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ABSTRACT

ENGLISH. This document outlines the development cycle stieaming video platform for Vrije Universiteit
Brussel. The purpose of the platform is to alloacteers to share video material with their studerdsa
Web application. Similar functionality is alreadfeoed by many modern Web sites. What sets thitfqnian
apart from those sites is that it is based on &ree open source software and integrated with theaming
environment Dokeos, deployed by the universitysTihtegration is optional: any PHP-based Web s#ea c
embrace the developed library set. A proof-of-cphi¥eb application is also supplied as a startimigtgor
third-party applications. The platform converts usapplied video files to Ogg Theora; to accommedat
bandwidth limitations, several quality settings rbayused in parallel. Other than PHP, the platfouses a
client-side Java utility for uploading new viddedj and a Java applet for playback.

KEYWORDS. streaming video, video sharing, open source, ®gdis, Theora, Linux, Debian, PHP, Perl,
MySQL, Java, Web application, Web service, SOAPkBos, LCMS, learning object, education, pedagogy

NEDERLANDS. In dit document wordt het ontwikkelingsproces beswen van een streaming-videoplatform
voor de Vrije Universiteit Brussel. Dit platformarziet onderwijzend personeel in de mogelijkheid wdan

een webapplicatie videomateriaal te delen met stade Verscheidene moderne websites bieden reeds
dergelijke functionaliteit aan. Het platform ondehgidt zich hiervan door uitsluitend te steunenwoje
open-sourcesoftware en door de integratie met dkeDg-leeromgeving, waar o.a. de universiteit gkbrui
van maakt. Het resultaat kan echter worden opgemoimezen arbitraire PHP-applicatie. Bovendien werd
een voorbeeldwebapplicatie ontwikkeld, die dierast Hoen als vertrekpunt voor nieuwe implementaties.
Het platform converteert aangebrachte videobestamd@r Ogg Theora-formaat. Om tegemoet te komen
aan bandbreedtebeperkingen, kunnen meerdere kitgafistellingen parallel worden toegepast. Verder
wordt een Java-applicatie ingezet om bestander ulen en een Java-applet voor het afspelen.

TREFWOORDEN. videostreaming, videosharing, open source, Ogpi&/orheora, Linux, Debian, PHP, Perl,
MySQL, Java, webapplicatie, webservice, SOAP, DeskeGMS, leerobject, onderwijs, pedagogie
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1 INTRODUCTION

Education has come a long way since the wax tadfl@scient Rome. Modern technology in all its fariis
revolutionizing today’s learning process.

To a great extent, the Internet gives way to etentr learning. Web-based-learningenvironments enable
instant access to a myriad of relevaatning objedis all parties involved. These learning objecty naage
from simple announcements to full-fledged discusfmoums or learning paths.

With broadband Internet access becoming commonplace novelty that the Web has seen over the past
couple of years is the introduction of one-cliddeo sharing he ever so popular Web si¥ouTubés rife
with often nonsensical digital video clips and amms to spur a variety of clones.

Evidently, that same video sharing technology aahdrnessed to enrich e-learning environments.Hierac
may provide video clips that clarify a single aspleane or more courses, but also a recordingnefad their
lectures in its integrity, for instance.

This document describes the project which aimsrtwviple Vrije Universiteit Brusseith a streaming video
platform managed by it®nderwijsvernieuwing & OnderwijsServiceCentrum)(OSC

Prior to the launch of this project, a rudimentaoglution was in place, which required a great dealanual
effort. A teacher would provide the raw materiakiie OSC personnel. Subsequently, each piece wamild
converted and published at a URL, which would thenpassed to the teacher and subsequently to ssuden
This tedious process is probably the main reasdimeahfrastructure’s limited popularity.

With free-of-charge video sharing Web sites on tise, one might consider abandoning the existirigpse
altogether and favoring the use of YouTube, fotanse. However, this raises a number of concerast df

the Web sites are supported by advertisementsddiitian, many of them offer additional features walni
may add to the entertainment value, but are hidikly to have a negative impact on the learningcess.
There is also the matter of ownership and accghbssriwhat if a video clip’s target audience iBiotsd to a
certain group of students? Finally, material usedetlucation purposes can be made exempt fromircerta
copyright restrictions, but only if maintained intally.
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Thus, it is certainly favorable to rely on an indse video sharing solution. The first goal of hieject is
therefore to thoroughly streamline the video shgpnocess. Manual intervention by the OSC persomnlél
be avoided where possible, allowing for a largkee-stsployment. The intention is to achieve all thi&ng
solely free and open source software, without comising usability.

The project’s second, equally important goal igreure tight integration withPointCarréthe university’s
adaptation of the open source e-learning envirorinbekeasA variety of other respected institutions, both
national and international, also deploy Dokeos-bas#utions. As such, the results of this projeititvot be
limited to the Vrije Universiteit Brussel infrastiure.

Moreover, the development of generic libraries sungporting tools will allow for deployment sepaifaten
a Dokeos environment. The structure of this docubhrefiects this. First, we will discuss the deveiept of
a generic streaming video platform, as well asoaffwf-concept demonstration portal. Subsequerthig,
supporting tool set and libraries will be integcaveth the Dokeos environment.



') MEDIA FILES

In this chapter, we will cover the general struetaf a media file. While the focus will lie on wadi#es, most
of the information is also applicable to audio mate

Portions of the information presented in this chexphre based dwikipedia[1]. While citing the online en-
cyclopedia in academic research is generally fobwoen, one could argue that Wikipedia is an aciealpt
source for an introductory chapter such as this Be¢evant articles are referenced throughout tapter;
in addition, the motivated reader is invited to @kae linked articles not explicitly referenced.

2.1 General Model

Even though we exclusively mentigideofiles, moving pictures alone will not be satisiagtfor they are
usually accompanied by sound. Moreover, this souag occur in multiple versions; for instance, abgrsa
dubbed film. When dealing with an extensive pieres may want to mark individual chapters. Furthememo
subtitles may be a part of it. Finally, it may tseful to include a variety of other specifics unlderform of
metadata, such as the author of the piece, thdqatldn year, copyright information, etc.

Therefore, we cannot limit ourselves to storing ehevisual material. Because of tlaisntainerR2] are used.
Containers literallycontainseveral medistreamand as such act as a sort of packaging for théwms, Tyour
average video file is actually a container holdingleo and an audio stream.

Obviously, there needs to be some sort of strudardoth the container and its streams. This tasky
seem relatively simple, but a number of aspedttrmake it increasingly difficult.

2.2 Terminology

Audio and videostreamare formatted usingoded8]. This term is a contraction of the wordeér and
deoder, or alternativelganpressor andeompressor. Thus, it describes the software usdnbtio store and
interpret stream data.



20 CHAPTER 2

Codecs may be eithérssyr losslessossycodecs are able to shrink down a stream significhy allowing

the quality of the material to decrease. The guahiat is eventually attained depends on the dlyos used
by the coded.osslesdecs on the other hand maintain the originallifpaf the material, but attempt to
compress it as efficiently as possible noneth&Mdmssously, if a stream is compressed using eebksssbdec,
it will use considerably more memory than with ssipone.

The encoding process divides the original stream fired time units. Each of these is compressed &
certain amount of memory. The relation betweentthe is defined as thkit rate It is generally expressed in
bits per second; ‘kilobits per second’ is commabhbyeviated t&bps

A stream’s bit rate may bmonstant (CBRYr variable (VBR) CBR streams maintain the same bit rate
throughout the entire stream. VBR encoders emglisicdecide on an amount of bits for each time uimit,
order to maintain a certain quality level. Consetlyeto give an indication of a VBR stream’s oltaraality,

its average bit rate is usually calculated.

Note that the bit rate is different from theampling rateNVhen creating a digital representation of a real-
world signal, which is analog, the processashplingecords the signal’s data at fixed time interivatsder

to approximate it. The frequency at which this ascis known as the sampling rate. Evidently, thereano
samples, the higher the accuracy of the resulgéongrding, but the larger the file becomes. Audidemal is
often sampled at 32, 44.1 or 48 kHz. Video mategiatherally has a sampling rate of 50 Hz or 60 Hig is
commonly referred to as tfieame rateexpressed in frames per second.

A lot of codecs are in circulation these days. Tinay be distinguished based on the following aspect

Quality vs. memory usag&vidently, the objective of encoding is to obtéwe highest possible media
quality for the lowest amount of memory. Whereagedaining the quality of media can be a subjective
process, the bit rate is incontestably set. Modecs only support a limited set of bit rates.

Speed.A codec that takes an extensive amount of timerntcode or, more importantly, decode a stream
often will not be a good choice, even if it delsvsuperior picture or sound quality.

Compatibility. Sadly, not one media player or platform suppartsb(indles) every possible codec. If one
aims to reach a large audience, this should be take consideration.

Commercial modelNot all codecs are free to use. Often, howevieeeaalternative is available.

2.3 Audio Codecs

We will now look at the most commonly used audiders. Rather than getting into the intricacies acle
codec, we will briefly discuss their most importelmracteristics. An overview can be found in [4].

Lossy as well as lossless audio codecs existtarPogsy codecs greatly reduce file size witharifieing
too much quality. They achieve this thanks to adeaments in the field ogpsychoacoustibe study of the
subjective human perception of sound: the encoaeromit certain parts of the recording, becausg Hre
simply inaudible or because the perceiver’s miidautomatically assume that they are present. [5]
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2.3.1 MPEG-1 Audio Layer 3 (MP3)

Developed in the late 1980s and standardized by it5e early 1990s, MP3 is probably the most wide-
spread audio compression standard. From 1995 gavié way to the digital audio piracy controvensy is
still going on today. In addition, it has becomaayymous with today’s portable audio player.

Because MP3 is a standard, but does not explidéfine the compression process, several implenargat
of the codec exist, each with their merit. The iyadf a decoded MP3 recording therefore greatlyeaals
on the software used for encoding.

MP3 codecs artossyodecs that can reduce a raw recording to abatemth of its original size, without
substantial quality loss. So-called “nhear-CD” qyai achieved at the common bit rate of 128 kiwlpier
second. Other bit rates may be used, generallyngrigom 32 kbps to 320 kbps.

2.3.2 MPEG-4 Advanced Audio Coding (AAC)

AAC became an MPEG standard in 1997 and greatly ioyes on MP3; it was designed to be its successor.
Among the improvements are support for up to 48rcies, whereas MP3 only supports 2-channel stereo,
and better overall performance.

While AAC may not be so well-known, it is certainlyidely used: it is supported by many portable @udi
players, Apple'Blunes Storexclusively sells AAC recordings, Nintend&/s and Sony'®layStation 3ame
consoles use the format, etc.

2.3.3 Windows Media Audio (WMA)

Microsoft’s response to MP3 was WMA. Standard WMAes techniques that are similar to MP3'’s and, ac-
cording to Microsoft’s claims, produces better ltesthis has often been contested. [6] The WMAtsualso
contains a lossless codec, and versions targeteghatsolution multi-channel audio and voice audi

WMA is backed by Microsoft'aNindows Media Playand Zune franchise, as well as several third-party
portable audio players and other audio equipmehts Tnakes it the second most popular digital audio
format, behind MP3.

Being a Microsoft product, WMA is not an open stard. Nonetheless, it is fairly well supported oheot
platforms than Windows, through third-party effort.

2.3.4 \orbis

In 1998, Fraunhofer IIS, co-designer of the MP3redard, imposed a licensing fee on any softwareubed
an MP3 encoder and/or decoder. This spurred thestiggment of a free, open source lossy audio ctrdec.
2002, version 1.0 &forbiswvas released.

Vorbis is often referred to @gg Vorbjgo emphasize that it is generally used in cortjanowith the Ogg
container, which we will discuss later in this deaBoth are developed by tXgph.Org Foundation
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While sound quality will always remain a subjectnadter, a lot of experiments in this field seeninmicate
that Vorbis outperforms MP3 and even AAC, espewiall low bit rates; at higher bit rates, it is h&awmdnake
a distinction. [7] It should however be noted thlae algorithms are ever-changing, as are the éssits.

The Vorbis codec continues to gain popularity. Boe, several mainstream computer games rely orsVorb
Also, because of its open source nature, mosttiat audio players on the Linux platform suppibnivell;
for most other platforms, Xiph.Org maintains a nuentof plug-ins.

2.3.5 Dolby Digital (DD) and Digital Theater SystemDTS)

Both DD, also known a&\daptive Transform Coder 3 (AC&)d its competitor DTS are lossy audio codecs
targeted at high-end recordings for theatrical msgs, often making heavy use of up to 7.1-chanmel s
round sound. DD and DTS tracks are found BivDs as well as modemlu-ray DiscandHD-DVDs.

2.3.6 Free Lossless Audio Codec (FLAC)

FLAC is everything its name suggests: free anddessLike Vorbis, it is distributed by Xiph.Orqiait is
therefore seen as its lossless counterpart. FLACreduce your average recording’s size by about 50%
without sacrificing any quality.

2.3.7 Miscellaneous Codecs

A number of other codecs exist, such as the Mssgpack (MPGInd the lossleddonkey’s Audio (APB)e
will not elaborate on these codecs, as they atedaicommon.

2.4 Video Codecs

Like we did for audio codecs, we will now list coomvideo codecs and briefly discuss their charsiitst
Note that to achieve acceptable quality, substhntiaore raw data is required per time frame tharthie
case of audio streams. Thus, common video codeedl émssy. An overview can be found in [8].

241 MPEG-4

We have already encountered AAC, which is part d?BG-4. That same standard also includes the means
for video compression. It is divided into a numbgparts which are used by the actual video codecs. éflot
common video codecs are based on MPEG-4, including:

DivX. This closed-source codec is to video what MP® iautdio. By allowing pirates to compress films to
acceptably sized files, DivX kick-started the dibitideo controversy. It is backed BwX, Inc., which
generates revenue by charging license fees @riteps. The codec itself, however, is a free doaehl

Xvid. Originally namedXviD (which is DivX spelled backwards), Xvid is the mgeurce alternative to
DivX. The codec originated within the DivX projecfter development of i®penDivXcodec ceased.
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H.264. Where older codecs ud#PEG-4 Part 2 H.264 is based oMPEG-4 Part 10 dubbedAdvanced
Video Coding (AVCJhanks to modern compression techniques, thedstahreaches noticeably higher
guality at lower bit rates than its predecessdns. dodec is widely usdlu-rayandHD-DVD players are
required to support it, Apple’sTunes Storexclusively uses it for its video content, recamsions of
Adobe’sFlash Playenatively supports it, etc. The open source comiyumas also adopted it using the
x264codec. H.264's predecessdra61l andH.263 are still found in legacy applications.

2.4.2 Windows Media Video (WMV)

To complement WMA, theWindows Mediframework also contains a video codec. Microdaitns WMV
offers better compression than MPEG-4 codecs, testant which is often debated. [9] Like WMA, it ia
closed source codec, but reasonably well suppmmtadn-Microsoft platforms, through community effor

2.4.3 TrueMotion VP

The VP proprietary codec line B9n2 Technologiggay not sound familiar, but it is actually widelsed:
among other things, VP6 was adopted into Adolbdashplatform. On2 Technologies claims TrueMotion
VP7 is superior to H.264. [10] However, the latisrmore common overall.

2.4.4 Theora

An early version of the VP coded?3 was released into the open source community inat®92 and lives
on today as Theora, the complement to the Xiph.®Goyndation’s Vorbis and FLAC audio codecs. Obvi-
ously, Theora is a free and open source codecoddthit is a direct competitor to MPEG-4, Theora#3
legacy negatively affects its performance. Defipge Theora is widely supported in the open sowam-
munity and, thanks to software add-ons, can begaldack on most platforms.

2.5 Container Formats

The container formatdicates which streams are stored in a container.

A first approach to designing a container formatuldoprobably be to store the streams sequentiadiyié

the file. However, a more sensible approach isstpkelated parts of the streams in close proxiwittyin

the container. This is achieved by the processtefleavingi.e. alternating between small segments of the
contained streams.

The following factors may or may not set contaifoemats apart:

Content. Some container formats support more content typar others. For instance, not every format
provides the functionality to embed subititles.

Supported codecdkecent codecs, notably H.264, rely on advancddrésaof the container to increase
output quality. Sadly, not every container formztially supports these features.
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Compatibility. Like in the case of codecs, an arbitrary systamlikely to support any container format.
Commercial modelln this field as well, parallels may be drawn weitidecs.

We will now look at some commonly used containemfats. Yet again, we will not go into great dethailt
simply form an idea of what is in circulation. Amenview can be found in [11].

2.5.1 Audio Video Interleave (AVI)

AVl is the de facto multimedia container of the Wdows platform. Dating back to 1992, it unfortunatel
has its flaws. Most importantly, the H.264 codeaxvanced compression technology uses a numbea-of fe
tures not found in the AVI format. In addition, ereldded subtitles are not supported. Nonethelesak&hto
excellent support by modern media players, thef8xhat remains popular.

