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ABSTRACT

This paperdescrbes an archkecural framework for the devebpment of Internetbased
multimedia systems sud as interactive and mllaboraive media on-denand applications.
The progamming in-thesmdl level centres on Jva and a vaiant of the Actor modd
especidly designed for time-dependent distribut@l systans. The progamming in-thelarge
level can be tuned to phoit current real-time and control protocols proposed forrterret
MBone. A multimedia application is modelled asdalectionof autonomousnd (possibly
mobile media actors intgacting oneto anothe to achieve a commongoal. Multiple stream
synchronisdion is bael on rdlective actors (QoSsmchronizes) which filter messaje
transmissiongnd applyto them application-dependent QoS constraints. Admission control
of multiple sessionsis ddegated to a system Broker. The pge desaibes the actor
framework and disaisse its goplication to theconstrudion of Java Multimedia Studio on-
Demand, a multimedia siem desiged to support pldyack, recordingand editing of
multimedia presentations.
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1. INTRODUCTION

New advancesn computerandnetworktechnolog make it possible for PCs and workstations to easily
support the development of interactive, collaborative distributed multimedia applicationsanfrogg
environments, frameworks, bolkits are beng implemented and ésted to handk, accessand deliver
digital media over heter@geous networks.

Current efforts in the Internet research community conaern an exploitation of nework multicast
capability (IP-multicasting) [13], real-time daa transport (RTP/RTCP) [26], qlity of sevice (QoS)
“guaranteesandresourcaeservationg§RSVP)[ 28], support for data compression (MPEG, H.2&B][
prioritisation and redundandgchniques (PETY].



Challengng problems are involved with laggscale network protocols andssms. The maifocusis
on howto combine buildingolocks (e.g media and protocols objects) into the development of complex
and scatabk systens.

This work argies that copingvith the above technolagpl advances demands, from the software side,
the ddfinition of a flexible and s@ eable multimedia middleware infrastrudure based on object-oriented
progamming languages and tools. The aim is the achievement of a development paradigm whee a
system can be assembled in terms of reaeyse, well-tested and reusable components.

However, the basic components of a desigamework must be carefullghosen.For instance,a
heterogeneous range of plaforms ae currently connested to the Interne for use in multimedia
applications. Thewre usuallypased on gneral purpose operatirgystems, such adNIX or Win95/NT.
Such conventional time-sharingperating systems do not provide adequate support for real-time
applications involvingaudio and video manipulation. Without real-time support, timed grenessing
correctness on the host involved in one or more multimedia sessions cannot be assured.

The concept is to mpewith ahderogeneous evironment by trying to reduce its complexity throudh the
use of powerful abstraction8][ This paper claims that a model fopendistributedsystemslike the
Actor modé [1] has thepotenitial to fulfil the challenging requirements of a middleware infrastrudure
for interactive multimedia gpplications. The Actor modé has a built-in notion of ecapsulaion,
concurrencyand interaction. Moreover, special reflective actors (Ri€Bynizrs) [25,5,20] can be
introducedwhich capture and verifiemporal constraints on messagxchangs in goups of actors so
as to s@arate timing from @mputdiond aspects.

The adoptedactor framework is actuallya variant of the Actor model, especiatlgsigied for time-
sensitivesystems.In the small, a set of autonomous and interactiagtors are defined, sghronizing
andcoordnaing eachother. Actors canbe dyranicaly creaed. h the large, a sgtem is achieved as a
collection of actor clusters, one per processor. Communications caonragynchronousunicastand
multicast byusingboth network event passiagd mobile actors.

The actor framework provides for both media passive objects {TdP-Rles), media actorge.g,

mediastreamermediabinder,mediasession manag and so forth) and QoS rsghronizr actors which
control message scheduling Media actors @n exploit the sevices of redl-time protools (eg.,

RTP/RTCP) for fulfillingthe requirements of continuos medipdy, and control protocols (e.RTSP
[27]) for achieving multimedia streaming control in thelarge.

