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Exercise Subjects

1) General m at ters  in  d oin g th e 
exercises
 Work environm en t
 Making the exercises  and  return ing the rep orts

2) In t roduct ion  to  NS- 2  Network 
Sim u lator
 Basic und erstand ing on  how to work with  it



Work Environment

● Exercises  h eld  in  Maar i- c
 h t tp :/ / www.hu t .fi/ cc/ com p uters / Maari- C.h tm l

● NS- 2 is  u sed  in  m os t  of th e exercises
 You  can  use it  in  any of Com p uting Cen tre's  

Linux- com p uters
➢ h t tp :/ / www.hut .fi/ atk/ luokat /   (“un ix”)
➢ A m od ified  vers ion  of NS- 2 is  ins talled  there
➔  the exercise s im ulat ions  won 't  work anywhere 

else
 Can be used  locally or  with  SSH



Exercises

● Exercise sched u le and  in fo at  course hom e p age:
 ht tp :/ / www.net lab.hu t .fi/ op etus / s38180/ 2004/ sch ed u le.sh tm l

● Each  exercise sess ion  (2 h rs) consis ts  of:
 (Review of the p revious  exercise)
 In t roduct ion  to the new exercise
 Begin  work on  the s im ulat ions  with  course s taff 

p resen t



Exercise Reports

● Two h ard  d ead lin es :
 Exercises  1- 4 : October 29 th, 4  pm
 Exercises  5- 6 : Nov em ber 3 rd, 4  pm

● It  is  ad vised  to retu rn  rep orts  before the next  
exercise
 Return  form at  is  either  PDF or  paper
 Late retu rns are au tom atically d iscard ed !

● Total exercise p oin t s  are sca led  to  1- 6
 Used  in  the exam  grad ing to rep lace the p oin ts  

from  the lowest  scoring answer
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Exercise Objectives

● To fam iliar iz e you rself with  th e work 
en viron m en t

● To learn  to  work with  NS- 2  at  th e 
level th at  you  can :
1.Write s im p le s im ulat ion  scr ip ts

2.Read  and  unders tand  m ore com plex 
s im ulat ion  scrip ts



Tasks of the Day

1. A few word s  abou t  th e backgrou n d  an d  
s t ru ctu re of NS- 2
• to give you  som e id ea of what  you  are working with

2. Lin e- by- lin e s tu d y of a  s im p le s im u la t ion  
scen ar io
• to exp lain  the m in im um  requirem en ts  need ed  to 

create a s im ulat ion

3. Begin  m akin g you r  own  s im u la t ion



NS-2 Forewords

● Op en  sou rce software
 Possible to tailor  the cod e to exact ly fit  th e 

need s
 Thousand s of d evelop ers  = >  rap id  increase in  

funct ionality
 No one is  liable for  the cod e = >  use at  your  

own  r isk
● Nowad ays  it  is  a rgu eably th e m os t  p op u lar  

n etwork s im u la tor  in  th e wor ld
 Used  extensively by both  businesses  and  

un ivers it ies



NS-2 Software Structure

● NS- 2 uses  two p rogram m ing languages  to 
com bine efficiency and  ease of exten tability
 C+ +
 OTCL (Object  Tool Com m and  Language)

● NS- 2 software is  writ ten  in  both  C+ +  and  OTCL
 Generally d oesn 't  need  to be m od ified

● Sim ulat ion  scrip ts  are writ ten  in  OTCL
 Used  to set  up  and  con trol the s im ulat ion



NS-2 Software Structure 
2

● Sim ulator  software 
is  separated  to 3 
layers :
1. Basic funct ionality: 

C+ +

2. Exp erim en tal 
p rotocols  and  
com p lex 
ap p licat ions: OTCL

3. Sim ulat ion  con trol 
scr ip ts : OTCL

Ou r focu s  is  h ere



Simulation Scripts

● Used  to set  up  a s im ulat ion  scenario:
 Network topology
 Traffic agen ts
 Sim ulat ion  even ts , e.g. when  to s tar t  send ing d ata
 Gather ing resu lt s : m on itor ing and  t racing

● Writ ten  in  OTCL
 No need  to com pile; scr ip ts  are in terp reted  at  run-

t im e

● For help  in  writ ing s im ulat ion  scr ip t s , refer  
to NS- 2 m anual
 h t tp :/ / www.isi.ed u / nsnam / ns/ d oc/ ns_d oc.p d f



Simulation Example (1)
● Top ology

 A network of two nod es  connected  with  a d up lex link
➢ Band wid th : 5  Mbp s
➢ Packet  d elay: 10 m s

● Traffic agen ts
 1 TCP- connect ion
 1 UDP- connect ion  with  a CBR- traffic generator

● Sim u lat ion  even t s
 TCP s tar ts  send ing 15 kB of data at  0.5 s
 UDP star t s  send ing at  a rate of 800 kbp s at  0.2 s  and  

s top s at  0.8  s
● Gathering d ata

 Monitor  t raffic flows



Example: Topology (2)

● Create n od es  n 0  an d  n 1
set n0  [$ns  node]

set n1  [$ns  node]

● Create a  d u p lex- lin k between  th e 
n od es
$ns  duplex- link $n0  $n1  5Mb 10ms  DropTail

Assign  a var iable n0

Create a nod e and  ass ign  it  to var iable n0

Call p roced ure 'd up lex- link'
of object  $ns

Set  link between  nod es n1 and  n2

Band wid th  5Mbp s,
d elay 10m s

Buffer  m anagem ent
m ethod : Drop Tail



Example: UDP-agents (3)

