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1NS2INTRODUCTION

Network Simulation (version 2) is one of the object-oriented language based discrete

event-driven introduced at UC Berkely developed in two languages, namely C++ and OTcl




(Object Tool Command Language). Network Simulation is first and foremost used in the
simulation of LAN and WAN network.

1.1 Overview

Network Simulation 2 is an event-driven simulator that simulates various kinds of IP
networks. It implements network protocols such as Transmission Control Protocol (TCP) and
User Datagram Protocol (UDP), behavior of traffic source such as File Transfer Protocol (FTP),
Telnet, Web, Constant Bit Rate (CBR) and Variable Bit Rate (VBR), queue management
methods such as Drop Tail, RED and CBQ, and some of the routing algorithm are used. NS also
works with multicasting network oriented programs and some of the Medium Access Control
(MAC) layer protocols for local area network simulations. Network Simulation project is
currently working for the VINT project that introduce tools for simulation results display,
analysis and converters that convert network topologies generated by well-known generators to
NS formats. At present, Network Simulation (version 2) developed in C++ and OTcl is on hand.
This manual discusses briefly about the basic construction of NS, and explains detaily how to
make use of NS frequently by giving examples.

As shown in Figure (Simplified user view of NS2), in a simplified user's view, Network
simulation is an Object-oriented tool script interpretered with simulation event scheduler and the
libraries of network component object, and the libraries of network setup (plumbing) module (in
fact it is the plumbing modules which are implemented as member functions of the base
simulator object). Otherwise to use NS, we have to program in OTcl script language.

To create and run a simulation, OTcl script should be written by the user that creates an
event, initiate the network topology set up using the objects of the network and comment the
traffic sources and fix the transmission time and stop time of transmitting packets through the

event scheduler.

OTcl: Tcl Interpreter with
— OO0 extension — U — O

NS Simulator Library

Event Scheduler objects
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Figure Simplified User’s View of NS

One more imporant component of NS beside network objects is the event scheduler. An
event in NS is a packet ID that is unique for a packet with scheduled time and the pointer to an
object that handles the event. In NS, an event scheduler continuously tracking of simulation time
period and fires all the simulation events in the event queue programmed for the present time by
invoking suitable network components, which more often than not are the ones who issued the
events in the simulation, and let them perform the suitable action connected with packet pointed
by the event.

Network components communicates with one another transitory packet, however this does
not devour real simulation time. Each and every network components that require spending a
little simulation time for handling a packet (i.e. essential delay) use the event scheduler by
providing an event for the packet and to come for the event to be fired to itself previous to doing
additional action handling the packet. For example, a network switch component that handles the
simulation which switch with 20 microseconds of switching delay issues an event for a data
packet to be switched to the scheduler as an event 20 microsecond afterward. The scheduler
following 20 microseconds handle the process of dequeue the event and fires it to the switch

component, which subsequently send the packet to a suitable output link component.

One more work of an event scheduler is timer. For example, Transmission Control
Protocol (TCP) needs to make use of a timer to keep tracking transmission time of a packet out
for further transmission (transmission of a packet with similar TCP packet number but dissimilar
network packet identication). Timers will make use of the event schedulers in a same manner

that delay does. The one and only difference in that timer is, it measures a time linked with a



packet and does a suitable action connected to that packet after a firm time goes by, and does not

simulate a time delay.
1.2 Why TCL

A user inscribe an OTcl script that’s creates an event scheduler, sets up the topology of the
network by make use of an objects of the network and the libraries plumbing functions, and
control the traffic sources when to initiate and finalize the transmission of the packets through
the event scheduler. Here plumbing is defined as a network setup, for the reason that setting up a
network is plumbing possible paths for data transfer between network objects by locating the
"neighbor” pointer of an object to the address of a suitable object. When a user needs to create a
new network object, he or she with no trouble can make an object either by creating a fresh
object or by constructing a compound object from the object library, and plumb the path of the
data through the object. This may resonance like difficult job, but the plumbing OTcl modules in
reality make the job trouble-free. The influence of NS comes from this plumbing.

NS is created not only in tool command language but in C++ also. For efficiency reason,
NS data path implementations are separated from control path implementations. Most
importantly the packet and event processing time has to be reduced, for that purpose the C++
language is used to write and compile the event scheduler and the component objects. These
compiled objects are ready accessible to the OTcl interpreter through an OTcl linkage that
creates a corresponding OTcl object for each and every C++ objects and makes the control
functions and the configurable variables specified by the C++ object take action as member
functions and member variables of the corresponding OTcl object. By the way, the controls of
the C++ objects are prearranged to OTcl. It is also probable to insert member functions and

variables to a C++ linked OTcl object.

1.2.1 Network Component

TclObject

Other Objects NS Object
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1.2.2 Node and Routing
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Figure Nodes (Unicast and Multicast)

Link

A node of a network is one of a compound object composed by both the node entry object

and classifiers as shown in Figure (Unicast and Multicast). There are two important types of

nodes in network simulation. First is unicast node, it has an address classifier with it that does the

operation of unicast routing and a port classifier. Next is multicast node, in addition to routing
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and port classification, it has a classifier which classify multicast packets from unicast packets

and a multicast classifier that performs multicast routing.

In network simulation, Unicast nodes are in default condition. In order to create Multicast
nodes once the user must clearly notify in the input of the OTcl script, after the exact creation of
scheduler object, the nodes which are created that will be in the form of multicast nodes. Next
process is specification, once it get done then specify the node type, the user can also select a

exact routing protocol other than using a predifined one.

Unicast
- $ns rtproto type
- type: Static, Session, DV, cost, multi-path

Multicast

- $ns multicast (right after set $ns [new Scheduler])

1.2.3 Link
. “’ﬁb‘ Simplex Link @
e —_— >
Link Entry J
Queue Delay TTL
Figure Link

First notify that a node’s output queue is actually implemented in the form of simplex
link object. Once after completing the process of dequeued packets from a queue are passed to
the Delay object that again simulates the link delay, and the dropped packets at a queue are
transferred to a Null Agent and are made freed there. Finally, the TTL object calculates Time To
Live (TTL) parameters for each received packets and updates.



1.2.4 Tracing

In NS2, activities of the network are traced around simplex links. If the simulator is
intended for to the trace network activities (specifically make use of $ns trace-all file or $ns
namtrace-all file), the links created after this commands will be followed by the upcoming trace
objects inserted as shown in Figure (Inserting Trace Objects). Users creates a trace object of type

type between the given source and destination nodes using the create-trace {type file src dst}

command.
Link with Trace Objects
RecvT
>—> —> —> — — —> —>
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Figure Inserting Trace Objects

1.2.5 Queue Monitor

On the whole, tracing objects are intended to trace packet arrival time at which the
localization is done. Even though a user gets sufficient information from the trace files, he or she
might be concerned with what is going inside the output queue. For example, a user paying
attention in RED queue behavior may want to calculate the dynamics of average and current
queue size of a exact RED queue (i.e. need for queue monitoring). Queue monitoring can be
successfully achieved using queue monitor objects and snoop queue objects as shown in Figure

(Monitoring Queues).
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Figure Monitoring Queues

When a data packet arrives, the queue monitor object is notified by the snoop queue
object of this event. Using this information the queue is monitored by the queue monitor. RED
Queue Monitor Example section shows some examples for RED queue monitoring. Note that
snoop queue objects can be second-hand in parallel with tracing objects although it is not shown
in the above figure (Figure Monitoring Queues).

1.2.6 Packet Flow Example

Until now, the examination of two most important network components (node and link) is
done. Figure (Packet Flow Examples) shows internals of an example simulation network setup
and packet flow. The number of nodes network is two which is node 0 (n0) and node 1 (n1) of
which the network addresses are 0 and 1 respectively. A TCP agent (sender agent) attached to n0
using port 0 communicates with a TCP sink object (destination agent) attached to nl port 0.
Finally, an FTP application layer (or traffic source) is attached to the TCP agent (sender
application), asking to send some amount of data to the destination which is node 1.
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Figure Packet Flow Examples

1.3 Overview of ns-2 simulation test bed
NS-2 has many and expanding uses included.

» The performance of existing network protocols is evaluated.

> Before the usage the new network protocols are evaluated.

» Torun large scale experiments and it is not possible in the real time environment.

» Various kinds of internet protocols IP are possible to simulate in network simulation 2.

NS-2 is an object oriented discrete event simulator which works to calculate the performance and
behavior of the network. Simulator maintains list of events in the queue and executes one event

after another event.
Features:
Protocols mostly used

Fast to run, with high network control

BACK end is C++ - Creating scenarios, extensions to C++ protocols

>
>
» Frontend is OTCL — Object tool command language
>
» fast to create and modify

1.

3.1 Characteristics of NS-2

» NS-2 implementation consist of the following features

» Multicasting is employed here.
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» Simulation of various kinds of wireless networks

» Terrestrial (cellular, Adhoc, GPRS, WLAN, BLUETOOTH), satellite network are used

> |EEE 802.11 standard can be simulated, Mobile Internet Protocols and Ad hoc protocols
such as DSR, TORA, DSDV and AODV Routing are simulated

1.3.2 Software Tools used with NS-2

In the simulation, there are the two tools are used.

e NAM(Network Animator)
e XxGraph

1.3.3 NS ARCHITECTURE

e Object-oriented (C++, OTCL).

e Modular approach

e Fine —grained object composition
e Reusability

e Maintenance

e Perfomanace(speed and memory)

e Careful planning of modularity
1.3.4NS PROGRAMMING

e Create the event scheduler
e Turn on tracing

e Create network

e Setup routing

e Inserterrors

e Create transport connection
e Create traffic

e Transmit application-level data
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1.3.5 TCL INTERPRETER

TcICL is the language used to provide a linkage between C++ and OTcl. Toolkit
Command Language(Tcl/OTcl) scripts are written to set up/configure network topologies. TclCL
provides linkage for class hierarchy,object instantiation, variable binding and command

dispatching. OTcl is used for periodic or triggered events
The following is written and compiled with C++

Events Scheduler
NAM- The Network Animator
Xgraph- For plotting

Pre Processing- Traffic & Topology generator

o ~ w0 e

Post Processing- Simple Trace Analysis often used TCL and Pearl
1.3.6 CHARACTERISTICS
NS-2 implements the following features

1. Router queue Management Techniques Drop Tail, RED, CBQ,

2. Multicasting

3. Simulation of wireless networks

4. Developed by Sun Microsystem + UC Berkeley (Daedalus project)

5. Terrestrial (Cellular, Ad-hoc, GPRS, WLAN, BLUETOOTH), Satellite

1.3.7 NAM (Network Animator)

NAM provides a visual interpretation of the network topology created. The application was

developed as part of the VINT project. Its feature is as follows.

e Provides a visual interpretation of the network created

e Can be executed directly from a Tcl script
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e Controls include play; stop fast forward, rewind, pause, a display speed controller button

and a packet monitor facility.

e Presented information such as throughput, number packets on each link

Stop animation Fast forward by 25#+5tep seconds

Play animation backwards Churrent animation time

Change the "Step” parameter
B ewind by 25+5tep secondsx\ i
44 | -|'m
S0Cm in -——________h_ o
@
Zoomm out @
Animation area
= T
Diag slider toa specific —— WemmER ; | | |
point in time Auto layout: Ca I A5 Cr Il] rﬁ Iterations |1 IZIII | Fun auto layout

Attractve force for layont model Number of iteraticms for layoat
E.epulsive foree for layout model

1.3.8 X Graph
X- Graph is an X-Window application that includes:

Interactive plotting and graphing Animated and derivatives, to use Graph in NS-2 the
executable can be called within a TCL script. This will then load a graph displaying the
information visually displaying the information of the file produced from the simulation. The
output is a graph of size 800 x 400 displaying information on the traffic flow and time.

1.3.9 Simulation tool

NS2 are often growing to include new protocols. LANs need to be updated for new
wired/wireless support. ns are an object oriented simulator, written in C++, with an OTcl
interpreter as a front-end. The simulator supports a class hierarchy in C++ and a similar class

hierarchy within the OTcl interpreter (also called the interpreted hierarchy). The two hierarchies

13
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are closely related to each other; from the user’s perspective, there is a one-to-one

correspondence between classes in the interpreted.

2 Basic Linux and Ns2
2.1 Linux Commands

cd : change directory
B Syntax: cd directoryname

Is : list the files in current directory
B Syntax: Is

rm : Remove a file from directory
B Syntax: rm filename

cp : Copying file from one directory to another
B Syntax: cp filename directoryname

pwd: For checking current directory
B Syntax: pwd

ps: For viewing currently running processes on system
B Syntax: ps

kill: For killing a process
B Syntax: kill processid

cat: For viewing file contents on terminal
B Syntax: cat filename

clear: clear the contents on terminal
B Syntax: clear

gcc: For compliling ¢ and c++ programs.

B Syntax: gcc programname.c
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gedit: Create and open the file in text editor.
B Syntax: gedit filename
> For running object file.
B Syntax: ./ objectfilename
2.2 Simulation System Architecture

NS-2 Shell Simulation Results Trace files

(.tr)

-------- Oftcl : TCL Interpreter with ——

e |:> OO Extension |:> dzzzzzz—- |:> ::::::

Otcl Script
NS Simulator Library

Animation
File (.nam)

2.3 Installation of NS-2
2.3.1 Installation on Linux
Copy ns-allinone-2.34.tar_1.gz into /usr/local folder
Extract ns-allinone-2.34.tar_1.gz, you will get ns-allinone-2.34.tar_1.
Extract ns-allinone-2.34.tar_1, you will get ns-allinone-2.34 folder.
Go to ns-allinone-2.34 folder and say — ( ./install).
Go to ns-2.34 folder,
Do (./configure)
Do make all.
Do make install.

2.3.2 Bash file setting (option 2)
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Open Terminal

Type on terminal following command

gedit ~/.bashrc

Add the TCL library, LD library and ns library path in .bashrc file.

Save the changes

Type on terminal following comand

source ~/.bashrc

2.4 NS-2 Directory Structure

T

ns-allinone

Tcl8.0

TK8.0

OTdl

tclcl

ex

examples

validation tests

tcl

lib

ns-2

nam-1

C++ code

mcast

16
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3 Scenarios

3.1 First Simulation Scenario

NULL

1 Mb, 10ms

Simulation Script
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#Create a simmlator object
==t n: [new Simulatos]
#0pen the nam trace file
==t of [opan 1. mam w]
$n:s namtrace-all Snof
#0pen the event trace file
==t nfl [opan =1 trw]
$ns traca-gll $nfl
ZDefinea 'finish' proced ure
procfinizh { }
{
global ns of
&nz fluzh-trace
#(Cloz= tha nam tracs fila
closa 3of
#Close the event trace file
closa Fofl
FExecute mam
enaC nam 31 nem &
axit
!
# Create two nodes
2=t o) [3nz noda]
zatnl [Fm: noda]
#Create a duplex link between the nodes
$nz duplex-link $nd $nl 1Mb 10ms DropTail

18



%Createa UDP agent

zat udpd) [pew Agant TUDP]

#Attach udp agent to nodend

$n= attach-amant $0d Judpd

# Create 2 CBR traffic source and attach it to ndpl

zat cbal [pew Application Traffic'CEF.]

$cbrl zat packetSiza 500

$cbrl zat interval 00035

$cbr0 attach-amant Judpd

#Create 8 Null agent (a traffic sink) and attach it to nodenl
zat pulld [pew Agent THull]

$ns attach-azent $nl Joulld

2Connect the traffic source with the traffic sinl

$ns conmect Fudpd Soulld

#5chedule events for the CEF. agent

$ns at 0.5 "3cbol start”

$ns at 4.5 “5cbel stop”

#Call the fimish procedure after § seconds of simmlation time
$ns at 5.0 “findsh™

ZRun the simmlation

o= um
Save the simulation script in specific folder.
Open the terminal and go up to specific folder.
Run the simulation script,
ns: command to run simulation script.
Syntax: ns filename.tcl
e.g. ns First_script_wired.tcl
Run the nam file,
nam: command to run animation file
Syntax: nam filename.nam

e.g. nam sl.nam

3.1.1 Flow of Simulation (NS-Node)
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Port
Classifier

Port
Classifier

entry_

3.1.2 Flow of Simulation (Network Topology — Link)

nl entry_

head

engT_  —* queve_

—

deqT_

|

revl
-

link_ Hi_

¥

drophead_

—»

drpT_

3.1.3 Flow of Simulation (Routing)
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LinknO-n1 > dmux
enftry_
Link n1-nQ
3.1.4 Flow of Simulation (Transport)
T e e
i nO | i nl |
Y, !

. _~"Port
! /" Classifier

1 '
,:.f"fAddr 0 Agent /TCPSin

_~"Port

} e g Classifie_ll'_l__._,..--
7/ Addr 0
I/ N 3 e e =
ClCISSIfI?L_, P f ClGSSIfI?I_l_.__..- - agents_ |
() O o> b LinknO-nT ( dmux_ ,|
ent "Y_-_"'-. b — ..-'I entry_ | lo _.-'I
c |O$SI']CI'EI: / c Iossifier: ‘,/
Linkn1-n0

set tcp [new Agent /TCP]
$ns attach-agent $n0 $tcp

3.1.5 Flow of Simulation (Application)
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T
/ N\ / A
4 nO o 1 nl I\,
B _L _\:\ /}f’ \\‘ B —."'—\l.i____ /‘,-' %
I Tl T=<
."/ ,',./""fﬁ;;r N [/ //""Fﬁo_;t
/ ;’/’ Classifier |' ;’/f Classifier -
| » ‘
| , Addr d Agem TCP/ [ 7/ Addr rd
= ! . > i )
\ ClGSSIfIEI/‘ agents_ | \ / ClCISSIfI?_I___.__.. - )
( j dmx > L LinknO-n () dmux_ !
entry_ 1 ‘ ,-" emry_\—i @ J-'I
‘classifier, ;/ qlossme-l.““ ;.f
. V4 ™ /
\\H-.. P o " ~ . ,-"/
Link n1-nQO
set ftp [new Application /FTP]
$tcp attach-agent $ftp
3.1.6 Flow of Simulation (Packet Flow)
AT, AT
4 A / A
{ nO T 1 nl I
/o R f.."' !

