NS2 Tutorial



What 1s a sstmulation

Simulation

o Imitation of the operation of a facility or process
Facility being simulated is called a system
Assumptionsfapproximations, both logical and

mathematical, are made about how the system worls
These assumptions form a maodel of the system
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Simulation allows you
o Toquickly & inexpensively acquire knowledge concerning a

proflem
o Thatis usually gained through experience (that is often time consuming)



When to use stmulations?

Simulations can be used

o [0 study complex systemns 1.e. systems where analytic solutions are
Infeasible

o o compare design alternatives for a system that doesn't exist
o Tostudy the effect of alterations to an existing system
o Toreinforcefventy analytic solutions

Simulations should not be used

o If model assumptions are simple such that mathematical methods can be
used to obtain exact answers (anahdical solutions)
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Types of Simulation

Variety of types, but main are
o Monte Carlo Simulations

o Trace Driven Simulations

o Discrete-event Simulations

A simulation using discrete-event (also called discrete state)
model of the system

Widely used for studying computer networks



Components of Discrete-Event
Sstmulation

= Typical components:

1. Event scheduler
2 Simulation clock
3. Dystem state variables

4. Event routines
2o Input routines

G. Report generator
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What 1s ns-2°

ns-2 stands for Metwork Simulator version 2.
ns-2 15 a discrete event simulator for networking research
Yiork at packet lewel.

Frovide substantial support to simulate bunch of protocols like TCR, UDE,
FTF, HTTF and DSR.

Simulate wired and wireless network,

Itis primarly Unix based.

Use TCL as its scripting language

ns-2 15 a standard expenment environment In research community .



NS-2 Features

NS-2: network simulator version 2
o Discrete event simulator
o Packet level simulation

Features

Cpen source

scheduling, routing and congestion control

Wired networks: F2F links, LAN

Wireless networks:

terrestrial (ad-hoc, cellular, GFRS, UMTS, WLAN, Bluetooth)

satellite
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NS-2 Features: cont...

Modeling Network Components
o Iraffic models and applications

VWeb, FTR, telnet, audio, sensor nets
o Transport protocols

TCP (Reno, SACK, etc), LIDF, multicast
o Routing and gueueing
static routing, DY routing, multicast, ad-hoc routing
queleing disciplines: drop-tall, EED, etc
o Link layer
wired, wireless, satellite

Providing Infrastructure for

o fracing, wisualization, error models, et
o modify or create your own modules



NS components

NS, the simulator itself
NAM, the Network Animator

o wisualize M= (or other) output

pre-processing.
o fraffic and topology generators

post-processing.
o simple trace analysis, often in Awl, Perl, ar Tcl
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NS Software Structure: C++ and OTCL

Uses two languages:

o 1. C++for the core of NS simulator
per packet processing
fast to run, detailled, complete control

g 2. OTCL for control

(object Tool command Language)
A scripting (interpreted) language
simulation setup, configuration
fast to wirite and change

11



| Why two language? (T'cl & C++)

C++: Detailed protocol simulations require

systems programming language

o byte manipulation, packet processing, algorithm
Implementation

o Runtime speed is important

o Turnaround time {run simulation, find bug, fix bug, recompile, re-run) is
slower

Tel: Simulation of slightly varying parameters or

configurations
o Llickly exploring a number of scenanos
o iteration time (change the model and re -run) is more
Important
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Steps when using NS

Create OTCL script for your network model
o nodes, links, traffic sources, sinks, efc.

Parameterize simulation objects

o Links: gueue sizes, link speeds, ...
o Transport Protocols: TCR flavor and parameters (more

than 203, ...

Collect statistics
o dump everything to trace, post process it

o gather stats during simulation within OTCL script
o modify Ms source code

Run NS multiple times
o confidence intervals
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INS-2 architecture
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rns-2 Arcfiitecture

Designing and runmng simulations mn Tel using the simulator objects
in the OTe¢l hbrary. The event schedulers and most of the network
components are implemented in C++ and available to OTel through an
OTel inkage that 1s implemented using telel. The whole thing together
makes NS, which 1s a QO extended Tel interpreter with network
simulator libraries.
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Tcl: Overview

Tel: Tool command language
. Tclis extensible and embeddable

o MNS-Zisalso a Tol interpreter (tclsh or ns)
Tel is a scripting language
o Ideal for networls configuration

A Tcl script consists of commands

. To write Tcl scripts, you need to learn
o T¢l command
o Icl syntax (how commands are parsed)
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Tcl: Command

A command consists of words

o

(]

(|

d

|

cindiName arg T args
cindName: core command or procedure
set, puts, expr, open, If, for, ...
All wiords are considered as strings
YWhite space (spaceftab) separates arguments
Mewline or semicolon i) terminates a command

Command evaluation: parsing and execution

|

(|

|

The interpreter does "substitution” and "grouping”

(parsing) before running a command
Every command returns a result string after execution
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TCL Overview:

