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Abstract

Phononaimsto provide acommonmultimedia API for the upcomingKDE 4.
SincePhonon only de nes the API, it allows multimedia frameworks to im-
plemert a so-calledbadkend. Thesebadkendsare usedto make available the
functionality asde ned by Phonon. The objective of this work is to provide a
badkend basedon the Network-Integrated Multimedia Middleware (NMM).
Additionally, the NMM badkend for Phonon should make it possibleto use
NMM speci ¢ features, like distributing playbadk acrossthe network, that
are not available by meansof the Phonon API.

NMM usesa ow graph conceptfor playbadk of multimedia data, for ex-
ample. Thus, the job of the badkend is to build up an appropriate ow graph
due to the requiremens of Phonon. As NMM does not provide su cient
facilities itself, a new class,the GraphHandler, was implemerted as part of
this work. This classo ers a very exible way to automatically build up a
ow graph and even manipulate this graph while it is running.

In order to integrate the advancedfeaturesof NMM into the badend,
a DCOP interface was implemened as part of the badkend. This interface
o ers functionality to alter the ow graph, e.g. by adding additional hosts
for playbadck. Any application that can use DCOP can usethe interface of
the badend; thus, a deweloper using Phonon does not needto add extra,
NMM-speci ¢ code to make these advanced features of NMM available to
users. As part of this work a con guration application using the DCOP
interface was implemerted.

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



Kurzfassung

Das Ziel von Phonon ist es, eine einheitliche Multimedia-APIl fur das im
Frahjahr 2007 zur Vere entlichung vorgeseheneKDE 4 zur Verfagung zu
stellen. Konzeptbedingt, um ein gewsnsttes Multimedia-Framework einzu-
bringen, bedingt nun die RealisierungdesPhononAPls die Implemertierung
einessogenanten Backends,weldhesdie Abbildung desPhononAPls auf das
Konzept desjeweiligen Frameworks vornimmt.

Die Aufgabe dieserArbeit ist nun die Entwicklung einesBadkendszur In-
tegration der Network-Integrated Multimedia Middleware (NMM) in Phonon.
Desweiteren soll diesesBadkend insbesondereauch den Zugri auf NMM-
spezi sche Funktionalitaten, zum BeispieldasVerteilender Wiedergake einer
Datei im Netzwerk, die mittels Phonon nicht zuganglich sind, ermeglichen.

NMM bediert sich einesFlussgraphen-Konzeptsum Aufgaben, wie zum
Beispieldie Wiedergale von Multimedia-Daten, zu bewerkstelligen. Deshalb
ist auch die Aufgabe des Backends, einen den Anforderungenvon Phonon
ertsprechendenFlussgraphenzu erstellen. Da NMM fur dieseAufgabe selbst
keine ausreitbienden Mittel zur Verfugung stellt, wurde im Rahmen dieser
Arbeit die Klasse GraphHandler erntwickelt. Diese Klasse ermeglicht den
automatischen Aufbau einesFlussgraphenund sogardessenAnpassungund
Erweiterung zu jedem beliebigenZeitpunkt.

Um aud die erweiterten Moglichkeiten von NMM in dasBadkend zu in-
tegrieren, wurde ein DCOP-Interface implemertiert. DieseslInterface bietet
ausreitiend Funktionalitat, um den Flussgraphenanzupassenzum Beispiel
durch das Hinzufugenvon zusatzlichen Hosts fur die Wiedergale. Jegliche
Anwendung, welche die Moglichkeit hat, DCOP zu verwenden, kann auc
diesesinterface berutzen. Darum messenEntwickler, die Phonon fur die
Realisierung von Multimedia-Funktionalitat ihrer Anwendung verwenden,
keinenzusatzlichen, NMM spezi schen Code hinzufugen,um den Berutzern
dieser Anwendung die fortgesdirittenen Meoglichkeiten von NMM zur Ver-
fagung zu stellen. Im Rahmen dieser Arbeit wurde eine Kon gurations-
anwendungentwickelt, die diesesDCOP-Interface nutzt.

Das NMM Badkend fur Phonon bietet also nicht nur die Funktionaliteat,
die Phononde niert, sonderneserlaubt aud allen KDE-Benutzern, weldhe
Phonon basierte Anwendungenverwenden, von den ertweiterten Moglich-
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. Sincebad then this functionality had to be
implemented from scratch. Fortunately, nowadays multimedia frameworks
that aid dewlopmen of multimedia applications on Linux/Unix platforms
are available, like GStreamer|[gst], NMM [wgd, Helix [hel], or libxine [xin].
All those frameworks have more or lesscertain unique bene ts. Thus, the
deweloper hasto chooseone. Furthermore, sincethey all o er a wide variety
of features,their conceptsand; moreover, their APIs dier. A consequence
of a rich feature-setoften is a complex API that requirestime to fully com-
prehend,beforea deweloper can useit for implemerting the desiredfeatures.

Phonon [Kre], which will be available as part of the upcoming KDE 4,
aimsto 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 usedto implemert trivial aswell as
sophisticatedscenarios.Futhermore, it only de nesthe API, while the actual
work is done by a multimedia framework. Any framework that meetsthe
requiremens of Phonon can be usedto be integrated into Phonon. Phonon
usesso-calledbadkendsto integrate sudh multimedia frameworks. Notice,
that the user of the Phonon-basedapplications can decide which badkend
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 componertis in a network. Since
NMM o ers featuresthat are not available when usingthe Phonon API, 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 implemerting a badkend,
and providing additional facilities to make the advanced features of NMM
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accessibldor 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 fundamertal
knowledge of those two technologies;therefore, someaspects with lessim-
portance for this work are omitted. Chapter 3 Concept will addresswhat
the NMM badend for Phonon hasto accomplish. Furthermore, this chapter
introducesthe conceptof how to make a selectionof the advancedfeatures
of NMM available for Phononusers. How this hasbeenadieved is stated in
Chapter/4 Implemen tation . Someof the scenariosa user can create with
the help of Phonon and the NMM badkend are shovn in Chapter 5 Exam-
ples. Finally, Chapter|6 Conclusion will provide the achievemers of this
work aswell asthe future work.



Chapter 2

State of the Art

This chapter will introducethe two main technologiesusedin the cortext of
this work. Howewer, 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 asaresearb
project of the Computer Graphics Lab at the Saarland University, Saar-
brucken, Germary. The source code is available under LGPL and GPL
version two. Since February 2006, commercial solutions basedon NMM
have beenprovided by the compary Motama GmbH, Saarbricken, Germary.
NMM can be found online under [wgd.

The Network-Integrated Multimedia Middleware is explainedin detail in
[LohO50. Howewer, a brief introduction to NMM can be found in [Loh054.
The goal of NMM is not only to provide an easy-to-usemultimedia frame-
work for renderingand manipulation of multimedia cortent on GNU/Lin ux
systemsbut alsoto integrate the network with all its bene ts. Essemially
this meansnetwork transparert connectionand cortrol of distributed com-
ponerts. This allows the application deweloper using NMM to sharedevices
reatable within the network, which makesit possiblefor a PDA, for exam-
ple, to receie data from a TV card located in a standard PC.

Despite the rather complex scenariosthat can be created with NMM,
the application dewelopmen is not complicated at all. NMM abstracts all
its network functionality sothat the dewloper doesnot needto care about
networking implemenation. This is all taken care of in NMM.

Most multimedia frameworks are designedfor local usageonly, which
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meansthat all necessarydata processinghasto be donelocally as well. If
the network is supported at all, it usually only senes for the streaming of
data from a sener to clients (seeFigure2.1). Client and sener are isolated
applications, which makesthe realization of complex scenariosvery compli-
cated and error-prone.

System 1 System 2
Server Client
@ I »||O—O
Architecture Architecture
Operating Operating
system system
| Network |

Figure 2.1: Client/Server approad [Loh054.

SinceNMM is middlewatre, it follows a di erent approad to integrate the
network. A de nition of the term middleware can be found in [BCPO3:

The role of middleware is to easethe task of designing,program-
ming and managingdistributed applications by providing a sim-
ple, consisten and integrated distributed programming erviron-
mert. Essemially, middleware is a distributed software layer,
which abstractsover the complexity and heterogeneiy of the un-
derlying distributed ernvironment with its multitude of network
technologies,madine architectures, operating systemsand pro-
gramming languages.

Middleware hasto nd and bind distributed componerts in orderto pro-
vide the serviceas expected[RP02Z]. Thus, NMM is middleware that makes
it possibleto implemen applicationsusingdistributed componernts asif they
were all available locally. There is no needfor the deweloper to implemert
any sener or client applications that would achieve the integration of these
distributed componerts sincethe integration is already implemerted within
the middleware that is part of NMM, as shavn in Figure 2.2 on the next

page.
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System 1 System 2
1 1

Application

O >O—>0O
Middleware

Operating Operating

system system
| Network |

Figure 2.2: Middleware approad [Loh054.

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 simplestcase,an application using sud frameworks
is usedto render multimedia cortent. NMM usesa logical model called ow
graph to achieve sud tasks.

