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ABSTRACT

Patching is an attractive technique for building efficient video-
on-demand systems. However, since Patching assumes the
existence of IP Multicast, implementing Patching on the cur-
rent Internet is a challenging task because the Internet is
based on IP Unicast only. In this paper, we propose an
overlay technique called Veast for enabling multicast ser-
vices on the application layer, as a way to support the im-
plementation of Patching. Unlike earlier overlay multicast
schemes, Vcast does not introduce any global topology for
the overlay and therefore avoids control overhead to main-
tain it. Vcast can configure itself adaptively to the changing
network traffic, and is tolerant to failures prone to happen
frequently in dynamic environments such as the Internet.
In addition, Vcast provides load balancing among network
nodes by employing the Round-robin approach in selecting
delivery paths for clients.

1. INTRODUCTION

We are interested in the problem of streaming bandwidth-
intensive media on demand from a source to a large quantity
of receivers on the Internet. The simplest solution dedicates
an individual connection to stream the content to each re-
ceiver. This method consumes a tremendous amount of
costly bandwidth and leads to an inferior quality stream
for the receiver, making it nearly impossible for a service
provider to serve quality streaming to large audiences while
generating profits. IP Multicast [6] could be the best way
to overcome this drawback since it was designed for group-
oriented applications. For clients requesting the same video,
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the server creates a multicast address and sends a stream of
the video to all of them on a multicast tree. An advantage
is the optimal use of network bandwidth since a single copy
of video data is delivered on each physical link to all the
multicast clients. Another advantage is that they all share
a single stream emanated from the server, hence a signifi-
cant saving on the server bandwidth. On the other hand,
since clients participating in a multicast group receive the
same data at any point of time, the server has to create new
multicast addresses for late-coming clients in order to pro-
vide them with the full content of the requested video. In
reality, client requests usually reach the server at different
times. The server may have to create a large number of sep-
arate multicasts, and therefore, the bandwidth bottleneck
remains severe.

Patching [8, 3] is a remedy for the aforementioned limita-
tion of IP Multicast. In this technique, when a new client
requests a video, it joins the multicast group that was cre-
ated most recently for the same video, and receives data
destined for this group. Since a portion of beginning video
data cannot be delivered from that multicast, the client gets
it from the server over a unicast, or a “patching” stream. A
proper buffering algorithm is pursued at the client to syn-
chronize the playback of these two data streams (i.e., mul-
ticast stream and patching stream). An obvious advantage
of Patching is that instead of creating a long-lasting mul-
ticast stream for the new client, the server just creates a
short-term unicast stream. Therefore, Patching is highly ef-
ficient in reducing the demand on server bandwidth while
providing true VOD services to the clients. Due to its sim-
plicity in concept and efficiency in performance, Patching
has been used in a large number of works (e.g., [14, 7, 1, 2,
13]) that deal with various fundamental issues relevant to
VOD systems.

We are interested in implementing Patching on the Inter-
net. Since Patching assumes the existence of IP Multicast,
the main barrier in our problem is due to the infeasibility of
deploying IP Multicast on the current Internet. Therefore,
we examine building multicast services on the application
layer, which assumes only the IP Unicast protocol. The ba-
sis for our work is to install a number of machines at the
end-system nodes, which play as application-layer routers.
These nodes and the server are organized into a logical over-
lay whose topology is built on top of the Internet. Video
data are transmitted on unicast paths involving the over-
lay nodes only. A new client joins an existing video stream



by connecting to an overlay node appearing on the delivery
path to an earlier client. This approach is a kind of overlay
multicast which has spurred many recent works on providing
group-oriented services on the Internet [4, 5, 9, 12, 10, 11,
15, 17).