A\
", %—\-_.. ____EH._./ “\‘
-/’- *- /' by
;P : l ot
L Clossifiell'__._

|'I / ClGSSIfIE“I . dst_=1 0 L /
o Addl 0 f,v(xﬂ_____A_genT._a' TC_P__ A I| o Addl :___ , ___ k>
T "ClCISSIfIE'I !' T\

{Classifier . i
I */\-[ - | —‘-_.' Link nO-n1 - ! |
ﬂ_l,.. ‘ — | entry_ —".. Q‘i I,"I

I I O e O Ry e B B B B

3.2 Second Simulation Scenario
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FTP —> TCP TCPSink

2 Mb, 10ms

2 Mb, 10ms 0.5 Mb, 30ms

CBR —— UDP

3.2.1 Simulation Script 2

# Create Simulator Object
52t 05 [new Simulatar)
EDefine different colors for data flows (for NAM)
3mns colar 1 Blus
3ns colar 2 Bad
20pen the Event trace files
st filel [open outtr w)
3ms trace-all §filel
#0pen the NAM trace file
szt file? [open outnam w)
ns namtrace-all §ile2
EDefine a "finish’ procedure
proc finish {} {
glabal ns filel filsd
$ns flush-trace
clasz Jflel
clase 3l
EXEC N3m antnam &
exitd }
#Create six nodes
s=tnl [3ns nads]
setml [Jns nods]
set 02 [Jns node]
52t 03 [3ns nods]
52t 04 [3ns nods]
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52t 05 [3ns nods]
#Lahbel to the node nl and node nl
3ns 2t 0.1 "§nl label "CBRM
3ns at 1.0 300 label “FIET
#Create links between the nodes
305 duplex-link $nd §n2 2Mb 10ms Drop Tl
3ns duplex-link3nl $n2 2Nk 10ms Dirop Tl
305 simplex-lnk 3n2 303 0 3N 100ms DropTail
$ns simplex-link 3n3 302 0 30 100ms DropTail
$ns duplex-linkIn3 $od 0 SAIb20ms DropTail
$ns duplex-link 3n3 $n5 0 3AMb 30ms DropTail
2Give node position {for NAM)
3o duplex-link-op 300 302 orient right-down
035 duplex-link-op 3nl 302 orient rishtnp
303 simplex-link-op 302 303 orient right
303 simplex-link-op 303 302 arient l=ft
303 duplex-link-op 303 S04 orient rishtup
3ns duplex-link-op 303 303 arient right-dovan
#5et Quene Size of link (n2-n3) to 40
$ns quenslimitinl §o3 40
25¢tup a TCF connection

52t top [mew Agent TCF)

ns attach-agent 300 Jop

set sink [new Agent TCPRink])

3ns attach-zz=nt $n4 Jsink

24



Jns connect Jtop §sink
Stepsetfid_1
§top set window_ 8000
$icp 52t packetlize 352
#5etup a FTF over TCF connection
set fip [new Application FTF]
ifip antach-azznt 3ucp
ifip settype_ FIP
£5etup a UDF connection
52t udp [mew Azent TDE)
303 attach-zz=nt $nl Judp
5=t noll [new AgentNull)
3ns attzch-zz=nt 305 ool
§ns connact Judp Jml
$udp s=tfid_2
25etup a CBR over UDF connection
st cbt [new Application TrafficCER)
§cbr attach-zz=nt Judp
Jchrsettype CBR
Jchr set packst_size_ 1000
Jchrsetmate 0.01mb
Jchrset mndom_ false
2 Scheduling the event
3ms 2t 0] "Jobr stant”
3ms 2t 1.0 "3 fip sEn”

3ns at §24.0 "$fipswop”

3ns at 624 5 "Jcby stop™

2 Trace Congestion Window and RTT
et fila [open comd_sittr w)

$tcp attach 3file

$tcp trace comd _

$tep tracentr_

£ Call finish procedure

$ns 2t §25.0 “fnish”™

2 Run the simulation

303 mn

3.3 Node Orientation

Up

Left-Up Right-Up

Left - - Right

Left-Down Right-Down

Down
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3.4 Node Commands

$ns node [ <hier_addr_>]

$ns node-config -<config-parameters> <optional-val>

$node id

$node node-addr

$node reset

$node agent <port_num>

$node entry

$node attach <agent>

$node detach <agent>

$node neighbors

$node add-neighbor <neighbor_node>

$node add-route <destination_id> <target>

$node alloc-port <null_agent>

$node incr-rgtable-size

More Node Commands

Check ~ns-2.34/tcl/lib/ns-node.tcl and ~tcl/lib/ns-mobilenode.tcl
3.5 Link Commands

$ns simplex-link <nodel> <node2> <bw> <delay> <qtype> <args>

$ns duplex-link <nodel> <node2> <bw> <delay> <qtype> args>

$ns simplex-link-op <n1> <n2> <op> <args>

$ns duplex-link-op <n1> <n2> <p> <args>

$ns lossmodel <lossobj> <from> <to>

$link head

$link link
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$link add-to-head <connector>
$link queue

$link cost <c>

$link cost?

$link if-lable?

$link up

$link down

$link up?

$link all-connectors <op>
More Node Commands

Check ~ns-2.34/tcl/lib (ns-lib.tcl,ns-link.tcl, ns-intserv.tcl, ns-namsupp.tcl, ns-queue.tcl)
and ~tcl/mcast (McastMonitor.tcl, ns-mcast.tcl), ~ns-2.34/tcl/session/session.tcl

3.6 Simulator Commands
set ns [new Simulator]
set now [$ns now]
$ns halt
$ns run
$ns at <time> <event>
$ns cancel <event>
$ns flush-trace
$ns use - scheduler <type>
$ns after <delay> <event>
$ns clearMemTrace
$ns is-started

$ns dumpq
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More functions

Check ~ns-2.34/tcl/lib/ns-lib.tcl, ~ns-2.34/commnon/scheduler.{cc,h} and ~ns-
2.34/heap.h

3.7 Trace Related Commands
$ns trace-all <trace-file>
$ns namtrace-all <namtracefile>
$ns namtrace-all-wireless <namtracefile> <X> <Y>
$ns nam-end-wireless <stoptime>
$ns flush-trace
$ns create-trace <type> <file> <src> <dst> <optional:op>
$ns trace-queue <nl1> <n2> <optional : file>
$ns namtrace-queue <nl1> <n2> <optional : file>
$ns drop-trace <nl1> <n2> <trace>
$ns monitor-queue <nl> <n2> <gtrace> <optional : sampleinterval>
$link trace-dynamics <ns> <fileID>
More Functions,

Check ~ns-2.34/trace.{cc,h}, ~ns-2.34/tcl/lib/ns-trace.tcl, ~ns/queue-monitor.
{cc,h}, ~ns-2.34/tcl/ns-link.tcl, ~ns-2.34/packet.h, ~ns-2.34/flowmon.cc and ~ns-
2.34/classifier-hash.cc

3.8 NAM Commands
$ns color <color-id>
$ns trace-annotate <annotation>

$ns set-animation-rate <timestep>
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3.9 Third Simulation Scenario

FTP
TCPSink
02 Mb, ]OmsO 0.5 Mb, 30ms
2 Mb, 10ms O
TCP 0.5 Mb, 40ms
O’.S Mb, ]00( :
2 Mb, 10ms 0.5 Mb, 30ms
2 Mb, 10ms 0.5 Mb, 30ms
Null

CBR
3.9.1 Simulation Script 3

# Create Simulator Object
zetns [new Smmulator]
#Define different colours for data flows (for NAM)
Sns color 1 Blue
Sns color 2Red
#Open the Event trace files
setfilel [open outtr w)
Snz trace-all Sfilal
#Open the NAM trace file
setfil= [open cutnam w]
Snz namtrace-all $file?
#Define a 'finish' procedure
proc finish {} {
global ns filel file2
Snz fluzh-trace
close Sfilel
cloze $fila?
exec nam outnam &
emit0 }
#Create ten nodes
zetn( [Sns node]
zatnl [5ns nods]

zetnl [Sns node]
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zatn3 [5ns nods]

zetnd [Snz node]

zetnd [5ns nods]

zat nf [3ns nods]

zetn’ [Snz node]

zetnfd [5ns nods]

zetn® [Snz node]
#Labelto thenoden] and noden
Snsat).1 "3nllabel \"CER™
Sns 2t 1.0 "Sn0label VFTPV™
#Create links between the nodes
Sns duplex-link Snl nl 204k 10ms DropTail
Sns duplex-limk Sn2 Sn3 20k 10ms DropTail
Sns duplex-lmk Snl $nd 20k 10ms DropTal
Sns duplex-link 5n3 Snd 2Mb 10ms DropTail
Sns simplex-lmk Snd $n3 0. 3Mb 100ms DropTail
Snz simplex-link 503 S04 0.30b 100ms DropTail
Sns duplex-link $n3 06 0.3Mb 40ms DropTail
Sns duplex-link Sné 508 0.30b 40ms DropTail
Sns duplex-lmk 5n3 Sn7 030k 30ms DropTail
Sns duplex-lmk Sn7 509 0.5Mb 30ms DropTail
#Set Quene Size of link (nd-n5) to 10
Sns quene-limit $nd Sn3 10
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#Setup a TCP connection
settep [new AgentTCP]
Sns attach-agent Snl Step
setsink [new Agent TCPSmk]
Sns attach-zgent Sn8 Ssink
Sns connect Step Ssink
Stepsetfid 1
Stcp set window_ S000
Step set packetSize 332
#Setup a FTP over TCP connection
setfip [new ApplicationFTP]
Sfip attach-agent Step
Sfipset type FTP
#Setup a UDP connection
setudp [new AgentTDP]
Sns attach-zgent Sn2 Sudp
setnull [new AgentThull]
Sns attach-zzent Sn® Snull
Sns comnect Sudp Snull
Sudp zet fid_ 2
#Setup a CBR over UDP connection
setchr [new Application Traffic CER]
Schr attach-zgent Sudp
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Scbr set type_ CBE.
Scbr set packet size 1000
Schrset rate 0.0Imb
Schr set random  fzlze
# Scheduling the event
Snsat 0.1 "Schr start”
Snsat 1.0 "Sfip start”
Sns a2t 624.0 "Sfip stop”
Sns at 624.5 "Scbr stop™
#Trace Congestion Window and RTT
setfile [open cwnd_rittr w]
Step attach Sfile
Step trace cwnd
Stop trace it
#Call finish procedure
Sns 2t 623.0 “fmish™
#Run the simulation

Sns rum

3.10 Wired file format

- from| to | pkt pkt - src | dat | seq | pkt
event | time [ L -5: | node type | size flags|£fid addr | addr | ma | i
r @ receive (at to node)
+ : engueus [at queus) src addr node.port [(3.0)
- : dequeus [at dqueus] dst addr node.port (0.0)

d : drop (at queus]
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- 106 O 2 tcp 0.0 3.0 2 124

1040 ----- 1

r 1.07 1 2 cbr 1000 ------ 2 1.0 il 120 122
I 1.07 2 3 cbr 1000  ------ 2 1.0 Sl 120 122
d 1.07 2 3 cbr 1000  ------ 2 1.0 3.1 120 122
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4 WIRELESS NETWORK PROGRAMS

4.1 SIMULATION PROGRAM FOR LAN NETWORK

setns [new Simulator]

#Define different colors for data flows (for NAM)
$ns color 1 Blue
fnscolor2 Bed

#0pen the Trace files

set filel [open out trw]

set winfile [open WinFile w]
Instrace-all 3filel

#0pen the NAM trace file
set file2 [open out.nam w]
$nsnamtrace-all $file2

#Define a 'finish' procedure
proc finish {} {

globalns filel file2

Sns flush-trace

close $filel

close $file?

execnam outnamde

exit 0

}

#Create six nodes
setnl [Snsnode]
setnl [Snsnode]
setnl [Snsnode]
setn3 [nsnode]
setnd [fnsnode]
setnd [fnsnode]

$nl colorred
fnl shapebox
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#Create links between the nodes

fns duplex-link $n0 $n2 2Mb 10ms Drop Tail

fns duplex-link $nl $n2 20Mb 10ms Drop Tail

fns simplex-link 3n2 $n3 0 3Mb 100ms Drop Tail
Sns simplex-link 3n3 $n2 0.30Mb 100ms DropTail

setlan [3nsnewlan "3n3 5nd n3" 0.3Mb 40ms LL Cueue/Drop Tail
MAC/Csma/'Cd Charmel]

# %ns duplex-link $n3 $n4 0.3Mb 40ms Drop Tail
# %ns duplex-link $n3 $n3 0.3Mb 30ms Drop Tail

#Give node position (for NAM)

# 5ns duplex-link-op 500 $n2 onent nght-down
# %ns duplex-link-op 3nl $n2 orent right-up

# %ns simplex-hinlc-op $n2 3n3 onent nght

# Sns simplex-linlc-op $n3 3n? onentle ft

# %ns duplex-link-op $n3 $n4 onent ight-up

# ns duplex-link-op $n3 $n3 onent ight-down

#5et Queue Size of link (n2-n3) to 10
fns queue-limit 3n2 $n3 10

#5etup a TCP connection

set tep [new Agent/ TCP/ Newreno]

$ns attach-agent Sn0 Stop

set sink [new Agent/ TCPSink DelAck]
fns attach-agent $n4d sink

fns connect $tep Ssmk

Stepsetfid 1

Step setwindow 2000

Step set packetSize 532
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#53etupa FTP over TCP connection
set fip [new Application/FTP]

Sftp attach-agent Step

Sftp zettype FIP

#3etup a UDP connection
setudp [new Agent TDP)
%ns attach-agent 3nl Sudp
setnull [new Agent/Mull]
Sns attach-agent $n3 Snull
Sns connect Sudp $null
Sudpsetfid 2

#5etupa CBR over UDP connection
set chr [new Application/Tra ffic/CEER]
Schrattach-agent $udp

Schrsettype CEBR

Schrsetpacket size 1000
Schrsetrate 0.01mb
Schrsetrandom_ false

Snsat0.] "Scbrstart"
Snsat1.0 "%fip start"
Snsat124.0"%ftp stop”
Snsat124.3 "Schrstop”

Enext procedure gets two arguments: the name ofthe
Ztep sowrcenode, will be calledhere "tep”,
# andthe name ofoutput file.

proc plotWindew {tepSource file} |
globalns

settime 0.1

set now [$ns now]

set cond [$tep Source set cwnd ]
setwnd [$tepSource set window ]
puts 3file "$now Scwnd"

Sns at [expr SnowStime] "plotWindow Step Source 5file" §

Snsat0.] "plotWindow $tep Swinfile"

Snsat 3 "Snstrace-annotate \"packet drop

=PFP

Snsat 123.0 "finish"

Sn=nn
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4.2 UNICAST PROGRAM

setns [new Simulator]

#Define different colors for data flows (for NAM)
%nscolor 1 Blue
Snscolor 2 Red

#0pen the Trace file
set filel [openunicastDV trw]
Snstrace-all $filel

#0pen the NAM trace file
zet file2 [openunicastDV nam w]
Snsnamtrace-all 3file2

#Define a 'finish’ procedure
proc fimsh {} {
globalns filel file2
Sns flush-trace
cloze 3filel
cloze 3file?
execnamunicastDV.nam &
exit 0

¥

#MNextline should be conumented outto have the static routing
Snsrtproto DV

#Create six nodes
setnl [3nsnode]
setnl [3nsnode]
setnd [Snznode]
zetn3 [Snsnode]
zetnd [Snsnode]
zetnd [fnsnode]
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#Create links between the nodes

Sns duplex-link $n0 $nl 0.3Mb 10ms DropTail
Sns duplex-link $nl $n2 0.3Mb 10ms DropTail
$ns= duplex-link $n2 $n3 0.3Mb 10ms Drop Tail
$ns duplex-link $nl $nd 0.3Mb 10ms Drop Tail
$ns= duplex-link $n3 $n3 0.3Mb 10ms Drop Tail
$ns duplex-link $n4 $n3 0.5Mb 10ms DropTail

#Give node position (for NAM)

$ns duplex-link-op $n0 $nl orent right
$ns duplex-link-op $nl $n? orent right
$ns duplex-link-op $n2 $n3 cdentup

Sns duplex-link-op $nl $nd cdentup-left
Sns duplex-link-op $n3 $n3 orent left-up
$ns duplex-link-op $n4d $n3 orent ight-up

#5etupa TCP connection

set tep [new Agent/ TCP/ MNewreno]
$ns attach-agert $nl Stop

set sink [new Agent/ TCPSink DelAck]
$ns= attach-agert $n3 Ssink

$ns connect $tep $sink

Stepsetfid 1

#S5etupa FTP over TCP connection
set fip [new Application/FTP]

§ftp attach-agent Step

Sftp settype FIP

Snzrtmodel-at 1.0 down $nl Snd
$nzrtmodel-at 4.3 up $nl $nd
Snzat0.1 "$ftp start"

ins at 6.0 "finish"
OUTPUT
} /N
o]
OO O
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I
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4.3 MULTICAST PROGRAM 1

set ns [new Simulator]
$ns multicast

set f [open out.tr w]
$ns trace-all §f
$ns namtrace-all [open out nam w]

