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On to the Tutorial...

Work in group of two. At least one peoplein each group must hav e an
account on the CS department UNIX servers.

Start Exceed on the machine at your desk. Login on one of the CS
compute servers (mamba.cs, viper.cs, €tc).

Set up your environment so that you can use ns, by issuing the
following commands:

export PATH=$PATH:/home/cs757/ns/ns:/home/cs757/ns/nam
export PATH=$PATH:/home/cs757/ns/xgraph

Create atemporary subdirectory at current directory:

mkdir ns2-tutorial-temp

cd ns2-tutorial-temp

cp /home/cs757/ns-tutorial/*.tcl .

Scripts can be found in /home/cs757/nstutorial.




Exercise Tutorial Covered

* Marc Gres’ nstutorial can be found at:
http://www.isi.edu/nsnam/ns/tutorial/index.html

e Chapter IV: Thefirst Tcl script

» Chapter V: Making it more interesting

A TCP example

* Chapter VI: Network Dynamics

» Chapter VIII: Creating Output Filesfor xgraph

The first Tcl Script

» Createascript that ssimulatesthe simplest
topology:
- examplela.tcl only builds network topology.
- examplelb.tcl creats traffic from Node 0 to Node 1.
Node 0 Node 1
(Sender) data (Recefrer)

-0

» Objectives:
- Get a basic under standing of the way objectivesinteract in ns.
- Lay thefoundations for more complicated simulations.




Examplela.tcl

#Create a Ssmulator object
set ns[new Simul ator]J

#0Open thenam tracefile
set nf [oPen out. nam w]
$ns namtrace-all $nf

#Define a 'finish' procedure
proc finish {} {
lobal ns nf
s flush-trace
#Clloseéh?traceflle
close$n )
#Execute nam on the tracefile
ex%conam —aout.nam &
exi

Examplela.tcl (cont’)

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

#Creste a duplex link between the nodes
$ns duplex-link $n0 $n1 IMb 10ms DropTail

#Call the finish procedure after 5 seconds of simulation time
$nsat 5.0 “fini

#Run the simulation
$nsrun

Execute a ns-2 script:
- ns examplela.tcl




Examplelb.tcl

#Create a simulator object
set ns [new Simul ator]J

#Open thenam tracefile
set nf [oPen out.nam wj
$ns namtrace-all $f

#Define a 'finish' procedure
proc finish {}
lobal ns nf
s flush-trace
#Closethetracefile
close $nf )
#Executenam on the tracefile
gﬁconam —aout.nam &

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

#Creste aduplex link between thenodes .
$ns duplex-link $n0 $n1 IMb 10ms DropTail

Examplelb.tcl (cont’)

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

# CreaE)e a CBE tr?ff:ﬁ.wnL/erc%f e%ng/ ca:tltgath it to udp0
B el LAY Treffic/CER]
brO set interval_ 0.005
br0 attach-agent $udp0

#Create aNull agent ﬁtraffic sink) and attach it to node n1
set null0 [new Agent/Null
$ns attach-agent $n1 $nullo

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

#Schedule events for the CBR agent
ns at 0.5 "$cbrQ start”
ns at 4.5 "$cbrO stop” ) o
#Call the finish procedure after 5 seconds of simulation time

$ns at 5.0 "fini

#Run the simulation
$nsrun




Making it more interesting

* Build on thefirst script to simulatea simple
network (example2.tcl).

Mode 3
[ Riezeiver]

* Objectives: =l

- Beintroduced to some of the commandsthat can be passed to
nam.

- Get abasic under standing of the network parametersthat
can be modified.

