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META DATA MANAGEMENT FOR MEDIA 
CONTENT OBJECTS 

RELATED APPLICATION 

[0001] This application is a continuation of and claims 
priority to US. patent application Ser. No. 09/820,088, ?led 
on Mar. 27, 2001, the disclosure of Which is incorporated by 
reference herein. 

TECHNICAL FIELD 

[0002] This invention relates to data structures and data 
management, and more particularly to meta data manage 
ment for media content objects. 

BACKGROUND 

[0003] Computers are becoming increasingly more poW 
erful While at the same time becoming less costly. This has 
resulted in the promulgation of computers into many homes 
and business throughout the World. Along With this increase 
in computing performance and popularity has also come an 
increase in the number of areas in Which computers are used. 
Where once computers Were used primarily for productivity 
based applications (e.g., databases, Word processing, spread 
sheets, and so forth), a Wide range of entertainment appli 
cations have become increasingly popular. 

[0004] One such entertainment application is that of media 
content playback, such as audio (e.g., songs) and audio/ 
video (e.g., movies) playback. For example, computers are 
often equipped With a CDROM drive that alloWs the com 
puter to read an audio CD and play the songs on the CD via 
one or more speakers coupled to the computer. An additional 
feature that such an entertainment application may provide 
is the ability to obtain information about a CD (e.g., track 
names and artist name(s)). This information is commonly 
referred to as “meta data” corresponding to the CD. The 
application accesses a database of meta data (e.g., from a 
remote server) to identify information about the CD (e.g., 
track names and artist name(s)), and then displays this 
information to the user. 

[0005] In addition to playing back media content directly 
from the source CD, some applications also alloW songs to 
be copied from the source CD and stored as separate ?les on 
a local hard drive of the computer, such as in an MP3 or 
WMA format. This process is commonly referred to as 
“ripping”. These locally stored ?les can then be played back 
at a subsequent time directly from the local hard drive 
Without the presence of the source CD in the CDROM drive. 

[0006] One current problem With these systems, hoWever, 
is that meta data is typically associated With only one source 
(e.g., the source CD). Thus, if the user plays back a song 
directly from a CD, then the meta data corresponding to that 
CD is displayed to the user. Similarly, if the user rips that 
same song to a ?le on the local hard drive and plays that song 
back from the ?le on the hard drive, then the meta data 
corresponding to that ?le is displayed to the user. HoWever, 
any changes made (e.g., by the user) to the meta data 
corresponding to the CD are displayed to the user only When 
the song is played back directly from the CD, and any 
changes made to the meta data corresponding to the ?le are 
displayed to the user only When the song is played back from 
the ?le. Thus, multiple different sets of meta data are created 

Jul. 5, 2007 

(one for each source) for each song, requiring any changes 
to the meta data for a song to be made to each of the multiple 
sets. This creates an inconsistent and unfriendly user expe 
rience. 

[0007] The invention addresses these problems and pro 
vides solutions to improve meta data management for media 
content objects. 

SUMMARY 

[0008] Improved meta data management for media con 
tent objects is described herein. 

[0009] According to one aspect of the improved meta data 
management, meta data associated With multiple pieces of 
content (e.g., songs, movies, other audio/video clips, etc.) 
stored on multiple pieces of media (e.g., CDs, DVDs, etc.) 
is maintained in a meta data store. The meta data store also 
includes meta data associated With other pieces of content 
stored elseWhere, such as songs stored in ?les on a local hard 
drive that have been ripped from a CD or DVD. These other 
pieces of content are associated With the content on the 
pieces of media, such as being ripped versions of the same 
song tracks. This association is maintained in the meta data 
store, so that Whenever a change is made to meta data for one 
piece of content (e.g., for a track on a CD), then the meta 
data for the associated piece(s) is also changed (e.g., the 
ripped version stored in a ?le on the hard drive). 

[0010] According to another aspect of the improved meta 
data management, meta data is organiZed using a disc 
centric tree structure, With a disc object being a root object 
in the tree and multiple children objects (e.g., corresponding 
to tracks, ?les, play lists, and so forth) spaWning from the 
disc object. These children can also have their oWn children 
object (e.g., ?le objects). Meta data is maintained for all of 
these objects, and any changes to the meta data can be 
readily propagated through the tree to other objects corre 
sponding to the same disc object (the root object). 

[0011] According to another aspect of the improved meta 
data management, meta data is maintained for both gener 
ally available media and user-created media. Meta data for 
generally available media (e. g., commercially available CDs 
or DVDs) can be obtained from a remote server. For 
user-created media, the computer creating the media has 
access to the meta data associated With the content of the 
neW media (e.g., songs copied from another CD for Which 
meta data is already available). The computer generates a 
disc identi?er for the user-created media and, for each piece 
of content on the neW media, copies the meta data for that 
content from the meta data associated With the source of the 
content (e.g., for a song copied from a CD, the meta data 
associated With that song corresponding to that CD). 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0012] The present invention is illustrated by Way of 
example and not limitation in the ?gures of the accompa 
nying draWings. The same numbers are used throughout the 
?gures to reference like components and/or features. 

[0013] FIG. 1 is a block diagram illustrating an exemplary 
netWork environment. 

[0014] FIG. 2 illustrates an exemplary tree structure of 
media content objects associated With particular media. 
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[0015] FIG. 3 illustrates an exemplary database that 
implements the tree structure of FIG. 2. 

[0016] FIG. 4 illustrates an exemplary return of meta data 
from a meta data server. 

[0017] FIG. 5 is a ?owchart illustrating an exemplary 
process for rendering media content meta data. 

[0018] FIG. 6 is a ?owchart illustrating an exemplary 
process for updating media content meta data. 

[0019] FIG. 7 is a ?owchart illustrating an exemplary 
process for generating meta data for new media. 

[0020] FIG. 8 illustrates a general exemplary computer 
environment which can be used to implement the improved 
meta data management. 

DETAILED DESCRIPTION 

[0021] FIG. 1 is a block diagram illustrating an exemplary 
network environment 100. Environment 100 includes a 
client computer 102, remote server computers 104 and 106, 
and a network 108. Network 108 represents any of a wide 
variety of conventional data communications networks. Net 
work 108 may include public portions (e.g., the Internet) as 
well as private portions (e.g., an internal corporate Local 
Area Network (LAN) or a home network), as well as 
combinations of public and private portions. Network 108 
may be implemented using any one or more of a wide 
variety of conventional communications media including 
both wired and wireless media. Any of a wide variety of 
communications protocols can be used to communicate data 
via network 108, including both public and proprietary 
protocols. Examples of such protocols include TCP/IP, IPX/ 
SPX, NetBEUI, etc. 

[0022] Computers 102, 104, and 106 represent any of a 
wide range of computing devices, and each device may be 
the same or different. By way of example, devices 102-106 
may be desktop computers, multiple-processor ?leservers or 
workstations, laptop computers, handheld or pocket com 
puters, personal digital assistants (PDAs), cellular phones, 
Internet appliances, consumer electronics devices, gaming 
consoles, and so forth. 

