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Packet Loss Patterns Adaptive Feedback Scheduling for
Reliable Multicast

Jinsuk Baek*, Cheonshik Kim**, and You-Sik Hong***

Abstract — Tree-based reliable multicast protocols provide scal-
ability by distributing error-recovery tasks among several repair
nodes. These repair nodes perform local error recovery for their
receiver nodes using the data stored in their buffers. We propose a
packet loss patterns adaptive feedback scheduling scheme to man-
age these buffers in an efficient manner. Under our scheme, re-
ceiver nodes send NAKs to repair nodes to request packet re-
transmissions only when the packet losses are independent events
from other nodes. At dynamic and infrequent intervals, they also
send ACKSs to indicate which packets can be safely discarded from
the repair node’s buffer. Our scheme reduces delay in error recov-
ery because the requested packets are almost always available in
the repair node’s buffers. It also reduces the repair node’s work-
load because (a) each receiver node sends infrequent ACKs with
non-fixed intervals and (b) their sending times are fairly distrib-
uted among all the receiver nodes.

Index Terms — Reliable Multicast, Temporal locality, Spatial
locality, Feedback schedule

1. INTRODUCTION

his A growing number of network applications, such as

bulk data transfer, distance learning, video-conferencing,
data feeds, Internet TV, Web cache update, and distributed
interactive gaming, require a sender to distribute the same data
to a large group of receivers.

These applications fall in the category of group communica-
tion as opposed to traditional one-to-one communication. Mul-
ticasting, that is the delivery of a single message to multiple
recipients using the same IP address, is the only efficient and
scalable solution to support this kind of application.

One of the most difficult issues in end-to-end multicasting is
that of providing an error-free transmission mechanism [4]. IP
multicast does not guarantee reliable packet delivery as it uses
best efforts transmission mechanism. Hence, lost or damaged
packets should be retransmitted from the sender or some other
node. This process can be performed at the transport layer.

The standard method for providing reliable unicast is posi-
tive acknowledgements (ACKs). It requires the receiver to
send an ACK for each packet that it has received. The sender
keeps track of these ACKs and retransmits all packets that
have not been properly acknowledged within a given time
window [3]. TCP [13] is a well-known protocol using positive
ACKs to provide reliable unicast. The same approach fails
when applied to reliable multicasts because of the ACK implo-
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sion [1]-{12], [14] it creates. Since each receiver has to ac-
knowledge each packet it has correctly received, the sender’s
ability to handle these ACKs limits the number of nodes par-
ticipating in a reliable multicast.

Among the many protocols [1]-[12], [14], most recently,
overlay reliable multicast protocols, controlling and maintain-
ing an efficient overlay for data transmission, have been pro-
posed. However, there are still many issues to be considered
including addressing and advertisement, path quality meas-
urement, tree refinement, and failure recovery. In this paper,
we focus on the tree-based protocol that has been known to
provide high scalability and reliability. They construct a logi-
cal tree at the transport layer for error recovery. This logical
tree comprises of three types of nodes: a sender node, repair
nodes, and receiver nodes. The sender node is the root of the
tree and controls the overall tree construction. Each repair
node maintains, in its buffer, all the packets it has recently
received and performs local error recovery for all its group
member nodes. As a result, tree-based protocols achieve scal-
ability by distributing the server retransmission workload
among the repair nodes.

In the tree-based protocols, one of the most important open
issues is when and how frequently the receiver nodes have to
send ACKs to their repair node in a local group. The ACK for
every successfully received packet causes ACK implosion at
the repair node while the ACK with a long interval definitely
delays the repair node’s buffer refreshment timing. On the
other hand, NAK-based approaches [1], [6]-[8], [10] solve the
ACK implosion problem by shifting the error detection load
from the repair nodes to the receiver nodes. Receiver nodes
will now reply with negative acknowledgments (NAKs) when-
ever they detect packet losses. Unfortunately, it is very diffi-
culty to decide when the repair node can safely discard packets
from its buffers.