One has to cope with several issues in designing a good
overlay multicast scheme. Firstly, transmissions of data
from one end-system to another on the overlay may con-
sume network bandwidth inefficiently and prolong end-to-
end delay. Secondly, since an overlay path is created with-
out knowing about the underlying network routers, some
routers may become congested if having to send out many
video streams. It is desirable to distribute the network traf-
fic evenly among the network routers. Most existing over-
lay multicast schemes do not mention this issue. Lastly,
since the overlay topology should be dynamically adjusted
according to changes in underlying traffic, overlay state up-
dates/probes may need to be propagated across the network,
which results in significant communication overhead and in
high processing complexity at each overlay node. In this pa-
per, we propose VCast (Video Overlay Multicast), a simple
yet efficient overlay multicast scheme to support Patching
and to address the above issues.

The remainder of this paper is structured as follows. In
Section 2, we present the network model used in Vcast. In
Section 3, we present the protocol details of VCast. In Sec-
tion 4, we report performance results from our simulation
study. Finally, we give concluding remarks in Section 5.

2. VCAST OVERLAY MODEL

The Vcast system is an overlay network consisting of three
components: server node, client nodes, and internal nodes.
The server node is the source of video streams and assumed
to remain up all the time. Client nodes are the nodes where
clients request for service. They can be anywhere on the In-
ternet. A client always sends its request to the server node.
Internal nodes are machines installed across the Internet to
act as the backbone nodes of the overlay. They are respon-
sible for relaying video streams to the clients. The number
of internal nodes may change over time due to addition of
new nodes or removal of existing nodes. Internal nodes and
the server node are called overlay nodes.

If no internal node is installed, using a dedicated stream
for each requesting client seems to be the only simple way
to implement Patching on the Internet. This is obviously
not a desirable solution. By employing internal nodes in the
network fabric, Vcast offers a better solution. Indeed, when
a client requests a video stream, the data may pass through
a number of internal nodes before finally reaching the client.
An internal node involving in a delivery of a video stream
is called a relay mode of that stream. Subsequent clients
instead of getting a video stream from the server are able
to get it from these relay nodes. Clearly, no more server
bandwidth is consumed in this case. One might argue that
the complexity and cost arise from deploying and maintain-
ing the internal nodes. Sharing the same insight in [10], we
believe that one-time hardware costs do not drive the total
cost of the system. Maintenance costs are cut by simplifying
node deployment. As shown later in the rest of this paper,
Vcast provides a highly scalable solution while being kept
simple and lightweight.

We do not establish any topology for connecting overlay
nodes. The delivery path for a client is built on demand

Table 1: Service Table

| streamID | parent | childList | rate |
Sport News B E, F, G 100
Titanic H B,E, A K 40
Tonight Show A C 2048

and adjustable over time based upon the underlying traffic
or node failure. This path can be a direct path from the
server or a path consisting of several internal nodes.

An overlay node X is assigned a unique identifier by the
server when first added to the overlay. Maintained at X
are a node list and a service table. The node list contains
the ID of every other overlay node. This is updated only
when an internal node is removed or a new internal node
is added. The service table has four attributes streamlID,
parent, childList, and rate. Each row corresponds to an
active stream streamID = V currently coming to node X.
X receives this stream from node parent(X, V) and for-
wards it to all nodes in childList(X, V') on the correspond-
ing unicast paths. The value of rate(X, V) is the estimated
arriving data rate (in KB/s) at node X and computed for
a particular stream V. This value, initially set to zero, is
observed locally and updated periodically without any com-
munication across the network. Table 1 gives a sample look
of this table.

Given the above structure, an overlay node only knows its
parents, each for an individual stream, and the correspond-
ing children. Even though computed locally, the service ta-
ble reflects the underlying network traffic well. By looking
at the entry corresponding to a video stream V', a high value
of rate(X, V) indicates that X should keep its connection
with the parent parent(X, V). On the contrary, a low value
indicates congestion or disconnection in the upstream. A
criterion for Vcast to ensure continuous client playback is
to keep the value of rate(.,.) above a threshold Trmin. The
value of Thin should equal A + A, where A is the minimum
arrival data rate that a client must sustain for a conceivable
playback and A > 0 is conservatively chosen to ensure that
the additional delay due to overlay self-adjustment does not
cause client playback to be jittery.

