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Apiwat Witayarat 2008: Transmission Rate Adaptation for Multicast Frame on
Infrastructure WLAN. Master of Engineering (Computer Engineering),
Major Field: Computer Engineering, Department of Computer Engineering.

Thesis Advisor: Associate Professor Anan Phonphoem, Ph.D. 139 pages.

Multicast data transmission on IEEE 802.11 infrastructure wireless network usually
transmits in a fixed transmission mode which causes inefficient network utilization. Normally
the direction of multicast data transmission on infrastructure wireless network is transmitted
from access point to mabile host. Therefore, from receiving capability of mobile host in
multicast group information, bandwidth and reliability requirement of multicasting, access point

can adjust the suitable mode to make system more efficient.

In this thesis, three factors multicast group receiving capability, bandwidth requirement,
and reliability requirement are used to select the suitable transmission mode based on fuzzy
synthetic evaluation method. The numerical analysis was used for analyze network utilization
and transmission reliability. The result has revealed the better network utilization compare with
the regular fix transmission modes of IEEE 802.11g standard. While the decreasing reliability of
multicast transmission is acceptable. This analysis supports the suitable of using the
transmission mode selection based on fuzzy synthetic evaluation in transmission rate adaptation

for multicast frame on infrastructure WLAN.
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RTS = Request to Send

SNR = Signal to Noise Ratio
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SSM = Source Specific Multicast
WEP = Wired Equivalent Privacy
WLAN = Wireless Local Area Network
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1. Code M C NFlumsmnummaouvaIngymn

#include <stdio.h>

+define Max Goodput of Tx-mode 802.11G

{
BPSKi12(6Mbps),

BPSK3400Mbps),
QPSKi12(12Mbps),
QPSK3/4(18Mbps),
16:QAM12(24Mbps),
16:QAM3/436Mbps),
64-QAM2/34sMbps),
64-QAM3/4(5aMbps),
}

constant unit : kbps
*

float TX_TP_Max[s] = {5120,8000,10400,16000, 22000,30100,38200,43000 } ;

/+ Multicast stream size : kbps */
float stream_size = 200;

+Net Utilize : percentage */
float net_load = o;

+ Alpha cut-off (limit usage of multicast stream) : percentage */
float mul_lim = 100;
float NL,ML;

/+Fuzzy Evaluation Vector : percentage
GP = Goodput

BW = Bandwidth

RL = Reliable

*

float GP_ev = 100;
float BW_ev = 100;
float RL_ev = 100;

float GP,BW,RL;

void init_const_value(void)

{

/* Network Load and Multicast Limit */
NL=net_load/100;
ML=mul_lim/100;

+ Fuzzy Evaluation Vector */
if((GP_ev+BW_ev+RL_ev)!=0)

{
GP=(GP_ev/(GP_ev+BW_ev+RL_ev));
BW=(BW_ev/(GP_ev+BW_ev+RL_ev));
RL=(RL_ev/(GP_ev+BW_ev+RL_ev));
Jelse
{
GP=o;
BW=o;
RL=0;
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}

int fuzz_tx_select(int node_pat[s)

{

+commulative node in Tx zone*/
int commu_node[s];

/* Goodput,Bandwidth,Reliable Membership Function */
float GP_MF{sj;

float BW_MF[s];

float RL_MFT[s];

float SM_MF{s];

float avilable_bw[s];
float sumfs;

int i,j,sum;

/= calculate node commulative */
for(i=o;i<s;i++)
{
sum=o;
for(j=i;j<s;j++)
{sum=sum+node_pat[jl;};
commu_node[i]=sum;

