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Introducgao

e Simulador de Redes ns-2

Simulador de redes baseado em eventos discretos (Event Driven)
para pesquisa em redes

Desenvolvido e distribuido pela Universidade da Califérnia
(Berkeley):

e The VINT project : Virtual InterNet Testbed

¢ ISI (Information Sciences Institute - www.isi.edu)

o University of Southern California (USC)

e Financiamento:
« Defense Advanced Research Projects Agency (DARPA)
« National Science Foundation (NSF)

- _/

Introducgao

e Caracteristicas

Plataformas onde roda:
e FreeBSD (desenvolvimento) , Linux, Solaris e Windows (com
restricbes)
As funcionalidades sao oferecidas:
e Diretamente na distribuicdo basica do NS
e Contribuigbes (patchs) que devem ser instaladas a parte

A distribuicao do NS-2 é gratuita, inclusive o codigo fonte, que pode
ser alterado para pesquisas especificas
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Introducgao

e Funcionalidades do NS-2
Simulador a nivel de pacotes
Implementa camada de enlace e camadas superiores
Simulagéo de redes cabeadas e redes sem fio (wireless)
Implementa fontes de trafego: FTP, HTTP, Telnet, CBR e VBR
Implementa os protocolos de transporte: TCP, UDP
Implementa protocolo de rede: IP

Introducgao

e Funcionalidades do NS-2

Mecanismos para geréncia de filas em roteadores:
e Droptail, RED, CBQ, SFQ, WFQ, DRR

Protocolos de roteamento
e Session, DV, LS, multicast

Implementa abordagens para QoS
e IntServ, DiffServ, MPLS, QoS Routing

Protocolos MAC para simulagdo de LANs

Comunicagao sem fio
o WLAN, Comunicagéo via Satélite, GPRS, Bluetooth, etc.
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Introducgao
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The Network Simulator - ns-2

Ns is a discrete event simulator targeted at networking research. Ms provides substantial support for simulation of TCP, routing, and mulficast protocols over wired
and wireless (local and satell) networks

Ns began as a variant of the REAL nefwork simulator in 1989 and has evolved substantially over the past few years. In 1995 ns development was supported by
DARPA through the VINT project at LBL, Xerox PARC, UCB, and USC/ISL. Currently ns development is support through DARPA with SAMAN and through
NSF with CONSER, both in collaboration with other researchers including ACTRI. Ms has always included substantal contributions from other researchers,
including wireless cods from the UCB Dasdelus and CMU Monarch projects and Sun Microsystems. For documentafion on recent changes, see the version 2
change log

Read this first:

Wihile we have considerable confidence in ns, ns is not a polished and finished product, but the resulf of an on-going effort of research and development. In
‘particular, bugs in the software are still being discovered and corrected. Users of ns are responsible for verifying for themselves that their simulations are not
invalidated by bugs. We are working to help the user with this by significantly expanding and antomating the validation tests and demos

Similarly, users are responsible for verifying for themselves that their simulations are not invalidated becavse the model implemented in the simulator i not the model
that they were expecting, The ongoing Ms Manual shovld help in this process

Links to help getting started

« Getting ns and avoiding problems
o Dowsload and Build ns
o Tnstallation Problems and Bug Fizes
o Validation Tests and Demos
o Copyright statement
o Bug report form

« Documentation:

core documentatio
5.
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Introducgao

Tutorial de Marc Greis
http://www.isi.edu/nsnam/ns/tutorial/index.html

i Tor the UCB/LBNL/VINT Network Simulator "ns* 181X
ramentas  Ajuda |

avortos

o - *|[unks Elrotmal gotute Elpersonslearins Elwrdovs eds_ Ewdovs
exirss [ e ironiesaalee ot

ns Tuforial | Tutorial for the Nefwork
Simulator ‘ns

Contents:
L Introduction L Introduction
L Finding ext section] [Back to the index]
ntati
Documentation
L W Bl Disclaimer: This tutorial was originally developed by Mare Greis, Currently the tutorial is maintained and being expanded by the
RaCEaAt VINT group.
3For Gt
e Balie Please note: if thre is any problem with the example seripts provided below, please refer o the test ufes (<nsficlfesttest-suite-
T gpei.tel and test-suite- WLtutoriltc) for and lastest vpdates and Iet us know, thanks.

Since you have found this page, T assume that you already know what ns is and where you can get it Fom. Tnot, T suggest you either
£0 1o the web page for the VINT project or the web page for ns (version 2) Note: In these pages I describe ns version 2. Version 1is
different, though there is a backwards compatibilty library in version 2.