By joining an existing multicast tree, a client can only
watch the video from the point when the request is gener-
ated. For the missing portion, the client gets it from the
server on a direct unicast path as in the original Patching
design [8]. For the rest of the paper, we focus on how to
maintain overlay multicast trees, which is the most chal-
lenging task toward our purpose of implementing Patching
on the Internet.

3. VCAST PROTOCOL DESCRIPTION

In this section, we describe how Vcast functions on the
following events: a client requests a video, a client quits
(purposely or accidentally), a new internal node is added
to the overlay, an internal node is purposely removed from
the overlay, and an internal node fails. We also present how
Vcast is self-organized to adapt with changing underlying
network traffic.

3.1 A New Client Requests

Servicing a client request has two phases: (1) finding a



Figure 1: A Client Requests A Video

representative for the client, and (2) having the represen-
tative find a path for the client to get data. These are ex-
plained as follows.

In the first phase, a client node C sends a req request
to the server node which is the only node on the overlay
C is aware of. In response, the server returns the ID of
an internal node X to the client. This node is called the
representative of the client. The selection of a representative
follows a round-robin policy. Specifically, if node Y is the
representative for the last requesting client, node X will be
the next node of Y in the node list maintained at the server.

In the second phase, the client C contacts its representa-
tive X and asks it to find a relay node for C to join and
get data (see Section 3 for definition of relay node). If the
contact fails (e.g., due to the failure of X), the client has to
roll back to phase 1 and contacts the server again to get a
new representative. Without loss of generality, suppose that
the contact succeeds. If X is not currently a relay node of
the requested stream, it follows the steps below:

Step 1: Find the next node Y in the node list maintained
at X based on the round-robin manner. For instance, if Z
is a node selected for the last client request, then Y will be
the next node of Z in the node list maintained at node X.

Step 2: X sends a join request to Y. This join has
a “path” header containing the identifier of every node vis-
ited. The use of the path header avoids revisiting any overlay
node. As a result, if a path is used later for delivery, it will
be loop-free. To have an idea of how large this header is,
suppose the identifiers can be represented by 10 bits (1024
overlay nodes), the maximum size for the path header would
be 1024 x 10 = 10240 bits or 1280 bytes. Since the num-
ber of internal nodes is not very large, the path header size
should have an infinitesimal impact on the network traffic.

If Y is not yet a relay node of the requested stream, Y
will do the same procedure as X does above. This process
repeats until the join reaches a relay node. In response to
the join request, this relay node sends a setup message fol-
lowed by the video stream, down the delivery path specified
in the path header of the received join. As this setup ar-
rives at overlay nodes along the delivery path, they update
their service table accordingly.

An example illustrating the requesting event is given in
Fig. 1. The left-sided diagram shows the construction of the
delivery path and the right-sided diagram shows the new
multicast tree. In this example, the server is currently deliv-
ering two video streams, Vio1id and Vygsheqd On two multicast
trees consisting of solid branches and dashed branches, re-

spectively. At this time, a new client contacts the server to
request Voiiq4, and is informed that E is the representative.
The client then sends a join to E. Since E is not a relay
node for video V14, E forwards join to D selected based
on the aforementioned round-robin approach. Similarly D
forwards join to F' which in turns forwards join to B. Since
B is a relay node for video stream Vo4, the delivery path
B — F — D — E is created destined for the new client.

In our scheme, the selection of the representative and path
nodes is based on round-robin manner. Consequently, the
network load is evenly distributed among the overlay nodes
and inter-node paths. This helps prevent network congestion
and overlay node bottleneck. Our performance evaluation
results, to be presented in Section 5, show that network load
is also balanced among underlying network nodes.

3.2 A Client Quits

If a client C watching video stream V wants to cancel the
on-going service purposely, it explicitly reports the wish to
its representative X. If a client quits the service acciden-
tally, X must have some way to detect. Vcast enables this
detection by using a “heartbeat” mechanism at the repre-
sentative to check the aliveness of its clients. Without loss
of generality, suppose that X knows not to forward data to
client C anymore. There are two possibilities for node X to
consider:

Case 1: At least another downstream (client or internal)
node are receiving video stream V: This case is handled
simply by removing C from childList(X, V') in the service
table. As a result, future data will not be sent to client C.

