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Abstract 
It is often believed that with the mere knowledge of the 
kind of media, e.g.  Speech". the system and specilicaily 
the cornmunication requirements 0f.a distributed multi- 
media appiication are automatically fixed. In generai this 
assnmption is wmng. As a matterof fact, cedain tech- 
nology aspects includig the kind of media, coding, and 
compression techniques are of'primaiy relevance. Ilow- 
ever ,the speciiie application's functionality imposes.fur- 
tlier requiremerits; . . . .  

. . , . : .  . . . . . : . . 
In this' @+er :&e present a new model for~$iStr~buted .. 

multimeiiia'app~cations whicli is used for the descnption 
of such appiications. It ailows for the retrievai of some 
communication requirements, and it can be used to 
stmctwe the described application. This model wai cre- 
ated within and used for the development of a n  
wdio/,edeo distributiop servi~e as appiication o f  the 

, ,  HeiTS . (IBM EbiClfeidelbqg. . . . . . . .  High-Speed . :T.nsparL:,, . . . . .  . . .  System) 'pr0jeL.t ,$i H$del+rg. . . 
. . . . . . . . . . . .  . . . . . . . . . . .  : . . . . . .  : . . > .  .,. . 

1 .  Introduction. ~ ' . . . . . . 
~~d* . . d iß iw  j,etwoIks &..IsDN:, hiebt= ' 
dif lekt  s d c e s  are available.~ -However appiimions 
with plw,values  an stillrare. The leason is.riot jusi a 
mere mistake or mi&nderstahdig of the u&rs'.n&d, but 
from a network architecture layered point of view, tech- 
nology at lowerlevels seems tobe  ahead: The data rate 
of networks is larger than cost-effective adapter technol- 
ogy can consuine as a whole. In 1291 even LAN and 
MAN classes of several gigabitesls up to terabitcsls are 
anticipated. The Situation is even more dramatic at higher 
software layers'where aome seMces may be executed by 
the main CPU of the workstation. On the other hand 
operating Systems are still not weii-suited for audio and 
ndeo data transfer [16]. To overwme this weii-known 
appiication dilemma several mmpany specüic and ex- 
ternaily funded projects especiaily within ESPRIT. 

RACE and DELTA currently deal with applications for 
high-speed networks. 

A frequently raised question is the foiiowing: What is the 
use of nigh-speed? Our answer is that in addition to a 
fast füe transfer, the integated communication,of audio , 
and video is profided as.the added..yalue (see'b321). We. 
understand multhedia according t6 the foUowing defi- 
nition [16;35; 391: A multirncdia system is charactcrized 
by a computer-controlicd. integrated processing, Storage, 
presentation, generation, manipulat~on,. and .communi- 
catioo of independent ixiformation. of .time diependent' 
(contiiuous) .arid time independent (dismtej medii 

. . .  

Today's intereit of syste&.arChitects a n d d e v e l ~ r s  in 
multimedia applications and interfaces is twofold: . 

AppiiCqtion developers want to absiract from the 
avaiiable physical dependencies and the multitude 

. . of m u l t ~ e d i a  devices [38]; Key issues are the treat- 
. -. meut.of.audio a d .  ndeo Jn and.:n~vel'envi-: . . . . .  

. . ?  .:~nments,."fie+ .erf*, a,id':& 
, '  desaiption .. . . . . .  of distributd m9It-a appii~tions. . . . . . . .  : : . .  . . . . . . .  . . . . . .  . . 

F r o m  the'desription of theap$cation; s y & n ~  - 
, . -..:arid c o m m ~ a t i o n  systein-- denlopen d t  .to 

. . : retrieve the requirements for the underlying Compb-. 
nents. ,In a detaiid anaiysis of appiication skeaarios 

- - - . -  ::aiid clas$ication sihemes such as 13; 6 ; .  15;:31j m+ 
found out that seMces are enurnerated and wm- 
munication requkements. extracted. I t  is a fact that 
the telephone service requires 64 kbps, a oneway 
end-to-end delay of 600 ms and isochronous data 
transfer mode. Does the same apply, e.g., for a 
telephone with variable bit codiig as part of a joint 
editing session? Posimg such a kind of question, we 
felt that some parameiers heavily depend on tech- 
nology aspects and others on the appiication's con- 
text. 

With this work we Want to present a fmt dep towards a 
solution for both above mentioned areas: The model de- 



scribes applications, some of theu communication re- streams is important and must be taken into account 
quirements, and aüows for the retrieval of some (22; 34; 371. The consideration of v&ous data ,streams 
communication requirements, and can be .used to stmc- together imposes also new requirements towards cali 
ture the desbribed application using object-orienied tech- managements (151.' High-speed netwoiks open the po- . 
niques. This model was created within and used for the tential fof "computer-supported cooperative work" ap- 
development of an audiojvideo distribution service as plications applying multicast tecliniques at diierent 
application of the HeiTS (IBM ENC Heidelberg High- levels 110; 301. 
Speed Transport System) projecl (17; 141. 

Let media be the fouowing set: 
Previous work showed the dependency of the communi- M : = {fext. graphic. image, video, audio, ...) 
cation requirements from the kind of media (401, CCITT 
service class [I], and from applications within different At certain levels of abstraction media appears as a com- 
scrvice ciasses 1421. Our work can be regarded as a biiation of other kinds of media. TV-data is a comb'ied - - 

foiiow-on. audiolvideo data stream. 
With respect to the time domain, multimedia Systems 

In the foiiowinn section we Dresent a short discussion deal with two cateeories of media 116: 35: 391: . . . .  
about media and the state of ihe art concerning the deri- 
vation of communication requirements. We develo~ed Diwete or time independent media such as text. 
a model with five levels of abstractions which are subse- graphic and image are cosidered to be the tradi- 
quently described. In a final section, some aspects of out 
actual implementation are presented. 

2. Some Communication Requirements 
De end on the Application's Context 
In t 7 ~ s .  section we focus on some communication ori- 
ented system requirements: Within the traific mode we 

. distuiguish &,e isochronous, the sy~chronous and the . 
asynchronous mode: Eath packet 'communicaied using 
the isochronous traffic mode must be delivered within a 
weU defied time interval. The synchronous mode assures 
packet delivery before a speciiied end-to-end delay. The 
iisynchpnous mqde m y  only: assure an ayerage 

'throughput for-many packets. ,In otdet to cover multi-' 
media aspects; we address the communication parameters 
going Geyond the OS1 specirications. Particularly the:' 
tliroughput ili t e G s  of a guarantee is of centrd impor-. 
tance for audio and video. Some application reIy also on 
a guaranteed end-teend delay (transit or. round-trip) and 
request certain error handling (rcliability) (121.. For 
multimedia additiondy synchronization of various data 

tionaüy known media from the Computer science 
perspective. Processing of discrete media has no 
real-time demands. In general. this kind of media 
leads to the use of reliable transmission and a certain 
average throughput. 

