F16 % £ 40
2004 # 12 A

oA T % ¥ B % i
JOURNAL OF JIANGSU POLYTECHNIC UNIVERSITY

Vol. 16 No. 4
Dec. 2004

XEHBES . 1005—8893 (2004) 04—0052—04

LM ED NI EEHERHE RN LB

M, EER
GLHTALB HANMESTRR, IF %M 213016)

WE: EFUFE AR IERRE R ERBPRNIAA, 50 SH AQM LB SHEN, 1B e 48 5 R PR T B B A S —
WH. EEHELR, % ARED, AVQ. PIf1 REM 4 b 2 3h BA 5 8 S0 0 8 e ) 0 R O 0 B R T b AT T LR
Fo KBBFREW, X 4 F AQM B ik 4P B4 AT B 25 B AR {H, PIAR M ASIBHE, AVQEEEHF— T KB,
4R AQM B A BBA N — 0 B R P ER, PIA AVQ BBARIFHERE, SR ARED A REM H i Bk

Wi 4 FEMARIR A AN UDP Wi A B4 (58,
XER. EHMIEE (AQM); HESH, HH
hEA%S: TP 393 XRRERIAE: A

FiZ& Internet B & B, BT RS P 4% BT R 7 3R
BBy MABKARKERT, MMERSHEE (QoS)
RETERMOER, THEMERHEET QoS #l
HIEW TENDERNR. HESHNTREZRY
P& RAR TR M E B~ —,

Internet 3 # KB T 1 W4 il Ui (TCP) 52
DB MNP EREH, TCP hETH O Mo
BB AT L RARE Internet BEH W EE
BRI . 8% 55 U8 9% A0 42 s 0L 50 78 % 38 0t v 82 1
QoS fRIE, 3% P 45 o fy % ply 282 op ] 35 45 49 2
RERLAEVIMEEZBBAR BN ERRE, %
I, IETF (Internet T 78 {F % 4) BUCRAES
BAFIEHE (Active Queue Management, AQM) £
5 IP EHEEH . R AQM MRS, H S.
Floyd #1 V. Jacobson RHBBEN BRI (Ran-
dom Early Detection, RED) & ME— BE ST B
AQMER B E L. EEK, BEE AQM
RED MPF R Z#i £ &%k,

1 EE LSS TH
WRIEHREFRRD, B 199 0%, &

KRAR: 2004—09—29

oS0 METH AQM BB E 2 BB M., Hikd g
X AR AQM BHARXERH, T H ISP X 5k
MRERGURN. BT, AQM HLEIR B B
ZHWF R TE Internet |, BHBRREHERETF
“#R” (Drop—Tail) BAFI A, RED & sk
RED B9 # (0. Cisco's WRED) k% i
EARGRL, BEERUEH, BNEREYH
EHE, REAARMSEMNERES,

AQM KRB AR 2 BT LU 18 B iy T 5k = ST 4 Fb
BHRB AN, —RWEWIENITE, KEK
AQM P TAERN T HE B WA 5tk B T 75
B, BHEX AQM B BRI L Ea s,

(D BAFIKITEEYE: AQM i H #9234 B i
MPMBIIKE, AHBEERE ST ERLRAY
B A S B AR LB, T BAF K B RO A4k
HERWIIMENRE FE. —FE, HF—I%
SER TCP %8, MTHEBRTERABEN, Hi
0 T A i 0 S 0 30 A/ S Ry e e
PRAFIKEFRER; 55—, B
FIKEERXADRGHEROREAN AR, O
ZBAFIR BE R o B i A BB AR E Y 4% %% U A9 SR

BEE¥: ERMHEBP/ISLEHTE BB (03C26213200933)

TEEEA: BM 1963—), &, IHRHEA, PRI,



HARF. A LR T EMEBR I EGRRAR

. 53 L]

M. Blt—1 0 AQM BN AT K ERE
A HMEHE.

(2) 2AF4#. AQM B BHr 2 — B ¥ # Drop
—Tail BAFIHI A F 4. RFC 2309 3Rid. BHBY
BAFUDLEI AR B E R W, XFHEE R P17 A A &
BRI BRI .

