
27 8

2010 8 Control Theory & Applications
Vol. 27 No. 8

Aug. 2010

: 1000−8152(2010)08−0971−08

, ,

( , 130025)

: Internet , , , ,

(DMAQM ). , ,

; , . DMAQM

, ;

. DMAQM RED , , ,

.

: ; ;

: TP273 : A

Active queue management algorithm with
dynamic matrix control

WANG Ping, CHEN Hong, YANG Xiao-ping

(School of Communication Engineering, Jilin University, Changchun Jilin 130025, China)

Abstract: We propose a novel active queue management algorithm based on the dynamic matrix control(DMAQM) for

the Internet system with large time-delay, complex variations and detrimental disturbances. By the predictive model and

state estimator, the future queue length in data buffer, which is the basis for determining the packet-loss rate, is predicted.

Furthermore, the control requirements are converted to the optimal control objectives, and then, the packet-loss rate is ob-

tained by solving the optimization problem online. The DMAQM algorithm adapts to the varying network environment

and improves the robustness by moving the optimization horizon, and handles network constraints in the process for de-

termining the packet-loss rate. Finally, the performances of DMAQM are evaluated through a series of simulations. The

simulation results show that the DMAQM algorithm is superior to the random early detection(RED) algorithm in stability,

disturbance rejection, and robustness.

Key words: network congestion control; active queue management; dynamic matrix control

1 (Introduction)

, TCP/IP

. TCP

, .

(active queue management, AQM)[1]

TCP

, TCP

, ,

.

TCP ,

Internet .

(drop-

tail), ,

. 1998 Internet

RFC(request for com-

ments) [RFC2309]

AQM , RED(random early

detection)[1] . RED

, TCP ;

RED .

TCP/AQM [2],

AQM

. PI/PID
[3, 4],

[5∼7], .

: 2009−04−29; : 2009−10−27.

: (60725311).



972 27

[8∼10]

,
[11, 12],

, ,

.

, ,

, ,

. [13] (GPC)

AQM , ,

.

,

,

,

(DMAQM ).

DMAQM ,

.

2 TCP/AQM (TCP/AQM control

model)
2.1 (Fluid flow model)

[2] (fluid flow) AQM

TCP .

TCP ,

, TCP

:

dw(t)
dt

=
w(t − R0)

w(t)R(t − R0)
(1 − p(t − R0))−

w(t)w(t − R0)
2R(t − R0)

p(t − R0), (1a)

dq(t)
dt

= −C + n
w(t)
R(t)

, (1b)

R(t) =
q(t)
C

+ Tp. (1c)

: w TCP (packets), C

(packets/s), n TCP , p

, q (packets), R (s), Tp

(s), R0 (

(2c) ).

(w, q) , p , q , q0

, (w0, q0, p0)
dw(t)

dt

= 0
dq(t)
dt

= 0 , :

w2
0p0 = 2(1 − p0), (2a)

w0 =
R0C

n
, (2b)

R0 =
q0

C
+ Tp. (2c)

(1)

δq̈(t) =
n(δq̇(t − R0) + C/q0)

q3
0(R0/q0 + δq(t)/C)2(δq̇(t) + C/q0)

−
(δq̇(t) + C/q0)δq̇(t)
(R0/q0 + δq(t)/C)C

−
{ n(δq̇(t − R0) + C/q0)

q3
0(R0/q0 + δq(t)/C)2(δq̇(t) + C/q0)

+

q0(δq̇(t − R0) + C/q0)(δq̇(t) + C/q0)
2n

}
·

(p0δp(t − R0) + p0). (3)

:

δq̈(t) =
q̈(t)
q0

, δq̇(t) =
q̇(t)
q0

,

δq(t) =
q(t) − q0

q0

, δp(t) =
p(t) − p0

p0

.

,

,

.

(3) .

C = 3750 packets/s, n = 120, Tp = 0.15 s, q0 =
200 packets(Tp ), p0 = 0.0472.

