                   Dynamically Reconfiguring Multimedia Components: A Model-based Approach

                                                                   Scott Mitchell, Hani  Naguib,  George Coulouris  and Tim Kindberg 1

                                                                                                                   Department of Computer Science

                                                                                                                Queen Mary and Westfield  College

Univer sity of London

                         Distrib uted mult imedia syste ms  are potentially subject to frequent and ongoing evolution of

                         application structures.  In such systems it is often unacceptable for reconfigurations to f ail or to

                         on ly part ially succeed.  This paper describes the reconfiguration architecture of the D
JINN

                         multimedia programming framework .  We introduce the concept of multimedia transactions  for

                         structuring changes into atomic units that preserve application consistency and extend these with

                         the smoothness condition  to maintain temporal as well as data integrity across reconfigu rations.

                         We present a techni que for scheduling confi gura tion changes that trades off the perceived level

                         of smoothness against the avail able resources and the desired timeliness of the re configuration .

1 . Introduction

The applications of dist rib ute d multimedia systems include complex and mission-critical domains such as digital

television production , sec urity and medical systems .  These applications are potentially long-lived and are subject

to frequent reconfiguration and long-term evolution of application structure.  There is a clear requirement for

support framework s to manage the complexity of building and maintaining such system s.

T his paper describes  the D
                                                                           JINN

                                                                                       multimedia programming framework [MNCK 97 ] ,  whi ch is designed to support the

construction and dynamic reconfiguration of distributed multimedia applications.  D
JINN

 applications have the

novel property that they consist, seamlessly, of not only the components that perform media processing for the

application itself, but also a model of these components.  The model facilitates the construction of complex

component structures ; it allows us to perform QoS  calculations conveniently; and it provides a vehicle for

reconfiguring the application at run-time without breaking the application ´s integrity .

D
     JINN

                 uses a split-level component architecture to model the structural an d QoS  con figuration of distributed

applications.  High-level application structuring is based  around hierarch ic composition of components.

Composite components use class-specific reconfiguration programs to modify the structural and QoS

configurations of applications within constraints set by the component programmer.  Configuration changes are

performed on t he application model, then passed through admissio n control and consistency checks before the

changes are mapped onto the active peer component layer.  This paper is primarily concerned with our technique s

for achieving `smoothness´: maintaining the tem poral consistency  of media streams during reconfiguration by

plac ing  bounds  on timing ^glitches ~ that  users may experience wh en an application is reconfigur e d.   For example,

c onsider  a ^tele-medicine~  sy st em where surgeons remotely conduct and observe a surgical procedure˙it  i s

clearly una cc epta ble for the video stream to break up when an other observer joins the system.  Smoothness  is

realised  by imposing a schedule  on component updates  dur ing reconfigurations,  taking into account  application-

and system-imposed constraints on resource usage and trading these off against the desire to achieve a timely and

glitch-free reconfiguration.

Th e remainder of this paper is organised as follows: Section 2 introduces the fundamental concepts of D
JINN

;

Section 3 expands upon these and describes the basic mechanisms of reconfiguration in D
JINN

.  Our algorithm for

smooth reconfiguration is presented in Section 4 and discu ssed in Sect ion 5.  Section 6 briefly reviews related

work and Section 7 contains our conclusions and pl ans for further research.

2 . Building Distributed Multimedia Applications with D
JINN

D
     JINN

                 applications are constructed from networks of active components  consuming, producing and transform ing

med ia  data streams  and interconnected  via their ports , in a similar fashion to oth er distributed multimedia

programming frameworks such as [Gib95,  Bar96,  FoS l 96] .   How ever, D
JINN

 components come in two different

flavours: model  and peer  components.  Peer components are the familiar active objects that produce, process and

consume media data streams.  They are distributed according to the media-flow requirements of the application

and generally have temporal constraints on their operation.  Model components, on the other hand, are located

wherever convenient for the application programmer or configuration management system .  Their purpose is to

model the configuration and QoS  characteristics of the underlying peer components whilst hiding the details of

1 {scott,hanin,geor ge,timk }@dcs.qmw.ac.uk
media processing (transport protocols, media codecs,

device drivers, etc .)  from application programmers and

users.  Every peer component has a corresponding

model component that knows about its configuration,

QoS  and media -handling behaviour.  Additionally,

composite components  encapsulate sets of

sub-components, for reasons of abstraction, modularity

and reusability, and to provide high-level behaviours to

applications.

