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Abstract

Phononaimsto provide a commonmultimedia API for the upcomingKDE 4.
SincePhonon only de�nes the API, it allows multimedia frameworks to im-
plement a so-calledbackend. Thesebackendsare usedto make available the
functionality asde�ned by Phonon. The objective of this work is to provide a
backend basedon the Network-Integrated Multimedia Middleware (NMM).
Additionally , the NMM backend for Phonon should make it possibleto use
NMM speci�c features, like distributing playback acrossthe network, that
are not available by meansof the Phonon API.

NMM usesa 
o w graph conceptfor playback of multimedia data, for ex-
ample. Thus, the job of the backend is to build up an appropriate 
o w graph
due to the requirements of Phonon. As NMM does not provide su�cien t
facilities itself, a new class,the GraphHandler, was implemented as part of
this work. This classo�ers a very 
exible way to automatically build up a

o w graph and even manipulate this graph while it is running.

In order to integrate the advanced featuresof NMM into the backend,
a DCOP interface was implemented as part of the backend. This interface
o�ers functionality to alter the 
o w graph, e.g. by adding additional hosts
for playback. Any application that can useDCOP can use the interface of
the backend; thus, a developer using Phonon does not need to add extra,
NMM-speci�c code to make these advanced features of NMM available to
users. As part of this work a con�guration application using the DCOP
interfacewas implemented.

The NMM backend for Phonondoesnot only provide the functionality as
de�ned by Phonon,but alsoit allows any KDE users,who usePhonon-based
applications, to bene�t from the advancedfeaturesof NMM.



Kurzfassung

Das Ziel von Phonon ist es, eine einheitliche Multimedia-API f•ur das im
Fr•uhjahr 2007 zur Ver•o�entlichung vorgeseheneKDE 4 zur Verf•ugung zu
stellen. Konzeptbedingt, um ein gew•unschtes Multimedia-Framework einzu-
bringen, bedingt nun die RealisierungdesPhononAPIs die Implementierung
einessogenannten Backends,welchesdie Abbildung desPhononAPIs auf das
Konzept desjeweiligen Frameworks vornimmt.

Die Aufgabe dieserArbeit ist nun die Entwicklung einesBackendszur In-
tegration derNetwork-IntegratedMultimedia Middleware(NMM) in Phonon.
Desweiteren soll diesesBackend insbesondereauch den Zugri� auf NMM-
spezi�scheFunktionalit•aten, zumBeispieldasVerteilender Wiedergabeeiner
Datei im Netzwerk, die mittels Phonon nicht zug•anglich sind, erm•oglichen.

NMM bedient sich einesFlussgraphen-Konzepts,um Aufgaben, wie zum
Beispieldie Wiedergabe von Multimedia-Daten, zu bewerkstelligen. Deshalb
ist auch die Aufgabe des Backends, einen den Anforderungen von Phonon
entsprechendenFlussgraphenzu erstellen. Da NMM f•ur dieseAufgabeselbst
keine ausreichenden Mittel zur Verf•ugung stellt, wurde im Rahmen dieser
Arbeit die Klasse GraphHandler entwickelt. Diese Klasse erm•oglicht den
automatischen Aufbau einesFlussgraphenund sogardessenAnpassungund
Erweiterung zu jedembeliebigenZeitpunkt.

Um auch die erweiterten M•oglichkeiten von NMM in dasBackend zu in-
tegrieren, wurde ein DCOP-Interface implementiert. DiesesInterface bietet
ausreichend Funktionalit•at, um den Flussgraphenanzupassen,zum Beispiel
durch das Hinzuf•ugen von zus•atzlichen Hosts f•ur die Wiedergabe. Jegliche
Anwendung, welche die M•oglichkeit hat, DCOP zu verwenden, kann auch
diesesInterface benutzen. Darum m•ussenEntwickler, die Phonon f•ur die
Realisierung von Multimedia-Funktionalit•at ihrer Anwendung verwenden,
keinenzus•atzlichen, NMM spezi�schen Code hinzuf•ugen,um den Benutzern
dieser Anwendung die fortgeschrittenen M•oglichkeiten von NMM zur Ver-
f•ugung zu stellen. Im Rahmen dieser Arbeit wurde eine Kon�gurations-
anwendungentwickelt, die diesesDCOP-Interfacenutzt.

Das NMM Backend f•ur Phonon bietet also nicht nur die Funktionalit•at,
die Phonon de�niert, sonderneserlaubt auch allen KDE-Benutzern, welche
Phonon basierte Anwendungenverwenden, von den ertweiterten M•oglich-
keiten von NMM zu pro�tieren.
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Chapter 1

In tro duction

A fewyearsago,integrating multimedia featuresinto a Linux/Unix basedap-
plication required a lot of work. Sinceback then this functionality had to be
implemented from scratch. Fortunately, nowadays multimedia frameworks
that aid development of multimedia applications on Linux/Unix platforms
are available, like GStreamer[gst], NMM [wgc], Helix [hel], or libxine [xin].
All those frameworks have more or lesscertain unique bene�ts. Thus, the
developer hasto chooseone. Furthermore, sincethey all o�er a wide variety
of features, their conceptsand; moreover, their APIs di�er. A consequence
of a rich feature-setoften is a complexAPI that requirestime to fully com-
prehend,beforea developer can useit for implementing the desiredfeatures.

Phonon [Kre], which will be available as part of the upcoming KDE 4,
aims to overcomethe limitations stated above. The KDE project providesa
graphical desktop environment for Linux/Unix platforms [KDEb]. Phonon
o�ers a fast to learn API that can be used to implement trivial as well as
sophisticatedscenarios.Futhermore, it only de�nes the API, while the actual
work is done by a multimedia framework. Any framework that meets the
requirements of Phonon can be usedto be integrated into Phonon. Phonon
usesso-calledbackends to integrate such multimedia frameworks. Notice,
that the user of the Phonon-basedapplications can decide which backend
and thereforewhich multimedia framework is supposedto be used.

The objective of this work is to integrate the Network-integrated Mul-
timedia Middleware (NMM) into Phonon. The emphasisof NMM lies in
integrating and con�gurating distributed components in a network. Since
NMM o�ers featuresthat are not available when using the PhononAPI, ad-
ditional meansof making those featuresavailable to end-usersare required.
To sum up, the two major tasks for integrating NMM into Phonon are de-
veloping a proper coupling to the Phonon API, by implementing a backend,
and providing additional facilities to make the advanced featuresof NMM

1



1. Introduction 2

accessiblefor usersof Phonon.
In Chapter 2 State of the Art the conceptsof NMM and Phonon will

be introduced. The main goal of this chapter is to provide a fundamental
knowledgeof those two technologies;therefore, someaspects with lessim-
portance for this work are omitted. Chapter 3 Concept will addresswhat
the NMM backend for Phononhasto accomplish.Furthermore, this chapter
introducesthe conceptof how to make a selectionof the advancedfeatures
of NMM available for Phononusers.How this hasbeenachieved is stated in
Chapter 4 Implemen tation . Someof the scenariosa user can createwith
the help of Phonon and the NMM backend are shown in Chapter 5 Exam-
ples. Finally, Chapter 6 Conclusion will provide the achievements of this
work as well as the future work.



Chapter 2

State of the Art

This chapter will introducethe two main technologiesusedin the context of
this work. However, not all details can be addressedsinceboth technologies
o�er a high complexity. Therefore,aspects of lessimportance for this work
are omitted, but can be found in the referredliterature.

2.1 NMM

Network-Integrated Multimedia Middleware (NMM) started o� asa research
project of the Computer Graphics Lab at the Saarland University, Saar-
br•ucken, Germany. The source code is available under LGPL and GPL
version two. Since February 2006, commercial solutions based on NMM
have beenprovided by the company Motama GmbH, Saarbr•ucken,Germany.
NMM can be found online under [wgc].

The Network-Integrated Multimedia Middleware is explainedin detail in
[Loh05b]. However, a brief introduction to NMM can be found in [Loh05a].
The goal of NMM is not only to provide an easy-to-usemultimedia frame-
work for renderingand manipulation of multimedia content on GNU/Lin ux
systemsbut also to integrate the network with all its bene�ts. Essentially
this meansnetwork transparent connectionand control of distributed com-
ponents. This allows the application developer using NMM to sharedevices
reachable within the network, which makesit possiblefor a PDA, for exam-
ple, to receive data from a TV card located in a standard PC.

Despite the rather complex scenariosthat can be created with NMM,
the application development is not complicated at all. NMM abstracts all
its network functionality so that the developer doesnot needto care about
networking implementation. This is all taken careof in NMM.

Most multimedia frameworks are designedfor local usageonly, which

3



2. State of the Art 2.1. NMM 4

meansthat all necessarydata processinghas to be done locally as well. If
the network is supported at all, it usually only serves for the streaming of
data from a server to clients (seeFigure 2.1). Client and server are isolated
applications, which makesthe realization of complexscenariosvery compli-
cated and error-prone.

Client

Architecture

Operating
system

Server

Architecture

Operating
system

Network

System 1 System 2

Figure 2.1: Client/Server approach [Loh05a].

SinceNMM is middleware, it follows a di�erent approach to integrate the
network. A de�nition of the term middleware can be found in [BCP03]:

The role of middleware is to easethe task of designing,program-
ming and managingdistributed applications by providing a sim-
ple, consistent and integrated distributed programming environ-
ment. Essentially , middleware is a distributed software layer,
which abstractsover the complexity and heterogeneity of the un-
derlying distributed environment with its multitude of network
technologies,machine architectures, operating systemsand pro-
gramming languages.

Middleware hasto �nd and bind distributed components in order to pro-
vide the serviceas expected [RP02]. Thus, NMM is middleware that makes
it possibleto implement applicationsusingdistributed components asif they
were all available locally. There is no needfor the developer to implement
any server or client applications that would achieve the integration of these
distributed components sincethe integration is already implemented within
the middleware that is part of NMM, as shown in Figure 2.2 on the next
page.



2. State of the Art 2.1.1.ConceptOverview 5

Operating
system

Application

Middleware

Operating
system

Network

System 1 System 2

Figure 2.2: Middleware approach [Loh05a].

2.1.1 Concept Overview

The generalconceptof NMM is not that di�cult to understand. A multime-
dia framework usually provides meansto at least make rendering of media
content possible.In the simplest case,an application using such frameworks
is usedto render multimedia content. NMM usesa logical model called 
ow
graph to achieve such tasks.

A 
o w graph consistsof nodes. Within NMM a node represents a task,
like reading data from the hard disk, decoding, encoding, or rendering, to
name only a few. In general, nodes are the processingelements of a 
o w
graph. Nodes have de�ned data inputs and outputs, so-called jacks. A
format is usedto de�ne the nature of the data. Usually, an input jack accepts
several di�erent formats, but this completely dependson the capabilities of
the softwareand hardwarecomponent usedto achieve the task asrepresented
by the node [LS01]. Seealso [Loh05a], [Loh05b], [Rep03], and [LRS02].

2.1.2 Formats, Jacks and No des

Format

The format de�nes the type and certain additional properties of multimedia
data [Loh05b, page158], and [LS01]. The type is a tupel made up with a
value representing the kind of media, like audio, video, or av, and a value
representing the encoding, e.g., mpeg, mp3, ac3, or raw. The additional
properties usually describe, for example,the resolution, the aspect ratio, or
the color spaceof the data.