B

/+ Calculate Goodput Membership function */

sumf=o;
for(i=o;i<s;i++)
{
GP_MF[i]=commu_node[i]*TX_TP_Max[i];
sumf=sumf+GP_MFIi];
1
for(i=o0;i<s;i++)
{
if(sumf!=0){
GP_MF[i]=GP_MF[i]/sumf;}
else{ GP_MF[i]=o;};
1
/+ Calculate Bandwidth Membership function */
sum=o;
for(i=o;i<s;i++)
{

avilable_bw[i]=TX_TP_Max[i]*(1-NL)*(ML);
if(avilable_bw[i]>=stream_size) BW_MF[i]=1; else BW_MF[i]=o;
sum=sum+BW_MF{[i];

b

for(i=o;i<s;i++)

{
if(sum!=0){
BW_MF[i]=BW_MF]i]/sum;}
else {BW_MF[i]=0;};

b

/+ Calculate Reliable Membership function */

sumf=o;

s=commu_node[o];

for(i=o0;i<s;i++)

{
if(commu_node[o)1=0){
RL_MF[i]=commu_node[il/s;}
else {RL_MF[i]=0;};
sumf=sumf+RL_MF[i];



}

B

for(i=o0;i<s;i++)

{
if(sumf!=0){
RL_MF[i]=RL_MF[i]/sumf;}
else{RL_MF[i]=0;};

B

»multiply GP BW RL - Tx relation with evaluation vector and Sum to MF*/

for(i=o;i<s;i++)

{
SM_MF[i]=(GP_MF[i]*GP)+(BW_MF[i]*BW)+(RL_MF[i]*RL);
1
/+select max sum membership function */
sumf=o;
sum=o;
for(i=o0;i<s;i++)
{
if(sumf<SM_MF([i])
{
sumf=SM_MF{[i];
sum=i;
1
b
return(sum);

float sum_TP_TX(int pat[s),int select_tx)

{

}

int i,sum;

float sumf;

sum=o;
for(i=select_tx;i<s;i++)

{

B
sumf=sum*TX_TP_Max[select_tx];
return(sumf);

sum=sum-+pat[i];

float avg_TP_TX(int pat[s,int select_tx)

{

int i,sum,sum_node;
float sumf,avBW;
sum=o;
for(i=select_tx;i<s;i++)

{
B

sum=sum-+pat[i];

sum_node=o;
for(i=o0;i<s;i++)

{
15

sum_node=sum_node-+pat[i];

sumf=sum*TX_TP_Max[select_tx];
ssumf=sumf/sum_node;

avBW=TX_TP_Max[select_tx]*(1-NL)*(ML);

if((avBW<stream_size)&&(stream_size>0){
sumf=sumf*avBW/stream_size;};
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return(sumf);

void TP_avg(int node_n)

{

int sel_tx,pat[s},i[s],n,sumi,j;

long case_count;

double sum_avg_tp[ol,tx_avg_tp[al,casef;
/init_const_value();

/#n --> Node Number */
n=node_n;

case_count=o;

sum_avg_tp[o}-o;
sum_avg_tp[i1-o;
sum_avg_tp[21-o;
sum_avg_tp[31-o;
sum_avg_tp[41-o;
sum_avg_tp[s}-o;
sum_avg_tp[e}-o;
sum_avg_tp[71-o;
sum_avg_tp[si-o;

for(i[ o1=0;i[0]<=n;i[0]++)

{
for(i[ 11=0;i[ 1]<=n;i[ 1]++)
{
for(i[21=0;i[21<=n;i[2]++)
{
for(i[31=0;i[31<=n;i[31++)
{
for(i [4]:0; i [4]<=n ;i [4]++)

{

for(i[s1=0;i[s1<=n;i[51++)

{

sum_avg_tp[o=sum_avg_tp[o+avg_TP_TX(pat,0);
sum_avg_tp[i=sum_avg_tp[1+avg_TP_TX(pat,1);
sum_avg_tp[2;=sum_avg_tp[21+avg_TP_TX(pat,2);

sum_avg_tp[3l=sum_avg_tp[3+avg_TP_TX(pat,3);

for(i[ 61=0;i[6]<=n;i[ 6]++)

{
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for(i[71=0;i[ 71<=n;i[ 7}++)

