click next => choose from

Network Scale list World / Office / Logical or any other choices
depending on the network scale requirement for the given
problem => click Next => choose map => click twice=>
Choose networking technology => click next => click Ok.

(stepwise events are shown below)

2+ Startup Wizard: Initial Topology

itial Topology
your network using objects from the abject i

palette orimport directly from another data
source.

You can start with an empty network and create In
¥

eate Empty S
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+] Startup Wizard: Choose Network Scale

Indicate the type of network you will be modeling. ‘Netwurk Scale : _:J

fLogical
gC!nocse From Maps

i
i

¥ Use Metic Units

Qui Back | Hext

+] Startup Wizard: Choase Map

Select a map.

| The geographical size of the network will be
determinied from the map you select.

}Map List -
!austraila

1calfomia
cell_wash_rad_1km
is_asia

leurope

ffrance il |
igemany b
.;llaf}‘ :
iapan

jmideast

Quit ] Back i

::! Startup Wizard: Select Tec'hnalqgies

Select the technologies you will use in your
rietwork.

i i i

Madet Family A *Tiw_i:cfme_ ey _':j

{3Com No J
‘ACE Mo !

1 applications No
(Ascend No
jatm Mo
‘atm_advanced Ne
lztm_lane Mo
'atm_lane_advanced lo
| Avici No
! Bay_Metworks Mo

=
Qi | pack [ hew |
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4. Further procedures would involve creating network model,
configuration of different entities of the network model,

making simulation settings, choosing the statistics, running
simulation and viewing results.

Note: A brief description of each component used in OPNET is

available to the user. This can be accessed by placing the object

and right clicking on it, then selecting the “View Node Description”

option. This helps the user understand the various aspects of the
object.

Some Common Objects Used in simulation using OPNET:

1. Application Configuration: This is used to define the

applications that are generating traffic in the network. We have a
wide range of choices with some being ftp,

video conferencing,
telnet (remote login),

voice etc. Most of the experiments make use
of it for generating traffic.

2. Profile Configuration: This is used to set the profile for the

application. It sets the other features of the application such as,

repetition rate, start time, etc. The repetition rate follows a

distribution such as uniform, exponential, etc. The user needs to

define what kind of probability distribution to apply to the traffic
generation. So we apply eéxponential distribution if we want a
steep rise in number of packets generated. If a constant
generation rate is required then we apply constant. The number

gives the mean (for other distribution) and the time for constant.
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General Steps to work on any OPNET Simulation Exercises

in the syllabus.

Step 1: Open the Object Palette and drag and drop into the

workspace, the components you will need for the network you want
to simulate.

Step 2: Create the network topology based on the problem given.

Step 3: Drag and drop the application configuration and profile
configuration objects for the network from the object palette. In

some problems you don’t need them. For e.g.: Problem 5, 8 etc.

Step 4: Close the Object palette. Configure each of the objects
taken from the object palette,

Step 5: Right click on the workspace and give the parameters you
need to measure for the network in the Global, Node or Link
Statistics.

Step 6: Run the simulation

Step 7: View / Compare the results of the scenarios. In some cases
we will need to duplicate the scenario and change the Profile

Configuration or each of the individual objects or the Statistics.

Please Note: It is told to change the Results representation as

‘Sample Sum’ or ‘As Is’ or ‘Average’ etc. This is to ensure that the

results are viewed in the best possible way, so that we can interpret
the results very easily.
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Revision of Concepts and Terms that are used in the
Simulation Exercises
1. 10 Base T: This is a Link Model we usually choose. It stands for
10 Mbps Base band transmissions. The ‘T’ stands for Twisted Pair.
The maximum segment length is 100m and it is usually used for a

‘Star’ Topology with the nodes connected via twisted pair to a hub.
Other Link Models are:

a) 10 Base 5 --- Thick Coaxial Cable 500 meters, usually in a
‘Bus’ Topology.

b) 10 Base 2--- Thin Coaxial Cable 200 Meters usually in a
‘Bus’ Topology. '

2. TCP Transport Protocol would guarantee high reliability of data

transmitted, but low dgta rate, whereas UDP gives very high data
rate, but low reliability.

Http/FTP Video/Audio Stream
(Application Layer) Data(Application Layer)
TCP uDP

(Transport Layer) (Transport Layer)
1P ) IP

(Network Layer) (Network Layer)

3. Throughput: The actual rate at which information is sent over a
channel. It is measured in bits/second or frames/second. When the
load is high, the number of collisions increases, therefore
retransmissions increases decreasing the throughput.

4. Congestion Window: The maximum number of bytes that a
TCP sender is allowed to transmit with the assumption that
congestion will not be triggered with the given amount of data. In
simple words, it is the amount of data that the sender can transmit
without creating congestion in the network.

Practically, the sender adjusts the congestion window according to
the current condition of the network.
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Simulate three nodes point-to-
links between them.

Problem 1:

point networks with duplex
Set the queue size and vary the

bandwidth and find the number of packets dropped.

Solution:

Step 1: Create a New Project

Step 2: Create the Network

* Select Object Palette box.
* Select Client_server from drop down menu.