An MPEG-2 Program Stream (PS) would have the type av/mpeg, but
after the compriseddata streams have been separated,and the indvidual
Packetized Elementary Streams(PES) are accessible,the type might be, for
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example,audio/mp3 or video/mpeg2. The concretetype of PES dependson
the encoding used[mpe]. Thus, as the data is processedby the nodes, the
format changes,until the data hasan appropriate format to be rendered(or
whatever task the sink node accomplishes).

Jacks

Jacks, as introducedby [Loh05b, page155],are the de�ned data inputs and
outputs of nodes. Therefore, jacks are used to enableconnectionsbetween
two nodes. In order to achieve this, the output jack of the one node is
connectedwith the input jack of the other node. Furthermore, the formats
of the jacks have to match to successfullyestablisha connection. To identify
a jack, a node-wideunique tag is used.

No des

Nodesare the processingelements of NMM. They achieve certain tasks, for
instance reading data from the hard disk, demultiplexing data, decoding
data, encoding data, rendering, etc. (see[Loh05b, page148]). Despite the
fact that the purposeof nodesdi�er, NMM nodescan be grouped into the
following typesof nodes[Loh05a], [Loh05b, page150],and [Rep03, page38].

Source: Thesenodesdo not have an input jack, sincethey usually ob-
tain the data directly, e.g. from the hard disk, or from somerecording
device;they only provide this data for further usage.They produce the
data usedin the 
o w graph.

Sink: Sink nodesdo not have an output jack, becausesinks are used
to render data or to dump data on the hard disk. In general, they
consumethe data.

Filter: Filter nodes modify the data while keeping the format un-
changed.

Converter: A Converter, asthe namealreadysays, converts the data;
as a consequence,the format changes.A decoding node is a converter
node, sincethe format changesfrom someencoded type to raw type.

Dem ultiplexer: Thesenodesare usedwhen �le speci�cations make
it possiblefor numerousmedia streamsto be present in one �le, e.g
MPEG-2 [mpe]. Before these streamscan be processedany further,
they needto be separated.This task is doneby a demultiplexer. These
kinds of nodeshave one input jack and several output jacks.
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Multiplexer: A multiplexer is usedfor the oppositetask asthe demul-
tiplexer. If multimedia data is supposedto be dumped onto the hard
disk, for example,into an MPEG-2 compliant �le, all present streams
(PES) have to bemultiplexed to onesinglestream(PS) beforethe data
can be saved [mpe].

Multiplexer-dem ultiplexer: This node type is a generalizationof
the node types introducedabove, therefore it supports any number of
inputs and outputs.

Currently, there are more than 60 nodesavailable. A completelist of all
nodescan be found online at [wgb].

All the nodesfunctionality is de�ned by numerousinterfaces,but usually
a node does not implement all required interfacesdirectly. A genericbase
classfor all di�erent types of nodes, previously introduced, is available to
aggregateall interfacesneededto de�ne the genericfunctionality expectedby
thosenodes. Thesegenericbaseclassesalsoprovide genericimplementations
for somemethods. In addition to implementing the generic baseclass, a
node can implement several speci�c interfacesin order to make the speci�c
functionality, asde�ned in the interface,accessibleto usersof the node. The
PlaybackNode, for example,is usedfor audio playback. It implements, aside
from its genericbaseclass,an interface called IAudioDevice , which de�nes
the means for adjusting the volume. For more details seethe upcoming
Subsectionon interfaces2.1.10, or [Loh05b, page120].

A state machine is used to de�ne the life-cycle of a node. Figure 2.3
shows a quick overview of all statesand their transitions [Loh05a], [Loh05b,
page151],and [Rep03, page47].

Constructed Initialized Output
Initialized

Activated Started

init(); initOutput(); activate(); start();

deinit(); deinitOutput(); deactivate(); stop();

Constructor();

Figure 2.3: Statesof a node [Loh05b, page151].

Constructed: After a node was instantiated, it is in this state.

Initialized: The call of the method init() puts the node into this
state. Due to that, all processing-data-independent resourcesare re-
questedand the static input and output properties are set. At this
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state, the input jack of the node can be connectedwith the output
jack of another node. A connection between two jacks always has a
designatedformat. The static input properties are a list of supported
formats that is usedduring the connectionprocess.

Output initialized: When a nodes reaches this state, the so-called
working propertiesareset. Concerningthe working input property, this
can be done quite easily, since this only depends on the format used
to connect the input jack with the output jack of the precedingnode.
Of course, this connection is required to be successfullyestablished
prior to bringing the node in the state output initialized, by calling the
method initOutput() . However, setting the working output property
is a much more di�cult task. First, the available jacks have to be
created, then their working output properties have to be set. Even
though the available jacks of a converter or �lter node are quite clear,
the number of jacks available for a demultiplexer node dependson the
given data. Therefore, the node can requestdata for analysisfrom its
predecessorin order to gather enoughinformation about the data to
createall output jacks and set their working output properties.

All output jacks can now be used to establish connectionswith the
input jacks of the successornodes.

Activ ated: After reaching the stateactivated, all resourcesrequiredfor
the input and output formats are reserved. Now, all neededresources
for processingthe data are reserved. Therefore, this state is required
beforeany direct successornodescan reach the state output initialized.

Started: When the method start() is called, the node will start
processingavailable data. Sinceall nodesof a 
o w graph are supposed
to work concurrently, the main loop of every node runs in a separate
thread.

Comp ositeNo de

The convenienceclassCompositeNodeis a wrapper for mulitple nodes. It
makesregistering event handlerseasier,sincewithout this class,registering
the eventhandler at each node would be necessary(seeSubsection2.1.7 for
information on events). Furthermore, the CompositeNodecan be used to
bring all contained nodes to a certain state, like started, with one sinlge
method call. Subsection2.1.13givesan exampleof how the classComposite-
Nodecan be used.
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2.1.3 Flo w Graph

In NMM a 
o w graph represents a task requestedby the user. This might
be, for example,playback, transcoding, or recordingof mediadata. In order
to render multimedia content, certain tasks have to be done. At �rst, the
plain data has to be read from the hard disk, network, or whatever elsethe
sourceof the data might be. Then, if there is more than one media stream
present, the data needsto be demultiplexed. After each stream is accessible
independently, those streamsneedto be decoded beforethey can be �nally
rendered. A 
o w graph needsto accomplishall these tasks. Therefore, a

o w graph consistsof nodesthat canachieve theserequiredtasks. Figure 2.4
shows a very simple 
o w graph for the purposeof MP3 �le playback.

Generic
Read
Node

Output
Jack

audio/mpeg audio/raw

Application

Output
Jack

Input
Jack

Input
Jack

MPEG
Audio

Decode
Node

Playback
Node

Figure 2.4: A 
o w graph for MP3 playback [Loh05a].

As already mentioned before,a goal of NMM is to integrate the network.
The hugeadvantagethat results from the fact that NMM usesthe 
o w graph
conceptis that each node can run on a di�erent host. Figure 2.5 on the fol-
lowing pageshows how the 
o w graph from Figure 2.4 might be distributed.
The big advantage of the 
o w graph in Figure 2.5 on the following page,
however, is that the sourcenode is locatedon a di�erent host than the nodes
that decode and play back the data. Furthermore, the NMM application
controlling the 
o w graph is located on a third host. Even though the con-
cept would make it possibleto run the nodesresponsible for decoding and
renderingthe data on a di�erent host aswell, it is not donein this example,
becauseit would require a lot of bandwidth to sendthe decoded data over
the network, which should be avoided.

Another advantage that arisesfrom building up a 
o w graph with nodes
is the possibility of creating new complex scenariosby simply connecting
available nodes. Nodes do not require a certain predecessoror successor,
only the format usedfor the connectionhas to match.

For further information concerningthe 
o w graph conceptof NMM see
[Loh05a], [Loh05b, page41], [Rep03, page34], and [LRS02].
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Generic
Read
Node

Output
Jack

INode

Application
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Figure 2.5: A distributed 
o w graph for MP3 playback [Loh05a].

2.1.4 Bu�ers

As stated in [Loh05b, page 113], and [Rep03, page 39], exchange of mul-
timedia data within NMM is done with bu�ers. Allocating and releasing
memory are quite time-consumingoperations; thus, bu�ers help to minimize
time and memorycostsby enablingits reusewhen it is not neededanymore.
Hence,NMM provides a certain number of preallocated bu�ers that can be
requestedby nodes. A so-calledbu�er managerhandlestheserequestsfor
bu�ers. Additionally , the bu�er handler administrates a memory pool to
make variable-sizedbu�ers possible,which is necessarysincebu�er sizere-
quirements are likely to changewithin a 
o w graph. The desiredbu�er size
usually dependson the data, sincea bu�er should optimally contain enough
data for the successornode to processindependently, without the need to
wait for other bu�ers. Of course,this doesnot work for every node, but at
least the bu�ers sent to sink nodes provide the data neededto render one
frame.

Bu�ers can have a time stamp that re
ects the supposedpresentation
time of the contained data. Nodesthat acquire information about this pre-
sentation time while processingthe data usually set this time stamp.

2.1.5 Registry Service

The registry service providessomevery important services[Loh05a]. [Loh05b,
page203], and [Rep03, page109] provide a very detailed description of the
registry service. Every host needsa running registry server, the so-called
serverregistry. It is responsible for all node management, for example,dis-
covery, reservation and instantiation of local nodes. An application can use
a registry client to query either local or distributed running registry servers.
Thus, when an NMM application requestsa node from the registry server,
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the registry server needsto check whether the node is available. If the node
is available and instantiation is allowed, the node can �nally be instantiated.
Somenodescan only be instatiated a limited number of times. This num-
ber usually dependson the hardware present on the host, e.g. a node that
reads the data from a TV board|the number of possibleinstantiations of
this node equalsthe number of TV boardspresent. Thus, the registry server
is responsible for managinghardware accessas well.

To minimize system memory usage,every node can be loaded and un-
loadedseparately. Therefore, the code for each node is linked into an inde-
pendent library, a socalledplugin. This allows the registry server to dynam-
ically load and unload libraries as needed.

2.1.6 No de and Graph Descriptions

No de Descriptions

A node description contains the type (e.g. sink), the name(e.g. Playback-
Node), the supported input and output formats, and someadditional infor-
mation about the capabilities of a node, like a list of supported interfaces.
Node descriptionscan be usedto requestnodesat the registry server. The
classNodeDescription is usedto represent such node descriptionsin NMM.
SeeSubsection2.1.12for examplesof how to usenode descriptions.

Graph Descriptions

A graph description is usedto represent a 
o w graph. Therefore,it contains
the desirednode descriptions and how they are interconnected|the edges
of the 
o w graph. Such graph descriptionscan be usedto requesta whole

o w graph at once. This makesthe processof building a 
o w graph easier.
Within NMM, the classGraphDescription implements graph descriptions.
Examplesin Subsection2.1.12show the usageof graph descriptions.

2.1.7 Messaging System

As stated in [Loh05b, page111], the messagingsystemof NMM consistsof
three di�erent parts.