(3) ERitE: RARBHBEE, BIXIHEELE
ARG, Internet WE HEMBRUERE TN
REMBURMELRELY, Bi—1F AQME
R M RAN R FRIFOENAES, 7
MR, ERNESFEERESRML, XA
B fE st

AT AQM FZ3# & WA S HOR M ™ 4 6 4
ERE. CBH) RAIKREM B GR®E,

1.1 HRMR

EREZH AQM Hikd, EHEMLEERPFFTI
& EXBEA-NEREN. OFEEERFRE
#, OXBHEEBEZMMBI LT HEHES,
FBBYRT AH Internet B QP HRIEES
“RUTH” (best—effort) IP Mi&; @QFiEEE
ATRHERHROECHETT.

% W % # T AREDW, REMM, PIE,
AVQM A BBEEEIHAXNR. BHEEHEHR

Al MR 1ER,
#£1 HhEM AQMEZE
Table 1 The selected AQM algorithms

AQMEY: BIRFE HWESHR Wit EEH iR
ARED BE&EX AT B 53
REM SMEXN WIKEMGHER AIIKER

Pl BHER BAFY IKRE BAS IR BB
AVQ BEX fE xR 134

SHR B RAERHRITMN St MA P L
S EERE, —Bt, SHEEHELH SIS
¥, BMSEHEMEENER. ERNEHE
B, —BEBRUTSERENES, AR, EEH
R T BHIUREHEN R E RN SE .

1.2 BRI

PEHY B3R 4 F AQM BB R NS2 ff E 5,
ABFILEE Linux BpE R L ns—2. 27 fi A
FHEXR, (HENEHRIMNSHME 1R, B
AR A NIRRT, AQM WEXET
ARIBEH, EBREIHBEERENSHER
B, HAW AR Trop— Tail M4, WA RLWE

HRKAR 1I004MEEL, BEAKBEEN 1
000 bytes, {ffE.A¢[E] A 200 s,

wp{ S D ) UDP Sink

10Mbps 10Mbps

1. SMbps

FTP D FTP Sink

R! e R2

HTTP Sink
50ms

HTTP HTTP Sink

HTTP

P

B1 METREIEGN
Fig. 1 Simulation network topology

P RBERARSR. B FEREK
# TCP ¥ (M. KCHFH FTP 5%, #pZEatE
M TCP{ (M. RAEWH Web W), &N R
(fm: UDP §i) .

1.3 MESERERFHN

T 1. MBI E N

EX—HET, FEWR 4/ AQM WEER
EWERERNESR, AR EE. Sk, &
HEMES, B, ®itT 50 TCP K 1s [{]
HEA, F—ERZAHELER. A2 (> ()
(&) () BRTHEHMERLE RTT X 50ms HLT
M EFN. TUE D ENES EEKATIRER
BiFdE. H4, PIEERESHERT, AVQ4HF—
AB/NBIBAFIK BE, REM 7ERE BTN, B —R&E
M EERT, ARED i REM 8 —EHRE .

FH 2. M HIBAET &R

NPASLE, ERIEHREITE.

#®h. ¥t 204 TCP £ 1s#EA, 154
TCP £ 75 s B2 A, 154 TCP K% 150 s # A,
—HRFEIHESER,

w—m. BiTT 204 TCP KR 1s EA, 15
A TCPEWM IS5 s A B5s4H), 154 TCP &
150 s A (160 s ).

