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A Bit of History

e Network Simulator (ns) — a fork of the REAL simulator

@ ns-1 — network simulator v1

o Project started: ~ 1989
o Languages: C++ and Tcl (Tool command language)
o Project status: closed

@ ns-2/NS2 - network simulator v2

o Project started: ~ 1996
o Languages: C++ and OTcl (Object Tcl)
o Project status: closed

@ ns-3 — network simulator v3

o Project started : ~ 2006
e Languages: C++ and Python
e Project status: active
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A Bit of History (cont'd)

@ ns-2 was developed in the frame of the Virtual InterNetwork
Testbed (VINT) project supported by:
o Defense Advanced Research Projects Agency (DARPA)
o National Science Foundation (NSF)
o University of Southern California / Information Sciences Institute
(USC/ISI)
o Xerox Palo Alto Research Center (Xerox PARC)
e etc.

@ Application fields:

o Research and development (R&D)
o Education

@ Software:

e Open source
o Freeware
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O ns2
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o Official site:

e http://www.isi.edu/nsnam/ns/
e http://nsnam.isi.edu/nsnam/index.php/Main_Page

@ Last version:

e ns-allinone-2.35.tar.gz, 2011, ~ 60 MB
e http://sourceforge.net/projects/nsnam/files/allinone/ns-allinone-2.35/

@ System requirements:

o C++ compiler
e UNIX (FreeBSD, Linux, SunOS, Solaris)
e Windows with Cygwin
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Installation of Cygwin

e Cygwin - a large collection of GNU and open source tools which
provide functionality similar to a Linux distribution on Windows
e http://www.cygwin.com

@ Recent release:

e 2.10.0

o setup-x86.exe (for 32-bit Windows) or
setup-x86_ 64.exe (for 64-bit Windows)

e http://www.cygwin.com/install.html
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Installation of Cygwin (con

@ 2 ways to install Cygwin:

o Clean install from scratch
e Update a previously installed version

@ Recommended installation order:

e Download setup.exe (~ 1 MB)
e Run setup.exe and download all packages (~ 6 GB)
o Re-run setup.exe and install Cygwin
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Installation of Cygwin (con

@ Download without installing

E Cygwin Setup - Choose Installation Type EI\EI
Choose A Download Source =
Choose whether to install or download from the intemet, or install from files in =

a local directory.

() Install from Intemet
(downloaded files will be kept for future re-use)

(@ Dowgload Without Instaling

() Install from Local Directory

<Back || Ned> | [ Cancel
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Installation of Cygwin (cont'd)

@ Select a local directory to store installation files

E Cygwin Setup - Select Local Package Directory EI\EI
Select Local Package Directory =
Select a directory where you want Setup to store the installation files it A~

downloads. The directory will be created f it does not already exdst.

Local Package Directory

a
CUsers\RADDownloads Cygwin 1.7.25 // Browse...

<Back || Ned> | [ Cancel
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Installation of Cygwin (con

@ Select your Internet connection

E Cygwin Setup - Select Connection Type EI\EI
Select Your Intemet Connection =
Setup needs to know how you want it to connect to the intemet. Choose A~

the appropriate settings below.

(@) Direct Connection
() Use Intemet Explorer Proxy Settings
(7) Use HTTP/FTP Proxy:

Procey Host

Port |80

<Back || Ned> | [ Cancel
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Installation of Cygwin (con

@ Select a server

User URL.

E Cygwin Setup - Choose Download Site(s)

Choose A Download Site
Choose a site from this list. or add your own sites to the list

Pvailable Download Sites:

http://mimors. 163.com
hitp://box-soft com
hittp://cygwin mimors hoobly com

http.//cygwin.mimorcatalogs.com
£ . .

hitp://cyawin skazkaforyou .com
hittp://mimar symnds .com
ftp//ftp. gilib gatech .edu
hitp:/Awww gtlib gatech edu
ftp-/ug mtu edu

http:/Aug mtu.edu

D it e a o

http://cygwin parentingamerica.com

<Back |

Ned> | [ Cancel |
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Installation of Cygwin (con

@ Select packages

E Cygwin Setup - Select Packages EI\EI
Select Packages =
Select packages to download A~
Search (TiKeep @ Cur (O Eq Category
Category Cument MNew B | S S

= Al & Default |
Accessibiity £ Default
Admin & Default
Archive &% Default
Audio &¥ Default
Base £¥ Default
Database ¥ Default
Debug 4¥ Default

M fene w
4| 1 |

[l | »

Hide obsolete packages

<Back || Ned> | [ Cancel
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Installation of Cygwin (con

@ Select all packages

E Cygwin Setup - Select Packages EI\EI
Select Packages =
Select packages to download A~
Search (TiKeep @ Cur (O Eq Category
Category ____‘Eurrerrt MNew B | S.]

