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Abstract. A distributed multimedia document presentation — (a) Start showing the imagat 10 a.m.for 10 min.
involves retrieval of objects from one or more document — (b) Start showing the imaggmetime betwee58 a.m.
servers and their presentation at the client system. The pre- and 10:03 a.m. and show it till the audio is played out.
sentation of the multimedia objects has to be carried out in i . e .
accordance with the specification of temporal relationships, 1€ first statement is hard temporal specification, with
between the objects. The retrieval of multimedia objectst'® time instant and duration of presentation of the image
from the document server(s) is influenced by factors suct{Xed (at 10 am. and for 10 min, respectively). In contrast,
as temporal specification of objects presentations, throught-he second specification is more flexible in that it allows the

put offered by the network service provider, and the bufferStart time instant to vary within a range of Smin. A similar
resources on the client system. Flexibility in the tempora|erX|b|I|ty is allowed for the duration of presentation of the

specification of the multimedia document may help in de-OPI€ct also, by showing the image till the audio is played
riving an object retrieval schedule that can handle variation®Ut- The temporal constraint specification, in other words,

in network throughput and buffer resource availability. In N€IPS in the derivation of presentation schedulthat de-
this paper, we develop techniques for deriving a flexibleSCribes the starting times and durations of the presentations

object retrieval schedule for a distributed multimedia doc-Of the objects composing the multimedia document. Note

ument presentation. The schedule is based on flexible tenfl@t if the specifications are hard, the presentation sched-
poral specification of the multimedia document using theUl® would be the same as the temporal constraint specifica-

difference constraints approach. We show how the derive(gon' Flexible temporal specifications imply that there may
retrieval schedule can be validated and modified to ensur@ Many options in the presentation of the multimedia docu-

that it can work with the offered network throughput and the Ment, i-€., one can havesatof presentation schedules that
available buffer resources. satisfy the given temporal constraints. Each member of this

presentation schedule set describes one posaileof the
multimedia document. In this work, we deal with flexible
temporal constraints.
In a distributed multimedia presentation, the objects
1 Introduction composing the document may be dispersed over a computer
network. These objects have to be retrieved from their stor-

A multimedia document consists of different types of media@gd€ sites and presented to the user. With the storage place
objects that are to be presented at different instants of tim@cting as aerverand the retrieving system ascéent, the

for different durations. The time instances and durations off€trieval process is initiated by the client (as opposed to the
presentations of the objects are specified as either hard &erver justdelivering the objects following some schedule
flexible temporal specifications. In the case of hard tempo©f its own). Hence, the retrieval process is composed of the
ral specification, the time instants and durations of presentafollowing phases.

tions of objects are fixed. In a flexible temporal specification,
however, the time instants and durations of presentations of
objects are allowed to vary as long as they preserve certain
specified relationships. To see this, consider two temporal _
constraint specifications of the form

— ldentify a presentation schedulhat satisfies the (flexi-
ble) temporal specification associated with the multime-
dia document.

Identify a retrieval schedulghat specifies the time in-
stants at which the client should make a request to the
This work was supported by the Army Research Office under Grants ~ Server(s) for delivering the objects that compose the mul-

DAAH-04-95-10174, DAAH-04-96-10297, and DAAH04-96-1-0398, by timedia document.

the Army Research Laboratory under contract number DAAL01-97-K0135, . . . .. .
and by an NSF Young Investigator award IRI-93-57756. Specification of the time instants for retrieving objects
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by determining the time taken to transfer the object from theof constraints on resources such as throughout and buffer. As
server to the client. Consider the temporal constraint specifiin [19], in [28, 29, 30, 31], authors use Petri net models to
cation (b). We can derive a presentation schedule that spedescribe temporal specifications, and they base the retrieval
ifies the start time of presentation of object A as 9:58 a.m.schedules on the fixed presentation schedules. Thimm et al.
If we know that the delay involved in retrieving object A [35] describe a method which adapts the presentation sched-
from its server is 3 min, then the retrieval schedule can beule to the changes in the resource availability by modifying
fixed at 9:55 a.m. This retrieval schedule is constrained bythe overall quality of the presentation.

the following factors

1. Throughput (or the bandwidth) of the communication
channel between the server and the client.
2. Buffer availability for the retrieved objects. . . o
3. Size of the object(s) that is (are) to be retrieved from theln this paper, we have developed techniques for deriving
server. fIQX|bIe objeqt presentation and retrleval_ schedules for a d|§-
4. Time duration available for retrieval. tributed mglt|med|a document presenta'u.on.'Our approa}(;h is
to use flexible temporal constraint specifications for deriving
Here, the throughput of the communication channel, anda possible presentation schedule [5, 6]. Based on this presen-
the buffer resources are system dependent. The availablation schedule, we suggest techniques for deriving the re-
throughput can vary depending on the type of network andrieval schedule. The derived retrieval schedule is validated
the load on the network. The buffer resources are dependeimly checking whether it satisfies all the system availability
on their availability in the client system. The last two con- constraints. If it does not, we do the following.
straints, sizes of the objects and the times available for re-
trieval, are application dependent. Size of an object dependél'
on the type of media, as well as on the desicelity of
presentation (as discussed in Sect. 2.2). For example, an im-
age object may be retrieved as a thumbnail sketch or as £
full image. The time available for presentation depends on X ; : .
the derived presentation schedule from the (flexible) tem-  Portions of the retrieval schedule which do not satisfy the
poral constraints specification. The retrieval schedule for a  SyStém resource availabilities. Based on the unsatisfied

multimedia document presentation has to be derived based '€trieval schedule, we suggest a feedback mechanism for
on the above four constraints. modifying the presentation schedule appropriately.
3. If everything else fails, then modify the quality of pre-

sentation. Such a modification is possible in the case
1.1 Related work of certain objects such agif images, etc. Also, the re-
duced quality of presentation should be acceptable to the

The use of distributed multimedia information, especially ~ VI€Wer.

for distributed collaborations [10, 11, 14, 32] and applica-

tion sharing [39, 40], is becoming increasingly necessary. _ _ )

The related research issues include data retrieval [15], de2 Multimedia document presentation

livery of media objects over a network [3, 4, 8, 9, 12, 29,

30], and temporal reasoning and media synchronization [1A multimedia document is composed of objects that are to
25, 27, 33, 36, 37]. Also, multimedia authoring and pre-be presented at different time instances and for different
sentation schedule creation have been studied by many rélurations. Based on the way the objects are to be retrieved
searchers [2, 6, 16, 17, 19, 20, 21, 24, 26, 34, 38]. Simifrom the server(s), we classify them as

larly, derivation of retrieval schedules for distributed mul- _ 50 .0 Objects. These objects need to be received as
timedia presentation has also been studied in many WO!‘kS, a whole at the client side before the presentation starts.
such as [1.7' 19, 28, 29, 30_’ 31, 35]. In [19]' the presentation For example, still-image files are atomic objects.

schedule is based on Petri nets’ description of the temporal_ gy .0om Obje’cts These objects can be presented to the
spemflcauon. This presentation schedule is f|>_<ed before the viewer as soon as some portion of them is received.
generation of the retrieval schedule. The retrieval schedule The rest of the object is then continuously fed to the

is derived by assum@ng a ce_rtain throughput to be provided viewer. Video and audio objects are generally considered
by the network service provider. Based on the derived re- " "o objects. However, in systems which cannot
trieval schedule and the assumed network throughput, es- .40 display-while-retrieving operation, video can be
timates for the buffer resource requirements on the client retrieved as a whole, and be displayed afterwards. In

system are made. However, the proposed algorithm d_oes ot gich systems, video objects must be considered atomic
check whether the estimated buffer resources are available or objects

not. Also, it does not handle the variations in the throughput
offered by the network service provider. Li et al. [17] use  Atomic objects must be present in the buffers of the

time-flow graphs to capture interval-basttzzy presenta- client as a whole at the start of their presentations. They can
tion schedules, and synchronization of independent sourcethen be consumed from the buffers during the presentation
Their algorithms guarantee that there will be no gaps in thgas in the case of atomic video objects) or can be kept in
source’s schedules. However, they do not address the issube buffers as a whole till the end of the presentation (as

1.2 Our approach

Modify the retrieval schedule. We try to find a different
retrieval schedule which fits into the presentation sched-
ule at hand.

