ns-3 simulator
(Brief Tutorial)



Outline

* [ntroduction ( )

= [nstallation ( )
= Starting with Ubuntu installation (
= Starting with ns-3 installation (

= Brief tutorial ( )

* Homework-3 ( )

)



Introduction

ﬁ

* The goal of this lecture is to experience a simulator
" There are no annoying coding and debugging assignments

(just run the scripts)

= The ns-3 simulator is a discrete-event network simulator

" ns-3 is an open source project

" ns-3 is not an officially supported software product of any
company

" ns-3 is designed as a set of libraries that can be combined
together and also with other external software libraries

* ns-3 is primarily used on Linux or macOS systems



Resources
ﬁ

=  Main web site

= Tutorial %

= Manual (Release 3.36)

= API documentation % %

= Git

* Google groups (You can check Q&A history)

= TA email


https://www.nsnam.org/
https://www.nsnam.org/docs/release/3.36/tutorial/html/index.html
https://www.nsnam.org/docs/release/3.36/manual/singlehtml/index.html
https://www.nsnam.org/docs/release/3.36/doxygen/index.html
https://gitlab.com/nsnam/ns-3-dev
https://groups.google.com/g/ns-3-users
mailto:jtzlbsj4a@naver.com

Installation
A

=  Ubuntu installation for Windows users

* Those who are ready for the Ubuntu environment can move on to slide 34

=" For Mac users, refer

= Ubuntu
* One of the popular Linux distributions
" VirtualBox

= Powerful tool that can virtualize almost any operating system (OS)


https://www.nsnam.org/wiki/Installation#macOS
https://releases.ubuntu.com/20.04/
https://www.virtualbox.org/wiki/Downloads

Installation

————

= Ubuntu 20.04
* Download Ubuntu 20.04 desktop image

" |t takes up 3.1GB of memory and takes a long time (5+ minutes)
to download

<« (&} & releases.ubuntu.com/20.04/

Select an image

Ubuntu is distributed on three types of images described below.

64-bit PC (AMD&4) desktop image

Desktop image

S you have a computer based on the AMD64 or
EM8&4T architecture (e.g., Athlon64, Opteron, EM64T Xean, Core

The desktop image allows you to try Ubuntu without changing 2). Choose this if you are at all unsure

your computer at all, and at your option to install it
permanently later. This type of image is what most people will
want ko use. You will need at least 2048MiB of RAM to install
from this image.

. . 64-bit PC (AMD&4) server install image
Serverinstallimage !

Choose this if you have a compuker based on the AMD64 or
EM&AT architecture (e.g., Athlon64, Opteron, EM&4T Xean, Core

The server install image allows you to install Ubuntu 2). Choose this if you are at all unsure.

permanently on a computer For use as a server. It will not
install a graphical user interface.

A full list of available files, including BitTorrent files, can be found below.

If you need help burning these images to disk, see the Image Burning Guide.

Name Last madified Size Description


https://releases.ubuntu.com/20.04/

Installation

————

=  VirtualBox

= Download VirtualBox for Windows hosts

About
Screenshots
Downloads
Documentation
End-user docs
Technical docs
Contribute

Community

Download VirtualBox

Here you will find links to VirtualBox binaries and its source code.

VirtualBox binaries
By downloading, you agree to the terms and conditions of the respective license.
If you're looking for the latest VirtualBox 6.1 packages, see VirtualBox 6.1 builds. Version 6.1 will remain supported until December 2023.

VirtualBox 7.0.8 platform packages

o TMacO05 [/ Intel hosts

« =Developer preview for macOS / Arm&4 (M1/M2) hosts
s Linux distributions

s =rSolaris hosts

s =»Solaris 11 IPS hosts

The binaries are released under the terms of the GPL version 3.
See the changelog for what has changed.

You might want to compare the checksums to verify the integrity of downloaded packages. The SHA256 checksums should be favored as the MD5 alg

* SHA256 checksums, MD5 checksums

Note: After upgrading VirtualBox it is recommended to upgrade the guest additions as well.


https://www.virtualbox.org/wiki/Downloads/

Installation
ﬁ

= VirtualBox
= Executes the VirtualBox setup file
* ‘Press Next’ is all you need until the successful installation

4 Oracle VM VirtualBox 7.0.8 Setup e

Welcome to the Oracle VM
VirtualBox 7.0.8 Setup Wizard

The Setup Wizard will install Orade YM VirtualBox 7.0.5 on
your computer, Click Mext to continue or Cancel to exit the
Setup Wizard.