A ow graph consistsof nodes Within NMM a node represets a task,
like reading data from the hard disk, decaling, encaling, or rendering, to
name only a few. In general,nodes are the processingelemens of a ow
graph. Nodes have de ned data inputs and outputs, so-calledjacks A
format is usedto de ne the nature of the data. Usually, aninput jack accepts
seeral di erent formats, but this completely dependson the capabilities of
the software and hardware componert usedto achieve the task asrepreseted
by the node [LS0]]. Seealso[Loh054, [Loh05k], [Rep03, and [LRS0F.

2.1.2 Formats, Jacks and Nodes
Format

The format de nes the type and certain additional properties of multimedia
data [LohO5b, page 158],and [LS0]]. The type is a tupel made up with a
value represeting the kind of media, like audio, video, or av, and a value
represeting the encaling, e.g., mpeg, mp3, ac3 or raw. The additional
properties usually descrike, 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 comprised data streams have been separated,and the indvidual
Padketized Elemertary Streams(PES) are accessiblethe type might be, for
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example,audio/mp3 or video/mpeg2 The concretetype of PES dependson
the encaling used[mpeg]. Thus, asthe data is processedoy the nodes, the
format changes,until the data hasan appropriate format to be rendered(or
whatewer task the sink node accomplishes).

Jacks

Jads, asintroducedby [LohO5h page155],are the de ned data inputs and
outputs of nodes. Therefore, jacks are usedto enable connectionsbetween
two nodes. In order to achiewe 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 processingelemens of NMM. They achieve certain tasks, for
instance reading data from the hard disk, demultiplexing data, decaling
data, encaling data, rendering, etc. (see[Loh05b, page 148]). Despite the
fact that the purposeof nodesdi er, NMM nodescan be grouped into the
following typesof nodes[Loh054, [Loh05b, pagel150],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 ow 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 keepingthe format un-
changed.

Converter: A Converter, asthe namealready says, corverts the data;
as a consequencethe format changes.A decaling node is a converter
node, sincethe format changesfrom someencaled type to raw type.

Demultiplexer: Thesenodesare usedwhen le speci cations make
it possiblefor numerous media streamsto be presen in one le, e.g
MPEG-2 [mpe]. Before these streamscan be processedany further,
they needto be separated.This task is doneby a demnultiplexer. These
kinds of nodeshave oneinput jack and seeral 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 compliart le, all presen streams
(PES) haveto be multiplexed to onesinglestream (PS) beforethe data
can be saved [mpe].

Multiplexer-dem ultiplexer:  This node type is a generalization of
the node typesintroduced above, thereforeit supports any number of
inputs and outputs.

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

All the nodesfunctionality is de ned by numerousinterfaces,but usually
a node does not implemert all required interfacesdirectly. A genericbase
classfor all dierent types of nodes, previously introduced, is available to
aggregateall interfacesneededo de ne the genericfunctionality expectedby
thosenodes. Thesegenericbaseclasseslsoprovide genericimplemertations
for somemethods. In addition to implemerting the generic baseclass, a
node can implemert seeral speci ¢ interfacesin order to make the speci ¢
functionality, asde ned in the interface,accessibldo usersof the node. The
PlaybackNode for example,is usedfor audio playbad. It implemerts, aside
from its genericbaseclass,an interface called IAudioDevice , which de nes
the meansfor adjusting the volume. For more details seethe upcoming
Subsectionon interfaces2.1.1Q or [LohO5h page120].

A state madine is usedto de ne the life-cycle of a node. Figure 2.3
shows a quick overview of all statesand their transitions [Loh054, [Loh05h,
pagel51],and [Rep03 page47].

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

Initialized Output Activated
Initialized
)

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

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-indepnden 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 betweentwo jacks always has a
designatedformat. The static input properties are a list of supported
formats that is usedduring the connectionprocess.

Output initialized: When a nodesreadesthis state, the so-called
working propertiesare set. Concerningthe working input property, this
can be done quite easily sincethis only dependson the format used
to connectthe input jack with the output jack of the precedingnode.
Of course, this connectionis 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 dicult 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 Iter node are quite clear,
the number of jacks available for a demultiplexer node dependson the
given data. Therefore,the node canrequestdata for analysisfrom its
predecessoin order to gather enoughinformation about the data to
createall output jacks and settheir working output properties.

All output jacks can now be usedto establish connectionswith the
input jacks of the successonodes.

Activ ated: After reading the state activated, all resourcesequiredfor
the input and output formats are resened. Now, all neededresources
for processingthe data are resened. Therefore, this state is required
beforeany direct successonodescanread the state output initialized.

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

Comp ositeNo de

The convenienceclass CompositeNodeis a wrapper for mulitple nodes. It
makesregistering evert handlerseasier,sincewithout this class,registering
the everthandler at ead node would be necessary(seeSubsection2.1.7 for
information on ewens). Furthermore, the CompositeNodecan be used to
bring all cortained nodesto 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 Flow Graph

In NMM a ow graph represets a task requestedby the user. This might
be, for example,playbad, transcading, or recording of mediadata. In order
to render multimedia cortent, certain tasks have to be done. At rst, the
plain data hasto be read from the hard disk, network, or whatewer elsethe
sourceof the data might be. Then, if there is more than one media stream
presem, the data needsto be demultiplexed. After ead streamis accessible
independerly, those streamsneedto be decaled beforethey can be nally
rendered. A ow graph needsto accomplishall thesetasks. Therefore, a
o w graph consistsof nodesthat canadieve theserequiredtasks. Figure(2.4
shows a very simple ow graph for the purposeof MP3 le playbadk.

Application

Generic

MPEG
Output Input Audio Output
Read Jack Jack Decode Jack
Node

audio/mpeg audio/raw

Input Playback
Jack Node

Figure 2.4: A ow graph for MP3 playbadk [Loh054.

As already mertioned before,a goal of NMM is to integrate the network.
The hugeadvantage that resultsfrom the fact that NMM usesthe o w graph
conceptis that ead node canrun on a di erent host. Figure 2.5 on the fol-
lowing pageshows how the ow graph from Figure 2.4 might be distributed.
The big advantage of the ow graph in Figure 2.5 on the following page,
howe\er, is that the sourcenodeis locatedon a di erent hostthan the nodes
that decade and play badk the data. Furthermore, the NMM application
controlling the ow graph is located on a third host. Even though the con-
cept would make it possibleto run the nodesresponsible for decaling and
renderingthe data on a di erent host aswell, it is not donein this example,
becauset would require a lot of bandwidth to sendthe decaled data over
the network, which should be avoided.

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

For further information concerningthe ow graph conceptof NMM see
[Loh054d, [LohO5h page4l], [Rep03 page34], and [LRS0Z.
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Application
INode INode INode
A host1 A A
A 4 host2 1 host3 A 4 A 4

1
1
) 1
1 .
Generic Output |'Jinput Audio output | |input Playback
Read Jack || sack Decode Jack | | Jack Node

Node .
audio/mpeg QO_CV audio/raw

Figure 2.5: A distributed ow graph for MP3 playbadk [Loh054.

2.1.4 Buers

As stated in [LohO5b, 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 memory costsby enablingits reusewhenit is not neededanymore.
Hence,NMM provides a certain number of preallocated bu ers that can be
requestedby nodes. A so-calledbu er managerhandlesthese requestsfor
bu ers. Additionally, the bu er hander administrates a memory pool to
make variable-sizedbu ers possible,which is necessarysincebu er sizere-
quiremerts are likely to changewithin a ow graph. The desiredbu er size
usually dependson the data, sincea bu er should optimally cortain enough
data for the successonode to processindependerly, without the needto
wait for other bu ers. Of course,this doesnot work for every node, but at
least the bu ers sert to sink nodes provide the data neededto render one
frame.
Bu ers can have a time stamp that re ects the supposed presetiation

time of the cortained data. Nodesthat acquireinformation about this pre-
sentation time while processingthe data usually set this time stamp.

2.1.5 Registry Service

The registry service providessomevery important serviceJLoh054. [Loh05h
page 203], and [Rep03 page 109] provide a very detailed description of the
registry service. Every host needsa running registry server, the so-called
servermegistry. It is responsible for all node managemet) for example, dis-
covery, resenation and instantiation of local nodes. An application can use
a registry client to query either local or distributed running registry seners.
Thus, when an NMM application requestsa node from the registry sener,
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the registry sener needsto chedk whether the node is available. If the node
is available and instantiation is allowed, the node can nally be instantiated.
Somenodes can only be instatiated a limited number of times. This num-
ber usually dependson the hardware preser on the host, e.g. a node that
readsthe data from a TV board|the number of possibleinstantiations of
this node equalsthe number of TV boardspresen. Thus, the registry sener
is responsible for managinghardware accessas well.

To minimize system memory usage,every node can be loaded and un-
loaded separately Therefore,the code for eat node is linked into an inde-
pendert library, a socalled plugin. This allows the registry sener to dynam-
ically load and unload libraries as needed.

2.1.6 Node and Graph Descriptions
No de Descriptions

A node description cortains the type (e.g. sink), the name(e.qg. Playback-

Nodg, 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 sener. The
classNodeDescription is usedto represen sud node descriptionsin NMM.

SeeSubsection2.1.12for examplesof how to usenode descriptions.

Graph Descriptions

A graphdescription is usedto represeh a ow graph. Therefore,it corains
the desirednode descriptionsand how they are interconnected|the edges
of the ow graph. Sud graph descriptionscan be usedto requesta whole
ow graph at once. This makesthe processof building a ow graph easier.
Within NMM, the classGraphDescription implemerts graph descriptions.
Examplesin Subsection2.1.12show the usageof graph descriptions.