If no such change in the retrieval schedule is possible,
then modify the presentation schedule. We identify the
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in the case of the still images). We u€g(o) to denote the | Media Type | Reduction in size | Reduction in quality

consumption rate of an atomic objeetfrom the buffers. 2 g'é g-%
Note that, for objects like still image§,(o) = 0. 5 o1 o8

Stream objects do not need to be delivered as a whole——
before their presentations. However, in order to reduce jitte Fig. 1. An example table relating quality with reduction in object size
and to smooth their display, such objects usually require = ™
some fraction to arrive at the display site before the start of

their presentations. In this paper, we usg;;(0) to denote  This new solution for the retrieval schedule is selected in such
the size of this fraction for a stream objegtand we use a way that it can handle the changes in the system-dependent

C(0) to denote the consumption rate of a stream object constraints such as throughput offered by the network and the
from the buffers. Note that, in order to prevent the underflowpyffer resources available on the client

of the bufferB(o0), the consumption rat€, (o) must be equal
to the average delivery rate (throughput) of the object
(throughput of an objeat is denoted agh(o)). However, if 2.2 Quality of the presentation
the network is not capable of providing the consumption rate,
then we can reduce the throughput requirement by bufferindn this paper, we suggest the use of quality reduction as
a larger portion of the object at the client site. This processan option for satisfying the system resources. Note that this
will be explained in more detail in Sect. 7.1. option is used only when there is no other way to satisfy the
constraints.
The quality of a presentation has two main aspects.

2.1 Flexible multimedia presentation — Response time of the presentationThe response time

is defined as the amount of time that elapses between
the time at which the first object request is issued by
the system and the time at which the presentation starts.
The smaller this value is, the higher the quality of the
presentation.

Quality of objects. In this paper, we assume that a qual-
ity is associated with each object presentation, and a re-
duction in the size of an object is accompanied by a
reduction in its quality. Different media types observe
different quality reductions when their size is reduced.
A table of the form shown in Fig. 1 provides a means by
which a system can possibly relate quality with reduction
in object size. Note that a reduction in the quality of an
object causes a reduction in the quality of the overall pre-
sentation. Hence, it is better to use higher quality objects
as long as their sizes do not violate system constraints.

In practical circumstances, one may encounter a situation
where the derived retrieval schedule cannot be satisfied. For
example, the network service provider might offer a very low
throughput for the application. The retrieval schedule based
on the throughput offered by the network service provider _
may overshoot the buffer availability on the client. Hence,
the derived retrieval schedule cannot be used for the mul-
timedia presentation. However, we may be able to mod-
ify the retrieval schedule by relaxing (one or both of) the
application-dependent constraints. For example, one can re-
duce the size of the multimedia objects to be retrieved by
reducing the quality of the presentation (if the reduced qual-
ity is acceptable to the viewer). If the reduction in the quality
of the presentation is not acceptable, then we can modify the
duration for retrieving the objects. This can be performed by
selecting a different presentation schedule that satisfies the
given set of (flexible) temporal constraints.

As an example, consider the (previously described) tem 3 opject priorities
poral constraint specification (b): start showing the image

sometime between 9:58 a.m. and 10:03 a.m. and show it t“When there are two or more objects Competing for the same
the audio is played out. Let the chosen presentation schedsystem resource, it may be necessary to change the schedules
ule be such that the image presentation starts at 9:58 a.nyr reduce the qualities of their presentations. Note that, if

If we find that the retrieval schedule based on this presenobjects 01 and o, are Competing for a resource, then,

tation schedule does not Satisfy all the system constraint%z, or both may be affected if the available resources are
then we can try another presentation schedule, say, imagg@adequate to serve them both. We assign priorities to the
presentation starts at 10:03 a.m. This change in the prese@pjects in a presentation to minimize the number of objects
tation schedule gives more time for the retrieval of the ob-that will be affected from a resource shortage. The priority of
ject (in this example, it gives 5min more for retrieval). We an objecto is calculated using user preferences, the number

can derive a new retrieval schedule based on the modifiedf other objects whose presentations depenad,cend cost
presentation schedule and check whether the new retrievajf modifying the quality ofo.

schedule satisfies all the constraints.

In the above example, we (seem to have) arbitrarily
picked up another value for the start of presentation of3 Flexible multimedia presentation architecture
the image. Instead, we can use feedback from the retrieval
schedule to give us an idea of which temporal values carFigure 2 shows the architecture we propose for a flexible
be changed by what factor. In other wordg can use the multimedia presentation. The temporal specifications asso-
flexibility of the multimedia presentation to find other solu- ciated with a given multimedia document are used by the
tions within the application-dependent constraints, such asPresentation Schedule Generator module to generate a pos-
the quality of presentation and the presentation schedulesible presentation schedule. Based on this schedule and other
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constraints such as available throughput and the size of the viewed or edited by an author/user. The filters that can

objects, the retrieval schedule generator determines a pos-
sible retrieval schedule. The schedules are checked by the
schedule validator to determine whether all the associated
constraints (buffer availability, throughput) are satisfied. If

some of the constraints are not satisfied, one or more of the

following modifications are made in order to satisfy all the
constraints.

— Change the buffer resource distribution.
— Pick a different presentation or retrieval schedule.
— Change the quality of the presentation

In the above modifications, modifying the buffer resource
distribution is most desirable, while changing the quality of
presentation is least desirable. Based on this discussion, we
can say that the input and output of the flexible multimedia

presentation system are as follows.
Input. The input to the system consists of

— a set of temporal specifications,

— a list of available system resources: throughput and

buffer,
— a list of object sizes and object locations,
— a list of presentation quality requirements,
— a list of object priorities.

Output. The output is a presentation and a retrieval schedule

that satisfies the input specifications, and requirements.
Flexible Multimedia Presentation System Components.

1. Filters for Accessing the Multimedia Document.De-

pending on their interests and their needs, authors editing4

a document may wish tgiew a document in different
ways, through the use @ifters. These filters describe the

specific portions of the multimedia document that can be

possibly be applied to a document depend on

— user access rights,

— local system capabilities, and

— user’s projection of the document.

Here, the user access rights and local system capabili-
ties are system-defined filters. Access rights describe the
portions of the multimedia document accessible to the
user. Local system capabilities, on the other hand, de-
scribe the facilities the user has for multimedia object
handling. For example, if the local system cannot handle
MPEG video streams, the author might filter out MPEG
video objects and view the rest of the document. The
users’ projection of the document is a user-defined filter
that helps the author to access the portion of the docu-
ment that they are interested in. The presentation must
adapt itself to the changes, such as to the omissions or
additions of new objects. Authors can perform certain
edit operations that modifies only the local view of the
multimedia document. When they are satisfied with the
edit operations they have performed, the changes can be
realized on the system’s document view.

. Presentation Schedule GeneratorThis component of

the system provides a solution to the given temporal
specifications. It picks a schedule which satisfies the tem-
poral specifications. We provide an overview of the tem-
poral constraint solver in Sect. 4.

. Retrieval Schedule Generator.This module takes as

input the presentation schedule, the list of available sys-
tem resources, and the object sizes. It outputs a retrieval
schedule. Section 5 describes how the retrieval schedule
is generated from the listed inputs.

Schedule Validator. Given a temporal schedule, system
constraints, and a retrieval schedule, this module checks
the validity of the generated retrieval schedule based on
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the input constraints. If the schedules are valid with re-
spect to the specified constraints, then Wadidator re-
turns them as the final solution. However, if the sched-
ules do not satisfy the system constraints, this module
suggests modifications that can be made to the current
solution in order to satisfy the system constraints. These
suggestions are used by t&ehedule Modifiemodule
to find a modified solution that can satisfy the con-
straints. Section 6 describes in detail the functionality +
of the Schedule Validator module. S Jﬂ

5. Schedule Modifier. This module modifies the current 12min
solution for retrieval and presentation schedules, based
on the suggestions made by the Schedule Validator mod- 60 min
ule. The modified solution is given back to the Validator Fig. 3. Segmented validation: an example
module to check the solution against the system con-
straints. We discuss the details of the Schedule Modifief Symbol | Meaning |

3min 12 min

in Sect. 7.3. Thinae Maximum throughput available at a communication lirje.
This process of solution-feedback and validation is re- Thiot The total throughput required by the objects sharing a
peated till a valid schedule is generated. In case a vali communication line.

schedule cannot be arrived at, then the best sched-‘) The amount of throughput used by object

3

ule found so far can be used as the solution Object<5 Bufmaqx Maximum buffer available for the objects sharing a com-
: 1 munication line.

whose schedules do not satisfy t,he SySter_n ConStramts Cq i"'Buftot(t) The total buffer required at timeby the objects sharing
be dropped from the presentation, provided the viewer a communication line.

agrees. buf(o,t) | The amount of buffer used by objeetat timet.
binit(0) The size of the buffer required by objegtbefore the
start of its presentation.