Choose eth4_sIip4_multihomed__client objects (3
numbers),

Choose Application Config, and Profile Config objects.
Select ethernet from Object Palette.

Choose 10baseT link and connec
in Fig 2.)
Close the Object Palette box.

t the client nodes. (as shown -
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Fig 2. Point-to-Point Network

Step 3: Configure the Network Application
* Select Application config object.
Right click and select Edit Attributes.

Type [Lu:i'es

B poane

@ fmodal

i@ [F1ACE Tier Wormation
1@ B Avnication Defintians
@ Frows
1 Elrew o

@ |- tiams

@ [Z]Cescnation
i@ |Custom

vy
=

o)) }Database

|- Email

e
e
F ot
| Remote Login
|-1cen Corferencing
Lvoice

'@ [AVorce Enceder Schemes
¥ Zoply Changes to Selectad Ohiects

-———

Value

node_3
Application Corfig
Hone

£}

13
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¢ Select Application Definitions => set row = 1.
e Inrow go to rowD => set Name = video. Select description

=> set Video Conferencing = High Resolution Video.
* Click Ok.

Step 4: Configure the Profile
* Select Profile config object.

Right click and select Edit Attributes.
Select Profile Configuration. Set row = :
In row0, set Profile Name = video profile. Select

Applications. Set row=1.Go to row0 set Name = video, Start
Time Offset to constant(1), in Repeatability, Inter
Repetition Time to exponential(0.1) and Number of

Repetition to unlimited and Repitation Pattern to
concurrent.

In Repeatability, Inter Repetition Time to constant (1)

and Number of Repetition to exponential (0.1) and
Repitation Pattern to concurrent.

Click Ok.

For any ambiguity in the above steps, please refer to the diagram
below.

1 pRe
13 B
[ — i

[0+

] 860600600600600060 566 98¢
O+

2 "Start Time” Specification

Df!ldbmm I”hmu A K!conmml . “ _'J
; Mean Oulca:we _ Iﬂ
Saccndﬁrmm i ; i . et B
Special Value: ; J Not Used . :}

-l £ g R R

L€ L0 &
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Step 5: Configure Network Objects

Select any eth4_slip4_multihomed_client.

Right click and Select Similar Nodes.

Right click and select Edit Attributes.

Select Application Support Profiles => set rows to 1.

In rows => go to row0 => set Profile Name = video profile.
Select Application Support Services. Select edit => set
rows =1. Set Name = video for that row.

:J (node_2) Attributes

lepe.: 'wo:ksmic:w

i Atribute | Value -l
'@ rname riode_2

(@ Fmodel ethd_shpd_multihomed_clien!

! _slipd £

'@ [Heplcation: ACE Tier Corfiguration Unspacifizd

i® F Aoplication; Destination Preferences None

{@ [F)4oplication: RSVP Parameters hane

i@ [Dronlication: Supparted Profiles {3

@ Frows 1

i Erow o

@D L Profite Hame video profis

1@ | Appication: Supperted Services .

F@ [FCPU Background Ukiization Hone

1@ [F]CPU Resource Paramaters ‘Single Processar

@ |Chert Address Auto Assigned

'@ FIEGAP Parameters ) L
1@ [HSFP Parameten Not Corfigured ;
:@ [F]IGRP Parametars {.}
1@ [F1P Muicast Parameters Default
1@ [F)1P Processing Information .

@ [P Routing Parameters )

'@ [F1515 Parameters ) i
LA !rm 2 - AR 5g 2
I¥ Apoly Changes 1 Selected Objects ; ™ Advanced
i Find Next j ~ Cancel ; l oK l

Rows Delete l Insert J Duplicate i Wpins D '

Details | Promete | Cancel | ok |

Select IP Processing Information => set Memory Size to
8MB => set Datagram Forwarding Rate to 5000.

Check Apply Changes to Selected Objects.
Click Ok.
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Type: iwol‘ﬂ.ﬁaiion

@ [S]IP Processing information

l—-Pr:cessing Scheme

|- Backplane Transter Aate {bite/secand)
I—Datagram Switching Rate {packets/s
|- Datagram Forwarding Rate
}-Forwarding Rate Units

L Memory Size {oytes)

@ [F)IP Routing Parameters

@ [F)I515 Parameters

i@ [FIMPLS Parameters

'@ [F]OSPF Parameters

IV Aoply Changes to Selected Objacts

i _frdtiea |

000666

! ! Adtribute f\f'alue _‘__l
L:]ILI’-‘% (4] ) H

@ L Profile Name video profils

@ I—.Mp‘ricat)on' Supported Services {.)

@ [FICPY Background Urilization hone

:Q) [H]CPU Resource Paramaters Single Processor

'@ |Clent Address Huto Assigred

® [FIEIGRP Parameters ()

'@ [F]HSFP Parameters Net Configured

'@ [F]IGRP Pasmeters {.)

@ [F]IP hiutlicast Parsmeters Default

r

Certral Processing
Mot Used

500,000

5,000
packets/second

gMB

B4 MB
256 MB

id

12808 : ' :.i

Step 6: Selecting Statistics for viewing results

Right click on the work space and select choose individual
statistics => in Global Statistics go to IP, select traffic

dropped.

