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AQM Algorithm with Stability Margin Independent on
Network Feature Parameters
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Abstract To overcome the weakness of existing AQM algorithms based on the control theory, a new AQM algorithm GPM-PI based on PI control
is designed with the gain and phase margins constant. For the gain and phase margins of GPM-PI are independent on the network parameters(the
RTT, the number of active connections of long lived TCP flows, the capacity of bottleneck), GPM-PI can be used in networks with large delay, has
the properties of fast response, anti-disturbance and robustness, and it is more suitable for Internet environment.

Key words congestion control; Active Queue Management(AQM); stability margin; anti-disturbance

1 Self-tuning P1, R-PI, P?l, Fuzzy PI

Internet IP PIP, PAQM, Pre-PID
Internet Internet
(Active Queue Management, AQM) TCP REN-PID, DC-AQM, IMC-Smith
AQM IP ( TCP UDP
) Internet (1P / )
AQM Internet
1 AQM AQM ()
1 AQM 1) ( )

Hollot-PI™¥ 2001  RED

Selftuning 0 Pl PID (2) IP
p| Bl AQM
R-pIl 2004 Pl PID ce / .
p2 2002 Pl PID IP
3) Internet
Fuzzy PI®* 2004 Pl PID (RTT) AQM
pIp 2003 “€973>” (2009CB320504)
PAQMIH 2004 (2008BAH37B09)
REN-PID" 2003 (GJJ08153) “
DC-AQM™ I 2005 >s
IMC-Smith™! 2006
“c PI/PID Internet i
Pre-PID"T 2003 (1962 )
LQR-PID™ 2004 QoS
1 Hollot-Pl 2009-08-23 E-mail wanghao@jxnu.edu.cn



(4)

( N, C,R)
( TCP UDP
) AQM Web Interne
AQM TCP/AQM
TCP UDP GPM-PI
®) ( RTT [14] (2)
TCP ) AQM
R Ke™t
G(s) =
ce .s ©)=2"7
< s e e K=K, T=[2+T7 L=T,+T,+R —\[T? +T?
AQM 6 [18]
AQM Pl
AQM GPM-PI Pl
k 1
Pl AQM  ——GPM-PI Cley =k, +r=hlrz)
! o=k k=
GPM-PI roehor
NS2 1 2
Internet TCP 0 d() cl) =k s Dl e _ke| 4
TCP uDP GPM-PI T Y >
Internet
2 GPM-PI 2 AQMPI
AQM IP TCP
AQM AQM 2 .
AQM TCP Ay
[1-2] AQM ¢, = n—0.5n+arctan(w,T;) —arctan(w,T) - w, L (4)
( TCP/AQM ) a)p]: 1+ a);T2
K" A, = P2 ()
G(S) _ f (1) kLK 1+ COIIY;
(s +1)(Tys +1) 0p 0,
K, = (R C)3 T =R T. E C ch4 1+ H):,I:z
' ant T o, T\ [1+ &?*T? - ©
N TCP R RTT AQM & ¢
AQM 1 -0.5n+arctan(w,T;) —arctan(w,7) -, L = -1 (7
o 4 o K" “
O— O m e T . BT
T . = (8)
KL
=T 9
1 AQM B 0 ©) @)
TCP/AQM TCP .1 (10)
2L
( 8~ (10 (5)
(1)TCP/AQM TCP | = Zl (11)
TCP p
C) (6)
Kk,
(2)TCP/AQM TCP UDP )y = TL (12)
(8) 9 (12) 4)
(3) TCP/AQM N R 4T g .
N R (. 2
AQM AQM 8 (9 PI
(13)
( ) (11) 2
(  TCP/IAQM ) p
AQM PIGPM-PI
TCP/AQM [2181y=60, R=0.21, C=3 750 packets/s(15 Mb/s) (1)

AQM

)

(2)

(3)



