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Abstract

With the ever-increasing number of multicast data ap-
plications recently, considerable efforts have been focused
on the design of flow control schemes for multicast ser-
vices. The main difficulties in designing a flow controller
Sfor multicast service are caused by heterogeneous multicast
receivers, especially those with large propagation delays,
since the feedback arriving at the source is somewhat out-
dated, and can be harmful to the control operations.

To attack the above problem, the present paper de-
scribes a novel multicast flow control scheme, the so-called
Proportional, Integrative, Derivative plus Neural Network
(PIDNN) predictive technique, which consists of two com-
ponents: the proportional integrative plus derivative (PID)
controller and the back propagation BP neural network
(BPNN). This network-assisted property is different from the
existing control schemes, in that the PIDNN controller can
release the irresponsiveness of a multicast flow caused by
those long propagation delays from the receivers. By us-
ing BPNN for the receivers with longer propagation delay,
this active scheme makes the control more responsive to net-
work status. Thus the rate adaptation can be performed in a
timely manner, for the sender to respond to network conges-
tion quickly. We analyze the theoretical aspects of the pro-
posed algorithm, show how the control mechanism can be
used to design a controller to support multi-rate multicast
transmission based on feedback of explicit rates, and verify
this matching using simulations. Simulation results demon-
strate the efficiency of our scheme in terms of high link uti-
lization, quick response, scalability, high unitary through-
put, intra-session fairness and inter-session fairness.

1 Introduction

Multicast is a communication method that distributes
data from a source to multiple destinations. It is widely used
on the Internet, due to the rapid growth of multimedia and
other data distribution applications. However, the widely
used multicast transport protocols, which are layered on top
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of IP multicast, can cause congestion or even congestion
collapse if they do not provide adequate flow control [1].
There are generally two types of multicast schemes: Single-
rate Multicast (SR-M) and Multi-rate Multicast (MR-M).
One obvious limitation of the SR-M is that intra-session
fairness is not guaranteed, meaning that all the receivers
must receive data at a single rate, which is the slowest path
rate. On the contrary, MR-M can solve this intra-session
unfairness by proper rate allocation. Furthermore, due to
the diverse characteristics and requirements of the different
receivers within a multicast group, in order to achieve scala-
bility for a very large heterogeneous group of receivers over
the Internet, it is sometimes desirable to have multicast ses-
sions in which different receivers receive data at different
rates. Therefore MR-M is a better choice, as it gives more
flexibility in allocating bandwidth along different network
paths [2].

Recently, considerable efforts have been focused on the
design of flow control schemes for multicast services [1,
4-5]. One class of them [10-12] adopts a simple hop-by-
hop feedback mechanism. The main merit of these meth-
ods lies in the simplicity of the hop-by-hop mechanism,
but at the same time they often lead to the so-called con-
solidation noise problem [13, 14] due to incomplete feed-
back information. To overcome this drawback, the papers
[14, 15] proposed a concept of feedback synchronization
at each branch point by accumulating feedback from all
downstream branches. These schemes then introduce an-
other problem of slow transient response, since the feedback
from the congested branch may have to needlessly wait for
the feedback from “longer” paths. Such delayed feedback
can cause excessive queue build-up and packet loss at the
bottleneck link. The authors of [16] and [17] suggested that
only a suitable set of representatives, instead of all receivers,
send their feedback to their sender. The paper [18] proposed
an optimal second-order rate control algorithm to deal with
control packet round-trip time (RTT) variation in multicast
communications; this algorithm defined that the data trans-
fer rate should be adjusted at the source depending on the
available bandwidth at the bottleneck. More recently, sev-
eral studies (such as [2, 19-22]) have focused on the de-
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sign of MR-M protocols. However, all of them have some
drawbacks. Some designs cause over-subscription and high
packet loss. Some are slow convergent and unresponsive.
Some designs are too complex to be feasible [2].