2.1.7 Messaging System

As stated in [LohO5b, page111],the messagingsystemof NMM consistsof
three di erent parts.

1. There are messageypesfor multimedia data and cortrol information.
It is necessarythat not only media data is exdhangedbetweennodes,
but alsoadditional cortrol information. With the help of cortrol infor-
mation, so-calledevents a node can requestmultimedia data from its
predecessoduring 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. Howeer, the baseclassfor both
messageypes is the classMessage This classmakesit possibleto
specify the desireddirection. In general,there are two di erent ways
sud ewerts can be passedto a node: out-of-tand and instream. While
out-of-band communication is usedfor comnunication betweenappli-
cation and nodes, instream commnunication is used to comnunicate
betweennodes. Therefore,instream comnunication can be further dif-
ferertiated in downsteam and upstream commnunication. Downstream
commnunication would meanthat the event is passedto the successor
node; upstream comnunication meanspassingthe event to the prede-
cessomode. All sumup, the direction of a messagean be out-of-band,
downstream, or upstream.

In order to obtain somelevel of quality of servicea messagecan be
marked as mandatory. Sud messagesare not allowed to be discarded,
for example,during ushing the whole ow graph.

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

2. Abstract interfacesthat canbe 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 classeghat can be usedfor inter-
action.

Figure 2.6: Interface classeshat are usedto identify the di erent types of
interaction.

The abstract interface classedEventSender and IEventReceiver are
used for request-eply interaction. When using request-reply inter-
action the ewernt senderwill block until the processedewert is re-
turned. If one-wayinteraction is desired,the classedMessageSender
and IMessageReceiver needto be used. Sendinga messages a non-
blocking operation. Thus, the senderwill not wait for any replies.
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3. Dispatchersthat will dispatch everts to all registeredlisteners. Within
NMM the classEventDispatcher implemers sud a dispatcher. It
makes it possibleto register or remove event handlers. For register-
ing an evert handler a template eventdispatcher object, so-calledTED
objects, is used. TheseTED objects cortain all data necessaryfor dis-
patching an ewert. Therefore, the TED object needsto know what
object and what method of that object hasto be called. For more
details see[Loh05h, pagel114].

Notice that multimedia data exchange(using bu ers) usesinstream com-
munication, sinceit is communication betweentwo nodes. Furthermore, it
is one-way interaction, becausethe senderof the data doesnot require any
reply from the receiver. Events are either sert betweennodes(instream), or
from application to node (out-of-band). The type of interaction usedfor this
communication dependson the kind of the evert. Someewents requireareply
from the receiver (here request-replyinteraction is used), somedo not (here
one-way interaction is su cient). In essenceall kinds of comnunication can
be conmbined with all typesof interaction.

2.1.8 Comm unication Arc hitecture

SinceNMM makesit possibleto distribute nodesacrossthe network, pro-
viding a commnunication architecture to accomplishcommunication between
the distributed componens 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 sud 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 [LRS0Z.

NMM usesso-calledcommunication channelsas abstraction for all com-
munication betweenNMM componerts [LohO5h, page95]. For example,the
output jack of a node usessud a comnunication channel to communicate
with the input jack of the successonode and vice versa(seeFigure on
the following page). Figure[2.7 on the next pagealso shavs that even proxy
objects comnunicate with their underlying objects by meansof a comnu-
nication channel. All sum up, a comnunication channel is responsible for
all data exchangebetweentwo partners. If the partners are distributed, the
communication channel needsto usethe network to achieve this comnuni-
cation. Therefore,all data hasto be serialized,sert acrossthe network and
then be deserializedagain.
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Figure 2.7: A distributed o w graph showing architectural elemers [Loh05b,
page97].

2.1.9 Binding Framew ork

As stated before,a part of the requiremens middleware hasto comply with
is the binding of distributed componerts. Communication channelshave al-
ready beenbrie y introducedasabstraction of bidirectional binding between
two componerts in NMM (seethe Subsectionon the comrmnunication archi-
tecture 2.1.8. An exampleof sud a binding is shovn in Figure 2.8 on the
following page.

Transprt strategies are usedfor transmitting and receiving objects. An
integral part of a transport strategy is the serialization of the objects to be
sent acrossthe network. Therefore,a serializationstad, consistingof seeral
serialization strategies is used. In general, the serialization framework of
NMM hasto meetthe following requiremens [LohO5b 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 exdhanging serialization strategies.

Enable stadking of serialization strategies,in order to make decomps-
ing of complexdata structures possible.

The serialization processneedsto provide su cient e ciency, concern-
ing the time neededfor serializing and deserializing,and the amourt

of data generated.

The iostream library, a part of the C++ standard library [Str97], with
its stream conceptis usedin the serialization framework. In more detail,
the output operator operator<< is usedfor serialization;the input operator
operator>> is usedfor deserialization. NMM provides se\eral di erent seri-
alization strategies,like serializingan object into a XML represetation. Fur-
ther information about the serialization framework canbe found in [Loh05h,

pagel01].

As shawn in Figure 2.8 two transport strategiesare neededto form a
communication channel. Dependingon the transport medanismused,NMM



2. State of the Art 2.1.10.Interfaces 16

provides se\eral 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 medanism, the local transport strategy only forwards references.This
keepscomrunication of two componerts, located on the samehost, e cien t.

SinceNMM o ers di erent typesof comnunication|out-of-band and in-
stream (seethe Subsectionon the messagingsystem2.1.7)|di eren t trans-
port strategies,so-calledcomposite strategiesare used. Therefore, NMM pro-
vides the classesOutOfBandCompositeStrategy and InstreamComposite-
Strategy [LohO5b, page 129]. Furthermore, a composite strategy needsto
provide at least one kind of interaction role|e. g. request-replyinteraction
or one-way interaction.

When an application invokes a method of a cliernt-side interface class,a
correspnding evert is createdand sent to the proxy object. This ewert is
then forwardedto the composite strategy. Inside the composite strategy, the
transport strategy serializesthe evert and sendsit to the transport strategy
of the receiving composite strategy. There the data is deserializedand the
restoredevert is sert to the node. If request-replyinteraction is used,which
is very likely for ewverts, the node will generatea reply which will be sen
badk. This processworks similar to the processof sending an ewert, as
descriked above. Notice that out-of-band communication is used for this
kind of communication, sinceit is application-to-node comnunication.

Within NMM, multimedia data and cortrol information canbe exdanged
between nodes. Messager evernts can arrive at a node concurrenly; fur-
thermore, in order to achieve a certain Qualitiy of Servie (QoS), di erent
transport protocolshave to be usedfor di erent kinds of data. NMM usesa
conceptcalledparallel bindingsto comply with theserequiremens [RWLSO05],
and [LohO5b, page133].

2.1.10 Interfaces

As already mertioned in the paragraphin Nodesin Subsection2.1.2 all the
functionality of a nodeis speci ed by interfaces. Theseinterfacesare de ned
with the help of the interface de nition language(IDL) . A code generation
tool canautomatically producea client-side interface classand a sener-side
implementation class from an interface de ned with this IDL. The imple-
mertation classhasthe sux Impl appendedto the interface name. A node
hasto subclassall implemenation classe®f the correspnding 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 interface classwill result in an appropriate evernt being created
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and sen 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
description of interfacesand the IDL of NMM canbe found in [LohO5b, page
120],and [LRS0Z.

Application Method call
E——
/1"
A}
y Event passing
Interface (request-reply)
—D
Notification
----------- >
Downstream
message passing
(one way)
Upstream
—> NMM message passing
Input . Output (one way)
Jack Object Jack | 00 | eeeeeeeea-- >

Figure 2.9: NMM IDL interfacesin the NMM architecture [LohO5b, page
125].

Notice that whenan NMM object, e.g. a Node, is instantiated the pro-
grammer newer gets direct accesso this object. Sincethe commnunication
between application and the node itself is out-of-band commnunication, all
commnunication is done with a proxy object (seeFigure 2.9). After a Node
has been properly created, the programmer gains accesso this node with
a client-side interface with the name INode. Basically, this interface allows
the programmerto cortrol the nodes states. In order to usethe other in-
terfacesof a node, all interfacesderived from Interface can be queriedfor
other interfacesby usingthe method getinterface<IMyinterfac  e>() . This
method returns a pointer to an object of the client-side interface class. Any
methods from that particular interface can 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 ISomelnterface* interface = node->getParentObject()
3 ->getinterface<ISomelnterf aceX);

Then any methods of the interface ISomelnterface can be called.

2.1.11 Synchronization

When renderingaudio and video data streams,they needto be syndronized.
As stated in [Loh05b, page30], syndironization consistsof two parts.

Intra-stream synchronization: Media streamsusually have a de-
ned data rate, e.g. 25 frames per secondin a PAL video stream
[pal9g. For the examplegiven, the intra-stream syndronization has
to make sure that one video frame is displayed for exactly 40 msec.
Therefore,the goal of the intra-stream syndronization is to ensurethe
de ned data rate of the renderedstream.

Inter-stream synchronization:  The inter-stream syndronization
handlesthe chronologicalo set betweendi erent mediastreams. This
comprisesnot only inter-streamsyndironization of an audioand a video
stream but also inter-stream syndironization of multiple (distributed)
streamsof any type.