To the best of our knowledge, all previous solutions, fo-
cused on the ACK implosion issue, have their own limitations
because they assumed that a) packet losses were independent
events that were not correlated with previous transmission
failures [1]-[4], [7]-[12], [14] or b) packet losses tend instead
to happen in bursts [5], [6]. However, we need to point out we
have to consider both cases for providing more efficient error
recovery. Even though today’s link is fairly reliable, link error
still exists. Hence, the packet losses can be independent events
among all nodes in the same local group. On the other hand, it
also can be strongly correlated because packets losses are
likely to be occasioned by router buffer overflows. Therefore,
all group members can experience packet losses for the same
packet.

We propose an efficient feedback scheduling scheme elimi-
nating all of these limitations by using packet loss pattern
adaptive ACKs. Our mechanism allows receiver nodes to send
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NAKs to their repair node only when the packet losses are the
independent event. At dynamic infrequent intervals we obser-
vantly defined, they also send ACKs to indicate which packets
can be safely discarded from the repair node buffers. When-
ever the repair node detects continuous packet losses, it multi-
casts a NAK suppression message to its receiver nodes.

Our proposal has many advantages over other schemes. First,
we avoid any risk of ACK implosion because each receiver
node only sends infrequent ACKs and its sending times are
well distributed among all the receiver nodes. This feature
provides scalability, since each repair node will be able to
handle more receivzr nodes. Second, it guarantees fast recov-
ery of transmissior. errors, since the packets requested from
receiver nodes are always available in the buffers of the repair
nodes. Finally, we also can avoid NAK implosion for the same
packet at the repair node because the repair node autono-
mously detects the high potential spatial locality of the packet
losses among the group members. After receiving the NAK
suppression message from the repair node, the receiver nodes
will refrain from sending NAKSs for every lost packet.

The remainder of this paper is organized as follows: Section
2 summarizes the existing feedback scheduling schemes for
providing buffer refreshment functionality of the repair node.
Section 3 introduces our new feedback scheduling scheme. In
section 4, we show the performance of the proposed scheme.
Finally, section 5 contains our conclusions.

II. RELATED WORK

Although all tree-based multicast protocols strive for the
same goals, they essentially differ in how frequently each re-
ceiver node sends their feedbacks to their repair node and also
how long time the repair node to optimally retain these packets
without compromising buffer space.

Scalable Reliable Multicast (SRM) [8] is a well-known
NAK-based multicast protocol that guarantees out-of-order
reliable delivery using NAKs from receivers. Every time a
receiver detects a last packet, it multicasts a NAK message to
all participants in the multicast group. Unlike the regular NAK
[1] where each individual receiver independently sends a NAK
to the sender as soon as it detects a loss, the SRM protocol
requires that each receiver use a randomized NAK-Timer to
send the NAK. Th's allows the nearest receiver, among those
that successfully received the packet, to retransmit it by multi-
casting. This is a very common NAK suppression scheme.
Unfortunately, this requires all receiver nodes to indefinitely
retain all of their successfully received packets for eventual
retransmissions, consequently leading to poor buffer manage-
ment. But the scheme would only work well if it were guaran-
teed that at least cne receiver node in the local group would
successfully receiv: the packet. This case can never be guaran-
teed especially when considering spatial locality of packet
losses in multicasting.

Reliable Multicast Transport Protocol (RMTP) [12], the
first tree-based re iable multicast protocol, selects a Desig-
nated Receiver (DR) that will be responsible for error recovery
for all the other rezeivers in the region. Instead of sending an
ACK for every packet received, each receiver periodically
sends an ACK to the designated receiver. This ACK contains
the maximum paclet number that each receiver has success-
fully received. Unfortunately, this periodic ACK, without con-

sidering temporal locality of the packet losses for a receiver
node, significantly increases error recovery delay since the
receivers do not immediately request for retransmission for
lost packets even though it has experienced continuous packet
losses. This renders RMTP unfavorable in time-sensitive mul-
timedia data applications. Moreover, since RMTP stores the
whole multicast session data in the secondary memory of the
DR for retransmission, it makes it unfavorable for transfers of
large amounts of data. Some of these problems were addressed
in RMTP-II [14] by the addition of NAKSs.

