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Network-Integrated
Extendcooperationand controlto network

Multimedia(for GNU/Linux)
Unifam accesdo availabledriversand libraries

Middlevare
Layer betweenapplicationsand distributedsystems
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Collaborative Scenaios
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Watch videoof DVD on large screen
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Beyond Client/Server

Traditionalclient/serverstreaming) Black-lox

Locate server?Activate server?Provided
functionaliy? Connectiorsetup? Streameddata
format? Controlserver,e.g. switchthe TV
channel?Complexapplicationscenaos, e.g.
transcale content? Distribute workload?
SynchronizationBhaed applications?
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Beyond Client/Server

Traditionalclient/serverstreaming) Black-lox

Locate server?Activate server?Provided
functionaliy? Connectiorsetup? Streameddata
format? Controlserver,e.g. switchthe TV
channel?Complexapplicationscenaos, e.g.
transcale content? Distribute workload?
SynchronizationBhaed applications?

It's not a questionof\if " { it's a questionof\now"
Generallysolvechallengesvithin middlevare
Providesuitableabstractionsand programmingmodel
Easy e cient developmenof distributedapplications
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Overview

Motivation
Architectureof NMM
Developinglug-insfor NMM

Basicmiddlevare services
Registryservice Synchronization(sraphBuilder

Distributed multimediaapplication
hellawvorld, clic, Multimedia-Bg, ...

AdvancedViddlevare Services
Applicationshaing, seamlestandover

Summay, future work & discussion
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Messaging System

Message
Headennformation suchastimestamps

Bu er
Multimediadata
E ciently managedoy bu er pools

Composite event(CEvent)
Stareslist of events

Event
Key list of valuesreturnvalue,exception
Repesentssinglemethad call for dispatcher
Both, out-of-bandand instreaminteraction
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Interfaces

NMM InterfaceDe nition LanguaggNMM IDL)
Simila to CORBAIDL
Interfaceclassand implementatiorskeleton
Supports inheritance gxceptionsarbitrary data
types, state machine,...
Both, out-of-bandand instreaminteraction
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module NMM {
interface IFileHandler {
void setFilename(in string name);

Result endTrack() instream;

;
}

IFileHandler IFileHandlerlmpl

+setFilename(const string&): void +setFilename(const string&): void
+endTrack(): Result +endTrack(): Result
+create_endTrack(): Event* A

ConcretePluginNode

+setFilename(const string&): void

+endTrack(): Result



Source Filter /
Converter
NOde Node

OUTPUT
INITIALIZED




60+ Plug-ins

Source

CDDA, DVD/menus,WInTV PVR, KFIR, DVB, Firewire,
VISCAcamerasaudiodevicesWAV, AVI

Encaler/decaler/converter/ lter

MPEGaudio,MPEGVvideo,DivX, Ogg/Vorbis, SPU,PNG,
JPEG,RTJPEG

Cola spaceyvideoscaler,on-screermenus,deinterlacer

Multiplexer/demultipéxer
AVIl, MPEG,OGM

Sink
Videooutput via X or OpenGL,audiodevicesWAV, AVI
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Application Buffer

Composite event

ll




Communication Channels

Serializatiomandtransport of objects
E.g. Bu ers, compositeevents,events

Scalabldranspaency
Automatic setupvs. manualcon guration

Serializatiorstrategies
Magic number, XML, ...

Transprt strategies
Pointer forwarding, TCP, UDP, RTP, ...

Local optimization

Pointer forwarding or eliminationof communication
channel
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Developing Plug-ins

Speci cation
Supported functionaliy? Features?

Granulaity and baseclasses
How manynodes?What kind of node?

Implementatiorof (some)state transitions
dolnit() : generallysupported formats
dolnitOutput() : currentlysupported formats

De nition and implementatiorof interfaces
Out-of-bandand instreaminteraction

Implementatiorof processBu er()
Registemode with registryservice
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processBu er()

Message MyConverterNde:processBu erBu er
In_bu er)
f
[/ get newbu er with de ned size
Buer outbuer = getNewBu er( out_.bu er_size ) ;
/[ get data of bu er
char p= in_buer >getData(),
/| somecode ...