$ns color 1 red

# the nam colors for the prune packets
$ns color 30 purple

# the nam colors for the graft packets
$ns color 31 green

# allocate a multicast address:
set group [Node allocaddr]

# nod is the number of nodes
setnod 6

# create multicast capable nodes;
for {setil} {%i <=%nod} {incri} {
set n($1) [$ns node]

}

#Create links between the nodes

¢ns duplex-link $n(1) $n(2) 0.3Mb 10ms DropTail
¢ns duplex-link $n(2) $n(3) 0.3Mb 10ms DropTail
¢ns duplex-link $n(2) $n(4) 0.3Mb 10ms DropTail
¢ns duplex-link $n(2) $n(5) 0.3Mb 10ms DropTail
¢ns duplex-link $n(3) $n(4) 0.3Mb 10ms DropTail
¢ns duplex-link $n(4) $n(5) 0.5Mb 10ms DropTail
¢ns duplex-link $n(4) $n(6) 0.5Mb 10ms DropTail
$ns duplex-link $n(5) $n(6) 0.5Mb 10ms DropTail

41



# configure multicast protocol:
set mproto DM

# all nodes will contain multicast protocol agents;

set mrthandle [$ns mrtproto $mproto]

set udpl [new Agent UDP]
set udp? [new Agent UDP]

$ns attach-agent $n(1) $udp1
$ns attach-agent $n(2) $udp?

set srcl [new Application Traffic/CBR]
$srcl attach-agent $udpl

$udpl setdst_addr $group

$udpl setdst port 0

$srcl set random_ false

set srcl [new Application Traffic/CBR]
§src? attach-agent $udp?

fudp? set dst_addr $group

$udp? set dst_port_ 1

$sre2 set random_ false

# create receiver agents
set revr [new AgentLossMonitor]

# joining and leaving the group:

$ns at 0.6 "$n(3) join-group $revr $group”
$ns at 1.3 "$n(4) join-group $revr $group”
$ns at 1.6 "$n(3) join-group $revr $group”
$ns at 1.9 "$n(4) leave-group $rcvr $group”
$ns at 2.3 "$n(6) join-group $revr $group”

$ns at 3.5 "$n(3) leave-group $rovr $group”

$nsat 0.4 "$srcl start”
$ns at 2.0 "$src2 start”

%ns at 4.0 "finish"

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

3

%ns run
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4.4 MULTICAST PROGRAM 2

set ns [new Simulator]
$ns multicast

set f [open out.tr w]
$ns trace-all $f
$ns namtrace-all [open out.nam w]

$ns color 1 red

# the nam colors for the prune packets
$ns color 30 purple

# the nam colors for the graft packets
$ns color 31 green

# allocate a multicast address;
set group [Node allocaddr]

#nod is the number of nodes
setnod 6

# create multicast capable nodes;
for {setil} {%i<=%nod} {incri} {
set n($1) [$ns node]

}

#Create links between the nodes

$ns duplex-link $n(1) $n(2) 0.3Mb 10ms DropTail
$ns duplex-link $n(2) $n(3) 0.3Mb 10ms DropTail
$ns duplex-link $n(2) $n(4) 0.5Mb 10ms DropTail
$ns duplex-link $n(2) $n(3) 0.3Mb 10ms DropTail
$ns duplex-link $n(3) $n(4) 0.3Mb 10ms DropTail
$ns duplex-link $n(4) $n(3) 0.5Mb 10ms DropTail
$ns duplex-link $n(4) $n(6) 0.3Mb 10ms DropTail
$ns duplex-link $n(3) $n(6) 0.3Mb 10ms DropTail
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# configure multicast protocol;
DM set CacheMlissMode dvmrp
set mproto DM

# all nodes will contain multicast protocol agents;
set mrthandle [$ns mriproto $mproto]

set udpl [new AgentUDP]
set udp? [new AgentUDP)

$ns attach-agent $n(1) $udp1
$ns attach-agent $n(2) $udp?

set srel [new Application Traffic/'CBR]
$srcl attach-agent $udpl

$udpl setdst_addr $group

$udpl setdst port 0

$srcl set random  false

set sre? [new Application Traffic/CBR]
$src2 attach-agent $udp2

$udp? set dst_addr $group

$udp? set dst_port_ 1

$src2 set random_ false

# create recelver agents
set revr [new AgentLosshonitor]

# joining and leaving the group;

$ns at 0.6 "$n(3) join-group $rcvr $group”
$ns at 1.3 "$n(4) join-group $rcvr $group”
$nsat 1.6 "$n(3) join-group $rcve $group”
$ns at 1.9 "$n(4) leave-group $rovr $group”

$ns at 2.3 "$n(6) join-group $revr $group”
$ns at 3.5 "$n(3) leave-group $rovr $group”

$ns at 0.4 "$srcl start”
$ns at 2.0 "$src2 start”

$ns at 4.0 "finish"

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

3

$ns nm
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4.5 Mobile/Wireless Node Structure

q Classifier-Forwarding

' Agent: Protocol Entity

® Node Entry
I LL:Link layer object
. IFQ:Interface queue

B MACMac object
B PHY-Net interface
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4.6 WIRELESS PROGRAM 1

£ Define options

set val({chan) Channel WirelessCharmel ;# channel type

set val{prop) Propagation/ TwoPRayGroumd ;#radic-propagation
set val{netif) Phy/WirelessPhy ;% network nterface
setval{mac) Mac/802_11 = MACtype

set val(ifg) Cusue/ Drop Tall PriCuene % interface gqueue
set val(ll) LL #hnk layertype

set val(ant) Antenna/OnmiAntenna ;% antennamodel
set val{ifglen) 50 #max packetinifg
setval{nmn) 20 Fmumberofnodes
setval{mp) AODV ;% routing protocol
setval{x) 300 =X dimension
setval(y) 400 =Y dimension

set val(stop) 110 ;= simulation end
setns [new Simulator]

settracefd [openwirelesstr w]
setnamtrace  [openwireless namw]

Snstrace-all 3tracefd
fnsnamtrace-all-wireless Snamtrace $val{x) Sval(v)

#setup topography object
settopo  [new Topography]

Stopoload flatgnd Sval{x) Sval(v)

create-god $val(nmn)

Create nnmobilencdes [$wal{nn)] and attach themto the charmel.

£ configure the nodes
fns node-config -adhocPouting Sval{ip)
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I Type Svalll)
-macType $val{mac)
-AifgType Sval(ifg)
-ifglen $val{ifglen)
-ant Type Sval{ant)
-prop Type Sval(prop)
phy Type Sval{netif)
-channel Type Sval{charn)
topolnstance Stopo
-agentTrace OFF
router Trace OFF
macTrace ON
-movement Trace ON

for {seti 0} {31 < Svalinn) } {meri } {
setnode (31) [3nsnode]

}

= Provide mihal location of nodes
fnode (0setX 3.0

OyzetY 3.0

OyzetZ 0.0

1ysetX 4900

1jsetY 28350

Snode
Snode
Snode
Snode
Snode
Snode
Snode
Snode

DyzetX_ 1500
Dyzet¥_ 2400
NzetZ 0.0

_
A\
A
A
(1)setZ_0.0
_E
_
Al

# Generation of movements

fnsat10.0"Snode (0)setdest 2530.0230.03 0"
fnsat13.0"Snode (1)setdest435.028503.0"
fnsat110.0"$node (0)setdest420.0 3000 5.0"
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#3eta TCP connection betweennode (0)andnode (1)

setudp [new Agent UDP]

set sink [hew Agent/Tull]
fnsattach-agent 3node () 3udp
fnsattach-agent 3node (1) 3zink

Sns connect Sudp $sink

set cbr [new Application/Traffic/CER]
Scbrattach-agent 3udp
Schrsetinterval 1

Schrsetmaxpkts 100

fnsat10.0 "Schrstant”

# Define node initial positionin nam
for {seti 0} {%i < Swval{nn)} { incri } {
# 30 definesthe node size fornam
fnsinitial node pos%node (31)30

# Telling nodes when the simulation ends
for {seti 0} {31 < Svaliin) } { necri } {
%nsat 3val(stop) "$node (3i)reset";

}

# ending nam and the sirmmulation
$ns at $val(stop) "Sns nam-end-wireless Sval(stop)"
fns at Sval(stop) "stop"
fnsat110.01 "puts'"end simulation." ; $ns halt"
procstop {1 {

globalns tracefd namtrace

$ns flush-trace

close Stracefd

close Snamtrace

}

Sn=nn
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4.7 WSN PROGRAM - 802.11

set val{chan) Channel™WirelessChannel ;= channeltype

set val{prop) Propagation/ TwoPRay Ground ;# radio-propagation
set val(netif) Phy/ WirelessPhy #network interface
set val{mac) Mac/202_11 #=MAC type

set val(ifg) Cueue/Drop Tall PnCuene  ;Zinterface queuetype
set val{ll) LL = link layer type

set val{ant) Antenna/OmmiAntenna ;# antenna model

set val{ifglen) 100 = maxpacketinifg
set val(nn) 20 Fnumberofnodes
set val{rp) AQODV % protocoltype

set val(x) 30 =X dimension

set val(v) 30 =Y dimension

set val(stop) 300 #simulation period
set val{energymodel) Energyhiodel % Energy Model

set val{imitialenergyy 100 = value

setns [new Simulator]

settracefd [opensim 202 11 trw]

setnamtrace  [opensim 20211 namw]
fnsuse-newtrace
Snstrace-all $tracefd
fnsnamitrace-all-wireless Snamtrace $val{x) Sval(v)
# et up topography object
settopo  [new Topography]
Stopoload flatgrid $wal{x) 3val(v)
create-god Sval{nn)
# configure the nodes
fnsnode-config-adhocFouting $val{mp)
AType Sval(lly

-macType $val{mac)

AifgType $val{ifg)

-ifgLen $val(ifglen)

-antType Sval{ant)

-prop Type Sval{prop)

-phy Type $val(netif)
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-channel [new Sval{chan)]
topolnstance Stopo
-agentTrace OFF
routerTrace OFF
-macTrace ON
-moverment Trace OFF
-energyhiodel $val{energymodel)
AnitialEnergy $val{imitialenergy)
rcPower 33 28e-3
txPower 31 32e-3
AdlePower 712e-6
-sleepPower 14420
for {seti 0} {31 < Svalfnn)} {incri} {
set mnode (31) [3ns node]
¥
for {seti 1} {31 < Svaljnn)} {incri} {
Smnode (31)setX [ expr {$valix)* rand{)} ]
Smnode (31)setY [ expr {$valiv)* rand{)} ]
Smnode (31)setZ O

# Position of Sink

fmnode (0)setX [ expr {$wval(x)/

Smnode (0)setY [ expr {Svalm)

Smnode (0)zetZ_ 0.0

$mmnode_(0)label "Sink"

for {seti 0} {31 < Sval{nn)} { neri } {
Snsinitial node posSmnode (31) 10

2
2

3]
3]

#8etup a UDP connection

for {seti1} {31 < %valjnn)} {mecri } {
set udp(31) [new Agent TDP]
fnsattach-agent Smmnode (31) Sudp(31)

set sink [new Agent/MNull]
$ns attach-agent Smnode (0 $sink
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for {seti 1} {3i <3val{nn)} {imcri} {
Sns connect Sudp(51) Ssmk

#8etup a CBR over UDP connection

for {seti 1} {31 < Sval{nn)} {incri} {
set cbr(51) [new Application/Traffic/CBER]
Schr(31) attach-agent Sudp(3i)

Schr(31) settype_ CER

Scbr3i) setpacket _size 100

Scbr%1) setmaxpkts 100

Z3chr(31) set rate 0.1Mb

Scbr(31) setinterval 1

Schr(31) setrandom_ false

¥
for {seti 1} {3i <3val{nn)} {imcri} {
Snsat [expr {31 + 5}] "Scbr31) start"

¥
for {seti 1} {31 < Svalfnn)} {ineri} {
Sns at [expr $val(stop)- 51] "Scbr(31) stop"”

# Telling nodes when the simulation ends
for {seti 0} {31 <3val{nn)} {incri} {
fns at $val{stop) "Smnode (5i)reset;"
¥
# ending nam and the simulation
Snsat $val(stop) "$nsnam-end-wireless $val{stop)"
%nsat Sval(stop) "stop"
Snsat [expr $val(stop)+ 0.01] "puts \"end simulation'"; $nshalt"
procstop {1 4
global ns tracefd namtrace
$ns flush-trace
close Stracefd
close 3namtrace

¥

fnzmn
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4.8 WSN PROGRAM - 802.15.4

set val{chamn) ChannelWirelessChamel ;= channeltype
setval{prop) PropagationTwoRayGround ;Zradio-propagation
set val{netif) Phy/WirelessPhy /802 13 4 #Znetwork mterface
setwval{mac) Mac/802_13 4 #=MAC type
setval{ifg) Cuene DropTall PriCueue = mterface queue type
setval{ll) LL #link layertype
setval{ant) Antenna/OnriAnterma ;# anternamodel
setval(ifgleny 100 Fmaxpacketinifg
setval{nmn) 100 # numberofnodes
setwal{rp) AODV #protocoltype
setwal{x) 50 # X dimension
setwal(yv) 50 =Y dimension
setval(stop) 300 ;# simulation period
set val{energymodel) EnergyModel ;% Energy Model

set val{initialenergy) 100 Fwvalue

setns [new Simulator]

settracefd [opensim 202 15 dtrw]

setnamtrace  [opensim 202 15 4namw]
Snsuse-newtrace
Snstrace-all $tracefd
Snsnamtrace-all-wireless Snamtrace $val{x) Sval(v)
#set up topography object
settopo  [new Topography]
Stopoload flatgrid Sval(x) Sval(v)
create-god Sval{nn)
# configure the nodes
S$nsnode-config-adhocPRouting Sval(rp)

A Type Svalll)

-macType $val{mac)

Afg Type Sval(ifg)

-Afglen $wal{ifglen)

-antType $val(ant)

-prop Type Sval{prop)

-phy Type Sval{netf)

-channel [new $val{chan)]
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topolnstance Stopo
-agentTrace OFF
routerTrace OFF
-macTrace ON
-movementTrace OFF
-energyhModel Sval{energyimodel)
-initialEnergy $val{initialenergy)
- Power 33e-3
txPower3le-3
AdlePower 31e-3
-sleepPower 130

for {seti 0} {31< $valjnn)} {ineri } {

setmnode (51) [$nsnode]
¥

for {seti 1} {5i< 3valinn)} {incri} {
Smnode (31)setX [ expr {Sval(x)*rand()} ]
Smnode (31)setY [ expr {Sval(y)*rand()} ]
Smnode (31)zetZ 0

i Position of Sink

Smnode (0)setX [expr {Svalix)2}]

Smnode (0)setY [expr {$val{yv)2}]

Smnode (0jsetZ 0.0

Smnode (0)label "Sink"

for {seti 0} {31 < $val{nn)} { incri } {
fnsinitial node_pos $mnode (31) 10

#3etup a UDP connection

for {set1 1} {51 < %valinn)} { mecri} {
setudp(31) [new Agent/ TTDP]
Snsattach-agent Smnode (31) Sudp(3i)
¥

set sink [new Agent/Tull]

Sns attach-agent 3mnode (07 3sink
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for {zeti 1} {Si< Svalinn)} {meri} {
$ns connect Sudp(5i) Ssink

¥

#53etup a CBR over UDP connection
for{seti 1} {$i<S$valinn)} {imcri} {
set cbr($i) [new Application/Traffic/CER]
Scbr(3i) attach-agent Sudp(%i)
Scbr($i)settype CBR

Scbr{$i)zet packet size 100
Scbr{3i)setmaxpktz 100
%chr{$i)zetrate 0.10b
Scbr(3i)setinterval 1
Scbr(%i)setrandom false

}

for {zeti 1} {Si< Swvalinn)} {meri} {
$ns= at [expr {31+ 53] "$cbr(31) start"

¥

for {zeti 1} {$i< $valinn)} {incri } {
Sns at [expr $val(stop)- $i] "$cbr(31) stop”
}

# Telling nodes when the simulation ends
for {zeti 0} {Si< Svalinm)} {meri} §
$ns at $val(stop) "$Smnode (3i)reset;"
¥
Zending nam and the simulation
Sns at Sval(stop) "$nsnam-end wireless $val(stop)"
Sns at Sval(stop) "stop"
Sns at [expr $val(stop)+0.01] "puts\"end simulation\"; $ns halt"
procstop {3 {
globalns tracefd namtrace
$ns flush-trace
close Stracefd
cloze $namtrace

}

Snsun

OUTPUT
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5 Protocol Works
5.1 Procedure to construct Malicious Node in TCL Script and C++

e Moadification in AODV PROTOCOL
e LOCATION — ns-allinone-2.33/ns2.33/aodv/aodv.cc
e LOCATION — ns-allinone-2.33/ns2.33/aodv/aodv.h

aodv.h file changes

Declare a boolean variable malicious as shown below in the protected scope in the class AODV

bool malicious;

aodv.cc file changes

1. Initialize the malicious variable with a value "false". Declare it inside the constructor as
shown below

AODV::AODV(nsaddr_t id):Agent(PT_AODV)...

malicious = false;

¥

2. Add the following statement to the aodv.cc file in the "if(argc==2)" statement.

if(strcmp(argv[1], "'malicious’) == 0) {
desyn = true;
return TCL_OK;

}

3. Implement the behavior of the malicious node by setting the following code in the
rt_resolve(Packet *p) function. The malicious s node will simply drop the packet as indicated

below.
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if(malicious ==true)
{
drop(p,DROP_RTR_ROUTE_LOOP);

I

Once done, recompile ns2 as given below

Open Terminal -> Go to ~ns-2.33/ directory and type the command make to compile
$] cd /ns-allinone-2.33/ns-2.33/