3.1 Segmented validation of schedules st(o) The time at which the display of objeotstarts.
et(o) The time at which the display of objeotends.
. . The ti t which th t for the objecis i
In our approach, we first generate a presentation schedule”“”) by‘ih'emce“:m‘_'v ich the request for the objects issued
based On_the specified temporal constral.nts. Then WQ geners.cc(o) The time at which the first bit of the objeatis received
ate a retrieval schedule forsegment of timéthe duration at the client.
of the time segment is chosen based on the implementationsz(o) The size of the objeca.

requirements). The process of segmented retrieval schedulgy. 4. Notation and terminology
generation (and validation) is done for the following reasons.

— In the case of a long presentation (say, a 1-h presentag i validating one segment, its overlap with the previous

tion), system constraints such as throughput and bUffeEegment igevalidated Hence, this takes care of the overlap

can vary considerably. Hence, an initial schedule gener e retrieval schedules.

ated for. th? er_1tire presentation may become invalid at & Figure 3 shows an example of this segmented validation
later point in time. . of a 1-h presentation. The document is divided into five
— Creating a complete schedule for the whole presentatlor%egments of size 12min each, and each of the segments

?;ntﬁ: Srsne? g‘;?jrue”:;]ng'plrter:é%?;tl%?]dctgnasl&?? \(NAar"tdt'g;tee are handled sgparately. The consecutive segments have an
all that, the schedules might become invalid')I overlap of 3min: the schedl'JIe.of the last 3 min of segments
' ’ are reprocessed at the beginning of the following segments,

The retrieval schedule for the time segment is then vali-as discussed above.

dated with respect to the system constraints. If the retrieval

schedule is found valid, then the multimedia document pre-

sentation for the validated time segment is started. (Oth3.2 Notation used in the paper

erwise, we go through the process of solution-feedback to

generate another schedule, as discussed above). Then, the 18 major symbols we use in this paper are explained in

trieval schedule for the next time segment is generated anptig_ 4.

validated. Hence, we follow aegmented validatioof the

generated schedules.
It should be noted here that the segmentation of the prez presentation schedule generation

sentation is done with respect to the presentation schedules.

The retrieval schedule for a segment might fall into the pre-o approach for temporal specification is to use a small

vious segment. This can modify the throughput and bU1Lferclass of the language of real-valued linear constraints called
requirements. In our approach, we allow these segments

et - - . ; .
: ) ifference constraintsWhile generalized linear constraints
overlap by a chosen duration, sayFor example, ifSE;_; g

13] h he f
denotes the end of segment- 1, thenSS;, the segment [13] have the form
start time of thei’” segment will be:SS; = SE;_1 — t. arr1taxra+---+a,x, <b, Q)
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End of Presentation End of Presentation

whereas, .. ., a,, b arerational numbergqpositive and neg-
ative), andzy, . . ., z, range over theeal numbergpositive
and negative), difference constraints have the form
T1—x2 <b. (2)

Thus, difference constraints are a special case of linear con-
straints, where

1. there are only two variables (i.e.,= 2 in Eq. 1), and
2. one variable has coefficient 1 (i.e; = 1), while the
other has coefficient-1 (i.e.,ap = —1).

With each objectOD in a multimedia documenD, we
associate a sef), of temporal constraints. As is customary a
in operations research [13], constraints are constructed from
variables In the case of multimedia documents, we asso-
ciate with each multimedia objec? in the document the
following temporal variables ol

— st(0): denotes the start time of the display of the object
0 T S

- et'(O): denotes the end time of the display of the object S ©
o b

ézig. 5a. The constraint graph arld the corresponding solution

Start of the Presentation Start of the Presentation

Later, in Sect. 5, we will associate some other variable
with objects, but for now, these two types of variables are
adequate for specifying presentation constraints. There are

four types of temporal presentation constraints: edge isot. Furthermore, for each nodg, there is an

edge fromw; to v, with weight 0 and fronm, to v; with
oT (0)—t<ét T (0)—t>6t weight 0.

ot—T (o)<t et—T (0) >t

Thus, given any documenb, we have one graph as-

where sociated with its temporal specifications. The shortest path

1. T (o) € {st(0),st(0)} and solution of this graph (from the end of presentation node

2. t € J;{et(o;),et(0;)} U{stp.et,} and to the start of presentation node) results in a schedule that

3. st, andet, denote the start and end of the presentation Satisfies the temporal specification. Example 4.2 shows how
respectively. the solution works.

Example 4.1.Let us assume tha_lt there exist tvx_/o objesis Example 4.2.Let us assume that there exist two objests
ando, that we want to display simultaneously, i.e., we want (50 s) ando, (40s). We want to display one after the other
them to start and finish simultaneously. This requirement cari.e., o, aftero;). But, we also want the display of to start
be described using the following constraints: within 10s aftero; finishes. This requirement is captured
st(o1) — st(o2) < 0, using the following constraints:

st(oz) — st(o1) <O, st(o1) — et(o1) < 50,
et(o1) —et(o2) <0, et(o1) — st(o1) < 50,
6t(02) — Bt(O]_) S 0. St(Oz) — et(Og) S —40,

Note that using these constraints, not only can we specé'(02) — st(02) < 40,
ify Allen’s 13 temporal relationships [1] between events, €t(o1) — st(o2) < 0,
but also specify more complex quantitative relationships thatt(o,) — et(o1) < 10.
cannot be expressed in Allen’s framework. Suppbss any

document and’, is the set of temporal constraints associ- ~ Figure 5 shows the corresponding graph, and the corre-
ated withD. With this set of difference constraints, we may sponding shortest path solution. At the end, the vertices of
associate a grapti = (V, E) defined as follows. the graph have the following values:
1. Vertices. For each constraint variabte occurring in the  End of the presentation = 0 Start of the presentation9o

set of difference constraintgp, V' contains a vertex; et(o2) =0 st(o2) = —40

representing that variable. In additiol, contains two  et(o1) = —40 st(o1) = —90

special vertices; (document “start” node) and. (doc-

ument “end” node). The corresponding presentation schedule is also shown

2. Edges.If 7; —7; < 4t is a constraint in the set of dif- in Fig. 5. Note that the time values in the schedule are shifted

ference constraints being considered, tfenontains an by 90 to make them positive.
edge fromu; to v; and the weight associated with this
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— a card-optimal removabf C' is any subse’ C C such
thatC’ is solvable, and there is no other remo¥dl such
that card(C") > card(C"). Here,card(C) is the number
of constraints inC'.

— a set-optimal removabf C is any subset” C C such
that C’ is solvable, and there is no other removal’
such thatC” > C".

— a priority-sum-optimal removabf C' is a removalC’ of
C such that there is no other remov@l’ which satisfies
(Yeecn 9(0) > (X .ccr 9(c)) wherep(c) denotes the
priority of constraintc. We assume that(c) > 1 for all
constraintsc.

— apriority-optimal removabf C is a removalC’ of C such
that if cis in C — C’, then there exists a set of conflicting
constraintsS in C where for alle; in S, p(c;) > ©(c).

