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Abstract 
Muliimedia sysie>ns allow ihe iniegraiion of doia sireoms o j  
different w e s .  including coniinuous media (audio and 
video) and d i s a d e  media (iext. doio. still images). The 
in/onaiion wniained in i h q  doia slrwms is ojlen inier- 
related. and muliimedia system must guamniee to main- 
tain such relaiionships ar ihe s m m  are stored. 
transmitied andpresented to ihe wer. This is wually called 
"Mullimedia Synchronization". Unfonu~ie ly  d i f f m t  
auihors use the tenn with d i f f m t  and otien w n h i s i n ~  
meanings. Tnis anicle propar& a iatonomi o/multr'medie 
synchronizarion. inimducing rhree Ißyers o/absimciion: a 
Media Loyer dealing wiih infra-smm synchmnizaiion. a 
S m m  Layer speci/ylng inter-stream synchmnizalion. and 
an Objeci Layer defining ihe ielorionships benveen mulii- 
pediß objdC~ in ihe style o/ an ouihoring langulrge. 4 

' m m p l e  iliusuotes thetaxonomy ihroi~ghotit ihbpaper' 

1: Introduetion 

Synchmnidon is essential for the integraiion of wn- 
tinnous and discrete media in locd as wcll as diqributed 
multimcdia systems 1361.' In.theSe systems. unitsof infor- 
mation an wded in various W s  ofdata nreams (media). 
indudine continuous mcdia such as audio and rideo. 

in so& eases each stieam is self-contained and Iw no 
tamwral resinctions. but in manv other cases there are 
s&c rclationshij>s bctween .different sireams. For 
exam~le. a continwus siream aenerated bv a source is onlv 
com&rcd to bc at the-&I& if the &ta is r e p d d  
at a &C I& (e.g. in nal-time video); thc rtream must 
bc syihmnized witb a red-time dock in  other eases hvo 
saaim9 luve a sao tem inienciaiionship (e.g. Lip 
svnchronization in a~%o/v=stemsi. A fuherexamnlc 

be. wkre a user waats to define and &t 
~IUJOC~ c o y . b e t w e e n  mulümedia objects p-ted 
to e user (e g vom m ~ t a i i o n  or cqiiom for a siide 
sbow) 161.1241. Vuv oftee combinaiiom of these twes of . -  -.- - . . 
synchronization cao-accw in prdctioe. 

In order to undemand the various reauirements for mul- 
limaha synchmnizntion mechanisms &d compaa solu- 
tiom Tor their imp1emcniorion wc pqmsc a classfication 
wheme with ctircc layen of absiracnon. We distinguish 
beovcen the definition ofthesc t e m r a l  relationships and 
the aciuai pmvision of such relation&ips during the presen- 
tation of the data simms. 

in t k  cumnt literarure. ihere sre a alethora of tech- 
Nques preccnted Tor achieving multimediis~chmnimtion. 
as well as some appmaches Tor specification at diiicrent 
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levels of abstraction An overall classification was in- 
duced by Litile and Ghafoor [2S]. They identi6ed a phyc 
icai, system. and a human level. but witbout pivuig a 
d d e d  deseription or classfication criteria Other classi- 
fication schemes distinguisb ktween inbn-stream (fine- 
arain) mchmnization and inter-stream fcaarsgmain) 
;ync&nization or betwcen live and symhaie synchni: 
zaaon [2S], [39]. Live synchronization deals with the pre- 
sentation of iniormation in the samt temporal 
relationship as it was originally coUcctbd F a  synfi~aic 
synchronization various pises of i n f o d o n  must be 
synchronized in time. Lipsyochmnization &als with the 
synchronized playback of audio and vidm and is a spa 
ciai case of inter-suam synehmnization 

These classification schemes sbem to be orthogonal. 
and.each one of them only caphires one sp&ci6c W. 
In [7] the.Firefly'+stem was intioduced which prwvides 
rnechanisms for aut0IMh~ally prcducing temporal lay- 
oucs Tor rnulrimedia documents. accordina to the smtial 
layout in documcnt systems (e.g. ODA). h e  Orchisua- 
uon SeMcc [SI provides a 'su-eam-oriented' i n d a c e  for 
synchronieed plityout of continuous mcdia in a &tsb 
uted envimnment. These svstems deal with muiümedia 
synchronizaiion, but siippoh abstractions fmm.dinerent ~ 

perspectivei. We felt thnt a uniFying classüication c&me 
q d  taxonomy might bc ,heIpful in th* confusiiig wodd. . . 

