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ABSTRACT

Recently designing of computer network has no longer been limited only for sending
and/or receiving files, webpages, or e-mails; it has also been designed and developed continuously
to serve the increasing users' requirements. Nowadays, teleconference, tele-lecturing and Internet
entertainment such as VoD, live concert via the Internet have been widely popular (for example,
the use of real-time teleconference or net meeting, online multimedia, etc.). Most of those
applications generate streaming traffic which would play an important role for computer network
in the future. Therefore, the understanding of the streamline traffic’s behavior is very crucial.
Studying of streaming traffic behavior will be useful for the improvement of the computer network
system designing. As to provide an useful information about streaming traffic behavior, this
research studied on 2 types of streaming traffic: stored media and real-time live broadcast with
various sample data. The captured traffics were investigated in terms of packet size distribution
and packet interval time distribution. The results of the analysis, we could make a conclusion on
the different of the stored media traffic and the real-time live broadcast traffic and the relationship
between the encoding rate and the transmission rate. Moreover, this research also develope the
streaming traffic model for both stored media traffic and real-time live broadcast traffic. The
developed traffic model could generate traffic similar to the real traffic as shown in the experiment

results.
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Classification Example Application

BULK fip

DATABASE postgres, sqlnet, oracle, ingres
INTERACTIVE | ssh, klogin, rlogin, telnet
MAIL imap, pop2/3, smtp
SERVICES X11, dns, ident, 1dap, ntp
WwWw WWW

P2P KaZaa, BitTorrent, GnuTella
ATTACK Internet worm and virus attacks
GAMES Half-Life

MULTIMEDIA | Windows Media Player, Real Player




' [ " = - o o & 4
nnMmsuialszianaina Jlszanvesdumesiiansmilnsziannilagniauls
@ adaa ’o o o a -: l o o
Aovszinmiia@iide nyminlsznniiidains Foumuiudiuedinann Saglszasdves
¥ dyd & 4 o a -~ ]
nilFnunsinlszaniiiinannatelszinn ilemsdems anuiuRwaznisiny 1wy
s ] - o o 4 T 4 ]
mMsgniia Aunavriuszuudumeiitia msi¥ouasdomsuuy 1iwsuuau msdnuduszu
a 4 d v A o a ¢ da dqy & o aw
sumesita Wudu esnnmsiannuesszuudumesida msveouuudian iuniu virlv
yq ¥ a 9/ = P ar Y a a d o d’ a 4’
Aliuimsuazdldnudumesiiasuiuinliuimsdumesiians indszaniluns sty
v ayg ¥ a A g E o 7 4 o qw
wazdaiigliuimansmiinuuudeiiesdroileninaz Taglszasdais 4 winue Faild
" P - e 9 £ = J " =1 Haa a [
niwnuuvaoessiilTinunnudesnmsifaudu Indusdesiaiuasisninadeszuu

wn3evwae 11 lueuinn [1]

2.2 mamauvesszuunnidanuuaeiies

mws'Jumsﬁmu'uaqsw'umml?lmmuﬁmﬁm&‘luﬁqzﬂﬁ 2.1 Tawazilsznoudae
o ar 1 ar J’
panlsznounan 3 aaufall
1. awliuSmsnsmidlnuuudeiios
2. drnutsa lianiee

H 3/

3. @WATVUINS

Media file

Encoder Module

Streaming Traffic
Streaming Server i Client

Encoded file
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Vendor Streaming Server Streaming Format | Media player
Microsoft Window Media Server, WMS .wmyv or .asf Window Media Player
Real Network | Real Server, Helix .rm RealOne, RealPlayer
Apple QuickTime Streaming Server, QTSS .mov or .qt QuickTime Player
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File Format Compression
Advancod Straming Format (ASF) | Tempoml
AudioVideo ltedeave(AVD  Tempoml
wPEG1 | I
MPEG-2 b e
QisTme@d  Tempom
Quic‘k;lli.r_ne i’ro _ - Temporal
RealMedia (RM) Temporal

Windows Media Video (WMV) Temporal

DivX Temporal

MIJPEG Spatial
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1. RTSP Reanest
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2. RTSP Ack
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3. RTP or RDT data
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4. RTSP control
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Server : RealServer and Ethereal Client : RealPlayer