Version 7.0.8 Cancel




Installation

A

" VirtualBox setting \:"
[
= Executes the VirtualBox after the installation Oracle Y
= Then, press the New (Al 2 Bt=D|) button

¥ Oracle WM VirtualBox 2+2|Xt
IHECEY &AM ESE(H)
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Installation
ﬁ

VirtualBox setting
* Type anything you want in the name field
= Select Linux and version Ubuntu 20.04 LTS
" Press the Next button

¥ THy Y SHET ? X

Virtual machine Name and Operating System

tual machine, The name you choose
vou can select an 130 image which

ZE(T ! Linux

(Y © Ubuntu 20,04 LTS (Focal Fossal (B4-bit)

® Mo IS0 image is selected, the guest 05 will need to be installed manually,

HA=ZJHEEE) Ch=iMy

10



Installation
ﬁ

= VirtualBox setting

= Allocate sufficient RAM and processors for the virtual machine

= If you give it less, it will slow down

= Press the Next button

W H O EHET

Hardware
‘You can modify witual machine’s hardware by changing amount of BAM and virtual CPU count,
Enabling EFI ossible,
A2 HE2 (e 4096 ME
4 MEB 16354 MB
Processors: 4
CPU 1M CPU 167

Enable EFI {special 05es only)

0jF(B)

11



Installation
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= VirtualBox setting

= Allocate sufficient memory for the virtual machine, then press the
Next button

W THY O EET ? x

Virtual Hard disk

ou can add a vittual hard disk to the new machine, You can either create a
3 can create a virtual machine without 3

4,00 MB 200 TE
Pre-allocate Full Size

Use an Existing “Wirtual Hard Digk File

Do Mot Add a Wirtual Hard Disk

OjE e




Installation

ﬁ

= VirtualBox setting
= Finish

Summary

o Machine Name and 0S5 Type
N s

Mare
line Folder

Finish

13



Installation

ﬁ

= VirtualBox setting

= After the basic settings, select the newly created virtual machine
and click the Start button

¥ Cracle VM VirtualBox 2H2| %t — O P
OHF(Fy DHAGMY  E=EH)

&2 * + B 2 .

ME OIS ETHE M5 AIZHT)
O o O ol 2

0. Lbuntu0, 04
=3 HH: Ubun TS
(Foc: {E4-hit)

MAEI

JI2 M2 409 ME Ubuntuz0.04
R

J.I.EJ M

5K
KWM BIhAEL
O O340

HIEI M2
L HEED:
HE QA3 MH:

—|Lt'|'-

FEE=D: IDE
_IDE M#OC| Ok~E: (272 ECHIIE] HIM SiE




Installation

A

VirtualBox setting

" |t’s time to plug-in the Ubuntu ISO image

" Press the dropdown button
>

I WY B g 26 Esw

o bootable medium found?
'lease insert a bootable medium and

reboot . L

Suto capture keyboard |,
VirtualBoxvM

DD |
Do not show this dialog again

Mount and Retry Boot

E3 Shift + Ctrl



Installation
ﬁ

" VirtualBox setting
" Find & select the iso image

= Then, press the mount and retry boot button

L PC HHE o} Tools

OneDrive - Persol

e

=

0-desktop-amdé4.iso 1: 23 0|0]A] o

16



Installation

ﬁ

Ubuntu setup

This screen appears a few moments later

Let’s press the install Ubuntu

P4 haha [2F Z] - Oracle VM VirtualBox - O x

orE oo 271 g8 ¥

[=Tu[3
Es2

HY ASC2 ARE BI SA0| HH ASLICK Jka MY 20| SL55H S 0 ISS2 AEEE BA Ul ZAEHA &7 (x)5)

T 4

I IHE NS HAE 22 HHHA IR A S&E HARLOE HAE 22 JHHA BI2AS ME510 26 Z0HE 222 )0

Welcome

Espaniol
Esperanto
Euskara
Frangais
Gaeilge
Galego
Hrvatski
islenska
Italiano

Kurdi

Latviski
Lietuviskai
Magyar
Nederlands
No localization (UTF-8)
Norsk bokmal

Marek nunnrek

Try Ubuntu w

You can try Ubuntu without making any changes to your computer, directly from
this CD.

Or if you're ready, you can install Ubuntu alongside (or instead of) your current
operating system. This shouldn't take too long.

You may wish to read the release notes.

@& & | B T @ @ Shitt + Ctrl

17



Installation
A

= Ubuntu setup

= Press the Continue button

haha [£ 2 Z] - Oracle VM Virtuzlgox _ 0 %

oa Ood =271 @ IN LSF

May 20 05:12

Install

Keyboard layout

Choose your keyboard layout:

wroTgrTs .