$] make

Once the compilation is done, Check the malicious behavior using the Tcl Script by setting any
four node as malicious node. The command to set the malicious node is

$ns at 2.0 "'[$n0 set ragent_] malicious "
$ns at 2.0 "'[$n8 set ragent_] malicious "
$ns at 2.0 "'[$n23 set ragent_] malicious ™

$ns at 2.0 "'[$n19 set ragent_] malicious "

5.2 How to generate random mobility in ns2?
Procedure

Open the new terminal
cd ns-allinone-2.34

cd ns-2.34

cd indep-utils

pwd

Is

cd cmu-scen-gen

Is

cd setdest

Is

Jsetdest

60



Jsetdest—v2-n10-s1-m10-M50-t30-P1-p1-—x500-y500
Jsetdest—v2-n10-s1-m10-M50-t30-P1-p1-x500-y500 >usersetdest.tcl
gedit usersetdest.tcl

5.3 How to generate random agent and application creation in ns2?
Procedure

cd ns-allinone-2.34

cd ns-2.34

cdindep-utils

cdcmu-scen-gen

Is

nscbrgen.tcl

nscbrgen.tcl —type cbr —nn 10 —seed 1 —-mc 5 —rate 5.0
nscbrgen.tcl —type cbr —nn 10 —seed 1 —-mc 5 —rate 5.0 > cbr-10.tcl
gedit cbr-10.tcl

6. PROGRAMS

6.1 PROGRAMS 1 — Wireless Network Construction using TCL script

Program Description

Basic wirless construction with number of nodes contained is three. The procedure to
create nam file and trace file is given in this program. Topology is created by giving the position
to the nodes and is specified by X, Y and Z coordinates. Here initial size of each and every nodes
are built using initial_node_pos.The routing protocol which is used in this program is AODV

(Adhoc On-demand Vector Routing Protocol). And simulation end time is 10ms.
File Name — program1.tcl

e Channel Type — Wireless Channel
e Propogation — Two Ray Ground Model
e X dimension — 500

e Y dimension —400
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# Define options
set wal{chan)
set wvali{prop)
set walinetif)
set wvali{mac)
set wali{ifqy)
set wal{ll)

set wali{ant)
set wval({ifglen)
set wal(nn)

set wal(rp)

set walix)

set wal(y)

set wvali(stop)

¥
8

Chammel/WirelessCharmmel
Propagation/TwoRayGround

Phy/WirelessPhy v
Mac/80Z_11 -8
Queue /DropTail /PriQueue ;#
LL ;
Antenna/Onniintenna 8
&0 -8
3 -8
A0DV ;
Soo ;
400 ¥
10 ;

#——Event schedulerobject crestion——-=

setns [new Simulator]

# Creating trace file and nam file

settracefd [open wireless1 .trw]
zet namtrace [open wireless1.namw]

Fnstrace-all ftracefd

Sns namtrace-slkwireless Snamtrace Svalx) Svally)

#zatuptopography object
settopo [new Topography]
Stopo load_flatghd Sval(x) Svaly)

setgod_ [create-god Svaljnnj]

# configure the nodes

5ns node-config -adhocRouting Sval(rp)
AMype Sval(ll) '
-macType Svallmac) |
-ifqType Sval{ifg)\
-ifgLen Sval(fglen)t
-aniType Svaliant)’
-propType Svaljprop)'
-phyType Svalinetif)’
~channeType Svalichan)i
-topolnstance Stopol
-agentTrace OMY
-routerTrace O
-macTrace OFF 1
-movemeniTrace ON

## Creating node objects...
for{zeti0} {5i < Svaljnn)} {incri}{
zet node_ (31} [3ns node]

for{set i 03451 < Svalinn) } fincri}{
Snode_(3)colorblack
Sn=at0.0"5node_(5i) colorblack”

!

# Provide initial location of mobile nodes

Snode_(D)setX_50.0
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Snode_(0)=sety_50.0
Snode_(0)=setZ_0.0

Snode_{1)setX_200.0
Snode_{1)sety_250.0
Snode_{1)=setZ_0.0

Snode_(2)setX_300.0
Snode_(2)=sety_300.0
Snode_(2)=etZ_0.0

# Define node initial position in nam
for{zeti 0} {5i < Svalinn)}{ incri} |
Snsinitial_node_pos Snode_(5i) 30
i

# Telling nodes when the simulation ends
for{zeti 0} {5i < Svalinn)} {incri}{

5ns at Swal{stop) "Snode_[51) reset”;
}

# Ending nam and the simulation
5ns st Swslstop) "Sns nam-end-wireless Sval(stop)”
5nsat Swal{stop) "stop”
Fnsat 10.01 "puts Vend simulation'”; ns halt”
#ctop procedure:
proc stop
globalns tracefd namtrace
Sns flush-trace
close Stracafd
close Snamtrace
execnamwireless1.nam&

H

Insmn

Procedure to run the program in the terminal window - $ns program1.tcl

OUTPUT
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6.2 PROGRAM 2 — Code for the construction of wireless nodes with fixed colors

Program Description:

Number of nodes in the network is eight which are created and configured as mobile

wireless nodes. Procedure for the creation of nam file and trace file is given and is followed by

the topology creation. Localization of the network is specified by using the X, Y and Z

coordinates and the Z coordinates are always remains zero. Routing protocol is AODV and the

stop time of the simulation is 10ms. Here all the nodes are created in cyan color.

e Channel Type — Wireless Channel

e Propogation — Two Ray Ground Model

e Queue Type — DropTail

e Antenna Type — Omni Directional Antenna
e Number of nodes — 8

e Routing protocol - AODV

e X dimension — 500

e Y dimension — 400

e Stop time — 10ms

e Color - cyan color

File Name — programz2.tcl

# Define options

set wval(chan) Chamnel/WirelessCharmel
set wvaliprop) Propagation/TwoPayGround
set valinetif) Phy/WirelessPhy

set val(mac) Mac/802_11

set val{ifqg) Queune DropTail fPriQusue
set wval(ll) LL

set wal(ant) Antenna/0mniintenna
set val(ifglen) 50

set wvalinn) 2

set wvalirp) A0DV

set wvalix) 500

set wval(y) 400

set wval(stop) 10
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#---—-Event scheduler object creation———#
setns [new Simulator]

#Creatingtracefile andnamfile.
settracefd  [openwireless2.trw]
setnamtrace  [openwirgless2 namw]

&ns trace-all Stracefd
sns namtrace-all-wireless snamirace Sval(x)Sval(y)

#setup topography object
settopo [newTopography]

Stopoload flatgrid Sval(x) Sval(y)

setgod_[create-god Svalinn]]

#configure the nodes
2ns node-config-adhocRouting Sval{mp) |

-lITypeSval(ll)
-macType Sval(mac)\
-ifqType Sval(ifig)\
-ifgLen Sval(ifglen)
-antType Svalfant)t
-propType Sval(prop)\
-phyType Svalinetif) |
-channelType Svalichan)
-topolnstance Stopo'
-agentTrace ONY
-routerTrace ON\
-macTrace OFF\
-movementTrace ON

#Creating node objeds..
for{setiO}p{3i <3val(nn)}{incri}{
setnode_(3i) [2ns node]
h

for{seti0}{3i« val(nn) }{incri}{
snode_(Si) color cyan
ens at0.0"3node_(Si)colorcyan”

h
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#Provide initiallocation of mobienodes
Snode_(0)set¥_50
Snode_(0)sety_30.0
Snode_(0)setZ 00

Snode_(1)set¥ 500
Snode (1) sety_250
Znode_(1)setZ 0.0

Snode_(2)setx_200.0
Snode_(2)sety_S0.0
Snode_(2)sets_00

Snode_(3)set¥_350.0
Znode_(3)sety_160.0
Snode_(3)sets_00

Snode_(4)setx_100.0
Snode_[4)set™y_250.0
Snode_(4)sets_00

Znode_(b)setX_300.0
Snode_(5)set™y_100.0
Snode_(5)setZ_0.0

Snode_(8) set¥_400.0
Snode_(5)set™y_350.0
Snode_(6)setZ_0.0

Snode_(7)set¥_3s50.0
Snode_(7)set™y_470.0
Snode_(M)setZ 0.0

#Define node inttial positionin nam
for{seti 0} {Si<Sval(innj}{incri}{
#30 defines the node sizefor nam
3ns initial_node_pos Snode_(5i) 30

¥

#Tellingnodeswhenthe simulation ends
for{seti 0} {Si=Svalinn)}{incri}{

&ns at Sval(stop) "Snode_(Si)reset”;
h

#endingnam andthe simulation
2ns at 3valistop) "2ns nam-end-wireles s Sval(stop)
2ns at 3val(stop) “stop”
2ns at 10.01 "puts Vend simulationt™; 3ns hat”
procstop{{

global ns tracefd namtrace

2ns flush-trace

closeStracefd

close3namtrace
Execnamwireless2 nam &

h

Ensrun
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Procedure to run the program in the terminal window - $ns programz2.tcl

OUTPUT
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6.3 PROGRAM 3 — Dynamic node creation program using AODV protocol TCL script
Program Discription

Number of nodes in the network is not static in this program. Number of nodes
construction is given during the run time of the program. The user should give the number of
nodes in the terminal window during the execution of the program. Procedure for the creation of
nam file and trace file is given and is followed by the topology creation. Localization of the
network is specified by using the X, Y and Z coordinates and the Z coordinates are always
remains zero. Routing protocol is AODV and the stop time of the simulation is 10ms. Here all

the nodes are created in yellow color.
File Name — programa3.tcl

if {$argc 1= 1} {
error "\nCommand: ns wireless1l.tcl <no.of.mobile-nodes>\n\n "
}
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# Define options

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

set wval(mac) Mac,/802_ 11

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

set wal(ant) Antenna/Cniintenna

set val{ifglen) 50

set wval(nn) [lindex $argwv 0]

set wval(rp) AQODV

set val(x) 600

set wval(y) 600

set val{stop) 10

Hommemen Event scheduler object creation————3#
setns [new Simulator]
#creatingthetracefileandnamfile

settracefd  [openwireless1.trw]
setnamtrace  [openwireless1.namw]

&ns trace-all Stracefd
&ns namtrace-all-wireless Snamirace Sval(x) Svaliy)

#setup topography object
settopo [newTopography]

Stopo load_flatgrid Sval(x) Svaliy)
setgod_[create-god Sval{nni]

#configurethe nodes
3ns node-config -adhocRouting Svalm) \
-ITypeSval(l) i

-macType Svalimac)t
-ifgType Sval(ifg)\
-ifgLen Sval(ifglen)\
-antType Sval{ant) i
-propType Svalprop)
-phyType Svalnetif) \
-channeType Svalichan)t
-topolnstance Stopa’
-agentTrace OM
-routerTrace QM
-macTrace OFFY
-movementTrace ON

#ECreating node objeds..
for{seti 0} {Si < Svalinn)}{incri}{
setnode (30} [3ns node]

!
for{seti0}{Si < Sval(nn)}{incri}{
Snode (Si) coloryvellow
ns at0.0"3node_(Si)coloryellow”
!
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# Provide initial |ocation of mobilenodes

Snode _(0)setX_27.0
Snode_(0)sety_260.0
Snode_(0)setZ_00

Snode_(1)setX_137.0
snode (1)setY_348.0
Snode (1)setZ_00

Snode (2)setX_2940
Snode (2)setY_2350
snode (2)setZ_0.0

Snode_(3)setX_414.0
Snode (3)setY 3420
Snode_(3)setZ_00

snode_(4)set¥X_562.0
snode_(4)setY_267.0
Snode (4)setZ_00

Snode_(5)setX_279.0
Snode_(5)setY 4470
Snode (5)setZ_0.0

Snode_(6)setX_-128.0
Snode (6)sety_260.0
Snode_(6)setZ_00

Snode (7)setX_727.0
Snode (7)sety_269.0
Snode (7)setZ_00

Snode_(8)setX_130.0
Snode (3)setY_126.0
Snode_(3)setZ_00

Snode (9)setx_318.0
Snode (9)sety 450
Snode (9)setZ 00



Snode (10)setx 5050
Snode_(10)sety_44580
Snode (10)setZ_ 0.0

Snode (11)setX_421.0
Znode_(11)sety_158.0
Snode_(11)setZ_0.0

#Define node initial positionin nam
for{seti0}{Si <Svalinnj}{incri}{
#30 defines the node size for nam
Sns initial_node_pos Snode_(3i)30

H

#Tellingnodeswhenthe simulation ends
for{seti0}{Si <=Sval{inn)}{incri}{

Sns at Sval{stop) "Snode_{3ijreset”;
h

#endingnam andthe simulation
2ns at Sval(stop) "Sns nam-end-wireless Svalistop)”
5ns at Sval(stop) “stop”
2ns at 10.01 "puts Yend simulatiori” ; 2ns hat”
procstop{}{

global ns tracefd namtrace

Zns flush-trace

closeStracefd

closenamtrace
gxec namwireless1.nam &

H

Ens run

Procedure to run the program in the terminal window - $ns program3.tcl

OUTPUT
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6.4 PROGRAM 4 — Dynamic node creation program and its initial location using AODV
protocol TCL script

Program Discription

Number of nodes in the network is not static in this program. Number of nodes
construction is given during the run time of the program. The user should give the number of
nodes in the terminal window during the execution of the program. Procedure for the creation of
nam file and trace file is given and is followed by the topology creation. Localization of the
network is specified by using the X, Y and Z coordinates and the Z coordinates are always
remains zero. Here initial size of each and every node is created by the use of the command
(initial_node_pos). Routing protocol is AODV and the stop time of the simulation is 10ms. Here
all the nodes are created in yellow color.

File Name — program4.tcl

e X dimension — 600

e Y dimension — 600

e Stop time — 10ms

e Color - Yellow color

e Initial Node Position - 30

if {$argc '= 1} {
error "\nCommand: ns wireless3.tcl <no.of.mobile-nodes>\n\n "
}

# Define options

set wval(chan) Channel/WirelessChannel ;# chamnel type

set wval{prop) Propagation/TwoRayGround ;# radio-propagation model
set vali{netif) Phy/WirelessPhy ;# network interface type
set wvalimac) Mac/802Z 11 ;# MAC type

set val{ifq) Queue/DropTail/PriQueue ;# interface queue type

set wal{ll) LL ;# link layer type

set wval{ant) Antenna/Onmniintenna ;# antenna model

set val{ifglen) 350 ;# max packet in ifq

set vali{nn) [lindex Sargwv 0] ;# nuber of mobilenodes

set valirp) 20DV ;# routing protocol

set wval(x) 600 ;# X dimension of topography
set valiy) 600 ;# Y dimension of topography
set val({stop) 10 ;# time of sirmulation end
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#-—-Event scheduler object creation-———%
setns [new Simulator]
#creatingthe tracefile andnamfile

settracefd [openwirelessd trw]
setnamtrace [openwireless3.namw]

&ns trace-all tracefd
=ns namtrace-all-wireless Snamfrace 3val(x) Sval(y)

#setup topography object
settopo  [newTopography]

Stopoload flatgridSval(x) Sval(y)
setgod_[create-godSvallnn))

#confiqurethe nodes
&ns node-config -adhocRouting Sval )\

-IType Sval{ll)\
-macType Svalimac)\
-ifgType Sval(ifig)
-ifgLen val(ifglen)
-antType Sval(art)\
-propType Sval(prop)\
-phyType Svalinetif)\
-channeype Sval(chan)
-topolnstance Stopol
-agentTrace ON\
-routerTrace ON\
-macTrace OFF\
-movementTrace ON

#= Creating node objedts..
for{seti0}{Si<Svalinn)}{incri}{
setnode_(3i)[3nsnods]

1

for{seti}{3i < Sval(nn)}{incri}{
snode_(3i) color gold
&ns at0.0"3node_(3ijcolorgold

I



# Provideinitial location of mobilenodes..
for{seti0} {3 = Sval(nn)}{incri}{
set xx [exprrand| FE00]

set yy [exprrand| Fe00]
Snode (Si)setX_Sxx

Snode_(Si)setY_Syy
}

#Define node initial positionin nam
for{seti 0} {si=Svalinnj{incri}{
#30 defines the node sizefor nam
&ns initial_node_pos Snode (5030

}

#Tellingnodeswhenthe simulation ends
for{seti 0} {Si <Sval(inn)}{incri}{

Zns at Svalistop) "snode_(Sijreset”™,
¥

#endingnam andthe simulation

5ns at Sval(stop) "Sns nam-end-wireless Svalistop)”
2ns at Sval(stop) “stop”

3ns at 10.01 "puts Yend simulatiori” ; 3ns hat”

#stop procedurs. .
procstop{}{
global ns tracefd namtrace
&ns flush-trace
close Stracefd
closeSnamtrace
exec nam wireless3.nam &

}

Ensrun

Procedure to run the program in the terminal window - $ns program4.tcl
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6.5 PROGRAM 5 — Dynamic color creation program and its initial location of nodes using
AODV routing protocol TCL script

Program Discription

Number of nodes in the network is static in this program. Nodes are configured in the

mobile wireless node format. Procedure for the creation of nam file and trace file is given and is

followed by the topology creation. Localization of the network is not static. X and Y coordinates

are randomly selected and the Z coordinates are always remains zero. Here initial size of each

and every node is created by the use of the command (initial_node_pos). Routing protocol is

AODV and the stop time of the simulation is 10ms. Here all the nodes colors will get modified

dynamically according to the time period

File Name — programb.tcl

Number of nodes - 4

e X dimension — 750
e Y dimension — 550

e Stop time — 3.0ms

e Color — Yellow color

e [nitial Node Position - 30

## Setting The wireless Channels. .

set val{chan)
set valiprop)
set valinetif)
set val{mac)
set valiifqg)
set val(ll)
set wval(ant)
set val{ifglen)
set valinn)
set valirp)
set walix)

set valiy)

set valistop)

Channel/WirelessCharnel
Propagation/TwoRayGround
Phy/WirelessPhy

Mac/802Z 11

Queue /DropTail /PriQueue
LL

Antenna/Onniintenna
S

4
AODV

750
550

3.0
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;# network interface type

;8§ MAC type

;# interface queus type

;8 link layer type

;# antenna model

;# max packet in ifqg

;# nuwber of mobilenodes

;8§ routing protocol

;8 X dinmension of topography
;8 ¥ dimension of topography
;8 tine of simulation end



#—Evyent schedulerobject creation—-3=F
satns [new Simulator]

## Create 8 frace file and nam fike..
settracefd [open wireless1.trw]
setnamtrace [open wireless1.namw]

#2 Trace the nam and trace details from the main simulation..
Snztrace-all Stracefd
Sns nartrace-al-wirsless Snamtrace Svallx) Svally)

##setup topography object..
settopo [new Topography]

$topo load_flatgnd Sval(x) Svally)
setgod_[creste-god Svalinn)]

## Color Descriptions..
$nscolor 1 dodgerblue
$nscolor 2 blue
$ns color 3 cyan
Snzcolor 4 green
Snscolor § yellow
$nscolor 6 black
Sns color 7 magenta

$ns color 8 gokd
$nscolor 9 red

## Amay for dynamic color settings...
setcolomame(0) blus
setcolomame(1) cyan
setcolomame(2) green
set colomame(3) red
set colomame(4) gold
et colomame(5) magenta

&2 Setting The Distanca Varables..

