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Scalable Parameter Tuning for AVQ
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Abstract— This letter proposes a simple, scalable, practical
and systematic rule for tuning the control parameter of the
adaptive virtual queue (AVQ) active queue management scheme.
An explicit stability condition of AVQ is proposed using classical
control theory. Theoretical analyses as well as simulation results
are used to validate the result.

Index Terms— Active queue management (AQM), Internet
congestion control, adaptive virtual queue (AVQ), stability, pa-
rameter tuning.

I. INTRODUCTION

THE active queue management (AQM) research area has
been popular in recent years. AQM [11] can be classified

into two classes: 1) rate-based which controls the flow rate
at the congested link (e.g. [1]), and 2) queue-based which
controls the queue at the congested link (e.g. [2], [3]). While
the various AQM proposals differ in many aspects, they all
attempt to achieve an efficient and stable control mechanism.
In each case, the designed controllers rely on a set of rele-
vant control parameters. However, as pointed out in [5] and
[8], choosing the appropriate control parameters are still an
unsolved problem.

Active virtual queue (AVQ) [6], [7] belongs to the class
of rate-based AQM schemes. AVQ relies on two variables
called the virtual (link) capacity (lower than the actual link
capacity) and the virtual queue (whose buffer capacity equals
the actual buffer size). Upon each packet arrival, if the
new packet overflows the virtual buffer, then the packet is
discarded in the virtual buffer and the real packet is either
dropped or marked. When a packet arrives, the virtual link
capacity is updated according to Eq. (2) below. The marking
is more aggressive when the link utilization exceeds the target
utilization and less aggressive otherwise. This mechanism was
shown in [6] and [7] to perform well. However, as noted
in [5], the rule for setting the AVQ control parameter is
unscalable because the stability condition equation in [7] is
unsolvable as link capacity scales upwards. In this letter, we
overcome the drawbacks of [7]. In our stability condition, we
decouple the control parameter from the parameters related to
network conditions, such as number of sources, link capacity
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and propagation delay, so we can tune the control parameter
to maintain stability as capacity scales up.

II. STABILITY ANALYSIS

Consider a single link of capacity C and let the desired
utilization of the link be γ ≤ 1. Let N TCP users be accessing
that link with flow rates xi(t)(i = 1, 2, ..., N) and let d be the
round-trip propagation delay of each user. We will model the
TCP users using the −1/(d2x) utility function as proposed in
[6]. The congestion avoidance algorithm of the TCP users can
be written as

d

dt
xi(t) =

1
d2

−βxi(t)xi(t−d)p(
N∑

j=1

xj(t−d), C̃(t−d)), (1)

where β < 1 and C̃ is the virtual capacity of the link. A β
value of 2/3 would be appropriate that gives the steady-state
throughput of TCP of

√
3/(2p∗)/d where p∗ is the steady-state

marking probability. Henceforth, we will use β = 2/3 in all
calculations.

The virtual capacity C̃ of each link is updated according to
the following equation [7]

d

dt
C̃(t) = α(γC − λ(t)), (2)

where λ(t) =
N∑

j=1

xj(t) is the total flow into the link, C is

the link capacity and α > 0 is the control parameter, also
termed damping factor. The above equation signifies the AVQ
aim, so that by modifying the virtual capacity of a link, the
total flow entering the link attains the desired utilization of
the link. The parameter α plays an important role in AVQ in
the sense that it determines how fast one adapts the marking
probability at the link to the changing networking conditions,
and therefore the performance is dependent on the choice of
this parameter. In the following, we will present a rule that
specifies how to choose α for a given set of parameters, i.e.,
the feedback propagation delay d, the utilization target γ, the
number of users N and the link capacity C. In what follows,
we use notation (•)∗ to denote the equilibrium value of certain
variable. The equilibrium point of the non-linear TCP/AQM
model is given by

N∑
i=1

x∗
i = λ∗ = γC,

x∗
i = (γC)/N,

p(γC, C̃∗) = N2/(β(dγC)2).

Now assume that

λ(t) = λ∗ + δλ(t),
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C̃(t) = C∗ + δC̃(t).

The linearized model of the non-linear TCP/AQM model
can now be written [7] as:

d

dt
δλ(t) = −K11δλ(t) − K12δλ(t − d) + K2δC̃(t − d) (3)

d

dt
δC̃(t) = −αδλ(t), (4)

where

K11 =
N

γCd2
,K12 =

N

γCd2
+ β

γC2

N

∂p(γC, C̃∗)
∂λ

,

K2 = β
γC2

N
|∂p(γC, C̃∗)

∂C̃
|.

The marking probability is designed as follows:

p(λ, C̃) = (λ − C̃)+/λ. (5)

In the above we denote [∗]+ = max(min(∗, 1), 0). Computing
the partial derivatives ∂p(γC,C̃∗)

∂λ and ∂p(γC,C̃∗)

∂C̃
from (5) and

using the fact that p(γC, C̃∗) = N2/(β(dγC)2), one can
obtain that

K11 = N/(γCd2),K12 = K2 = (βγC)/N.

Note K2 > K11. Let Λ(s) denote the Laplace-Transform of
δλ(t) and let Ψ(s) denote the Laplace transform of ∂C̃(t).
We have

sΛ(s) = −K11Λ(s) − K12e
−sdΛ(s) + K2e

−sdΨ(s), (6)

sΨ(s) = −αΛ(s). (7)

Substituting (7) into (6), we obtain

∆(s)Λ(s) = 0, (8)

where ∆(s) is the so-called Characteristic Polynomial (CP)
given by

∆(s) = s + K11 + e−sd(K12 + αK2/s). (9)

When all the zeros of the CP lie strictly in the open left
half-plane, the system is stable. For the purpose of analyzing
system stability, it is adequate to have the approximation
e−sd = 1/(1+ds) [4]. By substituting this into (9) and letting
∆(s) = 0, we obtain the following characteristic equation:

ds3 + (K11d + 1)s2 + (K11 + K12)s + αK2 = 0. (10)

To the above equation, we have two cases, i.e., when d = 0
and d �= 0.

