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Abstract—Despite the amelioration in communication technolo-
gies, the server network 1/O bottleneck remains a severe obsta-
cle in video-on-demand applications. All bandwidth-sharing tech-
niques, proposed to overcome this, assume videos to be requested
in their entirety. In this paper, we extend the video-on-demand de-
livery problem so that it allows users to request parts of video and
be able to receive them at that instant. Specifically, we propose
an efficient technique called Multicast Jumping (MJ) that provides
many desirable properties such as: (1) The demand on the server
bandwidth is significantly alleviated; (2) True and scaleable video
on demand is achieved; (3) Not only for streaming video segments
on demand, but the technique also works for on-demand videos in
their entirety.

I. INTRODUCTION

Today’s multicast protocols [1] are not optimized for video
applications. Particularly, they cannot deliver video on demand
(\VOD). This restriction has led to a large body of recent work
looking for remedies at the application level. They are Periodic
Broadcasting (PB) ([2], [3], [4], [5], [6], [71, [8]), Batching ([9],
[10]), Chaining [11], Piggybacking [12], and Patching ([13],
[14]). A network-level scheme was presented in [15], which
caches data at routers in the network to service subsequent re-
quests. In a sense, cached data act as a huge “virtual server” to
all users, therefore lightening the demand on the server band-
width.

Those schemes above are based on the assumption that
videos are requested and transmitted in their entirety. This
premise might not be true in practice where users usually prefer
retrieving partial contents of video. As an example, a student
might want to review only the last 15 minutes of a previously
recorded lecture. Such situations happen very often in VOD
applications, especially in video information systems [16], [17]
where queries are most of the time for special content-based
segments of interest and the results should be returned in an in-
teractive manner. We call this new environment generalized -
Video on Demand (g-VVOD).

Supporting g-VOD however is not trivial. Indeed, let us con-
sider two users who request the same video. They may share
a single multicast as the result of the existing VOD solutions.
What if the requests are the first and the last 50 minutes, re-
spectively, of a one-hour long video? Since the two parts share
80% of their content, it would be beneficial to enable sharing
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the overlapped data. However, it is not obvious how the users
can join the same multicast because the requests are different
in this case. The problem becomes more complex when we
have to deal with many users. Under such a circumstance, cur-
rent methods would treat requested segments as distinct videos;
therefore degrading to the very inefficient dedicated-stream ap-
proach.

To conquer this, we investigate a new bandwidth-sharing
technique called Multicast Jumping (MJ) which allows user ma-
chines to cache data in their local storage. When a user requests
a video segment S, there may be an existing multicast about to
carry some part of S. That common portion can be shared by
the user and the multicast, and the missing leading data (if any)
is provided by the server on a new multicast stream. According
to MJ, the user plays back it (i.e., the missing) while buffer-
ing the data downloaded from the multicast partner. Once that
playback is done, the user switches to render the cached data.
After this task is accomplished, the user still needs to obtain
the missing ending data, if any. The situation then mimics and
is processed in the same way as the first time the user requests
segment S.

In short, MJ is aimed at sharing as much as possible with on-
going multicasts in order to deal with new users. This saves a
lot of server bandwidth since the server does not have to launch
streams, for a single use, many times. The multicast groups
can grow with new requests coming at different times, therefore
relieving the number of necessary multicasts. The system is
therefore scalable. Furthermore, since any request is serviced
immediately, the true on-demand property is obtained. MJ is
a general-purpose VOD delivery scheme in the sense that, not
only for streaming video segments on demand, but it also works
for on-demand videos in their entirety.

The remainder of this paper is organized as follows. In Sec-
tion I, we introduce Multicast Jumping in detail. We discuss
the simulation studies in Section Il1. Finally, we give the con-
cluding remarks in Section IV.

Il. MULTICAST JUMPING

In this section, we introduce a novel solution called Mul-
ticast Jumping (MJ) that allows users requesting overlapping
segments of the same video to be able to join a single service
stream in an efficient way.