Continuous or time dependent media U e  audio and 
video include real-time requirements. An audio 
packet arriving too late is of no use in a conversation 

. supported 'by alelephone appiication ind can be 
discarded. Other time-critical'data relatesto, gg., a 
shared pointer i n ' a  workstation conference. . The 
main coiiununication requirements cover guarantees 
pf throughput q d  end-to-end delay. For uncom- 

' -  pressed continuqus media communication often ei-. . 
. . 

, . 161s mav be tolerated. . . 
. . . . 

. . . . .  . ,. . 

1s a fhst approximatkn ii ii use€ul.to derive some val"es . . . . 
for the different communication requirements- as de- 
scribed above, done e.g. in [18; 401 and sbowd in 
Figure I. In (201 the pure media-oriented view is mixed 
with some 'services distinguishing, e.g., audio, voice, 
clectronic mail and facsimile. 

packat delay . . .  1.. . . . . . .  1 . . . . . . .  . . .  
, . .:.. , .. ! . I . . ; ,  . 

Picket loss 1 10-' 1 10-2 I 10-l1 ~. ,o-11 

. . 

Figure I. First appoxirnation: Some comrnunication requirements i4 relation wilh lhe m-ium (401 

With the knowledge of the medium and its requirements 
at the level discussed so far, it is often mentioned that 
audio or vidw in a conversational s e ~ c e  necessarily re- 
quires isochronous data transfer mode. In general this is 
wrong! In order to avoid glitches ( i  the case of audio) a 
maximal transit end-to-end deiay (from source device to 
sink device) must not be exceeded. If data anives too 
early and sufiicient b u f f e ~ g  spaee is available. a constant 
data deiivery rate at the sink can be guaranteed. 

Isochronous communication reduces buffer requkments 
and therefore is cost effective especiaiiy for high-quaiity 
video signals and longer end-to-end delays. Resuming, 
the synchronous mode is requued, whereas an 
isochronous mode is helpful and often cunvenient. 

Information rata 
pi&*t.ä'ei iy.. : ' : '  
Fluctuatlon of 

As discussed in 11; 21 such a fust approximation does of- 
ten not apply to aü applications to the same extend. With 
respect to the tolerable end-to-end delay, e.g., it lis com- I 

-100Mbk 
&250,& . . ' "' 

l0ms-order 

16-64~bls 
..<~soms . . . . .  . .; . 

IOms-order 

. 
-1.5Mbls 
-250ms . . . 
lrns-order ' . , 

0.2-IOMbls, 
. . .  '?t.$ ,.'. ,' 

lms-ordet 
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. /  " 
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pletely different if voice is used in a conversational or re- can not be diredly iniiuenced by the application pmcess 
tneval service. Applications can be grouped in categones with operations like "stop" or "replay". Typically this 
according to the CCITT ccksses of aervi~e 16; 7) (see Fig- information is derived from, the sumunding of the com- 
ure 15). -!Siinil&ties &hin-ihls groups can be used'to as it. niay be tht! voice "nerata  by a. video- 
deribe common izquirements [I]. conference uxr. But also processes within the Computer 

generating deliberately unpredictable results such as 
However aiplications within the same service class may within some simulation and animation processes belang 
have vety different requirements such as the high-speed to this categoty of generation of nonpersistent informa- 
telefax and a.  telephone service. The great diversity of tion. Fmm the operating system point of view the infor- 
CCITT services and application within the individual rnation is read from a device like a camera, micmphone, 
C C m  service classes leads to a great variabiit~ of keyboard or process. The system reading the information 
communication requirernents. Therefore three groups of must guarantee the required throughput for the data 
performance criteria can be distinguished (421: Delay transfer. The flow control is determined by the process 
sensitive, loss' sensitive, and delay and loss sensitive. This of nonpersistent information generation and the available 
classification does not Cover the criteria we want to dis- bufier space. Even with additional knowledge about 
cuss and it is vety coarse. A service has to be treated coding and compression techniques used, still both, syn- 
within its context; coding and compression has to be chronous and isochronous data transfer may be used as 
taken into account. High-speed networks capable of long as the peak data rate for time dependent media is 
communicating multimedia information support the assured. At this level of the rnodel, the data delivety 
trend to more interactive distnbuted applications enabl- function is not determined, i.e., the choice of synchro- 
ing capabiities of different service classes within the same nous or isochronous trallic rnode depends on the bufier- 
application. Therefore it is diicult to classify applica- ing capabiities and real-time behavior of the system. 
tions such as distnbuted tutoring or joint editing accord- 
ing to the CCIT'T scheme. The second type of input data denotes information which 

is "predictable" as shown in Figure 2b. This information 
In the following we present a model with five levels of d o w s  for operations like "stop/go" or "replay", because 
abstraction which .takes into account the application's the process of data generation can be starled again or the 
context, the system st~,cture,  and the used technology. whole information is stored somewhere. Data pmcessed 
At the mo$i abstract.levcl, basic fyctions des.cnbing the , q d  ~ i e s e n t 4 . b ~ :  rflnevd iystems such .as videotexis 

. '  .. generation arid c6nsum@tfoQ .of different kinds:-of inlor- ' typicaiiy :stcrrcd on [arge fde: Servers 'ind koiipri8e. ihis 
mation are identified. These functions are cornhined to basic furiction dealing with the generation of persistent 
types olfunctional units. At the next level kinds ofrnedia iiilorriiatioii. In multimedia environments persistent in- 
are relatd wilh them. An application cornbmes several formation is often retneved from optical memories. 
functional units änd defmes the conte,xt. At. the place: : . .  . ... 
ment. pr6ccss locations are associated. In the foliotViig Most applications ihclude the pr&'entati& of persistent 
sektion we wiii Start With; ihe descnption of fhe .  basic arid nonpersistent . information- (see: Fibre '  St).. This 

. . . . . . .  . .~ 
. .  fuktions. . .,; . . . . . . . .  :: ;. .. .:. . : , . . .  , . . . . . . . . .  ', , ,  . . : .., preseptdon tovers the ..v.4pus .media..'including audio, 

. . . .  . I . i  . . . . and yideo. A video-telephone service hai .ur presenta- . . .  tion funciions, lor eachuser audio ind video deiivety re- 
. 3. Identification of Basic ~u&tions. spectively: As data presentation for audio aiid video must 

For the analysis of applications and the denvation of be "continuous" the information transfer towards or 
their communication requirements at the most abstract through the presentation component has to allow for a 
level we have identified f w r  digjoint basicfwctionr, Two; w a n t e e d  thro,ughput acco~ding tb the quality, coding 

. . 
- relateil - t o  data &&tion/capt& -&d:.the, - 6 t h e r . t ~ ~  ' a d  'compressianagreed upon. - - .- . . : . -  .. 

dealing with data deliverjrlpresentation/stom~: . , 

. . .  . . . . . . . .  ,, . . . .  i:.. . . . . . . . .  . . . . . . . . . . .  . . 
. . ~  . . 

