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ns-3 tutorial agenda

* 3:00-4:30: ns-3 current capabilities

* Project overview
* Walkthrough of basic simulation scenario
* Parallel simulations and visualization
* Emulation

e 4:30-4:40: 10-minute break
* 4:40-5:45: Work In progress

* ns-3 development process

* Automation

* Direct code execution

* Virtual machine and testbed integration

* 5:45-6:00: Q& A
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ns-3 development process

ns-3 IS run as an open source project backed
by research funding

* GPLV2 licensing stance
* open mailing lists

* use standard tools (Mercurial, Bugzilla,
Mediawiki, GNU/Linux development)

e 13 maintainers worldwide
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ns-3 development process

. date-driven guarterly releases

[ new feature bug fixing } . Release!
— }—>‘ —»‘ testing '—
merge only

« All code for merge to ns-3 is openly reviewed by
maintainers
_Syntactic (style) reviews
_Design reviews
_Documentation and tests
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current merge queue

* ns-3.10 release (January 2010)

—new TCP model with modular congestion
control

—Virtual Access Point (VAP) for WiFi
—BulkSend application

—Pyviz visualizer

—Energy model for WiFi

—DSDV routing for IPv4

—PhySim for WiFi
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ns-3 and Google Summer of Code
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Other announced projects

* Wireless jamming model

* MPLS

* VANET mobility model

« TDMA

* TCP Vegas

* DSR routing

* SimpleWireless model

* Zigbee, WPAN, and 6LOWPAN
* Chord/DHash DHT

* Synchronized emulation

e 802.11n

* TMix and DelayBox

* ns-3-simu

* multi-core parallelization
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Modularity and model store

* Moving to a modular build and package
management system
—ns-3 project maintains the core
—models may be enabled/disabled

—other research groups may separately
maintain their own models
* maintainers can still provide reviews

* common package metadata format used to inform
ns-3 build system
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automation
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Overview of ns-3 features Examples
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Motivation

Network simulation is no easy business. One must:

* Build a model that is consistent.

* Describe the simulation model for a given simulator.
* Design and execute experiments.

* Process output data using sound methodologies.

We raise the level of abstraction on the user interface to
the network simulator to support the needs of both
experts and novices.

We can address issues that undermine credibllity.
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Frameworks for ns-3

* NSF CISE Community Research Infrastructure
— University of Washington (Tom Henderson), Georgia
Tech (George Riley), Bucknell Univ. (Felipe Perrone)
— Project timeline: 2010-14

Key: Project deliverable
— Scenario
. Pre-existing ns-3 generation

Mix of existing and
= New components @

Execution manager

( 3
Problem : ] Experiment ns-3 Output data
lm‘ T —

—_— e e e — —— — — — D> —_——_——— > - — >
model description language
. - annotated data
experiment description language
Input Pipeline Execution Manager Output Pipeline
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Automation

* Task led by Felipe Perrone, Bucknell Univ.

* Inspired by SWAN-Tools and ANSWER
frameworks.

* User interfaces, description languages, and tools
for automation of experiments.

* Model composition, structural validation, control
of experiments, data processing and storage,
and archiving experimental setup.
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Topology generation

* |Integrate BRITE topology generator (Boston
Univ.) into framework.

* BRITE Is downloaded into distribution and
compiled by the ns-3 build system.

* The ns-3 simulation script uses a topology
helper which reads a BRITE configuration file,
receives results from BRITE, and builds the ns-3

topology.
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Broader use case
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General architecture
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ns-3

Direct Code Execution
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ns-3

Virtual machines and ns-3
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Goals

 Lightweight virtualization of kernel and application
processes, interconnected by simulated networks
* Benefits:

— Implementation realism in controlled topologies or
wireless environments

— Model avalilability
e Limitations:
— Not as scalable as pure simulation
— Runs in real-time
— Integration of the two environments
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hetns3