This paper is drganized as fouows. in k t i o n  2 we 
uitroduce our taxonomv and define ihe thrce Laven in 
detail; a shon programining example illustrat*l &h of 
the layen. Sstion 3 shows how exrsiing synchronization 
services can easily bc classiiied using air m k m .  Sec 
tion 4 pmsents an outlook at fururc txends. Pnd M o n  5 
wncldes thc paper. 

2: Ciassification scheme 

We consider multimedia mhrouizaiion at time lav- 
as of abstraction as shown ih Fig. I. Eafh hyer 
ments synchmnizatioo mechanifuns which M pwided 
by an appmpriate interface. These intcnaceu can be used 
to specifi andlor eniorce ihe temporal rclationshi s. Each 
intcrface deiines an interface lmguagc. offering & u s r  a 
means to deiine bisher rcquiremcnts. Each intcrfaee can 
bc u.4 by an application &roctly. or by the ncd higher 
layer to implement an intcrface. 

A foUowing analogy is iaken from thc thrce layend 
classifiacuon of pmgranuning Innguages. Thc lowest 
level offend to a programmer 1s the arsmibler language; 
only in rare cases the pmgram k to bc caistmacd at 
rhis Icvel. where is a dir- mapping of asscmbler siate 



ments to machine inshuctions. At the intermediate level we 
6nd impaativc pmgrammtng ianguages mich as C M Pas 
cal. In many cases p m m c r s  (and in oarticular svstems 
pmgrammem) use ihe% languagei to salbe iheir pmblcms. 
These languages are wmpiled or inierpreted to an assem- 
bler leveL An example of the highest level would be firn- 
gencmiion database query languages. such a3 SQL. or 
object-orieated iaaguages. such as Smalltalk. The mgram- 
mcr (arid in patticula~ tbc application pmgrammery can use 
tbsc lanßua es to 6pecify in a d d p i i v e  wa what the 
problem B; & sptcm then hanslates ihem into Lwer-level 
lan&uage statemenrc to be areaited by ihe machine. 

Multimedia applicatlon 

video frqes/second with orre fraw being a LDU). 
.nierefore. the aüributc firne defines the appropriate play- 
out time for this LDU. References to absolute or relative 

~ ~ . 
time (e.g. Logical Time System [4]) can be used. For 
caample the f m  oumber 0 t h  w-nduig frame. 

The wncept of rhe LDUs o usefd to cmmsuiau: the 
device-specidc implemeutations of a unifid interface 
that pmvides operatioos like md(&vicehandle, LDLI) 
and write(äevicehandk, LDV ioprooes~ LDUs. Sysicms 
like, AcöonMedia/ii's audio-V& kerne1 1161. or tbe 
audio device in the SunSPARC station [40] pmnde cor- 
responding interfaces. 

To sct up a coruinuous media streaq~ an application 
oRcn cxsutcs a pmess Tor each Neam in a fashion sim- 
ilar to the following example: 

window =-open('Videodevice'): 
movie = open(.File-) ; 

Fi i .  1: ClasaUicatlon scheme 
. . . . 

.Y . F Ö ~  i a c h ' i a y  ' i  bbjecis i ~ ' h & d i o i i s  6" these" .~ 
' ' 

obieCi6 are described in tbe followinn: The sema'ntics ofthe 
ob& and the operations are the &in criteria for &ign- 
ina them to one of the layers. - 

A detailed pmgnmtüing example derived fmm a red 
interfpce pmvided by a real product, pmtotype. or Standard - . 
demönsüates how synchronization beacgeved thmgh 
this l ayk  The scuiano.for tbe pmgmmming exampleis to 
-dispiay mb+e+q ~ t p &  times during the playotit of a 

. . . . , . . . digitai mwie. . . .. . 