In ordg to ensure multi-platform portaility, hderogeneous evironment interopaability and
extensibility, the actor framework is beng experimented with the poweaful Java progamming language
which favours clean object designd code mobility

Section2 gves an overview to the actor framework. Section 3 describes an actor enabled architecture
for multimedia sgtems. Section 4 shows the desigf Java Multimedia Studio on Demand
multimedia system desiged to support browsingplayback, recordingand editingof multimedia
presentations. iRally, conclusions are presented which summarise the implementation astdtgise
directions which deserve further work.



2. ATIME-S ENSITIVE ACTOR F RAMEWORK

A variantof the Actor model ] was desiged [11] which centres on ligt-weight actors and a modular
approah to synchronizdion and timing constrants. Adors ae moddled &s finite stae machines. The
arrival of an event (i.e., a mesgagauses a state transition andelecutionof anatomicaction.At the
acion terminaton the acbr is readyto receve a nex messag and so fot. Actors nolonger have
internal threads for messagrocessingAt most one action can be in pregsin an actorat a given
time.
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Figure 1: The archiecure of an adr based sstem

Actorscanbegrouped into clusters (i.e., sulsssms) (seeif§. 1). Normally a subsstem is allocated to
a dstinct physical processor. Acontrol madine is responsible, on a per cluster basis, of messag
buffering (scheduling anddispatching The control mahine is providel of a time notion (e.g., a red
time clock) and can be in chargf schedulingmessags accordingo atimeline. In a simple case,a
messae can be assigied atimestamp which denotes therequired dispach time. A sinde message queue
(plan) can be used for storirgl the messa® “sentbut not yet delivered”, ranked by ascending
timestamps. The control machine hasethod(controller) for sdecting a messae from the messae
gueueaccordingto a chosen control strate¢e.g, minimal timestamp), possiblyaiting for the delivery
time to be reached, and to dispatch it to the destination actdhe/ind of messag processingthe
controllerrepeats its loop. The control machine can be customisqadgyamming For instance, in
[11,20] a specialisation of the control machine for haedl-time systemsis proposed,where the
timestamp consists of a time validiggndow [tmin, tmaX expressng the interval of admssble delvery



times. In this @se the messaye sdection proaess is baed on an Ealiest Deadline First straegy. In [4] a
specialisation of the control machine is shown which is adequate for distributed simulatiofioreler
Warp of mmplex systans modded bytimed Pédri nets.

Within a subsytem, actor conaurrency is ensural by action interleaving orchestrated by the controller.
True parallelism is possible amoagtors belonigg to distinct clusters.

A distinguishing feature of the actor framework is the modular handlingf timing constraints.
Applicaion acbors are devedped accordhg to funcional issues oyl Theyare notaware ofwhen and
why they are activatedby a messag Timing requirements are responsibility RTSynchronizers 25],
i.e., speal acbrs whch captre “just sentmessa@s” (including messags receved from the network)
and apply to them timing constrants dfecting scheduling. A collection of RTSyichronizes @nstitutes
the scheduler componentof a control machine. Control machines of a distributedtesy are
interconnected by a nework and real time proto®l. An in-thelarge interaction policy can be required to
have systeam-wide timing constrants to befulfille d.

The actorframework can be supported byfew &va base classes in a simpk gfficient way Actors
are implemented as active objects providednessage handler®\ messaje handler implements the
state transition diagm of the correspondingctor. The ligt-weight nature of actorsimplifies the
realisationof mobile actors[7] (see kg. 1) which throuy the Actor Rilder based onaVva Object
Seialisation and Dynamic Class Load€gl4] can easily be streamlined and then reconstruded in the
conext of the receving subsygtem. Obviously, the nobile acor (sub)envionmentis requred D satsfy
securityissues constraininthe rang of thing a mobileactor can do. The approachminimisesthe
numbe of threads in orde to ensurea morepreadictable timing framework [12].