English (Australian) English (US)

English (US) - Cherokee

English (US) - English (Colemak)

English (US) - English (Dvorak)

English (South Africa) Eng:!s: (E:} ) Eng:!s: (gora:, 'a“t:i mt!'t}h dend k
English (UK) nglish (US) - English (Dvorak, intl., wi ead keys)

English (US) English (US) - English (Dvorak, left-handed)

English (US) - English (Dvorak, right-handed)

English (Cameroon)
English (Ghana)
English (Nigeria)

Esperanto

Estonian English (US) - English (Macintosh)

Faroese English (US) - English (Norman)

Filipino English (US) - English (US, alt. intl}

Finnish English (US) - English (US, euro on 5

French English (US) - English (US, intl., with dead keys)

Foalich 110 Foalich fatacl ol

Ok Rark Cankinne
eoa s Eﬂé@@wmm]

Type here to test your keyboard

Detect Keyboard Layout

18



Installation
-—-—-—-—-—-—-—-—.

= Ubuntu setup

= Select the Minimal installation option, Download update while
installing Ubuntu, and then press the Continue button

Pa haha [2Z =] - Oracle VM VirtualBox - O x

oE oM =27 @8 ¥ LEF

May 20 05:13

Install

Updates and other software

What apps would you like to install to start with?
Normal installation
=b browser, utilities, office software, games, and media players.
© Minimal installation
eb browser and basic utilities.

Other options

Dowyload updates while installing Ubuntu

This sgves time after installation.

Install third-party software for graphics and Wi-Fi hardware and additional media formats

This software is subject to license terms included with its documentation. Some is proprietary.

Cnnkinne

1ik Rark
B el & B G @ @ shift + Cirl

m™m




Installation
ﬁ

= Ubuntu setup
= Press the Install Now

Pa haha [2F =] - Oracle VM VirtualBox — O *

oE oY 27 g2 #@F ESE

May 20 05:16

Install

Installation type

This computer currently has no detected operating systems. What would you like to do?

© Erase disk and install Ubuntu
Warning: This will delete all your programs, documents, photos, music, and any other Files in all operating systems.

Advanced Features... | None selected

something else
You can create or resize partitions yourself, or choose multiple partitions For Ubuntu.

ik Inckall Now

ark
o) @5? ELEH@ Shift + Ctr
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Installation
a

=  Ubuntu setup
= Press the Continue button

haha [&2% =] - Oracle WM VirtualBox

oz oo 27 28 ¥ =%

May 20 05:17

Install

Where are you?

Seoul

Rark l Continie ;
BOkF ol 1BEPI@ @ shit+ Cl

21



Installation

ﬁ

= Ubuntu setup
* Who are you!

P4 haha [22 3] - Oracle VM VirtualBox

oz O 27 2 X ES%

May 20 14:19

Install

Who are you?

:

Your computer's name: | ta-VirtualBox (]

Pick a username: | ta (]

Choose a password: @ @9® @® | Short password

&Qnfirm your passweTd: ....| o

© Loginautomatically

Require my password to login

Use Active Directory

The name it uses when it talks to ether computers.

BokFo BEE

Conkinne

Shift + Ctrl
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Installation
ﬁ

= Ubuntu setup

* Welcome to Ubuntu... It takes a long time (10+ minutes) to
complete the installation

haha [ Z] - Oracle VM VirtualBox — [m] X
oy oM 27 9% X =22

May 20 14:20

Install

Welcome to Ubuntu

Fast and full of new features, the latest
version of Ubuntu makes computing easier
than ever. Here are just a few cool new things
to look out for...

» Scanning the mirror... Skip

—
Boka o 1B Gl@ & shift + Ctl

23



Installation
ﬁ

= Ubuntu setup
= Congratulations. You have completed the Ubuntu installation.

= Restart now

P4 haha [£F Z] - Oracle VM VirtualBox — O X
oY oY 27 9 X E8T

May 20 14:34

Installation Complete

Installation is complete. You need to restart the
computer in order to use the new installation.

Restart Now ‘

B ok& o | E iR Ul@ M@ shit + Cti
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Installation

ﬂ

Ubuntu setup
= Just press ENTER after restarting

P haha [23 =1 - Oracle VM VirtualBox — O *

onE Od =27 g6 N EEF

Please remove the installation medium, then press ENTER:

ubuntu®

Bok&e B @R shit+ Cul

25



Installation
e —

= Ubuntu setup
" Log-in
ﬂ Ubuntu20.04 [ =] - Oracle VM VirtualBox — O *

5215 15: 23

° Password

®
ubuntu

‘% % 63 B shift + Cirl 2




Installation
ﬁ

= Ubuntu setup
= Skip all the suggestions

I R OHAZ HAE 22 HHHAN IR A SEE NAELCE HAE =2 HHHM OF 28 MESE £ Z2H

i

z=2 (»)

Online Accounts

Connect Your Online Accounts

Connect your accounts to easily access your online calendar, documents,
photos and more.

Ubuntu Single Sign-On

Nextcloud

U
G Google
=

Microsoft

Accounts can be added and removed at any time from the Settings application

@ &S | E@g@ e st cn

27



Installation
ﬁ

= Ubuntu setup
" |f you see a pop-up window like this, press the Ask Me Later

Activities @ Check-new-release-gtk v Si.. 15 14:16

G
ta

Ubuntu 22.04.2 LTS Upgrade Available

A new version of Ubuntu is available, Would you like to upgrade?