2.1: Media layer 

We asnime that all mcdia arc digitai and represented as 
data in picces of mtmöry in thc system Each media stnam 
csn bc segmoted into a squence of logiml &ro wilr 

on ihe granuiarity ofthe medium 1391. W s )  
Tbc syDtax md cnmdh of the indinmial LDUs is 
dettrmincd by the multimda devices. In general these 
d&cas prmidc intafaua specific to the capabilities of the 
devicc 

At the Media Liyer an application opersta On a single 
coniimou mcdia saeam, which is Vtated as a sequence of 
LDUs. We ddure the stnichue of an LDU as follows: 

s t r u c t  1 
long t ime:  
c h a r  ObuEfer: 

LDU: 

The aibibuic bdw refers to a pre-alloozted area of 
mcmory w k n  &will be stond. ~ h i s  data Tor example 
can be ca nircd fmm a video dcvice. 'nie pmcwing of the 
LDUs is emired to mcdia-specific time wnstraints (C.& 25  

1 hc process reads and wntes LDUs in a loop Tor ss 
long as dau 1s available. Synchmnous playait of a subh- 
de is acheved hy tesung the atnhutc rrme of the LDUs 
ior 91e nccessary value. 

AI thi, kiyer an ap~itcauon is reswnsihle for the intra- 
nream s y n c h r n d o n  by usmg ' t lowanml mecha- 
nisms bctween a pmducuig and a wnrwning device (331. 
Jf muitiple S U C ~ ~ S  are runnina in ~arallel. then tbe shar- 
ing of ~ s w r c e s  may. effect &U &d-time requirements. 

Usunüy .a resoun;e. resewation g d  mansgemeit&eme 
allows for the appropria@ guaiib ojsem.e toguamtee ~ . 

*th-stream s+bmniza!ion 1421.. The 6pat ing  sye 
tem(s) cchedule(6) the corresp6nduig proces in d - t i m e  
1281. in disüibuted svaems the nehvorkina wmwnents 
&-taken mio acm& [3].[10]. Anolhcr M h  inhu- 
duccd by Li& calculates a 'piayout schcduie' for the 
rndividual LDUs in resncci to Ihc Wwidth  l imitat io~~ 
(261. In thc special C& 01 lip ~ y n c h r o d o n  the inter- 
m ~ a m  synchmni7atioo can be pmvidcd casüy. wbcrt 
simultaneous audio md video fmea nm &eoved 
within the same LDU (e.g., ActionMedia-ii'saudicwideo 
support System [16] and thc MPEG data stream [tO]). 
Finally. the synchronous piayout of discnte media is a 
mk tobe performed by the application. 

2.2: Stream layer 

The Stresm Liyer allom ihe application to operate 
on continunic mcdia s r r m  as well as on p u p s  of 
media streams. In a group all streams are presented in 
parallel by using mechanisms for inter-s- ~ynchroni- 
zation. Cominuous media is sten as a data flow wiih 
imphcit time conitrainu, individual LDUY u o  n a  visible. 
These so called streams are executed in a real-time cnvi- 
ronmeni (RTE) where all processing is constraincd by 



weU delined time specifications 1121. On the ober hand the 
applichoas themselves ate executed in a non real-iime 
ennmnment (NRTE) where the proccssing of cvenis is 
controued by the operaiing system scheduling plicies. 
Typiial Operations h o l d  by an application to manage 
streams and groups fmm the NRTE are: siorr(srrerim). 
siop(sr>.eam). creoiegmup(lisioji~mm). siori(gmup), and 
stop(group). The interaction with discrcte media is pcr- 
formed via the attachment of evem 10 the cominuous 
media strtams (e.g. se lcuepoinI (s t~m~~up.  at. ewnt)). 
Such an event is sem to tk. application wknever the 
soeam resches the specified poid during playback. Once a 
event passw fmm tk. RTE to the NRTE it s time values 
becomi m g l e . s s .  i.e. h t e  media have explicit timc 
mnswints. At this Layer tk. appiicaiian is furthcrmore in 
charge of any discrete media procssing. This leads to dif- 
ferent spplicaiion ixüe.rfsccs for wnbiiuou8 and discrete 