, . .As sho-& Figuie Zd.the fou* baJic, &l&< 

. . 
to the storage of data. Only long-time data storage is 

. . . . . . . . .  . . . . . . .  9 .  . - : . . . :  . . . . . . - cansidered and not any buffering within- the-data.paths. 
If an application uses this function the primary require- 

. ~ . ,  
ment on the system is reliabiity. If the information is 

/ 8 , stored, it m" be  u e d  latei 6 f i f o r f d h e r  'mck."' by' 
other applications and should therefore be, in general, 
f w  of errors. Nonpersistent jnformation is converted to 
persistent information by the process of storage. 

a b 5 d 
AU basic functions can, but rnust not, be associated with 
specific devices such as cameras or disks: We do not op- 

Pigure 2. B ~ i c  fundions: Persistent and nonperaisient erate on device level. The functions describe the behavior 
, information generation. pre~entation and and the characteristics of the information generation and 
Storage consumption. Persistent p  and nonpersistent ~ p  infor- 

rnation Üenerations are the innuts I whereas ~rexntation -- U ~~~- ~ * The informatiofl CaPtUre and/or generation shown in and storage are the outputs 0'of the inlormation flow: 
Figure 2a has the fundamental property of handling 
unique (not recoverable) information: This information I : = @ , , p )  O : = @ r , s t )  



Aq four basic functions an: rnedia specific after the proc- 
ess of composition to functional units. If many different 
kinds of media or various distinct functions with the same 
kind of media mc park of the applicsion, the samt basic 
function appears many times. 

At this lowest level of the rnodel we are not able to 
identify any type of requirernents with respect to, e.g., the 
end-to-end deiay of the information. This requirement 
does not only depend on the rnedii and basic function, 
additional knowledge is required. 

4. Composition of Functional Units 
Using tbe previously introduced basic functions now we 
are able to combiie them towards functional units Fu. 
Such a functional unit cornprises exactly one source and 
exactly one sink:' Sources may consist of one or two 
types of input, whiie sinks have one or two types of out- 
put. The composition of basic functions to functional 
units introduces a data flow of the rnediumlrnedia asso- 
ciated with these functions. If an application requires 
many similar baaic functions or a bidirectional flow of 
information. at the configuration and placement process 
(see the foiiowing sections) the application is modelied 
by assernbhng various functional units. This also means 
that various devices may be involved. 

. . .  : . . .  

' - Withthe functional units a set o t  appiicable oPP&afion 'sie 
assofiated. In the model ttiese operations apply to the 
functional unit as a whole. In our prolotyPe of a dis- 
tributed multirnedia application we use an object- 
~riented appfoach. Unit.types are implemented as elasses, 

. . the.corr6sponding .. operation~ arethe class specific . . , .  meth- . 
. . . .  ' 00s. . , . . . . . . . .  . . ~. . , . . . .  . . .  . . . .  , . 

. . . .  . . . . . . . . .  . . . .  . . . .  . . . . . . 

Futictional U&S: with a Single znput und a . . . . .  
Single Output Function 

As shown in Figure 3 the functional unit type 1 repres- 
ents the pmcess of caeture and p~sentation of nonperr 
si'sterit ' information. A typical example - is a 
person-to-person audio information transfer application 
wherc thc speaker talks at the source into a microphone 
generating information in real time whiie a second Person 
listens at the s i i .  If continuous media is involved in the 
information flow within this unit type I then thdughput 
guarantees are necessary, synchronous or isochronous 
rnode is required. For discrete rnedia without any re- 
lationship to other information (synchronization) the 
asynchmnous tr&c rnode is usudy conve~ent.  Man- 
datory operations for this unit type are "activate" (initi- 
ates the actual data transfer) and "deactivate". , . 
FVithin the functional unit type 2 nonpersistent informa- 
tion is 'converied" to persistent stored information. The 
User usuaily tolerates no or only very few errors in stored 
information (in contrast with the ~resentation of such 
information). The only requircment is tliat the system 
must be able to capture, transrnit and store the informa- 
tion as fast as it is demanded by the infonnation capture 
process. This highly depends on the media: It is. e.g., 
easier to store the strokes of a keyboard than to capture, 
digitize end store vidco in IlDTV quality. . . . .  . , .  . ... . . .  . :  . . . . .  .. \ .: . . 
Thefinctional unit t'fF 3 in Figure 3 cm typically b e  
used lor ihe rnodeling ol a retrieval service likr videotex 
where an User located at the sink may interactively con- 
troI the soyrte'. The coq~rolmay expliciilybe modeiied 
by ~perations.iuch. as Ist+"; "stop" +d "rewkd". A S  

.discus.sed at the. previous' functiofiat Ü&t type,: the main : 
requirern.r,nt i<to extract, :transfi aqd ptesenl infonha- 
tion as fast as it is required by the presentation process. 
In the case of continuous rncdia the involved devices and 
communication paths must provide real-time capabiliiies. 

. . .  The  functional unit type 4 in Figure 3 dexribes,the typ- . . . . .  ., -.. . . , 7 1  . . . . . . . . . . . .  . -1 . . . . . .  i&J .@'.i<:" .a ." .!J&" :a+fi~ti6n,., -f&~l~p*+ti~lii. - : . . . . . .  . . . .  . . . . .  . . 
. . , , ,  ~,, . . .;:. , .. ~ . r i : . requ&iheni;&'primarilY ipdependent fromi the Iand of 

. ;  , I : . . \ ,  .. , ,  . .  1 .  \ . ..:.U 1:: :.,m&. . thrr rur : -no n9-inti&lNd U> I i y b r  . : . .  
throughput. In rnost caxs an application requires a fde 

. . ,. . . . . . . .  . L.... : . . . .  
. , . ,  tr-fer. Tor emor free transmission o f  iofonnation; T h e  . . - .. 

. : , " , t , : , . .  - - .  . . . . .  , .  
. . .  udr iypi 2 : prefemd traffic mode is the asynchronous rnode. 

. 'BI.. . four . pmvio'sly i'trduced fu"i0iial +% . . . .  
'elementary'. They detemnine the essential system and 
communication requirements for the remaining five pos- 
sible functional UNIS. 

unlt t yp i  3 unit t yp i  4 

Figure 3. Eletnentiry iunctianil  unit.: Functional U n h  with a Single Input und Two 
U : ( p ) ) ;  ur2 : = ((,p),(sr}); Output Functions 
1113 : = ((p) .@r});  ur4 := (@} . (SI) )  

1 According 10 l e  Gcrman vanslationn oi "source" we choose ihe abbrevialion Q (pielle) and Tor ihe "iink" we use S 
(Senke). , . 1 I 



unlt type 5 m i t  type 6 

Figure 4. : ui5 := ({,p),Ipr, st)); 
ui6 : = (@).Ipr. si)) 

As shown in Figure 4 infomation presentation and 
storage is combiied at the sink. These processes may 
occur simultanwusly or sequentidy. 