{

sumi=i[o}+i[11+1[21+[31+1[41+1 [s1+i[6]+1[71;
if(sumi==n)
{

case_count=case_count++;

pat[ol<i[o);
pat[1<i[11;
pat[2)<i[2);
pat[3)<i[3];
pat[4)<i[41;
pat[s<i[s);
pat[e}<i[e];
pat[71-i[71;



sum_avg_tp[4}=sum_avg_tp[41+avg_TP_TX(pat,4);
sum_avg_tp[si=sum_avg_tp[si+avg_TP_TX(pat,s);
sum_avg_tp[el=sum_avg_tp[el+avg_TP_TX(pat,6);

sum_avg_tp[7=sum_avg_tp[71+avg_TP_TX(pat,?);

sum_avg_tp[si=sum_avg_tp[si+avg_TP_TX(pat,sel_tx);

:%u" case_count);

:%u" case_count);

B
B
B
B
B
B
X
B
casef=case_count;
sprintf("\nPattern Count :%16.0f" ,casef);
printf("\rn=%u----- %6.0f- \n",n,casef);
tx_avg_tp[ol=sum_avg_tp[oycase_count;
printf("%s2f",tx_avg_tplo);
for(j=1;j<9;j++)
{
tx_avg_tp[jl=sum_avg_tp[j]/case_count;
sprintf("\n Tx:%d Average TP :%f",j,tx_avg_tpl[jl);
printf("wo.2f",tx_avg_tp[jl);
B
1
void main(void)
{
yNumber of multicast member
int k=1o0;
/Network load (percent)
net_load=o;
/Bandwidth Requirement , stream size (kbps)
stream_size=o;
/Limit of multicast useage of remain bandwidth (percent)
mul_lim=100;
/initial constant value
init_const_value();
sprintf("\n \n");
printf("\n ");

printf("Network Load :%f Bandwidth Req.:%f kbps\n",net_load,stream_size);

/case number k
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sel_tx=fuzz_tx_select(pat);

sprintf("\n count

printf("\rcount



for(k=1;k<=12;k++)

{

b
printf("

TP_avg(k);

printf("\nPress return");
scanf("%c");

2. Code M#1 C NFIUMIMUIUAMMADVVBIDATIAIUANNUUTODO

include <stdio.h>

+define Max Goodput of Tx-mode 802.11G

{
BPSKi2(6Mbps),

BPSK3/4(0Mbps),
QPSKi2(12Mbps),
QPSK3/4(18Mbps),
166:QAM1/224Mbps),
16:QAM3/436Mbps),
64-QAM2/34sMbps),
64-QAM3/4(5aMbps),
}

constant unit : kbps
*

float TX_TP_Max[s] = {5120,8000,10400,16000, 22000,30100,38200,43000 } ;

Multicast stream size : kbps */
float stream_size = 200;

+Net Utilize : percentage */
float net_load = o;

+ Alpha cut-off (limit usage of multicast stream) : percentage */
float mul_lim = 100;
float NL,ML;

+Fuzzy Evaluation Vector : percentage
GP = Goodput

BW = Bandwidth

RL = Reliable

*

float GP_ev = 100;
float BW_ev = 100;
float RL_ev = 100;

float GP,BW,RL;

void init_const_value(void)

{

/* Network Load and Multicast Limit */
NL=net_load/100;
ML=mul_lim/100;

/+Fuzzy Evaluation Vector */
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if((GP_ev+BW_ev+RL_ev)!=0)

{
GP=(GP_ev/(GP_ev+BW_ev+RL_ev));
BW=(BW_ev/(GP_ev+BW_ev+RL_ev));
RL=(RL_ev/(GP_ev+BW_ev+RL_ev));
Jelse
{
GP=o;
BW=o;
RL=0;
|5

}

int fuzz_tx_select(int node_pat[s))

{

/+commulative node in Tx zone*/
int commu_node[s];

 Goodput,Bandwidth,Reliable Membership Function */
float GP_MFT[sj;

float BW_MF[s];

float RL_MFT[s];

float SM_MFT[si;

float avilable_bw[s];
float sumf,s;

int i,j,sum;