B AT & Install )
£ Instal

Admin & Install
Archive &% Install
Audio &¥ Install
Base £¥ Install
Database 4¥ Instal
Debug £ Install

[ S ']

4 [ +
[ Hide gbsolete packages

<Back || Ned> | [ Cancel
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Installation of Cygwin (con

@ Downloading

[ 0%- Cygwin Setup f=lreE=

Progress =
This page displays the progress of the download or installation A~

Downloading...

GConf2-debuginfo-3.2 6-2 tar bz2 from http://cygwin mimors pai...

Connecting...

Package: |
Total:

B=s - |

< Back

@
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Installation of Cygwin (con

@ Install from the local directory

E Cygwin Setup - Choose Installation Type EI\EI
Choose A Download Source =
Choose whether to install or download from the intemet, or install from files in =

a local directory.

() Install from Intemet
(downloaded files will be kept for future re-use)

(7) Download Without Instaling

@mm Local Directory

<Back || Ned> | [ Cancel
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Installation of Cygwin (cont'd)

@ Select the installation directory
o Size of c:/cygwin ~ 14 GB

E Cygwin Setup - Choose Installation Directory

Select Root Install Directory
Select the directory where you want to install Cygwin. Also choose a few
installation parameters

Roat Directory

£ \cyawin Browse. ..

(RECOMMENDED)
ygwin will be available to all users of the system

0 Just Me
Cygwin will still be available to all users, but Desktop lcons, Cyawin Menu Entries, and
important Installer information are only available to the cument user. Cnly select this if
you lack Administrator privileges or if you have specific needs.

[ <Back |[ Ne> | [ Cancd |
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@ Installation of ns-2
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Installation of ns-2

@ Ns make failed. ..

e-2.35

ass1f1er -I./m
ib/nr -I
-I. d1ffser« -I./satel

In file included from linkstate/1s.cc:67:0:
Tinkstate/1s.h: In 1nstantiat10n of ‘void LsMap<Key, T=::eraseall()
int; T = LsIdSeq
Tinkstate/1s. 96: H required from here
Tinkstate,1s.h:137:20: ‘eraze’ was not declared in this scope, and no dec
larations were found by argu1ent dependent lookup at the point of instantiation
—fper11ss1«e
Tinkstate/ 20: note declarations in dependent base ‘std::map<int, LsIdS
std: locator<std: :pair<const int, LsIdSeq- > =' are not fo
ookup
7:20: note: use ‘this-»erase’ instead
: recipe for target "Tlinkstate/1s.o" failed
[Tinkstate/1s.0] Error 1
Ted!
s 151 . edu/nsnam/ns /ns-problems. html for problems

/ns-allinone-2.35
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Installation of ns-2 (cont'd)

@ Win7 Enterprise SP1 x64 + Cygwin 1.7.25 + ns-2.35 = fail ®

e Cygwin mirrors usually include one version previous to the current one
e Unfortunately, there is no complete archive of older packages

@ Win7 Enterprise SP1 x64 + Cygwin 1.7.16-1 + ns-2.31 = win ®

e Win7 Enterprise SP1 x64 + Cygwin 2.10.0 + ns-2.35 = 777
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Installation of ns-2 (cont'd)

@ Unpack ns-allinone-2.31.tar.gz to c:/cygwin
e http://sourceforge.net/projects/nsnam/files/allinone/ns-allinone-2.31/

[E=m =R
@Q-\ b Computer » LocalDisk (C) b cygwin » ~ [ ][ 5=
Organize 7/ Open  Includeinlibrary v Sharewith = New folder - i
A Name ° Date modified Type Size
B Desktop bin 10/20/20129:36 AM  File folder
& Downloads cygdrive 10/20/20127; File folder
] Recent Places dev 10/20/201; File folder
et 10/20/20129:37 AM  File folder
4 Libraries home 10/20/20121:20PM  File folder
[ Documents lib 11/23/20101207 .. File folder
o Music ns-allinone-231 9/24/20137T43AM__ File folder
] Pictures opt 10/20/2012634 AM  File folder
[ Videos sbin File folder
sy File folder
1% Computer tmp 9/24/20138:15 A File folder
&L Local Disk (C:) usr 10/20/2012 6:48 AM  File folder
s Local Disk (D:) var 10/20/20129; File folder
Cygwinbat 10/20/20121:20PM  Windows Batch File 1kB
€ Network E cyguinico 10/20/20121:20PM  Icon 154 KB
E Cyguin-Terminalico 10/20/20121:20PM  Icon 53KB
) mkshortcut.exe stackdump 10/20/20129:37 AM  STACKDUMP File 18
ns-allinone-2.31 Date modified: 9/24/2013 7:43 AM
b Filefolder
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Installation of ns-2 (cont'd)