UTP 100 Mbps cable
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Device Specification Software Connection

PC : Pentium 4 2.0 GHz,
Server RAM 384 MByte RealServer, Ethereal | UTP 100 Mbps

LAPTOP : Pentium 4 2.0 GHz,
Client RAM 384 MByte RealPlayer UTP 100 Mbps
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#1938 Tedsziana q dulunsmiidnsznnesuduug

Average packet Size (Byte/packet)
Movie Name
56Kbps 128Kbps 512Kbps
Actionl 356.2439 421.1875 841.5653
Action2 395.5455 467.2739 844.3776
Talkshow1 382.2839 425.6566 785.7644
Talkshow2 307.778 439.5985 834.7268
Dramal 347.9745 429.4882 817.9952
Drama2 295.5692 438.9251 810.8021
Documentaryl 322.0526 446.2059 834.6358
Documentary2 323.2544 453.5573 823.4596
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Maximum packet Size (Byte/packet)
Movie Name
56Kbps 128Kbps 512Kbps
Actionl 659 661 1461
Action2 659 661 1461
Talkshowl 659 661 1461
Talkshow2 659 661 1461
Dramal 659 661 1461
Drama2 659 661 1461
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Documentary2 659 661 1461
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Average packet interval time (s/packet)
Movie Name

56Kbps 128Kbps 512Kbps
Actionl 0.063156 0.026187 0.012644
Action2 0.070224 0.029238 0.012726
Talkshowl 0.066325 0.026007 0.011683
Talkshow2 0.052341 0.027594 0.012346
Dramal 0.070381 0.03081 0.013891
Drama2 0.057303 0.031476 0.013727
Documentaryl 0.063759 0.032123 0.014292
Documentary2 0.063479 0.032766 0.01404
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Average packet Size (Byte/packet)
Movie Name

56Kbps 128Kbps 512Kbps
Actionl 356.2565 419.4343 839.903
Action2 389.4876 465.1517 841.1983
Talkshow1 369.6748 408 834.6242
Talkshow2 306.69 420 789.991
Dramal 347.6989 430.5023 816.6093
Drama2 297.9385 430.8446 809.6411
Documentaryl 325.584 446.5323 834.4902
Documentary2 323.2495 454.4883 822.3516
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Average packet interval time (s/packet)
Movie Name
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M13199 3.9 AUNAUALTIRGUYDIF NN T TUADLURNNAVDIN T BT 2NN 9 (s)

Rate 56 Kbps Rate 128 Kbps Rate 512 Kbps
Avg Pkt Median Avg Pkt Median Avg Pkt Median
Time Time Time Time Time Time
Movie Name Interval Interval Interval Interval Interval Interval
Actionl-Realtime 0.069 0.000155 | 0.0297 0.000154 0.0142 0.000111
Action1-On demand 0.063156 | 0.060238 | 0.026187 0.029895 0.012644 0.0096
Talkshow1-Realtime 0.0905 0.000153 | 0.0285 0.000123 0.01419 0.00004
Talkshow1-On demand | 0.066325 | 0.067438 | 0.026007 0.029403 0.011683 0.009679
Dramal- Realtime 0.068827 | 0.000101 | 0.031249 0.000054 0.013826 0.00004
Dramal-On demand 0.070381 | 0.062043 | 0.03081 0.030108 0.013891 0.009806
Docl- Realtime 0.063117 | 0.0001 0.032513 0.000097 0.0141 0.000039
Docl- On demand 0.063759 | 0.060065 | 0.032123 0.039826 0.014292 0.009822
Packet cormt (packetno.)
3000
2000
1000
1]
0.025 0.05 0.075 0.1 Intexval Time (s)

27

4 [ " ' o @ o a o
10 3.11a nsnsznwvesrInEMsduazuRninaves IWdTaATReYsnnen



28
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MINN 310 ANUdURLSYeIdasIMshddoya (Kbps) fusunivuessia ON-OFF (s) Tu

