LRGN ISSN 1003-3254, CODEN CSAOBN E-mail: csa@iscas.ac.cn
Computer Systems & Applications,2021,30(4):193—198 [doi: 10.15888/j.cnki.csa.007905] http://www.c-s-a.org.cn
O E RGBT TR . Tel: +86-10-62661041

BT o4t BBR B R IR =42 H i ©

PAULEER

(AR TR THHEHLBE, T 510006)
AR X8R, E-mail: mario@mail2.gdut.edu.cn
O H PRI ZEE MY (Datagram Congestion Control Protocol, DCCP) & $& {4t 4 F& 4 il F1 A v] S AL Harks 55 1)
S 2 AR SERE B, DCCP i) CCID2 SVEA5 4R % F AIMD f# LI, 1X A0 45 5511 Loss Base 1 2813 il 4 7
&G T Hil = BDP (M85, 25 5 51 i 2 vh X I IK I 5, 3 B0 2% 48 38 3 I AIEL 2 %5 5] @, 5 Loss-
Base [{J53H E, BBR S35 7T LA 200Hb 47 1) P26 FESF, B34k WL P i 0 D 4o O 1 00, 75560 SR 5 MO 0 - 473
DI R — 5 f 5 5 ) P 2 R AR A B E I, (R 638 & T DCCR, S W 42K £ 2 1 B 3. A& SCFE DCCP 3| A
T BBR 5 I (U 2 60 5k, B0 T 256 A A TR, o S AR5 4 S A R £ 4 S 42 ) i d b 1 AT B
b, AL, SEIG R B, AT VETE S SR T IR 0P IR AH LG CCID2 BRI T 20%, 7E A 3B S AR T 1
REORTF R AF () At i 'Y .

KHRIR): CCID2; HH M 284201 130 1245, BBR; 22 b X 2K

5] A% XIHA S 28T ol BBR B HR A 2245 i Bl ML R G0 FH,2021,30(4):193-198. http://www.c-s-a.org.cn/1003-3254/7905 html

Datagram Congestion Control Protocol Based on Improved BBR

LIU Ming-Hao
(Department of Computer Science, Guangdong University of Technology, Guangzhou 510006, China)

Abstract: As a substrate protocol for real-time multimedia application, DCCP is featured by congestion control and
unreliable transmission. However, the congestion control algorithm CCID2 in DCCP is still based on AIMD, which will
cause bufferbloat, longer network delay, and jitters. Hence, such a Loss-Base model is no 10n‘éer suitable for the high-
BDP environment. In contrast, the BBR algorithm can effectively control the network delay, minimize the network
queuing, and maintain high bandwidth utilization and low link delay even at a high packet loss rate. Therefore, it is
suitable for the real-time multimedia applications with DCCP. This study adds a detection model for packet loss rates to
the BBR algorithm after its introduction to DCCP and applies the congestion control algorithm in the model of delay and
bandwidth product to addressing the above-mentioned problems. Compared with CCID2, the proposed algorithm reduces
the average delay by, 20% under heavy loads and can produce a large throughput at a high packet loss rate.
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onAck(packet) {
packet.foreach(ack in ack vector) {
delivered_size += packet_size[ack];
pre_delivered = packet_send_delivered[ack];
delivered = delivered_size - pre_delivered;

packet_send_time = packet_send_time[ack];
rtt = now - packet_send_time;

bw = delivered / rtt;

K3 onAck FHA IS RER

BARBTHEIRAR LT

© B YA EIE B KN ZE delivered size H1, %
AR SRE BN ] ACK A rE .

@ T B 0, 2% B 57 e B I T A% B 1 5080
& delivered.

@ T A %A A RTT, SHF 808 2 4
ACK 1] Vector, Bl ACK ‘i, & 32 it [ ff) 55 7Nk 38 T 56
R ] RTT. 2.

@ VS B8 B A HAE bw.

2, &5 bw'ﬁ% PACING _GAIN 25 231 3fe
FRRIRT G H R I8 B 11 1.