While the intra-stream syndronization is addressedn the decaling stan-
dard used(the codec),the inter-streamsyndronization is le-t ype-depender.
Even though ewerything necessaryto achieve syndironous audio and video
playbad is presen in the data used, this additional information still has
to be properly usedto actually gain syndironous playbadk. Howeer, since
NMM makes it possilke to distribute nodes acrossthe network, it has to
provide the meansto ewen syndironize distributed sink nodesaswell. This
makes the syndironization processmuch more complex sincein a network
data can be delayed or lost.

A basicrequiremen of NMM syndironization is that the systemclocks of
all participating hosts are running syndironously This can be achieved by
the Network Time Protocol (NTP) [ntp], and [Mil92]. NTP providessu cien t
precision to accomplishaudio and video syndironization. Of course, the
system clocks of all hosts involved can not be completely syndironous, but
it is sucient for human eyes and earsnot to recognizeany asyndironity.
Sincethe system clocks of all participating hosts act as the basis for sink
syndronization, the quality of this syndironization dependson the accuracy
of the systemclock syndironization. Unfortunately, not every systemclock
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syndronization meanscan provide this accuracy Howewer, only o sets of a
few ms betweensystemclocks can be tolerated.

As stated before, all necessaryinformation neededfor intra-stream and
inter-stream syndronization is usually presert in the data stream, but it has
to be extracted. As the data o ws through the ow graph, more and more
information about the data becomesvailable. Thus, at somepoint, all infor-
mation requiredfor syndironization is known. At leastthosebu ers reading
the sink nodesprovide a timestamp to make syndronisation possible.

Within NMM, ewery syndironized node hasits own controller to cortrol
if and when data will be rendered[Loh05h page179]. In order to achieve
intra-stream syndironization, the cortroller simply has to ensurethat the
right amourt of data is sert to the rendering deviceat the right time. The
cortroller of a video sink that rendersa PAL video stream hasto make sure
that 25 pictures per secondare deliveredto the graphicscard [pal9§].

Gaining inter-stream syndronization is a little more di cult.  Thus, all
sink cortrollers need to be syndironized. This is done by the sink syn-
chronizer, seeFigure 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 [SN9Y, only o sets of up
to +/ 80 ms between audio and video playbadk are tolerable for human
obseners.

Another scenariothat the inter-stream syndronization is responsible for
is playbadk of audio on multiple hosts,for example. Whenewer morethan one
sink needsto be syndironized, a master/slave approad is usedto adcieve
proper syndronization. [LohO5b, page185]\ ... the cortroller of the rst
audio stream is chosenas master; all other cortrollers act as slaves that
have to adjust their playbadk speedto the master." The reasonwhy the rst
audio cortroller is chosen,lies in the fact that gapsin the audio playbadk
are more disturbing than gapsin the video playbadck. Therefore, letting the
other streamsadjust to the audio streamresultsin a better syndronization
as experiencedby human obseners.

2.1.12 Application Development
A local o w graph

The following exampleshavs how the ow 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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Figure 2.10: Distributed syndronization [LohO5b, page182].

NodeDescription readfile_descr("Generic ReadNodé);
NodeDescription decoder_descr("MPEGAudDemdeMde");
NodeDescription audioplay_descr("Playba ckNale") ;

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

© 00 ~NO Ol h WwN

Before any nodes can be requested,a referenceto the registry client (see
Section2.1.5 is needed. Oncethis 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 andler>());
17 filehandler->setFilename (arg v[1] );
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The following commandswill con gure the ow 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 complete sourcecode of this application, called helloworld is available
aspart of the distribution, or online at [wgd|.

A distributed o w graph

In order to create the distributed ow graph, as shavn in Figure 2.5 on
pagel10, the last examplehasto be only slightly adapted. When creating
the NodeDescription s, additionally setthe desiredhostthe node shouldrun
on.

GraphDescription graph;

NodeDescription readfile_descr("Generic ReadNodé);
readfile_descr.setLocati  on(" host2");

NodeDescription decoder_descr("MPEGAudDemdeMde");
decoder_descr.setLocatio n("h ost3");

NodeDescription audioplay descr("Playba ckNae");
audioplay descr.setLocat ion( "host3") ;

© 00 ~NO UL WN P
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graph.addEdges(&readfile _descr,
&decoder_descr,
&audioplay_descr);

B
N

2.1.13 Graph Builder

NMM providesa classcalled GraphBuilder [LS0Y. Its purposeis to build up
the whole ow graph dynamically, basedon a given URL. Additionally, the
desiredsinks and the syndironizer have to be specied. A list of currenly
supported URLSs 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 playbad and video display needto be syndironized, a syndiro-
nizer object is required.

4  MultiAudioVideoSynchroni zer av_sync;
5 IMultiAudioVideoSynchron izer _var sync(
6 av_sync.getCheckedInter face <IMUtiA udioVideoSynchronizer>());

Create a GraphBuilder object and setthe URL.

7  GraphBuilder2 gb;

8 if('gb.setURL(argv[1])) {

9 throw Exception("Invalid URLgiven");
10 }

The previously createdsyndironizer 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 lineswill 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 correspnding NodeDescription usingthe
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 suitable hostssothat unnecessary
network abusecan be preverted.
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2.2 Phonon

Phonon is the name of 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 deweloper since2000. During his involvemert in the KDE
project he has worked on seweral componerts of KDE. Further information
on Phonon can be found in [Kre], or [FKRLO6]. The origin of the name
Phononis addressedn [Kre] aswell:

Phononis a namefor quasiparticlesin quartum medanics that
descrite a quartized mode of vibration in a solid. Oversimpli ed,
phononsare sound-particles. As there also exist optical phonons
the nameis alsodistantly relatedto the video part of multimedia.

2.2.1 Motiv ation

SinceKDE 2, the aRts project (see[Weq) hasbeenusedas soundserer and
media framework. Eventhough aRts providesa lot of usefulfeatures,it was
designedfor sound playbadk and sound related application only. Howe\er,
video support for somecodecswas added later on. Additionally, there are
somemorereasonswvhy aRts neededto be replacedfor the upcomingKDE 4.
aRts haso cially not beenmaintained since Decemeler 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 dewelopers 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
dewelopmen and debuggingusing aRts is not assimple asit could be.

The objective while designingPhononwas not only to provide a replace-
mert for aRts, but alsoto provide a full-featured multimedia API. To avoid to
depend on one single multimedia framework, so-calledbackendsare usedto
do the actual work. Phononitself only de nes the API. Thus, ewvery available
multimedia framework canimplemen sud a badkend.

Phonon allows KDE dewelopers to add multimedia featuresto their ap-
plication in a fraction of the time that would be neededwithout it. Prior to
Phonona KDE application deweloper had to implemert sud featuresalmost
from scratdh, 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 APl hasto o er su cient functionality for asmuch di er-
ernt kinds of KDE applications as possible. Pro-audio applications can not
be fully supported by Phonon. This would make the API too complex.



2. State of the Art 2.2.2.Concept 24

Additionally, the Phonon API is designedand implemerted in KDE/Qt
style to seamlesslyt into the rest of the KDE code. Thus, the deweloper
doesnot have to work with non-KDE/Qt formatted code, or programming
paradigms.

2.2.2 Concept

As already mertioned in Subsection2.2.1, the conceptneedsto be easyto
understandand to use,while providing su cient exibilit y. Otherwise,users
will not acceptand usethe Phonon API.

Core Classes

Figure givesan overview of the core classesf Phonon.

VideoEffect
. . Y
processes video in ) send to ]
> VideoPath > VideoOutput
MediaObject
—> AudioPath > AudioOutput
processes audio in send to
A
AudioEffect

Figure 2.11: Core classesf Phonon.

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

stop() .

AudioP ath: With the help of the method addAudioPath a AudioPath
canbe addedto a MediaObject. The AudioPath providesall meansto
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de ne a lter/e ect chain. Additionally, a certain audio stream can be
selected.This makesit possibleto usevarious AudioPaths assignedo
di erent audio streamswith only one MediaObject.

AudioE ect:  Audio Iters/e ects arerepreseted by the classAudio-
Effect .

AudioOutput:  As the namealready suggeststhe classAudioOutput
represets devicesthat are capableof audio rendering.

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

VideoE ect:  This classrepesets video lters/e ects.

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

To sumup, everything a programmerneedsto do, in order to implemert
media playbadk 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 simpleplaybadk only. It canbe usedfor
capturing aswell. Howe\er, this part of Phononis still under dewelopmer.

Backends

Badkends are used to provide the functionality de ned by the API. Fig-
ure2.12onthe following pagegivesan overview of the architecture of Phonon.
Any multimedia framework that cancomply with the requiremens of Phonon
can be usedfor implemening a badkend. Howe\er, 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 APl as simple as possible,the usageis very less
restrictive. In detail this meansthat a badkend hasto support at any time:

Adding/removing of an arbitrary number of paths and outputs.
Adding/removing of any number of lters/e ects.

Changingthe assignedmedia stream of a path.
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Changingthe URL of the MediaObject.

Application

%4 U v

Phonon

dynamically loaded

v 24 U
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Figure 2.12: Architecture of Phonon.

