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iTunes is a popular tool for organizing, storing and playing music. It provides a reasonably user-friendly interface and helpful organizing functions. This paper explores methods for maximizing the usefulness of the application, both for individual users and in libraries or academic settings. We will discuss the following:

1. Overview of iTunes (brief history and functions)

2. iTunes and xml (metadata storage, access by other applications, exporting/formatting metadata with XSLT)

3. Other methods for adding function and exporting data (additional scripts and widgets)

4. Use in the library and academic world

1) Overview of iTunes

iTunes is a freely available media player developed by Apple Computer. It can be used to organize and play digital audio (music, podcasts, audiobooks) and video files. It runs on Mac OS X, Windows 2000, Windows XP, Windows Server 2003 although current versions no longer run on Mac OS 9 the platform it was initially developed for.

Version 1.0 was released January 9, 2001 for the Mac OS9. Other highlights in the history of iTunes include the iPod (a portable music player) and Unicode metadata support on Version 2.0 (October 23, 2001), Smart Playlists and Ratings on Version 3.0 (July 17, 2002), Music Store support and music sharing Version 4.0 (April 28, 2003), iMix and Party Shuffle Version 4.5 (April 28, 2004). Version 4.7.1 (January 11, 2005) disallowed play and transfer of Music Store-purchased tracks that have had the DRM (Digital Rights Management) protection stripped by third-party applications and only allowed five connections per day to libraries over a network. The current version is 6.0.4 released March 1, 2006.

The functions of the iTunes application include the capacity to play songs, video, podcasts and audio books. Audio files can be organized into play lists, tagged with user comments, and played in sequences determined by the user. The application supplies direct connection to iTunes Music store (iTMS) via the Internet, allowing purchase of new audio or video and access to free podcasts. iTunes also allows users to "share" but not copy music across a local network and post their iMixes. 

The iPod (in its shuffle, mini, video and nano versions) has the capacity to sync with the iTunes-bearing computer enabling music to be played "on the go." Additionally, the iPod can be set to function as an external drive, to carry notes and possesses a built in calendar.

2) iTunes and XML: iTunes Library and iTunes Library xml
iTunes holds audio metadata in two files:

· iTunes Library and 

· iTunes Music Library.xml file. 

On the Mac operating system iTunes library files are generally located in 

Users/UserName/Music/iTunes/ and on the Windows platform are likely to be found in My Documents/My Music/iTunes/

Wikipedia provides a cogent description of the iTunes Library file:


 " …is a binary file called iTunes Library (iTunes x Music Library in previous versions) that uses its own music library format. This both caches information such as artist and genre from the audio format's tag capabilities (for example the ID3 tag), and stores iTunes specific information such as playcount and rating."


Retrieved from http://en.wikipedia.org/wiki/ITunes April 24, 2006
The second file, iTunes Music Library.xml is, as expected, an xml file. This file is updated whenever information in iTunes is changed, as when new audio files are added to the library. The xml file provides iTunes information that can be used by application developers. For example, iMovie, iPhoto and other "not i" applications can access iTunes data via the iTunes Music Library.xml file. The movie that opened our xml presentation was created using iMovie with a sound track linked from iTunes. Rock Star, from Freshly Squeezed software http://freshsqueeze.com/, accesses the iTunes xml file to generate a "Name That Tune" desktop game.

iTunes xml Structure

iTunes xml is not a mark-up language that captures musical notation or composition structure. Instead it lists metadata for audio and video content contained in the iTunes library, including (but not restricted to) artist, composer, genre, title, album, length of the recording and number of times played. The iTunes library.xml file is refreshed when new information is added to iTunes.

The DTD for the iTunes xml library is available at http://www.apple.com/DTDs/PropertyList-1.0.dtd. It can also be found in Appendix A of this document.  Niel Bornstein describes a method for creating an iTunes schema by downloading the DTD, converting the DTD to a W3C XML Schema, editing by replacing the namespace declarations, and finally generating the class. (Bornstein, http://www.xml.com/pub/a/2004/11/03/itunes.html).
The iTunes xml file uses a system of key/value pairs. For example, the name of a song is listed using the <key> "Name" paired with the <string> containing the value: the song name. Here is an example of the Coldplay song Yellow: <key>Name</key><string>Yellow</string>. All of the the metadata for each song (Track ID, artist, composer, etc.) is contained within a <dict> (short for dictionary) element, the <dict> element then holds a series of keys and values for Name, Composer, Artist and more. Appendix B contains coding for the iTunes library. xml file including header information, sample track metadata and playlists.

