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Suchaisri Li-On 2008: Transparent Multicast Protocol (TMCP) over Infrastructure Wireless LAN.
Doctor of Engineering (Computer Engineering), Major Field: Computer Engineering, Department of

Computer Engineering. Thesis Advisor: Associate Professor Anan Phonphoem, Ph.D. 87 pages.

Due to the specification requirements of multimedia communications such as a live streaming media
of televisions that transmits data stream by using unicast communication, even though same streams from a
single media server are transmitted to many receivers concurrently, the server must send separate data streams
to such receivers. This event lowers the efficiency of the bandwidth utilization and the capability of providing
quality of service guarantee for high traffic loading in the sharing media networks such as wireless LANs. In
this research, the designed framework of Transparent Multicast Protocol (TMCP) over infrastructure wireless

LANS has been proposed.

The objectives of this research are 1) to quantitatively compare the performance of multicast and
unicast over infrastructure wireless LANs; 2) to design the framework for supporting a live streaming media
communication of a variable number of mobile hosts accessing to one or more concurrent streams; 3) to
develop a simple Stochastic Markov Model for evaluating the performance of infrastructure wireless LANSs,

comprising both multicast and unicast transmissions.

The data used in this research is a live streaming media from a media server on the Internet. Such
data has been used for the preliminary analysis of the framework design concept of TMCP. This concept has
provided the multicast transmission for the requested concurrent unicast streams from mobile hosts while the
sniffer program has been used for monitoring the traffic. The prototype is based on the Linux kemel. The
symbolic equation and the numerical analysis have been solved by mathematical applications; and the JAVA

programming language has been used for calculating the distribution of active multicast sessions.

It is found from the research that the study on the quantitative comparison and the performance
analysis between multicast and unicast can be completely done by a simple Mathematical Queueing Model.
The designed framework of TMCP can be easily implemented on the gateway server in the realistic network
environment. In addition, deploying the TMCP designed framework can improve the performance of the

infrastructure wireless LANs efficiently.
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M30ONUUVVOLUIEH (Framework Design)

A o 1 ] as A AQ A 1T R W 1
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dnyane lui

1. Mmyfesvod IWdvesanii Tuine Taad (Muneavlon 158.108.225.116) 910
anfluTmadiu (mueaalof 202.142.200.129) drefds “GET” uazadruvesdeyadiuoni
' . . v s . 5
08 (Uniform Resource Identifier: URI) vouud lua “/live/mcot_livel28.asx” TuauTlsunsy

Jd o {
Uszgna AanIni 23

| | 922| B . 7
Source IP Rddress: 158 108 E225.11¢
Dest. IP Rddress: Z0Z.14Z.200_129

@ No IP Options

- TCP: SPort: 2634 DPort: S0 Seq: 3510663468 Aok ZO0ZE5957Z55 Offset: &
= T HIT! - Hyper Text Transfer Protocol

[+ Command : GET

fal UBI: flive/meoot_livelZs._ asx

tp Yersiomn: HTTDP/l.  1«<CR>LE>

tp Rooept: *fFCR» LI

tp Uzser-Rgent: WMindows-Media-Player 3. 00.00. 2250 CR=»LF>

tp Accept-Encoding: gzip, deflatesCR=<LF>=

tp Host: modernine. moot  net=CR=CLE>

#p Conmection: Keep-LlivesCR»<LF>

tg Cookie: verify=test; uidE3Z00=AE4CE407.&; _cbheolos

H P =
M 23 Midesvowd lWdannaotiTuineTaad

A A < a Y 9 @ ' A AAaa <
2. ADIUUITNTNIVIZUNITADUNAUNITIDIVUDAINATI HIDNHN-LLDA (Transport

Y] { Y] I Y] :JI
control protocol Acknowledgement: TCP Ack) #3417 24 wSeunudoyama Ivdluszaudu
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UiReNIDIENeATYYIUAANINADIUUTNITOHAWUUL

1 9 @ A (] .. 1 = =}
3. daudoyadiuoniiog “mediaii.meot.net” 9 gnas lowmineay lofinnanil
a A . =} A YA
U5Msvo lamwy (Domain Name Server: DNS) (ﬂiJTfJLﬁ“lJll@W 158.108.2.67) Wﬁﬂhlﬂ‘ﬂﬂﬁll']ﬂla‘u
P o = £ g P a A o A
ul@“W 202.142.200.131 A9NINN 25 “IN!‘]JuﬁiJ’]EJ!a‘UVl@WEUi’]Qﬁﬂ"IHU§ﬂ"lﬁﬁ’ﬂﬂﬁWfJLLUU HUAD

