EpyaoTtnpio AIKTUWV

8" AIGAeen:

Network Simulator — NS



[leplypappa TTapouciacng

m Eicaywyn otov ns
m [a TyAUaTa (components) Tou NS
m H doopun Tou ns

B —EKIVWVTAG...
To 1° script
EKTEAEON TTPOCOUOIWOEWV

m Trace analysis
m [lapadeiypara



" I
Elcaywyn

m EpyaAcio yia Tnv €peuva OoTO TTEDIO TWV
OIKTUWV

m [1poIOV avolixTou Kwdlka (open source)

m EykaBioTaTal og: Unix, SUnOS, Linux,
Windows K.a.

m 2 UVOEQOIL:
http://www.isl.edu/nsnam/ns/
http://nsnam.isi.edu/nsnam/index.php/Main Page



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

Eicaywyn (ouv.)

m 2TOXOI-AuvaToTNTEC:
QVATITUEN EPEUVNTIKNG OPACTNPIOTNTOC

m EUKOAN oUyKpIon TTapOuoIwy AUCEWV (TT.X.
TTPWTOKOAAQ)

m gUVEPYOOia
m EAEYXOC BEWPNTIKWYV ATTOTEAECUATWY

BeATIWON TNC EKTTAIOEUTIKNG OIAdIKATIOC

TTOAANQTTAQ €TTITTEQQ MEAETNC
= application <-> physical



" B
Eicaywyn (ouv.)

m AIKTUOKQA TTPWTOKOAAQ TTOU UTTOOTNPICEI
evoupuaTa, daoupuata, 00PUPOPIKA
TCP, UDP, multicast

web, telnet, ftp
dpopoAoynoncg o€ ad-hoc dikTua



" I
Eicaywyn (ouv.)

EpeuvnTtEc atrd OAO TOV KOOUO TTPOCBETOUV
VEEC OUVATOTNTEC:

m AODV-UU

m BlueHoc

m OBS
m |[R-UWB



http://core.it.uu.se/adhoc/ImplementationPortal
http://core.it.uu.se/adhoc/ImplementationPortal
http://core.it.uu.se/adhoc/ImplementationPortal
http://oss.software.ibm.com/developerworks/projects/bluehoc
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Discrete event

m [Ipooopoiwaon dlIaKPITOU YEYOVOTOC
(discrete event simulation)
OAQ €ival yeyovoTa (events)
O NS KPATA TN AiIOTO YE TA events TTou
EKKPENOUV
TTAIPVEI TO TTIO AMECO KAl TO EKTEAEI JEXP!
TEAOUC

KGOE yeyovoC ouuBaivel O€ PIa OTIVUA TOU
EIKOVIKOU XpOVouU, aAAQ TTaipvel hia aubaipetn
TTOOOTNTA TTPAYMATIKOU XPOVOU



'_
Discrete event

Consider two nodes simp?e t=1, A enqueues pkt on LAN
on an Ethernet: queumng =1 01, LAN dequeues pkt

| m ‘ model: and triggers B

t=1.0: A sends pkt to NIC
A’s NIC starts carrier sense

defatled g 95. A’s NIC concludes ¢S,
CSMA/CD

starts X
model:

t=1.006: B’s NIC begins reciving pkt
t=1.01: B’s NIC concludes pkt
B’s NIC passes pkt to app



S
Ta tuAuara (components) Tou ns

m NS (Network Simulator)
m ham (Network AniMator)
B TTPO-ETTECEPYAOTIKA
[ EVVATPIEC TOTTOAOYIWYV, OXNMATWY Kivhong
B UETA-ETTECEQYOAOTIKA
avaAuon Kal eTTEcEpyaaia




ns models

m Traffic models and applications:
web, FTP, telnet, constant-bit rate, Real Audio
m Transport protocols:
unicast: TCP (Reno, Vegas, etc.), UDP
multicast: SRM
m Routing and queueing:
wired routing, ad hoc rtg and directed diffusion

gueueing protocols: drop-tail, RED, fair queueing,
etc.

m Physical media:

wired (point-to-point, LANS), wireless (multiple
propagation models), satellite



H doun Tou ns-2

m object-oriented

m uAoTtroinuevog oe C++ pe frontend OTcl
m Xpnon
C++: eTTECEPYOATIA AVA TTAKETO, AAAQYN
UTTApXouCoag KAAaNG