@ Run Cygwin Terminal
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Installation of ns-2 (cont'd)

e Go to c:/cygwin/ns-allinone-2.31 and type ./install

/ns-allinone-2.31

$ od c:fcygwin/ns-allinone-2.3
/ns-allinone-2.31

Cygwin detected
Mote: Cygwin install is stil1l considered EXPERIMENTAL

Cygwin version is == 1.3.12... 1.7.16 (should be ok)
filesystems are mounted as UNIX F1 etype... yes
default mode iz binmode... yes

Tegitimate login name... ok

Tegitimate path name... ok

for gcc... ok

for gcc-g++... ok

for gawk... ok

for tar... ok
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Installation of ns-2 (cont'd)

g+ -0 nam %
tkcompat.o tkUnixInit.o xwd.o netwiew.o netmodel.o edge.o packet.o node.
0 main.o trace.o queue.o drop.o animation.o agent.o feature.o route.o transfor
m.o paint.o state.o 10n1t0r o anetmodel.o random.o rng.o view.o graphview.o net
graph.o tracehook.o lan.o psview.o group.o editview.o tag.o address.o animator.o
.metmde .0 nam_stream.o enetmodel.o testview.o parser.o trafficsource.o loss
.-'ver‘swn o gen/nam _tcl.o -L/ns-al 1n0ne 2.31/ ftclel-1.1

L 114 L3171

Mam has been installed successfully.
Please compile your xgraph separately.

Ns-alTinone package has been installed successfully.
Here are the 1nsta atwn places:
/ns-allinone-2.31/{bin,include,Tib}
! 1/ {b'ln include,Tib}

edrwer‘ =gb2alt, =gbZns, =gbZcomns, sgbZhierns
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Installation of ns-2 (cont'd)

@ Patch tk.h to make nam work correctly:

o Download tk-8.4-lastevent.patch from
http://bugs.gentoo.org/show bug.cgi?id=225999

e Save it to c:/cygwin/ns-allinone-2.31/tk8.4.14

o Go to c:/cygwin/ns-allinone-2.31/tk8.4.14 and type
patch -pl < ./tk-8.4-lastevent.patch

e In case of problems, replace -p1 by -p0

e Specify which files to patch, i.e. generic/tk.h

e Go to c:/cygwin/ns-allinone-2.31 and re-run ./install
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Installation of ns-2 (cont'd)

@ Apply the patch and re-run installation of ns-2

< ./ tk-8.4-1 aste«ent patch
can't find file to patch at input line 3

Perhaps you used the wrong -p or --strip option?
The text Teading up to this was:

|--- generic/tk.h.orig 2008-02-06 16:31:40.000000000 +0100
|+++ generic/tk.h 2008-07-24 08:21:46. 000000000 +0200

File to patch: generic/tk.h
patching file generic/tk.h
Hunk #1 succeeded at 637 (offset 2 lines).

/ns-allinone-2.31/tk8.4.14
$ cd crfcygwin/ns-allinone-2.31/ns-2.31

/ns-allinone-2.31/ns-2.31
cd c:/cygwin/ns-allinone-2.31

Tinone-2.31
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Installation of ns-2 (cont'd)

@ Once the process is finished, add the environment variables

/ns-allinone-2.31

/ns-allinone-2.31/bin:/ns-allinone-2.31/tc18. 4. 14 /unix:/
into your PATH environment; so that you'll be able to run itm/tclsh/wish/xgraph.
IMPORTANT NOTICES:

(1) You MUST put /ns-allinone-2.31/0tcl-1.13, /ns-allinone-2.31/11b,
into your LD_| LIBRARY. _PATH environment war1ab e.
If it complains about X Tibraries, add path to your X libraries
into LD_LIBRARY_PATH.
If wou are using csh, you can set it Tike:
setenv LD_LIBRARY_PATH paths»
If you are using =h, you can set it like:
export LD_LIBRARY_PATH=< paths=

(2) You MUST put /ns-allinone-2.31/tcl8.4.14/Tibrary into your TCL_LIBRARY envir
onmental
variable. Otherwize ns/nam will complain during startup.

