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Abstract

The goal for this project wa® create a jukebox for managing a large collection of music.
Most alternative jukeboxes are heavily laden with bloat ware and unnecessary features.
Because of this bloat ware theyend to perform rather sluggishly.  Many software
jukeboxes make hegvuse of interface skins as they attempt to bring branding to the
application.  This is often poorly done and goes against the principles of good human

computer interaction.

The use of standard windows widgets allow programmers to create desktop appisati
that observe the look and feel of the operating system. This combined with lightweight
metadata parsing and the appropriate use of data structures, significantly impitee
performance of the software.  The use of relevant user initiated featlmeisgs an
enhanced user experience to theser. At the dawn of web 2.there are many web

services emerging that will assist in helping to bring this experience to the user.

The jukebox developed for this project may provide others with inspiration when
developing similar applications. It shows that fun applications can be built whilst still
keeping the design simple. Alternatively anyone dissatisfied with current commercial

offerings may choose to use this jukebox.
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Chapter 1

Introduction

1.1 Prelude

In just under ten years the image of the persocamputer has been transformed from
something that was found in the workplace and the bedrooms of geeks, into the latest must
have accessory of the decade. The tables have turned so much so,isllae idigital

refuseniks that risk social exclusionhiéy do not part take in this revolution.

There are so many things that we have become dependent on the personal computer for.

Music is no exception. The advent of hgpeed internet and file sharing has fuelled the

need for applications to manage pd.Jt SQa @I aid 02ttt SOGA2Yy 2F RA-:
there have been many applications made for managing and playing large collections of
music.  Unfortunately, in an attempt to be hip and cool many software vendors have
overloaded their applicatins with eye candy and unnecessary bloat ware overlooking the

features hat might be more desirable to theser.

1.2 A software Jukebox

A software jukebox allows users to manage their digital music collection. Typically a user
would load the tracks that they wish to play into the jukebox. The jukebox would then
organise the music by various parameters given on the metadata of the siendor
example Album, Artist or Date. Typically a jukebox supports a number of play functions
such as repeat, shuffle or programThe purpose of this project wde create a jukebox
using standard Windows widgets that will blend into the operatiggtems desktop. This is

not to say the jukebox must be boring or should not have features. Indeed my jukebox
does have features which the user may find interesting. However, these features will not

be forced upon the user.
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1.3 Project Overview

This section will give an overview of the various tasks | need to complete in order to
construct a working jukebox. | will identify components | believe are essential for the
jukebox. 1 will then go on to discuss components that would be desirable. Astage |
will evaluate any processes or technologies that already exist for dointpsitasks and

discuss why | clse not to use them.

| believe the implementation of this project has mostly been a success. | would have liked
more time to develop theuser interface. Throughout the project | devoted much of my
time trying to bring a more immersive experience to the user. This consisted of a music
recommender and a video content retriever. | felt this was a better use of my time than

developing tle user interface.

The main objective of the project was to implement a jukebox that could manage a large
collection of music gracefully. There are popular jukeboxes that currently do this, such as
iTunes and Windows Media Player. However they arenotteavily bloated with
unnecessary features. Because of those unnecessary features the application performs
much more sluggishly that it should. In addition to this my jukebox has a clean interface
without any gimmick eye candy. Ultimately this paftthe project is more about making

best use of the technology available whilst including the theory taught in the class room. At
the very least | set myself the target of implementing an application that could load many
files, present those files to ehuser for selection, and offer basic controls such as play,

pause and seek.
1.4 Primary Goals

¢KS FTANBRG 321 f 2F GKS LINR2SOG ¢l a (G2 ONBIGS
of the ability to

1 Load an audio track from the file menu

1 Play, pase and stop the audio file

11
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Use a seek bar to scroll to different parts of the audio file

Update a timer to indiate how long the loaded file has been playing

The second goal was to create a metadata parser for MP3 files. This is an essential

componentbecause it is required to retrieve data that is needed by the music library in

order to list music by given attributes such as album and artist. The metadata parser should

have the following properties.

1 The ability to read ID3v1 & ID3v2 tags

1 The abilityto process thousands of tracks quickly

The third goal of the project wa® create a mechanism for the user to load their music

tracks into the jukebox. The jukebox library must be able to

1
1
1
il

Load thousands of files quickly

Save this library in persistestorage

Present music to the user in a way that is easily navigated

Allow the user to dynamically restructure the layout of the library in order to allow

easier browsing of loaded music.

1.5 Secondary Goals

Once | had completed these tasks | then hadlécide where | wanted to take my project.

There were two options. Either research the extent to which it was possible to design the

ideal user interface for a jukebox or develop web services in order to bring additional

content to the jukebox

12



1.5.1 Human Computer Interaction

Had | proceeded down the human computer interaction route, | would have conducted an
in-depth study into the usability of software jukeboxes and done a critical evaluation of

existing software.

Research would have been conductedfind out which widgets are best for presenting a
library of music. In addition to this it would also be desirable to find out how users like to
manage their music. To implement a jukebox that users would be willing toituse
necessary to find wt which features users consider important and which they find
frustrating. It would also be interesting to find out if the majority of people prefer a user
interface that is skinned, or one that observes the look and feel of the desktop. Do people

realy care about these things?
1.5.2Web Services

Instead of doing a full usability study | attempted to integrate the jukebox with some web
services that would bring relevant content to the user. This came in three parts. Firstly an
Amazon web services usic recommender, secondly a YouTube added content video

re NASOSNI FyR GKANRf& (GKS D223tS GRAR &2dz YSI

The Amazon web services music recommender was an attempt to research the extent to
which sales data could be used to make an effective reconaaion system for the
jukebox. It connects via a web services API in order to obtain data. This data will be used
to calculate recommendations for the user. Recommendations will be based upon the

music that the user has loaded into their jukebox.

The YouTube feature makes use of another web service. This web service allows the
application to search the YouTube website in order to find video material that might be of
interest to the user. If the user wishes this content can be loaded and viewsdviithin

the application.

13
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tracks in the jukebox with slightly different spellings. For example an artist name in the
metadata of an MP3 file might have a typographical error in it. It is desirable to identify

those tracks as songs by the sameisirt Another situation where this kind of fea&uis

useful, is when an artishtroducesi KSY&a St 9Sa +a aiGKSeéx C2NJ S
ARSYdGATe a¢KS . SrHatSa¢ IyR a.SFHGftSa¢ la GKS
would become apparegnwhen the user is browsing through their music libraries not
noticing duplicate entries everywhere. There are also other benefits such as improving the

efficiency of the music recommender.
1.6 Motivation

| have various motivations for doing this typembject. Some are career driven, whilst

others are driven out of the frustration of current commercial offerings.
1.6.1Jukebox as a bbby

Up until now almost albf my spare time has been taken up with academic work, be it
assignments or exams. fdresee having lots time on my hands once my University Course
has ended. | am going to have to find a way to put this time to good use. The continued
development of the jukebox will make a good hobby. | will have time to implement
features that | hae not had time to pursue up until now. In addition to this | will also be

able to conduct a usability study
1.6.2Something to Share

As | intend to continue developing the jukebox after graduation it would give me great
satisfaction to shre the appliation with othersand learn their opinions on it. It will be

interesting to see how many people might download such a player, what their views on it

14



are and any suggestions that they mighttketo me. Sharing the application might also
encourage othergo contribute to it, in order to bring functionality and features that are at

present out with my programming abilities.
1.6.3A LearningAide

Personally from this project | expect to gain experience using technologies and techniques

not taught inclass. There are problems that computing science students encounter
throughout their degree, however these problems tend to be staged by the course
organisers in order to teach how best to overcome them. In the workplace such problems

will not be stagR YR GKSNB YAIKG y2d oS | aoSaid ol ¢
project has given me the experience to identify such problems and the confidence to solve

them.