OTcl: configuration, setup, «dIa-KaI-€CwW»
TpayuaTa



" A
H doun Tou ns-2 (ouv.)

m 2¢& C++ uAotrolouvral:
TTPWTOKOAAQ o€ diapopa etritreda (MAC, routing KAT)
OPIOUOC KAl ETTECEPYATIA TTAKETWVY
BaoIKEC AsIToupyiec Tou event-driven TTPOCOUOIWTH

m 2¢ OTcl kaBopilovTal:
dour) OIKTUOU
XPNOINOIOUPEVA TTPWTOKOAAQ
€ido¢ Kivnong
YEVIKEG TTAPAMNETPOI OXETICOUEVOI UE TNV TTPOCOMOIWGN



BaoIKEC EVTOAEC tCl

\S/Zt”ftilOeS: procedures:

if {$n == 1} { return $x }

. . set part [pow x [expr $n-1]]
functions and expressions: N
sety [pow x 2] ;eturn [expr $x*$part]

set y [expr x*X]

control flow:

if {$x > 0} { return $x } else {
return [expr -$x] }
while { $x >0} {

puts $x

incr x —1

}

Also lists, associative arrays,
etc.

=> can use a real programming
language to build network
topologies, traffic models,

etc.



To TTpwTO Script

create a simulator, put in var ns
set ns [new Simulator]

schedule an event at time t=1 to print
Hello
$ns at 1 “puts \"Hello!\"”

and exit at a later time
$ns at 1.5 “exit”

run the simulator, executing events
$ns run



» I
ns atro file

set ns [new Simulator]
$ns at 5.0 "finish"

set nf [open out.nam w]

$ns namtrace-all $nf

set tf [open out.tr w] $ns run
$ns trace-all $tf

proc finish {} {
global ns nf
$ns flush-trace
close $nf
exec nam out.nam &
exit 0 }



To TmpwTO script (cuv.)

set nO [$ns node]
set nl1 [$ns node]

$ns duplex-link $n0 $n1 1Mb 10ms DropTail



To TTpwTO script (cuv.)

set udp0O [new Agent/UDP]
$ns attach-agent $n0 $udpO

set null0 [new Agent/Null]
$ns attach-agent $n1 $null0

set cbrO [new Application/Traffic/CBR]
$cbr0 set packetSize_ 500

$cbrO set interval _ 0.005

$cbrO attach-agent $udpO

$ns at 0.5 "$cbrO start”

$ns connect $udp0 $null0 $ns at 4.5 "$cbr0 stop"



To TTpwTO script (cuv.)

set ns [new Simulator]

set nf [open out.nam w] set null0 [new Agent/Null]
$ns namtrace-all $nf $ns attach-agent $n1 $null0
set tf [open out.tr w] $ns connect $udp0 $null0
#ns trace-all $tf $ns at 0.5 "$cbrO start"

set n0 [$ns node] $ns at 4.5 "$cbr0 stop"

set n1 [$ns node]

$ns duplex-link $n0 $n1 1Mb 10ms DropTail proc finish {} {

global ns nf
set udp0O [new Agent/UDP] $ns flush-trace
$ns attach-agent $n0 $udpO close $nf
set cbr0 [new Application/Traffic/CBR] exec nam out.nam &
$cbr0 set packetSize_ 500 exit 0 }
$cbrO set interval_ 0.005 $ns at 5.0 "finish"

$cbr0 attach-agent $udpO1
$Ns run



AANNEC EVTOAEC

for {set i 0} {$i < 7} {incr i}

{
set n($i) [$ns node]

}

for {set i 0} {$i < 7} {incr i}

{
$ns duplex-link $n($i) $n([expr ($i+1)%7]) 1Mb 10ms DropTalil

}

$ns rtmodel-at 1.0 down $n(1) $n(2)
$ns rtmodel-at 2.0 up $n(1) $n(2)