It  is important to understand that all application-level

programming in D
JINN

 takes p lace at the model layer ;

that is, application programmers interact only with the

model components of an application.  Peer components

are created, configured and destroyed as required under

the control of the application model.  Figures 1 and 2

respectively show the model and peer component s of an

example ^news studio~ system that is part of a larger

^ TV  studio~ application.  Note that while the peer

components are distributed across several hosts

according to the location of the necessary resources, the

application model is located entirely on another host.

Although the usual situation is for the complete model

to be held on a single host our architecture does allow it

to be distributed.  This allows situations  where parts of

the system are controlled  by different organisations ; it

also allows model components to be located close to

their peers, for the sake of efficiency.

Our  primary motivation for the use of an application

model is to clearly separate  the design  of an application fr om its realisation  at run-time  [ MNCK97 ].   The model is

largely independent of location, hardware platform , operating system and the various technologies used to process

and transport media data; it enables programmers to build and evolve applications at a high level of abstraction .

Peer components, on the other hand, have no notion of their place in the larger application ˙ they  simply carry out

their ta sks of producing, processing, transporting and consuming multimedia data.

Components are controlled through a combination of remote in vocations and inter-component event s.  Events can

be transferred between components acr oss the model-peer boundary and additionally may flow along the same

paths as media streams, interleaved with media data elements.

3 . Reconfiguring D
                                                                       JINN

                                                                                      App lications

Composite components are the pr incipal str ucturing mechanism  for  D
JINN

 applications.  These components

encapsulate groups of sub-components that perform some higher level activity; this allows su ch groups to be

replicat ed and instantiated  elsewhere,  even in a complet ely different hardware or network environment.  The

^MultiCamera~  and ^NewsStudio~  components in Figure 1 are examples of composite components.  As well as

their encapsulation function, composite components can define their own class-specific behaviours on top of the

basic ^components and connections~ model, permitting the creation of complex reconfigurations independent of

the physical realisation of the model.  Each composite component provides methods for managing its structural

and QoS  configuration, i.e. for manipulating the connectivity and per-component state of it s sub com ponent  graph.

Applicat ion configu ration˙and  reconfiguration˙is  expressed in terms of paths : end-to-end  management

constructs describ ing the media dat a flow between a pair of endpoints chosen by the application 2 .  A path

encapsulates an arbitrary sequence of ports and intervening components that carry its data; it also declares the

end-to-end QoS p roperties of that s equenc e, including latency, jitter  and error rate.   It is up to each individual

application to identify the end-to-end flows that are of interest to it and specify paths accordingly.  Flows that are

not part of a path do not receive  any end-to-end guarantees either for their normal operation or during

reconfiguration.

We  have identified a set of requirements for configur ing distributed multimedia systems, of which the following

are the most important in the context of this paper:

Camera MCast

Source MCast

Sink

MCast

Sink

MCast

Sink

Display

Display

Display

Direct Connection Network Connection

Switch

1

Camera 2

Camera

Switch

Graphics

Gen.

External

Feeds

Mixer

MultiCamera NewsStudio

Camera

Figure 1.  Model Components .

Switch

1

Camera 2

Camera

Switch

Graphics

Gen.

Mixer

Camera

                                         Figure 2.  Peer Components.

2 To represent 1-N config urations, a ^bundle~ of paths with a common source endpoint is used.

            Atomicity .   Often multiple related configuration changes must be carried out as a single operation, for

                         example when adding a participant to a video conference.  Atomic reconfiguration ensures that either all

                         of the changes  occur, or none of them do.

            Consistency .  Every reconfiguration should take the application from one consistent state to another .   The

                         properties of a consistent state are component- and application-specific˙for  example, the news studio

                         system might specify that at least one input to the mixer must always be active.

3 . 1 . Multimedia  Transactions

The req uirements for atomic and cons istent reconfiguration have led us to the development of a

transaction-oriented model of reconfiguration in D
JINN

.  However, conventional database-oriented transaction

mechanisms supporting the ` ACID´  properties [ HaRe83]  have some shortcomings in the context of multimedia

applications.  Specifically, traditional transactions do not take account of the real-time, interactive nature of

multimedia systems and the need to maintain temporal constraints on data˙an  important aspect of keeping the

application in a consistent state.