The major difficulty in designing multi-rate multicast
flow control protocols arises from the long and heteroge-
neous round-trip delays involved in closed-loop control. In
feedback control mechanisms, the branch point in a mul-
ticast tree consolidates the flow information in back con-
trol packet (BCP) received from downstream branches, and
forwards the consolidated information to its next upstream
node. Then we compute the expected receiving rates of
the downstream receivers, and return them in BCP to the
source. In the design of the consolidation algorithm, there
are two main conflicting problems: consolidation noise and
consolidation delay. If the branch point does not receive
the BCP from at least two branches and tries to consolidate
them, incorrect consolidation information may be returned
to its upstream node. The consolidation noise is introduced,
in this case, in computing the reception rate at the source.
On the other hand, if the branch point waits for all BCPs
from all the downstream branches to be received in order to
eliminate the consolidation noise, the consolidation delay
results in slow transient behavior of buffer occupancy. The
responsiveness of a flow control scheme is crucial to how
a protocol affects network stability [23]. Unfortunately, the
reported algorithms [4-7] have some limitations in tackling
the above problems.

To attack the above problems, this paper describes a
novel MR-M flow control scheme that is based on the
proportional, integrative, derivative plus neural network
(PIDNN) controller. The BP neural network (BPNN) con-
troller is located at the multicast source, while the PID con-
troller is located at the next upstream main branch node of
the receivers, and every branch point includes a rate adapter
which regulates the transmission rate. We partition the re-
ceiver nodes into two classes in terms of the distance they
are away from the source, namely the receivers with shorter
feedback delay and the other receivers with longer feedback
delay. The proposed PID controller is used to calculate the
source rate required to stabilize on the basis of the buffer
occupancy at those receivers with shorter delay; while the
BPNN predicts the buffer occupancy of the longer back-
ward delay receivers, and finally adjusts the required source
rate in terms of BCPs and the predicted values. This kind
of treatment makes the control more responsive to network
status. The incoming flow rate at every branching point in
the multicast tree is the maximum of the rates that can be ac-
commodated by its participating branches. By doing so, the
sending rate at the source will eventually be the maximum
of the rates that can be accommodated by paths to individ-
ual receivers. For this purpose, it is necessary to reduce the
rate of an incoming flow at every branch point to values that
can be accommodated by its participating branches [2].
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2 THE
MODEL

CONGESTION CONTROL

In a multicast tree, the root of the tree is the multicast
source and the destination leave nodes are the multicast re-
ceivers. The multicast traffic flows from the source to all re-
ceivers along the tree. The tree can be established at connec-
tion establishment time, and it can be changed dynamically
due to multicast membership change, or network topology
change.

The basic idea of flow control of MR-M works as fol-
lows. Initially, the multicast source sends data including
a forward control packet (FCP) to the receivers along the
multicast tree. The PID controllers each compute expected
incoming rates according to receivers’ buffer occupancies,
and construct BCPs by including these expected incoming
rates in the BCPs. They ultimately feedback the BCPs to
sources. When a router receives a BCP from a downstream
router, it will adjust the sending data rate to the expected
rate of the downstream router. In this way, as the data and
FCP are sent from the source to the receivers, the BCPs
are fed back from receivers along the multicast tree all the
way to the source. At each router, the sending rate to each
of its downstream routers is re-adjusted based on the BCP
received earlier. Eventually the system will reach a sta-
ble state. That is, each router (including the source) sends
the data in a rate that is most desirable to its downstream
routers.

PID
controller
CBR Source
© @

BP neural |«
network |

Figure 1. A multi-rate multicast model.

To analyze the performance and characteristics of the
multicast in detail, we focus on the following system model
as shown in Figure 1. Figure 1 only shows the represen-
tative next upstream main branch node RTyg of multicast
receivers. We have one multicast source and one end-to-
end constant bit rate (CBR) source, and have partitioned
those receiver nodes into two classes based on the delay,
namely, the destination nodes from D; to Dj which have
shorter backward delay, and the destination nodes from
Dj+1 to Dy which have longer backward delay. For the
shorter feedback delays from destination node D1 to Dj,
the PID controller computes the expected receiving rate of
the downstream receivers, which is fed back to multicast



source using BCPs; For the longer feedback delays from
destination node Dj+1 to Dy, the BPNN predicts the ex-
pected buffer occupancy to compute the expected receiv-
ing rate, which is also used to adjust the multicast source
sending rate. Therefore, we will choose the maximum rate
based on BCPs and predictive expected receiving rate of
longer feedback delay receivers as the effective expected
sending rate of the multicast source. The sending rate must
be reduced at every branching point to the values that can
be accommodated by its participating branches to individ-
ual receivers. The considered multicast elastic service in
network-assisted environments, and the relevant parameters
are described as follows:

(1) The network is a connection-oriented one, and time is
slotted with the duration [n, n + 1] by the sampling period
T. The associated data is transferred by fixed size packets.