The usageof badkends brings, asidefrom being more media framework
independert, somesigni cant advantages. Becauseeat badkend is linked
into a library, badkendscan be easily exdhanged. Furthermore, the applica-
tion binary interface ABI of the badkend doesnot change,ewenif the version
and ABI of the mediaframework usedin a badkend changed. This allows the
Phononuserto always usethe latest available versionof 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 badkendsand is not restricted to one single badkend.

In order to make badkend implemenation easier,Phonon provides ab-
stract baseclasses. All the badkend dewloper hasto do is to derive from
those abstract baseclassesand implemert all abstract methods. When this
is done appropriately, the badkend provides all the functionality as de ned
by Phonon. In essencehow the abstract methods needto be implemerted
dependson the mediaframework usedto implemert the badkend.

2.2.3 Sample Application

The following code example shavs how to usethe Phonon API for simple
MP3 playbad.

1 output = new AudioOutput( this );
2 path = new AudioPath( this );
3 path->addOutput( output );
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media = new MediaObject( this );
media->addAudioPath( path );

media->setUrl(  "file:///home/user/myfil e.mp3" );
media->play();

~N o o b~

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, Phononaswell as KDE 4 itself is still under dewelopmen. How-
ewer, all coreclassesieededfor mediaplaybadk are nished. For more up-to-
date information about the status of Phononseeg[Kre]. The releaseof KDE 4
(including Phonon) is stheduledfor early 2007.

2.3 Summary

This chapter introducedselectedaspectsof NMM and Phonon. Phononrep-
resens a high-level APl which makesit possiblefor lower-level multimedia
frameworks, like NMM, to implemert a backendthat providesthe functional-
ity asde ned by the Phonon API. The emphasisof NMM liesin the integra-
tion and con guration of distributed componerts. Thus, it providesfeatures
that will not be available with plain Phonon. Sincethose featuresare likely
to be useful for KDE users,additional facilities are required to make them
available.
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Concept

The badkend conceptof Phonon(seethe paragraphon badendsin Subsection
2.2.2 makesit possiblea multimedia framework to implemert a badkend. Of
course,there are requiremens sud a multimedia framework hasto comply
with. Howewer, dewloping a badkend 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 badkend to implemert this function-
ality compliant with Phonon. This meansthat an API call has supposed
results, and the badkend hasto deliver exactly thoseresults. The challenge
whendewlopinga badkendis to provide the behavior als de ned by Phonon.
In general,this is not that easyto adcieve, sincethe conceptsare likely to
dier. The ow graphof NMM with its nodescannot be directly assignedo
certain parts of Phonon. Which meansthat, whena deweloper using Phonon
createsa Phononclassor callssomemethods of a Phononclass,this often can
not be translated into a concretenode being instantiated, or into an NMM
method call. Therefore, the badkend can be seenas adapter (see adapter
pattern [GHJV94]).

Section(3.1 will addresswhat the NMM badend for Phonon needsto
achieve. Additionally, Section3.2 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 badkend. Thus, the users
of Phononwill 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 goal of the backendis to build up an appropriate NMM
ow graph. As mertioned in Chapter(2.2, the API usageis quite lessrestric-
tive, which makesit easyto usefor dewelopers, but unfortunately this makes
deweloping a badkend even more di cult.

The following subsectionswill give an overview on what the badkend
implemertations of the Phonon classesasintroducedin 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.Howeer, 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 thesecasesfurther nodesneed
to be connectedin order to make this information becomeavailable.

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

Generic Audio
Read
Node

Figure 3.1: A partial ow graph for MP3 playbad.

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 ow 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 presen, the sourcenode
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Video

Generic
Read
Node

@ SyncReset Event

Figure 3.2: A partial ow graph for MPEG playbad.

Audio

itself can provide su cent information about the data. If there are more
streamspresert, a demnultiplexer node is necessaryin order to provide this
information.

Synchronization Issues

When paths and outputs are added, more NMM nodesneedto be connected
to the partial ow graph that has beenbuilt up at this time. The easiest
thing to do would be to connectcorrespnding nodes,at the time a path and
its output are added. Unfortunately, this can not be done.

The reasonwhy the ow graph cannot be built up, when a path and its
output is added, liesin the syndronization conceptof NMM (seeSubsection
2.1.17). The sourcenode sendsout a so-calledSyncResetevert. When suc
an ewert reades a demultiplexer node, this ewert is copiedand sen to all
connectedsuccessonodes, at the time the denultiplexer node readesthe
state activated. Theseewerts will be forwarded until they read the sink
node. The syndironizer of the sinks expects exactly the same number of
SyncReseteverts asthe number of connectedsink nodes.

Usually, paths and their outputs are added sequetially. 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 orderto build up a ow graph, a node hasto read the state activated
beforeit canprovide data for the successonode. The successonode usually
needsdata for analysispurposesduring its initOutput state. This meansthat
the demultiplexer hasto read the state activated if further nodesneedto
be connected.

Therefore,whenadding a path, this would meanthat an appropriate node
would be connectedto the denultiplexer. Furthermore, the demultiplexer
would needto read the state activated, to allow the successonode to reac
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the state initOutput, which is mandatory for connectingfurther nodesto the
successonode of the denultiplexer (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 denultiplexer node has already beenbrought
to the state activiated, the SyncResetevert will not be copiedfor the suc-
cessornodes of the denultiplexer that were added after the node reaced
this state for the rst time (seeFigure 3.4 on the following page). When
the ow graphis nally started the syndronizer of the sinkswill then block
inde nitly , sinceit expects more SyncReseteverts than can possibly reach
the sinks and thereforethe syndironizer.

To avoid sud thing to happen, all the successomnodes of the denmulti-
plexer have to be connectedbeforethe demultiplexer can be brought to the
state activated (seeFigure(3.5 on the next page). Thus, the ow graph must
be built up breadth rst.

Unfortunately, it is uncertain if additional paths and outputs will be
addedor removed until the playbad is started. Therefore,whenthe method
start() ofthe MediaObject is calledthe rst time, the restof the ow graph
will be built up.

Sincethis SyncResetewvert is only sert onceat the very beginning of the
processof building up a ow graph, adding or removing of paths and its
outputs after the ow graph has beenstarted will not lead to blocks of the
syndronizer.

Generic
Read
Node

@ SyncReset Event

Figure 3.3: Stepone. A AudioPath with its AudioOutput was addedto the
MediaObject. Hence,all nodesrequired for audio playbadk were added.
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MPEG
Video

Decode
Node

Generic
Read
Node

{g} SyncReset Event

Figure 3.4: Steptwo. A VideoOutput with its VideoWidget was added to

the MediaObject. Therefore, all nodesnecessaryto acieve video playbadk

were added. Notice that the nodesrequired for audio playbadk have already
beenadded. Thus, the MPEGVideoDecodeNoa# not receiwe the SyncReset
ewvert, sincethe demultiplexer node has readed the state activated before
the video decale node was connected.

MPEG

{::}\ﬁdeo
Decode

Node

Generic
Read
Node

MPEG

@AUC“O
Decode

Node

{fé} SyncReset Event

Figure 3.5: If all successonodesof the demultip exer were connectedprior
to bringing the denultiplexer node to the state activated, all successonodes
will receiwe a SyncReseteven.
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Examples

In Subsection2.2.3 an example for MP3 playbadk and for MPEG video
playbadk usingthe Phonon API wasgiven. The following will shov what the
badkend hasto acieve whenthe code is executed.

MP3 playback:

output = new AudioOutput( this );

path = new AudioPath( this );

path->addOutput( output );

media = new MediaObject( this );
media->addAudioPath( path );

media->setUrl(  "file:///home/user/myfile .mp3' );
media->play();

~NOo ok WDN PP

In line 5 the AudioPath is addedto 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 sudh information. In line 6 the URL is set;
therefore,a sourcenode can be created. For the most typesof multime-
dia data the GenericReadNodds usedas sourcenode. This node can
provide su cient information about the media data; thus, no further
nodeswill be connected(seeFigure 3.1 on pagel29). Even though a
AudioPath wasaddedin line 5, the correspnding NMM nodeswill not
be addedin order to avoid a possiblelossof SyncResetkwerts. Finally,
in line 7 the MediaObject is started. Now the rest of the ow graph
can be built up, asshowvn in Figure (2.4 on page9.

MPEG playback:

output = new AudioOutput( this );
path = new AudioPath( this );
path->addOutput( output );
media = new MediaObject( this );
media->addAudioPath( path );
media->setUrl(  "file:///home/user/myfile .mpeg" );
if(  m_media->hasVideo() )
{
vpath = new VideoPath( this );
m_media->addVideoPath(vpath );
vout = new Ui::VideoWidget( this );

©O© oo ~NO UL WNPE

=
= o
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12 vpath->addOutput( vout );
13 vout->show();

14}

15 media->play();

There areno di erencesbetweenboth code examplesuntil line 6. Thus,
there are no di erences in the badkendsbehavior either. In line 7 the
URL is set. Sincethe URL is pointing to an MPEG encaled le with
multiple media streams presen, creating a GenericReadNodeonly is
not su cient in orderto provide the information about the mediadata.
Therefore,a denultiplexer 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 samereasonsas stated above,
the rest of the ow graph will not be built up until the playbad 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 deweloper to selecta certain audio stream
(seethe paragraphon the core classesof Phononin 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 decaled data.
Therefore,the most suitable placefor them in a o w graph would be aspre-
decessonodesof the sink nodes, sincesinks usually only work with decaled
data aswell (seeFigure (3.6).
audio/mpeg

audio/raw audio/raw

i Filter/
Generic Playback
Read Effect
Node
Node Node

Figure 3.6: A ow graph cortaining one lter/e ect node.