2.5.2 MPEG-4 Part 14 (MP4)

The MPEG-4 standard collection also defines a corgaformat. MPEG-4-contained files generally use
the extensior , hence the format's common name. The format isicasly aimed at use with other
MPEG standards, but supports a wide range of cadegbtitles are supported using tREPEG-4 Part 17
format, dubbedVMPEG-4 Timed TextAmong others, Apple§unes Storeffers MP4 content.

2.5.3 QuickTime (MOV)

Apple’s QuickTime container format, which uses theéensior , was accepted as the basisMeEG-4
Part 14 MP4 and MOV can use the same codecs and are ynioseirchangeable. However, MP4 is far more
widely supported, as QuickTime media files are iygaimed at Apple’s QuickTime product line.

2.5.4 Advanced Systems Format (ASF)

Windows Media content is generally encapsulatean®SF container, though other container formats-su
port the codecs as well. The format is aimed aashing media—the letter S in ASF originally stoad f
streaming-but is not limited to this application. ASF filamay use the extensic , but also for
video anc for audio.

2.5.5 Flash Video

Adobe’sFlashmultimedia platform uses its own container forniais proprietary, but understood by a lot of
modern media players. Codec support is severeiledinstandard audio should be MP3 and video either
VP6 or H.264, as mentioned earlier; there is atg@mty support for H.263. The original extensionFtash
Video files wa: , but restrictions in the format prompted a pendirgyision, which will be targeted at
MP4 and introduce new file extensions.
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2.5.6 0Ogg

Ogg is the Xiph.Org Foundation’s complement to fhieeora, Vorbis and FLAC codecs. Ogg files can also
contain streams in a wide range of codecs, inaguiREG-4. Thanks to the success of the Vorbis authe
dec, the Ogg format is widely supported these days.

2.5.7 Matroska

Matroska is another free and open source contéamarat, which is set to replace Ogg. It addressesesof
the concerns raised by the Ogg format, includingpsut for even more codéaand overall flexibility of the
container. Matroska files use the extens for video anc for audio.

2.6 Unification

The codecs and container formats we have listefisiréhe tip of the iceberg. Consequently, thesaidtlips
that users will want to share using our platformymacur in vastly different forms. Rather than regg

that the computer on which clips are played bagpstt all these formats, we will decide on a siragidio
codec, video codec and container format. But cajusteconvert any supplied clip to this format?

We have already discussed the processescoidingnd decodingA type of third process exists, known as
transcodingvhich involves conversion from one codec to agoth

Generally speaking, transcoding consists of degottie source material to a raw uncompressed version
which is then encoded into a different format. Thawo tasks may or may not be carried out by theesa
software. There are several approaches; efficiglementations, for instance, minimize disk openasi by
only using internal memory to store the raw version

This all sounds wonderful, but there is a catchn@ating between lossy formats has a negative ingpac
the quality of the media. Each time lossy encodggarried out, media quality degrades: the corsfmes
process leaves behind traces, caltgfhcts

Nonetheless, transcoding the supplied clips iswdely our best option. It allows us to target @afution at
a single configuration and guarantees that usérbevable to play back the clip as long as thegeatp use
the supporting software we provide. Minor loss wélity is a necessary evil.

1 Ogg’s limited codec support even prompted the ldpweent of a hack of the format, namédM.






) STREAMING MEDIA

The previous chapter discussed the structure mfem Vile. As mentioned earlier, the objectiveoisitake the
video material available on a network. In this ¢apve will see how this can be accomplished.

3.1 Motivation

To share our video material on an intra- or intemark, we could take the following simple approastbre
the files on a Web server, provide users with atime where they may download the media files atd |
them handle their local copy as they wish. Thishodtraises a number of concerns:

The user cannot access the media until the fileblegsn fully downloaded. With large files, this dana
major setback.

Until now, we have assumed the existence of a mididlow do we handle live broadcasts?

Once the download has been completed, the useeg®ss an exact copy of the media file. For copyrigh
reasons, this might not be desired.

Streaming addresses these concerns. Streaming naoports subsequent parts of the streams oeer th
network. Thanks to thenterleavingprocess we discussed earlier, the user can éejogddia as upcoming
parts trickle in; these are stored in a buffertfremmore, the bit rate may be controlled dynamycalhould
the connection slow down drastically, then the @tayan fall back to a lower quality stream and wécsa.

Consequently, large files do not pose a problermany. A live broadcast can be treated as an iafiniarge
file. As for our copyright concerns, it is a lotréher to permanently store streamed data; note, hienvéhat it
will never be absolutely impossible to do so.

3.2 Protocols

Streaming applications may be based on either of vikell-known connectivity models: theient-server
model and theeer-to-peaenodel. In our case, the former will be applied.
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Our streaming infrastructure will essentially cehsif a server that offers media streams, and eauwf
clients that request them. A number of protocolsida the parties to communicate. We will descrie t
two most commonly deployed ones.

Before diving into those protocols, we will ideptthe basic operations that may be performed dnears.
We will then compare the protocols by examining hbey handle them. The operations are:

Play.The stream is started from the beginning.

PauseThe stream is interrupted, but the user has therihto to resume playback in the near future. Buf-
fered data is kept.

Stop. The stream is interrupted and the user suggestishta is no longer interested in the content. Buf-
fered data is discarded.

Rewind and fast forwardl'he user freely navigates through the stream awidds to resume playback
from an arbitrary point. Buffering may precede pkgk. Standard DVD players manage to provide the
viewer with a still preview of the content at aroinp while navigating. Due to network latency, tligs
generally impossible to achieve with streaming ezedixcept if the content happens to be in the buffer

Navigation to a chaptePlayback is resumed from a predefined point instineam. Again, buffering may
precede playback.

3.21 HTTP

The ubiquitousHypertext Transfer Protocol (HTTi®)suitable for streaming media applications, gioit
does have limitations. The HTTP model is limited tme request, followed by one monolithic response.
Thus, there will usually be a chain of requests.

The standard operations are generally implemerdddiws.

Play. A standard  request and response are transferred. While pt&yisahappening, the rest of the
stream is downloaded without further contrbhrottling (artificially slowing down the connection) may be
beneficial, as well as forcibly closing down theneation in order to make a new request.

PauseThe HTTP protocol does not have an equivalent litoperation. Again, throttling and/or sub-
sequent new connections may be used.

Stop. The connection is closed and the rest of the nespads discarded.

Rewind and fast forwardlhe connection is closed and a new request is nradeesuming the download
of a stream, HTTP 1.1 defines two heade and . One important drawback is the fact
that these only suppoltyteamounts. Thus, some arithmetic is required to riag@stamps in a stream to
byte amounts in a file. Even if the stream hasrestmt bit rate, this is not to be taken lightly.

Navigation to a chaptetdere too, the remark about time vs. memory unitsds. However, as chapter
marks are known in advance, the translation magabéed out prior to playback as well.
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Obviously, efficient implementations strive to linthe number of requests. The larger the buffee sihe
smaller the chance of having to perform a new rEgi®wever, unless the user does not navigateghro
the piece, performing multiple requests virtuaipmot be avoided.

Even if one manages to circumvent the problem diggrmultiple connections, there is still the mattd
HTTP being restricted tolT CP. Packet loss, for instance, is not a tremendaigighe resulting media can
simply be distorted for a moment; however, TCP doesallow this. For this and other reasohi)P is a
better choice for streaming applications.

Despite the protocol’s limited possibilities, HT TPased streaming solutions are frequently deplayitel:
all, it is simple and ubiquitous. In addition, fivalls generally do not pose a problem.

3.2.2 RTP, RTCP and RTSP

A more suitable protocol for streaming applicationghe Real-time Transport Protocol (RTR)was de-
veloped specifically for audio and video strearoirgy the Internet; it is also used WglP solutions. RTP
usedJDP and as such does not guarantee message delivesndr, each message receives a sequence num-
ber, so the software can order them. [13] If corelinwith theReal-time Transport Control Protocol (RTCP)
there is support foQoS monitoring14]

Control of the media stream uses a separate priotuamely theReal Time Streaming Protocol (RTERaN
either run on top of UDP (includingnulticagtor TCP. In addition, RTSP may be used independgritom
RTP. RTSP’s syntax is a lot like HTTP’s, yet theofwcol isstatefylthanks to the inclusion of a session ID
into each message. [15] In a typical RTSP sestien;ommunication will take place as follows: [16]

The client receives ¢ URL from an external source.

The client asks the RTSP server to enumerate tteasts associated with the URL it received. This is
achieved using!" #$ request.

The server responds by sending information abogtsthreams to the client. Usually, it is formattesihg
the Session Description Protocol (SDP)

The client selects one or more streams and ser %& \request for each of them. Among other things,
the request contains the port number to use forRA® connection.

The server responds with a newly assigned se$ion |

Once the session has been established, the operat@mentioned earlier can be carried out:
Play.The client sends &() request and the server initiates the RTP stream.
PauseThe client sends &®" request and the server pauses the stream.

Stop.The client sends (*+,  request and the stream is discarded.

2 VolPis short forVoice over Internet Protdtd the main protocol used for Internet teleptyoMore information
about the protocol can be found in [12], among othe
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Rewind and fast forward he client sends &®" request, followed by& () request with : header.
This is similar to HTTP, but uses seconds insteddytes to indicate the point from which to resume
playback, eliminating the translation problem.

Navigation to a chaptegain, this operation is largely similar to theyious one.

RTSP has a myriad of other possibilities; for ins& it is possible for the client to record aastreand send
it to the server. We will not elaborate on thesatdees. The key points are that RTP uses UDP aridrsf
specific streaming media-related functionality.

Be that as it may, RTSP and RTP have their drawkaépart from the obvious need for software support
port numbering may also cause problems. RTSP tisdsxed port number 554, but the port number floe t
RTP session is chosen in the RTSP dialog; furtheenthe RTCP port number is always one greater than
this. When using firewalls or NAT, this needs to taden into account.
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In this chapter, we will select tools that our atreng video platform will rely on, on both the serand the
client side. This chapter focuses solely on prowe#ise media files; in the next chapter, we widladiss the
application encompassing this task.

4.1 Server Software

In this section, we will encounter a number of &mdlons. Interestingly, all of them are availafde any
modern operating system. However, it should not e@s a surprise that a free and open source sowitio
be preferred, such asmux or BSD.

4.1.1 Transcoding

Probably the most important thing we need is theamgeto transcode user-submitted video files. Sivece
are looking to automate this task, a command litiléyis obviously what we are after.

Note that we have yet to decide on codecs and icamtéormats. To make this choice even more complic
ated, every application capable of transcodingstgport for a different subset of the formats thedt cur-
rently available. In addition, we will see that #teeaming server and playback software also vtrythe
used format. Therefore, we will postpone our choic#l after we have looked at all three aspects.

A couple of open source transcoding utilities exEncodera sibling ofMPlayer[17]) and FFmpeg18]
may sound familiar to Linux users. Both are capableading and writing most common codecs and con-
tainer formats, as well as modifying the streamascifically, their ability to change the video'sotation is
interesting to us. The aptly namd@danscodsuite [19] offers similar functionality.

However, there is one drawback to all three ofdhas the time of this writing, none of them hawspgort
for creating media files in Xiph.Org’s formats. kilg, there is the standalone projd@inpeg2theoi20],
which borrows FFmpeg’s feature set and adds tHayatn create Ogg files, containing a Theora video
stream and a Vorbis video stream.
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4.1.2 Streaming

As mentioned in the previous chapter, media stragnmay either use plain old HTTP or the specialized
RTP protocol set. Let us take a look at softwarestoeaming using either protocol.

For HTTP-based streaming, we can obviously turrgémeric Web servers, suchAgmch@1] or maybe the
lightweightlighttpd[22], which has been gaining popularity recently.

Looking at servers which are specifically aimestraaming, most are focused on on-the-fly transegpaind
live broadcasting. However, one is not obligatedde these features.

A popular option for HTTP-based streaming is Xipht@slcecaqR3]. This project’s server application ori-
ginated as an audio streaming server, supportimgi&/dvP3 and AAC. Recently, streaming Theora video
was added to its capabilities.

Another alternative is thé-lumotion Streaming SerJ@6] by Fluendo This is an open source modular
streaming solution, with an easy-to-use graphidatiaistration interface. It is based @Streaméand sup-
ports a wide range of formats.

The VideoLANproject’s all-round/LC media play¢?6] is capable of serving both HTTP and RTP strea
Unfortunately, it requires a separate instance¥ery stream, which would be highly ineffectiveun case.

Our platform is set to replace the configurationrently in place at Vrije Universiteit Brussel, alniuses

Apple’sDarwin Streaming Servi7]. DSS was the first open source RTP-basedastiag server and forms
the base of the more advanced, closed s@uéekTime Streaming Seri28]. Most noteworthy is that the

server is capable of streaming H.264 video.

4.2 Client Software

In the case of the client, we are not at libertghoose a platform. We need to make sure our cordtgpn is
compatible with as many systems as possible. Calrvgh be to provide a solution for systems ruignin
Windows, Mac OS and common Linux distributions.

As mentioned earlier, the choice of a containemfatrwill greatly depend on the effort required taypback
the transcoded clip. Two situations arise. Firdtig user should be able to watch the clip frormhimithis
Web browser. Secondly, if the user prefers to dbise@an download the video file and play it bagikai his
favorite media player. Note that, in terms of fotmadhis downloaded version is not necessarilyérsion
that is used for in-browser playback.

4.2.1 In-Browser Playback

Probably the easiest method to play back a cligertse browser window is to provide a standarkl tinthe
HTTP URL of the clip, assuming that the user haplag-in installed. For instance, this is the cas the

3 GStreamef24] is a high-performance multimedia frameworked primarily by th6&6 NOME desktop environment.
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QuickTime plug-imopening a URL to a supported media file fills thew port with a minimalisQuickTime
Playerinterface. Of course, there are more elegant arstworthy methods.

Using HTML's - . / element, pages may embed a variety of applicattiraipported by plug-in soft-
ware. Two types of plug-ins may be used. The firpe is an embedded version of a standard medyarmpla
again such aQuickTimeThe second type is more elaborate: it suppliesx@nmediate platform, such as
Sun Javar Adobe Flaskwhich in its turn runs a custom-built media plags ampplet

Despite the fact that it is used by most video istta¥Veb sites and that free Flash video playersaead -
ablé, we will rule out Flash. After all, there are aipte of downsides: it is not open source, support o
Linux is still subpar and it requires the use pf@prietary container format.

So we are left with Java applets. Java’s platfatependence should make our solution fully croatfeggm,
which is a nice start. Surdava Media Framework ARO] is supposed to implement cross-platform multi
media support, but in reality seems largely abaadion

Luckily, we have an alternative: while Fluende’svesoftware may not be our best option, the compdsty a
offers theCortadapplet [31], capable of playing Ogg Theora overHPT Cortado is used by th&/ikimedia
Foundatiorj32] on the ever so populs¥ikipedigdl], among others.

Finally, the next version of HTML, HTML 5, is venylikely to feature native support for audio and wide
clips,viathenev-01/ and- 1/ elements. [33] At one point, Ogg formats were fi@ebby the prelim-
inary specification, but Apple and Nokia opposeis timove. [34] Nonetheless, it is something to take
consideration for future versions of our platform.

4.2.2 Post-Download Playback

If the user chooses to fully download the videp ptior to watching it, a standalone media playsable of
playing back the file needs to be available ordmnsputer. To some extent, this is the user’s owpaesibil-
ity. However, if our format cannot be played outtbé-box, we can aid users somewhat by directiegitio

media players that are known to support it.

As mentionedVLC media playes somewhat of a Swiss army knife. It is availédlenany operating sys-
tems and is capable of playing back a myriad ofdts. As such, no matter what operating systenu#ies is
running, we can recommend installing VLC media play

For a more operating system-native solution, alitves generally exist:

On Windows computers, the standard media player is obvidahglows Media Playédiruses Microsoft’s
DirectX multimedia framework [35], which gains supports &xtra formats if one installs a supporting
DirectShowilter. As an added benefit, any third-party media playdft on DirectShow can also use the
filter. A common all-round set of filters, which &so open source, fifdlshow tryout86], a fork of the
now unmaintainedfdshow

4 TheJW FLV Media Playg?9] is a popular free Flash video player.
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A similar approach is required dac OS X The QuickTimeframework is Apple’s answer to DirectX;
where DirectX uses filters, QuickTime relies ocomponentBreely available components exist for most
formats that are not supported by default.

Modern Linux distributions are capable of playing back opemé&bs. Additionally, documentation on
supporting proprietary formats is generally prodiddost of the software uses the same librariesuas
server-side configuration. Similarly, other UNIXrdeatives can use them.