(2) The branch node of the multicast tree replicates each
data packet, including FCP, and transfers these packets to all
its downstream nodes. Moreover, the branch nodes consol-
idate the BCPs that carry all the available rates and the rel-
evant link bandwidth from different branches into one BCP,
and feed back the new BCP to their upstream node.

(3) After receiving the data packets coming from the net-
work, the receivers construct the BCPs and send them back
to the network. The feedback consolidation algorithm runs
in branch point. It merges the BCPs received from different
branches into one BCP.

(4) The buffer occupancy of the Receiver i (i
1,2,...,N) is denoted by X;(n) at time slot N, and the de-
sired buffer level T is denoted by X;j.

(5) The packet number sent out by the Receiver i (i =
1,2,..,N) in one interval T is denoted by Oj. The
Receiver i has the forward delay T; from the next upstream
main branch node to itself, the RTT between the next up-
stream main branch node to itself T; = 2T;, and we further
assume that T; is an integer, which is reasonable by adjust-
ing T. And the link delay is dominant compared to the other
delays such as proceeding delay and queuing delay, etc.

(6) Each router schedules the packets in a first-come-first-
served way. The component Rj(n) (i 1,2,...,j) rep-
resents the receiving rate of the computed Receiver i at
time slot N, and Rc(N) denotes the transmission rate at CBR
source at time slot n.

Under the above notations and assumptions, the buffer
occupancy of Receiver i (i = 1,2, ..., N) is determined by

D

Equation (1) describes the changes of buffer occupancy
[24, 25]. It states that the buffer occupancy at time slot
(n + 1) equals to that at time N plus the current incoming
rate from the upstream and minus the outgoing rate at time
(n). Rj(n — Tj) in Equation (1) is the expected rated by
Receive i computed Tj ago, this is because it takes T; for
Receiver i’s upstream router to send the expected data rate

Xi(n +1) = x;(n) + Ri(n — ;) — O;.
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to Receiver i. The outgoing rate in Equation (1), i.e., Oj,
is the maximum outgoing rate to all downstream routers,
because the traffic is multicast to downstream links (which
may have different bandwidth capacities).

3 THE PIDNN Approach

From observation, the flow situation in those receivers
far away from the source is our main concern. The key
component of the proposed PIDNN algorithm is the way
to compute the required source rate matching with the des-
tination buffers. If X (n) is too high, it often leads to buffer
overflow and packet loss. If Xk(n) is too low, it increases
the likelihood of link underutilization during occasional idle
periods. Thus the router buffer occupancy plays an impor-
tant role in flow control. In this paper, without loss of gener-
ality, we group the receivers with similar sending rates into
one class. So the receivers for PID controller can be divided
into Mg groups, and the number of the it" receiver group is
M, j = ;=21 M (see Figure 1). We propose the follow-
ing PID controller, which is located at the next upstream
node of each receiver, and is updated upon every T epoch
for MR-M. For the it" receiver group, the expression of the
PID controller is as follows:

M; s
Ri(n)=p+a (Xg(n—15) —Xg(M))+  brRi(n—T)
M[is=1 r=1
+C Xg(n —18) —Xg(n — 13 — 1)),

p=1

@

where i = 1,2,....mg, B = 1,2,...,Mj, W is the maxi-
mum number of packets, allowed by the multicast source
to flow into the network in one interval T. And a, by
(r =1,2, ""TB) and C are proportional, integrative and
derivative parameters, which are to be determined by the
stability criteria. The coefficient is used to locate all the
poles of the closed-loop system (1) and (2) within the unit
circle to ensure stability. The component Xg is the target
queue length. In (2) it is seen that, if the buffer occupancy
of the receiver 3 is measured at the instance n— Tp, after the
feedback delay Tg the BCP reaches the controller located at
the next upstream node RTy (kK = 1, 2, ..., N) and the router
then extracts the buffer occupancy of the destination nodes
at time t = n. By doing so, the designed controller can be
expected to have flexibility to cope with sharp oscillation in
buffer occupancy. In addition, the calculation in (2) is com-
pletely independent of the number of sessions and virtual
sessions travelling through the multicast tree, which means
the scheme has scalability.