Therefore, we introduce the notion of the multimedia transaction  [Mit98]  for managing the reconfiguration of

multimedia applications.  Multimedia transactions are an extension of the traditional transaction semantics.  They

continue to maintain the ACID  properties , except for `D´ (durability) which is largely orthogonal to the aims of our

current work 3 .  To  address the time-sensitive nature of mul timedia, our transactions extend the usual  notion  of the

`C´ property to include the temporal as well as data consistency  of media stre ams .  We have informally named this

requirement to maintain temporal constraints across reconfiguration boundaries the smoothness condition :

                         ^The execution of a multimedia transaction on a live system must not break any temporal

                             constraint of any active path.~

T emp or al con straints are application-dependent, but an application might specify, for example, that a new stream

must have started to play out within 200ms  of the old stream being stopped.  We must be careful to distinguish

between failures of temporal integrity and failures of data integrity.  For instance, if the input of an MPEG  decoder

is switched to a new stream at the wrong time, a sequence of garbled frames may be output.  This is ob viously a

failure of data integrity  since the application has generated corrupt data.  If, however, the badly-timed switch

caused the decoder to paus e for longer than an application-defined bound, then the smoothness property has been

broken.  Smoothness violations may  also occur when an existing stream is stopped before it s replacement has been

started, or if two streams briefly run simultaneously when resources have been reserved for one stream only.

Although the smoothness condition specifies that no temporal constraints should be broken, we beli eve that users

will be prepared to accept a certain amount of degradation in service quality˙equivalent  to a tem porary relaxation

of constraints ˙ around  the time of a reconfiguration.   For example, it is generally acceptable when switching

between two video streams, for the interval between the last frame of the old stream and the first frame of the new

to be longer than the inter-frame interval of either stream individually (th at is, the jitter  bound can be relaxed

across the reconfiguration).  The exact amount of degradation that can be tolerated˙and  for how long˙will

depend on the application and the preferences of the user.

Like all configuration-related activity in D
                                                                                                                        JINN

, tr ansactions are carried out at the model component level, with

their effects made visible at the peer layer when a transaction successfully  commits.  For a transaction to commit

involves checking the consistency of the new configuration ; admission contro l , with possible re-negotiation of QoS

parameters; resource reservation; and updating of the affected peer components.   Meeting the smoothness

condition  requires computing a schedule for the update operations on peer components; the derivation and

execution of this schedule is described in detail in Section 4.

3 . 2 . The Anatomy of a Reconfiguration

The actions needed to complete a reconfiguration can be quite time-consum ing, especially if new comp onents

must be deployed and activated (this may in volve setting up hardware devices as well as a considerable amount of

remot e invocation).  However, in many reconfigurations there is a requirement that the transition between old and

new configurations takes place either at an absolute real time or within some interval of someone ^pushing the

button~˙both  are difficult to achieve if there is an indeter minate amount of setup  activity to perform before the

switch can take place.  Our solution to this problem  is to divide the peer component updates performed by a

multimedia transaction into two phases:

            ^Setup~  phase.   This phase is begins immediately when the transaction program is started.  It encompasses

                         all changes to the application model; structural and  QoS  checks on the new configuration; plus creation

                         of new peer components and reservation of  any  resources they might require.  The new peer components

3 It would, however, be possible in principle to incor porate durability support into D
JINN

 by using a persistent runtime  s upport system such  as PJama

[Atk96].

                         are not  connected into the running application and no existing components are stopped or deleted.

                         Depending upon the smoothness requirements of the reconfiguration, some new components may be

                         started running during the setup  phase.

            ^Integrate~ phase.   This phase runs at some point after the setup  phase has completed , in response to an

                         event which may be generated at a particular time, by a user interacting with the applicatio n´s UI,  or by a

                         peer component .  The integrate phase completes the peer component update by ^start ing up~ (instructing

                         a component to begin proc essing ,  causing it to actually use  the resources reserved for it) n ew  component s ,

                         connecting  the new configuration into the running system and removing any components that are no

                         longer needed, while ensuring that smoothness bounds are met.   The  event that activates the int egrate

                         phase of a transaction is specif ied when the transaction is started, along with a timeout  value.  If this

                         t imeout  expires before the transaction has been integrated the effects of the transaction will be undone

                         and the integrate event will be ignored if it ever does arrive.

