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The Heidelberg Multimedia CommwUcation System, designed ar rhe IBM European Nehvork- 
. . ing Center in Heidelbeig; isinte,nded f& high-spe& &ra cmpihriicizt~nr and nucltimi.dia . 
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data erchaige. A firsr versioh Ga3 dimo&trarkd 2 ~ e ~ l T 9 2 :  ~ h a l l e n ~ e s  encouiteied dw»tg ' . . 
the development included multicasr onToken-Ring LAN und rate enforcement. Pegormance 
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A networked multimedia System is ch-terized by the gen&ation, stomie; process&g,, . , . 

communication, and presentation of independent continuous and d i s c m  media in an 
. . . .  . . integraied fashion; Th& -primary .chaiienge for multimedia commu&ations is the full 
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is part.of HkiMCS and is aimed-& heterogei&us enviro&ent c6mbrising s e v d  e o f  . ' . 

. . . . . .  y~mpu.te%~ W$ .diffeyt:ope+g i y e ~ : ~ %  a variety.,of u?dqrlying n@w~rks.:It . . . . . . . . . .  uses the .. . . .  . . . . 

Heidelberg Multimedia Operating System ~ n h a k e m e n t s  (HeiMOS) and providesiis serviw . . 

to the Heidelberg Multimedia ~ ~ ~ l i c a t i o n  Toolkit. (HeiMAT). a multimda abstraction layer. ~ ~ 

. 
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The prototype is being developed simultanwusly for AM1 and OSD. The goals are to 
demonstrate the feasibility of current network technology for multimedia applications. to 
explore the limitations of cumnt protocols, to make appropnate changes and/or e n h m e n t s ,  
to prove new implementation concepts. and to exploit and integrate upcoming broadband 
WANs and LANs. 

'AIX, RlSC System/6000, Operating System, W, Personal System, arid PS? are trademarks of Intemaüonal 
Business Machines Corporation. Intel, DVI, and AcüonMedia are trademarks of lntel Corporation. 



A f m t  version was demonstrated at CeBIT'92. The configuration showed an audio-video 
dishibution application with remote camera wntrol. and demonstrated time-constraint 
wmmunication over a wmmercially-available LAN. This paper outlines the main challenges 
emuntered during the development of the system: muiticast support and rate enforcement 
(i.e.. to control the traflic that "enters" the communication system). Add'~tionally. the 
performance of the prototype and its limitations are described [Cra92]. 

Demonstrated Applications 

Reflecting the experience of many presentations of our multimedia work, we conclude that 
"multimedia needs to be demonstrated. i.e., paperwork is nice to have, prototypes are more 
wnv*cing, but an application is essential. The ENC's wre work concentrates on multimedia 
cornmunicari'on issues. but wmmunicatiom is just part of an integiakd muitimedia system. 
Two different application scenarios, each having special requirements, were defined. We call 
these scenarios employee informaiion and produciion supervision. 

. One. p m  of, enterprise wmmunication is employee information. To, be. successful, the 
. .  ; .' 

- : :infoiinitib;n presented must be inteksting; ~ u r r i t ,  ahd h5adily &viilab;le.' Uritii :mw, this has' 
meant that such infbrmation has been limited to in-house joumals, brochures, and electronic . - 

. 

mail. Within IBM an attempt has been made. to supplement printed information with audio- 

. . . . . . .  visual information. IBM Gemany quartedy pistributes avid* tape called "Tele-Report'?. An ' . 

. . . .  . . .% 66stacle . . m "pubIishmg". the video magazine is the ex&nse tems of'.time @d money . . . .  ., , . . . . . .  . . . . . .  -. ., 
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From a technical point of view, audio and video information stored on a file Server has to be 
. . .  . .  . . . .  . ., . .disbibuted ~u l t aneous ly  qultiple . . wor$sta~onS; pkft%ably:yhg .egst& qmputqs  + ., . ... . 
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&elophgl&ntrol consoles f6r pprodh&ion s i ipeki ibihas a&*y~t>8end~ie with the goal" . .  . . . .  
. . . . ,, . .:... .. . . .  qf *viÜg,at highly-ifite'giakd solutionq, i . ~ .  the .cOntrol . m e l  should:ha.v~.aii relevant ',..;. ..: 

i n f o r d o n  at their disposal ia the most cbmpact forh Previously it was not possiblt to. use 
. integraied video to w&h over equipment, resuiting in separate displays to monitor production. 

processes. There are advantages to retrofitting ,video monitoring into existing control 
applications. Video can be shown in one window while other windows display measuremenis 
and dann indicators along with schematics of the production process. This brings us yet 
another step closer to wmplete integration of wntrol technology. 

Technically seen, a camera installed in the production area has to be controlled from a remote 
workstation. The control wmmands for the camera as well as the live audio and video data 
should be transmitted over the same digital network. Other mnarios based on the same live 
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video (audio and video) technology include the use of cameras in security Systems. The remote 
control of other devices can be done within the same framework. 

, Environment 

The current goai of ow work is to integraie the capabiiities needed for multimedia into normal 
workstations. Already existing resources, such as the CPU and Token-Ring LAN, are exploited 
and supplemented with new resources needed, e.g.. ActionMedia adapters. Cmcial to our 
approach is the use of "off-the-shelve" components. Although we have similar goals as other 
research projects. for instance Pandora at Cambndge [Hop90; Hop911 and work done at 
Lancaster [Cou91], we stnve to integmte multimedia applications into the existing hardware 
and software platforms expected to be available in most officee This is to auxlerate the 
acceptance of multimedia applications in the office environment The siraiegy of using 
comrnercially available prcducts is also foiiowed by a very similar project at the University 
of North Carolina [JefPl]. 

. . .  
, . &&&nces in ad~anced protocd engNeenng.decree. that rn~ltipfCces.~ing.. e.g., offered .by, , , 

both- OS12 and AM, should be exploited. CuMntly, supp& for compressio'n and presenkti'on 
of full motion video is only available under OS/2. Therefore, OS12 version 1.3 was chosen as 
platform for our initiai prototype development, with porting to version 2.0 in Progress. The 

: ..,protbtype aiCe~lT'9.2 demoni&& a ~ n c e i v a b l e ~ ~ ~ i g u r a t i o n ~ r ' b o t h  of the two w m r i O s  : . .  . . . . . .  . . . . . ~ . . .  . .  . . .-: . . . . . . .  described~bovei'fi knsi&d. multiple . . .  dient ind .twp ~ ~ ~ . ~ ~ t a t i & ~ ~ i ~  : ;', .:: . . . . . .  .;. . : ... ,.:. ..,: 
~ . .  - . . . . . . . . . .  . . . . . . .  . . . .  . . . .  . . . .  . . . . : .  ' .  . . . .  . . . . 
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. One se.wer is config"red with vasi disk Storage & ~ d  supplies the clien& with stad iideo 
programs in compressed. digital form for the employe+ infomiation scenario. The other server 
is attached to a remote-con@Aled camera foi prcduction supervision and provides the clients 

. . .  
.., . . . . .w,ith.live video; compressed in real time @,th intel80386/25:CPUs)..The c a e q  is mounted , , .,. .: . . . . . . .  . . .  .: : '.ona s\h;ivei.ib& with ~6 ~ ~ ~ ~ ~ ~ . t n ~ ~ . , ~ ~ o w i n g . ~ ~ . ~ O ~ ~ & t a ~ ~ a ~  !=&-l 1: :  
::.I'. :.. . . . .  ... . . . , . . . . . . .  . . . .  ,The.:foc"s'~k*;ii ck *, be'.c~orim& ernotely. .me';&,era,g&ef k&I'- 'c;Lao. . . .  .,; .: : . . .  > .  . . .  , . . . . .  
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. . . . . : .  Client 'w&lcitatioris & highend systems (In& 80486~3' CPU~).. ln'additien -to :Rtseritation. . . .  . : : . . .  
. ;  . . . ,  . . . . . . . . . . .  . . .  ..... . . Manager aP@lidaiiohs"& the..deshp; .fef .+&,,pl{ .host't&,,ind enid&'ji;.:the.m 'is &' an > 

application showing video information in a window of 256 X ,240 pixels. '& User can 
aitematively choose t6 display the storedor live video that is aiway's rwiniag., '& remote ' , . 

camera can be controlled frorn anyone of the clienis. This combination of a video applidon 
coexisting with normal Presentation Manager applications dernonstrates that audiovisuai 
communication can be embedded into the customary office environment 

For full motion audio and video compression and decompression, Digital Video Interactive 
(DVI) technology is used. With DVI. the &ta rate required for highquality interleaved audio 
and video can be reduced to the &ta rate of a CD player (about 1.2 Mbitls). DVI supports 

t both Presentation Level Video (PLV) and Real Time Video (RTV). PLV is an asymmetnc 
compression technique requiring compression to be done at intel, but dlowing decompression 



to be performed in real-time. RTV delivers lower video quality. but both cornpression and 
decompression can be performed in the workstation in real-time [Gre92]. 