After these steps you can now run the ns validation suite with
cd ns-2.31; . /validate
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Installation of ns-2 (cont'd)

@ Environment variables:

O Path

o /ns-allinone-2.31/bin;/ns-allinone-2.31/tcl8.4.14 /unix;
/ns-allinone-2.31/tk8.4.14 /unix

© LD_LIBRARY_PATH

e /ns-allinone-2.31/otcl-1.13;/ns-allinone-2.31/lib
© TCL_LIBRARY

o /ns-allinone-2.31/tcl8.4.14/library
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Installation of ns-2 (cont'd)

@ Environment variables in Windows 7

Systemn Properties @

Computer Name I Hardware | Advanced | System Protection | Hemotel

*fou must be logged on as an Administrstor to make most of these changes.

Performance
Visual effects, processor scheduling, memory usage, and virtual memorny

User Profiles
Desktop settings related to your logon

Startup and Recovery
System startup, system failure, and debugging information

¥
Environment Variables..

Apply
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Installation of ns-2 (cont'd)

e Add/edit environment variables

Environment Variables @
User variables for RAD
Variable Value it
LD_LIBRARY PA... /ns-alinone-2,31fotd-1.13;/ns-alinone-..
Path Jns-alinone-2.31/bin; fns-alinone-2. 31/t...
TCL_LIBRARY Jns-alinone-2.31/tds 4. 14/brary
TEMP %%LUSERPROFILE%:\AppDataiLocal Temp i

e

System variables

Variable Value
NUMBER_OF P... 4 A
o5 Windows_NT

PATHEXT .COM; .EXE; .BAT;.CMD

R

;. VBS;. VBE; 355, 7
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Installation of ns-2 (cont'd)

e Go to c:/cygwin/ns-allinone-2.31/ns-2.31 and type ./validate

/ns-allinone-2.31/ns-2.31

After these steps, you can now run the ns validation suite with
cd ns-2.31; ./validate

For trouble shooting, please first read nsz problems page

http://www.is1. edu/nsnam/ns/ns-problems. html. Also search the ns mailing 1ist ar
chive

for related posts.

/ns-allinone-2.31
cd c:/cygwin/ns-allinone-2.31/ns-2.31

/ns-allinone-2.31/ns-2.31
validate
Cygwin detected
Mote: Cygwin validation is sti11 considered EXPERIMENTAL

(validation can take 1-30 hours to run.)
Sep 24, 2013 B5:02:02 AM
./test-all-simple
: tahoel tahoelBytes tahoelRED tahoelREDbytes tahoe? tahoe3 tahoe3RED tahoe
4 no_bug bug renol reno renoA reno2 reno3 renod renoda reno5 reno5_nobug telnet
delayed phaze phazel phasze2 timers manyflows stats statsECN statsl statslBytes =

tatsla statslaBytes statsHeaders stats2 stats3 stats4 statsTFRC
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Installation of ns-2 (cont'd)

e Validating the installed ns-2 (takes a long time!)

/ns-allinone-2.31
Runn1ng test reno5:
/ns test-suite-simple.tcl reno5s QUIET
de: Reno TCP, TCP/bugFix_ =set to falsze.
Test output agrees with reference output
Running test reno5_nobug:
vofee/ns test-suite-simple.tc] renoS_nobug QUIET
ide: Reno TCP, TCP/bugFix_ set to true.
Test output agrees with reference output
Running test telnet:
f../ns test-suite-simple.tc] telnet QUIET
Guide: Telnet connections with two different packet generation processes.
Test output agrees with reference output

s test-suite-simple.tc] delayed QUIET

-u1de TCP receiver with delayed acknowledgements.
Test output agrees with reference output
Running test phase:
.o/ /ns test-suite-simple.tc] phase QUIET

: Phase effects: connection O wins.
Test output agrees with reference output
Running test phasel:

‘nz test-zuite-zimple.tcl phasel QUIET

: Phase effects: connection 1 wins.
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Installation of ns-2 (cont'd)

asymmetric:
Ao fns test- su1te delaybox.tcl full-asymmetric QUIET
Test output agrees with reference output
A1l test output agrees with reference output.
Tue, Sep 24, 2013 5:55:41 AM
These messages are NOT errors and can be ignored:
warning: using backward compatibility mode
This test is not implemented in backward compatibility mode

validate overall report: some tests failed:

/test-all-newreno . /test-all-tcpOptions ./ /test-all-tcpvariants . /test-all-
aimd ./ /test-all-frto . /test-all-quickstart ./ -smac-multihop ./ test-all-m
anual-routing . /test-all-simultaneous . /test-all-Tinks ./test-all-wireless-tdma
to re-run a SpEC'I‘F'IC test, cd tcl/test; ./ test-all-TEST-NAME
Notice that some tests in webcache will fail on freebsd when -0 is turned on.