The author has recently proposed several buffer manage-
ment schemes: The first scheme [3] suggests that each receiver
node send NAKS to its repair node for all its packet retransmis-
sion needs. At the same time this receiver also periodically
sends randomized sequence numbered ACKs back to the repair
node to signal for a safe discard from this repair node, which in
turn observes the least packet sequence number among these
packets and discards all packets with a sequence number below
this minimum number. However, still not explored here is the
optimal ACK transmission interval for both the repair and the
receiver nodes. In addition, these ACKs, sent by at a fixed
interval, are not adaptive to the temporal and spatial locality of
the packet losses. The second scheme [4] suggests for the re-
pair node to discard some packets by considering the ACKs
from the most unreliable receivers. This scheme works well as
long as there are some unreliable or very reliable receiver
nodes compared to other nodes in a local group. In both
schemes, there is a reduction in error recovery delay since a
request for a packet from the repair node is almost always
satisfied. Both schemes also minimize the number of repair
nodes needed per number of receiver nodes by minimizing
ACK implosion. It goes without noticing, however, that neither
of these schemes addresses how to solve the NAK implosion
problem and the locality nature of the packet losses.

This problem was handled in our most recent scheme [6]
with some partial successful achievement. Under the scheme,
the repair node broadcasts a NAK suppression message to all
its group members if it detects the packet loss. Simultaneously,
it will request a retransmission of that packet to the original
sender node. If the receiver node detects a packet loss, but did
not receive the suppression message for the packet, it multi-
casts a NAK suppression message for this packet to its group
members including the repair node. If other receiver nodes
already had the packet or received the NAK suppression mes-
sage, it should ignore the new suppression message. In both
cases, other receiver nodes will not send any NAK for this
packet. When the repair node receives the NAK suppression
message of a packet that it already has, it will multicast the
packet to group members. Worth noting here is that in some
cases, where all nodes are under the same router and the NAK
timer of the receiver node is shorter than that of the repair node,
the receiver nodes are bound to send NAK to the repair node
before the NAK suppression message from the repair node
reaches them. The result of this is that the receiver node will
receive the NAK suppression message from the repair node
after they have already sent a NAK to this repair node. In order
to handle this problem, the scheme employed a random NAK
sending delay for the receiver nodes to ensure that they always
send a NAK later than their NAK suppression message reaches
them from the repair node.
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Although this scheme produced better results compared to

the existing ones, it has some limitations in some specific cases.

The first case is where the repair node and some receiver nodes
successfully receive the packet but other receiver nodes ex-
perience a loss of this packet. Although the packet is available
at the repair node and could be retransmitted right away, these
receivers will still have to obey their delayed NAK timer value
wait-time before they can send their NAK to the repair node.
The result of this is unnecessary delay in the error recovery.
The second scenario is where all the receivers of a local area
successfully receive the packet but their associated repair node
suffers a loss for that packet. This scenario can happen in a
rare event if we consider the independent packet losses caused
by link error. The repair node will multicast a NAK suppression
message to these receivers although they successfully received
the packet. This will lead to duplication of packets, and in so
doing it will also cause unnecessary traffic.

II1. PROPOSED SCHEME

We assume a receiver-initiated error recovery process and
require receiver nodes to send feedbacks, such as ACK and
NAK, to their repair node. In addition, we make the following
assumptions:

1.The logical tree is already constructed using a well known
tree construction scheme [2], [9], [11] before the multicast
session begins. Hence, the repair node for every local
group of receiver nodes is strategically allocated.

2.Ts is the multicast session period.

3.There are n receiver nodes in a local group and the repair
node has packet retransmission responsibility for its # re-
ceiver nodes.

4.Each receiver node i has well defined its independent
NAK_TIMER:I satisfying the following condition.
NAK_TIMER, >max{OTT., ; »| 1<i <nn and 0<¢ <Ts}.
where, OTT . ; , is one-way transit time between the
sender s and receiver node i at time ¢.