[0023] Client computer 102 includes a local hard drive 
110, a system memory (Random Access Memory (RAM)) 
112, a disc drive 114 for removable media 116, and a central 
processing unit (CPU) 118. CPU 118 executes an operating 
system 120, which manages operation of client computer 
102 and provides support for input/output operations (e.g., 
user inputs, audio and/or video input and playback, data 
communications with other computers via network 108, and 
so forth). CPU 118 also executes a content player application 
122 from memory 112. Content player application 122 
provides a user interface allowing a user of computer 102 to 
select various pieces of media content (also referred to as 
simply “content”) for playback. Content player application 
122 also communicates audio data to speakers of computer 
102 (optionally via operating system 120) for playing to the 
user, as well as communicates video data to a display device 
of computer 102 for playback of video data. Additionally, 
content player application 122 may also present (e.g., dis 
play) to the user meta data corresponding to content being 
played. This meta data is information describing different 
aspects or characteristics of the content being played, and/or 
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information related to the content being played. A meta data 
manager component 124 of content player application 122 
manages the storage and modi?cation of meta data, as 
discussed in more detail below. Although illustrated as 
separate components, content player 122 and operating 
system 120 may alternatively be incorporated into the same 
component (e.g., content player 122 may be one of multiple 
modules of operating system 120). 
[0024] Content player application 122 can play pieces of 
content directly from media 116 inserted into disc drive 114. 
A piece of content as used herein refers to a segment of data 
that can be played (e. g., to a user on a computer). The exact 
nature of a piece of content on media 116 is dependent on the 
type of media as well as the type of content. For example, 
for an audio CD, each track of audio data (typically a single 
song) would be a piece of data. For a movie DVD, the entire 
movie may be one piece of content, a set of outtakes another 
piece of content, and a movie preview a third piece of 
content. 

[0025] Media 116 can be any of a wide variety of con 
ventional media. As used herein, media 116 is discussed 
primarily with reference to being a compact disc (CD) or 
digital versatile disc (DVD), including CDs and DVDs that 
are read only, rewriteable, or recordable. Alternatively other 
types of media can be used, such as other types of optical 
discs, magnetic disks, magnetic tapes, solid state storage 
devices, and so forth. It is to be appreciated that the nature 
of drive 114 also varies based on the type of media 116 being 
used (e.g., an optical disc drive, a magnetic tape drive, and 
so forth). 
[0026] Additionally, client 102 may access other media in 
a manner analogous to accessing media 116. For example, 
media 116 may be inserted into a disc drive of another 
computer (or CD “jukebox”) and accessed by client 102 via 
network 108. By way of another example, an Internet radio 
station may make tracks of data, analogous to tracks of data 
on a CD, accessible to client 102. 

[0027] In addition to being used as a direct source for 
content playback, media 116 may be used as the source for 
content that is stored as one or more ?les on hard drive 110. 

Content player application 122 can manage the copying 
(ripping) of content from media 116 to a ?le 126 of hard 
drive 110, or alternatively another component such as oper 
ating system 120 or a component on another computer (not 
shown) may manage the copying. Each of these ripped ?les 
is another version of the corresponding piece of content 
form media 116. Each of the content ?les 126 typically 
stores a single piece of content, and may use any of a wide 
variety of public and/or proprietary formats, such as MPEG 
Audio Layer 3 (MP3), Windows Media audio ?le (WMA), 
and so forth. 

[0028] During operation, meta data manager 124 main 
tains a record (explicitly or implicitly) of different media 
pieces 116, such as different CDs, that are inserted into disk 
drive 114. When coupled to network 108, meta data manager 
124 communicates with server 104 and/or 106 to retrieve 
meta data corresponding to the different media 116 that has 
been inserted into disc drive 114. Meta data manager 124 
stores this received meta data locally (e.g., as local meta data 
store 128 on hard drive 110) for subsequent use by content 
player application 122. 
[0029] Content player application 122, including meta 
data manager 124, provides an enhanced content playback 
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experience by presenting, to the user, meta data correspond 
ing to various pieces of content. The meta data can be 
displayed While the content is being played, as Well as at 
other times (e.g., allowing the user to look back through 
content that he or she has previously played). Meta data 
manager 124 obtains (from server 104 and/or 106) meta data 
for each piece of content (e.g., each song) on a particular 
piece of media (e.g., each CD) that has been inserted into 
disc drive 114. This meta data is obtained even though the 
user may not have actually played the corresponding con 
tentithe mere insertion of the media is sufficient. In the 
illustrated example meta data manager 124 obtains only the 
meta data for pieces of media it is aWare of (e.g., those that 
have been inserted into disc drive 114). Alternatively, other 
meta data may also be obtained and stored in local meta data 
store 128. For example, a user may identify a preferred artist 
and all meta data available for all of that artist’s CDs may 
be obtained and stored in local meta data store 128. 

[0030] Meta data manager 124 associates meta data With 
the particular pieces of removable media 116 and further 
associates all pieces of content (e.g., songs, movies, and so 
forth) that are on or originate from particular media 116 With 
that particular media 116. Thus, meta data for a particular 
song from a particular disc is associated With that song, 
regardless of Whether it is played to the user directly from 
media 116 or from one of content ?les 126 that Was ripped 
from media 116. 

[0031] In the illustrated example, the meta data is stored at 
servers 104 and 106 and is available from a “disc-centric” 
point of vieW. This “disc-centric” point of vieW organizes 
meta data on a per-disc basis, With tracks on that disc and 
?les ripped from those tracks corresponding to the particular 
disc. A disc identi?er is used for tracking the meta data for 
the disc. In the case of CDs, CDs typically store songs as 
different tracks on the CD, and each track is made up of 
multiple “frames” of audio data. In one implementation, 
each frame of audio data is 1/75 of a second. Typical audio 
CDs store table of contents (TOC) information, Which refers 
to: the total number of tracks on the disc, the starting frame 
offset of each track, and the total number of frames on the 
disc. The disc identi?er is generated by summing together 
this table of contents information (the total number of tracks 
on the disc, the starting frame offset of each track, and the 
total number of frames on the disc). It should be noted that 
generating a disc identi?er in this fashion does not guarantee 
that each disc identi?er is unique. HoWever, it does provide 
an almost-unique value (that is, it is possible for tWo 
different CDs to have the same disc identi?er, but highly 
unlikely). 

[0032] Alternatively, the disc identi?er may be generated 
in different manners for CDs, as Well as different manners 
for different types of media. For example, a disc identi?er 
for a DVD may be generated based on a CRC 64 (64-bit 
Cyclical Redundancy Checking) of portions of the DVD. In 
one implementation, these portions are the ?rst parts (e.g., 
64 Kb) of the video_ts.ifo and the vtsfOlfOifo on a DVD 
disc. 

[0033] When meta data manager 124 desires meta data for 
a particular disc, manager 124 communicates the disc iden 
ti?er to one of servers 104 and 106. The receiving server 104 
or 106 uses the disc identi?er as an index into the meta data 
stored at the server. If the disc identi?er matches a disc 

Jul. 5, 2007 

identi?er at the server, then the meta data associated With 
that matching server is returned to meta data manager 124. 