$ns rtproto DV



" A
EKTEAEON TTPOCOMOIWOEWYV

= Anuioupyia tcl apxeiou: n.x. test.tcl

= OpIOPOC TWV KAaTAAANAWV PeTaBANTWV NEPIBAAAOVTOC
nou oxeTtidovTal ue Tov NS

= EKTEAEON NpOCONOoIwoNG: N.X. ns test.tcl

= AvaAuon anoTeAECUATWY MOU NEPIEXOVTAl OTO trace
(.tr) apxeio



Trace analysis

m OAec ol TTAnpogopiec atroBnkeuovTal 0TO
trace apyeio

from| to | pkt bkt flags | fid | SE¢ dst | zeq | pkt

SWENt | L1Me | yode | node |type | size addr | addr | num | id

r recelive (at to node)
+ enquels [at queus) sro_sddr @ onode.port (3.0]
- dequeus (at queus) dst addr @ node.port (0.0)
=} drop [at queues]

r 1.3556 3 & ack 40 ——————- 1 5.0 0,0 15 201

+ 1.53556 2 0 ack 40 ——————- 1 5.0 0,0 15 201

- 1.3556 2 0 ack 40 —-—————- 1 3.0 0,0 15 201

r 1.35576 0 2 tep 1000 ——-————-— 1 0.0 3.0 239 199

+ 1.35576 & 3 tep 1000 ——-————-— 1 0.0 3.0 239 199

d 1.35576 2 3 tep 1000 ——————-— 1 0.0 3.0 29 199

+ 1.356 1 2 chr 1000 ——————- 2 1.0 3.1 157 207

- 1.356 1 & cbhbr 1000 ——————- 2 1.0 3.1 157 207
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[TpocouoIWonN ACUPUATWY OIKTUWV
(cont)

# XapaktnploTIKA dIKTUOU:

$ns_ node-config
-topolnstance $topo
-energyModel "EnergyModel"
-initialEnergy (in Joules)
-rxPower (in W)
-txPower (in W)
-agentTrace ON or OFF
-routerTrace ON or OFF
-macTrace ON or OFF
-movementTrace ON or OFF



[TpocouoIWonN ACUPUATWY OIKTUWV
- [Mapadelypa

# Define options

set val(chan) Channel/WirelessChannel
set val(prop) Propagation/TwoRayGround
set val(netif) Phy/WirelessPhy

set val(mac) Mac/802_11

set val(ifq) Queue/DropTail/PriQueue
set val(ll) LL

set val(ant) Antenna/OmniAntenna

set val(ifglen) 50

set val(nn) 2

set val(rp) DSDV



[TpocouoIWonN ACUPUATWY OIKTUWV
- Mapdadeypa (cont)

# Initialize Global Variables
setns_ [new Simulator]
set tracefd [open simple.tr wj
$ns_ trace-all $tracefd

# set up topography object
set topo [new Topography]

$topo load_flatgrid 500 500

# Create God
create-god $val(nn)
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[Tpocopoiwon acUupuaATWY
OIKTUWV - [lapadelypa (cont)

# configure node

$ns_ node-config -adhocRouting $val(rp) \
-IType $val(ll) \
-macType $val(mac) \
-ifqType $val(ifg) \
-ifgLen $val(ifglen) \
-antType $val(ant) \
-propType $val(prop) \
-phyType $val(netif) \
-channelType $val(chan) \
-topolnstance $topo \
-agentTrace ON\
-routerTrace ON \
-macTrace OFF \
-movementTrace OFF



" A
[Tpocopoiwon acUpUATWY
OIKTUWV - [Napdadeiyua (cont)

# Create nodes
for {set i 0} {$i < $val(nn) } {incr i} {
set node_($i) [$ns_ node]
$node_($i) random-motion O }

# Provide initial (X,Y, for now Z=0) co-ordinates for mobilenodes
$node_(0) set X_5.0
$node (0) setY_ 2.0
$node_(0) setZ 0.0

$node (1) set X_390.0
$node (1) setY_ 385.0
$node (1) setZ_0.0



" A
[Tpocopoiwon acUpUATWY
OIKTUWV - [Napdadeiyua (cont)

# Now produce some node movements, Node (1) starts to move towards node (0)

$ns_ at 50.0 "$node_(1) setdest 25.0 20.0 15.0"
$ns_at 10.0 "$node_(0) setdest 20.0 18.0 1.0"