3.2 EEEMIT

R F AL En] LATE ik ity T DATE BRSO T
F B AR ACK (15210, 75 R TSI 2R B0k
Uity ACK E R HI AR, 2 F 851 Loss-Rate K. N
T A A TR R 1 R R, ARSIk B E R
BT EAR L, SR IR E ACK 4R C b THER A R

1) PRSCORAIERE— N R R T 5 5 2 R s ).

2) b T — AN A HOHE L, U A L 2

£ 10 s A% 1A, TS E B I a) A 3 i it

ME W ALL, ZRERELRE O N THE.

3) # HBLEL T 2A 1 L, ?ﬁ%ﬁ%ﬂﬁ!ﬂ 2) W Ffu R
HHATAME. FER— AN DTN, IR PRI S i P NUMS.
B E A% d36) 5
P_LOSS _

W_ALL

P_NUMS
W_ALL

Loss—Rate =

(6)

3.3 WEABTE

BBR HETE4 K Z HUET 8] 4 4bF ProbeBW IR,
FC R TAE BRI % 2 75 A AR FH 1 9 D08, A
FERINTAHHT 8 AMBTE Gain Cycle IRF, 435l K
1.25,0.75,1, 1,1, 1, 1, 1. 3425 REAE LR B4l g 34
WU, FOEER — DB BR8] 24909 RTprop. BBR
R 1.25 REG IR B, R bR R BT

196 {45 AR 5% Software TechniquesAlgorithm

OH5 GE RGN, R VR BBR T LA (54 B4 4% 4 10
{5 R T 1.25 14 25 I B AT A S 5000 g 0 0L 355 B HE A,
SERE T 0.75 828 B T BN, BEJS, 5
PR BORFH 1 R A 25 5, 4508 R B 5 i
13 R, DAL AR B2 1 2 1. BBR 25 R¥CHHE
102 B0 5 2 R T LR LA A% R

1) FRaB B K R de 7 BBR R0 58 (1 171 B,
5 (1 1A B T 7 ot AR 3 1550, € e D B T
BRAIE2A P, P18 A B R B

2) K 914 2 28 T DA SRR e b, 7E B
45 22 R U N O B RS BE BT BDP, (B
N%%ﬁﬂﬁ&ﬁﬁ%&@.

3) BN R SRR L T S,
N 122 R 45— A ProbeBW B B 1K 25 25 11K, Wi 8k
FIHT BDP 75 B K 1],

SR80 25 R MG, TEHRS I RUR 2 e A B4
FIE R, TS BUR 3% 3R F-5 T 4. BT BBR
B8 ABORE R0, 1.25 125 R MR B AIEE 20%
F %L F TAE, DCCP-BBR #4154 2% 2%
Ik SINEER (Loss-Rate) ZH, FHEBRFH
SEI 3 25 R, 6T — AN B Loss-Rate, % v
TERE—ANHTHI ProbeBW JE 1, 7522 H% PACING_GAIN
R4 BRI AR T \

ST BTLBW {8, R 28 B 340 2 28 (7)
(MR Bw AS#& BTLBW):

| PACING GAIN x BW > BW )

o SR T 28 5 B T2 S 5, 7
W5 K BV B (2 4 AR 9T 3t B 47 U R A 00, 51
ANECRJE, BB

PACING _GAIN x BW x (1 — LossRate) > BW

PACING GAIN > ; 8)
- (1 — LossRate)

K [EF| PACING GAIN T K45 5% i 3 i 1k 77,
1.5 BIRAY, &M RKECTHEIMT (i LR N E
FL2R):

PACING GAIN =

125 075 1 1. LR <=02
1.50 050 1 1. LR>03
I 1=2%IR l 02<LR<=03

1-LR  1-LR
)

© TEREBIK R

http:/fwww.c-s-a.org.cn


http://www.c-s-a.org.cn

2021 4F 55304 543

http://www.c-s-a.org.cn

i H AR SN A

3.4 BEERESH

HyEE A T Hashmap BRIEF KI5 & D8RR A,
XPTRIETT, RTT 55 BW B vH 5 75 B3R DO B 35040 6
1) AR IE I ] packet send_time, JIEI Z i 2L 1A%
Y5 delivered size SEARBII KN packet size, =3
AL AR, B — Kl TR E L) 20 79, iFE
HREATLE O(1) I [H] 58 1. Wa Ay R P 5 23 () 9 Rk T 11/
Hm e RK/N kg O EIR SRR BDP). X s 4%
MTU R/ME T, 1E s B 75 (1) 25 (8] 214