Consider an application of listening radio and recordiig 
music on demand which is shown as functional unit type 
5. Reliability is needed because of the storage function, 
real-time characteristics are required due to the contin- 
uous media presentation function. 
The foliowing formula does express that sources q and 
sinks s of the functionai unit types 1 utl and 2 ur2 are the 
components of a unit type 5 ut5: 
ur5 : = (ui1.q U ut2.q, ui1.s U ui2.s) 

.. . . Fu.netional .unit type,.6:combiies the functions of unit 
type 3 and 4 .  (ske 'Figu?e 4). The.. 'communication i& 
quirement of unit type 3 are strenger than those of unit 
4, i.e., for persistent information generation, presentatiori 
of information is dominant compared withstorage: Unit 

' type 6 has the Same requirements as unit type 3+ 
. . ~ i 6  := (~13.q U ~14.q, ~ t 3 . s  U ul4.s)': : . ' . ' ~~. , . ~ 

, Functional Units with Two Inpul und  ON^ 
Output Function 

. . 
unlt typm 7 . - . . . . . . .  

. . . . .  . . . .  . . . .  , . :  . . .  unltoip. 8 . .  : 
. . 

Figure 5. : ui7 : = (@. ?p).@r)); 
u1s : = (@. -p),{s1)) 

Figure 5 shows the functionai units type 7 and 8 where 
persistent and nonpersistent infomation is generated to- 
gether. 

An example of the functional unit type 7 is television 
broadcast. The source may be a news speaker comment- 
ing an audio/video sequence which is simultaneously or 
aftenvards sent. At the sink the information is presented 
as one integrated data stream. At TV on demand a User 

may request certah video sequence fmm the prsistent 
infomation generation function. The respective wmmu- 
nication requirements are those fmm the functional unit . . 
type 1 and 2 together. . . .  
ui7 : = (u1l.q U ui3.q, ut1.s U ut3.s) 

The receiving side of a message handling system is an 
example for a functional unit type 8 as shown in 
Figure 5. Apart fmm reliability the communication re- 
quirements are determined mainly by the functionai unit 
type 3. 
ui8 : = (ut2.q U ut4.q, ut2.s U ut4.s) 

Functional Unit with Two Input and Two 
Output Functions 

unlt typa B 

. . . . 
. . . . 

' Figiire 6. : ur9 : = ( ( p ;  -p),Ipr, ~ i ) j  , 

Figurc 6 shows the fuiiction~l unit type 9 which can be 
used to describe a very simple textediting scenario. At 

: the souce the keystrakes reprisent.the nonpr f ien t  in- -. 
put and the, docliment the persistent data.. n i e  display is . ' ' . 
the preantation basie'function and the storage is the. 

' 

. ' docu'ment itielf: . . . '' . ' 

ui1.q.u~ui2.q.u u13.qu ui4.q, ui9 : = ( .  uiI .s U ui2.s U ui3.s U ui4.s ) . 

5. Adherence of Media to Functional Units 
At this level of abstraction, we bind functional units to . . 

. . 
.the respective kind of media . .  T6getbg.. with'i!ie .hd of ': .: .. ' .~ 
media iaditiond irifomatibn 'bn the co&ing' ~ & & & r  . . . . .  

.: pressipn U@= added le+d@g 10. .v.iaus propenie~ o f .  -. .-. ., . 
. . .  the transferred data:. ' ~ . . . .. .. 

. . 

. 1: . The f~ &ti relates tb- the kine intmkkbetween . . ' 

available valid information. We distinguish. the fol- 
lowing ,etegories bsed on  .the mommt. ., .whqe valid . . .  : 
infomation'becomes available ' . 

If the time interval between adjacent. events 
where the information becomes valid is wn-  
stant with respect to jitter constraints, the de- 
livery of the continuous media will be called 
strongly periodic. An example is PCM wded 
voice in a telephone system. 
If the time intervais between adjacent events 
where the information becomes valid is given 
by a periodic function, the delivery of the con- 
tinuous media wiii be caiied weakly periodic. 
Aü other means of transfer for continuous me- 
dia are caiied aperiodic. An example of an 



' aperiodic transfer is the coding of a moving 
pointer within a shared window: To transmit 
the current position and status of the buttons 

. pcriodicdy. blows' up wmmunication without 
much information transfer. The envisioned 
system wiii oniy transmit new information if the 
position or status has changed. 

2. A second aspect refers to variations in the amount 
of data that becomes valid at these points in time. 

If the amount of data within the transfer re- 
mains constant then ihe transfer will be c d e d  
sirongly regtdar. An example is the size of 
frames deiivered by a camera or the sequence 
audio samples stored on a digital audio compact 
dise. 
If the amount of data varies periodicaiiy in time 
then the transfer is c d e d  weakly regular. Some 
compression techniques for video make use of 
this approach: Lager packets are periodicdy 
devoted to a single compressed frame whereas 
smder subsequent frames makes encode con- 
secutive frame difierences. Often the data 
packets are weakly periodic c o n s i d e ~ g  only 
their long-term mean data volume: According 
to the coding of moving pictures in MPEG I- 
frames are compressed Single images whereas 
the compression of P -  and B-fiaqes .takes,into 

. . . . account 'sequencei of iniages lea'ding i o  smaller 
sizes [2l]. A'typical 1:D:P ratio is 10:1:2. As no 
constant bit rate is delivered for any of -those 
frames, oniy the'long-term average can be de- 
scribed as weakly regular. . 

. :  : If the amount. of data varies in timj'but nbt 

. . ' periodically then the datatiansfer is denoted as 
irregular. The processing of such data transfers 

' '  isinore sophisticatedthen the above mentioned 
alternatives. 

For the estirnation of the System requirements we use the 
notion of the respective functional units together with the . - 

kind of media. . .  . . . . .  . . . . _..,,. ~~ . . . . . . . . . .  . . . . . . . . . .  ..' . . . .  . . .'..', ,: ,;. > ... . . .  . . . . . . : . . . . . . .  . . .  . . . . .  . Let iuiiim&:. . , 
, ~. . 

. . . . . :. 
. . . . .  . . .  . . . . 

. . . .  . . . . . .  . . . . . . .  . . . . .  ... info,-ti& 'gene*f'm.n oi' presenta-' 

tion of time &p&ent media . . r e q u e s  gu~+teed 
.;,,hrou&ut; .' .-- . : . . . . .  .....I. . . .  .:........ :.. .: . . 

. . Storage demands for'reliability. .- ' . . . 

' . In te- of t h u g h p u t  gucyantees for: disqete me- 
ia, mtiperdstknt~:inforinati~. 'ovemdcs"any .perl , ' ' .' d' ' '  

sistent inFormation requirements. 
Persistent information generation m combination 
with the presntation function and aoy additional 
basic function enables interactive operations be- 
twmn the sink and the source which influences the 
functional units (ut3, ut6, ut7, ut9) and needs to be 
modeled as a separate functional unit. 