Fig. 6. A constraint graph with a negative cycle

4.1 Solving difference constraints
L - Finding card-optimal and priority-sum-optimal removals
In general, the number of constraints in the graph is linear d b b 4 P

. o ; of C' is NP-complete, while finding a set-optimal removal
in the number of temporal specifications provided by thejg g4y aple in polynomial time. Similarly, finding priority-
multimedia authors. It is well known that solving a set of optimal removal is solvable in polynomial time.
difference constraints is equivalent to finding the shortest
path in the graph associated with those constraints [7]. Théresentation schedule generation algorithms.Though
constraint graphs may contain edges with negative weightgmost graph algorithms for computing shortest paths can-
As an example, consider the following constraint specifica-not handle negative edges in the graph, the well-known
tion. Bellman-Ford shortest path algorithm can deal with nega-
tive edges [7]. If there is no negative cycle, the algorithm
produces the shortest paths and their weights. The shortest
la)a—b<0 (20)b—a<-1 path along with the associated weights specify, in effect, the
Ba)c—a<0 (@a)b—c< -1 start times and durations of presentations of the objects com-
. . posing the multimedia document. If there is such a cycle, the
b eslt_'\elzvr;),/ t%?é(r?;é t?]ri]s(,j p(i)egléia?;(?g)rear;eo\llz ff{;ﬂ'gtéc;ﬁgalgorithm terminates_ indicatin_g t_hat there is.n(_) solution. The
b ) : : P Sresence of a negative cycle indicates conflicting constraints.
oth conflicts will be resolved by the deletion of a single

constraint. However, any other solution would include atHovyever, the Bellman-Ford algorithm cannot remove con-
least two Ideletions ,such as the removal of (2a) and (3a)stra|nt§ SO as to restore solvapmty. Also, Ioca[ ed|t|ng of
which is undesirablé a mult|med.|a.1 document necessitates thg handling of incre-
' mental additions and deletions of constraints. The reason for
Such conflicting constraints are captured by the existencéhis is that every time a document is modified, the set of as-
of negative cycles in the constraint graph. A negative cyclesociated constraints changes. Insertion of a new object into
is one where sum of the weights assigned to the edges ithe presentation causes insertion of new constraints, while
the cycle is less than zero. For instance, the set of speciebject deletion causes deletion of existing constraints. Ob-
fications in Example 2 corresponds to the graph in Fig. 6ject modification may cause both insertions and deletions of
The elimination of conflicting constraints requires that someconstraints. Hence, we have developed a set of algorithms
constraints be weakened or eliminated. Three ways of elimi{see Appendix) that will do the following.
nating constraints are presented below, all of which are based

on a common (and simple) concept of constraint removal. Take as input a set Qf temporal constraints .and return
as output a presentation schedule that satisfies as many

Example 2 Assume the following set of specifications:

Definition 1 (Constraint removal). SupposeC' is a set of constraints as possible.

difference constraints. A2movalof C is any subsef”’ C C — Handle incremental additions and deletions of constraints

such thatC” is solvable. such that a maximal set of constraints is satisfied at all
times.

The above definition allows any subset@©@fto be con- ) . o )
sidered a removal. Thus, i, ¢, are constraints id’, and if ~ All these algorithms work in polynomial time, and the incre-
(C — {c1}) is solvable, then it must necessarily be the casgnental addition/deletion algorithms are easily seen to per-
that (C —{c1, c2}) is solvable. However, the latter removal of form significantly better than re-solving the constraints from
C eliminates “more constraints” than strictly needed. Below, Scratch.
we present three alternative definitionsopitimal constraint
removal The third definition assumes that each constraint ) )
has an associatggtiority — a number greater than or equal © Retrieval schedule generation
to 1. The higher the priority, the more important the con-

straint. The retrieval schedule associated with a multimedia presen-

tation specifies the time instants at which the client should
Definition 2 (Optimal constraint removal). SupposeC' is make requests to the server(s) for delivering the objects that
a set of difference constraints. compose the presentation. As discussed earlier, the retrieval
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schedule is constrained by system-dependent factors, such before the start of the presentation. The size of this chunk
the available throughput and available buffer resources, adepends on the type of the media, the jitter requirement, and
well as by application-dependent factors, such as the timéhe display hardware at the client. The time(O) at which
available for retrieval and the size of the objects. While the client has to make a request to the server for transferring
deriving the retrieval schedule, we make the following as-the object follows the same argument as in the case of an
sumptions. atomic object, except that the size of the objeetO) has

. : : to be replaced with the size of the chunk of frames to be
— Multiple objects can be retrieved over the same networlﬂetrievedsz(O ). Hence

connection.
— The network provides a maximum throughfiut,,,.. for _ 52(Ochunk)
each connection. Hence, this available throughput has to req(0) = st(0) — Th, .- At

be shared by different objects in case their retrieval from
the server has to be done in parallel. This throughputHowever, the throughput and the buffer requirements are
offered by the network service provider can vary with different from that for an atomic object:
time, depending on the network load. th(O, ) = Th

— The client provides a maximum buffétu f,,,.. for each J _ o mar
connection for storing the retrieved objects before their buf(0,1) =0 {t < rec(O)}
presentation. buf(O,t) = Thmaez x (t — rec(O)) {rec(O) <t < (st(o)}

— The release of the buffer resources associated with thein interval [reg(O), st(O)]
object presentation depends on the application, as wellth(O, t) = ¢(O o
as on the media type to which the object belongs. Thebu(f(o’)t) :(SZ)(Ochmk)} in interval [st(0), et(O)]
resources can be released, in the earliest case, once the

object presentation is started (for media types such a§€re againf varies betweemeq(O) andst(0). _
still images). Figure 7b shows the buffer requirements for a sin-

_ _ ~ gle object (atomic and stream) retrieval. Buffer require-
Based on these assumptions, we now discuss the idegents of an atomic object are basically in the time interval:
behind our approach for determining the retrieval schedule[r¢q(0), st(O)], whereas the requirements of stream objects

Single obiject retrieval. As the simplest case, let us consider &€ distributed in the time intervalr¢(0), et(O)].

the retrieval of a single object as shown in Fig. 7a. TheParallel, multiple object retrieval. In many cases, the pre-
object O has to be presented by the client at tist€0).  sentations of multiple objects that are to be retrieved over the
If the object is atomic, then the retrieval of the object hassame network connection can overlap, as shown in Fig. 8.
to be completed beforet(O). The client makes a request In this case, the available throughput and buffer resources
at time req(O) to the server for the transfer of the object have to be shared among the objects to be retrieved. For
(req(O) must bebefore st(0)). Here, req(O) depends on instance, the stream objects in Fig. 8a are initially assigned
the time required for transferring the object from the serverthe following throughputs:

to the client and on the round trip time required for sending _

the request to the server and receiving a response. Hencg}(Ol) =Thinaz /2,
for the case of single atomic object retrievedg(O) can be  th(02) =Thpae/2,

defined as: th(03) =Thmax/3,
req(O) = st(0) — { 52(0) + At} , and th(04) = Thimax /3,

Thmaw th(OS) = ThmaT/B s
rec(0) = req(O) + At, where, th(08) = Thynas /2.

At is the roundtrip propagation time for sending the request  g5ch objectO is assigned a throughput @ h,.q, /1

and receiving a response, andc(O) denotes the time at \yherey, is the maximum number of objects that simultane-
which the client receives the first byte of the request. Baseq)us|y overlap during the presentation time@f(i.e., from

on the above discussion, the _system-depe_ndent_ fact_ors such) to et(0)). The corresponding buffer requirements, as
as throughput and buffer requirements during a time interval,g|| ‘as req(0), and rec(O) can be calculated using these

for single atomic object retrieval are easy to capture: throughput values. However, the throughput values used for

th(O,t) = Thynas the above calculation are only estimates. These (heuristic

buf(O,t) =0 {if t < rec(O)} and initial) estimates are made on the basis of the overlap

buf(O,t) = Thpmae of the presentation times of the o_bject_s. When the va_dues
x(t — rec(0)) {if rec(0) < t < (st(O)} for req(O) are determined, one might find that the object

retrieval time overlaps in a different manner from their pre-
sentation times. Figure 8b shows a possible overlap of the
In the above equationsg,varies betweemeq(O) and st(O). retrieval schedules of the objects in Fig. 8a. Hence, the sum-
When t is equal toreg(O), the buffer requirement is 0, mation of the throughput estimates in the retrieval sched-
whereas when becomes equal tat(O), the amount of ules has to be checked to ensure that the maximum offered
buffer required for the objead rises tosz(O). throughputT'h,,... (by the network service provider) is not

In the case 0O being a stream object, a chunk of frames exceeded. A similar discussion also applies to buffer esti-
(shown by the shaded portion in Fig. 7a) is to be retrievedmates. Checking the throughput and buffer estimates can be

in interval [req(O), st(O)]
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Buffer Requirements
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Fig. 8a,b. Parallel, multiple object retrieval

done for eachtime interval We can define a time interval
(a, b) as the period between the occurrence of two successive
eventsa, b. The events may be:

— request time of an obje@® (req(O)),
— presentation start time of an objedt (st(0)),
— presentation end time of an objadt (et(0)).