BDP
0%+ (10)

1 THIOT A e E YR BRI o5 B (meta data),

RBERE 10 s & ORI P Sl sk, s 4 Bk,

Nums
e M ———
l_] 12[3 l4 W7 J 8 Nlo[n[lz‘w‘
Entry no Loss Loss Current_no

M4 FaRiEREE
WO W HEEARICAN DT IS entry_no, 41751
5 current_no 5% I N B HHR G R nums. FF
WRHE N FHE O

nums
LossRate = 1 — (11D
current_no—entry_no

ZOR BRI R REDY O(1), AFEHSL

ul TR

RS

N T MAERE T BBR Hut J5 i) DCCP W1 BE,

ARSI A FH O 265 RO 25 MININET! ! BLIL) 0 B 355, 78
i & EHLE AT 45 50, AN BE R (0~
0.4), 4+ 515 CCID2, J& BBR B2 155 BUEAT %4 He. )
WAL A0 A B S B,

%

@ 4 )2
5

3

5 ELSEE R 43R D
Bl 5 s i 2% 41 5 2 28R IR P 3 0
s1—s3 N KR E N, dl-d3 NN, BT Ki%km 5 rl %

/o
(X ()
\N

()
N~

¥, Bellom 5 2 WERE. HRBVEE RS I 95 Y BN 100 Mb/s,
AR T BEBS ()5 9538 1 GB/s, B M8 5 % P i ik
AN InAEIR AL IR, BEE A 1 5 2 Z 18] 12 FIfEIR AE
B E N 100 ms, ¥ HBAFIK B max_queue size W E
N 4k, BAHI ] % AE A Drop-Tail.
4.1 DCCP-BBR 5 CCID2 £ ZfRF4% R 4 B33z

R T EREERE N EAAER, T s2-s3 PN K3 I 4 )
W] d2—d3 357 TCP &4, 3 HAFH Vegas HiL#HATA
BRI H A%, H A &% rler2 Z IR 51380 TE
FMSUE, (5 OR T % B A% 22 X RIS PR B 7E 51 43
Sl DCCP-BBR, DCCP-CCID2 5 d1 HEAT 4 B4 4ER
g, b

[ 6 ik T PR TR A 15 s B R
W2 SE I, 7R T NIE R A 3N B RROR AS I () P BE.
oA ffi ] CCID2 My 4z 13E N Ja Vs 386 K 1 4 I 1) 2E
IR, NP RRES G 1L B m Ak & )5 TIE4E R RTT,
X JE K CCID2 2 — BFE S 4k B 11 22 i A 771 1 21 1
I Drop-Tail Z 4. BBR-DCCP | 3K 15 b %5 44 465 1) 25
R, BRI H BRI =B, {AE STARTUP B BE 2RI 5%
% s KT B IR I 32 B4 22 v A B HERA, 5 BB B 1Y
JEBS) B I 0 b, 20 SR 0 380 M R A 2k e A AN P
B RO T e BIEE H S S B, B 3E RSP AR
B2 S AR Ay B %Eﬁ%ﬁ%ﬁlﬂﬂ‘ /NI B 5y, s
e b, AR 86 5 I 1 [T T DA 4k I £
RTT, Y9 HE#EH A LE CCID2" FEAR T 20%.