/[ releasein_buer since it is no longer needed
iIn_bu er >release()
return out_bu er ;
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processBu er()

Message MySinkNale:processBu e(Bu er in_buer)
f

/[ releasein_buer since it Is no longer needed
in_bu er >release()

/[ create composite event including single event

CEvent cevent= new CEven{lIExamplecreatefoo());
/| set direction to UPSTREAM

cevent >setDirectioiiMessagetJPSTREAMN,;

return cevent
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Event Handling

Automaticregistrationand dispatchingdueto
iImplementatiorof interface

Out-of-bandand instreaminteraction

/[ Implementatiorof [FileHandlerimpl: endTrack()
Result MySinkNale:endTrack)
f

// handleendTrack, e.g. close le

return SUCCESS

g

KDE aKadem y 2004 - NMM { p.22/46



Developing Plug-ins

Modify, add, delete,replaceevents
Handlingmultiple input and output jacks

Handlingarbitrary patternsof incomingand outgoing
messages
Upstreamand downstreamtra c

working- ag and producing- ag

) SedDevelopingPlug-insfor NMM"
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helloworld

/[ MP3 player: the NMM applicationfor the example
NMMApplication app=

PraxyApplication: getApplication(argc, argv);

/| create the node descriptions
NodeDescriptionread le ("GenericReadN®";
NodeDescriptiordecale("MPEGAudioDecoeNale);
NodeDescriptioraudioplg ("PlaybackNale";

/[l createa queryfor a ow graph
GraphDescriptiomgraph
graphaddEdges(&ead le, &decaler, &audiopl®) ;
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helloworld

/[ requestcompletegraphfrom registry
ClientRegistn& registry = app > getRegistry()
registry.requestGraph(graph

/[ setthe lename by requesting appopriate interface
INode Inode = graphgetiINag read le);

IFileHandlevar  lehandler (inode > getParentObject()
> getCheckdInterface IFileHandler () );

lehandler > setFilenam@rgv[l]);
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helloworld

/[ realize and stat graph
graph realizeGrapl) ;
graphstatGraph() ;

/[l wailt ...

/| stop completegraph
graphstopGraph()

/I releasecompletegraph
registry.releaseGraglgraph);
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helloNMM

/[ Distributed MP3 player:

//  decaler and audio sink on remote host argv|[2]
NodeDescriptionread le ("GenericReadNi&");
NodeDescriptiordecale("MPEGAudioDecoeNale);
NodeDescriptioraudioplg ("PlaybackNale’);

/[ NEW: set locationfor decaler and audio sink
decaler. setLcacation(argv(2]) ;
audioply . setLacation(argv([2]) ;

GraphDescriptiorgraph
graphaddEdges(&ad le, &decaler, &audioply) ;
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helloNMM

ClientRegistn& registry = app > getRegistry()

[/  NEW: add remotehost to registry

/[ (. serverregistry is running on remotehost)

registry. addRegistr¢yTCPAddress(egVvi2], ClientRegistry
.. defaultport ), argv[2]);

/| samecode as befae ...
registry.requestGraph(graph

graph realizeGrapl) ;
graphstatGraph() ;
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Further Options

Node descriptions
Types, /O formats, interfaces shaing policy

Manualcreationof ow graphs
connect(nalel,node?);

Con guration of communicatiorchannels
c_connect(nalel,node?);

Listenernoti cation

) SedHello World! Welcometo NMM ApplicationDevel-
opment:)"
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Playback