3. MODELLING MULTIM EDIA SYSTEMS

Architecture of a snhgle Multimedia Sesson
A multimedia session is asigied to an actor systan split into two pats speidised to handle the
requirements agting at both the servetransmitte) and client(s)eceiver(s)) sides of the application.

The transmitte sideis typically devoted to achieving the multimedia daa, e.g., from store files, and to
sendthem through a network bindingto the client for the final presentation. Specific timiagd
synchronisation constraints isk and should be maned) respectivelyat theserverand client side to
ensurequdity -of-savice paameters. To this purposboth sever and dient subsgtems @n be equipped
with adistind multimedia control mahine with aQoSsychronize'.

Bindings, i.e., logcal communication channels, anetroduced for connectingtransmitter/receiver
subsygtems. Bndings can be point-to-point (i.e., unicasthd point-to-multipoint (i.e., multicast). A
bindingis created by bind operationriginatedfrom media-actorgalledBinders.A bindergovernsthe
on-going flow of data(e.g, continuous media or control meses)ysent into the bindinglt hides
particular transmission mechanisms (emetwork and transport protocols). dan also monitothe
binding QoS so as to provide information such as thinpuig, jitter, latencyand packet loss statistics.

A QoSsynchronizer captires and vefiestemporal constaints. As anexanple, the QoSsynchronier in a
client subsgtem can perform finefgin inter-media gychronisation (e.glip sync).

The framework naturally supports event-driven langges for the specification of multimedia
presentations [23]. The notion of multimelia presentation is encapsulaed in a media-actor called a



Manager (or Supevisor). According to the speification it orchestrates the media objects (time-
dependent and timeindependent) by interacting with madia-actors @lled Streamers. A Stramer is a
periodic acbr that accessesotdigital media information trough media passve object (MediaFile,
MediaDevce, MedaNeSource) and sendd to Bindersor Presengrs. Presenérs are media-acbrs
specalised b render nadia obgecs.
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Figure 2 : Plasback on-denand of amultimedia session omposel of two melia stream (video, audio).

Fig. 2 portrays amultimedia system concerned with theremote and inteactive playback on-damand of
multimediapresentationge.g, a teleteachingession composed ofrgghronised video and audio) over
the Internet MBone. The Transmitter and Receiver(s) are connectéaddpinding: data streamingnd
control streamingThe former carries the data of the multimedia session accaitite RTP/RTCP
protocol. The ktter makes he interacive contol commands flow accordng to the RTSP protocol. In
case e daa steamng binding is multicast recever subsgtems can arbitrarily join the on-going
multimedia session reuested by its initiator. Normadly, only the initiator heas therights to control the
sessionby the streamingcontrol binding In order to allow a pup of receivers to perform control
actions on the data binding floor control policy16] should be introduced.

Transmittersubsygtem is responsibleof the readingprocess and the enforcement (singthe RTP
timestamps)pf timing constraintsuponthe media streams to fulfil the requirements of the multimedia
presentationln addition, it responds to commands (gpdpy, pausé from the recever ste through the
control streamindpindingso as to perform an interactive service.

On the remote site, Receiver(s) sugasm(s) control and render the requested multimedia session. The
video and audio objets ae RTP files previously recorded and archived. The multimedia sessionis
described byhe Session Description Protocol (SDP). The presentation descaptiteinsinformation



aboutthe mediastreamswithin the presentation, such as the set of encajingtwork addresses, inter-
stream sgchronisation relations and information about the content. At the transmitter site, an actor pair,
Streaner and Binder, & instaniated for each radia steam The Sreanersreadthe media files (audb,

video) and senchém as nessa@gs, © the Binders. Atthe recever ste, a mrrored siuation exsts. The
Binders poll the bindirgand deliver the read meseagdp the Presenter for renderipgrposes.