# For model TwoRayGround'
setdist{im) 7.69113e06
setdist{Im) 2.373812-06
setdist{10m) 1.92278e-06
setdist{11m) 1.58808=-06



set dist(12m) 1.33527e-06
setdist{13m) 1.137742-06
set dist{25m) 3.07645=07
et dist{30m) 2.13643=07
et dist{35m) 1.56962=07
set dist{40m) 1.56962e-10
et dist{45m) 1.56962e-11
setdist{B0m) 1.20174e-13
#PhyWirelessPhy set C5Thresh_ 3dist{50m)
#PhyWireleszPhy set RX Thresh_ Sdist(50m)

## Detting node config event with set of inputs..
3ns node-config -adhocRouting 3val(m)!
AType Fvallll |
-macType Jvaljmac) |
-fqType Sval(ifg) |
-fqLen Svallfglen) '
-antType Sval(ant)!
-propType Svaljprop) |
phyType Jvalnet)
<hanne(Type Sval(chan)!
‘opoinstance Stopo
-agentTrace ON\
-outerTrace ON |
-macTrace OFF 1
-movementTrace ON

# Creating node objects...
for{zeti 0}{5i < Svaljnn) }Hincri}d
setnode_(§) [3ns node]

]
for{zeti 0}/5i < Svaljnn) }incr i}
Snode_(5i) colorblue
Snsgt0.0 "5node_5i) color blue"
!

## Provide initial location of mobilenodes. .
for{zeti0} {5i < Svaljnn) }Hincri}d
=at o [exprrand(j*500]
setyy [exprrand(*500]
snode [S)setd_ S
snode [3sety_Fyy
Snode [SsetZ 0.0



# Define nodeinitial positionin nam...
far{seti O} {3 = Sval(nn)}{incri}{
# 30 defines the node size for nam..
Snsinitial_node_posSnode_(3i) 30
h

# Dynamiccolor procedure..
Zns at 0.0 "dynamic-color”
proc dynamic-color £
global ns val node_colorname
settime 0.3
set now [3ns now]
set Rand [expr round{rand(}*s)]
for{seti 0} {Si = Sval(nn) }Hineri} {
Snode_(3i) color Scolorname(SRand)
ons at Snow “Enode (30} color Scolorname{SRand)”
H
2ns at [exprEnow+3time] "dynamic-colar”
}
# stop procedure..
&ns at Sval(stop) "stop”
procstop {{
alobal ns tracefd namtrace
2ns flush-trace
close Stracefd
close Znamtrace
puts “running nam...”
exec nam wireless1.nam &
exitQ
¥

&ns runs

Procedure to run the program in the terminal window - $ns program5.tcl
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6.6 PROGRAM 6 — Node mobility construction program using DSR routing protocol TCL

script

Program Discription

Number of nodes in the network is static. Nodes are configured in the mobile wireless
node format. Procedure for the creation of nam file and trace file is given and is followed by the
topology creation. Localization of the network is static. X and Y coordinates values are given in
the program and the Z coordinates are always remains zero. Movement for each and every node
is built with static speed and spectifed receiver address which is randomly generated and also the
mobility will get change accoding to the time period. Here initial size of each and every node is
created by the use of the command (initial_node_pos). Routing protocol is DSR and the stop

time of the simulation is 10ms.

File Name — programé.tcl

e X dimension — 750

e Y dimension — 550

e Stop time —3.0ms

e Color - Yellow color

e Initial Node Position - 30

if {$argc 1= 1} {
error "\nCommand: ns program6.tcl <no.of.mobile-nodes>\n\n "

}

#Hf Setting The wireless Channels..

set val{chan) Channel/WirelessCharmel  ;# charmel type

set val{prop) Propagation/TwoRayGround ;# radio-propagation model
set val(netif) Phy/WirelessPhy ;# network interface type
set valimac) Mac/80Z 11 +§ MAC type

set valiifg) Quewe DropTail /PriQueue  ;f interface queue type

set val({ll) LL ;# link layer type

set val(ant) Antenna/Onnidntenna ;# antenna model

set val({ifglen) 5§ ;# max packet in ifqg

set val(nn) [lindex fargv 0] ;f nunber of mobilenodes

set val{rp) DSR ;# routing protocol

set val(x) 750 ;# X dinmension of topography
set val(y) £80 ;8 Y dimension of topography
set val(stop) 10.0 ;8 time of simwlation end
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#———Eventschedulerobject creation—=

setns [new Simulator]

# Create & frace fle and namfie..
settracefd [open wireless2 tru]
setnamtrace [open wirekess2.namw]

## Trace the namand trace details fromthe main simulation..

3ns trace-all Stracefd
3ns namtrace-alkwireless 3namtrace Svallx) Svally)

## setup topography object.
settopo [new Topography]

Stopo load_flatgnd Svallx) Jvally)
setgod_[creste-god Jvalinn]]

## Color Descriptions..
Sns color 1 dodperblue
3nscolor2 blue
3ns color 3 cyan
3ns color 4 green
3ns color§ yellow
3ns color§ black
3ns color 7 magenta
Sns color 8 gold
Sns color red

## Setting The Distance Vanables.,

#Formode! TwoRayGround'
setdist(Gm) 7.69113e-06
setdist(Am) 2.37381e-06
satdist(10m) 1.92278=-08
satdist(11m) 1.58908=-08
setdist(12m) 1.33527e-08
setdist(13m) 1.13774e-08
setdist(25m) 30764507
setdist(30m) 21364307
setdist(35m) 1.56962e-07
satdist(40m) 1.56952e-10
setdist(45m) 1.56962e-11
setdist(B0m) 1.201742-13
#Phy WirelessPhy set CSThresh_ 3dist(50m)
#Phy WirelessPhy set RXThresh_ Sdist(B0m)
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## Setting node config event with setof inputs..

3ns node-config -adhocRouting Svaljm)
AType Svalf)\
-macType Svallmac) |
-fqType Svalfifq) |
-fqLen val{fiqlen)’
-anfType Jvaliant)!
-propType 3vallprop) |
phyType Svalnetif)|
<hanneype Svalichan)’
-opolnstance Stopo'
-agen{Trace ON
-outerTrace ONY
-macTrace OFF |
-movementTrace ON

## Creating node objects..

forfzet i 05 < Svalinn)}{ incri}{
setnode_(§1) [5ns node]

}

for{zet i 0}{8i < 4} fincri}{
Snode_(3i) coloryellow
Snsat0.0 "Snode_(51) coloryelow”

]

for{zet i 4}{8i < 10 } fineri }{
Snode_(3i) colorred
Snsat3.0"Snode_(5i) colorred"

]

for{zet i 10}{5i <15} fincr i }{
snode_(51) colorblue
Snsat5.0"Snode (51 color blue"

]

#2 Provide inttial location of mobilenodes..

snode_[DhsetX_27.0
Snode_(0)setY_260.0

snode (0)setZ 0.0

Snode_(1)setX_137.0
Snode_[1)set’f_348.0
Snode_(1)setZ_0.0
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Snode_(2)setX_294.0
Snode_(2)=ety_235.0
Snode_[2)setZ_0.0

Snode_[3)setX_414.0
Snode_(3)sety_342.0
Snode_(3)=etZ_0.0

Snode_(4)setX_B62.0
Snode_(4)sety_267.0
Snode_(4)setZ_0.0

Snode_(5
Snode_(B
Snode_(B
Snode_(8
Snode_(G
Snode_(B

setX_279.0
setY_447.0
setZ_0.0
setX_-128.0
setY_260.0
setZ 0.0

it et P Semar® S

Snode_(F)setX_T27.0
Snode_(T)sety_269.0
Snode_(T)setZ_0.0

Snode_(B)setX_130.0
Snode_(B)sety_126.0
Snode_(B)=etZ_0.0

Snode_[B)=etX_312.0
Snode_(3)=ety_45.10
Snode_(3)=etZ 0.0

Snode_(10)setX_505.0
Snode_[10)set’_446.0
Snode_[10)=etZ_0.0

Snode_(11)setX_421.0
Snode_(11)set_158.0
Snode_[11)=etZ_0.0

Snode_(12)setX_T2.0
Snode_(12)set’_387.0
Snode_(12)zetZ_0.0

i {avalinn) =12}
for {zeti 13} {5i< Svalinn) } incri}{
set o [exprrand(J7600]



set yy [exprrand(*500]
Snode_(Sijzet¥_ S
Snode_(Sij=set™_ Syy
Snode_(3ij=etZ_0.0
}
}

## Define node initial position in nam..
forfset i 035 < Svalinn)}{incri}{
# 30 defines the node size fornam..

Snsinitial_node pos Snode (5130
1

## Stop procedure..
5nsat 0.0 "destination”
proc destination J{
globalnsvalnode_
sattime 1.0
set now [3ns now]
forfzet i O} {Fi<Svalinn)} fincr i} {
seto [exprrand(600]
zet yy [exprrand(j*500]
SnsatSnow "Snode_(51) setdest Sxox Syy 20,07

5ns at [exprinow+3time] "destination”

1
5nsat Svalistop) "stop”

#stop procedure;

procstop J{
globalns tracefd namtrace
Ensflush-trace
close Stracefd
cloze Snamtrace
puts "running nam...”
execnamwirelkess2.nam &
exitd

}

Snsrun

Procedure to run the program in the terminal window - $ns programé.tcl
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6.7 PROGRAM 7 — Creation of TCP (Transmission Control Protocol) communication
between the nodes using AODV routing protocol TCL script

Program Discription

Number of nodes in the network is static and is declared as three in the network. Nodes
are configured in the mobile wireless node format. Procedure for the creation of nam file and
trace file is given and is followed by the topology creation. Localization of the network is static.
X and Y coordinates values are given in the program and the Z coordinates are always remains
zero. Movement for each and every node is built with static speed and spectifed receiver address
which is randomly generated and also the mobility will get change accoding to the time period.
Here initial size of each and every node is created by the use of the command (initial_node_pos).
Routing protocol is AODV and the stop time of the simulation is 150ms. Three nodes are created
which are nodeO, node 1 and node 2. Send TCP agent is created and attached to nodeO,
destination TCPsink agent is created and attached to nodel. Then the TCP agent and the
TCPsink agent are connected. In the next level, FTP application is created and attached to the
sender TCP agent. Now the communication is initiated.

File Name — program?.tcl

e X dimension — 500
e Y dimension —400

e Stop time — 150 ms

# Define options

set wali{chan) Channel/WirelessCharmel ;# chammel type

set wvaliprop) Propagation/TwoRayGround ;# radio-propagation model
set valinetif) Phy/WirelessPhy ;# network interface type
set val(mac) Mac/80Z 11 ;8 MAC type

set vali{ifag) Queue DropTail fPriQueue ;¥ inter face queue type

set wval(ll) LL ;# link layer type

set wval({ant) Antenna/Onni Ant enna ;¥ antenna model

set val({ifglen) 50 ;¥ max packet in ifg

set wvalinn) 3 ;¥ nmwber of mobilenodes

set valirp) AOQDV ;# routing protocol

set wvalix) ul) ;8 X dimension of topography
set valiy) 400 ;8 Y dimension of topography
set val(stop) 150 ;f time of simlation end
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#---—-Event scheduler object creation—-—-+#

setns [new Simulator]
#ereating tracefile and nam file
settracefd  [openwirglesst.trw]
setwindowV/sTime2 [openwin.trw]
setnamirace  [openwirelgss1.namw]

ons trace-all Stracefd
5ns namtrace-alkwireless Snamtrace Sval(x)Sval(y)

#setup topography object
settopo  [new Topography]

Stopoload flatgrid Sval(x) Svally)
create-godSval(nn)

#configurethe nodes
ns node-config-adhocRouting Sval(rp)\

-IType Svalll}\
-macType Sval{mac)\
-ifgType Sval(ifg)\
-ifgLen Sval(ifglen)\
-antTypeSval(ant)\
-propType Sval(prop)\
-phyType Sval(netif) \
-channelType Sval(chan)
-topolnstance Stopot
-agentTrace ONY
-routerTrace ON\
-macTrace OFF Y
-movementTrace ON

for{seti 0} {31 = Sval(nn) }{incri}{
set node_(Si)[5ns node]

h

#Provideinitiallocation of mobilenodes
snode (0)setX 50
snode_(0)setY 50
snode_(0)setZ_0.0
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snode (1)setX_480.0
Snode (1)sety_285.0
snode (1)setZ_0.0

Snode (2)setX 1800
snode_(2)sety_ 2400
snode (2)setZ 00

# Generation of movements

Sns at10.0 "Snode (D) setdest 250.0250.0 3.0°
Sns at15.0 "Snode_(1) setdest45.0285.05.0°
Sns at18.0 "Snode_(2) setdest 4860.0 300.05.0°

# 5et a TGP connection between node_(0) andnode (1)
settcp [new Agent/TCP/Mewrena]

Step setclass_2

setsink [new Agent/TCPSink]

&ns attach-agent Snode_(0) Step

5ns attach-agent Snode (1) Ssink

sns connect 3tcp Ssink

set fip [new ApplicationF TF]

Sftp aftach-agent 3tcp

sns at 10.0 "3ftp start”

settcp [new AgentTCRMewrena]
Scp setelass_2

set sink [new Agent/TCPSink]
sns attach-agent3node (1) 3tcp
&ns attach-agent 3node_(2) 3sink
#ns connedt Step Ssink

setfip [new ApplicationFTF]

Sftp aftach-agent 3tcp

sns at 10.0 "3ftp start”

#Printing the window size

proc plotWindow {tepSource file}{

global ns

settime (.01

setnow [3ns now]

setcwnd [StepSource setcwnd |

puts Sfile “snow Scwnd”

5ns at [expr3now+3time] “plotWindow StepSource Sfile"}
sns at 10.0 "plotWindow Step SwindowV/sTime2"
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# Define node initial position in nam
for {seti 0} {Si=< Sval(nn)} {incri}{
# 30 defines the node size for nam
$ns initial_node_pos Snode_(5i) 30
I

# Telling nodes when the simulation ends
for {seti 0} {Si= Sval{nn) }{incri}{
$ns at Sval(stop) "Snode_(5i) reset";

}

#ending nam and the simulation
%ns at $val(stop) "$ns nam-end-wireless $val(stop)”
$ns at Sval(stop) "stop”
sns at 150.01 "puts V'end simulation\” ; $ns halt"
procstop 4

global ns tracefd namtrace

&ns flush-trace

close Stracefd

close Snamtrace
execnam simwrls.nam &

}

SNs run

Procedure to run the program in the terminal window - $ns program?.tcl
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6.8 PROGRAM 8 — Creation of TCP (Transmission Control Protocol) communication
between the nodes using DSR routing protocol TCL script

Program Discription

Number of nodes in the network is static and is declared as three in the network. Nodes
are configured in the mobile wireless node format. Procedure for the creation of nam file and
trace file is given and is followed by the topology creation. Localization of the network is static.
X and Y coordinates values are given in the program and the Z coordinates are always remains
zero. Movement for each and every node is built with static speed and spectifed receiver address
which is randomly generated and also the mobility will get change accoding to the time period.
Here initial size of each and every node is created by the use of the command (initial_node_pos).
Routing protocol is DSR and the stop time of the simulation is 150ms. Three nodes are created
which are nodeO, node 1 and node 2. Send TCP agent is created and attached to nodeO,
destination TCPsink agent is created and attached to nodel. Then the TCP agent and the
TCPsink agent are connected. In the next level, FTP application is created and attached to the
sender TCP agent. Now the communication is initiated.