This is obviously not a perfect solution, as applications still need to kn ow approximately when reconfigurations

will be occurring.  In the fairly common case when this information is known, however, the technique greatly

reduces the apparent time required to complete the reconfiguration.

F igure 3 below graphs an abstract ^quality~ metric for a single path against time, during a reconfiguration of that

path.  The value of the quality metric is an aggregation of the end-to-end properties of the path: latency, jitter  and

error rate.  Obviously, in an actual reconfiguration the transiti ons between the different phases are unlikely to be

as clearly def ined.  However, we bel ieve that this graph is a good first approxim a tion to the generalised behaviour

of a path under reconfiguration.

Quality

setup tintegrate tdone

Q^{normal}

Q^{integrate}

Q^{setup}

leadτ reconf τ

Old Configuration Setup

Phase Integrate

Phase

smoothness Δ

New Configuration

Time 0 t

                                                                                                   Figure 3.  The anatomy of a reconfiguration.

We make several observations about the shape of the quali ty vs. time graph, which wil l lead us to a useful

parameterisation  of the reconfiguration in terms of smoothness, timeliness and maintenance of guaranteed service

levels:

            y The reduct ion in quality across the int egrate phase of the reconfiguration, Q
normal

 - Q
integrate

,  determines the

                         perceived smoothness of the transition between the old and new configurations.  We define this quan tity

                         as D
                                     sm oothness

                                                         .   Note that the service level delivered by the path is also potentially lowered during the setup

                         phase, but the difference reaches a maximum during the integrate phase.

            y The total time to complete the reconfiguration is given by t
reconf

 = t
done

 - t
set up

.   This correspond s to the

                         total period of potentially reduced quality for the existing path.  If the reconf iguration is being set up

                         ahead of time, for integration at some point in the future, the setup  phase may be of ar bitrary duration.

            y The elapsed time between requesting the integration of the reconfiguration and the path reaching its new

                         final state (i.e.,  the length of the int egrate phase) is given by t
le ad

 = t
done

 - t
integr ate

.

For a given reconfiguration, a range of different schedules for the setup  and integrate p h ases can be computed.

These schedules tr ade off t he  three ^reconfiguration quality~ parameters t
reconf

,  t
lead

 and D
smoothness

,  as well as

resource  availability, to determine the schedule that comes closest to meeting the applications´ requirements with

the least disruption to the rest of the system.  In general, schedules providing `better´ smoothness (shorter lead

time, or greater quality during the reconfiguration) will require more free resources to achieve.   Given a particular

set of available  resources, there are also ^internal~ tradeoffs  amongst the smoothness parameters; for example ,  a

shorter lead time will almost invariably result in an increased value of D
smoothness

 over the integration period.

4 . Achieving Smoothness

Consider the gener alised two-switch-point reconfiguration shown in Figure 4, where an arbitrary path segment I
k

�O
           j

             in the middle of the path is replaced by another arbitrary path segment I
k

´ � O
j

´ .   The remainder of the path is

completely unchanged by the reconfig uration.  We will assume that none of the components in the new  path

segment exist before the reconfiguration begins.  For this example we will define the path qu ality measure in

terms of latency and jitter  such that the latency between input port i  and output port j  or the path is given by L
ij

 =

l
    ij

       + d
                  ij

                     ,  where l  is the average latency and d  is the ji tter .   For a given pa ir of ports in either the old or new

configuration, L
                                             ij

                                                 is the latency value guaranteed by the path ( Q
normal

 in Figure 3) where as L´
ij

 is the latency

achieved whilst the other  configuration is running simultaneously ( Q
integrate

 in Figure 3).   We do not believe that it

is feasible to calculate the effect over time of starting up some arbitrary set of components on the performance of

the rest of the system.  However, as a first approximation we can make the following two assumptions:

            y In the case where the quan t ity of unallocated resources available is sufficient to meet the needs of the

                         component being started, there will be no effect on already running components.

            y In the case where there are insufficient unallocated resources available, we can determine a worst-case

                         upper bound for the effect on already running components.

Therefore, L´
                                     ij

                                         represents the worst-case  latency on the path segment when the other configuration is running.