4.3 Decision Time

We have now covered all three factors affectingctih@ce of a container format and codecs: tranagodi
streaming and playback. Consequently, it is timeetih a verdict.

Even though theXiph.Orgformats may not be the latest and greatest, tlfiey a number of benefits:
The Ogg container as well as the Theora and Vacbdecs arfree and open source
The ffmpeg2theordility can transcode virtually any input to Oggiwrheora and Vorbis.
The Cortadapplet can play back our clips on any platform.

For playing back downloaded clips, the Xiph.Org Roation’s web site has links BirectShow filterand
QuickTime componenisaux platforms embrace the formats by default.

Of course, there are also some drawbacks

Not all users will have the Java Runtime Environtr{and plug-in) installed. Its installation is somleat
tedious compared to, for instance, Flash. Noneisldava applet technology is widely used on the We
making it a reasonable requirement.

The applet does not support RTP streams, so weus#l an Apache HTTP server. As mentioned, we will
not be doing live broadcasting or real-time tramieg, so this should not be an issue.

Users might frown upon the fact that they need #ddal software to play back our clips. However,
Google Vidsalownload option, for instance, is limited toeasion targeted at portable video players. [37]
Also, we could make an extra transcoding passtéargelely at downloads; this is however not arityio

Thus, we can set upfally open sousteeaming video platform.

One thing we have not taken into accounDBM or digital rights managemenhe copyright issue can get
rather complicated, but we manage to sidestep siotne extent: once transcoded, we want our viadebe t

public, end of story. However, we can expect the DRM-protected piece of source material, for which
ffmpeg2theoxaill be unable to retrieve a license. The bestghie can do to avoid this is educate our users.

Finally, now seems like a good time to decide oarae for the software; after all, pretty soon, veegmoing
to be confronted with the problem of picking filames and the like. Contracting the phrageeh video
sharing’ (and/orstreaming’) a bit, we end up wit@vis Not only is that name pretty catchy, it is alée t
Latin word for ‘sheep’. We all love sheep, don?we
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By now, we have decided on how to convert useriggpideo material and how to present the resgltin
clips. We have also mentioned that the front-end lloth these aspects will be a Web applicatiorthia
chapter, we will address some initial consideratregarding its development.

5.1 Features

Let us start by writing up the operations that tgis demo will support.

User managemento link content to users, we will set up a trivieser base. We will call logged in users
‘members’ and others ‘guests’.

Clip upload.Members will be able to post video files on thatform.

Clip managementMembers will have access to a simple overvieheaf ¢lips. Because the demo should
focus on issues related directly to streaming vigdeowill not be implementing generic features sash
the modification and deletion of video clips.

Clip playback.Both visitors and members will be able to brows# satch the clips that members have
uploaded to the platform.

5.2 Software Platform

As our goal is to eventually integrate the librsutieat support the Web application witbokegswve will ad-
here to Dokeos’s characteristics as closely ablpo3serefore, we will developRHP 5 application with a
MySQL back-end. Our Web server will ruilgpache

5.3 File Size

HTML forms are highly unsuitable for uploading ladiles, and unfortunately, video files nearly bt
into that category. Even if the Web server is ogunfed to allow larg&** requests and long timeouts, a
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standard form is far from ideal. After all, it remps that the Web browser keep running the entimeet Fur-
thermore, resuming uploads is not possible.

We will take a different approach. Rather than gsam HTML form for submitting new clips, users whke
requested to launchJava Web Staapplication from the browser. This technology ahloa Java application
to be started directly from a URL and keeps theligapon running, even if the Web browser is clog4éd]
Again, Java’s platform independence is a greatfibddsers are likely to have the Java Runtime mvi
ment installed anyway, as we will supply the Cartapplet.

5.4 Upload Protocol

Now, since we cannot use HTTP for uploading file®, will need to select a different protocol. Rattiem
developing our own protocol, we will us&P. Because FTP is a very common protocol, we cdly ese
existing software on both ends of the connectios. Will select our server software in the next seclihe
client software will be discussed in Section 12.1.

While using FTP makes large uploads more reliablgges have a downside. Because we are no logger u
ing HTML forms, we cannot send a clip’s metadata;lsas its title, along with the request. We wittam-
vent this by developing\Web servicerhich our upload application will send the metada when an upload
completes. Evidently, the user will have to supipdymetadata in the application itself.

55 FTP Accounts

As FTP authentication information is sent across tletwork in plain text, it would be unwise to reeist-
ing user accounts. Furthermore, in Section 13.7willesee that Java Web Start forces us to expgusat
formation rather blatantly as well.

Consequently, right before the Java Web Start appiin is launched, a temporary FTP account wilsbe
up for the current user. The account will automaticexpire after a predefined period—say, a vildekcre-
dentials associated with the account will be padsedtly to the Java Web Start application, thetering
the user of any additional effort.

This way, if worst comes to worst, a user who masdg obtain the FTP authentication information il
only be able to access the upload directory ofii@ber in question.

56 FTP Server

Having decided on the FTP protocol, we will needdelect FTP server software. Our FTP daemon of
choice is the open sour€oFTPD [39]. Apart from being a popular choice with systeaministrators,
ProFTPD can use MySQL back-end for user management. This means that iNd&vable to share the
same database between the front-end and the FT\reser
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5.7 Undesired Segments

Not all users are capable of authotiagvideo clip. Therefore, we can expect usersltmadglips containing
material that is of no interest to them, resultingrast amounts of unnecessary upload data.

As we will be supplying a Java application, wedcbaVe it interpret video files. We could even titrimto a
full-blown authoring solution. Unfortunately, as nimned earlier, the Java Media Framework leavesta
be desired. In addition, developing video authosofware is a rather large task, presumably watsaifor
this project. It would no doubt be interesting tsplay a preview of the clip inside the upload iapgibn,
but this would probably involve using a differelaitform, thus abandoning Java’s platform indepeoéen

Looking at alternatives, we could direct our ugersideo authoring solutions. However, we want void
confronting them with the issues of containers aadecs, bit rates, etc.

As a compromise, the upload application will gigers the opportunity to specify the start and enck$ of
segments that are relevant to them—presuming thelale to obtain these timestamps from their prete
media player software. This way, we will still heveleal with partially superfluous uploads, buteaist we
will be able to limit the transcoding process, afi as eventual storage and playback, to releggntents.

5.8 Chapter Marks

Even with undesired material removed, clips sugddhg our users may be long. In this case, theywaay
to divide the clip into several chapters. The Cdaapplet has a simplavaScript ARWwhich allows us to
easily seek in the clip, on the client side.

Unfortunately, due to this project’s limited timeaine, support for chapter marks will only be ineldidh the
Dokeos version. We will see that its infrastructgreatly simplifies this task.

5.9 Transcoding Time

Transcoding can take a substantial amount of ti@@sequently, when a member finishes uploadingpa cl
it will be added to thdranscoding quelddis queue will be processed in the backgrourahstoding sub-
sequent clips. Once a clip has been transcodedl] ivecome publicly available. When transcodingasn-
plete, we can, for instance, notify the clip’'s authia e-mail.

5.10 Transcoding Profiles

Because users’ bandwidth can greatly vary, weingillde the possibility to configure applicationdei
transcoding profile® as to be able to offer several versions ligf,aacgeted at different baud rates. Thus,
when clips are transcoded, a version will be adateeach transcoding profile. When they are piayack,
we will provide the means to switch between prefile

5 ‘Authoring’ is the term generally used to desctifeeprocess of preparing video material for pabbo.
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Each profile will define the maximum resolutionatideo clip, as well as quality settings for tidi@and
video streams. For video streal accepts a numeric quality between 0 and 10; ircttse of
audio, it is between -2 and 10. In addition, wd iilpose a maximum on the number of audio chanees,
to down-mix surround sound to stereo or mono.

5.11 Maintaining Aspect Ratios

By defining a maximum video resolution in transogdprofiles, we make the problem a little bit mooen-
plex. Consider the following diagrams:

Figure 5.1: Maximum video resolution exceededdimension

The outer, light gray area represents the videodrave are trying to shrink, while the outline cepends to
the maximum dimensions specified by our transcofdiogjle.

In the left picture, the video clip is too wide fibre frame. Hence, we need to lower its width, adilist its
height accordingly. Thus, we obtain the inner, dgrley area. In the right picture, it is the otheaywaround:
the video clip is too high, so we will lower itsdie and its width will follow.

It is also possible that both the clip’s width atwl height exceed the frame’s dimensions. How theis
shrunk down will depend on how its dimensions eekatthe frame’s:

Figure 5.2: Maximum video resolution exceed#ddimensions

In all four cases, the resizing method can be dsdifrom what is known as thaspect ratiof both the clip
and the frame: width divided by height. If the digspect ratio exceeds the frame’s, then thésaigtatively
wider than the frame. Thus, we need to decreaswidth and consequently adjust its height accorging
otherwise, it is the other way around.

Note that a fifth, rather trivial case exists:hetvideo clip can be fully contained inside thenaice frame,
then no resizing is necessary.
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5.12 Cortado Limitations

As we will be using the Cortado applet to play baak clips, we will need to generate some HTML code
for it. This code must contain, among other thintge applet’s dimensions. Unfortunately, we cammetely
copy the maximum dimensions specified in the tradswy profile. Tests revealed that the Cortado appl
will stretch the image to fill the video frame, pvkits ( parameter is set; this behavior is incon-
sistent with the documentation [40].

To circumvent this, we will store each clip’s aspao in the database. We can then determineapplet’s
dimensions on the fly, by repeating the logic dbsdr above. This way, we do not need an entry &che
{clip profil@ tuple, and we only need to hold on to one exalae.

5.13 Thumbnail Images

Most streaming video portals add some visual itieriti each clip by creating a thumbnail image, ae.
fixed-size snapshot of one of the clip’s frames.Whefollow these Web sites’ lead and work out @y wo
create such an image.






() BASE CONFIGURATION

This chapter will formally identify the set of sers that our system will run on, as well as thegstimg
software on each of the machines. Over the nexplecaf chapters, we will then discuss the instalaand
further configuration of that software.

6.1 Server List

To increase flexibility, we will assign each irdlinl task to a server entity. Naturally, a singéehine may
be responsible for multiple tasks, e.g. via lodploacnections or by directly accessing the apmtpfiles.
The eventual configuration is illustrated in Figéré.

Application serverWeb server that runs our Web application, inclygthe Web service.
Database serve€Contains the database for the Web application.

Upload serverF=TP server that accepts video file uploads fromwkmusers. Consults the database server
for authentication information.

Source file serve$tores incoming uploads. Thus, the upload servides\to it.

Transcoding servePerforms all transcoding operations. Consultstthascoding queue on the database
server and retrieves files to transcode from thecedile server.

Destination file serverStores transcoded video clips. Thus, the transgosierver writes to it.

Streaming serveMeb server that loads video files from the dettinafile server and streams them to
connected viewers.

This configuration does not account for additiot@hd balancing by spreading each responsibilitysacr
multiple machines. This is left as an exercis¢hierastute reader.
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Tré'nscoding

W

L Application

Streaming Destination

Figure 6.1: Overview of platform servers

6.2 Package Management

From this chapter onwards, we will be installingl monfiguring software. Because many, if not moské»s
installations rurDebian GNU/Linux[41], we will assume to be starting from a minirdedbian installation
with networking capabilities. More specifically, wél use thetestingbranch, which is codenaméehnyat
the time of this writing.

Consequently, we will list relevant packages fobi@@sAdvanced Packaging Tool (ARAQ explain how to
adapt the default configuration for our needs. Pnecess may vary for users of other operatingnsgste

6.3 Server Interoperability

Obviously, our servers will be interacting. Theri lve two types of connections between servéessystem
shares and database connections.

In Figure 6.1, solid lines are used to represeatlifie cycle of an uploaded video file; to tranBfes between
the servers involved, we will set up file systearesh Dashed lines, on the other hand, represdabdse
connections. Finally, dotted lines indicate clisetver interaction via HTTP; the configuration didse
servers will be covered in Chapter 9.
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6.3.1 File System Sharing

A straightforward solution for sharing file syst@aths over a local area network is Metwork File System
(NFS). For those unfamiliar with configuring NFS, we lalow take a look at a reference scenario. The pro-
cess described here is based on [42].

In this scenario, the transcoding server will gainess to the destination file server. While weawitfigure
read/write access, NFS can also be configurec&al-only access.

We will call the transcoding serveanscoding.exampm@&ampldeing the local domain. The destination file
server will bestorage.exampleanscoded files will be in the directc 0 on storage.example

Like many protocols, NFS relies on a client-semedel. The machine where the shared path residimis
server. Thus, in our case, the servetasage.exampieakingtranscoding.examfite client.

6.3.1.1 Server Configuration

On the NFS server machinstorage.examplee need to install the NFS daemon. On a DebianBNnux
machine, we can do so by typing

23 3 3
Now, we can define our share. We oper 4 in a text editor and add the line
3 56 670 7 8
This expose: 0 to the hosttranscoding.exampigh read/write access. The optio and
70 7 need to be specified to avoid ambiguity warnidgilitional client addresses may be ad-

ded to the entry, each preceded by whitespacads gvithout saying that great care should be takeen
allowing any sort of remote access.

To make the NFS daemon aware of our changes, we the command

234 3

6.3.1.2 Client Configuration

Now, transcoding.exampleeds to be configured as an NFS client. Machinasing Debian GNU/Linux
should first install the required software by isguhe command

23 3 3
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Next, we choose and create a mount point.

2313

We are now ablet 0 the share. However, we probably want it to be @eremt, so we will add an entry
to instead:

3 3 333

And voila, the share can now be mounted.

2303

6.3.1.3 Share Identification

The file system shares that support our setupistexllin Table 6.1. Depending on the configurationg or
more shares may reside on the same machine, mildngobsolete.

NFS client (mounting) NFS server (mounted) Writable
Upload server Source file server Yes
Transcoding server Source file server Yes
Transcoding server 0 Destination file server 0 Yes
Streaming server 1 Destination file server 0 No

Table 6.1: Shared file system paths and aswociatgubints

6.3.2 Database Interaction

Several servers will require access to the sam&@Mg&tabase. While most platforms and programming
languages support MySQL, the syntax for connecpiarameters greatly varies between them. One library
might require a data source name in a proprietamyét, others might ask that the hostname and artdks

be specified separately. Therefore, we will defitrevial XML-based file format for specifying dataurces:

-1 0/

33331 / -1/

3333- / -
3333- / -

3333-0 / -0/
3333- 1/ - 1/
33331/ -1/

-1 0/
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For the sake of flexibility, we will also add aniopal element calle- 4/ , which can be used to specify
a global table name prefix. This way, the databasebe shared with other applications if desired.

Since parsing XML is a common process these dagh, gart of the Ovis platform can easily obtairtla!
required information from the markup. This will @ us to reuse the exact same data source defifilgo
on all servers that require access to the database.






" DATABASE SERVER

In this chapter, we will see how to set up MySQlrv&s software on a Debian system, as well as désgn
database for our application.

7.1 Installation

Installing MySQL Server on a Debian GNU/Linux magt@ is child’s play:
23 3 39

This will both install and start the server. We dhen fire up the MySQL console.
:3 9303 3

Then, we can create our database and choose thentisds for establishing a connection. This wél the
information we store in the data source definitide described in Section 6.3.2. We will allow theser to
alter the database structure; this will come indyarvhen we supply an installation script later on.

(3(("3 ;

(3 ( 63( 63!*&63#,!<63"' 63#," 63% &!( 63!"
3333%,3 =
3333 *3> >?> >
3333#! , #@# !3%)3> >;

In this example, we created the account so thatifee can connect from any machine in ®82.168.1.0/24
local area network; alternatively, we could specifgst mask lik>A 4 > . If we want the user to be
able to connect from the machine itself, e.g. beedhe database server and the Web server are caitine

machine, we can u> > . [43]
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D

To simplify management of our database, we caalindipMyAdmir{44]. As this is a Web-based utility and
we have yet to set up a Web server, we will gdt foathat in Chapter 9.

7.2 Database Model

The model of the Ovis demo’s database is displewtiek entity-relationship diagram in Figure 7.1.

description

aspect
ratio

authored scheduled
as

e

clip

created modified

i

0
<

1

transcoding
job

user

password

(R0

upload
account

upload
password

Figure 7.1: Entity-relationship diagram for ctiteeen

[0

For the most part, the diagram will probably bd-s&planatory. Nonetheless, let us take a clogde &b the
individual entities in the model.
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7.2.1 Users

The user table contains accounts for the demonsirgilatform; other applications will probably relg a
similar structure. As is customary, users’ passmreihashed before storage. The e-mail addressbfuser
is kept as well; it will be used to contact thehantof a clip after transcoding.