File Name — programa.tcl

e X dimension — 500
e Y dimension —400
e Stop time — 150 ms

# Define options

set walichan) Channel/WirelessCharmel ;# charmel type

set valiprop) Propagation/TwoRayGround ;# radio-propagation model
set valinetif) Phy/WirelessPhy ;# network interface type
set valimac) Mac/80Z 11 ;8§ MAC type

set valiifag) Queue /DropTail /PriQueue ;¥ inter face cqueue type

set wali{ll) LL ;# link layer type

set val{ant) Antenna/Onnidntenna ;# antenna model

set val{ifglen) SO0 ;¥ max packet in ifg

set walinn) 3 ;# nmanber of mobilenodes

set valirp) DSR ;¥ routing protocol

set valix) 500 ;8 X dimension of topography
set wvaliy) 400 ;# Y dimension of topography
set valistop) 150 ;¥ time of simwlation end
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#mmmmEvent scheduler object creation--——=

setns [new Simulator]
#Creating tracefileandnamfile
settracefd  [open dsrirw]
setwindowVsTime2 [openwin.trw]
setnamtrace  [open dsr.nam w]

ans trace-all Stracefd
2ns namirace-all-wireless Snamtrace Sval(x) Sval(y)

#setup topography object
settopo  [new Topography]

Stopoload flatgrid Sval(x) Sval(y)
create-god3valinn)

#configurethe nodes
2ns node-config-adhocRouting Svalirp)\

-IType Sval{llj\
-macType Svalimac)'
-ifqType Sval(ifg)
-ifgLen val(ifglen)\
-antType Sval(ant)\
-propType Sval(prop)t
-phyType Sval(netif)\
-channelType Sval(chan)t
-topolnstance Stopo
-agentTrace ON'
-routerTrace ON\
-macTrace OFF
-movementTrace ON

for{setiQ} {3« Svalinn) }{incrit{
set node_(3i)[5ns nods)

#Provideinitial location of mobilenodes
Snode_(0)setx 5.0
snode_(0)setY 5.0
snode_(0)setZ_0.0
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snode (1)setx_4%0.0
Snode (1)set™y_285.0
snode_(1)setZ_0.0

Snode (2)set¥_150.0
Snode (2)sety 2400
snode_(2)setZ_0.0

#Generation of movements

&ns at 10.0 "Snode_(0) setdest 260.0250.03.0°
&nsat15.0"3node_{1) setdest 45.02585.05.07
&ns at110.0 "5node_(0) setdest 480.0 300.05.0°

# 5et a TCP connection between node_(0) andnode_(1)
settop [new AgentTCRMewrena]

stcpsetclass_2

setsink [new AgentTCPSink]

&ns attach-agent Snode_(0) Step

&ns attach-agent Snode_(1) 3sink

&ns connect Stop Ssink

setftp [new Application/F TP

Sftp attach-agent Step

=ns at 10.0 "Sftp start™

#Printing the window size

proc plotWindow {tepSource file} §
global ns

settime0.01

set now [2ns now]

setcwnd [StepSource setcwnd ]
puts Sfile"2now Scwnd”

&ns at [expr Snow+Stime] "plotWindow StepSounce Sfile™}

2ns at 10.1 "plotWindow Stcp Swindows Time2”

#Definenodeinitial positionin nam
for{seti0}{Si = Svalinn)}{incri}{
#30 defines the node size for nam
Ens initial_node_pos Snode_(30) 30

}

#Telling nodes when the simulation ends
for{set i 0} {$i < $val(nn)} { incri } {
$nsat $val(stop) "$node_(5i) reset"”;

#ending namand the simulation
$ns at $val(stop) "$ns nam-end-wireless $val(stop)"
$ns at $val(stop) "stop"
$ns at 150.01 "puts "end simulation\": $ns halt"
proc stop {} {
global ns fracefd namtrace
$ns flush-race
close $tracefd
close $namtrace
execnamdsrnam &
exit0

}

$ns run
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Procedure to run the program in the terminal window - $ns programa8.tcl
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6.9 PROGRAM 9 - Creation of UDP (User Datagram Protocol) communication between
nodes with CBR traffic using AODV routing protocol TCL script

Program Discription

Number of nodes in the network is static and is declared as 22 in the network. Nodes are
configured in the mobile wireless node format. Procedure for the creation of nam file and trace
file is given and is followed by the topology creation. Localization of the network is static. X and
Y coordinates values are given in the program and the Z coordinates are always remains zero.
Movement for each and every node is built with static speed and spectifed receiver address
which is randomly generated and also the mobility will get change accoding to the time period.
Here initial size of each and every node is created by the use of the command (initial_node_pos).
Routing protocol is AODV and the stop time of the simulation is 150ms. Send UDP agent is
created and attached to sender node, destination UDPNull agent is created and attached to
destination node. Then the UDP agent and the UDPNull agent are connected. In the next level,
CBR application is created and attached to the sender UDP agent. Now the communication is

initiated.
File Name — program?.tcl

e Number or nodes - 22
e X dimension — 1800
e Y dimension — 840

e Stop time — 150 ms

#Define setting option

set wali{chan) Channel /MirelessChannel ;#Channel Type

set wvaliprop) Propagation/TwoRayGround ;# radio-propagation model
set valinetif) Phy /WirelessPhy # network interface type
set valimac) Mac/802_11 ;8 MAC type

set vali{ifq) Queue /DropTail /Prifueus ;8 interface queue type
set wali(ll) LL ;# link layer type

set val({ant) Artenna/Onni Antenna ;f antenna model

set vali{ifglen) S0 ;# max packet in ifg

set walinn) zz ;# number of mobilenodes
set vali{rp) AODY ;# routing protocol

set wvalix) 1200

set valiy) 240
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### Setting The Simulator Objects

setns_ [new Simulator]
#creste the namand frace file:

set tracefd [open sodv.trw]

3ns_ trace-all Stracefd

setnamirace [opan sodv.namw]
3ns_nartrace-alkwireless Snamtrace Svalx) Svally)

settopo [new Topography]
Stopo load_flatgnd Svallx) Svally)
create-god Svalinn)
setchan_1_[new Svalichan]]

#2342 Setting The Distance Varables

# For model TwoRayGround'

setdist{im) 7.691132-08

setdist{m) 2.37381e-08

set dist{10m) 1.922782-06

et dist(1 1m) 1.589082-06

setdist(12m) 1.33527e-06

setdist{13m) 1.137742-06
setdist{14m)8.81011e-07

et dist{15m) 8.54570=-07

et dist{18m) 751087207

et dist{20m) 480696207

et dist{28m) 3.078452-07

et dist{30m) 213643207

et dist{35m) 1.56962=-07

et dist{40m) 1.56962e-10

et dist{45m) 1.56962e-11

et dist(Bm) 1.201742-13
Phy/\WirelessPhy set CEThresh_ Sdist(50m)
Phy/\WirelessPhy set B Thresh_ 5dist(50m)

# Defining Mode Configuration

#ns_ node-config -adhocRouting Svallp)
AMypa Sval(ll) |

-macType Sval(mac) |

-ifq Type Jval(fg)!

-ffiqLen Sval(fqlen) |

-antType Jvalfant)!
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-propType Svalprop)!
-phyType Svalnetif)!
-topolnstance Stopo’
-sgentTrace ON
-routerTrace ON1
-mecTrace ON'
-movementTrace O
<hannel fehan_1_

#2# Creating The WIRELESS MODES

set Server] [8ns_node]
set Serverd [8ns_node]
=etn2 [Bns_node]
=2t n3 [ins_node]
zetnd [§ns_node]
=etnb [§ns_node]
=etnd [5ns_node]
setn7 [5ns_node]
=etnd [§ns_node]
=2t n8[3ns_node]
setnil[3ns_node]
setni1 [3ns_node]
zetn12 [3ns_node]
=2tn13[3ns_node]
setni4 [3ns_node]
setnifi[3ns_node]
=etn16[3ns_node]
=etn17 [3ns_node]
setni® [3ns_node]
setn19[3ns_node]
=etn20[3ns_node]
=etn21 [3ns_node]
setn22 [3ns_node]

=zt optfzeed) 01

=zt 5 [nzrandom Sopt(zead)]
=etil

while {5i < 5}

ineri

i

### Setting The Initial Positions of Nodes



F5emveri setX_513.0
FGenver! setY_517.0
35erverisetZ_0.0

3Senver? sati_1445.0
3Senver2sety_474.0
Fherverl setZ_0.0

$n2set¥_36.0
$n2setY_529.0
$n2setZ_0.0

53 set)_143.0
53 ety 656.0
$n3setZ 0.0

$nd setX_201.0
Snésaty 5520
SndsetZ_0.0

$nGset_147.0
SnGsety 4030
$nGsetZ_0.0

SnfisetX_230.0
SnfisetY_291.0
SnfisetZ_0.0

$n7 setX_295.0
SnTsety_419.0
$n7setZ_0.0

$nf setX_363.0
58 sety 3350
$n8setZ 0.0

Sn9set_334.0
SndsetY 647.0
SndsetZ_0.0

n10=et¥_304.0
In10=etY_T777.0
In10=etZ 00

nt1setX_412.0
ntlsetY_194.0
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nl1setZ 00

§n12set¥_519.0
12 setyY_361.0
in12setZ 00

Fn13set¥_569.0
n13setY_167.0
n13setZ 00

Sntdzety_343.0
Snid=ety_544.0
ntd=etZ_010

Sn1bset¥_466.0
Fn1bsetY_668.0
n1GsetZ 00

Fn1Gset¥_489.0

Fn1GsetY_T84.0
n1G=etZ_010

n17set¥_606.0
17 setY_T11.0
n17setZ_00

Fn18set¥_630.0
Fn18sety_626.0
in1BsetZ 00

Fn19set¥_666.0
n19sety_347.0
in19setZ 00

n20set¥_T41.0
Fn20sety_152.0
n20setZ 00

§n21set¥_882.0
En21zety_264.0

n21setZ 00

§n22 set¥_T61.0
n22 sty _441.0
n22setZ 00
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## Giving Mabilty to Nodes

$ns_st0.75"5n2 setdest373.0 345.020.0°
$ns_st0.75"5n3 setdest 556.0 302020.0°
Sns_st0.20"5n4 setdest309.0 211.020.0°
Sns_st1.25"5nf setdest 179.0 333.020.0°
$ns_at0.75"5nb setdest 138.0 63.0 20.0°
$ns_at0.75"5n7 setdest 3200 270 20.07
Fns_st1.50"5n8 setdest 505.0124.020.0°
Fns_st1.25"5n3 setdest 274.0 487.020.0°
Fnz_st1.25"5n10 setdest494. 04750 20.07
Fns_st1.25"5n11 setdestBa9.0757 0 26.07
$ns_st0.50"5n12 setdestB8.0728025.07
$ns_st0.25"5n13 setdestB51.0624025.07
Sns_st1.25"5n14 setdest3qT 0647 025.07
Sns_st1.25"5n15 setdestT48.0688025.07
3ns_at1.25"5n16 setdestB42.0623025.0°
3ns_at1.25"5n17 setdest678.0548025.0°
Fns_st0.75"5n18 setdestv41.0809020.07
Sns_st0.75"5n19 setdest437.0709020.07
Sns_st0.20"5n20 setdest189.0722020.07
Fns_st1.25"5n21 setdestv00.0350020.07
Sns_st0.75"5n22 setdestB3n.0444020.07

## Setting The Mode Size

&ns_initial_node_pos §Sewver] 75
&ns_initial_node_pos §5enver T4
&ns_initial_node_pos 5n2 40
&ns_inttial_node_pos 5n3 40
Sns_initial_node_pos 5nd 40
&ns_initial_node_pos 5nfb 40
&ns_initial_node_pos 5nf 40
&ns_initial_node_pos 5n7 40
&ns_initial_node_pos 5nd 40
&ns_initial_node_pos 5nd 40
&ns_initial_node_pos Sn10 40
Bns_initial_node_pos §n1140
&ns_initial_node_posSni2 40
Sns_initial_node_posSni3 40
Sns_initial_node_pos3nid 40
Sns_initial_node_pos3ni5 40
Sns_initial_node_pos3n16 40
Sns_initial_node_pos3n17 40
&ns_initial_node_pos3nid 40
Sns_initial_node_pos3ni340
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Sns_initial_node_pos3n20 40

3ns_initial_node_pos 5n2 140
3ns_initial_node_pos 5n22 40

###% Setting The Labels For Nodes

Sns_at0.0"55erer! label Sarver!”
Ins_at0.0"55erverd label Serverd"

#Cetting Color For Server

S5erver! colormaroon
3ns_at0.0"55ener! colormaroon”

$5erver? colormaroon
3ns_at0.0"55emner colormaroon”

## SETTING ANIMATION RATE
Sns_at0.0"8ns_setanimation-rate 15.0ms"

# COLORING THE MODES
5n3 color blue
Sns_at4.71"5n3 colorblue”
5nd colorblue
&ns_st7.0"5nb colorblue”
$n2 colorblue
Sns_at7.29"5n2 colorblue”

&n16 colorblue
Bns_at7.59"5n16 colorblue”

&n% colormaroon
Sns_at7.44"5n8 colormaroon”

Sns_st7.43"5n3 label TTLover"
Sns_at7.55"5n3 labeli™

$n12 colorblue
Bns_at7.85"5n12 colorblue”

###% Establishing Communication
setudpl [5ns_ create-connection UDP 55emnver! LossMonitor3n 180

Sudp0 setfid_1
setehrl [Sudpd attach-app Traffic/CBR]
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Scbr] set packetSize_ 1000
Scbrl setinterval_ 07
3ns_at0.0"5chr] stad”
Sns_sat4.0"5chr stop”

setudpi [8ns_create-connecton UDP 35enver! LossMonitor 5n220]
Sudp1 setfid_1

setchrl [3udp1 attach-app Traffie/CER]

Scbrl et packetSize_ 1000

3cbrt setinterval_ .07

3ns_st0.1"5chr start”

Sns_at4.1"3chr stop”

setudp [5ns_create-connecion UDP 5n21 LossMonitor §n20 0]
Sudp2 satfid_1

setchrd [Sudp2 attach-app Traffic/CER]

Scbr? et packetSize_ 1000

Scbrd setinterval_ .07

Ins_at2.4"5chi2 start”

3ns_at4.1"3chr2 stop”

setudp3 [ns_create-connecton UDP 35enver! LossMonitor5n150]
Sudpd satfid_1

setehrd [3udp3 attach-app Traffie/CER]

Scbrd et packetSize_ 1000

Scbrd setinterval_

3ns_at4.0"3chrd stad’

Sns_at4.1"5chrd stop”

setudp4 [5ns_create-connacion UDP 55ervert Losshonitor 5n140]
Sudpd setfid_1

setchrd [Sudpd attach-app Traffic/CER]

Schrd set packetSize 1000

Schrd setinterval_5

Ins_st4.0"5chrd start”

Sns_st4.1"5chrd stop”

setudpd [Sns_create-connecion UDP 5n15 LossMonitor §n16 0]
Sudphsatfid_1

setchrd [Sudpd attach-app Traffic/CER]

Schrb set packetSize_ 1000

Scbrd setinterval_G

Ins_at4.0"5chd start”

3ns_at4.1"3chrd stop”
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setudph [Sns_create-connection UDP 5n15 LossManitarSn17 0]
Sudpfi setfid_1

setchr [Sudph sttach-app Traffic/CER]

Schrf set packetSize 1000

Scbrfi setinterval B

Sns_at4.0"5chrd stad’

Sns_at4.1"5chrd stop”

setudp’ [§ns_cesteconnection UDP 3n14 LossMonitor 3n4 ]
Sudp7 setfid_1

setebrT [3udpT attach-app Traffic/CER]

5cbrT set packetSize 1000

ScbrT setinterval &

Bns_at4.0"5chiT stad”

Sns_at4.1"3chiT stop”

setudpd [5ns_create-connection UDP 3n14 LossMonitor Sn30]
Sudpd setfid_1

setehrd [Sudp® attach-app Traffie/CBR]

5cbrd set packetSize_ 1000

Scbrd zetinterval &

Sns_at4.0"5chd stad”

Bns_at4.1"3chrd stop”

setudpd [Sns_create-connection UDP Sn4 LossManitor 5n3 0]
SudpBsetfid_1

setchrd [3udpd attach-app Traffic/CER]

Schrd set packetSize 1000

Schrd setinterval &

Bns_at4.0"5chrd stad’

Sns_at4.1"5chrd stop”

setudp10 [8ns_createconnection UDP 5n4 LossMonitor3n2 0]
Sudp10=s=tfid_1

setebr10 [5udp10 attach-app Traffie/CER]

Scbrtl et packetSize 1000

Schri0setinterval_§

Sns_at4.0"5chr10 start’

&ns_at4.1"3chr10 stop”

setudp11 [Bns_createconnection UDP 5n8 LossMonitor3n16 0]
Sudp11 setfid_1

setebrl [Sudp11 attach-app Traffie/CER]

5cbr11 et packetSze_ 1000

Scbrt1 setinterval &

Sn=_st4.0"3chri1 stan’
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Sns_at 4.1 "5chbr1 stop”

setudp12 [Sns_create-connedion UDP End LossMonitor Sn100]
Sudp12setfid_1

set cbr12 [Sudp12 attach-app TrafficiCER]

Scbr12 set packetSize 1000

Scbri2 setinterval_5

Sns_at 4.0 "3cbr12 start”

Sns_at 4.1 "5cbr12 stop”

RANNOTATIONS DETAILS

Sns_at 0.0 "5ns_trace-annotate VMOBILE MODE MOVEMENTS™
2ns_at 4.1 "2ns_frace-annotate "MODE27 CACHE THE DATA FRO SERVERY™
#3n5_at 459 "5ns_trace-annotate "PACKET LOSS AT NODEZTV™
Sns_at4.71 "Sns_trace-annotate "MODE1D CACHE THE DATAY™

#4 PROCEDURE TO STOP

procstop{H{

global ns_tracefd
Sns_flush-frace

close Stracefd

exec nam datacache.nam &
exit0

1

puts "Starting Simulation......."
Sns_at 25.0 "stop”
Sns_run

Procedure to run the program in the terminal window - $ns program?9.tcl

OUTPUT
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6.10 PROGRAM 10 — Creation of TCP (Transmission Control Protocol) communication
between the nodes using DSDV routing protocol TCL script

Program Discription

Number of nodes in the network is static and is declared as three in the network. Nodes
are configured in the mobile wireless node format. Procedure for the creation of nam file and
trace file is given and is followed by the topology creation. Localization of the network is static.
X and Y coordinates values are given in the program and the Z coordinates are always remains
zero. Movement for each and every node is built with static speed and spectifed receiver address

which is randomly generated and also the mobility will get change accoding to the time period.