Howe\er, lters/e ects canbeaddedor removedat any time. Thus, if the
o w graph hasalready beenbuilt up, nodesneedto be disconnectedand the
Iter/e ect node hasto be inserted (seeFigure 3.7 on the following page).



3. Concept 3.1.3. AudioOutput and VideoOutput 35

audio/mpeg audio/raw

MPEG
Audio

Decode
Node

Generic
Read
Node

Playback
Node

i

Filter/
Effect
Node

Figure 3.7: In orderto add a Iter/e ect nodeto an already completelybuilt
up ow 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 setthe desiredoutput deviceand
adjust the volume. Therefore,an appropriate sink node needsto be used. If
the output devicechangesthe sink node usedhasto adapt to thosechanges,
or be replacedby another sink node.

Currently, the VideoOutput, represetted by the classVideoWidget, only
allows the deweloper to activate/deactivate the fullscreenmode. Thesecalls
can be forwarded to the sink node usedfor renderingthe video data.

3.2 Integration of Adv anced Capabilities of
NMM

NMM is a very powerful multimedia framework that o ers unique features
sud asits versatile network integration and con guration. With the help of
NMM, very complexscenarioscan be created,with very little code.

Howewer, Phononaims to provide an API to aid desktopapplication de-
velopmen within the KDE ervironmert. Sincethe Phonon API is designed
to be usedfor desktop application dewelopmen only, it can not re ect all
of the special featuresof NMM. Otherwise the Phonon usersmight be over-
whelmedby the complexity of sudh an API. Furthermore, the requiremerns
for a Phononbadend would be quite di cult to comply with for other mul-
timedia frameworks. The integration of the advancedcapabilities of NMM
into the Phonon-NMM badkend is also addressedn [FKRLO6].
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3.2.1 Goals

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

The goal of the integration of the advanced capabilites of NMM into
its badkend is to provide facilities to distribute the ow 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 badkend for Phonon to specify additional host
for audio and/or video playbadk. As mertioned in Subsection2.1.11, NMM
already provides the meansto syndironize the playbadk of audio and video
on multiple, distributed hosts.

Notice that NMM o ers a lot more features that are worth integrat-
ing into the badkend (like Session-SharingLRS034, or SeamlessHandover
[LRS034); howeer, at this point of developmert it wasdecidedto start with
this selectionof capabilities of NMM.

3.2.2 Conguration Concept

In order to make the designatedadditional NMM features available to the
usersof Phonon-basedapplications, implemerntiing a DCOP (Desktop COm-
munication Protocol) interface was chosen. DCOP is the protocol for inter-
processcommnunication (IPC) usedby KDE, see[BE99] for an introduction
to DCOP and someexampleimplemertations. This interface makesit possi-
ble to overcomethe limitations of Phononand o er more of the functionality
of NMM to the end-user. Figure 3.8 on the next pagegives an overview of
how the interfaceis integrated into the NMM badkend.

Usinga DCOP interfaceallows end-userdo getan accesdo the advanced
capabilities of NMM, but the KDE dewlopers that use Phonon for imple-
merting their applicationsdo not needto add extra, NMM-backend-speci c
codeto their application. Otherwisethis would by-passthe mediaframework
independencewhich is one of the bene ts of the badkend conceptof Phonon
(seeSubsection2.2.2. Howeer, the fact that a DCOP interfacewas chosen
is no restriction to the ways of application. Moreover, it allows any DCOP
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Phonon

Backend

NMM

Figure 3.8: Architecture overview.

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

3.3 Summary

The core-issudor implemerting a badkend basedon NMM is to build up an
NMM ow graph asrequired by Phonon. Section3.1 introduceda concept
of how this can be done.

Finally, in Section3.2 the conceptof how a selectionof the advanced,
NMM-speci ¢ featuresof NMM can beintegratedinto the NMM badkend for
Phonon. The challengewith this integration is that it should not eliminate
the badkend independenceof Phonon. Therefore, it must not require any
NMM-speci ¢ code to be addedto Phonon-basedapplications.



Chapter 4

Implemen tation

Chapter(3 addressedvhat the NMM badkend for Phonon hasto accomplish
and what needsto be donein order to integrate certain advancedfeatures
of NMM into the badkend. Therefore, the main focus of this chapter lies in
how thesesthings can be acieved.

Section/4.1 will introduce the classGraphHandler which is the classre-
sponsiblefor creatingand manipulating the NMM o w graph. Details on how
the goalsof the integration conceptfor the advanced capabilities of NMM
are adiieved can be found in Section4.2

4.1 GraphHandler

NMM provides various meansto build up a ow graph.

An application can be implemerted that createsand connectsall re-
quired nodes(seeSubsection2.1.19. Sincethe number and kind of the
nodes neededto playbadck a certain le dependson the nature of the
data (e.g. the encaing), the deweloper hasto know certain properties
of the data in order to have the necessaryinformation to requestand
connectthe proper nodes. If more than one audio streamis presen, a
particular stream needsto be selectedas well. Hence,sud programs
arenot exible concerningdi erent mediadata compositions. Howe\er,
by implemerting an NMM application, very complex scenarioscan be
created.

Furthermore, NMM makes it possibleto specify the nodesof a ow
graph and how they are interconnectedin a text-based le called graph
description le . Eventhough an application canusesud les to build
up a ow graph, these les are not very exible either, sincethe kind

38
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of nodesas well astheir 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 ow graph the classGraphBuilder wasimplemerted.
How to usethe GraphBuilder in anapplication is addressedn Subsec-
tion2.1.13 This classo ers avery easy practical way to build upa ow
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 badkend needsto achieve in order to implemert an ad-
equate badkend for Phonon is addressedin Section/3.1 Even though the
GraphBuilder is a very powerful meanof building up a ow graph, its func-
tionality is insu cien t to be usedin the badkend. The GraphBuilder allows
the deweloper to specify one sink for audio and one sink for video playbad,
but the badkend should make it possibleto use multiple (remote) hosts for
audio and video playbadk. Furthermore, the GraphBuilder is only usedto
build up the NMM o w graph, then the graph can not be manipulated any-
more, but Phononallowsthe deweloper to alter exisiting paths and outputs or
add new onesat any time, which makeschangingthe NMM o w graph nec-
essary Therefore,in orderto overcomethe de cienciesof the GraphBuilder ,
the classGraphHandler was implemernted.

4.1.1 Design and Implemen tation

The primary objective of the GraphHandleris to provide the functionality to
createand manipulatea ow graph. As shavn in Figure/4.1 on the following
page, this functionality is used for implemerting the MediaObject de ned
by Phonon. The tasks the MediaObject has to achieve are addressedin
the paragraph on the core classesof Phononin Subsection2.2.2 Howe\er,
building up a ow graphis a complextask. The di culties that ariseduring
the initial build-up ofthe o w graph have alreadybeenpointed out in Section

The most important public methods of the GraphHandler are shavn in
Figure 4.2 on the next page. Notice that the GraphHandler, as well asthe
GraphBuilder, usesan URL to de ne the data source.
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7

Figure 4.1: The MediaObject usesthe GraphHandler for all o w graph man-
agemeh The CompositeNodes usedfor cortrolling the ow graph (seethe
paragraphon the CompositeNoden Subsection2.1.2)

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-
urel4.4 on the following page):

Stage 1: After the sourceof the data is set (by using the method
setURL()), the GraphHandler canbe brough to stagel. This stageis
reachedwhenthe format of all unconnectedbutputs have the type audio
or video. If the mediadata only cortains onestream, only a sourcenode
is required (seeFigure(3.1 on page29 for an examplefor MP3 data). If
the data cortains morestreams,a denultiplexer is required(an example
for MPEG data is shavn 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
doneis addressedn the following paragraph. Howewer, the node that
was connectedlast, is the so-calledstage-1-nde (seeFigure(4.3). This
node acts as basefor all nodesthat needto be connectedlater.

Audio
Generic

S1| Read
Node

@

Video

Generic
Read
Node

(b)

Audio

S1| stage-1-node

Figure 4.3: The ow graphto play badk an MP3 le lookslike (a) after the
GraphHandler readed stagel. (b) shows the partial ow graph for MPEG
video playbad at stagel.

Stage 2: In order to read stage2, the GraphHandler hasto connect
further nodes. The de ned output format of all unconnectedoutput
jacks when stage 2 is readed, is raw. Basically, this meansthat de-
coder nodes are connected. Sincethe media format of all outputs is
raw, Iter/e ect nodescan be addednow. Remenber that all nodes
connectedto the stage-1-nale needto be connectedbreadth rst, in
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order to avoid blocks of the syndironizer of the sink nodes(seeSection

3.3).

Stage 3: Finally, whenstage3 is readed, all sink nodesare connected.
Now the ow graph can be started.

Generic
Read
Node

@

stage 3

stage 1 stage 2

MPEG
Video

Decode
Node

MPEG
Demux
Node

Generic
Read
Node

(b)

stage-1-node
Figure 4.4: The ow graph usedfor MP3 (a) and MPEG video (b) playbad.