We assume that a g-VOD system includes a machine acting
as the server that stores video files. Any user machine must



be equipped with some amount of memory on the local disk
for caching purposes. Thus, the price for MJ is the additional
disk space required at each user node. Users wanting to watch
some segment of a video send a request to the server. At any
point of time, there are always a number of on-going multicast
groups in the system. The server contains all information about
them. If a user asks for some service, based on the content being
carried on those multicasts, the server will inform the user of a
schedule consisting of which multicast addresses and what time
the user can tune into in order to download the data needed.
The cache is used for synchronizing the tasks. When some data
cannot be found on those, the server will create a new multicast
to deliver this missing data to the user. This use of multicast
instead of unicast enables subsequent users to join and share
data. The most important point of MJ is that we try to share
as much as possible overlapped segments of the same video
in order to relieve the demand on the server network 1/0. For
simplicity, we are based on the premise that the transmission
time on the network is negligible, and the playback rate and the
rate of video data coming out from the server are one video data
unit over one time unit.

Let us denote by [s1, s2] the segment containing frames s,
s1+1, .., s2. [s1, 82), (51, s2] and (s1, s2) have similar mean-
ings except that they exclude frames ss, s1, and both of them,
respectively.

A. Asimplified view

Without loss of generality, we consider only one video V, of
which users request various segments. In practice, the server
bandwidth can be de-multiplexed to make any n virtual servers,
each serving one of the n videos. To see the idea of MJ from a
simple perspective, let us suppose that a new user U with cache
size W starts requesting a segment [a, b]. At this moment, let
us assume there exists an on-going multicast G that is about to
carry another segment [¢, d]. We consider the following possi-
bilities: (1) 0 < c—a < W, ¢ < band b < d: In this case,
the server allocates a new multicast G,,., containing only user
U and delivers the segment [a, ¢). U will start playing back
as soon as the data comes. At the same time, U joins group
G and receives the segment [, b] from this existing multicast.
The arriving data is stored in the cache. Once U consumes up
[a, ¢), the data in the cache still contains frame ¢ because of the
condition c—a < W. Therefore, U will switch to playing back
data in the cached until the whole [¢, b] is received. G ¢, Can
be released since it is of no use anymore. After U playing backs
frame b, U cancels its membership with G because its request
is fully satisfied. ()0 <c—a < W,ec < bandb > d: This
case is very similar to the previous case. The only difference
is that the segment (d, b] cannot be downloaded from multicast
G. This can be treated simply. The algorithm is as follows. The
server allocates a new multicast G,,,, containing only user U
and delivers the segment [a, ¢). U will start playing back as
soon as the data comes. At the same time, U joins group G and
receives the segment [c, d] from this existing multicast. The

arriving data is stored in the cache. Once U consumes up [a,
c), the data in the cache still contains frame ¢ because of the
condition c—a < W. Therefore, U will switch to playing back
data in the cached until the whole [c, d] is received. G ¢, Can
be released since it is of no use anymore. After U playing backs
frame d, it still needs to get (d, b]. In this situation, the server
again creates another multicast including just U and transmits
(d, b] to this user. The new multicast will expire once frame b
is already received by U.

Let us consider a more complicated scenario. When a new
user requests a segment, there are multiple on-going multicast
groups, each being about to receive a segment overlapping with
the requested one. A practical issue is to decide which multi-
cast the user should join in order to best utilize the in-network
bandwidth and minimize the server involvement. We call that
selected multicast the share stream. Another thought pops up
in the second possibility presented above. After user U receives
d from @G, is it mandatory to require that the server create a new
multicast, which we call the live stream, for the user to down-
load (d, b]? The answer is “no” since by that time there may
have been more multicasts that are created after U starts ask-
ing for service. U would be able to jump into one of them for
the remaining segment, resulting in even zero physical streams
from the server. The details are thoroughly described below.

B. User design

To implement MJ, a user machine needs to have three threads
of control: two data loaders Lj;,. and Lgp.re, and a video
player V P. Ly;,e is responsible for downloading data from the
live stream originating from the server. L, is used to get
data from the share stream whereas V' P is invoked to fetch data
from the local buffer, reassemble the video frames and render
them on the screen.