Don't Upgrade Ask Me Later Yes, Upgrade Now

28



Installation
ﬁ

= Optional

" You can open display settings by right-clicking the background

P4 haha [ 3] - Oracle VM VirtualBox
oY B 27 9 FX S8¥

Show Desktop in Files
Openin Terminal

Change Background...

Display Settings

Settings

-29

>
k& o B g @M shit +Ct




Installation
ﬁ

ns-3 installation

= Open Firefox web browser on the left side

30



Installation
e —

= ns-3 installation
" Visit to nsnam.org

@ Welcome to Firefox X

C Q_ nsnam.org|
@ http://nsnam.org/ — Visit

& nsnam.org

This time, search with: &

-
E=

m Firefox Privacy Notice -

31



Installation

A

= ns-3 installation

= Press the Download button

IS RN REE RV bl ™ Firefox Privacy Notice — X | =+

)> C @ © & https://www.nsnam.org

allll nS-3 About Consortium Research Education Documentation Develop Support

May 4, 2023
ns-3 GSoC selections announced

Wns3

Mar 17, 2023
38 released

ns-3.

ns-3

Network Simulator

2 ns-3 is a discrete-event network simulator for Internet systems,
2 targeted primarily for research and educational use. ns-3 is free,
o open-source software, licensed under the GNU GPLv2 license, and
o \| maiptained by a worldwide community.
o
L4
\ . P
3
° Download App Store
Recent News (olden) Announcements

Join us from June 26-30, 2023 for the ns-3
annual meeting including the Workshop on
ns-3, held this year as an in-person event in
the Washington DC area.

® View the Call for Lightning Talks
D has been published
n is now open through june 12

u]

in @ &

32



Installation
ﬁ

= ns-3 installation

= Select the ‘ns-3.36’°, and then, Press the word ‘this link’ in the

Download section
- ns-3.36 | ns-3 X

&« [}

-3-36/ S g n @ €

Docum

s > ns-3.36

o ns-3.36

Note: Please see below about the ns-3.36.1 minor release update of ns-3.36.

ns-3.36 was released on April 30, 2022, and updated by ns-3.36.1 on May 23, 2022, due to contributions
from thirty authors. This release includes a change of the ns-3 build system from Waf to CMake. A new
phased array spectrum propagation loss model has been added to better support different 4G/5G MIMO

Download models that can exploit the multiple subarray concept, and multiple PhasedArray antenna models can be
supported per device. LTE handover now works with carrier aggregation configurations. This was mainly
a maintenace and bug-fixing release cycle for the Wi-Fi module, but the default Wi-Fi standard has been
ns-3.34 upgraded to 802.171ax. Many additional improvements and bug fixes are listed in the

Download

ns-3.3 The ns-3.36.1 release download is available froméhis his download is a source archive that
contains some additional tools (bake, netanim, pybindgen) in addition to the ns-3.36.1 source. The ns-3
source code by itself can also be checked out of our Git repaository by referencing the tag 'ns-3.36.1".

Documentation

The documentation is available in several formats from this

es and RE

® What has changed since ns-3.35? Consult the ¢
Ns-3.25 ® What has changed between ns-3.36 and the ns-3.36.1 release? Consult the ch

ASE_NOTES pages for ns-3.36.1.
® A patch to upgrade from ns-3.35 to ns-3.36 can be found




Installation
A

= ns-3 installation
= Select the Save file option and press the OK

includes a change of the ns-3 build system from Waf to CiMiake. A new phased array

Opening ns-allinone-3.36.tar.bz2

You have chosen to open: as mainly a
- b
£ ns-allinone-3.36.tar.bz2 pas been U
NOTES.
which is: Bzip archive (41.6 MB)
from: https://www.nsnam.org
What should Firefox do with this File?
: . S a source
Open with = Archive Manager (default) v
: _ .36 source.
O saje File . itag'ns-3.3
o this automatically for Files like this from now on.
Cancel OK
» What has changed since ns-3.35? Consult the changes and RELEASE_NOTES pa;

» A patch to upgrade from ns-3.35 to ns-3.36 can be found here
» Errata containing any late-breaking information about the release can be fount

34



Installation
ﬁ

= ns-3 installation

" When the download is complete, open the Downloads directory

ns-3.36 | ns-3
« (@ O B https:;//www.nsnam.org/releases/ns-3-36/ B & L =
'.'II n 8-3 About Consortium Research Education |_ | ns-allinone-3.36.tar.bz2
Completed — 41.6 MB
Releases Home > Releases > ns-3.36 Show all downloads
ns-3.36 nS 3 36
L
- . ns-3.36 was released on April 30, 2022, due to contributions from twenty-eight authors. This release
i _ includes a change of the ns-3 build system from Waf to CMake. A new phased array spectrum

Download propagation loss model has been added to better support different 4G/5G MIMO models that can exploit
2 35 the multiple subarray concept, and multiple PhasedArray antenna models can be supported per device.
a LTE handover now works with carrier aggregation configurations. This was mainly a maintenace and bug-

fixing release cycle for the Wi-Fi module, but the default Wi-Fi standard has been upgraded to 802.11ax.