Notice, that the GraphHandler can not be brought bad one or more
steps. Additionally, the URL can not be changedafter stage 1 is readed.
Thus, if resetting the URL is necessarya new object of the class Graph-
Handler needsto be instantiated. The class GraphHandler does not o er
methodsto bring its object to stage2 or stage3. This isimplicitly donewhen
getCompositeNode() is called for the rst time, sincereturning a partial
ow graph does not make much sense. As stated in the paragraph on the
CompositeNodein Subsection2.1.2 the CompositeNodeis usedto register
ewvert handlersand to start the ow graph; thus, a completely built up ow
graph is mandatory.

4.1.3 Specifying Additional Sink Nodes

In order to add a sink node to a ow graph, adding a so-calledbranch is
required. A branch consistsof all nodesthat are neededto connectthe
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desiredsink to the existing ow graph (seeFigure(4.5). This canbe doneby
using the method addBranch().

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

The parametertag is usedto selectan output jack of the stage-1-nale.
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 usedto 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 idertify a certain branch
later on.

Howewer, the GraphHandleris requiredto be at leastin stagel whenthis
method is called. Depending on the stagethe GraphHandler is in, the tasks
that have to be donewhenaddBranch() is calleddi er. If the GraphHandler
is in stage 1, 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. Whenthe GraphHandleris brought to the next stages this
information is usedto requestand connectproper nodes.

If the GraphHandler is already in stage 3, all nodesrequired to connect
the sink nodeto the stage-1-nalewill be connectedmmediately. Notice, that
the ow graphhadto be started at leastoncefor this to work; otherwise,the
syndironizer of the sinkswill block. Sincethe stage-1-nale already reaced
the state activated, no SyncResekewent canread the sink of the newbranch
(seeSection3.7).

Generic
Read
Node

MPEG
Audio

Decode
Node

Figure 4.5: A ow graph usedfor MPEG video playbad.
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Sincethe sink node speci ed at the addBranch() method call might be
located on a remote host, the GraphHandler hasto 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 sud scenarios. To avoid unnecessarynetwork bandwidth usage
the sink node, the Iters/e ects, and the corverter node are located on the
samehost. This meansthat all nodesof a branch run on the host speci ed
for the sink node. If a demnultiplexer node is required, it is located on the
samehost asthe 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 ead branch independerly.

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

1 int insertFilter(int branchld,

2 NodeDescription& filter_nd,

3 int before = -1);

insertFilters() : With the help of this method a list of Iters canbe
inserted into a branch with one single method call.

1 list<int>  insertFilters(int branchid,

2 list<NodeDescription> filters,

3 int before = -1);

removekFilter() : This method can be usedto remove a certain Iter
from a brandh.

1 void removeFilter(int  branchid, int id);

Figure |4.6 on the next page shaws the runtime behavior of the Media-
Object andits GraphHandlerfor the examplefor video playbadk with Phonon
given in Subsection2.2.3
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Figure 4.6: Usageof the GraphHandler at runtime (seethe examplefor video
playbadk in Subsection2.2.3.
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4.1.5 Automatic Flow Graph Build-up

Sincethe GraphHandler hasto build up a ow graph automatically (based
on a given URL), a proper algorithm to achieve this is necessary The

GraphBuilder already implemerts sud an algorithm (see[LS05). Unfor-

tunately, this algorithm can not be usedwithout further adaption, because
the ow graph cannot 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 successonode to

an already requestedand connectednode was implemerted.

In general, this algorithm distinguishesbetween looking for a denulti-
plexer node, or a corverter node. When the GraphHandler is brought to
stagel, nding ademultiplexer node is required, while during stage2 a con-
verter node is necessary In both cases,this algorithm seardes for nodes,
the right node, that can be possibly connectedto an existing node, the left
node (seeFigurel4.7). Therefore,the output format of the left node hasto
match the input format of the right node. If there are more than one pos-
sible right nodes,the algorithm hasto choseone. In caseof seartiing for a
converter node, the output format of those nodeswill be comparedwith the
input format of the sink node they will be evertually connectedto. The best
match will be usedasright node. In caseof searting for a denultiplexer
node, the rst of the possiblenodesis chosen.

right node

left node

Generic
Read
Node

f)

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

During the dewelopmen of the GraphHandler it turned out that this class
o ers a lot of useful featuresthat are not bound to the cortext of the NMM

badkend for Phonon. Thus, the API of the GraphHandler was adapted
to meet the possiblerequiremerts of NMM applications as well. Further-
more, the APl and the run-time behavior wasadaptedto the GraphBuilder .

Sincethe functionality of the GraphBuilder is a subsetof the functional-
ity 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 goalsasintroducedin Subsection3.2.1 dewelop-
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 playbad of audio and/or video. Furthermore, the
userwill be able soselecta certain audio stream (if there are more than one)
for ead host independerily. In addition, the volume for the audio playbad
can be adjusted; again, for ead host independerly. Besidesthis, selecting
the desiredsink nodesfor playbad is possibleas well.

The only requiremernts those remote hosts have to comply with are a
running senerregistry of NMM, andthey haveto provide the meansto render
audio and/or video, e.g. a soundcard. The con guration application was
rst introducedin [FKRLO6].

Sinceusually the designatedhostsfor playbad 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
knowledge about NMM required, which makesthe application easyto use.
Furthermore, there are no additional settings, or additional code needed
to make the con guration application work. Only the NMM bacdend for
Phonon needsto be usedin order to bene t from this con guration applica-
tion. Moreover, this con guration tool canbe usedin conbination with any
Phonon-basedkDE application.

4.2.1 GUI Design

The objective of the GUI is to provide the KDE useraccesgo the advanced
featuresof NMM. The problem that ariseswhen o ering sud versatile fea-
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tures and therefore numerous possible settings by meansof a GUI is that

designingsud a GUI to be userfriendly is a hard task. In orderto overcome
the problem of the complexity the GUI was designedfrom a usersperspec-
tive, sinceGUIs designedin this mannerare more likely to be characterized
as providing a proper usability. Thus, not all featuresof NMM can be used
to their full extert with the help of the con guration application. Howe\er,
the bene t of decreasingcomplexity is increasingusability of the GUI.

As already mertioned, the GUI was designedfrom a usersperspective.
Therefore, the con guration application allows the user to adjust settings
arranged by (remote) hosts. Obviously, sud hosts can be added and re-
moved. Furthermore, the user can make the following adjustmerts for ead
host independerily:

Enable or disable audio rendering.

Enable or disablevideo rendering.

Selecta Node that will be usedfor audio playbad.
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 playbad.

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

Additionally, the status of the connectionto the remote host is displayed.
Figure 4.8 shows a screenshobf the current implemenation of the GUI.

~Edit Hosts

hostname | Audio | Video |Audio Sink Nodeiv’ldeo Sink NodeEAudio Streamlv‘olume | Status [ | Add |
1 -localhost v (%] PlaybackNode 0 50 &9 UNKNOWN |m|
2 |remoteHostA \'d Playbackhode  XDisplayhode 0 81 &9 UNKNOWN
3— remoteHostE " (%] PlaybackNode 1 25 &8 UNKENOWN |

| oK H Cancel [

Figure 4.8: The NMM con guration application.



4. Implemertation 4.2.2.Implemertation 49

4.2.2 Implemen tation

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

Figure|4.9 givesan overview about the classesusedfor implemernting the
con guration application.

Figure 4.9: The classesusedfor implemening the con guration application.

ConfigWidget: This Widget is usedto aggregateall GUI elemetts,
like buttons and the QTableViewmertioned 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 deweloper to assigna
delegate. A delegateis usedto customizethe behavior for editing the
data displayed in the table. Therefore,the use of a delegatemakesit
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possibleto provide individual widgets for editing of a certain item of
the table. Thus, a QComboBads usedto selectthe audio and video
sinks, for example. In the example given, the user can easily select
one of the o ered choicesand doesnot have to erter the whole name
of the desiredsink. Using proper editors for all settingsincreaseshe
usability by eliminating as much wrong valuesof settings as possible.

HostList : This classis derived from the abstract class QAbstract-
TableModel. Therefore,it implemens the data model for the QTable-
View. Internally, a list of HostListitem s is usedto store all data
necessary Additionally to providing the methods de ned by the ab-
stract baseclassit usesthe DCOP interface DCOPConfigProxylface
(seeSubsectiod.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 interfaceis usedagain in
order to notify the badkend of the changes.

HostListltem : This classis usedto store all data concerningone
host. In detail this cortains the hostname,whether audio and/or video
should be rendered,the nodesthat should be usedfor the audio and
the video sink, the selectedaudio stream, the volume for audio play-

badk and nally someinformation on the status of the connectionto

the host. Furthermore, the conceptthat Qt used for implemerting

the classQTableViewand the abstract baseclassfor the data model
(QAbstractTableModel) makes it possibleto mark certain items of
sud a table editable or not editable This can be usedto disablesome
items, whenchangingthe underlying data would not make sense.When
the mediadata doesnot cortain a video stream, for instance, selecting
a sink node for video display is unnecessarytherefore, the video sink
property can be safelydisabled.