IS'V_FHOW o it The purpose of these pages s to make it easier for new ns users to use ns and nam, to create their own simulation scenarios for these

D ymosmiodtat | tooks and to eventully add new finctionaly o ns.  have found th existing documentation to b rathe useful for sers who abeady _|
know the basic eatures ofa, whie  can be a bit tecious for new users to extract the necessaxy information o the saanals and the

example scrpts. In this ttoria L vwill ead you through some simple examples, introduecing more and more nerw features as we go along.

The ulimate goal s that afte a short ime you are able to eficiently use ns an to find any frther information you might need i the

existing documentation. For this purpose L will also try to tell you where I found the information in this tutorial myself, 50 you not orly

learn how to use ns, but also how to use its documentation.

‘The web is probably the best medium for a utorial ke this, becanse is not oxly possible to add pictures (or even animations) for the

examples, but you can also directly download the examples if you don' have the time for typing them in yourself (thovgh I would

suggest doing that atleast for the first few examples).  chose a frame-oriented design for these pages, since it makes them easier to

navigate. If you find that the left frame with the contents takes up too much room or i you just don't ke frames, you can switchtoa v
[T T internet




Introducgao

e NS by Example http:/nile.wpi.edu/NS/

~Microsoft Internet Evplorer
| wasvo Edtr Exbir Eovortos Femementas Ao
L& - 2w &) &) windows |
| Engereso [ g wpi ccuis] = v |

NS by Example WPI
WORCESTER POLYTECHNIC INSTITUTE

« Pupose
o Overview

Computer Science

Basics
© OTcl The User

Language
o Simple Simulation
Example NS by Example
 Event Scheduler
o Network Components
o Packet Jae Chung
o Post Simulation ang
o Trace Analysis Mark Claypool
Example
o RED Queue Monitor
Example Purpose
o Ezample Utiities
« Extending NS NS (version 2) is an object-oriented, discrete event driven network simulator developed at UC
© Where to Find What? Berkely written in C-++ and OTecl NS is primarly useful for simulating local and wide area networks
© OTcl Linkage Although NS is fairly easy to use once you get to know the simulator, it is quite difficult for a first
© Add New Application time user, because there are few user-friendly manuals. Even though there is a lot of documentation
and Agent written by the developers which has in depth explanation of the simulator, it is written with the depth
© Add New Queue. A of a skilled NIS user. The purpose of this project is to give a new user some basic idea of how the.
simultor works, how to setup simulation networks, where to look for fther information about
network components in simulator codes, how to create new network components, etc., mainly by
giving simple examples and brief explanations based on our experiences. Although allthe usage of
LAN the simulator or possible network simulation setups may not be covered in this project, the project
© Multicasting should help a new user to get started quickly.
o Web Server
o SRM Examol =i
&1 concige [T [ ernet

© Pareto OW/Off
o More Examples
o LAN

Network Simulator NS-2

e ARQUITETURA DO NS-2

Combinagéao de C++ e Otcl

Estrutura orientada a objetos

o Evolucdo do NSv1 (objetos tcl/C++)

o OTcl: extensao orientada a objetos do Tcl
Separagao de Controle e Dados

o Operacdes de controle em Otcl (facil configuragao)

o Os dados passam através dos objetos C++ (velocidade)
Abordagem Modular
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Modelo de programacao do ns

o C++
Nucleo do simulador (eficiéncia)
Trata de eventos e pacotes
e Otcl
Interface para criar cenarios através de scripts
E interpretada (os scripts de simulagdo ndo sio compilados)
Prové flexibilidade

Alguns objetos existem nas duas linguagens

As duas linguagens tem interfaces entre si:
Pode-se chamar fungdes do C++ no Otcl (mais comum)

\ Pode-se chamar fungdes do Otcl no C++ J

11

Otcl e C*+*

& [ ElicE T é

Objetos Puros N Objetos Puros
em C++ em OTcl

OTcl

l. L7

NS-2
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Network Simulator NS-2

Programa de
Simulacao
Script OTcl

e Estrutura do Simulador:

Interpretador Tcl com extenséo orientada
a objetos

Resultados de
Simulacao

o

Biblioteca de Simulagdo do NS
- Objetos do Agendador de Eventos
- Objetos componentes de rede
- Médulos de ajuda para configuragao da
rede

]

Analise dos
Dados

l

NAM
Network
Animator

13

Network Simulator NS-2

Agendador de
Eventos ns-2

Tclcl

OTcl

tel

14




Network Simulator NS-2

e Dualidade: OTcl e C++

e Interpretador tcl com extensdes
Otcl: suporte para orientacéo a objetos
Tclcl: jungédo de C++ e otcl
Agendador de eventos discretos (event scheduler)

Evento:
« |dentificador Unico de pacote (ID)
e Tempo de execugao
« Ponteiro para o objeto que manipula o evento

\ « Componentes da rede J

15

Resultados de Simulacao

e O simulador pode ser configurado para gerar arquivos contendo
os dados desejados