/+calculate node commulative */
for(i=o0;i<s;i++)

{
sum=o;
for(j=isj<s;j++)
{sum=sum+node_pat[j];};
commu_node[i]=sum;

B

/+ Calculate Goodput Membership function */

sumf=o;

for(i=o0;i<s;i++)

{

GP_MF[i]=commu_node[i]*TX_TP_Max[i];
sumf=sumf+GP_MFIi];
B
for(i=o;i<s;i++)
{
if(sumf!=0){
GP_MF[i]=GP_MF[i]/sumf;}
else{ GP_MF[i]=o;};
B

/+ Calculate Bandwidth Membership function */

sum=o;

for(i=o0;i<s;i++)

{
avilable_bw[i]=TX_TP_Max[i]*(1-NL)*(ML);
if(avilable_bw[i]>=stream_size) BW_MF[i]|=1; else BW_MF[i]=o;
sum=sum+BW_MF{[i];

|5

for(i=o0;i<s;i++)

{

if(sum!=0){
BW_MF[i]=BW_MF]i]/sum;}
else {BW_MF[i]=0;};



}

/+ Calculate Reliable Membership function */

sumf=o;
s=commu_node[o];
for(i=o0;i<s;i++)

{
if(commu_node[o]1=0){
RL_MF[i]=commu_node[il/s;}
else {RL_MF[i]=0;};
sumf=sumf+RL_MF[i];

IR

for(i=o;i<s;i++)

{
if(sumf!=0){
RL_MF[i]=RL_MF[i}/sumf; }
else{RL_MF[i]=0;};

B

multiply GP BW RL - Tx relation with evaluation vector and Sum to MF*/

for(i=o;i<s;i++)

{
SM_MF[i]=(GP_MF[i]*GP)+(BW_MF[i]*BW)+(RL_MF[i]*RL);
I
/+ select max sum membership function */
sumf=o;
sum=o;
for(i=o0;i<s;i++)
{
if(sumf<SM_MF([i])
{
sumf=SM_MFTi];
sum=i;
1
b
return(sum);

float sum_TP_TX(int pat[s),int select_tx)

{

}

int i,sum;

float sumf;

sum=o;
for(i=select_tx;i<s;i++)

{

|5
sumf=sum*TX_TP_Max[select_tx];
return(sumf);

sum=sum-+pat[i];

float avg_TP_TX(int pat[s},int select_tx)

{

int i,sum,sum_node;
float sumf,avBW;
sum=o;
for(i=select_tx;i<s;i++)

{
B

sum=sum-+pat[i];

sum_node=o;
for(i=o;i<s;i++)
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{
B

sum_node=sum_node-+pat[i];

sumf=sum*TX_TP_Max[select_tx];
sumf=sumf/sum_node;

avBW=TX_TP_Max[select_tx]*(1-NL)*(ML);

if((avBW<stream_size)&&(stream_size>0)){
sumf=sumf*avBW/stream_size;};

return(sumf);

}

float percent_recv_node(int pat[s,int select_tx,int total_node)

int i,sum;
float recv,avBW;

sum=o;
for(i=select_tx;i<s;i++)
{

sum=sum-+pat[i];

B
recv=sum/total_node;

avBW=TX_TP_Max[select_tx]*(1-NL)*(ML);

if((avBW<stream_size)&&(stream_size>0)){
recv=recv*avBW/stream_size;};

return(recv);

void RL_avg(int node_n)

{

int sel_tx,pat[s},i[s],n,sumi,j;

long case_count;

double sum_avg_tp[o},tx_avg_tp[o1,casef;
/init_const_value();