Many additional improvements and bug fixes are listed in the RELEASE_NOTES.

The ns-3.36 release download is available from this link. This download is a source archive that contains
some additional tools (bake, netanim, pybindgen) in addition to the ns-3.36 source. The ns-3 source code
I by itself can also be checked out of our Git repository by referencing the tag 'ns-3.36".

Nnritmeantatinn



Installation
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= ns-3 installation

= Right-click on the blank space in the Downloads directory and
press "Open in Terminal”

(st Home Downloads
0 Recent
* Starred ns-allinone-
3.36.1.tar.
{:t Home bz2
[] Desktop

[} Documents

1 Music b
Select All Cerl+A

[s] Pictures Properties

1, Trash

+ Other Locations




Installation
ﬁ

" ns-3 installation
= Type tar xjf ns—allinone—3.36.1.tar.bz2 in the terminal

= Tip: Type up to tar xjfs ns and press Tab key to complete the
filename automatically.

[+1 ta@ta-VirtualBox: ~/Downloads

To run a command as administrator (user "root"), use "sudo <command=".
See "man sudo root" for details.

5 tar xjf ns-allinone-3.36.1.tar.bz2 I

37



Installation
ﬁ

= ps-3 installation
= Type mv ns—allinone—=3.36.1 ../Desktop/ in the terminal

* This command will move (mv) ns-3 directory to Desktop directory

= .. stands for the parent directory

= Tip: Type up to mVv NS and press Tab key to complete the
filename automatically.

[+1 ta@ta-VirtualBox: ~/Downloads

To run a command as administrator (user "root"), use "sudo <command=".
See "man sudo root" for details.

S tar xjf ns-allinone-3.36.1.tar.bz2

-

$ mv ns-allinone-3.36.1 ../Desktop/}}

38



Installation
ﬁ

= ns-3 installation

= Type cd ../Desktop/ns—-allinone—3.36.1/ns-3.36.1/

* The command cd means change directory, so it will change your
working directory to the ns-3.36.1 directory
* Note that | changed directory to ns-3.36.1, not ns-allinone-3.36.1

$ tar xjf ns-allinone-3.36.1.tar.bz2
$ mv ns-allinone-3.36.1 ../Desktop/
cd ../Desktop/ns-allinone-3.36.1/ns-3.36.1/

S

39



Installation
ﬁ

= ns-3 installation

* Download minimal requirements to run ns-3
= Type sudo apt install python3 g++ cmake

= SUudo means run the command with super user authority, and apt install
command is used for download the packages

= g++ is a ct++ compiler and cmake is a tool for build, test and package
software

* Then enter your login password

$ sudo apt install python3 g++ cmake

[sudo] password for ta: I

= Entery, if the question below appears

After this operation, 103 MB of additional disk space will be used.

Do you want to continue? [Y/n] vy

s - -

40



Installation
ﬁ

= ns-3 installation

" Type these two commands

./ns3 clean
./ns3 configure --enable-test --enable-examples

S
S

= ./ns3 clean
= ./ns3 means execute ns3 file in the current working directory (./)

= clean for clean out the previous build is not usually strictly necessary, but
is a good practice

= ./ns3 configure ——enable—test ——enable—examples

= configure is for change the build configuration of ns-3 projects, such as
logging options and compiler optimization (details are in the ns-3 manual)

* Further, You can use the --enable-test and example options to build a
project that includes examples and tests

= Then type ./ns3 build to build the ns-3 project
= |t takes a long long time (30+ minutes)

t - ° .36% ./ns3 build 41



Installation
A

[100%]

[100%]
[100%]

When the build is complete, enter the command below

./ns3 run hello—simulator

Finished executing the following commands:
cd cmake-cache; cmake --build . -j 3 ; cd ..

