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Abstract— In this work, we propose a new active queue man-
agement mechanism called MFQ (Multicast Fair Queuing) for
multicast flows. MFQ is independent of the inter-multicast fair-
ness policy and it interacts with a multicast bandwidth allocation
module that can implement either a multicast fairness policy or
a multicast pricing model and tries using a single FIFO queue to
achieve the expected allocation which may depend on the number
of downstream receivers.

We perform simulations to evaluate the performance of MFQ
for different bandwidth allocation schemes. Results obtained sug-
gest that MFQ achieves the expected allocation for non-responsive
multicast flows.

Index Terms— Bandwidth Sharing, Inter-Multicast Fairness,
Non-Responsive Multicast Flows, Active Queue Management

I. I NTRODUCTION

M ANY recent research work believe that the definition
of the inter-multicast fairness (fairness between mul-

ticast flows) should take into account the number of compet-
ing groups, the number of flows per group, and the number of
receivers per flow1. In particular, Legout et al. [5] have de-
fined three different allocation strategies as well as criteria to
compare these strategies. They showed that the LogRD policy2

always leads to the best tradeoff between receiver satisfaction
and fairness. To implement this proposition in real networks,
they proposed to introduce their allocation scheme to the gen-
eral scheduler by configuring the weights of a GPS scheduler
[8], to achieve the goal. This goal can also be met by reserv-
ing the bandwidth in the network for either individual connec-
tions or group of connections, and explicitly allocating network
bandwidth on a packet-by-packet basis by scheduling packets
across network links. However, the two methods are complex
and require either the use of Fair Queuing mechanisms [1] [8]
in each router or the use of RSVP-like bandwidth reservation
signaling protocols which needs a close coordination and inte-
gration between all routers (and hence all network providers)
along the path from sender to receiver.

1Throughout this paper, we mean by a receiver the designed router of one or
more multicast members in its directly attached LAN(s).

2The LogRD policy consists to give to the multicast flowi a bandwidth frac-
tion equal to 1+log ni∑

j
(1+log nj)

, wherenj is the number of receivers of flowj.

In this paper, we are investigating an alternate approach
based on active queue management rather than packet schedul-
ing or explicit bandwidth reservation. We are developing a new
active queue management mechanism for routers that provides
the expected bandwidth allocation between non-responsive
multicast flows.

We call our Active Queue Management (AQM) mechanism,
MFQ, for Multicast Fair Queuing, a per-flow dropping mecha-
nism which interacts with a bandwidth allocation module that
provides for each multicast flow its expected bandwidth. MFQ
belongs to the class of per-flow dropping like FRED (Flow
Random Early Drop) [6]. The operations done by MFQ are not
as complex as manipulation of priority queues like FQ (Fair
Queuing) [1], given that they only consist of dropping or queu-
ing the packet. In addition, it was shown in [2], [9] that the
class of per-flow dropping algorithms and even FQ can be cost
effectively implemented in high-speed backbone routers. So,
one of the initial assumptions of this paper is that it is possible
to use FRED-like architecture to provide cost-effective service
guarantees at sufficiently high speeds.

As we know there is no similar work in this area. We are
developing an innovative solution to guarantee the inter- and
intra- multicast fairness in the network. In absence of simi-
lar approaches, we compare MFQ performance with analytical-
computed expected results.

We use simulations to evaluate the effectiveness and perfor-
mance of MFQ for different network configuration scenarios.
In this paper, we present only the performance of our mech-
anism for non-responsive multicast sources; i.e., sources that
don’t modify their behavior when a packet loss occurs. We
show that the bandwidth share obtained using MFQ is very
close to the expected allocation for both linear and logarithm
bandwidth allocation scheme.

The remainder of this paper is organized as follows. Sec-
tion 2 details MFQ, our per-flow dropping mechanism, and its
main components. We show the simulation results for differ-
ent sources configuration and bandwidth allocation strategies
in Section 3. Section 4 concludes this paper by summarizing
results and outlining future work.
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II. MFQ: M ULTICAST FAIR QUEUING

A. MFQ Architecture

Two modules compose our MFQ mechanism:
• The multicast bandwidth allocation module which pro-

vides as output the expected share for each active mul-
ticast flow. It may implement either a multicast fairness
function [5] or a multicast pricing model [4].

• The buffer management module which uses a single FIFO
queue and interacts with the first module to decide the
drop preference.

