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Abstract

With the evolution of network technology, the network bandwidth
and packet transmission distance have been greatly increased. The
network environment has gradually evolved into high bandwidth-delay
product environment. Low bandwidth TCP protocol has been unable to
support the current network environment in high-bandwidth delay
product network environment. Therefore, how to enhance TCP
transmission performance with high bandwidth-delay product network
environment has become a research focus now.

Although TCP Vegas has better performance in stability, bandwidth
utilization and throughput, it has the problems of early leaving in
slow-start phase and slow adjusting speed in congestion window in
high-bandwidth delay product network environment. This phenomenon
will severely reduce the throughput of TCP Vegas and its ability of
grasping network bandwidth.

In this paper, we proposed a new enhanced mechanism based on

TCP Vegas, High Bandwidth-Delay Product Vegas (HBDP Vegas ) .

HBDP Vegas assessed the degree of congestion by the ratio of
round-trip time and minimum round-trip time. In slow-start phase, HBDP
Vegas modified the growth of behaviors of congestion window to
enhance the ability of grasping network bandwidth. In congestion
avoidance phase, HBDP Vegas dynamically adjusted the value of a and
of TCP Vegas and modified the control method of congestion window to
strengthen the ability of adapting to the fast change of network
environments.

In conclusion, simulation results showed that in slow-start phase,
convergence time, competitive situation with other connections and
fairness index, HBDP Vegas effectively improved the ability of grasping
bandwidth, the response speed of adapting to the change of network
environments, and the throughput.

Keywords : Bandwidth Delay Product ~Congestion control ~TCP Vegas ~

Round Trip Time ~ Slow-Start ~ Congestion Avoidance
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WL E] 3 6L 5
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2.2.1. TCP Tahoe
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% fxds FF B (Slow-start phase) @ § — B jgakaE =42 k2 15
31‘&:3;5» BREIEER g AP ERRA ST FEART 5 - B <] o
ﬁ%ﬁu&% PEREART RFZE TR BRI o g
- B ACK > % ACK At g ExH 2 8 a4 4 @ pF (timeout) M
PIEFER P ERERT A PR AL DD FERERT L3 B
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Boor P B AR G FEAEF RS A FERT S & DA BH S 4
B EPEE o

% ¥ 4 I B (Congestion avoidance phase ) : § # & LT 4218
ssthresh i 2_ {$ ’fi*mgt/\ FEWALIME? « AEEWLRE? » FE
AR AR RS SO e B R AT F o] - B ACK -
AT H Ao (—) B 1% 4 timeout & B R T G 4F B4 o Fh
fs 3 4 timeout P¥ sssthresh & € A3 2 = % # timeout § TAL% /|
- L o L EE R RART € AR AR ) 0 LR BB IR R o K

2 0 FAMPI G e AR P B £ BS] o d PR
FERET O E AR NLE D N ZFREEFLIPES L RS
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Poid & B84 (Fast retransmit) @ &t S FEFALIFERT > F 5
(6 fRITIG e B AP TCPTahoe L g3 s R L R0 > I ik
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gAY A PF o i e PIHR T ) A 90 Duplicate ACK
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Congestion avoidance packet loss

Congestion window (Pkts)

2 . . 4

Time (s)

B] = :@ TCP Tahoe & i¥

RS B2 % R% TCP Tahoe «niff i o Gl #— kit = de
KpF o LB FEBIFE > § FRME ~ ] ALY ssthresh E2 {5 » i&
N EFRELIFE B FIAf R R B4 i P £ B84 TCP
Tahoe “,’T? T EER A gt ob o FF 373K T ssthresh B 0 B RER-FEE
REFI A BEFECFRFIFR
2.2.2. TCP Reno

TCP Reno [14) [20) [22) &% S 2 I % chRIL 8 5% 2
#]3& (£ 3V L &+ fr TCP Tahoe F3i& ¥ 31§ — k1o 2 §_TCP Reno
BEELASAE RS N S R0 - BTSSP R (Fast
recovery ) °
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TCP Reno
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T #- ssthresh E 3K = B33 47

TEEAIE o §ERE R R RIFER O Tl

te AP FTHURE - X o

)

g eIACK > § BB P RIFEA T B HEr FREFLIFE > 2 £ £ 47

i ~ Slow Start FFEC o

A% FEd Wlw kBB TCP Reno «hifl iF » At » Poid & Wi dl2

{5 TCP Reno ¢ & i} 4 it e 22 & AT3K < ssthresh & » £ TCP Tahoe
LR S
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25