Token-Ring LAN (16 Mbit/s) is used for the dismbution of multiple video streams simul- 
taneously with normal network traffic (e.g.. mainframe access and fde transfers). The architec- 
hire is flexible enough to support a bandwidth management system, initial using MAC 
priorities pJag921, to enable delivery of continuous video even over a heavily loaded ring. 

System Architecture , 

Aithough the choice of OS12 as prototype platfonn was strongly influenced by the availabiity 
of advanced rnultimedia adapters, there are other good reasons for using this operatingsystem; 
important for this protoiype was multipmcessing and a graphical User interface. Unfominately, 
Ost2 does not support a real-time environment (RTE), so for a first version, priority classes 
wem used to distinguish between the RTE and the non real-time environment (NRTE). A RTE 
is needed to support the time constraints of video We1921. Most of the wmmunication system 

. . . -  and multimedia cornponMts must k.part  of.the BTE,.while'the;ioterface @.theuser is an . . . . .  . . . . . . . . .  'example o f . a n : ~ k ~ ~  .cmponent.. . 

A networked multimedia application has the following main components: operating system 
' abs t rac t ik  multimedia.If0 supporf communication system, multimedia abstr.action layer (oj 
..~ .. . . . . . . . . .  . . . . . . . . .  objckt'ori6ntea &apping . . . U . . . . , .  iiykr), '@d achlal appl ica t i~  . . . . .  . .thatglue' . :  . .  ot(j&ts. tcigether . . and/m.anage.. . . . . . . . . . .  . . . .  . . *  

:'the:i'nterface to t . . * r . .  :. . . . . .  . . . .  . . . . . .  . . . . : . . . .  . . .  . . . .  . . . . . . . . .  , ..  . . . . . .  . . .  . . .  
. .' 

... . . . . . . .  . > . .  

. nie ope-ting system abstraitions are software libra~ies tbcreate a superior imple&entation- 
environment and group operating system dependencies. nie goal' i s  to provide .better 

. portability for the prototype. . . . . 

. . .  . . .  
. ' :  . . I : be-.available;in. a..multi$rocessim&~peiiting. sy&..The: ~ t * '  'is'.tb,abs@ct: ihe:&&.;.. - . '. !:. '. :.. . . . . . .  
. . , . .  , .  . . u"&riyiiig:&rating syiterp; gowingthe s&e interface:.h:be made.availableon .. , different '. ., . . 
. . I . . . . . . . . . . .  .. i. ......... . .  pl&rm&:,~bomi&s. &.provided for:b&ic dam ~ , . . p & 3 s m ~ n 1 z a ~ 0 n ;  prokii... -'. :::..:. . . .  

. . . . . .  
. . . . . .  . foi .shadglobal~ dataobjects; inter-process ~ & u n i & t i o n s ; ~ ~ : t i m e r s u p ~  : .  ' ~ 

- . .~ . . .  . . . .  . . . . . . . . .  : . ~ .  .. . . . . . . . . . . . . . . . . . . . .  . . . . . .  . . .  . . . . . . _ . . .  . . .  . . . . ... . . 
. . . . .  . . . .  . . .  .. , 2 .  .: . : . : .  . . . .  . . ..:.l,,. , <. :. 

. . 
:The: B@& ~&&ement Systeh (BMs) prwides i high-level inter&& for the m k a g e k n t  
of buffers and ensures that all processes in the system use buffersconsistently. It achieves 
efficiency by reducing data wpying and making buffers available to a l l  entities requiring 
them. A scaiterlgather system. similaf to that in the X-kemel, is used Wut891. Powerful utility 
functions are provided to support protocol processing. The identical interface is supported 
Iinder both O S n  and AM. again allowing for easier porting of protocol implementations. 

The multimedia i/0 support is based on the ActionMedia adapters together with the Audio 
Video Kerne1 (AVK). The AVK comprises an interface that supports capturing and compres- 
sion of audio and video in real-time and allows for decompression and displaying of digital 

i 
data. Typicai operations supported on video strearns are play. pause, stop and frame advance. 



The AVK uses different threads as part of the RTE to meet the time conshajns of audio and 
video. 

The communications system can be divided into the high-speed access to network adapters 
and the actual protocol processing. Network access is handled by a specific device driver. The 
protocol stack is struchired according to the OS1 reference model providing Daia L i  
Network and Transport services. On top of this protocol stack, the Continuous Media 
Communication Service is implemented to managing the intnleaving of audio. video and extra 
parametexs (e.g.. compression algorithrn and title of the video) in a single stream of data 
packets. Normally the device drivers execute in their own threads as part of the RTE. For 
asynchronous execution between different components. parts of the pmtccol stack also use 
seperate threads. 

So as to d o w  integration into current LAN infrastructmq IEEE 802.5 Token-Ring LAN is 
used for the Physical w e r .  The system is also implemented with a proprietary high-speed 
adapter excdmg a data rate of 100 Mbit/s. The Data Link Service pmvides an abstraction 
from the different underlying hardware and protocols, ailowing us toeasiiy support the 

. different .nehvork aeitectures i n  an. uniform. way, W. protocols wem used in. this . . . .  ... . . . . .  . . . . .  ..... . . .  . . . . .  ... . . . . . .  implementation. . . . . .~ . . . .  . . . . :. 
. . . . 

For the Network Service a modified X.25 packet Level Protocol is used. The OSI standard' i  

. . V-i~n was stripped of. fuoctions pqvided at higher layers q.that were not appropnate for 
. . . . .  . . . . .  ~. . ~~ultimedia.comm~nications (eh.ot.rwoiery).-and thei enhanced .tosupp& rnuitiaikted data ; . . . . . .  . . . . : . ':&&+;~h(: ~ + * j k ~ n  $.+fie, i+l&+ . . . . .  he . . . .  Is.6 .< miport . . . .  p,&fOCo$ . . . .  .1$.8073 & e-8602.; . . . . . .  ::: . : - ..!I. 

..:.Y -! :Ci.;.- :jh'„&iatib".";6&Ed..pn,t&l, .~8S.yiiPiem~~iea.for~Uie:e:m~titarget ,Servi&.& supFfi ,he . . .  , ~ .. ~. .. , . . . . . . . .  . . .  . dismbution of audio~visual da@. . ' , , . . . . 
. . 

The multimedia abstraction layer provides an object oriented interface to control the 
. . ;, . multimedia . & t a - t q n s f e r . ~  -essential classes tk sink, thesource, and the spem. Once . . ' . , .. . -  . . , : , .. .;opCned, arid &,j&&,jec~BTE:CO,&ted. bY est&li&jjg .+-l~bj&L 'A- is.the (:: . . . . .  :. . . . . .  

, I  .; . . _ .:... a k s ~ o n  @ o ~ % ,  i.e..:&n~Qng,.& dw. &+er.. .~tqding,.from ~ c t i ~ n ~ e d i a . .  .. .:. . .  . . . . . . . .  . . .  . . . . . . 'adapter.ithroug'hth : ,  A ~ K & ~ ~ )  is m&lied asa so- X* obje* -&g as a,  Cink ;Dbjkt: j .. . . . ;  - . . , . . . . 
:. .:.: . . -. .: ..;. . .Receiving.:data . .. :.from. a. m p o r t  . imecrion is,.m&lJed . . . .  .as.:@.. soum ..obje@.; arid: .tlie ,.: . .< .. :,,. . . .  

tranimissiorid data a s a  si'nk'object: A s- object connects source.&d sink obje&s. For: - , 
. 