Opcionalmente o arquivo de trace pode ser processado para obter
esses resultados

e Vazdo de uma conexao
e Atraso e variagao de atraso de pacotes

e Perda de pacotes
Nas filas: monitor de filas

Nos sistemas finais (fim-a-fim): agente LossMonitor

kOutros J
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Vantagens do NS-2

e Simulador padrdo para a comunidade cientifica e académica
e Simulador gratuito de codigo aberto

e Boa infra-estrutura para desenvolver programas

e Grande quantidades de protocolos e tecnologias existentes

e Oportunidade para estudar interagbes de protocolos em
ambiente controlado

e Lista de discussao para duvidas e discussdes

. /
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Limitac6es do NS-2

e Limitacao para tecnologias e protocolos sub-IP: ATM ?
e Curva de aprendizado: lenta
e Falta de documentagéo adequada

e Requer conhecimento de Otcl para criar cenarios de simulagao
simples

e Requer conhecimento de C++ para estender o simulador

e Mais indicado para a plataforma Unix

. /
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Componentes Basicos

e No (node)
Sistema final ou roteador
Maquina com implementagao IP
Abstrai caracteristicas da rede subjacente

e Enlace (link)
Interconectam dois n6s
O ns s6 representa a camada IP
Enlaces séo abstragdes da interface fisica

e Agente (agent)
Entidade de transporte
Agentes: TCP/UDP

e Aplicagao (application)
Nao precisa simular a aplicagao
Necessario apenas gerar trafego

19

Componentes Basicos

2Mbps, 10ms |

1,5Mbps, 20ms |

2Mbps, 10ms

20
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O Animador de Simulagcdo nam

passada

animacgdes

nam

e Observagoes:

-

e Utilizado para compreender o que ocorreu em uma simulagao

e Quando ativado, apresenta um console, que pode abrir varias

e Durante a simulacédo, o ns pode gerar um arquivo de trace para o

Arquivo de frace pode ficar muito grande (+100MB)
Simulac@o demora mais gerando o trace

_/
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O Animador de Simulagcdo nam

Avanga rapidamente
Péra a animagéo (25 * “passo” segundos)
Executa no Executa a Passo do avango
i Ari X - Tempo atual de d dros d
sentido contrario animagao animagao osal r?iurr?a;gi e
i nant: C:/Temp, traces/ex3.nam - E|| )S,If/
Retrocede = V |
rapidamente \ File Wi s\ Analys] . S | ﬂemp.&racas.’ex&l anm
N 44 ‘ - | "] » | » H o 0000 | St v Altera o
| —=F
asso
Zoom in —a5| o I P
Zoom out — =) G)/ \@
Edita posigao Iz / \ Area de
dos nés ) @ (0] animagao
Aumenta tamanho P \® ®/ Il
doné / 1
) |
Diminui tamanho ﬁ@ ‘ | | |
do n6 L e et Retorna desenho
Move animagéo Autol=yout: Ca 015 cr |nl75 erations {10 Recals  re-ayout | reset original
para um momento -
especifico no tempo o
| Redesenha
jd IEH (|
Z
/

[
7

Informagdes para redesenho

Area de
anotagdes

22
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Editor do nam (limitado

NAM Edi =10 =]
File Edit Tools Help

> @ ] Agent | TCPSink — | Trattc Saurce FTP — | Loss Model ‘ Periodic |
Tirne oo

=3
=2

T lal
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Uso do ns e nam no Ensino

e B
ndereso [@) egiffwow st ecinenaminsled = ov |

k3
4

Using ns and nam in Education

We are warking ta make ns-2 easier o use for networking education. We are targeting severl andiences:

+ ADVANCED UNDERGRADUATES should be able to use ns to compare network protocols. Our nar editor (released Sep. 2001) makes i possible
to compare simple things without knowing Tl

+ GRADUATE STUDENTS will do more advanced comparisons with Tel and C-++ programming. (Simple "message passing" C-—+ and Tel modules are
under development to make this easier.)

« PROFESSORS can use s and na to animate networking principles in class. Our ibrary of scripts inchudes existing demos, we welcome morel

« RESEARCHERS can use ns to investigate new networking concepts (as always).

the Nework Simulator (ns) the Netwark Animator (nam) the nam Graphical Editor

Neis a public domain simulator boasting a rich set of N together with its companion, i, form avery  This is the latest (Sept. 2001) addition to nare. With
Tntemnet Protocols, inchuding terrestrial, wircless and  powerful set of tools for teaching nefworking concepts. the na editor, you no longer have to type TCL
satellite networks. 75 is the most popular choice of s contains all the IP protocols typically coveredin  code to create animations. You can create your
simulator used in research papers appearing in select undergraduate and most graduate courses, and many  network topology and sitmlate various profocols and

conferences like Sigcomm, s is constantly experimental protocols conributed by is ever- traffic sources by dragging the mouse.

maintained and updated by ifs large user base and a _ expanding users base. With nas, these protocals can

small group of developers at IS visualized as animaions (see some screen shots Visit the nam home page
below)

Visit the ns home page
Visit the nam home page

What can you do with these tools?