Figure 1 depicts the proposed flow control model in an
MR-M. The sending rate at the source will eventually be
the maximum of the rates that can be accommodated by all
the paths to individual receivers. So it is necessary to reduce
the rate of an incoming flow at every branching point to val-
ues that can be accommodated by its participating branches.



The incoming flow rate at every branching point is kept at
the maximum of the rates expected by corresponding re-
ceivers [2], i.e., the receivers of the multicast session return
the BCP (Back Control Packet) to the next upstream main
branch node as soon as they receive the FCP (Forward Con-
trol Packet), then PID controllers compute the expected rate
Ri (i = 1,2,...,j) for the receivers at the next period T
according to Equation (2). Moreover, every branch node
merges BCP including the sending rate ﬁiAand selects the
maximum of the rate Rmax1 = max(Ry, Ry, ..., R;j), then
feeds back the value to the next upstream node to the mul-
ticast source. For the longer backward delay receiver nodes
a(a=j+1j+2,..N), the BPNN can predict buffer
occupancy Xq(N + To + Tg). Then according to Equation
(2), we compute the expected source sending rate Rq(Nn)
of the receiver. Moreover, we can compute the maximum
predictive value of the source sending rate émaxz(n) =
max(Rj+1(n), Ri+2(n), ..., Rn (N)). The ultimate sending
rate R(n) equals the max(Rmax1(N), Rmax2(N)), which is
the rate allowed by its entire path, and satisfies the best-
effort service for every receiver k (k = 1,2,...,N). Then
multicast source adjusts the transmitting rate to the rate of

R(n).

4 IMPLEMENTATION OF PIDNN CON-
TROLLER

In this section, we first analyze how to choose the control
gain for PID controller, and then discuss how to implement
the BPNN predictive technique in detail.

4.1 Control Gain Selection

In this section, the stability of the proposed PID control
system is analyzed as follows. For the it receivers group,
we apply z-transformation to Equation (1), one can easily
obtain

Xp(2) = [27"Ri(2) - OsD(@)],  (3)

1

(z-1

where B = 1,2,..,M;, D(z) = [3z7" = Z,

and the z-transformation of Xg(n), Ri(n) are described by

Xp(z) = Zpsoxp(N)z " and Ri(z) = 25 Ri(n)z™.
Taking the z-transform of Equation (2), one yields:

M
Ri(z) =uD(2) + a- [z7*Xg(z) — XxgD(2)]
p=1
Ts
+ bz "Ri(2) Q)
r=l'vIi
+c- (z7Xp(z) - 27 IXp(2)),
p=1

where >Zi(z) is the z-transform of Xj(n).

Substitute Xg(z) of Function (3) into Function (4), and
one obtains:

A@Z) Ri(@)=-a g [0pD(z)z"™ + XgD(2)(z — 1)]

M
-¢  z7®OogD@)(1-2z7Y)

p=1
+u(z)(z - 1),

by denoting the coefficient of R;(z) by A(z). That is:

(6)

AR =[1- bz E-D-a piz

M;
N A e
p=1
Q)
The component A(2) is the

Characteristic Polynomial (CP) [26, 27] of the
multicast closed-loop system given by Equation (1-2).

Without loss of generality, we group those nodes into
one class, which has a small variation of time delays. Thus
we divide it group receivers (the number of the group re-
ceivers is M;) into ( sub-groups based on the RTTs (M; =

3:1 Ng, Ng is the number of the g™ sub-group receivers).
In each group, the RTT is assumed to be equal, and we can
set TRl < Trz < ... < Trn,- Therefore,

Nz =—z[-1+ (b +1)z7 1+ (b — b))z 2+ ...
+(br, — b y-1)27 ™
+(any +cny + b, yoq — by )z
+(—cny +ber )42 — b(Tl)H)Z—(rl)—z