When a user likes to watch a video segment, he sends
a request to the server and waits for the reply. That
request contains the information about the user identifier,
the user cache size, a particular video, and the two ends
of the segment (i.e., the starting and ending identifier,
usually represented by frame number). The reply mes-
sage is of the form (LiveStreamID, ShareStreamlID,
EzxpireTimeyye, FExpireTimespqre, FinishFlag) where
LiveStreamID, ShareStreamID are multicast group ad-
dresses, and ExpireTimeyye, ExpireTimegpqre INtEQErs.
When the user is notified, the reply is interpreted as follows.
If ShareStreamID = NULL, the user needs activate only
loader Ly;,. in order to join and receives data from multi-
cast LiveStreamlID for ExpireT'ime;;,. time units. After
that, the live stream is released. As the data arrives at the
user, V P renders the video frames onto the screen. In the
case that ShareStreamID # NULL, the user joins mul-
ticasts LiveStreamlID and ShareStreamID, and activates
both loaders L;;,. and Lgp 4. These loaders are used to down-
load data from the multicast streams at the same time. Data
obtained by L. resides in the user cache. The user quits the



Algorithm: User Main Routine

1) Send a request (UserID, CacheSize, VideolD,
FirstFrame, LastFrame) to the server.
2) Wait until receiving a  reply (LiveStreamlD,

ShareStreamID, EzpireTimeive, ExpireTimeshare,
Additional EzpireTime, FinishFlag) from the server.
3) If ShareStreamID = NULL, activateloader Ly, -
4) Elseactivateloaders Lj;ye and Lgpgre-
5) Start thevideo player V P.
6) If FinishFlag = OFF, do thefollowing
o Wait until loader L spqre StOPS.
o FirstFrame is assigned to FirstFrame +
FEzxpireTimelye + ExpireTimespare-
e Gobacktostep 1.
7) If AdditionalExpireTime = NULL, go back to step 1.
8) Assign EzxpireTimer;ye t0 Additional ExpireTime
9) Activateloader L;;,. and video player V P.

Fig. 1. The main routine at the user node

multicasts after ExpireTimey;y. and ExpireTimegpqre time
units have expired, respectively. Once it quits the live stream,
its V' P continues playing back data from the cache. When it
quits the share stream and FinishFlag is off, the user is done
with his/her request. Otherwise, he/she sends another request
to the server for the yet-missing data. This task mimics the
first time the user asks for service. The process is repeated un-
til the user receives a reply whose field is turned on or until
ShareStreamID is null.

We present the user routines in Figure 1 (main procedure),
Figure 2 (loader algorithms) and Figure 3 (video player). Note
that the data from the live stream and the share stream (if any)
are first buffered in RegularBuf fer and CacheBuf fer, re-
spectively. However, the data saved into RegularBuf fer is
pipelined to V' P immediately. Consequently, the size of this
buffer is negligible. We will simply refer to CacheBuf fer as
the user cache in this paper.

e Algorithm: Loader Lj;qe

1) Join LiveStreamID
2) Download one data unit on stream Live StreamID
3) Storeitto RegularBuf fer
4) Decrease ExpireTimerive by 1
5) If ExzpireTimey;ve = 0, quit LiveStreamI D and exit.
6) Else Go back to step 2.
o Algorithm: Loader Lspare

1) Join ShareStreamID

2) Download one data unit on stream ShareStreamID

3) Storeitto CacheBuf fer

4) Decrease ExpireTimespare by 1

5) If ExpireTimeshare = 0, quit ShareStreamID and
exit.

6) Else Go back to step 2.

Fig. 2. Loaders at the user node

C. Server design

We now discuss the details of the server design. The server
maintains a service table to monitor the information of on-
going multicasts. Each row represents a group and has five

Algorithm: Video player V P

1) Fetch one playback unit from RegularBuf fer

2) Freethedisk space for the fetched data

3) Reassemble the fetched data into frames and render them onto the
screen

4) If RegularBuf fer isnot empty, go back to step 1.

5) Fetch one playback unit from CacheBuf fer

6) Freethe disk space for the fetched data

7) Reassemble the fetched data into frames and render them onto the
screen

8) If CacheBuf fer isnot empty, go back step 5.

9) Exit.

Fig. 3. User video player

attributes. Attribute MulticastI D is the multicast address of
the group. Attribute MemberList is the identifier (address)
list of all members who are listening to the multicast. Attribute
VideoID is the identifier of the video being multicast. At-
tribute NextFrame is the index of the frame that is about to
delivered next. Finally, attribute LastFrame is the index of
the frame that will be delivered at last. This table is updated as
time goes by. After every one time unit, all NextFrame val-
ues are reduced by one. A row is removed if its NextFrame
value exceeds LastF'rame value.