Old configuration

1 C^k

C^j

O^1 O^k

I^k O^{j+1} I^{N-1}

I^j I^{k-1} I^k_’ O_{j’}

O^j

C^{k+1}

C^{k+1}_’ C^j_’

C^{j+1} C^N

Switch point Switch point

New configuration C

                                                                                  Figure 4.  Generalis ed two-switch-point reconfiguration.

Components participating in the reconfiguration are `primed´ during the setup  phase with a set of actions that

each must perform during the integr ate phase.  Each compon ent will carry out these actions upon receipt of an

integrate event ˙either  from an external source or on one of its input port˙and  optionally propagate  the event

downstream through one or more of its output ports.  Integration is thus performed by scheduled delivery of

integrate events to the farthest upstream points of the reconfiguration; the events will move ahead of the first

new˙or  behind the last old˙media  data, triggering reconfiguration of downstream components as they go.  The

advantage of this approach is that we do not have to schedule the integrat ion of each component individually,

wh ilst still ensuring that the new configuration is integrated in time to deliver data to the rest of the application.

In the reconfiguration of Figure 4, we have to sch edule the starting of the new path segment, the stopping of the

old, and switching to the new segment at O
k

 and I
j

.   O
k

 will be switched when the old path segment is stopped and

I
  j

    will be switched when the first new data arrives from O
j

´ .   Thus, the schedule will consist of two events, e
1

 (stop

old segment) and e
                                                      2

                                                         (start new segment), delivered to O
k

 at times t
1

 and t
2

 respectively.

We now present a typical schedule for this reconfigur ation , that attempts to strike a comp romise bet ween resour ce

usage and improved smoothness and lead time.  We assume that the new path segment is created at the start of the

setup  phase and that its post-integration resources res ervations have succeeded .

4 . 1 . A Typical Reconfiguration Schedule.

In this schedule w e overlap the shutting down of the old path segment and the starting up of the new segment

according to the difference between their latencies, as follows:

                         | ( t
                                2

                                    + L´
                                                 2

                                                   ) - ( t
                                                               1

                                                                   + L´
                                                                               1

                                                                                 ) |

                                                                                         £

                                                                                               D

                                                                                                    smoothness

Wh ether e
                             1

                                 or e
                                            2

                                               is delivered first will depend on whether L
1

 is larger than L
2

.  In any case, the interval between

the two events will be:

                         | t
                              1

                                 - t
                                        2

                                           | = | L´
                                                               1

                                                                  - L´
                                                                             2

                                                                                |

                                                                                    ±

                                                                                          D

                                                                                                smoothness

and the lead time will be:

                         t
                           lead

                                   = max( L´
                                                              1

                                                                 ,  L´
                                                                          2

                                                                             )

Note that we have used L´
                                                                         1

                                                                            and  L´
                                                                                                2

                                                                                                   in the equatio ns ab ove to reflect the fact that both path segments are running

simultaneously for time | t
                                                                         1

                                                                             - t
                                                                                    2

                                                                                       |.  L´
                                                                                                    1

                                                                                                        and  L´
2

 are worst-case values so we may in fact achieve better smoothness

and lead time than is implied by the equations.  The graph below shows the quality vs. time trace for this

reconfig uration in the style of Figure 3.

Quality

setup tintegrate tdone

Q^{normal}

Q^{integrate}

Time 0 t

                                                             Fig ure 5.  Quality vs. tim e graph for a typical reconfiguration schedule.

4 . 2 . Alternative Schedules .

A variety of alternative schedules are possible.  For in s t ance, the TV  studio or a security monitoring system

probably requires near-instantaneous switching between camera inputs ( t
lead

 »  0) .  This requirement can be met , at

the expense of a large over-allocation of resources and pot entially reduced smoothness if those resources are not

availabl e .  To re duce the lead time, the new path segment is created  and started  during the setup  phase .  T his

means that the new data is being delivered al most to its destination even before the integration phase begins; the

only action remaining is to switch from the old to the new path at port I
j

.   The schedule equations are similar to

the previous schedule, except that the L´
                                                                                                                 2

                                                                                                                     term reduces to zero:

                         | t
                              2

                                 - ( t
                                           1

                                              + L´
                                                           1

                                                             ) |

                                                                    £

                                                                          D

                                                                                smoothness

The lead time in this case is effectiv ely zero.