* Written by Tom Goff (Boeing)
— Documentation and prototype posted on wiki
* Basic Python-based framework using ns-3 Python

bindings, RPyC distributed computing library, and ns-3
tap bridge framework

page dizcussion wiEwW SOUrCE history

2 Login f creste account

HOWTO use Linux hamespaces with ns-3
ns-3

Main Page - Roadmap - Current Development - Developer FAQ - User FAQ

| llation - Troubleshooting - HOWTOs - Samples & - Contributed Code - Papers

navigation

= hain Page Cormbining Linux namespaces and ns-3 can provide a framework for network emulation. Native code can then run in real-time and produce and/or consume "live"

= Cammunity partal network traffic. Linux network namespaces (netns) are used as virtual hosts and a virtual network topology is created from ns-3 models running the real-time

= Current events scheduler.
® Recent changes . . . L . .
= Random pags This page describes one way to use ns-3 for Linux-based network emulation on an Ubuntu 9.10 system. This is similar to the approach described in HOWTO
« Felp Uze Linux Containers to set up virtual networks. The main distinctions are
= Less isolstion between virtual nodes
search

= control groups are not used

= the host filesystern is shared by default

= Metwork devices are directly assigned to virtual nodes without using an intermediate bridge

toolkos Python is used to create and configure Linux namespaces and ns-3 objects. Python glue also serves as the interface between netns and ns-3 by managing
= ifhat links here infarmation used by both (e.q., IP addresses).
®u Related changes . . . . . . .
) The sections below give a quick overview of how to setup and run some basic network emulation scenarios.
m Specis pages

= Prirtable version

) Contents [hide]
= Permanent fink

1 Setup
1.1 Fetch and install RPy

nS_3 1.2 Fetch and install the netns32 code

— =T T =TTy T LELE IS B e e




netns3 demo

File Edit View Terminal
E Miscellaneous helpers

Help

import ns3
import netns
import subprocess

import optparse
from threading import Thread

ns3.GlobalValue.Bind( "SimulatorImplementationType",

ns3.5tringValue("ns3: :RealtimeSimulatorImpl”))

ns3.GlobalValue.Bind( "ChecksumEnabled", ns3.BooleanValue("true"))

s Ns3Netns({netns.Netns):

7 addnetif({self, ifname, ipaddrs = [].
rename = “"eth8", up = True, now = False):
T,
Add a network interface to the netns and do basic
configuration. By default, the given network interface is
renamed eth®, given IP address(es), and brought up at when the
simulation starts. Waiting until the simulation runs ensures
tap devices created by ns-3 exist.
T doaddnetif():
self.acquire netif{ifname, rename)
T rename:
name = rename

name = ifname
f up:
self.ifup({name)
r ipaddr in ipaddrs:
self.add ipaddr(name, ipaddr)
17 now:
doaddnetif()

# schedule when simulation starts
ns3.5imulator.S5chedule{ns3.Time("6" ), doaddnetif)

155 NetnsNode{ns3.Node, Ns3Netns):

1.1

Top

ns-3

File

Edit View Terminal

tomh@u94-desktop: ~/wns3/ns3netns/examples

Help

7 createnet({self, devhelper, nodecontainer,

addrhelper, mask, ifnames = []):

tapbridge = ns3.TapBridgeHelper()
devices = devhelper.Install{nodecontainer)
for i in xrange({nodecontainer.GetN()):
n = nodecontainer.Get(i)
dev = devices.Get(i)
tap = tapbridge.Install{n., dev)
tap.5etMode (ns3. TapBridge. CONFIGURE LOCAL)
tapname = "ns3tapS%d” % i
tap.SetAttribute( "DeviceName", ns3.StringValue(tapname))
addr = addrhelper.NewAddress()
tap.SetAttribute("IpAddress"”, ns3.IpvdAddressValue(addr))
tap.SetAttribute("Netmask", ns3.IpvdMaskValue(mask))
T ifnames:
ifname = ifnames[i]

”ifnane = "eth@"
n.addnetif(tapname,

ipaddrs = ["%s/%s" % {(addr, mask.GetPrefixlLength()}].

rename = ifname)
n.ipaddr = striaddr)

7 createnodes({self, numnodes, devhelper, prefix = "18.08.0.8/8",

nodenum = @) :
addrhelper, mask = parseprefix(prefix)
nc = ns3.NodeContainer()
for i in xrange({numnodes):
name = "n%s" % nodenum
n = NetnsMode(name, logfile = "/tmp/%s.leg" % name)
self.nodes.append(n)
nc.Addin)
nodenum += 1
self.createnet(devhelper, nc, addrhelper, mask)