Multiple Sessions and QoS Boker

Multiple sessiorsupportis the responsibilityof a sytem-agnt called a Boker (or QoSBoker) [18]. It
actsasa co-ordinator for all the onaing sessions and performs admission control for new incoming
ones[19]. More specifically the QoSBoker manipulates resources at the end-points, co-ordinating
resource managent across lay boundaries. g. 3 summarises howhe various componentsof a
multimedia sgtem can logally be or@nised accordingo four differentabstractionlayers: media,
computdiond, timing, brokeing.

Media layer enconpassespassve obgect that model media informaton sources such asetia files
(e.g, RTP, AVl MOV, AU), media devices (e.gvideo capture boards, sound boards) and network
streams. Computational keyconsists of media-actors such asdgrs, Streamers, Marag, Presenters.
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Figure 3: Abstract byered Sytem Model.

The media-actors Controllers are introduced to handle egemésatedby the userthroudh a graphical
interface. The QoSsghronizrs are located in the timinigyer. They manipulatetiming parameters
sud as jitter intra-stream and skev inter-stream. The brokeing layer have to do with filtaing of use

QoSrequirements, admissioncontrol of multiplesessions ad resour@ management. Thesystan-agent

QoSBoker performs the mentioned tasks.



4. JAVA MULTIMEDIA' S TUDIO ON-DEMAND

Java Multimedia Studio onbemand (MSoD) is an expeaimentd distibuted systean over WWW and
MBonefor editing, recording and playback of multimedia sessions. it was designed to providenot only
interactive presentations (eg., VoD systans) but dso inteactive recording and malia editing (e.g.,
mediaauthoring. Interactive presentationgneanthat the users should have control at least over the
following “degree of customisaion”: the time when the presentation stats, theorde in which the
various nformation items are presertl, the speed atvhich they are dsplayed, the form of preserdtion.
Sincethe system lives over MBne, it is required to have also the followiadditional detges of
cusbmisation: the locaion in the netvork where e recordng or playback tkes phce,the scopefor
recording and plapack (e.g local, regonal), the transmission mode forptayback (e.g, unicast,
multicast),the usersor groupsthatmayaccessand/or edit a recorded session and the modailigccess
(e.g, public, private with keword). The sgtem architecture (fig4d) consists oMedia Serversand

Media Clients.
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Figure 4 :IMSoD System Architecure.

The media saver is thenawork entity tha provides aliting, playback, recording and browsingsevices
for multimedia sessionst is composed of a Recorder, a Rigya Sessiolirectory interfaceand an
RTSP Server. The Rcorder recordsPtpackes on RTP-level. Recordng on RTP-level meansthat it
parsesghe RTP-headerof eachincoming packet and checks for duplicates and out-of-order packets. |
can record datarriving both in unicastand n multicastway. Eachrecordeddat-streamis storedin two
files, adaafile and an index-file. Thedaa-file contans theraw RTP packets as in the original session.
The indexfile provides indeig on the data-file to make random and fast access to theAdtitiad file



called option-file can be usal to storeimportant points or mekers inthe multimedia sessionboth during
a regstration and duringuccessive pldacks.

ThePlayer plays packetdackaccordingto the Transmitter schema (seeufigy2). The Session Directory
interfaceimplementsan SDR (MBone ssion directoryool) usingthe $ssion Announcementrétocol

(SAP) B] and the Session Description Protocol (SCEPX¢ listen to andnnouncenultimediasessions
overMBone. The RTSP server mplements the server paraccordig to the RTSP protocol speciicaion

[27]. The Real Time StreaminBrotocol (RTSP) is an application level protocol developed for on-
demanddelivery control of mediastreamsboth alive and pre-recorded. RTSP acts as a network remote
controlthat allows multimedia parts (media servers, media clients) to interact with each other. RTSP is
implemented over TCP, since stream control operations need to be delivered.reliably

The media client is the network entityat requests continuous media data from the nestiger.It is
composed of a QoS Filte7 p], a Session Directorinterface, aMedia Editor, Media Presentation
Tools. The QoSFilter is developedaccordingto the receiver schema (see section 3) and was applied to
the lip sywchronisation problem5[12] The Media Presentation consists of compon#ortsendering
video, audio, etc. As an example, theycould be VC for video and VAT for audio. The RTSP client
implementsthe client partaccordingto the RT3 protocol specification. The Media Editor enables the
use (or content-provide) to build amultimedia presentation composel of media objects storel in the
MMDB by an event-driven specification laumage [23].