In Node Statistics => select IP =>Traffic Dropped

(Packets/Sec), Traffic Received (Packets/Sec) and

Traffic Sent (Packets/Sec).

Click Ok.

Step 7: Run the simulation
Click run simulation icon from the toolbar.
Set the Duration to 10 seconds.

Click Run.

Step 8: View Results

Right click on the work space and select View Results.

Select the statistics from the View Results.
Select Samplie Sum instead of As Is.
Click Show button to view the graphs.
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To Vary Bandwidth and Queue Size:

1. Select Duplicate Scenario from Scenario menu. Name the scenario.
2. You can vary the queue size and bandwidth by changing the values of
Memory size and Datagram Forwarding Rate as in Step 5 of the
procedure above. Change it to 16 Mb and 10000 respectively.

3. Run the Simulation. You can compare the results by clicking on
Compare Results from the Results menu. Ideally the number of
packets dmpped must be less and shaufd resemble this graph.
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Problem 2:

Simulate a four-node point-to
the links as follows:

TCP

-point network, and connect
n0->n2, n1->n2 and n2->n3. Apply
agent changing the parameters and determine the

number of packets sent/received by TCP/UDP.

Solution:

Step 1: Create a New Project

Step 2: Creating network topology:

Select eth4__slip4_multihomed,_client (4 numbers) from
the client_server tool in Object Palette.

elect an ethernet_server.,

Select ethernet from Object Palette.

Connect them using the 10BaseT links.

Select Application Config and Profile config objects.

Step 3: Configuring network application

Right click on the Application definition object.
Select Edit Attributes.

Select 2 rows for applications

Select the FTP application for TCP traffic and set the traffic
to High Load.

19
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» Select the video conferencing application for UDP traffic
and set the traffic to High-Resolution Video.

» Check Apply Changes to Selected Objects and click Ok.

| Value ]
node_5
_Application Conlig
@ [FIACE Tiet Information None
@ [E)Application Definitions ()
@ |- rows 2
] [Erow0
@ - Name tcp
D [=]Deseription [.)
@ |- Custom ot
@ |- Database off
@ fEmail orf
@ FFip _ High Load
@ FHep Off
@ - Print off
@ }-Remote Login 0ff
@ - Video Conferencing aif
@ Lvioice off
[Elrow 1
D
QN
@ ‘ Band
@ FDatabase Off
i) }-Emaﬂ off
@ Frp off
'‘® L Hep off
@ |- Print ot
@ | Remote Login oK i
@ }-Videa Conferencing High Resolution Video ‘
@ Lvoice off . e

Step 4: Configure profile

Right click on Profile Definition object and select Edit
Attributes.

TCP profile: Assign the values for the various fields as
shown in the Fig. below.

Click on Apply Changes to Selected Objects and click
on OK.

20
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Attibute [Value 2]

Ty e

@ Fmodel Profile Config

'@ [SProfile Configuration [

@ Froms 2

i Elrewo

@ | Profile Name tepp

i® [ElApplications 5]

E@ }—lows 1

i Erowo
@ }Name tep

@ }- Start Time Offset [seconds]  constant (1)

@ }- Duration (seconds) End of Profile

@ [=]Repeatabily ()

j@ F inter-repetition Time (sec... constant (1)

@ |- Number of Repetiions  Linfimited

i@ L Repetition Patten Concurrent

‘@ ]-Opelalion Mode Serial (Ordered)
3 i@ b Start Time [seconds) constant (1)

.@ }-Dura!_ion [seconds) s End of Simulation
: r@ fr—lrﬂe:-rapetiﬁon Time (seconds)  constart [1)

® |- Number of Repetitions Unlimited

@ L Repetition Pattern Concurcent s
i rowl udpp...)Serial (Ordered). constant (1LE nd of Smuation(..) v}

 '_ ir,,m { Utililies. .

l (Attibute [ Value G al
A Hrow 1 :
@ - Profile Name udpp

@ [=]Applications ‘ L)
® Frows .

| Eowo .

@ _ }— Name _ udp

@ - Start Time Offset [seconds]  constant (1)

;@ I—Duratjon (seconds) End of Profile
@ [=]Repeatabiity ()

16} |- Inter-repetition Time (sec... constant W]

® [ Number of Repelitions ~ Uniimited
E@ L; Repetition Pattern Concurrent
1 |- Operation Mode Sevial (Ordered)

@ |- Start Time (seconds) constant (1)

’@ | Duration (seconds) End of Simulation

& EEeesanh, B ()

;@) l—lntel-repetr’tion Time (seconds)  constant 1)

j@ | Number of Repetitions Unlimited ot

i® L Repetition Pattemn Concurrent -
e b - g

IV Apply Changes to Selected Objects ™ Advanced

[ EdNe [ . ! Pl ’m

21



Step 5: Configure the network objects

* Right click on the appropriate object i.e. client node or
ethernet server.

Select Edit Attributes.

Click on Application Supported Profiles and choose edit.
Apply both the profiles to the client nodes.
Click Ok.

Click on Application Supported Services and choose

edit.

* Apply the FTP application in case of Ethernet server object
and for client nodes select the Video application.

This is to simulate FTP-TCP-IP for Server and Video-UDP-IP
for client nodes.

e Click Ok.
* Check Apply Changes to Selected Objects and click on
Ok.

