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Abstract. Distributed multimedia documents systems, distributed video servers are examples of multimedia
presentations involving collaboration among multiple information sources. In such applications, objects have
to be retrieved from their sources and presented to users according to specified temporal relationships. Objects
retrieval in these collaborative applications is influenced by their presentation times, durations, and network
throughput available to their sources. Replication of objects amongst the set of collaborating systems gives a
choice for object retrieval. Client going through a multimedia presentation can be in a mobile environment. Here,
object retrievals from collaborating servers are carried out by base stations to which the client is attached. Mobile
client then downloads objects from the base station.

In this paper, we present a graph-search based algorithm for computing and negotiating throughput require-
ments of collaborating multimedia presentations with replicated objects in a mobile environment. This algorithm
maximizes the number of cached objects (that have already been played) for handling operations such as reverse
presentation.

Keywords: multimedia presentations, mobile environments, retrieval scheduling, graph-search strategy, re-
source reservation

1. Introduction

Objects composing a multimedia presentation can be distributed over a set of collaborating
systems. As examples, we can consider distributed multimedia documents systems and
distributed video servers. In adistributed multimedia documents system, objects composing
the document may be stored in a set of collaborating systems. In a similar manner, blocks of
a video can be distributed over a set of collaborating servers. In these applications, objects
have to be retrieved from multiple sources and presented to users according to specified
temporal relationships. Figure 1 describes an example collaborative multimedia document
presentation scenario. Here, six obje@g throughOg) composing a multimedia document

are distributed over systenfd, S2, andS3. These objects are to be presented to the mobile
client system according to the temporal relationships shown in figure 2.

In a mobile environment, clients are attached to a base station (as shown in figure 1).
Base station is connected to both the wired and wireless network, and hence it handles the
information exchange between media sources in the wired network and the mobile client.
Base station controls the clients’ communication withael. A cell can be considered as a
region that is within the (communication) reach of a base station. When a client moves out
of a cell and enters into a new cell, communication with the client has to be handled by the
base station for the new cell. This process of transferring control of a client’s communication
from one base station to another is referred thasdoff
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Figure 2 Collaborative multimedia document presentation example.
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For a collaborative multimedia presentation in a mobile environment, base station (to
which the client is attached) needs to retrieve objects from their sources. Hence, the base sta-
tion has to compute and negotiate the required resources from the network service provider
to each of the media sources. The client can then download the objects from the base station
over the wireless network. When the client moves into a new cell, a new base station (that
is in-charge of the new cell) takes over the control of the client’'s communication with the
wired network. Further retrieval of objects composing the multimedia presentation needs
to be handled by the new base station. As an example, in figure 1, base Bi&istarts
handling the client's communication once it enters into €&l

When a client going through a multimedia presentation enters into a new cell, the fol-
lowing situations are possible.

e Objects to be presented at the client are available with the old base sB8bin(the
example of figure 1). In this case, the new base sta#®) can download the objects
availabe from the old one during handoff.

e Objects to be presented at the client have to be retrieved from the collaborating media
sources by the new base station. Hence, the new base station needs to compute and
negotiate the required resources with these media sources.

e A combination of the above situations is also possible: some objects may be available in
the old base station and some might have to be retrieved from the media sources.

Resource negotiation for multimedia presentations in mobile environmentetrieval

and presentation of objects composing a multimedia presentation in mobile, collabora-
tive applications is influenced by their presentation times, durations, and network throughput
available to their sources. Asthe first step, the following parameters need to be computed for
retrieving objects from their sources: throughput, time, and duration of throughput require-
ment. This computed throughput has to be negotiated with the network service provider.
Based on the offered throughput by the network service provider, client can determine a re-
trieval schedule for the objects composing the presentation. Replication of objects amongst
the set of collaborating systems gives a choice for object retrieval. Sequence of a multimedia
presentation can be modified by operations such as reverse presentation (delivering objects
in the reverse order specified in the document), skip time interval, and scaling the speed.
These modifications influence the throughput requirements and object retrieval schedules.