Besides, the systam dlows for inteaction anong media clients and anong media savers. Tightly-
coupled interaction amongedia clients means that thepnsistentlywatch the same multimedia
session and operate control on iodt¥ control mechanism28] (gavel passingchalk passingneedto
be implemented amongiembers of argup in such a wayo fulfil consistencyThatis, if a member
sendsa PAUSE command to the Media Server, the others sheuttiggsame viewt lis the concept of
“WhatYou Seels What | See” (WYSIWIS). This is a partcular case ofte renote control of a shared
resource. To hand off control amoogjlaborators, algbal co-ordination protoc¢lL7] thatmanags the
device resource or resolves conflicts between different users’ control actions is needed.

Media servers can daborake with each dber b performintegrated tasks. An integrated task could be
that of playing media steans, each one (e.gaudo or video) froma Media server,andthensynchronse
them.This canbe accomplished in two wayl) by choosinga master Media server that co-ordinates all
the ohers (shves). The raster, accordig to the presergtion requiements, askshie shves for nedia
streams. When the media streams arrive at maste site they are synchronisa by usingfiltering, mixing
and translatingechniques and sent to the media clienf\2lisinga distributedmediacontrol between
the media servers. After a coargeig syichronisation phase, the media streams are sent frometthie
savers to themedia dient(s).

Implementation and Satus

The components of the protpgd sytem are: the Play, the Recorder, the Sessibirectory (fig. 5),
the RTSP dient and sever, the QoSHiter. As onecan see from fig. 5, theJSD GUI displays the on-
going MBone sessions upon which the user can @igr join.
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Currently the media client is implemented as both a standalone application and a helper application (see
fig. 6) within a Web browser. The main advantatp invokingthe client as a helper application, instead

of a Bva applet, is the that it can open multicast channels on behalf of the esides itis under
development a whiteboard based on a reliable multicast protdeMRL[15]) that allows the members

of a playbacksession to bookmark specific instants within a session and to collaboraxehaygng
information.

Fig. 6 portrgys a multimedia session with four synchronisal streams (three video and an audio)
controlled bythe Plagr Controllerthrough the commandsstart, pause stopand atime slider. VIC and
VAT are e media presergtion ols.

5.CONCLUSIONS

The development of multimediasgtgms overriternet is avell-known complextask.It hasstrongQoS
demands whose fulfilment require bandwidth ®ntrol and real-time behaviour. However, the
communication infrastructure remains basically of control of the applicationn laddition, theuseof
standad OS features, namdy over-killing and preemptive priority-based scheduling doesn’t dlow a
fine level of timing control.

This paperproposesan approach based on actors aaghJwhich integates the achievement of the
application requirements with a customisdle scheduling. The actor notion is ligit-weght and rdies on
atomic messagprocessingActors are used to define a framework of reusable media compaevteaks
facilitate the configuration and deployment of multimedia systems baed on néwork bindings, real-time
protocols, media objects and media piay

The actor framework is under garimentation in the implementation of asd MultimediaStudioon
Demand sgtem, which supports recordingayback and editingf multimedia sessions over MBe.

Currentefforts are gared oward

completing IMSoD prototye

formdising the ddinition and the editing of media managers for the desaiption of multimedia
session timingand synchronisdion constrants

formdising actor-based multimedia systans by high-level Pdri nets [21] in orde to dlow
verification activities as a support to the degipase.
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