@ [ [ [ et
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Network Simulator NS-2

e Estrutura dos Scripts NS
Criar 0 agendador de eventos (Instancia do Simulador)

Configurag6es Iniciais (Habilita o tracing)
e Ajustar opgdes gerais do ns e do nam

e Configurar arquivo de trace do nam

e Criar fungao de finalizagdo

Criar Topologia da rede

e Nos/Enlaces

Configurar roteamento

Inserir erros na transmissao

25

Network Simulator NS-2

e Estrutura dos Scripts NS

Cria protocolos agentes e aplicacoes (trafego)
o Criar agentes de transporte TCP e UDP

e Criar aplicagtes geradoras de trafego

e Anexar agentes a nds e aplicagbes a agente

o Conectar agentes nos sistemas finais

Inicializar o agendador de eventos
¢ Iniciar transmissdo de dados das aplicagées
e Finalizar transmisséo de dados das aplicacdes

Executar simulacéao

Visualizar a animagao com 0 nam
\ Analisar arquivos de trace J

26




Network Simulator NS-2

e Instalacéo

http://www.isi.edu/nsnam/ns

http://www-mash.cs.berkeley.edu/ns/ns-build.html

e Modo Interativo

hercules:~> ns

% set ns [new Simulator]

_o4

% $ns at 10 "puts \"Agenda Evento\""
1

% $ns at 15 "exit"

2

% $ns run

Agenda Evento

hercules:~>

27

Network Simulator NS-2

e Arquivo de Configuracao

exemplo1.tcl
set ns [new Simulator]
$ns at 1 "puts \"Agenda Evento\""
$ns at 1.5 "exit"
$ns run
hercules:~> ns exemplo1.tcl
Agenda Evento
hercules:~>

-

28
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Network Simulator NS-2

e Linguagem Script Tcl: A Linguagem do Usuario

c:\temp\ns> ns % puts -nonewline $file1 “$a \t $b \t $c”
% seta 10 % puts -nonewline $file1 “$a \t $b \t $c”
10 % close $file1

% set b $a

10

% set ¢ [expr $a + $b]
20

% puts “$a $b $c”
101020

% puts “[expr 1/60]”
0

% puts “[expr 1.0/60.0]”
0.016666666666666666

% puts “$a \t $b \t $c”

10 10 20
% set file1 [open dados.txt w]
Filed285c8

% puts $file1 “$a \t $b \t $c”
% puts $file1 “$a \t $b \t $c”

29

Network Simulator NS-2

e Linguagem Script Tcl: A Linguagem do Usuario

exec xgraph data &

if { expressao } {
< executa comandos >
}else {
< executa comandos >

}

for { seti 0 } {$i < 5} {incr i} {
< executa comandos >
}

proc nomefuncao { par1 par2 ... }{
global var1 var2

< comandos >

return $resultado

}

30
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Network Simulator NS-2

e Basico Tcl: A Linguagem do Usudrio

proc test {} {
seta 43
setb 27
set c [expr $a + $b]
set d [expr [expr $a - $b] * $c]
for {set k 0} {$k < 10} {incr K} {
if {$k < 5} {
puts "k < 5, pow = [expr pow($d, $k)]"
}else {
puts "k >= 5, mod = [expr $d % $k]"
}
}
}

test

Q}Uivo: basic-tcl.tcl

31

Network Simulator NS-2

e Basico OTcl:

Arquivo: basic-otcl.tcl

Class mom

mom instproc greet {} {
$self instvar age_
puts "Idade $age_"

Class kid -superclass mom

kid instproc greet {} {
$self instvar age_
puts "Idade $age_"
}

set a [new mom]
$a set age_ 45

set b [new kid]
$b set age_ 15

$a greet
$b greet

32
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Network Simulator NS-2

e Exemplo 1

Arquivo: exemplo1.icl

#Create a simulator object
set ns [new Simulator]

#0Open the nam trace file
set nf [open out.nam w]
$ns namtrace-all $nf

#Define a 'finish’ procedure
proc finish {} {
global ns nf
$ns flush-trace
#Close the trace file
close $nf
#Execute nam on the trace file
exec nam out.nam &
exit 0

33

Network Simulator NS-2

e Exemplo 1

Arquivo: exemplo1.icl

#Create two nodes
set n0 [$ns node]
set n1 [$ns node]

#Create a duplex link between the nodes
$ns duplex-link $n0 $n1 1Mb 10ms DropTail