This key/value pair structure is the basis or structure of the property list format used in other Apple plist files. For more information about property lists see the Apple Developer Connection web pages related to property lists and XML property lists at http://developer.apple.com/documentation/Cocoa/Conceptual/PropertyLists/Concepts/AboutPropertyLists
Adding metadata to iTunes

Opening the iTunes XML file and adding data to specific key values is one way to contribute data to iTunes files. It's also possible to edit or change audio metadata through the iTunes interface by selecting a particular track then choosing "Get Info" from the File menu. The "Info" tab allows changes to genre, artist, composer and notes in the comments field. So, for example, adding to the comments field through the iTunes interface results in an update of the XML file comments field. Another tab offers a text field for the addition of song lyrics. Although held in iTunes, lyrics (unlike the other metadata discussed here) are not stored within the iTunes xml.

We experimented with two methods of gathering lyrics. In one case we used an Applescript produced by Doug Adams http://www.dougscripts.com/itunes/. This script opened a web browser to a Google results page for the lyrics of a specific song. Any Lyrics discovered could then be pasted into the iTunes lyrics field. 

The second method was use of a widget called Sing that iTune 3.0.3 developed by Toru Yano. This Widget retrieves lyrics from the web site http://www.lyricskeeper.com/ and adds them to the widget lyrics field, as well as the iTunes lyrics field. If the lyrics cannot be found at the "lyricskeeper" web site then a link to a Google lyrics search can be started and a results list of likely lyrics sites for the song are returned. Lyrics retrieved by the widget are stored in a folder (Sing that iTune!) on the users hard drive in the Documents folder. The lyrics are not added to the iTunes XML file.

Widgets can serve a number of useful functions and are available for both Mac and Windows platforms. For more information about widgets and their development see

http://developer.apple.com/macosX/dashboard.html
Pulling metadata from iTunes
As well as adding metadata to iTunes via widgets and scripts, information in iTunes XML file can be extracted and displayed. For example, using XSL style sheets, metadata from the iTunes XML file can be transformed and displayed in an html file. This allows sharing of playlists or recommendations for audio on the web.  Unfortunately, the key/value structure of the iTunes XML file made writing the XSL something of a puzzle. However, by reviewing the code of others, we developed an XSL stylesheet that displayed a playlist in an html table and sorted by genre (thanks to W3 Schools and Jonathan Borden at Tutorialized.com.) Code for the XSL style sheet is in Appendix C of this paper.

In the process of looking at various XSLT solutions, we came across a style sheet created by Chris Veness and shared at Movable Type Scripts http://www.movable-type.co.uk/scripts/iTunesAlbumList.html
Using this style sheet, one XML file can be called and styled by an include tag in another XML file. This allows the dynamic styling of the iTunes library.xml without the need to append any additional data to the file. While this <wrapper> function works only in the Firefox browser, it's a useful way to transform the library metadata.

In addition to XSLT styling, we used an Applescript created by Doug Adams to export iTunes playlist data in an html table. Certainly, other scripting languages (PHP, Ruby, Java) might work equally well to export and style data stored in the XML file.
3) Additional Applications

There are a number of widgets (based on HTML, CSS and JavaScript) available for iTunes, including mini iTunes Remote, Amazon Album Art, iTunes Stats, Music Recommendation Widget, and Alarm Clock. See http://www.mindrepanda.com/article.php?num=98

The iTunes Registry allows users to upload their iTunes library and run it through a series of reporting tools to help the user better understand their musical collection.  Once the library is uploaded, users can get rankings of entire songs and albums, an estimate of how diverse the music collection is, and a report contained in the iPod’s “Notes” folder that gives statistics on the genres in your collection.
4) Library and Academic Applications

With its capacity to provide an easy-to-use interface for the download and organization of audio media, iTunes has great potential for use in libraries and universities. There are many cases of universities using podcast technology to distribute course content (UC Berkely, Purdue and others) and libraries sharing podcasts of library tours, lectures and other events. While these applications do not specifically require iTunes, the iTunes application can be used to access university produced podcasts and available audio media. Further, there are some universities currently working in partnership with Apple computer to use the iPod and the iTunes application to distribute and create audio and video content. 
Examples of these projects are listed below:

· Stanford iTunes (http://itunes.stanford.edu/index.html) “provides access to a wide range of Stanford-related digital audio content via the iTunes Music Store. …The project includes two sites: a public site, targeted primarily at alumni, which includes Stanford faculty lecture, music, sports, and more, and an access-restricted site for the Stanford community only delivering course-based materials and advising content.” 