S .fns3 run hello-simulator

Hello Simulator

=

Congratulations! You are now an ns-3 user

42



Installation

A
= Optional

* |t is recommended that you use your favorite text editor or IDE
" Popular text editors

"= Vim

= Emacs

= Sublime text

= Nano

= |DE
= VS code
= ClLion

= This lecture uses Sublime text

43


https://www.vim.org/
https://www.gnu.org/software/emacs/
https://www.sublimetext.com/
https://www.nano-editor.org/
https://code.visualstudio.com/
https://www.jetbrains.com/clion/

Installation
ﬁ

= Optional

= Sublime text installation

| c @ © & htips://www.sublimetext.com - @ % +INn D @

- Subl]_me Text Download Buy Support | MNews Forum

Text Editing, Done Right

INSTALL FOR LINUX Sublime Text 4 (Build 4143}  See What's New

F
Sublime Text = a X
|
] FOLDERS 4p README.md v
svelte

github irefehttp .

site " ° README.md -

Src nref="http

test SFC="N - editorconfig

editorconfig nref="http

eslintignore SrC="N .eslintignore

eslintre.js

=



Installation
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= Optional

= Sublime text installation

Download

Sublime Text 4 is the current version of Sublime Text. For bleeding-edge releases, see the dev builds.

Version: Build 4143

* macOs

* Windows - also available as a portable version

® |inux repos - direct downloads
© 64 bit .deb - sig, key
< 64 bit .rpm - signed, key

o 64 bit .pkg.tar.xz - sig, key

o 64 bit .tar.xz - sig, key
© ARM64 .deb - sig, key
o ARMé64 .tar.xz - sig, key

45



Installation
ﬁ

= Optional
= Sublime text installation

Opening sublime-text_build-4143_amdé4.deb

You have chosen to open:
::| sublime-text_build-4143_amdé64.deb

which is: Debian package (15.8 MB)
from: https://download.sublimetext.com

What should Firefox do with this File?

en with | Software Install (default) b

OsayeFile Lk

e/

Cancel (0] 4




Installation

ﬁ

Optional

= Sublime text installation

{3t Home Downloads

0 Recent

* Starred

-

) openwith Software Install

{1i Home

[ Desktop
[E] Documents
J1 Music

[a] Pictures

B videos

s, Trash

Open With Other Application
Cut

Copy

Move to...

Copyto...

Move to Trash

Rename...

Compress...

Extract Here

Star

Properties

Delete

[2¥]

+ Other Locations

47



Installation

ﬁ

= Optional

= Sublime text installation

{ sublime-text

sublime-text
Sublime Text is a sophisticated text editor For code, markup and prose

sublime Text is a sophisticated text editor for code, markup and prose

Details

Version 4143

Updated Never

License

Source sublime-text build-4143 amdé4.deb

nstalled Size 16.6 MB

Download Size 0 bytes



Brief tutorial
ﬁ

" ns-3 key abstraction

Node
= A computing device that connects to a network
Application

= ns-3 applications run on ns-3 Nodes to drive simulations in the
simulated world

= Basic abstraction for a user program that generates some activity
Channel

" The media over which data flows in the network
NetDevice

" |t can be regarded as a network interface card (NIC)

= A net device is “installed” in a Node in order to enable the Node to
communicate with other Nodes in the simulation via Channels
Topology helpers

" |t provides many convenient operations, such as create a NetDevice,
add a MAC address, assigning IP address, connect the NetDevice to a
Channel, etc.
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= Tutorial script
" From now on, ns-allinone-3.36.1/ns-3.36.1 is considered as a base directory

" You can find tutorial scripts in the examples/tutorial directory

[+ ta@ta-VirtualBox: ~/Desktop/ns-allinone-3.36.1/ns-3.36.1/examples/tutorial Q =

B $ 1s
AUTHORS CMakelLists.txt testpy.supp VERSION
CHANGES .md README . md
CONTRIBUTING.md LICENSE RELEASE_NOTES.md utils.py
$ cd examples/tutorial
S 1s

CMakelists.txt first.cc hello-simulator.cc seventh.cc third.py

examples-to-run.py first.py second.cc sixth.cc tutorial-app.cc

fifth.cc fourth.cc second.py third.cc tutorial-app.h
. S

o

" |n this lecture, we will study one tutorial script

= Let’s open the first.cc with a sublime text (or with your favorite editor)

subl first.cc

Note: Is (list segment), allows to list directory
subl (sublime text), open file or directory with the sublime text editor
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= first.cc

= Module includes
#include

e.h
| odule.h”
#include "ns3/applications-module.h"

" ns-3 provides many modules to make it much easier for users to
write simulation scripts

= Each of the ns-3 include files is placed in a /build/include/ns3 directory

= You can take a look at the contents of these files

o1
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= first.cc

= Namespace declaration
using namespace ns3;

= After this declaration, you will not have to type ns3:: scope
resolution operator before all of the ns-3 code in order to use it

" |f you are not familiar with the concept of the namespace in C++, please
visit this site:

* Log component define
("FirstScriptExample");

= This line declares a logging component called FirstScriptExample that
allows you to enable and disable console message logging by
reference to the name

* Details about logging are discussed later

= Time resolution setting
(Time: :NS);

= This line sets the time resolution to one nanosecond

" The resolution is the smallest time value that can be represented
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= first.cc

= Enable two logging components
("UdpEchoClientApplication”, LOG_LEVEL INFO);
Applice LOG_LEVEL_INFO);