We explore hereafter separately these two modules.
1) Multicast Bandwidth Allocation Module:The Internet

today is an inter-connection of Autonomous Systems (AS)
(also called domains). We assume that network operators be-
longing to each AS have asingleandclearly definedmulticast
bandwidth sharing policy configured by its administrative au-
thority. This policy can be configured some routers inside the
AS instead of explicit bandwidth reservation. The multicast
bandwidth allocation module returns the link capacity fraction
allocated for the requested flow.

We should point out that the receivers belonging to differ-
ent ASs using different multicast bandwidth allocation policies
may receive data with different quality of service even if there
is no more competing flows in the delivery tree.

We develop hereafter a first framework of the multicast band-
width allocation module. As we have pointed our earlier,
the multicast fairness function may depend on the number of
groups, the number of flows per group, and the number of re-
ceivers per flow. Using the network model introduced in Sec-
tion ??, we define the bandwidthλij , in bits per second, allo-
cated to groupGi, in link lj as following:

λij = F1(Gi) ∗ Cj (1)

whereF1(.) is theinter-group multicast fairness functionthat
defines the way how the bandwidth should be shared among
active multicast groups3. In other words,F1(Gi) ∗ Cj is the
maximum bandwidth share has to be allocated to groupGi in
link lj . F1(.) is the bandwidth share function at the group level.

The bandwidth allocated to flowk of the multicast session
Mk ∈ Gi, in link lj is given by the following expression:

λkj = F2(Mp/Mp ∈ Gi) ∗ λij (2)

whereλij is computed using Eq. 1. The functionF2(.) returns
the fraction of the bandwidth which has already been allocated
to groupGi and that should be given to the sessionMk. We call
this function theintra-group multicast fairness function. This
function depends on the number of the downstream receivers in
each multicast sessionMp that belongs to the same groupGi.
F2(.) is the bandwidth share function at the flow (source) level.

We should note also that the functionsF1(.) and F2(.)
should satisfy the following properties:

3A multicast group may have one or more sessions (flows) from different
sources that share the same communication link.

• for each multicast groupGi: 0 < F1(Gi) < 1, and0 <
F2(Mp) < 1 for eachMp ∈ Gi.

• in each link lj :
∑

i F1(Gi) = 1, and∑
pMp∈Gi

F2(Mp) = 1 for each groupGi.
Our main focus in this paper is not to find the “optimal” func-
tions F1(.) andF2(.), however we will show that our mech-
anism can adapt itself according to the bandwidth allocation
function used, the number of receivers per flow, the number
of active flows, and the number of active multicast groups. In
addition, the bandwidth sharing remains very close to the ex-
pected allocation allowed by the multicast bandwidth alloca-
tion module.

2) Buffer Management Module:The role of the buffer man-
agement module is to make the queuing/dropping decision of
the incoming multicast packet. In MFQ design phase, we have
conducted to take many decisions to be independent of the net-
work and sources characteristics and especially the following
parameters:

• the change on the number of downstream receivers,
• the source behavior when a packet is lost,
• the sources rates.

We use a single FIFO queue with a pre-configured maximum
size in packets. A multicast flow is considered instantaneously
inactive if there is no packet in the queue belonging to this flow.
The multicast flow state contains:

• the number of packets belonging to this flow and which
are waiting in the queue,

• and the current expected bandwidth allocation.
Considering that we do queuing using per-packet manner and
not per-bit manner, MFQ tries to guarantee that the maximum
number of packets allocated to each active flowi remains al-
ways less than the integer value of its expected allocationin
terms of the capacity fractionfi multiplied byqlim, the max-
imum queue size in packets, i.e.;(integer)fi ∗ qlim. How-
ever, two flows that have different expected allocation may
have the same maximum number of packets allowed to be
queued. For example, suppose thatf10 = 0.019048, f15 =
0.028571 andqlim = 64, we obtain(integer)0.019048∗64 =
(integer)0.028571 ∗ 64 = 1. Hence, the flows number10 and
number15 will have the same maximum number of packets. To
guarantee a more fine-grained queuing, i.e., an allocation being
as close as possible to the expected allocation, we introduce the
notion of a Multicast Allocation Layer (MAL).

A MAL is a set of flows that have the same or different ex-
pected allocation in term of the link capacity fraction but the
same allocation in term of maximum number of packets al-
lowed to be queued. In each MAL state, we maintain the mul-
ticast flow ID which has the maximum allocation and the value
of this allocation. Based in this definition, flows 10 and 15,
given in the previous example, belong to the same MAL num-
ber 1.