[0034] Servers 104 and 106 can store public and/or private 
meta data. Public meta data refers to data that is generally 
available to the public as a Whole (although possibly subject 
to licensing fees or other restrictions). Private meta data 
refers to data that is intended for only a particular one or 
more users. For example, a user may generate his or her oWn 
meta data and communicate it to a server as private meta 
data. Subsequent accesses to the server by the user (the 
identity of Which can be veri?ed in any of a variety of 
conventional manners, such as a user name and passWord) 
alloW this meta data to be received. By storing such private 
meta data on a server, a user can generate his or her oWn data 
and have that data “folloW” him or her to different locations. 
For example, a user may generate private meta data from his 
or her home computer and store it on a remote server. The 
user can then access that server from another location (e.g., 
his or her portable audio device, an Auto PC, and so forth) 
and have that previously generated private data available at 
the other location. Thus, if the user generates special meta 
data for a CD on his or her home computer, When the user 
inserts the CD into his or her Auto PC, the same special meta 
data can be retrieved from the server and rendered by the 
Auto PC. 

[0035] Content player 122 maintains a tree-structure of 
objects associated With particular media 116. In the illus 
trated examples, this tree-structure is a “disc-centric” struc 
ture placing a disc identi?er as the root node and then one 
or more levels of children depending from the root node. 

[0036] FIG. 2 illustrates an exemplary tree structure 148 
of media content objects associated With particular media. 
Each object in tree structure 148 can have meta data asso 
ciated With it. TWo root node objects 150 and 152 are 
illustrated, each corresponding to a particular optical disc. 
Root object 150 has three children objects 154, 156, and 
158, each of Which is one track on the disc corresponding to 
object 150. Additionally, track object 154 has tWo children 
160 and 162, each of Which is a ?le that has been ripped to 
a local hard drive, and each of Which is a ripped version of 
the track corresponding to track object 154. Furthermore, 
track object 158 has one child 164, Which is a ?le that is 
stored on the local hard drive and is a ripped version of the 
track corresponding to track object 158. The track corre 
sponding to track object 156 has not been ripped to any ?les 
on the local hard drive, and thus track object 156 does not 
have any children. 

[0037] Similarly, tWo track objects 166 and 168 are child 
objects from root disc object 152. Track object 166 has a ?le 
child object 170, While track object 168 has no children. 

[0038] The tree structure of FIG. 2 alloWs meta data 
manager 124 to readily propagate meta data, as Well as 
changes to meta data, through the various objects associated 
With a particular disc (or other media). For example, if a user 
desired to correct a typographical error that occurred in the 
name of a song corresponding to track 154, given the 
relationships identi?ed in FIG. 2 the association of ripped 
?le objects 160 and 162 to track object 154 can be readily 
identi?ed, and the correction also made in the name of the 
song corresponding to each of the ripped ?le objects 160 and 
162. 

[0039] The discussions herein refer primarily to a disc 
centric point of vieW as illustrated in FIG. 2. Alternatively, 
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the database may be structured from other vieW points. For 
example, rather than the disc object as a root node there may 
be an “anthology” object as the root node, With each of the 
disc objects 150 and 152 being children of the anthology 
object. An anthology may include, for example, a set of 
multiple CDs corresponding to the same artist, genre, time 
period, etc. In this situation, any meta data changes can be 
propagated across multiple CDs (e.g., a performance date for 
the anthology may be changed and this change propagated 
to each CD in that anthology). By Way of additional 
examples, other points of vieW may have artist names as root 
nodes, genres as root nodes, and so forth. 

[0040] Additionally, it should be noted that even though a 
disc-centric point of vieW is used, an object can be a child 
of objects that are (or lead to) tWo different root node 
objects. For example, as discussed in more detail beloW, a 
neW CD may be created by a user that includes tracks from 
another source CD. In this situation, the track objects can be 
linked to parent root node objects that are the root nodes for 
both the neW CD as Well as the source CD. 

[0041] The tree structure of FIG. 2 can be implemented 
using any of a Wide variety of data structures. 

[0042] FIG. 3 illustrates an exemplary database 200 that 
implements the tree structure of FIG. 2. Database 200 is 
illustrated including an object table 202, a relationships table 
204, and a properties table 206. Object table 202 identi?es 
multiple objects in database 200, relationships table 204 
maintains a mapping of objects to each other in a speci?c 
order, and properties table 206 maintains a set of properties 
(meta data) for objects in database 200. FIG. 3 illustrates 
database 200 populated With example data for purposes of 
explanation. 

[0043] Object table 202 identi?es the objects that are in 
database 200. As used herein, an object refers to an entity 
that can have “children” (that is, one or more other related 
objects) and properties associated With it. For example, an 
object may be a disc, a track on a disc, a ?le ripped from a 
track on a disc, a play list identifying multiple tracks and/or 
?les, an artist (corresponding to a disc, a track, a ?le, etc.), 
a genre (corresponding to a disc, a track, a ?le, etc.), and so 
forth. In the illustrated example of FIG. 3, several different 
objects are identi?ed. 

[0044] Object table 202 includes tWo ?elds: a type ?eld 
and an ID ?eld. For each entry in object table 202, the type 
?eld identi?es What type of object is described in the entry 
and the ID ?eld identi?es a unique identi?er (unique Within 
database 200) of the object. In one implementation, the type 
?eld includes a globally unique ID that corresponds to the 
type of object described in the entry. The ID for an object is 
used to identify the object in the relationships table 204 and 
properties table 206. The ID for each object can be assigned 
in any of a Wide variety of manners, and in the illustrated 
example each object is assigned an ID that is the order the 
object is entered into object table 202 relative to the other 
objects in the table. In the illustrated example of FIG. 3, a 
CD is assigned the ID of “1”, three CD tracks are assigned 
the ID’s of “2”, “3”, and “4”, respectively, a ?le is assigned 
the ID of “5”, and so forth. 

[0045] Additional ?elds may also optionally be included 
in object table 202. For example, a “description” ?eld may 
be adding alloWing information describing the entry to be 
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included (e. g., a brief description of What object the globally 
unique ID refers to, such as “compact disc”). 

[0046] Relationships table 204 identi?es relationships 
betWeen different objects in database 200. Each entry in 
relationships table 204 identi?es a parent/child relationship 
betWeen tWo objects identi?ed in object table 202. Relation 
ships table 204 includes four ?elds: a parent ?eld, a child 
?eld, a type ?eld, and an order ?eld. The parent ?eld 
identi?es one of the objects in object table 202 by its ID, 
While the child ?eld identi?es another of the objects in object 
table 202 by its ID. The parent and child ?elds identify a 
parent/child relationship betWeen these tWo identi?ed IDs. 
For example, the ?rst entry in relationships table 204 indi 
cates that the object With an ID of 2 is a child of the object 
With an ID of 1. Thus, in conjunction With object table 202, 
this ?rst entry indicates that the track With an ID of 2 is a 
child of the CD With an ID of l (in other Words, the track 
With an ID of 2 is a track on the CD With an ID of l). 

[0047] The type ?eld in relationships table 204 indicates 
What type of object the object referenced in the child ?eld of 
the entry is. For example, the ?rst entry indicates that the 
object With an ID of 2 is a track object. This is a duplicate 
of the information stored in object table 202, and is included 
to increase efficiency in accessing database 200. For 
example, to identify all of the tracks With the same parent, 
a search can be performed based on the parent and type 
?elds of relationships table 204. Alternatively, the type ?eld 
may not be included in relationships table 204. 