This is due to some event reordering, which will disappear when -g is turned on.

Cygwin »>= 1.3.19 detected (1.7.16), all tests should have passed.
Please see <http://www.1s1.edu/nsnam/ns/ns-problems.hhtml>
for potential solutions.

/ns-allinone-2.31/ns-2.31
5 |
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© ns-2 and Ubuntu
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ns-2 and Ubuntu

Install ns-2: sudo apt-get install ns2

o Run Terminal: <Ctrl>+<Alt>4+<T>

Terminal

9.
"
5]
B
]
(]
a]

Roman

rad@ubuntu: ~

radgubuntu:=5 sudo apt-get install ns2
[sudo] password for ra
Reading package lists... Done
Building dependency tree
Reading state information... Done
The following extra packages will be installed:
libotcli libtcl8.5 libtclcli libtks.5 tcl8.5 tk8.5
Suggested packages:
gnuplot tcl-tclreadline
The following NEW packages will be installed:
libotcl1 libtcl8.5 libtclcli libtks.5 ns2 tcl8.5 tks.5
® upgraded, 7 newly installed, 6 to remove and 3 not upgraded.
Need to get 3,302 kB of archives.
After this operation, 18.6 MB of additional disk space will be used.
Do you want to continue? [Y/n] y
Get:1 http://us.archive.ubuntu.comfubuntu/ trusty/universe libotcli 1386 1.14+df
sg-3 [22.9 kB]
Get:2 http://us.archive.ubuntu.com/ubuntu/ trusty/main libtcl8.5 i386 8.5.15-2ub
untul [678 kB]
Get:3 http://us.archive.ubuntu.com/ubuntu/ trusty/universe libtclcll 1386 1.20-7
[62.3 kB]
Get:4 http://us.archive.ubuntu.comfubuntu/ trusty/main libtks.5 1386 8.5.15-2ubu
ntu3 [623 kB]
42% [Working]ll
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ns-2 and Ubuntu (cont'd)

@ Install nam: sudo apt-get install nam
o See http://askubuntu.com/questions/467901/
segmentation-fault-core-dumped-in-ns2-ubuntu-14-04 ®
e Or use ubuntu-12.04.5 instead ot ubuntu-14.04.1

Terminal 13 @) 1:28PM ¥
(-] rad@ubuntu: ~
Setting up libtk8.5:1386 (8.5.15-2ubuntu3) ...
Setting up tcl8.5 (8.5.15-2ubuntul) ...
setting up tks.5 (8.5.15-2ubuntu3) ...
Setting up ns2 (2.35+dfsg-1lubuntu2) ...
Processing triggers for libc-bin (2.19-@ubuntu6.3) ...
radgubuntu:~$ sudo apt-get install nam
Reading package lists... Done
Building dependency tree
Reading state information... Dene
The following NEW packages will be installed:
nam
© upgraded, 1 newly installed, © to remove and 3 not upgraded.
Need to get 176 kB of archives.
After this operation, 643 kB of additional disk space will be used.
Get:1 http://us.archive.ubuntu.com/ubuntu/ trusty/universe nam 1386 1.15-3 [176
kB,

()
]
»
B

Fetched 176 kB in 8s (197 kB/s)

Selecting previously unselected package nam.

(Reading database ... 194370 files and directories currently installed.)
Preparing to unpack .../archives/nam_1.15-3_i386.deb ...

Unpacking nam (1.15-3) ...

Processing triggers for man-db (2.6.7.1-1) ...