Case 2: No downstream node is receiving video stream
V: In this case, node X is no longer needed on the multicast
tree for video V' and can be removed from the tree. For this
purpose, X removes the entry corresponding to video V from
the service table, and sends a quit packet to its parent Y
on the tree. Y removes X from childList(Y, V) and carries
out the same tear-off policy as node X does.

Clearly, the above strategy saves network bandwidth. If
an internal node is not needed to forward data to any other
node, excluding it from the multicast tree avoids transmit-
ting redundant information. A node when not part of any
multicast tree becomes idle and is not involved in any net-
work communication. To this extent, Vcast is distinguished
from earlier overlay multicast schemes in which every overlay
node always needs to communicating through the network
to re-evaluate its position on the overlay.

3.3 Addition of An Internal Node

This procedure is simple in Vcast. When a new machine
wants to be an overlay node, it sends an on request to the
server. In response, the server sends back a new unique iden-
tifier for the new node together with the list containing the
ID of every existing overlay node. The server also informs
every other internal node of this new identifier. This ensures
that any overlay node is aware of the existence of any other
node.

3.4 Removal of An Internal Node

An internal node X wants to remove itself from the overlay
by sending an off message to every other overlay node to
inform the removal of X. In response, each recipient removes
X from its node list. In particular, each parent Y of X,
according to some on-going video stream, removes X from
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Figure 2: Removal of An Internal Node

Before adjustment

After adjustment

Figure 3: Failure of An Internal Node

the child list. This will stop future data from forwarded to
X. Furthermore, for each stream X has been receiving, X
tells its corresponding children to reconnect to the parent Y
of X to get the remaining data. An example is given in Fig. 2
to illustrate the removal procedure. There are currently two
multicast trees (dashed and solid) for two different streams.
Since node F' decides to be off, node C' and a client node
have to reconnect to node D which was previously their
grandparent. Node D is also a child of node F, D also
needs to reconnect to its corresponding grandparent B.

Following the removal strategy, the grandparent (e.g., node
D) might become a bottleneck if accepting too many recon-
necting nodes. This can be resolved later by reconnecting
some of its child nodes to other relay nodes. We will discuss
this in Section 3.6.

3.5 Failure of An Internal Node

Children of a node X can detect its failure by observing
the estimated arrival data rates of the video streams from X.
When a child node detects these data rates drop to and stay
at the zero level for a period of time, this node requests to
connect itself to the server. In response, the server picks up
the service left off by X, and informs all the internal nodes
to remove X from their node list, and corresponding child
lists if the internal nodes are parents of X so that subsequent
data will not be forwarded to this failed node. We illustrate
this procedure in Fig. 3. In this example, node F' goes down
accidentally. All three of its children C, D and a client
node have to reconnect to the server for the remainder of
the service. While node D reconnects through a solid line,
C and the client reconnect through a dashed line. This is
due to the fact that D was connected to the solid-line tree
before F' failed, while C and the client were connected to the
dashed-line tree. We recall that we use a solid line and a
dashed line to denote video streams for two different videos.

We note that when a node fails, its children could also

reconnect to the grandparent node (instead of the server).
Although this approach saves server bandwidth, each node
would have to keep more information and the protocol would
become more complex. Since a node does not fail frequently,
we opt for the simpler strategy described previously. We
shall discuss shortly how to reduce the server load should
the server happen to serve too many reconnecting nodes
directly.

3.6 Dynamic Change of Delivery Paths

Since all delivery paths are overlay paths, their quality
may change over time. For instances, congestion of a phys-
ical link negatively affects every path containing it; a node
in a multicast tree may become a bottleneck as a result
of removing an overlay node (as discussed in Sections 3.4
and 3.5). VCast is able to adjust the topology of deliv-
ery paths to address such problems. In particular, this is
achieved without the overhead of exchanging status infor-
mation among the overlay nodes as in most existing overlay
multicast schemes.