20
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2.2.3. TCP Vegas
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+ % L B g 01 g [ 3 e
¥ - bR LB Ry TR REART S (1)
BEEFEEAPFE THERERT (1) ¥ i+ : packets
PiEE K'
0.9 0.85 0.8 0.75 0.7 0.65 0.6 0.55 0.5
BDP
100 69.375 | 7675 | 90.3125 | 106.25 | 112.875 | 112.875 | 112.875 | 119.875 | 127.312
200 149.438 | 149.812 | 176.062 207 219.938 | 219.938 | 219.938 | 233.625 | 248.188
400 310312 | 292 343.438 404 429.25 | 429.25 | 429.25 | 456.062 | 484.562
800 605.188 | 570.062 | 670.688 | 838.312 | 838.312 | 838.312 | 890.688 | 890.688 | 1047.88
1000 757.062 | 712.562 | 838.312 | 1047.88 | 1047.88 | 1047.88 | 1113.31 | 1113.31 | 1309.75
2000 147838 | 139156 | 1637 | 2046.06 | 2046.06 | 2046.06 | 2173.94 | 2557.44 | 2557.44
3000 2309.94 | 2173.94 | 2557.44 | 3008.75 | 3196.75 | 3196.75 | 3196.75 | 3396.5 | 3608.75
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400 570.065 | 605.688 | 683.688 | 819.938 | 983.375 | 1253.12 | 1664.56 | 2394.62
800 570.062 | 605.688 | 1418.69 | 1601.5 | 1920.81 | 2401 3251 4969.5
1000 139156 | 14785 | 177331 | 2001.88 | 2401 | 3001.25 | 4063.75 | 6211.69
2000 2717.25 | 3067.5 | 3462.88 | 4153.5 | 4981.88 | 6227.12 | 7935.94 | 12130.8
3000 424544 | 451075 | 5092.12 | 6107.75 | 7325.94 | 9336.25 | 12399.4 | 17839
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LA 3

00 if(cwnd_<ssthresh ){ //slow-start

01 v_k_=v_baseRTT /rtt;

02 if(delta < 1){

03 v_incr_=0.25;

04 }

05 else if(delta >= 1){

06 if((delta>=1) && (v_k_ < 1)){
07 if(v_k_<v_k p_s )

08 ssthresh_ = 2;

09 if(cwnd_<2){
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10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46

cwnd_=2,;
}
v_incr_=0;
v_before_delta = delta;
v_max =cwnd_;
)
elseif(v_k_>=v_k_p_s ){
double temp;
temp =(1-v_k_p_s_)/2;
if(v_k_>=(temp+v_k_p_s_)){
v_incr_=0.25;
}
else if((v_k_ < (temp+v_k_p_s_)) && (v_k_>=v_k_p_s )}
v_incr_ = 0.0625;

}

else { // congestion avoidance
v_k_=v_baseRTT_/rtt;
double temp_delta;
if(v_in_ca_==0){//% - =i& » R B LILRPE
temp_delta = delta;
if(temp_delta <= 1){
v_beta_=10;
v_alpha_=v_alpha2_=2;
v_avg = (v_beta_+v_alpha_)/2;
}
else{
v_beta_ =temp_delta +5;
v_alpha_=v _alpha2_=temp_delta/2;
v_avg = (v_beta_+v_alpha_)/2;
}
v_in_ca_=1;

}
if(delta>v_beta_){//% — 4] % &
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47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78
79
80
81
82
83

if(v_k_<0.2]
if( ((delta-v_avg)) >=0 ){
cwnd_ =cwnd_ - ((delta-v_avg));
}
if(cwnd_<2) {
cwnd_=2;
}
v_incr_=0;
}
else if((v_k_<0.3) && (v_k_>=0.2)){
if( ((delta-v_avg)/2) >=0 ){
cwnd_ = cwnd_ - ((delta-v_avg)/2);
}
if(cwnd_<2) {
cwnd_=2;
}
v_incr_=0;
}
else if((v_k_<0.4) && (v_k_>=0.3){
if( ((delta-v_avg)/4) >=0 ){
cwnd_ = cwnd_ - ((delta-v_avg)/4);
}
if(cwnd_<2) {
cwnd_=2;
}
v_incr_=0;
}
else if((v_k_<0.5) && (v_k_>=0.4)){
if( ((delta-v_avg)/4) >=0 ){
cwnd_ =cwnd_ - ((delta-v_avg)/4);
}
if(cwnd_<2) {
cwnd_ =2;
}
v_incr_=0;
}
else if(v_k_>=0.5){
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84 v_beta_=v_beta_+ 10;

85 v_alpha_=v_alpha_+10;

86 v_avg = (v_beta_+v_alpha_)/2;

87 v_incr_=0;

88 }

89 }

90 else if((delta<=v_beta_) && (delta>v_avg)){// % = 34| % &
91 if (v_finsec_bit == 0){

92 v_finsec =cwnd_;

93 v_finsec_bit +=1;

94 }

95 if(cwnd_ > v_finsec){

96 cwnd_ = v_finsec;

97 v_incr_=0;