DCOPConfigProxylface This is the DCOP interfacethe NMM bad-
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 badkend can be found in Subsection
4.2.3

At the current stageof the implemertation all information concerningthe
selectedproperties are only stored in the object of the classGraphHandler.
Thus, all settingswill be lost whenthis object is destroyed. This meansthat
the userhasto adjust thesesettings every time another instanceof the class
GraphHandler is used. Sincethis is not user-friendly at all, it is planned
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to add additional methods to the DCOPConfigProxylfacethat will make it
possibleto save the settings persistertly.

4.2.3 Integration in Backend

As stated in Subsection3.2.2 a DCOP interface (DCOPConfigProxylface
is usedto make someadvancedfeaturesof NMM, that are not covered with
the Phonon API, available. A brief introduction to implemerting sud an
interface is given in [BE99]. Howewer, the issue of how to integrate this
interface into the badkend needsto be resoled.

The class GraphHandler has been introduced (see Section4.1) as the
tool for creating and manipulating the corresppnding NMM o w graph of a
MediaObject and its paths and outputs. Since,the DCOPConfigProxylface
provides the functionality to alter the ow graph, this interface and the
GraphHandler are closelyrelated. Figure 4.10 on the following page shovs
the integration of the DCOPConfigProxylfaceinto the badkend. The class
ConfigProxy implemerns 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-
Proxylface (seeFigure4.11onthe nextpage)di ers from the interfaceof the
methods de ned by the GraphHandler liesin the conceptof DCOP [BE99].
During a DCOP method call every parameter is serialized; thus, custom
types or classescan not be used unlessthey implemen the serialization
meansde ned by DCOP. Since some classesof Qt already provide these
means,thosesclassesre usedin the DCOP interface. Another restriction of
DCORP is that using in-and-out parametersis not possible. Therefore, only
the return value can be usedasa reply.

To sum up, the DCOPConfigProxylface interface is usedto make a se-
lection of methods provided by the classGraphHandler available. The class
ConfigProxy implemerts the DCOPConfigProxylfaceand acts astranslator
betweenthe DCOP interface calls and the GraphHandler. Notice that the
DCOPConfigProxylfacecan be usedby any application that usesDCOP, for
instancethe con guration application introducedin Section4.2
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Figure 4.10: Integration of the DCOPConfigProxynterfaceinto the badkend.

4.3 Summary

This chapter addressedhow the badkend and the additional facilities to make
the advancedfeaturesof NMM available are implmented. In detail, the class
GraphHandler wasintroducedasthe meansto build up and manipulate the
NMM o w graph asPhononrequires. Furthermore, the implemenrtation and
integration of the DCOP interface DCOPConfigProxyasstated in Subsection
3.2.2 was shawn.

Figure 4.11: The methods de ned by the interface DCOPConfigProxy



Chapter 5

Examples

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

5.1 Distributed Audio Playback

This scenario,as shovn in Figure on the following page, usesmultiple
additional hostsfor audio playbadk. The sourceof the mediadata is located
on host A; furthermore, the Phonon-basedapplication usedfor playbadck and
the NMM con guration application (seeSection4.2) runs on host A aswell.
In order to build up a scenariolike shavn in Figure 5.1 on the next page
rst adata sourceneedsto bede ned. This is usually donewith the Phonon-
basedapplication by specifying an URL. As stated in the paragraphon the
core classesof Phononin Subsection2.2.2 the MediaObject usesURLs to
specify the data source.Remenber that the GraphHandler, asintroducedin
Section4.], that is internally usedby the MediaObject to build up a NMM
ow graph, usesURLs as well. The NMM con guration application (see
Sectionl4.2) canthen be usedto de ne the additional hosts. Figure 5.2 on
the following pageshavsthe correspnding NMM o w graphto this scenario.

53
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Figure 5.2: The NMM o w graph usedfor distributed audio playbad.
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5.2 Distributed Audio and Video Playback

In this scenariothe mediadata is comprisedof onevideo stream and se\eral
audio streams. As well as in scenariopresetied before (see Section/5.1),
the data source,the Phonon-basedapplication and the NMM con guration
application are located on host A. Sincethere are multiple audio streams
presem, every participating host can individually chooseone of them. Or
decidenot to play badk any audio at all, like host C.

Consider having a DVD with dierent languageaudio tracks. Sud a
scenariocan be usedto watch this DVD with the English audio track on one
PC (e.g. hostA) and with the Germanaudio track on another PC (e.g. host
D). Furthermore, a computer connectedto a HiFi system (like host B) can
be usedfor high quality audio playbadk. Additionally, if a PC is connected
to a beameror someother big screen(e.g. host C), this host can be usedto
benet from a bigger screenthan the usual PC monitor.

host B ~~
&= audio playback
€ wore

[ ] —

e ‘MW video playback

Phonon-based
host C ~ application

NMM configuration

o)
\Q application
=\
"= | data source
—
host D network
"7 connection
-— N |
& K

Figure 5.3: A scenariofor distributed audio and video playbad.
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The setup for this scenariois similar to the setup for the scenariointro-
ducedin Section5.1 Sincea video stream is presen 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-
badk.
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5.3 Using a Remote Data Source

Contrary to the scenariosalready preserted, the media data source(host B)
is not located on the samehost as the Phonon-basedapplication and the
NMM con guration application (host A). Using a remote data sourcecan be
easilyachieved by specifyinga proper URL (see[wgd]), like le://hostB/data
/my le.mp eg. Most important is that there is no needto setup any leshar-
ing medanism, sinceNMM itself can distribute the data asrequired.

host B

audio playback

‘m‘ video playback

- Phonon-based
application
) NMM configuration
3 application
=11

data source

network
connection

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 playbad (seeSection5.2). The GraphHandler will build up
a ow graph asshawn in Figure 5.6 on the following page.

5.4 Using a Remote Live Data Source

Again host B acts as sourcefor 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 playbad. It is requiredthat
a senerregistry (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 ow graph usedto createthis scenario.

5.5 Summary

Notice that the scenariospresered in this chapter are only examples. The
usageof the NMM badkend 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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Chapter 6

Conclusion

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

6.1 Achievements

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

Thus, the rst task wasto implemen a badkend basedon NMM. The
badkend hasto build up a ow graph automatically and furthermore pro-
vide the meansto alter this ow graph at any time. Even though NMM
o ers a very powerful classto build up a ow graph automatically, the class
GraphBuilder, it cannot comply with the requiremens of Phonon. There-
fore, a new class,the classGraphHandler, neededto be deweloped.

The GraphHandler (see Section4.1) makesit possibleto automatically
build up a ow graph with nhumeroussinks nodes. Moreover, this ow graph
can be manipulated even while the ow graph is running.

The big challengewhile implemerting the GraphHandler wasto provide
su cient exibilit y during the graph build up and for manipulating an ex-
isting ow 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 ow 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 ow graph.

Sincethe objective of this work was not only to provide an NMM badk-
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end for Phonon, but alsoto integrate certain NMM speci ¢ featuresinto the
badkend, a conceptto make thosefeatureavailableto Phononusersand de\el-
opersneededo be elaborated. A very important goalof this conceptwasnot
to by-passthe badend independenceof Phonon-basedapplications. There-
fore, the DCOP interface DCOPConfigProxylface(seeSubsection4.2.3 was
implemerted. With the help of this interfacethe NMM o w graphcanbe ma-
nipulated by meansof the GraphHandler. Additionally, a proof-of-concept
prototype, the con guration application as introducedin Section 4.2, that
usesthis interface was implemerted.

The classGraphHandler is available as part of the NMM distribution.
SincePhonon as well asthe NMM badend for Phononis still under dewel-
opmert, the sourcecode of this badkend and the con guration application
can be found in the multimedia repository of KDE [KDEa].

6.2 Future Work
Backend

Even though the current implemertation of the NMM badend for Phonon
providesall meansfor playbad, there are still featuresunimplemerted. Fur-
thermore, as mertioned in Subsection2.2.4 Phonon itself is under dewel-
opmert and therefore subject to changes. In detail, the open tasks for the
badkend are the following.

Implemertation of the a/v capturing API of Phonon.

Implemertation of the widgets for userinteraction (lik e the video wid-
get, asintroducedin the paragraph on the core classesof Phononin
Subsection2.2.2).

Implemertation of software volume cortrol.

Implemertation of the Iter/e ect API of Phonon. Notice that the
GraphHandler already supports inserting and removing lters/e ects
(seeSection4.1), but thosefeaturesstill have to be integratedinto the
badkend.

Adapt to changesof Phonon, KDE and Qt.

Implemertation of future extensionsof Phonon.



6. Conclusion 6.2. Future Work 62

Integration of Adv anced Capabilities of NMM

As stated in Subsection3.2.1, the integration concept, as implemerted at
this time, is limited to providing the meansto use multiple (distributed)
sink nodesfor playbadk. 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
DCOPConfigProxylfacewith proper new methods.

Con guration  Application

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

The current implemertation only supports one Phonon-basedapplica-
tion and oneMediaObject. Thus, the con guration application should
be extendedin orderto makeit possibleto con gure numerousPhonon-
basedapplications with multiple MediaObjects.

Even though the GUI supports displaying status information concern-
ing the connectionto the (remote) host (and thereforeto the sener-
registry), this functionality is not implemeried yet.

The con guration application shouldallow the userto save setsof hosts
and load sud sets, sinceit is undesireableto set up the host list for
eat MediaObject from scratch every time.

New NMM-speci ¢ featuresthat are addedto the DCOPConfigProxy-
Iface needto be integrated aswell.
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