We consider a node X. X monitors the value of rate(X,
V) for every stream V currently coming through X. If
rate(X, V) < Tmin, node X considers three possibilities:
(1) the parent Y (i.e., Y = parent(X, V)) fails, (2) some
physical link on the path from Y to X is congested, and
(3) some physical link on the upstream paths (before reach-
ing Y') is congested. We discuss how Vcast handles these
situations below.

First, node X sends a message to Y reporting quality
degradation. The message includes the value of rate(X, V).
IfY is dead, X will not receive any reply. In this case, X has
to find a new parent node to reconnect itself to the multicast
tree. This procedure is the same as in the case of a node
going down accidentally as discussed in Section 3.5.

Suppose that Y is alive and has been receiving V from
node Z (i.e., Z = parent(Y, V)). Y checks the value of
rate(Y, V'), which subsequently leads to two cases:

Case 1: rate(Y, V) > Tmin: This most likely implies
that only the path from Y to X is poor while the upstream
paths are acceptable. In this case, X sends a quit message
to inform Y to remove X from its child list, childList(Y,
V). Furthermore, X attempts to reconnect to the multi-
cast tree through its grandparent Z. This policy has two
implications. First, if the low incoming data rate at X was
caused by severe contention for bandwidth among the out-
going streams at Y, disconnecting X from Y would alleviate
this problem. Second, since the arrival rate estimated at Y
is above the threshold 7,i., the bandwidth contention at
node Z is not severe. By reconnecting X to Z, the delivery
path to X is shortened and the incoming data rate at X is
also improved.

Case 2: rate(Y, V) < Tmin: This most likely implies that
the slow incoming data rate at X is partially due to the poor
data path from Z to Y. In this case, Y needs to report the
value of rate(Y, V) to Z and attempts to reconnect to ¥’s
grandparent as X did in the previous case (when rate(Y, V)
> Tmin). This process is repeated recursively as necessary
to reduce the load in the upstream.

To illustrate how the overlay changes upon performance
degradation due to a change in underlying traffic, we give a
demonstrative example in Fig. 4. There are currently two
multicast trees, dashed-line and solid-line, for two different
video streams Vjgshed and Vioiid, respectively. Suppose that



Before adjustment After adjustment

Figure 4: Dynamic Change of Overlay Organization
(upward reconnection)
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Figure 5: Dynamic Change of Overlay Organization
(downward reconnection)

node F' detects a degradation in the estimated arrival data
rate corresponding to both streams Vioiiq and Vigshed, F
reports this condition to node D. Node D currently receives
Vsotia from node B and Vygsheq from node E. Node D finds
that its rate(D, Vioiia) < Tmin (maybe because node B
is currently very busy) but rate(D, Vigshed) > Tmin- TO
reduce the load on B, D reconnects to node A for stream
Vsotia; but node F' remains connected to D. For Visshed,
however, node F' disconnects from D, and reconnects to E
since it is lightly loaded.

A possible case happens when a node X, directly con-
nected to the server, is experiencing a slowdown in the in-
coming data from the server. Since X cannot go upward
any further, it has to find a new parent in the downstream.
This is achieved by sending a reconnection request with a
“down” indicator to the server. In response, the server se-
lects one of its children, say Z in a round-robin manner, and
informs X that Z is X’s new parent. If node X later ex-
periences degradation in the arrival data rate again, it will
reconnect to a child of Z selected in a round-robin man-
ner as before. This process of downward reconnection will
eventually reach a leave node of the multicast tree. At this
time, X switches the reconnection indicator to ”up”; and its
reconnection process starts to occur in the upward direction.

An example of downward reconnection is given in Fig.
5. Here, both node F' and the client node are experiencing
a slowdown in the incoming data from D. To correct the
problem, F' reconnects downward to B, the next child node
of D according to the round-robin order. Similarly, the client
node reconnects to node E, the next child node of D based
on the same round-robin mechanism.