\“%

—«— DCCP-BBR ##§ I IHf

600 T_s becp-coipa B Rt #

500 r
400

300

BRERGEI (ms)

200

100 r

0 2 4 6 8 10 12 14 15 18
BATH I (s)
K6 FERT XS Eeik g
4.2 DCCP-BBR 5 BBR ZEAEEB R THEMENR
A B TEINR R B =, 5 R R Y 25 30
INGERY, A s1 Rikin S d1 FEATERE, RIAR SBN
RIAVIRES, HAhSE RS S A ORFFAR. X 12 BB E A A

Software TechniquesAlgorithm #fF4i AR 5%: 197

© TEREBIK R

http:/fwww.c-s-a.org.cn


http://www.c-s-a.org.cn

i E R %N

http://www.c-s-a.org.cn

2021 4F #5304 541

1 24028 43 AT I,

B 7 38 T 3 R ST AR X 4 b HEAT BOE AR S
I, i B B 20 2R AR A ) R I R A AR R PR 3R
HH O SZHHE KA 0.4, YAAAAR N EHAE X B E A2 T Y
Pt E. 6T CCID2 83k, fE RS T 1% B
5 b T AN AT RS, TR R o A SV o k5
T RS AR R I, B — IR AR E RS —F, —E
WSk BB+ 0. 55— i1, BBR AEEBE & T 20%
{1 B L 1 2 R B0 P A v 25 L SR Y IR
H A SRR B 2o /S ) BBR-DCCP H - H B
S H N RERITE S W, SISy 5 5
FORFS VLS AAE, B G T RFEE R St REUR . 5 BBR
FHEL, BBR-DCCP kT E B RE /1 #E = T 10%.

100 L —— BBR %t &
—s— CCID2 # it &
%0 | —— BBR-DCCP #Fi: &
é 60 |
ﬂ:j 40
i
20
0t =
0 0.1 0.2 0.3 0.4
FTHE (%)
KBl7 AREOETEHRENRKSER
5 45

St 04 S0 B 1B B CCID2 7 7E 20 X R
[ 0 530, AR SCHEHL T 56T BBR S 0K HRA Se 4
PRIk, 7E5UA BBR SEFER RN T B it
HATRY, R e T 7E 5 0, 2 O 46 BRI T 2 2 e 1 ]
L. S s SR, A B LU 4 9 P o 4 e
(R FRAIOT LG [ GESR, A, i3t 25 60, 3 A R B 25 M
05 FR, FVEAE T B PR T R s B
i 7

S 30k
1 B{RIE. JET DCCP )22 SR I S I 428 i) S92 5 [ ik
FALESC ] DL H R ITTE R, 2017,
2 Floyd S, Kohler E. Profile for DCCP Congestion Control ID
2: TCP-like Congestion Control. 2002.
3 75 S, Tt A M. WSN i —Fi 5k f¥) DCCP 4] 26 42 il B
#il. THEHLR 554, 2015, 32(6): 136-139. [doi: 10.3969/

198 4 AR 5% Software TechniquesAlgorithm

j.1ssn.1000-386x.2015.06.033]
4 Polese M, Chiariotti F, Bonetto E, et al. A survey on recent
advances in transport layer protocols. IEEE Communications
Surveys & Tutorials, 2019, 21(4): 3584-3608.
Jaffe J. Flow control power is nondecentralizable. IEEE
Transactions on Communications, 1981, 29(9): 1301-1306.
[doi: 10.1109/TCOM.1981.1095152]
6 Cardwell N, Cheng YC, Gunn CS, et al. BBR: Congestion-
based congestion control: Measuring bottleneck bandwidth

W

and round-trip propagation time. Queue, 2016, 14(5): 20-53.
[doi: 10.1145/3012426.3022184] .

7 Cerf VG. Bufferbloat and other Internet challenges. IEEE

Internet Computing, 2014, 18(5): 80. [doi: 10.1109/MIC.

2014.89] \

Gc\:ttys J, Nichols K. Bufferbloat: Dark buffers in the Internet.

Communications of the ACM, 2012, 55(1): 57-65. [doi: 10.

1145/2063176.2063196]

9 Chowdhury T, Alam M. Performance evaluation of TCP
Vegas over TCP Reno and TCP NewReno over TCP Reno.
JOIV: International Journal on Informatics Visualization,
2019, 3(3): 275-282.

10 Guo YJ, Yang XP, Wang R, er al. TCP adaptive Vegas:
Improving of TCP vegas algorithm. Proceedings of 2014

oo

International Conference on Information Science, Electronics
and Electrical Engineering. Sapporo, Japan. 2014.126-130.