1. There are messagetypesfor multimedia data and control information.
It is necessarythat not only media data is exchangedbetweennodes,
but alsoadditional control information. With the help of control infor-
mation, so-calledevents, a node can requestmultimedia data from its
predecessorduring the initOutput() call of this node, for example.As
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already introducedin the Subsectionon Bu�ers 2.1.4, the classBuffer
is usedfor sendingmultimedia data. However, the baseclassfor both
messagetypes is the classMessage. This classmakes it possibleto
specify the desireddirection. In general,there are two di�erent ways
such events can be passedto a node: out-of-band and instream. While
out-of-band communication is usedfor communication betweenappli-
cation and nodes, instream communication is used to communicate
betweennodes. Therefore,instream communication can be further dif-
ferentiated in downstream and upstream communication. Downstream
communication would mean that the event is passedto the successor
node; upstreamcommunication meanspassingthe event to the prede-
cessornode. All sumup, the direction of a messagecanbeout-of-band,
downstream,or upstream.

In order to obtain somelevel of quality of servicea messagecan be
marked asmandatory. Such messagesare not allowed to be discarded,
for example,during 
ushing the whole 
o w graph.

Furthermore, a time stamp can be speci�ed for a message.This time
stamp will be usedfor synchronization purposes.

2. Abstract interfacesthat can be usedfor interaction. Sincethe messag-
ing systemof NMM supports di�erent interaction paradigms,di�erent
interface classesare usedto identify the intended kind of interaction.
Figure 2.6 shows an overview of the classesthat can be usedfor inter-
action.
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Figure 2.6: Interface classesthat are usedto identify the di�erent types of
interaction.

The abstract interfaceclassesIEventSender and IEventReceiver are
used for request-reply interaction. When using request-reply inter-
action the event sender will block until the processedevent is re-
turned. If one-wayinteraction is desired,the classesIMessageSender
and IMessageReceiver needto be used. Sendinga messageis a non-
blocking operation. Thus, the senderwill not wait for any replies.
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3. Dispatchersthat will dispatch events to all registeredlisteners. Within
NMM the classEventDispatcher implements such a dispatcher. It
makes it possibleto register or remove event handlers. For register-
ing an event handler a templateeventdispatcher object, so-calledTED
objects, is used. TheseTED objects contain all data necessaryfor dis-
patching an event. Therefore, the TED object needsto know what
object and what method of that object has to be called. For more
details see[Loh05b, page114].

Notice that multimedia data exchange(using bu�ers) usesinstream com-
munication, since it is communication between two nodes. Furthermore, it
is one-way interaction, becausethe senderof the data doesnot require any
reply from the receiver. Events are either sent betweennodes(instream), or
from application to node (out-of-band). The type of interaction usedfor this
communication dependson the kind of the event. Someevents requirea reply
from the receiver (here request-replyinteraction is used),somedo not (here
one-way interaction is su�cien t). In essence,all kinds of communication can
be combined with all typesof interaction.

2.1.8 Comm unication Arc hitecture

SinceNMM makes it possibleto distribute nodes acrossthe network, pro-
viding a communication architecture to accomplishcommunication between
the distributed components is necessary. Therefore, NMM usesthe proxy
designpattern asde�ned in [GHJV94]. When using a proxy object, method
invocation and executionis separated.As a result, the userof such a proxy
object doesnot needto know on which host the underlying node is running,
only the proxy object needsthis information. For further details on proxy
objects in NMM see[Loh05b, page93], and [LRS02].

NMM usesso-calledcommunication channelsas abstraction for all com-
munication betweenNMM components [Loh05b, page95]. For example,the
output jack of a node usessuch a communication channel to communicate
with the input jack of the successornode and vice versa(seeFigure 2.7 on
the following page). Figure 2.7 on the next pagealsoshows that even proxy
objects communicate with their underlying objects by meansof a commu-
nication channel. All sum up, a communication channel is responsible for
all data exchangebetweentwo partners. If the partners are distributed, the
communication channel needsto use the network to achieve this communi-
cation. Therefore,all data has to be serialized,sent acrossthe network and
then be deserializedagain.
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2.1.9 Binding Framew ork

As stated before,a part of the requirements middleware has to comply with
is the binding of distributed components. Communication channelshave al-
readybeenbrie
y introducedasabstraction of bidirectional binding between
two components in NMM (seethe Subsectionon the communication archi-
tecture 2.1.8). An exampleof such a binding is shown in Figure 2.8 on the
following page.

Transport strategies are usedfor transmitting and receivingobjects. An
integral part of a transport strategy is the serialization of the objects to be
sent acrossthe network. Therefore,a serializationstack, consistingof several
serialization strategies, is used. In general, the serialization framework of
NMM has to meet the following requirements [Loh05b, page101]:

� Serialization of basicC++ data types.

� Serialization of new, complexdata types.
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Figure 2.8: An exampleof binding two objects [Loh05b, page127].

� Serialization of exisiting data structures that do not allow modi�ca-
tions.

� Providing the possibility of exchanging serialization strategies.

� Enable stacking of serializationstrategies,in order to make decompos-
ing of complexdata structures possible.

� The serializationprocessneedsto provide su�cien t e�ciency , concern-
ing the time neededfor serializing and deserializing,and the amount
of data generated.

The iostream library, a part of the C++ standard library [Str97], with
its stream concept is used in the serialization framework. In more detail,
the output operator operator<< is usedfor serialization; the input operator
operator>> is usedfor deserialization.NMM providesseveral di�erent seri-
alization strategies,likeserializingan object into a XML representation. Fur-
ther information about the serialization framework can be found in [Loh05b,
page101].

As shown in Figure 2.8, two transport strategiesare neededto form a
communication channel. Dependingon the transport mechanismused,NMM
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provides several transport strategies: TCP transport strategy, UDP trans-
port strategy, RTP transport strategy, and local transport strategy. While
TCP, UDP and RTP transport strategiesobviously usethe network astrans-
port mechanism, the local transport strategy only forwards references.This
keepscommunication of two components, locatedon the samehost, e�cien t.

SinceNMM o�ers di�erent typesof communication|out-of-band and in-
stream (seethe Subsectionon the messagingsystem2.1.7)|di�eren t trans-
port strategies,so-calledcompositestrategiesareused. Therefore,NMM pro-
vides the classesOutOfBandCompositeStrategy and InstreamComposite-
Strategy [Loh05b, page129]. Furthermore, a composite strategy needsto
provide at least one kind of interaction role|e. g. request-replyinteraction
or one-way interaction.

When an application invokesa method of a client-side interface class,a
corresponding event is created and sent to the proxy object. This event is
then forwardedto the compositestrategy. Inside the composite strategy, the
transport strategy serializesthe event and sendsit to the transport strategy
of the receiving composite strategy. There the data is deserializedand the
restoredevent is sent to the node. If request-replyinteraction is used,which
is very likely for events, the node will generatea reply which will be sent
back. This processworks similar to the processof sending an event, as
described above. Notice that out-of-band communication is used for this
kind of communication, sinceit is application-to-node communication.

Within NMM, multimedia data and control information canbeexchanged
between nodes. Messagesor events can arrive at a node concurrently; fur-
thermore, in order to achieve a certain Qualitiy of Service (QoS), di�erent
transport protocolshave to be usedfor di�erent kinds of data. NMM usesa
conceptcalledparallel bindingsto complywith theserequirements [RWLS05],
and [Loh05b, page133].

2.1.10 In terfaces

As already mentioned in the paragraphin Nodesin Subsection2.1.2, all the
functionality of a node is speci�ed by interfaces.Theseinterfacesare de�ned
with the help of the interface de�nition language(IDL) . A code generation
tool can automatically producea client-side interface classand a server-side
implementation class from an interface de�ned with this IDL. The imple-
mentation classhasthe su�x Impl appendedto the interfacename. A node
hasto subclassall implementation classesof the corresponding interfacesthe
node wants to provide. The interface classis usedby an NMM application,
for example,to invoke a method de�ned by the interface. This method invo-
cation of the interfaceclasswill result in an appropriate event being created
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and sent to the proxy object, which will forward the event to the implemen-
tation classby using out-of-band communication (seeFigure 2.9). The class
Interface acts as baseclassfor all client-side interfaces. A very detailed
descriptionof interfacesand the IDL of NMM canbe found in [Loh05b, page
120],and [LRS02].
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Figure 2.9: NMM IDL interfaces in the NMM architecture [Loh05b, page
125].

Notice that when an NMM object, e.g. a Node, is instantiated the pro-
grammer never gets direct accessto this object. Since the communication
between application and the node itself is out-of-band communication, all
communication is done with a proxy object (seeFigure 2.9). After a Node
has beenproperly created, the programmer gains accessto this node with
a client-side interface with the name INode. Basically, this interface allows
the programmer to control the nodes states. In order to use the other in-
terfacesof a node, all interfacesderived from Interface can be queried for
other interfacesby usingthe method getInterface<IMyInterfac e>() . This
method returns a pointer to an object of the client-side interfaceclass.Any
methods from that particular interfacecan then be invoked.

Assumea Node hasbeenproperly created. How this is doneis addressed
in Section2.1.12.

1 INode* node = //create node

Now node can be queriedfor other interfaces.
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2 ISomeInterface* interface = node->getParentObject()
3 ->getInterface<ISomeInterf ace>();

Then any methods of the interface ISomeInterface can be called.

2.1.11 Synchronization

When renderingaudio and videodata streams,they needto besynchronized.
As stated in [Loh05b, page30], synchronization consistsof two parts.

In tra-stream synchronization: Media streamsusually have a de-
�ned data rate, e.g. 25 frames per secondin a PAL video stream
[pal98]. For the examplegiven, the intra-stream synchronization has
to make sure that one video frame is displayed for exactly 40 msec.
Therefore,the goalof the intra-stream synchronization is to ensurethe
de�ned data rate of the renderedstream.

In ter-stream synchronization: The inter-stream synchronization
handlesthe chronologicalo�set betweendi�erent media streams.This
comprisesnot only inter-streamsynchronization of an audioanda video
stream but also inter-stream synchronization of multiple (distributed)
streamsof any type.

While the intra-stream synchronization is addressedin the decoding stan-
dard used(the codec),the inter-streamsynchronization is �le-t ype-dependent.
Even though everything necessaryto achieve synchronous audio and video
playback is present in the data used, this additional information still has
to be properly usedto actually gain synchronousplayback. However, since
NMM makes it possilbe to distribute nodes acrossthe network, it has to
provide the meansto even synchronize distributed sink nodesas well. This
makes the synchronization processmuch more complex since in a network
data can be delayed or lost.

A basicrequirement of NMM synchronization is that the systemclocks of
all participating hosts are running synchronously. This can be achieved by
the NetworkTime Protocol (NTP) [ntp], and [Mil92]. NTP providessu�cien t
precision to accomplish audio and video synchronization. Of course, the
systemclocks of all hosts involved can not be completely synchronous, but
it is su�cien t for human eyes and ears not to recognizeany asynchronity.
Since the system clocks of all participating hosts act as the basis for sink
synchronization, the quality of this synchronization dependson the accuracy
of the systemclock synchronization. Unfortunately, not every systemclock
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synchronization meanscan provide this accuracy. However, only o�sets of a
few ms betweensystemclocks can be tolerated.

As stated before, all necessaryinformation neededfor intra-stream and
inter-streamsynchronization is usually present in the data stream,but it has
to be extracted. As the data 
o ws through the 
o w graph, more and more
information about the data becomesavailable. Thus, at somepoint, all infor-
mation requiredfor synchronization is known. At least thosebu�ers reaching
the sink nodesprovide a timestamp to make synchronisation possible.