For each time interval, the constraints that must be
obeyed by the schedules of all the objects sharing the same
communication path are the following:

— throughputith(o1) +. .. + th(o,) < Thyas;
— buffer: buf(o1,t) + ... +buf(on,t) < Buf,,a.

Example 5.1.Consider the two stream objectd and 02
that are scheduled as in Fig. 9.

The throughput requirement of the system can be calcu-
lated as follows.

— interval (0-1). No information is being transmitted on
the connection line. Hence, the total throughput,J s
0.

— interval (1-2). The initial fraction of the stream object
0l is being retrieved. Hence, assuming thaf;;(0) <
Buf,,..., the total throughput requirement is

binit(01)

Mot = (5o1) — rec(oD))

1 2 3 45 6 7 8 910
9. Example 3

The buffer requirement, on the other hand, is

Buf;:(t) = buf(ol,t) =0 (whent < rec(ol)), and
Buf;.:(¢) = bu f(ol,t)

_ binit(01)
- <(st(01) — rec(ol))

(whent > rec(ol)).

) X (t — rec(ol))

interval (2-5). The throughput on the communication
path is equal to the consumption rate«df Hence,

Thtot = C5(01)7 and

BUftot = binit(O:L)'

interval (5-7). Both o1 ando2 use the communication

line: o1 receives the remaining portion of its stream in-
formation, ando2 receives its initial fraction.

binit(02)
(st(02) — rec(02))

If we assume thaf25:42)_ is non-zero, thait, (o1)
must be strictly less than the available throughput.
Note that, during this interval, the following also hold:

buf(ol,t) = binit(0l),

Thyot =

+Cy(0l) .

buf(o2,t) =0 (whent < rec(o2)), and
buf(02,t) = ( binit(02) ) x (t — rec(02))
’ (st(02) — rec(02))

(whent > rec(02)).

Hence,bu f(ol, t)+bu f(02,t) must be less than or equal
to Buf,,,.. If this relation does not hold, then the sched-
ule is not feasible. We will later show how to modify
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Server 1 6 Retrieval schedule validation

As discussed above, the generated retrieval schedule has to
be checked to see whether it satisfies system constraints such
as throughput and buffer. This validity is checked for every
time interval in the generated retrieval schedule. It should
be noted here that the retrieval schedule generation and val-
idation process is done for every time segment in the entire
multimedia presentation, as discussed in Sect. 3.1. In case
modifications to the presentation or the retrieval schedules
are necessaryi, it is easier to start from the end of the segment
and work backwards. Working backwards from the segment
end time helps in avoiding redoing already validated sched-
ules. The following algorithm shows how the presentation
and retrieval schedules for a given segmeig validated.

Server 3

010

1 | | | |
Time

Input. A segments, the tentative presentation and re-
trieval schedules fos, the throughput and buffer availability
constraints that the system must obey.

non-feasible schedules to make them conform to the con-  Output. Validity or otherwise of the presentation and
straints imposed by the system. For now, we only stateretrieval schedules for the segment
what needs to hold during the presentation.

— interval (7-9). Both 01 ando2 use the communication
line to receive the remaining portions of their stream

Fig. 10. Parallel, multiple object retrieval from multiple servers

The algorithm starts from the last interval of the segment,
and it proceeds towards the earlier intervals. This enables the
system to first fix thestarting timesand then theetrieval

information: ' ) .
times As a result, the system tries to change the presentation
schedule only if it cannot change the retrieval schedule. We

= + i ; ; o
Thior = Ca(01) +Cs(02) chose this order because, as mentioned earlier, sticking to
and the presentation schedule is more desirable than sticking to

the retrieval schedule.

binit(01) + binit(oz) S BUfmaaL' . Algorlthm

— interval (9-17). Only 02 is active and receiving the re-1 ot the events (the vertical dashed-lines in the figure), and
maining portion of the stream information: identify the number of intervalsim.;).

2. Set the borders of the intervals aemarked. (When a
Thyot = Cs(02) border ismarked, the event that corresponds to the border
cannot be changed).
and 3. Satisfied = True;
binit(oz) < BUfmaw . 4. vFi?"stlntervalSz'§LzzstInterval(-Fail-z\/vo[i] = 0)1
5. ThisInterval = LastInterval;
6. while Satisfied and (ChisInterval > FirstInterval)

Parallel, multiple object retrieval from multiple servers. do

Figure 10 shows how objects composing a multimedia docua) Check if the intervalhisInterval is valid

ment presentation have to be retrieved from different serverg) while ThisInterval is notvalid do

Here, separate network connections will be used for retriev- ;. FailNo[ThisInterval] = Fail No[ThisInterval] + 1;
ing the objects from different servers. The throughput con- ii. if FailNo[ThisInterval] > MazFails then return
straints for multiple object retrieval have to be satisfied for ™

each network connection separately. However, the buffer empty schedule

constraint is the same, because the entire retrieval is harill- Create & alternative feedbacks, each modifying either
dled by the client. the presentation schedule or the retrieval schedule (here,

we do not discuss how the feedback is generated). Note

Interaction between throughput and buffer constraints. that the values that are alreadyarked must be kept

Both throughput and buffer are resources provided by the

system: the first is provided by the network service provider .
and the latter by the client system. When a certain through-
put is offered by the network service provider, the required
buffer resources become an estimate based on this offered

constant in feedbacks.
Send all feedbacks to trechedule modifier

v. while schedule modifiereturns no schedule and

(ThisInterval < LastInterval) do

A. ThisInterval = ThisInterval + 1,

throughput. The estimated buffer requirement, then, has to ™
be checked to ensure that it can be provided by the client B-

system. In order to achieve this, we go through a process

of validating the retrieval schedule that was generated based C.

on the above discussion.

FailNo[ThisInterval]l = FailNo[ThisInterval] +
if FailNo[ThisInterval]l] > MaxFails then return
empty schedule
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D. Set the borders of the intervdlhisInterval asnot- 7.1 Throughput violation
marked

E. Createk alternative feedbacks. Note that the valuesin Sect. 5, we showed that the total throughput needed for
that are alreadynarked must be kept constant in feed- retrieval of multimedia objects in a time interval can be

backs. expressed as
F. Send feedbacks to tlsehedule modifier a Cn
vi. Check if the intervall'hisInterval is valid Thior = (5t(01) — rec(on) tooot (5t(0n) — rec(on)

c) if interval ThisInterval is valid then
i. Set the borders of the interval asarked
ii. ThisInterval = ThisInterval — 1

non—stream

+di+... +d,,,
—_———

d) else stream
i. Satisfied = False wherec; throughe,, are constants denoting the sizes of the
7. if Satisfied then return the schedules non-stream informationsg¢(o;) for atomic objecto; and the
8. elsereturn empty schedule initial buffer requiremenb;,;:(o;) for stream objecb;), and

di throughd,,, are constants denoting the throughput require-

Example 6.1.Consider the two stream objectd. and 02 ments of the objects with constant consumption rate (stream
that are scheduled as in Fig. 9. objects) ) P

Assume that the segment in Example 5.1 is fed into the . .
schedule validator. Let us also assume that the throughput llfttr?e tOtﬁl r?q&llred ttr;]roughput (-g'tt) exgeedstr':hethavall-h_
and the buffer constraints of the system are also as specifie%P € throughpu (Thas), then we need to reduce the throug
in Sect. 5. put requirement by

The algorithm will start from the last interval, i.e., (9= §,,,. = Thiot — Thinas
17). It will check the throughput and the buffer constraints =L 4. +sm +pr 4+ 4gm
as specified in Example 5.1. Let us assume that this interval thru o0 thru @ (thru o thre -

does not violate any constraints. The algorithm then marks non—stream stream

operations. ) ) ) The amount of reduction required,f,.,) is distributed on
The algorithm will then try to validate interval (7-9). 55 andgs using their priorities.