Having received a request for a segment [a, b] of video V
from a user whose cache size is W, the server accesses the ser-
vice table to look for a multicast group being about to download
the segment [¢, d] of V suchthat0 < c¢—a < W, ¢ < b, and
¢+ d — a — bis minimized. In other words, the user is sched-
uled to join an on-going multicast whose content is most shared
with the requested segment provided that the leading missing
portion is smaller than the user cache size. If such a multicast
is not found, the server simply creates a new multicast includ-
ing the user and delivers the requested data to the user on that
stream. Otherwise, the server also creates a new multicast, but
only transmits [a, ¢). The server then asks the user to join the
found multicast (i.e., share stream in our terminology) to down-
load the overlapped content [¢, min(b, d)] and informs the user
of the time he/she must quit the multicast.

If d < b, the user still has to get (d, b] somehow. A straight-
forward way is to create a new multicast from the server to pro-
vide this piece of data. However, we thought it is not necessary
to do that. Indeed, since time has moved up, the service table
may have been updated with more new multicasts. It is possi-
ble that the missing segment can be obtained from one of these
groups. If this happens, the server treats (d, b] as a new request
just arriving from the same user. The server processes this re-
quest in the same manner as it does with [a, b], which has been
described above. Details of the server routine is shown in Fig-
ure 4.

We can think of the user as jumping from one multicast group
to another several times until he/she gets the final frame. MJ
utilizes the existing multicasts as much as possible in order to
avoid the server having to allocate many new multicasts. As a
result, the server bandwidth is less demanded in this particular
instance. A problem with MJ may be that multicasts are up-



Algorithm: Server Main Routine
1) Wait for anew request

4) If such arow is not found, do the following:

« Go back to step 1.

6) Createanew multicast NewStreamID containing UserI D

8) If LastFrame < Last, do thefollowing:
« Go back to step 1.

10) Go back to 1.

2) Receivearequest (UserID, CacheSize, VideolD, FirstFrame, LastFrame).
3) Searchtheservicetablefor arow (ShareStreamID, MemberList, VideoI D, Next, Last)suchthat 0 < Next — FirstFrame <
CacheSize, Next < LastFrame and Next 4+ Last — FirstFrame — LastFrame isminimized.
o Createanew multicast NewStreamID containing U serID
o Insertanew row (NewStreamlID, {UserID}, VideolD, FirstFrame, LastFrame)
o Sendareply (NewStreamID, NULL, LastFrame — FirstFrame +1, NULL, NULL,ON)
5) Changetherowto (ShareStreamID, MemberListU {UserID}, Videol D, First, Last)
7) Insert anew row (NewStreamlID, {UserID}, Videol D, FirstFrame, Next — 1)
o Sendareply (NewStreamID, ShareStreamID, Next — FirstFrame, LastFrame — First + 1, ON)

9) ElseSendareply (NewStreamID, ShareStreamID, Next — FirstFrame, Last — First + 1, NULL,OFF).

Fig. 4. Algorithm for the video server

dated quite often due to the jumps. However, we can surmount
this by limiting the number of jumps to be below a threshold
¢, or the size of remaining segment to be above a threshold 7.
In other words, if the number of jumps already equals ¢ or the
remaining data size is less than 7, the remaining data must be
downloaded from the server.

I1l. PERFORMANCE EVALUATION

To assess the potential of Multicast Jumping (MJ), we carried
out a simulation. Since no other work excluding the dedicated
stream approach (DS) has been done to address the issues of g-
VOD, we compared MJ with DS in this section. For simplicity
and without loss of generality, we consider only one video of
which users request various segments. To best explore the per-
formance merits of MJ, we are interested in the four measures
listed as follows. (1) Server bandwidth requirement (SBR): The
total bandwidth the server has to reserve in order to satisfy all
requests. (2) Server load used per request served (SLRS): The
average time the server spends serving a successful request. (3)
Success rate (SR): The percentage of requests that are success-
fully served out of all requests. (4) Data over time (DOT): The
average data amount transmitted per time unit, computed as the
ratio between the total amount of data requested and success-
fully served, and the simulation running time. The SBR and
SLRS demonstrate the efficiency in dealing with the server bot-
tleneck, while the others reflect the system throughput. For re-
quested segments are of different sizes, the DOT is more suit-
able to be studied than the average number of requests in a time
unit. In our experiment, we assume that requests are served im-
mediately if services are available, or they will renege. Hence
SR can also be considered in a metric sense to judge the level
of achieving true video-on-demand services.