· The Duke iPod First-Year Experience initiative (http://cit.duke.edu/about/ipod_project_0405.do) allowed Duke, in collaboration with Apple Computer, Inc., to distribute 20GB Apple iPod devices to each of its first year students in Fall, 2004.  Duke “supported over 25 iPod-related course projects during the 2004-2005 academic year.”  

· Through iTunes U (introduced in January, 2006), six universities (Duke, Brown, Stanford, the University of Michigan, the Missouri School of Journalism, and the University of Wisconsin-Madison) are working with Apple Computer to test its usefulness in the academic setting. (http://www.dukenews.duke.edu/2006/02/iTunes%20U.html)
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Appendix A: iTunes DTD

<!ENTITY % plistObject "(array | data | date | dict | real | integer | string | true | false )" >

<!ELEMENT plist %plistObject;>

<!ATTLIST plist version CDATA "1.0" >

<!-- Collections -->

<!ELEMENT array (%plistObject;)*>

<!ELEMENT dict (key, %plistObject;)*>

<!ELEMENT key (#PCDATA)>

<!--- Primitive types -->

<!ELEMENT string (#PCDATA)>

<!ELEMENT data (#PCDATA)> <!-- Contents interpreted as Base-64 encoded -->

<!ELEMENT date (#PCDATA)> <!-- Contents should conform to a subset of ISO 8601 (in particular, YYYY '-' MM '-' DD 'T' HH ':' MM ':' SS 'Z'.  Smaller units may be omitted with a loss of precision) -->

<!-- Numerical primitives -->

<!ELEMENT true EMPTY>  <!-- Boolean constant true -->

<!ELEMENT false EMPTY> <!-- Boolean constant false -->

<!ELEMENT real (#PCDATA)> <!-- Contents should represent a floating point number matching ("+" | "-")? d+ ("."d*)? ("E" ("+" | "-") d+)? where d is a digit 0-9.  -->

<!ELEMENT integer (#PCDATA)> 

<!-- Contents should represent a (possibly signed) integer number in base 10 -->

Appendix B: Sample iTunes XML Code

Header information for the library
<?xml version="1.0" encoding="UTF-8"?>

<!DOCTYPE plist PUBLIC "-//Apple Computer//DTD PLIST 1.0//EN" "http://www.apple.com/DTDs/PropertyList-1.0.dtd">

<plist version="1.0">

<dict>


<key>Major Version</key><integer>1</integer>


<key>Minor Version</key><integer>1</integer>


<key>Application Version</key><string>6.0.4</string>


<key>Features</key><integer>1</integer>


<key>Music Folder</key> <string>file://localhost/Users/susanrussell/Music/iTunes/iTunes%20Music/</string>

<key>Library Persistent ID</key> <string>457EAA84C8553D5F</string>


<key>Tracks</key>


<dict>

Sample track metadata
<key>112</key>

<dict>

<key>Track ID</key><integer>112</integer>

<key>Name</key><string>Yellow</string>

<key>Artist</key><string>Coldplay</string>

<key>Album</key><string>Parachutes</string>

<key>Genre</key><string>Alternative</string>

<key>Kind</key><string>Protected AAC audio file</string>

<key>Size</key><integer>4480205</integer>

<key>Total Time</key><integer>269233</integer>

<key>Disc Number</key><integer>1</integer>

<key>Disc Count</key><integer>1</integer>

<key>Track Number</key><integer>5</integer>

<key>Track Count</key><integer>10</integer>

<key>Year</key><integer>2000</integer>

<key>Date Modified</key><date>2005-06-29T23:54:05Z</date>

<key>Date Added</key><date>2005-06-29T23:53:29Z</date>

<key>Bit Rate</key><integer>128</integer>

<key>Sample Rate</key><integer>44100</integer>

<key>Play Count</key><integer>54</integer>

<key>Play Date</key><integer>-1067524570</integer>

<key>Play Date UTC</key><date>2006-04-09T19:52:06Z</date>

<key>Artwork Count</key><integer>1</integer>

<key>Persistent ID</key><string>4DCFB0DCB68ABBC5</string>

<key>Track Type</key><string>File</string>

<key>Protected</key><true/>

<key>File Creator</key><integer>1752133483</integer>

<key>Location</key><string>file://localhost/Users/susanrussell/Music/iTunes/iTunes%20Music/Coldplay/Parachutes/05%20Yellow.m4p</string>