Step 6: Choose statistics:

* Right click on the workspace and Select Choose Individual
Statistics from Node Statistics as shown below.

VOO UG UY 3y s

W

ol

@ TCP

| l—i' Active Connection Court
i Connection Aborts
B Delay (sec)

B8 Load (bytes)

B Load (bytes/sec)

88 Load (packets)

o= Load (packets/sec)

HE Relansmission Count
8 Segment Delay (sec)

B8 Tialfic Received {bytes)
F: Traffic Received (bytes/sec)

HEH Traffic Received (packets)

e

i Tralfic Received [packets/sec)
il TCP Connection

d@| uop

HEH Traffic Received [Bytes/Sec)
B! Tiaffic Received (Packets/Sec)
B Traffic Sert (Bytes/Sec)

“F&| Traffic Sent [Packets/Sec)
(£HE Video Called Party

[Vl Video Caling Party

- [+ Video Conferencing

[+HE8 Voice Application

Bl Voice Caled Party

Bl Voice Caling Party

EEH‘ Link Statistics

L aams st o
Concel | gk [

Step 7: Run the simulation
* Click run simulation icon from the toolbar.

* Set the Duration to 15 seconds.
e Click Run.

22
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Step 8: View Results
= Right click on the work space and select View Results.
« Select the statistics from the View Results.
» Click Show button to view the graphs.

b S e e i v et L PRSI S S A T, it
& e Dl Cuytiz e tugis 0 ' MR uﬁﬂ“

B meP TSPy |

B e o

-7'.9_1_ T i i T 7 i ¥ [ 1 T (] §
“Os 28 ds - Bs ;3 10s 12s {

Interpretation:

Notice the difference in scale in the Y-Axis. For TCP the range is in
1000s and in UDP in 10000s. This means the amount of data sent and
received in UDP is much higher than that in UDP, which implies a higher
data rate and therefore a higher data loss.

These graphs show that for UDP the loss rate is high especially
since this is a video conferencing application with high data rate. However
for TCP, since congestion control is applied the loss rate is less and we
see a more even graph with less loss.

23
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Problem 3:

Simulate the different types if internet traffic such as FTP,
TELNET over a network and analyze the throughput.

Solution:
Step 1: Create a New Project

Step 2: Create the Network
Select Object Palette box.
Select Intenet toolbox from drop down menu.

Choose Application config, profile Config, four
ethernet_wkstn, one ethernet_server, and two
ethernet4_slip8_gtwy routers.

Connect both routers together with a bidirectional PPP_DS1
li ;

» Connect the workstations and the server to the routers using
bidirectional 10Base_T links as shown below

Step 3: Configure the Network Application
» Select Application config object.
» Right click and select Edit Attributes.
* For another scenario change the load of the application.
e For FTP change low load to high load
 For Remote login change low load to high load.
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Step 4: Configure the Profile
o Select Profile config node.
¢ Right click and select Edit Attributes.

S

¥ VTR Ciahie _ ]
@ rname riode_8
X '@ model Pialile Config
1@ [E] Profile Configuration Liad
@ Frows 2
} Eliow0
@D |- Profie Nare leinetpio
A @ 5] Appications [l
i) | rows o 1
i [Eliow 0
[® !—Name telnet
@ |- Stant Time Difset [seconds]  constant (1)
@ | Duration [seconds) End of Profile
@ [)Repeatabily (]
F{f} | Inter-ispetition Time {sec... constant (1)
i® |- Number of Repetitions ~~ Unimited
'® L Repetiion Pattern Concurent
i@ |- Operation Mode Serial [Ordered]
'@ | Stat Time [seconds) constant 1)
{2} | Duration (seconds) End of Simulation
@ [D)Repeatabity ()
| [Frow
@ |- Profile N ame fip profile
5] [E)Applicstions ]
@ Fow n
! [Frow 0 fip.constant (1).€nd of Profite.(...)
@ |- Operation Mode Seial (Oidered)
Ele ) |- Stant Time (seconds) constant (1]
@ Duration [seconds) End of Simulation
fe! Fiepeatsbily - ot N
@ | Irter-repetition Time (seconds]  constant (1)
1@ | Number of Repetitions Unlimited
:® L Repetition Pattemn Concunent d
™ &pply Changes to Selected Objects 1™ Agvanced

Step 5: Configure Network Objects
¢ Select similar Ethernet work station for configuring the
profile
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Configure the server for supporting the FTP and Telnet
Service.

i BB e
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Step 6: Selecting Statistics for viewing
¢ Right click on the work space and select choose individual

statistics => in Link Statistics go to point to point, select

Throughput(packets/sec)
¢ Click Ok.

% Choose Resulls

B Global Statishcs
B Mode Staistics
i Link Stafistics

-] queung delay <

-5 thoughput [bits/sec) —
8l twoughput (bits/sec) <
- throughpet Ipackete/sec) -
L thiougha packetsfoec)
5] wsiization -

—H wilaton -

B
§

Step 7: Run the simulation
¢ Click run simulation icon from the toolbar.
e Set the Duration to 20 seconds.
» Click Run.