(3) δp(t) 0.1,

0.05 , , 1 2

(3) .

1 0.1

Fig. 1 The positive/negative step response curve with

amplitude of 0.1

2 0.05

Fig. 2 The positive/negative step response curve with

amplitude of 0.05
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,

, ,

.

2.2 (Step response model)
C, n, Tp, q0,

(3) ,
∗ (3)

. u(k) =
p(k) − p0

p0

,

Δu(k) = u(k) − u(k − 1), y(k) =
q(k) − q0

q0

, Ts.

k − 1 ,

N ,

k − 1 N

Y (k − 1) �={
[y(k − 1) y(k) · · · y(k + N − 2)]T,

Δu(k + i) = 0, i � −1,

, Y (k − 1) .

, Y (k − 1) k − 1 .

k

Y (k) �=

{
[y(k) y(k + 1) · · · y(k + N − 1)]T,

Δu(k + i) = 0, i � 0,

Δu(k − 1) = 0 ,

Y (k) = MssY (k − 1), (4)

Mss =

⎡
⎢⎢⎢⎢⎢⎢⎣

0 1 0 · · · 0 0
0 0 1 · · · 0 0
...

...
...

...
...

...

0 0 0 · · · 0 1
0 0 0 · · · 0 1

⎤
⎥⎥⎥⎥⎥⎥⎦

N×N

.

k − 1 ,

F ,

{0, s1, s2, · · · , sN , sN , · · · },

, Δu(k − 1),

{0, s1, s2, · · · , sN , sN , · · · } 1
F

Δu(k − 1),

S = [s1 s2 · · · sN ]T, ,

Y (k) =
S

F
Δu(k − 1). (5)

(4) (5) ,

Y (k) = MssY (k − 1) +
S

F
Δu(k − 1), (6)

Y (0) = [y(0) · · · y(0)]T1×N .

k

y(k) = CyY (k), (7)

Cy = [1 0 · · · 0]1×N . , (6) (7)

(3) .

1 (6) [14]

(8)∗:

y(k) =
NP

i=1

si

F
Δu(k − i) +

sN

F
u(k − N − 1), (8)

(6) (8) , ,

.

2 (3)

(6) , R0 S ,

(6) , θ =

�R0

Ts
�(� � ) , s1 = s2 = · · · = sθ = 0.

2.1 , 0.05

( F = 0.05),

2.475 s, [13] , Ts = 0.075 s,

N = 34, θ = 3, 2

(6) S( ).

3 (Dynamic

matrix algorithm of AQM)
3 (DMC)[15]

, ,

, DMC AQM —–

DMAQM.

3

Fig. 3 Congestion control system based on DMC

DMAQM

(6) ,

, (6) ;

, .

1 . -–

-– ,

.

∗ . , 2008.
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3.1 (Design of state estimator)
(6) 1

, . k −
1 Ŷ (k − 1) Δu(k − 1)

(6) k Ŷ (k),

Ŷ (k) = MssŶ (k − 1) +
S

F
Δu(k − 1) +

Kf(y(k − 1) − CyŶ (k − 1)), (9)

Kf , Mss −
KfCy , .

, Mss − KfCy

, r0 (r0 < 1),

LMI Kf , .

1[16] A , σ(A) ⊂ D(r, d)
X > 0,[
−rX AX − dX

XAT − dX −rX

]
< 0, (10)

: σ(A) , D(r, d) (d, 0)
, r .

Mss − KfCy σ(Mss − KfCy) =
σ(MT

ss − CT
y KT

f ), .

1 MT
ss − CT

y KT
f , σ(MT

ss −
CT

y KT
f ) ⊂ D(r0, 0) X > 0,

[
−r0X MT

ssX − CT
y KT

f X

XMss − XKfCy −r0X

]
< 0. (11)

2 MT
ss − CT

y KT
f , σ(MT

ss −
CT

y KT
f ) ⊂ D(r0, 0) X > 0 Q,

[
−r0X MT

ssX − CT
y QT

XMss − QCy −r0X

]
< 0. (12)

(12) Q X > 0 , Kf = X−1Q (9)

.