[0048] The order ?eld in relationships table 204 identi?es 
the order in Which each entry for each parent object is added 
to relationships table 204. The ?rst relationship entered in 
table 204 for a particular parent object has an order of “l”, 
the second has an order of “2”, and so forth. 

[0049] Additional ?elds may also optionally be included 
in relationships table 204. For example, an additional type 
?eld may be included that indicates What type of object the 
object referenced in the parent ?eld of the entry is. By Way 
of another example, a User ID ?eld may be included that 
identi?es Which user inserted the CD that resulted in the 
relationship for that entry. The User ID ?eld may be used, for 
example, to alloW meta data for multiple different users to be 
stored in the same database 200, but also alloW a particular 
user to access only the meta data that corresponds to discs 
he or she inserts into the disc drive. 

[0050] Properties table 206 stores meta data for the objects 
identi?ed in object table 202. Properties table 206 includes 
four ?elds: an ID ?eld, a property (prop) ID ?eld, a “modi 
?ed by” ?eld, and a value ?eld. For each entry, the ID ?eld 
identi?es one of the objects in object table 202 by its ID. The 
property ID ?eld for the entry identi?es a particular property 
that the entry corresponds to. Multiple pieces of meta data 
can be associated With an object (e.g., the title of a CD, the 
artist of a CD, a performance date, and so forth). Multiple 
property ID values are established that uniquely identify the 
different possible pieces of meta data, and for each entry the 
property ID ?eld includes one of those ID values. 

[0051] The “modi?ed by” ?eld identi?es the source of the 
meta data for the entry. The modi?ed by ?eld may indicate 
a particular service that is the source of the meta data (e.g., 
one of servers 104 or 106 of FIG. 1), or alternatively that the 
user is the source of the meta data. The value ?eld identi?es 
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the meta data for the entry. Any of a variety of meta data can 
be stored in the value ?eld, and optionally may be modi?ed 
by the user. For example, properties table 206 indicates that 
the object having an ID of 3 (which is a CD track) has a 
user-set value of “1812 Overture”. 

[0052] Although illustrated as a single ?eld, the value ?eld 
may optionally be multiple data-dependent ?elds (e.g., a 
numeric value ?eld, a text value ?eld, a date value ?eld, and 
a binary value ?eld). 

[0053] The meta data illustrated in database 200 can be 
received from a remote server, such as server 104 or 106 of 
FIG. 1. This meta data can be returned to the client computer 
implementing database 200 in any of a wide variety of 
formats. FIG. 4 illustrates an exemplary return of meta data 
from a meta data server. The meta data 220 illustrated in 
FIG. 4 is returned in an extensible markup language (xml) 
format. Alternatively, other public and/or proprietary for 
mats can be used. As illustrated, meta data 220 indicates that 
the name of the disc is “Billboard Top Hits: 1983”, the 
author is “Various Artists”, the release date for the disc is 
“1992”, the genre of the disc is “rock”, the style of the disc 
is “Pop/Rock”, and the rating of the disc is “8”. Additionally, 
there is no copyright information in meta data 200 for the 
disc, indicating that the remote server does not have the 
copyright meta data for the disc. Additionally, the tracks of 
the disc are identi?ed in meta data 220 in order, so the ?rst 
track on the disc has the name “Africa” and the author 
“Toto”, the second track on the disc has the name “Stray Cat 
Strut” and the author “Stray Cats”, and so forth. 

[0054] Returning to FIG. 3, the various tables in database 
200 allow changes to the meta data in the database to be 
automatically propagated to other related objects. For 
example, assume that the meta data received from a server 
104 or 106 of FIG. 1 for the object having an ID of3 (a CD 
track) indicates that the title is “Tchaikovsky: 1812 Over 
ture”. Further assume that the user changes the title for that 
track to be simply “1812 Overture”. The meta data manager 
then checks relationships table 204, which indicates that the 
object having an ID of 3 has a child with an ID of 5 (a ?le, 
as indicated in object table 202). The meta data manager thus 
also changes the title data, in properties table 206, for the 
object having an ID of 5 to be the new title. Thus, regardless 
of whether the user subsequently selects playback of Tchaik 
ovsky’s 1812 Overture from the CD or the ?le, the meta data 
stored in database 200 indicates that the title is simply “1812 
Overture”. 

[0055] Additional ?elds may also optionally be included 
in properties table 206. For example, a type ?eld may be 
included (analogous to the type ?eld in relationships table 
204) that identi?es what type of object the object referenced 
in the ID ?eld is. By way of another example, properties for 
particular objects may be organiZed into different property 
sets, such as pre-de?ned properties and user-de?ned prop 
erties. In this situation, an additional ?eld may be included 
in properties table 206 that identi?es which property set the 
entry refers to. 

[0056] In addition to tables 202, 204, and 206, one or more 
additional tables may optionally be included in database 
200. In one implementation, these additional tables include 
a property set types table, a property types table, a users 
table, and an object values table. Each entry in the property 
set types table identi?es a globally unique ID for a property 
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set, a corresponding ID for that property set, and a descrip 
tion of that property set. Each entry in the property types 
table identi?es one of the property set ID’s from the property 
set types table, a number associated with the property ID, a 
data type associated with the property (e. g., a numeric value, 
a text value, a date value, or a binary value), and a descrip 
tion of the property. Each entry in the users table identi?es 
a user ID and corresponding user name of the computer on 
which database 200 is implemented. Each entry in the object 
values table identi?es an object ID from object table 202, an 
instance number of the object in the object values table, and 
optionally an identi?cation of the user that created the object 
(e.g., a sequential ID based on the user’s logon name). 

[0057] Exemplary objects and properties are illustrated in 
FIG. 3, although a wide range of objects and associated 
properties may be included in database 200. The following 
tables illustrate an exemplary set of objects and the proper 
ties that may be associated with those objects in accordance 
with certain implementations. Additionally, the attached 
Appendix identi?es a set of interfaces and functions that can 
be used in accordance with certain implementations to 
create, manage, and modify different schemes (e.g., different 
databases 200 of FIG. 3), and objects within those schemes. 

[0058] Object Types 

Object Name Description 

Genre The genre or category of the content. 
CDGenre The genre or category of a CD. 
CDArtist The artist of a CD. 
CDAlbum A CD album. 
Artist The artist of content. 
UserCollection A user-de?ned collection of content. 
Album An album. 
AlbumTrack A track of an album. 
AlbumPlaylist A play list for an album. 
Playlist A play list of content. 
PlaylistFromAlbum 

Track A track of content on media. 

Batch A list of disc(s) for which meta data has not 
been downloaded yet (allowing for batch 
processing of downloads when network 
connection is made). 

Link A URL reference and friendly name about an object. 
For example, “More about Sting” would be a 
friendly name and the URL reference would be 
“http://....sting.com”. 

Picture An image corresponding to content. 
ChildListEntry A list of the children tracks in a play list. 
DVD A DVD. 
DVDTitle The title of a DVD. 
DVDChapter A chapter of a DVD. 
Factoid One or more facts or comments associated with an 

A play list of ripped tracks associated with an 
album. 

album 
or content. Different factoids may be tied to 
diiferent frames or other segments of the album or 
content. 