Let us assume that the throughput required for this operation
is more than the available throughput. One solution to this
problem is to reduce the stream throughput of the objec
02 and to move its request time to an earlier point in time
(the details of this operation are described in greater detai
in Sect. 7). Let us assume that the system decides to app& X . .
this solution, and it moves theeq(o2) from 5 to 4. Hence, °rma“9"" €., .the throughpgt of the fo,”('st(o)frec(o))' we
as a result, the interval (5-7) changes to interval (4-7), and'€€d €ither to increase the time of retrieva(¢) — rec(0))
similarly the interval (2-5) changes to interval (2-4). At the OF decrease the size of the objectn other words, we have
end of this step, the variable(o2), which denotes the start the following options:

711 Handling non-stream retrievals

or reducing the throughput utilized by the non-stream in-

of the interval (7-9), is marked by the system. — modify the retrieval schedule by changingc(o);
In subsequent iterations, the intervals (4-7), (2-4), (1-2), modify the presentation schedule by changin);
and (0-1) are going to be validated in a similar fashion.  _ modify the quality of the presentation by reducing the size

In the next section, we show how the feedback is gen- c¢.

erated, and how it is used by the system. Changing the retrieval schedule or the presentation sched-

ule involves modification of the value aofec(o) (time at
7 Feedback generation and schedule modification which the object has to arrive at the client side) an)

(the presentation start time). The modification of the retrieval
As discussed above, the schedule validator checks for thgchedule is the most desirable option since it does not in-
satisfiability of the two system constraints: throughput andvolve any change in the presentation schedule or the quality
buffer. If the throughput or buffer required by the sched- of presentation.
ules exceeds the appropriate upper bound, then the schedule The desired reduction in throughput for non-stream in-
validator declares the generated retrieval schedule invalidiormation of sizec; can be expressed as
In such cases, the schedules (retrieval, presentation or both)
have to be modified so that the system constraints are sat- Cj B Cj S 5
isfied. If schedule modifications are not possible, then the  (st(0;) — rec(o;))  (st'(o;) — rec’(0;)) = "’
quality of the presentation can be reduced.

The schedule validator generates feedback for modifywhere st and rec denote the current values of the presen-
ing the schedules, depending on how the system constraintation start time and the receive timg’ andre¢’ denote
were violated. In this section, we discuss how the schedul¢he corresponding new values, adifj,., is a positive real
validator generates appropriate feedbacks. number. The above equation can also be rewritten as
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G

st'(0j) — rec'(0j) > — — ) Increased initial buffering. Let us assume that, for the
— O, Gy =reco)) stream objecip;, the required reduction in throughput is
6, ... This reduction is for the time intervdbi(o;), et(o;)),

Modifying the retrieval schedule. The retrieval schedule corresponding to the start and end times of presentation of
rec(o) can be modified by keeping the presentation startthe objectso;. Hence, the required increase in the size of

time unchanged (i.est’(o) = st(0)). Hence, the new value the initial buffer can be calculated as

PR _ }
for rec(o) is bufl . = duration; x 07,
rec(0;) < st(0) — ¢ whereduration; = et(o;) — st(o;) .
- 77 = 7 cj : i L. i
O t (st(o_i)—Jrec(o_j)) Increasing the initial buffer size, however, may cause buffer

violations at the already validated intervals. Hence, an in-
€rease can be allowed only if there is enough available buffer

gace to accommodate the suggested incréagi:; . must

€ limited by the minimum buffer size available during the
already validated portion af;'s presentation (Fig. 11).
Modifying the presentation schedule.To modify the pre-  Note that an increase in the size of the initial buffer requires
sentation start time of an object, we need to keep the retrievahat the retrieval schedule for the initial chunk is suitably
schedulerec(o) unchanged (i.esec’(0) = rec(o)). When we  modified. The change inec(o) can be calculated as follows:

. N ) X

substituterec’(o;) = rec(o;) in the equation, we get rector) = bufl. x thoy)

(a3

If this change in the retrieval schedule is not acceptabl
(for example, if it leads to a longer wait time before the
presentation can be started), then the presentation sched
st(o) can be modified as follows.

cs
v ! < . whereth(o;) denotes the throughput assigned to objgct
O * (st(o;)—rec(o;)) for the initial chunk retrieval.

st'(0j) > rec(o;) +

The range for the new presentation start time of the ob-
jecto; can be fed into a presentation schedule modifier (dis-7.2 Buffer violation
cussed in Sect. 7.3) in order to find another feasible value
for st(o;). The modifier generates a new presentation schedThe other system resource that may be inadequate is buffer
ule with the new presentation start time for obje¢f such  space. In Sect. 5, we showed that the total buffer requirement
that the values of the already validated presentation schedula a time instant is
variables are kept unchanged. Sect. 7.3 discusses this issg%fmt

in more detail. c x (t — rec(o1)) +
In both the above cases (modifying the presentation= (st(o1)—rec(oy) viT e }mn_smam
schedule and modifying the retrieval schedule), there will - * Gin—reany < (¢ = rec(on))
be a change in the intervals of the segment. Since the val- te1t...ten,
idation process is carried out backwards starting from the stroam

segment end time, and since the values of the already valyhere ., throughe, are constants denoting the sizes of the
idated intervals are kept unchanged, there is no need fofi ;. _stream information being retrieved, andthroughe,,

backtracking in the validation process. The interval change$ e constants denoting the buffer requirements of the stream
only affect the non-validated parts of the segment. objects.

Modifying the quality of presentation. If the above modi- If we consider an interval of the forrttsia,, tena), the

fications of retrieval and presentation schedules are not fedotal buffer requirement at the end of the time interval is

sible, then the quality of the presentation may be modifiedBuftot

as a last resort. Reduction in the quality of an object implies a o
. . . . . . — X (tend 7'6(,(01)) L

a reduction in the size of the information to be retrieved. = (st(c)—rec(oy) }nonstream

A smaller sized object can than be retrieved with a smaller " Giton)—reco,) * (tena —rec(on))

throughput. As described in Sect. 2.2, this operation can be *t€1t...*én .

performed by using a look-up table to see what the smallest stream

feasible reduction in the object quality is. Note that the maximum buffer requirement within an interval
occurs at the end of the interval. Hence, the above equation

) ) also gives the maximum buffer requirement within the inter-

7.1.2 Handling stream retrievals val (tgiare; tena). If Buf,o; calculated as above exceeds the

) ) . available buffer space (Bpuf..) of the system, then we must
The stream retrieval part deals with the throughput requireyeqyce the buffer usage by

ments of the stream objecadter the object presentation has

started. For reducing the throughput required for stream ob- Obuy = BUfor — BUfiaa -
ject retrieval, we have the following options. Note thatd,, ; can also be written as
— Buffering a larger initial chunk of the objediefore the (

—_ <1 n 1 m
presentation, 6buf = 6buf +...+ (Sbuf + ebuf +...+ ebuf .

— Reducing the quality of the presentation by reducing the As in the discussion for throughput violation, the above
size of the objects to be retrieved. equation comprises two components:
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— (non-stream) buffer requirements for atomic objects andModifying the retrieval schedule. This involves a change

initial chunk retrieval of stream objects, in the value ofrec(o). To changerec(o), we should keep
— (stream) buffer requirements during the presentation othe presentation start time unchanged (is¢'(0) = st(0)).
stream objects. Substitutingst’(o;) = st(o;) in the above equation, we get
Cj

(tend - recl (Oj ))

7.2.1 Handling non-stream retrievals (st(o;) — rec’(05))
Cj

To reduce the buffer requirements during the retrieval of = 5buf (st(0;) — rec(0,)) % (tena — rec(0;))

. . L. . J J
the atomic objects and the initial chunk retrieval of stream
objects (i.e., the componen;m x (t — rec(0)), we ) v
need to either increase the retrieval time&(¢) — rec(o)) or (v — ¢;) X rec’(0;) < (v x st(05)) — (¢ X tena)
reduce the size of the object This, in effect, results in one

or more of the following. {rec’(o]) < Gxstlop=(e; xtend)  for (y — ¢;) > 0

(y—c¢;)
— Modification of the retrieval scheduledc(o)). rec'(0;) > (WW("(J)l (() Xtend)  for (y — ¢;) <0
— Modification of the presentation schedukg(f)). (st
— Modification of the presentation quality)( rec (0;) — rec(o;) <

Changing the retrieval or presentation schedule involves J for (v —¢;) >0

modification of the value ofec(o) andst(o), i.e., the time at rec'(0;) — rec(o;) > (VXSt(O(JV)) C(C)JXt“"d) rec(o;)
which the object has to arrive at the client side and the pre- \ for (v —¢;) <0

sentation start time. The modification of the retrieval sched-

ule is most desirable, since it does not involve any change in
the presentation schedule or the quality of presentation. Th
desired reduction in the buffer requirement for an objgct

can be expressed as Modifying the presentation schedule. This involves a

(i ))— (C_] Xtend)
(v—c;)

— rec(o;)

The above set of equations gives a rangec(p;) —
gec '(0;)) in which the retrieval schedule can be suitably
modified.