Tng

+... + (ang — b(Tng)—l)Z_

+(ang +cng + b(Tng)+1 - brng )Z_(Tng)_l

- -2
(—eng +ber, y+2 — ber, )+1)2 (tg)=2
—(Tphg)—1
—Tnhg+(@ng+cng—b, )z "~ M4
+(anq - b(an)_l)Z 5 ) ) n
—cngz (rad™2),
(8)
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If we set
b +1=¢;

bg*blzs;

brl — b(Tl)—l =g,
any +cny + Db ye1 — b, =€

—CNy + b yv2 — B y+1 =&

9
be,, — berng)—1 =&
ang +cng + b y+1 — by =&
—CNg +ber,y+2 = b g)+1 = &
anq - b(an)_l =&
ang +cng — by =€
—Cng = ¢;
Then we can get
c=—&/ng, (10)
(TRng +2e-1
a=—>3>+———, 11
v (12)
and
re—1;(r=12,3,..,1)
rasflfa(nl+n2+...+ng)fcng;(r=Tng +1)
by = r.sz—l—a(nl+n2+...+ng);(r=Tng +2)
re-1—-a(ni+nz+..+ng-1)@=23,..,0
Fr=Thg-1n+3 o Tpy) and r e +1,1, ]
(12)
We can get
A 7) = Z(_l_an) . _Z(2+an) —£ Z(l+rnq)
(2) [ ( (13)

+T,, t o+ z+ 1))

n
Based on the above Characteristic Equation and [6-7], when
e<l/ (an + 2) all the zeros of (7) lie within the unit disc,
and the original network system (1) with the controller (2)
is stable.

4.2 The PIDNN Predictive Technique

This section proposes the specific PIDNN predictive al-
gorithm. We can use the PID controller to compute the rate
to adjust the multicast sending rate for the receivers with
shorter feedback delay. For the receivers with longer back-
ward delay, we use BPNN to predict the effective buffer
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occupancy, which is used to compute their expected receiv-
ing rate. The PIDNN is based on the closed loop control,
and proposes on-line control and the training algorithm of
the BPNN. We then acquire the above computed maximum
value as the effective sending rate of the multicast source.
In this way, the application of BPNN improves network per-
formance on the basis of the PID controller by reducing re-
sponse time and avoiding feedback noise.

Control method with short response time has the follow-
ing advantages: When the buffer of receiver nodes is close
to the threshold, one may notice the sending node to reduce
the sending rate and prevent the loss of packets as soon as
possible; When the bandwidth increases, the sending node
can increase the sending rate quickly to enhance the utiliza-
tion of the bandwidth.

4.2.1 The BPNN Architecture

A multi-layer feed-forward BPNN is going to be imple-
mented in the multi-rate multicast model (see Figure 1),
and it is composed of input layer, implicit layer and output
layer. The implicit layer may be one single layer or multi-
layers. The previous layer and the next layer are connected
by weight parameter.

The BPNN algorithm is introduced in this paper as a pre-
dictive mechanism. Based on BPNN theory [8], we assume
the total goal function (total error signal) is J. If J < g,
€ is a constant that is small enough and gy > 0, then the
algorithm is terminated; Otherwise, the difference informa-
tion is sent back through the original route with correla-
tive algorithm, and the algorithm adjusts neural network
BPNN weight and threshold with gradient functions, until
the difference information is small enough to be within an
expected reasonable difference scope.

4.2.2 Multi-step Neural Predictive Technique

We apply a BPNN predictive technique to determine how a
BP-based algorithm satisfies multi-rate multicast data trans-
fer requirement. As shown in Figure 1, the BPNN predictive
controllers are located at the multicast sources, and predicts
the available bandwidth of those longer delay receivers to
compute their expected rates. This section sets X;(n) as the
buffer occupancy at time n for the longer backward delay
ith (i=j+1,j+2,..,N) receiver node. Thus, in order
to predict buffer occupancy efficiently, the neural model for
the unknown system above can be expressed as:

Ki(n+1) = fxi(n), ..., xi(n— 1+ 1), Ri(n—To — Ti — 1),

...,Ri(n—To—Ti —m—S)], (14)

where Xj(n — i) (0 < i < 1) is the history buffer occupancy
of receiver with longer backward delay as scalar output of
BPNN, and Ri(n—j) (To+T1Ti+1 < J < Tp+Tj+m+S)is
the history source sending rate as the scalar input of BPNN.
The S is the number of predictive steps, S = To+T;+1, and

S, m are constant integers. f[-] is the unknown function,
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Figure 2. BP S-steps prediction.

which may be expressed by the BPNN. The explicit mech-
anism of BPNN S-step ahead prediction is shown in Figure
2, where Xj(n + S) is the S-steps prediction of X;(n).