15



Chapter 2

Background

Chapter 1 introduced the notion of a digital jukebox; Chapter going start by looking at
the evolution of digital music on the PC. This will be followed by an evaluation of some

popular jukeboxes and media players in current use today.
2.1 The Multimedia Bvolution

Music playback through a PC was first introdRce i 2 O2y adzYSNE Ay (KS
happened as a result of affordable multimedia hardware. For example, sound cards and
CDRom drives.  Around this time multimedia hardware was considered non standard.
Consumers had to pay extra for this hardeiar Prior to the multimedia revolution, the only

way to listen to music was through a traditionatHiunit. For a number of years after the
introduction of multimedia hardware this continued to be the case. The computers of the
day had insufficienprocessing power and persistent storage to make use of compressed
music files. For someone working at their PC it was more convenient to use the traditional
Hi-Fi unit located near your CD collection than it was to take your CD collection to the PC for

sound quality that would make an AM radio look good.
2.2 Compressed Music

By the time compressed music was made mainstream at the beginning of the millennium,
the average computer had enough processing power to playback music without
performance issues anithe average hard disk had enough space for a few hundred tracks.
Whilst being far from main stream it became practical for users to rip a few of their
favourite tracks and play them from their PC. This was more convenient than running back
and forth ketween the HiFi and the computer. A typical MP3 player of the day would load
one track at a time. When the user was finished listening to a given track they would have
to manually load the next track and start it playing. An advanced MP3 playke ditrie

would allow you to load tracks into a list and play sequentially.

16



2.3 The Outcome of the File Sharingekzy

The popularity of the original music sharing application, Nagsieelled the social
acceptance of using your computer to play music. It could also be argued that Napster was
largely responsible for the social acceptance of the internet. Napster provided users with
the means to access a limitless library of musibeuit even having to leave the comfort of
their own chair.  This combined with the explosion in storage capabilities of personal
computers, opened up a new market for software to organise these large digital music

collections.

In a race to win consumer gport in this new market place many existing softwasndors
began producing softwargukeboxes to allow users to manage their music collections.
Many big companies such as Microsoft, Apple and Real produce Jukeboxes and Media

players. There are alseany smaller companies producing similar products.
2.4 Making It All egal

This was great for the end user, however it was no big earner for the software
manufacturers. The record industry was actually loosing money. Widespread availability

for free mwsic meant rampant piracy on an unparalleled scale. People no longer went to
aK2LJA (2 0dz2 GKSAN) YdzZaAO /5Q&a% NI GKSNI GKSe@
own homes. Some people believe the record industry only have themselves to blaree. Th
conservative views of record bosses meant that legal alternatives to Napster were a long

time in the making. When they finally did arrive, the downloaded music could only be
played on certain players and restrictions were placed on where the musid beutopied

i2o hiKSNBR o0SftASOS GKF{d YdzZaAO /5Qa& I NB 20

outdated business model.

Software giants such as Apple and Microsoft provided the technological means to enforce
restrictions on digital music. Thadlowed software vendors such as Microsoft to make
money from the digital music revolution by licensing gital Rights ManagemenDRM)
software to the record industry. In Apples case, it gave them an exclusive hardware

monopoly for music that wasyschased via their iTunes music store. In addition to this the

17



record industries were making money from selling music online. Whilst the sale of music

/] 5Qa O2yGAydzSR (2 Frftz GKAA ¢l a 2FFaSi oe 0
2.5 Makng It AllFashionable

Another factor in the social acceptance of listening to music on the PC was the introduction

of portable MP3 players, su@s Aoples iPod. Apples iPod is to the millennium, what Sonys

gt 1YLy gla G2 0G§KS wmdy n Qalkave fashibiKegcedsdylJWwgh At 2 R
storage spaces ranging between 15 GB and 8Gt®Bcomes practical for someone to carry

their entire music collection in their pocket. In order to use this technological wonder, a

user must have their entire music collemt on their PC. At this point the-Hi becomes

inconvenient, and the computer becomes cool.
2.6 What About the Eture?

In 2007 piracy is still an issuBlowever, it is believed that the popularity of illegal file
sharing is waning. The most simptisttason for this is that people are switching todkeg
alternatives for their music. divever, a more realistic reason would be that quite a large
proportion of people will have already downloaded any back catalogue of music that they
wanted. | believeeurrently the only thing that is hampering digital music sales is Digital
Rights Management. Many believe that the restrictions put in place by Digital Rights
Management systems is unfair and in some cases anti competitive. Digital Rights
Managements touted as a technological means to prevent casual piracy. Whether this has
any effect on casual copying is irrelevant. It treats the honest paying customer as a
criminal, whist letting the casual copiers and pirates off scot free.  Until the record
companies realise this they are going to experience trouble selling their products in the

digital age.

In the future | foresee a shift away form Digital Rights Management. Whilst Digital Rights
Management will prevail in the music subscription businesssh as the new legalised
Napster, | believe that it will disappear from retail music. In early 2007 the music giant EMI
announced that they will be selling tracks in Apple iTunes music store for a premium of 29
cents over the cost of the standard DRMsien. With some luck others will follow suit

resulting in a fairer deal for the consumer and a fairer deal for the record industry.
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2.7 Music Recommendatiom ¢ ¢p tydza  {

Prior to the internet age music recommendation was a cumbersome process. dsettin
music recommendations usually involved buying a magazine or waiting for a weekly
television or radio program. Because of this, music recommendation was confined to the
hardcore music lovers. Realistically, very few people would reschedule theitdilrsten

to a radio program, or go to the hassle of setting the video recorder for a program that was
popular enough to be broadcast at four in the morning. There were music journals such as
New Musical Express and the now defunct Melody Maker. Hewyvewnless you are a hard
core music lover, or were about to embark upon a five hour train journey you were unlikely
to ever read them. With the circulation of New Musical Express just under 75000 per
week? this means that only one person in 800 will go to the trouble of getting music
recommendations from a magazine. It is unclear if the sales of New Musical Express are in

decline. The rival publication Melody Maker folded in the year 2000.
2.8 The FirsDigital Music Rcommenders

Music recommendations first made an appearance online at the beginning of the dot com
boom. Online retailers such as Amazon started gathering statistics about users shopping
habits in order to make recommendations to shoppersThis acted as a double edged
sword. Firstly Amazon used this information as a marketing ploy to perhaps make two sales
to a customer that would have otherwise only bought one item. Secondly it encouraged
people to revisit the webpage a number of ties to look for recommendations, potentially
opening up sales opportunities for every visit. At the present time Amazon have an
extremely sophisticated recommendation function.  From the moment the user visits
Amazon, the website starts collecting stétis about what kind of searches they have made
and what kind of items they have been looking at. From this point on the user is presented
with a highly tailored and psychologically engineered page for selling individuals items they

would never have thoght of.
2.9 Music Recommendation in the Web 2.@&

Music recommendation has evolved into a business of its own. WebPages such as Music

Match and Last FM now exist whose lesive content is music recommendation and
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reviews. In the digital age thénave taken the place of more traditional radio programs
and magazines. A practice that was once exclusive to the hardcore music fan has now
become main stream. Information that in years gone by could only be obtained at the
newsagents at a price is nofree and available 24 hours a day. It is easy to forget how

much convenience the internet brings to our lives.

Whilst most commercial applications these days present recommendations to the users,
they are seldom calculated recommendations. For exajthle recommendations that
GAYR26& YSRAL L F@SNJ YI1SY FLIWSEFEN G2 oS
recommendations. Every user will receive the same recommendation regardless of what
music they load into or play in their jukebox. There are a few diwepto this rule such as

Apple iTunes and Musicmatch jukebox.

In the future | foresee music recommendation being incorporated heavily into commercial
jukebox solutions. Apple has already started pervasively marketing with their iTunes media
player. Tis is carried out in a similar way to what Amazon do for physical mediums. When
a user plays a track in iTunes, an advert will appear prompting them to buy recommended
music from the iTunes music store. It is only a matter of time before MicrosofRaadi

follow suit.
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Chapter 3

Evaluation of existingsoftware

Despite a vast array of software for managing and playing a digital music collection | have
yet to find one that | like. Apple iTunes comeseki to a jukebox that | preferHowever,

the application is over laden with bloat ware making it slow to load and select tracks. In
addition to this the iTunes application is riddled with adware for the iTunes music store. |
prefer applications that are light weight, quick to load and use stesh@@andows widgés.

My original proposal wat do a usability study for a jukebox and implement one using the
best human computer interface practices and principles. | abandoned this in favour of
doing a music recommendation system that uses webvices. Whilst | did not proceed
down the usability study route | feel that it is justified that | discuss some of the irritations |
have about current digital jukeboxes. In this section of the document | will evaluate some

existing MP3 players andsg¢uss what is good about them and what is.not
3.1 Golden Rules of InterfaceeBign

Schneidermarstates that there are eightajden rules of interface desidn In the first
instance | will attempt to determine whether the creators of these applicatioage paid

any adherence to those rules.
Those rules are as follows

Strive for consistency

Enable frequent users to make shortcuts

Offer informative feedback

Design dialogs to yield closure

Offer error preventions and simple error handling
Permit easy reersal of actions

Support internal locus of control

o N oo o b~ W N B

Reduce short term memory load of the user
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3.2 Case studyWindows Media Player

G2AyR2ga aSRAI tfF&@SNE¥ A& GKS RSTFlLdzZ 0 YSRAI
shipped free as part of the Windows ajéing system so it is probably seen by many as the
de facto media player. Media Player has a jukebox component which allows users to load

tracks in a similar way to my jukebox.