3.2 (Predictive future queue

length)
k , Ŷ (k) ,

(6) . Nc,

Np,

YNp(k + 1|k) �=

⎡
⎢⎢⎢⎣

y(k + 1|k)
y(k + 2|k)

...

y(k + Np|k)

⎤
⎥⎥⎥⎦ ,

ΔU(k) �=

⎡
⎢⎢⎢⎢⎣

Δu(k)
Δu(k + 1)

...

Δu(k + Nc − 1)

⎤
⎥⎥⎥⎥⎦ ,

Np

YNp(k + 1|k) = MŶ (k) + SΔU(k), (13)

:

M =

⎡
⎢⎢⎢⎢⎣

0 1 0 · · · · · · · · · · · · · · · 0
0 0 1 0 · · · · · · · · · · · · 0
...

...
...

...
...

...
...

...
...

0 0 0 · · · 0 1 0 · · · 0

⎤
⎥⎥⎥⎥⎦

Np×N

,

S =
1
F

⎡
⎢⎢⎢⎢⎢⎢⎢⎢⎢⎣

s1 0 0 · · · 0
s2 s1 0 · · · 0
...

...
...

...
...

sNc sNc−1 · · · s1

...
...

...
...

...

sNp sNp−1 · · · · · · sNp−Nc+1

⎤
⎥⎥⎥⎥⎥⎥⎥⎥⎥⎦

Np×Nc

.

3.3 (Optimization and feedback

control)

,

, QP

.

AQM

p ,

q q0.

YNp(k + 1|k) ,

Re(k+1)=[r(k+1) r(k+2) · · · r(k+Np)]T.

(3) , Re(k + 1) r(k +
i) = 0, i = 1, 2, · · · , Np . ‖YNp(k + 1|k) −
Re(k + 1)‖2 q

q0.

, ,

, DMAQM

‖ΔU(k)‖2 .

, AQM

: ,

, RED,PI/PID

.

Γy Γu ,
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(14) :

min
ΔU(k)

J(y(k), ΔU(k), Nc, Np), (14a)

J(y(k), ΔU(k), Nc, Np) =

‖ΓuΔU(k)‖2+‖Γy(YNp(k+1|k)−Re(k + 1))‖2.

(14b)

p q

, : p ∈ [0, 1], q ∈ [0, qmax],
qmax ,

:

1) :

.

0 ,

, (1) p0,

RED, PI/PID ,

2.5p0.

2) : ,

qmax , 0.

(3)⎧⎨
⎩
− 1�u(k+i)�1.5, i=0, 1,· · ·, Nc−1,

− 1�y(k+j|k)� qmax

q0

−1, j =1, 2,· · ·, Np.

(15)

(15) DMC (14)

QP :

min
ΔU(k)

ΔU(k)THΔU(k)−G(k+1|k)TΔU(k), (16a)

s.t. CuΔU(k) � b(k + 1|k), (16b)

:

H = STΓT
y ΓyS + ΓT

u Γu,

G(k + 1|k) = 2STΓT
y Γy(Re(k + 1) −MŶ (k)),

b(k + 1|k) =

⎡
⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎣

u(k − 1) − 1.5
...

u(k − 1) − 1.5
−u(k − 1) − 1

...

−u(k − 1) − 1
MŶ (k) − Ymax(k + 1)
−MŶ (k) + Ymin(k + 1)

⎤
⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎦

,

Cu =

⎡
⎢⎢⎢⎣
−L

L

−S
S

⎤
⎥⎥⎥⎦ , L =

⎡
⎢⎢⎢⎢⎣

1 0 · · · 0
1 1 · · · 0
...

... · · · ...

1 1 · · · 1

⎤
⎥⎥⎥⎥⎦

Nc×Nc

,

Ymin(k+1)=

⎡
⎢⎣
−1

...