5.The repair node also has well defined NAK _TIMERrp,
satisfying the following condition.
NAK_TIMER,, > max{OTT «, ,, .| 0 <#<Ts}.
where, OTT < ,,, » is one-way transit time between the

sender s and repair node rp at time ¢.

When a receiver node 7 joins a multicast session, it receives
a packet from its repair node specifying the maximum number
RP,,, of sent packets the repair node is normally willing to
keep in its buffer. The receiver node i generates then a random
number RC; ,,.; between 1 and RP,,, that identifies the first
packet after which it will send an ACK packet to its repair
node. This packet will act as an implicit ACK for packets 1 to
RC;_,.na After that, each receiver node i will send a feedback
for the packet RC; such that
0 initialization
RC; + RC; 14nq start and restart
RC,' =
RC;+1 ifno packet loss within the interval J

RC; 14 if any packet loss within the interval 7

The interval 7 is given by

RP,..t 1 initialization
I =
I+1 if no packet loss

That is, if there is no packet loss before sending
ACK(RC;_,.ma), the receiver node 7 increases its interval by one
and sends a similar ACK packet after each packet RC;. On the
other hand, if there is a packet loss within the interval, it sends
a NAK for the lost packet RC; ;. Since ACK transmissions
for each receiver node i start at random offsets

RC; ,,.4 =random(1, RP,,;,) for 1 <i<N, 1)

they will be more or less equally distributed over time if the
link is fairly reliable. Therefore, we eliminate the risk of a
sudden avalanche of ACKs sent for the same packet. Let L; be
the last ACK packet sent by receiver node i. Assuming that
there is no pending packet retransmission, the repair node now
can safely discard up to packet D such that

D<min{l; |1<i<N} )]

| RPusc =5, RCy =2, ROy s = 3, RCs = 4__|

ACGKIZ) ACK(B) ACK{15}) ACK(23)
Recaiver 1 W

RP st 1

ACK3) ACKISY %M(11) ACK(14) ACK20}

RPjpart 1

Recsiver 3

ACK(4) ‘ﬁf\'l((h NA*({! 13

ACK(15) ACKE1)

RC3 cano RP s+ 1

BB - successtully arvad packet

rf < Lost panket

Fig. 1. Example of feedback scheduling for our scheme (with RP,,,, = 5).
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Let us turn now our attention to the way our scheme handles
lost packets. If the repair node detects back to back lost packets,
it multicasts a NAK suppression message to its all group mem-
bers. At the same time, it requests retransmission of the lost
packets to its sender node rather than upstream repair node. In
this case, the propcsed scheme will avoid the existing scheme
fault of always contacting the adjacent upstream repair node. By
cotacting the root sender directly, a repair node in the proposed
scheme will be able to bypass not only same level link error
packet loss occurrences but also the worst case where the router
adjacent to the root 2xperiences a buffer overflow.

If it receives a MAK from one or some of the receiver nodes
and it has the packet, it retransmits the packet to the receiver
nodes who requested the retransmission. When a receiver node i
detects a lost packe: and it did not receive any NAK suppression
message for that packet, it sends a NAK to its repair node. Note
that this NAK will contain the sequence number of the last
packet such that itself and all its predecessors were correctly
received by receiver node i. After that, it restarts its ACK send-
ing schedule. 1t is helpful for the repair node to perform a fast
packet discarding. For example, all other receiver nodes in a
group successfully received the packet because the packet loss
was caused by the iadependent link error of the receiver node. In
this case, other nodes will send ACKs according to their sched-
uled intervals which are most probably relatively longer than the
receiver node which restart its ACK sending schedule. If it re-
ceives the NAK suvpression message from the repair node, it

Table 1. A summary of buffer management schemes

stops to send NAKs and restarts to send ACKs with its most
current interval. In this case, all lost packets within the range of
spatial locality are delivered by its repair node. Fig.1 shows an
example of our feedback scheduling for the four receiver nodes
having different packet loss patterns when RP,,, is equal to 5.