The value of buffer occupancy Xj(n) and the history
value (the past buffer occupancy: Xij(n—1), ..., X;j(n—1+1)
as well as the past source sending rates: Rj(n — 1o — Tj —
1),...,Ri(n —Tp — Tj — m — S) ) are used as the known
inputs of the BPNN. Every layer denotes one-step forward
prediction, so the buffer occupancy R;(n + S) of the it re-
ceiver node with longer backward delay in the output layer
is the S-steps prediction of X;j(n). When the buffer occu-
pancy Xj(n + S) is predicted, we can compute the expected
source sending rate of the it (i = j +1,j + 2,...,N) re-
ceiver based on Equation (1) using the following equation:

Ri(N+S)=Ri(n+S —1)+Ri(n)—0;. (15

Based on the rate Rj(n), the ultimate sending rate of
the multicast source is the maximum of the above receiv-
ing rates. At the next instant (n + 1), we can get new
real measured value and a new history measure values:
xi(n),...,xi(n — 1 +2); Riy(n — o — Ti), ..., Ri(h — o —
Tj —m —S+1), which can be used as the next instant inputs
of the BPNN. Then the buffer occupancy Xj(n+ S + 1) can
be predicted.

The above idea of using neural networks is similar man-
ner to that reported in [3, 9], but a more specific and more
complete treatment of the multicast model has been devel-
oped in our approach.

By using PID controller and BPNN predictive technique,
the PIDNN scheme can satisfy different musticast service,
especially those with large propagation delays.

S SIMULATION RESULTS

To evaluate the performance of the studied multicast flow
control method, we focus upon the following simulation
model (Figure 6), and are mostly interested in analyzing the
transient behaviors of the network. In the performance anal-
ysis, the duration of response time, link utilization, receiv-
ing rate of receivers and steady state of buffer occupancy

CBR Source

Multicast Receivers Multicast Receivers
Group 1 (100) Group 2 (100)

‘ Sending rate of Source 51

CBR
Receive

Sending rate of Source 2

Sending rates of Sources s1, 52 (Mops)

Multicast Receivers Multicast Receivers
Group 3 (100) Group 4 (100)

50 100 150 200 250 300 350 400 450 500
Time (ms)

Figure 3. Simulation model. Figure 4. S; and CBR S,.
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Table 1. Parameters In The Simulation Models

Variables Receivers Receivers Receivers Receivers
Group Group Group Group
1 2 3 4
X(Mb) 70 80 120 220
O(Mbps) 2 3 4 5
T(msec) 2 4 6 8
T (msec) 4 8 12 16
€ 1/7 1/11 1/15 1/19

are the main concerns. Simulation is carried out over a wide
range of traffic patterns and propagation delays between two
different nodes that cover the Local Area Network (LAN)
case and the Wide Area Network (WAN) case.

In simulations, we group those nodes together, which
have a small range of change in time delay and sending
rate. Then we make the time delay and sending rate to
be unified respectively. We assume there are four group
nodes each containing 100 receivers as shown in Figure 6.
Since the situation of every node in each group is similar,
we only choose one node from each group as the represen-
tative. We also assume there is background traffic from the
CBR source to the CBR receiver. This accounts for the fact
that general multicast transmissions usually carry video and
image traffic using the CBR channels. The relevant nota-
tions and assumptions are listed in the Table 1, and pertain
to the simulation.

In the above table, T and T are the forward delay and
the RTT between the receivers and RT; (i = 1,2, 3,4). We
further set the bandwidth of the links L1, Lo, L3, L4 to be
11Mbps, 6Mbps, 11Mbps and 7Mbps, respectively. The
initial sending rate of the multicast source is 6M bps.