Step 8: View Results .
o Right click on the work space and select View Results.
» Change As Is to Sample sum

o R Sy
Dvcesebe Eser e |Dicplosed Pl Gesghe]

' ; ;.“.‘mt.!hr.::‘ ,,r-z:-: ;
I Dk .5 w1 gt
b R Obyect node 0> node_§ 10 of Compus Metwmod: -

: aassgle_ v s Gt oot Daouh i

1000 —

% ‘ 5 o
= m o x
Fieaults Genesated 095257 Dec 10 2006
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Please Note: If you do not get the shape of the graph as above,
increase the duration of the simulation.

Throughput: The actual rate at which information is sent over a
channel. It is measured in bits/second or frames/second.

1. Compare the results of the low load and high load scenarios and
select Cumulative Distribution Function instead of As Is to get a
graph which looks like above.

2. We see that in the low load scenario (Scenario 2) the
throughput is distributed in the 200-400 region, whereas in high
load scenario (Scenario 1) the throughput is very much limited in
the 0-200 region (80% probability).

3. Thus, when the load is increased, the data rate is increased,
causing more collisions, therefore data loss , which in turn causes
retransmissions. So we see due to high traffic throughput is reduced
due to collision.
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Problem 4:

Simulate the transmission of ping messages over a network

topology consisting of 6 nodes ad find the number of packet
dropped.

Solution:

Please Note: The Topology below shows only 4 nodes. If you

increase it to six nodes as given in the question, the results remain
as depicted in the manual.

Step 1: Create a new Project.

Step 2: Create the network:

* Select four Ethernet work stations from Ethernet tools
in object palette.

e Select an Ethernet16 hub from Ethernet tools in object
palette.

e Connect the components using 10Base_T links.

e Select the IP attribute definition from Ethernet tools in
object palette.

» Select IP_ping_traffic &
object palette.

* The Scenario would like as shown below :

' from internet tools in
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Step 3: Configuring the iP Attribute Definition object.

* Right Click on IP Attribute Definition object in work space.
* Select Edit Attribute=>Ip Ping Parameters.
* Set parameters as shown below.

Please Note: It is 10Base T C
hub in a Star Topology
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5]
[ ]
-
® | Attibute {Value :_I
. 1@ Fmodel IP Attribute Conlfig
- r@ IP Compression Information Standard Compression Schem
,ﬂ ]@} [#]IP Muticast RP Information Mo RP Information
7 @ [2]IP Ping Parameters (..
V. !@) b rows 2
1 [FJrow D
b‘- @ |- Pattein Default
, @ = ()
i! @ Interval (sec) 1.0
3] Packet Size [optes [
v F Count Unlimited
4 :@ ] U
bi l @ L Record Rroute Disabled
i'P i row 1 Record Foute (...] R
r I @ [F1IP Route Table Exoort Disabled . i
2 | .
ﬁ ™ Apply Changes to Selected Objects [ Advanced
» ~ FindNext !  Cancel | | K ]

L

Step 4: Configuring IP Ping Links:

« Right Click on any one IP'ping link and select similar
Demands.

+ Select any one Ping link and Edit its attributes as below:

AR £ £

31

VYV YYY YV YVYYY

qr

LY



P Vv WV

o , * 9P 9
v VUV U U VW VWV VWYY YUY
VWV WYY VYWY VYV VW o W W, |

] {node_10 --> node 11} Altributes

| Awibute “Vale 4
@ rneme node_10 -» rnode_11 ;
D |model ip_ping_traffic
D | Desciiption Represents IP Ping Tralfic

Addiess Informatian
@ |- Ping Pattemn = ___ Defautt

[ Fecoision Configuighion

| Inter-repetition Time [sec)

conslant (1]
L Maximum Repetition Count Unlimited
i "Stad_Time constant
| D L Type of Sarvice

Unassigned

o]

b= Apply Changes to Selected Objects

|  BndNew Cancel | [T oK |

Step 5: Choose Individual Statistics:

Right click on the work space and choose individual
statistics.

Node Statistics => IP => ( Ping Replies, Ping Request
Sent, Ping Response Time, Traffic Dropped)
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Step 6: Duplicate the scenario

* In this scenario remove any link between the hub and
workstation. The scenario may look like this:

Step 7.Run the Simulation:

|
 Click on Run Button m&

* Set Duration to 100 seconds.
* Click on Run.

Step 8: View and Compare the results:

k!



[+

fidg

L

w W w

v v ww

L L L

[\

ey

L

Result Interpretation:

When node 12 is disconnected both the ping packets are
dropped. This is shown in justified by the graph. We see similar results
for node 11 and node 9 which must drop 1 packet. However there
should be no change for node 10. Packet generation rate is 1 ping
packet per destination per second.
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Problem 5:

Simulate an Ethernet LAN using N nodes (6-10). Change the
data rate and compare throughput and bit error rate.

Solution:

Step 1: Create a New Project
Step 2: Create the network

» Select topology=>rapid configuration. From the drop
down menu choose star and click Ok.

* In the rapid configuration dialog : star box , set the
following values:
Central node model = ethernet16_hub,
Periphery node model = Ethernet _station,
Link model = 10baseT.
Please Note: If for some reason, these components do not

appear in the configuration box, you can choose it from the
object palette as usual.