The first main advantage of our scheme is that it signifi-
cantly reduces the number of feedbacks required to safely dis-
card the packets from repair node’s buffer. This feature in-
creases the whole Internet performance by reducing unneces-
sary traffic.

A second advantage of our scheme is that it guarantees that
the repair node will almost always have in its buffer all the
packets that can be requested by any of its receiver nodes. We
achieve this reliability using cumulative ACK mechanism. As
we mentioned above, our ACK(n) means the receiver has cor-
rectly received up to packet n. Assume, for instance, that a
receiver node i has not received packet k. It will send a
NAK (k) to the repair node as long as it is an independent event.
The repair node keeps in its buffer all packets with sequence
numbers greater than the last acknowledged packet L; and L; <
k. Hence, packet k is always available in repair node’s buffer
and can be retransmitted upon request. In addition, the arrival
time of the next acknowledgment packet ACK(L;’) is always
larger than that of NAK(%) because the receiver node i cannot
send an ACK(Z;") until it receives up to packet L;’. It means
the receiver node i does not send ACK(L;") until after it re-
ceives packet k. This property can be described as

Category Advantage/Weakness
Schemes ACK | NAK Advantage  Weakness
based | based .
- No ACK implosion. All nodes have to keep all of the
No Yes - NAK implosion is reduced owing to the packets they have received.
NAK suppression.
ACK implosion is reduced owing to its peri- ~Long eTor recovery delay due
Yes No odic feedbacks sent by receiver nodes to the periodic feedbacks.
) - No consideration of packet loss
locality.
- ACK implosion is reduced because only the
Yes No limited numbers of receiver nodes have to No consideration of packet loss
send ACKs. locality.
- Fast error recovery delay.
Yes No AQK implosi(?n is reduc§d owing to its peri- I;i)(;:ﬁtr';lderatlon of packet loss
odic ACKs with a fixed interval. - Difficult to find the optimal in-
terval.
- No ACK implosion
- NAK implosion is reduced owing to the Unnecessary error recovery de-
No Yes NAK suppression. lay due to their NAK timer.
- Consideration of packet loss locality.
- ACK implosion is reduced owing to its peri-
odic ACKs with a dynamic interval. Error recovery delay with ex-
Yes No - Consideration of packet loss locality. tremely rare event.
- Less buffer space.
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Arrival_Time(ACK(L;")) > Arrival_Time(NAK(k)),

because L;” > k. As a result, the proposed scheme reduces the
packet error recovery delay because no packet will ever have to
be retransmitted either by the original sender node. The error
recovery delay is only dependent on the round-trip time between
the repair node and the receiver node requesting the retransmis-
sion of the packet. Finally, our feedback scheduling is adaptive
to the given packet loss patterns. The NAK suppression message
sent by repair node allows the repair node to avoid NAK implo-
sion for the continuous packet losses because each receiver node
is forced to stop to send NAKs for every lost packet. Also, our
scheme allows relatively unreliable receiver node to sends more
ACKs because they will more frequently restart their ACK send-
ing schedule from the initial phase.

3.1 Comparison of Schemes

In the pure ACK-based scheme, each receiver node sends
independent ACKs for every successfully received packet to
their repair node. This simply causes an ACK implosion at the
repair node. In order to reduce the ACK implosion, ACK-
based scheme with a fixed interval allows each receiver node
to send periodic ACKs. However, it is very complicate prob-
lem to decide the fixed interval because the buffer status for
the repair node is likely to be changed over time. On the other
hand, heuristic scheme only allow a few very unreliable re-
ceiver node to send ACKs. Based on these ACKs, the repair
node can perform packet discarding. However, this does not
always work well because sometimes reliable nodes can ex-
perience packet losses for the packet that the unreliable nodes
have successfully received. In order to handle this scenario,
some of the reliable nodes should keep the packets for some
amount of time to perform packet retransmission.

The NAK-based schemes eliminate ACK implosion by allow-
ing each receiver node to send NAKs for only incorrectly re-
ceived packets. However, it is difficult and too complicate to
decide the optimal packet discarding timing at the repair node.
As we will prove in the next section, in order to avoid unneces-
sary additional retransmissions, the repair node theoretically has
to keep all of the received packets until the multicast session
ends.