Example2.tcl

#Create a simulator object
set ns[new S|mu|at0rj]

S COl
ns color 2 Red

#0Open thenam tracefile
set nf [open out.nam w]
$ns namtrace-all $nf

#Define a 'finish' procedure
proc finish {} {
lobal ns nf
flush-trace .
#Closethetracefile
close $nf .
#Executenam on the tracefile
exetconam —aout.nam &
exi

%nDefir]e diffe[ent colorsfor dataflows
or 1 Blue

#Create four nodes
set N0 [$ns node]

set nl [$ns node]
set N2 [$ns node]
set n3 [$ns node]




Example2.tc| (cont’ 1)

rgat? inks the nodes .
ns -linl 2 1Mb 10ms DropTail
ns duplex link 2 1Mb 10ms DropTail
ns duplex-link $nZ 1Mb 10 msSFQD
ns duplex-link-op nO N2 orient right-down
ns duplex-link-op $nl $n2 orient right-up
ns duplex-link-op n2 n3 orient right

#Monitor the queue for the link between node 2 and node 3
$ns duplex-link-op $n2 $n3 queuePos0.5

#Create aUDP agent and a]1ttach it to node n0

set u%naNA ent/

ns attach-ageﬁf $n0 $udpO

# Create a CBR traffic source and attach it to udp0
set cbrsegnew Aapé)llcatl on/Traffic/CBR

brO
%brOset interval 0‘005
brO attach-agent $udpO

#Creme UDP ent and tach it to node nl
dp newA

ns attach-ageﬁf $n1 $udpl

Example2.tcl (cont 2)

# Create a CBR traffic source and attach it to udpl
set cbrsegnew gpé)llcatl on/Traffic/CBR]

brl

brl set |nterv 00

brl attach- agenT$udp1

#Create aNull agent ﬁtraffl c sink) and attach it to node n3
set null0 [new Agen
$ns attach-agent 3 $nullo

#Connect thetrafflc sourca with thetraffic sink
ns connect $udpO $null
ns connect $udpl uIIO

#Schedule evmts for the CBR agents
ns at 0.5 "$chrO
ns at 1.0 "$chrl start"
nsat 4.0 "$cbrl stop"
s at 4.5 "$cbr0 sto
aII the fi I’IISh rocedure after 5 seconds of simulation time
$nsat 5.0 "fini

#Run the simulation
$nsrun




A TCP example

Createasimple TCP scenario with droptail
gueue mechanism on the gateway(example3.tcl).

TR daa

Gy

o—P—0
M areiec: Frcdwr
dada

* Objectives: ™
- Under stand the basic components of TCP transmission.
- Observe the behavior of TCP sessions.

Example3.tcl

#Create a smulator object
set ns [new Simul anr]J

#Open tracefiles
setf [open droptail-queue-out.trw]
$nstrace-all $f

#0Open thenam tracefile
set nf [oPen dro‘)tall-queue-out.nam w]
$ns namtrace-all $nf

#sl, S2 and s3 act as sources.
set sl [$ns node]

set 2 [$ns node]
set S3 [$ns node]

#G acts as a gateway.
set G [$ns node]

#r acts as areceiver.
set r [$ns node]

#Define different colors for datsflows
%ns color 1red _;#the color of packetsfrom sl

ns color 2 SeaGreen ;# the color of packets from s2
ns color 3 blue ;# the color of packets from s3




#Create links between the nodes .
ns duplex-link 6Mb 1ms DropTail
ns duplex-link 6Mb 1ms DropTail
ns duplex-link 6Mb 1ms DropTail
ns duplex-link $G $r 3Mb 1ms DropTail

#Define the queue size for the link between node G and r
$ns queve-limit $G

$5
Defjne the |ayout of the topol
ns c‘u&@(- %—3p I(%rig%yright-up
ns duplex-link-op orient right
ns duplex-link-op orient right-down
ns duplex-link-op $G $r orient right

#Monitor the queues for links

ns duplex-link-op queuePos0.5
ns duplex-link-op queuePos0.5
ns duplex-link-op queuePos0.5
ns duplex-link-op $G $r queuePos0.5

#Create a TCP agent and attach it to node s1
set tcpl [new Agent/TCP/Reno]
%13 tach-agent $s1 $tcpl

cpl set window_ 8
cplsetfid_ 1

(T Auo2) |91 cojdwexT

#Create a TCP agent and attach it to node s2
set tep2 [new Agent/TCP/Reno]

ns attach-agent $s2 $tcp2

Ccp2 set window_ 8

cp2 setfid_ 2

#Create a TCP agent and attach it to node s3
set tcp3 [new Agent/TCP/Reno]

ns attach-agent $s3 $tcp3

cp3 set window_ 4

cp3setfid_ 3

#Create TCP sink agents and attach them to noder
set sink1 [new Agent/TCPSink
set sink2 [new Agent/TCPSink
set sink3 [new Agentf_r CPSink