6. Configuration 
From the applications' point of view the functional UNIS 
are Ibuildiig blocks' which describe at a very abstract 
level elernentary functions. As multimedia applications 

usudy operate with various media streams, we encom- 
pass the situation of combining various functional units 
in a configuration proeess. 

. . . . . . . . 

Figure 7. Exiimple: Configuration of a ielephone ap- 
plication 

As a fust example let us discuss the telephone service. 
Two functional units of type 1 are combied. namely the 
processes of nonpersistent information capture and pres- 
entation of the kind of medium "voice". Without addi- 
tional information this combiation aiiows for misleadiig 
interpretations such as an unidirectional data flow of an 
audio stereo signal. Therefore. it is additiondy necessary 
to supply the knowledge of the context to the configura- 
tion process which in this Special case relates the non- 
persistent,infoqation capture of one functional unit to 
the.presentation..of the other respectively. The contextis . . 
denotid in Figure 7' by the half cicles. Such a context '. 
heavily depends upon the application itself and is not al- 
ways determined by the system oniy. In terms of our ex- 
*ple we are now able to sharpen the notion c o n c e e g  
the end-to:end deiay. Since a person with his Ipmcessing' 
capabilities defies .essentially this c.onte'%t, the question ,; 

'qiseswhich one-wiydelay between iistening and taiking 
may be tolerated williin a conversation. A value up to .' 

6 0 h s  is acceptable 141 bui lower values around 2OOms 
are strongly encouraged 19;'41]. The essential feature of 
the conteXt in the telephone application is the "audio 
loop" as the tempsral request-response behavior of the 

Figure 8. Exiimple: Coniiguration of a video-phone 
opplication 

In the case of a unidirectional stereo audio signal or 
combied audio and video information streams the con- 
texts 'ties' together both information streams. The 
video-phone configuration shown in Figure 8 demon- 
strates the situation of the respective contefi between 
audio and video. As the basic functions tied together are 



both of type input or output respectively the meaning of 
the context is in terms of a close temporal relationship, 
i.e. synchronization. The main feature of live synchroni- 
aation is that synchtonous input of $aia .should resuit in 
synclironous oiitput. Live synchronization sho~ild hap- 
pen automat idy;  the application is not diiectly in- 
volved. Audio can played ahead of video for about 120 
msec, and video can be displayed ahead of audio for 
about 240 msec. Both temporal skews will sometimes be 
noticed, but can easily be tolerated without any incon- 
venience by the User [24]. 

This live synchronization has to be distinguished from 
the case where data does not evolve on the fly, but is 
available by the basic function of persistent information 
generation 1161. In this case, which is caiied synthelic 
synchronization (221, users can freely order the v h o u s  
data entities in the time domain: The context dellnes a 
relationship between various basic storage functions. For 
this purpose, applications need to be able to express their 
synchonization requirements though corresponding 
language constmcts. Notions like Iprexnt data entity A 
"simuitaneously", "alter', "independently" from data en- 
tity B" are needed [28]. These constmcts apply either to 
the whole information entity or may refer to time or 
event starnps within the entity 1371. 
In general if two basic presentation functions are related 

same, just separated in the time domain. This fact is 
shown by the context in Figure 9. The implication of 
this decoupling in the time domain relates to the end-to- 

. . . .  enddelay which is'not qifical any more: 

As described ui tlie previous examples, the context de- 
notes the associations of functional units by relating 

several persistent information generation and/or se- 
veral storage functions, or 
several nonpersistent information generation and/or 
several oresentation functions. 

At this level of the model we are able to  analyze local and 
distributed application without any distinction. Especidy 
with respect to future integrated multimedia system this 
approach makes sense: The transfer of audio and video 
data within a local system presents no problem as long 
as dedicated boards orland a single-processing system is 
used. For a multi-processing system real-time require- 
ments concemuig the data transfer within the workstation 
arises in a similar way as video and audio is comrnuni- 
cated over data networks. For sueh a data transfer IPC 
mechanisms are used. These mechanisms were not con- 
ceived and developed for the communication of time de- 
pendent media. It tums out that todays' IPC mechanisms 
are not appropriate! 

by a contexi life synchronization o ~ u r s  and if two stpr- . . . .  . . . . .  age functions. a 1elat.d .synthetic, $ynchonization;takes . . . . . . .  
. . . .  . . . .  . . . . . . . . . . . . . . . . . . . . . .  . . . .  

. . . . . . .  . . . . . . .  :.7.."p{acement pla& . . : . . 
' . In ordcr to idcntiiv wherC ccirnrnunication over networks . . .  

arisc it is nccessah to iiitr;>cluce the knowledge of lo- 111 tlie case uf  the video-phoi)c application, the context 
additioriaiiy cotrers aii basic functions at both ends of the cations of functions within a. distributed system. Tliis 

process of biiding basic functions to locations is d e d  . - 
video-&= appliutiorl in Figure 8, which. denotes-the . the placemeat the sourCeSand sinks pf.an , , feedbackcharacteristics o f  the u s ~ r  as discussed in the applications has to be related:with an.element,out.of the. , ~ 

. . 
telephorie example;: . . . . . . . .  ;. . . . . . . . . .  . . . . . . .  . . ' . possible set of locations; 

. . . . . . . . .  . . . .  ;. . . :  . . . .  . . . .  . . . . : . . .  ..... :..... . . , .  ~ :...; ~. . . . 'i 

. . . . .  
Note, fo r  our discussion aspects like late biidii G d  

' ' 

f 
object migration are considered implicitly by the know- 
ledge of the application behavior. A model for such ap- 
plications Covers either aii potential configurations and 

. . . . . .  pl?cements of-the b ~ i c  functions or a p +  hew at a 
. . .. ; . .  . . : . . . . . . . . . . .  . . . .  . . ': mment ; .  , : . ., : 

, . 
. . . , . . . . . . .  

' <. . . . 

Pigure 9. Example: Configuraüon of a messaging sys- 
Lern applicaüon 

The notion of the context is not restricted to nonpersist- 
ent information input and presentation, as shown in 
Figure 9 also the other types of basic functions may be Figure 10. Conversational Service: Placement of a 
involved. A message generated by the writer within a telephone application 
message handling process is deposited at the storage 
function drawn in the left lunctional unit. The receiver A conversationai scwice such as the telephone comprixs 
reads this message and acts according to the functionai at least two different users loeated at &fferent places (see 
unit shown at the right. The whole message handling Figure 10). In the placement process we distinguish be- 
action is composed of both processes, where the storage tween functions with users located at the same place and 
and persistent information generation functions are the a distributed Systems with involve communication net- 



works. This communication over 
the 'empty space' hetween input 
withh the functionai u$s. 

networks is shown by member of the addressed multicast group members. 
+d output functions Having identified a multicast communication stnicture 
. . _ . .  . . . , the jmmediate questions ooncems the reply ,se,nigt@s 

which can not be answered completely without additional 
knowledge about the application: Consider a fuii-motion 
video, multicast communication which is recorded at one 
station for further evaiuation. If the information is highly 
compressed and application xquires post processing of 
the data, reliabiity is highiy encouraged., At least 
I-reliabiity is needed, which expresses that the answer 
of the recording station must be retumed. On the op- 
posed side. e.g., the recordiig of an uncompresikd video 
signal of a talk does not impose severe liability re- 
quirements and 0-reliability should be u s e d X 1  ulticast ' ' is 
not only an issue of networks. it has 'hhe sarne 
functionality in local Systems and may therefore also he 
discussed as part of the configuration process as weii. 