Based on the above simulation parameters and analy-
sis in Section 4, we get: when € < 1/(T; + 2), all the
poles of Equation (7) lie within the unit disk, and the orig-
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Figure 11. Receivers Group 4.

inal network system (1) with the controller (2) is stable.
Here we set € = 1/(T; + 3) to ensure network system sta-
bility. Then we get the corresponding control parameters
a, by, c. For Receivers Group 1, T = 4msec, then € = 1/7,
a = —1/700, c = —1/700, and b = [bl, bz,b3,b4], ie.,
b = [-6/7,-5/7,—4/7,—3/7]. For Receivers Group 2,
T = 8msec, thene =1/11,a= —1/1100,c = —1/1100,
and b = [bl, b2, b3, ceey bg], i.e.,

b =[-10/11, —-9/11, -8/11, ..., —4/11, —-3/11].

For Receivers Group 3, T 12msec, then €
a = —1/1500, c = —1/1500, and b = [by, b, b3, .

ie.,

1715,
., b12],

b = [-14/15, —13/15, -12/15, ..., —4/15, —3/15].

For Receivers Group 4, T 16msec, then € 1719,
a= —1/1900, c = —1/1900, and b = [bl, bz, b3, veey blG],

ie.,

b =[-18/19, -17/19, —16/19, ..., —4/19, —3/19].

We propose to use a direct multi-step neural predic-
tive architecture with multiple three-layer neural networks,
wherein total number of the input data, the input neurons

Figure 12.
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Figure 13. links L3 and L4.

and the output neurons is (L + m + I). There are | (I = 8)
terms of buffer occupancy and (L + m) terms of the total
sending rate R. The value of the forward delay from the
branch node with BPNN to the longer Receivers Group k
(Receivers Group 4) is Tx = 21msec, then the prediction
horizon is L = T + 1 = 22, and the control horizon is
N=L-1tww+1=2

The simulation results are shown in Figures 7 -13. Figure
7 shows the sending rate of sources. The CBR source sends
data at the constant rate of 2Mbps. The initial sending rate
of the multicast source is 6Mbps. As time goes on, the
sending rate of the multicast source is gradually adjusted
and quickly stabilizes at 5M bps.

Figure 8 shows the buffer occupancy of the correspond-
ing receivers of multicast source. These receivers all have
some fluctuation in the beginning, and then the buffer occu-
pancy is gradually stabilized.

Figures 9-11 show the receiving rates of the correspond-
ing receivers of multicast source and CBR source. These
three figures demonstrate the dynamic change of the net-
work’s transmission rates. Though the rates have fluctua-
tions at first, they can be rapidly stabilized and reach the
maximum output rate. In Figure 11, the broken line ex-
presses the performance of PID controller, and the solid
line expresses the performance of PIDNN controller. From
Omsec to about 70msec, the rate of PIDNN and PID con-
troller fluctuate drastically; From 70msec to about 82msec,



the rate of PIDNN becomes steady, while the rate of PID
controller still fluctuates; After 82msec, the rate of PIDNN
and PID controller are both in a steady state at SMbps.
Thus, high utilization of the network links can be achieved.

The link utilization is shown in Figures 12-13. Figure 12
shows the utilization of the link L; and L, and Figure 13
shows the utilization of the link L3 and L4. They achieve
utilization at the maximum of 100%.

From the simulation results, compared in terms of re-
sponse time, the performance of the network implemented
by PIDNN is better than that using PID controller. And the
PIDNN has high link utilizations, quickly response, scal-
ability, high unitary throughput, intra-session fairness and
inter-session fairness.

6 CONCLUSIONS

This paper designed and analyzed a novel PIDNN ap-
proach for regulating the multicast source rates in high-
speed MR-M communication networks to satisfy the dif-
ferent needs of multiple users. The parameters of PIDNN
controller can be designed to ensure the stability of the con-
trol loop in terms of buffer occupancy based on control the-
ory. Relevant pseudocodes for implementation have subse-
quently been developed. We have shown how the PIDNN
controller can be designed to adjust the rates of the data ser-
vice based on the explicit feedback rate mechanisms. Sim-
ulations have been carried out over a wide range of traf-
fic patterns that cover the LAN case and the WAN case.
Simulation results demonstrate that the proposed PIDNN
controller avoids overflow of multicast traffic and performs
well, in the sense that it achieves good scalability, stable
buffer occupancy, fast response, and high link utilization.
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