~ ~ 

media 
The w r n  Sub stem of iBM's Multimedia P m  

senmiian Manager for 8S/2 ~mvides a set of services 
which can be u&d to i m p l k  data streaming and syn- 
chmnization This mkqstcm, wbich can be undemood as 
the RTE, is wmpriaed of the 5)dSmwrn Monger (SSM) 
and severai s-um handlers [IiJ. Stnam handle% are 
responsible for conuolluig the cantUiuou8 data flow in mal- 
time. The SSM pmvides a n s o w  management and wn- 
uols the rePistraiion and activiiies of all &mhandlers. 

The fÖbwing pmgramming exynple uses the g&ing 
, .  . 

commandinterf~ pmvidcd by the MMPM.' . . . . . . .  . .  . ~. . . .  . . ,. . . 
. . . .. .. 

open digitalvideo alias e x  .. 
load ex video.avs 
setcuepoint ex at 20 return 1 
setcuepoint ex at 26 return 2 
setcuepoint ex on. . . ' . ' . . . 

. . . .  . . . play.ex. : : . . . .  . . . . . . . . 
... switch readevent ( , { 

. .  . . - ... cqse. 1: ,.di,splay(nSubtitle..ln) . .. ' .  
. case 2: display!"Subtitle 2"). 

1 . . 

In MMPMR mter-stnam synchronizaiion for s y n c b  
nized playback of multiple stream w i t b  a group is 
schieved by a mastcrlslave algonthm. wbac one shm 
( t k  rmarrer) wnirois tk. behavior of one or more subordi- 
mtc saams (tk skrvb). The söprpause algßnthm intFo- 
ducui in [4] gives a deYled c k w i a n  in the 
imd ' ofsuch an bchavior. löis hmni2aton 
mec=~cME [2] as weil as the Ser- 
vice 181 (See ~ r o g r a m m i n s ~ e e ) s u p p o & T  hyer 
rbstrsftions fadistributed 

Orch.requeat(&sid, liatofvcids); 
Orch. Prime. reauest isid) ; 
0rch.Eventreauest (aid, vcid, event) ; 

The Süuun Laver abstraction was derived fmm ihe 
ibstraniw normaUi pmvided by thc iniegration of analog 
media in the computer sysicn In the Muse and Pygmalion 
sysiem of MIT'S Pmjst  Aihena [I41 or in the DiME (391 
sysiem continuous media was routed ovcr separaied chan- 

nels thwugh the compuier. The connsI+ äcvices could 
bc contmiled by sendinp, commands via ihe RS232C 
inierface to sIatiand mp-thc mcdia streams. In auch sys 
iems live synchronization behven various CM saeam is 
directly peifonned by the dedicated p m s s i n g  devices. 

23: Object iayer 

The dinere- between discrete and ~ U O U B  
media arc hiddcn by a "".T lication intcrfe p m  
vided by the Object Lyer. ihis ayer aUows f a  aimpler 
and exact spbilfication of playait sequemeu. wbere cach 
media object r e k s  to a time axis and d e h a  a seauencc 
of evenli. Fmm our understandu>g the atstmxio'ns are 
similar to the 'ohjeet model' phsented in [35]. 

A w r i n g  syslems o h  use a sript  language for 
sequencing and composition of inter-object relationships 
(Apple's Lingo [9] and IBM's Audio Visual Authoring 
Language [ I  51). niey have aU in common that an author 
has to spec@ synchmkd actions in relstionnhip to a 
global time. As the foiiowing sample demonsmm, theae 
languages pn imperative. whkh means that tk author 
has to be aware of tk. synthctic synchmnhrbu The 
complexity increases dramatically, if m m  than ane wn- 
tinuous media stream is simuitaneously pLayed back. 