[0059] Genre Object 

Property Name Description 

Name 
NumMediaChildren 

The name of the genre. 
The total number of children of the 
object that are media content. 
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Property Name Description 

NumAudioMediaChildren The total number of children of the 

NumVideoMediaChildren 
object that are audio media content. 
The total number of children of the 
object that are video media content. 

[0060] CDGenre Object 

Property Name Description 

Name The name of the genre or category ofa CD. 

[0061] CDArtist Object 

Property Name Description 

Name The name of an artist of a CD. 

Role The role ofan artist ofa CD (e.g., lead singer, 
backup singer, keyboard, etc.). 
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-continued 

Property Name Description 

object that are video media content. 

[0064] UserCollection Object 

Property Name Description 

Name The name of the user-de?ned collection of content. 

[0065] Album Object 

[0062] CDAlbum Object 

Property Name Description 

Title 
C opyright 
Label 

Rel eas eDate 

Rating 
RatingOrg 
C DID 

TOC 

LastPlayed 

Artist 
Genre 
NumMediaChildren 

NumAudioMediaChildren 

NumVideoMediaChildren 

The title of the CD. 
Copyright information for the CD. 
The recording company label that 
produces the CD. 
The date of release of the CD. 
A rating for the CD. 
An organization that rated the CD. 
A hashed value of the disc identi?er, 
alloWing for faster lookups. 
The disc identi?er (based on the table 
of contents information) for the CD. 
The last time a track of the CD Was 
played on the computer. 
The artist of the CD. 
The genre or category of the CD. 
The total number of children of the 
object that are media content. 
The total number of children of the 
object that are audio media content. 
The total number of children of the 
object that are video media content. 

[0063] Artist Object 

Property Name Description 

Name The name ofan artist ofa CD. 
Role The role ofan artist ofa CD (e.g., 

lead singer, backup singer, keyboard, etc.). 
NumMediaChildren The total number of children of the 

object that are media content. 
NumAudioMediaChildren The total number of children of the 

NumVideoMediaChildren 
object that are audio media content. 
The total number of children of the 

Property Name Description 

Title The title of the album. 
Copyright Copyright information for the album. 
Label The recording company label that 

produces the album. 
R ' Date The date of release of the album. 
Rating A rating for the album. 
RatingOrg An organization that rated the album. 
CDID A hashed value of the disc identi?er for 

the album, alloWing for faster lookups. 
TOC The disc identi?er (based on the table 

of contents information) for the album. 
LastPlayed The last time content from the album 

Was played on the computer. 
Artist The artist of the album. 
Genre The genre or category of the album. 
NumMediaChildren The total number of children of the 

object that are media content. 
NumAudioMediaChildren The total number of children of the 

NumVideoMediaChildren 
object that are audio media content. 
The total number of children of the 
object that are video media content. 

[0066] Album Track Object 

Property Name Description 

Title The title of a track of the album. 
Lyrics The lyrics for the content of the track. 
LengthInMilliseconds The length of the track (in milliseconds). 
LastPlayed The last time the track Was played on the 

computer. 
Album The name of the album the track is on. 
Artist The artist of the track. 
Genre The genre or category of the track. 
OriginalIndeX The original position of the track on 

the album it came from. 
RipFilename The name of a ?le ripped from the track. 
Enabled Whether the track is marked as “playable” 

on the album. Non-enabled tracks appear 
“grayed out” in the user interface 
and are skipped over rather than played 
When the album is played. 

TOC The disc identi?er (based on the table of 
contents information) of the original CD 
the track Was on. 

PlayCount The number of times the track has been 
played on the computer. 
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Property Name Description 

LastEditedBy An identi?cation of the last entity 
(either the name of the meta data provider 

or “user”) to edit any property 
associated With the object. 

Provider The name of the original meta data provider. 

Composer The composer of the album. 

CoverArtSmall A small graphic of the album’s cover art. 

CoverArtLarge A larger graphic of the album’s cover art. 

[0067] AlbumPlaylist Object 

Property Name Description 

Name The name of the album play list. 
Copyright Copyright information for the album. 
Label The recording company label that produces the 

album. 
ReleaseDate The date of release of the album. 
Rating A rating for the album. 
Style The style of the content in the play list. 
CDID A hashed value of the disc identi?er, alloWing for 

faster lookups. 
TOC The disc identi?er (based on the table of contents 

information) for the album. 
LastPlayed The last time a track in the play list Was played on 

the computer. 
Artist The artist of the album. 
Genre The genre or category of the album. 
Parent The parent of the object. 
LastPlaylistEntryID The ID of the last entry in the play list. 
LastEditedBy The user that last edited the play list. 
Composer The composer of the album. 
TotalDuration The total play time of the content on the play list. 
BuyNoW Information on hoW to purchase the album. 
MoreInfo A URL to a Web page With more information about 

the object. 

[0068] PlaylistProperties Object 

Property Name Description 

Name The name of the play list. 
NumMediaChildren The total number of children of the 

object that are media content. 
NumAudioMediaChildren The total number of children of the 

object that are audio media content. 
The total number of children of the 
object that are video media content. 

NumVideoMediaChildren 

LastPlaylistEntryID The ID of the last entry in the play list. 
Attributes A set of one or more flags that specify 

different play list attributes, such 
as a “deleted” indicating 

the play list is marked for deletion. 
CreationTime The time the play list Was created. 
LastModi?edTime The last time the play list Was modi?ed. 
TotalDuration The total playtime of content on the 

play list. 
Author The author of the play list. 
Genre The genre or category of content on the 

play list. 
Copyright Copyright information for the content on 

the play list. 
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[0069] PlaylistFromAlbum Object 

Property Name Description 

Name The name of the play list. 

[0070] Track Object 

Property Name Description 

Filename The ?lename of the track on the hard drive. 
Title The title of the track. 
Subtitle Subtitle information for the track. 
Copyright Copyright information for the track. 
FileType Type of ?le (e.g., MP3 or WMA). 
Time The time the ?le Was created. 
Date The date the ?le Was created. 
Language The language the content of the track is in. 
MediaType The type of media the track is on. 
PartInSet Indicates Which part of a set the track is 

on (e.g., Which disc of a multiple-disc set). 
EncodedBy Name of the person Who ripped the track. 
Publisher The publisher of the media the track is on. 
TrackNumber The number of the track on the media. 
RecordingDates The recording date(s) of the track. 
NetRadioStation The name of an Internet-accessible radio 

station Where the track is received from. 
NetRadioOWner The oWner of an Internet-accessible radio 

station Where the track is received from. 
Year Year of original recording of the track. 
BeatsPerMinute The number of beats per minute in the 

content of the track. 
MusicalKey The musical key the content of the track 

18 in. 

LengthInMilliseconds The length of the track (in milliseconds). 
Album The album the track is on. 
OriginalAlbum Name of album the track ?rst appeared on. 
OriginalFilename First ?lename of the track (same as the 

Filename if it has not been renamed since 

created). 
OriginalReleaseYear The year the track Was original released in. 
FileOWner Name of person With rights to this ?le. 
Size The size (e.g., in frames) of the track on 

the media. 
ISRC The International Standard Recording Code. 
SoftWare Name of the softWare that ripped the track. 
Rating A rating for the track. 
Comment Comments regarding the track. 
CDID A hashed value of the disc identi?er, 

alloWing for faster lookups. 
TOC The disc identi?er (based on the table of 

contents information) for the media storing 
the track. 