Our approach. In this paper, we present a graph-search based algorithm for computing
and negotiating the throughput requirements of collaborative multimedia presentations with
replicated objects in a mobile environment. This algorithm maximizes on the number of
cached objects (that have already been played) for handling operations such as reverse
presentation. Reverse presentation is carried out by delivering objects that have already
been presented in the reverse order (similar to rewind VCR operation, difference being
that reverse presentation is done at the normal speed). Hence, caching objects that have
already been presented helps in handling reverse presentation. It also handles operations
that modify multimedia presentation sequence such as skip time interval and scaling speed.

93



98 PRABHAKARAN

Table 1 Symbols used.

1 MS(Op) Non-empty set of media source(s) stori@g
2 PST Presentation start time
3 RST Retrieval start time
4 AT(O)) Arrival time of objectO;
5 Co Network channel throughput for retrieving objeat
6 Zo, Size of objectQ; in bits
7 To; Time of object presentation
8 L Lead time before start of presentation
9 RO Current set of objects to be retrieved
10 PO Set of objects being presented
11 FO Set of objects that have already been presented
12 AO Set of arriving objects
13 B(t) Buffer requirement at time
14 Sl Skip time interval
15 F Scale speed factor
16 BS Base station

2. Resource negotiation algorithm

We can consider graph-search control strategy as a means of finding a path in a graph from
a (root) node representing initial condition to a node satisfying the termination condition
[13]. For the resource negotiation problem being discussed in this paper, initial condition
represents the start of a multimedia presentation and the termination condition represents
the complete schedule for all objects arrival from their sources (i.e., we do not have any
more objects to be scheduled for the presentation). Balelttechode in the path (from the

initial condition to the termination one) represents the chosen schedule for one set of objects
composing the presentation. This section describes the graph-search control strategy for
the collaborative resource negotiation problem.

The symbols used in the discussion are summarized in Table 1. First step in resource
negotiation is to estimate bounds (upper and lower) on the throughput requirements. For
this, identify the first set of objects to be presente@,. Let us assume that user has an
upper bound on th&eadtime before the start of presentation. Let this bound_bee.,
this is the maximum period of time user is willing to wait before s/he sees the multimedia
presentation. Hence, the lower bound on throughput for each abjélcat are to be initially
presented can be estimated &g, = % whereZg, is the size of the object in bits. (This
represents the lower bound since a lower throughput would lead to a lead time greater
than the one specified by client). LBIS(RO,) be the set of media sources from where
the required objects can be retrieved. The throughput estiiBatejs negotiated for the
corresponding members of the $45(RO,) with the network service provider. It should
be noted here that if object(s) RO, has been replicated, then the negotiation will be done
with all the replicated sources.
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Heuristic evaluation function. For the graph-search algorithm, the initial set of objects to
be retrieved represents the root node. Throughputs offered by the network service provider
to different sources of an object (if the object is replicated) represents successor nodes for
the root node. Now, we need a heuristic evaluation function to order and select one of the
successor nodes. For the first set of objects, we select the source that offers minimum lead
time before its presentation. In otherwords, we use the maximum offered throughput to
retrieve an object. L€, be the maximum throughput offered by the network to the media
source(s) of objecd;. (In case of sam€, being available to more than one source that
can offerQ;, one source is arbitrarily selected) Now, we can determine the modified lead
time (L") for the entire presentatlon as the maximum of the lead times needed for each
objectinRQy, i.e.,L’ = max (V L). Now, the retrieval start time of presentati®§T, is:
RST= To, — L'. In effect, the heUI‘IS'[IC evaluation function chooses the successor that has
the minimal lead time in retrieving the obj€ce., we use the maximum throughput offered
to retrieve an object). This helps the user to start viewing the multimedia presentation faster.
Client can now request the media sources to provide the respective objects according to
the computed lead time. (This corresponds to the retrieval schedule for the objects). Buffer
requirements of the initial set of objects iB(t) = ), Co, x t. Available buffer space
Bavail(t) should be greater or equal to this value. In a mobile environment, available buffer
space can be distributed on both base station and the clienBa,&.= Bciient+ Bbase station

Example Let us consider the collaborative multimedia document example discussed in
Section 1. Initial set of objects to be retrievR@, is {O;, O,, O3}, as shown in figure 3.
Media sources for this seMS(RQy), is {{S1, S2}, {S3}, {S2}}. After computing the re-
quired network throughput for each object retrieval, client negotiates with each media
source iINMS(RQO,). Figure 3(b) describes the tree of decision nodes using the graph-
search based algorithm. Root node is the multimedia presentation start node. This node is
expandedo generate two successor nodes: 2 and 3. Node 2 represents retrikR@afiam

{S1, S2, S3} and node 3, the retrieval frofi82, S3, S2}. In this example, we assume that
node 3 represents a minimal lead time and hence this node is selected for further expansion.
(It also implies that we have selected an arrival schedule of objects from media sources
2, S3, and S2).