/#n --> Node Number */
n=node_n,;

case_count=o;

sum_avg_tp[o}-o;
sum_avg_tp[i1-o;
sum_avg_tp[21-o;
sum_avg_tp[3l-o;
sum_avg_tp[41=o;
sum_avg_tp[sl=o;
sum_avg_tp[6l=o;
sum_avg_tp[71=0;
sum_avg_tp[sl=o;

sprintf("\n \n");
sprintf("Member :%u Network Load :%f Bandwidth Req.:%f kbps\n",n,net_load,stream_size);

for(i[ o1=0;i[0}<=n;i[0]++)

{

for(i[ 11=0;i[ 1<=n;i[1]++)

{

for(i[21=0;i[21<=n;i[2]++)
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for(i[31=0;i[31<=n;i[31++)

{
for(i[41=0;i[41<=n;i[4]++)
{
for(i[s1=0;i[s1<=n;i[51++)
{
for(i[ 61=0;i[6]<=n;i[ 6]++)
{

for(i[71=0;i[71<=n;i[71++)

{
sumi=i[o}+i[11+1[21+[31+1[41+1 [s1+i[6]+1[71;
if(sumi==n)
{

case_count=case_count++;

sum_avg_tp[oj=sum_avg_tp[o+percent_recv_node(pat,o,n);
sum_avg_tp[i=sum_avg_tp[1+percent_recv_node(pat,i,n);
sum_avg_tp[2;-sum_avg_tp[21+percent_recv_node(pat,2,n);
sum_avg_tp[3-sum_avg_tp[3}+percent_recv_node(pat,3,n);
sum_avg_tp[4}=sum_avg_tp[4+percent_recv_node(pat,4,n);
sum_avg_tp[s;=sum_avg_tp[sl+percent_recv_node(pat,s,n);
sum_avg_tp[el=sum_avg_tp[e+percent_recv_node(pat,s,n);

sum_avg_tp[7}=sum_avg_tp[7+percent_recv_node(pat,7,n);

sum_avg_tp[i1=sum_avg_tp[1+avg_TP_TX(pat,1);
sum_avg_tp[2;-sum_avg_tp[21+avg_TP_TX(pat,2);
sum_avg_tp[3=sum_avg_tp[31+avg_TP_TX(pat,3);
sum_avg_tp[4}-sum_avg_tp[41+avg_TP_TX(pat,4);
sum_avg_tp[s;-sum_avg_tp[si+avg_TP_TX(pat,s);
sum_avg_tp[el-sum_avg_tp[el+avg_TP_TX(pat,6);

sum_avg_tp[7=sum_avg_tp[71+avg_TP_TX(pat,?);

sum_avg_tp[si-sum_avg_tp[s+percent_recv_node(pat,sel_tx,n);

pat[o}<i[o);
pat[1<i[11;
pat[2)<i[2);
pat[3)<i[31;
pat[4)<i[4];
pat[s<i[s);
pat[e}<i[e];
pat[7<i[7;

*/

sel_tx=fuzz_tx_select(pat);



/sum_avg_tp[sl-=sum_avg_tp[si+avg_TP_TX(pat,sel_tx);

printf("\rcount

:%u" case_count);

1

casef=case_count;
printf("\rn=%u %6.0f\n",n,casef);

for(j=0;j<9;j++)

{

"

B

tx_avg_tp[jl=sum_avg_tp[j]/case_count;
printf("\n Tx:%d Average RL :%f",j,tx_avg_tpl[jl);
printf("%f " tx_avg_tp[jl);

sprintf(":F:%f\n" tx_avg_tp[s);

}

void main(void)

{

/Number of multicast member
int k=10;

/Network load (percent)
net_load=so;

/Bandwidth Requirement , stream size (kbps)
stream_size=s00;

/Limit of multicast useage of remain bandwidth (percent)
mul_lim=100;

/initial constant value
init_const_value();

sprintf("\n \n");

printf("\nReliable Average of Multicast Group");

printf("\n ");
printf("Network Load :%f Bandwidth Req.:%f kbps\n",net_load,stream_size);

/case number k
for(k=1;k<=12;k++)
{

B

printf("\r ");
printf("\nPress return");

scanf("%c");

RL_avg(k);
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