4. PERFORMANCE EVALUATION

We used the GT-ITM generator [16] to create a 600-node
transit-stub graph as our underlying network topology. The

overlay nodes are selected in two approaches: random-based
and backbone-based. In the random-based approach, over-
lay nodes are chosen randomly among underlying nodes. In
the backbone-based approach, overlay nodes are randomly
chosen among the underlying transit nodes and the remain-
ing overlay nodes, if any, are randomly chosen among the
underlying stub nodes. Since overlay selection is based on
randomness, a single choice of overlay nodes is not suffi-
cient to illustrate the performance accurately. Therefore, for
each type of overlay selection, simulation was run multiple
times and most performance outputs were collected as the
averaged values over these runs. Although we studied both
random-based and backbone-based location algorithms, this
section only reports the results for the random-based located
overlay because we observed that the results for the other
location algorithm behaved similar.

We investigate the following metrics for VCast: Link Stress,
Server Stress, Network Waste, Access Distance, and Node
Stress Distribution. Link stress is the average number of
duplicated packets carried by a physical link. This mea-
sures the effectiveness of overlay in distributing network load
across physical links. The link stress of IP Multicast is al-
ways 1 since only a single copy of any packet is sent over
a physical link. Link stress also affects the potential band-
width availability from the source node to the internal nodes.
A high stress on a physical link reduces the bandwidth avail-
ability on that link. Server stress is the average stress on a
physical link involving the server node. This measures the
severity of the server bottleneck. The server stress of IP
Multicast is always 1. Network waste is computed as the
ratio of network load imposed by overlay to a lower bound
estimate of IP Multicast network load. The network load is
defined as the total number of times physical links are used.
Access Distance is the average length in hops of the delivery
path between the representative of a client and the overlay
node for the representative to join to get data for the client.
This metrics influences how fast the client can start receiv-
ing data. Node Stress Distribution reflects how balanced the
service load is distributed among network nodes.

Overcast [10] seems most relevant to our work. It would
be better if we could compare Vcast to Overcast. However,
we realized that simulating Overcast in our environment was
not straightforward due to technical details, and might end
up with bias results. Therefore, we opted to use Pure Uni-
cast, in which every internal node is connected to the server
node on the direct shortest unicast path, as the base refer-
ence in our study. Pure Unicast approximates the current
approach to multicasting on the Internet.

We assume that the server node has only one video. Hence,
there is always at most a multicast tree on the overlay. Ini-
tially, all the overlay nodes are idle and no tree is built.
Requests were generated and delivery paths were created ac-
cordingly until a tree was built covering all overlay nodes. At
this point, we computed the metrics above. Obviously, the
overlay built based on Pure Unicast has a very severe server
bottleneck problem since every internal node is directly con-
nected to the server node. As exhibited in Fig. 6(a), this
problem becomes worse as the overlay size increases. In con-
trast, the server node in Vcast scales well with the overlay
size. This study shows that even though Pure Unicast is
easy to deploy, its severe bottleneck server problem would
be the vital hurdle to the performance efficiency. Vcast does
not have this hurdle.
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Figure 6: Effect on (a) server stress, (b) network
waste, (c) link stress, and (d) access distance

Since the delivery paths in overlay multicast schemes are
end-system to end-system on top of the underlying network,
they must introduce additional load on the network traffic.
The results in Fig. 6(b) show that Vcast increases the net-
work waste with a factor of 3-7 times as compared to IP
Multicast. This is not that severe since other good schemes
such as [10] provided close numbers. Even though Vcast
and Pure Unicast have similar network waste, Vcast dis-
tributes this network waste fairly among more physical links.
Consequently, it has a lower link stress than Pure Unicast
does (Fig. 6(c)). Therefore, Vcast provides better potential
bandwidth availability. This should be seen as an advantage
since having large potential bandwidth is a desirable feature
of any overlay multicast scheme.

Fig. 6(d) exhibits the average distance in hops between
the representative of a client and the overlay node that the
representative has to join to get the requested video for the
client. In a Pure Unicast overlay, this distance is the short-
est path between the server node and the representative.
On average, the access distance for Vcast is 7 network nodes

long, approximately the same as that for Pure Unicast. This
demonstrates that the joining of a new client is as fast as
sending and receiving data from the server. Given the pre-
vious results showing that Vcast has a lower link stress, a
lower server stress, it is convincing that the path for sending
data from a tree to the client in Vcast is a lot better than
the path provided to the client using Pure Unicast overlay.