T1:0.21, T2:1.378, K/:33 914.795 T, T Kf (2)
(2) T=1.394 0332, L=0.404 092, K=33 914.795 0
30°  1.5° B (3) IP
1.047 T,L K 8 (9 3) 4
k, =k k= k
T REN-PID
k, =1.065 002 292x10* %, =7.639 719 807x10° (14) REN-PID
PIGPM-PI 1 GPM-PI
B . 7.639 719 807x10°
C(s) =1.065 002 292x10 ——— (15) Tcp Tcp UDP
PIGPM-PI (3) <« >> 200 TCP
PI C(s) C(2) << >> 500 TCP 100 UDP
(16) ¢ 0s =100s 100
v 2k, +kT)z—(2k, —kT =
C(e) = ) ,@=kp+5 _ (2K, +kT)z—(2k, — kT) TCP 50 UDP  =200s
) s F% 2(z-1) 300s 4 2
(16) 800 e — ——
T GPM-PI 700 !
p(kT) = p((k-1)T)+adq(kT) - bSq((k—1)T) 17 600
p0)=0 (18) 500
b 400 |
|
o 2 HRT 2k, kT 19) %0 ! |
2 2 200 | ll" {
5qkT) = q(kT) =g, o | 1
() (14) (19) T=1/160 2% . -
0 50 100 150 200 250 300
a =1.067 389 704x10*, b =1.062 614 88x10™ (20) s
(17) GPM-PI (a)Hollot-PI
2 3 ( ) 800 g '
700 |
3 GPM-PI
600
TCP
500 -
NS2 GPM-PI @
i% 400 | |
(3 N-D =0 Wt i
- ] it [ | 1
15 Mbls 5 ms s1, - f'!'-l'illw# if |1)J'ijlllw|, JH\'WY‘.*M
§2, ,Sn Si N 15 Mb/s(i=1,2, ,n) , g _
160 ms~240 ms 400 ms~800 ms oo e
F1,F2, ,Fn D Fi 45 Mb/s(i=1, 2, (b)GPM-PI
n) 5ms 190 ms ( 4
)40 200 IP N-D 2 1 3
800 IP / 1(%) 1(%)
Hollot-PI 438.14 359.01 92.94 67.70
15 Mb/s 160 ms~240 ms 45 Mb/s 5 ms REN-PID 246.41 233.96 94.95 66.00
400 ms~800 ms 190 ms
GPM-PI 226.71 163.85 97.39 65.22
15 Mb/s 5 ms 2 GPM-PI
TCP/AQM ( TCP )
3 ( TCP UDP )
Hollot-PI”!  REN-PID!*Z
- i GPM-PI
“ i =0 300 TCP
100 UDP =50 s 400 TCP
(1 50 UDP =100 s 50 UDP
9o 300s 5 3

— 14—



800 in—

700 |

600 |

500

400 +

300

BAFHC /A

200

100 |

800 g

BB
£ v o
2 8 8 8

[
1=
=3

M
ol "'*"""|

s |

100 150 200 250 300
M B [/
(a)Hollot-Pl

o

|
100 150 200 250 300
s
(b)GPM-PI
5
3 2 3
/ 1(%) 1(%)
Hollot-P1 439.07 302.58 99.53 67.54
REN-PID 259.53 206.21 99.32 89.75
GPM-PI 226.39 168.85 97.54 67.99
3 GPM-PI
GPM-PI
N=60, R=0.21, C=3 750 packets/s(=15 Mb/s)
30 Mb/s( € =7 500 packets/s) 2
300s 6 7 4
800 h T
700 |I i |
600 ¢ i

BAFIHC /B
I
2

800 l—-'ll T
700 |

600

500 &

400 |

300

200

100 +

| a *:_.% | .
VA

100 150 200 250 300
M B [/

Hollot-PI

] |
1
h \i\ "I‘I;
: “l |
1
50 100 150 200 250 300
AT /s

GPM-PI

/ (%) (%)
Hollot-PI 275.82 231.91 91.86 21.42
REN-PID 214.78 129.08 97.94 21.82
GPM-PI 207.92 92.08 99.39 21.84
4 GPM-PI
400 ms~800 ms
190 ms 2
300s 8 5
800 ] -}
N
700 ¥
i
600 | ] | i
1 |
500 ¢ 'ﬁ J
- v \ i
400 II ud
300 | 1 HJ."I 'l"llpl 1
200 | 1 l“ﬁ‘l i {?\'ﬂ,‘q\
100 | JI!. ,1‘” |
ol 5%, ! | T J
[ 50 100 150 200 250 300
BB /s
(a)Hollot-PI
800 r
o | ]
600 |
bl 500 ‘
fﬁ 400
-l
= 300 1
20 'n,.-l oy 'mn,rp gt AR
faty # i :v"“l"‘*ff el
100 i |
| f
ol ! £ i i |
[ 50 100 150 200 250 300
AT
(b)GPM-PI
8
5 4 3
/ 1(%) 1(%)
Hollot-PI 283.85 223.03 97.36 23.18
REN-PID 216.36 134.49 98.57 24.05
GPM-PI 209.12 105.74 99.52 24.09
4
Pl
AQM GPM-PI
TCP UDP
(' Internet )
Internet

[1] Misra V, Gong W B, Towsley D. Fluid-based Analysis of a Network
of AQM Routers Supporting TCP Flows with an Application to
REDI[J]. ACM SIGCOMM Computer Communication Review, 2000,
30(4): 151-160.



[2] Hollot C V, Misra V, Towsley D, et al. On Designing Improved
Controllers for AQM Routers Supporting TCP Flows[C]//Proc. of
IEEE INFOCOM’01. Alaska, USA: IEEE Press, 2001: 1726-1734.