' ' o o
msdadeyaszninedd ledszinmuentuuaznedalydvessoa lminsmidn

Rate 56 Kbps Rate 128 Kbps Rate 512 Kbps
Movie Avg Avg ON/OFF | Avg Avg ON/OFF | Avg Avg ON/OFF
Name Toff(s) | Ton/Pkt | Ratio Toff(s) Ton/Pkt | Ratio Toff(s) Ton/Pkt | Ratio
Actionl 0.17298 | 0.000121 | 1.48 0.08936 | 0.000121 | 2.056 0.04524 | 0.000084 | 2.2268
Action2 0.17437 | 0.000124 | 1.256 0.105474 | 0.000119 | 2.24 0.050114 | 0.000082 | 2.58
Talkshowl | 0.22382 | 0.000117 | 1.4749 0.099329 | 0.000111 | 2.51904 | 0.07991 | 0.000058 | 4.44626
Talkshow2 | 0.16084 | 0.000113 | 1.7931 0.11126 | 0.000109 | 2.43689 | 0.07025 | 0.000065 | 4.02928
Dramal 0.22548 | 0.000744 | 2.301 0.120965 | 0.000191 | 2.8894 0.064824 | 0.000048 | 3.6518
Drama2 0.15985 | 0.000564 | 1.8085 0.12996 | 0.000239 | 2.796 0.079614 | 0.000042 | 4.7581
Docl 0.19442 | 0.000494 | 2.096 0.121515 | 0.00023 | 2.757 0.069961 | 0.000045 | 4.1876
Doc2 0.18779 | 0.00078 | 2.196 0.121613 | 0.000258 | 2.677 0.075227 | 0.000043 | 4.242
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Encoding Average Packet | Packet size ON Time | Packet Intervalin | OFF Time

Rate (Kbps) size (Byte) range (Byte) period (s) | ON time period (s) | period (s)
56 389.3044 66 - 659 0.0002655 0.000177 0.02058
128 443.5446 66 - 661 0.0005877 0.00025443 0.00833

512 829.2451 66 - 1459 0.0008244 0.0002407 0.003628
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Burst period Normal period
Average Average
Encoding Packet size Packet Size Packet Packet size | Packet Size Packet
Rates (Kbps) (Byte) Range (Byte) | Interval (s) (Byte) Range (Byte) | Interval (s)
56 389.3044 66-659 0.02058 375.9529 66-659 0.075997
128 443.5446 66-661 0.00833 448.965 66-661 0.031572
512 829.2451 66-1461 0.003628 837.5425 66-1461 0.013933
Burst period Input :
S, Random Packet Size
t, Time Interval
| CBR
Normal period Input :
S, Random Packet Size > On demand
4 Streaming Traffic
t, Time Interval
» CBR
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Application/Traffic/Exponential object

ADouNAveIHaid : PacketSize UNUVIALANINA
burst_time_ UNUAIAINMTAINTINAN
idle_time_ HNUF NN IHYATINT AN
rate_ unudasimahdedoya (4.1)

Application/Traffic/CBR object
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Application/Traffic/Realtime object
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Application/Traffic/Burst object

Mounavesilandu irae.  unudasimaihdsdoya

Application/Traffic/Stored object

MBUNAYOINITY srate. unudanimahdadoya

On demand traffic model

Beginning period of Transmission
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(4.4)

(4.5)

Normal period of Transmission
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/* -*- Mode:C++; c-basic-offset:8; tab-width:8; indent-tabs-mode:t -*- */

/* Module of Streaming on-demand Traffic in the beginning of transfer process*/

#include <stdlib.h>
#include "random.h"
#include "trafgen.h"

#include "ranvar.h"

// random noise in the interval, and packet size
class burst_traffic : public TrafficGenerator {
public:
burst_traffic();
virtual double next_interval(int&);
inline double interval() { return (interval ); }
protected:
virtual void start();
void init();
double rate ; /* send rate during on time (bps) */
double interval_; /* packet inter-arrival time during burst (sec) */
double random_;
int seqno _;
int maxpkts ;
3
static class BurstTrafficClass : public TclClass {

public:



BurstTrafficClass() : TclClass(" Application/Traffic/Burst") {}
TclObject* create(int, const char*const*) {
return (new burst_traffic());
}
} class_burst_traffic;

burst_traffic::burst_traffic() : seqno_(0)