SetA
Set A
| Node 1
: - Legend :
I
| “E'g;' 2‘§1/A| = SN0:€.3 — = Selected Schedule
e . Set
‘l, Time |{s ,52,53} | [521,53_52] — —— = Choice Not Selected
L T(01,02,03)

Figure 3 Computing arrival schedule of first set of objects.
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2.1. Retrieving subsequent objects

Identify the next set of objects to be retriev&), (V; V; T, is the next higher object presen-
tation time afteo,, O; € RO, A O; € RG;). Bound on throughput for this sBIO, can be
estimated as follows. Lower bound on the throughput implies that the object retrieval would
be started earlier and hence buffer space for the arriving object need to be available for a
longer period of time. Earliest an object can be retrieved igdatreeval start time(RST),
i.e., the time at which initial retrieval is started. Hence, the lower bound on throughput for
retrieval is:C§" = + Z_O'R

MS(Oy) represents the set of media sources that can offer the dbje€lient negotiates
the required throughput for each of the sourcdgl8{O;). Network provides a throughput
Co, to each of the media sources that can offer obf@ctWe can consider those network
channels for which the offered throughput is above the lower boundogV < Cq-
Working backwards, we can compute a set of arrival times of olfje¢at the chent) from
each of the media sources %o, = {Tg, — éof }. This procedure can be repeated for all
objects in the seR0;,. '

Heuristic evaluation function. Throughputs offered by the network service provider to
different sources of an object (if the object is replicated) represents successor nodes for the
node being expanded (i.e., the set of objects to be scheduled next). We need to order the
successor nodes using a heuristic evaluation function.

The arrival times of objectsAT(O;)) in the setRO, may overlap. Hence the buffer
requirements for the retrieval 80O, need to be checked against the maximum availabil-
ity according to the relationy; B(t) = (Bpo(t) + Bro(t) + Bao(t)) (i.e., buffer require-
ment at timet is the sum of buffer requirementstator the sets of playing object®Q),
played objectsRO), and arriving objectsXQ)). For avoiding buffer overflow, the required
buffer space should be less than the available one B@), < Bayai(t)). For handling
reverse presentation user input, we do not release played olj€}ts If buffer require-
ments overshoot the maximum availability at any point in time, then some object in the
FinishedObjectset FO) need to be released. However, different combinations of arrival
times of the objects iRRO, can lead to different buffer requirements. Heuristic evaluation
function orders the successor nodes and selects one as follows.

e If B(t) < Bavaji, then follow the same methodology used for retrieval of the initial set of
objects, i.e., choose the successor that has the minimal lead time in retrieving the set of
objects. Hence, we use the maximum throughput offered to retrieve an object. Motivation
for selecting this heuristic evaluation is: when we choose minimal lead time for retrieving
an object, we are in effect postponing the object retrieval as much as possible. This can
become helpful if client modifies the sequence of presentation by using operations such
as reverse presentation or skip time interval.

o If B(t) > Baai(t) at any point in time, then we choose the set of arrival times for objects
in RO, (AT(R(G,)) that requires minimal release of buffer space (i.e., we maximize the
number of objects held iRO, in order to handle reverse presentation requests).
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Figure 4 Computing arrival schedule for second set of objects.

Example Figure 4 describes the steps involved in identifying the arrival schedule for
the next set of objects in the example multimedia presentation shown in figR®, =

{Q4, Os, Og}. The set of media sources that can offer these obje®tSIRO,) = {{S1},

{S2}, {S3, S1}}. After computing throughput requirements for retrieving each object in
RO,, client negotiates with the media sourcesM&RO,). Figure 4(b) describes the
tree of decision nodes using graph-search algorithm. Node 4 represents retriB@l of
from {S1, S2, S3} and node 5, the retrieval frofS1, S2, S1}. In this example, we as-
sume that node 5 represents retrieval requiring minimal release of played ¢tgefrtsm
cache.