Similar to other programing languages with some
peculiarities
o variables not declared and are all of generic type
set a3 instead of a=3
o mathematical operations cumbersome
[expr 3+4]
returns the value 7
o use “% to read from a variable
set a $b instead of set ab or a==b
equates a with b's value
o write output
put “hello world*®
outputs hello word
put $a
outputs a's value
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NS2 mstallation

Download source code ns-allinone-2 .29 tar.gz

[rootiddlocalhost Deskiop]mbkdir test

[root@localhost test]ecp ns-allinone-2 29 tar gz frootDeskiop/test
[roct@@localhost testltar -xzvf ns-allinone-2 24 tar gz
[rooticdlocalhost test]ed ns-allinone-2 .24

[root@localhost test] finstall

[rooticdlocalhost test] wi frootf bash_profile

PATH=FfFATH:/home/bin:frootDeskiop/testins-
allinonefin: frootiDesktoptestins-all none-2 297cl-
2.4 14 unixcfrootDesktopftestins-allinoneltk-5 4 14funix

Export FATH

Fress Esc and Shitt 27

Also BExport LD LIERAREY FATH

Export TCL LIBRARY according to your system paths
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Writing First Procedure (Example 1)

#Wyriting a procedure called "test”
proc test {14
set a 43
set b 27
set ¢ [expr $a + b
set d [expr [expr $a- $b] T $c]
for {set k 0F{$k = 10}Hincr k}H{
if 1§k = 5}
uts "k = o, pow = [expr
pm&ﬁd, Fhe 1] P Gt
}else |
uts "k == 5, mod = [expr $d %
i Y

I
i
I

= proc is used to define a

procedure

$ is used with the variable
name

. puts prints out the

following string within
double guotation marks
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Example 2

Class morm

mom instproc greet {3 {
$self instvar age_
puts "Fage  vears old mom say;
Howr are wou doing?"

j

Class kid -superclass mom

kid instproc greet {3
$self instvar age_
puts "Fage  vears old kid say:
What's up, dude’?”

j

set a [new morm)

$a set age_ 45

set b [new kid]

fhsetage 15

$a greet

$h greet

The keyword Class is to
create an object class
and instproc is to define
a member function to an
object class

Class inheritance Is
specified using the
keyword -superclass

$self acts same as the
"this" pointer in C++,

to create an object
Instance, the keyword
new is used



Components

Four major types
o Application

Communication instigator
o Adent

= Facket generatorfconsumer

o Mode

Addressable entity
o Link

Set of queles
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OTCL hierarchy

TclObject
: NsObject
: '1:_i!;}'- BT
/ Objects ™\
Connector Classifier
SnoopQueue || Queue || Delay || Agent || Trace | | AddrClassifier || McastClassifier
In || Out || Drp || Edrp | | DropTad || RED | | TCP || UDP | | Eng|{Deq||Drop || Recw
Feno || SACK




Example 03

Network Diagram
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Example 03 cont...

#Create a simulator object
set ns [new Simulator]

#(set ns [new Simulator] generates an NS simulator object instance, and assigns it to
variahble ns )

#Define different colors for data flows (for kA
$ns colar 1 Blue
$ns color 2 Red

#open nam trace file{ This member function tells the simulator to record simulation traces
in MAM input forma)

set nf [open out.nam w]
$ns namtrace-all $nf
#Define a finish procedure
Froc finish [}

I global ns nf

$ns flust_trace



Example 03 cont...

#Close the namtrace file

close $nf

#Execute nam on the trace file
Exec nam out.nam &

Exit [

#create four nodes

set n0 [$ns node]

set n1 [$ns node]

Set n2 [$ns node]

Set n3 [$ns node]

#create links between the nodes

$ns duplex-link $n0 $n2 2Mb 10ms DropTail
$ns duplex-link $n1 Fn2 2Mb 10ms DropTail
$ns duplex-link $n2 $n3 1 .7Mb 20ms DropTail



Example 03 cont...

#oet Clueue size of link (nZ-na) to 10
$ns gueue-limit $n2 $n3 10

#5ivE node position (for MAk)

$ns duplex-link-op $n0 $n2 orient right-down
Fns duplex-link-op $n1 $n2 orient right-up
$ns duplex-link-op $n2 $n3 orient right

# Monitor gqueue for link n2-n3 for MNAM
$ns duplex-link-op $n2 $n3 gueuePos 0.5
#setup a top connection

set top[new Agent/TCR

tcp set class 2 # marking top flow

$ns attach-agent $n0 $top

Set sink [new AgentTCPSinK]

$ns attach-agent $n3 Fsink

$ns connect $top $sink

$tcp set fid_ 1 #identitying it in flow 1



Example 03 cont...

#aetup a FTP over TCP connection
set ftp [new Application/F TR

$ftpn attach-agent $top

$ftp set type FTP

#oetup a LUDP connection
set udp [new Agent/LIDF]
$ns attach-agent $n1 $udp
set null [new AgentMull]
$ns attach-agent $n2 $null
fns connect $udp $null
tudp set fid_ 2
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Example 03 cont...

