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Exerci se Subj ects

1) Genera 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

e Classrooms. Maari-c and Maari-d
+ http://www.hut.fi/atk/luokat/maari-c.html (L1NUX)
+ http://www.hut.fi/atk/luokat/maari-d.html (Windows)

* Linux OS
+ Beginners Guide:

> http://www.redhat.com/docs/manua /linux/RHL -9-M anual/getting-started-guide
> http://linux.org.mt/article/terminal

+ Command Reference:
> http://linux.nixcraft.com/linux_commands



Exer cl ses

e Exercise schedule and materia:
+ http://www.netlab.hut.fi/opetus/s38180/s03/schedul e.shtml

e Each exercise sesson (2 hrs) consists of

+ (Review of the previous exercise)

+ Introduction to the new exercise

+ Begin work on the smulations with course staff present
Do al the exercisesin the Computing Centre's computers

+ The NS-2 software found there i1s not the sandard
distribution -> some exercises won't work elseawhere



Exerci se reports

Hard deadline for al reportsis October 29", 4 pm
+ |t isadvised to return reports before the next exercise
« Return format is ether PDF or paper
Two types of grading depending on the exercise:
1. Fail / Pass or
2. Fall / Satisfactory / Good / Excellent
All exercises must be passed to complete the course
Exercise points are summed up and scaled to 1-6

+ Used in the exam grading to replace the points from the
lowest scoring answer
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Exerci se nj ectives

e To familiarize yourself with the work
environment

e Tolearn to work with NS-2 at the level that
yOou can:

1.Write smple ssimulation 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

- to get a hands-on feeling on the simulator and
prepare you for the later exercises



NS- 2 For ewor ds

 Began asavariant of the REAL network smulator
In 1989

e Open source software
+ Possible to tailor the code to exactly fit the needs

+ Thousands of developers => rapid increase in
functionality

 Nowadaysit isargueably the most popular network
simulation tool in the world

+ Used extensively by both businesses and
universities



NS- 2 Soft war e
Structure

* NS-2 usestwo programming languages to combine
efficiency and ease of extentability
o C++
+ OTCL (Object Tool Command L anguage)
e NS-2 softwareiswritten in both C++ and OTCL
+ Generally doesn't need to be modified
* Simulation scripts are written in OTCL
+ Used to setup and control the smulation



NS- 2 Soft war e
Structure 2

* SI mUI mor SOftware IS Our focus iS here
separated to 3 layers: T
1. Basic functionality: [ —
Run-time 3. Simulation Control Scripts
C++ Code (OTCL)
2' Experlmental prOtOCOIS i 2, HigP:arTIE;mn,L:tgnaliw
and complex Compiled (OTCL)
appl I Catl ons. OTCL P?;r;.llvm 1. Simulator Core
(C++)

3. Simulation control

scripts: OTCL



Sinulation Scripts

e Used to set-up a simulation scenario
« Network topology
+ Traffic agents
« Simulation events, e.g. when to start sending data
+ Gathering results; monitoring and tracing

e Written in OTCL

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



NAM — Net wor k Ani mat or

e Animation tool for
g.raphlc_ally viewing : 0
simulation results s
o Useful for /,
examining simple ) \
simulations
I 2 ——
|




Simul at1 on Exampl e

Topology

+ A network of two nodes connected with aduplex link
> Bandwidth: 5 Mbps
» Packet delay: 10 ms

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

Simulation events

+ TCPdartssending 15 kB of dataat 0.5 s
+ UDP gtarts sending at arate of 800 kbpsat 0.2 sand stopsat 0.8 s

Gathering data
+ Traceall packet events



Exampl e 2: Topol ogy

e Create nodes n0 and nl
s o{sns nodel «

Create a node and assign it to variable nO

Assign avariable n0

set n1 [$nsnode]

e Create aduplex-link between the nodes
Snsculecink 0L s ropral

| |
Bandwidth 5Mbps,
delay 10ms Buffer management

method: DropTail

Call procedure 'duplex-link
of object $ns
Set link between nodes n1 and n2



Exanpl e 3: UDP-agents

e Create UDP- and null-agents

set udpO [new Agent/UDP]
set nullO [new Agen@ullDIA null-agent acts as an UDP-sink

e Attach them to nodes nO and nl

“/ \
$ns attaCh-agent@(z $U§FﬁiParameters: $node $agent
$ns attach-agent $n1 $null0

e Connect the agents
$ns connect $udpO $ﬂU@IParameters: $agent $agent



Exanple 4: CBR-traffic

* Create a CBR traffic source

set cbr0 [new@\ppl|catlon/Trafflc/CBRDIApm|Cat|on type

e Set traffic parameters

$cbr 0 set packetSize 500 - SendRate_8 500D _goon
$cbro set<terva| O OO@T 0.005 s
Time interval

between packets

e Attach the traffic generator to an agent

$cbr 0 attach-agent $udp0



Exanpl e 5: TCP-agents

Create a TCP-connection pair

set cIntO [new Agent/TCF(’ﬁlchm
set srvr0 [new Agent/TCF?{ulch@/

Attach agents to nodes

$ns attach-agent $n0 $srvrO
$ns attach-agent $n1 $cintO

Connect the agents
$ns connect $srvr0 $clntO

Assign the client-agent to listening mode
$cIntO listen

Full Tcp includes athree-way
handshake and tear-down



Exanpl e 6: Events

e Schedule events ~ Start sending CBR-data

$ns at 0.2 $cbr 0 sta@— f

LLwnch the quoted command at0.2s

$nsat 0.5’ @ndmsg 15000 \" M 5@1
Send 15 kB of TCP-data
@t 0.8’ $CIOrO@I&op sending CBR-dataat 0.8 s

e Call the finish procedure after 1.0 s of simulation time
$nsat 1.0 "finish"

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



Exanpl e 7: Traclng

* Open filesfor writing

set@pen ,‘w}ﬁOpen the file for writing

File handle in the simulation

Name of the file
set namf [open example.nam w]

e Set trace types

Output file handle
snstracoall s "

Trace dl links
$n namf

Trace all linksfor NAM (Network Animator)




Exanple 8. Results

o Sample of the packet trace file;

|
Source and destination

nodes

Trace event | Packet sequence
Flow ID  number and unique
Time (s) Flags packet 1D -
Link source and Packet size (B)
destination IDs

Packet type



S nul ation: Link Delay

e Topology

+ 1 FTPclient
> Node O

o 3FTP sarvers
> Nodes 2-4

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




Random Nunber s

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

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

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

e |In NS-2 the seed value is modified with:
"$defaultRNG seed 1",

+ using seed O will cause arandom seed to be generated on each
new simulation

e e.g. RED usesrandom numbersto calculate the drop probability



NS-2 Materi al

 Development pages.
« http://www.is.edu/nsnam/ns
« Especially useful topics:

> "Ns manua"
> "Mark Greis's tutorial™

+ Vigt them!

e TCL tutorias
+ http://users.belgacom.net/bruno.champagne/tcl.html

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

e OTCL tutorid
+ http://nestroy.wi-inf.uni-essen.de/L v/gui/otcl