.WAIT. 20 ' i . , .. .. - - . . . 
. . ..;. . . . 

:. SAY *Subtitie 1- . . ~ . .. ' ' ' . . .  . 
. WAIT 6 ' 
SAY "Subtitle 2" 
WAIT 'on video termination' 

Muiiimedia documents are declmtive.. bccause thev 
Support an authorin abay whcre belshe &ply dcscfiii 

' 

the animahon wthout knowledae of the svnchronizaiion 
mechanisms. M buiidinggblock f i d i a  &j&&(coiilcnt) ' . ' 
allow for wnstniction af. complcx. m u l t b d h  o b j w  : . - - 

. (wziieiit' 'including prese.n@tion atuibutes). Templw 
incorporate the. definition of fuzzy time constmbts 
between the multimedia objects according to tk. applica- 
tion and users' needs. The application q>crat*l on the 
comwsition of aresentation o b i m  in t e m  ofaaiim- 
b h g  playoutsz~uences, the definition of tk aact tcm- 
pral  nlationship has not 10 be dcfincd crpW 

ity. time. und spmx on Ly featurcs of ihis 
Apart fmm tk compositioo. aU demaus .t tk ap@& 
tion intcrf~cc iiicluding Um opcrpöom for sMniing md 
simtchinn of ohiects in time are visible 171. T h  oirre- 
tions are-used -during a layout pmccss- ba thtftib 
plates an formattcd accorduig to the appbatiops' 
requirements arid the availabk remum at tk exuaümg 
System. Hylimc [I91 and HypcrODA [5] aUow. to mme 
extent. for such a flexible abstract s p e c ü i d m  

For the presentation of a multimedia docummt an 
nppmpriate rwitime environrnent is necessary [41]. As 
uitrodüced by Markey 1271 one solution. to exmite a 
H y T y  document, d d  be to use the fortkoming 
MHEG standard [20]. 1301. 

I .  T+ icronyrn MHEG is u d  ior Ihe Multimedia Hypr- 
rnedii Expert Gmup. 



n i e  seope of the fUst parl of (his standard is the coded 
"presentation of 6 d  f o m  pmhnedia and .hypennedia 
t n f o d o n  objects. The so called 'MHEG objects' ded 
wilh rh: coded reuresentation of the multimedia document 
and arc cotl~eivedfor the intcrchange benveen appiications. 
An MHEG enginc parses. encodes. interchanges. decodes. 
and interpreis MHEG objecb. In an application thc objais 
an in cerhb preparaiim stprCs (not reo& m d y )  or in nui- 
Nng 6iate.s: (mning, not running). The MHEG engine cval- 
uaics ihcst waniss and d o m i s  ocuUi<ms facfionrl likc 

4. mn. xiop, or d a b y  on the& objtcts. ' 
llnk aro used to specify spatial temporal and 

condii~onai nWns betwem MHEG obj-. An MHUi 
link ia h t i o n a l  and connects one sowre objecf with onc 
or mon Iinked o@ectr (Figl). 'ihe MHEG engim inggers 
Iirirs by tht mcdüication af a natus evaiuation of the sourcc 
objkt. *T 

Soun;sob$ct Linked obied 

FigP: Definlon of an MHEG link 
. . - .  . . - . : . . . . .  . . .  . . ... < .  . . . . . . .  I : . . 

' . ig & fo'uowine we give än w&entav &a&le'of'how 
ow scena.rio nii& bc mied iri the upcomming MHEG stan- 
dard. 