<key>File Folder Count</key><integer>4</integer>

<key>Library Folder Count</key><integer>1</integer>

</dict>

Sample playlist metadata
<key>Playlists</key>


<array>



<dict>




<key>Name</key><string>Library</string>




<key>Master</key><true/>




<key>Playlist ID</key><integer>874</integer>




<key>Playlist Persistent ID</key><string>457EAA84C8553D60</string>




<key>All Items</key><true/>




<key>Playlist Items</key>




<array>





<dict>






<key>Track ID</key><integer>70</integer>





</dict>

Appendix C

XSLT Style Sheet Code for Brooklyn Playlist
<?xml version="1.0"?>

<xsl:stylesheet version="1.0" xmlns:xsl="http://www.w3.org/1999/XSL/Transform">

<xsl:template match="/">

<html><head><title>My iTunes Songs</title><link rel="stylesheet" type="text/css" href="transtylesheet.css"/></head>

<body>

<h1>iTunes Playlist: Brooklyn</h1>

<table border="1">

<tr>

<th width="25%">Name of Song</th>

<th width="25%">Artist</th>

<th width="25%">Album</th>

<th width="25%">Genre</th>

</tr>

<xsl:for-each select="/*/*/dict[1]/dict">

<xsl:sort select="child::*[preceding-sibling::* = 'Genre']"/>

<tr>

<td><xsl:value-of select= "child::*[preceding-sibling::* = 'Name']" /></td>

<td><xsl:value-of select= "child::*[preceding-sibling::* = 'Artist']" /></td>

<td><xsl:value-of select= "child::*[preceding-sibling::* = 'Album']" /></td>

<td><xsl:value-of select= "child::*[preceding-sibling::* = 'Genre']" /></td>

</tr>

</xsl:for-each>

</table>

</body>

</html>

</xsl:template>

</xsl:stylesheet>

Wrapper

These files reside in the same folder as the iTunes Music Library.xml. The list is displayed when albumlist.xml is opened in the Firefox web browser.

1) In XML file called albumlist.xml

<?xml version="1.0" encoding="utf-8"?>

<?xml-stylesheet href="display.xsl" type="text/xsl"?>

<wrapper>

<incl file="iTunes Music Library.xml "/>

</wrapper>

2) In XSL file called display.xsl

<xsl:stylesheet xmlns:xsl="http://www.w3.org/1999/XSL/Transform" version="1.0">

<!-- (c) Chris Veness 2005 -->

<xsl:output method="html" encoding="UTF-8" indent="yes"/>

<xsl:preserve-space elements="*"/>

<!-- match the wrapper and apply templates to the <incl> xml file -->

<xsl:template match="/wrapper">

<xsl:apply-templates select="document(incl/@file)"/>

</xsl:template>

<xsl:key name="songsByGenre" match="dict" use="string[preceding-sibling::key[1]='Genre']"/>

<xsl:key name="songsByAlbum" match="dict" use="string[preceding-sibling::key[1]='Album']"/>

<xsl:template match="/plist/dict/dict">

<html>

<head>

<title>iPod Album Listing</title>

<meta http-equiv="Content-Type" content="text/html; charset=UTF-8"/>

</head>

<body>

<table>

<xsl:for-each select="dict[generate-id(.)=generate-id(key('songsByGenre',string)[1])]">

<xsl:sort select="string[preceding-sibling::key[1]='Genre']"/>

<xsl:for-each select="key('songsByGenre',string)[1]">

<xsl:call-template name="albumsInGenre">

<xsl:with-param name="genre" select="string[preceding-sibling::key[1]='Genre']"/>

</xsl:call-template>

</xsl:for-each>

</xsl:for-each>

</table>

</body>

</html>

</xsl:template>

<xsl:template name="albumsInGenre">

<xsl:param name="genre"/>

<tr><td colspan='3'><b><xsl:value-of select="$genre"/></b></td></tr>

<xsl:variable name="song" select="/plist/dict/dict/dict"/>

<xsl:for-each select="$song[generate-id(.)=

generate-id(key('songsByAlbum',string[preceding-sibling::key[1]='Album'])[1])]">

<xsl:sort select="string[preceding-sibling::key[1]='Album']"/>

<xsl:for-each select="key('songsByAlbum',string[preceding-sibling::key[1]='Album'])

[string[preceding-sibling::key[1]='Genre']=$genre]

[not(true[preceding-sibling::key[1]='Disabled'])][1]">

<tr valign='top'>

<td width='20'> </td>

<td><xsl:value-of select="string[preceding-sibling::key[1]='Album']"/></td>

<td><xsl:value-of select="string[preceding-sibling::key[1]='Artist']"/></td>

</tr>

</xsl:for-each>

</xsl:for-each>

</xsl:template>

<xsl:template match="text()"/> <!-- swallow up unmatched text -->

</xsl:stylesheet>
1