. . 
. . . . . . . . - . . . . . .  . . . .  .erarriple, using. the ActionMedia adapter. as s o u p .  &i-t q d  the c~m~1p~ . iqq ion . , sy6~ :~  ... .: . .  

. . .  sink objeci will gsult in data bing read from the Acäonhfedia adaPter &d then transmitted. 
Stream objects thus defme the interaction between so& a d  sinkobjeck üther parts of the 
system are also modelied as sources and sinks. For instance, an audi-video stored Server 
(AVSS) used to read time-criiical data from disk can be kpresented as a source object at the 
absiraction layer. 

In generai, a source object generates data, e.g.. by capburing it in real time (live video), by 
reading it from disk. or by receiving it from the communications subsystem. A sink object 
consumes data, e.g., by displaying it on the screen or by hansmitting it. This makes it easy 
to buiid different types of applications by linking various source and sink objects together 
using stream objects. 



Multimedia Servers and cüents are conf~ured  to provide the wrrect interaction between 
various components already described AU the basic components were modelled as source and 
sink objsts. Different wnfigurations could be bcild by connecting source and sink objects 
with a sti.eam object. 

Heidi Server Heidi Client 

+ AVSS .. 

) -.: thread Driver '. , . . : <' inremrpt 
. . . . . . .  . . . . .  . . - . . . . . . . . . . . . .  . . . . .  : :. . . .  . . . .  . . ............... . . 
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. . . . . .  . . . . .  . . 

Theaudib-video file servi;. k5.s the AVSS source to reads video from disk and delivers it 
' 

to the clients using the multitarget service of the cominunication system as sink (Figure 1). 
Data -turing in red-time is performed by th.e red-time audi&video capture Server. It has . . . . 

. . . .  
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compriiiing a real-t& audi~video caphue Server and a presentatioi client.At the server. the 
~ : & j e c t ,  exacuting as a separate thread, retrieves the video' data G be transmitted fmm 
the soum, in this case the AVK doing the real-time capturing. nie source object copies the 
video data into a buffer, as it intemally incorporates the AVK product device driver which 
doesnot make use of our BMS. If no buffers are available. the stream thread suspends itself 
for appmximately 30 ms (video fnunes have a duration of 33 ms). The same p d u r e  
applies to the audio data. 

The audio and video packets with an application pmtocol header are merged into a single 
firn. The ii-ame is subsequently transmitted to the sink, which encapsulates the HeiTS's 
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transport service interface at the sending station. The transport sewer segments frames if 
needed and then. using down-cails. transmits them to the clients. After the protocol ,pmcessing 
of all the layers. the resuiting PDUs are handed to the network device driver fo; transmission. 
It is important to notice äiat only om thread is used for the muitimedia abstraction layer and 
the synchmous protocol processing for PDUs to be lmmnitied. The device driva nms in a 
separate thread, which does the actual intempt processing and asynchronously transmits 
PDUs. 

At the clienf the network device driver executing in its own thread, receives data from the 
network. The driver enqueues the received PDU to a HeiTS queue detennined by the protocol 
control infonnation. The receive thread passes the PDU through the different protocol layers 
for processing. A possible reassembly of the PDU is p e r f o d  If the current PDU is the last 
or only PDU of a frame, the total frame wiil be enqueued to the stream thread. 'Zhe stream 
object. executing as a separate thread, dequeues frames and gives them to the sink object. 
which in this case is the AVK to display the video. If the AVK can not immediately accept 
a new frame. the stream thread will suspend itself for about 32 ms. 

The above mentioned aoolications reuuire manv workstations to concurrentlv receive the same . . . . 
. . . .  . . . .  ; '&@. ~ed i s t i n~u i sh  betweentw* he;hodsof iroviding . . .  such a mui$itarget.or.g-p . . .  s&mce: ' . . . . . .  . . .  . . .  . . . . . . . .  . . . . . . .  . . . :  . . . . .  . . . . . . . . . . .  
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. . . . . . . . .  -.* ..W& mul?knn&tiom,' &parate & ~ & t i o n s : ~  established .fnim..the sender evh . .  . . . .  
' iecip'ient, Gsulting in the identical data tci be sent many,*e~, inc~asing the netwoik load . : . . 
proporiionally to the nh-ber of mipients. . . .  
A mulücast fa&iity uses group addressing to aUow &ta tranimitt& once over a network 
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* Pickets -sent over a subnetwork -should not have any impact on workstatim not ' . 
. , participating in a multicast association. , - . , .  

The System must allow different streams to be transmitted simuitaneously on the k k o r k .  
It should also be possible for a workstation to receive more than one stream concuriently. 
This is necessary if multiple videos from different wnference participants are to be 
displayed on the Same monitor, for cases where one video. stream with different audio 
streams (multilingual soundtrack) is ksmitted and gateways must be able to wncumently 
route multiple streams. 

, . The soluiion presented in this paper meets all of these requirements, although restricted to 
. . . . . . . . .  . , Token-Ring LANs.. , ,.:, :.: , . : .  . , . . . .  . . , ,  , . ,  . . , 

, . 



The Token-Ring adapter interface provides four different addresses for addressing by other 
stations: an universally administered address (unique per adapter), a locally administered 
address (user selectable), a group address and a functional address. The adapter can have one 
address of each type to which it wili react. The adapter can also be addressed using a 
broadcast address. 

The localfy odminisrered address must be unique a m s s  the network and is basically the same 
as the universal administered physical address. These addresses can not be used to support 
multicasting. The broadcart oddress can be used to send packets to all stations on the 
network. Xis ailows for a ~dimentary implementation of multicasting. However, as all 
stations on the network are affected by broadcasts. this address is not suitable for a proper 
multicast facility. 

A group address is associated with a set of logically related stations. When a packet is sed  
to a group address, ail stations that have this group address set will r&ive the packet Group 
addresses enable the software to easily send a data packet to a selected subset of stations (that 
have the specific group address set) on the network, without influencing the other stations on 
.the network. It is clear that group addresses are really what is needed to support multicasting. 

.. ~nfominatel~.current l~ availiible l b k e n - ~ i n ~  ad&ters.6nly supporf one actiVq group address " . 
at anytime. A gmup address used for multicasting would .then only allow for one active 
stream. . 

. . . . . . . . . . . -- - '~aih.&p&.r -iaii a$k.have' 6ne finciio;nal culdriis. Tii{i a&ess:is:basiEally kmask that i s  :: . ' '. . . . . . . . . .  . . . . . . . . . .  . ~ .... . . .  . . :  ANDeba2ainsf the'irddiekin &a&ving.,pi~et. .1f not .&m; ~ & . ~ & k e t  is. r .~ ived ,~Of . the  . . . . . . . . .  . . .  . . .  : :  . 48 bi&jn ä MAC .&reis; jh6. f&t:.t& bytesand 'oiie Bit in,,&&&lit.byteare . . . . .  fd, l&&ing. '.. % : .  : 
. . : only 31 t;its for functional ~dreSse&:~ese types of k s s e s  Ge.% intended for scenaribs - 

where.a Station can transmit a packet to a specific function. and this function can then be 
available on any computer. The workstation that offers the function, will set the specific bit 

fmctional -ad&ss. mask to bdicate: that the.function i s  available, forexampb anerror . . . . . . .  . . . . . .  
: ': .,. < '. ., . .:. # . ,  

+C . ,.,,: :. *~,N&C< 0 f . . ~ ~ ; t b . a . ' & 3  1 :bi*:thati&; b asigtiedt to :ü&j&i: 3 'hio.:hav&. ,&&j, _i ... .;.;:. :. . . . . . . . . . . . .  . . . . : .  . . . ~ .  , . . .  . ~- . . n .. 
. .  , 

I - _  . . .  ,L ............ . ..,'.heen.&assi,yied:t~ sFifif:,,Ün&ns,> ..... bits: a@:ksuyed'ind 12:bits a[re. availab$ t tg .. ; 'Y . ... . 
*. . . . . ..*..i . .... . . 
,:... . . .  . .  hr. .,W= sugg;si b,u&,fi=.reservd.a& k,&..&fba jjif~ :f&.~e&~'&o;s:~edii~data .t&~et.. . . . .:. ,: 'I: ::. 