7.2.2 Upload Accounts

Each user account is associated with zero or mgmad accounts. As discussed in Section 5.5, ainyexp
date accompanies each of these. Passwords ar®imatcally generated and stored without encryption

7.2.3 Clips

Each clip refers to its author, i.e. the user whppdied it. The title and description, as entergdtbat user,
are kept as well. Two timestamps indicate wheruser uploaded the clip and when it was last matlifie

Then we have some information about the file itsedimely the clip’s duration in seconds and thewias-
pect ratio. These will not be filled in until traceding takes place, as they require examininglthe f

Finally, we will also keep track of a clip’s sthtean be:
gueued for transcoding,
in the process of being transcoded,
fully transcoded and hence available for viewing, o
affected by a transcoding error.

Note that there is no column for the clip’s filenanie will simply form the associated filename tycat-
enating the clip’s unique ID with the name of thrariscoding profile used. In the case of a thumbnabe,
it will be even simpler, as we can leave out théler

7.2.4 Transcoding Jobs

A transcoding queue entry refers to a clip thatdse® be transcoded. Such queue entries will beved
when transcoding completes; thus, there will evahtwe far more public clips than queue entridgeré-
fore, this information is stored separately.

Two optional fields indicate the start and end time allow users to select one or more segments for
transcoding, instead of the entire clip.

This time, we do need to supply a source filenasneeall. If we were to assign a unique ID to eadinyesnd
deduce the source filename from it, we would noalble to use the same file as a source for muttls.
We could use symbolic links, for instance, butiekeep it simple.

Strictly speaking, we would have to store souteaedmes in a separate table and refer to them tham
transcoding queue. Again for the sake of simpliaiy refrain from doing so.
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7.2.5 Transcoding Profiles

For convenience, we also store our transcodinglgsah the database. After all, several servesd tteac-
cess the list. The table is modeled as follows:

video quality tl’ag?gf?l(llng audio quality

width channels

Figure 7.2: Entity-relationship diagram for tralrsggrofiles

Most of the column names directly map to tfimpeg2theomptions we discussed earlier. That leaves two
new columns. The first iname which obviously identifies profiles. The secosg@dsitionwhich is used to
order them. We may, for example, want to sort oufifes by bandwidth usage. The first profile instlorder

will also be the default when playing back a clip.

7.3 Home Directories

Because we do not want users to access each atileaded files, each account will be given its baume
directory. This is not apparent from the model abaas the path to a user's home directory willdpetcuc-
ted dynamically. To accomplish this, we will useC_ view.

The view 7 0 will mirror the account table and add t 1 column to it. That column’s value
will be composed of a predefined path, followedhgynumeric ID of the user. For instance, the usih 1D
1001would upload his files t B B

In Chapter 8, we will see how to configure ProF TRDconsult the view for authentication information.
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Once we have our MySQL server up, we can installFdlP daemon ProFTPD and configure it to use the
database for account information.

8.1 Installation

Installing ProFTPD on a modern Linux system shoble a trivial process, as the software is genenziy
able from the distribution’s package repositof¥sa Debian system, we can simply issue the command

23 3 3 1

8.2 Configuration

Of course, there is the matter of further configima. This section applies to Debian GNU/Linux with
ProFTPD version 1.3.1; the configuration will bendiar on other platforms. ProFTPD is well documedte
[45], so examining its manual is recommended.

Debian keeps ProFTPD’s configuration files unc 1 . The main configuration file is called
1 , While SQL-related directives are traditionallypkén 9

First of all, the SQL module and MySQL driver ne&mbe loaded.

'1C10 3 179
'1C10 3 1797 9

Next, we tell the module to use MySQL and informhibw to connect to the database. We can reusedhe a
count information from Section 7.1. Note that seityican be increased by using an additional MyS®geru
account, which is only allowed t"* privilege on the 7 0 view.
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"D'$ 13 9
‘D" # 3 ? 3 3

We choose to store the FTP passwords without argrygriion. Note that various encryption scheraes
supported by ProF TPD. However, as discussed ini@eét5, such a measure is unlikely to make ouliapp
ation any more waterproof.

"D'0O 3& 4

In our configuration, all users will belong to te@me UNIX group and share the same user ID. Thussirt
username will be the only thing setting them ap@ré consult 1 and find that, in our case, the
user has IDL12and belongs to grou@gb534

"D'l 0 %#!3
‘D'l 0 #I3

Because all users now share the same user IDwilidye able to access each other’s files. Thistisvhat
we want, so we will keep every user sandboxedsiindre directory. For convenience, we will als@ hav
ProFTPD create home directories that do not exist.

F 3

We can now instruct ProFTPD to use the databaselgdbr user authentication, as the default grdbpe
configured applies to all of our users.

"D'(0 30

Finally, we tell ProFTPD to retrieve authenticatiamformation from the account view, described irctfm
7.2. We also specify its column names; we can thmitiser ID and group ID, as well as the login khel

"D'% # 3 P 3 3 # 3,%"3,%"3 3,%"

Something we have not discussed yet is how to kandbmplete uploads. If we do not want users talile
to resume their uploads, we can have ProFTPD auticaléy remove the files.
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If we choose not to enable automatic deletion, wehave to devise another method of cleaning woim-
plete uploads. We could, for instance, periodiaaiyove old files from the upload path.

8.3 Verification

Testing the configuration is trivial. We insert @ into the user table and start ProFTPD. Next, ateempt

to log in, using our FTP client of choice. If susstil, we verify that we cannot go up a level foomhome

directory, and that we can upload some files t&f &nything should go wrong, then the log filegdted in
1 may be of interest.
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In our configuration, we have two Web servers, Wigiach serve a specific purpose: the streamingr serd
the application server. In both cases, the instaliasequence is fairly trivial.

9.1 Streaming Server

The streaming server will be fairly spartan. Ouwstfstep is to install the Apache Web server. Asu$sed,
alternatively, we could select1 1 package to save some resources.

23 3 3

Now, we can either configure some virtual hostgustr place our media files under the document.rbbis
is left as an exercise for the astute reader.

Additionally, we will install the Cortado applet dhe streaming server. The applet must not residery
other Web server, as Java applets are subjeddtt@wiasecurity policy which prevents them fromemssing
other hosts than the one they were served from.

Rather conveniently, the Cortado applet is avadldlim Debian’s repositories. All we need to tyge i
23 3 3 1

This way, various versions will automatically belenavailable from the directo 1 on our (Apache)
Web server; in the case of lighttpd, manual comfigian is required to enable it. We are only ingteg in
the file 1 . , which offers support faDdgg withVorbis andrl heora.

Note that additional fine-tuning of the streamingrser may greatly increase its performance. Wehalbse
not to elaborate on this, as the configuration pegters heavily depend on the situation. The coniylext
this matter would greatly exceed the scope ofptiagect.
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9.2 Application Server

Since the application server will act as a cl&¥slt server, not much configuration is required. W# be
using Apache 2 with support for PHP 5 and MySQL,we type

23 3 3 3 1 G3 G 9

Should further configuration of the Apache Web s#rbbe necessary, then the interested reader urdamil
with this task is kindly directed to [46].

For the sake of convenience, we can easily ipsaNMyAdmin44], which will allow us to manage our data-
base using a Web interface.

23 3 3 1

After editing 1 to our liking, we fire up our favorite Web browserd direct
ittothe URL 1 on the application server.
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In this chapter, we will discuss the developmenthefapplication responsible for transcoding usgped
video files. We will identify several new dependenas we go along. At the end of this chaptenwlighen
synthesize a list of required software for ourdcawling server.

10.1 Basic Specifications

To process the transcoding queue sequentially, Weise aPerlscript. Calling it simply 1 might
make it interfere with the Transcode suite discdssarlier in this document; thus, let us avoidcalhfusion
and name the script fil 7 1

Even though overhead would be minimal, the scripk @nly be running as long as the transcoding gueu
has entries remaining. Thus, we will invoke itigeél intervals; aronjob is ideal for this. Should the process
end prematurely, then the cron job will make suamgcoding is resumed. However, invoking the scapt
peatedly might result in multiple simultaneous amtes; we will discuss how to avoid this.

10.2 Initial Actions

This section will cover preparatory actions thépsevill take prior to the actual transcoding preseWe will
briefly discuss the implementation of each of tredmns.

10.2.1 Option Parsing

The script will take a number of command line op8pto override default paths, sehiaevalue for the
transcoding process, etc. T module [47] can be used to pass POSIX style optitins com-
monly used in conjunction wit& 1 % [48], which generates usage instructions.

In the following hypothetical code segment, wewaltbe user to turn on debugging output and speifyg
file for the script. A typical argument listwoubg 1 03 H 4
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03 ‘39 *
03&1 % 39 10
1 3H3> 43
:1 03H3;

* 5
3333>1 01>3H/3J:1 06
3333> H >3H/3J:
83310 58;

In the code segment, we create some variablesngdiaé options’ values, which are subsequentlegdby
reference) tc¢ * 58 . After the call, any command line options that vgresent will be reflected in
the variables’ values.

If the command line contains any invalid optiol * will return a false value. In that case, the
10 58 method will output usage instructions and exithadt return value of 2. In order to create the
usage instructions, th&1 % module merely outputs the documentation embeddethé script file,
which uses Perl’s standdthin Old Documentatidormat [49].

Because of the exclamation mark a1 0 , the option may be negated. Thus, if the user edrnb expli-
citly turn off debugging, he could add the opti 1 0

The equals sign aftt  denotes that the option is followed by a mandat@iyie; to make the value option-
al, we would use a colon. The let 2indicates that the value following the option aslde interpreted as a
tring; there is also support f ntegers an( loating point numbers.

Options’ names may also be abbreviated, providetdtitiere is no ambiguity. For instance, if we adthesl
option K to the above declaration, the user would be abbbbreviate it tc , but not ,
as the latter would conflict with tt option.

The * module offers a number of additional features tlgie not relevant to this project, but
which may be of interest nonetheless. The enthtisiessader is directed to [47].

The reader interested in an exhaustive list of camuis is kindly invited totyg 7 13

10.2.2 File Locking

As mentioned, the script will be invoked repeatediiganing that we will end up with multiple simuieous
instances. As we do not want more than one tranagogsk running at any given time, the code walé
to check for other instances before starting thescoding process.

A commonly deployed solution to this problem iskiep a write lock on a predefined file. If the gcfails
to obtain a write lock on that file, it can exitmediately. For convenience, the instance’s prdbessggener-
ally stored in the lock file.

In Perl, we can implement such functionality usthg @ module [50]. Its 58  function requests a
lock on a file handle and returns a true value upaTess.
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03@ 39 '@% 3
5% L@# 63M/  $! M83 31 3M 3 3 $! 3:1M;3
5% L@# 63* L7 <3N3* L7,$83 34 ;

The*L7< flag requests aexclusiveock, so only the process itself can accesseét*L7,$ flag stands for
non-blockingf this flag were not set, the script would nat able to continue until it had successfully ob-
tained the lock (and the call 58 would always return a true value).

Finally, at the end of the script, we sim| 58 the file handle to release the lock.

10.2.3 XML Parsing

The script will obviously need to connect to theatt@se server, as it contains the transcoding caseuel|
as the transcoding profiles. The information reqdito make this connection is stored in the XML dec
ment we discussed in Section 6.3.2.

The easiest way to parse the XML code is via<c' " module [51]. With one simple call, we can
turn our XML code into a Perl hash, representing thocument tree.

0 3<C'" 39 <C' ;
7 3H3<C'5 % % 8;

If we were to serializz 7 using the! 10 module [52], we would get:

(0]

3333>1 >333H/3> >6

3333> >33333H/3> >6
3333> >33333H/3> >6

3333>0 >3H/3> >6

3333>  1>3H/3> >6
3333>1 >3H/3> >

P

Note that<c' " is far more versatile than one would initially eéxtp we are only using its most basic
features. For an overview of the possibilitiesjterested reader is directed to [51].

10.2.4 Database Interaction

Once we have extracted the database credentiatlsawmake the connection. The standard database lay
for Perl is thei$# module [53].

To connect to a database using DBI, all we needdsmpatibledata source nariée can construct that from
the contents of the XML document.
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0 3!$#39 97
1 3H3MI$# $ H $ i H 8 1 H $ & M:;
:1 3H3!$#/ 5:1 63 $ 63% # 8

3333 31 5M 3 13:Is# M8;

Next, much like with any other database layer, areexecute queries directly. Bound values maydsegas
parameters. The number of rows affected by theygisereturned. Note that if no rows were affecti,
method returnsM M ; the numbel is reserved for errors, which can be caught wiimple operator.

3H3:1 /15 %'()(*(+,-./+ +01(-(+ " +2+3+.-+ +2+3%6
3333% " 63% 83 31 51 / 8;

Queries that return a row set must be preparedsati$equently executed. Next, the resulting rowsbean
fetched as a reference to either an array or a hash

:3H3:1 / 5 %4()(5*+6+,-./+ +01(-(+ +2+3% 8
3333 31 511 / 8;
/405 $ 83 3151 / 8;

35: 3H3: / 7 58830
3333 3M 3#!'3M63: /OM 7 1MP63MJ M;
P

/| 58;

In this example, we also usegarameterthe question mark acts as a placeholder for dheevof the
column. Next, we passed that value4 0 58 . Had there been multiple question marks, then veei
have had to pass each of their values, respebhtirgorder in the query.

For a more conservative approach, we can alsdyspiextype of each column. Instead of passingvtiiaes
to 4 0 58 , we explicitly cal 17 58 for each parameter. Thankstot 97 tag aftero 3!$# ,

we have access to constants which allow us tdspleeitype of a parameter. Thus, to assign a \Valdke

first and only parameter, and subsequently ex¢lcatstatement, we would type:

/ 17 5 63% 6347)"89*(:(- 8;
/405833151 / 8

After the statement has been executed, we procgedling 7 58 like in the example above.

Finally, it is considered good practice to expliaitose the connection when we are done.
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10.3 Queue Processing

10.3.1 File Inspection

The executable can resize a video stream during tdingg but not using the logic we de-
scribed in Section 5.11. Therefore, we will needxamine the file prior to transcoding, calculdie destin-
ation width and height manually, and then pass tter

For this purpose, we will depldyPlayer The 1 switch triggers the output of information that can
easily be parsed. We do need some additional aptaapeed up the process:

3 31 3 33303303 303 !
The switch tells MPlayer how many frames to procassur case none. To suppress audio and
video output, we us 30 and 30 . We can also avoid loading a video codec by ac 30  , as

the required information about the video strearpast of the container itself. However, we do notl:
0 at this point, as the audio codec will tell us thenber of channels. Finally, we need to passrtpeti
filename; note that it will probably reside on aunted network volume.

Among the output of the 3 1 command will be lines looking like

#7Q#! *7+#! FH
#TQ# *TF#FH
#7', FH
#17(%4#*7, FH

which tell us the pixel width and height of thep;las well as its duration and number of audio ok
which we will use later on. Incidental#7Q#! *7("& would tell us the aspect ratio directly, but simee
need the clip’s dimensions anyway, we can just@arithmetic ourselves.

10.3.2 Transcoding

Once we have obtained the required information, cae finally invoke to do the actual
transcoding. The command line is fairly straighttard; a typical example would be:

3
++++ 01 90 3 3 3 + 19 3 3 13 3 3
++++;; + !
++++ !
If we only wish to encode a certain range, we daktlae and 1 switches, each followed

by a timestamp in seconds. Also note that we chooso alter the clip’s frame rate.
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10.3.3 Thumbnail Generation

Finally, to create a thumbnail image for the vidéip, we can again use MPlayer, be it with a sligtiffer-
ent set of switches. This time, the command line is

3 3 013 3. 01 H 3 3B3 3 3 !

This time, we are only interested in the clip’seddThus, we disable audio altogether by usin¢ 01
option, which is equivalentt 30 3 30 , and set the video output driver. . This will generate
an image file for each frame in the directory dtiby theo1  option; we can also specify a numeric
JPEG quality setting, but the default setting vadth. We do not use th.  switch, as we want MPlayer to
determine the used video codec automatically.

Because we only need one thumbnail image, w 3B . Rather than generating an image of the very
first frame, we will seek to a time in secondsspdaising the  switch; the timestamp corresponding to
the exact middle of the clip is easily deduced filoenduration we obtained earlier.

Sadly, we do not have any control over the namtheffile this command generates; it will always be
B. . As the script is limited to a single instancestis not a major inconvenience.

There is however another problem: when using. output driver, the image is not resized, evemi o
specifies dimensions on the command line. Thu$erathan just renamini B. , we will actually
resize it using the logic described earlier, daedsulting image and dispose of the originalsifoplify the
task of resizing images, t# K Perl module [54] exists.

10.3.4 Post-Transcoding Actions

Once the script has transcoded a file, it can updlagé associated clip’'s record in the databasehwiiil
render the clip public. In addition, if no other gue entries share the current source file—remethberl
file can act as a source for multiple segments—eangemove it.