Figure I I .  Retrieral service: Placement ol a videotex 
application 

The retrieval s e ~ c e  is modeiied by using the functionai 
units of type 6 and 1 shown in Fiwre 4. The basic 
function of persistent information generation is located 
at a central server, whereas the initiator of the retrieval 
process is placed somewhere elsc. In Figure I I these lo- 
cation describiing attributes are denoted by the boxes 
drawn around the basic functions. It depends on the 
pokt  -of view if iu$ one or many users. should be con-. 

. .sid~icd. : The' .&~itr?dion-.pf t+uier'with the  6entral " '. 

servei is-modeled a s  the functional .uni! t v ~ k  'I. Todavs' . . 
<. 

distribution scrvices d o w  for very few interactions witli 
the networks providing short response l'igure 13. Messaging service: I'lacernenl of, a text 

times encoura~e a ~ ~ h c a t i o n s  to be more interactive such messaging applicaaon 
. .  . . . . 

as t k  i e z i v i g a ~ 6 ~ . i h r o u ~  hypermedii documehts 125: .. . '  

. 261. . '. . . , , ,, . . . . .  . . 
~ , t h h  a typici messaging systim a,,qotq is ginkrated i t  . - . 

. . . . .  r . . 
the sender'. and trinsmitted i o  the receiver. Theie the '~ . . '  

. . :  .:.. .~. . . . . . . . . .  , . ~ .  
, , . . . . . . . . . ., . : .  . . 

. . .  
Figure 12. D i i r i ~ i o n  service: Placement ol a 

broadcasting application 

inessage is extracjed f ~ o m  the piailbax, resented. sfored ' ' !. K .  and kvolved in further processing. Dy t e placement the . . . 
sender and the receiver are mapped onto theindividual 
processes shown in Figure 9 leading t'o Figure 13. . 

After the placement, system intemal communicationcan 
: . be ,iiis@fished -from, c o ~ u n i c ~ $ i o n  over-,netwoiks. . -. *-..: 

Neveriheless . I o d  aod -remote ~ c ~ n i c . z & i o n . : h a v e  ihe '. ' -' . '. 
s w e  or at least s ' i  c.omqu.fication,req+ments to , . . . fbimülthesG appx'2atio.n s,.. ' : , ' .: . . .. .. 

. . 
. . 

, . . . :..~. 1: , . . . .. . . . .  . . .  .. . : 
8 . ' ~ a &  study: .1mplehentation. 6 f  ii'' 

Aydio/Video Distribution App1icatio.n~ . . . . ,, 

Instead of discussiiig a Gmplex application qcenatio 
showing the whole capabilities of our model, in ?he fol- 
lowing we describe the use of this model for the HeiTS 
projes. In I-leiTS a Prototype for an audio/video dis- 

TV as a distribution service is sketched in Figure 12 tribution appliation was developed which is cumntly 
where the v&ous Iocations are denoted by different bemg enhanced, 
boxes. This communication stnicture of type broadcast 
(addressing aü potential Users) has separate iequirements We ~ucce~sfuiiy applied ou model to the foiiowing areas: 
than multicast Connections (addressing all users of a 
subgroup) and unicast connections 151. A fundamental I. The audiolvideo distribution application will he in- 
aspeet of protocols for multicast relates to the the reply stalled in a field triai demonstrating the effeqiveness 
semantics 18; 191. It has to he distinguished if the appli- of the dissernination of information applying multi- 
cation does not want any response (which is the case in media technology. I'his field trial takes place at an 
broadcast), or it cxpects one. some or replies of aü IBM branch off~ce starting in April'92. It will help 



us to leam more on the users' needs of such distrib- 
uted multimedia applications. Together with some 
of the future users, we enhanced and changed the 
basic User ,relevaht'drsign issues of the application:' 
Questions' l'ie "is there a central information- 
distnbution-schedule" or, "should a User have the 
possibility to modiy the schedule of a video clip 
transmission" were discussed using our modcl. 

2. The implementation is based on a stream-handling 
mn-time system allowing for the usage of contin- 
uous data streams (c.g. audiolvideo) within the ap- 
plication at various levels of abstraction. We choose 
the object-oriented approach to build a class hierar- 
chy based on the model described in this Paper. 

Let us now elahorate on the relationship of the "design" 
and "implementation" to our model. 

Design 
At a fust glance, an audiolvideo distnbution application 
looks Wte a very simple application. A server station 
sends audio and video information to a group of rernote 
listening clients. Such an application might immediately 
be compared with TV. The wntent as weU as the dis- 
tnbution time is defmed by a centraiized ,Party. Each 

. - viewef can idecide f?r himSelf/herself if hejshe wants:to . : 
receivethe distributed information, but 6e cannot influ- 
ence the sending prograin. In terms of our modcl, we 
have a funcfional uni1 type / lrom one server to many 

:. clichts. Th? dpp;icatioc's cpnl2xl betwen all, clients de: 
srribes'that all clients r-ive the infoniiation at the same 
time. Us-g computer aetworks this might be very di- , . 
cult to achieve, because.th'e clients could be spread over 
several sub-wworks. ' , . ' . 

The foiiowing question arises: Why should any&ie want 
to have a W-application on wmputer systems?" One 
reason js to m&e efficient use pf one ktegratd gitwwk . .':techdo&"for both,. mmPut&.:'&ta' 'd- aiisÖ/vid& . 
data. ' AR .an&& reaspn :. we,. believe, . '-mputer and fnulf*.. g. ands., ' . ' .foi .h'"YY9 be- : 

tween the u w a n d  the multim&dia system ...mq the dis- tnt, . . . . . . . . . . . . 
. ' ution semce .will: ivo lk  'to U inforrnhl~on~on' d h a h d ?  

service. Distribution no longei meAnstrhsmksi6n but. 
. .centralized storage of .infonnation. Ifi.this. sceiiario. each 

client-server w m m ~ n i c a t i o ~  is a fumlional uni1 type 3. 
Furthermore, there. exists no opplcalion's conlexf be- 
tween the clients. In theory the clients are not limit.ed in 
subscribiig a multitude of video clips from the server at 
the same time. Technically there are limitations due to a 
shortage of resources (e.g. simultaneous storage access, 
wmmunication bandwidth). 