Microsoft has made a number of changes to their Windows Media Player pragreenent
years, most noticeably to the user interface. What once used to be a lightweight and
straight to the point application has been transformed into an application that does

everything.
3.2.1 Strive for @nsistency

In an attempt to makesoftware for the masses, sometimes software vendors forget about
traditional users. When the appearance of the software is radically overhauled these
traditional users have to adapt to the new software. This is a frustrating experience.
Thankfully Mcrosoft have realised this and now offer classic modes for their traditional
users. Some classic modes are better than others, in the case of Media Player the classic
mode is limited to a menu bar.

[ windows Media Player
File | Wiew Play Tools Help

Open... Chrl+0
Open URL... Chrl+1
Save As...

Close Chrl

Create Plavlist CErl+1
Create Auto Playlist

Save Mot Blaving List

Save Now Playing List As. ..

Add ko Library... F3

Figure 3.1 Windows Media Player 11

When Windows Media Player Version 11 is switched back to the classic rfiiguue 3.1)

the first thing that becomes apparent is the blue background to the menu bar. There is no
plausible reason for this. It gives the impression that the programmers sleppy and is

not only inconstent with the operating systemit is also inconsistent with the other

dialogue boxes within the application. This is a violation of rule one immediately.
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3.2.2 Enable Frequenth®rtcuts

[ windows Media Player
.

A —
Now Playing

Figure 3.2 Windows Media Playdlon Classic Mode

The second criterion is to allow frequent users to make shortcuEgyure 3.2hows media

player in the default mode. As you can see there are no menu mars. Unless someone
knows how to activate the menu bars there is no viayind out the short cuts. It is clear

that Microsoft have gone to the efforio put the shortcuts in for experienced users, but

dzyt Saa | dzaSNJ KI LJJSya (G2 alddzyotS | ONRraa GKS

user ever becoming an experienced.

3.2.3 Offer Informative Eedback

Figure 3.3 Play Pause Feedback

Third in the list of criteria is to offer informative feedback. | find the level of feedback given
for the type of application to be appropriate. When the user carries out simple tasks su

as play and pauséFigure 3.3)t is clearthat the user is given feedbaekppropriate for the
application. The other obvious feedback would be that there would be music coming from
the application when the user pressplay. | believe that any heavier use of feedback could
become a hindrance to the user. To have a dialog box appear every time a track ends

asking if the user wanted to play the next track would be extremely irritating.
3.2.4 Design Dialogs To Yieltb€ure

Dialogue boxes in Windows Media Player are generally well designed. The user will not

encounter these boxes much unless they want to change settings within the Media Player.
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When they do encounter them they usually yield closure. Typicalhe thiee three options.
First, there is an ok button to save all changes and close the dialog. Secondly, the cancel
button closes the dialog box without saving. Finally the apply button saves the state of the

dialog without closing it.
3.2.5 Error Pregntion and Handling

Being an entertainment application rather than a productivity suite, making an error is less
critical, but more irritating. There is not much scope for error within Windows Media
Player as far as the playback controls are concern&dhen the user encounters a dialog

box the application does prevent errors by greying out irrelevant options.

3.2.6 Easy reversal of actions

Windows Media Player =l
Are you zure you want to delete 'California Love'?
" Delete from library anly
% Delete from library and my computer
[T Dot show this message again
1] | Cancel I

Figure 3.4 Default Dialog Configuration

It is possible for the user to undo the actiaihey have done in Media PlayeroWever, this

Aa 2F0Sy yz2a GKIG Sraeégo aSydz 2LJaA2ya F2NJ
found in a totally different place from where you add media. Unless the user spends a
great deal of time trying to findut how to remove files from the Media Player then it is
quite possible that they will not find out how to do this. Even when they do find out how to
do it, there is the danger that they will actually delete files from their computer that they
only wantd to remove from the Media Player library. By defébigure 3.4Media Player

offers to delete the files from the computer. The user has to make a change on the dialog
box to prevent this from happening. If the user does happen to delete theiicniys
accident, it is only by luck that those deleted files end up in the recycle bin. For advanced
users who know where to look this is not so bad. For complete novices, this can mean they

have lost their music collection.
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3.2.7 The Internal Locus @ontrol

Media Player is pretty poor for supporting the internal locus of control. It performs a lot of
potentially unwanted background processing by default. For example, Windows Media
Player will connect to the internet to retrieve album informatiabout songs that have

been loaded into your jukebox. If the metadata on the Microsoft servers is different from
what is already on the files then the Media Player will make changes to the files. There are
three problems here. Firstly, there is no cauaee that the information retrieved from
Microsoft is correct. Secondly, the Microsoft database is inconsistent. The same songs
from the same artists are sometimes spelt differently. The locale of where the album
originated also has an influence dhis inconsistency. The user might end up with

. SSGftSaegszx a¢KS . SSitSa¢ yR a.SSitSa w! vee
undo the changes that Windows Media Player has made to the file.  This is rather
frustrating if you have gee to all the effort of ensuring that all your music collection is

labelled consistently
3.2.8 The Users Short Termdvhory

The most important thing to &ve the usershort term memory load reduced owould be

the library for which the user searches trackdMicrosoft has put some effort into reducing

the short term memory load of the library, but nothing worthwhile Sometimes users
decide to listen to a track in Media Playend forget what theyactually wanted to listen to

half way through searching fdhe track. The user will be inclined to search the list of
tracks on the front page of Media Player. There is a chance they will not find what they are
looking for on the first attempt. They will the need to look in the library where all artists
are listed alphabetically. If there are lots of artists loaded into the jukebox library then
there is a lot of scrolling involved. A user can spend a number of sesorailéng through

the library,by which time they have forgtgn what they are lookingpr.
3.3 Other Payers

Windows media player is considerably better than most other commercial jukeboxes on the
market. The only exception to this would be Apple iTunes which, at a glance appears to

meet all 8 of the criterion for a good interface on Ma&. The windows version only scores
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7 out of 8. This is becautee Mac look and feel has been used on the windows operating

system thusviolating rule 1.
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Chapter 4

Technologies

| set myself this target of implementing the jukebox, however taskthad to be broken
down into manageable pieces. | first had to review the various technologies available to
assist me in programming the jukebox. Secondly | had to research the structure of an MP3
file to allow me to parse the metadata from it. @nichad completed these tasks | was sure
that | had the knowledge and resources to create the jukebox. The final essential step was
to devise a way of representing the music library from within the jukebox. This would

provide the foundation to allow wss to play tracks and organise their music

4.1 MP3 Background

MP3'is a popular format for encoding music files. The MP3 file substantially reduces the
size of file required to represent the music. This is done by using psychoacoustics to discard
information perceptually inaudible to the human ear. MP3 was develdpe a team of
European engineers dnwas granted I1SO status in 1993/P3 is a tradeff between sound
quality and file size. As a rule of thumb, smaller file sizes mean poorer audio quality. There
are newer technologies that do the equivalent as MR&vever it is estimated that most

compresgd music is still stored as MP3
4.2 ID3 Metadata

L5dONB GF3a GKFG FNB Fddl OKSR (2 atoQa I far
ALISOATFAOIGAZ2Y F2N) Iy ato FAfSO e. L FmWsQa ai:
information cannot be reliably encoded into the filename. There are two major versions of

the ID3 standard. ID3 Version 1 was developed by Eric Kemp in 1996. ID3v1 allows track,

title and artist information to be attached to an MP3. Uriorately ID3v1 tags are very

restrictive. ID3v2 was introduced to bypass the restrictions of ID3V1 tags. ID3v2 removed

the restrictions on the length of data that can be stored. It also removed the restrictions on
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the type of data that can be storedln essence the user is free to make up their own type

of data and store it in the tags.
4.3 Choice of Programminghguage

When the project was initially started one of the elements that had to be evaluated was
which programming language to use. C# wlassen for many reasons. C# is popular with
employers meaning that valuable experience would be gained during this projecis nGt#
taught in any detail at biversity. This factor fuelled the project by giving motivation to
learn something new. Finally because it is a Microsgitoduct, it has large community

support meaning that any problems are likely to be well documented

From a technical point of view#C integrates better with the windows desktop thaava
does, however you loose the aduage of portability. Whilst C# .NE$ portable in the
sense that the byte code can be compiled at runtime for any processor architethere
problem remains thathe user must have the .NEfamework on their machine to provide
the services required bthe .NETapplication. As expected Microsoft are not going to make

a version of the .net framework available to Linux users.