. . .  
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* 6 ...... i .  L : .  ' ~ h e n  funqiinal addresies are used fo;m"lti&ting it gives us exactly what is n&. It d e s  ...... . . . .  

not . ht&upt ' none-pGicipating. statikns, arid allov;'s multiple s&ms ' a t  the 'same .iime.. 
t 
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Unfomuiately it limits the numbet of concurrent streams to a maximum of 24. It can be 
b observed that 12 video strearns at 1.2 Mbit/s per s0'eam wili saturate a 16 Mbit/s Token-Ring. 

If the stream-bandwidths are reduced (e.g.. for voice only), more streams can be put through 
the network at any time. but then, we are only trying to develop a realistic test environment. 
As functional addresses are in fact (speciai) group addresses, and behave semantically the 
same, we can define the Token-Ring interface as if we are using group addresses and for the 
moment implement this with functionai addresses. 

A k n o w  difftculty for a given MAC group is that the sender can not belong to the same 
grou'p q the targets to ensure that i t  does not immediately receive packets which it has 

. . ,. , . .  ,;. ,+ :,,:;<*$:f+3 . . . .  . ....... ; . . . . . . . . . . . .  . . .. . ,  . .  



- 
transmitted. For a wnference System this implies that each sender must use a diifferent MAC 
group address to transmit frames to the Same logical group. 

Support for multicasting in the Data Link Service is built on the Token-Ring functional 
addresses as described. The interface provides functions to join and leave a group. and to send 
and receive pkkets in a multicast communication mode. The transmission mutines are 
basically the Same as the single-target connectionless datagram ~0utine.s. Both use co~ection- 
less data transmission, but with different target addresses. 

MultiCasting foi the Network Service uses a modified X.25 Packet Level ProtocoL Fmm the 
basic X.25 protocol, the connection establishment and data transfer phase are retained with 
support for multiplexing. Additional packets stmctures are defined to support (connectionless) 
muiticasting. The network layer also ensures that out-of-sequence packet5 are discarded, due 
to the real-time wnstraints of video data. The ISO Neiwork Service addressing was extended 
to support group addresses [JalBI 1. For efficient wmmunication over inteamnn&ted na~orks .  
muiticasting is used within LANs and multico~ections are used to cross LAN boundaries. For 
the initial iersion a static routing scheme was selected that flooded the data stream to all 
possible nodes [DeegO]. . . 

. . . . . .  . . . . . . .  . . I .  . . .  . . .  . . . . 

The ~ u l t i t a r ~ e t  Transport Service relies.on the k t i k t  supiort provided by the.Network 
Service and just adds segmenting and rate enforc'ement. Interestingly, are the modifiaations 
made to -the service ,interface to support a multicast service. 

. ~. . . .  . . . . .  . . . . . . .  . ~. . . . . 
.. .. .The hulticasi:se&&:ii b a d  oa the .i& bf a ender.@enn8:infBmat&n:b &:dehed .g&up.d.. ,;.:.. ::: 

of & i p ~ ~ n t ( s ~ - . ~ ~ ~ . . h d i ~ ~ ~ . ~ ~ t . ~ @ ~  ... . .  (htuneji ' ~ : & t . @ i  hhe ,pi&s&:,~~.~&&/..::.;'. 
. . . . .  & r ~  niay or' may not anyj.aitive- %ipients. .ThiS situ&cjiIS..analo&ti .&$leiW . . . . .  

. prograrns'or a speech wheie the liitenek aie free to W&' imd go. The Sender 'ivili'not be ':: 
notified if a new client is joining or leaving the group ( s ~ a l s o  [Rav92]). Such an mociarion 
is thecombiition of thesender, the group of ~ i p i e n 6 ,  and a "prqganC being tpnsferred . . . . . .  

. ,. . . . .  . . . . . .  . . .  ;. . .  : from the sp8cifrc.sehk.t&thee ' & ~ Q U ~ ,  oF&iPients.. ~: ,: j. .. , .. : .  ... . . , . . . . . .  . . , . .  ... . . . . . . . . . . . . . .  . . .  . . . .  . , .  . , : .  .. 

. . . . . . . . .  ; q-iatioq (receiver). ?is, allows the transpo.rt servk .  pr6vjder to teject quegs  X mioyx . 
< . . . . 

rese&~tion:fiils:'~ote that ät the ievil of'the transpoii &C& interface. he'onli end-&end 
interachonamth~ primitives for da? transfer. The*serviw is k l i a b l e  k the.gk&.that:.data , ' .  ' - : . .  . . . . . . . .  ....... . .  . ,  : . . . .  

... not' g"'-'teed .tb' deli"ired to any &iii&i&. It &, 'h&&v&r; &-&d dy. ' . .  , ' ~  

. . .  complete. em-f'ree and in-sequence PDUs ,yül bedelivered. although.possibly yith missing 
PDUs in between. . I 

Rate Enforcement 

Rate enforcement is part of a flow wntrol technique. i.e., to prevent a fast sender from over- 
running a slow rwiver. By itself. it guarantees that a sender will not exceed certain rates. 
This done is not sufficient - it is also necessary to guarantee fhat the processing at the 
receiver(s) will meet (or exceed) the Same rates. Resource reservation and real-time scheduling 



can ensure this by guaranteeing that the necessary resources-(eg., CPU for protocol 
processing) will be avaüable in sufficient quantity. when needed. (By contrast. rate conirol is 
strenger, e n s u ~ g  that data will & sent or received at specific times CKa190, Sid891.) 

Rate aiforcement is incorporatßd in the iransport sewice at the sender side. and resource 
reservation is assumed to be done at the establishment of an association, be it multicast or 
point-to-point [Sch92]. 'Ihe goal of rate enfmment  is to prevent an association from using 
more than its resewed resources (permitted short-tenn bursts are taken into account). Using 
more then the resewed resources could cause degradation of the qualiiy of service on 
guarunrced associations in general. not just the one that is misbehaving. Note thai an overly 
constrictive rate enforcemenf i.e.. one that does not aüow the sender to send at its maximum 
allowablc rate(s), is just as bad, since this is just another way of violating sewice guarantees. 

. , Resourcc reservation G d  rate enforcement are unified by the Quality of Service (QoS) 
specification, which must be suitable for both purposes. An approximate upper limit on the 
usage of various resources (CPU, network bandwidth, memory, etc.) must be derivable from 
the QoS negotiated at connection establishment time. Vagueness in specitication can lead to 

. . over-reservation. For instanq, a thmughput of 1000 bytes per second can be achieved by 
. . . .  . . . . .  : .... sending 1000'one-byte paCCets. ui aSiecond, hp6sing:a r&tively h e a ~ y  load on.the:systern;, . . . . , . .  