Setting up nam (1.15-3) ...

rad@ubuntuz~$

B =D
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ns-2 and Ubuntu (cont'd)

Install xgraph: sudo apt-get install xgraph

Terminal

9.
]
5]
B
]
a
3]

Roman

rad@ubuntu: ~

Unpacking nam (1.15-3) .
Processing triggers for man-db (2.6.7.1-1) ...
Setting up nam (1.15-3) ...
rad@ubuntus~$ sudo apt-get install xgraph
Reading package lists... Done
Building dependency tree
Reading state information... Done
Suggested packages:

ygraph
The following NEW packages will be installed:

xgraph
© upgraded, 1 newly installed, @ to remove and 3 not upgraded.
Need to get 94.4 kB of archives.
After this operation, 209 kB of additional disk space will be used.
Get:1 http://us.archive.ubuntu.comfubuntu/ trusty/universe xgraph i386 12.1-17
94.4 kB]
Fetched 94.4 kB in @s (154 kB/s)
Selecting previously unselected package xgraph.
(Reading database ... 194378 files and directories currently installed.)
Preparing to unpack .../xgraph_12.1-17_i386.deb
Unpacking xgraph (12.1-17) .
Processing triggers for man-db (2.6.7.1-1) ...
Setting up xgraph (12.1-17)
radgubuntu:~$
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ns-2 and Ubuntu (cont'd)

@ Run simulation: ns <file name>.tcl

Terminal 13 1) 143PM ¥

Documents

Places rad@ubuntu: ~/Documents

© Recent 2 rad@ubuntu:~$ cd Documents/
A Home . rad@ubuntu:~/Documents$ ns udp.tclll

[ Desktop
D) bocuments
¥ Downloads
dd Music
B Pictures
Hvideos
T Trash
Devices
(@] Floppy Disk
Computer
Network
S Browse Network
B connect to server
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© Simulation workflow
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Simulation Workflow

@ ns-2 architecture:
o C++ defines the internal mechanism of the simulation objects
o OTcl sets up simulation by assembling and configuring the objects as
well as scheduling discrete events
@ ns-2 in Cygwin:
e Run XWin Server
o Go to the directory with your script <file name>.tcl
e In XWin Server window type ns <file name>.tcl

c+ N (o OTcl)

compiled
hierarchy

interpreted
hierarchy
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Simulation Workflow (cont'd)

@ ns-2 features:
e A wide range of communications protocols and algorithms
e xgraph — statistical graphing tool
e nam - visualization tool

@L)v‘ « cygwin b ns-allinone-231 b ns-231 b tep BRAE
Organize v [ ]Open  Newfolder
A Favorites [Jack-recons.ce [ scoreboard.o [Jtcpasym-fso [ Jtcp-rbpo [tfren
B Desktop [ jack-reconsh | scoreboard-rh.cc | tcp-asym-sinkcc || tep-reno.ce [tfrca
4 Downloads [ Jack-recons.0 [scoreboard-rhh | Jtcp-asym-sinke | Jtep-reno.o [ tfre-sink
%] Recent Places [Jchostcc | Jscoreboard-rh.o | Jtep-fackee [ Jtcp-rfet9zedu.ce | Jtire-sink:
[ chosth | scoreboard-ra.cc | tep-fackh [ Jtep-rfctozedu.h | tirc-sink
& Libraries: [ chosto [scoreboard-rah | tcp-facko [ tcp-rict93edu.o
[ Documents [ formulah [Jscoreboard-rqe [ Jtep-face [ Jtep-sackl.cc
& Music [_Jformula-with-inverseh | | snoop.cc [tepfsh [ Jtcp-sacklo
& Pictures [nilistce [Jsnoopin [tepfso [ tep-sack-rh.ce
B Videos [ nilisth [Jsnoop.o [Jtep-fultce [Jtep-sack-rh.o
[niisto Ltepice [tep-fullh [ tcp-session.cc
1 Computer [rqee [Jtcph [ Jtep-fullo [ Jtcp-session.n
£, Local Disk (C) [rah tepo [ Jtep-session.o
s Local Disk (D) [rao [ tcprabs.ce [ Jtcp-sink.cc
[rtcpece [Jtcp-absh 0 [Jtcp-sinkih
G Network [rtepo [Jtcprabsio [Jtcplib-telnetec | tep-sinko
[Jsaack.ce | Jtcprasym.ce [ Jtcplib-teineto [ ]tcp-vegasice
[Jsaacko [ teprasymh [ Jtcpnewreno.cc | tcp-vegaso
[ scoreboard.cc teprasymo [Jtcpnewreno.o | templateh
[ Jscoreboard.n [Jtcpasymefsce [ Jteprbp.ce [tfrece
R F—— D
tep.cc Date modified: 1/12/2007 9:08 PM Date created: 9/24/20137:14 AM
CC File Size: 661 KB
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Simulation Workflow (cont'd)

e ns-2 simulation workflow

@ Using a text editor, create a baseline script

Define the network topology (nodes, links, queues, etc.)
Attach transport layer protocols ('Agents’) and applications
("Applications’) to the end nodes

Create traffic

Choose statistics to be collected

Run the simulation

View the results

@ Duplicate the script

o Make changes
e Re-run the simulation
e Compare the obtained results

© Repeat Ne2 if needed
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Simulation Workflow (cont'd)

e TCP/IP protocol suite

0SI model TCP/IP model TCP/IP

protocol suite
{ Application layer

HTTP, FTP, IMAP,
SMTP, POP3,

Appllcatlon layer
(Layer 7)

Presentation layer
(Layer 6)

Session layer

DNS, SNMP,
telnet, ...