Our workload consists of 100,000 service requests arriving
according to a Poisson process with the default request rate A =
1.0. Each segment is generated randomly, that is, the first frame
and the segment length are randomly chosen, provided that they
do not conflict with the video length. It implies that as the video
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Fig. 5. Effect of video length on the bandwidth requirement

length increases, so does the average segment length. The sys-
tem server, which may be a collection of media servers, is capa-
ble of supporting by default 1000 concurrent streams imitating
the bandwidth of the system used in the Time Warner trial in
Orlando, which can deliver 1000 MPEG-1 streams simultane-
ously. Each user can cache up to two and a half minutes of
video, which is reasonably small. We use one second of video
data as the unit for caching. The simulation time unit is also a
second. We investigated the impact of video length (varying be-
tween 30 and 150 minutes), request rate (varying between 0.2
regs/sec and 1.8 regs/sec), and server bandwidth (varying be-
tween 500 concurrent streams and 1500 concurrent streams) on
the four measures described above. In what follows, we report
the detailed numerical results and discuss their cause and effect.

A. Bandwidth requirement

In this section we evaluate the minimum bandwidth the
server has to reserve in order to serve all requests. For this
purpose, we consider the impacts of video length and request
rate. The simulation results are presented below.

1) Effect of video length: Figure 5 illustrates a vast differ-
ence between MJ and DS. In order to guarantee service for all
requests, the bandwidths of the approaches are more required
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as videos are longer. During this increase, however, the ac-
celeration of MJ-curve is less than that of DS. At any point,
MJ is recognizably more advanced than the other by at least
two times. As an example, when videos are 1.5 hours long
(usually the length of popular movies), MJ only needs a server
bandwidth 43% of that required by the conventional dedicated
stream paradigm.

2) Effect of request rate: The effect of request rate on the
two schemes is shown in Figure 6. As the rate increases, they
require more server bandwidth in order to provide services to
all requests. We can however see an outstanding improvement
of MJ over DS here, regardless of how small or large the rate is.
In particular, the server bandwidth required by the former is al-
ways about 300% less than that required by the latter. This gap
would have been larger had we continued to increase the request
rate. This improvement is due to MJ’s ability to lessen band-
width demands on the server by allowing new users to get par-
tial data from multiple existing multicast groups. Consequently,
the active periods of server streams are considerably short. In
contrary, DS must occupy a long-live dedicated stream from
the server whenever a request arrives. Therefore, the quicker
requests arrive, the more bandwidth the server has to use.

B. Impacts on SR, DOT and SLRS measures

1) Effect of video length: We investigate the impact of video
length on the success rate, DOT and SLRS in this section. The
results plotted in Figure 7, Figure 8 and Figure 9 are derived
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from simulation runs with the video length varied from 0.5 to
2.5 hours. Other parameters are assigned with default values.
Figure 7 shows that both techniques resulted in lower success
rates, however the performance gap between them becomes
more significant as the video length increases. In the worst case,
a 75% of requests were successfully served by MJ in compari-
son with only 20% of that served by the other. In all other cases,
MJ is superior to DS by an at least 160% better success rate.

In terms of DOT and SLRS, the advantage of MJ still holds.
The video length changes do not affect the DOT value very
much under DS (Figure 8). In contrast, MJ has higher DOT
values as the effect of increasing the video length. The differ-
ence between them becomes recognizable when a full video is
0.75 hours long. The enhancement of MJ gets more substantial
with longer videos. For instance, with 2.5 hour long videos, the
average amount of data provided by the server to users in a time
unit is 350% larger than that provided by the DS approach.

Figure 9 exhibits the two techniques in the context of average
load used by the server for each successful request. Despite the
increase of video length, MJ needs very little server load for
each request where DS has to use precious server bandwidth
for a longer time. As shown in the figure, 600% of SLRS is
improved by MJ compared to the latter when videos are long,
and 300% improved when videos are short.

