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Abstract: AQM (active queue management) can maintain the smaller queuing delay and higher throughput by the
purposefully dropping the packets at the intermediate nodes. It is a hotspot in the current researches about TCP
end-to-end congestion control. Almost all the existed algorithms neglect the impact on performance caused by large
delay. In this study, firstly a fact through simulation experiments is verified, which is the queues controlled by
several typical AQM algorithms, including RED, PI controller and REM, the dramatic oscillations in large delay
networks are appeared, which decreases the utilization of the bottleneck link and introduces the avoidable delay
jitter. After some appropriate model approximation, a robust AQM algorithm applying the principle of internal mode
compensation in control theory is designed. The new algorithm restricts the negative impact on the queue stability
caused by the large delay. The simulation experimental results show that the integrated performance of the proposed
algorithm is obviously superior to that of the existed schemes when the network configuration parameters are large
delay and small queue length, and the link utilization increases 3~4 times.
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T Tahoe,Reno,New Renol',SACKAI Vegas®14% £ AN IRAS [ 38 58 5 5 0k, T A3 3 28 AR S BTF 93 (e 5 i Sk
BT S RS0 b T SR (RIS R SK A R ) 4% v [0 R 7R T JE A v 4 B X 2E HR IR (explicit congestion
notification, [ FX ECN)XF % 4% i (8] A A S R AT 17 06 B2 AR B4, 214 ¢ by s R0 281 B 380k PO 40 9 i, 7 B 2
T 77 Ml 55 V5 SR BRI 24 P 25 3 S 485 i, 31X 55 (KA B 40 I N N R ACK T R B I T I 28 BR38 1) B =X
ML L, 55 AR LA B A A i S 5 4] 42 HH B L L SRl (random early detection, {i #k RED)V% 1 H 1) &
fif# ¥ Drop Tail 45 FAZ1 45 R 590 AT GE3E ik TCP MEHE 4R [ 20 PA B S]] b T3 DR 25 A Ak B 5 SR I 55 ) A7
TER - PEZE 1) 81,1998 4,B.Braden 25 A 32 H T E5hBA %)% H (active queue management, (% FX AQM) I 57 5l
LT, S o ) s 410 B4 B — BB T B AQM E Uk /I HE BA IR ZiE (1 [ B (R I 48 7o [ 45 HE i RED 4545
AQM HIHIAR H AR, RFC2309 47 E 4 3= )y BA SIS BH AR — 08 553k 4% 1 SR BT 8 A0 52 B R WY, RED 75 5 # 11
Ji TEAEAE— & IR, e 1A Pk REBUR T 0E S B0 ) 8 R0, 7047 72 18 P 48 S B0k DL R AR 25 2 B2 /> TCP 11
AU 3 A BRI e AR AR R R FE 0 o L R K AQML SR Bk H I Internet B FT AT — AN H AR A
AR AR PR A T R AT S W 1 529, SRED®,BLUE,PI #5 i %2 1% REM!'!Y FRED!'?! Self-configuration
RED!"* Balanced-RED!"H1 1 A 51] AQM #7147 () Kk 22 Hsfemis A S IL A AT 78 50 % FEAE IR I ZE(RTT)
T EEE BE B R M, 7R /N ZE Y LAN B MAN _F 35 ) 506 R 0 e A 200 CAEFE R INAF (Y WAN FRBE T 7 A
SCIATF S P BRATIHE A H 25 BRI AR AQM. SR RS 1 14D 536 T, 3 SR FH 47 S S o 1) B2 SR v o L T
AQM [ Hf S M 455 Tl 55, LAHE I B B S 2 R id s P 472 1 56 ).