[3] Yang Hong, Oliver W W Y. Design of Adaptive Pl Rate Controller
for Best-effort Traffic in the Internet Based on Phase Margin[J].
IEEE Transactions on Parallel and Distributed Systems, 2007, 18(4):
550-561.

[4] Yang Hong, Oliver W W Y, Huang Changcheng. Self-tuning PI TCP
Flow Controller for AQM Routers with Interval Gain and Phase
Margin Assignment[C]//Proc. of IEEE GLOBECOM’04. Texas,
USA: |IEEE Press, 2004: 1324-1328.

[5] Zhang Honggang, Hollot C V, Towsley D. A Self-tuning Structure
for Adaptation in TCP/AQM Networks[C]//Proc. of IEEE
GLOBECOM’03. San Francisco, CA, USA: IEEE Press, 2003:
3641-3646.

[6] Chang Xiaolin, Muppala J K, Jen-te Y. A Robust Nonlinear PI
Controller for Improving AQM Performance[C]//Proc. of 2004
IEEE Int’l Conf. on Communications. Paris, France: |IEEE Press,
2004: 2272-2276.

71 , , . Pl [3].

, 2003, 26(10): 1288-1294.

[8] Zhang Miao, Ren Fengyuan, Wu Jianping, et al. Using Fuzzy-PI
Controller in Active Queue Management[C]//Proc. of ISCC’04.
Alexandria, Egypt: IEEE Press, 2004: 742-747.

[9] Zhang Heying, Liu Baohong, Dou Wenhua. Design of a Robust
Active Queue Management Algorithm Based on Feedback
Compensation[C]//Proc. of ACM SIGCOMM’03. Karlsruhe,
Germany: ACM Press, 2003: 277-285.

[10] Liu Ming, Dou Wenhua. Does Fast Responsive AQM Scheme

Always Do Better[C]//Proc. of the 5th International Conference on
Grid and Cooperative Computing. Beijing, China: IEEE Press,
2006: 245-248.

[11] Ryu S, Rump C, Qiao Chunming. Advances in Active Queue
Management(AQM)-based TCP Congestion Control[J]. Telecom-
munication Systems, 2004, 25(3/4): 317-351.

[12] Fan Yanfei, Ren Fengyuan, Lin Chuang. Design a PID Controller
for Active Queue Management[C]//Proc. of IEEE ISCC’03.
Antalya, Turkey: IEEE Press, 2003: 985-990.

[13] Ren Fengyuan, Lin Chuang, Wei Bo. A Robust Active Queue
Management Algorithm in Large Delay Networks[J]. Computer
Communication, 2005, 28(5): 485-493.

[14] , : :

[J]. , 2003, 14(3): 503-511.

[15] He Ling, Zhu Haiyu, Jing Yuanwei, et al. Application of
IMC-Smith Controller in the Large-delay Network Congestion
Control[C]//Proc. of the 6th World Congress on Intelligent Control
and Automation. Dalian, China: IEEE Press, 2006: 4595-4599.

[16] Zhu Ruijun, Teng Haitao, Fu Jindan. A Predictive PID Controller
for AQM Router Supporting TCP with ECN[C]//Proc. of IEEE
ISCC’03. Antalya, Turkey: IEEE Press, 2003: 356-360.

[17] Agrawal D, Granelli F. Redesigning an Active Queue Management
System[C]//Proc. of GLOBECOM’04. Dallas, Texas, USA: IEEE
Press, 2004: 702-706.

[18] O’Dwyer A. PID Controller Tuning Methods: A Novel Teaching
Approach[R]. Dublin Institute of Technology, Tech. Rep.:
AOD-00-12, 2000.

[1] Min P, Chen Joyce, Funkhouser T, et al. A 2D Sketch Interface for a
3D Model Search Engine[C]//Proceedings of ACM SIGGRAPH
2002 Annual Conference on Computer Graphics. San Autonio,
Texas, USA: ACM Press, 2002.

[2] Pu Jiantao, Liu Yi, Xin Guyu, et al. 3D Model Retrieval Based on
2D Slice Similarity Measurements[C]//Proc. of the 2nd International
Symposium on 3D Data Processing, Visualization and Transmission.
Thessaloniki, Greece: IEEE Press, 2004.

[3] Chen Ding-Yun, Tian Xiao-Pei, Shen Yu-Te, et al. Visual Similarity
Based 3D Model Retrieval[C]//Proc. of Eurographics’03. Granda,
Spain: [s. n.], 2003: 223-232.

[4] Mahmoudi S, Daoudi M. A Probabilistic Approach for 3D Shape
Retrieval by Characteristic Views[J]. Pattern Recognition, 2007,
28(13): 1705-1718.

[5] Osada R, Funkhouser T, Chazelle B, et al. Shape Distributions[J].
ACM Transactions on Graphics, 2002, 21(4): 807-832.