2) Effect of request rate: The effect of request rate on the
performance metrics is illustrated in Figure 10, Figure 11 and
Figure 12 where the rate varies from 0.2 to 1.8 requests per sec-
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ond. In terms of success rate, both techniques work very well
when requests arrive in a sparse manner (less than 0.4 requests
per second). In contrast, as requests arrive more frequently, the
performance of DS degrades dramatically. For example, when
the request rate reaches 0.8 requests per second where MJ is still
able to provide service to all requests, only 45% of requests are
served by DS. On the other hand, DS almost has no capabil-
ity of serving users when the request rate becomes very high
(e.g., 1.8 requests per second). In this case, MJ still offers ser-
vice to more than 30% of requests made. As stated above,
since DS can satisfy most requests like MJ if the arrival rate
is very small, they behave similar in terms of the DOT mea-
sure in this case. However, the larger the rate becomes, the
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better throughput MJ results in. As we can see in Figure 11,
the DOT values of DS stop being improved as the rate exceeds
0.6 requests/second. On the contrary, the mean amount of data
served by MJ increases quickly. We have noted that a higher
request rate reduces the number of requests served as shown in
Figure 10 but, the simulation times in various runs of this study
are especially shorter as the rate gets higher. The DOT values
thus are not necessarily decreased. Actually, the DOT curve of
MJ has a positive slope. This exhibits a merit of MJ over DS
in dealing with many requests arriving in a short period. The
numerical results show that DJ offers a system throughput (in
terms of DOT) about 270% better than the other when the rate
is moderate, and as much as 300% when it increases.

In the context of mean server load used to support a re-
quest, we experienced a sharp distinction between the two tech-
niques (Figure 12). In the best case of the study (with a 0.4
requests/second rate), the MJ server needs use only 1/6 of the
load required by DS for a successful request. In the worst sce-
nario where the request rate reaches the highest value (1.8 re-
quests/second), DS still defeats the other by a 300% improve-
ment. We note the MJ curve goes down in the beginning and
moves up due to the following. When the rate is smaller than
0.4 requests/second, the server can serve all the requests. As the
rate increases before reaching that threshold, requests possess a
denser behavior. Hence, multicasts are shared by more requests
causing less bandwidth load to be used at the server.
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3) Effect of server bandwidth: Aswe mentioned earlier, DS
requires vastly more bandwidth of the server than MJ in order
to provide service to all requests. As a complement, we inves-
tigated how the server bandwidth limitation affects the perfor-
mance of the two techniques. In this study, we varied the server
bandwidth from 500 to 1500 concurrent streams and calculated
the corresponding SR, DOT and DPR values. The results are
plotted in Figure 13, Figure 14 and Figure 15 where in any sim-
ulation run, MJ outperforms DS by a substantial margin.

In terms of success rate and DOT, MJ improves with a steeper
level than the other technique as more server bandwidth is
added. The most significant difference between them happens
when the server has very limited bandwidth. For instance (Fig-
ure 13), when the server can only support 500 streams simul-
taneously, the number of requests that are denied due to the
DS server bottleneck is at least three times greater than that of
MJ. This shows the efficiency of MJ even in the case of the
server having little bandwidth. Additionally, MJ satisfies all
requests when the server bandwidth is 1500 streams whereas
the other can provide service to only half of all requests. The
phenomenon is similar in terms of DOT (Figure 14). Not only
are more requests satisfied by MJ than DS, but also the average
amount of data served by the former in a time unit is consider-
ably higher than the latter.

From the server perspective, Figure 15 illustrates a tremen-
dous advance of MJ in utilizing the server bandwidth. With
more bandwidth added, the average load used per request
changes very little since DS allocates a full stream for each re-
quested segment. On the other hand, greater server bandwidth
increases the number of successfully served requests making
multicast groups to be shared more frequently. As a result, the
server uses server bandwidth for a much shorter time to treat
requests. As we can see in the figure, the SLRS of MJ is about
400% less than that of DS, on the average.

IV. CONCLUSIONS

We have concentrated on g-VOD, a realistic environment,
which allows users to request portions of a video. Specifi-
cally, we have presented a technique called Multicast Jumping
(MJ) in which the server responds to a request by sending to the

user a service schedule. This schedule informs the user when
and from which multicast addresses to download the requested
data. When the schedule expires and the user still needs to play
a missing portion, he/she invokes the server for that particu-
lar data. The server again ends up with another schedule for
the user. This process is repeated until the user receives the
entire requested segment. MJ is a multi-multicast sharing tech-
nique in the sense that users can share more than one multicast
at proper times without asking for plenty of bandwidth at the
server. Thus, MJ saves network bandwidth at the server side.
Additionally, it has advantages such as scalability to support
large-scale applications and ability to provide true VOD ser-
vices.
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