. .  c o m p o a i t e  ( .  
. . : s a a r t - U D  link . , . . . . .  

v i e w e r  start - u o  .~ -~ ~ 
~ - 

. . .  v i e w e r - l i s t  . . . .  
, V i e v e r l : :  r e f e r e n c e .  t o  componentl  ..: 

.... . , . . v i e w t r z :  r e f e r e n c c  t d ~ o r n ~ i ö n e n t 2  - .' . 
v iewer3 :  r e f e r e n c e  t o  Component3 

Coiwonentl 
reference t o  c o n t e n t  'movie.avs" - ~~ - 

Component2 
reference t o  c o n t e n t  -5ubtitlelz . . . .  . . . . . . .  . . . . .' canigonent3 . . . . 

. reference t o  content = S u b t i t l e 2 '  
Li*l .  . . . .  . . . . . . . . . . .  . .  , . 

O w h e n  timestone S t a t u s  o f  V i e w e r l  
b c o m e e  26 then :sf?lt Viewer?'.. Li*a . . . .  . . . .  

- 

-when t i m e s t o n e  s t a t u s  of Viewer l  
becaes 26 then s t a r t  Viewer3. 

1 

The wmpwite objcct acts ss a 'containe-r to 
of MHEG objccts. 'ihe v i e w  object is a xP view of a 
refercnced w n p o m  object Finnily, the fimcsrone is an 
idernified rnarkcr for a t m d  ~osi t ion  nie identifier is 
loadcd by Lhc MHEG engirk mto thc timuione s iaM when- 
cver the prceenation of a componmt meels rhe marker. 
iinkl aad Link? am timd bv the timestone m s  to stan 

3: Use of the layered classification 
. . 

The classification ccheme has demomtmted that sev- .......... .--- ........................... 

eral layers of abnraction can be identified in the cxiscing 
approaches of mulhedia synchmnuaiion mcchanimis. 
F i i 3  i i i m e s  how the different kinds of mbroniza- 

1 Synthatic sync. 2 Inter-stmam sync 
3 Liie sync. 4 Intra-stream sync. 

Fig.3 Taxonomy of avallable cibstractions 

The intra-stream sync*nizaiion at the Media iayw 
a~wrts basic mechanisms for contuiunis media 
stikam~,. which. mean$ : that applicatig6using tiUs . . . . . .  

-. "abstrgttionc havc i6 hplemeht many of  thc synchroniur- . 
' 

iion 'm&ban@ms :ihemselves (e.g. Heidelberg Distribu- 
tion Service [13]. [39].and the X-Movie System [Zl]). 
Synthetic synchtonization. which is located in ttie Object 
Layer, hides mcst of the s y n e h r o ~ m  . 
from the application .. Buk these powerful abmactiom . . .  

liCablefi allkirid of applicitiohs. ' ' ' . 
oividw'-Conferencing systcras (cg. BERKOM 

Multimedia Collabomtion Service (BERKOM-MMC) . . .  
[I]) tbe ,appiicDtion enables~tiie.yer to seiup I L S  ..' 
behveen one or more e r > a n t s . -  iwa OS W=- 
caeam synchrmiizatioi is neidaibccsuse thc audio and 
vidco data has tobe colleded in real-timc fnm ~~IUO- 
~hOneS and cameras. Therefon. the live svnchrookuion 

pmvidcd througb ik. m c c e  ai tbi Stmm Layer 
is ihe.prelened metkbi. Thoe amhtioos m d y  do 
not ded with svnthetic svnchmniiätion. 

not in thc swpc Öf our undagaoding of t&pornl rela- 
tionships as innoduccd at d o n  I m this Paper. Tbcsc 
machaniuns havc to nvarantec thc inre!uiw of data 
tutes and may be Ghieved by ordehgevents 8s dis- 
cusscd in [22], [34], und [23]. In this other c~ntext 
synchronizaiion *lies to thc noiion of a weU debed  
interaction between va<iw usffs aad applicaöons. 

the viewer as quired 5 the aljplication. 



4: Future trends . .  . . . 
:43: Media streams . .. 