{
bind_bw("rate_", &rate );
bind("random_", &random );
//bind("packetSize ", &size );
bind("maxpkts_", &maxpkts );
}
void burst_traffic::init()
{
// compute inter-packet interval
if (rate_ == 56000)
interval = 0.02058;
else if (rate_ == 128000)
interval = 0.00833;
else
interval = 0.003628;
if (agent )
if (agent_->get_pkttype() '= PT_TCP &&
agent_->get pkttype() != PT TFRC)
agent ->set_pkttype(PT CBR);
}
void burst_traffic::start()
{
init();

running_ = 1;

timeout();



H
double burst_traffic::next_interval(int& size) // Compute interval time and random packet size
{
if (rate_ == 56000) {
interval = 0.02058;
size_ = Random::uniform(66, 659); }
else if (rate_ == 128000) {
interval = 0.00833;
size_ = Random::uniform(66, 661); }
else {
interval_ = 0.003628;
size_ = Random::uniform(66, 1461); }
double t = interval_;
if (random )
t+= interval _ * Random::uniform(-0.01, 0.01);
size = size ;
if (++seqno_ < maxpkts )
return(t); else

return(-1); }
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/* -*- Mode:C++; c-basic-offset:8; tab-width:8; indent-tabs-mode:t -*- */

/* Module of Streaming on-demand Traffic in the normal transfer process*/

#include <stdlib.h>
#include "random.h"
#include "trafgen.h"

#include "ranvar.h"

// random noise in the interval, and packet size.

class stored_media : public TrafficGenerator {

public:
stored_media();
virtual double next_interval(int&);
/MACK so that udp agent knows interpacket arrival time within a burst
inline double interval() { return (interval ); }

protected:
virtual void start();
void init();
double rate ; /* send rate during on time (bps) */
double interval_; /* packet inter-arrival time during burst (sec) */
double random ;
int seqno_;

int maxpkts_;

static class StoredTrafficClass : public TclClass {



public:
StoredTrafficClass() : TclClass(" Application/Traffic/Stored") {}
TclObject* create(int, const char*const*) {
return (new stored_media());
H

} class_stored media;

stored_media::stored_media() : seqgno_(0)
{
bind_bw("rate_ ", &rate );
bind("random_", &random );

bind("maxpkts_", &maxpkts );

void stored_media::init()
{
// compute inter-packet interval
if (rate_ == 56000)
interval = 0.075997;
else if (rate_ == 128000)
interval = 0.031572;
else
interval = 0.013933;
if (agent )
if (agent_->get_pkttype() '= PT TCP &&
agent_->get_pkttype() != PT_TFRC)
agent_->set_pkttype(PT CBR);

void stored_media::start()

{

init();



running_ = 1;

timeout();

double stored_media::next_interval(int& size)

{

// compute inter-packet interval

if (rate_ == 56000) {

interval = 0.075997;

size_ = Random::uniform(66, 659); }
else if (rate_ == 128000) {

interval_ = 0.031572;

size_ = Random::uniform(66, 661); }
else {

interval = 0.013933;

size_ = Random::uniform(66, 1461); }
double t = interval ;

if (random )

t += interval _ * Random::uniform(-0.01, 0.01);

size = size ;

if (++seqno_ < maxpkts )
return(t);

else

return(-1);
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/* -*- Mode:C++; c-basic-offset:8; tab-width:8; indent-tabs-mode:t -*- */

#ifndef lint
static const char resid[] =
"@(#) $Header: /nfs/jade/vint/ CVSROOT/ns-2/tools/expoo.ce,v 1.15 2005/08/26 05:05:30 tomh
Exp $ (Xerox)";
#endif
#include <stdlib.h>
#include "random.h"
#include "trafgen.h"

#include "ranvar.h"

/* implement an on/off source with exponentially distributed on and
* off times. parameterized by average burst time, average idle time,
* burst rate and packet size.