» The scenario would look like as shown below:

Step 3: Configuring Ethernet Stations:

e Right click on any Ethernet station => Select similar
nodes => Edit Attributes

» Set Traffic generation parameters and Packet
Generation Arguments.

» Check Apply changes to selected objects.
o Click Ok.
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Problem 5:

Simulate an Ethernet LAN using N nodes (6-10). Change the
data rate and compare throughput and bit error rate.

Solution:

Step 1: Create a New Project
Step 2: Create the network

* Select topology=>rapid configuration. From the drop
down menu choose star and click Ok.

* In the rapid configuration dialog : star box , set the
following values:
Central node model = ethernet16_hub,
Periphery node model = Ethernet _station,
Link model = 10baseT.
Please Note: If for some reason, these components do not

appear in the configuration box, you can choose it from the
object palette as usual.

» The scenario would look like as shown below:

Step 3: Configuring Ethernet Stations:

e Right click on any Ethernet station => Select similar
nodes => Edit Attributes

e Set Traffic generation parameters and Packet
Generation Arguments.

e Check Apply changes to selected objects.
¢ Click Ok.
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=] {node_2) Attributes

Type: ! station

1 [ Attribute | Value ;_1
i@ [~ hame node_2

@ Fmodel ethenet_slation

i@ [E] T1affic Generation Parameters ()

;@ |- Start Time (seconds) constant (0)

i®  |-ON State Time (seconds) constant (100)

@ I— OFF State Time (seconds) constant [0)

el B Facket fiensation Aiqumenls. ()

;@) }- Interarrival Time (seconds) constant (1.0)

i@ | Packet Size (bytes) uniform (46, 1500)

16)) L Segmentation Size [bytes) No Segmentation

@ LStop Time [seconds) Never

|

|

|

1

I &poly Changes to Selected Objects - : I~ Advanced |

r“_‘_—.‘ 'E.hc‘.ll\_leal I i - Concel ”_T' _

Step 4: Choose Statistics

* Right Click on work space => Choose Individual
Statistics

» In Link Statistics => low level point-to-point=> bit
error per packet -

* => point-to-point
=>throughput[packets/sec] -> & <-

» Click OK

Step 5: Run Simulation

vl
e Click on Run Button_‘-g I
* Set Duration to 70 seconds
¢ Click Run

Step 5: View & Compare results:

* Change the data rate by changing the inter arrival time
e Scenario 1 : inter arrival time is constant 1
e Scenario 2 : inter arrival time is constant 0.1
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Result Comparison:

The data rate is changed by changing the Inter Arrival Rate.

First Scenario Constant 1 implies the interarrival rate is less than
Constant 0.1, Second Scenario.

When Interarrival time increases, data rate increases implying that
the throughput is increased as long as there is no collision.
Therefore, the results should be similar to the results of problem 3.

37



¥

&

v.o9'9 9 w

v Vv w
w» e

T LT %

b

£

¥

P

o

Lo

v Vv v wevyw

A0 A A 4

Yy

Nne

Problem 6.

Simulate a Ethernet LAN using N nodes and set multiple

traffic nodes and determine the collisions across different
nodes.

Solution:
Step 1: Create a New Project

Step 2: Create the Network
* Select Object Palette box.
e Select Intenet toolbox from drop down menu.
» Choose Application config, profile Config, four
ethernet_wkstn, one ethernet_server, and one
ethernet16 hub(from Ethernet menu).
Connect the Ethernet workstation and the Ethernet server to the
Ethernet16 hub using bidirectional 10Base_T links as shown below.

Step 3: Configure the Network Application
* Seiect Application config object.
e Right click and select Edit Attributes.
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Step 5: Configure Network Objects

» Configuring the Ethernet work station for supporting
profiles:

Supported Profiles) Table

e 2 ]
@M Al T R i g :

» Configuring the server to support the FTP service
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@ rname node_5
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@ seciptio
@ F-Custom on
@ | Database off
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@ Fip High Load
@ Hitp on
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Step 4: Configure the Profile
* Select Profile config node.
* Right click and select Edit Attributes.

1 (node_.6) Attribuies

’m | Ui

- Start Time Offset [seconds)
|- Duration [seconds)

[]Repeatabity ()
| intes tepetiion Time fsec. o
| Number of Aepstiions

|- Operation Mode
|- Stan Time fsaconds)
| Duration {ssconds)

i" Apply Changes ro'Seb:dod prch r’.,odvm L

Please Note: Be careful to set Start Time as Constant i 19
otherwise you would get a blank graph.

39



L. 3

g

LA A U U T T TR T T Tal Tl T Tl Ta Tal T To Zal Tak T 7aR 7o Tal Tt 7o 70 7O RN JNU RN TR N

 Description
Suppoited

Step 6: Selecting Statistics for viewing
* Right click on the work space and select choose individual

statistics => in Node Statistics go to Ethernet select
Collision Count
e Click Ok.

Step 7: Run the simulation
* Click run simulation icon from the toolbar.
» Set the Duration to 20 seconds.
o Click Run.

