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ABSTRACT

More than 90% of the traffic of web applications on the Internet is currently using the TCP as the transport
layer protocol. The TCP sender performs congestion control to ensure reliability and prevent excessive congestion.
Today, due to the development of transmission technology and network equipment, the existing loss-based
congestion control algorithms such as Reno, NewReno cannot fully utilize the available resources in the
high-speed networks. Google introduced BBR (Bottleneck Bandwidth Round-trip propagation time), a new concept
of congestion control algorithm for optimal operation in today’s network with high speed and long latency. In
this paper, we classify various congestion control algorithms including BBR according to thier operation
characteristics and evaluate the interaction and performance between multiple flows using each algorithm on a
testbed.
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22 1. A daels 7 A4z A 97t
Appendix 1. Interactive performance evaluation between congestion control algorithm

1% o dkls akidkls 2974 doluz=
a5 dzEE 5 Reno CUBIC Vegas NewVegas BBR Veno
24 455 | 49.0 314 / 615 89.6 / 3.34 812/ 11.8 42.0 / 509 60.5 / 28.0
A A5 0.99888 0.90499 0.54722 0.64231 0.99090 0.88116
Reno 33 cwnd 89 / 103 168 / 309 398 / 56 372/ 55 252 404 302 / 135
7 RTT 225/ 225 56.9 / 56.6 503 / 33.7 523/ 51.6 46.6 | 52.3 52.6 | 52.6
£A NS AR 23/ 32 44 [ 59 16/ 1 21/3 214 / 540 21/ 11
7]\ 2§ 314 / 615 49.5 | 43.5 91.9 / 1.03 83.5 / 9.39 57.5 | 35.5 76.7 | 16.2
A A5 0.90499 0.99585 0.51120 0.61105 0.94700 0.70200
CUBIC 3 cwnd 168 / 309 269 / 240 455 | 10 428 | 56 244 / 318 390 / 92
A3 RTT 56.9 | 56.6 59.4 / 59.7 56.7 | 76.7 58.6 / 60.1 416 | 422 57.9 / 58.9
AAE A2 44 /59 54 / 80 55/ 4 50/7 327 | 690 62 / 14
el & 89.6 / 3.34 91.9 / 1.03 44.8 | 48.1 5.15 / 87.8 3.76 | 87.7 250 / 90.4
A A 0.54722 051120 0.99873 0.55845 0.54279 0.52763
Vegas 33 cwnd 398 / 56 455 | 10 41/ 92 12/ 151 9/ 172 17 / 384
Large A3 RTT 50.3 / 33.7 56.7 | 76.7 105 / 589 155/ 19.5 21.1 / 19.1 50.8 / 48.5
Buffer | A€ ANHE A7 16/ 1 55/ 4 0/0 0/0 0/0 0/2
714k A& 812 / 11.8 83.5 / 9.39 5.15 / 87.8 450 | 47.9 26.7 | 66.0 18.2 / 74.7
5BDP New TG A5 0.64231 0.61105 0.55845 0.99026 0.84765 0.72998
— 33 cwnd 372/ 55 428 | 56 12 / 151 138 / 139 96 / 178 88 / 331
Vegas =
37 RTT 523 | 51.6 58.6 / 60.1 155 / 19.5 34.6 | 33.7 283 /263 515 / 50.5
ANAE AR 21 /3 50 /7 0/0 0/0 0/0 5/3
A2l & 42,0 / 50.9 57.5 355 3.76 | 87.7 26.7 | 66.0 498 | 42.8 522/ 40.7
=24 A A5 0.99090 0.94700 0.54279 0.84765 0.99431 0.98490