For every arriving packet, the router starts by identifying the
multicast flow and its MAL and updating the flow state and its
MAL state only if the flow is a new active flow. If the flow is
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already active and there is a change on the number of receivers,
we ask the bandwidth allocation module for the new value of
the expected allocation of this flow.

Let’s flow numberi be the flow to which belong the ar-
riving packet. We generate a random valueu in [0, 1] and
we allow that each flow getsone more packet than its al-
location layer if u < fi/MAL[j].maxAllocation, where
MAL[j].maxAllocation is the maximum allocation value (in
term of link capacity fraction) of flows belonging to the MAL
numberj. As result, we ensure that each two flows that belong
to the same multicast allocation layer will getrandomly and
proportionally to their expected allocation one more packet
than their multicast allocation layer and so that a much more
fine-grained bandwidth sharing.

To prevent the queue from being monopolized by high-rate
or bursty multicast sources, we use a pre-configured threshold
variablethrsh. If the queue mean size is less thanthrsh the
packet will be accepted only if the number of packets belonging
to the flow does not exceed its allowed number (its MAL or its
MAL plus one more packet depending on the generated number
u as explained above).

We use the same method as RED (Random Early Drop) [3]
to estimate the queue mean sizeqlen. The formula for calculat-
ing the average queue lengthqlen is qlen = (1−Wq)∗ qlen+
Wq, 0 ≤ Wq ≤ 1. The weighted moving average formula, with
weightWq is used to filter out transient congestion4.

If the mean queue size is between the maximum queue size
and the thresholdthrsh, we accept the packet only if it belongs
to an inactive flow. If the queue size is equal or greater that
the maximum queue size, we drop the incoming packet if its
flow is already active (there is at least one packet belongs to
this flow in the queue), otherwise we drop randomly a packet
from the queue and we queue the incoming packet. By this
way, we allow to the new flow to be active and we remove the
bias against bursty sources.

III. SIMULATION METHODOLOGY AND RESULTS

We have examined the behavior of MFQ under a variety of
conditions. We use an assortment of traffic sources and topolo-
gies. Due to space limitations, we only report on a small sam-
pling of the simulations we have run5. All simulations were
performed in ns-2 [7], which provides accurate packet-level
implementation for various network protocols. All algorithms
used in the simulation, expect MFQ, were part of the standard
ns-2 distribution6.

Without loss of generality, we evaluate MFQ mainly for
three different multicast bandwidth allocation schemes which

4The value ofWq is set to 0.002 in all simulations.
5A fuller set of tests, and the scripts used to run them, are available athttp:

//www.inria.fr/rodeo/filali/mfq .
6The MFQ mechanism and the generators used in our simulation as well as

the script can all be downloaded fromhttp://www.inria.fr/rodeo/
filali/mfq . The Linux implementation of MFQ will also be available
shortly.

Multicast
Sources Receivers

MulticastRouter Router
10 Mbits 1ms 

Fig. 1. A single congested link simulation topology. The congested link has
a capacity of 10 Mbps and 1ms propagation delay.

are proposed in [5]: receiver independent, linear, and logarithm
allocation function.

We start by validating MFQ for a simple topology consisting
of a single congested link connecting two routersn1 andn2 and
having a capacityC equal to10 Mbits/sec and a propagation
delayD equal to1 ms. As shown in Figure 1, the multicast
sources are connected to routern1 and the routern2 belong to
the receivers to.

We use different bandwidth allocation functions to evaluate
MFQ. We compare the expected bandwidth with that obtained
by MFQ for32 multicast flows. The maximum buffer sizeqlim
(the same meaning as the maximum queue size) used in all our
simulations is set to64 packets.

We index the multicast flows from1 to 32 and we compute
the bandwidth share depending on the allocation function used.
When we use a linear allocation function, the fair share of flow
i is equal to i∑j=32

j=1
j
∗ C and it is equal to 1+lg i∑j=32

j=1
(1+lg j)

∗ C

in the case of logarithm allocation function.
In this section, we assume that each multicast source is

a non-responsive CBR source; i.e.; without any type of
congestion control mechanism (neither application-level nor
transport-level). For this case, we use a CBR generator simu-
lating a real-time audio application. We assume that the source
i sends data at a rate equal toi more that its expected fairness
rate provided by the fairness function. For example, there is a
total amount of

∑i=32
i=1

i
32 ∗ C = 16.4 ∗ C kbps arriving at the

bottleneck link when we use a receiver-independent multicast
fairness function. Thus, the flow 1 sends0.3125 Mb/sec, and
flow 2 sends0.625 Mb/sec, and so on.