Within NMM, every synchronized node has its own controller to control
if and when data will be rendered[Loh05b, page179]. In order to achieve
intra-stream synchronization, the controller simply has to ensurethat the
right amount of data is sent to the rendering deviceat the right time. The
controller of a video sink that rendersa PAL video stream has to make sure
that 25 pictures per secondare delivered to the graphicscard [pal98].

Gaining inter-stream synchronization is a little more di�cult. Thus, all
sink controllers need to be synchronized. This is done by the sink syn-
chronizer, seeFigure 2.10 on the following page. When rendering a movie
featuring talking humans, it is of great importance that the audio and the
video stream are lip-synchronous. According to [SN95], only o�sets of up
to +/ � 80 ms between audio and video playback are tolerable for human
observers.

Another scenariothat the inter-stream synchronization is responsiblefor
is playback of audio on multiple hosts,for example.Whenever morethan one
sink needsto be synchronized, a master/slave approach is used to achieve
proper synchronization. [Loh05b, page185] \ . . . the controller of the �rst
audio stream is chosen as master; all other controllers act as slaves that
have to adjust their playback speedto the master." The reasonwhy the �rst
audio controller is chosen, lies in the fact that gaps in the audio playback
are more disturbing than gapsin the video playback. Therefore, letting the
other streamsadjust to the audio stream results in a better synchronization
as experiencedby human observers.

2.1.12 Application Dev elopmen t

A local 
o w graph

The following exampleshows how the 
o w graph as shown in Figure 2.4 on
page9 can be created. At �rst, NodeDescription s for the usednodesneed
to be created. Then their interconnectionshave to be de�ned.

1 GraphDescription graph;
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2
3 NodeDescription readfile_descr("Generic ReadNode");
4 NodeDescription decoder_descr("MPEGAudioDecodeNode");
5 NodeDescription audioplay_descr("Playba ckNode") ;
6
7 graph.addEdges(&readfile _descr,
8 &decoder_descr,
9 &audioplay_descr);

Before any nodes can be requested,a referenceto the registry client (see
Section2.1.5) is needed.Once this referenceis obtained, the graph and its
contained nodescan be requested.

10 NMMApplication* app = ProxyApplication::getAppl icat ion (arg c,
11 argv);
12 ClientRegistry& registry = app->getRegistry();
13 registry.requestGraph(gr aph);

When all nodesare requested,the �le nameof the source�le can be set, as
shown in the following.

14 INode* readfile = graph.getINode(readfile_d escr );
15 IFileHandler_var filehandler(readfile->getP arentObj ect ()
16 ->getCheckedInterface<IF ileH andl er>());
17 filehandler->setFilename (arg v[1] );
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The following commandswill con�gure the 
o w graph and start it.

18 graph.realizeGraph();
19 graph.startGraph();

Stopping and releasingthe graph requiresthesetwo lines.

20 graph.stopGraph();
21 registry.releaseGraph(gr aph);

The completesourcecode of this application, called helloworld is available
as part of the distribution, or online at [wga].

A distributed 
o w graph

In order to create the distributed 
o w graph, as shown in Figure 2.5 on
page10, the last examplehas to be only slightly adapted. When creating
the NodeDescription s, additionally set the desiredhost the nodeshouldrun
on.

1 GraphDescription graph;
2
3 NodeDescription readfile_descr("Generic ReadNode");
4 readfile_descr.setLocati on(" host 2");
5 NodeDescription decoder_descr("MPEGAudioDecodeNode");
6 decoder_descr.setLocatio n("h ost3 ");
7 NodeDescription audioplay_descr("Playba ckNode") ;
8 audioplay_descr.setLocat ion( "host3") ;
9

10 graph.addEdges(&readfile _descr,
11 &decoder_descr,
12 &audioplay_descr);

2.1.13 Graph Builder

NMM providesa classcalledGraphBuilder [LS05]. Its purposeis to build up
the whole 
o w graph dynamically, basedon a given URL. Additionally , the
desiredsinks and the synchronizer have to be speci�ed. A list of currently
supported URLs can be found online at [wgd].
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How to Use the GraphBuilder

First, the NodeDescription s for the sink nodeshave to be created.

1 app = ProxyApplication::getAppli cati on(argc, argv);
2 NodeDescription playback_nd("PlaybackNode") ;
3 NodeDescription display_nd("XDisplayNod e");

Sinceaudio playback and video display needto be synchronized, a synchro-
nizer object is required.

4 MultiAudioVideoSynchroni zer av_sync;
5 IMultiAudioVideoSynchron izer _var sync(
6 av_sync.getCheckedInter face <IMultiA udi oVideoSynchroni zer>());

Create a GraphBuilder object and set the URL.

7 GraphBuilder2 gb;
8 if(!gb.setURL(argv[1])) {
9 throw Exception("Invalid URLgiven");

10 }

The previouslycreatedsynchronizer object, aswell asthe desiredsink nodes,
can now be set.

11 gb.setMultiAudioVideoSyn chronize r(sy nc. get( ));
12 gb.setAudioSink(playback _nd);
13 gb.setVideoSink(display_ nd);

Theselast two lines will �nally createthe graph and start it.

14 CompositeNode* composite = gb.createGraph(*app);
15 composite->reachStarted( );

Audio and video can be easily redirected to a remote host by simply ex-
plicitly setting a location at their corresponding NodeDescription using the
setLocation() method. Moreover, even the sourcecan be located on a re-
mote host by using a proper URL. The GraphBuilder is smart enoughto
intelligently distribute all needednodeson suitablehostssothat unnecessary
network abusecan be prevented.
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2.2 Phonon

Phonon is the nameof the multimedia API that will be available as part of
KDE 4 [KDEb]. The leader of the Phonon project is Matthias Kretz. He
has beena KDE developer since2000. During his involvement in the KDE
project he has worked on several components of KDE. Further information
on Phonon can be found in [Kre], or [FKRL06]. The origin of the name
Phonon is addressedin [Kre] aswell:

Phonon is a name for quasiparticlesin quantum mechanics that
describe a quantized modeof vibration in a solid. Oversimpli�ed,
phononsare sound-particles.As there alsoexist optical phonons
the nameis alsodistantly related to the videopart of multimedia.

2.2.1 Motiv ation

SinceKDE 2, the aRts project (see[Wes]) hasbeenusedassoundserver and
media framework. Even though aRts providesa lot of useful features,it was
designedfor sound playback and sound related application only. However,
video support for somecodecswas added later on. Additionally , there are
somemorereasonswhy aRts neededto be replacedfor the upcomingKDE 4.

aRts has o�cially not beenmaintained sinceDecemeber 2nd, 2004. Be-
causeaRts is a quite complex piece of software, it is hard to comprehend
the code. Therefore, it is very hard for new developers to gain a certain
understanding of the internals of aRts. Thus, there are no new main de-
velopers and the project is not maintained now. Furthermore, application
development and debuggingusing aRts is not as simple as it could be.

The objective while designingPhonon wasnot only to provide a replace-
ment for aRts, but alsoto provide a full-featured multimedia API. To avoid to
depend on onesinglemultimedia framework, so-calledbackendsare usedto
do the actual work. Phononitself only de�nes the API. Thus, every available
multimedia framework can implement such a backend.

Phonon allows KDE developers to add multimedia featuresto their ap-
plication in a fraction of the time that would be neededwithout it. Prior to
Phonona KDE application developer had to implement such featuresalmost
from scratch, or use a complex multimedia framework. In order to really
o�er an advantage over already available frameworks, the Phonon API has
to be easyto useand fast to learn for simple as well as complex scenarios.
Furthermore, the API has to o�er su�cien t functionality for as much di�er-
ent kinds of KDE applications as possible. Pro-audio applications can not
be fully supported by Phonon. This would make the API too complex.
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Additionally , the Phonon API is designedand implemented in KDE/Qt
style to seamlessly�t into the rest of the KDE code. Thus, the developer
doesnot have to work with non-KDE/Qt formatted code, or programming
paradigms.

2.2.2 Concept

As already mentioned in Subsection2.2.1, the concept needsto be easyto
understandand to use,while providing su�cien t 
exibilit y. Otherwise,users
will not acceptand usethe Phonon API.

Core Classes

Figure 2.11givesan overview of the coreclassesof Phonon.
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Figure 2.11: Core classesof Phonon.

MediaOb ject: The classMediaObject represents the multimedia data
itself. Therefore, it allows the user to query for available audio stream
or stream names,for instance. The method setUrl makes it possible
to de�ne the sourceof the mediadata. Furthermore, the MediaObject
provides commonmethods usedfor playback, like play() , pause() or
stop() .

AudioP ath: With the help of the method addAudioPatha AudioPath
can be addedto a MediaObject. The AudioPath providesall meansto
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de�ne a �lter/e�ect chain. Additionally , a certain audio streamcan be
selected.This makesit possibleto usevariousAudioPaths assignedto
di�erent audio streamswith only oneMediaObject.

AudioE�ect: Audio �lters/e�ects arerepresented by the classAudio-
Effect .

AudioOutput: As the namealready suggests,the classAudioOutput
represents devicesthat are capableof audio rendering.

VideoP ath: VideoPath are usedfor similar purposesas AudioPath,
except that they are usedonly for video data.

VideoE�ect: This classrepesents video �lters/e�ects.

VideoOutput: Video rendering devicesare represented by the class
VideoWidget. SinceVideoWidget is derived from classQWidgetpro-
vided by Qt, it allowsa developer to easilyintegrate this widget into his
Qt basedGUI. For further details on Qt see[BS04], [Troa], or [Trob].

To sum up, everything a programmerneedsto do, in order to implement
media playback with the Phonon API, is creating a MediaObject, set a
proper URL, add desired paths and outputs, and �nally call play on the
MediaObject. A more detailed exampleis given in Subsection2.2.3.

Notice that the number of paths is not restricted. Phonon allows the
programmerto add numerousAudioPaths or VideoPaths.

Phononsupports much morethan simpleplayback only. It canbeusedfor
capturing as well. However, this part of Phonon is still under development.

Backends

Backends are used to provide the functionality de�ned by the API. Fig-
ure 2.12on the following pagegivesan overviewof the architecture of Phonon.
Any multimedia framework that cancomplywith the requirements of Phonon
can be usedfor implementing a backend. However, it is not that easyto pro-
vide the functionality and 
exiblit y necessary. Sincea major goal of Phonon
is to make the use of its API as simple as possible, the usageis very less
restrictive. In detail this meansthat a backend has to support at any time:

� Adding/removing of an arbitrary number of paths and outputs.

� Adding/removing of any number of �lters/e�ects.

� Changing the assignedmedia stream of a path.
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� Changing the URL of the MediaObject.

Application

Phonon

Backend

Multimedia Framework

dynamically loaded

Figure 2.12: Architecture of Phonon.

The usageof backends brings, asidefrom being more media framework
independent, somesigni�cant advantages. Becauseeach backend is linked
into a library, backendscan be easily exchanged. Furthermore, the applica-
tion binary interface ABI of the backenddoesnot change,even if the version
and ABI of the mediaframework usedin a backendchanged.This allows the
Phononuserto always usethe latest availableversionof the framework, with-
out the needto recompilethe application. Only the backend needsto adapt
to the changesin the framework. Additionally , the KDE user can choose
amongall available backendsand is not restricted to onesinglebackend.