Step 8: View Results
* Right click on the work space and select View Results.
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Result Interpretation:

¢ Choose Overlaid Statistics instead of Stacked Statistics.
e Select the collision counts of all nodes.
« Choose Histogram( Sample distribution) instead of As Is.

* Press Show you will be prompted for sampling interval.
Enter 50.

You should get a graph similar to this.
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Result Interpretation:

This shows that for all other nodes the collision count is less
compared to the server. This is because the FTP application uses
TCP and therefore demands retransmission whereas the voice
application uses UDP and retransmission is not required.

This graph shows that less than 50 collisions were recorded around
80 times for the nodes (except node 4). However around 150-200
collisions was recorded around 50 times for node 4. Hence we can
say that TCP traffic faces high collision per packet in a n/w
compared to UDP per packet.
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Problem 7:

Simulate an Ethernet LAN usin
traffic nodes and plot the cong
source/destination

g N nodes and set multiple

Solution:

Step 1: Create a New Project

Step 2: Create the Network

Step 3: Configure the Network Application
L ]

Select Object Palette box.

Select internet_toolbox from drop down menu.

Choose ethernet_wkstn objects (3 numbers).

Choose ehternet_server object (1 number).
Ethernet16hub(1) from Ethernet tool box

Choose Application Config, and Profile Config objects.
Choose 10baseT link and connect the nodes.

Close the Object Palette box.

Select Application config object.
* Right click and select Edit Attributes.
* Select Application Definitions => set row = 2
L ]

In row go to row0 => set Name =
=> set ftp = > High Load.

* Inrow go to rowl => set Name = voice.
=> set voice = > GSM Quality Speech.

ftp. Select description

Select description

* Check Apply Changes to Selected Objects.

estion window for different
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* Click Ok.

#] (node_5) Aliributes

Type; | Utilties

| Atibuae Ve : =

@ rname node_§

'® Fmodel Application Corfig

'@ [FJACE Tier Infomation Nore

@ E]Applica(iun Defintions

@

®

D Beccuptio

flia) - Custom ot

® | Database i

@ 0Ol

@ Fip High Load

@ Hitp onf

@ | Punt

& |- Remote Login Off

@ | Video Conterencing ot

® L Voice 0

@

O

@

@

@

D

®
@ :
@ "
@ ail 4
i) GSM Qually Speech 5
@ [F]Voice Encatterscher All Scheme: -
el e

Step 4: Configure the Profile

L
L ]
L]

Select Profile config node.
Right click and select Edit Attributes.
Select Profile Configuration. Set row = 2.
In row0, set Profile Name = ftp profile. Select Applications.
Set row=1.Go to row0 set Name = ftp, Start Time Offset to
constant(1), in Repeatability, Inter Repetition Time to
exponential(0.1) and Number of Repetition to unlimited and
Repetition Pattern to concurrent.
At row0 set Name = ftp, Start Time Offset to constant(1),
in Repeatability, Inter Repetition Time to exponential(0.1)
and Number of Repetition to unlimited and Repetition
Pattern to concurrent.
In row1, set Profile Name = voice profile. Select
Applications. Set row=1.Go to rowl set Name = voice, Start -
Time Offset to constant(1), in Repeatability, Inter
Repetition Time to exponential(0.1) and Number of
Repetition to unlimited and Repetition Pattern to
concurrent.
At rowl set Name = video, Start Time Offset to
constant(1), in Repeatability, Inter Repetition Time to
€xponential(0.1) and Number of Repetition to unlimited and
Repetition Pattern to concurrent,
Check Apply Changes to Selected Objects.
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Click Ok.

#](node_6) Attribudes

s s
} | Altribute |ukites ke i
@ name node_6

@ |. modal Profile Contig

®BP| orfigrani; W

@

@

@

@

@

@ | Stait Time Dffset (seconds)

o] FDurahm[secundsl End of Prolje

@ [EJRepeatabiity

@ |- Inter repetition Time fsec... 17

@ - Number of Repetitions :

®

@ | Operation Mode Serial (Oidered)

@ | Start Time (seconds] constant (1]

@ | Duration: freconds) End of Simulation

@ [#] Repeatabiity )

000660 008 66

I~ Agvanced

I Apply Changes Io Selacted Objscts

Step 5: Configure Network Objects

°
°

Select any Ethernet_wskt.

Right click and Select Similar Nodes.

Right click and select Edit Attributes.

Select Application Support Profiles => set rows to 2.

In rows => go to row0 => set Profile Name = ftp profile

In rows => go to rowl => set Profile Name = voice profile.
Select Application Support Services. Select edit = > set
rows =1. Set Name = voice for that row.

Check Apply Changes to Selected Objects.
Click Ok.
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* Select ethernet_server object.
* Right click and select Edit Attributes.
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» Select Application Support Services. Select edit => set
rows =1. Set Name = ftp for that row.

* Check Apply Changes to Selected Objects.
e Click Ok.