# Node (1) then starts to move away from node_(0)
$ns_ at 100.0 "$node (1) setdest 490.0 480.0 15.0"

# Setup traffic flow between nodes. TCP connections between node_(0) and node (1)
set tcp [new Agent/TCP]

$tcp set class_ 2

set sink [new Agent/TCPSink]

$ns_ attach-agent $node_(0) $tcp set ftp [new Application/FTP]

$ns_ attach-agent $node_(1) $sink $ftp attach-agent $tcp

$ns_ connect $tcp $sink $ns_ at 10.0 "$ftp start"



" A
[Tpocopoiwon acUupuaATWY
OIKTUWV - [lapadelypa (cont)

# Tell nodes when the simulation ends
for {set i 0} {$i < $val(nn) } {incr i} {
$ns_ at 150.0 "$node_($i) reset";
}
$ns_ at 150.0 "stop"
$ns_at 150.01 "puts \"NS EXITING...\" ; $ns_ halt"
proc stop {} {
global ns_ tracefd
$ns_ flush-trace
close $tracefd

}

puts "Starting Simulation..."
$ns_ run
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Kataokeun evog VEOU TTPWT/AOU:

OPIOPOG TTAKETOU OXETICOUEVOU PE TO TIPWTOKOAAO:

Il Op1ouo6g dopng
struct hdr_ping {
char ret;

double send_time;
I3

I/ Opioudg packet id
enum packet_t{
PT _TCP,
PT_UDP,

PT_TFRC,

PT _TFRC_ACK,

PT_PING, /I packet protocol ID for our ping-agent
PT_NTYPE

%
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KaTaokeun evog veou TTpwT/Aou (cont):

C++ KWOIKAC TTOU UAOTTOIEI TO TTPWTOKOAAO:

void PingProtocol::recv(Packet* pkt, Handler*) {
I/l Access the IP header for the received packet:
hdr_ip* hdrip = (hdr_ip*)pkt->access(off ip );
I/ Access the Ping header for the received packet:
hdr_ping* hdr = (hdr_ping*)pkt->access(off ping_);

I/l Create a new packet
Packet* pktret = allocpkt();

I/l Send the packet
send(pktret, 0);

// Discard the packet
Packet::free(pkt);

}
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KaTtaokeun evog veou TTpwT/Aou (cont):

KwolIKac oxeTICOUEVOC UE TNV dlaouvoeon tcl
SCripts Kal TTPWTOKOAAOU:

int PingProtocol::command(int argc, const char*const* argv) {
iIf (argc == 2) {
iIf (strcmp(argv[l], "send") == 0) {

return (TC“L_OK);
}
}

return (Agent::command(argc, argv));

}
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Anuioupyia Poisson Kivnong

# Anuioupyia Exponential yetaBAnTAg

set InterArrivalTime [new RandomVariable/Exponential]
$interArrivalTime set avg_ [expr 1.0/$lambda]

set pktSize [new RandomVariable/Constant]

$pktSize set val_ 1000

# Anuioupyia KOPBoU TTNYNS
set src [new Agent/UDP]

$ns attach-agent $n1 $src
$src set packetSize 1000

# Anuioupyia kOuBou TTPOoPICHOU
set sink [new Agent/Null]

$ns attach-agent $n2 $sink

$ns connect $src $sink



I
Anuioupyia Poisson kivhong (cont)

# 2uvAapTnoN ATTOOTOANG EVOC TTAKETOU AVA EKOETIKA XPOVIKA dIAOoTHUATA
proc sendpacket {} {

global ns src InterArrivalTime pktSize

set time [$ns now]

$ns at [expr $time + [$InterArrivalTime value]] "sendpacket"

set bytes [$pktSize value]

$src send 1000

}

# Ekkivnon ouvapTtnong
$ns at 0.0001 "sendpacket"



"
NS-3

mns-3 IS a free, open source software

project Dbuilding and maintaining a
discrete-event network simulator for
research and education

m Ns-3 IS not backwards-compatible with ns-
2

m However, several models already ported
to ns-3 e.g., Random number generators,
OLSR, error models,recent WIiFiI Phy
models
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OPNET

OPNET a set of commercial product addressing application performance
management, network performance management, and network R&D
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