The other option was to uset@ in combinatiomwith a product called QT by an omgaation
called Trotech® QT is a middle wa library that wouldallow the creation of portable &

applications that could be compiled for many machines or processor architectures.
4.4 Choice of Mediaremework

Had ava been chosen as the programmilagguage, Sun have software called the Java
Media Famework’ for the audio playback component. There are lewer many
disadvantages to the Java Mediaimework. Firstly its poorly supported. he last minor
revision tothe framework was made in 2004Secondly it does not have support for many
polLddzf  NJ YSRA I O 2ZRsSppoited, there 5 iKtle Support far the likes of ogg
vorbis or the advanced audio codec. It is possible to get these audio formatsgvork a
windows machine using A Y R2 g4 02 RS OQ@l NO. HMS@IRHES kads us W

into a false sense of security. A developer making software on a windows machine might
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be inclined to believe their application will work a@nposix machine too. It will netork if

the develoger is relyingon Wy R2 g6 a O2RS0Qa o

The Java Mediar&mework is great in principJehowever in practice because its not

supported it could become a problem

DirectX is a multimedia framework for the windows operating system that encapsulates the
features of multimedia hardware into an APIl. This allows programmers to easily create
multimedia applications for the windows operating system without any real concern for
what hardware the user has in their computer. Generally speaking, so long as tHeaaser

a piece of hardware that is capable of implementing a particular call to the API then a
program that uses a given function in the API will work. Traditionally DiretXoéen
tightly coupled to the C++ languages.owéver Microsoft now provide a nmaged vesion

of DirectXwhichallows programmers of other .NEanguages to make calls directly without

having b encapsulate the request in a€wrapper.

2 KAES ve LINPOGARSA | &az2f dzi A 2 ynot AdveN3upport{fdr y 3 LJ2
multimedia. !  &A YA f F NJ LI O I-3y860 $32QK({ $ R &HdefSTHHENRAI  a
have been used kich would allow portable code to be written in C++ for the audio
playback component of the jukebox. As with the DirectX approach this would allow
playback of any dzZRA2 FAES FT2NJ gKAOK GKS dzaSNJ Kl a y

machine
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Chapter 5
Design Choices

5.1 Metadata Parsing

One of the essential components of the jukebox was the aldigad MP3 metadata from

the MP3 files. At first it was natlear if | would implement my own metadata parser, or use

a third party one. | investigated the feasibility of using a third party parser in order to save
time. There was one written in Bowever it was over complicated for the requirements of
the prgect. It woud also be troublesome writing C# wrappers for theddle. | was
unable to Icate a satisfactory parser fo#@ither. In the end it was quicker and easiet jus

to write the thing myself in £

The metadata for MP3 files is stored on &3 ktag however tere is no requirement for the

MP3 to contain an IBtag. There is a versionl and a versions 2 tag. There can be any
combination of tags and there is no guarantee that the different tags contain the same
information in the same fields. | therefore had to decide which metadata would take
preference. Since versiont&gs can hold more informatioand are more flexible about the

type of data that can be stored than version one tag$ decided to give version 2 tags
precedence over veion 1 tags. This means that if the file has a version 2 tag on it then
versions 1 tags are automatically ignored. If there are no version 2 tags then the parser will
look for a version 1 tag. If no tags can be found, then the filename will be ssbé &rack

title and all other metadata will be blank.

The drawbacks of doing things this way is that the file could have a version Eotagver,

all the information in this tag might be blank. This means that that the track will have no
title, album or artist name in the jukebox. The other way to do it would have been to try to
take data from both version 1 and version 2 tags. Tieblpm with doing it this way was
that when the information differs between the same fields in the different tagkich

information do you choose?

30



5.2 Library Storage

It is desirable for the jukebox to remember which tracks the user has added to the jukebox.
Repeatedly loading tracks ovand overagain is tiresome. There were three choices open
to me. Firstiithere was a standard text file, secondly there was a database, and thirdly
there was XML

The obvious advantages of using a plain text file for the storage of the library is that text
files are fast. It is however, extremely difficult to determine dieen file is corrupt. A

plain text file also encourages users to make changes to the text file manually and there is

no way to know that the text file is complete and the application did naisbrhalf way

through writing it. fla user corrupts the te file then it is extremely difficult to determine if

GKS O2yiSyda INBE OlIftAR® Ly G4KS oSaid OFas
obfuscated by an application crasHf this does nothappen then the user will be presented

with garbage onhe screen.

Databases get round most of thegimems with standard text filesNo sane user would try

to edit the contents of a database without the uska database management systenhe
database would be able to tell you if the contents were corfupd you could make
appropriate exceptions to handle that eventually. Whilst $tilstrating for the user, it
much more professional to tell them that the contents are corrupt rather than processing
and outputting rubbish. The only disadvantagé&wthe database is the unnecessary bloat
and overheads involved in accessing the databaddsing a 50mb database with akiD
application is the relaworld equivalent of having aoFmula 1 engine in a Ford Mondeo. idt

simply overkill.

Finally there iXML® | believe XMlis the best of both worlds. Whilst not as fastusing a
standard text file, it istill much faster than using a database. It can be validated against a
schema so that we can determine that the filevadid and complete. koes notprevent

the user from editinghe contents of the library theselves However, if they do mess it up
then this can be detected and handled in a professional manner. If the user chogsés to
garbage data inside the XMlocument then they wilget garbage data out when they use

the jukebox.
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5.3 Library Presentation Layer

The contents of the library had to be presented to the user in a way that was easily
navigateable.  There were a number of widgets available to do this. = Conventional
jukeboyes usually make use of the list box widget whilst some more advanced ones made
use of he list view widget. The treeew widget was also practical for the jukebhox

however | have never seen it used before.

Fil=  Playlist  Sort Help

Figure 5.1 WinAmp ListBox

The advantages ahe list box(Figure 5.1) is that it isice and simple to use, as well as being
really easy to program. The problem with the list box is that for anything more than 100
tracks the user has to do lots of scrolling to find individual tracks that they.warte list

box also restricted in the amount of data it can hold. By definition a list box slooiy}d
contain one column of data. f you are not too concerned about the data in the list box

looking untidy then you could get away with two columnsaegped by a dash.
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Ivanced Help iTunes (=] @ =]
¥ou Gok The Love
|__OL[ NS Source Feat, Candi Station % = | mi O
0:43 [ + 1 -2:45 Wiz Secpdt
Name Time Arkist A | Album Genre
@ Damn I 'wish I Was Your Lover 4:13 Sophie B Hawkins Mow That's What TC... &
@ Right Beside You 4:46  Sophie B. Hawkins Mow That's what TC...
@ Take Me Home 3:13  Sophie Ellis-Bextar Mow That's Wwhat TC...
o Get Crver You 3:14  Sophie Ellis-Bextar Mow That's Wwhat TC...
& Mixed Up Warld 3144 Sophie Ellis-Bextar Mow That's What TC...
# I'Won't Change You 3:40  Sophie Ellis-Bextar Mow That's What TC...
@ Murder On The Dancefloar 3:49  Sophie Ellis Bextar Mow That's What ITC...
@ Music Gets The Best OF Me 3:27  Sophie Ellis Bextar Mow That's What I C...
o Joy 4:10  Soul IT Soul Mow That's what I C...
@ Wish 4:11  Soul IT Soul Mow That's what I C... |]
@ Love Enuff 3:40 Soul IT Soul Mow That's what I C...
o I Care {Soul IT Soul) 333 Soul I Soul Mow That's what I C...
A Missinn Yo 4:50_ Snul 1T Snul (Yarcal: k... Mow That's what 70, i
4 o 3

Figure 5.2 iTunes List View

The listview widget(Figure 5.2has some advantages over the list box, namely that it allows
the programmer to place different data into columns enhancing the visual appeal. The
disadvantage is that it tas a lot more effort to program the list view widget. This extra

effort does not pay off as is still does not deal with the problem of excessive scrolling for

large libraries.