*/

class Realtime_Traffic : public TrafficGenerator {
public:

Realtime Traffic();

virtual double next interval(int&);

virtual void timeout();

/I Added by Debojyoti Dutta October 12th 2000

int command(int argc, const char*const* argv);
protected:

void init();

double ontime _; /* average length of burst (sec) */

double offtime_; /* average length of idle time (sec) */

double rate_; /* send rate during on time (bps) */



double interval_; /* packet inter-arrival time during burst (sec) */

unsigned int rem_; /* number of packets left in current burst */

/* new stuff using RandomVariable */
ExponentialRandom Variable burstlen ;

ExponentialRandomVariable Offtime ;

>

static class RealtimeTrafficClass : public TcIClass {
public:
RealtimeTrafficClass() : TclClass(" Application/Traffic/Realtime") {}
TclObject* create(int, const char*const*) {
return (new Realtime _Traffic());
}

} class_Realtime_traffic;

// Added by Debojyoti Dutta October 12th 2000
// This is a new command that allows us to use
// our own RNG object for random number generation

// when generating application traffic

int Realtime_Traffic::command(int arge, const char*const* argv){

iflarge==3){
if (stremp(argv([1], "use-mg") == 0) {
burstlen_.seed((char *)argv[2]);
Offtime_.seed((char *)argv[2]);
return (TCL_OK);

}

return Application::command(arge,argv);
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Realtime_Traffic::Realtime_Traffic() : burstlen_(0.0), Offtime (0.0)
{
//bind_}ime("burst_timeﬁ", &ontime );
/Moind_time("idle_time ", Offtime .avgp());
bind_bw("rate_", &rate );

//bind("packetSize ", &size );

void Realtime_Traffic::init()
{
/* compute inter-packet interval during bursts based on
* packet size and burst rate. then compute average number
* of packets in a burst.
L 4
/finterval _ = (double)(size_ << 3)/(double)rate ;
if (rate == 56000) {
interval = 0.000177;
ontime_ = 0.0002655;
rem_=3;}
else if (rate_ == 128000) {
interval_ = 0.00025443;
ontime_ = 0.0005877;
rem_=4;}
else {
interval = 0.0002407;
ontime_ = 0.0008204;
rem_=35;}
burstlen_.setavg(ontime_/interval );
rem_ =0,
//if (agent )

agent_->set_pkttype(PT_CBR);



//PT_EXP

double Realtime_Traffic::next_interval(int& size)

{

double t = interval ;

if (rate == 56000) {

offtime_ = 0.183;

size = Random::uniform(66, 659);}
else if (rate_ == 128000) {

offtime_ = 0.10135;

size_ = Random::uniform(66, 661);}

else {

offtime_ = 0.06137,;

size_ = Random::uniform(66, 1461);}
if (rem_==0) {

/* compute number of packets in next burst */

/lrem_ = int(burstlen_.value() + .5);

rem_ = int(ontime_/interval );

/* make sure we got at least 1 */

if(rem == 0)

rem_=1;

/* start of an idle period, compute idle time */
//t = Offtime_.value();
t += offtime_;
}

rem_--;

size = size ;

return(t);
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void Realtime Traffic::timeout()

{

if (! running )

return;

/* send a packet */
// The test tcl/ex/test-revr.tcl relies on the "NEW_BURST" flag being
// set at the start of any exponential burst ("talkspurt”).
if (nextPkttime_ != interval || nextPkttime ==-1)
agent_->sendmsg(size , "NEW_ BURST");
else
agent_->sendmsg(size );
/* figure out when to send the next one */
nextPkttime = next_interval(size );
/* schedule it */
if (nextPkttime > 0)

timer_.resched(nextPkttime );
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#Create a simulator object

set ns [new Simulator]

# Create a nam trace datafile.

set namfile [open /ust/lib/tc18.4/RT.nam w]

$ns namtrace-all $namfile

#Open the output files
set f0 [open RT56.tr w]
set f1 [open RT128.tr w]

set f2 [open RT512.tr w]

#Create 5 nodes
set n0 [$ns node]

set nl [$ns node]

set n2 [$ns node]

set n3 [$ns node]

set n4 [$ns node]

set n5 [$ns node]

#Connect the nodes

$ns duplex-link $n0 $n1 100Mb 100ms DropTail
$ns duplex-link $n2 $n3 100Mb 100ms DropTail
$ns duplex-link $n4 $n5 100Mb 100ms DropTail