Genre The genre or category of the track. 
Ripped Whether the track has been ripped to a ?le. 
OriginalIndeX The position on the album that the track 

appeared on. 
LastEditedBy An identi?cation of the last entity (either 

the name of the meta data provider or 

“user”) to edit any property 
associated With the object. 

MediaTypeId An identi?er of the media type the track 
is on. 

Attributes A set of one or more flags that specify 

different play list attributes, such as 
a “deleted” indicating the play list 
is marked for deletion. 

PlayCount The number of times the track has been played. 
Bitrate The encoding rate of the ?le. 
Protected Flag indicating Whether digital rights 

management (DRM) is used on the ?le. 
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Property Name Description 

CreationTime The time the ?le Was ?rst added to the 

database. 
LastModi?edTime The last time any attribute of the track Was 

changed in the database. 
Composer The composer of the track. 
CoverArtSmall A small graphic of the cover art of the 

media including the track. 
CoverArtLarge A larger graphic of the cover art of the 

media including the track. 
TrackedFilename An identi?er of the ?le in the ?le 

system of the operating system using the 
database, alloWing the ?le to be searched 
if it is not accessible by ?lename. 

Lyrics The lyrics for the content of the track. 

[0071] Batch Object 

Property Name Description 

CDID A hashed value of a disc identi?er, alloWing for 
faster lookups. 

NumTracks A number of tracks on the disc. 
TOC A disc identi?er. 

[0072] Link Object 

Property Name Description 

Name Friendly display name of a link. 
URL URL of the linked content. 

[0073] Picture Object 

Property Name Description 

Caption A text description for a picture. 
URL A uniform resource locator of Where the picture is 

located. 
TrackedLink An identi?er of the picture in the ?le system of the 

operating system using the database, alloWing the 
?le to be searched if it is not accessible by 
?lename. 

Thumbnail A thumbnail image for the picture. 

[0074] CustomData Object 

Property Name Description 

Name The name of the object. 
NumericValue A numerical value for the object. 
TextValue A text value for the object. 
DateValue A date value for the object. 
BinaryValue A binary value for the object. 
UnicodeTextValue A unicode text value for the object. 
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[0075] ChildListEntry Object 

Property Name Description 

ObjectType GUID of the object type for the object. 

ObjectInstanceID Actual ID of the object. 

ListPosition Position of the media object in the play list. 

ListInstanceID Instance ID of the media object in the play list 

object. 

[0076] DVD Object 

Property Name Description 

Title The title of the DVD. 
Genre The genre or category of the content on the DVD. 
Director The director of the content on the DVD. 
ReleasedBy The entity that released the DVD. 
ProducedBy The producer of the content on the DVD. 
Studio The studio that oWns the content on the DVD. 
Duration The total playback time of the content on the DVD 

(or a portion of the content, such as a movie). 
Rating The rating of the content on the DVD. 
RatingOrg The organization that gave the rating for the 

content. 

Copyright Copyright information for the content on the DVD. 
Comment Comments regarding the DVD. 
ReleaseDate The release date of the DVD. 
URL Locator (URL) of the DVD for rendering. 
ID DVD identi?er generated from a CRC 64 of 

portions of the DVD content. 
LeadPerformers The names of the lead performers in the content on 

the DVD. 
BuyNoW Information on hoW to purchase the DVD. 
MoreInfo A URL to a Web page With more information about 

the DVD. 
CoverArtSmall A small graphic of the cover art of the DVD. 
CoverArtLarge A larger graphic of the cover art of the DVD. 
MPAARating A rating assigned by the Motion Picture 

Association of America (MPAA) to the content of 
the DVD. 

[0077] DVDTitle Object 

Property Name Description 

Name The name of the title (the primary content) of a 
DVD. 

Genre The genre or category of the title. 
Director The director of the title. 
ReleasedBy The entity that released the title. 
ProducedBy The producer of the title. 
Studio The studio that oWns the title. 
Duration The total playback time of the title. 
Rating The rating of the title. 
RatingOrg The organization that gave the title the rating. 
Copyright Copyright information for the title. 
Comment Comments regarding the title. 
ReleaseDate The release date of the title. 
LeadPerformers The names of the lead performers in the title. 
MPAARating A rating assigned by the Motion Picture 

Association of America (MPAA) to the title. 
ID DVD identi?er generated from a CRC 64 of 

portions of the DVD content. 
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[0078] DVDChapter Object 

Property Name Description 

Name The name of a chapter on a DVD. 

Genre The genre or category of the chapter. 
Director The director of the chapter. 
ReleasedBy The entity that released the chapter. 
ProducedBy The producer of the chapter. 
Studio The studio that owns the chapter. 
Duration The total playback time of the chapter. 
Rating The rating of the chapter. 
RatingOrg The organization that gave the chapter the rating. 
Copyright Copyright information for the chapter. 
Comment Comments regarding the chapter. 
ReleaseDate The release date of the chapter. 
LeadPerformers The names of the lead performers in the chapter. 
MPAA Rating A rating assigned by the Motion Picture 

Association of America (MPAA) to the chapter. 
ID DVD identi?er generated from a CRC 64 of 

portions of the DVD content. 

[0079] Factoid Object 

Property Name Description 

Fact The content (e.g., fact or comment) of the factoid. 

[0080] FIG. 5 is a ?owchart illustrating an exemplary 
process for rendering media content meta data. The process 
of FIG. 5 is carried out by meta data manager 124 of FIG. 
1, and may be implemented in software. The process of FIG. 
5 is discussed with reference to a CD, although other types 
of media may alternatively be used. 

[0081] Initially, a disc is inserted to the computer (act 
240). The disc is then scanned for its table of contents 
information (act 242) and a disc identi?er generated based 
on the table of contents information (act 244). 

[0082] A database lookup is then performed based on the 
disc identi?er (act 246), to determine whether the disc 
identi?er exists in the database. In the example of FIG. 3, 
this can be accomplished by checking the value for each 
entry in properties table 206 that has a property ID for a disc 
identi?er. If any of the values are the same as the generated 
disc identi?er, then the disc identi?er already exists in the 
database; otherwise, the disc identi?er does not already exist 
in the database. The result of this lookup is then used to 
determine the appropriate course of action (act 248). 