Cj % (tona — Tec(07) change in the value o§t(0). To do this, we should keep
(st(o;) — rec(oy)) end — IEAA0; the object retrieval time unchanged (i.ee¢(o;) = rec'(o;)).
¢ Substitutingrec(o;) = rec’(o;) in the above equation, we get

T 5t(0)) — rec(0,) X (tena — rec’(05)) > 5buf ,
J J

wherest andrec denote the current values of these variables, (st('0;) — rec(o;))

¢

X (tend - 7'€C(Oj))

st’ andrec’ denote the values that we are searching for, and_ i Cj x (t _
j buf N - end — T@C(Oj))
83, is a positive real number. The above equation can be™ (st(oj) — rec(o;))
rewntten as M
% X (tend — rec (05))

st’'(o;) — rec(o; e J ) reclos
(st'(0;) (07)) N st/(oj) > C'Lx(tend’y rec(o;)) +rec(o;) for (y > 0)

Y J X (tend — rec(05)). i X (tena —rec(o;

bur T (st(0;) — rec(o;)) (tend (05)) st'(0;) < ci X( dA/ rec(o;)) +rec(o;) for (y < 0)
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End of Presentation End of Presentation

st’(oj) _ St(Oj) > M +7”ec(0j)
for (y > 0) — st(o;)
st'(0;) — st(oj) < —Cix(t"‘"dgrec(oj» +rec(o;)
for (y < 0) — st(o;)

The above set of equations gives us a ranggd;) —
st(o;)) in which the presentation start time can be suitably
modified. This range has to be given to the presentation
schedule modifier (discussed in Sect. 7.3) to generate a neyy,
schedule with the presentation start time for the objgeah
the suggested range. While generating this new presentation
schedule, the schedule modifier keeps the values of the other *
presentation variables (start and end times of presentations
of other objects) constant.

Start of the Presentation Start of the Presentation

Modifying the presentation quality. This involves reduc-
ing the size of the objects to be retrieved. The procedure is ol
similar to the one discussed for handling throughput viola-

tion in Sect. 7.1.

‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘
vvvvvvvvvvvvvvvvvv

b

7.2.2 Handling stream retrievals
Fig. 12a. The modified constraint graph amdthe corresponding solution

The reduction in the stream components of the buffer usage

can only be made by reducing the size of the objects: are-  gjnoq the values of the temporal variables are with re-
duction in the object size would reduce the amount of b.UﬁerSspect to the start of the presentation, idg.e.(v;) = vi—st,,
needed for its storage. Reduction in presentation quality ca e can rewrite the above inequalities as

be made as a last resort. The procedure is the same as the
one discussed for handling throughput violation in Sect. 7.15st, — v; < —(¢(v;) +a), and

v; — Sty < p(vs) +b.

Hence, for each variable such thati(v;) # L, we need
to introduce two new constraints to the document. These
sertions can be represented as the additions of two new
2dges to the grap&. Algorithm A9 (given in the Appendix)
ndles incremental additions of constraints and provides a
pew solution.

7.3 Presentation schedule modifier
The schedule modifier module takes as input the range o
values for the presentation start times of the objects, as su
gested by the feedback generator. The schedule modifier th
generates a new schedule in which only the start times o
the objects suggested by the feedback generator are modiyample 7.1.Let us consider the multimedia document de-
fied and other presentation variables (i.e., the start and engribed in Example 4.1. Let us assume that the presentation
presentation times of other objects) are left unchanged.  gchedule found in that example does not lead into a suitable
retrieval schedule, and the validator asks the schedule mod-
ifier to postpone the start of the objeet by 2—4s while
eeping the end of the objeat as it is (we show in Sect. 7)

Definition 7.1 (Presentation schedule modifier)Let G be
a weighted, directed constraint graph which represents th
temporal specifications of the multimedia document. #;et how the feedbacks are generated)
denote the temporal variables of the document, andplet The inputs to th r? dul df thatisind 5
denote a schedule for the document, i.e., a mapping from € '”P“ S to the schedule modifier, thatisinds, are
the variables into reals. as follows:

Let 6 be a mapping from the vertex variables into ¢(st,) =0 d(stp) = (0,0)
(R x R)|JL, whered(v;) specifies the range of the change ¢(st(01)) =0  &(st(o1)) = L
required in the value of;. If §(v;) = L, then the value of  ¢(et(o1)) =50 §(et(o1)) = (0,0)
v; can be changed freely. Note th&st,) must always be  ¢(st(02)) =50 d(st(02)) = (2, 4)
(0, 0). @(et(02)) =90  d(et(oz)) = L

Thepresentation schedule modifigkkesG, ¢ (the initial  ¢(et,,) = 90 dety) =L
solution) and (the feedback) as inputs, and it returns a new
solutiong,,.., . If, however, there is no solution satisfying the
feedback, then the algorithm returns false.

Hence, the corresponding new constraints are
stp—st(o1) < =50, and

st(o1)—st, < 50.

In order to see how the schedule modifier works, observest,—st(02) < —52, and

that, if 6(v;) = (a, b), then st(o2)—st, < 54. o
The corresponding new graph can be seen in Fig. 12a. At
P(vi) + a < Pnew(vi), and the end, the vertices of the graph and the.,, have the

Pnew(vi) < p(v;) +b. following values:
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et, =0 Drew(stp) =92 simplex
sty = -92 ¢new(€tp) =0

et(OZ) =0 ¢new (6t(02) =92

st(02) = —40  Ppew(st(oz) =52 25
et(01) = =42 new(et(o1) =50
St(ol) =-92 ¢new(8t(01) =0

Figure 12b shows the corresponding schedule.

time
=

8 The CHIMP project 0

-0.5
This paper is part of the Collaborative Heterogeneous In- *°®
teractive Multimedia Platform (CHIMP) project, which has
the goal of studying the technical aspects of collaborative
multimedia document authoring and presentation, as well a:
building a system based on these results. Suppose we co..
sider a team of individuals jointlauthoringa multimedia @
document. In order to successfully author such a documen
the authors must

) 0 o
constraints objects

difference constraints

— identify the objects (e.g., audio objects, video objects, text
objects, etc.) that will be part of the authored multimedia
document. This is studied in detail by Marcus and Subrah-,”
manian [22, 23] who showed that a fragment of Datalog***
queries may be used to identify objects of interest, 100

— specify how these objects should be presented to an enc °
user wishing to view the final multimedia document. This
specification includes, amongst other things, the tempora
constraints used to generate the presentation. In contra
to previous work [2, 18, 23] that describes how arbitrary consirants objects
constraints may be used to specify presentations, CHIMP
benefits from the use of a small class of constraints calledFig. 13a,b. Comparison of successful running times (in miliseconds):

difference constraints that are adequate for specifying ver)ﬁ Time necessary for simplex to find a solutidntime necessary for short-
flexible presentations est path based algorithm to find a solution. NOTE: The scales of the two

graphs are different

00

0

In addition to the presentation constraints, when a set of
objects are scattered across the network, we need to generate
a retrieval schedulehat specifies how the CHIMP retrieval ) nandle difference constraints: third, it cannot handle in-

engine will retrieve the desired objects from other locations,ngistencies that may occur in the input set of presentation
by interacting with remote servers. This too, constitutes parts.;nstraints.