Recall that we decided to notify the author of ip elfter transcoding. Rather than sending e-madilgight
from the Perl script, we will take a generic applodhe o0 option will allow one to specify the
command to execute after a transcoding job congpl&ienilarly, the 0 option will handle hiccups.
Whenever such a command is invoked, it will take ¢hip’s identifier as a command line argument.

One might argue that tht o and 0 command line options could be aggregated into a
single one, e.c . After all, the command only receives the clipnitfeer. Therefore, it is likely
that it will connect to the database to obtain diddial information, including the clip’s state. Hewer, the
separation allows for maximum extensibility. Weldpfor instance, add an option for a command teoke
before a transcoding job is started, and/or spedififferent list of command line arguments in eaabke.

Finally, if any jobs remain, the script starts semding the next clip in the queue. Otherwise, gueue is
empty, meaning it can safely exit—until the nextoication of the cron job.
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10.4 Shared Code

In Chapter 11, we will develop two additional utés which share some features with the transcostinigt.
As it makes sense to harbor common code in a deddmary, somec 7 1 's features are actually
implemented in &erl modulealled* . It mostly contains static methods related to Hatse interaction
and logging. We will not elaborate on the developtraf Perl modules here; the interested readeinidlk
directed to Perl’'s documentation on the subjegt,[65].

To import the module into our scripts, we simplydaitie lineo 3* ; to them. However, there is a catch.
Perl looks for modules in iiaclude pathwhich is unlikely to contain the directory whe is located.
This can be sorted out in a number of ways. Fdaimse, we can

move* too G , the standard location for manually installed medwn Debian,
add the path wher* resides to th& "#$ or& 'G#$ environment variable, or

add theo 3 pragma to all of the scripts, e.g.

033 % %

Note thato 3 should be a last resort, as the modificationsneild to be repeated after an Ovis update.

10.5 Software Installation

10.5.1 Dependencies

Over the course of this chapter, we have hamediple®f supporting packages for the transcodinigptscr
The following command will take care of their irlktion on Debian:

23 3
3333 3 3
3333 4 31 311 9
At the time of this writing, the# K Perl module is not available from Debian’s APTasipories.

However, it does have th@D library, which the module depends on. Thus, weaithits Perl bindings:

Then, as# K itself is listed on CPAN [54], we can install isimg the CPAN shell:

23 3# K
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10.5.2 Scheduled Execution

When all the dependencies have been taken caveeatan set up the cron job. Those unfamiliar wittnc
can find more information at a number of sourcesijristance [56].

Note that the script needs to run under a user @agcthat has write access to both the source ditees and
the destination file server; we discussed how ¢oNIsS for this in Section 6.3.1. A dedicated usszoaint,

e.g. , is generally a good idea.
Now, say we want to exect 7 1 every 5 minutes as tl user. We start by typing:
23 303

This fires up our text editor of choice, allowing 1o the edit our personatontabdocument. We then add
the line below, save the document and exit theoedithich will schedule the job.

=G3=3=3=3=3 7 1

This entry assumes that the shell will be ablerntd 7 1 using the:&(F environment variable.
Alternatively, we could just specify the full padtso, command line options may follow.
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In this chapter, we will briefly discuss the depatent of two additional utilities that support opltatform.
The first will be used for maintenance, the secaiitlsend out an e-mail after every transcoding job

11.1 Janitor

In Section 5.5, we discussed the introduction ofFFaccounts which expire after a given time pekidghile
it is straightforward to check an account’s exgate upon access, we do not want the FTP accobid ta
fill up with expired accounts. Thus, we will deyebsimple utility to remove expired accounts.

In addition, if a clip’s database record disappeaeswant the associated video file to be remogededl.
Thus, the same utility will also remove video fiéesl thumbnail images that no longer have an astsati
database record. Note that the demonstration paltes not allow users to remove their clips; howéwe
Dokeos version of our software will rely on ityals most third-party implementations, presumably.

The utility will be callec 7. , for obvious reasons. Like the transcoding apipticait will be aPerl
script, which is invoked periodically usicigpn As mentioned in Section 10.4, it will rely

Upon execution 7. will perform two tasks:
remove records fromtto 17 0 table whosi4 field is less than the current time, and
retrieve all clip IDs from th: table and use them to remove stray files frond#éstination file server.

If we place the script on the transcoding serverda not have to worry about dependencies orya&éem
shares,a 7 1 's requirements include them all. To increase perdmce and/or minimize network
traffic, the scripttouldf course be placed on a different server if sacgs

Thus, 7. will optionally take the path to a data sourcerdgbn file, as well as the mount points
for the directories containing video files and thamail images on the destination file server. Evilyethese
command line options will again be parsed usin¢ module we discussed in Section 10.2.1.
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11.2 Postman

Section 10.3.4 mentions options 7 1 , Which instruct it to execute any command after a
transcoding job has been carried out. In the cAseiodemo, we want this command to send out anagtm
to the author of the clip in question. So, let wsdlop such a script.

Note that, as opposed 1 7. , the postman script will be specific to the denmion platform.
Needless to say, though, that other installationsildl probably be able to use it as a starting point

11.2.1 Basic Specifications

Yet again, we will write a simpkerlscript, based o* : this one, we will ca 7 . We have
already outlined its purpose: to retrieve usefidrmation about the clip and its author from thetalzase
and to inform that person of the result via e-mBiatabase access was covered in Section 10.2vé, @aly
have to find out how we can send out the e-mail.

11.2.2 Sending E-Mall

A clean and object-oriented way to send e-mailsfeoPerl script is thc#c module. It automatically
selects the most suitable method to send the messagUNIX systems, this means invoking the system’
1 MTA, while on Windows, the default SMTP server ¢®ntacted directly. [57]

Sending a simple text e-mail usic#c could not be more straightforward. We first createobject
representing the message and then ce 158 method.

0 3C#C
3H3 3C#C ' 5
3333>@ >3333H/3 <. + += > # &< 6
3333> >333333H/3 <@ >& < 6
3333>"0. >3H/3 <4 A+%B+: C +4 %< 6
3333>! >3333H/3 <D + + +%B+: C +4 %+ + #+ & E<
8;
/ 158;

By explicitly passing a method 158 , we can override the default. Although this canseacompatibility
issues, it may, for instance, be tempting to faineeuse of a specific SMTP server instea 1

/ 15> >63 < < 8;

Note that, as its name sugge<c#C ' is capable of adding attachments to messageseawihg rich
text. Thus, we could, for instance, create a nisgfled message, including the thumbnail image wad
generated, or even the Cortado applet itself. Hagawt everybody appreciates rich text e-mail.
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11.2.3 Software Installation

Touse 7 , we will first need to install thc#c module. In addition, we will instalPostfix a
well-known replacement fddendmaijlwithout the notoriously tedious configuration pess.

23 3 3 3 4

The actual configuration of Postfix greatly depeadshe network infrastructure in question. Therefove
will not elaborate on this particular task; intratiory information may be found at [58], among other

The next step is makin 7 1 invoke 7 after every transcoding job. In Section 10.3.4,
we discussed tt 0 and 0 options, which we will now use.

If we were to pas 7 to 7 1 directly, we would be overlooking something. llstour
other two Perl scripts 7 will be accessing the database. As such, it takgsath to a data source

definition file, as described in Section 6.3.2aa®mmand line option.

If we are dissatisfied with the default pe 1 0 4 , we will need a trivialvrapperscript.
Letusaptlyname ' 7 7 —sounds esoteric, no? Its contents speak for tHeesse

2l

31 0 H 3B

Then, we caninstruc 7 1 to invoke that when appropriate. Thus, the comméind becomes

3 7 13 F G

++++ 0 H " "H

3333 OH "oy
Note that the same wrapper script handles both wvéyiter all, 7 can use the clip’s identifier to

retrieve all the necessary information about dluding its state. Thus, based on that informatithrg, script
can send the appropriate notification to the clguighor.






17 UPLOAD APPLICATION

In this chapter, we will discuss the developmerthefJava application for uploading video cliparidvis-
based streaming video platform.

12.1 Reusable Software

In Section 5.4, we decided to use the FTP protdoolploading clips to the platform.

As FTP is common, initially, it would seem as thbutpere are a number of open source Java FTP applic
tions and applets, which could be adapted sligiatisuit our needs: [59], [60] and [61], to nhame laufew.
Unfortunately, closer examination reveals thatdha® either poorly designed or too complex. Tioegef
borrowing a full-blown graphical user interfaceis of the question.

Fortunately, we do not need to develop the raw Hayer itself. A number of libraries exist for tpigrpose,
as laid out in [62]. We will select the open souAggache Commons Nietary [63], because the Apache
Commons project is well respected and actively taiaied.

Rather than focusing on uploading video clips gtraway, we will first develop a generic Java Gadjoin
for uploading files via FTP; this will be discusse@®ection 12.2. The application will subsequestyve as
the base of the video clip uploader. In Sectior3,1&e will see how to accomplish this.

12.2 Generic FTP Upload

We will now elaborate on the development of a senjava application for transferring a set of abyjtfiles
to an FTP server. The resulting application mayob@&se to those looking for a simple FTP uploaeé i
both as an applet and as a standalone application.

As mentioned, the software will rely on tAgpache Commons Natary. The application’s GUI will be built
using the standar®wing[64] toolkit. In addition, to provide a familiaiobk and feel, we will make use of
free standardized icons from thango Desktop Projis].
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12.2.1 Main Scenario

A typical usage work flow will take place as foiow

1. The user enqueues a number of files.

N

The user indicates that he desires to start filead process.

The application connects to the FTP server.

W

The application logs in.
5. The application changes the working directonydg€essary.
6. The application uploads the enqueued files sealign

7. The application marks processed uploads as ctedple

12.2.2 Alternate Scenarios

Firstly, the user may chooseabortthe upload process at any time. We will use Jstaaislard thread model,
which is documented in [66], to achieve this.

Secondly, the FTP protocol also suppagsumingiploads, using th&& command. Unfortunately, due to
the limited time frame of this project, this sulijegll be left untouched.

12.2.3 Architecture

The FTP uploader is defined in the Java pack . It contains a number of subpackages, the
most important of which are

, which contains the core cl¢ ,aswellasth interface,
, which is in charge of everything related to nekvnapmmunication, and
0 , which provides the Swing-based GUI.

Let us briefly discuss the contents of ' ando packages.

12.2.3.1 Networking Classes

The clas% 1 is the application’s gateway to the Apache Commdeslibraries’ FTP client. Its
purpose is to log into an FTP server, change thekiwg directory and upload a single file at a titdsing

an observer patterit notifies its registere & instances of uploaded byte amounts.
An instructive example of a Commons-based FTP tl@m be found in [67]. For implementation details,
the astute reader is kindly directed to the sooamke ol 1 , which accompanies this document.

To transfer multiple filess % 1 is introduced. This class is similar% 1 , but is able
to connect to a server and uploa with a single call t¢ 58 . It extendss$ ,
which, through a more elaborate observer pattestifies$ ' instances of every event.
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12.2.3.2 GUI Classes

The graphical upload application is started by iiogdhe main clas® 1 . This merely createsR@
containing ar% 1& . The latter is eR& which sets up Swing components, as is custontaaisd
creates $ % 1 and acts as i$ : ; as such, the upload application more or less
implements anodel-view-controllarchitecture.

The most important part of the GUI is the list ofansfers. It is visualized using an extenr called

. Its model is ¢ c1 , Which is not only a Swin( c1 , but also
implements the interface. Thus, it is directly passedto$ % 1
To display icons and progress bars in the tranafie, a set ¢ 1 classes is used. These are
contained in the subpacka 0 1

12.2.4 Speed Estimation

The FTP upload application keepsstding windowof byte amounts transferred, which is updated fateml

frequency. Thus, it remembers the most recentlystierred amounts and, at fixed time intervals atds the
oldest among those amounts in favor of a newly dade. If the sliding window b by ... b, } is updated
after every time interval the average connection speed readily obtained using the expression

n
b,
i1
nt

\Y

Dividing the number of bytes remaining by this sbéeen yields an estimation of the required trantsfee.

12.3 Video Clip Upload

As mentioned earlier, the generic FTP upload apion we just discussed will now serve as thedidbe
application for uploading video clips. Thanks te tmodular design of the generic upload applicati@ncan
seamlessly integrate the necessary classes.

12.3.1 Additional Features

There are three main features that Ovis’s uplogdicgiion adds to the generic FTP uploader. Thasead
implemented in the 0 1 package.

The user can define a list of clip segments toterfam the video file. By default, this list coims. one
segment, namely the entire clip.

When files are added, they quietly receive a randedestination file name. This way, chances afiena
collisions are slim. If the transfer fails, the mai® again randomized, as a precaution.

Upon completion of an upload, the Web service isfied. Additionally, to ensure that the Web semirs
available, its version information is requestestatup.
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12.3.2 Architecture

The package model of Ovis’s application for uplegdiideo files is more or less similar to thathaf fjeneric
upload application. Key packages that compris@ppéication are

0 1 , which contains core classes,
0 10 , which extends the generic uploader’s Swing Ghd, a
01 , which provides classes for accessing the Welceserv

Let us now take a closer look at the classes cautan each of those packages.

12.3.2.1 Core Classes

We significantly extend the generic FTP upload &ailon’s model by introducing tr * class in
0 1 . Evidently, this will allow us to represent seginigfiormation, i.e. a segment’s title,

along with its start and end time. For conveniertbese times are represented by the newly intratiotzss
, which easily switches between human-readablerepesentations and (internal) long integers.

The transfer of a file which may or may not desemhultiple segments is modeled using
class; evidently, it extends the gen class from Section 5.4. In addition, its conston@ssigns the
transfer a randomized destination file name; thigits name will almost definitely be unique.

12.3.2.2 GUI Classes

The user interface for the clip upload applicat®displayed in Figure 12.2 at the end of this ¢aapn the

0 10 package, we fin % 1 , Which is the application’s main class. Similaitso
generic counterpa% 1 ,itismerely iR@ fora % 1& . The panel in its turn is an extent
of the generies  1& , adding two features to it.

Firstly, until a transfer is initiated, the progsebar is replaced with a simple hyperlink. If treemeither
clicks that link or double-clicks the transfel & ! will pop up. This is a standanR! :

which contains a (fairly complex) editar , allowing the user to manage the segment list. diadog
window is displayed in Figure 12.3 at the end & tthapter.

Secondly % 1& is responsible for notifying the Web service. Rebat the generi© 1&
implementeds ' . One of that listener class’s method: " 158 , Which
gets invoked whenever the state of a transferet changes. Thus % 1& overrides

this method to contact the Web service whenevearster receives the ‘completed’ state.

Making contact with the Web service is expecteddamplete momentarily. Nonetheless, while waiting fo
the operation to complete, the GUI becomes unakkglarherefore, the helper cle ( ! is
introduced. This is another! , which takes an implementation of the interf 1 , and waits
for it to complete. If the awaited task is stillhning after a certain period of time, the dialoghvdow pops
up, waiting for the task to finish. This way, thear will not be bothered unless absolutely negessar
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12.3.2.3 Web Service Classes

Traditionally, creating a Web service client is tefa Java IDE for the most pafEclipsewhich is a popular
choice for Java (and other) development, can takSBL document and set up a SOAP client, provided
that we first install itdVeb Tools Platforig9]

As documented in [70], we simply supply the URLttee WSDL document and let Eclipse generate the
supporting classes. This also adds the reqiithe AxigZ1] libraries to our project. We can omit some
of those libraries, as well as large parts ofakalting code, as we will not be using all the fionality the
generated client has to offer. This will limit tdewnload size a bit.

Note that we have yet to develop the Web servidfitthis will be discussed in Section 13.8. Nbaletss,
we can already note that the Java pac 01 , containing the client side to this Web
service, contains two classes. The fir& 4 , which facilitates access to the Web service. Sédeond is
called" ; it is a serializabl@avaBeaglass, which represents segment information.

12.4 Signed JAR Files

As discussed in Section 5.3, we will be makingafiskava Web Start to launch our application strafghm
the Web browser. Our application will require asctsthe local file system, to obtain the conterftshe
files to upload. Consequently, Java Web Start reguhat we sigall of our JAR files, in order to allow users
to verify their authenticity. [72]

The process is described in [73]. JAR files casitpeed usindeysThe authenticity of these keys is verified
by digitally signindhe files using<.509 certificatek this section, we will look at how to generat&ey for
ourselves and use it to sign the JAR files.