2.2. Handling mobility of the client

When client going through a multimedia presentation is mobile, it can move from one
cell to another. Base station that is in charge of the particular cell then handles the objects
retrieval from the collaborating media sources. During the expansion of nodes (i.e., while
scheduling objects retrieval from their sources), we need to consider the mobility of the
client as well. A node can be expanded depending on the probability of client's mobility.
As an example, in figure 5, node 6 is expanded with probability for client attaching to base
stationBS2 (p(BR)) and the probability of the client staying with the same base station
BSL (p(BSl)). During handoff of client to another base station, playing objectsR&gt

and played objects (sBD) can be transferred to the new base station (to facilitate handling
of reverse presentation). Further scheduling of objects retrieval (i.e., further expansion of
nodes in the search graph) is done for the new base station.

Probability of client's mobility can be estimated using shadow cluster concept proposed
by Levine etal. [8], for resource reservation in mobile environments. Shadow cluster concept
determines probability of a client moving into a cell based on its direction and rate of
movement, as shown in figure 6.
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Figure 6. Collaborative multimedia presentation in mobile environments.

2.3. Negotiation algorithm

The above sequence of computation and negotiation is summarized briefly in the following
Algorithm A.1.

Algorithm A.1. Create multimedia presentation

1. Create a search trdeconsisting of solely the start node, representing the set of objects

2.

98

to be retrievedRO;.
Expandthis node: Compute the throughput requirements for retrieving each object in
RO, from its source(s). For each combination of media sources, compute the buffer
requirementsB(t) over the retrieval time. Each combination gives a successor for the

node being expanded.
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3. Expansion of nodes in Algorithm A.1 is also made taking into account the probability of
client mobility. When the client isanded oveto another base station, objects in the set
PO andFO can be transferred to the new base station. Further execution of Algorithm
A.1is done for the new base station.

4. Order and select one of the successor nodes using the following heuristic evaluation
function f.

e f;: Order the nodes based on the lead time for presenting the set of objects, when
B(t) < Bavail(t). Select the node that gives minimal lead time for retrieving the set of
objects.

e f,: Order the nodes based on the buffer space that need to be released for accommo-
dating the objects to be retrieved, whB(t) > B,yi(t) at any point in time. Select
the successor node that requires minimal release of buffer space, i.e., we maximize the
number of cached objects (that have already been played), in order to handle reverse
presentations.

5. ldentify the next set of objec®Q to be presented such thgtr; To, is the next object
presentation time aftéig, whereOx e RO A O € RO AT > .

6. Repeatstep 2 until arrival schedule for all objects composing the multimedia presentation
have been computed.

Handling insufficient resources. If the offered network throughput or available buffer
space is insufficient, we can consider reducing dq@lity of an object. Quality of an
object can be modified by playing with parameters such as resolution. Modifying object
qualities has been described in [2, 19]. We do not go into the details of object quality
modification in this paper. Also, we do not discuss the choice of objects to be released in
case of buffer overflow. Standard techniques sudbast recently usedan be used for this
purpose.

2.4. Properties of the resource negotiation algorithm

The resource negotiation Algorithm A.1 discussed above generates an efficient objects
retrieval schedule in terms of the following parameters.

e Minimize the lead time for objects retrieval if there is no buffer overflow. This strategy
has the following implications. It forces the lead time for retrieval of initial set of objects
to be minimal, hence the presentation could start as early as possible. For subsequent set
of objects, this strategy postpones object retrieval as much as possible (within the limit
of object presentation start time). Hence, if operations such as reverse presentation or
skip time interval modify the presentation sequence and the set of objects are not needed
for presentation, then the cost of retrieval can be minimized as much as possible.

e Minimize the release of buffer in case of overflow. Hence, we maximize the number of
(already played) objects that can be held in the buffer.

Algorithm A.1 has the following properties.
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Theorem 2.1. Algorithm A.1 always terminates for finite multimedia presentation se-
guence.

Proof of Theorem2.1: Letusassume the opposite that Algorithm A.1 does notterminate.
Termination is prevented only if new nodes are forever added to the decision tree created by
Algorithm A.1. Addition of a new node implies scheduling arrival time(s) of new multimedia
object(s). However, for a finite multimedia presentation, number of objects to be scheduled
is finite. Hence, termination of A.1 isot prevented for finite multimedia presentation
sequences. O

Theorem 2.2. If there is a retrieval schedule that uses minimum client buffer for a finite
multimedia presentation sequence, AlgoritAm terminates by finding the schedule.