−1

⎤
⎥⎦ , Ymax(k+1)=

⎡
⎢⎢⎢⎣

qmax

q0

−1

...
qmax

q0

−1

⎤
⎥⎥⎥⎦ .

,

, ,

Δu(k) = [1 0 · · · 0]ΔU∗(k). (17)

ΔU∗(k) (14) . Δu(k)
Δu(k) = u(k) − u(k − 1), DMAQM

k u(k) = Δu(k) + u(k − 1).

4 (Simulation verification)
4.1 DMAQM (DMAQM algorithm

parameter setting )
C, n, Tp, q0 2.1 ,

Ts, N, S, F 2.2 ,

qmax = 500 packets. (6)

N = 34, Np = �N/2� = 17,

Nc = 1.

LMI(12) r0 = 0.65, LMI(12)

Kf ( ), Mss − KfCy

0.4144, (9) ,

0.4144 < r0 = 0.65 .

,

, (14) : Γu = 1,

Γy = 1000 × I17×17, I .

3 DMAQM N , Np

QP . ,

(

Γu , ), QP

( FPGA) , .

DMAQM , RED

,
[17] : wq = 0.002, pmax = 0.1, Tmin = 80 packets,

Tmax = 320 packets, B = 500 packets.

4.2 (Simulation without disturbance )

TCP ,

. ,

DMAQM RED ,

4 ,

.

, ,

DMAQM

, ,
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RED , ,

, RED

. DMAQM

RED ,

,

.

4 DMAQM RED

Fig. 4 The comparison of the queue length and packet loss

rate in DMAQM and RED without disturbance

4.3 (Simulation with disturbance )
,

. ,

, ,

.

5 3

,

,

DMAQM , 6

8 .

(a)

(b)

(c)

5

Fig. 5 System disturbance

6 , DMAQM

. DMAQM

,

. RED

, 3.6 s∼4.2 s ,

TCP

, .

7 , DMAQM

,

. RED

, .

6 DMAQM RED

Fig. 6 The comparison of the queue length and packet loss

rate in DMAQM and RED with long disturbance
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7 DMAQM RED

Fig. 7 The comparison of the queue length and packet loss

rate in DMAQM and RED with short disturbance

8 DMAQM RED

Fig. 8 The comparison of the queue length and packet loss

rate in DMAQM and RED with instantaneous

disturbance

8 , DMAQM

,

, . RED

DMAQM .

, DMAQM

,

, .

4.4 (Robustness analysis)
,

n R(t) . n R(t)
25%( ) 50%( )

, ( ) , DMA-

QM ,

, 9 .

9 DMAQM

Fig. 9 Robustness analysis of DMAQM by the queue

length and packet loss rate

, ,

, ,

, DMAQM

, .

5 (Conclusion)
AQM ,

, .

AQM ,

.
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, —–

DMAQM . ,

.

DMAQM ,

, ,

, ,

.
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(Appendix)

:

S =

[ 0 0 0 − 0.0004 − 0.0034 − 0.0085 − 0.0145

− 0.0210 − 0.0275 − 0.0339 − 0.0399 − 0.0455

− 0.0507 − 0.0554 − 0.0597 − 0.0636 − 0.0671

− 0.0703 − 0.0731 − 0.0756 − 0.0779 − 0.0799

− 0.0817 − 0.0833 − 0.0848 − 0.0861 − 0.0872

− 0.0882 − 0.0891 − 0.0899 − 0.0906 − 0.0913

− 0.0919 − 0.0924].

:

Kf =

[0.8668 0.8690 0.8711 0.8719 0.8723 0.8725 0.8725

0.8726 0.8726 0.8726 0.8726 0.8726 0.8726 0.8726

0.8726 0.8726 0.8726 0.8726 0.8726 0.8726 0.8726

0.8726 0.8726 0.8726 0.8726 0.8726 0.8726 0.8726

0.8726 0.8726 0.8726 0.8726 0.8726 0.8726].

:
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