In an environment where resources are scarce and perhaps expensive ˙such  as the Internet˙we  might wish to

minimise resource usage by starting the new path segment only after  the old segment has been completely shut

down.  This means that there is no simultaneous operation of the two configurations and thus no possibility of

resource clashes.  The dis advantage is, of course, that the reconfiguration will probably have very poor

sm oothness; all of t
                                                       reconf

                                                                  ,  t
                                                                       lead

                                                                               and D
                                                                                                 smoothness

                                                                                                                     are likely to be large.  The schedule is as follows:

                         t
                           2

                              =  t
                                       1

                                          +  L
                                                    1

That is, t
                         1

                            is unconstrain ed other than having to occur before the transaction timeout  expires.  The first new data

will be delivered at:

                         t
                           done

                                    =  t
                                             1

                                                +  L
                                                           1

                                                              +  L
                                                                        2

The lead time will therefore be:

                         t
                           lead

                                   =  L
                                              1

                                                 +  L
                                                           2

and the perceived smoothness at I
                                                                                               j

                                                                                                 will be:

                         D

                              smoothness

                                                    »
                                                         L
                                                              1

                                                                 +  L
                                                                            2

                                                                              , assuming that
l

1

 >>
d

1

 and
l

2

 >>
d

2

.

5 . Discussion

The reconfiguration schedules out lined in the previous section deal only with the reconfiguration of a single p ath .

Obviously, mo st real-world applications will consist of many interdependent paths and mos t reco nfigurations will

affect more than one of these paths.  We believe that our techniques can be extended to work with mul tip le-p ath

reconfigurations ˙ this  is a subject of ongoing research.  The two most important issues to be considered in

performing a mu ltiple-path reconfiguration are:

            1 . Dep endencies or constraints between the affected paths.

            2 . Shar ing available resources amongst the paths during  reconfiguration.

A common i nter-path dependenc y is synchronisation , such as l ip-syncing  of audio and video paths .  We assume

that a conventional end-to- end jitter control and inter -stream synchronisation algorithm [Refs.] is in operation.

We must  ensure that the reconfiguration does not allow  the paths to dr ift out of sync with each other by an amount

greater  than  the synchronisation mechanism can handle.  This implies scheduling the chang es to each path so that

the reconfigurations complete at the same time.  For instance, if path P
1

 has t
lead

 = x  and path P
2

 has t
lead

 = y  < x

we would inject the integrate event for P
                                                                                                                  1

                                                                                                                     at time t  and that for P
2

 at time t  + ( x  - y ).  This calculation can be

extended to an arbitr ary number of paths needing to be synchronised.

When resources are scarce the effects of a multiple-path reconfiguration on existing media flows are likely to be

even more severe than in the single-path case described ab ove.  Given that there is a limited quantity of resources

available for maintaining smoothness, we must decide how to distribute these amongst the paths that are being

reconfigured.   This is a decision that should ideally be made by the individual application, since only it is in a

position to say which paths are more ^important~ than others and should be given a higher prio rity in terms of

resource allocation.  For instance, in a conferencing  application it is more important to have glitch-free audio

switc hing  at the expense of a few dropped video frames; the opposite may be true for a security camera monitoring

system.  Therefore, in addition to specifying their des ired smoothness and lead time for a reconfiguration,

applications should be able to spe cify a ^resource priority~ for each of the paths involved.  Further experimentation

is necessary to determine whether this prioritisation should be performed on a per-resource basis or globally per

path and to develop an appropriate algorithm relating priority to eventual resource allocation.

A potential difficulty  that was ignored in the previous section  arises  from the fact that some media data streams

cannot  be  switched  at  completely ar bitrary  po int s .   The frames of an MPEG  video stream, for example, are only

meaningful in the context of the preceding I -frame ; thus such a stream should only be switched to a new

destination if an I -frame is the next elem ent to be produced [BBH97].   This obviously affects our scheduling

equations, since a path´s response to the receipt of an int egration event may have to be delayed until an

appropriate point in the media stream is reached.  The effect will be an increased lead time for the reconfiguration

and a possible loss of synchronisation if more than one stream is involved.