- BBR 33 cwnd 252 | 404 244 | 318 9/ 172 96 | 178 89 / 103 316 / 190
= 34 RTT 46.6 | 52.3 41.6 | 422 21.1 / 19.1 28.3 / 26.3 225 /225 46.6 | 40.7
AxE A2 214 / 540 327 | 690 0/90 0/0 0/0 133 /85
el & 60.5 | 28.0 76.7 | 162 2.50 / 90.4 182 / 74.7 522/ 40.7 479 | 44.9
el A A5 0.88116 0.70200 0.52763 0.72998 0.98490 0.99895
H; Veno 3 cwnd 302 / 135 390 / 92 17 / 384 88 / 331 316 / 190 250 / 193
= A3 RTT 526 | 52.6 57.9 | 589 50.8 / 48.5 515 / 50.5 46.6 | 40.7 53.7 / 53.2
AxE A3 21/ 11 62 / 14 0/2 5/3 133/ 85 5/10
el & 45.6 | 472 43.1/ 49.8 86.8 / 5.92 66.8 / 25.6 641 / 852 64.1 | 28.6
A A 0.99970 0.99482 0.56788 0.83415 0.57481 0.87210
Reno 3t cwnd 66 | 63 65/ 73 116 / 10 93 / 36 13 / 162 93 / 47
A3 RTT 155/ 15.5 165 / 163 154 / 16.1 158 / 159 18.0 / 17.4 159 / 16.1
&4 ANHE A7 407 / 373 366 / 274 226 / 160 299 / 104 2939 / 10689 325 / 167
71k Ael% 43.1 [ 49.8 442 | 487 86.5 / 6.33 67.4 | 25.4 7.04 | 84.3 62.5 / 30.4
34 A5 0.99482 0.99765 0.57278 0.82998 0.58293 0.89334
CUBIC 33 cwnd 65 | 13 70 / 76 126 / 12 101 / 41 12/ 158 96 | 54
37 RTT 165 / 16.3 172/ 17.3 166 / 17.7 17.0 / 17.5 179/ 17.4 169 / 17.2
ANAE AR 366 | 274 320 / 328 234 / 96 245 / 116 1502 / 6386 288 / 104
24 86.8 | 5.92 86.5 | 6.33 439 | 489 7.98 | 84.9 557 / 85.4 727 | 85.7
A A5 0.56788 0.57278 0.99710 0.59316 0.56494 0.58422
Small Vegas 33 cwnd 116 / 10 126 | 12 41 / 46 10 / 109 9/ 172 9/ 115
Buffer 7 RTT 15.4 | 16.1 16.6 / 17.7 105 / 10.6 99/ 147 169 / 149 173 / 153
A4 ANA% AR 226 / 160 234 | 96 30 / 29 0/3 19 / 137 27 | 47
7wk 24 66.8 | 25.6 674 | 254 7.98 | 84.9 46.0 | 46.8 292 / 883 28.6 | 64.2
0.8 A A5 0.83415 0.82998 0.59316 0.99992 0.53303 0.87171
BDP New 3 cwnd 93/ 36 101 / 41 10/ 109 66 / 67 6/ 169 40 / 91
Vegas A3+ RTT 15.8 / 159 17.0 / 17.5 99 / 147 16.6 | 16.6 27.6 | 17.0 16.6 / 16.1
LA 227 EREN ==L EASICY £ =20
A% A7 299 / 104 245 [ 116 0/3 7/5 587 | 5661 44 | 56
el & 6.41 | 85.2 7.04 | 84.3 557 | 85.4 292 / 88.3 44.4 | 470 86.5 | 4.84
v A A 0.57481 0.58293 0.56494 0.53303 0.99919 0.55577
i BBR 33 cwnd 13 / 162 12/ 158 9/ 172 6/ 169 90 / 96 88 / 94
= A RTT 18.0 / 17.4 179 / 17.4 169 / 14.9 27.6 | 17.0 18.8 / 18.8 18.6 / 18.5
AdE 7 2939 / 10689 1502 / 6386 19 / 137 587 | 5661 32794 | 34392 6006 / 1094
A2l g 64.1 | 28.6 62.5 /| 304 727 | 85.1 28.6 | 64.2 86.5 | 4.84 47.1 | 45.7
3}o] T34 A5 0.87210 0.89334 0.58422 0.87171 0.55577 0.99977
B3l Veno 33 cwnd 92 / 47 96 | 54 9/ 115 40 / 91 88 / 94 68 | 52
= 37 RTT 159 / 16.1 169 / 17.2 173 / 153 16.6 / 16.1 18.6 / 18.5 16.6 / 16.7
ANHE A7 325 / 167 288 / 104 27 | 47 44 | 56 6006 / 1094 92 / 89
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