T run({self):

self.setup()
P ¢ "running simulator for %s sec" % self.options.simtime
t = self.simthread{self.options.simtime)
t.join()
81.8-1

43%
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CORE is an open source project

* Web site and code repository hosted by NRL
ITD

MNetworks
and Communication

‘ and Communica Open source licensed
-‘-Illfﬂ,r Common Open Research Emulator {CORE) _mOdified BSD |icense

bt e Tre Comman Open Ressarch Emulator (CORE] i a tool
Projects that alfows you o emla l: Bine ne |:\-
Se b Source code at NRL SVN
nabaorks b by "'w:h'k of o adicibonal emuls l: d
roanizetion

- : — — —https://pf.itd.nrl.navy.mil/sf/sfmain/do/

nabaark stacks ma :‘l’.\ﬂ' Fraefs |:| ubil * S

A
o I
I
£
°

2 248 e Wiki/Bug tracker:
B | - A
E oPwy —http://code.google.com/p/coreemu/

= » Mailing lists at NRL:

—Core-users

Key Features

runs real d nik & sisulation, but s resl retserk stack phes process spaces ko real —Core—d ev

ruboool= and anolications without mo :11’ ng the:
mnne l:u-wrlhreul mtwnrks - this iz not 5 sty :lx:ews-..embtcr\-et at you can
inbmgrabs with v :| l.'-ws'\et wirbug and the =ze of your n l'wrk
efficimnt & dsul I:II s tradtmnal virus! mul:r\esuh'thenetw stack i
wirtualized, and packets can be pazsed by r.-‘rnerc\e withm the kernel
wasy bouse
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Future work: Integrating ns-3 and GUIs

* Example CORE and
— CORE could glue virtual

ns-3

machines to ns-3 networks

7 ns3::NodeListPriv

¥ NodeList

File

Edit Canvas View Tools Widgets Experiment

M0

¥ Devicelist

Help
<o
[% o &l Address 100:00:00:00:00:01
wired network
(( D /1 EncapsulationMode L
. I@ SendEnable true
ﬂ . ReceiveEnable true
Sne] 0.0.83/32 DataRate 5000000bps
f:j e ) P TxQueue
- i
I = |5
J wireless network P _Appiicationtist
s nl4 0.0 6732 ns3::PacketSocketFactory
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100 Msps ™
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1000071724

ap _
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ns3:: ArpL3Protocol

L5032 7 =
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Duration 1/F[Statel
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DeadTime State/IfState
90100126 ExStart BIR
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iz wlanl0 mobility script [x]
25388
I o
@ | ™ loop resolution: |5El
wian1d A
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ns-3
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Other recent related work

CORE is the Common Open Research Emulator that controls
lightweight virtual machines and a network emulation subsystem
(more on this later)

NEPI/NEF: Using Independent Simulators, Emulators, and Testbeds
for Easy Experimentation

— Lacage, Ferrari, Hansen, Turletti (Roads 2009 workshop)

EMANE is an Extendable Mobile Ad-hoc Network Emulator that
allows heterogeneous network emulation using a pluggable MAC
and PHY layer architecture.

— http://labs.cengen.com/emane
— being integrated with CORE
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Scaling

time in virtualized environments

* Synchronized Network Emulation - RWTH
Aachen University

—Modified Xen

* VAN Testbed — Telcordia/CERDEC
—Modified Xen

* Linux Time namespace - Jeff Dike (UML
creator)
—Add a time namespace to the Linux kernel,

allowing for gettimeofday() offsets

ns-3
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ns-3

NEPI

GENI Eng. Conf., Nov. 2010

26



Resources

Web site:
Mailing list:

IRC: #ns-3 at freenode.net
Tutorial:

Code server:
Wiki:

ns-3 GENI Eng. Conf., Nov. 2010
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http://www.nsnam.org/
http://mailman.isi.edu/mailman/listinfo/ns-developers
http://www.nsnam.org/docs/tutorial/tutorial.html
http://code.nsnam.org/
http://www.nsnam.org/wiki/index.php/Main_Page
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