We studied how network load incurred by Vcast is dis-
tributed among the underlying network by estimating the
node stress at each network node. A good scheme should
have uniform node stress distribution to reduce bottleneck in
the network. The stresses for all 600 network nodes for dif-
ferent overlay sizes are drawn in Fig. 7. It is noteworthy that
a few nodes have high node stresses. These nodes are actu-
ally the inter-domain nodes that most of the delivery paths
have to get through. No overlay multicast topology could
avoid these hot spots. Putting these nodes aside, the node
stress is highly balanced among the other network nodes
(e.g., about 5 times better than Pure Unicast in terms of
standard deviation). Therefore, load balancing is achieved
by Vcast. This is explainable since Vcast follows the Round-
robin manner to distribute the service load over all overlay
nodes which are randomly located in the network.

In the second simulation scenario, we allow a number of
nodes to be turned off. p is the probability that a node is
off due to a failure. We computed the metrics for the tree
after a number of nodes are switched to the off state, and
for the tree after being self-organized according to the al-
gorithm presented in Section 3.6. For simplicity and due
to the difficulty of modeling the underlying network traf-
fic, we assumed that the arrival data rate at a node is only
affected by the number of outgoing streams at the parent
node. Therefore, children of a node having the most outgo-
ing streams should be adjusted first in each self-organization
phase. Fig. 8(a, ¢, d) found that the overlay before refine-
ment does not change much on link stress, access distance,
and network waste. Exceptionally, when most of the node
removals are due to failure (p = 0.1), the server stress in-
creases significantly (Fig. 8(b)). This is anticipatable since
when a node fails, all of its children are reconnected to the
server. However, after readjusting the burdened-server over-
lay, the server stress is reduced to approach to that of a nor-
mally constructed Vcast overlay tree. This study shows the
potential adaptability of Vcast to changes in network sta-
tus. Our preliminary prototype system also reports similar
performance patterns on this adaptability of Vcast.

To investigate whether the refined overlay’s service load
is better balanced over network nodes, we computed node
stress distribution for the refined overlay and compared it
with that of the overlay before refinement. Due to the re-
moval of nodes, the overlay load may become skewed among
network nodes. However, after the self-adjustment, the node
stress distribution is a lot more uniform. The results for an
example scenario are drawn in Fig. 8(e, f). Illustrated in this
figure is the overlay with 200 nodes removed with p = 0.1
from 300 nodes initially. This study shows that Vcast has
a potential in keeping the overlay service load well balanced
without being significantly affected by the negative changes
in network traffic.

S. CONCLUSION

We have proposed a simple yet efficient overlay multicast
scheme, called Vcast, as a means for putting Patching into
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Figure 7: Node Stress Distribution with Various Overlay Sizes

practice. The motivation behind our work is due to the lack
of a deployment of multicast VOD services on the Inter-
net while an efficient technique such as Patching assumes
a currently infeasible IP Multicast. Even though different
schemes on application-level multicast have been proposed
for various applications, Vcast has distinguishing and desir-
able features:

o Topology-less: Vcast does not need to propagate state
updates/probes across the network, thus avoiding the
complexity at each overlay node for doing so.

Load balancing: Even though important, this issue is
not mentioned in earlier work on overlay multicast.
One of the goals in designing Vcast is to give every net-
work node an equal chance to service client requests,
hence guaranteeing service load balancing.

Lightweight self-configurable: Vcast allows adjustments
of on-going delivery paths to reflect the dynamism of
underlying network traffic. Other techniques also have
this feature, however Vcast does not require heavy
(e-g., periodic) inter-node communication to measure
the congestion or the aliveness of a path.

Since Vcast is built on an overlay, it must introduce ad-
ditional overhead as compared to IP Multicast. However,
our simulation study found that Vcast incurs a low penalty.
When compared to Pure Unicast, a centralized organization
of the overlay, Vcast provides the same amount of network
load but a significant reduction on server bottleneck, physi-
cal link and node stress. The delay for a client to access an
existing multicast is also less.
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