. . . .  'or'by seriding i singl& 1000-byte' pricket ev& Secoiid. 'IA thk ibse&e of &y &er QbS . . 

specifications, the former must be assumed if a solid guarantee is to be provided, leading to '. 

potential resource squandering. The QoS. must also be easily enforceable, which caüs for a . . . . . 
: . .  . . . :  , relatively . siniple. ~ specifiption. . .  :. . . .  . . . . .  . . . . . . . . .  
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. (SDUs/second), majlimum:SDU.size (b$G), &.ma,xiiuiq w6rkaheadW); If riqt qlKS.b~$: , , - .' 
. . 

to bB sent &E bf the maximum SDU s&. then a data rate lower .than the:~nMuct of the 
. maiimum SDU size md the SDU rate C& be specified, Mucing the amoun; of bhdwidth 

: that must be kserved. . . In case of video compression where: lgge SDUs representing . . . . . . . . . .  . . :. 
. . . . . . . . . . . .  . . . . .  seif~ta&kd~~'tilt~f~~.'a~ f 6 ~ 0 ~ 1 y ; b y  8:".&befj:k&Ile<delta . . . . . .  . . :  , friunes' . . .  ",., ii . . .  withDVI . .  
. . . .  . . . . .::toc>iology,-the . differente i~.substi@al.fl.an appii&on . . .  SDUs iri b m t i  (e.g., &r ' :  ' .  ' " 
. . . .  . . . .=.* 'bf video . ~d ':dsk) d-*'rihts' thk iriuispoIt service, a,' .I,, , , .  . U: 
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. - bcen proqssed to completion. Workahead d d  be speci'fied differently; which way is more 
. natural depends on the'sou- of the, burstiness of the usei's data generation. For .instanCe. 

maximuh SDU workahead (number of SDUs) Gd maximum data workahead (in terms of 
bytes) could be specified independentiy. If the user's burstiness is based on the size of buffers. 
from which source data are taken; or liiited by where received data .e stored, then this 
specification may be better than one in tenns of time units. If the user's burstiness is 
influenced by the time it takes to perform disk read opemions or by the resolution of timers 
and the scheduling granularity (e.g.. timeslice duration)of the operating System, then the time 
specification is better. Lookmg at it another way. the workahead represents the work in 

: ~i*pmgress. i.e.. SDUs enmute between the local and remote transport user. Such SDUs consume 
. . 

. . .  ... ., .....:/:.. ,: . . . . .  . . . . . . .  . . . ,  . . , . 
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resources along the line. be it -buffer space, networic bandwidth. or CPU for pmtocol 
processing in the end-system or in intermediate nodes. , 

'Ehe workahead &ta structue is a FIFO queue of records containig information about SDUs 
accepted for pnxxssing. 0ne.end of the queue r e p m t s  the local q r t  s y s m  and the 
other end is the remote transport system. at the point where data indicatiom are enqueued to 
the transport User. In this absiraction, the queue iiseif includes processing in the I o d  ttansport 
entity. the networ* layer. and in the m o t e  hansport entity. SDUs closer to the front of the 
queue (where they are removed from the queue) may be in a real. physical sense closer to the 
remote system. Stored is the time at which the SDU was accepted, size of the SDU. and 
(conceptually) any other information that may be needed to figure out when processing on a 
SDU can take place or how much time it will take. Woric accepted by the rate enforcer to be 
processed is added at the back of the queue. Removal from the front of the queue qnrsents 
processing assumed to have been completed. Note that this is done according to the processing 
model. without any knowledge of the current state of actual queues in the locai or remote 
Systems or in the network layer. 

. . .  .'Ehe pmkesing model determines when SDUs are remo.ved from the queue and,.thus,. . : .: iidirectly, whether (or when) gew SDUS rnay .be 'added tq  the queue For .out prpcessinjj . . . .  ... . , .  . . . 

model, we statt with the following assumptions: . . 

. . .  . SDUs aresent over a dedicated channel wi' a capacity equal to the transport data rate 
. . . .  

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

. . of ae-QoS negotiated at cann~ectioii.eFtablishmentttime (for simpliaitj: PDU:~~F~~+IS are . . . .  :. 
. . . . 

... . : ; .  ...: . . .  .,: . .  igno.rd). ~Fhe,.&smissiq~~e.f$'thus:z&e.~~~ ,- diviw. bj.&is d&m. :... 1 .  - . . . . :  ; 
. . ..: . . . . . . 

, CPU tim-. f& '&&ol +-ssirig in. ,he 'l&& an~';remo@..end-kfsti:msS may not .,h - . '~ . ' , 

. . .  
ivailable immediiteli, ,buithis procesiing will öe completed after at most one SDU penod- 
(the reciprocal of the SDU rate). In other .words, .we assume that the CPU is scheduled 
such that at least one SDU's worth of p m s i n g  will be made available after at most one 

. . . . . .  . . . . .  ... SDU ,period,,:as . . . . . . . . . . .  ,opposed .@ merely, . . that W . . . . . . . . . . .  avegge will be,met . over . W. indef~nite . . . .  
... - .  ..... .. . . .  . ' . . . . . . . . .  . . . . . . . . . . .  . . . . . . .  :; .i .,.. . . .  ,' 'jing:bm,. , . ., . . . . . . . . . . .  . ,,, t .  ;..F . . . .  ,..,>: . . . . .  . . . . . . . _ . . .  . .  :.. . .  < _ '  ' .. . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . .  .. . . . . .  . . . .  .: , 

. . . . .  . . . . . . . . . . . .  .,,. ., .. . 0 . ........... .Idle time'cahnot be ~ . u i a t e d  If the networ* . . . .  a';iXU.jits idie . for.6ne . .  mibÜte ........... beca& . . . . . . . . . . .  : . ': . . .  :' 
. . .. . . . < '  , ,*. : was bof giien(&YY i;i&& f&do,,ii:&&. thin- do,ho'.-"& wörth 6f ,#yrork,m.&..xt. , 

. . .  . . 

. . . .  . . . . . .  . . .  . . . . .  . . . . .  . . . . 
. . .  . . .  . . . , ~ e ,  assFe. tw~stage~=ssi"g,~~here . -. the. , .wo . . . . . .  stage procesiori work-ii paraüel, (Fig* 2).. . . . . . . .  

. . . . .  . . 
. .  The f i ~ t  Stage. $rocess&.,sws at th= QoS &ta :rate, &. &; ;&&d iGe &-&='Q,-,S~.SDU . . .  

rate. Collectively. the stage pmce$sors represent aü resources merved by the m r t  layer 
at association establishment time. Although any individual S D U ' W ~ ~ ~  take'either the SDU 
period or longer to process from sender to receiver,this does not imply that thi: SDU rate 
cannot be maintained, since processing by the two Stages is done in parallel. 

Note that such a two-stage model accurately reflects how wor* is done in the CeBIT 
application. where video frames are transmitted as SDUs, and displayed in real-time at 30 
frames per second. SDUs are handed over to the network layer. which processes thun at a rate , 
&pendent on the SDU size. Once the remote application receives them, they are handed to 
a delivery card which spends a constant 1/30 of a second processing each SDU (frame). 
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flgure 2 WorMiead and pmcessing model 

n i e  state of the workahead queue is only important when the question must be answered,of 
whetha the transport service can accept a specific user data q u e s t  (new work). When a data 
quest is m&, the workahead queue is updated according to the processing model based on 
the cumnt state of the workahead queue, and the cumnt time. 'Zhe workahead queue lengths 
amwmpared with the maximum values to see if the 'new work can be accepted or not if so, 
the new work is added to the back of the workahead queue. if not. then the earliest time at 
whieh. if wubrnitied, the SDU wiii be accepted, is calculated and retumed to the user to 

. . .  .' . . ' preve"t 6-corisuming polling; . , . ' . . . . . . . . .  . . . . . . 
The.provision of time services has to be assumed to implement rate enforcement. The basic 

. . service ne'eded is that of a clock, i.e., a function that retums current real time. The.rate 
. . . . . . , '- .enfoican&nt algonthrn must also h 6 w  iits'resiilution. 16 is assumed that suficiently &curate. .::. . 

. . . .  . . . . . . . . . . . .  . , : . . . . . . .  ..red t i + & e , a ~ a i l ~ l & -  thk timeresal"tio@:6'kn~*, @.& u$pei bad an ,~e:litg.be~.een, .... . . . .  ,.,-', 
:. . ,. .. . . . . . . .  thcfretdil.\uorld. time'.snd.&e: s$t& tinie.:is knpwn; wh@k i& Important. jnca&s W h e ~  the... .: :. . . .  ... . . 

systeh @me is Updated b$ a sof€ware int-pt. . . 

The motivation for rate enforcement i s to  avoid overuse of resokrces. Any &sources used 
.. :by. the rite enfopment schemei~1ff f  directly.or indirecdy, shDukj therefo- be ;reserued. , , .  This. . . .  . .  