12.4.1 Generating Keys

First, we need to have our oy Keys are stored inkaeystorevhich is protected by passwordach key is
identified by aralias

Keystores can be managed using utility. Its most basic invocation goes
3 3
After answering the questions, we will have a kegstallec in the current user’s home directory.
It will contain a single key, identified by the cemt username. We can specify an alternate aliag tise
switch and override the keystore path using switch.
Obviously, can do a lot more. The interested reader is kimtitgcted to the full list of commands,

available by invokin 3

6 Web Service Definition Language (WSIdkhments formally describe a Web service’s ader{68]
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12.4.2 Signing JAR Files

Now that we have our key, we can use it to signJ&ie file. The utility to use here . . If we want
tosigno 1. using the key with the alic , we issue
3. 3 1.3 @ 3 @ 3&&

Note that using the same path for the unsigned #redsigned JAR file will throw an error.

Like , this utility offers the switch. The password for the keystore and thedagyalso be
passed on the command line, using and switches, respectively.

12.4.3 Certificate Authorities

The simple process described above allows usrtagigJAR files. However, there is a catch. If aenich
the application from Java Web Start—we will see ho@ection 13.7—, we end up with a warning dialog
like the one displayed in Figure 12.1.

The application's digital signature cannot be p ) .
verified. Do you want to run the application? V
Name: Clip Uploader

Publisher: Tim De Pauw
From: http: //dokeoslcms

[] Always trust content from this publisher

'7“ The digital signature cannot be verified by a trusted source.
\:/f QOnly run if you trust the origin of the application

More Infor mation.

Figure 12.1: Java Web Start authenticity warning

The reason for this is that we are usinge#f-signedertificate. To avoid getting the warning, we wbbhve
to obtain a digital signature from a trusteettificate authorityWe will not elaborate on this common process;
the interested reader is kindly directed to [74].
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12.5 Impressions

Since a picture is allegedly worth more than a slamd words, we conclude this chapter with two scree

captures of the clip upload application.

£ [hcal Clip Uploader A [ T s
Actions
Add Files Remove Files ° Cancel Transfer .. Clean Up
Files
Name Size | Progress
A Grazing Sheep 22,732,264 bytes

ﬁ Meadows of the World 93,357,738 bytes -Ill:u7 at 9602.56 KB/s
Messages

Changing transfer type to |

Starting upload of "A Crazing Sheep.avi"

Successfully uploaded "A Grazing Sheep.avi"

Enqueued 1 clip(s) for conversion

Starting upload of "Meadows of the World. awi"

Figure 12.2: Clip upload application in action

= [=a Wool Production el
% Add Segment Remove Segment
Title | From | To

Shaving Sheep 00:01:05 00:08:12

Pracluction of Lambswool ] OE: 145: 35 End
—
Save Segment List

Note: Times are in HH:MM:SS format

Figure 12.3: Segment editing in the clip upload application
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Our servers are running, our transcoding applicasowaiting for input and our upload applicatiaready
to be deployed. Hence, it is finally time to putlt together and start developing the Web frontien

In addition, we will take this opportunity to expment with features newly introduced in PHP 5, wihnic
may also be of interest for future Dokeos versions.

13.1 Class Names

A common problem in PHP is that there is no direcapping between classes and file names. As sugly, ev
source file that references classes defined elsemist 90 the relevant source files. This rather tedious
task can be avoided.

Every time PHP encounters an unknown class nanpgsgses that name to t7zo 158  function. [77]
We will define the function in such a way that thes a direct relation between the class name langadth

to the associated source file. For instance, thes* 7@ 7$ would automatically be loaded from the
path* @ $ . As PHP does not support name spdctss does mean our class names will
turn out fairly long. Setting PHP’s include path8J7appropriately will also improve code readability

There is one major downside to t770 158  technique. Once the function has been definedgl® no
way to extend it. This means that, if two sets lesses each rely on their 0770 158  function, they
cannot be used simultaneously without again retgfithe function, so it combines the functionaliby
both. This is just another shortcoming of PHP tradgvelopers have to live with.

13.2 XML Parsing

We will again have to parse the data source definiile from Section 6.3.2. In Perl, we us<C' " ,
which we described in Section 10.2.3. PHP offesgdlar API, calledSimpleXML[79].

7 Name space support was planned for PHP 5 at fitgtthen delayed until version 6. [75] [76]
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To parse our XML file, we first read it into a stg, which we then pass" <c' 's constructor.

3H3 7 7 5 % % 8;
3H3 3" <C' 5. 8§

This will parse the file’s contents. Then, muclelikith<c' " , we can access the child nodes’ values as
properties of the  <c' . For instance, we would obtain the database nanfellaws:
11 3H3: /1

13.3 PHP Data Objects

For good measure, we will make abstraction of th dayer using the PHP extensi®hP Data Objects
(PDO) [80]. A number of alternatives exist, most notasty MDB2 [81] and ADOdb[82]. PDO, however,
ships with PHP by default and offers a fairly cléaterface. Note that when we installed MySQL suppo
for PHP in Section 9.2, we also implicitly addedatPDO.

PDQ’s basic approach is similar to that of its Reguivalent DBI, which was discussed in Sectior2.20.
The first step is to create a connection objedhbtantiating thea!* class.

3H3 5
3333&!* ( 7 C*I3H/3&* C*7< &#*6
3333&!* ( 7& "#' ,3H/3 0
8;
:1 3H3 3&!*5
3333M H $ ; H $ 1 H $ & M6
3333% 63% # 6
3333:
8;

Apart from the standard connection information, weass some options to the constructor.
While a lot of developers are not aware of this,FPBH has a full exception model. [83] By setting the

&* (7 CcH option to &* C*7< &#*, , we enable exception-based error reporting. Using
74 7 1 58 , we can then define a single exception handlertferentire application. [84]
The &* ( 7& "#", option makes connections persistent, which carrdamg performance.

Once we have our database connection, we havee® obgthods at our disposal for executing queries.
first is the trivial4 58 object method, which is suitable for queries thanot return a row set.

1 /45  %-HHBHE+ % 8
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The second method 90 58 , which provides equally trivial support for querileat do return one or more

rows. As theg!*" class implements tt interface, PDQO's result sets can be iterated over
using the statement.
35:1 /90 5 %4()(5*+6+,-/+ % 83 3: 830
3333 3: S % "% T63M- /M;3
P

The most versatile method is to use prepared stet&snFirst, using the 58 method, we obtain a
&I object. In the example below, we also usamaed parameteglled 0 7

1 3H3:1 / 5 %4()(5*+6+,-./+ +01(-(+ "I +2+A "I % 8;

The obtained statement may then be used one or times. Each time we want to use it, we first assig
value to each named parameter. Next4 0 58 the statementan 58 the resulting records.

/[ 1& 5 %A "l %J+$ "l 8;
/4 0 58;
35: 3H3: / 58830

3333 3: S % "% T63M- /M;3

P

Note that 1& 58 takes two additional parameters, namely the paensdype (a constant from [85])
and its maximum length. If omitted, they are dediifm the variable. Thus, a safer approach woald b

/ 1& 5 %A "l % 63% " 63H'.AAHB-B/"4*- 63  8;

In the example above, we trea: as an associative array. Alternatively, a numbalteynatefetch modes
are available, which some may prefer. They areadeti by specifyin 58 s first parameter. [86]

Once we are done with a statement or connectioaabpjve simply destroy the variable and let itérde®r
take care of freeing up resources:

Note that PDO does not provide the means to limitoav set’s size (i.#C# 3463 in MySQL), or to quote
identifiers (e.g. database, table and column names)river-specific fashion. Therefore, if onairswvilling

or unable to adapt one’s queries to support diffedatabase vendors, MDB2 is likely to be a bettesice.
However, as the MDB2 developers themselves adimi, $ort of abstraction will sometimes cause more
problems than it solves. [87]
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13.4 QuickForm

Dokeos uses thFC'7D0 @ [88] package for an object-oriented approach toNHTforms. We will use
itS success(F C'7D0 @ [89], which is a PHP 5 rewrite. While it is stilh alpha testing, it is functional
and offers a few new concepts worth investigating.

The documentation for QuickFormz2 is largely unfimesl, but the development wiki provides some insight
into the API. [90] In addition, the package comeg&msome useful examples. [91] [92]

QuickForm's basic idea remains the same in thisicew The form is an object, which contains selvienan
element objects. Upon submission, the for 1 58 method will not return true until each individual
element validates. The validation API itself, hoeewas changed quite a lot. An important improvatrie
the ability to chain validation rules. For instancensider a text field that can either be left gmer filled in
with at least 4 characters. This would translatthtofollowing compact statement:

1/110 5M M8
3333/ 75: 1/ 0 5M M63 %* + E% 63 88;

Similarly, there is al 1758 method, to require that both conditions be metsihgle statement can chain
any number of rules, as long as operator precedetaleen into account. In addition, code readapitian be
an issue with complex rules, like some examplE]n

Just like in the original QuickForm, several prated rules are available. For example, we mayecrelss
based on regular expressions or implement our alilvack function.

13.5 Model-View-Controller

While severaMVC frameworkexist for PHP [93], we will be setting up our owasic MVC implementa-
tion; this way, our code’s legibility will not barbdened by the introduction of an additional featset. We
are not developing a considerably large applicatigmwvay, and the Dokeos code base does not udd\&oy
frameworks either at this point.

First off, all classes that are only related todamonstration portal (and not part of the undantyiibraries)
will have a name starting wi* 7! . This will allow us to clearly separate the dentration portal from
the underlying libraries, and even distribute tbhearies individually.

Classes belonging to tmeodelvill all be contained in the libraries. Thus, theyl simply start withx . An
example is the class representing ¢+ 7

The view classes will all have names starting v 7! 7Q ; for instance* 71 7Q 7
would be the registration page. In addition, thassles will all extend the abstract ¢+ 7! 7Q itself,
thus making various Ul-related methods availabteddy from the view object.

Finally, thecontrolleclasses have names starting \+ 7! 7 . As is often the case, many of
their methods simply delegate the task to the dagaager.
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13.6 URL Rewriting

To make URLs more readable, as well as to optirthizen for indexing by search engines, a lot of Wedss
rely on the 17 Apache module [94]. This module provides the &pito redirect URLs internally,
based on regular expressions.

By creating a file calle in the application’s root directory, we can apgyne additional Apache
directives to it. [95] The 17 module adds a number of these directives.
As 17 's feature set is rather extensive, we will refirmim covering it in great detail. Instead, we

will briefly discuss the directives required for application. The reader interested in harnes#egrewrite
module’s true potential is invited to examine [96].

The first directive is necessary to initialize tberrite engine.

3*

Next, we will set the base URL for rewriting. Th#snot necessary in all cases, but can avoid prebMote,
however, that the path will need to be modifiethié application is not directly under the serveatro

$ 3

We will redirect every request for a nonexistetth pa 1 4 using the following directives:

13A0 D% " 7@# ,(C P3lI
13A0 D% " 7@#' ,(C P31
03314 AO D% " 7% #P3S'T

When a path is requested, we first ensure that itdither a regular file, nor a directory. If batbnditions
are met, the path is matched against our (triviedjular expression. The value D% " 7% # is an absolute
path, so it will always start with a forward slaShnsequently, we can directly append it to the URBtbring
it in the &(F7#,@* environment variable fc 14

Then, 14 can take over. Usingfactory patterim the* 7! 7Q class, the requested path will be
split up and interpreted as a view URL, followedopyional arguments.

For instance, if we were to request the U 4 7 1 , an instance of the
clas 71 7Q 7@ $ would automatically be created. The object’s asguriist would subsequently
be settc 5> >63> 1>8 .Finally,its1 58  method would be called, rendering the page.

For implementation details, the avid reader istewvito examine the source code of the view clasbash
accompanies this document.
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13.7 Java Web Start

In Section 12.4, we signed all our JAR files, socaudld launch the clip uploading application thrbutava
Web Start and allow it access to the local filéesgsBut how do we invoke Java Web Start?

As explained in [72], Java Web Start is launchee&nmhJNLP document is encounteredNLP stands for
Java Network Launching Proteewl is Sun’s protocol which defines the launcimmghanism for Java Web
Start applications. A INLP document is an XML docent that defines the application’s characteristics.

By serving documents with tt 4. . MIME type, we can tell the Web browser to
launch Java Web Start—provided that the Java Rnfimvironment has been installed. Just to be sadfe,
alsoaddi ! HTTP header to suggest a file name that end.

The general structure of a JNLP document is as\il

- 3 HMB UM

33333333 1 HM A M3 HM 7 M/
3333- /

33333333=E;;+: + ! +& + + +:2

3333- /

3333- 0 /

33333333=E;;+4 + + + + +:2

3333- 0 /

3333- 0 /

33333333=E;;+- + + + +H# o+ +?

3333- 0 /

3333- 13 HM 0 10 % 1 M3/
-

The document’s root element contains the URL to duele base, and a relative URL to the JNLP filelits
Because we cannot pass FTP authentication any ethgrand we do not want to burden our users with
supplying it manually, it is included in the URLg Bection 5.5, we discussed why this is accepfBinles,
the code above would result in an FTP session thghusernams B and the passwor GV

In the - 1/ element, we have already filled in the name ofagyglication’s main class; upon
execution, itt 58 method is invoked. Next, let us look at the othbkild elements.

First, we have some some basic information abauapplication.

/

3333- / 3% 1- |/

3333- 1/ 3!13&0- 1/

3333- 3 HM M/

3333-1 / 3% 1-1 /

3333-1 3 1HM M/% 1313 - 1 /
/
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Then come the application’s security settings. \Miththis segment, the application would not haveeas to
local files. Thus, it is also the main reason whkyhad to sign our JAR files in Section 12.4.

-0 /
3333- /
0o /

Finally, the document lists the resources thatapplication relies on.

0o /
3333-. 3 HMB GUM3 HM . 0 10 01 . M/
3333-. 3 HM A @ & # @ M/
3333=E;;+K+ + +LB-+M-) +K+;;?
3333- 3 HM 0 1 M3 0 HM M/
3333=E;;+K+ + + + +K+;;?
o /

The first resource is the Java platform itself,rupdich a minimum version is imposed. Our applicatis
compatible with Java 5 and up.

Then come the most important resources: the lisOAR files that comprise our application. In ousea
there are quite a few; we only list one, as otheres are obviously similar.

The third and last type of resource is a systenpgty, equivalent to those ordinarily passe.. using
the | switch. We use system properties to pass the Fofipection information, as well as the URL to the
Web service. Again, we only list one of these.

13.8 Web Service

The* 71 7Q 7+ class will expose our Web service, contacted éoglih upload application
whenever an upload completes.

PHP comes with &SOAP extensi¢@7], which allows us to implement a SOAP seryecommon approach
is to expose an object’s methods via the servee @e have our object, we assignit" " and let
that handle the request. Constructing the servews edquires that we specify its URI.

3H3 3" " 5063 5>0 >3H/3 $ 8s;
i =, 5 $&@ 8
/ 1 58;
Note thatall of : . 's methods are exposed via the Web service. Therafe will use facadelass to

ensure that only relevant methods become available.
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As mentioned in Section 12.3.2.3, a WSDL documentequired to automatically generate a Java Web ser
vice client. One would expect that WSDL generatioould be automated in PHP, much like in Java EE
or .NET. However, the available implementationsviea lot to be desired:

The SOAP extension mentioned above is unable tegee WSDL altogether.

Despite strong connections to the Apache projé¢§0O2 WSF/PHR98] is severely limited in terms of
parameter types.

The more obscuré/ebservice Help@®] handles non-native parameter types betterthe WSDL code
it produces appears to be invalid.

Thus, the final version of the Web service simpytains a hard-coded WSDL document. The interested
reader is kindly directed to the source code o* 7+ * PHP class.

13.9 Software Installation

13.9.1 Dependencies

We discussed the installation of Apache on Debia®séction 9.2. However, before we can set up our We
application, we need to take care of additiongedeencies introduced over the course of this enapt

The 17 module is installed with Apache by default, but enabled. To activate it, we simply need
to create a symbolic link and restart the server.

2333 1 13 1 1
23 1 3
The FC7D0 @ package is not available from Debian's reposgphiet we can easily obtain it using

the PEAR installer [100]. As this is the first tim@e encounter that installer in this document, ustfirst
make sure that we have it on our system.

23 3 3

Now, to actually install thFc'7D0 @ package, we issue the command below. Note thex: ,
which confirms that we want to install a bleedintye package.

23 3 3FC7D0 @

As previously discussed, these instructions onlydp Debian-based systems. Other platforms magyire
the explicit installation of other software intramkd in this chapter.
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13.9.2 Application

Once the requirements have been met, we can itiséallVeb application in three easy steps.

1. Place the source files inside the Web servecisndent root

2. Edit to configure the platform.
3. Runo either from the command line or in a Web browser.
The script will simply set up the database tablesil&ity, 0 will remove them. It

Is therefore not a good idea to expose these tmmtswia the Web server. As a security meast
file in the o directory blocks all Web access to that path.