Step 6: Selecting Statistics for viewing :

¢ In Node Statistics => select TCP Connection => select
Congestion Window Size (bytes).
e Click Ok.

j] Choose Results

[+FEH Responding Server Custom Application 3
8 RsvP &
il ServerDB Fie
+HE Seiver DB Enty

[+FE# Server DB Query

Server Email

Server Fip

Server Hitp

Server Jobs

Setver Performance Node Statistics| &
Server Print i
Servel Remote Login
SIP UAC

dow Size iby(cs)

{BH Delay (sec)
HE Fiight Size (bytes) :
HE Load (bytes) 2
HEl Load (bytes/sec) 7
—“ Load (packets)
HEll Load (packets/sec)
HE8 Received Segment Ack Number
Bl Received Segment Sequence Number
B Remote Receive Wiridow Size [bytes)
Hil Retiansmission Count
HEl Retansmission Timetut [seconds)
HE Segment Delay (sec)

\5 Dy Tt

-
. ‘-1--"'4 ok ¥

et | o

Step 7: Run the simulation

e Click run simulation icon from the toolbar.
e Set the Duration to 20 seconds.
¢ Click Run.
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Problem 8:

Simulate simple BSS and with transmitting nodes in wireless
LAN by simulation and determine the performance with
respect to transmission of packets.

Solution:

Please Note: Make sure to choose Meters while creating the
Topology. If not, the messages will be sent by the Wireless LAN
(Adhoc Network)nodes, but not received by other nodes as the

physical geographic range of wireless transmission by the nodes in
the adhoc network via Bluetooth is limited.

Step 1: Create a New Project

Step 2: Create the Network
* Select Object Palette box.
* Select wireless_lan_adv from drop down menu.

e Choose wlan_station_adv(fix) object (4 numbers).
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Step 3: Configure the Network Application

(Select Topology icon =>open Annotation Palette -
>(choose circle) and include all 4 nodes in a circle
annotation.)

* Select any wlan_station_adv object in the workspace.

* Right click on the selected object and Select Similar Nodes.

* Right click and select Edit Attributes.

* Select Traffic Generation Parameters => set Start Time
to constant (@) &=> set ON State to constant (100) => set
OFF State to constant (0).

Please Note: If the field to set Start Time to constant(1) is

disabled for some reason, please change the value from ‘Never’
to ‘Not Used’.

* Select Packet Generation Arguments =>set Interarrival
Time to exponential(1).

e Check Apply Changes to Selected Objects.
® C“Ck Ok
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) (node _3) Attributes

Type: | station

| Atibute Value ]
i@ rnome nade_3

E@ |- modet wlan_station_adv

i@ FDestination Address Random

1@ [2] Traffic Generation Parameters () it
@ !—Slarl Time (seconds) ) constant (1) P
i@  |ONState Time [seconds) constant (100) S
53] }:DFF State Time [second = _constant (0] :
MOl B PacketGerzaion fuguneris - QOR 3
E@ - Interariival Time [seconds) exponential (1.0) &
ile)] |- Packet Size (bytes] exponential (1024) b
;@ L Segmentation Size [bytes) No Segmentation R
‘@  LStop Time (seconds) Never @,
i® }—WireFess LAN MAC Address Auto Assigned 4
{@® [FWiteless LAN Parameters Default ¥
| 5
| e
] L
i 4
|
r kK
I¥ Apply Changes to Selected Dbjects _ I” Advanced
[ frdNen | L T

Step 4: Selecting Statistics for viewing:

* Right click on the workspace and select Choose
Individual Statistics.

¢ In Node Statistics => select Wireless LAN => select

Data Traffic Rcvd (packets/sec) and select Data Traffic
send (packets/sec .

] Choose Results

[=HE] wireless Lan

HEH Backolf Siots (slots)

HEH# Charnel Reservation (sec)

—E#8 Control Traffic Revd [bits/sec)
Bl Control Traffic Rcvd (packets/sec)
B Contiol Traffic Sent (bits/ sec)
HEf Contro! Traffic Sent (packets/sec)
HE Data Traffic Revd (bits/sec)
| Data Traffic Revd [packets/sec)
HE Data Traffic Sent [bits/sec)

| Data Traffic Sent (packets/sec)
—Ell Delay (sec)

B8 Dropped Data Packets [bits/sec)
HE Dropped Data Packets |packets/sec)
HE Hid Queue Size (packets)

HE# Load (bits/sec)

B Load (packets)

B8 Media Access Delay (sec)

HE Retransmission Attempts [packets)
B Thioughput [bits/sec)

rﬂin Link Statistics

Step 5: Run the simulation

e Click run simulation icon from the toolbar,.
e Set the Duration to 100 seconds.
e Click Run,

52



n

W aVL.V, W W PGV, Y

v w

v wv.v.w

PGV, W w8

Step 6: View Results

¢ Right click on the work space and select View Resuilts.

e Change As Is to Sample_Sum.

*{node U of Office Network '

-m_mﬁmmmrmmm S

th _ e ; o i hn!h |
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Result Interpretation:

In the result panel change As Is to Average.

(B3 node o Office Hetsont: b L
- N rnge b Winskews Lan Daa Tallic o § '

: 30 L 3 mmﬁu%t&nﬁmhﬁsmwmfmn

05 - =

a0 : i :
Om gm0 o 13

We see that on an average 1 packet is sent per second and
around 2.5 packets are received per second. This is because the
transmissions of the other 3 stations are also being received by this
station. There are some losses as well which can be seen by
including global statistics (bit/sec).
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