. . 
. .,, ,:r ... ,;::'. .;..,. .,(i ... '. .b&&,i:,:,&, . . .  ; ~ p ~ ~ ~ , g + . ~ , ' . : ~ & & o ~ ~ ~ l g b f i ~ ~ _ . + d  r ~ ~ ~ : f ~ ~ , p ; ~ ~ i ~ ~  i,: , . ,: ., ; .- . :  . .... ......-. P . .  ..'. . . . . . .  
. . .  . . .  ... .: ,anS;:SbU* in &=&$ of ie&isted WDr&kad, specified by:'& in;&e Q&, .th,äi hy ,;;':::; ‘ " . .  . . .. . . . . . . . .  . .  : .; be .ddmitied.ti;. ,. . . . .  . . .  : .  . . .  . . . . y. the -1 enfweiiient.'l'hk. WB&&& . . . . . . . . .  ,j$ .call&-ih @@&C& :wqrknfie&:;. :;;. (;.7". :Ci 

. . . . . .  . . . . .  , . .  ,~ . . .  . . .  . . . . . . .  . . . .~ 
. . . . .  . . . 1 

. . . .  . . .  . . . . . . .  I. . . .  
, .  . . , .  

. . . . . . . . . . . . . . . .  . . .  . . . . . . . .  
: .  , .  . . . 

.... ... , ., , . : . . _ . .  . . ' . .  . . . . . % '  . 
.:' R e ~  'whj &&&fGed ,&bf2&,j m ~ ; l G  grea& %&. 'ieqiEstdW~M&d:' : %.. ,1 .Y 

. ,  .. . . .  . . . . .  . . .  . . . . . . . . . . . . .  . . .  . . . . . .  . . . .  . . .  . . .  . . . . .  . . . ?  ' . . .  
. ~. . . . . . . .  . . .  

. . , . .  .~ . 

. . .  ..... 
. . . . ., >. ,?6rkah& huaf be'ai'le&t SD& o*e&ie'np'.Hark 'viill. +ed. :in'. .j .]., 

, particuiar. in. the absence of h y  other workahead. a m&i&&-sized SDU (i.e.. the 
rnaxiqurh sp&ifiedbi'the User in the Q6S) should be accepted for processing. 
Due to the granularity of the clock, it is possiblc that work has been done, but is not. 
wunted as having been done. Work wiii only be wnsidered as have been processed when 
the System time changes. There are two ways to deal with this. One can either accept that 
the User may get a little less than the workahead he thinks he was guaranteed, or one can 
aUow him perhaps a little more, but reserve the resources for the maximum that will be 
allowed. The latter strategy was followed. in any case, the workahead must at least be as 
grtat as the clock rksolution plus the time lag, since SDUs can only be reihoved from the 
workahead when the rate enforcer Sees the time change. i.e., after every timer tick. 

. , 
. . 



The enforced byte arid S b U  workaheads are the values that shokd be used in determirjng 
resource requirements. 

Performance measurements on the prototype 

Before starting with the analysis of performance measurements. it is useful to examine in . . 
detail the load the system is expected to process. In this case, this means charactenvng the 
digitized DVI data-slmms which are sent over the i m ~ p o r t  system as SDUs. A DVI 
data-stream includes audio as well as video information - including still frames (self- 
contained images) and delta frames (differential information). Only the video infonnation is 
considercd, although audio information is in the same SDU, since it represents lhe vast 
majonty of the data. 

For the DVI load it is useful to examine the differences, with respect to load, between PLV 
used for stored video and RTV for live video. A sample video clip of an TV interview. 4 
minutes 46 seconds long, was recorded using the two diierent compression methods. The 

. . . .  . .. statistics that.characteiize the digitized-es are lis* in Table I. The m i n i u m  frame-sizes 
, . 

, ' "&.i~mirkabli siiiiai. HQ;wevei;.hihe maiimum fra."for the.P~v .vmion is.mote than time , ., 

times as high as those for RTV. In other video clips, maximurkframe sizes of 31020 bytes 
for PLV and of more than 10000 bytes for RTV have been observed. 

. . . . .  . . . . . . . . .  . . .  :. . . >  . .  .. . . .  . . 

' : &&ii i ig  the siies.of the PLV f i k e s  Table L ,~hara6ter++on: of the, DVI lOad . . . . . . . . .  . . . . . . . . . . . . . . .  . . . . . . . . .  .... .. ..-' . . j" . . . . . . . . . . . .  . . . .  <>. .  . : :_ _ .... ::.. .: 
. . 

. . 
........ ... in. chronologic. .order ~ v e a l s  . a. ."ery . .  .:. . . .  : . .  . . . .  . . .. 
: .  . ' . . .  .&., - . . . 

, - 2 . :  . .  : .:. '. :~&,ic:..~jc,'k:, ' .Pae&* ;.-. .vi,&li . .*M6.. . :..:, ;. ;. -: :; 4.y.:, :-, C,. ..L .................... .: .. ,::.;pLy.$* m,v.:. ,..: ;:. . . .  . . . . . .  . . 
' Bm. ' ,  8600 

..smatl: franies, leis th&, 5000 bytes. in . Number offrames ' . . :  . 

s&, aie follpwed by one l&e frame ~ in i rnum [b~tesl 738 622 
having a size betw&n 8000 and 14000 , Maxhum.[bfles] 26384 8334 

. . .  . . . . .  
- .  . . bps..  T h e s e - q . d ,  &lta:$mmes,.. with , ; Mean [bytes] . :  . . P968 5366, . . .  :. . . '  . . .  Median . . .  Bytes] , . . .', (, ; ).,'ZW) ", '. 6i10 .- ,,- '. ' . '  . . . . .  avkn- biggef 'stfll:.,&& i n t e m ' a ( . . .  -: . , -. . . .  . . 

: . . . . . .  . - .  . . . . .  . .  ... . .. . . . . . . . . . . . . . . . .  . . Standard. deii&n [bytes] .::I, :481 l...,: 223$ :. :, ; :.. .- :.inter&& For .(highquality) :; .;. ; . . 
. . . .  ,; RTV fram& ii. i; ,rembabie h a t  there : Reqired'bandwidth (Mbit/s] .>.1924':'. "1.28'17' 

. . . .  . . . . . . . . . .  .; ak. normdy'. five.. .:fram&:..in . thc .....NuJII!x~,Q~..&~~ m .  ........ ,:: : . :  ; .W33 : 1 34?:, . . .  T. .. 
- .  . ,  . . . : 

, T  range bf 55000 to 8400 bytes fo~bWed 1 '  ~ u m b e r o f  still5 
. . ' . " 

. . .  
. . . . 

:. 167 ' 7174, 
. . . . .  . . . . . . . .  . . : :by- one &lta.with:a-f&le size.cjf 622.to. .atio *ltas/s.lr, . ,  . . . .  . . . .  so.so. . .... :. 0.20.. .,: . . , .:.. 

654 bytes. . . 

. . .  . . .  . . .  
' 

From Table I, an average throughput is calculated based on the mean frame size. The through- . . 
put for both are about 1.2 Mbit/s. Although the difference is less than 0.1 Mbit/s, an important 
difference lies between them. namely that the RTV exceeds the 1.2 Mbit/s data rate of a 
CD-ROM player. It is possible to compress video in real-time that will not e x d  1.2 Mbit/s, 
if a lower quality video can be tolerated. 

T l e  PLV median frame size is less than half its mean frame size, indicating that the 
differences of the individual frame sizes from the mean value are very high. Tlis can also be 
recognized by its relatively high standard deviation in comparison to RTV. PLV frame sizes 



are very irregular. n i i s  irreguiarity is not desired, as it introduces significant delay jitter. 
caused by the five frame copy operations necessary for transmission. 

On average. for PLV. 50 delta -es are foiiowed by one still frame. For highquality RTV 
compwion mode. with more still than delia frames. the ratio is about five siiils per delta. 
These figure.~ are important for enur handling. If a frame is lost, v e r y  can oniy be done 
at the ncxt still frame. Using PLV compiession, a lost frame is foliowed by an average of 25 
&1ta frames. Thus. on average, an enur will be perceptible for a mean time of nearly 1 
seu~nd. 'Zhis relation is signifcantly better with RTV compression. where the average enur 
display time is only a third of a second, which is bearly perceptible. 