98 }

99 if(v_alpha_>v_alpha2_){

100 intv_temp_beta_;

101 int v_temp_avg;

102 intv_temp_alpha_;

103 v_temp_beta =v beta_-1;

104 v_temp_alpha_=v_alpha_-1;

105 if( ((delta<=v_temp_beta_) && (delta>v_temp_avg)) ) {
106 v_beta_=v_beta_-1;

107 v_alpha_=v_alpha_-1;

108 v_avg = (v_beta_+v_alpha_)/2;
109 }

110 }

111 }

112 else if((delta>=v_alpha_) && (delta<(v_avg))){ //% = &=#] % &
113 if(v_finsec == 0) {

114 v_finsec =v_max;

115 v_finsec_bit +=1;

116 }

117 if(cwnd_ < v_finsec) {

118 if(v_k_<=0.4){

119 v_beta_=v_beta_-10;

120 v_alpha_=v_alpha_-10;
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121
122
123
124
125
126
127
128
129
130
131
132
133
134
135
136
137
138
139
140
141
142
143
144
145
146
147
148
149
150
151
152
153
154
155
156
157

}

v_avg = (v_beta_+v_alpha_)/2;

}

else if((v_k_>0.4) && (v_k_<=0.5)) {
v_incr_=0.0625;
v_beta_=v_beta_+20;
v_alpha_=v_alpha_+10;
v_avg = (v_beta_+v_alpha_)/2;

}

else if((v_k_>0.5) && (v_k_<=0.6)) {
v_incr_=0.125;
v_beta_=v_beta_+30;
v_alpha_=v_alpha_ + 20;
v_avg = (v_beta_+v_alpha_)/2;

}

else if((v_k_>0.6) && (v_k_<=0.7)) {
v_incr_=0.25;
v_beta_=v_beta_+40;
v_alpha_=v_alpha_+ 30;
v_avg = (v_beta_+v_alpha_ )/2;

}

else if((v_k_>0.7) && (v_k_<=0.8)) {
v_incr_=0.5;
v_beta_=v_beta_+50;

v_alpha_=v_alpha_ +40;

v_avg = (v_beta_+v_alpha_)/2;

else if(cwnd_ >=v_finsec) {

cwnd_ =v_finsec;

v_incr_=0;

if(v_alpha_ > 1){
intv_temp_beta3_;
int v_temp_avg3;
intv_temp_alpha3_;
v_temp_beta3 _=v_beta_ -1;

v_temp_alpha3_=v_alpha_-1;
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158
159
160
161
162
163
164
165
166
167
168
169
170
171
172
173
174
175
176
177
178
179
180
181
182
183
184
185
186
187
188
189
190
191
192
193
194

v_temp_avg3 = (v_temp_beta3_ +v_temp_alpha3_)/2;
if( (v_temp_beta3_ > 0) && (v_temp_alpha3_>0) ) {
v_beta_=v beta -1;
v_alpha_=v_alpha_-1;
v_avg = (v_beta_+v_alpha_)/2;

else if(delta<v_alpha ){ //% = 4] % &

if(v_finsec == 0) {
v_finsec = v_max;
v_finsec_bit +=1;
}
if(cwnd_ < v_finsec) {
if((v_k_>0.6) && (v_k_<=0.7)) {
v_incr_=0.125;
v_beta_=v_beta_ +25;
v_alpha_=v_alpha_ +25;
v_avg = (v_beta_+v_alpha_ )/2;
}
else if((v_k_>0.7) && (v_k_<=0.8)) {
v_incr_=0.25;
v_beta_=v_beta_ +45;
v_alpha_=v_alpha_ +45;
v_avg = (v_beta_+v_alpha_)/2;
}
elseif(v_k_ >0.8){
v_incr_=0.25;
v_beta_=v_beta_ +75;
v_alpha_=v_alpha_+75;
v_avg = (v_beta_+v_alpha_)/2;

}
else if(cwnd_ >=v_finsec) {
cwnd_ =v_finsec;

v_incr_=0;
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195
196
197
198
199
200
201
202
203
204
205
206
207
208
209
210
211
212
213
214
215
216
217

if(v_alpha_>1) {
intv_temp_betad_;
int v_temp_avg4;
int v_temp_alpha4_;
v_temp_betad =v beta -5;
v_temp_alphad4_=v_alpha_-5;
v_temp_avgd = (v_temp_betad_+v_temp_alphad_)/2;
if( (v_temp_betad_>0) && (v_temp_alphad_>0)){
v_beta_=v_beta_-5;
v_alpha_=v_alpha_-5;
v_avg = (v_beta_+v_alpha_)/2;

}
else{//A=avg

if (v_finsec_bit == 0) {
v_finsec = cwnd_;
v_finsec_bit +=1;
}

v_incr_=0;
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