● Create UDP-  an d  n u ll- agen ts
set udp0  [new  Agent/ UDP]
set null0  [new  Agent/ Null]

● Attach  th em  to  n od es  n 0  an d  n 1
$ns  attach- agent $n0  $udp0
$ns  attach- agent $n1  $null0

● Con n ect  th e agen ts
$ns  connect $udp0  $null0

(NS- 2  m an u al: “30: UDP Agen ts”)

Param eters : $nod e $agen t

A nu ll- agen t  acts  as  an  UDP- sink

Param eters : $agen t  $agen t



● Create a  CBR t raffic sou rce
set cbr0  [new  Application/ Traffic/ CBR]

● Set  t raffic p aram eters
$cbr0  set packetSiz e_ 500
$cbr0  set interv al_ 0 .005

● Attach  th e t raffic gen erator  to  an  
agen t
$cbr0  attach- agent $udp0

Example: CBR-traffic (4)

Ap p licat ion  typ e

Tim e in terval
between  p ackets

⇒SendRate=8 * 500 b
0.005 s

=800kbps



● Create a  TCP- con n ect ion  p air
set s rc [new  Agent/ TCP/ FullTcp]
set s ink [new  Agent/ TCP/ FullTcp]

● Attach  agen ts  to  n od es
$ns  attach- agent $n0  $s rc
$ns  attach- agent $n1  $s ink

● Con n ect  th e agen ts
$ns  connect $s rc $s ink

● Ass ign  th e sin k - agen t  to  lis ten in g 
m od e (src in it ia tes  th e con n ect ion )
$s ink lis ten

(NS- 2 m anual: “31.3 Two- Way TCP Agen ts  (Fu llTcp )”)

Example: TCP-agents (5)

Fu llTcp  includ es a th ree- way
hand shake and  a connect ion
tear - d own



Example: Events (6)

● Sch ed u le even ts
$ns  at 0 .2  "$cbr0  s tart"

$ns  at 0 .5  "$src s endms g 15000  \ "MSG_EOF\ ""

$ns  at 0 .8  "$cbr0  s top"

● Call th e fin ish  p roced u re after  1 .0  s  of 
s im u la t ion  t im e
$ns  at 1 .0  "finish"

● Star t  th e s im u la t ion  in  th e en d  of th e scr ip t
$ns  run

Launch  an  even t  at  0 .2 s

Star t  send ing CBR- d ata

Send  15 kB
of TCP- d ata

Stop  send ing CBR- d ata at  0.8  s



Example: Monitoring (7)

● Create a  flow m on itor
set flow _mon [$ns  makeflow mon Fid]

● Attach  th e flow m on itor  to  th e lin k
$ns  attach- fmon [$ns  link $n1  $n0] $flow _mon 0

● Ass ign  an  ou tp u t  file
$flow _mon attach [open output_file .fmon w ]

● Prin t  th e s ta t is t ics  a t  given  t im e
$ns  at 1 .0  “$flow _mon dump”
 Hint! You  can  p u t  th e quoted  com m and  in  the fin ish - p roced ure

Use flow ID's  to id en t ify
d ifferen t  flows

Attach  the m onitor
between  nod es  $n1 and  $n0



Example: Results (8)

● Sam p le of th e flow m on itor  ou tp u t  
(with  2  flows):

» 1.000  2  0  1  2 1  0  120  60000  0  0  134  75560  0  0  0  0  0  0
» 1.000  1  0  0  1  1  0  14 15560  0  0  134  75560  0  0  0  0  0  0

(NS- 2 Manual: “23.7.2 Flow m on itor  t race form at”)

Tim e
Flow ID

Packet  typ e
0: TCP, 1: UDP Src and  d s t  nod es

Packets  and  bytes
received  in  th is  flow

Packets  and  bytes
d rop p ed  in  th is  flow



Simulation: Link Delay

● Top ology
 1 FTP server  node

➢ 3 server  agen t s
in  n od e 0

 3 FTP clien t  nodes
➢ 3 clien t  agen t s

in  n od es  2- 4

● Task: Study the effect  of
link delay to the th roughpu t
of a TCP- connect ion

4

2

13 05 Mbps
20 ms

10 Mbps
? ms

10 Mbps
? ms

10 Mbps
? ms

Client nodes

Server
node



Random Numbers

● NS- 2 p rod uces  on ly p seud o- rand om  num bers
 they aren 't  rand om  but  on ly ap p ear  to be

● A seed  value is  need ed  for  the generat ion  of 
p seud o- rand om  num bers
 If the seed  value is  the sam e the num ber sequence 

generated  will be the sam e
 Mod ified  with : ''$defau ltRNG seed 1'',
 using seed  0 will cause a rand om  seed  to be 

generated  on  each  new sim ulat ion
● e.g. RED uses rand om  num bers  to calcu late the 

d rop  p robability
● NS- 2 m anual: “22.1 Rand om  num ber generat ion”



NS-2 Material

● Developm ent  pages:
 h t tp :/ / www.isi.ed u / nsnam / ns
 Esp ecially usefu l top ics:

➢ "Mark Greis 's  NS- 2  tu tor ia l"
➢ "Ns  m an u al"

 Visit  them !
● TCL tu tor ials

 ht tp :/ / users .belgacom .net / bruno.cham p agne/ tcl.h tm l
 ht tp :/ / hegel.it tc.ukans .ed u / top ics / tcltk/ tu tor ial- nop lugin

● OTCL tu tor ial
 ht tp :/ / www.openm ash .org/ developers / docs / otcl- doc/ doc/ tu torial.h tm l