— Library
Order

IArtist

|
Music

i - Library

| - M Sar &) The Real McCoyp
- [MC Sar &) The Real McCoy
- "Msync

- "NSync
£
£

£- 1 Giant Leap

£- 2 In & Foom
-2 Pac Feat. DD
| B Califoinia Love
[H- 2 Play Feat. Raghav & Jucxi

[#- 2 Play Feat. Raghav & Maila Boss
[~ 2 Unlirmited

- Pan T hird 2

e

Ve

Figure 5.3 Tree View Widget

| chose the treeview widgdFigure 5.3)n an atempt to deal with theproblem of excessive
scrolling. Wilst it does not eradicate the problem of excessive scrolling completalges
reduceit considerably. The treeview widget also gives me the ability to dynamically change
the order in which #ributes are presented to the user dependent on whether they are
searching by artist or aloum. On the down side it was much harder to program the
algorithm for populating the tree thanHad anticipated. This cost me near the end of the

project when lwas implementing the Amazon music recommender.
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In retrospect think it would have been better to present the tracks to the user with both the
treeview and list view wigets. The treeview widget should have been used for searching
artists and albums, wtst the list view would have listed all the tracks that are children of
the selected tree node. The user would have selected the individual tracks from the list

view.
5.4 Music Recommendation

The problem | faced with music recommendation was that | neddegkt data about what
types of music were similar. It was not feasible for me to program this data myself, so | had
to out source it. There are a number of music recommendation websites, however they
usually do not make this information available ttard parties. There was one web site
called audioscrobbler.net that claimed to offer information that | needed. Unfortunately,
at the time the API was non existent. Since revisiting the webpage for writing this report
they have updated their web pagto include instructions on using their API.  When
implementing the recommender | could not delay and had to find other means of retrieving
this information. The Amazon web services provided information that | could use to

calculate the information thial needed.

Amazon web services (AWS) israduct by Amazon that opens upmazons vast database

of shopping statistics and product information to third party developers. Some services are
free, and some services must be paid for. This is done on Eegeest basis, o fraction

of a penny per request. There is a free version that was used for the jukebox however

there is a disadvantage in that only one request per second can be made to the web service.
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Customers who bought this item also bought
The Collection ~ Cast
The La's: Remastered ~ La's
Going for Gold: the Greatest Hits ~ Shed Sewven
Mother Mature Calls ~ Cast
Do It Yourself ~ Seahorses
Expecting to Fly ~ Bluetones

» Explore similar items : Music (s

Figure 5.4 Amazon album recommendations

Figre543 K2 g4 | fodzy NBO2YYSyYyRIGAZ2Yya FTNRY ! YIl2y
[ KIyaSé¢ o0& a/ladéod tKS4S NBO2YYSYRFIGAZ2Yy & |

original aloum. This information is very useful for making music recommendations

There are two ways of connéng to the Amazon web services. Firstly there is (SOAP)
Service Orientated Architecturepproach, and secondly theris the (REST) Representation

State Transfer gproach.

SOAPworks by encoding messages in an Xfiticument. Messages are then sent using
HTTP between the client and the server. The disadvantagising SOARB that messages

sent to theserver need to be wrapped in XMk well as those that you are receiving. This
means writing extra code to have the messagwrapped. There are no tangible
advantages to using SOAP for the jukebox recommender. The requests are not mission

critical so there is no real need to have the request validated at the Amazon side.
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¥ Mozilla Firefox

File Edit ‘“iew History Bookmarks Tools Help

o =[]

[} http: fecs. amazonaws.co.ukjoncal xml?Service=AWSECommerceServicefersion=2005-03-2380per ation=Item Search&Subscriptionld=0YNGST: | * | [

’ Getting Started [y Latest Headlines

TS C- LIIG LG el TELTLST

<Manufacturer>ENI</Manufacturer>
<ProductGroup=Music</ProductGroup>
=Title=Love=/Title>
</TtemAttributes>
— <Tracks>
— «Disc Numhber="1">

<Track Number="1">Because (Love Version)</Track>

<Track Number="2">Get Back (Love Version)</Track>

<Track Numhber="3">Glass Onion (Love Version)</Track=>

<Track Numhber="4"=Eleancr EighywiTulia (Love Version)</Track>

=Track Numhber="5">I A The Walruz (Love Version)<iTrack>

<Track Number="6">] Want To Hold Tow Hand (Lowe Version)</Track>

— «Track Numher="7">

Drive My Car/The WordWhat You're Domg (Love Version)

=(Track=

<Track Number="3">Gnik INuz (Love Version)</Track>
<Track Number="%">3Zomething/Blue Tay Way (Love Version)</Track>

— #Trncl- Whamha—"101"

4 |

2]

[l

i

| Done

Proxy: Mone 4

Figure 5.5. REST in a web browser

REST is a mudmpler approach. Messages are sent to Amazon web services making use

of a (URI) universal resource identifier.

A URI request is much easier to encode. Basically a

URI constructed from a URL specifying where the web service is, and a URN desbidlbing w

information you want from the web service. The response to the message is rdtasnan

XML document.

This XML document is fed into an ddder allowing us to pluck the data

we need from the reader Figure 5.5shows the response that is obta&d from a web

service by pasting a URI into a web browser.

that is displayed in the web browser.

The document we parse is identical to the one

REST was chosen because of simplicity and the fact that there would be no pay off for the

extra work required ¢ implement the recommender using SOAP.

5.5 Interfacing Vith Amazon

The Amazon Web Service API had various calls for different types of information.

Within

each individual call there is still scope to specify what type of information you want back.

Forexample, there is no need for Amazon to send you back all the information on a given

product if all you need is the price. This could make programming an interface to Amazon a

lot more difficult.

For the request generation | had to decide whetherltoNiR O2 RS |
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into methods dependet on the information | needed or to write a class to dynamically

create a URI based upon needs.

The advantages of hard coding the URI into the methods were that it was easy to program.
The disadvantages are that it mexk any future development of the application more
difficult and should Amazon deicide to change their API it could become a nightmare trying

to trace any faults that arise from the change in the API.

Writing a class to dynamically genate any desired URDbIves the problems that may arise
during future software expansion. It also means that should the API change, the
maintenance programmer can track all faults that arise from changes to a single module in
the program. This singleodule can be tried amtestedl 2 Sy adzNB G KIF G | f f
generates are valid. The downside is that this class takes much longer to program than
KFEFNR O2RAYy3 !wLQa Ayid2 YSIK2RaAO® LG oI &

outweighed the loss of time &m simply just hard coding the methods.

A similar problem comes to light when reading the reply from AWS. Since the various calls
to the Amazon API allow you specify various response groups, e.g. the data that you want
back, then your XML parser has te brepared for every evenality. There were two
choices. istly create a rigid class that would parsegecific response from the AW
secondly create a class that would take any response, taking data that is needed and

discarding the rest.

Whenimplementing the algorithm for reading the response from Amazon, the first attempt
was a single rigid class that would only parse a response with the data received as expected.
For example if there was extra information in the response that was unexgebte parse

would fail. The plan was just to copy the code from this class and adapt it accordingly for
each response that | was expecting. Aside from being a bad software engineering
techniqgue, this also means that there would be many similar clagssentially doing the

same thing.

It was decided that it would be better to implement a class that could take an API response
with any type of information attached. The class would discard the information that it was

unable to parse. To do all thisame class would prove troublesome. In some cases the
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response varied from the norm. For example normally one album has one disk. This does
not mean that we will never encounter an album with two disks. These kinds of

irregularities had to be takemto account.

To prevent a mess, the base class for parsing the item response works on the principle that
it will discard all information in the XML document unless the programmer has written a sub
class to deal with the data in a given XML tag. A asbakill either use a similar principle

for sub tags resulting in a subsubclass, or if there are no sub tags, the data will be plucked
and assigned to instance variables, where the program can access the data through

standard get methods.
5.6 YouTube V&b Player

Nearing completion othe jukebox it was decided that perhaps the jukelwas a bit too
plain. In a bid to bring more life to the application, the feasibility of adding more features

was looked at.

The final feature of the jukebox is tiouTube video player. The purpose of this feature
was to find video content on the YouTube video webpage relevant to the track the user was
currently playing in their jukebox. The user would then be able to load that video within
the jukebox applicatio and watch it. The you tube video feature allows users to search for

music videos, documentaries and interviews.