The proposed scheme is an ACK-based scheme having a
dynamic interval. This dynamism is based on the different
packet loss patterns observed at each receiver node. The com-
parison of various schemes is summarized in Table 1.

IV. PERFORMANCE

In this section, we show the performance of the proposed
scheme by computer simulation. All the simulation experiments
are performed for up to 100 receiver nodes per repair node.

4.1 Feedback Implosion

The first main advantage of our scheme is that it significantly
reduces the number of feedbacks sent by receiver nodes, re-
quired to safely discard the packets from repair node’s buffer.
We evaluate the number of feedbacks sent by receiver nodes
and compare the result to the existing ACK-based scheme —
namely randomized scheme having a fixed interval [3].

Over a session involving the transmission of m packets and
the receiver node i has the packet loss probability LP; the
maximum number of feedbacks from receiver node i for the
randomized scheme with a fixed interval is given by

[m/RP, g |+ 1 +m-LP;,

where [m/ RP,,, | +1 is the number of ACKs sent by receiver
node i, including the ACK for the last packet of the transmis-
sion and m-LP; is the number of NAKSs sent by the same node.
Hence the total number Fryyp of feedbacks received by the
repair node from its N receiver nodes will obey the inequality

N
Fraw< Y. ([m/IRP,)+1+mLP) 3)
i=1

L~
[

2000 —o— Proposed scherme
1800 —=— Ramdom scheme with a fixed interval

The number of feedback

\ Receiver node 1D

Fig. 2. The number of feedbacks from both schemes.
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0
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Number of receiver nodes

Fig. 3. The number of feedbacks sent by different number of
receiver nodes.

i

On the other hand, the number of feedbacks F 4 for a pure
ACK-based scheme, where all receiver nodes acknowledge all
the packets they receive, is given by

F,x =mN

Under the same assumptions, proposed scheme can reduce
the number of feedbacks because it allows the receiver nodes
to adaptively send the feedbacks depending on their packet
loss patterns. That is, they slightly increase their intervals if
there is no packet loss during their previous intervals and dra-
matically decrease it otherwise. Since today’s link is fairly
reliable, they will send their feedbacks with increased intervals
in many cases.

Fig. 2 shows the number of feedbacks for the two schemes.
Note that the packet losses within the range of spatial locality
among the group are not counted because they will not gener-
ate any feedbacks from the receiver nodes owing to the NAK
suppression message sent by repair node. In this experiment,
we set the m to 10,000, which roughly represents a transfer of
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10 megabytes when the packet size is 1 kilobyte. We also set
the RP,,, to 10.

We assumed that the individual loss probabilities LP; would
be uniformly distributed between 0 and 0.1. As we can see, the
proposed scheme can reduce more than 15% of feedbacks from
the receiver nodes compared to the randomized scheme with a
fixed interval.

Fig. 3 shows how the number of feedbacks at the repair
node is affected by the number of receiver nodes per repair
node. This result indicates that our scheme provides efficient
buffer management functionality for repair node by reducing
the number of feedbacks sent by receiver nodes. As we can see
the performance gap between both schemes is more and more
prominent as the group size increases. This feature provides
scalability since each repair node will be able to handle more
receiver nodes. We also need to mention that minimum differ-
ence between our scheme and the pure ACK-based scheme is
about one million feedbacks.

>

4.2 Buffer Space

The sole disadvantage of our scheme is that each repair node
will use more buffer space than a repair node receiving ACKs
from all its receiver nodes for all packets sent by the sender
node.