* These two lines of code enable debug Iogglng at the INFO level for
echo clients and servers

" Details about logging are discussed later

= Node container
NodeContainer nodes:

nodes . (2);
* The NodeContainer topology helper provides a convenient way to
create, manage and access any Node objects

" PointToPointHelper

PolntloPolntHelper pointloPolnt;
pointToPoint. ("DataRate

pointToPoint. ("Delay"”,

= The first line instantiates a PointToPoint Helper object to configure and
connect PointToPointNetDevice and PointToPointChannel objects

" The second line tells the pointToPointHelper object to use the value
“5Mbps” as the “DataRate” When it creates a PointToPointNetDevice object
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= first.cc

= The third line tells the PointToPoint Helper to use the value “2ms” as the
value of the propagation delay of when it creates PointToPointChannel

= NetDeivceContainer
NetDeviceContainer devices;

devices = pointToPoint. (nodes) ;
" The Install method of the PointToPoint Helper takes a NodeContainer as a
parameter, and creates NetDeviceContainer

®» For each node in the NodeContiner a PointToPointNetDevice is created

= A PointToPointChannel is created and the two PointToPointNetDevices are
attached

= After executing the PointToPoint.Install (nodes) call, we will have two
nodes, each with an installed point-to-point net device and a single
point-to-point channel between them

= |nternetStackHelper
InternetStackHelper stack;

stack. (nodes):
= |t will install an Internet Stack (TCP, UDP, IP, etc.) on each of the
nodes in the node container.
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= first.cc

= Ipv4AddressHelper

Ipv4AddressHelper address;
address. ("10.1.1.8", "255.255.255.0");

i

= We need to associate the devices on our nodes with IP addresses

" The code above declares an address helper object and tell it that it

should begin allocating IP addresses from the network 10.1.1.0 using
the mask 255.255.255.0

IpvdInterfaceContainer interfaces = address. (devices);

= address.Assign performs the address assignment

= |t makes the association between an IP address and a device using an
Ipv4interface object

= To contain a list of Ipv4interface objects for future reference, we use
Ipv4interfaceContainer
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first.cc

UdpEchoServerHelper

UdpEchoServerHelper (9);

ApplicationContainer serverApps = echoServer. (nodes. (1))
serverApps. ( (1.0));

serverApps. ( (10.0));

= The first line, declares an UdpEchoServerHelper and gets a port
number 9 as a parameter

* The Install method takes a NodeContainter as a parameter just as the
other Install methods

= Install will return a container that holds pointers to all of the
applications created by the helper

= Applications require a time to “start” and may take an optional time to
“Stop”

" We set the echo server application to Start (enable itself) at one
second into the simulation and to Stop (disable itself) at ten seconds
into the simulation.
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= first.cc
= UdpEchoClientHelper

UdpEchoClientHelper {1nTerfaues (1)
echoClient. :

echoClient.
echoClient.

, 9);

(1))
(1.0)));

(1024));

(nodes

C. des. (0));
"llenTApps ( 2.0));
clientApps.

= The first line, declares an UdpEchoClientHelper and gets IP address
and port number of the server as a parameter

= Recall that we used an Ipv4InterfaceContainer to keep track of the IP
addresses we assigned to our devices

= SetAttribute

= MaxPackets: maximum number of packets we allow client to send
" [Interval: it tells the client how long to wait between packets

= PacketSize: it tells how large client’s packet payloads should be

= As with the UdpServer case, we set the start and end times for the
UdpClient application
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= first.cc
= Simulator

= Running the simulation is done by using the global function simulator::Run

Simulator: : ();

= Recall that we scheduled events in the I, 2 and 10 seconds
(with UdpEcho Client & Server applications)

" When Simulator::Run is called, the system will begin looking through the
list of scheduled events and

* The act of sending the packet to the server will trigger a chain of
events that will be automatically scheduled executing them

* When there are no further events to process, Simulator::Run returns

Simulator::

= Finally, Simulator::Destroy calls will deal with the hard part of
destroying all created objects
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Building your first script
= Let’s copy (cp) examples/tutorial/first.cc into the scratch directory

* The command is executed in the base directory

5 cp examples/tutorial/first.cc scratch/myfirst.cc

* Then, build your first example script using ns3:

At time
At time

At time
At time

" You can now run the example:

: 5 ./ns3 run scratch/myfirst
+2s client sent 1024 bytes to 10.1.1.2 port 9

+2.00369s server received 1024 bytes from 10.1.1.1 port 49153
+2.003695 server sent 1024 bytes to 10.1.1.1 port 49153

+2.00737s client received 1024 bytes from 10.1.1.2 port 9

" You can see the logging component on the echo client indicate that it has sent
a 1024 bytes packet to the Echo Server on 10.1.1.2

" You can also see the logging component on the echo server say that it has
received the 1024 bytes from 10.1.1.1