#Create a UDP agent and attach it to node n0
set udp0 [new Agent/UDP]
$ns attach-agent $n0 $udp0

# Create a CBR traffic source and attach it to udp0
set cbr0 [new Application/Traffic/CBR]

$cbr0 set packetSize_ 500

$cbro0 set interval_ 0.005

$cbro attach-agent $udp0

800 kbps

34
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Network Simulator NS-2

e Exemplo 1 Arquivo: exemplo1.icl

#Create a Null agent (a traffic sink) and attach it to node n1
set null0 [new Agent/Null]
$ns attach-agent $n1 $null0

#Connect the traffic source with the traffic sink
$ns connect $udp0 $null0

#Schedule events for the CBR agent

$ns at 0.5 "$cbr0 start”

$ns at 4.5 "$cbr0 stop”

#Call the finish procedure after 5 seconds of simulation time
$ns at 5.0 "finish"

#Run the simulation
$ns run

35

Network Simulator NS-2

non
0 ndmero de série do volune & 3073 “2888
Pasta de D:“users-NS

a7/18-2884 -
07/18,2004 -
28 -07-2884 Atalho para NAM.exe.lnk
28./87,2884 Atalho para HS.exe.lnk
28-07/2884 15:56 exemplol _tel
28/07/2004
28 /07,2004
b5 .108./2004
B7-108,/2004 filammik.tcl
28072804 7 mglinstaller.exe
29./082 /2884
29 /@9 /2004
28/07/2004
15-18-2084
b5 .18./2004
b5 108,/2084
11-02,2003 14:80 2. 563 821 tc1832 exe
28872884 86.438 tracegraph2B2.zip

16 arguiveols)> 25 669.933 hytes

stals? 5.898.416.128 hytes disponiveis
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Network Simulator NS-2

i nam: ouk.nam =]
File Wiews Analysis out.nam
“ | - | | ] » | dd | 0.000000 | Step: 2.0ms
0
r " r r |
= =
ED
I
o //
_ @
ol I
TI’ME' | | | |
L e e e e
Auto layout: Ca [0.15 Cr |05 ferations |1D Recalc re-layautl reset

L

\ Sl [
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Network Simulator NS-2

Identificar os instantes de inicio e fim da fonte de trafego CBR
Diferenciar tempo de transmissao e propagagao

Monitorar pacotes individuais

Identificar disciplina de fila

Alterar o tamanho dos pacotes CBR para 100 Bytes

Alterar o tamanho dos pacotes CBR para 800 Bytes

Agendar 2 novos eventos para a fonte CBR:
e Término em 2 segundos

\ e Inicio em 3 segundos

e Exemplo 1 Arquivo: exemplo1.tcl

38

19



Network Simulator NS-2

CRIANDO A REDE:
Nodes
set n0 [$ns node]
set n1 [$ns node]
Links and queuing

$ns duplex-link $n0 $n1 <bandwidth> <delay> <queue_type>
<queue_type>: DropTail, RED, CBQ, FQ ...

application

attach-agent *,

application

a” attach-agent

Network Simulator NS-2

CRIANDO CONEXOES:

TCP
set tcp [new Agent/TCP]
set tcpsink [new Agent/TCPSink]
$ns attach-agent $n0 $tcp
$ns attach-agent $n1 $tcpsink
$ns connect $tcp $tepsink

application

attach-agent

application

a” attach-agent

20



Network Simulator NS-2

CRIANDO TRAFEGO SOBRE O TCP:
FTP

set ftp [new Application/FTP]

$ftp attach-agent $tcp

application application

attach-agent *, ,a” attach-agent

b

a1

Network Simulator NS-2

INSERINDO ERROS:
Creating Error Module
set loss_module [new ErrorModel]
$loss_module set rate 0.01
$loss_module unit pkt
$loss_module ranvar [new RandomVariable/Uniform]
$loss_module drop-target [new Agent/Null]
Inserting Error Module
$ns lossmodel $loss_module $n0 $n1

- /

42
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Network Simulator NS-2

TRACING:
Trace packets on all links
$ns trace-all [open test.out w]

<event> <time> <from> <to> <pkt> <size>--<flowid> <src> <dst> <seqno> <aseqno>

+102cbr210 ------- 00.03.100
-102cbr210 ------- 00.03.100
r1.00234 0 2 cbr 210 ------- 00.03.100

Trace packets on all links in nam-1 format
$ns namtrace-all [open test.nam w]

- _/
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Network Simulator NS-2

e Exemplo 2 Arquivo: exemplo2.tcl

set ns [new Simulator]

# arquivos de trace
set f [open out.tr w]
set nf [open out.nam w]

$ns trace-all $f
$ns namtrace-all $nf

# criacao de alguns nés
set n0 [$ns node]
set n1 [$ns node]
set n2 [$ns node]
set n3 [$ns node]

# Criacao de alguns agentes
set udp0 [new Agent/UDP]
set null0 [new Agent/Null]

settcp [new Agent/TCP]
set sink [new Agent/TCPSink]