(1) When d = 0, i.e., there is no feedback delay in the
system, the characteristic equation is reduced to s + K11 +
K12 + αK2/s = 0. To find its characteristic root, we solve
the above quadratic equation and obtain,

s =
−(K11 + K12) ±

√
(K11 + K12)2 − 4αK2

2
.

If 4αK2 ≤ (K11 + K12)2 then the system has all real roots
lie in the left half-plane. If 4αK2 > (K11 + K12)2, then the
system has complex roots that also lie strictly in the left half-
plane. Thus, for all values of α > 0, the system is stable.

(2) We now consider the case d �= 0. For the algebraic
equation (10), to determine when all its zeros lie in the open
left-half plane, we construct the Routh Table as in Table 1. In
Table 1, we have r31 = (K11 + K12) − αdK2/(1 + K11d).
Routh-Hurwitz stability test [4] states that the system is stable
if and only if all the values of the second column in Routh
Table are all greater than zero, i.e., d > 0, K11d + 1 > 0,
r31 > 0 and αK2 > 0.

TABLE 1
THE ROUTH TABLE

s3 d K11 + K12

s2 K11d + 1 αK2

s1 r31 0
s0 αK2 0

Since K11 = N/(γCd2), K12 = K2 = (βγC)/N > 0, we
obtain

0 < α < (K11 + K12)(1 + K11d)/(K2d).

Therefore, the TCP/AQM system described by (3) and (4)
is asymptotically stable, for all d ≥ 0 , if and only if

0 < α < (K11 + K12)(1 + K11d)/(K2d). (11)

Ref. [7] devises a rule for setting the control parameter α based
on its stability analysis. In particular, when the designer can
specify a lower bound on the number of sources traversing
the link N , and an upper bound on the round trip delay d, α
should be set to a value that satisfies:

ωd + arctan(ω/K11) = π/2.

where ω is a function of α, d, N and γ and is defined as:

ω =
1√

2(K2
12 − K2

11 +
√

(K2
12 − K2

11)2 + 4K2
2α2)

.

However, it is observed in [5] that such rule is unscalable.
Specifically, only for low per-flow throughput, the above
equation is solvable and as the capacity of the link increases,
the above equations become unsolvable. The reason for this is
the coupling of all the parameters. We overcome the limitation
of [7] and achieve scalability by decoupling the known param-
eters from the control parameter. Having explicitly formulated
a tractable stability range given by (11), we can make sure that
the admissible control parameter is within this range. This will
be further clarified in the following section.

III. VALIDITY OF THE PROPOSED METHOD

A. How the network parameters affect the stability range

With regard to (11) where the stability condition is for-
mulated as an inequality with the lower bound being 0, it is
interesting to study how the network parameters, e.g., the link
capacity and the per-flow throughput, affect the upper bound
of the stability range. To this end, we define the upper bound
as a following function

f = (K11 + K12)(1 + K11d)/(K2d).
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Fig. 1. The upper bound of the stability area as a function of the link
capacity.

Fig. 2. The upper bound of the stability area as a function of throughput
per flow.

Substituting K11 = N/(γCd2), K12 = K2 = (βγC)/N into
the above, we obtain

f = (N + βγ2C2d2)(γC + N)/(γ3C3d3). (12)

This function varies with the link capacity, the number of
active connections and the round trip time. We set γ = 0.98.
In Fig. 1, we assume that the number of the active connections
and the round trip delay are constant, and are set at 30 and
0.21 seconds respectively. The link capacity varies from 1000
to 3500 packets/second. Fig. 1 shows the upper bound of the
stability area versus the link capacity. We observe that this
upper bound decreases as capacity increases. Recall that in [7],
the stability conditions become unsolvable as the link capacity
scales up.

Assuming that the throughput per flow is expressed by x =
γC/N , (12) can be changed into f(x, d) = (1+βx2d2)(xd+
1)/(βx3d4). We further study how the throughput per flow
affects the upper bound of the stability range. In Fig. 2, we
can see clearly that the upper bound of stability range becomes
small as the throughput per flow increases, thus achieving a
satisfactory per-flow throughput.

B. Comparison with [7]

We now compare the queue length stability of our proposed
method with that of [7]. We choose all the parameter values to
be as those used in the first experiment of [7], namely, a single
link of capacity 10 Mb/s, the buffer size at the link is 100
packets, the average packet size is 1000 bytes, the round trip
time is 210 ms, and the number of FTP flows is 180. Based
on the method proposed in this letter, the stability range is
0 < α < 14.04, while this range is α < 0.17 in [7]. Now we
validate the effectiveness of the proposed method by the ns2
simulator [10]. We plot the dynamic of queue length under
the AVQ schemes with α = 10 and with α = 0.15 in Fig. 3
and Fig. 4, respectively. The value α = 10 is in the stability

Fig. 3. Queue length variations with α = 10.

Fig. 4. Queue length variations with α = 0.15.

range of our result but it is not a choice in the method of [7],
however the AVQ scheme corresponding to α = 10 achieves
better performance in terms of a tighter queue control than
that based on α = 0.15.

IV. CONCLUSIONS

We have derived explicit stability conditions of AVQ and
provided a simple, practical and systematic rule for tuning the
control parameter of AVQ. We have demonstrated numerically
the efficiency of the proposed systematic rule. Our approach
for determining the stability of AVQ is believed to be useful
for other AQM parameter tuning.
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