* The echo server silently echoes the packet and you can see the echo client log
that it has received its packet back from the server
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" |ogging
= ns-3 supports some kind of message logging facility

= ns-3 provide a selectable, multi-level (7) approach to message logging
= LOG_ERROR: log error messages
= LOG_WARN: log warning messages
* LOG_DEBUG: log debugging messages
* LOG_INFO: Log informational messages about program progress
* LOG_FUNCTION: Log a message describing each function called
* LOG_LOGIC: Log messages describing logical flow within a function
= LOG_ALL: Log everything mentioned above

= ns-3 also provides an unconditional logging macro that is always displayed
= NS_LOG_UNCOND

=  Recall that myfirst.cc script contains the code below:
("UdpEchoClientApplication”, LOG LEVEL INFO);

("UdpEchoServerApplication”, LOG _LEVEL INFO);

" We can increase the logging level and get more information without
changing the script and recompiling by setting the NS_LOG environment
variable like this:

S export NS _LOG=UdpEchoClientApplication=level all

= export NS_LOG=UdpEchoClientApplication=level_all 60
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" Logging

"= Now, let’s run myfirst.cc script again:

UdpEchoClientApplication
UdpEchoClientApplication
UdpEchoClientApplication
UdpEchoClientApplication
UdpEchoClientApplication

S ./ns3 run scratchfmyfirst
:UdpEchoClient(8x55e290805ed0)
:SetDataSize(Ax55e290805edd, 1024)
:StartApplication(©x55e290805eda)
:ScheduleTransmit(Ox55e290805edd, +0ns)
:Send(@x55e290805edB)

At time +2s client sent 1024 bytes to 10.1.1.2 port 9

At time +2.00369s server
AT time +2.00369s server

UdpEchoClientApplication:

AT time +2.00737s client

UdpEchoClientApplication:
UdpEchoClientApplication:
UdpEchoClientApplication:

received 1024 bytes from 10.1.1.1 port 49153
sent 1024 bytes to 10.1.1.1 port 49153
HandleRead(©0x55e290805ed®, 0x55e290817f150)
received 1024 bytes from 16.1.1.2 port 9
StopApplication(0x55e290805eda)
DoDispose(@x55e290805ed0)
~UdpEchoClient(0x55e290805ed0)

" You can see that additional debug information provided by the application

= Let's find out what log information UdpEchoClientApplication provides

S find . -name '*.cc' | xargs grep UdpEchoClientApplication

= find . -name ‘*.cc’ command finds every .cc (**.cc’) file from current directory (.)

= The following command after pipeline (|) gets result of the find command as an

input and

check if there is a word UdpEchoClientApplication in the input file

and display the word if it exists 61
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" Logging

./srcflte/examples/lena-ipv6-ue-rh.cc: LogComponentEnable ("UdpEchoCiientApplication”, LOG_LEVEL ALL);
./srcfapplications/modelfudp-echo-client.cc:NS LOG COMPONENT DEFIME ("UdpEchoClientApplication”);
.Jsrcfnix-vector-routing/examples/nix-simple.cc: LogComponentEnable {"UdpEcheClientiApplication”, LOG LEVEL INFO);

* The result shows that UdpEchoClientApplication log component is defined
in ./src/applications/model/udp-echo-client.cc. Lets take a look at the file:

$ subl ./src/applications/model/udp-echo-client.cc

= [f you search NS_LOG in the script using ctrl+F command, you can find
many logging code in it

UdpEchoClient: :SetRemote (Address 1ip,

<< ip << port);

("At time << Simulator:: (). (Time: :S)

Inet6SocketAddress: : (from).
Inet6SocketAddress: : {(from).

(localAddress) ;




Brief tutorial
A

" |ogging
= From now, let's add logging code to myfirst script

Open myfirst.cc script and then, add Info level logging code in line 43 (and save)
(“UdpEchoServerApplication”, LOG_LEVEL_INFO);
("Creating topology"”

fiodeContainer noacs;
nodes. (2):

= build myflr'st script again and reset the NS_LOG variable again

[ 0%]
[ 0%]

Finished executing the following commands:
cd cmake-cache; cmake --build . -j 1 ; cd ..

$ NS_LOG=

= Recall that myfirst.cc log component is defined as FirstScriptExample

= Enable the FirstScripteExample logging level into LOG_INFO and run the script:
H 5 NS_LOG= FqutﬁcrlptExample level_info
: }nﬁ3 run scratch/myfirst.cc
|Creating topology
At Time +2s client sent 1024 bytes to 16.1.1.2 port 9

At time +2.00369s server received 1024 bytes from 10.1.1.1 port 49153
At time +2.00369s server sent 1024 bytes to 10.1.1.1 port 49153
At time +2.00737s client received 1024 bytes from 10.1.1.2 port 9

" You can see the log you just made!
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