1 KEFEX AQM BiX 4 RERY ST

DR] g 3 L2 i 01 ) 4% v 160 T st £ St 8 24 Do) (0 A% M 65 E 2 0 T s ) o 7 2 TR A AT 38l LA B 0 2% i
R B N A — R S AE PIVOURT REMUMYR BE T i — A il 2 T P L= R 2L = R R
IFZE LAN B MAN,IX il 2006 A H A B2 (1 [R5 (HL 7 25 9B () TCP S #rb RTT W AR A LA 28,4 2
LB BN T IE X — SRR Ping )% WAL TSR R FR A E) 166.111.64.239 WA T LA
kbR RTT I [A), 3117 20 AN P40 4 1 mey J& 45 SR WL 176 7] — A LAN W RTT A 11.3msH 241 38 [E R i+
I RTT #1753k 886.7ms. A5 5% RTT 73 A1 B 4 PERAIHEFT I SCHk[18].

Table 1 RTT statistical values
£ 1 RIT G40

URL Delay (ms) URL Delay (ms)
www.edu.cn (202.112.0.36) 11.3 www.yahoo.com (216.115.102.79) 395.1
www.263.net (211.100.31.131) 31.2 www.whitehouse.org (64.226.222.72) 886.7

CA MR Z 36T AQM WFFT 1 SRR, 72 56 1E SLVEME RE I, JE — B4 b A RTT B IANE L= #0, (R
19 LAN (R MR8 T 7 Ll S0 780 S5 A IR 19X 4 3R 58 v 1) ik A, R ATIHE NS2UOE & SR nE 1 s
() 19X 28 0 D G5 R BEAT 1 B S 06 AU M A7 T35 /5 A FIS 5 B 2 J8) B A B 15Mbps(3750packets/s, 73 2H 44
KN K 500bytes), SE I Sms; FT A Mk 45 V5 34 g 35 A PE (0 FTP M 4598, B A5 75 55 A Z [ (135 4% 25 2444 10Mbps,
FERT Sms. BRI A MIBAFIH & AQM HiLIE I LLAN SR BAZIYI N Drop Tail, T 1 AUINZEAE K /ANN
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300packets, 15 /i B FI¥5 /5 C Z (AR EE N d ms. 45 %€ d=30 F1 d=190 43 HI4E 4 LAN 1 WAN FI48 R A7 5
23 VHLFY 5 A TR BN % B 43 O RED,PLPIDPY I REML7E RED H, =4Ik [T FR A 43 %1 4 100packets A1 200packets,
B HoAl A4 535 A B K B I WIS {E h 150packets. 8] 2~ 5 45 H T 05 BLAE B, Sk AR 16 K I vk X 4 v i A7 i 72
SRR IR BA B35 H BT R RS 9 35 . A 71 (% D W 32 0 3 — 7 TR 88001 7 3 381 3 (1 BT S 43 [0 B el T~ 2 BA 31
IR SR (10 0 A, B ) PR 56 ) AR AT A 52 110, 3K P A 00 35 T IR HH I AQM BT H ARIOL 36 2 45 T & B A
Pt BN 1R S8 vh R R BEHR B 20 BT 28 2 TR HICHE I S In K5 R SURE 1 AB (¥R F 2638 3k R BT 10%, BL8R PI
M TE AT 558 v 1A AR P 26 AEL AL 52 ) 3, A %7 1) 8 AN s ,RED A1 PT 42 S BA 510 () b A 22 84 01 7 40,15 REM AT PID (1)
50 B 2 P00 BT 2 B 2 A%, 0K B T 75, EH S TN AR i 1 i B SiE 1 3 6 S IR R M 45 ) QoS ARAIE S A R AN .

15
Mbps /]'3\451v1bps @
Sms u dms

Fig.1 Simulation network topology
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Table 2 Queue length statistical values

x2 PIIKENG I

Algorithm RED PI REM PID
LAN WAN LAN WAN LAN WAN LAN WAN
Average queue length 142.95 72.98 146.52 147.28 109.51 113.94 148.74 126.1
Standard deviation 19.89 61.15 20.95 64.62 23.57 98.01 29.41 98.75
Link utilization (%) 99.9 91.6 99.4 99.3 99.3 90.1 99.3 90.6
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Fig.6 Block diagram of AQM system
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