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Exerci se Subj ects

1) General matters in doing the
exercises

« Work environment
+ Making the exercises and returning the reports

2)Introduction to NS 2 Network
Simulator
+ Basic understanding on how to work with it




Wor k Envi r onnent

* EXxercises held in Maari-c
+ http://www.hut.fi/ cc/ computers/ Maari- C.ntml

* NS 2 i1sused in most of the exercises

+ You can use it in any of Computing Centre's
Linux- computers

> http://www.hut.fi/ atk/luokat/ (“unix”)

-~ A modified version of NS 2 isinstalled there

> the exercise simulations won't work anywhere
else

+ Can be used locally or with SSH



Exer cl ses

* Exercise schedule and info at course home page:
+ http://www.netlab.hut.fi/ opetus/ s38180/ 2004/ schedule.shtml

* Each exercise session (2 hrs) consists of:
+ (Review of the previous exercise)
+ Introduction to the new exercise

+ Begin work on the simulations with course staff
present



Exerci se Reports

* Two hard deadlines:
+ Exercises 1-4: October 29", 4 pm
- Exercises 5- 6: November 3", 4 pm

* |tisadvised toreturn reports before the next
exercise

+ Return format is either PDF or paper
+ Latereturns are automatically discarded!

* Total exercise points are scaled to 1-6

+ Used in the exam grading to replace the points
from the lowest scoring answer
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Exerci se (bjectives

* To familiarize yourself with the work
environment

* To learn to work with NS 2 at the
level that you can:
1.Write simple simulation scripts

2.Read and understand more complex
simulation scripts



Tasks of the Day

1. A few words about the background and
structure of NS 2

- to give you some idea of what you are working with

2. Line- by-line study of a simple simulation
scenario

- to explain the minimum requirements needed to
create a simulation

3. Begin making your own simulation



NS- 2 For ewor ds

e Open source software

+ Possible to tailor the code to exactly fit the
needs

+ Thousands of developers => rapid increase in
functionality

+ No one is liable for the code => use at your
own risk

* Nowadays it is argueably the most popular
network simulator in the world

+ Used extensively by both businesses and
universities



NS-2 Software Structure

* NS 2 uses two programming languages to
combine efficiency and ease of extentability

« C++
+ OTCL (Object Tool Command Language)
* NS 2 software is written in both C++ and OTCL
+ Generally doesn't need to be modified
* Smulation scripts are written in OTCL
+ Used to set up and control the simulation



NS-2 Software Structure

* Smulator software
IS separated to 3
layers:

1. Basic functionality:
C++

2. Experimental
protocols and
complex
applications: OTCL

3. Smulation control
scripts: OTCL

2

Run-time
Code

Compiled
EBinary
Program

Our focus is here

3. Simulation Control Scripts
(COTCL)

- -

2. Higher-level Functionality
(CTCL)

1. Simulator Core
(C++)




Sinulation Scripts

* Used to set up a simulation scenario:

+ Network topology

+ Traffic agents

+ Smulation events, e.g. when to start sending data
+ Gathering results: monitoring and tracing

 Written in OTCL

+ No need to compile; scripts are interpreted at run-
time

* For help in writing simulation scripts, refer
to NS 2 manual
« http://www.isi.edu/ nsnam/ns/doc/ ns _doc.pdf



Sinul ati on Exanple (1)

* Topology

+ A network of two nodes connected with a duplex link
> Bandwidth: 5 Mbps
- Packet delay: 10 ms

* Traffic agents
+ 1 TCP-connection
+ 1 UDP-connection with a CBR- traffic generator

e SSmulation events

+ TCPstarts sending 15 kB of dataat 0.5 s

+ UDP starts sending at a rate of 800 kbps at 0.2 s and
stopsat 0.8 s

* Gathering data
+ Monitor traffic flows



Exanpl e: Topol ogy (2)

* Create nodes n0O and nl

] —Create a node and assign it to variable n0O

Assign a variable nO
set n1 [$ns node]

* Create aduplex-link between the

nodes

$ns duplex-lin

Mo 103

Bandwidth 5Mbps,
delay 10ms

Call procedure 'duplex- link’
of object $ns

Set link between nodes n1 and n2

Buffer management
method: DropTail



Exanpl e: UDP- agents ( 3)