Nns attach-agent $r $sink1
r $sink2
r $sink3

ns attach-agent
ns attach-agent

#Connect the traffic sources with the traffic sinks

%ns connect $tcpl $sinkl

ns connect $tcp2 $sink2
ns connect $tcp3 $sink3

#Create FTP applications and attach them to agents
set ftpl [new Application/FTP)
$ftpl attach-agent $tcpl

(z 3u02) |91 sojdwex]




set ftp2 [new Application/FTP)
$ftp2 attach-agent $tcp2

set ftp3 [new Application/FTP)|
$ftp3 attach-agent $tcp3
#Define a 'finish' procedure
proc finish {} {

nsflrtljgh-trace

puts'running nam...".
exec nam —a droptail-queue-out.nam &

(€ Juo2) |91 gajdwex]

exito
nsat 0.0 "$sl label Senderl”
nsat 0.0 ' label Sender2"
nsat 0.0 ' label Sender3
nsat 0.0 ' label Gateway
nsat 0.0 "$r label Recelver
nsat 0.1 "$ftpl start"
nsat 0.1 "$ftP2 start”
nsat 0.1 "$ftp3 start”
nsat 5.0 "$ftpl stop”
nsat 5.0 "$ftp2 stop”
nsat 5.0 "$ftp3 stop”
nsat 5.25 "finish"

$nsrun

Network Dynamics

» Createa morecomplex topology, simulate a
link failure (example4.tcl).

» Objectives:
- Exposed to more complex oTcl constructs (e.g., for loops).

- Exposed to types of eventsdifferent from “start” and “ stop”.
- Observe a DV routing protocol in action.




Example4.tcl

#Create a Ssmulator object
set ns[new Simul ator]J

#Tell the simulator to use dynamic routing
$nsrtproto DV

#Open thenam tracefile
set nf [oPen out.nam wj
$ns namtrace-all $f

#Define a 'finish' procedure
proc finish {} {
lobal ns nf
s flush-trace
#Closethetracefile
close $nf )
#Executenam on the tracefile
exetconam —aout.nam &
exi

#Create seven nod
for {seti O&{$| <
n

es .
st n($) [$ s%}oég]]c“} {

#Create |inks between the nodes
for {seti O} i$| <7H{in

$ns duplex-link n(gl)lérg([expr ($i+1)%7]) IMb 10ms DropTail

#Create a UDP agent and attach it to node n(0)
set ud?O new Agent/UDP]
$ns attach-agent $n(0) $udp0

# Create a CBR traffic soyrce and attach it to udpO
set cbrO new%tp_ ication/ Traffic/CBR

brO set packetSize 500

brO set interval_ 0:005

br0 attach-agent $udpO

gect:rnu I% eﬁl\l au/UA %qm Ltmffic sink) and attach it to node n(3)
$ns attach-agent $n(3) $nullo

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

#Schedule events for the CBR agent and the network dynamics
s at 0.5 "$cbr0 start”
ns rtmode!-at 1.0 down $n(1) $n(2)
nsrtmodel-at 2.0 up $n(1) $n(2)
s at 4.5 "$cbr0 stop” ) o
%gal | thefinisn Ser.ocedure after 5 seconds of simulation time
sat 5.0 “fini

#Run the simulation
$nsrun

(quo2) |91 ojdwex3]
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Creating_j Output Graphs for xg_jraph

* Plot the throughput obtained by different
flowsin thefollowing networ k (example5.tcl):

» Objectives:. -Beexposed to morediversetraffic
generators.

- Learn the basics on how to postprocess a simulation to get
useful information.