Synchniza~ion has been a kcy isnic in muitimcdia sys The mon ofIen mentioned media mcams to be syn- 
ums s h  at least five years. In this time Span somc major chronizcd arc audio and video. Early implcmcatation as 
advanccs in rescarch and devclo~ment conccrninc the media well as mon of the CD-ROM based amroachcs mulii~ler 
relationships have taken place. b also pointed out through these data sireams, it is also kn&&jile inierleriiing 
this aper all qerational systems include component(s) arid/ and inierleuved jles. Often audio and video are d w  
or afgorithm(s) to assure some kind of temporal relation- üansmitied over ihe same conmunication chaunel end 
shias. NcveWcss. wc still encmntet work to be done treaibd as a d o n  Thip ammach iIlcviatcs 
&hi& undcraand as W natural evolution from thc (hc cnd-syxtems-to talic can of sny cvkiihially ocaUring 
elrcadv achievcd results end actual work in umpress wnchmnization ermr. But. it docs m t  allow to savc sys- 
towards rhe requircd and opcn issucs, wc want & io be tim nsources end it does not pmvide thc ultimstt fl&- 
&wo as IbelLtwe nendc in multimedia synchmnitation. b i ty  to conlml each daia soearn individually. Tbceore. 

individual streams have become the atomic cutitv to be 

Thc major isnic of ti& papm relatcs to the taxonomy of 
syixhmaization techniques dcveloped in oder 10 under- 
stand dinm111 aooroaches. 10 identifv more emilv their 
munial r e l a t i d p b  and toclarify the hotion of abstiaction 
in this area Fmm ihe evolutionaw wint of view. m 
encounter a 6rsl mnd related to thc ~~ of a ~ ~ t i o n .  
W e  intra-sncam syiichronization bctween thc individual 
LDUs was thc Bat & to Iake into account, aRerwards wc 
addrtssed rhe key issue of intcr-mcam syochmnization at 
ihe Stream Layei Today, considerable wo& in the research 
community ia devoted to riated class hierarchies and 
multimedi*, ob* [4!]>P37. Vi., f u  aend Covers:. : 

. - BFptds ~f platforpl gdependencg: l e g  to Uiis Object . .' 
- 

' %er Lnour taxonomv. It is still a inamr of researchto find 
oui the most suitableappmach(es) at this Level. This trend 
involves ihe uro-~ of auolications mahnrr use of the 
before ment ibd abdcdons ali shom in w i &  3. . . 

, . . .  . . . 
' 4.2: Real-time requlrements 

. .  . .: . .. . . .  . . . ~ .  
.. . Recc* :M; 'human .:pemO". expeiime&. 

revwled'a not .+U shidied pecuüenty bf mdtimcdia syn- . , '  

. chm-n, the detaild notion of d e m  skew values as 
quali~ of s e ~ d  (QoS) pammkm [37]. In most of the 
existina System. smchronization is e i h r  achicved bv an as 
gwd 5 b s i b l e  Ör en be eruci in-sync methapher.As the 
abow mmioned arperimenis showed, in this wntext the 
notion of W- from thc human aerceotion .mint of 
view must k redefined As sn cx~mple'talrelip &hmni- 
zaiion arhi& amlies kiween audio nnd video: An an%- 
cidly introducid40 ms skcw wluc betmrn audio aad 
vidco wos shown to havc rhe 8-c quality from the human 
prccplion point of view as ao skew at all. Therefore it tiims 
CR& thst k<weai thc various typc of mcdia C& skcw val- 
u a i e * p r c s s c d u a Q o S ~ c a n k e m ü y  tolaattd. 
iüe. aeDd goa from hard to weak real-time requiremcnrs of 
rhe skew. WC the OoS m e t e n  have oRcn been dic- 
mied tha;e+ m o s  and more oRen been negotiaibd 
ktweai iwolved comnents. 