Our examples so far have dealt with live rather than pre-recorded media streams.  In general, achie ving glitch-free

reconfiguration for live streams is often considera bly more difficult, because the length of the stream is not known

in advance or because the latency requirements for an interactive application limit the amount of buffering that

can be used to ^smooth over~ potential glitches.  If, however, we are switching between stored stre ams we can start

the new configuration running during  the setup  phase, at a reduced rate˙ requiring  very few resources ˙and

draining into a buffer close to its eventual destination.  At integration time, the new stream can start playing

imm ediately  from the buffer, while we reconfigure according to the minimum resource usage schedule described

earlier.  The only constra int is that the buffer hold sufficient data to completely mask the lead time of the

reconfiguration.  Similar optimisations are possible in most situations utilising stored streams.

6 . Related Work

The component-based approach to application construction is used by a variety of multimedia programming

frameworks, such as G&T  [Gib95] ,  Medusa [WGH 94]  and CINEMA  [ Hel94].   CINEMA  is in many ways quite

similar to D
                                  JINN

                                            , as it makes use of composite components and a separate `model´ of the application˙quite

separate from the media handling components˙that  is used for cont rol and reconfiguration [Bar96].   CINEMA ´s

idea of what consti tutes a reconfiguration is quite limited and certain ly not transactional.  It has no equivalent of

the `smoothness´ property for ensuring clean trans itions between consistent states.  The need for smoothness

support in the real-world domain of digital television production˙where  there is a requirement to ^splice~

together MPEG  streams within the resource constraints of hardware decoders whil st still meeting  QoS

guarantees˙ is illustrated by [BBH 97] .

In [SKB 98 ],  Sztipan ovitz,  Karsai  and Bapt y  present a similar two-level approach to componen t-based application

composition in the context of a signal-processing system whose applicatio ns share many of the real-time

requ irements of multimedia.  Their system performs a daptive reconfiguration by having several alternat ive

configurations embedded in the model, which is also associated with a finite state machine whose states are

assigned to the different structural alternatives.

Reconfigurable  distributed systems have been an active area of researc h for more than a decade, with the

Dist ributed Systems Engineering group at Imperial College London at the forefront of this field.  Work produced

by members of this group [KrMa 90,  FoSl 96]  has tackled many of the issues relevant to D
JINN

: consistency

maintenance via transactional reconfiguration; dynamic reconfiguratio n; configuration of large-scale, long-lived

syst ems; and the tradeoffs  between programmed and interactive reconfiguration.  However, the DSE  group´s

research has primaril y dealt with general-purpose distributed applications and does not explicitly address the

real-time requirements of multimedia systems.  Non real-time systems can afford to tempor ar ily shut down the
parts of an application undergoing reconfiguration ˙by  moving them to a quiescent  or passive state [ GoCr96,

Kin93] ˙without  bre aking any integrity constr aints.  Central to the Imperial College work  is the notion of a

configuration language  for spe cifying the allowable configurations and reconfigurations for an application.

Configuration languages are also an important aspect of other research, such as that conducted by the SIRAC

project [BeRi 95,  BABR96].

7 . Conclusions  and Future Research

This paper has concentrated on the calculation of schedules for updat ing pe er components in order to achieve a

glitch-free and timely reconfi guration of multimedia applications  within  the resource constraints of the underlying

system.   Our main contribution is the addition to the D
JINN

 framework of  multimedia transactions, which take

applications from one configuration to another while maintaining their temporal consistency as well as their

structural and data consistency.  D
                                                                                                 JINN

                                                                                                            ´s  use  of model components is crucial to the success of multi med ia

transactions˙beyond  its existing benefits [MNCK97] a model allows the system to validate proposed

recon figurations without affecting  running components and to integrate changes in a principled way that trades off

QoS guarantees, resource availability and time constraints according to application preferences.

We  have implemented the D
                                                                                JINN

                                                                                            model  framework in Java, and are targeting a real-time distributed system

running the Chorus kernel and supporting peer components written in C++.  We are currently en gag ed in

instrumenting  the peers to track their resource usage and real-time performance as a means  of validating our

approaches  to QoS management and reconfiguration.   Future research planned with respect to sm oothness

includes extending and v alidating the approach described here for mul tiple paths with inter-path constraints , and

further exploration of the tradeoffs  betw een resource usage and reconfiguration quali ty in larger, real-world

applicat ions.

References

[Atk96] M .P.  Atkinson,  L. Daynès,  M.J.  Jordan, T. Printezis  & S. Spence .   ^An Orthogonally  Persistent Java.~  ACM  SIGMOD  Record  25(4),

                              December 1996.