44

22



Network Simulator NS-2

e Exemplo 2 Arquivo: exemplo2.tcl

# Criacao de algumas aplicacoes
set cbr0 [new Application/Traffic/CBR]
set ftp [new Application/FTP]

# Criacao de enlaces

$ns duplex-link $n0 $n2 5Mb 2ms DropTail
$ns duplex-link $n1 $n2 5Mb 2ms DropTail
$ns duplex-link $n2 $n3 1.5Mb 10ms DropTail

# anexando agentes

$cbr0 attach-agent $udp0
$ns attach-agent $n0 $udp0
$ns attach-agent $n3 $null0
$ns connect $udp0 $null0

$ftp attach-agent $tcp

$ns attach-agent $n1 $tcp
$ns attach-agent $n3 $sink
$ns connect $tcp $sink

45

Network Simulator NS-2

e Exemplo 2 Arquivo: exemplo2.tcl

# Imprimindo algumas variaveis na saida
puts [$cbr0 set packet_size_]
puts [$cbr0 set rate_]

# escalonando algumas tarefas

$ns at 0.1 "$cbr0 start”

$ns at 0.5 "$ftp start”

$ns at 1.35 "$ns detach-agent $n1 $tcp ; $ns detach-agent $n3 $sink”
$ns at 3.0 "finaliza"

proc finaliza {} {
global ns f nf
$ns flush-trace
close $f
close $nf
puts "Executando o nam...
exec ham out.nam &
exit 0

}
# Finalmente, inicia a simulacéao
$ns run

N—

46

23



Network Simulator NS-2
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Exemplo 2 — Animacao
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Exemplo 2 — Animacao

e Exemplo 2

CBR e FTP

Monitorar pacotes individuais de ACK

Verificar o processo de descarte no n6 2

Arquivo: exemplo2.tcl

Identificar os instantes de inicio e fim das fontes de trafego

Identificar o handshaking da conexao TCP

Identificar disciplina de fila nos nés da rede
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e Exemplo 3 Arquivo: exemplo3.tcl

#Create a simulator object
set ns [new Simulator]

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

#Open the nam trace file
set nf [open out.nam w]
$ns namtrace-all $nf

#Define a 'finish’ procedure
proc finish {} {
global ns nf
$ns flush-trace
#Close the trace file
close $nf
#Execute nam on the trace file
exec nam out.nam &
exit0

\Z —/
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e Exemplo 3 Arquivo: exemplo3.tcl

#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 1Mb 10ms DropTail
$ns duplex-link $n1 $n2 1Mb 10ms DropTail
$ns duplex-link $n3 $n2 1Mb 10ms SFQ

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

#Monitor the queue for the link between node 2 and node 3

Q duplex-link-op $n2 $n3 queuePos 0.5 /

52

26



Network Simulator NS-2

e Exemplo 3 Arquivo: exemplo3.tcl

#Create a UDP agent and attach it to node n0
set udp0 [new Agent/UDP]

$udpO set class_ 1

$ns attach-agent $n0 $udp0

# Create a CBR traffic source and attach it to udp0
set cbr0 [new Application/Traffic/CBR]

$cbr0 attach-agent $udp0

#Create a UDP agent and attach it to node n1
set udp1 [new Agent/UDP]

$udp1 set class_ 2

$ns attach-agent $n1 $udp1

$cbr0 set packetSize_ 500
$cbr0 set interval_ 0.005 $cbr0 set rate_ 800Kb
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e Exemplo 3 Arquivo: exemplo3.tcl

# Create a CBR traffic source and attach it to udp1
set cbr1 [new Application/Traffic/CBR]

$cbr1 set packetSize_ 500
$cbr1 set interval_ 0.005 <$;cbr1 set rate_ 800Kb |

$cbr1 attach-agent $udp1

#Create a Null agent (a traffic sink) and attach it to node n3
set null0 [new Agent/Null]
$ns attach-agent $n3 $null0

#Connect the traffic sources with the traffic sink
$ns connect $udp0 $null0
$ns connect $udp1 $null0
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e Exemplo 3 Arquivo: exemplo3.tcl

#Schedule events for the CBR agents

$ns at 0.5 "$cbr0 start”

$ns at 1.0 "$cbr1 start”

$ns at 4.0 "$cbr1 stop”

$ns at 4.5 "$cbr0 stop”

#Call the finish procedure after 5 seconds of simulation time
$ns at 5.0 "finish"