Our application is located somewhere in between these 
two contrasting scenarios. We want to merge the foUow- 
ing requiremenl: A cenlrai party is aiiowed to distribuie 
informalion to a group of viewers (the management want 

to give a Statement to their employees) and, the clients 
want to subscribe individuaüy chosen infonnation from 
a datahase. .. Using thc model, the scenario looks as 
follows: If the serier sends information, the funciibnal ' 

uni1 type I is valid for each client. This means that the 
client. can decide to establish the connection (we say 'it 
joins a group"). A viewer participating in a video distrih- 
ution appiication wants to have information on the con- 
tent (e.g. title, elapsing and remaining time). Therefore, 
he needs an additionalficiional unil type 3 representing 
a transaction, where he can request this information. If 
no client iistens and no time slot is reserved for a video 
distnbution clip, then the client can select a clip out of 
the database. This is represented through aficlionalunit 
type 3. AU clients which aftenvards join the session can 
only take part at the current transmission, as it is. Again 
afwtclional unil type I is used. The applicalion's conlexl 
between aU active clients denotes, that they receive the 
same infomation, which is equivalent to send the infor- 
mation from the server to multiple targets at the sarne 
time. This does not guarantee the same h v i n g  time 
at each client. 

We also dernonstrated with our model, that connection 
establishment can be expresscd by dierentfictional unil 
lypes in.combination w t h  the .applicalion's wnlexf. Cur- . 
rently We'extend bur tranirjort system to suppbrt multi-. 

' 

ple target connections. Optimwation is performed by 
exploiiing multicasi facilities o l  the LANs (IBM Tokeri 
Ring) and our network layer protocol. . . . . . .  . 

. . -. . 
. . . . . . . .. . 

.. . Implemenlation: . .. . . .  
The application mns on IBM Personal Systein/2mnning 
the IBM Operating System12 Version 1.3. The User .' 

interface as w d  as the stream-handling is implemenied 
in C +  + . We make use of DVI kchnology: Our fust 
prototype iticorporated ActionMedia, 750. qi we % .. 
+ntiY'(Nof&&'9~.j:inte&g &tia~h4+a 11:::: , '  . , . '. . . .  , . . . .  . . . . . . . . .  , ~ .  . . 

. . 

'Ihesource rnd&inxvn uiihi~-~ti6n:demo~~tes,bow~ . : 

the contkubus data flöw is impleminted; aÜy.diicussion 
on comniunication of dis@e'.media is .evoided (but i.4 :'. : .. . . '. 

, . 
part of the prototype). . ~ 

. .. ~ . .  
Figu&. 14 gives an oyervieiv of'i6e &-hhdlingsys- 
tem used by an application. The stream-handling hides 
the data transfer between input- and o u t p u t - d h  from 
the application programmer. At the lower interface, the 
stream-handling is connected to the basic services. Cur- 
rently they interface the OS/2 füe system, the audiolvideo 
subsystem (ActionMedia II), and the transport system 
(HeiTS). Note, the basic services are provided by severai 
libraries and dcvice dnvers which are used to implement 
source and sink objects (e.g. to read and to wnte digital, 
packetized data). 



Appilcation 
class Source 

. . 

I Base Cervices I 

Figure 14. Stream-Handling: System smicture 

The following code Fragment is an example on liow an 
application invokes the stream-handling. Through this 
interface, the application is controlling streams, sources 
.%d s w s  (connected to the streams) by invocation,of the 
respective member fundions.. ' . . .  ...: . . . . . . . . . .  . . 

Datü packets do not 'cross" Llie upper layer interfice. 
Nevertheless. at the application's environment, it is pos- 
sible'to receive predefmed mcssages. These messages are 
not&cations .'(like- wmmunicathg a tinie stamp t o  the 
application) or exception's (aiiowing the applicaiion .to 
reaci. o n  &r$ occuning in a stream). . . 

( 
protected: 

Stream BStrm; 

void Thread 0 ;  

publ  ic: 
Source (Stream& s)  (Strm, = s ; )  

virtual SHRC Start (); , .I 
virtual SHRC Stop (void); 
virtual SHRC Read (Buffer *) = 0; 
virtual SHRC Open () = 0; 
virtual SHRC Close () = 8; 

1 

A Connection between a source and a sink object locatcd 
on different endsystems 1s also represented as sink at the 
producer and as source at the consumcr. The class hier- 
archy give us the chance to model dierent input, output 
devices, and wnnections, having all the same interface for 
continuous data processing. Deriving new classes means 
to model tlie application specific requirements. A Con- 
nection class is also derived from a Source and Sink elass. 
In out project we implement a speciai unidirectionai and 
multiple target Conne.ction class. 

. . . . . .  . . .  . . .:. . . . . . . .  . . 

The folIowing mde kgmeni shows tiow a-sou;ck-thad ' 

wiites "procluced daia' into a siream. 

v o i d  So!rce; :Thread.() . . . . .  . . . . 
~. 

:i . . . .  . . .  
. ' while (!Stop) , . . .' . . . .  

- Strm C< this; . ' . . 
1 . . 

. I .  

pStream = neu Stream() 
pSrc = neu 'Source(pStream) ; . . We do not distinguish between severai sources ahd sinks 
pSnk = new Sink(pStream) ; using the basic funciions. We diictly take into consider- 
pSrc ->Open(); 

. . .  
ation the wmposition. of functional uni1 types, wluch . . . . . .  pSnk :.: .. ->Op?.():; . .  , ; ,. .. ,: . . .  . . .  ; .  . . .  . . _  . ,. , . .: . . . . . . : . . .  . . .  S r  t ( )  ' .... :. . . .  ., . . . .  . . 

, ? .'ds6 motiiiiiles . ibe,defiy@iÖn ~ f . i e r e q t . s j ~ * . ~ b ~ : . .  . . . . . .  . .  . .  . .  . . . . . . . . .  . . 
. . . . . . .  . . . .  . :  ;,, 

. . .  . . . . . . . \ _  . .  ~ : pSnk . -'>Start();: , . '  . . .  . . . . . .  . . . . .  :.. . ,,.. . . . . . . . . . . . . .  . . .  : . . . . . . . . .  A s t v .  reprekuts a .$ool of. butT?rs . w h e . ~ . . ~ a d i i g  and . . . . .  :. . : . . . . .  . :  . . . .  
. . .: . . . . . . . . .  . .  . , writing ii perforhed by a fird-in-first-out strategy. . ~ . . . . . . - - 

. ~ 

-. 
. . .  ,pSnk,:?St~~+();. 1 , : . . . .  

. . . . . . ..........:..:.... . . . .  . ., ~ . . .  . .,. . . . . . . . . . . . .  . . ... . . . . . . . . . . . .  . .: . . . . . . . . .  
. pSrc ->Stop(); . . classS€r&m : 

. . . . . . i 
i.. 