Proof of Theorem 2.2: The heuristic evaluation functiofi used by Algorithm A.1
chooses a successor node as follows:

o If B(t) < Bavail, Selectthe node that represents the minimal lead time for objects retrieval.
o If B(t) > Bavai(t) at any point in time, select the node that requires minimal release of
buffer space.

This means that when Algorithm A.1 selects the successor to a mottee chosen
successor uses minimum client buffer for the particular set of objects. The above argument
implies that agny pointin time, the nodes chosen by Algorithm A.1 represent the optimal
(in terms of buffer usage) schedule for those sets of objects. We have (by Theorem 2.1) that
Algorithm A.1 always terminates for finite presentations. Hence, Algorithm A.1 always
terminates by finding a retrieval schedule that uses minimum client buffer for finite sequence
of multimedia presentations. O

3. Handling presentation sequence modification

Sequence of presentation of a multimedia document can be modified by operations such
as reverse presentation, skip, and scaling the speed. These operations modify the resource
requirements for the multimedia presentation. At each step of the resource negotiation al-
gorithm (when the client has finalized on the media source and object arrival schedule),
we can compute a profile for throughput requirements to each media source, as shown in
figure 7. This throughput profile can be used in handling presentation sequence modifica-
tion. In this section, we will discuss how the graph-based algorithm handles modifications

to presentation sequence.

Reverse presentation.This operation directs the sequence of a multimedia presentation
backwards in the timeline. Objects that were already played need to be presented again
according to temporal relationships in the reverse direction. Reverse presentation will be
handled in the following manner.
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Figure 7. Throughput profile for communication with object soug®

1. First step is to stop the arriving objects (if any) as they will not be useful for reverse
presentation.

2. Present objects in the @O (playing objects) and then objects in the B (played
objects) according to deadlines in the reverse direction.

3. Check the throughput profile to collaborating media sources to determine whether other
objects to be presented in the reverse mode can be retrieved using the already agreed
throughput. If so, compute the arrival schedule for objects and negotiate with the media
sources for delivering the required objects. For this invoke Algorithm A.1 with the
restriction that network throughputis not negotiated with media sources. This negotiation
step is needed to ensure that sufficient disk bandwidth is available at each media source
for delivering the required object.

4. Invoke Algorithm A.1 for objects that cannot be scheduled using the existing throughput
profile.

Skip time interval. Here, the client has to start viewing objects that will be presented (in
the normal presentation sequence) after an int&kalhis operation can be handled in the
following manner.

1. Identify the set of objectRQ that need to be presented at after the skip inteBlalf
the objects are part of playing objects (B€) or arriving object (sefO), then the client
can start the presentation once the objects are available. (This step is usually valid when
skip interval is very small).

2. For objects that are not RO and AO, check the throughput profile to media sources
to see if the required throughput is available. If available, the media source(s) can be
used for further retrieval operation without network resource negotiation. However, the
objects that need to be retrieved may (in most cases, will) be different from the one that
was committed to by the media sources. Hence, the client has to negotiate with the media
sources to ensure availability of sufficient disk bandwidth for retrieving the new set of
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objects. For this, invoke Algorithm A.1 with the restriction that network throughput is
not negotiated with media sources.

3. Invoke Algorithm A.1 for objects that cannot be scheduled using the existing throughput
profile.

Scale speed. Duration of presentation objects have to be scaled up or down by the given
factor F. Presentation time of objecty, will also be modified based df. Scaling speed
of presentation can be handled in the following manner.

1. For scaling the speed down:

¢ (Client need not renegotiate the resources that have already been reserved. However,
it can compute an object arrival schedule that helps in maximising the objects held in
cache.)

Compute an object arrival schedule that maximises the objects in cache based on
the throughput profile to each media source. For this, invoke Algorithm A.1 with the
restriction that network throughput is not negotiated with media sources.

e For resources that have not been reserved, Algorithm A.1 has to be executed with
modified object presentation times.

2. For scaling the speed up:

e Check the reserved throughput profile to each media source. If sufficient resources
are available, execute Algorithm A.1 (without making network resource reservation)
to compute modified object arrival schedule.

e Invoke Algorithm A.1 for objects that cannot be scheduled using the existing through-
put profile.