Here initial size of each and every node is created by the use of the command
(initial_node_pos). Routing protocol is DSDV and the stop time of the simulation is 150ms.
Three nodes are created which are node0, node 1 and node 2. Send TCP agent is created and
attached to node0, destination TCPsink agent is created and attached to nodel. Then the TCP
agent and the TCPsink agent are connected. In the next level, FTP application is created and

attached to the sender TCP agent. Now the communication is initiated.

File Name — program10.tcl

e Channel Type — Wireless Channel

e Propogation — Two Ray Ground Model
e Queue Type — DropTail

e Antenna Type — Omni Directional Antenna
e Number of nodes — 3

e Routing protocol - DSDV

e X dimension — 500

e Y dimension — 400

e Stop time — 150ms

e AGENT-TCP

e Application - FTP
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# Define setting option

set wal(chan) Channel/WirelessCharmel ;# charmel type

set wval(praop) Propagation/TwoRayGround ;# radio-propagation model
set valinetif) Phy/WirelessPhy ;# network interface type
set valimac) Mac/802 11 +§ MAC type

set wval({ifqg) Quene /DropTail /PriQuene ;# interface queus type

set val(ll) LL ;# link layer type

set wal(ant) Antenna/Onnidntenna ;§ antenna model

set val(ifglen) SO0 ;# max packet in ifg

set walinn) 3 ;# number of mobilenodes

set valirp) DSDV ;# routing protocol

set valix) 500 ;# X dimension of topography
set waliy) 400 ;8 Y dimension of topography
set val(stop) 150 ;8 time of simulation end

#Creatingtrace file and namfile
settracefd  [open dsdv.ir w]
set windowVsTime2 [open win.trw]
setnamtrace  [opendsdv.nam w]

§nstrace-all $tracefd
¥ns namtrace-all-wireless $namtrace $val(x) Sval(y)

#s5et up topography object
settopo [new Topography]

Htopo load_flatgrid $valx) dvally)
create-god Fvalinn)

# configure the nodes
#ns node-config-adhocRouting $val(rp)t

-IType Fval{ll)
-macType dval{mac)!
-ifgType val(ifg)t
-ifgLen Svaliifglen)t
-antType Fval{ant)\
-propType $val(prop)t
-phyType Fval(netif)
-channelType Fval(chan)t
-topolnstance $topot
-agentTrace OM 4
-routerTrace OR Y
-macTrace OFF %
-movementTrace ON

for{seti0} {8 =&valinn)}{incri}{
set node_(5i) [5ns node]
¥
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# Provide initial location of mobilenodes
Snode_(0)setX_5.0
$node_(0)sety_5.0
Snode_(0)setZ_0.0

Snode_(1)setX_490.0
fnode_(1)setY 285.0
snode_(1)setZ 0.0

$node_(2)setX_150.0
Snode_(2)sety_240.0
Snode_(2)setZ_0.0

# Generation of movements

snsat 10.0"5node_(0)setdest250.0250.03.07
Snsat 15.0"%node_(1)setdest45.0285.05.0
Snsat 110.0"5node_(0)setdest480.0300.05.07

#5eta TCP connection between node_(0)andnode (1)
settcp [new AgentTCPMewranol

Stcpsetclass 2

setsink [new AgentTCPSink]

$ns attach-agentEnode_(0) Stcp

Bns attach-agent§node_(1) $sink

Bns connect $tcp Ssink

setftp [new Application/FTF]

§ftp attach-agent Stcp

fns at 10.0"bftp start”

# Printingthe window size

proc plotWindow {tcpSource file} {

globalns

settime0.01

setnow [Fns now]

setcwnd [StcpSource set cwnd |

puts 3file “Fnow fownd”

dins at [expr Snow+§time] “plotWindow $tcpSource §file”}
ans at 10.1 plotWindow Stcp SwindowVsTime2"
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# Define node initial position in nam
for {set i 0} {3i < dval(nn]} { incri} {
# 30 defines the node size fornam
$ns initial_node_pos $node_(3i) 30

}

# Telling nodes when the simulation ends
for{set 1 0} {3i < Sval(nn) } {incri}{
$ns at bval(stop) “Bnode_(Bi) reset”;

# ending nam and the simulation
$ns at Jval(stop) "$ns nam-end-wireless $val(stop)’
Bns at $val(stop) "stop”
$ns at 150.01 "puts V"end simulation" ; $ns halt"
proc stop {}
global ns tracefd namtrace
3ns flush-trace
close $tracefd
close $namtrace
exec nam dsdv.nam &
exit 0

}

$ns run

Procedure to run the program in the terminal window - $ns program20.tcl

OUTPUT
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6.11 PROGRAM 11 — Mobile node energy model construction TCL script

Program Discription

Number of nodes in the network is static and is declared as six in the network. Nodes are
configured in the mobile wireless node format. Procedure for the creation of nam file and trace
file is given and is followed by the topology creation. Localization of the network is static. X and

Y coordinates values are given in the program and the Z coordinates are always remains zero.

Movement for each and every node is built with static speed and spectifed receiver
address which is randomly generated and also the mobility will get change accoding to the time
period. Here initial size of each and every node is created by the use of the command
(initial_node_pos). Routing protocol is DSR and the stop time of the simulation is 18ms.

File Name — program11.tcl

e Channel — Wireless Channel

e Propagation — Two Ray Ground Propagation
e Queue Type — Drop Tail

e Antenna — Omni Directional Antenna
e Initial Energy — 20 J

e Transmission Power — 0.9 J

e Receiver Power —0.8J

e Idle Power—0.0J

e Sense Power —0.0175J

e Routing Protocol — DSR

e Simulation Time — 18ms

e Number of nodes — 6 nodes

e X dimension — 750

e Y dimension — 550

e [Initial Node Position - 30
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## Setting The wireless Channels .

set val(chan) Channel/WirelessChannel # channel type

set val(prop) Propagation/TwoRayGround ;# radio-propagation model
set val(netif) Phy/WirelessPhy # network interface type
set val(mac) Mac/g02 11 #MAC type

set val(ifg) Queue/DropTail/Pridueue # interface queue type
set val(ll) LL # link layertype

set val(ant) Antenna/OmniAntenna  # antenna model

set val(ifglen) 5 # max packetin ifg

set val(nn) b #number of mobilenodes

set val(rp) DSR # routing protocol

set val(x) 730 # X dimension of topography
set val(y) 550 #Y dimension of topography
set val(stop) 18.0 #time of simulation end

## Create a simulator object(nothing but, a scheduler's object)..
set ns [new Simulator]

## Create a trace file and nam file..
set tracefd [open wireless1.frw]
set namtrace [open wireless1.nam w]
## Trace the nam and trace details from the main simulation..
$ns trace-all $tracefd
$ns namtrace-all-wireless $namtrace $val(x) $val(y)

## set up topography object..
set topo [new Topography]

$topo load flatgrid Sval(x) Svally)

set god_ [create-god $val(nn)]
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## Color Descriptions..

5ns color 1 dodgerblue
5ns color 2 blue

5ns color 3 cyan

$ns color 4 green

sns color 5 yellow

sns color 6 black

5ns color 7 magenta
$ns color & gold

5ns color 9 red

# Setting The Distance Variables..
# For model "TwoRayGround'

set dist(sm) 7.69113e-06
set dist(9m) 2.37361e-06
set dist(10m) 1.92276e-06
set dist(11m) 1.58908e-06
set dist(12m) 1.33527e-06
set dist(13m) 1.13774e-06
set dist(14m) 9.81011e-07
set dist(15m) 8.54570e-07
set dist(16m) 7.51067e-07
set dist(20m) 4.80696e-07
set dist(25m) 3.07645e-07
set dist(30m) 2.13643e-07
set dist(35m) 1.56962e-07
set dist(40m) 1.56962e-10
set dist(4om) 1.56962e-11
set dist(50m) 1.20174e-13

#Phy/WirelessPhy set CSThresh_ Sdist(50m)
#Phy/WirelessPhy set RXThresh_ Sdist(50m)
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## Setting node config event with set ofinputs..
puts "Node Configuration Started here__\n\

-channel sval{chan)n\
-adhocRouting sval(rp) \n '\
-IType sval(ll) n
-macType val(mac) \n
-ifqType Sval(ifg) \n
-ifgLen Sval{ifglen)in\
-antType sval{ant) \n\
-propType Sval(prop)n
-phyType Sval(netif) \n"

$ns node-config -adhocRouting Sval(rp)\
-IType sval(ll) \
-macType sval(mac) \
-ifgType Sval(ifg) \
-ifgLen Sval(ifglen)\
-antType sval{ant)\
-propType Sval(prop)\
-phyType sval(netif) \
-channelType Sval(chan)\
-topolnstance stopo
-agentTrace ON\
-routerTrace ON\
-macTrace OFF \
-movementTrace ON
# Energy model
sns node-config -energyModel EnergyModel
-initialEnergy 20\
-txPower 0.914
-rxPower 0.61
-idlePower 0.0\
-sensePower 0.0175
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for{seti0} {8 < $valinn) } {incri}{
set node_(3i) [$ns node]

for {set i 0} {3i < Sval(nn)} {incr i}{
Snode_(Bi) color darkgreen

§ns at 0.0 "$node_(3i) color darkgreen”

;

#4 Provide initial location of mobilenodes .

if {$val(nn) =0} {
for{seti 1} {§i < Bval(nn) } {incri}{
set xx [exprrand()*600]
set yy [exprrand()*300];
Snode_(Bi) set X_ Fxx
Snode (Bi)setY Byy
}
;

## set god distance..
Sgod_set-dist012
Sgod_set-dist022
Sgod_set-dist032
Sgod_set-dist041
Sgod_set-dist052
Sgod_set-dist123
Sgod_set-dist133

## Define node initial position in nam..
for{seti0} {31 < dval(nn} {incri}{
# 30 defines the node size for nam..
$nsinitial_node_pos Snode_(5i) 30
;
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## Telling nodes when the simulation ends..
for {seti0} {%i < Sval(nn) }{incri}{
$ns at Sval(stop) "Snode_(5i) reset"”;

]

# Ending nam and the simulation..
$ns at $val(stop) "$ns nam-end-wireless $val(stop)"

$ns at $val(stop) "stop"
$ns at 16.01 "puts \"end simulation\" " :# 5ns halt

## Stop procedure..

procstop {3} {
global ns tracefd namtrace
$ns flush-trace
close Stracefd
close $namtrace

exec nam wireless1.nam &
exit 0

]

$Ns run

Procedure to run the program in the terminal window - $ns program11.tcl

OUTPUT
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6.12 PROGRAM 12 — Creation of nodes at random destination at particular time interval
using AODV routing protocol TCL script

Program Discription

Number of nodes in the network is not static and is declared as six in the network. Nodes
are configured in the mobile wireless node format. Number of nodes construction is given during
the run time of the program. The user should give the number of nodes in the terminal window
during the execution of the program. Procedure for the creation of nam file and trace file is given
and is followed by the topology creation. Localization of the network is static. X and Y
coordinates values are given in the program and the Z coordinates are always remains zero.
Movement for each and every node is built with static speed and spectifed receiver address
which is randomly generated and also the detination location will get change accoding to the
time period.

File Name — program12.tcl

# Define options

setval(chan) Channel/WirelessChannel # channel type
setval(prop) Propagation/TwoRayGround # radio-propagation model
set val(netif) Phy/WirelessPhy #network interface type
setval(mac) Mac/802_11 #MAC type

set val(ifg) Queue/DropTail’/PriQueue  #interface queuetype
setval(ll) LL #link layer type

set val(ant) Antenna/OmniAntenna  # antenna model

set val(ifglen) 50 #max packet in ifg

setval(nn) 5 # number of mobilenodes
setval(rp) ACDV #routing protocol

setval(x) 500 # X dimension of topography
setval(y) 400 #Y dimension of topography
setval(stop) 10 #time of simulation end

setns [new Simulator]

#Creating nam and trace file:

settracefd  [openwirelesst.trw]
setnamtrace  [openwireless1.namw]

$ns trace-all $tracefd
3ns namtrace-all-wireless snamtrace sval(x) sval(y)

#setup topography object
settopo  [new Topography]

Stopo load_flatgrid Sval(x) Sval(y)

setgod_ [create-god $val{nn)]
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# configure the nodes

$ns node-config -adhocRouting $val(rp)\

-IType sval(ll) \
-macType Sval(mac)\
-ifgType Sval(ifg) \
-ifgLen Sval(ifglen) \
-antType sval(ant) \
-propType sval(prop) \
-phyType sval(netif) \
-channelType Sval{chan)\
-topolnstance Stopo !
-agentTrace ON
-routerTrace ON\
-macTrace OFF \
-movementTrace ON

## Creating node objects..
for {seti0} {3i < 3valinn) } {incri}{
set node_(5i) [3ns node]

J

for {seti0} {5i < 3val(nn) }{incri}{
snode_(5i) colorblack
snsat 0.0 "Snode_(5i) color black”

}

## Provide initial location of mobilenodes..

for {setiO} {5i < Sval(nn) }{incri}{
set xx [exprrand()*200]
set yy [exprrand()*400]
snode_(5i) setX_ 3xx
snode (Si)sety  Syy
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#Define node initial position innam
forfseti 0} {$i< $valinn)}{incri}{
#30 definesthe node size for nam
fnsinitial_node_pos $node_(5i)30
¥

#Telling nodes whenthe simulation ends
forfseti 0} {$i< Sval(nn)} {incri}{

&ns at val(stop) "snode_(§i)reset”,
¥

#Destination procedure..
&ns at 0.0 "destination”
procdestination{} {
globalns val node_
set time 1.0
set now [5ns now]
for {set i 0} {Si=Sval(nn)}{incr i} {
setxx [exprrand()*500]
set yy [exprrand()*400]
&ns at fnow "snode_(§i)setdest 5xx Syy 10.0
¥
Bns at [expr Snow+time] "destination”

}
&ns at val(stop) "stop”
#5top procedure

procstop {3 {
global ns tracefd namtrace

&ns flush-trace

close $tracefd

close fnamtrace
execnamwirelesst.namdé

}

dnsrun
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Procedure to run the program in the terminal window - $ns program12.tcl

OUTPUT
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6.13 PROGRAM 13 — Creation of nodes destination and random coloring using AODV
routing protocol TCL script

Program Discription

Number of nodes in the network is not static and is declared as eight in the network.
Nodes are configured in the mobile wireless node format. Number of nodes construction is given
during the run time of the program. The user should give the number of nodes in the terminal
window during the execution of the program. Procedure for the creation of nam file and trace file
is given and is followed by the topology creation. Localization of the network is static. X and Y
coordinates values are given in the program and the Z coordinates are always remains zero.
Movement for each and every node is built with static speed and spectifed receiver address
which is randomly generated and also the detination location will get change accoding to the
time period. Here initial size of each and every node is created by the use of the command
(initial_node_pos). Routing protocol is AODV and the stop time of the simulation is 10ms. Here

each and every group of the nodes is constructed with different type of colors.

File Name — program13.tcl
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# Define setting options

satval(chan) ChannelWirelessChannel #channeltype

satval(prop) PropagationTwoRayGround # radio-propagation model
zat val[netif) Phy WirelezsPhy #network interface type

st valmac) MaciB02_11 FMAC type

st val(fg) Queue/DropTailPrifueve #interface queuetype
satval(ll LL #link layertype

satval(ant) Antenna/Omnidntenna  #antenna model
setyal[fglen) &0 #max packet in g
setvalnn) e #numberof mobilenodes
zatval(m) ADDY # routing protocal
satvalfx) 500 #X dimension of topography
zatvally) 400 #Y dimension of topography
satval(stop) 10 #time of simulstion end

zatns [new Simulatar]

#Creating namand trace file;

settracefd  [open wireless2 trw]
setnamtrace  [openwireless2.namw]

Ins trace-all Stracefd
5nz namtrace-al-wireless Snamtrace Sval[x) Svally)

#zetup topography object
settopo  [newTopography]

Stopo load_flatgnd Svallx) Svally)
setgod_ [creste-god Sval(nn]]

# configure the nodes
5n= node-config -adhocRouting Sval(m) L

AMype Jvalll |
-macType Svalimac) |
-ifg Type Sval(ifg)t
-ifgLen Svallifglen)’
-an{Type Sval(ant)!
-propType Jval(prop) !
-phyType Jvaljnetf)!
-channeType Jvalichan)i
-topolnstance Stopo’
-agentTrace OMY
-routerTrace OMY
-macTrace OFF
-movermentTrace ON
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## Creating node objects..
for{seti0} {5i«3 }{incri}{
setnode_(5i) [Gns node]
]
for{seti0}f8i<3 Jincri}{
Snode_(3i)colorblue
Bn=at0.0 "3node_(51) colorblue”
}
for{seti3} {5i<6}{incri}{
setnode_(5i) [Gnsnode]

}

for{seti 3} Ei< 5 Jincri}]
Snode_(3i) colorcyan
Bn=zat0.0"Snode_(5icolorcyan”

}
for{setif} {5i<8 }{incri}]

setnode_(5i) [Gnsnode]

]

for{setiB}Ei< 8 Jincri}]
Snode_(3i)colorred
Sn=zat0.0"Snode_(5icolorred”

]

## Provide inttial location of mobilenodes..
for {zeti 0} {5i < Svalinn)} {incri}{
st [exprand(*500]
setyy [exprrand(*400]
Snode_(3)setX_Saxx
Snode_(5ij=et_ Gyy

]

# Define node initial position in nam
for{zeti 0} {5i < Svalinn}}{ incri} |
# 30 defines the node size fornam
Snsintial_node_pos Snode_(5i) 30
}

# Telling nodes when the simulstion ends
for{zeti 0} {5i < Svalinn)} {incri}{

Snz at Svalistop) "Inode (51 reset’;
}

# dynamic destination setting procedure..
Snsst0.0 "destination”
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proc destination {} {

global ns val node_
set time 1.0

set now [Bns now]
for {set 1 0} {3i<bval(nn)} {incr i} {
set xx [exprrand()*500]
set yy [exprrand()*400]
$ns at $now "$node (i) setdest Jxx Byy 10.0

$ns at [expr Snow+3$time] "destination”

}

#stop procedure..
dns at val(stop) "stop’
proc stop 4
global ns tracefd namtrace
3ns flush-trace
close $tracefd
close fnamtrace
exec namwireless2 nam &

;

¥ns run

Procedure to run the program in the terminal window - $ns program13.tcl
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6.14 PROGRAM 14 — Creation of nodes with the initial and destination position in random
manner using AODV routing protocol TCL script

Program Discription

Number of nodes in the network is not static and is declared as eight in the network.
Nodes are configured in the mobile wireless node format. Procedure for the creation of nam file
and trace file is given and is followed by the topology creation. Localization of the network is
static. X and Y coordinates values are given in the program and the Z coordinates are always

remains zero.