For measuring delays witbin the system. the ZM4 monitoring hardware was used IHof921. 
It is a distributed monitor that aliows a large number of wmputers to be monitored at the 
same time with one global time of 200ns resolution. The monitor is independent of the 
o b m e d  objects with the only limitation that the obset-ved objects have to be within lOOOm 
of one another. 

. . . .  . . . .  . The focus is on the live video server with one client (using RTV), shce g a y  is only critical 
... in:Uie. live video case: Tke aim is tb &alize.the d$ay i'ri'the. total sy,:tem. frum capGre server . . . .  

. . . .  . . .  
to diiplay client. ~clclitional clients 'would:only have eniarged the dafa analysis without 
contributing to the knowledge about ihe system behaviour. With the hybrid monitoring 
appmach used, it is easy to +naly- the intemal behaviour of. the server .d the client, but we . 

. . . . . . , . -als~,bant.b measure thk fpme delay. from the camera to the capture process.mis cannot be . . 
. . . . . . . . .  . . . .  . . . . .  .. . . . .  . . md:&tly~~lise:hdw&-devi~s-,.~lik~ th<~~.ad;?$e~;are . . . .  hvolved..:~h&bte :.:. .: . . . . . .  , . . 

. . .  . . . . . . .  . . . . . . . . . .  , - . n&: tG.me&ur& th&delay ,indi'&dy:' - .., .: . ; . .  , . . . . 
. . .  . . . .  

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

Figwe 3 The.configmtion used for measurement 

We assume that a transition of one constant screen pattem recorded by the camera to another 
constant screen pattem wili result in a change of the captured frame sizes. We thus fdmed the . 
k e c n  of a third computer also wnnected to the monitor. When the screen transition occurred. 
i.e., when the third computer changed the wntents of its display. a monitoring event was 
generated. The f m t  packet from the AVK with a significant difference in frame size indicates 
the new screen content, aliowing us to measure the delay for captunng video. Unfominately. 



no simple way of measuring the delay of the frame on the del ivej  card until it is displayed 
on the screen could be found. 

In Figure 3 the three observed objects are depicted. On the left is the display station that 
generates the constant screens for captwing. In the middle is the capture server send@ to the 
client FO; measuring. a sequence of screen transiiions where generated. It started wiih an 
empty screen foiiowed by a screen totally fiUed with dots (.). then the screen was cleared 
again, Nled with note signs (J), empty, fiiied with 'K. and again empty. The captwe card 
was configured such that only stiii frames should be recorded. This quality is at least as good 
as that for (highqualiiy) RTV. 

The load is presented in Figure 4. 
The frame sizes have tluw significant - 
changes, corresponding to changes. of 
the display's contents. The base line - 
(about 5 Kbytes) is associated with the 
empty screen. The first change, to - 

7500 bytes, is-correlated with the dots,. . 
the ~econd'with'the note signaid'the ' 

third with the "AM. Because there wexk 
only six changes on the screen, only 
six. values for the delay from the caq- 
:t+a F the'aPiliixtion ~ & & . ~ o i i i d . ~  
. p e ä s l i r e d : , ~ ~ e ~ v ~ u q ~  are'ir! ihe rarige i . . ,. 

. f i r n  :103.6 m s  to 135 :~  ms. kal  
vdues have to be lower 'than these, 
because the time between the contents 
changed on the screen and the fmt 

ket w i a  the n e w -  contents, js : . : .P+ . . . .  :.. ...: ........ .. . . .  0 -.' .:: i'x: . . .  m:. . . .  &-. . :.m :.. .,$X,,: . . . .  
. *l@& ifi:.the .h&f-,:;:;i ;-, ... . ; .....'.... , : ... . . . .  ..: ..? . . . .  .... : : : . . . .  . . .  . . . .  .:.,P-GgiuoiraH+ ::. ;:,. ...-... : . . .  . . , e$hgiy .is W '(M).* do,y :@'62Zr. . . .  :. . . .  . . . . . . . . . .  . . . . .  . . . .  

. . . 
:.. .. . . .. or . g ~  .bytes. &"sed $' &llta.frames,"~.flga~.4 Sizeof tysmitted M&. : !:. :. .> :.:. . . .  : : .:-:. . . . . . . .  . . . .  .: . . , .:: : ~. 

. . . . .  . . . .  although ..„p niy $$I!,':, @qm. .W& i . . . .  .'. . . . .  . .  . . . . .  . . . . . . . . . . . . .  . . : <. :.......... :_, . . . . . . . .  . , :  .... : '  . . " .  . . . . . . . .  . . . . '?.. : . . . .  . . . . .  . . requested.. . . . . . . . .  . . . .  . . 
. . . . . . . . 

. . .  . . . .  . . . .  . . . .  ~. . . . .  -. . . . . . . . .  . . . . .  . . ... 
. . ~. . . . . . .  ~ , 

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

5 .depicts the total &,,aysbf h.ame tr*mrn&ln: 'Thii includ&,tj,e.cau t,-j& ~ m .  : -  , . 
on the server for a new video packet. the &sernbly tb a new frame, transmission over the 
iransport System, and.any delay until the .stnym thread on the cl'ient side d e q u e k  the fmne 
from the queue. The graph begins with a peak above the 550 ms level. This is due to the first 
still frame transmitted being used to initialii the delivery card. This initiaiization lasts about 
500 ms. During this time the client smam thread is unable to process the next frame. The 
other three delay peaks are correlated with the higher load. 

Table 11 contains significant values of the ~ n t i m e  distributions of the individual parts of the 
total delay. 'Ihe first column contains the distribution of the total delay that is shown in 
Figure 5. The total delay can be divided into tluw disjoint components. the delay of the 



stream ihread at the server side. the 
end-to-end delay of the transport ser- 
vice and the waiting time in the queue 
to the stream thread on the client side 

Sm 

befon delivery to the AVK for dis- 
playing. 400 

Let's first consider the delay within 5 ., the stream thread at the server side. s m  - 
During this time. the stream thread 3 
caüs the AVK process for a video ' 
packet. If none is available, it sleeps ZM 

- 

for about 30 ms before retrying. A 
frame is built and then passed to the 
transport service. The specific delay im - 

distribution pararneters are listed in the 
sccond column of Table II. The strearn I - 
thread &lay has a large maximum 0 7 1  I I I 

0 im zm m 400 

value of about 11 1 ms. The. mean Packot ~equenos Uumber 

value '' l8 arid the 'relatively low Figuie 5 The total delay from application ia appli&tion . 
Standard deviation indicate thit this 
maximum value is not representative 
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. ' of q e  whole aistrib"tiq. Th; 4tanandard;de"iätion of'l..8'.ms depends on the.k&ting that is 1:: . . . . . . 
. . .  . . . 

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

dime:.at times. ' . . . ... . . ... . .. . . . . . . . . . .  
. . . .  

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

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

.~ . 
. . . . . . . . . .  . . .  .. 

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

. . . . . . ,. . , .  . 
. . . . >. I' . ' .  . , .-. . . . . . . . 

The erd-ti-end transportservke deky js,measured as the time from the kspoa sewice . . 
' 

caü at the server side nntil the frame is enqueued to the ~ & . o b j e c f  by the Msport senice 
on the client side. The measurements were made on an empty T6ken-Ring and have an unex- 

. . pected 1ow.meanvalue and median. It indicates that the transmission of the frames do not sig- . . 
. . . . 
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, . . . . . . . . . .  
. . :' - . ' ~ a b l e  II ~~&zr;;ed.,delii . . .  ~ i u e s  for thepidfotype: . .  . . .  . . . . .  . . .  .: .:_ . . . . : .  . . . . . . . .  . . . - . .  ....: .:.. . . . ~ . . . .  

. . 
$... ; ......L , . .  . . . . . .  . . . . .  ~. . . . . 
. . .  . . . .  . . . . . : . .  , .  