WHEROGEBREEAEMY, B3 (@) (b)
() () BRTEHE ALK ¢ HEEERTTH
50 ms {HW FHFELER. TLUUES . TCP ERM
S AQM A F W, ARED, REM BRI A E K
WA, Pl BRAEMKELN, XAFIHE—
SEREE, EMRRKEEHERRLI, AVQA
sl , AR, BB AVQ WHTE MR,



e 54 o X o % ¥ m oF R 2004 4
queue red Adapt aueus rem
I T T I T~ ] queve -
100.0000 Tavelaisis 100,000 [T T T T T ] quewe
£0.0000 B 90.0000 — [ | i\ 1
80.0000 — £0.0000 |— | ; 1 ) -
70.0000 T 70.0000 [— n
60.0000 - £0.0000 |~ a
50,0000 - 500000 .
40.0000 E 40 0000 {— -
30,0000 B 30,0000 |- B
20,0000 - 200000 [— _
10.0000 -1 100000 —~ 7
0-0000 ! ! 1 [ e i L L L T
00000 50,0000 100.0000 150.0000 000000 00000 50,0000 1000000 150.0000 200.0000
' Qe length of RN (RTT=50ms)
(& Quae legth of ARED RTT=50ms) ® avq
queue queus
I T T [ [ Tueus
550000 — queus g 1000 |- ]
50.0000 |-
70.0000 |- i
45.0000 |-
40.0000 |- 80. 0000 [~ 7
35,0000 1~ 50. 0000 7
30.0000 |- 4
40,0000 |- -
25,0000 [ _
20 0000 - ] 30. 0000 |~ .
15,0000 [ - 20,0000 {— T
10.0000 [~ u
12, 0000 |- .
50000 [— E ; "
0.0000 \ ) . P R ! l ;
00000 50.0000 100.0000 150 0000 200 0000 00000 50.0000 100.0000 150.0000 200.0000
(©) Queue length of PI (RTT=50ms) @ Queue length of AR (RTT=50ms)
B2 ARED, REM, PIfM AVQESI THMAKEST{
Fig. 2 Queue length evolution of ARED, REM, PI and AVQ
queus red Adapt quous rem
1000000 =7 T T T T _Jueue 100.0000 =T T T e
sve_queus
90.0000 [— — 90.0000 |- -
80.0000 |- — 80.0000 |~ -1
70,0000 |- - 70,0000 |- -
60.0000 (— - 60.0000 — -
50,0000 |~ - 50.0000 [— -
40,0000 |- | 40.0000 |- -
30,0000 [~ . 30,0000 |- —
20,0000 |~ - 20.0000 |- —
10.0000 | - 100000 (— -
0.0000 - 00000 |
1 L I L Jtise L 1 1 i time
0.0000 50.0000 100.0000 150, 0000 200.0000 0.0000 50.0000 100.0000 150.0000 200.0000
. , ) Qrue length evolution of REM under short flow influence
(& Queue length evolution of ARED under short flow influence aueus & avg
quous T T T T T queus
Erry - -
60.0000 Jieus 800000
550000 [~ 70. 0000 |~ <
50.0000 (~
45.0000 - 60. 0000 .
40.0000 [~ 50, 0000l N
35.0000 |-
30.0000 -~ 40.0000— .
25.0000 [~
20.0000 30. 0000} .
15,0000 [ 20,0000 1
10.0000 (—
5.0000 10. 0000~ -
e n I 1 1 £ giwe 000004 =y
00000 50,0000 1000000 150.0000 200.0000 "

©) Quae length evolution of Pl under short flow influence

00000

50.0000 100.0000 150.0000 200.0000
@ Queue lergth evolution of AVD under short Flow influence

B 3 ARED, REM, PI# AVQ NAEDSHM Fae e
Fig. 3 Queue length evolution of ARED, REM and AVQ in dynamic environment



BRRF. IHLIAFAFZRERH Ak LR R

-55.

TR 3. AFHES

TEHERSP, #HT 25N TCPH 1s BEA,
24 UDP # 100 s A, —HFEAHELE. 1
HERBR, 4 E®RE UDPREM T, BI1H
PEREERLLEE2E . EENX 4 f AQM BB BB A
%t UDP WM BTG .

XK 4. ZRELHH

LB 4 F AQM BHRER—HEEGT
MERRBL. WELB 14, WIERE RTT 25%
100 ms, 50 ms, 10 ms #HITMKXFIAF LR 2 & =
HHTWIRK, HFETHT. K 2EBERRITER.