#5etup a CBR over UDP connection
set chr [new Application/Traffic/CER]
$chr attach-agent $udp

$chr set type  CER

$chr set packet_size 1000

$chr set rate_ 1mh

$chr set random_ false

#5chedule events for the CBR and FTP agents
$ns at 0.1 "$chr start"
$ns at 1.0 "$ftp start"
$ns at 4.0 "$itp stop"
$ns at 4.5 "$chr stop”



Example 03 cont...

#Detach tcp and sink agents (not really necessany)
$ns at 4.5 "$ns detach-agent $n0 $tcp ; $ns detach-agent Fnaksink”

#all the finish procedure after & seconds of simulation time
$ns at 5.0 "finish"

#Print CBR packet size and interval
puts "CBR packet size = [$chr set packet size )"
puts "CBER interval = [$cbr set interval_]"

#Hun the simulation
s run
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Executing Script

[rocti@localhost Desktop]od test
[rootiddlocalhost test]ls

ns-simple el

[rooticdlocalhost test] ns ns-simple tcl

#here simulation will start and nam will appear on screen.. Two files will also
appear in present working directory with the name of out.nam and out? tr.
out.nam 1s networke amulation file and out1 tris a trace file containing data
about simulation

[roct@@localhost test]ls
ns-simple tcl OUt.narm out? tr
[rootichlocalhost test]] kedit out nam out? .t
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Network Amulator(NAM)
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chbr 1000 —----- Yyyy 0.
cbhbr 1000 -=====-= 1 0
tep 40 =-===-- 2 1.0
tep 40 -=-====-= 2 1.0
1 2 tcp 40 --=--=--- 2
2 3 tep 40 -=-=-=---- =2
2 3 tep 40 -====== 2
2 cbr 1000 -=-=-=---- , ¥
2 cbr 1000 —-=-—-=-=--- 1
3 cbhbr 1000 =-====-- 1
2 3 tep 40 ------- 2
3 2 ack 40 ======-= 2
3 2 ack 40 --=-=---- 2
0 2 cecbr 1000 -=-=-===--
0O 2 ecbr 1000 -—=====-=
3 2 ack 40 --=-=---- 2
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tr Trace File Cont...

BVERL| Ll fri;::;g:-:" Aode rﬂfx?& Bpikzté flags | fid f.:;:ﬂcr S:ﬂﬂ:;_tf gﬁ -TEE
r ! recelve (at to node]
+ ! enqueue (at quEue] src_adde : node.poct (3.0)
- dequeus [at queus) d=t addr : node.port (0.0)
d : drop (At cueue) B

r 1.3556 3 2 ack 40 --=-=--—- 1 3.0 0.0 15 201

+ 1.3556 2 0 ack 40 ======~ 1 3.0 0.0 15 201

- 1.355¢ 2 0 ack 40 --====- i 3.00:0:15 201

r 1.3585%76 0 2 ceop 1000 ———=---- 1 0.0 3.0 29 199

+ 1.355%6 2 3 tep 1000 -=-==-=—- 1 0.0 3.0 29 199

d 1.35576 2 3 tep 1000 -——---—- i 0.0 3.0 29 199

+ 1.356 1 2 ¢br 1000 -=-===== 2 1.0 3.1 157 207

- 1.356 1 2 chr 1000 --=---- 2 1.0 3.1 157 247
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Abbreviation NS2

Some abbreviations used:

Event:
o S=5end

o K=receive

o D=drop

o F=forward

Trace level:

o AGT=agent

RTR=router

MAC=MAC

IF Q=drop due to full buffer
ARFP=drop by ARF
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Acquiring useful data from .tr file

cat out.tr | grep "2 3 cbr " | grep *r | column 1 10 | awk
{dif = $2 - old2; if(dif==0) dif = 1; if(dif > 0)
{printf("%d\t%fn", $2, ($1 - old1) / dif); old1 = $1; old2 =
$2}} > jitter.txt

This shell command selects the "CBR packet receive”
event at n3, selects time (column 1) and seguence
number {(column 10), and calculates the difference from
last packet receive time divided by difference in
sequence number (for loss packets) for each sequence
number

Data will be written to jitter.txt
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XGraph:

+ NB8-2 relies on XGraph in order to displaysimulation results
- XGraph is a UNIX graphing application
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NS&2 Useful Links

Metworlk Simulator MNS-2

o MNS-2 Homepade (hitpffsneow 151 edu/nsnaminss)

o MNS-2 Manual {http: Heasiee sl eduimsnaminsfnsdocumentation .
htrml )

Getting started with MNS-2

o Marc Grels's tutarial

(hitp: Meneewe 151 edufnsnaminsfdutorialindex html )

o NS by example (http:dnile wpl edufMNS

o M52 for beginners

thitp: Hensiw-sop Infa frimaestrofpersonnelfEitan Altman/COURS-MNS/n3 pdf)
o OTcl iftpffftp tns los mit.edufpubdotclidocitutanial  html)
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