13.10 Impressions

To conclude this chapter, let us again take a latokome screen captures of the fruit of our lahaet of
video clips that are freely available from litternet Archivgl01] are used as sample content, namely [102],
[103], [104], and [105].

Qe My Clips = Ovis Demo - Swiftfox TP TE R
Fle Edit View History Bookmarks Tools Help
& - & [@] | http:jfovisjmember/my_clips/ v | [G]* |Google @,
My Clips Home
Bayer Commercial Texaco Commercial Preferences
[®] Queued for conversion _ Public Add Clips
() oo:s3
My Clips

Logout

Lipton Ice Tea A Tale of Two Kitties

Commercial

Public
Public (&) 07:14

) oo:s9

Commodore 64 Visit to Picasso

Public Public

JEAN LEIERISSEY
- PSR EE08Y v .y
() 28:28 T— (>) o1:18

Done

Figure 13.1: Personal clips at the demonstration portal

8 If the application is placed elsewhere, $ directive discussed in Section 13.6 must reflast t
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Commodore 64 - Ovis Demo - Swiftfox

Ele Edit View History Bookmarks Tools Help

| v & |@‘http:ﬂovis]c|ip]2] " ‘ |v |Goog\e

Add Clips

Clip Information

() 28:28
(8] tim
[51] z008-05-18 23:39

Other Versions

HIGH [¥] Download
LOW [> Play @Downlnad

Applet com fluendo player.Cortado started

Figure 13.2: Clip playback at the demonstration portal
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We have arrived at phase two, in which we will ftegrating the Ovis video streaming libraries wtitle
PointCarré e-learning environment. This chapter gldoalso be instructional to those wanting to inpmate
Ovis into their own software, as it will list thetens required to do so.

14.1 Dokeos LCMS

As mentioned, PointCarré is based on Dokeos. Thisnediately presents an important choice: currently,
there are two entirely separate development branohéokeos, which we will have to decide between.
There is the original code, deployed in productemvironments, but there is also the more redeokeos
LCMS, which stands fotearning Content Management Sygt06]

Dokeos LCMS is an extensive rewrite of the Doketadfprm in clean object-oriented PHP 5. Whereas the
original Dokeos is heavily course-centric, Doke@MS revolves arountbarning objecishich are abstract
representations of entities that may aid the lesynirocess. Learning objects are standardized exdr in
many e-learning environments these days. Appliesbtoe common Dokeos features, virtually anythimg ca
become a learning object: an announcement, a shilea forum post, etc.

In the Dokeos LCMS implementation, a learning olljd@as atype(e.g. ‘shared file’), a number aéfault
propertiesvhich are common for all types (e.g. the learrobigect’s title or creation date) and a number of
type-specific proper{eg. a shared file’s flename). Dokeos LCMS'’s nladdesign provides supporting
code to manage learning objects and their typesparently. On the front-end, users have accessnew
feature called ‘My Repository’, where they canrapgaall the learning objects that they have create

Sadly, Dokeos LCMS is far from finished. Nonethagthe development is making steady progress and th
code is in a usable state. Moreover, yours trudyfirgthand experience with developing its coresels.

Therefore, the streaming video platform will bedzhen the LCMS branch. At the time of this writinghe
intention is to deploy a separate Dokeos LCMS ifiateon alongside PointCarré in the near future,rtm
the streaming video platform and gradually migadteer features to it.
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14.2 Required Steps

Over the past couple of chapters, we have outlihedteps required to set up an Ovis-based vidaorgh
platform. For convenience, let us first summarizmt. Note that their order has been slightly addpte

1. Hardware allocationSelecting the machines that our platform will mm

2. File system sharingMounting the required volumes between machines.

3. Database installationSetting up a MySQL server and database.

4. FTP server configurationSetting up ProF TPD with MySQL-based authentication

5. Task schedulingSetting up cron jobs fc 7 1 and 7.

6. Streaming server configuratiosetting up Apache to serve video files and the&chr applet.
7. Application server configuratiorSetting up Apache to provide the Web front-end.

In what follows, we will examine to what extent thmcess will need to be adapted to function within
Dokeos LCMS environment. Even though referencepievious chapters will be presented when releitant,
is assumed that the reader has familiarized hims#ifOvis's architecture before tackling this deap

14.2.1 Hardware Allocation

In Chapter 6, we identified the different responiiles to identify to our hardware. If we alreatipve
Dokeos LCMS running, there are two machines lessitory about. Dokeos and Ovis will share a database
server (or servers), and the Dokeos Web servealgdllbe Ovis’s application server.

Technically, Dokeos LCMS supports a variety of thaise vendors. We will only consider MySQL, as it is
Dokeos’s default, and Ovis relies on ProFTPD inging with it. However, most, if not all the inforation
presented in this document is likely to apply tbastvendors as well.

In what follows, it is assumed that each of the iraes is running Debian lenny and has been incateor
into a local area network.

14.2.2 File System Sharing

Section 6.3.1 explained how to mount NFS volumde Teader is hereby kindly referred to Figure 6d a
Table 6.1, which may be of assistance in identifive required mount operations.

14.2.3 Database Installation

As mentioned, we are relieved of the task of sgttip a MySQL server. Additionally, the most conwanti
approach will be to let Ovis use Dokeos’s dataasavoid conflicts, we will simply prefix our talllames
with 7 , separating them from Dokeos’s. Thus, when cregatire data source definition file introduced in
Section 6.3.2, we will merely need to specify- 4/ option.
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Now, let us define the tables which we will be addio the Dokeos LCMS database. Figure 7.1 shoved t
design of the database for the demonstration piatfoVe will make two important changes to it:

As Dokeos LCMS installations have their own usesdyaevidently, we will abandon our rudimentary user
table in favor of the native one.

Instead of storing clip information in a regulabl@ we will use what is perhaps the most poteatiie
of Dokeos LCMS: learning objects. If we define arling object type for video clips, users will bie &0
publish clips in courses, use them to liven uprthertfolio, etc. How to actually define such artéag
object type will be discussed in Chapter 15. Fav,rsuffice to say that we will not need the clipl¢a

Evidently, we will not burden system administrataigh manually creating the tables. Also in Chapté,
we will discuss where that should happen.

14.2.4 FTP Server Configuration

In Chapter 8, we discussed how to set up ProFTPDaoRebian system and subsequently configured it to
retrieve authentication information from a MySQL tdhase. When Ovis is integrated with Dokeos LCMS,
this process will be identical, as we have justbshed that theo 17 0 table and 7 0

view will both remain intact.

14.2.5 Task Scheduling

Setting up cron jobs is a rather generic proceghesinformation in Section 10.5.2 still applies.

However, because of the changes to our databastusé, some of the SQL queries 7 1 and
7. will no longer apply. Because editing those senpbuld make maintenance rather unpleasant,
we will sneak an additional feature into them.

Specifically 7 1 and 7. 's queries can be overridden by setting environwamables.
The relevant environment variables all start vQ#'7D% )7 . For instance*Q#'7D% )7 7&*@# " may
be defined to override the query for retrievinghs@oding profiles. Both scripts come with a lisgagries,
which is displayed when tt option is passed. We could of course use staratemenand line options
to pass the queries as well. However, by usingadiytalifferent method, we somewhat emphasize ot f
that overriding queries is an advanced featurbeo§tripts.

Now, to actually override the necessary querieBdteos LCMS, we first need some insight into itata-
base structure. After all, the queries we needviErrimle are related to the clip table we replacatieg,
meaning that queries on clips will become queniethe native learning object tables.

Luckily, the design is easy to understand. Eadigrwe mentioned that learning objects have twasypf
properties: default ones and type-specific onethdrcase of a video clip, an example of a defaeltwvould
be its title, whereas its aspect ratio would bgpa-ispecific one; we will get back to that in Cheayi5.

Anyway, Dokeos LCMS stores default properties ie tieneric 7 7. table, whereas
type-specific ones get their own table, 717 . The two are linked via th1 column.
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14.2.5.1 Transcoding Application

The 7 1 script relies on two queries that use the clipetaBvidently, we are still dealing with
Perl’'s DBI, so query parameters are again repmeddint question marks. Additionally, the reservethgt
4: will be replaced with the table name prefix, defiin the data source definition file.

The first query we need to adap*Q#'7D% )7%&!( 7'#& , which updates a video clip’s state, aspect ratio
and duration. By default, the query is defined as:

%&I(3$ !'S$
"3 3H3W63 7 3H3W6E310 3H3W
+F 3 13H3W

In our case, all three properties are in the typeciic table, as is the clip’s ID. However, in @tex 15,
we will see tha is a reserved name in Dokeos LCMS; consequetiy,cblumn representing the
clip’s state is calle 7 instead. Thus, we get:

%&!( 3 717

"3 7 3H3W63 7 3H3W6310 3H3W
+F 3 13H3W
The second quer*Q#'7D% )7 7,<7R*$  , is a bit more complex. As its name suggeststriieves the

next transcoding job. It is expected to return ¢hip’s ID, the ID of its author, the name of thelsae file,
and the start and end timestamp in millisecondanif. The default value is:

'3 71630 630 7 63 7 63 17
@*C3 ! $ 3("3

R*#3$ | $ 1 3("3

*3  713H3 71

*13$)3 71

"HC# 3B

The author of the clip is actually the owner of tearning object, a default property. All the otlueta is
still kept in the table of transcoding jobs. Consewtly, the new query reads:

"3 7163 3('30 63 0 7 6 3 7 63 17
@*C3 7 7. 3(3

R%3% | $ 1 3("3

*x3 13H3 71

*13$)3 1

'#C# 3B
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14.2.5.2 Janitor

In the case 0 7. , there is only one query we need to override, harQ#'7D% )7 7 '#&T#"
The script uses this query to retrieve all thestlips from the database. Evidently, by defaulte@ds

'3 713@ *C3 $1$

Thus, applied to Dokeos LCMS, we get the trivialeqy

' 313@ *C3 717

14.2.6 Streaming Server Configuration

It should be no surprise that a streaming servethi® Dokeos LCMS version of Ovis serves the egaate
purpose as its generic counterpart. Thus, the liasitan process described in Section 9.1 still iagpl

14.2.7 Application Server Configuration

In Section 9.2, we set up a Web server to run QAssit turns out, the Ovis libraries only requiaftsvare
which is also required by Dokeos LCMS. As suchtum a Dokeos LCMS Web server into an application
server for Ovis, no additional actions are required

Note that, in Section 13.9, we discussed the itegiah of additional dependencies on the applicaterver.
However, these applied only to the demonstratiorigdpnot to the Ovis libraries.






15 DOKEOS DEVELOPMENT

Now that we have equipped our existing Dokeos LCM#Bastructure with supporting tools, it is time to
write the glue code which will actually integratei©with the code base.

15.1 Learning Object Types

In the previous chapter, we briefly discussed tirpase of learning objects. As mentioned, our gokhlbe
to convert Ovis’s clip table to a set of learnibgeots. In order to do this, we need to define & tearning
object type and make Dokeos LCMS aware of it.

15.1.1 Default Properties

As shown in Figure 15.1, all learning objects slaacemmon set adefault propertieshich are used to store
general information about the object. In additi@very learning object has awney which is usually the
user who created it. Using tiparentproperty, learning objects can be arranged indirerstures.

Figure 15.1: Generic entity-relationship diagrdeafaing objects

has learning
parent

learning
object

user
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Two of the default learning object properties act displayed in the figure, as they are mostlyuse by
Dokeos LCMS’s internals. Those properties are:

State. A numeric constant indicating the learning objedtate. This property is used to indicate that a
learning object has been moved to the recycle bin.

Display order indexAn integer which imposes an order on learning cisj¢hat share the same parent.

Note that in the figure, rounded rectangles distiigty learning object types from standard entityey his
convention will be maintained throughout this cheipt

15.1.2 Additional Properties

Evidently, for most of the learning object typesdiby Dokeos LCMS, the default set of propertigh e
insufficient. For this reasomextendetkarning object types may extend the default st any number of
properties, specific to the type. These are caltiztitional propertidRoughly speaking, the data type of such
a property must correspond to a standard SQL type.

For instance, thdink learning object type builds upon the generic tigagning objetly adding the string-
typed propertyJRL, as displayed in Figure 15.2.

Figure 15.2: Entity-relationship diagram for ithié learning object type

has
parent

H category

user

In this figure, a resistor-like connector indicatbat the property is specific to the learning cbjgype; this
is another convention which we will maintain. Indittbn, we introduce thecategoriearning object type,
which allows users to organize their learning dbjes such, it can be compared to a file folder.

15.2 Video Clip Learning Objects

From the database model in Section 7.2, we cathsg¢enany of the properties of a video clip dingctiap

to the default properties listed above; note thkgaaning object’stateis entirely different from a video clip’s
conversion stafléhe only properties that are not available are dlip’'s aspect ratio, duration and conversion
state, which makes those thieleo cliglype’s properties. The resulting type is illugtdain Figure 15.3.
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aspect
ratio

conversion
state

Figure 15.3: Entity-relationship diagram for idedvclip’ learning object type

has
parent

H category

user

Now, to add our new learning object type to Doke@MS, we need to create a set of files, all corgdiim a
new directory calle 7. 17 . Upon initialization, a factory pattern
will make sure that the files are automaticallyspdy thus making the platform aware of the type.

15.2.1 Storage Unit

In the case of extended types, the first file wedrie a file describing thetorage uniequired for holding on
to type-specific properties. This is a simple XMlefwhich basically outlines the database tald¢ tlieeds
to be created. Additionally, indexes may be defimezlwill index the conversion state column to dpge
the retrieval of public clips. Consequently,the 1 7 4 will read:

-.3 HM17 M

3333- /

33333333- 3 HM1IM3 HM M30 1 HMBM3 0 HMBM/
33333333- 3 HM 7 M3 HM M3 0 1HMBM3 0 HMM/
33333333- 3 HM10 M3 HM M30 1HMBM3 0 HM M/
33333333- 3 HM 7 M3 HM M30 1HMBM3 0 HMBM/
3333- /

3333- 143 HM 7 M/
33333333- 14 3 HM 7 M/
3333- 14/

3333- 143 HM1M3 HM M/
33333333- 14 3 HM 1M/

3333- 14/

-

Incorporating the1 column may seem like an odd choice, as it is ntangldndeed, the storage unit file
format is likely to change in a future version ad@os LCMS.
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15.2.2 Learning Object Class

The next thing we need to do is create tharning object cl#sslf. The file is name 1 7
and defines the claQ 1 . This class must extend th  *. base class, which, among other
things, supplies it with methods for managing bbthes of properties.

Although not explicitly required, it is considergdod practice to supply constants and accessoodeethat
correspond to the type-specific properties, if @hys, we get the following code:

301 34 13 *. 30
3333 3&*& )7("& 7(#3H3> 7 >
33330 3 7 7 5830

33333333 03: / 711 7 5 &*& )7("& 7 (#*8;

3333P

33330 37 7 5 7 830

33333333 03: / 711 7 5 &*& )7("& 7 (#63: 7 8;
3333P

3333 +K+ + + +#+ +K

P

15.2.3 Display Class

When the Dokeos LCMS environment is instructed tergerate an HTML representation of any learning
object, it uses itdisplay clasBhe PHP clasQ1 ! is definedir 1 7 71

It extends *. ! and offers methods for generating various reptagens of aQ 1

object; in our case, that means playing back tipeusling the Cortado applet, as well as providiimgat
download links. We will not elaborate on this cles®urce code, as it is assumed to be straiglatfrw

15.2.4 Form Class

Similarly, the clasQ1 @ , defined in 17 7 , extends' *. @
However, unlike the display class, fbem clager a learning object type can get fairly compdida

@ is based 0@ Q 1 , Which is Dokeos’s wrapper classFCc7D0 @ . Recall
that we briefly discussed the latter in ChapterA8such, the general idea is to add QuickForm elgmto
the form object. Depending on the situation, eitlmre of the object methoco 17 7 58 and
0171 7 58 is called; both add form elements for the defatning object properties. Thus, the
form developer can override the methods to add esfor the type-specific properties.

Upon form submission, each of the elements’ vadidaules are checked. If all the elements valjdztheer

7 7. 58 orol1 7 7. 58 is called, again depending on the situation. Thus,
the form class is responsible for creating or updahe learning object. Note that the developeth#f class
IS not responsible for setting the learning obgedéefault properties.
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Inthe case 0Q1 @ , the creation-related methods will be slighthegular. After all, when the user

indicates that he wishes to create a video clgi,whil merely start our clip upload applicatiorhus, we will

hide the default form elements byt calling 017 7 58 , and move the functionality of
7 7. 58 to a supporting class.

Modification-related methods, on the other hand, dot even need to be overridden. If we leave them a
they are’ *. @ will provide the means to enter a title, descaptietc. for the video clip. We
obviously do not want users to modify its aspei,rfor instance. This does mean that users valubable

to upload a new video file into an existing vidio learning object, which seems sensible.