SOURCE CONVERTER SINK

IFileSource -

audio/mpeg audio/raw
audio/raw -

Host 3 Host 3




Playback

SOURCE CONVERTER SINK

Interfaces |IFileSource B

Input format audio/raw

audio/mpeg
audio/raw -

Location Host 3 Host 3

<t




clic

Commandine interactionand con guration

Setting up distributed o w graphsfrom textual
descriptions

Jclic <.gd le> [-I <input le>] [-0 <output le>]
Examples

mp3play.gd:
GenericReadMz! MPEGAudioDecdeNale! PlaybackNale

Jclic mp3pla.gd -1 /home/bob/music/song.mp3
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dvbtv.gd

% Watch TV via DVB receivenn remotehost

DVBReadNde #Event "setChannel(1)ACTIVATED
#Host "hostdomainorg”
I MPEGDemuxNde
f
f ["mpeg.audiod] ! MPEGAudioDecdeNale
| PlaybackNale
9
f ["mpeg.videoO] ! MPEGVideoDeateNale
I XDisplayNode

g
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GraphBuilder

Automaticallycreatesdistributed o w graphfor media
playback

Distributedsource audiosink, and videosink

Supported URLS
le, audiccd, dvd, tv, dvbtv, ivtv, mpegtv

Examples

Jclic -u le://lhome/b ob/mp3/song.mp3
Jclic -u "dvd:///dev/cdrom?title=1&chapter=4&angle=1"
Jclic -u le://hostl/movies/movie.mpeg-A host2-V host3

) Demo
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SyncSinkNode

SinkController
®

SyncSinkNode

SinkController
®




Applications

Virtual Courserom Environmenti{VCORE)
Recwod and broadcastall aspectsof a talk

Audio and videostreamof the spealer, slides,
written text or annotations(SMIL)

Successfullysedat Saaland Universiy since
winter 2002
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Applications

amaoK { the audioplayer for KDE

NMM engineemplgs GraphBuildenext NMM
release)

) Demo
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Multimedia-Bo x

Goal(in April 2001)

Networked multimediahomeentertainment
Develogd completelyon top of NMM

E.g. plug-infor on-screerdisply
Seamlesstegrationof mobiledevices
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Multimedia-Bo x

CD-Plaer with CDDB supymort

CD-Grabler andtranscaling to MP3/0OggVorbis
DVD-Player with support for menus

DVD-Grabler and distributedtranscaling

TV, time-shifting,accesto remotereceiver
Videorecader and ElectronicProgramGuide(EPG)
Mediaplayer with playlist

Multi-tasking: watch TV whiletranscaling a DVD
Controllablewith a remote-control

Extensibleand con gurableapplicationframeveork (XML)
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Multimedia-Bo x

) Demo
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Running session 1

MPEG<Saudio0"
Demux
Node

MPE Audio
D\K'?)Id?g ac Demux Decode
Node Node

Playback )
Node
Playback
Node




Running session 1

Video .
Decode Display
Node Node
MPE G<audio0" Audio
Demux Decode Playback ),
Node Node

Running session 2

Audio -
Decode Playbgck
Node Node

localhost localhost




Readfile Playback
Node Node

Playback
Node




Summary

Network-IntegratedMultimediaMiddlevare (NMM)
Reserch project and Open Sourceproject

Simple,clea, and uni ed design
Nodesconnectedoy jacksthat streammessages
Uni ed out-of-bandand instreaminteraction

Object-aienteddesign
Inheritancefor interfaces

Integratingmicro-cae architecture

Middlewvare care plusplug-ins,servicestransjort
and serializatiorstrategies

No overheador all co-locatedcommnents
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Summary

Scalabldranspaency
Network as black-lox vs. tuning of network
parameters

Uniquefeatures
Transpaently distributed ow graphs
DistributedGraphBuilder
Distributedsynchronization
Sessiorshaing service
Seamlessandover

Reseech project with realworld applications
Multimedia-Bx, VCORE
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Future Work

Update plug-ins

deb/rpm packages

Optimizationof currentimplementation

Support for standad protocolslike SIP
Distributedstreamingserverwith overlg network
Intelligentdistributionof workload, e.g. for transcaling
(Help with) support for other platforms

(Help with) integrationinto KDE (and other projects)
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Questions?
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