(Layer 5)
[ Tra(r;_zp;/c;rrtf)yer ] Transport layer TCP, UDP ]
| Nl | [ ntemetayer [ ARD, AP, .. |
[ Datfa';‘ekr'gyer ] Link layer i

IEEE stds, ...
(DL & PHY layers)

Physmal layer
(Layer 1)
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Simulation Workflow (cont'd)

o Compare with nodes in OPNET /Riverbed Modeler

o set node_0 [$ns node]

Il (node 0) Attributes = |[E[=
Type: [workstation
[ Trarbue Value -]

P
IP Muticasting
Applications

H323
Auto Assigned

TP

NHRP

Reports

®
@ | relative to subnet-platform
& enabled
@ 000 =
Extended Atrs | Mode! Detais | Object go::umeﬂlalmn‘
£ Eiter
Match:  Lookin
CEwact v Names % Adverond

@ Substing [ Values "
" RegBx [ Possble values I Applyto selected abjects

¥ Tags oK Cancel
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Outline

@ Example
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o UDP vs. TCP
‘UDP ‘TCP ‘
Message-oriented Byte-stream-oriented
Connectionless Connection-oriented
Stateless Stateful
Unreliable Reliable
Unicast and multicast Unicast only
Used by a few user applications Used by many user applications
(VolP, multimedia streaming, etc.) (WWW, email, FTP, Telnet, etc.)
Used by many network services Used by a few network services
(RIP, SNMP, DNS, etc.) (e.g., DNS zone transfers)
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Example (cont'd)

@ Run c:/ns/tcp.tcl in XWin Server

X feygdriverc/ns [E=H E=R =5

Hain Options ¥T Options Y¥T Fonts

RADEX20L
% cod cidhs

RADIEH201
% ns tep.telll
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Example (cont'd)

@ View out.nam

{4 Lister - [c:\ns\eut.nam]
File Edit Optiens Enceding Help 0%
U -t *-ui.8a5 -a @ -
A -t x-n1-p B8 -0 BxFFFFFFFF —c 31 -a 1 It
A -t x -h 1 -m 2147483647 -5 @ b
c -t *x -i 1 -n Red
n-tx-aB-s B8-S UP -vcircle -c black -i black
n-t*-a1-51-SUP -vcircle -c black -i black
n -t -a2-52-SUP -vcircle -c black -i black
1-t=*-58-d1-S UP -r 188888888 -D 8.8682 -c black -o right
1-t*-51-d2-SUP -r 10000000 -D 0.0080080060800000082 —c black -0 right
q-tx*-52-d1-a8.5
qQ-tx-s1-d2-a8.5
'*tﬂ*Sﬂ*ﬂ1*ptl:p*Elmfl:1*iﬂ*ﬂi*x(ﬂ.ﬂz.“
**tﬂ*Sﬂ*ﬂ1*ptl:p*Elmfl:1*iﬂ*ﬂi*x(ﬂ.ﬂz.“
h-te-s8-d1-ptecp-e 48 -c1 -ie-a1-x{8.02.0 nully
r -t 0.0020032 -s 0 -d 1 -p tcp -e 40 —c 1 -i B -a 1 -x {0.0 2.0 6 -—---—- null}
+ -t 0.0020032 -5 1 -d 2 -p top -e 40 —c 1 -i B -a 1 -x {0.0 2.0 0 null}
- -t 0.0020032 -5 1 -d 2 -p tcp -e 40 —c 1 -i B -a 1 -x {0.0 2.0 0 null}
h -t 0.0020032 -s 1 —d 2 -p tcp -e 40 —c 1 -i 0 -a 1 -x {0.0 2.0 -1 - nully
r -t 0.6108352 -s 1 -d 2 —p tcp -e 48 c 1 -i 8-a1-x{0.02.0080 null}
+ -t 0.6108352 -5 2 -d 1 —p ack -e 48 ¢ 1 -i1-a1 -x{2.00.880 null}
- -t 0.6108352 -5 2 -d 1 —p ack -e 48 ¢ 1 -i1-a1-x{2.00.880 null}
h -t 0.68108352 -5 2 -d 1 —p ack -e 48 ¢ 1 -i 1 -a 1 -x {2.8 8.8 -1 - null}
r -t 0.8188672 -5 2 -d 1 —p ack -e 48 ¢ 1 -i1-a1-x{2.00.880 null}
+ -t 0.0188672 -5 1 -d @ —p ack -e 48 ¢ 1 -i1-a1-x{2.0808.080 null}
- -t 0.0188672 -5 1 -d @ —p ack -e 48 ¢ 1 -i1-a1-x{2.0808.080 null}
h -t 0.8188672 -5 1 -d @ —p ack -e 48 ¢ 1 -i1-a1 -x {2.8 0.0 - null}
v -t 0.08200764 -5 1 -d @ —p ack -e 48 ¢ 1 -i1-a1-x{2.8 8.0 null}
+ -t 0.0200764 -5 8 -d 1 —p tcp -e 1588 ¢ 1 -i2-a1-x4{98.802 null}
- -t 0.0200764 -5 8 -d 1 —p tcp -e 15880 ¢ 1 -1 2 -a 1 -x {8.8 2 null}
h -t 8.0200764 -5 8 -d 1 —p tcp -e 1588 ¢ 1 i2-a1-x4{8.82 - null}
+ -t 0.0200764 -5 8 -d 1 —p tcp -e 1588 ¢ 1 i3-a1-x4{0.02 null}
0.0201964 —s 0 -d 1 —p tcp -e 1500 -c 1 -1 3 -a 1 -x {0.0 2 nully
A_A?A19A% -< A -d 1 -n trn -p GAA -~ 1 ® -a1-x {A.A2 - nully =
g
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Example (cont'd)