In order to make backend implementation easier,Phonon provides ab-
stract baseclasses.All the backend developer has to do is to derive from
thoseabstract baseclassesand implement all abstract methods. When this
is done appropriately, the backend provides all the functionality as de�ned
by Phonon. In essence,how the abstract methods needto be implemented
dependson the media framework usedto implement the backend.

2.2.3 Sample Application

The following code exampleshows how to use the Phonon API for simple
MP3 playback.

1 output = new AudioOutput( this );
2 path = new AudioPath( this );
3 path->addOutput( output );
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4 media = new MediaObject( this );
5 media->addAudioPath( path );
6 media->setUrl( "file:///home/user/myfil e.mp3" );
7 media->play();

The code for playing a video �le might look like the following.

1 output = new AudioOutput( this );
2 path = new AudioPath( this );
3 path->addOutput( output );
4 media = new MediaObject( this );
5 media->addAudioPath( path );
6 media->setUrl( "file:///home/user/myfil e.mpeg" );
7 if( m_media->hasVideo() )
8 {
9 vpath = new VideoPath( this );

10 m_media->addVideoPath( vpath );
11 vout = new Ui::VideoWidget( this );
12 vpath->addOutput( vout );
13 vout->show();
14 }
15 media->play();

2.2.4 Curren t Status

Currently, Phonon as well as KDE 4 itself is still under development. How-
ever, all coreclassesneededfor mediaplayback are �nished. For moreup-to-
date information about the status of Phononsee[Kre]. The releaseof KDE 4
(including Phonon) is scheduledfor early 2007.

2.3 Summary

This chapter introducedselectedaspectsof NMM and Phonon. Phononrep-
resents a high-level API which makes it possiblefor lower-level multimedia
frameworks, likeNMM, to implement a backendthat providesthe functional-
it y asde�ned by the PhononAPI. The emphasisof NMM lies in the integra-
tion and con�guration of distributed components. Thus, it provides features
that will not be available with plain Phonon. Sincethosefeaturesare likely
to be useful for KDE users,additional facilities are required to make them
available.



Chapter 3

Concept

The backendconceptof Phonon(seethe paragraphon backendsin Subsection
2.2.2) makesit possiblea multimedia framework to implement a backend. Of
course,there are requirements such a multimedia framework has to comply
with. However, developing a backend is the way to integrate NMM into
Phonon.

As stated in Section 2.2, Phonon only de�nes the API for multimedia
functionality. Therefore,it is up to the backend to implement this function-
ality compliant with Phonon. This meansthat an API call has supposed
results, and the backend has to deliver exactly those results. The challenge
whendevelopinga backend is to provide the behavior als de�ned by Phonon.
In general,this is not that easyto achieve, sincethe conceptsare likely to
di�er. The 
o w graph of NMM with its nodescannot be directly assignedto
certain parts of Phonon. Which meansthat, whena developer usingPhonon
createsa Phononclassor callssomemethodsof a Phononclass,this often can
not be translated into a concretenode being instantiated, or into an NMM
method call. Therefore, the backend can be seenas adapter (seeadapter
pattern [GHJV94]).

Section 3.1 will addresswhat the NMM backend for Phonon needsto
achieve. Additionally , Section 3.2 will introduce a conceptof integrating a
selection of the advanced features of NMM, that would not be accessible
with the provided interfacesof Phonon, into the backend. Thus, the users
of Phonon will have the possibility to take advantage of someof the unique
bene�ts of NMM.

28
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3.1 Backend Concept

Obviously, the major goalof the backend is to build up an appropriate NMM

o w graph. As mentioned in Chapter 2.2, the API usageis quite lessrestric-
tive, which makesit easyto usefor developers,but unfortunately this makes
developing a backend even more di�cult.

The following subsectionswill give an overview on what the backend
implementations of the Phonon classes,as introduced in Section2.2.2, have
to accomplish.

3.1.1 MediaOb ject

This classmakesit possibleto de�ne the data sourceand query for informa-
tion about the data (number, type and name of available streams). When
the data sourceis set, an NMM sourcenode can be requested.However, the
primary task of the sourcenode is to provide data, e.g. by reading from
the hard disk. Thus, the sourcenode alone can not provide the necessary
information about the data in somecases.In thesecases,further nodesneed
to be connectedin order to make this information becomeavailable.

If the mediadata only contains onestream,audio for instance,the source
node can provide su�cien t information about the data (seeFigure 3.1). If
there are more streams present (one video stream and one or more audio
streamsis quite common),a demultiplexer nodeis required(seeFigure 3.2on
the following page). Sincethe primary objective of this node is to provide
the data of the streamsindependently, the node needsto gather information
about the available streams.This information can be usedto �nally provide
the information as required by the MediaObject.

Generic
Read
Node

Audio

Figure 3.1: A partial 
o w graph for MP3 playback.

Since the paths and outputs assignedto the MediaObject might still
change,or there even might not be any paths and outputs be assignedyet,
the whole 
o w graph can not be completely built up at this point.

All sum up, when an object of the type MediaObject is createdand the
URL de�ning the data sourcewas set, a part of the NMM 
o w graph needs
to be built up. If there is only one single stream present, the sourcenode
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Generic
Read
Node

MPEG
Demux
Node

S

S SyncReset Event

Video

Audio

Figure 3.2: A partial 
o w graph for MPEG playback.

itself can provide su�cen t information about the data. If there are more
streamspresent, a demultiplexer node is necessaryin order to provide this
information.

Synchronization Issues

When paths and outputs are added,moreNMM nodesneedto be connected
to the partial 
o w graph that has been built up at this time. The easiest
thing to do would be to connectcorresponding nodes,at the time a path and
its output are added. Unfortunately, this can not be done.

The reasonwhy the 
o w graph can not be built up, when a path and its
output is added,lies in the synchronization conceptof NMM (seeSubsection
2.1.11). The sourcenode sendsout a so-calledSyncReset event. When such
an event reaches a demultiplexer node, this event is copied and sent to all
connectedsuccessornodes, at the time the demultiplexer node reaches the
state activated. These events will be forwarded until they reach the sink
node. The synchronizer of the sinks expects exactly the samenumber of
SyncResetevents as the number of connectedsink nodes.

Usually, paths and their outputs are added sequentially . Which means
that when a path and output is added, it is uncertain if more paths and
outputs will be added,or if somepaths and outputs will be removed again.
Unfortunately, this is a problem for NMM.

In order to build up a 
o w graph, a node hasto reach the state activated
beforeit canprovide data for the successornode. The successornodeusually
needsdata for analysispurposesduring its initOutput state. This meansthat
the demultiplexer has to reach the state activated if further nodes needto
be connected.

Therefore,whenaddinga path, this would meanthat an appropriatenode
would be connectedto the demultiplexer. Furthermore, the demultiplexer
would needto reach the state activated, to allow the successornode to reach
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the state initOutput, which is mandatory for connectingfurther nodesto the
successornode of the demultiplexer (seeFigure 3.3).

This would not causeany troubles, but when additional paths and out-
puts are connected,it would require additional nodesto be connectedto the
demultiplexer node. Sincethe demultiplexer node hasalready beenbrought
to the state activiated, the SyncResetevent will not be copied for the suc-
cessornodes of the demultiplexer that were added after the node reached
this state for the �rst time (seeFigure 3.4 on the following page). When
the 
o w graph is �nally started the synchronizer of the sinks will then block
inde�nitly , since it expects more SyncResetevents than can possibly reach
the sinks and thereforethe synchronizer.

To avoid such thing to happen, all the successornodes of the demulti-
plexer have to be connectedbeforethe demultiplexer can be brought to the
state activated (seeFigure 3.5on the next page). Thus, the 
o w graph must
be built up breadth �rst.

Unfortunately, it is uncertain if additional paths and outputs will be
addedor removed until the playback is started. Therefore,when the method
start() of the MediaObject is calledthe �rst time, the rest of the 
o w graph
will be built up.

Sincethis SyncResetevent is only sent onceat the very beginningof the
processof building up a 
o w graph, adding or removing of paths and its
outputs after the 
o w graph has beenstarted will not lead to blocks of the
synchronizer.

Audio
Sink
Node

Generic
Read
Node

MPEG
Demux
Node

MPEG
Audio

Decode
Node

S

S SyncReset Event

Figure 3.3: Step one. A AudioPath with its AudioOutput was addedto the
MediaObject. Hence,all nodesrequired for audio playback wereadded.
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Figure 3.4: Step two. A VideoOutput with its VideoWidget was added to
the MediaObject. Therefore,all nodesnecessaryto achieve video playback
wereadded. Notice that the nodesrequired for audio playback have already
beenadded. Thus, the MPEGVideoDecodeNodewill not receive the SyncReset
event, since the demultiplexer node has reached the state activated before
the video decode node was connected.
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Figure 3.5: If all successornodesof the demultip exer were connectedprior
to bringing the demultiplexer node to the state activated, all successornodes
will receive a SyncResetevent.



3. Concept 3.1.1.MediaObject 33

Examples

In Subsection2.2.3, an example for MP3 playback and for MPEG video
playback usingthe PhononAPI wasgiven. The following will show what the
backend has to achieve when the code is executed.

MP3 playback:

1 output = new AudioOutput( this );
2 path = new AudioPath( this );
3 path->addOutput( output );
4 media = new MediaObject( this );
5 media->addAudioPath( path );
6 media->setUrl( "file:///home/user/myfile .mp3" );
7 media->play();

In line 5 the AudioPath is added to the MediaObject. Since so far
the URL was not set, no nodeswere created. At this point no infor-
mation about the data is available; hence,it is not possibleto usethe
MediaObject to query for such information. In line 6 the URL is set;
therefore,a sourcenodecanbecreated. For the most typesof multime-
dia data the GenericReadNodeis usedas sourcenode. This node can
provide su�cien t information about the media data; thus, no further
nodes will be connected(seeFigure 3.1 on page29). Even though a
AudioPath wasaddedin line 5, the corresponding NMM nodeswill not
be addedin order to avoid a possiblelossof SyncResetevents. Finally,
in line 7 the MediaObject is started. Now the rest of the 
o w graph
can be built up, as shown in Figure 2.4 on page9.

MPEG playback:

1 output = new AudioOutput( this );
2 path = new AudioPath( this );
3 path->addOutput( output );
4 media = new MediaObject( this );
5 media->addAudioPath( path );
6 media->setUrl( "file:///home/user/myfile .mpeg" );
7 if( m_media->hasVideo() )
8 {
9 vpath = new VideoPath( this );

10 m_media->addVideoPath( vpath );
11 vout = new Ui::VideoWidget( this );
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12 vpath->addOutput( vout );
13 vout->show();
14 }
15 media->play();

Thereareno di�erencesbetweenboth codeexamplesuntil line 6. Thus,
there are no di�erences in the backendsbehavior either. In line 7 the
URL is set. Sincethe URL is pointing to an MPEG encoded �le with
multiple media streamspresent, creating a GenericReadNodeonly is
not su�cien t in order to provide the information about the mediadata.
Therefore,a demultiplexer node hasto be connected(seeFigure 3.2on
page30). This makesit possibleto query the MediaObject whether it
can provide video data (c.f. line 7). If so,a VideoPath will be created
and addedto the MediaObject. For the samereasonsasstated above,
the rest of the 
o w graph will not be built up until the playback is
started, which is donein line 15.