#Run the simulation
$ns run

- _/
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Network Simulator NS-2

e Exemplo 3 Arquivo: exemplo3.tcl

e Identificar o tamanho default da fila no enlace 2-3

e Modificar e avaliar as estratégias de descarte no enlace 2-3:
DropTail
SFQ

- _/
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Exemplo 4

e |mplementar o exemplo4.tcl a partir do exemplo3.tcl

#0Open the NAM trace file
set nam_file [open out.nam w]
$ns namtrace-all $nam_file

set tf [open out.tr w]
$ns trace-all $tf

set bw 10Mb

#Bottleneck link delay

set delay 20ms
#Bottleneck link queuetype
set queuetype DropTail

#Simulation time #Buffer Size
set SimTime 3.0 set BufferSize 50
#Bottleneck link Bandwidth #TCP packet size

set packetsize 1000
#TCP window size
set windowsize 80

/
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Exemplo 4

$ns queue-limit $n2 $n3 $BufferSize

#Set Queue size of the bottleneck link (n2-n3) to 20

#Create four nodes
set n0 [$ns node]
set n1 [$ns node]
set n2 [$ns node]
set n3 [$ns node]

$ns duplex-link $n0 $n2 100Mb 2ms DropTail
$ns duplex-link $n1 $n2 100Mb 2ms DropTail
$ns duplex-link $n2 $n3 $bw $delay $queuetype

#Connect the nodes - Create links between the nodes

\o
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#Setup a TCP connection
set agent_tcp [new Agent/TCP]

#Attach TCP Agent to source node n0
$ns attach-agent $n0 $agent_tcp
set agent_sink [new Agent/TCPSink]

#Attach a TCPSink Agent to destination node n3
$ns attach-agent $n3 $agent_sink

#Connect TCP Agent with TCPSink Agent
$ns connect $agent_tcp $agent_sink

#Flow Identity for TCP
Qgent_tcp set fid_ 1

\o
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Exemplo 4

#TCP parameters
$agent_tcp set packet_size_ $packetsize
$agent_tcp set window_ $windowsize

#Setup a FTP traffic over TCP connection
set traf_ftp [new Application/FTP]
$traf_ftp attach-agent $agent_tcp

-

\_
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#Setup a UDP connection

set agent_udp [new Agent/UDP]

#Attach UDP Agent to source node n1

$ns attach-agent $n1 $agent_udp

set agent_null [new Agent/Null]

#Attach a Null Agent to destination node n3
$ns attach-agent $n3 $agent_null
#Connect UDP Agent with NULL Agent
$ns connect $agent_udp $agent_null
#Flow Identity for UDP

$agent_udp set fid_ 2

#Setup a CBR traffic over UDP connection
set traf_cbr [new Application/Traffic/CBR]
$traf_cbr attach-agent $agent_udp

\.
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Exemplo 4

#CBR parameters

$traf_cbr set packet_size_ 1000

$traf_cbr set rate_ 4Mb

$ns at 0.0 "$ns trace-queue $n2 $n3 $trace_file"

e Verifique o algoritmo slow start do TCP usando o NAM

- _/
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e Inicializagéo e Término da Simulagéao:

set ns [new Simulator]

#open the trace file
set file1 [open out.tr w]
$ns trace-all $file1

#open the NAM trace file .
set file2 [open out.nam w] As diretivas trace-all e

$ns namtrace-all $file2 namtrace-all

Aafi q

roc finls Kl podem gerar arquivos
global ns filet file2 bastante grandes
$ns flush-trace
close $file1

close $file2

exec nam out.nam &
exit 0

}

$ns at 125.0 “finish”
$ns run
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e Estrutura do Arquivo de Trace:

From| To Pkt | Pkt

. Src
Node | Node | Type | Size Fid

Time
addr

Flags

Dst
addr

Seq
num

Pkt
id

Event: tipo de evento (r,+,-,d)

Time: tempo em que o evento ocorreu

From node: né de entrada do enlace onde o evento ocorreu
To node: nd de saida do enlace onde o evento ocorreu

Pkt Type: tipo de pacote (TCP, UDP)

Pkt Size: tamanho do pacote

Flags

Fid (flow id): identificacdo de fluxo para IPv6

Src addr (source address): node.port

Dst addr (destination address): node.port

red
Pkt id: identificacdo Unica para cada pacote

Seq num (sequence number): numero de seqiiéncia dos pacotes da camada de
e
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e Exemplo de dados do arquivo de trace:

+0.112cbr 1000 ------- 21.05.000
-0.112cbr1000 ------21.05.00 0
r0.11412cbr1000 ------21.05.000
+0.114 2 3 cbr 1000 -21.05.000
-0.114 2 3 cbr 1000 ------- 2105000

r 0.240667 2 3 cbr 1000 ------- 21.05000
+0.240667 3 5 cbr 1000 -------21.05.00 0
-0.240667 3 5 cbr 1000 ------21.05.000
r 0.286667 3 5 cbr 1000 ------- 21.05000
+0.912cbr 1000 ------- 21.05011
-0.912cbr1000---—---21.05.011
r0.9141 2 cbr 1000 -------21.05.01 1
+0.914 2 3 cbr 1000 -21.05.011
-0.914 2 3 cbr 1000 ------- 21.05011
+102tcp 40 ------- 10.04.002
-102tcp 40 -=----- 10.04.002
r1.01016 0 2 tcp 40 ------- 10.04.002
+1.01016 2 3 tcp 40 -10.04.002
-1.01016 2 3 tcp 40 ------- 10.04.002
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Network Simulator NS-2

e Definicdo do conjunto de enlaces e nos da Rede:

No NS a fila de saida de um né é implementada como parte do enlace de
saida

set n0 [$ns node]
set n2 [$ns node]

$ns duplex-link $n0 $n2 10Mb 10ms DropTail

n0 ni

——{ Queue —
\ drop Agent/Null /

Modelo de enlace simplex
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n0 n1

_—-| Queue I—o| Delay I—-| TTL |—_>

Modelo de enlace simplex

n0 n1

——>| EnqT I—-| Queue |—-| DeqT I—-| Delay I—-I TTL |——-{ RecvT }—»
drop —-| DrpT |—>| Agent/NuII|

\ Modelo de enlace simplex com objetos de trace /
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Exercicio

e Trafego: FTP sobre TCP + CBR sobre UDP

e Executar o arquivo de simulagéo: ex1.icl

2Mbps
10ms 300kbps
: 100ms :
300kbps
100ms
2Mbps
10ms

500kbps
40ms

500kbps
30ms

)

_/

71

Exercicio

set ns [new Simulator]

#Define different colors for data flows (for NAM)
$ns color 1 Blue
$ns color 2 Red

#Open the Trace files

set file1 [open out.tr w]

set winfile [open WinFile w]
$ns trace-all $file1

#Open the NAM trace file
set file2 [open out.nam w]
$ns namtrace-all $file2

#Define a 'finish’ procedure
proc finish {} {
global ns file1 file2
$ns flush-trace
close $file1
close $file2
exec nam out.nam &

exit0
}

\_
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Exercicio

#Create six nodes
set n0 [$ns node]
set n1 [$ns node]
set n2 [$ns node]
set n3 [$ns node]
set n4 [$ns node]
set n5 [$ns node]

#Create links between the nodes

$ns duplex-link $n0 $n2 2Mb 10ms DropTail
$ns duplex-link $n1 $n2 2Mb 10ms DropTail
$ns simplex-link $n2 $n3 0.3Mb 100ms DropTail
$ns simplex-link $n3 $n2 0.3Mb 100ms DropTail
$ns duplex-link $n3 $n4 0.5Mb 40ms DropTail
$ns duplex-link $n3 $n5 0.5Mb 30ms DropTail

#Give node position (for NAM)

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

$ns simplex-link-op $n3 $n2 orient left

$ns duplex-link-op $n3 $n4 orient right-up
$ns duplex-link-op $n3 $n5 orient right-down

#Set Queue Size of link (n2-n3) to 10
$ns queue-limit $n2 $n3 20
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#Setup a TCP connection

set tcp [new Agent/TCP/Newreno]
$ns attach-agent $n0 $tcp

set sink [new Agent/TCPSink/DelAck]
$ns attach-agent $n4 $sink

$ns connect $tcp $sink

$tep set fid_ 1

$tcp set window_ 8000

$tcp set packetSize_ 552

#Setup a FTP over TCP connection
set ftp [new Application/FTP]

$ftp attach-agent $tcp

$ftp set type_ FTP

#Setup a UDP connection
set udp [new Agent/UDP]
$ns attach-agent $n1 $udp
set null [new Agent/Null]
$ns attach-agent $n5 $null
$ns connect $udp $null
$udp set fid_2

#Setup a CBR over UDP connection
set cbr [new Application/Traffic/CBR]
$cbr attach-agent $udp

$cbr set type_ CBR

$cbr set packet_size_ 1000

$cbr set rate_ 0.01mb

$cbr set random_ false
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Exercicio

$ns at 0.1 "$cbr start”
$ns at 1.0 "$ftp start”
$ns at 124.0 "$ftp stop”
$ns at 124.5 "$cbr stop”

# next p gets two ar the name of the
# tcp source node, will be called here "tcp”,
# and the name of output file.

proc plotWindow {tcpSource file} {

global ns

set time 0.1

set now [$ns now]

set cwnd [$tcpSource set cwnd_]

set wnd [$tcpSource set window_]

puts $file "$now $cwnd"

$ns at [expr $now+$time] "plotWindow $tcpSource $file" }
$ns at 0.1 "plotWindow $tcp $winfile”

$ns at 125.0 "finish"
$ns run
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