YouTube has a web services API similar to that provided by Amazon. They allow the
programmer to request information vidné REST method rfaveb services. t made sense

to use the tried and tested methodology | has used for Amazon.
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Chapter 6

Implementation and testing

Implementation and testing were carried out concurrently during the project. Rather than
using a more traditional gradigm for the implementation, | q@ceeded down the extreme
programming path, whereby | would code a little, test a little, and evaluate with my
supervisor, where | would take the project for the next week. | believe that this approach
was appropriate dr the project since in technical terms, | was sailing in uncharted
territories. At the start of the project | was unable to guarantee that | actually had the

ability to complete it.
6.1 Testing Bategy

Black box and white box testing techniques weredifor the testing of the project. White

box testing occurred throughout the development of the project and black box testing
mostly occurred near the end of the project. Since most of the methods | had written for
the project were internal to the pragct itself, they had been designed to do whatever
processing was required on the assumption that the data that they would be given would be
valid and sensible. It was therefore not necessary to write the methods with special cases
in mind.  For this reson much of the testing that was done during the implementation
stage, was only a test to make sure the method worked. i.e. gave a sensible output based
on sensible input. Obviously there is no guarantee that the user will always give the
application sasible input. For this reason | had to go a step further during the black box
testing stage. At this stage | actively tried to break the jukebox by giving non standard input
and trying to perform non standard operations. oF example trying to play avord
document. Whilst this was successful at ironing out most glitches, new ones are discovered
every day. It was not until the application was tried on departmental mashthat |
discovered thattiwill not run from a network drive. Not having atwork drive at home, |

could not predict this eventuality.

6.2 White Box Testing
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White box or clear box testing works on the principle that you are actually concerned about
what is happening within the program. White box testing works best, when testenigw

level concerns of softwarepf example individual classes or methods. The scope for white
box testing should be narrow since it is easy to get confused when testing large parts of the
system in this manner. If a programmer feels that theyché® do extensive white box
testing on a large scope, then perhaps they should review their software engineering

strategy*°
6.3 Black Box Testing

In black box testing, the tester has little or no concern about what actually goes on within
the program. Alack box tester need not have any programming or software engineering
experience, for the reason that they are only interested in what they can see on screen.
Black box testing should be used at a high level with a wide scope when testing the whole
program, or at least a substantial portion of it. Black box testing brings to light any issues
about the software that the user may encounter whilst using the application, for example

error messages, or the graphical user interface getting into an inconsistate
6.4 ID3 & Metadata

The first programming task undertaken was to implement a parser for the MP3 metadata
tags. This involved inspecting the layout of an MP3 file in a hex editor. There are two
types of metadata tags. Version 1 tags aredhsiest to interpret and are stodeas the last

128 bytes of an MPfile. The layout of the tag is standard and will never change so the
offsets determining where certain data starts can be hard coded into the parser. Version 2
tags are less obvious structure, so | had to conduct some research into the layout of
version 2 tags? The size of version 2 tags varies. The size of the tag can be calculated
from the ID3v2 header which, if present, is thestilO bytes of a file. The ID3Vag
contairs an arbitrary number of frames. A frame header consists of a 4 byte identifier,
followed by another 4 bytes for frame size, concludedhwit bytes for flag information.

The payload of the frame is the byteshietween the current frame header and theext

frame header. There is no padding in between frames; however there may be padding at
the end of the tag. If there is no spare padding and extra spatieotag is required, then

the MP3 file must be rewritten with a larger tag that has more pauidi

40



1032 HEADER | ID3Y2 FRAMES | |1D3v2Z PADDING 1D3V1 TAG

Figure 6.1 MP3 File Structure

As can be seen frorigure 6.1 ID3V2 dta is located at the front of the file MP3 data,
although not to scale, is represented by the green section of the file. The pink section of

the file represents the fixed si2B3V1 tag

N N I A RN 51 sz 53 e
4 3 3

Byte 1 2 3 7 g 9 10
Figure 6.2 Header Structure

I - - -

Byte 1 2 3 4 5 & 7 g 9 10
Figure 6.3 ID3V2 Frame Header Structure

Figure 6.2showsthe structure of an ID3V2dader andrFigure 6.35Shows the structure foa

frame header
Red bytes indicate the frame identifier

Yellow bytes indicatéhe size of the data the headencapsulates. The most significant bit

of each yellow byte is discardéafore being multiplied by .4

Blue bytesindicate flags

Green bytes indicate the revision number of ID3V2 that the tag belongs to
6.5 Multimedia Rayback

The second problem during implementatiovas how to actually play the M¥file so that
sound would be emitted from the speakers. This involved more research. Although it was
known that the DirectX framewonkas needed to make this happent was unknown how

to actually do it. Initially I constructed a solution that would interface with the windows
MCI (Media Control Interface). MCI was a technology that was first shipped in the days of
windows 95, therefore it could be considered an tdghnology. Although it worked, it

used unmanaged code, which is not .NET framework friendly. | further searched for a
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managed solution and found the Microsoft.DirectX.AudioVideoPlayback class which was far
simpler to use than the MCI solution | had dea  This did not really need to be tested, it

was as simple as calling play and stop on an object.
6.6 Keeping fack of Tracks

It was decided that XML would be appropriate for representing the library in persistent
storage. Thankfully the Microsoft .WEramework provides XML readers and writers. All
code relevant for reading and writing the library was confined to one class. This class was
designed to interface with the application using the sorted list data structure. The
advantages of using theorted list data structure rather than an Array list is that the sorted

list comprises of a key value, pair. By using the filename as a key it could be ensured that
no file would be loaded twice into the jukebox. The payload for the sortedlist wabjaat
containing information about the M® read from the metadata tag of that file. A tree type
data structure might have been more appropriate from a searching point of view, however
GKS @®b9¢ FNIYSE2N] R2Sa y20 AYOIORS AiG (RBE b
the characteristics of a list under a heavy data load. Normally getting an element from a
large linked list takes some tinteecausethe elementsneedbe to accessed serially With

the .NET sortedlist they are retrieved instantly can only conclude that the sortedlist data
structure in the .NET framework is perhaps not as simple as a linked list and probably

contains algorithms for tree balancing and graph searching

The library class was white box tested to ensure sevenr@rieri Firstly it must be able to
output the library to a file correctly. Secondly it must be able to use this file to repopulate a
sorted list correctly. Finally if the user wishes to add content to the library then the existing

contents of the libary should stay intact. For example tracks should not go missing.

Implementation of the populating algorithm (playlist.cs) for the treeview widget took some
considerable time. This was because it was desirable to allow the user to change the way
the tree is populated in order to suite their needs. It was not simply a case of hard coding
the tree view to populate in a certain way. The algorithm depends heavily on recursion

which caused a problem with certain data structures. The problem was keadata
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structures that had to be passed to a few methods were being modified in the first instance

of recursion. This made them unsuitable for another instance. This problem was solved by
making a clone of the data structure. The algorithm was teatetiworked, however some

nodes orthe treeview were left blank becaugke relevant information was ngtresenton

GKS YSGOGFRFGE GF3AQaw tKAa f221SR dzyaiA3akaf e

nameless nodes into something more useful.
6.7 The Rcommender

The Amazon API did not directly support a function call for getting track recommendations

based on another track. Therefore this information had to be calculated.

The Amazon API supports a search for music. This returns a list, mostly'confad / 5 Qa @
LYF2NXYIFGA2Y &ddzOK Fa GNY Ol fAaidAay3aa |yR NBO:
| 26 SOSNJ GKAA 2yfe adzZJJX ASa dza ¢AGK | fAad 271
of a different API call we can make a request to Amazon fotrdok listings on each of the

NEO2YYSYRSR /5Qad® hyteée 2yS NBIldzSad LISN as
Fo2dzi cn &aSO2yRa G2 3ISG GKS GNI Ol tAraday3aa 2

There are 4 steps involved in making a track reconmutaéon.