Unless otherwise specified, each simulation lasts 30 seconds,
the source numberi starts sending datai ∗ 0.001 sec after the
simulation starting time and the packet size is assumed to be
equal to1000 bytes. In addition, the flow numberi hasi down-
stream receivers.

We are first interested in the convergence phase of MFQ.
We use a linear bandwidth allocation function and we plot in
Figure 2, the variation of the bandwidth share of some selected
flows in function of the simulation time. We can see that MFQ
reaches a stable sate after one second only of simulation for all
the flows. In addition, the flow numberi gets more bandwidth
share than flows1..(i−1) which exactly what we expect giving
that we don’t use a receiver-independent fairness function.

In all the following simulations, we start the measurements
one second after the simulation starting time so that, the actual
queue size and the average queue size have already reached a
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Fig. 2. Convergence of the MFQ for some multicast flows
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Fig. 3. The bandwidth share provided by MFQ when each multicast flow has
exactly one receiver

stable state.
Figure 3 shows the bandwidth share where each multi-

cast flow has only one receiver7, emulating a unicast CBR
source. Independent of the multicast bandwidth allocation
function used, all the flows should get the same bandwidth
share 1

32 ∗ C = 0.3125 Mbits/sec. MFQ achieves a good
precise degree of fairness between multicast flows.

In the following, we assume that the flow numberi has ex-
actly i downstream receivers during the simulation. In Figure
4 and Figure 5, we plot the bandwidth share of each multicast
flow when we use a linear and a logarithm allocation function,
respectively. We can see that the bandwidth allocation provided
by MFQ is close to the expected fairness for the two cases.

Let’s now see how the use of the MAL scheme helps MFQ
to reach the expected results. In Figure 6, and Figure 7, we
plot the bandwidth share obtained by MFQ with and without
MAL scheme. According to these results, our MAL scheme
can achieve a good fine-grained bandwidth sharing. In addi-
tion, we can easily see the repartition of flows in MALs when

7We obtain the same results when using a receiver independent bandwidth
allocation function.
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Fig. 4. 32 CBR multicast flows using a linear multicast allocation function
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Fig. 5. 32 CBR multicast flows using a logarithm multicast allocation function

we don’t use MAL scheme. For example, in the case of linear
allocation function (Figure 6), flows from9 to 15 belong to the
same MAL number2, flows from17 to 24 belong to the MAL
number3, and so on.

Without using the MAL scheme, flows10 and13 (belong to
the MAL number2) will get the same bandwidth share, which
is not fairly. The use of MAL allows these flows to share the
bandwidth fairly. Indeed, flow13 gets more bandwidth share
than flow10.

In a second experiment, we assume that the number of re-
ceivers of flow numberi is equal toi if i ≤ 16 and it is equal to
i − 16, otherwise. For all others parameters, we use the same
values as the first experiment. We show in Figure 8 and Figure
9 the obtained bandwidth for each flow when we use a linear
allocation function and a logarithm allocation function, respec-
tively. These results confirm that our mechanism is indepen-
dent of the number of receivers per group and it is independent
of the multicast fairness policy used.

IV. CONCLUSION AND FUTURE WORK

In this paper, we have presented MFQ a multicast active
queue management mechanism that provides the expected mul-
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Fig. 6. 32 CBR multicast flows using a linear multicast allocation function
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Fig. 7. 32 CBR multicast flows using a logarithm multicast allocation function
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Fig. 8. 32 CBR multicast flows using a linear allocation function. The flows
i andi + 16 have the same number of receivers which isi.
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Fig. 9. 32 CBR multicast flows using a logarithm allocation function The
flows i andi + 16 have the same number of receivers which isi.

ticast fairness policy by using a single FIFO queue. MFQ in-
teracts with a fairness module which implements the multicast
bandwidth allocation policy. The queue and the dropping de-
cision are designed in a manner to provide a fairness close to
the expected fairness. The threshold used in MFQ allows to
penalize high rate multicast sources and allows a new flows to
be queued.

There exist many possible areas for future work and still re-
main many performance aspects to be evaluated. Future work
could evaluate the performance for responsive and heteroge-
neous multicast sources. Another area of future study is to in-
vestigate how the bandwidth should be shared between multi-
cast and unicast flows and how MFQ should interact with the
unicast queue.
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