[0083] If the disc identi?er is in the database, then the 
meta data corresponding to the disc identi?er is obtained 
from the database (act 250) and rendered, or otherwise made 
available, to the user (act 252). Returning to act 248, if the 
disc identi?er is not in the database, then a database repre 
sentation is created for the disc (act 254). This database 
representation includes the data that will be placed in the tree 
structure (e.g., the disc identi?er and an indication of each 
track on the disc). The database representation is then 
converted into tree form (act 256), with the disc identi?er as 
the root node and a child node for each track on the disc. The 
unknown meta data for each node object is initially identi 
?ed as “unknown” (some meta data, such as disc identi?er, 
is known and can be stored in the database). Aremote server 
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is then queried for the disc meta data (act 258). In the 
illustrated example, this querying is performed by commu 
nicating the disc identi?er to a remote server(s), which in 
turn accesses the meta data it stores for any meta data 
corresponding to the disc identi?er, and returns that meta 
data to the requesting computer. Processing then continues 
with walking the tree in order, updating any changed meta 
data (act 260) to replace the values of “unknown” with the 
values received from the server, and rendering the meta data 
(act 252). 
[0084] It should be noted that the remote server may not 
always be accessible. For example, the client 102 of FIG. 1 
may not always be coupled to network 108 (e.g., the 
Internet), and thus not be able to access servers 104 and 106. 
In these situations, meta data manager 124 keeps the values 
of “unknown” for the unknown meta data and then accesses 
server 104 or 106 when the client is coupled to network 108. 
At this point, the meta data is obtained from servers 104 
and/or 106, and the local meta data store updated appropri 
ately. In one implementation, meta data manager 124 main 
tains a separate record (e.g., in a separate ?le) of disc 
identi?ers for CDs that were added to the database when 
servers 104 and 106 were not accessible to client 102. Thus, 
meta data manager 124 can readily ascertain which meta 
data it needs from servers 104 and 106. Alternatively, no 
such separate record may be maintained, and the database 
may be searched to identify “unknown” values and deter 
mine, based on the tree structure, which disc identi?ers 
correspond to the needed meta data. 

[0085] FIG. 6 is a ?owchart illustrating an exemplary 
process for updating media content meta data. The process 
of FIG. 6 is carried out by meta data manager 124 of FIG. 
1, and may be implemented in software. 

[0086] Initially, a user request to change the meta data is 
received (act 280), which includes an indication of the 
change the user would like to make (for example, what new 
data the user would like to add). The root object correspond 
ing to the meta data change is then identi?ed (act 282), and 
selected as the initial object for analysis (act 284). A 
determination is then made as to whether the selected object 
is affected by the request (act 286). An object is a?‘ect by the 
request if the object has meta data associated with it that 
corresponds to the user’s request. For example, the root disc 
object may have be affected if the user requests to change the 
artist name of a CD, but not if the user requests to change 
the title of a track on the CD. 

[0087] If the selected object is affected by the request, then 
the meta data associated with the selected object is updated 
based on the request (act 288). In one implementation, this 
updating comprises overwriting previous meta data with the 
meta data received as part of the user request. A check is then 
made as to whether any additional objects are to be analyzed 
(act 290). In one implementation, ?le manager 124 analyzes 
every object in the tree to determine whether it is affected by 
the request. If there are one or more additional objects to 
analyze, then one of the additional objects is selected (act 
292) and the process returns to act 286. However, if there are 
no more objects to analyze, then the updating process ends 
(act 294). 
[0088] The following example illustrates the process of 
updating media content data of FIG. 6. Assume that a user 
changes the title for a song (track) on a CD that is repre 
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sented by track object 154 of FIG. 2. Meta data manager 124 
begins with disc object 150 and does not change any meta 
data associated with disc object 150. However, track object 
154 is affected by the user’s requested change, so the title 
meta data associated with track object 154 is changed to 
identify the new title. Similarly, each of local ?le objects 160 
and 162 are affected by the user’s requested change, so the 
title meta data associated with each of ?le objects 160 and 
162 are changed to identify the new title. 

[0089] FIG. 7 is a ?owchart illustrating an exemplary 
process for generating meta data for new media. The process 
of FIG. 7 is carried out by meta data manager 124 of FIG. 
1, and may be implemented in software. The process of FIG. 
7 is discussed with reference to a CD, although other types 
of media may alternatively be used. 

[0090] Many commonly-available computer systems 
allow a user to generate his or her own media having 
whatever content he or she desires. For example, a device 
commonly referred to as a CDROM burner allows a user to 
create his or her own CDs with audio tracks of his or her 
choosing. This created CD can then be played in virtually 
any conventional CD drive. However, because the CD is a 
user-created CD, even though it may be created based on 
tracks from other publicly available CDs, it’s table of 
contents and thus its disc identi?er will be dilferent, and 
remote servers will not have meta data for the CD. 

[0091] Meta data manager 124 solves this problem by 
communicating with the module that is managing the cre 
ation of the new CD (e.g., content player 122). The module 
managing creation of the new CD knows the identity of the 
tracks being stored on the new CD. Meta data manager 124 
uses this track identi?cation information to access the local 
meta data store and create new meta data. This process is 
illustrated in FIG. 7. 

[0092] Initially, a noti?cation of a newly created disc is 
received (act 300). The module managing creation of the 
new disc noti?es meta data manager 124 that the new disc 
is being created. Once the new disc is created, meta data 
manager 124 accesses the table of contents information for 
the new disc (act 302). A disc identi?er is then generated 
based on the table of contents information (act 304), analo 
gous to act 244 of FIG. 5. 

[0093] A new root node is then created for the new disc in 
the local meta data store (act 306). New children nodes are 
also created (act 308) based on the contents of the disc. For 
each child (track) node, the manager 124 accesses the meta 
data for the track stored in the database form the source of 
that track (act 310). In this situation, the source of the track 
refers to the track (or ?le) that the user identi?es as being a 
track that should be stored on the new CD. This meta data 
is then stored for the new disc (act 312). 

[0094] It should be noted that, when creating a new CD, 
the tracks stored on the new CD may optionally be associ 
ated with the source. In one implementation, this is accom 
plished by identifying each track on the new CD as a child 
of the original ?le or track. For example, if a user creates a 
new CD by copying a track from a previous CD X, then a 
new CD root node and track node for the new track are 
created as discussed above. Furthermore, the track for the 
new CD is identi?ed in the database as a child of the track 
on CD X, so any subsequent changes to the meta data for 
that track on CD X are propagated to the meta data for the 
new track. 
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[0095] FIG. 8 illustrates a more general exemplary com 
puter environment 400, which can be used to implement the 
improved meta data management described herein. The 
computer environment 400 is only one example of a com 
puting environment and is not intended to suggest any 
limitation as to the scope of use or functionality of the 
computer and network architectures. Neither should the 
computer environment 400 be interpreted as having any 
dependency or requirement relating to any one or combina 
tion of components illustrated in the exemplary computer 
environment 400. 

[0096] Computer environment 400 includes a general 
purpose computing device in the form of a computer 402. 
Computer 402 can be, for example, any of computing 
devices 102, 104, or 106 of FIG. 1. The components of 
computer 402 can include, but are not limited to, one or 
more processors or processing units 404, a system memory 
406, and a system bus 408 that couples various system 
components including the processor 404 to the system 
memory 406. 

[0097] The system bus 408 represents one or more of any 
of several types of bus structures, including a memory bus 
or memory controller, a peripheral bus, an accelerated 
graphics port, and a processor or local bus using any of a 
variety of bus architectures. By way of example, such 
architectures can include an Industry Standard Architecture 
(ISA) bus, a Micro Channel Architecture (MCA) bus, an 
Enhanced ISA (EISA) bus, a Video Electronics Standards 
Association (V ESA) local bus, and a Peripheral Component 
Interconnects (PCI) bus also known as a MeZZanine bus. 