@ View the results (RTT = Round-Trip Time)

13 Lister - [CAns\trace]

File Edit Options Encoding Help
0.80000 -1 -1 -1 —1 rtt_ 0.000
0.82007 8 0 2 0 rtt_ 0.620
0.84143 8 8 2 0 rtt_ 0.621
0.86278 8 0 2 0 rtt_ 0.022
0.08414 8 0 2 0 rtt_ 0.621
0.10549 8 0 2 0 rtt_ 0.622
0.12685 8 0 2 0 rtt_ 0.621
0.20275 0 0 2 0 rtt_ 0.026
0.32875 8 0 2 0 rtt_ 0.035
0.40195 8 0 2 0 rtt_ 0.037
044731 8 0 2 0 rtt_ 0.021
046867 8 0 2 0 rtt_ 0.022
049002 8 0 2 0 rtt_ 0.021
051162 8 0 2 0 rrt_ 0.022
055842 0 0 2 0 rtt_ 0.024
058362 0 0 2 0 rtt_ 0.026
0.63762 8 0 2 0 rtt_ 0.028
0.69642 8 8 2 0 rtt_ 0.030
0.72762 8 0 2 0 rtt_ 0.632
0.79362 8 8 2 0 rtt_ 0.034
0.86442 8 B 2 0 rtt_ 0.636
0.90162 8 0 2 0 rtt_ 0.038
0.98179 8 0 2 0 rtt_ 0.622
1.00314 0 8 2 0 rtt_ 0.621
1.02456 0 8 2 0 rtt_ 0.622
1.04610 0 8 2 8 rtt_ 0.021
1.06890 0 8 2 0 rtt_ 0.023
1.09208 0 8 2 0 rtt_ 0.024
111810 0 8 2 0 rtt_ 0.025
1144508 0 8 2 0 rtt_ 0.027
1.20090 0 8 2 0 rtt_ 0.029
1.28090 0 8 2 0 rtt_ 0.030
1%591“ A A 2 A rft A_A31 =
« B
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Example (con

@ View the results in xgraph

X groph ol )
Close|[Hdlgy bout
cwnd
Window/Queue, pkis
50,0000 tepSACK
A GueueLength
50,0000 /]
40,0000 / \
30.0000 / / /1\ 1
20,0000
/ L L
10,0000 J/ .........
0.0000 i
4 Time, secs
0.0000 02000 0.4000 0.5000 0.8000 1.0000 1.2000 1.4000
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Example (cont'd)

@ View the network animation in nam

Roman Dunaytsev (SUT)

o e e
|Ele Views Analysis out.nam ‘

BRI

Step: 2.0ms
|

]

kel

i

Lo
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