The total buffer space used by all repair nodes will however
remain almost constant because repair nodes receiving less
ACKs will be able to manage more receiver nodes. As a result,
we will have fewer repair nodes with larger buffers. To show
that let us assume that a repair node can receive up to mycx
ACK:s for each packet sent by the sender node. This means that
a repair node receiving ACKs for all packets sent by the sender
node will be able to handle up to n ¢ receiver nodes and will
need a buffer capable of storing one single packet. Under our
scheme, each packet is acknowledged by much less than
1/RP,,, of the receiver nodes in average. This means that each
repair node will be able to handle much more than 71,x*RP,x
receiver nodes. The maximum buffer space requirements of
each repair node will be multiplied by RP,,, but the total
buffer space requirements of all repair nodes will remain un-
changed because we will need about RP,,,, less of them under
the worst assumption.

4.3 Error Recovery Delay

The additional retransmissions increase the error recovery de-
lay because the repair node cannot retransmit the requested
packet immediately. This will happen when the repair node
does not have the requested packet in its buffer. The packets
should be retransmitted from its original sender node or upper
stream repair node. This might double or triple the error recov-
ery delay. Also, these additional retransmissions cause unnec-
essary traffics between the repair nodes in the different levels
of the logical error recovery tree.

In NAK-based schemes, the repair node batches NAKSs for a
packet and retransmits the packet periodically as long as there
is a pending NAK for that packet. Let us call the period & and
assume that the packets arrive at repair node with a Poisson
process with mean arrival rate A. If the repair node has B buff-
ers, we can define the random variable N, () to represent the
number of packet arrivals at the repair node within a time in-

terval of length &. In order to perform at least one retransmis-
sion successfully, the following condition should be satisfied.

B1(A5)" e ™
PON,(O2B) =1-Y——— =0, @
n=0 n.
B1(A8)"
which simplifies into ( ') =e* . Since we
n=0 A
= (A8)"
havee™ = 2 (£9) , (4) can only be satisfied when B goes
n=0 n:

to infinity. Hence, a NAK-based scheme must require the re-
pair nodes to buffer all packets for an infinitely long amount of
time to achieve full coverage of all retransmission requests by
the repair node.

In NAK-based schemes using a timer mechanism [10], re-
pair nodes discard some packets from its buffer after a time
interval 7 without considering whether these packets were re-
ceived by all its receiver nodes. As a result, some packets
might be removed from the repair node’s buffer while their
retransmission could still be requested by one or some of the
receiver nodes. In this case, the missing packets will have to be
resent from either an upper repair nodes or the sender node. In
most cases, the packets will have to be resent by the sender
node, especially when all repair nodes apply the same buffer
management policy and discard the same packets at the same
time. This generates unnecessary traffics decreasing the whole
Internet performance.

The proposed scheme requires extremely a few additional
retransmissions either from its upper-stream repair nodes or
sender node because the repair node almost always has in its
buffer all packets that can be requested by any of its receiver
nodes. This feature provides fast error recovery for receiver
nodes because it only requires one round trip time between the
receiver and repair node plus a packet processing time at the
repair node. The only case where the additional retransmis-
sions are needed is when all of the receiver nodes experience a
packet loss for the same packet and the repair node did not
correctly receive the packet. But, this is theoretically a rare
event with extremely low probability because this is an inde-
pendent event among the group. It will not be happened in a
real environment with reasonable amount of data transmission.

V. CONCLUSION

We have proposed a feedback scheduling scheme combining
NAKs and infrequent ACKs to provide scalability and reliabil-
ity in a multicast session. Under our scheme, receiver nodes
send NAKs to repair nodes to request packet retransmissions
only when the packet losses are occurred by independent link
errors. Otherwise, they refrain from sending them by the order
of NAK suppression message sent by their repair nodes. At
dynamic and infrequent intervals, they also send ACKs to their
repair nodes to indicate which packets they can safely discard.
The proposed scheme reduces delay in error recovery because
the packets requested from the receiver nodes are almost al-
ways available in the repair node’s buffer. It achieves this
without increasing the server workload because (a) each re-
ceiver node only sends infrequent ACKs, and (b) their sending
times are distributed among all the receiver nodes. In addition,
it greatly reduces the number of repair nodes required to han-
dle a given number of receiver nodes. Hence, it provides an
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acceptable trade-off between ACK-based and NAK-based
schemes to achieve reliability and scalability.
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