[BABR96] Luc  Bellissard ,  Slim Ben Attallah ,  Fabienne  Boyer  & Miche l  Riveill .   ^Distributed Application Configuration.~  Proc.  16th Interna -

                              tional Conference on Distributed Computing Systems , Hong Kong, pp 579˘585, May 1996.

[Bar96] Ingo  Barth .   ^Configuring Distributed Multimedia Applications Using CINEMA .~  Proc.  IEEE Workshop on Multimedia Software

                              Development (MMSD ´96) ,  Berlin, Germany, 25 March 1996 .

[BBH97] Bhavesh  Bhatt,  David Birks  & David Hermreck.   ^Digital Television: Making it Work.~  IEEE Spectrum  34(10), pp 19˘28, October

                              1997.

[BeRi 95] Luc  Bellissard  & Michel  Riveil l .   ^Olan:  A Language and Runtime Support for Distributed Applicat ion Configuration.~  Jou rn é es  du

                              GDR  du Progr ammation ,  Grenoble,  France, November 1995.

[BlS t9 8 ] Gordon  Blair  & Jean-Bernard Stefani .   Open Distributed Processing and Multimedia .  Addison-Wesley,  Harr ow, England, 1998.

[Fo Sl96 ] Halldor  Foss å  & Morris Sloman.   ^ Implementing Interactive Configuration Management for Distributed Systems .~  Proc.  4th Interna -

                              tional Conference on Configurable Distributed Systems (CDS ´96) ,  Annap olis, Maryland, USA, pp 44˘51, May  1996.

[Gib95 ] Simon  J. Gibbs  & Diony sios  C. Tsichrit zis .   Multimedia Programming: Objects, Frameworks and Environments.   Addison-Wesley,

                              Wokingham,  England, 1995.

[GoCr 96] Kav eh  Mo azami  Goudarzi  & Jeff Kramer .   ^Maintaining Node Consiste ncy in the Face of Dynamic Change.~  Proc.  4th International

                              Conference on Configurable Distributed Systems (CDS´96 ) ,  Ann apolis, Maryland, USA, pp 62 ˘ 69 , May 1996.

[HaRe83] T. Härder  & A. Reuter.   ^Principles of Transaction-Oriented Database Recovery.~  ACM  Computing Surveys  15(4), 1983.

[Hel94] Tobias  Helbig.   ^Development and Contr ol of Distributed Multimedia Applications.~  Proc.  4th Open Workshop on High-Speed

                              Networks , Brest,  France, 7˘9 September 1994.

[KaPu 91] Gail E. Kaiser & Calton  Pu.   ^Dynamic Restructuring of T ransactions.~  In Ahmed  K. Elma garmid  (ed .), Database Transaction

                              Models for Advanced Applications,  Chapter 8.  Morgan  Kaufmann,  1991.

[Kin93] Tim Kindberg.  ^ Reconfiguring Client-Server Systems .~ P roc. In ter national Workshop on Configurable Distributed Syst ems

                              (IWCDS´94) ,  1994.

[KrMa 90] Jeff Kramer  & Jeff Magee .   ^The Evolving Philosophers Problem: Dynamic Change Management.~  IEEE Transactions on Software

                              Engineering  16(11), pp 1293˘1306, November 1990.

[Mit 98] Scott Mitchell.  ^Multimedia Transactions in the D
JINN

 Framework.~  Technical Report, Queen Mary & Westfield  College, Department

                              of Computer Science (in progress).

[M NCK 97 ] Scott Mitchell, Hani  Naguib,  George Coulouris  & Tim Kindberg .   ^A Framework for Configurable Distributed Multimedia Applica -

                              tions.~  3rd Cabernet Plenary Workshop , Rennes,  Fr ance, 16˘18 April 1997.

[SKB 88] Janos  Sztipanovits ,  Gabor  Karsai  & Ted Bapty .   ^Self-Adaptive Software for Signal Processing: Evolving Systems in Changing

                              Environments Without Growing Pains.~  Communications of the ACM  41(5), pp 66˘73, May 1998.

[WGH94] Stuart  Wr ay,  Tim Glauert  & Andy Hopper.  ^The Med usa Applications Environment.~  Technical Report 94.3, Olliv etti  Research

                              Limited, Cambridge, England , 1994.