11 Jin C, Wei DX, Low SH. FAST TCP: Motivation,
architecture, algorithms, performance. Proceedings of IEEE
INFOCOM 2004. Hong Kong, China. 2004. 2490-2501.

12 Adams R. Active queue management: A survey. IEEE
Communications Surveys & Tutorials, 2013, 15(3): 1425—
1476. kg -

13 Ismail AH, E"lsa{’gheeth, Morsi IZ. Survey on random early
detection” mechanism-and its variants. IOSR Journal of
C(;mputer Engineering, 2012, 2(6): 20-24.

14 Sivov A, Sokolov VA. The bufferbloat problem and TCP:
Fighting with congestion and latency. Proceedings of the
Spring/Summer Young Researchers’ Colloquium on Software
Engineering. 2012.

15 Hurtig P, Haile H, Grinnemo KJ, ef a/. Impact of TCP BBR
on CUBIC trafficc A mixed workload evaluation.
Proceedings of the 2018 30th International Teletraffic
Congress. Vienna, Austria. 2018. 218-226.

16 Cao Y, Jain A, Sharma K, ef al. When to use and when not to
use BBR: An empirical analysis and evaluation study.
Proceedings of Internet Measurement Conference.
Amsterdam, the Netherlands. 2019. 130-136.

17 Xiang Z, Seeling P. Mininet: An Instant Virtual Network on
Your Computer. In: Fitzek FHP, Granelli F, Seeling P, eds.
Computing in Communication Networks. New York:
Academic Press, 2020. 219-230. [doi: 10.1016/B978-0-12-
820488-7.00025-6]

© TEREBIK R

http:/fwww.c-s-a.org.cn


http://dx.doi.org/10.3969/j.issn.1000-386x.2015.06.033
http://dx.doi.org/10.3969/j.issn.1000-386x.2015.06.033
http://dx.doi.org/10.1109/TCOM.1981.1095152
http://dx.doi.org/10.1145/3012426.3022184
http://dx.doi.org/10.1109/MIC.2014.89
http://dx.doi.org/10.1109/MIC.2014.89
http://dx.doi.org/10.1145/2063176.2063196
http://dx.doi.org/10.1145/2063176.2063196
http://dx.doi.org/10.1016/B978-0-12-820488-7.00025-6
http://dx.doi.org/10.1016/B978-0-12-820488-7.00025-6
http://dx.doi.org/10.3969/j.issn.1000-386x.2015.06.033
http://dx.doi.org/10.3969/j.issn.1000-386x.2015.06.033
http://dx.doi.org/10.3969/j.issn.1000-386x.2015.06.033
http://dx.doi.org/10.1109/TCOM.1981.1095152
http://dx.doi.org/10.1145/3012426.3022184
http://dx.doi.org/10.1109/MIC.2014.89
http://dx.doi.org/10.1109/MIC.2014.89
http://dx.doi.org/10.1145/2063176.2063196
http://dx.doi.org/10.1145/2063176.2063196
http://dx.doi.org/10.1016/B978-0-12-820488-7.00025-6
http://dx.doi.org/10.1016/B978-0-12-820488-7.00025-6
http://dx.doi.org/10.3969/j.issn.1000-386x.2015.06.033
http://dx.doi.org/10.1109/TCOM.1981.1095152
http://dx.doi.org/10.1145/3012426.3022184
http://dx.doi.org/10.1109/MIC.2014.89
http://dx.doi.org/10.1109/MIC.2014.89
http://dx.doi.org/10.1145/2063176.2063196
http://dx.doi.org/10.1145/2063176.2063196
http://dx.doi.org/10.1016/B978-0-12-820488-7.00025-6
http://dx.doi.org/10.1016/B978-0-12-820488-7.00025-6
http://www.c-s-a.org.cn

	1 CCID2算法模型
	2 BBR算法模型
	3 DCCP-BBR算法模型与实现
	3.1 带宽计算
	3.2 丢包率估计
	3.3 增益系数计算
	3.4 算法复杂度分析

	4 仿真模拟实验
	4.1 DCCP-BBR与CCID2负载时链路延时测试
	4.2 DCCP-BBR与BBR在不同丢包率下的吞吐量测试

	5 结论