®R2 ZaLgit
Table 2 The percentage statistics of packet dropped
AQM 10 ms 50 ms 100 ms TCP & i
ARED 2.84% 2.57% 2.15% 1.10%
AVQ 4.08% 3. 40% 2.58% 2.26%
PI 3.12% 2.69% 2.26% 1.12%
REM 2.46% 2.17% 1.88% 1.00%

MEFTTUUEH, 7€ AQM A 24 4% pE 5 R 3 hn
o, ZERTH.

2 HFRIF

HEEBRH, Lid4F AQMHLBIEH HE
R, OMERBEFEAIRELBRE, KE
AQM EEA K BIRER, B PLAEKREATIEN
BE, AVQEBRER - MR/IK, EERKE
Z I R ABEYF, EREBRND. FIHRL
B, REMBERFERKHE A EHEATRE;
FEEMETE, 45 AQM BEAMELET —E KA
/], EHMEEULHER, BPL AVQEREER

WHEM, T ARED, REM B A8 K8+ 5,
FEAFHENTE, 4 EEE UDP BiEWM T, &1
RITERERR L, MV AR MU UDP A4
FHERE., ZEREHLIT, ARED fl REM A & /»
MEER. EXRPEASKR BN RFEM LY
WEK, EAFHEFTEAEHTFH—S 8.

5% ik

(1] #E*5T, #E, XEK.IPREFHMESH (J] . HEH
4%, 2003, 26 (9),; 1025—1 034,

[2] Floyd S, Jacobson V. Random Early Detection Gateways for
Congestion Avoidance [J]. ACM/IEEE Transactions on Net-
working, 1993, 1 (4),; 397—413.

[3] May M, Bolot J, Diot C, et al. Reasons Not to Deploy RED
[A]. Proc of 7th International Workshop on Quality of Service
(IWQoS'99) [C]. London: IEEE/IFIP, 1999.260—262.

[4] Floyd S, Gummadi R, Shenker S. Adaptive RED; An Algo-
rithm for Increasing the Robustness of RED's Active Queue
Management [EB/OL]. http: // www. icir. org/floyd/red.
html, 2001—08—01.

[5] Athuraliya S, LowSH, LIV H, etal. REM.: Active Queue
Management [J]. IEEE Network, 2001, 15 (3). 48—53.
[6] Hollot C, Misra V, Towsley D, et al. On Designing Im-
proved Controllers for AQM Routers Supporting TCP Flows
[A). Proc of the INFOCOM 2001 [C]. Anchorage Alaska:

IEEE Communication Society, 2001.1 726—1 734.

[7] Kunniyur S, Srikant R. Analysis and Design of an Adaptive
Virtual Queue Algorithm for Active Queue Management [A],
Proc of the ACM SIGCOMM 2001 [C]. San Diego: ACM
Press, 2001.123—134.

Comparative Study of Several Active Queue Management Algorithms

XU Yan, WANG Zheng—hong
(Department of Computer Science and Technology, Jiangsu Polytechnic University, Changzhou 213016,
China)
Abstract; Active Queue Management (AQM) has been a recent focus in the research area of end—to—
end congestion control, More than 50 AQM algorithms have been proposed. However, there is no agree-
ment yet which algorithm should be used in network routers. In this paper, four important AQM algo-
rithms, i.e., ARED, AVQ, PI and REM, are compared in the same network environment, by means
of network—simulation. The experimental study shows that, while all the studied AQM algorithms can
keep queues stable, the queue managed by PI is the most stable one, and AVQ can maintain a shorter
queue than ones managed by other algorithms. It is found that, while all the four algorithms can adapt to
network conditions, PI and AVQ have better adaptability, and the performance of ARED and REM can
be influenced substantially by short—lived TCP flows. Simulation results also show that none of the four
algorithms can perfectly solve the unfairness problem for UDP flows,
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