We will again refrain from displaying the resultioass, as it would lead us too far. The interestader is
directed to the source code, which accompaniesitiiement.

15.2.5 Version Control Classes

Something we have not discussed yet is that Dok€d4S’s learning objects offarersion contrdlo enable

it, we would create the additional clasQ1 ! andQ1 ! ! . However,
we will postpone video clip versioning until a fietuteration. Consequently, the functic 7 58
inQ1 returns

15.3 Ovis Integration

Now, we cargluethe Ovis libraries into the Dokeos code basetidl required code will be placed under the
directory . Let us go over the files located there.

15.3.1 Clip Uploader

Under . , we will place the JAR files required to run thip apload application developed in
Chapter 12. In order to establish a trust relattdpsit is recommended that the archives be signethe or-
ganization to which the e-learning environment logs, as outlined in Section 12.4.

15.3.2 Data Source Definition

Under , we will store files that are not directly acddesiia the Web server. One of those is
the data source definition filL. 0 4 , from Section 14.2.3.

15.3.3 Initialization Script

Any Dokeos script that relies on Ovis will merelged to incorporat: to
load all the necessary items. Specific in its turn loads , which contains
configuration values for Ovis. Next, it loa , which initializes the libraries and allows foeth

automatic loading of Ovis classes, as discuss®eiiton 13.1.



98 CHAPTER 15

Note that the learning object classes we introdune8lection 15.2 also rely on the initializatiomigt For
instanceQ1 ! uses the static clax 7% to generate HTML for the Cortado applet,
andQ1i @ uses the convenience meth* 7% 1( 0 58 to obtain an upload account
for the user, which is then passed to Java Welb. Star

15.3.4 Data Manager

Upon initialization, the PHP constarQ#'7!( (7C(,( issettomt * 1 C M . By doing so,
the Ovis libraries are instructed to use the giglass instead of the defar 71 7C . The data
manager is maintained usingiagleton pattermvoking* 7! 7C 7 58 will return an

instanceo! * | C

The classs * 1 C , defined in 1 7 717 ,Is a
simple extent o* 7! 7C . It overrides two functions.
While we defined theQ 1 learning object class earlier on, the Ovis lilesadll rely on the internal
* 7 class. Consequently, the data mana¢ 7 5 7 8 function turns: 7

into a learning object and saves it. For convemrigthe code to convert an Ovis clip into a learrobgect
is harbored in thQ 1 class, as the static meth 58

Just like for the demonstration portal, the defaldta manager 7058 function is extended to install
two sensible transcoding profiles by default. Tystesn administrator is of course free to alterghes

15.3.5 Utilities

To set up the default tables required by Ovis, ab & the default transcoding profiles we just tineed,
two scripts are provided, identical to those thane with the demonstration portal. | 0 ,
the platform administrator will finc ando

Future versions of Dokeos LCMS should probably ipawate this functionality into the installer. Fapw,
as Ovis requires quite a bit of extra configurgtmanually invoking is preferred.

15.3.6 Java Web Start

Ovis provides the functionality to generate the FNdocument from Section 13.7. Consequently, a user
agent can reque : , passing the FTP username and password as stagderd string
parameters. This will cau* 7% 7. 58 to be invoked on the server side. On the client
side, the document will then be passed to Java Stath, as described in Section 13.7.

15.3.7 Web Service

Similarly, the Web service developed in Sectio 18located at the URI . All this
script needs to do is create* 7+ " object and call ito58 method. Everything else is handled
internally by the Ovis libraries.
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15.4 Video Clip Publication

All the learning objects created by a user aretedd in that usersepositoryConsequently, by browsing to
the repository managesers can organize their learning objects, mikehthey would organize files on their
personal computer. With the functionality we hageled thus far, users will be able to add vides fdeheir
repository, change their title and description, anglanize them for personal use.

Evidently, we also want to give users the oppotyuiai share video clips. More specifically, we waaoburse
administrator to be able to publish a video clipive or more of his courses.

15.4.1 WebLCMS

Dokeos LCMS comes with variougpository applicatiomBese are basically a set of modular classes fou
under , which add functionality to the platform.

The repository application which mimics the funciidity of the original Dokeos, namely a tool setake
part in a variety of course-centric activitiessaled theWebLCMS which is short foMeb-based Learning
Content Management Systewdently, it comes with Dokeos LCMS by default.

15.4.2 Video Tool

The WebLCMS in its turn is comprised akepository tooach tool more or less corresponds to a learning
object type. For instance, the forum tool allowsoarse administrator to link forums to his courgésus,
our next step will be to develop th@eo Todbr the WebLCMS application.

A WebLCMS tool is just a class which exten . Like its siblings, the tool will be placed in
the directory . There, we create a subdirectory ca 1 . When a user
launches the tool, the WebLCMS will automaticallyad 1 7 and instantiateQ 1

Finally, asQ 1 isa , its 058 method will subsequently be invoked.

Thus, in the 058 method, we output the HTML that the tool should gerate. At the very least, this
means calling the functiort 7 1 58 andi1 7 58 , inherited from . Of
course, we want our tool to do a bit more. It \wWidlve three main features, the first two of whiah standard
ones found in most of the existing repository tools

Video clip publicationlf the user is a course administrator, he wilpbesented with the standard Dokeos
LCMS interface for publishing learning objects. Add this interface to our repository tool boils dow
creating a° *. &0 for the 17 type, and outputting the return value of its
7 58 function. Everything else is handled internally.

Video clip browsingTo view a list of learning objects of a certaipetypublished within a course, we first
create an extent ¢ *. &0 $ . The clasQ1 $ in its turn relies on
one of Dokeos LCMS’s mar  *. &0 1 classes, which allow the developer
to present a set of published learning objectsviargety of ways. For displaying a simiig¢of video clips,
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we extend' *© *. & ' 1 to createQ1 &0 ' 1
One of that renderer’s tasks is to place a thunhlimaige next to a video clip.

Video clip playbacklf the user clicks on the title of a video clipthre list, the clip will be played back.
Evidently, this functionality uses tlQ1 ! class from Section 15.2. As such, the presentation
of a video clip will use the same familiar inteefdmroughout the entire Dokeos platform.

15.5 Cue Points

Back when we outlined our goals, in Section 5.8meationed support for chapter marks. We also ataim
that they would be easier to maintain if we refegifirom adding the functionality to Ovis, and relien the
Dokeos core directly instead.

15.5.1 Cue Point Learning Objects

Indeed, much like we defined the video clip typesiction 15.2, we can define a new learning olypet
for chapter marks. Consequently, not only will datse tables be maintained automatically, but, isligatly
modify the code, users will also be able to pulatidividual chapters in their courses.

We do need to take one important restriction inttcaunt. As mentioned, the Cortado applet allowsaus
seek to a certain time using JavaScript. Howeleretis no way to instruct the applet to stop péeybat a
given time in the clip. Consequently, rather thatiling our learning object typedaapter markve will use
the termcue pointvhich indicates its purpose more clearly.

15.5.2 Type Definition

The rather trivial design of theideo clip cue polearning object type is displayed in Figure 15.4.

video clip
cue point

Figure 15.4: Entity-relationship diagram for ildedvclip cue point’ learning object type

has 1
parent "

video clip

user

Section 15.2 showed how to define a new learnifgobltype. Thus, we now repeat this process, alineier
a slightly different guise.
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Firstly, we do not want users to be able to creeances of the type manually. To achieve thispvegride
the function 7 7 58 from:' *. , Where it returns 0 . By letting the function return
inQ1 o0& , we make Dokeos aware of the fact that the tygaitof a more complex one.

Secondly, as Dokeos LCMS currently does not offeARI for modeling relations between learning objec
types, the introduction of the functic 707 58 inQ1 seems convenient. It requests a sorted
set of cue points from the data manager, and retthram as an array.

Finally, the cue point type does not require a fatass. Instead, the form belonging to a clip allbw users
to modify its list of cue points. When the metho1 7 7. 58 is called on the form object, it
will update both its associated clip object anddfiy@s underlying cue point objects.

15.5.3 Form Design

As mentioned, users will be able to edit the listwe points associated with a video clip fromftren we
introduced in Section 15.2.4. As such, the reldtetttionality belongs inthQ1 @ class.

Creating a friendly user interface for editing puénts is harder than it seems. We want to obtaio values
per cue point: its title and its start time. Themhber of cue points is not known in advance, souter must
be given the opportunity to dynamically add andeeenform elements. To enter the start time, we pliip
want to provide the user with three separate fiedde for hours, one for minutes and one for sespalt$o,
we should probably jump to the next field whenasomable number has been filled in.

To achieve all this, the best thing we can do igetlp a new QuickForm element class for enteringsi.
Next, a second element class should representug gfosuch time entry elements, each accompaniet by
standard text field for the title, as well as theams to add such a pair to the group.

Although all this is absolutely feasible, due te timited time frame of this project, we will takedifferent
approach. Instead, we will add a standard HTML texéa to the form, in which users can enter cuatpoi
specifications using the following format:

BXY3H3" 3 3 3 3 33
B zZzB3" 3 3 3
BY 3H3" 3 3 3

Note the use of different formatting varieties, whiare all supported. In the second line, we saettie
equals sign is optional, and that times may beifspedo the millisecond. In the third line, we aladd the
number of hours—obviously, we are dealing withrdyfeong clip here.

Upon form submission, the value of the text argaaised, the start times are converted into a loteger
representing the number of milliseconds, and theesponding cue point objects are created. Wheldlibgj
the form for an existing video clip, the text ar®automatically filled with a human-readable repreation
of its list of cue points.
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15.5.4 Playback

Our final step is to adapt thQ1 ! class to display a list of segments, each of wtadhthe
JavaScript functio1" 58 on the Cortado applet. Thus, we firstc 707 58 on the clip object,
after which we print a list of hyperlinks to a Jasdpt statement.

If we assign the object for the Cortado applet Bn(é.g.- . 31HM M/ ), we can obtain it using

$ #158 . Then, its1" 58 function takes a0 between 0 and 1, which represents a relative

position in the clip. Thus, in PHP, w something like:

>-3 HM 7. 790 1 M3>
33333> HM $#15J> J>81" 5>

333335% /| 7 7 5833 $ " / 710 588
33333>8;3 03 ;M/>

33333 5 $ " /| 7 588

3333 3>- />

This code snippet has two intricacies that arerofteerlooked. Firstly, many developers are inclinegrite

-3 HM. $#15 81" 5 8;M/

While this will work as long as JavaScript is eedbh the Web browser’s preferences, it is notidensd
sensible. By using a regular URL in t attribute, a fallback action can be specifiedyided that the

handler returr f 03 were omitted, the JavaScript code would stillXmxeted, but
the Web browser would subsequently navigate tdJRe as well.

Secondly, although tangentially related at bedlinga 58 is necessary to encode reserved

characters as their equivalent HTML entity. Speaxfly, replacements are made as listed in Table 15.

Character HTML entity
[ [
M [90 ;

[;

/ [

Table 15.1: Reserved characters in HTML andatiesponding entity codes

If a developer fails to encode HTML output propertlige implications can be dramatic, since it allossrs
to enter arbitrary code. Not only will this almadtvays result in a malformed HTML document, butailso
allows malicious users to spread JavaScript explaitthe like.

It goes without saying the 58 is called numerous times throughout the code @asavoid
oversights in this department, future versions ok&os could perhaps rely on the popular templaggnen
Smarty{107] or a more advanced MVC solution.
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15.5.5 Mozilla Browser Compatibility

Due to the bug described in [108] and [109], receetsions of the Java plug-in for Mozilla browskrsiot
allow socket connections that are the result aivaScript call. This behavior started with Javap@dte 3.
Users affected by it will receive the error mes9dgeallowed” when they attempt to jump to a cuar.

Fortunately, the issue will be fixed in Java 6 Wpd#®. At the time of this writing, that version is beta
testing. After installing beta build 23 from [11G}e can indeed jump to cue points using Mozillaefer 3
Release Candidate 1, on both Windows XP Servic& Baand Ubuntu Linux 8.04. As all of the Mozilla
Foundation’s Web browsers share a common plugehitcture, we should be in the clear.

Because we can expect Java 6 Update 10 to beedeldastly, we will refrain from attempting to firal
workaround for users of previous versions. Insteadwill recommend that they update their software.
Those who are reluctant to do so may temporarity to a different Web browser, or decide not to tise
cue point functionality altogether.

15.6 Localization

To localize the Dokeos LCMS classes we just digmjsan API is available. However, it is set to ugdea
thorough revision. Therefore, we will not discusa great detail.

As it stands, the 0 directory contains a directory for every availédiguage. In these directories
are PHP scripts such . and ; the former contains strings related to the
learning object repository, the latter is spediithe WebLCMS application. By extending these dileith
key/value pairs—using a peculiar syntax we wildestribe here—, new locale strings can be added.

To obtain a string from the file which is currenilyaded, we us 5 8 . Since the API
currently cannot handle more than one file simwausly, most of the strings related to our newselasre
duplicated in both of the files mentioned above.
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15.7 Impressions

At long last, we have implemented the ability targhvideo clips on the PointCarré platform. Lettake a
moment to observe the result.

Cue Points
The ladder
The springs
The dynamite
The wings
ATale of Two Kitties
# Edit F§ Remove [=/Move ) Metadata [&]Rights
Manager: Doe John Platform 2.0 @ 2008
Applet com fluendo player.Cortado started

Figure 15.6: Playback of a video clip in the user’s repository
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CONCLUSION

So, did this project attain its goals? Let us maleeimmary of what we have accomplished over theeof
this research and compare that to what we initisdiyout to achieve.

First, we learned how to set up a collection of mvaes to support a streaming video platform. It siets of

a Web server that runs the front-end, an FTP seffeeruploading video material, a machine in chasfje
transcoding video material, a video streaming sea\database server, and two file servers thrat thte files

involved in the process. We reserved the posgildiassign several of these roles to one physaiine.

Next, we supplied the software for all the machimeslved. Building upon free and open source saigw
we added the required capabilities to our infrattme. We discussed the development of variousvaost
components, which together form our video sharivigtson.

The first of these components is a Perl script thelyying on existing video processing softwagesgtially
transcodes a queue of user-provided video matéfaimplemented the possibility to define variouslity
settings and to create thumbnail images. As thiptsititeracts with the database server, authorkepe up
to date on their material’s status. Additionalhistinformation can be supplied via e-mail.

In order to allow users to upload video clips te piatform, we developed an easy-to-use Java Héft.cl
The application allows users to specify informatidnout the clips, which is posted to the platforging a
Web service. By keeping the logic related to vidgms separate from the rest of the applicatiotrj\aal
FTP upload application was created as well.

Then, a PHP class library was implemented, whiah lo& used to support a Web application for stregmin
video. As a proof of concept, such an applicatias developed, allowing users to publish video alis
play back those that others have supplied. Using Web Start technology, the application for uplogd
video clips is started directly from the Web browse

Finally, we proceeded to integrate the newly cceasgt of PHP classes with the Dokeos LCMS e-leagnin
environment. By defining learning object typeswigleo clips as well as cue points, we successtidigded
Dokeos LCMS with the ability to publish video clifis courses, learning paths, portfolios, andsoforth
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Thus, our two main goals have been reached. Fimgdyhave eliminated intervention by OSC personnel:
teachers wanting to share video material with teeidents will be able to do so autonomously. S#Hgpour
solution has been fully integrated with the Pointf@acode base.

Moreover, the solution we have developed can faabjly be deployed outside the Vrije UniversBeitssel
infrastructure. Not only can institutions that reiym Dokeos make use of it, but we even providdla den-
eric tool set, which allows for integration withyaRHP application. Additionally, those interestead an
autonomous solution can turn to our proof of con@aml use it as a starting point for their own aqagion.

Can we justify favoring our own solution over éngsfree-of-charge video sharing Web sites? By d&gimg
Dokeos’s rich feature set, we introduced fine-grdinccess control, as well as a clutter-free auerivhich
prevents any distraction from the learning prodesaddition, not only is our software ad-free, liuis even
free and open source. Thus, it is safe to sayotlma¢ffort has paid off.

Even though we have fulfilled our objectives, tdl be noted that there is room for improvemertr. Bne,
support for cue points is specific to the Dokeasiea of our software. Also, while fully functiontide FTP
upload application is somewhat limited in the fiefderror handling. Finally, not every part of thkatform
will scale as well as the next; if one wishesdigias server responsibility to multiple machirtagmains to
be seen to what extent the software will need tadapted.

Nonetheless, we can look back upon a fruitful agareent cycle. Using the components discussed # thi
document, a highly usable video sharing solution ma set up, both inside and outside Vrije Univeisi
Brussel grounds, relying on nothing but free andropource software. Happy watching!
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