of the CHIMP project, and includes the study of resource |, yhe first experiment, we varied the number of objects
reservation algorithms, as well as servers that can be usef] e presentation from 5 to 45 and we varied the number
for networked delivery of multimedia objects [3, 4], keep- 4t hregentation specifications (constraints) from 10 to 1000
Ing In mind the available resources (.Wh'Ch !ncl_ude bar‘d'(the constraints specify the length of the objects as well as
W'dt.h resources, buffer resources, available vViewing formatgyeir relative temporal positioning). The presentation speci-
at different nodes, etc.). CHIMP s currently implemented gaiions are generated randomly to observe the general be-
on the SUN/Unix platform, and includes some but not all 5oy of the algorithms; however, we made sure that the
the services listed above. randomly generated specifications are consistent. Figure 13
shows the performance comparison of our approach with the
_ simplexmethod. Note that, while our approach finds a solu-
9 Experiments tion within hundreds of milliseconds, simplex may spend up
to 3—4min to find a solution as the number of objects and
In this section, we describe the results of the experimentgonstraints increase. This difference is due to the fact that
we performed to measure the effectiveness of our temporabur approach takes advantage of the restricted syntax of the
scheduling approach compared with the existing appoachesonstraints, while simplex does not.
Buchanan and Zellweger [2], use thamplexalgorithm to In the second experiment, we observed how suitable the
create presentation schedules given a set of objects and a seto different approaches are for the environments where in-
of presentation specifications. However, thinplexalgo-  consistencies are very likely (such as with multi-authored
rithm has major disadvantages. First of all it is very costly presentation specifications, or scheduling with presentation
(exponential time complexity); second, it is not optimized constraints plus network constraints). We again varied the



simplex

constraints o a

(a)

objects

difference constraints

time

constraints 0o objects

ditference constraints

C

Fig. 14a—c.Comparison of running times (in ms) with inconsistent input
sets.a Time necessary for simplex to identify inconsistenciesime nec-
essary for our algorithm to identify inconsistenciesime necsessary for
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cations is inconsistent increases dramatically with an in-
crease in the numer of objects and constraints. However,
as Fig. 14b shows, our approach can identify inconsistencies
very quickly. Furthermore, it can remove the inconsistencies
and provide a solution in much less time (Fig. 14c) than that
taken by simplex just to identify the inconsistency. Simplex,
of course, would not remove the inconsistencies.

These results show that our approach works significantly
better than the simplex method, both when there are no in-
consistencies and when there are inconsistencies. Note that,
in the later case, simplex cannot give a solution, whereas
our algorithm can find a consistent subset of the input con-
straints.

10 Conclusion

A distributed multimedia document involves retrieval of ob-
jects from server(s) and their presentation at the client sys-
tems. The presentation of the multimedia objects have to
be carried out in accordance with the specified temporal re-
lationships among the objects composing the presentation.
Flexibility in the specification of the temporal relationships
helps in deriving a set of possible presentation schedules,
with each schedule representing one possiiav of the
document. The retrieval of multimedia objects from the
server(s) is influenced by factors such as

— presentation schedule of the multimedia objects,

— maximum throughput offered by the network service pro-
vider,

— maximum buffer resources available on the client system.

In the previous approaches [17, 19, 29, 30], the multime-
dia presentation schedule is fixed before the generation of the
retrieval schedule. Based on an assumed network throughput
availability, the retrieval schedules are derived to generate
a retrieval schedule. The generated schedules do not handle
variations in the offered system resources such as network
throughput and available buffer resources.

In this paper, we have developed techniques for deriv-
ing flexible object presentation and retrieval schedules for
a distributed multimedia document presentation. The main
advantage in the proposed methodology is that, instead of
choosing a presentation schedule and trying to find a match-
ing retrieval schedule, the proposed algorithms modify both
the presentation and retrieval schedules in such a way that
system resources (network throughput and buffer resources

our algorithm to both identify and remove inconsistencies and provide al the client SyStem) are used in a very efficient manner.

solution
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(b) all_cycles = allcyclesU {cycle}
(c) return(0)

3. else

(a) return(l1)

A5 : PATH (u,v)

1. if w[u] = L then
(a) return(l)
2. if w[u] = v then
(a) returng — wu)
3. else
(a) temppath = PATH {[u], v)
(b) if temppath =_L then
i. return(l)
(c) else
i. return(temppath— u)
A6 : REMOVE _CYCLES (G, cycles)

1. Let cycles be ( autleyclesU syscycles )

2. <deleted _cons, marked _cons >=CONSULT_AUTHORS
(authcycles)

3. delete the constraints oeleted _cons from the graph

4. mark the constraints imarked _cons as unsatisfiable

5. let E be the set of edges involved in any of the cycles in incydes,
and letpri(e) be the priority of the edge

6. sortE with respect to the priorities in ascending order

7. em=1

8. while syscycles# 0 do

(a) remove all negative cycles containiag, from syscycles

(b) marke,, as unsatisfiable

©) em=em+1

A7 : SOLVE _without_CYCLE _CHECK (G, w, 5)

1. INITIALIZE _SINGLE_.SOURCE (G, s)
2. for i=1to |V[G]| do
(a) for each edgey,v) € E[G] do
i. do RELAX(u,v,w)
A8 : SOLVE _.and_MARK _CYCLE (G, w, s)

1. INITIALIZE _SINGLE_SOURCE @, s)
2. for i =1to |V[G]| do
(a) for each edgey,v) € E[G] do

i. RELAX_andMARK_CYCLE (u, v, w)
3. if all_cycles# @ then
(a) tempcycles = copy(allcycles);
(b) G’ = REMOVE.CYCLES (@G, all_cycles)
(c) allcycles =0
(d) SOLVE.andMARK _CYCLE(G',w, s)
(e) allLcycles = tempcyclesuU all_cycles

A9 : INSERT_CONSTRAINT (G, w, s,G’, T, ¢)

1. lete be fromu to v with weightw
2. relaxed = false; cyclefound = false;
3. if d[v] < d[u] + w(e) then
(a) insertion =nontree
(b) exit
4. letaps be the allpairsshortestpath matrix of G’
5. old.graph = copygraph(G’)
6. while (relaxed =false) do
(a) d’' = copy.array()
(b) d'[v] = d'[u] + w(e)
(c) cyc =_1; edgestoinsert =
(d) oldedge =L
(e) while ((edgestoinserf L) and (cyclefound =false)) do
i. newedge = head(edgestoinsert)
ii. edgestoinsert = tail(edgestoinsert)
iii. if (oldedge# L) then
A. while (source(newedge} destination(head(cyc)yo
— cyc = tail(cyc)
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B. cyc = newedge— cyc
C. if (destination(newedge) %) then
— cyclefound =true
D. else foreach unmarked and undeleted edge, tempedge, such that
source(tempedge) = destination(newedde)
— if ((d’[destination(tempedge)t
d’[source(tempedge)] w(tempedge)) and
(tempedge =ups(source(tempedge), dest(tempedgé)n
if (destination(tempedge) u))
d’[destination(tempedge)] =
d’[source(tempedge)] w(tempedge)
edgestoinsert = tempedge edgestoinsert
(f) if (cyclefound =true) then
i. all_cycles = tempcyclesU all_cycles
ii. let, minedge, be the edge with the minimum priority on the cycle
ii. if (minedge =e) then
A. restoreG’ from old_graph
B. insertion = marked
C. exit
iv. else if (minedge is a non-tree edgtjen
A. minedge is marked (i.e. removed from G’)
B. let aps be the alpairsshortestpath matrix of G’
v. else
A. minedge is marked (i.e. removed from G’)
B. SOLVE _without_CYCLE _CHECK (G’, w, s)
C. let aps be the alppairsshortestpath matrix of G’
D. if d[v] < d[u] + w(e) then
insertion =nontree; relaxed =true
(g) else
i. relaxed =true
ii. d=copyarray@d’)
iii. modifies the labels of the edges to reflect changes
A10 : DELETE _CONSTRAINT 1 (e)
1. G'=(V,E —{e})
2. unmark all edges
3. SOLVEandMARK _CYCLE (G’, w, s)

All : DELETE _CONSTRAINT 2 (e)

1. G’ =(V, E — {e}—all the marked edggs
2. SOLVEwithout CYCLE.CHECK (G’ , w, s)
3. E’ = SORTA@Il the marked edgep)

4. while E' # 1 do

(@) € = head(E")

(b) E' =tail(E’)

(c) INSERT.CONSTRAINT ()
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