A similar ircnd can bebbsmred in ihe nsource nseiva- 
tim arra: W abscrve a move from very ulephone call ori- 
enied ammachm known as euamnieed toaiards the besl 
eflon mfutions. This allows 6 r  a highcr wntmuous media 
waldoad on the basis of ihe same rescurccs. 

able to conml at thc Smam Layer. 
Apan from the multiplexiag issuc, most of thc Systems 

focuscd on eithcr synchronized audio and vidm. or wm- 
b i o o s  of continuous media daia like audio with mme 
discrete mcdia ihis  lauer is usuallv oerformbd bv issu- 
mg some user dcüned events at a &hin poiot i i~ iime 
with respect to the related conrinuous medik i r ,  thc m- 
unuous mdia smam servcs as master. In mute complcx 
ccenarios more kinds of mcdia streams aisi. arid tbw 
have to be supponed by the mvided mec-. Tbe 
evolutim goes from the syncLn~at ion  of some media 
data (oflc$ust two kinds of mcdia) towards sny Lind and 
amount of media data 

another fundamental is'sue we must consider the 
@end towards an integtahon of synchronizaiion into dis 
tributed multimedia YsteE. Whde in the very beginning : 
each application had by itseifto take of synchmniza-, 
.tim: this burden has been alleviated bv a svgtcm bPsed 
supkn which is often part of saone 80 -dd ertensicw. 
This evolution took olace b e c a ~ ~  wxv d h i m h r  mli- 
CahOnS had 10 pcrf0r;o sZmllar sync-0 &- iiad 
therefore musf include a similar ~rocessine Ai thc iime 
beiig still sophisticated synch&&~ procarsing 
remains at the applicahon leveL We enwunter a wcll 
dcfined mnd towards the incorporation of all tkse fea- 
ture into the System rather than being pprt of the applica- 
tioas. 

Tdafs muitimedia Systems and Wrn emrironmnts 
like Apple QuicLTim [9]. MicrosoA M,tliimrAin Bdpn- 
sions [29l. arid IBM Multimedia RcsenEation ManngcrR 
[17] contaui synchronizaiion mahanisms for k i  
walied in thc local domain First networLcd svstcms Wrc 
thi IBM Ultimedia Server covcr SOU& gmchmamtum . . 
isnits in a distributed cnWonnwL Rosarcli P"" mre often ded with n e W  than witb local W uhom 
only. The direction shows from local towaftis the disüii  
uted approaches. 

Synchronization &es covering various comPUtCa 
havemon ofien been intmduced in &e conontwd cominuni- 
cauon Systems or sometimes togcther wih databa% sys 
tems. This is too specialmd k a u e  the samc algonthms 
and feacuns arc uscd in che I o d  as well as in thc nc<- 
workcd envmmnt :  The d o n  of a s m m  with the 
source and the sinks applies. e.g.. to a local as well as a 
distributed mnario. We encompass the trend fmm the 



specialized naworked or databasc driven appmach to a 
sneric'systcm supDon as utension to Ihe anraring systern . - - ~ 

Ör even a i  integrai part of it. 

5: Conclusion 

We have introduced a Iavered claisification scheme for 
mullimcdia syachronizationhThe three laym an the Media 
Layer foc ineD-amam syochronuatiw. tbe Stnxm Layer for 
inter-stream svachronhion and the Obiect Laver for 

ex muh-sueam m u l t i d a  a@Cati&. 
Ai tach laya ~ c n s  and operatiom are ddÜud. Each layer 
can bc secessed dUertly by by application or i 6 t l y  
through bigher layers 
Thc for our claisification were derived fmm the 

onaiysis of work in srandards (C. .. MHEG [20]. 
[~I;"to (e.g. ACME [d, Orcheshaöon 

Snvice [8]). e;d & (e.g. Multimedia Exiemiom for 
Wiadowa [29]. hUvi?Mn [17J). We gave examples how 
wisting multimedia Systems and their interfpces can bc eas- 
ily c W e d  using OUT scbeme. and at what Level of abstrac- 
60x1 the upcoming stnndania can be placed 

We an now iii a pxition to extent our work to pmpose 
oncise a~olication interfacea wiih eencric feahues st cach 
iayer, und b dehe the mapptng of &j.xts and opcratioi 8i 
layer n to the interface of layer n- I. 
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