3.1.2 AudioP ath and VideoP ath

The primary objective of the paths is to provide a �lter/e�ect API. Addi-
tionally, the AudioPath allows the developer to selecta certain audio stream
(seethe paragraphon the coreclassesof Phonon in section2.2.2).

Filters or e�ects do not change the format of the data, they change
the data. Furthermore, �lters/e�ects only work with already decoded data.
Therefore,the most suitable placefor them in a 
o w graph would be aspre-
decessornodesof the sink nodes,sincesinksusually only work with decoded
data aswell (seeFigure 3.6).

Generic
Read
Node

audio/mpeg audio/raw
MPEG

Audio
Decode

Node

Playback
Node

Filter/
Effect

Node

audio/raw

Figure 3.6: A 
o w graph containing one �lter/e�ect node.

However, �lters/e�ects canbeaddedor removedat any time. Thus, if the

o w graph hasalready beenbuilt up, nodesneedto be disconnectedand the
�lter/e�ect node has to be inserted (seeFigure 3.7 on the following page).
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Generic
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audio/mpeg audio/raw
MPEG
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Playback
Node

Filter/
Effect

Node

Figure 3.7: In order to add a �lter/e�ect node to an alreadycompletelybuilt
up 
o w graph, the sink node needsto be disconnectedfrom its predecessor
node. Then the �lter/e�ect node can be inserted.

3.1.3 AudioOutput and VideoOutput

The classAudioOutput makesit possibleto set the desiredoutput deviceand
adjust the volume. Therefore,an appropriate sink node needsto be used. If
the output devicechanges,the sink nodeusedhasto adapt to thosechanges,
or be replacedby another sink node.

Currently, the VideoOutput, represented by the classVideoWidget, only
allows the developer to activate/deactivate the fullscreenmode. Thesecalls
can be forwarded to the sink node usedfor rendering the video data.

3.2 In tegration of Adv anced Capabilities of
NMM

NMM is a very powerful multimedia framework that o�ers unique features
such as its versatilenetwork integration and con�guration. With the help of
NMM, very complexscenarioscan be created,with very little code.

However, Phonon aims to provide an API to aid desktopapplication de-
velopment within the KDE environment. Sincethe Phonon API is designed
to be used for desktop application development only, it can not re
ect all
of the special featuresof NMM. Otherwise the Phonon usersmight be over-
whelmedby the complexity of such an API. Furthermore, the requirements
for a Phononbackend would be quite di�cult to comply with for other mul-
timedia frameworks. The integration of the advancedcapabilities of NMM
into the Phonon-NMM backend is alsoaddressedin [FKRL06].
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3.2.1 Goals

NMM o�ers variousfeaturesthat might beusefulfor KDE users,eventhough
they are not available by meansof the PhononAPI. Therefore,another way
of making thosefeaturesavailable to the user is required. However, Phonon
itself already allows usageof a very useful NMM network feature. Sincethe
MediaObject of Phonon usesan URL to de�ne the data source,the source
may be located on a remote host. The bene�t of this may be as simple as
usinga remotemedia�le assource(without the needto setup somenetwork
�le sharing); moreover, the remotesourcecan be a TV card or a live camera
feedaswell.

The goal of the integration of the advanced capabilites of NMM into
its backend is to provide facilities to distribute the 
o w graph acrossthe
network (especially the sink nodes)basedon the user'sinput. In detail, this
meansthat it should be possiblefor the user of any KDE application that
usesPhonon and the NMM backend for Phonon to specify additional host
for audio and/or video playback. As mentioned in Subsection2.1.11, NMM
already provides the meansto synchronize the playback of audio and video
on multiple, distributed hosts.

Notice that NMM o�ers a lot more features that are worth integrat-
ing into the backend (like Session-Sharing[LRS03b], or SeamlessHandover
[LRS03a]); however, at this point of development it wasdecidedto start with
this selectionof capabilities of NMM.

3.2.2 Con�guration Concept

In order to make the designatedadditional NMM featuresavailable to the
usersof Phonon-basedapplications, implementing a DCOP (Desktop COm-
munication Protocol) interface was chosen. DCOP is the protocol for inter-
processcommunication (IPC) usedby KDE, see[BE99] for an introduction
to DCOP and someexampleimplementations. This interfacemakesit possi-
ble to overcomethe limitations of Phononand o�er moreof the functionality
of NMM to the end-user. Figure 3.8 on the next pagegivesan overview of
how the interface is integrated into the NMM backend.

Usinga DCOP interfaceallowsend-usersto get an accessto the advanced
capabilities of NMM, but the KDE developers that use Phonon for imple-
menting their applicationsdo not needto add extra, NMM-backend-speci�c
codeto their application. Otherwisethis would by-passthe mediaframework
independencewhich is oneof the bene�ts of the backend conceptof Phonon
(seeSubsection2.2.2). However, the fact that a DCOP interfacewas chosen
is no restriction to the ways of application. Moreover, it allows any DCOP
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NMM

Backend

DCOP Interface

Phonon

Figure 3.8: Architecture overview.

integrated application to use this interface. As part of this work a sample
con�guration application, that usesthis DCOP interface, was implemented
(for further details seeSection4.2).

3.3 Summary

The core-issuefor implementing a backend basedon NMM is to build up an
NMM 
o w graph as required by Phonon. Section 3.1 introduceda concept
of how this can be done.

Finally, in Section 3.2 the concept of how a selectionof the advanced,
NMM-speci�c featuresof NMM canbe integrated into the NMM backend for
Phonon. The challengewith this integration is that it should not eliminate
the backend independenceof Phonon. Therefore, it must not require any
NMM-speci�c code to be addedto Phonon-basedapplications.
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Implemen tation

Chapter 3 addressedwhat the NMM backend for Phonon has to accomplish
and what needsto be done in order to integrate certain advancedfeatures
of NMM into the backend. Therefore, the main focus of this chapter lies in
how thesesthings can be achieved.

Section4.1 will introduce the classGraphHandler which is the classre-
sponsiblefor creatingand manipulating the NMM 
o w graph. Details on how
the goalsof the integration concept for the advancedcapabilities of NMM
are achieved can be found in Section4.2.

4.1 GraphHandler

NMM provides various meansto build up a 
o w graph.

� An application can be implemented that createsand connectsall re-
quired nodes(seeSubsection2.1.12). Sincethe number and kind of the
nodesneededto playback a certain �le dependson the nature of the
data (e.g. the encoding), the developer hasto know certain properties
of the data in order to have the necessaryinformation to requestand
connectthe proper nodes. If more than oneaudio stream is present, a
particular stream needsto be selectedas well. Hence,such programs
arenot 
exible concerningdi�erent mediadata compositions. However,
by implementing an NMM application, very complexscenarioscan be
created.

� Furthermore, NMM makes it possibleto specify the nodes of a 
o w
graph and how they are interconnectedin a text-based�le calledgraph
description �le . Even though an application can usesuch �les to build
up a 
o w graph, these�les are not very 
exible either, sincethe kind

38
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of nodesas well as their interconnectionsare statically de�ned in the
graph description �le.

� To provide a way to dynamically (basedon the nature of the media
data) build up a 
o w graph the classGraphBuilder was implemented.
How to usethe GraphBuilder in an application is addressedin Subsec-
tion 2.1.13. This classo�ers a very easy, practical way to build up a 
o w
graph. Most important is the fact that the user of the GraphBuilder
doesnot needto know any details of the media data that is supposed
to be played back.

What the NMM backend needsto achieve in order to implement an ad-
equate backend for Phonon is addressedin Section 3.1. Even though the
GraphBuilder is a very powerful meanof building up a 
o w graph, its func-
tionalit y is insu�cien t to be usedin the backend. The GraphBuilder allows
the developer to specify onesink for audio and onesink for video playback,
but the backend should make it possibleto usemultiple (remote) hosts for
audio and video playback. Furthermore, the GraphBuilder is only usedto
build up the NMM 
o w graph, then the graph can not be manipulated any-
more,but Phononallowsthe developer to alter exisiting paths and outputs or
add new onesat any time, which makeschanging the NMM 
o w graph nec-
essary. Therefore,in order to overcomethe de�cienciesof the GraphBuilder ,
the classGraphHandler was implemented.

4.1.1 Design and Implemen tation

The primary objective of the GraphHandler is to provide the functionality to
createand manipulate a 
o w graph. As shown in Figure 4.1on the following
page, this functionality is used for implementing the MediaObject de�ned
by Phonon. The tasks the MediaObject has to achieve are addressedin
the paragraph on the core classesof Phonon in Subsection2.2.2. However,
building up a 
o w graph is a complextask. The di�culties that ariseduring
the initial build-up of the 
o w graphhavealreadybeenpointed out in Section
3.1.

The most important public methods of the GraphHandler are shown in
Figure 4.2 on the next page. Notice that the GraphHandler, as well as the
GraphBuilder , usesan URL to de�ne the data source.
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Figure 4.1: The MediaObject usesthe GraphHandler for all 
o w graph man-
agement. The CompositeNodeis usedfor controlling the 
o w graph (seethe
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Figure 4.2: Someof the public methods of the classGraphHandler.
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4.1.2 The Three-Stages-Concept

The lifecycle of a GraphHandler object is de�ned by three stages(seeFig-
ure 4.4 on the following page):

Stage 1: After the sourceof the data is set (by using the method
setURL()), the GraphHandler can be brought to stage1. This stageis
reachedwhenthe format of all unconnectedoutputs havethe typeaudio
or video. If the mediadata only contains onestream,only a sourcenode
is required(seeFigure 3.1 on page29 for an examplefor MP3 data). If
the data contains morestreams,a demultiplexer is required(an example
for MPEG data is shown in Figure 3.2 on page30). At this point the
GraphHandler can be queried for information about the media data.
Additionally , all desiredsink nodescan be speci�ed now. How this is
done is addressedin the following paragraph. However, the node that
wasconnectedlast, is the so-calledstage-1-node (seeFigure 4.3). This
node acts as basefor all nodesthat needto be connectedlater.

Generic
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MPEG
Demux
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Video

Audio

Generic
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Node

Audio

(a)

(b) S1

S1

S1

stage-1-node

Figure 4.3: The 
o w graph to play back an MP3 �le looks like (a) after the
GraphHandler reached stage1. (b) shows the partial 
o w graph for MPEG
video playback at stage1.

Stage 2: In order to reach stage2, the GraphHandler has to connect
further nodes. The de�ned output format of all unconnectedoutput
jacks when stage2 is reached, is raw. Basically, this meansthat de-
coder nodes are connected. Since the media format of all outputs is
raw, �lter/e�ect nodes can be added now. Remember that all nodes
connectedto the stage-1-node need to be connectedbreadth �rst, in
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order to avoid blocks of the synchronizer of the sink nodes(seeSection
3.1).

Stage 3: Finally, whenstage3 is reached,all sink nodesareconnected.
Now the 
o w graph can be started.
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Figure 4.4: The 
o w graph usedfor MP3 (a) and MPEG video (b) playback.

Notice, that the GraphHandler can not be brought back one or more
steps. Additionally , the URL can not be changedafter stage1 is reached.
Thus, if resetting the URL is necessary, a new object of the classGraph-
Handler needsto be instantiated. The classGraphHandler does not o�er
methods to bring its object to stage2 or stage3. This is implicitly donewhen
getCompositeNode() is called for the �rst time, since returning a partial

o w graph does not make much sense. As stated in the paragraph on the
CompositeNodein Subsection2.1.2, the CompositeNodeis usedto register
event handlersand to start the 
o w graph; thus, a completely built up 
o w
graph is mandatory.