@ eﬂlj dy Y 33| A ' = J v A A A
WEN"I]Tﬂsllu@]ﬂuulla’mxL‘]Juﬂ"liﬁi’)ﬁﬁizﬂﬁl"lﬂﬁﬂ”luIll'].l"lfliE’Jﬁ@ﬂﬂﬁﬂ1uﬂiﬂﬁﬁ’ﬂﬁa"lﬂ!,m‘ﬂ

sk I N IR,

Source IP Rddress: Z0Z.142.200.123
Dest. IP RAddress: 158.108.225.116
fp Mo IPF Options

[=l T TCP - Transport Control Protocol

tp Source Port: g0 ktip

f Destination Port: 3634

& Sequence Fumber: F0ZE98T7ELE

fp Ack Mumber: 3810863787

@ Dffset: 5 (20 bytes)

tp Reserved: 4000000

tp Flags $011000

[+ 0. .. (No Urgent pointer)
9

4] 0.. (No Reset)
[+] 00 (Mo SFN)
g 0 (Mo FIN)
fp Vndow: e43E

§ Checksum: 0x51D3

t Urgent Pointer: ]

fp Mo TCP Options
=l T HTTP - Hyper Text Tramnsfer Protocol

fp Version: HITR/ 1.1

f Status: zon

tp Reason: 0K CRmcLF>

fp Date: Sat, Z4 Nov Z007 lZ:E2:40 GMT<CR=<LF>
§ Server: Apache<CRxLFx

fp Last-Modified: Mon, 0Z Apr Z007 10:Z6:3Z CGMT«CR><LF=
& ETag: "43b0058-9f-4Zdlea?a 4600 " <CRA LI

tp Accept-Ranges: bytes<RxcLEx

tp Content-Length: 1E3<CRA L

& Connection: close<CRr<LE>

g Content-Type: video/x-us-as f<CR LECRA LE>

f Line 1: <asx version = "3.0"s<LEmCLE>

Q Line 2: <titlex: Modernine TV<,/titles<LF=cLEx
fp Line 3: <entryE< LEcLE-

Q Line 4: <ref href = "mm=://mediaii_ wmeot_ net w3t iMMecontentBitrate=128000" /> LE= L=
fp Line 5: </entryr< LI L

f Line &: <fasur< L= LEx

a o ¥ ¥ @ a A <
NINN 24 ﬂﬁ@lﬂ“ﬂﬂ'mJﬂ1§iﬂﬂﬂlﬂlﬂ@ﬂ%"lﬁiﬂﬂﬁiﬂuﬂﬁfﬂil’J'U
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Source IP Rddress:
Dest. IPF Rddress:

i No IP Options
W UDP: Src: 53 Dst:

158 108 .67
158 108.E25.11e

= T DN - Domain Name System Protocol

tp Tdentification:
% Flags:

Questions:
Inswers:
Ruthority:
RBdditional:
= T Question
t Domain Name:
tp Type:
tp Class:
= T Answer
t Domain Name:
tp Type:
tp Class:

S Lo oL oo DD D

tp Time to Liwve:

Data Le h:

OxBEFS
Oxa8120
i...
o000,

.ooooQ

MM e

mediaii moot . net.
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1031 Length: 141 Cksum: OxDDd4l

. Response

. Skanderd Query

(Won-Authoritative Answepr)

(Maessa2ge Mot Trumceded)

. Recursion Desiped

. Recursiopn Availaklse

(Uakons: Flag OFF)
(Uakons: Flag OFF)
(Packat Was Not Broadeoask)

e Errcor Response

1 A - Host Address

1 Imterpsk

medieii mook ek,

[Comprassaed Nane]

1 A - Host Address

1 Imterpsk
Qa0
o

IP Rddress:

20z 14 Z00.131

a8 A A A
MNWN 25 wamsdszuiarnannaoiuInmsyo lamu

~ A Y g ) A A aa A A A
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= T RTSP - Beal Time Streaming Protocol