Choices for a mobile client. Caching of objects help in handling dynamic modifications to
presentation sequence. As discussed earlier, buffer space for objects caching is distributed
on the client and the base station. During handoff, objects in the cache of old base station
can be transferred to the new base station. If the available buffer space on the new base
station is lower than that of the old one, some objects might have to be dropped from the
cache. If the client is too mobile, it might be better not to transfer all the objects to the new
base station(s). Another issue is the start time of objects retrieval at the new base station.
This depends on the resource availability between the base station and the collaborating
media sources. If the available resources are very low, objects retrieval can be started even
before the client actually moves into the new cell.

4. Related work

Issues in wireless mobile computing environments are discussed in [5]. Management of
data and querying aspects of databases are presented in [6, 7]. Issues and solutions for
presentation of video objects in a mobile environment is described in [12]. Our work dis-
cussed in this paper is more general in that it deals with diverse media objects and also
it deals with presentation of objects from multiple sources. Support for collaborative ap-
plications in mobile environments is outlined in [4]. Here, group co-ordinator services are
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provided in the International Standards Organization (ISO) Open Distributed Processing
(ODP) environment and collaboration aware tools are designed using these services. In our
work, we address the issue of computing and negotiating resource requirements in mobile
environments. We do not deal with specific architectures such as 1ISO-ODP.

Multimedia authoring and presentation schedule creation have been studied by many
researchers [1, 2, 9-11, 14, 15]. In a similar manner, derivation of retrieval schedules for
distributed multimedia presentation has also been studied in many works, such as[9, 10, 16—
19]. In[10, 11], the presentation of multimedia objects is based on Petri nets description of
the temporal specification. The retrieval schedule is derived by assuming a certain through-
put to be provided by the network service provider. Based on the derived retrieval schedule
and the assumed network throughput, estimates for the buffer resource requirements on the
client system are made. However, the proposed algorithm does not check whether the esti-
mated buffer resources are available or not. Also, it does not handle replication of objects
and variations in the throughput offered by the network service provider.

In [9], Li et al. use time-flow graphs to capture interval-bakexrypresentation sched-
ules, and synchronization of independent sources. Their algorithms guarantee that there
will be no gaps in the source’s schedules. However, they do not address to the issues of
object replication and constraints on resources such as throughput and buffer. As in [10],
in [16—18], authors use Petri net model to describe temporal specifications, and they base
the retrieval schedules on the fixed presentation schedules. In [19], Thimm et al. describe
a method which adapts the presentation schedule to the changes in the resource availability
by modifying the overall quality of the presentation.

In [2], authors have proposed a flexible retrieval schedule algorithm. The algorithm
assumes a maximum throughfit,.« to be made available by the network to a data source.
This throughpull hyo« is thenallocatedfor different object retrievals. In our approach, we
determine upper and lower bounds on throughput requirements for each object retrieval.
Hence, our algorithm handles network resource negotiation in a better manner. However,
our algorithm does not deal with flexible presentation schedules. Also, in [2], authors do
not deal with replicated object retrievals and buffers used for object retrieval is released
immediately after presentation. In our approach, we minimize the amount of buffer released
so that operations like reverse presentation can be handled relatively easily.

[3] suggests the use of interval caching policy. The suggestion is more suitable for
handling multiple retrievals of same video objects. Also, the amount of caching suggested
is based on time interval. In our approach, we maximize the number of played objects that
can be held in the buffer at each stage.

5. Summary and conclusion

Collaborative multimedia presentation involves retrieval of objects from multiple sources.
Retrieval of different media objects is influenced by their presentation times, durations, and
network throughput available to their sources. Previous approaches have generated object
retrieval schedules based on an assumed network throughput availability [2, 9, 11, 17].
These approaches do not handle replicated objects and mobile environments. They also do
not address the issue of caching objects that were already played, for handling operations
like reverse presentation.
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In this paper, we have suggested a graph-search based algorithm to handle resource nego-
tiations for collaborative multimedia presentations in a mobile environment. The advantage
of this approach is that it handles replicated objects and also maximizes the number of
objects that can be held in cache for handling modifications to presentation sequence (e.g.,
reverse presentation or skip).
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