Movement for each and every node is built with static speed and spectifed receiver
address which is randomly generated and also the detination location will get change accoding to
the time period. Here initial size of each and every node is created by the use of the command
(initial_node_pos). Routing protocol is AODV and the stop time of the simulation is 10ms. Here
each and every group of the nodes is constructed with different type of colors.

File Name — program14.tcl

e Channel — Wireless Channel

e Propagation — Two Ray Ground Propagation
e Queue Type — Drop Tail

e Antenna — Omni Directional Antenna

e Routing Protocol ~AODV

e Simulation Time — 18ms

e Number of nodes — 8 nodes

e X dimension — 500

e Y dimension — 400

e [Initial Node Position - 30
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# Define options

setvalichan) ChannelWirelessChannal
satvallprop) Propagation/TwoRayGround
setvallneti) PhyWirelessPhy
setval(mac) Maci202_11

setval(ifg) Queue/CropTailPridueue
setvallll LL

satval[ant) Antenna/Omnidntanna
setval(fglen) &0

satvalinn) 8

setvalm) ACDV

setvallx) &00

satvally) 400

setvalistop) 10

#Creating simulation:

setns [new Simulator]

#Creating nam and frace file:
settracefd  [openwirelessd tru]
setnamirace  [open wireless3.namw]

Ens trace-all Stracafd

&ns namtrace-al-wireless Snamtrace Svallx) Svally)

#setup topography object
settopo  [new Topography]

Stopo load_flatgnd Svalx) Svally)
setgod_[create-god Sval(nn)]

#configure the nodes
5ns node-config -sdhocRouting Svalim) |

AMype Svallll
-macType Svaljmac) |
-fqType Sval(fg)!
-fgLen Sval(ifglen)’
-antType Svaliant)!
-propType Jval(prop)i
-phyType Sval{netif)
<channelType Svalichan)
-topolnstance Stopaol
-agentTrace ON'
-routerTrace OM'
-macTrace OFF

#channel type
#radio-propagation model
;# network interface type

FMAC type

Finterface queue type

#link layertype

#antenna model
# max packetin ifg
# numberof mobilenodes

# nouting protocal

# X dimension of topography
#Y dimension of topography
#time of simulstion end
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-movementTrace ON

## Creating node objects..
for{=eti 0} {5i<3 }{incri}{
set node_(30) [$nsnode]

}

for{s=eti0}{Fi<3 }fincri}{
Snode_(J)colorblue
Snsatd.0"Snode_([5i) colorblue”

i
for{seti 3} {Bi<6}{incri}{
set node_(51) [$ns node]
}
for{=eti3}{5i<86 }fincri}{
Fnode_(dijcolorocyan
Fnsat1.0"5node_(3i)coloroyan”
}
for{seti @} {5i<8 }{incri}{
set node_(51) [$ns node]

i

for{setiS}{5i<38 }fincri}{
Snode_(31) colorred
Fnsatd.0"Snode_(3i)colorred”

H

## Provide initial location of mobilenodes..
for {seti 0} {5i < Svalinn)} {incri}{
setxo [exprrand(*500]
setyy [exprrand(*400]
Snode_ (i) set ¥ _ Sxx
Snode_(Ji)set™_ Syy

¥

# Define node initial position in nam
forf=zeti 0} {5i < Svalinnj}{ incril {
# 30 defines the node size fornam
Snsinitial_node_pos node_[51) 30
}

# Telling nodes when the simulation ends
for{zeti 0} {5 < Svalinn)}{incri}{

&ns at Sval{stop) "Snode_[51) reset”;
}

120



# dynamic destination setting procedure..
$ns at 0.0 "destination”
proc destination {} {

global ns val node

set time 1.0

set now [$ns now]

for {set i 0} {bi<$val(nn)} fincri} {

set xx [exprrand{)*300]

set yy [exprrand()"400]

$ns at bnow "dnode (i) setdest Jxx Fyy 10.0
;
$ns at [expr Bnow+btime] "destination”

;

#stop procedure..
$ns at $val(stop) "stop”
proc stop {}{
global ns tracefd namtrace
$ns flush-trace
close $tracefd
close fnamtrace
exec namwireless3.nam &

;

Ens run

Procedure to run the program in the terminal window - $ns program14.tcl

OUTPUT
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6.15 PROGRAM 15 - Creation of graphs with X dimension and Y Dimension constructed
randomly using AODV routing protocol TCL script

Program Discription

Number of nodes in the network is static and is declared as three in the network.
Procedure for the creation of nam file and trace file is given and is followed by the topology
creation. Localization of the network is static. X and Y coordinates values are given in the
program and the Z coordinates are always remains zero. Graph is randomly generated using the
X and Y dimensions and is programmed to generate the trace file accordingly. Here the trace file

acts as a input file to plot the graph in the format of trace file. Routing protocol is AODV and the

stop time of the simulation is 10ms.
File Name — program15.tcl

e Channel — Wireless Channel

e Propagation — Two Ray Ground Propagation
e Queue Type — Drop Tail

e Antenna — Omni Directional Antenna

e Routing Protocol ~AODV

e Simulation Time — 10ms

e [nitial Node Position - 30

# Define setting options
set vali{chan) Charmel /lirelessChannel
set wvaliprop) Propagation/TwoRayGround

8
4

charmel type
radio-propagation model

set valinetif) Phy/WirelessPhy ;¥ network interface type
set valimac) Mac/802_11 ;8 MAC type

set wvali{ifaq) Queue /DropTail /PriQueue ;# inter face queue type

set wali{ll) LL ;8 link layer type

set vali{ant) Antenna/Onniinterma ;¥ antenna model

set valiifglen) 50 ;# max packet in ifg

set valinn) 3 ;# number of mobilenodes

set wvalirp) A0DYV ;¥ routing protocol

set walix) £0o ;# X dimension of topography
set wvaliy) 400 ;8 Y dimension of topography
set valistop) 10 ;# time of simwlation end
set ns [new Simalator]
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# Creating simulation

setns [new Simulstor]

#Creating nam and fracefile
settracefd  [open Graphil.trw]
setnamtrace  [open Graphlnamw]

Snstrace-sll Stracefd

5nz namtrace-alkwireless Snamtrace Svallx) Svally)

#zetup topography object
settopo  [new Topography]

Stopo load_flatgnd Svaljx) Svally)
setgod_ [create-god Svalnr]]

#configure the nodes

Snz node-config -edhocRouting Svalm)

AMype Svallll) |
-macType Svallmac)!
-fqType Sval[fg)t
-ifigLen Sval(ifglen)
-antType Sval(ant)!
-propType Sval{prop)t
-phyType Svalineti) |
~channeType Sval(chan)!
-topolnstance Stopo
-ageniTrace ONY
-routerTrace OMY
-macTrace OFF
-movemeniTrace ON

## Creating node objecis..
forfseti0} {5i< Jvalinn)}{incri}{
setnode_(5i)[5ns node]

]

for f=eti 0}{5i < Jvalinn) Mineri}{
Snode_(5i)colorblack
&n=at0.0"3node_(5i) colorblack’

}

# Provide initial location of mobilenodes
Snode_[0)=et¥_500
Snode_[Dhsety_50.0
Snode_[0)=etZ_0.0
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Snode_[1)=setX_2000
Snode_[1)=ety_2500
Snode_[1)=etZ 0.0

Snode_(2)=set¥_3000
Snode_ (2=t 3000
Snode_[2)setZ_0.0

# Dafine node initial position in nam
for{zeti0} {3i< Svalinnj}{ incri}{
# 30 defines the node size fornam
Snzinttisl_node pos Snode (5130
]

# Teling nodes when the simulation ends
for{zeti0} {3i< Jvalinn) M incri}{

Sns atSvaljstop) "Snode (51 resat”,
]

#ending namand the simulation

5n= st Sval(stop) "Sns nam-end-wirelass Sval(stop)
5ns at Svalfstop) "stop”

5nsat10.01 "puts Vend simulation\” ; 5ns halt’
Snzat1.0"Graph"

satg [open graphira]

proc Graph [

globalnsg

settime 1.0

satnow [Ens now]

puts 37 "[exprrand(j*8] [exprrand[G]"

5ns at [exprinow+Stime] "Graph
]

#5top procature
procstop {{
globalns tracefd namirace
Snsflush-race
close Stracefd
close Snamirace
execxgraph -M-bb -geometry TODX200graph &
execnamGraphl.nam&
et
]

Snsrun
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Procedure to run the program in the terminal window - $ns program15.tcl
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6.16 PROGRAM 16 — Creation of graphs with two parameters as inputs using AODV
routing protocol TCL script

Program Discription

Number of nodes in the network is static and is declared as three in the network.
Procedure for the creation of nam file and trace file is given and is followed by the topology
creation. Localization of the network is static. X and Y coordinates values are given in the
program and the Z coordinates are always remains zero. Graph is randomly generated using the
X and Y dimensions and is programmed to generate the trace file accordingly. The trace file acts
as input file to plot the graph in the format of trace file. Here single plotted graph consist of two
trace file values. Different colors are given to each trace file during plotting. Routing protocol is

AODV and the stop time of the simulation is 10ms.

File Name — program16.tcl
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# Define setting options

set wali{chan) Charmel /irelessChannel
set vali{prop) Propagation/TwoRayGround
set walinetif) Phy/WirelessPhy

set val(mac) Mac/802_11

set wvali{ifqg) Queue /DropTail fPriQueue
set wal{ll) LL

set wal{ant) Antemna//Onniinterma

set val({ifglen) S0

set walinn) 3

set valirp) A0DV

set wal(x) 500

set waliy) 400

set val(stop) 10

set ns [new Simalator]

#Creating simulation
setns [new Simulator]

#Creating nam and tracefile
settracefd [open Graph2.trw]
setnamtrace [open Graph2.nam w]

&ns trace-all Stracefd
&ns namtrace-all-wireless Snamtrace Sval(x) Sval(y)

#s5et up topography object
settopo [new Topoagraphy]

Stopo load_flatgrid Sval(x) Svaliy)
setgod_[create-god Svalinn)]

#configurethe nodes
Zns node-config-adhocRouting Sval(rp)

-IType Sval(llj
-macType Sval(mac)
-ifgTypeSvallifg)\
-ifgLen Sval(ifglen)t
-antType Sval(ant)t
-propType Sval{prop)\
-phyType Svalinetif)
-channelType Sval(chan)\
stopolnstance Stopot
-agentTrace OMY
-routerTrace OMY
-macTrace OFF
-movementTrace ON

# Creating node objects..
for{seti0} {3i < Sval(nn)}{incri}{
set node_(Si) [2ns node]
i
for{seti 0} {3i = Sval{nn) }{incri}{
Snode_(3i)color black
&ns at 0.0 "Snode_(5i) color black™

¥
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#Provideinitial location of mobilenodes
Snode (0)setX_ 500

Snode (0)sety_ 500
snode_(0)setZ_0.0

snode_(1)setx_200.0
Snode (1) sety_2500
Snode (1)setZ_0.0

snode (2)setx_ 3000
snode_(2)sety_300.0
Snode (2)setZ 0.0

#Define nodeinitial position innam
for{seti0} {3 < Sval{nn)}{incri}{
#30 defines the nodesizefornam

=ns initial_node_paos Snode_(Si) 30

H

#Telling nodes whenthesimulation ends
for{seti0} {3i = Svalinn)}{incri}{
&ns at Sval({stop) "Enode_(Si)reset”;

1

#ending nam and thesimulation

2ns at Sval(stop) “2ns nam-end-wireless Sval{stop)”
sns at Sval(stop) "stop”

sns at 10.01 "puts Vend simulationt”; Sns halt”™

#¥Graph procedure..

#procedure..

=ns at1.0 "Graph”

setg[open graph.trw]

setgl[open graph.trw]
procGraph {}{

globalns g gl

settime 1.0

setnow [2ns now]

puts Sg "[exprrand()*8] [expr rand(*&]"
puts Sg1 "[exprrand()*8] [expr rand()*&]"
sns at [expr Snow+Stime] "Graph®

#stop procedure:
proc stop {1 {
global ns tracefd namtrace
gns flush-trace
close Stracefd
close $namtrace
exec xgraph -P -bb -geometry 700X800 graph.tr graph1 ir &

execnam Graph2.nam &
exit0

}

B3NS run
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Procedure to run the program in the terminal window - $ns program16.tcl
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6.17 PROGRAM 17 — Creation of graphs with more than two parameter files as inputs
using AODV routing protocol TCL script

Program Discription

Number of nodes in the network is static and is declared as three in the network.
Procedure for the creation of nam file and trace file is given and is followed by the topology
creation. Localization of the network is static. X and Y coordinates values are given in the
program and the Z coordinates are always remains zero. Graph is randomly generated using the
X and Y dimensions and is programmed to generate the trace file accordingly. The trace file acts
as input file to plot the graph in the format of trace file. Here single plotted graph consist of more
than two trace file values. Different colors are given to each trace file during plotting. Routing
protocol is AODV and the stop time of the simulation is 10ms.

File Name — program17.tcl
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# Define setting options

set wali{chan) Chammel /MirelessChamnel
set waliprop) Propagation/TwoRayGround
set valinetif) Phy/WirelessPhy

set valimac) Mac/80z2_11

set wvali{ifqg) Queus /DropTail fPriQueue
set val{ll) LL

set val{ant) Antenna//Ouniinterma
set val{ifglen) S50

set valinn) 3

set walirp) A0DV

set walix) 500

set valiy) 400

set vali{stop) 10

#Creating simulation
setns [new Simulator]

#Creatingnam andtracefile
settracefd  [open Graphd.trw]
setnamtrace [open Graph3.nam w]

5ns trace-all Stracefd
5ns namtrace-all-wireless Snamfrace Sval(x) val(y)

#setup topography object
settopo  [newTopoagraphy]

Stopo load flatgid Svalix) Sval(y)

setgod_[create-god Sval(nnj]

#configurethe nodes
2ns node-config-adhocRouting val(m)
ITypeSvalilt

-macTypeSvalimac)\
-ifqType Svaliifg)\
-ifgLen Sval{ifglen) s
-antType Sval(ant)\
-propType Svallprop) \
-phyType Sval(netif) \
-channeType Svalichan)
-topolnstance Stopo
-agentTrace QM
-routerTrace OMNY
-macTrace OFF
-movementTrace OM

#Creating node objeds..
for{setiO}{Si <Sval(nn)}{incri}{
set node_(3i) [Ens node]

1

for{seti 0} {3 < Sval(nn) H{incri}{
Snode_(3i) color black
2ns at0.0"3node_(3ijcolorblack™

t
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#Provide initial location of mobilenodes
Snode_(0)setx_50.0

snode (0)setY_50.0

snode (0)setZ 0.0

snode (1)setx_2000
Snode (1)sety 2800
Snode (1)setZ 0.0

snode (2)setX_3000
Snode (2)sety_3000
Snode (2)setZ 0.0

#Definenode inttial posttionin nam
for{seti0}{Si<Sval(nnj{inari
# 30 defines the node size for nam
Snsinitial_node_pos3node (3i)30

!

# Tellingnodeswhenthe simulation ends

for{seti0}{Si<Sval(nn)}{ineri{
Sns at Sval(stop) “Snode_(3ijreset”,
h

#endingnam andthe simulation

ns at 3val(stop) “3ns nam-end-wireless valistop)”

3ns at Sval(stop) "stop”

3ns at 10.01 "puts Vend simulationt™; 3ns hat®

#Graph procedure..

Snsat1.0"Graph”

et g [open graph.trw]

setg1[open graphl.trw]

set g2 [open graph trw]

procGraph{}{

globalns g g1

settime 1.0

setnow [3ns now

puts 3q “[exprrand()®8] [expr rand(*g]"
puts 391 “[exprrand()*3] [exprrand(j*a]"
puts 3g2 “[exprrand()*8] [exprrand(}*e]"
Sns at [expr Snow+5time "Graph”
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#5top proceture

proc stop {}{
global ns tracefd namtrace

$ns flush-trace

close $tracefd

close $namtrace
exec xgraph -M-bb -geometry 700X800 graph.tr graph1.tr graph2.tr &
exec nam Graph3.nam &
exit 0

}

¥nsrun

Procedure to run the program in the terminal window - $ns program17.tcl

OUTPUT
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