* Create UDP- and null- agents

set udpO [new Agent/ UDP]
set null0 [new@gent/ Nu|)IA null- agent acts as an UDP- sink

e Attach them to nodes nO and nl

$ns attach- agent $n0 $udpD1Parameters $node $agent
$ns attach- agent $n1 $null0

* Connect the agents
$ns connect@l pO $nu|l Parameters: $agent $agent

(NS 2 manual: “30: UDP Agents”)



Exanple: CBR-traffic (4)

* Create a CBR traffic source

set cbrO [new(Appllcatlon/Trafflc/ CBEIApphcatmn type

e Set traffic parameters

$cbr0 set packetSize 500 8*500b
- Send Rate= =800kb
$cbro set@terval 0. O@ R = 0,005 s ps

Time interval
between packets

* Attach the traffic generator to an

agent
$cbrO attach- agent $udpO



Exanmpl e: TCP-agents (5)

* Create a TCP- anectlon pair

set src [new Agent/ TCP/ |:U”TCIO] iFuIITCp includes a three- way
set sink [new Agent/u/ FU”TC/V handshake and a connection

 Attach agents to nodes " “""

$ns attach- agent $n0 $src
$ns attach- agent $n1 $sink

* Connect the agents

$ns connect $src $sink

* Assign the sink- agent to listening
mode (src initiates the connection)

$sink listen

(NS 2 manual: “31.3 Two- Way TCP Agents (FullTcp)”)



Exanpl e: Events (6)

* Schedule events | start sending CBR- data
$ns@0. "$cbrO start! f

LLaunch an event at 0.2 s

S Send 15 kB
$nsat 0.5 @rﬁmsg 150001 "MSG_FOR of TCP-data

@EO'S $(£r(z%8top sending CBR-data at 0.8 s
e Call the finish procedure after 1.0 s of

simulation time
$ns at 1.0 "finish"

e Start the simulation in the end of the script
$nsrun




Exanpl e: Monitoring (7)

e Create a flow monitor

set flow_mon [$ns makeflowmon@%Use flow ID's to identify
. different flows

 Attach the flow monitor to the link
$ns attach- fmon [$ns link §r1\1$n/0)$flow_mon 0

T Attach the monitor
PY ASSign an OUtpUt flle between nodes $nl1 and $n0

$flow_mon attach [open output_file.fmon w]

* Print the statistics at given time

$ns at 1.0 “$flow_mon dump”
+ Hint! You can put the quoted command in the finish- procedure



Exanpl e: Results (8)

e Sample of the flow monitor output
(with 2 flows):

2101206000000 13475560000000
/Rl/\ /CR

1014 155600 0 134 75560 0 0 0 0
L
Packets and bytes j
received in this flow

Packets and bytes

Flow ID

Packet type dropped in this flow
0: TCP, 1: UDP Src and dst nodes

(NS 2 Manual: “23.7.2 How monitor trace format”)



Sinmul ati1 on: Link Delay

Client nodes

* Topology . .
- 1 FTP server node | node
~ 3 server agents 10 Mbps 0
iIn node O Q 1 > Mbps Q
+ 3 FTPclient nodes 10 Mbps

? ms

- 3 client agents
In nodes 2-4

e Task: Study the effect of
link delay to the throughput
of a TCP-connection



Random Nunber s

NS 2 produces only pseudo- random numbers
+ they aren't random but only appear to be

A seed value is needed for the generation of
pseudo-random numbers

+ If the seed value is the same the number sequence
generated will be the same

+ Modified with: "$defaultRNG seed 1",

+ using seed 0 will cause a random seed to be
generated on each new simulation

e.g. RED uses random numbers to calculate the
drop probability

NS 2 manual: “22.1 Random number generation”



NS-2 Mat eri al

* Development pages:
+ http://www.isi.edu/ nsnam/ ns

+ Especially useful topics:
> "Mark Greis's NS 2 tutorial”
> "Ns manual"

+ Visit them!
e TCL tutorials

+ http://users.belgacom.net/ bruno.champagne/ tcl.ntml

+ http://hegel.ittc.ukans.edu/topics/ tcltk/ tutorial- noplugin

e OTCL tutorial

http://www.openmash.org/ developers/ docs/ otcl- doc/ doc/ tutorial .html