LF &2dz glyd | tAad 2F NBO2YYSYRSR GNIXO1&a ol 2
GES / NFrakK ¢Sad 5dzyYASa¢g GKS F2ft26Ay3 aidSLA
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Part 1

Ask Amazon for a list of CD’s by the "Crash Test Dummies”. In this request, tell
Amazon we want the serial numbers of recommended CD’s for every CD by the
“Crash Test Dummies” and the track listings for all every CD by the “Crash Test
Dummies

Amazon replies with an xml document structured in a similar manner to that shown in the table

HML START
CO1 Track Listings Recomended Serial Numbers
CD2 Track Listings Recomended Serial Mumbers
CD3 Track Listings Recomended Serial Mumbers
HMLEMD

Figure 6.4 Amazon Recommender Process Step 1

The first step involves making a request to Amazon for &I / 5Qa o0& G¢KS /
5dzYYAS&a¢ o 'a LINI 2F GKA&a FOGA2Yy 6S NBI dzS
encoded in the response. After the response is processed and the relevant data structures

L2 LJdzf  GSRZ ¢S | NB (KSS i/ NEIAAIKK ¢S & (A a50dz2YFA S 3856Qda 6

¢tKS &4SO02yR adGSL) Ayo2ft @dSa FA{GSNAYy3I 2dzi / 5Q:
process. A CD is defined as irrelevant if it does not contain the track that we have based

the recommendation on. In our case we would fitef £ GKS /5Qa& GKFG R2 vy
GaYY aYY ayYY ayYYéo g GKA& adlr3IsS 6S FNB f
5dzYYAS&aé¢ GKIFIG R2 O2yidlAy GKS (NI O1 daYY avYyY
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Part3

Ask Amazon for the track listings of the CD’s that were
recommencded to us in step 1. This must be done repeatedly for
every serial number that was given to us in step 1

Amazon returns an ¥ML document containing track listings
based on the serial number that was supplied to it

Figure 6.5 Amazon Recommender Process Step 3

The third stegFigure 658 y @2 f @Sa 3ISYSNY GAy3 + ySg tAad 27
fAdG 2F /5Qa GKFG 61 &a 3ISYSNIGSR Ay aGSLI vHo
YydzYo SNA 2F NBO2YYSYRS / 5Qa OGKIFG ¢S NBIjdzSai
thetradd, AYF2NXIFGA2Y D 2 al !'YIi2y F2NJ I f A&
2yfte YIFI1S 2yS NBIljdzSaid LISNI aSO2yR® LF cn [/
aS02yRa (G2 FTAYR 2dzi Ffft GK iGN} Ol add&ofedi KS /¢
Ay | 0oA3 tAraGD ld GKS SyR 2F adSLI o 6S KI ¢

R
S

were given from step 2.

The final step is to take the list of tracks from step 3 and search our library for them. Any
tracks that are found in oyukebox library that are also in the list of recommendations from
step 3 are presented to the user. The user can then choose to play any of these tracks if

they wish.

| had plans for further expanding the recommendation algorithm which | shall exptain |
on in this document. | also intended to have the recommender automatically find

recommendations for a track when the user plays it without manually having to initiate the
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recommender. This was not feasible because there is a bug in the recomntaaterill

cause problems if a new request is initiated too soon after the previous one. If the user was
skipping through the tracks a new request would be started for each song they skipped
over. A good deal of effort was spent on trying to fix thig.b Techniques such as time
delaysin the recommendemwere used to try to stop this from happening. Whilst the
effects were reduced they were not eliminated In the limited time available a trade off
between functionality and reliability was madeSome unsafe cross thread calls to methods

had to be made which might be causing problems.
6.8 Improving the RRcommender

The Amazon music recommender is highly depended on tracks being spelt exactly the same
in the jukebox as they are on Amazon. | hadlkeviate this problem otherwise the results

of the music recommender would have been very limited.

The first technique that was used in an attempt to solve this problem was the minimal edit
distance algorithrt. The minimal edit distance algorithm wottkg scoring the difference
between two strings. A score of zero is given to two strings that are identical. One is
added for every insertion or deletion of character required to convert one string to another.
Similarly two is added if a given chamichas to be changed in order to convert one string

to another. For the purposes of the application it could be said that if two strings have a
score of less than 25% of the total number of characters in a given string then there is a high

possibility trat the two strings should be the same
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Figure 6.6 Minimum Edit Distance Table

Figure 6.Gllustrateshow the minimal edit distance table is poptdd. The distances the

value in the top right corner of the table as illustrated by the red circle.
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Whilst this did alleviate some of the problems that the recommender was encountering, it

was a rather blunt way of determining if two titles were supposed to be the same. For
SEFYLX SSE | GNIXYOl 6AGK GKS GAGES aystaniMga hy
alAyR owlRA2 9RAGUVE ® PaAy3 GKS 2NRAIAYEFE | LI

have thrown the minimal edit distance algorithm, by giving a relatively high score.

In an attempt to further enhance the efficiency of the music recommenieas decided to

split the words in the title up, and compare them individually. This also had the advantage

of being able to consider options that would have previously been discarded. By
comparing the words individually we can stipulate tha& i€ertain percentage of words in

both strings occur sequentially then the tracks should be considered as the same. If we set

a threshold stating that 65% of the words in one string must be present in the other string
GKSYy al!fglea hy &N& cahyRF HES2 day2iNR aT 20y a! f g1

Edit). Therefore the titles can be considered the same.

Hard coding the acceptance values of 25% and 65% would have meant that the user would
have been unable to change the performance variables of thememender. It was
decided to afford the user the option of changing those performance variables to suite their

needs.
6.9 Implementing the YouTubeideo Player

In YouTube terminology a tag is a keyword used for searching the video repository. One
makes@ S 2F GKS fAadoedr3a 1tL OFff @gKAOK NBUdN
example if a §t of documentaries by Britneyp8ars isrequB R> G KS (F 3 &4 NRYy 3
9JSFNE R20dzyYSy il NASaé¢ o

YouTubebpeing2 6y SR D223t S> YI fi®you rdearSfeattré. BDRe2ulddr S Q &
types a search request for videos that do not return many reshtsvever, might return

more if it was spelt slightly differentlfthen the Youlibe webpage asks them the question
GRAR @2dz YSI yK { 2w ivéll X yod aréSusidg$hEcdTubevebpige i

the traditional manner.  Unfortunately this feature is not extended to developers. |
decided to investigate the Google API to see if they have any calls for accessing this feature.

Google did not offethis feature to developers either, so | decided to write a scanner to
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SEGNI Ot GKS GRAR @&2dz YSIFyé LKNIasS FTNRY | &
listbytag method, theGoogleddid you mea# feature is called to increase the amount of

relevant results. | had planned to use thdid you mea# feature in the Amazon music
recommender to further increase efficiency, however was unable to do so due to time

constraints.

9EI YL S&a 6KSNB D223fS5Qa RAR &2dz YSIy 6S502YSa
LT &2dz 3IAQBS HRREES Xd NaAfiyyel &1J e2dz AF &2dz YS
LT &2dz IAQS D223ftS af2dzha FNYaAaGNRIEST AG GAff

Google is practicah situations that the minimal edit distance algorithm is inappropriate for.
The minimal edit distance algorithm requires two strings to rate the likeleyhood of a match.
Google will simply make an educated guess from one string based, on the mifions

gigabytes of statistics they have gathered as a result of people using their search engine.

YouTube provide their community with the ability to embed videos hosted on their servers
on third party web pages. This being the case | tried to load theo\ddrectly into the
webbrowser widget in the application. This did not work as there were lots of scripting
errors. It did however work if the deo was loaded from a local HTMlocument
embedded with the video. The solution was to get the jukebogednerate a new local
html document with the relevant video embedded every time the user wanted to play a
new video. This worked mostly, however, there is a bug between the Adobe flasinplug
and the webbrowser widget. The bug comes to light onceuber has clicked a mouse
button on the flash based YouTube video. The bug means that as far as the operating
system is concerned, the mouse button had been permanently pressed meaning further
clicks on the flash video with the same button were not obedrv To resolve this issue |
had to write a hack for the webbrowser widget that would interrupt the windows message

loop and reset the mouse button to its un pressed state.
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Chapter 7

Evaluaton and Future ktensions

This chapter will evaluate thgrogress of the project. It will take a look at the tasks that |
would liked to have done but was unable to do so due to time constraints. It will also look
at some of the tasks that | have completed, that in hindsight, | could have found more
inventive ways to do. Finally it will discuss some of the issues that | had with Microsoft C#

and the .NET framework
7.1 Achievements

Having completed the project | believe that most of the major goals | stated at the beginning
of the project have been achieved. My original proposal was simply to implement a
jukebox whilst mastering new technologies that were not taught in the classroom. | believe

| have superseded the original proposal by adding the Amazon, YouTube and Google

functionality to the jukebox.
7.2 Poor Design Choices

One of the decisions that | regret, is the method | used for finding the next and previous
tracks. It would be logical, when the user clicks the next button, for the jukebox to skip to
the next track listed in the tree view. Baggithis in mind, it was determined that the best
way to work out which track should be played next, was to look at which node the user had
selected on the tree, and navigate the treenodes until the next leaf representing a track was
found. This worked foas long at the user selected a leaf node representing an actual track.
However if the user was to select a node that does not represent a track, E.g. a dummy
node that is there for the purposes of displaying an album or artist name, then problems
arise. If the user clicks next when the selected tree node does not represent a track, for
example it represents an album dummy node, then instead of skipping to the next track, the
jukebox skips to the next dummy node representing the next artist. No treeks are
played and the jukebox stops. This design also went on the assumption that it was always
the user that was going to be selecting the tracks. The Amazon music recommender
changed this and it became necessary for the jukebox to be able tdighglracks in the

library without humanintervention. In retrospecttiwould have been better to write an
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algorithm that would calculate which track was going to be played next without consulting

the tree view widget, and simply telling the treeviewdget which leaf to display next.
7.3 Removing tracks From thebary