4.1.3 Specifying Additional Sink No des

In order to add a sink node to a 
o w graph, adding a so-calledbranch is
required. A branch consistsof all nodes that are neededto connect the
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desiredsink to the existing 
o w graph (seeFigure 4.5). This can be doneby
using the method addBranch() .

1 int addBranch(const string& tag,
2 NodeDescription& sink_nd,
3 const string& input_jack = "default");

The parameter tag is usedto selectan output jack of the stage-1-node.
With the help of the NodeDescription sink nd not only the name of the
desired sink node can be speci�ed, but also the host on which this node
is supposedto run on. Finally, the input jack can be used to choosethe
input jack of the sink node, which is nameddefault in most cases.Sincethe
GraphHandler makesit possibleto alter existing branches,the addBranch()
method returns a unique ID, that can be usedto identify a certain branch
later on.

However, the GraphHandler is requiredto beat least in stage1 whenthis
method is called. Dependingon the stagethe GraphHandler is in, the tasks
that have to bedonewhenaddBranch() is calleddi�er. If the GraphHandler
is in stage1, only the sink node is requested. The rest of the information
of the branch that was provided with the method call (like the tag ) will be
storedinternally. When the GraphHandler is brought to the next stages,this
information is usedto requestand connectproper nodes.

If the GraphHandler is already in stage3, all nodesrequired to connect
the sink nodeto the stage-1-nodewill beconnectedimmediately. Notice, that
the 
o w graph had to be started at leastoncefor this to work; otherwise,the
synchronizer of the sinks will block. Sincethe stage-1-node already reached
the state activated, no SyncResetevent can reach the sink of the newbranch
(seeSection3.1).
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Figure 4.5: A 
o w graph usedfor MPEG video playback.
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Sincethe sink node speci�ed at the addBranch() method call might be
located on a remote host, the GraphHandler has to properly distribute the
nodesof a branch (seeSubsection2.1.3). Furthermore, the sourcenode can
be located on a remote host as well. Thus, the GraphHandler also has to
deal with such scenarios. To avoid unnecessarynetwork bandwidth usage
the sink node, the �lters/e�ects, and the converter node are located on the
samehost. This meansthat all nodesof a branch run on the host speci�ed
for the sink node. If a demultiplexer node is required, it is located on the
samehost as the sourcenode.

4.1.4 The Filter/E�ect API

The classGraphHandler provides three methods that allow specifying and
manipulating a �lter/e�ect chain for each branch independently.

insertFilter() : To add one �lter/e�ect to a certain branch the
method insertFilter() can be invoked. The branchId is used to
specify the branch into the �lter/e�ect node de�ned by filter nd is
supposedto be inserted. Similar to the method addBranch() , an ID
that identi�es the inserted �lter is returned if the call succeeds.This
ID can be useto remove the �lter again, or to specify a position in the
already present �lter chain (seeparameterbefore ).

1 int insertFilter(int branchId,
2 NodeDescription& filter_nd,
3 int before = -1);

insertFilters() : With the help of this method a list of �lters can be
inserted into a branch with onesinglemethod call.

1 list<int> insertFilters(int branchId,
2 list<NodeDescription> filters,
3 int before = -1);

removeFilter() : This method can be usedto remove a certain �lter
from a branch.

1 void removeFilter(int branchId, int id);

Figure 4.6 on the next pageshows the runtime behavior of the Media-
Object and its GraphHandler for the examplefor videoplayback with Phonon
given in Subsection2.2.3.
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Figure 4.6: Usageof the GraphHandler at runtime (seethe examplefor video
playback in Subsection2.2.3).
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4.1.5 Automatic Flo w Graph Build-up

Sincethe GraphHandler has to build up a 
o w graph automatically (based
on a given URL), a proper algorithm to achieve this is necessary. The
GraphBuilder already implements such an algorithm (see[LS05]). Unfor-
tunately, this algorithm can not be usedwithout further adaption, because
the 
o w graph can not be built up at once(seethe paragraphon the stages)
like the GraphBuilder does. Thus, a more genericalgorithm (basedon the
algorithm usedin the GraphBuilder ) that �nds a proper successornode to
an already requestedand connectednode was implemented.

In general, this algorithm distinguishesbetween looking for a demulti-
plexer node, or a converter node. When the GraphHandler is brought to
stage1, �nding a demultiplexer node is required,while during stage2 a con-
verter node is necessary. In both cases,this algorithm searches for nodes,
the right node, that can be possibly connectedto an existing node, the left
node (seeFigure 4.7). Therefore, the output format of the left node has to
match the input format of the right node. If there are more than one pos-
sible right nodes,the algorithm has to choseone. In caseof searching for a
converter node, the output format of thosenodeswill be comparedwith the
input format of the sink node they will be eventually connectedto. The best
match will be used as right node. In caseof searching for a demultiplexer
node, the �rst of the possiblenodesis chosen.

Generic
Read
Node

Node

Node

Node

?

left node right node

Figure 4.7: The algorithm has to �nd a matching right node to connect to
the left node. In this examplethe left node is a GenericReadNode.
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4.1.6 Field of Application

During the development of the GraphHandler it turned out that this class
o�ers a lot of useful featuresthat are not bound to the context of the NMM
backend for Phonon. Thus, the API of the GraphHandler was adapted
to meet the possiblerequirements of NMM applications as well. Further-
more, the API and the run-time behavior wasadaptedto the GraphBuilder .
Since the functionality of the GraphBuilder is a subset of the functional-
it y of the GraphHandler, the GraphBuilder can be easily replacedby the
GraphHandler. Only minor changesin the code are necessary.

4.2 Adv anced Con�guration

In order to accomplishthe goalsas introducedin Subsection3.2.1, develop-
ing a separatecon�guration application was selected.With the help of this
application the user of Phonon-basedapplications will be able to de�ne ad-
ditional (remote) hostsfor playback of audio and/or video. Furthermore, the
userwill be ablesoselecta certain audio stream(if there are more than one)
for each host independently. In addition, the volume for the audio playback
can be adjusted; again, for each host independently. Besidesthis, selecting
the desiredsink nodesfor playback is possibleas well.

The only requirements those remote hosts have to comply with are a
running serverregistryof NMM, and they haveto provide the meansto render
audio and/or video, e.g. a sound card. The con�guration application was
�rst introducedin [FKRL06].

Sinceusually the designatedhostsfor playback di�er from Phonon-based
application to Phonon-basedapplication, it hasto be possibleto specify and
adjust di�erent setsof host lists. One for every application.

This con�guration application allows the user of Phonon-basedappli-
cations to create complex scenarioswith little e�ort. Hence, there is no
knowledgeabout NMM required, which makes the application easyto use.
Furthermore, there are no additional settings, or additional code needed
to make the con�guration application work. Only the NMM backend for
Phonon needsto be usedin order to bene�t from this con�guration applica-
tion. Moreover, this con�guration tool can be usedin combination with any
Phonon-basedKDE application.

4.2.1 GUI Design

The objective of the GUI is to provide the KDE useraccessto the advanced
featuresof NMM. The problem that ariseswhen o�ering such versatile fea-
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tures and therefore numerouspossiblesettings by meansof a GUI is that
designingsuch a GUI to be userfriendly is a hard task. In order to overcome
the problem of the complexity the GUI was designedfrom a usersperspec-
tive, sinceGUIs designedin this manner are more likely to be characterized
as providing a proper usability. Thus, not all featuresof NMM can be used
to their full extent with the help of the con�guration application. However,
the bene�t of decreasingcomplexity is increasingusability of the GUI.

As already mentioned, the GUI was designedfrom a usersperspective.
Therefore, the con�guration application allows the user to adjust settings
arranged by (remote) hosts. Obviously, such hosts can be added and re-
moved. Furthermore, the user can make the following adjustments for each
host independently:

� Enable or disableaudio rendering.

� Enable or disablevideo rendering.

� Selecta Node that will be usedfor audio playback.

� Selecta Node that will be usedfor video display.

� Selecta certain audio stream, if there are more than one available in
the current media data.

� Adjust the volume of the audio playback.

� A short status information concerningthe connectionto the host and
thereforeto the nodesrunning on this host.

Additionally , the status of the connectionto the remotehost is displayed.
Figure 4.8 shows a screenshotof the current implementation of the GUI.

Figure 4.8: The NMM con�guration application.
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4.2.2 Implemen tation

The table that is used for displaying the (remote) hosts and their settings
(see Figure 4.8 on the preceding page) was implemented using the class
QTableViewprovided by Qt. This classallows the developer to seperate the
data from its presentation accordingto the Model/View/Contr oller (MV C)
pattern [GHJV94].

Figure 4.9 givesan overview about the classesusedfor implementing the
con�guration application.
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Figure 4.9: The classesusedfor implementing the con�guration application.

ConfigWidget : This Widget is used to aggregateall GUI elements,
like buttons and the QTableViewmentioned above. The con�guration
application usesthis classasso-calledmain widget. For details on GUI
programming using Qt see[BS04], [Troa], or [Trob].

HostListDelegate : The QTableViewallows the developer to assigna
delegate.A delegateis usedto customizethe behavior for editing the
data displayed in the table. Therefore, the useof a delegatemakes it
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possibleto provide individual widgets for editing of a certain item of
the table. Thus, a QComboBoxis used to select the audio and video
sinks, for example. In the example given, the user can easily select
one of the o�ered choicesand doesnot have to enter the whole name
of the desiredsink. Using proper editors for all settings increasesthe
usability by eliminating as much wrong valuesof settings as possible.

HostList : This class is derived from the abstract classQAbstract-
TableModel. Therefore,it implements the data model for the QTable-
View. Internally, a list of HostListItem s is used to store all data
necessary. Additionally to providing the methods de�ned by the ab-
stract baseclassit usesthe DCOP interface DCOPConfigProxyIface
(seeSubsection4.2.3) to retrieve the data of all branchescurrently used
when an object of the classHostList is instantiated. When the ad-
justed settings are �nally saved, the DCOP interface is usedagain in
order to notify the backend of the changes.

HostListItem : This class is used to store all data concerning one
host. In detail this contains the hostname,whether audio and/or video
should be rendered,the nodes that should be usedfor the audio and
the video sink, the selectedaudio stream, the volume for audio play-
back and �nally someinformation on the status of the connection to
the host. Furthermore, the concept that Qt used for implementing
the classQTableViewand the abstract baseclassfor the data model
(QAbstractTableModel) makes it possible to mark certain items of
such a table editable or not editable. This can be usedto disablesome
items, whenchangingthe underlying data would not makesense.When
the mediadata doesnot contain a video stream, for instance,selecting
a sink node for video display is unnecessary;therefore, the video sink
property can be safelydisabled.

DCOPConfigProxyIface: This is the DCOP interface the NMM back-
end providesto o�er a subsetof the functionality of the GraphHandler
to other DCOP using applications. More details about this interface
and how it is integrated into the backend can be found in Subsection
4.2.3.