S Do oo D

Command : I ZETUR I

URI: rtzp:ffmediaii noot net/twd/strean=~7

Yersion: RTSPF1.0

Line 1: <CR»LFx
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Accept-Charset : UTF-2, *;q=0.l<CR=<LF=
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fy Fo IP Options
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-] TRTSP - Real Time Streaming Protocol

¢ Command: h

fp URI: rtesp:/inediaii.moot. net /vl

fy Version: RBTEP/L.0

fp Line 1: (R LFx

Q X-Playlist-Sesk-Id: 14868 CR~ L
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f Rccept-Language: th, *;q=0.l<CR>LF>

fy Session: 1094278603273939338 <R >
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fp Bandwidth: 109771 1<CR»LF>

Q X-focelerate-Streaming: Accelluration=10000;AccelBandwidth=21474 83647 CRx L= ORI LEx
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1: for each packet arrival

2: if ip_protocol AND http_dest port

3: if live_request

4: i first live_request

5: record src_ip, dest_ip, seg#, #membership_ch_i ;

6: replace src_ip with ethl_ip ;

7: calculate new ip_checksum ;

8: forward live request to server ;

9: generate TCP ack to src_ip AND piggyback METAFILE_ch_i ;
10: else

11: record src_ip, seqg# AND update #membership_ch_i

12: drop the arriving packet

13: generate TCP ack to src_ip AND piggyback METAFILE_ch_i
14: else

15: pass the arriving packet to the default gateway

16: else

17: pass the arriving packet to the default gateway
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<ASX version = “3.07>
<Entry>
<ref HREF = “multicast group address of channel i”/>
</Entry>

</ASX>
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=l T IP Header - Internet Protocol Datagram

Tersion: 4

Header Length: & 24 Ebytes)
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o0l Wormael Througlpuk
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....... 0 CE bit - mo congesticm
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Group Address:
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Higher Layers
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Counting.java

package comp.count;

import java.util_ArraylList;
import java.util_Arrays;
import java.util._Collections;
import java.util.lterator;

import comp.count.bean.ChannelAllocationBean;

public class Counting {

private ArrayList list = new ArrayList();
private int station;
private int channel;

/**
* @param args
*/
public static void main(String[] args) {
// TODO Auto-generated method stub
int station = Integer.parselnt(args[0]);
int maxChannel = Integer.parselnt(args[1]);

Counting ¢ = new Counting(station, maxChannel);
c.startCal();
c.print();

}

public Counting(int station, int channel){
this.station = station;
this.channel = channel;

}

public void startCalQ{
int digitldx;

for (int i = 2; 1 <= channel; i++) {
//1nit the first alloc station.
int maxStation = station - (i - 1);

for (int j = maxStation; j >=1 ; j--) {

System.out.printIn(‘'channel = ™ + i1 + "
station = " + j);

Integer[] alloc = new Integer[i];

//1nit the first channel station number.

alloc[0] = new Integer(j);

digitldx = 1;

//usedStation = j;

fillDigit(alloc, digitldx, j);

max
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public void FillDigit(Integer[] alloc, int digitldx, int
usedStation){

//Calculate the maximum possible for this digit.
if(digitldx == (alloc.length - 1)){
//just fill the last one, add to list, and return.
alloc[digitldx] = new Integer(station -
usedStation);

Integer[] newAlloc = (Integer[])alloc.clone();

Arrays.sort(newAlloc, Collections.reverseOrder());
ChannelAllocationBean bean = new
ChannelAllocationBean(station, channel, newAlloc);
if(list.indexOf(bean) == -1)
list._add(bean);

return;

}else{

int max = station - usedStation - (alloc.length -
digitldx);

for (int i = max; 1 >= 1; 1--) {
alloc[digitldx] = new Integer(i);
FillDigit((Integer[])alloc.clone(), digitldx
+ 1, usedStation + 1);

}
}
}
public void print(){
for (Iterator i = list.iterator(); i.hasNext();) {
ChannelAllocationBean bean =
(ChannelAllocationBean) i.next();

Arrays.sort(bean.getValue(),
Collections.reverseOrder());

System.out.printin(bean);