One simple feature that | was disappointed not to have implemented was the means for the
user to delete tracks from the jukebox library. Having diverted my efforts to other areas of
functionality earlier on in the implementation stage, it was a feature that was postponed. It
was not until the beginning of the testing phase that | remembered that | still had to

implement this feature. Unfortunately because | did not realise this featld been

overlooked until the testing stage, | was unable to spare the time to implement it.
7.4 Further Work on Amazon

| was interested to see what kind of results | would get from the Amazon music
recommender. | had planned to go deeper with the Aoramusic recommender, however
due to a lack of time realised that the recommemndvould be more simplistic tmal had
originally intended. This was worrying because | was unsure about the quality of results |
would get from the recommender. As it tiwout, | elieve that the recommendemakes a

goad choicewhen picking tracks. substantial proportion of the tracks that it presents to

the user are relevant to the track that the user is playing. | would say that at least 75% of
the tracks that arerecommended are highly appropriate. The next 20% of tracks are
neither irrelevant nor irrelevant, however the last 5% can sometimes be completely

random.

The obvious irritant with the Amazon music recommender is that it takes so long to
generate a result This is down to the restriction of one request per second to the AWS
server. A really desirable addition to the Amazon music recommender would be the ability
to cache the results that it gets from Amazon. Over time the application could, in the
badground, build up a database of track listings relevant to the music that is loaded onto
the jukebox.  When the user requests a recommendation much of the data that the
recommender would use to make suggestions would already be resident on the local
machihne meaning the results would be returned much quicker. Although caching the data

that is retrieved from Amazon is against the terms of sefvjodmazon is unlikely to catch
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on unless the application became really big. In this case users could be ayedto apply
for their own membership to AWS and use their credentials rather than the ones that is pre

programmed into the jukebox

Something that | was rather disappointed not to have had time to implement, was a scoring
system for the recommender. tesd of simply presenting a track to the usdrwe can
match it against criteria from the Amazon web services, it would be more desirable to count
the number of times that a track was recommended to us. This would allow the results
with a really high sore to be presented at the top, whilst those tracks with a really low

score are presented at the bottom, or not at.all
7.5 A Rview of the .NET Framework

One thing that was a constant hindrance throughout the projeaswetting to grips with

the.NET franework. The .NEffameworkisa A ONR a2 F i Qa SljdaA @l fSyid 27
taught mostly Java throughout myUuh S NR A G& OF NBSNJ L KIFIR 323008\
the .NET framework to be lessimdd than B I Q& !t L @ 2 Kl @inGrgdzf R y 7
call to the Java API, could take up to three calls in the .NET frameworlexarople, during

iteration, the &va API will usually let the programmer take an object directly from the data
structure that the iterator has the focus on. In thdet framework, the programmer must

first obtain keys for the data structure they wish to iterate. Howetlsese keys cannot be

iterated. In the second step the programmer must make the keys iteratable, before they

can proceed to the third step of itating through the keys and requesting an object directly

from the original data structure based on the keys. Constant inconveniences like this
meant that what would normally have taken 5 minutes to do in javak half a day to work

out using the .NeFramework
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Chapter 8

Conclusion

In conclusion | believe the project has been a success. | have managed to implement a
piece of software that, four months ago | would have been unable to say for sure, that |
could do. Additionally |1 have a piece siftware that | can use to play music, as an

alternative to those | have criticesl in this report.

| gained from this project in many ways. Firstly and most obviously | have learned a new
programming language with a different APIl. This project hasgi®n me the confidence

to find solutions to problems that are not describedtie degree program. Finally,hias
shown me the relevance of taking the theory thaaswtaught in the classroom angalying

it to practical problems in order to enhandeet performance of software

Ultimately this project has given me the chance to evaluate the worthiness of the degree
programme. Four years is a long time to devote to a degree. | would like to be reassured
that this time has not been used in vain. séimeone had given me the jukebox that | have
implemented for this project four years ago, | would have asked them, how did you do that?

| hope that question has been answered in this report. In this case, it has been worthwhile.
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Appendix AUserManual

Contents

1. Installation
1.1.Installing the .NET Framework
1.2.Installing the DirectX Assemblies
1.3.Installing the ukebox

2. Adding music

3. Playing Music

4. Amazon Music Recommender

5. YouTube Video Feature

6. Deleting Music From The Jukebox

7. Troubleshooting

1 |Installing the Jukebox

1.1.Installing the Microsoft.net Framework
1.1.1. Locate and insert the runtime disk that was submitteithvthis jukebox. If
@ 2 dz Ra¥e/tifisidisk emaids01ldkm@csd.abdn.ac.akd request a copy.

Alternatively use the windows update feature on the computer to install the
latest .net framework runtime.
1.1.2. Browse to the d:drive on your computer where dis the DVEROM drive.

1.1.3. Run the .net framework installer\dlicrosoft.Net Franework 3.0.exe.
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1.1.4. Follow the onscreen instructions and use all default settings.

1.2.Installing the DirectX Assemblies
1.2.1. Locate and insert the runtime disk that was submitted with the jukebox. If
82dz R2y Qi KI @9D1diinkaicsd.atiRihak.kd &qUksh & copy.

DO NOT attempt to install the assemblies in any other way if you do not have

the runtime CD.
1.2.2. Browse to the folder dDirectX folder where d:is the DVEROM drive.
1.2.3. Run the installer dDirectXDXSETUP.

1.2.4. Follow the onscreen instructions and use all the default settings.

1.3.Installing the Jukebox
1.3.1. Extract the jukebox.exe file from the compressed file and place the
jukebox.exe in the folder you want to run it from. E.g. C:/program
files/jukebox/jukebox.exe.

1.3.2. To run the jukebox simply double click the jukebox.exe file.

1.4. Net Framework Errors

jukebox.exe - Application Error 5[
@ The application Failed to initialize properly (0xc0000135). Click on O ko terminate the application.

FigureA.l : Application Error
1.4.1. If you see an error message like the one in figfethen you have not

installed the Microsoft.net framework correctly. This isatésed in section
1.1.
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1.5.DirectX Assembly Errors

x

Unhandled exception has occurred in your application. If you click
Continue, the application will ignore this error and attempt to continue. [f
you click Qui, the application will claze immediately.

Could not load file or aszembly 'Microsoft Direct< sudiovideoPlayback,
Wersion=1.0.2902.0, Culture=neutral,
PublickeyT oken=31bf3856ad36435" or one of itz dependencies. The
system cannot find the file specified.

Coriinue it

FigureA2 Assembly Errors.

1.5.1. If you see an error message like the one in figh&then you have not

installed the DirectX assembly files correctly. This is described in section 2.1.

2. AddingMusic to the Jukebox

2.1. Adding music to your computer
2.1.1. If you have plenty mp3 files on your computer then skip this step and move
onto step 2.2.
2.1.2. Locate the DVD titled music and insert the DVD.
2.1.3. Copy some or all of the contents of the DVD to a folder on yord tek.

2.2.Add a Single File to the Jukebox

DaveAmp

File | Edit Flay Fe
[ addrie |
Add Folder

Exit

FigureA3 Add File
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2.2.1. Use the mouse to select the Add File feature which can be found in the file

menu at the top left corner of the application.

FigureA4 Open File Dialog
2.2.2. Use the operiile dialog to navigate to a folder that has an mp3 file. Select

this mp3 using the mouse and press the open button. The selected file should

appear in the jukebox library. Repeat this step to add more individual files.

2.3.Adding a Folder and all it€ontents to the Jukebox

FigureA5 Add Folder

2.3.1. Use the mouse to navigate to the add folder feature which can be found

under the file menu in the top left hand corner of the application.
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