.: 1 . . 
. :- .The strcam-hmd& ~braiy itself~upportr a copnpl&e ..p.rakected.r . I . . . . . . . . . .  .. , ~. - . . ~ .  ...... . . 

thread stnicture for wntinuous media streama. The fol- Buffer '~ueue~rray[];'~ 
lowing paradigm is used: A producer (source) writes i n t  Widx, Ridx; 
buffers inko a stream and a wnsumer (sink) reads buffeis Semaphore Sem; 

BOOL Stop; from a stream. A source and sink are interconnected, 
whenever they are writing and reading from the Same 
stream. 'ilie definitions for the Source and Sink class are virtual void Exception (Exp); 

svmmeuic aoari from: 'ilie member function . . .  
pubi1C:  iource::~ead(~uffer *) and the member function Stream () (Widx = Ridx = 0;) Sink::Write(Buffer). In tlie corresponding base classes, 

the mernber functions Read and Wnte are not imple- virtual vo id  operator << (Source ')'i mented (= 0) due to the following reason: 'ilie interfaces virtual void operator = (Sink '); of these functions are demanded, but, media and device ) 

related aspects are implemented in the denved classes. I I 



The aclual implementation only support streams wn- Level 3: Adherencc of media 
necting one source and one sink.' In order to implement Level 4: Configuration by additional context specifi- 
streams reprcsenting functional unit , types (5-9) with , cation, and . . .:. ... ' .  .. . , 

- more thm"one söurce or one sink, W& need to combiie Level 5: Piaeement 
' ' 

the streams into a group. A group maps severai uiput 
s t m s  into several outnut streams. Recaiise source AS We have demOnstrated, it  is p0ssible t0 S ~ P ~ Y  -. . .- r - ~  ...- ~ ---- --.. ..-- ~- 

t h d s  generate new bufiers md the sink tbeads free derive aii media transfer requircmcnts from the technol- 
them, multiple copy takes our ~ ~ f i ~ ~  ow O ~ Y .  the application's context is essential: n i e  tol- 
Management System pmvides logical copy eration 0f ernon within voice stream &pends e.g. 

without copying the actual content of the bufiers. Only heavily on the compression techniques applied. The 

multiple b d e r  descriptors are copied into the different tolerable end-to-end delay is m d y  determined by the 

output streams. A buffer is freed after the last descriptor context of the application: E.g., in a one-way stereo 

is f d  by a sinlc thread. playback of a concert larger delays are tolerable than in 

The group i sdso  used to synchronize streams. a telephone conversation. 

void Stream::operator (Source 'src) 
( 

From our first experiments in multimedia witbin the 
DiME oroiect we leamed that an obiect-oriented ao- 

1 . . 
Buffer buf; proach is very promising at the application programming 

Exp exp; interface 1331 as weil as for the upper-layer communi- 
cation services [36]. The application prototype is being 

exp - src->Read(&buf) ; developed as a result of the presented model; it serves as 
i f (exp) demonstrator for HeiTS (our 1BM ENC Heidelberg 

Except i on (exp) ; High-Speed Transport System). 
else 

QueueArray[Widx++] = buf; In our model we assume that the kind of m d i a  is the 
i f (Widx == Ridx) SyncWai t (Sem) ; same in the source and in the sink. [I I; 131 demonstrates 
,I the necessity of media c0,nversion. One example is the . . . . . , . . . . . texi to speechconv&rsioa.for visualiy hqndiGped people .,: : ..: . . .  

. ~ ~ i ~ k . & n ~ r i ; c &  aie tti6 basis'foi ~mctlonit  uhit 1jjx-3 In : ~[27j."lii<tcad db ind jng the , . hd  of media.io ihe &h,& :. ... . 

the class hierarchy we consider them in creating a new functiond unit in the adhcrence process, we must ailow 
stream and connection classes. Tkie Source and Sink class for dflerent kinds of mdia at the sourCe arid sink. we 
help us supporting flerent devices, where media specific are currently enhancing the model towards media con- 
a s ~ s q h i d d e n  by the ReadIWrite member functions: venion.and elaboratiiig the hpl&ations of this supple- 

' nie C+up .represents m.any aspects of the applicaiion .ment. . . . . . . . . .  . .  . . . . . 
. . . . 

' conrexl: We do rot  expljcitly distingtush betwekn l o d  , '  , , . . .. . .. 
. . 

. . ' ::; . and:&stfibuted,app&cations. Abcal.application~@.~ects. ,: ..h*g th+ ~ ~ f ~ ~ ~ . ~ ~ ~ ~ ~ ~ ~ ~ i ~ ~ . ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ . ~  . . ..,:::. 
. a source device.to. a sink .device using the same stream to the C C I ~  classification with our model *& ens,-jfi. 

object. :' pass a nice correlation: Each type of service has very few 
different basic functions, i.e., mostly two and sometimes 

The placement is expressed by connectuig a Source object t h :  A wnversationai service is built from functional 
to a Conndim-Sink object. at the produCer arid, a cor- of type 1 arid. dways has e.g. twp :W&IJ~ .basic , . . . 

. '..p.ponding C&n&ion:Source is co&&ed io the. S M  j' fwtio&:wi,ereas .h&t or..lo& , , & l t ~ k  and:.eg&-: ..' .: . , 

objectat thc &nsumer. . ~ ciaiiy hypennedia appli&ons comprise all  four baaic 
. . .  . . .  ... . , ._ . . . ..I. . .: . , . , . . : . . . : . . . . . .  . . . . , . fu"ctio,iis':'~e bn'for ~ s . i s : t h e ' ~ o s t  &d.-&"&billt$.. : . .'. . " 

In this.implem&tation x o p e  as a whole, oui model is ' of appropiate communication systems. In LANs, appli- 
. : . used t a  .derive the class'hierarchy. of the application; . : -: . , . cationg also .tend.to comprise the fow ba$k fnn&dni; in  ' :. . . . ..~ 

, .  . WANs the same behavior is anticipated: The evolution 

9.anclmio". . . :.. : : ': . . . ' . : . . . . , . . . . , . . 
of high-specd multimedia . . , ~ .  applications . reveals a wnver- . : , . 

gence of different services towaids integrated'appli&tions. 
n i e  de&iPtion of applicatior& at different levels aiiows 
for a classincation of applications, hints for their imple- ,W, woul,j me to thank ~ ~ ~ , j  schöner for ~ni~i~l dis- 
mentation, and the derivation of some communication cussions the me~ ia  dependency of commu,,ication 
requirements associated with the individual levels of ab- requirements, with mmy vaiuable coments ~ i ~ t ~ ~ ~  
straction. In our model we distinguish: Hehmann, Woifgang Johannsen and Berthold Köhler 

Level I: Basic funetions (four types), contnbuted signif~cantly to the quality of this Paper. 

Level 2: Functional units (nine types), 

' Assume. we want 10 synchronize the video and the aiidio data by inlerleaving the corresponding Irames. All Irames wiih ihe 
sarne time starnps are combined into ihe sarne buiier. Por i h i s  applicalion requirement i l  i s  suiiicient to creaie only one aource 
and one sink class which wnlrol ihe cornbined audio video data flow. 
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