ChannelAllocationBean. java

package comp.count.bean;

import java.nio.channels.Channel;
import java.util _ArraylList;
import java.util_Arrays;

import java.util_Collections;
import java.util.Comparator;
import java.util._List;

import java.util_SortedMap;

import javax.crypto.SecretKey;
public class ChannelAllocationBean{
private Integer value[];

private int station = 0;
private int channel 0;

private static final Integer ONE = new Integer(l);

public ChannelAllocationBean(int station, int channel){
this.channel = channel;
this.station = station;

if(station > 0)
value = new Integer[channel];

}

public ChannelAllocationBean(int station, int channel, int
FirstNo){

this.channel = channel;
this.station = station;

if(station > 0)
value = new Integer[channel];

value[0] = new Integer(firstNo);
}

public ChannelAllocationBean(int station, int channel,
Integer[] value){
this.channel = channel;
this.station = station;
this.value = value;

}

public void initAlloc(Q{
for (int i = 0; i1 < value.length; i++) {

//Allocate the maximum station to the first
channel, the other will assign only 1.
if(i == 0)
value[i] = new Integer(station - (channel -
1)):

else

value[i] new Integer(l);
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}

public void fillAlloc(){
//Find the first null value to fill.
int nullldx = -1;
int sum = 0;

for(int 1 = 0; 1 < value.length; i++){
if(valuel[i] == null){
nullldx = i;
break;
}

sum += value[i].intvalue();

}

//1f blank exists, fill it.
if(nullldx = -1){
for (int 1 = nullldx; i < value.length; i++) {
//Fill the first one
if(i == nullldx){
int fillval = (station - sum) -
((channel - 1) - nullldx);
value[i] = new Integer(Fillval);
}else
value[i] = new Integer(l);

¥
} .
Collections.reverseOrder());

}

public boolean isendOfChannelSubSeries(){

it (value == null)
return true;
else if((value.length == 1) && (channel == 1))
return true;
else{
//Create new list, which only contains the second
value to the end.
ArrayList tempList = new
ArrayList(Arrays.asList(value).subList(l, channel));

Integer max = (Integer)Collections.max(tempList);
Integer min = (Integer)Collections.min(tempList);
int diff = max.intvalue() - min.intValue(Q);

return '(diff > 1);

}

public ChannelAllocationBean genNextlnSubSeries(){
//1T it°s already at the end of the series, return null.
if(isendOfChannelSubSeries())
return null;

//Find the largest value that larger than 1.
Integer[] newValue = (Integer[])value.clone();



int idx = -1;
for (int i = 1; 1 < newValue.length; i++) {
Integer integer = newValue[i];
if((integer.intvalue() - 1) > 1){
idx = 1i;
break;

}

ChannelAllocationBean next = null;

if(idx = (newalue.length - 1)){
newalue[1dx] = new Integer(newValue[idx].intvValue() -

//Clear new value as null, wait to be generate.

for (int i = 1dx + 1; i < newValue.length; i++) {
newvalue[i] = null;

}

next = new ChannelAllocationBean(this.station,
this.channel, newvalue);
next.fillAlloc();

}

return next;
public ChannelAllocationBean genNextInSeries(){

ChannelAllocationBean next = null;
int curFirstint = value[0].intvValue();
if (curFirstint > 1) {
next= new ChannelAllocationBean(this.station,
this.channel, curFirstint - 1);
next.fillAlloc();
}

return next;

}

protected int getChannel() {
return channel;
}

protected void setChannel(int channel) {
this.channel = channel;
}

protected int getStation() {
return station;
}

protected void setStation(int station) {
this.station = station;
}

public Integer[] getValue() {
return value;
}
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protected void setValue(lnteger[] value) {
this.value = value;
}

public String toString({

StringBuffer buff = new StringBuffer();

for (int i = 0; 1 < value.length; i++) {
buff_append(valuel[i]);
if(i '= (value.length - 1)){

buff.append(”,");

}

}

return buff_toString();
}

public boolean equals(Object obj) {
if (1(obj instanceof ChannelAllocationBean)) {
return false;

}

ChannelAllocationBean other = (ChannelAllocationBean)obj;

List olList =
Arrays.asList((Integer[])other.getValue().clone());

List tList =

Arrays.asList((Integer[])getValue().clone());

Collections.sort(oList);
Collections.sort(tList);

boolean result = tList.equals(oList);

return result;