[0098] Computer 402 typically includes a variety of com 
puter readable media. Such media can be any available 
media that is accessible by computer 402 and includes both 
volatile and non-volatile media, removable and non-remov 
able media. 

[0099] The system memory 406 includes computer read 
able media in the form of volatile memory, such as random 
access memory (RAM) 410, and/or non-volatile memory, 
such as read only memory (ROM) 412. A basic input/ output 
system (BIOS) 414, containing the basic routines that help 
to transfer information between elements within computer 
402, such as during start-up, is stored in ROM 412. RAM 
410 typically contains data and/or program modules that are 
immediately accessible to and/or presently operated on by 
the processing unit 404. 

[0100] Computer 402 may also include other removable/ 
non-removable, volatile/non-volatile computer storage 
media. By way of example, FIG. 8 illustrates a hard disk 
drive 416 for reading from and writing to a non-removable, 
non-volatile magnetic media (not shown), a magnetic disk 
drive 418 for reading from and writing to a removable, 
non-volatile magnetic disk 420 (e.g., a “?oppy disk”), and 
an optical disc drive 422 for reading from and/or writing to 
a removable, non-volatile optical disc 424 such as a CD 
ROM, DVD-ROM, or other optical media. The hard disk 
drive 416, magnetic disk drive 418, and optical disc drive 
422 are each connected to the system bus 408 by one or more 
data media interfaces 426. Alternatively, the hard disk drive 
416, magnetic disk drive 418, and optical disc drive 422 can 
be connected to the system bus 408 by one or more inter 

faces (not shown). 
[0101] The various drives and their associated computer 
readable media provide non-volatile storage of computer 
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readable instructions, data structures, program modules, and 
other data for computer 402. Although the example illus 
trates a hard disk 416, a removable magnetic disk 420, and 
a removable optical disc 424, it is to be appreciated that 
other types of computer readable media Which can store data 
that is accessible by a computer, such as magnetic cassettes 
or other magnetic storage devices, ?ash memory cards, 
CD-ROM, digital versatile discs (DVD) or other optical 
storage, random access memories (RAM), read only memo 
ries (ROM), electrically erasable programmable read-only 
memory (EEPROM), and the like, can also be utiliZed to 
implement the exemplary computing system and environ 
ment. 

[0102] Any number of program modules can be stored on 
the hard disk 416, magnetic disk 420, optical disc 424, ROM 
412, and/or RAM 410, including by Way of example, an 
operating system 426, one or more application programs 
428, other program modules 430, and program data 432. 
Each of such operating system 426, one or more application 
programs 428, other program modules 430, and program 
data 432 (or some combination thereof) may implement all 
or part of the resident components that support the distrib 
uted ?le system. 

[0103] A user can enter commands and information into 
computer 402 via input devices such as a keyboard 434 and 
a pointing device 436 (e.g., a “mouse”). Other input devices 
438 (not shoWn speci?cally) may include a microphone, 
joystick, game pad, satellite dish, serial port, scanner, and/or 
the like. These and other input devices are connected to the 
processing unit 404 via input/output interfaces 440 that are 
coupled to the system bus 408, but may be connected by 
other interface and bus structures, such as a parallel port, 
game port, or a universal serial bus (U SB). 

[0104] A monitor 442 or other type of display device can 
also be connected to the system bus 408 via an interface, 
such as a video adapter 444. In addition to the monitor 442, 
other output peripheral devices can include components 
such as speakers (not shoWn) and a printer 446 Which can be 
connected to computer 402 via the input/output interfaces 
440. 

[0105] Computer 402 can operate in a netWorked envi 
ronment using logical connections to one or more remote 
computers, such as a remote computing device 448. By Way 
of example, the remote computing device 448 can be a 
personal computer, portable computer, a server, a router, a 
netWork computer, a peer device or other common netWork 
node, and the like. The remote computing device 448 is 
illustrated as a portable computer that can include many or 
all of the elements and features described herein relative to 
computer 402. 

[0106] Logical connections betWeen computer 402 and the 
remote computer 448 are depicted as a local area netWork 
(LAN) 450 and a general Wide area netWork (WAN) 452. 
Such netWorking environments are commonplace in of?ces, 
enterprise-Wide computer netWorks, intranets, and the Inter 
net. 

[0107] When implemented in a LAN netWorking environ 
ment, the computer 402 is connected to a local netWork 450 
via a netWork interface or adapter 454. When implemented 
in a WAN netWorking environment, the computer 402 
typically includes a modem 456 or other means for estab 
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lishing communications over the Wide netWork 452. The 
modem 456, Which can be internal or external to computer 
402, can be connected to the system bus 408 via the 
input/output interfaces 440 or other appropriate mecha 
nisms. It is to be appreciated that the illustrated netWork 
connections are exemplary and that other means of estab 
lishing communication link(s) betWeen the computers 402 
and 448 can be employed. 

[0108] In a netWorked environment, such as that illus 
trated With computing environment 400, program modules 
depicted relative to the computer 402, or portions thereof, 
may be stored in a remote memory storage device. By Way 
of example, remote application programs 458 reside on a 
memory device of remote computer 448. For purposes of 
illustration, application programs and other executable pro 
gram components such as the operating system are illus 
trated herein as discrete blocks, although it is recogniZed that 
such programs and components reside at various times in 
different storage components of the computing device 402, 
and are executed by the data processor(s) of the computer. 

[0109] Computer 402 typically includes at least some form 
of computer readable media. Computer readable media can 
be any available media that can be accessed by computer 
402. By Way of example, and not limitation, computer 
readable media may comprise computer storage media and 
communication media. Computer storage media includes 
volatile and nonvolatile, removable and non-removable 
media implemented in any method or technology for storage 
of information such as computer readable instructions, data 
structures, program modules or other data. Computer storage 
media includes, but is not limited to, RAM, ROM, 
EEPROM, ?ash memory or other memory technology, CD 
ROM, digital versatile discs (DVD) or other optical storage, 
magnetic cassettes, magnetic tape, magnetic disk storage or 
other magnetic storage devices, or any other media Which 
can be used to store the desired information and Which can 
be accessed by computer 402. Communication media typi 
cally embodies computer readable instructions, data struc 
tures, program modules or other data in a modulated data 
signal such as a carrier Wave or other transport mechanism 
and includes any information delivery media. The term 
“modulated data signal” means a signal that has one or more 
of its characteristics set or changed in such a manner as to 
encode information in the signal. By Way of example, and 
not limitation, communication media includes Wired media 
such as Wired netWork or direct-Wired connection, and 
Wireless media such as acoustic, RF, infrared and other 
Wireless media. Combinations of any of the above should 
also be included Within the scope of computer readable 
media. 

[0110] The invention has been described herein in part in 
the general context of computer-executable instructions, 
such as program modules, executed by one or more com 
puters or other devices. Generally, program modules include 
routines, programs, objects, components, data structures, 
etc. that perform particular tasks or implement particular 
abstract data types. Typically the functionality of the pro 
gram modules may be combined or distributed as desired in 
various embodiments. 

[0111] For purposes of illustration, programs and other 
executable program components such as the operating sys 
tem are illustrated herein as discrete blocks, although it is 