At the current stageof the implementation all information concerningthe
selectedproperties are only stored in the object of the classGraphHandler.
Thus, all settingswill be lost when this object is destroyed. This meansthat
the userhasto adjust thesesettingsevery time another instanceof the class
GraphHandler is used. Since this is not user-friendly at all, it is planned
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to add additional methods to the DCOPConfigProxyIfacethat will make it
possibleto save the settings persistently.

4.2.3 In tegration in Backend

As stated in Subsection3.2.2, a DCOP interface (DCOPConfigProxyIface)
is usedto make someadvancedfeaturesof NMM, that are not coveredwith
the Phonon API, available. A brief introduction to implementing such an
interface is given in [BE99]. However, the issue of how to integrate this
interface into the backend needsto be resolved.

The class GraphHandler has been introduced (see Section 4.1) as the
tool for creating and manipulating the corresponding NMM 
o w graph of a
MediaObject and its paths and outputs. Since,the DCOPConfigProxyIface
provides the functionality to alter the 
o w graph, this interface and the
GraphHandler are closelyrelated. Figure 4.10 on the following pageshows
the integration of the DCOPConfigProxyIface into the backend. The class
ConfigProxy implements the DCOP interface; therefore, it has to trans-
late the call from the DCOP methods to calls of the methods from the
GraphHandler.

The reasonwhy the interface of the methods de�ned by DCOPConfig-
ProxyIface (seeFigure 4.11on the next page)di�ers from the interfaceof the
methods de�ned by the GraphHandler lies in the conceptof DCOP [BE99].
During a DCOP method call every parameter is serialized; thus, custom
types or classescan not be used unless they implement the serialization
meansde�ned by DCOP. Since some classesof Qt already provide these
means,thosesclassesare usedin the DCOP interface. Another restriction of
DCOP is that using in-and-out parametersis not possible. Therefore, only
the return value can be usedas a reply.

To sum up, the DCOPConfigProxyIface interface is usedto make a se-
lection of methods provided by the classGraphHandler available. The class
ConfigProxy implements the DCOPConfigProxyIfaceand acts astranslator
between the DCOP interface calls and the GraphHandler. Notice that the
DCOPConfigProxyIfacecanbe usedby any application that usesDCOP, for
instancethe con�guration application introducedin Section4.2.
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Figure 4.10: Integration of the DCOPConfigProxyinterfaceinto the backend.

4.3 Summary

This chapter addressedhow the backendand the additional facilities to make
the advancedfeaturesof NMM available are implmented. In detail, the class
GraphHandler was introducedas the meansto build up and manipulate the
NMM 
o w graph asPhononrequires. Furthermore, the implementation and
integration of the DCOP interfaceDCOPConfigProxy, asstated in Subsection
3.2.2, was shown.
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Chapter 5

Examples

This chapter givesan idea of possiblescenariosa user of Phonon-basedap-
plications combined with the NMM backend for Phonon can create.

5.1 Distributed Audio Pla yback

This scenario,as shown in Figure 5.1 on the following page, usesmultiple
additional hostsfor audio playback. The sourceof the mediadata is located
on host A; furthermore, the Phonon-basedapplication usedfor playback and
the NMM con�guration application (seeSection4.2) runs on host A aswell.

In order to build up a scenariolike shown in Figure 5.1 on the next page
�rst a data sourceneedsto bede�ned. This is usually donewith the Phonon-
basedapplication by specifying an URL. As stated in the paragraphon the
core classesof Phonon in Subsection2.2.2, the MediaObject usesURLs to
specify the data source.Remember that the GraphHandler, asintroducedin
Section4.1, that is internally usedby the MediaObject to build up a NMM

o w graph, usesURLs as well. The NMM con�guration application (see
Section4.2) can then be usedto de�ne the additional hosts. Figure 5.2 on
the following pageshowsthe correspondingNMM 
o w graph to this scenario.

53
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Figure 5.1: A scenariofor distributed audio playback.
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5.2 Distributed Audio and Video Pla yback

In this scenariothe mediadata is comprisedof onevideo streamand several
audio streams. As well as in scenariopresented before (see Section 5.1),
the data source,the Phonon-basedapplication and the NMM con�guration
application are located on host A. Since there are multiple audio streams
present, every participating host can individually chooseone of them. Or
decidenot to play back any audio at all, like host C.

Consider having a DVD with di�erent languageaudio tracks. Such a
scenariocan be usedto watch this DVD with the English audio track on one
PC (e.g. host A) and with the Germanaudio track on anotherPC (e.g. host
D). Furthermore, a computer connectedto a HiFi system(like host B) can
be usedfor high quality audio playback. Additionally , if a PC is connected
to a beameror someother big screen(e.g. host C), this host can be usedto
bene�t from a bigger screenthan the usual PC monitor.

host A host B

host C

.

.

.

host D

audio playback

NMM configuration 
application

Phonon-based
application

video playback

network 
connection

data source

Figure 5.3: A scenariofor distributed audio and video playback.
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The setup for this scenariois similar to the setup for the scenariointro-
duced in Section 5.1. Sincea video stream is present and there are multi-
ple audio streamsavailable, the user can selecta certain audio stream and
whether the video streamis supposedto be displayed by meansof the NMM
con�guration application. The NMM 
o w graph required for this scenariois
shown in Figure 5.4.
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Figure 5.4: The NMM 
o w graph usedfor distributed audio and video play-
back.
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5.3 Using a Remote Data Source

Contrary to the scenariosalready presented, the mediadata source(host B)
is not located on the samehost as the Phonon-basedapplication and the
NMM con�guration application (host A). Using a remotedata sourcecan be
easilyachievedby specifyinga proper URL (see[wgd]), like �le://hostB/data
/m y�le.mp eg. Most important is that there is no needto set up any �leshar-
ing mechanism, sinceNMM itself can distribute the data as required.

host A

.

.

.

host B
audio playback

NMM configuration 
application

Phonon-based
application

video playback

network 
connection

data source

Figure 5.5: In this scenarioa remote data sourceis used.

The fact that the sourceof the data is not located on the samehost as
the Phonon-basedapplication doesnot in
uence the setup of this scenario;
therefore, there is no di�erence to the setup as stated for the scenariofor
audio and video playback (seeSection5.2). The GraphHandler will build up
a 
o w graph as shown in Figure 5.6 on the following page.

5.4 Using a Remote Liv e Data Source

Again host B acts as source for the multimedia data. Additionally , this
scenario(seeFigure 5.7 on page59) shows that even a live data source,like
a TV board or a camera,can be used. Notice that it is not mandatory that
the host providing the data is alsousedfor any playback. It is required that
a serverregistry (seeSubsection2.1.5) is running on that host, though.

The NMM 
o w graph usedis shown in Figure 5.8 on page59.
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Figure 5.6: The NMM 
o w graph usedto createthis scenario.

5.5 Summary

Notice that the scenariospresented in this chapter are only examples. The
usageof the NMM backend for Phonon is in no way restricted to these
scenarios.Furthermore, the number of participating hostsis only limited by
the network capacity.
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Figure 5.7: This scenariousesa remote live data source.
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Chapter 6

Conclusion

This chapter will provide a short overview of the achievements (seeSection
6.1) and the still unresolved issuesof this work (seeSection6.2).

6.1 Ac hiev ements

The two primary goalsof this work are the implementation of a NMM back-
end for Phononand to integrate certain advancedfeaturesof NMM into the
backend in order to make them available to usersof Phonon-basedapplica-
tions.

Thus, the �rst task was to implement a backend basedon NMM. The
backend has to build up a 
o w graph automatically and furthermore pro-
vide the meansto alter this 
o w graph at any time. Even though NMM
o�ers a very powerful classto build up a 
o w graph automatically, the class
GraphBuilder , it can not comply with the requirements of Phonon. There-
fore, a new class,the classGraphHandler, neededto be developed.

The GraphHandler (seeSection 4.1) makes it possibleto automatically
build up a 
o w graph with numeroussinksnodes. Moreover, this 
o w graph
can be manipulated even while the 
o w graph is running.

The big challengewhile implementing the GraphHandler was to provide
su�cien t 
exibilit y during the graph build up and for manipulating an ex-
isting 
o w graph. As a conclusionto this, a lot of details neededto be con-
sideredand properly taken careof. Sincewith the help of the GraphHandler
an arbitrary number of di�erent 
o w graphscan be created,a lot of testing
was necessaryas well. Furthermore, the GraphHandler is not supposedto
be error-prone. This meansthat if adding a branch, for example,causesan
exception,this should not a�ect the rest of the 
o w graph.

Sincethe objective of this work was not only to provide an NMM back-
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end for Phonon,but alsoto integrate certain NMM speci�c featuresinto the
backend,a conceptto makethosefeatureavailableto Phononusersanddevel-
opersneededto beelaborated. A very important goalof this conceptwasnot
to by-passthe backend independenceof Phonon-basedapplications. There-
fore, the DCOP interfaceDCOPConfigProxyIface(seeSubsection4.2.3) was
implemented. With the help of this interfacethe NMM 
o w graphcanbema-
nipulated by meansof the GraphHandler. Additionally , a proof-of-concept
prototype, the con�guration application as introduced in Section 4.2, that
usesthis interfacewas implemented.

The classGraphHandler is available as part of the NMM distribution.
SincePhonon as well as the NMM backend for Phonon is still under devel-
opment, the sourcecode of this backend and the con�guration application
can be found in the multimedia repository of KDE [KDEa].

6.2 Future Work

Backend

Even though the current implementation of the NMM backend for Phonon
providesall meansfor playback, there are still featuresunimplemented. Fur-
thermore, as mentioned in Subsection2.2.4, Phonon itself is under devel-
opment and therefore subject to changes. In detail, the open tasks for the
backend are the following.

� Implementation of the a/v capturing API of Phonon.

� Implementation of the widgets for user interaction (like the video wid-
get, as introduced in the paragraph on the core classesof Phonon in
Subsection2.2.2).

� Implementation of software volume control.

� Implementation of the �lter/e�ect API of Phonon. Notice that the
GraphHandler already supports inserting and removing �lters/e�ects
(seeSection4.1), but thosefeaturesstill have to be integrated into the
backend.

� Adapt to changesof Phonon, KDE and Qt.

� Implementation of future extensionsof Phonon.
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In tegration of Adv anced Capabilities of NMM

As stated in Subsection3.2.1, the integration concept, as implemented at
this time, is limited to providing the meansto use multiple (distributed)
sink nodesfor playback. SinceNMM o�ers a lot of other usefulfeatures,e.g.
sessionsharing or seamlesshandover, it is likely that someof them will be
integrated in the future. This can be easily accomplishedby extending the
DCOPConfigProxyIfacewith proper new methods.

Con�guration Application

The con�guration application implemented as part of this work can be seen
asproof-of-conceptprototype. Therefore,there are somethings that needto
be addedor improved.

� The current implementation only supports onePhonon-basedapplica-
tion and oneMediaObject. Thus, the con�guration application should
beextendedin order to make it possibleto con�gure numerousPhonon-
basedapplications with multiple MediaObjects.

� Even though the GUI supports displaying status information concern-
ing the connection to the (remote) host (and therefore to the server-
registry), this functionality is not implemented yet.

� The con�guration application shouldallow the userto savesetsof hosts
and load such sets, since it is undesireableto set up the host list for
each MediaObject from scratch every time.

� New NMM-speci�c featuresthat are addedto the DCOPConfigProxy-
Iface needto be integrated as well.
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