#Define a 'finish’ procedure

proc finish {} {
global fO f1 {2 ns namfile
#Close the output files
close $f0
close $f1
close $f2

#Call xgraph to display the results

exec xgraph RT56.tr RT128.tr RT512.tr -geometry 800x400 &
$ns flush-trace

close $namfile

exec nam -r 2000.000000us /usr/lib/tc]8.4/RT.nam &

exit 0

#Define a procedure that attaches a UDP agent to a previously created node
#node' and attaches an Realtime traffic generator to the agent with the

#characteristic values 'rate’

proc attach-expoo-traffic-UDP { node sink rate} {
#Get an instance of the simulator

set ns [Simulator instance]

#Create a UDP agent and attach it to the node
set source [new Agent/UDP]

$ns attach-agent $node $source

#Create an Expoo traffic agent and set its configuration parameters
set traffic [new Application/Traffic/Realtime]

Straffic set rate_ Srate

74



75

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

#Connect the source and the sink

$ns connect $source $sink

return $traffic

#Define a procedure which periodically records the bandwidth received by the
#three traffic sinks sink0/1/2 and writes it to the three files f0/1/2.
proc record {} {
global sinkO0 sink1 sink2 f0 f1 f2
#Get an instance of the simulator
set ns [Simulator instance]
#Set the time after which the procedure should be called again
set time 0.5
#How many bytes have been received by the traffic sinks?
set bwO [$sink0 set bytes ]
set bwl [$sink]1 set bytes ]
set bw2 [$sink2 set bytes ]

#Get the current time
set now [$ns now]
#Calculate the bandwidth (in MBit/s) and write it to the files
puts $f0 "$now [expr $bw0]"
puts $f1 "$now [expr $bw1]"
puts $f2 "$now [expr $bw2]"

#Reset the bytes_ values on the traffic sinks
$sink0 set bytes 0
$sink1 set bytes 0
$sink2 set bytes_ 0



#Re-schedule the procedure

$ns at [expr $now+$time] "record”

#Create three traffic sinks and attach them to the node n4
set sink0 [new Agent/LossMonitor]
set sink1 [new Agent/LossMonitor]

set sink2 [new Agent/LossMonitor]

$ns attach-agent $n1 $sink0

$ns attach-agent $n3 $sink1

$ns attach-agent $n5 $sink2

#Create three traffic sources

set source0 [attach-expoo-traffic-UDP $n0 $sink0 56Kb]
set sourcel [attach-expoo-traffic-UDP $n2 $sink1 128Kb]
set source2 [attach-expoo-traffic-UDP $n4 $sink2 512Kb]
#Start logging the received bandwidth

$ns at 0.0 "record”

#Start the traffic sources

$ns at 5.0 "$source0 start"

$ns at 5.0 "$sourcel start"

$ns at 5.0 "$source? start”

#Stop the traffic sources

$ns at 300.0 "$source0 stop”

$ns at 300.0 "$sourcel stop”

$ns at 300.0 "$source2 stop"

#Call the finish procedure after 60 seconds simulation time
$ns at 300.0 "finish"

#Run the simulation

$ns run
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#Create a simulator object

set ns [new Simulator]

# Create a nam trace datafile.
set namfile [open /usr/lib/tcl8.4/Store.nam w]

$ns namtrace-all $namfile

#0Open the output files
set 0 [open ST56.tr w]
set f1 [open ST128.tr w]
set 2 [open ST512.tr w]

#Create 6 nodes

set n0 [$ns node]
set nl [$ns node]
set n2 [$ns node]
set n3 [$ns node]
set n4 [$ns node]

set n5 [$ns node]

#Connect the nodes

$ns duplex-link $n0 $n1 100Mb 100ms DropTail
$ns duplex-link $n2 $n3 100Mb 100ms DropTail
$ns duplex-link $n4 $n5 100Mb 100ms DropTail

#Define a 'finish' procedure
proc finish {} {
global 0 f1 {2 ns namfile

#Close the output files
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close $f0
close $f1
close $f2