#Creale a smurator otiject
set ns [new Simulator Examp|85.tC|
#Opentheoutput files

set O [open outO.tr w.

set f1 [open outl.tr w

set f2 [open out2.tr w

#Create 5 nodes
set N0 [$ns node]
set n1 [$ns node]
set n2 [$ns node]
set n3 [$ns node]
set n4 [$ns node]

#Connect the nodes .
ns duplex-link 8 3 1Mb 100ms DropTail
2
3

ns duplex-link 3 1IMb 100ms DropTall
ns duplex-link 3 1IMb 100ms DropTall
ns duplex-link 1Mb 100ms DropTall
#Define a 'finish' procedure
proc finish {} {
glgbd fotif2
lose the output files
c| 0se $f0
close$rl

close $f2

#Call xgraph to display theresults

exe(_:g&graph outO.tr out1.tr out2.tr -geometry 800x400 &
exi
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Example5.tcl (cont 1)

#Define a procedure that attaches a UDP agent to a previously created node
#node' and attaches an Expoo traffic generator to the agent with the
#characteristic values 'size' for packet size 'burst’ for bursttime,
#idle for idletime and 'rate' for burst peak rate, The procedure connects
#the sour%e with the previoudly defined traffic sink 'sink’ and returnsthe
#source obj ect. . ] ] .
proc attach-expoo-traffic { node sink size burst idlerate } {

#Get an instance of the ssimulator

set ns[Simulator instance]

#Create aUDP a'gent and attach it to the node
set source [new Agent/UDP]
$ns attach-agent $hode $souirce

#Create an Expootraffic agent and set its configuration parameters
set traffi gneN Aé%" ication/Traffic/Exponenti
[ kelSize ze

:>lf
S$traffic set burst_time”_ $burst
S$traffic setidle Time $idle
S$traffic set rate_ $rafe

# Attach traffic source to the traffic generator
Straffic attach-agent $source

#Connect the source and the sink

$ns connect $source $sink

return $traffic

#three traffic sinks sink0/1/
proc record {} {

Example5.tcl (cont 2)

#Define a procedure which Eeri odically records the bandwidth received by the
and writesit to the threefiles f0/1/2.

lobal sink0 sink1 sink2 fO f1 2
et an instance of the simulator
set ns [Simulator |nstance! .
#%%tt tthe t|r61§ after which the procedure should be called again
ime 0.
#How many bytes have been received by the traffic sinks?
set bwO [$sinkO set bytes
set bwl [$sinkl set bytes
set bw2 [$sink2 set bytes
#Get the current time

Set now nowj . ) . o .
#Calculate the bandwidth (in MBit/s) and write it to the files
puts $f0 "$now [expr $hwO/$time* 8/1000000] "
puts $f1 "$now [expr $bwl/$time* 8/1000000]"

uts $f2 " $now [exjpr Sbw2/$time* 8/1000000]"
#Reset the bytes values on the traffic sinks

#Re-schedul eytthe_procedure
$nsat [ expr $now+$time] "record”

12



Example5.tcl (cont 3)

#Create three traffic sinks and attach them to the node n4
set sink0 [new Agentl ossMonitor]
set sink1 [new Agentl ossMonitor]
set sink2 [new Aggm__om onitor]

%ns attachagent nkO

ns attach-agent ink1
ns attach-agent nk2

#Create three traffic sources .

set sourceQ [attach-expoo-tr Pc no nho 200 2s 15100
set sourcel amtam-exBootr 1c $n1 $sink1 200 2s 1s 200i
set source? [attach-expoo-traffic $n2 $sink2 200 2s 1s 300k
#Start Ioggl ng the received bandwidth

$nsat 0.0 "record”

#Start the traffic sources

s at 10.0 "$sourceQ start”

s at 10.0 "$sourcel start”

s at 10.0 "$source? start”

#Stop the traffic sources

s at 50.0 "$source0 stop”

s at 50.0 "$sourcel stop"

s at 50.0 "$source? stop"” ) o
#Call the finish procedure after 60 seconds simulation time
$nsat 60.0 "finish"

#Run the simulation
$nsrun

LLDHLLYD
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