. . .  , '  T Ö ~  . ~pplicafion .T&sport TR h v e i  . '  '?R Driver >; . . ,  . . .  (Sener) . Service (no WPY) 
. . .  Number of data po&ts 423. 424 423 913: 913 

Maximum value [ms] 567.086 1 11.542 4 1.427 15.150 14.170 
Minimum value [ms] 20.473 2.110 7.320 2.099 1 .M8 

Z : Mean [ms] 102.995 18.223 19.674 7.122 3.325 
Median [ms] 52.037 13.233 18.617 8.529 3.003 
Standard deviation [ms] 98.093 14.819 3.510 1.962 0.888 



The total delay of the Token-Ring driver includes the copying of a packet to the adapter 
at the sender side, the transmission of the packet. and the copy operation from the adapter at 
the receiver. Without wnsidering the copying to/from the adapter, the mean value and the 
median are 3.3 mS and 3.0 ms, respectively. Knowing that the actual ring transmission time 
is about 2 ms (assume maximal-sized PDUs of 4300 bytes at 16 Mbit/s). the pure processing 
ovehead of the sending and receiving adapters is about 1 ms. Thii correlaie3 with the 
measured miniium delay value (1.068 ms), which can be assumed to be for a vuy small 
PDU where the copying and actual ring transmission time is negligible, and the time 
represents the pmcessing overhead in the driven and adapteis. 

The resulting delay, when the delay of the sendiig-side application and the end-toend 
transport delay is subtracted from the total delay, indicates that frames spend the most of the 
time in the transport service queue at the receiver side waiting to be supplied to the AVK. 

Figure 6 shows the number of Frames in the Queue 
f&es in this transpori ser- ,, 
via queue at  the receiver 
side. It is a g m  chart sho.wing .3 . .  ; 

. . . . . .  . . . . . .  .iheriukber of f-es'mntaiiied 

in the queue against thc abso- 
lute time from the begiming of s 
the measurement. It is obvjo 
that the-behaviouipaaenr.of the , , . . . .  . . . . . . .  . :. \ .  . . . - .  ... 

.: q-ue i s ' & i d y  :C0r;&&d tc ' ' , . . ~  .. . . . . . .  r.,.:.. . 
..:... - ..~&;partem.&:theeäJbI'.&la$;&, :' . ~ . . . : . .  F ~ ~ U E S .  . ,  . . 

. . 

It can be A n  that 16 f m &  P 24 26 28 30 32 3 . 38 
time Isl ~~ 

l... , are: queued ipitially and &n. . . . . . : . . . ;  . . ..s,.,~plied :G. th&.B&terr .:mS , 5 ? ' 6 .  ~utnbec o! f r . q ' ~ ~ s  ~ h ~ ~ ~ ~ e ~ & ; ~ ~ ~ . t h s ~ ~ l i ~ ,  . . . . . . . .  .. : . .  
. . .  M o n a t  the dient side . ' . . . . . . 

. . .  . .  .. . .: . . .,.. . . . . . . . .  . . . .  : m... öc ;.,:expliii.d by .th=, ..-. :,.; ,...,. ,.. ,. : I  : .  ; . :. . . . .  :. . . .  . . . . . . .  . . .  . . . . . . . . . . _ .  . . . . .  , . . ' 7 . - . : . . ~ .  
. . . . .  . . .  :. :. . . ihitidiiion ' H- the' &live*' . . . . . . . . . .  ':. . . . .  ...... -.. ' i.. . . 

. . . . .  . . 
. : . i , . . . . . . . . . .  card fiscan:od~,be.&fie aftei -ivmg &e.fmt ~ & w ' t k e . t r n . t h e ~  &.,&spiaye&. -:;. 1:;:::'; 

the transpoh service contihues to deliver n i o ~  frames in a regulai Pattern. Thus .the adapter .. :: . 
. . :: .:..is 81way&lagaini th&s&.lf3 frames behinb the.transport.seqice. Fi@re 4.shows the-memfnime. : . . : :.. . . 

' 

. size initially at about 5 Kbjtes, allowhg these 16 frames.tofitinto.the intern& buffexspace . 
' 

, . .  onthe adapter. configured-to 128 Kbytes. After transition of a wnstant-screen. the packet size 
increases, causing the total amount buffed to exceed 128 Kbytes (at least 16 frames at a 
larger fr&e size), resulting in frames been queued for delivery to the AVK. The overail delay 
from the capture camera to the client screen does not reaily increase but we can only now 
recognize it in our application, because of the limited buffer space on the adapter. 

The total delay from the capture camera to the client screen could not be measured exactly. 
'Ihe delay for a f m e  given to the card until it is displayed on the screen is missing. AU other 
delay values have been measured. Addiig up the individual delay components gives a total 



. . . . ' I  . . . . _ .  . . . . .  , . . .: . . . . 
delay of more than 20 frames (660 ms). Ihere are about 4 frames on the capture card, at least 
1 fmmc in ihe application and communication system, and at least 16 on the delivery card. 

It is intmsting to see that the transport service does not increase the total delay signif~cantly. 
The i n i W i i o n  of the delivery card at the beginning of the frame transmission results in a 
deiay value that cannot be dec& during the total life-time of the C o d o n  in our system. 
The system has to be extended with regard to a mechanism that drops frames on the receiving 
si&. I t  is easier to drop them at the receiver side because only here all information conceming 
the total delay of the system is available. Since multiple clients can be CO~ected to a Single 
video strtam. it is obvious that the Server should not decrease his data rate by skipping frames, 
otherwise some other clients would experience video stuttering. 

The delay in this prototype is definitely too high for video conferencing. where end-tend 
delay should be less than 250 ms [HehgO]. In our case it is larger. Ihus. we need to introduce 
a mechanism to decrease the delay. One Solution is to decrease the buffer space on the 
delivery card so that only a few frames can be buffered. The stream handler will then have 
knowlcdge about additional frarnes waiting to be displayed. Therefore. it knows the delay 
incorporated in the system at a y  time and can decrease if preferably by dropping frames 
.(e.g., delm.,up to.the:next still ftame). Note that such an approach..wiil~int@hce Perceptible 
audio c k k s  evin thoughihi l6ss of ävideo f h n e  is .haidly. noti'ceable rtoli9i; kf9lj:~o ' ' 
reduce the delay, it is necessary to drop both audio and video data. Dropping only one would 

..C- ynchronization 

.T& prototype demonstrated at CeBIT'92 shows the fe&ibility of integrating a~diolvideo into 
existing desktop Computers and networks. as, well., F the utility of doing so, as demonstrated 

. . .  by. the ty piacticai applications th. were deyeloged b fmition. On< important ,aspect of both . ; : ' . : :. . . . . . . “ .  ,a.os;iis * : . . .  . . . . . .  . . .  k. &ffec& &s: &Pnutiön.:of .Wgh~olu~"digi td:&fa .. '1.:. .-. :: . . .  . . .  
. . . . .  ., - . . ne~works; HG& the use c;f a :multi& tcc.hnique with the.:reqi@rcd protocol ch+nges.was used - . . ' ..... . . . . . . . .  . . . . . . . . .  ...... . . . . .  ..... . . - ........_... . . .  tO&ieYi: egO;ll ofdiStnbuting && +&atiöns n&,i&*e+wi&ö$ ö"Baöadu;g;Qth&:...; .: :..; . . .  

. . 
.: . .......; ; :,. .. ; ; y 9 ~ @ 8 ö n : : ~ . & e b D ~ : $ i ~ ~ ~ a t t p a t a , .  .. ...... .:.:......... .I . . .  1.'. <. ... . .  .;.: . . .  : '..;... . . . . . . . . .  ..... . . . .  . . . . . . . . . .  . .... . . . .  .. , . . .  . . .  .:'. :: . , .. . , 

T...... 
., . . . . .  . . . . . . . .  . . , . . . . .  . . . . 

.. . . .  . ._ . . . . .  ., . . ~  &idcs'the.sol~tibn~.detail~~he~, . . . . . . .  f o r ; ~ s n , .  . . . . . . . . _ . . . . . . .  similär multimedii' . : -  s ~ ~ ~ ~ n ~ c ~ " p . i e n t s  ............ .for the. .: 
. . R S ~ . ~ " & ~  b':'& &&.being; ofi at thi mc. buh& inoluk ,ti;e .d&veio;p- . . . .  .:. . .  

ment of mori powerful protocols to help with multiqsting over different types of netw6rks 
. . .  

and the integration of AM: and OS/L systems into one mult imdi  application. 
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