#Call xgraph to display the results

exec xgraph ST56.tr ST128.tr ST512.tr -geometry 800x400 &
$ns flush-trace

close $namfile

exec nam -t 2000.000000us /usr/lib/tcl8.4/Store.nam &

exit 0

#Define a procedure that attaches a UDP agent to a previously created node
#node' and attaches an normal on-demand traffic generator to the agent with the

#characteristic values 'rate'

proc attach-expoo-traffic-UDP { node sink rate } {
#Get an instance of the simulator

set ns [Simulator instance]

#Create a UDP agent and attach it to the node
set source [new Agent/UDP]

$ns attach-agent $node $source

#Create an Expoo traffic agent and set its configuration parameters
set traffic [new Application/Traffic/Stored]

$traffic set rate Srate

# Attach traffic source to the traffic generator
$traffic attach-agent $source
#Connect the source and the sink

$ns connect $source $sink
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return $traffic

#Define a procedure that attaches a UDP agent to a previously created node
#node' and attaches an Burst on-demand traffic generator to the agent with the
#characteristic values 'rate’'
proc attach-expoo-traffic-burst { node sink rate } {

#Get an instance of the simulator

set ns [Simulator instance]

#Create a UDP agent and attach it to the node
set source [new Agent/UDP]

$ns attach-agent $node $source

#Create an Expoo traffic agent and set its configuration parameters
set traffic [new Application/Traffic/Burst]

$traffic set rate  Srate

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

#Connect the source and the sink

$ns connect $source $sink

return $traffic

#Define a procedure which periodically records the bandwidth received by the
#three traffic sinks sink0/1/2 and writes it to the three files f0/1/2.
proc record {} {
global sink0 sink1 sink2 f0 f1 f2
#Get an instance of the simulator
set ns [Simulator instance]

#Set the time after which the procedure should be called again
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set time 0.5
#How many bytes have been received by the traffic sinks?
set bwO [$sinkO set bytes ]
set bw1 [$sinkl set bytes ]
set bw2 [$sink2 set bytes ]

#Get the current time
set now [$ns now]
#Calculate the bandwidth (in MBit/s) and write it to the files
puts $f0 "$now [expr $bw0]"
puts $f1 "$now [expr $bw1]"
puts $f2 "$now [expr Sbw2]"

#Reset the bytes  values on the traffic sinks
$sinkO set bytes 0
$sinkl set bytes 0
$sink2 set bytes 0

#Re-schedule the procedure

$ns at [expr Snow+$time] "record”

#Create three traffic sinks and attach them to the node n4
set sink0 [new Agent/LossMonitor]
set sink1 [new Agent/LossMonitor]

set sink2 [new Agent/LossMonitor]
$ns attach-agent $n1 $sink0
$ns attach-agent $n3 $sink1

$ns attach-agent $n5 $sink2

#Create three traffic sources



set source( [attach-expoo-traffic-burst $n0 $sink0 56Kb]
set sourcel [attach-expoo-traffic-burst $n2 $sink1 128Kb]

set source2 [attach-expoo-traffic-burst $n4 $sink2 512Kb]

set source( 1 [attach-expoo-traffic-UDP $n0 $sink0 56Kb]
set sourcel 1 [attach-expoo-traffic-UDP $n2 $sink1 128Kb]
set source2 1 [attach-expoo-traffic-UDP $n4 $sink2 512Kb]

#Start logging the received bandwidth
$ns at 0.0 "record”

#Start the traffic sources

$ns at 5.0 "$source0 start"

$ns at 5.0 "$sourcel start"

$ns at 5.0 "$source? start"

#Stop the traffic sources
$ns at 15.0 "$source0 stop"
$ns at 15.0 "$sourcel stop”

$ns at 15.0 "$source2 stop"

$ns at 15.0 "$source0_1 start"
$ns at 15.0 "$sourcel _1 start"

$ns at 15.0 "$source2 1 start"

$ns at 300.0 "$source0 1 stop"
$ns at 300.0 "$sourcel 1 stop"

$ns at 300.0 "$source2 1 stop"

#Call the finish procedure after 300 seconds simulation time
$ns at 300.0 "finish"
#Run the simulation

$ns run
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